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1. Procedure

A. Owidative coupling of 1,5-hexadiyne. A 12-1., four-necked, round-
bottomed flask provided with a stopcock at the bottom (Figure 1)
(Note 1) is fitted with a stirrer (Note 2), a reflux condenser, and a 500-
ml. dropping funnel equipped with a pressure-equalizing side arm. The
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Figure 1.

flask is placed in a large metal vessel equipped with a hot—cold water -

inlet and a drain. The flask is charged with 600 g. (3 moles) of cupric
acetate monohydrate (Note 3) and 3.8 1. of pyridine (Note 4). Stirring is
begun and warm water is added to the metal vessel to heat the contents
of the flask to 556 + 1°, and the mixture is slowly stirred at this tempera-
ture for 1 hour. A solution of 50 g. (0.64 mole) of 1,5-hexadiyne (Note
5) in 400 ml. of pyridine (Note 4) is then added during 30 minutes to the
vigorously stirred (approximately 600 r.p.m.) green suspension at 55°
(Note 6), and the mixture is stirred vigorously at this temperature for an
additional 2 hours. The warm water in the metal vessel is allowed to
drain and is replaced with a mixture of ice and water. When the con-
tents of the flask have cooled, the mixture is drawn off through the
stopcock at the bottom of the flask and filtered through a 25-cm.
Biichner funnel (Filtrate A). The green residue is tra,nsfel;red to a 5-1.
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peaker, 2.5 1. of a benzene—ether mixture (1:.1)' is a-dded, and t‘;he
resulting mixture is stirred well to achieve good mixing without emulsion
formation. The resulting mixture is filtered (Filtrate B), anfl the
residue is similarly extracted with 2.5 1. of'a benzene—ether mixture
(1:1) and filtered (Filtrate C). Each filtrate is kept separate.

TFiltrate A is concentrated to approximately 200 II'll. (the 7, a.nd the
resulting slurry is added to Filtrate C. The resulting mixture is j;vell
agitated d then filtered through a 25-cm. Biichner funnel. The residue
is extracted twice in a gimilar manner with 500 ml. of a ben_ze.ne—ether
mixture’ (1:1). All the filtrates are now combined in '?he original 12-1.
rea,ctidil vessel (Note 8) and washed successively with two 500-m.1.
portior‘is of water, two 500-ml. portions of cold (0°) 2N hydr?chlo.nc
acid, and three 500-ml. portions of water. The organic layer is dried
for 2 hours over about 110 g. of magnesium sulfate (Note 9). After the
drying agent is removed by filtration, evaporation of the filtrate to
dryness (Note 7) affords approximately 16 g. of crude product.

B. Tridehydro[18lannulene. The dark brown residue from Part A
above and 800 ml. of benzene (Note 10) are added to a 2-1., round-

" bottomed flask fitted with a reflux condenser and a calcium chloride-

containing drying tube. The solid dissolves on heating to reflux, and
then the solution is allowed to cool briefly. The condenser is removed,

- and 800 ml. of a saturated solution of potassium ¢-butoxide in ¢-butyl

alcohol (Notes 11 and 12) is rapidly added (Note 13). The resulting
solution is heated to reflux for 30 minutes. The hot mixture is trans-
ferred to the original 12-1. reaction vessel (Note 14), containing approx-
imately 2 1. of ice, and 1.5 1. of ether is added. The resulting mixture
is well stirred and then allowed to stand for a few minutes. The incom-
pletely separated phases, in which is suspended a large amount of black
solid, are filtered through a 25-cm. Biichner funnel. Whenever the
filtration becomes slow, the black material on the filter paper is washed
with ether, and the paper is replaced. The organic layer of the filtrate
is separated, washed three times with 500-ml. portions of water, and
dried for 2 hours over approximately 100 g. of anhydrous magnesium
sulfate (Note 9). The drying agent is removed by filtration, and the

_ filtrate is evaporated to dryness (Notes 7 and 15). The red-brown

viscous residue is dissolved in 60 ml. of benzene (Note 10) and chro-
matographed on alumina.

-One liter of a pentane—ether mixture (95:5) (Note 16) is poured into
a closed chromatography column (100 x 4.5 cm.), the bottom of which
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is protected by a small plug of cotton wool. One kilogram of alumina,
(Note 17) is added in portions, with slow rotation by hand. The stopcock
is opened, and the level of the supernatant liquid is allowed to fall to
the top of the alumina. The benzene solution is now added with a long
pipette and is allowed to seep in. The column is developed first with 1 1.
of pentane—ether (95:5) in order to wash out the benzene and then with
pentane—ether (80:20). Two bands are observable on the column. The
faster moving, light brown band consists of tridehydro[18Jannulene
(Note 18) and the slower moving, dark brown band consists of tetra-
dehydro[24]annulene. When the first band is approximately 15 cm.
from the bottom of the column, after approximately 4-6 1. of solvent
have been eluted, 150-ml. fractions are collected, and the electronic
spectrum of each fraction is determined. As soon as the maxima at
385 and 400 nm. characteristic of tridehydro[18]Jannulene appear
(Note 19), the fractions are combined (“mixed fractions’) until the
first band is approximately 1 em. from the bottom of the column.
Essentially “pure” tridehydro[18]annulene (Note 18) is now eluted,
and this material is collected until the second band is approximately
5 cm. from the bottom of the column. Smaller fractions (150 ml. each)
are now collected again; the electronic spectrum of each fraction is
determined, and those still showing maxima at 385 and 400 nm. are
combined with the previously mentioned “mixed fractions.” If
required, the tetradehydro[24]annulene suitable for conversion to
[24]Jannulene® can then be eluted with pentane—ether (70:30 to 50: 50).

The electronic spectrum of the fractions containing the “pure” tri-
dehydro[18Jannulene exhibits the strongest absorption maximum (in
benzene) at 342 nm. (e 155,000)® and the spectroscopic yield, based on
the molar extinction coefficient, is 1.17 g. (2.40%, from 1,5-hexadiyne).
The yield of tridehydro[18]annulene in the ‘“mixed fractions,” based
on the 342 nm. maximum,is 0.27g.(0.55%,). The tridehydro[18]annulene
is best stored in solution in the refrigerator.

C. [18]Annulene. In a 300-ml. conical flask fitted with a side arm
(with a closed stopcock) and a 3.5-cm. Teflon®-coated magnetic
stirring bar isplaced 1 g. of a 109, palladium~-calcium carbonate catalyst
(Note 20) and 30 ml. of benzene (Note 10). The flask is attached to an
atmospheric pressure hydrogenation apparatus, and the air in the
system is replaced by hydrogen by evacuating the flask and refilling
with hydrogen three times. The. catalyst suspension is stirred until no

more gas is absorbed. One-third (390 mg., determined spectroscopically)
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of the “‘pure” tridehydro[18]Jannulene solution described in Part B is
evaporated to dryness (Note 7), and the resulting brown crystalline
residue is dissolved in 30 ml. of benzene (Note 10). This solution is added
to the hydrogenation flask through the side arm without stirring. The
mixture is now stirred under a hydrogen atmosphere as rapidly as
possible (ca. 600 r.p.m.) (Note 21) until 207 ml. (4.9 molar equivalenté)
of gas (22°,\740 mm.) are absorbed ca. 5 minutes. The mixture is
filtered through a sintered glass funnel, and the catalyst is washed with
three 20-ml./portions of benzene.

The above hydrogenation experiment is repeated twice with the
rema,ining‘ two-thirds of the ‘““pure” tridehydro[l8]annulene solution,
and the combined filtrates from the three hydrogenations are evapor-
ated to approximately 30 ml. (Note 7). The solution is then transferred
with a pipette to a test tube (10 x 3 ¢m.) and concentrated to approxi-
mately 15 ml. at 40° by means of a stream of nitrogen. The dark green
solution is diluted with 20 ml. of ether and cooled in an ice bath for
30 minutes. The resulting red-brown crystals of [18]annulene are col-
lected by filtration on a sintered glass funnel and are washed with
approximately 3 ml. of cold (—20°) ether. After drying in air fora few
minutes this material weighs 114 mg. A second crop that amounts to
42 mg. is obtained by evaporation of the mother liquors to dryness
(Note 7), followed by crystallization from 6 ml. of benzene and 20 ml.
of ether. Both crops give a single spot on thin-layer chromatography
(Note 22).

The [18]annulene mother liquors contain 181 mg. of unchanged tri-
dehydro[18]annulene, as determined by the electronic spectrum (see
Part B). They are combined with the “mixed fractions” described in
Part B (containing 270 mg. of tridehydro[18]annulene), and the
resulting solution is evaporated to dryness (Note 7). The residue is
dissolved in 30 ml. of benzene. This solution is stirred with hydrogen
and 1.0 g. of a 10%, palladium—calcium carbonate catalyst (Note 20),
as before, until 216 ml. (4.4 molar equivalents) of hydrogen (20°,
740 mm.) are absorbed. The catalyst is removed, and the filtrate is
concentrated to approximately 6 ml., as described previously. After
the addition of 20 ml. of ether and cooling in an ice bath, the resulting
crystals are collected by filtration and amount to a further 112 mg. of
[18]annulene (Note 23). The purity of the product is confirmed by thin
layer chromatography (Note 22). The combined yield of [18]annulene
is 268 mg, (0.54%, overall from 1,5-hexadiyne) (Note 24).
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[18]Annulene is best stored in benzene—ether solution in the refrig-
erator. The crystals can also be kept for some time in the refrigerator,
small crystals being less stable than large ones.? Material that has de-
composed to some extent may be purified as follows. The substance
(300 mg.) is broken up with a spatula and heated with 30 ml. of benzene,
and the insoluble material is removed by filtration. The filtrate is
poured onto a chromatography column (20 X 1.8 cm.), prepared with
35 g. of alumina (Note 17) and benzene. The column is washed with
benzene until the eluate is colorless. Polymeric material is retained at
the top of the column. The eluent is concentrated to approximately
6 ml., as previously, diluted with 20 ml. of ether, and cooled in an ice—
salt bath. The resulting crystals of [18Jannulene are then collected on a
sintered glass funnel, washed with 3 ml. of cold ( —20°) ether, and dried
in air for a few minutes.

2. Notes

1. The submitters used an ordinary 10-l., three-necked, round-
bottomed flask.

2. A stirrer with one 11-cm., Teflon® blade was employed by the
checkers. The submitters used a stirrer with two 7.5-cm. paddles, 9 cm.
apart.

3. Cupric acetate monohydrate A. R. available from Fisons Scientific
Apparatus Ltd. (Loughborough, England) was employed by the sub-
mitters. The checkers used both Baker Analytical Reagent and Fisher

A.C.S. certified cupric acetate monohydrate. Small portions were finely

ground with a mortar and pestle.

4. The submitters employed pyridine from BDH Chemicals Ltd.
(Poole, England) that was dried over solid potassium hydroxide for
24 hours and then distilled under slightly reduced pressure. The check-
ers used a similarly treated product.

5. 1,5-Hexadiyne was obtained from Farchan Research Laboratories
and was distilled at atmospheric pressure (b.p. 84-85°) before use. It
can be prepared as described by Raphael and Sondheimer.4

6. Vigorous stirring is important, since the yield of product appears
to be reduced if the mixture is not stirred well (J. E. Fox, unpublished
observation). The checkers used rates of 530—-560 r.p.m.

. 7. All evaporations, unless otherwise stated, were carried out with
a rotary evaporator under reduced pressure (water pump) in a water

bath kept at about 40°. The checkers’ water bath was maintained at

’
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44-50°, and the evaporation required 4-5 hours rather than the 2 hours
found by the submitters.

8. The submitters used a 10-1. separatory funnel.

9. Magnesium sulfate (“dried”’) from BDH Chemi¢als Ltd. (Poole,
England) was used by the submitters. The checkers/used anhydrous
magnesium sulfate available from Fisher Scientific Cdmpany.

10. Benzene A. R. from Fisons Scientific Appasatus Ltd. (Lough-
borough, England) was employed by the submitte;‘s, and Fisher reagent
grade benzene was used by the checkers. t

11. The solution was obtained from 44 g. of potassium (Fisons
Scientific Apparatus Ltd., Loughborough, England, submitters; Fisher
Scientific Company, checkers) and 1 1. of ¢-butyl alcohol (Note 12) by
boiling under reflux under nitrogen in the apparatus described by
Vogel® until all the metal had dissolved. The solution is kept well
stoppered. If crystals of potassium #-butoxide separate, they are dis-
solved by gentle heating before use.

12. ¢-Butyl alcohol from May & Baker Ltd. of Dagenham, England,
was dried by refluxing 1 1. of the alcohol with approximately 40 g. of
sodium wire until about two-thirds of the metal had dissolved, and,
then recovering the alcohol by distillation (see Note 2 in Reference 5).
The checkers used ¢-butyl alcohol available from Fisher Scientific Com-
pany and recommend conducting this purification on twofold scale.

13. An exothermic reaction was observed at this point. Too rapid
addition of the ¢-butoxide solution to the benzene solution will lead to
loss of product by frothing.

14. The submitters used a 10-1. separatory funnel and shook the
mixture after addition to the ice and ether.

15. It is important that all volatile solvents are removed, particu-
larly ¢-butyl alcohol, since its presence will interfere with the subsequent
chromatography procedure. The checkers obtained approximately
9.0 g. of crude material.

16. The submitters used ‘“pentane’ petroleum spirit (b.p. 25-40°)
available from Hopkin & Williams Ltd., Hadwell Heath, England, and
anhydrous diethyl ether available from May & Baker Ltd., Dagenham,
iEngland. Both solvents were each distilled over solid potassium hydrox-
ide before use. The checkers purchased pentane from Phillips
Petroleum Company and distilled it over solid potassium hydroxide.
Anhydrous diethyl ether supplied by Mallinckrodt Chemical Works was
used without further purification.
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17. Aluminium oxide (neutral, activity grade I) available from M,
Woelm, Eschwege, Germany, was deactivated by the addition of 7 ml.
of water to 1 kg. of the adsorbent before use.

18. “Tridehydro[18]annulene” here and in the sequel refers to the |
symmetrical isomer shown in the formula, admixed with smaller quanti--

- ties of an unsymmetrical isomer and tetradehydro[18Jannulene.® These
can be separated by chromatography on alumina coated with 209,
silver nitrate, but this is unnecessary for the synthesis of [18]annulene
sinoce #llthree substances give this annulene on catalytic hydrogenation.®

19,/ For the full electronic spectra of tridehydro[l8]annulene and
tetradehydro[24]annulene in isoSctane, see Reference 3.

201\ The submitters used 109, palladium—calcium carbonate available
from Fluka AG, Buchs, Switzerland. The checkers prepared the catalyst
in a manner similar to that described by M. Busch and H. Stéve.” To a
solution of calcium chloride (5.1 g.) in 60 ml. of water was added 4.8 g.
of sodium carbonate. The precipitate was filtered, washed thoroughly
with water, and then suspended in 30 ml. of water. To this calcium
carbonate suspension was added with stirring a solution containing
0.833 g. of palladium chloride and a few drops of 6N hydrochloric acid.
The catalyst mixture was then filtered through a sintered glass funnel,
and the solid was washed with water until the chloride test (silver
nitrate) became negative. After being washed with ethanol and ether,
the catalyst was dried under reduced pressure.

21. Vigorous stirring is essential, since the yield of [18]annulene is
reduced considerably if the mixture is stirred more slowly (R. Wolovsky,
unpublished observation).

22. Thin-layer chromatography was performed on silica gel GF,;,
plates supplied by E. Merck AG, Darmstadt, Germany, using the
solvent system pentane—cyclohexane-benzene (92:4:4). The electronic
spectra in benzene were essentially identical to those previously
reported,? and exhibit absorption maxima at 378 (e 270,000), 414

(€ 8,600), 428 (6,700), and 455 nm. (26,200). Proton magnetic resonance’

spectra of [18]annulene (deuteriotetrahydrofuran solution, vacuum-
sealed, tetramethylsilane reference) are temperature-dependent and
show a singlet at 5.45 p.p.m. at 120° and two multiplets at 9.25 (12H)
and —2.9 p.p.m. (6H) at —60°. The latter two signals merge just above
room temperature.® The checkers observed the similar temperature
dependence of '3C magnetic resonance spectra (deuteriotetrahydrofuran,
tetramethylsilane reference, 22.6 MHz) of the [18]annulene. Thus,
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proton—deeoupled spectra show a singlet at 126 p.p.m. at 60° and two
singlets at 128 and 121 p.p.m. at —70°. The rapid processes exchanging
the inner and outer nuclei (both proton and *C) in solution are
responsible for the above spectral behavior.

23. The submitters reported in their original procedure that some
additional amounts of [18]annulene and tridehydro[18]annulene were
obtained by chromatography of the mother liquors.

24. The yields described in Parts B and C are the average values of
two runs performed by the checkers, and both runs proceeded with
virtually identical results at every stage. The submitters obtained a
0.63%, overall yield of [18Jannulene from 1,5-hexadiyne.

3. Discussion

Only two general methods have been developed for the synthesis of
the macrocyclic annulenes.® The first of these, developed by Sondheimer
and co-workers, involves the oxidative coupling of a suitable terminal
diacetylene to a macrocyclic polyacetylene of required ring size, using
typically cupric acetate in pyridine. The cyclic compound is then trans-
formed to a dehydroannulene, usually by prototropic rearrangement
effected by potassium ¢-butoxide. Finally, partial catalytic hydrogena-
tion of the triple bonds to double bonds leads to the annulene.

The presently described procedure for the synthesis of [18]annulene,
although the overall yield is low by the standard normally set for
Organic Syntheses, illustrates the above general route leading to the
theoretically important macrocyclic annulenes, and in this way [14]-,
[16]-, [18]-, [20]-, [22]-, and [24]annulenes have been prepared in pure
crystalline form.

[18]Annulene was the first macrocyclic annulene containing (4n + 2)
m-electrons to be synthesized. The compound is of considerable interest,
since it is the type of annulene that was predicted to be aromatic by
Hiickel 10 Tt proved to be aromatic in practice, as evidenced from the
proton magnetic resonance spectrum,®! the X-ray crystallographic
analysis,'? and the fact that electrophilic substitution reactions could

“be effected.13

The method of synthesis is essentially that described by Sondheimer
and Wolovsky® (preparation of tridehydro[18]annulene) and by
Sondheimer, Wolovsky, and Amiel? (hydrogenation of tridehydro[18]-
annulene to [18]annulene). It has been simplified, since [18]annulene is
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now obtained frrom tridehydro[18Jannulene without chromatography,

and the whole prr-ocedure involves only one chromatographic separation. .

[18]Annulene hass also been obtained by Figeys and Gelbcke!* in 0.42%,

overall yield by a six-step sequence from propargyl alcohol via pro-
pargyl aldehyde,, meso-1,5-hexadiyne-3,4-diol, meso-1,5-hexadiyne-3,4-,
diol ditosylate, ccis-3-hexene-1,5-diyne, and 1,3,7,9,13,15-hexadehydro -

[18]Jannulene.
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1. Procedure

Caution! This reaction should be carried out in an eficient hood.

A. 1,4,5,8-Tetrahydronaphthalene (Isotetralin). In a 12-1. (Note 1),
three-necked, round-bottomed flask, immersed into a dry ice—acetone
bath and fitted with a dry ice condenser (Note 2), a tube-sealed stirrer
(NOtf’ 3), a drying tube (potassium hydroxide), and a gas delivery-tube
Tunning to the bottom of the flask, 3 1. of ammonia is condensed (Note
4). The gas delivery tube is removed, and with vigorous stirring,
192:3 8. (8.4 g. -atoms) of sodium is added in small portions (Note 5)
during a period of 1 hour. The flask is then fitted with a dropping

. funnel, through which a solution of 192.3 g. (1.5 mole) of naphthalene

11



12 ORGANIC SYNTHESES—VOL. 54

in a mixture of 750 ml. of ether and 600 ml. of ethanol is added drop-
wise to the blue solution during 3 hours. After the addition is complete,
the reaction mixture is stirred at —78° (Note 6) for another 6 hours. The
cooling bath is removed, and the ammonia is allowed to evaporate
overnight. The remaining white solid residue is processed with ice
cooling and stirring under a nitrogen atmosphere by slow addition of
first 120 ml. of methanol to destroy unreacted sodium and then 4-5 1.
of ice water to dissolve the salts (Note:7). The reaction mixture is
extracted with 1 1. of ether. Evaporation of the ether phase at room
temperature under reduced pressure gives a coarse, white solid which is
collected on asintered-glass funneland washed withwater. Recrystalliza-
tion from methanol (about 1.6 1.) using a heated funnel followed by
drying of the crystals under reduced pressure (Note 8) gives 148-158 g.
(75-809%,) of isotetralin, m.p. 52-53° (purity ~98%,) (Note 9). Pure
1,4,5,8-tetrahydronaphthalene is reported to have m.p. 58°.2

B. 11,11-Dichlorotricyclo[4.4.1.0"%lundeca-3,8-diene. A 3-l., three-
necked, round-bottomed flask is fitted with a tube-sealed stirrer, a pres-
sure-equalizing dropping funnel, and & Claisen-adapter that bears an
inlet tube for argon and a thermometer for low temperatures. In the
flask is dissolved 132.2 g. (1.0 mole) of 1,4,5,8-tetrahydronaphthalene
(isotetralin) in 1.3 1. of anhydrous ether (Note 10). To this solution is
added 150 g. (1.33 mole) of potassium ¢-butoxide (Note 11) under an
argon atmosphere, and the resulting suspension is cooled to —30° with
a dry ice—acetone bath and stirred efficiently. While these conditions
are maintained, a solution of 119.5 g. (1.0 mole) of ehloroform in 150
ml. of ether is added dropwise during 90 minutes (Note 12). The mixture
is stirred for another 30 minutes at —30°, and the temperature is then
allowed to rise above 0°. Following this, 300-350 ml. of ice water is
added to dissolve the salts. The two layers which form are separated
(Note 13). The organic layer is washed with two 300-ml. portions of
water while the aqueous layer is extracted with two 200-ml. portions of
ether. The ether phases are combined and dried over magnesium sulfate.
After filtration from the drying agent, the ether is removed on a rotary
evaporator, and the residual liquid (or solid) is distilled under reduced
pressure.

The distillation is expediently carried out in a set-up which consists
of a 500-ml., round-bottomed flagk, an electrically heated 1.5 x 30 cm.
column packed with V4A wire spirals (4 mm.) (Note 14), a short, air-
cooled condenser (Note 15), and an ice-cooled, three-necked, 250-ml.
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receiver flask. During the distillation, the liquid is stirred by a magnetic
stirring bar and heated by an oil bath by means of a stirrer hot plate.

The first fraction, b.p. 55-58° (1 mm.) is isotetralin (~50 g.) (Note
16). Some more of this material distills when the column is heated to
about 100°. The temperature in the head of the column thereby rises to
90-95°, and it is then necessary to change the receiver flask. The second
fraction, b.p. 95-102° (1 mm.) constitutes the 1:1-adducts of dichloro-
carbene to isotetralin (~108 g.), which consist of 929, of 11,11-di-
chlorotricyclo{4.4.1.0'-*Jundeca-3,8-diene and 89, of the side-addition
product. The residue mainly contains the 2:1-adducts. The fraction of
the 1:1-adducts is recrystallized from methanol (about 500 ml.) to give
87-97 g. (40-45%,, based on isotetralin initially used) of 11,11-
dichlorotricyclo[4.4.1.0%Jundeca-3,8-diene as long colorless needles,
m.p. 88-89° (Note 17).

C. Tricyclo[4.4.1.0%lundeca-3,8-diene. In a 2-1., three-necked,
round-bottomed flask, immersed into a dry ice—acetone bath and fitted
with a dry ice condenser, a tube-sealed stirrer, a drying tube, and a gas
delivery tube running to the bottom of the flask, 800 ml. of ammonia
is condensed. The gas delivery tube is removed and with vigorous
stirring 56 g. (2:45 g.-atoms) of sodium is added in small portions over a
period 15 hour (Note 18). The flask is then fitted with a dropping
funnel through which a solution of 81.4 g. (0.378 mole) of 11,11-di-
chlorotricyclo[4.4.1.0%¢]undeca-3,8-diene (m.p. 88-89°) in 500 ml. of
anhydrous ether is added during an hour, while cooling and stirring is
maintained. After the addition is complete, the dry ice-acetone bath is
removed, and the ammonia is allowed to evaporate overnight. The
flask is placed into the dry ice—acetone bath again, and a gentle stream
of argon is passed continuously through the system. With stirring, a
mixture of 90 ml. of methanol and 90 ml. of ether is then added drop
wise. Following this, the bath temperature is allowed to rise to 0° and,
with continued stirring, 500 ml. of ice water is added slowly. The
reaction mixture is transferred to a 2-1. separatory funnel, and the two
layers are separated. The organic layer is washed with 200 ml. of water,
while the aqueous layer is extracted with three 150-ml. portions of
pentane (Note 19). The combined ether—pentane phases are dried over
magnesium sulfate. After filtration of the drying agent (Note 20) the
solvent is removed by distillation through a 30-cm. Vigreux column.
The liquid that remains is transferred to a 250-ml., round-bhottomed
flask and distilled under reduced pressure through a packed column
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(Note 21). Tricyclo[4.4.1.0v¢Jundeca-3,8-diene is collected as a colorless
liquid at 80-81° (11 mm.) and weighs 46.9-49.7 g. (85-90%), n*D =
1.5180 (Note 22).

D. 1,6-Methano[10lannulene. A 2-1., three-necked, round-bottomed
flagk, fitted with a tube-sealed stirrer, a reflux condenser protected with
a calcium chloride drying tube and an inlet tube for argon is charged
with 900 ml. of anhydrous dioxane (Note 23). To this solvent is added
with stirring 149 g. (0.66 mole) of 2,3-dichloro-5,6-dicyano-1,4-benzo-
quinone (DDQ) (Note 24). When the DDQ has dissolved, 43.8 g. (0.30
mole) of tricyclo[4.4.1.0¢]undeca-3,8-diene and 10 ml. of glacial acetic
acid are added. The system is then flushed with argon, and the stirred
mixture is heated at reflux for 5 hours. The reaction starts within a few
minutes, as evidenced by effervescing of the solution and massive
precipitation of the hydroquinone. At the same time the originally red-
brown color of the mixture turns almost black. Following the reflux
period, the bulk of the dioxane (600-~650 ml.) is removed by distillation
through a 15-cm. Vigreux column while stirring is maintained. The

mixture, which has become pasty, is cooled, and 150 ml. of n-hexane is-

added. The solid is suction filtered, washed on the filter with 500 ml.
of warm n-hexane, and dried at 100° to give approximately 144 g.
(95%) of pure 2,3-dichloro-5,6-dicyanohydroquinone (Note 25). The
filtrate and washings are combined and passed through a 5 x 30 cm.
column of neutral alumina (Note 26). The column is eluted with n-
hexane (Note 27). The solvent is removed by distillation through a 30-
em. Vigreux column. The residual liquid is distilled from a 250-ml.,
round-bottomed flagsk through a packed column (Note 28) to give
faintly yellow 1,6-methano[l0]annulene, b.p. 68-72° (1 mm.), yield
36.2-37.0 g. (85-87%). The compound may crystallize in the receiver-
flask, m.p. 27-28° (Note 29).

2. Notes

1. It is advisable to use a 10- or 12-1. flask for runs on this scale be-
cause the reaction mixture may effervesce if the naphthalene solution is
added too quickly.

2. It is necessary to use a dry ice condenser in order to shorten the
time required to condense the ammonia (4 hours compared with 6
hours without the condenser). The ammonia tank was warmed with an
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air gun during the distillation. The condenser was removed after the
ammonia was collected.

3. It is necessary to use a strong motor for stirring since the i‘eaction
mixture becomes temporarily rather viscous.

4. One should not pour the liquified ammonia directly out of the
cylinder since particles of iron compounds might be carried along,
catalyzing the formation of sodium amide. For the exclusjon of moisture
it is also necessary to use a drying tower (potassium hydroxide) between
the cylinder and the flask.

5. The sodium should be cut into small particles to increase the
speed of dissolution and to diminish the danger of stirrer blockage by
larger pieces.

6. During this period the reaction mixture might turn white. In this
case, another portion of sodium must be added until the solution be-
comes blue again.

7. The white residue should be worked up as soon as possible. On
standing the residue gradually turns brown-red due to the formation
of decomposition products; isolation of isotetralin then gets difficult,
and the yield may drop sharply. The submitters evaporated any re-
maining ether from the reaction flask at reduced pressure and filtered
the water slurry of isotetralin to give the same yield after crystalliza-
tion.

8. Isotetralin should not be kept in the vacuum of an oil pump for
drying longer than is necessary since the compound has a relatively
high vapor pressure.

9. A second extraction of the aqueous phase with ether yields an
additional 1.5 g. of material. A second crop of isotetralin could be ob-
tained from the mother liquors of the recrystallization, 29.4 g. (m.p
49-52°).

10. All solvents used should be anhydrous.

11. The yield of 11,11-dichlorotricyclo[4.4.1.0¢Jundeca-3,8-diene
strongly depends on the quality of the potassium ¢-butoxide used.
Commercially available, sublimed potassium ¢-butoxide was employed.
When freshly sublimed potassium ¢-butoxide is utilized, yields of up to
459, of 11,11-dichlorotricyclo[4.4.1.0%%Jundeca-3,8-diene can be ob-
tained. Potassium ¢-butoxide, prepared by the method of Doering,®
gave yields comparable to those achieved with the commercial
product.

12. The stated reaction temperature should be maintained carefully.
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Raising the temperature above —30° noticeably reduces the stereo-
selectivity of the addition of dichlorocarbene to the central double
bond of isotetralin, whereas lowering the temperature causes the yield
of 1:1-adducts to drop due to partial crystallization of isotetralin.

13. The formation of emulsions may render it difficult to discern the
two rather dark layers. In this case it is helpful to acidify with some
dilute sulfuric acid. ‘

14. The checkers used an electrically heated, 1.5 X 30 cm. Vigreux
column with the same results.

15. To prevent isotetralin and the 1:1-adducts from solidifying in
the condenser external heating with an infrared lamp was applied.

16. The recovered isotetralin can be reused.

17. The product is approximately 999, pure by g.l.c. (SE 30 on
kieselguhr, 150°). After two or three recrystallizations from methanol,
11,11-dichlorotricyclof{4.4.1.0%-¢Jundeca-3,8-diene shows m.p. 90-91°.

18. For the preparation of the solution of sodium iy liquid ammonia,
compare part A.

19. If emulsions occur, it is advisable to acidify with some dilute’
sulfuric acid to attain a good separation of the two layers.

20. The drying agent should be washed well with pentane.

21. The column used for this distillation is described in part B.

22. Tricyclo[4.4.1.0*-%Jundeca-3,8-diene was shown to be approxi-
mately 999, pure by g.l.c. (SE-30 on kieselguhr, 150°).

23. The use of anhydrous solvents is necessary to avoid hydrolytic
decomposition of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone.

24. Commercially available 2,3-dichloro-5,6-dicyano-1,4-benzo-
quinone was employed. 1,6-Methano[10]annulene was obtained in
equally good yields, when 2,3-dichloro-5,6-dicyano-1,4-benzoquinone,
prepared by the method of Walker and Waugh,* was utilized.

25. 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone is readily regenerated
in good yield from the hydroquinone by oxidation with nitric acid.*

26. Brockmann alumina, activity grade II-III, M. Woelm, 344
Eschwege, West Germany.

27. By contrast to the filtrate and washings, which are rather dark,
the eluate is yellow due to the color of 1,6-methano[10]Jannulene.

28. The column used for this distillation is described in part B.

. 29. The purity of the 1,6-methano[10]Jannulene was shown by g.l.c.
(SE-30 on kicselguhr, 150°) to be higher than 999%,. Recrystallization of
the hydrocarbon from methanol raises its melting point to 28-29°.
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3. Discussion

The procedure described for the Birch reduction of naphthalene is a
modification of the methods previously developed by Birch,5 Hiickel,?
and Grob.® Apart from this reduction, no other practical approaches to
isotetralin have become known. The scale employed in the present pro-
cedure is not: mandatory to achieve optimum yields. Equally good yields
were realized when the runs were halved or enlarged up to fourfold. In
the latter case, however, the apparatus already reaches pilot plant di-
mensions.

Tricyclo[4.4.1.0"%Jundeca-3,8-diene, the strategic intermediate, in
the synthesis of 1,6-methano[10Jannulene from naphthalene, can alter-
natively be obtained in one step by the reaction of isotetralin with the
Simmons—Smith reagent.” The two-step preparation of tricyclo-
[4.4.1.0%¢Jundeca-3,8-diene, which is utilized here, has the following
merits: (1) dichlorocarbene adds to the central double bond of isotetra-
lin with exceptionally high stereoselectivity (as compared to that of
methylene transfer reagents) to give 11,11-dichlorotricyclo[4.4.1.0-5]-
undeca-3,8-diene as a readily isolable, crystalline compound, (2) the
transformation of the dichloro compound into tricyclo[4.4.1.0%-%]Jundeca-
3,8-diene by means of sodium in liquid ammonia? is a simple operation
and affords the product in high yield and purity. The dichlorocarbene
employed in the two-step eyclopropanation of isotetralin was generated
by the original method of Doering and Hoffmann.® Other sources of
dichlorocarbene, notably the methods of Parham and Schweizer® and of
Makosza and Wawrzyniewicz,'® have also been tried, but did not lead

to improved yields of adduet.

The rapid conversion of tricyclo[4.4.1.0-¢Jundeca-3,8-diene to
1,6-mcthano[10]annulene by the high potential quinone, DDQ, is yet
another illustration of the usefulness of this agent as a means of de-
hydrogenation of hydroaromatic compounds.1! If DDQ is not available,
it is recommended to aromatize tricyclo[4.4.1.01-6Jundeca-3,8-diene by
a bromination-dehydrobromination sequence similar to that described
in the synthesis of 1,6-oxido[10]annulene ;12 both aromatization methods
give essentially the same yield of 1,6-methano[10]annulene.

The synthesis of 1,6-methano[10jannulene outlined above is an im-
Proved version of the method first suggested by Vogel and Roth.13
L1,6-Methano[10]annulene represents a Hiickel-type aromatic(4n + 2)n-
System and is reminiscent of benzene or napthhalene in both its physical
and chemical properties.’4 The aromatic nature of the hydrocarbon is
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by a 60-ml., glass-stoppered, pressure-equalizing dropping funnel, and,
while the reaction mixture is stirred and cooled, 44.4 g. (37.6 ml.,
0.48 mole) of epichlorohydrin (Note 2) is added dropwise at such a rate
that the temperature is maintained below 50° (Note 3).

The reaction mixture is stirred at 25° for 1 hour, diluted with 500 ml.
of water, and extracted with two 200-ml. portions of ether. The com-
bined extract is washed with five 100-ml. portions of water and 100 ml.
of saturated aqueous sodium chloride, dried over anhydrous magnesium
sulfate (Note 4), filtered, and evaporated at 50° under a pressure of
30 mm. The residual liquid is distilled under reduced pressure without
a column (Note 5), and the fraction boiling at 110-111° (7 mm.) or
101-102° (4 mm.) affords 61.0-63.6 g. (84-87%,) of 1,3-bis(methylthio)-
2-propanol (Notes 6, 7).

B. 1,3-Bis(methylthio)-2-methoxypropane. In a dry, 1-., three-
necked flask equipped with a mechanical stirrer, a 60-ml. pressure-
equalizing dropping funnel, and a thermometer is placed 13.8 g. (0.34
mole) of sodium hydride dispersed in mineral oil (Note 8). The mineral
oil is removed by washing the dispersion with five 100-ml. portions of
hexane (Note 9). The hexane is removed with a pipet after the sodium
hydride has been allowed to settle (Note 10).

When most of the hexane has been removed, 500 ml. of dry tetra-
hydrofuran (Notes 11 and 12) is added. While the reaction mixture is
stirred, 33.4 g. (0.22 mole) of 1,3-bis(methylthio)-2-propanol is added
dropwise over 15 minutes. After the evolution of hydrogen ceases, the
stirred mixture is cooled with a water bath. When the mixture reaches
20°, 15.0 ml. (0.24 mole) of methyl iodide (Note 2) is added dropwise
over 5 minutes. The dropping funnel is replaced by a glass stopper, and
the reaction mixture is stirred at 20—-25° for 24 hours.

The mixture is concentrated to about 200 ml. at 50° under a pressure
of 30 mm., diluted with 200 ml. of ether, and washed with 100 ml. of
saturated aqueous sodium chloride, two 100-ml. portions of 0.5M
aqueous ammonium chloride, and 100 ml. of saturated: aqueous sodium
chloride. Each of the aqueous washes is extracted with the same 100-
ml. portion of ether. The combined ethereal solution is dried over
anhydrous magnesium sulfate (Note 4), filtered, and evaporated at
25° under a pressure of 10 mm. The residual material is distilled under
reduced pressure without a column (Note 5), and the fraction boiling at
96-97° (9 mm.) or 89-90° (7 mm.) affords 31.4-35.7 g. (86-97%) of
1,3-bis(methylthio)-2-methoxypropane (Notes 13, 14).
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C. 1,3-Bis(methylthio)-1-hexen-4-ol. In a dry 500-ml., three-necked
flask containing a Teflon®-coated magnetic stirring bar and equipped
with a 100-ml., pressure-equalizing dropping funnel, a thermometer,
and a side arm connected to a nitrogen bubbler system is placed
11.65 g. (0.115 mole) of diisopropylamine (Note 15) and 175 ml. of dry
tetrahydrofuran (Note 11). The flask is flushed with nitrogen, and a
glight positive pressure is maintained during the following operation
by a slow stream of nitrogen. The solution is magnetically stirred and
cooled to about —75° with a dry ice-acetone bath. After 15 minutes,
77.0 ml. (0.11 mole) of 1.45M solution of n-butyllithium in hexane
(Note 16) is added dropwise using the pressure equalizing dropping
funnel. While the resulting solution of lithium diisopropylamide is
stirred at —175°, 9.15 g. (0.055 mole) of 1,3-bis(methylthio)-2-methoxy-
propane is added through a dropping funnel. The dry ice-acetone bath
is replaced by an ice water bath, and the solution is stirred at 0° for
2.5 hours. The solution slowly becomes deep purple as 1,3-bis(methyl-
thio)allyllithium is generated (Note 17).

The solution is stirred and cooled to —75° with a dry ice—acetone
bath, and 2.90 g. (0.05 mole) of propionaldehyde (Note 18) is added
through a dropping funnel. The solution i$ stirred at —75° for 5 min-
utes. The dry ice-acetone bath is replaced by a water bath, and the
solution is stirred at 20° for 30 minutes. The solution is diluted with
250 ml. of ether and washed with two 100-ml. portions of 5 aqueous
ammonium chloride, two 100-ml. portions of water, and 100 ml. of
saturated aqueous sodium chloride. Each of the aqueous washes is
extracted with the same 250-ml. portion of ether. The combined ethe-
real solution is dried over anhydrous magnesium sulfate (Note 4),
filtered, and evaporated at 40° under a pressure of 25 mm. The residual
liquid is distilled under reduced pressure through a 10 x 0.7 cm.,
unpacked, vacuum-jacketed column, and the material boiling at
93-98° (2 mm.) furnishes 7.90-7.99 g. (82-839,) of 1,3-bis(methylthio)-
1-hexen-4-ol (Notes 19, 20).

D. trans-4-Hydroxy-2-hexenal. In a 500-ml., one-necked flask con-
taining a Teflon®-coated magnetic stirring bar is placed 3.85 g. (0.02
mole) of 1,3-bis(methylthio)-1-hexen-4-ol, 80 ml. of tetrahydrofuran
(Note 11), and 6.00 g. (0.06 mole) of powdered calcium carbonate. The
Tnixture is stirred, and a solution of 16.4 g. (0.06 mole) of mercuric
chloride in 140 ml. of tetrahydrofuran and 40 ml. of water is added.
The mixture is stirred and heated at 50-55° with a water bath for 15
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hours. The reaction mixture is filtered (Note 21) with suction through a
pad of diatomaceous earth in a sintered-glass funnel (Note 22). The
filter cake is washed with a mixture of 200 ml. of pentane and 200 ml.
of dichloromethane. The combined filtrate is washed with three 100-ml.
portions of saturated aqueous sodium chloride. Each of the aqueous
washes is extracted with a mixture of 100 ml. of pentane and 100 ml. of
dichloromethane. The combined organic solution is dried over anhy-

drous magnesium sulfate (Note 4), filtered, and evaporated at 25° under

a pressure of 25 mm. When almost all the solvent is removed, the residue
is slurried with a mixture of 4 ml. of chloroform and 1iml. of ether as
soon as possible. Purification of the product is effected by chromatog-
raphy on a 3 x 20 cm. column of 50 g. of silicic acid (Note 23) by
elution with a 4:1 chloroform—ether mixture. Each fraction (50 ml.)
is monitored by thin-layer chromatography, and the fractions con-
taining trams-4-hydroxy-2-hexenal uncontaminated with any by-
product are collected. The solvent is evaporated at 25° under a pressure
of 25 mm. and 1 mm. to yield 1.37-1.41 g. (60-629%,) of product, which
is pure by gas chromatography (Note 24) and proton magnetic reson-
ance spectroscopy (Note 25). Distillation without a column yields
1.32 g. (58%) of trans-4-hydroxy-2-hexenal, b.p. 48-51° (0.01-0.03
mm.), 2,4-dinitrophenylhydrazone, m.p. 198-199° (Note 26).

2. Notes

1. The submitter used methanethiol (b.p. 8°) obtained from Matheson
Gas Products. The weight of the methanethiol distilled from the lecture
bottle into the reaction flask was measured by difference. The pungent
odor of this mercaptan is minimized by slow distillation of the reagent
into the flask and by the use of a well-ventilated hood. The checkers
used methanethiol (b.p. 8°, d3 0.8948) obtained from Toyo Chemical
Industries Co. (Japan) and changed the above procedure as follows:
methanethiol distilled from the lecture bottle was first trapped in an
ice-cooled graduated flask equipped with a gas inlet and a dry ice reflux

condenser, then 56 ml. of the liquid was redistilled into the reaction
~ mixture.

2. The submitter used reagent-grade material obtained from East-
man Kodak Co., and the checkers used reagent-grade material from
Kanto Chemical Co., Inc. (Japan).
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3. A large quantity of sodium chloride precipitates during addition
of the epichlorohydrin.

4. The checkers used anhydrous sodium sulfate as a drying agent
instead of anhydrous magnesium sulfate.

5. The checkers used a 15 X 1 cm., unpacked, vacuum-jacketed
column for the distillation.

6. For gas chromatographic analysis of the product, the submitter
used a 3 ft. x 0.125 in. stainless steel column of 5%, LAC-446 (cross-
linked diethylene glycol-adipic ester) on Diatoport S (60-80 mesh)
swept with prepurified nitrogen at 30 ml. per minute. The retention
time was 1.75 minutes at 140°. The checkers used a 1 m. X 4 mm.
glass column of 59, OV-17 on Chromosorb W (60-80 mesh) swept with
prepurified nitrogen at 90 ml. per minute. The retention time was 2.65
minutes at 150°.

7. The proton magnetic resonance spectrum of the product
[(CHZSCH;),CH°OH4] in carbon tetrachloride shows peaks at 2.12
(singlet, 6H, H®), 2.63 (doublet, 4H, J, , = 6 Hz., H®), 3.86 (pentet,
1H, H), and 3.78 p.p.m. (singlet, 1H, H?) downfield from internal
tetramethylsilane.

8. The sodium hydride was obtained as a 599, dispersion in mineral
oil from Metal Hydrides, Inc.

9. The submitter used a reagent-grade mixture of isomeric hexanes
(b.p. 68-70°) obtained from Fisher Scientific Co., and the checkers
used the same grade mixture of isomeric hexanes obtained from Wako
Pure Chemical Industries Litd. (Japan).

10. About 90%, of the mineral oil was removed by this procedure.
Because some sodium hydride is lost in the pipet, an excess is initially
employed. .

11. The submitter used tetrahydrofuran obtained from Fisher
Chemical Co. and distilled from lithium aluminium hydride under
nitrogen shortly before use. The checkers used tetrahydrofuran ob-
tained from Wako Pure Chemical Industries Ltd. (Japan) and distilled
from sodium hydride under nitrogen shortly before use.

12. When dry ether was used in place of dry tetrahydrofuran, only
about 159, of the alcohol was methylated in 36 hours.

13. Using the columns described in Note 6, the retention times
were 0.67 minute at 140° and 1.00 minute at 120° (submitter) and

f_-30 minutes at 150° and 7.05 minutes at 120° (checkers), respec-
ively.
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14. The proton magnetic resonance spectrum of the product
[(CHZSCHY),CH°OCHY] in carbon tetrachloride exhibits absorption at
2.13 (singlet, 6H, H*), 2.68 (doublet, 4H, J,, = 5.4 Hz., H?), 3.41

(singlet, 3H, H%), and 3.50 p.p.m. (pentet, 1H, H°) downfield from in- -

ternal tetramethylsilane.

15. The submitter used diisopropylamine from Aldrich Chemical
Co., and the checkers used diisopropylamine from Wako Pure Chemical
Industries Ltd. (Japan). It was distilled from calcium hydride before
use.

16. The submitter used a 1.24 M solution of n-butyllithium in pentane
obtained from Foot Mineral Co., and the checkers used a 1.45M solution
of n-butyllithium in hexane obtained from Wako Pure Chemical In-
dustries Ltd. (Japan). The nominal titer of active alkyl on the bottle
agreed well with the value found by titration? with 0.80M (submitter)
or 0.50M (checkers) solution of 2-butanol in xylene using 1,10-phenan-
throline as indicator.

17. Nearly quantitative generation of 1,3-bis(methylthio)allyllithium
was proved, as this solution yielded 1,3-bis(methylthio)propene (83—
899,) and 1,3-bis(methylthio)-1-butene (89%,) by reaction with meth-
anol and methyl iodide, respectively. The checkers found that lithium
diisopropylamide can be replaced by n-butyllithium without any
trouble for the generation of 1,3-bis(methylthio)allyllithium, simplifying
the procedure considerably at least in this particular case. Subsequent
reaction with propionaldehyde gave 1,3-bis(methylthio)-1-hexen-4-ol

in 859/ yield, and no appreciable amount of by-product, such as the .

addition product of n-butyllithium with propionaldehyde or with the
intermediate 1.3-bis(methylthio)propene, was formed.

18. The submitter used propionaldehyde from Aldrich Chemical Co.,
and the checkers used material obtained from Tokyo Chemical Indus-
try Co. Ltd. (Japan). It was distilled from calcium hydride shortly
before use.

19. For gas chromatographic analysis of the products, the submitter
used a 3 ft. x 0.125 in. stainless steel column of 5%, LAC-446 (cross-

linked diethylene glycol-adipic ester) on Diatoport S (60-80 mesh),

which was heated at 140° and swept with prepurified nitrogen at 30 ml.
per minute. The four isomers were observed as three peaks at retention
times of 3.08, 3.69, and 4.07 minutes. The checkers used a 1 m. X 4 mm.
* glass column of 109, DEGS on Gas Chrome Q (60-80 mesh), which was
heated at 200° and swept with prepurified nitrogen at 75 ml. per minute.
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The four isomers were observed at retention times of 3.30, 3.85, 4.10,
and 5.20 minutes.

20. The proton magnetic resonance spectrum of the product
[CH*(SCH})=CHCH(SCH;)—CH/(OH)CH;CH;] in carbon tetra-
chloride exhibits absorption at 0.94 (triplet, 3H, J,, = 7 Hz., H"),
1.4 (multiplet, 2H, H?), 2.00, 2.03, and 2.05 (singlets, 3H, H®), 2.22 and
2.26 (singlet, 3H, HY), 2.6-3.8 (multiplet, 2H, H? and H’), 5.0-5.8
(multiplet, 1LH, H°), and 5.9-6.3 p.p.m. (multiplet, 11, H?) downfield
from internal tetramethylsilane. The olefinic multiplets indicate? that
two trans diastereomers and two cis diastereomers are present in the
ratios 25:23:41:11, respectively.

21. At this stage, the submitter added 2 g. of sodium bicarbonate
to buffer the liquid phase near neutrality before filtration. The checkers
found that this operation can be omitted without any trouble.

22. Diatomaceous earth is used to avoid clogging the sintered glass
filter with the insoluble material in the reaction mixture.

23. Toremove the remaining mercuric chloride and some by-products
the submitter filtered a carbon tetrachloride solution of the product
through a 1-cm. column of Merck silicic acid in an experiment of one-
twentieth scale. For the larger-scale preparation the checkers found it
necessary to carry out the chromatographic purification using silicie
acid (M. Woelm Eshwege, Grade IT) as described.

24. Using the same columns described in Note 19, the product
shows a retention time of 1.23 minutes at 140° (submitter) and 1.45
minutes at 200° (checkers).

25. The proton magnetic resonance spectrum of the y-hydroxy-
a,-unsaturated aldehyde [0O=CH*CH*—CH*CH* OH)CH;CH}] in car-
bon tetrachloride shows absorption at 0.96 (triplet, 3H, H”), 1.2-1.9
(multiplet, 2H, H®), 2.22 (singlet, 1H, OH), 4.30 (multiplet, 1H, H?),
6.23 (doublet of doublets, 1H, H®), 6.85 (doublet of doublets, 1H, H°®),
and 9.49 p.p.m. (doublet, 1H, H*) downfield from internal tetrameth-
ylsilane, with coupling constant J in Hz.: J,, = 7.6, J, , = 15.5,
Jyq =10, J, , =43, and J, , = 7.0. Infrared (CCl) cm=*: 3615
medium, 3470 medium and broad (OH), 2805 weak, 2720 weak (CH
of aldehyde), 1693 strong (C=0), 1640 weak (C=C).

26. trams-4-Hydroxy-2-hexenal is unstable and decomposed on
standing at room temperature to give some polymeric and dehydrated
compounds. The checkers prepared the 2,4-dinitrophenylhydrazone,
m.p. 198-199°, for its identification in the usual way.
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3. Discussion

1,3-Bis(methylthio)-2-methoxypropane is important as the precursor
of 1,3-bis(methylthio)allyllithium,5 a symmetrical nucleophile that is
synthetically equivalent to the presently unknown (and probably
intrinsically unstable) 3-lithio derivative of acrolein (Li—CH=CH—
CH=0).

Reaction of 1,3-bis(methylthio)-2-methoxypropane with 2 moles of
lithium diisopropylamide® (or n-butyllithium) effects (a) the elimination
of methanol to form 1,3-bis(methylthio)propene and (b) the lithiation of
this propene to generate 1,3-bis(methylthio)allyllithium in solution. Its
conjugate acid, 1,3-bis(methylthio)propene, can be regenerated by pro-
tonation with methanol, and has also been prepared (a) in 31% yield
by reaction of methylthioacetaldehyde with the lithio derivative of
diethyl methylthiomethylphosphonate,® (b) in low yield by acid-
catalyzed pyrolysis of 1,1-bis(methylthio)-3-methoxypropane,® and
(c) in low yield by acid-catalyzed coupling of vinyl chloride with
chloromethyl methyl sulfide.”

A variety of a,f-unsaturated aldehydes are available by alkylation
of 1,3-bis(methylthio)allyllithium and hydrolysis of the product. For

' C\C/C\o
o — — — |
H

H

—O--

/
O/ \CHa

TABLE I
CONVERSION OF EPOXIDES INTO §-ACETOXY-trans-o,f-UNSATURATED
ALDEHYDES .

Coupling  Acetylation Hydrolysis Overall

Epoxide Yield, %
Propylene oxide 97 100 81 78
Cyclopentene oxide 929 92 59 54
Cyclohexene oxide 96 100 85 82
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example, trans-2-octenal is obtained in 759, yield overall on alkylation
with 1-bromopentane and hydrolysis with mercuric chloride.®

Addition of 1,3-bis(methylthio)allyllithium to aldehydes, ketones,
and epoxides followed by mercuric ion-promoted hydrolysis furnishes
hydroxyalkyl derivatives of acrolein® that are otherwise available in
lower yield by multistep procedures. For example, addition of 1,3-bis-
(methylthio)allyllithium to acetone proceeds in 97%, yicld to give a
tertiary alcohol that is hydrolyzed with mercurie chloride and calcium
carbonate to trans-4-hydroxy-4-methyl-2-pentenal in 419, yield.®
Addition to an epoxide and hydrolysis affords a d-hydroxy-«,f-un-
saturated aldehyde.® Similarly, addition of 1,3-bis(methylthio)allyl-
lithium to an epoxide, acetylation of the hydroxyl group, and hydroly-
sis with mercuric chloride and calcium carbonate provides a d-acetoxy-
trans-«,f-unsaturated aldehyde,® as indicated in Table I. Cyclic cis-
epoxides give aldehydes in which the acetoxy group is trans to the
3-oxopropenyl group.
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CYCLOPROPYLDIPHENYLSULFONIUM FLUOROBORATE
[Sulfonium, cyclopropyldiphenyl tetrafluoroborate(1-)]

A. ICH,CH,CH,CI + Ph,S + AgBF, >

nitromethane, r.t. ~ 40°

(5] S
o Ph,SCH,CH,CH,C1 BF, + Agl
o
B. Ph,SCH,CH,CH,Cl BF, + NaH m>

@ [S]
[>—8th BF, + NaCl + H,

Submitted by MrrcrELL J. BoepaNowrcz and Barry M. Trost!?

Checked by Tsuromu Aok and WATARU NAGATA
]
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1. Procedure

A. Preparation of 3-Chloropropyldiphenylsulfonium Fluoroborate.
A solution of 93.0 g. (0.50 mole) of diphenyl sulfide (Notes 1 and 2) and
347 g. (1.70 mole) of 1-chloro-3-iodopropane (Notes 2, 3, and 4) in
200 ml. of nitromethane (Note 5) in a 1-1., one-necked flask equipped
with a magnetic stirring bar and a nitrogen inlet tube is stirred at room
temperature under nitrogen. The flask is shielded from light (Note 6),
and 78 g. (0.40 mole) of silver fluoroborate (Note 7) is added in one
portion. Initially the temperature rises to 40°, then gradually falls to
room temperature. No external cooling is necessary. After 16 hours
200 ml. of methylene chloride is added, and the mixture is filtered
through a sintered glass funnel fitted with a pad of 35 g. of Florisil
(Note 8). The solid is washed with 100 ml. of methylene chloride, and
the methylene chloride portions are combined. This methylene chloride
solution is evaporated at reduced pressure until a solid separates and
then 11. of ether is added to precipitate the sulfonium salt (Note 9).
The off-white crystals are collected (Note 10), washed with ether, and
dried under reduced pressure at 25°. The yield is 122-140 g. (87-99%),
m.p. 103-105° (Note 11).

B. Preparation of Cyclopropyldiphenylsulfonium Fluoroborate. A
suspension of 118.7 g. (0.339 mole) of 3-chloropropyldiphenylsulfonium
fluoroborate (Note 2) in 500 ml. of dry tetrahydrofuran (Note 12) is
placed in a 2-1., one-necked flask equipped with a magnetic stirring
bar and nitrogen inlet tube under nitrogen. Then 5-g. portions of 559,
sodium hydride-mineral oil dispersion (15.2 g., 0.350 mole) are added
in 30-minute intervals. The resulting mixture is stirred (Note 13) at
room temperature for 24 hours. An aqueous solution of 25 ml. of 489,
fluoroboric acid (Note 14), 15 g. of sodium fluoroborate (Notes 7, 15),
and 400 ml. of water is added to the well-stirred reaction to destroy
residual hydride and swamp out chloride ion (Note 16). After 5 minutes
300 ml. of methylene chloride is added, and the top methylene chloride
layer is removed from the lower aqueous layer (Note 17). The methylene
chloride solution is then extracted with 100 ml. of water. This water
layer is combined with the first aqueous layer, and the combined water
layers are extracted with an additional 100 ml. of methylene chloride.
The methylene chloride portions are combined, dried over anhydrous
sodium sulfate, and evaporated at reduced pressure until precipitation
occurs. Addition of 1 1. of ether completes the precipitation of the salt.
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The crystals are collected, washed with ether, and recrystallized from
hot absolute ethanol (approximately 400 ml.) (Note 18). After drying
under reduced pressure the yield is 79.5-88.0 g. (75-839%,), m.p. 137~
139° (Note 19).

2. Notes

1. Available from Matheson, Coleman and Bell and utilized without
further purification. The checkers used reagent grade diphenyl sulfide
obtained from Tokyo Kasei Kogyo Co. Ltd., Japan.

2. The checkers carried out the cxperiment on a half scale and ob-
tained the same results as described by the submitters.

3. Available from K & K Laboratories or may be prepared in 899,
yield by the following procedure. To a solution of 393 g. (2.63 moles) of
sodium iodide in 11. of reagent grade acetone is added 394 g. (2.50
moles) of 1-bromo-3-chlorépropane (Aldrich Chemical Co.). After
stirring 2 hours at room temperature, the mixture is filtered, the sodium
bromide is washed with acetone, and the acetone is evaporated at re-
duced pressure. A dark iodine color is present along with some solid
sodium salts. The oil is dissolved in ether, and the solution is washed
with a 109, aqueous sodium thiosulfate solution. The ethereal layer
is separated, dried over anhydrous sodium sulfate, and evaporated at
reduced pressure to yield 454 g. of an oil that can be used without
further purification.

4. An excess of 1-chloro-3-iodopropane must be employed to compete
effectively with the diphenyl sulfide for complexation with silver
fluoroborate.

5. Available from Aldrich Chemical Co. and used without further
purification. Methylene chloride may be substituted for the nitro-
methane. The checkers used reagent grade nitromethane available
from Tokyo Kasei Kogyo Co. Ltd., Japan.

6. The flask is wrapped with aluminium foil to prevent decomposition
of the silver salts.

7. Available from Ozark Mahoning Corp.

8. A pad of Florisil is employed to facilitate removal of the sus-
pended silver salts.

9. An oil separated initially. Vigorous shaking of the mixture to
faxtract the excess starting material out of the oily sulfonium salt layer
induces crystallization.

10. The crystals obtained by the checkers were light brown at this
stage, but could be purified by the following procedure.
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11. The material is normally utilized directly without further -

purification. If the solid is very gray, it may be recrystallized. For the
recrystallization the salt is dissolved in hot 959, ethanol (approximately
350 ml. per 100 g. of salt) containing decolorizing carbon, filtered
rapidly, and the clear supernatant liquid is allowed to cool in a freezer
(—20°). In this way, white crystals, m.p. 106-107°, may be obtained
with nearly quantitative recovery. The checkers obtained the purified
material of m.p. 108-109° with 959, recovery and used this material for
the next step. The purified material has the following spectral data;
ultraviolet (959, ethanol) nm. max (e): 236 shoulder (13,200), 262
(2200), 268 (2680), 275 (1010); infrared (Nujol) em~*: 3090 wealk, 3060
weak (aromatic CH), 1580 weak (C=C); proton magnetic resonance
(CDCly), first-order analysis, 6 in p.p.m.: 7.5-8.2 (multiplet 10H, H?),
4.3 (poorly resolved triplet 2H, H®), 8.75 (triplet 2H, H?), 2-2.5 (multi-
plet 2H, H°); coupling constant J in Hz.: J,, = 8, J,, = 6.5.

CeHg

®
S-CH3Z-CH3-CH4CI

/
CeH; BE.O
4

12. The tetrahydrofuran was dried by distilling from lithium aluminium
hydride and then from sodium benzophenone ketyl (generated by
adding small pieces of sodium metal and benzophenone) directly into the
reaction flask. A blue-black color of the ketyl solution indicates dryness.
The checkers purified tetrahydrofuran by distillation from sodium
hydride dispersion under nitrogen, and used it immediately.

13. The checkers found that efficient stirring is essential for success-
ful results.

14. Since 489, fluoroboric acid was not available in Japan, the
checkers used 429, fluoroboric acid obtained from Wako Pure Chemi-
cals Co. Ltd. and obtained the same result as described by the sub-
mitters.

15. The checkers prepared sodium fluoroborate by neutralization
of an ice-cold, aqueous, 429, solution of fluoroboric acid with an equiva-
lent amount of sodium carbonate and addition of dry ethanol to the
reaction mixture to effect complete crystallization of the product. The
crystals were purified by washing with ethanol, and the purified ma-
terial was obtained in 809, yield.
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16. Normally no observable effect occurs upon this addition. Gas
evolution with a slight exotherm indicates incomplete reaction.

17. The density of the methylene chloride and water layers are nearly
equal. Thus, sometimes upon initial mixing, the methylene chloride
starts out on the bottom, but the layers reverse on shaking. However,
on occasion, the desired methylene chloride layer is found in fact to be
the bottom one. It is therefore advisable to check the layers by addition
of either water or methylene chloride. The checkers found that the
methylene chloride was on the bottom in the two experiments.

18. Ether may be added to the cold ethanol solution before filtration
to insure complete precipitation.

19. The purified material has the following spectral data; ultraviolet
(95%, ethanol) nm. max (e): 235 shoulder (12,200), 261 (1800), 267
(2200), 274 (1700); infrared (Nujol) em~!: 3100 weak, 3045 weak
(aromatic OH), 1582 weak (C=C); proton magnetic resonance (CDCl,),
first-order analysis, ¢ in p.p.m.: 7.5-8.1 (multiplet 10H, H¢), 3.5-3.9
(multiplet 1H, H), 1.4-1.75 (multiplet 4H, H*).

CéHg\ .
/ 3 ]
CeHs BF £

3. Discussion

The utility of sulfur ylides in organic synthesis demands methods for
the efficient preparation of the precursor sulfonium salts.2 Among the
salts, the diphenylsulfonium moiety provides the ability to generate
the higher alkylides unambiguously. However, the low nucleophilieity
of the sulfur of diphenyl sulfide dictated the need for exceptionally
reactive alkylating agents. Oxonium salts,? dialkoxycarbonium salts,*
and fluorosulfate esters® are capable of achieving such alkylations; how-
ever, the unavailability of such alkylating agents except for the very
simple alkyl groups (e.g., methyl and ethyl).does not allow generaliza-
tion. On the other hand, alkyl halides complexed to silver salts form
powerful alkylating agents and allow utilization of a wide range of
alkyl halides susceptible to Sy2 displacement.2¢ Although alkyl brom-
ides may be employed, alkyl iodies are preferred. The latter are norm-
ally available in excellent yields from sulfonate esters, chlorides, or
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bromides by reaction with sodium iodide. Polyhalides may be employed
without complications—reaction occurring preferably at a primary
rather than secondary center.

While sulfonium ylides do not normally undergo alkylations (except
with reactive alkylating agents such as methyl iodide?), they do under-
go intramolecular alkylation (cyclization) rather efficiently. The present
procedure describes the synthesis of a particularly interesting reagent,
cyclopropyldiphenylsulfonium fluoroborate.® The ylide derived from this
salt effects many different synthetic transformations which include facile
syntheses of cyclobutanones,® y-butylrolactones,® and specifically
substituted cyclopentanones'® from aldehydes and ketones and spiro-
pentanes from «,f-unsaturated carbonyl partners.®-*
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TRIMETHYLENE DITHIOTOSYLATE AND ETHYLENE
DITHIOTOSYLATE

(1,3-Propanedithiol di-p-toluenesulfonate and 1,2-Ethanedi-
thiol di-p-toluenesulfonate)

KOH -+ H,8 —2> KHS + H,0

(4]
CH,C4H,SO0,01 + 2 KHS — > CH,C¢H,S0,SK + KCI + H,S

C,H,0H,K1
R

reflux

2 CH,C,H,80,SK -+ Br(CH,),Br

CH,C,H,S0,8 (CH,),880,C,H,CH, -+ 2 KBr

2 CHaCsH,lSOzSK -+ Br(CHz)zBI‘ w}

reflux

CH,C,H,S0,S(CH,),S80,C,H,CH, + 2 KBr

Submitted by R. B. WoopwaRD,! 1. J. PACHETER, and MONTE L. SCHEINBAUM?
Checked by P. A. Rossy and S. MASAMUNE

1. Procedure

A. Potassium Thiotosylate. Caution! This procedure should be
carried out in a hood to avoid inhalation of hydrogen sulfide.
- A solution of 64.9 g. (1 mole) of 86.5%, potassium hydroxide (Note 1)
in 28 ml. of water is cooled in an ice bath, saturated with hydrogen
sulfide, and flushed with nitrogen to ensure complete removal of excess
hydrogen sulfide (Notes 2 and 3). The freshly prepared potassium
h.ydrosulﬁde solution is diluted with 117 ml. of water and stirred under
nitrogen at 55-60°, Then 95.3 g. (0.5 mole) of finely ground tosyl chloride
(Note 3) is introduced in small portions at a uniform rate so that the
reaction temperature is maintained at 55-60° (Note 2). A mildly
exothermic reaction ensues, and the solution becomes intensely yeHow.
After about 90 g. of tosyl chloride has been introduced, the yellow
00.101' disappears, and the dissolution of the chloride ceases. The reaction
i’nlxture is rapidly filtered with suction through a warmed funnel, and
he filtrate is cooled several hours at 0-5°. The crystals of potassium

33
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thiotosylate are filtered, dissolved in 200 ml. of hot 809, ethanol,
filtered hot to remove traces of sulfur, and cooled several hours at
0-5°. The recrystallized salt is filtered and air-dried to provide 48-55 g.
(42-499,) of white crystals.

B. Trimethylene Dithiotosylate. To 150 ml. of 95%, ethanol con- ,

taining 10-20 mg. of potassium iodide is added 40 g. (0.177 mole) of
potassium thiotosylate and 20 g. (0.10 mole) of trimethylene dibromide
(Note 4). The mixture is refluxed with stirring for 8 hours in the dark
and under nitrogen. The reaction mixture is cooled to ambient tempera-
ture, diluted with an equal volume of cold water, and agitated. After
decantation of the supernatant liquid, the residual honey-like layer of
product is washed with three 200-ml. portions of cold water, once with
100 ml. of cold 959, ethanol, and once with 100 ml. of cold absolute
ethanol. The crude product (Note 5) is dissolved in 10 ml. of acetone,
diluted with 80 ml. of hot absolute ethanol, and stirred under nitrogen
at 0°. The oil which separates is redissolved by theadditionof aminimum
amount (ca. 5 ml.) of acetone. Seed crystals are introduced (Note 6),
and the mixture is stirred for 1 hour at 0° under nitrogen and stored
at —30° for several hours. The microcrystalline product is collected by
filtration and weighs 20.2 g., m.p. 63.5-65.0°. Three recrystallizations
from nine parts (180 ml.) of ethanol give white needles that weigh
17.2 g. (419%) and melt at 66-67°. During the recrystallizations some

of the material oils out when the solution is cooled to room temperature. -

The supernatant liquid is decanted, seeded, and stored at —80° for
several hours. The oil is not further purified. The recrystallized material
is chemically pure for further use.® Its properties can be compared with
those of tosyltrimethylene thiotosylate, isolated from contaminated
samples of trimethylene thiotosylate (Notes 7 and 8).

C. Ethylene Dithiotosylate. To 200 ml. of ethanol containing 10—
20 mg. of potassium iodide is added 45.3 g. (0.2 mole) of potassium
thiotosylate and 18.8 g. of ethylene dibromide. The mixture is re-
fluxed with stirring for 8 hours in the dark and under & nitrogen atmos-
phere. The solvent is removed, and the resulting white solid is washed
with a mixture of 80 ml. of ethanol and 150 ml. of water. After decanta-
tion, the solid is washed three times with 50-ml. portions of water and
then recrystallized from approximately 150 ml. of ethanol to yield
'28.7 g. of crude product, m.p. 72-75°. Three recrystallizations from a
‘mixture of ethyl acetate and ethanol afford 24 g. (60%,) of white crystals,
m.p. 76-76° (Note 9).
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2. Notes

1. Potassium hydroxide pellets of reagent grade commonly available,
such as that from Fisher Scientific Company, contain 10-159, of
water. The checkers used the amount calculated on the basis of 86.5%,,
as specified.

2. Hydrogen sulfide is undesirable because its presence can lead to
the formation of potassium p-toluenesulfinate. The latter can be formed
by the desulfurization of thiotosylate by hydrogen sulfide generated in
the reaction of potassium hydrosulfide with tosyl chloride. Attention
should be directed toward control of the reaction temperature so that
hydrogen sulfide is rapidly removed, thereby ensuing survival of the
S—S bond of the thiotosylate. p-Toluenesulfinate ion can displace
bromide to form stable sulfones which are less soluble in common
solvents, such as benzene, than trimethylene dithiotosylate. Therefore,
purification of the dithiotosylate contaminated with the sulfones is
difficult to achieve by means of fractional recrystallization.

3. The p-toluenesulfonyl chloride should be free of p-toluenesulfonic
acid, otherwise potassium p-toluenesulfonate will be formed and will
result in the formation of tosylates, rather than thiotosylates. The
reagent used by the checkers was obtained from British Drug Houses
Ltd. and was purified according to the following procedure.? A benzene
solution of the tosyl chloride was washed with 5%, aqueous sodium
hydroxide, dried with magnesium sulfate, and then distilled under
reduced pressure, b.p. 146° (15 mm.).

4. Trimethylene dibromide available from Eastman Organic Chemi-
cals, was distilled prior to use (b.p. 167-168°).

5. The checkers found that the crude oily product crystallizes after
storage for a few days under nitrogen at —30°. Some of this solid was
saved to be used as seed crystals.

6. The submitters reported that seed crystals were obtained by
column chromatography, using 40 parts by weight of Woelm neutral
alumina (activity grade one) and benzene elution. The center cuts of
m.p. 65° or higher were combined and recrystallized from nine parts of
ethanol to give white needles, m.p. 67°. T'wo recrystallizations of ‘chro-
matographed trimethylene dithiotosylate gave material with m.p.
67.5°.

7. The purified trimethylene dithiotosylate exhibits infrared bands
(CHC), solution) at 3030 (w), 2930 (w), 1590 (w), 1490 (w), 1440 (w),
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1410 (w), 1325 (s), 1300 (m), 1180 (w), 1140 (s), 1075 (s), 1015 (w), and
810 (m) cm-l. The proton magnetic resonance spectrum (CDCl,
solution) included signals at 01.98 (quintet, 2H, CH,CH,CH,, J =
7 Hz.), 2.43 (singlet, 3H, CH,), 2.97 (triplet, 4H, CH,CH,CH,, J =
7 Hz.), 7.30 (doublet, 4H, J = 9 Hz.), and 7.75 p.p.m. (doublet, 4H,
J = 9 Hz.). Analysis calculated for C;,H,00,8,: C, 49.01; H, 4.84; S,
30.79. Found : C, 49.13; H, 4.81; S, 30.51 (submitters). Found: C, 48.71;
H, 4.64; S, 30.45 (checkers). The checkers found that the product
exhibited a single peak on a 3 ft. x }§ in. Waters Associates Analytical
Liquid Chromatographic column, packed with Durapak-Carbowax
400/Poracil C. Chloroform was used as the eluting solvent.

8. The submitters succeeded in isolating tosyltrimethylene thiotosyl-
ate, m.p. 92° from contaminated samples of trimethylene dithiotosylate
(Note 2). The infrared spectrum (CHCI, solution) is almost identical
with that of trimethylene dithiotosylate. The material has proton
magnetic resonance peaks (CDCl, solution) at 062.06 (quintet, 2H,
CH,CH,CH,, J = 12 Hz.), 2.43 (singlet, 3H, CH,), 3.08 (triplet, 4H,
CH,CH,CH,,J = 12 Hz.), 7.29 (overlapping doublets, 4H,J = 12 Hz.),
and 7.72 p.p.n. (overlapping doublets, 4H, J = 12 Hz.). Analysis
caleulated for C,;H,00,8;: C, 53.09; H, 5.24; 8, 25.01. Found: C, 53.04;
H, 5.23; S, 25.0. v

9. The proton magnetic resonance spectrum (CDCY, solution) has the
following absorptions, 62.47 (singlet, 6H, CHy), 3.31 (singlet, 41, CH,),
7.48 (complex multiplet, 4H, J = 9 Hz.) and 7.97 p.p.m. (doublet,
4H,J = 9 Hz.). Analysis calculated for CeH168,0,: C, 47.73; H, 4.51;
S, 31.86. Found: C, 47.89; H, 4.44; §, 32.22.

3. Discussion

Although it has been long known that trimethylene dithiotosylate
can be prepared by the reaction of thiotosylate ion with trimethylene
dibromide,® various difficulties are associated with the preparation.
These problems are to a considerable extent related to the mode of
preparation and the resultant purity of potassium thiotosylate. The
thiotosylate salt must be free of tosylate and p-toluenesulfinate
impurities, otherwise side products such as tosylates or sulfones
will form. One such by-product, tosyltrimethylene thiotosylate,
CH,C,H,S0,(CH,),SS0,C.H,CH,, m.p. 92°, was isolated from con-
taminated samples of trimethylene dithiotosylate. It is products such
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as these, that make crystallization of the dithiotosylate difficult. The
procedure described herein serves as a reliable technique for minimizing
these experimental difficulties.

Trimethylene dithiotosylate can react with activated methylene
groups, enamines, or hydroxyethylene derivatives of carbonyl com-
pounds to form dithiane derivatives. Ethylene dithiotosylate undergoes
similar reactions to form dithiolanes.?¢
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2,2-(ETHYLENEDITHIO)CYCLOHEXANONE
(1,4-Dithiaspiro[4,5]decan-6-one)

CHOH />
KOCOCH;
+ CH3CsH4S0:8(CH3)2SS02CeHaCHs cryomess ij\s

Submitted by R. B. WoopwARD!, I. J. PACHTER, and M. L. ScueINBaUM?
Checked by J. G. GREEN and S. MAsAMUNE

1. Procedure

A 300-ml., one-necked flask is equipped with a reflux condenser,
to the top of which a nitrogen inlet tube is attached. The flask is charged
with 3.85 g. (0.03 mole) of 2-hydroxymethylenecyclohexanone (Note 1),
1.0 g. (0.025 mole) of ethylene dithiotosylate (Note 2), and 10 g. of potas-
sium acetate in 150 ml. of methanol, and the mixture is refluxed for 3
hours with stirring and under nitrogen. The solvent is removed from the
reaction mixture on a rotary evaporator, and the residue is extracted
with three 50-ml. portions of ether. The combined cthereal extracts are
washed with cold aqueous 2N sodium hydroxide (Note 3) until the



38 ORGANIC SYNTHESES—VOL. 54

aqueous layer is basic to litmus and then with 50 ml. of saturated
aqueous sodium chloride. The ethereal layer is dried over anhydrous
magnesium sulfate; the drying agent is removed by filtration, and the
ethereal solution is concentrated on a rotary evaporator. The oily resi-
due is diluted with 1 ml. of benzene and 3 ml. of cyclohexane. This
solution is transferred to a chromatographic column (14 X 2 cm.)
prepared with 50 g. of alumina (Note 4) and a 3:1 mixture of cyclo-
hexane and benzene. With this solvent system the desired product
moves with the solvent front, and the first 100 ml. of eluent contains
859, of the total product. Further elution with approximately 100 ml.
of the same solvent mixture removes the rest of the material, and then
a second component begins to come off. Evaporation of the solvent from
the combined 200 ml. of eluent leaves an oily residue which erystallizes
on standing to yield 2.76-3.04 g. (57-649,) of crude 2,2-(ethylenedithio)-
cyclohexanone. Recrystallization from approximately 50 ml. of pentane
affords 2.1-2.6 g. (45-559%,) of needles, m.p. 56-57° (Note 5).

2. Notes

1. 2-Hydroxymethylenecyclohexanone was prepared by both the
submitters and checkers by a procedure similar to, but slightly modified
from, that described by C. Ainsworth in Org. Syn., Coll. Vol. 4, 536
(1963). To a cooled (ice bath), stirred suspension of 10.2 g. (0.2 mole)
of commercial sodium methoxide in 75 ml. of anhydrous benzene in a
nitrogen atmosphere was added dropwise but rapidly (ca. 2 minutes)
a mixture of 9.8 g. (0.1 mole) of distilled cyclohexanone and 14.8 g.
(0.2 mole) of distilled ethyl formate. After addition, the reaction was
allowed to warm to room temperature and left overnight. Ice water
(100 ml.) was added to the resulting suspension. The aqueous layer was
separated, and the benzene layer was washed three times with 50 ml.
of cold aqueous 0.1 sodium hydroxide. The aqueous layers were com-
bined, and the product was isolated according to the procedure refer-
enced above. This modified version provided slightly higher yields of
the product than that recorded in Org. Syn., and the ease of handling
sodium methoxide, compared with sodium metal, is advantageous.

2. Ethylene dithiotosylate of m.p. 73-73.5°% is employed.

3. Treatment with alkali removes the various acidic by-products and
their salts (acetate, sulfinate, and formate) and also serves to hydrolyze
and remove unreacted starting materials.
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4. The checkers used ‘‘Aluminium Oxide’” purchased from J. T.
Baker Chemical Company.

5. The proton magnetic resonance spectrum of the product (CDCl,
solution) is: 8 3.30 (singlet, 4H), 2.73 (multiplet, 2H), 2.42 (multiplet,
2H), and 1.83 (multiplet, 4H).

3. Discussion

The procedure for the preparation of a dithiolane from a hydroxy-
methylene derivative of a ketone and ethylene dithiotosylate (ethane-
1,2-dithiol di-p-toluenesulfonate) can be varied to produce dithianes
when the latter reagent is replaced by trimethylene dithiotosylate.®-*
The dithiotosylates also react with enamine derivatives to produce
dithiaspiro compounds.?-*

1. Department of Chemistry, Harvard University, Cambridge, Massachusetts 02138.
2. Department of Chemistry, East Tennessee State University, Johnson City, Tennessee

37601.
3. R. B. Woodward, I. J. Pachter, and M. L. Scheinbaum, Org. Syn., 54, 33 (1974).
4. R. B. Woodward, I. J. Pachter, and M. L. Scheinbaum, J. Org. Chem., 36, 1137

(1971).
5. R. B. Woodward, I. J. Pachter, and M. L. Scheinbaum, Org. Syn., 54, 39 (1974).

2,2-(TRIMETHYLENEDITHIO)CYCLOHEXANONE
(1,5-Dithiaspiro[5,5]undecan-7-one)

O
N i oo
N
H
‘N

refux O
+ CH;C5H,S05S(CH;)sSS0:CoH CH, ~1-CZeut e TR =0 /j
S
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1. Procedure

A. 1-Pyrrolidinocyclohexene.® A solution of 29.4 g. (0.3 mole) of
cyclohexanone and 28.4 g. (0.4 mole) of pyrrolidine in 150 ml. of benzene
is placed in a 500-ml., one-necked flask to which a Dean—Stark water
separator is attached. The solution is refluxed under a nitrogen
atmosphere until the separation of water ceases (Note 1). The excess
pyrrolidine and benzene are removed from the reaction mixture on a
rotary evaporator. The resulting residue is stored under refrigeration
and distilled just before use in the next step to provide 44.6 g. of 1-
pyrrolidinocyclohexene, b.p. 76-77° (0.5 mm.), 106-106° (13 mm.).

B. 2,2-(Trimethylenedithio)cyclohexanone. A solution of 3.02 g. (0.02
mole) of freshly distilled 1-pyrrolidinocyclohexene, 8.32 g. (0.02 mole)

of trimethylene dithiotosylate? (Note 2), and 5 ml. of triethylamine-

(Note 3) in 40 ml. of anhydrous acetonitrile (Note 4), is refluxed for 12
hours in a 100-ml., round-bottom flask under a nitrogen atmosphere.
The solvent is removed under reduced pressure on a rotary evaporator,
and the residue is treated with 100 ml. of aqueous 0.1¥ hydrochloric

acid for 30 minutes at 50° (Note 5). The mixture is cooled to ambient -

temperature and extracted with three 50-ml. portions of ether. The
combined ether extracts are washed with aqueous 109, potassium
bicarbonate solution (Note 6) until the aqueous layer remains basic to
litmus, and then with saturated sodium chloride solution. The ethereal
solution is dried over anhydrous sodium sulfate, filtered, and concen-
trated on a rotary evaporator. The resulting oily residue is diluted with
1 ml. of benzene and then with 3 ml. of cyclohexane. The solution is
poured into a chromatographic column (13 x 2.5 cm.), prepared with
50 g. of alumina (Note 7) and a 3:1 mixture of eyclohexane and benzene.
With this solvent system, the desired product moves with the solvent
front, and the first 250 ml. of eluent contains 95% of the total product.

Elution with a further 175 ml. of solvent removes the remainder. The.

combined fractions are evaporated, and the pale yellow, oily residue

crystallizes readily on standing. Recrystallization of this material from

pentane gives 1.82 g. of white crystalline 2,2-(trimethylenedithio)cyclo-
hexanone, m.p. 52-55° (45%, yield) (Note 8).

2. Notes

1. The time required for this operation generally is 3.5-5 hours.
2. Trimethylene dithiotosylate* of m.p. 66-67° is employed.
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3. Eastman white label triethylamine is distilled from sodium hy-
droxide.

4. Fisher Reagent acetonitrile is distilled from phosphorus pentoxide.

5. Treatment with the dilute acid effects aqueous extraction of
pyrrolidine and hydrolysis of unreacted dithiotosylate and enamine
starting materials.

6. Bicarbonate washing ensures removal of the sulfonic and sulfinic
acids.

7. The checkers used “Aluminium Oxide” purchased from J. T.
Baker Chemical Company.

8. The proton magnetic resonance spectrum of the product (CDCI,
solution) exhibits multiplets in the region 6 1.65-2.45. The infrared
spectrum (CHCI, solution) shows peaks at 2980 (m), 2940 (s), 2870 (m),
1690 (s), 1445 (m), 1420 (m), 1120 (m), 1110 (m), and 910 (s) cm" *.

3. Discussion

The preparation of dithianes from enamines by reaction with tri-
methylene dithiotosylate (propane-1,3-dithiol di-p-tolucnesulfonate)
has been applied with enamines derived from cholestan-3-one, aceto-
acetic ester, and phenylacetone.’ Reactions of trimethylene dithiotosyl-
ate with hydroxymethylene derivatives of ketones also give rise to
dithianes; thus the hydroxymethylene derivative of cholest-4-en-3-one
can be converted to 2,2-(trimethylenedithio)cholest-4-en-3-one.5 1,3-
Dithiolanes are obtained in a similar manner by reaction of ethylene
dithiotosylatet with the appropriately activated substrate.>?

1. Department of Chemistry, Harvard University, Cambridge, Massachusetts 02138.
2. lg)eg(;a,rtmenb of Chemistry, East Tennessee State University, Johnson City, Tenncssce
7601. ,

3. L. .A. Cohen and B. Witkop, J. Amer. Chem. Soc., 77, 6595 (1955); G. Stork, A.
Brizzolara, H. Landesman, J. Szmuszkoviez, and R. Terrell, J. Amer. Chem. Soc., 85
207 (1963). o

- R. B. Woodward, 1. J. Pachter, and M. L. Scheinbaum, Org. Syn., 54, 33 (1974).

- R. B. Woodward, I. J.Pachter, and M. L. Scheinbaum, J. Org. Chem., 36, 1137 (1971).

- R. B. Woodward, A. A. Patehett, D. H. R. Barton, D. A. J. Ives, and R. B. Kelley,
J. Chem. Soc., 1131 (1957).

+ R, B. Woodward, I. J. Pachter, and M. L. Scheinbaum, Org. Syn., 54, 37 (1974).
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ALDEHYDES FROM 4,4-DIMETHYL-2-OXAZOLINE
AND GRIGNARD REAGENTS: o0-ANISALDEHYDE

(0-Methoxybenzaldehyde)

MgBr

_ [(CHasNsPO, 0 g QCHs
/ tctnhydrofur&n 25°

OCH,
I CH3

OCHj;

g 9CHs (C05H)a, HeO @i
reﬂux

Submitted by R. 8. BRINKMEYER, E. W. COLLINGTON, and A. I. MeYERs!
Checked by R. E. IReLanD and R. R. Scamrpr, 11T

1. Procedure

In a 1-1., three-necked, round-bottomed flask equipped with a 500-
ml. dropping funnel (Note 1), a mechanical stirrer, and an argon inlet
tube is placed 80 g. (0.33 mole) of N,4,4-trimethyl-2-oxazolinium iodide
(Note 2). The system is flushed with argon; 150 ml. of dry tetrahydro-
furan (Note 3) is added, and the stirred suspension is cooled in an ice
bath. Meanwhile, to a cooled solution of freshly prepared o-methoxy-
phenylmagnesium bromide (0.414 mole) (Note 4) is added 146 ml.
(0.828 mole) of dry hexamethylphosphoramide (Note 5). This solution
is then transferred under an argon atmosphere to the 500-ml. dropping
funnel with the aid of an argon-pressurized siphon. The solution is
slowly run into the cooled suspension, whereupon the methiodide salt
dissolves. When the addition is complete, the reaction mixture is
stirred at room temperature overnight.

The suspension is slowly poured into 600 ml. of saturated ammonium
chloride solution which has previously been cooled to 10-15°, and the
mixture is extracted with three 250-ml. portions of ether. Concentration
of the combined extracts gives the crude addition product (Note 6).

The crude product is added to 200 ml. of ice-cold water and quickly
acidified with cold 3N hydrochloric acid. The acidic solution is rapidly
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extracted with 300 ml. of cold hexane, and the extract is discarded. The
aqueous solution is then made basic by the addition of 209, aqueous
sodium hydroxide solution (Note 7), and the mixture is extracted with
three 250-ml. portions of ether. Concentration of the combined
ethereal extracts affords 70-75 g. of crude oxazolidine (Note 8).

In a 1-1., round-bottomed flask is placed 72 g. of the erude oxazolidine
in 600 ml. of water, and 201.6 g. (1.6 moles) of hydrated oxalic acid
is added. The mixture is then heated under reflux for 1 hour, cooled,
treated with 600 ml. of water to dissolve precipitated oxalic acid, and
extracted with three 100-ml. portions of ether. The combined ethereal
extracts are washed with 50 ml. saturated sodium bicarbonate solution
and then dried over anhydrous potassium carbonate. Concentration of
the ethereal solution gives 30-35 g. of crude aldehyde. Distillation of
this material at 70-75° (1.5 mm.) gives pure o-anisaldehyde (22.8-26.3
g.; 51-599), m.p. 35.5-38° (Note 9).

2. Notes

1. The dropping funnel should be equipped so that the transfer of
the Grignard reagent to it can be carried out under a positive nitrogen
pressure.

2. 4,4-Dimethyl-2-oxazoline is commercially available from Columbia
Organic Chemicals, 912 Drake Street, Columbia, South Carolina, or may
be prepared as follows. In a 250-ml., three-necked flask is placed 89.14
g. (1.0 mole) of 2-amino-2-methyl-1-propanol, and the flask is cooled
in an ice bath. The amine is carefully neutralized with 52.3 g. (1.0 mole)
of 90.6%, formic acid over a 1-hour period. A magnetic stirring bar is
added, the flask is fitted with a short path distillation head, and the
reaction mixture is placed in a silicon oil bath which is rapidly heated
to 220-250°. The azeotropic mixture of water and oxazoline distills
over a period of 2—-4 hours and is collected in an ice-cooled flask con-
taining ether. The aqueous layer is separated, saturated with sodium
chloride, and extracted with three 50-ml. portions of ether. The com-
bined ethereal extracts are dried over potassium carbonate, filtered to
remove the drying agent, and the ether is removed at 35-40° at atmos-
pheric pressure. The 4,4-dimethyl-2-oxazoline is collected as the tem-
Perature rises above 85°. The yield is 56.7-62.7 g. (57-639,) of a colorless
mobile liquid, b.p. 99-100° (758 mm. Hg).

The checkers found that if the azeotropic mixture is distilled more
slowly from the reaction mixture at a pot temperature of 175-195° the
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yield is greatly reduced and large amounts of polymeric material are
formed.

N, 4,4-Trimethyl-2-oxazolinium iodide is prepared by adding 49.5 g.
(0.5 mole) of 4,4-dimethyl-2-oxazoline to an excess of cold methyl
jodide (182 g., 80 ml., 1.28 moles) in a 500-ml. flask and stirring at
room temperature under argon for 20 hours. The light brown solid is
filtered with the aid of suction and then dissolved in 350 ml. of dry
acetonitrile. The methiodide salt is precipitated by the addition of
750 ml. of dry ether to this acetonitrile solution. The purified salt is
again filtered with the aid of suction, and the white solid is washed with
950 ml. of dry ether and finally dried under vacuum. This gives 96 g.
(80%) of the methiodide, m.p. 215° (dec.).

The salt can be stored in an inert atmosphere without deterioration.

3. Tetrahydrofuran is dried by distillation from lithium aluminium
hydride.

4. o-Methoxyphenylmagnesium bromide is prepared from 77.5 g.
(0.414 mole, distilled from calcium hydride) of o-bromoanisole and 1l g.
(0.46 g.-atom) of magnesium turnings in 100 ml. of dry tetrahydro-
furan. The solution of this Grignard reagent is heated to reflux for 30
minutes prior to use.

5. Hexamethylphosphoramide is dried by distillation from calclum
hydride.

6. If pure oxazoline is required, residual amounts of hexamethyl-
phosphoramide can be removed by elution of the ethereal solution
through silica gel (20-40 mesh).

7. Tce may be added to keep the mixture cool during the neutraliza-
tion.

8. If this step is omitted, the o-anisaldehyde obtained after hydrolysis
of the oxazolidine is contaminated with 5-109, o-bromoanisole.

9. o-Anisaldehyde is commercially available from Aldrich Chemical
Co. and Eastman Organic Chemicals, Eastman Kodak Co. '

3. Discussion

The conversion of a Grignard or an organolithium reagent to an alde-
hyde has becn accomplished by a variety of reagents. The methods in-
clude such reagents as N-ethoxymethyleneaniline;2* ethyl ortho-
formate ;2 p-dimethylamin.obenzaldehyde 2 dimethyl formamide;® a

dihydroquinazolinium salt ;* and, more recently, a tert-alkyl isonitrile.®
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TABLE 1
ALDEHYDES FROM N,4,4-TRIMETHYL-2-0XAZOLINIUM lODIDE

Grignard Reagent Aldehyde Yield, %

’ o
CeH;MgBr CeH,CHO 69
CeH;CH,MgCl C¢H,CH,CHO 87
C¢H,CH=CHMgBr C¢H,CH=CHCHO 64
CeH,C=CMgBr C,H,C=CCHO 51
0-CH,0C,H,MgBr 0-CH,0C,H,CDO 70%

@ From 2-deuterio-N,4,4-trimethyl-2-oxazolinium iodide.

This procedure illustrates a general method for the preparation of
aryl, benzyl, alkynyl, and vinyl aldehydes.¢ Table I gives the aldehydes
which have been prepared from the corresponding Grignard reagents
by conditions similar to those described here.

This method does not allow the formylation of aliphatic Grignard or
organolithium reagents since in these cases the enhancement in base
strength in the presence of hexamethylphosphoramide produces side
reactions due to proton abstraction.

The present method is simple, proceeds easily and in good yield. The
starting materials are readily available. The method is of particular
value for the ready preparation of C-1 deuterated aldehydes using the
2-deuterio-N,4,4-trimethyl-2-oxazolinium iodide.® Also, since 4C-
l.abeled formie acid is routinely available, this provides easy access to
isotopically labeled aldehydes.

;. l()tjpliu-tImgnt of Chemistry, Colorado State University, Fort Collins, Colorado 80521

. (a) L. I. Smith and J. Nichols, J. Org. Chem., 6, 489 (1941); (b) A, isti )
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. R. A. Barnes and W. M. Bush, J. Amer. Chem. Soc., 81, 4705 (1959).

- H. M. Fales, J. Amer. Chem. Soc., 77, 5118 (1955).

. :([;I M. Walborsky, W. M. Morrison, III, and G. E. Niznik, J. Amer. Chem. Soc., 92
. »> ]

A
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675 (1970).

6. A I. Meyers and E. W. Collington, J. Amer. Chem. Soc., 92, 6676 (1970).



ALKYLATIONS OF ALDEHYDES via REACTION OF
THE MAGNESIOENAMINE SALT OF AN ALDEHYDE:
2,2-DIMETHYL-3-PHENYLPROPIONALDEHYDE

(Propionaldehyde, 2,2-dimethyl-3-phenyl-)

(CH,),CHCHO + (CH,),ONH, =2°%, (CH,),CHCH—NC(CH,),

1 hour

(CH,),CHCH—NC(CH,), - C,H MgBr <oyt |

12-14 hours

(CH?,)zC:CH—N——C(CHa)B:I + C.H,
|: MgBr

T ‘ 1. refiux, 20 hours
== — B T p——
[:(CH?,)ZC-—CHI\ C(CHy)5| + CoHCH,Cl o=
MgBr
C.H,CH,C(CH,),CHO
Submitted by G. STork! and S. R. Dowp
Checked by D. R. WirrLiams and G. BUcHI

1. Procedure

A. N-(2- Methylpropylidene)-tert-bulylamine. A 100-ml., three-
necked, round-bottom flask equipped with a condenser, a nitrogen inlet
tube, a 50-ml. dropping funnel, and a magnetic stirring bar is evacuated
through a mercury bubbler, flamed dry, and flushed with nitrogen three
times. The flask is charged with 36.0 g. (0.5 mole) of teri-butylamine
(Note 1), and 36.5 g. (0.5 mole) of isobutyraldehyde (Note 1) is placed
in the dropping funnel. Half of the isobutyraldehyde is added slowly
through the dropping funnel, and then the remaining half-volume is
added rapidly. The milky solution is allowed to stand at room
temperature for 1 hour; the water layer is then pipeted out, and excess
anhydrous potassium carbonate is added. Filtration and then distillation
of this reaction mixture gives 32.0 g. (50%,) of N-(2-methylpropyl-
idene)-tert-butylamine, b.p. 50° (75 mm.) (Note 2).

B. 2,2-Dimethyl-3-phenylpropanal. A 100-ml., three-necked, round-
bottom flagk equipped with an ether condenser, a nitrogen inlet tube,

a 50-ml. Herschberg dropping funnel, and a magnetic stirring bar is .

evacuated through a mercury bubbler, lamed dry, and flushed with
nitrogen three times. The system is left under a slight positive pressure
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of nitrogen, and all the reactants are added under a stream of nitrogen.
A solution of 0.05 mole of ethylmagnesium bromide in 37 ml. of tetra-
hydrofuran (Note 3) is placed in the flask. A solution of 6.35 g. (0.05
mole) of N-(2-methylpropylidene)-tert-butylamine (Note 4) in 5 ml. of
tetrahydrofuran (Note 5) is then added from the dropping funnel. The
resulting mixture is refluxed for 12-14 hours until 1 mole-equivalent
of gas is evolved (Note 6). The reaction mixture is then cooled to room
temperature, and 6.30 g. (0.05 mole) of benzyl chloride (Note 1) is added
from the dropping funnel. The solution is then refluxed for 20 hours,
at which time the pH is 9-10 (pHydrion paper). To the cooled solution,
which contains a large amount of solid, is added 20-30 ml. of 109,
hydrochloric acid solution. The clear, yellow-brown solution is then re-
fluxed for 2 hours. The cooled solution is saturated with solid sodium
chloride and extracted five times with diethyl ether. The organic ex-
tracts are washed once with 25 ml. of 59, hydrochloric acid solution, and
then repeatedly with brine until the washings are neutral. The organic
layer is dried over anhydrous magnesium sulfate, filtered, and the
solvent is removed at atmospheric pressure through a 12-in. Vigreux
column fitted with a partial take-off head. Distillation of the residue
(Note 7) through a 20-in. vacuum-jacketed fractionating column affords
5.1-5.4 g. (63—-66%,) of 2,2-dimethyl-3-phenylpropanal, b.p. 70-73°
(1.5 mm.) (Note 8).

2. Notes

1. These reagents were obtained from Eastman Organic Chemicals
and were not distilled prior to use.

2. The checkers found that the yield could be improved (37-38 g.,
58-609/) if the reaction mixture was allowed to remain over anhydrous
Potagsium carbonate for 8-12 hours.

3. The ethylmagnesium bromide is prepared in dry tetrahydrofuran
and stored no longer than 1 week in a 250-ml. tube fitted with a 3-way
vacuum stopcock and a dropping buret. The solution is decanted into
the buret, and the correct volume is transferred to the reaction flask
Wwith positive nitrogen pressure. The tetrahydrofuran is purified by dis-
tillation from lithium aluminium hydride. See Org. Syn., 46, 105 (1966),
for warning regarding the purification of tetrahydrofuran.

4. The aldimine is freshly distilled [b.p. 50° (75 mm.)] prior to use.

5. A vigorous reaction may result. At this stage of the reaction,
control is maintained with an ice—water bath.
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6. The volume of gas evolved is estimated with an inverted cylinder
filled with water attached by rubber tubing to the outlet of the mercury
bubbler.

7. Gas chromatographic analysis at 155° on a 5 ft. 59, SE-30 column
shows only the presence of 2,2-dimethyl-3-phenylpropanal and solvent.

8. The infrared spectrum (CHCl;) showed absorption at 2705, 1725,
and 1605 cm~'. The 2,4-dinitrophenylhydrazone, recrystallized from
ethanol-ethyl acetate as long, yellow-orange needles, melts at 150-152°
(reported?® 154-155°).

3. Discussion

This procedure illustrates the mono-alkylation of a-substituted alde-
hydes by means of the metalloenamine method.* The preparation of the
aldimine has been adapted from the procedure of R. Tlollals 2 The pro-
cedure is useful in the preparation of aldimines from low- -boiling com-
ponents. The readily prepared aldimine is treated with an alkyl Grig-
nard reagent generating the magnesioenamine halide salt, which can

be alkylated with a variety of alkylating agents at the a-position. The

yields are high, monoalkylation is the exclusive reaction, and there is no
rearrangement when using an allylic halide. The general method is
applicable to the alkylation of ketones via the magnesium bromide salts
of the corresponding ketimine (Table I).

TABLE I
RHEACTION OF VARIOUS ALDIMINE AND KETIMINE MAGNESIUM BROMIDE SALTS
WITH ALKYLATING AGENTS IN TETRAHYDROFURAN

Imine Halide Yield, %

N-(2-methylpropylidene)- n-butyl iodide 65
tert-butylamine

N- (heptylidene)- n-butyl iodide 47
tert-butylamine )

N-(propylidene)- n-butyl bromide 60
tert-butylamine

N-(cyclohexylidene) n-butyl iodide 78
cyclohexylamine isopropyl iodide 61

benzyl chloride 60

N-(cyclopentylidene) n-butyl iodide 72
cyclohexylamine

N-(cycloheptylidene) - m-butyl iodide 75
cyclohexylamine
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In a variation of this method, metalloenamines have been generated
from the aldimine and lithium diisopropylamide in ether and have been
alkylated in a limited number of cases.> A further variation, using
lithium dialkylamides in hexamethylphosphoramide, has been shown
by Th. Cuvigny and H. Normant® to give good yields of alkylated alde-
hydes. However, secondary alkyl halides fail to react, giving the dehy-
drohalogenation product instead. Another approach is that of Meyers
and co-workers,” which involves the alkylation of the lithio salt of 2-
methyldihydro-1,3-oxazines. It suffers from the necessity of carrying
out several low-temperature steps and a pH-controlled borohydride
reduction.

=

. Department of Chemistry, Columbia University, New York, New York 10027.

. R. Tiollais, Bull. Soc. Chim. Fr., 14, 708 (1947).

3. G. Opitz, H. Heilmann, H. Mildenberger, and H. Suhr, Justus Liebigs Ann. Chem,
649, 36 (1961).

4. G.Stork and S R. Dowd, J. Amer. Chem. Soc., 85, 2178 (1963).

5. G. Wittig, H.-D. Frommeld, and P. Suchanek, Angew. Chem. Int. Ed. Engl., 2, 683
(1963); G. Wittig and H.-D. Frommeld, Chem. Ber., 97, 3548 (1964).

6. Th. Cuvigny and H. Normant, Bull. Soc. Chim. Fr., 3976 (1970).

7. A. I Meyers, A. Nabeya, H. W. Adickes, and I. R. Politzer, J. Amer. Chem. Soc., 91,

763 (1969).
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DIRECTED ALDOL CONDENSATIONS: THREO-
4-HYDROXY-3-PHENYL-2-HEPTANONE

(2-Heptanone, 4-Hydroxy-3-phenyl)

CeH OCOCH,
C,H,OH,COCH, .~ ‘z)l)ls;wf;z?zocna, 2" AN o
( 3 9V, 0 H/ \CH
3
CeH, OCOCH, H H
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/ AN 3) n-CoH,CHO 0-10° |
CH3 NH,4Cl, Hy0, 0° 03]:-]:5 OH
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1. Procedure

Caution! Since hydrogen is liberated, this preparation should be per-
formed in a hood.

A. 2-Acetoxy-trans-1-phenylpropene. A dry, 500-ml., three-necked
flask is fitted with a mechanical stirrer, a pressure-equalizing dropping
funnel, and a rubber septum, and the apparatus is arranged so that the
flask may be cooled intermittently with an ice bath. After the reaction
vessel has been flushed with nitrogen (admitted through a hypodermic
needle in the rubber septum) a static nitrogen atmosphere is main-
tained in the reaction vessel for the remainder of the reaction. Into
the flask is placed 35 g. of a 579, dispersion of sodium hydride (20 g.
or 0.83 mole) in mineral oil (Note 1). The mineral oil is washed from the
sodium hydride with a 200-ml. portion of anhydrous pentane. The
supernatant pentane layer is removed by means of a stainless steel
cannula inserted through the rubber septum (Note 2). The residual
sodium hydride is mixed with 250 ml. of anhydrous 1,2-dimethoxy-
ethane (Note 3), and then 65 g. (0.48 mole) of phenylacetone (Note 4)
is added dropwise and with stirring during 50-60 minutes. During this
addition an open hypodermic needle should be inserted in the rubber
septum to permit the escape of hydrogen and intermittent cooling
with an ice bath may be necessary to keep the reaction solution from
boiling. The resulting mixture is stirred for 3 hours while it is allowed to
cool, and then the mixture is allowed stand for approximately 2 hours
to permit the excess sodium hydride to settle. The supernatant liquid
is transferred under positive nitrogen pressure through a stainless steel
cannula (Note 2) into a 1-1., three-necked flask containing 108 g. (100
ml. or 1.00 mole) of cold (0°), freshly distilled acetic anhydride (b.p.
140°) and fitted with a mechanical stirrer, a thermometer, an ice bath,
and a rubber septum into which are inserted a hypodermic needle to
admit nitrogen and the cannula used to transfer the enolate solution.

The enolate solution is added slowly with cooling and vigorous stirring
so that the temperature of the reaction mixture remains below 30°.
After all the supernatant enolate solution has been transferred, the
residual slurry of sodium hydride is washed with an additional 50-ml.
portion of anhydrous 1,2-dimethoxyethane (Note 3), and these washings
are also added to the acetic anhydride solution. The resulting viscous
" mixture is stirred at room temperature for an additional 30 minutes
and then poured cautiously into a mixture of 500 ml. of pentane, 500
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ml. of water, and 130 g. (1.54 moles) of sodium bicarbonate. When
hydrolysis of the excess acetic anhydride and neutralization of the
acetic acid are complete, the pentane layer is separated, and the aqueous
phase is extracted with 100 ml. of pentane. The combined pentane
solutions are dried over anhydrous magnesium sulfate and then con-
centrated under reduced pressure with a rotary evaporator. Distillation
of the residual orange liquid through a 20-30-cm. Vigreux column
(Note 5) provides 61.7-80.6 g. (73-95%,) of the 2-acetoxy-trans-1-
phenylpropene, b.p. 82-89° (1 mm.), »%D 1.5320-1.5327 (Note 6).

B. threo-4-Hydroxy-3-phenyl-2-heptanone. A dry, 500-ml., three-
necked flask is fitted with a Teflon®-coated magnetic stirring bar, a
gas inlet tube equipped with astopcock,alow-temperature thermometer,
and a rubber septum and is mounted to permit the use of an external
cooling bath. The apparatus is flushed with nitrogen, and a static
nitrogen atmosphere is maintained in the reaction vessel throughout
the reaction. After 10-20 mg. of 2,2’-bipyridyl has been added to the
reaction flask as an indicator, an ethereal solution containing 0.412
mole of halide-free methyllithium (Note 7) is added to the reaction
flask with a hypodermic syringe or stainless steel cannula inserted
through the rubber septum. The ether is removed under reduced
pressure (Note 8) while the flask is warmed to 40° with a water bath,
and then the reaction vessel is refilled with nitrogen, and 120 ml. of
anhydrous 1,2-dimethoxyethane is added (Note 3). The resulting purple
.solution is cooled to —10 to —20° with a cooling bath containing dry
ice and isopropyl alcohol, and the 35.2 g. (0.200 mole) (Note 9) of 2-
acetoxy-trans-1-phenylpropene is added from a hypodermic syringe
dropwise and with stirring during 15 minutes while the temperature of
the reaction mixture is kept in the range —20 to +10°. The resulting
red-brown solution is stirred for an additional 10 minutes at — 10 to 0°,
and then 285 ml. of an etheral solution containing 0.202 mole of an-
hydrous zinc chloride (Note 10) is added to the cold (—10 to +10°)
reaCftion mixture from a hypodermic syringe dropwise and with stirring
during 10 minutes. The resulting reddish-yellow cloudy reaction mixture
(Note 11) is stirred at 0° for 10 minutes, and then 14.50 g. (0.201 mole
of freshly distilled butyraldehyde (Note 12) is added rapidly (30 seconds)
and with stirring to the cold (—5 to -+ 10°) reaction mixture. After the
1‘e§ulting mixture has been stirred at 0—5° for 4 minutes, it is poured
with vigorous stirring into a cold (0-5°) mixture of 500 ml. of aqueous
4M ammonium chloride and 200 ml. of ether. The ether layer is
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separatec], and the aqueous phase is extracted with two 200-m¥. porti(?ns
of other. " The combined organic solutions are washed su ceessively with
two 100-+ml. portions of aqueous 1./ ammonium chloride and with two
50-ml. pgortions of saturated aqueous sodium chloride, .au‘ld these com-
bined atqieous washings are extracted with an additional 100-ml.
portion o tfether. The comtined ether solutions are dried over anhydrous
magnesidiim sulfate and then concentrated under reduced pressure
(water awpirator) with a rotary evaporator to remove t.he 'solven.ts,
includingy the residual 1,2-dimethoxyethane. The remdual.hqmd, which
may cryJstallize on standing (Note 13), is tritu.mted with 50 ml. of
pentane? and the crystalline solid that separates is colle ctefi on a filter.
The filtr@te is concentrated under reduced pressure and again triturated
with pepntane to separate an additional crop of the crude product.
The confibined crops of the crude threo-aldol product amount' to 26.2—
28.4 g. (I64-69%), m.p. 57-62°. The crude product is recrystallized from
125-1500 ml. of hexane. After the solution has been cooled to 0°, 21.3-
24.1 g. ¢of the threo-aldol product is collected as white needles, m.p.
71.5-72.,5 (Note 14). The mother liquors are concentrated and coole:l
to separfate additional fracions of the product (0.5-0.8 &.), m.p. 71-72"
The tot#il yield of the thre-aldol product is 22.1-24.6 g. (53-60%).

2. Notes

1. Thlesubmitters useda 579, dispersion of sodium hydride in mineral
oil obtafined from Alfa Inorganics, Inc., and the checkers used a 509,
dispersidon of sodium hydride in mineral oil obtained from Metal Hy-
drides, . Inc.

9. Agso stainless steel cannula was not available, the checkers made
a minor? nodification in the operation without any trouble. They trans-
ferred tthe supernatant pentane and the solution of the sodium enolate
using a# Luer-lock hypodermic syringe with a stainless s.teel peedle,
Preﬂuslflled with nitrogen, and the apparatus was swept with nitrogen
during- this operation.

3 Tfhe submitters digilled 1,2-dimethoxyethane (b.p. 83°) from
lithjum? alminium hydride immediately before use. The checkers dis-
tilled fitom sodium hydride immediately before use.

4. Tihe submitters used a commercial sample of phenylacetone, ob-
tained from Aldrich Chemical Company, Inc.; the checkers used
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material of the same grade obtained from Maruwaka Chemical In-
dustries Ltd. (Japan). It was used without further purification.

5. The checkers used a 15 X 1 cm., unpacked, vacuum-jacketed
column instead of Vigreux column for the distillation.

6. The results of gas chromatographic analysis of the products made
by the submitters are as follows: On a 3-m. gas chromatography column,
packed with silicone fluid QF, supported on Chromosorb P, and heated
to 190°, the product exhibits peaks at 5.8 minutes corresponding to
2-3% phenylacetone, at 7.5 minutes corresponding to 97-989, of the
enol acetate (cis and trans isomers not resolved), and at 8.0 minutes
corresponding to a trace (<<19,) of 3-phenyl-2,4-pentanedione. On a
second, 7-m. gas chromatography column, packed with silicone fluid
DC-710 on Chromosorb P and heated to 190°, the product exhibits
peaks at 21.0 minutes corresponding to phenylacetone, at 39.0 minutes
corresponding to the trans-enol acetate (97-989%, of the product), and at
42.2 minutes corresponding to the cis-enol acetate (2-39%, of the prod-
uct). The checkers used a 45 m. x 0.25 mm. stainless steel column
(Golay type) coated with Apiezon L, which was heated at 150° and
swept with helium at 1.5 kg./em.2 The product exhibits peaks at 5.5
minutes corresponding to phenylacetone (2—-3%, of product), at 14.2
minutes corresponding to the frans-enol acetate (91-92%, of the prod-
uct), and at 15.8 minutes corresponding to the cis-enol acetate (5-69%,
of the product). The product has infrared absorption (CCl, solution) at
1765 (enol ester C=0) and 1685 ¢cm~! (enol ester C=C) with ultra-
violet maxima (959, EtOH solution) at 248.5 myu (e 18,000) and 325 myu
(€ 415) and proton magnetic resonance peaks (CCl, solution) at 7.0-7.4
(6, multiplet, aryl CH), 5.82 (1, partially resolved multiplet, vinyl CH),
and 2.01 (6, partially resolved multiplet, CH,CO and vinyl CH,). The
mass spectrum of the produet has a parent ion at mfe 176 with abundant
fragment peaks at mfe 134, 91, 45, 43, and 39.

7. The submitters used an ether solution of halide-free methyl-
lithium, purchased from Foote Mineral Company, and the checkers
prepared the compound from methyl chloride and lithium metal in
ether according to the literature.? The solution was standardized before
use by the titration procedure described in a previous volume of this
series.? The checkers observed that use of a halide-containing ether solu-
tion of methyllithium resulted in a considerable decrease in yield of the
Product, principally due to difficulty in following the subsequent pro-
cedure described in the text.
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8. A convenient apparatus for evacuating the reaction vessel and
then refilling it with nitrogen is described in an earlier volume of this
series.?

9. If the violet color of the reaction solution is completely discharged,
indicating that all the methyllithium has been consumed, addition of
the enol acetate should be stopped at that point. The actual concentra-
tion of enolate anion in the solution can be calculated from the amount
of enol acetate added.

10. To prepare an ethereal solution of anhydrous zinc chloride (m.p.
283°), the submitters placed 50.0 g. (0.369 mole) of pulverized reagent
zinc chloride, obtained from either Mallinckrodt Chemical Works or
Fisher Scientific Company, in a 1-l., round-bottomed flask, and the
vessel was evacuated to about 1 mm. pressure. The flask was heated
strongly with a burner with swirling until as much of the solid as
practical had been melted. The evacuated flask was cooled and shaken
(Caution! Perform this operation behind a safety shield in a hood and with
heawy gloves to protect the operator®s hands in case the flask should implode)
to break up the large lumps of zinc chloride. This fusion under reduced
pressure should be repeated thwxee times. To the resulting anhydrous
zine chloride was added 500 ml. of anhydrous ether that had been
freshly distilled from lithium aluminium hydride. The resulting mixture
was refluxed for 3 hours under a static nitrogen atmosphere, and then
the mixture was allowed to stand until the undissolved solid had settled.
The resulting supernatant solution was transferred with a stainless
steel cannula under positive nitrogen pressure (Note 2) into a second
dry flask or Schlenk tube capped. with a rubber septum. Aliquots of this
solution, diluted with aqueous ammonia, can be titrated with standard
EDTA solution to a Erichrome Black T' endpoint to determine the zinc
content.? Alternatively, the chloride ion concentration of aliquots' can
be determined by a Volhard titration. Typical values found for these
ether solutions are 0.73M in zinc ion and 1.38M in chloride ion. Thus,
this solution is 0.69-0.73M in zinc chloride. If the final solution is
significantly less concentrated thian 0.7} in zine chloride, it is probable
that the dehydration of the solid zinc chloride was not complete. In
this event, the submitters recommend that a fresh solution of zinc
chloride be prepared with more attention to the initial dehydration of
the solid zinc chloride. The checkers used pulverized reagent zinc
‘chloride, obtained from Wako Pure Chemical Industries Ltd. (Japan).

11. The white precipitate that separates is a part of the lithium
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chloride formed in the reaction mixture. Separation of the material is
not necessary.

12. The submitters used a commercial grade of butyraldehyde from
Eastman Organic Chemicals; the checkers used the butyraldehyde of
the same grade from Wako Pure Chemical Industries Ltd. (Japan) and
distilled it before use, b.p. 72-74°.

13. The proton magnetic resonance spectrum of a CgD4 solution of
the crude product exhibits benzylic CH doublets at § 3.68 (J = 9.4 Hz.,
attributable to 90-969%, of the threo aldol isomer) and at & 3.42 (J =
5.3 Hz., attributable to 4-109, of the erthro aldol isomer) downfield
from internal tetramethylsilane. This mixture may be separated by
chromatography on acid-washed silicic acid to permit the isolation of
both the threo and the erythro diastereoisomers.®

14. The threo-hydroxy ketone exhibits infrared absorption (CCl,
solution) at 3540 (associated OH) and 1705 cm—! (C=0) with a series
of weak (e 300 or less) ultraviolet maxima (95%, EtOH solution) in the
region 240-270 my as well as a maximum at 286 myu (e 345). The proton
magnetic resonance spectrum (CCl, solution) of the product shows
resonance at 7.1-7.5 (5H, multiplet, aryl CH), 4.0-4.4 (1H, multiplet,
CH—O), 3.65 (1H, doublet, J = 9.5 Hz., benzylic CH), 3.35 (1H,
singlet, OH), 2.03 (3H, singlet, CH,CO), and 0.6-1.9 p.p.m. (7H,
multiplet, aliphatic CH) downfield from internal tetramethylsilane.
The mass spectrum of the product exhibits the following relatively
abundant peaks: m/e (relative intensity), 206 (M+, 0.1), 188 (8), 146 (20,
135 (26), 134 (100), 117 (52), 92 (48), 91 (76), 65 (31), 44 (36), and 43 (60).

3. Discussion

The present procedures illustrate general methods for the use of pre-
formed lithium enolates® as reactants in the aldol condensation® and
for the quenching of alkali metal enolates in acetic anhydride to form
enol acetates with the same structure and stereochemistry as the start-
ing metal enolate.” The aldol product, threo-4-hydroxy-3-phenyl-2-
heptanone, has been prepared only by this procedure.

The methods previously used to obtain single aldol products (or their
dehydrated derivatives) from reactants where several aldol products
are possibled include the reaction of bromozine enolates, from a-bromo-
ketones, with aldehydes;® the reaction of bromomagnesium enolates,
from either o-bromoketones or from ketones and bromomagnesium
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amides or sterically hindered Grignard reagents, with aldehydes;9-11
and the reaction of a-lithio derivatives of imines with aldehydes or
ketones.'? Like the present procedure, each of these methods relies upon
trapping the intermediate g-keto alkoxide derivative as a metal chelate
in an aprotic reaction solvent. The present procedure increases the
versatility of the aldol condensation by utilizing the variety of specific
lithium enolates that can be generated from unsymmetrical ketones.5

TABLE I¢
DirECTED ALDOL CONDENSATIONS WITH PREFORMED LITHIUM ENOLATES IN
THE PRESENCE OF ZINC CHLORIDE

Stereoisomer
ratio, threof
Enolate Aldol Product Yield, 9% erythro

¥

O~ Lit OH

| |
(CH,),C—C=CH, (CH,),CCOCH,CHC(CH,), 82 —

H—CsH,r.
5 [ j/ 76 41

I_ Li+ COCH;
CeHs;CH=C—CH,  CgH,CH—CH—C,H,-n 80 9/1
OH
O"L H,
(CHs)sC H—CsHs 84 2/10
CH3)3 .
(I)— Li+ COCH,
n-C,H,CH—C—CH,  n-C,H,CH—CH—C/H, 80 1/1
l
OH

¢ The aldol product contained 709, of isomers with an axial a-hydroxybenzyl
substituent.
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In this procedure the lithium enolate is treated successively with anhy-
drous zinc chloride and with an aldehyde to form the zinc(II) chelate
of a p-keto alkoxide. The optimum quantity of zine chloride is that
amount required to form zine(IT) salts of all strong bases in the reaction
mixture. Thus, 1 mole of zinc chloride should be added for each mole
of lithium enolate (and accompanying lithium ¢-butoxide) formed from
an enol acetate as in the present example. If the lithium enolate is
formed from the ketone and lithium diisopropylamide or from a tri-
methylsilyl enol ether and methyllithium, then 0.5 mole of zinc chloride
should be used for each mole of lithium enolate. The optimum reaction
solvent is either ether or ether—1,2-dimethoxyethane mixtures with a
reaction temperature of —10 to 410° and a’ reaction time of 2-5
minutes. Longer reaction times and higher reaction temperatures may
lead to a variety of by-products resulting from polycondensation and
dehydration. The aldol products are efficiently isolated by adding the
reaction mixtures to a cold (0-5°), aqueous solution of ammonium
chloride followed by rapid separation of the aldol products. Since many
of the aldol products are especially prone to epimerization, dehydra-
tion, or reversal of the aldol condensation, they should not be exposed
to strong acids or strong bases. Mixtures of stereoisomeric aldol products
with similar physical properties can usually be separated by chromatog-
raphy on acid-washed silicic acid.®!3

In several cases (including the present example) where diastereoiso-
meric aldol products are possible, there is a preference for the formation
of the threo-diastereoisomer. This stereochemical preference presumably
arises because the six-membered cyclic zinc chelate of the threo-isomer
can exist in a chair conformation with both substituents in equatorial
positions. Table I summarizes the results obtained in several aldol
condensations performed by the present procedure.
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1-BENZYLINDOLE
(Indole, 1-benzyl)

N DMSO, 25 N|
I!I CH2CgHs

Submitted by HaArry HEANEY and STevEX V. Ley!
Checked by A. Brossi, E. E. Garcia, and R. P. SCHWARTZ

1. Procedure

A 500-ml. Erlenmeyer flask equipped with a magnetic stirring bar |

is charged with 200 ml. of dimethylsulfoxide (DMSO) (Note 1) and 26.0
g. (0.4 mole) of potassium hydroxide (Note 2). The mixture is stirred
at room temperature for 5 minutes, and then 11.7 g. (0.1 mole) of indole
(Note 3) is added. The stirring is continued for 45 minutes before
34.2 g. (0.2 mole) of benzyl bromide (Note 4) is added (Note 5). After
stirring for an additional 45 minutes the mixture is diluted with 200
ml. of water. The mixture is extracted with three 100-ml. portions of
ether, and each ether layer is washed with three 50.ml. portions of
water. The combined ether layers are dried over calcium chloride, and
the solvent is removed at slightly reduced pressure (Note 6). The excess
benzyl bromide is removed by distillation at approximately 15 mm.,
and the residue is distilled to separate 17.5-18.4 g. (85-899) of 1-
benzylindole, b.p. 133-138° (0.3 mm.). The distillate crystallizes upon
cooling and scratching. Recrystallization from ethanol gives material
melting at 42-43° (Notes 7 and 8).
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2. Notes

1. The dimethylsulfoxide used was not rigorously dried but should
not contain an appreciable amount of water.

2. Freshly crushed 869, potassium hydroxide pellets were used.

3. A commercial grade of indole is satisfactory.

4. Reagent grade benzyl bromide was used without further purifica-

" tion.

5. Cooling with an ice-~water bath moderates the exothermic reaction.

6. The submitters used a Biichi rotary evaporator (water aspirator).

7. The submitters have obtained yields as high as 20 g. (97%).

8. The recrystallized product exhibits a proton magnetic resonance
spectrum (CDCl,) 6 5.21 (singlet, 2H), 6.52 (doublet, J = 3.4 Hz., 1H),
7.0-7.4 (multiplet, 9H), and 7.5-7.7 (multiplet, LH).

3. Discussion

Although the N-alkylation of pyrrole? and indole? has been reported
on many occasions, a generally applicable, simple, high-yield procedure
was not available. Many simple procedures give mixtures of products
because of the ambident nature of the anions. However, alkylation at
nitrogen is usually predominant in strongly ionizing solvents. Recent
methods include alkylations of indole in liquid ammonia,* dimethyl-
formamide,® and hexamethylphosphoramide.®

The use of dimethyl sulphoxide as a dipolar aprotic solvent is well
known,’ and the present method can be regarded as a model procedure
and has been applied to the preparation of a number of N-n-alkyl-
pyrroles and N-n-alkyl indoles.® The yield of N-benzylindole is consider-
ably higher than in previously reported preparations and is as good as
that reported for the preparation of N-methylindole in liquid ammonia.*
The present method is, however, less laborious and quicker to carry out.
Very high yields are obtained in reactions using n-alkyl halides and
moderately good yields with secondary alkyl halides. The reactions
should be compared with those recently reported for pyrryl-thallium.?
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3. L. R. Smith, Indoles, Part Two, in W. J. Houlihan, “The Chemistry of Heterocyclic
Compounds,” Wiley-Interscience, New York, 1972. )
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N-ALKYLINDOLES FROM THE ALKYLATION OF INDOLE SODIUM
IN HEXAMETHYLPHOSPHORAMIDE: 1-BENZYLINDOLE

(Indole, 1-benzyl)

IGRE - SlIgayun®
N, N, @

\{ © Na

0-25°, 8-15 hrs.
NoNa® 1?
CH,CH;

Submitted by GEORGE M. RuBorToM! and JouN C. CHABATLA?
Checked by R: E. IRELAND and James E. KLECKNER

1. Procedure

A. Indole Sodium. In a 100-ml., three-necked flask fitted with a
reflux condenser, a magnetic stirring bar, and a gas inlet tube is placed
2.34 g. (0.02 mole) of indole (Note 1) and 15 ml. of hexamethylphos-
phoramide (HMPA) (Note 2) under a static atmosphere of argon. The
flask is cooled to 0° by means of an ice bath, and 0.53 g. (0.022 mole) of
sodium hydride is added to the stirred solution over a period of 10 min-
utes (Note 3). The resulting slurry is then stirred for 5 hours at room
temperature (Note 4).
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B. I-Benzylindole. The slurry of indole sodium is cooled to 0° (ice
bath), and 2.30 ml. (2.53 g., 0.02 mole) of benzyl chloride (Note 5) is
added as rapidly as possible to the stirred mixture. The mixture is then
stirred for 8-15 hours (overnight), during which time the ice in the ice
bath melts and the temperature of the reaction flask gradually rises to
room temperature. The mixture is then diluted with 15 ml. of water and
extracted with three 25-ml. portions of ether. The combined ethereal
extracts are washed with two 40-ml. portions of water and dried with
anhydrous magnesium sulfate. After filtration the solvent is removed
at reduced pressure, and 4.4 g. of crude 1-benzylindole is obtained as a
liquid. After bulb-to-bulb distillation of this material in a Kiigelrohr
oven [120-130° (0.0025 mm.)], crystallization of the distillate from 15
ml. of hot ethanol affords 3.46-3.61 g. (83—879%,) of 1-benzylindole. A
second crop amounting to 0.17-0.26 g. (4-69%,) is obtained on concen-
tration of the mother liquors to 6 ml. The total yield of 1-benzylindole,
m.p. 43-44°, is 3.72-3.78 g. (90-91%) (Notes 6 and 7).

2. Notes

1. Commercial indole (Matheson, Coleman and Bell) was used with
no further purification.

2. Commercial HMPA (Aldrich) was stored over Linde 4 A Molecular
Sieves and used without further purification.

3. A batch of 0.93 g. of a 57%, sodium hydride dispersion in mineral
oil is washed with hexane to remove the mineral oil immediately prior
to use. The slow addition in the cold minimizes the small amount of
foaming caused by hydrogen evolution.

4. This stirring time insures complete formation of the indole sodium.

5. Commercial benzyl chloride (Matheson, Coleman and Bell) is used
without further purification.

6. The recrystallized product exhibits proton magnetic resonance
peaks (CDCl,y)0: 5.21 (2H, singlet), 6.52 (1H, doublet, J = 3.4 Hz.),
7.0-7.4 (9H, multiplet), and 7.5-7.7 (1LH, multiplet).

7. 1-Benzylindole colors significantly in contact with air at room
temperature (ca. 1 week) but keeps indefinitely under argon.

3. Discussion

The alkylation of indole sodium generated from indole and sodium
amide in liquid ammonia has been used as the general method for the
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TABLE I
ALKYLATION OF INpOLE Sopium witH R-X 18N HMPA SOLVENT
Yield of
R-X N-Alkylindole, % b.p. or m.p.
CH,I 94 b.p. 73-75°/2.4 mm.
(Ref. 14, b.p. 70-75/2 mm.)
C,H,I 92 b.p. 83-86°/0.6 mm.
' (Ref. 15, b.p. 82-85°/0.7 mm.)
CH,—CHCH,Br 84 b.p. 72-73°/0.12 mm.

(Ref. 6, b.p. 114-116°/6 mm.)
CyH,CH,C1 90-91 m.p. 43-44°
(Ref. 5, m.p. 44°)

preparation of N-alkylindoles.*~1* The drawback to this method of
synthesis is the necessity of using liquid ammonia. The procedure out-
lined here!? overcomes this problem and yet affords pure N-alkylindoles
in excellent yield. Further, the use of the HMPA-NaH base system
affords conditions leading to the formation of the N-alkylindoles with
little or no side reaction leading to C-alkylated products.!>!* Table I
illustrates the generality of the method.
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GERANYL CHLORIDE
[(E)-1-Chloro-3,7-dimethyl-2,6-octadiene]

CH, CH;3
ocl, G,
/OH + (CGH5)SP + 4 “reflux S /Cl
CH; CH,
CH; CH; CH; CHs

Submitted by Josk G. Carzapa and JoEN Hooz!
Checked by K.-K. CrAN, A. SPECIAN, and A. Bross:

1. Procedure

A dry, 300-ml., three-necked flask is equipped with a magnetic
stirring bar and reflux condenser (to which is attached a Drierite-filled
drying tube) and charged with 90 ml. of carbon tetrachloride (Note 1)
and 15.42 g. of geraniol (0.10 mole) (Note 2). To this solution is added
34.09 g. of triphenylphosphine (0.13 mole) (Note 3), and the reaction
mixture is stirred and heated to reflux for 1 hour. This mixture is
allowed to cool to room temperature; dry pentane is added (100 ml.),
and stirring is continued for an additional 5 minutes.

The precipitate of triphenylphosphine oxide is filtered and washed
with 50 ml. of pentane. The solvent is removed from the combined
filtrate at the rotary evaporator under water aspirator pressure at room
temperature. Distillation of the residue through a 2-em. Vigreux column
attached to a short-path distillation apparatus (Note 4) provides
13.0-14.0 g. (75-819%,) of geranyl chloride, b.p. 47-49° (0.4 mm.),
n?p = 1.4794 (Note 5).

2. Notes

1. Carbon tetrachloride was dried over magnesium sulfate and dis-
tilled from phosphorus pentoxide through. a 25-cm. Vigreux column.
Lower yields were obtained when either the glassware or reagents
were not dried.

2. The geraniol was purchased from Koch-Light Laboratories
(>98Y, pure), dried over potassium carbonate and distilled through

~
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an 8-cm. Vigreux column, b.p. 108-109° (8 mm.). The checkers used
geraniol purchased from Aldrich Chemical Co., Inc. and distilled.

3. Triphenylphosphine, m.p. 80-81°, was obtained from Eastman
Organic Chemicals and was kept in a drying pistol held at approxi-
mately 65° (1 mm.) for approximately 18 hours prior to use. When only
10-209, excess triphenylphosphine was employed the yield of geranyl
chloride was approximately 75%,, but the small amount of unreacted
geraniol which remained rendered product isolation more difficult.

4. A “Bantam-ware” distilling head and condenser assembly from
Kontes Glass Co. (K-287100) was used. Foaming may occur due to
incomplete removal of solvent. This can be avoided by cooling the dis-
tillation flask to approximately —50° and gradually lowering the press-
ure to 10 mm. The pot temperature is then allowed to increase gradually
to room temperature, and the distillation then proceeds without
difficulty.

5. The pure geranyl chloride has characteristic infrared absorption
(liquid film) at 845, 1255, and 1665 cm.~1. The use of these absorptions
to assay mixtures of geranyl and linalyl chloride has been discussed
in detail.” The proton magnetic resonance spectrum (100 MHz., carbon
tetrachloride solution) shows absorption at 4 1.61 and 1.67 (2 x 3
singlets, C=C(CHj),, 1.71 [3, doublet, J = 1.4 Hz, C=C(CH,)CH,],
2.05 (4, multiplet, CH,CH,), 3.98 (2, doublet, J = 8 Hz, CH,(l), 5.02
[1, multiplet, CH=C(CH,),] and 5.39 p.p.m. (1, triplet of partially
resolved multiplets, C=CHCH,CI.

3. Discussion

Gerany] chloride has been prepared by allylic rearrangement of lina-
lool using hydrogen chloride in toluene solution at 100° or phosphorus
trichloride in the presence of potassium carbonate at 0°.2 The conversion
of geraniol to geranyl chloride has been reported using hydrogen chloride
in toluene,? phosphorus trichloride or phosphorus pentachloride in
petroleum ether,® and thionyl chloride and pyridine.4—¢ These methods
give difficultly separable mixtures” 8 of geranyl and linalyl chloride, and
tedious fractionation® is required to isolate the geranyl chloride. Pro-
cedures which give a pure product involve treatment of geraniol (a) in
ether-hexamethylphosphoramide (HMPA) with methyllithium, fol-
lowed by p-toluenesulfonyl chloride and lithium chloride in ether—
HMPA ;® (b) in s-collidine with lithium chloride in dimethylformamide,
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followed by methanesulfonyl chloride;® and (c) in pentane with
methanesulfonyl chloride at —5°, followed by the addition of pyridine.8

The present procedure is representative of a fairly general method of
converting alcohols to chlorides using carbon tetrachloride and a ter-
tiary phosphine. The reaction occurs under mild, essentially neutral
conditions and, as illustrated by the present synthesis, may be employed
to convert allylic alcohols to the corresponding halide without allylic
rearrangement.

Carbon tetrachloride serves as both solvent and halogen source.
Several trivalent phosphorus reagents may be employed, including tri-
phenylphosphine, 1112 tri-n-octylphosphine,'? tri-n-butylphosphine,*®
and trisdimethylaminophosphine.'* The latter ‘“‘more nucleophilic”
phosphines react more rapidly and under milder conditions than tri-
phenylphosphine. When triphenylphosphine is employed, the by-prod-
uct, triphenylphosphine oxide, usually precipitates completely and is
easily removed by filtration. After evaporation of the solvent, the prod-
uet is isolated in high purity by distillation. On occasion, difficulties
may be encountered in separating the alkyl halide from the accom-
panying oxide. The presence of residual soluble organophosphine oxide
may pose a serious problem when attempting to isolate sensitive (eg.,
allylic or optically active) halides and can lead to loss of product,
racemization, etc. This difficulty is usually resolved, as illustrated in the
present synthesis, by adding a diluent such as pentane to ensure pre-
cipitation. Although precise conditions will undoubtedly depend on the
specific substrate at hand, it is usually desirable to employ a modest
excess of the organophosphine. This is especially helpful for the prepara-
tion of sensitive halides since, by ensuring complete consumption of
alcohol, it simplifies the isolation procedure (Note 3) by avoiding the
possible necessity of a careful fractionation step.

Triphenylphosphine reacts with carbon tetrachloride!* or carbon
tetrabromide?® in the absence of alcokols to form the corresponding tri-
phenylphosphine dihalomethylene ylide and triphenylphosphine di-
halide.

2(CeH;)sP + CX, — (CgH)sP—=CX, + (CeH;);PX,
X = C1,Br

The mechanism has been viewed as involving either the formation of a
pentacovalent phosphorus intermediate,'4'15 or alternatively, by initial
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nucleophilic attack on halogen
X

/s
(CHj)sP + OX, — (CH,),P

CX
X 3

/
(CeH5)sP + (CeHj) P — (CH)sP=CX, + (CeH;)sPX,
CX,

to form intermediate phosphonium species.’® These mixtures react
with carbonyl compounds to provide a useful route to

4+ -
(CeH ;)P + X, - (CGH5)3PXCX3
+ = + —
(CeH ;) PXCX,; — (CeH;);PCX,X

+ -
(CGH5)3P + (CSH5)3PCX3X g (CGH5)3P:CX? + (CGH5)3PX‘2

1,1-dihaloalkenes.14:15.17

The success of the present method depends critically on the initial
presence of an alcohol to trap the intermediate phosphonium species.?
If the alcohol is added last, the R,P—CX, reaction described above
(an exothermic process for the more nucleophilic phosphines) may go
to completion, in which case little or no alkyl halide is formed.!®
Since the reaction displays several characteristics of an Sx2 process,
it is thought to proceed by the pathway illustrated :

RP + CX, — R,PXCX,
R,PXCX, + R'OH - R_PXOR’ + HOX,
R,PXOR’ — R,POR'X

R,POR'X — R'X -+ R,PO

Yields of chlorides are good to excellent for primary and secondary
aleohols, but a competing olefin-forming elimination process renders the
method of limited value for preparing tertiary chlorides.’* An adapta-
tion of the procedure using carbon tetrabromide allows the synthesis of
alkyl bromides. Some examples are the preparation of n-C,H,;Br

(97%) and C;H,CH,Br (969%).12 Farnesyl bromide has been prepared

in 909, yield from farnesol .23
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The advantages of the carbon tetrahalide—organophosphine-alcohol
reaction to prepare halides are simplicity of experimental procedure;
good yields; relatively mild, essentially neutral reaction conditions;
absence of allylic rearrangements. The reaction proceeds with inversion
of configuration and is a useful simple device for converting optically
active alcohols to chiral halides in high optical purity.1?-2?
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ALLYLIC CHLORIDES FROM ALLYLIC ALCOHOLS:
GERANYL CHLORIDE

[(E)-1-Chloro-3,7-dimethyl-2,6-octadiene]

CH3 CH,
OH CH3Li, CH3CgH,802C1 Cl
X CHz/ TiCl, HMPA—(CzH;)20, 05 X CH 2/
CH; CHj; CHs CH;

Submitted by GILBERT STORK,! PAUL A. GRIECO,? and MICHAEL GREGSON
Checked by P. A. ArisTorr and R. E. IRELAND

1. Procedure

A dry, 1-1., three-necked, round-bottomed flask is equipped with an
overhead mechanical stirrer, a 125-ml. pressure equalizing dropping
funnel fitted with a rubber septum, and a nitrogen inlet tube. The
gystem is flushed with nitrogen, and 15.4 g. (0.1 mole) of geraniol
(Note 1), 35 ml. of dry hexamethylphosphoramide (Note 2), 100 ml. of
anhydrous ether (Note 3), and 50 mg. of triphenylmethane (Note 4)
are placed in the flask. The stirred solution is cooled to 0° with an ice
bath, and 63 ml. (0.1 mole) of 1.6/ methyllithium in ether (Note 5)
is injected into the addition funnel. The methyllithium solution is
added dropwise over a period of 30 minutes. After the addition is com-
plete, the funnel is rinsed by injecting 5 ml. of dry ether.

A solution of 20.0 g. (0.105 mole) (Note 6) of p-toluenesulfonyl
chloride in 100 ml. of anhydrous ether is then injected into the addition
funnel, and this solution is added over a period of 30 minutes to the red
reaction mixture at 0° with stirring. The red color immediately dis-
appears upon addition. After addition is complete, 4.2 g. (0.1 mole) of
anhydrous lithium chloride (Note 7) is added. The reaction mixture is
warmed to room temperature and stirred overnight (18-20 hours),
during which time lithium p-toluenesulfonate precipitates.

After a total of 20-22 hours, 100 ml. of ether is added, followed by
100 ml. of water. The layers are separated, the organic phase is washed
four times with 100-ml. portions of water, and finally with 100 ml. of a
saturated sodium chloride solution. After drying the organic phase over
anhydrous magnesium sulfate, the solvent is removed under reduced
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preséure on a rotary evaporator. The crude product is transferred to a
50-ml. flask, and the product is distilled through a 20-cm. Vigreux
column to give 14.1-14.6 g. (82—-859%,) of geranyl chloride as a colorless
liquid, b.p. 78-79° (3.0 mm.) (Notes 8 and 9).

2. Notes

1. Geraniol, (499°), can be purchased from the Aldrich Chemical
Company, Inc.

2. Hexamethylphosphoramide was purchased from the Fisher
Scientific Company and the Aldrich Chemical Company, Inc. It was
distilled from calcium hydride prior to use.

3. Anhydrous ether, available from J. T. Baker\Chemlcal Company,
can be used without further drying.

4. Available from Eastman Organic Chemicals. Although not neces-
sary, triphenylmethane was used as an indicator to check the molarity
of the methyllithium used.

5. Methyllithium (prepared from methyl chloride), available from
Foote Mineral Company, can be used without further purification. Atten-
tion should be drawn to the following: methyllithium purchased from
Alfa Inorganics is prepared from methyl bromide and thus produces a
mixture of geranyl bromide and chloride.

6. p-Toluenesulfonyl chloride available from either the Aldrich
Chemical Company, Inc. or Matheson, Coleman and Bell, Inc. was used
without further purification.

7. Available from Alfa Inorganics. If necessary, finely powdered
lithium chloride can be dried by heating under vacuum (0.1 mm.) at
100° for several hours.

8. Our sample of geranyl chloride was identical (i.r., n.m.r., and
mass spectrum) with a sample prepared by an alternate route (Pro-
fessor John Hooz, Department of Chemistry, University of Alberta).

9. The infrared spectrum (neat) shows major absorptions at 2970,
2920, 2855, 1660, 1450, 1375, 1380, 1255, §35, and 660 cm.~' The pro-
ton magnetic resonance spectrum (carbon tetrachloride solution, tetra-
methylsilane reference) has a four-line multiplet in the 1.55-1.85 p.p.m.
region characteristic of the olefinic methyl protons, two peaks in the
2.0-2.2 p.p.m. region due to the four allylic methylene protons, a
doublet at 4.02 p.p.m. (J = 7.0 Hz.) due to the allylic methylene
protons adjacent to the chlorine, a very broad triplet at 5.09 p.p.m.,
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and a broad triplet at 5.45 p.p.m. (J = 7.0 Hz.), both due to the vinyl
protons.

3. Discussion

The reaction described here illustrates a general procedure for the
preparation of allylic chlorides from allylic alcohols without rearrange-
ment and under conditions allowing the retention of sensitive groups.3
For example, the sensitive acetal alcohol I with geraniol geometry was
similarly treated with ether-hexamethylphosphoramide, with methyl-
lithium in ether, and then with p-toluenesulfonyl chloride and lithium
chloride. Workup afforded the corresponding chloride IT in 809, yield
with no detectable rearrangement. The method was equally successful
with the cis-isomer of 1.

CH,4 CH;
(Me0).HC /\)\/\OH — (Me0):HC X ol
I I

In addition, 85-909%, yields of neryl chloride could be obtained from
nerol, the geometrical isomer of geraniol. A modification! of the above
method has appeared which employs methanesulfonyl chloride and
a mixture of lithium chloride, dimethylformamide, and collidine at 0°;
however, its applicability to compounds possessing sensitive groups was
not demonstrated.

Initial attempts at preparing y,y-disubstituted allyl chlorides em-
ploying thionyl chloride in the presence of tributylamine® led to appre-
ciable amounts of rearranged (tertiary) halides.

1. Department of Chemistry, Columbia University, New York, New York 10027,

2. Department of Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania 15213,

3. G. Stork, P. A, Grieco, and M. Gregson, Tetrahedron Lett., 1393 (1969).

4. E. W, Collington and A. I. Meyers, J. Org. Chem., 36, 3044 (1971).

5, See W. G. Young, F. F. Caserio, Jr., and D. D. Brandon, Jr., J. Amer. Chem. Soc.,
82, 6163 (1960).

53-CHOLEST-3-ENE-5-ACETALDEHYDE

CH,3

CH;
Hg(OOCCH3)s
reflux, 17 hrs.

+ CH;=CH—OC:H;

CH;
CHj,

vy
220-225°
5 hrs.

CHO

Submitted by R. E. IRELAND! and D. J. DAWSON
Checked by W. PAwLAK and G. BUcar

1. Procedure

A 50-ml., round-bottomed flask equipped with a magnetic stirring
bar and a 20-ml. calibration mark (Note 1) is charged with 970 mg.
(2.5 mmoles) of 4-cholesten-38-ol (Note 2). Ethyl vinyl ether is dis-
tilled into the flask to the 20-ml. mark (Note 3). The mixture is stirred
to effect solution ; then 820 mg. (2.55 mmoles) of mercuric acetate (Note
4) is added to the reaction mixture. The flask is fitted with a reflux con-
denser connected to a gas inlet tube and flushed with argon. The re-
action mixture is then stirred and heated (Note 5) at reflux under a
positive argon pressure for 17 hours. After the solution has cooled to
room temperature, 0.062 ml. (1.09 mmoles) of glacial acetic acid (Note
6) is added, and stirring is continued for 3 hours. The reaction mixture
is poured into a preshaken mixture of 150 ml. of petroleum ether (Note
7) and 50 ml. of a 59, aqueous potassium hydroxide solution. The
aqueous phase is extracted with 50 ml. of petroleum ether, and the
combined extracts are washed with three 50-ml. portions of a 209,
aqueous sodium chloride solution and dried over anhydrous sodium
carbonate. After the drying agent is removed by filtration, the filtrate is
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evaporated at reduced pressure (Note 8) to give 1.11 g. of an oil which,
upon filtration through 5 g. of silica gel (Note 9) with 200 ml. of petro-
leum ether, affords 0.81 g. of the cholestenyl vinyl ether as a clear,
colorless oil. If desired, crystallization. of this oil from 10 ml. of acetone
will give 0.74 g. (71%) of the vinyl ether as colorless prisms, m.p.
55-56.5° (Note 10). ‘

Alternatively, the crude vinyl ether (0.81 g.) is transferred with
petroleum ether into a 50-ml., round-bottomed flask fitted with a long
gas inlet tube. After the petroleurn ether is removed at reduced
pressure (Note 8), the flask is filled with argon and heated (Note 11) under
a positive argon pressure at 220-225° for 5 hours; little or no bubbling
should occur. After cooling, the oil is chromatographed on 75 g. of
silica gel using 109, ether in petroleum ether as the elution solvent
(Notes 7, 9, 12). The first 175 ml. of eh1ant contains side products and is
discarded ; elution with another 175 mll. of the solvent gives 0.45-0.55 g.
(50-539%, overall yield from 4-cholossten-38-ol) of 5f:cholest-3-ene-5-
acetaldehyde as white prisms, m.p. 66i.5-68° (Note 10).

2. Notes

~

1. This flask must be cleaned with heot chromic acid solution and then,
along with all other glassware used ‘in this preparation, soaked in a
base solution, rinsed with distilled waster, and oven dried. Thermal re-
arrangement of the intermediate viny'l ether in a new (untreated) flask
resulted in elimination.

2. 4-Cholesten-38-ol can be prepared by the procedure of Burg-
stahler and Nordin.? A melting point below 130° indicates that the
material is contaminated with some of the 3a-hydroxy isomer. The
material used above melted at 130.5-1131° (from ethanol).

3. Eastman practical grade ethyl winyl ether was dried over anhy-
drous sodium carbonate, distilled (b.p.. 36°) from sodium wire, and then
redistilled from calcium hydride (b.p. 36°) into the reaction flask after
a 5-ml. forerun is discarded.

4. Matheson, Coleman, and Bell meercuric acetate was partially dis-
solved in hot absolute ethanol contsining 0.029%, glacial acetic acid
(Note 6) and filtered by suction. The ffiltrate was cooled, and the white
plates of mercuric acetate were collectexd by suction filtration and stored
under vacuum. ,

5. An oil bath at 50-55° was found. to be satisfactory.
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6. DuPont 99.7%, acetic acid was used without purification.

7. Baker petroleum ether (b.p. 30-60°) was used.

8. The solvent was removed by rotary evaporation followed by
vacuum (0.01 mm.) drying for 1 hour.

9. Merck silica gel (0.05-0.2 mm., 70-325 mesh ASTM) was used. The
filtration column (1.4 x 7 em.) is prepared in the same way as one used
for chromatography, only one (200-ml.) fraction is collected. Use of
alumina for the filtration gives variable results.

10. Burgstahler and Nordin report the melting point for the vinyl
ether as 56-57° and for the aldehyde, 66-90°.2

11. A Kiigelrohr oven was used.

12. Mallinckrodt anhydrous diethyl ether was used. The chroma-
tography column was 2.7 x 27 cm.

3. Discussion

The Claisen rearrangement® has been adapted in recent years to
provide a viable synthetic sequence for the preparation of functional
groups other than aldehydes and ketones. Ester? and amide® syntheses
have been reported which proceed through the Claisen intermediate
(A). The Claisen rearrangement has also been used to generate trans-
trisubstituted double bonds stereoselectively,*¢—* angularly-functional-
ized derivatives,'® substituted cyclohexenes,'! acids,'? and furans.”

- 0

R = —H, —Alkyl, —Aryl, —OR’, —NR}, —OSiR},
A

The procedure given above is an excellent example of the utilization
of the Claisen rearrangement to generate an angularly functionalized
steroid. The vinyl ether and aldehyde were originally prepared by
Burgstahler and Nordin.2 This procedure combines variations employed
by Ireland and co-workers and, in addition, introduces the use of silica
gel for the purification of the vinyl ether, thereby improving the re-
producibility of the procedure.

1. Division of Chemistry and Chemical Engineering, Gates and Crellin Laboratories of
Chemistry, California Institute of Technology, Pasadena, California 91109.
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ETHYL 53-CHOLEST-3-ENE-5-ACETATE

+ CH3C(0C,Hy)y —>

CH,
CH;4 CH,

CH3 “ CHS

CO.C.H;

Submitted by R. E. IreLanDd! and D. J. DawsoN
Checked by W. PawrLak and G. Bifcal

1. Procedure

A 100-ml. Claisen distillation flask with two 14/20 standard taper
joints and a thermometer inlet is equipped with a gas inlet adapter, a
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receiver, a thermometer, and a magnetic string bar. A 40-rml. calibra-
tion mark is made on the flask, and 970 m, (2.5 mmoles) off cholest-4-
en-33-ol (Note 1) is introduced. Triethyl dhoacetate is theen distilled
under argon into the flask to the 40-ml. mrk (Note 2). The mixture is
stirred to effect solution while the flask is prged with argorn, and then
the top joint is sealed with a thermometerFigure 1). The s@birred solu-
tion is heated under a positive pressure of azon so that the v-apor reflux
level is just below the side arm of the flask; ie temperature om the lower
thermometer is 142-147°; the upper thernmeter temperat-ure is kept
between 25 and 70° (Note 3). After 8 days f reflux, during ~which time
a small amount of the volatile material dtills into the re ceiver, the
reaction flask is cooled, and all the volati materials are emoved at
reduced pressure (Note 4). The residue (1 g. of a pale ye llow oil) is
chromatographed on 120 g. of silica gel wh 109, ether in petroleum
ether as the eluant (Note 5). The side prlucts eluted witsh the first
240 ml. of the solvent are discarded ; furtheelution with 120 ml. of the
solvent affords 690 mg. of ethyl 58-choles3-ene-5-acetate as a clear,
colorless oil. Trituration of this product ith acetone procluces 560-
690 mg. (49-609,) of the ester as white ples, m.p. 89-92.5 °.

Reflux
level
—
Argon
inlet ) 0
7
Figure 1.
2. Notes

1. Cholest-4-en-38-ol can be prepared by te procedure of Burgstahler
and Nordin.? A melting point below 130° idicates that the material is
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contaminated with some of the 3a-hydroxy isomer. The material used
above melted at 130.5-131° (from ethanol).

2. The Matheson, Coleman and Bell product was used without
purification. After a 10-ml. forerun, the triethyl orthoacetate was dis-
tilled (b.p. 142-147°) directly into the reaction flasly.

3. A sand bath in an eleetric heating mantle vyz found to be satis-
factory for the long-term heating process. ’

4. The volatile materials were removed by rotary evaporation
followed by vacuum (0.1 mm.) drying for 1 hour.

5. Merck silica gel (0.05-0.2 mm., 70-325 mesh ASTM) was used in
a 3.5 X 26 cm. column. Mallinckrodt anhydrous diethyl etherand Baker

petroleum ether (b.p. 30-60°) were employed as eluants.

3. Discussion

The ester—Claisen rearrangement procedure of Johnson and co-
workers® was modified for use with cholest-4-en-34-ol.

1. Division of Chemistry and Chemical Enginecring, Gates and Crellin Laboratories of
Chemistry, California Institute of Technology, Pasadena, Californis 91109.

2. A. W. Burgstahler and I. C. Nordin, J. Amer. Chem. Soc., 83, 198 (1961).

3. W. 8. Johnson, L. Werthemann, W. R. Bartlett, T. J. Brocksom. T.-t. Li, D. J.
Faulkner, and M. R. Peterson, J. Amer. Chem. Soc., 92, 741 (1970).

N,N-DIMETHYL-5 8-CHOLEST-3-ENE-5-ACETAMIDE

CH,
CH, Ha

OCH.
CHS “ CHs | ‘ o-xylene
- + CH:;—(IJ—N(CH;;)z —h—i“—"
(]

CH,
CH
CH, s

CHs “ CHs

HO

ﬁ—N(CH:s)z
0]

Submitted by R. E. IRELAND! and D. J. DawsoN
Checked by W. PaAwrAK and G. BicHr

1. Procedure

A 50-ml., round-bottomed flask, equipped with a Teflon®-covered
magnetic stirring bar and a reflux condenser connected to a gas inlet
tube, is charged with 970 mg. (2.5 mmoles) of cholest-4-en-38-ol (Note
1) and 30 ml. of o-xylene (Note 2). The mixture is stirred to effect solu-
tion, and then 1.67 g. (0.0125 mole) of N,N-dimethylacetamide di-
methylacetal (Note 3) is added. The flask is flushed with argon and then
heated (Note 4) at reflux under a positive pressure of argon with vigor-
ous stirring for 65 hours. After cooling, the volatile materials are re-
moved at reduced pressure (Note 5), and the yellow oily residue (1.2 g.)
1s chromatographed on 60 g. of silica gel with ether (Note 6). Elution of
the column with 200 ml. of ether gives a mixture of cholestadienes
which is discarded ; further elution with 500 ml. of ether affords 740 mg.
of N,N-dimethyl-5p-cholest-3-ene-5-acetamide as a clear, colorless
oil which on trituration with acetone gives 740 mg. (659,) of the amide
as white plates, m.p. 128-129.5°,

77
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2. Notes

1. Cholest-4-en-38-ol can be prepared by the procedure of Burg-
stahler and Nordin?. A melting point below 130° indicates that the ma-
terial is contaminated with some of the 3«-hydroxy isomer. The material
used above melted at 130.5-131° (from ethanol).

2. The Matheson, Coleman and Bell product was used without purifi-
cation.

3. N,N-Dimethylacetamide dimethylacetal was obtained from Fluks
A. G. and used without purification.

4. A sand bath set into an electric heating mantle was found to be
satisfactory for the long-term heating process.

5. The volatile materials were removed by rotary evaporation fol-
lowed by vacuum (0.1 mm.) drying for 1 hour.

6. Merck silica gel (0.05-0.2 mm., 70-325 mesh ASTM) was used in
a 2.5 X 25 cm. column. Mallinckrodt anhydrous diethyl ether was em-
ployed as the eluant.

3. Discussion

The amide-Claisen rearrangement procedure of Eschenmoser and
co-workers® was modified for use with cholest-4-en-38-ol.

1. Division of Chemistry and Chemical Engineering, Gates and Crellin Laboratories of
Chemistry, Californie Institute of Technology, Pasadena, California 91109.

2. A. W. Burgstahler and I. C. Nordin, J. Amer. Chem. Soc., 83, 198 (1961).

3. A. E. Wick, D. Felix, K. Steen, and A. Eschenmoser, Helv. Chim. Acta, 47, 2425
(1964).

PREPARATION OF VINYL TRIFLUOROMETHANESUL-
FONATES: 3-METHYL-2-BUTEN-2-YL TRIFLATE

(Methanesulfonic acid, trifluoro-, 1,2-dimethylpropenyl ester)

ons

CF;SO;H ——— (CF;80,),0

pentane

7
(CH3).CHCOCH; + (CF380,):0 + ENj Tretozes

(CH3):C=CCH; + (CHj3):CHC=CH, + </ \>NHQ, ©0S0,CF;3
OSO0,CF; 0S0,CF; \—

Submitted by PETER J. STANG! and THoMAS E. DUEBER
Checked by Wavy~NE JAEGER and HErBERT O. HoUSE

1. Procedure

A. Trifluoromethanesulfonic Anhydride. To a dry, 100-ml., round-
bottomed flask are added 36.3 g. (0.242 mole) of trifluoromethane-
sulfonic acid (Note 1) and 27.3 g. (0.192 mole) of phosphorus pentoxide
(Note 2). The flask is stoppered and allowed to stand at room tempera-
ture for at least 3 hours. During this period the reaction changes from
a slurry to a solid mass. The flask is fitted with a short-path distilling
head and then heated first with a stream of hot air from a heat gun and
then with the flame from a small burner. The flask is heated until no
more trifluoromethanesulfonic anhydride distills, b.p. 82-115°. The yield
of the anhydride, a colorless liquid, is 28.4-31.2 g. (83-919,). Although
this product is sufficiently pure for use in the next step of this prepara-
tion, the remaining acid may be removed from the anhydride by the
following procedure. A slurry of 3.2 g. of phosphorous pentoxide in
31.2 g. of the crude anhydride is stirred at room temperature in a stop-
pered flask for 18 hours. After the reaction flask has been fitted with a
short-path distilling head, it is heated with an oil bath to distill |0 7g. of
forerun, b.p. 74-81°, followed by 27.9 g. of the pure trifluoromethane-
sulfonic acid anhydride, b.p. 81-84° (Note 3).

B. 3-Methyl-2-buten-2-yl Triflate. A solution of 2.58 g. (0.030

79
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mole) of 3-methyl-2-butanone (Note 4) and 2.78 g. (0.035 mole) of an-
hydrous pyridine (Note 5) in 10 ml. of anhydrous pentane (Note 6) is
placed in a dry, 50-ml. Erlenmeyer flask, and the flask is stoppered with
a rubber septum. After the solution has been cooled in a dry ice-acetone
cooling bath, 9.72 g. (5.5 ml., 0.034 mole) of trifluoromethanesulfonic
anhydride is added from a hypodermic syringe, dropwise and with
swirling during 2-3 minutes. The resulting mixture, from which a
white solid separates initially, is allowed to warm to room temperature
and stand for 22-24 hours. During this period the reaction mixture be-
comes red in color (Note 7), and a viscous, red semisolid separates. The
supernatant pentane solution is decanted, and the residual viscous semi-
solid is washed with two 10-ml. portions of pentane. While these com-
bined pentane solutions are stored over anhydrous potassium carbonate,
the remaining red semisolid is dissolved in 5 ml. of saturated aqueous
sodium bicarbonate and extracted with three 5-ml. porfions of pentane.
The combined pentane solutions (including the solid potassium car-
bonate) are washed rapidly (Note 8) with 5 ml. of cold saturated aqueous
sodium bicarbonate and then dried over anhydrous potassium car-
bonate. After the orange pentane solution has been concentrated to a
volume of approximately 10 ml. with a rotary evaporator, it is trans-
ferred to a small distilling apparatus, and the remainder of the pentane
isremoved by distillation at atmospheric pressure (Note 9). The residual
liquid is fractionally distilled under reduced pressure to separate
2.94-2.97 g. (459,) of a fraction containing mixtures of 3-methyl-2-
buten-2-yl triflate and lesser amounts of 3-methyl-1-buten-2-yl triflate
as a colorless liquid, b.p. 58-66° (22 mm.), »%Dp 1.3832-1.3898 (Note
10). Fractional distillation of this mixture with a 40-em. spinning band
column separated higher boiling fractions, b.p. 45-47° (12 mm.), that
contained (Note 10) 989, of the 3-methyl-2-buten-2-yl triflate as a
colorless liquid, 72°D 1.3838 (Note 11).

2. Notes

1. Trifluoromethanesulfonic acid, purchased from Eastman Organic
Chemicals, was used without purification. Trifluoromethanesulfonic
acid in large quantities is available from 3M Company as Fluorocarbon
Acid FC-24. .

2. The phosphorus pentoxide should be protected from atmospheric
moisture by weighing this reagent in a dry, stoppered flask.
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3. This product exhibits one major gas chromatographic peak
(retention time 2.3 minutes, silicone fluid QF; on Chromosorb P) as
well as one minor, unidentified, more rapidly eluted impurity. The prod-
uct has strong infrared absorption (CCly solution) at 1470, 1240, and
1130 em. 1.

4. 3-Methyl-2-butanone, purchased from Eastman Organic Chemi-
cals, was used without purification. In general, commercially available
ketones may be used without further purification.

5. A reagent grade of pyridine, purchased from Fisher Scientific
Company, was dried over anhydrous potassium carbonate and distilled.
The pyridine was collected at 112-113°.

6. A commercial sample of n-pentane was distilled from calcium
hydride to separate the pure solvent, b.p. 35-36°.

7. The intensity of color developed in the reaction mixture is an
approximate indication of the extent of reaction. With reactive triflates
a dark, almost tarry-looking mass develops in a few hours, while with
the slower forming triflates several days at room temperature may be
required for adequate color development. In no case was any product
isolated when fairly dark color had not developed in the reaction mix-
ture.

8. Only relatively stable vinyl triflates should be washed with water.
More reactive triflates such as CH,=C(C,H;)OSO,CF; do not survive
washing with water.

9. For the more volatile triflates, removal of the solvent should be
accomplished by distillation to minimize loss of the volatile product.
Also, care should be taken not to overheat the residual product since
overheating can result in decomposition.

10. The fractions from this distillation may be analyzed by gas
chromatography employing a column packed with Carbowax 20M
suspended on Chromosorb P. The retention times for the various com-
ponents (minutes) are: pentane, 1.6; 3-methyl-2-butanone, 4.2; 3-
methyl-1-buten-2-yl triflate, 6.7; and 3-methyl-2-buten-2-yl triflate,
9.5.

11. The pure, more highly substituted olefin, »25p 1.3840, could also
be separated by preparative gas chromatography, and the unchanged
ketone could be separated from the two triflate isomers by chromato-
graphy on a silica gel column with pentane as the eluant. The pure prod-
uct has infrared absorption (CCl, solution) at 1700 (enol C=C), 1210
and 1140 em.~1 (SO,) with end absorption in the ultraviolet (heptane
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solution, e 700 at 210 mu) and the following broad singlets in the proton
magnetic resonance spectrum (CgHg solution): 6 1.82 (3H, CH,), 1.63
(3H, CHy), and 1.42 (3H, CH,;). The mass spectrum of the product
exhibits the following relatively abundant peaks, m/fe (relative inten-
sity): 218 (M*, 58), 69 (75), 57 (92), 43 (100), 41 (44), and 39 (24).

3. Discussion

Vinyl trifluoromethanesulfonates (triflates) are a new class of com-
pounds, unknown before 1969, that have been used most extensively
in solvolytic studies to generate vinyl cations.?*:8-12 Three methods
have been used to prepare these sulfonic esters. The first, involving the
preparation and decomposition of acyltriazines,? requires several steps
to prepare the acyltriazines and is limited to the preparation of fully
substituted vinyl triflates. The second method involves the electro-
philic addition of trifluoromethanesulfonic acid to acetylenes™®*® and,
consequently, is not applicable to the preparation of trisubstituted
vinyl triflates and certain cyclic vinyl triflates. However, this second
procedure is relatively simple and often gives purer products in higher
yield than the subsequently discussed reaction with ketones. Table I
lists vinyl triflates that have been prepared by this procedure. '

The third procedure illustrated by this preparation involves the
reaction of ketones with trifluoromethanesulfonic anhydride in a solvent
such as pentane, methylene chloride, or carbon tetrachloride and in the
presence of a base such as pyridine, lutidine, or anhydrous sodium
carbonate.”~'"15 This procedure, which presumably involves either acid-
catalyzed or base-catalyzed enolization of the ketone followed by acyla-
tion of the enol with the acid anhydride, has also been used to prepare
other vinyl sulfonate esters such as tosylates!? or methanesulfonates.13

TABLE I
VINYL TRIFLATES PREPARED BY THE REACTION OF ACETYLENES WITH TRI-
FLUOROMETHANESULFONIC ACID

a

Substrate Product b.p. Yield, %
CH,C==CH _ CH,=C(CH,)0S0,CF, 25-27° (12 mm.) 60-80
C,H C=CC,H, cis and trans 68.5-69.5° (25 mm.) 40-60

C,H,CH =C(C,H,)0S0,CF,
(CH,),0C=CH  CH,—C(0S0,CF,)C(CH,), 45-50° (16 mm.) 40-60
C4H,C==CH OH,=C(C4H,)0S0,CF, 44-45° (0.3 mm.) 20-60
CH,(CH,),C=CH OH,=C(OS0,CF,)CH,(CH,),CH,  67-69° (15 mm.) 70
(CH,),CHC=CH CH,—=C(0SO,CF,)CH(CH,), 37-40° (15 mm.) 62
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TABLE 11
VINYL TRIFLATES PREPARED FROM KETONES
Reaction Time, Yield,
Ketone Conditions Days Product %
080,CF,
XCsH,COCH, CH,Cl,, Na,CO, 3-21 XCH,C=CH, 15-45
(X = H, p-Cl, m-Cl,
p-CF,, p-NOy)
0 0S0:CF;
CHs CHs CH, CH,
CH,Cl,, Na,CO, 14 28
OSO0.CF;
CH3 CHS
CCl,, pyridine 5 54
C,H,CH(CH,)COCH,  CCl,, pyridine  2-4 CH,C(CH,)=C(CH,)0S0,CF, 53
(cis, 18 %; trans, 51 %)
+ C4H,CH(CH,)C(0S0,CF,)=CH,
(31%)
oy, P,0, 1 € H,C(CH,)=C(CH,)080,CF, 32
(trans, 80%; cis, 20%)
[0}
| :
(CH,),CHCCH, CH,Cl;, Na,CO, 10 (CH,),C=C(CH,)080,CF, 33
(1, 70%)
+(CH,),CHC(0S0,CF,) =CH,
(2, 30 %)
©0l,, pyridine 1 1(90%)+ 2 (10%) 58

Vinyl tosylates (but not vinyl triflates) may also be prepared from the
ditosylate derivatives of 1,2-diols.4

Examples of the use of this procedure to prepare vinyl triflates from
ketones are provided in Table IT, Often mixtures of cis and frans iso-
mers as well as the various double bond isomers of vinyl triflates are
obtained by this procedure, and the amounts of these isomers produced
may vary with the base and solvent used. Also, small amounts of un-
changed ketone may contaminate the initial crude product. Conse-
quently, separation procedures such as preparative gas chromatography
or efficient fractional distillation may be required to obtain a.single
vinyl triflate isomer.

1. Department of Chemistry, the University of Utah, Salt Lake City, Utah 84112,
2. M. Hanack, Accounts Chem. Res., 3, 209 (1970).
3. P. J. Stang, Progr. Phys. Org. Chem., 10, 205 (1973).
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CYCLOBUTANONE VIA SOLVOLYTIC CYCLIZATION

HO=0—CH;—CH,0H + (CF380,):0 &
HC=C—CH;—CH,080,CF3

FIC=C—CH,—CH,080,CF, ool cheost, I:KO

Submitted by M. Haxack,! T. DeaescH, K. HuMMEL, and A. NiErRTH
Checked by H. ONa, B. A. BoIrg, and S. MASAMUNE

1. Procedure

A. 3-Butyn-1-yl Trifluoromethanesulfonate. A 500-ml., three-necked
flask is fitted with a mechanical stirrer, a pressure-equalizing
dropping funnel, and a stopper. The system is flushed with nitrogen
through a gas-inlet tube attached to the top of the funnel. To 150 ml.
of dry methylene chloride (Note 1) in the flask is added 75 g. (0.27 mole)
of trifluoromethanesulfonic acid anhydride (Note 2), and the solution
is cooled to —40°. After addition of 14.5 g. (0.14mole) of finely powdered
anhydrous sodium carbonate (Note 3), 15 g. (0.21 mole) of 3-butyn-1-ol
(Note 4) is added dropwise over a 20-minute period to the well-stirred
reaction mixture maintained at. —40° to —55°. Stirring is continued

at —30° for 2 hours and then at 0° for another hour, and finally the
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reaction is quenched by dropwise addition of 50 ml. of water. The or-
ganic layer is separated and dried over anhydrous sodium sulfate, and
after filtration the solvent is removed with a rotary evaporator. The
temperature of the water bath should not exceed 25°. The resulting
residue is placed in a flask directly connected with a liquid nitrogen
trap and distilled at 1 Torr. The fractions boiling in the range from 40°
to 50° are sufficiently pure for use in the next step. The yield of the
sulfonate is 38.94 g. (90%,) (Notes 5 and 6).

B. Oyclobutanone. A 500-ml., thick-walled ampoule is charged with
210 g. (1837 ml.) of trifluoroacetic acid, 11.5 g. (0.085 mole) of sodium
trifluoroacetate (Note 7), and 17 g. of 3-butyn-1-yl trifluoromethane-
sulfonatein this order. A magnetic stirring barisadded,and the ampoule
is sealed. The stirred reaction mixture is immersed in a constant tem-
perature bath kept at 65° (+2°) for 1 week. The ampoule is cooled
slowly to —50° with a dry ice-methanol bath (Note 8) and then opened.
With the aid of 200 ml. of ether the reaction mixture is transferred to a
1-1. Erlenmeyer flask to which 74 g. (1.83 mole) of sodium hydroxide
in 150 ml. of water is added carefully. During the addition the flask is
immersed in the bath maintained at approximately —50° (Note 8).
The ethereal layer is separated, and the aqueous layer is saturated with
sodium chloride and extracted twice with ether. The original organic
layer and ethereal extracts are combined, dried over anhydrous sodium
sulfate, and directly distilled into a liquid nitrogen trap. The total con-
densate in the trap is placed in a distillation flask attached to a 40-cm.
Vigreux column and a condenser cooled to —40° by means of a circu-
lating cold bath (Note 9). After the ether is distilled, all volatile mater-
ials are collected by raising the bath temperature to 130° to yield 1.84—
2.05 g. (31-369%,) of cyclobutanone. The purity of the product is more
than 959, by nuclear magnetic resonance spectroscopy, the only
impurity being diethyl ether (Note 10).

2. Notes

1. The submitters treated methylene chloride with sulfuric acid and
then with sodium hydroxide and distilled it before use. The checkers
used the reagent grade solvent supplied by Fisher Scientific Company
after the overnight storage over Molecular Sieves (4A).

2. The submitters prepared the anhydride, following basically the
procedure described by Burdon, Farazmand, Stacey, and Tatlow.2
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32.1 g. of trifluoromethanesulfonic acid (supplied by Minnesota Mining
and Manufacturing Company) maintained at 0°, is added 25 g. of phos-
phorus pentoxide in three portions, and the resulting anhydride is
distilled by gradually heating the reaction mixture to a bath tempera-
ture of 110° over a 1-hour period. The fractions boiling at 80-100°
(760 torr) are collected and redistilled from approximately 8 g. of
phosphorus pentoxide until the distillate no longer fumes on exposure
to air. Normally three distillations are necessary. The presence of the
trifluoromethanesulfonic acid can be detected by dipping a glass rod
into the distillate and waving the wet rod in the air. The anhydride, in
contrast, does not fume. The final yield of the product is 25 g. (839%,),
b.p. 84°. The checkers purchased the anhydride from Pierce Chemical
Company and used it without further purification.

3. Anhydrous sodium carbonate was ground into fine powder and
dried in vacuum at 200° for 4 hours.

4. In one experiment the checkers used 3-butyn-1-ol available from
Aldrich Chemical Company, Inec., and found that it was of satisfactory
purity. In other experiments, both the submitters and the checkers pre-
pared the hydroxy compound from sodium acetylide and ethylene
oxide in liquid ammonia according to the procedure described by
Schulte and Reiss® and further attempted to maximize the yield by
varying the ratio of sodium: ethylene oxide:liquid ammonia used in the
reaction. Unfortunately, the checkers failed to obtain consistent results
in repeated experiments and consequently could not define the optimum
conditions for the reaction. Thus, the yield of 3-butyn-1-ol varied from
15 to 45%, and 15 to 319, on the basis of sodium and ethylene oxide,
respectively. Unknown and apparently subtle experimental factors
affect the yield significantly.

5. When 3-butyn-1-ol was added to a solution of the anhydride
cooled to 0° and then the mixture was allowed to react at room temp-
erature for 3 hours, the yield of the sulfonate dropped to 70-75%,.

6. Proton magnetic resonance of 3-butyn-1-ol triflupromethanesul-
fonate (carbon tetrachloride) 8, coupling constant J in Hz., number of
protons: 2.05 (triplet, J, , = 2.6, 1), 2.76 (doublet of trlplets J1 9 =
6.7, J, 4 = 2.6, 2), 4.57 (triplet, J, , = 6.7, 2).

7. The salt is available from Aldrich Chemical Company Inc. How-
ever, the checkers readily prepared it in the following way. To a stirred
solution of 8.8 g. (0.22 mole) of sodium hydroxide in 400 ml. of 989,
ethanol was added dropwise 25 g. (0.22 mole) of trifluoroacetic acid.
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After the addition was completed, the ethanol was removed under
reduced pressure, and the residue was suspended in approximately
100 ml. of ether, filtered, and washed several times with ether. The
yield was 25 g. (83.89%), and the salt was dried to a constant weight in
a vacuum desiccator containing calcium sulfate (2 days).

8. Due to the high volatility of cyclobutanone, a substantial amount
of the product is lost unless the mixture is sufficiently cooled during
the process of neutralization.

9. The cooling to —40° was necessary to prevent the loss of highly
volatile cyclobutanone.

10. The checkers redistilled this product through a 3-cm. column
to determine its b.p. to be 96.5-97.5° (710 mm.); infrared (chloroform),
em.~1: 1780; proton magnetic resonance (carbon tetrachloride) 4,
number of protons: 3.05 (multiplet, 4), 1.96 (multiplet, 2).

f 3. Discussion

Cyclobutanone has been prepared by (1) reaction of diazomethane
with ketene,* (2) treatment of methylenecyclobutane with performic
acid, followed by cleavage of the resulting glycol with lead tetraacetate,’
(3) ozonolysis of methylenecyclobutane,® (4) epoxidation of methylene-
cyclopropane followed by acid-catalyzed ring expansion,” and (5)
oxidative cleavage of cyclobutane trimethylene thioketal, which in
turn is prepared from 2-(w-chloropropyl)-1,3-dithiane.®

The present procedure? represents another synthesis of cyclobutanone
through the unique acetylenic bond participation in solvolysis. Cyclo-
butane derivatives prepared in this way include 2-methyl-, 2-ethyl-,
2-isopropyl-, and 2-trifluoromethylcyclobutanone from the corre-
sponding acetylenic compounds.!®

1. Institut fiir Organische Chemie der Universitét des Saarlandes, D-66 Saarbriicken,
Germany.
2. J. Burdon, I. Farazmand, M. Stacey, and J. C. Tatlow, J. Chem. Soc., 2574 (1957).
3. K. E. Schulte and K. P. Reiss, Chem. Ber., 86, 777 (1953).
4. P. Lipp and R. Koéster, Chem. Ber., 64, 2823 (1931).
5. J. D. Roberts and C. W, Sauer, J. Amer. Chem. Soc., 71, 3925 (1949).
6. J. M. Conia, P. Leriverend, and J. L. Ripoll, Bull. Soc. Chim. Fr., 1803 (1961).
7. J. R. Salaiin and J. M. Conia, Chem. Commun., 1579 (1971).
8. D. Seebach, N. R. Jones, and E. J. Corey, J. Org. Chem., 33, 300 (1968); D. Seebach
and A. K. Beck, Org. Syn., 51, 76, (1971).
9. XK. Hummel and M. Hanack, Justus Liebigs Ann. Chem., 746, 211 (1971).
10. M. Hanack, S. Bocher, I. Herterich, K. Hummel, and V. Vétt, Justus Liebigs Ann.
Chem., 738, 5 (1970). See also references cited therein.



MACROCYCLIC DIIMINES: 1,10DIAZACYCLOOCTADECANE
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Submitted by CHWG Ho PARK and Howarp E. Simmoxns!
Checked by StepmN R. WiLsoN and RoBERT E. IRELAND

1. Proceiure

A. 1,10-Diazacyclosctadecane-2,9-dime. A 12-1., 4-necked, round-
bottomed flask with four indents is fitied with a mechanical stirrer, two
dropping funnels (Note 1), and an inlet tube to maintain a static
nitrogen atmosphere throughout the reaction. Four liters of benzene
(Note 2) are placed in the flask and stired vigorously, and two solutions
containing 33.8 g. (0.16 mole) of suberyl dichloride (Note 3) in 2.0 1. of
benzene and 48.2 g. (0.32 mole) of ocamethylenediamine (Note 4) in
2.0 L. of benzene are added simultaneously over a 6-7 hour period at
room temperature. After the addition is complete, the resulting sus-
pension is stirred slowly overnight. The addition funnels are removed
from the flask and replaced by a stopper fitted with a tube of suitable
dimensions to permit the reaction mixture to be siphoned from the
reaction flask when a slight positive nitrogen pressure is present in the
flask. The fine suspension in the reaction flask is agitated and siphoned
into a large fritted filter funnel. The vhite solid is washed three times
with benzene and dried in a vacuum oven. The resulting white solid is
pulverized and placed in a continuousextractor (Note 5) and extracted
for three days with 11. of boiling benzene in a 2-l, round-bottomed
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flask equipped with a magnetic stirring bar and heating maitle. After
theextractor isallowed to cooltoroom temperature, filtration othe white
solid suspension in the benzene gives 23.1-23.6 g. (51-529) of crude
1,10-diazacyclodctadecane-2,9-dione, m.p. 198-201°. The crule product
is used for the subsequent step without further purification (Yote 6).

B. 1,10-Diazacycloéctadecane. To a 500-ml., round-bottmed flask
equipped with a mechanical stirrer, condenser, and nitroga bubbler
is added 150 ml. of dry tetrahydrofuran (Note 7) and 3.8 g.(0.1 mole;
339, excess) of lithium aluminum hydride. While the supension is
stirred, 14.1 g. (0.05 mole) of 1,10-diazacyclodctadecane-29-dione is
added in small portions through Gooch tube {Note 8). Wher the addi-
tion is complete and evolution of hydrogen subsides, the nixture is
heated at reflux under a nitrogen atmosphere for 48 burs. The
mixture is cooled to 5-10° in an ice bath and decomposed ly cautious
dropwise addition of 3.8 ml. of water followed by 3.8 ml. of 1{% sodium
hydroxide and finally by 11.8 ml. of water. The mixture isillowed to
come to room temperature, stirred for an additional hour, ad filtered
through a fritted-glass funnel. The resulting cake is washed horoughly
with three 50-ml. portions of tetrahydrofuran followed by tiree 50-ml.
portions of ether. The combined filtrate is concentrated unér reduced
pressure. After purging with benzene to remove traces of watr and then
pumping under vacuum overnight, there remains 12.7 g. crule diimine
as a colorless, waxy solid.

The crude product at this point contains a small amount ofinreduced
carbonyl group which can be detected in the infrared spectnm. Treat-
ment of the crude diimine again under the identical redudion condi-
tions (Note 9) using the same amounts of the reagent and sivent gives
10.6 g. (83%) of product. Pure 1,10-diazacyclooctadecane s obtained
by distillation of this product through a semimicro Vigrax column
(10-cm.) under reduced pressure, b.p. 120-130° (0.05 mm.), 9 g. (75%,),
m.p. 59-61° (Note 10).

2. Notes

1. Two graduated dropping funnels of 500-ml. capacit; equipped
with pressure-equalizing tubes and small diameter tips toallow two
solutions to be added-in fine streams were used. They were alp equipped
with screw-in type plungers with Teflon® fluorocarbon tis to allow
fine adjustment of the flow rates. The checkers utilized stadard 500-
ml. dropping funnels and two needle valve adapters shownn Figure 1.
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Figure 1.

It is important that the two solutions are added at the same slow
rate. The submitters report that mixing of the two solutions in. one
portion halved the yield of the dilactam.

2. All of the benzene used was dried over sodium wire and distilled
from sodium under a nitrogen atmosphere.

3. Suberyl dichloride purchased from Frinton Laboratories was used
without further purification. The purity of the acid chloride was checked
by gas chromatography by first converting it to the diethyl ester.

4. Octamethylenediamine was purch%ised from Columbia Organic
Chemicals Co., Inc. The purity was checked by gas chromatography and
varied from batch to batch, and only samples which were shown to be
homogeneous were used. The diamine should be handled in an inert
atmosphere, as it forms a carbonate rapidly.

5. An extractor of 2-1. capacity with fritted disc of 85 mm. diameter
and coarse porosity was used (Figure 2).

The desired product is only slightly soluble in benzene. Depending

Figure 2. /’—l\
N
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on the efficiency of extraction, this step may be extended to longer
periods with beneficial results. Lower yield of the .dilactam generally
indicates imcomplete extraction. An attempt to isolate the product by
washing away the dihydrochloride from the solid mixture with water
resulted in the formation of an emulsion.

6. A sample of the crude dilactam dissolved in an ethanol-water
mixture gave no precipitate with silver nitrate, indicating that the
product is not contaminated with octamethylenediamine dihydrochlo-
ride. If the purity is questionable, the crude product can be conven-
iently purified at this point by recrystallization from dimethylform-
amide or 509, ethanol in water to give better than 909, recovery of
pure product, m.p. 207-209°.

7. Commercially available tetrahydrofuran was distilled from LiAlH,
prior to use.

8. The submitters suggest that on ten times this scale, the reaction
flask be purged with a stream of nitrogen during the addition of amide.

9. The repeated treatment with lithium aluminum hydride was
necessary to obtain complete reduction, since use of the reducing agent
in manyfold excess and longer reaction times failed to accomplish
complete reduction in one step. If the product was purified by distilla-
tion without the second reduction, the yield of pure diimine amounted
to 9.1 g. (71%). The submitters report that on ten times the scale the
yield with one reduction was 81 g. (64%,).

10. The product obtained is analytically pure, and the submitters
claim it is suitable for polymerization. It is also shown to be homoge-
neous by gas chromatography.

3. Discussion

1,10-Diazacyclodctadecane has also been prepared by another
general method which involves reaction of 1,8-dibromooctane and
N,N’-ditosyl-1,8-octanediamine with potassium carbonate as base,
followed by cleavage of the sulfonamide groups;? the yield, however,
is not as good as by the present method. The present procedure is
essentially a scale-up of the general method used by Stetter and Marx?®
for preparing a series of macrocyclic diimines of 10- to 21-membered
rings in 25-78%, yield for the crucial cyclization step. The procedure is
adaptable for even larger scale preparations using 5 moles of the acid
chloride and a 100-gallon reaction kettle.
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The reaction is generally applicable to further extension for making
macrobicyclic diamines? with bridgehead nitrogen atoms by using
monocyclic diimines and an appropriate acid chloride. The main

(CHa)z (I? (CHa)x
HN NH + (IC(CH,). -2801 L LN N—(CHz);—l\'I
(CHa), ” (CH2)m—2ﬁ
0

~(CHa
R LN\ (CHz)z\N k1m = 6-14
(CH2)

difference in the procedures is that triethylamine is used as the hydrogen
chloride acceptor in the cyclization step instead of using an extra mole
of diimine. Triethylamine hydrochloride does not interfere with purifi-
cation in this case since the bicyclic diamides are fairly soluble in ben-
zene but insoluble in water. The bicyclic diamides are isolated by first
removing triethylamine hydrochloride from the reaction mixture by
filtration and water washings, followed by evaporation of the solvent.
If triethylamine is used as the base in the preparation of mono-
cyclic dilactams, the products are invariably contaminated with tri-
ethylamine hydrochloride, and the yields of the pure products are
lower.

The same sequence of reactions are used to prepare macrobicyclic
diamines with polyether links.5¢ The reduction of macrobicyclic

f CH,CH;—O0—CHCH;—O0—CH,CH,
N—CH,CH,—O0—CHCH,—O0—CH,CH,—N
CH;CH;—O—CH.CH—0—CH,CH, -

diamides can be accomplished with diborane using the procedure de-
scribed by Brown and Heim?, but the present procedure is less involved
and gives good yields.

1. Central Research Department, E. I. Du Pont de Nemours and Co., Wilmington, Dela-
ware 19898,

. A, Miiller and L. Kindlman, Chem. Ber. 74B, 416 (1941).

. H. Stetter and J. Marx, Justus Liebigs Ann. Chem., 607, 59 ( 1957).

H. E. Simmons and ¢. H. Park, J. Amer. Chem. Soc., 90, 2428 (1968).

H. E. Simmons and C. H, Park, unpublished work.

B. Dietrich, J. M. Lehn, and J. P. Sauvage, Tetrahedron Lett., 2885 (1969).

H. C. Brown and P. Heim, J. Amer. Chem. Soc., 86, 3566 (1964)
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ENDOCYCLIC ENAMINE SYNTHESIS: N-METHYL-2-
PHENYL-A2-TETRAHYDROPYRIDINE
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Submitted by D. A. Evans! and L. A. DoMEIER
Checked by R. DEcorzanT and G. BUcCHI

1. Procedure?

A. N-(a-Methylbenzylidene)-methylamine. Into a dry, premarked,
nitrogen-purged, 1-1. flask (Note 1) equipped with a mechanical stirrer,
dry ice-acetone condenser with drying tube, and a 250-ml. pressure-
equalizing addition funnel topped by a gas inlet connection was con-
densed approximately 70 ml. of methylamine which was passed through
a potassium hydroxide trap. The flask was cooled in a methanol-ice
bath, and a solution of 48 g. (0.4 mole) of acetophenone (Note 2) in
200 ml. of dry ether (Note 3) was added through the addition funnel.
The addition funnel was rinsed with 25 ml. of dry ether, purged with
nitrogen, and charged with 220 ml. of 1M titanium tetrachloride
solution in hexane (Note 4). This solution was added to the cooled re-
action flask over a 1.5-hour period (Note 5). After stirring an additional
30 minutes in the methanol-ice bath and 30 minutes at room tempera-
ture, the mixture was filtered through a Biichner funnel into a 1-1.,
round-bottomed flask (Note 6),and the solid material was rinsed with an
additional 100 ml. of ether. The solvents were removed on a rotary
evaporator, and the yellow residue transferred to a 100-ml. round-
bottomed flask. Distillation through a short, vacuum-jacketed, Vigreux
column yielded 387-47 g. (70-88%,) of the colorless imine, b.p. 93-95°
(11 mm.) (Notes 7 and 8).
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B. N-Methyl-2-phenyl- A*-tetrahydropyridine. Into a 500-ml., nitro-
gen-purged flask equipped with serum cap, reflux condenser with
nitrogen inlet connection, thermometer, and stirring bar, was intro-
duced 100 ml. of dry tetrahydrofuran (Note 9) and 21.0 ml. (0.155 mole)
of diisopropylamine (Note 10). The solution was cooled to —30° with
an acetone bath to which dry ice was added as needed, and 72 ml.
(0.155 mole) of 2.14M n-butyllithium in hexane (Note 11) was added
while keeping the temperature below 0°. After coolirig the mixture to
—40°, 20.6 g. (0.155 mole) of the imine (from part A) was added via
syringe over a period of about 2 minutes, and the resulting yellow solu-
tion maintained at —40° to —30° for 15 minutes and then cooled to
—60°. To the cold solution was added 16.5 ml. (0.16 mole) of 1-bromo-3-
chloropropane (Note 12) in one portion via syringe while the tempera-
ture was maintained below —40°. The reaction mixture was maintained
between —60° and —50° for 5 minutes, the bath was removed, and the
mixture allowed to warm to room temperature. The reaction mixture
was refluxed 3 hours to effect final ring closure (Note 13). After the
addition of 150 ml. of aqueous 109, potassium carbonate to the cooled
solution, the reaction mixture was stirred several minutes and then
transferred to a nitrogen-purged separatory funnel. The reaction flask
was rinsed with 100 ml. of 1:1 benzene—ether which was added to the
separatory funnel, and the entire mixture was diluted with another
150 ml. of water. After shaking, the aqueous layer was removed, and the
organic layer was washed with 100 ml. of brine, shaken with anhydrous
granular sodium sulfate, and filtered into a 1-1., round-bottomed flask.
The solvents were removed on a rotary evaporator, and the residue
transferred to a 100-ml., round-bottomed flask. Short-path distillation
under high vacuum yielded 18.8-21.7 g. (70-81%,) of pale yellow en-
amine, b.p. 87-88° (4 mm.) (Notes 14 and 15).

2. Notes

1. All three necks of the flask should be vertical and not set at an
angle. This is to prevent the accumulation of large amounts of the
methylamine complex of titanium tetrachloride on the sides of the

. reaction flask.

2. The acetophenone was purchased from Matheson, Coleman and
Bell and used without further purification.
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3. Anhydrous ether available from Mallinckrodt Chemical Co. can
be used without further drying.

4. The titanium tetrachloride (purified grade) was purchased from
J. T. Baker. A 1M titanium tetrachloride solution was prepared by
diluting 556 ml. of titanium tetrachloride (1.73 g./ml.) to a volume of
500 ml. with hexane which had been passed through 40-50 g. of basic
alumina (Activity I).

5. The addition funnel should be thoroughly, but gently, flushed
with nitrogen before being charged with the titanium tetrachloride
solution, and a slight flow of nitrogen should be maintained throughout
the addition. This is to prevent the diffusion of methylamine into the
funnel where it will form a red insoluble titanium tetrachloride—amine
complex.

6. If done quickly, the filtration need not be done under nitrogen
with no effect on the yield in the case of this particular imine.

7. Proton magnetic resonance (carbon tetrachloride) 4: 7.7 (multiplet,
2H, aryl CH); 7.2 (multiplet, 3H, aryl CH); 3.2 (singlet, 3H, vinylic
CH,); 2.1 (singlet, 3H, N—CH,). Infrared (carbon tetrachloride) cm=!:
1645, 1450, 1370, 1290. Purity was confirmed by gas chromatography
on a 4-ft., 10%, Carbowax 20M column at 165°.

8. The imine should be stored under nitrogen and exposed to the air
as little as possible during handling.

9. The tetrahydrofuran was freshly distilled from lithium aluminum
hydride. See Org. Syn., 46, 105 (1966) for a note concerning the hazards
involved in purifying tetrahydrofuran.

10. The diisopropylamine was purchased from Aldrich Chemical Co.
and was distilled from caleium hydride prior to use.

11. The x-butyllithium in hexane was purchased from Ventron
Corp.

12. The 1-bromo-3-chloropropane was purchased from Matheson,
Coleman and Bell and was distilled from phosphorus pentoxide prior
to use.

13. If the mixture is not refluxed, the intermediate imine may be
isolated.

14. Proton magnetic resonance (carbon tetrachloride) d: 7.3 (multi-
plet, 5H, aryl CH); 4.8 (triplet, J = 4 Hz., 1H, vinylic CH); 3.0
(multiplet, 2H, N—CH,—); 2.4 (singlet, 3H, N—CH,); 2.1-1.5 (multi-
plet, 4H, aliphatic CH). Infrared (carbon tetrachloride) cm—*: 1640,
1605, 1500, 1460, 1375, 1360, 1130, 1040. Purity was confirmed by
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gas chromatography on a 4-ft., 109, Carbowax 20 M column at
165°.

15. The enamine should be refrigerated under nitrogen and used
within a few days.

3. Discussion

N-Methyl-2-phenyl-A2-tetrahydropyridine and similar compounds
have previously been prepared by the hydrolysis and decarboxylation
of a-benzoyl-N-methyl-2-piperidone® and by the addition of phenyl
Grignard reagents to N-methyl-2-piperidone followed by dehydration.4
Both of these methods require that a heterocyeclic ring already be present
in the system. In contrast, this procedure offers a new flexible route to
the construction of five- or six-membered heterocyclic rings which may
eagily be incorporated into a larger polycyclic product. Several examples®
of this process that can be cited to demonstrate this utility are

_I(CHy)01 |
sy,

=0
84%
N/

‘ T(CHy),Ct O Br(CHy),Cl ‘
83% 957,
CH; CH;3

CH:NH

A wide variety of more complex endocyclic enamines are thus made .

available as synthetic intermediates.

1. Department of Chemistry, University of California, Los Angeles, California 90024.
2, This procedure is based on the work of Weingarten: H. Weingarten, J. P. Chupp, and
W. A. White, J. Org. Chem., 82, 3246 (1967).

"8, K:"H. Biichel, H. J. Schulze-Steinem, and F. Korte, U.S. Patent 3,247,213 (1966);

K. H. “Biichel and F. Korto, Chem. Ber., 95, 2438 (1962).
. R. Lakesxa.nd O. Grossmann, Coll. Czech. Chem. Commun., 8, 533 (1936).
5. D. A. Evans, J. Amer. Chem. Soc., 92, 7593 (1970).
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TRI-tert-BUTYLCYCLOPROPENYL FLUOROBORATE
(Cyclopropenylium, tri-tert-butyl tetrafluoroborate)
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Submitted by J. Ciasarrong! E. C. NatHAN, A. E. FrmRING, and P. J. KOCIENSKI
Checked by L. M. LEICHTER and S. MASAMUNE

1. Procedure

A. Dineopentyl Ketone. A dry, 2-1., three-necked flask is fitted with
a reflux condenser, a precision pressure-equalizing addition funnel,
and a mechanical stirrer. A gas inlet tube at the top of the condenser is
used to maintain a static nitrogen atmosphere in the reaction vessel
throughout the reaction. The flask is charged with 900 ml. of anhydrous
ether, 45 g. (1.85 g. atoms) of magnesium turnings, and 74.6 g. (0.70
mole) of 1-chloro-2,2-dimethylpropane (Note 1). The rapidly stirred mix-
ture is heated to gentle reflux, and 156 g. (0.83 mole) of ethylene di-
bromide in 150 ml. of dry ether is added over a 12-hour period (Note 2).
After addition is complete, the reaction mixture is refluxed for an addi-
tional 2 hours. The mixture is then cooled to 0-5° in an ice bath, and
71.7 g. (0.53 mole) of tert-butylacetyl chloride (Note 3) in 150 ml. of dry
ether is added dropwise to the rapidly stirred Grignard reagent over a
period of 1.5 hours (Note 4). After the addition is complete, the mixture
is stirred at 0-5° for an additional 1.5 hours and then poured with
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stirring onto a mixture of 800 g. of cracked ice and 150 ml. of con-
centrated hydrochloric acid. The ether layer is separated and washed
consecutively with 100 ml. each of water, aqueous 59, sodium carbonate
solution, and finally aqueous saturated sodium chloride solution. After
drying over anhydrous magnesium sulfate, filtration, and removal of
solvent with a rotary evaporator, the yellow residual oil is distilled
under reduced pressure to afford 81.2 g. (909,) of dineopentyl ketone
as a colorless oil, b.p. 86-90° (22 mm.) (Notes 5 and 6).

B. «,a’-Dibromodineopentyl Ketone. Caution! The dibromoketone, a
highly volatile compound with lachrymatory properties, is a skin irritant
which may induce allergic effects. Therefore, steps B and C should be per-
Jormed in a well-ventilated hood. Rubber gloves should be worn.

A 11, three-necked flask is fitted with a thermometer, an addition .

funnel, a magnetic stirring bar, and a gas exit tube, which is connected
with Tygon tubing to a funnel inverted over a beaker of water for
trapping hydrogen bromide. The flask is charged with 82 g. (0.48 mole)
of dineopentyl ketone in 500 ml. of dichloromethane, and the solution
is cooled to 0-5° in an ice bath. Over a period of 5 hours, 160 g. (1.0
mole) of bromine is added dropwise (Note 7), and after addition is com-
plete the mixture is stirred an additional hour at 0-5°. The reaction
mixture is then carefully transferred to a 1-1. separatory funnel, and the

excess bromine is destroyed by extraction with 100 ml. of aqueous

saturated sodium sulfite solution (Note 8). After washing with 100 ml.
of aqueous 59%, sodium bicarbonate solution and 100 ml. of aqueous
saturated sodium chloride solution, the organic layer is dried over
magnesium sulfate, filtered, and evaporated with a rotary evaporator.
The yellow, crystalline residue is dissolved in 350 ml. of hot hexane
and cooled in ice to give the dibromoketone as white needles which are
collected by suction filtration, washed with 100 ml. of cold hexane
(Note 9), and air dried in a well-ventilated hood to afford 83 g. of prod-
uct. Concentration of the mother liquors provides two additional
crops of crystals (40 g. and 12 g.) to afford a total yield of-135 g. (85%)
of dibromoketone, m.p. 69-72° (Note 10).

C D@ tert- butylcyc}opr5penone Cautzon’ The same precautions de-

To a dry 1-1., three-necked flask fitted w1th an efficient mechanlcal
" stirrer, a low temperature thermometer, and a solid addition assembly
(Note 11) is added 97 g. (0.30 mole) of dibromoketone and 700 ml. of
anhydrous tetrahydrofuran (Note 12). After the reaction vessel has been
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flushed with nitrogen, a static nitrogen atmosphere is maintained in the
reaction vessel throughout the remainder of the reaction. The rapidly
stirred solution is cooled to —70° in a dry ice—acetone bath, and then
80 g. (0.71 mole) of powdered potassium tert-butoxide (Note 13) is added
over a 2-hour period. After addition is complete, the mixture is stirred
an additional hour at —70°, and then 50 ml. of aqueous 10%, hydro-
chloric acid solution is added dropwise. The cooling bath is then re-
moved, and the mixture is allowed to warm to room temperature. The
precipitated salts are filtered, washed with 100 ml. of tetrahydrofuran,
and the filtrate and washing are combined. Most of the tetrahydrofuran
is removed under reduced pressure, the nearly colorless residue is
dissolved in 450 ml. of hexane (Note 14), and this solution is extracted
twice with 100 ml. of water and once with 100 ml. of aqueous saturated
sodium chloride solution. The organic layer is dried over magnesium
sulfate, filtered, and concentrated with a rotary evaporator to leave a
pale yellow oil which crystallizes upon brief standing. Sublimation of the
crude product at 55° (1 mm.) provides 39-41 g. (79-839%,) of the cyclo-
propenone, m.p. 61-63° (Notes 15 and 16).

D. Tri-tert-butylcyclopropenyl Fluoroborate. A dry, 500-ml., three-
necked flask equipped with a magnetic stirring bar, a pressure-equaliz-
ing addition funnel, and a nitrogen inlet system is charged with 56 ml.
of a 2.34M solution of commercial fert-butyllithium (0.13 mole) in
pentane (Note 17) and cooled in an ice bath to 0°. A solution of 20.0 g.
(0.12 mole) of di-tert-butylcyclopropenone in 200 ml. of pentane is added
over 30 minutes, and then the ice bath is removed. The reaction mixture
is stirred an additional 30 minutes to give a nearly colorless mixture
which is poured with vigorous stirring into 150 ml. of water. The
pentane layer is separated, washed with two 75-ml. portions of water,
dried over magnesium sulfate, and filtered. Removal of solvent. using
a rotary evaporator leaves a pale yellow oil which is transferred to a
1-1. Erlenmeyer flask and diluted with 600 ml. of ether. After cooling
the ether solution in an ice bath to 0°, a freshly prepared 10%, solution
of fluoroboric acid in acetic anhydride (Note 18) is added with rapid
magnetic stirring. After the resulting suspension is stirred for 20 min-
utes the white precipitate is collected on a sintered glass funnel (medium
porosity) under vacuum and washed thoroughly with 75-ml. portions
of ether. The product is then dissolved in a minimal amount of boiling
acetone (ca. 300 ml.) and cooled in a freezer (ca. —25°) to afford 15.3 g.
of tri-tert-butyleyclopropenyl fluorcborate as white needles after
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filtration and washing with ether. Concentration of the mother liquors
gives two further crops of 6.6 and 2.1 g. of pure product. The total
yield is 24-28 g. (68-799,). When heated on a hot stage, the material
darkens with decomposition above 300° (Note 19).

2. Notes

1. Reagent grade anhydrous ether is employed in all operations
without prior purification. The magnesium turnings were available
from the J. T. Baker Chemical Company, and the 1-chloro-2,2-di-
methylpropane (b.p. 84-85°), obtained from Matheson, Coleman and
Bell, should be distilled before use.

2. The ethylene dibromide (Eastman Organic Chemicals) is used
without prior purification.

3. The tert-butylacetyl chloride (b.p. 126-129°) was purchased from
Aldrich Chemical Company, Inc. and used without prior purification.

4. The inverse addition of the Grignard reagent to an ethereal solu-
tion of the tert-butylacetyl chloride does not improve the yield.

5. Fractional distillation is not necessary since the only volatile com-
ponents are ether and dineopentyl ketone. A dark, high-boiling residue
remains in the pot.

6. The proton magnetic resonance spectrum (CDCl, solution) of this
product shows two singlets at 6 1.03 (18H) and 2.29 (4H). The infrared
spectrum (CCl, solution) exhibits bands at 2950 (s), 2900 (s), 2865 (s),
1715 (s), 1480 (s), 1470 (s), 1370 (s), and 1355 cm~! (s).

7. Irradiation with a sun lamp or addition of one drop of concen-
trated hydrochloric acid may be necessary to initiate the bromination.

8. Caution! The extraction with sodium sulfite should be performed
with caution since a considerable amount of heat is evolved.

9. The dibromoketone is quite soluble in hexane; therefore, filtration

should be conducted as rapidly as possible. The hexane should be pre-
cooled to at least 0°.
10. Very pure dibromoketone (m.p.\ 70-71°) may be obtained by sub-
limation at 25° (1 mm.). However, the product obtained by recrystalli-
zation is sufficiently pure for the nextl step. The proton magnetic reson-
ance spectrum (CDCl; solution) shows singlets at 6 1.18 (18H) and
.. 4.42 (2H). The infrared spectrum (C(/}i4 solution) shows peaks at 2960 (s),
2935 (m), 2910 (m), 2870 (m), 1740 (s), 1720 (m), 1715 (m), 1485 (s),
" 1475 (s), 1400 (m), 1375 (s), and 1340 cm.™! (s).
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11. A convenient apparatus for the addition of potassium/ tert-
butoxide consists of a 250-ml. filter flask connected to the reaction vessel
with Gooch tubing. The side arm of the filter flask serves as a nitrogen
inlet.

12. The tetrahydrofuran should be freshly distilled from lithium
aluminum hydride.

13. Alcohol-free potassium teri-butoxide, obtained from the MSA
Research Corporation, Callery, Pennsylvania, should be weighed and
transferred under anhydrous conditions.

14. Hexane is most effective in permitting extraction of residual
tetrahydrofuran into water. Failure to remove the tetrahydrofuran
can delay the crystallization of the cyclopropenone.

15. The checkers noted the presence of an oil which also distilled
onto the cold-finger during the sublimation. The easiest way to remove
this oil is to press the sublimed cyclopropenone between two sheets of
filter paper. The melting point is recorded after having removed the
oilin this manner. However, this oil poses no hindrance in the next step.
Alternatively, the submitters report that pure cyclopropenone can be
obtained more rapidly but in slightly reduced yield by recrystallization
of the crude product from pentane at low temperature (ca. —70°).

16. The proton fnagnetic resonance spectrum (CDCl, solution) shows
a singlet at 6 1.34. The infrared spectrum (CCl, solution) shows bands
at 2080 (s), 2945 (m), 2920 (m), 2880 (m), 1875 (m), 1855 (s), 1820 (s),
1640 (s), 1485 (m), 1465 (m), and 1375 cm.~' (m). The ultraviolet
spectrum exhibits a maximum at 260 mu (log € 1.66) in 959, ethanol
and at 285 myu (log € 1.79) in cyclohexane. The mass spectrum shows
peaks at m/fe 166, 138, 123, 95, 81, and 67.

17. The tert-butyllithium was obtained from Alfa Inorganics, Inc.

18. Caution! The reaction of fluoroboric acid with acetic anhydride
is exothermic and should be conducted with caution. Under an atmosphere
of nitrogen, 102 g. (1.0 mole) of acetic anhydride (J. T. Baker Chemical
Company) is cooled to —40° in a dry ice-acetone bath. Then, with
magnetic stirring, 20.4 g. (0.12 mole) of 509, fluoroboric acid (J. T.
Baker Chemical Company) is added over 10 minutes. After carefully
warming to 0°, the freshly prepared solution is used immediately.

19. The proton magnetic resonance spectrum (CDCl; solution) shows
a ginglet at & 1.58. The infrared spectrum (KBr) exhibits bands at
2980 (s), 1485 (s), 1465 (m), 1425 (m), 1370 (s), 1225 (s), 1197 (m),
1070 (s), 940 (m), 860 (m), and 525 cm.™! (m).



102 ORGANIC SYNTHESES—VOL. 54

3. Discussion

The preparation of tri-tert-butylcyclopropenyl fluoroborate involves
a modification of the method originally employed in the synthesis of
triphenylcyclopropenyl perchlorate? from diphenylcyclopropenone.23 CUMULATIVE AUTHOR INDEX
The overall yields of tri-tert-butylcyclopropenyl fluoroborate and di- This index comprises the names of contributors to Volume 50,
tert-butyleyclopropenone are 40% and 52%,, respectively. Other sub- 51, 52, 53, and 54. A number in boldface type denotes the vol-

stituted di-tert-butyleyclopropenyl cations have also been prepared by ume, a number in ordinary type indicates the page of That voiume
the above procedure.* It should be pointed out, however, that the
synthesis of cyclopropenyl cations using the reaction of cyclopropenones
with organometallic reagents is not general.?-* Possible competing side
reactions include conjugate addition® and proton abstraction (if the
cyclopropenone contains an acidic hydrogen).
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Aldehydes-1-14c, 54, 45

Aldimines, preparation of, 54,
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synthesis, 52, 59
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with succinic anhydride and
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tion of, 54, 89
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55, 58
Amines, by oxymercuration, 53,
96
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protecting group for, 50, 12
AMINES FROM MIXED CARBOXYLIC-
CARBONIC ANHYDRIDES: 1~
PHENYLCYCLOPENTYLAMINE, 51,
48
p—-Aminoacetophenone, diazoti-
zation of, 51, 1
Amino acids, N-tert-butyloxy-
carbonyl-, 53, 28
tert-Amyl iodide, from tert-amyl
alcohol, methyl iodide, and
triphenyl phosphite, 51, 47
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ANDROSTAN-178-0L, 52, 122
o-Anisaldehyde, preparation

of, 54, 42
Annelation, isoxazole use in,
53, 75

[14]Annulene, 54, 9
[16]Annulene, 54, 9
[18]ANNULENE, 54, 1
[18]Annulene, tridehydro, 54, 3
[20]Annulene, 54, 9
[22]annulene, 54, 9
[24]Aannulene, 54, 9
[24]Aannulene, tetradehydro,
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Anthracene, cyanation, 50, 55
Arndt-Eistert reaction, modi-
fied, 50, 77
Y-Aryl-B-diketones, general
synthesis, 51, 131
Axial alcohols, preparative
methods, 50, 15
AZETIDINE, 53, 13
Azetidine, 1l-(2-carbethoxy-
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AZIDOFORMIC ACID, tert-BUTYL
ESTER, 50, 9
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Benzaldehyde, by condensation
of phenyllithium with 1,1,
3, 3~tetramethylbutylisoni-
trile, 51, 38

by reduction of benzonitrile

with Raney nickel alloy, 51,

22

Benzaldehyde, 3,5-dinitro-,54,52

Benzaldehyde, 2-methoxy-, 54,
42

BENZALDEHYDE, 3,4,5-TRIMETHOXY-,
51, 8

BENZENESULFONAMIDE, p-FORMYL-,
51, 20

Benzhydrol, 52, 22

Benzoic acid-0-d, 53, 41

BENZONITRILE, 2,4-DIMETHOXY-,
50, 52

Benzophenone, directed reaction
with acetaldehyde, 50, 68

1,4-Benzogquinone, 2,3-dichloro-
5,6-dicyano—, {(DDQ), aroma-
tization with, 54, 14

Benzoylacetone, from acetophe-
none and acetic anhydride,
51, 93

BENZYL CHLOROMETHYI. ETHER, 52,
16

1-BENZYLINDOLE, 54, 58, 60

2-BENZY L+~ 2-METHYLCYCLOHEXANONE,
52, 39

2-BENZYL-6-METHYLCYCLOHEXANONE,
52, 39

3-Benzyloxy-4,5-dimethoxybenz~
aldehyde, by reduction of
3-benzyloxy-4,5-dimethoxy-
benzoyl chloride, 51, 10

2-Benzyl-4,4,6-trimethyl-5, 6-
dihydro-1, 3(4H) -oxazine,
from 2-methyl-2,4-pentane-
diol and phepylacetonitrile,
51, 27 \ ;

Bicyclic diamines with bridge-
head nitrogen, 54, 92

BICYCLO[1.1.0]BUTANE, 51, 55;
52, 32

Bicyc10[2.2.l}hepta—Z,S-diene,
irradiation sensitized by
acetophénone to give gua-
dricyclane, 51, 133

Bicyclo[2.2.0]hexa-2,5-diene,
50, 51

exo-Bicyclo[2.2.0]hexan-2-01,
50, 51

Bicyclo[2.2.0}hex-2-ene, 50, 51

Bicyclo[2.2.0]hex-5-ene-2, 3~
dicarboxylic anhydride, 50,
51
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BICYCLO[3.2.1]OCTAN-3-ONE, 51,
60

Binor-s, 53, 30

Binor-S, tetrahydro-, 53, 31

BIPHENYL, 51, 82

Biphenyls, unsymmetrical, 50,
27

2,2'-Bipyridyl, use as an in-
dicator for organolithium
reagents, 52, 39, 112

1,1-BIS {BROMOMETHYL) CYCLOPRO—
PANE, 52, 22

Bis (CHLOROMETHYL) ETHER, hazard
note, 51, 148

Bis(trifluoromethyl) carbene,
50, 8

BIS(TRIFLUOROMETHYL)DIAZO—
METHANE, 50, 6

Borane, bis(3—methyl-2—butyl)—}
53, 79

Borane, trihexyl-, 53, 77

Boranes, oxidation with H203,
50, 90; 52, 59

2-BORNENE, 51, 66

Boron trifluoride, with di-
methyl ether and epichloro-
hydrin to give trimethyl-
oxonium tetrafluoroborate,
51, 142

Boron trifluoride-acetic acid,
with acetic anhydride and
2-heptanone to give 3-n-
butyl-2, 4-pentanedione, 51,
20

Boron trifluoride etherate,
co-catalyst, 53, 30, 32

o-Bromination, selective of
aralkyl ketone, 53, 111

Bromine, with 3-chlorocyclo-
butanecarboxylic acid and
mercuric oxide to give 1-
bromo-3-chlorocyclobutane,
51, 106

Bromoacetaldehyde dimethyl
acetal, 52, 139

1-BROMO-3-CHLOROCYCLOBUTANE,
51, 106

1-Bromo-3-chlorocyclobutane,
with sodium to give bicyclo
[1.1.0]~-butane, 51, 55

3-Bromocyclobutanecarboxylic
acid, 51, 75

Bromocyclopropane, from cyclo-
propanecarboxylic acid, 51,
108

(2-Bromoethyl)benzene, 50, 59

2-Bromo—-6"'-methoxy-2'-aceto-
naphthone, 53, 111

3~ (Bromoethyl) cyclobutyl bro-
mide, from 3- (bromomethyl)
cyclobutane-carboxylic acid,
51, 108

a-Bromophenylacetic acid, 50,
31 '

2-Bromothiophene, 50, 75

1,3-BUTADIENE-1,4-DIOL trans,
trans-DIACETATE, 50, 24

1,3-BUTADIENE, 2,3-DIPHENYL-,
50, 62

BUTANAL, 1-d-2-METHYL-, 51, 31

erythro-2, 3-Butanediol mono-
mesylate, by reaction of
trans-2-butene oxide with
methanesulfonic acid, 51, 11

3,5,1,7-[1,2,3,4]Butanetetrayl-
naphthalene, decahydro-, 53,
30

tert-Butanol, with p-toluoyl
chloride and butyllithium
to give tert-butyl p-toluate,
51, 96

2-Butanone, 1,3-dibromo-, 53,
123

2-Butanone, 3-methyl-, 54, 79

1-Butene, 1,3-bis(methylthio)-,
54, 24

1-Butene, 4-chloro-, 53, 119

trans-2-Butene oxide, from
trans—-2-butene and peracetic
acid, 51, 13

3-Buten-1l-o0l, 53, 120

tert-Butylamine, N-(2-methyl-
propylidene)-, preparation
of, 54, 46

tert-BUTYL AZIDOFORMATE, 50, 9

tert-BUTYLCARBONIC DIETHYL-
PHOSPHORIC ANHYDRIDE, 50, 9

cis—4-tert-BUTYLCYCLOHEXANOL,
50, 13

4-tert-Butylcyclohexanone, 50,13
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1-tert-Butylcyclohexene, by
reduction of tert-butylben-
zene, 50, 92
2-tert-BUTYL-1, 3-DIAMINOPRO-
PANE, 53, 21
5-tert-Butyl-2,3-dimethyliodo~
benzene, from iodine and 4~
tert-butyl-1, 3-dimethylben-
zene, 51, 95
tert-Butyl hydroperoxide, 50,
56
N-tert-Butylhydroxylamine, 52,
78
tert-Butyl hypochlorite, with
4d-phenylurazole to give 4-
phenyl-1,2,4-triazoline-3,
5-dione, 51, 123
n-Butyllithium, 50, 104; 52, 19
reaction with 2-benzyl-4,4,6-
trimethyl-5,6-dihydro-1, 3-
{4H)-oxazine, 51, 25
with sym-trithiane and 1-
bromotetradecane, 51, 40
with 1,3-dithiane and l-bromo-
3-chloropropane to give 5,9-
dithiaspiro[3.5]nonane, 51,
76
with p-toluoyl chloride and
tert-butanol to give tert-
butyl p-toluate, 51, 96
sec-Butyllithium, with 1,1,3,3-
tetramethylbutyl isonitrile
and deuterium oxide to give
N- (1-d-2-methylbutylidene) -
1,1,3,3-tetramethylbutyl-
amine, 51, 33
tert-BUTYIMALONIC ACID, DI-
ETHYL ESTER, 50, 38
3~BUTYL-2-METHYLHEPT-1-EN-3-0L,
52, 19
tert-Butyloxycarbonyl group,
protection of amino acids
by, 53, 27
tert-BUTYLOXYCARBONYL~L-PRO-
~ LINE, 53, 25
3-n-BUTYIL-2,4-PENTANEDIONE, 51,
: 20
tert-Butyl phenylacetate, from
phenylacetyl chloride, tert-
butanol, and n-butyllithium,
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51, 98

tert-Butyl pivalate, from
pivaloyl chloride and tert-
butanol, 51, 98

n-Butyl sulfide, with tetra-
cyanoethylene oxide to give
carbonyl cyanide, 51, 70

tert-BUTYL p-TOLUATE, 51, 96

3-Butyn-1-o0l, preparation of,
54, 86

Butyraldehyde, 54, 51

y-Butyrolactones, 54, 32

Camphor tosylhydrazone, with
methyllithium to give 2-bor-
nene, 51, 66

Carbinol, diphenyl, 2-dimethyl-
amino-5-methylphenyl-, 53,
56 ’

8=CARBOLINE, 1,2,3,4-TETRAHY-
DRO-, 51, 136

Carbon dioxide, anhydrous, 50,
9

Carbon tetrachloride-organo-
phosphine, chlorides from
alcohols with, 54, 63

CARBONYL CYANIDE, 51, 70

Carbonyl cyanide, with alcohols,
51, 72

with amines, 51, 72
with olefins, 51, 72

Carboxylic acids, o,B-unsatur-
ated, cis-, 53, 126

4- (p-Carboxyphenyl) -4H-1, 4~
thiazine 1,1l-dioxide, 52,
127

Cations, cyclopropenyl, 54, 97

o-Chlorobenzaldehyde, by reduc-
tion of o-chlorobenzonitrile
with Raney nickel alloy in
formic acid, 51, 23 B

p-Chlorobenzaldehyde, by redué-
tion of p-chlorobenzonit¥ile
with Raney nickel alloy,' 51,
22

m-Chlorobenzoyl chloride, 50,
16

3-Chlorobicyclo[3.2.1]oct-2-ene,
from exo-3,4-dichloribicyclo
[3.2.1]-0oct-2-ene and lithium
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aluminum hydride, 51, 61

with sulfuric acid to give
bicyclo[3.2.1l]octan-3-one,
51, 62

3-CHLOROCYCLOBUTANECARBOXYLIC
ACID, 51, 73

3-Chlorocyclobutanecarboxylic
acid, with mercuric oxide -
and bromine to give l-bromo-
3-chlorocyclobutane, 51, 106

3-Chloro-1, 1-cyclobutanedicar-
boxylic acid, from sulfuryl
chloride and 1,1-cyclobu-
tanedicarboxylic acid, 51,
73

4-Chloropentan-2-one, with
quinoline to give trans-3-
penten-2-one, 51, 116

m-CHLOROPERBENZOIC ACID, 50,
15, 34

3-Chloropropionitrile, 50, 20

Chlorosulfonyl isocyanate, in
nitrile synthesis, 50, 52

precautions, 50, 18

2-Chloro-5-thiophenethiol, 50,
106

Cholestane, 53, 86

3a-Cholestanol, 50, 15

58—~CHOLEST-3~ENE-5~ACETALDE-
HYDE, 54, 71

58-Cholest-3-ene-5-acetamide,
N,N-dimethyl, 54, 77

5B-Cholest-3-ene~5-acetic acid,
ethyl ester, 54, 74

4-Cholestene, 3-ethenyloxy-,
54, 71

4-Cholesten-3R8-0l1, 54, 71, 75,
77

Chromium(II)~en perchlorate,
52, 62

Chromium(II) salts, standardi-
zation procedure for solu-
tions, 52, 64

Chromium trioxide-pyridine com-
plex, 52, 5

Chromyl chloride, oxidation of
terminal olefins, 51,
[5)

Cinnamaldehyde, by reduction
of cinnamonitrile with Raney

nickel alloy in formic acid,
51, 23
from the ester-mesylate, 51,
16
Cinnamic acid, 50, 18
CINNAMONITRILE, 50, 18
Claisen rearrangement, 53, 121;
54, 73
Claisen-amide rearrangement,
54, 78
Claisen-ester rearrangement,
54, 74
Clemmensen reduction, modified,
53, 86
Cobalt (II) bromide-triphenyl-
phosphine, catalyst, 53, 30,
32
Condensation of p—acetylben-
zenediazonium bromide with
acrylic acid, 51, 1
Conduritol-D, 50, 27
Conjugate addition of Grignard
reagents, 50, 41
CONTROLLED POTENTIAL ELECTRO-
LYTIC REDUCTION: 1,1-BIS
(BROMOMETHYL) CYCLOPROPANE,,
52, 22
Copper (I) chloride, reaction
with an organomagnesium com-
pound, 50, 98
use in Grignard reactions, 50,
39
Copper (I) phenylacetylide, 52,
128
Coupling of acetylenes and hal-
ides, copper-promoted, 50,
100
m~Cresol, 5-methoxy-, 53, 90
(Z)-Crotonic acid, 53, 123
Crotonic acid, B-pyrrolidino-,
ethyl ester, 53, 60
Crown polyethers, complexes,
52, 71, 73
synthesis, 52, 66
Cupric acetate-pyridine, oxida-
tive coupling with, 54, 2, 9
Cuprous oxide, in thiol aryla-
tion, 50, 75 -
Curtius reaction, modification
using mixed carboxylic-
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carbonic anhydrides, 51, 51
Cyanation of aromatic com-
pounds, 50, 53
9-Cyanoanthracene, 50, 55
p-Cyanobenzenesulfonamide, re-
duction with Raney nickel
alloy to p-formylbenzene-
sulfonamide, 51, 20
p-Cyano-N,N-diethylaniline, 50,
54
Cyanohydrins, formation by use
of alkylaluminum cyanides,
52, 96
1-Cyano-1l-hydroxy-6-methoxy-
tetralin, 52, 96
Cyanomesitylene, 50, 54
1-CYANO-6~-METHOXY-3, 4~-DIHYDRO-
NAPHTHALENE, 52, 96
1-Cyano-2-methoxynaphthalene,
50, 55
4-Cyano-l-methoxynaphthalene,
50, 55
2-Cyanothiophene, 50, 54
N-Cyanovinylpyrrolidone, 50, 54
CYCLIC KETONES FROM 1,3-DI-
THIANE: CYéLOBUTANONE, 51,
76
Cyclization, solvolytic, 54, 84
Cycloalkene oxides, l-methyl,
conversion to exocyclic
methylene alcohols, 53, 20
Cyclobutadiene, generation in
situ, 50, 23
CYCLOBUTADIENEIRON TRICARBONYL,
50, 21
Cyclobutane, 52, 32
CYCLOBUTANE, 1-BROMO-3-CHLORO-,
51, 106
Cyclobutanecarbonyl chloride,
reaction with erythro-2,3-
butanediol monomesylate, 51,
12
CYCLOBUTANECARBOXALDEHYDE, 51,
11
.CYCLOBUTANECARBOXYLIC ACID, 3-
CHLORO-, 51, 73
*1,1-Cyclobutanedicarboxylic
acid, with sulfuryl chloride
to give 3-chloro-1,l-cyclo-
butanedicarboxylic acid,

51, 73
CYCLOBUTANONE, 51, 76
CYCLOBUTANONE VIA SOLVOLYTIC
CYCLIZATION, 54, 84
Cyclobutanones, 54, 32
CYCLOBUTENE, cis=-3,4-DICHLORO-,
50, 36
2-Cyclobutyl-cis-4-trans-5-di-
methyl-1, 3-dioxolane, by re-
action of erythro-3-methane-
sulfonyloxy-2-butyl cyclo-
butanecarboxylate with so-
dium borohydride, 51, 12
hydrolysis to cyclobutane-
carboxaldehyde, 51, 13
3,5-CYCLOHEXADIENE-1, 2-DICAR-
BOXYLIC ACID, 50, 50
Al'a—Cyclohexaneacetaldehyde,
53, 104
Cyclohexaneacetic acid, 1l-hy-
droxy-, ethyl ester, 53, 66
Cyclohexane carbonitrile, 50,
20
1,4-Cyclohexanediol, from hy-
droquinone, 51, 105
Cyclohexanol, with triphenyl

phosphite and methyl iodide,

51, 45
CYCLOHEXANOL, 4-tert-BUTYL,
cis-, 50, 13
Cyclohexanol, l-methyl-, 53, 94
Cyclohexanone, 54, 40 .
annelation to, 53, 75
CYCLOHEXANONE, 2-DIAZO-, 51, 86
Cyclohexanone, 2-(3-ethyl-5-
" methyl-4-isoxazolylmethyl) -,
53, 72
Cyclohexanone, 2-hydroxymethyl-
ene-, preparation of, 54, 38
reaction with alkylenedithio-
tosylates, 54, 37 L
Cyclohexanone, 2,2—trimethyl¢
enedithio-, 54, 39 ‘
4-CYCLOHEXENE-1, 2-DICARBOXYLIC
ACID, DIETHYL ESTER, trans-,
50, 43
2~-Cyclohexen—-1-one, 4,4-di-
methyl-, 53, 48
2-Cyclohexenone, 5-isopropyl-2-
methyl-, 53, 63
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1-Cyclohexenylpyrrolidine, 54,
39

Cyclohexylamine, 52, 127

reaction with acetaldehyde,

50, 67

Cyclohexylideneacetaldehyde,
53, 104

1,3,5,7,9,11,13,15,17-Cyclo-
Sctadecanonaene, 54, 1

Cyclooctatetraene, chlorina-
tion, 50, 36

reaction with mercuric ace-
tate, 50, 24

CYCLOOCTENE, 1-NITRO-, 50, 84

CYCLOPENTANECARBOXALDEHYDE, 1-
PHENYI~-, 51, 24

Cyclopentane~-1, 3-dione, 52, 4

Cyclopentanones, 54, 32

CYCLOPENTYLAMINE, 1-PHENYL-,
51, 48

Cyclopropane, 52, 32

Cyclopropanecarboxaldehyde, by
reduction of ester-mesylate,
51, 16

CYCLOPROPANECARBOXYLIC ACID,
cis-2-PHENYI~, 50, 94

Cyclopropane derivatives, syn-
thesis, 52, 22, 33, 132

Cyclopropenes, 50, 30

Cyclopropenone, di-tert-butyl-,
54, 98

Cyclopropenylium, tri-tert-
butyl, tetrafluoroborate,
54, 97

CYCLOPROFYLDIPHENYLSULFONIUM
FLUOROBORATE, 54, 27

1-DECALOL, 51, 103

2-Decalol, dehydration, 50, 92

n-Decane, 53, 107

Decarboxylation, of 3-chloro-
1,1-cyclobutanedicarboxylic
acid to 3-chlorocyclobutane-
carboxylic acid, 51, 74

Dehalogenation with sodium-
liquid ammonia, 54, 13

Dehydrohalogenation, with quin-
oline, 51, 116

with triethylamine, 52, 36

DEHYDROXYLATION OF PHENOLS:

HYDROGENOLYSIS OF PHENOLIC
ETHERS: BIPHENYL, 51, 82
O-Demethylation, selective, of
dimethyl ethers, 53, 93

Deoxygenation, selective, of
ketones, 53, 89

Deuterium content determination
in deuterodiazomethane, 53,
41

"Dewar benzene," 50, 51

trans—7,8-Diacetoxybicyclo
f4.2.0locta-2,4-diene, 50,
24

trans, trans-1,4-DIACETOXY-1,3-
BUTADIENE, 50, 24

N,N'-Dialkylsulfamides, syn-
thesis, 52, 11

DIAMANTANE : PENTACYCLO[7.3.1.1
4,12 02,7 6,111 TETRADECANE,
53, 30

1,2-DIAROYLCYCLOPROPANES: trans
trans-1,2-DIBENZOYLCYCLO-
PROPANE, 52, 33

1,10-Diazacyclooctadecane, 54,
88

1,10-Diazacyclooctadecane~2,9-
dione, 54, 88

DIAZOACETOPHENONE, 53, 35

1- (Diazoacetyl)naphthalene, 50,
77

Diazoalkanes, hydrogen-deu-
terium exchange in, 53, 43

l6-Diazoandrost-5-en-38-0l1-17-
one, 52, 54

2-DIAZOCYCLOALKANONES: 2-DIAZO-
CYCLOHEXANONE, 51, 86

2-Diazocycloalkanones, from o-
(hydroxymethylene) ketones
with p-toluenesulfonyl
azide, 51, 88

2-DIAZOCYCLOHEXANONE, 51, 86

a-Diazoketones, reaction with
trialkylborane, 53, 82

rearrangement, 52, 53
synthesis, 52, 53

»=Diazoketones, aromatic, from
acid chlorides, 53, 37

»~-Diazoketones, cyclic, alkyl-
ation of, 53, 82, 83

Diazomethane, in modified Arndt-
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Eistert reaction, 50, 77
preparation and hazard note,
53, 35, 36, 38, 39
spectrophotometric determina-
tion, 53, 40
DIAZOMETHANE, BIS(TRIFLUORO-
METHYL)-, 50, 6
Diazomethane, dideuterio-~, 53,
38
2-DIAZOPROPANE, 50, 5, 27
DIBENZO-18-CROWN-6 POLYETHER,
52, 66
trans-1,2-DIBENZOYLCYCLOPRO-
PANE, 52, 33
Dibenzyl sulfide, 50, 33
Diborane, 50, 90; 52, 59
reduction of dinitrile with,
53, 24
o,0a'-DIBROMODIBENZYL SULFONE,
50, 31, 65
2,2=-Dibromo-6"'-methoxy-2"'~-
acetonaphthone, 53, 111
1, 3=Dicarbonyl compounds, fur-
ans from, 53, 3
exo-3,4-Dichlorobicyclo[3.2.1]
oct-2-ene from norbornene
and ethyl trichloroacetate,
51, 60
1,4-Dichlorobutadiene, 50, 37
Dichlorocarbene~isotetraline
addition products, 54, 13
cis-3,4-DICHLOROCYCLOBUTENE,
50, 21, 36
DICYCLOHEXYL~18~CROWN-6-POLY-
ETHER, 52, 66
DIDEUTERIODIAZOMETHANE, 53, 38
Diels-Alder adduct, pyrolysis,
50, 37
Diels-Alder reaction, 50, 37
of 1,4-diacetoxy~1, 3-buta-
diene, 50, 27
using 3-sulfone, 50, 47
2,6-Diethoxy-1,4-oxathiane, 52,
135
DIETHYLALUMINUM CYANIDE, 52,
' 20
,N,NQDiethylaniline, cyanation,
50, 54
DIETHYL tert-BUTYLMALCNATE,
50, 38

Diethyl carbonate, with hydra-
zine hydrate to give ethyl
hydrazinecarboxylate, 51,
121

DIETHYL 2- (CYCLOHEXYLAMINO)
VINYLPHOSPHONATE, 53, 44

Diethyl 2,2-diethoxyethylphos-
phonate, 53, 44

Diethyl formylmethylphospho-
nate, 53, 45

Diethyl fumarate, as a dineo-
phile, 50, 43

Diethyl isopropylidenemalonate,
50, 38

Diethyl malonate, condensation
with acetone, 50, 39

Diethyl 5-methylcoprost-3-en-
y1l phosphate, 52, 109

Diethyl phosphorochloridate,
50, 10 ’

reaction with metal enolates,
52, 109

N,N'-Diethylsulfamide, 52, 11

DIETHYL trans-A4-TETRAHYDRO-
PHTHALATE, 50, 43

Dihydrocarvone, 53, 63

1,2-Dihydronaphthalene, with
iodine isocyanate and meth-
anol to give methyl (trans-
2-iodo~-1-tetralin)carba-
mate, 51, 112

trans-1,2-DIHYDROPHTHALIC ACID,
50, 50

cis-1,2-Dihydrophthalic anhy-
dride, 50, 51

Diimines, macrocyclic, 54, 88

Diiododurene, from durene and
iodine, 51, 95 P

Diiron enneacarbonyl, 50, %l/

Diketones, from diazoketones
and organoboranes, 53, 82

B~DIKETONES FROM METHYL ALKYL
KETONES: 3-n-BUTYL-2,4-
PENTANEDIONE, 51, 90

2,6-Dimethoxybenzaldehyde, by
reduction of 2,6-dimethoxy-
benzonitrile with Raney
nickel alloy in formic acid,
51, 23 -

2,4~DIMETHOXYBENZONITRILE, 50,52
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Dimethylamine, (1,l-dimethoxy-
ethyl)-, 54, 77

3,4-Dimethylbenzaldehyde, by
reduction of 3,4-dimethyl-
benzoyl chloride, 51, 10

4 ,5-DIMETHYL-1, 2~-BENZOQUINONE,
52, 88

1,3-Dimethylbicyclo[1.1.0]bu-
tane, 52, 32

N,N~-DIMETHYL~5-f3-CHOLEST~ 3—
ENE-5-ACETAMIDE, 54, 77

4 ,4-DIMETHYL~2=-CYCLOHEXEN- 1—-
ONE, 53, 48

N ,N-DIMETHYLCYCLCHEXYLAMINE,
52, 124

1,2-Dimethylcyclopropane, 52,
32

N,N-Dimethyldodecylamine, 50,
56

N,N-DIMETHYLDODECYLAMINE OX-
IDE, 50, 56

Dimethyl ether, with boron
trifluoride diethyl ether-
ate and epichlorohydrin to
give trimethyloxonium te-
trafluoroborate, 51, 142

2,4~-Dimethyl~3-furyl methyl
ketone, 53, 1

N,N-Dimethylhydrazine, 50, 102

4,4-Dimethyl-2-neopentylpen-
tanal, by oxidation of 4,4-
dimethyl-2-neopentyl-l-pen-~
tene with chromyl chloride,
51, 6

2,2-Dimethyl-4-phenylbutyric
acid, 50, 58

Dimethylprop-2-ynylsulfonium
bromide, preparation, in-
termediate in furan synthe-
sis, 53, 1

2,4-Dimethyl-3-sulfolene, in
Diels-Alder reaction, 50,
48

3,4-Dimethyl~-3-sulfolene, in
Diels-Alder reaction, 50,
48

Dimethyl sulfoxide, N-alkyla-
tion in, 54, 58

Dimethyl sulfoxide, sodium
salt, 50, 62
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Dimethylthiocarbamyl chloride,
synthesis of, 51, 140

with 2-naphthol to give 0-2-
naphthyl dimethylthiocarba-
mate, 51, 139

3,5-DINITROBENZALDEHYDE, 53,
52

Dinitrogen tetroxide, 50, 84

Diphenylacetyl chloride, 52,
36

Diphenylacetylene, conversion
to diphenylbutadiene, 50, 63

2,3-DIPHENYI-1,3-BUTADIENE, 50,
62

2,2-Diphenylethanal, by oxida-
tion of 1,1-diphenylethylene
with chromyl chloride, 51,
6

2,2-Diphenylethyl benzoate,
from, 2,2-diphenylethanol,
benzoyl chloride, and n-
butyllithium, 51, 98

Diphenyliodonium chloride, with
2,4-pentanedione and sodium
amide to give 1l-phenyl-2,4-
pentanedione, 51, 128

DIPHENYIKETENE, 52, 36

a,0'-Diphenylthiodiglycolic
acid, 50, 31

2,3-DIPHENYLVINYLENE SULFONE,
50, 32, 34, 65

Dipotassium nitrosodisulfonate,
52, 86, 88

Dipyridine chromium(VI) oxide,
52, 5 .

DIRECTED ALDOL CONDENSATIONS:
threo-4-HYDROXY-3-PHENYL-2-
HEPTANONE, 54, 49

DIRECTED LITHIATION OF AROMA-
TIC COMPOUNDS: (2-DIMETHYL-
AMINO-5-METHYLPHENYL) DI~
PHENYLCARBINOL, 53, 56

DIRECT IODINATION OF POLYALKYL-
BENZENES: IODODURENE, 51, 94

Disiamylborane, 53, 79

Disodium hydroxylaminedisulfo-
nate, 52, 83

DISODIUM NITROSODISULFONATE,
52, 83

1,3-DITHIANE, 50, 72
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1,3-Dithiane, with l-bromo-3-
chloropropane and n-butyl-
lithium to give 5,9-dithi-
aspiro[3.5]nonane, 51, 76
1,3~-Dithianes, preparation of,
54, 39
1,4-Dithiaspiro[4.5]decan-6-
one, 54, 37
5,9-Dithiaspiro[3.5]nonane,
from 1, 3~-dithiane, l-bromo-
3-chloropropane, and n-
butyllithium, 51, 76
1,5-Dithiaspiro[5.5]undecan-7-
one, 54, 39
2,2'-DITHIENYL SULFIDE, 50ﬁ 75
1,3-Dithiolanes, 54, 37
Diynes, preparation, 50, 101
n-Dodecane, 53, 108
Double bond, exocyclic, selec-
tive hydrogenation, 53, 65
DURENE, IODO-, 51, 94

Electrolytic reduction, appar-
atus, 52, 23

Enamines, reaction with alkyl-
enebisthiotosylates, 54, 39

Enamines, N-bromomagnesium-,
alkylation of, 54, 46

Enamines endocyclic, synthesis
of, 54, 93, 9%

ENDOCYCLIC ENAMINE SYNTHESIS:
N-METHYI-2-PHENYL-AZ-TETRA-
HYDROPYRIDINE, 54, 93

Enol acetates, acylation of,
52, 1

Enclates, lithium salts, aldol
condensation with, 54, 49

Enol esters, preparation, 52,
39

Epichlorohydrin, 54, 20

with boron trifluoride di-
ethyl etherate and dimethyl
ether to give trimethylox-
onium tetrafluoroborate, 51,
142

" Epoxides, reaction with 1,3~

bis (methylthio)allyllithium, .

54, 26, 27
rearrangement to allylic al-
cohols, 53, 20

SUBJECT INDEX

ESTERIFICATION OF HINDERED AL-
COHOLS: tert-BUTYL p-
TOLUATE, 51, 96

Esters, from diazoketones and
organoboranes, 53, 82

Esters, a-deuterio-, 53, 82

Esters, Y,S8-unsaturated by
Claisen rearrangement, 53,
122

1,2-Ethanedithiol, di-p-tol-
uenesulfonate, 54, 33

Ethers, by oxymercuration, 53,
96

Ethers, aryl methyl-, selec-
tive monodemethylation of,
53, 93

Ethoxyethene, 54, 71

ETHYL 58-CHOLEST-3-ENE-5-ACE-
TATE, 54, 74

Ethyl diazoacetate, as source
of carbethoxycarbene, 50,

24

Ethylene, with p-methoxyphenyl-
acetyl chloride and alumi-
num chloride to give 6-
methoxy-B-tetralone, 51, 109

Ethylenediamine, complexes
with chromium(II) salts,
52, 62

2,2~ (ETHYLENEDITHIO) CYCLOHEXA-
NONE, 54, 37

Ethylene dithiotosylate, 54,
33, 37

Ethyl hydrazinecarboxylate,
from hydrazine hydrate and
diethyl carbonate, 51, 121

Ethyl l-hydroxycyclohexylace-
tate, 53, 67

Ethylidenecyclohexylamine, 50,
66 . 7

Ethyl l-iodopropionate,’/ from
ethyl l-hydroxypropionate,
methyl iodide, and. tri-
phenyl phosphite, 51, 47

Ethyl 4-methyl-F-4,8-non-
adienoate, preparation and
apparatus for, 53, 118

ETHYL 6-METHYLPYRIDINE-2-ACE-
TATE, 52, 75

Ethyl l-naphthylacetate, 50, 77

—
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ETHYL PYRROLE-2-CARBOXYLATE,
51, 100

Ethyl trichloroacetate, with
norbornene to give exo-3,4-
dichlorobicyclo[3.2.1]oct-
2-ene, 51, 60

Ethyl vinyl ether, 54, 71

Exocyclic methylene alcohols,
from l-methylcycloalkene
oxides, 53, 20

Extractor, 54, 90

Favorskii rearrangement, 53,
127

Fluoroboric acid, sodium salt,
preparation of, 54, 30

Fluoroboric acid-acetic anhy-
dride, 54, 99

FORMATION AND ALKYLATION OF
SPECIFIC ENOLATE ANIONS
FROM AN UNSYMMETRICAL KE-
TONE: 2-BENZYL-2-METHYLCY-
CLOHEXANONE AND 2-BENZYL-
6-METHYLCYCLOHEXANONE, 52,
39

FORMATION AND PHOTOCHEMICAL
WOLFF REARRANGEMENT OF CY-
CLIC o~-DIAZO KETONES: D-
NORANDROST-5-EN-38-0L- 16~
CARBOXYLIC ACIDS, 52, 53

FORMIC ACID, AZIDQ-, tert-
BUTYL ESTER, 50, 9

Formylation, with acetic for-
mic anhydride, 50, 2

P~FORMYLBENZENESULFONAMIDE ,
51, 20

Formyl fluoride, 50, 2

Fremy's salt, 52, 86, 88

Furan, 3-acetyl-2,4-dimethyl-,
53, 1

Furans, from acetylenic sul-
fonium salts and 1,3-di-
carbonyl compounds, 53, 3

GENERAL SYNTHESIS OF 4-ISOXA-
ZOLECARBOXYLIC ESTERS: ETHYL
3-ETHYL~-5-METHYL-4-ISOXA~
ZOLECARBOXYLATE, 53, 59

Geraniol, 54, 63

GERANYL CHLORIDE, 54, 63, 68
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Glyoxylic acid, with trypta-
mine to give 1,2,3,4-tetra-
hydro-g-carboline, 51, 136

Grignard reagent, aldehydes
from, 54, 42

reaction with aldimines, keti-
mines, 54, 48

Grignard reagent, 2,2-dimethyl-
propylmagnesium chloride,
54, 97

Halides, reduction of, 53, 109

1,6-Heptadien-3-o0l, 2-methyl-
53, 11e

1-HEPTANAL, 52, 5

2-Heptanone, with acetic anhy-
dride, boron trifluoride-
acetic acid, and p-toluene-
sulfonic acid to give 3-n-
butyl-2, 4-pentanedione, 51,90

2-Heptanone, threo-4-hydroxy-
3-phenyl-, 54, 51

N-Heterocyclics, 5- and 6-
membered, 54, 96

2,4-Hexadienenitrile, 50, 20

1,5-Hexadiyne, oxidative coup-
ling of, 54, 1

Hexafluoroacetone hydrazone,
50, 6

HEXAFLUOROACETONE IMINE, 50,
6, 81

Hexafluorothioacetone, 50, 83

Hexamethylbicyclo[l.1.0]butane,
from 1, 3-dibromchexamethyl-
cyclo butane and sodium—
potassium alloy, 51, 58

Hexamethylphosphoramide, 50,
61

N-alkylation in, 54, 60

n~Hexanal, from 2-1lithio-1,3,
5-trithiane and l-bromopen-
tane, 51, 43

Hexanal, 2,2-dimethyl-5-oxo-,
53, 50

l-Hexanol, 53, 79

2-Hexenal, trans-4-hydroxy-,
54, 21

2,4-dinitrophenylhydrazone,
54, 105

4-Hexenal, 6-chloro-4-methyl-,
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dimethyl acetal, 54, 70
4-Hexenal, 6-hydroxy-4-methyl-,
dimethyl acetal, 54, 70
l-Hexen-4-ol, 1,3-bis(methyl-
thio)=-, 54, 21
HOMOGENEQUS CATALYTIC HYDRO-
GENATION: DIHYDROCARVONE,
53, 63
Hunsdiecker reaction, modified;
for preparation of l-bromo-
3-chlorocyclobutane, 51, 106
Hydrazine, anhydrous, 50, 3, 4,
6
reaction with hydrazones, 50,
102
Hydrazine hydrate, 50, 3
Hydrazoic acid, safe substi-
tute for, 50, 107
HYDRAZONES, PREPARATION, 50,
102
Hydroboration, of 2-methyl-2-
butene, 50, 90
HYDROBORATION OF OLEFINS: (+)-—
ISOPINOCAMPHEOL, 52, 59
Hydroboration-oxidation of
olefins, 53, 83
HYDROCINNAMIC ACID, p-ACETYL-
a~-BROMO-, 51, 1
Hydrocyanation, with alkyl-
aluminum cyanides, 52, 100
HYDROGENATION OF AROMATIC NU-
CLEI: 1-DECALOL, 51, 103
Hydrogenation, catalytic homo-
geneous, 53, 64
Hydrogen cyanide, reaction with
triethylaluminum, 52, 90,
100
Hydrogen—-deuterium exchange in
diazoalkanes, 53, 43
HYDROGENCLYSIS OF CARBON-HALO-
GEN BONDS WITH CHROMIUM (II)-
EN PERCHLORATE: NAPHTHALENE
FROM 1-BROMONAPHTHALENE, 52,
62
~ Hydrogenolysis, of phenolic
ethers to aromatics, 51, 85
of p-(l-phenyl-5-tetrazoly-
loxy)biphenyl with palladi-
um-on—-charcoal catalyst to
biphenyl, 51, 83

SUBJECT INDEX

Hydrolysis, of 5,9-dithiaspiro
[3.5]nonane to cyclobuta-
none, 51, 77

of substituted sym-trithianes
to aldehydes, 51, 42

Hydrogquinone, 2,3-dichloro-5,6-
dicyano-, 54, 14

3~-Hydroxycyclohexanecarboxylic
acid, from 3-hydroxybenzoic
acid, 51, 105

B-HYDROXY ESTERS FROM ETHYL
ACETATE AND ALDEHYDES OR KE-
TONES: ETHYL 1-HYDROXYCYCLO-
HEXYLACETATE, 53, 66

2- (Hydroxymethylene) cyclohexa~-
none with p-toluenesulfonyl
azide to give 2-diazocyclo-
hexanone, 51, 86

Y-HYDROXY-0o., B~UNSATURATED ALDE-
HYDES VIA 1,3~-BIS(METHYL-
THIO)ALLYLLITHIUM: trans-4-
HYDROXY-2-HEXENAL, 54, 19

Imines of haloketones, 50, 83

Iminodipropionate, N-(3-chloro-
propyl), diethyl ester, 53,
14 ‘

Iminodipropionate, N-(3-hy-
droxypropyl) -, diethyl ester,
53, 13

Indole, sodium salt, prepara-
tion of, 54, 60

Indole, l-benzyl, 54, 50, 58

Indoles, N-alkyl-, 54, 58, 60

Iodides, from alcohols, methyl
iodide, and triphenyl phos-
phite, 51, 47

Iodine isocyanate, from silver
isocyanate and iodine}'Sl,
112 A

TIODOCYCLOHEXANE, 517/45

IODODURENE, 51, 94 |

trans-g-Iodoisocyanates, gene-
ral synthesis from olefins
with iodine isocyanate, 51,
114

Iodometric titration, 50, 17

Ion-exchange resin, Amberlite
IR-120, cyclization with,
53, 50
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Iridium tetrachloride, in mod-
ified Meerwein-Ponndorf re-
duction, 50, 13

Iron enneacarbonyl, see Diiron
enneacarbonyl

Irradiation apparatus, 51, 133

Trradiation, of bicyclo[2.2.1]
hepta-2,5-diene to give
quadricyclane, 51, 133

N-Isobutylaniline, 53, 127

Isobutyric acid, alkylation,
50, 59

Isocrotonic acid, 53, 123

(+)-ISOPINOCAMPHECL, 52, 59

Isopropenyl acetate, acylation
of, 52, 1

Isotetralin, 54, 11

ISOXAZOLE ANNELATION REACTION:
1-METHYL-4,4a,5,6,7,8-HEXA~
HYDRONAPHTHALEN-2 (3H) -ONE,
53, 70

4-Isoxazolecarboxylic acid es—
ter, 3,5-disubstituted, 53,
61

Isoxazole, 4-chloromethyl-3-
ethyl-5-methyl-, 53, 71

Isoxazole, 3-ethyl-4-hydroxy-
methyl-5-methyl-, 53, 70

Ketimines, enamines from, in
ketones alkylation, 54, 48
Ketone, aralkyl, selective o-—
bromination of, 53, 111
Ketone, a,a'-dibromodineopen-
tyl-, preparation of, 54,
98
Ketone dineopentyl-, prepara-
tion of, 54, 97
Ketone, heptyl phenyl, 53, 78
Ketones, alkylation of, 54, 48
Clemmensen reduction of, 53,
89
conversion to a,B-unsaturated
aldehydes, 53, 106
homologous, from a-diazoke-
tone and organoboranes, 53,
82
g~hydroxyesters from, 33, 69
a~deuterio-, 53, 82
preparation using 1,3-dithiane,

50, 74; 51, 80

reaction with 1,3-bis(methyl-
thio)allyllithium, 54, 27

trifluoromethanesulfonates
from, 54, 83

KETONES AND ALCOHOLS FROM OR-

GANOBORANES: 1. PHENYL HEP-
TYL KETONE: 2. 1-HEXANOL;
3. 1-OCTANOL, 53, 77

Lead tetraacetate, oxidation
of a hydrazone to a diazo
compound, 50, 7

Lithio ethyl acetate, 53, 67

Lithium, reductions in amine
solvents, 50, 89

Lithium aluminum hydride, re-
duction of exo-3,4-dichloro-
bicyclo-[3.2.1]oct-2~ene to
3-chlorobicyclo[3.2.1]oct-2~
ene, 51, 61

Lithium aluminum tri-tert-bu-
toxyhydride, 53, 53

Lithium amide, bis(trimethyl-
silyl), 53, 66

Lithium amide, diisopropyl-,
50, 67; 52, 43; 54, 21, 49,
94

Lithium, 1,3-bis(methylthio)
allyl-, preparation of, 54,
21

Lithium, butyl-, 54, 21

Lithium, dimethylcuprate, 50,
41; 52, 109

Lithium, enolates, formation
of, 52, 109

preparaion and alkylation, 52,
39
reaction with diethyl phos-

phorochloridate, 52, 109

MACROCYCLIC DIIMINES: 1,10-
DIAZACYCLOOCTADECANE, 54, 88
MACROCYCLIC POLYETHERS: DIBEN-
70-18~CROWN-6-POLYETHER AND
DICYCLOHEXYL-18-CROWN-6-
POLYETHER, 52, 66
Malonaldehyde bis(diethyl ace-
tal), 52, 139
Malonaldehydic acid diethyl
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acetal, 52, 139
Malononitrile, alkylation of,
53, 24
Malononitrile, tert-butyl-,
53, 21
Meerwein reaction, preparation
of p-acetyl-o-bromohydro-
cinnamic acid, 51, 1
Mercuric acetate, 54, 71
reaction with cyclooctatetra-
ene, 50, 24
Mercuric chloride, hydrolysis
with, 54, 21
Mercuric oxide, use in oxida-
tion of hydrazones, 50, 28
with 3-~chlorocyclobutanecar-
boxylic acid and bromine to
give l-bromo-3-chlorocyclo-
butane, 51, 106
MERCURIC OXIDE-MODIFIED HUNS-
DIECKER REACTION: 1-BROMO-
3~CHLOROCYCLOBUTANE, 51, 106
Mesitylene, cyanation, 50, 54
METHALATION OF 2-~-METHYLPYRIDINE
DERIVATIVES: ETHYL 6-METHYL-
PYRIDINE-2-ACETATE, 52, 75
Metalation, directed, 53, 59
Methallyl alcohol, with phenyl-
mercuric acetate to yield
2-methyl-3-phenylpropional-
dehyde, 51, 17
METHALLYLBENZENE, 52, 115
m-Methallylnickel bromide, 52,
115
Methane-d,, diazo-, 53, 38
Methanesulfonic acid, esters,
54, 82
Methanesulfonic acid, tri-
fluoro-, alkenyl esters, 54,
82
anhydride, 54, 79
3-butyn-1l-yl ester, 54, 84
3-methyl-1l-buten-2-yl ester,
54, 80
- 3-methyl-2-buten-2-yl ester,
54, 80
- '1,2-dimethylpropenyl ester,
54, 79
-vinyl esters, 54, 82
‘erythro-3-Methanesulfonyloxy~

SUBJECT INDEX

2-butyl cyclobutanecarboxy-
late, by reaction of erythro-
2,3-butanediol monomesylgke
with cyclobutanecarbonyl
chloride, 51, 12

Methanethiol, 54, 19

1,6-METHANO [10]ANNULENE, 54, 11

Methanol, (2-dimethylamino-5-
methylphenyl)diphenyl-, 53,
56

6'-Methoxy-2'-acetonaphthone,
53, 5

o-Methoxybenzaldehyde, 54, 42

p—Methoxybenzaldehyde, by re-
duction of p-methoxybenzo-
nitrile with Raney nickel
alloy, 51, 22

1-Methoxynaphthalene, cyanation,
50, 55

2-Methoxynaphthalene, cyanation,
50, 55

3-Methoxy-4-nitrobenzaldehyde,
by reduction of 3-methoxy-
4-nitro-benzoyl. chloride,
51, 10

p-Methoxyphenylacetyl chloride,
with ethylene and aluminum
chloride to give 6~-methoxy-
R-tetralone, 51, 109

6-METHOXY—-BR-TETRALONE, 51, 109

Methylal, 50, 72

Methylamine, N- (a-methylben-
zylidene) -, preparation of,
54, 93

1-d-2-METHYLBUTANAL, 51, 31

bis=-(3-Methyl-2-butyl)borane,
50, 90

N- (1-d-2-Methylbutylidene)-1,1;
3,3-tetramethylbutylamiﬁé,
from sec-butyllithium, 1,1,
3, 3-tetramethylbutyl isoni-
trile, and deuterium oxide,
51, 33 }

from sec-butylmagnesium bro-

mide with 1,1,3,3-tetra-
methyl butyl isonitrile and
deuterium oxide, 51, 35

5-METHYLCOPROST~3-ENE, 52, 109

3-Methylcyclohexene, from 2-
methylcyclohexanone tosyl-
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hydrazone and methyllithium,
51, 69
N-Methylcyclohexylamine, 52,
127
3-Methylcyclopentane-1, 3-dione,
52, 4
Methylenecyclopropanes, 50, 30
3-Methylheptan-4-0l1, 52, 22
Methyl iodide, with triphenyl
phosphite and cyclohexanol,
51, 45
with triphenyl phosphite and
neopentyl alcohol, 51, 44
METHYL (trans-2-I0ODO-1-TETRA-
LIN) CARBAMATE, 51, 112
Methyl (trans—-2-iodo—1l-tetra-
lin) carbamate, with potassi-
um hydroxide to give 1,2,3,
4-tetrahydronaphthalene
(1,2)imine, 51, 53
Methyllithium, with camphor
tosylhydrazone to give 2-
borene, 51, 66
ether solution, 50, 69
standardization procedure, 50,
69; 52, 46
Methylmagnesium iodide, 1,4-
addition in the presence of
cu(1), 50, 39
2-Methyl-2-nitropropane, 52,
78
2-METHYL-2-NITROSOPROPANE AND
ITS DIMER, 52, 77
Methyl D-Norandrost-5-en-3f-ol-
16R~carboxylate, 52, 56
(S)= (=)-3-Methylpentanal, from
2-lithio-1,3,5-trithiane
and (S)-(+)-1-iodo-2-methyl-
butane, 51, 43
3-Methyl-2, 4-pentanedione, from
butanone and acetic anhy-
dride, 51, 93
N-Methyl-oa-phenylethylamine,
52, 127
2-METHY I~ 3-PHENYLPROPIONALDE-
HYDE, 51, 17
3-Methyl-3-phenylpropionalde~
hyde, from crotyl alcohol
and phenyl palladium ace-
tate, 51, 19

N-Methylpiperidine, 52, 127

3-Methyl-3-sulfolene, in Diels-
Alder reaction, 50, 48

MODIFIED CLEMMENSEN REDUCTION:
CHOLESTANE, 53, 86

Naphthalene, sodium-liquid
ammonia reduction of, 54, 11

1-NAPHTHALENEACETIC ACID, ETHYL
ESTER, 50, 77

Naphthalene, 2-acetyl-6-meth-
oxy-, 53, 5

Naphthalene, 2-bromoacetyl-6-
methoxy-, 53, 112

1-NAPHTHALENECARBAMIC ACID, 1,
2,3, 4~TETRAHYDRO-2-I0DO-,
METHYL ESTER, 51, 112

Naphthalene-l-carbonitrile, 50,
20

2-Naphthalenecarboxyaldehyde,
by reduction of 2-naphtha-
lene-carbonitrile, 51, 22

Naphthalene, 2,2-dibromoacetyl-
6-methoxy-, 53, 112

NAPHTHALENE (1, 2) IMINE, 1,2,3,
4-TETRAHYDRO~, 51, 53

NAPHTHALENE, OCTAHYDRO-, 50, 88

Naphthalene, 1,4,5,8-tetrahy-
dro-, 54, 12

2-NAPHTHALENETHIOL, 51, 139

3H-Naphthalen-2-one, 4,4a,5,6,
7,8-hexahydro, l-methyl, 53,
70

1-Naphthol, hydrogenation to 1-
decalol, 51, 103, 104

2-Naphthol, with dimethylthio—
carbamyl chloride to give
O-2-naphthyldimethylthio-
carbamate, 51, 139

1-Naphthoyl chloride, 50, 79

1-Naphthylacetic acid, propyl
ester, 50, 80

0O-2-Naphthyl dimethylthiocarba-
mate, from 2-naphthol and
dimethylthiocarbamyl chlor-
ide, 51, 139

thermolysis to S-2-naphthyl

dimethylthiocarbamate, 51,
140

S-2-Naphthyl dimethylthiocar-
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bamate, hydrolysis with po-
tassium hydroxide to 2-
naphthalenethiol, 51, 140

Needle valve adapter, 54, 90

Neopentyl alcohol, with tri-
prhenyl phosphite and methyl
iodide, 51, 44 \

NEOPENTYI, IODIDE, 51, 44

Nerol, 54, 70

Neryl chloride, 54, 70

Nickel carbonyl, precautions
for handling, 52, 117

reaction with allyl halides,

52, 115

Nitriles, from carboxylic ac-
ids, 50, 20

from diazoketones and organo-

boranes, 53, 82

Nitroacetaldehyde diethyl ace-
tal, 52, 139

Nitro compounds, preparation,
50, 88

1-NITROCYCLOOCTENE, 50, 84

Nitrogen atmosphere, apparatus
for maintaining, 52, 46

Nitrogen, purification, 50, 69

1-Nitro-l-octadecene, 50, 86

o-Nitrophenylacetaldehyde di-
methyl acetal, 52, 139

4-p-Nitrophenyl-1,2,4~-triazo-
line-3,5~dione, synthesis
of, 51, 125

Nitrosation, of ketones, 52,
53

Nitroso compounds, synthesis,
52, 77

4,8-Nonadienoic acid, 4-methyl-,
trans, ethyl ester, 53, 116

Nonan-5-0l1, 52, 22

D-NORANDROST-5-EN~38-0OL-16-
CARBOXYLIC ACIDS, 52, 53

Norbornene, with ethyl tri-
chloroacetate to give exo-3,
4~dichloro-bicyclo[3.2.1]
oct-2-ene, 51, 60

2,6-0Octadiene, E-l~chloro-3,7-
dimethyl-, 54, 63, 68

AY/9_octalin, 50, 89

A1, 10_ocTALIN, 50, 88

Octamethylenediamine, 54, 88
n-Octanal, from 2-lithio-1,3,5-
trithiane and l-bromohep-

tane, 51, 43
1-Octanol, 53, 79
trans-2-Octnal, 54, 27
1-Octene, conversion to l-octa-
nol, 53, 79
Olefins, conversion to alco-
hols, 53, %4
from tosylhydrazones and
methyllithium, 51, 69
hydroboration-oxidation of,
53, 83
hydrogenation of, 53, 65
synthesis, 52, 109, 115
terminal, with chromyl chlor-
ide, 51, ©
Olefins trisubstituted, stereo-
selective synthesis of, 53,
121
Orcinol, dimethyl ether, 53, 90
ORCINOL MONOMETHYL ETHER, 53,
20
Organoboranes, ketones and al-
cohols from, 53, 77
Organolithium compounds, 53,
58
Organolithium reagents, prep-
aration, 52, 21
standardization procedure,
52, 46 ,
Organophosphine-cgrﬁon tetra-
chloride, chlérides from
alcohols wi;h, 54, 63
Orthoacetic ac¢id, ethyl ester,
54, 75 /
2-Oxazoline; 4,4-dimethyl-,
preparation of and alde-
hydes frbm, 54, 42, 43
preparation of methiodide salt,
54, 44
Oxidation, of primary alcohols
to aldehydes, 52, 5
of terminal olefins with
chromyl chloride, 51, 6

. of 2,4,4-trimethyl-l-pentene

with chromyl chloride, 51, 4
with chromium trioxide-pyri-
dine complex, 52, 5
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with hydrogen peroxide, 52,
59
with the nitrosodisulfonate
radical, 52, 83, 88
with ozone, 52, 135
with potassium permanganate,
52, 77
with sodium hypobromite, 52,
77
with sodium hypochlorite, 52,
11
OXIDATION WITH THE NITROSODI-
SULFONATE RADICAL. 1. PREP-
ARATION AND USE OF DISODIUM
NITROSODISULFONATE: TRI-
METHYL-p-BENZOQUINONE, 52,
83
OXIDATION WITH THE NITROSODI-
SULFONATE RADICAL. II. USE
OF DIPOTASSIUM NITROSODISUL~
FONATE (FREMY'S SALT): 4,5-
DIMETHYIL-1, 2-BENZOQUINONE,
52, 88
Oxidative coupling, 54, 1
Oximes, preparation, 50, 88
16-0Oximinoandrost-5-en-3R-ol-
17-one, 52, 53
Oximino ketones, synthesis, 52,
53
Oxygen, analysis for active,
50, 1le
OXYMERCURATION-REDUCTION: AL-—
COHOLS FROM OLEFINS 1-
METHYLCYCLOHEXANOL, 53, 94
Ozonides, reduction with sul-
fur dioxide, 52, 135

Palladium 10% - calcium carbo-
nate catalyst, preparation
of, 54, 8

Palladium-on-charcoal catalyst,
biphenyl from p-(l-phenyl-
5-tetrazolyloxy)biphenyl
and hydrogen, 51, 83

Pentacyclo[7.3.1,14:12 02,7
.06'll]tetradecane, 53,

30

n-PENTADECANAL, 51, 39

n-Pentadecanal dimethyl acetal,
by methanolysis of 2-

tetradecyl-sym-trithiane,
51, 40

1,3-PENTADIYNE, 1-PHENYL-, 50,
97

1,4-PENTADIYNE, 1-PHENYL~-, 50,
97

n-Pentanal, by condensation of
butyllithium with 1,1, 3,3~
tetramethylbutyl isonitrile,
51, 38

2,4~-Pentanedione, with sodium
amide and diphenyliodonium
chloride to give l-phenyl-
2,4-pentanedione, 51, 128

2,4-Pentanedione, 3-alkyl-,
51, 93

2,4~-PENTANEDIONE, 3-n-BUTYL-,
51, 90

2,4-PENTANEDIONE, 1-PHENYL-,
51, 128

3-Pentanol, 52, 22

trans-2-Pentenal, 4-hydroxy-4-
methyl-, 54, 27

Pent-1l-en-3-0l1, 52, 22

trans-3-PENTEN-2-ONE, 51, 115

PERBENZOIC ACID, m-CHLORO-,
50, 15

Periodic acid dihydrate, with
iodine and durene to give
iododurene, 51, 94

Phenols, from aryl methyl
ethers, 53, 93

Phenylacetaldehyde, from 2-
lithio-1,3,5-trithiane and
benzyl bromide, 51, 43

Phenylacetic acid, bromination,
50, 31

Phenylacetone, 54, 50

Phenylacetonitrile, 50, 20

Phenylacetylene, reaction with
ethyl magnesium bromide,
50, 98

Phenylation, of B-diketones
with diphenyliodonium
chloride, 51, 131

of ketoesters with diphenyl-
iodonium chloride, 51, 131

of nitroalkanes with diphenyl-

iodonium chloride, 51, 132

PHENYLATION WITH DIPHENYL-
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TIODONIUM CHLORIDE: 1-PHENYL-
2,4-PENTANEDIONE, 51, 128
4-Phenyl-1-carbethoxysemicar-
bazide, from ethyl hydra-
zinecarboxylate and phenyl
isocyanate, 51, 122
with potassium hydroxide to
give 4-phenylurazole, 51,
122
1-Phenyl-5-chlorotetrazole,
with p-phenylphenol to give
p~ (1l-phenyl-5-tetrazoly-
loxy)biphenyl, 51, 82
B-PHENYLCINNAMALDEHYDE, 50, 65
1-PHENYLCYCLOPENTANECARBOXYAL~
DEHYDE, 51, 24
1-Phenylcyclopentanecarboxylic
acid, with ethyl chlorocar-
bonate to give mixed car-
boxylic-carbonic anhydride,
51, 48
1-PHENYLCYCLOPENTYLAMINE, 51,
48
Phenylcyclopentylamine, by hy-
drolysis of phenylcyclo-
pentyl isocyanate, 51, 49
Phenylcyclopentyl isocyanate,
by thermolysis of phenyl-
cyclopentane~carboxylic
acid azide, 51, 49
2- (1-Phenylcyclopentyl)-4,4,6-
trimethyl-5,6-dihydro-1,3
(4H) -oxazine, from 2-benzyl-
4,4,6-trimethyl-5,6-dihydro-
1,3 (4H)-oxazine, 1,4~di-
bromobutane, and n-~butyl-
lithium, 51, 24
2- (1-Phenylcyclopentyl)-4,4,6-
trimethyltetrahydro-1, 3-ox-
azine, by reduction of 2-
(l-phenylcyclopentyl)-4,4,
6-trimethyl-5,6-dihydro-1,
3(4H)-oxazine with sodium
borohydride, 51, 25
a-Phenylcyclopropane, 52, 32
1-Phenylcyclopropanecarboxal-
dehyde, from 2-benzyl-4,4,
6-trimethyl-5,6-dihydro-1,
3(4H)-oxazine, 51, 29
cis-2-PHENYLCYCLOPROPANECAR~

BOXYLIC ACID, 50, 94
trans-2-Phenylcyclopropanecar-~
. boxylic acid, 50, 96
o-Phenylethylamine, 52, 127
2-Phenylethyl iodide, from 2-

phenylethanol, methyl io-

dide, and triphenyl phos-

phite, 51, 47
Phenylethynylmagnesium bromide,

50, 97
Phenyl isocyanate, with ethyl

hydrazinecarboxylate to

give 4-phenyl-l-carbethoxy-

semicarbazide, 51, 122
Phenylmagnesium bromide, o-

methoxy, preparation of, 54,

44 :
Phenylmercuric acetate, with

methallyl alcohol to yield

2-methyl-3-phenylpropion-

aldehyde, 51, 17
1-PHENYL-1, 3-PENTADIYNE, 50,

97
1-PHENYL-1,4~-PENTADIYNE, 50,

97
o-Phenylpentanal, from 2-benzyl-

4,4,6-trimethyl-5,6-dihy-

dro-1, 3(4H)-oxazine, 51, 29
1-PHENYL-2,4-PENTANEDIONE, 51,

128
3-Phenyl-2, 4-pentanedione, from

phenylacetone and acetic——-

anhydride, 51, 93
p-Phenylphenol, with 1l-phenyl-

5—chlorotétrazble to give

phenolic ether, 51, 82
1-PHENYL-4-PHOSPHORINANONE, 53,

98
2-Phenylpropanal,. by oxidation-

of 2-phenylpropene with

chromyl chloride, 51, 6
3-Phenylpropanal, from allyl

alcohol and phenylpalladium

acetate, 51, 19
2-PHENYL[3,2-b]PYRIDINE, 52,

128
p-(1~-Phenyl-5-tetrazolyloxy)

biphenyl, from p-phenylphe-

nol and l-phenyl-5-chloro-

tetrazole, 51, 82
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hydrogenation to biphenyl,
51, 83

4-PHENYL-1, 2,4-TRIAZOLINE-3,
5-DIONE, 51, 121

4-Phenyl-1,2,4~-triazoline-3,5-
dione, reactions of, 51,
126

Phenyltrimethylammonium sulfo-
methylate, 53, 111

Phenyltrimethylammonium tri-
bromide, selective bromina-
tion with, 53, 112, 114

4-Phenylurazole, from 4-phenyl-
1-carbethoxysemicarbazide
and potassium hydroxide,
51, 122

with tert-butyl hypochlorite
to give 4-phenyl-1,2,4-tri-
azoline-3,5-dione, 51, 123

Phosphine, bis(2-cyanocethyl)
phenyl-, 53, 98

Phosphine, tributyl, 54, 65

Phosphine, trioctyl, 54, 65

Phosphine, triphenyl, 54, 65

Phosphine, trisdimethylamino,
54, 65

Phosphinimines, 50, 109

1H-Phosphinolin-4-one, 2,3-di-
hydro, l-phenyl, 53, 102

Phosphonic acid, 2-(cyclo-
hexylamino)vinyl-, diethyl
ester, 53, 44

Phosphonic acid, 2,2-diethoxy-
ethyl-, diethyl ester, 53,
44

Phosphonic acid, formylmethyl-,
diethyl ester, 53, 45

4-Phosphorinanone, l-phenyl-,
53, 98

Phosphorin-3-carbonitrile, 4-
amino-1l-phenyl-1,2,5,6~
tetrahydro-, 53, 99

Phosphorus heterocycles, 53,
102

Photochemical reactions, dis-
sociation of trihalometh-
anes, 52, 132

rearrangement, 52, 53

Phthalic acid, reduction, 50,
50

Phthalic acid, 3-nitro-, haz-
ard note, 53, 129

o-Pinene oxide, preparation
of, 53, 18

2(10)-Pinen-3a-o0l, 53, 17

trans-Pinocarveol, 53, 17

Pivalaldehyde, by condensation
of tert-butylmagnesium bro-
mide with 1,1,3,3-tetra-
methylbutyl isonitrile, 51,
38

by reduction of ester-mesy-
late, 51, 16

Pivalnotrile, 50, 20

Polyalkylbenzenes, with iodine
to give iodo derivatives,
51, 95

Polycyclics by annelation, 53,
76

Potassium acetate complex with
dicyclohexyl-18-crown-6-
polyether, 52, 71

Potassium amide, 52, 75

Potassium azide, 50, 10

Potassium tert-butoxide, 52,
53

Potassium hydroxide complex
with dicyclohexyl-18-crown-
6-polyether, 52, 71

PREPARATION AND REDUCTIVE
CLEAVAGE OF ENOL PHOSPHATES:
5-METHYLCOPROST-3-ENE, 52,
109

PREPARATION OF CYANO COMPOUNDS
USING ALKYLALUMINUM INTER-
MEDIATES. III. 3B-ACETOXY-
S0-CYANOCHOLESTAN-7-0ONE,
52, 100

PREPARATION OF CYANO COMPOUNDS
USING ALKYLALUMINUM INTER-
MEDIATES. II. 1-CYANO-6-
METHOXY-3,4-DIHYDRONAPHTHA~
LENE, 52, 96

PREPARATION OF CYANO COMPOUNDS
USING ALKYLALUMINUM INTER-
MEDIATES. I. DIETHYLALUMINUM
CYANIDE, 52, 90

PREPARATION OF o ,BR-UNSATURATED
ALDEHYDES via THE WITTIG
REACTION: CYCLOHEXYLIDENE-
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ACETALDEHYDE, 53, 104
PREPARATION OF VINYL TRIFLUORO-
METHANESULFONATES: 3-METHYL~
2-BUTEN-2-YL TRIFLATE, 54,
79
L-Proline, tert-butyloxycar-
bonyl-, 53, 25
Propanal, 2,2-dimethyl-3-
phenyl-, 54, 46
2,4-dinitrophenylhydrazone,
54, 48
Propane, 1, 3-bis(methylthio)-2-
methoxy-, 54, 20
Propane, l-bromo-3-chloro-, 54,
94
Propane, l-chloro-2,2-dimethyl-,
54, 97
Propane, l-chloro-3-iocdo-,
preparation of, 54, 29
Propane, 1-{p-toluenesulfonyl)-
3- (p-toluenethiosulfonyl) -,
54, 34, 36
1,3-Propanediamine, 2-tert-
butyl-, 53, 21
1,3-Propanedithiol, 50, 72
1, 3-Propanedithiol di-p-tol-
uenesulfonate and 1,2-eth-
anedithiol di-p-toluenesul-
fonate, 54, 33
2-Propanol, 1,3-bis(methyl-
thio)-, 54, 19
Propargyl bromide, coupling
with an organocopper rea-
gent, 50, 98
Propene, 2-acetoxy-l-phenyl-
trans-, 54, 50
trans- and cis-, GLC determi-
nation of, 54, 53
Propene, 1,3-bis(methylthio)-,
54, 24
Propionaldehyde, reaction with
1, 3-bis (methylthio)allyl-
lithium, 54, 21
Propionaldehyde, 2,2-dimethyl-
3-phenyl-, 54, 46
PROPIONALDEHYDE, 2-METHYL-3-
" PHENYI~, 51, 17
Propylene, with acetyl chloride,
aluminum chloride, and quin-
oline to give trans-3-penten—

2-one, 51, 115

with acetyl chloride and alum-
inum chloride to give 4-
chloropentane-2-one, 51, 116

N-Protection of amino acids,
53, 27

4H-Pyran, 5,6-dihydro-6-pyrro-
lidino-2,5,5~-trimethyl-,
53, 49

Pyridine, 1,2,3,4-tetrahydro-1-
methyl-2-phenyl-, 54, 93

a~Pyrone, irradiation of, 50,
23

Pyrrole, N-alkylation of, 54,
59

reaction with trichloroacetyl
chloride to give pyrrol-2-
y1l trichloromethyl ketones,
51, 100

Pyrrole-2-carboxylic acid es-
ters, from pyrrol-2-yl tri-
chloromethyl ketone, 51, 102

PYRROLE-2~CARBOXYLIC ACID,
ETHYL ESTER, 51, 100

Pyrrolidine, 54, 40 e

1,2-Pyrrolidinedicarboxylic
acid, l—tert—butyl’ester,
L-, 53, 25 /

Pyrrolidine, l—(27ﬁethylpro-
penyl)-, 53, 4$

1-Pyrrolidinocyclohexene, prep-
aration of, 54, 40

Pyrrol-2-yl-trichloromethyl ke-
tone, with ethanol to give
ethyl pyrrole-2-carboxylate,
51, 100

P

QUADRICYCLANE, 51, 133

Quadricyclane, preparation of
substituted derivatives, 51,
135

reactions of, 51, 135

Quinoline, with 4-chloropen-
tane-2-one to give trans-3-
penten-2-one, 51, 116

Raney nickel alloy, reduction
of aromatic nitriles to al-
dehydes, 51, 22

REACTION OF ARYL HALIDES WITH
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T-ALLYLNICKEL HALIDES:
METHALLYLBENZENE, 52, 115
Rearrangement of epoxides to
allylic alcohols, 53, 17
Reduction, by controlled-po-
tential electrolysis, 52, 22
by lithium aluminum hydride of
exo-3,4~dichlorobicyclo
[3.2.1]oct-2-ene to 3-
chlorcbicyclo[3.2.1]oct-2-
ene, 51, 61
by sodium borohydride of
erythro—3-methanesulfony-
loxy-2~-butyl cyclobutane-
carboxylate, 51, 12
by sodium borohydride of 2-
(1-phenylcyclopentyl)-4,4,6-
trimethyl~5, 6~dihydro-1, 3
(4H)-oxazine, 51, 25
of acid chlorides with palla-
dium-on-carbon catalyst to
give aldehydes, 51, 10
of aromatic nuclei, 51, 105
of p-cyanobenzenesulfonamide
with Raney nickel alloy or
p-formylbenzenesul fonamide,
51, 20
with aluminum amalgam, 52, 77
with chromium(II) salts, 52,
62
with hydroxylamine, 52, 128
with sodium borohydride, 52,
122
with sodium cyancborohydride,
52, 124
with sodium-liquid ammonia,
54, 11
with sulfur dioxide, 52, 83,
135
REDUCTION OF ALKYL HALIDES AND
TOSYLATES WITH SODIUM CYANO-
BOROHYDRIDE IN HEXAMETHYI~
PHOSPHORAMIDE (HMPA): A. 1-
IODODECANE TO n-~DECANE; B.
1-DODECYL TOSYLATE TO n-
DODECANE, 53, 107
REDUCTION OF KETONES BY USE OF
TOSYLHYDRAZONE DERIVATIVES:
ANDROSTAN-178-0L, 52, 122
REDUCTIVE AMINATICON WITH SO-

DIUM CYANOBOROHYDRIDE: N ,N-
DIMETHYLCYCLOHEXYLAMINE, 52,
124

Reference electrode for elec-
trolytic reduction, 52, 28

Resorcinol dimethyl ether, 50,
52

Rhodium-on~alumina, catalyzed
reduction of aromatic nu-
clei, 51, 105

Rosenmund reduction, 3,4,5-tri-
methoxybenzaldehyde, 51, 8

Sebacid acid dinitrile, 50, 20

SELECTIVE o—-BROMINATION OF AN
ARALKYL KETONE WITH PHENYL-
TRIMETHYL AMMONIUM TRIBRO-
MIDE: 2-BROMOACETYL-6~METH-
OXYNAPHTHALENE AND 2,2-DI-
BROMOACETYL-6-METHOXYNAPH-
THALENE, 53, 111

Shikimic acid, 50, 27

Silver benzoate, as catalyst in
decomposition of diazoke-
tones, 50, 78

Silver isocyanate, with iodine
to give iodine isocyanate,
51, 112

Sodium, with l-bromo-3-chloro-
cyclobutane to give bicyclo
[1.1.0]butane, 51, 55

Sodium amalgam, 50, 50, 51

Sodium amide, with 2,4-pentane-
dione and diphenyliodonium
chloride to give l-phenyl-2,
4-pentanedione, 51, 128

Sodium azide, 50, 107

with mixed carboxylic-carbonic
anhydrides, 51, 49

Sodium borohydride, reduction
of erythro-3-methanesulfony-
loxy-2-butyl cyclobutanecar-
boxylate, 51, 12

reduction of 2-(l-phenylcyclo-
pentyl)-4,4,6~-trimethyl-5,6~-
dihydro~1,3(4H)~oxazine to
2- (1-phenylcyclopentyl) -4,4,
6-trimethyltetrahydro-1, 3—-
oxazine, 51, 25

Sodium cyanoborohydride, used



130 CUMULATIVE SUBJECT INDEX

in reductions, 52, 124
Sodium cyanoborohydride-hexa-
methylphosphoramide, 53, 109
Sodium deuteroxide, 53, 41
Sodium formate, reaction with
acetyl chloride, 50, 1
Sommelet reaction, 50, 71
Spiropentane, 52, 32
from pentaerythrityltetra-
bromide and sodium, 51, 58
Spiropentanes, 54, 32
Steam distillation, of vola-
tile aldehydes, 51, 33, 36
STEREOSELECTIVE SYNTHESIS OF
TRISUBSTITUTED OLEFINS:
ETHYL, 4-METHYL-E-4,8-NON-
ADIENOATE, 53, 1lle6
Styrene, reaction with carbe-
thoxycarbene, 50, 94
Suberoyl chloride, 54, 88
SUBSTITUTION OF ARYL HALIDES
WITH COPPER(I) ACETYLIDES:
2-PHENYL[3, 2-b]PYRIDINE, 52,
128
Succinic acid mononitrile,
ethyl ester, 50, 20
Succinic anhydride, 52, 1
Sulfide, diphenyl-, 54, 28
Sulfides, aromatic, 50, 76
3-Sulfolene, as a source of 1,
3-butadiene in situ, 50, 43
Sulfones, bromination, 50, 31
Sulfonium, 3-chloropropyldi-
phenyl-, fluoroborate, 54,
28
Sulfonium, cyclopropyldiphenyl
tetrafluoroborate, 54, 28
Sulfonium salts, acetylenic,
furans from, 53, 3
Sulfonium ylides, 54, 32
Sulfur, reaction with organo-
lithium compounds, 50, 105
Sulfuryl chloride, with 1,1-
cyclobutanedicarboxylic
acid to give 3-chloro-1,1-
" cyclobutanedicarboxylic
acig, 51, 73

Tetracyanomethylene oxide, with
n-butyl sulfide to give

carbonyl cyanide, 51, 70

2-Tetradecyl-sym-trithiane, by
reaction of l-bromotetrade-
cane with sym-trithiane in
presence of n-butyllithium,
51, 39

Tetraethylammonium tetrafluoro-
borate, 52, 29

1,2, 3,4~-TETRAHYDRO-B-CARBOLINE,

51, 136
1,2,3,4-Tetrahydro-f-carboline,
synthesis of substituted

derivatives, 51, 138

1,2, 3,4-TETRAHYDRONAPHTHALENE
(1,2) IMINE, 51, 53

B-TETRALONE, 6-METHOXY-, 51,
109

B-Tetralones, general synthesis
of substituted derivatives,
51, 111

1,1,3,3—Tetramethy1butyl/iso—
nitrile, from N—(l,lhé,3—
tetramethyl butyl) formamide
and thionyl chloride, 51,

31 /
2,4,4,6-Tetramethyl-5,6~dihydro~
1,3(4H)-oxazine, fq& syn-—

thesis of substituted acet-
aldehydes, 51, 30
2,2,3,3-TETRAMETHYLIODOCYCLO-
PROPANE, 52, 132
Thermolysis, l-phenylcyclopen—-
tanecarboxylic acid azide
to l-phenyl-cyclopentyl iso-
cyanate, 51, 49
4H-1,4-THIAZINE 1,1-DIOXIDE,
52, 135
2-Thienyllithium, 50, 104
THIIRENE 1,1-DIOXIDE, DIPHENYL-,
50, 65
2,2'-THIODITHIOPHENE, 50, 75
Thiols, general synthetic meth-
od, 50, 106
Thiophene, cyanation, 50, 54
2-THIOPHENETHIOL, 50, 75, 104
3-Thiophenethiol, 50, 106
THIOPHENOLS FROM PHENOLS: 2-
NAPHTHALENETHIOL, 51, 139
Titanium tetrachloride, 54, 93
o-Tolualdehyde, by reduction of
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o-tolunitrile with Raney
nickel alloy in formic acid,
51, 23

p-Toluenesulfonyl azide, with
2- (hydroxymethylene) cyclo-
hexanone to give 2-diazo-
cyclohexanone, 51, 86

p-Toluenethiosulfonic acid, po-
tassium salt, 54, 33

p-TOLUIC ACID, tert-BUTYL ES-
TER, 51, 96

p-Toluoyl chloride, with tert-
butanol and n-butyllithium
to give tert-butyl p-toluate,
51, %6

Tosylates, reduction of, 53,
109

Tosylhydrazones, formation, 52,
122

reduction, 52, 122

with methyllithium to give
olefins, 51, 69

Trialkyloxonium salts, as al-
kylating agents, 51, 144

Triazoles, general route to,
50, 109

1,2,4-TRIAZOLINE-3,5-DIONE,
4-PHENYIL-, 51, 121

Tri-n-butylcarbinol, 52, 22

TRI-tert~BUTYLCYCLOPROPENYL
FLUOROBORATE, 54, 97

Trichloroacetyl chloride, with
pyrrole to give pyrrol-2-yl
trichloromethyl ketone, 51,
100

Tricyclo[3.3.l.13'7]decanone,
53, 8

Tricyclo[4.4.1.01'6]undeca—3,8—
diene, 54, 13

Tricyclo[4.4.1.01’6]undeca—3,8-
diene, 11,1l-dichloro-, 54,
12

Triethylaluminum, apparatus
and procedures for hand-
ling, 52, 90, 96, 100

Triethylamine, in synthesis of
diazoketones, 50, 77

Triflates, vinyl-, 54, 82

3,4,5-TRIMETHOXYBENAZLDEHYDE ,
51, 8

3,4,5-Trimethoxybenzoyl chlor-
ide, reduction to 3,4,5-tri-
methoxy benazaldehyde, 51, 8

TRIMETHYL-p-BENZOQUINONE, 52,
83

Trimethylchlorosilane, 50, 107

Trimethylcyclohexanones, re-
duction of axial alcohols,
50, 15

Trimethylene dibromide, 54, 34

2,2- (TRIMETHYLENEDITHIO) CYCLO-
HEXANONE, 54, 39

Trimethylene dithiotosylate,
54, 40

TRIMETHYLENE DITHIOTOSYLATE
AND ETHYLENE DITHIOTOSYLATE,
54, 33

Trimethyleneimine, 53, 13

N,4,4-Trimethyl-2-oxazolinium
iodide, preparation of, 54,
44

TRIMETHYLOXONIUM TETRAFLUORO-
BORATE, 51, 142

Trimethyloxonium tetrafluoro-
borate, reactions of, 51,
144

2,4,4-TRIMETHYLPENTANAL, 51, 4

TRIMETHYLSILYIL, AZIDE, 50, 107

Triphenylphosphine-cobalt (IT)
bromide, catalyst, 53, 30,
32

Triphenylphosphine imine, 50,
83

Triphenyl phosphite, with meth-
yl iodide and cyclohexanol,
51, 45

with neopentyl alcohol and
methyl iodide, 51, 44

Tris (triphenylphosphine) rhodium
chloride, 53, 64

sym-Trithiane, reaction with 1-
bromotetradecane in pres-—
cence of n-butyllithium, 51,
39

Tryptamine, with glyoxylic acid
to give 1,2,3,4-tetrahydro-
R-carboline, 51, 136

cis—o, B~UNSATURATED ACIDS: ISO-
CROTONIC ACID, 53, 123
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o,B-Unsaturated carbonyl com-
pounds, preparative method,
50, 70

vVacuum manifold system, 51, 56

vanadium oxyacetylacetonate,
50, 56

N-Vinylpyrrolidone, cyanation,
50, 54

Wittig reaction, 53, 104

Wurtz reaction, bicyclo[1.1.0]
butane from l-bromo-3-
chlorocyclo butane, 51, 55

zZinc, cyclopropane from 1,3-
dichloropropane, 51, 58

Zinc, activated, 53, 88

Zinc chloride, anhydrous, eth-
ereal solution, preparation
of, 54, 54
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NOMENCLATURE

Preparations appear in the alphabetical order of common names of
the compounds or names of the synthetic procedures. For convenience
in surveying the literature concerning any preparation through
Chemical Abstracts subject indexes, the Chemical Abstracts indexing
name for each compound is given as a subtitle if it differs from the
common name used as the title.

SUBMISSION OF PREPARATIONS

Chemists are invited to submit for publication in Organic Syntheses
procedures for the preparation of compounds that are of general
interest, as well as procedures that illustrate synthetic methods of
general utility. It is fundamental to the usefulness of Organic Syn-
theses that submitted procedures represent optimum conditions, and
the procedures should have been checked carefully by the submitters,
not only for yield and physical properties of the products, but also
for any hazards that may be involved. Full details of all manipula-
tions should be described, and the range of yield should be reported
rather than the maximum yield obtainable by an operator who has
had considerable experience with the preparation. For each solid prod-
uct the melting-point range should be reported, and for each liquid
product the range of boiling point and refractive index should be
included. In most instances, it is desirable to include additional phys-
ical properties of the product, such as ultraviolet, infrared, mass, or
nuclear magnetic resonance spectra, and criteria of purity such as gas
chromatographic data. In the event that any of the reactants are not
readily commercially available at reasonable cost, their preparation
should be described in a complete detail and in the same manner as the
Preparation of the product of major interest. The sources of the reac-
tants should be described in notes, and the physical properties (such
as boiling point, index of refraction, melting point) of the reactants
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should be included except where standard commercial grades are
specified.

Beginning with Volume 49, Sec. 3., Method of Preparation, and
Sec. 4., Merits of the Preparation, have been combined into a single
new Sec. 3., Discussion. In this section should be described other prac-
tical methods for accomplishing the purpose of the procedure that
have appeared in the literature. It is unnecessary to mention methods
that have been published but are of no practical synthetic value.
Those features of the procedure that recommend it for publication in
Organic Syntheses should be cited (synthetic method of considerable
scope, specific compound of interest not likely to be made available
commercially, method that give better yield or is less laborious than
other methods, etc.). If possible, a brief discussion of the scope and
limitations of the procedure as applied to other examples as well as a
comparison of the method with the other methods cited should be
included. If necessary to the understanding or use of the method for
related syntheses, a brief discussion of the mechanism may be placed
in this section. The present emphasis of Organic Syntheses is on model
procedures rather than on specific compounds (although the latter
are still welcomed), and the Discussion section should be written to
help the reader decide whether and how to use the procedure in his
own research. Three copies of each procedure should be submitted
to the Secretary of the Editorial Board. It is sometimes helpful to the
Board if there is an accompanying letter setting forth the features of
the preparations that are of interest.

Additions, corrections, and improvements to the preparations pre-
viously published are welcomed and should be directed to the Secre-
tary.

PREFACE

This volume of Organic Syntheses represents a compilation of useful
methodology and versatile reagents and includes several multistage
syntheses of dramatic, if not heroic, proportions. The latter work
represents somewhat of a departure from the,traditional Organic Syn-
theses ster, but serves to emphasize the advances made in synthesis.
In addition to these features, this volume includes several procedures
that provide a comparison between alternate methods for accomplish-
ing a similar transformation. With no intention of slighting any of the
excellent procedures included, several of the forementioned deserve
further comment.

Through the concerned efforts of their contributors and the mag-
nanimous contributions of scientific expertise, I am fortunate to be
able to include as an Organic Syntheses procedure the synthesis of
[ISJANNULENE and 1,6-METHANO[10]JANNULENE. The syn-
theses of both compounds represent landmarks in organic chemistry,
and their availability through Organic Syntheses procedures may spur
further work on the interesting structures. Equally valuable will
be the preparation of trans-4-HYDROXY-2-HEXENAL via 1,3-bis
(methylthio)allylithinm and the procedure for the formation
of CYCLOPROPYLDIPHENYLSULFONIUM FLUOROBORATE.
These experiments represent further examples of the utility of sulfur-
containing reagents in synthesis. Similarly, the formation of 2,2-
(TRIMETHYLENEDITHIO)CYCLOHEXANONE and 2,2-(ETH-
YLENEDITHIO)CYCLOHEXANONE from TRIMETHYLENE
DITHIOTOSYLATE and ETHYLENE DITHIOTOSYLATE pre-
sents detailed procedures for the use of this valuable blocking
group.

Carbonyl alkylation and condensation reactions are always of great
value in synthesis, and the formation of o-ANISALDEHYDE via
4,4-dimethyl-2-oxazoline, 2,2-DIMETHYL-3-PHENYLPROPION-
ALDEHYDE via alkylation of the magnesio-enamine salt and threo-
4-HYDROXY-3-PHENYL-2-HEPTANONE via a. directed aldol
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condensation represent excellent conditions to the synthetic method-
ology in this area.

Several comparative procedures are included. The formation of
1-BENZYLINDOLE and GERANYL CHLORIDE by two different
procedures are representative. An interesting comparison of three of
the recent adaptations of the Claisen rearrangement on the same sub-
strate is presented in the preparations of N,N-DIMETHYL-58-
CHOLIEST-3-ENE-5-ACETAMIDE, ETHYL-58-CHOLEST-3-ENE-
5-ACETATE, and 58-CHOLEST-3-ENE-5-ACETALDEHYDE. For
the utility of the procedure itself as well as for comparison with pre-
viously presented syntheses, the preparation and use of triflates in the
synthesis of CYCLOBUTANONE is included.

The preparation of macrocyclic diimines and endocyclic enamines
are represented by the procedures for the formation of 1,10-DIAZA-
CYCLOOCTADECANE and N-METHYL-2-PHENYL-A2-TETRA-
HYDROPYRIDINE. Other procedures representative of alkyla-
tion reactions and aromaticity (TRI---BUTYLCYCLOPROPENYL
FLUOROBORATE) round out a volume of tested experimental
procedures of general value.

The Board of Editors thanks the contributors of the preparations
and encourages the continued interest of the scientific community
in this project through their suggestions for changes that will improve
the usefulness of Organic Syntheses. This effort will only remain viable
as long as it serves the needs of chemists, and to do that the Board of
Editors must rely on everyone’s advice and help. Continucd active
contribution of procedures that represent new techniques and useful
new compounds or reagents is solicited at all times by the Board and
every effort will be made to publish these procedures as rapidly as
possible. Scientific life is always fast and furious, and everyone has
many, too many, demands on his time, but the Editors will always
try to make the time spent in preparing a contribution for Organic
Syntheses a worthy effort, and one that the scientific community as a
whole will appreciate.

This volume continues the recent “tradition” of including a listing
of unchecked preparations that have been received during the pre-
ceding year. These are available from the Secretary’s office for a
nominal fee prior to checking. The Board of Editors would appreciate
réceiving any comments on this practice, as well as the procedures
themselves, from those who avail themselves of this service.

PREFACE ix

As Editor-in-Chief I have many dedicated people to thank ff)l’ a
richly rewarding experience and for making this. x'rolume possible.
My colleagues on the Board of Editors and their untiring collaborators
have considered, cajoled, coddled, and checked many of the procedures
included in this volume, and without their help there would be no
volume. The contributions of my own co-workers must not go un-
heralded as they, too, took on their tasks with an interest and zeal
that was very heartwarming to the “boss.”” When the s?ience and
experimentation are over, a volume of Organic Syntﬁeses is far from
being born, and the credits must continue at length throughout the
publication process. My gratitude is particularly boundless to the
midwife in the birth of this manuscript. Mrs. Carla Willard not (.)nly
typed toward an unrealistic deadline but made it and still retained
her bright and reassuring composure. Finally, I want to express my
gratitude to Dr. 8. Kasparek for preparing the Contents and Au’thor
and Subject Indexes—a task that required his talent and for which I
was ill-equipped.
Pasadena, California RoBERT E. IRELAND
June 1974
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