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1. Procedure

A. Racemic trans-2-phenyicyclohexanol. A 3-L, round-bottomed flask equipped
with a mechanical stirrer, addition funnel, reflux condenser, and nitrogen inlet is
charged with 35.3 g (1.47 g-atom) of magnesium turnings (Note 1) and 170 mL of dry
tetrahydrofuran (THF). To this stirred mixture a solution of 155 mi (1.47 mol) of
bromobenzene (Note 2) in 250 mL of dry THF is added dropwise over a 1.5-hr period
(Notes 3 and 4). After the addition of bromobenzene is complete, 1 L of dry THF is
added. The solution is cooled to -30°C (dry ice-nitromethane slush bath) and 6.53 g
(0.066 mol) of purified (Note 5) copper(l) chioride is added. The resulting mixture is
stirred for 10 min and then a solution of 101 mL (1.0 mol) of cyclohexene oxide (Note
6) in 100 mL of THF is added dropwise over a 1.5-hr period. Upon completion of the
addition, the reaction mixture is allowed to warm to 0°C and stirred for 2 hr, then
quenched by adding 500 mL of saturated ammonium sulfate [(NH4)2S0O4] solution
(aqueous). The layers are separated and the organic layer is washed with 100 mL of
saturated (NH4)2SO4 (Note 7). The combined aqueous layers are extracted with
ether, the organic layers are combined and dried over anhydrous MgSQO4, and the
solvent is removed via rotary evaporator 1o give 175.5 g (99.6% crude) of the desired
product as a light yellow solid. The solid is recrystallized from pentane to give 142.3 g
(80%), mp 55.5-57.0°C (lit.12 57-58°C) (Note 8).

B. Racemic trans-2-phenylcyclohexy! chloroacetate. A 1-L, round-bottomed
flask equipped with a magnetic stirrer and a condenser is charged with 100 g (0.567
mol) of racemic trans-2-phenylcyclohexanol, 50 mL (0.625 mol) of chloroacety!

chloride (Note 9), 300 mg (0.0025 mol) of 4-dimethylaminopyridine (DMAP) (Note 10)

and 250 mL of dichloromethane. This mixture is rapidly stirred and heated at reflux for -

6 hr. The mixture is cooled and a solution of 350 mL of saturated sodium bicarbonate

is carefully added to the rapidly stirring mixture (Note 11). Sfirring is maintained for 3

hr (Note 12). The organic layer is separated and dried over anhydrous potassium
carbonate. After filtration the filtrate is concentrated on a rotary evaporator (30°C) to a
dark brown oil. This oil is distilled through a 2"- or 4"-column packed with glass beads
to give, after collecting a small forerun (ca. 2 @), 135 g (94%) of racemic trans-2-
phenylcyclohexyl chloroacetate as a colorless liquid, bp 118-122°C/0.3 mm.

C. (-)H 1R, 2S)-trans-2-Phenyicyclohexanol. A 500-mL, three-necked Morton
flask (Note 13) equipped with a mechanical stirrer, pH probe (connected to a pH
controller, Note 14) and a base inlet (connected to a syringe pump regulated by the pH
controller and a calibrated 250-mL reservéir (Note 15) of 1 N sodium hydroxide) is
charged with 106.0 g (0.419 mol) of racemic trans-2-phenylcyciohexyl chloroacetate,
10 mL of pH 7 buffer (Note 16), and 90 mL of deionized water. This heterogeneous
mixture is rapidly stirred and heated to between 45°C and 50°C using a constant
temperature bath. The pH is adjusted to 7.5 with 1 N sodium hydroxide and after a
steady pH reading is achieved (Note 17), 1 g of lipase (P. fluorescens, Note 18) is
added. 'mmediately 1 N sodium hydroxide begins to flow into the reaction mixture as
the pH begins to drop (indicating hydrolysis of the chloroacetate). The pH controller
regulates the addition of base so as to maintain the pH between 7.5 and 7.8. After 2
hr, an additional 1.5 g of lipase is added to the reaction mixture and the rate of
hydrolysis becomes noticeably faster (Note 19). Aifter 45 hr, ~200 mL (~95% of theory)
of 1 N sodium hydroxide has been added and the rate of hydrolysis has become very
slow. After ~50 hr, 210 mL of 1 N sodium hydroxide (0.21 mol, 100% of theory) has
been added to the mixture and the rate of base addition has nearly stopped (Note 20).
The mixture is cooled to room temperature and extracted with three 200-mL portions of
ether. The organic layer is filtered through a small pad of Celite to remove traces of
enzyme emulsion and the Celite is rinsed with three 100-mL portions of ether. The
combined organic layers are dried over anhydrous sodium sulfate and after filtration

are concentrated on a rotary evaporator (35°C) and finally dried at 0.5 mm for 1 hr to



give 93 g of a colorless oil. Fractional crystallization from 100 mL of petroleum ether
(30-60°C) at -20°C (freezer) overnight affords 19.8 g (563.5% of theory, Note 21) of (-)-
(1R,28)-trans-2-phenylcyclohexanol as colorless needles, mp 63-65°C, [a]gs -54.3°
(methanol, ¢ 18). An additional 15.8 g of the (-) alcohol is obtained by chroma-
tography of the mother liquors (vide infra) to afford a total of 35.6 g (96.2% of theory,
Notes 21 and 22).

The mother liquors are concentrated on a rotary evaporator (35°C) to give a
colorless ail that is redissolved in 100 mL of hexanes and po_ured onto a 250-g pad of
silica gel (Note 23) contained in a 500-mL sintered glass funnel, pre-equilibrated with
hexanes. Using this simple silica pad, 100-mL fractions are collected, diluting first with
1 L of hexanes, followed by 3 L of 9:1 hexanes:ethyl acetate, and finally with 600 mL of
ethyl acetate. After TLC analysis of the eluants (Note 24), fractions 3-18 are combined
and concentrated initially on a rotary evaporator (40°C) and finally dried at 0.5 mm to
afford 52.0 (98% of theory) of (-)-(1S,2R)-trans-2-phenylcyclohexy! chloroacetate as a
colorless oil, [o:]lz)s -14.3° (benzene, ¢ 10). Fractions 20-28 are combined and
concentrated as above to afford 15.8 g of the (-)-(1R,2S)-trans-2-phenylcyclohexanol,
mp 62-65°C, [oz]g5 -54.9° (methanol, ¢ 2.1).

D. (+)-(1S,2R)-trans-2-Phenylcyclohexanol. A 500-mL, round-bottomed flask is
charged with a mixture of 52.0 g (0.206 mol) of (+)-(1S,2R)-trans-2-phenylcyclohexyl
chloroacetate, 250 mL of 2 N sodium hydroxide, and 100 mL of methanol and then
stirred at reflux for 3 hr. TLC analysis (Note 24) indicates complete reaction. The
mixture is cooled to room temperature, adjusted to pH 7 with ~35 mL of 3 N sulfuric
acid and poured into 500 mL of water. The mixture is extracted with two 150-mL
portions of dichloromethane and the organic layer is dried over anhydrous sodium
sulfate and concentrated on a rotary evaporator (35°C) to afford 37.0 g of a colorless

solid. Recrystallization from 100 mL of petroleum ether (30-60°C) at -20°C gives in

two crops, 35.8 g (96% of theory) of (+)-(1S,2R)—trans-2-phenylcyclohexanoI as

colorless needles, mp 60-62°C, [on]%5 +52.8° (methanol, ¢ 5.4) (Note 25).
2. Notes

1. Magnesium turnings were purchased from Aldrich Chemical Company, inc.

2. Bromobenzene was purchased from Fisher Scientific and used without

further purification.
3. A small amount of 1,2-dibromoethane was used to initiate the reaction.

4. An ice bath was used to control the reaction temperature during Grignard
formation. .
5. Copper(l) chloride was purified via the procedure in Inorganic Syntheses.

6. Cyclohexene oxide was purchased from Aldrich Chemical Company, Inc.

and used without further purification.

7. The organic layer was washed until the aqueous layer no longer turned

blue.
8. The spectral properties of the product are as follows: TH NMR (300 MHz) &:

1.25-1.53 (bm, 4 H), 1.62 (s, 1 H), 1.76 (m, 1 H), 1.84 (m, 2 H), 2.11 (m, 1 H), 2.42
(ddd,1 H, J =16.5, 10.8, 5.4), 3.64 (ddd, 1 H, J = 10.8, 10.8, 5.4) 7.17-7.35 (m, 5 H);
13C NMR (90 MHz) &: 25.1 (1), 26.1 (1), 33.5 (1), 34.7 (1), 53.0 (d), 74.0 (d), 126.4 (d),
127.9 (d), 128.4 (d), 143.8 (s); IR cm-1: 3592, 3461, 2941, 2863, 1604, 1497, 1451;
MS 176 (M+), 158, 143, 130, 117, 104, 91 (base).
9. Chloroasety! chioride (99%) was purchased from Fluka and used without
further purification.
10. 4-Dimethylaminopyridine was purchased from the Aldrich Chemical

Company, Inc., and used without further purification.



11. Rapid addition of the bicarbonate solution may result in uncontroliable
foaming.

12. Excess chloroacetyl chloride was slowly hydrolyzed to chloroacetic acid
which was neutralized.

13. A creased or Morton flask was preferable as the rate of hydrolysis of the
chioroacetate increases with efficient agitation.

14. The pH controller used was a Horizon Mode! 5997 available from Cole-
Parmer Instrument Co.

15. A 250-mL graduated cylinder, used as a reservoir, was capped with a
septum through which base-stable, 1/32"-1.D. tubing was run and connected to a
peristaltic pump.

16. Fisher pH 7 buffer was used from the bottle as purchased.

17. Traces of chloroacetyl chloride are hydrolyzed to produce chloroacetic acid,
producing a fluctuation in pH that will settle down within 5 min.

18. The lipase used was isolated from Pseudomonas fluorescens and was
commercially available from Amano International Enzyme Co., Inc. (Troy, VA) as a
powder, specific activity 32,000 units/g (P-30).

19. The rate enhancement was manifested by a more rapid base uptake.

20. If the hydrolysis was allowed to proceed, small additions of base (0.1 mL or
less) occurred every 30 min or so.

21. If the hydrolysis was taken to 50% completion, the theoretical yield of each
alcohol isomer was 36.96 g.

22. The (-)-(1R,2S) alcohol had an enantiomeric ratio of (-):(+) 99.2:0.8
corresponding to an enantiomeric excess (ee) of 98.4%. This determination resulted
from GC analysis (50 m x 0.25 mm capillary column, OV-17 on fused silica, 250°C) of
the a~methoxy-a-trifluoromethylphenylacetate (MTPA ester). The checkers

determined the enantiomeric ratio to be 98.6:1.4 (97.2% ee) by TH NMR analysis at

300 MHz of the MTPA ester that was prepared as follows: The sample alcohol (0.1
mmol) was placed in a vial along with a solution of (+)-a—methoxy-a -
trifluoromethylphenylacetyl chloride (0.15 mmol) in 1 mL of dichloromethane,
triethylamine (0.15 mmol), and a crystal of 4-dimethylaminopyridine, and stirred at
room temperature overnight. The excess acid chloride was treated with
dimethylaminopropylamine (0.1 mmol). The MTPA ester was isolated in pure form
after passing the mixture through a 5-g plug of silica gel and elution with 4:1
hexanes:ethy! acetate.

23. The silica gel used was 70-230 mesh as purchased from E. Merck.

24. TLGC was run on 10 x 20-mm silica plates (E. Merck): TLC solvent was 4:1
hexanes:ethyl acetate; visualization was with 5% (NH4)2MoOy4 in 10% aqueous
sulfuric acid, with heat. In the event that any mixed fractions are obtained, these are
combined, evaporated, and the residue is rechromatographed in the same manner.

25. By GC analysis of (+)-MTPA esters (see Note 22), an enantiomeric ratio of

(+):(-) 96.5:3.5, corresponding to 93% ee, was determined.

3. Discussion

The use of chiral auxiliaries to impart dissymmetry has become a powerful tool for
controlling the stereochemical outcome of chemical transformations. Many of these
auxiliaries have been drawn from the chiral pool of natural materials. While high
levels of asymmetric induction have been achieved in many cases, none of these
natural products has emerged as a general agent, in part because typically only one
enantiomer of the auxiliary is readily available.

The procedure described here provides ready access to both the (+)- and (-)
antipodes of trans-2-phenylcyclohexanol, a useful chiral auxiliary in ene reactions of

its glyoxylate ester® and its N-sulfinylcarbamate,5 as well as in cycloaddition reactions



of dienes with the N-sulfinylcarbamate,® and olefins with ketenes.7 This simple .
auxiliary appears to retain4 many of the features of 8-phenyimenthol,8 a powerful
agent difficult to prepare on a large scale.® A modest-scale procedure for 8-
phenylmenthol has appeared in Organic Syntheses.10

Optically pure trans-2-phenylcyclohexanol can also be prepared by resolution of
the phthalate esters using brucine to cbtain the (+)-alcohol and strychnine to obtain
the (-)-alcohol (after basic hydrolysis of their respective salts).'! Enzyme-catalyzed
kinetic resolution of the acetate esters using pig liver esterase4 and pig liver acetone
powder12 has been used to prepare both enantiomers of this chiral auxiliary. The
hydroboration of 1-phenylcyclohexene with isocpinocampheylborane has been
reported to give the chiral auxiliary in 97% enantiomeric excess.13

Racemic trans-2-phenylcyclohexanol has previously been prepared in a yield
comparable to that realized in this procedure via copper-catalyzed phenyl Grignard

addition to cyclohexene oxide using the more expensive copper(l) oxide.14
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

(-)>-(1 R,2S)-trans-2-Phenylcyclohexanol: Cyclohexanol, 2-phenyl-, (1R-trans)- (11);
(98919-68-7)

(+)-(18,2R)-trans-2-Phenylicyclohexanol: Cyclohexanol, 2-phenyl-, (1 S-trans)- (9);
(34281-92-0)

Racemic trans-2-Phenyicyclohexanol: Cyclohexanol, 2-phenyl-, trans-(+)- (9);
(40960-69-8)

Bromobenzene: Benzene, bromo- (8,9); (108-86-1)

Cyclohexene oxide: 7-Oxabicyclo[4.1.0Jheptane (8,9); (286-20-4)

Chloroacety! chloride: Acetyl chloride, chloro- (8,9); (79-04-9)
4-Dimethylaminopyridine: Pyridine, 4-(dimethylaminoj- (8); 4-Pyridinamine,
N,N-dimethyl- (9); (1122-58-3)

Lipase (Pseudomonas fluorescens): Lipase, triacyiglycerol (9); (9001-62-1)



ENANTIOMERICALLY PURE ETHYL (R)- AND (S)-
2-FLUOROHEXANOATE BY ENZYME-CATALYZED KINETIC RESOLUTION
(Hexanoic acid, 2-fluoro-, ethyl ester, (R)- and (S)-)

COE Acoramide CO,E
2
/\/z Bu4N+F— /\/\F{
A.
COEt _p.5¢ amano COE
_P30Amano, A A_COE 4 COH
/\/\F{ 2 : /\/\r
60% conversion F F
>99% ee 69% ee
B.
COzEt Lipase
P-30 Amano CO,Et COH
—_—
/\/YF L /\/\{ /\/\r
40% conversion F F
90% ee
Lipase
CO,Et  P-30 Amario CO,E
t C02H
—H70 . - /\/\{ o . /\/\r
F 75% conversion F F
80-90% ee >39% ee
C.
CO,H EtOH CO,Et
/\/\( HaS04 /\/\( ’

F 99% F

Submitted by P. Kasaritis and R. W. Regenye.1
Checked by Ronan Guevel and Leo A. Paquette.
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1. Procedure

Ethyl 2-fluorohexanoate (Note 1). A 1-L flask equipped with a mechanical
gtirrer, thermometer, condenser and a gas adapter is charged under an atmosphere of
argon with 38.5 g of acetamide and 80 g (0.36 mol) of ethyl 2-bromohexanoate (Note
2). The mixture is heated to 80°C until solution is effected and 38.6 g (0.65 mol) of
potassium fluoride (Note 3) is added to it followed by 2.7 mL of tetra-n-butylammonium
fluoride (Note 4). The resulting mixture is heated at 140°C with fast stirring for 4-5 hr
(Note 5). The reaction mixture is allowed to cool to 90°C and then it is poured into 600
mL of ice. The reaction flask is rinsed with 100 mL of water and 100 mL of
dichloromethane, which are added to the ice mixture. The aqueous phase is extracted
with dichloromethane (4 x 200 mL). The combined organic layers are dried over
anhydrous sodium sulfate and fitered. The dichloromethane solution is then cooled to
5°C and treated under an atmosphere of argon with 15 mL of bromine (Note 6). The
reaction is judged complete after ~ 3 hr. Itis quenched by adding 200 mL of saturated
sodium thiosulfate solution. The two phases are separated and the organic phase is
successively partitioned with saturated aqueous sodium bicarbonate solution (2 x 150
mL) and then with 200 mL of brine. It is finally dried over anhydrous sodium sulfate
and concentrated to an oil at 40°C/7 mm (Note 7). Vacuum distillation at 36-37°C/0.8-
0.9 mm affords 26.2-31.4 g (45-54% yield) of pure ethyl 2-fluorohexanoate as a
colorless liquid (Note 8).

Method A. Enantiomerically pure ethy! (R-)2-fluorohexanoate (60% hydrolysis).
A 1-L Morton flask equipped with a mechanical stirrer, glass baffle, an electrode
connected 1o a pH control unit and an addition tube connected to a syringe pump, is
charged with 300 mL of 0.05 M agueous phosphate buffer (pH 7.0) (Fisher), 300 mL of
deionized water, and 70 g (0.43 mol) of ethyl 2-fluorohexanoate. The resulting mixture

is stirred for several minutes and the pH is adjusted to 7.0 with the addition of a few
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drops of 0.1 N sodium hydroxide solution. Then 0.43 g of Pseudomonas lipase
enzyme (P-30, Amano International Enzyme Co., Inc., Troy, Virginia) is added and the
hydrolysis is allowed to proceed at 5°C with stirring (reaction time ca. 2 hr). The pH is
kept constant at 7.0 by adding 1.0 N sodium hydroxide solution via the syringe pump,
which is activated by the pH control unit. The hydrolysis is discontinued when 260 mL
of 1.0 N sodium hydroxide solution has been added (60% conversion, Note 9). The
mixture is extracted with diethyl ether (5 x 300 mL). The combined organic layers are
dried over anhydrous potassium carbonate, filtered, and concentrated at 40°C/70 mm.
Vacuum distillation at 36-38°C/0.7-0.8 mm gives 24.0 g (34% yield, 85% of theory,
Note 10) of pure ethyl (R)-2-flucrohexanoate, which is 97.5-99% enantiomerically
pure, [cz]?)5 +13.0 to +13.2° (CHClI3, ¢ 1.3 ) (Note 9). The aqueous layer is acidified to
pH 2 with 3 N hydrochloric acid and extracted with diethyl ether (3 x 500 mL). The
combined organic layers are dried over anhydrous sodium sulfate, filtered and

concentrated at 40°C/70 mm. The residue is distilled at 71-72°C/0.7 mm to give 30.9 ¢

(53% yield; 89% of theory) of (S)-2-fluorohexanoic acid, which is 53-68% -

enantiomerically pure (Note 11) [oc]%5 -6.8 to -8.7° (CHCl3, ¢ 1.3).

Method B. Enantiomerically pure ethyl (S)-2-fluorohexanoate. A 1-L, three-
necked flask equipped with a mechanical stirrer, glass baffle, an electrode connected
to a pH control unit and an addition tube connected to a syringe pump is charged with
300 mL of deionized water, 300 mL of 0.05 M phosphate buffer (pH 7.0) (Fisher), and
80 g (0.49 mol) of racemic ethyl 2-fluorohexanoate. The pH is adjusted to 7.0 with a
few drops of 1 N aqueous sodium hydroxide solution, and 23 mg of Pseudomonas
lipase enzyme (P-30, Amano International) is added to the mixture. The hydrolysis is
allowed to proceed at 5-10°C with stirring. The pH is maintained at 7.0 by adding
adequate 1 N aqueous sodium hydroxide solution via the syringe pump. The
hydrolysis is discontinued when 197 mL (40% conversion) of 1 N aqueous sodium

hydroxide solution has been added (total reaction time: 2.5 hr). The reaction mixture
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is immediately transferred to an extractor containing 750 mL of ethyl ether. The
mixture is agitated for 5 min and the two phases are separated. The aqueous phase is
extracted with ethyl ether (3 x 400 mL). The combined organic layers are dried over
anhydrous potassium carbonate, filtered and concentrated at 30°C/70 mm to afford
47.2 g (98% of theory) of optically active ethy! (R)-2-fluorohexanoate. The aqueous
phase is transferred back into the extractor and carefully acidified to pH 2.0 with concd
hydrochioric acid. 1t is subsequently extracted with diethyl ether (4 x 500 mL). The
combined orga.'nic layers are dried over anhydrous sodium sultate and concentrated at
30°C/70 mm to provide 26.1 g (39% yield; 98% of theory) of (8)-2-fluorohexanoic acid
(81-86% ee8).

Optical purity enhancement. A 1-L, three-necked flask equipped as described
above is charged with 28.4 g (0.175 mol) of ethyl (S)-2-fluorohexanoate (81% ee)
(Note 12), 300 mL of deionized water and 300 mL of 0.05 M phosphate buffer (pH 7.0).
The pH is adjusted to 7.0 with a few drops of 1 N agueous sodium hydroxide solution
and 36 mg of Pseudomonas lipase enzyme (P-30, Amano International) is added to
the mixture. The hydrolysis is allowed to proceed at 5°C. The pH is kept at 7.0 by
adding adequate 1 N aqueous sodium hydroxide solution via the syringe pump. The
hydrolysis is discontinued when 131.3 mL (75% conversion) of 1 N aqueous sodium
hydroxide solution has been added (total reaction time: 4 hr). The mixture is quickly
extracted with ethy! ether (3 x 500 mL). The combined organic layers are dried over
anhydrous potassium carbonate and concentrated at 35°C/70 mm to provide 5.66 g of
nearly racemic ethyl 2-fluorohexanoate. The agueous phase is acidified to pH 2.0 with
concd hydrochloric acid and extracted with ethy! ether (4 x 500 mL). The combined
organic layers are dried over anhydrous sodium sulfate and concentrated at 35°C/70
mm to give 16.8 g (71% yield; 95.5% of theory) of (S)-2-fluorohexanoic acid. This acid
is distilled at 67°C/0.4-0.5 mm to give 14.2 g of enantiomerically pure (S)-2-
fluorohexanoic acid as a colorless oil: [(1]205 -13.8° (CHCI3, ¢ 1.7) (Notes 11 and 13).
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Method C. Esterification of (S)-2-fluorohexanoic acid. A 250-mL flask is
charged with 13.8 g of (S)-2-fluorohexanoic acid, 200 mL of ethanol and 2 mL of
concd sulfuric acid. The solution is heated at reflux for 4 hr. Most of the ethanol i
distilled slowly at atmospheric pressure and the residue is dissolved in 200 mL of
dichloromethane after allowing it 10 cool to 23°C. The solution is partitioned with 200
mL of saturated aqueous sodium bicarbonate solution and the aqueous layer is back-
extracted with 100 mL of dichloromethane. The combined organic layers are washed
with 100 mL of byine, dried over anhydrous potassium carbonate and concentrated at
30°C/70 mm to afford 15.6 g (93% yield) of enantiomerically pure (Note 11) ethyl (S)-

2-fluorohexanoate as a colorless liquid: [(x]205 -13.8° (CHCl3, ¢ 1.0), chemical purity
100% (GC analysis).

2. Notes

1. This procedure was originally used by P. Rosen, G. Holland and R. J.

Karasiewicz at Hoffmann-La Roche. A similar procedure has appeared in the
literature.2

2. Ethyl 2-bromohexanoate was purchased from Aldrich Chemical Company,
Inc.

3. Potassium fluoride was purchased from Fiuka and was ground to a fine
powder prior to use.

4. Tetra-n-butylammonium fluoride was purchased from Aldrich Chemical
Company, Inc.

5. The progress of the reaction was monitored by gas chromatography on an
OV-17 column at 100-250°C (20°/min).

6. Bromine was added dropwise keeping the temperature below 10°C at all

times. The progress of the reaction was maonitored by gas chromatography as
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described in Note 4. Bromine was added to prominate the o,p-unsaturated ester that
was present as a by-product in the crude material. This procedure simplified the
isolation of the ethyl 2-fluorohexanoate by distillation.

7. Some yellow solids appeared upon removing the solvent; they were filtered
prior to distillation.

8. The purify of ethyl 2.fluorohexanoate was determined by gas
chromatography as described above. The reaction yield varied from 42-70%.

9. % Conversion is based on the amount of base added.

10. % of the theoretical yield is based on the % of conversion.

11. The enantiomeric excess (% ee) of these compounds was determined by the
submitters as follows. The ester and acids were first reduced to the corresponding
alcohols with DIBAL and LAH, respectively. The alcotols were then allowed to react
with 100% excess of (S)-(+)-a—methoxy-a—trifluoromethylphenylacetyl chloride
{(Mosher's reagent) in (1:1) pyridine-carbon tetrachloride for 18 hr. The diastereomeric
ratio of these derivatives was finally determined by isothermal gas chromatography on
a capillary OV-17 column at 160°C.

12. This ester was prepared from the optically active (S)-2-fluorchexanoic acid
isolated above, by the esterification method described in this procedure.

13. The checkers have noted that the 2-fluorohexanoic acid crystallizes when
aliowed to stand at room temperature. This material can be recrystallized from
pentane at low temperature. The crystals liquify on standing in the open air at room

temperature.
3. Discussion

In recent years there has been an increasing interest in the use of enzymes and

microorganisms to produce optically active compounds either by means of a kinetic
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resolution or by stereospecific chemical transformations (e.g., reductions, oxidations,
epoxidations, hydroxylations, etc.).3 Hydrolases in general have been used to effect
kinetic resolutions of racemic esters and alcohols via their corresponding esters.4
Lipases, a subclass of hydrolases, are commercially available and relatively
inexpensive. As a result, they constitute a very attractive class of catalysts for effecting
kinetic resolutions, some of which might be difficult by other means.

Lipase P-30 Amano (ex Psudeomonas fluorescens) has been found to be
synthetically useful in catalyzing very effectively kinetic resolutions of both racemic
alcohols and racemic acids via their corresponding esters. This property is not
generally observed with other enzymes and, therefore, makes this particular enzyme
of greater synthetic utility. The enzyme can tolerate high concentrations of substrates
and their hydrolysis products. The rates of the hydrolyses have usually been fast and
the enantiomeric excesses achieved high. In most cases, the hydrolyses have been
carried out in water and in the absence of co-solvents. These resolutions can be
easily accomplished in multi-kilogram scale. A wide variety of substrates have been

resolved enantioselectively with this lipase.5

1. Chemistry Research Department, Hoffmann-La Roche Inc., Nutiey, NJ 07110.

2. Kobayashi, Y.; Taguchi, T.; Terada, T.; Oshida, J.-l.; Morisaki, M.; lkekawa, N. J.
Chem. Soc., Perkin Trans. 11982, 85.

3. Jones, J. B.; Beck, J. F. Tech. Chem. (NY) 1976, 10, 107-401; Jones, J. B.
Asymmetric Synth.1985, 5, 309; Whitesides, G. M.; Wong, C.-H. Angew.
Chem., Intern. Ed. Engl. 1985, 24, 617; Simon, H.; Bader, J.; Giinther, H.;
Neumann, S.; Thanos, J. Angew. Chem., Intern. Ed. Engl. 1985, 24, 539;
Klibanov, A. M. CHEMTECH. 1986, 354; "Enzymes in Organic Synthesis”; Ciba
Foundation Symposium, 111; Porter, R.; Clark, S., Eds.; Pitman: London, 1985;

"Biocatalysts in Organic Syntheses"; Tramper, J.; van des Plas, H. C.; Linko, P.,

16

Eds; Elsevier: Amsterdam, 1985; "Enzymes as Catalysts in Organic Synthesis";
Schneider, M., Ed.; Kluwer Academic: Boston, 1986.

4. Lam, L.K. P.;Hui, R. A.H. F.; Jones, J. B. J. Org. Chem. 1986, 51, 2047, Patel,
D. V.; VanMiddlesworth, F.; Donaubauer, J.; Gannett, P.; Sih, C. J. J. Am. Chem.
Soc. 1986, 108, 4603; Ladner, W. E.; Whitesides, G. M. J. Am. Chem. Soc.
1984, 106, 7250; Kasel, W.; Hultin, P. G.; Jones, J. B. J. Chem. Soc., Chem.
Commun. 1985, 1563; Laumen, K.; Schneider, M. P. J. Chem. Soc., Chem.
Commun. 1986, 1298; Ramos Tombo, G. M.; Schér, H.-P.; Fernandez, I.;
Busquets, X.; Ghisalba, O. Tetrahedron Letft. 1986, 27, 5707; Sweers, H. M.,
Wong, C.-H. J. Am. Chem. Soc. 1986, 108, 6421; Lin, J. T.; Yamazaki, T_;
Kitazume, T. J. Org. Chem. 1987, 52, 3211; Kerscher, V.; Kreiser, W.
Tetrahedron Lett. 1987, 28, 531; Pawlak, J. L.; Berchtold, G. A. J. Org. Chem.
1987, 52, 1765; Stokes, T. M.; Oehlschlager, A. C. Tetrahedron Lett. 1987, 28,
2091; Sonnet, P. E.; J. Org. Chem. 1987, 52, 3477; Francalanci, F.; Cesti, P.;
Cabri, W.; Bianchi, D.; Martinengo, T.; Foa, M. J. Org. Chem. 1987, 52, 5079.

5. Kalaritis, P.; Regenye, R. W.; Partridge, J. J.; Coffen, D. L. J. Org. Chem. 1990,
55, 812; Schwartz, S.; Madan, P.; Whitesell, J. K.; Lawrence, R. M. Org. Synth.
1990, 69, 1.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Ethyl (R)-2-flucrohexanoate: Hexanoic acid, 2-fluoro-, ethyl ester, (R)- (12);
(124439-29-8)
Ethy! (S)-2-fluorohexanoate: Hexanoic acid, 2-fluoro-, ethyl ester, (S)- (12);
(124439-31-2)
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Ethyl 2-fluorohexanoate: Hexanoic acid, 2-fluoro-, ethyl ester (8,9); ENANTIOSELECTIVE SAPONIFICATION WITH PIG LIVER ESTERASE
(17841-31-5) (PLE):  (18,2S,3R)-3-HYDROXY-2-NITROCYCLOHEXYL ACETATE
Acetamide (8,9); (60-35-5) (1,3-Cyclohexanediol, 2-nitro-, 1-acetate, [1S-(1c,2B,3c)])

Ethyl 2-bromohexanoate: Hexanoic acid, 2-bromo-, ethyl ester, (t)- (10); (63927-44-6)
Potassium fluoride (8,9); (7789-23-3) 1. CH3NO,/NaOH HO, OH
Tetrabutylammonium fluoride: Ammonium, tetrabutyl-, fluoride (8); 1-Butanaminium, A OHC\/\/CHO N — U
N,N,N-tributyl-, fluoride (9); (429-41-4) 2H

(S)-2-Fluorohexanoic acid: Hexanoic acid, 2-fluoro-, (S)- (12); (113776-26-4)

NO,

N02 EOZ

: AcO.p A~ A
B HO, OH 1. AcOMH* ¢ OAc
. 2. H0

NO, NO,

AcO A JOAc HOR_ A OAc
PLE
o (T e 19}

Submitted by Martin Eberie, Martin Missbach, and Dieter Seebach.!
Checked by David L. Coffen.

1. Procedure

A.  (1R,2r,3S)-2-Nitrocyclohexane-1,3-diol. A 1-L, round-bottomed flask,
equipped with a magnetic stirrer, a thermometer and an ice/ethanol bath is charged
with 175 mL (0.455 mol) of an aqueous 25% solution of glutaric dialdehyde, 38 mL
(0.708 mol) of nitromethane and 600 mL of methanol (Note 1). At 0-5°C 12 mL of
aqueous 2 M sodium hydroxide is added gradually. The cooling bath is removed and
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the reaction mixture is stirred for 4 hr at rrom temperature. The resulting yellow
solution is neutralized by adding 15 g of acidic cation exchange resin and stirring for
an additional 20 min (Note 2). The resin is fitered off and washed with a small volume
of methanol. The filtrate is evaporated to a semi-solid residue using reduced pressure
and a 35°C water bath. The residue is dissolved in 100 mL of absolute ethyl alcohol
with heating and diluted by gradual addition of 250 mL of toluene. The resulling two-
phase mixture (Note 3) is again evaporated, with azeotropic removal of water. The
resulting residue is again taken up in 100 mLof hot ethyl alcohol and diluted with 250
mL of toluene (Note 3). The aimost colorisss crystals are fitered and dried at high
vacuum to yield 44-52 g (60-70%) of nitrodiol, mp 152-155°C (dec.).

B. (1R,2r,3S)-3-Acetoxy-2-nitrocyclohexyl acetate. Ina 1-L flask 52 g (0.323
mol) of the nitrodiol are suspended in 150 mL of acetic anhydride. Without ceoling, 3-
6 drops of concentrated sulfuric acid are added (Note 4). After 1 hr 500 mL of
ice/water is rapidly added and stirring is continued for 60 min. The resulting colorless
crystals are filtered, washed with water and arr dried. The product thus obtained, 75.6
g (95.6%) of colorless crystals, is pure by TLC (4:1 hexane/ethyl acetate) and NMR,
and mefts at 89-90°C (Note 5).

C. (18,28,3R)-3-Hydroxy-2-nitrocyclohexyl acetate. A 500-mL flask equipped
with a magnetic stirrer is charged with 10 g {41 mmol) of powdered nitrodiacetate and
300 mL of 0.2 M phosphate buffer of pH 7.0 prepared by dissolving 11 g of potassium
dihydrogenphosphate and 3.3 g of potassium hydroxide in 300 mL of deionized (or
distilled) water. To the stirred suspension is added 30 mg of purified PLE [Esterase
(EC 3.1.1.1), suspended in 2.8 mL of 3.2 M ammonium sulfate buffer] (Note 6) and the
mixture is stirred for 24 to 48 hr (Note 7). The continuously-measured pH drops to
about 5.6 during the reaction and then remains almost constant, while the mixture has
turned to a practically clear, pale yellow solution (Note 8). The solution is filtered

through a paper filter and the filtrate is extracted three times with 100 mL of ether. The
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organic phase is dried over anhydrous magnesium sulfate and filtered. Removal of
the solvent and of the acetic acid under reduced pressure leaves 7-8 g (85-95%) of
colorless monoacetate as a crystalline solid (Note 9). Recrystallization by dissolving in
100 mL of ether and adding 250 mL of pentane gives 5-6 g (60-70%) of pure
(18,28,3R)-3-hydroxy-2-nitrocyclohexyl acetate (Note 10), mp 90-81°C, [a]p +9.5°
(CHCl3, ¢ 1.0) (Note 11). From the mother liquor, another 1-2 g (12-24%) of

monoacetate, mp 89-90°C, can be obtained (Note 12).

2 Notes

1. Commercial grade chemicals were used without further purification. The
glutaric dialdehyde solution should be fresh.

2. The checkers used Amberlite IR-120(plus) acid form, capacity 1.9 meg/mL
supplied by the Aldrich Chemical Company, Inc.

3. Two layers will form unless the water content of the crude product is
sufficiently reduced during the preceding evaporation; in that case, the evaporation is
to be repeated.

4. The solution turns clear and the temperature rises to 60-70°C when the
reaction has started. More sulfuric acid should be added if a sustained exotherm does
not ensue.

5. The submitters recommend recrystallization from alcohol/water (2:1). This is
essential if NMR and TLC analyses of the crude nitrodiacetate indicate the presence of
monoacetate.

6. The checker used the contents of one 30-mg vial of Sigma material, rinsed
in with ca. 1 mL of deionized water. The submitters originally developed the process

with PLE purified according to a procedure they had published previously.2
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7. The submitters used 45 mg of enzyme and observed the reaction to be
completein 11.5t0 12.5 hr.

8. In addition to the monoacetate, a small amount of diacetate and an even
smaller amount of diol could be detected by TLC in the crude product.

9. The crude product is enantiomerically pure according to 1®F-NMR of the
corresponding Mosher ester (>97% ee). The checker observed lower [0:12,35 values
(+8.72° and +8.61°) but confirmed the enantiomeric purity by HPLC analysis of the
corresponding Mosher esters. By HPLC comparison with the diastereomeric mixture
of Mosher esters prepared from a sample of racemic monoacetate (oily substance
obtained by partial hydrolysis of diacetate) the (-)-enantiomer content appears to be
less than 1%.

10. The absolute configuration of the product has been proved by X-ray analysis
of the corresponding camphanic ester.2:3

11. The monoacetate shows the following TH NMR spectrum (90 MHz) 8: 1.3-
1.9 (m, 4 H), 2.0 (s, 3 H), 2.1-2.2 (m, 2 H), 2.7 (d, J = 6.5, OH), 4.1 (m, 1 H), 4.4
(apparent, t, J = 10.5, 1 H), 5.1-5.3 (m, 1 H).

12. Recrystallization of this fraction gave another 0.75-1.5 g (10-18%) of pure
product.

3. Discussion

The use of ester-cleaving enzymes is probably going to be one of the most
useful biological-chemical methods in the synthetic laboratory. No example of this
type of reaction has hitherto been published in the Organic Syntheses series of
procedures. So far, the only biological-chemical Organic Syntheses-procedures are
two yeast reductions,*5 one oxidation with horse-liver-alcohol-dehydrogenase,® and

a disaccharide synthesis catalyzed by emulsin.? The procedure described here is
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also applicable with crude enzyme powder, but the work-up is a bit more complicated,
because a continuous extractor must be used to overcome problems with emulsions.
Both crude enzyme concentrate and purified PLE as a mixture of isoenzymes8 are
commercially available, but the crude concentrate can easily be prepared from fresh
pig liver and is thus very cheap.2 By using self-made PLE-powder, the submitters
have produced amounts of 20-25 g of pure monoacetate per run.2

Several review articles containing discussions of enantioselective syntheses
with ester-cleaving enzymes have appeared recently (as of 1987).9-13 Of the many
examples, the ones in which meso-substrates are employed are most attractive since
the theoretical yield is 100%. In many applications of PLE the enantiomeric excess (%
ee) of the product depends crucially upon the source of the enzyme. This effect has
not been noticed in the enantioselective saponifications of nitrodiol diacetates, either
because the reaction is insensitive to it, or because this complication is overcome by
the great crystallization tendency of the products. The only problem we observed
when the reaction was carried out with commercial crude PLE-powder (but not with the
self made one) was the production of a certain amount of diol which could not be
removed by simple recrystallization. In this case, filtration over a shon silica gel
column with methylene chloride as eluent gives after recrystallization pure
monoacetate.

Other examples of enantiomercially pure monoacetates of meso-nitrodiols,
which are available using the above procedure, are collected in Table 1. Entries 1
and 3 in Table 1 refer to runs following the above procedure, for all other cases the self
made crude PLE-powder was used. Cases in which no reaction (a) or unsatisfactory

selectivities (b) were observed, are shown below:
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OAc

O,N, EFs O,N, £Ha

AcO OAc AcO OAc

(a) (a) (b)

The meso-nitrodiol starting materials for the preparation of the PLE diacetate
substrates are readily obtained from nitromethane or nitroethane and aldehydes or
dialdehydes. They crystallize readily. The above procedures for the preparation of
nitrocyclohexanediol and its diacetate from glutaraldehyde and nitromethane are
modifications of published methods (Lichtenthaler,14 Baer'5).

The chiral monoacetates now available are useful multiple coupling
reagents16-18 for syntheses of enantiomerically pure target molecules. They can be
converted to nitroolefinic allylic esters, achiral or racemic analogues of which we have
previously shown16-18 1o combine sequentially with two (different) nucleophiles (see
1-2 in Scheme 1).

Scheme 1
NO,

Nu'\H\/Nu"

R

/k/ow* 2. Nu"
R
1

O \
NO,
OMe C

R

by
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In a first approach to an enantioselective version of this method, we employed!®
chiral enamines derived from proline,20 {see 1-3 in Scheme 1). In this stoichiometric,
enantioselective reaction, the valuable auxiliary used has to be recovered (i.e.,
recycled) in preparative-scale applications.21

Wae then used?22 nitroallylic pivalates for the alkylation of hydroxy acid-derived
enolates to prepare enantiomerically pure compounds (EPC), (see 4-5 in Scheme 2),
an example of the use of the pool of chiral building blocks for EPC syntheses.23-25
Finally, the procedure described here allows for syntheses of EPC with a catalytic
enantioselective step26: dehydration of the monoacetate from the PLE saponification
leads to (S)-nitrocyclohexenyl acetate 6, and pivaloylation followed by acetate
hydrolysis and dehydration leads to the pivalate 8 of the enantiomeric alcohol. These
compounds can be used for substitutions with a variety of nucleophiles.2:3:26 Thus,
starting from the enantiomerically pure Michael acceptors 6 and 8, 3-alkyl
nitrocyclohexenes 7 and 9, respectively, of high enantiomeric excess are available

(see Scheme 2, Nu = methyllithium, phenyllithium and the morpholinoenamine of

acetophenone):
Scheme 2
OLi
1. 1 |
')\,opiv 7 % 9.....(01/“22
2. H* R
Ph 07
Ph
4 5
NO, NO, NO, NO,
OAc Nu PivQ, Nu
6 (S) 7 8 (R) 9
25



TABLE |

Yields, melting points, and specific rotations of nitrodiol monoacetates which were

prepared by procedure C described above by using PLE-powder? instead of purified

enzyme. Entries 1 and 3 in Table 1 refer to runs following the above procedure, for all

other cases the self made crude PLE-powder was used. The configuration and the

sense of chirality of the products of entries 1,3 and 4 were determined by x-ray crystal

structure analysis of the camphanic esters, those of the other are inferred by analogy

and by NMR comparison. The open chain compounds (entries 1 and 2) were obtained

using TES buffer at pH 6.5

Entry No. Yield Mp [lp
[%]) [°C] (CHCl3,
c 1)
NO,
1 HOYYOAC 50-70 58-60 -10.5
NO,
2 HOJ/‘\COAc 40-50 oil -10.7
NO,
3 oo 1 one 60-70 90-91 +98
NO,
4 Ho\i‘j,om 80-90 106-107 9.4
5 . 70-80 91-92 +29.1
26

NO,

HO OAC

"‘Q
4

NO,

HO OAc

NO,

HO, OAc

NO,

HO, OAc

OEt

60-70

20-30

60-70

60-70
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130-131

111-112

130-131
(dec)

93-94

-1.3

+14.7

+28.1

+6.0
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Appendix DIASTEREOSELECTIVE FORMATION OF o-METHOXYCARBONYL
Chemical Abstracts Nomenclature (Collective Index Number); LACTONES THROUGH AN INTRAMOLECULAR DIELS-ALDER REACTION:
(Registry Number) (4RS,4aRS,6RS,8aRS)-, (4S,4aS,65,8aS)- AND (4R,4aR,6R,8aR)-
4-METHOXYCARBONYL-1,1,6-TRIMETHYL-1,4,4a,5,6,7,8,8a-
(1S,28,3R)-3-Hydroxy-2-nitrocyclohexyl acetate: 1,3-Cyclohexanediol, 2-nitro-, OCTAHYDRO-2,3-BENZOPYRONE [rac-5, (+)-5, and (-)-5]
1-acetate, [1S-(10,28,3c)]- (12); (108186-61-4)

(1R,2r,3S)-2-Nitrocyclohexane-1,3-diol: 1,3-Cyclohexanediol, 2-nitro-,
(1a,28,3a)- (9); (38150-01-5) _MeOH,EDDA
15-20°C 45 min
Glutaric dialdehyde: Glutaraldehyde (8); Pentanedial (9); (111-30-8)

Nitromethane: Methane, nitro- (8,9); (75-52-5)

Amberlite IR-120(plus) acid form: Amberlite IR 120 Pius (10); (78922-04-0) 2
(1R,2r,3S)-3-Acetoxy-2-nitrocyclohexyl acetate: 1,3-Cyclohexanediol, 2-nitro-,
diacetate (ester), (1a,28,3a)- (9); (51269-14-8)
Acetic anhydride (8); Acetic acid anhydride (9); (108-24-7)
4
B. 3 + 4 H*/MeOH
8 hr reflux

CF3COOH, CHxCl
RT, 48 hr

Submitted by L. F. Tietze, G. v. Kiedrowski, K.-G. Fahlbusch, and E. Voss.!
Checked by Charles F. Marth and Edwin Vedejs.
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1. Procedure

A. Diels-Alder-adduct rac-3.2 A 250-mL round-bottomed flask equipped with a
pressure equalizing addition funnel with a calcium sulfate-filled drying tube, a nitrogen
inlet, and a magnetic stirring bar is charged with 2,2-dimethyl-1,3-dioxane-4,6-dione 2
(Meldrum’'s acid) (Note 1, 10.0 g, 69.4 mmol), a catalytic amount of
ethylenediammonium diacetate (EDDA) (Note 2, 500 mg, 2.77 mmol) and dry
methanol (150 mL). (R,S)-Citronellal (rac-1, Sigma; dried over MgSO4 and distilled)
(Note 3, 9.74 g = 11.4 mL, 63.1 mmol) is added under nitrogen {(Note 4) over 15 min
through the dropping funnel to the well-stirred mixture while the temperature is kept at
15-20°C by cooling the flask with a water bath. The solution is stirred for an additional
45 min at room temperature, the solvent is removed on a rotary evaporator (25°C), and
the remaining yellow oil is dissolved in diethy! ether (300 mL). The organic layer is
washed with water (50 mL), saturated sodium bicarbonate (2 x 50 mL), and brine (50
mL), and dried over anhydrous sodium sulfate. Filtration and removal of the solvent
gives an 8:1-mixture (16.5 g) of the Diels-Alder adduct rac-3 and the ene-product rac-
4 as a yellow oil (Note 5).

B. Lactone5. The crude mixture of rac-3 and rac-4 is dissolved in 300 mL of
dry methanol (distilled from sodium) containing 10 drops of concd hydrochloric acid
and heated under reflux for about 8 hr until the reactants can no longer be detected by
thin layer chromatography (Note 6). The solvent is removed on a rotary evaporator at
25°C and the remaining residue, which consists of an 8:1 mixture of lactone rac-5 and
dimethyl ester rac-6 is dissolved in dry dichloromethane (50 mL). The solution is
acidified with trifluoroacetic acid (10 mL) and stirred at room temperature for about 48
hr, until the thin layer chromatogram does not show any dimethyl ester rac-6 (Note 6).
The organic layer is washed with water (50 mL), saturated sodium bicarbonate

solution (2 x 50 mL), water (50 mL), and brine (50 mL), dried over sodium sulfate,
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filtered, and concentrated on a rotary evaporator. Distillation of the remaining thick,
yellow oil under reduced pressure in a short path distillation apparatus with an
aircooled condenser gives 12.6 g (79%) of rac-5, bp 133-135°C/0.001 mm. The
colorless oil is dissolved in tert-butyl methy! ether (10 mL) and hexane (80 mL) and the
solvent is allowed to evaporate over 2 days to about 15% of the original volume.
Lactone rac-5 (8.11 g, 53%) siowly crystallizes (mp 69-71°C) (Notes 7, 8). If the above
procedure is repeated with the mother liquor, a variable additional amount of rac-5
{Note 8) is obtained.

With (S)-citronellal the (4S,4aS,6S,8aS)-lactone (+)-5 is obtained; with (R)-
citronellal the (4R,4aR,6R,8aR)-lactone (-)-5 is obtained (Notes 3, 7).

2. Notes

1. Meldrum's acid is commercially available from Merck-Schuchardt, Fluka, or
Aldrich Chemical Corﬁpany, Inc., or it can be prepared by the reaction of malonic acid
with acetone.3

2. Ethylenediammonium diacetate (EDDA) is prepared as follows.4 A 250-mL,
round-bottomed flask with a stirring bar and a pressure equalizing addition funnel with
a calcium sulfate-filled drying tube is charged with dry ethylenediamine (12.0 g, 0.20
mol) and dry ether (100 mL). Acetic acid (24.0 g, 0.40 mol) in dry ether (20 mL) is
added through the dropping funnel to the stirred solution. The reaction mixture is left
at 4°C for 14 hr and the crystals are collected by filtration and washed with ether.
Recrystallization from methanol provides 19.8 g (83%) of pure EDDA, mp 114°C, as
white needles; IR (KBr) cm-1: 3500-2000 (NH), 2180 (MHgz+), 1650 (C=0), 1600-1400
(CO2’); TH NMR (CDClg) 8: 1.90 (s, 6 H, CHg), 3.20 (s, 4 H, CHy), 5.75 (s, 6 H, NHg*).

EDDA is the best catalyst for the condensation. Piperidine acetate gives side
products.
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3. (R,S)-Citronellal can be purchased from BASF, and (R)-citronellal from
Dragoco, Fluka, or Takasgo Perfumery Co., Ltd., Japan. (R)-Citronellal can aiso be
synthesized from pulegone with ee >99%.5 (S)-Citronellal may be obtained by
oxidation of (S)-citronellol,8 which is accessible by different routes with ee 95%.7 The
optical purity of citroneilal can be determined by GLC after conversion to the acetal of
(-)-(2R,4R)-pentanediol.8 For the reactions described, (R,S)-citronellal from BASF, (R)-
citronellal from Dragoco, and (S)-citronellol from Fluka were used. (R,S)-Citronellal
and (S)-citronellal were distilled under nitrogen before use (bp 83-85°C/11 mm), (S)-
citronellal: [°‘]2D° -11.5° (chloroform, ¢ 0.1); (R)-citronelial ([oc]%0 +13 = 1°) and (S)-
citronellol ([a][2)° -4.9 + 0.2°) were used as purchased.

4. The reaction can also be performed without using inert gas, but the yields
may be lower.

5. The pure Diels-Alder adduct 3 can be obtained by crystallization of the
crude reaction product from ether/hexane: white needles, mp 104-106°C; IR (KBr)
cm1: 2950, 2930, 2860 (C-H), 1715 (C=0), 1615 (C=C, 1400, 1265; H NMR (CDClg)
8: 0.40 (m, 1 H, 4 p-H), 0.7-2.5 (m, 7 H, CH + CHy), 0.90 (d, 3 H, J = 7, CH3), 1.23,
1.43,1.70, 1.73 (s, 3 H, CH3), 2.75 (dt, 1 H, J{ = 12, J2 = 2, 4-H). When the pure Diels-
Alder adduct 3 is heated in dry methanol under reflux for 3 hr, 5 (mp 68-70°C) is
obtained in 92% yield from 3.

6. Macherey-Nagel Polygram SIL G/UVasg4-plates were used with 2:5 viv
ether/hexane as eluant. The Diels-Alder product 3 (Ry = 0.29), is visible under short
wavelength ultraviolet light, whereas the detection of 4 (Rf = 0.33), rac-5 (R; = 0.22)
and 6 (R = 0.47) is effected by development in an iodine chamber.

7. The physical properties of rac-5, (+)-5, and (-)-5 are as follows: (+)-5, [OL]:[Z)0
+44.1° (chloroform, ¢ 1.004); (-)-5, [(1:]2D0 -44.0°, (chloroform, ¢ 0.995); IR (KBr) cm-t:
2980, 2950, 2930, 2870, (CH), 1745, 1725 (C=0), 1450, 1320; TH NMR (200 MHz,
CDCla) &: 0.74 (ddd, 1 H, J = 12, 12, 12, 5B—H), 0.86-1.7 (m, 5 H, 6, 7P, 8a, 8a, 88-H),
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0.95 (d, 3 H, J = 6.5, 6-CHg), 1.36 (s, 3 H, 1a-CHg), 1.7-1.9 (m, 2 H, 5a, 7a—H), 1.42
(s,3H 1p—-CHjs), 2.16 (dddd, 1 H, J = 3.5, 12, 12, 12, 4a-H), 3.09 (d, 1 H, J = 12, 4-H),
3.81 (s, 3 H, OCHg); 13C NMR (50.3 MHz, CDClg) 8: 22.0 (10-CHg), 23.3 (6-CHg),
27.2 (C-7), 28.2 (1B-CHz), 31.6, (C-6), 34.2 (C-8), 36.0 (C-8a), 40.5 (C-5), 45.9 (C-4a),
52.6 (OCHa), 55.1 (C-4), 86.6 (C-1), 167.1 (C=0), 169.6 (C-3); MS (70 eV): mv/e = 254
(1%, M*+), 239 (6%, M-CHg), 223 (2%, M-OCHg), 196 (50%, M-C3HgO), 168 (15%,
196-CO), 109 (22%, 168-CO2CHg), 101 (100%), 59 (65%, CO2CHg).

8. Crystallization of the crude material without distillation from tert-buty! methyl
ether/hexane affords 56% of rac-5, mp 68-70°C, as pale yellow crystals. The
submitters obtained a second crop of 1.5 g from crystallization of distilled material; mp
68-78°C, starting from citronellal purchased from BASF. The checkers found that
citronellal from Sigma required distillation and gave an impure second crop of 5 only

with difficulty.
3. Discussion

Lactone 5 can be obtained in both enantiomeric forms or as a racemate
according to the described procedure. The reaction sequence includes the in situ
formation of an alkylidene-1,3-dicarbonyl system 7 which can act as a heterodiene in
an intramolecular hetero-Diels-Alder addition. A small amount of the ene product 4
with de > 98% is formed at room temperature as well. The remarkable selectivity in
formation of diastereomer 3 is explained by an energetically more favorable exo
transition state 8 with a pseudo-chair arrangement having the methyl group quasi-
equatorial. Polycyclic cis-fused compounds can also be synthesized by the procedure
above,® and a related sequence to the cannabinoid skeleton has been described

using appropriate 1,3-dicarbonyl reactants.0
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

2,2-Dimethyl-1,3-Dioxane-4,6-dione (Meldrum's Acid): Malonic acid, cyclic
isopropylidene ester (8); 1,3-Dioxane-4,6-dione, 2,2-dimethyl- (9); (2033-24-1)

Ethylenediammonium diacetate: 1,2-Ethanediamine diacetate (9); (38734-69-9)
(R)-Citronellal: 6-Octenal, 3,7-dimethyl-, (R)-(+)- (8,9); (2385-77-5)
[6aR-(6aa,9¢,10ap)}-Octahydro-3,3,6,6,9-pentamethyl-1H,6H-[1,3]dioxino-

{4,5-c][2]benzopyran-1-one: 1H,6H-[1,3]Dioxino[4,5-c|[2]benzopyran-1-one,
octahydro-3,3,6,6,9-pentamethyl-, [6aR-(6ac,9a,10ap)]- (10); (78394-10-2)
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STEREOSELECTIVE 1,4-FUNCTIONALIZATIONS OF CONJUGATED
DIENES: cis- and trans-1-ACETOXY-4-(DICARBOMETHOXYMETHYL)-
2.CYCLOHEXENE
(Propanedioic acid, [4-(acetyloxy)-2-cyclohexen-1-yl]-,

dimethyl ester, cis- and trans-)

AcO-Q-CH(COOMe)a
2% Pd(OAc), ’

8% PPhy
2.5% Pd(OAC),
LiCI-LiOAc AcO NaCH(COOMe)2
p-benzogquinone . /C Ci 25°C, THF
HOAc-pentane
25°C

NaCH(COOMe) - ]
CHiCN, 80°C 2Aco—<;> CH(COOMe),

Submitted by Jan-E. Backvall and Jan O. Vagberg.1
Checked by Michael R. Sestrick and Albert I. Meyers.

1. Procedure

A. cis-1-Acetoxy-4-chloro-2-cyclohexene. A 1-L, one-necked, round-bottomed
flask equipped with a magnetic stirring bar is charged with 200 mL of acetic acid, 5.1 ¢
(0.12 mol) of lithium chloride, 12.2 g (0.12 mol) of lithium acetate dihydrate, 0.67 g (3
mmol) of palladium acetate, and 12.9 g (0.12 mol) of p-benzoquinone. The contents of
the flask are stirred at room temperature until all components are dissolved, and 300
mL of pentane is added. To the pentane phase of the biphasic system formed is
added 4.82 g (60 mmol) of 1,3-cyclohexadiene (Note 1). The reaction mixture.is
stirred at a moderate rate (Note 2) at room temperature and after 4 hr, 2.87 g (33

mmol) of manganese dioxide (Note 3) is added. After the flask is stirred for another 4
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hr at room temperature, the organic phase is separated and saved, and 2.87 g (33
mmol) of manganese dioxide and 20 mL of acetic acid are added to the remaining
acetic acid, which is vigorously stirred for 30 min. To the mixture are added 2.6 g (60
mmol) of lithium chloride and 300 mL of pentane. A new portion of 4.82 g (60 mmol) of
1,3-cyclohexadiene is added and the reaction mixture is stirred at a moderate rate
(Note 1) at room temperature overnight (12-15 hr).  To the reaction mixture is added
70 mL of saturated sodium chioride solution and the organic phase is separated and
saved. The aqueous phase is filtered and extracted with pentane (2 x 300 mL). The
combined organic phases are washed with water (2 x 120 mL), 120 mL of saturated
aqueous sodium carbonate, 120 mL of 2 M sodium hydroxide, 120 mL of water and
120 mL of saturated sodium chloride solution. The organic phase is dried over
magnesium sulfate and the solvent is removed by rotary evaporation at reduced
pressure giving 16.5-17.5 g (79-84%) of a yellow oil. Kiigelrohr distillation (95-105°C,
1 mm) of the crude product affords 14.6-15.6 g (71-75%) of pure cis-1-acetoxy-4-
chloro-2-cyclohexene (> 98% cis). Analysis by HPLC and GLC shows about 1%
contamination of diacetate as the only impurity. No dichloride can be detected (<
0.5%).

B. cis-1-Acetoxy-4-(dicarbomethoxymethyl)-2-cyclohexene. A 2-L, two-necked,
round-bottomed flask equipped with a magnetic stirrer, nitrogen-vacuum inlet, and a
rubber septum, is charged with 17.5 g (0.1 mol) of cis-1-acetoxy-4-chioro-2-
cyclohexene, 0.49 g (2.2 mol) of palladium acetate and 2.4 g (9.0 mmol) of
triphenylphosphine (Note 4). The flask is flushed with nitrogen (Note 5). To the flask is
added 550 mL of a 0.2 M solution (0.11 mol) of sodium dimethyl malonate in
tetrahydrofuran (THF) by syringe (Note 6). The flask is again flushed with nitrogen and
the reaction mixture, which now has turned yellow, is stirred at room temperature for 2
hr (Note 7). The flask is opened and 200 mL of saturated aqueous sodium

bicarbonate is added. The stirring is continued for 20 min, and then 100 mL of water
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and 200 mL of ether are added. The contents of the flask are transferred into a 2-|
separatory funnel and the organic phase is separated. The remaining aqueous phasg
is extracted with ether (3 x 300 mL). The combined organic phases are washed with
200 mL of saturated brine, dried over anhydrous magnesium sulfate, concentrated on
a rotary evaporator to approximately 400 mL, and then filtered through a short silica
gel column (Note 8). Removal of the rest of the solvent by rotary evaporation at
reduced pressure gives 30.4-31.3 g of a light brown oil. Excess dimethy! malonate is
removed by Kigeirohr distillation at 100°C (1 mm). Kiigelrohr distillation (140°C, 0.2
mm) of the remaining crude product affords 25.9-26.7 g (91%) of cis-1-acetoxy-4-
(dicarbomethoxymethyl)-2-cyclohexene as a light brown oil. Analysis by GLC
indicates a chemical purity of 95-98%.

C. trans-1-Acetoxy-4-(dicarbomethoxymethyl)-2-cyclohexene. In a 1-L, two-
necked flask equipped with a reflux condenser, nitrogen gas inlet, and a magnetic
stirring bar are placed 8.73 g (50 mmol) of cis-1-acetoxy-4-chloro-2-cyclohexene and
400 mL of a 0.18 M solution (72 mmol) of sodium dimethyl malonate in acetonitrile
(Note 9). The flask is flushed with nitrogen and then heated in an oil bath at reflux for
21 hr. The reaction mixture is cooled to room temperature and 5 g of solid sodium
hydrogen carbonate is added. The mixture is stirred for 2 hr, poured into 800 mL of
ether and the resulting mixture is filtered. The organic phase is collected and the
solvent is removed on a rotary evaporator to afford 16.1 g of the product together with
dimethyl malonate. The excess dimethyl malonate is removed by Kiigelrohr distillation
at 70°C (0.2 mm). The residual crude yellow oil was dissolved in a minimal amount of
ethyl acetate and passed through a short silica plug (30-35 g, Alfa 53 micron silica),
eluting with a small amount of fresh ethyl acetate. Removal of ethyl acetate on a rotary
evaporator and further concentration at 0.2 mm overnight yielded 11.6-12.2 g (86-
90%) of trans-1-acetoxy-4-(dicarbomethoxymethyl)-2-cyclohexene as a clear oil,
essentially pure (99% by GLC) (Note 10).
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2. Notes

1. 1,3-Cyclohexadiene was obtained from Aldrich Chemical Company, Inc. and
distilled before use. It can also be synthesized according to Org. Synth., Coll. Vol. V
1973, 285.

2. A stirring rate of 5-10 rps was used (only a small vortex was present).

3. Commercial, active manganese dioxide from Merck-Schuchardt was used.

4. Palladium acetate and triphenylphosphine generate the active tri- or
tetrakis(triphenylphosphine)palladium(0) catalyst on addition of sodium dimethyl
malonate.

5. A manifold system connected to a vacuum line and a nitrogen line was used.

6. Sodium dimethyl malonate was prepared from equimolar amounts of
sodium hydride and dimethyl malonate.

7. The reaction is usually over after 30 min. The reaction was checked by GLC
or TLC to confirm completion.

8. This filtration was done in order to remove remaining palladium species and
phosphine oxide. A column (4 x 8 cm) packed with Alfa Silica Gel (58 microns) was
used.

9. Acetonitrile was stirred overnight with calcium hydride and then distilled onto
freshly activated 4 A molecular sieves.

10. Al GLC analyses were performed on a 2.4-m x 6-mm glass column packed

with 5% SE-30 on Chromosorb W or crosslinked 50% phenylmethyisilicone.
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3. Discussion

This procedure for stereoselective 1,4-functionalization of 1,3-dienes is based on
1,4-acetoxychlorination,2 and allows the preparation of 1,4-disubstituted 2.
cyclohexenes with full stereocontrol of the carbon-carbon bond formation in the 4-
position. It is also highly regioselective. Other procedures3.4 for obtaining 4-alkyi-
substituted 3-cyclohexenol derivatives use 1,3-cyclohexadiene monoepoxide as
starting material. None of the previous methods allow the selective preparation of both
stereoisomers as shown here.

The present procedurs uses palladium catalysis in the first step and in one of the
second steps. These reactions occur under very mild conditions (room temperature)
and the catalyst used is commercial palladium acetate.

Since the title compounds can be stereoselectively functionalized in the 1-
position by metal-catalyzed nucleophilic substitutions of the acetoxy group, a great
number of 1,4-disubstituted 2-cyciohexenes with defined 1,4-relative stereochemistry
are available.

While the process works for a great number of conjugated dienes, a few, such as
1,3-cyclopentadiene and those acyclic dienes that have an oxygen substituent in an
allylic position, did not give a chloroacetoxylation product.28 Control of the 1,4
relative stereochemistry and preparation of compounds analogous to the title
compounds also work for acyclic dienes,22.5 This process was used to obtain remote

stereocontrol in acyclic systems and applied to the synthesis of a pheromone.5
1. Department of Organic Chemistry, Royal Institute of Technology, 100 44

Stockholm, Sweden. Present address of J.E.B.: Department of Organic

Chemistry, University of Uppsala, Box 531, 751 21 Uppsala, Sweden.
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(a) Béckvall, J.-E.; Nystrém, J.-E.; Nordberg, R. E. J. Am. Chem. Soc. 1985, 107,
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23, 1617.
3. Trost, B. M.; Molander, G. A. J. Am. Chem. Soc. 1981, 103, 5969.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

cis-1-Acetoxy-4-(dicarbomethoxymethyl)-2-cyclohexene: Propanedioic acid,
[4-(acetyloxy)-2-cyclohexen-1-yl],- dimethy! ester, cis- (11); (82736-52-5)
trans-1-Acetoxy-4-(dicarbomethoxymethyl)-2-cyclohexene: Propanedioic acid,
[4-(acetyloxy)-2-cyclohexen-1-yl]-, dimethyl ester, trans- (11); (82736-53-6)
cis-1-Acetoxy-4-chloro-2-cyclohexene: 2-Cyclohexen-1-ol, 4-chloro-, acetate,
cis- {11); (82736-39-8)

Lithium acetate dihydrate: Acetic acid, lithium salt, dihydrate (8,9); (6108-17-4)
Palladium acetate: Acetic acid, palladium(2+) salt (8,0); (3375-31-3)
p-Benzoquinone (8); 2,5-Cyclohexadiene-1,4-dione (9); (106-51-4)
1,3-Cyclohexadiene (8,9); (592-57-4)

Manganese dioxide: Manganese oxide (8,9); (1313-13-9)

Triphenylphosphine: Phosphine, triphenyl- (8,9); (603-35-0)

Dimethy| malonate: Malonic acid, dimethyl ester (8); Propanedioic acid, dimethyl ester
(9); (108-59-8)
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ERYTHRO-DIRECTED REDUCTION OF A B-KETO AMIDE: ERYTHRO-1-
(3-HYDROXY-2-METHYL-3-PHENYLPROPANOYL)PIPERIDINE
(Piperidine, 1-(3-hydroxy-2-methyi-1-0xo0-3-phenyipropyl)-, (R*,R*)-(z)-)

O O
\)L _1L.LDA
> 2. PhCOCI — Ph N >
Me
_PhMesSiH
> CFgCOOH Ph N >
Me

Submitted by M. Fujita and T. Hiyama.1
Checked by Gregory P. Roth and Albert I. Meyers.

1. Procedure

A. 1-(2-Benzoylpropanoyl)piperidine. A dry, 300-mL, two-necked, round-
bottomed flask is equipped with a magnetic stirrer and charged with nitrogen. One
neck is connected to a three-way stopcock equipped with a balloon filled with nitrogen,
and the other neck is capped with a rubber septum. The flask is charged with 100 mL
of anhydrous tetrahydrofuran (THF) (Note 1) and 10.1 g (14.1 mL, 0.100 mol) of
diisopropylamine (Note 2) and immersed in an acetone-dry ice bath. A 1.68-M hexane
solution of butyllithium (60 mL, 0.10 mol) (Note 3) is added dropwise with stirring over
a 10-min period, and the stirring is continued for 1 hr at -78°C. To the resulting lithium
diisopropylamide (LDA) solution is added dropwise 14.1 g (0.100 mol) of
propanoylpiperidine (Note 4) with stirring over a 10-min period, and the stirring is
continued for 2 hr at -78°C (Note 5). The rubber septum is replaced with a polyvinyl

chloride (or Teflon) tube connected to another 300-mL, two-necked, round-bottomed
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flask, which is squipped with a magnetic stirrer and a three-way stopcock, charged
with 100 mL of anhydrous THF and 13.5 g (16.3 mL, 0.110 mol) of benzoy!l chloride
(Note 6), and immersed in an acetone-dry ice bath. The balloon is taken off and
nitrogen is passed through the two stopcocks so that the reaction mixture does not
come in contact with air (see the apparatus shown in Figure 1). By inclining the first
flask, the THF solution of the lithium enolate of 1-propanoylpiperidine is added to the
THF solution of benzoyl chioride in the second flask through the polyviny! chloride
tube over a 5-min period. After tbhe solution is stirred for 0.5 hr at -78°C, it is allowed to
warm to room temperature, diluted with 200 mL of dichloromethane, and washed with
200 mL of water. The organic layer is separated, and the aqueous layer is extracted
with two 50-mL portions of diethyl ether. The combined organic layers are dried over
anhydrous magnesium sulfate and concentrated with a rotary evaporator.
Recrystallization from diethyl ether-hexane affords 12.5 g (51%) of 1-(2-
benzaylpropanoyl)piperidine, mp 100-101°C (Note 7).

Figure 1

THF solution of
benzoyl chloride

) o [
THF solution stirrer \ / stirrer

of the Tithium acetone-dry ice
enolate
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B. erythro-1-(3-Hydroxy-2-methyl-3-phenylpropanoyl)piperidine. A 300-mL,
two-necked, round-bottomed flask is equipped with a magnetic stirrer and charged
with nitrogen. One neck is connected with a balloon charged with nitrogen, and the
other neck is capped with a rubber septum. Into the flask are placed 50 mL of
trifluoroacetic acid (Note 8) and 11.9 g of 1-(2-benzoylpropanoyl)piperidine (48.7
mmol) prepared in Part A; then the flask is immersed in an ice-water bath. To the flask
is added 7.3 g of dimethylphenylsilane (8.24 mL, 54 mmol) (Note 9) over a period of 5
min with the aid of a 10-mL syringe, and the resulting mixture is stirred for 4 hr in the
ice bath. The mixture is diluted with 200 mL of dichloromethane and washed with 200
mL of water. After the organic layer is separated, the aqueous layer is extracted with
two 50-mL portions of diethyl ether, and the combined organic layers are concentrated
with a rotary evaporator (Note 10). The crude oil is placed in a 200-mL, one-necked
flask and dissolved in 100 mL of methanolic 1 M sodium hydroxide. The solution is
stirred for 1.5 hr at ambient temperature with a magnetic stirrer. The mixture is diluted
with 200 mL of dichloromethane and washed with 50 mL of water. The organic layer is
separated, and the aqueous layer is extracted with iwo 50-mL portions of diethyl ether.
The combined organic layers are dried over anhydrous magnesium sulfate and
concentrated by rotary evaporation (Note 11). The residual oil is subjected to column
chromatography using 100 g of silica gel (Note 12). After the first fraction (800 mL) of
hexane is eluted, the second fraction, eluted with 500 mL of diethyl ether, is collected
and concentrated. Recrystallization of the resulting oil from diethyl ether-hexane gives
10.2 g of material, mp 85-86°C. The yield is 90% (Note 13).

The analogous threo derivatives can be made by use of

tris(diethylamino)sulfonium difiuorotrimethyisilicate as the catalyst (Note 14).
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2. Notes

1. Tetrahydrofuran (THF) is freshly distilled over benzophenone ketyl.

2. Diisopropylamine is distilled over calcium hydride.

3. The hexane solution of butyllithium is purchased from Wako Pure Chemicals
[ndustries, LTD, and titrated before use.

4. Propanoylpiperidine is prepared from propanoy! chloride and piperidine
according to a similar procedure described in ref. 2.

5. The lithium enolate of (2-benzoylpropanoyl)piperidine should be handled
below -20°C, as it decomposes above 0°C.

6. Benzoyl chioride of commercial grade is distilled before use.

7. Spectral characteristics are as follows: 1H NMR (CDClg) 8: 1.46 (d, 3H,J=
7.2),1.3-1.7 (m, 6 H), 3.25-3.65 (m, 4 H), 4.40 (q, 1 H, J=7.2), 7.25-7.65 (m, 3 H), 7.85-
8.05 (m, 2 H); IR (KBr) cm-1: 1696, 1620, 1450, 1204, 686; MS (50 eV) m/z rel
intensity) 245 (M+; 14), 140 (37), 105 (100), 84 (99), 77 (47). Anal. Caled for
Ci5H1gNO2: C, 73.44; H, 7.81; N, 5.71. Found: C, 73.22; H, 7.87; N, 5.69.

8. Trifluoroacetic acid was purchased from Aldrich Chemical Company, Inc.
(also available from Tokyo Kasei Co. LTD, Japan), and used directly.

9. Dimethylphenylsilane was purchased from Aldrich Chemical Company, Inc.
(also available from Shin-etsu Kagaku Co. LTD, Japan), and used directly.

10. About half of the product is trifluoroacetylated during the concentration
procedure.

11. A 400-MHz 'H NMR analysis of the crude oil showed exclusive formation of
the erythro isomer of the material (>99:1).

12. A glass column (35 mm x 20 cm) packed with Wakogel C-200 is used.

13. Speciral characteristics are as follows: 'H NMR (CDClg) 8: 1.03 (d, 3 H, J=
7),1.3-1.7 (m, 6 H), 2.84 (dq, 1 H, J = 2.5, 3), 3.2-3.7 (m, 4 H), 4.30 (broad s, 1 H), 5.06
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(d, 1 H,J =25),7.2-7.4 (m, 5 H); IR (KBr) cm1: 3350, 1606; MS (rel intensity) m/z, 247
(M+; 7), 232 (20), 141 (100), 112 (26), 84 (43), 79 (20). Anal. Calcd for C15H21NOg
C, 72.84; H, 8.56; N, 5.66. Found: C, 72.74; H, 8.69; N, 5.52.

14, threo-1-(3-Hydroxy-2-methyl-3-phenyipropanoyl)piperidine. A 300-mL, two-

necked, round-bottomed flask is equipped with a magnetic stirrer and charged with dry,

nitrogen. One neck is connected with a three-way stopcock, one arm of which is

connected to a balloon filled with nitrogen. The other neck is capped with a rubber,

septum. The flask is evacuated with a vacuum pump under heating with a heat-gun

and nitrogen is admitted. This operation is repeated three times to replace the inner
atmosphere of the flask completely with dry nitrogen. In the flask are placed 50 mL of

hexamethylphosphoric triamide (Note 15), 12.3 g of 1-(2-benzoylpropanoyl)piperidine

(50 mmol), and 8.2 g of dimethylphenylsilane (9.2 mL, 60 mmol) by syringe, and then

the flask is immersed in an ice-water bath. To the flask is added dropwise 2.5 mL of a
1 M tetrahydrofuran (THF) soiution of tris(diethylamino)sulfonium difluorotri-
methylsilicate (TASF) (2.5 mmol) (Note 16) with the aid of a syringe, and the resulting
mixture is stirred for 6 hr at ice-bath temperature. In order to complete the reaction, 3.4
g of dimethylphenylsilane (3.8 mL, 25 mmol) and 1.5 mL of a 1-M THF solution of
TASF (1.5 mmol) are added and stirring is continued for an additional 6 hr at the same
temperature. The mixture is quenched with 50 mL of 1 M hydrochloric acid, stirred for
1.5 hr at ambient temperature, and extracted with three 100-mL portions of diethy!
ether. The organic layer is washed with 50 mL of water, dried over anhydrous
magnesium sulfate, and concentrated with a rotary evaporator. The crude oil it
subjected to column chromatography using 100 g of silica gel (Note 17). After the first
fraction, eluted with 800 mL of hexane, is removed, the second fraction, eluted with
500 mL of diethyl ether, is concentrated (Note 18). Recrystallization of the residue
from diethyl ether-hexane gives 8.03 g (65%) of material, mp 79-80°C (Note 19). The

mother liquor is concentrated and again subjected 1o column chromatography (Noté
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20) to give the same material, which, after recrystallization from diethyl ether-hexane,
melts at 77-79°C (1.5 9, 12%). The total yield amounts to 77%.

15. Hexamethylphosphoric triamide is distilled from calcium hydride under
reduced pressure of nitrogen. In place of hexamethylphosphoric triamide, 1,3-
dimethy|—3,4.5,6-tetrahydro-2(1H)pyrimidinone (DMPU), which is dried and purified
similarly,” can be used.

16. TASF was prepared according to the procedure of reference 3. Typically,
diethylamino(trimethyl)silane (6.4 g, 8.3 mL, 44 mmol) is added drop by drop under a
dry inert atmosphere to an athereal solution (20 mL) of diethylaminosulfur trifluoride
(DAST, purchased from Aldrich Chemical Company, Inc., and used directly) (3.2 g, 2.4
mL, 20 mmol) under cooling with a dry ice/acetone bath. The mixture is allowed to
warm to room temperature and stirred for 72 hr at room temperature. The initial
homogeneous solution separates into two layers. The upper layer is removed with the
aid of a syringe. The lower layer is washed with dry ether (10 mL x 3) and dried under
reduced pressure to afford TASF as a solid (6.0 g, 16.6 mmo!, 83% yield). All the
isolation operations should be carried out under an inert atmosphere such as nitrogen.
The solid is dissolved in THF to give a 1-M solution (the volume of the solution is 16.6
mL) which is stored under a dry nitrogen atmosphere.

17. A glass column (35 mm x 20 cm) packed with Wakogel C-200 is used.

18. A 400-MHz 'H NMR analysis of the crude oil showed exclusive formation of
the threo isomer of the material (>99%).

19. Spectral characteristics are as follows: 'H NMR (CDClg) 8: 1.22(d, J=7.3
H), 1.1-1.7 (m, 6 H), 2.8-3.8 (m, 5 H), 4.7-4.8 (m, 2 H), 7.31 (s. 5 H); IR (KBr) cm'!:
3380, 1606; MS (rel intensity) m/z 247 (M+; 6), 232 (16), 141 (100), 112 (23), 84 (39),
79 (15). Anal. Caled for C15H2iNO2: C, 72.84; H, 8.56; N, 5.66. Found: C, 72.70; H,
8.63; N, 5.65.
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20. A glass column (20 mm x 25 cm) packed with 50 g of Wakogel C-200 ig
used. After the first fraction, eluted with 300 mL of dichloromethane, was removed, the
second fraction, eluted with 300 mL of dichloromethane-diethyl ether (1:4), was

concentrated.

3. Discussion

Aldols of the erythro configuration are prepared by aldol condensation of
various metal enolates.4 An alternative approach is reduction of B—keto esters5 or
amides® with zinc borohydride. The hydrosilane-based reduction described here
provides erythro aidols under high stereocontrol and is practical because of the mild
conditions and easy handling of readily available hydrosilanes.? The scope of this
reduction is summarized in Table I. No epimerization at the chiral center is observed
as shown in the last entry. The erythro-selective reduction with the
PhMe,SiH/CF3COOH reagent is also applicable to the reduction of 2-oxy or 2-amino
ketones.8.9

Preparation of threo aldols is sometimes a problem. For stereoselective
synthesis by aldo! condensation, propionate esters of mesitol must be employed.10 A
general, alternative approach to threo aldols is threo-directed reduction of p—keto
esters.11 Although the stereoselectivity of this reduction is usually low, reduction of -~
keto amides with potassium triethylborohydride (KBHEt3) is extremely selective.!2
The hydrosilane/F- reduction of B-keto amides provides threo aldols of high
diastereomeric purity when aroyl-substituted amides are employed.? The scope of this
reduction is summarized in Table 1. High threo selectivity is observed only for
reduction of 2-aroylpropanoates, whereas the reduction of 2-alkanoylpropanoates

proceeds with poor selectivity and gives erythra isomers as the major product.13 The
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TABLE |
ERYTHRO-SELECTIVE REDUCTION OF a~SUBSTITUTED B-KETO

ACID DERIVATIVES WITH PhMe2SiH/H+ REAGENTA

Substrate® Time, hr Product® % Yield® Threo:
Erythro
0O O OH O
MeP N ONE, 3 MNP NEL, 94 2: 98
Me Me
0O O OH O
Pr JkI)LNElz 20 iPr)'\(u“NEtz 89 1:99
Me Me
O O OH O
Ph)J\(ILN:j 3 Ph)\(lLN:] 99 1:99
Me Me
O 0 OH O
Ph)j\(lLOMe 3 Ph)\.)LOMe 87 1:>99
Me Me

aCarried out on a 0.5-1.0 mmol-scale at 0°C employing PhMeSiH (1.2 mol equiv) and
CF3COOH (1-2 mL/mmol). PRacemates were employed unless noted. ¢Major isomers
are shown. dPurified by silica gel chromatography. €The ratio was determined by 90
or 400 MHz 'H NMR analysis. fThe optically pure substrate was prepared according
to a known method: Evans, D. A.; Ennis, M. D.; Le, T.; Mandel, N.; Mandel, G. J. Am.
Chem. Soc. 1984, 106, 1154.
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TABLE I
THREO-SELECTIVE REDUCTION OF B-KETO AMIDES

WITH PhMe2SiH/F- REAGENT 2

.. d  Threo :
Subslrateb Time hr Product® % Yield re Erythroe
o O OH O
Ph NEt, 12 Ph” NEt, 98 09 : 4
Me Me
o O OH O
jop o= BRI o S CEETNNEY
e
Cl Me cl
o O OH O
N(j 16 Nij Q2 99 : 1
Me Me
MeO MeO
0o o OH O
Et)KH'\NEt 22 El/'\l)LNEtz 93 23: 77
Me 2 Me

aCarried out on a 0.5-1.0 mmol scale at 0°C employing PhMe2SiH (1.2 mol equiv) and
TASF (10 mol %). PRacemates were employed. ¢Major isomers are shown. dPurified

by silica gel chromatography. €The ratio was determined by 90 or 400 MHz 'H NMR

analysis.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

erythro-1-(3-Hydroxy-2-methyl-3-phenylpropanoyl)piperidine: Piperidine, 1-(3-
hydroxy-2-methyl-1-oxo-3-phenylpropyl)-, (R*,R*)-(+)- (11); (99114-36-0)
1-(2-Benzoylpropanoyl)piperidine: Piperidine, 1-(2-methyl-1,3-dioxo-3-
phenylpropyl)-, (1)- (11); (99114-34-8)

Propanoylpiperidine: Piperidine, 1-propionyl- (8); Piperidine, 1-(1-oxopropyl)- (9);
(14045-28-4)

Propanoyl chloride: Propionyl chloride (8); Propanoyl chloride (9); (79-03-8)
Piperidine (8,9); (110-89-4)

Benzoyl chloride (8,9); (98-88-4)

Trifluoroacetic acid: Acetic acid, trifluoro- (8,9); (76-05-1)

Dimethylphenylsilane: Silane, dimethylphenyl- (8,9); (766-77-8)8
Tris(diethylamino)sulfonium difluorotrimethylsilicate: Sutfur (1 +), tris(N-ethyl-
ethanaminato)-, difluorotrimethylsilicate (1-) (10); (59201-86-4)
threo-1-(3-Hydroxy-2-methy-3-phenylpropanoy!)piperidine, (R*,S*)-: Piperidine, 1-(3-
hydroxy-2-methyl-1-oxo-3-phenylpropyl)-, (R*,S*)- ()- (11); (99114-35-9)
1,3-Dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone: 2(1H)-Pyrimidinone, tetrahydro-
1,3-dimethyl- (8,9); (7226-23-5)

Diethylaminotrimethylsilane: Silanamine, N,N-diethyl-1,1 ,1-trimethyl- (8,9); (996-50-9)
Diethylaminosulfur trifluoride: Sulfur, (diethylaminato)trifluoro- (9); (38078-09-0)
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ASYMMETRIC SYNTHESIS OF 4,4-DIALKYLCYCLOHEXENONES
FROM CHIRAL BICYCLIC LACTAMS:
(R)-4-ETHYL-4-ALLYL-Z-CYCLOHEXEN-1-ONE

O!—i Me’
H Me 10 0
OH / 8 __ 7
N 27— K&
7 ~NH, HO,C P s I
OH |, O Me
¢ 0
0 /
/ LDA/Etl N o
N LDA/ B
Ph x
Ph é J
OH Me
O o
/ RED-Al
N ———e Et
Et BuaNH2POs D&/\
Ph 4 S

Submitted by Albert |. Meyers and Daniel Berney.!
Checked by P. B. Madan, A. Schwartz, and David L. Coffen.

1. Procedure
A.  Hexahydro-3-(hydroxymethyl)-8a-methyl-2-phenyl[28,3S, 8aR]-5-oxo-5H-

oxazolo[3,2-ajpyridine (Bicyclic lactam). To a warm solution of (15,28)-(+)-2-amino-1-

pPhenyl-1,3-propanediol (32.4 g, 194 mmol) (Note 1) in toluene (800 mL), 5-oxo-
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hexanoic acid (25 g, 912 mmel) (Note 2) is added with stirring. The stirred mixture is
heated to reflux under argon with azeotropic removal of water for 18 hr. The reaction
mixture is cooled, washed with 0.5 N hydrochioric acid (100 mL) and with saturated
sodium bicarbonate solution (50 mL), dried over magnesium sulfate, and evaporated
to dryness. The residue is crystallized from methylene chloride/hexane in the cold.
The crystals are collected by filtration and washed with cold ether to give 35.9-37.2 o]
(71-74% yield) of the bicyclic iactam in two crops (Note 3).

B. Hexahydro-6-9thyl-a-(hydroxymethyl)-6-allyl-2-phenyl[2$,33,68,8aR]-5-
oxo-5H-oxazolo[3,2-ajpyridine. In an oven-dried, 500-mL, round-bottomed flask,
containing a magnetic stirring bar, is placed 14.4 g (55.2 mmol) of dry bicyclic lactam
prepared in Part A. The flask is flushed with argon and filled with 150 mL of anhydrous
tetrahydrofuran (Note 4) and then sealed with a rubber septum. The air in the flask is
further replaced by argon (Note 5). After dissolution of the bicyclic lactam, the flask is
cooled in dry ice/acetone and the solution is stirred while preparing lithium
diisopropylamide (LDA).

To an oven-dried, 200-mL, conical flask (Note 6) with air replaced by argon,
containing 50 mL of dry tetrahydrofuran (THF) and sealed with a rubber septum, 13.9¢g
(18.3 mL, 137.4 mmol) of diisopropylamine (Note 7) is added with a syringe. The flask
is placed in an ice-water bath. After 15 min, 84 mL (134.4 mmol) of 1.6 M butyllithium
in hexane (Note 8) is slowly added with a syringe and with gentle swirling of the flask.
The solution is kept for 5 min at this temperature.

The lithium diisopropylamide solution prepared above is transferred dropwise,
via a cannula, into the bicyclic lactam solution. The dry ice/acetone bath is replaced
by an ice-water bath, where the reaction mixture is kept for 40 min to complete
formation of the lithium enolate. The reaction mixture is cooled again (30 min) with a
dry ice/acetone bath. Freshly distilled ethyl iodide (25.8 g, 13.4 mL, 165.4 mmol) (Note

9) is added slowly, via syringe, to the mixture and stirring is continued for 55 min in a
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dry ice/acetone bath. The cooling bath is replaced by an ice-water bath, the mixture is
stirred for exactly 40 min (Note 10), and is poured immediately into a separatory funnel
containing 400 mL of 1.0 N hydrochloric acid. The resulting emulsion is extracted
once with 400 mL of ether and the organic layer is washed with 200 mL of a 11
mixture of brine and a saturated solution of sodium bicarbonate. The ether extract is
dried over magnesium sulfate and evaporated to dryness in a 500-mL round-bottomed
flask. The residue is dissolved in 60 mL of dry toluene and evaporated again using a
water bath (60°C for 45 min) to remove all traces of water and toluene. The product
(17.2 g, > 100%) is used in the next step without further purification.

The 500-mL flask containing the crude dry product (17.2 g) is filled with argon
and dry tetrahydrofuran (150 mL), a magnetic stirring bar is added, the flask is sealed
with a rubber septum, and argon introduced once again. The flask is gently swirled
until the viscous oil is totally dissolved and then the flask is immersed in a dry
ice/acetone bath.

Another portion of LDA is prepared as described above except that this time
12.6 g of diisopropylamine (17.6 mL, 124.6 mmol) in THF (50 mL) and 78.0 mL (124.8
mmol) of 1.6 M butyllithium/hexane are used. The LDA solution is added, through a
cannula, to the ethylated bicyclic lactam solution and the mixture is allowed to yvarm to
0°C; it is kept at this temperature for 3.0 hr (Note 11). The solution is cooled to -75° -
-80°C in a dry ice/acetone bath. A solution of 9.4 g of freshly distilled allyl bromide (6.8
mL, 77.6 mmol) (Note 12) in dry THF (50 mL) is prepared in a 100-mL, oven-dried
conical flask flushed with argon and sealed with a rubber septum. This solution is
cooled in a dry ice/acetone bath and slowly added to the reaction mixture through a
cannula (Note 13). After addition of the allyl bromide, the mixture is kept in a dry
ice/acetone bath for 2.5 hr; then the bath is replaced by acetone at -50°C which is
allowed to warm to -30°C within a period of 45 min (Note 14). The reaction is

terminated by pouring it into 1 N hydrochloric acid {as above), extracting with ether,
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washing with sodium bicarbonate-brine, drying over magnesium sulfate, and
evaporating the solvents. The viscous or solid residue is dissolved in methylene
chioride (10 mL), and petroleum ether (30-60°C) (140 mL) is added. The product is
allowed to crystallize at room temperature for 1 hr, then at -15°C overnight, to give
13.5 g (74%, mp 90-92°C) of 9:1 mixture of diasterecisomers.

This mixture is recrystallized three times with the same mixture of solvents and
the product is collected after 1 hr at 0°C to give 8.7 g (47.9%, mp 101-103°C) of a 25:1
mixture of diastereoisomers (values based on the 8a-methy! signal integration on NMR
spectra) (Note 15).

C. (R)-4-Ethyl-4-allyi-2-cyclohexen-1-one. In an oven-dried, 500-mL, round-
bottomed flask, containing dry toluene (300 mL) and a magnetic stirring bar, is placed
the dialkylated lactam (7.8 g, 23.7 mmol). The solution is cooled in a dry ice/acetone
bath and a 1 M solution of Red-Al in toluene (55 mL, 55.0 mmol} is slowly added (Note
16). The flask is flushed with argon and sealed with a rubber septum which is
connected by a hypodermic needle to a rubber balloon filled with argon. The reaction
mixture is allowed to warm to room temperature and stirred for 3 days. The septum is
removed, the reaction mixture is cooled to 0°C, and methanol (10 mL) is cautiously
added with stirring to destroy excess Red-Al. The solution is poured over 1 M aqueous
potassium hydroxide (500 mL) in a 2-L separatory funnel and thoroughly shaken with
ether (200 mL) until both layers become almost clear. The aqueous layer is extracted
twice more with ether (2 x 100 mL) and, after the ethereal layers are combined, the
ethereal solution is dried over magnesium sulfate and evaporated to dryness in a 500-
mL flask.

The residue is dissolved in ethanol (250 mL), a 1 M aqueous solution of
tetrabutylammonium dihydrogen phosphate (80 mL) (Note 17) is added, and the
mixture is stirred under reflux for 24 hr. After the solution is cooled, it is partly

evaporated on a rotary evaporator with a bath temperature not exceeding 40°C (Note
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18) to remove most of the ethanol. Water is added (500 mL) and the solution is
extracted twice with chloroform (200 mL). The chioroform extracts are washed with a
1:1 mixture of brine and 1 N hydrochloric acid and then with brine and saturated
sodium bicarbonate solutions. Both aqueous phases are extracted twice with
chloroform and the extracts are combined, dried over magnesium sulfate, and
evaporated to dryness to give 5.8 g of crude 4,4-disubstituted cyclohexenone. The
product is distilled rapidly in a Kugelrohr apparatus at 3.5 mm and 115°C to give 3.0 ¢
(77%) of highly pure cyclohexenone (Note 19).

2. Notes

1. The amino diol was purchased from Aldrich Chemical Company, Inc. and
was recrystallized before use from methanol/ethyl acetate (the material used had mp
111-113°C).

2. 5-Oxohexanoic acid was burchased from Aldrich Chemical Company, Inc.
and was used without further purification.

3. The bicyclic lactam thus prepared has the following physical properties: mp
98-99°C; [oz]g1 + 13.54° (EtOH, ¢ 1.55); IR (KBr) cm-1: 3360, 2950, 1625, 1500, 1395;
TH NMR (270 MHz, CDClg) &: 3.75 (dd, CyoH, J = 11.3, 8.5), 3.90 (dd, C1oH, J = 11.3,
1.9) 4.07 (dt, C3H, J = 8.5, 1.9), 4.79 (d, CgH, J = 8.6), 4.89 (brs, 1 H, OH), 7.38 (s, 5 H,
phenyl) and unresolved signals.

4. THF was distilled from a blue solution of benzophenone ketyl obtained by
refluxing THF in the presence of a sodium dispersion in paraffin and benzophenone.

5. All reactions were done under argon atmosphere. The argon was
introduced through hypodermic needles at a pressure below 50 mm across the rubber

septum. An exhaust line was also provided to remove air or excess pressure.
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6. A conical flask was used in order to allow efficient transfer of the LDA -

solution.
7. Commercial diisopropylamine was distilled over calcium hydride and stored

over potassium hydroxide or 4 A molecular sieves.

8. 1.6 M Butyllithium in hexane was purchased from Aldrich Chemical °

Company, Inc.
9. Ethyl iodide was distilled over anhydrous potassium carbonate and stored in
the refrigerator over copper turnings.

10. If the reaction mixture is kept for longer than 40 min in the ice water bath,
undesirable amounts of the diethylated product are produced.

11. This is the minimum time to allow complete enolate formation.

12. Ally! bromide was distilled over anhydrous potassium carbonate and stored
in the refrigerator over 4 A molecular sieves.

13. The allyl bromide solution was allowed to cool efficiently by dripping it
against the cold walls of the flask. It is important that allyl bromide reach the reaction
mixture at the lowest possible temperature in order to obtain an optimal
stereoselective alkylation. The cannula was protected against heat exchange with air
by coating it with a fine rubber tubing.

14. Dry ice was removed leaving only acetone in the Dewar vessel. The
temperature was then adjusted to -50°C by adding warm (room temperature) acetone;
the temperature was allowed to rise slowly to -30°C by adding small portions of
acetone.

15. The physical properties for the dialkylated bicyclic lactam are as follows:
]2’ +38.89° (EIOH, ¢ 1.77); IR (KBr) cmr-Y: 3250, 2490, 1600, 1450, 1370, 1330,
1070, 890, 750; TH NMR (270 MHz, CDCl3) 8: 0.91 {t, 3H, Cq2H, J =7.3), 1.57 (s, 3H,
CgH); 2.42 (ddd, 2 H, C13H, J = 63.6, 13.4, 7.4), 3.65 (br, 1 H, OH), 3.75 (dd, C1oH. J =

11.3, 8.8), 3.90 (dd, C1oH, J = 11.2, 2.5), 4.13 (dt, CgH, J = 8.8, 2.5), 4.78 (d, CoH, J=
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8.5), 5.11-5.16 (m, 2 H, Cy5H), 5.73-5.88 (m, C14H), 7.37 (s, 5 H, phenyl) and
snresolved signals. Anal. Calcd for CogHa7NO3: C, 72.91: H, 8.26; N, 4.25. Found:
c,72.77;H,8.25;N, 4.24.

16. 1 M Red-Al is prepared by diluting to 100 mL with toluene, 29.5 mL of
commercially available 3.4 M Red-Al solution in toluene (Aldrich Chemical Company,
inc.: the checkers used Vitride brand supplied by Hexcel Corp.). Before use, this
solution should be warmed to room temperature since it tends to separate into two
layers at low temperatures. The first mL of Red-Al producas a vigorous evolution of
gas; therefore, the flask should be kept open until the Red-Al addition is complete.
Then the reaction vessel is sealed as described.

17. 1 M Tetrabutylammonium dihydrogen phosphate aqueous solution was
purchased from Aldrich Chemical Company, Inc.

18. The product has a high vapor pressure and can easily be lost by
evaporation. Thus, the yields will vary due to this property. The more caution exerted
in the evaporation and distillation step, the higher will be the yield of product.

19. If the distillation is performed slowly, a substantial amount of the product may
polymerize, resulting in lower yield. The physical data are as follows: [oz]f,1 -23.12°
(EtOH, ¢, 1.67); IR (film) cm-: 2960, 1680, 1450, 1380, 1210; TH NMR (270 MHz,
CDCl3) &: 0.95 (t, 3 H, CgH, J = 7.6), 1.49-1.57 (m, 2 H, C3H), 1.87 {t, 2 H, CgH, J =
6.8), 2.23 (d, 2 H, CgH, J = 6.6), 2.45 (t, 2 H, CgH, J = 6.8), 5.07-5.14 (m, C11H), 5.65-
5.82 (m, CqgH), 5.94 (d, C2H, J = 10.3), 6.71 (d, C3H, J = 10.3). Anal. Calcd for
C11H10: C, 80.45; H, 9.82. Found: C, 79.67; H, 10.05. By GLC analysis, the product
is 93-95% pure with 5-7% of diethylcyclohexenone detectable by GLC-MS.
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3. Discussion

Chiral bicyclic lactams such as those described here are useful in reaching a

variety of chiral quaternary carbon derivatives. Thus, 1 can be doubly alkylated to the

(o] T o] 7
Qo R
/ / R"
. H* S
\Nb \N);m R-PR Ph)j\/LcozH
d R
1

(o]
2 3
R= methyl)J H: H
CHjy (o]
OAj‘ OH™ é
+ R _—
OHC” . =R
R R
4 5 (R =H, allyl)

bicyclic lactam 2 in high diastereoselectivity. Acidic hydrolysis leads to a,a—
substituted y-keto acids 3,2 whereas reduction and hydrolysis furnish the chiral keto
aldehydes 4. Base-catalyzed aldolization affords chiral cyclopentenones 53 In
addition, several total syntheses of natural products have been accomplished, further
demonstrating the synthetic usefuiness of these bicyciic lactams 1. Thus, (-)-a-
cuparenone (6),4 (-)-grandisol (7),5 (+)-mesembrine (8),% and (-)-silphiperfol-6-ene

(9)7 have been prepared in high enantiomeric excess.
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To reach chiral cyclohexenones, we have found that the bicyclic
jactam 10, derived from 5-oxohexanoic acid and the commercially available amino

diol, gave excellent results. A number of examples were obtained (Table 0.8
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TABLE
CHIRAL 4,4-DIALKYLCYCLOHEXENONES (11)2

10 11
R4 Rz R3 Ry Rz Ra % Yield [elp
Me Me PhCH2 H Me PhCH2 53 -65.6°
Me PhCH2 Me H PhCH2 Me 68 +64.8°
Me PhCHz  Allyl H PhCHz  Allyl 47 +48.9°
Et Me PhCH2 Me Me PhCH2 66 -39.7°
Me Ph Me H Ph Me 47  +122.2°

aYijelds refer to reduction and hydrolysis of 10 to 11. All products are 99% optically

pure (see ref. 8).

Furthermore, in place of reduction of 10 it was possible to add organolithium
reagents such that the resulting alkyl carbinolamine, after hydrolysis, gave either 12 or
13 depending upon hydrolysis conditions.® In summary, these bicyclic lactams have
provided a route to a variety of chiral, nonracemic cyclohexenones and

cyclopentenones containing quaternary stereocenters.

Department of Chemistry, Colorado State University, Fort Collins, CO 80523.
Meyers, A. |.; Harre, M.; Garland, R. J. Am. Chem. Soc. 1984, 106, 1146.
Meyers, A. |.; Wanner, K. T. Tetrahedron Lett. 1985, 26,2047.

Meyers, A. |; Lefker, B. A. J. Org. Chem. 1986, 57, 1541.

Meyers, A. |.; Fleming, S. A. J. Am. Chem. Soc. 1986, 108, 306.

a » 0 np =
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6. Meyers, A. L; Hanreich, R.; Wanner, K. T. J. Am. Chem. Soc. 1985, 107, 7776.

7. Meyers, A. |; Letker, B. A. Tetrahedron 1987,43, 5663.

8. Meyers, A. |; Lefker, B. A.; Wanner, K. T.; Aitken, R. A. J. Org. Chem. 1986, 51,
1936.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)

Hexahydro-3-(hydroxymethyl)-8a-methyi-2-phenyl[2S,3S,8aR]-5-0x0-5H-
oxazolo[3.2-a]pyridine: 5H-Oxazolo[3,2-a]pyridin-5-one, hexahydro-3-
(hydroxymethyl)-8a-methyl-2-phenyi-, t2S-(2a,SB,8aﬂ)]- (12); (116950-01-7)
(1S,2S)-(+)-2-Amino-1-phenyl-1,3-propanediol: 1,3-Propanediol, 2-amino-1-phenyl
(9); (3306-06-7)

5-Oxohexanoic acid: Hexanoic acid, 5-0xo- (8,9); (3128-06-1)

Diisopropylamine (8); 2-Propanaminse, N-(1-methylethyl)- (9); (108-18-9)

Ethyl iodide: Ethane, iodo- (8,9); (75-03-6)

Allyl bromide: 1-Propene, 3-bromo- (8,9); (106-95-6)

Red-Al: Aluminate(1-), dihydrobis(2-methoxyethanolato)-, sodium (8); Aluminate(1-),
dihydrobis(2-methoxyethanolato-O,0"-, sodium (9); (22722-98-1)
Tetrabutylammonium dihydrogen phosphate: Ammonium, tetrabutyl-, phosphate (1:1)
(8); 1-Butanaminium, N,N,N-tributyl-, phosphate (1:1) {9); (5574-97-0)
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1,3,4,6-TETRA-O-ACETYL-2-DEOXY-a-D-GLUCOPYRANOSE

(a-D-arabino-Hexopyranose, 2-deoxy-, tetracetate)

OAc OAc
AcO Q _BusStH__ AcO o)
AcO "% AIBN/A AcO
Br OAc

Submitted by Bernd Giese and Kay S. Groninger.!
Checked by Matthew R. Sivik and Leo A. Paquette.

1. Procedure

A 1-L, round-bottomed flask equipped with a magnetic stirring bar, and a reflux
condenser with a Claisen head on top fitted with a septum and dry nitrogen inlet, is
charged with 20.6 g (50 mmol) of 2,3,4 6-tetra-O-acetyl-a—D-glucopyranosy! bromide
(Note 1) and 400 mL of anhydrous toluene. The mixture is flushed with nitrogen and
brought to reflux with a hot oil bath. A nitrogen atmosphere is maintained over the
well-stirred reaction mixture during this and the ensuing steps. Meanwhile, a solution
of 1.64 g (10 mmol) of azobisisobutyronitrile (AIBN) and 16.0 g (55 mmol) of
tributylstannane in 90 mL of anhydrous toluene is prepared and filtered if necessary
(Note 2). This solution is added to the refluxing, well-stirred reaction mixture during 6
hr by a syringe pump through a long needie which pierces the septum and ends at
least 3 cm above the lower end of the cooling zone of the reflux condenser (Note 3).
Ten minutes after all of the solution is added the reaction mixture is cooled and the
solvent is removed with a rotary evaporator (bath 40°C); 100 mL. of hexane and 100
mL of acetonitrile are added, and the resulting two-phase solution is stirred vigorously

for 5 min and then transferred to a separatory funnel. The lower, acetonitrile layer is
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separated and the hexane phase washed with 10 mL of acetonitrile (Note 4). This
extraction of the combined acetonitrile solutions is repeated twice using 100 mL of
hexane each time. The combined acetonitrile phases are then filtered and distilled
(rotary evaporatory, bath 40°C). Coevaporation with 40 mL of hexane yields crude
solid material which is dissolved in 120 mL of boiling tert-butyl methyl ether. Then 30
mL of hexane is added and the mixture left for 4 hr at room temperature. To complete
crystallization of the product another 20 mL of hexane is added and the mixture is kept
for 12 hr at 5°C. The long coloriess needles are filtered and washed once with 30 mL
of hexaneftart-buty! methyl ether (2:1) and two times with 30 mL of pentane to yield
13.2-13.4 g (79-81%) of 1,3,4,6-tetra-O-acetyl-2-deoxy-a—D-glucopyranose, mp 109-
110°C [o]3 +113° (C2H5OH, ¢ 1.2).

2. Notes

1. This material was obtained from the Sigma Chemical Company and was
recrystallized from diethyl ether/pentane before use. It can also be prepared by the
procedure of Redemann, C. E.; Niemann, C. Org. Synth., Coll. Vol. 1ll 1955, 11.

2. Azobisisobutyronitrile (AIBN) and tributylstannane were obtained from the
Aldrich Chemical Company, Inc. The amount of AIBN can be reduced to 0.82 g (5
mmal) without affecting yields. A smali excess (1.1 to 1.2 equiv) of tributylstannane
must be used to ensure total consumption of starting material.

3. This method ensures that AIBN is not thermolized in the needle and that
tributylstannane is diluted by the refluxing solvent before reaching the reaction
mixture. It is also possible to add the tributylstannane solution by a dropping funnel (1

drop every 2 seconds) which replaces septum and syringe pump. This method gives
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only slightly lower yields (75%) if the stannane solution runs down slowly on the glass
surface of the condenser and does not enter the reaction mixture undiluted.

4. By this procedure most of the tributylbromostannane, and other stannyl
compounds are removed. It is important to wait for complete separation of the phases.

5. The product is analytically pure, Anal., Calcd for C14H2009: C, 50.60; H.
6.07. Found: C, 50.71; H, 6.25. TH NMR (300 MHz, CDCl3) 8: 1.97 (ddd, 1 H, H-2a;
J1,2a=3.7, J2a,2¢ = 13.6, J2a,3 = 11.6); 2.04, 2.05, 2.09, 2.14 (4 s, 12 H, acetyl); 2.28
(ddd, 1 H, H-2e, J1,2¢ = 1.4, J2¢,3 = 5.3); 4.00-4.11 (m, 2 H, H-5, H-6); 4.36 (m, 1 H, H-
6");5.08 (t, 1 H, H-4, J3 4 = J4 5 = 9.7); 5.32 (ddd, 1 H, H-3); 6.26 (brd, 1 H, H-1).

6. Concentration of the mother liquors gives another 0.4-0.6 g of impure
product which can be recrystallized from tert-butyl methyl ether/hexane to give another

0.3-0.5 g (2-3%) of analytically pure product.

3. Discussion

The main reaction step of this synthesis of 2-deoxy sugars is a radical
rearrangement (2 — 3).2 Bromine abstraction from the glucosyl bromide 1 by
tributyltin radicals yields glucosy! radical 2 that undergoes acetoxy migration and

gives the rearranged radical 3. This rearrangement is a stereoselective one-step

reaction that occurs with rate coefficients of about 103 at 75°C in benzene.3 The -

driving force of the rearrangement 2 — 3 is the formation of the acetal structure at C-1
of 3.4 Hydrogen abstraction from tributyltin hydride yields 2-deoxy sugar 4 and the

tributyltin radical that starts another chain.
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This rearrangement offers a general synthesis of a— and f—2-deoxy sugars

with pyranoid and furanoid ring systems (Table).5

1. Institut fir Organische Chemie, TH Darmstadt, Petersenstrasse 22, D-6100
Darmstadt, Germany.

2. Giese, B. In "Stereochemistry of Organic and Bioorganic Transformations;”
Bartmann, W.; Sharpless K. B., Ed.; VCH; Weinheim and New York: 1987; p.
261, Giese, B.; Gréninger, K. S.; Witzel, T.; Korth, H.-G.; Sustmann, R. Angew.
Chem. 1987, 99, 246; Angew. Chem., Intern. Ed. Engl. 1987, 26, 233.

3. Korth, H.-G.; Sustmann, R.; Groninger, K. S.; Leisung, M.; Giese, B. J. Org.
Chem. 1988, 53, 4364,

4. Schleyer, P. v. R.; Jemmis, E. D.; Spitznagel, G. W. J. Am. Chem. Soc. 1985,
107, 6393.

5. Giese, B.: Gilges, S.; Groninger, K. S.; Lamberth, C.; Witzel. T. Liebigs Ann.
Chem. 1988, 615.
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TABLE

Synthesis of 2-Deoxy Sugars
via Reductive Rearrangement of Glycosyl Derivatives®

———

Glycosyl Bromide 2-Deoxy Sugar Yield('ﬁ
OAc OAc
o] (o}
AcO wBr AcO wOAC 71
acd’ oA AcO
OAc OAc
o) (0]
AcOwe wiBr AcOun wmQAc 70
AcO  OAc AcO
(0] (o]
AcOw» wBr AcO----<‘ >----0Ac 81
acd’  “oac AcO
OAc OAc
0 (o}
ACO e wiBr AcOuu OAc 65
AcO  OAc AcO ‘
o_ ., 0 +0Bz
Bz0 ~SePh BzO - 75
BzOs "'OBz BzO
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

1,3,4,6-Tetra-O-acetyl-2-deoxy-a—D-glucopyranose: D-arabino-Hexopyranose,
2-deoxy-, tetraacetate, o- (8); a—D-arabino-Hexopyranose, 2-deoxy-, tetraacetate (9);
(16750-06-4)

2,3,4,6-Tetra-O-acetyl-o~D-glucopyranosyl bromide: Glucopyranosyl bromide,
tetraacetate, o—D- (8); a—D-glucopyranosy! bromide, 2,3,4,6-tetraacetate (9);
(572-09-8)

Azobisisobutyronitrile: Propionitrile, 2,2-azobis[2-methyl- (8); Propanenitrile,
2,2'-azobis[2-methyl- (3); (78-67-1)

Tributylstannane: Stannane, tributyl- (8,9); (688-73-3)
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THE SYNTHESIS OF ENOL ETHERS BY METHYLENATION OF ESTER
1-PHENOXY-1-PHENYLETHENE AND 3,4-DIHYDRO-2-METHYLENE-
2H-1-BENZOPYRAN
(Ether, phenyl 1-phenylvinyl and 2H-1-Beniopyran, 3,4-dihydro-

2-methylene-)

2 O i
0 CpsTiCk o
A ©)\ AlMes
0. 0O
CpoTiCh
B. \T\/\@ T AMes

Submitted by Stanley H. Pine, 2 Gia Kim,1b and Virgil Lee.
Checked by Roger B. Ruggeri and Clayton H. Heathcock.

1. Procedure

A. 1-Phenoxy-1-phenylethene. To a 250-mL round-bottomed flask (Note 1)
equipped with a magnetic stirring bar is added 5.0 g (20.0 mmol) of titanocene
dichloride [bis(cyclopentadienyl)titanium dichloride] (Note 2). The flask is fitted with a
rubber septum through which a large-gauge needle is passed to flush the system with
dry nitrogen. After the vessel has been thoroughly purged, the nitrogen line flowing to
the needle is opened to a minera! cil bubbler and 20 mL of a trimethylaluminum
solution (2.0 M in toluene, 40 mmol) is added by a nitrogen-purged syringe (Note 3).
Methane gas evolved by the reaction is allowed to vent as the resulting red solution is

stirred at room temperature for 3 days. The Tebbe reagent? thus formed is used in situ
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by cooling the mixture in an ice-water bath (Note 4), then adding 4.0 g (20 mmol) of
phenyl benzoate (Note 5) dissolved in 20 mL of dry tetrahydrofuran (Note 6) by syringe
or cannula to the cooled stirring solution over 5-10 min. After the addition, the reaction
mixture is allowed to warm to room temperature and is stirred for about 30 min. The
septum is removed and 50 mL of anhydrous diethyl ether is added. To the stirring
reaction mixture is gradually added 50 drops of an aqueous solution of 1 M sodium
hydroxide over 10 to 20 min (Note 7). Stirring is continued until gas evolution
essentially ceases; then to the resulting orange slurry are added a few grams of
anhydrous sodium suifate to remove excess water. The mixture is filtered through a
Celite pad on a large coarse frit using suction and liberal amounts of diethyl ether to
transfer the product and rinse the filter pad. Concentration of the filtrate with a rotary
evaporator (Note 8) to 5-8 mL provides crude product, which is purified by column
chromatography on basic alumina (150 g) eluting with 10% diethyl ether in pentane
(Note 9). Fractions which contain product (Note 10) are combined and evaporated to
give 2.69-2.79 g (68-70%) of the desired enol ether (Note 11) as a pale yellow oil.

B.  3,4-Dihydro-2-methylene-2H-1-benzopyran. Formation of the exo-
methylene enol ether with dihydrocoumarin is carried out as in the foregoing
procedure except that the reaction solution is cooled with a dry ice-acetone bath
before addition of the lactone. From 3.0 g (20 mmol) of dihydrocoumarin (Note 5) is
obtained 1.85-1.97 g (63-67%) of the product (Note 12) as a pale yellow oil, after
column chromatography on basic alumina (150 g) eluting with 5% disthyl ether in
pentane.
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2. Notes

1. The checkers found that the acid liability of the enol ether products requires
rigorous treatment of all glassware used for the reaction in order to avoid migration of
the double bond in susceptible cases (e.g., dihydrocoumarin in Preparation B).
Satisfactory results were obtained by treating the glassware sequentially with
ethanolic 0.5 M solutions of hydrogen chioride and potassium hydroxide for
approximately 1 hr, thoroughly rinsing with distilled water after each treatment and
finally oven-drying. This protocol is also effective for removing stubborn deposits on
the glassware used for the reaction.

2. Titanocene dichloride was purchased from Aldrich Chemical Company, Inc.
and used without further purification. This compound is normally obtained as bright
red crystals. If its purity is in question Soxhlet extraction using dichloromethane is
usually effective; titanocene dichloride is slightly soluble in dichicromethane and
slowly dissolves from insoluble materials present.

3. Trimethylaluminum was purchased from Aldrich Chemical Company Inc.
and obtained as a 2.0 M solution in toluene sealed under nitrogen in a Sure/Seal
bottle. Trimethylaluminum is pyrophoric and reacts violently with water and air; the
syringe and needle used should be rinsed with toluene or hexanes immediately after
addition. Note that the rinse, though dilute, contains pyrophoric material and should
be handled accordingly.

4. Reaction with the ester is relatively exothermic. Sensitivity of the substrate-
product to heating varies and should be considered for each particular compound.
Phenyl benzoate can be methylenated at room temperature with no significant
decrease in product yield. By contrast, dihydrocoumarin (Preparation B) gives no
product under these conditions and must be methylenated at -78°C to obtain a good

yield. For most substrates it is satisfactory to carry out reactions at 0°C.
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5. Substrate esters were purchased from Aldrich Chemical Company, Inc. and
used without further purification.

6. Tetrahydrofuran was freshly distilled from the sodium ketyl of
benzophenone.

7. Evolution of methane can be quite vigorous so that the reaction vessel must
be large enough to prevent bubbling over. lf the aqueous solution is delivered slowly
in 10-drop increments over the addition period a controlied quench of the reaction
mixture is possible. Cooling slows gas evolution, but also greatly prolongs the
hydrolysis step.

8. Methylene enol ethers are usually lower boiling than their ester precursors.
Low molecular weight products can be easily lost in evaporation; therefore the toluene
must be removed with care. ‘

9. The checkers used Fisher Scientific basic alumina, Brockman activity I, 80-
200 mesh. Neutral alumina and silica gel have also been used. Basic alumina
minimizes the potential hazards of hydrolysis or proton-catalyzed isomerization of the
carbon-carbon double bond in susceptible enol ethers. Gaseous trimethylamine has
also been added to the eluent to minimize these problems during purification.

10. The checkers eluted the columns with a slight positive air pressure on the
solvent reservoir to prevent formation of gas bubbles and cracks in the
chromatographic medium. Fractions were collected in 25-mL test tubes (Note 1),
analyzed by TLC on sitica gel, eluting with the column solvent, and visualized with a
phosphomolybdic acid solution. The checkers observed a nonvolatiie hydrocarbon
material (not substrate related) which was eluted in the fractions just prior to the
Products, which are quite nonpolar themselves and are eluted in the early fractions,
ahead of any unreacted ester. Colored, metal-containing components usually remain

near the top of the column, although some colored material may accompany the
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product if much toluene remains in the sample or if the sample is applied to the column
in a more polar solvent.

11. The spectral properties for 1-phenoxy-1-phenylethene are as follows: |R
(film) cm-1: 1600, 1495, 1290, 1230; 'H NMR (250 MHz, CDCl3) 8: 4.45(d, 1 H, J =
2.3),5.05(d, 1 H, J = 2.3), 7.06-7.11 (m, 3 H), 7.29-7.38 (m, 5 H), 7.66-7.70 (m, 2 H).

12. While the submitters observed no complications, the checkers were unable,
even after many trials, to obtain the dihydrocoumarin adduct completely free of what
appears to be the product of double bond migration to give the endocyclic enol ether.
Initial results were quite erratic. However, use of the glassware treatment described in
Note 1, suggested by Professor Pine, has consistently provided the desired compound
contaminated with only a few percent of the unwanted isomer. Spectral properties for
the 3,4-dihydro-2-methylene-2H-1-benzopyran are as follows: IR (film) cm-1: 1665,
1595, 1500, 1470, 1250, 990, 770; TH NMR (250 MHz, CDCl3) &: 2.57 (t, 2 H, J = 6.5),
2.80(t, 2H,J=6.5),4.14 (s, 1 H), 4.55 (s, 1 H), 6.85-6.92 (m, 2 H), 7.03-7.07 (m, 1 H),
7.11-7.18 (m, 1 H); impurity (partial} &: 1.88 (bs, 3 H), 3.39 (bs, 2 H), 4.70 (bs, 1 H).

3. Discussion

The formation of carbon-carbon bonds through the condensation of carbony!
compounds with phosphoranes (the Wittig reaction) is a very useful method in organic
synthesis.3 Allowing the convergence of a wide variety of substrates enables this
reaction to provide considerable flexibility in product design. Yet, with limited
exceptions,4 this process has not been effective for the transfer of methylene or
alkylidenes to the carbonyl group of esters or other carboxylic acid derivatives.
However, reaction of the titanium-aluminum complex (the Tebbe reagent)? described
here does transfer a methylene to the carbonyl group of esters, effecting the

conversion of an ester to an enol ether.5
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The Tebbe reagent functions as a nucleophilic carbenoid in its reactions with
carbonyl groups. The carbenoid is activated in the presence of a Lewis base which
presumably complexes with the aluminum atom. Tetrahydrofuran is the Lewis base in
the reactions described above. If the reaction is performed in the absence of added
tetrahydrofuran, the carbonyl oxygen atom can function as a weak Lewis base,
although the methylenation process is considerably slower.

Vinyl ethers have also been prepared by addition of alkoxides to acetylene,5.7.6
elimination from halo ethers and related precursors,68 and viny! exchange reactions.8
Reaction of an electrophilic tungsten carbenoid with methylene phosphorane or
diazomethane also produces viny! ethers.® Enol ethers have resulted from the
reaction of some tantalum and niobium carbenoids with esters,10 and the reaction of
phosphoranes with electrophilic esters.4

Methylenation using the titanium-aluminum complex converts a variety of esters
to enol ethers in good yields.5 Lactones are converted to synthetically useful exo-
methylene enol ethers. Carbon-carbon double bonds do not interfere with the
methylenation reaction, although functional groups containing acidic hydrogen atoms
do consume the reagent and should be protected. The carbonyl group of aldehydes
and ketones reacts in preference to the ester carbonyl group in the methylenation
process,5P but those groups can also be selectively protected.

Because of the expense of obtaining the Tebbe reagent in its pure form,!1 anin
situ method for its preparation and use was developed.12 The presence of the excess
Lewis acidic by-product, dimethylaluminum chloride, in the in situ preparation may
cause reactivity at other sites in the substrate or lower yields of desired products (e.g.,
70% vs. 94% for Preparation A, and 65% vs. 85% for Preparation B).5b However the

overall simplicity of the method can be advantageous with readily obtained substrates.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

1-Phenoxy-1-phenylethene: Ether, phenyl 1-phenyivinyl (8,9); (19928-57-5)
3,4-Dihydro-2-methylene-2H-1-benzopyran: 2H-1-Benzopyran, 3,4-dihydro-
2-methylene- (10); (74104-13-5)

Titanocene dichloride: Titanium, dichloro-n-cyclopentadieny!- (8); Titanium,
dichiorobis(n®-2,4-cyclopentadien-1-yl)- (9); (1271-19-8)

Trimethylaluminum: Aluminum, trimethyl- (9); (75-24-1)

Phenyl benzoate: Benzoic acid, phenyl ester (8,9); (93-99-2)
Dihydrocoumarin: 2H-1-Benzopyran-2-one, 3,4-dihydro- (9); (119-84-6)
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MIXED HIGHER ORDER CYANOCUPRATE-INDUCED EPOXIDE
OPENINGS: 1-BENZYLOXY-4-PENTEN-2-OL
(4-Penten-2-ol, 1-(phenyimethoxy)-)

0" Ph
T

(CH2=CH-){2-Thienyl)Cu(CN)Liz . \gc?(\o/\Ph
H

Submitted by Bruce H. Lipshutz,! Robert Moretti, and Robert Crow.
Checked by Gary L. Bolton, Steven G. Toske, and James D. White.

1. Procedure

A 100-mL, two-necked, round-bottomed flask {Note 1), equipped with a stirring
bar and a rubber septum is evacuated and flame-dried under vacuum, then flushed
with dry argon. This process is repeated 3 times. Anhydrous tetrahydrofuran (36 mL,
Note 2) and distilled thiophene (3.05 g, 2.1 mL, 36.3 mmol, Note 3) are injected via
syringe and the resulting solution is cooled to -78°C. Butyllithium in hexanes (12.8
mL, 2.83 M, 36.3 mmol, Note 4) is added dropwise via syringe. The resulting light
yellow solution is warmed to -20°C using a solid dry ice/carbon tetrachloride bath and

stirred for 30 min.

A 500-mL, two-necked, round-bottomed flask equipped with a stirring bar and aw‘

rubber septum is charged with copper(l) cyanide (2.95 g, 33.0 mmol, Note 5). The
flask is evacuated and gently flame-dried under vacuum (Note 6}, then flushed with dn
argon. The process is repeated 3 times. Anhydrous tetrahydrofuran (33 mL) i¢

injected and the resulting slurry is cooled to -78°C. At this time, the previously

prepared solution of 2-lithiothiophene in tetrahydrofuran (at -20°C) is added via

cannula to the stirring slurry. At the end of the addition, the acetone-dry ice bath is
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axchanged for an ice bath. After 5 min (Note 7), the flask is again placed in a dry ice-
acetone bath. Vinyllithium in tetrahydrofuran (16.7 mL, 1.98 M, 33.0 mmol, Note 8) is
added dropwise after 15 min. Then the -78°C bath is exchanged for an ice bath. After
5 min, the reaction mixture is recooled to -78°C and a cooled (-20°C) solution of
benzy! 2,3-epoxypropyl ether (4.93 g, 30.0 mmol, Note 9) in anhydrous tetrahydrofuran
(30 mL) is added to the cuprate solution via cannula over a pariod of 10 min. The
reaction mixture is warmed to 0°C (Note 10). After 3 hr at 0°C, it is warmed to ambient
temperature and stirred 1 more hr. It is then cooled to -78°C and poured on to a
solution of saturated aqueous ammonium chloride (135 mlL) and concentrated
agqueous ammonium hydroxide (15 mL). The mixture is stirred for an additional 15 min
while the temperature of the system is allowed to rise. The mixture is filtered through
Celite. The flask and the filter cake are rinsed with tetrahydrofuran (2 x 20 mL). The
tetrahydrofuran is evaporated using a rotary evaporator and the resulting aqueous
layer is extracted with ethyl acetate (2 x 150 mL). Each organic layer is washed with
water (76 mL) and brine (75 mL). The combined organic layers are dried over
anhydrous sodium sulfate and concentrated with a rotary evaporator. The residue is
purified by column chromatography on silica gel (Note 11), using a 6:1 mixture of
petroleum ether and ethyl acetate as eluent (Note 12), to afford an oil (5.7 g, 29.6
mmol, 99%) which is distilled through a short-path distillation apparatus to give 4.20 g
of an oil (26.1 mmol, 73%) (Note 13) as a colorless liquid, bp 85°C at 0.1 mm; IR (neat)
cm-1: 3400, 3070, 3030, 1640, 1100, 740, 700; TH NMR (CDCl3) &: 2.26 (1, 2 H, J =
8.9), 241 (d, 1 H, J = 3.3), 3.4-3.6 (m, 2 H), 3.90 (m, 1 H), 4.55 (s, 2 H), 5.1 (m, 2 H),
5.75-5.90 (m, 1 H), 7.33 (s, 5 H); mass spectrum, m/e (relative intensity): 192 (M*,
1.06), 92 (24.89), 91 (100); high resolution mass spectrum, Calcd for C12H102:
192.1150. Found: 192.1161.
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2. Notes

1. All glassware, needles and syringes are stored in an oven at 120°C
overnight and assembled while hot.

2. Tetrahydrofuran is distilled from sodium-benzophenone before use.

3. Thiophene is purchased from the Aldrich Chemical Company, Inc. and
distilled from calcium hydride before use.

4. Butyllithium in hexanes (2.5 M) is purchased from the Aldrich Chemical
Company, Inc. and titrated with 2-pentanol in ether, using 1,10-phenanthroline as
indicator before use.2 Use of lower concentrations of butyllithium for the metalation of
thiophene under these conditions resuits in incomplete lithiation.

5. Copper(l) cyanide is purchased from the Aldrich Chemical Company, Inc.
and is dried in an Abderhalden apparatus at 56°C for ca. 2 days before use. Caution:
Copper(l) cyanide is very toxic.

6. Caution should be exercised during this operation. Overheating can result
in partial decomposition of the copper(l) cyanide.

7. At this point, all of the copper(l) cyanide has been consumed and the
reaction appears as a brown solution.

8. Vinyllithium in tetrahydrofuran is purchased from Organometallics, Inc., and
titrated2 befors use (see Note 4).

9. The starting material was prepared by the benzylation of glycidol, with
benzyl bromide in tetrahydrofuran according to the foliowing procedure: A 500-mL,
two-necked, round-bottomed flask equipped with a stirring bar and a rubber septum is
evacuated and flame-dried under vacuum, then flushed with dry argon. This process
is repeated three times. A solution of distilled glycidol (4.0 g, 3.58 mL, 54 mmol,
obtained from Aldrich Chemical Company, Inc. and distilled before use) in anhydrous

tetrahydrofuran (139 mL) is injected via syringe and the resulting clear solution is
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cooled to 0°C. Sodium hydride (2.24 g of a 60% dispersion in mineral oil, 56 mmol,
obtained from Aldrich Chemical Company, Inc.) is added portionwise and the resulting
gray mixture is stirred at 0°C for 30 min. Solid tetrabutylammonium iodide (0.21 g,
0.56 mmol, obtained from Aldrich Chemical Company, Inc. ) is then introduced all at
once. Distilled benzyl bromide (9.54 g, 6.63 mL, 55.8 mmol) is added (neat) dropwise
via syringe. [Benzyl bromide was purchased from the Aldrich Chemical Company, Inc.
and dried over MgSOg, filtered, and distilled before use (Caution: Benzyl bromide is
light sensitive and is a potent lachrymator).] The solution is stirred at 0°C for 5 min,
then warmed to ambient temperature and stirred for 1 hr. The mixture is quenched
with aqueous ammonium chloride and extracted with ethyl acetate (2 x 200 mL). Each
organic phase is washed with water (100 mL) and brine (2 x 100 mL). The combined
organic layers are dried over sodium sulfate and concentrated using a rotary
evaporator. The remaining yellow residue is purified by flash chromatography,3 using
a 5:1 mixture of petroleum ether and ethyl acetate as eluent, to afford
chromatographically pure (+)-benzyl 2,3-epoxypropyl ether (7.34 g, 44.7 mmol, 83%)
which can be distilled through a short-path distillation apparatus to give 6.52 g of the
epoxide (39.7 mmol, 74%) as a colorless liquid, bp 105°C at 0.4 mm.

Optically active (S)-benzyl 2,3-epoxypropyl ether can be obtained in quantity in

seven steps from D-mannitol according to literature procedures.4-7
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10. At this point, the color of the solution turns from brown to light green, and
darkens with time.

11. The technique of Still3 (flash chromatography) is used, with silica gel
purchased from ICN Biomedicals (ICN Silica 21-63).

12. For TLC analyses, Merck silica gel F-254 TLC plates were used, with 1:1
petroleum ether-ether as eluent. Visualization was effected by spraying with a 5%
phosphomolybdic acid in ethanol solution followed by heating at ca. 250°C on a hot
plate. (R)-1-Benzyloxy-4-penten-2-ol has an R of ca. 0.35 in this solvent system.

13. The checkers found that there was consistently 10-12% of 1-benzyloxy-
heptan-2-ol in the reaction mixture resuiting from coupling of "residual® butyllithium

(which forms n-Bu(Th)Cu(CN)Li2) with the epoxide.
3. Discussion
This procedure is an illustration of the use of mixed, higher order (H.O.)

cyanocuprates containing a non-transferable or "dummy" ligand for epoxide opening.8

H.O. cuprates of general stoichiometry Rt(2-thienyl)Cu(CN)Liz2 can also be used to
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effect substitution reactions with halides, as well as conjugate additions to unhindered
a,p-unsaturated ketones (see Table).8

The lower order (L.O.) cyanocuprate (2-Th)Cu(CN)Li has an excellent shelf life,
thereby providing a highly stable precursor to higher order cuprates.® Tetrahydrofuran
solutions of this L.O. cuprate are available commercially (from Aldrich Chemical
Company, Inc.), thus allowing further simplification of this procedure.

The often greater reactivity of H.O. cuprates9 as compared to their L.O.
counterparts is exemplified by this method. When (vinyl)2CulLi (from 2 vinyllithium + 1
Cul, a Gilman type reagent)1! was used for the same transformation, a yield of 73%
was observed, along with recovered starting materiai.'2 The L.O. cyanocuprate
(vinyl)Cu(CN)Li gave only 11% of the desired product.8 Significantly, in the procedure
described only 1.1 equivalents of H.O. cuprate are necessary for complete
consumption of the epoxide.

The (R)-1-benzyloxy-4-penten-2-ol produced using enantiomericaily-enriched
starting material in this reaction is a useful precursor in the synthesis of the polyol

section of the polyene macrolide antibiotic roflamycoin (Scheme 1). This molecule

Scheme 1

OH OH OH OH OH OH OH

Roflamycoin
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has an array of 1,3-secondary hydroxyl groups, assumed to bear an all-syn 13. Lipshutz, B. H.; Kotsuki, H.; Lew, W. Tetrahedron Lett. 1986, 27, 4825.

relationship to each other, for which a synthetic strategy has been devised.12-14 14. Lipshutz, B. H.; Moretti, R.; Crow, R. Tetrahedron Lett. 1989, 30, 15.
Thus, a reiterative 2-step protocol involving epoxide opening with a H.O.
vinylcyanocuprate, followed by stereoselective homoallylic alcohol epoxidation, Appendix
reforms the functionality (i.e., an epoxide) from which it was originally derived Chemical Abstracts Nomenclature (Collective Index Number);
(Scheme 2). (Registry Number)
Scheme 2 1-Benzyloxy-4-penten-2-ol: 4-Penten-2-ol, 1-(phenylmethoxy)- (9); (58931-16-11)

Thiophene (8,9); (110-02-1)

“Ph 07} @menncucNL: Butyliithium: Lithium, butyl- (8,9); (108-72-8)

d H 2) epoxidation

Q

Copper(l) cyanide: Copper cyanide (8,9); (544-92-3)
Vinyliithium: Lithium, vinyl- (8); Lithium, ethenyl- (9); (917-57-7)

3) repeat of 1) and 2)

Benzyl 2,3-epoxypropy! ether: Propane, 1-(benzyloxy)-2,3-epoxy- (8); Oxirane,

1. Department of Chemistry, University of California, Santa Barbara, CA 93106. [(phenylmethoxy)methyl]- (9); (2930-05-4)
2. Watson, S. C.; Eastham, J. F. J. Organomet. Chem. 1967, 9, 165. Glycidol: 1-Propanol, 2,3-epoxy- (8): Oxiranemethanol (9); (556-52-5)
3. Stil, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923. Benzyl bromide: Toluene, a-bromo- (8); Benzene, (bromomethyl)- (3); (100-39-0)
4. Chittenden, G. J. F. Carbohydr. fes. 1980, 64, 350. Tetrabutylammonium iodide (8); 1-Butanaminium, N,N,N-tributyl-, iodide (9);
5. Takano, S.; Goto, E.; Hirama, M.; Ogasawara, K. Heterocycles 1981, 16, 381. (311-28-4)
6. Golding, B. T.; loannou, P. V. Synthesis 1977, 423. (S)-Benzyl 2,3-epoxypropyl ether: Propane, 1-(benzyloxy)-2,3-epoxy-, (S)- (8,9);
7. Anisuzzaman, A. K. M.; Owen, L. N. J. Chem. Soc. (C) 1967, 1021. (14618-80-5)
8. Lipshutz, B. H.; Kozlowski, J. A.; Parker, D. A.; Nguyen, S. L.; McCarthy, K. E. J. D-Mannitol (8,9); (69-65-8)
Organomet. Chem. 1985, 285, 437.
9. Lipshutz, B. H.; Koemer, M.; Parker, D. A. Tetrahedron Lett. 1987, 28, 945.

10. For reviews, see: (a) Lipshutz, B. H. Synthesis 1987, 325; (b) Lipshutz, B. H.;
Wilhelm, R. S.; Kozlowski, J. A. Tetrahedron 1984, 40, 5005.

11. Posner, G. H. Org. React. 1975, 22, 2563.

12. Lipshutz, B. H.; Kozlowski, J. A. J. Org. Chem. 1984, 49, 1147.
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Table

Reactions of Various Substrates with (Vinyl}(2-thienyl)Cu(CN)Li,,

ubstrate onditions rodu ield(¥
Substrat of Spiate  Condit Product Yield(
A 1.20 THF/Etz0 OH 718
room temp. RS
4hr
I /(//\/\/
)\/\/\/ 1.50 THF, 31° b
18 hr 67
0 . (o}
1.10 THF/Et,0 b
1.1 eq. BF3 Q 98
-78°,1 hr
L%/\ 1.25 THF/Et,0 th 907
Ph ’ 0° 1hr OH

“Isolated yield of chromatographically pure material. bBy quantitative GC analysis.
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THE CONVERSION OF ESTERS TO ALLYLSILANES:
TRIMETHYL(2-METHYLENE-4-PHENYL-3-BUTENYL)SILANE
(Silane, trimethyl (2-methylene-4-phenyl-3-butenyl)-)

0 CH,
/\)L CeCly /\)L .
CeHs™ X" “OCyHs + (CHj,)3SiCH,MgCI — CgHg” X~ “CH,Si(CHg)s

Submitted by William H. Bunnelle and B. A. Narayanan.!
Checked by Jirgen Fischer and Ekkehard Winterfeldt.

1. Procedure

A 1-L, three-necked, round-bottomed flask with mechanical stirrer and vacuum
outlet (Note 1) is charged with powdered cerium(lll) chloride (CeCl3-7H20, 52.92 g,
0.142 mol) (Note 2). The flask is immersed to the necks in an oil bath and evacuated
to 0.2 mm. The solid is agitated by stirring as the flask is heated to 150°C for 2 hr.
After the flask is cooled to room temperature, it is vented to the atmosphere, and
quickly purged with a stream of dry nitrogen for 2 min. At this stage, the flask is fitted
with a low-temperature thermometer and a graduated 250-mL addition funnel
containing 300 mL of dry tetrahydrofuran (THF) (Note 3), and capped with a rubber
septum. Connection to a dry nitrogen line with a pressure relief bubbler is made via a
needle through the septum. Tetrahydrofuran is run into the flask with good stirring, so
that an even suspension results (Note 4). The white suspension is stirred at room
temperature for 2 hr. Meanwhile, the addition funnel is charged with
trimethyisilylmethylmagnesium chloride (Me3SiCH2MgCl, 1 M solution in ethyl ether,
142 mL, 0.142 mol) (Notes 5 and 6), transferred via stainless steel cannula. The

Contents of the flask are cooled to -65°C with a dry ice-2-propanol bath, and the
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Grignard solution is added dropwise over a period of 40-50 min, so that the
temperature of the reaction mixture remains below -60°C. The addition funnel is
removed from the setup, with the septum/nitrogen inlet connected directly to the flask.
After the cold mixture is stirred for 15 min more, ethyl cinnamate (10.32 g, 0.0586 mol)
(Note 7) is added via syringe over a 2-3 min period. Stirring is continued as the flask
is allowed to warm slowly to room temperature (Note 8). The off-white to beige
reaction mixture is cooled to <5°C (ice-water bath) and quenched by the portion-wise
addition of chilled 1 M hydrochloric acid (200 mL), so that the internal temperature
remains below 20°C (Note 9). The layers are separated, and the aqueous phase is
extracted twice with ethyl ether (100 mL each). The combined organic layers are
washed with saturated sodium bicarbonate solution (Note 10), dried over sodium
sulfate, and the solvents are removed at a rotary evaporator (25°C/60 mm). The
residual oil is transferred to a 100-mL, round-bottomed flask and distilled butb-to-bulb
(Note 11). The product (9.69-9.85 g, 76.5-78%) (Note 12) is collected at an air bath
temperature of 110-112°C, 0.20 mm.

2. Notes

1. The vacuum outlet should be packed with glass wool, to prevent loss of
significant quantities of cerium salit during the drying process. During some runs,
cerium salts worked into the stirrer shaft bearing, causing it to bind. This problem
could be avoided by placing a straight adapter tube between the bearing and the flask,
to distance the bearing from the reaction mixture. The checkers found that sublimation
of the cerium salt occurred in all their runs, but did not appear to affect the yield.

2. Cerium(lll) chloride heptahydrate was purchased from Aldrich Chemical

Company, Inc., and ground with a mortar and pestle just before use.

920

3. Tetrahydrofuran was freshly distiiled under nitrogen from sodium and
benzophenone. The (nominal) 250-mL funnel holds the entire volume of solvent.

4. On one occasion, when the solvent was added without stirring, the solid
formed a hard cake on the bottom of the flask, and resisted attempts to bring it into
suspension. The full 2 hr 'ageing’ period is necessary for best results.

5. This clear, pale yellow solution was purchased from the Aldrich Chemical
Company, Inc. The Grignard solution may be prepared from trimethylsilylmethyl
chloride.2 Take care to prevent air oxidation in opened bottles of the Grignard reagent
-- these solutions deteriorate rapidly, and older samples are unsuitable for the present
procedure.

6. The prescribed quantity of Grignard reagent (and cerium salt) is 25% more
than stoichiometric. This excess is required to ensure complete consumption of the
ester.

7. Ethyl cinnamate was purchased from Eastman Kodak Company, and was
distilled at 110-111°C/0.75 mm before use.

8. Warming takes approximately 3 hr. The reaction is complete by this time
and can be worked up. Alternatively, the mixture may be stirred at room temperature
for at least 12 hr {overnight) without any deleterious effect on yield.

9. If the reaction is allowed to become warm, substantial protodesilylation of
the product takes place to give 3-methyl-1-phenyl-1,3-butadiene. The aqueous
workup should be carried out rapidly to minimize this side reaction. The use of
hydrochloric acid has particular advantage since all of the salts dissolve facilitating the
extractions.

10. Some residual salts precipitate during this operation, but do not pose any
handling difficulty.
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11. Gas chromatographic analysis (0.53-mm id x 10 m poly(dimethy! silicone)
fused silica column, temperature programmed from 140°C to 220°C) indicates that this
product is 98% pure, with <1% 3-methyl-1-pheny!-1,3-butadiene and 1-2% of a less
volatile, unidentified component. The checkers could obtain a very pure product by
normal vacuum distillation. They found the impurities to be higher boiling compounds.

12. This material has the following spectral data: IR cm-!: 3068, 1593, 872, 853,
838; TH NMR 8: 0.01 (s, 9 H), 1.80 (br, s, 2 H), 4.83 (br, s, 1 H), 5.00 (d,1H,d=1),
6.45(d, 1 H, J = 16), 6.77 (d, 1 H, J = 16), 7.1-7.4 (m, 5 H); 13C NMR &: -1.2, 22.2,
114.8, 126.4, 127.3, 128.6, 128.7, 132.0, 137.4, 143.8; MS (m/e, %): 216 (40%), 73
(100%).

3. Discussion

Allylsilanes are exceptionally versatile compounds with a well-established
function in organic synthesis.3 General methods for their preparation, then, are
valuable. The method described here is effective for elaboration of esters to
allylsilanes. The transformation is conceptually straightforward: twofold addition of a
trimethylsilylmethyl metal species to the ester, followed by Peterson-type elimination
from the resultant bis(trimethylsilyimethyl)carbinol, leads to the allylsilanes.

The Grignard reagent Me3SiCH>MgCl has been used to effect this conversion
with simple, unbranched esters, but the yields are only moderate (~50%) and the
process fails completely for more sterically congested esters.4 In these cases, the a—
silylketone intermediate resists further addition, instead suffering preferential
enolization.5 The use of organocerium reagents to circumvent this difficulty has been
developed by two groups.6.7 The reagent prepared from cerium(li}) chloride and
MesSiCHaLi is quite effective for conversion of acid chlorides to allylsilanes, but does

not react efficiently with esters.8 Somewhat surprisingly in view of these results, a
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mixture of cerium(ll) chloride with Me3SiCH2MgCI produces a powerful reagent for
conversion of esters to allylsilanes in excellent yields.” Some examples, for reactions
carried out on a 1-mmol scale, are collected in the Table.” Only the highly hindered
methyl adamantanecarboxylate fails to react,

The protocol described above is a scaled-up modification of that reported
earlier.” The title compound has been prepared previously by a nickel-catalyzed
cross-coupling,® and by the organocerium/acid chloride route.6 The present
procedure offers advantages in both convenience and yield compared to these other

methods.

1. Department of Chemistry, University of Missouri-Columbia, MO 65211.

2.  Whitmore, F. C.; Sommer, L. H. J. Am. Chem. Soc. 1946, 68, 481.

3. (a)Parnes, Z. N.; Bolestova, G. |. Synthesis 1984, 991; (b) Chan. T. H.; Fleming,
I. Synthesis 1979, 76l.

4. (a) Petrov, A. D.; Ponomarenko, V. A.; Snegova, A. D. Dokl, Akad. Nauk

S.S.S.R. 1957, 112, 79; Chem. Abstr, 1957, 51, 11239a; (b) Fleming, I.;

Pearce, A. J. Chem. Soc., Perkin Trans. 11981, 251; (c) Ochiai, M.; Fujita, E.;

Arimoto, M.; Yamaguchi, H. J. Chem. Soc., Chem. Commun. 1982, 1108, (d)

Yamazaki, T.; Ishikawa, N. Chem. Lett. 1984, 521.

Demuth, M. Helv. Chim. Acta 1978, 61, 3136.

Anderson, M. B.; Fuchs, P. L. Synth. Commun. 1987, 17, 621.

Narayanan, B. A.; Bunnelle, W. H. Tetrahedron Lett. 1987, 28, 6261.

® N o o

Hayashi, T.; Fujiwa, T.; Okamoto, Y.; Katsuro, Y.; Kumada, M. Synthesis 1981,
1001.
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Table

Ester Allylsilane Yield (%)
0 CH,
o~~~ si(CHo) 95
CHa/\/\/\)LOCH3 CHg
° I siCHy)s
CHy OC,Hs CHy
CH,
,(l)L L si(CHa) 95
CsHs CHa CGHS
o) CH,
Si(CHa)z 77
oa
CH,
ceH(%HLocsz CeHs
CHy CH,
Ob
Octs Si(CHy)s
o CH,

1 mi i isomers.
3Starting material and product each a 1:1 mixture of diastereoiso
bStarting material recovered quantitatively.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Trimethyl(2-methylene-4~phenyl-3-butanyl)silane: Silane, trimethyl(2-methylene-4-
phenyl-3-butenyl)- (11); (80814-92-2)

Cerium(ill) chloride heptahydrate: Cerium chloride heptahydrate (8); Cerium chloride
(CeCl3), heptahydrate (9); (1 8618-55-8)

Trimethylsilylmethyimagnesium chloride: Magnesium, [chIoro[(trimethylsilyl)methyl]—
(8,9); (13170-43-9)

Ethyl cinnamate: Cinnamic acid, ethy| ester (8); 2-Propenoic acid, 3-phenyl-, ethyl
ester (9); (103-36-6)
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NUCLEOPHILIC HYDROXYMETHYLATION OF CARBONYL COMPOUNDS:
1-(HYDROXYMETHYL)CYCLOHEXANOL
(Cyclohexanemethanol, 1-hydroxy-)

A, (-PrOMe,SICH.Cl  + Mg THF (-PrOJMe,SICH,MgC!
0 OH

(:/( + (-PrO)Me,SiICHMgCl —2C» O/\ SiMe(0-iPr)
OH OH

5 O/\SIMGZ(O_IP’) 30% H20,, KHCOaA O/\OH
' KF, MeOH, THF

room temp., 2 hr

Submitted by Kohei Tamao, Neyoshi Ishida, Yoshihiko Ito, and Makoto Kumada.1
Checked by Vinh D. Tran and Larry E. Overman.

1. Procedure

A. 1-[(Isopropoxydimethylisilyl)methyiJcyclohexanol. A 500-mL, three-necked
flask is equipped with a pressure-equalizing dropping funnel, magnetic stirrer, three-
way stopcock, and a reflux condenser connected with a nitrogen bubbler. The flask is
charged with magnesium turnings (2.43 g, 100 mg-atm) which are dried under a rapid
stream of nitrogen with a heat gun. After the flask is cooled to room temperature, the
rate of nitrogen flow is reduced. Several mbL of a solution of
(isopropoxydimethyisilyl)methyl chloride (16.67 g, 100 mmol) (Note 1) in dry
tetrahydrofuran (THF) (120 mL) (Note 2) and about 50 uL of 1,2-dibromoethane are
added. The mixture is stirred at room temperature and within a few minutes an

exothermic reaction starts. The remaining solution is added dropwise at room
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temperature over ca. 45 min at such a rate as to maintain a gently exothermic reaction.
After the addition is complete, the tan-grey mixture is refluxed for 0.5 hr and then
cooled to 0°C with an ice bath. A solution of freshly distilled cyclohexanone (7.36 g,
75 mmol) in dry THF (30 mL) is added dropwise with stirring over 30 min. The
resultant mixture is stirred at 0°C for another 30 min (Note 3) and then hydrolyzed by
dropwise addition of an aqueous 10% solution of ammonium chloride (100 mL) at 0°C
over 10 min. The organic layer is separated. The aqueous layer is extracted with four
40-mL portions of diethyl ether. The combined organic layer and extracts are washed
once with aqueous saturated sodium chloride, giried over magnesium sulfate, filtered
into a 500-mL round-bottomed flask and cqncentrated with a rotary evaporator below
room temperature (Note 4) at water aspirator pressure. A colorless oil remains (Note
5).

B. 1-(Hydroxymethyl)cyclohexanol. The 500-mL, round-bottomed flask which
contains the crude 1-[(isopropoxydimethyisilyl)methyljcyclohexanol is equipped with a
magnetic stirrer and a thermometer, and is kept open to air throughout the reaction.
The flask is charged with tetrahydrofuran (75 mL), methanol (76 mL) (Note 6),
potassium hydrogen carbonate (7.5 g 75 mmol), and potassium fluoride (8.7 g, 105
mmol) (Note 7). To the stirred mixture is added 30% hydrogen peroxide (28.0 mL,
247.5 mmol) in one portion at room temperature. A somewhat cloudy organic layer
and a milky-white heavy inorganic layer result. After several minutes an exothermic
reaction begins which is controlled by intermittent, brief cooling with a water bath to
maintain the temperature at 40-50°C (Note 8). After about 30 min the exothermic
reaction ceases. The mixture is then stirred at room temperature for 2 hr (Note 9). The
remaining hydrogen peroxide is decomposed by careful dropwise addition (Note 10)
of an aqueous 50% solution of sodium thiosulfate pentahydrate (ca. 30 mL) with
stirring over 30 min, during which time the temperature is maintained near 30°C by

intermittent cooling with an ice bath (Note 11). A negative starch-iodide test is
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observed (Note 12). A white precipitate forms and diethyl ether (ca. 100 mL) is added
to ensure further precipitation. The mixture is filtered with suction and the filter cake is
washed with three 20-mL portions of diethyl ether. The combined filtrate and washes
are concentrated with a rotary evaporator at 50°C/water aspirator pressure until much
of the water has been removed. The remaining oil is diluted with diethyl ether (ca. 200
mL), transferred to a separatory funnel and washed with saturated aqueous sodium
chloride solution to remove the remaining water. The organic layer is separated, dried
over magnesium sulfate, filtered, and concentrated with a rotary evaporator to give a
colorless solid. The solid is dissolved in a 10:1 mixture of hexane - ethyl acetate (75
mL) at reflux, and the hot soiution is filtered. The filtrate is allowed to cool to room
temperature and finally is kept at 0°C for 2 hr. The crystals are separated with suction,
washed with cold hexane/ethyl acetate (10:1, 10 mL), and dried under high vacuum at
room temperature. There is obtained 7.54 g (77%) of 1-(hydroxymethyl)cyclohexanol
as white crystals, mp 76.0-76.2°C {(Notes 13, 14).

2. Notes

1. {Isopropoxydimethylsilyl)methyl chloride2 is readily prepared from
{chlorodimethylsilyl)methyl chioride by treatment with isopropyl alcohol (1.1 equiv) and
triethylamine (1.1 equiv) in diethyl ether at room temperature (0.5 hr) and then at refiux
ternperature (0.5 hr). After filtration of the white salt, the filtrate is washed successively
once with water, twice with 0.1 N hydrochloric acid, once with an aqueous 10%
solution of sodium hydrogen carbonate and once with water, then dried over sodium
sulfate. Filtration and distillation give the product in 80% yield, bp 65-67°C/50 mm, as
an air-stable, colorless liquid. The checkers used commercially available material

purchased from Aldrich Chemical Company, inc.
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2. Tetrahydrofuran (THF) was distilled from lithium aluminum hydride under
nitrogen (Caution: See Org. Synth., Coll., Vol. V1973, 976 for a warning regarding
the purification of tetrahydrofuran. The checkers employed THF that had been purified
by distillation from sodium and benzophenone.).

3. The color of the mixture lightened slightly.

4. Care must be taken not to raise the temperature since p—elimination of the
B-hydroxysilane can result.

5. The remaining oil appeared as one spot on silica gel TLC, Ry = 0.8
(hexane/ethyl acetate 1:1), and showed the following 1H NMR spectrum (CDClg, 300
MHz) 3: 0.19 (s, 6 H Si(CH3)2), 1.01 (s, 2 H, CH2Si), 1.20 (d, 6 H, J = 6, CH(CH3)2),
1.38-1.75 (m, 10 H, (CH2)5), 3.5 (s, OH), 4.04 (septet, 1 H, J =6, OCH(CH3)2).

6. Commercial reagent grade THF and methanol are used without further
purification.

7. Potassium fluoride of anhydrous grade was purchased from Nakarai
Chemicals. Ltd. This must be weighed quickly because it is highly hygroscopic. The
checkers used material purchased from Allied Chemical Company.

8. The oxidation is so exothermic that the temperature reaches 60-65°C in 10
min if no external cooling is applied.

9. Completion of the oxidation was confirmed by TLC on silica gel: Ry of the
product diol is 0.4 (hexane/ethyl acetate 1:1).

10. Care must be taken not to add the thiosulfate solution in one portion;
otherwise a violent, uncontroliable reaction might suddenly occur.

11. The reaction temperature should be monitored carefully. If it falls below
10°C, the cooling bath should be removed to allow the mixture to warm to ca. 30°C.

12. If the test is still positive, thiosulfate solution should be added until a
negative test is attained. The checkers found EM Quant Peroxide Test Strips obtained

from EM Science to be more sensitive than conventional Ki-Starch test paper.
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13. The reported melting point is 75-76°C.3

14. 1-(Hydroxymethyl)cyclohexanol exhibits the following spectral properties:
1H NMR (300 MHz, CDClg) 8: 1.25-1.70 (broad m, 10 H, (CHz)s), 2.12 (s, 1 H, OH),
2.37 (t, 1 H, J = 6, OH), 3.45 (d, 2 H, J = 6, CH20H); IR (KBr) cm-1: 3700-3020 (strong),
2920 (strong) 2845 (strong); Mass spectrum (24 eV): m/z (relative intensity) 130 (M+,

0.3), 99 (100), 81 (67); High resolution mass spectrum: Caled for C7H1402, 130.0992;
Found, 130.0969.

3. Discussion

This procedure for the preparation of 1-(hydroxymethyl)cyclohexanot is a
modification of that reported by the submitters.4 While 1-(hydroxymethyl)cyclohexanol
has been conventionally prepared from methylenecyclohexane by dihydroxylation5@ or
from cyclohexanone in three steps through the cyanohydrin,50 the present method
consists of an alternative route from cyclohexanone via nucleophilic
hydroxymethylation.

Although nucleophilic hydroxymethylating agents (hydroxymethyl anion
synthons) or alkoxymethyl anions could be of great use in synthetic organic
chemistry,8 only a few agents of this type have been developed so far. They include
MeOH/TiClg/hv,7 BugSnCH20H/BuLi,8 tert-BUOCH,Li,% HSiIR3/CO/Co2(CO)g,0
PhCH20CH2Cl/Smiz, 11 ArCO2CHaLi/LiAIH4,12 RpBCH2LI/[O],13 and
(Me3SiO)CH=C(OSiMe3)2.14 These methods are not as convenient or widely

applicable as the method reported here. Two points deserve comment.
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)
(i-PrO)Me,SiCH,MgCl = HOCH,
1

(I-PrO)MGZSICHZMgCI + = — (i-PrO)MezsiCHz‘E — HOCHZ'E

In addition to the (isopropoxydimethylsilyl)methyl Grignard reagent, (iso-
PrO)Me2SiCHzMgCl (1), the (diisopropoxymethylsiIyl)methyl counterpart, (iso-
Pro)aMeSiCH2aMgCl (2), has also been used as a nucleophilic hydroxymethylating
agent.15 Despite labile alkoxy group(s) on silicon, the Grignard reagents are readily
prepared in a normal manner in greater than 90% yields, and are sufficiently stable to
be stored at room temperature for at least 2 days with little decrease in activity. The
mono-isopropoxy Grignard reagent (1) is recommended as the reagent of first choice.
Its precursof, (isopropoxydimethylsilyl)methyl chloride, is readily available at lower
cost, and the reaction products, (iso-PrO)Me2SiCH2E, are more stable not only to
aqueous work-up under weakly basic and acidic conditions, but also to silica gel
chromatography.

The present method is based on the oxidative cleavage reaction of the silicon-
carbon bond by hydrogen peroxide.1® The presence of at least one heteroatom on
silicon is essential for the oxidative cleavage. Thus, the silicon-carbon bonds in hydro-,
fluoro-, chloro-, alkoxy-, or amino-silanes are cleaved oxidatively to give the
corresponding hydroxylated products. Although the oxidation may be performed in
several ways, the following conditions (involving weak base and fluoride ion), may be
the most efficiont and most widely applicable: 30% H202 (1.2 equiv/Si-C bond),
KHCO3 (1 molar equiv), KF (2 molar equiv), MeOH/THF (1:1), room temperature.
Under these conditions, the reaction usually occurs exothermically and is typically
complete in several hours. Functional groups such as olefin, aldehyde, ketone, ester,

amine, ether, ketal and tert-butyldimethyisiloxy groups, and furan, thiophene, and
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pyridine rings are stable under the oxidation conditions. The oxidation proceeds with k

complete retention of configuration at an sp3 carbon. The oxidation has been
considered to proceed through intramolecular migration of an organic group from
silicon to the adjacent oxygen atom in penta- or hexacoordinate hydroperoxysilicon
intermediates, as shown in Scheme 1 where X stands for a functional group. The
oxidation has found a variety of synthetic applications.17

Scheme 1
Lo Si + HOOH —o . é, —
L/ \R base L/l ~»,
F |
OH
R (')
w |l
'Si—0 20 ROH
] (in situ)
F

Several representative examples of nucleophilic hydroxymethylation of
aldehydes, ketones, organic halides, tosylates, and epoxides are summarized in Table
l. The oxidation conditions given in the original literature are not necessarily optimum,
and results may be improved by use of the oxidation method employed here. These

results, summarized in Table I, demonstrate the general applicability of the silicon-
based nucleophilic hydroxymethylation.
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TABLE
Nucleophilic Hydroxymethylation of Aldehydes, Ketones,
: a
Organic Halides, Alcohols, and Epoxides.

Overali
Starting Material Product isolated yield Ref.
(%)
/\/:r cHo /\/)/K, &7 4
)\/\CHO )\/\(\ - .

OH
OH
OH
OH
o OH
OH
Mol d/\OH &
OH
OH
OH
OH
! oH
° H
o
(o]

3

. SOV

N
K

PN 67
ANNTNN0H
(via tosylate)
AN /\/\/Y\ y
(o]

OH OH

15

20

2 Introduction of the silylmethyl group into organic halides, tosylates, and epoxides is achieved by
nickel-, palladium-, or copper-catalyzed cross-coupling reactions.
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Appendix
Chemical Abstracts Nomenciature (Collective Index Number);

(Registry Number)

1-(Hydroxymethyl)cyclohexanol: Cyclohexanemethanol, 1-hydroxy- (8,9);

(15753-47-6)
(Isopropoxydimethylsilylymethyl chloride: Silane, (chloromethyl)isopropoxydlmethyl-

(9); (18171-11-4)
Cyclohexanone (8,9); (108-94-1)
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HYDROMAGNESIATION REACTION OF PROPARGYLIC ALCOHOLS:
(E)-3-PENTYL-2-NONENE-1,4-DIOL FROM 2-OCTYN-1-OL

=~ “OH MgCl
A /\/\/\ (CH3)2CHCH;MgCI
Cp2TiCly > N
1 OMgClI
2
HO
B. 2 4+ _~U~_CHO Q
4 OH

Submitted by Fumie Sato and Yuichi Kobayashi.!
Checked by Zuliang Zhou and Ekkehard Winterfeldt.

1. Procedure

A. The Grignard reagent 2. A dry, 500-mL, three-necked, round-bottomed flask
containing a magnetic stirring bar is equipped with a 100-mL pressure equalizing
dropping funnel, a glass stopper, and a two-way stopcock to which is attached a T-
piece connected at one end to a supply of nitrogen, and at the other to an oil bubbler
(Note 1). The flask is charged with a solution of isobutylmagnesium chioride in ether
(320 mL, 0.75 M, 240 mmol) (Notes 2 and 3) and immersed in an ice-water bath.
Titanocene dichloride (1.3 g, 5.2 mmol) (Note 4) is added at once and the resulting
solution is allowed to stir at 0°C for 10 min. A solution of 2-octyn-1-ol (1) (13.2¢g, 105
mmol) (Note 5) in ether (30 mL) (Note 3) is placed in the dropping funnel and added
dropwise to the flask over 20 min at 0°C. The solution is stirred at room temperature

for 4 hr to complete the reaction, affording Grignard reagent 2 (Notes 6, 7, and 8).
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B. (E)-3-Pentyl-2-nonene-1,4-diol (4). Half the amount of the Grignard reagent
2 prepared according to Procedure A is diluted with ether (160 mL) and cooled in an
ice-water bath to 0°C. A solution of hexanal (9.25 g, 92.5 mmol) (Note 9) dissolved in
ether (30 mL) (Note 3) is added through the dropping funnel over 30 min with efficient
stirring. After the addition is complete, the solution is stirred at 0-5°C for 2 hr and then
poured into saturated ammonium chloride solution (300 mL). The mixture is stirred at
0°C for 1 hr. The resulting precipitate is removed by filtration through a pad of Celite
(70 x 24 mm) under reduced pressure and the precipitate is washed with ethyl acetate
(100 mL). The organic layer is separated and the aqueous phase is extracted with
ethyl acetate (150 mL). The combined organic layers are dried over magnesium
sulfate and concentrated under reduced pressure to leave an oil which is purified by
column chromatography on silica gel (Notes 10 and 11) to afford 4 (7.0-7.4 g, 59-62%
yield) (Note 12).

2. Notes

1. Reactions A and B are carried out under a nitrogen atmosphere. The
submitters used argon.

2. A solution of isobutylmagnesium chloride in ether was prepared using
isobutyl chloride (13.8 g, 150 mmol), magnesium turnings (4.05 g, 165 mmol), and
ether (175 mL) aécording to the procedure for the preparation of sec-butylmagnesium
chloride reported by Gilman and Kirby.2 The checkers found that this solution
contained about 145 mmol of isobutylmagnesium chioride.

3. Ether and tetrahydrofuran were distilled from benzophenone ketyl under an
argon atmosphere.

4. Titanocene dichloride was purchased from Aldrich Chemical Company, Inc.,

and used without further purification.
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5. Alcohol 1 was prepared according to the procedure of Rickards and Weiler3
and distilled under reduced pressure (102-108°C/15 mm) before use. This material is
also commercially available from Farchan Laboratories, Inc. The checkers obtained it
from Lancaster Chemical Co.

6. The checkers found that Grignard reagent 2 could not be obtained
quantitatively although all of the isobutylmagnesium chloride had reacted. The end
point of the reaction was determined by TLC analysis of a small amount of reaction
mixture after hydrolysis. 2-Octyn-1-ol (1) and (Z)-2-octen-1-0l (3), have Rf values of
0.53 and 0.47, respectively (using Silica Gel 60 F2s4 pre-coated TLC aluminum sheets
and benzene-ethyl acetate (1:1) as developing agent). If the reaction is not complete,
an additional amount of titanocene dichloride shouid be added to the solution which is
cooled again to 0°C before the addition.

7. The submitters report that, if this solution is poured into 1 N hydrochloric acid
and ice and worked up in the usual manner, (Z)-2-octen-1-ol (3) may be obtained in
86% yield by distillation, bp 97-101°C (12 mm). This product has the following
spectra: IR (neat) cm™1: 3290, 1457, 1014; 'H NMR (90 MHz, CCly, (CH3)4Si, D20) 5:
0.88 (t, 3H, J = 6), 1.05-1.57 (m, 6 H), 1.85-2.22 (m, 2 H), 4.03 (d, 2 H, J = 5), 5.27-5.65
(m, 2H).

8. The submitters report that, if this solution is concentrated, then dissoived in
tetrahydrofuran and treated with methyl iodide, (Z)-3-methyl-2-octen-1-ol (5) may be
obtained after silica gel chromatography using hexane-ether as eluent. This product
has the following spectra: IR (neat) cm1: 3305, 1447, 1000; 'H NMR (90 MHZ, CClg,
(CH3)4Si, D20) &: 0.88 (t, 3 H, J = 6), 1.1-1.6 (m, 6 H), 1.68 (s, 3 H), 1.9-2.2 (m, 2 H),
399(d,2H,J=6),529(t, 1 H,J=6).

9. Hexanal was used as supplied by Tokyo Kasei Kogyo Co., Ltd. (Japan). The

checkers obtained it from Aldrich Chemical Company, Inc.
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10. Silica gel (100-200 mesh) was purchased from Wako Pure Chemical

Industries, LTD (Japan).
11. A silica gel column (225 g, 60 x 210 mm) is used with a mixiure of benzene

and ethyl acetate as an eluent [Ry value (benzene-ethyl acetate = 1:1): 3, 0.47; 4,
0.23]. Distiliation of product 4 under reduced pressure caused partial decomposition

(bp 120-155°C/0.25 mm).
12. Diol 4 has the following spectra: IR (neat) cm-1: 3300, 1468, 1020; TH NMR

(90 MHz, CDCl3, (CH3)4Si, D20) &: 0.89 (t, 6 H,J=6),1.1-1.7 (m, 14 H), 1.9-22 (m, 4
H), 4.02 (m, 1 H), 4.20 (d, 2 H, J = 6), 5.63 (t, 1 H, J = 6). With D20 exchange thereis a
change in the range of & 1.9-2.2 (m, 2 H).

3. Discussion

In 1962 Cooper and Finkbeiner reported the titanium chloride (TiCls)-catalyzed
exchange reaction of an alkyl Grignard reagent (RMgX) ha\)ing B-hydrogen(s) with
olefins (eq. 1).4 In this reaction, RMgX can be formally regarded as a source of HMgX
which adds to the olefins, and hence this reaction is known as the hydromagnesiation

reaction.

RMgX + RCH=CH, _TiCs _  R'CH=CH, + RCH,CHMgX

(R"CH,CH, = R)

Since then, hydromagnesiation of other unsaturated hydrocarbons such as
conjugated dienes and acetylenes has been investigated intensively.5.6

Hydromagnesiation of 2-alkyl substituted 1,3-butadienes has been shown to proceed
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regiospecifically by using Cp;TiClz as a catalyst to afford the corresponding allylic

Grignard reagent shown in eq. 2 quantitatively.”

R R

CpeTi
w +  n-PrMgBr e \/\,MgBr (2)

Cp2TiClp-catalyzed hydromagnesiation of acetylenes with isobutyl Grignard
reagents has also been shown to provide a convenient and practical method for
preparation of various vinyl Grignard reagents. The acetylenes so far examined
include 1,2-dialkylacetylenes 6 (eq. 3), 1-(trimethylsilyl)acetylenes 7 (eq. 4),8
propargyl alcohois 8 (eq. 5),° and 3-(trimethylsilyl)propargy! alcohol (9) (eq. 6).10
Although the reaction occurs with low regioselectivity for unsymmetrical
dialkylacetylenes 6, high regioselectivity is attained in the case of 7, 8, and 9.
Acetylenes 6, 7, and 8 afford the corresponding vinylmagnesium halides in which
HMgX adds in a syn pathway to the triple bond, while 9 affords the anti-addition
product.- In the latter case, hydromagnesiation follows the syn pathway to yield the
corresponding (Z)-alkeny! Grignard reagent first, which, however, isomerizes rapidly
under the reaction conditions to the (E)-alkenyl Grignard reagent. Since the
hydromagnesiation reaction of 7,8, and 9 proceeds highly regio- and
stereoselectively, the reaction has become a powerful synthetic tool for utilization in

organic syntheses. Some of the examples are given in the Table.
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_ MgX
R1—-C=C-R? R1)\| . R1/\r g
6 R? R?
RI-C=C-SiMe; — o Aty X
7 SiMe,
MgX
R'-C=C-CH,OH —mM———» R
8
OMgX
MgX
Me;Si—C=C-CH,OH ———— Measi)\/\omgx
9

1. Department of Chemical Engineering, Tokyo Institute of Technology, Meguro,
Tokyo 152, Japan. Present address: Department of Biomolecular Engineering,
Tokyo Institute of Technology, Meguro, Tokyo 152, Japan.

2. Gilman, H.; Kirby, R. H. Org. Synth.,Coll. Vol. | 1941, 361.

3. Rickards, G.; Wailer, L. J. Org. Chem. 1978, 43, 3607.

4. Cooper, G.D.; Finkbeiner, H. L. J. Org. Chem. 1962, 27, 1493; Finkbeiner, H.
L.; Cooper, G. D. J. Org. Chem. 1962, 27, 3395.

5. Horeau, A.; Ménager, L.; Kagan, H. Bull. Soc. Chim. Fr. 1971, 3571; Eisch, J. J.;
Galle, J. E. J. Organometal. Chem. 1978, 160, C8; Farady, L.; Bencze, L.; Marko,
L. J. Organometal. Chem. 1967, 10, 505; Farady, L.; Bencze, L.; Marko, L. J.
Organometal. Chem. 1969, 17, 107; Farady, L.; Marké, L. J. Organometal.
Chem. 1971, 28, 159; Snider, B. B.; Karras, M.; Conn, R. S. E. J. Am. Chem.
Soc. 1978, 100, 4624; Colomer, E.; Corriu, R. J. Organometal. Chem. 1974, 82,
367.

111



© @ N o

10.

11.

12.

13.

Sato, F. J. Organometal. Chem. 1985, 285, 53.

Sato, F.; Ishikawa, H.; Sato, M. Tetrahedron Lett. 1980, 21, 365.

Sato, F.; Ishikawa, H.; Sato, M. Tetrahedron Lett. 1981, 22, 85.

Sato, F.; Ishikawa, H.; Watanabe, H.; Miyake, T.; Sato, M. J. Chem. Soc., Chem.
Commun. 1981, 718.

Sato, F.; Watanabe, H.; Tanaka, Y.; Sato, M. J. Chem. Soc., Chem. Commun.
1982, 1126.

Sato, F.; Watanabe, H.; Tanaka, Y.; Yamaiji, T.; Sato, M. Tetrahedron Lett. 1983,
24, 1041.

Sato, F.; Tanaka, Y.; Sato, M. J. Chem. Soc., Chem. Commun. 1983, 165; Satc
F.; Kanbara, H.; Tanaka, Y. Tetrahedron Lett. 1984, 25, 5063.

Sato, F.; Katsuno, H. Tetrahedron Lett. 1983, 24, 1809.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)

2-Octyn-1-ol (8,9); (20739-58-6)
Titanocene dichloride: Titanium, dichloro-n-cyclopentadienyl- (8);
Titanium, dichlorobis(n5-2,4-cyclopentadien-1-yl)- (9); (1271-19-8)

Hexanal (8,9); (66-25-1)
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1
9
12

13

Ref.

Yield
%
78-86
83
86

Product
Measi
CH,
CeH13
Messi

Mel
EtCN

Iy

CHa)LCus

Electrophile

Table

Vinylmagnesium
OMgCl

Halide
MgCl
MgCl
MgBr
OMgBr

=N
] omC
MegSi.y . OMgBr

BrMg

Megsi

Br
Cl
Cl
Br
Br

i-BuMgX
Br

SiMea
OH

Starting

Acetylene
OH

~ “oH
OH

Vle:;Si
wessi



DIRECT NUCLEOPHILIC ACYLATION BY THE LOW TEMPERATURE,
IN SITU GENERATION OF ACYLLITHIUM REAGENTS; a-HYDROXY
KETONES FROM KETONES: 3-HYDROXY-2,2,3-TRIMETHYLOCTAN-
4-ONE FROM PINACOLONE
(4-Octanone, 3-hydroxy-2,2,3-trimethyl-)

9 -110°C RT 9 9“3
C4Heli + CO + CHCC(CH3z)y —Sp 29 NGl C4H90—C|:—C(CH3)
OH

Submitted by Richard Hui and Dietmar Seyferth.1
Checked by Hiroshi Koyano and Ryoj Noyori.

1. Procedure

A 2-L, three-necked flask was equipped with an overhead mechanical stirrer, a
Claisen adapter which contained a low-temperature thermometer, and a no-air
stopper which held a gas dispersion tube for the introduction of carbon monoxide
(Note 1). The flask was charged with 400 mL each of tetrahydrofuran (THF) and
diethyl ether, 100 mL of pentane, and pinacolone (7.92 g, 79.1 mmol) (Note 2). The
reaction solution was cooled to -110°C (Notes 3 and 4) under an argon atmosphere
and carbon monoxide (Note 5) was bubbled in for 30 min. Then a solution of
butyllithium (2.53 N solution in pentane, 31.0 mL, 78.43 mmol) (Note 6) was added at
0.6-1.0 mL/min by means of a syringe pump (Note 7). The reaction mixture was
orange after the addition had been completed. The reaction mixture was stirred at
-110°C for 2 hr while the carbon monoxide stream was continued. The liquid nitrogen
Dewar was removed, and the reaction mixture was allowed to warm to room

temperature over the course of 1.5 hr, during which time the color changed to yellow.
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The reaction mixture subsequently was quenched by the addition of 300 mL of
saturated ammonium chioride solution, which resulted in a light yellow organic layer
and a clear, colorless aqueous phase. The aqueous layer was separated and washed
twice with 100 mL of pentane. The organic layers were combined, dried over
anhydrous magnesium sulfate and filtered. The solvents were removed by fractional
distillation (9" Vigreux column). The residue was distilled through a 7-cm jacketed

column to give 9.7-10.8 g (67-73%) of 3-hydroxy-2,2,3-trimethyloctan-4-one, 97%
pure by GLC, bp 120-122°C (30 mm), and ngo 1.442 (Note 8).

2. Notes

1. All glassware was dried for 15 hr in an oven at ca. 110°C and assembled
while still warm.

2. Tetrahydrofuran (THF) and ether were distilled from sodium benzophenone
ketyl. Pentane was distilled from lithium aluminum hydride and stored in bottles under
a positive pressure of nitrogen. Pinacolone was distilied from potassium carbonate
prior to use, bp 106°C (760 mm).

3. Total immersion type low temperature pentane thermometers (Kessler) were
used to measure the temperature in the partial inmersion mode. The readings are
usually 7-8°C higher compared to the actual temperature under our reaction
conditions. The temperatures reported here are all corrected by subtracting 7°C from
the thermometer readings. The checkers used a Delta MC-20R digital thermometer
(Sato Keiryoki Co., Japan). Temperature control is very important to obtain a
satisfactory yield.

4. The temperature was controlled by moving a liquid nitrogen-filled Dewar

flask up and down with a lab jack.
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5. Carbon monoxide, purchased from Matheson Gas Products or Nihon Sansq
Co., was used without further purification.

6. Butyllifhium in pentane was purchased from Alfa Products, Morton/Thiokgi
Inc. and was titrated by the method of Gilman and Cartledge.28 The checkers usedﬂ%
1.66 N hexane solution purchased from Mitsuwa Chemical Co. after titration by th§
Kofron-Baclawski procedure.2b

7. Orion Research Inc., Model 341 was used. Alternatively, if a syringe pump ig
not available, the organolithium solution may be added manually by syringe, ve;j
slowly and at a reasonably constant rate.

8. GLC conditions were as foliows: 2 m x 5-mm glass column packed with
20% silicone SE-30 on chromosorb W AW; gas flow: 0.8 kg/cm?2; temperature program
100-275°C at 6°C per minute; retention times: n-CgHzg, 4.9 min; 3-hydroxy-2,2,3-
trimethyloctan-4-one, 12.5 min. Spectral properties of the product are as follows: IR
(thin film, NaCl) cm-1: 3350-3580 (br, s, v-OH), 2985 (s), 2872 (m), 1695 (s, v C=0),
1480 (m), 1465 (s), 1462 (s), 1395 (s), 1220 (m), 1170 (m), 1125 (s), 1040 (s), 990 (m),
910 (m); TH NMR (270 MHz, CDCl3) 5: 0.92 (t, 3 H, J = 7.3, CHz-CHa), 0.97 (s, 9 H,
C(CH3)a), 1.33 (tq, 2 H, J = 7.3, 7.3, CH2=CH3), 1.34 (s, 3 H, CH3), 1.60 (i, 2H, J = 7.6,
7.6, CH2CH2C(0)), 2.52 (dt, 1 H, J = 15.2, 7.6, a proton of CH2C(0)), 2.60 (dt, 1 H, J =
15.2, 7.6, a proton of CH2C(O)), 3.64 (s, 1 H, OH).

3. Discussion

In situ generated acyllithium reagents not only can acylate ketones, but also can
acylate aldehydes,3 esters,4 lactones,5 isocyanates and isothiocyanates,6
carbodiimides,’ carbon disulfide and carbonyl sulfide,8 organic disulfides,® and
trialkylchlorosilanes.10 For reviews, see references 11 and 12. This direct,

nucleophilic acylation procedure, when applicable, makes unnecessary the usually
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applied method of "masked acyl anion equivalents” for nucleophilic acylation.13 The
present procedure finds only very limited applicability in the case of aryllithium/CO

systems.14 but seems to be generally applicable to alkyllithium systems.
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1985, 59, 335; Chem. Abstr. 1988, 108, 6056t.
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14. Seyferth, D.; Wang, W.-L.; Hui, R. C. Tetrahedron Lett. 1984, 25, 1651. Table
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PROPARGYLATION OF ALKYL HALIDES: SYNTHESIS OF
(E)-6,10-DIMETHYL-5,9-UNDECADIEN-1-YNE AND
(E)-7,11-DIMETHYL-6,10-DODECADIEN-2-YN-1-OL
(5,9-Undecadien-1-yne, 6,10-dimethyl-, (E)-) and
(6,10-Dodecadien-2-yn-1-0l, 7,11-dimethyl-, (E)-)

Cl
+ 'C3H2Li2"
1
N
Li
2
A | B.
HO a. (CH20)n
b. H,0
N XD

OH

Submitted by John Hooz,1* Jorge Cabezas,2 Sergio Musmanni,2 and Jose Calzada.2’

Checked by Hanno Wild, Andreas Weier, and Larry E. Overman.
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1. Procedure

Caution! Allene and ethyl ether are highly volatile and flammable.
Paraformaldehyde is a noxious material. The entire operation should be conducted in
an efficient fume hood.

A. (E)-6,10-Dimethyl-5,9-undecadien-1-yne. An oven-dried (Note 1), 1-L,
three-necked, round-bottomed flask is equipped with a large magnetic stirring bar
(Note 2), a 250-mL pressure-equalizing addition funnel capped by a rubber septum
(Note 3), a dry ice condenser capped by a rubber septum, and a rubber septum
(capping the central neck) bearing a stainless steel cannula which serves as an argon
inlet. The flask is charged with 190 mL of anhydrous ethyl ether (Note 4) and cooled to
ca. -78°C using a dry ice-acetone bath. On a separate assembly (Note 5), allene gas
(d at -40°C = 0.67 g/mL) from a compressed gas cylinder (Note 6) is condensed into a
dry, 100-mL Pyrex graduated cylinder equipped with a 24/40 standard taper joint
attached to a Claisen adapter and dry ice condenser (containing a slurry of dry ice-
acetone) and cooled to -78°C with a bath of dry ice-acetone (Note 7). After 22.5 mL
(375 mmol) of liquid allene has been collected, the adapter and condenser are
removed and the graduated cylinder is capped with a rubber septum through which is
inserted a cannula. The other end of this cannula is inserted through the rubber
septum on the central neck to reach just below the surface of the cooled solvent. The
allene is then transferred to the reaction vessel by removing the cylinder from the
cooling bath. The temperature of the reaction vessel is maintained at -78°C, and a
solution of 190 mL of 1.37 M butyllithium (260 mmol) in hexane (Note 8) is added
dropwise over 1 hr through the addition funnel which is then rinsed with 5 mL of dry
ether. The reaction mixture is allowed to warm gradually (over ca. 30 min) to -15°C
and the white precipitate that forms is stirred an additional 15 min under an argon

atmosphere. A solution of 12.9 g (75 mmol) of geranyl chloride (Note 9) in 40 mL of
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dry ether is added dropwise over 30 min through the addition funnel while maintaining
the temperature at -15°C. Then the stirred mixture is allowed to warm to room
temperature over 1 hr (Note 10). The resulting white suspension containing the lithium
acetylide 2 is carefully poured into 450 mL of ice water slurry, the aqueous layer is
saturated with sodium chloride, and the product is extracted with four 100-mL portions
of ether. The combined extracts are dried over anhydrous magnesium sulfate, the
drying agent is removed by filtration, and the solvent is distilled at atmospheric
pressure using a 25-cm Vigreux column. The residue is distilled through a short-path
distillation apparatus to afford 10.5-11.2 g (79-89% yield) of (E)-6,10-dimethyl-5,9-
undecadien-1-yne, bp 103-107°C (10 mm) (Note 11).

B. (E)-7,11-Dimethyl-6, 10-dodecadien-2-yn-1-ol. To the suspension containing
the acetylide intermediate 2, as prepared in part A, is added 14 g (460 mmol) of
paraformaldehyde (Note 12) in portions (Note 13) over 10 min (Note 14). After stirring
the mixture for 24 hr, the resulting suspension is poured into 450 mL of ice-cold watei
(Note 15), the aqueous layer is saturated with sodium chloride, and the product is
extracted with four 100-mL portions of ether. The combined organic extracts are dried
over magnesium sulfate, the drying agent is removed by filtration, and the solvent is
removed at room temperature on a rotary evaporator. The residue is distilled through
a shont-path distillation apparatus to provide a forerun of 2-butyn-1-ol (bp 42-46°C, 6
mm), followed by 10.5 g (68% yield) of (E)-7,11-dimethyl-6,10-dodecadien-2-yn-1-ol
as a colorless fiquid, bp 120-124°C (0.5 mm) (Note 16).

2. Notes

1. All glassware is dried in an oven at 125°C and assembled while warm.
2. Although the reaction mixture will become heterogeneous, mechanical

stirring is unnecessary on this scale.

122

3. A stainless steel cannula inserted through this septum is connected by
means of tygon tubing to a mercury bubbler.

4. Ethyl ether is freshly distilled from the sodium ketyl of benzophenone.

5. This is an adaptation of the method used to condense methyl chloride,
illustrated in Figure 1 of an Organic Syntheses procedure (Lusch, M. J.; Phillips, W. V;
Sieloff, R. F.; Nomura, G. S.; House, H. O. Org. Synth., Coll. Vol. 7, 1990, 347).

6. The submitters used allene purchased from Matheson Gas Products, Inc.
The checkers found that an old lecture bottle of allene from this source gave
unsatisfactory results, affording a crude product that contained up to 20% of
unchanged geranyl chloride. Other lecture bottles of allene from Matheson or Pfaltz
and Bauer were satisfactory.

7. All temperatures recorded are external bath temperatures.

8. A solution of butyllithium in hexane was purchased from Foote Mineral
Company. Before use the concentration is determined by titration according to the
procedure of Watson and Eastham.3

9. Geranyl chloride was prepared by treating geraniol, available from Aldrich
Chemical Company, Inc., with carbon tetrachloride and triphenylphosphine according
to an Organic Syntheses procedure.4

10. If dienyne product containing less than 1% of geranyl chloride is required,
the checkers suggest the following treatment at this point to destroy any remaining
geranyl chloride: The addition funnel is removed and a gentle stream of argon is
bubbled through the stirred reaction mixture for 15 min to remove excess allene.
Additional butyllithium (40 mmol in hexane) is added and the resulting mixture is
stirred for 3 hr at room temperature prior to hydrolytic work up. |f this modification is
employed the subsequent hydrolysis step should be done slowly. The Erlenmeyer
flask (1 L) containing the ice/water mixture is best cooled externally with an ice bath

during the hydrolysis.
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The checkers also report that (E)-6,10-dimethyl-5,9-undecadien-1-yne
containing < 1% gerany!l chloride is produced in 78-90% yield when 2.0 mmol of
butyllithium per mmol of allene is employed.

11. Capillary GC analysis of the product using a 25-m fused silica DB-5 column
shows the presence of 5% geranyl chloride which is eluted at a slightly shorter
retention time than the enyne product. Similar analysis of the product produced (in
89% vyield) by the modification reported in Note 10 showed that the product was > 96%
pure and contained < 1% of geranyl chioride. Spectral properties for (E)-6,10-
dimethyl-5,9-undecadien-1-yne are: IR (thin film) cm-1: 3312, 2119, 1665; TH NMR
(300 MHz, CDCl3) &: 1.58 (s, 3 H), 1.60 (s, 3 H), 1.66 (s, 3 H), 1.97-2.14 (m, 4 H), 2.22
(narrow m, 4 H), 5.11 (m, 2 H), 5.19 (m, 1 H).

12. Paraformaldehyde is dried over P20s in a vacuum desiccator for 24 hr prior
to use.

13. The dropping funnel is removed and replaced by a 250-mL Erlenmeyer flask
containing the paraformaldehyde. This is connected to the reaction vessel by rubber
tubing. The cannula previously attached to the mercury bubbler is inserted through
the septum of the dry ice condenser.

14. The reaction with paraformaldehyde has an induction period of
approximately 7-10 min, when the solvent suddenly begins to boil. The dry ice
condenser should be kept charged with dry ice-acetone to avoid loss of solvent.

15. In some runs the checkers found that the siurry became too thick to stir. In
these cases, the ice-cold water (450 mL) was added to the reaction flask while stirring
the solid mass with a large spatula. The final yield of the alcohol product was similar
in these runs. Alternatively the reaction flask can be mechanically stirred.

16. The purity of the product was determined to be 92-94% by capillary GLC
analysis using a fused silica 25-m x DB-5 column, 70-280°C (10°C/min). The spectral
properties of the product are as follows: IR (thin film) cm-1: 3334, 2287, 2224, 1670

124

and 1020; TH NMR (500 MHz, CDCl3) 8: 1.50(t, 1 H, J = 10.8), 1.60 (s, 3H), 1.61 (s, 3
H), 1.68 (s, 3 H), 1.99 (m, 2 H), 2.07 (m, 2 H), 2.22 (narrow m, 4 H), 4.25 (d, 2H, J =
10.8), 5.09 (m, 1 H), 5.16 (m, 1 H). Vinylic signals for minor impurities are apparent at
54.7-4.9.

3. Discussion

The highly-useful three-carbon homologation, RX—RCH2C=CH, often
employed in isoprenoid-related syntheses (e.g., sirenin,5> C1g-Cecropia juvenile
hormone,8 16,17-dehydroprogesterona?) is frequently difficult to accomplish cleanly
pecause of the tendency of ambident propargylic nucleophiles, R-C=C-CH2M, 3, to
produce troublesome mixtures of both the allenic and acetylenic products.8.9.10
Propargyl alanates 3 [M=Al(i-C4Hg)3], for example, couple with allyl bromide to
produce mainly the corresponding allene (< 4% acetylene), whereas the analogous
borate complex 3 [M=B(sec-C4Hg)3] produces an 83:17 mixture of the corresponding
allene:acetylene.11 The "propargy!l" Grignard reagent!2 also couples with allylic
halides7.13.14 to produce acetylenic-allenic mixtures, for which a separation
procedure has been developed based on trimethylsilylation of the crude product
mixture.13 An indirect procedure employing lithio-1-trimethylsilylpropyne initially
produces the trimethylsilyl-protected acetylene (50-55%), from which the required
homologated alkyne is liberated by reaction with ethanolic siiver nitrate followed by
sodium cyanide.15 1,3-Dilithiopropyne in either tetramethylethylenediamine or 1,4-
diazabicyclo[2.2.2]octane is reported to couple with simple halides!€ to form
acetylenes in moderate yield, although it fails to couple cleanly with allylic halides.'?

The present procedure, based on the controlled lithiation of allene, produces
the operational equivalent of a propargyl dianion 1 (C3HzLi2), and provides a

convenient single-step route to propargylated derivatives. Lithiation of allene is
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dece ptively complex, and the extent of metalation (i.e., mono-, di-, tri-, tetra-) and the
regiochemical outcome of subsequent alkylation (allenic vs. acetylenic) is highly
dependent on reaction conditions. Metalation by butyllithium (1 equiv, THF, -70°C)
followed by alkylation with octyl iodide produced an 87:13 mixture of the
corresponding allene and acetylene,!® whereas an allene:C4Hgli ratio of 1:2 (THF,
-50°C) followed by trimethylsilylation, produced a mixture comprised of mono-, di-, tri-,
and tetra-silylated products.1® In the current procedure, the solvent ratio (v/v) of
ether:hexane of 1:1, as well as the stoichiometry and temperature, were empirically
determined, and under these conditions there was no detectable evidence (NMR,
GLPC) of isomeric allene formation in any of the alkylations examined, either for
simple or allylic halides.20 An additional advantage is that the initially-formed lithium
acetylide intermediate (e.g., 2) may be further transformed to other useful functional

derivatives in situ, as illustrated by the hydroxymethylation procedure.
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Appendix N-FLUOROPYRIDINIUM TRIFLATE:

Chemical Abstracts Nomenclature (Collective Index Number); AN ELECTROPHILIC FLUORINATING AGENT
(Registry Number) (Pyridinlum, 1-fluoro-, salt with trifluoromethanesulfonic acid (1:1))
(E)-6,10-Dimethyl-5,9-undecadien-1-yne: 5,9-undecadien-1-yne, 6,10-dimethyl-, A. | \: + F, + CF3SOgNa —_ || \/ + NaF
(E)- (8,9); (22850-55-1) N NI "0,SCF,
F

(E)-7,11-Dimethyl-6,10-dodecadien-2-yn-1-ol: 6,10-Dodecadien-2-yn-1-ol, 1 :

o) OSiMe;
7,11-dimethyl-, (E)- (8,9); (16933-56-5)
Allene (8); 1,2-Propadiene (9); (463-49-0) B. CF3S0,0SiMeg ‘s

—————
Butylithium: Lithium, butyl- (8,9); (109-72-8) BN oo O‘
CHZ0 H

Geranyl chloride: 2,6-Octadiene, 1-chloro-3,7-dimethyl-, (E)- (8,9); (5389-87-7) : ?
Paraformaldehyde (CH20)n: Poly(oxymethylene) (8,9); (9002-81-7) [Supplied by Alfa]
or Paraformaldehyde (CH20)x (9); (30525-89-4) [Supplied by Aldrich, Fischer, Fluka]

OSiMes . o)

“ » IIIIF
e T
CHL0

CHg0

Submitted by Teruo Umemoto, 12 Kyoichi Tomita,12b and Kosuke Kawada.?a.b

Checked by Shlomo Rozen and Bruce E. Smart.
1. Procedure

Caution! Molecular fluorine is a very toxic and corrosive gas. The following
reaction should be carried out in an efficient fume hood, and the experimenter should
be familiar with the precautions necessary for safe handling of fluorine.? Since

molecular fluorine diluted with an inert gas is much safer to handle than pure fluorine,
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the use of a fluorine/nitrogen mixture compnising no more than 20% fluorine is
recommended.

A. N-Fluoropyridinium triflate (1). The reaction is carried out in the apparatus
shown in Figure 1. The pressure regulator on the cylinder containing a mixture of 20%
fluorine/80% nitrogen (Note 1), and the pressure gauge and flowmeter on the fluorine
line are specifically designed for fluorine service (Note 2). The fluorine and nitrogen
cylinders, pressure regulators, flowmeters, valves, and fiiters are connected with
stainless steel tubing. The Pyrex glass reaction vessel is connected to the metal
tubing via Viton® tubing, and the fluorine gas is introduced into the vessel through a
Pyrex glass tube (7 mm o.d.). The gas outlet from the reaction vessel is connected to a
granular alumina trap which consumes molecular fluorine.

The 300-mL, round-bottomed reaction flask is charged with 4.74 g (0.06 mol) of
pyridine (Note 3), 10.3 g (0.06 mol) of sodium triflate (Note 4), and 80 mL of dry
acetonitrile (Note 5). The system is purged with nitrogen, and the reaction mixture is
chilled and maintained at -40°C. The flow of dilute fluorine is started, and the flow
rates from the nitrogen and fluorine cylinders are adjusted to introduce a 10%
fluorine/90% nitrogen mixture at a rate of 90 mL/min just above the surface of the
rapidly stirred solution (Note 6). When a total of 2.7 L of fluorine (0.12 mol) is
introduced (Note 7), the flow of fluorine is discontinued and nitrogen only is flowed
through the system at a rate of 45 mL/min for 30 min while keeping the reaction
mixture at -40°C. The reaction mixture is then warmed to room temperature and
filtered through a pad of Celite to remove the sodium fluoride. The filtrate is
concentrated to dryness with a rotary evaporator without heating. The crystalline
residue is washed with 30 mL of dry ethyl acetate to give 11.0-12.0 g (74-81%) of
crude product, mp 178-181°C. The crude material is dissolved in 18 mL of dry

acetonitrile at room temperature, and 36 mL of dry diethyl ether is added. The
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precipitated crystals are collected by filtration under nitrogen ( Note 8) to give 10.0-
10.3 g (68-70%) of pure N-fluoropyridinium triflate, mp 182°C (Notes 9, 10, and 11).

B. 3-Methoxy-17-trimethylsiloxy-1,3,5(10), 16-estratetraene. A 125-mL, two-
necked, round-bottomed flask equipped with a reflux condenser and a magnetic stirrer
is purged with argon and charged with 6.8 g (0.024 mol) of estrone 3-methyl ether
(Note 12), 50 mL of dry benzene, and 4.0 mL (2.9 g, 0.029 mol) of triethylamine. The
solution is stirred, 4.9 mL (5.6 g, 0.025 mol) of trimethylsilyi triflate (Note 13) is added
through a syringe, and the mixture is refluxed for 1.5 hr. The reaction mixture is
allowed to cool to room temperature, whereupon it separates into two layers. Dry
hexane (40 mL) is added, and the upper hexane-benzene layer is separated, washed
successively with saturated sodium bicarbonate and water, and then dried over
magnesium sulfate. The drying agent is removed by filtration, and the filtrate is
transferred to a 125-mL, round-bottomed, tared flask. The solution is evaporated to a
constant weight with a rotary evaporator, initially at water-aspirator pressure and then
at 0.5-1 mm, to leave 8.6 g (100%) of pale yellow enol trimethylsilyl ether. This
material is used immediately in Part C without purification (Note 14).

C. 16a—Fluoro-3-methoxy-1,3,5(10)-estratrien-17-one (16a—fluoroestrone 3-
methy! ether). The 125-mL, round-bottomed flask containing the enol silyl ether from
Part B is purged with argon, and 50 mL of dry dichloromethane is added. N-
Fluoropyridinium trifiate (1) (6.5 g, 0.026 mol) is added in one portion, and the mixture
is stirred at 20-25°C for 8 hr (Note 15). The reaction mixture is poured into water and
axtracted with three 60-mL portions of dichloromethane. The combined organic
extracts are washed with saturated sodium bicarbonate and then with water, and dried
over magnesium sulfate. The drying agent is removed by filtration and the solution is
evaporated to dryness with a rotary evaporator. The resulting pale yellow solid is
column-chromatographed on silica gel (250 g, 60 cm x 4.5 cm column) using

dichloromethane eluent (Note 16) to give 950 mg (14%) of estrone 3-methyl ether
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starting material and 4.8 g (66%) of 16a~fluoroestrone 3-methyl ether as a colorless

solid, mp 157°C (Notes 17, 18, 19).

2. Notes

1. A cylinder containing 20% fluorine/80% nitrogen was obtained from Air
Products & Chemicals, Inc.

2. The checkers used a Matheson model B15F-679 single-stage pressure
regulator, a model 63-5512 pressure gauge, and a model 7825 flowmeter. Information
on equipment designed to handle fluorine can be found in the bulletin Tech-Brief TB-
115, published by Matheson Gas Products.

3. Anhydrous pyridine (99+%) packaged under nitrogen was purchased from
Aldrich Chemical Company, Inc., and used without further purification.

4. Sodium trifluoromethanesulifonate (triflate) was prepared from
trifluoromethanesulfonic acid (Aldrich Chemical Company, Inc.) as follows: A solution
of 26.5 g (0.66 mol) of sodium hydroxide in 50 mL of water was added dropwise to 100
g (0.67 mol) of triflic acid chilled in an ice bath. The solution was concentrated to
dryness with a rotary evaporator, and the residual solid was recrystallized from 65 mL
of acetonitrile. The collected solid was dried at 80°C under vacuum for 24 hr to give
90 g of pure sodium triflate.

5. Acetonitrile was distilled from calcium hydride under nitrogen immediately
before use.

6. A powerful magnetic stirrer was used to obtain a stirring rate of about 80
r.p.s. The checkers also used a VIBRO-Mixer E1 (Chemapec, Inc.). The checkers
found that the yield was unaffected if the fluorine is introduced below rather than

above the surface of the solution.
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7. A substantial excess of fluorine over the theoretical, equimolar amount is
needed to complete the reaction because of the low solubility of fluorine. The amount
of fluorine required can vary depending upon the scale of reaction, the flow rate, and
the efficiency of mixing.

8. The submitters carried out the filtration procedure in air. The procedure in
wet air should be avoided.

9. The submitters report obtaining 13.2 g of crude product, mp 181-184°C, and
12.0 g (81%) of recrystallized material, mp 185-187°C.

10. The product obtained by the checkers is pure by NMR énalyses. N-
Fluoropyridinium triflate (1) has the following spectral properties: TH NMR (CD3CN) 8:
8.32 (m, 2 H), 8.77 (m, 1 H), 8.33 (dd, 2 H, J = 16, 7); 19F NMR (CD3CN) &: 48.8 (bs, 1
F, N-F), -77.6 (s, 3 F, CF3): IR (Nujol on NaCl plate) cm-1: 3140 (s), 3120 (s), 3080 (s),
3050 (s), 1600 (m), 1485 (s), 1475 (s), 1330 (w), 1270 (s), 1250 (s), 1220 (s), 1200 (s),
1175 (s), 1160 (s), 1090 (m), 1055 (w), 1020 (s), 805 (m), 770 (s), 755 (m), 630 (s).

11. N-Fluoropyridinium triflate is stable and can be stored indefinitely under a
dry atmosphere. It slowly decomposes in water. The submitters report that it has a
haif-life of 13 days in D20 at room temperature.

12. Estrone 3-methyl ether (3-methoxyestra-1,3,5(10)-trien-17-one) was
purchased from Sigma Chemical Company.

13. Trimethylsily! triflate was obtained from Aldrich Chemical Company, Inc., and
used without further purification.

14. The product exhibits the following partial spectral data: 1H NMR (CDCls) &:
0.21 (s, 9 H, CH3Si), 0.87 (s, 3 H, 18-CHg), 3.77 (s, 3 H, OCHg), 4.53 (m, 1 H, 16-H).
This silyl enol ether is sensitive to hydrolysis, and the submitters recommend that it be
isolated in the same flask which is used for its subsequent reaction in Part C.

15. Crystals of 1 gradually disappear as the reaction proceeds, and the mixture

turns orange and finally becomes homogeneous when the reaction is completed.
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16. Each fraction was monitored by thin-layer chromatography on silica gel
(Merck Silica Gel 60 F-254). The Ry values (dichloromethane) of the product and
starting estrone 3-methyl ether are 0.53 and 0.40, respectively.

17. The product has the following characteristic spectral properties: 'H NMR
(360 MHz, CDCl3) 5: 0.95 (s, 3 H, 18-CHg), 3.77 (s, 3 H, OCH3), 5.13 (dd, 1 H, J =
50.6, 7.3, 16 p-H), 6.64 (d, 1 H, J = 2.7, 4-H), 6.72 (dd, 1 H, J = 8.6, 2.7, 2-H), 7.19 (d,
1 H, J = 8.6, 1-H); 19F NMR (CDCl3) 5: -192.7 (m); IR (KBr) cm-1: 2900, 2850, 1750,
1600, 1500, 1460, 1440, 1310, 1240, 1030, 1000; MS m/e (relative intensity) 304 (2.7),
303 (21.5), 302 (M+) (100), 301 (3.7).

18. The product contains about 4% of the 16B—fluoroestrone epimer; 1TH NMR
(360 MHz, CDCl3) &: 4.76 (dt, J = 50, 8; 160—H); 19F NMR (CDCl3) &: -185.3 (dd, J =
50, 22; 16B-F).

19. Identical yields of recovered starting material and product were obtained
when Parts B and C were run on 2.5 times the scale. The submitters report obtaining a
78% yield of product, mp 145-149°C (recrystaliized from ethyl acetate/hexane after
chromatography) containing a small but unspecified amount of its epimer, along with
11% recovered starting material and 12% 2-pyridy! triflate, which is a decomposition
product of 1. Anal. Calcd for C1gH2302F: C, 75.47; H, 7.66. Found: C, 75.52; H, 7.81.

3. Discussion

Electrophilic fluorinating agents such as F2,3 CF30F,4 FCIO3,5 CF3COOF,6
CH3COOF,7 XeF2,8 and CsSO4F9 require the use of special equipment and

techniques because of their explosive, toxic, unstable, or hygroscopic nature. N- -

Fluoropertfiuoropiperidine,19 N-fluoropyridone,’! and N-fluoro-N-alkyitoluene-

sulfonamides!? are easy to handle, but their low reactivity limits the scope of their .
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applications. More reactive N-fluoroperfluorosulfonamides'3 have been recently
reported as particularly useful reagents for aromatic fluorination.

N-Fluoropyridinium trifluoromethanesulfonate (triflate) and its derivatives are
effective, stable fluorinating agents with varying degrees of fluorinating power.14 The
procedure given here represents a general method for preparing substituted N-
fluoropyridinium triflates. Triflates 2-4 can be made in good yields in the same
manner as 1, although instead of sodium triflate, potassium trifiate is required for 2,

and lithium triflate for 3 and 4.

CHs
]
RS " C S ci | =
| | > | .
7 cHy” NZ e, NT CH0,C” "N+ “CO,CH,
F OTf F OTf F OTt F "OTf
1 2 ' 3 4

(OTt = CF;S0,0)

The reactivity of the N-fluoropyridinium salts can be adjusted by varying the
substituents on the pyridine ring. Triflates 1-4, whose fluorinating power increases in
the order 2<1<3<4, are the most generally useful reagents. The most poweriul
reagent available is 5;15 6 and 716 recently have been developed as mild, efficient
reagents. The reagents are all stable, crystalline materials and thus can be handled
routinely. Examples of fluorinations which illustrate their use are given in Table 1. The
weakest reagent 2 is most suited for fluorinating reactive or easily oxidized
compounds, such as carbanions, enamines, and sulfides, whereas the more potent

reagents 4 and 5 are preferred for fluorinating aromatic rings. Salt 1 of intermediate
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reactivity is effective with moderately electron-rich substrates, such as enol alkyl

ethers, enol silyl ethers, and activated vinyl acetates.

N-Fluoropyridinium triflate shows high regioselectivity in its fluorinations, as
evidenced by the results in Schemes 1 and 2. With steroids 8 and 10, each having
two reactive sites, 1 reacts to give exclusively the 6-fluoro steroid 9 and the 16-fluoro
steroid 11, respectively. Thus 1 can distinguish between a conjugated and non-
conjugated vinyl acetate, and between an enol silyl ether and a conjugated vinyl
acetate in its fluorinations. The present procedure for converting the estrone enol silyl
ether to the 16a-fluoroestrone also shows that 1 selectively reacts with an enol silyl

ether moiety in the presence of an activated aromatic ring.
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Scheme 1
OAc OAc
UCHClo
Reflux, 14 hr
AcO
AcO 51% c i (B = 1/2)
8 9
OSiMes (0]
wif
1/CH.Cl
Reflux, 1 hr
AcO 54% AcO
10 11

The fluorination of 12, easily prepared from the corresponding triketo steroid,
with an equimolar amount of 1 (Scheme 2) shows the remarkable ability of 1 to
distinguish di-substituted from tri-substituted enol silyl ethers. The Sa-fluoro steroid
13 is produced in 51% yield (78% based on recovered triketo steroid) and the
combined yield of the other fluorinated products is only 4.6%.17 It thus is apparent that
1 reacts almost exclusively with the trisubstituted enol ether moiety. The new,
selective direct fluorination at the 9a—position holds considerable promise as a means

to prepare biologically important Sa—fiuoro steroids.18
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Scheme 2 9. Appelman, E. H.; Basile, L. J.;Thompson, R. C. J. Am. Chem. Soc. 1979, 101,
3384, Stavber, S.; Zupan, M. J. Chem. Soc., Chem. Commun. 1981, 148.

MegSiO OSiMeg 10. Banks, R. E.; Williamson, G. E. Chem. Ind. (London) 1964, 1864.
“ 01,1, 2he 11. Purrington, S. T.; Jones, W. A J. Org. Chem. 1983, 48, 761; Purrington, S. T.;
O __CHh Jones, W. A. J. Fluorine Chen. 1984, 26 , 43.
Me3SiO \ 2”: ) 12. Barnette, W. E. J. Am. Chem. Soc. 1984, 106, 452.
1 1%

13. Singh, S.; DesManteau, D. D; Zuberi, S. S.; Witz, M.; Huang, H.-N.. J. Am.

Chem. Soc. 1987, 109, 7194.
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16. Harasawa, K.; Tomita, K.; Umemoto, T., presented at the 52nd Symposium on

Organic Synthesis, Tokyo, November 5, 1987.
2. Specialty Gas Material Data Sheet on Fluorine; Air Products and Chemicals

Inc.: Allentown, PA, 1986

3. Purrington, S. T.; Kagan, B. S. Chem. Rev. 1986, 86, 997.

4. Alker, D.; Barton, D. H. R.; Hesse, R. H.; Lister-James, J.; Markwell, R. E.; Pechet,
M. M.; Rozen, S.; Takeshita, T.; Toh, H. T. Nouv. J. Chim. 1980, 4, 239.

5. Schlosser, M.; Heinz, G. Chem. Ber. 1969, 102, 1944.

6. Rozen, S.; Lerman, O. J. Org. Chem. 1980, 45, 672.

7. Rozen, S.; Lerman, O.; Kol, M.; Hebel, D. J. Org. Chem. 1985, 50, 4753, and

17. Kawada, K.; Onodera, K.; Unemoto, T., presented at the Japanese-United
States Congress of Pharmaceutical Sciences, Honolulu, December 4, 1987.

18. Barton, D. H. R. Pure Appl. Chem. 1977, 49, 1241; Hesse, R. H. Isr. J. Chem.
1978, 17, 60.
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Appendix ‘ TABLE |
Chemical Abstracts Nomenclature (Collective Index Number): ELECTROPHILIC FLUORINATIONS WITH N-FLUOROPYRIDINIUM TRIFLATES
(Registry Number)

Substrate Reagent? Conditions Product Yield (%)P

N-Fluoropyridinium triflate: idini - - ith tri

py u ate: Pyridinium, 1-fluoro-, salt with tnfluoromethanesulfow C1aH2sMgCl 2 0°C, 30 min n-C1oHasF 75¢
acid (1:1) (12); (107263-95-6) ‘ in Et20
Pyridine (8,9); (110-86-1)

. 2 0°C, 2 hr CHF(COOEt)2 42
Sodium triflate: Meth lfonic acid, tri -, sodi : -30- NaCH(COOEt)2 '

anesulfonic acid, trifluoro-, sodium salt (8,9); (2926-30-9) in THF CFa(COOE)> 6

Trifluoromethanesulfonic acid: Methanesulfonic acid, trifluoro- (8,9); (1493-13-6)

Fluorine (8,9); (7782-41-4) CHa(COOEt)2 2d AICl3,© 80°C CF2(COOEt)2 76!
24 hrin CHoCICH2Cl  CHF(COOE)2 19!

p-CICgH4SCH3 2 Rt,8hr p-CICgH4SCH2F 76
in CH2Cl2
OH OH
2 1) -15°C, 1 hr 54
in CH2CI2/CHaCN(1/4)
N 1 2)Rt,ca. 12 hr o) 46
o/ in ¢. HCVUDMF F
F
C>—osw|e3 1 Rt.,7hr O;o g7c
in CH2Cl2
F
O—OMe 1 60°C, 30 min Q—om 63!
in CH2CICH2ClI
F
ﬂ ° 1 Refiux, 7 hr (I 8eh
g 0 A _
° in CH2Clz O ot
OAc OAc
1 Refiux, 10 hr 71
AcO i
in CH2Cl2 0
F
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PhOH 3 Reflux, 5 hr F-CgH4OH 57¢ Figure 1

in CH2Cl (o:p) (3.3:1
PhOMe 3 80°C, 18 hr F-CeH4OMe 64¢

in CH2CICH2C!I (o:p) (1:1)
PhOMe 4 Reflux, 23 hr F-CeH4OMe 65¢

in CH2Cl2 (o:p) (1:1)
PhNHCOOEt 3 80°C, 5 hr F-CeH4NHCOOEL 54

in CH2CICH2CI (©:p) (2.2:1)

a) Equimolar N-fluoropyridinium triflate unless noted otherwise. b) Isolated yields
unless noted otherwise. ¢) GLPC yields. d) 2 Equivalents of 2. e) 0.4 Equivalents of

AICI3. f) 19F NMR yields. g) 1.5 Equivalents of dihydropyran. h) cistrans = 1/1.
i) 0P = 1/2.

A: Flowmeter (Matheson model 7825); B: Flowmeter (Hastings model CST);. C:
Alumina trap; D: Reactor system; E: Bubble counter containing perfluorotributylamine;
F: Pressure regulator (Matheson model 63-5512); G, I, K, O, P: Stainless stesl values;
H: Pressure gauge (Matheson model 63-5512); J, N: Stainless steel filters; L:
Pressure regulator for ntirogen; M, Q, R, S: Brass values; T: Viton tubing; U: T.ef!on
corks; V: Pyrex Claisen adaptor; W: Pyrex flask; X: Pyrex tube: Y: Teflon-coated stirring
bar; Z: -40°C Cooling bath.
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1-CHLORO-1-(TRICHLOROETHENYL)CYCLOPROPANE

(Cyclopropane, 1-chloro-1-(trichloroethenyl)-)

cl
Cl cl CCly cl
|| + 170°C
a” © cl o]

Submitted by Thomas Liese, Frank Jaekel, and Armin de Meijere.1

Checked by John R. Berry, James S. Piecara, and Bruce E. Smart.

1. Procedure

A 1-L Hastelloy C-276 shaker tube (Note 1) fitted with a temperature sensor,
rupture-disk safety device, and a gas-inlet valve attached to an ethylene cylinder is
charged with 120.0 g (0.675 mol) of freshly distilled tetrachlorocyclopropene (Note 2),
350 mL of dry tetrachloroethylene (Note 3), and 10 g of anhydrous sodium carbonate
(Note 4). The tube is pressurized to 20 atm with ethylene and shaken for 3 hr. The
ethylene cylinder is disconnected, the pressure vessel is gradually heated to 170°C
over a 30-min period, and it is shaken at this temperature for 19.5 hr. The vessel is
allowed to cool to room temperature, and the excess ethylene is slowly released and
bubbled through a wash bottle containing methylene chloride (Note 5). The light
brown liquid in the shaker tube is decanted and the remaining solid washed twice with
50 mL of methylene chloride. The organic phases are combined and the methylene
chloride is removed by distillation. The residual liquid is distilled at water-aspirator
vacuum through a 40-cm Vigreux column. The solvent tetrachloroethylene, bp 35°C
(27 mm), is collected (Note 6), followed by 104.1-105.6 g (75-76%) of 1-chloro-1-
(trichloroethenyl)cyclopropane as a colorless liquid, bp 81-83°C (27 mm) (Note 7).
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2. Notes

1. The submitters used a 1-L autoclave lined with Hastelloy C-4. Hastelloy C
materials are high nickel alloys. A highly resistant alloy is employed to avoid possible
side reactions.

2. Tetrachlorocyclopropene was prepared from sodium trichloroacetate and
trichloroethylene.23 It is also available from the Aldrich Chemical Company, Inc.,
Eastman Organic Chemicals, and the Merck-Schuchardt Company (in Europe).

3. Tetrachloroethylene was obtained from the Aldrich Chemical Company, Inc.
and distilled from phosphorus pentoxide prior to use.

4. Anhydrous sodium carbonate was obtained from the J. T. Baker Chemical
Company and dried under vacuum at 130°C.

5. The wash bottle serves to trap any product carried with the ethylene vapors,
to monitor and control the release of ethylene pressure and to indicate when no
excess pressure remains, and to diminish the release of toxic materials.

6. The receiver was cooled in an ice bath to avoid loss of the
tetrachloroethylene distillate.

7. The submitters obtained 111-116 g of product, bp 72-75°C (14-18 mm). The
spectral properties of 1-chloro-1-(trichloroethenyl)cyclopropane are as follows; IR
(neat) cm-1: 3100 (CH), 3020 (CH), 1585 (C=C), 1415, 1170, 1040, 1015, 940, 910,
875, 800, 750, 645; TH NMR (CDCla) 5: 1.42 (m, 2 H), 1.52 (m, 2 H).

3. Discussion
Tetrachlorocyclopropene has been known for some time to be a reasonably
reactive dienophile.4 Its thermal ring opening to perchiorovinyl carbene is in accord

with the behavior of other cyclopropenes under thermolytic conditions,5 but the
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efficiency with which this vinyl carbene intermolecularly adds to a wide variety of
olefins®.7 is unprecedented. The resulting 1-chloro-1-(trichloroethenyl)cyclo-
propanes®.7 can be reductively dechlorinated to vinylcyclopropanes,® transformed into
variously-substituted cyclopropylacetylenes”-8 or cyclopropylidenacetates.® The
simple cyclopropyl derivatives, accessible from the reported 1-chloro-1-
(trichloroethenyl)cyclopropane, like methyl 2-chloro-2-cyclopropylidenacetate (see
accompanying procedure) and 1-trimethyisilyl-1-(trimethylsilylethynyl)cyclopropane
(prepared by reductive silylation with magnesium/chlorotrimethyisilane in
tetrahydrofurani0), are especially useful building blocks for the construction of

complex organic molecules.11.12,13

1. Institut fir Organische Chemie der Universitdt Hamburg, Martin-Luther-King-

Platz 6, D-2000 Hamburg 13, Federal Republic of Germany. Present address:

Institut fir Organische Chemie der Georg-August-Universitat, Tammannstrasse

2, D-3400 Géttingen, Federal Republic of Germany.

Gluck, C.; Poignée, V.; Schwager, H. Synthesis 1987, 260.

Sepiol, J.; Soulen, R. L. J. Org. Chem. 1975, 40, 3791.

Law, D. C. F.; Tobey, S. W. J. Am. Chem. Soc. 1968, 90, 2376.

York, E. J.; Dittmar, W.; Stevenson, J. R.; Bergman, R. G. J. Am. Chem. Soc.

1973, 95, 5680.

6. Weber, W.; de Meijere, A. Angew. Chem., Int. Ed. Engl. 1980, 19, 138; Weber,
W._; de Meijere, A. Chem. Ber. 1985, 118, 2450.
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7. Liese, T.; Splettstdsser, G.; de Meijere, A. Tetrahedron Lett. 1982, 23, 3341;
Liese, T.; de Meijere, A. Chem. Ber. 1986, 119, 2995.

8. Liese, T.; de Meijere, A. Angew. Chem. Suppl. 1982, 34; Liese, T.; de Meijere,
A. Angew. Chem., Int. Ed. Engl. 1982, 21, 65.

146

9. Liese, T.; Seyed-Mahdavi, F.; de Meijere, A. Org. Synth. 1990, 69, 148 Liese,
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Splettstésser, G.; de Meijere, A. Angew. Chem., Int. Ed. Engl. 1982, 21, 790;
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10. de Meijere, A.; Misslitz, U. in "Methoden der Organischen Chemie," (Houben-
Weyl) Regitz, M., Ed.; Thieme: Stuttgart, 1989; Vol. E 19G/1, pp. 746f, 771ft.

11.  Keyaniyan, S.; Apel, M.; Richmond, J. P.; de Meijere, A. Angew. Chem., Int. Ed.
Engl. 1985, 24, 770; Bengtson, G.; Keyaniyan, S.; de Meijere, A. Chem. Ber.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)
1-Chloro-1-(trichloroethenyl)cyclopropane: Cyclopropane, 1-chloro-1-

(trichicroethenyl)- (11), (82979-27-9)
Tetrachlorocyclopropene: Cyclopropene, tetrachloro- (8,9); (6262-42-6)
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METHYL 2-CHLORO-2-CYCLOPROPYLIDENACETATE

(Acetic acid, chiorocyclopropylidene-, methyl ester)

{
A. D§_<c| KOH, MeOH Cl
— ————

B [ Cl H0", CHoCly [ Cl

C(OMe)3 ¢ CO,Me

Submitted by Thomas Liese, Fereydoun Seyed-Mahdavi, and Armin de Meijere.!
Checked by James S. Piecara and Bruce E. Smart.

1. Procedure

A. Trimethyl 2-chloro-2-cyclopropylidenorthoacetate. A 1-L, two-necked,
round-bottomed flask equipped with a mechanical stirrer and a reflux condenser is
charged with 40.0 g (0.19 mol) of 1-chlore-1-(trichloroethenyl)cyclopropane (Note 1),
120 g of potassium hydroxide, and 300 mL of methanol (Note 2). The mixture is stirred
for 16-18 hr in an oil bath at 85°C. After the solution is cooled to room temperature, it
is diluted with 1 L of ice water. The mixture is then transferred to a 3-L separatory
funnel and extracted with three 200-mL portions of ether. The combined ether phases
are washed with three 150-mL portions of saturated brine, dried over anhydrous
magnesium sulfate, and fillered. The solvent is removed from the filtrate by distillation
at atmospheric pressure, and the residue is distilled through a short-path column
under water-aspirator vacuum to give 14.5-15.4 g (39-41%) of trimethy| 2-chloro-2-

cyclopropylidenorthoacetate, bp 103-105°C (20 mm) (Notes 3 and 4).
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B. Methy! 2-chloro-2-cyclopropylidenacetate. A 250-mL, one-necked, round-
bottomed flask is charged with 60 mL of methylene chioride (Note 2),35gofa
strongly acidic ion-exchange resin (Note 5), and 11.0 g (0.057 mol) of trimethyl 2-
chloro-2-cyclopropylidenorthoacetate. The mixture is stirred for 12 hr at room
temperature. The ion-exchange resin is removed by filtration and washed with three
10-mL portions of methylene chloride. The combined organic solutions are dried over
anhydrous magnesium sulfate, filtered, and distilled at atmospheric pressure to
remove the solvent. The residue is distilled through a short-path column under
reduced pressure to give 6.2-6.7 g (74-80%) of methyl 2-chloro-2-
cyclopropylidenacetate, bp 95-97°C (10 mm) (Notes 6, 7, and 8).

2. Notes

1. 1-Chloro-1-(trichloroethenyl)cyclopropane was prepared from tetrachloro-
cyclopropene as described in the accompanying procedure, p. 144,

2. Methanol and methylene chloride were obtained from E. M. Science (Merck
& Company, Inc.) and used without further purification.

3. The checkers obtained the same yields for 0.10-mol scale runs. The
submitters report yields of 54-58%, however.

4. The submitters report bp 107-109°C (20 mm). The spectral properties of 2-
chloro-2-cyclopropylidenorthoacetate are as follows: IR (neat) cm-1: 2840 (OCHa),
1780 (C=C); TH NMR (CDCl3) &: 1.27-1.80 (m, 4 H), 3.23 (s, 9 H).

5. The checkers used analytical grade AG 50W-X8 resin, which is a strongly
acidic polystyrene gel type resin, supplied by Bio-Rad Laboratories. The submitters
used the large-pore, strongly acidic ion-exchange resin Lewatit SPC 118, supplied by
Bayer AG.
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6. The submitters report obtaining 7.0-7.5 g (84-90%) of product, bp 60-63°C
(3.7 mm), and note that 4.7-5.0 g of analytically pure material, mp 33-34°C, can be
obtained by crystallization at -20°C from 10-15 mL of pentane and the remaining 2.3-
2.5 g of product can be recovered from the mother liquor by chromatography on silica
gel (60 g) using a 5:1 mixture of pentane/diethy! ether as the eluent.

7. The product obtained by the checkers is pure by NMR analysis and it shows
the following spectral properties: IR (neat) cm-1: 3080 (cyclopropyl CH), 1720 (C=0);
1H NMR (CDCl3) &: 1.42-1.52 (m, 2 H), 1.69-1.78 (m, 2 H), 3.84 (s, 3 H).

8. The submitters report that the product can be obtained in higher yields
without isolation of the intermediate orthoester according to the following procedure:
To a solution of sodium methoxide, freshly prepared by dissolving 14.0 g (0.61 mol) of
sodium metal in 200 mL of dry methanol, at 65°C is added with stirring 30.0 g of 1-
chloro-1-(trichloroethenyl)cyclopropane. The stirred mixture is refluxed (oil bath
temperature of 110°C) for 72 hr. After the solution is cooled to room temperature, 200
mL of ice water is added and the mixture is extracted with three 200-mL portions of
ether. The combined ether extracts are washed with three 50-mL portions of saturated
brine, dried over anhydrous magnesium sulfate, and filtered. The solvent is removed
from the filtrate by distillation at atmospheric pressure. The residue is dissolved in 100
mL of methylene chloride, 10 g of a strongly acidic ion-exchange resin is added (Note
5), and the mixture is stirred at room temperature for 48 hr. The resin is removed by
filtration and is washed with three 10-mL portions of methylene chloride. The
combined organic solutions are dried over anhydrous magnesium sulfate, filtered, and
the solvent is removed from the filtrate by distillation at atmospheric pressure. The
residual oil is taken up in 200 mL of pentane and the solution is refrigerated at 5°C.
The precipitated crystals are collected by filtration to yield 11-13 g (51-60%) of 2-
chloro-2-cyclopropylidenacetate. The checkers obtained a 50% yield of pure product,

mp 40-41°C, when this procedure was repeated on about half the scale.
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3. Discussion

This procedure is applicable to a number of substituted 1-chloro-1-
(trichloroe‘(henyl)cyclopropam’as,2 and in general gives good yields of methyl 2-chloro-
2-cyclopropylidenacetates.3 These are highly reactive Michael acceptors which
rapidly react with nucleophiles to give 1'-substituted-2-chloro-2-cyclopropylacetates.
The parent 2-chloro-2-cyclopropylidenacetate is a particularly useful building block in
organic synthesis since it adds to cyclic dienolates to give complex skeletons in high
yields.45 In addition, it is a reactive dienophile5:6 and can be further modified to 2-
arylthio-substituted derivatives as well as to the parent methyl 2-cyclo-
propylidenacetate in high yields.” The corresponding ethyl 2-cyclopropylidenacetate
has been prepared in poor yield by a Wittig-Horner-Emmons olefination of
cyclopropanone hemiacetal magnesium salt (8%),8 and more recently in vastly

improved yield (87%) by the benzoic acid-catalyzed Wittig olefination.®

1. Institut fir Organische Chemie der Universitdt Hamburg, Martin-Luther-King-
Platz 6, D-2000 Hamburg 13, Federal Republic of Germany. Present address:
Institut fir Organische Chemie der Georg-August-Universitat, Tammannstrasse
2, D-3400 Géttingen, Federal Republic of Germany.

2. Weber, W.; de Meijere, A. Angew. Chem., Int. Ed. Engl. 1980, 19, 138; Weber,
W.: de Meijere, A. Chem. Ber. 1985, 118, 2450; Liese, T; Splettstosser, G.; de
Meijere, A. Tetrahedron Lett. 1982, 23, 3341.

3. Liese, T.; Splettstosser, G.; de Meijere, A. Angew. Chem. Suppl. 1982, 1715;
Liese, T.; Splettstdsser, G.; de Meijere, A. Angew. Chem., Int. Ed. Engl. 1982,
21, 790; Liese, T.; Teichmann, S.; de Meijere, A. Synthesis 1988, 25.
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Spitzner, D.; Engler, A.; Liese, T.; Splettstésser, G.; de Meijere, A. Angew.
Chem. Suppl. 1982, 1722; Spitzner, D.; Engler, A.; Liese, T.; Spletsttdsser, G.:
de Meijere, A. Angew. Chem., Int. Ed. Engl. 1982, 21, 791.

Spitzner, D.; Engler, A.; Wagner, P.; de Meijere, A.; Bengtson, G.; Simon, A.:
Peters, K.; Peters, E.-M. Tetrahedron 1987, 43, 3213; de Meijere, A.,

Teichmann, S.; Yu, D.; Kopf, J.; Oly, M.; von Thiemen, N. Tetrahedron 1989, 45,

2957.

Primke, H.; de Meijere, A. unpublished results; cf. de Meijere, A. Chem. Ber.
1987, 23, 865; de Meijere, A., Wessijohann, L. Synlett. 1990, 20.
Seyed-Mahdavi, F.; Teichmann, S.; de Meijere, A. Tetrahedron Lett. 1986, 27,
6185.

Salaln, J.; Bennani, F.; Compain, J.-C.; Fadel, A.; Oliivier, J. J. Org. Chem
1980, 45, 4129.

Spitzner, D.; Swoboda, H. Tetrahedron Lett. 1986, 27, 1281.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Methyl 2-chloro-2-cyclopropylidenacetate: Acetic acid, chlorocyclopropylidene methyl
ester (11); (82979-45-1)

Trimethyl 2-chloro-2-cyclopropylidenorthoacetate: Cyclopropane, (1-chloro-2,2,2-
trimethoxyethylidene)- (11); (82979-34-8)

1-Chloro-1-(trichloroethenyl)cyclopropane: Cyclopropane, 1-chloro-1-

(trichlorcethenyl)- (11); (82979-27-9)
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SYNTHESIS OF (-)-D-2,10-CAMPHORSULTAM
(3H-3a,6-Methano-2,1-benzlsothiazole, 4,5,6,7-tetrahydro-
8,8-dimethyl-2,2-dioxide, (3aS)-)

LiAlH4

—_—— -

N\
N: d
(o) S0,

N-H

Submitted by Michael C. Weismiller, James C. Towson, and Frankiin A. Davis.

Checked by David I. Magee and Robert K. Boeckman, Jr.
1. Procedure

(-)-2,10-Camphorsuitam. A dry, 2-L, three-necked, round-bottomed flask is
equipped with a 1.5-in egg-shaped Teflon stirring bar, a 250-mL addition funnel, and a
300-mL Soxhiet extraction apparatus equipped with a mineral gil bubbler connected
to an inert gas source. The flask is charged with 600 mL of dry tetrahydrofuran (THF)
(Note 1) and 6.2 g (0.16 mol) of lithium aluminum hydride (Note 2). Into the 50-mL
Soxhlet extraction thimble is placed 35.0 g (0.16 mol) of (-)-(camphorsulfonyl)imine
(Note 3) and the reaction mixture is stifred and heated at reflux. After all of the
(camphorsulfonyl)imine has been siphoned into the reaction flask (3-4 hr), the mixture
is allowed to cool to room temperature. The unreacted lithium aluminum hydride is
cautiously hydrolyzed by dropwise addition of 200 mL of 1 N hydrochloric acid via the
addition funnal (Note 4). After the hydrolysis is complete the contents of the flask are
transferred to a 1-L separatory funnel, the lower, silver-colored aqueous layer is

separated, and the upper layer placed in a 1-L Erlenmeyer flask. The aqueous phase
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is returned to the separatory funnel and washed with methylene chloride ( 3 x 100 mL).
After the reaction flask is rinsed with methylene chloride (50 mL), the organic washings
are combined with the THF phase and dried over anhydrous magnesium sulfate for
10-15 min. Filtration through a 300-mL sintered glass funnel of coarse porosity into a
1-L round-bottomed flask followed by removal of the solvent on a rotary evaporator
gives 33.5 g (95%) of the crude (-)-2,10-camphorsultam. The crude sultam is placed in
a 250-mL Erlenmeyer flask and crystallized from approximately 60 mL of absolute
ethanol. The product is collected on a 150-mL sintered glass funnel of coarse porosity
and dried in a vacuum desiccator to give 31.1 g (88%) of the pure sultam. A second
crop of crystals can be gained by evaporating approximately half the filtrate; the
residue is crystallized as above to give 1.4 g (4%). The combined yield of white

crystalline solid, mp 183-184°C, [a]p -30.7° (CHClg, ¢ 2.3) is 92% (Notes 5, 6).

2. Notes

1. Tetrahydrofuran (Aldrich Chemical Company, Inc.) was distilled from sodium
benzophenone.

2. Lithium aluminum hydride was purchased from Aidrich Chemical Company,
Inc.

3. (-)-(Camphorsulfonyl)imine, [(7S)-(-)-10,10-dimethyl-5-thia-4-azatricyclo-
[5.2.1.03.7]dec-3-ene 5,5-dioxide] was prepared by the procedure of Towson,
Weismiller, Lal, Sheppard, and Davis, Organic Syntheses, 1990, 69, 158.

4. The addition must be very slow at first (1 drop/5 sec) until the vigorous

reaction has subsided.
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5. The NMR spectrum of (-)-2,10-camphorsultam is as follows: 1H NMR
(CDCl3) &: 0.94 (s, 3 H, CHg), 1.14 (s, 3 H, CHg), 1.33 (m, 1 H), 1.47 (m, 1 H), 1.80-
2.05 (5 H), 3.09 (d, 1 H, J = 14), 3.14 (d, 1 H, J = 14), 3.43 (m, 1 H), 4.05 (br s, 1 H, NH);
13C NMR (CDCl3) 8: 20.17 (q, CHg), 26.51 (), 31.55 (t), 35.72 (t), 44.44 (d), 47.15 (s),
50.08 (t), 54.46 (s), 62.48 (d).

6. Checkers obtained material having the same mp (183-184°C) and [a]p
-31.8° (CHCl3, ¢ 2.3).

3. Discussion

(-)-2,10-Camphorsultam was first prepared by the catalytic hydrogenation of -)-
(camphorsutfonyl)imine over Raney nickel.2 Lithium aluminum hydride reduction was
used by Oppolzer and co-workers in their synthesis of the sultam.3.4 However,
because of the low solubility of the sultam in tetrahydrofuran, a large amount of solvent
was required.? In the procedure described here the amount of solvent is significantly
reduced by using a Soxhlet extractor to convey the imine slowly into the reducing
medium.5

Oppolzer's chiral auxiliary,® (-)-2,10-camphorsultam, is useful in the asymmetric

Diels-Alder reaction,3.4 and for the preparation of enantiomerically pure p-substituted

carboxylic acids? and diols,B in the stereoselective synthesis of A2-isoxazolines,® and

in the preparation of N-fluoro (-)-2,10-camphorsultam, an enantioselective fluorinating

reagent.10

1 Department of Chemistry, Drexel University, Philadelphia, PA 19104.

2. Shriner, R. L.; Shotton, J. A.; Sutherland, H. J. Am. Chem. Soc. 1938, 60, 2794.

3. Oppolzer, W.; Chapuis, C.; Bernardinelli, G. Helv. Chim. Acta 1984, 67, 1397.

4. Vandewalle, M.; Van der Eycken, J.; Oppolzer, W.; Vullioud, C. Tetrahedron
1986, 42, 4035. :
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5. Davis, F. A.; Towson, J. C.; Weismiller, M. C.; Lal, G.; Carroll, P. J. J. Am. Chem.
Soc. 1988, 110, 8477.

6. Oppolzer, W. Tetrahedron 1987, 43, 1969.

7. Oppolzer, W.; Mills, R. J.; Pachinger, W.; Stevenson, T. Helv. Chim. Acta 1986,
69, 1542; Oppolzer, W.; Schneider, P. Helv. Chim. Acta 1986, 69, 1817,
Oppolzer, W.; Mills, R. J.; Réglier, M. Tetrahedron Lett. 1986, 27, 183; Oppolzer,
W.: Poli, G. Tetrahedron Lett. 1986, 27, 4717; Oppolzer, W.; Poli, G.;
Starkemann, C.; Bernardinelli, G. Tetrahedron Lett. 1988, 29, 3559.

8. Oppolzer, W.; Barras, J-P. Helv. Chim. Acta 1987, 70, 1666.

9. Curran, D. P.; Kim, B. H.; Daugherty, J.; Heffner, T. A. Tetrahedron Lett. 1988,
29, 3555.

10. Differding, E.; Lang, R. W. Tetrahedron Lett. 1988, 29, 6087.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Reglstry Number)

(-)-(Camphorsulfonyl)imine: 3H-3a,6-Methano-2,1-benzisothiazole,
4,5,6,7-tetrahydro-8,8-dimethyl-, 2,2-dioxide, (3aS)- (9); (60886-80-8)
(-)}-D-2,10-Camphorsultam: 3H-3a,6-Methano-2,1-benzisothiazole,
hexahydro-8,8-dimethyl-, 2,2-dioxide, [3aS-(3aa,6a,7a)]- (11); (94594-90-8)
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SYNTHESIS OF (+)-(2R,8aS)-10-(CAMPHORYLSULFONYL)OXAZIRIDINE
(4H-4a,7-Methanooxazirino[3,2-i][2,1]benzisothiazole,
tetrahydro-9,9-dimethyl-, 3,3-dioxide, [4aS-(4ac,7c,8aR*)])

B. H
—_—
0 “\:
SOzNHZ \ S

SO,
c. % Oxone
N K2CO3 N:
N: 7
o4 s0, 0

Submitted by James C. Towson, Michael C. Weismiller, G. Sankar Lal,
Aurelia C. Sheppard, and Franklin A. Davis.!
Checked by David |. Magee and Robert K. Boeckman, Jr.

1. Procedure

A. (+)-(18)-10-Camphorsulfonamide. Into a 2-L, three-necked, round-bottomed

flask equipped with mechanical stirrer, 65-mm Teflon stirring blade, and a 250-mL
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dropping funnel is placed 450 mL of reagent grade ammonium hydroxide. The
reaction mixture is cooled to 0°C in an ice bath and stirred vigorously. A solution of
50.0 g (0.2 mol) of (+)-10-camphorsulfonyl chloride (Note 1) in 450 mL of methylene
chloride is then added dropwise in two portions over 30 min. The reaction mixture is
stirred for an additional 2 hr at this temperature, transferred to a 1000-mL separatory
funnel and the phases are separated. The aqueous phase is washed with methylene
chloride (2 x 100 mL) and the combined organic extracts are dried for 10-15 min over
anhydrous magnesium sulfate. Filtration and removal of the solvent using a rotary
evaporator gives 41.5 g (90%), mp 125-128°C, of the crude sulfonamide (Notes 2 and
3).

B. (-)-(Camphorsulfonyl)imine. A 1-L, round-bottomed flask is equipped with a
two-inch egg-shaped magnetic stirring bar, a Dean-Stark water separator, and a
double-walled condenser containing a mineral oil bubbler connected to an inert gas
source. Into the flask are placed 5 g of Amberylst 15 ion exchange resin (Note 4) and
41.5 g of the crude (+)-(1S)-camphorsulfonamide in 500 mL of toluene. The reaction
mixture is heated at reflux for 4 hr. After the reaction flask is cooled, but while it is still
warm (40-50°C), 200 mL of methylene chloride is slowly added to dissolve any
(camphorsulfonyl)imine that crystallizes. The solution is filtered through a 150-mL
sintered glass funnel of coarse porosity and the reaction flask and filter funnel are
washed with an additional 75 mL of methylene chloride.

Isolation of the (-)-(camphorsulfonyl)imine is accomplished by removal of the
toluene on the rotary evaporator. The resulting solid is recrystallized from absolute
ethanol (750 mL ) to give white crystals, 34.5-36.4 g (90-95%), mp 225-228°C; [alp
-32.7° (CHCls, ¢ 1.9) (Note 5).

C. (+)-(2R,8aS)-10-(Camphorylsulfonyl)oxaziridine. A 5-L, three-necked,
round-bottomed Morton flask is equipped with an efficient mechanical stirrer, a 125-

mm Teflon stirring blade, a Safe Lab stirring bearing (Note 6), and a 500-mL addition
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funnel. Into the flask are placed the toluene solution of (-)-(camphorsulfonyl)imine
(39.9 g, 0.187 mol) prepared in Step B and a room temperature solution of 543 g (3.93
mol, 7 equiv based on oxone) of anhydrous potassium carbonate dissolved in 750 mL
of water. The reaction mixture is stirred vigorously and a solution of 345 g (0.56 mol, 6
equiv of KHSOs) of oxone dissolved in 1250 mL of water is added dropwise in three
portions over 45 min (Notes 7 and 8). Completion of the oxidation is determined by
TLC (Note 9) and the reaction mixture is filtered though a 150-mL sintered glass funnel
of coarse porosity to remove solids. The filtrate is transferred to a 3-L separatory
funnel, the toluene phase is separated and the aqueous phase is washed with
methylene chloride (3 x 100 mL). The filtered solids and any solids remaining in the
Morton flask are washed with an additional 200 mL of methylene chloride. The
organic extracts are combined and washed with 100 mL of saturated sodium sulfite,
dried over anhydrous magnesium sulfate for 15-20 min, filtered and concentrated on
the rotary evaporator. The resulting white solid is crystallized from approximately 500
mL of hot 2-propanol to afford, after drying under vacuum in a desiccator, 35.9 g (84%)
of white needies, mp 165-167°C, [a]p +44.6° (CHCI3, ¢ 2.2) (Notes 10, 11).

(-)-(2S,8aR)-10-(Camphorylsulfonyl)oxaziridine is prepared in a similar manner
starting from (-)-10-camphorsulfony! chloride; mp 166-167°C, [a}p -43.6° (CHCI3, ¢
2.2).

2. Notes

1. (-)-10-Camphorsulfonyl chloride was prepared from 50 g of (1S)-(+)-10-
camphorsulfonic acid purchased from Aldrich Chemical Company, inc. using the
procedure described by Bartlett and Knox, Org. Synth., Coll., Vol. V1973, 196.
Material that was collected on the suction filter and air dried by maintaining suction for

15-20 min was of sufficient purity for the next step. The checkers obtained comparable
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or better overall yields of sulfonamide (96%) without isolation of the acid chloride
based on (+)-camphoric acid using thionyl chiloride to convert the acid to the acid
chloride.

2. The crude sulfonamide is contaminated with 5-10% of the
(camphorsulfonyl)imine the yield of which increases on standing.

3. The 'H NMR spectrum of (+)-(18)-10-camphorsulfonamide is as follows:
(CDClg) 8: 0.93 (s, 3 H, CHag), 1.07 (s, 3 H, CHg), 1.40-2.50 (m, 7 H), 3.14 and 3.53 (ab
quartet, 2 H, CHz-SO2, J = 15.1), .54 (br s, 2 H, NHg).

4. Amberlyst 15 ion-exchange resin is a strongly acidic, macroreticular resin
purchased from Aldrich Chemical Company, Inc.

5. The spectral properties of (-)-(camphorsulfonyl)imine are as follows: 1H
NMR (CDCl3) 8: 1.03 (s, 3 H, CHg), 1.18 (s, 3 H, CHa), 1.45-2.18 (m, 6 H), 2.65 (m, 1
H), 3.10 and 3.28 (AB quartet, 2 H, CH2-SOg, J = 14.0); 13C NMR (CDClg) 3: 19.01 (q,
CHa), 19.45 (q, CHa), 26.64 (1), 28.44 (1), 35.92 (1), 44.64 (d), 48.00 (s), 49.46 (1), 64.52
(s), 195.52 (s); IR (CHCI3) cm-1: 3030, 2967, 1366. Checkers obtained material
having identical melting point and [a]p -32.3° (CHCl3, ¢ 1.8).

6. The SafeLab Teflon bearing can be purchased from Aldrich Chemical
Company, Inc. A glass stirring bearing lubricated with silicone grease is unsatisfactory
bacause the dissolved salts sclidify in the shaft causing freezing.

7. Efficient stirring is important and indicated by a milky white appearance of
the solution.

8. Occasionally batches of oxone purchased from Aldrich Chemical Company,
Inc., have exhibited reduced reactivity in this oxidation. Oxone exposed to moisture
prior to use also gives reduced reactivity in this oxidation. If this occurs oxone is
added until oxidation is complete as determined by TLC (Note 9). Potassium

carbonate is added as needed to maintain the pH at approximately 9.0. Oxone stored
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in the refrigerator under an inert atmosphere has shown no loss in reactivity for up to
six months.

9. Oxidation is generally complete after addition of the oxone solution. The
oxidation is monitored by TLC as foliows: remove approximately 0.5 mL of the toluene
solution from the nonstirring solution, spot a 250-micron TLC silica gel plate, elute with
methylene chioride and develop with 10% molybdophosphoric acid in ethanol and
heating: (camphorsulfonyl)imine Rt = 0.28 and (camphorylisulfonyl)oxaziridine Rt =
0.62. If (camphorsulfonyl)imine is detected, stirring is continued at room temperature
until the reaction is complete (See Note 8).

If the reaction mixture takes on a brownish color after addition of oxone and

has not gone to completion after 30 min, the reaction mixture is filtered through a 150-
mL sintered glass funnel of coarse porosity, and the solids are washed with 50 mL of
methylene chloride. The aqueous/organic extracts are returned to the 5-L Morton
flask, stirred vigorously and 52 g (0.08 mol, 1 equiv KHSOs) of oxone is added over 5
min and stirring continued until oxidation is complete (approximately 10-15 min).

10. The submitters employed a toluene solution of crude imine prepared in part
B and obtained somewhat higher yields (90-95%). However, the checkers obtained
yields in this range on one haif the scale using isolated sulfonylimine.

11. The spectral properties of (+)-(camphorsutfonyl)oxaziridine are as follows:
1H NMR (CDCl3) 8: 1.03 (s, 3 H, CHg), 1.18 (s, 3 H, CH3), 1.45-2.18 (m, 6 H), 2.65 (d,
1 H), 3.10 and 3.28 (AB quartet, 2 H, CH»-SO2, J = 14.0); 13C NMR (CDClg) 8: 19.45
(g, CHa), 20.42 (q, CH3), 26.55 (t), 28.39 (t), 33.64 (), 45.78 (d), 48.16 (s), 48.32 (t,
54.07 (s), 98.76 (s). The checkers obtained material (mp 165-167°C) having [alp
+44.7° (CHCl3, c2.2).
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3. Discussion

(Camphorsulfonyl)imine has been reported as a by-product of reactions
involving the camphorsulfonamide.2-5 Reychler in 1898 isolated two isomeric
camphorsulfonamides,2 one of which was shown to be the (camphorsulfonyl)imine by
Armstrong and Lowry in 1902.3 Vandewalle, Van der Eycken, Oppolzer and Vultioud
described the preparation of (camphorsulfonyl)imine in 74% overall yield from 0.42
mol of the camphorsulfonyl chloride.8 The advantage of the procedure described here
is that, by using ammonium hydroxide, the camphorsulfony! chloride is converted to
the sulfonamide in >95% yield.7 The sulfonamide is of sufficient purity that it can be
used directly in the cyclization step, which, under acidic conditions is quantitative in
less than 4 hr. These modifications result in production of the (camphorsulfonyl)imine
in 86% overall yield from the sulfonyl chloride.

In addition to the synthesis of enantiomerically pure
(camphorylsulfonyl)oxaziridine7 and its derivatives,8 the (camphorsulfonyl)imine has
been used in the preparation of (-)-2,10-camphorsuitam (Oppolzers' auxiliary),89 (+)-
(3-oxocamphorysulfony|)oxaziridine1° and the N-fluoro-2,10-camphorsuitam, an
enantioselective fluorinating reagent.1

The N-sulfonyloxaziridines are an important class of selective, aprotic oxidizing
reagents.12 Enantiomerically pure N-sulfonyloxaziridines have been used in the
asymmetric oxidation of sulfides to sulfoxides (30-91% ee),!3 selenides to selenoxides
(8-9% ee),14 disulfides to thiosulfinates (2-13% ee),5 and in the asymmetric
epoxidation of alkenes (19-65% ee).15.16 Oxidation of optically active sulfonimines
(R*SO2N=CHAr) affords mixtures of N-sulfonyloxaziridine diastereoisomers requiring
separation by crystallization and/or chromatography.13

(+)-(Camphorylsulfonyl)oxaziridine described here is prepared in four steps

from inexpensive (1S)-(+)- or (1 R)-(+)-10-camphorsulfonic acid in 77% overall yield.7
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Separation of the oxaziridine diasterecisomers is not required because oxidation is
sterically blocked from the exo face of the C-N double bond in the
(camphorsulfonyl)imine. In general (camphorsulfonyl)oxaziridine exhibits reduced
reactivity compared to other N-sulfonyloxaziridines. For example, while sulfides are
asymmetrically oxidized to sulfoxides (3-77% ee) this oxaziridine does not react with
amines or alkenes.” However, this oxaziridine is the reagent of choice for the
hydroxylation of lithium and Grignard reagents to give alcohols and phenols because
yields are good to excellent and side reactions are minimized.17 This reagent has
also been used for the stereoselective oxidation of vinyllithiums to enolates.18

The most important synthetic application of the (camphorylsulfonyl)oxaziridines
is the asymmetric oxidation of enolates to optically active a—hydroxy carbonyl
compounds.12¢,19-22 Chiral, nonracemic a—hydroxy carbonyl compounds have been
used extensively in asymmetric synthesis, for example, as chiral synthons, chiral
auxiliaries, and chiral ligands. This structural array is also featured in many
biologically active natural products. This oxidizing reagent gives uniformly high
chemical yields regardiess of the counterion and stereoselectivities are good to
excellent (50-95% ee).19-22 Since the configuration of the oxaziridine three-
membered ring controls the stereochemistry, both o~hydroxy carbony! optical isomers
are readily available. Representative examples of the asymmetric oxidation of

prochiral enolates by (+)-(2R,8aS)-camphorylsulfonyl)oxaziridine are given in Tables |
and fl.
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TABLE |

ASYMMETRIC OXIDATION OF LITHIUM ENOLATES OF ESTERS AND AMIDES
USING (+)-(2R,8aS)-10-(CAMPHORYLSULFONYL)OXAZIRIDINE

Entry RC(R)=C(OLi)X Cosolvent  Temp. Product
R R X (°C)  %Yield® %ee (Config.) Ref.
1 Ph H OCMez - -90 82 71 (R) 19
2 PhCHz H OMe -90 73 58 (R) 19
HMPA  -90 63 85 (R)
3 Ph Me OMe -78 61 45 (R) 19
4 Ph H NC4Hsg - -78 70 30 (S) 19
HMPA  -78 74 50 (R)
5 Ph Me NCjaHg - -78 40 35 (S) 19
HMPA -78 35 20 (R)
8CH3
6 Ph Me -78 53 48 (S) 21
7 HMPA  -78 65 89 (S)
a|solated yields.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

(+)-(2R,Ba8S)-10-(Camphorylsulfonyl)oxaziridine: 4H-4a,7-Methanooxazirino-
[3,2-1][2,1]benzisothiazole, tetrahydro-9,9-dimethyl-3,3-dioxide, [4aS-(4aa,7c,8aR*)}-
(11); (104322-63-6)

(+)-(1S)-10-Camphorsulfonamide: Bicyclo[2.2.1]heptane-1-methanesulfonamide,
7,7-dimethyl-2-0xo- (18)- (9); (60933-63-3)

(+)-10-Camphorsulfonyl chloride: Bicyclo[2.2.1]heptane-1-methanesulfonyl chloride,
7,7-dimethyl-2-oxo-, (+)- (9); (21286-54-4)

(1S)-(+)-10-Camphorsuifonic acid: Bicycio[2.2.1]heptane-1-methanesulfonic acid,
7,7-dimethyl-2-oxo0-, (1S)- (9); (3144-16-9)

(-)-(Camphorsulfonyl)imine: 3H-3a,6-Methano-2,1-benzisothiazole, 4,5,6,7-
tetrahydro-8,8-dimethyl-, 2,2-dioxide, (3aS)- (9); (60886-80-8)

Oxone: Peroxymonosulfuric acid, monopotassium salt, mixt. with dipotassium
sulfate and potassium hydrogen sulfate (9); (37222-66-5)
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METHYL (2)-3-(BENZENESULFONYL)PROP-2-ENOATE
(2-Propenoic acid, 3-(phenylsulfonyl)-, methyl ester, (Z)-)

H3BO3

- THF/H0 /—\
HC=COOCH; + CgHsSO,Na W CeHsSO; COOCH;

Submitted by G. C. Hirst! and P. J. Parsons.
Checked by Annette Prelle and Ekkehard Winterfeldt.

1. Procedure

Caution! Methyl propiolate is a lachrymator and must be handled in a fume
hood.

A two-phase mixture of methy! propiolate (5.0 g, 59.5 mmol), boric acid (5.5 g,
89 mmol), sodium benzenesulfinate (9.75 g, 59.5 mmoi), and tetra-n-butylammonium
hydrogen sulfate (3.0 g, 8.75 mmol) (Note 1) in tetrahydrofuran:water (200 mL, 1:1)is
stirred vigorously at room temperature for 48 hr (Note 2). The solution is acidified to
pH 4 (2 N hydrochloric acid) and extracted into diethyl ether (4 x 50 mL) (Note 3). The
organic layer is dried (MgSO4) and concentrated under reduced pressure to afford
13.75 g of yellow oil (Note 4) which is subjected to flash column chromatography
(1.5:1 hexanes-diethyl ether) to afford initially methyl (E)-3-(benzenesulfonyl)prop-2-
enoate (400 mg, 2.9%) and then the desired Z-isomer (10.89 g, 81%) as a pale yellow

solid, pure by spectral study (Note 5).
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2. Notes

1. All reagents were purchased from Aldrich Chemical Company, Inc. and were
used without further purification.

2. A magnetic stirrer is usually adequate. An overhead stirrer was used for the
larger scale reported here.

3. Slightly increased yields are observed if most of the organic material is
removed under reduced pressure prior to extraction into ether.

4. Purity determines the structure of the product; the crude product is often a
yellow solid at this point. .

5. The isolated yield has ranged between 71 and 88%. The product has the
following spectral and physical characteristics: mp 50.5-51.5°C (ether); IR (CH2Cly)
cm™1: 3040 (m), 1732 (s), 1630 (m), 1440 (s), 1340 (s), 1310 (s), 1145 (s); 'H NMR
(CDCl3, 360 MHz) &: 3.92 (s, 3 H, CO2CH3), 6.52 (d, 1 H, J = 11.5),6.57 (d, 1 H,J =
11.5), 7.55-8.05 (m, 5 H, Ar); 13C NMR (CDCl3, 90.56 MHz) &: 52.43 (q), 127.93 (d),
129.23 (d), 131.5 (d), 133.95 (d), 135.50 (d), 139.42 (s), 164.22 (s); m/z: Found M+
226.02890, C19H1004S requires M+, 226.02998; 226 (M+, 5), 195 (16), 161 (10), 131
(12), 77 (80), 51 (100).

3. Discussion

This procedure describes the short, one-pot, high-yield preparation of methyl
(Z)-3-(benzenesulfonyl)prop-2-encate. This route is shorter than a previously reported
preparation.2 We have been able to apply this technique to the preparation of a highly
functionalized sulfony! acrylate, although the generality of this reaction has not béen
studied (eq. 1).3
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Vinyl sulfones in general serve as excellent dienophiles in Diels-Alder
reactions,* and we5 and others2.4 have found the resultant cyclohexene to contain
very useful functionality for further manipulation. Hence the vinyl sulfone moiety can
serve as a synthon for ethylene,® terminal olefins,? acetylene,® and vinylsilanes® in

[4+2]-cycloadditions as well as valuable synthetic intermediates in general.10

1-  Present address: Department of Chemistry, University of California, Irvine, CA
92717. This work was carried out at the University of Southampton,
Southampton, U.K. Support from the SERC is gratefully acknowledged.

2. Paquette, L. A.; Kiinzer, H. J. Am. Chem. Soc. 1986, 108, 7431.

3. Hirst, G. C., Ph.D. Thesis, University of Southampton, 1987. Physical data for
the triene is as follows: IR (film) cm-1: 1735 (s), 1630 (w), 1605 (w), 1445 (m),
1345 (s), 1320 (s), 1225 (s), 1150 (s), 1095 (s), 990 (m); TH NMR (CDCl3, 360
MHz) &: 1.79 (s, 3 H, CHa), 2.62 (q, 2 H, =CHCH>), 4.32 (1, 2 H, -OCHz-), 5.0 (d,
1 H, J = 10.6 H-CH=CH), 5.15 (d, 1 H, J = 17.4, H-CH=CH-), 5.52 (t, 1 H, =CH-
CHa), 6.40 (dd, 1 H, J = 17.4, 10.7, CHp=CH-), 6.50 (d, 1 H, J = 11.8, =CHCO2"),
6.56 (d, 1 H, J = 11.8, -SCH=), 7.5-8.0 (m, S H, c Ar).

4. See for example: Carr, R. V. C.; Williams, R. V.; Paquette, L. A. J. Org. Chem.
1983, 48, 4976; Kinney, W. A.; Crouse, G. D.; Paquette, L. A. J. Org. Chem.
1983, 48, 4986; Mandai, T.; Osaka, K.; Kawagishi, M.; Kawada, M.; Otera, J.J

Org. Chem. 1984, 49, 3595; Bull, J. R.; Thomson, R. . J. Chem. Soc., Chem.
Commun. 1986, 451; Danishefsky, S.; Harayama, T.; Singh, R. K. J. Am. Chem.
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Soc. 1979, 101, 7008; Trost, B. M.; Remuson, R. Tetrahedron Lett. 1983, 24,

1129; Kametani, T.; Aizawa, M.; Nemoto, H. Tetrahedron 1981, 37, 2547 and
references cited in these papers.

Buss, A. D.; Hirst, G. C.; Parsons, P. J. J. Chem. Soc., Chem. Commun. 1987,
1836.

Carr, R. V. C.; Paquette, L. A. J. Am. Chem. Soc. 1980, 102, 853.

Little, R. D.; Brown, L. Tetrahedron Lett. 1980, 21, 2203.

Paquette, L. A.; Moerck, R. E.; Harirchian, B.; Magnus, P. D. J. Am. Chem. Soc.
1978, 100, 1597.

Daniels, R. G.; Paquette, L. A. J. Org. Chem. 1981, 46, 2901.

Fuchs, P. L.; Braish, T. F. Chem. Rev. 1986, 86, 903.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Methy! (Z)-3-(benzenesulfonyl)prop-2-enoate: 2-Propenoic acid, 3-(phenylsulfonyl)
methyl ester, (Z)- (11); (91077-67-7)

Methy! propiolate: Propiolic acid, methyl ester (8); 2-Propynoic acid, methyl ester (9
(922-67-8)

Sodium benzenesulfinate: Benzenesulfinic acid, sodium salt (8,9); (873-55-2)
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INTRAMOLECULAR OXIDATIVE COUPLING OF A BISENOLATE:
4-METHYLTRICYCLO[2.2.2.03:5]0CTANE-2,6-DIONE
(Tricyclo[3.2.1.02:7]octane-6,8-dione, 2-methyl-)

(o] (0]
1. CHo(COzE),, Na, EtOH
A. OH
CH 2. KOH; HCI
* CH,O
O 0O
B. d/YOH —PPA_ o)
oH HOAg, 100°C
© CHj
o] O
c 0 1. LDA (2.2 equiv.) 0
) 2. FeCl3,DMF
(inverse addition)
CH3 CH3

Submitted by Marc-André Poupart, Gilbert Lassalle, and Leo A. Paquette.!
Checked by L. A. Stolz and Robert K. Boeckman, Jr.

1. Procedure
A. 3-Methylcyclohexanone-3-acetic acid. A 2-L, three-necked Morton flask
fitted with a low-temperature thermometer, 250-mL addition funnel, an exit tube

attached to a calcium chloride drying tube, and a Teflon-coated magnetic stirring bar,

is charged with 1.1 L of anhydrous ethanol. The stirred solution is cooled to 0°C and
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23 g (1 mol) of sodium cut into small pieces is added through the exit tube. During the

addition, the temperature of the reaction mixture increases; therefore, cooling is

applied (Note 1). After all of the sodium has completely reacted, 160.2 g (1 mol) of

neat diethyl malonate is slowly added through the addition funnel while the
temperature is maintained at 0°C (Note 2). At this point, 110.2 g (1 mol) of 3-methyl-2-
cyclohexen-1-one (Note 3) is gradually introduced through the addition funnel at 0°C,
A white precipitate eventually appears. After 9 days of stirring, the brown reaction
mixture is poured onto ice, brought to neutrality with concentrated hydrochloric acid
while being vigorously stirred, and extracted with one 600-mL portion and four 300-mL
portions of ether {Note 4). The combined organic layers are washed with three 250-
mL portions of saturated brine and dried over anhydrous magnesium sulfate. After
evaporation under reduced pressure to remove the solvent, the residual oil is distilled
through a 20-cm Vigreux column under reduced pressure. The first fraction (bp <60°C
at 0.15 mm) consists of a mixture of unreacted starting materials. The second fraction
(bp 145-165°C at 1.5 mm), a mixture of diesters (Note 5), is a colorless oil: 202-205 g
(74-76%).

In a 2-L, one-necked, round-bottomed flask fitted with a magnetic stirring bar is
placed 99 g (0.366 mol) of the diesters. A 1.0-M solution of potassium hydroxide (750
mL, 0.75 mol) is added to the flask with stirring. The mixture is stirred overnight and
subsequently heated to reflux for 1 hr. After the mixture is cooled, it is acidified with
100 mL of concd hydrochloric acid and gently boiled for 20 min. Following return to
room temperature, the mixture is transferred to a 2-L separatory funnel and extracted
with dichloromethane (6 x 100 mL). The combined organic layers are washed with
saturated brine (100 mL) and dried over sodium sulfate. The solvent is removed in a
rotary evaporator and the residue is distilled in a Kugelrohr apparatus (140-160°C and

0.3-0.5 mm) to provide 49.3 g (79%) of the keto acid (Note 6).
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B. 4-Methyibicyclo[2.2.2]octane-2,6-dione. A 2-L, three-necked, Morton flask
fitted with a mechanical stirrer, a thermometer, and a reflux condenser, is charged with
245.0 g of polyphosphoric acid (PPA, Note 7), 26.8 g (158 mmol) of the keto acid, and
427 mL of glacial acetic acid. The vigorously stirred mixture is heated at 100°C for 7
hr. After being cooled, the reaction mixture is diluted with 500 mL of saturated brine
and extracted with four 200-mL portions of benzene (Note 8). The combined organic
layers are washed with saturated sodium bicarbonate (4 x 100 mL) and brine (1 x 100
mL) solutions, and dried over anhydrous magnesium sulfate. After removal of the
solvents on a rotary evaporator, the viscous residue is distilled under reduced
pressure in a Kugelrohr apparatus, affording 11.0-13.3 g (46-55%) of cyclized
diketone as a colorless liquid, bp 100°C at 0.1 mm, which on standing at room
temperature may solidify (Note 9).

C. 4-Methyltricyclo[2.2.2.03-5]octane-3,5-dione. A 500-mL, one-necked, round-
bottomed flask fitted with a Teflon-coated magnetic stirring bar and a rubber septum is
charged under nitrogen with a solution of 30.8 mL (220 mmol) of dry diisopropylamine
in 170 mL of anhydrous tetrahydrofuran. The solution is cooled to 0°C (acetone-dry
ice bath) and 137.5 mL (220 mmol) of a 1.6 M solution of n-butyllithium in hexanes is
introduced over a 35-min period. The resulting colorless solution is stirred for 15 min
at 0°C and then cooled to -78°C.

The diketone (15.20 g, 100 mmol) is dissolved in 27 mL of dry tetrahydrofuran in
a 50-mL, round-bottomed filask and added dropwise through a 16-gauge cannuila
(nitrogen pressure) during 35 min to the lithium diisopropylamide solution. This
mixture is stirred for 30 min at -78°C and is added in turn to 280.4 mL (300 mmol) of a
1.07 M solution of anhydrous ferric chloride (Note 10) in dry dimethylformamide diluted
with 39 mL of dry dimethylformamide and contained in a 1-L, three-necked, round-
bottomed flask equipped with an efficient mechanical stirrer and cooled to -78°C (Note

11). This addition is accomplished as rapidly as possible through an 8-gauge cannula
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(nitrogen pressure). After the reaction mixture is stirred for 2 hr at -78°C, it is quenched
by the dropwise addition of 24 mL of dry methanol and allowed to reach room
temperature. Saturated brine (300 mL) is added and the entire mixture is filtered
through Celite. The aqueous phase is extracted with four 250-mL portions of ether.
The combined organic layers are washed with saturated brine (3 x 150 mL) and dried
over anhydrous magnesium sulfate. After solvent evaporation under reduced
pressure, the residue is chromatographed (100 g of TLC grade silica gel; eluant is
15% ethyl acetate in petroleum ether). There is isolated 6.4-6.5 g (43%, Note 12) of

the cyclized diketone as a colorless oil (Note 13) and 1.11 g (7.3%) of starting material.

2. Notes

1. Cooling should be applied to moderate the reaction while maintaining a
vigorous evolution of gas or the reaction time is prolonged unduly.

2. Cooling below 0°C will induce precipitation of the sodium diethyl malonate.

3. 3-Methyl-2-cyclohexen-1-one can be purchased from the Aldrich Chemical
Company, Inc. or prepared according to a known procedure.2 Checkers obtained
material from Aldrich Chemical Company, Inc. and Lancaster Synthesis, Inc.

4. The checkers employed 600 mL of ether in the first extraction to ensure
separation of the phases.

5. According to the literature,3 these esters consist of the product of Michael
addition to 3-methylcyclohexenone and of an isomer arising from rearrangement of
this primary adduct.

6. The keto acid exhibits the following spectral properties: IR (neat) cm-1:
3500-2500, 1730, 1705; TH NMR (300 MHz, CDCl3) &: 1.07 (s, 3 H), 1.61-1.77 (m, 2
H), 1.77-1.97 (m, 3 H), 2.14-2.44 (m, 5 H), 8.4-10 (br s, 1 H); 13C NMR (75 MHz,
CDCl3) &: 21.8, 25.3, 35.7, 38.0, 40.7, 45.4, 53.0, 176.9, 179.7.
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7. Polyphosphoric acid can be prepared by the addition of 200 g of
phosphorus pentoxide (P20s) to 100 mL of an 85% solution of phosphoric acid and
heating to 170°C with vigorous stirring until all of the P20s is dissolved (ca. 6 hr).

8. Continuous extraction of the aqueous phase with toluene can also be
applied for 3 days in order to yield 80% of the diketone after Kugelrohr distillation.

9. The pure diketone is a colorless solid, mp 75-76°C; IR (neat) em-1; 1735,
1710; TH NMR (300 MHZ, CDCl3) 5: 1.17 (s, 3 H), 1.67-1.73 (m, 2 H), 2.07-2.13 (m, 2
H), 2.22 (ABQ, 4 H, JaB = 8.0, Avag = 35.05), 3.16 (t, 1 H, J =2.9); 13C NMR (75 MHz.
CDClg) &: 22.7,25.7, 31.0, 33.9, 50.4, 63.4, 206.6.

10. The 1.07 M anhydrous ferric chloride solution in dimethylformamide is
prepared as follows: 178.43 g (1.1 mmol) of anhydrous solid ferric chloride is refluxed
over 360 mL of thionyl chioride for 4 days at atmospheric pressure. After the solution
is coaled, thionyl chloride is removed by distillation at 20 mm and trapped in a 1-L,
round-bottomed flask cooled to -78°C. The solid residue is stirred for 1 hr at room
temperature under reduced pressure (ca. 20 mm) and heated at 40°C for 1 hr under
high vacuum (ca. 1 mm). Drying without heating is then continued overnight under
high vacuum. The flask is filled with argon and cooled to 0°C. Approximately 600 mL
of freshly distilled dimethylformamide is then slowly added (exothermic reaction). The
entire dissolution of solid ferric chioride is achieved in an ultrasound bath during 24 hr.
After decantation, the dark brown solution is transferred under argon to a 1-L
volumetric flask and the required level is adjusted with freshly distilled
dimethylformamide.

11. The checkers found that vigorous mechanical stirring was required because
of the viscosity of the dimethylformamide solution at -78°C; otherwise, diminished
yields were observed.

12. The yields obtained range from 40 to 54% depending principally on the rate

of the inverse addition and the scale of the reaction.
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13. The tricyclic diketone, a coloriess oil which slowly solidifies, exhibits mp
34.5-35.0°C; IR (neat) cm-1: 1760, 1710; TH NMR (300 MHz, CDCl3) 8: 1.26 (s, 3 H),
2.00-2.06 (m, 2 H), 2.27-2.30 (m, 2 H), 2.46-2.68 (m, 1 H), 2.68 (d, 2 H, J = 1.3); 13¢
NMR (75 MHz, CDCl3) &: 23.3, 26.6, 30.9, 47.1, 48.9, 52.6, 203.5.

3. Discussion

The initial Michae! addition step is a modified and improved version of a
procedure originally developed by Farmer and Ross.3 The second step involving
acid-catalyzed dehydration of the cyclohexanone-3-acetic acid is adapted from earlier
work developed for the desmethyl series.5

The intermolecular dimerization of ketone enoclates to give 1,4-diketones has
been accomplished earlier with cupric6.7 and ferric salts.8 These transition metal saits
have also been used to achieve intramolecular carbon-carbon bond formation.7.9.10
However, step C represents the only reported example!! of cyclopropane construction

via technology of this type.

1.  Department of Chemistry, The Ohio State University, Columbus, OH 43210

2. ApSimon, J. W.; Badripersaud, S.; Nguyen, T. T. T.; Pike, R. Can. J. Chem.
1978, 56, 1646.

3. Farmer, E. H.; Ross, J. J. Chem. Soc. 1925, 127, 2358.

4. Unpublished results courtesy of Deeter, J. B. (Eli Liily Company).

5. Gerlach, H.; Miller, W. Angew. Chem., Inter. Ed. Engl. 1972, 11, 1030. See
also Oplinger, J. A.; Paquette, L. A. Tetrahedron Lett. 1987, 28, 5441.

6. (a) lto, Y.; Konoike, T.; Saegusa, T. J. Am. Chem. Soc. 1975, 97, 2912; (b)
Kobayashi, Y.; Taguchi, T.; Tokuno, E. Tetrahedron Lett. 1977, 3741.

7. Ito, Y.; Konoike, T.; Harada, T.; Saegusa, T. J. Am. Chem. Soc. 1977, 99, 1487.

178

g. Frazier, R. H., Jr.; Harlow, R. L. J. Org. Chem. 1980, 45, 5408.
9. Paquette, L. A.; Snow, R. A.; Muthard, J. L.; Cynkowski, T. J. Am. Chem. Soc.
1978, 100, 1600.
10. Kobayashi, Y.; Tagushi, T.; Morikawa, T. Tetrahedron Lett. 1978, 3555.
11. Poupart, M.-A.; Paquette, L. A. Tetrahedron Lett. 1988, 29, 269.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

4-Methyltricyclo[2.2.2.03:5]octane-2,6-dione: Tricyclo[3.2.1.02.7]octane-6,8-dione,
2-methyl- (12); (119986-99-1)

3-Methylcyclohexanone-3-acetic acid: Cyclohexaneacetic acid, 1-methyl-3-oxo-, (1)-
(12); (119986-97-9)

Diethyl malonate; Malonic acid, diethyl ester (8); Propanedioic acid, diethyl ester (9);
(105-53-3)

3-Methyl-2-cyclohexen-1-one: 2-Cyclohexen-1-one, 3-methyl- (8,9); (1193-18-6)
4-Methylbicyclo[2.2.2]octane-2,6-dione: Bicyclo[2.2.2]octane-2,6-dione,

4-methyl- (12); (119986-98-0)

Polyphosphoric acid (8,9); (8017-16-1)
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DIAZO KETONE CYCLIZATION ONTO A BENZENE RING:
3,4-DIHYDRO-1(2H)-AZULENONE
(1(2H)-Azulenone, 3,4-dihydro-)

0

O
A @/\)LCl + CH,N, — ©/\)L CH N2

o} (0] o)
N ©/\/‘LCHN2 RR5(0Ad)s %t@ A1, d}

Submitted by Lawrence T. Scott and Chris A. Sumpter.
Checked by John M. Fevig and Larry E. Overman.

1. Procedure

Caution! Diazomethane is toxic and explosive; all operations should be carried
out in a well-ventilated hood with adequate shielding (Note 1).

A. 1-Diazo-4-phenyl-2-butanone. A 1-L Erlenmeyer flask equipped with a two-
inch magnetic stirring bar and a two-hole rubber stopper fitted with a 125-mL Teflon
stopcock separatory funnet (Note 2) and a drying tube filled with potassium hydroxide
(Note 3) is charged with a solution of 200 mmol (3.4 equiv) of diazomethane (Note 4)
in 600 mL of dry ether. The solution is cooled to 0°C and stirred at high speed (Note
5). To this cooled solution, 10.0 g (59 mmol) of hydrocinnamoyl chloride (3-
phenylpropiony! chloride) (Note 6) diluted to 125 mL with anhydrous ether is added
dropwise over a 1-hr period. The resulting reaction mixture Is stirred cold for an

additional 0.5 hr and then at room temperature for 1 hr. After this period of time the
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reaction is complete, and excess diazomethane is removed by evacuating the
Erlenmeyer flask with a water aspirator pump in the hood (Note 7). The Erlenmeyer
flask is evacuated by connecting the aspirator to a one-hole stopper that has been
fitted with a plastic or fire-polished glass tube. After the diazomethane has been
removed, the remaining ethereal solution is concentrated by rotary evaporation to give
10.5-10.6 g (> 100% crude yield) of 1-diazo-4-phenyl-2-butanone as a yellow oil (Note
8). This oil is used without purification for the next reaction.

B. 3,4-Dihydro-1(2H)-azulenone. A 250-mL, one-necked round-bottomed flask
s equipped with an egg-shaped magnetic stirring bar and a high dilution trident
Figure 1)4 (Note 9). The high dilution trident is further equipped with a 100-mL
yressure-equalizing addition funnel attached to a nitrogen inlet and an efficient reflux
condenser attached to a nitrogen outlet. The round-bottomed flask is charged with
100 mL of dry freshly distilled methylene chloride and 12 mg of rhodium diacetate
dimer (Note 10). This heterogeneous mixture is stirred at high speed (Note 11) and
heated to a rapid reflux without bumping. The addition funnel is charged with a
solution of 8.7 g (50 mmol) of 1-diazo-4-phenyl-2-butanone (Note 12) diluted to 50 mL
with methylene chloride. As soon as the high dilution trident reservoir (20 mL) fills up
and begins to overflow back into the round-bottomed flask, dropwise addition of the
diazo ketone solution is initiated (1:20, one drop of diazo ketone solution to every 20
drops of solvent entering the trident reservoir from the condenser). After the addition is
complete (2.5-3 hr), the reaction mixture is allowed to reflux for an additional 1 hr. The
reaction mixture is then cooled, and the yellow-green solution of the initially-formed
unstable trienone (Note 13) is suction-filtered through 110 g of neutral alumina (Note
14) in a 250-mL fritted glass funnel to isomerize the f,y-double bond into conjugation
with the carbony! group and to remove the rhodium diacetate dimer. The alumina is
then washed with 100 mL of ethyl acetate, and the combined organic filtrates are

concentrated by rotary evaporation to give a yellow oil. Vacuum distillation of this oil
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through a short path distillation head gives 5.5-5.7 g (75-78% yield) of a colorless to
slightly green oil that solidifies at 0°C, bp 73-75°C/0.2 mm (Note 15). This material is
sufficiently pure for most purposes (Note 16). Recrystallization from hexane (80 mL

per gram of trienone) yields colorless needles, mp 28.5-29.0°C (Note 17).

2. Notes

1. See full warning in Org. Synth., Coll. Vol. 111943, 165, and Aldrichimica
Acta 1983, 16(1), 3-10.

2. Ground glass can cause explosions; therefore, a Teflon stopcock must be

used.

3. Potassium hydroxide must be used as the drying agent since calcium sulfate

and other drying agents can react with diazomethane and cause an explosion.
4. Diazomethane is prepared as described in Org. Synth., Coll. Vol. IV 1963,
250, with 50 g of Diazald (from Aldrich Chemical Company, Inc.) in 300 mL of ether

added to 15 g of KOH in 25 mL of water, 30 mL of ether, and 50 mL of 2-(2-ethoxy- .

ethoxy)ethanol. One equivalent of diazomethane becomes incorporated in the

reaction product, and the remainder serves as a scavenger for the HCI produced as a

reaction by-product. The excess of diazomethane called for in this procedure is '

necessary to inhibit the undesired formation of 1-chioro-4-phenyl-2-butanone. The

submitters report that this reaction can be performed on twice this scale with

comparable results.

5. The high rate of stirring reduces the production of 1-chloro-4-phenyl-2-
butanone, a by-product of this reaction.

6. This compound can be purchased from Aldrich Chemical Company, Inc. of

prepared according to standard methods.2
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7. Two hundred milliliters of ether and diazomethane are removed before
transfer for rotary evaporation. Diazomethane in a rotary evaporator can cause
explosions.

8. A pure sample of diazo ketone can be obtained by chromatography on silica
gel using 15% ethyl acetate/hexane as an eluent, Ry = 0.37. The checkers estimate
the purity of the crude diazo ketone to be 90-91% based on careful column
chromatography of 1.0-g aliquots. They further estimate that approximately 5-6% of 1-
chioro-4-phenyl-2-butanone is also produced in the reaction. The spectral properties
of 1-diazo-4-phenyl-2-butanone are as follows: 1H NMR (300 MHz, CDCl3) 8: 2.59-
2.64 (M, 2 H), 2.95 (t, 2 H, J = 7) 5.20 (broad s, 1 H), 7.17-7.31 (m, 5 H).

9. The high dilution trident in this example dilutes the diazo ketone solution to
10-3 - 104 M before it reaches the reaction mixture.

10. The rhodium diacetate dimer is used in catalytic amounts; 0.132% (weight of
dimer/weight of diazo ketone) has worked out to be the best ratio for this reaction.

11. The high speed stirring minimizes undesired bimolecular reactions.

12. The submitters report that this step can be performed on a 0.5-mol scale (87
g of diazo ketone) in 86.5-94.9% yield. This amount of diazo ketone was prepared in
multiple batches as described in Step A. The submitters were reluctant to prepare and
handle diazomethane on a scale large enough to make 0.5 mol of diazo ketone in one
batch.

13. The initially-formed trienone isomerizes quantitatively to B-tetralone on
treatment with catalytic amounts of trifluoroacetic acid. This acid sensitivity precludes
chromatography of the crude product on normal silica gei.

14. F20 alumina (60-200 mesh) from Schoofs, Inc. was used. The checkers
used chromatography grade neutral alumina (100-125 mesh) supplied by Fluka.

15. The oil bath temperature maximum must be maintained below 120°C or the

yield of product drops.
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16. The checkers found that on this scale a bulb-to-bulb (Kugelrohr) distillation
could also be employed. The distilled product is contaminated with approximately 4-
5% of 1-chloro-4-phenyl-2-butanone which was produced in Step A. This impurity is
easily removed by recrystallization from hexane. Alternatively, this impurity can be
removed at the diazo ketone stage by column chromatography. The use of purified
diazo ketone in Step B affords purer distilled product, but this modification has no
significant effect on the overall yield.

17. The spectral properties of 3,4-dihydro-1(2H)-azulenone are as follows: H
NMR (300 MHz, CDCl3) 8: 2.50 (narrow m, 2 H), 2.70 (narrow m, 2 H), 2.78 (apparent
d,2H,J=6),538(dt, 1 H,J =9.6,6.3),6.09 (dd, 1 H, J = 9.2, 6.2), 6.47 (dd, 1 H, J =
11,5.7), 6.68 (d, 1 H, J = 11); IR (film) cm™1: 1697.

3. Discussion

The cyclopropanation of alkenes, alkynes, and aromatic compounds by
carbenoids generated in the metal-catalyzed decomposition of diazo ketones has
found widespread use as a method for carbon-carbon bond construction for many
years, and intramolecular applications of these reactions have provided a useful
cyclization strategy. Historically, copper metal, cuprous chloride, cupric sulfate, and
other copper salts were used most commonly as catalysts for such reactions; however,
the superior catalytic activity of rhodium(ll) acetate dimer has recently become well-
established.3 This commercially available rhodium salt exhibits high catalytic activity
for the decomposition of diazo ketones even at very low catalyst:substrate ratios (<
1%) and is less capricious than the old copper catalysts. We recommend the use of
rhodium(ll) acetate dimer in preference to copper catalysts in all diazo ketone
decomposition reactions. The present synthesis describes a typical cyclization

procedure.
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A special feature of the synthesis described here is the glass apparatus used to
achieve high-dilution reaction conditions (Figure 1).4 This "trident” is simple but
effective and can be fabricated quite easily from standard parts. The one shown here
is designed to accept an overhead mechanical stirrer.

The product of this synthesis is an especially useful, highly functionalized
hydroazulene that is not available commercially. We have used it as a synthetic
precursor 1o homoazulene,5 and to a variety of homoazulene derivatives,® bridged
homotropylium cations,” and azulene quinones.8 It could undoubtedly serve as a
precursor to numerous natural products. The cyclization reaction tolerates electron-

donating substituents3.2 but not halogens!? on the aromatic ring.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

3,4-Dihydro-1(2H)-azulenone: 1(2H)-Azulenone, 3,4-dithydro- (9); (52487-41-9)
1-Diazo-4-phenyl-2-butanone: 2-Butanone, 1-diazo-4-phenyl- (8,9); (10290-42-3)
Diazomethane: Methane, diazo- (8,9); (334-88-3)

Diazald: p-Toluenesulfonamide, N-methyl-N-nitroso- (8 ); Benzenesulfonamide,
N, 4-dimethyl-N-nitroso- (19); (80-11-5)

2-(2-Ethoxyethoxy)ethanol: Ethanol, 2-(2-ethoxyethoxy) - (8,9); (111-90-0)
Hydrocinnamoyl chloride (8); Benzenepropanoy! chloridle (9); (645-45-4)
Rhodium diacetate dimer: Acetic acid, rhodium(2+) salt (8,9); (5503-41-3)
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A GENERAL METHOD FOR THE PREPARATION OF 9-, 10-, AND
11-MEMBERED UNSATURATED MACROLIDES: SYNTHESIS OF
8-PROPIONYL-(E)-5-NONENOLIDE
(2H-Oxecin-2-one, 3,4,5,8,9,10-hexahydro-9-(1-oxopropyl)-, (E)-)

(¢]
o 1) LiSnBuz

0 0 Et
2)
A . _Pb(OAc),
3) CH,0 o '

Submitted by Kevin S. Webb, Edward Asirvatham, and Gary H. Posner.1
Checked by Thais Sielecki and Albert . Meyers.
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1. Procedure

Caution! Benzene has been identified as a carcinogen: OSHA has issued
emergency standards on its use. All procedures involving benzene should be carried
out in a well-ventilated hood, and gloves should be worn.

A tlame-dried (Note 1), 500-mL, three-necked, round-bottomed fiask equipped
with a Teflon-coated magnetic stirring bar, rubber septa, and an argon inlet is charged
with 75 mL of anhydrous tetrahydrofuran {Note 2) and 8.0 mL (57.1 mmol) of
diisopropylamine (Note 3), then cooled to -10°C via an ice/salt bath. Next 34.8 mL
(55.0 mmol) of butyliithium (1.58 M, Note 4, in hexane) is added dropwise (over 4 min)

to the vigorously stirred diisopropylamine solution, and stirred at -10°C for 20 min.
Tributyltin hydride (15.2 mL, 55.0 mmol, Note 5) is added dropwise over 5 min to the
solution, and the reaction mixture is stirred under argon at -10°C to 0°C for an

additional 30 min. The flask is cooled to -78°C and stirred for 20 min.
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A flame-dried (Note 1), 100-mL, round-bottomed flask equipped with a Teflon-
coated magnetic stirring bar, rubber septum, and an argon inlet is charged with 50 mL
of anhydrous tetrahydrofuran (Note 2) and 4.85 mL (50.1 mmo}) of 2-cyclohexen-1-one
(Note 6), and cooled to -78°C. This solution (54.85 mL) is cannulated into the tri-
buty'tinlithium solution dropwise over 8 min (Note 7), and the solution is stirred at
.78°C under argon for 25 min (Note 8). The same 100-mL, round-bottomed flask is
charged with 50 mL of anhydrous tetrahydrofuran (Note 2) and 6.1 mL (59.4 mmol) of
ethyl vinyl ketone (Note 8), and cooled to -78°C. This solution (56.1 mL) is cannulated
into the 500-mL, round-bottomed flask dropwise over 8 min (Note 10), and the solution
is stirred for 1.5 hr (Note 11). The resulting solution is then transferred from a -78°C
cold bath to a -23°C cold bath (Note 12) and stirred at this temperature for 30 min.

A flame-dried (Note 1), 100-mL, three-necked, round-bottomed flask equipped
with a Teflon-coated magnetic stirring bar, Teflon stopcock, rubber septa, and an
argon inlet is charged with 6 g of paraformaldehyde (Note 13). The flask is heated to
165-170°C and the gaseous formaldehyde is bubbled into the -23°C solution (Note
14). After 15 min all of the paraformaidehyde is pyrolyzed (Note 15), and the solution
becomes slightly cloudy and yellow. The 500-mL, three-necked, round-bottomed flask
is transferred to a -40°C bath (maintained by a Flexicool cryostat) and allowed to stir
under argon for 20 hr. The reaction mixture is quenched at -40°C with 7 mL of
saturated ammonium chloride followed by 8 mL of distilled water. Itis warmed to room
temperature, poured into a 500-mL separatory funnel, and diluted with 75 mL of water;
the organic layer is separated, and the aqueous layer is extracted with diethyl ether (2
x 100 mL). The combined organic layers are dried over anhydrous magnesium
sulfate, filttered, and concentrated (Note 16) to afford 29.30 g of crude product.

A flame-dried (Note 1), 1000-mL, three-necked, round-bottomed flask equipped
with a Tefion-coated magnetic stirring bar, rubber septa, 24/40 condenser, and an

argon inlet is charged with 300 mL of anhydrous benzene (Note 17), and 28.00 g (65.4
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mmol) of lead tetraacetate (Note 18). The suspension is heated to 80°C and stirred
vigorously under argon. A flame-dried (Note 1), 250-mL, round-bottomed flask
equipped with a Teflon-coated magnetic stirring bar, rubber septa, and an argon inlet
is charged with 150 mL of anhydrous benzene (Note 17) and 29.30 g of the crude
reaction mixture. This solution is cannulated into the lead tetraacetate suspension
over 2 min (Note 19), and the suspension is allowed to reflux for 2.5 hr. The reaction
flask is cooled to room temperature, quenched with 200 mL of distilied water, poured
into a 2-L separatory funnel, and diluted with 1000 mL of diethy! ether (Note 20). The
organic layer is washed with saturated sodium bicarbonate solution (3 x 200 mL),
aqueous 5% hydrochloric acid (2 x 200 mL), distilled water (200 mL) and brine (200
mL). The organié layer is dried over anhydrous magnesium sulfate and filtered;
solvent removal afforded 28.95 g of a crude oil. This crude residue (light yellow-brown
oil) is purified by short-path column chromatography (Note 21) to yield 4.37 g (41.5%)
of 8-propionyl-(E)-5-nonenolide (Notes 22 and 23).

2. Notes

1. All glassware and Teflon-coated magnetic stirring bars were flame-dried
under vacuum (0.5 mm) for 5 min, then back-filled with argon. The procedure was
repeated a total of three times.

2. Baker reagent grade tetrahydrofuran (99% obtained from Aldrich Chemical
Company, Inc.) was distilled over sodium metal spheres/benzophenone under an inert
atmosphere and used immediately.

3. Diisopropylamine, 99%, was obtained from Aldrich Chemical Company, Inc.,
and allowed to reflux over calcium hydride (95+% obtained from Aldrich Chemical

Company, Inc.) for 24 hr prior to use.
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4. Butyllithium in hexane (1.6 M), obtained from Aldrich Chemical Company,
Inc., was titrated (using 2,5-dimethoxybenzyl alcohol as the indicator?) just prior to use.

5. Tributyltin hydride, 97%, was obtained from Aldrich Chemical Company, Inc.,
and must be used quickly to insure generation of the tributyltinlithium species. Two
minutes after the initial addition of tributyltin hydride the colorless solution turned light
yellow.

6. 2-Cyclohexen-1-one, 97%, was obtained from Aldrich Chemical Company,
Inc., and was freshly distilled via short-path distillation.

7. After the 2-cyclohexenone addition was complete, the 100-mL, round-
bottomed flask was washed with 10 mL of anhydrous tetrahydrofuran, and this wash
was cannulated into the 500-mL flask (Note 2).

8. A small aliquot of the reaction mixture was removed after 15 min and
analyzed by analytical TLC. The TLC was developed in 20% ethyl acetate:hexane
and showed that the 1,4-conjugate addition had proceeded to completion (R; = 0.58);
the solution was colorless at this point of the reaction.

9. Ethyl vinyl ketone, 97%, was obtained from Aldrich Chemical Company, Inc.,
and used directly.

10. The reaction mixture turned slightly yellow during addition of ethyl vinyl
ketone.

11. A small aliquot was removed from the reaction mixture and analyzed by
analytical TLC (20% ethyl acetate:hexane) to insure that the Michael addition had
proceeded, Rt = 0.44, and Ry = 0.32 corresponding to the diastereomeric
intermediates.

12. A -23°C bath was obtained from a mixture of dry ice/carbon tetrachloride. A
temperature between -40°C and -20°C is necessary.

13. Paraformaldehyde, 95%, was obtained from Aldrich Chemical Company,

Inc., and used directly.
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14. The argon inlet was equipped with a 16-gauge, 3-inch, syringe needle, the
transfer cannula was a flex-needle (Z10,091-9) obtained from Aldrich Chemical
Company, inc., and the outlet bubbler was equipped with a 16-gauge, 3-inch, syringe
needle.

15. A high pressure stream of argon was needed to prevent the gaseous
formaldehyde from polymerizing to paraformaldehyde in the transfer flex-needle.

16. The weight of 29.30 g was achieved by attaching the round-bottomed flask
to a vacuum (1.5 mm) and heating via a water bath (55°C) for 4 hr.

17. Benzene (thiophene-free, 99+%, 900 mL) was obtained from Aldrich
Chemical Company, Inc., and washed with concentrated sulfuric acid (5 x 100 mL),
distilled water (100 mL), aqueous 2% sodium hydroxide solution (100 mL), distilled
water (100 mL), and dried over anhydrous magnesium sulfate. It was then allowed to
reflux over calcium hydride for 24 hr. The checkers found that the benzene only
needed to be distilled from caicium hydride.

18. Lead tetraacetate was purchased from Aldrich Chemical Company, Inc., and
used directly.

19. The transfer cannula was a 12-inch, 16-gauge, double-tipped syringe
needle, and the 250-mL fiask was washed with an additional 30 mL of anhydrous
benzene (Note 17), which was cannulated into the 1000-mL flask.

20. The 1000-mL, round-bottomed flask was washed with diethyl ether (3 x 100
mL of the 1000 mL).

21. Working on 1/2 of the present scale, the checkers found that by using
Amicon Grace Matrex Silica Gel, (60 A, 20-45 m) and an eluting solvent of 10% diethyl
ether:hexane, 3.50 g (66.0%) of 8-propionyl-(E)-5-nonelide was obtained, The white
solid was further purified by recrystallization from 15 mL of hexane to vield 3.15 g
(60.0%) as a white solid.
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22. The physical properties are as follows: IR (CHCIz) cm-1: 2933, 1731, 1349,
1210, 1154, 979, 770, 746; TH NMR (CDCl3 400 MHz) &: 1.05(t, 2H,J=7.2), 1.12 (1,
1 H,J=72),1.70-3.00 (m, 11 H), 3.76-3.82 (m, 0.67 H), 4.15-4.21 (m, 0.33 H), 5.05-
5.70 (m, 3 H). When the proton signals at 1.90-2.90 ppm were irradiated, the two
olefinic multiplets collapsed into two doublets (J = 15.2). An analytical sample (4.37 g)
was recrystallized from 20 mL of hexane (Fisher, certified) to yield 4.05 g (38.5%) as a
white solid: mp 70-71°C. Anal. Calcd for C12H1303: C, 68.57; H. 8.57. Found: C,
68.47; H, 8.68.

23. In order to determine whether the product was a mixture of geometrical
isomers (e.g., differing by cis or trans geometry at the double bond) or conformers it
was necessary to obtain 'TH NMR spectra at various temperatures. The 400 MHz 'H
NMR (DMSO-dg) at 100°C shows that the two triplets (3 1.05 and 1.12) start to collapse
to one triplet, the multiplicity of the peaks in the region of 8 5.05-5.70 simplify greatly,
and the initial peak ratios in the region of 8 3.70-4.20 change from 1:2 to 1:3.
Therefore, the nonenolide is one pure isomer of only trans double bond geometry and
is able to exist as two stable conformers in solution. The glass capillary GC (Hewlett
Packard 5890) of 8-propionyi-(E)-5-nonenolide shows only one peak with a retention

time of 4.21 min (injector temperature 175°C, detector temperature 225°C).

3. Discussion

The procedure described is a simple, rapid, and convenient method for
conversion of n-sized cycloalkenones into n+4 alkenolides. Significant but limited
progress has been reported in the recent literature toward the preparation of medium
and large ring lactones via ring-expansion reactions. One of the most notable and
useful developments in this area involves conversion of a cycloalkanone into a bicyclic

vinylic ether which is oxidatively cleaved to form a ring-enlarged keto lactone.3
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Recently, several variations of this ring-enlargement reaction have been reported
including the scission of alkoxy radicais.4 In most of these cases, a superfiuous
functional group (e.g., ketone, iodide) is produced during cleavage of the bicyclic
system. Regiospecific conversion of such functional groups into a specific alkene
structural unit is usually not possible because of the similar chemical environment o
and o' to the functional group.5 Because many regiospecifically unsaturated lactones
are physiologically active natural products,6 we have developed methodology to
prepare unsaturated macrolides having a carbon-carbon double bond with specific
geometry and at a specific position in the macrolide skeleton.

Because of our interest in one-pot, multicomponent annulations,” we
envisioned a flexible and efficient protocol which would link the four different
components via the formation of four new bonds (a-d, eq. 1} in one reaction vessel.
The intermediate y-hydroxystannanes thus formed in eq. 1 could be oxidatively
fragmented8 to produce both ring enlargement and regiospecific formation of an
alkenyl unit. This 4-atom ring expansion methodology of common sized a,B-
unsaturated ketones has led to the syntheses of many mono- and disubstituted 9-, 10-,

and 11-membered unsaturated macrolides (Table ).

0
1) LiSnBuz
o} p HO od’zl/la
2 \/U*Eg 3 Pb(OAC)s
3) CH.0 a
n n SnBU3

n=0,1,2
Based on the data in the Table and on our published results,” it is clear that
five-, six-, and seven-membered cycloalkenones undergo this 4-atom ring

enlargement reaction to produce medium ring, unsaturated lactones in overall yields
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of 30-54%. Permutations on this methodology include using either ethyl vinyl ketone
or phenyl vinyl ketone as the third component, and either substituted acetaldehydes or
substituted benzaldehydes as the last component. The geometrical assignment of the
new carbon-carbon double bond was made from interpreting the 400 MHz TH NMR
decoupled spectra in which each olefinic proton collapsed into a baseline resolved
doublet with coupling constants of J = 15-16. The proton decoupling experiments
conducted to determine the relative stereochemistry of the vicinal substituents in the
disubstituted macrolides were inconclusive; often the magnitude of the coupling
constants were similar or not discernible from the spectra. Therefore, the relative
stereochemistry of the vicinal substituents was established by examining the TH NMR
spectra of the intermediate y-hydroxystannanes (usually only two were isolated). The
trans-hemiketals showed typical coupling constants of J = 8-13, while the cis-
hemiketals showed coupling constants of J = 2-4. Separate lead tetraacetate
oxidative fragmentation of these y-hydroxystannanes produced two different ring-
enlarged lactones both with specific trans-double bond geometry and differing only in
the relative stereochemistry of the vicinal substituents.

This homologous Baeyer-Villiger type oxidative ring expansion represents a
conceptually new protocol illustrating the substantial value of one-pot, four-component

annulations as a flexible and simple new synthetic method.
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Ph
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Ph
Et
Et
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Ph
Et
Ph
Et
Ph
Et
Et
Et
Ph

TABLE

1) LiSnBug

o} (o)
axAq PO(OAC)
3) RCHO

R % Yield
CH3 305
CHs 47
CH2=CH 39.5
0-BrCeHa 47
0-ICgHa 37
0-ICgH4 34
PhCH2 435
0-BrCgH4CH2 30
o-N(phtl)CgH4 42
H 415
2,3-(MeQ)2CgH3CH2 52
2,3-(Me0)2CeH3CH2 51
3-thienyICH2 52
3-thienylCH2 52
3-furylCH2 54
3-furylCHa2 40
Cyclopropyl 53
CH3 40
3-(MeO)CgHg4 415
0-ICgH4CH2 38
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0.57
0.7
2.8
5.3
26
1.0
1.5
1.0
5.0

1.0
1.5
0.7
1.8
0.7
7.0
1.1
1.0
1.5
1.9
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)

1. Procedure
8-Propionyl-(E)-5-nonenolide: 2H-Oxecin-2-one, 3,4,5,8,9,10-hexahydro-
9-(1-oxopropyl)-, (E)- (12); (114633-68-0)

Diisopropylamine (8); 2-Propanamine, N-(1-methylethyl)- (9); (108-18-9)
Butyllithium: Lithium, butyi- (8,9); (109-72-8)

A 500-mL, three-necked flask is equipped with a rubber septum, a magnetic
stirring bar, a gas inlet, and a reflux condenser. The top of the condenser is connected
to a pressure-equalizing dropping funnel isolated from moisture by a sulfuric acid trap

; Note 1). The flask is cooled to -15°C and charged with N,N-dimethylacetamide (3.26
Tributyltin hydride: Stannane, tributyl- (8,9); (688-73-3) (Note 1). The flask is g

, 37.5 ) (Note 2) in 100 mL of 1,2-dichloroethane (Note 3). The dropping funnel
2-Cyclohexen-1-one (8,9); (930-68-7) g mmol) ( )i ( )

; is charged with 1-octene (16.8 g, 150 mmol) (Note 4) and 2,4,6-collidine (5.44 g, 45
Ethyl vinyl ketone: 1-Penten-3-one (8,9); (1629-58-9) 9 (1689 ) (Note 4)

Paraformaldehyde (9): (30525-89-4)
Lead tetraacetate: Acetic acid, lead (4+) salt (8,9); (546-67-8)

mmol) (Note 5) in 50 mL of 1,2-dichloroethane. A slightly positive pressure of argon is

maintained in the apparatus throughout the course of the reaction.
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Trifluoromethanesulfonic anhydride (12.69 g, 45 mmol) (Note 6) is added through the
rubber septum into the solution of N,N-dimethylacetamide by means of a syringe. A
precipitate is formed. The olefin-collidine solution is then added dropwise over a
period of 20 min. During these operations rapid stirring and cooling are maintained.
The resulting mixture is refluxed for 17 hr (Note 7). The solvent is removed by rotary
evaporation. The oily residue is washed with dry ether (3 x 20 mL) (Note 8). Then 20
mL of carbon tetrachloride (Note 9) and 20 mL of water are added to the crude
cyclobutaniminium salt. The mixture is refluxed for 6 hr (Note 10). The organic phase
is separated and the aqueous phase is extracted with carbon tetrachloride (3 x 20 mL).
The combined organic phases are dried over anhydrous magnesium sulfate. The
solvent is removed by distillation at atmospheric pressure (Note 11). Bulb to bulb
distillation (bath temperature 100-110°C, water pump) gives 3.3 g (59%) of 3-
hexylcyclobutanone (Notes 12 and 13).

2. Notes

1. The assembled apparatus is flame dried under a slight pressure of argon.

2. N,N-Dimethylacetamide (Janssen Chimica, Beerse, Belgium) is distilled
before use. The checkers used it as obtained from Aldrich Chemical Company, Inc.

3. 1,2-Dichioroethane (99%) is obtained from Janssen Chimica or Aldrich
Chemical Company, Inc. It is distilled from calcium hydride.

4. 1-Octene (97%) is purchased from Janssen Chimica or Aldrich Chemical
Company, Inc. and distilled.

5. 2,4,6-Collidine (99%, Janssen Chimica or Aldrich Chemical Company, Inc.)

is distilled from calcium hydride and stored under argon in a brown bottle.
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6. Trifluoromethanesulfonic anhydride is prepared just prior to use according to
the procedure of Stang, et al.2 The checkers obtained it from Aldrich Chemical
Company, inc.

7. During this period the solution turns dark brown and, after rotary
evaporation, the residue is a thick, black oil. The progress of the reaction can be
followed by IR (VC=N+: yem-1: 1730-1735, but the checkers found that it was complete
in this 17-hr period.

8. Technical ether is dried over potassium hydroxide.

9. Technical carbon tetrachloride is used. Dichloromethane is preferred only
when the cyclobutanone is too volatile.

10. The progress of the hydrolysis can be followed by IR, but the checkers found
that it was complete in 6 hr.

11. Rotary evaporation or vacuum distillation can lead to a substantial loss of
cyclobutanone.

12. The spectral properties of the compound are as follows: IR (CCla. vc-0)
cm-1 1785; TH NMR (270 MHz, CDCl3) 8: 0.840 (t, 3 H, CH3), 1.226-1.243-1.302 (m, 8
H, CHa), 1.513 (m, 2 H, CH), 2.300 (m, 1 H, CH), 2.610 (m, 2 H, CH), 3.079 (m, 2 H,
CH): 13C NMR (75.5 MHz, CDCl3) 8: 13.98, 22.53, 23.78, 28.16, 29.02, 31.71, 36.29,
62.43, 208.61.

‘ 13. The physical properties of the semicarbazone are as follows: mp 148.5°C;
Anal. Calcd for C11H21N3O: C, 62.53; H, 10.02; N, 19.88; O, 7.57. Found: C, 62.63;
H, 10.05; N, 19.95; 0.7.50.

3. Discussion

Cyclobutanones are important synthetic intermediates. A common synthetic

method for their preparation is the [2+2] cycloaddition of olefins with ketenes often
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generated in situ from acid chlorides. However, that method suffers limitations
especially when aldoketenes and unreactive olefins are used.

Keteniminium salts are more electrophilic than ketenes and are thus able to
react with less nucleophilic olefins. Ketoketeniminium saits can be conveniently
prepared from the corresponding a—chloroenamines and Lewis acids.3 However, the
method cannot be applied well to the preparation of the less stable aldoketeniminium
salts.

The method described here which involves the in situ generation of
keteniminium triflates is practical and more general. The best results were obtained
with 2,4,6-collidine but occasionally the more expensive 2,6-di-t-butyl-4-
methylpyridine was superior. Pyridine gave satisfactory results in few uses only.
Triethylamine always gave poor results. With the more reactive olefins (e.g., styrene),
reactions can be run in refluxing dichloromethane. The procedure described here
usually gives better yields than that previously reported in a preliminary
communication.4 It has been used to prepare cyclobutanones as well as
cyclobutenones5:6 from a wide variety of olefins or acetylenes. A few examples are
shown in Table I. The method works well for olefins or acetylenes bearing alkyl,

alkenyl or aryl groups. It does not apply to enol ethers or enamines.

1. Laboratoire de Chimie Organique de Synthése, Université Catholique de
Louvain, Place Louis Pasteur 1, B-1348, Louvain-La-Neuve, Belgium.

2. Stang, P. J.; Dueber, T. E. Org. Synth., Coll. Vol. 6 1988, 757.

3. (a) Marchand-Brynaert, J.; Ghosez, L. J. Am. Chem. Soc. 1972, 94, 2870; (b)
Sidani, A.; Marchand-Brynaert, J.; Ghosez, L. Angew. Chem., Inter. Ed. Engl.
1974, 13, 267; (c) Houge, C.; Frisque-Hesbain, A. M.; Mackel, A.; Declercq, J.
P.: Germain, G.; Van Meersche, M. J. Am. Chem. Soc. 1982, 104, 2920; (d)

202

Saimoto, H.; Houge, C.; Hesbain-Frisque, A.-M.; Mockel, A.; Ghosez, L.
Tetrahedron Lett. 1983, 24, 2251.

4. Markd, |.; Ronsmans, B.; Hesbain-Frisque, A. M.; Dumas, S.; Ghosez, L.; Ernst,
B.; Greuter, H. J. Am. Chem. Soc. 1985, 107, 2192.

5. Falmagne, J.-B.; Escudero, J.; Talbe-Sahraoui, S.; Ghosez, L. Angew. Chem.,
Inter. Ed. Engl. 1981, 20, 879.

6. (a) Hoornaer, C.; Hesbain-Frisque, A. M.; Ghosez, L. Angew. Chem., Inter. Ed.
Engl. 1975, 14, 569; (b) Schmit, C.; Sahraoui-Taleb, S.; Differding, E.;
Dehasse-De Lombaert, C. G.; Ghosez, L. Tetrahedron Lett. 1984, 25, 5043.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

N,N-Dimethylacetamide: Acetamide, N,N-Dimethyl- (8,9); (127-19-5)

1-Octene (8,9); (111-66-0)

2,4,6-Collidine: Pyridine, 2,4,6-trimethyl- (8,9); (108-75-8)

Trifluoromethanesulfonic anhydride: Methanesulfonic acid, trifluoro-, anhydride (8,9);
(358-23-6)
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TABLE |

SYNTHESIS OF CYCLOBUTANONES FROM TERTIARY AMIDES AND OLEFINS

Amide Olefin Cyclobutanone Yield ¢
H o
CH3CH2CON(CHa)2 Cyclohexene O:’( g9a
A CH,
(0]
CH3CH2CON(CHa3)2 o~Methylstyrene c 792
6Hs
(@]
CH3CH2CON(CH3)2 Ally! ethyl ether 562
H CH
CH4CH,OCH 3
CH3CON(CH3)2 Cyclohexene d;io 46
i CHs
CH3CON(CHa3)2 Styrene O 71
CeHs
(H3C)2NCO-('>H(CH2)3CH=CH2 o @87t
CH3
i 0
(H3C)2NCO(CH2)eCH=CH2 Qj 71b

aMixture of endo + exo isomers. PThese reactions were performed under slighity

different conditions.4
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7-CHLORO-7-CYANOBICYCLO[4.2.0]OCTAN-8-ONE

(Prepared from Chlorocyanoketene)

(Bicyclo[4.2.0]octane-7-carbonitrile, 7-chloro-8-oxo-, (1¢,60,7B))

o] ! 0
c S (CHg)2CHOH c 5
A I toluene/H2S04 o I
o on OCH(CHj),
9 0
R [ o NaN3/CHzOH o
o] N
OCH(CH3), 3 OCH(CHa),
Cl H o
O Toluene o O—_-_/[
N3 -Ng, -(CH3)2CHOCHO —:Cl
OCH(CHy), H CN

Submitted by Paul L. Fishbein and Harold W. Moore.!
Checked by Steven Wolff and David L. Coffen.

1. Procedure

A. 3,4-Dichloro-5-isopropoxy-2(5H)-furanone.2 A 1-L, round-bottomed flask
equipped with a Dean-Stark trap, condenser, argon bubbler, and magnetic stirrer is
charged with 50.7 g (0.30 mol) of mucochloric acid (Note 1), 46 mL (0.60 mal) of
isopropy! alcohoi, 300 mL of toluene, and 20 drops of concd sulfuric acid. The mixture

is heated to reflux with stirring overnight (~18 hr) with separation of water. The
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solution is cooled, washed with saturated sodium bicarbonate solution and brine, and
dried with magnesium sulfate. After removal of the solvent under reduced pressure,
the residue is distilled to give 60.88 g (96%) of the furanone as a clear colorless liquid
(bp 90-91°C, 1.5 mm; Lit.2 mp 23-24°C, bp 109-111°C, 6 mm).

B. 7-Chloro-7-cyanobicyclo[4.2.0]octan-8-one. To a 250-mL Erlenmeyer flask
is added 20.0 g (94.8 mmol) of 3,4-dichloro-5-isopropoxy-2(5H)-furanone and 120 mL
of methanol. The flask is cooled in an ice bath with stirring and 7.5 g (115.4 mmol) of
sodium azide is added. The ice bath is removed after 15 min and the mixture is stirred
for an additional 50 min. After dilution with 600 mL of water, the reaction mixture is
extracted with one 100-mL and two 50-mL. portions of toluene. The combined organic
layers are washed with water (2 x 100 mL) and with 100 mL of brine and are dried with
magnesium sulfate. TLC analysis (1:1 ether:hexane, SiOz) indicates only one
component (Rf = 0.38) and no remaining dichlorofuranone (Rf = 0.45) (Note 3).

A 2-L, three-necked flask fitted with a condenser, argon bubbler, thermometer,
and addition funnel is charged with 700 mL of toluene (freshly distilled and dried over
4 A molecular sieves) and 20 mL (Note 4) of cyclohexene (freshly distilled). With
magnetic stirring, the mixture is heated to 105°C and the azidofuranone solution
prepared above is added over a period of 20 min (Note 5). Upon completion, the
reaction mixture is heated for an additional 1.25 hr at 105°C. The solution is cooled
and concentrated under reduced pressure to yield a yellow-brown residue which is
distilled using a short-path apparatus to give 13.3 g (76%) (bp 85-90°C, 0.5 mm) of the
cyclobutanone as a very pale yellow oil which solidifies (mp 34-35°C) upon standing
at 4°C (Notes 6 and 7).
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2. Notes

1. Practical grade mucochloric acid obtained from Aldrich Chemical Company,
Inc. (mp 125-128°C) was used. Unless otherwise stated, all reagents and solvents
were of commercial grade. The checkers used mucochloric acid obtained from
Eastman Organic Chemicals.

2. The spectral properties are as foliows: IR (CCls) cm1: 1795, 1652; TH NMR
(CDClg) &: 1.31 (d, 6 H, J=6.2),4.14 (heptet, 1 H, J =6.2), 5.87 (s, 1 H); MS (E1): 195
(39), 151 (100), 95 (25); MS (Cl): 211 (M+1), 100); Anal. Calcd. for C7HgCl203: C,
39.84; H, 3.82. Found: C, 39.55; H, 3.84.

3. The submitters isolated and characterized the azidofuranone as a white
crystalline solid after recrystallization from petroleum ether (bp 35-60°C), with mp 51.5-
52.5°C. The spectral properties are as follows: IR (CClg) cm-1: 2130, 1814, 1664; 1H
NMR (CDClg) 8: 1.33 (d, 6 H, J = 6.2), 4.17 (heptet, 1 H, J = 6.2), 5.99 (s, 1 H); MS (El):
217 (M*, 6), 158 (34), 119 (28, C3CINO + H20), 101 (77), 73 (100); MS (Cl): 218
(M+1, 55), 120 (10, C3HCINO + H20), 102, (100). Anal. Calcd. for C7HgCINgOg: C,
38.64: H, 3.71. Found: C, 38.67; H, 3.65. The azidofuranone decomposes at about
80°C so caution must be exercised when working with it.

4. If an alkene less volatile than toluene is used, 1.1-1.2 equiv of the alkene are
satisfactory.

5. The ketene must be generated in situ since it is exceptionally reactive and
will undergo self-condensation if permitted.

6. Recrystallization from petroleum ether (35-60°C) in a dry ice/acetone bath
afforded colorless crystals with mp 39.5-40.5°C. The spectral properties are as
follows: IR (CCls) cm-1: 2340, 1838: H NMR (CDCl3) 5: 1.66 (m, 8 H), 3.03 (m, 1 H),
3.96 (m, 1 H); 13C NMR (CDClg): 20.72, 21.20, 21.41, 24.25, 36.26, 55.33, 64.17,
115.90, 189.91; MS (El): 183 (M*, 6), 148 (46), 119 (13), 109 (33), 81 (100); MS (CI):
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184 (M+1, 84), 156 (100). Anal. Caled. for CgH1oCINO: C, 58.87; H, 5.49. Found: C,
58.58; H, 5.71.

7 Since chlorocyanocyclobutanones are readily hydrolyzed, protic
recrystallization solvents and silica gel chromatography shouid be avoided. Short
path distillation is the method of choice for the purification of most of the

cyclobutanones.

3. Discussion

Chlorocyanoketene has been prepared previously by the thermal
decomposition of the pseudomethyl ester of the azidofuranone.3 This azide has been
used extensively without complication. However, all azides are capable of detonation.
The ratio (C+0O/N) has been suggested as a threshold value for detonation, which may
occur when this ratio is lower than 3:1.4 The ratio for the previously used azide is 2.7
while that for the isopropy! analog is 3.3:1.

The synthesis of chlorocyanoketene presented here has advantages over other
routes such as dehydrohalogenation of the appropriate acid chloride.5 The most
obvious advantage is that the ketene is generated slowly during thermolysis. Thus, its
concentration is always low. In addition, since it is generated by pyrolytic means, the
presence of tert-amines and/or metals is avoided. No other method for the synthesis of
chlorocyanoketene has been reported. However, we have found that it can be
prepared with difficulty from chlorocyanoacetyl chioride.

Chlorocyanoacety| chloride can be made from the extremely hygroscopic acid.
it is quite unstable, with 1 g decomposing in 1 hr at room temperature. if a mixture of
an imine and triethylamine is treated with the acyl chloride only a dark tar is obtained.
However, if the acyl chloride is first treated with the imine, the reaction allowed to

subside, and the mixture then treated with triethylamine, the resulting 2-azetidinone is
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formed in 63% yield. This is in comparison with the 96% yield obtained by using the
azidofuranone.
Other cyclobutanones that can be made with chlorocyanoketene and their

respective yields are shown in the Table.

1. Department of Chemistry, University of California, Irvine, CA 92717.

2. The procedure for making the pseudoester is from Hachihama, Y; Shono T. J.
Chem. Soc., Japan, Ind. Chem. Sect. 1955, 58, 692; Chem. Abstr. 1956, 50,
12015e.

3. (a) Moore, H. W.; Hernandez, L.; Sing, A. J. Am. Chem. Soc. 1976, 38, 3728;
(o) Kunert, D. M.; Chambers, R.; Mercer, F.; Hernandez, L., Jr.; Moore, H. W.
Tetrahedron Lett. 1978, 929; (c) Fishbein, P. L.; Moore, H. W. J. Org. Chem.
1984, 49, 2190.

4. Biffin, M. E. C.; Miller, J.; Paul, D. B. "Introduction of the Azido Group™ In "The
Chemistry of the Azido Group™; Patai, S., Ed.; Wiley: New York, 1971; p. 61.

5. Ward, R. W. "The Preparation of Ketenes" In "The Chemistry of Ketenes,
Allenes, and Related Compounds, Part 1"; Patai, S., Ed.; Wiley: New York,
1980; pp. 223-227.
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Table

Other Cyclobutanones From Chlorocyanoketene®®

CH,
CH,

CH

CHa

CHg

CHi CN

w

C,Hs
CoHs

H
mn

CzHs

80%

74%

93%

67%
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CeHs—
H

H

O

Cl
CN

40

CH,
CeHs

CH

TMSO

86%

86%

30%

70%

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)

7-Chloro-7-cyanobicycio[4.2.0Joctan-8-one: Bicyclo[4.2.0]octane-7-carbonitrile,
7-chloro-8-oxo-, (1a,6c.,7B)- (11); (89937-15-5)
3,4-Dichloro-5-isopropoxy-2(5H)-furanone: 2(5H)-Furanone, 3,4-dichloro-5-
isopropoxy- (8); 2(5H)-Furanone, 3,4-dichloro-5-(1-methylethoxy)- (9); (29814-12-8)
Mucochloric acid: Malealdehydic acid, dichloro- (8); 2-Butenoic acid, 2,3-dichloro-4-
oxo-, (2)- (9); (87-56-9)

Sodium azide (8,9); (26628-22-8)
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A GENERAL SYNTHETIC METHOD FOR THE OXIDATION OF PRIMARY
ALCOHOLS TO ALDEHYDES: (S)-(+)-2-METHYLBUTANAL
(Butanal, 2-methyl-, (S)-)

(|3H3 CH,
(S)-CHscHZCHCHZOH CHaCly, aq. NaOCl, pH 9.5

l
—> (8)-CH3;CH,CHCHO
(cat.), KBr{cat.)
riJ 0-15°C

O

Submitted by Pier Lucio Anelli, Fernando Montanari, and Silvio Quici.!

Checked by Katsumasa Nonoshita and Hisashi Yamamoto.
1. Procedure
A 1-L, three-necked, round-bottomed flask is fitted with a mechanical stirrer,

pressure-equalizing dropping funnel, and a thermometer. The flask is charged with

44.05 g (0.50 mol) of (S)-(-)-2-methyl-1-butanol (Note 1), 0.78 g (5 mmol) of 2,2,6,6-

tetramethylipiperidin-1-oxyl (Note 2), 170 mL of dichloromethane, and a solution of :

5.95 g (0.050 mol) of potassium bromide in 25 mL of water (Note 3). The reaction
mixture is vigorously stirred and cooled to -10°C with a salt-ice bath, then 550 mL
(0.55 mol) of 1 M aqueous sodium hypochiorite (Note 4) at pH 9.5 (Note 5) is added
over 15-20 min (Note 6), keeping the temperature of the reaction mixture between 10
and 15°C. The mixture is stirred a further 3 min (Note 7). The orange organic phase is
separated and the aqueous phase (Note 8) is extracted with 50 mL of
dichloromethane. The combined organic exiracts are washed with 100 mL of 10%
aqueous hydrochloric acid containing 1.6 g (0.010 mol) of potassium iodide (Note 9),

60 mL of 10% aqueous sodium thiosulfate (Note 10) and 60 mL of water (Note 11).

212

The organic phase is dried over anhydrous magnesium sulfate and then distilled at

atmospheric pr
(82- -84%) (Note 12) of (S)-(+)-2-methylbutanal as a colorless oil, bp 80-92°C (GC
purity > 99%) (Note 13), [a]g +36.8° (acetone, ¢ 2.5) (Notes 14, 15, and 16).

essure through a 20-cm Vigreux distilling column to give 35.3-36.3g

2. Notes

1. (S)-(-)-2-Methyl-1-butanal (GC purity > 99.5%; [ct]lz;0 -6.6 + 0.3° (ethanol, ¢
10) was purchased from Fluka Chemie AG. Esterification with (R)-(+)-3,3,3-trifluoro-2-
methoxy-2-phenylpropionic acid (Mosher's acid)2 and subsequent 1H and 19F NMR
analyses at 300 MHz of the resulting ester showed an enantiomeric purity of (S)-(-)-2-
methy!-1-butanol > 99%.

2. 2,2,6,6-Tetramethylpiperidin-1-oxyl from Nacalai Tesque, Inc., Kyoto, Japan,
also available from Janssen Chimica, Beerse, Belgium, was used. 4-Methoxy-2,2,6,6-
tetramethylpiperidin-1-oxyl, prepared according to the procedure of Endo,3 can also
be used.4

3. In the absence of potassium bromide longer reaction times are required.4

4. Concentrations of aqueous sodium hypochlorite in the range 0.3-2.0 M have
been used successfully.

5. The pH (~12.7) of fresh commercial 1 M aqueous sodium hypochiorite is
adjusted to 9.5 by dissolving 17 g of sodium hydrogen carbonate per liter immediately
before use.

6. If the reaction is carried out on a 1-10 mmol scale, the temperature is easily
maintained at 0°C and the reaction is over in a few minutes.# On a larger scale, a very
efficient cooling system is required to maintain the temperature at about 0°C. When

conventional laboratory equipment is used, the conditions described in this procedure
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are a reasonable compromise between two requirements: i) fast addition of the
aqueous sodium hypochlorite, and ii) temperature in the reaction medium low enough
to minimize the catalyst decomposition.# Longer reaction times increase slightly the
formation of 2-methylbutanoic acid.

7. At this stage the reaction can be monitored by GC: 1 m by 3 mm OV 101 5%
on Chromosorb HP 100-120 mesh column, 50°C (2 min), then 50°C to 90°C (15°C per
min).

8. (S)-(+)-2-Methylbutanoic acid, [cn]z[)o +18.7° (ethanol, ¢ 1.1) (lit.5 [a]%2
+16.3°, ethanol, ¢ 1.1) (1.5-2.6 g, 3-5% yield) can be isolated by acidic work up of the
aqueous phase.

9. Washing with hydrochloric acid and potassium iodide removes 2,2,6,6-
tetramethylpiperidin-1-oxyl from the organic phase.6 Because of its volatility, the
catalyst cannot be eliminated in the distillation of crude aldehyde.

10. Washing with 10% aqueous sodium thiosulfate leads to a colorless organic
phase, indicating total elimination of the catalyst.

11. The aqueous phase must be neutral. Acidic impurities catalyze trimerization
of the anhydrous aldehyde? in the distillation stage.

12. Yields can be further increased with a more efficient separation of the (S)-
(+)-2-methyl-1-butanal contained in the top fractions.

13. The spectral properties of (S)-(+)-2-methylbutanal are as follows: IR (film)
cm-1: 2970, 2940, 2890, 2820, 2710, 1725, 1460; TH NMR (300 MHz, CDClg) §: 0.94
(t, 3H), 1.09 (d, 3 H), 1.33-1.54 (m, 1 H), 1.64-1.85 (m, 1 H), 2.18-2.33 (m, 1 H), 9.63 (d,
1 H).

14. Reduction with borane/tetrahydrofuran® regenerated enantiomerically pure
(8)-(-)-2-methyl-1-butanol, as shown by esterification with Mosher's acid and

subsequent NMR analysis of the ester (see Note 1).
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15. When practical (S)-(-)-2-methyl-1-butanol (GC purity 95%; [a]%o -6.3+0.5°
(EtOH, ¢ 10) from Fluka Chemie was used, (S)-(+)-2-methylbutanal having [a]ZDO
+33.1° (acetone, ¢ 2.5) was obtained.

16. Oxidation of (S)-(-)-2-methyl-1-butanol to (S)-(+)-2-methylbutanal has been
previously carried out in low yields by chromium oxidation,® under phase transfer

catalysis,10 or by Swern oxidation in the presence of tributylamine. 1
3. Discussion

Oxammonium salts 1 have been used extensively either in stoichiometric or in
catalytic amounts12 for the oxidation of primary and secondary alcohois to the
corresponding carbonyl derivatives.

The catalytic procedure described here allows a fast, cheap and highly
selective conversion of primary alcohols into aldehydes, using sodium hypochiorite as
the oxidant in a two-phase (dichloromethane-water) system. Aqueous sodium
hypochlorite is buffered at pH 8.6-9.5 to ensure the presence of hypochlorous acid in
the organic layer.13

Oxammonium salt 1, the effective oxidant species, is continuously generated

from nitroxyl radical 2 by hypochlorous acid in the organic phase. Radical 2 is one of

(o]
1] | |
(@] X Oe H
1 2 3



the most stable radicals known, and is easily prepared from the inexpensive
triacetoneamine 3.14 The oxidation is very exothermic; for this reason scale up of the
reaction needs a very efficient cooling system to maintain the temperature in the
optimum 0-15°C range. One one-hundreth (0.01) molar equivalent of nitroxy| radical 2
is generally used, but on this reaction scale the amount of catalyst can be reduced to
0.002 molar equivalent, without substantially affecting the reaction time. Sodium
hypochlorite is used in only slight excess and is entirely consumed, an unusual
occurrence for reactions carried out under aqueous, organic two-phase conditions.15

Conversion of saturated, primary alkyl and ary! alkyl alcohols into the
corresponding aldehydes can be achieved by this method provided that the alcohols
are entirely dissolved in the organic phase. Relatively unstable protective groups are
not affected, as in the oxidation of the acetonide of 1,2,6-hexanetriol, whereas
conjugated and isolated double bonds give rise to side reactions which considerably
decrease selectivities and yields.4# Some examples of aldehydes synthesized with this
method are reported in Table 1. Under the same conditions, secondary alcohols are
oxidized to ketones. Addition of catalytic amounts of quaternary onium salts allows
fast and total conversion of primary alcohols and aldehydes into carboxylic acids
making this methodology very versatile 4

When the limitations outlined above are considered, the procedure described
here appears to be easier and cheaper than most methods in the condensed phase
known to date.'® Furthermore, alkali halides are almost the only contaminants in the

waste water, making the scale up of this method very attractive.
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TABLE |

OXIDATION OF PRIMARY ALCOHOLS TO ALDEHYDES

Alcohol Isclated Yield (%)
1-Heptanol 88
1-Octanol 92
1-Nonanol g24
1-Undecanol 934

,(CHy)5-CH,0H'
o__0O 8
Benzyl aicohol 904
p-Nitrobenzy! alcohol 89
m-Nitrobenyl alcohol 88
75

_~,-CH,0H
oy
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11.
12.
13.
14.

15.

Centro CNR and Dipartimento di Chimica Organica e industriale dell'Universita,,

Via Golgi 19, 1-20133 Milano, ltaly.

Dale, J. A.; Dull, D. L.; Mosher, H. S. J. Org. Chem. 1969, 34, 2543.

Miyazawa, T.; Endo, T.; Shiihashi, S.; Okawara, M. J. Org. Chem. 1985, 50,
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

(s)-(+)-2-Methbeutana|: Butyraldehyde, 2-methyl-, (S)-(+)- (8); Butanal, 2-methyl-,
(S)-(9); (1730-97-8)
(S)-(-)-2-Methyl-1-bulanol: 1-Butanol, 2-methyl-, (S)-(-)- (8); 1-Butanol, 2-methyi-, (S)-

(9); (1565-80-6)

Tetramethylpiperidin-1-oxyl: 1-Piperidinyloxy, 2,2,6,6-tetramethyl- (9); (2564-83-2)

4-Methoxy-2,2,6,6-tetramethylpiperidin-1-oxyl: 1-Piperidinyloxy, 4-methoxy-2,2,6,6-
tetramethyl (11); (95407-69-5)
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REARRANGEMENT OF 4-ARYL-4-HYDROXY-2,3-
DIALKOXYCYCLOBUTENEDIONES TO ANNULATED HYDROQUINONES
AND QUINONES: 5,6-DIETHOXYBENZOFURAN-4,7-DIONE

CHyCH,0_ 0 CHiCH,0_ O
THF
j[( T O R m

CH4CH,0 0 0 CHyCH, 0" &, ©
0
CH3CH,0 0 CH4CH,0
7\ 1. p-xylene, 138°C |
2. {Ox]
CHiCH,O” oy © CH4CH,0 0
o)

Submitted by S. T. Perri, P. Rice, and H. W. Moore.1
Checked by Ho-Jung Kang and Leo A. Paquette.

1. Procedure

A 500-mL, round-bottomed flask is flame-dried and flushed with nitrogen. The
flask is equipped with a magnetic stirring bar and a rubber septum and charged with
4.14 g (60.9 mmol) of furan (Note 1) and 300 mL of dry tetrahydrofuran (Note 2). The
solution is stirred and cooled in an ethylene glycol-dry ice bath (-15°C) and 24.17 mL
(55.6 mmol) of 2.3 M butyllithium is added slowly by means of a syringe pump (rate =
1.5 mL/min). After complete addition, the solution is stirred an additional 30 min. The
ethylene glycol-dry ice bath is replaced with an ice bath and the solution stirred for 1.5
hr at 0°C. The flask is then cooled to -78°C in a dry ice-acetone bath.

A 1000-mL, round-bottomed flask is flame-dried and flushed with nitrogen. The

flask is equipped with a magnetic stirring bar and a rubber septum and charged with
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9.00 g (52.9 mmol) of diethyl squarate (Note 3) and 450 mL of dry tetrahydrofuran
(Note 2). The solution is stirred and cooled in a dry ice-acetone bath at -78°C. The
solution of 2-lithiofuran is transferred dropwise via cannula to the flask containing the
diethyl squarate which is stirred rapidly. After complete addition (45 min), the solution
is stirred for 20 min and quenched by pouring the cold solution into a separatory
funnel containing 150 mL of aqueous 10% ammonium chloride and 100 mL of diethyl
ether. The separatory funnel is shaken vigorously until phase separation is achieved
and all of the ice has melted. The aqueous phase is separated from the organic phase
and the aqueous layer is extracted twice with 40-mL portions of diethyl ether. The
combined organic layer is washed with 125 mL of brine solution and dried over solid
anhydrous potassium carbonate (Note 4) for 5 min with gentle swirling.

The solution is decanted from the potassium carbonate (Note 5) and
concentrated on a rotary evaporator (bath temperature = 23-40°C) to approximately
150 mL in a 1000-mL round-bottomed flask. Then 400 mL of dry p-xylene (Note 6) is
added and the flask is piaced on the rotary evaporator at a bath temperature of 40°C to
remove the remaining tetrahydrofuran and diethyl ether. The flask containing the
remaining p-xylene solution of the cyclobutenone is fitted with a reflux condenser and
heated at reflux for 3 hr under nitrogen. The flask is cooled to ambient temperature
and the solvent is removed on a rotary evaporator fitted with a bump trap at a bath
temperature of 70°C to give a red oil.

The oil is dissolved in 500 mL of diethyl ether and washed with three 200-mL
portions of an ethanolic ferric chloride solution (Note 7). The aqueous layers are
separated from the organic phase and extracted with four 100-mL portions of diethyl
ether. The combined organic layer is washed with saturated sodium bicarbonate
solution (Note 8) until the aqueous wash is no longer acidic. The resulting neutralized
aqueous extracts are combined and extracted with three 30-mL portions of diethyl

ether. The organic extracts are combined, washed with 150 mL of brine solution and
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dried over magnesium sulfate. The solution is filtered and concentrated on a rotary
evaporator to give the quinone as a red solid. The solid is recrystallized from
methanol to yield 10.4-10.5 g of the quinone as orange needles in 2-3 crops (83-84%

based on diethyl squarate), mp 54-55°C (Note 9).
2. Notes

1. Furan was purchased from Aldrich Chemical Company, Inc., and used as
such.

2. Tetrahydrofuran was distilled under argon from benzophenone ketyl.

3. 3,4-Diethoxy-3-cyclobutene-1,2-dione is commercially available from Aldrich
Chemical Company, Inc. Caution: This substance was found to cause severe skin
rashes, and extreme care should be exercised in handling it. The dimethoxy analog
appears to be safer. Diethyl squarate has the following spectral properties: IR (neat)
cm-1: 1830, 1741, and 1609; 1H NMR (CDCl3, 300 MHz) &: 1.47 {1, 6 H, J = 2.9), 4.47
(@ 4H,J=7.1).

4. Prolonged drying of the cyclobutenone over potassium carbonate resulted in
product decomposition. Anhydrous magnesium sulfate was found to hydrolyze the
product during the thermolysis step.

5. The cyclobutenone was pure enough to use in the next step without
purification. This compound is stable for a few hours in solution while kept cold (<5°C)
and anhydrous.

6. Certified p-xylene was purchased from Fisher Scientific Company and used
as such.

7. Ferric chloride was purchased from Mallinckrodit, Inc. A saturated solution of
80 g of ferric chloride in 500 mL of water was diluted with 500 mL of ethanol, filtered,

and used as such. The oxidation could be followed by TLC using Engel stain.
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8. Quinones are generally sensitive to bases and some decomposition may
occur if the product is exposed for a prolonged period of time to sodium bicarbonate.
Therefore the neutralization wash was carried out quickly.

9. The spectral properties of the product are as follows: IR (CHCI3) cm-1:
2980, 1667, 1480, 1370, 1290, 1250, and 1179; TH NMR (CDCl3, 500 MHz) &: 1.42 (2
overlapping t, 6 H, two CH3), 4.30 (2 overlapping g, 4 H, two CH»), 6.81 (d, 1 H, J =
1.9), 7.67 (d, 1 H, J = 1.8); 13C NMR (CDCl3) 3: 15.7, 15.8, 70.2, 70.3, 108.3, 126.7,
145.7, 146.6, 148.5, 150.1, 172.7, 178.8; EI-MS (70 EV): m/z = 236 (19%), 208 (21),
193 (8), 180 (24), 163 (7), 152 (100), 123 (9).

3. Discussion

This procedure describes a synthetic route to annulated
hydroquinones/quinones. The. example represents a general, convergent,
regiospecific and usually high yielding method. This is further elaborated by the
generalized scheme given below. Specifically, dialkoxycyclobutenediones, e.g.,
dimethyl squarate, 1, are easily converted to unsymmetrical cyclobutenediones 2
upon treatment with an organolithium reagent (R=alkyl, aryl, alkenyl, alkynyl, -78°C,
THF) foliowed by treatment with trifluoroacetic anhydride (-78°C, TFAA) and an
aqueous work-up.2:3.4 Treatment of 2 with an aryllithium reagent results in the
regiospecific formation of the cyclobutenones 3 via 1,2-addition to the more
nucleophillic carbonyl group. These adducts then undergo facile rearrangement to the
corresponding annulated hydroguinones in refluxing p-xylene. The product is usually
isolated as the quinone 4 after an oxidative work-up®.6.7 It is noted that alkeny! fithium
reagents as well as alkynyl analogs also add regiospecifically to the
cyclobutenediones 2 to give the corresponding cyclobutenones. The alkenyl adducts,

like the aryl analogs, also rearrange to the corresponding hydroquinones. The alkynyl

223



adducts rearrange directly to the corresponding quinones via a unique pathway
involving migration of the alcoholic proton of the 4-hydroxycyclobutenone to the
quinone ring nucleus of the product.8.2

CH30, 0
LR
ji 2) TFAA

MTG_S—NCHT_’

CH OO O -CH:CH CH,0 o O
1
1) 138°C
lz> (x]
(0] i
R R!
|
CH30 X
O
4

Compounds 5-10 are specific examples of annulated products which have

been prepared by the method outlined here.

0 OH

CH30 cu CeHs CeHs CHa
| 9@
CH30 CH,0 N CH50

O  CH, OCH,4
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)
Furan (8,9); (110-00-9)

Diethyl squarate: Cyclobutenedione, diethoxy- (8); 3-Cyclobutene-1,2-dione,
3,4-diethoxy- (9); (5231-87-8)
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9-n-BUTYL-1,2,3,4,5,6,7,8-OCTAHYDROACRIDIN-4-OL
(4-Acridinol; 9-butyl-1,2,3,4,5,6,7,8-octahydro-)

O
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Submitted by Thomas W. Bell, Young-Moon Cho, Albert Firestone, Karin Healy,
Jia Liu, Richard Ludwig and Scott D. Rothenberger.!
Checked by Edward R. Holler, Jr. and Bruce E. Smart .
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1. Procedure

A. 8-n-Butyl-2-hydroxytricyclo[7.3.1.02.7 Jtridecan-13-one. A 2-L, three-necked,
round-bottomed flask is equipped with a magnetic stirring bar, thermometer, 500-mL
pressure equalizing dropping funnel, and a reflux condenser fitted with a nitrogen gas
inlet tube which is attached to a mineral oil bubbler. The flask is flushed with nitrogen
and then charged with 1.0 L (947 g, 9.65 mol) of cyclohexanone (Note 1). The
cyclohexanone is stirred and heated to 70-75°C under nitrogen, a solution of 9.0 ¢
{(0.14 mol) of potassium hydroxide (Note 2) in 85 mL of absolute ethanol is added in
one portion, and then a solution of 150 mL (122 g, 1.4 mol) of pentanal (Note 3) in 140
mL of absolute ethanol is added dropwise over a period of 8 hr while maintaining the
reaction mixture at 70-75°C. The reaction mixture is stirred and held at 70-75°C for an
additional 12 hr, and then allowed to cool to room temperature. The reaction flask is
immersed in an ice bath, the inner wall of the flask is scratched with a glass rod to
initiate crystallization, and the mixture is kept at 0°C for 4 hr to complete the
crystallization. The colorless crude product is collected by vacuum filtration and
washed with 200 mL of cold ether. The filtrates are combined and concentrated to
approximately 200 mL with a rotary evaporator. The precipitated white solid is
collected by filtration and washed with water (2 x 200 mL) and 200 mL of cold ether to
give a second crop of crude product. The two crops are combined and recrystallized
from 750 mL of methanol, washed with water, and dried at 60°C under vacuum (1 mmy)
fo give 228-230 g (61-62%) of 8-n-butyl-2-hydroxytricyclo[7.3.1.02.7]tridecan-13-one,
mp 140-141°C (Note 4).

B.  9-n-Butyl-1,2,3,4,5,6,7,8-octahydroacridine. A 1-L, three-necked, round-
bottomed flask equipped with a mechanical stirrer, glass stopper, and a reflux
condenser fitted with a nitrogen gas inlet tube which is attached to a mineral oil

bubbler is flushed with nitrogen and then charged with 17.0 g (0.22 mol) of ammonium
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acetate, 82 g (0.41 mol) of cupric acetate monohydrate (Note 5), and 200 mL of glacial
acetic acid. The mixture is stirred and heated at refiux for 15 min under a static
atmosphere of nitrogen. The resulting solution is allowed to cool below reflux and 53
g (0.20 mol) of 8-n-butyl-2-hydroxytricyclo[7.3.1.02.7]tridecan-13-one is added in
several portions. The blue-green reaction mixture is then refluxed under nitrogen for 3
hr with efficient stirring to control foaming. The mixture is allowed to cool to room
temperature and then chilled in an ice bath for 3 hr. The precipitated cuprous acetate
is collected by vacuum filtration using a fritted glass funnel (medium porosity) and
washed with 100 mL of acetic acid. The combined filtrates are diluted with 500 mL of
water, cooled in an ice bath, and carefully neutralized by slowly adding 33.3% (w/w)
aqueous sodium hydroxide (Note 6). The resulting cloudy mixture is transferred to a
separatory funnel and extracted with ether (400 mL, then 2 x 200 mL). The combined
ether extracts are washed successively with 140 mL of 3% aqueous sodium hydroxide
and 70 mL of saturated aqueous sodium chloride, and then dried over anhydrous
magnesium sulfate along with 1 g of decolorizing charcoal (Norit). The solids are
removed by filtration and washed with 200 mL of ether. The combined filtrates are
concentrated to minimum volume with a rotary evaporator, and the residual solid is
dried to a constant weight under vacuum (1 mm) to give 44.3-47.0 g (91-96%) of
beige, crystalline product, mp 36-38°C. The product is further purified by adding a
solution of 44.3 g of material in 90 mL of dichloromethane to a column of Woelm
neutral alumina (75 x 28 mm), and eluting with an additional 300 mL of
dichloromethane. The solvent is removed on a rotary evaporator to give 42.1 g (86%)
of white crystalline solid, mp 41-43°C (Note 7).

C. 9-n-Butyl-1,2,3,4,5,6,7,8-octahydroacridine N-oxide. A 2-L, round-bottomed
flask equipped with a magnetic stirrer and a reflux condenser fitted with a nitrogen inlet
tube is flushed with nitrogen and charged with 790 mL of methanol, 240 mL of water,
38.0 g (0.16 mol) of purified 9-n-butyl-1,2,3,4,5,6,7,8-octahydroacridine, 28.5 g (0.34
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mol) of sodium bicarbonate, and 72.0 g (0.12 mol) of Oxone® (Note 8). The
suspension is stirred under nitrogen at 45-50°C for 24 hr (Note 9). The mixture is
cooled to room temperature, filtered, and the filtercake is washed with methanol (2 x
50 mL). The methanol is removed from the combined filtrates with a rotary evaporator,
and the resulting mixture is extracted with dichloromethane (3 x 100 mL). The
combined extracts are washed with water (2 x 50 mL) and dried over magnesium
sulfate. The drying agent is removed by filtration, the filtrate is concentrated with a
rotary evaporator, and the residual solid is dried under vacuum (0.1-0.5 mm) to give
40.0 g (99%) of 9-n-butyl-1,2,3,4,5,6,7,8-octahydroacridine N-oxide as a cream
colored solid, mp 92-94°C (Notes 10, 11, and 12).

D. 9-n-Butyl-1,2,3,4,5,6,7,8-octahydroacridin-4-ol. Crude 9-n-butyl-
1,2,3,4,5,6,7,8-octahydroacridine N-oxide (38.9 g, 0.15 mol) is placed in a 1-L, three-
necked, round-bottomed flask equipped with a magnetic stirrer, glass stopper, and a
reflux condenser fitted with a nitrogen inlet tube, and a 500-mL addition funnel. Acetic
anhydride (300 mL) is placed in fhe addition funnel, deaerated by sparging with
helium for 30 min, and then added rapidly to the nitrogen-purged reaction flask. The
reaction mixture is stirred and heated in a 100-110°C oil bath for 2 hr. The reflux
condenser is replaced by a simple distillation head and approximately 280 mL of
acetic anhydride is removed by distillation at water-aspirator pressure (25-35 mm). To
the brown residue is added 470 mL of 3 M aqueous hydrochloric acid, and the
resulting mixture is refluxed under nitrogen for 1.5 hr. The mixture is allowed to cool to
room temperature, chilled in an ice bath, and made alkaline (pH 12-13) by slowly
adding about 550 mL of cold 4 M aqueous sodium hydroxide. The resulting cloudy
mixture is extracted with chloroform (3 x 150 mL) and the combined extracts are dried
over anhydrous sodium sulfate. The drying agent is removed by filtration and the
filtrate is concentrated to dryness with a rotary evaporator. The brown residue is

recrystallized from 75 mL of ethyl acetate, and the collected product is recrystallized
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again from 50 mL of ethyl acetate (Note 13) to give 25.9 g (67%) of 9-n-butyl-
1,2,3,4,5,6,7,8-octahydroacridin-4-ol as a light beige solid, mp 107-109°C (Note 14).

2. Notes

1. Cyclohexanone (99.8%) was obtained from Aldrich Chemical Company, Inc.
and was used without purification.

2. Certified grade potassium hydroxide (86.6%) from Fisher Scientific was
used.

3. Pentanal (99%) was obtained from Aldrich Chemical Company, Inc.,
redistilled under a static atmosphere of nitrogen (bp 103°C), and used immediately.

4. The product has the following spectroscopic properties: 'H NMR (300 MHz,
CDCl3) &: 0.89 (t, 3H, J = 6, CH3), 1.1-2.3 (m, 23 H, CHy, CH), 2.44 (m, 1 H, CHy),
2.72 (s, 1 H, OH); IR (KBr) cm-1: 3413 (s), 2931 (s), 2857 (s), 1703 (s), 1455 (m), 1406
(m), 1378 (m), 1352 (m), 1285 (m), 1267 (m), 1206 (m), 1140 (m), 968 (m), 931 (m);
mass spectrum m/z (relative abundance, 70 eV): 264 (M*, 10), 167 (85), 166 (100).
The submitters report that a second recrystallization gives analytically pure material,
mp 141-142°C. Anal. Calcd for C17H2g02: C, 77.22; H, 10,67. Found: C, 77.34; H,
10.51.

5. Ammonium acetate (99+%) and copper(ll) acetate monohydrate (98+%)
were obtained from Aldrich Chemical Company, Inc.

6. Approximately 470 mL of sodium hydroxide was required to reach a final pH
of 8-9. A lower pH leads to extraction of acetic acid, whereas higher pH (10) causes
the formation of a white precipitate that makes a phase separation difficult during
extraction.

7. The product is pure by thin-layer chromatographic analysis (Alumina GF

Uniplate from Analtec, Inc., 1:1 ethyl acetate:hexane solvent, R = 0.79) and 1H NMR
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analysis. The product has the following spectroscopic properties: TH NMR (300 MHz,
CDCl3) 8: 0.96 (t, 3 H, J = 6, CHg), 1.42 (m, 4 H, CH,CH>CH3), 1.7-1.9 (m, 8 H, H2,
H3, H6, H7), 2.49 (m, 2 H, ArCHy), 2.68 (m, 4 H, ArCHy), 2.85 (m, 4 H, ArCHz); IR
(neat) cm-1: 2932 (s), 2858 (s), 1565 (m), 1438 (m), 1409 (m), 1246 (w); mass
spectrum, m/z (relative abundance 70, eV): 243 (M+, 51), 228 (6), 214 (‘16), 201 (64),
200 (56), 186 (100). The submitters obtained an analytically pure sample by bulb-to-
bulb distillation of the initial beige product. Anal. Calcd for C17H2sN: C, 83.89; H,
10.35; N, 5.75. Found: C, 83.58; H, 10.07; N, 5.40.

8. Oxone®, the Du Pont Company trade name for potassium
peroxymonosulfate, has the composition 2KHSO5:-KHSO4:K2S0O4, and was purchased
from Aldrich Chemical Company, Inc.

9. Oxidation may be monitored by thin-layer chromatography (Alumina GF
Uniplate, 1:1 ethyl acetate:hexane). The Rs values of the N-oxide product and starting
material are 0.30 and 0.79 respectively (Note 7).

10. The submitters report obtaining 39 g (96%) of pale yellow product, mp 89-
92°C, when the beige starting material from Part B, mp 36-39°C, was used without
further purification. The checkers, however, obtained only an 80% yield of N-oxide,
mp 87-91°C, when crude starting material was used.

11. The product is sufficiently pure to be used directly in Part D, but may be
further purified by recrystallization from ethyl acetate:hexane (1:6) to give colorless
material, mp 99-101°C. The product has the following spectral properties: 1H NMR
(300 MHz, CDCI3) &: 0.97 (t, 3 H, J =6, CH3), 1.42 (m, 4 H, CH,CH>CHg), 1.7-1.9 (m,
8 H, H2, H3, H6, H7), 2.53 (m, 2 H, 9-CH), 2.69 (m, 4 H, H1, H8), 2.97 (m, 4 H, H4,
H5); IR (KBr) cm™1: 2942 (s), 2857 (s), 1477 (m), 1444 (m), 1424 (m), 1398 (m), 1350
(m), 1322 (m), 1286 (s), 1236 (m), 1096 (s).

12. The submitters provided the following alternative procedure for conducting

the oxidation with m-chloroperoxybenzoic acid (MCPBA) in place of Oxone®: Into a 1-
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L, round-bottomed flask equipped with a magnetic stirrer, reflux condenser, and a 250-
mL addition funnel are placed 56.3 g (0.26 mol) of MCPBA (80%) and 350 mL of
dichloromethane. The suspension is stirred and a solution of 38.0 g (0.16 mol) of 9-n-
butyl-1,2,3,4,5,6,7,8-octahydroacridine in 120 mL of dichioromethane is added rapidly
(exotherm). When the reaction mixture ceases to boil gently from the heat of reaction,
it is heated to extend the reflux period to a total of 2.5 hr. The reaction mixture is
cooled to room temperature, extracted with 0.5 M aqueous sodium hydroxide (4 x 450
mL), and dried aver anhydrous sodium sulfate. The drying agent is removed by
filtration, the filtrate is concentrated with a rotary evaporator, and the residual solvent is
removed at 0.1 mm pressure to afford 40 g (99%) of yellow crystaliine product, mp 96-
100°C.

13. For both recrystallizations, the solid is taken up in boiling ethyl acetate,
rapidly filtered, and the filtrate is allowed to cool slowly to room temperature. It then is
stored at -5°C overnight in a refrigerator prior to collecting the crystals.

14. The product (Ry = 0.47) contains a trace of 9-n-butyl-1,2,3,4,5,6,7,8-
octahydroacridine (R; = 0.79) by thin-layer chromatographic analysis (Alumina GF
Uniplate, 1:1 ethyl acetate:hexane). The checkers chromatographed a 10-g sample
on a Woelm neutral alumina column (75 x 28 mm) using 300 mL of warm ethyl acetate
as eluent to give 9.2 g of colorless product, mp 107-109°C. The original and
chromatographed products have identical spectroscopic properties: ' NMR (300 MHz,
CDCl3) 8: 0.96 (t, 3H, J =7, CH3), 1.41 (m, 4 H, CHoCH>CHg), 1.7-1.9 (m, 6 H, Ha, He,
H7), 2.03 (m, 1 H, Ha), 2.27 (m, 1 H, Hg), 2.50 (m, 2 H, 9-CHp), 2.70 (m, 4 H, Hy, Hg),
2.84 (m, 2 H, Hs), 4.63 (m, 1 H, Hg), 4.76 (s, 1 H, OH); IR (KBr) cm-!: 3I74 (s, br), 2942
(s), 2713 (m), 1569 (s), 1432 (s), 1407 (s), 1377 (m), 1338 (s), 1307 (s), 1253 (m), 1216
(m), 1169 (m), 1155 (s), 1094 (s), 1081 (s), 1005 (s), 962 (s), 939 (m), 893 (m). The

submitters obtained an analytical sample, mp 104-105°C, by recrystallization from
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ethyl acetate and drying for 6 hr at room temperature (0.1 mm). Anal. Caled for

C17H25NO: C, 78.72; H, 9.71; N, 5.40. Found: C, 78.81, H, 9.53, N, 5.19.

3. Discussion

Taken together, Steps A and B of this procedure describe the most expedient,
large scale approach to 9-n-butyl-1,2,3,4,5,6,7,8-octahydroacridine, which is prepared
in about 60% overall yield from inexpensive starting materials. This heterocycle is an
important building block for "hexagonal lattice" receptors, which are relatively rigid,
planar hosts for metal ions and organic molecules.2

Several methods exist for preparing pyridines that are annelated to
nonaromatic rings in the [b,e] positions,3-6 but most do not also introduce an alkyl
group in the 4-position. n-Butyl groups are found to lend solubility to higher molecular
weight hexagonal lattice receptors. Step A of this procedure is a modification of the
method of Tilichenko, who has reported the condensation of cyclohexanone with
various aldehydes.” The reaction involves the following sequence: aldol
condensation to form 2-pentylidenecyclohexanone, Michael addition of
cyclohexanone enolate, and intramolecular aldol condensation of the resulting 1,5-
diketone. Many aldol products are formed and the yield of keto alcohol depends
strongly on: 1) reaction temperature; 2) use of a large excess of cyclohexanone; and
3) prolonged addition of the aldehyde. The ease of product isolation is particularly
dependent on its crystallinity and solubility.

If a substituent is not required in the 4-position of the new pyridine ring, then
viable alternatives to the current procedure include trimethylhydrazonium-salt
pyrolysis® and various methods for condensing ketones or enamines with
formaldehyde or methyleneammonium salts.4a.1.6d The latter methods often involve

isolation of the intermediate 1,5-diketone, which is condensed with ammonia or
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ammonium salts to form the pyridine ring,40-d:! The yield of this cyclization is limited by
disproportionation of the intermediate dihydropyridine.8 Hydrazine4e or
hydroxylamine22.42 may also be used, but yields are similar to those obtained with
ammonium acetate in acetic acid. The cupric acetate/ammonium acetate method
described in Step B nearly quantitatively gives annelated pyridines from various 1,5-
diketone equivalents.8 Cupric acetate appears 1o be the oxidant of choice for
intercepting dihydropyridines before disproportionation can occur.

Step C describes a method for oxidizing a pyridine to its N-oxide with Oxone®
(potassium hydrogen persulfate). The more traditional oxidant, m-
chloroperoxybenzoic acid (MCPBA), works equally well, but the availability of 80-85%
pure MCPBA is now limited. Pyridine N-oxides may also be prepared with hydrogen
peroxide in acetic acid,?:10 but reaction time is variable and removal of acetic acid is
inconvenient for large scale preparations. Potassium hydrogen persulfate (Oxone®) is
an inexpensive alternative to MCPBA in many oxidation reactions.11 The oxidation
procedure given here avoids the formation of volatile peroxides, which occurs in
ketone-catalyzed N-oxidation of pyridine by persulfate.110.¢ A 50% excess of Oxone®
is used, assuming 100% activity. The submitters used Oxone® of 67-68% purity by
iodometric titration. Less oxidant leads to incomplete reaction or inconveniently long
reaction times.

Synthesis of annelated polypyridines or hexagonal lattice receptors from
1,2,3,4,5,6,7,8-octahydroacridines requires oxidative functionalization of the 4-position
(CH2 group bonded to the pyridine 2-position). In Step D this is accomplished by
"Katada" or "Boekeiheide" rearrangement of the N-oxide. This general reaction is
commonly used for selective oxidation of alkylated pyridines although the mechanism
for conversion of the acetylated N-oxide to the 2-acetoxyalkylpyridine has not been
fully elucidated.12 The current procedure reflects an empirical finding that

deoxygenation of the acetic anhydride prior to addition results in slightly higher yields.
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Condensation of 2-alkylpyridines with benzaldehyde, followed by ozonolysis of the
benzylidene intermediate is a general, alternative route to 2-oxoalkylpyridines.!3 The
N-oxide rearrangement described here is superior when monofunctionalization is
required, because condensation of 9-n-butyl-1,2,3,4,5,6,7,8-octahydroacridine with 1
equivalent of benzaldehyde gives a mixture of monobenzylidene and dibenzylidene
derivatives.2 Recent work by Tilichenko has shown that 1,5-diketones may be
converted to monobenzylidene derivatives before forming the pyridine ring,14 but

overall yields are lower than for the current procedure.
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11794-3400.

2. (a) Bell, T. W_; Firestone, A. J. Org. Chem. 1986, 51, 764-765; (b) Bell, T. W.;
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

9-n-Butyl-1,2,3,4,5,6,7,8-octahydroacridin-4-ol: 4-Acridinol, 9-butyl-1,2,3,4,5,6,7,8-
octahydro- (11); (99922-91-5)

8—n-BAutyI-2-hydroxylricyclo[7.3.1 .027]tridecan-13-one: 5,9-Methanobenzocycloocten-
11-one, 10-butyldodecahydro-4a-hydroxy- (8,9); (24133-22-0)

Cyclohexanone (8,9); (108-94-1)

Pentanal: Valeraldehyde (8); Pentanal (9); (110-62-3)
9-n-Butyl-1,2,3,4,5,6,7,8-octahydroacridine: Acridine, 9-butyl-1,2,3,4,5,6,7,8-
octahydro- (11); (99922-90-4)

Ammonium acetate: Acetic acid, ammonium salt (8,9); (631-61-8)

Cupric acetate monochydrate: Acetic acid, copper(2+) salt, monohydrate (8,9);
(6046-93-1)

Oxone: Peroxymonosulfuric acid, monopotassium salt, mixt. with dipotassium sulfate

and potassium hydrogen sultate (9); (37222-66-5)
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SYNTHESIS OF ALKYL PROPANOATES BY A HALOFORM REACTION OF
A TRICHLORO KETONE: PREPARATION OF ETHYL
3,3-DIETHOXYPROPANOATE
(Propanoic acid, 3,3-diethoxy-, ethyl ester)

CCl o, EtO CCl
W 3 A/93% \/\n/ 3

A. /= + CI\IrCC|3 _1_3hf/0°c—)ﬂ Cl

EtO
EtO O 0
1 2 3 4
B. Eto\/\n/CCIa EIOH/K,CO5 EtO OFEt
0 87% EtO O
4 5

Submitted by L. F. Tietze, E. Voss, and U. Hartfiel.!
Checked by Daniel Romo and Albert I. Meyers.

1. Procedure

A. 1,1,1-Trichioro-4-ethoxy-3-buten-2-one, 4.2 A 500-mL, two-necked, round-
bottomed flask equipped with a pressure-equalizing addition funnel with drying tube,
nitrogen inlet and magnetic stirring bar is charged with trichloroacety! chloride, 2 (173
g, 0.96 mol) (Note 1). Under nitrogen the flask is cooled with an ice bath to 0°C and
ethyl vinyl ether (137 g, 181 mL, 1.90 mol, Note 2) is added within 1 hr to the well-
stirred mixture. Stirring is continued for 12 hr allowing the mixture to warm to room
temperature without removing the cooling bath (Note 3). The addition funnel is
replaced by a short Vigreux column and excess ethyl vinyl ether is removed at 20°C

under reduced pressure (20 mm). The bath-temperature is raised (to approx. 140°C)
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under reduced pressure (20 mm) to start elimination of hydrogen chloride, which is
accompanied by formation of a deep black color and requires 1-2 hr for completion.
Distillation of the residue under reduced pressure affords 193 g (92%) of 4,3 as a
bright yellow oil which fades to pale yellow on standing, bp 116-118°C/13 mm, n204
1.5129 (Notes 4,5).

B. Ethyl 3,3-diethoxypropanoate, 5. A 500-mL, two-necked, round-bottomed
flask equipped with magnetic stirring bar, reflux condenser with drying tube, and 250-
mL pressure equalizing addition funnel is charged with dry ethanol (200 mL, 3.4 mol)
and anhydrous potassium carbonate (12 g, 87 mmol) and cooled with an ice/water
bath. The addition funnel is charged with 1,1,1-trichioro-4-ethoxy-3-buten-2-one, 4
(200 g, 0.92 mol) and the addition is performed with stirring during 30 min. Stirring is
continued for 10 hr at room temperature, petroleum ether or pentane (300 mL) is
added, and the potassium carbonate is filtered off. After concentration under reduced

pressure the residue is distilled through a short Vigreux column, to yield 153 g (87%)

of 5, bp 92-95°C/15 mm, n|§4 1.4117 (Notes 6, 7).

2. Notes

1. Trichloroacetyl chloride (obtained from Fluka Chemical Corporation) was
distiled immediately before use.

2. Ethyl vinyl ether (obtained from Fluka Chemical Corporation) was used from
a freshly opened bottle containing a stabilizer (0.1% diethylaniline) without
purification. The stabilizer seems to be important (see Note 7).

3. An exothermic reaction was observed after removing the ice bath.

4. Distillation should not be performed at a lower pressure.
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5. The synthesis of 4 can be carried out on a large scale: a run using 1.8 kg of
trichloroacetyi chloride gave 4 in 97% yield. The spectral properties are as follows: IR

(neat) cm-*: 2990 (C-H), 1710 (C=0), 1600 (C=C), 835 (C-Cl); 'H NMR (60 MHZ,

CDCla) & 1.38 (t, 3H, J = 7, OCH2CHg), 4.08 (q, 2 H, J = 7, OCH2CH3g), 6.13 (d, 1 H, J-

=12.4, 3-H), 7.87 (d, 1 H, J = 12.4, 4-H).

6. Distillation should only be performed at the indicated temperature range.
Approximately 20 mL of a dark residue remains after distillation. The spectral
properties are as follows: IR (neat) cm-1: 2990, 2940 (C-H), 1740 (C=0), 1115, 1060
(C-0); TH NMR (60 MHz, CDCl3) &: 1.18 (t, 6 H, J =7, OCH2CH3), 1.25(t, 3 H,J =7,
CO2CH2CH3), 2.62 (d, 2 H, J = 6, 2-H), 3.30-3.80 (2 AB - systems, 4 H, 2 OCH2CHg),
4.13(q, 2 H, J = 7, CO2CHoCH3), 4.93 {t, 1 H, J =6, 3-H).

7. In a similar way, methyl 3,3-dimethoxypropanoate can be prepared using
trichloroacetyl chioride and methy! vinyl ether as starting materials. However, in this
case, using methyl vinyl ether without a stabilizer, it is necessary to perform the
reaction in the presence of pyridine; otherwise extensive polymerization of the vinyl
ether takes place.

Procedure: A 1000-mL, three-necked, round-bottomed flask equipped with a
pressure-equalizing addition funnel with drying tube, intensive condenser (cryostat
temp., -5°C) with nitrogen inlet, and mechanical stirrer, is charged with 2 (270 g, 1.48
mol); pyridine (117 g, 1.48 mol) is added within 15 min under vigorous stirring at room
temperature. Under nitrogen, the flask is cooled with an ice bath to -10°C and liquid
methyl viny! ether (112 g, appox. 145 mL, 1.93 mol) is added through a coolable
addition funnel (approx. -10°C) within 30 min to the well-stirred mixture. Stirring is

continued for 12 hr, allowing the mixture to warm to room temperature without

removing the cooling bath. After addition of water (250 mL) and extraction with diethyl .

ether (2 x 200 mL), the combined organic layers are washed with brine (2 x 50 mL),

dried (NaxS0Oy4), and the solvent evaporated under reduced pressure. Distillation
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(20-cm Vigreux column) of the residue under reduced pressure affords 267 g (88%) of
1,1,1-trichloro-4-methoxy-3-buten-2-one as a colorless liquid, bp 102°C/10 mm, n%o
1.5238. The spectral properties are as follows: IR (neat) cm-1: 2940, 2840 (C-H),
1710 (C=0), 1600 (C=C); 1H NMR (60 MHz, CDCl3) &: 3.80 (s, 3 H, OCHg3), 6.03 (d, 1
H, J =12, 3-H), 7.77 (d, 1 H, J = 12, 4-H). Solvolysis of 1,1,1-trichloro-4-methoxy-3-
buten-2-one with methanol to give methy! 3,3-dimethoxypropanoate can be performed

according to the procedure given for 5.

3. Discussion

The synthesis of ethyl 3,3-diethoxypropanoate, 5, described here implies
acylation of an enol ether followed by a haloform reaction. The procedure is superior
to other methods, which afford mixtures of acetals and acrylates,* give only moderate
yields,5.6.7 require the troublesome use of ketene® or expensive ethyl
propiolate,®.10.11 need palladium(ll) catalysis,12 or equipment for electrochemical
reactions.13

Ethyl 3,3-diethoxypropanoate, 5, is the stable, protected derivative of the
unstable 3-formylpropanoate. It can be stored at room temperature for several months
without decomposition. It is a useful starting material, especially for the synthesis of
heterocycles such as coumarins,14 isoxazoles,!5 pyrimidines,16 porphyrins,17 and
thiadiazines.1® Also spermine metabolites,1® steroids,20 herbicides,21 anti-
hypertensives,22 photographic sensitizers,23 cephalosporins,24 lycopodium
alkaloids,25 nucleic acids,5 and pentaerythritol26 as well as related alcohols can be
obtained from 5. Thus ester 5 can be reduced to the corresponding alcohol which
yields 3-hydroxypropanal with acidic conditions;26 elimination of ethanol gives 3-
ethoxyacrylate.2? Of great interest is also the formylation of § to give ethyl 2-formyl-3-

oxopropanoate or, starting from methy! 3,3-dimethoxypropanoate, methyl 2-formyl-3-

241



oxopropanoate.10.28  The latter compound has been used in the synthesis of

iridoids,28 ipecacuanha alkaloids,2® 1,4-dihydropyridines,2® NADH analogues,30

dihydropyrans,31 and branched amino sugars.32
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Ethyl 3,3-diethoxypropanoate: Propanoic acid, 3,3-diethoxy-, ethy! ester (9);
(10601-80-6).

1,1,1-Trichloro-4-ethoxy-3-buten-2-one: 3-Buten-2-one, 1,1,1-trichloro-4-ethoxy- (11);
(83124-74-7)

Trichloroacety| chloride: Acetyl chioride, trichloro- (8,9); (76-02-8)

Ethyl vinyl ether: Ether, ethyl vinyl (8); Ethene, ethoxy- (9); (109-92-2)

Methy! 3,3-dimethoxypropanoate: Propanoic acid, 3,3-dimethoxy-, methyl ester (9);
(7424-91-1)

Methyl vinyl ether: Ether, methyl vinyl (8); Ethene, methoxy- (9); (107-25-5)
1,1,1-Trichloro-4-methoxy-3-buten-2-one: 3-Buten-2-one, 1,1,1-trichloro-4-methoxy-,

(E)- (12); (116140-91-1)

244

Unchecked Procedures
Accepted for checking during the period May 1, 1989
through June 1, 1990. An asterisk (*) indicates that

the procedure has been subsequently checked.

In accordance with a policy adopted by the Board of Editors, beginning with
Volume 50 and further modified subsequently, procedures received by the Secretary
and subsequently accepted for checking will be made available upon request to the
Secretary, if the request is accompanied by a stamped, self-addressed envelope.
(Most manuscripts require 54¢ postage).

Address requests to:

Professor Jeremiah P. Freeman
Organic Syntheses, Inc.
Department of Chemistry
University of Notre Dame

Notre Dame, Indiana 46556

It should be emphasized that the procedures which are being made available
are unedited and have been reproduced just as they were first received from the
submitters. There is no assurance that the procedures listed here will ultimately check
in the form available, and some of them may be rejected for publication in Organic
Syntheses during or after the checking process. For this reason, Organic Syntheses
can provide no assurance whatsoever that the procedures will work as described and
offers no comment as to what safety hazards may be involved. Consequently, more
than usual caution should be employed in following the directions in the procedures.

Organic Syntheses welcomes, on a strictly voluntary basis, comments from
persons who attempt to carry out the procedures. For this purpose, a Checker's Report
form will be mailed out with each unchecked procedure ordered. Procedures which
have been checked by or under the supervision of a member of the Board of Editors
will continue to be published in the volumes of Organic Syntheses, as in the past. Itis
anticipated that many of the procedures in the list will be published (often in revised
form) in Organic Syntheses in future volumes.
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Preparation and Diels-Alder Reaction of a Reactive, Electron-
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Aluminum, triisobutyl, 67, 176
Aluminum, tripropyl-; (102-67-0), 66, 193
Amberlite IR-120 (plus), acid form; (78922-04-0), 69, 21
Amberlyst 15 ion exchange resin, 66, 203, 206; 69, 159
Amino acids, determination of enantiomeric purity, 66, 153
1-AMINO-2-METHOXYMETHYLPYRROLIDINE, (R)-(+)- (RAMP), 65, 173
1-AMINO-2-METHOXYMETHYLPYRROLIDINE, (S)-(-)- (SAMP), 65, 173, 183
2-Amino-1-phenyl-1,3-propanediol, (1S,2S)-(+)-: 1,3-Propanediol, 2-amino-1-phenyl,
(3306-06-7), 69, 55
3-Aminopropylamine: 1,3-Propanediamine; (109-76-2), 65, 224
Ammonia, 66, 133, 135
Ammonium acetate; (631-61-8), 69, 228
Ammonium, benzyltrimethyl-, hydroxide; (100-85-6), €8, 56
Anisole, 2,4-dichloro-, 67, 222
[3+3] Annulation, 66, 4, 8, 10, 11
a-D-Arabino-Hexopyranose, 2-deoxy, tetraacetate; (16750-06-4), 69, 66
Asymmetric alkylation, 67, 60
Asymmetric synthesis, 65, 183, 215
of cycloalkane dicarboxylates, 67, 76
AZA-ENE REACTION, 65, 159
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1H-Azepine, hexahydro-2-propyl-; (85028-29-1), 66, 193

2H-Azepine, 3,4,5,6-tetrahydro-7-methoxy-, 67, 170

2-AZETIDINONE, 4-(ACETYLOXY)-, 65, 135

2-AZETIDINONE, 4-HYDROXY-ACETATE (ESTER), 65, 135

2.AZETIDINONE, 3-METHOXY-1,3-DIMETHYL-4-PHENYL-, 65, 140

Azobisisobutyronitrile (AIBN); (78-67-1), 66, 77, 79, 86; 67, 86; 69, 66

AZOMETHINE YLIDE EQUIVALENT, 67, 133

1(2H)-AZULENONE-3,4-DIHYDRO: 1(2H)-AZULENONE, 3,4-DIHYDRO-;
(52487-41-9), 69, 180

Beckmann rearrangement, 66, 185, 189, 190

Benzaldehyde; (100-52-7), 65, 119; 66, 203; 68, 83

Benzaldehyde, 2-bromo-4,5-dimethoxy-, 65, 108

Benzaldehyde, 3-nitro-, 67, 180

Benzene, (2-bromoethenyl)- (Z)-; (588-73-8), 68, 130

Benzene, (1-cyclopenten-1-ylsuifonyl)-, 67, 157, 163

Benzene, 2,4-dichloro-1-methoxy-, 67, 222

Benzene, 1-(ethynylsulfonyl)-4-methyl-, 67, 149

Benzene, 1-methyl-4-(methylthio)-; (623-13-2), 68, 49

BENZENE, [(NITROMETHYL)THIO]-; (60595-16-6), 68, 8

Benzeneamine, N-hydroxy-, 67, 187

Benzeneamine, 2-methy!-3-nitro-, 65, 146

1,2-Benzenediol; (120-80-9), 66, 184; 67, 98

Benzenemethanamine, N-(methoxymethyl)-N-[(trimethylsilyl)methyl]-, 67, 133
Benzenemethanamine, N-[(trimethylsilyl)methyl]-, 67, 133
Benzenemethanaminium, N,N,N-trimethyl-, hydroxide; (100-85-6), 68, 56

Benzenemethanol, a-methyl-3-nitro-, 67, 180
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Benzenemethanethiol, 65, 215

Benzenepropanol, 2-amino-, (S)-; (3182-95-4), 68, 77

Benzeneseleninic acid, 67, 157

Benzenesulfenyi chioride; (931-59-9); 68, 8

Benzenesulfonamide, 66, 203

Benzenesulfonic acid, hydrazide, 67, 157

Benzenesulfonoselenocic acid, Se-phenyl ester, 67, 157

1-(BENZENESULFONYL)CYCLOPENTENE: BENZENE, (1-CYCLOPENTEN-
1-YLSULFONYL)-; (64740-90-5), 67, 157, 163

Benzenesulfonyl hydrazide: Benzenesulfonic acid, hydrazide; (80-17-1), 67, 157

Benzenethiol; (108-98-5), 68, 8

2H-1-BENZOPYRAN, 3,4-DIHYDRO-2-METHYLENE; (74104-13-5), 69, 72

2H-1-BENZOPYRAN-3-CARBOXYLIC ACID, 5,6,7,8-TETRAHYDRO-2-OXO-,
METHYL ESTER, 65, 98

p-Benzoquinone; (106-51-4), 67, 105; 68, 109; 69, 38

4H-1,3-BENZOXATHIIN, HEXAHYDRO-4,4,7-TRIMETHYL-, 65, 215

Benzoyl chloride; (98-88-4), 69, 45

Benzoyl chloride, 4-nitro-, 67, 86

1-(2-Benzoylpropanoyl)piperidine: Piperidine, 1-(2-methyl-1,3-dioxo-3-
phenylpropyl)-, (+)-; (99114-34-8), 69, 44

Benzyl alcohol, a-methyl-m-nitro-, 67, 180

Benzylamine; (100-46-9), 67, 105, 133; 68, 227

Benzylamine hydrochloride; (3287-99-8), €8, 206

N-BENZYL-2-AZANORBORNENE: 2-Azabicyclo[2.2.1]hept-5-ene, 2-(phenylmethyl)-),

68, 206
Benzy! bromide; (100-39-0), 68, 92; 69, 83
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Benzylchlorobis(triphenylphosphine)—, trans-: Palladium, benzylchlorobis-
(triphenylphosphine)-, trans-; Palladium, chloro(phenylmethyl)bis(tri-
phenylphosphine)-, (SP-4-3)-; (22784-59-4), 67, 86

(+)-Benzyl 2,3-epoxypropyl ether: Oxirane, [(phenylmethoxy)methyl]-;
(2930-05-4), 69, 81, 83

(S)-Benzyl 2,3-epoxypropyl ether: Propane, 1-(benzyloxy)-2,3-epoxy-, (S)-
(14618-80-5), 69, 83

3-Benzy|-5-(2-hydroxyethyl)—4-methyl-1,3-thiazolium chloride; (4568-71-2), 65, 26

N-Benzylidenebenzenesulfonamide; (13909-34-7), €6, 203, 204, 2086, 210

Benzylidenemalononitrile: Malononitrile, benzylidene-; Propanedinitrile,
(phenylmethylene)-; (2700-22-3), 65, 32

Benzyl mercaptan: a-Toluenethiol; Benzenemethanethiol; (1 00-53-8), 65, 215

N-BENZYL-N-METHOXYMETHYL-N-(THIMETHYLSILYL)METHYLAMINE:
BENZENEMETHANAMINE, N-(METHOXYMETHYL)-N-[(TRIMETHYL-
SILYL)METHYL]-; (93102-05-7), 67, 133

1-BENZYLOXY-4-PENTEN-2-OL: 4-PENTEN-2-OL, 1-(PHENYLMETHOXY)-;
(58931-16-11), 69, 80

Benzyltriethylammonium chioride, (56-37-1), 66, 204; 68, 220

N-Benzyl-N-(trimethylsilyl)methylamine: Benzenemethanamine, Ne[(trimethy!-
silylymethyl]-; (53215-95-5), 67, 133

BETA-LACTAM, 65, 135, 140

BIARYL SYNTHESIS, 66, 67

Biaryls, preparation by Pd-catalyzed aryl-aryl coupling, 66, 73

Bicyclo[2.2.1]hepta-2,5-diene-1 ,4-bis(diphenylphosphino)butanerhodium

trifluoromethanesulifonate, 68, 64
Bicyclo[2.2.1]hepta-2,5-diene-2,4-pentanedionatorhodium; (32354-50-0), 68, 64
BICYCLO[3.1.1]HEPTANE, 6.6-DIMETHYL-2-METHYLENE-, (1S)-, 65, 224

261



Bicyclo[2.2.1]heptan-2-one, 1,3,3-trimethyl-; (1195-79-5), 68, 14

Bicyclo[3.1.1]hept-2-ene, 2-(2,2-dibromocyclopropyl)-6,6-dimethyl-, (1R), 68, 220

Bicyclo[3.1.1]hept-2-ene, 2-ethenyl-6,6-dimethyl-, (1R)-; (30293-06-2), 68, 220

BICYCLO[3.1.1]HEPT-2-ENE, 2,6,6-TRIMETHYL-, (1S)-, 65, 224

BICYCLO[4.3.0]NON-1-EN-4-ONE: 5H-INDEN-5-ONE, 1,2,3,3a,4,6-
HEXAHYDRO-, 67, 163

BICYCLO[4.2.0]OCTANE-7-CARBONITRILE, 7-CHLORO-8-OXO, (10,60, 7B)-;
(89937-15-5), 69, 205

Bicyclo[3.3.0]octane-2,6-diol; (17572-86-0), 68, 175

BICYCLO[3.3.0]OCTANE-2,6-DIONE: 1,4-Pentalenedione, hexahydro-; (17572-87-1),

68, 175

Bicyclo[2.2.2]Joctan-2-ones, preparation, 66, 37, 40

BINAP, (R)-(+)- and (S)-(-)-, 67, 20, 33

1,1"-Binaphthalene, 2,2'-dibromo-, 67, 20

1,1-BINAPHTHALENE-2,2"-DIOL, (R)-(+)-: [1,1'-BINAPHTHALENE]-2,2"-DIOL,
(R)-; (18531-94-7), 67, 13

Binaphthel, (+)-; (41024-90-2), (602-09-5), 67, 1, 13, 20

Binaphthol, R-(+)-; (18531-94-7); S-(-)-; (1853-99-2), 67, 13

1,1-BINAPHTHYL-2,2-DIYL HYDROGEN PHOSPHATE, (R)-(-)-: R(-) DI-
NAPHTHOJ2,1-d:1'2"-][1,3,2]DIOXAPHOSPHEPIN, 4-HYDROXY-4-
OXIDE; (39648-67-4), 67, 1, 13

1,1-BINAPHTHYL-2,2-DIYL HYDROGEN PHOSPHATE, (S)-(+)-: S(+) DI
NAPHTHO[2,1-d:1'2-f][1,3,2]DIOXAPHOSPHEPIN, 4-HYDROXY-4-
OXIDE; (35193-64-7), 67, 1

BINAPO, (R)-(+)-, and (S)-(-)-, 67, 20

(1,1-BIPHENYL]-2,2'-DICARBOXALDEHYDE, 4,4',5,5-TETRAMETHOXY-, 65, 108

Biphenyl, 2-methyl-4'-nitro-; (33350-73-1), 66, 74
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1,2-Bis(2-chloroethoxy)ethane: Ethane, 1,2-bis(2-chioroethoxy)-; (1 12-26-5), 68, 227
Bis(cyclopentadienyltitanium dichloride: Titanium, dichloro-n-cyclopentadieny!-;
(1271-19-8), 69, 72
[2,2'-BIS(DIPHENYLPHOSPHINO)-1 ,1-BINAPHTHYL (BINAP), (R)-(+)- and
(S)-(-)-: PHOSPHINE, [1,1-BINAPHTHALENE]-2,2-DIYLBIS-
[DIPHENYL-, (R)- and (S)-]; (R)-: (76189-55-4), (S)-; (76189-56-5),
67, 20, 33
1,4-Bis(diphenyiphosphino)butane; (7688-25-7), 68, 64
2,2'-Bis(diphenylphosphino)-1,1 "-binaphthyl-(n4-1,5-cyclooctadiene)-
rhodium(l) perchlorate, (+)- and (-): Rhodium(1+), {[1,1"-binaph-
thalene]-2,2'diylbis[diphenylphosphine]-P,P'][(1 ,2,5,6-n)-1,5-cyclo-
octadiene]-, stereoisomer perchlorate; (+)-; (82822-45-5); (-)-;
(82889-98-3), 67, 33
2,2'-Bis(diphenylphosphinyl)-1,1'-binaphthyl, B-, (S)-(-)-, and (R)-(+)- [(D)-,
(S)-(-)-, and (R)-(+)-BINAPO]: Phosphine oxide, [1,1-binaphthalene]-
2,2'-diylbis[diphenyl-, (+)-, (S)-, and (R)-]; (£)-; (866632-33-9); (S)-;
(94041-18-6); (R)-; (94041-16-4), 67, 20
1,2-Bis(2-iodoethoxy)ethane: Ethane, 1,2-bis(2-iodoethoxy)-; (36839-55-1), 68, 227
N1N2Bis(methoxycarbonyl)sulfur diimide: Sulfur diimide, dicarboxy-,
dimethyl ester; (16762-82-6), 65, 159
1,2-Bis(tributylstannyl)ethylene, (E)-: Stannane, vinylenebistributyl-, (E})-;
Stannane, 1,2-ethenediylbis[dibutyl-, (E)-; (14275-61-7), 67, 86
Bis(tributyltin) oxide: Distannoxane, hexabutyl-; (56-35-9), 68, 104
1,2-Bis(trimethylsiloxy)cyclobut-1-ene: Silane, (1-cyclobuten-1 ,2-
ylenedioxy)bis(trimethyl-; Silane, [1-cyclobutene-1,2-
diylbis(oxy)]bis[trimethyl-; (17082-61-0), 65, 17
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1,4-BIS(TRIMETHYLSILYL)BUTA-1,3-DIYNE: 2,7-DISILAOCTA-3,5-DIYNE,
2,2,7,7-TETRAMETHYL-; SILANE, 1,3-BUTADIYNE-1,4-DIYLBIS-
[TRIMETHYL-; (4526-07-2), 65, 52

BNP acid, R(-) : R(-) Dinaphtho[2,1-d:1'2'-f][1,3,2]dioxaphosphepin,
4-hydroxy-4-oxide, 67, 1
Compound with 8a, 9—cinchonan-9-ol; (40481-36-5), 67, 1

BNP acid, S(+): S(+) Dinaphtho[2,1-d:1'2-f][1,3,2]dioxaphosphepin,
4-hydroxy-4-oxide, 67, 1
Compound with 9S-cinchonan-9-ol; (3974950-3), 67, 1

Borane-dimethylsulfide; (13292-87-0), 68, 77

Borane, tetrahydrofuran complex, 69, 214

Borate(1-), tetrafluoro-, hydrogen, compound with oxybis[methane}, 67, 141

Boric acid, 69, 169

Boron trifluoride etherate: Ethyl ether, compd. with boron fluoride (BF3) (1:1);
Ethane, 1,1'-oxybis-, compd. with trifluoroborane (1:1); (109-63-7), 65, 171;
67, 52, 205; 68, 77

Bromine, 69, 10

Bromobenzene; (108-86-1), 69, 2

4-Bromobutanenitrile: Butyronitrile, 4-bromo-; Butanenitrile, 4-bromo-;
(5332-06-9), 67, 193

2-Bromo-2-butene (cis and trans mixture): 2-Butene, 2-bromo-; (13294-71-8), 65, 42

1-Bromo-3-chloro-2,2-dimethoxypropane: 2-Propanone, 1-bromo-3-chloro-,

dimethy| acetal; Propane, 1-bromo-3-chloro-2,2-dimethoxy-; (22089-54-9), 65, 2

1-Bromo-1-chloromethane, 67, 76

6-Bromo-3,4-dimethoxybenzaldehyde: Benzaidehyde, 2-bromo-4,5-dimethoxy-;
(5392-10-9), 65, 108
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6-Bromo-3,4-dimethoxybenzaldehyde cyclohexylimine: Cyclohexanamine
N-[(2-bromo-4,5-dimethoxyphenyl)methy|ene]-; (73252-55-8), 65, 108

1-BROMO-1-ETHOXYCYCLOPROPANE: CYCLOPROPANE, 1-BROMO-1-
ETHOXY-; (95631-62-2), 67, 210

Bromoform; (75-25-2), 68, 220

1-Bromohexanoate, ethyl: Hexanoic acid, 2-bromo-, ethyl ester, (+)-;
(63927-44-6), 69, 10

BROMOMETHANESULFONYL BROMIDE; METHANESULFONYL BROMIDE,
BROMO-; (54730-18-6), 65, 90

2—(BromomethyI)-2—(chIoromethyI)-1 ,3-dioxane: 1,3-Dioxane, 2-(bromomethyl)-
2-(chloromethyl)-; (60935-30-0), 65, 32

N-Bromomethylphthalimide: Phthalimide, N-(bromomethyl)-; 1H-isoindole-
1,3-(2H)-dione, 2-(bromomethyl)-; (5332-26-3), 65, 119

1-Bromo-4-nitrobenzene, 66, 68

(Z)-B-Bromostyrene: Styrene, B-bromo-, (2)-; (588-73-8), 68, 130

N-BROMOSUCCINIMIDE: SUCCINIMIDE, N-BROMO-; 2,5-PYRROLIDINEDIONE,
1-BROMO-; (128-08-5), 65, 243

o-Bromotoluene, 66, 69

Brook rearrangement, 66, 19

Butadiyne, 65, 52

BUTANAL, 2-METHYL-, (S)-; (1730-97-8), 69, 212

Butane, 4-bromo-, 1,1,1-trimethoxy-, 67, 193

Butane, 1-chioro-, 65, 61

Butanedioic acid, 2,3-bis(benzoyloxy)-, [R-(R*,R*)}- and [S-(R*,R")}-, 67, 20

Butanedioic acid, bis[5-methyl-2-(1 -methylethyl)-cyclohexyl]ester,
[1R-[1a(1R*,28*5R"), 28,50}, 67, 76

Butanedioic acid, 2,3-dihydroxy-, [R-(R*,R")}-; (87-69-4), 68, 92
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Butanedioic acid, 2,3-dihydroxy-, diethylester, [S-(R*,R*)]-; (13811-71-7), 68, 49

Butanedioic acid, dioxo-, diethyl ester; (59743-08-7), 66, 149

Butanedioic acid, tetrahydroxy-, disodium salt; (866-17-1), 66, 149

2,3-Butanediol, 1,4-bis(benzyloxy)-, (2S,3S)-; (17401-06-8), 68, 92

2,3-Butanediol, 1,4-bis(phenyimethoxy)-, [S[(R*,R*)]-; (17401-06-8), 68, 92

Butanenitrile, 4-bromo-, 67, 193

Butanoic acid, 4-bromo-, ethyl ester, 67, 98

Butanoic acid, 4-iodo-, ethyl ester, 67, 98

1-Butanol, 2-amino-3-methyl-, (S)-, 67, 52

1-Butanone, 3-hydroxy-3-methyl-1-phenyl-, 65, 6, 12

2-Butene, 2-bromo-, 65, 42

2-Butene, 1-bromo-3-methyl-; (870-63-3), 66, 85

2-Butene, 2-methyl-, 65, 159

2-Butenoic acid, 2-methyl-, methy! ester, (E); (6622-76-0), 66, 94

2-Butenoic acid, 4-(4-nitrophenyl)-4-oxo-, ethyl ester, 67, 86

2-Buten-1-ol, 4-chioro-, acetate (E)-, 67, 105

3-Buten-1-ol, 2-chloro-, acetate, 67, 105

2-Butenol, 4-(diethylamino)-, acetate, 67, 105

Butenolide synthesis, from furfural, 68, 162

2-Buten-1-one, 3-methyl-1-phenyl-, 65, 12

3-Buten-2-one; (78-94-4), 65, 26

N-tert-BUTOXYCARBONYL-L-LEUCINAL: CARBAMIC ACID, (1-FORMYL-3-
METHYLBUTYL)-, 1,1-DIMETHYLETHYL ESTER, (S)-; (5821-45-2), 67, 69

N-tert-Butoxycarbonyl-L-leucine N-methyl-O-methylcarboxamide: Carbamic acid,
[1-[(methoxymethylamino)carbonyl]-3-methyibutyl]-, 1,1-dimethylethyl ester,
(S)-; (87694-50-6), 67, 69
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N-tert-Butoxy-L-leucine hydrate: Leucine, N-carboxy-, N-tert-butyl ester, L-;
L-Leucine, N-[(1,1-dimethylethoxy)carbonyl]-; (13139-15-6), 67, 69
tert-Buty! alcohol, potassium salt, 67, 125
tert-BUTYL ACETOTHIOACETATE; (15925-47-0), 66, 108, 112, 114
Buty! bromide, 66, 118
p-tent-BUTYLCALIX[4]JARENE: Pentacyclo[19.3.1 .13.7,19.13 115.19]octacosa-
1(25),3,5,7(28),9,11,13(27),15,17,1 9(26),21 ,23-dodecaene-25,26,27,28-tetraol,
5,11,17,23-tetrakis(1,1-dimethylethyl)-; (60705-62-6), 68, 234
p-tert-BUTYLCALIX[6]JARENE: Heptacyclo[31.3.1 .137,18.13 115,19 121.25 127,31}
octetraconta-1(37),3,5,7(42),9,11,13(41),15,17,1 9,(40),21,23,25(39),-
27,29,31 (38),33,35-octadecaene-37,38,39,40,41 ,42-hexol, 5,11,17,23,29,35-
hexakis (1,1-dimethylethyl)-; (78092-53-2), 68, 238
p-tert-BUTYLCALIX[8]ARENE: Nonacyclo[43.3.1.13.7.19.13,115.1 9.121.25,12
13943]hexapentaconta-1 (49),3,5,7(56),9,11,13(55),1 5,17,19(54),21,23,-
24(53),27,29,31(52),33,35,37(51),39,41,43(50),45,47-tetracosaene-
49,50,51,52,53,54,55,56-octol, 5,11,17,23,29,35,41 ,47-octakis(1,1-dimethy!

7,31,133,37-

ethyl)-; (68971-82-4), 68, 243
3-BUTYLCYCLOBUTENONE: 2-Cyclobuten-1-one, 3-butyl-; (38425-48-8), 68, 32
4-tent-Butylcyclohexanone: Cyclohexanone, 4-(1,1-dimethylethyl); (98-53-3), 68, 116
1-(4-tet-BUTYLCYCLOHEXEN-1 -YL)-2-PROPEN-1-ONE: 2-Propen-1-one, 1-[4-(1,1-

dimethylethyl)-1-cyclohexen-1-yl]-; (92622-56-5), 68, 116
4-tert-Butylcyclohexen-1-yl trifluoromethanesulfonate: Methanesulfonic acid, trifluoro,

4-(1,1-dimethylethyl)-1-cyclohexen-1-yl ester; (7741 2-96-5), 68, 116
3-Butyl-4,4-dichlorocyclobutenone: 2-Cyclobuten-1-one, 3-butyl-4,4-dichloro-;

(72284-70-9), 68, 32
tert-Butylhydrazine hydrochloride: Hydrazine, tert-butyl, monohydrochloride;

Hydrazine, (1,1-dimethylethyl)-, monohydrochloride; (7400-27-3), 65, 166
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3-tert-Butyl-4-hydroxy-5-methylphenyl sulfide, 66, 16

8-n-Butyl-2-hydroxytricyclo[7.3.1.02: 7]tridecan-13-one: 5,9-Methanobenzocycloocten-
11-one, 10-butyldodecahydro-4a-hydroxy-; (24133-22-0), 69, 227

tert-Butyllithium, 66, 15, 16, 18, 67, 69; 67, 60, 210; 68, 25

Butyliithium: Lithium, butyl-; (109-72-8), 65, 98, 108, 119;
66, 14, 16, 37, 39, 88, 194, 196; 67, 44, 48; 68, 14, 41, 83, 155, 162, 210
69, 44, 56, 114, 121, 175, 188, 220

Butylmagnesium bromide, 66, 116, 118

Butyl methyl ether, 69, 33, 6

9-n-Butyl-1,2,3,4,5,6,7,8-octahydroacridine: Acridine, 9-butyl-1,2,3,4,5,6,7,8-
octahydro-; (99922-90-4), 69, 227

9-n-Butyl-1,2,3,4,5,6,7,8-octahydroacridine N-oxide, 69, 228

9-N-BUTYL-1,2,3,4,5,6,7,8-OCTAHYDROACRIDIN-4-OL: 4-ACRIDINOL, 9-BUTYL-
1,2,3,4,5,6,7,8-OCTAHYDRO-; (99922-91-5), 69, 226

N-tert-Butyl-N-tert-octyl-O-tert-butylhydroxylamine: 2-Pentanamine,
N-(1,1-dimethylethoxy)-N-(1,1-dimethylethyl)-2,4,4-trimethyl-;
(90545-93-0), 65, 166

TERT-BUTYL-TERT-OCTYLAMINE; 2-PENTANAMINE, N-(1,1-DIMETHYLETHYL)-
2,4 4-TRIMETHYL-; (90545-94-1), 65, 166

S-tent-Butyl 3-oxobutanethioate, 66, 108, 109

p-tert-Butylphenol: Phenol, p-tert-butyl-; (98-54-4), 68, 234, 238, 243

4-tert-BUTYL-1-VINYLCYCLOHEXENE: Cyclohexene, 4-tert-butyl-1-vinyl-;

(33800-81-6), 68, 116

2-Butynedioic acid, dimethy! ester; (762-42-5), 68, 198

2-BUTYNOIC ACID, 4-CHLORO-, METHYL ESTER, 65, 47

3-Butyn-1-ol; (927-74-2), 68, 182

3-Butyn-2-ol; (65337-13-5), 67, 141
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(+)-(18)-10-Camphorsulfonamide: Bicyclo[2.2.1]heptane-1-methanesulfonamide,
7,7-dimethyl-2-oxo- (1S)-; (60933-63-3), 69, 158

(1S)-(+)-10-Camphorsulfonic acid: Bicyclo[2.2.1]heptane-1-methanesulfonic acid,
7,7-dimethy}-2-oxo-, (1S)-; (3144-16-9), 69, 160

(+)-10-Camphorsulfonyl chloride: Bicyclo[2.2.1]heptane-1-methanesulfonyl chloride,
7,7-dimethyl-2-oxo-, (+)-; (21286-54-4), 69, 159

(-)-(Camphorsuifonyl)imine: 3H-3a,6-Methano-2,1-benzisothiazole, 4,5,6,7-
tetrahydro-8,8-dimethyl-, 2,2-dioxide, (3aS)-; (60886-80-8), 69, 154, 159

(+)-(2R,8aS)-10-(CAMPHORSULFONYL)OXAZIRIDINE: 4H-4a,7-METHANO-
OXAZIRINO-{3,2-i][2,1]BENZISOTHIAZOLE, TETRAHYDRO-9,8-DIMETHYL-
3,3-DIOXIDE, [4aS-(4aa,7a,8aR*)}-; (104322-63-6), 69, 158, 159

(-)-D-2,10-CAMPHORSULTAM: 3H-3a,6-METHANO-2,1-BENZISOTHIAZOLE,
HEXAHYDRO-8,8-DIMETHYL-, 2,2-DIOXIDE, [3aS-(3ac,6a,7af)]-;
(94594-90-8), 69, 154

Carbamic acid, dichloro-, methyl ester, 65, 159

Carbamic acid, (1-formyl-3-methylbutyl)-, 1,1-dimethylethyl ester, (S)-, 67, 69

Carbamic acid, [1-[(methoxymethylamino)carbonyl]-3-methylbutyl]-, 1,1-di
methylethyl ester, (S)-, 67, 69

CARBAMIC ACID, (2-METHYL-2-BUTENYL)-, METHYL ESTER, 65, 159

Carbamic acid, methy! ester, 65, 159

Carboalumination of alkynes, 66, 64

Carbocupration of alkynes, 66, 65

1-Carbomethoxy-1-methylethyl-3-oxobutanoate, 66, 110

2-CARBOMETHOXY-3-VINYLCYCLOPENTANONE; (75351-19-8), 66, 52, 53, 56, 59

Carbonic acid, dicesium salt, 65, 150

Carbon monoxide; (630-08-0), 68, 109; 69, 114

Carbonochloridic acid, methy! ester, 65, 47
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Carbonylative coupling reaction, 68, 116
3-Carboxy-5-dodecen-2-one, (E), 68, 210
Carboxylation, vicinal di-, 68, 41
Carboxylic acids, reduction, 66, 160
(E)-(Carboxyvinylitrimethylammonium betaine; (54299-83-1), 66, 29, 30, 33, 36
Carroll rearrangement, 68, 210
(R)-(-)-Carvone; (6485-40-1), 66, 8, 9, 13
CATALYTIC TRANSFER HYDROGENATION, 67, 187
Catechol, 66, 180, 182
Catecholborane: 1,3,2-Benzodioxaborole; (274-07-7), 68, 130
Cellulose chromatography, 66, 213, 216
Cerate(2-), hexanitrato-, diammonium, 67, 141
Ceric ammonium nitrate: Cerate(2-), hexanitrato-, diammonium; Cerate(2-),
hexakis(nitrato-0)-, diammonium, (OC-6-11); (16774-21-3), 67, 141
Cerium(lll) chloride, heptahydrate; (18618-55-8), 69, 89
Cesium carbonate: Carbonic acid, dicesium salt; (534-17-8), 65, 150
CESIUM THIOLATES, 65, 150
Chiral auxiliary, 65, 173, 183, 203, 215
Chiral oxazolidinone auxiliary, from phenylalanine, 68, 77, 83
Chirasil-val, 66, 153, 154
CHLORINATION OF ELECTRON-RICH BENZENOID COMPOUNDS, 67, 222
Chloroacetaldehyde diethyl acetal; (621-62-5), 66, 96, 100, 107
Chloroacety! chloride: Acetyl chloride, chloro-; (79-04-9), 69, 2
(8)-2-Chloroalkanoic acids
determination of enantiomeric purity, 66, 154
properties, 66, 155
(S)-2-CHLOROALKANOIC ACIDS OF HIGH ENANTIOMERIC PURITY, 66, 151
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(S)-2-CHLOROALKANOIC ACIDS VIA (S)-2-CHLORO-1-ALKANOLS, 66, 160

(s)-2-ChIoroa|kan-1-ols, properties, 66, 168

N-Chloroamines, 67, 222

1-Chlorobutane: Butane, 1-chioro-; (109-69-3), 65, 61

7.CHLORO-7-CYANOBICYCLO[4.2.0]OCTAN-8-ONE: BICYCLO[4.2.0JOCTANE-7-
CARBONITRILE, 7-CHLORO-8-OXO-, (1a,60.,7B)-; (89937-15-5), 69, 205

Chlorocyanoketene, 69, 205

2.CHLORO-2-CYCLOPROPYLIDENACETIC ACID, METHYL ESTER: ACETIC ACID,
CHLOROCYCLOPROPYLIDENE METHYL ESTER; (82979-45-1) 69, 148

(Chlorodimethyisilyl)methy| chloride, 69, 98

a—~Chloroenamines, 66, 119

2-Chloroethanol; Ethanol, 2-chloro-; (107-07-3), 65, 150

2-Chloroethyl dichlorophosphate: Phosphorodichloridic acid, 2-chloroethyl
ester; (1455-05-6), 65, 68

Chlorohydrins, preparation from a~chloro acids, 66, 161

2-Chloromethoxybenzene: Anisole, o-chloro-; Benzene, 1-chloro-2-methoxy-;
(766-51-8), 67, 222

(S)-2-Chloro-3-methylbutan-1-ol, 66, 164

6-Chloromethyl-2,2-dimethyl-1,3-dioxen-4-one; (81956-31-2), 66, 194, 195, 202

(25,3S)-2-Chloro-3-methylpentanoic acid, 66, 154

{25,35)-2-Chloro-3-methylpentan-1-ol, 66, 164

(S)-2-Chloro-4-methylpentan-1-ol, 66, 164

Chloromethyltrimethyisilane: Silane, (chioromethyl)trimethyl-; (2344-80-1); 67, 133;
68, 1, 182

N-Chloromorpholine: Morpholine, 4-chloro-; (23328-69-0), 67, 222

m-Chloroperoxybenzoic acid, 66, 204; 69, 231

1-Chloro-4-phenyl-2-butanone; (10290-42-3), 69, 183
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(S)-2-CHLOROPROPANOIC ACID; (29617-66-1), 66, 151, 154, 159, 160, 172 Claisen rearrangement, of propargyl alcohols, 66, 22

(S)-2-Chloropropan-1-ol; (19210-21-0), 66, 160, 164, 172 Cobalt(1+), hexacarbonyl[u[(2,3-n:2,3-n)-1-methyl-2-propynylium]]di-, tetra-
N-Chlorosuccinimide; (128-09-6), 66, 211, 214, 219 fluoroborate(1-), 67, 141

Chlorosulfonyl isocyanate: Sulfuryl chloride isocyanate; (1189-71-5), 65, 135
Chlorotetrolic ester, 65, 47

Cobalt, octacarbonyldi-, 67, 141
2,4,6-Collidine: Pyridine, 2,4,6-trimethyl-; (108-75-8), 69, 199

1-Chloro-1-(trichloroethenyl)cyclopropane: Cyclopropane, 1-chloro-1- CONJUGATE ADDITION/CYCLIZATION OF A CYANOCUPRATE, 66, 52

(trichloroethenyl)-; (82979-27-9), 69, 144, 148 CONJUGATE ADDITION, ZINC HOMOENOLATES TO ENONES, 66, 43, 50
1-Chloro-N,N,2-trimethylpropenylamine; (26189-59-3), 66, 116, 117, 119, 120 CONJUGATED DIENES, SYNTHESIS OF, 66, 60, 64
Chiorotrimethylsilane: Silane, chlorotrimethyl-; (75-77-4), 65, 1, 6, 61; Copper(ll) acetate monohydrate; (6046-93-1), 69, 228

66, 14, 16, 21, 44,68, 25 Copper(l) bromide (7787-70-4), 65, 203; 66, 2, 3, 44, 45

as catalyst for conjugate addition, 66, 47 Copper, bromo|thiobis[methane]}-; (54678-23-8), 66, 51
1-Chloro-3-trimethylsilylpropane; (2344-83-4), 66, 88, 90, 94 Copper chloride (CuCl); (7758-89-6), 66, 180, 182, 184; 67, 121; 69, 2

CHOLESTA-3,5-DIENE; (747-90-0), 68, 138 Copper(l) chloride - tetramethylethylenediamine complex, 65, 52

Cholesta-3,5-dieny! trifluoromethanesulfonate: Cholesta-3,5-dien-3-ol, Copper, compound with zinc (1:1), 67, 98

trifluoromethanesulfonate; (95667-40-6), 68, 138 Copper cyanide (CuCN), 66, 53, 55; 69, 80
Cholest-4-en-3-one; (601-57-0), 68, 138 Copper iodide (Cul), 66, 97, 100, 116, 118
Chromium carbonyl, 65, 140 Crotonaldehyde; (123-73-9), 67, 210
Chromium hexacarbonyl: Chromium carbonyl (OC-6-11); (13007-92-6), 65, 140 Cumene hydroperoxide: Hydroperoxide, a,a-dimethylbenzyl; hydroperoxide, 1-
Chromium pentacarbony! (1-methoxyethylidene)-, 65, 140 methyl-1-phenylethyl; (80-15-9), 68, 49

Cinchonidine: 8a , 9R-Cinchonan-9-ol; (485-71-2), 67, 1 Cuprate addition, 66, 52, 95

Cinchonine: 9S-Cinchonan-9-ol; (119-10-5), 67, 1
Cinnamy! alcohol; (104-54-1), 66, 30, 32, 36

Cuprate, dibutyl-, lithium, reaction with acetylene, 66, 62
Cuprates, higher order, 66, 57

(RS)-Citronelial, 69, 32 Cuprous bromide/dimethyl sulfide; (54678-23-8), 66, 51; 68, 198
(S)-Citronellal, 69, 33 Cuprous chloride-pyridine complex, 66, 182
CITRONELLAL, (R)-(+)-: 6-OCTENAL, 3,7-DIMETHYL, (R)-(+)-; (2385-77-5), [2 + 2] CYCLOADDITION, 65, 135; 68, 32
67, 33; 69, 3 Cyclobutanecarboxamide; (1503-98-6), 66, 132, 134, 136, 141
(S)-Citroneliol, 69, 34 Cyclobutanecarboxylic acid; (3721-95-7), 66, 133, 135, 141
272
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Cyclobutanone, 2-(1-propenyl)-, (E)-, 67, 210 CYCLOHEXANOL, 2-PHENYL, (1R-trans); (98919-68-7), 69, 1

CYCLOBUTANONES, 67, 210 CYCLOHEXANOL, 2-PHENYL, (1S-trans), (34281-92-0), 69, 1
2-Cyclobuten-1-one, 3-butyl-; (38425-48-8), 68, 32 CycloheXanone; (108-94-1), 65, 98, 67, 141, 69, 97, 227
CYCLOBUTYLAMINE, 66, 132 Cyclohexanone diethyl ketal; Cyclohexane, 1,1-diethoxy-; (1670-47-9), 65, 17
Cyclobutylamine hydrochioride; (6291-01-6), 66, 134, 135, 141 Cyclohexanone, 5-methyl-2-(1-methylethy!)-, (2R-cis)-, 65, 81
Cycloheptene; (628-92-2), 68, 109 CYCLOHEXANONE, 5-METHYL-2-(1-METHYLETHYLIDENE)-, (R)-, 65, 203, 215
2-CYCLOHEPTEN-1-YL ACETATE: 2-Cycloheptene-1-ol, acetate; Cyclohexanone, 5-methyi-2-(1-methyl-1-phenylethy!)-, (2R-trans)-, 65, 203
(628-92-2), 68, 109 Cyclohexanone, 5-methyl-2-(1-methyl-1-phenylethyl)-, (2S-cis)-, 65, 203
1,3-Cyclohexadiene; (592-57-4), 68, 148, 69, 38 Cyclohexanone, 5-methyl-2-[1-methyl-1-(phenyimethylthio)ethyl]-,
Cyclohexanamine, 65, 108 (2R-trans)-; (79563-58-9); (25-cis)-; (79618-04-5), 65, 215
Cyclohexanamine, N-[(2-bromo-4,5-dimethoxyphenyl)methylene]-, 65, 108 Cyclohexanone oxime, (100-64-1), 65, 185, 187, 193
Cyclohexanamine, N-[(2-iodo-4,5-dimethoxyphenyl)methylene]-, 65, 108 Cyclohexanone oxime methanesulfonate; (80053-69-6), 66, 185, 186, 193
CYCLOHEXANE, 1,2-BIS(METHYLENE)-, 65, 90 Cyclohexene, 69, 206
Cyclohexane, 1,1-diethoxy-, 65, 17 1-Cyclohexene-1-carboxaldehyde, 3-hydroxy-, 67, 205
CYCLOHEXANE, 1,2-DIMETHYLENE, 65, 90 Cyclohexene, 4-(1,1-dimethylethyl)-1-ethenyl-; (33800-81-6), 68, 116
1,3-CYCLOHEXANEDIOL, 2-NITRO, 1-ACETATE, [1S-(1c,28,30)]; 1-Cyclohexene-1-methanol, 4-(1-methyethenyl)-, 67, 176
(108186-61-4), 69, 19 1-Cyclohexene-1-methanol, 4-(1-methylcyclopropyl)-, 67, 176
CYCLOHEXANE, 5-METHYL-1-METHYLENE-2-(1-METHYLETHYL)-, R,R-, 65, 81 Cyclohexene, 1-methyl-, 65, 90
CYCLOHEXANEBUTANOIC ACID, v-OXO-, ETHYL ESTER, 65, 17 Cyclohexene oxide: 7-Oxabicyclo[4.1.0]heptane; (286-20-4), 69, 2
CYCLOHEXANEMETHANOL, 1-HYDROXY-; (15753-47-6), 69, 96 2-Cyclohexene-1-propanoic acid, 3-(trimethylsilyljoxy]-,
Cyclohexanol, 2-(1-mercapto-1-methylethyl)-5-methyl-, [(1R-(10,20,50)]-, 65, 215 : ethyl ester; (90147-64-1), 66, 51
Cyclohexanol, 5-methyl-2-(1-methylethyl)-: (-)-Menthol, [1R-(1,2B,5a)]-; (2216-51-5), 2-Cyclohexen-1-ol, 1-(1,3-dithian-2-yl)-, 67, 205
67, 76; 68, 155 2-Cyclohexen-1-one; (930-68-7), 66, 44, 45, 51, 95, §7, 101, 107; 67, 205; 69, 189
Cyclohexanol, 5-methyl-2-(1-methylethyi)-, [1S-(1c,2B,58)), 65, 81 Cyclohexylamine; Cyclohexanamine; (108-91-8), 65, 108
CYCLOHEXANOL, 5-METHYL-2-(1-METHYL-1-PHENYLETHYL)-, [1R-(10,2B,50)}- cis,cis-1,5-Cyclooctadiene: 1,5-Cyclooctadiene, (Z,2)-; (1552-12-1), 68, 175
65, 203 Cyclopentadiene; (542-92-7), 68, 198; 206
Cyclohexanol, 2-phenyl-, trans-(+)-; (40960-69-8), 69, 2 Cyclopentadiene, annulation from 1,3-diene, 68, 220
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1,3-CYCLOPENTADIENE, 1,2,3,4,5-PENTAMETHYL-, 65, 42

Cyclopentadienes, synthesis, 66, 11

Cyclopentadiene monoepoxide: 6-Oxabicyclo[3.1.0Jhex-2-ene; (7129-41-1),
67, 114

1,2-Cyclopentanedicarboxylic acid, 1-methyl-, cis-(+)-; (70433-31-7), 68, 41

Cyclopentanes, synthesis, 66, 10

CYCLOPENTANONE SYNTHESIS, 66, 87, 92, 93

Cyclopentanone, 2-carbomethoxy-3-vinyl, 66, 56

Cyclopentanone, 2-ethenyl-2-methyl; (88729-76-4), 66, 94

Cyclopentene; (142-29-0), 67, 157

4-Cyclopentene-1,3-diol, monoacetate, cis-, 67, 114

2-Cyclopenten-1-one, 4,4-dimethyl-, 67, 121, 205

2-CYCLOPENTEN-1-ONE, 3-METHYL-2-PENTYL-, 65, 26

CYCLOPROPANATION, 67, 176
with dibromocarbene, 68, 220

Cyclopropane, 1-bromo-1-ethoxy-, 67, 210

Cyclopropane, 1-chloro-1-(trichioroethenyl)-; (82979-27-9), 69, 144

CYCLOPROPANE -1,2-DICARBOXYLIC ACID, (+)-(15,2S)-: 1,2-CYCLOPRO-
PANEDICARBOXYLIC ACID, (S,S)-(+)-; 1,2-CYCLOPROPANEDI-
CARBOXYLIC ACID, (1S-trans)-; (14590-54-6) 67, 76

1,2-Cyclopropanedicarboxylic acid, (S,S)-(+)-, 67, 76

1,2-Cyclopropanedicarboxylic acid, bis[5-methyl-2-(1-methylethyl)cyclohexyl]
ester, 67, 76

Cyclopropane, 1-trimethylsiloxy-1-ethoxy-, 66, 44

Cyclopropanecarboxylic acid chloride, 66, 176

Cyclopropylpropiolic acid ethy! ester, 66, 177

Davis reagent, 66, 203

Decanoic acid, ethyl ester, 67, 125

Decanoic acid, 2-(methyldiphenylsilyl)-, ethyl ester, 67, 125
Decanoic acid, 6-oxo-; (4144-60-9), 66, 126

Decanoic acid, 6-oxo-, methyl ester; (61820-00-6), 66, 120
Decarboxylation, of p-keto acid, 68, 210
(E)-1-Decenyldiisobutylalane, 66, 60, 61

Dechlorination, reductive, 68, 32

1-Decyne; (764-93-2), 66, 60, 61, 66

2-DECYN-1-OL; (4117-14-0), 66, 127, 128, 131
9-DECYN-1-OL; (17643-36-6), 66, 127, 128, 131

1-DEOXY-2,3,4,6-TETRA-O-ACETYL-1-(2-CYANOETHYL)-a-D-GLUCOPYRANOSE:

D-GLYCERO-D-IDO-NONONONITRILE, 4,8-ANHYDRO-2,3-DIDEOXY-,
5,6,7,9-TETRAACETATE; (86563-27-1), 65, 236
2,6-Diacetoxybicyclo[3.3.0]octane: 1,4-Pentalenediol, octahydro-, diacetate;
(17572-85-9), 68, 175
(1,i-Diacetoxyiodo)benzene, 66, 136
DIALKOXYACETYLENES, 65, 68
1,3-Diaminopropane; (109-76-2), 66, 127, 128, 131
1,4-Diazabicyclo[2.2.2]octane; (280-57-9), 68, 64
4,13-DIAZA-18-CROWN-6: 1,4,10,13-Tetraoxa-7,16-diazacyclooctadecane;
(23978-55-4), 68, 227
Diazomethane: Methane, diazo-; (334-88-3), 69, 180, 182

CYCLOPROPENONE 1,3-PROPANEDIOL KETAL: 4,8-DIOXASPIRO[2.5]0CT-1-ENE; Diazomethane substitute; trimethylsilyldiazomethane, 68, 1

(60935-21-9), 65, 32 1-Diazo-4-phenyl-2-butanone: 2-Butanone, 1-diazo-4-phenyl-; (10290-42-3), 69, 180
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Diazotization of amino acids, 66, 151, 156

2,3-O-Dibenzoyl-L-tartaric acid monohydrate, (-)- and (+)- [(-)-DBT and (+)-
DBT monohydrate]: Butanedioic acid, 2,3-bis(benzoyloxy)-, [R-(R*,R")]-
and [S-(R*,R")}-: [R-(R*,R*)]-; (2743-38-6); [S-(R*,R*)}-; (17026-42-5)
67, 20

1,10-Dibenzyl-4,7-dioxa-1,10-diazadecane: Benzenemethanamine, N,N'-[1,2-

ethanediyibis(oxy-2,1-ethanediyl)]bis-; (66582-26-1), 68, 227

1,4-DI-O-BENZYL-L-THREITOL: 2,3-Butanediol, 1,4-bis(phenylmethoxy)- [S-(R*,R*}}-;

(17401-06-8), €8, 92
2,2"-Dibromo-1,1'-binaphthyl: 1,1'-Binaphthalene, 2,2"-dibromo-; (74866-28-7),
67, 20
Dibromocarbene; 68, 220
Dibromomethane: Methane, dibromo-; (74-95-3), 65, 81
1,2-Di-tert-butoxy-1-chloroethene, (E)-: Propane, 2,2'{(1-chloro-1,2-
ethenediyl)bis(oxy)]bis[2-methyl-, (E); (70525-93-8), 65, 58
1,2-Di-tert-butoxy-1,2-dichloroethane, dl-: Propane, 2,2"-[(1,2-dichioro-1,2-
ethanediyl)]bis(oxy)bis[2-methyl-, (R*,R*)-(1)-; (68470-80-4), 65, 68
1,2-Di-tert-butoxy-1,2-dichloroethane, meso-: Propane, 2,2"-[(1,2-dichloro-
1,2-ethanediyl)bis(oxy)]bis[2-methyl-, (R*,S*)-; (68470-81-5), 65, 68
2,3-Di-tert-butoxy-1,4-dioxane, cis-: 1,4-Dioxane, 2,3-bis(1,1-
dimethylethoxy)-, cis-; (68470-78-0), 65, 68
2,3-Di-tert-butoxy-1,4-dioxane, trans-: 1,4-Dioxane,
2,3-bis(1,1-dimethylethoxy)-, trans-; (68470-79-1), 65, 68
DI-TERT-BUTOXYETHYNE; PROPANE, 2,2-[1,2-ETHYNEDIYLBIS(OXY)]BIS[2-
METHYL-; (66478-63-5), 65, 68
Dibutylboron triflate: Methanesulfonic acid, trifluoro-, anhydride with dibutylborinic

acid; (60669-69-4), 68, 83
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2,6-Di-tert-butyl-4-methylpyridine: Pyridine, 2,6-bis(1,1 -dimethylethyl)-4-methyl;

(38222-83-2), 68, 116, 138
Dicarbonyl(cyclopentadienyl)diiron, [(CO)2CpFe]2; (12154-95-9),
66, 96, 99, 106
Dicarbonyl(cyclopentadienyl)(ethyl viny! ether)iron tetrafluoroborate,
66, 96, 106
Dicarbonyl(cyclopentadienyl)(trans-3-methyl-2-vinylcyclohexanone)iron
tetrafluoroborate, 66, 97
Di-p-chlorobis(n?-1,5-cyclooctadiene)dirhodium(l): Rhodium, di-p-chlorobis-
[(1,2,5,6-n)-1,5-cyclooctadiene]di-; (12092-47-6), 67, 33
Dichlorobis(triphenylphosphine)palladium(ll): Palladium,
dichlorobis(triphenylphosphine)-; (13965-03-2), 68, 130
2,3-Dichloro-1,4-dioxane, trans-: 1,4-Dioxane, 2,3-dichloro-, trans-;
(3883-43-0), 65, 68
1,2-Dichloroethane, 69, 199
(1,1-Dichloroiodo)benzene, 66, 137
3,4-Dichloro-5-isopropoxy-2(5H)-furanone: 2(5H)-Furanone, 3,4-dichloro-5-
(1-methylethoxy)-; (29814-12-8), 69, 205, 206
Dichioroketene, 68, 32
2,4-DICHLOROMETHOXYBENZENE: ANISOLE, 2,4-DICHLORO-; BENZENE,
2,4-DICHLORO-1-METHOXY-; (553-82-2), 67, 222
7,7-Dichloro- 1-methylbicyclo[3.2.0]heptan-6-one: Bicyclo[3.2.0]heptan-6-one,
7,7-dichloro-1-methyl-; (51284-43-6), 68, 41

Dicobalt octacarbonyl: Cobalt, octacarbonyldi-, (Co-Co); (156226-74-1), 67, 141

5,5-Dicyano-4-phenylcyclopent-2-enone 1,3-propanediol ketal:
6,10-Dioxaspiro[4,5]dec-3-ene-1,1-dicarbonitrile, 2-phenyl-;
(88442-12-0), 65, 32
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Dicyclopentadiene, 66, 99
Dieckmann cyclization, 66, 52
DIELS-ALDER REACTION:
domino, 68, 198
immonium ion-based, 68, 206
INVERSE ELECTRON DEMAND, 66, 142, 147, 148
of triethyl 1,2,4-triazine-3,5,6-tricarboxylate, 66, 150
Diels-Alder reactions, 66, 40
1,3-Diene synthesis, via palladium-catalyzed coupling, 68, 116, 130
5,6-Diethoxybenzofuran-4,7-dione, 69, 220
3,4-Diethoxy-3-cyclobutene-1,2-dione: 3-Cyclobutene-1,2-dione,
3,4-diethoxy-; (5231-87-8), 69, 221, 222
Diethylamine, 66, 145; 67, 44, 48, 105
Diethyl aminomethylphosphonate: Phosphonic acid, (aminomethy!)-,
diethyl ester; (50917-72-1), 65, 119
Diethylaminosulfur trifluoride: Sulfur, (diethylaminato)trifluoro-; (38078-09-0), 69, 49
Diethylamino(trimethyl)silane: Silanamine, N,N-diethy!-1,1 ,1-trimethyl-;
(996-50-9), 69, 49
DIETHYL N-BENZYLIDENEAMINOMETHYLPHOSPHONATE: PHOSPHONIC ACID,
[[(PHENYLMETHYLENE)AMINOJMETHYL}-, DIETHYL ESTER;
(50917-73-2), 65, 119
Diethyl carbonate; (105-58-8), 68, 77
Diethyl 2-chloro-2-cyclopropylethene-1,1-dicarboxylate, 66, 173, 174
N,N-DIETHYL-(E)-CITRONELLALENAMINE, (R)-(-)-: 1,6-OCTADIEN-1 -AMINE,
N,N-DIETHYL-3,7-DIMETHYL-, [R-(E)]-; (67392-56-7), 67, 33
Diethyl cyclopropylcarbonylmalonate; (7394-16-3), 66, 175, 179
Diethyl cyclopropylmalonate, 66, 173
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piethy! dioxosuccinate; (59743-08-7), 66, 144, 149

N,N-DIETHYLGERANYLAMINE; 2,6-OCTADIEN-1-AMINE, N,N-DIETHYL-3,7-
DIMETHYL-, (E)-; (40267-53-6), 67, 33, 44

Diethy! isocyanomethylphosphonate: Phosphonic acid, (isocyanomethyl)-, diethyl
ester; (41003-94-5), 65, 119

Diethyl malonate; (105-53-3), 66, 175, 179; 69, 174

N.N-DIETHYLNERYLAMINE: 2,6-OCTADIEN-1-AMINE, N,N-DIETHYL-3,7-
DIMETHYL-, (2)-; (40137-00-6), 67, 33, 48

Diethyl oxalate: Oxalic acid, diethyl ester; Ethanedioic acid, diethyl ester;
(95-92-1), 65, 146

Diethyl phosphite; (762-04-9), 66, 195, 197, 202

6-DIETHYLPHOSPHONOMETHYL-2,2-DIMETHYL-1,3-DIOXEN-4-ONE,
66, 194-196, 202

Diethyl phthalimidomethylphosphonate: Phosphonic acid, (phthalimidomethyl)-,
diethyl ester; Phosphonic acid, [(1,3-dihydro-1,3-dioxo-2H-isoindol-2-yl)-
methyl]-, diethyl ester; (33512-26-4), 65, 119

Diethy! squarate: 3-Cyclobutene-1,2-dione, 3,4-diethoxy-; (5231-87-8), 69, 221, 222

(S,S)-(-)-Diethyl tartrate: Tartaric acid, diethylester, (-)- or D-; {13811-71-7), 68, 49

N,N-Diethyl-1,1,1-trimethylsilylamine: Silylamine, N,N-diethyl-1,1,1-trimethyl-;
Silanamine, N,N-diethyl-1,1,1-trimethyl-; (996-50-9), 68, 83

3,4-DIHYDRO-1(2H)-AZULENONE: 1(2H)-AZULENONE, 3,4-DIHYDRO-;
(52487-41-9), 69, 180

Dihydrocoumarin: 2H-1-Benzopyran-2-one, 3,4-dihydro-; (119-84-6), 69, 73

9,10-Dihydrofulvalene: Bi-2,4-cyclopentadien-1-yl; {(21423-86-9), 68, 198

DIHYDROJASMONE, 65, 26

3,4-DIHYDROMETHYLENE-2H-1-BENZOPYRAN: 2H-1-BENZOPYRAN,
3,4-DIHYDRO-2-METHYLENE-; (74104-13-5), 69, 72
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1,2-Dihydroxybenzene; (120-80-9), 66, 180, 184

Dihydroxytartaric acid disodium salt hydrate; (866-17-1), 66, 144, 146, 149

Diiodomethane; (75-11-6), 67, 176

Diisobutylaluminum hydride; (1191-15-7), 66, 60, 62, 66, 186, 188, 193; 69, 15

Diisopropylamine; 2-Propanamine, N-(1-methylethyl)-; (108-18-9), 65, 98;
66, 37, 39, 88, 194; 67, 125; 68, 210; 69, 44, 56, 175, 188

DIISOPROPYL (2S,3S)-2,3-O-ISOPROPYLIDENETARTRATE: 1,3-DIOXOLANE-4,5-
DICARBOXYLIC ACID, 2,2-DIMETHYL-, BIS(1-METHYLETHYL) ESTER,
(4R-TRANS)-; (81327-47-1), 65, 230

2,3-Di-O-isopropylidene-L-threitol: 1,3-Dioxolane-4,5-dimethanol, 2,2-dimethyl-,
(4S-trans)-; (50622-09-8), 68, 92

Diketene: 2-Oxetanone, 4-methylene-; (674-82-8), €6, 109, 111, 114, 68, 210

Dimenthyl (1S,28)-cyclopropane-1,2-dicarboxylate, (-)-: 1,2-Cyclopropane
dicarboxylic acid, bis[5-methyl-2-(1-methylethyl)cyclohexyl] ester, [1S-
[18*,25*,5R")], 2B,5a]]-; (96149-01-8), 67, 76

DIMENTHYL SUCCINATE, (-)-: BUTANEDIOIC ACID, BIS[5-METHYL-2-
(1-METHYLETHYL)-CYCLOHEXYLJESTER, [1R-{1a(1R",25"5R"), 2B,
50))-; (34212-59-4), 67, 76

1,1-Dimethoxyethylene: Ethene, 1,1-dimethoxy-; (922-68-0), 65, 98

2,2-Dimethoxypropane: Propane, 2,2-dimethoxy-; (77-76-9), 68, 92

6,7-Dimethoxy-1,2,3,4-tetrahydro-2-{(1 -tert-butoxy-3-methyl)-2-butylimino-
methyllisoquinoline: Isoquinoline 2-{[[1-[{1,1 -dimethylethoxy)methyl]-2-
methy|propyljimino]methyl}-1,2,3,4-tetrahydro-6,7-dimethoxy-, (S)-;
(90482-03-4), 67, 60

6,7-Dimethoxy-1,2,3,4-tetrahydroisoquinoline hydrochloride: Isoquinoline,
1,2,3,4-tetrahydro-6,7-dimethoxy-, hydrochloride; (2328-12-3), 67, 60

N,N-Dimethylacetamide: Acetamide, N,N-dimethyl-; (127-19-5), 67, 98; 69, 199
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Dimethyl acetylenedicarboxylate: Acetylenedicarboxylic acid, dimethyl ester;
(762-42-5), 68, 198

3,3-Dimethylallyl bromide; (870-63-3), 66, 76, 78, 85

Dimethylamine; (124-40-3), 68, 162

4-(N,N-Dimethylamino)pyridine: Pyridine, 4-(dimethylamino)-;
4-Pyridinamine, N,N-dimethyi-; (1122-58-3), 65, 12; 68, 83, 210; 69, 2

N,N-DIMETHYL-N'-(1-tert-BUTOXY-3-METHYL-2-BUTYL)FORMAMIDINE,
(S)-: METHANIMIDAMIDE, N'-[1-[(1,1-DIMETHYLETHOXY)METHYL]-2-
METHYLPROPYL]}-N,N-DIMETHYL-, (S)-; (90482-06-7), 67, 52, 60

N,N-Dimethylchloromethylenammonium chloride; (3724-43-4), 66, 121, 122, 124, 126

2,2-Dimethylcyclohexane-1,3-dione: 1,3-Cyclohexanedione, 2,2-dimethy!-;
(562-13-0), 68, 56

4,4-DIMETHYL-2-CYCLOPENTEN-1-ONE: 2-CYCLOPENTEN-1-ONE,
4,4-DIMETHYL-; (22748-16-9), 67, 121, 205

Dimethyl diazomethylphosphonate: Phosphonic acid, (diazomethyl)-, dimethyl ester;
(27491-70-9), 65, 119

2,2-Dimethyl-1,3-dioxane-4,6-dione, 67, 170; 69, 32

3,3-DIMETHYL-1,5-DIPHENYLPENTANE-1,5-DIONE: 1,5-PENTANEDIONE,
3,3-DIMETHYL-1,5-DIPHENYL-; (42052-44-8), 65, 12

(E)-7,11-DIMETHYL-6,10-DODECADIEN-2-YN-1-OL: 6,10-DODECADIEN-2-YN-
1-OL, 7,11-DIMETHYL-, (E)-; (16933-56-5), 69, 120

1,2-DIMETHYLENECYCLOHEXANE: CYCLOHEXANE, 1,2-DIMETHYLENE;
CYCLOHEXANE, 1,2-BIS(METHYLENE)-; (2819-48-9), 65, 90

N,N-Dimethyliethanolamine: Ethanol, 2-(dimethylamino)-; (108-01-0), 68, 162

N,N-Dimethylformamide; (68-12-2), 66, 121, 123, 195, 197; 68, 109

N,N-Dimethylformamide dimethyl acetal: Trimethylamine, 1,1-dimethoxy-;
Methanamine, 1,1-dimethoxy-N,N-dimethyl-; (4637-24-5), 67, 52
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Dimethyl 3,3a,3b,4,6a,7a-hexahydro-3,4,7-metheno-7H-cyclopenta[alpentalene-

7,8-dicarboxylate: 3,4,7-Metheno-7H-cyclopentala]pentalene-7,8-dicarboxylic

acid, 3,3a,3b,4,6a,7a-hexahydro-, dimethy! ester; (53282-97-6), 68, 198
Dimethyl (E)-2-hexenedioate; (70353-99-0), 66, 52, 53, 59
N,O-Dimethylhydroxylamine hydrochloride: Methylamine, N-methoxy-, hydro-

chloride: Methanamine, N-methoxy-, hydrochloride; (6638-79-5), 67, 69
N,N-Dimethylisobutyramide, €6, 117, 118
Dimethyl (28S,3S)-2,3-0-isopropylidenetartrate: 1,3-Dioxolane-4,5-dicarboxylic

acid, 2,2-dimethyl-, dimethyl ester, (4R-trans)- or (4S-trans)-;

(37031-29-1) or (37031-30-4), 65, 230; 68, 92
Dimethyl malonate; (108-59-8), 66, 76, 78, 85
Dimethyl methoxymethylenemalonate: Malonic acid, (methoxymethylene)-,

dimethy! ester; Propanedioic acid, (methoxymethylene)-, dimethyl ester;

(22398-14-7), 65, 98
1,3-DIMETHYL-3-METHOXY-4-PHENYLAZETIDINONE: 2-AZETIDINONE,

3-METHOXY-1,3-DIMETHYL-4-PHENYL-; (82918-98-7), 65, 140
1,3-Dimethyl-5-oxobicyclo[2.2.2]octane-2-carboxylic acid, 66, 38
2,2-Dimethyl-4-oxopentanal: Pentanal, 2,2-dimethyl-4-oxo-; (61031-76-3),

67, 121
Dimethylphenyisilane: Silane, dimethylphenyl-; (766-77-8), 69, 46, 48
N,N'-Dimethylpropyleneurea (DMPU); (7226-23-5), 66, 45, 91, 94; 69, 49
Dimethyi sulfate; (77-78-1), 67, 13
Dimethyl sulfide, 86, 211
Dimethyi sulfoxide, 66, 15, 17
1,3-Dimethyl-3,4,5,6-tetrahydro-2(1H)pyrimidinone; (7226-23-5), 69, 49
(1R)-9,9-DIMETHYLTRICYCLO[6.1.1.026]DECA-2,5-DIENE, 68, 220
1,9-DIMETHYL-8-(TRIMETHYLSILYL)BICYCLO[4.3.0]NON-8-EN-2-ONE, €6, 8
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(E)-6,10-DIMETHYL-5,9-UNDECADIEN-1-YNE: 5,9-UNDECADIEN-1-YNE,
6,10-DIMETHYL-, (E)-; (22850-55-1), 69, 120

DINAPHTHO[2,1-D:1'2'-{][1,3,2]DIOXAPHOSPHEPIN, 4-HYDROXY-4-OXIDE,
R(-)-, 67, 1

DINAPHTHOI[2,1-d:1'2'-][1,3,2]DIOXAPHOSPHEPIN, 4-HYDROXY-4-OXIDE,
S(+)-, 67,1

Dinaphtho(2,1-d:1'2"-fldioxaphosphepin, 4-methoxy 4-oxide, 67, 13

1,3-Dioxane, 2-(bromomethyl)-2-(chloromethyl)-, 65, 32

1,4-Dioxane, 2,3-dichloro-, trans-, 65, 68

1,4-Dioxane, 2,3-bis(1,1-dimethylethoxy)-, trans-, 65, 68

1,4-Dioxane, 2,3-bis(1,1-dimethylethoxy)-, cis-, , 65, 68

1,3-Dioxane-4,6-dione, 2,2-dimethyl-, 67, 170

1,3-Dioxane-4,6-dione, 5-(hexahydro-2H-azepin-2-ylidene)-2,2-dimethyl-
67, 170

6,10-Dioxaspirof4.5]dec-3-ene-1,1-dicarbonitrile, 2-phenyl-, 65, 32

4,8-DIOXASPIRO[2.5]0CT-1-ENE, 65, 32

p-Dioxino{2,3,-b]-p-dioxin, hexahydro, 65, 68

[1,4]-Dioxino[2,3-b}-1,4-dioxin, hexahydro, 65, 68

1,3-Dioxolane-4,5-dicarboxylic acid, 2,2-dimethyl-, dimethyl ester,
(4R-trans)- or (4S-trans)-, 65, 230

1,3-DIOXOLANE-4,5-DICARBOXYLIC ACID, 2,2-DIMETHYL-, BIS(1-METHYLETHYL)

ESTER, (4R-TRANS)-, 65, 230
2,6-DIOX0-1-PHENYL-4-BENZYL-1,4-DIAZABICYCLO[3.3.0]OCTANE:
PYRROLOI3,4-c]PYRROLE-1,3(2H,3aH)-DIONE, TETRAHYDRO-
2-PHENYL-5-(PHENYLMETHYL)-, cis-; (87813-00-1), 67, 133
Diphenyimethylichlorosilane: Silane, chloromethylidiphenyi-; (144-79-6),
67, 125
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o-DIPHENYLMETHYLSILYLATION OF ESTER ENOLATES, 67, 125
Diphenylphosphinyl chloride: Phosphinic chloride, dipheny!-; (1499-21-4),
67, 20.

Dipheny! phosphorazidate: Phosphorazidic acid, diphenyl ester; (26386-88-9), 68, 1

2,7-DISILAOCTA-3,5-DIYNE, 2.2,7,7-TETRAMETHYL-, 65, 52
Disodium dihydrogen pyrophosphate; (7758-16-9), 66, 214, 219
1,3-Dithiane; (505-23-7), 67, 205
3,7-Dithianonane-1,9-diol: Ethanol, 2,2'-(trimethylenedithiol)di-;
Ethanol, 2,2"-[1,3-propanediylbis(thio)]bis-;
(16260-48-3), 65, 150
3,7-Dithianonane-1,9-dithiol: Ethanethiol, 2,2'-(trimethylenedithio)di-;
Ethanethiol, 2,2'-[1,3-propanediylbis(thio)]bis-; (25676-62-4), 65, 150
1-(1 ,3-Dithian-2-yl)-2-cyclohexen-1-ol: 2-Cyclohexen-1-ol, 1-(1 ,3-dithian-2-yl)-;
(53178-46-4), 67, 205
DMAP, 65, 12; 68, 83, 210; 69, 2
6,10-Dodecadien-2-yl-1-ol, 7,11-dimethyl-, (E), 69, 120
5-DODECEN-2-ONE, (E)-; (81953-05-1), 68, 210
Dowex AG 50W-XB cation exchange resin, 66, 212, 214, 215

Enamines, a~chloro, 66, 119

Enamines, as Diels-Alder dienophiles, 66, 147
B-Enamino esters, 67, 170

Enolate chlorination, 66, 194

Enol borinate, chiral, 68, 83

Epoxide formation, from chiorohydrin, 66, 160
Esterase, pig liver, 69, 20

Ester enolate alkylation, 66, 87
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gster hydrolysis, 66, 38, 87, 89

Estrone 3-methyl ether: 3-Methoxyestra-1,3,5(10)-trien-17-one; 69, 131

1,2-Ethanediamine, compound with lithium acetylide, 67, 86

1,2-Ethanediamine, N,N,N',N*-tetramethyl- (110-18-9), 68, 32

Ethane, hexachloro- (67-72-1), 66, 202

Ethane, 1, 1',1"-[methylidynetris(oxy)]tris-, 66, 146

Ethane, 1,1'-oxybis-, compd. with trifluoroborane (1:1), 65, 17

Ethanedioic acid, diethyl ester, 65, 146

Ethanethiol, 2,2'-[1,3-propanediylbis(thio)]bis-, 65, 150

Ethanethiol, 2,2'-(trimethylenedithio)di-, 65, 150

Ethanol, 66, 175

Ethanol, 2-chloro-, 65, 150

Ethanol, 2,2'-[1,3-propanediylbis(thio)]bis-, 65, 150

Ethanol, 2,2'-(trimethylenedithio)di-, 65, 150

Ethanone, 1-phenyl-, 65, 6, 119

Ethene, 1,1-dimethoxy-, 65, 98

Ethene, methoxy-; (107-25-5), 68, 25

Ether, methyl vinyl; (107-25-5), 68, 25

Ether, phenyl 1-phenylvinyl; (19928-57-5), 69, 72

1-(1-Ethoxyethoxy)-1,2-propadiene, metallation, 66, 18

1-Ethoxy-1-trimethylsiloxycyclopropane: Silane, [(1-ethoxycyclopropyl)oxy]-,
trimethyl-, 67, 210

4-ETHYL-4-ALLYL-2-CYCLOHEXEN-1-ONE, (R), 69, 55

Ethyl 4-bromobutyrate: Butanoic acid, 4-bromo-, ethyl ester; (2969-81-5),
67, 86

Ethyl a~(bromomethyl)acrylate; (17435-72-2), 66, 222, 224

Ethyl chloroformate; (541-41-3), 66, 133, 135, 141; 67, 86
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Ethyl cinnamate: 2-Propenoic acid, 3-phenyl-, ethyl ester; (103-36-6), 69, 90

Ethyl cyanoformate; (623-49-4), 66, 143, 149

ETHYL 4-CYCLOHEXYL-4-OXOBUTANOATE: CYCLOHEXANEBUTANOIC ACID,
y+-OXO-, ETHYL ESTER,; (54966-52-8), 65, 17

ETHYL CYCLOPROPYLPROPIOLATE, 66, 173, 174

ETHYL (E,Z)-2,4-DECADIENOATE; (3025-30-7), 66, 22, 23, 25, 28

Ethyl 3,4-decadienoate; (36186-28-4), 66, 22, 28

Ethyl decanoate: Decanoic acid, ethyl ester; (110-38-3), 67, 125

ETHYL DIETHOXYPROPANOATE: PROPANOIC ACID, 3,3-DIETHOXY-,
ETHYL ESTER; (10601-80-6), 69, 238

Ethyldiisopropylamine: Triethylamine, 1,1-dimethyl-; (7087-68-5), 68, 162

Ethy! 2-(diphenyimethyisilyl)decanoate: Decanoic acid, 2-(methyldiphenylsilyl)-, ethy
ester; (89638-16-4), 67, 125

Ethylene, 69, 144

Ethylenediamine, 69, 33

Ethylenediamine, N,N,N',N-tetramethyl-; (110-18-9), 68, 32

Ethylenediaminetetraacetic acid, tetrasodium salt: Glycine, N,N'-1,2-
ethanediylbis[N-(carboxymethyl)]-, tetrasodium salt, trihydrate;
(67401-50-7), 65, 166

Ethylenediammonium diacetate; (38734-69-9), 69, 32

Ethyl ether, compd. with boron fluoride (BF3) (1:1), 65, 17

Ethyl formate: Formic acid, ethyl ester; (109-94-4), 67, 52

(1-Ethyl)heptanyl 3-ketobutanoate, 68, 210

ETHYL o-(HEXAHYDROAZEPINYLIDENE-2)ACETATE: ACETIC ACID,
(HEXAHYDRO-2H-AZEPIN-2-YLIDENE)-, ETHYL ESTER, 2-
(70912-51-5), 67, 170

ETHYL o-(HYDROXYMETHYL)ACRYLATE; (10029-04-6), 66, 220, 222, 224
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Ethyl iodide; (75-03-6), 69, 56

ETHYL 4-IODOBUTYRATE: BUTANOIC ACID, 4-IODO-, ETHYL ESTER;
(7425-53-8), 67, 98

Ethylmagnesium bromide; (925-90-6), 68, 182

Ethyl N-(2-methyl-3-nitrophenyl)formimidate, 65, 146

ETHYL (E)-4-(4-NITROPHENYL)-4-OXO-2-BUTENOATE: 2-BUTENOIC ACID,
4-(4-NITROPHENYL)-4-OXO-, ETHYL ESTER, 67, 86

Ethyl oxalamidrazonate; (53085-26-0), 66, 143, 146, 149

ETHYL 5-OX0-6-METHYL-6-HEPTENOATE, 67, 98

Ethyl propiolate; (623-47-2), 66, 29, 31, 36

Ethyl thioamidooxalate; (16982-21-1), 66, 143, 145, 149

Ethyl vinyl ether: Ethene, ethoxy-; (109-92-2), €9, 238

Ethyl vinyl ketone: 1-Penten-3-one; (1629-58-8), 69, 189

Ethyne, 65, 61

ETHYNYL p-TOLYL SULFONE: BENZENE, 1-(ETHYNYLSULFONYL)-4-
METHYL-; (13894-21-8), 67, 149

-(-)-Fenchone: 2-Norbornanone, 1,3,3-trimethyl-; Bicycio[2.2.1]heptan-2-one, 1,3,3-
trimethy!-; (1195-79-5), 68,14

Ferric chloride, anhydrous, 69, 175, 177

Ferric chloride, ethanolic, 69, 221

Finkelstein reaction, 66, 87

Flash chromatography, 66, 135, 196

Florisil, 66, 197

Fluorine; (7782-41-4), 69, 130

16a-Fluoroestrone 3-methyl ether, 69, 131
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2-FLUOROHEXANOATE, ETHYL (R): HEXANOIC ACID, 2-FLUORC-, Furyl N,N,N',N'-tetramethyldiamidophosphate: Phosphorodiamidic acid, tetramethy!-,

ETHYL ESTER, (R)-; (124439-29-8), 69, 10 2-furanyl ester; (105262-58-6), 68, 162
2-FLUOROHEXANOATE, ETHYL (S): HEXANOIC ACID, 2-FLUORO-,
ETHYL ESTER, (S)-; (124439-31-2), 69, 10 Geraniol; (106-24-1), 66, 211, 214, 219; 69, 123
2-Fluorohexanoate, ethyl: Hexanoic acid, 2-fluoro-, ethyl ester; Geranyl chloride: 2,6-Octadiene, 1-chloro-3,7-dimethyl-, (E)-; (5389-87-7),
(17841-31-5), 69, 10 66, 211, 212, 214, 219; 69, 121
2-Fluorohexanoic acid, (S); (113776-26-4), 69, 12 GERANYL DIPHOSPHATE, TRISAMMONIUM SALT, 66, 211-213
16a-Fluoro-3-methoxy-1,3,5(10)-estratrien-17-one, 69, 131 Glucopyranoside, methyl, a-D-. 65, 243
N-FLUOROPYRIDINIUM TRIFLATE; (107263-95-6), 69, 129 Glucopyranoside, methyl 4,6-O-benzylidene-, a-D-, 65, 243
Formaldehyde, 66, 220; 68, 206, 234, 238 GLUCOPYRANOSIDE, METHYL 6-BROMO-6-DEOXY, 4-BENZOATE, a-D-, 65, 243
Formamide, N-[1-[(1,1-dimethylethoxy)methyl]-z-methylpropyl]-, (S)-, 67, 52 Glucopyranoside, methyl 4,6-O-(phenylmethylene)-, a—D-, 65, 243
Formamidines, N,N-dimethyl-N'-alkyl-, 67, 52 Glucopyranosyl bromide, 2,3,4,6-tetraacetate, o~D-, 65, 236
Formic acid; (64-18-6), 68, 109, 162 ‘ Glucopyranosyl bromide tetraacetate, o~D-, 65, 236
Formic acid, chloro-, ethyl ester; (541-41-3), 66, 141, 67, 86 Glutaric dialdehyde: Pentanedial; (111-30-8), 69, 19
Formic acid, chloro-, methy! ester, 65, 47 GLYCERO-D-IDO-NONONONITRILE, 4,8-ANHYDRO-2,3-DIDEOXY-,
Formic acid, cyano-, ethyl ester; (623-49-4), 66, 149 5,6,7,9-TETRAACETATE, a-D-, 65, 236
Formic acid, ethyl ester, 67, 52 Glycidol: Oxiranemethanol; (556-52-5), 69, 82
Formylation, of p-tert-butylphenol!, 68, 234, 238, 243 Glycine, N,N'-I,2-ethanediylbis[N-(carboxymethyl)}-, tetrasodium salt,
N-Formyl-O-tert-butylvalinol, (S)-: Formamide, N-[1-[(1,1-dimethylethoxy)- trihydrate, 65, 166
methyi]-2-methylpropyl]-, (S)-; (90482-04-5), 67, 52 Glycols, polyethylene, mono[p-(1,1,3,3,-tetramethylbutyl)phenyl]ether;
Furan; (110-60-9), 69, 220 (9002-93-1), 68, 56
2-Furancarboxaldehyde; (98-01-1), 68, 162 Grignard reaction, of allyl bromide, 68, 104
2-(5H)-Furanone; (497-23-4), 68, 162 Grignard reagents, reaction with acyl chlorides, 66, 116
2-(5H)-Furanone, 3-methyl-; (2122-36-7), 68, 162 Grob Fragmentation, 66, 173

Furfural; 2-Furaldehyde; (98-01-1), 68, 162
Fury! phosphorodichloridate: Phosphorodichloridic acid, 2-furanyl ester;
(105262-70-2), 68, 162
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Halide exchange reaction, 66, 87
2,5-Heptadien-4-ol, 3,4,5-trimethyl-, 65, 42
Heptanal; (111-71-7), 65, 26
3-HEPTANONE, 4-METHYL-, (S)-, 65, 183
5-Heptynoic acid, 7-hydroxy-, methyl ester, 67, 193
Hexacarbonyl(1—methyl-2-propynylium)dicobalt tetrafluoroborate: Cobalt(1+),
hexacarbonyl[u-[(2,3-n:2,3-11)-1-methyl—2-propynylium]]di-, (Co-Co),
tetrafluoroborate(1-); (62866-98-2), 67, 141
HEXACARBONYL(PROPARGYLIUM)DICOBALT SALTS, 67, 141
Hexachloroethane; (67-72-1), 66, 195, 197, 202
(52,7E)-5,7-HEXADECADIENE, 66, 60, 61, 63
Hexahydro-S-ethyI-S-(hydroxymethyl)-S-al|y|-2-phenyI[ZS,SS,BaR]—S-oxo-SH-
oxazolo[3,2-a]pyridine, 69, 56
Hexahydro-s-(hydroxymethyI)-8a-methyI-2-phenyl[2$.SS,BaR]-S-oxo-SH-oxazolo-
[3,2-a]pyridine: 5H-Oxazolo[3,2-a]pyridin-5-one, hexahydro-3-(hydroxymethyl)-
8a-methyl-2-phenyl-, [25-(20,3B,8ap)]-; (116950-01-7), 69, 55
3,3A,SB,4,6A,7A-HEXAHYDRO-3,4.7-METHENO-?H-CYCLOPENTA[A]PENTALENE-
DICARBOXYLIC ACID: 3,4,7-Metheno-7H-cyclopentafalpentalene-
7.8-dicarboxylic acid, 3,3a,3b,4,6a,7a-hexahydro-; (61206-25-5), 68, 198
HEXAHYDRO-4,4,7-TRIMETHYL-4H-1,3-BENZOXATHIIN: 4H-1 ,3-BENZOXATHIIN,
HEXAHYDRO-4,4,7-TRIMETHYL-; (59324-06-0), 65, 215
Hexamethylphosphoric triamide (HMPA); (680-31-9), 66, 44, 45, 51, 88, 94; 69, 48, 49
Hexanal; (66-25-1), 69, 107
Hexanedioic acid, monomethy! ester; (627-91-8), 66, 120
2,4-Hexenedioic acid, monomethyl ester (Z,2)-; (61186-96-7), 66, 184
1-Hexene, 1-iodo-, (E); (16644-98-7), 66, 66
1-Hexene, 1-iodo-, (2); (16538-47-9), 66, 66
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(E)-1-Hexenyl-1,3,2-benzodioxaborole: 1,3,2-Benzodioxaborole, 2-(1-hexenyl)-, (E)-;
37490-22-5), 68, 130
(E)-1-Hexenyldiisobutylalane; (20259-40-3), 66, 66
(E)-1-Hexeny! iodide; (16644-98-7), 66, 63, 66
(2)-1-Hexenyl iodide; (16538-47-9), 66, 61, 62, 66
3-Hexylcyclobutanone, 69, 199
t-Hexyne; (693-02-7), 66, 66; 68, 32, 130
reaction with diisobutylaluminum hydride, 66, 63
Higher order cuprates, 66, 57
HOFMANN REARRANGEMENT UNDER MILDLY ACIDIC CONDITIONS, 66, 132
Homoenolate, copper, 66, 47
Homoenolate, titanium, 66, 47
HOMOENOLATE, ZINC, 66, 43
Horner-Wadsworth-Emmons reaction, 66, 220
Hydrazine, 66, 143; 67, 60, 187
Hydrazine, ternt-butyl, monohydrochloride, 65, 166
Hydrazine, (1,1-dimethylethyl)-, monohydrochloride, 65, 166
Hydroalumination of alkynes, 66, 64
Hydroboration of alkynes, 66, 64
of 1-alkyne with catecholborane, 68, 130
Hydrocinnamoyl chloride: Benzenepropanoyl chloride; (645-45-4), 69, 180
Hydrogen; (1333-74-0), 68, 64, 182, 228
Hydrogenation, homogeneous, directed, 68, 64
Hydrogen chloride, 66, 144, 146
Hydrogenolysis, 68, 227
Hydrogen peroxide; (7722-84-1), 65, 166; 68, 83, 130, 162; 69, 97
Hydrogen sulfide, 66, 143, 145
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Hydroperoxide, 1-methyl-1-phenylethyl; (80-15-9), €8, 49
Hydroquinone: 1,4-Benzenediol; (123-31-9), 67, 98
as diene stabilizer, 66, 63
3-HYDROXY-1-CYCLOHEXENE-1-CARBOXALDEHYDE: 1-CYCLOHEXENE-
1-CARBOXALDEHYDE, 3-HYDROXY-; (67252-14-6), 67, 205
(S)-(+)-3-HYDROXY—Z,2-DIMETHYLCYCLOHEXANONE: Cyclohexanone, 3-hydroxy-
2,2-dimethyl-, (S)-; (87655-21-8), 68, 56
Hydroxylamine, N-phenyl-, 67, 187
a-Hydroxylation of ketones, 66, 138
1-(HYDROXYMETHYL)CYCLOHEXANOL: CYCLOHEXANEMETHANOL,
1-HYDROXY-; (15753-47-6), 69, 96
1-HYDROXYMETHYL-4-(1-METHYLCYCLOPROPYL)-1-CYCLOHEXENE:
1-CYCLOHEXENE-1-METHANOL, 4-(1-METHYLCYCLOPROPYL)-;
(536-59-4), 67, 176
3-HYDROXY-3-METHYL-1-PHENYL-1-BUTANONE: 1-BUTANONE,
3-HYDROXY-3-METHYL-1-PHENYL-; (43108-74-3), 65, 6, 12
1-(3-HYDROXY-2-METHYL-3-PHENYLPROPANOYL)PIPERIDINE, ERYTHRO:
PIPERIDINE, 1-(3-HYDROXY-2-METHYL~1-0XO-3-PHENYLPROPYL)-,
R*,R*)-(+)-; (99114-36-0), 69, 44
N-Hydroxymethylphthalimide: Phthalimide, N-(hydroxymethyl)-;
1H-Isoindole-1,3-(2H)-dione, 2-(hydroxymethyl)-; (118-29-6), 65, 119
3-HYDROXY-2-NITROCYCLOHEXYL ACETATE, (1S,2S,3R): 1,3
CYCLOHEXANEDIOL, 2-NITRO-, 1-ACETATE, [1S-(1,2B,30)]-;
(108186-61-4), 69, 19
3-Hydroxy-1-nonene: 1-Nonen-3-ol; (21964-44-3), 68, 210
(28*,38*)—3-HYDROXY~3-PHENYL-2-METHYLPROPANOIC ACID, 68, 83
(1-Hydroxy-2-propeny|)trimethylsilane, 66, 14, 15
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3-HYDROXY-2,2,3-TRIMETHYLOCTAN-4-ONE: 4-OCTANONE, 3-HYDROXY-2,2,3,-
TRIMETHYL-; (85083-71-2), 69, 114
Hydrozirconation of alkynes, 66, 64

Hypervalent iodine compounds, 66, 138

Imines, reduction by diisocbutylaluminum hydride, 66, 189

5H-Inden-5-one, 1,2,3,3a,4,6-hexahydro-, 67, 163

INDOLE, 4-NITRO-, 65, 146

INTRAMOLECULAR ACYLATION OF ALKYLSILANES, 66, 87

INVERSE ELECTRON DEMAND DIELS-ALDER, 65, 98

loding; (7553-50-2), 68, 198

lodine, hypervailent, 68, 175

lodine, phenylbis(trifluoroacetato-O); (2712-78-9), 66, 141

lodobenzene diacetate, 66, 136

lodobenzene dichioride, 66, 137

6-lodo-3,4-dimethoxybenzaldehyde cyclohexylimine: Cyclohexanamine,
N-[(2-iodo-4,5-dimethoxyphenyl)methylene}-; (61599-78-8), 65, 108

lodomethane; (74-88-4), 68, 56, 116, 162

lodosobenzene diacetate: Benzene, (diacetoxyiodo)-; (3240-34-4), 68, 175

o-lodotoluene; (615-37-2), 66, 67, 68, 74

1-lodo-3-trimethylsilylpropane; (18135-48-3), 66, 87, 88, 91, 94

lon exchange chromatography, 66, 212, 214, 215

Iron pentacarbonyl, 66, 99

Isobutene; (115-11-7), 67, 52

Isobuty! chloride, 69, 107

Isobutyt chloroformate, 66, 135

Isobutylmagnesium chloride, 69, 106



(R)-Isobutyloxirane, 66, 165

Isoindole-1,3-(2H)-dione, 2-(bromomethyl)-, 1H-, 65, 119

Isoindole-1,3-(2H)-dione, 2-(hydroxymethyl)-, 1H-, 65, 119

(S)-lsoleucine, 66, 153

Isomenthol, (+)-: Cyclohexanol, 5-methyl-2-(1-methylethyl)-, [1S-(10,2B,58)];
(23283-97-8), 65, 81

Isomenthone, (+)-: Cyclohexanone, 5-methyl-2-(1-methylethyl)-, (2R-cis)-;
(1196-31-2), 65, 81

ISOPRENE; (78-79-5), 67, 48

(Isopropoxydimethylsilyl)methyl chloride: Silane, (chloromethyl)isopropoxydimethyl-;

(18171-11-4), 69, 96

1-[(1sopropoxydimethylsilyl)methyl]cyclohexanol, 69, 96

Isopropyl alcohol, titanium (4+) salts; (546-68-9), 65, 230; 67, 180; 68, 49

Isopropylideneacetophenone: 2-Buten-1-one, 3-methyl-1-pheny!-;
(5650-07-7), 65, 12

Isopropylidene a-(hexahydroazepinylidene-2)malonate: 1,3-Dioxane-4,6-
dione, 5-(hexahydro-2H-azepin-2-ylidene)—2,2-dimethy|-; (70192-54-8),
67, 170

{R)-Isopropyloxirane, 66, 165

Isoquinoline, 1,2,3,4-tetrahydro-6,7-dimethoxy, hydrochloride, 67, 60

Isoquinoline, 1,2,3,4-tetrahydro-6,7-dimethoxy-1-methyl-, (S)-, 67, 60

Jones' reagent, 68, 175

Ketones, preparation from carboxylic acid, 66, 119
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p-Lactams, 65, 140

Lactic acid, 2-methyl-, methyl ester; (2110-78-3), 66, 114

Lead dioxide: Lead oxide; (1309-60-0), 65, 166

Lead oxide, 65, 166

Lead tetraacetate; (546-67-8), 69, 190

(S)-Leucine, 66, 153

Leucine, N-carboxy-, N-tert-butyl ester, L-, 67, 69

L-Leucine, N-[(1,1-dimethylethoxy)carbonyl}-, 67, 69

Lindlar catalyst (modified), 68, 182

Lipase (P-30), 69, 12

Lipase (P. fluorescens), (9001-62-1), 69, 3

Lipshutz reagents, 66, 57

Lithiobutadiyne, 65, 52

2-Lithiofuran, 69, 221

2-Lithiothiophene, 69, 80

Lithium, 66, 127, 128; 67, 193

Lithium acetate dihydrate: Acetic acid, lithium salt, dihydrate; (6108-17-4),
67, 105; 69, 38

Lithium acetylide, 68, 14
ethylenediamine complex: 1,2-Ethanediamine, compound
with lithium acetylide (Li(C2H)); (6867-30-7), 67, 86

Lithium aluminum hydride, 66, 160; 67, 69; 68, 92; 69, 15, 154

Lithium, butyl-, 65, 98, 108, 119; 66, 14, 16, 37, 39, 88, 194, 196; 67, 44, 48

Lithium, tert-butyl-, 66, 15, 16, 18, 67, 69; 67, 60, 210

Lithium chioride; (7447-41-8), 68, 109; 69, 38

Lithium diisopropylamide, 65, 98; 66, 37, 88, 194; 67, 125; 68, 210

Lithium fluoride, 67, 133



Lithium hydroxide; (1310-66-3), 68, 83

Lithium, methyl-, 65, 47, 140; 67, 86, 125

Lithium tetrafluoroborate, 66, 52, 54

Lithium 2,2,6,6-tetramethylpiperidide (LTMP), 67, 76
Lithium tri(tert-butoxy)aluminum hydride, 66, 122, 124
Lyophilization, 66, 212-214

MACROCYCLIC SULFIDES, 65, 150

Magnesium, 66, 118, 175, 68, 1, 104, 116; 69, 2, 96, 107

Magnesium ethoxide, 66, 175

Maleimide, N-phenyl-, 67, 133

Malonic acid, cyclic isopropylidene ester, 67, 170

Malonic acid, dimethyi ester; (108-59-8), 66, 85

Malonic acid, (methoxymethylene)-, dimethyl ester, 65, 98

Malonic ester alkylation, 66, 75

Malononitrite, benzylidene-, 65, 32

Manganese dioxide; (1313-13-9), 68, 109; 69, 38; 69, 38

D-Mannitol; (69-65-8), 69, 83

MELDRUM'S ACID: 2,2-DIMETHYL-1 ,3-DIOXANE-4,6-DIONE; MALONIC
ACID, CYCLIC ISOPROPYLIDENE ESTER; 1,3-DIOXANE-4,6-DIONE,
2,2-DIMETHYL-; (2033-24-1), 67, 170; 69, 33

p-Mentha-6,8-dien-2-one; (6485-40-1), 66, 13

3H-3a,6-METHANO-2,1 -BENZO!SOTHIAZOLE,4,5,6,7-TETRAHYDRO-8,8-
DIMETHYL-2,2-DIOXIDE, (3aS); (60886-80-8), 69, 154

4H-4a,7-METHANOOXAZIRlNO{3,2-l][2,1]BENZISOTHIAZOLE, TETRAHYDRO-
9,9-DIMETHYL-3,3-DIOXIDE, [4aS-(4a0,7a,8aR")}; (1 04322-63-6), 69, 158

p-MENTH-4-(8)-EN-3-ONE, (R)-(+)-, 65, 203, 215
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Menthol, (-)-: Cyclohexanol, 5-methyl-2-(1-methylethyl)-, [1R-(1a,2B,50)]-;
(2216-51-5), 67, 76; 68, 155
(-)-MENTHYL CINNAMATE: 2-Propenoic acid, 3-phenyl-, 5-methylethyl)cyclohexy!
ester, [1R-(1a,28,5c)]-; (16205-99-5), 68, 155
(-)-MENTHYL NICOTINATE: 3-Pyridinecarboxylic acid, 5-methyl-2-(1-
methylethyl)cyclohexyl ester, [1R-(1a2B,50)]-, 68, 155
2-(1-Mercapto-1-methylethyi)-5-methyicyclohexanol: Cyclohexanol-2-
(1-mercapto-1-methylethyl)-5-methyl-, [1R-(10,20,,50)]-;
(79563-68-1); [1R-(1c,2B,5a1)] (79563-59-0); [1S-(10,20,58)])-;
(79563-67-0), 65, 215
Mercuric chloride; (7487-94-7), 68, 148
Mercurisulfonylation, of cyclohexa-1,3-diene, 68, 148
Mercury, 66, 96
Mercury(ll) oxide, red; (21908-53-2), 67, 205
METHACRYLOYL CHLORIDE: 2-PROPENOYL CHLORIDE, 2-METHYL-;
(920-46-7), 67, 98
Methanamine, 1,1-dimethoxy-N,N-dimethy!-, 67, 52
Methanamine, N-methoxy-, hydrochloride, 67, 69
Methanamine, N-(phenylmethylene)-, 65, 140
Methane, dibromo-, 65, 81
Methane, nitro-; (75-52-5), 68, 8
Methane, nitro-, ion(1-), sodium; (25854-38-0), 68, 8
METHANESULFONYL BROMIDE, BROMO-, 65, 90
Methanesulfonyl chloride; (124-63-0), 66, 1, 3, 186, 187, 193
Methanethiol, 66, 188
Methanimidamide, N'-[1-[(1,1-dimethylethoxy)methyl}-2-methylpropy!]-N,N-di-
methyl-, (S)-, 67, 52, 60
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Methanol; (67-56-1), 66, 85, 182, 184
4-Methoxyaniline: p-Anisidine; (104-94-9), 68, 188
4-METHOXYCARBONYL-1,1,6-TRIMETHYL-1 4,42,5,6,7,8,8a-OCTAHYDRO-2,3-
BENZOPYRONE, (4RS,4aRS,6RS,8aRS), 69, 31
4-METHOXYCARBONYL-1,1,6-TRIMETHYL- 4,4a,5,6,7,8,8a-OCTAHYDRO-2,3-
BENZOPYRONE, (4S,4aS,6S,828), 69, 31
4-METHOXYCARBONYL-1,1,6-TRIMETHYL-1 4,4a,5,6,7,8,8a-OCTAHYDRO-2,3-
BENZOPYRONE, (4R 4aR,6R,8aR), 69, 31
6-Methoxy-7-methoxycarbonyl-1,2.3,4-tetrahydronaphthalene: 2-Naphthalene-
carboxylic acid, 5 6,7,8-tetrahydro-3-methoxy-, methyl ester;
(78112-34-2), 65, 98
4-METHOXY-3-PENTEN-2-ONE: 3-PENTEN-2-ONE 4-METHOXY-;
(2845-83-2), 67, 202
1-(4-METHOXYPHENYL)-1 ,2,5,6-TETRAHYDROPYRIDINE, 68, 188
N-(4-Methoxyphenyl)—Z-4~(trimethy|si|yl)-3-butenamine, 68, 188
a-Methoxy-a-tn’ﬂuoromethylphenylacetyl chiloride, (S)-(+)-, 69, 15
1-Methoxy-3-(trimethylsiloxy)-1 ,3-butadiene: Silane, [(3-methoxy-1-methylene-
2-propenyljoxyltrimethyl-, (59414-23-2), 67, 163
3-Methoxy-17-trimethy|siloxy-1,3,5(10).16—estratetraene, 69, 131
1-Methoxyvinyliithium, €8, 25
1-(Methoxyvinyl)trimethylsiIane: Silane, (1-methoxyethenyl)trimethyl-;
(79678-01-6), 68, 25
Methyl acrylate; (96-33-3), 66, 54, 59
dimerization by Pd(ll), 66, 52
Methylamine, N-benzylidene-, 65, 140
Methylamine, N-methoxy-, hydrochioride, 67, 69
Methyl (E)-3—(benzenesulfonyl)prop-2-enoate, 69, 169
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METHYL (Z)-3-(BENZENESULFONYL)PROP-2-ENOATE: 2-PROPENOIC ACID,
3-(PHENYLSULFONYL)-, METHYL ESTER, (Z)-; (91077-67-7), 69, 169
METHYL 4-O-BENZOYL-6-BROMO-6-DEOXY-a~-D-GLUCOPYRANOSIDE:
GLUCOPYRANOSIDE, METHYL 6-BROMO-6-DEOXY, 4-BENZOATE,
o-D-; (10368-81-7), 65, 243
Methyl 4,6-O-benzylidene-a—D-glucopyranoside: Glucopyranoside, methyl
4,6-O-benzylidene-a-D-; a—D-glucopyranoside, methyl 4,6-O-
(phenylmethylene)-; (3162-96-7), 65, 243
N-Methylbenzylidenimine: Methylamine, N-benzylidene-; Methanamine,
N-(phenylmethylene)-; (622-29-7), 65, 140
4-Methylbicyclo[2.2.2]octane-2,6-dione; (119986-98-0), 69, 175
Methyl 4-bromo-1-butanimidate hydrochloride, 67, 193
(S)-(+)-2-METHYLBUTANAL: BUTANAL, 2-METHYL-, (S)-; (1730-97-8),
69, 212, 215
(S)-(-)-2-Methyl-1-butanol: 1-Butanol, 2-methyl-, (S)-; (1565-80-6), 69, 212, 215
2-Methyl-2-butene: 2-Butene, 2-methyl-; (513-35-9), 65, 159
{8-Methyl-2-butenyl)propanedioic acid, dimethyl ester;
(43219-18-7), 66, 78, 85
(3-Methyl-2-butenyl)(2-propynyl)propanedioic acid, dimethyi ester, 66, 76
O-METHYLCAPROLACTIM: 2H-AZEPINE, 3,4,5,6-TETRAHYDRO-7-
METHOXY-; (2525-16-8); 67, 170
Methyl carbamate: Carbamic acid, methyl ester; (598-55-0), 65, 159
METHYL 4-CHLORO-2-BUTYNOATE: 2-BUTYNOIC ACID, 4-CHLORO-, METHYL
ESTER; (41658-12-2), 65, 47
METHYL 2-CHLORO-2-CYCLOPROPYLIDENACETATE: ACETIC ACID,
CHLOROCYCLOPROPYLIDENE METHYL ESTER; (82979-45-1), 69, 148, 149
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Methy! chloroformate: Formicacid, chioro-, methyl ester;
Carbonochloridic acid, methyl ester; (79-22-1), 65, 47

Methy! cinnamate: Cinnamic acid, methyl ester; (103-26-4), 68, 155

Methyl (E)-crotonate; (623-434), 66, 38, 39, 41, 42

2-Methylcyclohexane-1,3-dione: 1 ,3-Cyclohexanedione, 2-methyl-;
(1193-55-1), 68, 56

3-Methylcyclohexanone-3-actic acid: Cyclohexaneacetic acid, 1-methyl-3-0x0-, ()-;

(119986-97-9), 69, 173
1-Methyicyclohexene: Cyclohexenne, 1-methyl-; (591-48-1), 65, 90
3-Methyl-2-cyclohexen-1-one; (1 193-18-6), 66, 37, 39, 42; 69, 174
cis-1-METHYLCYCLOPENTANE- 1,2-DICARBOXYLIC ACID:
1,2-Cyclopentanedicaroxylic acid, 1-methyl-, cis-(+)-; (70433-31-7), 68, 41
1-Methy!-1-cyclopentene: Cyclopentene, 1-methyl-; (693-89-0), €8, 41
Methyl N,N-dichlorocarbamate: Carbamic acid, dichloro-, methyl ester;
(16487-46-0), 65, 159
Methy! 1,S-dimethyl-5-oxobicyc|o-[2.2.2]octane-2-carboxylate. 66, 37
Methyl 1,1'-dinaphthyl-2,2'-diyl phosphate, (R)-(-)-: Dinaphtho[2,1-d:1'2"|di-
oxaphosphepin, 4-methoxy-, 4-oxide, (R)-; (86334-02-3), 67, 13
METHYLENATION OF CARBONIYL COMPOUNDS, 65, 81
3-Methylene-4-isopropyl-1,1-cyc lopentanedicarboxylic acid,
dimethyl ester, 66, 78
3-METHYLENE-CIS-p-MENTHANE, (+)-: (CYCLOHEXANE,
5-METHYL-1-METHYLENE-2-(1'-METHYLETHYL)-, R,R-), 65, 81
1 -METHYL—2-ETHYNYL-endo-3.3—D|METHYL—2—NORBORNANOL;
(1195-79-5), 68, 14
3-METHYL-2(5H)-FURANONE: 2(5H)-Furanone, 3-methyl-, 68, 162
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2-(3-Methylfuryl) tetramethylaminophosphate: Phosphorodiamidic acid, tetramethy!-,
3-methyl-2-furanyl ester; (105262-59-7), 68, 162
Methy! a—D-glucopyranoside: Glucopyranoside, methyl, a-D-;
o~D-glucopyranoside, methyl; (97-30-3), 65, 243
4-METHYL-3-HEPTANONE, (S)-(+)-: 3-HEPTANONE, 4-METHYL-, (S)-;
(51532-30-0), 65, 183
4-Methyl-3-heptanone SAMP-hydrazone, (S)-(+)-: 1-Pyrrolidinamine,
N-(1-ethyl-2-methylpentylidene)-2-(methoxymethyl)-,
[S-[R*,R*-(2)]-; (69943-24-4), 65, 183
METHYL 7-HYDROXYHEPT-5-YNOATE: 5-HEPTYNOIC ACID, 7-HYDROXY-,
METHYL ESTER; (50781-91-4), 67, 193
Methy! 2-hydroxyisobutyrate; (2110-78-3), 66, 110, 111, 114
Methyl 3-hydroxy-2-methylenepentanoate: Pentanoic acid, 3-hydroxy-2-methylene-,
methyl ester; (18052-21-6), 68, 64
METHYL anti-3-HYDROXY-2-METHYLPENTANOATE: Pentanoic acid, 3-hydroxy-2-
methyl-, methyl ester, (R*,R*)-()-; (100992-75-4), 68, 64
Methyl iodide: lodomethane; (74-88-4), 68, 56, 116, 162
Methyllithium: Lithium, methyl-; (917-54-4), 65, 47, 140; 66, 97, 100;
67, 86, 125; 68, 220
Methyllithium, low halide, 66, 53, 55
Methylmagnesium bromide, 67, 125
Methylmagnesium chloride, 66, 1-3
[(Methyl)(methoxy)carbene]pentacarbonyl chromium(0): Chromium,
pentacarbonyl(1-methoxyethylidene)-, (OC-6-21)-; (20540-69-6), 65, 140
METHYL N-(2-METHYL-2-BUTENYL)CARBAMATE: CARBAMIC ACID, (2-METHYL-
2-BUTENYL)-, METHYL ESTER,; (86766-65-6), 65, 159
5-Methyl-2-(1-methyl-1-phenylethyl)cyclohexanone, (2R,5R)-: Cyclohexanone,
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5-methyl-2-(1-methyl-1-phenylethyl)-, (2R-trans)-; (57707-92-3), 65, 203

5-Methyl-2-(1-methyl-1 -phenylethyljcyciohexanone, (2S,5R)-: Cyclohexanone,
5-methy!-2-(1-methy!-1-phenylethyl-, (2S-cis)-; (65337-06-6), 65, 203

5-Methy}-2-(1-methyl-1-phenylethyl)cyclohexyl chloroacetate, (1R,2S,5R)-:
Acetic acid, chioro-, 5-methyl-2-(1-methyl-1-phenylethyl)cyclohexyl ester,
[1R-(1e,2B,50)]-; (71804-27-8), 65, 20

5—Methy|-2-[1-methyl-1-(phenylmethyIthio)ethyl]cycﬁohexanone, cis- and trans-;
65, 215

5-Methyl-2-(1-methyl-1 -thioethyl)cyclohexanol, 65, 215

N-Methyimorpholine, 66, 133, 135

Methyl nicotinate: Nicotinic acid, methyl ester; (93-60-7), 68, 155

2-Methyl-3-nitroaniline: o-Toluidine, 3-nitro-; Benzeneamine,
2-methyl-3-nitro-; (603-83-8), 65, 146

2.METHYL-4'-NITROBIPHENYL, 66, 67, 68

(R)-METHYLOXIRANE; (15448-47-2), 66, 160, 161, 163, 164, 172

METHYL 6-OXODECANOATE; (61820-00-6), 66, 116, 117,120, 123

METHYL 2-OXO-5,6,7,8—TETRAHYDRO-2H-1-BENZOPYRAN-3—CARBOXYLATE:
2H-1-BENZOPYRAN-3-CARBOXYLIC ACID, 5,6,7,8-TETRAHYDRO-2-OXO-,
METHYL ESTER; (85531-80-2), 65, 98

(E)-3-Methyl-3-penten-2-one, 66, 11

(2)-3-Methyl-3-penten-2-one, 66, 11

3-METHYL-2-PENTYL-2-CYCLOPENTEN-1-ONE: 2-CYCLOPENTEN-1-ONE,
3-METHYL-2-PENTYL-; (1128-08-1), 65, 26

3-Methyl-1-phenyl-1,3-butadiene, 69, 91

2-METHYL-2-PHENYL-4-PENTENAL: 4-PENTENAL, 2-METHYL-2-PHENYL-;
(24401-39-6), 65, 119

N-Methylpiperidine: 1-Methylpiperidine; (626-67-5), 67, 69
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2-Methylpropane-2-thiol; (75-66-1), 66, 108, 109, 111, 114

Methyl propiolate: 2-Propynoic acid, methyl ester; (922-67-8), 69, 169

2-(1-METHYL-2-PROPYNYL)CYCLOHEXANONE, 67, 141

Methy! tiglate; (6622-76-0), 66, 88, 91, 94

Methyl p-tolyl sulfide: Sulfide, methyl p-tolyl; Benzene, 1-methyl-4-(methylthio)-;
(623-13-2), 68, 49

(S)-(-)-METHYL p-TOLYL SULFOXIDE: Benzene, 1-methy!-4-(methylsulfinyl)-, (S)-;
(5056-07-5), 68, 49

Methyltriisopropoxytitanium: Titanium, triisopropoxymethyl-; Titanium,
methyltris(2-propanolato)-, (T-4)-; (19006-13-8), 67, 180

4-METHYLTRICYCLOJ[2.2.2.035]0CTANE-2,6-DIONE: TRICYCLO[3.2.1.02.7]-
OCTANE-6,8-DIONE, 2-METHYL-; (119986-99-1), 69, 173, 175

1-Methyl-1-(trimethylsilyl)allene, 66, 1, 2, 4

2-METHYL-2-UNDECENE: 2-UNDECENE, 2-METHYL-; (56888-88-1),
67, 125

2-METHYL-2-VINYLCYCLOPENTANONE; (88729-76-4), 66, 87, 88, 90, 91, 94

trans-3-METHYL-2-VINYLCYCLOHEXANONE, 66, 95, 98

Methyl vinyl ether: Ether, methyl vinyl; Ethene, methoxy-; (107-25-5), €8, 25; 69, 240

MICHAEL ADDITION, APROTIC, 66, 37, 41

Monolithiation, of acetylene, 68, 14

Monolithium acetylide: Lithium acetylide; (1111-64-4), 68, 14

Monolithium acetylide; reaction apparatus, 68, 22

cis,cis-Monomethyl muconate; (61186-96-7), 66, 180, 184

cis,cis-MONOMETHYL MUCONATE FROM 1,2-DIHYDROXYBENZENE, 66, 180

Morpholine; (110-91-8), 67, 222

Morpholine 4-chloro-, 67, 222

Mucochloric acid; 2-Butenoic acid, 2,3-dichloro-4-oxo-, (Z)-; (87-56-9), 69, 205
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MYRCENE: 1,6-OCTADIENE, 7-METHYL-3-METHYLENE-; (123-35-3), 1,6-Octadiene, 7-methyl-3-methylene-, 67, 44

67, 44 4-Octanone, 3-hydroxy-2,2,3-trimethyl; (85083-71-2), €9, 114
6-Octenal, 3,7-dimethyl-, (R)-(+)-, 67, 33

2-Naphthalenecarboxylic acid, 5,6,7,8-tetrahydro-3-methoxy-, methyl ester, 65, 98 1-Octene; (111-66-0), 69, 199
Nickel acetylacetonate: Nickel, bis(2,4-pentanedionato-O,0')-, (SP-4-1); (2)-2-Octen-1-0l, 69, 108

(3264-82-2), 67, 170 tert-Octylamine: 2-Pentanamine, 2,4,4-trimethyl-; (107-45-9), 65, 166
Nickel-catalyzed aryl-aryl coupling, 68, 70 N-tert-Octyl-O-tert-butylhydroxylamine: 2-Pentanamine, N-(1,1-dimethylethoxy)-
m-Nitrobenzaldehyde: Benzaldehyde, 3-nitro-; (99-61-6), 67, 180 2.4 4-trimethyl-; (68295-32-9), 65, 166
p-Nitrobenzoyl chloride: Benzoy! chloride, 4-nitro-; (122-04-3), 67, 86 1-Octyn-3-ol; (818-72-4), 66, 22, 23, 28
2-Nitrocyclohexane-1,3-diol, (1R,2r,3S): 1,3-Cyclohexanediol, 2-nitro-, 2-Octyn-1-ol; (20739-58-6), 69, 106

(10,2B,30)-; (38150-01-5), 69, 19
4-NITROINDOLE: INDOLE, 4-NITRO-; (4769-97-5), 65, 146

Organoaluminum compounds, reaction with imino carbocations, 66, 189
Orthoester Claisen rearrangement, 66, 22
Nitromethane: Methane, nitro-; (75-52-5), €8, 8; 69, 19 Orthoformic acid, triethyl ester, 65, 146

"-NITRO-1-PHENYLETHA| : NZENEMETHANOL, a-METHYL-3-NITRO-; .
3-NITRO-1-PHENYLETHANOL: BENZE ETHA @ 6-Oxabicyclo[3.1.0]hex-2-ene, 67, 114

(5400-78-2), 67, 180 Oxalic acid, diethyl ester, 65, 146
1-Nitroso-2-methoxymethylpyrrolidine, (S)-: Pyrrolidine, 2-(methoxymethyl)- Oxalyl chloride; (79-37-8), 66, 15, 17, 21, 89, 94, 117, 121, 123

1-nitroso-, (S)-; (60096-50-6), 65, 183 1,3-OXATHIANE, 65, 215
Nitrosonium tetrafluoroborate, 66, 54 Oxaziridine, 3-pheny!-2-(phenylsulfonyl)-; (63160-13-4), 66, 203, 210
Nitroso-tert-octane: Pentane, 2,2,4-trimethyl-4-nitroso-; (31044-98-1), 65, 166 Oxazolidinone, chiral auxiliary, 68, 83
(1R)-Nopadiene: 2-Norpinens, 6,6-dimethyl-2-vinyl-, (+); (30293-06-2), 68, 220 2H-Oxecin-2-one, 3,4,5,8,9,10-hexahydro-9-(1-oxopropyl)-, (E)-
(1R)-(-)-Nopol: Bicyclo[3.1.1]hept-2-ene-2-ethanol, 6,6-dimethyl-, (1R)-; (35836-73-8), (114633-68-0), 69, 188

68, 220 Oxidation, of diol, with Jones' reagent, 68, 175
2-Norbornanone, 1,3,3-trimethyl-; (1195-79-5), 68, 14 Oxidation, sulfide, enantioselective, 68, 56

OXIDATIVE CLEAVAGE, OF AROMATIC RINGS; €6, 180

1,6-Octadien-1-amine, N,N-diethyl-3,7-dimethyl, [R-(E)}-, 67, 33 with ruthenium (IV), 68, 41
2,6-Octadien-1-amine, N,N-diethyl-3,7-dimethyl, (E)-, 67, 33, 44 Oximes, mesylation, 66, 185
2,6-Octadien-1-amine, N,N-diethyl-3,7-dimethyl-, (Z)-, 67, 33, 48 Oxirane, methyl; (15448-47-2), 66, 172
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4-Oxo-1-(benzenesulfonyl)-cis-bicyclo[4.3.0]non-2-ene, 67, 163
6-OXODECANAL; (63049-53-6), 66, 121, 122, 126
6-Oxcdecanoic acid; (4144-60-9), 66, 122, 123, 126
5-Oxohexanoic acid: Hexanoic acid, 5-oxo-; (3128-06-1), 69, 55

Oxone: Peroxymonosulfuric acid, monopotassium salt, mixt. with dipotassium sulfate

and potassium hydrogen sulfate; (37222-66-5), 69, 160, 229
Oxonium, timethyl-, tetrafluoroborate (1-), 65, 140
(1-OXO-2-PROPENYL)TRIMETHYLSILANE, 66, 14-16, 18

3-(1-Oxopropyl)-4-(S)-phenylmethyl-2-oxazolidinone: 2-Oxazolidinone,

3-(1-oxopropyl)-4-(phenylmethyl)-, (S)-; (10171 1-78-8), 68, 83
Ozone (10028-15-6), 65, 183

Palladium acetate: Acetic acid, palladium(2+) salt; (3375-31-3), 67, 105;

68, 109, 138; 69, 38, 39
Palladium, benzylchlorobis(triphenylphosphine)-, trans-, 67, 86
Palladium-catalyzed aryl-aryl coupling, 66, 70
PALLADIUM-CATALYZED ALLYLIC AMINATION, 67, 105
PALLADIUM-CATALYZED CHLOROACETOXYLATION, 67, 105
PALLADIUM-CATALYZED COUPLING OF ACID CHLORIDES WITH
ORGANOTIN REAGENTS, 67, 86
PALLADIUM-CATALYZED COUPLING OF ARYL HALIDES, 66, 67
PALLADIUM-CATALYZED syn-ADDITION OF CARBOXYLIC ACIDS,
67, 114
Palladium(li) chioride; (7647-10-1), 67, 121; 68, 130
Palladium, chloro(phenyimethyl)bis(triphenylphosphine)-, 67, 86
Palladium-on-carbon, 68, 227
Palladium sponge, 66, 54
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Palladium, tetrakis(acetonitrile)-, tetrafluoroborats, 66, 52
Palladium, tetrakis(triphenylphosphine)-; (14221 -01-3),
66, 61, 62, 66, 68, 69, 74; 67, 86, 98, 105, 114;68, 116
Paraformaldehyde: Poly(oxymethylene); (9002-81-7), 65, 215;
66, 220, 221; 68, 243; 69, 122, 189
1,4-Pentalenediol, octahydro-, (1,3a0,40.,6a0)-; (1 7572-86-0), 68, 175
1 ,2,3,4,5-PENTAMETHYLCYCLOPENTADIENE: 1,3-CYCLOPENTADIENE,
1,2,3,4,5-PENTAMETHYL-; (4045-44-7), 65, 42
Pentanal; (110-62-3), 69, 227
Pentanal, 2,2-dimethyl-4-oxo-, 67, 121
2-Pentanamine, N-(1,1 -dimethylethoxy)-N-(1 ,1-dimethylethyl)-
2,4, 4-trimethyl-, 65, 166
2-Pentanamine, N-(1 ,1-dimethyIethoxy)-2,4,4-trimethyl-, 65, 166
2-PENTANAMINE, N-(1,1-DIMETHYLETHYL)-2,4,4-TRIMETHYL-, 65, 166
2-Pentanamine, 2,4,4-timethyl-, 65, 166
1,5-PENTANEDIONE, 3,3-DIMETHYL-1,5-DIPHENYL-, 65, 12
Pentane, 2,2,4-trimethyl-4-nitroso-, 65, 166
3-Pentanone SAMP-hydrazone: 1-Pyrrolidinamine, N-(1-ethylpropylidene)-2-
{methoxymethyl)-, (S)-; (59983-36-7), 65, 183
4-PENTENAL, 2-METHYL-2-PHENYL-, 65, 119
4-Penten-2-ol, 1-(phenylmethoxy); (58931-16-11), 69, 80
3-Penten-2-one, 4-methoxy-, 67, 202
(E)-3-PENTYL-2-NONENE-1,4-DIOL, 69, 106
Perchloric acid, silver(1+) sait, monohydrate, 67,33
Performic acid, oxidation of furfural, 68, 162
PERRILLYL ALCOHOL, (S)-(-)-: 1-CYCLOHEXENE-1-METHANOL, 4-
(1-METHYLETHENYL)-; (536-59-4), 67, 176
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L L -92-5), 67, 157
1-PHENOXY-1-PHENYLETHENE: ETHER, PHENYL 1-PHENYLVINYL; Phenylseleninic acid: Benzeneseleninic acid; (6996-92-5)

(19928-57-5), 69, 72 Phenylsulfenyl chloride: Benzenesulfenyl chloride; (931-59-9), 68, 8
-4- i . Mercury,
L-Phenylalanine; Phenylalanine, (S)-; (63-91-2), 68, 77 trans-3-(Phenyisulfony!)-4-(choromercuri)cyclohexene: Mercury
. 3. 1-yl]- -; (102815-53-2), 68, 148
(S)-Phenylalanol; (3182-95-4), 68, 77 chioro[2-(phenylsutfonyi)-3-cyclohexen-1-yI, trans- { )

-1,3- E: Benzene, (1,5-cyclohexadien-
Pheny! benzeneselenosulfonate: Benzenesulfonoselenoic acid, Se-phenyl 2-(PHENYLSULFONYL)-1,3-CYCLOHEXADIEN (1,5-cy

ester; (60805-71-2), 67, 157 1-ylsulfonyl)-; (102860-22-0), 68, 148

Phenyl benzoate: Benzoic acid, pheny! ester; (93-99-2), 69, 73 (_t)-trans-Z-(PHENYLSULFONYL)-a-PHENYLOXAZIR!DINE. 66, 203, 204

PHENYLCYCLOHEXANOL, (+)-(1S,2R)-trans-2: CYCLOHEXANOL, 2-PHENYL-, (PHENYLTHIO)NITROMETHANE: Benzene, [(nitromethyl)thio]-; (60595-16-6), 68, 8

(1S-trans)-; (34281-92-0), 69, 1 1-Phenyl-1-trimethylsiloxyethylene: Silane, trimethy! [{1-phenylvinyljoxy]-;

. . ~ o " -4), , 6

PHENYLCYCLOHEXANOL, (-)-(1R,2S)-trans-2: CYCLOHEXANOL, 2-PHENYL-, Silane, trimethyl[(1-phenylethenyl)oxy]-; (13735-81-4), 65

(1R-trans)-; (98919-68-7), 69, 1 Phosphine, [1,1*-binaphthalene]-2,2-diylbis[diphenyl-, (R)- or (S)-], 67, 20, 33
2-Phenylcyclohexyl chloroacetate, trans, 69, 3 Phosphine, 1,4-butanediylbis{diphenyl-; (7688-25-7), 68, 64

. o . oF. 4

N-Phenylhydroxylamine: Hydroxylamine, N-phenyl-; Benzeneamine, Phosphine, tetramethylenebis[diphenyl-; (7688-25-7), 68, 6

N-hydroxy-; (100-65-2), 67, 187 Phosphine oxide, [1,1'-binaphthalene]-z,2'-diylbis[diphenyl-, (&)-, (S)-, and
N-Phenylmaleimide: Maleimide, N-phenyl-; 1H-Pyrrole-2,5-dione, 1-phenyl-; (R)-], 67, 20

(941-69-5), 67, 133 Phosphinic chioride, diphenyl-, 67, 20
8-PHENYLMENTHOL, (-)}-: CYCLOHEXANOL, 5-METHYL-2-(1-METHYL- Phosphonate synthesis, 66, 194

1-PHENYLETHYL)-, [1R-(10,2B,500)]-; (65253-04-5), 65, 203 Phosphonic acid, (aminomethyl), diethy! ester, 65, 119

s . 119

(S)-4-(PHENYLMETHYL)-2-OXAZOLIDINONE: 2-Oxazolidinone, 4-(phenylmethyl)-, Phosphonic acid, (diazomethyl)-, dimethyl ester, 65,

(S); (90719-32-7), 68, 77, 83 Phosphonic acid, diethyl ester; (762-04-9), 66, 202
(12,3E)-1-PHENYL-1,3-OCTADIENE: Benzene, 1,3-octadienyl-, (Z,E)-; (39491-65-2), Phosphonic acid, [(1,3-dihydro-1,3-dioxo-2H-isoindol-2 yl)methyl]

68, 130 diethyl ester, 65, 119
3-PHENYL-4-PENTENAL, 66, 29, 31, 36 Phosphonic acid, [(2,2-dimethy|-4-oxo-4H-1,3-dioxin-6—y|)methyl]-, diethyl
2-Phenyl-N-(phenylmethylene)-1-propen-1-amine: 1-Propen-1-amine, ester; (81956-28-7), 66, 22

2-Phenyl-N-(phenyimethylene)-; (64244-34-4), 65, 119 ' Phosphonic acid, (isocyanomethyl)-, diethy! ester, 65, 119

(E)-3-[(E)-3-Phenyl-2-propenoxy]acrylic acid; (88083-18-5), 66, 30, 31, 36 PHOSPHONIC ACID [[(PHENYLMETHYLENE)AMINOJMETHYL]-, DIETHYL ESTER,

3-Phenylpropionyl chloride: Benzenepropanoyl chloride; (645-45-4), 69, 180 65, 119
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Phosphonic acid, (phthalimidomethyl)-, diethyl ester, 65, 119 Potassium fluoride, 69, 10, 97

Phosphorazidic acid, diphenyl ester; (26386-88-9), 68, 1 Potassium hydride; (7693-26-7), 65, 224
Phosphoric triamide, hexamethyl-; (680-31-9), 66, 51, 94 Potassium hydrogen carbonate, 69, 97
Phosphorodichloridic acid, 2-chloroethyl ester, 65, 68 Potassium hydroxide, 66, 89
Phosphorous acid, triethyl ester, 65, 108. 119 Potassium iodide, 69, 212
Phosphorus oxychloride, 66, 173, 176; 67, 1; 68, 41, 162 Potassium peroxymonosulfate; (87222-66-5), 69, 160, 229
Phosphorus tribromide; (7789-60-8), 67, 210 Prenyl bromide, 66, 76
Phthalimide, N-(bromoethyl)-, 65, 119 Proline, D-; (344-25-2), 65, 173
Phthalimide, N-(hydroxymethyl)-, 65, 119 Proline, L-; (147-85-3), 65, 173
Pig liver esterase, 69, 20 Propanal; (123-38-6), 68, 64
Pinacolone: 2-Butanone, 3,3-dimethyl-; (75-97-8), 69, 114 2-Propanamine, N-ethyl-N-(1-methylethyl)-; (7087-68-5), 68, 162
PINENE, (-)-o—: 2-PINENE, (1S,5S)-(-)-; BICYCLO[3.1.1]JHEPT-2-ENE, 2-Propanamine, N-(1-methylethyl)-, 65, 98
2,6,6-TRIMETHYL-, (1S)-; (7785-26-4), 65, 224 Propane, 1-bromo-3-chloro-2,2-dimethoxy-, 65, 32
PINENE, (-)-B— BICYCLO[3.1.1HEPTANE, 6,6-DIMETHYL-2-METHYLENE-, (1S)-; Propane, 2,2[(1-chloro-1,2-ethenediyl)bis(oxy)Jbis[2-methyl-, (E)-, 65, 68
(18172-67-3), 65, 224 Propane, 2,2"-{(1,2-dichloro-1,2-ethanediyl)]bis(oxy)bis[2-methyl-,
Piperidine, 1-(3-hydroxy-2-methyl-1-oxo-3-phenylpropyl), (R*,R*)-(+)-; (R*,R*)-(¢)-, 65, 68
(99114-36-0), 69, 43 Propane, 2,2'-[(1,2-dichloro-1,2-ethanediyl)bis(oxy)]bis[2-methyl-,
Piperidine, 1-methyl, 67, 69 (R*,S*)-, 65, 68
Piperidine, 2,2,6,6-tetramethyl-, 67, 76 PROPANE, 2,2-[1,2-ETHYNEDIYLBIS(OXY)]BIS[2-METHYL-, 65, 68
Piperidine, 1-propanoyl: Piperidine, 1-(1-oxopropyl)-; (14045-28-4), 69, 44 1,3-Propanediamine; (109-76-2), 65, 224; 66, 131
Poly(oxy-1,2-ethanediyl), a-[4-(1,1,3,3-tetramethylbutyl)pheny!]-o-hydroxy-; : Propanedinitrile, (phenyimethylene)-, 65, 32
(9002-93-1), 68, 56 PROPANEDIOIC ACID, [4-(ACETYLOXY)-2-CYCLOHEXEN-1-YL]-, DIMETHYL
Poly(oxymethylene), 65, 215; 68, 188 ESTER, cis; (82736-52-5), 69, 38
Polyphosphoric acid; (8017-16-1), 69, 175, 177 PROPANEDIOIC ACID, [4-(ACETYLOXY)-2-CYCLOHEXEN-1-YL]-, DIMETHYL
Potassium 3-aminopropylamide (KAPA), 65, 224 ' ESTER, trans; (82736-53-6), 69, 38
Potassium bromide, 69, 212 Propanedioic acid, (cyclopropyicarbonyl)-, diethyl ester;
Potassium tert-butoxide, 66, 127, 128, 195; 67, 125 (7394-16-3), 66, 179
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Propanedioic acid, diethy! ester; (105-53-3), 66, 179
Propanedioic acid, (methoxymethylene)-, dimethyl ester, 65, 98
Propanedioic acid, (3-methyl-2-butenyl)-, dimethy! ester;
(43219-18-7), 66, 85
1,3-Propanediol; (504-63-2), 65, 32
1,3-Propanedithiol; (109-80-8), 65, 150
2-Propanethiol, 2-methyl-; (75-66-1), 66, 114
Propanoic acid, 2-chloro-, (S)-; (29617-66-1), 66, 159, 172
PROPANOIC ACID, 3,3-DIETHOXY-, ETHYL ESTER; (10601-80-6), 69, 238
Propanoic acid, 2-hydroxy-2-methyl-, methyl ester; (2110-78-3), 66, 114
1-Propanol, 2-amino-3-phenyi-, L- or (S)-(-)-; (3182-95-4), 68, 77
1-Propanol, 2-chloro-, (S)-(+)-; (19210-21-0), 66, 172
2-Propanol, titanium (4+) salt, 65, 230; 67, 180; 68, 49
2-Propanone, 1-bromo-3-chloro-, dimethyl acetal, 65, 32
Propanoyl chloride; (79-03-8), 68, 83
Propargy! alcohol: 2-Propyn-1-ol; (107-19-7), 67, 193
Propargyl bromide; (160-96-7), 66, 77, 79, 86
PROPARGYL CHLORIDE: PROPYNE, 3-CHLORO-; 1-PROPYNE, 3-CHLORO-;
(624-65-7), 65, 47
1-Propen-1-amine, 1-chloro-N,N,2-trimethyl-; (26189-59-3), 66, 120
1-Propen-1-amine, 2-phenyl-N-(phenylmethylene)-, 65, 119
2-Propenenitrile, 65, 236
2-Propenoic acid, 2-(bromomethyl)-, ethyl ester; (17435-72-2), 66, 224
2-Propenoic acid, 2-(hydroxymethyl)-, ethyl ester; (10029-04-6), 66, 224
2-Propenoic acid, 3-phenyl-, methyl ester; (103-26-4), 68, 155
2-PROPENOIC ACID, 3-(PHENYLSULFONYL)-, METHYL ESTER, (2);
(91077-67-7), 69, 169
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2-Propen-1-ol; (107-18-6), 66, 21
2-Propen-1-0l, 1-(trimethyisilyl)-; (95061-68-0), 66, 21
2-Propenoyl chloride, 2-methyi-, 67, 98
2-(1-PROPENYL)CYCLOBUTANONE, (E)-: CYCLOBUTANONE, 2-(1-
PROPENYL)-, (E)-; (63049-06-9), 67, 210
Propionaldehyde; (123-38-6), 68, 64
Propionitrile, 2,2'-azobis[2-methyl-, 67, 86
Propionyl chloride; (79-03-8), 68, 83
8-PROPIONYL-(E)-5-NONENOLIDE: 2H-OXECIN-2-ONE, 3,4,5,8,9,10-HEXAHYDRO-
9-(1-OXOPROPYL)-, (E)-; (114633-68-0), 69, 188
2-PROPYL-1-AZACYCLOHEPTANE; (85028-29-1), 66, 186-188, 193
2-PROPYL-1-AZACYCLOHEPTANE FROM CYCLOHEXANONE OXIME, 66, 185
Propylene oxide, (R)-(+)-; (15448-47-2), 66, 172
Propyne, 3-bromo-; (106-96-7), 66, 86
1-PROPYNE, 3-CHLORO-, 65, 47
2-Propyn-1-ol, 67, 193
silylation of, 66, 3
2-Propyn-1-ol, 3-(trimethylsilyl)-; (5272-36-6), 66, 7
Protodestannylation, 66, 77, 78, 80
PULEGONE, (+): p-MENTH-4-(8)-EN-3-ONE, (R)-(+)-; CYCLOHEXANONE,
5-METHYL-2-(1-METHYLETHYLIDENE)-, (R)-; (89-82-7), 65, 203, 215; €9, 34
4-Pyridinamine, N,N-dimethyl-, 65, 12; 68, 83, 210
Pyridine, 66, 180, 182; 69, 130, 240
3-Pyridinecarboxylic acid, methy! ester; (93-60-7), 68, 155
Pyridine, 4-(dimethylamino)-, 65, 12; 68, 83, 210
Pyridine, hydrofluoride, 67, 86
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Pyridinium poly(hydrogen fluoride): Pyridine, hydrofluoride; (32001-55-1),
67, 86

2-Pyridy! triflate, 69, 134

2(1H)-Pyrimidone, tetrahydro-1,3-dimethyl-; (7226-23-5), 66, 94; 69, 49

Pyrocatechol; (120-80-9), 66, 184

Pyrophosphoric acid, disodium salt; (7758-16-9), 66, 219

1 H-Pyrrole-2,5-dione, 1-phenyl-, 67, 133

1-Pyrrolidinamine, N-(1-ethyl-2-methylpentylidene)-2-methoxymethyl)-,
[S-[R*,R*-(2)]-, 65, 183

1-Pyrrolidinamine, N-(1-ethylpropylidene)-2-(methoxymethyl)-, (S)-, 65, 183

1-Pyrrolidinamine, 2-(methoxymethyl)-, (R)-(+)-; (72748-99-3), 65, 173

1-Pyrrolidinamine, 2-(methoxymethyl)-, (S)-(-)-; (59983-30-0), 65, 173, 183

Pyrrolidine, 2-(methoxymethyl)-, (S)-(+)-; (63126-47-6), 65, 173

Pyrrolidine, 2-(methoxymethyl)-1-nitroso-, (S)-, 65, 183

1-Pyrrolidinecarboxaldehyde, 2-(hydroxymethyl)-, (S)-(-)-; (55456-46-7),
65, 173

1-Pyrrolidinecarboxaldehyde, 2-(methoxymethyl)-, (S)-(-)-; (63126-45-4),
65, 173

2,5-PYRROLIDINEDIONE, 1-BROMO-, 65, 243

2-Pyrrolidinemethanol, (S)-(+)-; (23356-96-9), 65, 173

2-Pyrrolidinone, 1-vinyl-; (88-12-0), 66, 149

Pyrrolo[3,4-c]pyrrole-1,3(2H,3aH)-dione, tetrahydro-2-phenyl-5-(phenylmethyl)-
cis-, 67, 133

Quinoline; (91-22-5), 68, 182
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RADICAL CYCLIZATION, 66, 75

Ramberg-Bécklund reaction, 65, 90

RAMP: (R)-1-Amino-2-methoxymethylipyrrolidine: 1-Pyrrolidinamine,
2-(methoxymethyl)-, (R)-; 65, 173, 183

Red-Al; (22722-98-1), 69, 58

REDUCTION, OF CARBOXYLIC ACIDS TO ALDEHYDES, €6, 121
enantioselective with yeast, 68, 56
vinyl triflate to alkene, €8, 109

REDUCTIVE ANNULATION OF VINYL SULFONES, 67, 163

Rhodium(1+), [(2,3,5,6-)-bicyclo[2.2.1]hepta-2,5-diene][1 ,4-butanediylbis[diphenyl-

phosphine]-P,P1-, trifiuoromethanesulfonate, 68, 64
Rhodium, {(2,3,5,6- )-bicyclo[2.2.1]hepta-2,5-diene} (2,4-pentanedionate-0,0')-;
(32354-50-0), 68, 64
Rhodium(1+), {[1,1 '-binaphthalene]-z,2‘-diylbis[diphenylphosphine]-P,P‘]—
[(1,2,5,6-n)-1,5-cyclooctadiene]-, stereoisomer, perchlorate, 67, 33
Rhodium diacetate dimer: Acetic acid, rhodium(2+) salt; (5503-41-3), 69, 181
Rhodium, di-p-chlorobis[(1,2,5,6-n)-1,5-cyclooctadien]di-, 67, 33
Rhodium, (2,5-norbornadiene) (2,4-pentanedionato)-; (32354-50-0), 68, 64
Rhodium on carbon, 67, 187
RING EXPANSION, 65, 17

of cyclic ketoximes, 66, 189

Ruthenium(lll) chloride hydrate: Ruthenium chioride, hydrate; (14898-67-0), 68, 41

SALSOLIDINE, (-)-: ISOQUINOLINE, 1,2,3,4-TETRAHYDRO-6,7-
DIMETHOXY-1-METHYL-, (S)- (493-48-1), 67, 60

SAMP: (S)-1-Amino-2-methoxymethylpyrrolidine: 1-Pyrrolidinamine,
2-(methoxymethyl)-, (S)-; (59983-39-0), 65, 173, 183

317



SELENOSULFONATION, 67, 157

Semihydrogenation, 68, 182

Silanamine, N,N-diethyl-1,1,1-trimethyl-; (996-50-9), 68, 83

Silane, acetyltrimethyl-; (13411-48-8), 68, 25

SILANE, 1,3-BUTADIYNE-1,4-DIYLBIS[TRIMETHYL-, 65, 52

Silane, chloromethyldiphenyl-, 67, 125

Silane, chloromethyltrimethyl-, 67, 133; 68, 1

Silane, (3-chloropropyl)trimethyl-; (2344-83-4), 66, 94

Silane, chlorotrimethyl-, 65, 1, 6, 61; 66, 6, 14, 16, 21, 44, 47; 68, 25
Silane, [1-cyclobutene-1,2-diylbis(oxy)]bis[trimethyl-, 65, 17

Silane, (1-cyclobuten-1,2-ylenedioxy)bis[trimethyl-, €5, 17

Silane, (1-cyclohexen-1-yloxy)trimethyl-, 67, 141

SILANE, (DIAZOMETHYL)TRIMETHYL-; (18107-18-1), 68, 1

Silane, [(1-ethoxycyclopropyl)oxy]trimethyl-; (27374-25-0), 66, 51; 67, 210
Silane, ethynyltrimethyl-, 65, 52, 61

Silane, (3-iodopropyl)trimethyl-; (18135-48-3), 65, 94

SILANE, (ISOPROPENYLOXY)TRIMETHYL-, 65, 1

Silane, [(3-methoxy-1-methylene-2-propenyljtrimethyl-, 67, 163
Silane, trichloro-, 67, 20

SILANE, TRIMETHYL (2-METHYLENE-4-PHENYL-3-BUTENYL), 69, 83
SILANE, TRIMETHYL[(1-METHYLETHENYL)OXY]-, 65, 1

Silane, trimethyl[[(4-methylphenyl)sulfonyllethynyl]-, 67, 149

Silane, trimethyl (1-methyi-1,2-propadienyl)-; (74542-82-8), 66, 7, 13
SILANE, TRIMETHYL(1-OXO-2-PROPENYL)-; (51023-60-0), 66, 14, 21
Silane, trimethyl[(1-phenylethyl)oxy]-, 65, 6, 12

Silane, trimethyl[(1-phenylvinyl)oxy}-, 65, 6, 12
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Silver nitrate, 66, 111
reaction with 1-trimethylsilyl-1-butene, 66, 4
Silver(l) oxide; (20667-12-3), 66, 111, 115
Silver perchlorate: Perchloric acid, silver(1+) salt, monohydrate;
(14202-05-8), 67, 33
Silver(l) trifiuoroacetate; (2966-50-9), 66, 115
preparation, 66, 111
Silylamine, N,N-diethyl-1,1,1-trimethyl-; (996-50-9), 68, 83
Silylation, of 1-alkyne, 68, 182
Skattebal rearrangement, 68, 220
Sodium; (7440-23-5), 66, 76, 85, 96; 69, 174
Sodium amalgam, 66, 96
Sodium benzenesulfinate: Benzenesulfinic acid, sodium salt; (873-55-2),
68, 148; 69, 169
Sodium bis(2-methoxyethoxy)aluminum hydride: Aluminate (1-), dihydrobis-
(2-methoxyethanalato)-, sodium; (22722-98-1), 67, 13
Sodium bisulfite; (7631-90-5), 68, 162
Sodium cyclopentadienide, 68, 198
Sodium dicarbonyl{cyclopentadienyl)ferrate; (12152-20-4), 66, 96, 107
Sodium dimethy! malonate, 69, 39, 40
Sodium ethoxide, 67, 170
Sodium fluoride, aqueous, work-up for organoaluminum reaction, 66, 188
Sodium hydride; (7646-69-7), 66, 30, 32, 76, 79, 85, 109, 111, 114; 68, 92, 198;
69, 83
Sodium hypochlorite, 69, 212
Sodium iodide, 66, 87; 68, 227
Sodium methoxide, 66, 76
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Sodium naphthalenide, 65, 166

Sodium nitrite, 66, 151

Sodium nitromethylate: Methane, nitro-, ion(1-), sodium; (25854-38-0), 68, 8

Sodium periodate: Periodic acid, sodium salt; (7790-28-5), 68, 41

Sodium thiosulfate, 69, 212

Sodium triflate, 69, 130, 132

Sodium trifluoromethanesulfonate, 69, 132

Sodium tungstate dihydrate: Tungstic acid, disodium salt, dihydrate,
(10213-10-2), 65, 166

Sonication, 67, 133
for reaction of 1,3-diaminopropane with alkali metals, 66, 130

SPIRO[4.5]DECAN-1,4-DIONE; (39984-92-4), 65, 17

Stannane, allyltributyi-; (24850-33-7), 68, 104

Stannane, 1,2-ethenediylbis[dibutyl-, (E)-, 67, 86

Stannane, ethenyltrimethyl; (754-06-3), 68, 116

Stannane, tetrachloro-, 65, 17

Stannane, tributyl-, 65, 236

Stannane, tributylchloro-, 67, 86

Stannane, tributylethynyl, 67, 86

Stannane, tributyl-2-propenyl-; (24850-33-7), 68, 104

Stannane, vinylenebisftributyl-, (E)-, 67, 86

STETTER REACTION, 65, 26

Succinic anhydride, 67, 76

SUCCINIMIDE, N-BROMO-, 65, 243

Sucrose; a-D-Glucopyranoside, B-D-fructofuranosyl; (57-50-1), 68, 56

Sulfenylation, with phenylsulfenyl chioride, 68, 8

Sulfide, methyl p-tolyl; (623-13-2), 68, 49
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Sulfone, ethynyl p-tolyl, 67, 149

Sulfonylation, of 1,3-diene, 68, 148
2-Sulfonyloxaziridines, preparation, 66, 207, 208
Sulfosalicylic acid spray for tlc plates, 66, 216

Sulfoxide, enantioselective synthesis, from sulfide, 68, 49
Sulfur chloride, 65, 159

Sulfur dichloride: Sulfur chloride; (10545-99-0), 66, 159
Sulfur diimide, dicarboxy-, dimethyl ester, 65, 159
Sulfuryl chloride; (7791-25-5), 68, 8

Sulfuryl chloride isocyanate, 65, 135

Swern oxidation, 66, 15, 18

L-Tartaric acid: (87-69-4), €8, 92
Tartaric acid, dibenzoats, (-)- and (+)-, 67, 20

Tebbe reagent, 69, 72
1,3,4,6-TETRA-O-ACETYL-2-DEOXY-0-D-GLUCOPYRANOSE: a-D-ARABINO-

HEXOPYRANOSE, 2-DEOXY-, TETRAACETATE; (16750-06-4), 69, 66
2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl bromide; (572-09-8), 69, 66
2,3,4,6-Tetra-O-acetyl-a—D-glucopyranosyl bromide: Glucopyranosyl bromide

tetraacetate, a-D-; o—~D-glucopyranosyl bromide, 2,3,4,6-tetraacetate;

(572-09-8), 65, 236; 69, 66
Tetrabutylammonium fluoride; (429-41-4), 66, 110, 111, 115; 69, 10
Tetrabutylammonium hydrogen sulfate, 69, 169
Tetrabutylammonium hydroxide; (2052-49-5), 66, 214, 219
Tetrabutylammonium iodide; (311-28-4), 69, 83
Tetrachiorocyclopropene; (6262-42-6), 69, 144
Tetrachloroethylene, 69, 144
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Tetrafluoroboric acid, 67, 210

Tetrafluoroboric acid-diethyl ether complex; (67969-82-8),
66, 97, 98, 100, 107

Tetrafluoroboric acid-dimethy| etherate: Borate(1-), tetrafluoro-, hydrogen,
compound with oxybis[methane] (1:1); (67969-83-9), 67, 141

1,2,5,6-Tetrahydropyridine synthesis, via immonium ion-vinylsilane cyclization,
68, 188

Tetraisopropyl titanate: Isopropyl alcohol, titanium (4+) salt;
2-Propanol, titanium (4+) salit; (546-68-9), 65, 230; 67, 180

Tetrakis(acetonitrile)palladium tetrafluoroborate; (21797-13-7), 66, 52, 54, 59

Tetrakis(triphenylphosphine)paliadium; (14221-01-3), 66, 61, 62, 66, 68, 69, 74
67, 86, 98, 105, 114; 68, 116

4,5,4' 5-TETRAMETHOXY-1,1-BIPHENYL-2,2-DICARBOXALDEHYDE;
[1,1-BIPHENYL]-2,2'-DICARBOXALDEHYDE, 4,4',5,5-TETRAMETHOXY-;
(29237-14-7), 65, 108

Tetramethylethylenediamine: Ethylenediamine, N,N,N',N'-tetramethyl-;
1,2-Ethanediamine, N,N,N',N'-tetramethyl-; (110-18-9), 68, 32

2,2,6,6-Tetramethylpiperidine: Piperidine, 2,2,6,6-tetramethyl-; (768-66-1),
67, 76

2,2,6,6-Tetramethylpiperidin-1-oxyl: 1-Piperidinyloxy, 2,2,6,6-tetramethy!-;
(2564-83-2), 69, 212

Tetramethyltin, 66, 65

2,5,7,10-Tetraoxabicyclo[4.4.0]decane, cis-: p-Dioxinof2,3,-b]-p-dioxin,
hexahydro-; [1,4]-Dioxino[2,3-b]-1,4-dioxin, hexahydro;
(4362-05-4), 65, 68

1,4,8,11-TETRATHIACYCLOTETRADECANE; (24194-61-4), 65, 150

Tetravinyltin, 66, 53, 55
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Tetronic acids, 66, 111, 112

Thiophene; (110-02-1), 69, 80

Thiophenol: Benzenethiol; (108-98-5), 68, 8

Thiourea: Urea, thio-; (62-56-6), 65, 150

Tin chloride, 65, 17

Tin tetrachloride: Tin chloride; Stannane, tetrachloro-; (7646-78-8), 65, 17

Titanium(IV) isopropoxide: Isopropyl alcohol, titanium(4+) salt; 2-Propanol,
titanium(4+) salt; (546-68-9), 65, 230; 67, 180; 68, 49

Titanium, triisopropoxymethyl-, 67, 180

Titanocene dichloride: Titanium, dichloro-r-cyclopentadienyl-; (1271-19-8),
69, 72, 106

Tin, tetramethyl-, 66, 55

Tin, tetravinyl-, 65, 53, 55

Titanium chloride, 65, 81, 6

Titanium tetrachloride: Titanium chloride; (7550-45-0), 65, 81,6; 66, 8, 9

Toluene, o-iodo-; (615-37-2), 66, 74

p-Toluenenesulfonic acid, monohydrate; (6192-52-5), 68; 92, 188

p-Toluenesulfonyl chloride; Benzenesulfonyl chioride, 4-methyl-; (98-59-9), 68, 188

o~Toluenethiol, 65, 215

o-Toluidine, 3-nitro-, 65, 146

o-Tolyllithium, preparation, 66, 69

p-Tolyl 2-(trimethylsilyl)ethyny! sulfone: Silane, trimethyl[[(4-methylphenyl)-
sulfonyljethynyl}-; (34452-56-7), 67, 149

o-Tolylzinc chloride; (84109-17-1), 66, 67, 74

Transannular cyclization of 1,5-cyclooctadiene, 68, 175

Transesterification, 65, 230; 68, 155
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Transmetallation, of allyimagnesium bromide with bis(tributyltinjoxide, 68, 104
of trimethylvinyltin with palladium(0), 68, 116

1,2,4-Triazine-3,5,6-tricarboxylic acid, triethyl ester; (74476-38-3), 66, 149

1,2,4-Triazines, as Diels-Alder dienes, 66, 147, 148

Tribromomethane; (75-25-2), 68, 220

Tributylamine; (102-82-9), 66, 173, 176; 68, 138

Tributylstannane; (688-73-3), 65, 236; 66, 77, 79, 86, 69, 66, 188

Tributylethynylstannane: Stannane, tributylethynyl-; (994-89-8), 67, 86

(2)-3-Tributylstannylmethylene-4-isopropy!-1,1-cyciopentanedicarboxylic acid,
dimethyl ester, 66, 77

Tributyltin chloride: Stannane, tributylchioro-; (1461-22-9), 67, 86

Tributyltin hydride: Stannane, tributyl-; (688-73-3), 65, 236, 66, 77, 79, 86;
69, 66, 188

Tributyltinlithium, 69, 188, 189

2,3,6-Tricarboethoxypyridine, 66, 145

Trichloroacetyl chloride: Acetyl chloride, trichloro-; (76-02-8), 68, 32, 41; 69, 238

1,1,1-Trichloro-4-ethoxy-3-buten-2-one; (83124-74-7), 69, 238

Trichlorosilane: Silane, trichloro-; (10025-78-2), 67, 20

Tricyclo[3.2.1.02.7]octane-6,8-dione, 2-methyl; (119986-99-1), 69, 173

Triethylamine, 66, 15, 16, 174, 176, 185

Triethyl orthoacetate; (78-39-7), 66, 22, 23, 28

Triethyl orthoformate: Orthoformic acid, triethyl ester; Ethane,
1,1',1"-[methylidynetris{oxy)]tris-; (122-51-0), 65, 146

Triethyl phosphite: Phosphorous acid, triethyl ester; (122-52-1), €5, 119, 108

Triethyl phosphonoacetate; (867-13-0), 66, 220, 224

TRIETHYL 1,2,4-TRIAZINE-3,5,6-TRICARBOXYLATE; (74476-38-3),
66, 142, 144, 145, 149
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Trifluoroacetic acid; (76-05-1), 66, 111, 115, 136

Trifluoroacetic anhydride: Acetic acid, trifluorc-, anhydride; (407-25-0),
65, 12; 66, 153

[1,1-BIS(TRIFLUOROACETOXY)JIODOBENZENE, 66, 132, 134, 136, 141

Trifluoromethanesulfonic anhydride: Methanesulfonic acid, trifuloro-, anhydride;
(358-23-6), 68, 116, 138; 69, 200

Trimethylaluminum: Aluminum, trimethyl-; (75-24-1), 69, 72

Trimethylamine, 66, 29, 32

Trimethylamine, 1,1-dimethoxy-, 67, 52

Trimethyl 2-chloro-2-cyclopropylidenorthoacetate: Cyclopropane, (1-chloro-2,2,2-
trimethoxyethylidene)-; (82979-34-8), €9, 148

2,2,6-Trimethyl-1,3-dioxen-4-one; (5394-63-8), 66, 195, 196, 202

3,4,5-Trimethyl-2,5-heptadien-4-ol: 1,5-Heptadien-4-ol, 3,4,5-trimethyl-;
(64417-15-8), 65, 42

TRIMETHYL (2-METHYLENE-4-PHENYL-3-BUTENYL)SILANE: SILANE,

TRIMETHYL (2-METHYLENE-4-PHENYL-3-BUTENYL)-; (80814-92-2), 69, 89

Trimethyl ortho-4-bromobutanoate: Butane, 4-bromo-, 1,1,1-trimethoxy-;
(55444-67-2), 67, 193

Trimethyloxonium tetrafluoroborate: Oxonium, trimethyl-, tetrafluoroborate
(1-); (420-37-1), 65, 140

1-Trimethylsiloxycyciohexene: Silane, (1-cyclohexen-1-yloxy)jtrimethyl-;
(6651-36-1), 67, 141

1-Trimethylsiloxy-1-ethoxycyclopropane, 66, 44

TRIMETHYLSILYLACETYLENE: SILANE, ETHYNYLTRIMETHYL-;
(1066-54-2), 65, 52, 61

(2)-4-(TRIMETHYLSILYL)-3-BUTEN-1-OL: 3-Buten-1-ol, 4-(trimethylsilyl)-, (Z)-;
(7682-77-7), 68, 182, 188
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(2)-4-(Trimethylsilyl)-3-butenyl 4-methylbenzenesulfonate: 3-Buten-1-ol, ULLMANN REACTION, 65, 108

4-(trimethylsilyl)-, 4-methylbenzenesulfonate, (Z)-; (87682-62-0), 68, 188 5,9-UNDECADIEN-1-YNE, 6,10-DIMETHYL-, (E); (22850-55-1), 69, 120
4-(Trimethylsilyl)-3-butyn-1-ol: 3-Butyn-1-ol, 4-(trimethylsilyl)-; (2117-12-6), 68, 182 2,5-Undecanedione; (7018-92-0), 65, 26
TRIMETHYLSILYLDIAZOMETHANE: Silane, (diazomethyl)trimethy!-; ' 2-Undecene, 2-methyl-, 67, 125

(18107-18-1), 68,1 Urea, thio-, 65, 150
Trimethylsilylmethylmagnesium chloride: Magnesium, [chloro[(trimethylsily!)-

methyl]-; (13170-43-9), 69, 89 (S)-Valine, 66, 153
3-Trimethyisilyl-2-propyn-1-ol, 66, 1, 3 Valinol: 1-Butanol, 2-amino-3-methyl-, (S)-; (2026-48-4), 67, 52
3-Trimethylsilyl-2-propyn-1-yl methanesulfonate, 66, 2 Vibro-mixer, 65, 52
Trimethylsilyl triflucromethanesulfonate: Methanesulfonic acid, trifluoro-, trimethylsilyl Vilsmeier-Haack reagent, 66, 121

ester; (27607-77-8), 68, 64 Viny! acetate: Acetic acid viny! ester; Acetic acid etheny! ester; (108-05-4), 65, 135
Trimethyltin chloride: Stannane, chlorotrimethyl-; (1066-45-1), 68, 116 VINYLATION OF ENOLATES, 66, 95, 104
Trimethylvinyltin: Stannane, trimethyivinyl-; (754-06-3), 68, 116 Vinyl bromide (593-60-2), 68, 109
Triphenylphosphine: Phosphine, triphenyl-; (603-35-0), 68, 130, 138; 69, 39 VINYL CATION EQUIVALENT, 66, 95
Tripropylaluminum; (102-67-0), 66, 186, 188, 193 Vinyl cation synthons, 66, 102
Tris(diethylamino)sulfonium difluorotrimethyisilicate: Sulfur (1+), tris(N-ethyl- Vinyllithium; (917-57-1), 66, 53, 55; 69, 81

ethanaminato)-, difluorotrimethylsilicate (1-); (59201-86-4), 69, 48, 49 Vinylmagnesium bromide, (1826-67-1), 68, 109
Tris(tetrabutylammonium) hydrogen pyrophosphate trihydrate; N-Vinyl-2-pyrrolidone; (88-12-0), 66, 145, 146, 149

(76947-02-9), €6, 212, 219 Vinyl radical cyclization, 66, 81, 82
Trithiane, sym-: S-Trithiane; 1,3,5-Trithiane; (291-21-4), 65, 90 Vinylsilane, cyclization with imminium ion, 68, 188
Triton B: Ammonium, benzyltrimethyl-, hydroxide; Benzenemethanaminium, Viny! triflate, synthesis, 68, 116, 138

N,N,N-trimethyl-, hydroxide; (100-85-6), 68, 56 Volatile reaction products, apparatus for collecting, 66, 161, 162

Triton X-100: Glycols, polyethylene, mono[p-(1,1,3,3,-tetramethylbuty)-phenyl]ether;
Poly(oxy-1,2-ethanediyl), a-[4-(1,1,3,3-tetramethylbutyl)-phenyl]-e-hydroxy-; Wittig rearrangement, 66, 19
(9002-93-1), 68, 56 |

Tungstic acid, disodium salt, dihydrate, 65, 166 Yeast, baker's, 68, 49
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Zinc; (7440-66-6), 68, 32

Zinc chloride; (7646-85-7), 66, 43, 45, 51, 61, 62, 68, 63

Zinc, chloro(2-methylphenyl)-; (84109-17-1), 66, 74

Zinc-copper couple: Copper, compound with zinc (1:1); (12019027-1),
67, 98; 68, 32, 41

ZINC HOMOENOLATE, 66, 43

Zipper reaction, alkyne isomerization, 66, 129

328



ORGANIC
SYNTHESES

AN ANNUAL PUBLICATION OF SATISFACTORY
METHODS FOR THE PREPARATION
OF ORGANIC CHEMICALS
VOLUME 69
1990

BOARD OF EDITORS
LEO A. PaQUETTE, Editor-in-Chief

RoBeRT K. BOECKMAN, JR. ICHIRO SHINKAI

Davip L. COFFEN JAMES D. WHITE
ALBERT 1. MEYERS EKKEHARD WINTERFELDT
LArrY E. OVERMAN HisASHI YAMAMOTO

THEODORA W. GREENE, Assistant Editor
JeremiaH P. FREEMAN, Secretary to the Board
DEPARTMENT OF CHEMISTRY, UNIVERSITY OF NOTRE DAME,
NOTRE DAME, INDIANA 46556

ADVISORY BOARD

RicHARD T. ARNOLD IAN FLEMING CHARLES C. PRICE
HENRY E. BAUMGARTEN CrayToN H. HEATHCOCK NORMAN RABJOHN
RICHARD E. BENSON E. C. HORNING JOHN D. ROBERTS
VIRGIL BOEKELHEIDE HerserT O. HouSE GABRIEL SAUCY
RONALD BRESLOW ROBERT E. IRELAND R. S. SCHREIBER
ARNOLD BRoOSsSs! CARL R. JOHNSON DIETER SEEBACH
GEORGE H. BUCHI WILLIAM S. JOHNSON MARTIN F. SEMMELHACK
T. L. CAIRNS ANDREW S. KENDE JOHN C. SHEEHAN
James CASON N. J. LEONARD RALPH L. SHRINER
ORVILLE L. CHAPMAN B. C. McKusick BrRUCE E. SMART
RoBerRT M. COATES SATORU MASAMUNE H. R. SNYDER

E. J. Corey WATARU NAGATA EDWIN VEDEIS
WiLLiaM G. DAUBEN MELVIN §. NEWMAN KENNETH B. WIBERG
Wittiam D. EMMONS WAYLAND E. NOLAND PETER YATES
ALBERT ESCHENMOSER Ryos NOYORI

FORMER MEMBERS OF THE BOARD,
NOW DECEASED

ROGER ADAMS NATHAN L. DRAKE C. R. NOLLER

HOMER ADKINS L. F. FIESER W. E. PARHAM

C. F. H. ALLeN R. C. FusoN WILLIAM A. SHEPPARD
WERNER E. BACHMANN HENRY GILMAN LEeE IRVIN SMITH

A. H. BLATT CLIFF S. HAMILTON ROBERT V. STEVENS
WALLACE H. CAROTHERS W. W. HARTMAN Max TISHLER

H. T. CLARKE JOHN R. JOHNSON Frank C. WHITMORE
J. B. CONANT OLIVER KAMM

ARTHUR C. COPE C. S. MARVEL

@)

JOHN WILEY & SONS
NEW YORK + CHICHESTER + BRISBANE *+ TORONTO + SINGAPORE



Published by John Wiley & Sons, Inc.
Copyright © 1990 by Organic Syntheses, Inc.
All rights reserved. Published simultaneously in Canada.

Reproduction or translation of any part of this work beyond that permitted
by Section 107 or 108 of the 1976 United States Copyright Act without
the permission of the copyright owner is unlawful.

“‘John Wiley & Sons, Inc. is pleased to publish this volume of Organic
Syntheses on behalf of Organic Syntheses, Inc. Although Organic Syntheses,
Inc. has assured us that each preparation contained in this volume has

been checked in an independent laboratory and that any hazards that were
uncovered are clearly set forth in the write-up of each preparation, John
Wiley & Sons, Inc. does not warrant the preparations against any safety
hazards and assumes no liability with respect to the use of the prepara-
tions.”’

Library of Congress Catalog Card Number: 21-17747
ISBN 0-471-54560-0

Printed in the United States of America

109 87654321

NOTICE

With Volume 62, the Editors of Organic Syntheses began a new
presentation and distribution policy to shorten the time between submission and
appearance of an accepted procedure. The soft cover edition of this volume is
produced by a rapid and inexpensive process, and is sent at no charge to
members of the Organic Divisions of the American and French Chemical
Society, The Perkin Division of the Royal Society of Chemistry, and The Society
of Synthetic Organic Chemistry, Japan. The soft cover edition is intended as the
personal copy of the owner and is not for library use. A hard cover edition is
published by John Wiley and Sons Inc. in the traditional format, and differs in
content primarily in the inclusion of an index. The hard cover edition is intended
primarily for library collections and is available for purchase through the
publisher. Annual Volumes 60-64 have been incorporated into a new five-year
version of the collective volumes of Organic Syntheses which has appeared as
Collective Volume Seven in the traditional hard cover format. It is available for
purchase from the publishers. The Editors hope that the new Collective Volume
series, appearing twice as frequently as the previous decennial volumes, will
provide a permanent and timely edition of the procedures for personal and
institutional libraries. The Editors welcome comments and suggestions from

users concerning the new editions.



NOMENCLATURE

Both common and systematic names of compounds are used throughout this
volume, depending on which the Editor-in-Chief feit was more appropriate. The
Chemical Abstracts indexing name for each title compound, if it differs from the title
name, is given as a subtitle. Systematic Chemical Abstracts nomenclature, used in
both the 9th and 10th Collective Indexes for the title compound and a selection of other
compounds mentioned in the procedure, is provided in an appendix at the end of each
preparation.  Registry numbers, which are useful in computer searching and
identification, are also provided in these appendixes. Whenever two names are
concurrently in use and one name is the correct Chemical Abstracts name, that name

is preferred.
SUBMISSION OF PREPARATIONS

Organic Syntheses welcomes and encourages submission of experimental
procedures which lead to compounds of wide interest ar which illustrate important new
developments in methodology. The Editorial Board will consider proposals in outiine
format as shown below, and will request full experimental details for those proposals
which are of sufficient interest. Submissions which are fonger than three steps from
commercial sources or from existing Organic Syntheses procedures will be accepted
only in unusual circumstances.

rgani n Pri | Form

1) Authors
2) Title
3) Literature reference or enclose preprint if available.
4) Proposed sequence
5) Best current alternative(s)
6) a. Proposed scale, final product:
b. Overall yield:
c. Method of isolation and purification:
d. Purity of product (%):
e. How determined?
7) Any unusual apparatus or experimental technique:
8) Any hazards?
9) Source of starting material?
10) Utility of method or usefulness of product.

Submit to:  Dr. Jeremiah P. Freeman, Secretary
Department of Chemistry
University of Notre Dame
Notre Dame, IN 46556



Proposals will be evaluated in outline form, again after submission of full
experimental details and discussion, and, finally by checking experimental
procedures. A form that details the preparation of a complete procedure (Notice to
Submitters) may be obtained from the Secretary.

Additions, corrections, and improvements to the preparations previously
published are welcomed; these should be directed to the Secretary. However,
checking of such improvements will only be undertaken when new methodology is
involved. Substantially improved procedures have been included in the Collective
Volumes in place of a previously published procedure.
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PREFACE

Like its predecessors, this volume contains checked and edited procedures
dealing with important new synthetic methods or specific compounds holding potential
interest for synthetic chemists. The compilation begins with three procedures detailing
kinetic resolution by enzymatic means. Of these, the preparations of (-)-(1R,2S)-
and (+)-(1S,2R)-trans-2-PHENYLCYCLOHEXANOL and ETHYL (R)- and
(S)-2-FLUOROHEXANOATE rely on lipase-catalyzed ester hydrolysis. The use of
pig liver esterase for enantioselective saponification is nicely demonstrated in the case
of (15,2S,3R)-3-HYDROXY-2-NITROCYCLOHEXYL ACETATE. The next
group of entries constitute a cluster of five stereocontrolled processes that have proven
useful for constructing relative complex molecules. In the first, which targets
(4RS,4aRS,6RS,8aRS)-, (45,4aS,65,8a5)-, and (4R,4aR,6R,8aR)-4-
METHOXYCARBONYL-1,1,6-TR]METHYL-1,4,4a,5,6,7,B,Ba-OCTAHYDRO-
2,3-BENZOPYRONE, an intramolecular Diels-Alder reaction is responsible for the
diastereoselectivity. The sterecselective 1,4-functionalization of 1,3-dienes is
exemplified by a two-step process leading to cis- and trans-1-ACETOXY-4-
(DICARBOMETHOXYMETHYL)-2-CYCLOHEXENE. The effectiveness of a silyl
hydride in providing a means for erythro-directed reduction of a f—keto amide is
applied in a route to ERYTHRO-1-(3-HYDROXY-2-METHYL-3-PHENYL-
PROPANOYL)PIPERIDINE. This is followed by an asymmetric synthesis based on
a chiral bicyclic lactam leading to (R)-4-ETHYL-4-ALLYL-2-CYCLOHEXEN-1-
ONE. The stereoselectivity with which acetoxy migration can operate to an adjacent
radical center is reflected in the one-step reaction that gives rise to 1,3,4,6-TETRA-
O-ACETYL-2-DEOXY-0~-D-GLUCOPYRANOSE.

The third set of procedures focuses on the vital role that organometallic

reagents play in the transformation of functional groups. The first of the seven

ix



illustrative examples provides details on the use of the Tebbe reagent for effecting the
methylenation of esters. The two model systems are 1-PHENOXY-1.
PHENYLETHENE and 3,4-DIHYDRO-2-METHYLENE-2H-1-BENZO PYRAN.

In a similar vein, the efficacy with which mixed higher-order cyanocuprates can realize -

the opening of epoxides is demonstrated in the preparation of 1-BENZYLOXY-4-
PENTEN-2-OL. Silicon-containing Grignard reagents are rapidly being developed
as versatile and utilitarian reagents. In this context, the procedure to make
TRIMETHYL(2-METHYLENE-4-PHENYL-3-BUTENYL)SILANE is a specific
example of a one-step conversion of esters to allylsilanes. The readiness with which
the nucleophitic hydroxymethylation of carbonyl compounds can be realized is
illustrated by the formation of 1-(HYDROXYMETHYL)CYCLOHEXANOL. A
different use of Grignard chemistry is reflected in the hydromagnesiation of propargylic
alcohols to afford (E)-3-PENTYL-2-NONENE-1,4-DIOL. New uses of lithium
organometallics are illustrated in conjunction with in situ generation of acyllithium
reagents from carbon monoxide as used in making 3-HYDROXY-2,2,3-
TRIMETHYLOCTAN-4-ONE, and with the propargylation of alky! halides as
employed for gaining access to (E)-6,10-DIMETHYL-S,Q-UNDECADIEN-1-YNE
and (E)-7,11-D|METHYL-6,10-DODECADIEN-2-YN-1-OL.

The next cluster of seven procedures is grouped together in line with the long-
standing Organic Syntheses tradition of providing preparations of starting matetials

that play an established role in important structural transformations and/or multistep

syntheses. N-FLUOROPYRIDINIUM TRIFLATE, a versatile electrophilic

fluorinating agent, is one such material. The companion preparations of 1-CHLORO-
1-(TRICHLOROETHYL)CYCLOPROPANE and METHYL 2-CHLORO-2-
CYCLOPROPYLIDENACETATE describe reliable entry to useful three-membered
ring building blocks. The next two procedures address the preparation of (+)-
(2R,8aS)-10-(CAMPHORYLSULFONYL)OXAZIRIDINE, a selective, aprotic

oxidizing agent of considerable importance, and (-)-D-2,10-CAMPHORSULTAM,
a chiral auxiliary that has found substantial use in asymmetric reactions of various
types. A high-yielding, one-step route to highly functionaliized sulfony! acrylates is
demonstrated by the preparation of METHYL (Z)-3-(BENZENESULFONYL)-
PROP-2-ENOATE, a useful dienophile.

The next six procedures have a strong methodological bent. Thus, the pathway
to 4-METHYLTRICYCLO[2.2.2.03-5]0CTANE-2,6-DIONE is based on effective
intramolecular oxidative coupling of a bisenoclate. The preparation of 3,4-DIHYDRO-
(2H)-AZULENONE exemplifies the ability of a diazo ketone to undergo
intramolecular cyclization onto an aromatic ring. A concise, four-component
condensation forms the basis for a general unsaturated macrolide synthesis as
illustrated for 8-PROPIONYL-(E)-5-NONENOLIDE. The practicality of engaging
keteniminium salts and chiorocyanoketene in efficient [2+2] cycloadditions is
demonstrated by procedures leadipg to 3-HEXYLCYCLOBUTANONE and 7-
CHLORO-7-CYANOBICYCLO[4.2.0]0OCTAN-8-ONE. A catalytic means for
oxidizing alcohols with oxammonium salts is employed for obtaining (S)-(+‘)-2-
METHYLBUTANAL.

The volume concludes with three convenient procedures to make functionalized
molecules having varied applications: 5,6-DIETHOXYBENZOFURAN-4,7-
DIONE, 9-n-BUTYL-1,2,3,4,5,6,7,8-OCTAHYDROACRIDIN-4-OL, and
ETHYL 3,3-DIETHOXYPROPANOATE.

The long-time standards of Organic Syntheses to provide for use by
experimental organic chemists a collection of carefully checked, useful procedures
have been extended to this volume thanks to the unstinting etforts of many individuals.
Certainly, the members of the Boards of Editors and their students whose names are
Cited herein garner a large share of my appreciation for their time-consuming efforts in

carrying out the rigorous protocols associated with checking the procedures. The



entire effort has been greatly facilitated by the impressive organizational skills of
Professor Jeremiah P. Freeman, the Secretary to the Board. Finally, the production of
the final product is largely attributed to his expertise and that of Dr. Theodore W.
Greene, our Assistant Editor, whose painstaking efforts with the textual material

provide the very attractive and readable text that is before you.

Columbus, Ohio Leo A. Paquette

March 19390
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MAX TISHLER
October 30, 1906 - March 17, 1989

Max Tishler combined, to an exceptional degree, excellence in two seemingly
diverse areas. He was a giant in advanced and sophisticated medicinal chemistry
research and an administrator with a remarkably inspirational gift for teaching and
academic leadership. On the one hand, Tishler pioneered the round-the-clock system
for pressure research at Merck. Later, he became the gquintessential undergraduate
and graduate mentor at Wesleyan University. A distinguished career in industry
culminated as President of Merck, Sharpe & Dohme Research Laboratories. Tishler

was Editor-in-Chief of Volume 39 of Organic Syntheses, which was published in 1959.
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Max Tishler was born in Boston on October 30, 1906. He received the B.S. in
1928 from Tufts College, and the M.A. from Harvard in 1933 while working part-time as
a pharmacist. The Ph.D. degree was awarded in 1934 by Harvard. After scientific
collaboration with E. P. Kohler and J. B. Conant, he joined Merck & Company, Inc.
Research Laboratories in 1937. After retiring from Merck, Dr. Tishler was appointed
Professor of Chemistry at Wesleyan University in Middietown, Connecticut (1970 -
1972); University Professor of Sciences (1972 - 1975); and Emeritus (1975 - 1989).

Dr. Tishler published more than 100 scientific papers and is cited as an inventor
on more than 100 United States patents. A partial list of research contributions include
development of processes for the commercial production of vitamin B8, vitamin K,
vitamin E, penicillin, streptomycin, and cortisone.

Dr. Tishler was very active in the American Chemical Society, serving for many
years on the Board of Directors and as President in 1972. He received the Priestley
Medal of the ACS in 1970. He was a member of the National Academy of Sciences.
Tishler received an honorary Sc.D. from Tufts University in 1956 and a D.Eng. from
Stevens Institute of Technology in 1966. In 1987, he received the National Medal of
Science.

An anecdote illustrates Tishler's drive. The total synthesis of cortisone, as
devised by Lewis Sarrett, comprised approximately 30 steps and required weeks of
intense and painstaking effort. Max was in charge of the first commercial production of
cortisone in the pilot plant. One of the final steps is the isomerisation of a double bond
into conjugation with the 3-ketone function with the formation of a 2,4-
dinitrophenylhydrazone, causing the development of a brilliant, scarlet color. Tishler
was inspecting the first production run. To his horror, he spotted a bright-red liquid
leaking near the vessel. "I hope that's blood!", he exclaimed. Actually, Max was vety

concerned for individuals, beneath a rather formidable exterior.

A story of my contacts with Max Tishler after my Merck days is worth recounting.
My MIT group was busily preparing 100-gram quantities of penicillamine for use in our
penicillin synthesis program. A Professor of Chemical Medicine at Harvard, Dr.
Charles Davidson, and a British medical colleague requested a sample of
penicillamine for their experimental program relating to sequestering copper ion.
About one year later, my MIT telephone started jumping off the hook, frantic telegrams
arrived, and one anxious visitor was at my door. It seems than an article had
appeared in the British medical journal, Lancet, reporting that penicillamine was very
helptul in the symptomatic treatment of Wilson's Syndrome, a disorder characterized
by the accumulation of cupric ion in the brain. In a footnote, "Prof. John C. Sheehan ot
MIT" was credited with furnishing the penicillamine. The visitor at my office was
ofering to pay almost any price since his son suffered from the disease. |told him that
not only could | not sell the compound, but | could not even give any away, even to his
physician, since it was not approved by the FDA.

| telephoned Max Tishier, outlined the situation, and he said he would call back
that afternoon. Max contacted the Merck Medical Department, who stated that
Wilson's Syndrome was a rare condition affecting only about 50 to 100 patients a year,
and was terminal. However, Max was able to launch a crash program to prepare
penicillamine at Merck and get quick FDA approval under the "orphan disease”
category, in spite of the unpromising commercial outlook.

He is survived by his wife, Elizabeth (Betty) Tishler (married in 1934) and two

sons -- Peter Vermeer Tishler and Carl Lewis Tishler.

June 4, 1990 John C. Sheehan
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