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1. Procedure

Caution: Lithium aluminum hydride is sensitive to mechanical shock and very
reactive towards moisture and other protic substances, its dust is very irritating to skin
and mucous membranes. It should not be allowed to come into contact with metallic
species or apparatus, including metal spatulas, because of the potential danger of
metal ion-promoted detonation.

A. Diethy! (-)-2,3-O-benzylidene-L-tartrate. A 1-L, round-bottomed flask
equipped with a Dean-Stark trap is charged with 103 g (500 mmol) of diethy! L-tartrate
{Note 1), 53.1 g (500 mmol) of benzaldehyde (Note 2), 600 mL of cyclohexane and
2.80 g (14.7 mmol) of p-toluenesulfonic acid monohydrate (Note 3). The stirred mixture
is heated with azeotropic removal of water (Note 4). The solution is allowed to cool to
room temperature and then is concentrated by rotary evaporation (30 mm, 30°C). The
residual yellow oil is dissolved in 400 mL of diethyl ether (Note 5), transferred to a 1-L
separatory funnel, and washed with saturated aqueous potassium bicarbonate (200
mL) , and with water (2 x 200 mL). The ethereal layer is dried over magnesium sulfate
and filtered. The solution is concentrated by rotary evaporation (30 mm, 30°C),
followed by removal of solvent at 0.02 mm at room temperature. The solid crude
product is collected by suction filtration through a glass-sintered funnel to give diethyl
{-)-2,3-O-benzylidene-L-tartrate as yellow crystals. Trituration of the crude solid
product with 150 mL of hexanes and collection of the purified product by suction
filtration through a glass-sintered funnel gives 105 g (71%) of purified product, mp
47°C (Note 6).

B. (+)-2-O-Benzyl-L-threitol2@ A 2-L, three-necked, round-bottomed flask is
oven-dried (140°C) and flushed with nitrogen. The flask is equipped with an efficient
mechanical stirrer, a 250-mL pressure-equalizing addition funnel, and a reflux

condenser equipped with a mineral oil bubbler that is connected to a nitrogen source.

A slight pressure of gas is maintained in the apparatus throughout the course of the
reaction. The flask is charged with 16.5 g (434 mmol) of lithium aluminum hydride
(Note 7), and cooled to -30°C using an isopropyl alcohol-dry ice bath. Then 167 mL of
dry diethy! ether (Note 8) is added with vigorous stirring and a solution of 57.8 g (434
mmol) of aluminum chloride in 134 mL of dry diethyl ether (Notes 8, 9) is added
dropwise during 40 min. Dry dichloromethane (134 mL) (Note 10) is placed in the
addition funnel and added rapidly, while the temperature is allowed to rise to 0°C. A
solution of 64.7 g (220 mmel) of diethyl (-)-2,3-O-benzylidene-L-tartrate in dry
dichioromethane (134 mL) is added dropwise during 30 min (Note 11). The mixture is
stirred for 1 hr at room temperature and heated to reflux for an additional 2 hr. The
mixture is cooled to -20°C as above, and 14 mL of de-ionized water, followed by a
solution of 31.5 g (561 mmol) of potassium hydroxide in 46 mL of de-ionized water, is
added cautiously. The cooling bath is removed and the mixture is stirred at room
temperature until the grey color (probably due to unreacted lithium aluminum hydride)
has completely disappeared (Note 12). Efficient stirring is required throughout to
ensure good yields. The mixture is filtered through a glass-sintered funnel containing
a 2-cm pad of Celite, and the inorganic precipitate is extracted with 0.5 L of
dichloromethane in a Soxhlet apparatus for 3 days. The combined extracts and filtrate
are evaporated under reduced pressure (30 mm, 30°C). After drying over phosphorus
pentoxide (P4Q10) in an evacuated (1 mm) desiccator, 42.4 g (91%) of colorless
crystals, mp 71-73°C, are obtained and used as such for step C. Recrystallization from
dichloromethane (Note 10) gives 37.4 g (80%) of (+)-2-O-benzy!-L-threitol, mp 75-
76°C (Note 13).

C. (-)-2-O-Benzyl-L-glyceraldehyde.2P A solution of 8.22 g (43.4 mmol) of (+)-
2-O-benzyl-L-threitol (Note 14) in 100 mL of water is stirred vigorously, while 9.28 g
(43.4 mmol) of sodium periodate (Note 15) is added in ca. 1-g portions over 40 min.

The mixture is stirred for 2 hr at room temperature, then the pH is adjusted to 7.0 by



addition of solid potassium carbonate (Note 16). The mixture is transferred to a 500-
mL separatory funnel and extracted with dichloromethane (3 x 150 miL). The
combined organic layers are dried over magnesium sulfate for 15 min and
concentrated on a rotary evaporator (30 mm, 30°C). The remaining pale-yellow crude
oil is transferred to a 25-mL round-bottomed flask and purified by short-path distillation
in a preheated oil bath (0.025 mm, 160°C) (Note 17), to yield 6.32 g (80%) of (-)-2-O-
benzyl-L-glyceraldehyde, a colorless oil that on standing turns more and more
viscous, and after several weeks at room temperature forms a waxy solid (Note 18).

D. Ethyl (-)-[R-(E)]-4-O-benzyl-4,5-dihydroxy-2-pentenoate. To a 500-mL,
round-bottomed, two-necked flask, fitted with a nitrogen inlet (Note 19) and a stopper,
is added 3.32 g of a suspension of sodium hydride in paraffin, containing 65% sodium
hydride. The suspension is washed three times with 40 mL and once with 20 mL of
hexanes (Note 20) to remove the paraffin. The residue is freed from remaining
hexanes under vacuum (0.01 mm) to give ca. 2.16 g (ca. 30 mmol) of sodium hydride.
The flask is fitted with a magnetic stirring bar and the stopper is exchanged for a
septum. Then 100 mL of tetrahydrofuran (Note 21) is added and the suspension is
cooled to 0°C. Triethyl phosphonoacetate (22.87 g, 102 mmol) (Note 22) is added to
the stirred sodium hydride/tetrahydrofuran suspension by means of a 50-mL syringe
over a period of 20 min. The mixiure is cooled to -78°C (acetone/dry ice) and a
solution of 10.81 g (60 mmol) of (-)-2-O-benzyl-L-glyceraldehyde in 80 mL of
tetrahydrofuran (Note 21) is added by means of a syringe over 20 min. (The checkers
transferred this solution via a cannula.) The mixture is stirred for an additional 15 min
at -78°C. The temperature is allowed to rise to 0°C within 30 min, and finally is kept at
room temperature for additional 45 min. The reaction is quenched with 150 mL of
saturated ammonium chloride solution and extracted three times with ether (500, 200,
200 mL). The combined organic layers are washed with a mixture of saturated sodium

bicarbonate/brine (1:1, 160 mL). The aqueous layer is washed with ether (3 x 100

mL). The combined organic layers are dried over magnesium sulfate, filtered, and
evaporated to dryness to give a pale yellow oil. The crude product is purified by
column chromatography over silica gel (Note 23) with petroleum ether/ethyl acetate
1/1 as eluent (Note 24), to yield 11.7 g (78%) of analytically pure ethyl (-)-[R-(E)]-4-O-
benzyl-4,5-dihydroxy-2-pentenoate (Note 25).

2. Notes

1. Diethyl L-tartrate (99%) was obtained from Janssen Chimica, Briggen,
Germany or Aldrich Cﬁemical Company, Inc.

2. Benzaldehyde (99+%) from Aldrich Chemical Company, Inc., was used as
received.

3. p-Toluenesulfonic acid monohydrate (99%) was obtained from Fluka
Feinchemikalien GmbH, Neu-Uim, Germany or from Aldrich Chemical Company, Inc.

4. The mixture becomes homogeneous at reflux temperature. The reaction
usually takes about 16 hr at an 0.5 mole-scale as indicated by the amount of water
separated.

5. Diethyl ether (technical grade) was distilled over potassium hydroxide.

6. The spectral properties of diethyl (-)-2,3-O-benzylidene-L-tartrate are as
follows: 'H NMR (250 MHz, CDCl3) 8: 1.32, 1.35 (2, 6 H, J = 7.1, 2 CH2CHs), 4.23,
428 (2q,4H,J =7.1,2CHsCHg), 4.83,4.95(2d,2H,J=4.0,2CHO),6.16 (s. 1 H,
CHPh), 7.40,7.58 (2 m, 5 H, CeHs),2 [a]éo -30.7° (CHCl3, ¢ 2.20),4 mp 45°C .34

7. Lithium aluminum hydride was obtained in 25-g samples (98%) from Merck-
Schuchardt, Hohenbrunn, Germany or Aldrich Chemical Company, inc.

8. Diethyl ether was dried first by distillation over potassium hydroxide, then by

distillation from lithium aluminum hydride.



9. In order to dissolve aluminum chloride in dry diethyl ether, a flask is charged
with the aluminum chloride and the diethyl ether is added in 10-mL portions with
vigorous mechanical stirring to give a dark solution. The flask must be cooled in an ice
bath.

10. Dichloromethane (technical grade) was distilled over phosphorus pentoxide.

11, If lithium aluminum hydride and aluminum chloride are not of high purity, an
excess of 10% of each should be used. Otherwise a mixture with products of
incomplete reduction is obtained.

12. The reaction mixture is heated to reflux with 200 mL of tetrahydrofuran; the
precipitate then obtained is very easy to filter off.

13. The spectral properties of (+)-2-O-benzyl-L-threitol are as follows: 'H NMR
(250 MHz, CDCl3) 8: 2.58, 2.76, 2.98 (bs, 3 H, 3 OH), 3.44-3.88 (m, 6 H, 2 CH20H, H-
2, H-3), 456, 4.69 (AB, 2 H, J = 11.6, CHoCeHs), 7.16-7.34 (m, 5 H, CeHs), [a]3”
+17.5° (EtOH, ¢ 1.14).4

14. in several experiments it was found that the yield of (-)-2-O-benzyl-L-
glyceraldehyde is somewhat lower when the reaction is performed on a larger scale.

15. Sodium periodate (98%) was obtained from Fluka Feinchemikalien GmbH,
Neu-Ulm, Germany or from Fisher Scientific Company.

16. The pH was controlied with Merck Universal-Indikatorpapier or pHydrion
Vivid 1-11 Jumbo pH paper, Micro Essential Laboratory, Brooklyn, NY, USA.

17. A silicone-oil bath is preheated to 160°C (the checkers used a sand bath).
The flask of the evacuated apparatus filled with the crude product is immersed totally
in the bath untit no more distillate is collected. For optimum results, the distillation
should be performed within 10 to 15 min. Slower distillation leads to lower yields

because of thermal decomposition.

18. It is not possible to give exact spectral properties of (-)-2-O-benzyl-.-
glyceraldehyde because of rapid di- and/or oligomerization. In order to check the
optical purity of the product, it is convenient to compare the equilibrium value of
specific rotation, as obtained after 6 days in ethanol solution at room temperature;
[(7.]%2 -33.2° (EtOH, ¢ 0.083). In succeeding reactions (see Discussion and Step D), it
was determined from NMR shift experiments that these products [e.g., (i) the Z-
selective Wittig enoate product (with ethoxycarbonylmethylene-triphenylphosphorane)
and the pentene-5-olide therefrom (after acid-catalyzed lactonization,3.5] and (i) the E-
enoate (Horner product)3.5 contained enantiomers in ratios of >96:4.

19. Nitrogen was dried by means of a Sicapent® (E. Merck) drying tube. The
checkers used argon.

_ 20. The checkers used hexanes (teghnical grade) distilled over 3 A motecular
sieves. The submitters used pentane distilled from sodium.

21. Tetrahydrofuran was purified by distillation under nitrogen from a purple
solution of sodium and benzophenone.

22. Triethyl phosphonoacstate was purified by distillation (bp 143°C, 9 mm).
The checkers obtained this compound (99%) from Aldrich Chemical Company, Inc.,
and used it as received.

23. The submitters used 28 g of Kieselgel 60, E. MERCK, 0.040-0.063 mm (250-
400 mesh); column: 28 cm x 2.5 cm. The checkers used 100 g of silica gel, 0.032-
0.063 mm, Selecto Scientific, Norcross, GA, USA, catalog # 162824, column: 40 cm x
5.5cm.

24. Ethyl acetate and petroleum ether (technical grade; boiling range 40-80°C)
were purified by distillation. The checkers used ethyl acetate/hexanes 10/90 followed
by ethyl acetate/hexanes 35/65 as eluent; ethyl acetate (HPLC grade) was obtained
from Mallinckrodt Specialty Chemicals Company, Paris, KY, USA and hexanes

(technical grade) were distilled over 3 A molecular sieves.
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25. The analytical data (after chromatography) were as follows: Calcd. for
C14H1804 (250.29): C, 67.18; H, 7.25. Found: C, 67.00; H. 7.20. The E/Z ratio was
found to be >97:3 (determined by HPLC). Rtg = 3.72 min; Rtz = 4.28 min, eluent
petroieum ether/ethyi acetate 6/4 (LiChrosorb Si 60 column, E. Merck]. TLC: Ri=0.34
{petroleum ether/ethyl acetate 1/1). GLC analysis: Column PS086/.32 mm x 20 m
glass capillary, 95:5 methyl/phenylsilicone. Program: Ty, 40°C/(1 min), rate 10°C/min,
Tg, 300°C, 0.5 bar hydrogen pressure; Rtz =16.47 min; Rtg = 17.25 min. E/Z ratio was
found to be >97:3 (determined by GLC). [a]%Q -75.8° (CHCI3, ¢ 1.192, E/Z >97:3), bp
125-130°C (0.001 mm). 13C NMR (63 MHz, CDCl3) §: 14.2 (OCHaCH3), 60.7
(OCH2CH3), 64.6 (C-5), 71.5 (CH2Ph), 79.0 (C-4), 123.9 (C-2), 127.9, 128.0, 128.3,
128.6, 137.6 (CgHs), 144.3 (C-3), 165.9 (C-1); 'H NMR (250 MHz, CDClg), 8: 1.30 (t, 3
H,J=7.1,CHg),2.32 (dd, 1 H, J=5.2,7.9, OH), 3.65 (m, 2 H, CH,OH), 4.14 (m, 1 H, 4-
H),4.22 (9,2 H, J = 7.1, OCH2CHa), 4.41, 4.45 (AB, 2 H, J = 11.6, CH2Ph), 6.11 (dd, 1
H,J=1.3, 158, 2-H), 6.85(dd, 1 H,J = 6.1, 15.8, 3-H), 7.34 (m, 5 H, CgHs).

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the
Laboratory”; National Academic Press; Washington, DC, 1996 and "Neue Datenbléatter
fur gefahrliche Arbeitsstoffe nach der Gefahrstoffverordnung”, Welzbacher, U. (Ed.);
WEKA Fachverlage, Kissing, 1991.

3. Discussion
Optically active Cg-building blocks of type 1 are key starting compounds in

organic synthesis.® The most important member of this class is 2,3-O-isopropylidene-
glyceraldehyde 2.6.7

0o O 0 OH O

o’ﬁ/u\ H H)LH
0? Af-o OBn
2 3
Both enantiomers of 2 are readily available from D-mannitol and from L-
gulonolactone, respectively, and have been used in many reactions in a
straightforward manner, because of the free aldehyde and the protected hydroxy
functions. Unfortunately, 2 tends tc trimerize and partial racemization has often been
encountered on proionged storage, thus preventing shipping/commercialization.8 A
recent paper on large-scale preparation of glyceraldehyde acetonide 2, however,
indicates suitabie stability even at room temperature when certain precautions are
met.®
Glyceraldehyde derivatives with one protected and one free hydroxy function
could, in principle offer new options because 20/30 are more strongly differentiated,
and further, since the free hydroxy group does or may cause different regio- and
stereoselectivity in the next or subsequent steps. 2-O-Benzylglyceraldehyde, 3,
because of its di- or oligomeric form, is configurationally stable at room temperature.5
The D-form has previously been prepared from D-mannitol in four steps, with an
overall yield ot 5%,192 or in 9 steps with 4%,10b and from D-glucose in six steps with
an overall yield of 50%.10¢
As described here, both enantiomers of 3 can be prepared in three steps from
commercially available diethyl D- and L-tartrate in up to 70% over-all yield.2,3.5
Procedures to obtain the benzylidene acetal,11.12 with the ensuing reduction
step,11.12 are based on previous literature reports. Both enantiomers of 3 have been
used in highly stereoselective nitroaldol additions.3.13 Imines, nitrones, oximes, and
nitrile oxides derived therefrom were recently employed in a variety of

additions/cycloadditions.14.15 (-)-2-O-Benzyl-L-glycerdldehyde has further been used



for the preparation of protected (2S,4R)-4-hydroxyornithine, via a Horner-Emmons
reaction to the corresponding a,B-didehydroamino acid derivatives and subsequent
diastereoselective hydrogenation.'® Transformation of aldehyde 3 in Z-selective
Wittig or E-selective Horner reaction3.5.17 (see Step D'8), formation of the dimethyi
acetal419 or of the corresponding nitro compound by oxidation of the oxime,4.19

represent further recent uses of 3.

1. Institut fir Organische Chemie und isotopenforschung der Universitdt Stuttgart,
Pfaffenwaldring 55, D-70569 Stuttgart. Work carried out before 1993 was done
at Universitat Wirzburg.

2. (a) (+)-2-O-Benzyl-L-threitol is available from Fluka Feinchemikalien GmbH at
ca. DM 60/g; (b) 2-O-Benzylglyceraldehyde is available from Merck-Schuchardt,
D- and L- at a price of ca. DM 140/g.

Wehner, V. Dissertation, Universitat Wirzburg, 1990.
Poggendorf, P. Dissertation, Universitat Stuttgart, 1995.

5. Jager, V.; Wehner, V. Angew. Chem. 1989, 101, 512; Angew. Chem. Int. Ed.
Engl. 1989, 28, 469.

6. (a) McGarvey, G. J.; Kimura, M.; Oh, T.; Williams, J. M. J. Carbohydr. Chem.
1984, 3, 125; (b) Inch, T. D. Tetrahedron 1984, 40, 3161; (c) Jurczak, J.; Pikul,
S.; Bauer, T. Tetrahedron 1986, 42, 447; (d) Mulzer, J. Nachr. Chem., Techn.
Lab. 1984, 32, 146; (e) Altenbach, H. J. Nachr. Chem., Techn. Lab. 1988, 36,
33; (f) Takano, S. Pure Appl. Chem. 1987, 59, 353.

7. (a) Dumont, R.; Pfander, H. Helv. Chim. Acta 1983, 66, 814; (b) Hubschwerlen,
C. Synthesis 1986, 962; (c) Hafele, B.; Jager, V. Liebigs Ann. Chem. 1987, 85.

8. Personal communication, Merck-Schuchardt, Hohenbrunn, Germany.

9. (a) Schmid, C. R.; Bryant, J. D.; Dowlatzedah, M.; Phillips, J. L.; Prather, D. E.;
Schantz, R. D.; Sear, N. L.; Vianco, C. S. J. Org. Chem. 1991, 56, 4056; (b)
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(a) Ballou, C. E.; Fischer, H. O. L. J. Am. Chem. Soc. 1958, 77, 3329; (b) Suami,
T.: Tadano, K.; Suga, A., Ueno, Y. J. Carbohydr. Chem. 1984, 3, 429; (c)
Charon, D.; Szabd L. J. Chem. Soc., Perkin Trans. 1, 1980, 1971,

Seebach, D.; Hungerblhler, E. Mod. Synth. Methods, Conf. Pap. Int. Semin.,
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Takano, S.; Akiyama, M.; Sato, S., Ogasawara, K. Chem. Lett. 1983, 1593.
Wehner, V.; Jager, V. Angew. Chem. 1990, 102, 1180; Angew. Chem. Int. Ed.
Engl. 1990, 29, 1169.

(a) Muller, R. Dissertation, Universitat Wirzburg, 1991; (b) Muller, R.; Leibold, T.;
Patzel, M.; Jager, V. Angew. Chem. 1994, 106, 1305; Angew. Chem. Int. Ed.
Engl. 1994, 33, 1295; (c) Jager, V.; Muller, R.; Leibold, T.; Hein, M.; Schwarz,
M.: Fengler, M.; Jaroskova, L.; Patzel, M.; LeRoy, P.-Y. Bull. Soc. Chim. Belg.
1994, 103, 491.

(a) Franz, T. Dissertation, Universitat Wirzburg, 1993; (b) Franz, T.; Hein, M;
Veith, U.; Jager, V.; Peters, E.-M.; Peters, K.; von Schnering, H. G. Angew.
Chem. 1994, 106, 1308; Angew. Chem. int Ed. Engl. 1994, 33, 1298; (c) Veith,
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Chem. Soc., Chem. Commun. 1996, 329; (e) Meunier, N.; Veith, U.; Jager, V. J.
Chem. Soc., Chem. Commun. 1996, 331.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

(-)-2-0-Benzyl-L-glyceraldehyde: Propanal, 3-hydroxy-2-(phenylmethoxy)-,

(R)- (10); (76227-09-3)

Diethyl (-)-2,3-O-benzylidene-L-tartrate: 1,3-Dioxolane-4,5-dicarboxylic acid,
2-phenyi-, diethyl ester, [4R-(2c,4a,5pB)]- (9); (35572-31-7)

Diethyl L-tartrate: Tartaric acid, diethyl ester, L-(+)- (8); Butanedioic acid,
2,3-dihydroxy-, [R-(R*,R*)}-, diethyl ester (9); (87-91-2)

Benzaldehyde (8,9); (100-52-7)

p-Toluenesulfonic acid monohydrate (8); Benzenesulfonic acid, 4-methyl-,
monchydrate (9); (6192-52-5)

(+)-2-(0)-Benzyl-L-threitol: 1,2,4-Butanetriol, 3-(phenylmethoxy)-, [S-(R*,S*)]-

(12); (124909-02-0)

Sodium metaperiodate: Periodic acid, sodium salt (8,9); (7790-28-5)

Ethy! (-)-[R-(E)}-4-O-benzyl-4,5-dihydroxy-2-pentenoate: 2-Pentenocic acid, 5-hydroxy-
4-(phenylmethoxy)-, ethyl ester, [R-(E)]- (12); (119770-84-2), [R-(2)]- (12);
(119770-88-6)

Sodium hydride (8,9); (7646-69-7)

Triethyl phosphonoacetate: Acetic acid, phosphono-, triethyl ester (8); Acetic acid,

(diethoxyphosphinyl)-, ethyl ester (9); (867-13-0)
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ACETYLENIC ETHERS FROM ALCOHOLS AND THEIR REDUCTION TO Z-
AND E-ENOL ETHERS: PREPARATION OF 1-MENTHOXY-1-BUTYNE
FROM MENTHOL AND CONVERSION TO (2)-

AND (E)-1-MENTHOXY-1-BUTENE
([Cyclohexane, 2-(1-butynyloxy)-4-methyl-1-(1-methylethyl)- [1S-
(1a,2B,4B)1-1, and [[[Cyclohexane, 2-(1-butenyloxy)-4-methyl-1-(1-
methylethyl)-, [1S-[1x,23(Z),4p)]- and [1S-[1c,2P(E),4B]]-)

H H
1. KH, THF Pd)llsglﬁg).; >=<
2. CI,C=CHCI, THF 0 CaHs
- OH 3. n-C4Hgli C2CC,Hs e
A /\

4. CoHsl, HMPA
LiAlH4
N

( one-pot)

Submitted by Nina Kann, Vania Bernardes, and Andrew E. Greene.'

Checked by Rodolphe Tamion and Leon Ghosez.
1. Procedure

Caution! These transformations should be carried out in an efficient hood and

only by persons familiar with the handling of air-sensitive and toxic materials.



A. 1-Menthoxy-1-butyne. A dry, 500-mL, one-necked, round-bottomed flask
(Note 1), equipped with a Teflon-covered magnstic stirring bar, is flushed with argon
and charged with 13.2 g (115 mmol) of a 35% suspension of potassium hydride in
mineral oil (Note 2). The mineral oil is removed by washing with pentane (3 x 30 mL)
and the potassium hydride is suspended in 100 mL of anhydrous tetrahydrofuran
(Note 3). The flask is capped with a rubber septum and is connected to a Nujol-filled
bubbler by means of a syringe needle. A solution of 12.0 g (76.8 mmol) of {-}-menthol
(Note 2) in 120 mbL of anhydrous tetrahydrofuran is then added dropwise by syringe
over 20 min. The mixture is stirred until hydrogen evolution is complete (ca. 20 min)
and cooled to -50°C by means of an acetone-liquid nitrogen bath. A solution of
trichloroethylene (7.58 mL, 84.4 mmol) (Note 3) in 75 mL of anhydrous tetrahydrofuran
is added dropwise by syringe over 15 min, after which the reaction mixture is allowed
to warm to room temperature and is stirred for 1 hr. The resulting brown solution is
then cooled to -70°C and treated dropwise with 67.6 mL (169 mmol) of 2.5 M
butyilithium in hexanes (Note 2). After the reaction mixture is stirred for 30 min at
-70°C, it is warmed to -40°C over 30 min (Note 4) and treated dropwise with a solution
of ethyl iodide (18.5 mL, 230 mmol) (Note 5) in 25 mL of hexamethylphosphoramide
(Notes 3, 6). The solution is stirred at room temperature for 3 hr, whereupon it is
quenched by slow addition of 15 mL of methanol and poured into 300 mL of cold
aqueous saturated ammonium chloride. The phases are separated and the agqueous
phase is extracted with pentane (3 x 200 mL). The combined organic phases are
washed with water (4 x 150 mL), dried over sodium sulfate, and filtered. Concentration
by rotary evaporation affords 17.1 g of dark brown oil, which is purified by bulb-to-bulb
distillation (0.02 mm, oven temperature 70-90°C) to yield 14.9 g (93%) of 1-menthoxy-
1-butyne as a colorless oil (Note 7).

B. (Z)-1-Menthoxy-1-butene. A dry, 250-mL, one-necked, round-bottomed flask

(Note 1), equipped with a Teflon-covered magnetic stirring bar, is charged with 14.0 g
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(67.2 mmol) of 1-menthoxy-1-butyne, 0.7 g of 10% palladium on barium sulfate and
180 mL of pyridine (Note 8). The flask is capped with a rubber septum and by means
of syringe needles is degassed and connected to a hydrogen-filled balloon. The
mixture is stirred for 6 hr (Note 9), whereupon the hydrogen is replaced with argon,
and the reaction mixture is filtered through a glass frit under water aspirator pressure.
The filtrate is diluted with 300 mL of pentane and washed first with saturated copper
sulfate solution (5 x 120 mL) and then with water (1 x 200 mL). The organic phase is
dried over sodium suifate and the solvent is removed by rotary evaporation to give
15.8 g of a yellow oil. Buib-to-bulb distillation (0.02.mm, oven temperature 70-90°C)
provides 12.7 g (90%) of (Z)-1-menthoxy-1-butene as a colorless oil (Note 10).

C. (E)-1-Menthoxy-1-butene. A dry, 500-mL, one-necked, round-bottomed
flask (Note 1), equipped with a Teflon-covered magnetic stirring bar, is flushed with
argon and charged with 7.65 g (202 mmol) of lithium aluminum hydride (Note 11) and
325 mL of anhydrous tetrahydrofuran (Note 3) and then capped with a rubber septum
and connected by means of a syringe needle to an argon-fitled balloon. To the stirred
slurry is added dropwise by syringe neat 1-menthoxy-1-butyne (14.0 g, 67.2 mmol),
followed by 2 mL of tetrahydrofuran wash. The septum is replaced with a reflux
condenser connected to an argon-filled balloon and the mixture is refluxed for 4 hr.
After the flask is allowed to cool to room temperature, it is placed in an ice bath and the
reaction mixture is quenched by the slow addition (Caution! Note 12) of 12.6 mL of
aqueous 10 % sodium hydroxide, followed by 15.5 mL of water. The resulting mixture
is stirred for 30 min, after which anhydrous sodium sulfate (ca. 60 g) is added and the
solid material is removed by filtration through a 1-cm pad of Celite, which is then
rinsed with diethy! ether (4 x 100 mL) . Concentration of the combined filtrates yields
14.7 g of a pale yellow oil, which is purified by filtration through a 4-cm (80-g) pad of

silica ge! pretreated with triethylamine (2.5% v/v, Note 13) using hexane as the eluant.
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Concentration gives 13.3 g (94%) of (E)-1-menthoxy-1-butene as a colorless oil (Note

14).
2. Notes

1. All glassware was flame-dried and allowed to cool in a desiccator before
use.

2. Potassium hydride (35% in mineral oil) and (-)-menthol (99%) were
purchased from the Aldrich Chemical Company, Inc., and butyllithium (2.5 M in
hexanes) was obtained from Janssen Chimica.

3. Pentane and trichloroethylene were distilled from calcium chloride,
tetrahydrofuran f{rom the sodium ketyl of benzophenone, and
hexamethylphosphoramide from calcium hydride under reduced pressure.

4. Quenching the reaction at this stage with methanol, followed by the work-up
described below and bulb-to-bulb distillation (0.02 mm, oven temperature 60-80°C),
gave 12.5 g (90%) of menthoxyacetylene as a colorless oil: [oz]é5 -74° (cyclohexane, ¢
0.76); IR (film) cm"1: 3340, 2960, 2940, 2870, 2150, 1450, 1370, 1100, 940, 890, 840;
TH NMR (200 MHz, CDCl3) §: 0.68-1.54 (m, 5 H; CH and CH3),0.81 (d, 3 H, J =6.9,
CHg), 0.90 (d, 3H, J = 7.0, CHg), 0.94 (d, 3 H, J = 6.4, CH3), 1.49 (s, 1 H, C=CH), 1.57-
1.74 (m, 2 H), 2.00-2.33 (m, 2 H), 3.83 (app td, 1 H, J = 10.9, 4.5, CH-O-); 13C NMR
(50.3 MHz, CDClI3) 8: 16.3 (CH3), 20.5 (CHa), 22.0 (CH3), 23.3 (CH»), 25.9 (CH), 27.1
(C), 31.6 (CH), 33.9 (CHy), 39.4 (CHyp), 46.7 (CH), 88.2 (CH), 89.7 (CH); mass
spectrum (chemical ionization), m/e 181 (M+ + 1, 5%), 156 (100%), 139 (58%),
analytical TLC (pentane): Rf 0.54 (single spot). Proton NMR confirmed the complete
absence (<1%) of menthol. Anal. Calcd for Cy12H200: C, 79.94; H, 11.18. Found:
79.72; H, 10.98.
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5. Ethyl iodide (99%) was purchased from Prolabo (Paris, France) and was
washed with saturated agueous sodium thiosulfate solution, dried over anhydrous
sodium sulfate and then sodium metal, and distilled prior to use.

6. Dimethyipropyleneurea (75 mL) can be used in place of
hexamethylphosphoramide; however, a small amount (5-10%) of menthoxyacetylene
contaminates the final product.

7. Data for 1-menthoxy-1-butyne are as follows: [a]ZDS -78° (cyclohexane, ¢
0.69); IR (film) cm-1: 2950, 2925, 2870, 2280, 1460, 1390, 1370, 1250, 1230, 1210,
980, 950, 910, 840 ; 'H NMR (200 MHz, CDCl3) 8: 0.75-1.20 (m, 3 H, CH and CHy),
0.80(d, 3H, J=6.9, CHz), 0.89(d, 3H, J = 7.1, CHg), 0.93 (d, 3 H, J = 6.4, CHg}, 1.08
{t, 3H, J = 7.5, CHaCHg), 1.27-1.51 (m, 2 H), 1.64 (brd, 2 H), 2.11 (g, 2 H, J = 7.5,
CH2CHg), 2.12-2.25 (m, 2 H), 3.69 (app td, 1 H, J = 10.9, 4.5, CHO); 13C NMR (50.3
MHz, CDCI3) 8: 11.0 (CHp), 15.1 (CHg), 16.2 (CH3), 20.5 (CH3), 21.9 (CH3), 23.2
(CHy), 25.7 (CH), 31.5 (CH), 34.0 (CHy), 39.6 (2C: C and CH>), 46.8 (CH), 86.9, (CH),
87.4 (C); mass spectrum (chemical ionization), m/e 208 (M* + 1, 4%), 156 (100%),
139 (26%); analytical TLC (pentane): Rt 0.54 (single spot). Proton NMR indicated a
complete absence (<1%) of both menthol and menthoxyacetylene. Anal. Calcd for
C14H240: C, 80.71; H, 11.61. Found: C, 80.70; H, 11.55.

8. 10% Palladium on barium sulfate was purchased from Fluka Chemie AG
and pyridine (99.5%) was obtained from Chimie-Plus Laboratories (St.-Priest, France)
and dried over calcium hydride before use.

9. The reaction was followed by IR analysis of worked-up aliquots
(disappearance of band at 2280 cm-1).

10. Data for (Z)-1-menthoxy-1-butene are as follows: [“]I%S -18° {cyclohexane, ¢
0.11); IR (film) cm-1: 3030, 2970, 2920, 2870, 1660, 1460, 1380, 1350, 1250, 1140,
1110, 1090, 1070, 1050; *H NMR (200 MHz, CDCl3) &: 0.72-1.08 (m, 3 H, CH and
CHy), 0.80 (d, 3 H, J = 7.0, CHg), 0.92 (d, 3H, J = 7.1, CHg), 0.93 (d, 3 H, J = 6.5, CH3),
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0.97 (t, 3 H, J = 7.5, CHaCHa), 1.22-1.46 (m, 2 H), 1.56-1.70 (m, 2 H), 1.85-2.21 (m, 4
H), 3.35 (app td, 1 H, J = 10.7, 4.3, CHOCH=CH), 4.32 (appq, 1 H. J= 7.1, OCH=CH),
5.97 (d, 1 H, J = 6.2, -OCH=CH); 13C NMR (50.3 MHz, CDCl3) &: 14.6 (CH3), 16.5
(CH3), 17.5 (CHg), 20.7 (CH3), 22.2 (CHg), 23.6 (CHg), 25.8 (CH), 31.5 (CH), 34.5
(CHa), 41.6 (CH2), 47.9 (CH), 81.3 (CH), 108.2 (CH), 143.6 (CH); mass spectrum
(electron impact) m/e 210 (M+, 14%), 138 (32%), 83 (100%); analytical TLC (pentane):
Rf 0.59 (major spot). Proton NMR indicated a complete absence (<1%) of menthol,
menthoxybutyne, and menthoxybutane, but the presence of ca. 3% of the E -isomer.
Anal. Calcd for C14H260: C, 79.94; H, 12.46. Found: C, 79.84; H, 12.55.

11, Lithium aluminum hydride (95+%) was purchased from Janssen Chimica.
Lesser amounts led to incomplete reaction under the stated conditions.

12. Caution! Quenching should be performed very carefully as a rapid,
exothermic evolution of hydrogen occurs during the initial phase. Flushing with argon
throughout the quenching is recommended. Toward completion of the sodium
hydroxide addition, a thick slurry is produced, which makes stirring difficult. This
difficulty is alleviated, however, upon the addition of water.

13. Silica ge! (70-230 mesh) was treated with triethylamine (2.5% v/v) and then
shaken to achieve homogeneity.

14. Data for (E)-1-menthoxy-1-butene are as follows: [oz]%5 -37° {cyclohexane, ¢
0.80): IR (neat) cm-1: 2960, 2910, 2860, 1670, 1650, 1450, 1180, 1140, 920; TH NMR
(200 MHz, CDCl3) 8: 0.71-1.08 (m, 3 H, CH and CHy), 0.75 (d, 3 H, J = 7.0. CHs), 0.87
(d,3H,J=7.1,CHg),0.89 (d, 3H,J =65, CHg), 0.94 (t, 3H, J = 7.4, CHoCHa), 1.19-
1.46 (m, 2 H), 1.54-1.70 (m, 2 H), 1.90 (app quintd, 2 H, J = 7.3, 1.3), 1.96-2.21 (m, 2
H), 3.36 (app td, 1 H, J = 10.6, 4.3, CHOCH=CH), 4.88 (dt, 1 H, J = 12.3, 7.0,
OCH=CH), 6.06 (dt, 1 H,J = 12.3, 1.3, OCH=CH); 13C NMR (50.3 MHz, CDCl3) 8 15.2
(CHg), 16.3 (CH3), 20.8 (CHg), 21.0 (CHy), 22.2 (CH3), 23.4 (CHy), 25.7 (CH), 31.5
(CH), 34.4 (CHp), 41.1 (CHy), 47.8 (CH), 80.0 (CH), 107.5 (CH), 144.8 (CH); mass
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spectrum (electron impact), m/e 210 (M+, 4%), 83 (100%), 69 (40%); analytical TLC
(pentane): Rf 0.53 (single spot). Proton NMR confirmed the complete absence (<1%)
of menthol, menthoxybutyne, menthoxybutane, and the Z-isomer. Anal. Calcd for

C14H260: C, 79.94; H, 12.46. Found: C, 79.91; H, 12.41.
Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory”; National Academic Press; Washington, DC, 1996.
3. Discussion

The conversion of menthol to 1-menthoxy-1-butyne described in Part A
illustrates an efficient, one-pot preparation of acetylenic ethers from alcchols that is
relatively inexpensive and reduires only common reagents and standard laboratory
equipment. It is substantially higher-yielding and more direct and generally applicable
than other available approaches to these versatile2 compounds, which generally
involve base treatment of haloalkenyl ethers, dihaloalkyl ethers, haloacetals, or
related compounds.2 The conversion in this procedure is an optimized example of a
method that has previously been applied with success to a wide range of secondary
alcohols.3 Several primary alcohols have also been transformed to acetylenic ethers
through this method.4

Parts B and C exempilify efficient procedures for the stereoselective reduction of
acetylenic ethers to the corresponding Z- and E-enol ethers, synthetically useful
intermediates.5 These procedures, which are optimized versions of previously

described methods,3.6 also require only common reagents and standard laboratory



equipment. Alternatively, acetylenic ethers can be converted stereoselectively to E-
enol ethers under Birch conditions3 and to Z- (or E-) enol ethers with Red-Al.7

Other known methods for preparing O-alkyl enol ethers include, most notably,
alcohol elimination from acetals, double bond isomerization in allylic ethers, reduction
of alkoxy enol phosphates, and phosphorane-based condensation approaches.5
These mathods, howevar, suffer from poor stereoselectivity, low yields, or lack of

generality, if not a combination of these drawbacks.

1. LEDSS, Chimie Recherche, Université Joseph Fourier, BP 53X, 38041
Grenoble Cédex, France.

2. For reviews, see: Arens, J. F. In "Advances in Organic Chemistry”; Raphael, R.
A.; Taylor, E. C.; Wynberg, H., Eds; Interscience Publishers: New York, 1960;
Vol. I, pp 117-212; Brandsma, L.; Bos, H. J. T.; Arens, J. F. In "Chemistry of
Acetylenes"; Viehe, H. G., Ed.; Marcel Dekker: New York, 1969; Chapter 11;
Meerwein, H. In "Methoden der Organischen Chemie (Houben-Weyl)", 4th ed.;
Georg Thieme Verlag: Stuttgart, 1965; Vol. 6/3, Chapter 1, pp 116-118; Ben-
Efraim, D. A. In "The Chemistry of the Carbon-Carbon Triple Bond"; Patai, S.,
Ed.; Wiley-Interscience: New York, 1978; Vol. 2, Chapter 18; Radchenko, S. I.;
Petrov, A. A. Russ. Chem. Rev. (Engl. Transl.) 1989, 58, 948-966.

3. Moyano, A.; Charbonnier, F.; Greene, A. E. J. Org. Chem. 1987, 52, 2819-2922.

4. Nopol, 2-cyclohexylethanol, and decanol have been converted to the
corresponding acetylenic ethers in 64, 68, and 71% yield, respectively.
Although 1-adamantanol can be transformed to adamantyloxyacetylene in 92%
yield, other acetylenic ethers derived from tertiary alcohols have been found to
be unstable to purification (unpublished results). See: Pericas, M. A;

Serratosa, F.; Valenti, E. Tetrahedron 1987, 43, 2311-2316.
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Fischer, P. In "Chemistry of Ethers, Crown Ethers, Hydroxyl Groups and Their
Sulphur Analogues Supplement E"; Patai, S., Ed.; Wiley: New York, 1980; Vol.
2, Chapter 17.

6. Johnson, F.; Paul, K. G.; Favara, D. J. Org. Chem. 1982, 47, 4254-4255.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

1-Menthoxy-1-butyne: Cyclohexane, 2-(1-butynyloxy)-4-methy!-1-(1-methylethyl)-,
(1S-(1a,2B,4B8)]- (12); (108266-28-0)

{-)-Menthol: Menthol, (-)- (8); Cyclohexanol, 5-methyl-2-(1-methylethyl)-,
[1R-(1,2B,50)]- (9), (2216-51-5)

(Z)-1-Menthoxy-1-butene: Cyclohexane, 2-(1-butenyloxy)-4-methyl-1-(1-methylethyli)-,
[1S-[10.2B(2),4B])- (12); (107941-62-8)

(E)-1-Menthoxy-1-butene: Cyclohexane, 2-(1-butenyloxy)-4-methyl-1-(1-methylethyl)-,
[1S-[1c,2B(E).4B]]- (12); (107941-63-9)

Potassium hydride (8,9); (7693-26-7)

Trichloroethylene: Ethylene, trichloro- (8); Ethene, trichloro- (9); (79-01-6)
Butyllithium: Lithium, butyl- (8,9); (109-72-8)

Ethyl iodide: Ethane, iodo- (8,9); (75-03-6)
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(R)-(+)-2-(DIPHENYLHYDROXYMETHYL)PYRROLIDINE

Hexamethylphosphoramide: HIGHLY TOXIC. CANCER SUSPECT AGENT: Phosphoric
(2-Pyrrolidinemethanol, o,a-diphenyl-, (R)-)

triamide, hexamethyl- (8,9); (680-31-9)

Pyridine (8,9); (110-86-1) O O

Copper(ll) sulfate: Sulfuric acid copper(2+) salt (1:1) (9), (7758-98-7) A, Q * t-BuO)LO)kO-t-Bu G2 Q

Lithium aluminum hydride: Aluminate (1-), tetrahydro-, lithium (8); Aluminate (1-), H éoc

tetrahydro-, lithium, (T-4)- (9); (16853-83-3)

N,N'-Dimethyipropyleneurea: 1,3-Dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone: .

DMPU: 2(1H)-Pyrimidinone, tetrahydro-1,3-dimethyl- (8,9); (7226-23-5) B. O sec-Buli, (-})-sparteine (N_)'"Li )OL O Ph
N Etz0, -78°C Py PN Ph N~ "f~Ph
Boc t-BuO0” O Boc OH

{ ). pn L ). Pn
R NaOH / Et K
N PR aOH / EtOH N" FPh

Boc OH Reflux H OH

Submitted by Nikola A. Nikolic and Peter Beak.?
Checked by Michael R. Reeder and Robert K. Boeckman, Jr.

1. Procedure

A.  N-(tert-Butoxycarbonyl)pyrrolidine. A 500-mL round-bottomed flask,
equipped with magnetic stirring bar, is charged with dichloromethane (CH2Clz) (120
mL) and pyrrolidine (11.3 mL, 133 mmol) (Note 1). The flask is fitted with a 60-mt,
pressure-equalizing addition funnel vented through a mineral oil bubbler and charged
with a solution of di-tert-butyl dicarbonate (24.6 g, 112 mmol) in CH2Cl2 (35 mi.) . After

the pyrrolidine solution is cooled to 0°C in ice, the colorless dicarbonate solution is
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added dropwise over a period of 30 min, and the resulting solution is stirred at room
temperature for 3 hr (Note 2). The solvents are then removed under reduced pressure,
and two consecutive Kugelrohr distillations of the residual oil (oven temperature 80°C
at 0.2 mm) afford 16.6 g (87%) of N-Boc-pyrrolidine as a colorless oil (Note 3).

B. (R)-(+)-2-(Diphenyihydroxymethyi)-N-(tert-butoxycarbonyl)pyrrolidine. An
oven-dried, 2-L, three-necked flask, equipped with a magnetic stirring bar and a
thermocouple (Note 4), is charged with (-)-sparteiné (30.2 mL, 131 mmol) (Note 5), N-
Boc-pyrralidine (15.0 g, 87.6 mmol), and anhydrous ether (300 mL) (Note 6). The
solution is cooled to ~-70°C (dry ice/acetone bath) (Note 4). To this solution is added
sec-butyllithium (96 mL, 1.16 M in cyclohexane, 111 mmol) (Notes 7 and 8) dropwise
over a period of 35 min (Note 9). The reaction is then stirred at ~-70°C for 5.5 hr (Note
10).

After this interval, a solution of benzophenone (25.5 g, 140 mmol) (Note 11) in
anhydrous ether (200 mL) is added dropwise over a period of 1.25 hr (Note 9). The
dark green to greenish-yellow suspension is maintained at -70°C for 2.0 hr, and the
reaction is then quenched by dropwise addition of glacial acetic acid (8.5 mL, 150
mmol) over a period of 15 min. The resulting lemon-yellow suspension is allowed to
warm slowly to room temperature over a period of 12 hr, during which time the mixture
becomes cream colored.

After the solution is warmed to 25°C, 5% phosphoric acid (H3PO4) (150 mL) is
added to the reaction mixture, and the resulting biphasic mixture is stirred for 20 min.
The layers are partitioned and the organic phase is washed with additional 5% H3PO4
(3 x 150 mL). Combined aqueous phases are extracted with ether (3 x 200 mL). The
original organic phase and the ethereal extracts are combined, washed with brine
(200 mL), dried over magnesium sulfate (MgSQOy), filtered, and the solvents are
removed under reduced pressure to afford crude product as an off-white solid. The

crude (R)-(+)-2-(diphenylhydroxymethyl)-N-(tert-butoxycarbonyl)pyrrolidine is purified

24

by recrystallization from a mixture of hexanes-ethyl acetate (~675 mL, 20 : 1, v/v)
affording in two crops 20.9 - 22.0 g (73 - 74%) of analytically pure product as a white
solid (Note 12) having greater than 99.5% ee (Note 13).

Sparteine is recovered by making the aqueous phases basic with aqueous
20% sodium hydroxide (NaCH) (160 mL) {Note 14). The aqueous phase is extracted
with Et20 (4 x 150 mL), and the combined organic phases are dried over potassium
carbonate (K2COa3), filtered, and the solvents removed under reduced pressure to
afford 30.3 g (98%) of crude, recovered sparteine as a pale yellow oil (Note 15).
Fractional distillation of the residual oil from calcium hydride (CaHg) (Note 5) affords
27.0 g of sparteine (88%) suitable for reuse.

C. (R)-(+)-2-(Diphenylhydroxymethyljpyrrolidine. A 1-L, round-bottomed flask,
equipped with a magnetic stirring bar, is charged with 325 mL of absolute ethanot and
NaOH (27.0 g, 675 mmol). The NaOH is dissolved with vigorous stirring, and (R)-(+)-2-
(diphenylhydroxymethy!)-N-(tert-butoxycarbonyl)pyrrolidine (22.0 g, 62.3 mmol) is
added (Note 16). The flask is fitted with a reflux condenser, and the resulting milky
white suspension is heated to reflux for 2.5 hr. The suspension is cooled to room
temperature, and the solvents are removed under reduced pressure. To the residual
off-white solids are added ether (800 mL) and deionized water (400 mL). The
suspension is stirred until the solids are dissolved, and the resuiting biphasic mixture
is transferred to a 2-L separatory funnel. The layers are pariitioned, and the aqueous
phase is extracted with ether (4 x 200 mL). The organic phases are combined, dried
over KoCO3 (ca. 100 g), filtered, and the soivents are removed under reduced
pressure {Note 17) to afford 14.5 - 15.8 g (92 - 100%) of the pure title compound as a
white solid (Note 18).
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2. Notes

1. Dichloromethane was obtained from Mallinckrodt Inc., and was used without
turther purification. Pyrrolidine and di-tert-buty! dicarbonate were obtained from Aldrich
Chemical Company, Inc., and used as received.

2. Toward the end of the addition, gas evolution (CO2) occurs. Care should be
taken to provide adequate venting to avoid pressure buildup.

3. The product, N-Boc-pyrrolidine, has the following spectral characteristics:
TH NMR (CDClg, 300 MHz) 8: 1.43 (s, 9 H), 1.81 [s (br), 4 H], 3.27 (m, 4 H); 13C NMR
(CDCl3, 75 MHz) 3: 24.78, 25.54, 28.32, 45.38, 45.71, 78.57, 154.41; IR (film) cm-1:
2974, 2875, 1698, 1403, 1168, 877,772 ..

4. The internal temperature was monitored throughout the reaction with an
Omega D730 or equivalent thermocouple.

5. Sparteine is liberated from the commercially available sulfate sait (Aldrich
Chemical Company, Inc.) as follows: Sparteine sulfate pentahydrate (100 g, 240
mmol) is dissolved in deionized water (125 mL), and to this solution is slowly added
aqueous 20% NaOH (100 mL). The resulting milky-white, oily mixture is then
extracted with ether (4 x 150 mL). The combined ethereal extracts are dried over
anhydrous K2COg, filtered, and the solvent is removed under reduced pressure.
Vacuum distiliation of the residual oil from Catz affords 52 g (92%) of sparteine as a
clear, colorless to slightly yellow, viscous oil (bp 115-120°C/0.3 mm). The sparteine
free base readily absorbs atmospheric carbon dioxide (COg2) and should be stored
under argon at -20°C in a freezer.

6. Anhydrous ethyl ether was obtained by distillation under nitrogen from

sodium benzophenone ketyl.
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7. sec-Butyllithium (1.3 M in cyclohexane) was titrated in toluene immediately
before use using a standard solution (1 M) of sec-butyl alcohol in o-xylene with 0.2%
2,2"-biquinoline in toluene as the indicator according to Watson and Eastham.2

8. The checkers found that the yields obtained in this procedure are critically
dependent on the quality of the sec-butyllithium employed. Best results are obtained
with fresh (< 3 months shelf life) commercial samples (FMC Lithium Division, and
Aldrich Chemical Company, Inc.) that are colorless to deep yellow, largely free of
precipitated salts, and that have been kept refrigerated and have not been exposed to
traces of moisture or oxygen by extensive previous sampling. Samples of sec-
butyllithium that contain alkoxide or hydroxide undergo alkoxide/hydroxide-catalyzed
decomposition to butene and lithium hydride (LiH), particularly when stored at room
temperature; the latter cannot be readily removed. In the hands of the checkers, such
aged sec-butyllithium samples provide the N-Boc amino alcohol of comparable
enantiomeric purity in ~5-15% lower yield.

9. During the addition, the internal temperature of the reaction did not exceed
-68°C.

10. The reaction mixture became milky white during this interval.

11. Commercially available benzophenone (Aldrich Chemical Company, Inc.,
99+ %) was used without further purification.

12. The product has the following characteristics: 'H NMR (CDClg, 300 MHz) &:
0.65-0.80 (m, 1 H), 1.40-1.60 (s, 11 H), 1.82-1.95 (m, 1 H), 1.98-2.14 (m, 1 H), 2.75-
2.90 (m, 1 H), 3.20-3.45 (m, 1 H), 4.86 (dd, 1 H, J1 = 8.9, Jo = 3.8), 7.20-7.45 (m, 10 H,
Ar-H); 13C NMR (CDCl3, 75 MHz) &: 22.84, 28.29, 29.67, 47.77, 65.50, 80.54, 81.62,
126.96, 127.00, 127.27, 127.61, 127.77, 128.14, 143.72, 146.41, 159.00; IR (film) cm-":
3370, 2979, 1659, 1415, 1164, 763, 70 . Anal. Caled for CooHo7NO3: C, 74.76: H,
7.70; N, 3.96. Found: C, 74.62; H, 7.72; N, 4.13. [oc]g5 +150° (CHCla, ¢ 3.62); mp
150.5-152°C. The checkers found [on]é5 +144° (CHCI3, ¢ 3.89).
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13. The enantiomeric excess was determined by alkaline ethanolysis of the Boc
group followed by conversion of the amine to the 3,5-dinitrobenzamide. HPLC
analysis of a saturated solution of the benzamide in 5% 2-propanol in hexane using a
Pirkle Covalent S-N1N-Naphthyileucine Column (Regis Themical Company) with 5%
2-propanol in hexane as the eluent, and a flow rate of 1.5 mL/min indicates a single
peak with retention time of 35 min. HPLC analysis of the corresponding racemic
benzamide affords two peaks at 27 and 32 min corresponding to the (S)- and (R)-
enantiomers respectively. The ditferences in retention times arise from the size of
sample that was injected; the 1H NMR of the racemic and enantio-enriched
benzamides were identical.

14. The aqueous solution was brought to ca. pH 11 as tested by Hydrion Paper
(Micro Essential Laboratories, Brooklyn, NY).

15. The TH NMR of the recovered (-)-sparteine was identical to that of pure (-)-
sparteine.

16. The concentration of the reactants is ~0.2 M. If more dilute solutions of base
are employed (0.01 M), the checkers found that the reaction required at least 24 hr to
completion and that impure product was obtained. At higher dilution, formation of
significant amounts of the cyclic urethane was observed, and this by-product required
removal by chromatography.

17. The residual, colorless, viscous oil solidified slowly upon exposure to high
vacuum.

18. The titie compound has the following characteristics: TH NMR (CDCl3, 300
MHz) &: 1.40-1.95 (m, 5 H), 2.89-3.05 (m, 2 H), 4.23 (t, 1 H, J = 7.4), 4.55 (s (br), 1 H,
7.10-7.35 (m, 4 H), 7.45-7.60 (m, 6 H); 13C NMR (CDCl3, 75MHz) &: 25.47, 26.23,
46.71, 64.42, 76.65, 125.47, 125.80, 126.29, 126.40,'127.91, 128.17, 145.36, 148.13;
iR (film) cm-1: 3352, 2968, 1598, 1492, 1448, 1173, 748, 701. Anal. Caled for
C17H1gNO: C, 80.60; H, 7.56; N, 5.53. Found: C, 80.56; H, 7.60; N, 5.68. [oz]%5
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+73.8° (CHCI3, ¢3.37); mp 76-77°C; Ry = 0.13 (CH2Cla : MeOH, 95 : 5). The checkers
2
found [a]3° +67.9° (CHClj, ¢ 3.37)

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory”; National Academic Press; Washington, DC, 1996.
3. Discussion

o,a-Diaryl-2-pyrrolidinemethanals represent an important class of ligands for
asymmetric synthesis.3 For example, reaction of these amino alcohols with boranes
affords oxazaborolidinones that are effective enantioselective reagents for asymmetric
reduction of ketones.3:45 The chiral non-racemic amino alcohols have been prepared
through addition of organometallic agents to enantio-enriched proline,3.5.6 or by
resolution of racemic pyrrolidinemethanols.5¢ The procedure reported here describes
a new approach to the synthesis of the title compound based on an asymmetric
lithiation/substitution sequence.”?

Treatment of Boc-pyrrolidine with sec-butyllithium in the presence of (-)-
sparteine affords the putative enantio-enriched organofithium reagent. This
organolithium reagent can be quenched with electrophiles to afford 2-substituted-Boc-
pyrrolidines.? This approach offers several advantages over existing methodologies.
First, the use of the (-)-sparteine ligand affords 2-substituted pyrrolidines with high
enantioselectivity. Second, the ligand can be recovered and purified in high yields; [in
this example, (-)-sparteine was recovered and purified in 88% yield]. Third, this
approach obviates the preparation of enclizable proline derivatives that have been

shown to racemize.3 Finally, this two-step approach affords the (R)-a,a-
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diphenylpyrrolidine enantiomer that has previously been obtained from relatively
expensive “unnatural" D-proline.

The approach reported here should facilitate the preparation of a,o-
disubstituted-pyrrolidinemethanol analogs. By using this methodology, a single
enantio-enriched organolithium intermediate can be treated with a variety of
electrophiles (e.g., diaryl ketones) to afford aryl-substituted analogs of the title
compound. Previously reported syntheses involve a variety of nucleophilic
organomestallic reagents that must be prepared and treated with proline derivatives.

An interesting feature of this study is the enantiomeric purity analysis of the
products. By converting the amine functionality of the pyrrolidine to a 3,5-
dinitrobenzamide, the substrate can be analyzed by chiral HPLC. To date, the 3,5-
dinitrobenzamide of 2-substituted pyrrolidines that the submitters have prepared have
been baseline-resolved by the Pirkle S-N1N-Naphthylleucine column. This approach
obviates the need for MPTA-derivativization which has been previously employed in

enantiomeric purity determinations.3.5
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Mohan, J. J.; Jones, E. T. T.; Hoogsteen, K.; Baum, M. W.; Grabowski, E. J. J. J.
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4. For recent reviews of oxazaborolidinone-catalyzed reductions, see: (a) Deloux,
L.; Srebnik.‘M. Chem. Rev. 1993, 93, 763-784; (b) Wallbaum, S.; Martens, J.
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1992, 605-617.
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Bull. Chem. Soc. Jpn. 1987, 60, 395-396. For proline-derived diaryl amino
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E. J.; Bakshi, R. K.; Shibata, S. Chen, C.-P.; Singh, V. K. J. Am. Chem. Soc.
1987, 109, 7925-7926; (f) Corey, E. J.; Shibata, S.; Bakshi, R. K. J. Org. Chem.
1988, 53, 2861-2863.
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Appendix

Chemical Abstracts Nomenclature: [Registry Number]

(R)-(+)-2-DiphenyIhydroxymethyl)pyrrolidine: 2-Pyrrolidinemethanol, a,a-diphenyl-,
(+)- (8); 2-Pyrrolidinemethanal, a,a-diphenyl-, (R)- (9); (22348-32-9)
N-(tert-Butoxycarbonyl)pyrrolidine: 1-Pyrrolidinecarboxylic acid, 1,1-dimethylethy!
ester (11); (86953-79-9)

Pyrrolidine (8,9); (123-75-1)

Di-tert-butyl dicarbonate: Formic acid, oxydi-, di-tert-buty| ester (8); Dicarbonic acid,

bis(1,1-dimethylethyl) ester; (9); (24424-99-5)
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(R)-(+)-2-(Diphenylhydroxymethy!)-N-(tert-butoxycarbonyl)pyrrolidine: 1-Pyrrolidine-
carboxylic acid, 2-(hydroxydiphenylmethyl)-, 1,1-dimethylethyl ester, (R)- (12);
(137496-68-5)

sec-Butyllithium: Lithium, sec-butyl- (8); Lithium, (1-methylpropy!)- (9); (598-30-1)
(-)-Sparteine: Sparteine (8). 7.14-Methano-2H,6H-dipyrido{1,2-a:1',2'-e]-
[1,5ldiazacine, dodecahydro-, [7S-(7a.7ax,140,14aB)}- (9); (90-39-1)
(-)-Sparteine sulfate pentahydrate: Spateine, sulfate (1:1), pentahydrate (9),;
(6160-12-9)

Benzophenone (8); Methanone, diphenyl- (9); (119-61-9)

Phosphoric acid (8,9); (7664-38-2)

(-)-Sparteine sulfate pentahydrate: Sparteine, sulfate (1:1), pentahydrate;
(6160-12-9)

sec-Butyllithium: Lithium, (1-methylpropy!); (598-30-1)

Benzophenone: Methanone, diphenyl; (119-61-9)

Glacial acetic acid: Acetic acid; (64-19-7)
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(R)-(-)-2,2-DIPHENYLCYCLOPENTANOL
(Cyclopentanol, 2,2-diphenyl-, (R)-)

LD, THF Ph
Br CN CN
A Ph,CHCN — Ph)é/

t-BUCH, THF

NH,

o
8 Ph CN HCI, HoO Ph
: Ph 100°C Ph

o Ph OH
Ph Ph Ph
¢ Ph * N O —SHaSMep Ph/O
Mg THF, 40°C
CHs 1

Submitted by Scott E. Denmark, Lawrence R. Marcin, Mark E. Schnute, and
Atli Thorarensen.!

Checked by David J. Mathre, Khateeta M. Emerson, and Ichiro Shinkai.
1. Procedure

A.  2-Amino-3,3-diphenyl-1-cyclopentene-1-carbonitrile. To a 2-L, three-
necked, round-bottomed flask equipped with a 250-mL, pressure-equalizing addition
funnel, magnetic stirrer, nitrogen/vacuum adapter, and a thermometer is added 39.9
mL (0.29 mol) of diisopropylamine and 200 mL of tetrahydrofuran (THF) (Notes 1, 2).
The solution is cooled to 0°C, and 101.6 mL of butyliithium (2.55 M in hexane, 0.26
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mol) is added slowly (Note 3). After 10 min, a soiution of 50.0 g (0.26 mol) of
diphenylacetonitrile (Note 4) in 200 mL of THF is added over 30 min forming a deep
yellow solution. A solution of 28.3 mL (0.29 mol) of 4-bromobutyronitrile (Notes 5, 6) in
200 mL of THF is then added over 20 min. The resuiting bright-yellow solution is
allowed to warm slowly to room temperature overnight (10 hr) (Note 7). The reaction
mixture is quenched by the slow addition of water (25 mL) and then is diluted with 400
mL of tert-butyl methyl ether (MTBE), and washed with water (2 x 100 mL) and brine
(100 mL). The aqueous layers are back-extracted with MTBE (100 mL). The
combined organic layers are dried with sodium sulfate (Na2SQ4), concentrated on a
rotary evaporator, and the resulting crude dinitrile is placed under high vacuum (0.2
mm) for 1 hr. The dinitrile is transferred to a 2-L, three-necked, round-bottomed flask
equipped with a reflux condenser, magnetic stirrer, nitrogen/vacuum adapter, and a
thermometer and is dissolved in a mixture of tert-butyl alcoho! (400 mL) and THF (200
mL). To the solution is added 23.25 g (0.21 mol) of potassium tert-butoxide, and the
suspension is heated at 60°C (internal temperature) for 2 hr. After the reaction mixture
is cooled to room temperature, it is quenched with water (25 mL), diluted with MTBE
(500 mL), and washed with water (100 mL) and brine (3 x 100 mL). The aqueous
layers are back-extracted with MTBE (100 mL), and the combined organic layers are
dried (Na2SQy4) and concentrated on a rotary evaporator to afford an off-white granular
solid. The crude product is suspended in MTBE (75 mL), cooled (0°C), filtered, and
recrystallized from absolute ethanol (400 mL). The mother liquor is concentrated on a
rotary evaporator, purified by column chromatography on silica gel (330 g) (Note 8)
eluting with hexane/EtOAc (4/1), and recrystallized from absolute ethanol to afford a
combined yield of 57.7 g (86%) of the enaminonitrile as a white solid (Note 9,10).

B. 2,2-Diphenylcyclopentanone. To a 3-L, three-necked, round-bottomed flask
equipped with a mechanical stirrer, thermometer, and wide inner-spiral reflux

condenser (Note 11) is added 57.5 g (0.22 mol) of the enaminonitrile from step A and
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800 mL of coned hydrochloric acid (HCI, Note 12). The mixture is stirred for 5 min, and
800 mL of water is added. The reaction mixture is heated to reflux (heating mantle,
110°C internal temperature) with vigorous stirring for 4 days (Notes 13, 14, 15). The
reaction mixture is cooled to room temperature, and extracted with dichloromethane
(CH2Cl2, 5 x 200 mL). The organic layers are washed with saturated aqueous sodium
bicarbonate (NaHCO3, 100 mL) and brine (100 mL), and the aqueous layers are back-
extracted with dichloromethane (100 mL). The combined organic layers are dried
(MgSO4) and concentrated on a rotary evaporator. The crude product is recrystallized
from MTBE (300 mL). The mother liquor is concentrated on a rotary evaporator, and
purified by column chromatography on silica gel (250 g) eluting with hexane/EtOAc
(4/1), decolorized with carbon, and recrystallized from MTBE to afford a combined
yield of 48.2 g (92%, Note 16) of the ketone as a white solid (Notes 17, 18).

C. (R)-(-)-2,2-Diphenyicyclopentano/1. In a 500-mL, three-necked, round-
bottomed flask, equipped with a 125-mL graduated, pressure-equalizing addition
funnel, 30-mm, egg-shaped magnetic stir bar, nitrogen/vacuum adapter, and an
internal temperature probe is placed 1.76 g (6.34 mmol) of the B-
methyloxazaborolidine catalyst (Notes 1, 19, 20). The apparatus is evacuated, flushed
with nitrogen, charged with 86 mL of dry THF and 6.34 mL (63.4 mmol) of borane-
methyl sulfide complex, and then warmed to 40°C (internal temperature) (Note 21). In
a 250-mL, three-necked, round-bottomed flask, equipped with a nitrogen/vacuum
adapter and magnetic stirrer is placed 15 g (63.4 mmol) of 2,2-
diphenylcyclopentanone. The flask is evacuated, flushed with nitrogen, and charged
with 111 mL of dry THF. After dissolution, the ketone solution is transferred to the
addition funnel via cannula and added dropwise over 8 hr to the stirred catalyst
solution maintained at 40°C (Note 22). After complete addition, the funnel is rinsed
into the reaction vessel with 10 mL of dry THF, and the resulting reaction mixture is

stirred at 40°C for an additional 30 min. Finally, the reaction mixture is cooled to 0-5°C
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and carefully quenched by the dropwise addition of 100 mL of methanol (Caution:
considerable hydrogen evolution occurs after a short induction period) {Note 23). The
cold bath is removed and the reaction is stirred until gas evolution ceases (Note 24).
The resulting solution is poured into a 1-L, round-bottomed flask and the reaction
vessel is rinsed with 50 mL of methanol. A simple distillation head is attached to the 1-
L flask and 100 mL of solvent is distilled (Caution: the distillate contains malodorous
methyl suifide). An additional 100 mL of fresh methanol is added and 100 mL of
solvent is again distilled. The residue is cooled to room temperature and concentrated
on a rotary evaporator to afford a slightly yellow oil. The oil is dissolved in MTBE (250
mL), washed with aqueous 0.1 N aqueous hydrochloric acid (3 x 100 mL), and the
combined acidic, aqueous phases are back-extracted with MTBE (100 mL). The
combined organic phases are washed with water (100 mL) and brine (100 mt), dried
(Na2S0y), filtered, and concentrated on a rotary evaporator to afford 15.1 g of an off-
white solid. The solid is purified by bulb-to-bulb distillation (bp 180°C/0.2 mm) to
afford 14.7 g (97%) of (R)-(-)-2,2-diphenylicyclopentanol (92% ee) as an analytically-
pure, white solid (Notes 25, 26). Multiple recrystallizations of the product from hexane
afford 11.3 g (75%) of (R)-(-)-2,2-diphenylcyclopentanol (>97% ee) (Notes 26, 27, 28).
To recover the catalyst precursor, (S)-a,0—diphenyl-2-pyrrolidinemethanol, the acidic,
aqueous phase is made basic (blue to litmus) by addition of 25 mL of aqueous 25%
sodium hydroxide solution. The aqueous phase is extracted with dichloromethane (3
x 100 mL), and the combined organic phases are washed with brine (100 mL), dried
(Na2S04), filtered, and concentrated on a rotary evaporator to afford a clear oil that
crystallizes under high vacuum (0.1 mm, several hours). The solid is recrystallized
from hexane to afford 1.5 g (93% recovery) of (S)-a,a-diphenyl-2-pyrrolidinemethanol

as a white crystalline solid (Note 29).

36

2. Notes

1. All glassware was dried in an oven (140°C) and after assembly was allowed
to cool under an atmosphere of dry nitrogen.

2. THF was freshly distilled from sodium/benzophenone. tert-Butyl alcohol was
purchased from Aldrich Chemical Company, Inc., and was used without further
purification. Solvents for extraction and chromatography were technical grade and
distilled from the indicated drying agents: hexane (CaClz); dichloromethane (CaClp);
tert-butyl methyl ether (MTBE) (CaSO4/FeS0y4):; ethyl acetate (K2COj3).

3. Butyllithium was freshly titrated by the method of Gilman.2 Excess strong
base, either butyllithium or lithium diisopropylamide (LDA), (exceeding 1 equiv per
diphenylacetonitrile) should be avoided since the resulting Thorpe-Ziegler cyclization
product is susceptible to fragmentation under the reaction conditions to afford 1,1-
dicyano-4,4-diphenylbutane.

4. Diphenylacetonitriie was purchased from Aldrich Chemical Company, Inc.,
and recrystallized from hexane (mp 73-75°C).

5. 4-Bromobutyronitrile was purchased from Aldrich Chemical Company, Inc.,
and was freshly distilled (bp 95-98°C, 15 mm).

6. 4-lodobutyronitrile may also be used as a less expensive alternative
available from 4-chlorobutyronitrile3 by a modification of the above procedure. The
increased reactivity of the iodide, however, requires a more tedious procedure, but is
provided as foliows:

A. d-lodobutyronitrile. To a 1-L, three-necked, round-bottomed flask equipped
with @ mechanical stirrer and a reffux condenser is placed a solution of 70 mL (0.77
mol) ot 4-chlorobutyronitrile in 420 mL of acetone. To the solution is added 123.4 ¢
(0.82 mol) of sodium iodide, and the resulting clear solution is heated to reflux for 23

hr. Over time, the formation of large amounts of a white precipitate is observed. The
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resulting suspension is cooled to room temperature, filtered, and the filter cake is
washed with dichloromethane (200 mL). The combined organic layers are
concentrated on a rotary evaporator. The residue is redissolved into dichloromethane
(200 mL), washed with saturated aqueous sodium thiosulfate (Na2S203, 50 mL) and
brine (50 mL), dried (Na2S04), and concentrated on a rotary evaporator. The resulting
oil is distilled (bp 80-92°C/0.8 mm) to afford 141.6 g (92%) of 4-iodobutyronitrile as a
clear colorless oil.

B. 2-Amino-3,3-diphenyl-1-cyclopentene-1-carbonitrile. |n a 1-L, three-necked,
round-bottomed flask, a solution of 53.8 mL (0.38 mol) of diisopropylamine in 250 mL
of dry THF is cooled to -70°C. To the solution is slowly added 118 mL of butyliithium
(2.95 M in hexane, 0.34 mol) at such a rate that the internal temperature never
exceeds -50°C. The resulting solution is cooled to -70°C, and a solution of 67.5 g
(0.34 mol) of diphenylacetonitrile in 250 mL of dry THF is added over 30 min forming a
black solution that is stirred an additional 20 min. In a 2-L, three-necked, round-
bottomed flask, a solution of 4-iodobutyronitrile (74.9 g, 0.38 mol) in 250 mL of dry THF
is cooled to -77°C. Using a Teflon cannula (0.5-cm diameter) the anion of
diphenylacetonitrile is added very rapidly to the 4-icdobutyronitrile solution (internal
temperature rose by only 3°C). The resulting light-yellow solution is stirred for 80 min
at -78°C, warmed to 0°C for 60 min, and allowed to stir at room temperature for 30 min.
The reaction mixture is quenched with water (34 mL), diluted with MTBE (500 mL), and
washed with water (2 x 250 mL) and brine {250 mL). The aqueous layers are back-
extracted with MTBE (200 mL), and the combined organic layers are dried {NazxS0s4)
and concentrated on a rotary evaporator. The resulting crude dinitrile is dissolved in a
mixture of tert-butyl alcohol (540 mL) and THF (270 mL). To the solution is added 31.0
g (0.28 mol) of potassium tert-butoxide, and the suspension is heated at 60°C (internal
temperature) for 2 hr. After the reaction mixture is cooled to room temperature, itis

diluted with MTBE (600 mL), and washed with water (150 mL) and brine (3 x 150 mL).
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The aqueous layers are back-extracted with MTBE (150 mL), and the combined
organic layers are dried {(MgSQ4) and concentrated on a rotary evaporator. The crude
product is suspended in MTBE (75 mL), cooled, filtered, and recrystallized from
absolute ethanol (600 mL) to afford 67.5 g of pure ketone. The mother liquor is
concentrated on a rotary evaporator, purified by column chromatography
[hexane/EtOAc (8/1, 4/1)), and crystallized from absolute ethanol to afford 8.6 g (9.5%)
of additional material for a combined yield of 76.1 9 (84%) of analytically pure
enaminonitrile as a white solid giving identical spectral data to that reported above
(Anal. Calcd for C1gN4gN2: C, 83.04; H, 6.20; N, 10.76. Found: C, 83.06; H, 6.20; N,
10.74).

7. The following reverse-phase HPLC assay was developed to manitor steps
A-C. Column: YMC J'Sphere H80 (4.6 x 250 mm); eluent: 45:55 Hx0 (20 mM
H3PO4)/MeCN; flow rate: 1.0 mU/min; column temp.: 45°C; detection: UV (210 nm).
Retention times: "diphenylprolinol” (1.85 min, with solvent front); 4-bromobutyronitrile
(4.0 min); "enaminoamide” (6.1 min); “dinitrile” (11.4 min); diphenylacetonitrile (12.0
min); "cyanoketone” (12.5 min); diphenylcyclopentanol (13.1 min); "enaminanitrile”
(14.4 min); "diphenylcyclopentancne” (19.5 min).

8. Kieselgel 60 (230-400 mesh) was purchased from EM Science-

9. Rather than purifying the mother liquors by column chromatography, the
checkers obtained a second crop of crystals for a combined yield of 57.3 to 60.3 g (85-
89%). The checkers also note that the crude product can be used "as is” in the next
step after being suspended and washed with cold MTBE.

10. The physical properties are as follows: mp 145-148°C; TH NMR (400 MHz,
CDCi3) &: 2.46 (dd, 2 H, J = 6.8, 5.6), 2.63 (dd, 2 H, J = 7.6, 6.3), 4.38 (br, 2 H, NH3),
7.23-7.37 (m, 10 H); 13C NMR (100 MHz, CDCl3) 8: 27.94, 41.48, 62.76, 76.19,
118.77, 127.08, 128.19, 128.40, 142.82, 164.78; IR (CClg) 3490 (w), 3395 (w), 3063
(W), 2954 (w), 2863 (w), 2197 (m), 1643 (s), 1595 (m); MS (EI, 70 eV) 260 (M+, 100),
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259 (31), 183 (49), 182 (36); TLC Rt = 0.38 (hexane/EtOAc, 4/1). Anal. Caled for
CigH4gN2: C, 83.05; H, 6.19; N, 10.76. Found: C, 83.34; H, 6.07, N, 10.84.

11. The product may sublime into the condenser causing it to become clogged.
This can be prevented by periodically washing down the solids with 6 N HCI.

12. To ensure complete consumption of the intermediate cyano ketone, the ratio
of enaminonitrile to solvent volume cannot be altered.

13. Efficient stirring and heating to a vigorous reflux is crucial for complete
consumption of the intermediate cyano ketone.

14. The reaction progress can be monitored by 'H NMR integration of the
signals of the ketone (dt, 1.95 ppm, 2 H) and the cyano ketone intermediate (t, 3.43
ppm, 1 H) determined from a crude reaction sample following the same work-up as
reported above. Spectral data for 2-cyano-5,5-diphenyicyclopentanone are as
foliows: TH NMR (400 MHz, CDCl3) 8: 2.22 (m, 1 H), 2.47 (m, 1 H), 2.70 (ddd, 1 H,J =
12.5,9.8,6.1),2.90 (dt, 1 H, Jg = 12.5, J; = 6.1), 3.43 (t, 1 H, J =9.0), 7.15-7.40 (m, 10
H). Alternatively, high pressure liquid chromatography (HPLC) analysis may be used
employing a Supelco LC-Si (5u, 250 x 4.5 mm) column (hexane/EtOAc, 9/1, 1.5
mL/min, detector A = 254 nm); Ry: "ketone" (4.6 min, response factor = 1.50), Ry:
"cyano ketone" (16.8 min, response factor = 0.76).

15. The progress of the reaction was monitored by HPLC. The checkers found
the reaction to take from 4 to 7 days to reach > 99% completion.

16. Yields ranged from 84% to 92%.

17. Rather than purifying the mother liquors by column chromatography, the
checkers obtained a second crop of crystals for a combined yield of 87-95%.

18. The physical properties are as follows: mp 85-88°C; 'H NMR (400 MHz,
CDCl3) 8: 1.95 (dt, 2 H,Jg =134, 4y =7.3)246 ({,2H,J=77),2.73 (, 2H, J = 6.6),
7.21-7.32 (m, 10 H); 13C NMR (100 MHz, CDCl3) 8: 18.79, 38.07, 38.16, 62.44,
126.69, 127.96, 128.31, 142.02, 217.77; IR (CCls) cm-1: 3061 (m), 3033 (m), 2963 (m),
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2886 (m), 1744 (s), 1494 (s), 1446 (m), 1406 (m), 1143 (M), 1104 (m); MS (EI, 70 eV)
236 (M*, 47), 208 (11), 180 (100), 179 (37), 178 (25), 165 (43); TLC R = 0.48
(hexane/EtOAc, 8/1). Anal. Calcd for C17H160: C, 86.41; H, 6.82. Found: C, 86.57;
H, 6.75.

19. A Baxter Diagnostics Inc. Type K Thermo-Couple Thermometer was used to
monitor the internal temperature of the reaction solution.

20. (S)-Tetrahydro-1-methyl-3,3-diphenyi-1 H,3H-pyrrolo[1,2-¢]{1,3,2]oxazabo-
role was prepared from (S)-proline in two steps according to the literature procedure4
and purified by bulb-to-bulb distillation (170°C, 0.2 mm). The enantiomeric purity of
the intermediate, (S)-o,o-diphenyl-2-pyrrolidinemethano!, was determined to be >99%
ee by chiral HPLC analysis of its corresponding N-p-toluenesulfonamide derivative
(DIACEL Chiralce! OD column; hexane/ethanol, 92/8; 1.0 mU/min; Ri(S) 8.6 min; Ry(R)
12.8 min). The checkers used the crystalline B-methyloxazaborolidineborane complex
(1.84 g, 6.34 mmol) as the catalyst.

21. Borane-methyl sulfide complex was purchased from Aldrich Chemical
Company, Inc., and was used without purification.

22. Addition of the ketone solution over a 6-hr period affords almost identical
results. However, variation of the reaction temperature can have a dramatic effect on
product ee.5

23. Anhydrous, reagent-grade methy! aicohol was purchased from Mallinckrodt
Inc. and used without purification.

24. Hydrogen evolution stops after 2-3 hr; however, for convenience the reaction
can be allowed to stand at room temperature overnight with no deleterious effect on
yield or enantioselectivity.

25. Anal. Calcd for C17H+480: C, 85.67; H, 7.61. Found: C, 85.65: H, 7.63.
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26. Enantiomeric excess is determined by chiral HPLC analysis (DIACEL
Chiralcel OJ column; hexane/ethanol, 70/30; 1.0 mU/min; Ry: S-isomer (8.8 min); Ry: R-
isomer (17.9 min).

27. The checkers determined enantiomeric purity by supercritical fluid
chromatography (SFC) using a Chiralpak AD (4.6 x 250 mm) column. Eluent: carbon
dioxide (300 Bar); modifier: methanol (24%); flow rate: 1.5 ml/min; detection: UV (210
nm). Retention times were as follows: “diphenylcyclopentanone" (3.9 min); (R)-
diphenylcyclopentanoi (5.9 min); (S)-diphenyicyclopentanol (10.4 min).

28. The product is recrystallized two times by dissolution in boiling hexane (60
mL and 50 mL) and cooling to room temperature to provide 9.8 g of material with
greater than 97% ee. The mother liquors are then combined, concentrated and
recrystallized four times from hexane (20 mL, 15 mL, 10 mL and 10 mL) to provide 1.5
g of additional (R)-(-)-2,2-diphenyicyclopentanol with greater than 97% ee. The
physical properties are as follows: mp 76-77°C; 'H NMR (CDCl3, 400 MHz) 5: 1.28
(dd, 1 H,J = 4.9,0.7), 1.55-1.75 (m, 2 H), 1.93 (m, 1 H), 2.10 (m, 1 H), 2.32 (ddd, 1 H, J
=12.9,8.7,3.3),2.66 (dt, 1 H, Jy=12.9, Jg = 8.9), 4.88 (dd, 1 H, J = 9.7, 4.8), 7.14-7.33
(m, 10 H); 13C NMR (100 MHz, CDCl3) §: 19.95, 31.67, 34.60, 59.71, 77.57, 125.89,
126.33, 126.92, 128.17, 128.44, 128.53, 144.26, 146.87; MS (EI, 70 eV) 239 (8), 238
(M+, 44), 78 (12), 167 (100), 115 (16), 91 (11); IR (CCls) cm-1: 3585 (m), 3061 (m),
3025 (w), 2967 (s), 2916 (w), 1495 (s), 1446 (s), 1288 (w), 1094 (m), 1074 (m), 1034
{m), 1015 (m); [oz]g6 -114.8° (EtOH, ¢ 1.17). Anal. Calcd for C17H130: C, 85.67; H,
7.61. Found: C, 85.65; H, 7.59.

29. The solid is recrystallized by dissolution in boiling hexane (20 mL) and
cooling to 0°C to afford 1.37 g of (S)-a,a-diphenyl-2-pyrrolidinemethanol. The mother
liquor is then concentrated and recrystallized from hexane (10 mL) to afford an

additional 0.13 g of material. The physical properties are as follows: mp 75-76°C; 'H
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NMR (400 MHz, CDClg) 1.58-1.74 (m, 4 H), 2.96 (m, 1 H), 3.02 (m, 1 H), 4.26 ¢, 1 H, J
=7.6), 7.14-7.59 (m, 10 H).

Waste Disposal Information

Ali toxic materials were disposed of in accordance with "Prudent Practices in the
Laboratory"; National Academic Press; Washington, DC, 1996. The malodorous,
methanol distillate resulting from the borane reduction was first treated with

commercial bleach before disposal.
3. Discussion

(R)-(-)-2,2-Diphenyicyclopentanol (1) is a highly effective chiral auxiliary in
asymmetric synthesis. Hydrogenation of chiral B-acetamidocrotonates derived from
this alcohol has afforded the corresponding B-amido esters with high
diastereoselectivity (96% de).6 In addition, (R)-1 has been used as a chiral auxiliary in
Mn(l1l)-based oxidative free-radical cyclizations to provide diastereomerically enriched
cycloalkanones (60% de).7 Our interest in (R)-(-)-2.2-diphenylcyclopentanol is its
utility as a chiral auxiliary in Lewis acid-promoted, asymmetric nitroalkene [4+2]
cycloadditions. The 2-(acetoxy)vinyl ether derived from alcohol (R)-1 is useful for the
asymmetric synthesis of 3-hydroxy-4-substituted pyrrolidines from nitroalkenes (96%
ee0).8 In a similar fashion, a number of enantiomerically enriched (71-97% ee) N-
protected, 3-substituted pyrrolidines have been prepared in two steps from 2-
substituted 1-nitroalkenes and (R)-2,2-diphenyl-1-ethenoxycyclopentane (2) (see
Table).9
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TABLE
SYNTHESIS OF OPTICALLY ACTIVE 3-SUBSTITUTED PYRROLIDINES

- wPh PG
Ok° : *Ph -0.+.0_.0G* N op P OH
H,l\ . H A MAPH N 1. Ha, P10, (160 psi) *
R I CHXClz H 2. PG-Cl, base
H H R
2 3 4
R Yield 3, % PG Base Yield 4, % ee, %
phenyl 89 Ts EtzN 80 g1
veratryl 9 Troc pyridine 76 71
pentyl 88 Troc pyridine 72 93
cyclohexyl 84 Troc pyridine 79 91
tert-butyl 9N Troc pyridine 80 77
-(CH2)4CO2-tert-Bu 92 Troc pyridine 69 97

i) Methylaluminum bis-2,6-diphenylphenoxide.

2,2-Diphenylcyclopentanone previously has been synthesized several times
employing three general approaches.10-12 The most common approach involves
alkylation of diphenylacetonitrile with a 4-halobutyronitrile followed by Thorpe-Ziegler
cyclization and acid hydrolysis to afford the ketone.10 One- and two-step preparations
of the enaminonitrile have been reported. The best results have been obtained by
using sodium amide in liquid ammonia (70% yield).1%° Acid hydrolysis (H2SO4) of the
enaminonitrile is reported to afford the desired ketone in only moderate yields

employing tedious procedures. Alternatively, the ketone is available by allylation of
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diphenylacetic acid followed by Lewis acid promoted Friedel Crafts acylation to afford
the 5,5-diphenyl-2-cyclopentenone.’! Subsequent reduction provided the ketone,
however, only in 20% overall yieid.1'd A more recent and more conceptually attractive
approach involves the one step diphenylation of cyclopentanone trimethylsilyl enoi
ether with diphenyliodonium fluoride (DIF) giving the desired ketone in 51% yield.12
The disadvantage of this approach lies in the preparation of the DIF reagent, available
in one step from very expensive diphenyliodonium iodide or in five steps from
inexpensive, available starting matérials.

The procedure described here represents a reliable modification of the
alkylation/Thorpe-Ziegler approach to 2,2-diphenylcyclopentanone applicable to
large-scale preparations. The use of LDA as the alkylation base, in exact
stoichiometry, has been found to avoid over-reaction and the undesired fragmentation
pathway of the enaminonitrile observed with sodium amide. The Thorpe-Ziegier
cyclization proceeds smoothly employing modified literature conditions!02 with
potassium tert-butoxide as the base. Hydrolysis of the enaminonitrile with hydrochloric
acid,'® was found to be superior to previously reported methods, which led to
incomplete consumption of the intermediate cyano ketone in our hands. The ratio of
solvent volume to enaminonitrile is very important and more concentrated reaction
mixtures result in incomplete conversion of the cyano ketone even after prolonged
heating.

Asymmetric reduction of the ketone on a 1.0-g (4.0-mmol) scale to provide (R)-
(-)-2,2-diphenyicyclopentanol (96% ee) has been reported employing (+)-p-
chlorodiisopinocampheylborane; however, the reaction is extremely slow and
inefficient [70% yield, 5 days, 2.6 equiv of (+)-B-chlorodiisopinocampheylborane].6
Other efforts to obtain enantiomerically pure 1 by means of enzymatic hydrolysis of the

corresponding racemic acetates using horse liver acetone powder (HLAP) and pig
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liver acetone powder (PLAP) have been only moderately successful and are of limited
utlity [4.0-mmol scale, 28% yield, 96.5% ee (R)].14

The oxazaborolidine-catalyzed borane reduction of 2,2-diphenylicycio-
pentanone provides an efficient and useful alternative for the asymmetric synthesis of
(R)-1 on a preparative scale. Variation of several reaction parameters such as catalyst
loading, solvent, temperature, and addition order, have led to the development of an
optimized procedure for this reduction. To achieve a selectivity of >80% ee, the
reaction requires the use of 10 mol% of the oxazaborolidine catalyst, which is easily
prepared in two steps from natural proline or in one step from commercially available
(S)-a,a-diphenylpyrrolidinemethanol. When using a smaller catalyst loading a
significant decrease in selectivity is observed [5 mol% cat. provides 87% ee (R)-1].
The oxazaborolidine catalyst used in these experiments was purified by bulb-to-bulb
distillation prior to use and quickly weighed in the open atmosphere. Examination of
the purified catalyst by TH NMR confirmed the presence of B-methyloxazaborolidine as
well as varying amounts of the hydrated adduct (approximately 7-20%).4
Unfortunately, it is not clear whether the hydrated adduct was the result of trace
amounts of water in the NMR solvent, exposure to atmospheric moisture, or simply
insufficient purification. Regardless, the use of different batches of the catalyst
provided reproducible results that are within experimental error [(R)-1 with 91-94%
ee]. Several solvents such as tolugne, dichloromethane and THF have been reported
to be useful in oxazaborolidine reductions;!5 however, for the reduction of 2,2-
diphenylcyclopentanone the use of THF was found to provide the highest
enantioselectivity. An extremely important parameter in this reaction is temperature.
The reaction displays an inverse temperature effect with respect to enantioselectivity,
where decreased selectivity is observed at lower temperatures. This interesting
phenomencn in oxazaborolidine-catalyzed reductions has precedents,5 and can be

attributed to the slow breakdown of the catalyst-product complex at low temperatures.
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The catalyst-product complex is a highly active but less selective catalyst for the
reduction of the starting ketone.16 Accumulation of this undesired intermediate can be
avoided by running the reaction at higher temperatures (40°C) as well as using a slow
inverse addition of the ketone to the catalyst-borane mixture.

The oxazaborolidine-catalyzed borane reduction to prepare (R)-1 is an
improvement over existing methods such as the B-chlorodiisopinocampheylborane
reduction,® and enzymatic resolution'4 for several reasons. First, the reaction uses an
easily obtained catalytic reducing agent that provides the chiral aicohol in 92% ee.
Secondly, the reaction proceeds at a reasonable rate (6-8 hr) and affords the chiral
alcohol (92% ee) in nearly quantitative yield (97%). Finally, the work-up, isolation and
purification of the product is straightforward and requires no column chromatography,
only bulb-to-bulb distillation and recrystallization, affording (R)-1 in 75% yield with
97% ee. In addition, the catalyst precursor, (S)-a,a-diphenylpyrrolidinemethanol, can

be easily recovered in excellent yield.
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(S)-TETRAHYDRO-1-METHYL-3,3-DIPHENYL-1H,3H-PYRROLO-
[1,2-¢][1,3,2]OXAZABOROLE-BORANE COMPLEX

(Boron, trihydro(tetrahydro-1-methyl-3,3-diphenyl-1H,3H-pyrrolo-
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Submitted by Lyndon C. Xavier, Julie J. Mohan, David J. Mathre, Andrew S.
Thompson, James D. Carroll, Edward G. Corley, and Richard Desmond.!
Checked by Peter G. Dormer and Amos B. Smith, IIl.

1. Procedure

Caution! This reaction should be carried out in a fume hood since phosgene is
an insidious poison.

A. (S)-Proline-N-carboxyanhydride. A dry, 3-L, three-necked flask, fitted with a
mechanical stirrer, nitrogen inlet tube, 500-mL, pressure-equalized addition funnel
and a Teflon-coated thermocouple probe, containing dry tetrahydrofuran (THF) (600
mL) is charged with (S)-proline (60.0 g, 0.521 mol) (Note 1). To the cooled (15-20°C)
suspension is added phosgene (324 mL, 0.625 mol, 1.93 M in toluene), via a
pressure-equalized addition funnel, over a 0.5-1.0 hr period maintaining a
temperature of 15-20°C (Note 2). The reaction mixture is then aged for 0.5-0.75 hr at
30-40°C. The reaction mixture should become homogeneous as the proline reacts
with the phosgene to afford the intermediate N-carbamoy! chioride. Once
homogeneous, the reaction mixture is aged an additional 0.5 hr, then concentrated
under reduced pressure (15-20°C, 1000 down to 50 mBar) to a volume of 80 mL (Note
3). Dry tetrahydrofuran (600 mL, KF < 50 pg/mL) is added to the mixture and it is
cooled to 0-5°C. Dry triethylamine (72.6 mL, 0.521 mol, KF < 50 ug/mL) is added over
0.25 hr (Note 4). The mixture is aged for 0.5 hr at 0-5°C, then filtered through an
enclosed,  2-L, medium-frit Schlenk funnel under an atmosphere of nitrogen (with
careful exciusion of moisture). The triethylammonium hydrochloride cake is washed
with dry tetrahydrofuran (3 x 105 mL, KF < 50 pg/mL). The filtrate and washes are

combined and used as is in the next reaction (Notes 5 and 6).
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Caution! Benzene is generated in this reaction. Benzene is a known
carcinogen. ,

B. (S)-1,1-Diphenyliprolinol. A 3-L, three-necked flask, fitted with a mechanical
stirrer, nitrogen inlet tube, 1-L addition funnel and Teflon coated thermocouple probe,
is charged with phenylmagnesium chloride (0.80 L, 1.6 mol, 2.0 M in tetrahydrofuran)
(Note 7) and cooled to -10°C (Note 8). To the suspension is added, with stirring, the
tetrahydrofuran solution of (S)-proline-N-carboxyanhydride over a 1-hr period
maintaining the temperature at -15° to -10°C (Note 9). After the addition is complete,
the reaction mixture is aged for 3 hr at -15°C, then 1 hr at 0°C (Note 10). The reaction
is quenched into a 5-L, mechanically-stirred flask containing 2 M aqueous sulfuric acid
(1.05 L, 2.1 mol) (0°C) over a 0.5-1.0 hr period (Note 11). The reaction mixture is aged
for 1 hr at 0-5°C, filtered, and the magnesium sulfate cake washed with tetrahydrofuran
(3 x 500 mL) (Note 12). The filtrate and tetrahydrofuran washes are combined and
concentrated (1 atm) to a volume of 1.0 L (Note 13). The mixture is cooled to 0°C,
aged 1 hr, and then filtered. The cake is washed with water (5°C, 2 x 100 mL) and
ethyl acetate (3 x 180 mL) (Note 14). The cake is dried under reduced pressure
(40°C, 50 mBar) to yield 79-88 g (50-56% based on proline) of a free-flowing white
crystaliine solid, mp 275-290°C (Note 15).

A 3-L, three-necked flask, fitted with a mechanical stirrer, nitrogen inlet tube,
and Teflon coated thermocouple, is charged with (S)-diphenylprolinol sulfate (81.0 g,
0.268 mol), tetrahydrofuran (268 mL), and 2 M aqueous sodium hydroxide (268 mL).
The mixture is stirred at 20-25°C until all the solid dissolves (0.5 hr) (Note 16).
Toluene (1.1 L) is added and the mixture is aged 0.5 hr. The two-phase mixture is
filtered through a medium frit sintered glass funnel and partitioned (Note 17). The
upper layer is washed with water (130 mL) and the toluene is removed under reduced
pressure to afford a light-tan colored oit that crystallizes upon standing at ambient
temperature (Note 18). Recrystallization of the resulting light-tan crystals from heptane

(ca. 2 mL of heptane per gram of prolinol) affords (S)-1,1-diphenylprolinol; [yield 64-68
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g (94-99% yield based upon diphenylprolinol sulfate)] as white crystals, mp 76-78°C,
>98% ee (Notes 19-20).

Caution! Neat (10 M) borane-methy! sulfide is an air- and moisture-sensitive
flammable liquid. Dimethy! sulfide has a noxious odor. All reactions should be
conducted in an efficient fume hood.

C. (S)-Tetrahydro- 1-methyl-3,3-diphenyl-1H,3H-pyrrolof1,2-c][1,3,2]oxaza-
borole-borane complex. A 500-mL, four-necked, round-bottomed flask (Note 21) is
equipped with a Teflon-coated thermocouple probe, 60-mL pressure-equalizing
addition funnel, nitrogen inlet, mechanical stirrer, and distillation head connected to a
wide-bore, air-cooled condenser. The flask is charged with 200 mL of xylenes (Note
22) and (S)-diphenylprolinol (50.0 g, 198 mmol). To the vigorously stirred solution at
20°C is added a 50% (w/w) solution of trimethylboroxine (TMB) in tetrahydrofuran (38
g, containirig 19 g, 152 mmol of TMB) (Note 23) dropwise over a 15-min period. The
addition funnel is rinsed with dry xylenes (10 mL). During the addition an exothermic
reaction occurs (warming the mixture to ca. 35°C) resulting in the formation of the
bismethylboronic acid adduct as a white precipitate (Note 24). After the addition, the
mixture is stirred for 0.5 hr, then heated and concentrated by distillation (1 atm) (Note
25) to a volume of ca. 100 mL (Note 26). The mixture is allowed to cool to ca. 60°C,
and is charged with additional dry xylenes (200 mL) (Note 22). The distillation and
nitrogen sweep are continued, this time until essentially all the sclvent is removed.
The mixture is then heated so that the internal temperature is maintained between
160-180°C for a 0.5-hr period. The pale yellow oil (free oxazaborolidine) is cooled to
20°C (Notes 26 and 27), and diluted with dry xylenes (Note 22) to a volume of 100 mL.
The distillation head is replaced with a 500-mL, pressure-equalizing addition funnel.
At this point, the nitrogen sweep is discontinued; however, the vessel is maintained
under a static atmosphere of nitrogen for the remainder of the reaction. To the well

stirred solution is added neat (10 M) borane-methyl sulfide (21 mL, 210 mmol) (Note
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23) over a 5-min period via syringe. The mixture is stirred for 0.5 hr at 20°C, then
slowly diluted with dry hexane to a volume of 450 mL over a 1-2 hr period (Note 28).
After the addition is complete, the mixture is aged for 1 hr at 20°C, cooled to -10°C,
and then aged for 2 hr at -10°C. The mixture is filtered in an enclosed Schienk filter
(Note 29). The cake is washed with dry hexane (3 x 50 mL) (Note 30). The product is
dried under reduced pressure (100 mBar, nitrogen sweep, 20°C) for 1 hr to afford 51-
53 g of the title compound as a free-flowing white crystalline solid (Notes 31-32).

Caution! Neat (10 M) borane-methyl sulfide is an air- and moisture-sensitive
flammable liquid. Dimethy! sulfide has a noxious odor. All reactions should be
conducted in an efficient fume hood.

D. (R)-2,3-Dihydro-1H-inden-1-ol. A 250-mL, three-necked, round-
bottomed flask (Note 33) is equipped with a Teflon-coated thermocouple probe, a 125-
mL pressure-equalizing addition funnel, nitrogen inlet, and Teflon-coated magnetic
stirring bar. The flask is charged with the (S)-oxazaborolidine-borane complex (2.91 g,
10.0 mmol) (Note 34), purged with nitrogen, and charged with dry dichloromethane
(10 mL) (Note 35). To the stirred solution is added borane-methyl sulfide (10 M, 20
mL, 200 mmol) (Note 36). The solution is cooled to -20°C (Note 37) and the addition
funnel charged with a solution of 1-indanone (26.4 g, 200 mmel) (Note 38) in dry
dichloromethane (75 mL) (Note 35). The 1-indanone solution is then added dropwise
over a 4-6 hr period while maintaining the internal temperature of the reaction mixture
at -20+5°C. After the addition is complete, the reaction mixture is stirred for 2 hr at
-20°C (Note 39). After the reaction is complete, the mixture is cautiously poured intc a
1-L flask containing magnetically-stirred, pre-cooled (-20°C) methanol (300 mL) (Note
40). The cooling bath is removed, and the stirred mixture allowed to warm to room
temperature (20-25°C). After evolution of hydrogen ceases, the mixture is
concentrated by distillation (1 atm) to a volume of ca. 50 mL. Methanol (200 mL) is

added, and the distillation repeated (Note 41). The residue containing the product and
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diphenylprolinol is diluted with methanol (100 mL) and then loaded onto a 2.5 x 30-cm
column packed with Amberlyst 15 (NH4*) (Note 42) at ca. 2.5 mL/min, collecting 40-mL
fractions. The column is rinsed with methanol until the product is eluted (Note 43). The
column is then rinsed with 1 M methanolic ammonia until the diphenylprolinol is
eluted. The fractions containing the product (2-15) are combined, and then
concentrated under reduced pressure (40°C, 100 mm) to give 26.2 g of crude product
as a white crystaliine solid (Note 44). The crude product is dissolved in hexane (260
mL) at 50-60°C in a 500-mL, round-bottomed flask fitted with a mechanical stirrer. The
product is allowed to crystallize as the stirred mixture is slowly cooled to 20-25°C. The
mixture is stirred for 4 hr at 20-22°C, filtered, and the cake washed with hexane (2x25
mL). The product is dried in a vacuum oven (30°C, 10 mm) to constant weight to yield
24.1-25.2 g (90-94%) of the title compound as a white crystaliine solid (Notes 45 and
46). '

2. Notes

1. The submitters used reagent grade tetrahydrofuran (EM Science) dried over
4 A or 5 A molecular sieves (Aldrich Chemical Company, Inc.), and determined the
water content in the solvents by Karl Fisher titration (KF). The submitters report that the
tetrahydrofuran should be dry (KF < 50 ug/mL) and MUST NOT contain any DMF (< 1
ppm). Also, the KF of the tetrahydrofuran/proline suspension should be < 50 pg/mL.
The submitters used (S)-proline obtained from Ajinomoto while the checkers used (S)-
proline from Aldrich Chemical Company, Inc. The proline should be milled and/or
delumped prior to use, if necessary, to insure complete reaction. The enantiomeric
purity of the (S)-proline should be > 99.5%, and can be assayed via the procedure of
Marfey.2 The checkers used HPLC grade THF (Fisher Scientific Company) that was

dried over 4 A molecular sieves.
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2. Phosgene (1.93 M in toluene) was obtained from Fluka Chemical Company.
Neat phosgene (Matheson Gas Products) and triphosgene (Aldrich Chemical
Company, Inc.) (98%) can also be used. Phosgene is an insidious poison so all
manipulations with it must be performed in a fume hood with good ventilatioq. Any
excess phosgene should be CAREFULLY decomposed in cold agueous sodium
hydroxide or aqueous ammonia. Since the addition is slightly exothermic, the rate of
addition and external cooling is adjusted to maintain the internal temperature at 15-
20°C.

3. The vacuum is decreased gradually in order to prevent bumping as the
hydrogen chlaride, excess phosgene, and tetrahydrofuran are removed. The checkers
concentrated the reaction mixture using a rotary evaporator (a drying tube was placed
in-line between the water aspirator and the rotary evaporator) under aspirator
pressure (bath temp < 30°C), in an efficient fume hood The temperature must be
maintained < 20°C during the concentration. At a volume of 80 mL the mixture is
viscous but can still be stirred. The reaction can be assayed at this point by TH NMR;
an aliquot withdrawn (ca. 30 mg) and dissolved in CDCl3 (0.6 mL) giving TH NMR
(250 MHz, CDClg) &: 2.35 (s, toluene), 1.83-2.44 (m, 4 H, C-3-H; and C-4-H3), 3.54-
3.86 (m, 2 H, C-5-H»), 4.47-4.52 (dd, 0.6 H, C-2-H rotamer), 4.58-4.61 (dd, 0.4 H, C-2-
H rotamer), 7.12-7.29 (m, toluene), 10.6-10.8 (br s, CO2H). The TH NMR spectrum
should not contain resonances at § 4.9 (dd, 0.4 H, C-2-H) and 4.7 (dd, 0.6 H, C-2-H)
(i.e., those corresponding to the N-carbamoyl chloride, acid chioride derivative of
proline).

4. Triethylamine obtained from J. T. Baker Inc. was dried over 4 A or 5 A
molecular sieves to a KF <« 50 pg/mL. The checkers used triethylamine (Fisher
Scientific Company) dried over 4 A molecular sieves. The reaction is slightly

exothermic so the rate of addition and external cooling is adjusted to maintain the
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internal temperature at 0-5°C. During the addition, a white precipitate of
triethylammonium hydrochloride is formed.

5. The tetrahydrofuran solution of the proline-N-carboxyanhydride must be
used immediately since on standing the material can polymerize and release COs.
The reaction can be assayed at this point by TH NMR: (1.0 mL of the THF solution is
concentrated under reduced pressure, and the residue dissolved in 0.6 mL of CDCl3)
&: 1.83-2.39 (m, 4 H), 3.29-3.39 (m, 1 H, C-5-H), 3.70-3.81 (m, 1 H, C-5-H), 4.35-4.39
(dd, 1 H, C-2-H); 13C NMR (62.9 MHz, CDCl3) 8: 26.7,27.2, 46.2, 62.8, 154.6, 168.8.
The amount of triethylammonium hydrochloride, § 3.12 {q, 6 H) and 1.4 (t, 9 H), should
be less than 5 mol%.

6. Alternate work-up: The filtered tetrahydrofuran solution is concentrated
under reduced pressure (20°C, 50 mm) to a volume of 80 mL. Dry hexane (KF < 50
Hg/mL, 600 mL) is slowly added with stirring. The product should begin to crystallize
during the addition; seed if necessary. The mixture is stirred at 20-25°C for 1 hr, then
filtered. The cake is washed with dry hexane (2 x 25 mL). Filtration is performed in an
enclosed, medium-frit Schlenk funnel, under an atmosphere of nitrogen (with careful
exclusion of moisture). The cake is dried under reduced pressure (30°C, < 100 mm)
for 2 hr to yield 70.5 g (95%) as a free-flowing white crystalline solid, mp 51.5-52°C.
The product should be stored cool, protected from moisture. By microanalysis, the
product contains 1-4 wi% of triethylammonium hydrochioride. It is also possible to
concentrate the THF to precipitate the product as a white solid.

7. Phenylmagnesium chloride (2.0 M in tetrahydrofuran) was obtained from
Aldrich Chemical Company, Inc. The vessel must be dry and flushed with nitrogen
prior to the addition of the phenylmagnesium chloride.

8. The reaction should not be cooled lower than -10°C because the Grignard

reagent can crystallize. This can cause the stir shaft to break. It is best to add a small
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portion of the proline-N-carboxyanhydride, slurry the solution, and then cool to -10°C.
Crystallization of the Grignard reagent does not affect the reaction yield.

9. The reaction is exothermic; therefore the rate of addition and external
cooling are adjusted to maintain the internal temperature at -15 to -10°C.

10. The checkers allowed the reaction mixture to warm to ambient temperature
overnight before quenching the reaction. If desired, the progress of the reaction may
be monitored by the following HPLC assay. An aliquot (0.5 mL, accurately measured)
is quenched into water (5 mL) containing 6 M agueous sulfuric acid (200 pl). The
solution is diluted to 100 mL with 1:1 H,O/MeCN and analyzed by HPLC. The
checkers did not monitor the reaction by HPLC. Column: 4.6 x 250-mm ZORBAX RX ;
Eluent A: H20 (0.01 M KHaPOy); Eluent B: MeCN; Linear Gradient: ao:éo (A:B) to
20:80 over 12 min; Flow Rate: 1.0 mL/min; Injection: 10.0 uL; Detection: UV (210 nm);
Retention Times: Proline, N-benzamide 4.82 min; Diphenylprolinol 6.68 min; Benzene
11.45 min; Triphenylmethanol 14.66 min.

11. Sulfuric acid (Mallinckrodt Inc.) is diluted to the desired concentration with
deionized water. Since the quench is exothermic the rate of addition and external
cooling are adjusted to maintain the internal temperature below 20°C. During the
quench a white precipitate of magnesium sulfate is formed. The amount of water and
sulfuric acid used is important. Insufficient water results in the product (sulfate sait)
precipitating with the magnesium sulfate. Excess water reduces the amount of
magnesium removed. Insufficient sulfuric acid resuits in non-filterable gels of
magnesium hydroxide. Excess sulfuric acid increases the solubility of the
diphenylprolinol sulfate, therefore reducing the yield of isolated product.

12. A large sintered glass funne! is required because of the amount of
magnesium sulfate solution produced (~700 mL). Analysis of the magnesium sulfate

cake by HPLC detected < 1 g of diphenylprolinol.
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13. During concentration, a precipitate of diphenylprolinol sulfate and
triphenylmethanol is formed. Caution: Benzene (43 g), formed during the quench of
the excess phenylmagnesium chloride, is removed durl"ng the concentration.

14. Water is used to remove excess sulfuric acid, and ethyl acetate to remove
triphenylmethanol, benzophenone and the N-benzamide derivative of proline.

15. Assay for enantiomeric purity: To a magnetically stirred suspensio'n of
diphenylprolinol sulfate (30 mg) in tetrahydrofuran (1 mL) is added 1 M aqueous
sodium hydroxide (210 uL). The mixture is stirred for 15 min, then (R)-Mosher acid
chloride (20 uL) is added. By TLC (EM Si-60, 8:2 hexane/EtOAc, Ry diphenylprolinol =
0.05, Rf Mosher amide = 0.4) the reaction is complete in 1 hr. The reaction mixture is
diluted into hexane (9 mL), then eluted through a Baker Silica SPE (1 g) column
(previously washed with hexane). The column was eluted with additional 9:1
hexane/tetrahydrofuran (5 mL). The combined eluates were than analyzed by
capillary GC: Column: 0.33 mm x 30 m DB-23 (J&W Scientific); Oven Temperature:
250°C; Injector/Detector Temperature: 275°C; Carrier Gas: Helium (21 Ibs/in2), ca.
30:1 split; Injection: 1 uL; Detection: FID; Retention Times: (R,R)-Mosher amide 25.9
min; (R,S)-Mosher amide 29.6 min. The enantiomeric purity is 99:1.

16. There are occasions when a small amount of material does not dissolve.
This does not affect the reaction.

17. Filtration is necessary to remove a small amount of polymeric solid that
interferes with the phase saparation.

18. Toluene is removed with a rotary evaporator (water aspirator, 40°C bath
temperature). If desired, a toluene flush (300 mL) may be employed to remove
residual traces of water. Concentration serves both to remove THF and azeotropically
dry the solution. The last traces of solvent are removed by placing the oil under high

vacuum (ca. 1 mBar) at room temperature overnight.
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19. The physical propenties are as follows: lit. mp: 76.5-77.5°C;2¢ TH NMR (500
MHz, CDCl3) & 1.57-1.79 (m, 4 H, C-3-Hp, C-4-Hp), 2.93-2.98 (m, 1 H, C-5-H), 3.02-
3.07 (m, 1 H, C-5-H), 4.27 (t, J = 7.6, C-2-H), 7.16-7.21 (m, 2 H, Ar-H), 7.28-7.34 (m, 4
H, Ar-H), 7.53-7.72 (m, 4 H, Ar-H); 13C NMR (125 MHz, CDCl3) §: 25.4, 26.3 (C-3, C-
4), 46.7 (C-5), 64.5 (C-2), 125.5, 125.8, 126.3, 126.4, 127.9, 128.2, (C-2'-C-6', c-2"-C-
6"), 145.4 (C-1"), 148.1 (C-1").

20. If desired, the diphenylprolinol may be assayed for enantiomeric purity as
described in Note 15.

21. The glassware was oven-dried (110°C) before use. The 500-mL round-
bottomed flask was graduated in 100-mL increments. The checkers used argon in
place of nitrogen.

22. The xylenes (EM Science) were dried over 4 A molecular sieves. Residual
water content < 20 ug/mL by Karl Fisher titration. The checkers dried hexanes (Fisher
Scientific Company), tetrahydrofuran, and xylenes over 4 A molecular sieves. The
checkers did not measure the residuat water content of the solvents.

23. Trimethylboroxine (as a 50 wit% solution in THF) and borane-methyl sulfide
(10 M) were obtained from Callery Chemical Company. The checkers employed 50
wt% trimethylboroxine/THF solution (prepared from neat trimethylboroxine (Aldrich
Chemical Company, Inc.) and dry THF). The checkers used borane-methyl sulfide
obtained from Aldrich Chemical Company, Inc.

24, The submitters report that a two-stage exotherm occurs during the addition.
The first exotherm occurs as the trimethylboroxine reacts with the diphenylprolinol, and
the second occurs as the intermediate bismethylboronic acid adduct crystallizes.
Typically, the intermediate begins to crystallize after ca. one third of the
trimethylboroxine is added. The reaction should not be run more concentrated. The
checkers observed an exothermic reaction (warming from 20 to 45°C) after

approximately one half to two thirds of the trimethylboroxine/THF solution was added.
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25. The vessel is swept with a gentle stream of nitrogen during the distillation
and subsequent operation to ensure the complete removal of the reaction by-products.
The condenser should be air-cooted during the initial stages of the distillation to
prevent it from being plugged with methylboronic acid. The checkers heated the
stirred mixture rapidly to the boiling point (over ca. 20-30 min period) and used an
argon sweep in place of nitrogen during the distillation.

26. The essentially pure free oxazaborolidine will slowly solidify on standing
(mp 79-81°C). Although this material can be stored and used "as is" if scrupulously
protected from adventitious moisture, the submitters recommend that it be converted 1o
the more stable borane complex.

27. The physical properties are as follows: mp 80-83°C (corr); TH NMR (500
MHz, 0.15 M in CDCl3) 8: 0.46 (s, 3 H, B-CH3), 0.85-0.93 (m, 1 H, C-4-H), 1.64-1.85
(m, 3 H, C-4-H, C-5-Hy), 3.08-3.13 (m, 1 H, C-6-H), 3.38-3.43 (m, 1 H, C-6-H), 4.40-
4.43 (dd, 1 H, J =5.5, 9.8, C-3a-H), 7.23-7.43 (m, 8 H, Ar-H), 7.59-7.61 (m, 2 H, Ar-H);
118 NMR (64.2 MHz, 0.15 M in CDCl) §: 34.6; 13C NMR (125 MHz, CDCl3) §: -5.7
(br, B-CH3), 26.3 (C-5), 30.1 (C-4), 42.8 (C-6), 72.6 (C-3a), 87.7 (C-3), 126.1, 126.2,
126.5, 127.0, 127.6, 128.0 (C-3', C-3", C-4', C4", C-5', C-5"), 143.9, 147.5 (C-1', C-
1"); IR (CCls) cm-1: 3060, 3025, 2980, 2875, 1445, 1335, 1315, 1235, 995, 695; low-
resolution EIMS: m/z 277.2 [M]+. The solvent used for the NMR spectra must be dry
and free of HCI or DC! (molecular sieves and/or anhydrous potassium carbonate).

28. During the addition, the oxazaborolidine-borane complex crystallizes. A
slow addition of dry hexane favors the formation of larger crystals.

29. During the filtration it is important to keep the operation under an
atmosphere of dry nitrogen to prevent moisture from condensing on the product. The
submitters have also isolated the product in a 600-mL, sintered-glass funnel contained

in a large bag maintained under an atmosphere of dry nitrogen. The checkers
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performed the filtration in a 600-mL, medium-frit sintered glass funnel contained in a
large plastic glove bag maintained under an argon atmosphere.

30. The three hexane washes are first used to rinse product remaining in the
reaction vessel.

31. The physical properties area as follows: mp 124-127°C {(dec); '"H NMR (500
MHz, CDCl3) 8: 0.77 (s, 3 H, B-CH3), 1.0-1.9 (very br s, 3 H), 1.28-1.37 (m, 1 H, C-4-
H), 1.56-1.68 (m, 1 H, C-5-Hy), 1.89-2.0 (m, 2 H, C-5-H3), 3.19-3.24 (m, 1 H, C-6-H),
337-3.43(m, 1 H, C-6-H), 4.66 (t, 1 H,J = 7.9, C-3a-H), 7.2-7.4 (m, 8 H, Ar-H), 7.6 (m, 2
H, Ar-H): 1B NMR (CDCl3) 8: 34.5 (oxazaborolidine-B), -14.5 (complexed Hg); 13C
NMR (125 MHz, CDCl3) &: -3.9 (br, B-CH3), 24.9 (C-5), 31.4 (C-4), 57.7 (C-8), 76.2 (C-
3a), 90.6 (C-3), 125.0 (C-2", C-6"), 125.4 (C-2', C-6'), 127.1 (C-4"), 127.3 (C-4'), 1281
(C-3", C-5"), 128.2 (C-3, C-5), 143.5 (C-1"), 144.6 (C-1'). Anal Calcd for
C1gH23BaNO: C, 74.29, H, 7.97; N, 4.81. Found: C, 74.34; H, 8.00; N, 4.69.

32. The product is stored at room temperature protected from moisture. A
nitrogen atmosphere is recommended for long term storage. Unlike the free
oxazaborolidine that readily reacts with and is decomposed by atmospheric moisture,
the oxazaborolidine-borane complex is significantly more stable, allowing it to be
handied briefly in the open.

33. The glassware was oven-dried (110°C) before use. The checkers used
argon in place of nitrogen.

34. The checkers observed gas evolution upon dissolution of the (S)-
oxazaborolidine-borane complex in dichloromethane (CH2Cl2) at room temperature.

35. Dichloromethane (Fisher Scientific Company) was dried over 4 A molecular
sieves before use (water content < 20 pug/mL by Karl Fisher titration). The checkers did

not measure the residual water content of the solvent.
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36. Borane-methyl sulfide (10 M) was obtained from Callery Chemical
Company. The checkers purchased borane-methyl sulfide (10 M) from Aldrich
Chemical Company, Inc.

37. The reaction temperature was controlled using a cooling bath of
methanol/ice and sufficient dry ice to maintain the indicated temperature.

38. 1-Indanone (Aldrich Chemical Company, Inc., 99+%) was used as received.

39. The progress of the reaction was followed by capillary GC. An aliquot (50
pb) is quenched into methanol (5 mL) and then analyzed using a 30-m x 0.32-mm DB-
23 (J&W Associates) column (He carrier, 15 Ibs/in2; ca. 30:1 split; oven temp: 50 to
150°C at 10°C/min; injector/detector temp: 250°C). 1-Indanol (tr 10.9 min); 1-indanone
(tr 11.1 min).

40. Caution: Hydrogen is evolved during the quench. The flask should be
flushed with nitrogen. The reaction mixture is added at a rate to control the foaming.

41. Methanol distillation serves to remove the majority of the boron species, as
B(OMe)3 and MeB(OMe)2

42. The Amberlyst (NHa+) resin column is prepared as foflows: Amberlyst 15
(H+) (56 g, 100 mL dry, Rohm & Haas Co.) is suspended in an open beaker containing
methanol (100 mL). [Caution: the slurry exotherms to ca. 40°C without external
cooling, and expands to ca. 1.5 times its initial volume.] The slurry is poured into a 2.5
x 30-cm column and is eluted with 1 M methanolic ammonia (ca. 1 L) until a sample of
the eluent diluted 1:1 with water is basic. The resin is then eluted with methanol (ca.
0.5 L) until a sample of the eluent diluted 1:1 with water is neutral. Once prepared, the
column can be reused multiple times.

43. The progress of the column is monitored by UV (260 nm) or capillary GC
(Note 39).

44. Chiral HPLC assay (4.6 x 250-mm Chiraicel-OB, 90:10 Hexane/isopropyl
alcohol, 0.5 mL/min, UV 254 nm): 1-indanone (tg 29.6 min, < 0.1%), (R)-carbino! (tR
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10.3 min, 98.9%), (S)-carbinol (tr 15.3 min, 1.1%). The sample was taken as a
homogenous solution in methanol (prior to crystallization) to avoid enantiomeric
enrichment. The checker's weight of crude 1-(R)-indanol (prior to recrystaliiiation);
was 26 g, ca. 90% ee. The checkers also recovered crude (S)-diphenylprolinol (1.9 g)
from the column.

45. The physical properties are as follows: Mp 73.0-73.5°C {Iit.3 72.0°C}; HPLC
(Chiralcel-OB) {R)-carbinol {tr 10.3 min, > 99.9%), (8)-carbino! (tgr 15.3 min, < 0.1%);
[oz]l%1 -45.5° (MeOH, ¢ 1.184) [lit.4 (S)-carbinol [on]é5 +22.6° (CHCI3, ¢ 4.2) reported for
the enantiomer]; TH NMR (500 MHz, CDCl3) §: 2.2-2.25 (br s, 1 H, OH), 1.91-1.98 (m,
1 H, C-2-H), 2.46-2.53 (m, 1 H, C-3-H), 2.81-2.87 (m, 1 H, C-3-H), 3.04-3.10 (m, 1 H, C-
3-H), 523 (, 1 H, J=6.0, C-1-H), 7.27-7.45 (m, 4 H, Ar-H); 13C NMR (125 MHz,
CDCl3) 8: 29.7,35.7,76.2, 124.1, 1247, 126.5, 128.1, 143.2, 144.9. Checkers yield of
(R)-2,3-dihydro-1H-inden-1-ol after recrystallization was 19.6-20.3 g (73-76%); mp
(corr): 73-74°C, {a]ZDg -18.1° (MeOH, ¢ 1.3).

46. From the mother liquors was obtained an additional 1.75 g (6.5%) of 1-
indanol of lower enantiomeric purity (HPLC: 85:15 R/S). The checkers concentrated
the mother liquors to afford additional 1-(R)-indano! (6.5-6.9 g) of lower enantiomeric

purity (60-70% ee).
Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory”; National Academic Press; Washington, DC, 1996.
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3. Discussion

A-B. Enantiomerically pure (R)- and (S)-o,c-diaryl-2-pyrrolidinemethanols are
yrecursors to several useful asymmetric catalysts,53-¢ including the corresponding
yxazaborolidines.5t! Although several routes have been reported for making these
:ompounds,y none were suitable for our purposes (poor yields, multiple steps, difficult
solations).6-10  We therefore developed a practical two-step synthesis of (R)-o,o
diaryl-2-pyrrolidinemethanols from (R)- or (S)-proline based on the addition of proline-
N-carboxyanhydride to phenylmagnesium chloride.?1.12 This investigation led to the
development of a reliable procedure for oxazaborolidine preparation based on the
reaction of trimethylboroxine with diphenylprolinol.11 Using this the submitters
prepared a series (see Table) of enantiomerically pure «,o-diphenyl-2-
pyrrolidinemethanols and their corresponding B-alkyl- and B-aryloxazaborelidines
beginning with either (R)- or (S)-proline.

The yield obtained for the preparation of (S)-a,a-diaryl-2-pyrrolidinemethanol
was 67% at -10°C. It was found that addition of the Grignard reagent to the proline-N-
carboxyanhydride resulted in a iower yield; therefore the proline-N-carboxyanhydride
is added to the Grignard. The reaction is successful with meta- and para- substituted
aryl Grignards, but with ortho-substituted aryl Grignard reagents only one equivalent
adds, affording an unstable ketone intermediate too hindered for further addition. Alkyl
Grignards do not afford the desired product so the submitters recommend the

procedure described by Enders.10
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TABLE
0,0-DIARYL-2-PYRROLIDINEMETHANOLS

Entry R Yielda e.eb
1 Phenyl 73% 99.4%
2 4-Fluorophenyl 89% 99.4%
3 4-Chloropheny! 59% 99.4%
4 4-Methylpheny! 57% 99.4%
5 4-(CF3)-Phenyl 46% 99.4%
6 4-tert-Butylphenyl 50% 99.4%
7 4-Methoxypheny! 53% 99.4%
8 3-Chlorophenyl 62% 99.4%
9 3,5-Dichloropheny! 68% 99.4%

10 3,5-Dimethylpheny! 60% 99.4%

11 2-Naphthyl 64% 99.4%

a|solated yield. PEnantiomeric excess (e.e.) determined by capillary GC analysis of the

(R)-a-methoxy-a-(trifluoromethyl)phenylacetic acid amide derivative.

The methods reported for the preparation of the oxazaborolidine include the
reaction of dipheny!prolinol with methylboronic acid 1) in toluene at 23°C for 1.5 hr
with 4 A molecular sieves present and 2) in toluene at reflux for 3 hr using a Dean-
Stark trap, both followed by evaporation of solvent and molecular distillation (0.1 mm,
170°C).5!  An alternate method involved heating a toluene solution of 2-
naphthylprolinol and methylboronic acid at reflux for 10 hr using a Soxhlet extractor
containing 4 A molecular sieves.5i These methods afforded erratic results. The

submitters therefore developed an alternate synthesis.
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During their investigations they isolated the methylboronic acid adduct and the
water adduct of the catalyst. The submitters found, by NMR experiments, that these
were the compounds giving rise to spurious signals that were attributed to a "dimer”. It
was shown that the methylboronic acid adduct could be synthesized directly by
treating 0.667 equiv of methylboronic acid with (S)-a,a-diphenyl-2-pyrrolidine-
methanol. Heating at reflux in toluene yielded the catalyst free of any spurious signals.
The catalyst prepared this way reproducibly afforded high levels of enantioselection.
The oxazaborolidine must, however, be protected from moisture in order to retain high
levels of enantioselection.

C. The reported procedure provides a practical preparation of (S)-tetrahydro-1-
methyl-3,3-diphenyl-1H,3H-pyrrolo[1,2-¢][1,3,2]oxazaborole and conversion to its
more stable borane complex.'3 The cxazaborolidine-borane complex has also been
prepared by treatment of a toluene solution of the free oxazaborolidine with gaseous
fiborane followed by recrystallization from a dichioromethane-hexane bilayer.14 This

nd other chiral oxazaborolidines have been used to catalyze the enantioselective
eduction of prochiral ketones.!S The yield and enantioselectivity of reductions using
catalytic amounts of the oxazaborolidine-borane complex are equal to or greater than
those obtained using the free oxazaborolidine.13

D. The use of chiral oxazaborolidines as enantioselective catalysts for the
reduction of prochiral ketones, imines, and oximes, the reduction of 2-pyranones to
afford chiral biaryls, the addition of diethylzinc to aldehydes, the asymmetric
hydroboration, the Diels-Alder reaction, and the aldol reaction has recently been
reviewed.159.d The yield and enantioselectivity of reductions using stoichiometric or
catalytic amounts of the oxazaborolidine-borane complex are equal to or greater than
those obtained using the free oxazaborolidine.’3 The above procedure demonstrates
the catalytic use of the oxazaborolidine-borane complex for the enantioselective

reduction of 1-indanone. The enantiomeric purity of the crude product is 97.8%. A
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single recrystallization from hexane then affords enantiomerically pure (> 99.8% ee) 1-

indano! in 90-94% overall yield.

Merck Research Laboratories, Depan;nent of Process Research, Rahway, NJ
07065.
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10.

Addition of lithiated N-nitrosopyrrolidine to benzophenone to give racemic o,o-
dipheny!-2-pyrrolidinemethanol (58-60% yield based on benzophenone): (a)
Seebach, D.; Enders, D.; Renger, B. Chem. Ber. 1977, 110, 1852-1865; (b)
Enders, D.; Pieter, R.; Renger, B.; Seebach, D. Org. Synth., Coll. Vol. Vi 1988,
542-549,

Addition of phenylmagnesium chloride to methyl pyroglutamate followed by
reduction with borane to give racemic «,a-dipheny!-2-pyrrolidinemethanol (3
steps, 51% yield from pyrrogiutamic acid) that was then resolved as its O-
acetylmandelate salt to give (R)- or (S)-o,a-diphenyl-2-pyrrolidinemethanol (2
steps, 3 recrystallizations, 30% yield from racemic o,a-diphenyl-2-
pyrrolidinemethanol ref. 5f).

Addition of (S)-proline ethyl ester to phenyimagnesium chloride to give (S)-a,o-
diaryl-2-pyrrolidinemethanol (2 steps, 21% yield from (S)-proline): (a) Roussel-
UCLAF French Patent FR M3638, 1965; Chem. Abstr. 1969, 70, 106375m An
earlier report (26% yield) did not indicate the enantiomeric purity of the product;
(b) Kapfhammer, J.; Matthes, A. Z. physiol. Chem. 1933, 223, 43-52. In the
submitters hands, addition of (S)-proline methyl ester hydrochloride to
phenylmagnesium chloride, afforded (S)-a,o-diphenyl-2-pyrrolidinemethanol in
20% yield and 80% e.e. See also ref. 5d.

Addition of N-(benzyloxycarbonyl)-(S)-proline methyl ester to phenyl-
magnesium chloride to give (8)-a,a-diphenyl-2-pyrrolidinemethanol (3 steps, 5
isolations, 0-50% yield from (S)-proline): ref. 5e and 5g. It should be noted that
6-10 equiv of the Grignard reagent are required to drive this reaction to
completion. Quenching the excess phenylmagnesium bromide affords
benzene--an environmental and health hazard.

Addition of N-benzyl-(S)-proline ethyl ester to phenylmagnesium chloride
followed by catalytic hydrogenolysis affords (S)-a,a-diphenyl-2-
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11.

12.

13.

14.
15.

pyrrolidinemethanol (4 steps, 3 isolations, 51% yield from (S)-proline: Enders,
D.; Kipphardt, H.; Gerdes, P.; Brena-Valle, L. J.; Bhushan, V. Bull. Soc. Chim.
Belg. 1988, 97 , 691-704. This method has also been used to prepare'other
(8)-a,a-diaryi-2-pyrrolidinemethano!: ref. 5i.

Mathre, D. J.; Jones, T. K.; Xavier, L. C.; Blacklock, T. J.; Reamer, R. A.; Mohan,
J. J.; Jones, E. T. T.; Hoogsteen, K.; Baum, M. W.; Grabowski, E. J. J. J. Org.
Chem. 1991, 56, 751-762.

(a) See ref 8; (b) Blacklock, T. J.; Jones, T. K.; Mathre, D. J.; Xavier, L. C., U.S.
Patent 5 039 802, 1991; Chem. Abstr. 1991, 115, 232503n; (c) For an alternate
source of (R)-diphenylprolinol see: Kerrick, S. T.; Beak, P. J. Am. Chem. Soc.
1991, 7113, 9708-9710.

(a) Mathre, D. J.; Thompson, A. S.; Douglas, A. W.; Hoogsteen, K.; Carroll, J. D.;
Corley, E. G.; Grabowski, E. J. J. J. Org. Chem. 1993, 58, 2880-2888; (b)
Blacklock, T. J.; Jones, T. K.; Mathre, D. J.; Xavier, L. C., U.S. Patent § 189 177,
1993: See U.S. Patent 5 039 802; Chem. Abstr. 1991, 115, 232503n.

Corey, E. J.; Azimioara, M.; Sarsha, S. Tetrahedron Lett. 1992, 33, 3429-3430.
(a) ltsuno, S.; Ito, K.; Hirao, A.; Nakahama, S. J. Chem. Soc., Chem. Commun.
1983, 469-470; (b) see ref 5f. For recent reviews see: (c¢) Singh, V. K.
Synthesis 1992, 605-617; (d) Wallbaum, S.; Martens, J. Tetrahedron:
Asymmetry 1992, 3, 1475-1504.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

(S)-Tetrahydro-1-methyl-3,3-diphenyi-1H,3H-pyrrolo[1,2-¢](1,3,2]oxazaborole-boran
complex: Boron, trinydro(tetrahydro-1-methyl-3,3-diphenyl-1H,3H-pyrrclof1,2-
cl[1.3,2]oxazaborole-N7)-, [I-4-(3aS-cis)}- (12); (112022-90-9)
(8)-Proline-N-carboxyanhydride: 1H,3H-Pyrrolo[1,2-cJoxazole-1,3-dione, tetrahydro-,
(S)- (9); (45736-33-2)

(S)-(-)-Proline: L-Proline (8,9); (147-85-3)

Phosgene: HIGHLY TOXIC. Carbonic dichloride (9); (75-44-5)

Triethylamine (8); Ethanamine, N, N-diethyl- (9); (121-44-8)

(S)-1,1-Diphenylprolinol: 2-Pyrrolidinemethanol, o,a-diphenyl-, {S)- (12);
(112068-01-6)

Trimethylboroxine: Boroxin, trimethyl- (8,9); (823-96-1)

(S)-Diphenylprolinol sulfate: 2-Pyrrolidinemethanol, a,a-diphenyl-, (S)-, sulfate (2:1)
(salt) (12); (131180-44-4)

Borane-methyl sulfide complex: Methyl sulfide, compd, with borane (1:1) (8); Borane,
compd. with thicbis[methane] (1:1) (9); (13292-87-0)

(R)-2,3-Dihydro-1H-inden-1-0l: 1-Indanol, (R)- (8); 1H-Inden-1-ol, 2,3-dihydro-, (R)-
(9); (697-64-3)

1-Indanone (8); 1H-Inden-1-one, 2,3-dihydro- (9); (83-33-0)

71



1,2,3-TRIPHENYLCYCLOPROPENIUM BROMIDE
(Cyclopropenylium, triphenyl-, bromide)

Ph—==—Ph + PhCHCl, +  2t-BuOK —_
h
Ph_ Ot-Bu -
5 HBr Br
Ph Ph Ph Ph

Submitted by Ruo Xu and Ronald Breslow.1
Checked by Rebecca Calvo and Robert K. Boeckman, Jr.

1. Procedure

1,2,3-Triphenylcyclopropenium bromide. A flame-dried, 500-mL, three-necked,
round-bottomed flask, equipped with a magnetic stirring bar and a reflux condenser
fited with an argon inlet vented through a mineral oil bubbler, glass stopper, and
rubber septum, is flushed with argon and charged with a solution of diphenylacetylene
(3.92 g, 0.022 mol) (Note 1) and potassium tert-butoxide (9.97 g, 0.083 mol) in dry
benzene (100 mL) (Note 2). Efficient magnetic stirring is initiated, and 5.8 mL of o,0-
dichlorotoluene (7.2 g, 0.045 mol) (Note 3) is added dropwise over ~5 min via a
syringe under argen (Note 4). The reaction mixture is then heated under reflux for 3 hr
during which time the precipitate dissolves (Note 5). After the reaction mixture is
cooled to room temperature, 100 mL of water is added to remove inorganic salts. The
organic layer is separated and the aqueous layer is extracted with portions of ether (2
x 50-mL). The organic layers are combined, dried over magnesium sulfate, and
fitered. The filtrate is saturated with anhydrous hydrogen bromide (Note 6),

whereupon a light yellow precipitate forms that is collected to afford 6.8-7.2 g (89-93%)
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of essentially pure triphenylcyclopropenium bromide (Note 7). The material prepared
in this manner provides a satisfactory elemental analysis,2 but it can be further purified

by recrystallization from acetonitrile, if desired.

2. Notes

1. Diphenylacetylene, potassium tert-butoxide, and a,a-dichlorotoluene were
purchased from Aldrich Chemical Company, Inc. and used without further purification.

2. Benzene is obtained from the Fisher Scientific Company and purified by
distillation from CaHa.

3. An excess of a,a-dichioratoluene and potassium tert-butoxide is necessary
to ensure high conversion of diphenylacetylene. When 1 equiv of a,a-dichlorotoluene
and 2 equiv of potassium tert-butoxide are used, only 60% conversion of
diphenylacetylene is achieved and the remainder is recovered during the workup.
Nonetheless, the yield corrected for recovered diphenylacetylene is still more than
90%.

4. The reaction mixture is observed to bubble, fume, become brown in color,
and deposit a precipitate. When the reaction is carried out in the air rather than under
argon, the conversion is only 50%.

5. Slightly lower conversion is consistently realized when the reflux period is
shortened to 1 hr.

6. When the usual preparative procedure was interrupted before the addition of
water, and the inorganic material was removed by filtration, concentration of the
solution and addition of dry hexane caused crystallization of 1,2,3-
triphenylicyclopropenyl tert-butyl ether as white prisms.2 The checkers did not observe

reprecipitation of the salts upon cooling the reaction mixture.
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7. The crude product is quite pure and has the following spectral
characteristics: 'H NMR (300 MHz, CD3NO3) 8: 7.99 (t, 6 H, J = 8), 8.12 (t, 3 H, J = 8),
8.71 (d, 6 H, J = 8); 13C NMR (75 MHz, CD3NOp) 5: 119.65, 130.18, 135.40, 138.18,
155.26; IR (CHCI3) cm-1: 3382, 1712, 1594, 1505, 1410. On heating it decomposes

without a defined meiting point.
Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996.
3. Discussion

This is the procedure first reported in 1961.2 It involves generation of
phenylchlorocarbene, or more likely a related carbenoid, which adds to the acetylene
to form triphenylcyclopropenium chioride. This chloride reacts with ten-butoxide ion to
form the covalent tert-butyl ether, which can be isolated. With water, this ether
hydrolyzes to bis(triphenylcyclopropenyl) ether, but either of these compounds is
converted to the ionic bromide salt with HBr.

According to this procedure, with proper choice of reaction conditions, a
sizeable amount of diphenylacetylene can be converted quantitatively to
triphenylcyclopropenium bromide in a few hours. The reaction is of wide generality
and can be applied to p-anisylphenylacetylene and to di-p-anisylacetylene, or with p-
anisal chioride instead of a,a-dichlorotoluene, to prepare p-methoxy derivatives of the
title compound.2 Since the initial preparation of this derivative of the cyclopropenyl
cation by a less efficient procedure,® many aryl-, alkyl- and heteroatom-substituted

4 .
derivatives of this simplest cyclic aromatic system have been synthesized,* including
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the parent cyclopropeny! cation itself.5 They have been used for various physical
studies,b and for the preparation of derivatives such as covalent cyclopropenes and
metal coordination complexes.”.8

The cyclopropenyl cation is the simplest aromatic system, and thus of some

theoretical interest. In addition, the chemistry of cyclopropene derivatives is full of
Interesting rearrangements to other novel structures,? reflecting the great strain energy

of the cyclopropene ring.

Departiment of Chemistry, Columbia University, New York, New York 10027.
Breslow, R.; Chang, H. W. J. Am. Chem. Soc. 1861, 83, 2367.
Breslow, R. J. Am. Chem. Soc. 1957, 79, 5318.

Lol

(a) Breslow, R.; Yuan, C. J. Am. Chem. Soc. 1958, 80, 5991; (b) Breslow, R.:

Héver, H.; Chang, H. W. J. Am. Chem. Soc. 1962, 84, 3168; (c) Yoshida, Z. I.
Top. Curr. Chem. 1973, 40, 47.

5. Breslow, R.; Groves, J. T. J. Am. Chem. Soc. 1970, 92, 984.

6. Wasielewski, M. R.: Breslow, R. J. Am. Chem. Soc. 1976, 98, 4222,

7. Pienta, N. J.; Kessler, R. J.: Peters, K. S.; O'Driscoll, E. D.; Amett, E. M.: Molter,
K. E. J. Am. Chem. Soc. 1991, 113, 3773,

8. Hughes, R. P; Klaeui, W.; Reisch, J. W.; Mueller, A. Organometallics 1985, 4,
1761.

9. Breslow, R.; Boikess, R.; Battiste, M. Tetrahedron Lett. 1960, 26, 42,
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

1,2,3-Triphenyicyclopropenium bromide: Cyclopropenylium, triphenyl-, bromide (8,9);
(4919-51-5) ‘
Diphenylacetylene: Acetylene, diphenyl- (8); Benzene, 1,1'-(1,2-ethynediyl)bis- (9);
(501-65-5)

Potassium tert-butoxide: tert-Butyl alcohol, potassium salt (8); 2-Propanol, 2-methyl-,
potassium salt (9); (865-47-4)

o,o-Dichlorotoluene: Toluene, o,a-dichloro- (8); Benzene, (dichloromethyl)- (9);
(98-87-3) -

Hydrogen bromide: Hydrobromic acid (8,9); (10035-10-6)
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PYRIDINE-DERIVED TRIFLATING REAGENTS: N-(2-PYRIDYL)-
TRIFLIMIDE AND N-(5-CHLORO-Z-PYRIDYL)TRIFLIMIDE
(Methanesulfonamide, 1,1,1-trifluoro-N-2-pyridinyl-N-

[(trifluoromethyl)sulfonyl]-] and Methanesulfonamide, N-(5-chloro-2-

pyridinyl)-1,1,1-trifluo ro-N-[(trifluoromethyl)sulfonyl]-)

@ 1. Pyridine (\/'L
X, 2.(THz0 \N N ATt

N "NH, ‘
Tt
1
ol Cl
= 1. Pyridine = l
X I 2.(TH,0 S Tf
N NH, N T -~
Tt

Submitted by Daniet L. Comins, Ali Dehghani, Christopher J. Foti, and
Sajan P. Joseph.1

Checked by Maria A. Cichy and Amos B. Smith, Iil.
1. Procedure
A.  N-(2-Pyridy)triflimide (1). A 2-L, two-necked, round-bottomed flask
oquipped with a mechanical stirrer (Note 1) and a rubber septum is charged with 2-

aminopyridine (19.859 g, 0.211 mol) (Note 2) and pyridine (35.04 g, 35.88 mL, 0.443
mol) (Note 3) in 800 mL of dichloromethane (CHCl3) (Note 4) under an argon
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atmosphere. The reaction mixture is cooled to -78°C and a solution of triflic anhydride
(125 g, 74.54 mL, 0.443 mol) (Note 5) in 150 mL of CH2Cl2 is added dropwise via a
cannula over 3.5 hr with vigorous stirring. After the solution is stirred for 2 hr at -78°C,
the cooling bath is removed and stirring is continued at room temperature for 19 hr.
The reaction mixture is quenched with 50 mL of cold water and the layers are
saparated. The aqueous layer is extracted with CH2Cl2 (4 x 50 mL). The combined
organic extracts are washed with cold agueous 10% sodium hydroxide (1 x 150 mL}),
cold water (1 x 100 mL), brine (1 x 100 mL) and dried over magnesium sulfate. After
filtration, the solvent is removed under vacuum to give 69 g of the crude product. After
Kugelrohr distillation (Note 6), 61 g (81%) of pure N-(2-pyridyltrifiimide (bp 85-
100°C/0.25 mm, mp 41-42°C) (Note 7) is obtained as a white solid.

B. N-(5-Chloro-2-pyridyl)tritlimide (2). Using the same procedure as described
above, 2-amino-5-chloropyridine (27.13 g, 0.211-mol) (Note 8) is converted to N-(5-
chioro-2-pyridyltriflimide (mp 47-48°C) (61.84 g, 75%, bp 88-100°C/0.15 mm) (Note
9).

2. Notes

1. A magnetic stirrer can be used with a large stirrer bar and 1.5 L of

dichloromethane.
2. 2-Aminopyridine was purchased from Aldrich Chemical Company, Inc., and

used without further purification.

3. Anhydrous pyridine was purchased from Aldrich Chemical Company, Inc.,
and kept over 3 A molecular sieves for two days prior to use.

4. Anhydrous dichloromethane was purchased from Aldrich Chemical

Company, Inc., and used without further purification.
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5. Triflic anhydride was purchased from Aldrich Chemical Company, Inc., and
used as such.

6. Sometimes a second distillation is needed to obtain pure compound.

7. The spectral properties of N-(2-pyridyl\triflimide are as follows: IR (nujol)
em-1: 1590, 1570, 1460, 1220, 1215, 1120, 1040, 990, 940, 910, 880, 735, 710; 'H
NMR (300 MHz, CDClg) 3: 7.46-7.55 (m, 2 H), 7.91-7.97 (dt, 1 H, J = 8.08, 2.2), 8.63
{dd, 1 H, J = 4.4, 1.46); 13C NMR (75 MHz, CDCl3) 8: 112.80, 117.10, 121.39, 125.50,
125.69, 126.79, 139.71, 145.98, 150.31.

8. 2-Amino-5-chloropyridine was purchased from Aldrich Chemical Company,
Inc., and used without further purification.

'9. The spectral properties of N-(5-chloro-2-pyridyl)triflimide are as follows: IR
(nujol) em-1: 1570, 1460, 1230, 1215, 1125, 1010, 925, 905, 745, 730; TH NMR (300
MHz, CDClg) 8: 7.42 (d, 1 H, J=8.8),7.90 (dd, 1 H, J = 8.8, 2.2), 8.58 (d, 1 H, J = 2.93);
13C NMR (75 MHz, CDClg) &: 112.77, 117.06, 121.36, 125.66, 126.18, 135.84,
139.33, 143.82, 149.31.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996.
3. Discussion

Viny! triflates are important intermediates, since they can be used as synthetic
precursors for vinyl cations and alkylidene carbenes, and as substrates for
regiospecific coupling reactions.2:3 Vinyl triflates are also valuable intermediates in a
mild, two-step procedure for the deoxygenation of ketones.45 These new triflating

reagents are highly reactive and easy to prepare and handle.6 When compared with
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other triflating reagents, the vinyl trifiate can in most cases be made at lower
temperatures, and any excess reagent and by-products can be removed by washing
with cold aqueous 5% sodium hydroxide solution. The utility of the pyridine-derived
triflating reagents is illustrated by the examples in the Table.6 Recently reagent 2 has
been used in the total syntheses of (-)-porantheridine? and trans-decahydroquinoline
alkaloid (+)-219 A.8

1. Department of Chemistry, North Carolina State University, Raleigh, NC 27695-
8204.

2. For reviews see: (a) Stang, P. J. Acc. Chem. Res. 1978, 11, 107; (b) Stang, P.
J.; Hanak, M.; Subramanian, L. R. Synthesis 1982, 85.

3. (a) Scott, W. J.; Pefia, M. R.; Sward, K.; Stoessel, S. J.; Stille, J. K. J. Org. Chem.
1985, 50, 2302; (b) Tamaru, Y.; Ochiai, H.; Nakamura, T.; Yoshida, Z.
Tetrahedron Lett. 1986, 27, 955; (c) Wulff, W. D.; Peterson, G. A.; Bauta, W. E.;
Chan, K-S.; Faron, K. L.; Gilbertson, S. R.; Kaesler, R. W.; Yang, D. C.; Murray,
C. K. J. Org. Chem. 1986, 51, 277; (d) Cacchi, S.; Morera, E.; Ortar, G.
Synthesis 1986, 320; (e) McCague, R. Tetrahedron Lett. 1987, 28, 701, ()
Arcadi, A.; Burini, A.; Cacchi, S.; Delmastro, M.; Marinelli, F.; Pietroni, B. Synlert
1990, 47, and references therein; (g) for recent applications in total syntheses
of natural products, see: Corey, E. J.; Kigoshi, H. Tetrahedron Lett. 1991, 32,
5025; Smith, A. B., lil; Sulikowski, G. A.; Sulikowski, M. M.; Fujimoto, K. J. Am.
Chem. Soc. 1992, 114, 2567.

4, (a) Jigajinni, V. B.; Wrightman, R. H. Tetrahedron Lett. 1982, 23, 117; (b)
Subramanian, L. R.; Martinez, A. G.; Fernandes, A. H.; Alvarez, R. M. Synthesis
1984, 481,
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The submitters successfully used this reduction procedure in their recent
synthesis of (x)-pumiliotoxin C, see: Comins, D. L.; Dehghani, A. Tetrahedron
Lett. 1991, 32, 5697,

Comins, D. L.; Dehghani, A. Tetrahedron Lett. 1992, 33, 6299.

Comins, D. L.; Hong, H. J. Am. Chem. Soc. 1993, 115, 8851.

Comins, D. L.; Dehghani, A. J. Org. Chem. 1995, 60, 794.

81



TABLE®

PREPARATION OF VINYL TRIFLATES FROM KETONE ENOLATES Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
Base; Reagent; .
Ketone Conditions Product Yield, % (Registry Number)
0 oTf . - . . -
N-(2-Pyridyljtrifimide: Methanesulfonamide, 1,1,1-trifluoro-N-2-pyridinyl-N-
NaEDS: 2 92 [(trifluoromethyl)sulfonyl)- (13): (145100-50-1)
' N-(5-Chloro-2-pyridyltriflimide: Methanesulfonamide, N-(5-chloro-2-pyridinyl)-1,1,1-
le) oTt trifluoro-N-{(trifluoromethyl)sulfonyl}- (13); (145100-51-2)
2-Aminopyridine: Pyridine, 2-amino- (8); 2-Pyridinamine (2); (504-29-0)
LDA; 1 76
.78°C, 3 hr Pyridine (8,9); (110-86-1)
Ph Ph Trifluoromethanesulfonic anhydride: Methanesulfonic acid, triflucro-, anhydride
oT (8,9); (358-23-6)
&O L7I:;§(;;22 hr \ 7 2-Amino-5-chloropyridine: Pyridine, 2-amino-5-chloro- (8); 2-Pyridinamine,
5-chloro- (9); (1072-98-6)
% LDA; 2 oTt 79
Ph A Ph -78°C, 3 hr Ph AN Ph
(o] OTf
LDA; 1 76
-78°C, 2 hr; -23°C, O‘
4 hr; -16°C, 12 hr -
o) oTft
LDA; 2 86
-78°C, 2 hr
0 oTf
LDA;2 h 88
-78°C, 2 hr
Ph T Ph Ph fl‘l Ph
CO,Ph COzPh
0 OoTt
| L-Selectride; 2 é\/\ 80
N -23°C, 2 hr 'f
|
CO,Bn CO;Bn
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BIS(TRIMETHYLSILYL) PEROXIDE (BTMSPO)
(Silane, dioxybis[trimethyl-)

A. N(CH,CH,)sN + 2H,0, %— N(CHoCHy)aN + 2H,0,
. CHzCl e
B. N(CHzCHz)gN d 2H202 + N(CHQCHQ)SN + 4Me3SIC| —'C—> 2Meas|OOSIMe3 +

2N(CH,CH,)N

2HCI

Submitted by P. Dembech,! A. Ricci, G. Seconi, and M. Taddei.
Checked by Christopher S. Brook, Mark Guzman, and Amos B. Smith, Il

1. Procedure

Caution! The possibility of explosions when handling bis(trimethylsilyl)
peroxide (BTMSPO) has been reported,? especially in the presence of metal needles,
cannulas, etc., although the product was prepared using a different procedure that
included the use of 85% H20p and pyridine. Our method never gave rise to
explosions in the general practice of an organic chemistry laboratory. Nevertheless all
the reactions were carried out in safety cupboards and behind blast shields (Note 1).

A. Diazabicyclooctane hydrogen peroxide (DABCO-2H202) complex. A 1-L,
two-necked flask, fitted with a dropping funnel, 3-cm stirring bar, and a thermometer, is
charged with diazabicyclooctane (DABCO) (28.05 g, 0.25 mol) (Note 2) dissolved in
commercial grade tetrahydrofuran (THF) (375 mL) (Note 3). The flask is cooled to 0°C
(internal temperature, ice-salt bath), and hydroger: peroxide (49 mL of a 35% solution,
0.5 mol) (Note 4) is slowly added at such a rate that the temperature remains constant,

under vigorous stirring. A precipitate appears immediately and, after completing the
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addition of hydrogen peroxide, stirring is continued at 0°C for 1 hr. The mixture is then
filtered through a Biichner funnel and the collected precipitate washed with cold THF
(3 x 50 mL) and dried under reduced pressure (2 mm, 35-40°C) in a flask for 2 hr. The
yield of DABCO-2H20> obtained is 28.3 g (63%), m.p. 102-105°C (sealed tube) with
decomposition, softness at 80°C (Iit.3 m.p. 112°C) (Note 5).

B. Bis(trimethylsilyl) peroxide (BTMSPQ). A 2-L, three-necked flask, containing
a 3-cm stirring bar, and a thermometer, dropping funnel, and an argon inlet adapter, is
maintained under a slight pressure of argon. The flask is charged with the
DABCO-2H20, complex (28.3 g, 0.157 mol) and DABCO (28 g, 0.25 mol). Dry
dichloromethane (700 mL) (Note 8) is added and the mixture is cooled ta 0°C.
Chlorotrimethyisilane (80 mL, 0.628 mol) (Note 7) is added dropwise, maintaining the
temperature at 0°C, and the resulting mixture is stirred for 5 hr at room temperature.
The mixture is filtered through a sintered Biichner funnei and the precipitate is washed
with pentane (2 x 25 mL). The solution, transferred to a 2-L flask fitted with a vacuum-
jacketed, packed column (70 cm long, 4-cm i.d.) and a distillation head equipped with
a dry ice/acetone cold finger (Note 8), is concentrated to ca. 80 mL under reduced
pressure (Note 9). Pentane (25 mL) is added 1o the mixture, the additional precipitate
is filtered off, and the solution is transferred to a smaller flask, (500 mL). It is
concentrated under reduced pressure with the distillation apparatus previously
employed to give a residus of 40.1 g (71% yield) of BTMSPO as a clear colorless
liquid. It is shown (Note 10) from muiltinuclear NMR to be contaminated by ca. 8% of
hexamethylsiloxane (Note 11).

For synthetic purposes the BTMSPQO obtained can be used without further
purification; on the other hand, distillation (40°C/30 mm) or column chromatography
(Florisit - eluent pentane) does not seem to improve the grade of purity (Note 12). The
compound can be stored under nitrogen in a refrigerator for months without any

appreciable decomposition.
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2. Notes

1. Because of the reported4 instability of the DABCO-2H202 complex, the

checkers found it prudent to use new glassware for each run.

2. Diazabicyclooctane (DABCO) was used as purchased from Aldrich
Chemical Company, Inc.

3. In the preparation of the complex the use of THF, miscible with water,
produced a fine precipitate.

4. Hydrogen peroxide, 35% m/v, 120 volumes, from Aldrich Chemical
Company, Inc., was used without titration.

5. The submitters ran this procedure on twice the scale (i.e., 0.5 mol of DABCO)
in 59% yield. The complex is hygroscopic and can be stored in a desiccator overnight,
but decomposes over long storage.

6. DABCO is previously dried at 20-27°C (room temperature) under reduced
pressure (2 mm) Dichloromethane was used as purchased from Aldrich Chemical
Company, Inc., (99.9%).

7. Trimethylchiorosilane was used as purchased from Aldrich Chemical
Company, Inc.

8. If the solvent is removed with a rotary evaporator, considerable loss of
product results from codistillation with dichloromethane. The checkers found that if this
exact distillation set-up was not used the yield of BTMSPO decreased substantially
(30-40%) because of the codistillation of CH2Cl2 and BTMSPO (observed in distillate

by TH NMR). The distillation set-up requires usa of a "walk-in” hood (see diagram).
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9. Important points of this procedure are the temperature of the pot, which

never must exceed 0°C, the temperature of the cooled head of the column, which
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should vary in the range of -5 - 0°C, and the vacuum, which throughout the distillation
has been kept in the range of 90-100 mm (90-100 drops/rﬁin).

These conditions apply to CH2Clz removal, whereas for pentane distillatjon a
pressure of about 200 mm is recommended. To remove the last traces of solvent at
the very end of the fractionation, the pot temperature was raised to 15-20°C and the
pressure decreased to 40 mm.

10. The submitters ran this procedure on twice the scale (i.e., 0.28 mol of
DABCO-2H20;) and report a yield of 94%. The checkers found that the final stillpot
residue still contained some DABCO-HCI salt that had to be filtered to obtain pure
BTMSPO. Filtration was done via a fluted filter paper.

11. A typical NMR spectroscopic analysis was as follows: 1H NMR (500 MHz,
CDCl3) : 0.187 ppm; 13C NMR (125 MHz, CDCl3) 8: -1.40

12. Recently another procedure has appeared,? dealing with the large scale
preparation of BTMSPO. The costs and the yield of the two procedures are
comparable, calculated on the amount of Ho02-base complex used, but the present
procedure avoids the potential danger of violent decomposition? of the silylated

peroxide during its distillation.
Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996.
3. Discussion

The procedure described here, based on a modification of that ot A. G. Davies,5

provides the first large scale preparation of BTMSPO, a reagent widely used for
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synthetic purposes over the last few years. The present method is characterized by
high reliability; the low concentration of H202, high yields, and the safe procedure are
further major advantages.

BTMSPO has been mainly employed as a reagent for the transformation of
carbanions into the corresponding trimethylisiloxy or hydroxy derivatives,® and in the
hydroxylation of neutral aromatic systems? (in the presence of TIOH).

It has, for example, been used in the preparation of 3-trimethylsiloxyfuran,8 and
to prepare stereochemically pure E- or Z-silyl enol ethers starting from the
corresponding E- or Z-vinyl bromides® or vinylstannanes.®

It can also be used as a mild aprotic oxidizing agent (soluble in all common
organic solvents), for the transformation of sulfides into the corresponding
sulfoxides,10 phosphines into phosphine oxides,'? in the oxidation of alcohols to
aldehydes12 (as co-oxidant of CrO3:Py), in the Baeyer-Villiger reaction?3 (in the
presence of TIOSiMeg). It has also been employed in the transformation of acetylenes

to the corresponding iodoacetylenes.4

1. C.N.R.-Istituto dei Composti del Carbonio contenenti Eteroatomi e loro
Applicazioni, Via P. Gobetti 101, 40129 Bologna, Italy.

Neumann, H.; Seebach, D. Chem. Ber. 1978, 111, 2785.

Oswald, A. A.; Guertin, D. L. J. Org. Chem. 1963, 28, 651.

Jackson, W. P. Synlett, 1990, 536.

Cookson, P. G.; Davies, A. G.; Fazal, N. J. Organomet. Chem. 1975, 99, C31.

L

(a) Camici, L.; Dembech, P.; Ricci, A.; Seccni, G.; Taddei, M. Tetrahedron 1988,
44, 4197; (b) Dembech, P.; Guerrini, A.; Ricci, A.; Seconi, G.; Taddei, M.
Tetrahedron 1990, 46, 2999.

7. Olah, G. A.; Ernst, T. D. J. Org. Chem. 1989, 54, 1204.

8. Camici, L.; Ricci, A.; Taddei, M. Tetrahedron Lett. 1986, 27, 5155.
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Davis, F. A.; Sankar Lai, G.; Wei, J. Tetrahedron Lett. 1988, 29, 4269. SYNTHESIS OF EPOXIDES USING DIMETHYLDIOXIRANE:

10. (a) Brandes, D.; Blaschette, A. J. Organometal. Chem. 1974, 73, 217; (b) Curci, trans-STILBENE OXIDE

R.; Mello, R.; Troisi, L. Tetrahedron 1986, 42, 877. (Dioxirane, dimethyl- and Oxirane, 2,3-diphenyl-, trans)
11. (a) Wozniak, L.; Kowalski, J.; Chojnowski, J. Tetrahedron Lett. 1985, 26, 4965;.

(b) Hayakawa, Y.; Uchiyama, M.; Noyori, R. Tetrahedron Lett. 1986, 27, 4195. A ’Me>=o + Osxone N_a'_l‘-L%Qa_. Mexg
12.  Kanemoto, S.; Matsubara, S.; Takai, K.; Oshima, K.; Utimoto, K.; Nozaki, H. Bull. Me Me

Chem. Soc. Jpn. 1988, 61, 3607.
13. Suzuki, M.; Takada, H.; Noyori, R. J. Org. Chem. 1982, 47, 902.

14. Ricci, A.; Taddei, M.; Dembech, P.; Guerrini, A.; Seconi, G. Synthesis 19889,

461.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Bis(trimethylsilyl) peroxide: 3,4-Dioxa-2,5-disilahexane, 2,2,5,5-tetramethyi- (8);

Silane, dioxybis[trimethyl- (9); (5796-98-5)
1,4-Diazabicyclo[2.2.2]octane (8,9); (280-57-9)

Hydrogen peroxide (8,9); (7722-84-1)

Chlorotrimethylsilane: Silane, chlorotrimethyl- (8.9); (75-77-4)
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Q
Ph Me O acetone
8. \ﬁPh + P O ph/A'-...

Submitted by Robert W. Murray and Megh Singh.?
Checked by Thomas G. Marron, Lance A. Pfeifer and William R. Roush.

1. Procedure

Caution! Dimethyldioxirane is a volatile peroxide and should be treated as
such. The preparation and all reactions of the dioxirane should be carried out in a
hood.

A. Dimethyidioxirane {See Figure 1). A 2-L, three-necked, round-bottomed
flask containing a mixture of water (80 mL), acetone (50 mL, 0.68 mol), and sodium
bicarbonate (96 g), is equipped with a magnetic stirring bar and a pressure equalizing

addition funnel containing water (60 mL) and acetone (60 mL, 0.82 mol) (Note 1). A

solid addition flask containing Oxone (180 g, 0.29 mol) is attached to the reaction

vessel via a rubber tube (Note 2). An air condenser (20 cm length) loosely packed
with glass wool is attached to the reaction vessel. The outlet of the air condenser is
connected to a 75 x 350-mm Dewar condenser filled with dry ice-acetone that is

eonnected to a receiving flask (100 mL) cooled in a dry ice-acetone bath. The
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receiving flask is also connected in series to a second dry ice-acetone cold trap, a trap
containing a potassium iodide solution, and a drying tube. . A gas inlet tube is
connected to the reaction flask and a stream of nitrogen gas is bubbled through the
reaction mixture (Note 3). The Oxone is added in portions (10-15 g) while the
acetone-water mixture is simultaneously added dropwise (Note 4). The reaction
mixture is stirred vigorously throughout the addition of reagents (ca. 30 min). A yellow
solution of dimethyldioxirane in acetone collects in the receiving flask. Vigorous
stirring is continued for an additional 15 min while a slight vacuum (ca. 30 mm, water
aspirator) is applied to the cold trap (Note 5). The yellow dioxirane solution (62-76 mL,
Note 6) is dried over sodium sulfate (NazSQy), fitered and stored in the freezer
(-25°C) over NapSQg4. The dioxirane content of the solution is assayed using phenyl
methyl sulfide and the GLC method (Notes 7 and 8). Generally concentrations in the
range of 0.07-0.09 M are obtained.

B. trans-Stilbene oxide. To a magnetically stirred solution of trans-stilbene
(0.724 g, 4.02 mmol) (Note 9) in 5 mL of acetone is added a solution of 0.062 M
dimethyldioxirane in acetone (66 mL, 4.09 mmol) at room temperature. The progress
of the reaction is followed by GLC (Note 10), which analysis indicates that trans-
stilbene is converted to the oxide in 6 hr (Note 11). Removal of solvent on a rotary
evaporator gives a white crystalline solid. The solid is dissolved in dichloromethane
(CH2Cl2) (30 mL) and dried with anhydrous NagS0O4. The drying agent is filtered off
and washed with CHzClz. The soivent is removed on a rotary evaporator. Remaining
solvent is removed under reduced pressure to give an analytically pure sample of the
oxide (0.788 g, 100% yield). Recrystallization from aqueous ethanol gives white

plates/prisms, mp 69-70°C (Notes 12, 13).
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2. Notes

1. A mechanical stirrer may also be used.

2. The submitters used Oxone supplied by DuPont, whereas the checkers used
Oxone purchased /from Aldrich Chemical Company, Inc.

3. The submitters recommended that a stream of helium be passed through the
reaction system during the course of the experiment. The checkers substituted
nitrogen for helium with no decrease in yield . In addition, on several occasions the
checkers did not use a gas purge and there was no decrease in yield. Therefore, use
of a gas purge is viewed as optional, not mandatory. It is noted that other investigators
have reported dimethyldioxirane preparations that do not require use of a gas purge.2

4. The procedure followed was generally that contained in the original
publication.3 See an alternative procedure, by Adam.?

5. The submitters recommended that the distillation be performed at ca. 30 mm.
By using this procedure the checkers obtained an average of 67 mL (range: 62-76
mL) of dioxirane solution with an average concentration of 0.077 M (range: 0.068-
0.087 M) over 10 repetitions of the procedure. When the distillation was performed at
80 mm for up to 90 min, greater volumes of dimethyidioxirane solution were obtained
(84-89 mL), but with a corresponding decrease in the reagent concentration (0.053-
0.066 M).

6. The submitters reported that 80-90 mL of dimethyldioxirane solution is
obtained.

7. Determination of dimethyldioxirane concentraticn by the GLC method is as
follows: A standard solution of thioanisole (phenyl methyl sulfide) is prepared. The
solution is usually 0.2 M in acetone, but other concentrations may be used. It is
important to keep the sulfide in excess so that oxidation by the dioxirane will produce

largely or exclusively the sulfoxide and not the sulfone.
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A standard solution of an internal standard (dodecane or hexadecane) is also
prepared in acetone. This solution should be at the same concentration as that of the
sulfide.

To determine the dioxirane concentration 1 mL each of the dioxirane, sulfide,
and internal standard solutions are combined in a vial. The GLC analysis is then
carried out using the following: Column: DB 210;temp 1 =60°C, time 1 =5 mi\n, rate 1
= 20%min; temp 2 = 200°C, time 2 = 5 min. The analysis is conducted on 1 pL of
solution. The analysis is made quantitative by determining the response factors of the
sulfide and internal standard in the usual manner. The dimethyldioxiréne
concentration is determined by measuring the sulfide concentration before and after
adding the dioxirane. Under these conditions the following retention times are
observed: dodecane, 7.15 min; sulfide, 8.2 min; sulfoxide, 12.9 min.

8. Generally concentrations in the range of 0.07-0.09 M are obtained. The
submitters reported a concentration range of 0.05-0.10 M.

8. trans-Stilbene was purchased from Eastman Organic Chemical Co. The
purity of the sample was 99%. Sample purity was also checked by GLC and GC-MS.
The GC-MS analysis suggests that the sample contains bibenzyl (<1%) as an impuriiy.

10. Gas chromatographic conditions are as follows: Column DB-210 (30 m x
0.318 mm x 0.5 um, fused silica capillary column), column temp 1 = 100°C, time 1 =5
min, rate = 20°/min; temp 2 = 200°C, time 2 = 7 min, injector temp 250°C, detector
temp 250°C, inlet P, 24 psi, retention times: trans-stilbene 11.4 min, trans-stilbene
oxide 11.9 min.

11. In 2 hr, 96% conversion had occurred.

12. The checkers obtained 790 mg (100%) of crude trans-stilbene oxide that
was recrystallized from aqueous ethanol to give 744 mg (95%; two crops) of

analytically pure trans-stilbene oxide.
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13. trans-Stilbene oxide has the following properties: 1H NMR (300 MHz,
CDCl3) &: 3.86 (s, 2 H, 2 X -CH-), 7.26-7.45 (m, 10 H, 2 X CgHs-); 13C NMR (75 MHz,
CDCl3) §: 62.81 (-CH-); 125.4 (C-4, Ar), 128.19 (C-3,5, Ar), 128.44 (C-2,6, Ar), 136.99
(C-1, ipso C of phenyl); IR (CHCI3) cm-1: 3076, 3036, 2989, 1603, 1497, 1457, 870,
698; high resclution mass spectrum, Calcd. for C14H120, 196.0888. Found 196.0896.
Anal. Caléd. for C14H120: C, 85.68; H, 6.16. Found: C, 85.76; H, 6.05.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudsnt Practices in the

Laboratory”; National Academic Press; Washington, DC, 1996.
3. Discussion

For most epoxidations dimethyldioxirane (DMD) is the reagent of choice. The
reaction is usually carried out at room temperature or below and in neutral solution.
The reaction is stereospecific, proceeds rapidly, and generally in essentially
quantitative yield. The procedure is remarkably convenient. In many cases removal of
the solvent gives the pure product. The reaction is applicable to a variety of
unsaturated systems (Table). The data given in the Table also compare yields with the
commonly used epoxidation reagent m-chloroperbenzoic acid (MCPBA). In almost
avery case use of DMD gave a higher yield than did MCPBA. in many cases the
difference is dramatic (see entries 1 and 2, for example). The use of MCPBA
frequently leads to opening of sensitive epoxides under the acidic conditions of the
reaction. This problem is conveniently avoided when using DMD. in a growing
number of cases DMD has successfully given an epoxide when other methods fail. A
particularly pleasing example4 of this is the preparation of the 8,9-epoxide of the

mycotoxin, aftatoxin By.
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Linear free energy relationship studies5.6 have demonstrated that DMD is an
electrophilic reagent. This property is demonstrated in the Table where substrates
with electron-withdrawing substituents require longer reaction times (compare entries
1 and 2 with 4, for example). This is particularly noticeable in entry 8 where the
substrate contains a strong electron-withdrawing substituent. The previously
reportedS faster rates for DMD epoxidation of cis-alkenes compared to their trans
sterapisomers is seen in the longer reaction times required for the trans isomers
(compare entries 1 and 2, and 3 and 4). This difference in rates is taken as support for
a spiro transition state for epoxidation. A number of reviews’-11 of the chemistry of

DMD, including its use as an epoxidizing reagent, have been published.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Dimethyldioxirane: Dioxirane, dimethy!l- (10); (74087-85-7)

Oxone: Peroxymonosulfuric acid, monopotassium salt, mixt. with dipotassium sulfate
and potassium hydrogen sulfate (9); (37222-66-5)

trans-Stilbene: Stilbene, (E)- (8); Benzene, 1,1-(1,2-ethendiyl)bis-, (E)- (9); (103-30-0)
trans-Stilbene oxide: Oxirane, 2,3-diphenyl-, trans, (9); (1439-07-2)

97



TABLE TABLE (contd.)
EPOXIDATION OF OLEFINS WITH DIMETHYLDIOXIRANE _ EPOXIDATION OF OLEFINS WITH DIMETHYLDIOXIRANE
Entry Olefin Equiv. Tlme Product Yieldare! @y Olefin Equiv. Tihmre Product Yield(a,ref)
. CeHs_ M ; 6 CoHs QM 100 CeHs. H ,q CoHs 2 H 100
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PREPARATION AND REACTIONS OF 2-tert-BUTYL-1,1,3,3-
TETRAMETHYLGUANIDINE:
2,2,6-TRIMETHYLCYCLOHEXEN-1-YL IODIDE

Bu'
: 1. (CI3C0)2CO N’
A HQC\N—(|3'—N'CH3 __toluene. 0°C HSC\N g N,CHa
’ ’ ~ -C—
HiC CHj 2. t-BuNH2 HaC/ CHa
1
y-NHz 1
B. 4
+ -Ether

Submitted by Derek H. R. Barton, Mi Chen, Joseph Cs. Jaszberényi, and
Dennis K. Taylor.1

Checked by Richard A. Hartz and Amos B. Smith, IIl.

1. Procedure

Caution! These reactions, which involve toxic reagents, must be carried out
(including workup) in an efficient fume hood.

A. 2-tert-Butyl-1,1,3,3-tetramethylguanidine (1). To an oven-dried, 500-mL,
three-necked, round-bottomed flask, equipped with a nitrogen inlet with gas bubbler,
magnetic stirring bar, thermometer, condenser, and a 250-mL dropping funnel, are
added triphosgene (14.8 g, 0.05 mol) (Note 1), and anhydrous toluene (120 mL) (Note

2). The mixture is kept under argon and cooled to =10°C with the aid of an external ice
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bath. A solution of N,N,N'.N'-tetramethylurea (18.0 mL, 0.15 mol) (Note 3) in dry
toluene (50 mL) is slowly added to the mixture over 30 min (Note 4). After the addition
is complete, the mixture is allowed to warm to ambient temperature, and stirring of the
mixture is continued for an additional hour. During this time a white precipitate forms

(Note 5). tert-Butylamine (47.3 mL, 0.45 mol) (Note 6) is slowly added to the mixture

over 30 min (Note 7). After the addition is complete, the mixture is heated under reflux

for 5 hr and then cooled to room temperature. Anhydrous ether (200 mL) (Note 8) is
added and the white precipitate is quickly removed by filtration (Note 9). The
precipitate is washed with a further quantity of anhydrous ether (300 mL) (Note 10)
and immediately dissolved in aqueous 25% sodium hydroxide solution (100 mL). The
mixture is then extracted with three portions of ether (300 mL). The combined organic
layers are dried (potassium carbonate), filtered, and the solvent is removed under
reduced pressure. The resulting colorless liquid is purified by distillation (bp 88-
89°C/36 mm) to afford 18.7 g (73%) of 2-tert-butyl-1,1,3,3-tetramethylguanidine 1
(Note 11).

B. 2,2,6-Trimethylcyclohexen-1-yl iodide (2). To an oven-dried, 500-mL, three-
necked, round-bottomed flask, equipped with a nitrogen inlet with gas bubbler,
magnetic stirring bar, and a 250-mL dropping funnel, are added 2,2,6-
trimethylcyclohexanone hydrazone (4.6 g, 0.03 mol) (Note 12), anhydrous ether (100
mL) (Note 8), and 2-tert-butyl-1,1,3,3-tetramethylguanidine (1) (46.25 g, 0.27 mol). The
mixture is kept under argon at ambient temperature and an ethereal solution (100 mL)
of iodine (15.25 g, 0.06 mol) is added to the mixture over 40 min with vigorous stirring.
(Note 13). After the addition is complets, stirring is continued for an additional 30 min.
The ether is removed under reduced pressure (Note 14) and the residue is heated at
90°C for 30 min (Note 15) under an inert atmosphere. The reaction mixture is allowed
to attain ambient temperature. Ether (100 mL) is added and the organic phase is
washed twice with 2 N hydrochloric acid (30 mL), aqueous sodium thiosulfate solution
(30 mL), aqueous sodium bicarbonate solution (30 mL) and saturated sodium chloride
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solution (30 mL). The organic phase is dried (sodium suifate) and the solvent is
removed under reduced pressure to afford crude iodide (2). Purification of 2 can be
achieved by flash chromatography (Note 16) affording pure iodide (2) (6.34 g, 85%) as

a coloriess oil. (Note 17).

2. Notes

1. Triphosgene was purchased from the Aldrich Chemical Company, Inc., and
used as received.

2. Toluene is distilled from calcium hydride (CaHz2) under argon just prior to
use.

3. N,N,N',N'-Tetramethylurea was purchased from the Aldrich Chemical
Company, Inc., and purified by distillation prior to use.

4. Although no major temperature increase is observed, the reaction proceeds
best with slow addition.

5. This salt is the corresponding Vilsmeier salt. See reference 2.

6. tert-Butylamine was purchased from the Aldrich Chemical Company, Inc.,
and dried prior to use by distillation from CaHz under argon.

7. No major temperature increase is observed.

8. Diethyl ether is distilled from sodium under argon just prior to use.

9. The white precipitate should be collected as quickly as possible to avoid
hydrolysis to the starting urea. The precipitate turns pale yellow if hydrolysis is
occurring. Additional sther (300 mL) may be needed to ensure complete transfer of
the solids to the filtration apparatus.

10. The filtrate must be colorless, indicating that all impurities have been

removed.
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11. Distillation is not neccessary if the solids are washed correctly. Spectral data
for 1 are as follows: IR (neat) cm-1: 1620; TH NMR (CDCl3) 8: 1.22 (s, 9 H), 2.67 (s, 12
H). 1 should be stored under argon in the refrigerator to prevent hydrolysis. The purity
is estimated to be =95% by NMR and TLC analysis. The impurity is the starting urea

and could not be avoided.

12. The hydrazone of 2,2,6-trimethyicyclohexanone is prepared according to a’

procedure outlined in reference 3. To a sclution of absolute ethanol (37 mL),
hydrazine (26.0 g, 25.40 mL), and triethylamine (6.8 g, 9.43 mL) is added 2,2.6-
trimethylcyclohexanone (6.3 g, 7.0 mL). The mixture is heated to 100°C for 2-3 days,
cooled to ambient temperature, and the solvent removed under reduced pressure.
Recrystallization of the residue from hexanes affords the hydrazone as white needles
(4.85 g, 70%, mp 48-49°C). The spectra are as follows: 'H NMR (CDCl3) 8: 1.0-1.2
(m, 9 H), 1.40-1.92 (m, 6 H), 2.95 (m, 1 H), 4.51 (s, 2 H); 13C NMR (CDCl3) §: 17.18,
17.39, 26.51, 28.92, 29.48, 31.68, 37.61, 40.43, 162.47.

13. Vigorous stirring is required as large quantities of precipitate form during the
addition. '

14. The nitrogen inlet is removed and replaced with a line to a water pump.

15. Heating causes most of the solids to liquify. The temperature refers to the
outside oil bath temperature.

16. Flash chromatography was performed on standard Silica Gel 60A, (230-400
mesh) with hexane, Ry = 0.75.

17. Spectral data for 2 are as follows: TH NMR (CDCl3) &: 1.09 (s, 6 H), 1.53-
1.72 (m, 4 H), 1.87 (s, 3 H), 2.12 (t, 2 H); 13C NMR (CDCl3) : 19.40, 31.08, 31.56,
33.69, 37.86, 39.51, 117.36, 137.70. Compound 2 deteriorates rapidly at ambient
temperature, but is stable for several weeks if stored under argon in the refrigerator.
The purity is estimated to be >98% by NMR and TLC analysis. No microanalytical data

was obtained because of the instability of 2.
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Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996.
3. Discussion

The procedure described here allows the convenient preparation of large
quantities of the strong, non-nucleophilic base 2-tert-butyl-1,1,3,3-tetramethyl-
guanidine (1). This reagent provides an inexpensive alternative to the amidine bases,
1,5-diazabicyclo[4.3.0jnon-5-ene (DBN) and 1,8-diazabicycio[5.4.0Jundec-7-ene
(DBU), which suffer from being easily alkylated.# Additionally, the hazards of using
phosgene in the previous preparations of 12.4.5 have been greatly reduced by
employing triphosgene as a phosgene equivalent.®

The synthetic utility of this base (1) was demonstrated in the preparation of vinyl
iodides in high yields from simple ketohydrazones and iodine (Table), a process that
normally gives mixtures of vinyl iodides and geminal diiodides if less hindered bases
are employed.5 This base has also been used in the elimination of sulfonic acids from
the corresponding sulfonates, the alkylation of compounds containing active
methylene groups, the conversion of hydrazones to vinyl selenides, and the
preparation of esters from sterically hindered acids.45

Other inexpensive, sterically hindered guanidine bases have also been

synthesized and their reactivity is comparable to that described here.2:4
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PREPARATION OF VINYL IODIDES FROM HYDRAZONES

Entry Hydrazone Vinyl lodide %Yield
N,NHz
1 85
N,NH2 |
2 <O
MeO MeO
NNz f
3 91
N—NH, _ |

4 95

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

(Registry Number)

2-tert-Butyl-1,1,3,3-tetramethylguanidine: Guanidine, 2-tert-butyl-1,1,3,3-tetramethyi-
(8); Guanidine, N"-(1,1-dimethylethyl)-N,N,N',N'-tetramethy!- (9); (29166-72-1)
Triphosgene: Carbonic acid, bis(trichloromethyl) ester (8,9); (32315-10-9)
N,N,N',N'-Tetramethylurea: Urea, tetramethyl- (8,9); (632-22-4)

tert-Butylamine: HIGHLY TOX(C (8); 2-Propanamine, 2-methyl- (9); (75-64-9)

lodine (8,9); (7553-56-2)

Hydrazine: HIGHLY TOXIC. CANCER SUSPECT AGENT (8,9); (302-01-2)

Triethylamine (8); Ethanamine, N ,N-diethyl- (9); (121-44-8)
2,2,6-Trimethylcyclohexanone: Cyclohexanone, 2,2,6-trimethyl- (8,9); (2408-37-9)
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DIETHYL (DICHLOROMETHYL)PHOSPHONATE.
PREPARATION AND USE IN THE SYNTHESIS OF ALKYNES:
(4-METHOXYPHENYL)ETHYNE
(Phosphonic acid, (dichloromethyl)-, diethy! ester to prepare

Benzene, 1-ethyinyl-4-methoxy-)

C.HO 1.iPrMgCI CHO
A. 2 :P—CC!Q THF/ether, -78°C 2Hg >P—CHCI2
CaHs07 2.E1OH, H20,HCl - CoHsO7 1y
1
1. LDA/THF
-78°C - 0°C
2. Buki
B. CszO)P—CHmZ + CH;,O—-@-CHO 78G5 0°C
CaHsO” 3. Ha0, HCI
1
CH;,O—@-CECH

2

Submitted by Angela Marinetti and Philippe Savignac.
Checked by Catherine Dubuisson and Louis S. Hegedus.

1. Procedure
A. Diethy! (dichloromethyl)phosphonate, 1. An oven-dried, 1-L, four-necked,
round-bottomed flask (or a 1-L, three-necked flask with a Claisen head fitted in a side

neck) is fitted with an efficient mechanical stirrer, thermometer, reflux condenser with a

bubbler, and a 200-mL pressure-equalizing addition funnel with a nitrogen inlet.
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Under a gentle flow of nitrogen the flask is charged with 400 mL of tetrahydrofuran
(THF) (Note 1). The addition funne! is charged with a 1.9 M solution of
isopropylmagnesium chioride in diethyl ether (83 mL, 0.158 mol) (Note 2). The mixture
is cooled to -78°C with a dry ice/acetone bath (Note 3), and isopropylmagnesium
chloride is added over a few minutes with stirring. At this temperature, a solution of
diethyl (trichioromethyl)phosphonate (38.3 g, 0.150 mal) (Note 4) in tetrahydrofuran
(50 mL) is added dropwise over 15 min. The resulting solution is stirred for an
additional 15 min at -78°C producing a clear orange solution. Anhydrous ethanol (12
g, 0.260 mol) in tetrahydrofuran (15 mL) is added dropwise at -78°C, producing a clear
yellow solution. The resulting mixture is stirred for a few minutes, then allowed to warm
slowly to -40°C. The reaction mixture is poured into a beaker containing a stirred
mixture of 3 M hydrochloric acid (70 mL), and an equal volume of crushed ice and
dichloromethane (70 mL). The yellow color initially dissipates, but the solution
becomes yellow orange upon warming to room temperature. The organic layer is
separated, and the aqueous layer is extracted with dichloromethane (2 x 60 mL). The
extracts are combined and dried over anhydrous magnesium sulfate. After the
filtration, the solvents are evaporated on a rotary evaporator. The bright yellow, crude
liquid (36.3 g) is transferred to a pear-shaped flask fitted with a 10-cm Vigreux column
and distilled under reduced pressure to give 26.6 g (80%) of diethyl
(dichloromethyl)phosphonate, 1, as a pale yellow liquid, bp 115-119°C/9 mm, >90%
pure by 'H, 13C and 3P NMR spectrascopy (Notes 5 and 6).

B. (4-Methoxyphenyl)ethyne, 2. An oven-dried, 1-L, four-necked, round-
bottomed flask is fitted as above, flushed with nitrogen, and charged with a sclution of
butyllithium in hexane (1.56 M, 92 mL, 0.143 mol) (Note 7). The solution is cooled with
stirring to -20°C with a dry ice/acetone bath and a solution of diisopropylamine (15.1 g,
0.149 mol) (Note 8) in tetrahydrofuran (220 mL) (Note 1), is added dropwise over 15

min. The resulting clear solution is cooled to -78°C and treated by the dropwise
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addition of a solution of 1 (30 g, 0.136 mol) and 4-methoxybenzaldehyde (18.1 ‘g,
0.133 mol) (Note 8) in tetrahydrofuran (60 mL) over 30 min. The resulting brown
solution is stirred at -78°C for an additional 30 min, then allowed to warm slowly to 0°C
cver 60 min. The resulting mixture is then cooled to -78°C and a solution\of
butyllithium (1.56 M in hexane, 183 mL, 0.285 mol) (Note 7) is added dropwise over 20
min. The resulting brown solution is stirred at -78°C for an additional 30 min, then
allowed to warm slowly to 0°C over 60 min. At this temperature, the reaction mixture is
quenched by the dropwise addition of 3 M hydrochloric acid to pH 5-6 (125-130 mL).
The brown color has practically disappeared and the solution is yellow orange. The
organic layer is separated and the aqueous layer is extracted with diethyl ether (3 x
50-mL). The extracts are combined, washed with water (3 x 10 mL), and dried over
anhydrous magnesium sulfate. Magnesium sulfate is removed by filtration and the
solvents are evaporated on a rotary evaporator. The residue is dissolved in hexane
(200 mL) and filtered after 30 min. Solvent is again completely evaporated under
reduced pressure. Crude product 2 thus obtained is purified by column
chromatography on silica gel (Note 9) to afford 11.0 g (63%) of pure (4-
methoxyphenyl)ethyne as a colorless liquid, bp 70 - 72°C (3 mm) that gives white

crystals on standing in the freezer (Note 10).
2. Notes

1. Tetrahydrofuran is obtained from S.D.8. Company and is purified by
distillation from sodium and benzophenone.

2. Isopropylmagnesium chioride (2 M in diethyl ether) is available from Aldrich
Chemical Company, Inc., and is standardized before use by titration against a solution

of benzyl alcohol in toluene with cuproine (2,2'-biquinoline).
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3. An alternative cooler was also used by the submitters consisting of a Dewar
partially filled with liquid nitrogen.

4. Diethyl (trichloromethyl)phosphonate (97%) either purchased from Aldrich
Chemical Company, Inc., or prepared according to a described procedure? is used.

'5. The crude liquid could be distilled using a Kugelrohr apparatus. The main
fraction (27.5 g, 83% yield) consists of a clear orange liquid that was collected at 145-
155°C (oven temperature)/9-10 mm. 'H NMR (200 MHz, CDCl3) indicates that this
material is of the same purity as that from conventional distillation.

6. The product displays the following spectroscopic data: 3P NMR (81 MHz,
CDCl3) 8: +10.9; TH NMR (200 MHz, CDClg) §: 1.29 (1, 6 H, CH3), 4.22 (dg, 4 H, CHy),
5.6 (d, 1 H, 2J4p = 2, CH); 13C NMR (50 MHz, CDCl3) 8: 16.2 (d, Jc.p = 5.9, CH3), 60.7
(d, Jo.p = 178, CH), 65.0 (d, Jc.p = 7.4, CH2) ppm.

7. Butyliithium (1.6 M solution in hexane) is available from Janssen Chimica or
Aldrich Chemical Company, Inc., and is standardized before use by titration against a
solution of benzyl alcohol in toluene with cuproine (2,2'-biquinaline) or with (t)-2-
butanol and 1,10-phenanthroline in diethyl ether.

8. Diisopropylamine (99%) and 4-methoxybenzaldehyde (98%) were
purchased from Aldrich Chemical Company, Inc., and used without purification.

9. The crude product is purified by chromatography (200 g of silica gel, Silitech
32-63 um, purchased from ICN Biomedicals; column diameter, 5.5 cm). Elution is
performed first with hexanes (200 mL) and then with hexanes-diethyl ether (20:1).
Alternatively, the submitters purified the product by distillation from a pear-shaped
flask using an 8-cm fractionating cotumn.

10. The product displays the following spectroscopic data: *H NMR (200 MHz,
CDCig) &: 3.02 (s, 1 H), 3.80 (s, 3 H), 6.8 (AABB', 2 H), 7.4 (AA'BB', 2 H);'3C NMR (50,
MHz, CDCl3) 8 : 55.2 (OCH3), 75.8 (CCH), 83.6 (CCH), 113.9 [CH (Ar)], 114.0 (C-
C=CH), 133 [CH (Ar)], 159.9 (COCH3) ppm.
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Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996.
3. Discussion

The procedure described in Part A represents a convenient synthesis of diethyl
(dichloromethyl)phosphonate,1, for large-scale preparations {up to 1 mol). The use of
isopropylmagnesium chloride instead of butyllithium34 reduces the amount of by-
products,5 simplifies the purification step, and improves the yield. An alternative
synthetic method for 1 is chlorination of diethyl (chIoromeihyl)phosphonate;517
however, yields and selectivities are lower than in the procedure described here.
Diethyi (dichloromethyl)phosphonate, 1, or the corresponding lithiated derivative, are
useful intermediates in organic synthesis: 1,1-dichloroalkenes3.4.6 as well as terminal
alkynes# have been prepared.

Part B shows the use of 1 as starting material for the synthesis of (4-
methoxyphenyl)ethyne. The generation of the phosphorylated carbanion is performed
through metalation with lithium diisopropylamide (LDA). A mixture containing the
phosphorus reagent 1 and the aldehyde is added directly to LDA, in order to trap the
unstable phosphorylated, lithiated carbanion, thus preventing decomposition and side
reactions. The formation of (4-methoxyphenyl)ethyne described here is an example of
a general synthetic method for the conversion of aldehydes into acetylenes, on a large
scale, by means of diethyl (dichloromethyl)phosphonate, 1. The methodology is well
suited for the synthesis of a wide variety of acetylenic compounds, such as
CgH19C=CH, (C2H5)2CHC=CH, CgH5CH=CHC=CH,4 and analogous terminai

alkynes. Several methods for the preparation of alkynes based on phosphorus
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reagents have been reported previously. Each of these procedures can be regarded
as an extension of the Wittig-Horner ofefin synthesis. In the final step the olefins are
converted into the corresponding alkynes. The first method that employed the PPhg3 -
CBr4 couple (or PPh3 - CBr4 - zinc dust) was introduced by Corey and Fuchs8 (1972).
The amounts of PPhj involved (2 or 4 equiv and of PPh30 formed during the reaction,
are obstacles for large scale synthesis. Dimethyl diazomethylphosphonate first
prepared by Seyferth? in 1971 was shown, by Colvin and Hamill'0 in 1977, then by
Gilbert and Weerasooriya'! in 1982, to be an effective reagent for the transformation
of aldehydes, alkyl aryl ketones or diaryl ketones into alkynes. However, this reagent is
rather difficult to prepare (four steps, 46% yield), and very hazardous to handle

(explosive decomposition on distillation), and therefore is unsuitable for preparative

scale synthesis.

1. Hétéroéléments et Coordination, URA CNRS 1499, DCPH, Ecole
Polytechnique, 91128 Palaiseau Cedex, France.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Diethyl (dichloromethyl)phosphonate: Phosphonic acid, (dichloromethyl)-;

diethy! ester (8,9); (3167-62-2) '

(4-Methoxyphenyl)ethyne: Anisole, p-ethynyl- (8); Benzene, 1-ethynyl-4-methoxy- (9);
(768-60-5)

Isopropylmagnesium chloride: Magnesium, chloroisopropyl- (8); Magnesium, -
chloro (1-methylethyl)- (3); (1068-55-9)

Diethy! (trichloromethyl)phosphonate: Phosphonic acid, (trichioromethyl)-, diethyi
ester (8,9); (866-23-9)

Butylithium: Lithium, butyl- (8,9); (109-72-8)

Diisopropylamine (8); 2-Propanamine, N-(1-methylethyl)- (9); (108-18-9)
4-Methoxybenzaldehyde: p-Anisaldehyde (8); Benzaldehyde, '
4-methoxy- (9); (123-11-5)
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2,3-DIBROMO-1-(PHENYLSULFONYL)-1-PROPENE AS A VERSATILE
REAGENT FOR THE SYNTHESIS OF FURANS AND
CYCLOPENTENONES: 2-METHYL-4-[(PHENYL-
SULFONYL)METHYL]JFURAN AND 2-METHYL-3-
[(PHENYLSULFONYL)METHYL]-2-CYCLOPENTEN-1-ONE
(Benzene, {(2,3-dibromo-1-propenyl)sulfonyl]-, Furan, 2-methyl-4-
[(phenylsulfonyl)methyl]-, and 2-Cyclopenten-1-one,
2-methyl-3-[(phenylsuifonyl)methyl]-)

_ 1) PhSCI, EtsN
A. H—=—CH,0H — o= "B% o .SO.Ph
2 2) Hz02, HOAC CHp=C=CT ™
Br
SO,Ph
B. CH,=C=Cl 2 Br
2 H HOAG B
SO,Ph
Br o o
c Br\/&rH I CH,SO,Ph
SO,Ph CH3ONa, CH30H CHs /O\
Br
D. B M CHa CH,
SO,Ph CH3ONa, CH30H
CH,SO,Ph

Submitted by Scott H. Watterson, Zhijie Ni, Shaun S. Murphres, and Albert Padwa.?
Checked by Huguette Vanlierde, Amy Dekoker, and Leon Ghosez.
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1. Procedure

A. 1-(Phenylsulfonyl)-1,2-propadiene. In a 1-L, three-necked, round-bottomed
flask equipped with a magnetic stirring bar, 100-mL addition funnel, and a septum
fitted with a nitrogen inlet, are placed 10.5 mL (0.18 mol) of propargy! alcohol (Note 1),
30.1 mL (0.22 mol) of triethylamine, and 700 mL of dichloromethane. The flask is
cooled with an ice-water bath and 26.0 g (0.18 mol) of phenylsulfenyl chloride (Note 2)
in 50 mL of dichloromethane is added under a nitrogen atmosphere from the addition
funnel. After the solution is warmed to room temperature and stirred for 3 hr, the
mixture is washed with water (2 x 200-mL) and then concentrated under reduced
pressure. The resulting residue (ca. 37 g) is dissolved in 100 mL of acetic acid in a
500-mL, round-bottomed flask fitted with a magnetic stirring bar, an addition funnel,
and a thermometer. The solution is heated to 95°C and then 40 mL of hydrogen
peroxide (30-35%) (Note 3) is slowly added over a 20-min period maintaining the
internal temperature in the flask below 95°C. The mixiure is heated fou; an additional
10 hr, maintaining the external temperature at 95°C (Note 4). After being cooled to
25°C, the mixture is poured into 200 mL of water, and extracted with dichloromethane
(3 x 100 mL), The organic layer is washed with water (2 x 100 mL) followed by
saturated sodium bicarbonate solution (100 mL), dried over magnesium sulfate, and
filtered. The filtrate is concentrated to give 28.1 g (68%) of 1-(phenylsulfonyl)-1,2-
propadiene as an oil, which is used in the next step (Notes 5, 6).

B. 2,3-Dibromo-1-(phenylsulfonyl)-1-propene. To a solution containing 25.4 g
(0.14 moi) of 1-(phenylsulfony|)—1 2-propadiene in 100 mL of acetic acid in a 250-mL,
round-bottomed flask fitted with a dropping funnel is added 8.0 mL (0.14 mol) of
bromine over a period of 30 min. The solution is stirred at room temperature for 8 hr,
poured into 200 mL of water, and extracted with dichioromethane (3x 100 mL). The

dichloromethane layer is washed with 50 mL of a 1.0 M aqueous sodium thiosulfate
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solution, water (2 x 100 mL) and saturated sodium bicarbonate solution (100 mL). The
organic phase is dried over anhydrous magnesium sulfate, filtered under reduced
pressure through a 60-mL tritted funnel containing 4.0 g of Celite topped with 6.0 g of
silica get. The mixture is concentrated under reduced pressure to give 41.5 g (87%) of
2,3-dibromo-1-(phenylisulfonyl)-1-propene (Note 7), which is used in the next step
without further purification.

C. 2-Methyl-4-[(phenyisulfonyl)methyljfuran. Into a flame-dried, 1-L, round-
bottomed flask equipped with an addition funnel fitted with a nitrogen inlet are placed
20.0 g (58.8 mmol) of 2,3-dibromo-1-(phenylsulfonyl)-1-propene and 6.1 mL (59.4
mmol) of 2,4-pentanedione in 300 mL of methanol (Note 8). The flask is blanketed
with nitrogen and cooled using an ice-water bath. To this mixture is added 140 mL
(70.0 mmol) of a 0.5 N methanolic solution of sodium methoxide (Note 9) dropwise
over 30 min. The solution is stirred at 25°C for 12 hr and cooled to 0°C. Another 140
mL (70.0 mmol) of the 0.5 N methanolic solution of sodium methoxide is added over
20 min. After being stirred at 25°C for 10 hr, the reaction is quenched by the addition
of 50 mL of saturated ammonium chloride solution. The solvent is removed with a
rotary evaporator at aspirator vacuum and the resulting residue is taken up in 100 mL
of water and 200 mL of dichloromethane. The aqueous layer is extracted with
dichloromethane (2 x 200 mL). The organic layer is washed with water (100 mL) and
brine (100 mL) and then dried over anhydrous magnesium sulfate. After filtration and
concentration, the residue is recrystallized from ethyl acetate to give 5.6 g (59%) of 2-
methyl-4-{(phenylsulfonyl)methyljfuran (Notes 6, 10).

D. 2-Methyl-3-[(phenyisulfonyl)methyi]-2-cyclopenten-1-one. In a flame-dried,
1-L, round-bottomed flask equipped with an addition funnel under a nitrogen
atmosphere are placed 20.0 g (58.8 mmol) of 2,3-dibromo-1-(phenylsulfonyl)-1-
propene and 7.0 mL (60.0 mmol) of 3-methyl-2,4-pentanedione in 300 mL of methanol
(Note 8). The flask is cooled using an ice-water bath. To this mixture is added 140 mL
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(70.0 mmol) of a 0.5 N methanolic solution of sodium methoxide (Note 9) dropwise
over 30 min. The solution is stirred at 25°C for 5 hr and cooled to 0°C. Another 140-
mL (70.0 mmol) portion of the 0.5 N methanolic solution of sodium methoxide is added
over 20 min. After being stirred at 25°C for 10 hr, the reaction is quenched by the
addition of 50 mL of saturated ammonium chioride solution. The solvent is removed
with a rotary evaporator at aspirator vacuum and the resulting residue is taken up in
100 mL of water and 200 mL of dichloromethane. The aqueous layer is extracted with
dichloromethane (2 x 200 mL). The organic layer is washed with water (100 mL) and
brine (100 mL) and then dried over anhydrous magnesium sulfate. After filtration and
concentration, the residuse is recrystallized from ethyl acetate to give 6.5 g (44%) of 2-

methyl-3-[(phenylsuifonyl)methyl}-2-cyclopenten-1-one (Notes 6, 11).
2. Notes

1. Propargy! alcohol, 2,4-pentanedione and 3-methyl-2,4-pentanedione were
purchased from Aldrich Chemical Company, Inc., and were used without further
purification. Dichloromethane and triethylamine were distilled from calcium hydride
prior to use. Methano! was dried and distilled from magnesium-iodine.

2. Phenylsulfeny! chloride was prepared according to the procedure of Barrett,
A. G. M.: Dhanak, D.; Graboski, G. G.; Taylor, S. J. Org. Synth., Coll. Vol. V111993,
550.

3. Hydrogen peroxide (30-35%), glacial acetic acid, and bromine were
purchased from Fisher Scientific Company and were used without further purificatibn.

4. For the next 30-60 min the internal temperature should not be allowed to
exceed 95°C.

5. The submitters were able to obtain most of this product as a crystalline solid

that could be recrystallized from ether at -20°C, mp 44-45°C [lit.2 mp 44-45°C). It has
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the following spectral properties: 'H NMR (300 MHz, CDCl3) &: 5.40 (d, 2 H, J = 6.3)
6.21 (t, 1 H, J = 6.3), 7.47-7.87 (m, 5 H); '3C NMR (75 MHz, CDCl3) 5: 84.0, 100.7,
127.3, 129.0, 133.4, 140.9, 209.2.

, 6. The checkers were not able to purify the crude oil. As a result their overall

" yield of final product was 40%. The submitters obtained a 71% overall yield using the

crystalline material.

7. This product contains a mixture of E- and Z-isomers in a 7:3 ratio, which
could be separated by flash chromatography on silica gel eluting with hexane:ethyl
acetate (4:1). The spectral properties of both isomers are as follows: E-isomer: mp
62-63°C (recrystallized from ether); TH NMR (300 MHz, CDClg) 6: 4.96 (s. 2 H), 6.78
(s, 1 H), 7.50-8.15 (m, 5 H); 13C NMR (75 MHz, CDCl3) 8: 29.8, 127.8, 129.6, 133.7,
134.4, 137.6, 139.6; Anal. Caicd for CgHgBro02S: C, 31.79; H, 2.37. Found: C, 31.86;
H, 2.36. Z-Isomer (oil); TH NMR (300 MHz, CDCl3) 8: 4.20 (s, 2 H), 7.31 (s, 1 H), 7.50-
7.95 (m, 5 H); 13C NMR (75 MHz, CDClg) : 35.7, 127.9, 128.5, 129.1, 133.8, 134.0,
139.4.

8. Both isomers gave similar yields. If the crystalline E-isomer was used, it took
about 30 min for the solid to dissolve.

9. This solution was prepared from sodium and methanol and could be stored
in a plastic bottle over a period up to several months without any effect on the reaction.

10. The product has the following spectral properties; mp 91-92°C; 1H NMR
(300 MHz, CDCl3) 3: 2.22 (s, 3 H), 4.10 (s, 2 H), 5.91 (s, 1 H), 7.01 (s, 1 H), 7.50-7.95
{m, 5 H); 13C NMR (75 MHz, CDCig) 5: 12.9, 53.0, 106.9, 112.5, 127.9, 128.3, 133.1,
137.3, 140.3, 152.6. Anal. Calcd for C12H1203S: C, 61.00; H, 5.12. Found: C, 60.91:
H, 5.12.

11. The product has the following spectral properties; mp 166-167°C; TH NMR
(300 MHz, CDCl3) 8: 1.26 (s, 3 H), 2.45 (m, 2 H), 2.73 (m, 2 H), 4.15 (s, 2 H), 7.40-7.95

“(m, 5 H); 13C NMR (75 MHz, CDCl3) 6: 7.2, 29.4, 33.7, 57.9, 127.5, 128.9, 133.7,
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137.7, 142.4, 155.8, 207.8. Anal. Calcd. for C13H1403S: C, 62.38, H, 5.64. Found: C,
62.14,H, 5.47.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996.
3. Discussion

Many methods have been devised for the formation of multicyclic furans3 and
cyclopentenones4 because of their importance in organic synthesis. The procedure
described here provides a simple and general approach for the construction of 2-
methyl-4-[(phenylsulfonyl)methyl]furan and 2-methyl-3-[(phenylsulfonyl)methyl]-2-
. cyclopenten-1-one using 2,3-dibromo-1-(phenylsulfonyl)-1,2-propene (DBP) as the
key reagent.5 Addition of bromine to 1-(phenylsulfonyl)-1,2-propadiene proceeds
smoothly at 25°C and can be controlled so that the reaction may be terminated after 1
equiv of bromine is consumed. The resulting dibromide is a stable, crystalline solid,
requiring no special precautions to prevent decomposition.8 This dibromosulfone can
be viewed as a multielectrophilic reagent with great potential as a nucleophilic
acceptor for sequential addition. Functionalized allylic reagents that contain both a
jeaving group and a m-activating substituent have been used extensively in organic
synthesis.7-10 These substituted 1-propenes have been referred to as multicoupling
reagents.8 Because of the molecular weight and stability of the phenylsulfonyl group,
the carbon backbone of DBP is very small, without the drawback of volatility or thermal
lability seen in other synthetic intermediates with the same carbon skeleton. The

synthetic potential of DBP is demonstrated here by taking advantage of two properties
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of the molecule: 1) the ability of the phenylsulfonyl group to activate the double bond
toward Michae! addition with soft dicarbonyl anions and 2) the facility with which both
bromides can be displaced.

! Treatment of 1,3-dicarbony! compounds with DBP in a methoxide/methanol
system affords 2-alkyl-4-[(phenylsulfony!)methyljfurans, where reaction proceeds by
Initial addition-elimination on the vinyl sulfone moiety. In contrast, silyl enol ethers in
the presence of silver tetrafluoroborate resulted in products derived from Sy2
cisplacement at the allylic site.!! Anions derived from 1,3-dicarbonyls substituted at
the C-2 position are found to induce a complete reversal in the mode of ring closure.12
The major products obtained are 3-[(phenylsulfonyl)methyl]-substituted
¢yclopentenones. The internal displacement reaction leading to the furan ring

apparently encounters an unfavorable A z-interaction in the transition state when a

substituent group is present at the 2-position of the dicarbonyl compound. This steric

Interaction is not present in the transition state leading to the cyclopentenone ring.
Since DBP can react with a variety of B-dicarbony! anions, a wide assortment of
furans and cyclopentenones is available. In addition 1o its ease of removal,!3 the
pendant sulfone also offers a convenient and versatile site for further elaboration {via
alkylation4 or Julia coupling?5). This strategy toward furans and cyclopentenones

can clearly be applied to more complex targets.

1. Department of Chemistry, Emory University, Atlanta, GA 30322.

2. Stirling, C. J. M. J. Chem. Soc. 1964, 5863; Cinquini, M.; Colonna, S.; Cozzi, F.:
Stirling, C. J. M. J. Chem. Soc., Perkin Trans. 11976, 2061.

3. Dean, F. M. in "Advances in Heterocyclic Chemistry"; Katritzky, A. R., Ed,;
Academic Press: New York, 1982; Vol. 30, pp. 167-238; Lipshutz, B. H. Chem.
Rev. 1986, 86, 795.

4. Pauson, P. L. Tetrahedron 1985, 41, 5855; Ramaiah, M. Synthesis 1984, 529.
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5. Padwa, A.; Austin, D. J.; Ishida, M.; Muller, C. L.; Murphree,sS. S.; Yeske, P. E. J.
Org. Chem. 1992, 57, 1161; Padwa, A.; Ishida, M.; Muller, C. L.; Murphres, S.
8.; J. Org. Chem. 1992, 57, 1170.

6. The stereochemical assignment rests on an X-ray single-crystal structure
analysis of the E-isomer.5 '

7. Nelson, R. P.; Lawton, R. G. J. Am. Chem. Soc. 1966, 88, 3884.

8. Knochel, P.; Seebach, D. Nouv. J. Chim. 1981, 5, 75; Seebach, D.; Knochel, P.
Helv. Chim. Acta 1984, 67, 261; Knochel, P.; Normant, J. F. Tetrahedron Lett.
1984, 25, 1475; 1984, 25, 4383; 1985, 26, 425.

9. Trost, B. M.; Lavoie, A. C. J. Am. Chem. Soc. 1983, 105, 5075.

10. Speckamp, W. N.; Dijkink, J.; Huisman, H. O. J. Chem. Soc. C 1970, 196.
11. Padwa, A.; Ishida, M. Tetrahedron Lett. 1991, 32, 5673.

12.  Murphree, S. S.; Muller, C. L.; Padwa, A. Tetrahedron Lett. 1990, 31, 6145,
13.  Smith, A. B., lll; Hale, K. J. Tetrahedron Lett. 1989, 30, 1037.

14. Magnus, P. D. Tetrahedron 1977, 33, 2019.

15. Julia, M.; Stacino, J.-P. Tetrahedron 1986, 42, 2469.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

2,3-Dibromo-1-(phenylsulfonyl)-1-propene: Benzene, [(2,3-dibromo-1-
propenyl)suifonyl]- (12); (132604-65-0)

1-(Phenylsulfonyl)-1,2-propadiene: Benzene, (1,3-propanedienylsulfonyl)- (9);
(2525-42-0)

Propargy! alcohol: 2-Propyn-1-ol (8,9); (107-19-7)

Triethylamine (8); Ethanamine, N,N-diethyl- (9); (121-44-8)
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Phenyisulfenyl chloride (8,9); (931-59-9)

Hydrogen peroxide (8,9); (7722-84-1)

Bromine (8,9); (7726-95-6)

ﬂ2-Methyl-nt-[(phenylsuhfonyl)mathyl]furan: Furan, 2-methyl-4-[(phenyisulfonyl)methyl]-
(12); (128496-98-0)

2,4-Pentanedione (8,9); (123-54-6)

Sodium methoxide (8,9); (124-41-4)
2-MethyI-3-{(phenyIsulfonyl)methyl]-z-cyclopemen-1 -ong (12); 2-Cyclopenten-1-one,
2-methyl-3-{(phenylsuifonyl)methyl]- (1 2); (132604-66-1)
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PHENYL VINYL SULFIDE
(Benzene, (ethenylthio)-)

Bra, CoHs , CHoClo @\
s—s—@ Br
O_ g
Qe —=— O
s~ X

Submitted by Daniel S. Reno'@ and Richard J. Pariza.1b

Checked by David A. Barda and William R. Roush.

1. Procedure

Caution! The intermediate, 1-phenyithio-2-bromoethane, produced in the first
step of this one pot reaction sequence is a strong alkylating agent, and some bromine
escapes from the reaction vessel. Therefore the reaction should be run in a properly
operating ventilation hood, and care must be exercised to avoid exposure to these
substances.

A 2-L, three-necked, round-bottomed flask fitted with a reflux condenser, an
addition funnel, a magnetic stirring bar, thermometer, and nitrogen inlet is charged
with dipheny! disulfide (200 g, 917 mmol) and dichloromethane (320 mL) (Note 1).
The addition funnel is charged with bromine (161 g, 52 mL, 1.01 mol). Aﬂgr the
dipheny! disulfide dissolves, the nitrogen inlet is replaced with a calcium sulfate-
packed drying tube, and the flask is fitted with a gas-dispersion tube. Ethylene (73.1 g,
2.61 mol) (Notes 2, 3) is slowly bubbled into the solution through a gas dispersion

tube, and the bromine is added in 2-3-mL portions over § hr (Notes 4, 5). After
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addition of the bromine and ethylene is complete, the drying tube is replaced with the
nitrogen inlet, and the flask is fitted with a clean addition funnel. The addition funnel is
charged with 1,8-diazabicycio[5.4.0jundec-7-ene, DBU, (306 g, 300 mL, 2.01 mol)

(Note 6). DBU is added at a rate such that the temperature of the reaction mixture

.- does not exceed 55°C. Atfter the DBU is added the reaction mixture is maintained at
, a@bout 50°C for 15-18 hr. A 1.0 M ammonium hydroxide solution (600 mL) is added to

" the reaction mixture, and the mixture is transterred to a separatory funnel. The layers

are separated, and the aqueous layer is extracted with 300 mL of dichloromethane.
The organic fractions are combined, washed with water (600 mL), and dried with 10 g
of magnesium sulfate. The mixture is filtered, and the solvent is evaporated under
reduced pressure. Distillation of the residue affords 162-184 g (65-74%) of phenyl
vinyl sulfide, bp 80-84°C/11-12 mm (Notes 7, 8, 9 and 10). The purity is greater than
98% by GC analysis (Note 11, 12).

2. Notes

1. All the materials used in this process were obtained from the Aldrich
Chemical Company, Inc., and were used as raceived.

2. Initiation of the ethylene addition should precede the introduction of the first
portion of bromine by 2-4 min. Ethylene is then added continuously at a slow rate until
all the bromine is consumed (see Note 4).

3. The submitters reported that use of less than 1.41 equiv (2.62 mol) of
ethylene reduces the yield of product. The checkers used a 145-174-um fritted gas
dispersion tube, and up to 1.84 equiv of ethylene (3.38 mal) was required lo consume
all the bromine (see Note 4). However, on one occasion the checkers obtained

excellent results (83% yield) using only 1.26 equiv of ethylene (2.30 mol). In this
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instance, a 25-50-um fritted gas dispersion tube was used, which permitted a slower
and more efficient rate of ethylene introduction.

4. The first 2-3-mL portion of bromine is added until the reaction mixture is
intensely violet. Subsequent portions of bromine are added when the reaction mixture
fades to an amber color. After all the bromine has been added, ethylene addition is
continued until the color fades to amber.

5. A compsting process involving halogenation of the phenyl substituent
occurs when the bromine conceniration becomes too high. The slow addition of
bromine specified here minimizes the competing aromatic bromination.

6. The submitters report that use of less than this amount of DBU reduces the
yield of phenyl vinyl sulfide.

7. The checkers obtained 204-207 g (82-84%) of phenyl vinyl sulfide, bp 83-
84°C/11-12 mm.

8. Phenyl viny! sulfide has the following spectral properties: EI MS 136; TH
NMR (400 MHz, CDCl3) &: 5.35(d, 1 H,J = 16.9),5.36 (d, 1 H, J = 9.8), 6.65 (dd, 1 H,J
= 9.8, 16.9), 7.22-7.40 (m, 5H); 13C NMR (100 MHz, CDCl3) 8: 115.4, 127.1, 129.1,
130.4, 131.8, 134.2.

9. Pheny! vinyl sulfide prepared using this procedure is stable at room
temperature under a nitrogen atmosphere for months. The submitters have kept
samples for over nine months at ambient temperature without any visible degradation.

10. This procedure was used by the submitters to prepare 97 kg of pheny! vinyl
sulfide from 100 kg of dipheny! disulfide (78% yield).

11. The GC analysis was performed with a Hewlett-Packard, HP-1 column (10 m
x 0.53 mm x 2.65 um). The temperature program was as follows: initial température,
50°C; initial time, 2.0 min; rate, 20°C/min; final temperature, 250°C; final time, 8 min.

12. The checkers identified the two major impurities as p-bromophenyl vinyi

sulfide (see Note 5) and 2-chloroethyl pheny! sulfide by GCMS analysis.
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Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the
Laboratory"; National Academic Press; Washington, DC, 1996.

3. Discussion

Pheny! vinyl sulfide possesses a number of synthetically useful attributes. It
Participates as an electron-rich alkene in 1+2,2 2423 3424 and 4425 cycloaddition
reactions. Deprotonation of phenyl vinyl sulfide with strong base affords an o-
metallated sulfide that reacts with electrophiles.5 The metallation-electrophile
sequence and the cycloaddition reactions afford products amenable to further
synthetic manipulation via the suifide functionality. Furthermore, phenyl vinyl sulfide is
& convenient precursor to the synthetically useful phenyl viny! sulfoxide and phenyl
vinyl sulfone.”

The procedure described here affords phenyl viny! sulfide in a high yield using
common reagents and mild conditions. The material obtained via this procedure is
stable at room temperature under a nitrogen atmosphere for months. As indicated in

Note 10, this process is readily scaled up. Other methods either afford lower

© ylelds,7-8.9 less stable product,” or require more extreme conditions. 10,11

1. (a) Process Development, Chemical and Agricultural Products Division, Abbott
Laboratories, North Chicago, IL 60064; (b) C&P Associates, 43323 North Oak
Crest Lane, Zion, IL 60099.

2. Weber, A.; Sabbioni, G.; Galli, R.; Stampfli, U.; Neuenshwander, M. Helv. Chim.
Acta 1988, 71, 2026.
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10.

11.

Brickner, R.; Huisgen, R. Tetrahedron Lett. 1990, 31, 2561; Sugimura, H.;
Osumi, K. Tetrahedron Lett. 1989, 30, 1571, Pabon, R. A.; Bell\)ille, D. J.; Bauld,
N. L. J. Am. Chem. Soc. 1984,106, 2730 and references cited therein.
Singleton, D. A.; Church, K. M. J. Org. Chem. 1990, 55, 4780; Tsuge, O.;
Kanemasa, S.; Sakamoto, K.; Takenaka, S. Bull. Chem. Soc. Jpn. 1988, 61,
2513. '

Gupta, R. B.; Franck, R. W.; Onan, K. D.; Soll, C. E. J. Org. Chem. 1989, 54,
1097 and references cited therein. h

Kanemasa, S.; Kobayashi, H.; Tanaka, J.; Tsuge, O. Bull. Chem. Soc. Jpn.
1988, 67, 3957; Jacobsen, E. J.; Levin, J.; Overman, L. E.; J. Am. Chem. Soc.
1988, 110, 4329; Reich, H. J.; Willis, W. W_ Jr.; Clark, P. D.; J. Org. Chem.
1981, 46, 2775 and references cited therein.

Paquette, L. A.; Carr, R. V. C.; Org. Synth., Coll. Vol. V111990, 453.

Smith, M. B. Synth. Commun. 1986, 16, 85.

Bartels, B.; Hunter, R.; Simon, C. D.; Sny, G. D. Tetrahedron Lett. 1987, 28,
2985.

Brandsma, L.; Verkruijsse, H. D.; Schade, C.; von Ragué Schleyer, P. J. Chem.
Soc., Chem. Commun. 1986, 260.

Prior to submission of this manuscript a new, efficient synthesis of phenyl viny

sulfide was published: Brace, N. O. J. Org. Chemn. 1993, 58, 4506.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Phenyl vinyl sulfide: Sulfide, phenyl vinyl (8); Benzene, (ethenylthio)- (9); (1822-73-7)

1-Phenylthio-2-bromoethane: Sulfide, 2-bromoethy| phenyl (8); Benzene,
[(2-bromoethyl)thio]- (9); (4837-01-8)

Bromine (8,9); (7726-95-6)

Diphenyl disulfide: Phenyl disulfide (8); Disulfide, diphenyl (9); (882-33-7)
Ethylene (8); Ethene (9); (74-85-1)

1,8-Diazabicyclo[5.4.0Jundec-7-ene: Pyrimido[1,2-a]azepine, 2,3,4,6,7,8,9,10-
octahydro- (8,9); (6674-22-2)
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.

NITROACETALDEHYDE DIETHYL ACETAL
(Ethane, 1,1-diethoxy-2-nitro-)

O,N-CH; +  HC(OC,Hs)s —:zéno_c'é_' 0,NCH,CH(OC,Hs),
1

Submitted by V. Jager and P. Poggendor.!
Checked by E. Jnoff and Leon Ghosez.

1. Procedure

CAUTION! Distiliation of nitromethane and reactions using it as a solvent or a
reactant at an elevated temperature, as well as reactions of nitroalkanes in general,
should be conducted behind a safety shield. In one instance a minor deflagration was
obsserved upon erroneously aerating the distillation residue while it was still hot. The
apparatus, therefore, should only be ventilated after cooling to ambient temperature,
and nitrogen, not air, is recommended for this purpose.

A 500-mL, round-bottomed flask, equipped with a magnetic stirring bar, 20-cm
Vigreux column, column head, Claisen distiling head, and thermometer, is charged
with 89.3 g (602 mmol) of triethyl orthotormate (Note 1), 180 g (2.95 mol) of
nitromethane (Note 2), and 5.00 g (36.6 mmol) of anhydrous zinc chloride. The
solution is heated to 90°C (oil bath temperature, Note 3). After 16 hr (overnight) ca. 30
mL of ethanol is collected (Note 4). The remaining mixture, a brown suspension, is
cooled to room temperature, and filtered by suction through a sintered glass funnel.
The brown liquid obtained is distilled from a 100-mL, round-bottomed flask fhrough a
20-cm Vigreux column at reduced pressure. Firét, excess nitromethane is removed

(bp ca. 30°C/35 mm), then the fraction boiling at 58-60°C/1 mm (Note 3) is collected to
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afford 39-41 g (40-42% yield) of nitroacetaldehyde diethyl acetal 1 as a colorless
liquid (Notes 4, 5).

2. Notes

1. All reagents were purchased from Fluka Feinchemikalien GmbH, Neu-Uim,
Germany and used without further purification.

2. Nitromethane, 98% purity, was used.

3. The rate of heating depends on the type of Vigreux column used, in this case
a 20-cm, silver-plated Vigreux column with 4-cm outer and 1 1/2-cm inner diameter.
The bath temperature should not be raised above 110°C when using this type of
column, to avoid co-distillation of nitromethane (bp at 760 mm, 101°C). Ethanol
should be distilled off at a rate of about 10 drops/min.

4. The spectroscopic properties of nitroacetaldehyde diethyl acetal are as
follows: IR (film) vmax cm-1: 2970 (CH), 2920 (CH), 2880 (CH), 1550 (N=0), 1365
(N=0), 1340, 1120 (C-O), 1060; TH NMR (250 MHz, CDCl3) 8: 1.15 (t, 8 H, CH2CH3),
3.56 and 3.67 (2q, 4 H, J = 7.1, 2 CH2CHg), 4.44 ("d", 2 H, J = 5.8, CH2NO3), 5.09 ("t",
1 H, J =58, CH); 13C NMR (63 MHz, CDCl3) 8: 15.0 (q, CH2CHz), 63.3 (t, CHoCH3g),
76.8 (t, CH2NO2), 98.7 [d, CH(OEt)2).

5. This reaction was carried out in the submitter's group more than 30 times,
with yields ranging from 32-41% (lit.2: 49%). The purity of this material was repeatedly
determined by gas chromatographic analysis to be >98%. GLC analysis: Column PS
086/.30 mm x 20 m glass capillary, 95:5 methyl/phenylsilicone. Program T, 40°C (1
min), rate 10°C/min; T2, 300°C, 0.4 mm hydrogen pressure; Ry = 9.37 min.
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Waste Disposal Information

All toxic materiails wera disposed of in accordance with "Prudent Practices in the
Laboratory"; National Academic Press; Washington, DC, 1996. -

3. Discussion

This procedure describes the preparation of nitroacetaldehyde disthylacetal 1
according to the method of René and Royer.2

Two other procedures for the preparation of 1 are known, i.e., by treatment of
chloroacetaldehyde diethylacetal with silver nitrite,3 and by the reaction of o,u-
diethoxymethyltriethylammonium tetrafluoroborate and nitromethane.4 These
alternate methods are less suited and less economic for preparation of 1 on a large
scale. The dimethyl acetal has been obtained by treatment of 1-chloro-2-nitroethene
with sodium methoxide.S

Diethylacetal 1 has been used to obtain various other acetals by
transacetalization,8.14¢ such as the dimethyl, the ethylaneglycol, and the
neopentylglycol acetal (2,2-dimethyl-1,3-propylidene acetal).

Aliphatic nitro compounds are highly versatile building blocks in organic
synthesis”.8 (see Scheme 1). For example, the nitroaldol addition (Henry reaction)$
leads to the formation of 1,2-nitro alcohols, 2, which are easily transformed into 1,2-
amino alcohols, 3, by reduction, and into a-hydroxycarbonyl compounds, 4, by
hydrolysistO (Nef reaction). The former process, mostly using nitromethane, has been

widely employed in carbohydrate chemistry.11
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Scheme 1

Dehydration of primary nitro compounds (Mukaiyama reaction)'2 affords nitrile
oxides, which may dimerize to yield furoxans, or otherwise be trapped by suitable
dipolarophiles such as double or triple bond systems, leading to the formation ot
various heterocyclic systems, 5.13 The latter have been used for further derivatization
in the heterocyclic series, or in "return” as precursors of acyclic products after ring
cleavage,’d.14 for example, 1,3-amino alcohols 6 or B-hydroxycarbonyl compounds,
9.

Both nitroaldol’S and 1,3-dipolar cycloaddition products (e.g., isoxazolines,
from alkenes)13.14 have shown that nitroacetaldehyde diethyl acetal 1 constitutes a

versatile Cz building block in organic synthesis, notably what concerns amino sugar
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target structures. Recent work both on nitroaldol and nitroalkane derived dipolar

additions has concentrated on the study and elaboration of stereoselective C-C

forming steps with nitroalkanes.

Further uses of nitroalkanes are in 1,4-additions (Michael reaction) to o,B-

unsaturated carbonyl compounds and the like. Recent repofts deal with

transformations of 1,4-nitro ketones, 7, into 1,4-keto aldehydes, 8, and‘cyclization to

cyclopentenones. 16

1.

b

o

Institut fir Organische Chemie und Isotopenforschung der Universitét Stuttgart,
Pfaffenwaldring 55, D-70569 Stuttgart, Germany.

René, L.; Royer, R. Synthesis 1981, 878.

Losanitsch, M. S. Ber. Dtsch. Chem. Ges. 1909, 42, 4044.

Kabusz, S.; Tritschler, W. Synthesis 1971, 312.

Francotte, E.; Verbruggen, R.; Viehe, H. G.; van Meerssche, M.; Germain, G.;
Declercq, J.-P. Bull. Soc. Chim. Belg. 1978, 87, 693.

Mitler, R. Dissertation, Universitat Wirzburg, 1992.

(a) Schickh, O. von.; Apel, G.; Padeken, H. G.; Schwarz, H. H.; Segnitz, A. In
"Methoden der Organischen Chemie (Houben-Weyl)", 4th ed.; Mller, E., £d.;
Georg Thieme Verlag: Stuttgart, 1971; Vol. X. Part 1, pp. 1-462; (b) Behnisch, R.;
Behnisch, P.; Mattmer, R. In "Methoden der Organischen Chemie {Houben-
Weyl)", 4th ed.; Klamann, D., Ed.; Georg Thieme: Stutigarnt, 1992; Voi. E 16d,
Part 1, pp. 142-254; (c) Nielsen, A. T. In "The Chemistry of the Nitro and Nitroso
Groups”; Feuer, H., Ed.; Wiley: New York, 1969, pp. 349-486; (d) Torssell, K. B.
G. "Nitrile Oxides, Nitrones, and Nitronates in Organic Synthesis"; VCH: New

York, 1987
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Appendix
Chemical Abstracts Nomenciature (Collective Index Number);

(Registry Number)

Nitroacetaldehyde diethyl acetal: Ethane, 1,1-diethoxy-2-nitro- (11);
(34560-16-2) i

Triethyl orthoformate: Orthoformic acid, triethyl ester (8);

Ethane, 1,1",1"-[methylidynetris(oxy)]tris- (9); (122-51-0)
Nitromethane: Methane, nitro- (8,9); (75-52-5)

Zinc chloride (8,9); (7646-85-7)

136

CYCLOPENTANONE ANNULATION VIA CYCLOPROPANONE
DERIVATIVES: (3ap,9bf)-1,2,3a,4,5,9b-HEXAHYDRO-9b-HYDROXY-
3a-METHYL-3H-BENZ[e]INDEN-3-ONE

CH, CH,
: BrMgN(i-Pr)» ‘
A. -_ .
o E1,0 O OMgBr
(in solution)
OH
HsC

‘ EtO OMgBr
B. ‘ OMgBr * A (o]

e

Submitted by Michael J. Bradlee and Paul Helquist.!
Checked by Steve Berberich and Stephen F. Martin.

1. Procedure

A. Magnesium enolate of 2-methyl-1-tetralone. Into a 500-mL, round-bottomed

flask equipped with a magnetic stirring bar is placed 6.72 g of magnesium bromide
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diethy| etherate (MgBra-Et20) (26.0 mmol) under nitrogen (Note 1). Anhydrous sther,
350 mL, (Note 2) is added with a syringe, and the mixture is stirred at 25°C for a few
minutes to dissolve the solid. Using an air-tight syringe, 11.2 mL of a 3.0 M solution of
methylmagnesium bromide in ether (34 mmol, Note 3) is added to the 'slightly turbid
solution at 25°C over a period of a few minutes. N,N-Diisopropylamine,'4.46 mL (34
mmol, Note 4) is added over 5 min, and the mixture is stirred for 16-18 hr, 'during which
time a fine white precipitate forms (Note 5). The mixture is cooled to 0°C, and a
solution of 5.28 g of 2-methyi-1-tetralone (33 mmol, Note 6) in 20 mL of anhydrous
ether is added with a cannula over a 10-min period. The mixture becomes a bright
yellow solution during the addition, and after 45 min of additional stirring, it becomes
pale yellow.

B. 2-(1-Hydroxycyciopropyl)-2-methyl-1-tetralone. Simultaneously with the
above operations, a separate 2-L, three-necked, round-bottomed flask is equipped
with a mechanical stirrer, reflux condenser, nitrogen inlet, and a septum, and the flask
is placed under a nitrogen atmosphere. Anhydrous ether, 600 mL and 20 mL of a 3.0
M solution of methylmagnesium bromide in ether (60 mmol, Note 3) are added to the
flask with a cannula and a syringe, respectively, and the solution is cooled to 0°C. A
solution of 6.12 g of cyclopropanone ethyl hemiketai2 (60.0 mmol, Note 7) in 20 mL of
anhydrous ether is added with vigorous stirring over several minutes with a cannula.
During this addition, gas evolution is observed, and a fine white precipitate forms.
After the mixture is stirred for 15 min, the solution of the enolate of 2-methyl-1-tetralone
is added using a wide gauge cannula (ca. 1 mm id) over several minutes. The
resulting turbid, light yellow solution is heated at reflux for 4 hr. The resulting clear,
yellow solution is cooled to 25°C and diluted with 200 mL of ether. The organic
solution is washed with saturated aqueous ammonium chloride (3 x 200 mL) and
saturated aqueous sodium chloride (200 mL) and dried over anhydrous magnesium

sulfate. The drying agent is removed by filtration and the filtrate is concentrated by
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rotary evaporation under reduced pressure to give 7.92 g of crude 2-(1-
hydroxycyclopropyl)-2-methyl-1-tetralone (Note 8) as a clear yellow oil that is used in
the next step without further purification.

C. (3a/3,9bﬁ)-1,2,33,4,5,9b-Hexahydro-9b—hydroxy-3a-me!hy/—SH-benz[e]inden-
3-one.3 The yellow oil from Part B is dissolved in 100 mL of anhydrous ether in a 100-
mL round-bottomed flask at 25°C under nitrogen. Into a separate 250-mL flask
containing @ magnetic stirring bar are placed 4.0 g of powdered sodium hydride (166
mmol, Note 9), and 100 mL of anhydrous ether at 25°C under nitrogen. The solution of
the yellow oil is added with stitring over a period of a few minutes using a cannula.
The mixture is stirred at 25°C for 3 hr, during which time it become§ yellow-orange.
The reaction is quenched by adding 100 mL of ice-cold saturated agueous ammonium
chioride and 100 mL of ether. The organic layer is washed with saturated aqueous
ammonium chloride (3 x 100 mL) and saturated aqueous sodium chloride (100 mL),
dried over anhydrous magnesium sulfate, filtered, and concentrated by rotary
evaporation under reduced pressure. The crude product is obtained as 5.8 g of
yellow-orange crystals. The solid is dissolved in about 150 mL of warm ether, and 100
mL of hexanes is added. The mixture is concentrated to ca. 100 mL in a heating bath
(or on a steam bath), and the resulting cloudy solution is cooled slowly to 0°C. An
initial crop of 4.73 g (67%) of pale yellow crystals is obtained and the mother liquor is
decanted from the solid and concentrated by rotary evaporation under reduced
pressure to ca. 5 mL to give 0.39 g (5%} of pale yellow crystals as a second crop. The
mother liquor may then be concentrated and the residue purified by flash
chromatography# on silica gel using 1:1 ether/hexane to give 0.29 g (4%) of additional
product (R = 0.33) as yellow crystals after washing with warm 1:1 ether/hexane. The
total combined yield of (3aB,9bB)-1 ,2,3a,4,5,9b-hexahydro-9b-hydroxy-3a-methyl-3H-
benz[elinden-3-one is 5.41 g (76%) (Note 10).
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2. Notes

1. The MgBrz-Et20 was obtained from Aldrich Chemical Company, Inc., as a
white solid in the form of a powder mixed with lumps. The solid was tramsferred to the
250-mL, round-bottomed flagk in a nitrogen-filled glove box and carefully’crushed with
a glass stirring rod until the solid was a uniform powder. The flask was then equipped
with a septum, taken out of the glove box, and attached to a standard nitrogen/vacuum
double manifold system to maintain an inert, dry atmosphere of prepurified nitrogen in
the flask throughout the remainder of the reaction sequence.

2. Anhydrous diethyl ether and anhydrous tetrahydrofuran (THF) were
abtained from Fisher Scientific Company. They were redistilled under nitrogen from
dark blue or purple solutions of sodium benzophenone ketyl immediately prior to use.
All transfers of these and other anhydrous materials were performed with syringes or
stainless steel cannulas while carefully maintaining a nitrogen atmosphere.

3. Methyimagnesium bromide was purchased from Aldrich Chemical
Company, Inc., as a solution in ether, and the solution was used as obtained without
titration.

4. N,N-Diisopropylamine was purchased from Aidrich Chemical Company, Inc.,
and distilled under nitrogen from calcium hydride prior to use.

5. The submitters observed the fine white precipitate after 12 hr of stirring.

6. 2-Methyl-1-tetralone was purchased from Aldrich Chemical Company, Inc.,
and used without further purification.

7. Cyclopropanone ethyi hemiketal is contaminated with 8-9% of the
cyclopropanone methyl hemiketal as a result of exchange with the solvent.2 The
calculated number of mmoles of total cyclopropanone hemiketal is based upon this

composition.
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8. 'H NMR analysis of the crude product indicated greater than 90%
conversion of-the starting 2-methyl-1-tetralone to 2-(1-hydroxycyciopropyl)-2-methyl-1-
tetralone: IR (CHCI3) cm*1: 3485 (O-H), 3067 (aromatic C-H), 2972 (aliphatic C-H),
1670 (}C=O); TH NMR (300 MHz, CDClg) 5: 0.49-0.72 (m, 4 H, cyclopropyl CHoCHb),
1.20 (s, 3 H, CH3), 1.61-1.71 (dt, 1 H, J = 13.4, 4.5, CHH), 2.03-2.15 (m, 1 H, CHH),
2.88-3.04 (m, 2 H, benzylic CHy), 3.68 (s, 1 H, OH), 7.15-7.96 (m, 4 H, aromatic CH);
13C NMR (75 MHz, CDCl3) 8: 9.0, 10.4 (cyclopropyl CHaCHp), 18.2 (CH3), 25.5 (CH2),
31.0 (benzylic CH»), 48.0 (CC=0), 59.3 (cyclopropyl COH), 126.7, 127.8, 128.7, 131.7
(aromatic CH), 133.6, 143.4 (ipso aromatic C), 204.0 (G=0).

9. Sodium hydride was obtained as a powder of 95% purity grade from Aldrich
Chemical Company, Inc. A nitrogen-filled glove box was used to weigh the reagent
and transfer it into the reaction flask.

10. Yields of the product ranged from 67 to 81% over a series of several runs.
For (3ap,9bB)-1 ,2,3a,4,5.9b-hexahydro-Qb‘hydroxy-3a-methy|-3H-benz[e]inden-s-one,
mp 117-118°C; IR (CHCI3) cm-1: 3466 (O-H), 3066, 3070 (aromatic C-H), 2976
(aliphatic C-H), 1736 (C=0); 'H NMR (300 MHz, CDClg) &: 1.14 (s, 3 H, CHa), 1.58-
1.67(m, 1 H), 1.80 (s, 1 H, OH), 1.87-1.99 (m, 1 H), 2.20-2.41 (m, 3 H), 2.48-2.61 (m, 1
H), 2.66-2.76 (m, 1 H), 2.84-2.97 (m, 1 H), 7.08-7.68 (m, 4 H, aromatic CH); 13C NMR
(75 MHz, CDCl3) &: 14.5 (CHa), 25.0 (CH>), 29.1 (CH2COH), 34.9 (CH,C=0), 36.1
(benzylic CHa), 52.5 (CCH3), 79.8 (benzylic COH),126.6, 126.9, 127.5, 128.5
(aromatic GH), 134.6, 140.5 (ipso aromatic C), 204.5 (C=C); CIMS, m/e (rel intensity)
217 (10%, MH+), 199 (100%, MH+ - 18); Anal. Calcd for C14H1g02: C, 77.75; H, 7.46.
Found: C, 78.00; H, 7.60.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996.
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3. Discussion -

A large number of methods have been developed for the construction of fivg-
membered carbocyclic systems. These methods are too numerous to review here, but
a number of key references are cited.5

The method that is used in the present preparation is based updn the formal
concept of employing cyclopropanone in an aldol condensation with an enolate of
another ketone. The resulting aldolate exhibits characteristics of a "homoenolate” and
may undergo a second carbonyl addition reaction to form a five-membered ring as

suggested in the following generalized pathway:

" o) O_

17 e Aa“
Io o

%
RO
f* |
gy

The homoenolate is not necessarily an intermediate in this pathway, but rather, it is
shown only to illustrate the basic concept.

Cyclopropanone itself is a very unstable compound that has been isolated only
at low temperature. Its chemistry has been studied thoroughly during the past several
years.® Various forms of homoenolates have also been investigated, and their
applications in synthesis are being actively developed.” The combination of cyclo-
propanone and homoenolate chemistry employed here is most closely related to

studies of Narasimhan® and follows from a series of studies in the laboratory of the

142

submitters.3.% Whether free cyclopropanone or the homoenolate form of the aldol
adduct are produced as actual species in the above pathway is uncertain, but at least
the formal concept of their hypothetical intermediacy and expected reactivity patterns
have proven useful in the design of the annulation method employed in the present
preparation. The cyclopropanone hemiketal used in this work could conceivably
undergo ethoxide elimination to produce cyclopropancne in situ which would then
serve as a very reactive acceptor for nucleophilic addition,2:6.10 but other mechanistic
pathways may also be consistent with the observed reaction sequence.

An attractive feature of this procedure is the directness with which the annula-
tion of 3-hydroxycyclopentanone systems onto preexisting ketone skeletons can be
accomplished to give usefully functionalized products. However, this method does
have important limitations in its scope. The most common difficulty is that the "cyclo-
propanone” condensation with a wide range of ketone enolates often occurs in only
low to modest yields. A two-fold excess of the cyclopropanone hemiketal is therefore
used to provide at least some improvement in the yields of this step. In contrast, the
subsequent "homoenolate" cyclization generally occurs in quite acceptable yields. A
simpler representative example that illustrates the contrasting yields in the two steps is

the following:9b

OH
CH HiC Hc @
(:\[ 3 (1) BrMgN(i-Pr); NaH
2) EtQ OMgBr
o 9
X ; o
21% 71%

On the other hand, the parent, unsubstituted cyclohexanone enters into an apparently
much more complex reaction pathway leading to the formation of a tricyclic, cyclohep-

tanone-containing product.92 Also, cycloheptanones as starting materials give annu-
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lation product‘s that undergo a subsequent retro-aldol/re-aldol sequence to give rear-
ranged hydrazulenones as the final isolated products. In fact, the best cases of the
present cyclopentanone annulation sequence are limited to benzo-fused cyclohex-
anones bearing an additiona! u-alkyl substituent. In addition to the preparation de-
scribed here, another important example is the following (yields are not optimized as
in the present preparation):8P

HaC 9

CH,
(1) BrMgN(i-Pr)z

(I megpe (T

(74%) 78%
(3) NaH

Although the limitations in the cases that provide good yields may appear to be very 7.

restrictive, this last example is suggestive of the potential applications of this pro-
cedure. Rather obvious possibilities that follow from this case include derivatives of
the equilinin steroidal hormone system,'? and of the steroidal cardiotonic agents, e.g.,

the cardenolides, digitoxigenin, bufadienolides, etc.12
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Magnesium bromide diethyl etherate: Magnesium, dibromo(ethy! ether)- (8);
Magnesium, dibromo[1,1'-oxybis[ethane]}- (3); (29858-07-9)

Methylmagnesium bromide: Magnesium, bromomethyl- (8,9); (75-16-1)
Diisopropylamine (8); 2-Propanamine, N-(1-methylethyl)- (9); (108-18-9)
2-Methyl-1-tetralone: 1(2H)-Naphthalenone, 3,4-dihydro-2-methyl- (8,9); (1590-08-5)
Cyclopropanone ethyl hemiketal: Cyclopropanol, 1-ethoxy- (8,9); (13837-45-1)
Sodium hydride (8,9); (7646-69-7) '
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[3+2]-ANIONIC ELECTROCYCLIZATION USING 2,3-
BIS(PHENYLSULFONYL)-1,3-BUTADIENE: trans-4,7,7-
TRICARBOMETHOXY-2-PHENYLSULFONYLBICYCLO[3.3.0]OCT-1-ENE
(Benzene, 1,1'-[[1,2-bis(methylene)-1,2-ethanediyl]bis(sulfonyi)]bis-)

SOPh
HOGH.—C=C— PhSCI
A OCH,—C=C-CH,OH e CHasg N,
SOPh
o SOPh o SO,Ph
242
B. z CH, AcOH CHe CH,
SOPh SO,Ph
1
1) NaH
C.  CHy{CO,CHg), ) CHZ00C A~ CH(CO,CHy);

2) CH300C_~_ Br

o

CHZ00C A~ CH(CO,CHy), — DNaH

Submitted by Albert Padwa,! Scott H. Watterson, and Zhijie Ni.
Checked by David Young, Michael Rupp, Dan Kuzmich, and David J. Hart.
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1. Procedure

A. 2,3-Bis(phenylsulfinyl)-1,3-butadiene. In a 2-L, three-necked, round-
bottomed flask equipped with a mechanical stirrer, 25-mL dropping fupnel, and a
nitrogen inlet, are placed 7.75 g (0.09 mol) of 2-butyne-1,4-diol (Note 1), 3?.6 mL (0.27
mol) of triethylamine, and 700 mL of dichloromethane. After the diol is completely
dissolved, the mixture is cooled to -78°C. To this solution is added 26.0 g (0.18 mol) of
phenylsulfenyl chloride (Note 2) over a 30-min interval. The mixture is gradually
warmed to room temperature and stirred for an additional 12 hr. The solution is then
washed with 100 mL each of water, saturated ammonium chloride solution, saturated
sodium bicarbonate solution, and brine, and dried over sodium sulfate. After filtration
and concentration, the residue is recrystallized from methanol-ether (1:1) to give 20.1
g (74%) of 2,3-bis(phenylsulfinyl)-1,3-butadiene as a 1.1:1 mixture of diastereomers
(Note 3).

B. 2,3-Bis(phenylsulfonyl)-1,3-butadiene (1). A solution of 17.0 g of 2,3-
bis(phenylsulfinyl)-1,3-butadiene (56.3 mmol) and 34 mL of hydrogen peroxide (30-
35%) (Note 4) in 170 mL of glacial acetic acid is placed in a 500-mL, three-necked
flask equipped with a reflux condenser and thermometer. The solution is warmed
using an oil bath such that a reaction temperature of 90°C is maintainecf for 5 hr (Note
5). To the hot solution is added 40 mL of water and the mixture is allowed to stand at
room temperature for 12 hr. The resulting precipitate is collected, washed with water
(50 mL), cold methanol (30 mL), and ether (100 mL). The filter cake (13.9 g) is
dissolved in 100 mL of hot dichloromethane and 100 mL of hexane is added slowly.
After standing at 25°C for 1 day, the crystalline solid is collected and washed with 100
mL of ether to give 11.6 g (61%) of 2,3-bis(phenylsulfonyl)-1,3-butadiene (Note 6).2
Concentration and recrystallization of the mother liquor affords an additional 1.7 ¢

(9%) of the disulfone.
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C. Dimethy! (E)-5-methoxycarbonyl-2-hexenedioate. Into a flame-dried, 500-
mL, three-necked, round-bottomed flask equipped with a magnetic stirring bar, a 100-
mL dropping funnel, and a nitrogen inlet, is placed 4.2 g of sodium hydride (60% in oil,
105 mmol) which has been washed twice with 50 mL of hexane and then suspended
in 400 mL of anhydrous tetrahydrofuran (THF). The mixture is cooled to 0°C with an
ice bath and a solution containing 13.7 mL (15.8 g, 120 mmol) of dimethyl malonate in
30 mL of anhydrous THF is added over a 30-min interval. After being stirred for an
additional 20 min at 0°C, the mixture is transferred by cannula into an ice-cold solution
containing 19.9 g (110 mmol) of methy! 4-bromocrotonate (Note 7) in 300 mL of THF in
a 1-L, round-bottomed flask fitted with a nitrogen inlet. Stirring is continued for an
additional 20 min and the reaction is quenched by the addition of 100 mL of a
saturated ammonium chloride solution. The solvent is removed with a rotary
évaporator at aspirator vacuum, and the aqueous layer is extracted three times with
ether (200 mL). The organic layer is washed with 100 mL each of water and brine,
and dried over sodium sulfate. After filtration and concentration, the resulting residue
Is distilled using a 5-cm Vigreux column under reduced pressure to give 8.8 g (38%) of
dimethy| (E)-5-methoxycarbonyl-2-hexenedioate (Note 8).

D. trans-4,7, 7-Tricarbomethoxy—2-ph9nylsulfonylbicyclo[3.3. Ojoct-1-ene. Ina
flame-dried, 2-L, three-necked, round-bottomed flask equipped with a magnetic stirrer,
dropping funnel, and nitrogen inlet, is placed 1.44 g of sodium hydride (60% in oil,
36.0 mmol) which has been washed twice with 50 mL of hexane and then suspended
in 500 mL of anhydrous THF. To the above mixture is added 7.59 g (33.0 mmol) of
dimethy! (E)-5-methoxycarbonyl-2-hexenedioate in 50 mL of THF. After being stirred
&t 0°C for 30 min, a solution containing 10.02 g (30.0 mmol) of 2,3-bis(phenyisulfonyl)-
1,3-butadiene in 900 mL of anhydrous THF is added over 30 min. The solution is
stirred for 10 min at 0°C and then quenched with 100 mL of a saturated aqueous

ammonium chloride solution. The solvent is removed under reduced pressure, and
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the residue is extracted three times with 300 mL of dichloromethane. The organic
phase is washed with 100 mb each of water, brine, and dried over sodium sulfate. The
filtrate is concentrated under reduced pressure and the rasidue is chromatographed
on 350 g of silica gel eluting with 4 L of a 2:1-hexane/ethyl acetate mixture to give 9.54
g (75%) of trans-4,7,7-tricarbomethoxy-z-phenylsulfonylbicyclo[a.s.0]oct-‘1-ene as a

clear oil (Note 9).
2. Notes

1. 2-Butyne-1,4-diol, sodium hydride (60% in oil) and dimethyl malonate were
purchased from Aldrich Chemical Company, Inc. and used without further purification.
Triethylamine and dichloromethane were distilled from calcium hydride prior to use.

2. Phenylsulfeny! chloride was prepared according to the known literature
procedurs.3

3. This product is a 1.1:1 mixture of two diastereoisomers, mp 127-129°C, and
was used in the next step without further purificatior'L The product has the following
spectral properties: 'H NMR (200 MHz, CDCl3) §: 5.6, 5.85, 6.18, 6.22 (four s, 4 H),
7.1-7.5 (m, 10 H).

4. Hydrogen peroxide (30-35%) and glacial acetic acid were purchased from
Fisher Scientific Company and wers used without further purification.

5. The yield is considerably reduced if the reaction temperature is allowed to
exceed 90°C. Yields as high as 80% have been obtained with careful monitoring of
the temperature.

6. The product has the following physical properties: mp 181-183°C (lit.2 183-
185°C}); IR (KBr) cm-1: 3120, 1580, 1441, 1302, 1140, 1067, 744, 685, TH NMR (300
MHz, CDClg) &: 6.61 (s, 2 H), 6.74 (s, 2 H), 7.20-7.30 (m, 4 H), 7.42-7.51 (m, 6 H); 13C

NMR (75 MHz, CDCl3) : 128.4 (d), 129.1 (d), 130.8 (t), 133.7 (d), 137.1 (s), 140.8 (s).
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Anal. Calcd for C1gH1404S2: C, 57.46; H, 4.22; S, 19.18. Found: C, 57.39; H, 4.23;
S, 19.08.

7. Methyl 4-bromocrotonate was purchased from Lancaster Synthesis Inc. and
distilled before use.

8. Dimethyl (E)-5-methoxycarbonyl-2-hexenedioate? has the following physical
properties: bp 144-146°C (2.0 mm); IR (neat) cm-1: 3004, 2947, 1737, 1431, 1288,
1033, 727; H NMR (300 MHz, CDCl3) §: 2.79 (t2H,J=72),351(,1H,J=72),

'8.70 (5,3 H),3.74 (5,6 H), 5.98 (d, 1 H, J = 15.6), 6.86 (dt, 1 H, J = 15.6, 7.2); 13C NMR

(75 MHz, CDCl3) 8: 30.9, 50.1, 51.3, 562.6, 123.3, 143.7, 166.1, 168.5. This compound
has also been prepared by the ozonolysis of dimethy! allyimalonate followed by
reaction with methyl (triphenylphosphoranylidene)acetate.5 While this procedure is
teported to afford the triester in 60-65% overall yield, we found the above method to be
simpler and more convenient for the preparation of larger quantities of material.

9. trans-d,7,7-Tricarbomethoxy-2~(phenylsulfonyl)bicyclo[3.3.0loct-1-ene has
the following spectral properties: IR (neat) cm-1: 3004, 2947, 1730, 1438, 1147, 1075,
727; TH NMR (300 MHz, CDCl3) §: 1.86 (t, 1 H, J = 12.3), 2.56 (dd, 1 H, J = 13.2, 7.8),
2.78-2.99 (m, 3 H), 3.17 (brd, 1 H, J = 21.0),3.34 (brd, 1 H, J = 21.0), 3.4-3.7 (m, 1 H),
3.56 (s, 3 H), 3.65 (s, 3 H), 3.67 (s, 3 H), 7.47 (t2H,J=75),756¢ 1H,J=7.2),7.78
(d, 2 H, J = 7.5); 13C NMR (75 MHz, CDCl3) &: 33.2, 37.4, 39.4, 48.9, 51.9, 52.8, 53.0,
§4.7,63.1, 127.3, 129.0, 129.1, 133.4, 139.7, 161.0, 170.7, 171.2, 172.4; HRMS Calcd

for C20H2208S: m/e 422.1035. Found m/e 422.1030.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press: Washington, DC, 1996.
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3. Discussion

The chemistry of phenylsulfonyl-substituted 1,3-butadienes is receiving
increasing attention because of their synthetic versatility and the efficjeht n-bond
activation by the sulfonyl group.6-10 Some of the procedures currently available for
their preparation include phenylsulfonyl-mercuration of 1.3-dienes,j1 condensation of
allyl sulfones with aldehydes followed by acetylation and subsequent elimination,12
thermal SO2 extrusion from 2-(arylsutfonyl)sulfolenes,!3.14 cheletropic ring-opening of
sulfolanes,5 palladium(ll)-catalyzed chloroacetoxylation of 1,3-dienes, 1€ and the 2-
tosylvinyl sulfone coupling with vinylstannanes.!'7  Methods of preparing
bis(phenylsulfonyl)-substituted 1,3-dienes, however, are limited to relatively few
routes.!8 In spite of its simplicity and its obvious potential as an activated diene, 2,3-
bis(phenylsulfonyl)-1,3-butadiene (1) has not been used extensively in organic
synthesis. This reagent was prepared by a modification of the procedure of
Jeganathan and Okamura in multigram quantities.2 Treatment of 2-butyne-1 ,4-diol
with benzenesulfenyl chloride produces the disulfenate ester as a transie\nt species,
which rapidly undergoes a series of 2,3-sigmatropic rearrangements to give 2,3-
bis(phenylsulfinyl)-1,3-butadiene. This material is readily oxidized with hydrogen
peroxide to the bis(phenylsulfonyl)diene 1 in 70-80% yield. ‘

Over the past several years, the submitter has demonstrated the use of diene 1
as a versatile building block in organic synthesis, particularly for [4+2]-cycloaddition
chemistry.19 In an early report, the cycloaddition of this diene with various oximes as a
method for piperidine formation was described.20 In subsequent investigations,
disulfone 1 was demonstrated to undergo cycloaddition to a variety of simple imines2?

and enamines22 under mild conditions producing novel rearranged heterocycles.
This diene also played an important role in the successful outcome of the submitter's

[4+1])-annulation strategy for pyrrolidine formation, since it is highly activated toward
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nucleophilic addition.23 More recently, disulfone 1 was found to undergo a [4+1])-
annulation reaction with a variety of soft carbanions to give phenylsulfonyl-substituted
cyclopentenes in good yield.24 The pivotal step in this reaction involves addition of a
stabilized carbanion onto the highly activated =-bond of diene 1 followed by PhSO,-
elimination to give a phenylsulfonyl-substituted allene as a key intermediate. Further
‘ction of the allene with benzenesulfinate anion eventually provides the five-
/mbered ring. Several phenylsuifony! alkenyl-substituted allenes were also
srepared and found to undergo a highly chemo- and stereospecific intramolecular
[2+2]-cycloaddition reaction to give bicyclo[4.2.0]oct-1-enes in high yield.25
The procedure described here provides a simple and general approach for the
construction of bicyclo[3.3.0]oct-1-enes using 2,3-bis(phenylsulfonyl)-1,3-butadiene
(1) as a key reagent. The [3+2]-cycloaddition of an allyl anion with an activated olefin
1o give cyclopentyl anion has been an active area of investigation for many years.26
The synthetic potential of disulfone 1 for [3+2]-cyclization chemistry is demonstrated
here by taking advantage of two properties of the molecule: (1) the ability of the

phenylsulfony! group to activate the double bond toward Michael addition with soft B-

Edicarbonyl anions and (2) the facility with which the phenylsulfony! group can be

eéliminated. Thus, conjugate addition of the anion derived from dimethy! (E)-5-
methoxycarbonyl-2-hexenedioate to diene 1 is followed by a series of consecutive
tandem Michael additions to the activated n-bonds.2? Eventual phenylsultinate
elimination produces the bicyclo[3.3.0Joct-1-ene skeleton. Since disulfone 1 can react
with a variety of B-dicarbony! anions, a wide assortment of bicyclo[3.3.0]octenes is

easily available. This strategy can Clearly be applied to more complex targets.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

© 2,3-Bis(phenyisulfonyl)-1,3-butadiene: Benzene, 1,1'-[[1,2-bis(methylene)-1,2-
ethanediyl]bis(sultonyl)lbis- (11); (85540-20-1)
2,3-Bis(phenylsulfinyl)-1,3-butadiene: Benzene, 1,1-[[1,2-bis(methylene)-1,2-
ethanediyl]bis(sulfinyl)bis- (11); (85540-18-7)

‘\/ 2-Butyne-1,4-diol (8,9); (110-65-6)
Triethylamine (8); Ethanamine, N,N-diethyl- (9); (121-44-8)
Benzenesulfenyt chloride (8,9); (931-59-9)
Hydrogen peroxide (8,9); (7722-84-1)

- Dimethyl (E)-5-methoxycarbonyl-2-hexenedioate (11); 3-Butene-1,1,4-tricarboxylic
acid, trimethyl ester, (E)- (11); (93279-60-8)
Dimethyl malonate: Malonic acid, dimethyl ester (8); Propanedioic acid, dimethyl
ester (9); (108-59-8)
Methyl 4-bromocrotonate: Crotonic acid, 4-bromo-, methy! ester (8); 2-Butenoic acid,
4-bromo-, methyl ester (9); (1117-71-1)
Sodium hydride (8,9); (7646-69-7)
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PREPARATION OF BICYCLO[3.2.0]HEPT-3-EN-6-ONES:
1,4-DIMETHYLBICYCLO{[3.2.0]HEPT-3-EN-6-ONE
(Bicyclo[3.2.0]hept-3-en-6-one, 1,4-dimethyl-, cis-()-)

BrCH,COOMe, Zn, B(OCHa)3 Mcoom
OH

i hanol, rt, 24 hr
COOMe 1. KOH in methal )\/YCOOH
2.H OH

OH . H30*

3

1. Ac20, ACOK, rt, 2 hr O
C. COOH  2.a,35hr .
OH 3.Hp0, 12 hr, 1t
97:3

Submitted by Goffredo Rosini,? Giovanni Confalonieri,2 Emanuela Marotta,

Franco Rama,2 and Paolo Righi.1
Checked by Jian-Ping Chao and Robert K. Boeckman, Jr.

1. Procedure

A. Methy! 3,6-dimethyl-3-hydroxy-6-heptenoate (Note 1). An oven-dried, three-
necked, 500-mL., round-bottomed flask, is fitted with an efficient mechanical stirrer, a
Claisen adapter bearing a reflux condenser with a nitrogen. inlet and rubber septum,
and a thermometer. The flask is maintained under a static nitrogen pressure and

charged with 5-methyl-5-hexen-2-one (24.20 g, 0.216 mol) (Note 2), trimethyl borate
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(60 mL) (Note 3), tetrahydrofuran (60 mL) (THF) (Note 4), and freshly activated 20-
mesh zinc granules (16.96 g, 0.259 g-atom) (Note 5). The reaction flask is immersed
in an oil bath at 25°C. Stirring is initiated and methyl bromoacetate (39.65 g, 0.259
mol) (Note 6) is added in a single portion through the septum. After an induction time
(Note 7), a white precipitate starts to form and an increase of the internal temperature,
up to reflux, is observed (Note 8). The mixture is stirred for 3 hr, after which time
starting material is completely consumed (Note 9). The reaction is quenched by the
sequential addition of glycerol (60 mL) and saturated aqueous ammonium chloride
(60 mL), then is transferred to a separatory funnel using 120 mL of diethyl ether. The
aqueous layer is separated and extracted again with diethyl ether (3 x 60 mL). The
combined ether extracts are washed with agueous 30% ammonium hydroxide solution
(3 x 30 mL) and then with saturated sodium chloride solution (2 x 30 mL). The organic
extracts are dried over magnesium sulfate (MgS0y4) and concentrated at reduced
Pressure with a rotary evaporator to afford 37.32 - 38.92 g of crude B-hydroxy ester (93
- 97% yield) (Note 10).

B. 3,6-Dimethyl—3—hydraxy-6-heptenoic acid. In a 500-mL flask, the crude ester
preparéd in Part A (37.00g, 0.199 mol) is dissolved in a 2 N solution of potassium
hydroxide (KOH) in methanol (130 mL, 0.260 mol). The solution is stirred at 25°C and
disappearance of the starting material is monitored by GLC (Note 9). After § hr
saponification is complete and the methanol is evaporated at reduced pressure (Note
11). The residue is taken up with water (500 mL), extracted with diethyl ether (3 x 100
mL), and the organic phase is discarded. The aqueous phase is acidified (pH 2.5 on
universal pH indicator paper) with ~ 6 N hydrochioric acid (about 60 mL) and extracted
with dietflyl ether (5 x 100 mL). These latter ethereal extracts are washed with water (2
x 30 mL) and then with saturated sodium chloride (2 x 30 mL). The organic phase is
dried over sodium sulfate, and filtered. Evaporation at reduced pressure affords crude

3,6-dimethyl-3-hydroxy-6-heptenoic acid as a viscous yellow oil that can be used in
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Part C without fuﬁher purification. Evacuation at 0.5 mm at room temperature with

internal magnetic stirring for 24 hr gives 28.07 - 29.40 g (82 - 86% yield) of a solvent- ’

free material (Notes 12 and 13). .

C. 1,4-Dimethylbicyclo[3.2.0]hept-3-en-6-one. A three-necked, 500-mL, round-
bottomed flask, equipped with a condenser fitted with a calcfum chloride tube, an
efficient mechanical stirrer, and an immersion thermometer, is charged with crude 3,6-
dimethyl-3-hydroxy-6-hepienoic acid (29.40 g, 0.171 mol), acetic, anhydride‘ (185 mL)
(Note 14) and potassium acetate (40.28 g, 0.410 mol). The reaction mixture is stirred
for 2 hr at room temperature. During this time, an exotherm is observed (up to 50°C)
followed by a slow return to room temperature, and the suspension becomes thicker.
The reaction is brought to reflux (in ca. 20 min) by means of a heating mantle and
stirring is continued for another 3.5 hr. A two-necked, 2-L, round-bottomed flask fitted
with a condenser and magnetic stirrer is charged with crushed ice (400 g) and water
(100 g), and the hot mixture is added carefully with good stirring. Light petroleum
ether (500 mL) is added and the mixture is stirred for 12 hr at room temperature. The
reaction mixture is transferred into a 2-L separatory funnel and the aqueous layer is
separated and extracted with light petroleum ether (4 x 100 mL). The combined
organic layers are washed with saturated sodium bicarbonate solution (3 x 50 mL) and
saturated sodium chloride solution (2 x 30 mL), dried over anhydrous sodium sulfate,
filtered, and concentrated at ambient pressure to give the crude product as a dark oil.
Final purification is achieved by distillation under reduced pressure (Note 15) affording
17.70 - 18.86 g (76 - 81% yield) of a 99% pure mixture (97:3) of the keto olefin isomers
as a colorless oil, bp 84-85°C/26-28 mm (Note 16).
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2. Notes

1. This procedure is essentially that of Rathke and Lindert.3

2. The submitters used freshly distilled ketone prepared according to the
Organic Syntheses procedure.4 5-Methyl-5-hexaen-2-one is also available from Aldrich
Chemicalv Company, Inc., and can be used as purchased.

3. Trimethyl borate was distilled from calcium hydride and stored under
nitrogen.

4. Tetrahydrofuran (reagent grade) was dried by distillation from
sodium/benzophenone ketyl and freshly distilled before use.

5. Zinc granules (20-mesh, 99.8%, A.C.S. reagent grade, Pb < 0.01%, Fe <
0.01%) obtained from Aldrich Chemical Company, Inc., were activated according to
the procedure of Newman and Evans.5 About 25 g of 20-mesh zinc was covered with
5% hydrochloric acid (30 mL) and stirred vigorously for 3 min. The zinc was washed
by decantation with distilled water (3 x 30 mL), with acetone (2 x 20 mL), with diethy!
ether (2 x 20 mL), and finally dried and stored in a vacuum desiccator.

6. Methyl bromoacetate was distilled and stored under nitrogen. Ethyl
bromoacetate can aiso be used: in this case a mixture of ethyl and methyl esters is
obtained.

7. Induction times from 15 to 45 min have been observed. In one instance, the
reaction did not start even after 1.5 hr, and required the mixture to be heated to 60°C
for several minutes until a white precipitate began to form. The checkers observed
induction periods of 25 - 35 min.

8. On some occasions, the exotherm induced a vigorous reflux that was difficult
to control. In such cases, stirring had to be stopped occasionally to control the refiux
rate. Although the use of 20-mesh zinc granules reduces the possibility of hard-to-

control exotherms, a cold water bath was kept ready to provide cooling if needed. The
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checkers did not observe an uncontrollable exotherm, but this type of reaction is well-
known to be susceptible to such a problem. The checkers recommend that the mesh
size not be reduced further without first testing the procedure on sqwaller scale. The
checkers successfully performed this reaction at twice the reported scale without event
and obtained the same yield (93%). "

9. Progress of the reactions and analysis of the products was monitored by
GLC using a Hewlett Packard 5890 Series |l gas chromatograph eguipped with an HP
3396 Series |i Integrator and a Quadrex 007 Series bonded-phase fused silica
capillary column (methy! 5% phenyl silicone; length 25 m; internal diameter 0.25 mm;
film thickness 0.25 um; carrier gas: nitrogen 75 kPa). Injector: 200°C; detector (FID):
250°C; Temperature program: 75°C (2 min); 15°/min, 250°C (3 min). Retention times
(min): methyi bromoacetate, 2.24 (2.54); 5-methyl-5-hexen-2-one, 2.68 (2.94); 1,4-
dimethylbicyclo[3.2.0}hept-3-en-6-one, 4.42 (4.77); 1-methyl-4-methylidenebicyclo-
[3.2.0]heptan-6-one, 4.73 (5.08); methyl 3,6-dimethyl-3-hydroxy-6-heptenoate, 7.05
(7.44). The checkers employed a similar column 30 m in length with the same
stationary phase and observed the retention times shown above in parentheses.

10. The crude ester so obtained is greater than 97% pure by GLC analysis and
is used in the next step without further purification. The checkers determined that the
remainder of the material (~3%) is unreacted methyl bromoacetate. Spectral data for
the crude ester are as foliows: IR (neat) cm™1: 3516, 2951, 1735, 1649, 1439, 1216;
TH NMR (200 MHz, CDClg) 5: 1.22 (s, 3 H), 1.70 (m, 2 H), 1.75 (s, 3 H), 2.11 (m, 2 H),
248 (d, 1 H, J =17.2), 254 (d, 1 H, J = 17.2), 3.52 (s, 1 H, disappears after DO
exchange), 3.73 (s, 3 H), 4.70 (s, 2 H); 13C NMR (50.3 MHz, CDCl3) 8: 23.07 (CH3),
27.04 (CH3), 32.43 (CHy), 40.33 (CHy), 45.16 (CH,), 52.12 (CH3), 71.26 (C), 110.2
(CH2), 146.2 (C), 173.8 (C).
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11. The submitters employed a 1 N solution of KOH in methanol and observed
the saponification to be complete in 24 hr. The checkers observed that the
saponification required ~48 hr for completion under these conditions. The checkers
employed a 2 N solution of KOH in methanol and observed that saponification was
corﬁplele in5 hr.

12. The submitters reported 87-92% yields of the acid. In the hands of the
checkers, the yield of this reaction appears to be scale dependent. At one half the
reported scale, the yield was reduced by 10-12%. This variation appears to result from
losses during the isolation procedurs. The acid has a very disagreeable butyric acid-
like odor. The checkers recommend that all manipulations of this material be
performed in a good hood, and that all apparatus emplioyed be kept in the hood until
base washed.

13. Spectral data for the crude acid aré as follows: IR (neat) cm-1: 3380, 2971,
1707, 1646, 1222, 888. TH NMR (200 MHz, CDCl3) 8: 1.30 (s, 3 H), 1.67 (m, 2 H), 1.72
(s,3H),210(m, 2 H),2.55 (d,1 H, J = 17.1),2.60 (d, 1 H, J = 17.1), 4.70 (s, 2 H), 6.61
[s (broad), 2 H]; 13C NMR (50.3 MHz, CDClg) 6: 23.11 (CHg), 26.33 (CHg), 32.40
(CHy), 40.18 (CHy), 45.13 (CHy), 71.84 (C), 110.5 (CHy), 146.0 (C), 177.9 (C).

14. Acetic anhydride was distilled from anhydrous sodium acetate and stored
under nitrogen.

15. To control foaming, the submitters recommend the use of a distillation flask
larger than usual. In this instance, they used a 250-mL flask fitted with a Claisen
adaptsr.

16. The product is about 99% pure by GLC analysis (Note 9), containing about
1% of an unknown impurity having a retention time of 8.01 min. The ratio of the olefin
isomers, 1,4-dimethylbicyclo[3.2.0]hept-3-en-6-one and 1-methyl-4-methylenebicyclo-
[3.2.0]heptan-6-one, was determined to be 97:3. Spectral data for the major isomer

are as follows: IR (neat) cm*1: 1770; H NMR (200 MHz, CDCl3) 8: 1.35 (s, 3 H), 1.73
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(8, 3 H), 2.55 (m, 2 H), 2.87 (dd, 1 H, J = 17.8, 4.7), 3.03 (dd, 1 H, J = 17.8, 2.9), 3.58
(M, 1 M), 5.45 (m, 1 H); 13C NMR (50.3 MHz, CDCly) 8: 15.34 (CHg), 24.03 (CHg),
38.38 (C), 47.08 (CH,), 58.81 (CHy), 79.94 (CH), 126.8 (CH), 135.2 (C), 207.9 (C).

*

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996.
3. Discussion

Bicyclo[3.2.0]hept-3-en-6-ones are fused ring compounds that offer different
functionalities in each ring, and have different ring size. They are suitable for chemo-,
regio- and stereo-controlled manipulations and are useful for the assembly of more
complex structures in a predictable fashion. The preparation reported here illustrates
the simplicity of the procedure and the selectivity by which the tharmodyﬁamically
more stable isomer can be prepared in high purity and good yield. Both yield and
stereoselectivity are superior to those observed in the syntheses of 1,4-dimethylbi-
cycio[3.2.0)hept-3-en-6-one previously reported in the literature.6.7 This process
involves the generation of an «,B-unsaturated ketene intermediate that undergoes
Intramolecular [2+2] cyclization to give a bicyclo[3.2.0]hept-3-en-6-one. An equilibrium
among the possible isomers of the a,B-unsaturated ketene intermediate could account
for the good yield as well as the high selectivity in generating the thermodynamically
more stable endo-ene isomer.8

This foregoing procedure is rather generat as demonstréted by the preparation
of a number of bicyclo[3.2.0Jhept-3-en-6-ones by the bicyclization of a variety of

secondary and tertiary 3-hydroxy-6-alkenoic acids (Table). The use of
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bicyclo[3.2.0]hept-3-en-6-0nes as starting materials has been reported in the synthesis
ot racemic grandisol,® lineatin,.2.4 filifolone,1? and several intermediates5.* in
Curran's synthesis of linear condensed sesquiterpenes such as hirsutene,2.13 A2-
capnellene, ' hypnophilin'5 and coriolin.'5 The successtul use of these intermediates
in the previously mentioned applications, and their unusual reactivity,16 suggest the
broad usefuiness of the bicyclo[3.2.0]hept-3-en-6-ones made readily available by the
present procedure. Some bicycio[3.2.0]hept-3-en-6-ones have been obtained
enantiomerically pure'? by the oxidation of-the enantiomers of bicyclo[3.2.0]hept-3-en-

6-endo-ols, resolved using (-)-(1S,4R)-camphanic acid chloride.18

1.  Dipartimento di Chimica Organica "A. Mangini" dell'Universita di Bologna, Viale
Risorgimento n.4, -40136 Bologna, ltaly.

ISAGRO Ricerca s.r.l. — Via Fauser n.4, 1-28100 Novara, ltaly.
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TABLE
PREPARATION OF BICYCLO[3.2.0]HEPT-3-EN-6-ONES

Fevig, T. L.; Elliott, R. L.; Curran, D. P. J. Am. Chem. Soc. 1988, 110, 5064-

5067. Starting Material Product Yield (%)
Marotta, E.; Piombi, B.; Righi, P.; Rosini, G. J. Org. Chem. 1994, 59, 7526-7528. O
Marotta, E.; Pagani, |.; Righi, P.; Rosini, G.; Bertolasi, V.; Medici, A. Tetrahedron: OH
Asymmetry 1995, 6, 2319-2328. : O
Gerlach, H.; Kappes, D.; Boeckman, R. K., Jr.; Maw, B. N. Org. Synth, 1993, 71, COOH d:r 63
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Appendix A PREPARATION OF POLYQUINANES BY DOUBLE ADDITION OF VINYL

Chemical Abstracts Nomenclature (Collective index Number); ANIONS TO SQUARATE ESTERS: 4,5,6,6a-TETRAHYDRO-3a-
(Registry Number) HYDROXY-2,3-DIISOPROPOXY-4,6a-DIMETHYL-

1,4-Dimethylbicyclo[3.2.0]hept-3-en-6-one: Bicyclo[3.2.0]hept-3-en-6-one, ; 1(3aH)-PENTALENONE
1,4-dimethyl-, cis- (%)- (12); (133700-21-7) ’ O. CH, i-PrO,  CH,
5-Methyl-5-hexen-2-one: 5-Hexen-2-one, 5-methyl- (8.9); (3240-09-3 i-Pro CHa

y v (8.9): ) ‘ >_—§f° HC=C_ | i-PrO + PO
Trimethyt borate: Boric acid, trimethy! ester (8,9); (121-43-7) -Pro - . ;A H
, . 0 THF, -78°C — 20°C; -Pr0 OH &, o OHén,
inc (8,9); (7440-66-6) NH4Cl, H20

(33:1)
Methy! bromoacetate: Acetic acid, bromo-, methyl ester (8,9); (96-32-2)

Acstic anhydride (8); Acetic acid anhydride (9); (108-24-7) Submitted by Tina Morwick and Leo A. Paquette.”

Checked by Lisa Frey and Ichiro Shinkai.
1. Procedure

A 1000-mL, two-necked, round-bottomed flask (Note 1) is equipped with a
rubber septum, magnetic stirring bar, and gas inlet connected to a vacuum/argon line
via a Firestone valve. The flask is flame-dried under vacuum, then filled with argon.
Ten cycles of evacuation and argon fill are carried out. The flask, in which a positive
flow of argon is maintained throughout the entire procedure, is charged with 6.66 mL
(%5 mmol) of 2-bromopropene (Note 2) dissolved in dry tetrahydrofuran (250 mL)
{(Note 3). The solution is cooled to -78°C by a dry ice/acetone bath, at which point 88
mL of 1.7 M tert-butyllithium in pentane (150-mmol} is introduced dropwise in three
roughly equal portions from a 50-mL syringe (Note 4) during 45 min. The colorless
reaction mixture is allowed to stir at -78°C for approximately 30 min (Note 5).

A 250 mL, two-necked, round-bottomed flask, equipped with a rubber septum

and gas inlet, is flame-dried under vacuum, filled with argon, and charged with a
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solution of diisopropyl squarate (5.94 g, 30 mmol) (Note 6) in dry tetrahydrofuran (150
mL). The solution is cooled to -78°C and cannulated rapidly into the reaction flask
(Note 7). After completion of the addition, the mixture is stirred for 2 hr at 0°C, then for
an additional 15 hr at room temperature. Following recooling to 0°C, 180 mL of
saturated ammonium chloride solution (Note 8) is added via syringe, the ice bath is
removed, and stirring is continued for an additional 7 hr.

The reaction mixture is poured into a 2000-mL separatory funnel containing
water (300 mL) and ether (300 mL). After thorough mixing, the aqueous layer is
separated and extracted with ether (2 x 200 mL). The combined ethereal solutions are
washed with water (300 mL) and brine (300 mL), dried over magnesium sulfate, and
evaporated under reduced pressure to leave 8.5 g of a pale yellow oil. This material is
subjected to flash chromatography on silica gel using 20% ethyl acetate in hexanes as
the mobile phase (Note 9). The minor diquinane (230 mg, Note 10) is eluted first. - A
mixed fraction of the two isomers follows (570 mg, Note 11) in advance of the pure title
compound (6.36 g; Notes 12, 13).

2. Notes

1. All apparatus was washed with base and oven-dried overnight.

2. 2-Bromopropene was purchased from the Aldrich Chemical Company, Inc.,
and used as received.

3. Tetrahydrofuran was freshly distilled from sodium benzophenone ketyl.

4. tent-Butyllithium was purchased from the Aldrich Chemical Company, Inc.,
and titrated before use with diphenylacetic acid according to an established
procedure.?2 The syringe and needle were oven-dried overnight prior to use. The
plunger is rotated slowly and continuously throughout the addition to avoid loss of

mobility brought on by the adventitious formation of lithium hydroxide. This alkyllithium
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is extremely pyrophoric and must be treated cautiously to avoid exposure to the
atmosphere.

5. tert-Butyllithium forms a yellow complex with tetrahydrofuran at low
temperatures. When all of this reagent is consumed, the yellow color disappears and
a colorless solution of the vinyl anion is obtained. If the color continues the remaining
tert-butyllithium can be consumed by the slow addition of a few drops of 2-
bromopropene until a colorless solution results.

6. Diisopropy! squarate, available from the Aldrich Chemical Company, Inc.,
can be readily prepared from squaric acid according to the procedure reported by
Liebeskind.3

7. An oven-dried, 18-gauge cannula wrapped with glass wool and aluminum
foil was used.

8. This solution was deoxygenated by bubbling argon through it for a period of
15 min immediately before uss.

9. The dimensions of the column were 6.5 cm by 36 cm. The relevant Ry values
of the isomers are 0.34 and 0.26.

10. This product, which can be recrystallized from hexane (colorless crystals, mp
110-111°C), exhibits the following spectral properties: IR (CHCl3) cm-1: 3560, 2980,
1650, 1600; 'H NMR (300 MHz, CgDg) &: 0.92-1.12 (m, 1 H), 1.02 (d, 3 H, J = 6.0),
1.03(d,3H,J=6.0),1.05(d,3H,J=6.0),1.10(d,3H,J =7.0), 1.15(d, 3H, J = 6.0},
1.26 (s, 3 H), 1.25-1.35 (m, 1 H), 1.42-1.50 (m, 1 H), 1.92-2.07 (m, 2 H), 3.08 (s, 1 H),
5.20 (hep, 1 H, J = 6.0), 5.31 (hep, 1 H, J = 6.0); 13C NMR (75 MHz, CgDg) &: 15.3,
19.9, 22.3 (2C), 22.6, 22.8, 30.8, 34.3, 46.6, 52.8, 71.1, 73.4, 83.9, 131.4, 171.9, 199.9.

11. Assay of this fraction by VPC (SE-30, 70-250°C/min) showed its composition
to consist of 8% of the less polar isomer and 92% of the more polar product. The

overall yields are consequently 2.5% and 81% respectively.
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12. The title compound was obtained as a colorless cil that slowly crystaliized
on standing, mp 52-53°C. Its spectral characteristics are as follows: IR (CHCl3) cm1:
3589, 2979, 1697, 1616; 'H NMR (300 MHz, CgDg) 5: 0.84-0.98 (m, 1 H), 1.01 (d, 3 H,
J=70),107(d,3H,J=6.0),1.09(d,3H,J=6.0),1.10(d, 3 H, J = 6.0),1.11(d,3H,J
=6.0), 1.28 (s, 3 H), 1.23-1.43 (m, 2 H), 1.86-1.94 (m, 1 H), 2.18-2.24 (m, 2 H), 5.24-
5.38 (m, 2 H); 13C NMR (75 MHz, CgDs) 5: 15.5, 19.6, 22.5, 22.6 (2 C), 22,9, 31.3,
35.0, 46.9, 56.7, 71.2, 73.6, 83.1, 132.5, 165.4, 202.7.

13. The checkers isolated an additional side product A, not observed by the
submitters, in 2% yield; its structure is based upon NMR TH/13C correlations and NOE

data:
HaC_CH2

i-PrO

HO CH3
OH

A
tH NMR (300 MHz, CDCl3) §: 1.2 [(d, 6 H) (OCH(CH3)2)], 2.08 [(m, 3 H) (CH2=C-
CH3)l, 2.4 [(s, 3 H) (ar-CHg)); 4.3 [(m, 1 H) (OCH(CHag)2)], 5.08 (m, 2 H, =CHa), 5.2 (s, 1
H, 3-OH), 5.6 (s, 1 H, 2-OH), 6.5 (s, 1 H, ar-H).

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996.

172

3. Discussion

Twofold addition of the same or different vinyl anions to squarate esters lsads to
polyquinane products.4 The principal pathway involves trans-1,2-addition of the
organometallic reagent to generate a cyclobutene dialkoxide such as 1. Ring strain

and electrostatic factors promote the rapid conrotatory opening of 1 in that sense

o_

i-PrO CHs i LCH
% 2 e C\ o 7 = —
i-Pro i-PrO o~ CHa
1
O~ CHs
PO/ XrH i-PrO
HoH
P07 N\ i-Pro
O~ CHy
2
) CH
2 P O CHy
i-Pro
_ i-Pro
i-Pro oMt
i-PrO CH
0) ‘ch, 3
4 5

leading to outward splaying of the oxido functional groups.5 The resultant doubly-
charged 1,3,5,7-octatetraenes shown by 2 undergo symmetry-controlled 8=n
electrocyclization from a coiled conformation, thereby giving rise to cyclooctenyl

dienolates 3. In symmetrical examples such as that illustrated, protonation at either
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available reactive center delivers 4, and sets the stage for intramolecular aldolization
via transannular cyclization. In unsymmetrical cases, both aldols are sometimes
produced, with steric discrimination occurring.6 A strong interdependence of the
efficiency in this cascade process and viny!l anion substitution has been noted.6 2-
Propenyllithium is particularly conducive to product formation in good yields,
presumably because the presence of methyl groups at C-2 and C-7 in 2 favors the
adoption of the conformer shown over cthers less conducive to the conrotatory
requirements for the conversion to 3.

The cascade sequence associated with this remarkable series of chemical
events is tolerant of structurally varied vinyl anions provided that steric bulk is not
excessive. The end result is the potential for establishing many stereogenic centers
from a triad of achiral reactants in a single laboratory operation. The very substantial
increase in complexity attainable from these tandem stereoregulated chemical events
is shown in the Table.

Two minor processes sometimes operate competitively with that illustrated in
the scheme. One of these involves 1,4-addition of the second vinyl anion to give a
reactive intermediate that differs structurally from 1, but is capable of setting into
motion a closely related sequence of chemical events leading to an isomeric
diquinane.4 This is the route followed to produce the minor product characterized
here. The other option consists of cis-1,2-addition, an event that is followed by a
dianionic oxy-Cope rearrangement via a boat-like transition state.4 When sufficient
substitution is present to allow the installation of multiple stereogenic centers, the
adoption of this pathway is easily distinguished from the electrocyclic alternative since
a cis relationship between relevant substituents is in place, instead of the trans

arrangement required by the electrocyclization cascade.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

. (Registry Number)

2-Bromopropene: Propene, 2-bromo- (8); 1-Propene, bromo- (9); (5567-93-7)
tert-Butyllithium: Lithium, tert-butyl- (8); Lithium, (1,1-dimethylethyl)- (9); (594-19-4)
Diisopropyl squarate: 3-Cyclobutene-1 ,2-dione, 3,4-bis(1-methylethoxy)- (10);
(61999-62-5)
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TABLE
POLYQUINANES PRODUCED FROM DIISOPROPYL SQUARATE VIA AN
ELECTROCYCLIC CASCADE

First Anion

Second Anion Products (isolated yield)
: [e)

CHp=CHLI pro
pro OH
(45%)

Q H

@‘U -PrO

iPro OH
(40%)

CHa~ 2~

< H
CHy=CHLI O—U -PrO
PO OH
(67%)
O, CHs
CH H
CH2=,<U3 + i-Pro—m\j
i-PrO OH CHq -PrO OH

(27%) (61%)
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- TABLE contd.

POLYQUINANES PRODUCED FROM DIISOPROPYL SQUARATE VIA AN
ELECTROCYCLIC CASCADE

first Anion

Products (isolated yield)

HC

Li

Second Anion

ier0 O TH,
(73%)

CH,

Ho=L_

CHg Lt

OH “CH 3
(22%)

i-PrO
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REGIO- AND STEREOSELECTIVE CARBOXYLATION OF ALLYLIC BARIUM
REAGENTS: (E)-4,8-DIMETHYL-3,7-NONADIENOIC ACID
(3,7-Nonadienoic acid, 4,8-dimethyl-, (E)-)

, ’ THE .

Ba* CO»

cl COH
B. \(\/\f\/ THE | -78°C W
78°C

Submitted by Akira Yanagisawa, Katsutaka Yasue, and Hisashi Yamamoto.'
Checked by D. Scott Coffey and William R. Roush.

1. Procedure

A. Active barium. An aven-dried, three-necked, round-bottomed, 300-mL flask,
equipped with a Teflon-coated magnetic stirring bar, is flushed with argon (Note 1).
Freshly cut lithium (210 mg, 30.3 mmol) and biphenyl (4.7 g, 30.5 mmol) are placed in
the apparatus and covered with dry tetrahydrofuran (THF) (80 mL) (Note 2), and the
mixture is stirred for 2 hr at room temperature (Note 3). In a separate, oven-dried,
three-necked, round-bottomed, 500-mL flask, equipped with a Teflon-coaled magnetic
stirring bar and a 100-mL addition funnel, is placed anhydrous barium iodide (Ba!z)
(6.0 g, 15.3 mmol) (Notes 4, 5) under an argon atmosphere; this is covered with dry

THF (80 mL), and stirred for 5 min at room temperature. To the resulting yellowish
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solution of Balg in THF is added at room temperature a solution of the lithium
biphenylide through a stainless steel cannula under an argon stream. The reaction
mixture -is stirred for 1 hr at room temperature, and the resulting dark brown
suspension of active barium thus prepared is ready for further use.

B. (E)-4,8-Dimethyl-3,7-nonadienoic acid. Tao the suspension of active barium
in THF is added dropwise over 20 min a solution of gerany! chloride (1.19 g, 6.89
mmol) (Note 6) in THF (40 mL) from the 100-mL dropping funnel at -78°C (Note 7), and
the mixture is stirred at this temperature for 30 min (Note 8). An excess of dry ice (ca.
10 g) (Note 9) is added at -78°C and stirring continued for 10 min. The reaction
mixture is quenched with 1 N hydrochloric acid (HCI) (40 mL) at -78°C, warmed to
room" temperature, and poured into a mixture of water (H20) (200 mL) and ethyl
acetate (EtOAc) (200 mL). After the organic layer is shaken vigorously, it is separated
and washed with dilute sodium thiosulfate solution (200 mL). The two agueous layers
are combined, acidified (pH <3) with concd HCI, and extracted twice with EtOAC (2 x
100 mL). The combined organic extracts are washed with H20 (200 mL), dried over
anhydrous magnesium sulfate, and concentrated under reduced pressure. The
residue is then dissolved in methanol (MeOH) (10 mL) by gentle heating and placed in
a freezer (0°C) for over 1 hr to crystallize the bipheny!. The white solid is filtered off
(Note 10), washed with cold MeOH (0°C, 40 mL), and the filtrate is concentrated under
reduced pressure. The residual oil is purified by flash-column chromatography on
silica gel (70 g, Note 11) using 2% EtOAc/hexane (500 mL), 20% EtOAc/hexanse (600
mL), and then 30% EtOAc/hexane (1 L) as eluant, to afford the crude B,v-unsaturated
carboxylic acid (1.43 g). An additional vacuum distillation (106°C/0.4 mm, Note 12)
provides pure (E)-4,8-dimethyl-3,7-nonadiencic acid (0.91-0.96 g, 72-76% yield,
Notes 13, 14, 15) as a colorless oil. The isomeric purity is determined to be 297 : 3

[(E/Z) of 98 : 2 and oy of >99 : 1] by GC analysis after conversion to the corresponding

methyl ester (Note 16).
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2. Notes

1. The submitters used standard grade argon gas (oxygen <10 ppm)' which
was further purified by passing through a GAS CLEAN column (GC-RX, NIKKA SEIKO
Co.) to remove traces of oxygen. The checkers used UHP/Zero grade argon that was
passed through a tube of Dri-Rite before use. However, no special precautions were
made to remove oxygen.

2. Lithium (wire, 99.9%) was purchased from Aldrich Chemical Company, Inc.,
(submitters) or EM Science (checkers). The wire was cut into 20-30-mg pieces that
were rinsed with dry hexane before use. Bipheny! (quaranteed reagent) was used as
purchased from Nacalai Tesque (submitters) or EM Science (checkers). The
submitiers used dry THF as purchased from Aldrich Chemical Company, Inc.
(anhydrous, 99.9%). The checkers used THF (99.5%, EM Science) that was d@stilled
from benzophenone ketyl.

3. The submitters reported that lithium was completely consumed within 2 hr at
room temperature (20~25°C). However, the checkers found that a small amount of Li
(ca. 20-40 mg) remained at the end of the reaction.

4. The submitters report that Balp-2H20 purchased from Nacalai Tesque (extra
pure reagent), Aldrich Chemical Company, inc., Fluka Chemical Corp., Kishida
Chemical, or Wako Pure Chemical can be used with equal efficiency. The checkers
used Balz-2H20 purchased from Aldrich Chemical Company, Inc.

5. The submitters prepared anhydrous Bala by drying Balz:2H20 at 150°C for 2
hr under reduced pressure (<10 mm). However, the checkers were unsuccessful in
attempts to generate active barium from Balz that was dried according to these
specifications. The checkers obtained good results when finely ground Balp-2H20

was dried at 150°C (1-2 mm) for 12-24 hr while being stirred (see Note 13). The color
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of the Bal2:2H20 changes from light yellow to white during the first 1-2 hr, with no
subsequent color changes observed.

6. Geranyl chloride (95%, Aldrich Chemical Company, Inc.) was purified by
distillation immediately before use.

7. A 5-L Dewar flask (1.D. 200 mm) was employed for the -78°C cooling bath
(dry ice/methanol).

8. A dark red suspension or wine-red solution is obtained.

9. Dry ice was cut into appropriate size pieces and added from the middle inlet
of the three-necked, round-bottomed flask. The checkers obtained good results (65-
74%) by bubbling carbon dioxide (CO2) gas (Air Products and Chemicals, Inc.)
vigorously into the reaction mixture through an 18-gauge needle for 20 min. The CO2
was dried by passing through sulfuric acid and then through a drying tube packed with
Dri-Rite.

10. After recrystallization (methanol) ca. 2.8 g of bipheny! was recovered (60%).

11. Silica gel 60 (E. Merck 9385, 230-400 mesh) was used.

12. A bulb to bulb distillation apparatus was used. The checkers found the bp to
be 104-110°C/0.4 mm.

13. The checkers obtained 0.93 g of product (74% yield) with isomeric purity of
97 : 3 from an experiment run with 210 mg of lithium (Li), Balp that was dried for 24 hr
(see Note 5), and CO2 gas. The yield was 62-65% (isomeric purity 97 : 3) from
experiments run with 230 mg of Li and Bals that was dried for only 12-14 hr; one
experiment was quenched with dry ice and the other with CO2 gas.

14. The physical properties of (E)-4,8-dimethyl-3,7-nonadiencic acid are as
follows: TLC Ry = 0.50 (1:1 ethyl acetate/hexane); bp 106°C/0.4 mm; IR (neat) cm-1:
2969, 2919, 1713, 1416, 1300, 1225, 1156, 1109, 941, 831, 'H NMR (200 MHz,
CDCl3) &: 1.60 (s, 3 H, CHa), 1.65 (s, 3 H, CH), 1.68 (s, 3 H, CHa), 2.07 (m, 4 H, 2
CHz), 3.10 (d, 2 H, J = 7.0, CH2), 5.05-5.13 (m, 1 H, vinyl), 5.31 {t, 1 H, J = 7.0, vinyl),

181



10.2-11.4 (br, 1 H, CO2H); 13C NMR (125 MHz, CDCl3) &: 16.4,17.7,25.7, 26.4, 335,
39.5, 114.9, 123.9, 131.7, 139.8, 178.8; MS (El) m/e (rel intensity): 170 (5.86, M-12),
149 (7.45), 139 (17.87), 122 (9.11), 69 (62.75); MS (FAB) m/e 183 (M*+1). Anal.
Calcd for C11H1802: C, 72.49; H, 9.95. Found: C, 72.51; H, 10.20.

15. The checkers performed this procedure on five times the reported scale and
obtained 2.6 g (41%) of crude (impure) (E)-4,8-dimethyl-3,7-nonadienoic acid
following chromatographic purification.

16. GC analysis was performed on a Shimadzu GC-8A instrument equipped
with a flame ionization detector and a capillary column of PEG-HT (0.25 x 25000 mm)

using nitrogen as carrier gas.
Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996.
3. Discussion

B.y-Unsaturated carboxylic acids and their derivatives are valuable synthetic
intermediates for various natural products. Two typical multi-step processes for the
synthesis of B,y-unsaturated acids, Knoevenage! reaction/isomerization with base?
and allylic cyanide/hydrolysis,3 are those most commonly used. Other new methods
have been developed;4-7 however, there is a problem with E/Z stereoselectivity. One
straightforward way to obtain B,y-unsaturated acids is by the carboxylation of an allyl
metal intermediate. In the substituted allylic series, the reaction usually occurs at the
more sterically hindered terminus.8 A stereospecific route for the synthesis of

homogeranic acid and homoneric acid by carboxylation of the lithiated allylic sulfone
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has also been reported.? In contrast, we have found that allylic barium reagents are
prepared directly by reaction of in situ generated barium metal with various allylic
chlorides, and react with carbony! compounds or allylic halides in a highly a-selective
manner without loss of the double bond geometry.10  As illustrated in the present
procedure, treatment of the allylic barium reagent with excess carbon dioxide results in
a-carboxylation, whereas y-carboxylation occurred with allylic magnesium reagent.8
Results of carboxylation of allylic barium reagents are summarized in the Table.11 The
characteristic features of the reaction are as follows: (1) Allylic barium reagents
generated from a variety of y-mono- and y-disubstituted allyl chiorides showed high a-
selectivities without exception. (2) The double-bond geometry of the allyl chloride
precursor was completely retained in each case. (3) The alkyl substituent at the -
position of an allylic barium reagent had no effect on the regioselectivity.

In conclusion, this is one of the most straightforward and practical methods
available for the regioselective and stereospecific synthesis of B,y-unsaturated

carboxylic acids.

1.  School of Engineering, Nagoya University, Chikusa, Nagoya 464-01, Japan.

2. (a) Caspi, E.; Varma, K. R. J. Org. Chem. 1968, 33, 2181; (b) Maercker, A.;
Streit, W. Chem. Ber. 1976, 109, 2064; (¢) Mikolajczak, K. L.; Smith, C. R. Jr. J.

. Org. Chem. 1978, 43, 4762; (d) Grob, C. A Waldner, A. Helv. Chim. Acta

1979, 62, 1854; (e) Ragoussis, N. Tetrahedron Lett. 1987, 28, 93.

3. (a) Katagiri, T.; Agata, A.; Takabe, K.; Tanaka, J. Bull. Chem. Soc. Jpn. 1976,
49, 3715; (b) Hirai, H.; Matsui, M. Agric. Biol. Chem. 1976, 40, 169; (c) Garbers,
C. F.: Beukes, M. S.: Ehlers, C.; McKenzie, M. J. Tetrahedron Lett 1978, 77; (d)
Hoye, T. R.; Kurth, M. J. J. Org. Chem. 1978, 43, 3693, (e) Gosselin, P.;
Rouessac, F. C. R. Séances Acad. Sci., Ser. 21982, 295, 469; (f) Mori, K.;
Funaki, Y. Tetrahedron 1985, 41, 2369.
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Ene reaction of diethyl oxomalcnate: Salomon, M. F.; Pardo, S. N.; Salomon, R.
G. J. Am. Chem. Soc. 1980, 102, 2473. ’
B-Vinyl-B-propiolactone/organccopper reagent: Kawashima, M.; Sato, T,
Fujisawa, T. Bull. Chem. Soc. Jpn. 1988, 61, 3255.

Transition-metal-catalyzed carbonylation: (a) Alper, H.; Amer, |. J. Mol. Catal.
1989, 54, L33; (b) Garlaschelli, L.; Marchionna, M.; lapalucci, M. C.; Longoni, G.
J. Organomet. Chem. 1989, 378, 457; (c) Satyanarayana, N.; Alper, H.; Amer, L.
Organometallics 1990, 9, 284. For synthesis of B,y-unsaturated ester: (d)
[Review] Murahashi, S.-l.; Imada, Y. Yuki Gosei Kagaku Kyokaishi 1991, 49,
919 and references cited therein; (€) Murahashi, S.-1.; Imada, Y.; Taniguchi, Y.;
Higashiura, S. J. Org. Chem. 1993, 58, 1538; (f) Okano, T.; Okabe, N.; Kiji, J.
Bull. Chem. Soc. Jpn. 1992, 65, 2589.

Review: Colvin, E. W. In "Comprehensive Organic Chemistry"; Barton, D. H. R.,
Ollis, W. D., Eds.; Pergamon: Oxford, 1979; Vol. 2, p 593.

Review: Courtois, G.; Miginiac, L. J. Organometal. Chem. 1974, 69, 1.
Gosselin, P.; Maignan, C.; Rouessac, F. Synthesis, 1984, 876.

(a) Yanagisawa, A.; Habaue, S.; Yamamoto, H. J. Am. Chem. Soc. 1991, 113,
8955; (b) Yanagisawa, A.; Hibino, H.; Habaue, S.; Hisada, Y.; Yamamoto, H. J.
Org. Chem. 1992, 57, 6386.

(a) Yanagisawa, A.; Yasue, K.; Yamamoto, H. Synlett 1992, 593; (b)
Yanagisawa, A.; Habaue, S.; Yasue, K.; Yamamoto, H. J. Am. Chem. Soc.

1984, 116, 6130.
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TABLE

REGIO- AND STEREOSELECTIVE CARBOXYLATION OF ALLYLIC
BARIUM REAGENTS

Allylic chloride? Product Yield, %° a:y° E:Z°
¥ a
(E)-C7H1sCH=CHCH,Cl  (E)-C7H{sCH=CHCH,CO,H o4 98:2 99:1
Y a
(2)-C7H1sCH=CHCH,Cl  (Z)-C7H{sCH=CHCH,COH 65 82:18 1:99
Y a
\/Y\m \/\r\cozH 5 95:5 99:1
Y a
{CH3)2C=CHCH,CI (CH3)2C=CHCH,COzH B >99:1
J\/\/kL )\/\)\ 51 >99:1 <1:99
«=Cl COzH

@

o ) 98 : 2
cl j C COH

a Stereochemically pure (> 99%) allyiic chloride was used. P Isolated yield.
¢ Determined by GC analysis atter conversion to methyl ester.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

(E)—.4.B-Dimethyl-3,7~nonadienoic acid: 3,7-Nonadienoic acid, 4,8-dimethyl-, (E)- (8,9);
(459-85-8)

Lithium (8,9); (7439-93-2)

Bipheny! (8); 1,1"-Biphenyl (9): {92-52-4)

Barium iodide dihydrate (8); Barium iodide, dihydrate (9); (7787-33-9)

Geranyl chloride: 2,6-Octadiene, 1-chloro-3,7-dimethyl-, (E)- (8,9); (6389-87-7)
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NICKEL-CATALYZED, GEMINAL DIMETHYLATION OF ALLYLIC DITHIO-
ACETALS: (E)-1-PHENYL-3,3-DIMETHYL-1-BUTENE
(Benzene, (3,3-dimethyl-1-butenyl)- (E)-)

0 s/_\s
A. Ph/\/lLMe +  HSCH,CH,SH Bl Ph/\)<Me
B Met + Mg _ MeMgi
S/_\S NiCH Me  Me
i d|
Cop e ¢ Memgl  —chideee) e T

Submitted by Tien-Min Yuan and Tien-Yau Luh.1
Checked by Yugang Liu and Robert K. Boeckman, Jr.

1. Procedure

Caution! 1,2-Ethanedithiol has a powerful stench. Steps A and C should be
performed in a well-ventilated hood.

A. (E)-2-Methyl-2-(2-phenylethenyl)-1,3-dithiolane. In a 500-mL, round-
bottomed flask equipped with a magnetic stirring bar are placed 29.2 g (0.2 mol) of (E)-
4-phenyl-3-buten-2-one (Note 1) and 20.7 g (0.22 mol) of 1,2-ethanedithiol in 200 mL
of methanol. To the stirred solution is added 11 mL (12.4 g, 0.087 mol) of boron
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tritluoride etherate. The mixture is stirred at room temperature for 45 min. To the
mixture is added 50 mL of aqueous 10% sodium hydroxide, and the methanol is
removed under reduced pressure. Dichloromethane (300 mL) is introduced and the
solution is washed with aqueous 10% sodium hydroxide solution (2 x 100 mL). The
aqueous layer is extracted with dichloromethane (3 x 200 mL). The combined organic
layers are washed with 200 mL of water, dried over anhydrous magnesium sulfate,
and filtered. The solvent is removed under reduced pressure and the residue is
fractionally distilled to give 24.9-27.1 g (56-61%) of (E}-2-methyl-2-(2-phenylethenyl)-
1,3-dithiolane (Notes 2 and 3) as a yellowish liquid, bp 109-112°C (0.16 mm), that
solidifies on standing, mp 52-53°C.

B. Methylmagnesium iodide. A 500-mL, three-necked, round-bottomed flask
containing 9.7 g (0.4 g-atom) of magnesium turnings is equipped with a rubber
septum, reflux condenser, an addition funnel, and a magnetic stirring bar. The system
is flame-dried and flushed with nitrogen. Anhydrous ether (20 mL, Note 4) is
introduced to cover the magnesium. As the contents of the flask are stirred,
iodomethane (56.7 g, 0.4 mol) in 180 mL of anhydrous ether is added dropwise
through the addition funnel. The addition requires about 2 hr; the mixture is then
stirred for an additional 30 min.

C. (E)-3,3-Dimethyl-1-phenyl-1-butene. In a 1-L, two-necked, round-bottomed
flask fitted with a reflux condenser, rubber septum, and a magnetic stirring bar are
placed 17.8 g (0.08 mol) of 2-methyl-2-(2-phenylethenyl)-1,3-dithiolane and 2.17 g
(0.004 mol) of [1,3-bis(diphenylphosphino)propane]nickel(ll) chloride [NiCl2(dppp)]
(Nate 5). The flask is evacuated and flushed with nitrogen three times. To the above
mixture is added 300 mL ot anhydrous tetrahydrofuran (Note 6). The ether solution of
methylmagnesium iodide prepared in Step B is introduced with a double-ended
needle in one portion (Note 7). The mixture is heated under reflux for 24 hr, cooled to

room temperature, and treated with 200 mL of saturated ammonium chloride solution.
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The organic layer is separated and the aqueous layer is extracted with ether (3 x 200-
mL). The combined organic layers are washed twice with aqueous 10% sodium
hydroxide solution (100 mL) and with brine (100 mL). The organic solution is dried
over anhydrous magnesium sulfate. The solvent is removed under reduced pressure
and the residue is filtered through a short column packed with 30 g of silica gel (Note
8) and flushed under a positive nitrogen pressure with 350 mL of hexane. After the
solvent is evaporated under reduced pressure, the yellowish residue is distilled
through a spinning band (Note 9) to give 10.4 g (81%) of (E)-3,3-dimethyi-1-phenyl-1-
butene (Note 10) as a colorless liquid, bp 91-93°C/30 mm.

2. Notes

1. (E)-4-Phenyl-3-buten-2-one was purchased from Division of Janssen
Pharmaceutica and used directly.

2. A 6-cm Vigreux column was employed for fractional distillation.

3. The spectral properties of the (E)-2-methyl-2-(2-phenylethenyl)-1,3-
dithiolane are as follows: IR (neat) cm-1: 3025, 2922, 1637, 1600, 1494, 1446, 1275,
1065, 964, 754, 692; TH NMR (300 MHz, CDCl3) 8: 2.01 (s, 3 H), 3.33-3.46 (m, 4 H),
6.47 (d, 1 H, J = 15.5), 6.63 (d, 1 H, J = 15.5), 7.21-7.43 (m, 5 H); 13C NMR (75 MHz,
CDCl3) 5: 29.6, 40.1, 65.4, 126.6, 127.0, 127.5, 128.4, 135.0, 136.4; MS m/e (rel) 222
(M+, 100), 207 (17), 194 (59), 161 (44), 129 (45), 117 (39); HRMS calcd for Cy2H14S2:
222.0537. Found 222.0546.

4. Ethyl ether is distilled from sodium-benzophenone ketyl before use.

5. [1,3-Bis(diphenylphosphino)propanejnickel(ll) chloride was purchased from
Aldrich Chemical Company, Inc., and used without further purification. The catalyst
can also be prepared according to literature procedures.?

6. Tetrahydrofuran is distilled from sodium-benzophenone ketyl before use.
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7. An excess of the Grignard reagent is required to maximize the yield;
otherwise the reaction is incomplete.

8. Silica gel (230-400 mesh) was purchased from E. Merck Co.

9. A spinning band distillation setup is employed (800 Mirco Still, B/R
Instrument Corporation, 3000 rpm, theorical plates 23-26). The mixture was heated
under reflux for 3 hr to reach equilibrium before distillation (reflux/distillation ratio = 5-
10/1).

10. The spectral properties of the product are as follows: IR (neat) cm-': 3027,
2960, 1648, 1598, 1493, 1362, 1266, 968, 746, 693; *H NMR (300 MHz, CDCl3) &:
1.16 (s, 9 H), 6.30 (d, 1 H, J = 16.2), 6.34 (d, 1 H, J = 16.2), 7.18-7.41 (m, 5 H); 13C
NMR (75 MHz, CDClg) 8: 29.6, 33.3, 124.6, 126.0, 126.7, 128.4, 138.1, 141.8; MS m/e
(rel) 160 (M+, 35), 145 (100), 117 (21), 105 (11), 103 (11), 91 (25), 77 (12); HRMS
caled for C1oH4g: 160.1252, Found 160.1250.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996.

3. Discussion

Geminal dimethylation at a carbon center is useful in organic synthesis. Much
effort has been devoted to the attachment of a tert-butyl group or a quarternary carbon
center to olefinic carbon atom(s) in order to synthesize crowded olefins.3 Although
Tebbe-like reagents are effective for converting a carbonyl group into a gem-dimethyl
substituent, their application to an allylic carbonyl substrate is limited by poor

regioselectivity.4-? The present procedure is based on a series of reports on the
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nickel-catalyzed cross coupling reactions of dithioacetals with Grignard reagents.10-16
o,p-Unsaturated aldehydes or ketones react as the dithioacetal in a polar solvent
(such as tetrahydrofuran) or non-polar aromatic solvent (such as benzene or toluene)
with methylmagnesium iodide in the presence of a catalytic amount NiClz(dppp) or
[1,2-bis(diphenylphosphino)ethane]nickel(ll) chloride [NiClz(dppe)], under a nitrogen
atmosphere to give the corresponding geminal dimethylation products.11-13
Substrates with structural variety react smoothly.11-13 Allylic orthothioesters, on the
other hand, give the corresponding trimethylation products with different

regioselectivity.12

1. Department of Chemistry, National Taiwan University, Taipei, Taiwan 106,
Republic of China.

2. VanHecke, G. R.; Horrocks, W. DeW., Jr. Inorg. Chem. 1966, 5, 1960.

3. For examples: (a) Mulzer, J.; Lammer, O. Angew. Chem., Int. Ed. Engl. 1983,
22, 628; (b) Russell, G. A.; Tashtoush, H.; Ngoviwatchai, P. J. Am. Chem. Soc.
1984, 106, 4622; (c) Ager, D. J. J. Chem. Soc., Perkin Trans. | 1986, 183; (d)
Smegal, J. A.; Meier, |. K.; Schwartz, J. J. Am. Chem. Soc. 1986, 108, 1322, (e)
Palomo, C.; Aizpurua, J. M.; Garcia, J. M.; Ganboa, |.; Cossio, F. P.; Lecea, B.;
Lépez, C. J. Org. Chem. 1990, 55, 2498.

4. Posner, G. H.; Brunelle, D. J. Tetrahedron Lett. 1972, 293.

5. Meisters, A.; Mole, T. J. Chem. Soc., Chem. Commun. 1972, 595,

6. Reetz, M. T.; Westermann, J.; Steinbach, R. Angew. Chem., Int. Ed. Engl. 1980,
19, 900.

7. Brown-Wensley, K. A.; Buchwald, S. L.; Cannizzo, L.; Clawson, L.; Ho, C. S.;
Meinhardt, D.; Stille, J. R.; Straus, D.; Grubbs, R. H. Pure Appl. Chem. 1983, 55,
1733.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

(E)-1-Phenyi-3,3-dimethyl-1-butene: 1-Butene, 3,3-dimethyl-1-phenyl-, (E)- (8);

Benzene, (3,3-dimethyl-1-butenyl)-, (E)- (9); (3846-66-0)

1,2-Ethanedithiol (8,9); (540-63-6)
(E)-2-Methyi-2-(2-phenylethenyl)-1,3-dithiolane: 1,3-Dithiolane, 2-methyl-2-(2-
phenylethenyl)-, (E)- (12); (107389-59-3)

(E)-4-Phenyl-3-buten-2-one: 3-Buten-2-one, 4-phenyl-, (E)- (8,9); (1896-62-4)

Boron trifluoride etherate: Ethyl ether, compd. with boron fluoride (1:1) (8); Ethane,

1,1"-oxybis-, compd. with trifluoroborane (1:1) (9); (109-63-7)
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Methyimagnesium iodide: Magnesium, iodomethyl- (8,9); (917-64-6)

Magnesium (8,9); (7439-95-4)

lodomethané: HIGHLY TOXIC. CANCER SUSPECT AGENT: Methane, iodo- (8,9); (74-88-4)
[1,3-Bis(diphenylphosphino)propane]nicke!(ll) chloride: NiCla(dppp):

' CANCER SUSPECT AGENT: Nickel, dichloro[trimethylenebis[diphenylphosphine]]- (8);

Nickel, dichloro[1,3-propanediylbis[diphenylphosphine]-P,P']- (9); (15629-92-2)
[1,2-Bis(diphenylphosphino)ethane]nickel(ll) chloride: NiClz(dppe): CANCER SUSPECT
AGENT: Nickel, dichlorolethylenebis[diphenylphosphine]]- (8); Nickel, dichloro{1,2-
ethanediyIbis{diphenyiphosphine]-P,P']-, (SP-4-2)- (9); (14647-23-5)
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A SIMPLE AND CONVENIENT METHOD FOR THE PREPARATION OF (2)-
B-JIODOACROLEIN AND OF (2)- OR (E)-y-IODO ALLYLIC ALCOHOLS:
(Z)- AND (E)-1-IODOHEPT-1-EN-3-OL
(2-Propenal, 3-iodo-, (Z)- and 1-Hepten-3-ol, 1-iodo-, (Z)- and (E)-)

A, H—==—COOEt + Nai ——=CH .\ “"ooogt
70°C, 12 hr
1 2
N 1) DIBAL-H / -78°C

2) BuMgX

— Bu
|/_Y
OH
3z
, 1
/=N 1) DIBAL-H /-78°C R(Bu

2) 0°C, 15 min

3) BuMgBr OH

3E
1) DIBAL-H / -78°C

/=\ CHCl2 /30 min /S=\

2) MeOH /-80°C
3) NaO2C-(CHOH)-CO2K

Submitted by llane Marek, Christophe Meyer, and Jean-F. Normant.!
Checked by David A. Favor and Amos B. Smith, llI.

1. Procedure

A. Ethyl (Z)-B-iodoacrylate (Note 1). A 250-mL, round-bottomed flask equipped
with a magnetic stirring bar and nitrogen gas inlet is charged with 30.6 g (204 mmol) of

dry sodium iodide (Note 2) and 100 mL of glacial acetic acid. To the stirred solution is
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added in one portion 20.6 mL (204 mmol) of ethyl propiolate (Note 2) and the resulting
mixture is heated with an oil bath (bath temperature 70°C) for 12 hr. The brown
solution is cooled to room temperature, and 100 mL of water and 100 mL of ether are
added. The organic layer is separated and the aqueous layer is extracted with ether
(2 x 20 mL). The combined organic layers are treated with 3 M aqueous potassium
hydroxide (ca. 150 mL in 50-mL portions) until the aqueous phase becomes neutral
(pH = 7), washed with 50 mL of brine, and dried over anhydrcus magnesium sulfate.
After evaporation of the solvent, the residual brown oil is distilled to give 40.6 g (88%
yi_eld) of ethyl (Z)-B-iodoacrylate (Note 3) as a pale yellow liquid, bp 57°C/0.1 mm.

B. (Z)-1-lodohept-1-en-3-0l. A 100-mL, dry (Note 4), four-necked, round-
bottomed flask equipped with a mechanical stirrer, an internal thermometer, a rubber
septum, and a nitrogen gas inlet, is charged with 2.26 g (10 mmol) of ethyl (Z)-B-
iodoacrylate, 2, and 20 mi of anhydrous dichloromethane (Note 5§). The stirred
solution is cooled to -78°C by means of a liquid nitrogen bath and 10 mL (10 mmol) of
a 1 M solution of diisobutylaluminum hydride in hexane (Note 6) is added dropwise
with a syringe at such a rate that the temperature does not exceed -75°C. After stirring
for 30 min at -78°C (Note 7) 11 mL (11 mmol, 1 M solution in E120) of a
butylmagnesium bromide solution in ether (Note 8) is added dropwise at -70°C with a
syringe through the septum. The cooling bath is removed and the reaction mixture is
allowed to warm to room temperature. Hydrolysis is carried out at -20°C by dropwise
addition of 20 mL of a 1 M aqueous solution of hydrochloric acid, followed by addition
of 30 mL of ether. The organic layer is separated, the aqueous layer is extracted with
ether (2 x 20 mL), and the combined extracts are dried over magnesium sulfate. After
rotary evaporation of the solvents, the residual pale yellow oil is purified by
chromatography through 1.85 g of silica (Note 9) packed in a 4-cm diameter column
and eluted with 15% ethyl acetate in hexane, to give 1.7 g of (Z)-1-iodohept-1-en-3-o0l,

2, (71% yield) as a pale yellow liquid (Note 10).
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C. (E)-1-lodohept-1-en-3-0l. A 100-mL, dry (Note 4) four-necked, round-
bottomed flask equipped with a mechanical stirrer, an internal thermometer, a rubber
septum, and a nitrogen gas inlet, is charged with 2.26 g (10 mmol) of ethyl Z-8-
iodoacrylate, 2, and 20 mL of anhydrous dichloromethane (Note 5). The stirred
solution is cooled to -78°C by means of a liquid nitrogen bath and 10 mL (10 mmol) of
a 1 M solution of diisobutylaluminum hydride in hexane (Note 6) is added dropwise
with a syringe at such a rate that the temperature does not exceed -75°C. After the
mixture is stirred for 30 min at -78°C (Note 7), it is allowed to warm slowly to 0°C in 45
min, stirred for 15 min at this temperature, and then cooled to -20°C; 11 mL (11 mmol,
1 M solution in Et20) of a butylmagnesium bromide solution in ether (Note 8) is added
dropwise at -20°C with a syringe through the septum. The reaction mixture is allowed
to warm to room temperature and worked up, as described for the Z isomer. (E)-1-
lodohept-1-en-3-0l (1.9 g) is obtained as a colorless liquid (79% yield) (Note 11) with
an E/Z ratio of 96/4 .

D. (Z)$-lodoacrolein, 4. A 100-mL, dry (Note 4), four-necked, round-bottomed
flask equipped with a mechanical stirrer, an internal thermometer, a rubber septum,
and a nitrogen gas inlet, is charged with 2.26 g (10 mmol) of ethyl (Z)-B-iodoacrylate,
2, and 20 mL of anhydrous dichloromethane (Note 5). The stirred solution is cooled to
-78°C in a liquid nitrogen bath and 10 mL (10 mmol) of a 1 M solution of
diisobutylaluminum hydride in hexane (Note 6) is added dropwise witﬁ a éyringe at
such a rate that the temperature does not exceed -75°C. Aﬂér the solution is stirred at
-78°C (Note 7), 5 mL of cold methanol (Note 12) is added dropwise through the
septum with a syringe at -80°C. Immediately after this addition, 26 mL of aqueous
20% potassium sodium tartrate is added to the cold reaction mixture in one portion,
which causes the temperature to reach 0°C within a few seconds. The cooling bath is
removed and 20 mL of ether is added to the hydrolyzed reaction mixture, which is

further stirred for 20 min at room temperature (Note 13). It is then filtered through a
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pad of Celite and extracted with 30 mL of ether. The organic layer is washed with
brine and dried over potassium carbonate. After careful rotary evaporation of the
solvents, 1.6 g of (Z)-B-iodoacrolein is obtained as a yellow liquid (88%) (Note 14),
which can be handled easily as ether or dichloromethane solutions, and can be stored

in the refrigerator for a few weeks without decomposition or isomerization.
2. Notes

1. Pant A of the procedure should be carried out in an efficient fume hood to
avoid exposure to noxious vapor (acetic acid) and to lachrymatory ethyl propiolate.

2. Sodium iodide, 99%, was purchased from Janssen Chimica and used as
received. Glacial acetic acid, 99%, was purchased from Prolabo. Ethy! propiolate was
obtained from Janssen Chimica and used as received.

. 3. The product exhibits the following physical and spectral properties: IR (film)
cm™1: 3080, 2940, 1735, 1640, 1425, 1365, 1230, 1170, 1020, 925, 730; *H NMR (400
MHz, CDCl3) 8: 1.32 (t, 3 H, J = 7.15, CH3CHg); 4.25 (g, 2 H, J = 7.14, OCH), 6.89 (d,
1H,J =9.34, =CH-CO2E), 7.44 (d, 1 H, J = 9.34, =CHI); 13C NMR (100 MHz, CDCl3)
8:14.2, 60.8, 94.6, 129.9, 164.6.

4. All glassware is oven dried at 140°C overnight and assembled while hot
under a nitrogen atmosphere.

5. Dichloromethane was distilled from calcium hydride and stored over 4 A
molecular sieves.

6. Diisobutylaluminum hydride was purchased from Aldrich Chemical
Company, Inc.

7. At this point, TLC analysis of a hydrolyzed (* M aqueous hydrochloric acid)
aliquot, eluted with 10% ethyl acetate in hexane, indicated that the reaction is

complete.
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8. Butylmagnesium bromide was prepared from the corresponding butyl
bromide and magnesium turnings in anhydrous ether.2
9. Silica gel was purchased from Merck: Geduran Si 60.

10. The product exhibits the following spectral properties: 'H NMR (400 MHz,
CDCl3) 8: 0.90 (t, 3H, J = 7.15, CHg), 1.31-1.36 (m, 4 H), 1.51-1.63 (m, 2 H), 1.7 (s, 1
H, OH), 4.4 (m, 1 H, CHOH), 6.20 (t, 1 H, J = 7.69, =CH), 6.33 (d, 1 H, J = 7.69, =CHI);
13C NMR (100 MHz, CDClg) 8: 14.0, 22.6, 27.1, 35.6, 74.4 (CHOH), 82.2 (=Cl), 143.4
(<CH). _

11. The product exhibits the following spectral properties: IR (film) cm-1: 3350,
3060, 2850, 2920, 2850, 1605, 1450, 1265, 1165, 1015, 930; 'H NMR (400 MHz,
CDCl3) 8: 0.90 (1, 3H, J = 7.15, CH3), 1.31-1.36 (m, 4 H), 1.51-1.63 (m, 2 H), 1.71 (s, 1
H), 4.1 (m, 1 H, CHOH), 6.34 (dd, 1 H, J = 14.3, 1.1, =CH}), 6.58 (dd, 1 H, J = 14.3, 6.6,
=CH); 13C NMR (100 MHz, CDCl3) 8: 13.9, 22.5, 27.2, 36.2, 74.6 (CHOHY), 77.2 (=CI),
148.6 (=CH).

12. Methano! was obtained from Merck & Company, Inc., and used as received.

13. The workup should be carried out under an efficient fume hood since the title
compound is a lachrymator.

14. The (Z)-B-iodoacrolein exhibits the following spectral properties: IR (CCls)
cm-1: 3050, 2820, 2730, 1675, 1610, 690; TH NMR (400 MHz, CDCl3) 8: 6.77 (dd, 1
H,J =8.25,6.6, =CH-CHO), 7.79 (d, 1 H, J = 8.25, =CHI), 9.67'(d, 1 H, J = 6.6, CHO);
13C NMR (100 MHz, CDCl3) 8: 103.0 (=CHl), 136.4 (=CH), 195.4 (C=0).

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory”; National Academic Press; Washington, DC, 1996.
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3. Discussion

The present procedure illustrates the simplest convenient method for the
preparation of (Z)- or (E)-y-iodo allylic alcohols and (2Z)-B-iodoacrolein. It uses ethy!
propiolate as a unique starting material: ethyl propiolate and ethyl tetrolate can be
hydroiodinated regio- and stereospecifically (Z > 99%) by reaction with inexpensive

sodium iodide in acetic acid3 (Scheme 1). The same methodology has been applied

_ AcCH N\
H——COOE
t’ + Nal 70°C. 12 1 i COOEt
1 2
AcOH CHa
CH =——~C —
3 OOEt + Nal 70°C. 12 hr I) \COOEt
1 5
Scheme 1

recently to the synthesis of enantiomerically pure (Z)-2-haloalkenyl sulfoxides.# By
reaction of 2 with diisobutylaluminum hydride at low temperature, and subsequent
reaction with a Grignard reagent, one can obtain, very easily, the secondary (Z)-y-iodo
allylic alcohols with good chemical yield and exclusive Z sterecchemistry of the double
bo>nds (Table I). This one-pot "reduction-C-alkylation" sequence of the ester group
allows the preparation of very sensitive derivatives (entry 5 or 6), which are difficult to
prepare by usual methods.5

However, reaction of ethyl (Z)-B-iodoacrylate with DIBAL-H at low temperature
(-78°C, 15 min) followed by warming to 0°C and addition of a Grignard reagent (-20°C
1o 0°C) now leads to the E isomers of the secondary y-iodo allylic alcohols with an E/Z
ratio of 96/4 (Table 1l). This isomerization can be rationalized as occutring by the
influence of the weak Lewis acid, Al(iBu)2OEt, generated by a-elimination of the

thermally labile aluminooxyacetal.8 The (Z)-B-iodoacrolein 4 and crotonaldehyde 6
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(Scheme 2) are also easily obtained by dropwise addition of an excess of methanol to
the aluminooxyacetal at low temperature, immediately followed by alkaline hydrolysis.
(32)-lodopropenals are valuable intermediates in organic synthesis because of the
presence of three functional groups on three carbon atoms.6.7
Me R .
|>=\CH0*4uM A=M |>=\coon' e T
6 4

Scheme 2

Starting from ethyl (Z)-B-iodoacrylate, (E)- or (Z)-y-iodo allylic alcohols are
easily obtained in a highly stereoselective manner by a "reduction-C-alkylation” of the
ester group without alteration of the nature or geometry of the iodo vinylic pant. (Z)-B-
lodoacrolein can be easily isolated in good yields, and gives -rise to various

derivatives.

1. Laboratoire de Chimie des Organoéléments, Tour 44-45 E.2. 4, Place Jussieu.
Boite 183. 75252 Paris Cedex 05, France.

2. Coleman, G. H.; Craig, D. Org. Synth., Coll. Vol. 111943, 179.

3. (a) Marek, I.; Alexakis, A.; Normant, J.-F. Tetrahedron Lett. 1991, 32, 5329. The
same hydrohalogenation of a similar substrate with Lil has been described: (b)
Ma, S.; Lu, X. Org. Synth. 1995, 72, 112; (c) Ma, S.; Lu, X. J. Chem. Soc.,
Chem. Commun. 1990, 1643; (d) Ma, S.; Lu, X. Tetrahedron Lett. 1990, 31,
7653; (e) Ma, S.; Lu, X.; Li, Z. J. Org. Chem. 1992, 57, 709; (f) Lu, X.; Zhu, G.;
Ma, S. Chin. J. Chem. 1993, 11, 267; Chem. Abstr. 1994, 120, 216690u.

4. de la Pradilla, R. F.; Morente, M.; Paley, R. S. Tetrahedron Lett. 1992, 33, 6101.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)

Y(Z{)-B-lodoacrolein: 2-Propenal, 3-iodo-, (Z)- (12); (138102-13-3)

Ethyl (Z)-B-iodoacrylate: Acrylic acid, 3-iodo-, ethyl ester, (Z)- (8);
2-Propenoic acid, 3-iodo-, ethyl ester, (Z)- (9); (3190-36-6)

Sodium iodide (8,9); (7681-82-5)

Ethy! propiolate: Propiolic acid, ethyl ester (8); 2-Propynoic acid, ethyl ester (9);
(623-47-2)

(2)-1-lodohept-1-en-3-ol: 1-Hepten-3-ol, 1-iodo-, (Z)- (12); (138102-06-4)
Diisobutylaluminum hydride: Aluminum, hydrodiisobutyl- (8); Aluminum,
hydrobis(2-methylpropyi)- (9); (1191-15-7)

Butylmagnesium bromide: Magnesium, bromaobutyl- (8,9); (693-03-8)
(E)-1-lodohept-1-en-3-ol: 1-Hepten-3-ol, 1-iodo, (E)- (13); (151160-08-6)
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Potassium sodium tartrate: Tartaric acid, monopotassium monosodium salt,
tetrahydrate, L-(+)- (8); Butanedioic acid, 2,3-dihydroxy-, [R-(R*,R*)]-, monopotassium
monosodium salt, tetrahydrate (9); (6381-59-5)
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TABLE |
Starting Ester Grignard Reagents Products Yield
1= COOEt EtMgBr = 88%
2 OH
= Bu
2 BuMgBr I/w 79%
OH
== Ph
2 PhMgBr Y 85%
CH
2 ~MgBr I/w 79%
OH
2 nBu—==—MgBr N B 81%
OH
2 MeaSi —==—MgBr =~y =" SiMes
3 ==—Ng | 63%
OH
Me,
Me,
”=coome A MBr NN 65%
5 OH
Me
5 BuMgBr = By 81%
OH
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TABLE Il

Starting Ester Grignard Reagents Products Yield
/=~ MgBr N
¥ COOE ~Me = 80%
2 OH
I __ -
2 BuMgBr Bu 86%
OH
) — =—SiMe
2 Me3Si —==—MgBr Y 3 7%
OH
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ALLYLIC ALCOHOLS BY ALKENE TRANSFER FROM
ZIRCONIUM TO ZINC: 1-[(tert-BUTYL-DIPHENYLSILYL)OXY]-
DEC-3-EN-5-OL

HO - i t'B Ph Si
A. t-BuPh,SiCl u
\/\ 2 2 O\/\\\

imidazole
DMAP, CHClp

: CpoZrHCI
B. t-BuPhgSi R e tBuPh,SIO
O\/\ CHClg, 0 — 22°C 2ZENSTNA ZreiCp,

1. MeaZn, -60°C
2. H3C(CH2)4CHO,
0°C

OH

t-BuPhZSiO/\/\)\/\/\

Submitted by Peter Wipf and Wenjing Xu.1
Checked by Thomas Wynn and Louis S. Hegedus.

1. Procedure

A. tert-Butyl(but-3-ynyloxy)diphenylsilane. A dry, 250-mL, round-bottomed flask

is fitted with a rubber septum and a magnetic stirring bar. The flask is charged with 3-
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butyn-1-ol (2.1 g, 30 mmol) (Note 1) and dry dichloromethane (60 mL) (Note 2). After
addition of 8.5 g (31 mmol) of tert-butyldiphenylchlorosilane (Note 3), the reaction flask
is immersed in a water bath and imidazole (2.86 g, 42 mmol) is added in one portion
followed by 4-dimethylaminopyridine (0.37 g, 3 mmol). The water bath is removed and
the reaction mixture is stirred at room temperature overnight. The white precipitate is
filtered through a sintered glass funnel ("M’ frit). The precipitate is washed with cold
dichloromethane (50 mL). The combined filtrates are transferred to a 500-mL
separatory funnel and washed with 1 M aqueous hydrochloric acid solution (50 mL)
and water (100 mL), successively. The organic layer is dried over magnesium sulfate
and concentrated by rotary evaporator. Bulb-to-bulb distillation of the residue (bp 150-
152°C/1 mm) gives 8.90 g (96%) of tert-butyi(but-3-ynyloxy)diphenyisilane as a
colorless oil (Note 4). ‘

B. 1-[(tert-Butyidiphenylsilyloxy)]-dec-3-en-5-ol. A flame-dried, 250;mL, round-
bottomed flask equipped with a gas inlet stopcock (Figure 1) is fitted with a rubber
septum and a magnetic stirring bar, and flushed with nitrogen. The flask is charged
with tert-butyl(but-3-ynyloxy)diphenylsilane (5.55 g, 18 mmol) and dry dichloro-
methane (60 mL), immersed in a cold water bath and stirred. Within 20 min, 5.10 g
(19.8 mmol) of zirconocene hydrochloride (Note 5) is added in five portions. The water
bath is removed and the reaction mixture is stirred at room temperature until a
homogenous solution forms. The resulting golden-yellow solution is stirred for"another
20 min (Note 6) and then cooled to -60°C. By syringe, dimethylzinc (2.0 M solution in
toluene, 10.4 mL, 20.8 mmol) (Note 1) is added dropwise over 45 min while the bath
temperature is kept at -60°C. The resulting orange-yellow solution is stirred for an
additional 10 min at -60°C after the addition is completed. The reaction flask is
immersed in an ice bath, and a solution of 2.16 g (21.6 mmol) of hexanal (Note 1) in
dry dichloromethane (10 mL) is added via syringe over 45 min. The reaction mixture is

stirred at 0°C for another 6 hr. The yellow solution is poured slowly into a beaker
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containing ice-cold aqueous 5% sodium bicarbonate solution (200 mL) and vigorous
stirring is continued at room temperature until gas evolution subsides. The mixture is
transferred to a 1-L separatory funnel and is extracted with diethyl ether (3 x 200 mL)
(Note 7). The combined extracts are washed with a saturated aqueous sodium
chloride solution (300 mL) and dried over sodium sulfate. The cloudy solution is
filtered through a pad of Florisil (Note 8) loaded on a sintered glass funnel ('M' frit).
The clear filtrate solution is concentrated by rotary evaporator. The residue is layered
on a column of silica gel (150 g, column diameter: 6.0 cm) and eluted (ethyl
acetate/hexane, 1:30 to 1:15 as eluents) to give 4.90 g (66%) of 1-[(tert-butyldiphenyl-

silyl)oxy}-dec-3-en-5-ol as a colorless oil (Note 9).

Figure 1
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2. Notes

1. 3-Butyn-1-ol, dimethylzinc and hexanal were obtained from Aldrich
Chemical Company, Inc., and used without purification.

2. Solvent grade dichloromethane was dried over calcium hydride, refluxed
and distilled freshly before use.

3. tert-Butyldiphenyichlorosilane was obtained from United Chemical
Technologies, Inc. or Aldrich Chemical Company, Inc., and used without purification.

4. The product has the following spectral properties: 1H NMR (300 MHz,
CDCl3) 5: 1.06 (s, 9H), 1.95 (t, 1 H,J=26),2.45(dt,2H,J=7.1,27), 379, 2H,J =
7.1), 7.36-7.46 (m, 6 H), 7.67-7.70 (m, 4 H). )

5. Zirconocene hydrochloride was prepared according to Buchwald's
procedure2 and stored in a Schlenk filter flask under argon in a freezer at -20°C or
obtained from Aldrich Chemical Company, Inc., and used without further purification.

6. The reaction is conveniently monitored by TLC (silica gel, 4:1 hexane-ethy!
acetate) with anisaldehyde stain (alkyne stains as a red spot, while the
hydrozirconation product shows a blue color).

7. Significant amounts of white foam form between the ether and aqueous
layers during extraction. Separation of these layers can be improved by Ehe addition
of 1-2 spoonfuls of solid sodium chloride. ‘

8. Florisil (100-200 mesh) was obtained from Fisher Scientific Company.

9. The product has the following spectral data: IR (neat) cm-1: 3350, 2912,
1454, 1417, 1099, 733, 698, 609; TH NMR (300 MHz, CDCl3) &: 0.88 (t, 3H, J =6.7),
1.05 (s, 9 H), 1.34-1.51 (m, 9 H), 2.26-2.33 (m, 2 H), 3.71 (1, 2 H, J = 6.6), 4.00-4.03 (r
1 H), 5.49 (dd, 1 H, J = 15.5, 6.8), 5.64 (dt, 1 H, J = 16.5, 6.7), 7.35-7.46 (m, 6 H), 7.61
7.69 (m, 4 H); 13C NMR (CDCl3) §: 14.1, 19.2, 22,6, 25.2, 26.9, 31.8, 35.6, 37.2, 63.¢

73.1, 127.7, 128.2, 129.6, 133.9, 135.2, 135.6; MS (El) m/e (relative intensity) 353 (M-
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tert-butyll+, 4), 335 (20), 229 (25), 199 (100), 135 (20), 91 (15), 57 (10); HAMS (El) m/e
caled. for Ca2H290,Si (M-C4Ho): 353.1937, found: 353.1833.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996.
3. Discussion

Organometallic derivatives of zirconium(lV) are readily obtained by
hydrozirconation of alkenes and alkynes with Cp22ZrHCI (Schwartz reagent). Because
of the relatively low reactivity of the resulting organozirconocenes, transmetalation
pro\tocols are frequently applied for further carbon-carbon formation.3 Transmetalation
of alkenyizirconocenes to the corresponding organozinc compounds occurs rapidly at
low temperature in the presence of stoichiometric amounts of commercially available
dimethyl- or diethylzinc. Subsequent addition of aldehydes provides an in situ
protocol for the conversion of alkynes into allylic alcohols in good to excellent yields.4
Compared to standard organometallic methods applying lithium or Grignard reagents
for this transformation, the use zirconocenes tolerates the presence of a wide range of
functional groups in the substrate (Table). The zirconium—zinc transmetalation is
related in scope to the boron—zinc transmetalation, which can also be applied for the

conversion of alkynes to allylic alcohols.5
1.  Department of Chemistry, University of Pittsburgh, Pittsburgh, PA 15260.
2. Buchwald, S. L.; LaMaire, S. J.; Nielsen, R. B.; Watson, B. T.; King, S. M. Org.

Synth. 1993, 71, 77.
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3. (a) Labinger, J. A. In "Comprehensive Organic Synthesis"; Trost, B. M.; Fleming,
l., Eds.; Pergamon: Oxford, 1991; Vol. 8; pp 667-702; (b) Wipf, P. Synthesis
1993, 537.

4. Wipf, P.; Xu, W. Tetrahedron Lett. 1994, 35, 5197.

5. (a) Srebnik, M. Tetrahedron Lett. 1991, 32, 2449; (b) Oppolzer, W.; Radinov, R.
N. J. Am. Chem. Soc. 1993, 115, 1593.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

tert-Butyl(but-3-ynyloxy)diphenylsilane: Silane, (3-butynyloxy)
(1.1-dimethylethyl)diphenyl- (11); (88138-68-3)

3-Butyn-1-ol (8,9); (927-74-2)

tert-Butylchlorodiphenylisitane: Silane, chloro(1,1-dimethylethyl)diphenyl- (9);
(58479-61-1)

Imidazole (8); 1H-Imidazole (9); (288-32-4)

4-Dimethylaminopyridine: HIGHLY TOXIC: Pyridine, 4-(dimethylamino)- (8);
4-Pyridinamine, N,N-dimethyl- (9); (1122-58-3)

Zirconocene hydrochloride: ALDRICH: Zirconocene chloride hydride: * Zirconium,
chlorodi-n-cyclopentadienylhydro- (8); Zirconium, chlorobis(n5-2,4-cyclopentadien-1-
yhhydro- (9); (37342-87-5)

Dimethylzinc: Zinc, dimethyl- (8,9); (544-97-8)

Hexanal (8,9); (66-25-1)
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Table. Reaction of in situ generated alkenylalkylzinc reagents with aldehydes

Aldehyde

Alkyne Time (hr) Product Yield(%)
CH OH
PhCHO e 1
= Ph)\/\cAHg %
CH
PhCHO  _z"\OTBOPS 3 A~ 89
Ph OTBDPS
OH
PhCHO \/\ 5 Ph N 78
(E/Z = 2.5:1)
: OH
X CHO C4H /\)\/\
3h/\/ 4/ o 1.5 Ph” X & CaHg 94
L L
C4Hg Ph P
Ph” NCHO 4/ 1.5 j)\/\(hHg 92
(syn:anti = 85:15)
OH
CHO Cako Z
¢ = 2 C4Hg 54
; o OH
CHO 2 2 0 Ph a
Q;an - //\)LO/\Ph CeHi1 )\/\/\ﬂ/ ~ &
4 0

%n a 5-g scale, this product was isolated in 68% yield.
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PREPARATION OF 3-BROMOPROPIOLIC ESTERS:
METHYL AND tert-BU:I'YL 3-BROMOPROPIOLATES
(2-Propynoic acid, 3-bromo-, methyl and 1,1-dlmeth§'lethy| esters)

H—==—CO,R + 0 N (0] Me,CO Br—==—CO,R
Br

R = Me, tert-Bu

Submitted by J. Leroy.!
Checked by Paul N. Devine and Ichiro Shinkai.

1. Procedure
Caution! Propiolates and their bromo derivatives are Iachryma!orsnand must be

handled under an efficient hood. Distillation of bromopropiolates should be carried

out behind a safety shield (Note 1). -
Methy! 3-bromopropiolate. A 250-mL, one-necked, round-bottomed flask

equipped with a magnetic stirring bar is charged with 100 mt of acetone (Note 2) and
4.0 g (47.6 mmol) of methyl propiolate (Note 3). To the stirred solution at room
temperature is added 0.8 g (4.7 mmol) of silver nitrate. After 5 min, 9.8 g of N-
bromosuccinimide (55 mmol) is added at once. The homogeneous mixture becomes
cloudy and a grayish precipitate develops. Stirring is continued for 2 hr (the 4). The
solids are filtered through a pad of Celite, which is rinsed with acetone (30-50 mL).
After careful rotary evaporation of the acetone at =20°C under 20 mm, the oily residue
is bulb-to-bulb distilled at room temperature under reduced pressure (=0.1 mm),
affording methy! 3-bromopropiolate as a colorless liquid (7.0-7.5 g, 42.9-46.0 mmol,

90-97%) solidifying in the refrigerator (mp =20°C) (Note 5).
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tert-Butyl 3-bromopropiolate. tert-Butyl propiolate (Note 6) (5.42 g, 42.8 mmol)
dissolved in 150 mL of acetone is treated as above with 0.8 g of silver nitrate (4.7
mmol) and, after 5 min of stirring at room temperature, with 9.8 g (55 mmol) of N-
bromosuccinimide introduced at once into the suspension. Stirring is continued for 90
min. The solids are filtered throdgh a pad of Celite, rinsed with acetone (30-50 mL)
and the filtrate is concentrated at 20-25°C (20 mm) to give a white pasty solid. Water
(80 mL) is added and the mixiure is extracted with ether (3 x 80 mL). The ethereal
layer is dried over anhydrous magnesium sulfate and the solvent is evaporated,
leaving a semi-solid residue which is bulb-to-bulb distilled in an oil-bath at 45-50°C

(~0.1 mm) to give tert-butyl 3-bromopropiolate as a white semi-solid (8.51 g, 41.5
mmol, 97%) (Note 7).

2. Notes

1. Explosions during distillation of certain bromoalkynes have been reported.2
Although methyl 3-bromopropiolate was not specifically cited, precautionary measures
are recommended. The tert-butyl ester is a new compound3 and must be handled iike
the methyi ester.

2. Acetone may be redistilled before use to remove the eventual
autocondensation product, 4-hydroxy-4-methyl-2-pentanone (diacetone alcohol, bp
166°C). The submitter used, as received, fresh 99% pure acetone from Prolabo.

3. Methyl propiolate 99%, N-bromosuccinimide 99%, and silver nitrate were
obtained from Janssen Chimica and used as received.

4. One hour of stirring is usually sufficient for completion of the reaction, but this
time can be exceeded; longer reaction times improve the succinimide particle size,

which aids the subsequent filtration. The product seems to adhere to the succinimide.
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5. Depending on the conditions of the preliminary evaporation this product is
contaminated with up to §% of residual acetone. Nevertheless, it can be considered
as pure enough for certain uses. Complete removal of acetone may be obtained by
distillation in a small Vigreux column, although a yellowing of the distillate is observed:
bp 86-88°C/100 mm (lit.2 88°C/100 mm and lit.4 40-45°C/5 mm). The spectral and
analytical properties of methy! 3-bromopropiolate are as follows: H NMR (200 MHz,
CDCl3) §: 3.73 (s, CH3); 13C NMR (50 MHz, CDCl3) &: 52.8 (C-3), 52.9 (CH3), 72.4
(C-2), 162.8 (C-1). Anal. Caled for C4H3BrQO2 (undistilled sample): C, 29.48; H, 1.86;
Br, 48.03. Found: C, 29.11; H, 1.92; Br 48.79.

6. tert-Buty! propiolate was prepared from propiolic acid and isobutene in the
presence of sulfuric acid.5 It is now commercially available from Fluka Chemical Corp.
and Aldrich Chemical Company, Inc.

7. Although pure enough to be used as obtained, tert-butyl 3-bromdpropiolate
may be distilled in a Vigreux column at 75-77°C (15 mm) to give a colorless oil
crystallizing as plates: mp 25-27°C. The spectral and analytical properties of tefil-butyl
3-bromopropiolate are as follows: 'H NMR (200 MHz, CDClz) 8: 1.46 (s, CHg); 13C
NMR (50 MHz, CDCl3) &: 27.8 (CH3), 50.0 (C-3), 73.9 (C-2), 84.0 (CMeg3), 151.3 (C-1).
Anal. Calcd for C7H9BrO2 (undistilled sample): C, 41.00; H, 4.42; Br, 38.48. Found:
C, 40.48, H, 4.40; Br, 38.10.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, OC, 1996.

214

3. Discussion

Methyl 3-bromopropiolate has been prepared by esterification of 3-
bromopropiolic acid with methanol and sulfuric acid for 6 days (75% vyield),4 the
starting bromo acid being prepared by bromination of propiolic acid with aqueous
potassium hypobromit(-}:n6 This reaction is particularly delicate to control, giving erratic
results. Moreover, direct bromination of methyl propiolate with sodium hypobromite2
could not be reproduced.

Bromination of 1-alkynes with N-bromosuccinimide in the presence of catalytic
amounts of silver nitrate, was used first for the bromination of 17-ethyny! steroids.”?
Similarly, N-iodosuccinimide led to 17-iodoethyny! steroids. lodination of propiolates
in this way has not been studied. A recent method of preparation of 1-iodoalk-1-ynes
under phase-transfer conditions involves molecular iodine and copper(!) iodide as
catalyst, in the presence of potassium or sodium carbonate as a base. Ethyl 3-
iodopropiolate was prepared by this route in 80% yield.8

The present procedure provides ready access to 3-bromopropiolic esters, the
methyl ester requiring adapted work up, because of its low boiling point. Less volatile
esters, like tert-butyl, can be conveniently isolated by a standard aqueous-extraction
work up. ‘

Methyl 3-bromopropiolate has been used in Diels-Alder reactions either as a
methoxycarbonyl ketens equivalent® or for the synthesis of functionalized

naphthalenes.10

1. Département de Chimie, Ecole Normale Supérieure, 24, rue Lhomond, F-
75231 Paris Cedex 05, France.
Chodkiewicz, W. Ann. chim. 1957, 2, 819.

3. Leroy, J. Synth. Commun. 1992, 22, 567.
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Heaton, C. D.; Noller, C. R. J. Am. Chem. Soc. 1949, 71, 2948.

Sondheimer, F.; Stjernstrom, N.; Rosenthal, D. J. Org. Chem..1959, 24, 1280.
Straus, F.; Kollek, L.; Heyn, W. Ber. 1930, 638, 1868.

Hofmeister, H.; Annen, K.; Laurent, H.; Wiechert, R. Angew. Chem., Int. Ed. Engl.
1984, 23, 727.

8. Jeffery, T. J. Chem. Soc., Chem. Commun. 1988, 909.

N o o =

9. (a) Chamberlain, P.; Rooney, A. E. Tetrahedron Lett. 1979, 383; (b) Leroy, J.
Tetrahedron Letft. 1992, 33, 2969.
10. Andersen, N. G.; Maddaford, S. P.; Keay, B. A. J. Org. Chem. 1996, 61, 2885.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

Methyl 3-bromopropiclate: Propiolic acid, bromo-, methyl ester (8); 2-Propynoi§:.acid,
3-bromo-, methyl ester (9); (23680-40-2)

tert-Buty! 3-bromopropiolate: 2-Propynoic acid, 3-bromo-, 1,1-dimethylethy! ester (13)
(140907-23-9)

Acetone (8); 2-Propanone (9); (67-64-1) .

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

N-Bromosuccinimide: Succinimide, N-bromo- (8); 2,5-Pyrrolidinedione, 1-bromo- (9);
(128-08-5)

tert-Butyl propiolate: Propiolic acid, tert-butyl ester (8); 2-Propynoic acid,
1,1-dimethylethy! ester (9); (13831-03-3)

216

MESITYLENESULFONYLHYDRAZINE, AND (10,20,6p)-2,6-
" DIMETHYLCYCLOHEXANECARBONITRILE AND (1a,2B,60)-2,6-
DIMETHYLCYCLOHEXANECARBONITRILE
AS A RACEMIC MIXTURE

(Benzenesulfonic acid, 2,4,6-trimethyl-, hydrazide)

SOLCI SO,NHNH,

0 SO,NHNH,
B. N 25°C
14 hr
: _CN
NNHSO; KCN, CH3CN
(I reflux, 7 hr .

2

Submitted by Jack R. Reid, Richard F. Dufresne, and John J. Chapman.1
Checked by Michael P. Dwyer and Stephen F. Martin.
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1. Procedure

Caution! Mesitylene is an irritant, potassium cyanide is highly toxic,
chlorosulfonic acid is corrosive, hydrazine monohydrate is a toxic, cancer-suspect
agent, and dichloromethane is an irritant and should be handled in a well-ventilated
hood.

A. Mesitylenesulfonylhydrazine (1). A 500-mL, three-necked, round-bottomed
flask is assembled as shown in Figure 1 {Note 1). The equipment consists of a 250-
mL constant pressure addition funnel, a thermometer, and an air-cooled Frigdrichs
condenser attached to a gas inlet-outlet adapter. A 250-mlL vacuum flask is equipped
with a gas delivery tube that is inse/rted through a single-holed rubber stopper and
positioned 1 cm above the bottom of an aqueous 20% sodium hydroxide solution.
This assembly is used as a gaseous hydrogen chloride (HCI) trap (Note 2). “The flask
is charged with mesitylene (Note 3) (76.0 g, 0.630 mol) and its contents cooled to
between -10°C and 0°C in a wet ice-acetone bath while stirring (Note 4). When the
contents of the flask and HCI trap are between -10°C and 0°C, a 6-mL portion of the
total quantity of the chlorosulfonic acid (Note 3) (161.0 g, 92.1 mL, 1.39 mol) is added
fo initiate the reaction. After HC| gas evolution begins, the remaining chlorosulfonic
acid is added at a rate such that the reaction temperature remains belo'w 60°C (Note
5). After the chlorosulfonic acid is added, the reaction mixture is heatéd to 60°C to
disperse and dissoive any precipitated salts (Note 6) and then allowed to cool to room
temperature. The reaction mixture is poured into 250 mL of ice water with stirring, and
the crude crystals are recovered by suction filtration. The crystals are washed with
generous portions of ice-cold water. The crude product is taken up in 125 mL of
dichloromethane and a 50-mL upper aqueous layer is removed. The agueous layer is
extracted with one 50-mL portion of methylene chloride. The combined organic

fractions are dried over sodium sulfate (Note 7) with vigorous stirring, filtered and then
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concentrated on a rotary evaporator. Crude mesitylenesulfonyl chloride (109.7 g,
80%) is recovered as an oif that solidifies into off-white crystals, mp 54-56°C (Note 8).
It used immediately, no additional purification is necessary (Note 9).

A Using the equipment in Figure 1, but without the HC! gas trap attached,
mesitylenesulfonyl chloride (109.7 g, 0.503 mmol, Note 7) is dissolved in 175 mL of
dry tetrahydrofuran (THF) and cooled to between -10°C and 0°C in a wet ice-acetone
bath. Hydrazine monohydrate (63.0 g, 61.0 mL, 1.26 mol) (Nate 3) is dissolved in 30
mL of ice-cold water and added so that the temperature'remains below 25°C (Note
10). After the addition is completed, the mixture is stirred for an additional 45 min at
recom temperature and poured into 250 mL of ice water with stirring. Crude
mesitylenesulfonylhydrazine is recovered by suction filtration and then dissolved in
500 mL of dichloromethane. A 150- to 175-mL portion of water separates. The water
layer is removed, and the organic layer is washed with one 50-mL portion of ice-cold
water, dried over sodium sulfate, filtered, and the solvent is removed on a rotary
evaporator. The crystals are triturated in 250 mL of cold hexane, and the fluffy white
product (95.4 g, 89%, Note 11) is recovered by suction filtration (Notes 12 and 13).

B. (1a,20.,6B)-2,6-Dimethyicyclohexanecarbonitrile and ( 10,2B,6a)-2,6-Dimeth-
ylcyclohexanecarbonitrile (2). The apparatus depicted in Figure 1 lacking the HCI trap
and with a glass stopper in place of the thermometer is used for this procedure. The
1-L reaction flask is charged with mesitylenesulfonylhydrazine (56.0 g, 0.262 mol)
(Note 1) and 175 mL of acetonitrile. The mixture is stirred at room temperature until
solution is attained (Note 14). 2,6-Dimethylcyclohexancne (Note 3) (32.2 g, 0.255
mol) is added in one portion and the reactants are stirred an additional 10 min. A 10-
drop portion of concentrated sulfuric acid is added and the mixture is stirred at room
temperature for 12 to 18 hr to facilitate complete hydrazone formation (Note 15). Water
is circulated through the reflux condenser that is already attached to the flask, and

potassium cyanide (27.2 g, 0.418 mol) is added (Note 3). The reaction mixture is
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gradually heated to reflux aver 2 hr and then gently refluxed for 10 to 12 hr (Note 16).
The contents of the flask are cooled to room temperature and wa\ter (125 mL), 20%
aqueous sodium hydroxide solution (25 mL), hexane (175 mL), and ether (75 mL) are
added in succession with vigorous mixing. The mixture is stirred for 15 min, and the
lower aqueous layer is separated (Note 17). The aqueous layer is extracted with a
7.3 hexane-ether mixture (2 x 75 mL). The combined organic layers are washed with
two 25-mL portions of aqueous 10% sodium hydroxide solution and dried over sodium
sulfate. The organic layer is filtered and concentrated on a rotary evaporator, and the
crude yellow residual ail is distilled at 100-102°C at 39 mm to give 256.5 g (?3%) of
colorless 2 (Notes 18 and 19).

2. Nctes

1. The submitters ran the reaction on a scale four times that described. The
submitters also note that the reaction may be successfully carried out in a 2-L
Erlenmeyer flask equipped with a thermometer to monitor the internal reaction
temperature and a large magnetic stirring assembly. The gas delivery tube and rubber
stopper, used in Figure 1, is placed in the mouth of the flask, and the HC! gas is forced
into a base trap or disposed of through an aspirator.

2. The HCI trap is charged with 150 mL of aqueous 20% sodi’um hydroxide
solution and cooled in an ice-water or wet ice-acetone bath.

3. Mesitylene (1,3,5-trimethylbenzene), chiorosulfonic acid, hydrazine mono-
hydrate, 2,6-dimethylcyclohexanone and potassium cyanide were purchased from
Aldrich Chemical Company, Inc., and used without further purification.

4. A 250-g quantity of wet ice and 250 mL of acetone give a bath temperature

between -15°C to -20°C. The bath generally does not need to be recharged.
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5. After half of the chlorosulfonic acid has been added, the exothermic
reaction and gas evolution decrease considerably. If the temperature is allowed to
rise above 60°C, the yield decreases and the final product is slightly discolored.

6. Briefly warming the reaction mixture solubilizes all the mesitylenesulfonic
acid and drives the reaction to completion. Mesitylenesulfonic acid is less soluble
than mesitylenesulfonyl chloride. Therefore, after everything dissolves, conversion of
the acid to the acid chloride is complete. The product is partially hydrolyzed if it is
poured into water while it is still hot.

7. Methylene chloride partitions water from the crude product in this step and
greatly reduces the drying time. However, the mixture is stirred rapidly to bring the
water that naturally partitions to the top of the methylene chloride layer in contact with
the drying agent that is on the bottom of the flask.

8. The spectral properties of the product are as follows: TH NMR (300 MHz,
CDCl3) 3:2.35 (s, 3 H), 2.73 (s, 6 H), 7.03 (s, 2 H); 13C NMR (75 MHz, CDCl3) 8: 21.2,
22.9,132.3, 139.5, 140.2, 145.3; mp 54-56°C.

9. If mesitylenesulfonyl chloride is prepared without delay, the damp crystals
may be used in the next step without further drying. |f the product is to be stored for
long periads of time, it is necessary to remove the last traces of water. This is also a
convenient place to stop if the reaction will not be completed in a single day.

10. Temperature control and efficient stirring are more important here than in the
preparation of mesitylenesulfonyl chloride. Better yields are obtained when the
temperature is kept below 25°C. Gas evolution accompanied by some decomposition
occurs at elevated temperatures.

11. The spectral and physical properties are as follows: TH NMR (300 MHz,
CDCI3) 3:2.31 (s, 3 H), 2.65 (s, 6 H), 3.61 (brs, 2 H), 5.75 (br s, 1 H), 6.99 (s, 2 H); 13C
NMR (75 MHz, CDCl3) 8: 21.0, 22.9, 130.0, 132.1, 140.7, 143.3; mp 114-116°C (lit.5
mp 115-116°C).
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12. Additional product separates from the filtrate upon standing. Excessive
work-up water results in product loss. The crude product can hold considerable
volatile material. The weight of the product is usually greater than theoretical prior to
thorough air or vacuum drying. Mesitylenesu!fonylhydrazine must be compl\etely dry
before it is used in a reaction.

13. Mesitylenesulfonythydrazine should be stored in a brown bottle in an area
protected from light. Refrigeration of the product, though not required, tends to
increase the shelf life.

14. The checkers noted that gentle warming of the solution with a heat gun
greatly facilitated the dissolution of mesitylenesulfonylhydrazine. ‘

15. A catalytic amount of sulfuric acid greatly facilitates formation of the
hydrazone which precipitates from solution as it is formed. The checkers found that
the reaction mixture must be stirred at room temperature for 14-18 hr to ensure
complete formation of the hydrazone. It is advisable to monitor the reaction by TLC.
The submitters noted that formation of the hydrazone can be reduced to several hpurs
when the reaction mixture is heated at 40°C.

16. Unsolvated potassium cyanide and hydrazone dissolve as the reactants are
converted to the thermodynamically favored trans-nitrile. Shortly after all of the solid
dissolves, a second solid precipitates from solution. This solid is presumed to be
potassium mesitylenesulfinate and is usually accompanied by some fpaming. An
oversize flask used with efficient stirring keeps the reaction mixture from ioaming into
the condenser.

17. Commercial Clorox, with an activity of 5.25%, is used to destroy excess
potassium cyanide prior to disposing of the aqueous mixture.

18. A rotary evaporator water bath setting is kept at room temperature during the

concentration of the product.
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19. The spectral properties of the product are as follows: IR (CHCI3) cm-': 2933,
2236, 1459, 1384, 1230; TH NMR (300 MHz, CDCl3) 5:0.99 (d,3H,J=7.1),1.02 (d, 3
H, J =7.1),1.37-1.48 (m, 4 H), 1.67-1.72 (m, 1 H), 1.86-1.93 (m, 1 H), 2.00-2.03 (m, 1
H), 2.29-2.33 (m, 1 H); 13C NMR (75 MHz, CDCl3) 5: 16.5, 19.2, 19.3, 28.9, 30.0, 30.5,
31.2,40.4, 121.0.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996. See Note 17.
3. Discussion

This is a simplified procedure that uses much less chlorosulfonic acid than
previous methods,2:3 while obtaining a better yield of mesitylenesulfonythydrazine4-6
via mesitylenesulfonyl chloride. Mesitylenesulfonylhydrazine is used for preparing
medium-size cycloalkanones by the Eschenmoser fragmentation reaction,” diazo
compounds,8 regiospecific alkylations,® and hydrogenations.5 The hydrolysis of
mesitylenesulfonyl chloride and the decomposition of mesitylenesulfonylhydrazine is
rather slow at low temperatures and short contact times; therefore, the preparations
are conveniently worked-up in ice water. However, if damp crystals of
mesitylenesuifonylhydrazine are stored at rcom temperature for extended periods, an
odor of SOz becomes evident. Therefore, an alternative procedure for working up very
dry mesitylenesulfonyl chloride and mesitylenesulfonylhydrazine was developed. This
is especially useful if the reaction will not be completed in one session or if the
material will be stored for an extended period. The hydrazine prepared in the first step

is used to prepare the racemic product (1a,2c¢,6B)- and (1a,2B,6c)-2,6-
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dimethylcyclohexanecarbonitrile via the corresponding hydrazone in good to excellent
yleld. This procedure represents a simple, stereoselective, large-scale, one-pot
conversion of a moderately hindered ketone to the next higher nitrilexanalog. The
crude product contains small amounts of olefin and starting ketone that can be
removed by distillation. Ketones with o,0'-alkyl substituents may be used as
diastereomeric mixtures, since they equilibrate to one pair of enantiomers during
hydrazone formation, and this stereoselectivity is preserved during the cyanide anion
reaction. A minimum of the toxic reagent potassium cyanide is used and evolution of
hydrogen cyanide is avoided. The use of oxidizing agents such as bromine and
strong bases such as sodium methoxide in methanol are avoided, making this method
more tolerant of other substituents on the ketone such as olefins.10-14 The reagent
2,4 ,6-triisopropylbenzenesulfonylhydrazine is less effective for converting moderately
hindered ketones to nitriles, more difficuit to prepare, and more expensive to purchase.
The nitrile products are useful intermediates in the synthesis of acids by sapoﬁification,
aldehydes by reduction with diisobutylaluminum hydride (DIBAL), and ketones by
reaction with Grignard reagents.15-17 The scope of this procedure is indicated by the

modestly hindered nitriles shown in Table.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number)

(Registry Number)

Mesitylenesulfonylhydrazine: 2-Mesitylenesulfonic acid, hydrazide (8);

JINIZVHAAHIANOAINSIANITALISIN VIA STTHLIN OL SINOLIA

Benzenesulfonic acid, 2,4,6-trimethyl-, hydrazide (9); (16182-15-3)

Mesitylene (8); Benzene, 1,3,5-trimethyl- (9); (108-67-8)
Chlorosulfonic acid: HIGHLY TOXIC: (8,9); (7790-94-5)

Mesitylenesulfonyl chloride: 2-Mesitylenesulfonyt chioride (8);

Jngvl

Hydrazine: HIGHLY TOXIC. CANCER SUSPECT AGENT: (8,9); (302-01-2)
2,6-Dimethyicyclohexanone: Cyclohexanone, 2,6-dimethyl- (8,9); (2816-57-1)

Benzenesulfonyl chloride, 2,4,6-trimethy!- (9); (773-64-8)

Potassium cyanide: HIGHLY TOXIC: (8,9); (151-50-8)

Acetonitrile: TOXIC: (8,9); (75-05-8)
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Mech/anical Stirrer RHODIUM-CATALYZED HETEROCYCLOADDITION
// OF A DIAZOMALONATE AND A NITRILE: SYNTHESIS OF
4-CARBOMETHOXY-5-METHOXY-2-PHENYL-1,3-OXAZOLE

(4-Oxazolecarboxylic acid, 5-methoxy-2-phenyl-, methy! ester)

. FIGURE 1
0 0

CH OUOCHg CH,Z0,C CO,CH
A. CH3CONH_©_SOZN3 E::;,N + CHCN e \ﬂ/ e

N,

Constant pressure
addition funnel

Air-cooled —— Class stir rod

Condenser
OCHj

CH,0,C /
B. CHSOZC\[rCOZCH3 PHhCN / Rhp(OAc)s (cat.) =
CHCl3, reflux NYO

N2
Ph

Submitted by Joshua S. Tullis and Paul Helquist.
Checked by Anne K. Courtney and Stephen F. Martin.

1. Procedure

—Thermometer

CAUTION! This experiment should be conducted behind an auxiliary safety

\ shield in a closed fume hood because of the explosive nature of diazo and azide

Reaction

flask
Wet-ice/acetor\\e\

bath

Backup compounds.

t
rap \ HCL A. Dimethyl diazomalonate. into a 500-mL, round-bottomed fiask is placed a

trap \ large magnetic stirring bar (Note 1), 4-acetamidobenzenesulfonyl azide (72.3 mmol,

17.36 g, Note 2), acetonitrile (250 mL, Note 3), and triethylamine (76.5 mmol, 7.74 g,

Note 4). The reaction mixture is cooled to 0°C, and dimethyl malonate (72.0 mmol,

9.51 g, Note 4) is slowly added over 3 - § min by a syringe. The reaction mixture is

kept at 0°C for 10 min then stirred at room temperature for 17 hr. A thick white
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precipitate that forms during the reaction is removed by filtration through a Biichner
filter. The filter cake is washed with a 1:1 mixture of petroleum ether and ethy! ether
(200 mL, Note 5). The resulting filtrates are concentrated by rotary evaporation under
reduced pressure giving a yellow oil with some visible precipitate of sulfonamide.
Repeated trituration and filtration of this oil with 1:1 petroleum ether and ethy! éther (6
x 50 mL, Note 5) to remove the solid 4-acetamidobenzenesulfonamide, followed by
concentration of all filtrates by rotary evaporation under reduced pressure, gives 10.92
g of the crude diazo product as a yellow oil (96%). The crude product is purified by
distillation to provide 8.26 g (73%) of dimethyl diazomalonate as a bright yellow oil
{Note 6). -

B. 4-Carbomethoxy-5-methoxy-2-phenyi-1,3-oxazole. In an oven-dried, 100-
mL, round-bottomed flask is placed a small magnetic stirring bar (Note 7}, rhodium(il)
acetate dimer, Rhz(OAc)4, (0.230 mmol, 0.102 g, Note 4), benzonitrile (19.5 mmol,
2.011 g, Note 8), and chloroform (CHCI3, 5 mL, Note 9). The flask is placed‘in an oil
bath and. fitted with a 30-cm reflux condenser. On top of the condenser is placed a

three-way stopcock having horizontal and vertical tubulations. A source of nitrogen

(N2) is connected to the system via the horizontal tubulation of the stopcock, and a’

septum is placed over the vertical tubulation. The entire system is flushed several
times with N2, and the solution is heated to reflux (68°C) during which time it becomes
deep purple.

Into a dry, 50-mL, conical vial is placed dimethyl diazomalonate (29.4 mmol,
4.85 g) and 25 mL of chloroform (Note 9). The solution is taken up into a syringe (Note
10) fitted with a 30-cm needle. The needle is inserted about half way into the septurn
on the stopcock so that the needle tip extends down into the condenser. The syringe
is placed on a syringe pump (Note 11) which is set to add the solution at a rate of 1.17
mU/hr over a period of about 25 hr. After the addition is complete, the syringe is again

filled with 2 mL of CHCI3, which is added to the system via the septum. The needle is
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removed, and the stopcock plug is rotated so that the septum is closed off from the
system while the Nz inlet remains open. The solution is allowed to continue stirring at
reflux for another 20 hr. It is then concentrated by rotary evaporation under reduced
bressure to yield a brownish-purple oil containing crude product. The crude oxazole is
purified using flash column chromatography (silica gel, 40% ethyl acetate in hexane,
Notes 12, 13, 14) to yield 2.73-2.96 g (60-65%) of 4-carbomethoxy-5-methoxy-2-

phenyl-1,3-oxazole as white needles (Note 15).
2. Notes

1. An egg-shaped stirring bar ca. 2.5 cm in length is recommended for stirring
the suspension that is produced during the reaction.

2. 4-Acetamidobenzenesulfonyl azide is obtained from Aldrich Chemical
Company, Inc., and used without further purification. In addition, 4-acetamido-
benzenesulfonyl azide can be synthesized from the precursor, 4-acetamidobenzene-
sulfonyl chloride.?

3. The checkers used standard reagent grade acetonitrile from EM Science.

4. Triethylamine, dimethy! malonate, and rhodium(ll) acetate dimer were
purchased from Aldrich Chemical Company, Inc., and used without further purification.

5. Standard reagent grade ether and petroleum ether are used during
workups.

6. Crude dimethyl diazomalonate is distilled under reduced pressure using a
vacuum pump and a short-path distillation apparatus equipped with a Vigreux
fractionating column measuring 8 - 10 cm. The apparatus is wrapped in glass wool
and aluminum foil to minimize heat loss. Pure dimethyl diazomalonate3 is a bright
yellow oil: bp 60°C, ca. 0.65 mm. (lit.3¢ bp 45°C, 0.2 mm); 'H NMR (500 MHz, CDCl3)
5. 3.79 (s, 6 H, COOCHj3; lit.3¢ § 3.76); 13C NMR (125 MHz, CDCl3) 8: 52.4, 65.6,
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161.3; IR (neat) cm-1: 3006 (m), 2958 (s), 2849 (w), 2138 (s), 1760 (s), 1738 (s), and
1696 (s); (lit.3 IR).

7. The specific size of the stirring bar is not important, but the stirring rate
should be adjusted so that the Rhp(OAc)4 catalyst remains suspended in solution. It
should not be resting on the bottom of the round-bottomed flask, nor should it be
splashed onto the sides of the flask.

8. Benzonitrile is available from Aldrich Chemical Company, Inc. and is
distilied at reduced pressure (0.5 mm, 75°C) using a short-path distiilation apbaratus.

9. Spectroscopic grade chioroform is obtained from J. T. Baker, Inc., (99+%
purity} and used without further purification.

10. The syringe used is a 50-mL, gas-tight syringe (Model #1050) available from
Hamilton Company. It is very important that a gas-tight syringe be used during the
addition because of the tendency of chloroform to leak with loss of starting material
from other types of syringes. A

11. The syringe pump used is available from Sage Instruments, Model Number
341B. NOTE: The slow addition of the dimethy! diazomalonate is of key importance to
the success of the reaction. When scaling this reaction up or down, the rate of addition
should be altered so that the addition time remains constant at ca. 25 hr. For example,
in the reaction described here, there is ca. 30 mL of solution containing dimethyl
diazomalonate, and it is added over 25 hr at a rate of 1.17 mL/hr. [f the reaction were
at 20% scale, the rate of addition would be 0.23 mishr. .

12. On one occasion, crude product was a solid and was dihssolved in a
minimum amount of eluent and added to the top of the silica column.

13. To purify the product on this scale, a 35-mm wide column with a 500-mL
glass bulb on top and a glass frit at the base is used. It is packed with 25-30 cm silica

gel 60 (230-400 mesh, available from EM Science) and eluted with solvent to remove
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any air bubbles. The purification is monitored by TLC (silica gel, 40% ethyl acetate in
hexanes; Rf =0.35).

14. Usually, the purification leads to several fractions containing a mixture of the
product and the starting material, dimethyl diazomalonate, (R = 0.43). In this event, an
alternative to performing another column chromatography has been developed based
on trituration according to the following procedure. All fractions that contain the
mixture are combined in a round-bottomed flask, and the solvent is removed by rotary
evaporation under reduced pressure. The mixture should appear to be a yeliow oil
mixed with the crystalline oxazole. With an ice bath, the mixture is cooled along with a
separate flask containing 10-15 mL ether. Using a pipette, 2-3 mL of the cold ether is
transferred to the mixture. The mixture is swirled, and the solvent is removed with a
pipstte. This procedure is repeated several times until cnly white crystals remain. It is
important to keep both flasks cool throughout the procedure so that loss of the product
is minimized.

15. The product, 4-carbomethoxy-5-methoxy-2-phenyl-1,3-oxazole, is obtained
as colorless needles: mp 92-95°C (lit.4 mp 98-99°C); H NMR (500 MHz, CDCl3) 3:
3.86 (s, 3 H, COOCH3), 4.20 (s, 3 H, C=COCH3s), 7.36-7.39 (m, 3 H, Ar-{), 7.89-7.93
(m, 2 H, Ar-H); 13C NMR# (125 MHz, CDCl3) & 51.7 (COOCH3), 59.7 (C=COCH3),
107.4 (C-4), 125.8 (C-3', C-5'), 126.2 (C-1'), 128.6 (C-2', C-6'), 130.3 (C-4), 150.8 (C-
5), 161.7, 161.8 (COOCHg, C-2); IR (CDCl3) cm™1: 1713 (COQCH3), 1619 (C=COCH3);
mass spectrum4 (Cl, argon) m/e (rel intensity) 233 (M+, 27), 173 (11), 146 (15), 105
(100), 77 (24). Anal Calcd for C12H11NOg4: C, 61.80; H, 4.75. Found: C, 61.53; H,
4.75.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996.
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3. Discussion

Oxazoles are well-investigated compounds. The occurrence, uses, and
synthesis of oxazole derivatives have been the subjects of extensive reviews.5 The
heterocyclic oxazole unit is seen with various substitution-patterns in a large number of
naturally occurring compounds. Furthermore, oxazoles serve as synthetic
intermediates leading to many other systems.5.6.7 In this context, oxazoles have seen,
for example, numerous applications as "2-azadiene" componenfs in 4+2
cycloadditions with several types of dienophiles. Further transformations of the
products then lead to a number of other nitrogen- or oxygen-containing heterocyclic
products.6 \

Of the many specific types of oxazoles, those bearing a 4-carboxy-derived group
are of considerable importance. Among these compounds are several natural
products, including many which contain this moiety, or the analogous thiaz?Ie group.
Two examples, from the type A streptogramin family, include virginiamycih My and

madumycin 1.8.9
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Virginiamycin M, Madumycin |
Because of the many roles that these compounds play in natural products and

synthetic organic chemistry, many methods have been developed for the preparation

of 4-carboxy derivatives of oxazoles.5.10 A well-established, classical method is the
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Cornforth oxazole synthesis (Scheme 1). This method has been shown to be widely

applicable, although it employs a complex, multi-step pathway.11

OR?
R20H NH-HCI HCl-HzN\,QOM )\ OCH
tos 1 T T OMe ot 3
RIC=N — e R ~ 2 EtaN RIZINTYC
OR 3 o)
BLOK oR2 0K CO,CH3
-Bu
RVKN/E'(OCHa !
HCO,Me Y
o} R’
Scheme 1

in consideration of conceivable strategies for the more direct construction of
these derivatives, nitriles can be regarded as simple starting materials with which the
3+2 cycloaddition of acylcarbenes would, in a formal sense, provide the desired
oxazoles. Oxazoles, in fact, have previously been obtained by the reaction of diazo-
carbonyl compounds with nitriles through the use of boron trifluoride etherate as a
Lewis acid promoter. Other methods for attaining oxazoles involve thermal, photo-
chemical, or metal-catalyzed conditions.'2 Several recent studies have indicated that
many types of rhodium-catalyzed reactions of diazocarbonyl compounds proceed via
formation of electrophilic rhodium carbene complexes as key intermediates rather than
free carbenes or other types of reactive intermediates.!3 If this postulate holds for the
reactions described here, then the mechanism outlined in Scheme 2 may be
proposed, in which the carbene complex 3 and the adduct 4 are formed as

intermediates.14
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The particular reaction described in Scheme 2 using dimethyl diazomalonate
produces oxazoles 5 that bear a methoxy group at C-5. if desired, this suQStituent may
be removed in some cases by reductive cleavage using LiB(Et)zH to give the 5-
unsubstituted oxazoles 6.3.15 Alternatively, the 5-unsubstituted derivatives 6 may be

obtained directly through the use of diazo formylacetate (2) in place of dimethyl

diazomalonate (1).3.75 Some additional, representative examples of the use of 1 and -

2 are shown below in the Table.
In conclusion, the rhodium-catalyzed reaction of diazo dicarbonyl corﬁpounds
with nitriles provides direct access to useful classes of functionalized oxazgles. This

direct, cne-step pathway provides a significant improvement over past preparations.
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TABLE
ADDITIONAL EXAMPLES OF OXAZOLE FORMATION USING DIMETHYL
DIAZOMALONATE 1 AND DIAZO FORMYLACETATE 22

Nitrile Diazo Compound Product Yield
HaCO_ ¢
3-CICgH4CN 1 IN/)—@ o
CH30,C c
H3CO_ o
4'CHQCGH4CN 1 INI) '< >'CH3 L)
CH30,C
-0
Ph-CN 2 Et0,c” N 45
H o
BI‘CHch 2 I /)"CHZBF &
£t0,c” N

2Results taken from references 4 and 15.

1. Department of Chemistry and Biochemistry, University of Notre Dame, Notre
Dame, IN 46556.

2. Baum, J. S.; Shook, D. A.; Davies, H. M. L.; Smith, H. D. Synth. Commun. 1987,
17, 1709-1716.

3. (a) Wulfman, D. S.; Yousefian, S.; White, J. M. Synth. Commun. 1988, 18,
2349-2352; (b) Wulfman, D. S.; Roberts, J.; Henderson, D. K.; Romine, J. C.;
McDaniel, R. S., Jr.; Carver, L.; Beistel, D. W. Can. J. Chem. 1984, 62, 554-560;
(c) Ciganek, E. J. Org. Chem. 1965, 30, 4366-4367.

4. Connell, R. D. Ph.D. Dissertation, University of Notre Dame, 1989.

5. For areview on the occurrence and ihe chemistry of oxazoles, see: "Oxazoles"

Turchi, 1. J., Ed.; Wiley: New York, 1986, and other reviews cited therein.
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10.

Wasserman, H. H.; McCarthy, K. E.; Prowse, K. S. Chem. Rev. 1986, 86, 845-
856.

(a) Jacobi, P. A., "Bis-Heteroannulation: Total Synthesis of F'uranoterpenes,
Butenolides, Lactones and Related Materials”, In Adv. in Heterocycl. Nat. Prod.
Synth. 1992, 2, 215-298; (b) Subramanyam, C.; Noguéhi,'M.; Weinreb, S. M. J.
Org. Chem. 1989, 54, 5580-5585. '
(a) Cocito, C. Antibiotics (N.Y.) 1983, 6, 296-332; (b) Di Giambattista, M.;
Chinali, G.; Cocito, C. J. Antimicrob. Chemother. 1989, 24, 485-507; (c) Paris, J.
M.; Barriere, J. C.; Smith, C.; Bost, P. E. Recent Prog. Chem. Synth. Antibiot.;
Lukacs, G.; Ohno, M., Eds.; Springer-Verlag: Berlin, 1990; Vol. 1, pp 183-248.
For other approaches to the oxazole unit of this antibiotic family see: (a) Méyers,
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

4-Carbomethoxy-5-methoxy-2-phenyl-1,3-oxazole: 4-Oxazolecarboxylic acid, 5-
methoxy-2-phenyl-, methy! ester (9); (53872-19-8)

Dimethyl diazomalonate: Malonic acid, diazo-, dimethyl ester (8); Propanedioic acid,
diazo-, dimethyl ester (9); (6773-29-1)

p-Acetamidobenzenesulfonyl azide: Sulfanilyl azide, N-acetyl- (8); Benzenesulfonyl
azide, 4-(acetylamino)- (9); (2158-14-7)

Acetonitrile: TOXIC. (8,9); (75-05-8)

Triethylamine (8); Ethanamine, N,N-diethyl- (9); (121-44-8)

Dimethyl malonate: Malonic acid, dimethyl ester (8); Propanedioic acid, dimethyl estgr
(9); (108-59-8)

Rhodium(l1) acetate dimer: Rhodium, tetrakis(acetato-O,0')di-, (Rh-Rh) (9);
(46847-37-4)

Benzonitrile (8,9); (100-47-0)

Chloroform: ‘HIGHLY TOXIC. CANCER SUSPECT AGENT. (8); Methane, trichloro- (9);
(67-66-3)
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SYNTHESIS OF 5,7-DIMETHOXY-3-METHYLINDAZOLE FROM
3,5-DIMETHOXYACETOPHENONE IN A TWO-STEP PROCEDURE
(1H-indazole, 5,7-dimethoxy-3-methyl-)

0 o)
CHZ0 CH;0
CHs ClaCCH202,CN=NCO2CH2CCla CHs
CFaSOgH, CHaCl2 N-NHCO,CH,CCl,
CH30 CH3O  CO,CH,CCly
o]
CHZ0 Hy CHO CH,
Zn dust I
o
N=NHCO,CH,CCls AcOH NN
CH3O  CO,CH.CCl CHO H

Submitted by Nicolas Boudreault and Yves Leblanc.?

Checked by John A. McCauley and Amos B. Smith, Ill.

1. Procedure

A. 1-(2-Acetyl-4,6-dimethoxyphenyl)-1,2-hydrazinedicarboxylic acid bis(2,2,2-
trichloroethyl) ester. A 2-L, round-bottomed flask, equipped with a magnetic stirrer,
thermometer, and an ice bath is charged with 3,5-dimethoxyacetophenone (20.00 g,
111.0 mmol) (Note 1) and dichloromethane (CHzClz, 555 mL) (Note 1). At 0-5°C,
under nitrogen, trifluoromethanesulfonic acid (980 uL, 11.1 mmol) (Note 1) is added in

one portion. To the resulting yellow solution, bis(2,2,2-trichloroethyl) azodicarboxylate

241



(BTCEAD) (50.70 g, 133.3 mmol) (Note 2) is gradually introduced over 1§ min in order
to maintain an internal temperature between 0-5°C. ’

The orange-yellow solution is stirred for 5.5 hr at room temperature until
complete reaction has taken place. The reaction mixture is poured into saturated
aqueous sodium bicarbonate (NaHCO3) solution (100 mL) at 0°C. -The organic phase
is separated and the aqueous phase is reextracted with CH2Cl2 (30 mL). The
combined organic layers are washed with water (H20) (2 x 50 mL), dried over
anhydrous sodium sulfate, filtered, concentrated and placed on a vacuum pump to
afford a pale yellow foam. Ethy! acetate (85 mL) is added and the crude mixture is
heated under reflux until complete dissolution occurs. At reflux hexane (85 ml) is
added and the solution is allowed to stand at room temperature. After a périod of 15‘hr
the flask containing a mass of solid is cooled in an ice bath for 1.5 hr. The solid is
collected by filtration and washed with a cold ethyl acetate-hexane mixture (1:4) (S0
mL). The hydrazide is dried under high vacuum at 45°C for 3 days (Note 3) to provide
52.0 g (84%) of a white solid sufficiently pure for the next step (Note 4). Frc;m the

mother liquor, an additio.nal 3.8 g (6.0%) of material is recovered by flash

chromatography (20% ethyl acetate in hexane) followed by recrystallization from ethyt -

acetate-hexane (1:1 mixture, 20 mL).

B. 5,7-Dimethoxy-3-methylindazole. A 2-L, round-bottomed flask, equipped
with a magnetic stirrer and a thermometer is charged with the hydrazide (54.0 g, 96.3
mmol) and acetic acid (480 mL). To the suspension at 16°C is added zinc dust (35.6
g, 544 mmol) (Note 5) portionwise over 5 min. After a period :af 10 min, the cooling
bath is removed to allow the internal temperature to reach 35°C. The mixture is stirred
for about 3 hr until no hydrazide is detected by TLC (30% ethyl acetate in hexane, Rf =
0.3). The mixture is filtered over Celite and washed carefully with CH2Cl2 (15 x 40

mL). After removal of the solvents under reduced pressure, the brown mixture is -

dissolved in CHzCl2 (800 mL) and saturated aqueous NaHCOg solution (600 mL).

242

Additional solid NaHCOj is then added until pH 8 is attained. The resulting milky
mixture is filtered over Celite, washed carefully with CH2Cl2 (10 x 100 mL), and the
organic phase separated. The water phase is reextracted with CH2Clz (2 x 100 mL)
and the combined organic layers are dried over sodium sulfate. After evaporation
under reduced pressure, the resulting green residue is dissolved in hot CH2Clz (80
mL) and purified by flash chromatography (200 g of silica gel) (5% CH2Cl2/30% ethyl
acetate/hexane). The indazole (14.02 g) is obtained as a yellowish solid. Crude
product is recrystallized twice from ethyl acetate (100 mL) to provide 9.6 g of pure
indazole (52%) as white crystals (Note 6). An additional 2.8 g (15%) of pure material

is recovered from the mother liquor after recrystallization.

2. Notes

1. 3,5-Dimethoxyacetophenone 97%, anhydrous CH2Clz, and trifluoro-
methanesulfonic acid were purchased from Aldrich Chemical Company, Inc., and used
as received.

2. Bis(2,2,2-trichloroethyl) azodicarboxylate was purchased from Aldrich
Chemical Company, inc. It can also be prepared as described in reference 2.

3. The ground hydrazide was dried in order to remove trapped ethyl acetate.

4. An analytical sample was obtained by recrystallization from ethyl acetate to
afford a white solid, containing 0.5 equiv of ethyl acetate, mp 137-139°C. The
hydrazide exhibits the following spectral properties. IR (KBr) cm1: 3240, 1765, 1735,
1595; 'H NMR (400 MHz, acetone-dg 325 K) 3: 2.65 (s, 3 H); 3.89 (s, 3 H);3.90 (s, 3
H); 4.80 (s, 2 H); 4.90 (bs, 2 H); 6.76 (d, 1 H); 6.81 (d, 1 H); 8.91 (bs, 1 H); 13C NMR
(100 MHz, acetane-dg, 325 K) &: 56.19, 56.81, 75.44, 76.47, 96.00, 96.35, 102.39,
105.61, 121.48, 140.99, 154.57, 155.34, 158.03, 161.84, 200.40. Anal. Calcd for
C16H16CIgN207-1/2 C4HgO2: C, 35.70; H, 3.30; N, 4.62. Found C, 35.83; H, 3.14; N,

243



4.54. High-resolution mass spectrum, m/z caled for C1gH17CIgN207 (M+H)*
558.9167. Found 558.9166. |

5. Zinc dust was purchased from Anachemia. Excess zinc was used to ensure
completion of the reaction. The reactivity of the zinc dust should be verified on a small

7

scale first. Lower reactivity has been observed with another substrate using zinc dust
from Aldrich Chemical Company, Inc.

6. 5,7-Dimethoxy-3-methylindazole has the following physical properties. mp
158°C. IR (KBr) cm™': 3315, 1600; 'H NMR (400 MHz, acetone-dg) : 2.44 (s, 3 H),
3.82 (s, 3 H), 3.94 (s, 3 H), 6.45 (d, 1 H), 6.65 (d, 1 H); 13C NMR (100 MHZ, CDCl3) 3:
12.02, 65.47, 55.74, 90.84, 98.48, 123.41, 129.41, 142.64, 145.67, 155.26. Anal Calcd
for C1oH12N202: C, 62.49; H, 6.29; N, 14.57. Found C, 62.54; H, 6.32; N, 14.57.

High-resolution mass spectrum, m/e calcd for C1gH13N202 (M+H)*+ 193.0977. Found
193.0976.

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996.
3. Discussion

The electrophilic, aromatic substitution of electron-rich arenes with the electron-
deficient azodicarboxylate BTCEAD is a powerful method 101: the introduction,. ina
single operation, of a masked hydrazine or amino group.3.4 Several activators can be
used for this amination reaction; ZnClz,4 BF3'Et20,4 LiCIO4,3 and here,
trifluoromethanesulfonic acid.5 Trifluoromethanesulfonic acid dramatically increases
the rate of the amination reaction and makes possible the use of this methodology with

poorly reactive substrates.
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The present, straightforward, two-step synthesis of 5,6-dimethoxyindazole from
3.5-dimethoxyacetophenone illustrates the usefulness of this amination reaction. With
standard chemistry the introduction of a hydrazine group into the acetophenone
molecule would have required four steps: 1) nitration, 2) reduction of the nitro group to
the aniline, 3) diazotization and 4) reduction of the diazonium compound to the
hydrazine.

A plausible mechanism for the formation of the indazole is illustrated below.
Based on our previous observations that aryltrichlorohydrazides are readily converted
to anilines, via the aryl hydrazines, it is unlikely that formation of the indazole ring §
arises from the free hydrazine intermediate 2 since the corresponding anifine 6 was
not detected at all in this case. This would suggest that the terminal trichloro ester

group is selectively removed to give 3, followed by cyclization to 4 and cleavage of the

. second ester unit. Intermediate 4 was isolated and characterized during a probe

reaction for which an equimolar amount of zinc dust was used. However, this
intermediate does not accumulate to more than 1%. It appears that cleavage of the
second ester group is relatively rapid after cyclization. Traces of compound 4 have
also been detected during preparation of the hydrazide 1, presumably from acid

hydrolysis.
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1. Merck Frosst Centre for Therapeutic Research, P.0. Box 1008, Pointe Claire-
Dorval, Québec, Canada HOR 4P8,

2. a) Mackay, D.; Pilger, C. W.; Wong, L. L. J. Org. Chem. 1973, 38, 2043; b) Little,
R. D.; Venegas, M. G. Org. Synth. 1983, 67, 17. Also Org. Synth. Coll. Vol. Vil
1990, 56.

3. Mitchell, H.; Leblanc, Y. J. Org. Chem. 1994, 59, 682.

4. Zaltsgendler, 1.; Leblanc, Y.; Bernstein, M. A. Tetrahedron Lett, 1993, 34, 2441,

5. For other examples in which trifluoromethanesulfonic acid and triflucroacetic

acid are used see: Leblanc, Y.; Boudreautt, N. J. Org. Chem. 1995, 60, 4268.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

5,7-Dimethoxy-3-methylindazole: 1 H-Indazole, 5,7-dimethoxy-3-methyl- (13);
(154876-15-0)

3,5-Dimethoxyacetophenone: Ethanone, 1-(3,5-dimethoxyphenyi)- {9);
(39151-19-4)

1-(2-Acetyli-4,6-dimethoxyphenyl)-1 ,2-hydrazinedicarboxylic acid bis(2,2,2-
trichloroethyl) ester: 1.2-Hydrazinedicarboxylic acid, 1-(2-acetyl-4,6-
dimethoxyphenyl)-, bis(2,2,2-trichloroethyl) ester (13); (154876-13-8)
Trifluoromethanesulfonic acid: Methanesutfonic acid, trifluoro- (8,9); (1493-13-6)
Bis(2,2,2-trichloroethyl) azodicarboxylate: Diazenedicarboxylic acid, bis(2,2,2-
trichloroethyl) ester (9); (38857-88-4)

Zinc (8,9); (7440-66-6)
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REGIOSELECTIVE SYNTHESIS OF 3-SUBSTITUTED
INDOLES: 3-ETHYLINDOLE
(1H-Indole, 3-ethyl-)

) Br
@'\j 1)n -BuLi/THF @ NBS/THF _ * Qj/
2) TBDMSCI N N

1 i {
SiMeot-Bu SiMeyt-Bu
CH,CH,4
+BuLITHF _EWTHF _ @\'j/
SlMezt Bu SrMegt-Bu StMezt-Bu

CH,CH, CH,CH,
_TBAF/THF _ @j/

SuMezt Bu '

Submitted by Mercedes Amat, Sabine Hadida, Swargam Sathyanarayana, and

Joan Bosch.!

Checked by Ji Liu, Chris H. Senanayake, and Ichiro Shinkai.
1. Procedure

Caution: tert-Butyllithium is extremely pyrophoric. .
A. 3-Bromo-1-(tert-butyldimethylsilyl)indole. An oven-dried, 500-mL, three-
necked, round-bottomed flask, equipped with a magnetic stirring bar, 100-mL

pressure-equalizing addition funnel, and an argon inlet and outlet, is charged with
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indole (8.0 g, 0.068 mol) (Note 1) and tetrahydrofuran (200 mt) (Note 2). The solution
is stirred and cooled to -78°C with a dry ice/acetone bath, and a solution of butyllithium
in hexane (47 mL of a 1.6 M solution, 0.075 mol) (Note 3) is added dropwise via
cannula. The mixture is warmed to -10°C, stirred for 15 min, and cooled to -50°C. A
solution of tert-butyldimethylsilyl chloride (11.6 g, 0.077 mol) (Note 3) in
tetrahydrofuran (60 mL) is added dropwise to this mixture. The temperature is raised
to 0°C and after 3 hr the reaction mixture is cooled to -78°C. Freshly crystallized N-
bromosuccinimide (12.18 g, 0.0684 mol) (Note 4) is added via a solid-addition funnel
and the resulting mixture is stirred in the dark at -78°C for 2 hr and allowed to warm to
room temperature. Hexane (100 mL) and pyridine (1 mL) are added and the resulting
suspension is filtered through a Celite pad. The filtrate is evaporated under reduced
pressure. The crude residue is purified (Note 5) by flash chromatography on silica gel
{Note 6) (350 g, 30 cm x 6 cm) (100% hexane) to give 17.8 g (84%) of 3-bromo-1-(tert-
butyldimethyisilyl)indole as a colorless solid (Note 7).

B. 1-(tert-Butyldimethyisilyl)-3-ethylindole. An oven-dried, 500-mL, three-
necked, round-bottomed flask, equipped with a magnetic stirring bar, 50-mL pressure-
equalizing addition funnel, and an argon inlet and outlet, is charged with 3-bromo-1-
(tert-butyldimethylsilyl)indole (10 g, 0.032 mol) and tetrahydrofuran (100 mL). The
mixiure is stirred and cooled to -78°C with a dry ice/acetone bath. A solution of tert-
butyllithium (Note 8) (41.7 mL of a 1.7 M solution in pentane, 0.071 mol) is transferred
slowly to the above mixture from a graduated\tube via a stainless steel cannula under
positive argon pressure. The reaction mixture becomes yellow. Stirring is continued at
.78°C for 10 min. A solution of ethyl iodide (5.2 mL, 0.065 mol) (Note 9) in
tetrahydrofuran (20 mL) is added dropwise over 15 min to the resulting 1-(tert-
butyldimethylsilyl)-3-lithicindole. The reaction mixture becomes colorless, and after 15
min it is allowed to reach room temperature, poured into a cold saturated sodium

carbonate solution (200 mL), and extracted with methylene chloride (3 x 100 mL). The

249



combined organic layers are washed with water (100 mL), dried over sodium sulfate,
and evaporated under reduced pressure to give 8.0 g (96%) of 1-(tert-
butyldimethylsilyl)-3-ethylindole as a light pink oil (Note 10).

C. 3-Ethyiindole. An oven-dried, 250-mL, round-bottomed flask, equipped with
a magnetic stirring bar, rubber septum, and an argon inlet and outlet; ils charged with
1-(tert-butyldimethylsilyl)-3-ethylindole (8 g, 0.031 mol) and tetrahydrofuran (100 mL).
The mixture is stirred and a 1 M solution of tetrabutylammonium fluoride (TBAF) in
tetrahydrofuran (31 mL, 0.031 mol) (Note 11) is added. After the solution is stirred for
10 min at room temperature, it is poured into a saturated solution of sodium carbonate
(200 mL) and extracted with dichloromethane (3 x 100 mb).- The combined organic
layers are washed with water (100 mL), dried over sodium sulfate, and evaporated
under reduced pressure. The residue is subjected to flash chromatography on silica
gel (175 g, 32 cm x 4.5 cm) (25% dichioromethane-hexane, v/v) to give 4.1 g (92%) of

3-ethylindole as colorless plates (Note 12).
2. Notes

1. Indole was obtained from Fluka Chemie AG, and was crystallized frc;m
hexane and dried over phosphorus pentoxide (P>Os) before use.

2. Tetrahydrofuran was distilled from sodium benzophenone ketyl immediately
before use.

3. Butyllithium and tert-butyldimethylsilyl chloride were obtained frdm Fluka
Chemie AG and used as received.

4. N-Bromosuccinimide was obtained from Fluka Chemie AG, and crystallized
from water and dried over P>05 before use.

5. Chromatographic purification of the reaction mixture must be effected as

soon as possible after workup in order to separate traces of contaminating
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3-bromoindole, which promotes rapid decomposition. Pure 3-bromo-1-(tert-
butyldimethylsilyl)indole can be stored under argon at 4°C without appreciable
decomposition.

6. Silica gel (35-70 mesh) was used as received.

7. The spectral properties for 3-bromo-1-(tert-butyldimethylsilyl)indole are as
follows: TH NMR (300 MHz, CDCI3) 8: 0.60 (s, 6 H), 0.93 (s, 9 H), 7.17 (s, 1 H), 7.20 (m,
2 H), 7.48 (m, 1 H), 7.54 (m, 1 H); 13C NMR (75 MHz, CDCl3) &: -4.0 (CH3Si), 19.3
[C(CH3)3], 26.2 [C(CHa)3), 93.6 (C-3), 114.0 (C-7), 119.1 (C-4), 120.5 (C-5), 122.5 (C-
6), 129.6 (C-2), 129.8 (C-3a), 140.2 (C-7a). Anal Calcd for C14H20BrNSi: C, 54.18; H,
6.50; Br, 25.75; N, 4.51. Found: C, 54.21; H, 6.60; Br, 25.52; N, 4.62. Attempts to
crystallize 3-bromo-1-(tert-butyldimethylsilyl)indole were unsuccesstul.

8. tert-Butyllithium (1.7 M solution in pentane) was obtained from Aldrich
Chemical Company, Inc., and used as received.

9. Ethyl! iodide was obtained from Fluka Chemie AG and distilled prior to use.

10. NMR spectrum shows the presence of less than 3% of 1-(tert-
butyldimethyisilyl)indole. Crude 1-(tert-butyldimethylsilyl)-3-ethylindole can be purified
by flash column chromatography on silica gel (35-70 mesh) (350 g, 30 cm x 6 cm)
(100% hexane) to give pure 1-(tert-butyldimethylsilyl)-3-ethylindole as a colorless oil
in about 90% yield. The spectral properties are as follows: 'H NMR (300 MHz, CDClg)
8:0.57 (s, 6 H),0.92(s,9H),1.32(t, 3H,J=75),276 (g, 2 H,J =7.5), 6.92 (s, 1 H),
7.12 (m, 2 H), 7.47 (m, 1 H), 7.58 (m, 1 H); 13C NMR (75 MHz, CDCl3) 8: -3.9 (CH3Si),
14.5 (CH3CH2), 18.4 (CH2CH3), 19.5 [C(CH3)3], 26.3 [C(CHa)a], 113.8 (C-7), 118.8
(C-4), 119.2 (C-5), 119.8 (C-3), 121.3 (C-6), 126.9 (C-2), 130.9 (C-3a), 141.6 (C-7a).
Anél. Calcd for C1gH25NSi: C, 74.06; H, 9.71; N, 5.40. Found: C, 74.18; H, 9.73; N,
5.46.

11. Tetrabutylammonium fluoride in tetrahydrofuran (1 M solution) was obtained

from Fluka Chemie AG and used as received.
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12. The spectral properties for 3-ethylindole are as follows: TH NMR (200 MHz,
CDCig) 5:1.37 (1, 3H,J=7.5),2.82(q, 2 H, J = 7.5), 6.98 (br s, 1 H), 7.18 (m, 2 H), 7.37
(d,1H,J=75),766(d, 1 H, J=7.8),7.85 (brs, 1 H); 13C NMR (50 MHz, CDCl3) &:
15.0 (CH3CH2), 18.9 (CH2CH3), 111.6 (C-7), 119.3 (C-3), 119.5 (C-4), 119.6 (C-5),
121.1 (C-6), 122.4 (C-2), 128.0 (C-3a), 136.9 (C-7a). .

Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory"; National Academic Press; Washington, DC, 1996. ]
3. Discussion

Although there are many studies about the preparation and synthetic
applications of N-protected 2-lithioindoles,2 their isomers, the 3-lithioinddles, have
received little attention. Thus, the only indole protecting group used for the preparation
of simple 3-lithicindoles is the benzenesulfonyl group. 1-(Benzenesulfony!)-3-
lithioindole is prepared at -100°C by halogen-metal exchange with tert-butyllithium
from the corresponding 3-iodo-3 or 3-bromoindole.4 At higher temperatures it
rearranges to the thermodynamically more stable 2-lithio isomer. On the other hand,
some 2-substituted 1-(benzenesulfonyl)-3-lithioindoles undergo ring fragmenfation to
give 2-aminophenylacetylene derivatives.5 The change of the benzenesulfonyl
protecting group for a trialkylsily! group allows the preparatizm of 3-lithioindoles that
are relatively stable species even at room temperature.

In the present procedure, indole is protected with a ter‘t-butyldihe!hylsilyl group
and further brominated with N-bromosuccinimide in a one-pot reaction. 3-Bromo-1-

(tert-butyldimethyisilyl)indole readily undergoes halogen-lithium exchange with tert-
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butyllithium at -78°C. Subsequent reaction with an electrophile is exemplified by the
reaction with ethyl iodide to give 1-(tert-butyldimethylsilyl)-3-ethylindole. Other
electrophiles such as alky! or allyl halides, ethylene oxide, acylating reagents, carbon
dioxide, aromatic aldehydes, and trimethyltin chloride have also been employed
successfully in a 500 mg scale (see Table).6 The reactions regioselectively lead to 3-
substituted indoles. 2-Substituted indoles were not detected, indicating that 1-(tert-
butyldimethylsilyl)-3-lithioindole (1) does not undergo rearrangement to the 2-lithio
isomer. Products arising from a ring fragmentation were not detected either. When the
reactions of 1 with ethyl iodide and methyl iodide were carried out at room
temperature, the yields of the respective 3-alkylindoles were similar to those obtained
when operating at -78°C. Finally, the 1-tert-butyldimethylsilyl protecting group can be
readily removed by treatment with TBAF under mild conditions.

The triisopropylsilyl group gave comparable satisfactory results.”

As a further synthetic application, 3-lithicindole 1 was converted to 1-(tent-
butyldimethylsilyl)-3-indolytzinc chloride, which has been successfully employed in the

heteroarylation of the indole 3-position by a palladium(0)-catalyzed cross-coupling

reaction.8
Li R R
@E—J/ _Electrophile _ @fj/ TBAF |
N N v
| SiMeptBu , SiMe;t-Bu .
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TABLE
SYNTHESIS OF 3-SUBSTITUTED INDOLES

Entry Electrophile R 2 Yield(%) 3 Yield(%)2
a Mel Me 90 . 85
b BuBr Bu 64 61
c (CH2CH3)0 CH2CH,0H 63 62
d MezC=CHCHzBr®  CHoCH=CMe; 69c
e HCONMe,d CHO e 94
f CeHsCcOCId COCsHs B 84
g CeH5C02CH3d COCgHs 69 58
h CICO2CH3d CO2CH3 84 80
[ CO, COzH 94 70f
j CgH5CHO CHOHCgHs 67 g
k 4-CHO-CsH4N 4-CHOH-CsH%N 55 g
1 CiSnMeg SnMeg 94 h

80verall yield after purification by column chromatography. bThe 3-lithioindole 1‘ was
converted into a cuprate by addition of 1 equiv of CuBr-SMes. CAn 85:15 mixture of 3d
and the isomer in which R is CMeaCH=CHa, respectively, is obtained. 9The best yields
were obtained by reverse addition of the lithium derivative 1 to a THF solution of the
electrophile at -789C. €The corresponding 3-acyl dériuau'ves undergo partial
desilytation during the work-up. fThis desilylation was best effected by using CsF
instead of TBAF. UThese carbinolsv were obtained as pink oils, which paniall;l

decomposed during purification by column chromatography. hAttempts to deprotect

the tin derivative 21 afforded only indole.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);

(Registry Number)

3-Ethylindole: Indole, 3-ethyl- (8); 1H-Indole, 3-ethyl- (9); (1484-19-1)

3-Bromo-1-(tert-butyldimethylsilyl)indole: 1H-Indole, 3-bromo-1-{(1,1-dimethylethyl)-

dimethylsilyl]- (13); (153942-69-9)

indole (8); 1H-Indole (9); (120-72-9)

Butyllithium: Lithium, butyl- (8.9); (109-72-8)

tert-Butyldimethylsilyl chloride: Silane, chlora(1,1-dimethylethyl)dimethyl- (8);
(18162-48-6)

N-Bromosuccinimide: Succinimide, N-bromo- (8); 2,5-Pyrrolidinedione, 1-bromo-

(9); (128-08-5)
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1-(tent-Butyldimethylsilyt)-3-ethylindole: 1H-indole, 1-[(1,1-dimethylethyl)dimethyisilyl]-
3-ethyl- (13); (153942-71-3)

tert-Butyllithium: Lithium, tert-butyl- (8); Lithium, (1,1-dimethylethyl)- (9); (594-19-4)
Ethyl iodide: Ethane, iodo- (8,9); (75-03-6) .
Tetrabutylammonium fluoride: Ammonium, tetrabutyl-, fluoride (8); 1-Butanaminium,

£

N,N,N-tributyl-, fluoride (9); (429-41-4)
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3-MORPHOLINO-2-PHENYLTHIOACRYLIC ACID MORPHOLIDE AND
5-(4-BROMOBENZOYL-Z-(4-MORPHOLINO)-S-PHENYLTHIOPHENE

(Morpholine, 4-[3-(4-morpho|inyl)-2-phenyl-1-thioxo-z-propenyl]-,) and
{Thiophene, 5-(4-bromobenzoyl)-2-(4-morpholino)-3-pheny|-)

O N\
S/HN O
\—y

A P CH,
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/N
HC(OEt)3; HN, O
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e
Br@—{ -
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Submitted by Andreas Rolfs and Jirgen Liebscher.1
Checked by Andrew B. Benowitz and Amos B. Smith, 1l
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1. Procedure

Caution! Part A should be carried out in an efficient hood to avoid exposure to
noxious vapors (hydrogen sulfide).

A. Phenylthioacetic acid morpholide. A 100-mL, round-bottomed flask is
charged with 24.0 g (0.2 mol) of acetophenone, 1 g of p-toluene’sulfonic acid
monohydrate, 36.0 g (0.41 mol) of morpholine, and 6.4 g (0.2 mol) of sulfur (Note 1).
The flask is equipped with a reflux condenser and is heated at refiux for 3 hr (Note 2).
The resuiting reddish-brown solution is poured into 100 mL of stirred hot methanol
(55-60°C). The wall of the beaker is scratched with a glass rod for seeding. The
beaker is sealed with aluminum foil and put into a refrigerator for 6 hr (Note 3). The
resulting crystalline product is filtered and washed twice with ice-cold methanol (10
mL). The material (22.2 g, mp 69-79°C, almost colorless) is recrystallized by adding
25 mL of methanol and 25 mL of water and heating at reflux, followed by slow addition
of methanol (about 58 ml.) until complete solution is\obtained. After the sides of the
flask are scratched, the solution is cooled in a refrigerator for about 10 hr: 21.9 g
(49.5%) (Note 4) of the pure product is obtained, mp 77.5-79°C.

B. 3-Morpholino-2-phenyithioacrylic acid morpholide. A distillation apparatus
(250-mL, round-bottomed flask, distillation head, thermometer, condenser and
receiver) equipped with a magnetic stirrer is charged with 22.3 g (0.1 mol) of
phenylithioacetic acid morpholide, 26.1 g (0.3 mol) of morpholine and 67 mL (0.4 mol)
of triethyl orthoformate (Note 5). The flask is heated in a heating bath (bath
temperature ~ 160°C) for 8 hr. During this time, ethanol is distilled continuously from
the reaction (about 18 mL). Further raising the temperature of the bath to 180°C gives
rise to the distiliation of excess morpholine and triethyi orthoformate (:;,8 mL, bp 128-
130°C) from the orange solution within 30 min (Note 6). The mixture is evaporated

under reduced pressure (rotary evaporator, bath temperature ~ 80°C). The remai‘ning
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crystalline material is dissolved in 30 mL of chloroform and 150 mL of hot methanol
(about 60°C). The solution is allowed to cool to room temperature (Note 7) and is put
into a freezer (-24°C) for 12 hr. The light yellow product is filtered and washed with
methanol (30 mL) followed by diethy! ether (30 mL). After drying in the open air for 18
hr, 29.4 g (92%) (Note 8) of pure material is obtained, mp 156-156.5°C (Note 9).

C. 5-(4-Bromobenzoyl)-2-morpho/ino-a-phenylthiophene. A mixture of 3.18 g
(0.01 mol) of 3-morpholino-2-phenyithioacrylic acid morpholide, 2.8 g (0.01 mol) of 4-
bromophenacyl bromide, and 50 mL of methanol is heated to boiling. After the
addition of a solution of 1.01 g (0.01 mol) of triethylamine in 10 mL of methanol to the
mixture, the reaction is allowed to heat at reflux for 10 min. The reaction mixture is
then cooled to 0°C in a refrigerator for 1 hr. The yellow crystalline product is collected
by filtration and washed with 20 mL of cold methanol. After drying in the open air for
18 hr, 4.15 g (97%) of analytically pure product is obtained, mp 176-177°C (mp?

175°C). Although not necessary, the material can be recrystallized from acetonitrile.
2. Notes

1. All chemicals were obtained from the Aldrich Chemical Company, inc. itis
advisable to distill acetophenone and morpholine. The sulfur should be small
particles and must not form lumps. Excess morpholine is generally recommended in
Willgerodt-Kindler reactions.

2. The reflux condenser should be connected by a gas outlet and tubing
directly to the hood pipe to prevent hydrogen sulfide from entering the laboratory

atmosphere.
3. If crystallization fails, a small amount of the solution is evaporated, cooled in

an ice/sodium chloride bath, and scratched with a glass rod. The resulting crystais are

used to seed the main solution.
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4. The reported yield3 of 94% could not be achieved. The amount of sulfur can
be increased to 12.4 g (0.2 mol) giving a higher yield of phenylthioacetic acid
morpholide that contains some unreacted sulfur and a yellow impurity (2-morpholin-4-
yl-1-phenyl-2-thioxo-ethanone) that is difficult to remove.

5. Triethyl orthoformate was distilled. Trimethyl orthoformate caﬁ: not be used
since no reaction occurs. Excess morpholine and triethyl orthoformate are used as
solvents to achieve smooth solution. The amounts of both of these reagents can be
increased without affecting the yield. |

6. TLC of the remaining solution (0.25-mm Whatman precoated silica gel plate,
33% ethyl acetate in hexanes) does not show any starting phenyithioacstic acid
morpholide.

7. Crystaliization of the pure product begins after slight cooling.

8. Additional product can be obtained by evaporating the combined mother
liquor, adding 25 mL of methanol to the remaiqing oil, and cooling the resulting
solution to -24°C, ' - ’

9. The product consists of a mixture of E/Z isomers4 in an approximate ratio of
15:85; R¢ = 0.35 and 0.25 (0.25-mm Whatman precoated silica gel plate, 33% 9thy|
acetate in hexanes). Anal. Calc. for C17H22N202S: C, 64.12; H, 6.96; N, 8.80; S,
10.07, Found: C, 64.38; H, 6.99; N, 8.80; S, 10.18. IR (KBr) cm-1: 1611, 1586, 1440,
1429, 1413, 1236, 1226, 1116; Z-isomer (major isomer): '3C NMR (75 MHz, CDCl3) &:
124.8, 128.5 (C2',C3-CeHs), 125.3 (C4'-CgHs), 139.3 (C1-CgHs), 112.6 (C2), 137.5
(C3), 188.9 (C1); TH NMR (300 MHz, CDCl3) 8: 6.07 (s, HC=C); E-isomer (minor
isomer): 13C NMR (75 MHz, CDCl3) §: 126.4 (C4'-CgHs), 128.1, 129.9 (C2',C3"-
CeHs), 138.3 (C1'-CgHs), 115.2 (C2), 147.4 (C3), 203.3 (C1).
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Waste Disposal Information

All toxic materials were disposed of in accordance with "Prudent Practices in the

Laboratory”; National Academic Press; Washington, DC, 1996,
3. Discussion

3-Aminothioacrylic acid amides are versatile B-dicarbonyl derivatives that have
found widespread use as C-C-C and C-C-C-S building blocks in the synthesis of
heterocyclic and open chain products.5.6 To date, 2-arylthioacrylmorpholides with
mainly a 3-dimethylamino leaving group have been prepared by the Vilsmeier-Haack
reaction of arylthioacetic acid amides with DMF/POCI3.78 This synthesis is not
convenient since the resulting 3-dimethylaminothioacrylic acid morpholides must be
isolated as hydroperchlorates, the yields are occasionally low, and in a number of
cases (especially if other amino groups beside the morpholino or dimethylamino are
found in the products, or if the aryl group is ortho-substituted) no stable crystalline
material is obtained. With the present procedure? a very reliable synthesis of 3.
morpholinothioacrylic acid amides with a wide variety of 2-aryl substituents has been
elaborated. instead of triethyl orthoformate/morpholine, the non-commercially
available trismorpholinomethane'0 can be used ? also enabling the synthesis of the 2-
unsubstituted 3-morpholinothioacrylic acid morpholide. In addition to the well known
Willgerodt-Kindler reaction,’1 the starting thioacetamides can also be obtained by
other methods such as reaction of styrenes with sulfur and amines,’? and the reaction
of arylthioacetic acid thiol ester with amines.13 Furthermore the thioamide amino
group of the synthesized 3-morpholinothioacrylic acid amides can also be
monosubstituted. Through the use of pyrrolidine, 3-pyrrolidinothioacrylic acid amides

can be obtained. Generally the procedure is very simple and safe. Scale-up can be
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effected without incident and very pure products are obtained. Since the 3-morpholino
substituent usually acts as a leaving group in further synthetic applications, the same
reactivity is found as in the well investigated 2-aryl-3-dimethylaminothioacrylic acid
morpholides.

The mechanism of the formation of 3-aminothioacrylic anﬁiides from
arylthioacetic acid amides and ortho ester amine is likely to resemble similar

aminomethinylation reactions of other CH-acidic substrates.14

1. Institut fiir Chemie, Humboldt-Universitat Berlin, Hessische Str. 1-2, D-10115
Berlin, Germany.

2. Liebscher, J.; Abegaz, B.; Areda, A. J. Prakt. Chem. 1983, 325, 168.

3.  Mayer, R.; Wehl, J. Angew. Chem. 1964, 76, 861.
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Rolfs, A.; Liebscher, J.; Jones, P. G.; Hovestreydt, E. J. Prakt. Chem. 1995, 337,
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Appendix
Chemical Abstracts Nomenclature (Coliective Index Number);

(Registry Number)

3-Morpholino-2-phenylthioacrylic acid morpholide: Morpholine, 4-[3-(4-morpholinyl)-
2-phenyl-1-thioxo-2-propenyl]-, (11); (86867-31-4)

Phenylthioacetic acid morpholide: Morpholine, 4-(phenylthioacetyl)- (8);

Morpholine, 4-(2-pheny!-1-thioxoethyl)- (9); (949—01-9j

Acetophenone (8); Ethanone, 1-pheny!- (9); (98-86-2)

p-Toluenesulfonic acid monchydrate (8); Benzenesulfonic acid, 4-methyl-, mono-
hydrate (9); (6192-52-5)

Morpholine (8,9); (110-91-8)

Sulfur (8,9); (7704-34-9)

Triethyl orthoformate: Orthoformic acid, triethy! ester (8);

Ethane, 1,1',1"-[methylidynetris(oxy)tris- (9); (122-51-0)
2—(4-Bromobenzoyl)-s-morpholino-4-phenylthiophene: Methanone,
(4-bromopheny!)[5-(4-morpho|iny|)-4-phenyl-2-thienyI]- (11); (86673-62-3)
4-Bromophenacy! bromide: Acetophenone, 2,4'-dibromo- (8);

Ethanone, 2-bromo-1-(4-bromophenyl)- (9); (99-73-0)
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Unchecked Procedures 2713 Synthesis of 8,8-Dicyanoheptafulvene from Cycloheptatrienylium
Tetrafluoroborate and Bromomalononitrile.

Accepted for checking during the period August 1, 1994 H. Takeshita, A. Mori, and K. Kubo, Institute of Advanced Material
. Study, 86, Kyushu University, Kasuga-koen, Kasuga, Fukuoka, 816,
through April 1, 1996. An asterisk () indicates that Japan.
the procedure has been subsequently checked. i © 2724 Ethy! Glycidate from (S)-Serine: (R)-(+)-Ethyl 2,3-Epoxypropanoate.

Y. Petit and M. Larchevéque, Laboratoire de Synthése Organique,
‘ (URA 1381 du CNRS),-E.N.S.C.P., 11, rue Pierre et Marie Curie,
‘ 75231 Paris Cedex 05, France.

2725R (1R,2R,3S,4S)-3-Amino-1,7,7-trimethylbicyclo{2.2. 1]heptan-2-ol.
. F. Hénin, S. Jamal-Aboulhoda, S. Letinois, and J. Muzart, URA CNRS
Previously, Organic Syntheses has supplied these procedures upon request. ) ;Rga:rgggeswgg;sR‘l:iw;rsm(i:célézi gt FPrzr;ﬁtcczechimiques," UFR Sciences,
However, because of the potential liability associated with procedures which have not ' |

) . 2726 (E)-1-[(1-Methoxy-1-propenyl)oxyl-1-(1,1-dimethylethyl)sila-
been tested, we shall continue to list such procedures but requests for them should be cyclobutane: A Highly Selective syn-Aldol Reagent.
directad to the submitters listed. S. E. Denmark and B. D. Griedel, Roger Adams Laboratory,

Department of Chemistry, University of lllinois, 600 S. Mathew
Avenue, Urbana, IL 61801.

2730 Preparation of Cyanoalkynes.
F.-T. Luo and R.-T. Wang, Institute of Chemistry, Academia Sinica,
Nankang, Taipei, Taiwan, ROC.

2732 Preparation of Vitamin D2 from Ergosterol.
M. Okabe, Roche Research Center, Hoffmann-La Roche Inc., Nutley,
NJ 07110.

2733 Preparation of 4-Dimethylamino-N-triphenylmethylpyridinium
Chloride.

A. V. Bhatia, S. K. Chaudhary, and O. Hernandez, Chemical
Development Department, D-54Z, Abbott Laboratories, North
Chicago, IL 60064.

2734 R-(+)-(Hydroxymethyl)oxazolidin-2-one.
M. P. Sibi, B. J. Harris, P. A. Renhowe, J. W. Christensen, J.-L. Lu, D.
Rutherford, and B. Li, Department of Chemistry, North Dakota State
University, Fargo, ND 58105-5516.

2736" Asymmetric Synthesis of Diethy! (R)-(-)-(1-Amino-3-
methylbutyl}phosphonate.
A. B. Smith, I, K. M. Yager, B. W. Phillips, and C. M. Taylor,
Department of Chemistry, University of Pennsylvania, Philadelphia,
PA 19104.
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2739*

2740R

2742

2743R

2745

2746

2749

2750R1

2750R2

(R)-Ethyl 2-azidopropionate.

A. S. Thompson, F. W. Hartner, Jr., and E. J. J. Grabowski,
Department of Process Research, Merck Research Laboratories,
Rahway, NJ 07065.

Synthesis of Functionalized 2-Alkylsubstituted Dienes from 2--
(Chloromethy!)-3-tosyl-1-propene: 2-(Phenylthiomethyl)-1,3-
butadiene.

D. A. Alonso, C. Ngjera, and J. M. Sansano, Departamento de
Quimica Organica, Facultad de Ciencias, Universidad de
Alicante, 03080 Alicante, Spain.

Catalytic Asymmaetric Allylation (CAA) Reactions: (S)-1-
(Phenylmethoxy)-4-penten-2-ol. :

G. E. Keck and D. Krishnamurthy, Department of Chemistry, University
of Utah, Salt Laks City, UT 84112.

Synthesis of Chiral (E)-Crotylsilanes: [3R and 3S} (4E)-Methyl
3-(Dimethy!phenyl)silyl-4-hexenoate.

R. T. Beresis, J. S. Solomon, M. G. Yang, N. F. Jain, and J. S. Panek,
Department of Chemistry, Metcalf Center for Science and
Engineering, Boston University, Boston, MA 02215.

Cyclopropylacetylene.

E. G. Corley, A. S. Thompson, and M. Huntington, Process
Research Department, Merck Research Laboratories, Division of
Merck & Co., Inc., P.O. Box 2000, Rahway, NJ 07065.

1-Chloro-(2S,3S)-dihydroxycyclohexa-4,6-diene. :
T. Hudlicky, M. R. Stabile, D. T. Gibson, and G. M. Whited, Department
of Chemistry, University of Florida, Gainesville, FL 32611.

(R,R)-2,2-Dimethyl-a,0, 0’ 0'-tetra(naphth-2-yl)-1,3-dioxolane-4,5-
dimethano! from Dimethyl Tartrate and 2-Naphthylmagnesium
Bromide.

A. K. Beck, P. Gysi, L. La Vecchia, and D. Seebach, Laboratorium flr
Organische Chemie, ETH-Zentrum, Universitatstrasse 16, CH-8092
Zirich, Switzerland.

Catalytic Asymmetric Hydrogenation of Cyclic Imines.
C. A. Willoughby and S. L. Buchwald, Department of Chemistry .
Massachusetts Institute of Technology, Cambridge, MA 02139.

Ethglenebis(n5-4,5,6,7-tetrahydroindenyI)titanium Derivatives.

B. Chin, C. A. Willoughby, and S. L. Buchwald, Department of
Chemistry Massachusetts Institute of Technology, Cambridge, MA
02139.
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2751R*

2752

2753

2754

2755

2756

2757

2758*

2761

N-Vinylpyrrolidin-2-one as a 3-Aminopropy! Carbanicn Equivalent in
the Synthesis of Substituted 1-Pyrrolines: Preparation of 2-Phenyl-1-
pyrroline.

K. L. Sorgi, C. A. Maryanoff, D. F. McComsey, and B. E. Maryanoff,
The R. W. Johnson Pharmaceutical Research Institute, Welsh &
McKean Roads, Spring House, PA 19477.

Methyl (8)-2-Phthalimido-4-oxobutanoate.

P. Mefire, P. Durand, and F. Le Goffic, Laboratoire de Bioorganique 8t
Biotechnologies, Associé au C.N.R.S., ENSCP, 11, rue Pierre et
Marie Curie, 75231 PARIS Cédex 05, France.

Resolution of 1,1'-Bi-2-naphthol.
D. Cai, D. L. Hughes, T. R. Verhoeven, and P. J. Reider, Merck
Research Laboratories, P.O. Box 2000, Rahway, NJ 07065.

(R)-(+)- and (S)-(-)-2,2"-Bis(diphenylphosphino)-1,1'-binaphthyl
(BINAP).

D. Cai, J. F. Payack, D. R. Bender, D. L. Hughes, T. R. Verhoeven, and
P. J. Reider, Merck Research Laboratories, P.O. Box 2000, Rahway,
NJ 07065.

Synthesis and Ru(1l)-BINAP Reduction of a Ketoester Derived from
Hydroxyproline. )

S. A. King, J. Armstrong, and J. Keller, Merck Research Laboratories,
P.O. Box 2000, Rahway, NJ 07065.

Ethyl 5-Chiloro-3-phenylindole-2-carboxylate.

A. Furstner, A. Hupperts, and G. Seidel, Max-Planck-Institut fir
Kohlenforschung, Kaiser-Wilhelm-Platz 1, D-45470 Miiheim a. d.
Ruhr, Germany.

Isomerization of B-Alkyny! Allytic Alcohols to Furans Catalyzed by
Silver Nitrate on Silica Gel: 2-Pentyl-3-Methyl-5-heptylfuran.

J. A. Marshall and C. A. Sehon, The University of Virginia, Department
of Chemistry, McCormick Road, Charlottesville, VA 22901.

Wittig Olefination of Perfluoroalkyl Carbaxylic Esters: Synthesis of
1,1,1-Trifluoro-2-ethoxy-5-phenylpent-2-ene and 1-Perfluoroalky!
Epoxy Ethers: Synthesis of 1,1,1-Trifluoro-2-ethoxy-2,3-epoxy-5-
phenylpentane.

J.-P. Bégué, D. Bonnet-Delpon and A. Kornilov, BIOCIS CNRS,
Faculté de Pharmacie de Chatenay-Malabry, Rue J.B. Clément,
92296 Chatenay-Malabry, France.

Synthesis of (S,E)-1-(tert-ButyIdimethylsily|)oxy-1-(tri-n-butylstannyl)-
2-butene.

J. A. Marshall, A. W. Garofalo, and K. W. Hinkle, The University of.
Virginia, Department of Chemistry, McCormick Road, Charlottesville,
VA 22901.
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2762R

2763R

2764

2765

2766

2768R

2769*

2770

2771

2774
(4R,58)-4,5-Diphenyl-3-vinyl-2-oxazolidinone.
T. Akiba, O. Tamura, and S. Terashima, Sagami Chemical Research
Center, Nishi-Ohnuma, Sagamihara, Kanagawa 229, Japan.

2-Chlorophenylphosphorodichloridothioate.

V. T. Ravikumar and B. Ross, Department of Chemistry, Isis
Pharmaceuticals, Carlsbad, CA 92008. 2776
Generation of 1-Propynyliithium from Z/E 1-Bromo-t-propene:
Preparation of 6-Phenyl-hex-2-yn-5-en-4-ol.
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The procedures in this text are intended for use only by persons with prior training in
the field of organic chemistry. In the checking and editing of these procedures, every
effort has been made to identify potentially hazardous steps and to eliminate as much
as possible the handling of potentially dangerous materials; safety precautions have
been inserted where appropriate. If performed with the materials and equipment
specified, in careful accordance with the instructions and methods in this text, the
Editors believe the procedures to be very useful toois. However, these procedures
must be conducted at one's own risk. Organic Syntheses, Inc., its Editors, who act as
checkers and its Board of Directors do not warrant or guarantee the safety of
individuals using these procedures and hereby disclaim any liability for any injuries or
damages claimed to have resulted from or related in any way to the procedures
herein.

This edition published by Organic Syntheses, Inc.

Copyright©® 1996 by Organic Syntheses, Inc.

All rights reserved.

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 permission of the copyright owner is unlawful.

Printed in the United States of America

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 Scciety
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 adition 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 65-69 have been incorporated into a new five-year
version of the collective volumes of Organic Syntheses which has appeared as
Collective Volume Eight 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.
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NOMENCLATURE

Both common and systematic names of compounds are used throughout this
volume, depending on which the Editor-in-Chief felt was more appropriate. The
Chemical Abstracts indexing name for each title compound, if it differs from the title
name, is given as a subtitie. 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 or which illustrate important new
developments in methodology. The Editorial Board will consider proposals in outline
format as shown below, and will request full experimental details for those proposals
which are of sufficient interest. Tear-out copies of this form may be found at the back of
this volume. Submissions which are longer than three steps from commercial sources
or from existing Organic Syntheses procedures will be accepted only in unusual
circumstances.

rgani nth Pr | Form

1) Authors
2) Title
3) Literature reference or enclose preprint if available.
4) Proposed sequence
Best current alternative(s)
a. Proposed scale, final product:
b. Overall yieid:
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



IProposals wi‘II be evalgated in outline form, again after submission of full
experémentaIAdfeta:Is and discussion, and, finally by checking experimental
procedures. orm that details the preparation of a complete procedure (Notice
Submitters) may be obtained from the Secretary. P P ( ©

Additions, corrections, and improvements to the preparations previ |
published are welcomed; these should be directed to thg Specretary. pH?)w(;L\'/ZIY
g:heckmg of such improvements will only be undertaken when new methodology ié
mvolved.' Substantially improved procedures have been included in the Collective
Volumes in place of a previously published procedure.
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HANDLING HAZARDOUS CHEMICALS
A Brief Introduction

General Reference: Prudent Practices in the Laboratory; National Academic Press;
Washington, DC, 1996.

Physical Hazards

Fire. Avoid open flames by use of electric heaters. Limit the guantity of
flammable liquids stored in the laboratory. Motors should be of the nonsparking
induction type.

Explosion. Use shielding when working with explosive classes such as
acetylides, azides, ozonides, and peroxides. Peroxidizable substances such as ethers
and alkenes, when stored for a long time, should be tested for peroxides before use.
Only sparkless "flammable storage" refrigerators should be used in laboratories.

Electric Shock. Use 3-prong grounded electrical equipment if possible.
Chemical Hazards

Because all chemicals are toxic under some conditions, and relatively few have
been thoroughly tested, it is good strategy to minimize exposure to all chemicals. In
practice this means having a good, properly installed hood; checking its performance
periodically; using it properly; carrying out most operations in the hood; protecting the
eyes; and, since many chemicals can penetrate the skin, avoiding skin contact by use
of gloves and other protective clothing.

a. Acute Effects. These effects occur soon after exposure. The effects
include burn, inflammation, allergic responses, damage to the eyes, lungs, or nervous
system (e.g., dizziness), and unconsciousness or death (as from overexposure to
HCN). The effect and its cause are usually obvious and so are the methods to prevent
it. They generally arise from inhalation or skin contact, so should not be a problem if
one foliows the admonition "work in a hood and keep chemicals off your hands".
Ingestion is a rare route, being generally the result of eating in the laboratory or not
washing hands before eating.

b. Chronic Effects. These effects occur after a long period of exposure or
after a long latency period and may show up in any of numerous organs. Of the
chronic effects of chemicals, cancer has received the most attention lately. Several
dozen chemicals have been demonstrated to be carcinogenic in man and hundreds to
be carcinogenic to animals. Although there is no simple correlation between
carcinogenicity in animals and in man, there is little doubt that a significant proportion
of the chemicals used in laboratories have some potential for carcinogenicity in man.
For this and other reasons, chemists should employ good practices.

Xi



The key to safe handling of chemicals is a good, properly installe

and the referenqed book devotes many pages tog hoodps gndyventilatittj)t?.oo‘i{
recommends that in a laboratory where people spend much of their time working with
chemicals there should be a hood for each two people, and each should have at least
2.5 linear fe.et (0.75 meter) of working space at it. Hoods are more than just devices to
keep updesurable vapors from the laboratory atmosphere. When closed they provide a
protective barrier between chemists and chemical operations, and they are a good
containment device for spills. Portable shields can be a useful supplement to hoods,
ar can be an alternative for hazards of limited severity, e.g., for small-scale operations
with oxidizing or explosive chemicals.

_ Specialized equipment can minimize exposure to the hazards of laboratory
operations. Impact resistant safety glasses are basic equipment and should be wom
at all times. They may be supplemented by face shields or goggles for particular
operations, such as pouring corrosive liquids. Because skin contact with chemicals
can lead to skin irritation or sensitization or, through absarption, to effects on internal
organs, protective gloves are often needed.

Laboratories should have fire extinguishers and safety showers. Respirators
should be qvallable for emergencies. Emergency equipment should be kept in a
central location and must be inspected periodically.
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DISPOSAL OF CHEMICAL WASTE
General Reference: Prudent Practices in the Laboratory, National Academy
Press, Washington, D.C. 1996
Effluents from synthetic organic chemistry fall into the following categories:
1. Gases
1a. Gaseous materials either used or generated in an organic reaction.

1b.  Solvent vapors generated in reactions swept with an inert gas and during
solvent stripping operations.

1c.  Vapors from volatile reagents, intermediates and products.
2. Liquids
2a. Waste solvents and solvent solutions of organic solids (see item 3b).

2b.  Agueous layers from reaction work-up containing volatile organic
solvents.

2¢.  Aqueous waste containing non-volatile organic materials.

2d. Aqueous waste containing inorganic materials.

3. Solids

3a. Metal salts and other inorganic materials.

3b. Organic residues (tars) and other unwanted organic materials.

3c.  Used silica gel, charcoal, filter aids, spent catalysts and the like.

The operation of industrial scale synthetic organic chemistry in an
environmentally acceptable manner* requires that all these effluent categories
be dealt with properly. In small scale operations in a research or academic

setting, provision should be made for dealing with the more environmentally
offensive categories.

“An environmentally acceptable manner may be defined as being both in compliance with atl
relevant state and federal environmental regulations and in accord with the common sense and
good judgement of an environmentally aware professional.



la. Gaseous materials that are toxic or noxious, e.g., halogens, hydrogen
halides, hydrogen sulftide, ammonia, hydrogen cyanide, phosphine,
nitrogen oxides, metal carbonyls, and the like.

1c.  Vapors from noxious volatile organic compounds, e.g., mercaptans,
sulfides, volatile amines, acrolein, acrylates, and the like.

2a.  All waste solvents and solvent solutions of organic waste.
2c.  Aqueous waste containing dissolved organic material known to be toxic.

2d. Aqueous waste containing dissolved inorganic material known to be
toxic, particularly compounds of metals such as arsenic, beryllium,
chromium, lead, manganese, mercury, nickel, and selenium.

3. All types of solid chemical waste.

Statutory procedures for waste and effluent management take precedence over
any other methods. However, for operations in which compliance with statutory
regulations is exempt or inapplicable because of scale or other circumstances,
the following suggestions may be helpful.

Gases:

Noxious gases and vapors from volatile compounds are best dealt with at the
point of generation by "scrubbing" the effluent gas. The gas being swept from a
reaction set-up is led through tubing to a (farge!) trap to prevent suck-back and
on into a sintered glass gas dispersion tube immersed in the scrubbing fluid. A
bleach container can be conveniently used as a vessel for the scrubbing fluid.
The nature of the effluent determines which of four common fluids should be
used: dilute sulfuric acid, dilute alkali or sodium carbonate solution, laundry
bleach when an oxidizing scrubber is needed, and sodium thiosulfate solution
or diluted alkaline sodium borohydride when a reducing scrubber is needed.
ice should be added if an exotherm is anticipated.

Larger scale operations may require the use of a pH meter or starch/iodide test
paper to ensure that thg scrubbing capacity is not being exceeded.

When the operation is complete, the contents of the scrubber can be poured
down the laboratory sink with a large excess (10-100 volumes) of water. If the
solution is a large volume of dilute acid or bass, it should be neutralized before
being poured down the sink.

Xiv

Liquids:

Every laboratory should be equipped with a waste sclvent container in which al/
was?; organicrysolvents and solutions are collected. The contents of these
containers should be periodically transferred to properly Iapeled waste solvent
drums and arrangements made for contracted disposal in a regulated and
licensed incineration facility.**

Aqueous waste containing dissolved toxic organic material should be
decomposed in situ, when feasible, by adding acid, base, qxgdant, or reductant.
Otherwise, the material should be concentrated to a minimum volume and
added to the contents of a waste solvent drum.

Aqueous waste containing dissolved toxic inorganic matgrial should be
evaporated to dryness and the residue handled as a solid chemical waste.

Solids:

Soluble organic solid waste can usually be transfe(red into a waste solvent
drum, provided near-term incineration of the contents is assured.

Inorganic solid wastes, particularly those contairjing toxic metals and toxic metal
compounds, used Raney nickel, manganese dioxide, etc. should be placed in
glass bottles or lined fiber drums, sealed, properly labeled, and arrangements
made for disposal in a secure landfill.”™ Used mercury is pamcularly pernicious
and small amounts should first be amalgamated with zinc or combined with
excess sulfur to solidify the material.

Other types of solid laboratory waste including used silica gel and vcharcoal
should also be packed, labeled, and sent for disposal in a secure landfill.

Special Note:
Since local ordinances may vary widely from one locale to another, one should

always check with appropriate authorities. Also, profgssiona| disposal services
differ in their requirements for segregating and packaging waste.

i arrangements for incineration of waste solvent and disposal of sofid chemical waste by
licensed contract disposal services are not in place, a list ot prov»ders of such services should be
available from a state or local office of environmental protection.
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PREFACE

Most organic chemists agree that organic synthesis is not a mature art. We have
come a long way, but we have to develop more reliable methods and procedures with
improvement in synthetic efficiency. New procedures are needed for safe and
economical large scale operation. Despite its great successes, organic synthesis still
remains heavily dependent on empirical methods.

While we strive to attain these noble goals, Organic Syntheses continues to try
to identify important current methods and preparations. Annual Volume 74 contains a
series of twenty-eight checked and edited procedures that describe in detail the
preparation of generally useful synthetic reagents, intermediates, and heterocycles. It
also includes new synthetic methodology which is at the leading edge of organic
chemistry.

This collection begins with a series of five procedures illustratihg new methods
for preparation of important chiral intermediates in enantiomerically pure form.
Glyceraldehyde derivatives with one protected and one free hydroxyl function could
offer new options. Both enantiomers of 2.0-BENZYLGLYCERALDEHYDE can be
prepared in three steps from commercially available diethyl D- and L-tartrate. The
one-pot conversion of menthol to 1-menthoxy-1-butyne followed by the efficient
stereoselective reduction to the corresponding Z- and E-enal ethers is described in the
preparation of (Z)- AND (E)-1 -MENTHOXY-1-BUTENE. Preparation of (R)-(+)-
2-(DIPHENYLHYDROXYMETHYL)PYHROLIDINE, an important intermediate in
the synthesis of chiral ligands, is ilustrated. The chemistry reported here is based on
the excellent utilization of an asymmetric lithiation/substitution sequence. The putative
enantioenriched 2-lithiated pyrrolidine is obtained by the lithiation of Boc-pyrrolidine in
the presence of (-)-sparteine. The B-methyloxazaborolidine-catalyzed asymmetric
reduction of a cyclopentanone derivative is described in the procedure for (R)~(-)2,2-
DIPHENYLCYCLOPENTANOL. An alternative large scale preparation of {S)-1,1-
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diphenylprolinol via conventional (S)-proline-N-carboxyanhydride and the
oxazaborole-borane complex is described in the procedure for the (S)-
TETRAHYDRO-1-METHYL-3,3-DIPHENYL-1H,3H-PYRROL0[1,2c][1 ,3,2]-
OXAZABOROLE-BORANE COMPLEX. This procedure provides a reliable
process for oxazaborolidine preparation based on the reaction of trimethylboroxine
with diphenylprolinol derivatives. The oxazaborolidine-borane complex is used for the
enantioselective reduction of prochiral 1-indanone in high selectivity (ee = 97.8%).
The next six procedures illustrate the preparation of useful building biocks and
intermediates. Large-scale preparation of 1,2,3-TRIPHENYLCYCLOPROPENIUM
BROMIDE by the addition of the phenylichloro carbenoid intermediate to acetylenes is
ilustrated. A sizeable amount of diphenylacetylene can be converted quantitatively to
cyclopropenium bromides in a few hours. The reaction has wide generality and can be
applied to other substituted acetylenes. Vinyl triflates are important intermediates in
organic syntheses. New triflating reagents, N-(PYRIDYL)TRIFLIMIDE AND N-(5-
CHLORO-2-PYRIDYL)TRFLIMIDE, are presented. The preparation of
BIS(TRIMETHYLSILYL)PEROXIDE (BTMSPO) provides a highly reliable and
safe procedure for this widely used reagent. BTMSPO has been used in the
preparation of stereochemically pure E- or Z-silyi enol ethers. BTMSPO can also be
used as a mild aprotic oxidizing agent for the preparation of sulfoxides, phosphine
oxides, and aldehydes. Another useful oxidation agent, DIMETHYLDIOXIRANE,
and the preparation of trans-STILBENE OXIDE are presented. Dimethyidioxirane
(DMD) is used widely for epoxidation. The reaction is usually carried out at room
temperature in neutral solution and proceeds stereospecifically in essentially
quantitative yields. The reaction is applicable to a variety of unsaturated systems. The
next procedure describes the convenient preparation of the strong, non-nucleophilic
base, 2-tert-BUTYL-1,1,3,3-TETRAMETHYLGUANIDINE. This strong base
provides an inexpensive alternative to the commonly used amidine bases such as

DBN or DBU. The synthetic utility of this base is demonstrated in the preparation of
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2,2,6-TRIMETHYLCYCLOHEXEN-1-YL IODIDE. The preparation of DIETHYL
(DICHLOROMETHYL)PHOSPHONATE is presented. The use of isopropyl-
magnesium chloride instead of butyllithium reduces the amount of by-products and
simplifies the purification steps. The preparation of (4-METHOXYPHENYL)-

ETHYNE via generation and trapping of an unstable phosphorylated carbanion is

illustrated. The methodology is well suited for the synthesis of a wide variety of

terminal acetylenic compounds.

The next three procedures provide useful building blocks for general
syntheses. 2,3-DIBROMO-1-(PHENYLSULFONYL)-1-PROPENE (DBF) is
utilized for the preparation of furans and cyclopentenones. The dibromopropene
derivative can be obtained easily by the addition of bromine to a 1,2-propadiene. The
resulting dibromide is a stable crystalline solid which may be viewed as a
multielectrophilic reagent with a great potential as a nucleophilic acceptor for
sequential additions. The reaction of 1,3-dicarbonyl compounds with DBP affords 2-
METHYL-4-[(PHENYLSULFONYL)METHYL]FURAN. In contrast, anions
derived from 1,3-dicarbonyl compounds substituted at the C-2 pasition are found to
induce a complete reversal in the mode of ring closure to give 2-METHYL-3-
[(PHENYLSULFONYL)METHYL]-2-CYCLOPENTEN-1-ONE. The pendant
sulfone group offers a convenient and versatile site for further elaborations. PHENYL
VINYL SULFIDE shows a number of synthetically useful attributes as an electron-
rich alkene in numerous cycloaddition reactions. The product obtained in high yield
using common reagents and mild conditions via this procedure is stable at room
temperature under a nitrogen atmosphere for months. NITROACETALDEHYDE
DIETHYL ACETAL has been used to obtain various other acetals by
transacetalization. Aliphatic nitro compounds are highly versatile building blocks in
organic syntheses. For example, the nitroaldol addition leads to the formation of 1,2-
nitro alcohols which are easily transformed into 1,2-aminoalcohols.
The next four procedures describe the regioselective preparation of bicyclic ring

systems, specifically, condensed five-membered carhocyclic derivatives. A large
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number of methods have been developed for the construction of five membered
carbocyclic systems. The method for the preparation of (3aB,9bp)-1,2,3a,4,5,9b-
HEXAHYDRO-9b-HYDROXY-3a-METHYL-3H-BENZ[e]INDEN-3-ONE is
based on the formal concept of employing cyclopropanone in a mixed aldol
condensation with an enolate of another ketone. The aldclate thus obtained exhibits
characteristics of a “homoenolate” and undergoes a subsequent annulation reaction.
The chemistry of phenylsulfonyl-substituted butadienes is receiving increased
attention due to their versatility in organic synthesis. Treatment of 2-butyne-1,4-diol
with benzenesulfenyl chloride affords 2,3-bis(phenylsulfinyl)-1,3-butadiene as a result
of a series of 2,3-sigmatropic rearrangements. The preparation of 2,3-
BIS(PHENYLSULFONYL)-1,3-BUTADIENE by oxidation of the disulfoxide is
demonstrated, and its [3+2] anionic cyclization to produce trans-4,7,7-
TRICARBOMETHOXY-Z-PHENYLSULFONYLBICYCLO[3.3.0]OCT-1-ENE is
detailed. This strategy can clearly be applied to more complex targets. The
generation of an o,B-unsaturated ketene intermediate which undergoes intramolecular
[2+2] cyclization to give 1,4-DIMETHYLBICYCLO[3.2.0]HEPT-3-EN-6-ONE is
illustrated. This synthetic approach demonstrates the simplicity of the procedure and
the selectivity by which the thermodynamically more stable isomer can be prepared in
high purity and good yield. The last example in this class is the excellent
regioselective preparation of 4,6a-DIMETHYL-4,5,6,6a-TETRAHYDRO-3a-
HYDROXY-2,3-DIISOPROPOXY-4,6a-1(3aH)-PENTALENONE. The principal
pathway involves trans-1,2-addition of 2-lithiopropene to squarate esters to generate a
cyclobutene dialkoxide which undergoes rapid ring opening to a doubly-charged
1.3,5,7-octatetraene. Following electrocyclization of the octatetraene intermediate to
form a cycloocteny! dienolate, the stage is set for intramolecular aldolization via
transannular cyclization.

The next four procedures all involve the preparation of useful olefin derivatives.
B,y-Unsaturated carboxylic acids such as (E)-4,8-DIMETHYL-3,7-NONADIENOIC
ACID are important intermediates for many natural products syntheses. Allylic barium
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reagents are prepared via reaction of in situ-generated ACTIVE BARIUM with
various allylic chlorides, and react with excess carbon dioxide resulting in exclusive a-
carboxylation, whereas y-carboxylation occurs with the magnesium reagent. Allylic
barium reagents show high regioselectivity for thé a-position, and the double bond
geometry of the allyl chloride precursor is completely retained. Geminal dimethylation
at a carbon center is a useful method in organic synthesis. Although the Tebbe-like
protocol is effective for converting a carbonyl group to a gem-dimethyl group, its
application to an allylic carbonyl substrate is limited by poor regioselectivity. The next
procedure describes a method based on the nickel-catalyzed cross coupling reactions
of dithio acetals with Grignard reagents in the preparation of (E)-1-PHENYL-3,3-
DIMETHYL-1-BUTENE. The conversion of ethyl propiclate to (E)- or (Z)-1-
JODOHEPT-1-EN-3-OL and the transformation of a (Z)-3-IODOACRYLATE to
(2)--tODOACROLEIN is illustrated. Regio- and stereoselective conversion of ethyl
propiolate with sodium iodide in acetic acid provides the Z-iodoacrylate. The thermal
isomerization of the anion formed by Grignard addition provides either (Z)- or (E)-
alkylated product. Organometallic derivatives of zirconium (IV) are readily obtained by
hydrozirconation of alkenes and alkynes. Transmetalation of alkenylzirconocenes to
the corresponding organozinc compounds occurs rapidly at low temperature.
Subsequent addition of aldehydes provides an in situ protocol for the conversion of
alkynes into allylic alcohols in good yields. Such an example is depicted in the
preparation of 1-[(tert-BUTYLDIPHENYLSILYL)OXY]DEC-3-EN-5-OL.
Bromination of 1-alkynes with NBS in the presence of catalytic amounts of silver nitrate
is successfully applied for the preparation of METHYL and tert-BUTYL 3-
BROMOPROPIOLATES. The preparation of MESITYLENESULFONYL-
HYDRAZINE and its application for the preparation of racemic 2,6-DI-
METHYLCYCLOHEXANECARBONITRILE are illustrated. This procedure
provides a simple one-pot process for conversion of a moderately hindered ketone to
the next higher nitrile analog. Ketones with o,«’-alkyl substituents may be used as

diastereomeric mixtures, since they equilibrate to one pair of enantiomers during



hydrazone formation, and this stereochemistry is preserved during the cyanide ion
reaction.

Volume 74 concludes with four procedures for heterocyclic compounds.
Oxazoles bearing a 4-carboxy-derived group are of considerable importance in
natural products. A more direct approach to oxazoles than that afforded by the
Cornforth synthesis is desirable. Preparation of 4-CARBOMETHOXY-5-METHYL-
2-PHENYL-1,3-OXAZOLE based on rhodium-catalyzed hetero-cycloaddition is
Hllustrated. Several examples of oxazole formation utilizing dimethyl diazomalonate
and diazo formylacetate are included. The powerful method for the introduction of a
masked hydrazine into an electron rich aromatic ring system is beautifully utilized for
the preparation of 5,7-DIMETHOXY-3-METHYLINDAZOLE in a two step
procedure. This direct amination eliminates the traditional four step protocol. Lithiation
at C-3 in indole has received little attention due to rearrangement to the more
thermally stable 2-isomer at elevated temperature. The replacement of the traditional
benzenesuifony! nitrogen-protecting group with a trialkylsilyl group allows the
preparation of 3-lithicindoles. Subsequent reaction with an electrophile is exemplified
by the preparation of 3-ETHYLINDOLE after the removal of the silyl group. The 3-
lithioindole can be converted to 3-indolylzinc chioride which has been successiully
employed in the heteroarylation of the indole 3-position by a palladium(0)-catalyzed
cross-coupling reaction. The last procedure presents a very reliable preparation of 3-
morpholinothioacrylic acid amides with a wide variety of 2-aryl substituents which can
be utilized in the preparation of 5-(4-BROMOBENZOYL-2-(4-MORPHOLINO)-3-
PHENYLTHIOPHENE.

One of the reasons for the continuing success of Organic Syntheses is the
dedicated teamwork of those organic chemists who act as Editorial Board members
and their coworkers acting like a family. The scrupulous selection and follow up of
these procedures is the key role played by Professor Jeremiah Freeman, Secretary to
the Board. | would like to acknowledge Jerry's efforts and also those of Assistant
Editor, Dr. Theodora W. Greene, whose invaluable editorial work made my task much
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easier. | am also indebted to my colleagues on the Editorial Board for their assistance
and Merck Process Research chemists for the meticulous checking and numerous
discussions of the procedures. 1 strongly believe these twenty-eight procedures cited
in this volume will guide and provide a deeper prospect toward the “Art of Organic
Synthesis” among the organic chemists at industrial and/or academic research

institutes throughout the entire world.

DBM, Parsippany, New Jersey Ichiro Shinkai
May 1996
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William S. Johnson

February 24, 1913 - August 18, 1995

William S. Johnson was a highly respected leader among research chemists
and educators while, at the same time, he was humble about his accomplishments.
His career spanned an explosive period of rapid progress in science and he was at
the cutting edge of many of the basic changes that have taken place. His deep respect
and love for science led to a career that was characterized by creative, insightful and
thorough research and resulted in a body of work on steroid synthesis that is
unparalleled for its thorough comprehensive coverage.

Bill Johnson did his undergraduate studies at Amherst College, an institution
that has spawned a number of chemical leaders. Atfter finishing his doctoral work with

Professor Louis Fieser at Harvard University in late 1939 and a brief postdoctorat stint
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at Harvard with Professor R. P. Linstead, Johnson began his independent academic
career at the University of Wisconsin in 1940. The research program that Johnson
initiated was directed at the development of methodology for the synthesis of steroids.
While the approaches would change over the years, this theme would become the
dominant direction for Bill Johnson's research effort over his entire academic career.
The "Wisconsin era” was devoted to a classical approach to the total synthesis of the
steroid skeleton and resulted in the development of the benzylidene blocking group for
the angular methylation of a-decalone type molecules, the use of the Stobbe reaction
for the synthesis of the aromatic steroids equilenin and estrone, and the
"hydrochrysene approach” to the total synthesis of nonaromatic steroids. These
research efforts led to a remarkable collection of papers that described highly efficient
classical syntheses of steroid hormones of increasing molecular complexity from
equilenin to cortisone and aldosterone.

Bill Johnson rose through the academic ranks and became a full professor in
1946 in 1950 he was named Homer Adkins Professor of Chemistry. He was elected
to the Board of Editors of Organic Syntheses in 1948 and edited the 34th volume of
this important series. His election to the National Academy of Sciences in 1954 and
receipt of the ACS Award for Creative Work in Synthetic Organic Chemistry in 1958
were testimony to the importance and creativity of his earlier synthetic achievements
and were just the beginning of a long string of awards to come. In 1960 Johnson
moved his research program to Stanford University and in addition to his scientific
efforts took on the challenge of Executive Head of the Depanmenf of Chemistry. For
the following nine years, he not only directed a vigorous research effort but also
planned and developed the expansion of the Department that elevated it to one of the
top-ranked schools in the world. This expansion added 13 new faculty members and
included such stars as Carl Djerassi, Eugene van Tamelen, John Brauman, Paul Flory,

Henry Taube and Harden McConnell.
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His stint as Executive Head of the department ended when he resigned the post
in 1969 and was appointed Jackson-Wood Professor of Chemistry. He held this
endowed chair until 1978, when he became emeritus. As an emeritus professor,
Johnson continued his research program in collaboration with post-doctoral students
until the very end of his life and was particularly pleased and gratified that his research
program continually earned the support of peer-reviewed funding agencies.

The Stanford era of Johnson's research program is characterized by his effort to
mimic enzymatic syntheses of steroid molecules. Stimulated by the Stork-
Eschenmoser proposals for the biosynthesis of sterols through the cationic olefin
cyclization of squalene to form the polynuclear skeleton, Johnson first realized some
success in the chemical cyclization of diene systems that formed the decalin ring
system. By application of the characteristic thorough Johnson approach to research,
he and his group of co-workers expanded these early beginnings with the
development of methods for the synthesis and cyclization of polyene systems that
were readily transformed into natural steroid molecules. This effort not only led to the
development of several different methods for the initiation of the polyene cyclization
but also excellent methodology for the synthesis of the precursor polyene molecules
themselves. Through the extensive development of acetylenic chemistry and the
development and application of the Claisen rearrangement, Johnson's group was
able to prepare large quantities of complex polyenes for cyclization experiments.
Much of this methodology, of course, transcends the narrow purpose of polyene
synthesis for which it was designed and is now in the general repertoire of synthetic
organic chemistry and widely used for other objectives. Ultimately, Johnson was able
to refine the polyene approach to steroid synthesis to the point that the process was
nearly of commercial use. This beautiful body of work, like that of the more classical
Wisconsin era, forms a lasting testament to the genius and insight of Bill Johnson. His

work was marked by a passion for a thorough understanding of the science involved
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and the accuracy with which the experimental results were obtained and reported
were hallmarks of the Johnson School of Synthesis. Many awards in recognition of
this work were forthcoming. He received the Nichols Medal Award (1968), the Rousse!
Prize (1970), the Roger Adams Award (1977), the National Medal of Science (1987),
the Arthur C. Cope Award (1989) and the Tetrahedron Prize (1991), several honorary
degrees (Amherst College (1956), Long Island University (1968)), membership in the
American Academy of Arts and Sciences (1963) and numerous endowed lectureships
at universities throughout the world.

During a research career that spanned 53 years, Bill Johnson was as proud of
his co-workers as their research. He enjoyed the job of teaching and watching young
people light up and become turned on by science. He was the mentor of over 100
predoctoral and 200 postdoctoral students and he tried to follow all their careers as
they developed in science. Many of his students made him very proud as their careers
in academe and industry developed and he enjoyed his paternal part of their
successes. In his teaching of research, he conveyed the respect that science requires
and scrupulous attention to the accuracy of the observations made. Experiments
worth doing were always to be well planned, executed with care and attention and
recorded accurately and dispassionately. As a result Bill Johnson's research is a
compilation of reliable and reproducible results that presents an understanding of
steroid synthesis in a depth of unusual proportions.

He is survived by his wife and partner of 55 years Barbara (nee Allen). In
conclusion, | feel that as a Johnson graduate student, | am allowed a personal note of
farewell to a mentor, a colleague and, most of all, a close and dearly loved friend.
Were there a way to have it otherwise we would never have had to par.

November 23, 1995 Robert E. Ireland
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RALPH LLOYD SHRINER
October 9, 1889 - June 7, 1994

Ralph Lloyd Shriner, Editor-in-Chiet of Volume 27 of Organic Syntheses,
published in 1947 and, with his wife, Rachel H., Coeditor of Organic Syntheses,
Cumulative Indices to Collective Volumes |, Ii, Ill, IV, V, published in 1976, died June
7, 1994 of pneumonia following surgery for a broken hip, in Lincolnshire, lilinois, at the
age of 94. Following his term of service on the Board of Editors, during which Volume
27 was published, Dr. Shriner became a member of the Advisory Board, and was
elected to the Board of Directors in 1951, and served as Vice President from 1974 to
1976, before retiring from the Board in 1977. Dr. Shriner was a dedicated and
valuable member and senior statesman of the Board of Directors and of its Finance

Committee, where his wise and conservative advice, particularly with respect to bonds,
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was much appreciated. Collective Volume VI of Organic Syntheses was dedicated to
Ralph and Rachel Shriner.

Born in St. Louis, Missouri on October 9, 1899, Ralph Shriner was the oldest of
the two children of George B. Shriner and Edith Barnett Shriner. His father worked as
an agent for the railroad for some years. Ralph and sister, Ruth, attended public
schools in St. Louis. During the summers, Ralph worked on his Uncle Al's farm in
Cuba, Missouri, in the Ozarks, southwest of St. Louis. His uncle also owned the Ford
Model T dealership, and one of Ralph's jobs was to go to the freight yard with his
cousin Jim, assemble the cars, and drive them to the sales yard. Thus, Ralph learned
to drive at the tender age of 12. Uncle Al also became the owner of the local
telephone company, after it went bankrupt, and Ralph and his cousin Jim became the
line repairboys, learning how to fix the phones, climb the poles, and maintain the
wires. In his teens, Ralph built his own radio receiver and transmitter and became a
ham radio operator. He was active in the Boy Scouts, became an Eagle Scout, and
later served as a scoutmaster.

Ralph joined the U.S. Army and was finishing his basic training in 1918 when
Germany surrendered, ending World War |. After receiving his honorable discharge
from the army, Ralph entered Washington University in his hometown, where he
majored in chemical engineering. He received a B.S. degree in 1921 and then stayed
on for the year 1921-22 as Instructor in Chemistry. In 1922 he began graduate work in
organic chemistry at the University of lllinois, receiving an M.S. degree in 1923 and a
Ph.D. degree in 1925 under Roger Adams. From 1925 to 1927 he served as a
Research Associate and Assistant Professor at the New York College of Agriculture
Experiment Station in Geneva, New York, and also held a joint appointment at Cornell
University. While in Geneva, Ralph met a young researcher, Rachel Haynes, and they
were married on August 17, 1929 in Springfield, Massachusetts. Their daughter, Joan

(now Palincsar), was born on July 25, 1932,
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In 1927 Ralph returned to the University of lllinois as an Assistant Professor and
worked his way through the ranks to become a full Professor. In 1941 he moved to
Indiana University to become a Professor of Chemistry and Chairman of the Chemistry
Department, which had not yet been accredited by the American Chemical Society.
He led a revamping of the curriculum and, in 1942, the department was accredited.
The library was improved, a trained chemistry librarian was appointed, and a shop
was established. With the bombing of Pearl Harbor on December 7, 1341, and the
subsequent entrance of the United States into World War i, there was much work tc be
accomplished, including the instruction of many soldiers. Ralph was also heavily
involved in war research with the Committee on Medical Research (CMR), Office of
Scientific Research and Development (OSRD), and the Army and Navy, particularly
with respect to the synthesis of compounds having antimalarial properties. After the
war ended in 1945, Ralph took a one-year sabbatical leave in 1946-47, during which
he revised his textbook, "The Systematic Identification of Organic Compounds,” and
did some editing.

In 1947 Ralph moved to the University of lowa (then called the State University
of lowa), in lowa City, as Professor of Chemistry. He served as Chairman of the
Chemistry Department from 1952 to 1963. Ralph and Rachel had a cabin on Lake
McBride, and devoted quite a bit of work to it, particularly to the building of a dock, a
rowboat from a kit, and a fireplace, where Ralph laid all the blocks and bricks and
rolled in 150 wheelbarrow loads of cement. Ralph and Rachel also added bowling to
their long-time expertise in bridge, and many other activities.

in 1963 Ralph "retired" and he and Rachel moved south to Southern Methodist
University in Dallas, Texas, where his colleague, Harold Jeskey, became one of his
closest friends. Ralph served as Visiting Professor of Chemistry from 1963 to 1978,
when he retired again, but continued to live near the University, at 2709 Hanover St.,

in University Park, Dallas, until 1991. To escape the hot Texas summers, Ralph and
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Rachel would migrate in June like the birds in spring and fall to Deer River, in northern
Minnesota. There, probably as a result of their University of lllinois connections, they
had a little cabin on (Big) Deer Lake at Interlaken Camp, so named because it is
located between Big and Little Deer Lakes (Their cabin was near that of the late
William E. Parham, Editor-in-Chief of Volume 44 of Organic Syntheses, and a member
of the Board of Directors, Vice President and Treasurer of Organic Syntheses).

While recovering from abdominal surgery, Rachel died unexpectedly on
September 10, 1980, ending a happy parinership of 51 years. Ralph spent the next 11
years in Dallas, where he did all of his own housework and chores. He also continued
to migrate to Deer River, Minnesota each summer through 1990. At the age of 90, he
built a flight of stone steps up the cliff from Deer Lake. In 1991, Ralph moved to
Skokie, lllinois to be closer to his daughter, Joan Palincsar (A.B. Mount Holyoke
College; M.S. and Ph.D. Northwestern University) and her late husband Edward E.,
who, until recently, was a member of the faculty of the Biology Department at Loyola
University in Chicago. Following Ed's death, Ralph and Joan purchased in December
1993 a ranch-style home in Lincoinshire, lllinois. In March of 1994, Ralph broke his
hip and was recovering from hip surgery in a rehabilitation center, when he developed
pneumonia in early June and died on June 7, 1994. He is survived by his daughter
Joan Palincsar, his grandson Steven Palincsar (both of whom were very helpful in the
preparation of this report), who also lives in Lincoinshire, and his granddaughters
Suzanne Palincsar of Wheeling, lliinois, and Katherine Solk, of Chicago.

While at the University of illinois, Ralph Shriner and his colleagues Carl S.
Marvel and Reynold C. Fuson (Editors-in-Chief of Organic Syntheses, Volumes 5 and
11, and 18, respectively), established the senior research program in organic
chemistry for undergraduate students. Following the system of identification of organic
compounds originally published in the United States by Oliver Kamm (Editor-in-Chief

of Volume 4 of Organic Syntheses), a former lllinois faculty member who had gone to
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Parke-Davis as Director of Research, R. L. Shriner and R. C. Fuson, and later D. Y.
Curtin, published the classic laboratory text on qualitative analysis, "The Systematic
Identification of Organic Compounds," which was first published in 1935 and has gone
through six editions (the iatest in 1980 with T. C. Morrill as an additional coauthor) and
has been translated into Spanish, Japanese, and Russian. A seventh edition is
scheduled to be published in 1996. Ralph Shriner was the author in 1942 of the first
chapter (on the Reformatsky Reaction) of Volume | of Organic Reactions, which served
as the editorial model for subsequent chapters in this valuable review series and sister
publication of Organic Syntheses. He was the primary author of Chapter 4 on
“Stereoisomerism” in Henry Giiman's classic "Organic Chemistry, An Advanced
Treatise,” John Wiley and Sons, Inc., New York, N.Y., Ist ed. (1938 pp. 150-405) and
2nd ed. (1943 pp. 214-488). The chapter was divided into 11 parts; Part Il was
coauthored by Roger Adams and Part XI was solely authored by Carl S. Marvel. Ralph
Shriner was also a coauthor with Homer Adkins (Editor-in-Chief of Volume 26 of
Organic Syntheses) of Chapter 9 on "Catalytic Hydrogenation and Hydrogenolysis" in
the 2nd ed. (1943, pp. 779-834).

In 1950 Ralph Shriner was named Editor-in-Chief of Chemical Reviews and
ably guided this important review journal in that capacity for 17 years (1950-1966). He
was also a member of the Board of Editors of the Journal of Organic Chemistry. In
1956 Ralph Shriner was a coauthor with Walter T. Smith, Jr., of a short text, "The

Examination of New Organic Compounds, Macro and Semimicro Analytical Methods,

a Laboratory Manual,” John Wiley and Sons, Inc., New York, N.Y., 136 pp

Ralph Shriner became an American Chemical Society (A.C.S.) member as a
student in 1919, and served as Secretary of the A.C.S. Division of Organic Chemistry
from 1935 to 1940 and as its Chairman in 1944. He was an A.C.S. Councilor-at-Large
from 1943 to 1946, and a Councilor from the lowa Section in 1952 to 1953. He was a

consultant to the Rohm and Haas Company of Philadelphia from 1938 until 1965. He
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was a member of the Chemistry panel on Cancer Chemotherapy at the National
Service Center, National Cancer Institute, from 1959 to 1962 and served as its
chairman from 1961 to 1962. Besides the A.C.S., Ralph Shriner was a member of the
American Association for the Advancement of Science (A.A.A.S.), Phi Lambda Upsilon
(honorary chemical fraternity), Tau Beta Pi (honorary engineering fraternity), Phi
Kappa Phi, and Sigma Xi (the Research Society).

More than 100 students completed their Ph.D. degrees with Dr. Shriner. He
and his students published over 150 papers in the areas of anthocyanins and
flavylium salts, lignin model compounds, organic synthesis and structure. synthetic
drugs, sterecisomerism, and organic chemical identification methods. Hundreds of
students gained through Dr. Shriner a knowledge of organic chemistry, an inspiration
to scholarshhip, and an introduction to that added spark, the zest for living a tull life. In
1962 he received the James F. Norris Award of the Northeastern Section of the
American Chemical Society (A.C.S.) in recognition of his excellence in teaching. In
1966, Ralph Shriner's former students and colleagues organized a spacial tribute to
him at a luncheon at the New York Hilton Hotel, where many splendid tributes were
given to this modest man. He received the Wilfred T. Doherty Award ot tha Dallas-Fort
Worth Section of the A.C.S. in 1973 in recognition of his outstanding achievements in
teaching and research. In 1989 the Chemistry Department at the University of lowa
established a distinguished professorship to be entitled the "Ralph L. Shriner
Professor of Synthetic Chemistry" in recognition of his contributions In teaching,

research, and service as the department head.
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Three "Shrinerisms" are:
(1)  "A good research man leaves you with more research problems than when he
came, and a poor research man can go through more research problems
than you can think up.”
(2)  "Establish your credit when you don't need money so that if you ever do
need it, the bank will know who you are when you want or need them."
(3) "M youdo it right there is a way to get the job done.”
We shall miss this giant of organic chemistry, this warm and understanding

friend, adviser, and contributor to so much of the success of Organic Syntheses.

October 17, 1995 Waytand E. Noland
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(-)-2-O-BENZYL-L-GLYCERALDEHYDE
AND ETHYL (R,E)-4-O-BENZYL-
4,5-DIHYDROXY-2-PENTENOATE

ACETYLENIC ETHERS FROM
ALCOHOLS AND THEIR REDUCTION
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