2-ACETYLCYCLOPENTANE-1,3-DIONE
(2—Acetyl-3-hydroxycyclopent-2-en-1-one, Note 1)
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Submitted by FereNc MERENYI and MARTIN Ninsson!
Checked by E. J. CoreEy, JoEL I. SHULMAN, and LAWRENCE LiBrt

1. Procedure

Caution! Since hydrogen chloride ts evolved in this reaction, it
should be conducted tn a hood.

In a dry 3-1. three-necked round-bottomed flask, equipped
with a sealed mechanical stirrer (all-glass or glass-Teflon), a
reflux condenser fitted with a calcium chloride drying tube
and a 100-ml. dropping funnel, are placed 50.0 g. (0.500 mole)
of finely powdered succinic anhydride (Note 2), 133.4 g. (1.00
mole) of freshly crushed anhydrous aluminum chloride (Note 3),
and 500 ml. of anhydrous 1,2-dichloroethane. The mixture is
stirred vigorously at room temperature for about 2 hours to
dissolve as much as possible of the solid reactants. Then 50.0 g.
(0.500 mole) of isopropenyl acotate (Note 4) is added rapidly
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through the dropping funnel; the reaction starts immediately
as indicated by a rise in temperature to about 60° to 70°. The
mixture is then refluxed for 15 minutes with continuous stirring.
The hot reaction mixture, which contains a sticky oil, is poured
into a stirred mixture of 200 ml. of aqueous 12 hydrochloric
acid and 1000 g. of crushed ice, and the reaction flask is rinsed
with part of the acidic aqueous phase. When the dark mass has
dissolved, 200 ml. of concentrated aqueous hydrochloric acid
is added, and the mixture is stirred vigorously for about 3
hours (Note 5). The dichloroethane phase is separated, and the
aqueous phase is extracted with eight 600-ml. portions of
dichloromethane. This extract is combined with the dichloro-
ethane phase (Note 6) and extracted first with 600 ml. and then
twice with 200-ml. portions of aqueous saturated sodium
bicarbonate solution. The combined sodium bicarbonate
extracts are washed with 200 ml. of dichloromethane and then
cautiously acidified in a 3-1. beaker with 150 ml. of concen-
trated hydrochloric acid with vigorous stirring. The acidic
solution (Note 7) is extracted first with 600 ml. and then with
four 400-ml. portions of dichloromethane. The bulk of the
dichloromethane is removed by distillation at atmospheric
pressure with a water bath. The last 150 ml. of solvent is
removed below room temperature under reduced pressure
(about 20 mm.) to leave 24-27 g. of crude 2-acetyleyclopentane-
1,3-dione as a light brown solid, m.p. 68-71° (Note 8).

The crude product is purified by decolorization with charcoal
and recrystallization from 100-150 ml. of diisopropyl ether to
give about 19-21 g. (27-309%,) of colorless needles, m.p. 70-72°.
This material is sufficiently pure for most purposes. Further
purification may be achieved by further recrystallization from
diisopropy! ether and/or sublimation at 60° (0.1 mm.) onto a
cold-finger condenser to give material melting at 73-74°
(Note 9).

2. Notes

1. 2-Acetylcyclopentane-1,3-dione is completely enolized in
the solid state as well as in solution.? Indirect evidence indicates
that the carbon-carbon double bond of the cnol is within the
ring.
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2. The submitters used a practical grade of succinic anhydride
obtained from Matheson Coleman and Bell.

3. The submitters used anhydrous, sublimed aluminum
chloride obtained from E. Merck AG, Darmstadt, Germany.
The checkers used analytical reagent grade material obtained
from Mallinckrodt Chemical Works.

4. The submitters used either a pure grade (more than
98.5%,) of isopropenyl acetate or a practical grade (95-989,)
from Fluka AG, Buchs SG, Switzerland. Generally, it was not
essential to distill the material before use.

5. This treatment increases the amount of product which can
be extracted from the aqueous solution.

6. Evaporation of the solvents at this stage gives an oily
product which may be decolorized with charcoal and then
recrystallized from diisopropyl ether to give 2-acetylecyclo-
pentane-1,3-dione, m.p. 68-71°. However, the extraction with
sodium bicarbonate is preferred.

7. Decolorization of the acidic aqueous solution with char-
coal at this stage improves the quality of the product.

8. 2-Acetylcyclopentane-1,3-dione is quite volatile and ap-
preciable losses may occur if the evaporation of the concen-
trated solution is continued at elevated temperature.

9. Further amounts of 2-acetylcyclopentane-1,3-dione can be
obtained by continuous extraction of the original aqueous
phase with dichloromethane. The submitters have obtained
total yields of product as high as 41-439,. 2-Acetylcyclo-
pentane-1,3-dione is sparingly soluble in ether and is not
extracted very efficiently from aqueous solution with ether.

3. Discussion

2-Acetylcyclopentane-1,3-dione has been obtained in small
amounts from the aluminum chloride-catalyzed reactions of
vinyl acetate and succinyl chloride in 1,1,2,2-tetrachloro-
ethane.’ 2-Acetylcyclopentane-1,3-diones have been prepared
via Dieckmann condensation of 1,4-bisethoxycarbonylhexane-
3,5-diones.® The present procedure is essentially that of
Merényi and Nilsson? with some modifications.
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The diacylation of isopropenyl acetate with anhydrides of
dicarboxylic acids is applicable for the synthesis of several
other cyclic f-triketones in moderate yield.3-¢ It has been used
for the synthesis of 2-acetyleyclohexane-1,3-dione (409, yield),
2-acetyl-4-methyleyclopentane-1,3-dione (109, yield), 2-acetyl-
4,4-dimethylcyclopentane-1,3-dione (109, yield), 2-acetyl-5,5-
dimethylcyclohexane-1,3-dione (109, yield), 2-acetylcyclo-
heptane-1,3-dione (129, yield) and 2-acetylindane-1,3-dione
(259, yield). Maleic anhydrides under more drastic conditions
give acetyleyclopent-4-ene-1,3-diones in yields from 59%, to
129,.”7 The corresponding acylation of the enol acetate of 2-
butanone with succinic anhydride has been used to prepare
2-methyleyclopentane-1,3-dione, an important intermediate in
steroid synthesis.®?

2-Acetylcyclopentane-1,3-dione can be hydrolyzed by aque-
ous 2M hydrochloric acid (2 days, 100°) to give cyclopentane-
1,3-dione in 639, yield.4
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ALDEHYDES FROM PRIMARY ALCOHOLS BY
OXIDATION WITH CHROMIUM TRIOXIDE:
1-HEPTANAL

A
CrO; + 2 —> CrO,4(C;H,N),
N/

CrO3(CsH;5N)g
CH,Cly, 25°

CH,(CH,),CH,0H CH,(CH,);,CHO

Submitted by J. C. Corrins! and W. W. Hess?
Checked by R. T. UveEpa and R. E. BENsoN

1. Procedure

A. Preparation of Dipyridine Chromium(VI)Oxide (Note I).
Cwution! The reaction of chromium trioxide with pyridine 1s
relremely exothermic; the preparation should be conducted in a
hood, observing the precautions noted.

A dry, 1-1. three-necked flask, fitted with a sealed mechanical

wtirrer, a thermometer, and a drying tube, is charged with
n00 ml. of anhydrous pyridine (Note 2). The pyridine is stirred
and cooled to approximately 15° (Note 3) with an ice bath.
I'ho drying tube is periodically removed and 68 g. (0.68 mole)
ol anhydrous chromium(VI) oxide (Note 4) is added in portions
throngh the neck of the flask over a 30-minute period. The
ohromium trioxide should be added at such a rate that the
tempernture does not exceed 20° and in such a manner that

the oxide mixes rapidly with the pyridine and does not adhere
to the side of the flask below the neck (Note 5). As the chromic
oxide v added, an intensely yellow, flocculent precipitate
nepurntes from the pyridine and the viscosity of the mixture
Inerennos. When the addition is complete, the mixture is allowed
to warm slowly to room temperature with stirring. Within one
hour the viscosity of the mixture decreases and the initially
yollow product changes to a deep red macrocrystalline form
that wettlos to the bottom of the flask when stirring is discon-
tinued. Thoe supernatant. pyridine is decanted from the complex

1]
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and the crystals are washed several times by decantation with
250-ml. portions of anhydrous petroleum ether. The product is
collected by filtration on a sintered glass funnel and washed
with anhydrous petroleum ether, avoiding contact with the
atmosphere as much as possible. The complex is dried at 10 mm.
until it is free-flowing to leave 150-160g. (85-919,) of di-
pyridine chromium(VI) oxide? as red crystals. The product is
extremely hygroscopic; contact with moisture converts it
rapidly to the yellow dipyridinium dichromate.t It is stored
at 0° in a brown bottle (Note 6).

B. General Oxidation Procedure for Alcohols. A sufficient
quantity of a 5%, solution of dipyridine chromium (VI) oxide
(Note 1) in anhydrous dichloromethane (Note 7) is prepared to
provide a sixfold molar ratio of complex to alcohol. This excess
is usually required for complete oxidation to the aldehyde.
The freshly prepared, pure complex dissolves completely in
dichloromethane at 25° at 5%, concentration to give a deep red
solution, but solutions usually contain small amounts of
brown, insoluble material when prepared from crude complex
(Note 8). The alcohol, either pure or as a solution in anhydrous
methylene chloride, is added to the red solution in one portion
with stirring at room temperature or lower. The oxidation of
unhindered primary (and secondary) alcohols proceeds to
completion within 5 minutes to 15 minutes at 25° with
deposition of brownish-black, polymeric, reduced chromium-
pyridine products (Note 9). When deposition of reduced chro-
mium compounds is complete (monitoring the reaction by
gas chromatography or thin-layer chromatography analysis is
helpful), the supernatant liquid is decanted from the (usually
tarry) precipitate and the precipitate is rinsed thoroughly with
dichloromethane (Note 10).

The combined dichloromethane solutions may be washed
with dilute hydrochloric acid, sodium bicarbonate solution,
and water to remove excess traces of pyridine and chromium
salts, or they may be filtered directly through a filter aid or
passed through a chromatographic column. The product is
obtained by removal of dichloromethane; any pyridine that
remains can often be removed under reduced pressure.
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C. Hlustrative Example: 1-Heptanal. A dry, 1-1. three-
nocked round-bottomed flask-is equipped with a mechanical
stirrer, and 650 ml. of anhydrous dichloromethane (Note 7)
in ndded. Stirring is begun and 77.5 g. (0.30 mole) of dipyridine
ohromium(VI) oxide (Note 1) is added at room temperature.
T'v the resulting solution is added 5.8 g. (0.050 mole) of 1-

heptanol (Note 11) in one portion. After stirring for 20 minutes,
the supernatant solution is decanted from the insoluble brown
gum. The insoluble residue is washed with three 100-ml.

portions of ether and the ether and methylene chloride solutions
are combined. The resulting solution is washed successively
with 300 ml. of aqueous 59, sodium hydroxide solution, with
100 ml. of aqueous 5%, hydrochloric acid solution (Note 12),

with two 100-ml. portions of saturated aqueous sodium bi-
onrbonate solution, and, finally, with 100 ml. of saturated
nqueous sodium chloride solution. The organic layer is dried

over anhydrous magnesium sulfate, and the solvent is removed
by distillation. Distillation of the residual oil at reduced
prossure through a small Claisen head separates 4.0-4.8 g.
(70 849} of 1-heptanal, b.p. 80-84° (65 mm.), n?* D 1.4094
(Note 13).
2. Notes

1. Dipyridine chromium(VI) oxide is available from Kast-
man Organic Chemicals. To be an effective reagent, it must be
unhydrous. It should form a red solution on dissolution in
anhydrous methylene chloride.

2. Commercial reagent-grade pyridine was used. The checkers
imeel material available from Allied Chemical Corporation,
I und A grade.

4. 'T'o nvoid the accumulation of excess unchanged chromium -
trioxide, and rapid temperature rise when it does react, the

snitial temperature of the pyridine should never be below 10°.

4. Roagent-grade  chromium(VI) oxide was dried over
phosphorus pentoxide. The checkers used material available
from Allied Chemical Corporation, B and A grade.

h. A glassine paper. cone or glass funnel inserted in the
deying tube nock of the flask during additions proved satis-
faotory, provided the cone or funnel was replaced frequently.
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The paper must be discarded carefully, since it may inflame.
Adding the chromium trioxide from a flask through rubber
tubing proved dangerous because it caused local excesses of the
oxide below and in the neck of the flask. Pyridine added to
chromium trioxide spontaneously ignites causing spot fires that
extinguish themselves rapidly if the pyridine temperature is
below 20° and stirring is efficient. Such fires should and can be
avoided.

6. Since the complex itself loses pyridine under reduced
pressure and darkens with surface decomposition, it should not
be stored under vacuum or over acidic drying agents. Minimal
exposure to the atmosphere is required to prevent hydration of
the complex. The checkers found that a free-flowing product
was obtained on drying for one hour.

7. Commercial dichloromethane was dried by distillation
from phosphorus pentoxide. The dichloromethane may also be
decanted from phosphorus pentoxide prior to use. Small
amounts of suspended phosphorus pentoxide do not seem to
interfere with the oxidation.

8. If the complex does not dissolve in dichloromethane to
form a red solution, either the complex has been hydrated in
handling, or the dichloromethane is not anhydrous.

9. After the alcohol and complex are thoroughly mixed, the
mixture may be stirred near its surface to avoid fouling of the
stirrer by the thick, chromium-containing reduction product.
Alternatively, the mixture may be swirled periodically to
collect the reduction product on the side of the flask.

10. The reduced chromium precipitate is soluble in saturated
sodium bicarbonate solution but no additional aldehyde was
obtained on extracting this bicarbonate solution with ether.

11. 1-Heptanol, obtained from Aldrich Chemical Company,
Inc., was distilled before use, b.p. 176°.

12. A second washing with 100 ml. of aqueous 5%, hydro-
chloric acid solution will reduce the amount of pyridine present
in the final product without significantly decreasing the yield.

I3. The product shows a strong band at 1720 ¢em. 1 ((=-0)
in the infrared. Gas chromatographic analysis indicated a
purity of about 94-98%, with pyridine as the major impurity.
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3. Discussion

(‘hromic acid, in a variety of acidic media, has been used
oxtensively for the oxidation of primary alcohols to aldehydes
but. rarely has provided aldehydes in greater than 509, yield.®
(‘hromium trioxide in pyridine was introduced as a unique,
nonacidic reagent for alcohol oxidations and has been used
oxtensively to prepare ketones,® but has been applied with only
limited success to the preparation of aldehydes. While o-
mothoxybenzaldehyde was obtained in 899, yield, 4-nitro-
henzaldehyde and n-heptanal were obtained in 28%, and 109%,
yiolds, respectively.?

Using the preformed dipyridine chromium(VI) oxide in
dichloromethane, the rate of chromate ester formation and
doeny to the aldehyde® is enhanced at least twentyfold over
the rate observed in pyridine solution. Isolation of products is
fncile and aldehydes appear to be relatively stable to excess
rengent. Relatively few applications of this reagent have been
roported, but the method has provided virtually quantitative
vields of aldehyde-intermediates in the synthesis of prosta-
plandins? and steroids.!® Another paper reports the oxidation of
¥ vinyleyclopropylearbinol to the aldehyde in 859, yield.!
Althongh excess reagent is required for the oxidations (usually
wixlold), the reaction conditions are so mild and isolation of
products so casy that the complex will undoubtedly find

hrond use as a specialty reagent. Isolation of the complex can
he avoided by in situ preparation of the chromium oxide/
pyridine complex.'?

Other general syntheses of aldehydes from primary alcohols -

ihvolve the use of dimethyl sulfoxide®® with a dehydrating
npent. such as dicyclohexylearbodiimide and phosphoric acid
(or pyridinium  trifluoroacetate),'*  dicthylcarbodiimide,' or
wullue trioxide.'® Alternatively, dimethyl sulfoxide has been
wind with derivatives of the aleohol such as the chloroformate,!?
the fodide, ™ and the tosylate.' Tertiary butyl chromate? and
lonel toteancotate in pyridine?' have been employed to oxidize
wliphatio primary aleohols to aldehydes  while  manganesoe
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dioxide?? has been used to prepare aromatic and «,B-unsatu-
rated aldehydes.
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AZOETHANE
Dytridline,
petroleum
th 1. NaOCLNaOH
C,H NH, + 80,Cl, ———> (C,H;NH),80, o
NaO,8—N—C,H, HN—CoH; ooomaon  N—CoH;

—_—
NH—C,H, ——> HN—C,H, ™% N—C,H,

Submitted by Roranp OrME, HELMUT PREUSCHHOF, and
Haxs-Urrice HEynEg!
Checked by HarvEy W. TayLor and HENRY E. BAUMGARTEN

1. Procedure

Caution! Azoalkanes have been reported to have carcinogenic
properties.?3 Care should be taken to avoid imhalation of these
substances and contact of them with the skin. It is advisable to
prepare and handle these compounds in a good fume hood.

A. N,N'-Diethylsulfamide. Ina dry 2-l. three-necked round-
bottomed flask fitted with a mechanical stirrer, a reflux con-
denser, a thermometer, and a dropping funnel, and protected
from atmospheric moisture with calcium chloride-filled drying
tubes, are placed 500 ml. of petroleum ether, 100 g. (2.20 moles)
of ethylamine, and 140 g. (1.76 moles) of pyridine (Note 1).
The stirred mixture is cooled in a dry ice-acetone bath to

-30° to —15°; then a solution of 120 g. (0.88 mole) of sulfuryl
chloride in 220 ml. of petroleum ether is added, dropwise and
with stirring, to the reaction flask at such a rate that the tem-
perature remains below —15°. After addition is complete, the
reaction mixture is stirred at room temperature for one hour.
I'he petroleum ether layer is separated and discarded. The dark
semisolid residue is made acidie by addition of aqueous 61
hydrochloric acid, and the acidic mixture is heated under
roflux for 2 hours (Note 2). The resulting solution is extracted
with cther in a continuous extractor (Note 3) until all of the
dicthylsulfamide has dissolved. The cthoer is evaporated using
nrotary evaporator, Thoe yield of erude N,N’-diothylsulfamide
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is 58-61g. (44-459,), m.p. 65-67° (Note 4). This product is
satisfactory for use in the following procedure without further
purification.

B. Azoethane. In a 3-1. three-necked round-bottomed flask
fitted with a mechanical stirrer, a reflux condenser, a thermom-
eter, and a dropping funnel are placed 152 g. (1.00 mole) of
N,N’-diethylsulfamide and 500 ml. (1.00 mole) of aqueous 2
sodium hydroxide. The sulfamide is brought into solution by
warming the reaction flask. The reaction flask is cooled in a
cold water bath and 715 ml. (1.00 mole) of aqueous 1.4M
sodium hypochlorite (Note 5) is added dropwise with stirring.
After addition is complete, the reaction mixture is stirred for
15 minutes at room temperature. The mixture is brought to
pH 1 by addition of aqueous 6M hydrochloric acid and is
stirred for an additional 30 minutes at 60° (Note 6). The mixture
is cooled to room temperature and then is brought to pH 14
by addition of aqueous 2/ sodium hydroxide (Note 7). Addi-
tion of 715 ml. (1.00 mole) of aqueous 1.4} sodium hypo-
chlorite solution causes the separation of azoethane as a oil
with a fruit-like odor. The mixture is extracted with three
100-ml. portions of toluene (Note 8). The toluene extracts are
dried over anhydrous sodium sulfate and distilled through a
50-cm. packed column. The yield of azoethane, b.p. 58-59°,
72D 1.3861, is 44-46 g. (51-549,) (Note 9).

2. Notes

1. The submitters dried the ethylamine and pyridine by
distillation over potassium hydroxide pellets. The submitters
used 600 ml. of petroleum ether, 113 g. (2.50 moles) of ethyl-
amine, and 158 g. (2.00 moles) of pyridine to which was added
135 g. (1.00 mole) of sulfuryl chloride in 250 ml. of petroleum
ether. In the United States ethylamine is sold in 100-g. quan-
tities in sealed-glass vials (Eastman Organic Chemicals) or as
the compressed gas in cylinders (Matheson Gas Products).
The checkers used the contents of a freshly opened vial (with-
out distillation) for each run as a matter of convenience. The
checkers used either pentane or petroloum ether (b.p. 38-51°).
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Note that step B requires the product from at least two [sub-
mitters’ scale and yield (Note 4)] or three (checkers’ scale) step
A runs. Step B can be run at half scale with the same percentage
vield.

2. The purpose of this step is to hydrolyze any alkyl imido
compound that may have formed from the further reaction of
the sulfamide.*

3. A convenient continuous extractor has been described
carlier in this series.®

4. After purification by dissolving the crude product in
cther and precipitating with petroleum ether, N,N’-diethyl-
sulfamide is obtained as shiny white leaflets, m.p. 67°. The
submitters reported a 549, yield of the purified product.

Under identical conditions from 78 g. (2.5 mole) of methyl-
nmine 71 g. (57%,) of N,N’-dimethylsulfamide, m.p. 76°, may
he obtained as fine white needles after recrystallization from
benzene.

I'or sulfamides with larger alkyl groups (C, to Cq) the follow-
ing procedure is preferred. To a stirred mixture of 135 g. (1.00
mole) of sulfuryl chloride and 500 ml. of chloroform is added,
dropwise and with cooling to —10° to —5°, a solution of 316 g.
(1.00 moles) of pyridine in 400 ml. of chloroform followed by,
with cooling to —5° to 0°, a solution of 2.5 moles of alkylamine
in 600 ml. of chloroform. After addition is complete the mixture
in stirred for 30 minutes at room temperature and then evap-
ornted under reduced pressure to a thick brown liquid, to
which aqueous 2 hydrochloric acid is added until the pyridine
dissolves. On cooling of the acidic solution the crystalline
nulfamide precipitates and is filtered. Any dissolved sulfamide
may be recovered by extraction of the filtrate with ether.
"I'he crude product may be purified by recrystallization from
0% ethanol.

"o pyridine used in the submitters’ procedures apparently
renets with the sulfuryl chloride to form an intermediate
quaternary pyridinium complex which undergoes aminolysis
to yield the sulfamide.® However, in many instances the pyri-
dine may be replaced by an equivalent quantity of the primary
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alkylamine being used.®7 Using this variation in the checkers,
laboratory a 789, yield of N,N’-dicyclohexylsulfamide (com-
pare with Table I) was obtained. Moreover, in the reaction of
4-aminospiro[cyclohexane-1,9’-fluorene} with sulfuryl chloride
no sulfamide could be isolated from reactions run in the pres-
ence of pyridine (or triethylamine); however, a 549, (purified)
yield of N,N’-dispiro[cyclohexane-1,9"-fluorene]-4-ylsulfamide
was obtained when 2.7 equivalents of the amine (relative to
sulfuryl chloride) were used. Probably the failure of the mixed
pyridine-alkylamine technique was the result of combined
bulk of the pyridinium complex and the amine.

5. The sodium hypochlorite solution was prepared by passing
chlorine, with stirring and cooling, into 1.5 1. of aqueous 1.4}
sodium hydroxide solution held at 0-5°.

In some small-scale preparations of this type in the checkers’
laboratory, commercial household bleach (Chlorox®, 5.25%
NaOCl) has been used and the course of the reaction has been
followed by thin layer chromatography. The yields appear to be
somewhat lower than those obtained with sodium hypochlorite
prepared as described above. The obvious attractive alternative,
preparation of potassium hypochlorite as described elsewhere
in this series,® apparently has not been tried.

6. In the preparation of 2,2’-azoisobutane and azocyclo-
hexane the acid hydrolysis step is not necessary and the two
moles of sodium hypochlorite may be added in one step.

7. In the preparation of azomethane nitrogen is passed
slowly through the reaction mixture using a gas-inlet tube
during the second oxidation stage while the temperature is
raised to 60°. The reflux condenser is fitted with a drying tube
filled with potassium hydroxide pellets connected via rubber
hose to two dry ice-cooled cold traps connected in series and
terminated with a second drying tube filled with potassium
hydroxide pellets. The azomethane collects in the cold traps.
Redistillation gives a 399, yield of azomethane, b.p. 1°.

8. For the homologous azoalkanes ether, pentane, or petro-
leum ether may be used for extraction. The extraction solvent
can be added before the addition of hypochlorite.s

AZOETHANE 15

9. The checkers used a 60-cm Vigreux column. Their product
gave the following n.m.r. spectrum (CDCl;): 3.77 (3H triplet,

J =T Hz., CH;), 1.17 p.p.m. (2H quartet, J = 7 Hz., CH ,).

3. Discussion

Azoalkanes have been prepared by oxidation of N,N’-
dialkylhydrazines with copper(Il) chloride® or with yellow
mercury (I1) oxide.1?.1! The dialkyl hydrazines are obtained by
alkylation of N,N’-diformylhydrazine and subsequent hydrol-
ysis,? by reduction of the corresponding azine with lithium
aluminum hydride,' or by catalytic hydrogenation of the azine
over a platinum catalyst.1®

The present procedure may be used for the preparation of
azoalkanes with alkyl, cycloalkyl, or aromatic substituents
(Table I). Azo alkanes have been used as radical sources for
induéing of radical reactions (e.g., polymerization). The present
procedure may also be used for the preparation of N,N’-
dialkylhydrazines.® For this purpose only one equivalent of
sodium hypochlorite solution is employed and the reaction
mixture is worked up after its addition (yields: 60-959%,).

TABLE I
PREPARATION OF AZOALKANES

R RNHSO,NHR R—N=N—R
m.p. Yield, % b.p. Yield, 9%,
n-CyH, 118° 69 113-115° 54
n-CHy 126° 66 59-60° (18 mm.) 54
1-CHy 140-142° 68 109-110° 84
evelo-CgHyy 154° 59 m.p. 33-34° 80
1-NOy-CgH, 197° 58 m.p. 216° 31

I. Institut fir Organische Chemie, Deutsche Akademie der Wissenschaften,
1199 Berlin-Adlershof, D.D.R.

2. H. Druckrey, R. Preussmann, 8. Ivankovié¢, C. H. Sechmidt, B. T. So, and
(', Thomas, Z. Krebsforsch., 67, 31 (1965).

3. R. Proussmann, H. Druckroy, 8. Ivankovie, and A. von Hondenberg,
Ann. NJY. Acad. Ned., 163 (1969),

4. R Sowada, J. Prake. Chen., (4) 20, 310 (1963).

B NSee Noto 10 in G Billok, Org, Sya., 48, 52 (1063).
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6. R. Ohme and H. Preuschhof, Justus Liebigs Ann. Chem., 713, T4 (1968).
7. J. C. Stowell, J. Org. Chem., 32, 2360 (1967).
8. M. 8. Newman and H. L. Holmes, Org. Syn., Coll. Vol. 2, 428 (1943).
9. J. L. Weininger and O. K. Rice, J. Amer. Chem. Soc., 74, 6216 (1952).
10. A.U. Blackham and N. L. Eatough, J. Amer. Chem. Soc., 84, 2922 (1962).
11. R. Renaud and L. C. Leitch, Can. J. Chem., 32, 545 (1954).

BENZYL CHLOROMETHYL ETHER
(Ether, benzyl chloromethyl)

CsH,CH,0H + HCI + HCHO —> > (,H,CH,0CH,CI
5 6

Submitted by D. 8. Convor, G. W. KrLEIN, and G. N. TayLorl
Checked by R. KeesE, M. GOLDBERG, and A. ESCHENMOSER

1. Procedure

Cautron! This procedure should be performed in a hood to
avoid exposure to hydrogen chloride.

To a 500-ml. three-necked flask equipped with a Trubore
stirrer with a Teflon paddle, a gas inlet tube, and a —10° to
100° thermometer is added 150g. (1.39 moles) of benzyl
alcohol (Note 1) and 120 g. (1.48 moles) of an aqueous 379,
formaldehyde solution (Note 2). The solution is cooled to 5° in
an ice-salt bath and anhydrous hydrogen chloride is bubbled
into the solution with vigorous stirring. The temperature is
maintained below 10° (Note 3) during the 6-8 hours required to
saturate the solution with hydrogen chloride. After saturation
is complete, hydrogen chloride is passed through the solution
for an additional hour at 10° and the mixture is then transferred
to a separatory funnel. The reaction mixture separates into
two layers, the lower of which is discarded. The upper layer is
dried over anhydrous calcium chloride and then placed on a
rotary evaporator at aspirator pressure for one hour to remove
hydrogen chloride. The undistilled benzyl chloromethyl ether
(Note 4) weighs 192-212 g. (88-979%,) (Noto 5). Purification by
distillation under reduced pressure (Note 6) may be unneces-
sary. Distillation to obtain the fraction, h.p. 53 .56° (1.5 mm.)
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or 96-99° (11 mm.) separates 141-171 g. (65-809,) of benzyl
chloromethyl ether, #2° p 1.5268-1.5279 (Note 7).

2. Notes

1. Chlorine free benzyl alcohol is used.

2. s-Trioxane (0.493 mole) may be substituted for aqueous
379%, formaldehyde solution with no change in the procedure.

3. Temperatures in excess of 10° lead to the formation of
substantial amounts of dibenzylformal.

4. Caution must be used in handling benzyl chloromethyl
cther since it is a mild lachrymator and reacts with water to
form hydrogen chloride.

5. The crude product exhibits n.m.r. singlets (CCl, solution)
at 7.29(5H), 5.41(2H), and 4.68 p.p.m.(2H). Both n.m.r. and
gas chromatographic analyses indicate a purity of greater than
909, with the major, and in most cases only, impurity being
dibenzylformal. Gas chromatographic analysis was obtained at
1565° with a 2m. X 0.7 em. column packed with silicone fluid,
No. 710, suspended on 60-80 mesh firebrick. The checkers have
found benzyl chloride to be the main contaminant of the un-
distilled product (n.m.r. analysis).

6. Complete decomposition occurs if distillation is attempted
nt atmospheric pressure.

7. Small samples may readily be distilled with little de-
composition, while large samples decompose significantly during
distillation. The undistilled material may be satisfactory for use
in alkylation reactions without purification. The checkers have
found that 200 g. quantities of the product can reproducibly
ho distilled at approximately 1 mm. The reported physical
constants for benzyl chloromethyl ether are: b.p. 96-98°
(0.5 mm.)% n?° D 1,5264-1.5292.7-12

3. Discussion

Benzyl chloromethyl ether is useful for the introduction of a
potentinl hydroxymethyl group in alkylation reactions. Hill
and Keach® were the first to uso this mothod and found it



18 ORGANIC SYNTHESES—VOL. 52

convenient in barbiturate syntheses. Graham and McQuillin,*
and Graham, McQuillin, and Simpson,5 have extended the
scope of the alkylation reaction to various ketone derivatives.
They have also investigated the conditions for obtaining
maximum C-alkylation and the stereochemistry of alkylation in
various octalone systems.? Alkylation of ketones followed by
sodium borohydride reduction and catalytic hydrogenolysis
represents a convenient method for obtaining 1,3-diols.
Similarly, a Wolff-Kishner reduction and catalytic hydrogeno-
lysis gives a primary alcohol.* A procedure of this type has been
used for obtaining bridgehead methanol derivatives of bicyclic
compounds.$ :

Several other alkylation reactions of benzyl chloromethyl
ether have been reported using phosphorus compounds as
nucleophiles.” Hydrolysis and aleoholysis reactions of the
reagent® have been investigated along with the addition of the
chloroether to propylene in the presence of zinc chloride.®
The alkylation of enamines with benzyl bromomethyl ether
has been reported.1?

Benzyl chloromethyl ether has been prepared from benzyl
alcohol, aqueous formaldehyde solution, and hydrogen chlo-
ride.>11'12 GGaseous formaldehyde!* and trioxane!® have also
been used. This chloromethyl ether has also been prepared by
the chlorination of benzyl methyl ether.® The present procedure
is based on the first method, but avoids the use of a large

excess of formaldehyde and provides a considerably simplified
isolation method.

1. Department of Chemistry, Yale University, New Haven, Connecticut
06520.

. A. Rieche and H. Gross, Chem. Ber., 93, 259 (1960).
. A.J. Hill and D. T. Keach, J. Amer. Chem. Soc., 48, 257 (1926).
C. L. Graham and F. J. McQuillin, J. Chem. Soc., 4634 (1963).

C. L. Graham, F. J. McQuillin, and P. L. Simpson, Proc. Chem. Soc.
(London), 136 (1963).

K. B. Wiberg and G. W. Klein, Tetrahedron Lett., 1043 (1963).
. V. 8. Abramov, E. V. Sergeova and I. V. Cholpanova, J. Uen. Chem.
USSR, 14, 1030 (1944), [C. A., 41, 700 (1947)).
8. H. Bohme and A. Dorrios, Chem. Ber., 89, 719 (19568).
9. H. Bshioe and A. Dorrios, Chem. Ber., 89, 723 (1966),
10. A. 1. Blomquist and K. ). Morviconi, J. Org, Chem., 26, 3701 (1o61).
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11. P. Carré, Co-mpt. Rend., 186, 1629 (1928); Bull. Soc. Chim. Fr., 48, 767
(1928). . '

12. Sh. Mamedosv, M. A. Avanesyan, and B. M. Alieva, Zh. Obshch. Khtm.,
32, 3635 (19 62); [C. A., 58, 12444 (1963)].

13. S. Sabetay a-nd P. Schving, Bull. Soc. Chim. Fr., 43, 1341 (1928).

3-BUTYL-2-METHYLHEPT-1-EN-3-OL
n-C,HyBr + 2 Li — n-C,H,Li 4 LiBr
0 -n-CH,
2 n-C,HyLi 4+ CH2:=C—(‘!‘}OCH3 — CH2=C—(|1—OLi + CH,OLi

| |
CH3 CH3

n-C,H,
n-C,H, n-C,H,
CH2=C——~C|—OLi i—f(‘)» CH2=C—-—(I)—OH 1+ LiCl
(BIH;, CI'Ha
n-CH, n-C,H,

Submitted by P. J. PEarce,! D. H. Ricaarps, and N. F. Scinuy
Cheecked by N. CoHEN, R. LoPrEsTI, and A. Brossr

1. Procedure

A 2-1. four-necked flask equipped with a sealed, Teflon-paddle
stirrer, a meTcury thermometer, a gas inlet tube, and a dropping
funnel is chaarged with 1.21. of anhydrous tetrahydrofuran (Note
1) and 50 g. (7.1-g. atoms) of lithium pieces (Note 2) under an
atmosphere of prepurified nitrogen. The stirred mixture is cooled
to —20° by means of a dry ice-acetone bath and a mixture of
100 g. (1.00 mole) of methyl methacrylate (Note 3), and 411 g.
(3.0 moles) wf n-butyl bromide (Note 4) is added dropwise over
a period of 3—4 hours. During this addition, an exothermic
reaction ensues which is controlled at —20° (Note 5), and on
completion of the addition, the vessel is maintained at this
temperaturse, with stirring, for an additional 30 minutes. The
contents of” the flask are then filtered with suction through a
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70-mm.-diameter, slit-sieve Buchner funnel, without filter
paper, to remove the excess lithium metal. The filtrate is con-
centrated on a rotary evaporator at water aspirator pressure
The residual lithium alcoholate is hydrolyzed by the additior;
of 11. of aqueous 109, hydrochloric acid, with external cooling
by means of an ice bath. The liberated alcohol is extracted with
two 400-ml. portions of ether and the combined ether extracts
are washed with two 400-ml. portions of water and then dried
over 100 g. of anhydrous magnesium sulphate. After suction
ﬁltr.ation and removal of the ether on a rotary evaporator at
aspirator pressure, the crude alcohol is distilled under reduced
pressure through a 40-cm. Vigreux column to separate 147-158
g. (80-869,) of 3-butyl-2-methylhept-1-en-3-ol, b.p. 80° (Imm.)

The purity of the product, determined by gas chromat'o:
graphic analysis, is greater than 999,.

2. Notes

1. Laboratory reagent grade (stabilized) tetrahydrofuran
was allowed to stand over molecular sieves for 24 hours refluxed
for 2 hours with sodium wire, and finally distilled f’md used
w.fithin 48 hours. The checkers found that it was convenient
sunply to percolate the tetrahydrofuran, after preliminary
drying over molecular sieves, through a column of gréde I
n.eutra,l aluminum oxide, under nitrogen, directly into the reac-’
tion flask, until the required volume of solvent was collected

2. A convenient form of lithium metal can be purchaseci
from Associated Lead Manufacturers Ltd., 14 Gresham Street
London. A typical analysis shows a purity of 99.69, and it car;
Pe obtained as 1.3-cm.-diameter rod coated Witl’f petroleum
jelly. A comparable form of lithium metal can be purchased
from Ventron Corporation, Chemicals Division, Beverly
Massachusetts. Preparation for use involves weighing Washing’r
w1‘th petroleum ether (b.p. 40-60°), and cutting th; rod b
SCISSOTS S0 that the pieces fall into the reaction vessel. The rog
1s cut into pieces about 0.5 cm. long that have an average weight
of 0.3 g. per piece. Since excess lithium is employed in this
reaction, accurate weighing is unnecessary.
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3. Laboratory reagent grade methyl methacrylate monomer
was dried over powdered calcium hydride and freshly distilled
before use. The checkers found that identical yields could be
obtained when Matheson Coleman and Bell Chromatoquality
methyl methacrylate monomer was used as received with no
purification.

4. Laboratory reagent grade n-butyl bromide (greater than
989/, pure) was used after drying over molecular sieves.

5. The reaction is highly exothermic and the submitters
have found that isothermal conditions are best maintained by
using cooling equipment consisting of a cooling bath seated on
a pneumatically operated labjack and controlled by a tempera-
ture sensor which is attached to the thermometer dipping into
the reaction vessel. This equipment, known as Jack-o-matic, is
supplied by Instruments for Research and Industry, Chelten-
ham, Pennsylvania.

3. Discussion

This method is of quite general applicability and the carbonyl
compound may be an aldehyde, a ketone, or an ester.? Similarly,
the halide may be chloride, bromide, or iodide although yields
are generally lower with jodides. Alkyl and aryl halides react
with equal facility and the alkyl halide may be primary, second-
ary, or tertiary. A few examples of the yields obtained with a
variety of reagents are given in Table I (the yields quoted are
obtained by gl.c. analysis of the reaction mixture using an
internal standard).

For maximum yield, care must be taken to ensure that the
rate of addition of the reagents is not excessive. If this occurs
then the alkyllithium is generated in the presence of significant,
amounts of unchanged alkyl halide and the Wurtz condensation
reaction may be favored. The rate of formation of the alkyl-
lithium is proportional to the surface area of the lithium metal
and so at a constant rate of addition the Wurtz condensation is
roeduced by an increase in the lithium surface available for
reaction.

Kxcess alkyl halido is required to compensate for these sido
ronctions, although commonly only 10209, excess is used
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TABLE I
Carbonyl Yield,
Compound Halide Product %
Propionaldehyde Ethyl bromide 3-Pentanol 90
Benzaldehyde Chlorobenzene Benzhydrol 100
Di-n-butyl n-Butyl bromide Tri-n-butyl 91
ketone carbinol
Ethyl formate n-Butyl bromide Nonan-5-o0l 91
Acrolein Ethyl bromide Pent-1-en-3-o0l 90
Butyraldehyde sec-Butyl bromide 3-Methylheptan- 89

4.0l

rather than the 509, quoted in the method above. The yields
given in the table are those obtained with 209, excess halide.
The submitters have scaled up the reaction by a factor of 40
with no lowering of yield.

The technique is more efficient than the conventional
Grignard reaction for three main reasons: (1) it is a one-stage
process; (2) the yields are generally higher; and (3) the final
product isolation is cleaner and more convenient.

1. Explosives Research and Development Establishment, Ministry of Defense,
Waltham Abbey, Essex, U.K. )

2. P. J. Pearce, D. H. Richards, and N. F. Scilly, Chem. Commun., 1160
(1970); British Patent Application No. 61956 (1969).

CONTROLLED-POTENTIAL ELECTROLYTIC REDUCTION:
1,1-BIS(BROMOMETHYL)CYCLOPROPANE

Hg cathode
(-1.8 volt vs. sce)

CCH,BY), + 20 ooy | (CH,BY), + 2B
(CH3);NCHO

Submitted by M. R. Rirrl
Checked by Epite FExe and HERBERT O. HousE
1. Procedure

Caution! Since bromine is liberated during the electrolysis, the
reaction should be conducted in a hood.
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The electrolysis cell (Note 1) is assembled in a 1000-ml.
flat-bottomed Pyrex reaction kettle. The Pyrex cover contains
four standard taper outer joints in which are mounted: (1) a
11.5-cm. length of 2-cm.-diameter carbon rod (Note 2) sur-
rounded by a 15 x 5.5-cm.-diameter porous porcelain cup
(Note 3); (2) a 3l1-em. x 8-mm.-diameter length of soda-lime
glass tubing (Note 4) with a short length of 0.6-mm.-diameter
platinum wire fused into the bottom: (3) a tee-tube fitted to
hold a thermometer and to allow nitrogen to be passed into the
reaction vessel: and (4) a saturated calomel reference electrode
fitted with successive salt bridges containing aqueous 1M
sodium nitrate and 1.5M tetraethylammonium tetrafluoro-
borate in dimethylformamide (Note 5). The cover is also
equipped with a suitable clamp so that it may be fastened to
the reaction kettle during the electrolysis.

A sufficient.quantity of mercury (about 700 g.) is added to the
reaction kettle to form a cathode pool 1-cm. deep. A Teflon-
covered magnetic stirring bar is placed on this mercury pool.
Then a solution of 25.0g. (0.065 mole) of pentaerythrityl
tetrabromide (Note 6) in 250 ml. of 0.2M tetra-n-butylammon-
jum bromide (Note 7) in N,N-dimethylformamide (Note 8) is
added to the reaction vessel. An additional 175 ml. (Note 9) of
0.2M tetra-n-butylammonium bromide (Note 7) in N,N-
dimethylformamide (Note 8) is added to the porous porcelain
cup surrounding the carbon-rod anode and the cover is clamped
to the reaction kettle. The glass tubing with a platinum wire
contact sealed in the bottom is adjusted so that all of the
exposed platinum is below the mercury surface (Note 10).
"The bottom of the porous porcelain cup should be a sufficient
distance above the mercury pool so as not to interfere with the.
magnetic stirring bar. The salt bridge associated with the calo-
mel reference electrode (Note 5) should be adjusted so that the
lower porous Vycor plug is between 5 and 10 mm. above the
surface of the mercury pool. Before the electrolysis is begun a
0.5-ml. aliquot of the reaction solution should be removed from
tho cathode compartment and analyzed polarographically
(Note 11), and the ecloctrical resistances between the cathode
and anode and between tho eathode and the reference electrode
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should be measured with a suitable resistance bridge (Note 12).
If all electrical connections are satisfactory the cathode-anode
resistance should be in the range 20-30 ohms and the cathode-
reference resistance should be in the range 5000-15,000 ohms.
The electrical leads from the anode and cathode should be
connected with a direct current source whose potential may be
conveniently adjusted from 0 to 40 volts with a continuous
current output of at least 1 amp. A suitable d.c. voltmeter is
mounted in parallel with the anode and cathode leads and a
d.c. ammeter, capable of measuring currents of 0 to 3 amps is
placed in series in either of the two leads. Finally, a vacuum-
tube d.c. voltmeter or some equivalent high-impedance (Note
13) potential measuring device is connected to measure the
potential difference between the cathode and the reference
electrode. The reaction kettle should be placed in a nonmag-
netic bath to which cooling water may be added if necessary
and magnetic stirring started. A very slow stream of nitrogen
(1-2 ml. per minute) is passed through the apparatus through-
out the electrolysis (Note 14). The potential of the direct
current source is adjusted to give a potential difference of 1.7
to 1.8 volts between the cathode and the reference electrode
(Note 15) and the current source is adjusted at 10-15 minute
intervals to maintain this potential difference throughout the
electrolysis. It is convenient to keep a record of time and
the current passing through the cell so that the time when the
theoretical amount of electricity (12,500 coulombs or 3.5 amp.-
hours) has been passed through the cell can be estimated (Note
16). During the electrolysis the temperature of the catholyte
solution is kept below 40° (Note 17) by the use of external
cooling if necessary. When approximately the theoretical
amount of electricity has been passed through the electrolysis
cell (Note 16, typically 4-6 hours), a 0.5-ml. aliquot is removed
and analyzed polarographically (Note 11). The electrolysis is
continued until the polarographic analysis (Note 11) indicates
the consumption of practically all the pentaerythrityl tetra-
bromide.

The solutions are removed from the cathode and anode
{Note 18) compartments and added to 200 ml. of water. The
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resulting mixture is extracted with four 150-ml. portions of
pentane and the combined pentane extracts are washed with
water, dried over anhydrous sodium sulfate, and then con-
centrated by distillation through a short Vigreux column (Note
19). The remaining pentane is removed by distillation and the
residual yellow liquid is distilled under reduced pressure. The
1,1-bis-(bromomethyl)cyclopropane is collected as 6.9-8.5 g.
(47-589,) of colorless liquid boiling at 65-67° (5 mm.), n?% D
1.5341-1.5347 (Note 20).

2. Notes

1. The electrolysis cell designed by the checkers is shown in
Figure 1. The adapters, which hold the reference electrode salt
bridge (Note 5) and the glass tube with the platinum contact
and the tee tube for the nitrogen inlet, and the thermometer are
all commercially available from Ace Glass, Inc., Vineland,
New Jersey. The adapter which supports the carbon rod anode.
and the surrounding porous porcelain cup was machined from a
Teflon rod ; the dimensions of the adapter used by the checkers
are indicated in Figure 2. Holes were drilled in the porcelain cup
to permit it to be fastened to the Teflon adapter with three
stainless steel machine screws. Electrical contact between the
carbon anode and the wire to the external circuitry was achieved
by drilling and tapping the end of the carbon rod for a small
machine screw. The arrangement used for the remainder of the
electrical circuit is indicated in Figure 1.

2. Carbon rods of approximately the dimensions indicated
are commercially available from welding supply companies.

3. A suitable porous porcelain cup (Coors 700, unglazed)
may be purchased from the Arthur H. Thomas Company.

4. To obtain a satisfactory seal between the platinum and
the glass, soda-lime glass rather than Pyrex glass should be
employed. Before the platinum wire is sealed into the glass a
length of copper wire should be silver soldered to the platinum
to provide an accessible electrical lead at the top of the glass
tubing.

5. Any commercial saturated calomel electrode of convenient
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Figure 2. Teflon anode support for the electrolysis cell. Unless otherwise
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dimensions may be employed. The arrangement of the salt
bridges between the calomel electrode and the reaction solution
is illustrated in Figure 3. The Teflon tubing is available from
Bolab, Inc., 359 Main Street, Reading, Massachusetts 01867,
and the porous Vycor plugs are cut from lengths of §-in.-
dinmeter porous Vycor rod (“thirsty” glass or Corning Vycor
No. 7930) available from tho Electronic Parts Department,
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Figure 3. Reference electrode and salt bridges for controlled potential
electrolysis.

Corning Glass Works, Houghton Park, Corning, New York,
14830. The intermediate salt bridge containing aqueous sodium
nitrate is used to prevent precipitation of the insoluble potas-
sium tetrafluoroborate at the small fiber in the tip of the calomel
cleetrode.? To minimize resistance in the long, lower nonaqueous
salt bridge, a concentrated (1.5M) wsolution of tetraothyl-
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ammonium tetrafluoroborate® in N,N-dimethylformamide is
used with a length of platinum wire inside the tube. Tetra-
ethylammonium tetrafluoroborate was prepared by mixing
5.3 g. (0.025 mole) of tetraethylammonium bromide (Eastman
Organic Chemicals) and 3.6 ml. (ca. 0.026 mole) of aqueous
48-509, fluoroboric acid (Allied Chemical Corporation) in 8 ml.
of water. The resulting mixture was concentrated under reduced
pressure, diluted with ether and filtered to separate 4.6 g.
(859%,) of the crude tetrafluoroborate salt, m.p. 375-378° dec.
Two recrystallizations from methanol-petroleum ether mix-
tures afforded 3.7 g. (699) of the pure tetraethylammonium
tetrafluoroborate as white needles, m.p. 377-378° dec. (after
drying).

6. Crude pentaerythrityl tetrabromide, purchased from
Columbia Organic Chemicals Company, Inc., was recrystallized
from chloroform to separate the tetrabromide as tan needles,
m.p. 158-160°. Alternatively, this material may be obtained by
the procedure described in a previous volume of this series.*

7. Tetra-n-butylammonium bromide, obtained from East-
man Organic Chemicals, was recrystallized from chloroform.
The white prisms that separated were pulverized and then dried
under reduced pressure to give the pure salt, m.p. 116-117.5°,

8. N,N-Dimethylformamide, obtained from Allied Chemical
Corporation, was purified by distillation under reduced pressure,
b.p. 39-41° (6 mm.). .

9. Since the amount of solvent in the anode compartment is
slowly depleted as the electrolysis proceeds, it is convenient to
begin the electrolysis with the level of solution in the anode
compartment about 9 cm. above the level of the solution in the .
cathode compartment. Alternatively, additional 0.2M tetra-
n-butylammonium bromide in N,N-dimethylformamide may
be added to the anode compartment as the electrolysis proceeds.

10. To avoid competing liberation of hydrogen at the cathode,
no platinum should be exposed to the catholyte solution.

11. The polarographic analysis is obtained at a dropping
morcury eclectrode with any conventional three-electrode
polarograph employing a saturated calomel electrode as the
roforenco. Tho checkers added the 0.5-ml. aliquots of the
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reaction mixture to 10-ml. portions of 0.2} tetra-n-butyl-
ammonium bromide (Note 7) in N,N-dimethylformamide
(Note 8). The half-wave potentials (E,, vs. sce) for the reduction
of pentaerythrityl tetrabromide and 1,1-bis-(bromomethyl)-
cyclopropane are —1.71 (an = 0.44) volts and —2.18 (an =
0.31) volts, respectively.

12. The checkers measured these resistances with a Serfass
Conductivity Bridge, Model RCM 15, employing a 1000-Hz.
alternating current.

13. Since the resistance in the circuit containing the reference
electrode is approximately 10,000 ohms, an accurate measure
of the cathode-reference electrode potential can only be ob-
tained by the use of a potential measuring device with an imput
impedance of at least 100,000 ohms. Although a vacuum-tube
voltmeter (VI'VM, typical imput impedance 11 x 10® ohms) is
suitable for this purpose, a common multimeter (VOM, typical
imput impedance 20,000 ohms per volt) is not a satisfactory
alternative.

14. This slow stream of nitrogen passes through the hole
about 2.5 cm. from the top of the porous cup surrounding the
anode compartment and sweeps the bromine formed at the"
anode out the top of the apparatus through the hole in
the center of the Teflon adapter.

15. If the cathode-reference potential is allowed to rise
significantly above —1.8 volts, further reduction of the 1,1-bis-
(bromomethyl)cyclopropane will occur. The submitter reports
that the dibromide may be reduced to spiropentane in 399,
yield by employing a cathode-reference potential of —2.0
volts to —2.2 volts. :

16. The checkers found that about 1.3 times the theoretical
amount of electricity was passed through the cell during the
time required to consume the starting material. Presumably
the excess electricity is consumed partially in the reduction of
impurities (e.g., oxygen) and partially in the further reduction
of the dibromide to spiropentane (Note 15).

17. This temperature limit was selected to avoid the possible
loss of solvent and the volatile product in the slow stream of
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nitrogen gas being passed through the cell. Since the rate of
the electrolytic reduction is increased with an increase in the
reaction temperature, it is advantageous to maintain the
temperature of the reaction solution in the range 35-40°.

18. Since some diffusion of the product from the cathode
compartment to the anode compartment is probable, both
solutions are subjected to the isolation procedure.

19. To avoid the possible loss of the volatile product, the
pentane solvent should be removed by distillation through a
20-30-cra. Vigreux column rather than by distillation under
reduced pressure in a rotary evaporator.

20. On a gas chromatography column, packed with Apiezon
M suspended on Chromosorb P and heated to 70°, the product
exhibits a single peak with a retention time of 23.2 minutes.
The sample exhibits infrared absorption (CCl, solution) at 3100,
3030, 2985, 1440, 1340, and 1235 cm.™! with n.m.r. singlets
(CCl, solution) at 3.45 (CH,Br) and 0.90 p.p.m. (cyclopropyl
CH,). The mass spectrum of the sample has abundant fragment
peaks at m/e 149, 147, 67, 41, and 39.

3. Discussion

1,1-bis-(Bromomethyl)cyclopropane has been obtained as
one component in a mixture of isomeric bromides by reaction
of methylenecyclobutane with bromine® and by reaction of
1,1-bis-(hydroxymethyl)cyclopropane with phosphorus tribro-
mide.¢~8 The present method illustrates a general procedure for
the preparation of eyclopropane and cyclobutane derivatives by
the electrolytic reduction of 1,3-and 1,4-dihalides.®~1* In at
least some cases, this method is clearly superior to the reductive
cyclizations of dihalides effected with metals or with chrom-
ium(IT) salts. Kxamples of this reductive ring closure are
provided in Table I. The reaction appears to give the best
results when dibromides rather than dichlorides are used as
starting materials and when an aprotic solvent such as N,N-
dimethylformamide or acetonitrile is used. These electrolytic
ring closures proceed. by way of a stepwise reaction mech-
anigm,1?
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TABLE I
ErecTrROLYTIC REDUCTIVE RING CLOSURE OF DIHALIDES
Dihalide Product(s) Yield, 9%,  Ref.
Br(CH,)yBr A 60-80 9, 12
(only product)
Br(CH,),Br 259, D + — 9
75%, CH,CH,CH,CH,
Br(CH,),CH, CH,(CH,),CH, 80 9
(only product)
CeHs(?HCHzCHzBr cotts—<] 70 11
Br
[> (cBzBo), [><] 39 12
CH3 CH3
><>< CH3—<>——CH3 55-94 9
Br Br
01_<>—Br 60% @-{- — 9
s []
CH,;CHCH,CHCH,
| | VAN —
Br Br CHs CHy 1

(either meso or
racemic isormer)

(both cis and trans
isomers)

n-C;H,y + isomeric
pentenes

1. Chemicals and Plastics Division, Union Carbide Corporation, Bound
Brook, New Jersey 08805.

2. B. McDuffie, L. B. Anderson, and C. N. Reilley, Anal. Chem., 38, 883

(1966).

3. (a) H. 0. House, E. Feng, and N. P. Poot, .J. Org. Chem., 36, 2371 (1971);
(b) C. W. Wheeler, Jr., and R. A. Sandstedt, J. Amer. Chem. Soc., 1,

2025 (1965).
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4. H. L. Herzog, Org. Syn., Coll. Vol. 4, 753 (1963).

5. D. E. Applequist and J. D. Roberts, J. Amer. Chem. Soc., 18, 874 (1956).

. Ya. M. Slobodin and I. N. Shokhor, J. Gen. Chem. USSR, 21, 2231 (1951).

. N. Zelinsky, Ber., 46, 160 (1913).

. W. M. Schubert and 8. M. Leahy, Jr., J. Amer. Chem. Soc., 79, 381 (1957).
9. M. R. Rifi, J. Amer. Chem. Soc., 89, 4442 (1967).

10, M. R. Rifi, Tetrahedron Lett., 1043 (1969).

11. R. Gerdil, Helv. Chim. Acta, 53, 2100 (1970).

12. M. R. Rifi, unpublished work.

13. A. J. Fry and W. E. Britton, Tetrahedron Lett., 4363 (1971).

w1

1,2-DIAROYLCYCLOPROPANES:
trans-1,2-DIBENZOYLCYCLOPROPANE

(Cyclopropane, trans-1,2-dibenzoyl)

CH4,0H
C.H,COCH,CH,CH,COCH; + I, + 2 NaOH e

H C'OCeH;
+2 Nal + 2 H,0

CH,(0 H

Submitted by IsmaEL CoroN, Gary W. GRIFFIN, and E.J. O’CoNNELL, JR.D
Checked by StepHEN P. PETERs and KENNETH B. WIBERG

1. Procedure

To a 1-1. three-necked, round-bottomed flask equipped with
a magnetic stirrer and a dropping funnel are added 35g. (0.14
mole) of 1,3-dibenzoylpropane (Note 1) and a solution of
11.2 g. (0.28 mole) of sodium hydroxide in 400 ml. of methanol.
The mixture is warmed to 45° with stirring to dissolve the dike-
tone. It is allowed to cool to 40°, and a solution of 35 g. (0.14
mole) of iodine in 200 ml. of methanol is then slowly added to
the stirred solution from the dropping funnel (Note 2). After
the addition of iodine is completed, the resulting clear solution
is stirred at room temperature for 1.5 hours. During this period,
a white solid precipitates (Note 3). The mixture is filtered and
the filtrate is placed in a round-bottomed flask. The white
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solid is washed with four 100-ml. portions of water and dried
at a pressure of 1 mm. at 57° for 15 hours to leave 23-25g.
(66-729%,) of trans-1,2-dibenzoylcyclopropane, m.p. 103-104°
(Note 4). Additional material is obtained on evaporation of the
filtrate using a rotary evaporator. The pale red solid residue is
treated with 25 ml. of aqueous 109, sodium bisulfite (Note 5),
filtered, and dried as above giving 8-9g. (23-269,) of the
product, m.p. 95-98°. Recrystallization from methanol affords
greater than 909, recovery of trans-1,2-dibenzoylcyclopropane,
m.p. 102-103°. For the recrystallization of a 10-g. sample 200
ml. of methanol is used.

2. Notes

1. 1,3-Dibenzoylpropane was prepared by the method de-
seribed for 1,4-dibenzoylbutane in Organic Syntheses.?

2. The iodine solution is added at a rate such that the color
of the jodine is continually discharged by the rapidly stirred
solution. -

3. Insome cases the precipitate may begin to form during the
addition of the iodine solution. This has no effect on the yield.

4. Pertinent spectral data include a carbonyl stretching band
in the infrared at 1665 cm.* and ultraviolet absorption
maxima at 245 mpu (e 31,300), 278 mu (e 2130), and 317 mu
(e 194). The n.m.r. spectrum (CCl, solution) has two triplets of
equal intensity at 3.32 and 1.68 p.p.m. in addition to the aro-
matic proton bands at 7.3-8.2 p.p.m. The integrated peak areas
are in the ratio 1:1:5.

5. Sodium bisulfite solution is added to reduce unchanged
iodine.

3. Discussion

1,3-Dibenzoyleyclopropane has been prepared by the method
described here* and previously by Conant and Lutz.? Both
procedures use 1,3-dibenzoylpropane as the reactant. The
present procedure is accomplished in one step under very mild
conditions and in nearly quantitative yield. The mothod of

1,2-DIAROYLCYCLOPROPANES 35

Conant and Lutz is a two-step process involving initial di-
bromination of the diketone followed by ring closure with zine
and sodium iodide. The overall yield of trans-1,2-dibenzoyl-
cyclopropane is approximately 15%,. The submitters have
extended the described method to the preparation of other
trans-1,2-diaroylcyclopropanes, namely trans-1,2-di-p-methoxy-
benzoyleyclopropane and érans-1,2-di(2-methoxy-5-methylben-
zoyl)cyclopropane. In theory the method is applicable to
closure of all «,«'-disubstituted propanes having acidie hydro-
gens on both a-carbons. A probable mechanism for this trans-
formation is as follows:
Na*

NaOH

C6H;COCH,CH,CH,COCH; G o> CeH,COCH,CH,CHCOCH;

Iy

—i (36}15coCBIZ(:Hz(I)Hcoc,,H5

1
NaOY ; ”choc H,
“E‘E;a{_" CGH5COCHCH2I 6 5
T
H COC,H;
—_— + I
CHCO H

1. Department of Chemistry, Fairfield University, Fairfield, Connecticut :
06430.

2. J. B. Conant and R. E. Lutz, J. Amer. Chem. Soc., 49, 1083 (1927).

3. R. C. Fuson and J. T. Walker, Org. Syn., Coll. Vol. 2, 169 (1943).

4. G. W. Griffin, E. J. O’Connell, and H. A. Hammond, J. 4mer. Chem. Soc.,
83, 1003 (1963).



DIPHENYLKETENE
(Ketene, diphenyl)

(CoH),CHCO,H —"* —s (C,H;),CHCOCI + SO, -+ HCI
¢1ilg, retux
(C2H )N
(CoHg)sCHOOCI =8 (CgHy),C—C—0 + (C,Hy)NHCI

Submitted by Epwarp C. TavyrLor, ALExaNDER McKiLLop,
and Georce H. Hawks!

Checked by C. J. MiceEJDA, D. D. voN RIESEN,
R. W. ComniIcK, and HENRY E. BAUMGARTEN

1. Procedure

A. Diphenylacetyl Chloride. In a 500-ml. three-necked
flask equipped with a dropping funnel and a reflux condenser
carrying a calcium chloride drying tube are placed 50.0 g.
(0.23 mole) of diphenylacetic acid (Note 1) and 150 ml. of
thiophene-free anhydrous benzene. The mixture is heated
under reflux and 132 g. (80 ml., 1.11 mole) of thionyl chloride is
added dropwise during 30 minutes. Refluxing is continued for
7 hours more; then the benzene and excess thionyl chloride are
removed by distillation under reduced pressure. The pale
yellow oil which remains still contains a little thionyl chloride,
and this is best removed by adding a further 100 ml. of an-
hydrous benzene and again distilling under reduced pressure.
The residue is dissolved in 150 ml. of refluxing, anhydrous
hexane (Note 2). The hot solution is treated with charcoal and
filtered, and the filtrate is chilled to 0° in a sealed flask. The
product, which crystallizes as colorless plates (Note 3), is
filtered, washed with a little cold hexane, dried at 25° under
vacuum for 2 hours, and stored in a tightly stoppered bottle.
This gives 42-45 g., (77-849%,) of product, m.p. 51-53°. Con-
centration of the hexane mother liquors to about 50 ml,
followed by chilling to 0° and addition of a seed erystal gives a
further 2.5-4.0 g. (5-8%,) of product of oqual purity. The total
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yield of diphenylacetyl chloride, m.p. 51-53°, is thus 44.5-49 g.
(82-949%,) (Note 4).

B. Diphenylketene. In a 500-ml. three-necked flask equip-
ped with a magnetic stirring bar, a gas inlet tube, a calcium
chloride drying tube, and a dropping funnel is placed a solution
of 23.0 g. (0.10 mole) of diphenylacetyl chloride in 200 ml. of
anhydrous ether. The flask is cooled in an ice-bath, dry nitrogen
is passed through the system, and 10.1 g. (0.10 mole) of tri-
ethylamine is added dropwise during 30 minutes to the stirred
solution. Triethylamine hydrochloride precipitates as a color-
less solid, and the ether becomes bright yellow in color. When
addition of the triethylamine is complete, the flask is tightly
stoppered and stored overnight at 0°. The triethylamine hydro-
chloride is collected on a 9-cm. sintered glass funnel and
washed with anhydrous ether until the washings are colorless.
The ether is removed under reduced pressure and the residual
red oil is transferred to a 50-ml. distilling flask fitted with a
10-cm. Vigreux column and distilled (Note 5). This gives
10.2-10.8 g. (63-579,) of diphenylketene as an orange oil, b.p.
118-120° (1 mm.) (Note 6). It can be stored at 0° in a tightly
stoppered bottle for several weeks without decomposition.

2. Notes

1. Superior grade diphenylacetic acid, m.p. 147-148° (Mat-
heson Coleman and Bell) was used without further purification.

2. Commercial hexane, A.C.S. grade (Matheson Coleman
and Bell) was dried by distillation from potassium hydroxide.

3. Diphenylacetyl chloride crystallizes best when a seed
crystal is added to the cold hexane solution. If, after several
hours at 0°, erystallization has not commenced, scratching with
a glass rod is sufficient to induce crystallization.

4. The checkers found it necessary to recrystallize the
diphenylacetyl chloride twice to obtain the reported melting
point.

5. Most of the diphenylketene distils cleanly at 118-119°
(I mm.) but strong heating is necessary for distillation of the
final portion from the polymeric pot residue.

The checkers used a variety of different distillation set-ups.
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The best results appeared to be obtained when the oil being
distilled filled the flask to about two-thirds its capacity, the
Vigreux column was no longer than 10 ¢m. in length, the whole
apparatus was kept as small as possible, and the distillation
was conducted as rapidly as possible.

6. The submitters obtained yields of 73-849, on the scale
described and yields of up to 709, on a scale twice that described.
From infrared analysis of the crude (undistilled) product the
checkers concluded that this material represented a yield in
excess of 80%,. Thus the critical step appears to be the distilla-
tion. The checkers have used the crude (undistilled) product for
some applications, but this procedure has not been uniformly
successful and is not recommended.

3. Discussion

Diphenylacetyl chloride has been obtained from diphenyl--

acetic acid with phosphorus pentachloride,? phosphorus oxy-
chloride and phosphorus pentachloride,® and thionyl chloride.*
It has also been prepared by treatment of diphenylketene with
hydrogen chloride.> The methods of preparation of diphenyl-
ketene have been reviewed in an earlier procedure given in this
series.® To those cited in the earlier procedure should be added
the debromination of «-bromodiphenylacetyl bromide with
triphenylphosphine.” The procedure above is a modification of
that described by Staudinger.®

The present preparation consists of two very simple steps,
uses relatively inexpensive starting materials, and does not
involve hazardous or toxic chemicals or special apparatus. An
important advantage is that the diphenylketene, until it is
finally distilled, is never exposed to temperatures greater than
30-35°; hence polymerization is minimized (cf. ref. 6).
. Department of Chemistry, Princeton University, Princeton, New Jersey.
. F. Klingemann, Justus Liebtgs Ann. Chem., 275, 50 (1893).
. A. Bistrzycki and A. Landtwing, Ber., 41, 686 (1908).
W. A. Bonner and C. J. Collins, J. Amer. Chem. Soc., 75, 5372 (19563).
. H. Staudinger, Ber., 88, 1735 (1905); Justus Liebigs Ann. Chem., 356, 51

(1907).

. L. 1. Smith and H. H. Hoohn, Org. Syn., Coll. Vol. 3, 366 (1955).

. 8. DL Darling and R. L. Kidwoll, /. Org, Chem., 88, 3974 (1068).
. H. 8taudingoer, Baer., 44, 1619 (1011).

OIPNNH

® 3D

THE FORMATION AND ALKYLATION OF SPECIFIC
ENOLATE ANIONS FROM AN UNSYMMETRICAL
KETONE: 2-BENZYL-2-METHYLCYCLOHEXANONE AND
2-BENZYL-6-METHYLCYCLOHEXANONE

(Cyclohexanone, 2-benzyl-2-methyl and cyclohexanone,
2-benzyl-6-methyl)

OCOCH;
CH, (CH300)20 CH,
‘ I ———-—-—>
col,

OCOCH3

CHgLi
oMl + (CHj),COLi
CH3OCH,CH0CH g
CgH;CH ,Br
B i et S
CH30CH »CH,0CHg CHzCeI'Is

CHg3Li

[(CH,),CH ],NH [(CH,),CH],NLi + CH,

———een
CH30CH,CH,0CH 3,
-50° to —20°

0
CH,
[(CH3)2CH ], NLi
—40%to 0°%
CHgOCH,CHy0CH3

CgH sCH,Br
w5
CH30CH,;CH,0 CHy
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Submitted by MArTIN GaLL and HERBERT O. Housg!
Checkod by K. E. WiLsonN and S. MASAMUNE
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1. Procedure

A. 1-Acetoxy-2-methylcyclohexene. Caution! Since mixtures of
perchloric acid with small amounts of organic material can
explode violently, the perchloric acid should always be the last
component added to the reaction mixture.

To a 1-1. flask are added 600 ml. of carbon tetrachloride,
250 ml. (2.7 moles) of acetic anhydride, 56 g. (0.50 mole) of
2-methyleyclohexanone, and 0.34 ml. (0.002 mole) of aqueous
709, perchloric acid. The reaction flask is stoppered and allowed
to stand at room temperature for 3 hours during which time the
reaction solution becomes first yellow-orange and finally red in
color. The reaction mixture is poured into a cold (0-5°) mixture
of 400 ml. of saturated aqueous sodium bicarbonate and 400
ml. of pentane which is contained in a 4-1. Erlenmeyer flask
equipped with a mechanical stirrer. While the mixture is
maintained at 0-5° and stirred vigorously, solid sodium bi-
carbonate is added in 3-5 g. portions as rapidly as foaming of
the reaction mixture will permit. The addition of solid sodium
bicarbonate is continued until all of the acetic acid has been
neutralized and the aqueous phase remains slightly basic
(pH 8). This neutralization requires approximately 400 g. of
solid sodium bicarbonate which is added in portions over a
period of approximately 3 hours. As soon as the neutralization
is complete (Note 1), the organic layer (the lower layer) is
separated and the aqueous phase is extracted with three 200-ml.
portions of pentane. The combined organic solutions are dried
over anhydrous magnesium sulfate and then concentrated by
distilling the bulk of the pentane through a 30-cm. Vigreux
column. The remaining solvents are removed by concentration
under reduced pressure with a rotary evaporator and the
residual liquid is distilled (Note 2) under reduced pressure.
The 1-acetoxy-2-methylcyclohexene is collected as 66.6-70.9 g.
(87-92%) of colorless liquid, b.p. 81-86° (18 mm.), »*D
1.4562-1.4572 (Note 3).

B. 2-Benzyl-2-methylcyclohexanone. Caution! Ethereal solu-
tions of methyllithium in contact with atmospheric oxygen may
catch fire spontaneously. Therefore any manipulations with this
reagent maust be. carried owut with the wtmost care to avoid aceidental
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. spillage. Benzyl bromide is a powerful lachrymator. Steps B and

C should be performed in an efficient fume hood.

A 1-1. three-necked flask is equipped with a nitrogen-inlet
tube fitted with a stopcock, a glass joint fitted with a rubber
septum, a 125-ml. pressure-equalizing dropping funnel, a
thermometer, and a glass-covered magnetic stirring bar. After
the apparatus has been dried in an oven, 20 mg. of 2,2'-
bipyridyl is added to the flask and the apparatus is thoroughly
flushed with anhydrous, oxygen-free nitrogen (Note 4). A
static nitrogen atmosphere is maintained in the reaction vessel
throughout the subsequent operations involving organometallic
reagents (Note 5). An ethereal solution containing 0.40 mole of
methyllithium (Note 6) is added to the reaction vessel from a
hypodermic syringe. The ether is removed by evacuating the
apparatus while the solution is stirred and the flask is warmed
with a water bath (40°) (Note 7). The reaction vessel is refilled
with nitrogen and then 400 ml. of 1,2-dimethoxyethane (b.p.
83°, freshly distilled from lithium aluminum hydride) is trans-
ferred to the reaction vessel with a hypodermic syringe or a
stainless steel cannula. The resulting purple solution of methyl-
lithium and the methyllithium bipyridyl charge-transfer com-
plex is cooled to 0-10° and then 29.3 g. (0.190 mole) of 1-
acetoxy-2-methylcyclohexene is added, dropwise and with
stirring, over a period of 35-45 minutes (Note 8) while the
temperature of the reaction mixture is maintained at 0-10° with
an ice bath. After the addition of the enol acetate, the reaction
solution must still retain a light red-orange color indicating the
presence of a small amount of excess methyllithium (Note 9).
To this cold (10°) solution is added rapidly (10-15 seconds)
with stirring, 68.4 g. (0.400 mole) of freshly distilled benzyl
bromide [b.p. 78-79° (12 mm.), »?* D> 1.5738]. The resulting
yellow solution is stirred for 2-2.5 minutes (during which time
the temperature of the reaction mixture rises from 10 to about
30°) and then poured into 500 ml. of cold (0-10°), saturated
aqueous sodium bicarbonate and extracted with three 150-ml.
portions of pentane. The combined organic extracts are dried
over anhydrous magnesium sulfate and then concentrated
under reduced pressure with a rotary evaporator. The residual
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liquid is fractionally distilled under reduced pressure to sepa-
rate 31-41 g. of forerun fractions, b.p. 71-89° (20 mm.) and
41-87° (0.3 mm.) (Note 10), and 20.7-22.2 g. (54-589%,) of 2-
benzyl-2-methylcyclohexanone as a colorless to pale yellow
liquid, b.p. 87-93° (0.3 mm.), 2?* D 1.5322-1.5344 (Notes 11 and
12).

C. 2-Benzyl-6-methylcyclohexanone. Caution! The same pre-
caution as that described in part B should be exercised in this step.

A 1-1. three-necked flask is equipped as described in part B.
After the assembled apparatus has been dried in an oven,
45 mg. of 2,2"-bipyridyl is added to the flask and the apparatus
is thoroughly flushed with anhydrous, oxygen-free nitrogen

(Note 4). A static nitrogen atmosphere is maintained in the

reaction vessel throughout the subsequent operations involving
organometallic reagents (Note 5). An ethereal solution contain-
ing 0.20 mole of methyllithium (Note 6) is added to the reaction
flask with a hypodermic syringe. The ether is removed under
reduced pressure as described in part B (Note 7). After the
ether has been removed, the reaction vessel is refilled with
nitrogen and then 400 ml. of 1,2-dimethoxyethane (b.p. 83°,
freshly distilled from lithium aluminum hydride) is added to
the reaction vessel with a hypodermic syringe or a stainless steel
cannula. The resulting purple solution of methyllithium and the

methyllithium-bipyridyl charge-transfer complex is cooled to

—50° with a dry ice-methanol bath and then 21.0 g. (29 ml.,
0.208 mole) of diisopropylamine (b.p. 84-85°, freshly distilled
from calcium hydride) is added from a hypodermic syringe,
dropwise and with stirring. During this addition, which requires
2-3 minutes, the temperature of the reaction solution should
not be allowed to rise above —20° (Note 12). The resulting
reddish-purple solution of lithium diisopropylamide and the
bipyridyl charge-transfer complex is stirred at —20° for 2-3
minutes and then 50 ml. of a 1,2-dimethoxyethane solution
containing 21.3 g. (0.190 mole) of 2-methylcyclohexanone is
added, dropwise and with stirring. During this addition the
temperature of the reaction solution should not be allowed to
rise above 0° (Note 12). After the addition of the ketone, the
resulting solution of the lithium enolate must still retain a pale
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reddish-purple color indicating the presence of a slight excess of
lithium diisopropylamide (Notes 9 and 13). The solution of the
lithium enolate is stirred and rapidly warmed to 30° with a
water bath. Then 68.4 g. (0.400 mole) of freshly distilled benzyl
bromide [b.p. 78-79° (12 mm.), »?* p 1.5738] is added from a
hypodermic syringe, rapidly and with vigorous stirring. The -
resulting reaction causes the temperature of the reaction
mixture to rise to about 50° within 2 minutes and then begin to
fall. After a total reaction period of 6 minutes, the reaction
mixture is poured into 500 ml. of cold (0-10°), saturated
aqueous sodium bicarbonate and extracted with three 150-ml.
portions of pentane. The combined organic extracts are washed
successively with two 100-ml. portions of aqueous 59, hydro-
chloric acid and 100 ml. of saturated aqueous sodium bicar-
bonate and then dried over anhydrous magnesium sulfate and
concentrated with a rotary evaporator. The residual yellow
liquid is fractionally distilled under reduced pressure (Note 14)
to separate 31-32 g. of forerun fractions, b.p. 67-92° (20 mm.)
and 40-91° (0.3 mm.) (Note 10), and 21.3-23.3 g. (58-619%,) of
crude 2-benzyl-6-methylcyclohexanone as a colorless liquid,
b.p. 91-97° (0.3 mm.), »% b 1.5282-1.5360. The residue (10-11
g.) contains dibenzylated products. The crude reaction product
contains (Notes 11 and 15) 2-benzyl-6-methylcyclohexanone
(86-909%,) and 2-benzyl-2-methylcyclohexanone (10-149%,) ac-
companied in some cases by small amounts of frans-stilbene
(Note 13).

To obtain the pure 2,6-isomer, the following procedure can
be followed. After a 200-ml. flask, equipped with a Teflon-
covered magnetic stirring bar, has been dried in an oven and
flushed with nitrogen, 2.59 g. (0.0479 mole) of sodium meth-
oxide (Note 16) is added, and the flask is stoppered with a
rubber septum. A static nitrogen atmosphere is maintained in
the reaction vessel throughout the remainder of the reaction.
To the flask is added from a hypodermic syringe, 90 ml. of
ether (freshly distilled from lithium aluminum hydride), and
the resulting suspension is cooled with an ice bath. To the cold
suspension is added from a hypodermic syringe a mixture of the
crude distilled alkylated product (about 21-23 g.) and 3.74 g.
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(0.0505 mole) of ethyl formate (Note 17). The mixture is stirred
for 10 minutes with ice-bath cooling. The bath is then removed
and stirring is continued for an additional 50 minutes. The
resulting yellow suspension is treated with 300 ml. of water
and then extracted with 250 ml. of ether. After the ethereal
extract has been washed with 100 ml. of aqueous 1M sodium
hydroxide, it is dried over anhydrous magnesium sulfate and
concentrated with a rotary evaporator. The residual yellow
liquid is distilled under reduced pressure to separate 16.2—-17.3
g. (overall yield 42-459%,) of pure (Note 11) 2-benzyl-6-methyl-
cyclohexanone as a colorless liquid, b.p. 95-100° (0.3 mm.),
7% D 1.5299-1.5328.

2. Notes

1. Because the enol acetate is slowly hydrolyzed even by
neutral aqueous solutions, the reaction mixture should be
neutralized and the organic product should be separated and
dried as rapidly as is practical.

2. The glassware employed in the distillation should be
washed first with ammonium hydroxide and then water and
finally dried in an oven before use to avoid the possibility of
acid-catalyzed hydrolysis or rearrangement of the enol acetate
during the distillation.

3. The submitters have been unsuccessful in finding a con-
venient gas chromatographic column which will separate 1-
acetoxy-2-methylcyclohexene from its double-bond isomer,
1-acetoxy-6-methylcyclohexene. However, the n.m.r. spectrum
(CCl, solution) of the product exhibits a peak at 2.02 p.p.m.
(singlet, CH3CO) superimposed on a multiplet in the region
1.3-2.2 p.p.m. (vinyl CH; and aliphatic CH,) and lacks ab-
sorption at 0.98 p.p.m. where l-acetoxy-6-methylcyclohexene
exhibits a doublet (J = 7 Hz.) attributable to the aliphatic
methyl group.? Consequently, the product contains less than
5%, of the unwanted double bond isomer. The product exhibits
infrared absorption (CCl, solution) at 1755 cm.~! (enol ester
C=-0) and 1705 ecm. 1 (C=C).

4. A good grade of commereial prepurified nitrogen can be
used without further purifieation. A suitable method for the
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purification of nitrogen is described by H. Metzer and E.
Miller in “Methoden der Organischen Chemie,” (Houben-
Weyl) Vol. 1/2, 4th ed., Georg Thieme Verlag, Stuttgart, 1959,
p. 327.

5. The apparatus illustrated in Figure 1 is convenient both
for evacuating the reaction vessel and refilling it with nitrogen
and also for maintaining a static atmosphere of nitrogen at
slightly above atmospheric pressure in the reaction vessel.

6. A solution of methyllithium in ether was purchased from
Alfa Inorganics, Inc. Directions for the preparation of methyl-
lithium from methyl bromide are also available.? Solutions of
methyllithium should be standardized immediately before use
by the titration procedure of Watson and Eastham.? A standard
0.500M solution of 2-butanol (b.p. 99-100°, freshly distilled
from calcium hydride) in p-xylene (b.p. 137-138°, freshly
distilled from sodium) is prepared in a volumetric flask. A 25-ml.
round-bottom flask, fitted with a rubber septum and a glass-
covered magnetic stirring bar, is dried in an oven. After 1-2 mg.
of 2,2"-bipyridyl has been added to the flask, it is flushed with
anhydrous, oxygen-free nitrogen by inserting hypodermic
needles through the rubber septum to allow gas to enter and
escape. The tip of a 10-ml. burette is forced through the rubber
septum and a measured volume of the standard 2-butanol

Supply of
«e— purified
nitrogen
Exit to
atmosphere
S~ Nujol

4~ Three-way stopcock

N

Nujot
— To vacuum source
To reaction
vessel

Figure 1. Apparatus for either evacuating or supplying a nitrogen atmos-
phore to the roaction vessoel.
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solution is added to the flask. Then 2.50 ml. of methyllithium
solution is added to the reaction flask. The mixture is stirred
and additional standard 2-butanol solution is added to the flask
from the burette until the purple color of the methyllithium-
bipyridyl complex is just discharged. For a 1.66] solution of
methyllithium, 8.30 ml. of the standard 2-butanol solution is
required in this titration.

7. Since a number of lithium enolates are significantly less
soluble and less reactive in diethyl ether than in 1,2-dimeth-
oxyethane, the submitters recommend the general use of this
simple procedure to remove the diethyl ether before the lithium
enolate is generated.

8. Lithium enolates react relatively slowly with enol acetates
to form C-acetylated products. Consequently, the enol acetate
should be added slowly with efficient stirring so that regions
with high local concentrations of both the enolate anion and
the enol acetate do not occur in the reaction solution.

9. It is important that the indicator color, showing a small
excess of strong base, not be discharged completely since the
presence of any excess enol acetate or ketone will permit
equilibration of the isomeric metal enolates. Consequently, the
addition of this reactant is complete if further additions will
discharge completely the color of the indicator.

10. The various fractions of the forerun were analyzed
employing a gas chromatography column packed with silicone
gum, No. XE-60, suspended on Chromosorb P and heated to
248°. The components found (with the retention times indicated)
were: benzyl bromide (9.0 minutes), 2-methylecyclohexanone
(5.3 minutes), and, in some cases, bibenzyl (22.6 minutes). The
bibenzyl, formed by reaction of the benzyl bromide with the
excess methyllithium,® was identified from the infrared spec-
trum of a sample collected from the gas chromatograph.

11. On a 6-m. gas chromatography column packed with
silicone gum, No. XE-60, suspended on Chromosorb P and
heated to 240°, 2-benzyl-2-methylcyclohexanone (retention
time 35.0 minutes) and 2-benzyl-6-methyleyclohexanone (re-
tention time 33.2 minutes, cis- and trans-isomers not resolved)
are partinlly resolved. However, the use of this analytical
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method to detect small amounts of one structural isomer in the
presence of the other is not reliable. Gas chromatography,
however, can be used to determine the presence of any trans-
stilbene (retention time 39.0 minutes) in the crude produect.

The proportions of structurally isomeric benzylmethylcyclo-
hexanones can be more accurately measured from the n.m.r.
spectra of the distilled monoalkylated products. Pure 2-benzyl-
6-methylcyclohexanone (principally the more stable cis-isomer
in which both substituents are equatorial) exhibits the following
n.m.r. absorptions (CgDg solution): 7.0-7.3 (multiplet 5H,
aryl CH), 2.9-3.5 (multiplet with at least 5 lines, 1H, one of the
two nonequivalent benzylic CH, protons), 1.1-2.6 (multiplet,
9H, aliphatic CH and the second of the two nonequivalent
benzylic CH, protons), and 0.97 p.p.m. (doublet, J = 6.0 Hz.,
3H, CH,;). In carbon tetrachloride solution the corresponding
peaks are found at 7.0-7.3, 2.9-3.5, 1.1-2.7, and 0.97 p.p.m.
(doublet, J = 6.0 Hz.). In this solvent a second weak doublet
(J = 6.5 Hz.) is present at 1.04 p.p.m. and is attributable to
the small amount of the less stable trans-2-benzyl-6-methyl-
cyclohexanone (one equatorial and one axial substituent)
present. The 2,6-isomer exhibits infrared absorption (CCl,
solution) at 1710 cm.~! (C==0) and a series of weak (e 202 to
335) ultraviolet maxima (95%, EtOH solution) in the region
240-270 myu. The mass spectrum exhibits a molecular ion at
mfe 202 with relatively abundant fragment peaks at m/e 159,
145,117, 111, and 91 (base peak). Pure 2-benzyl-2-methylcyclo-
hexanone has the following n.m.r. absorptions (C4Dg solution):
6.9-7.3 (multiplet, 5H, aryl CH), 2.78 (singlet, 2H, benzylic
CH,), 2.1-2.4 (multiplet, 2H, CH,CO), 1.2-1.7 (multiplet, 6H,
aliphatic CH), and 0.91 p.p.m. (singlet, 3H, CH;). In carbon
tetrachloride solution the corresponding peaks are found at
6.9-7.3, 2.78, 2.2-2.6, 1.4-2.0, and 0.95 p.p.m. This ketone has
infrared absorption (CCl, solution) at 1710 ¢cm.~! (C=0) and
shows a series of weak (e 140 to 284) ultraviolet maxima (959,
EtOH solution) in the region 240-270 mu. The mass spectrum
exhibits a molecular ion at m/e 202 with relatively abundant
fragment peaks at m/e 159, 117, 92, 91 (base peak), 55, 44, 43,
and 41. Mixtures of the 2,6- and 2,2-isomers could be analyzed
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by measuring their n.m.r. spectra in deuteriobenzene solution
and integrating the region 2.6-3.5 p.p.m. The peak at 2.78
p.p.m., attributable to both benzylic hydrogen atoms of the 2,2-

isomer, is well resolved from the multiplet at 2.9-3.5 p.p.m.,

attributable to one of the two benzylic hydrogen atoms of the
2,6-isomer. Utilizing this method (which is in agreement with the
less reliable value obtained by gas chromatographic analysis),
no 2,6-isomer is detected in the 2-benzyl-2-methylcyclo-
hexanone prepared by the present procedure. The 2-benzyl-6-
methyleyclohexanone product contains 10-149, of the
2,2-isomer.

12. At temperatures above 0° 1,2-dimethoxyethane is
slowly attacked by lithium diisopropylamide resulting in the
protonation of the strong base.

13. If this precaution is not followed, partial or complete
equilibration of the enolates will occur because of proton
transfers between the enolates and the excess un-ionized
ketone. In an experiment where a slight excess of ketone was
added, the distilled, monoalkylated product (409, yield) con-
tained 779, of the undesired 2,2-isomer and only 239, of the
desired 2,6-isomer. However, it is also important in this prepara-
tion not to allow a large excess of lithium diisopropylamide to
remain in the reaction mixture; this base reacts with benzyl
bromide to form trans-stilbene® which is difficult to separate
from the reaction product.

14, During the early part of the distillation when a sub-
stantial amount of benzyl bromide is present, the still pot
should not be heated above 140° to avoid serious discoloration.
When the bulk of the benzyl bromide has been removed, the
temperature of the still pot may be raised to 150-160° to
facilitate distillation of the product.

15. The proportions of the desired 2,6-isomer and theé un-
wanted 2,2-isomer in the alkylated product will vary depending

on the rate and efficiency of mixing of the benzyl bromide with -

the lithium enolate. If the alkylation of the initially formed
enolate could be effected without any enolate equilibration,
less than 29, of the unwanted 2,2-isomer would be expected.?

16, The sodium methoxide was purchased from Matheson
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Coleman and Bell. Material from a freshly opened bottle was
used without further purification.

17. Commercial ethyl formate (Eastman Organic Chemicals)
was purified by stirring it successively over anhydrous sodium
carbonate and over anhydrous magnesium sulfate. The material
was distilled to separate pure ethyl formate, b.p. 54-54.5°.

8. Discussion

2-Benzyl-6-methylcyclohexanone has been prepared by the
hydrogenation of 2-benzylidene-6-methylcyclohexanone over a
platinum or nickel catalyst,® and by the alkylation of the
sodium enolate of 2-formyl-6-methylcyclohexanone with benzyl
iodide followed by cleavage of the formyl group with aqueous
base.? The 2,6-isomer was also obtained as a minor product
(about 109, of the monoalkylated product) along with the
major product, 2-benzyl-2-methylcyclohexanone by successive
treatment of 2-methylcyclohexanone with sodium amide and
then with benzyl chloride or benzyl bromide.1-11 Reaction of
the sodium enolate of 2-formyl-6-methylcyclohexanone with
potassium amide in liquid ammonia formed the corresponding
dianion which was first treated with 1 equiv. of benzyl chloride
and then deformylated with aqueous base to form 2-benzyl-2-
methyleyclohexanone.!?

These synthetic routes illustrate well the classical methods
which have been used for the alkylation of unsymmetrical
ketones. Reaction of the ketone with a strong base such as
sodium amide under conditions which permit equilibration of
the enolates affords an equilibrium mixture of enolates and
subsequent reaction with an alkylating agent yields a mixture
of monoalkylated products as well as polyalkylated products.
In the present case, the equilibrium mixture of metal enolates
from 2-methylcyclohexanone contains 10-359%, of the less
highly substituted double bond isomer.2:13-14 Consequently the
major alkylation product from this mixture is the 2,2-isomer.
If the methylene group is protected with a blocking group, the
resulting ketone is alkylated solely at the more highly substi-
tuted alpha carbon. Removal of the blocking group affords
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pure 2,2-isomer. Alternatively, an activating group such as a
formy! group or a carboalkoxyl group can be introduced at the
less highly substituted alpha carbon to permit selective alkyla-
tion at this position; the activating group is then removed.
An alternative solution to the problem of effecting the
selective alkylation of an unsymmetrical ketone consists of
generating a specific enolate under conditions where the enolate
isomers do not equilibrate.’® The methods which have been
used to generate specific enolate anions include the reduction
of enones!®'17 or a-haloketones®'1® with metals, the reaction of
organolithium reagents with enol silyl ethers”22! or enol
esters,’®21 and the kinetically controlled abstraction of the
least hindered alpha proton from a ketone with a hindered base
such as lithium diisopropylamide.” The present procedures
illustrate the last two methods. To prevent the equilibration of
lithium enolates during their formation, care is taken that no
proton-donor BH (such as an alcohol or the un-ionized ketone)
is present. Although with attention to this precaution, either of
the structurally isomeric enolate ions can be prepared and
maintained in solution, this fact does not ensure a structurally
specific alkylation. As the accompanying equations illustrate,
once reaction of the enolate with the alkyl halide is initiated,
the reaction mixture will necessarily contain an un-ionized
ketone, namely the alkylated product, and equilibration of the
enolate ions can occur. Consequently, a structurally specific
alkylation of an enolate anion can be successful only if the
alkylation reaction is more rapid than equilibration so that the
starting enolate 2 is consumed by the alkylating agent before
significant amounts of the unwanted enolate 1 have been formed.
In practice, this criterion normally is fulfilled with very reactive
alkylating agents such as methyl iodide. With less reactive
alkylating agents such as benzyl bromide and »n-alkyl iodides,

OLi : 0 OLi
CH, CH, CH,
+ BH &=

+ BLi — + BH

H
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some equilibration is usually observed.?! The problem is
aggravated when the alkylation involves the less stable and/or
the less reactive enolate isomer (e.g., 2). In the present pro-
cedures, relatively high concentrations of the enolate and the
alkyl halide are employed to increase the alkylation rate and,
consequently, to decrease the proportion of the unwanted
monoalkylation product which results from equilibration prior
to alkylation. As is to be expected from the foregoing discussion,
the alkylation of the enolate 1 to form 2-benzyl-2-methylecyclo-
hexanone exhibits more structural specificity than the alkyla-
tion of the enolate 2 to form 2-benzyl-6-methylcyclohexanone.
The unwanted 2,2-isomer (10-149,) which accompanies 2-
benzyl-6-methylcyclohexanone in this alkylation is removed by
a well-known chemical separation procedure in which the 2,2-
isomer is converted to its formyl derivative.22-23
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FORMATION AND PHOTOCHEMICAL WOLFF
REARRANGEMENT OF CYCLIC «-DIAZO KETONES: D-
NORANDROST-5-EN-33-0L-16-CARBOXYLIC ACIDS

(D-Norandrost-5-ene-16-carboxylic acids, 33-hydroxy-)
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1. Procedure

A. 16-Oximinoandrost-5-en-38-ol-17-one. A 2-1. three-
necked, round-bottomed flask is fitted with a reflux condenser,
a mechanical stirrer, and a pressure-equalizing dropping funnel.
To the reaction flask is added 750 ml. of anhydrous ¢-butyl
alcohol (Note 1). As the ¢-butyl alcohol is slowly stirred, a
stream of dry nitrogen is passed through the flask and 12.2 g,
(0.312 mole) of potassium metal is added cautiously. The flask
is surrounded by a water bath maintained at 70° to assist in

iR}
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dissolving the potassium metal. After 1.5 hours the stirred
mixture is homogeneous. The water bath is removed, and the
reaction mixture is allowed to cool to room temperature. To
the potassium ¢-butoxide solution is slowly added 45.0 g.
(0.156 mole) of dehydroisoandrosterone (Note 2), and stirring
is continued for one hour until the gold-colored mixture is
again homogeneous. To the reaction mixture is now added,
dropwise, 42.0 ml. (36.5 g, 0.312 mole) of isoamyl nitrite (Note
3), and stirring is continued overnight at room temperature.

The deep orange reaction mixture is diluted with an equal
volume of water, poured into a 2-l. separatory funnel, and
acidified with aqueous 3M hydrochloric acid. The addition of

400 ml. of ether assists in effecting the separation of the clear

yellow, aqueous, lower layer from the fluffy-white ethereal
suspension that forms the upper layer. This suspension is
filtered through a 250-ml. coarse sintered glass funnel, and the
precipitate of oximino ketone is washed with ether several
times. After drying overnight in a vacuum desiccator at —5°,
48.0-48.5 g. of a white product, m.p. 245-247° dec., is ob-
tained, whose n.m.r. spectrum (pyridine solution) shows it to be
a 1:1 solvate of the oximino ketone with ¢-butyl alcohol (Note
4); the yield is 799, (Notes 5 and 6). This product is used with-
out further purification in the synthesis of the «-diazo ketone
(Note 7).

B. 16-Diazoandrost-5-en-3f-ol-17-one. A 1-1. three-necked,
round-bottomed flask is fitted with a mechanical stirrer, a 50-ml.
pressure-equalizing dropping funnel, and a thermometer. As
stirring is initiated, 375 ml. of methanol and 72 ml. of aqueous
5M sodium hydroxide (0.36 mole) is added to the flask, followed
by 18.0 g. (0.0460 mole) of the 1:1 solvate of 16-oximinoan-
drost-5-en-3$-0ol-17-one with ¢-butyl alcohol. The oximino
ketone readily dissolves to give a yellow solution. To the reac-
tion mixtureis added 28.3 ml. of concentrated aqueous ammonia
(0.425 mole), and the flask is surrounded by an ice bath to
maintain the reaction temperature at 20°. Through the drop-
ping funnel 133 ml. of aqueous 3.0M sodium hypochlorite (0.40
mole) is added dropwise. The sodium hypochlorite solution
should be kept near 0°, so 26-ml. portions should be added to

CYCLIC «-DIAZO KETONES 55

the addition fminnel and the remaining solution should be kept
in an ice bath (Note 8). It is important that the rate of addition
of the sodium hxypochlorite and the position of the ice bath be
adjusted so a—s to maintain the temperature of the reaction
mixture at 200° + 1° (Note 9). As soon as all of the sodium
hypochlorite Faas been added, the ice bath is removed, and the
reaction mixtwure is allowed to warm to room temperature and
stirred for 6 Imours.

The reactiosn mixture is diluted with an equal volume of .
water and ex#racted with a 400-ml. and a 200-ml. portion of
methylene chlL oride. The combined methylene chloride extracts
are washed —with three 250-ml. portions of aqueous 209,
sodium chlori de, dried over anhydrous magnesium sulfate, and
concentrated to leave a yellow solid. Recrystallization from
acetone gives 8.0-9.3 g. (55-649,) of crystalline «-diazo ketone,
m.p. 200-202= dec. (Note 10).

C. D-Noram_drost-5-en-3B-ol-16«- and 16 f-carboxylicacids. In
a solution of &00 ml. of 1,4-dioxane, 1250 ml. of ether, and 250
ml, of water «omtained in a 3-l. three-necked, round-bottomed
flask is dissol=wed 7.50 g. (0.0239 mole) of 16-diazoandrost-5-en-
3p-0l-17-one. The flask is fitted with a reflux condenser, a
quartz immer—sion well, and a nitrogen inlet. After the reaction
vessel has beeen flushed with nitrogen, the diazo ketone solution
is irradiated <for 48 hours with a 450-watt Hanovia lamp with
a Corex filter (Note 11). The photolysis mixture is decanted in
portions into a 2-1. separatory funnel, washed three times with
500-ml. portions of water to remove the dioxane, and dried
over magnes@um sulfate. The ether is evaporated to leave &
pale yellow mresidue. The residue is digested with 125 ml. of
boiling meth—ylene chloride under reflux for 30 minutes. The
methylene ch_ loride solution is allowed to cool to room tempera-
ture and filte red to separate about 1.4 g. of the crude «-isomer
as a white po~wder. This solid is recrystallized by dissolving it in
a large volumme of methanol (125 ml.) and concentrating the
solution to a small volume (25 ml.) to yield 1.2 g. (17%) of
D-norandrost- -5-en-3-ol-16a-carboxylic acid as a white solid,
m.p. 271-274-° (Note 12). The f-isomer is most readily obtained
by concentremting the methylene chloride mother liquor and
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dissolving the residue in a mixture of 75 ml. of methanol and
25 ml. of ether. This solution is treated with an excess of
diazomethane in ether at room temperature. After one hour at
room temperature, the excess diazomethane is removed with a
stream of nitrogen, the solvent is evaporated, and the solid
residue is chromatographed on 175g. of Woelm neutral
alumina Activity Grade II. Elution with a benzene-ether
mixture (3:1v/v) gives 3.9 g. of a white solid. This solid is
recrystallized from ether-heptane to give 3.0-3.1 g. (39-419%,) of
white, crystalline methyl p-norandrost-5-en-34-0l-16-carboxy-
late, m.p. 161-163° (Notes 13 and 14).

2. Notes

1. Anhydrous ¢-butyl alcohol may be conveniently prepared
by distilling it from calcium hydride into a receiver containing
Type 4A molecular sieves.

2. Available from Searle Chemicals, Inc.

3. Isoamyl nitrite of sufficient purity may be prepared by
the method of Noyes.? The isoamyl nitrite is stored over an-
hydrous magnesium sulfate until used.

4. The n.m.r. spectrum (pyridine solution) included signals
at 0.97 (singlet, 3H), 1.03 (singlet, 3H), 1.42 (singlet, 9H) and
5.37 p.p.m. (multiplet, 1H).

5. The submitters, working on twice the scale described,
obtained 90.0 g. (749,) of the solvate, m.p. 245-247°.

6. This oximino ketone has been previously prepared by a
somewhat different procedure® and recrystallized from iso-
propyl alcohol to give crystals, m.p. 247-248°.

7. Other oximino ketones may be too soluble in ether to
permit utilization of this isolation procedure. In this case,
the submitters, working on twice the scale described, utilized
the following procedure. After acidification of the reaction
mixture, the oximino ketone is extracted into 1000 ml. of
ether, and the ethereal extract is washed with four 100-ml,
portions of saturated aqueous sodium bicarbonate and ex-
haustively extracted with aqueous 0.5M potassium hydroxide
in 250-ml. portions until acidification of the basic extract gives
no oximino ketone. A stream of nitrogen is bubbled through
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the combined basic extracts to remove any dissolved ether, and
the solution is then cooled in an ice bath and acidified with
aqueous 3M hydrochloric acid. The precipitate is collected by
suction filtration and dried in a vacuum desiccator.

8. A procedure for preparing concentrated sodium hypo-
chlorite solution is given by Coleman and Johnson.* Common
bleach solution, such as Clorox, may also be used, although
the volume of the solution is considerably increased.

9. If the temperature of the reaction mixture is maintained
below 20°, an appreciable amount of colorless «-dichloro
ketone is obtained.® If the temperature is allowed to rise above
20°, the chloramine decomposes before it has time to react
with the oximino ketone. The generation of chloramine in situ
is quite exothermic, and care must be taken to maintain the
temperature at 20°.

10. The submitters, working on twice the scale described,
obtained 21.6 g. (749%,) of product, m.p. 201-202° (dec.).

11. A Pyrex filter has been used; however, the photolysis
appears to proceed more cleanly through Corex. The photol-
ysis is considered complete when the infrared spectrum of a
sample shows no diazo absorption at 2065 ecm™1.

12. Utilizing a somewhat different procedure, Mateos and
Pozas have also obtained the «-carboxylic acid, m.p. 272-
2175°.6

13. The reported melting point of the f-methyl ester is
163-164°.8

14. The submitters, working on twice the scale described,
obtained 2.8 g. (199%,) of the «-acid, m.p. 272-275°, and 9.2 g
(619%,) of the methyl ester of the f-acid, m.p. 161-163°.

3. Discussion

The earliest methods for preparing cyclic a-diazo ketones
involved the oxidation of the monohydrazones prepared from
a-diketones, generally using mercuric oxide.”® Recent modi-
fications of this procedure include the use of calcium hypo-
chlorite in aqueous sodium hydroxide or “activated” man-
ganese dioxide as oxidants.? The latter reagent, especially,
soems preferable to mercuric oxide. The base-catalyzed decom-
position of the monotosylhydrazones of a-diketones has been
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used to prepare o-diazo ketones. Such reactions have been
performed in aqueous sodium hydroxide,°-1! with basic alu-
minum oxide in methylene chloride,’*> and with a variety of
other bases. A promising and novel approach to cyclic «-diazo
ketones involves the reaction of «-hydroxymethylene ketones
with diethylamine and tosyl azide to give high yields of the
a-diazo ketone.!s

The present procedure for the synthesis of an «-diazo ketone
18 a modification of the Forster reaction,'* which has been
recently exploited by numerous workers.11-15-1% The synthesis is
generally applicable to cyclic ketones, is convenient, and offers
moderate yields (60-709,) of pure a-diazo ketones.

The photochemical Wolff rearrangement represents a gener-
ally useful ring contraction technique.20-2
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HYDROBORATION OF OLEFINS: (-+)-ISOPINOCAMPHEOL
[(+)-3-Pinanol]

CH3(OCH20H2):_;OCH3 N
+ NaBH, + BF;O0(C,H;), >
CH
lH| .BH
+ NaBF,
2
CH
CHE/H _BH sH __BOH
”/ + HgO - -7 + H2
2 2
CHy
[om | BoH O
+ H,0, + NaOH —> + NaH,BO,
2

Submitted by G. ZwerreL! and H. C. BRowN
Checked by E. J. Corey, D. SaHORE, and Ravi K. VArRMA

1. Procedure

In a 300-ml. three-necked flask equipped with a condenser
fitted with a calcium chloride tube, a pressure-equalizing
dropping funnel, a thermometer, and a mechanical stirrer

l13t]
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(Note 1) are placed 3.1 g. (0.080 mole) of sodium borohydride,
100 ml. of diglyme (Note 2), and 27.2 g. (0.200 mole) of (—)-«-
pinene (Note 3) diluted with 20 ml. of diglyme. The flask is
immersed in a water bath (20-25°). Diborane is generated by
dropwise addition of 14 ml. (0.11 mole, p2?° 1.125) of boron
trifluoride etherate (Note 4) to the well-stirred reaction mixture
over a period of 15 minutes. The diisopinocampheylborane
precipitates as white solid as the reaction proceeds. The mixture
is maintained for an additional hour at room temperature. The
excess hydride is then decomposed by dropwise addition of 20
ml. of water (Note 5). The organoborane formed (R,BOH) is
oxidized at 30-50° (water bath) by adding in one portion 22 ml.
of aqueous 3M sodium hydroxide, followed by the dropwise
addition of 22 ml. of aqueous 309, hydrogen peroxide to the
well stirred reaction mixture. The flask is kept for an additional
30 minutes at room temperature.

The alcohol reaction mixture is extracted with 200 ml. of
ether and the ether extract is washed five times with equal
volumes of ice water to remove the diglyme. The ether extract
is dried over anhydrous magnesium sulfate and the ether is
removed by distillation through a short Vigreux column. The
residue is distilled under reduced pressure to separate 26.2 g.
(859%,) of isopinocampheol, b.p. 80-82° (2 mm.). The distillate
crystallizes immediately in the collection flask (Note 6). The
crystals melt at 50-52° (Note 7). Recrystallization from about
10 ml. of petroleum ether (b.p. 35-37°) affords pure isopino-
campheol as needles, m.p. 55-57°, [«]?*D +32.8° (¢, 10 in
benzene).

2. Notes

1. The apparatus is dried in an oven and assembled under
dry nitrogen. Alternatively it can be flamed dry in a stream of
dry nitrogen. A magnetic stirrer can be utilized for small
scale experiments.

2. Diglyme (dimethyl ether of diethylene glycol, b.p. 162° at
760 mm.) from Ansul Chemical Company, Marinette, Wisconsin,
is purified in the following way. Diglymo (1 1.} is stored over
10 g. of granular caleium hydride for 12 hours. Tho diglyme is
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decanted into a distilling flask and sufficient lithium aluminum
hydride is added to ensure an excess of active hydride. The
solvent is distilled at 62-63° (15 mm.).

3. (—)-a-Pinene ([«]**D —47.9°) was obtained by the sub-
mitters from the Glidden Co., Jacksonville, Florida. Alter-
natively (—)-f-pinene ([«]?*D —21.1°) is readily available
and can be isomerized to (—)-a-pinene by shaking with a
palladium hydrogenation catalyst in the presence of hydrogen.2
The checkers used (—)-a-pinene ([«]*® D —52.2°) supplied by
Chemical Samples Co., 4692 Kenny Road, Columbus, Ohio,
43220.

4. Commercial boron trifluoride ethyl etherate (from Mathe-
son Coleman and Bell) is distilled in an all glass apparatus at
46° (10 mm.) from a few pieces of granular calcium hydride.
The latter serves to remove small quantities of volatile acids
and greatly reduces bumping during distillation.

5. Since the olefin is hydroborated to the dialkylborane
stage (R,BH), a large amount of hydrogen is evolved on hydrol-
ysis. Consequently, the addition of water should be carried out
slowly (dropwise) and adequate ventilation is recommended.

6. For the distillation of the isopinocampheol the Vigreux
column is attached to an air condenser. The receiver is immersed
in an ice bath.

7. The checkers obtained from (—)-«-pinene, after distilla-
tion, (+)-isopinocampheol, m.p. 51-53° (corr.), [«]28 D +32.1°,

3. Discussion

(—)-Isopinocampheol has been prepared by hydrogenation
of trans-pinocarveol with a neutral nickel catalyst at 70-100°.3

The hydroboration reaction provides a convenient procedure
for the conversion of olefins to alcohols without rearrangement
and with a predictable stereochemistry. The reaction has been
applied to a large number of olefins of widely different struc-
tures.4® The results obtained support the proposed generaliza-
tion that hydroboration involves an anti-Markownikoff, cis-
addition of borane from the less hindered side of the double
bond.®
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HYDROGENOLYSIS OF CARBON-HALOGEN BONDS
WITH CHROMIUMI)-EN PERCHLORATE: NAPHTHA-
LENE FROM 1-BROMONAPHTHALENE ,

Br

+ 2Crm(en)x + Br~ + HO-

Submitted by Rura 8. WabpE and C. E. CasTro!
Checked by Norron P. PEET and HERBERT O. HoUsE

1. Procedure

A 250-ml. three-necked flask, equipped with a magnetic
stirring bar and nitrogen inlet and outlet stopcocks, is charged
with 60 ml. of dimethylformamide (Note 1) and 6.01 g. (0.100
mole) of ethylenediamine (Note 2). The outlet stopcock is
- connected to a trap containing mercury or Nujol, and the third
neck of the flask is fitted with a rubber septum. While the solu-
tion in the reaction flask is stirred, the system is flushed with
nitrogen for 30 minutes, and then a static nitrogen atmosphere
is maintained in the reaction vessel during the remainder of the
reaction. An aqueous solution containing 0.03 mole of chro-
mium(IT) perchlorate (Note 3) is added to the reaction vessel
with a hypodermic syringe to form a purple solution of the
chromium(II)-en complex. To this solution is added, with a
hypodermic syringe, a solution of 1.66 g. (0.0080 mole) of 1-

bromonaphthalene (Note 4) in 20 ml. of oxygen-free (Noto 5)

. H. C. Brown, “Hydroboration,” W. A. Benjamin, Inc., New York, 1962.
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dimethylformamide (Note 1). The reaction solution is stirred
for 70 minutes (Note 6), during which time the color changes
from purple to deep red, and then poured into a solution of
40 g. of ammonium sulfate in 400 ml. of aqueous 0.4M hydro-
chloric acid. The resulting emulsion is extracted with five 60-
ml. portions of ether, and the combined ethereal extracts are
washed with two 25-ml. portions of water and then dried over
potassium carbonate and concentrated. The residue crystallizes
as 0.96-1.00g. (93-98Y%,) of naphthalene, m.p. 77-80°. Re-
crystallization from ethanol affords the pure naphthalene as
white plates, m.p. 80-81°.

2. Notes

1. Baker reagent grade dimethylformamide was used without
purification.

2. The submitters employed, without purification, 989,
ethylenediamine obtained from Mallinckrodt Chemical Works;
the checkers employed material from KFastman Organic
Chemicals ‘which was redistilled (b.p. 117-118°) before use.
The amount of ethylenediamine employed is sufficient to
provide three equivalents of diamine for each mole of chro-
mium(II) and to neutralize any acid remaining in the chro-
mium(II) perchlorate solution.

3. The submitters employed an aqueous 1.64M solution of
chromium(II) perchlorate which was prepared by stirring a
mixture of 5.7g. of pure chromium metal pellets (United
Mineral and Chemical Corporation, 129 Hudson St., New York,
10013) with 60 ml. of aqueous 209, perchloric acid under a
nitrogen atmosphere at 30° for 12 hours.?3 The rate of dis-
solution of the chromium metal is increased if the metal is
washed successively with concentrated hydrochloric acid and
with water just before it is added to the perchloric acid. The
checkers employed aqueous 0.519 chromium(II) perchlorate
solution which was prepared in a comparable manner with
chromium metal obtained from the Mining and Metals Division,
Union Carbide Corporation. The deep blue solution of chro-
mium([1) perchlorate is transferred to a storage vessel with a
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siphon or a hypodermic syringe and the solution is stored under
a nitrogen atmosphere in a vessel fitted with a rubber septum.
Provided this solution is protected from oxygen, it is stable for
long periods of time; aliquots for standardization or reaction
are conveniently removed with a hypodermic syringe. The
solution is standardized by adding 5.00-ml. aliquots to excess
aqueous 1M iron(III) chloride followed by titration of the
iron(II) ion produced with standard cerium(IV) sulfate solution
and phenanthroline as an indicator.*

The submitters had recommended use of only slightly more
[2.3 moles of chromium(IT) complex per mole of halide] than
the stoichiometric amount of chromium(II) complex in this
reduction. However, because these concentrations of reagents
lead to a very slow reaction rate in the last 5-109, of the re-
duction (Note 6), the checkers found it more convenient to
employ excess reducing agent [3.8 moles of chromium(II)
complex per mole of halide].

4. 1-Bromonaphthalene, m.p. 2-4°, obtained either from
the Aldrich Chemical Company, Inc., or from Matheson
Coleman, and Bell was used without further purification.

5. A slow stream of nitrogen was passed through the di-
methylformamide for 30 minutes to remove any dissolved
oxygen. )

6. The progress of this reaction may be followed by quench-
ing aliquots of the reaction solution in acidic aqueous ammon-
ium sulfate followed by extraction with ether and analysis of
the ethereal extract by gas chromatography. With 1.2-m.
gas chromatography column packed with silicone fluid, No.
710, on Chromosorb P and heated to 215°, the retention times
of naphthalene and 1-bromonaphthalene were 1.9 minutes and
6.7 minutes, respectively. The submitters employed a 30-cm. gas
chromatography column packed with Porpak P for this analysis.

Since the presence of even 5-109, of unchanged 1-bromo-
naphthalene makes purification of the naphthalene difficult, it
is important that the reduction be complete before the product
is isolated. With reaction conditions described in this prep-
aration [0.100 mole of ethylenediamine, 0.0080 mole of
1-bromonaphthalene, 60 ml. (0.031 mole) of aqueous 0.519M
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chromium(II) perchlorate, and 80 ml. of dimethylformamide],
the checkers found that reduction was usually complete in less
than 15 minutes. Under the conditions[0.032 mole of ethylenedia-
mine, 0.0040 mole of 1-bromonaphthalene, 5.5 ml. (0.0090
mole) of aqueous 1.64M chromium(II) perchlorate, and 40 ml.
of dimethylformamide] originally suggested by the submita>rs,
a reduction time of approximately 3 hours was required for
complete reduction.

3. Discussion

1-Bromonaphthalene has been reduced to naphthalene in
good yield by hydrogenation over Raney nickel in methanolie
potassium hydroxide,® by triphenyltin hydride in benzene,®
by magnesium in isopropyl aleohol,” by sodium hydrazide and
hydrazine in ether,® and by copper(l) acetate in pyridine.®

The present procedure illustrates the ease of reduction of aryl,
vinyl, and primary alkyl halides to the corresponding hydro-
carbons with the chromium(II) en reagent.'® This reagent will
also convert epoxides and aliphatic halides with good leaving
groups in the S-position to olefins.'® Although the reduction of
alkyl halides with this en complex is chemically similar to
reductions with solutions of other chromium(II) salts in
aqueous dimethylformamide,4!* the en complexes of the
chromium(II) ion are more reactive than the aquated chro-
mium(II) ion.!® The checkers have found that the potential
measured between platinum and calomel electrodes in a solu-
tion of chromium(II) perchlorate in aqueous dimethylforma-
mide is increased by the addition of ethylenediamine until
three equivalents of the diamine have been added. However,
presumably at least one of the six coordination sites on the
chromium(II) ion must be vacant at the time reduction of a
halide occurs to permit transfer of the halogen atom from the
substrate to the chromium ion.1?

Chromium(II) perchlorate is the salt of choice for preparing
the en complex in dimethylformamide solution. At comparable
concentration levels chromium(IT) sulfate?® is insoluble, and the
chromium(I1) chloride?!1 is only partially soluble in the
reaction solution,
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MACROCYCLIC POLYETHERS: DIBENZO-18-CROWN-6
POLYETHER AND DICYCLOHEXYL-18-CROWN-6
POLYETHER

(Dibenzo [b, k] [1, 4, 7, 10, 13, 16,] hexaoxacyclooctadecin, 6, 7, 9,

10,

17, 18, 20, 21-octahydro- and dibenzo [b, k] [1, 4, 7, 10, 13,16]
hexaoxacyclooctadecin, eicosahydro-)

OH

. NaOH
@[ + OCH.CH,CD,  ~eimon,
reflux

OH

0 O. Hy(70 atm.),
Ru-Al,05 catalyst
2-C4HgOM, 100° >

(0] 0

Submitted by CHARLES J. PEnicrsgN]
Chockoed by Epirw Fena and Herprirr O. House
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1. Procedure

Caution! The subsequently described macrocyclic polyethers are
toxic (Note 1) and should be handled with care.

A. Dibenzo-18-crown-6 polyether. A dry 5-1. three-necked
flask is fitted with a reflux condenser, a 500-ml. pressure-
equalizing dropping funnel, a thermometer, and a mechanical
stirrer. An inlet tube at the top of the reflux condenser is used
to maintain a static nitrogen atmosphere in the reaction vessel
throughout the reaction. The flask is charged with 330 g.
(3.00 moles) of catechol (Note 2) and 21. of commercial 1-
butanol and then stirring is started and 122 g. (3.05 moles) of
sodium hydroxide pellets is added. The mixture is heated
rapidly to reflux (about 115°) and then a solution of 222 g.
(1.55 moles) of bis(2-chloroethyl) ether (Note 3) in 150 ml. of
1-butanol is added, dropwise with continuous stirring and heat-
ing, over a 2-hour period. After the resulting mixture has been
refluxed with stirring for an additional hour, it is cooled to 90°
and an additional 122 g. (3.05 moles) of sodium hydroxide
pellets is added. The mixture is refluxed with stirring for
30 minutes and then a solution of 222 g. (1.55 moles) of bis(2-
chloroethyl) ether (Note 3) in 150 ml. of 1-butanol is added,
dropwise with stirring and heating, over a period of 2 hours.
The final reaction mixture is refluxed, with stirring, for 16
hours (Note 4) and then acidified by the dropwise addition of
21 ml. of aqueous concentrated hydrochloric acid. The reflux
condenser is replaced with a distillation head and approxi-
mately 700 ml. of 1-butanol is distilled from the mixture. As the
distillation is continued, water is added to the flask from the
dropping funnel at a sufficient rate to maintain a constant
volume in the reaction flask. This distillation is continued until
the temperature of the distilling vapor exceeds 99° (Note 5),
and then the resulting slurry is cooled to 30-40°, diluted with
500 ml. of acetone, stirred to coagulate the precipitate, and
filtered with suction. The residual crude product is stirred with
2 1. of water, filtered with suction, stirred with 1 1. of acetone,
and again filtered with suction. The residual product is washed
with an additional 500 ml. of acetone and then sucked dry.
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This product, tan fibrous crystals melting at 161-162°, amounts
to 221-260 g. (39-489%,) and is sufficiently pure for use in the
next part of this preparation. The product may be purified
further by recrystallization from benzene. The dibenzo-18-
crown-6 polyether separates as white fibrous needles melting at
162.5-163.5° (Note 6). ,

B. Dicyclohexyl-18-crown-6 polyether. A 1-1. stainless steel
autoclave is charged with a mixture of 125 g. (0.347 mole) of
dibenzo-18-crown-6 polyether, 500 ml. of redistilled 1-butanol
(Note 7), and 12.5g. of 59, ruthenium-on-alumina catalyst
(Note 8). After the autoclave has been closed, it is flushed with
nitrogen and filled with hydrogen. The mixture is hydrogenated
at 100° and a hydrogen pressure of about 70 atm. (1000 p.s.i.)
until the theoretical amount of hydrogen (2.08 moles) has been
absorbed. The autoclave is cooled to room temperature and
then vented and the reaction mixture is filtered to remove the
catalyst (Note 9). The filtrate is concentrated under reduced
pressure at 90-100° with a rotary evaporator (Note 10). The
residual crude product solidifies on standing (Note 11). To
remove hydroxylic impurities, a solution of the crude product
(about 130 g.) in 400 ml. of »-heptane is filtered through a 7-
cm. by 20-cm. column of acid-washed alumina (80-100 mesh,
activity I-I1I), and the column is eluted with additional »-
heptane until the eluate exhibits hydroxyl absorption in the
3-u region of the infrared. The solvent is removed from the
combined eluates with a rotary evaporator to leave 75-89 g.
(58-699%,) of mixture of diastereoisomeric dicyclohexyl-18-
crown-6 polyethers as white prisms melting within the range
38-54° (Note 12). This mixture of stereoisomers may be used
to prepare complexes with various metal salts (Notes 13 and
14).

2. Notes

1. Dicyclohexyl-18-crown-6 polyether possesses unusual phys-
iological properties which require care in its handling.* 1t is
likely that other cyclic polyethers with similar complexing
power are also toxic, and should be handled with equal care.
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Oral toxicity. The approximate lethal dose of the dicyeclo-
hexyl-18-crown-6 polyether for ingestion by rats was 300 mg./
kg. In a 10-day subacute oral test, the compound did not
exhibit any cumulative oral toxicity when administered to
male rats at a dose level of 60 mg./kg./day. It should be noted
that dosage at the approximate lethal dose level caused death
in 11 minutes, but that a dose of 200 mg./kg. was not lethal in
14 days.

Eye irritation. This dicyclohexyl polyether produced some
generalized corneal injury, some iritic injury, and conjunctivitis
when introduced as a 109, solution in propylene glycol. Al-
though tests are not complete, there may be permanent injury
to the eye even if the eye is washed after exposure.

Skin absorption. Dicyclohexyl-18-crown-6 polyether is very
readily absorbed through the skin of test animals. It caused
fatality when absorbed at the level of 130 mg./kg.

Skin irritation. Primary skin irritation tests run on this
polyether indicate the material should be considered a very
irritating substance.

2. Catechol of satisfactory purity may be purchased from
Eastman Organic Chemicals or from Aldrich Chemical Com-
pany, Inc.

3. Bis(2- chloroethyl) ether may be obtained from Eastman
Organic Chemicals. The checkers redistilled this material (b.p.
175-177°) before use.

4. A shorter period of refluxing may be sufficient.

5. The bulk of the material, a l-butanol-water azeotrope,
distils at 92°.

6. The product has ultraviolet maxima (CH,OH solution)
at 223 mu (e 17,500) and 275 mu (e 5500) with n.m.r. peaks
(CDCl, solution) at 6.8-7.0 (8H multiplet, aryl CH) and 3.8-
43 p.p.m. (16H multiplet, CH,—O). The mass spectrum
exhibits the following abundant peaks: m/e (rel. int.), 360 (M*,
29), 137 (29), 136 (74), 121 (100), 109 (23), 80 (31), 52 (21), 45

(27), and 43 (34).

7. Tt is advisable to use redistilled solvent to avoid the pres-
ence of catalyst poisons.
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8. The 59, ruthenium-on-alumina catalyst is available from
Engelhard Industries.

9. Since the catalyst, saturated with hydrogen, is pyro-
phoric, it should be kept wet with water after the filtration has
been completed.

10. Since the product, a polyether, is apt to be oxidized by
air, especially at elevated temperatures in the molten state, the
product should be stored under a nitrogen atmosphere.

11. This residue is a mixture of stereoisomeric dicyclohexyl-
18-crown-6 polyethers which may be contaminated with some
unchanged dibenzo-18-crown-6 polyether and with alcohols
arising from hydrogenolysis of the polyether ring. The sub-
mitter reports that this residue is sufficiently pure for many
purposes such as the preparation of complexes with potassium
hydroxide which are soluble in aromatic hydrocarbons.

12. The submitter reports that the two major diastereoiso-
mers present, designated isomer A, m.p. 61-62° and isomer B,
as one of two crystalline forms, m.p. 69-70° or m.p. 83-84°,
may be separated by chromatography on alumina.? An x-ray
crystal structure determination for the complex of barium
thiocyanate with isomer A of dicyclohexyl-18-crown-6 poly-
ether has shown this polyether to have the cis-syn-cis stereo-
chemistry.” An x-ray crystal structure determination for
the complex of sodium bromide with isomer B has shown
this isomer to have the cis-anti-cis stereochemistry.®® The
mixture of isomers A and B has negligible ultraviolet absorption
(95% EtOH solution) and exhibits n.m.r. multiplets (C¢Ds
solution) in the regions 3.3-4.0 (20H multiplet, O—CH) and
0.9-2.2 p.p.m. (16H multiplet, aliphatic CH). The mass spec-
trum of the mixture exhibits the following relatively abundant
peaks: m/fe (rel. int.), 372 (M+, 2), 187 (35), 143 (100), 141 (47),
99 (92), 98 (46), 97 (41), 89 (66), 87 (41), 83 (45), 82 (55), 81 (99),
73 (77), 72 (46), 69 (58), 67 (42), 57 (50), 55 (58), 45 (77), 43 (61),
and 41 (58). Although the infrared (CCl, solution) and n.m.r.
(C¢Dyg solution, 100 mHz.) spectra of the pure isomers A and B
differ slightly from one another, the checkers were unable to
use these spectra to determine quantitatively the composition
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of mixtures of the two isomers. The most notable difference in
these spectra is the shape of the n.m.r. multiplet in the region
3.3—4.0 p.p.m.; this multiplet is considerably broader in isomer
A than in isomer B allowing a qualitative estimate of the purity
of each isomer.

13. The submitter prepared a toluene solution of the complex
of potassium hydroxide with dicyclohexyl-18-crown-6 poly-
ether bv the following procedure. A mixture of 14.9 g. (0.0402
mole) of dicyclohexyl-18-crown-6 polyether (mixture of iso-
mers) and 2.64 g. (0.0400 mole) of 859, potassium hydroxide
was dissolved in 50 ml. of methanol with gentle warming on a
steam bath. The solution was diluted with 100 ml. of toluene
and then concentrated with a rotary evaporator to a volume of
50 ml. An additional 100 ml. of toluene was added, and the
solution was again concentrated to a volume of 50 ml. This
solution was diluted with toluene to a volume of 100 ml., 1 g.
of decolorizing charcoal was added, and the mixture was
allowed to stand overnight under a nitrogen atmosphere.
After gravity filtration, a clear toluene solution of the complex
was obtained. Titration with standard aqueous hydrochloric
acid indicated the solution to be approximately 0.3M in base.
This solution, which must be protected from atmospheric
moisture and carbon dioxide, has been used for the saponification
of sterically hindered esters.*

14. The checkers prepared a crystalline complex of potas-
sium acetate with isomer B of dicyclohexyl-18-crown-6 poly-
ether by the following procedure. To a stirred solution of 15.0 g.
(0.0404 mole) of dicyclohexyl-18-crown-6 polyether (mixture of
isomers) in 50 ml. of methanol was added a solution of 5.88 g. .
(0.0600 mole) of anhydrous potassium acetate (dried at 100°
under reduced pressure) in 35 ml. of methanol. The resulting
solution was concentrated under reduced pressure with a
rotary evaporator, and the residual white solid was extracted
with 35 ml. of boiling methylene chloride. The resulting mixture
was filtered and the filtrate was cooled in a dry ice-acetone bath
and slowly diluted with petroleum ether (b.p. 30-60°, approxi-
mately 200 ml. was required) to initiate crystallization. The
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resulting suspension of the crystalline complex was allowed to
warm to room temperature and was filtered with suction.
Recrystallization of this complex from a methylene chloride-
petroleum ether (b.p. 30-60°) mixture separated 4.21-4.35 g.
(22-239,) of the complex of potassium acetate with isomer B
of dicyclohexyl-18-crown-6 polyether as white needles, m.p.
165-250° dec. This complex has infrared absorption (CH,CI,
solution) at 1570 and 1385 ecm.~ (COO~) with n.m.r. absorption
(CDCI; solution) at 3.3—-4.0 (20H multiplet, 0—CH), 1.95 (3H
singlet, CH,CO), and 1.0-2.1 p.p.m. (16H multiplet, aliphatic
CH). A 4.21-g. sample of this complex was partitioned between
75 ml. of water and three 25-ml. portions of ether. The com-
bined ether solutions were dried over anhydrous magnesium
sulfate and then concentrated under reduced pressure to leave
1.82 g. of isomer B of dicyclohexyl-18-crown-6 polyether as
white prisms, m.p. 68-69°,

3. Discussion

The preparation of dibenzo-18-crown-6 polyether directly
from catechol and bis(2-chloroethyl) ether has been reported
previously.* The present procedure is an improvement of this
method. Although dibenzo-18-crown-6 polyether can be ob-
tained in 809, yield from bis-[2-(o-hydroxyphenoxy)-ethyl]
ether and bis(2-chloroethyl) ether, the former intermediate
has to be synthesized by a method involving several steps.
One of the hydroxyl groups of catechol must be protected
against alkali by reaction with a molecule of dihydropyran or
chloromethylmethyl ether. Then the intermediate is treated
with bis(2-chloroethyl) ether in the presence of alkali and,
finally, converted into the desired intermediate by acid hydrol-
ysis.* The yield of bis[2-(o-hydroxyphenoxy)-ethyl] ether was
less than 409, so that the overall yield of dibenzo-18-crown-6
polyether never approached 39-489%,, the yield of the present
direct method.

Dibenzo-24-crown-8 and dibenzo-30-crown-10 polyethers can
be prepared by this method with the substitution of the
appropriate w,w’-dichloropolyether for bis(2-chloroethyl) ether.
However, dibenzo-12-crown-4 and macrocyclic polyethers con-
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taining two or more benzo groups and an uneven number of
oxygen atoms have to be prepared by the alternative method
mentioned above using the intermediate catechol monoethers.
Macrocyclic polyethers containing one benzo group can be
synthesized by the direct reaction between one molecule of
catechol and one molecule of w,w’-dichloropolyethers in the
presence of alkali. Certain substituted crown compounds can
be obtained by using catechol derivatives, such as 4-(tertiary-
butyl)-catechol and 4-chlorocatechol, which do not give side -
reactions in the presence of alkali.

It is unusal to form a ring of eighteen atoms in a single opera-
tion by the reaction of two molecules of catechol with two
molecules of bis(2-chloroethyl) ether. It seems possible that the
ring-closure step is facilitated by the presence of sodium ion
which is solvated by the intermediate acyclic polyether. Some
experiments appear to support this hypothesis. The yields of
dibenzo-18-crown-6 polyether are higher when it is prepared
with sodium or potassium hydroxide than when lithium or
tetramethylammonium hydroxide is used. Lithium and quater-
nary ammonium ions are not strongly complexed by the poly-
ethers. Furthermore, the best ligands for alkali metal cations,
polyethers containing rings of 15 to 24 atoms including 5 to 8
oxygen atoms, are formed in higher yields than smaller or
larger rings, or rings of equal sizes with only 4 oxygen atoms.

The physical properties of many macrocyclic polyethers and
their salt complexes have been already described.?®> Dibenzo-
18-crown-6 polyether is useful for the preparation of sharp-
melting salt complexes. Dicyclohexyl-18-crown-6 polyether has
the convenient property of solubilizing sodium and potassium
salts in aprotic solvents, as exemplified by the formation of a
toluene solution of the potassium hydroxide complex (Note 13).
Crystals of potassium permanganate, potassium ¢-butoxide,
and potassium palladium(II) tetrachloride (PdCl, -+ KCl) can
be made to dissolve in liquid aromatic hydrocarbons merely by
adding dicyclohexyl-18-crown-6 polyether.# The solubilizing
power of the saturated macrocyclic polyethers permits ionie
reactions to occur in aprotic media. It is expected that this
property will find practical use in catalysis, enhancement of
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chemical reactivity, separation and recovery of salts, electro-
chemistry, and in analytical chemistry. There are some limita-
tions. Although salts with high lattice energy, such as fluorides,
nitrates, sulfates and carbonates, form complexes with macro-
cyclic polyethers in alcoholic solvents as readily as more
polarizable (softer) salts, their complexes cannot be isolated in
the solid state because one or the other uncomplexed com-
ponent precipitates on concentrating the solutions. For the
same reason, these salts cannot be rendered soluble in aprotic
solvents by the polyethers.

1. Contribution No. 244 from Elastomer Chemicals Department, Research
Division, Experimental Station, E. I. duPont de Nemours and Co., Wilming-
ton, Delaware 19898.

2. For further details, see H. K. Frensdorff, J. Amer. Chem. Soc., 93, 4684
(1971).

8. (a) N. K. Dalley, D. E. Smith, R. M. Izatt, and J. J. Christensen, Chem.
Commun., 90 (1972); (b) D. E. Fenton, M. Mercer, and M. R. Truter,
Biochem. Biophys. Res. Comm., in press.

4. C. J. Pedersen, J. Amer. Chem. Soc., 89, 7017 (1967); 92, 386 (1970).

5. For reviews see (a) J. J. Christensen, J. O. Hill, and R. M. Izatt, Science,
174, 459 (1971); (b) C. J. Pedersen and H. K. Frensdorff, Angew. Chem.,
Int. Ed. Engl., 11, 16 (1972).

METALATION OF 2-METHYLPYRIDINE DERIVATIVES:
ETHYL 6-METHYLPYRIDINE-2-ACETATE

(6-Methylpyridine-2-acetic acid, ethyl ester)
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1. Procedure

Caution! This preparation should be carried out in a good hood
to avoid exposure to ammonia.

A 1-1. three-necked flask is fitted with a dry ice-acetone con-
denser, a glass stirrer, and a glass stopper (Note 1). Potassium
amide is prepared in 400 ml. of liquid ammonia from 8.0 g.
(0.20 g.-atom) of potassium metal (Note 2). The glass stopper
is replaced with an addition funnel containing 32.1 g. (0.300
mole) (Note 3) of 2,6-lutidine dissolved in about 20 ml. of
anhydrous ether. The lutidine solution is added to the amide

h
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solution and the funnel is rinsed with a little ether, which is also
added. The resulting orange solution of potassiolutidine is
stirred for 30 minutes, and then cooled in a dry ice-acetone
bath (Note 3). As rapidly as possible, 11.8 g. (0.100 mole) of
freshly distilled diethyl carbonate is added, and the cooling
bath is removed. The color changes to green. After 5 minutes

the reaction mixture is neutralized by the addition of 10.7 g.

(0.200 mole) of ammonium chloride. The green color is dis-
charged, and the final mixture is gray. The condenser is re-
moved, and the ammonia is allowed to evaporate (Note 4).
The residue is stirred with 500 ml. of ether and filtered. The
residual solid is extracted with an additional 100 ml. of ether,
and the ethereal extracts are combined and concentrated with
a rotary evaporator. The residual oil is distilled using a modi-
fied Claisen flask. Lutidine (22 g., 699,) is collected at 46-56°
(10 mm.) and 10.7-13.4 g. (569-759%,) of the ester is collected at
87° (0.7 mm.). The ester is a bright yellow liquid, 225 p 1.4995,
d,2° 1.0608 (Note 5).

2. Notes

1. A Teflon stirrer should not be used since Teflon is attacked
by alkali metals, by metal amides, and by carbanions.

2. The preparation of potassium amide is described in a
previous volume.? Caution! Potassium may form an explosive
red or orange perowide coating. Potassium is a silver-gray metal
with a blue-violet cast, and any potassium showing an orange or
red color, or with an appreciable oxide coating, should be con-
sidered extremely hazardous.?

3. The use of an extra mole of lutidine and rapid addition of
diethyl carbonate both decrease formation of urethane. The
use of the dry ice bath to cool the reaction mixture permits
rapid addition of diethyl carbonate without excessive foaming.
If urethane is formed from the diethyl carbonate and ammonia,
the yield of product is decreased and the distillation is difficult.

4. A steam bath or hot air gun may be used with care to
speed up evaporation of the ammonia.

5. The ester has been reported® to boil at 132° (18 mm.). It
was reported as a colorless oil, giving a hydrochloride melting
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at 112-115°, Ethyl pyridine-2-acetate was reported in a previous
volume® as a light yellow liquid, b.p. 135-137° (28 mm.).
The n.m.r. spectrum of the present product is in accord with
the structure assigned and the hydrochloride melts at 115°.

3. Discussion

Ethyl pyridine-2-acetate® and ethyl 6-methylpyridine-2-
acetate have previously been prepared by carboxylation of the
lithio derivatives of «-picoline and lutidine, respectively. Use
of ethyl carbonate to acylate the organometallic derivative
avoids the intermediacy of the (unstable) carboxylic acid, and
the yields are better. In the present procedure potassium amide
is used as the metalating agent; the submitters report that the
same esters may be formed by metalation with sodium amide
(43%, yield) or with n-butyllithium (399, yield). The latter
conditions also yield an appreciable amount of the acid (which
decarboxylates).

1. Department of Chemistry, University of Akron, Akron, Ohio.

2. 8. Boatman, T. M. Harris, and C. R. Hauser, Org. Syn., 48, 40 (1963). See
also L. F. Fieser and M. Fieser, ‘‘Reagents for Organic Synthesis,” John
Wiley & Sons, New York, 1967, p. 907.

3. See J. F. Short, Chem. Ind. (London), 2132 (1964) and references therein;
see also D. P. Mellor, Chem. Ind. (London), 723 (1965) and M. 8. Bil, Chem.
Ind. (London), 812 (1965).

4. V. Boekelheide and W. G. Gall, J. Org. Chem., 19, 499 (1954).

5. R. B. Woodward and E. C. Kornfeld, Org. Syn., Coll. Vol. 3, 413 (1955).
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1. Procedure

A. 2-Methyl-2-nitropropane. To a well-stirred suspension of
650 g. (4.11 moles) of potassium permanganate in 3 1. of water,
contained in a 5-1. three-necked flask fitted with a reflux con-
denser, a mechanical stirrer, a thermometer, and a 250-ml.
dropping funnel, is added dropwise and with stirring over a 10-
minute period, 100 g. (1.37 moles) of ¢-butylamine (Note 1).
When the addition is complete, the reaction mixture is heated
to 55° over a period of approximately 2 hours, and then the
reaction mixture is maintained at 55° with continuous stirring
for 3 hours. The dropping funnel and reflux condenser are
replaced by a stopper and a still head fitted for steam distilla-
tion and the product is steam distilled from the reaction mixture
(Note 2). The liquid product is separated from the denser
water layer and then diluted with 250 ml. of ether and washed
successively with two 50-ml. portions of aqueous 2M hydro-
chloric acid and with 50 ml. of water. After the ethereal
solution has been dried over anhydrous magnesium sulfate, the
solution is fractionally distilled at atmospheric pressure to
remove the ether. The residual crude product (Note 3) amounts
to 106-128 g. and is sufficiently pure for use in the next step.
In a typical run, distillation of 124 g. of the crude product
afforded 110 g. (789,) of the pure 2-methyl-2-nitrobutane as a
colorless liquid, b.p. 127-128°, n2 b 1.3992. The material
slowly solidifies on standing to a waxy solid, m.p. 25-26°
(Note 4).

B. N-t-Butylhydroxylamine. Caution! Since hydrogen may
be liberated during the reduction with aluminum amalgam, the
reaction should be conducted in a hood. Also, the aluminum
amalgam may be pyrophoric. Consequently, it should be wsed
immediately and not allowed to become dry.

Aluminum foil (30 g. or 1.1 gram-atoms, thickness 0.002—
0.003 ¢m.) is cut into strips 5 em. by 25 cm., and each strip is
rolled into a cylinder about 1 em. in diameter. Each of the
aluminum foil cylinders is amalgamated by immersing it in a
solution of 8.0 g. (0.030 mole) of mercury(11) chloride in 400 ml.
of water for 15 seconds. Kach amalgamated cylinder is then
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rinsed successively in ethanol and in ether and added to a
mixture of 1.5 1. of ether and 15 ml. of water (Note 5) contained
in a 3-l. three-necked flask fitted with a dropping funnel, a
mechanical stirrer, and two efficient reflux condensers in series.
The reaction mixture is stirred vigorously and 60 g. (0.58 mole)
of 2-methyl-2-nitropropane is added dropwise at such a rate
that the ether refluxes briskly. The reaction usually exhibits a
5- to 7-minute induction period after which a vigorous reaction
occurs and cooling with an ice bath is necessary. After addition -
of the nitro compound is complete, the reaction mixture is
stirred for an additional 30 minutes, and then the stirrer is
stopped and the gelatinous precipitate is allowed to settle.
The colorless reaction solution is decanted through a glass wool
plug into a 2-1. separatory funnel and washed with two 250-ml.
portions of aqueous 2M sodium hydroxide (Note 6). The
precipitate in the reaction flask is washed with two 500-ml.
portions of ether and these washings are combined and washed
with the aqueous sodium hydroxide solution (Note 6). The
combined ethereal solutions are dried over anhydrous sodium
sulfate and concentrated under reduced pressure with a rotary
evaporator. The residual crystalline solid is dried under reduced
pressure (10-15 mm.) at room temperature to leave 33.7-38.7
g. (656-75%) of the crude hydroxylamine product, m.p. 59—
60°, which is sufficiently pure for use in the next step. The
crude product may be recrystallized from pentane to separate
the pure N-t-butylhydroxylamine as white plates, m.p. 64—
65° (Note 7).

C. 2-Methyl-2-nitrosopropane. A solution of sodium hypo-
bromite is prepared by adding, dropwise, and with stirring over
a 5-minute period, 57.5 g. (18.5 ml. or 0.360 mole) of bromine to
a solution of 36.0 g. (0.900 mole) of sodium hydroxide in 225 ml.
of water. The resulting yellow solution, contained in a 1-l.
three-necked flask fitted with a mechanical stirrer, a thermom-
eter, and a dry ice-acetone cooling bath, is cooled to —20°,
A suspension of 26.7 g. (0.300 mole) of N-t-butylhydroxylamine
in 50 ml. of water is added to the reaction flask with continuous
stirring as rapidly as possible without allowing the temperature
of the reaction mixture to exceed 0°. The reaction solution is



80 ORGANIC SYNTHESES—VOL. 52 °

again cooled to —20°, and then the cooling bath is removed and
the mixture is stirred for 4 hours while the reaction mixture
warms to room temperature. The solid product, the nitroso
dimer which has separated, is collected on a sintered glass
funnel and then pulverized and washed with 11. of water
(Note 8). The residual solid is dried at room temperature under
reduced pressure (10-15 mm.) to leave 19.6-22.2 g. (75-85%,)
of the dimer of 2-methyl-2-nitrosopropane, m.p. 80-81° (Note
9). The product is sufficiently pure to be stored (Note 10) for
use as a free radical trapping reagent.

2. Notes

1. t-Butylamine, purchased from Aldrich Chemical Company,
Inc. may be used without purification.

2. Approximately 11. of distillate needs to be collected to
remove the product from the reaction mixture.

3. The principal contaminant is residual diethyl ether.

4. The purified product exhibits infrared bands (CCl, solu-
tion) at 1545 cm.~! (broad) and 1355 cm.~! (NO,) with an
ultraviolet maximum (95%, EtOH solution) at 279 mu (e 24)
and an n.m.r. singlet (CCl, solution) at 1.58 p.p.m. [(CH,),C].
The mass spectrum has the following abundant fragment
peaks: m/e (rel. int.), 57 (100), 41 (74), 39 (45), and 29 (57).

5. Since water is one of the reactants in this reduction, it is
necessary that at least a stoichiometric quantity of water is
present.

6. Since the hydroxylamine product is readily oxidized by
air to the blue nitroso compound, these manipulations should
be performed rapidly to minimize exposure of the product to
atmospheric oxygen. Any nitroso compound formed at this
stage will co-distil with the ether and is difficult to recover.

7. The product has infrared absorption (CCl, solution) at
3600 cm.~! and 3250 (broad) em.~! (OH and NH) with n.m.r.
singlets (CCl, solution) at 5.86 (2H, NH, and OH) and 1.09
p-p.m. [9H, (CH,),C]. The mass spectrum has the following
abundant peaks: m/e (rel. int.), 89 (M*, 11), 74 (96), 58 (41),
57 (100), 56 (52), 42 (41), 41 (74), 39 (34), 29 (54), and 28 (30).
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8. Thorough washing to remove the last traces of alkali is
essential, or the nitroso dimer will decompose to volatile prod-
ucts on standing.

9. When the colorless nitroso dimer is dissolved in various
solvents, it partially dissociates to form a blue solution which
contains an equilibrium mixture of monomer and dimer. In
benzene-dg and in carbon tetrachloride solutions, the n.m.r.
spectrum of the initial solutions of dimer changes rapidly and
equilibrium is established within 20-30 minutes. From n.m.r..
measurements at about 40° the equilibrium mixtures in carbon
tetrachloride and in benzene-dg contain 80-819%, of the mono-
mer;'? the n.m.r. singlets attributable to ¢-butyl groups are
observed at 1.24 (monomer) and 1.57 p.p.m. (dimer) in carbon
tetrachloride and at 0.97 (monomer) and 1.49 p.p.m. (dimer) in
benzene-dg. The infrared spectrum of the equilibrated mixture
(CCl, solution) exhibits absorption at 1565 cm.~! attributable
to the N=0 group of the monomer; this peak is not observed
in the infrared spectrum (KBr pellet) of the dimer. The mass
spectrum of the product exhibits the following abundant frag-
ment peaks: mfe (rel. int.), 72 (10), 57 (100), 56 (23), 55 (21),
42 (22), 41(97), 39 (55), 30 (49), 29 (74), and 28 (53). A water
solution of the dimer initially is colorless and exhibits an
ultraviolet maximum at 287 mu (e 8000). On standing the
solution slowly turns blue. A solution of the dimer in ethanol,
after standing for 20-30 minutes, exhibits maxima at 292 mu
(e 682 dimer) and 686 mu (e 14.5 monomer).

10. The submitters report that if the produect is stored at 0°
in the dark, it may be kept indefinitely.

3. Discussion

The oxidation of ¢{-butylamine to 2-methyl-2-nitropropane is
an example of a procedure previously illustrated in Org. Syn.2
N-t-Butylhydroxylamine has previously been prepared by
acid-catalysed hydrolysis of 2-t-butyl-3-phenyloxazirane® and
by oxidation of ¢-butylamine.¢ The procedure described here is
based on a method mentioned briefly by Smith and co-workers.?
2-Methyl-2-nitrosopropane has also been prepared directly by
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oxidation of ¢-butylamine® 12 but is usually obtained by oxida-
tion of the hydroxylamine.*

2-Methyl-2-nitrosopropane is an excellent scavenger of free
radicals and is now widely used in “spin trapping” experi-
ments®® (although it has certain disadvantages).!® In this
recently developed technique, a reactive radical is trapped by
the nitroso compound and identified by analysis of the e.s.r.
spectrum of the so-formed stable nitroxide radical. The per-
deuterated derivative of 2-methyl-2-nitrosopropane has also
been recommended for this purpose.l® {-Butylhydroxylamine,
an intermediate in the present procedure, may also be used to
synthesize f-butylphenylnitrone which has been used as a
“spin-trapping” reagent.® The reaction of 2-methyl-2-nitroso-
propane with aryl Grignard reagents has been used to prepare
N-aryl-N-¢-butylhydroxylamines.>
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OXIDATION WITH THE NITROSODISULFONATE
RADICAL. I. PREPARATION AND USE OF DISODIUM
NITROSODISULFONATE: TRIMETHYL-p-BENZOQUINONE

(Nitrosodisulfonate, disodium and benzoquinone, 2,3,5-trimethyl)
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1. Procedure

A. Disodium Nitrosodisulfonate. In a 1-1. resin kettle,
equipped with a mechanical stirrer, a thermometer, a gas-
inlet tube suspended about 0.5 cm. above the bottom of the
vessel, and an ice-cooling bath, are placed 15.0 g. (0.217 mole)
of sodium nitrite (Note 1), 16.8 g. (0.200 mole) of sodium bi-
carbonate (Note 1), and 400 g. of ice. Sulfur dioxide (25.6 g. or
0.40 mole, Note 2) is passed into the cold, initially hetero-
gencous mixture with stirring over a period of 40 minutes.
Near the end of the sulfur dioxide addition, the light brown
color of the reaction mixture fades almost completely. The
resulting colorless to pale yellow solution of disodium hydroxyl-
aminedisulfonate (Note 3), which has an approximate pH of 4,

83
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is stirred for 10 minutes and then 59.5 g. (0.480 mole) of sodium
carbonate monohydrate (Note 1) is added to give a solution of
pH 11. The gas inlet tube is removed from the reaction vessel
and replaced with a rectangular anode constructed from a
3.5 cm. by 4.7 cm. piece of stainless steel mesh (about 16 mesh/
cm.?) with a stainless steel wire as an electrical lead. The
cathode is a cylindrical coil formed from a 1.5-mm. diameter by
40-cm. length of stainless steel wire which is suspended in a
5-cm. diameter by 10-cm. porous porcelain thimble filled with
aqueous 109, sodium carbonate. The procelain thimble con-
taining the cathode is suspended in the reaction vessel so that
the liquid levels in the anode and cathode compartments are
the same. The cathode-anode resistance of the electrolysis cell
should be in the range of 5~10 ohms. While the reaction solution
is continuously stirred and maintained at a temperature of 12°
with an ice bath, the electrolysis is started by applying a
sufficient potential (approximately 10 volts, Note 4) to the
anode and cathode leads to give a cell current of 2.0 amp. As
the electrolysis proceeds, the potential applied to the cell is
adjusted to maintain a cell current of 2.0 amp. The formation
of the nitrosodisulfonate radical is evidenced by the appearance
of a deep purple color (Note 5). The electrolysis is continued
with stirring and cooling until quantitative measurement of the
optical density of the reaction solution (Note 5), indicates the
concentration of disodium nitrosodisulfonate to be 0.42-
0.47M (84-949, yield). The typical reaction time is 4 hours;
the amount of electricity passed through the cell will amount to
approximately 28,800 coulombs or 8 amp-hours (theoretical
amount 19,300 coulombs or 5.4 amp-hours). This solution of the
nitrosodisulfonate radical is removed from the anode compart-
ment of the electrolysis cell and used directly in the next part
of this preparation (Note 6).

B. Trimethyl-p-benzoquinone. The aqueous solution con-
taining approximately 0.17 mole of disodium nitrosodisulfonate
is placed in a 1-1. round-bottomed flask fitted with a mechanical
stirrer, a thermometer, and an ice bath. A solution of 10.0g.
(0.0734 mole) of 2,3,6-trimethylphenol (Note 7) in 100 ml. of
heptane is added to the reaction flask and the resulting mixture
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is stirred vigorously for 4 hours with continuous cooling to
maintain the reaction mixture below 12°. Then the yellow
heptane layer is separated and the brown aqueous phase is
extracted with two 100-ml. portions of heptane. The com-
bined heptane solutions are quickly (Note 8) washed with three
50-ml. portions of cold (0-5°), aqueous 4M sodium hydroxide
followed by two 100-ml. portions of saturated aqueous sodium
chloride. The organic solution is dried over anhydrous mag-
nesium sulfate and then concentrated at 40° under reduced
pressure with a rotary evaporator. The residual crude trimethyl-
p-benzoquinone amounts to 10.0-10.9 g. (91-999,) of yellow
liquid which crystallizes when cooled below room temperature.
Further purification may be accomplished by distillation under
reduced pressure to separate 8.5-8.7 g. (77-799,) of the quinone,
b.p. 53° (0.4 mm.), which crystallizes on standing as yellow
needles, m.p. 28-29.5° (Note 9).

2. Notes

1. Reagent grades of these inorganic reagents were employed.

2. Sulfur dioxide was purchased from Matheson Gas Prod-
ucts. It is convenient to use sulfur dioxide contained in a
lecture bottle so that the small cylinder can be mounted on a
balance allowing continuous measurement of the weight of
sulfur dioxide added.

3. The following alternative procedure may be used to
prepare a solution of disodium hydroxylaminedisulfonate.
Sodium nitrite (15 g., 0.217 mole) and 41.6 g. (0.40 mole) of
sodium bisulfite are added to 250 g. of ice. With stirring, 22.5
ml. (0.40 mole) of acetic acid is added all at once and the
mixture is stirred for 90 minutes in an ice bath. At the end of
the stirring period the reaction solution is pH 5 and a potassium
iodide-starch test is negative. A solution of 50 g. (0.47 mole) of
sodium carbonate in water (total volume 250 ml.) is added.
This buffered solution of disodium hydroxylaminedisulfonate
may be used for electrolytic oxidation.

4. Since accurate control of the anode potential is not re-
quired in this oxidation, » variety of direet current sources may
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be employed, provided they are able to supply continuously a
current of about 2 amp. at a potential of about 12 volts. One
of the simplest direct current sources is an unfiltered rectifier of
the type used to charge automobile batteries.

5. In aqueous 1M potassium hydroxide solution, the nitro-
sodisulfonate radical has a maximum in the visible at 544 my
(€ 14.5).

6. The submitters report that approximately half of the
nitrosodisulfonate radical had decomposed after the solution
was stored at 0° for 2 weeks. They report the following
procedure for the isolation of Fremy’s salt (dipotassium
nitrosodisulfonate).

Caution! Fremy’s salt may decompose spontancously in the
solid state.?

To the cold (12°) purple solution of disodium nitrosodisulfon-
ate was added, dropwise and with stirring, a solution of 37.3 g.
(0.5 mole) of potassium chloride in 100 ml. of water. The result-
ing mixture, from which the orange-yellow dipotassium nitro-
sodisulfonate crystals precipitated, was allowed to stand
overnight in the refrigerator, and the crystals were filtered with
suction and washed with 100 ml. of aqueous 1M potassium-
hydroxide. The damp crystals weighed 55 g. A 1-g. aliquot of
the wet material was dried at room temperature in a desiccator
over Drierite to leave 0.76 g. of orange crystals. This corre-
sponds to a 729, yield based on sodium nitrite. On two occasions
small samples of dried material decomposed spontaneously. It
i8 again stressed that if the electrolyzed solution is not used directly,
any isolated Fremy’s sali should be stored as a slurry in 0.5M
potassium carbonate at 0°.

7. Crude 2,3,6-trimethylphenol, purchased from Aldrich
Chemical Company, Inc., was purified by recrystallization from
either hexane or chlorobenzene. The recrystallized phenol
melted at 62-63°.

8. This extraction with aqueous sodium hydroxide to remove
phenolic by-products and starting material must be performed
quickly because p-quinones are unstable to strong bases.

9. The product has infrared absorption (CHCl, solution) at
1645 (conjugated C- 0) and 1619 ¢m 1 (C (%) with ultraviolet
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maxima (959%, EtOH solution) at 256 mu (e 16,700), 341 mu
(e 3880), and 430 my (shoulder, € 30). The material has n.m.r.
peaks (CDCI, solution) at 6.5-6.7 (IH multiplet, aryl CH) and
1.9-2.2 p.p.m. (9H, partially resolved multiplet, CH;) with the
following abundant peaks in its mass spectrum: m/e (rel. int.),
150 (100, M+), 122 (24), 121 (14), 107 (30), 79 (18), 68 (20),
54 (14), 40 (18), and 39 (16).

3. Discussion

The nitrosodisulfonate salts, particularly the dipotassium
salt called Fremy’s salt, are useful reagents for the selective
oxidation of phenols and aromatic amines to quinones (the
Teuber reaction).3-5 Dipotassium’ nitrosodisulfonate has been
prepared by the oxidation of a hydroxylaminedisulfonate
salt with potassium permanganate, 3% with lead dioxide,$ or by
electrolysis.?” This salt is also available commercially. The pres-
ent procedure illustrates the electrolytic oxidation to form an
alkaline aqueous solution of the relatively soluble disodium
nitrosodisulfonate. This procedure avoids a preliminary filtra-
tion which is required to remove manganese dioxide formed
when potassium permanganate is used as the oxidant.?—5

Solutions of the nitrosodisulfonate salts are most stable in
weakly alkaline solutions (pH 10) and decompose rapidly when
the solution is acidic or strongly alkaline.? The solid: dipotas-
sium nitrosodisulfonate (Fremy’s salt) has been reported to
decompose spontaneously®?® suggesting that procedures in-
volving the use of substantial quantities of the dry solid salt
may be hazardous. In the present procedure, separation and use
of the solid salt is avoided since the disodium nitrosodisulfonate
is formed and used in aqueous solution. In this procedure, 2
moles of the preformed nitrosodisulfonate salt are consumed in
the oxidation of one mole of the phenol to the benzoquinone
derivative.? The submitters report that only one molar equiv-
alent of the nitrosodisulfonate salt is required if the electro-
chemical oxidation is carried out in the presence of a heptane
solution of the phenol.

Trimethyl-p-benzoquinone, the product of this oxidation,
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has been prepared by the oxidation. of 2,3,5-trimethyl-1,4-
benzenediamine with iron(III) chloride® and by the oxidation
of 2,3,5-trimethylphenol with dipotassium nitrosodisulfonate.®

1. Chemical Research Department, Hoffman-La Roche Inec., Nutley, N.J.
07110.

2. P. A. Wehrli and F. Pigott, Inorg. Chem. 9, 2614 (1970).

3. H. Zimmer, D. C. Lankin, and S. W. Horgan, Chem. Rev., 71, 229 (1971).

4. G. Brauer, “‘Handbuch der Praparativen Anorganischen Chemie,” Vol. 1,
Ferdinand Encke Verlag, Stuttgart, 1960, p. 452.

. H.-J. Teuber and G. Jellinek, Chem. Ber., 85, 95 (1952) and subsequent
publications.

. G. Harvey and R. G. W. Hollingshead, Chem. Ind. (London), 244 (1953).

. W. R. T. Cottrell and J. Farrar, J. Chem. Soc. 4, 1418 (1970).

L. I. Smith, J. Amer. Chem. Soc., 56, 472 (1934).

H.-J. Teuber and W. Rau, Chem. Ber., 86, 1036 (1953).
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II. USE OF DIPOTASSIUM NITROSODISULFONATE
(FREMY’S SALT): 4,5-DIMETHYL-1,2-BENZOQUINONE

(o-Benzoquinone, 4,5-dimethyl-)

OH
+2:0—N(80,;K),

HY0

(CoHy),0, 25°

0
+ HON(SO,K), + HN(SO,K),

CH,
CH,

Submitted by H.-J. TEUBER!
Checked by P. A. WesnrLl, F. PrcorT, and A. Brosst
1. Procedure

A solution of 15 g. of sodium dihydrogen phosphate (Note 1)
in 51. of distilled water is placed in a 6-1. separatory funnel.
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To this solution is added 90 g. (0.33 mole) of potassium nitroso-
disulfonate (Fremy’s salt) (Note 2). The mixture is shaken to
dissolve the inorganic radical. A solution of 16 g. (0.131 mole)
of 3,4-dimethylphenol (Note 3) in 350 ml. of ether is added
quickly to the purple solution. The mixture is shaken vigorously
for 20 minutes (Note 4). The color of the solution changes to
red-brown. The o-quinone thus formed is subsequently ex-
tracted in three portions with a total of 1.2 1. of chloroform. The
combined organic layers are dried over anhydrous sodium
sulfate (Note 5), filtered, and evaporated under reduced pres-
sure at 20-23° (Note 6). The residual, somewhat oily red-brown
crystals are slurried twice with 15 ml.-portions of ice-cold ether
and collected on a filter. The remaining dark red crystals, after
air drying, weigh 8.7-8.9 g. (49-509%,), m.p. 105-107° (Note 7).

2. Notes

1. Monobasic sodium phosphate, NaH,PO,.H,0, obtained
from Merck & Co., Inc., was used. This buffer was found to be
satisfactory for this reaction.

2. Fremy’s salt may be purchased from Aldrich Chemical
Company, Inc. or from Matheson Coleman and Bell. The
Fremy’s salt used by the checker was prepared electrolytically.?

3. 3,4-Dimethylphenol was obtained from Eastman Organic
Chemicals; the melting point of this material was 63-65°.

4. An efficient stirrer may be substituted for the shaking.

5. The drying was accomplished in about 5 minutes.

6. Higher temperatures may accelerate dimerization of the
product.

7. The product is reported to melt at 102°.2 This material has
n.m.r. peaks (CDCl, solution) at 2.14 and 6.19 p.p.m. with
relative intensities of 3:1. The infrared spectrum (CHCI,
solution) shows the strongest absorption at 1670 c¢m~! accom-
panied, among others, by four more bands at 1390, 1280,
1005, and 835 cm—!. The product has ultraviolet maxima
(CHCI, solution) at 260 mu (e 2600), 400 myu (e 1120), and 572
mu (e 288). It is reported that the material undergoes slow
Diels-Alder dimerization.4
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3. Discussion

o-Quinones exemplify a very important and reactive class of
compounds for general organic synthesis. In the past they have
been prepared from catechol derivatives by silver oxide de-
hydrogenation.? The unique oxidizing properties of Fremy’s
salt allow a number of readily available phenols to be converted
to o-quinones in excellent yield.* The scope of this oxidation,
the Teuber reaction, is the subject of numerous papers® which
have been reviewed recently.5

1. H.-J. Teuber, Institut fiir Organische Chemie der Universitiat, Frankfurt/
Main.

. P. A. Wehrli and F. L. Pigott, Inorg. Chem. 9, 2614 (1970).

- R. Willstatter and F. Miiller, Ber., 44, 2171 (1911).

. H.-J. Teuber and G. Staiger, Chem. Ber., 88, 802 (1955); H.-J. Teuber,
U.S. Patent 2,782, 210 (1957).

. H.-J. Teuber and S. Benz, Chem. Ber., 100, 2918 (1967) and earlier papers.

6. H. Zimmer, D. C. Lankin and S. W. Horgan, Chem. Rev., 71, 229 (1971).
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PREPARATION OF CYANO COMPOUNDS USING ALKYL-
ALUMINUM INTERMEDIATES. I. DIETHYLALUMINUM
CYANIDE

(Cyanodiethylaluminum)

Al(CH,); + HON 25 (0,H,),AICN + C,H,

Submitted by W. NacaTa and M. YosHIoKAl
Checked by S. C. WeLcH, P. BEy, and RoBerT E. IRELAND

1. Procedure

Caution! This preparation should be conducted in a well-
ventilated hood, and neat triethylaluminum must be handled with
great care.

A tared 500-ml. round-bottomed flask is fitted with a vacuum
take-off, and the entire assembly is connected through an
adaptor containing a stopcock to an inverted cylinder of
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triethylaluminum as shown in Figure 1. The assembly is con-
nected to a nitrogen source (Note 1) through the vacuum take-
off and with the cylinder valve closed but the stopcock open,
the system is alternately evacuated and filled with nitrogen
four times. With the system filled with nitrogen the cylinder
valve is opened and approximately 55 ml. (45.7 g; 0.40 mole)
of triethylaluminum (Note 2) is allowed to flow into the reaction
flask. The cylinder valve is then closed ; the system is evacuated
and filled three times with nitrogen, and the adaptor stopcock

a

Lecture \\
.« bottle

Replaced by
dropping fun-
\. nel after
(C,Hg) Al
collected

«— Valve

_«—— Stopcock

<& Adaptor

Vacuum
take-off
N, or vacuum —->-
500-ml. Round-
& bottom flask

Stirrer

Figure 1. Apparatus for colloetion of triothylaluminum.
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is then closed (Note 3). The reaction flask is then quickly
removed, stoppered, and weighed to determine the exact
amount of triethylaluminum collected. A magnetic stirring bar
is added and the flask is fitted with a vacuum take-off and
250-ml. pressure-equalizing dropping funnel. The system is
again placed under a nitrogen atmosphere, and the triethyl-
aluminum is dissolved in 150 ml. of anhydrous benzene which
is added through the dropping funnel. The dropping funnel is
charged with 11.9 g. (0.44 mole) of hydrogen cyanide (Note 4)
in 100 ml. of anhydrous benzene and then this solution is added
dropwise to the solution of triethylaluminum with good mag-
netic stirring and cooling. Preferably, the addition is carried out
at such a constant rate that the hydrogen cyanide solution is
added in about 2 hours. The evolution of ethane gas becomes
slow suddenly after one molar equivalent of hydrogen cyanide
is added (Note 5). After the addition is complete, the reaction
mixture is allowed to stir overnight (Note 6).

After this period, the dropping funnel and the vacuum take-
off are replaced by the short-path distillation assembly shown
in Figure 2. The system is protected by a Drierite tube and the
benzene is distilled under reduced pressure (water aspirator).
After the benzene is removed, the benzene-containing receiver
is replaced with a clean, dry flask, and the system is connected
to an efficient vacuum pump. The pressure in the system is
reduced to 0.02 mm., and the flask is immersed deeply in an
oil bath (Figure 2) heated to about 200°. After about 1 ml. of
fluid forerun is collected, the diethylaluminum cyanide distils
at 162° (0.02 mm.) (Note 7) and is collected in a tared 200-ml.
receiver by heating the side arm and the adaptor with a stream
of hot air or an infrared lamp (Note 8). After all the distillate is
collected in the receiver (Note 9), dry nitrogen is admitted to
the evacuated apparatus and the receiver is stoppered and
weighed. Diethylaluminum cyanide is obtained usually as a
pale yellow syrup (Note 10) in 60-809%, yield (26.7-35.6 g.)
(Note 11).

The stopper of the flask is quickly replaced by the nitrogen
adaptor, and after placing the system under a nitrogen atmos-
phere, the diethylaluminum cyanide is treated with 130 ml.
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Hot air stream Thermometer
or IR lamp

is used to
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ratus hot Solid glass
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To vacuum source
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10 cm.

Magnetic
stirrer

Figure 2. Short-path distillation apparatus.

of dry benzene. The resulting mixture is allowed to stand xivith
occasional swirling under nitrogen until the syrup goes into
solution (Note 12). Sufficient dry benzene is then added to
make the total volume of the solution 200 ml. After thorough
mixing is assured by stirring with a magnetic bar, the resulting
diethylaluminum cyanide solution (13.4-17.8%; 1.2-1.6M)
may be divided and stored in sealed ampoules (Note 13).

2. Notes

1. The nitrogen source described in Org. Syn. [Coll. Vol. 4,133
(1963), Figure 5] was used. '

9. The exact volume of the triethylaluminum added at this
point is not critical, since the exact weight is determined later.
The use of a 25% solution of triethylaluminum in benzene,
available from the Stauffer Chemical Company, 299 Park
Avenue, New York, eliminates the tedious preparation of the
triethylaluminum solution described in this procedure.
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3. These precautions will ensure the removal of any ad-
hering triethylaluminum that will flame when the apparatus
is disassembled.

4. A 109, molar excess of hydrogen cyanide was employed,
and the quantity added at this point was determined by the
amount of triethylaluminum collected. See Note 4 in Part I1I
of this preparation for the preparation of hydrogen cyanide.

5. The change in the rate of gas evolution is sometimes not
clear, especially when the temperature of the hood is high.
When the change is recognized distinctly, the addition of
hydrogen cyanide solution may be stopped at this stage.

6. The reaction mixture containing about 139, (1.2M) of
diethylaluminum cyanide and a small amount of ethylaluminum
dicyanide may be used for most hydrocyanation processes
without further purification. Care must be taken to have no
unchanged triethylaluminum, since the submitters have ob-
served that hydrocyanation of A8-11-keto steroids with diethyl-
aluminum cyanide is greatly retarded by the presence of a
small amount of unchanged triethylaluminum.2-5

7. The checkers collected the diethylaluminum cyanide at
170-180° (0.35 mm.) and 167-175° (0.25 mm.).

8. Heating of the glassware above 150° with a hot air stream
or infrared lamp is essential to make the viscous product run
into the receiver.

9. The pot residue contains ethylaluminum dicyanide as a
nonvolatile mass, most of which may be removed with a
spatula and decomposed with isopropyl alcohol and then water.
The flask is then washed with running water and 209, hydro-
chloric acid to remove the mass completely.

10. The submitters have obtained an almost colorless syrup
by reaction of purified triethylaluminum with hydrogen
cyanide, followed by repeated distillation.

11. The yield depends on the efficiency of the collection of
the viscous distillate in the receiver.

12. It takes considerable time (5-10 hours) to dissolve the
diethylaluminum cyanide. Magnetic stirring is not effective
unless most of the material goes into solution.

13. Dicthylaluminum cyanide dissolved in benzene, toluene,
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hexane, or isopropyl ether and stored in ampoules is stable for
a long period. The cyanide is not stable in tetrahydrofuran.
The anhydrous benzene used in the reaction may be replaced
by diethyl ether or diisopropyl ether.

3. Discussion

Formation of diethylaluminum cyanide from triethyl-
aluminum and hydrogen cyanide was noted initially by the
submitters® and later by Stearns,? but isolation and characteri-
zation of the product were first performed by the submitters.’
An unpractical process comprising heating diethylaluminum
chloride and sodium cyanide in benzene for 21 days has been
reported.®

Diethylaluminum cyanide is a useful, potent reagent for
hydrocyanation of various compounds. Features of this reagent
as compared with the triethylaluminum-hydrogen cyanide
reagent may be seen from the literature.2-3-7

1. Shionogi Research Laboratory, Shionogi & Co., Ltd., Osaka, Japan.

2. W. Nagata, ‘“Proceedings of the Symposium on Drug Research,”” Montreal,
Canada, June 1966, p. 188.

3. W. Nagata, M. Yoshioka, and 8. Hirai, Tetrahedron Lett., 461 (1962).

4. R. S. Stearns, U.S. Patent 3,078,263 (1963).

5. W. Nagata and M. Yoshioka, Tetrahedron Lett., 1913 (1966); W. Nagata,
M. Yoshioka, and S. Hirai, J. Amer. Chem. Soc., 94, 4635 (1972).

6. R. Ehrlich and A. R. Young, J. Inorg. Nucl. Chem., 28, 674 (1966).

7. W. Nagata and M. Yoshioka, ‘“Proceedings of the Second International
Congress on Hormonal Steroids,”” Excerpta Medica Foundation, Amsterdam,
1967, p. 327.



II. 1-CYANO-6-METHOXY-34-
DIHYDRONAPHTHALENE

(6-Methoxy-3,4-dihydronaphthalene-1-carbonitrile)

O
+(02H5)2AICN Uc}j?:’tuluene; Ha(f':
CH,0
HO_ CON N
KHSO, O‘
—_—
130—150°
CH,0 CH,0

Submitted by W. NacaTa, M. YosHIokA, and M. MurRakami!
Checked by R. Wong, C. Kowarskl, R. CzarnNy, and R. E. IRELAND

1. Procedure

A 200-ml. two-necked round-bottomed flask charged with
6.15 g. (0.035 mole) of 6-methoxy-1-tetralone (Note 1) and a
100-ml. round-bottomed flask are flushed with nitrogen, and
each of the flasks is fitted with an adaptor with a side arm con-
nected to a nitrogen bubbler system and then charged with
30 ml. of anhydrous toluene. The 200-ml. flask is cooled to
—20° to —25° (bath temperature) (Note 2). Into the 100-ml.
flask is introduced 60 ml. (0.07 mole) of a 139, solution of
diethylaluminum cyanide in benzene (Note 3) with a hypo-
dermic syringe, and this flask is cooled with ice water. The
cooled diethylaluminum cyanide solution is added to the cold
solution of 6-methoxytetralone with a hypodermic syringe and
the resulting mixture, after being swirled, is kept at —15° for
80 minutes under nitrogen. The stopper of the flask is replaced
by a glass tube which has one end extending to the bottom of the
reaction flask and the other end mounted in a neck of a 2-1.
three-necked flask, equipped with an efficient stirrer and con-
taining a cold (--70°) mixture of 250 ml. of methanol and 150
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Nitrogen

Figure 1. Apparatus for acid treatment of the reaction mixture.

ml. of concentrated hydrochloric acid as shown in Figure 1.
The reaction mixture is added through the glass tube to the
vigorously stirred acid mixture by applying a positive nitrogen
pressure to the reaction flask (Note 4). After the bulk of the
reaction mixture is added, about 50 ml. of a cold mixture of
methanol and hydrochloric acid is added to the reaction flask
and this mixture is transferred to the 2-1. flask in the same way
described above. The stirring is continued for one hour, and the
resulting mixture is poured into a mixture of 200 ml. of con-
centrated hydrochloric acid and 1 1. of ice water (Note 5) and
extracted with three 500-ml. portions of methylene chloride.
The combined organic phases are washed once with 1.51. of
water, dried over anhydrous sodium sulfate, and evaporated
from a flask containing 55 mg. of p-toluenesulfonic acid mono-
hydrate (Note 6), using a rotary evaporator at a temperature
below 40°.

The residue, obtained as a pale yellow oil, weighs approxi-
mately 7.4 g. and consists of 1-cyano-1-hydroxy-6-methoxytetra-
lin and a small amount of unchanged 6-methoxy-1-tetralone.
The oil is transferred to a 10-ml. Claisen flask, a small
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amount of a mixture of methylene chloride and ether being
used to complete the transfer. Two hundred milligrams of
powdered potassium bisulfate is added, and the flask is heated
at 130° under reduced pressure (5 mm.) for 30 minutes. The
pressure is then reduced to 0.01 mm. and the temperature is
raised to about 150° to collect all the distillate [b.p. 113-117°
(0.01 mm.)] in a 50-ml. flask. The viscous distillate (including
material adhering to the distillation apparatus), weighs 6.0-
6.2 g. and yields 4.91-5.05 g. (76-78 9,) of product, m.p. 50—
51.5°, after two or three crystallizations from methanol.
The residue from the mother liquors (1.0-1.3 g.) is adsorbed
on a column of 100 times its weight of silica gel (70-325 mesh)
and the column is eluted with approximately 1 1. of 409/ ether
in petroleum ether (b.p. 30-60°). The first 200 ml. of eluent is
discarded, and then 510-550 mg. of the product is eluted in
the next 250 ml. of eluent. Crystallization of this material
from an ether-petroleum ether (b.p. 30-60°) mixture affords
an additional 460-500 mg. (7.0-7.8%,) of pure product, m.p.
50.5-51.5°. The total yield of the unsaturated nitrile is 5.41—
5.51 g. - (83.8-85.59%,). (Note 7). The final 500 ml. fraction
from chromatography contains 330-660 mg. (5.4-10.79,) of
the starting material, m.p. 77-78°.

2. Notes

1. 6-Methoxy-1-tetralone will be available from K & K
Laboratories, New York, although the submitters have used a
material, m.p. 77-80°, produced by Osaka Yuki Gosei K. K.,
Nishinomiya-shi, Japan.

2. Crystals of 6-methoxy-1-tetralone may separate from the
solution on cooling, but redissolve upon addition of the cooled
diethylaluminum cyanide solution.

3. For preparation of diethylaluminum cyanide, see the
preceding procedure. Both the submitters and checkers em-
ployed a crude reagent solution rather than a solution pre-
pared from distilled diethylaluminum cyanide.

4. Application of the nitrogen pressure may be made con-
veniently by capping the outlet of the mercury bubbler.
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5. The two-step decomposition is effective for preventing
reconversion of the cyanohydrin into the starting ketone.

6. The cyanohydrin initially formed is unstable and readily
reconverted to the starting 6-methoxy-1-tetralone on evapora-
tion of the extracts unless slight acidity of the solution is
maintained by addition of a trace amount of p-toluenesulfonic
acid monohydrate. As this acid is relatively insoluble in methyl-
ene chloride, it should be added directly to the flask used for
evaporation of the solvent.

7. Preferably, the product is stored in an oxygen-free atmos-
phere. Samples not stored in an inert atmosphere have dete-
riorated to dark brown masses within several months, whereas
no appreciable change has been observed in a sample stored for
2 years in an ampoule filled with argon.

3. Discussion

The present method developed by the submitters? is the only
practical process for preparation of 1-cyano-6-methoxy-3,4-
dihydronaphthalene. Birch and Robinson® have reported that
6-methoxy-1-tetralone did not react with hydrogen cyanide or
sodium acetylide. .

This process presents a typical procedure applicable to
preparation of cyanohydrins from ketones and aldehydes of low
reactivity. 1-Cyano-6-methoxy-3,4-dihydronaphthalene is use-
ful as an intermediate for synthesis of polycyclic compounds.

1. Shionogi Research Laboratory, Shionogi & Co., Ltd., Osaka, Japan.

2. W. Nagata and M. Yoshioka, Tetrahedron Lett., 1913 (1966); W. Nagata,
M. Yoshioka, and M. Murakami, J. Amer. Chem. Soc., 94, 4654 (1972).

3. A.J. Birch and R. Robinson, J. Chem. Soc., 503 (1944).



III. 3B-ACETOXY-50-CYANOCHOLESTAN-7-ONE
(3B-Hydroxy-7-o0xo-5a-cholestane-5-carbonitrile 3-acetate)

CH3C SHI 7

tetrahydrofuran

25°

+ HON—AL(C,Hy),

CH,CO0 0

H,0 o
CH,C00

Submitted by W. NacaTa and M. YosHroxal
Checked by RoBERT E. IRELAND, ROBERT CZARNY,
and ConNraD J. KowALSK1

1. Procedure

Caution! This preparation should be carried out in a good hood.
Also, great care should be taken tn handling neat triethylaluminum
because it is pyrophoric—that is, it ignites spontaneously wpon
contact with air (Note 2).

A dry 50-ml. three-necked round-bottomed flask equipped
with gas inlet tube for nitrogen, magnetic stirring bar, and
serum stopper for the introduction of reagents is flushed with
nitrogen, stoppered with a glass stopper, charged with 17 ml.
of anhydrous tetrahydrofuran (Note 1) and then immersed in
an ice bath. Stirring is started and 3.9 ml. (3.3 g., 0.028 mole)
of triethylaluminum is introduced into the flask with a dry
hypodermic syringe (Note 2, Note 3). After 510 minutes, 4.8
ml. of a 3.57M solution of hydrogen cyanide (0.017 mole) in
anhydrous tetrahydrofuran (Note 4) is added with a dry hypo-
dermic syringe. The stirring is continued for about 5—10 minutes.

A dry 100-ml. three-necked round-bottomed flask equipped
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with gas inlet tube for nitrogen, magnetic stirring bar, and
serum stopper, as described above, is flushed with nitrogen.
While the flask is being flushed, 2.50 g. (0.00565 mole) of 38-
acetoxy-As-cholesten-7-one (Note 5) and 0.0521 ml. (0.0029
mole) of water (Note 6) are added to the reaction flask. The
flask is stoppered with a glass stopper and charged with 17 ml.
of anhydrous tetrahydrofuran. After the starting material has
dissolved, the cold triethylaluminum-hydrogen cyanide solution
is transferred to the reaction flask using a dry hypodermic
syringe. The resulting pale yellow solution is stirred at room
temperature under a positive nitrogen pressure. After 3 hours,
a solution of 0.044 ml. (0.0024 mole) of water in 0.87 ml. of
anhydrous tetrahydrofuran is added, and the solution is
allowed to stir for an additional 4 hours.

The reaction mixture is poured slowly into a vigorously
stirred solution of 28 ml. (0.28 mole) of concentrated hydro-
chloric acid and 350 ml. of ice water placed in a 1-l. three-
necked round-bottomed flask fitted with an efficient stirrer and
immersed in an ice bath (Note 7, Note 8). The mixture is
stirred for 20 minutes with ice cooling and extracted three
times with 200-ml. portions of a 3:1 (v/v) mixture of ether and
methylene chloride. The extracts are washed with three 200-ml.
portions of aqueous 2M sodium hydroxide, two 200-ml.
portions of water, and one 200-ml. portion of saturated aqueous
sodium chloride, and then dried over anhydrous sodium sulfate,
and evaporated under reduced pressure (Notes 9 and 10). The
crystalline residue, weighing 2.70 g., is recrystallized by dis-
solving it in 7.5-8 ml. of hot (almost boiling) benzene and
adding 25 ml. of n-pentane (distilled) to the hot solution (Note
11). 38-Acetoxy-5a-cyanocholestan-7-one is obtained as white
crystals, m.p. 192.5-193.5°; the yield is 2.27-2.41 g. (86-919%,).
A second crop can be obtained in 50-170 mg. yield, m.p. 188.5-
190° (Note 12); the total yield is 92-93%, (Notes 13 and 14).

2. Notes

1. Prior to use the tetrahydrofuran was distilled from lithium
aluminum hydride into a dry flask flushed with nitrogen and
sealed with a serum stopper.
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2. Caution! Triethylaluminum is pyrophoric. Use safety glasses,
gloves, and an apron. Use dry sand to extinguish fires. The sub-
mitters note that a description of the properties and handling
procedures for triethylaluminum are available from the Ethyl
Corporation, Louisiana. The checkers used triethylaluminum
in lecture bottles from Alpha Inorganics, Inc., and suggest the
handling procedure described below. Since this procedure was
submitted and checked, standardized solutions of triethyl-
aluminum in various hydrocarbon solvents, which may be
substituted for pure triethylaluminum, have become available
from Texas Alkyls, Inc., a Division of Stauffer Chemical Com-
pany.

A. Checkers Handling Procedure. Figures 1 and 2 suggest
the equipment to be used, and how to assemble it. The hose end
fitting is connected to the stopcock with a piece of Teflon lined
tubing and fastened with copper wire. The stopcock should be
well greased and held secure by means of a taut rubber band

Figure 1. Apparatus for collecting triethylaluminum from a locture bottle.
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Figure 2. Detailed construction of the stopcock for the apparatus shown in
Figure 1.

since it does have a tendency to pop out. The triethylaluminum
may now be removed from the lecture bottle by the following
procedure. A dry three-necked flask equipped Wi\th serum
stopper and gas inlet tube is flushed thoroughly with nitrogen
from a nitrogen bubbler. The triethylaluminum transfer
apparatus is put into the open neck of the flask, the joint being
previously well greased (the gas inlet tube joint should also be
greased). With the stopcock of the transfer apparatus open and
well secured as suggested above, the tank valve is opened
(usually one or two full turns) with a wrench. The flow of
triethylaluminum may now be adjusted with the stopcock.
When one obtains as much triethylaluminum as desired, the
tank valve is closed, the transfer apparatus is allowed to drain,
and then the stopcock is closed. The transfer apparatus is
removed from the flagsk which is quickly stoppered with a glass
stopper while the flask is being flushed with nitrogen. This flask
of triethylaluminum can be stored in this manner for many
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weeks since this reagent is quite stable. The transfer apparatus,
which may still contain some triethylaluminum, should be
carefully removed, rinsed quickly with acetone, and then
cleaned with dilute hydrochloric acid.

B. Submitters Handling Procedure. The submitters suggest
another handling procedure especially useful for removing
triethylaluminum from a lecture bottle having a clogged valve
outlet. Figure 3 shows the apparatus and how to transfer the
material. With the cylinder clamped in upright position, re-
move the valve unit so that only the bottle remains. Quickly
attach the adaptor to the opening of the bottle and apply a
slow stream of nitrogen. Transfer the triethylaluminum into dry,
nitrogen-flushed 50-ml. ampoules using a 100- or 200-ml.
Luer-lock hypodermic syringe with a needle, 43 cm. long and
2 mm. in diameter. Sweep the opening of the ampoule with
nitrogen during the transfer. The syringe should be slightly
greased, and the ampoules should be strong with a long, thick
stem so that they can be resealed. The ampoules are sealed as
soon as possible. The use of rubber caps is effective for tem-
porary protection of the ampoules from air. The material in a
50-ml. ampoule can be divided in smaller ampoules using the
apparatus shown in Figure 4 which can be used also for trans-
ferring triethylaluminum from an ampoule to a reaction flask.

This procedure was not tested by the checkers. It has the
advantage that one does not have to contend with a clogged
lecture bottle, which in the checkers experience is best discarded.
It has the disadvantage that one must handle large syringes
full of triethylaluminum and make several transfers without
exposing the liquid to air. Caution must be exercised with
either procedure. )

3. Neat triethylaluminum may be replaced by a 10-259,
stock solution of it in anhydrous tetrahydrofuran with de-
creasing the amount of solvent in the reaction flask. The
stock solution is prepared by using a graduated flask to measure
the volume of the triethylaluminum and solvent added appro-
priately. The stock solution is very stable and not pyrophoric.

4. The submitters have prepared hydrogen cyanide as
directed in Organic Syntheses.® The checkers used a similar
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Figure 8. Apparatus for removing triethylaluminum from the lecture bottle.

procedure described by Brauer.® The hydrogen cyanide was
collected in a tared flask and diluted with anhydrous tetra-
hydrofuran to a previously marked volume. The flask was
capped with two serum stoppers (the second put on in an
inverted position) to ensure against leakage and stored in a
freezer. Solutions such as these seem to be stable for several
months when kept cold.

5. Checkers obtained the steroid from K & K Laboratories.

6. A small amount of water has been found to accelerate the
reaction. In the absence of water, the reaction was about 809,
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Figure 4. Apparatus for collecting aliquots of triethylaluminum.

complete at the time of 7.5 hours. Despite the rate acceleration
by water, the reaction mixture should be protected from
moisture, because a larger amount of water than that specified
retards the reaction owing to decomposition of the triethyl-
aluminum.

7. This treatment is an exothermic reaction with evolution
of gaseous ethane. The reaction mixture should be added in a
slow stream with good stirring at such a rate that the content in
the flask does not overflow. When the ice has melted, additional
ice should be added.

8. The reaction mixture remaining on the wall of the reaction
flask is treated with a small amount of cold dilute hydrochloric
acid and combined with the extraction mixture.

9. The acid treatment followed by alkaline washing of the

III. 38-ACETOXY-5¢-CYANOCHOLESTAN-7-ONE 107

extracts prevents possible hydrolysis of the acetoxyl and the
¢yano groups.

10. The submitters have performed the extraction and
washing in a countercurrent manner using three 2-1. separatory
funnels.

11. The recrystallization was carried out in a 40-ml. centri-
fuge tube. The recrystallization mixture, after cooling to room
temperature, was cooled in a freezer and washed twice with
20-ml. portions of cold recrystallization solvent.

12. When the second crop is contaminated with a polar
material (a-cyanohydrin of the product) as evidenced by a
lower melting point (m.p. 160-170°) and a thin-layer chromato-
gram (Kiesel Gel GF, benzene-ethyl acetate, 4:1, R, = 0.2),
the residue from the mother liquor must be treated again with
alkali before crystallization.

13. This procedure is applicable to smaller or larger scale
preparations with some modification. In a smaller scale experi-
ment, the submitters suggest using a stock solution of triethyl-
aluminum (Note 3). In a larger scale preparation, to avoid using
large syringes, it is possible to run the triethylaluminum into a
dry, graduated, pressure-equalizing dropping funnel. The tri-
ethylaluminum-hydrogen cyanide solution may then be just
added to the reaction flask through a funnel instead of using a
syringe. ‘

14. The submitters used 5.76 g. of 38-acetoxy-A®-cholesten-7-
one and obtained a yield of 5.65 g. (929,) of the cyano ketone.

3. Discussion

38-Hydroxy-5«-cyanocholestan-7-one has been prepared in
439, yield by the action of potassium cyanide and ammonium
chloride? on 7-ketocholesterol at 100° for 33 hours.® The present
method was developed by the submitters.?

This process is superior to classical hydrocyanation methods
using an alkali metal cyanide® and to the improved method
using potassium cyanide and ammonium chloride? with respect
to reactivity, stercospecificity, and absence of side reactions.
Also, the process is applieable to conjugate hydrocyanation of
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various «,f-unsaturated carbonyl and imino compounds,®?

cyanohydrin formation from less-reactive ketones,* and cleav- PREPARATION AND REDUCTIVE CLEAVAGE OF ENOL
age of epoxides to produce f-cyanohydrins,® the reaction con- PHOSPHATES: 5-METHYLCOPROST-3-ENE
ditions being varied depending on the substrate to be used.

The present procedure is typical of hydrocyanation procedures
using other organoaluminum compounds. CH,

(5pB-Cholest-3-ene, 5-methyl)

|
CH;  OH(CH,),CH(CH,),
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Submitted by D. C. MucamMoRrg!
Checked by Davip G. MerinLo and HErRBERT O. Housnr

1. Procedure

A. Diethyl 5-Methylcoprost-3-en-3-yl Phosphate. To a dry
100-ml. three-necked flask, equipped with a magnetic stirring
bar, a pressure-equalizing dropping funnel, a nitrogen inlet tube,
and a rubber septum, is added 384 mg. (0.00201 mole) of cop-
per(I) iodide (Note 1) and 20 ml. of anhydrous ether (Note 2).
After the reaction vessel has been flushed with nitrogen, a
static oxygen-free nitrogen atmosphere is maintained in the
reaction vessel throughout the remainder of the reaction. The

109
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reaction mixture is cooled in an ice bath and an ether solution,
containing 0.0040 mole of methyllithium (Note 3), is added from
a hypodermic syringe, dropwise and with stirring. As the methyl-
lithium is added, the initial yellow precipitate of polymeric
methylcopper(I) redissolves to form a colorless to pale-yellow
solution of lithium dimethylcuprate (Note 4). To the resulting
cold solution is added, dropwise and with stirring over 20
minutes, a solution of 576 mg. (0.00150 mole) of cholest-4-en-
3-one (Note 5) in 20 ml. of ether (Note 2). During the addition
of the enone, a yellow precipitate of polymeric methylcopper(I)
separates from the reaction solution. After the addition is
complete, the cooling bath is removed and the reaction mixture
is stirred for 2 hours while it warms to room temperature. The
dropping funnel in the apparatus is replaced with a second dry
dropping funnel which contains a loose plug of glass wool
above the stopcock. The reaction mixture is again cooled in an
ice bath and a mixture of 4.0 ml. of triethylamine (Note 6) and
2.00 g. (0.0115 mole) of diethyl phosphorochloridate (Note 7)
is added from the dropping funnel to the reaction mixture
rapidly and with stirring. After this addition, the cooling bath
is removed and stirring is continued for one hour. Saturated
aqueous sodium bicarbonate solution is added to hydrolyze any
remaining organometallic reagents and the reaction mixture is
transferred to a separatory funnel and washed successively with
two 50-ml. portions of cold (0°) aqueous 1. ammonium hy-
droxide and with a 50-ml. portion of water. The aqueous washes
are extracted in turn with a 30-ml. portion of ether and the
combined ether solutions are dried over anhydrous sodium
sulfate and then concentrated with a rotary evaporator. A
solution of the residual liquid in 3 ml. of ether is applied to a
2.5 cm. by 15 cm. chromatographic column packed with a
slurry of 50 g. of silica gel (Note 8) in ether. The column is
eluted with ether. After the first 70 ml. of eluent has been
collected and discarded, the next 120 ml. of ether eluent is
collected and concentrated with a rotary evaporator. The
residual crude phosphate ester (Note 9), a colorless liquid,
amounts to 420-480 mg. and is sufficiently pure for use in the
following procedure.
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B. 5-Methylcoprost-3-eme. A dry 100-ml. three-necked flask,
equipped with a polyethylene-coated magnetic stirring bar,
two gas inlet tubes, and a pressure-equalizing dropping funnel
is immersed in a dry ice-isopropy! alcohol cooling bath main-
tained at —15° to —20°. The reaction vessel is flushed with
either helium or argon and a static atmosphere of one of these
gases is maintained in the reaction vessel throughout the reac-
tion. Ethylamine (Note 10) is distilled through a tower of
sodium hydroxide pellets into the cold reaction flask until
50 ml. of the liquid amine has been collected. A 70-mg. (0.010
mole) piece of lithium wire is cleaned by dipping it successively
into methanol and pentane and is added to the reaction flask.
The resulting cold (—15°) mixture is stirred for 10 minutes to
dissolve the lithium and then a solution of the diethyl 5-methyl-
coprost-3-en-3-yl phosphate and 0.50 ml. (0.39g. or 0.0053
mole) of t-butyl alcohol (Note 11) in 15 ml. of tetrahydrofuran
(Note 2) is added, dropwise and with stirring over 15 minutes,
to the cold, blue lithium-amine solution. The resulting blue
solution is stirred for an additional 15 minutes and then 1 ml.
of saturated aqueous ammonium chloride solution is added to
consume the excess lithium. The resulting colorless mixture is
warmed to evaporate the ethylamine and the residue is diluted
with 90 ml. of aqueous 109, sodium hydroxide and extracted
with two 30-ml. portions of pentane. The combined organic
solutions are washed with 50 ml. of aqueous sodium chloride,
dried over anhydrous sodium sulfate, and then concentrated
with a rotary evaporator. The residual viscous liquid is eva-
poratively distilled from a 25-ml. flask into a male 14-20
standard-taper glass joint as shown in Figure 1. The air bath
is heated to 150—~180° while the pressure in the system is main-
tained at 0.05 mm. to 0.4 mm. The distilled 5-methylcoprost-3-
ene amounts to 260-295 mg. (45-519%) of colorless liquid,
n? D 1.5115-1.5123 (Note 12).

2. Notes

1. A purified grade of copper(l) iodide, purchased from Fisher
Scientific Company, was used without purification.
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Figure 1. Apparatus for evaporative distillation.

2. Reagent grades of diethyl ether and of tetrahydrofuran
were distilled from lithium aluminum hydride immediately
prior to use.

3. Ethereal solutions of methyllithium are available from
either Foote Mineral Company or Alpha Inorganics, Inc. These
solutions should be titrated immediately before use with 2-
butanol and 2,2-bipyridyl as an indicator.2 In a typical run,
2.44 ml. of ethereal 1.64 M methyllithium was employed.

4. The appearance of a brown to black precipitate indicates
either oxidative or thermal decomposition of the cuprate. If
such decomposition has occurred, it is best to prepare the
reagent again with greater care to avoid molecular oxygen
and/or excessive reaction temperatures.

5. A commercial sample of cholest-4-en-3-one from Eastman
Organic Chemicals was used without further purification. The
preparation of this ketone has also been described in Organic
Syntheses.?

6. The triethylamine is used to trap any hydrogen chloride
present as the insoluble triethylammonium chloride which is
collected in the glass wool filter. A reagent grade of triethyl-
amine (b.p. 88°) was distilled from calcium hydride prior to use.

7. Commercial diethyl phosphorochloridate [b.p. 60-62°
(1.5 mm.)], purchased from Eastman Organic Chemicals, was
distilled prior to use in this reaction.

8. A good grade of silica gel, such as that available from K.
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Merck and Company, Darmstadt, is appropriate for this
chromatography.

9. The n.m.r. spectrum (CDCl; solution) of the crude product
has absorption at 5.1 (1H multiplet, vinyl CH), 3.9-4.4 (4H
multiplet, CH,—O), and 0.6-2.3 p.p.m. (ca. 52H multiplet,
aliphatic CH).

10. Ethylamine (b.p. 17°) is available from Eastman Organic
Chemicals.

11. A commercial grade of ¢-butyl alcohol (b.p. 83°) should
be distilled from calcium hydride before use.

12. The product exhibits end absorption in the ultraviolet
(959, EtOH solution) with € 330 at 210 mu and a series of
n.m.r. peaks (CDCI, solution) at 0.67, 0.82, 0.85, 0.88, and 0.92
p-p-m. (18H, CH,) with a multiplet at 1.0-2.2 p.p.m. and a
partially resolved multiplet attributable to two vinyl protons.
This latter absorption corresponds approximately to signals at
5.28 (1H doublet of triplets, J = 8 and 1 Hz.) and 5.60 p.p.m.
(1H doublet of triplets, J = 8 and 2.8 Hz.). The mass spectrum
of the product has the following abundant peaks: m/e (rel.
int.), 384 (100, M*), 369 (69), 355 (70), 229 (27), 122 (28), 109
(28), 107 (60), 95 (33), 93 (34), 81 (72), 55 (30), and 43 (31).

The submitters report that ozonolysis of the product at
—10° in a mixture of ethyl acetate and acetic acid, followed by
reaction with hydrogen peroxide, formed 3,4-seco-5-methyl-
coprostan-3,4-dioic acid as crystals from ethyl acetate, m.p.
168-172° with prior softening at 130°.

3. Discussion

The conjugate addition of lithium dimethylcuprate and other
organocopper reagents to «,f-unsaturated ketones is a reaction
which has had wide application and which has been fairly well
studied.? In order that the positional specificity which has been
conferred upon the enolate anions generated by such additions
might be maintained, these intermediates have been intercepted
with acetic anhydride,® chlorotrimethylsilane,® and diethyl
phosphorochloridate.4®

The reductive fission of enol phosphates to form olefins is a
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modification of the procedure used by Kenner and Williams?
to deoxygenate phenols. The enol phosphates, which have been
reduced by the action of lithium in ammonia or alkylamines,
have been prepared by treatment of «-bromoketones with
triethyl phosphite,®? by interception of enolates generated by
the addition of lithium dimethylcuprate to «, B-unsaturated
ketones,*® and by interception of enolates resulting from
treatment of unsaturated ketones with lithium in ammonia.4
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REACTION OF ARYL HALIDES WITH
7-ALLYLNICKEL HALIDES: METHALLYLBENZENE

(Benzene, 2-methylalkyl)
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Checked by BrapLeEy E. Morris and Ricaarp E. BENsON

1. Procedure

Caution! Nickel carbonyl is a flammable, volatile (b.p. 43°),
highly toxic reagent. Safety glasses, gloves, and an apron should be
worn when handling this reagent and the first step of this prepara-
tion should be conducted in an efficient hood (Note 1).

A 1-1. three-necked flask is equipped with a reflux condenser,
a pressure-equalizing dropping funnel, a three-way stopcoszk,
and a large magnetic stirring bar. The system is flushed with
argon (Note 2) and 380 ml. of benzene (Note 3) is placed in the
flask. From an inverted lecture cylinder 50.8 g. (38.5ml,
0.298 mole) of nickel carbonyl (Note 4) is introduced into
the addition funnel. The nickel carbonyl is then added to the
benzence while an atmosphere of argon is maintained, and the

116
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flask is immersed in an oil bath at 50°. By means of a syringe,
10.04 g. (0.0745 mole) of methallyl bromide (Note 5) is added
over 10 minutes. After a short induction period, evolution of
carbon monoxide becomes rapid and a deep red color appears.
The exit gas is led from the top of the condenser through a gas
bubbler tube in order to monitor the rate of gas evolution. As
the gas evolution becomes vigorous, the bath temperature
is raised to 70° and maintained at this temperature for 30
minutes after gas evolution ceases (the total time after addition
of methallyl bromide is 1.5 hours). The resulting solution is
allowed to cool to 25°, and the benzene and excess nickel
carbonyl are removed under reduced pressure (water aspirator)
applying an oil bath at 30° as needed to maintain a rapid rate
of evaporation (Note 6). The red solid residue (>859, yield) is
m-methallylnickel bromide which is used directly in the next
step (Note 7).

To a solution of the crude nickel complex (an 85%, yield is
assumed) in 65 ml. of oxygen-free N,N-dimethylformamide
(Note 8) under an argon atmosphere at 25° is added a solution
of 9.95g. (0.0634 mole) of bromobenzene (Note 9) in 100 ml.
of oxygen-free N,N-dimethylformamide (Note 8) during a 15-
minute period. After the addition is complete, the reaction
mixture is stirred at 25° for 12 hours, followed by warming to
60° for one hour. Complete reaction of the nickel complex is
indicated by a color change from red to the emerald green color
characteristic of a solution of nickel dibromide in dimethyl-
formamide. After being cooled to 25°, the solution is poured
into a mixture of 250 ml. of water and 250 ml. of petroleum
ether (b.p. 30-60°); 2 ml. of aqueous 12M hydrochloric acid is
added (Note 10) and. the mixture is filtered through Celite
filter aid to facilitate separation of the layers. The organic
layer is separated, washed with two 100-ml. portions of water,
dried over anhydrous magnesium sulfate, and concentrated by
use of a rotary evaporator at water aspirator pressure to afford
8.0-9.6 g. of a clear, colorless liquid. Distillation through a
short Vigreux column gives 5.58-6.02 g. (67-72%, yield based
on bromobenzene) of methallylbenzene as a colorless liquid,
b.p. 67-68° (19 mm.), % p 1.5064 (Note 11).
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2. Notes

1. The treatrment for nickel carbonyl poisoning involves
intramuscular imjection of BAL (2,3-dimercapto-1-propanol).2

2. Mrgon is preferred by the submitters for its high density
which allows op-ening of the reaction vessel without significant
displascement of” the inert atmosphere by air. A nitrogen at-
mosphere would_ be equally effective in preventing oxidation of
the 7- allylnickell complex. The checkers used a nitrogen atmos-
phere.

3. Anhydrous, air-free benzene was prepared by distillation
under argon, ddscarding a 209, forerun. The checkers used
benzeme from a freshly opened bottle (Fisher Scientific Com-
pany) . .

4 Nickel car bonyl available from Matheson Gas Products
was ussed by the checkers.

5. Methallyl bromide is prepared from methallyl chloride
(Eastrnan Orgamie Chemicals) by means of a halide exchange
reaction. A so-lution of 148.3 g. (1.64 moles) of methallyl
chlori«<de and 21 3.8 g. (2.48 moles) of lithium bromide in 11. of
dry acetone is r efluxed for 5 hours. The mixture is filtered and
the filtrate is distilled through a 30-cm. Vigreux column to
afford 69.2 g. (31.3%,) of methallyl bromide, b.p. 88-93°, n** D
1.4672. The pwrity was 98 + 29, by gas chromatographic
analy sis on a 209, Carbowax column at 65°.

6. Nickel carbonyl is drawn into the aspirator flow
during this opemration. In many laboratories the hood plumbing
is cormnected wvith the general plumbing line and vapors of
highlsy toxic niickel carbonyl may diffuse back to sinks at
the laboratory bench. If such an arrangement is suspected,
the solvent an d excess nickel carbonyl can be collected by
employing a cold trap (—78° or —-196°) between the reaction
mixture and th_e aspirator. Care should be used in the disposal
of thiis mixture .

7. Pure w-meethallylnickel bromide can be obtained by dis-
solvinng the residue in 150 ml. of oxygen-free anhydrous ether,
filteri ng under argon, concentrating the filtrate until crystals
begin_ to form, mnd cooling to --78° for 12 hours. The crystals are
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isolated by removing the liquid via suction through a syringe
needle under a positive pressure of argon. The yield is 12.1 g.
(85%,) of dark red crystals. The n.m.r. spectrum can be ob-
tained only by rigorous exclusion of oxygen from the sample
and filtration of the sample as the last stage of sample prepara-
tion. The n.m.r. spectrum, determined in benzene solution,
shows three singlets at 2.83 (2H), 2.82 (2H), and 2.07 p.p.m.
(3H).

8. N,N-Dimethylformamide is distilled from calcium hydride
at 71° (32 mm.) and stored under argon. The checkers used a
freshly opened bottle of the product (white label grade)
available from Eastman Organic Chemicals.

9. Bromobenzene was used as supplied by Aldrich Chemical
Company, Inec. Purification by distillation under argon did not
change the yield of methallylbenzene. The checkers used the
product available from Eastman Organic Chemicals (white
label).

10. The hydrochloric acid solution is added to speed solution
of the nickel salts that otherwise lead to emulsions during
separation. If no emulsion is encountered after mixing the
petroleum ether and water solutions, no hydrochloric acid need
be added. Similarly, the filtration through Celite filter aid is
intended to remove finely divided nickel metal and other in-
soluble particles which complicate the washing procedure.
If no particles are present, the filtration step should be omitted.

11. The product consists of 999, methallylbenzene and 19,
2,5-dimethyl-1,5-hexadiene by n.m.r. spectroscopic analysis.
The n.m.r. spectrum of methallylbenzene (CCl, solution) shows
peaks at 7.15 (singlet, 5H, phenyl), 4.75 (multiplet, 2H, vinyl
CH), 3.25 (broad singlet, 2H, allylic CH,), and 1.63 p.p.m.
(broad singlet, 3H, allylic CH,). The n.m.r. spectrum of 2,5-
dimethyl-1,5-hexadiene (CCl, solution) has peaks at 4.75
(multiplet, 4H, vinyl), 2.12 (broad singlet, 4H, allylic CH,), and
1.70 p.p.m. (broad singlet, 6H, allylic CH,). A small forerun
contained 0.30 g. (39, yield) of methallylbenzene and a larger
quantity of 2,5-dimethyl-1,5-hexadiene. The distillation residue
is composed of 0.24-0.34 g. (3—-49, yield) of methallylbenzene
and 0.38-0.52 g. (8-109%, yield) of biphenyl. The distillation
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fractions may be analyzed by gas chromatography by use of a
180 ¢cm. by 6.4 mm. column packed with 109, SE-30 on Chromo-
sorb G. The retention times for methallylbenzene and 2,5-
dimethyl-1,5-hexadiene are 4.0 minutes and 2.0 minutes,
respectively, at 125°.

3. Discussion

The simple example outlined above of replacement of halogen
by a methallyl group could be carried out in an equally direct
way using phenylmagnesium bromide and methallyl halide.
However, the Grignard reaction is complicated by formation of
the conjugated isomer §,5-dimethylstyrene,® or by a rearrange-
ment to trans-2-butenylbenzene.* In no case has this approach
afforded methallylbenzene in greater than 509, yield. Dehydra-
tion of (2-hydroxy-2-methylpropyl)benzene also produces a
mixture of methallylbenzene (68%,) and f,f-dimethylstyrene
(329,).5 Elimination of benzoic acid from the benzoate ester of
(2-hydroxy-2-methylpropyl)benzene gives the same ratio of
products, although the combined yield is lower, (86%).® The
Wittig reaction of methylenetriphenylphosphorane with 1-
phenyl-2-propanone produces methallylbenzene in only 2%
yield.”

The preparation illustrates the procedure for formation of
m-allylnickel halides and their reaction with aryl halides.® The
complexes can be obtained from allylic chlorides, bromides,
and iodides® 1! even when the allylic halides bears substituents
such as alkyl, carboalkoxyl, and alkenyl side chains.'® The
coupling step is generally applicable to aryl, alkyl, and vinyl
bromides or iodides;® organic chlorides are usually unreactive
with -allylnickel halides. Other polar aprotic solvents (hexa-
methylphosphoramide, dimethyl sulfoxide, N-methylpyrro-
lidone) have been used.!? Protic solvents lead to destruction of
the m-allylnickel complex by slow protonation of the allyl
ligand.’? No reaction occurs between aryl, alkyl, or vinyl
halides and =-allylnickel bromide in less polar solvents such as
totrahydrofuran, 1,2-dimethoxyethane, ether, or hydrocarbons.
The m-allylnickel bromide complexes are very reactive with
allyl halides but halogen-metal exchange precedes coupling
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CH, Br CH,
~ ERN RN
H—C  —Ni Ni— C—H +
N N\, 7
CH, Br CH,
ar-allylnickel bromide
AN 35%

Br hydrof /k/\/
tetrahydroturan
— ————) x4
/[ = = 2(’%
e

()
/ / 40%

and a mixture of products is obtained as illustrated in the ac-
companying example.!® The n-allylnickel complex from frans-
geranyl bromide reacts with alkyl halides to give a mixture of
cis and trans products;® the double bond that participates in the
m-allyl group is isomerized during the sequence of reactions:

X Br  xico), Inickel
— 7-geranyinic —_—>
H © v ‘H,), NCHO
Cetle bromide (CHg), NC
trans-geranyl
bromide
X R X
+ R
trans cis
43% 35%

R = cyclohexyl

Similarly, frans-4-iodocyclohexanol reacts with =-methallyl-
nickel bromide to produce a mixture of epimeric 4-methallyl-
cyclohexanols.® It is important to note that the hydroxyl
group has no significant effect on this reaction.
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The advantages of the w-allylnickel halides reside in their

nonnucleophilic and nonbasic character which allow especially
selective re-actions with organic halides in the presence of a
large number of other functional groups. Carbonyl and hydroxyl
groups reac-t much more slowly than organic halides (especially
iodides) wikh -allylnickel halides while olefins, nitriles, alkyl
chlorides, and aromatic hydrocarbons are inert to these
reagents.81 2
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REDUCTION OF KETONES BY USE OF THE
TOSYLHYDRAZONE DERIVATIVES: ANDROSTAN-17-
B-OL

cﬂg—Q—sosztz

CH30H, reflux

>
>

NaBHg
PR —"
CH30H, reflux

,‘I{tpﬁ
R

OH3®SO2Na + N, +

Submitted by L. Cacrior!
Checked by J. F. Moser and A. ESCHENMOSER

1. Procedure

In a 100-ml. round-bottomed flask equipped with a reflux
condenser are placed 1.00g. (0.0035 mole) of 5ax-androstan-
17p-0l-3-one (Note 1), 0.90 g. (0.0048 mole) of tosylhydrazide
(Note 2), and 70 ml. of methanol (Note 3). The mixture is
heated under gentle reflux for 3 hours then cooled to room
temperature. To the solution is added 2.5 g. (0.075 mole) of
sodium borohydride in small portions during one hour (Note 4)
and the resulting mixture isheated under reflux for an additional
8 hours. The reaction mixture is cooled to room temperature
and the solvent is removed under reduced pressure. The residue
is dissolved in ether, transferred to a separatory funnel, and
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washed successively with water, dilute aqueous sodium carbo-
nate, aqueous 2M hydrochloric acid, and water. The ethereal
solution is dried over anhydrous sodium sulfate and the solvent
is evaporated under reduced pressure. The residue, 0.95 g.
of white crystals (Note 5), is dissolved in about 20 ml. of a 7:3
(v/v) mixture of cyclohexane and ethyl acetate and the resulting
solution is applied to a column prepared from 60 g. of silica gel
(Merck, 0.05-0.2 mm.). The column is eluted with the 7:3 (v/v)
cyclohexane-ethyl acetate mixture and a 200-ml. fraction is
collected. Evaporation of this fraction under reduced pressure
affords 0.70-0.73 g. (73-769,) of pure 5a-androstan-17 f-ol.
Crystallization from aqueous methanol provides 0.64g. of
analytically pure product, m.p. 161-163°.

2. Notes

1. 5a-Androstan-175-ol-3-one was supplied by Aldrich Chemi-
cal Co., Inc.

2. Tosylhydrazide was supplied by Aldrich Chemical Co.,
Inc. Alternately, it may be prepared by a procedure described
in Organic Syntheses.®

3. Tetrahydrofuran serves equally well as a solvent. However
the quantity of sodium borohydride should be reduced to 1.0 g.
and the isolation procedure modified in the following way.
After the solution has been refluxed for 8 hours, the reaction
mixture is cooled and the excess sodium borohydride is decom-
posed by the slow addition of dilute aqueous hydrochloric acid.
The resulting mixture is extracted with ether and the ethereal
solution is washed as described.

4. Because of the ready decomposition of sodium boro-
hydride in methanol, the solution is maintained at room tem-
perature during the addition of the metal hydride.

5. The crude product is contaminated with a small amount
of a more polar substance which is subsequently removed by
chromatography. :

3. Discussion

The preparation of Sa-androstan-175-ol from 5«-androstan-
17/3-01-3-one may be realized by classical methods such as the
Wolff-Kishner or Clemmensen reduction.
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This procedure illustrates a general method for the reduction
of aldehyde and ketone functions to methylene groups under
very mild conditions. Since strong acids and bases are not
employed, this procedure is of particular importance for the
reduction of ketones possessing an adjacent chiral center.2:3
Moreover, the use of deuterated metal hydrides permits the
preparation of labelled compounds.4

The reduction of the preformed tosylhydrazones with sodium
borohydride may be effected in aprotic solvents, such as
tetrahydrofuran or dioxane.® The use of lithium aluminium
hydride in nonhydroxylic solvents permits the reduction of
aromatic aldehydes and ketones.

1. Istituto di Chimica Organica, Universita di Roma, Rome, Italy.

2. The reduction of the tosylhydrazone of (4)(S)-4-methyl-3-hexanone
affords (4 )(8S)-3-methylhexane, optical purity 859%; L. Lardicci and C.
Botteghi, private communication.

3. A. N. De Belder and R. Weigel, Chem. Ind. (London), 1689 (1964).

4. E. J. Corey and S. K. Gros, J. Amer. Chem. Soc., 89, 4561 (1967); M.
Fischer, Z. Pelah, D. H. Williams, and C. Djerassi, Chem. Ber., 98, 3236
(1965).

. L. Caglioti, Tetrahedron, 22, 487 (1966).

6. L. Friedman, R. L. Litle, and W. R. Reichle, Org. Syn., 40, 93 (1960).
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REDUCTIVE AMINATION WITH SODIUM
CYANOBOROHYDRIDE: N,N-DIMETHYLCYCLOHEXYL-
AMINE

0 N(CH,),

NaBH;CN
CH;0H

+ (CH,),NH-HCI + KOH

Submitted by Ricuarp F. Borcul
Checked by K. ABE and S. MASAMUNE

1. Procedure

A solution of 21.4 g. (0.25 mole) of dimethylamine hydro-
chloride in 150 ml. of methanol is prepared in a 500-ml. round-
bottomed flask. Potassium hydroxide (4 g.) is added in one
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portion to the magnetically stirred solution (Note 1). When the
pellets are completely dissolved, 19.6 g. (0.20 mole) of cyclo-
hexanone is added in one portion. The resulting suspension is
stirred at room temperature for 15 minutes, and then a solution
of 4.75 g. (0.076 mole) of sodium cyanoborohydride (Notes 2
and 3) in 50 ml. of methanol is added dropwise over 30 minutes
to the stirred suspension. After the addition is complete, the
suspension is stirred for 30 minutes. Potassium hydroxide (15
g.) is then added, and stirring is continued until the pellets are
completely dissolved. The reaction mixture is filtered with
suction and the volume of the filtrate is reduced to approxi-
mately 50 ml. with a rotary evaporator while the bath tempera-
ture is kept below 45° (Notes 4 and 5). To this concentrate is
added 10 ml. of water and 25 ml. of saturated aqueous sodium
chloride and the layers are separated. The aqueous layer is
extracted with two 50-ml. portions of ether. The organic layer
previously separated and the ethereal extracts are combined and
extracted with three 20-ml. portions of aqueous 6/ hydro-
chloric acid (Note 6). The combined acid layers are saturated
with sodium chloride and extracted with four 30-ml. portions of
ether (Note 7). The aqueous solution is cooled to 0° in an ice
bath and brought to pH >12 by addition of potassium hydrox-
ide pellets to the stirred solution (Notes 8 and 9). The layers
are separated, and the aqueous layer is extracted with two
40-ml. portions of ether. The combined organiclayers are washed
with 10 ml. of saturated aqueous sodium chloride solution,
dried over anhydrous potassium carbonate, and freed of ether
with a rotary evaporator (Note 4). This crude product is
fractionated through a 15-cm. Vigreux column (Note 10).
After 1-3 g. of a forerun, b.p. 144-155° (Note 11) is separated,
the fraction boiling at 156-159° is collected to give 13.3-13.7 g.
(52-549%,) of N,N-dimethylcyclohexylamine, »%* » 1.4521 (Note
12).

2. Notes

1. Precipitation of potassium chloride begins immediately ;
the presence of this solid does not interfere with the reaction,
and removal by filtration will result in loss of dimethylamine.
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2. Sodium cyanoborohydride is available as a pale brown
solid from Alfa Inorganics, Inc.

3. The commercially available material can be used without
further purification. Use of material purified by the published
procedure? gives a less colored crude product, but makes no
improvement in yield or purity of the final product.

4. Since the product boils at 75° (15 mm.), care should be
exercised to prevent loss of material in the evaporation process.

5. It is normal for additional potassium chloride to precip-
itate as the evaporation continues.

6. Caution! This addition of hydrochloric acid into a separatory
Sfunmel occurs with considerable heat evolution, causing the ether
to boil. The initial addition must be carried out with gentle swirling
and cooling.

7. Gas chromatographic analysis shows that the ethereal
extract contains solely cyclohexanol (>989,).

8. The aqueous layer in this step is saturated with ether, and
the addition of potassium hydroxide must be carried out
gradually to prevent the contents of the flask from boiling over.

9. Copious amounts of potassium chloride precipitate during
this addition. It is not necessary to remove the salt by filtration
before the ether extraction.

10. A still pot of at least 100-ml. capacity should be used for
the distillation since foaming occurs as the distillation proceeds.

11. On a 2-m. gas chromatography column packed with
109, Apiezon L and heated to 100°, the retention times for
N,N-dimethyleyclohexylamine and cyclohexanol are 15 and 4
minutes, respectively. The composition of this forerun is 80—
859, of the amine and 20-159, of the alcohol.

12. Gas chromatographic analysis of the product shows that
the product is at least 99.2%, pure and is contaminated only
with trace amounts of cyclohexanol. The submitter reported a
62-699, yield (15.7-17.5 g.) using the indicated scale.

3. Discussion

N,N-Dimethylcyclohexylamine has been prepared by cata-
Iytic reductive alkylation®* and by the Leuckart reaction.®
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TABLE 1
REPRESENTATIVE REDUCTIVE AMINATIONS wiTH NaBHZ;CN?

Yield,

Compound Amine Product %
Cyclohexanone NH, Cyclohexylamine 45
Cyclohexanone CH,NH, N-Methylcyclohexylamine 41
Cyclohexanone CH,NHCH, N,N-Dimethylcyclo- 53

hexylamine

Acetophenone NH, «-Phenylethylamine 77
Acetophenone CHyNH, N-Methylphenethylamine 78
Isobutyraldehyde PhNH, N-Isobutylaniline 78
Glutaraldehyde CHyNH, N-Methylpiperidine 43

The present method is experimentally simple, requires no
special apparatus, and is generally applicable to the synthesis
of a variety of primary, secondary, and tertiary amines as
illustrated in Table I.

The submitter has found that use of NaBH, instead of
NaBH,CN in the present procedure results in the almost
exclusive formation of cyclohexanol with less than 39, of basic
material.

1. Department of Chemistry, University of Minnesota, Minneapolis, Minne-
sota 55455.
2. R. F. Borch, M. D. Bernstein, and H. D. Durst, J. Amer. Chem. Soc., 93,
2897 (1971).
3. J. D. Roberts and V. C. Chambers, J. Amer. Chem. Soc., 78, 5030 (1951).
4. W. S. Emerson, Org. React., 4, 174 (1948).
5. R. D. Bach, J. Org. Chem., 33, 1647 (1968).



SUBSTITUTION OF ARYL HALIDES WITH COPPER(I)
ACETYLIDES: 2-PHENYLFURO[3,2-b]PYRIDINE

Cull(NH3),+? HONH5* CI” Cu'(NHs)2t

Cu'(NHs)t + CgHs—C == CH —> CgH;—C == C—Cu + NH,*+ + NH?

N T N

Z

x

pyridine Z I \

“—'CEC‘—‘CU eflux
| + C6H5 refl \ O

OH

Submitted by D. C. OwsLEY and C. E. Castrol
Checked by MicaaEL J. UMEN and HERBERT O. HOUSE

1. Procedure

A. Copper(I) Phenylacetylide. In a 2-1. Erlenmeyer flask,
fitted with a large magnetic stirring bar (Note 1) and an ice-
water cooling bath, is placed a solution of 25.0 g. (0.100 mole)
of copper(1l) sulfate pentahydrate (Note 2) in 100 ml. of con-
centrated aqueous ammonia. The solution is stirred with cooling
for 5 minutes while a stream of nitrogen gas is passed over the
solution (Note 3). Then 400 ml. of water is added and stirring
and cooling under a nitrogen atmosphere (Note 3) are continued
for 5 minutes. Solid hydroxylamine hydrochloride (13.9 g. or
0.200 mole, Note 4) is added to the reaction solution, with
continuous stirring and cooling under nitrogen, over 10 minutes
(Note 5) and then a solution of 10.25 g. (0.100 mole) of phenyl-
acetylene (Note 6) in 500 ml. of 959, ethanol is added rapidly to
the pale blue solution. The reaction flask is swirled by hand
during the separation of the copper(I) phenylacetylide as a
copious yellow precipitate and then an additional 500 ml. of
water is added. After the mixture has been allowed to stand for
5 minutes, the precipitate is collected on a sintered glass filter
(Note 7) and then washed successively with five 100-ml.
portions of water, with five 100-ml. portions of absolute ethanol,
and with five 100-ml. portions of anhydrous ether. The copper(1)
acetylide is dried by placing it in a 250-ml. round-bottom flask
which is heated to 65° for 4 hours under reduced pressure on a
rotary evaporator. The yield of the copper(l) phenylacetylide,
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C6H5 + Cul
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a bright yellow solid, is 14.8-16.4 g. (90-999%,). The dry ace-
tylide may be stored under nitrogen in a brown bottle (Note 8).

B. 2-Phenylfuro [3,2-b] Pyridine. To a 300-ml. three-necked
flask, fitted with a nitrogen inlet stopcock, a magnetic stirring
bar, and a condenser attached to a nitrogen outlet stopcock
and a mercury trap, is added 2.47 g. (0.0150 mole) of copper(I)
phenylacetylide. The system is purged with nitrogen for 20
minutes and then 80 ml. of pyridine (Note 9) is added. The
resulting mixture is stirred for 20 minutes under a nitrogen
atmosphere (Note 10) and then 3.30 g. (0.0149 mole) of 2-iodo-
3-pyridinol (Note 11) is added. The mixture, which changes in
color from yellow to dark green as the acetylide dissolves (Note
12), is warmed in an oil bath at 110-120° for 9 hours with con-
tinuous stirring under a nitrogen atmosphere (Note 10). The
reaction solution is then transferred to a 500-ml. round-bottom
flask and concentrated to a volume of 20 ml. at 60-70° and
20-80 mm. pressure with a rotary evaporator. The pyridine
solution is treated with 100 ml. of concentrated aqueous am-
monia and the resulting deep blue mixture is stirred for 10
minutes and then extracted with five }00-ml. portions of ether.
The combined ethereal extracts are washed with three 250-ml.
portions of water and then dried over anhydrous magnesium
sulfate and concentrated with a rotary evaporator. The crude
product, 2.6-2.76 g. of orange semisolid, is dissolved in 100 ml.
of boiling cyclohexane, and the solution is filtered, concentrated
to a volume of about 30 ml., and cooled in an ice bath. The
partially purified product crystallizes as 2.3-2.7 g. of orange
solid, m.p. 83-89°. Further purification is effected by sub-
limation at 110-120° and 0.01-0.2 mm. The product, a yellow

solid melting at 90-91°, amounts to 2.2-2.4 g. (75-829,) (Note
13).

2. Notes

1. An 8-cm. Teflon-coated stirring bar is convenient.

2. A reagent grade copper(Il) sulfate pentahydrate, pur-
chased from either Mallinckrodt Chemical Works or J. T. Baker
Chemical Company, may be employed.

3. A nitrogen atmosphere is maintained above the reaction
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solution throughout the preparation of the copper(I) acetylide.

4. Material of satisfactory purity was obtained. either from
J. T. Baker Chemical Company or from Coleman Matheson and
Bell.

5. Too rapid an addition of the hydroxylamine salt results in
precipitation of a dark solid that dissolves slowly. If solids do
separate, they should be pulverized to hasten solution.

6. Phenylacetylene, purchased either from K & K Labora-
tories or from Aldrich Chemical Company, Inc., was used
without purification.

7. A 600-ml. coarse porosity sintered glass filter is recom-
mended to shorten the filtration time. The filtration may also be
hastened by periodically scraping the bottom of the funnel with
a spatula.

8. The submitters report that the acetylide is stable for
years under these conditions.

9. A reagent grade of pyridine, purchased from either J. T.
Baker Chemical Company or Fisher Scientific Company, was
employed.

10. Oxygen will convert the acetylide to 1,4-diphenylbuta-
diyne.**

11. This material, obtained from Aldrich Chemical Company,
Inc., was used without purification.

12. Although the reaction mixture becomes homogeneous
in this example, the submitters report that only partial solution
occurs in other successful substitution reactions. The solu-
bilities of the acetylides and the heterogeneous character of the
cyclization have been described.?

13. The product exhibits ultraviolet maxima (95%, EtOH
solution) at 312mpu (e 32,900) and 326 mu (e 27,100) with
n.m.r. peaks (acetone-dg solution) at 8.49 (1H, doublet of
doublets, J = 1.4 and 4.7 Hz.) and 7.1-8.1 p.p.m. (8H multi-
plet). The mass spectrum has the following relatively abundant
peaks: m/e (rel. int.), 196 (25), 195 (100, M+), 166 (13), 139 (8),
102 (5), and 39 (6).

3. Discussion

Copper(I) acetylides can be prepared from ammoniacal
copper(l) iodide and acetylenes. 3 The generation of fresh
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solutions of the copper(I) salts results in a higher purity ace-
tylide.

The subst-itution of aryl halides by copper(l) acetylides pro-
vides a con—venient, high-yield route to aromatic acetylenes.*
Aliphatic acetylenes can also be obtained under forcing con-
ditions.> Th e procedure is also useful for the preparation of
conjugated acetylenic ketones and alkynyl alkyl sulfides.?
Moreover, t_he reaction provides the basis for a facile hetero-
cyclic synthesis of exceedingly broad scope. Thus a halide
bearing an sadjacent nucleophilic substituent is substituted and
cyclized by~ the copper(I) salt. The example described is
illustrative of the preparation of indoles,** benzo[b]thio-
phenes,® p hthalides,** benzofurans,?® 3-H-isobenzofurans,’
furans,® 1-EI-2-benzopyrans,” 1-H-thieno[3,4-b]-2-pyranones,?
furo[3,2-b]p_yridines,3 furo[3,2-c]pyridines,® pyrrolo[3,2-b]pyri-
dines,” and 4,5-dihydro-4-keto[3] benzoxepins. The furo[3,2-b]-
pyridine sysstem has only been prepared by this route.?

1. Departmen—t of Nematology, University of California, Riverside, California
92502.

2. V. A. Sazo—mova, and N. Ya. Kronrod, J. Gen. Chem. U.S.S.R., 26, 2093
(1956).

3. 8. A. Mlad_enovi¢ and C. E. Castro, J. Heterocycl. Chem., 5, 227 (1968).

4. (a) C. E. Caastro, E. J. Gaughan, and D. C. Owsley, J. Org. Chem., 31, 4071
(1966); (b) C. E. Castro and R. D. Stephens, J. Org. Chem., 28, 2163, 3313
(1963); (¢) S. A. Kandil and R. E. Dessy, J. Amer. Chem. Soc., 88, 3027
(1966); (d) M. D. Rausch, A. Siegel, and L. P. Klemann, J. Org. Chem., 31,
2703 (19668); (e) R. E. Atkinson, R. F. Curtis, D. M. Jones, and J. A.
Taylor, Chem. Commun., 718 (1967); (f) R. E. Atkinson, R. F. Curtis, and
J. A. Taylcor, J. Chem. Soc., C, 578 (1967).

5. K. Gump, S. W. Mojé, and C. E. Castro, J. Amer. Chem. Soc., 89, 6770
(1967).

6. A. M. Maltze and C. E. Castro, J. Amer. Chem. Soc., 89, 6770 (1967).

7. C. E. Castr—o, R. H. Havlin, V. K. Honwad, A. M. Malte, and S. W. Mojé,
J. Amer. C=hem. Soc., 91, 6464 (1969).



2,2,3,3-TETRAMETHYLIODOCYCLOPROPANE
(Cyclopropane, 1-iodo-2,2,3,3-tetramethyl)

CH3\ /CH3 CH3 CHs
o Ry
c——c\ + CHI; —<onms ” on o, T2
CH, CH, o 3 3

I

I, + 2NaOH —— Nal + NaOI + H,0

Submitted by T. A. MARoLEWsKI and N. C. Yancgl
Checked by T. Nakauira and K. B. WiBERG

1. Procedure

Caution! The intense emission from the light source should be

shielded from visibility in order not to damage the eye-sight of the
experimentalist.

In each of three 250-ml. round-bottomed Pyrex flasks are
placed 8.4 g. (0.10 mole) of 2,3-dimethyl-2-butene (Note 1),
175 ml. of dichloromethane, and 50 ml. of an aqueous 5M
sodium hydroxide solution. The flasks are kept rather full to
make more efficient use of the incident light. A Teflon-covered
magnetic stirring bar 2.5 cm. in length is added to each flask.
Three 170 ecm. by 90 cm. Pyrex crystallization dishes are almost
filled with an ice-water mixture (Note 2), each dish is placed
above a Mag-Mix magnetic stirrer, and each flask is then
immersed in the ice-water bath with the aid of a clamp. The
three assemblies are arranged symmetrically around a Hanovia
quartz immersion well (No. 19434) (Note 3) cooled with running
tap water containing a Hanovia 450-watt medium pressure
mercury lamp (No.679A36). The edge of each flask is placed
approximately 1 cm. from the wall of the well. After 2.0 g.
of iodoform is added to each flask, the mixture is irradiated
with stirring until the yellow color of the iodoform disappears.
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This process is continued until 39.4 g. (0.10 mole) of iodoform,
equally distributed between the flasks, have been consumed
(Note 4). After the reaction is complete, the reaction mixtures
are combined and the organic layer is separated, washed once
with water, and dried over anhydrous sodium sulfate. The
solvent is removed with a rotary evaporator at a water pump.
The residue is transferred to a 50-ml. flask, and 1.0 g. of sodium
methoxide is added (Note 5). The mixture is distilled under
reduced pressure in an apparatus with a 5-cm. Vigreux side-arm
(Ace Glass No. 9225). The receiver is cooled in an ice-water bath
and the first fraction, which boils at 45-8° (5 mm.), n?® b 1.5087,
is collected. The clear distillate, 14.0-15.0 g. (63-679,) yield,
should be stored in a refrigerator (Notes 6 and 7).

2. Notes

1. 2,3-Dimethyl-2-butene (99%,) was purchased from the
Chemical Samples Co.

2. At the beginning of irradiation, the mixture is mostly ice
and contains just enough water to make efficient contact with
the flask. The ratio of ice to water will vary during the course of
irradiation, and ice is added to replace excess water from time
to time.

3. Vycor or Pyrex wells will also be satisfactory in this prep-
aration since the irradiation is carried out in Pyrex flasks.

4. The total period of irradiation was about 8 hours; how-
ever, this may vary with the equipment used.

5. The presence of sodium methoxide is necessary to prevent
the product from decomposing during the distillation.

6. The checkers also carried out the reaction using equimolar
quantities of 2,3-dimethyl-2-butene and iodoform (0.1 mole
each) and obtained 12.6-13.0 g. (56-589%,) of the product. The
submitters made the same observation. They found that the
yield increased slightly as the mole ratio of olefin to iodoform
was increased from 1:1 to 3:1. Use of a larger excess of olefin
resulted in no further increase in yield.

7. 1-Todo-cis,trans-2,3-dimethylcyclopropane, b.p. 25-27° (8-
10 mm.), 72 D 1.5105, may be prepared in 56%, yield from
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trans-2-butene (Matheson Gas Products) with this procedure.
Both the 2,2,3,3-tetramethyliodocyclopropane and the 1-iodo-
cis,trans-2,3-dimethylcyclopropane prepared by this procedure
give only one peak on gas chromatography. The retention times
are 272 and 114 seconds, respectively, on a 60-cm. 209, SE 30
on Chromosorb W column at a temperature of 81° and a helium
flow rate of 41 ml. per minute.

3. Discussion

Bromo- and iodocyclopropanes cannot be prepared by the
direct halogenation of cyclopropanes. Substituted chloro- and
bromocyclopropanes have been synthesized by the photo-
chemical decomposition of «-halodiazomethanes in the presence
of olefins;? iodocyclopropanes have been prepared from the
reaction of an olefin, iodoform and potassium ¢-butoxide fol-
lowed by the reduction of diiodocyclopropane formed with
tri-n-butyl tin hydride.? The method described employs a
readily available light source and common laboratory equip-
ment, and is relatively safe to carry out. The method is adapt-
able for the preparation of bromo- and chlorocyclopropanes as
well by using bromodiiodomethane or chlorodiiodomethane
instead of iodoform.? If the olefin used will give two isomeric
halocyclopropanes, the isomers are usually separable by
chromatography.?

1. Department of Chemistry, University of Chicago, Chicago, Illinois 60637.
2. G. L. Closs and J. J. Coyle, J. Amer. Chem. Soc., 87, 4270 (1965).

3. J. P. Oliver and U. V. Rao, J. Org. Chem., 31, 2696 (1966).

4. N. C. Yang and T. A. Marolewski, J. Amer. Chem. Soc., 90, 5644 (1968).

4H-1,4-THIAZINE 1,1-DIOXIDE

1. O4. CoH50H C,H;0

—_— CHZ(,b —78° \H4CI
2. bOZ (,Ha(,OOH, reflu‘c
S

0,

Submitted by Wayraxp E. Noraxo! and Roserr D. DeMASTER2
Checked by H. GUurIEN, G. Kaprax, and A. Brossi

1. Procedure

A. cis- and trans-2,6-Diethoxy-1,4-oxathiane 4,4-Diozide.
Ozone (Note 1) is passed into a solution of 2,5-dihydrothio-
phene 1,1-dioxide (30.0 g., 0.254 mole) (Note 2) in 50 ml. of
absolute ethanol (Note 3) and 250 ml. of methylene chloride
contained in a 1-1. three-necked round-bottomed flask fitted
with a straight glass inlet tube, a calcium chloride drying tube,
and a glass stopper. The solution is cooled in a dry ice-methanol
bath and magnetically stirred while the ozone is being added.
When the solution becomes blue (Note 4), the addition of ozone
is stopped and liquid sulfur dioxide (35 ml., 0.78 mole) (Note 5)
is added in portions over a period of 10-15 seconds. After 2
minutes, the cold bath is removed and the reaction solution is
allowed to warm to room temperature over a period of 8-16
hours. The resulting dark brown-colored solution is poured into
a 4-1. beaker containing a rapidly stirred mixture of aqueous
sodium carbonate (120 g. in 1 1. of cold water) and 200 g. of ice.
The reaction flagk is rinsed with 50 ml. of water, which is added
to the basic mixture. After being stirred for 5 minutes, the
basic mixture is poured into a 2-1. separatory funnel and the
lower methylene chloride layer is separated and saved. The
beaker is rinsed with 200 ml. of methylene chloride and 100 ml.
of water, which are then added to the separatory funnel. The
contents of the separatory funnel are shaken, and the lower,
methylene chloride layer is separated and saved. The aqueous
layer is extracted with two more 150-ml. portions of methylene
chloride. All of the methylene chloride layers and extracts are

136
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combined, and washed with 300 ml. of water and 300 ml. of
saturated aqueous sodium chloride. The solution is dried over
3-6 g. of anhydrous magnesium sulfate, filtered, and evaporated
with a rotary evaporator at 50-60° in a water bath under
aspirator pressure. The residual cream-colored solid (50-52 g.,
88-919%,), m.p. 76-118°, is dissolved with magnetic stirring in
850-950 ml. of boiling heptane (Note 6) containing 1-2 g. of
activated carbon and filtered hot.

The filtrate is cooled to 0° in a refrigerator overnight. The
resulting precipitate is filtered, giving cis- and trans-2,6-
diethoxy-1,4-oxathiane 4,4-dioxide as a white solid (42-46 g.,
74-819,), m.p. 83-117° (Note 7).

B. 4H-1,4-Thiazine 1,1-Dioxide. Caution! This step should
be carried out in a hood to avoid exposure to hydrogen chloride gas.

A mixture of cis- and trans-2,6-diethoxy-1,4-oxathiane 4,4-
dioxide (15.0 g., 0.0669 mole), 3.8 g. (0.071 mole) of ammonium
chloride (Note 8), and 300 ml. of glacial acetic acid is placed in a
500-ml. one-necked round-bottomed flask fitted with a reflux
condenser and a magnetic stirring bar. The mixture is placed in
an oil bath preheated to 125-130° and refluxed, with magnetic
stirring, for 25-35 minutes, during which the ammonium
chloride dissolves, hydrogen chloride is evolved, and the solution
becomes brownish yellow in color (Note 9). The acetic acid is
evaporated with a rotary evaporator at 70-80° in a water bath
under aspirator pressure. The residual yellow solid is magneti-
cally stirred with a solution of 75 ml. of diethyl ether containing
10 ml. of isopropyl alcohol for 10 minutes (Note 10). The
resulting suspension is filtered and the precipitate sucked dry
on a Buchner funnel. The yellow solid (8.7-9.2 g.), m.p. 208-
212°, is boiled with 225-250 ml. of isopropyl alcohol and filtered
hot to remove the residual greenish black insoluble material
(0.5-1 g.). The filtrate is cooled to —10° to —5° in a freezer
overnight, causing separation of 4.6-5.3 g. (52-609%,) of 4H-1,4-
thiazine 1,1-dioxide as small yellow needles, m.p. 237-240°
(Note 11), which are filtered. Concentration of the filtrate to
50 ml., followed by filtration and cooling, causes separation of
an additional 1.5-2.0 g. (17-239%,) of crude yellow solid, m.p.
234-240°.
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2. Notes

1. A Welsbach Corporation Ozonator, style T-23, was used,
with the voltage set at 120 volts and the oxygen pressure at
8 p.s.i. to give a 4-59%, ozone concentration. The checkers used
a Welsbach Corporation Ozonator, style T-408, to give a 1-29%,
ozone concentration. The input oxygen was dried by being
passed through a tower of color-indicating Hammond Drierite.

2. 2,5-Dihydrothiophene 1,1-dioxide (butadiene sulfone, or
3-sulfolene) was purchased from the Aldrich Chemical Company,
Inec.

3. Use of larger amounts of absolute ethanol causes forma-
tion of more of the acyclic 3-thiapentane-1,5-dial bis(diethyl
acetal) 3,3-dioxide, with a corresponding reduction in yield of
the cyclic product.

4. Appearance of the blue color of ozone signals complete
cleavage of the double bond. Further addition of ozone could
cause undesirable oxidation. '

5. Sulfur dioxide was purchased in lecture-size bottles from
the City Chemical Corporation. The gas was condensed into a
precalibrated 50-ml. Erlenmeyer flask cooled in the dry ice-
methanol bath used for cooling the ozonolysis reaction.

6. Eastman Organic Chemicals Technical Grade ‘‘Heptanes,”
b.p. 96-100°, containing 709, heptanes and the rest octanes,
was used.

7. In one instance the submitters obtained an 85%, yield
when the reaction mixture was stirred with sulfur dioxide for
18 hours, followed by crystallization of the resulting crude
material (32 g. per 1.) without the use of charcoal.

The product is obtained as an approximately 55:45 mixture
of cis- and trans-isomers, as indicated by n.m.r. absorption
(CDCl, solution) at 5.33 (triplet, J = 4 Hz., 0.9H, CH protons
of the trans-isomer), 4.95 (doublet of doublets, J, , = 8 Hz.,
Jae = 2 Hz., 1.1H, CH protons of the cis-isomer), 4.27-3.47

(multiplet, 4.1H, 2 CH,CH,0), 3.47-2.77 (multiplet, 4.0H,
2 CH,S0,CH,), and 1.27 p.p.m. (triplet, J =7 Hz., 5.9H,
2 CH,). The infrared spectrum in Nujol has strong bands at
1312, 1118, 1029, and 972 em.~!, which are attributed to the
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SO, and CO groups. The cis-isomer, m.p. 103-105°, can be
separated from the mixture by three or four fractional erystal-
lizations from methanol, while the {rans-isomer, m.p. 136-137°,
can be separated from the mixture (or from the residue ob-
tained by evaporation of the methanol mother liquors from
which the cis-isomer was crystallized) by two or three fractional
crystallizations from benzene-petroleum ether (b.p. 60-68°).

8. “Baker Analyzed” Reagent Grade ammonium chloride
was purchased from the J. T. Baker Chemical Company.

9. Refluxing for longer times causes formation of increased
amounts of a dark greenish-brown by-product, which com-
plicates purification by crystallization. If the acetic acid be-
comes black-brown, the residue (which is sometimes tarry)
obtained on evaporation can be purified by a rapid chromatog-
raphy through a 3.8-cm. deep column of activated alumina
using acetone as a transfer agent and eluent.

10. The purpose of the wash with diethyl ether and isopropyl
alcohol is to remove the remaining acetic acid and any residual
hydrogen chloride, which may cause decomposition during the
subsequent crystallization.

11. The analytical sample melted at 240-241.5°. The infrared
spectrum in Nujol has a strong NH band at 3360, a strong band
in the double bond region at 1645 and another at 1511, and a
group of bands at 1265 and 1255 (medium strong) and 1238,
1226, 1102, and 1093 (all strong), some of which are attributable
to the sulfonyl group, and a strong band at 692 cm.1. The
n.m.r. spectrum (CD;SOCD; solution) has an AA’BB’ pattern
with major peaks at 7.12 and 6.99 (2.0H) and 6.02 and 5.88
p.p.m. (2.0H), attributed to the 4 CH protons. The ultraviolet
spectrum has maxima (95%, EtOH solution) at 226 mu (log €
3.75), 230 my, inflection (log e 3.72), 237 my, inflection (log €
3.47), 277 mu (log € 3.52), and 287 muy, (log € 3.55).

3. Discussion

This procedure represents the first reported synthesis of
cis- and trans-2,6-diethoxy-1,4-oxathiane 4,4-dioxide?® and of its
further reaction product, 4H-1,4-thiazine 1,1-dioxide.® A deriv-
ative of the latter, 3,5-diphenyl-4H-1,4-thiazine 1,1-dioxide,
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has been prepared previously by reaction of phenacyl sulfone
with ammonia.t® Primary amines, in addition to ammonia,
can be converted to the corresponding 4-substituted 4H-1,4-
thiazine 1,1-dioxides by condensation with 2,6-diethoxy-1,4-
oxathiane 4,4-dioxide using the procedure described above.
For example, p-aminobenzoic acid hydrochloride gave 4-(p-.
carboxyphenyl)-4H-1,4-thiazine 1,1-dioxide in 839, yield.® The
submitters have also observed,® as have others,* that the 4H-
1,4-thiazine 1,1-dioxide system may be N-alkylated with an
alkyl halide using potassium carbonate in anhydrous acetone.

The ozonolysis reaction, followed by reductive workup with
sulfur dioxide, as described in Part A of the present procedure,
illustrates a general method which has been developed for the
preparation of acetals.® Application of the procedure is illus-
trated by conversion of the following olefins in alcoholic solution
to the corresponding acetals:® (1) 1-chloro-4-(o-nitrophenyl)-2-
butene to o-nitrophenylacetaldehyde dimethyl acetal in 849,
yield; (2) 1,4-dibromo-2-butene to bromoacetaldehyde dimethyl
acetal in 679, yield; (3) 3-butenoic acid to malonaldehydic
acid diethyl acetal ethyl ester in 619, yield; (4) cyclopentadiene
to malonaldehyde bis(diethyl acetal) in 489, yield; and (5)
1,4-dinitro-2-butene (produced in sitw from 1,3-butadiene and
dinitrogen tetroxide) to nitroacetaldehyde diethyl acetal in 21 %
yield.

1. School of Chemistry, University of Minnesota, Minneapolis, Minnesota
55455.

2. Central Research Laboratory, 3M Company, St. Paul, Minnesota 55101.

3. Robert D. DeMaster, Ph.D. Dissertation, University of Minnesota, Minne-
apolis, Minnesota, June 1970; Diss. Abstr. Int. B, 31, 5871 (1971).

4. C. R. Johnson and 1. Sataty, J. Med. Chem., 10, 501 (1967).

5. I. Sataty, J. Org. Chem., 34, 250 (1969).
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Acetaldehyde, directed condensation

with benzophenone, 50, 67
reaction with cyclohexylamine, 50, 67

Acetals, synthesis, 52, 135, 139

Acetic anhydride, with 2-heptanone to
giile 3-n-butyl-2,4-pentanedione,
51,90

ACETIC FORMIC ANHYDRIDE, 50, /

Acetone azine, 50, 2

ACETONE HYDRAZONE, 50, 2, 28

Acetophenone, sensitizer for irradiation
of bicyclo{2.2.1]hepta-2,5-diene
to give quadricyclane, 51, 133

Acetophenone N,N-dimethylhydrazone,

50, 102
ACETOPHENONE HYDRAZONE, 50,

102
38-ACETOXY-5a-CYANOCHOLESTAN-
7-ONE, 52, 100
1-Acetoxy-2-methylcyclohexene, 52, 40
p-ACETYL-«-BROMOHYDROCIN-
NAMIC ACID, §1, 1
Acetyl chloride, reaction with sodium
formate, S0, 1
with propylene, aluminum chloride,
and quinoline to give frans-3-pen-
ten-2-one, 51, 116
2-Acetylcycloheptane-1,3-dione, 52, 4
2-ACETYLCYCLOPENTANE-1,3-
DIONE, 52, 1
2-Acetylcyclopentanone, from cyclo-
pentanone and acetic anhydride,
51,93
2-Acetyl-4,4-dimethylcyclopentane-1,3-
dione, 52, 4
2-Acetyl-5,5-dimethylcyclopentane-1,3-
dione, 52, 4
Acetylenedicarboxylic acid, dimethyl
ester, 50, 25, 36
Acetylenes, reaction with trimethyl-
silyl azide, 50, 109
2-Acetyl-4-methylcyclopentane-1,3-

dione, 52, 4
2-Acetylindane-1,3-dione, 52,4
Acid anhydride, mixed, with sodium
azide to give phenylcyclopentane-
carboxylic acid azide, 51,48
Acrylic acid, with p-acetylbenzenediazo-
nium bromide, 51,1
Acylation, of enol esters, 52, 1
Alcohols, hindered, esterification, 51, 98
primary, oxidation, 52, 5
Aldehydes, a-phenyl-, from 2-benzyl-4,-
4 ,6-trimethyl-5,6-dihy dro-1,3(4H)-
oxazine, 51, 29
preparation, using 1,3-dithiane, §0, 74
from primary alcohols, §2, §
reaction with trimethylsilylazide, 50,
109
usin%acetic formic anhydride, 50, 2
ALDEHYDES BY OXIDATION OF
TERMINAL OLEFINS WITH
CHROMYL CHLORIDE: 2.4 4-
TRIMETHYLPENTANAL, 51, 4
ALDEHYDES FROM ACID CHLO-
RIDES BY MODIFIED ROSEN-
MUND REDUCTION: 34,5-TRI-
METHOXYBENZALDEHYDE,

51,8

ALDEHYDES FROM ACID CHLO-
RIDES BY REDUCTION OF
ESTERMESYLATES WITH SO-
DIUM BOROHYDRIDE: CYCLO-
BUTANECARBOXALDEHYDE,

51,11

ALDEHYDES FROM ALLYLIC ALCO-
HOLS AND PHENYLPALLA-
DIUM ACETATE: 2-METHYL-3-
PHENYLPROPIONALDEHYDE,

51,17
ALDEHYDES FROM AROMATIC NI-
TRILES: p-FORMYLBENZENE-
SULFONAMIDE, 51, 20
ALDEHYDES FROM 2-BENZYL-4,4,6-
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TRIMETHYL-5,6-DIHYDRO-1,3-
(4H)-OXAZINE: 1-PHENYLCY-
CLOPENTANECARBOXALDE-
HYDE, 51, 24

1d-ALDEHYDES FROM ORGANO-
METALLIC REAGENTS: 1-d-2-
METHYLBUTANAL, 51, 31

ALDEHYDES FROM PRIMARY ALCO-
HOLS BY OXIDATION WITH
CHROMIUM TRIOXIDE: 1-HEP-
TANAL, 52,5

ALDEHYDES FROM sym-TRITHIANE:
n-PENTADECANAL, 51, 39

ALDOL CONDENSATIONS, DIREC-
TED, 50, 66

Alkylation, of acids, 50, 61

withlgenzyl chloromethyt ether, 52,

intrar;olecular to form cyclopropanes,
£
of lithium enolates, 52, 39
by oxonium salts, 51, 144
Alkylboranes, oxidation, 52, 59
synthesis, §2, 59
Alkyl bromides, from alcohols, benzyl
bror‘r‘)ide, and triphenyl phosphite,

51
Alkyl chiorides, from alcohols, benzyl
chlorglde, and triphenyl phosphite,

51,4

ALKYL IODIDES: NEOPENTYL IO-
DIDE, IODOCYCLOHEXANE,
51,44

Allenylacetylenes, 50, 101

n-Allylnickel bromide, 52, 199

Aluminum amalgam, 52, 78

Aluminum chloride, with ethylene and
p-methoxyphenylacetyl chloride
tl% give 6-methoxy-g-tetralone, 51,

with propylene and acetyl chloride to
give 4-chloropentan-2-one, 51, 116
with succinic anhydride and isoprope-

nyl acetate, 52, 1

Amine oxides, anhydrous, 50, 55, 58

Amines, protecting group for, 50, 12

AMINES FROM MIXED CARBOXYL-
IC-CARBONIC ANHYDRIDES:
1-PHENYLCYCLOPENTYL-
AMINE, 51, 48

p-Aminoacetophenone, diazotization,

’
t-Amyl iodide, from f-amyl alcohol,
methyl iodide, and triphenyl phos-
phite, 51,47
ANDROSTAN-178-0L, 52, 122
Anthracene, cyanation, 50, 55
Arndt-Eistert reaction, modified, 50, 77
'y-Aryll-g—iiiketones, general synthesis, 51,

Axial :;lscohols, preparative methods, 50,

AZIDOFORMIC ACID, +-BUTYL
ESTER, 50, 9

AZIRIDINES FROM g-I0DOCARBA-
MATES: 1,2,3 4-TETRAHYDRO-
.I;I;\PHTHALENE(I,Z)IMINE, 51,

Azoalkanes, synthesis, 52, 11

Azocyclohexane, 52, 15

AZOETHANE, 52,11

Azo-n-butane, 52, 15

2-Azo-2-methylpropane, 52, 15

Azo-p-nitrobenzene, 52, 15

Azo-n-propane, 52, 15

Benzaldehyde, by condensation of
phenyllithium with 1,1,3,3-tetra-
methylbutyl isonitrile, 51, 38

by reduction of benzonitrile with
Raney nickel alloy, 51, 22

BENZALDEHYDE, 34,5 -TRIMETH-
0XY-, 51,8

BENZENESULFONAMIDE, p-FOR-
MYL- 51,20

Benzhydrol, §2, 22

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

Benzophenone, directed reaction with
acetaldehyde, 50, 68

Benzoylacetone, from acetophenone and
acetic anhydride, 51, 93

BENZYL CHLOROMETHYL ETHER,

§2,16
2-BENZYL-2-METHYLCYCLOHEXA-
NONE, 52, 39
2-BENZYL-6-METHYLCYCLOHEXA-
NONE, 52, 39
3-Benzyloxy-4,5-dimethoxybenzalde-
hyde, by reduction of 3-benzyl-
oxy-4,5-dimethoxybenzoy! chlo-
ride, 51, 10
2-Benzyl4,4,6-trimethyl-5,6-dihydro-1,-
3(4H)-oxazine, from 2-methyl-2 4-
pentanediol and phenylacetonitrile,

51,27
BICYSIZJO[I.I.O] BUTANE, 51, 55, 52,

Bicyclo[2.2.1]hepta-2,5-diene, irradi-

ation sensitized by acetophenone
_ togive quadricyclane, 51, 133

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

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

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

Bicyclo[2.2.0] hex-S-ene-2,3-dicarboxylic
anhydride, 50, 51

BICYCLO{3.2.1]OCTAN-3-ONE, 51, 60

BIPHENYL, 51, 82

Biphenyls, unsymmetrical, 50, 27

2,2'-Bipyridyl, use as an indicator for
organolithium reagents, §2, 39,

112
1,1-BIS(BROMETHYL)CYCLOPRO-
PANE, 52, 22
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Boranes, oxidation with H, O, , 50, 90,

52,59

2-BORENE, 51, 66

Boron trifluoride, with dimethyl ether
and epichlorohydrin to give tri-
methyloxonium tetrafluoroborate,
51,142

Boron trifluoride-acetic acid, with acetic
anhydride and 2-heptanone to
give 3-n-butyl-2,4-pentanedione,
51,90

Bromoacetaldehyde dimethyl acetal, 52,
139

Bromine, with 3-chlorocyclobutanecar-
boxylic acid and mercuric oxide to
give 1-bromo-3-chlorocyclobutane,

51,106
1-BROMO-3-CHLOROCYCLOBUTANE,
51,106
1-Bromo-3-chlorocyclobutane, with so-
dium to give bicyclo[1.1.0] butane,
51,55
3-Bromocyclobutanecarboxylic acid, 51,
75

Bromocyclopropane, from cyclopropane-
carboxylic acid, 51, 108
(2-Bromoethyl)benzene, 50, 59
3-(Bromomethyl)cyclobutyl bromide,
from 3-(bromomethyl)cyclobu-
tanecarboxylic 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-, §1, 31

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

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

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

t-BUTYL AZIDOFORMATE, 50, 9

t-BUTYLCARBONIC DIETHYLPHOS-
PHORIC ANHYDRIDE, 50, 9

cis-4-t-BUTYLCYCLOHEXANOL, 50,
13

4-¢-Butylcyclohexanone, 50, 13

1-t-Butylcyclohexene, by reduction of
t-butylbenzene, 50, 92

5-t-Butyl-2,3-dimethyliodobenzene, from
iodine and 4-t-butyl-1,3-dimethyl-
benzene, 51, 95

t-Butyl hydroperoxide, 50, 56

N-t-Butylhydroxylamine, §2, 78

t-Butyl hypochlorite, with 4-pheny}-
urazole 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-bromotetra-
decane, 51, 40
with 1,3-dithiane and 1-bromo-3-
chloropropane to give, 5,9-dithia-
spiro[3.5]nonane, 51, 76
with p-toluoyl chloride and #-butanol
to give ¢-butyl p-toluate, 51, 96
sec-Butyllithium, with 1,1,3,3-tetrameth-
ylbutyl isonitrile and deuterium
oxide to give N-(1-d-2-methylbut-
ylidene)-1,1,3,3-tetramethylbutyl-
amine, 51, 33
- BUTYLMALONIC ACID, DIETHYL-
ESTER, 50, 38
3-BUTYL-2-METHYLHEPT-1-EN-3-OL,

52,19
3-n-BUTYL-2,4-PENTANEDIONE, 51,
90

t-Butyl phenylacetate, from phenylacetyl
chloride, t-butanol, and n-butyl-
lithium, 51, 98

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

n-Butyl sulfide, with tetracyanoethylene
oxide to give carbonyl cyanide, 51,

70
+BUTYL p-TOLUATE, 51, 96

Camphor tosylhydrazone, with methyl-
lithium to give 2-bornene, 51, 66
8-CARBOLINE, 1,2,3 4-TETRAHYDRO-,
51,136
Carbon dioxide, anhydrous, 50, 9
CARBONYL CYANIDE, 51, 70
Carbonyl cyanide, with alcohols, 51, 72
with amines, 51, 72
with olefins, 51, 72
4-(p-Carboxyphenyl)-4H-1 4-thiazine 1,
1-dioxide, 52, 127
o-Chlorobenzaldehyde, by reduction of
o-chlorobenzonitrile with Raney
nickel alloy in formic acid, 51, 23
p-Chlorobenzaldehyde, by reduction of
p-chlorobenzonitrile with Raney
nickel alloy, 51, 22
m-Chlorobenzoy] chloride, 50, 16
3-Chlorobicyclo[3.2.1] oct-2-ene, from
exo-3,4-dichlorobicyclo{3.2.1]-
oct-2-ene and lithium aluminum
hydride, 51, 61
with sulfuric acid to give bicyclo-
[3.2.1]-octan-3-one, 51, 62
3-CHLOROCYCLOBUTANECARBOX-
YLIC ACID, 51,73
3-Chlorocyclobutanecarboxylic acid,
with mercuric oxide and bromine
to give 1-bromo-3-chlorocyclo-
butane, 51, 106
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3-Chloro-1, 1-cyclobutanedicarboxylic
acid, from sulfuryl chloride and 1,
1-cyclobutanedicarboxylic acid,
51,73
4-Chloropentan-2-one, with quinoline to
Eve trans-3-penten-2-one, 51,116
m-CHLOROPERBENZOIC ACID 50
15,34
3-Chloropropionitri1e, 50, 20
Chlorosulfonyl isocyanate, in nitrile syn-
thesis, 50, 52
precautions, 50, 18
2-Chloro-5-thiophenethiol, 50, 106
3a-Cholestanol, 50, 15
Chromlum(ll)en perchlorate 52,62
Chromium(II) salts, standa:dlzatlon
procedure for solutions, 52, 64
Chron;l;n; trioxide-pyridine complex
Chromyl chloride, oxidation of terminal
olefins, 51, 6
Cinnamaldehyde, by reduction of cinna-
monitrile with Raney nickel alloy
in formic acid, 51, 23
from the ester-mesylate, 51, 16
Cinnamic acid, 50, 18
CINNAMONITRILE, 50, 18
Condensation, of p-acetylbenzenediazo-
nium bromide with acrylic acid,

Condurifol-D, 50, 27
Conjugate addition of Grignard reagents,

, 41
CONTROLLED POTENTIAL ELECTRO-
LYTIC REDUCTION: 1,1-BIS-
(BROMOMETHYL)CYCLOPRO-
PANE, 52, 22
Copper(I) chloride, use in Grignard reac-
tions, 50, 39
reaction with an organomagnesium
compound, 50, 98
Copper(I) phenylacetylide, 52, 128
Coupling of acetylenes and halides,
copper-promoted, 50, 100
Crown polyethers, complexes, 52,71,73
synthesis, 52, 66
Cuprous ox1de in thiol arylation, 50, 75
Curtius reacuon modification using
mixed carboxyhc-ca:bomc anhy-
drides, 51, 51
Cyanaglson of aromatic compounds, 50,

9-Cyanoanthracene, 50, 55

p- Cyanobenzenesulfonamnde reduction
with Raney nickel alloy to p-for-
mylbenzenesulfonamide, 51, 20

p-Cyano-N N-diethylaniline, 50, 54

Cyanohydrins, formation by use of alkyl-
aluminum cyanides, §2, 96

ICyarsnci-ls-’%ydroxy-&methoxytetralin,

Cyanomésitylene, 50, 54

1-CYANO-6-METHOXY-3,4-DIHYDRO-
NAPHTHALENE, 52, 96
1-Cyano-2-methoxynaphthalene, 50, 55
4-Cyano-1-methoxynaphthalene, 50, 55
2-Cyanothiophene, 50, 54
N-Cyanovmylpyrrohdone 50, 54
CYCLIC KETONES FROM 1 3-DITHI-
ANE: CYCDOBUTANONE, 51,76
Cyclobutadiene, generation in situ, 50,

CYCLOBUTADIENEIRON TRICAR-
BONYL, 50, 21

Cyclobutane, 52, 32

CYCLOBUTANE, 1-BROMO-3-
CHLORO-, 51, 106

Cyclobutanecarbony! chloride, reaction
with erythro-2,3-butanediol mono-
mesylate, 51, 12

CYCLOBUTANECARBOXALDEHYDE,
51,11

CYCLOBUTANECARBOXYLIC ACID,
3-CHLORO-, 51, 73

1,1-Cyclobutanedicarboxylic acid, with
sulfuryl chloride to give 3-chloro-
;,1 1-(7:y3clobutanedicarb oxylic acid,

b

CYCLOBUTANONE, 51, 76

CY! CLO&SUTENE, cis-3-4-DICHLORO,
50, 36

2-Cyclobutyl-cis-4-trans-5-dimethyl-1,3-
dioxolane, by reaction of erythro-
3-methanesulfonyloxy-2-butyl
cyclobutanecarboxylate with
sodium borohydride, §1, 12

hydrolysis to cyclobutanecarboxalde-

hyde, 51,13

3,5-CYCLOHEXADIENE-1,2-DICAR-
BOXYLIC ACID, 50, 50

Cyclohexane carbonitrile, 50, 20

1 4-Cyclohexanedlol from hydro-
quinone, 51, 105

CY CLSOéJE?ANOL 4-t-BUTYL, cis-,

Cyclohexanol with triphenyl phosphlte
and methyl iodide, 51,45

CYCLOHEXANONE 2-DIAZO- 51,86

4-CYCLOHEXENE-1 2-DICARBOX:
YLIC ACID, DIETHYL ESTER,
trans-, 50, 43

Cyclohexylamine, 52, 127

reaction with acetaldehyde, 50, 67
Cyclooctatretraene, chlorination, 50, 36
reaction with mercuric acetate, 50, 24

CYCLOOCTENE, 1-NITRO, 50, 84

CYCLOPENTANECARBOXALDE-
HYDE, 1-PHENYL- § 1 24

Cyclopentane-l 3-dione, 52

CYCLOPENTYLAMINE 1-PHENYL-
51,48

Cyc]opropane, 52,32

Cyclopropanecarboxaldehyde, by reduc-
tion of ester-mesylate, §1, /16
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CYCLOPROPANECARBOXYLIC ACID,
cis-2-PHENYL, 50, 94

Cyclopropane derivatives, synthesis, 52,
22,33,132

Cyclopropenes, 50, 30

1-DECALOL, 51, 103

2-Decalol, dehydration, 50, 92

Decarboxylation, of 3-chloro-1,1-cyclo-
butanedicarboxylic acid to 3chlo-
rocyclobutanecarboxylic acid, 51,
74

Dehydrohalogenation, with quinoline,

1,116
with triethylamine, 52, 36

DEHYDROXYLATION OF PHENOLS:
HYDROGENOLYSIS OF PHENO-
LIC ETHERS: BIPHENYL, 51, 82

“Dewar benzene,” 50, 51

trans-7,8-Diacetoxybicyclo[4.2.0] octa-
2,4-diene, 50, 24

trans, trans-1,4-DIACETOXY-1,3-BUTA-
DIENE, 50, 24

N,N’-Dialkylsulfamides, synthesis, 52, 11

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

I(Diazoacetyl)naphthalene, 50,77

16—Diaz:androst—5-ene-3ﬂ-ol-17-one, 52,

5
2-DIAZOCYCLOALKANONES: 2-DI-
AZOCYCLOHEXANONE, 51, 86
2-Diazocycloalkanones, from a-(hydroxy-
methylene)ketones with p-toluene-
sulfonyl azide, 51, 88
2 DIAZOCYCLOHEXANONE 51,86
a-Diazo ketones, rearrangement, 52 53
synthesis, 52, 53
Diazomethane, in modified Arndt-Eistert
reaction, 50, 77
DIAZOMETHANE, BIS(TRIFLUORO-
METHYL), 50 6
2-DIAZOPROPANE 50,5, 2
DIBENZO-18-CROWN-§ POLYETHER

52,66

trans-1 ,2-DIBENZOY LCYCLOPRO-

ANE, 52, 33

Dibenzyl sulfide, 50 33

Diborane, 50 90, 59

a -DIBRONiODIBENZYL SULFONE,
50, 31, 6

exo-3 4-chhlorob1cyclo[3 2.1} oct-2-
ene, from norbornene and ethyl
tnchloroacetate 51,60

1,4 chhlorobutadlene 50 37

czs-3 4 DICHLOROCYCLOBUTENE

50, 21, 36
DICYCLOHEXYL-IS-CROWN-6 POLY-
ETHER, §2, 66
Diels-Alder adduct, pyrolysis, 50, 37
Diels-Alder reaction, §0, 37
of 1,4-diacetoxy-1,3-butadiene, 50, 27

using 3-sulfolene, 50, 47
2,6-Diethoxy-1 4-oxath1ane 52,135
DIETHYLALUMINUM CYANIDE 52,
90

N N-Diethylaniline, cyanation, 50, 54

DIETHYL ¢- BUTYLMALONATE 50,
38

Diethyl carbonate, with hydrazine hy-
drate to give ethyl hydrazine-
carboxylate, §1, 121

Diethyl fumarate, as a dienophile, 50, 43

Diethyl isopropylidenemalonate, 50, 38

Diethyl malonate, condensation with
acetone, 50, 39

Diethyl 5-methylcoprost-3-en-3-yl phos-
phate, 52, 109

Diethyt phosphorochlondate 50,10
reaction with metal enolates, 52 109
NN -D1ethylsu1fanude 52,11
DIETHYL trans-A -TETRAHYDRO-
PHTHALATE, 50, 43

1,2 Dlhydronaphthalene with iodine
isocyanate and methanol to give
methyl (trans-2-iodo-1-tetralin)car-
bamate, 51,112

trans-1,2- DIHYDROPHTHALIC ACID,
50 50

cis-1 2-D1hydrophthahc anhydride, 50,

51

Dnododurene from durene and iodine,
S1

Diiron er’meacaxbonyl 50,21

g-DIKETONES FROM METHYL AL-
KYL KETONES: 3-n-BUTYL-2 4-
PENTANEDIONE, 51, 90

2,6-Dimethoxybenza1dehyde, by reduc-
tion of 2,6-dimethoxybenzonitrile
with Raney nickel alloy in formic
acid, §

2 4-DIMETHOXYBENZONITRILE 50,
52

3,4-Dimethylbenzaldehyde, by reduction
of 3,4-dimethylbenzoyl chloride,

51,10
4,5-DIMETHYL-1,2-BENZOQUINONE,
52,88
1,3-Di_1;12éthy1bicyclo[1.1 .0] butane, 52,

N,N-DIMETHYLCYCLOHEXYLAMINE,
52,124

1 2-D1methylcyclopropane 52,32

N,N-Dimethyldodecyclamine, 50 56

N N-DIMETHYLDODECYLAMINE
OXIDE, 50, 56

Dimethyl ether, with boron trifluoride
diethyl etherate and epichloro-
hydrin to give trimethyloxonium
tetrafluoroborate, 51, 142

N,N-Dimethylhydrazine, 50, 102

4 4-D|methyl-2-neopentylpontanal by
oxidation of 4,4-dimethyl-2-neo-
pentyl-1-pentene with chromyl
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chloride, 51, 6
2,2-Dimethyl-4-phenylbutyric acid, 50,
58

2.4-Dimethyl-3-sulfolene, in Diels-Alder
reaction, 50, 48
3,4-Dimethyl-3-sulfolene, in Diels-Alder
reaction, 50, 48
Dimethylsulfoxide, sodium salt, 50, 62
Dimethylthiocarbamyl chloride, syn-
thesis of, 51, 140
with 2-naphthol to give O-2-naphthyl
dimethylthiocarbamate, 51, 139
Dinitrogen tetroxide, 50, 84
Diphenylacetyl chloride, 52, 36
Diphenylacetylene, conversion to diphen-
ylbutadiene, 50, 63
2,3-DIPHENYL-1,3-BUTADIENE, 50,

2

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

2,2-Diphenylethyl benzoate, from 2,2-
diphenylethanol, benzoy! chloride,
and z-butyllithium, 51, 98

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

51,128 )
DIPHENYLKETENE, 52, 36
a,’-Di henylthiodi%}yco]ic acid, 50, 31
2,3-DIPHENYLVINYLENE SULFONE,
50,32, 34, 65
Dipotassium nitrosodisulfonate, 52, 86,
88

Dipyridine chromium(VI) oxide, 52, 5

DIRECT IODINATION OF POLY-
ALKYLBENZENES: IODODUR-
ENE, 51, 94

Disodium hydroxylaminedisulfonate,

DISODIUM NITROSODISULFONATE,

52,83
1,3-DITHIANE, 50, 72
1,3-Dithiane, with 1-bromo-3-chloropro-
pane and n-butyllithium to give
5,9-dithiaspiro[3.5] nonane, 51, 76
5,9-Dithiaspiro[3.5] nonane, from 1,3-
dithiane, 1-bromo-3-chloropropane,
and n-butyllithium, 51, 76
2,2’-DITHIENYL SULFIDE, 50, 75
Diynes, preparation, 50, 101
DURENE, IODO-, 51, 94

Electrolytic reduction, apparatus, 52, 23

Enol acetates, acylation of, 52, 1

Enol esters, preparation, 52, 39

Epichlorohydrin, with boron trifluoride
diethy! therate and dimethyl ether
to give trimethyloxonium tetra-
fluoroborate, 51, 142

ESTERIFICATION OF HINDERED AL-
COHOLS: -BUTYL p-TOLUATE,

51,96

Ethylenediamine, complexes with chro-
mium(II) salts, 52, 62

Ethyl diazoacetate, as source of car-
bethoxycarbene, 50, 94

Ethylene, with p-methoxyphenylacetyl
chloride and aluminum chloride to
give 6-methoxy-S-tetralone, 51,
109

Ethyl hydrazinecarboxylate, from hydra-
zine hydrate and diethyl carbonate,
51,121

Ethylidenecyclohexylamine, 50, 66

Ethyl 1-iodopropionate, from ethyl 1-
hydropropionate, methyl iodide,
and triphenyl phosphite, 51, 47

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

Ethyl 1-naphthylacetate, 50, 77

ETHYL PYRROLE-2-CARBOXYLATE,
51,100

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

FORMATION AND ALKYLATION OF
SPECIFIC ENOLATE ANIONS
FROM AN UNSYMMETRICAL
KETONE: 2-BENZYL-2-METHYL-
CYCLOHEXANONE AND 2-BEN-
ZYL-6-METHYLCYCLOHEXA-
NONE, 52, 39

FORMATION AND PHOTOCHEMICAL
WOLFF REARRANGEMENT OF
CYCLIC o-DIAZO XETONES: D-
NORANDROST-5-EN-38-OL-16-
CARBOXYLIC ACIDS, §2, 53

FORMIC ACID, AZIDO, +-BUTYL
ESTER, 50, 9

Formylation, with acetic formic anhy-
dride, 50, 2

p-FORMYLBENZENESULFONAMIDE,
51,20

Formyl fluoride, 50, 2

Fremy’s salt, 52, 86, 88

Glyoxylic acid, with tryptamine to give
1,2,3,4-tetrahydro-g-carboline, 51,
136

1-HEPTANAL, 52,5

2-Heptanone, with acetic anhydride, bo-
ron trifluoride-acetic acid, and p-
toluenesulfonic acid to give 3-n-
butyl-2,4-pentanedione, 51, 90

2.4-Hexadienenitrile, 50, 20

Hexafluoroacetone hydrazone, 50, 6

HEXAFLUOROACETONE IMINE, 50,
6,81

Hexafluorothioacetone, 50, 83

Hexamethylbicyclo[1.1.0] butane, from
1,3-dibromohexamethylcyclobu-
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tane and sodium-potassium alloy,
51,58
Hexamethylphosphoramide, 50, 61
n-Hexanal, from 2-lithio-1,3,5-trithiane
and 1-bromopentane, 51, 43
Hunsdiecker reaction, modified; for prep-
aration of 1-bromo-3-chlorocyclo-
butane, 51, 106
Hydrazine, anhydrous, 50, 3, 4, 6
reaction with hydrazones, 50, 102
Hydrazine hydrate, 50, 3
Hydrazoic acid, safe substitute for, 50,

107

HYDRAZONES, PREPARATION, 50,
102

Hydroboration, of 2-methyl-2-butene,

0

b

HYDROBORATION OF OLEFINS: (+)-
ISOPINOCAMPHEOL, 52, 59

HYDROCINNAMIC ACID, p-ACETYL-
a-BROMO-, 51, 1

HYDROGENATION OF AROMATIC
NUCLEI: 1-DECALOL, 51, 103

Hydrocyanation, with alkylaluminum
cyanides, 52, 100

Hydrogen cyanide, reaction with triethyl-
aluminum, §2, 90, 100

HYDROGENOLYSIS OF CARBON-
HALOGEN BONDS WITH CHRO-
MIUM(II)-EN PERCHLORATE:
NAPHTHALENE FROM 1-
BROMONAPHTHALENE, 52, 62

Hydrogenolysis, of phenolic ethers to
aromatics, 51, 85

of p-(1-phenyl-5-tetrazolyloxy)bi-

phenyl with palladium-on-charcoal
catalyst to biphenyl, 51, 83

Hydrolysis, of 5,9-dithiaspiro[3.5] no-
nane to cyclobutanone, 51, 77

of substituted sym-trithianes to alde-

hydes, 51,42

3-Hydroxycyclohexanecarboxylic acid,
?00.;“ 3-hydroxybenzoic acid, 51,

2-(Hydroxymethylene)cyclohexanone
with p-toluenesulfonyl azide to
give 2-diazocyclohexanone, 51, 86

Imines of haloketones, 50, 83

Iodides, from alcohols, methyl iodide,
and triphenyl! phosphite, 51, 47

Todine isocyanate, from silver isocyanate
and iodine, 51, 112

IODOCYCLOHEXANE, 51, 45

IODODURENE, 51, 94

trans-B-lodoisocyanates, general synthesis
from olefins with iodine isocyanate,
51,114

lodometric titration, 50, 17

Iridium tetrachloride, in modified Meer-
wein-Ponndorf reduction, 50, 13

Iron enneacarbonyl, see¢ Diiron ennea-

carbonyl
Irradiation apparatus, 51, 133
Irradiation, of bicyclo{2.2.1 ] hepta-2,5-
diene to give quadricyclane, 51,
133
N-Isobutylaniline, 52, 127
Isobutyric acid, alkylation, 50, 59
(+)-ISOPINOCAMPHEOL, 52, 59
Isopropenyl acetate, acylation of, 52, 1

Ketones, preparation using 1,3-dithiane,
50,74;51,80

Lead tetraacetate, oxidation of a hydra-
zone to a diazo compound, 50, 7
Lithium, reductions in amine solvents,

Lithium aluminum hydride, reduction of
exo-3 4-dichlorobicyclo[3.2.1] oct-
2-ene to 3-chlorobicyclo[3.2.1]-
oct-2-ene, 51, 61

Lithium diisopropylamide, 50, 67; 52,43

Lithium dimethylcuprate, 50,41;52, 109

Lithium enolates, formation, 52, 109

Lithium enolates, preparation and alkyl-
ation, §2, 39

reaction with diethyl phosphorochlo-
ridate, 52, 109

MACROCYCLIC POLYETHERS: DI-
BENZO-18-CROWN-6 POLY-
ETHER AND DICYCLOHEXYL-
18-CROWN-6 POLYETHER, 52,

66

Malonaldehyde bis(diethyl acetal), 52, 139

Malonagi;.hydic acid diethyl acetal, 52,
1

Meerwein reaction, preparation of p-
acetyl-a-bromohydrocinnamic
acid, 51,1

Mercuric acetate, reaction with cyclo-
octatetraene, 50, 24

Mercuric oxide, use in oxidation of hy-
drazones, 50, 28

with 3-chlorocyclobutanecarboxylic

acid and bromine to give 1-bromo-
3-chlorocyclobutane, 51, 106

MERCURIC OXIDE-MODIFIED HUNS-
DIECKER REACTION: 1-BRO-
MO-3-CHLOROCYCLOBUTANE,
51,106

Mesitylene, cyanation, 50, 54

METALATION OF 2-METHYLPYRI-
DINE DERIVATIVES: ETHYL 6-
METHYLPYRIDINE-2-ACETATE,
52,75

Methallyl alcohol, with phenylmercuric
acetate to yield 2-methyl-3-phenyl-

ropionaldehyde, 51, 17

METHALLYLBENZENE, 52,115

=-Methallylnickel bromide, 53, 115

erythro-3-Methanesulfonyloxy-2-butyl
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cyclobutanecarboxylate, by reac-
tion of erythro-2,3-butanediol
monomesylate with cyclobutane-
carbonyl chloride, §1, 12

p-Methoxybenzaldehyde, by reduction
of p-methoxybenzonitrile 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-g-tetralone, 51,
109
6-METHOXY-8-TETRALONE, 51, 109
Methylal, 50, 72
1-d-2-METHYLBUTANAL, 51, 31
bis-(3-Methyl-2-butyi)borane, 50, 90
N-(1-d-2-Methylbutylidene)-1,1,3,3-tetra-
methylbutylamine, from sec-butyl-
lithium, 1,1,3,3-tetramethylbutyl
isonitrile, and deuterium oxide,
1,
from sec-butylmagnesium bromide
with 1,1,3,3-tetramethylbutyl iso-
nitrile and deuterium oxide, 51, 35
5-METHYLCOPROST-3-ENE, 52, 109
3-Methyicyclohexene, from 2-methyl-
cyclohexanone tosylhydrazone
and methyllithium, 51, 69
N-Methylcyclohexylamine, 52, 127
3-Methylcyclopentane-1,3-dione, 52, 4
Methylenecyclopropanes, 50, 30
3-Methylheptan4-ol, 52, 22
Methyl iodide, with triphenyl phosphite,
and cyclohexanol, 51, 45
and neopentyl alcohol, 51
METHYL (trans-2-10DO- l-TETRALIN)-
CARBAMATE, 51,112
Methyl (trans—2-iodo-1-tetra]in)carba—
mate, with potassium hydroxide to
give 1,2,3,4-tetrahydronaphtha-
lene(1,2)imine, 51,53
Methyllithium, with camphor tosylhydra-
zone to give 2-bornene, 51, 66
ether solution, 50, 69
stangz;rdization procedure, 50, 69; 52,

Methylmagnesium iodide, 1,4-addition
in the presence of Cu(I), 50, 39

2-Methyl-2-nitropropane, 52, 78

2-METHYL-2-NITROSOPROPANE
AND ITS DIMER, 52, 77

Methyl D-Norandrost-S-en—3B-ol—16{3—ca:-
boxylate, 52,56

(S)-(-)-3-Methylpentanal, from 2-lithio-
1,3,5-trithiane and (S)-(+)-1-iodo-
2-methylbutane, §1, 43

3-Methyl-2 4-pentanedione, from 2-bu-
tanone and acetic anhydride, 51,
93

N-Methyl-a-phenylethylamine, 52, 127

2-METHYL-3-PHENYLPROPIONALDE-
HYDE, 51,17

3-Methyl-3-phenylpropionaldehyde, from
crotyl alcohol and phenylpalla-
dium acetate, 51, 19

N-methylpiperidine, 52, 127

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

NAPHTHALENE, OCTAHYDRO-, 50,
88

1-NAPHTHALENEACETIC ACID,
ETHYL ESTER, 50, 77
1-NAPHTHALENE CARBAMIC ACID,
1,2,34-TETRAHYDRO-2-10DO-,
METHYL ESTER, 51,112
Naphthalene-1-carbonitrile, 50, 20
2-Naphthalenecarboxyaldehyde, by
reduction of 2-naphthaienecar-
bonitrile, 51, 22
NAPHTHALENE(I DIMINE, 1,2,34-
TETRAHYDRO— 51,53
2 NAPHTHALENETHIOL 51,139
1-Naphthol, hydmgenatlon to l-decalol,
51,103,104
2-Naphthol, with dimethylthiocarbamyl
chloride to give O-2-naphthyldi-
methylthiocarbamate, 51, 139
1-Naphthoyl chloride, 50, 79
l-Napgzhylacetic acid, propyl ester, 50,

0O-2-Naphthyl dimethylthiocarbamate,
from 2-naphthol and dimethylthio-
carbamyl chloride, 51, 139
thermolysis to S-2-naphthyl dimethyl-
thiocarbamate, 51, 140
S-2-Naphthyl dimethylthiocarbamate,
hydrolysis with potassium hydrox-
ide to 2-naphthalenethiol, 51, 140
Neopentyl alcohol, with triphenylphos-
hite and methyl iodide, 51, 44
NEOPENTYL IODIDE, 51, 44
Nickel carbonyl, precautions for han-
dling, 52,117
reaction with allyl halides, 52, 115
Nitriles, from carboxylic acids, 50, 20
Nitroa;:;;aldehyde diethyl acetal, 52,
Nitro compounds, preparation, 50, 88
1-NITROCYCLOOCTENE, 50, 84
Nitrogen atmosphere, apparatus for
maintaining, 52, 46
Nitrogen, purification, 50, 69
1-Nitro-1-octadecene, 50, 86
o-Nitrophenylacetaldehyde dimethyl
acetal, 52, 139
4-p-Nitrophenyl-1,2,4-triazoline-3,5-
dione, synthesis of, 51, 125
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Nitrosation, of ketones, §2, 53

Nitroso compounds, synthesis, 52, 77

Nonan-5-0l, 52, 22

D-NORANDROST-5-EN-33-0L-16-CAR-
BOXYLIC ACIDS, 52,53

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

A'® Octalin, 50, 89
Al l"OCTALIN 50, 88
n-Octanal, from 2 lxthlo 1,3,5-trithiane
and 1-bromoheptane, 51, 43
Olefins, from tosylhydrazones and
methyllithium, §1, 69
synthesis, 52,109, 115
terminal, with chromyl chloride, 51, 6
Organcz)lithium reagents, preparation, §2,
1

standardization procedure, 52, 46
Oxidation, of primary alcohols to
aldehydes, §2, 5
with chromium trioxide-pyridine com-
plex, 52,5
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
of terminal olefins with chromyl
chloride, 51,6
of 2,4 4-trimethyl-1-pentene with
chromy! chloride, 51, 4
OXIDATION WITH THE NITROSODI-
SULFONATE RADICAL, I. PREP-
ARATION AND USE OF DISO-
DIUM NITROSODISULFONATE:
TRIMETHYL-p-BENZOQUINONE,
52,83
OXIDATION WITH THE NITROSODI-
SULFONATE RADICAL. II. USE
OF DIPOTASSIUM NITROSODI-
SULFONATE (FREMY'’S SALT):
4,5-DIMETHYL-1,2-BENZO-
QUINONE, 52, 88
Oximes, preparation, 50 88
Oximino ketones, synthe51s 52,53
16-Oximinoandrost-5-en- 3B- 01-17 -one,
52,53
Oxygen, analysis for active, 50, 16
Ozonides, reduction with sulfur dioxide,
52,135

Palladium-on-charcoal catalyst, biphenyl
from p-(1-phenyl-5-tetrazolyloxy)-
biphenyl and hydrogen, 51, 83

n-PENTADECANAL, 51, 39

n-Pentadecanal dlmethyl awtal by meth-
anolysis of 2-tetradecyl-sym-
trithiane, 51, 40

1,3-PENTADIYNE, 1-PHENYL, 50, 97
1 4-PENTADIYNE 1-PHENYL, 50 97
n- Pentanal by condensatlon of butyl-
hthlum with 1,1,3,3-tetramethyl-
butyl isonitrile, 5 1,38
2,4-Pentanedione, 3-alkyl, 51, 93
2,4-PENTANEDIONE, 3-nr-BUTYL, 51,

90
2,4-PENTANEDIONE, 1-PHENYL- 51,
128
2,4-Pentanedione, with sodium amide
and diphenyliodonium chloride to
give 1-phenyl-2 4-pentanedione,
51,128
trans-3-PENTEN-2-ONE, 51, 115
3-Pentanol, 52, 22
Pent-1-en- 3-01 52
PERBENZOIC AéID m-CHLORO, 50,
15
Periodic acid dlhydrate with iodine and
durene to give iododurene, 51, 94
Phenylacetaldehyde, from 2 11th10-1 3 5-
trithiane and benzyl bromide, 51
43
Phenylacetic acid, bromination, 50, 31
Phenylacetomtnle 50,20
Phenylacetylene reactlon with ethyl
magnesium bromide, 50, 98
Phenylation, of B-diketones with diphen-
yliodonium chloride, 51, 131
of ketoesters with diphenyliodonium
chloride, 51,131
of nitroalkanes with diphenyliodonium
chloride, §1, 132
PHENYLATION WITH DIPHENYLIO-
DONIUM CHLORIDE: 1-PHEN-
YL-2,4-PENTANEDIONE, 51, 128
4-Phenyl-1-carbethoxysemicarbazide,
from ethyl hydrazinecarboxylate
and phenyl isocyanate, §1, 122
with potassium hydroxide to give 4-
phenylurazole, 51, 122
1-Phenyl-S-chlorotetrazole with p-phen-
ylphenol to give p-(1-pheny!l-5-
tetrazolyloxy)bli enyl, 51, 82
8-PHENYLCINNAMALDEHYDE, 50,

65

1-PHENYLCYCLOPENTANECARBOX-
ALDEHYDE, 51, 24

1-Phenylcyclopentanecarboxylic acid,
with ethyl chlorocarbonate to give
mixed carboxylic-carbonic anhy-
dride, 51,48

1 PHENYLCYCLOPENTYLAMINE 51,
48

Phenylcyclopentylamine, by hydrolysis
of phenylcyclopentyl isocyanate,
51,49

Phenylcyclopentyl isocyanate, by ther-
molysis of phenylcyclopentanecar-
boxylic acid azide, 51, 49

2-(1-Phenyleyclopentyl)-4 4 6-trimethyl-
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5,6-dihydro-1,3(4H)-oxazine, from
2-benzyl-4 4 ,6-trimethyl-5,6-dihy-
dro-1,3(4H)-oxazine, 1,4-dibromo-
butane, and n-butyllithium, 51, 24
2-(1-Phenylcyclopentyl)-4 4 ,6-trimethyl-
tetrahydro-1,3-oxazine, by reduc-
tion of 2-(1-phenylcyclopentyl)-
4,4 6-trimethyl-5,6-dihydro-1,3-
(4H)-oxazine with sodium boro-
hydride, 51, 25
hydrolysis, to 1-phenylcyclopentane-
carboxaldehyde, 51, 26
a-Phenylcyclopropane, 52, 32
Phenylcyclopropanecarboxaldehyde,
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-Phenylcyclopropanecarboxylic
acid, 50, 96
a-Phenylethylamine, §2, 127
2-Phenylethyl iodide, from 2-phenyl-
ethanol, methyl iodide, and tri-
phenyl phosphite, 51, 47
Phenylethynylmagnesium bromide, 50,
97

Phenyl isocyanate, with ethyl hydrazine-
carboxylate to give 4-phenyl-1-car-
bethoxysemicarbazide, 51, 122

Phenylmercuric acetate, with methailyl
alcohol to yield 2-methyl-3-phenyl-
propionaldehyde, 51, 17

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

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

. a-Phenylpentanal, from 2-benzyl-4 4,6~
trimethyl-5,6-dihydro-1,3(4H)-
oxazine, 51, 29

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

3-Phenyl-2,4-pentanedione, from phenyl-
acetone and acetic anhydride, §1,

3

9
p-Phenylphenol, with 1-phenyl-5-chloro-
tetrazole to give phenolic ether,
51,82
2-Phenylpropanal, by oxidation of 2-
phenylpropene with chromyl
chloride, 51, 6
3-Phenylpropanal, from allyl alcohol and
henylpalladium acetate, 51, 19
2-PHEPNYL[3,2-b]PYRID1NE, 52,128
p-(1-Phenyl-5-tetrazolyloxy)biphenyl,
from p-phenylphenol and 1-
phenyl-5-chlorotetrazole, 51, 82
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, reac-
tions of, 51,126
4-Phenylurazole, from 4-phenyl-1-car-
bethoxysemicarbazide and po-
tassium hydroxide, 51, 122

with #-butyl hypochilorite to give 4-
phenyl-1,2 4-triazoline-3,5-dione,
51,123

Phosphinimines, 50, 109

Photochemical reactions, dissociation of
trihalomethanes, 52, 132

rearrangement, 52, 53

Phthalic acid, reduction, 50, 50

Pivalaldehyde, by condensation of -
butylmagnesium bromide with 1,1
3,3-tetramethylbutyl isonitrile, 51,
38

by reduction of ester-mesylate, 51, 16

Pivalonitrile, 50, 20

Polyalkylbenzenes, with iodine to give
jodo derivatives, 51,95

Potassium acetate complex with dicyclo-
hexyl-18-crown-6 polyether, 52,
71

Potassium amide, 52, 75

Potassium azide, 50, 10

Potassium ¢-butoxide, 52,53

Potassium hydroxide complex with di-
cyclohexyl-18-crown-6 polyether,

52,71

PREPARATION OF CYANO COM-
POUNDS USING ALKYLALU-
MINUM INTERMEDIATES. I.
DIETHYLALUMINUM CYANIDE,

52,90

PREPARATION OF CYANO COM-
POUNDS USING ALKYLALU-
MINUM INTERMEDIATES. Il
1-CYANO-6-METHOXY-3 4-
DIHYDRONAPHTHALENE, §2,

96

PREPARATION OF CYANO COM-
POUNDS USING ALKYLALU-
MINUM INTERMEDIATES. III.
38-ACETOXY-5¢-CY ANOCHO-
LESTAN-7-ONE, 52, 100

PREPARATION AND REDUCTIVE
CLEAVAGE OF ENOL PHOS-
PHATES: 5-METHYLCOPROST-
3-ENE, 52, 109

1,3-Propanedithiol, 50, 72

Propargyl bromide, coupling with an
organocopper reagent, 50, 98

PROPIONALDEHYDE, 2-METHYL-3-
PHENYL-, 51,17

Propylene, with acetyl chloride, alumi-
num chloride, and quinoline to
give trans-3-penten-2-one, 51, 115

with acetyl chloride and aluminum

chloride to give 4-chloropentan-2-
one, 51,116

a-Pyrone, irradiation of, 50, 23

Pyrrole, with trichloroacetyl chloride to
give pyrrol-2-yl trichloromethyl
ketone, §1, 100

PYRROLE-2-CARBOXYLIC ACID,
ETHYL ESTER, 51, 100
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Pyrrole-2-carboxylic acid esters, from
pyrrol-2-yl trichloromethyl ketone,
51,102

Pyrrol-2-yl-trichloromethyl ketone, with
ethanol to give ethyl pyrrole-2-
carboxylate, 51, 100

QUADRICYCLANE, 51, 133
Quadricyclane, preparation of substi-
tuted derivatives, 51, 135
reactions of, 51, 135
Quinoline, with 4chloropentan-2-one to
give trans-3-penten-2-one, 51, 116

Raney nickel alloy, reduction of aro-
matic nitriles to aldehydes, §1, 22
REACTION OF ARYL HALIDES WITH
m-ALLYLNICKEL HALIDES:
METHALLYLBENZENE, 52,115
Reduction, of acid chlorides with palla-
dium-on-carbon catalyst to give
aldehydes, 51, 10
with aluminum amalgam, 52, 77
of aromatic nuclei, §1, 105
with Chromium(Il) salts, 52, 62
by controlled-potential electrolysis,
52,22
of p-cyanobenzenesulfonamide with
Raney nickel alloy to p-formyl-
benzenesulfonamide, 51, 20
with hydroxylamine, §2, 128
by lithium aluminum hydride of exo-
3,4-dichlorobicyclo[3.2.1] oct-2-
ene to 3-chlorobicyclo{3.2.1]oct-
2-ene, 51,61
by sodium borohydride of erythro-3-
methanesulfonyloxy-2-butyl
cyclobutanecarboxylate, 51, 12
with sodium borohydride, 52, 122
by sodium borohydride of 2-(1-phenyl-
cyclopentyl)-4,4,6-trimethyl-5,6-
dihydro-1,3(4H)-oxazine, 51, 25
with szczdium cyanoborohydride, 52,

1
with sulfur dioxide, 52, 83, 13§

REDUCTION OF KETONES BY USE
OF THE TOSYLHYDRAZONE
DERIVATIVES: ANDROSTAN-
178-OL, 52,122

REDUCTIVE AMINATION WITH SO-
DIUM CYANOBOROHYDRIDE:
N,N-DIMETHYLCYCLOHEXYL-
AMINE, 52, 124

Reference electrode for electrolytic
reduction, 52, 28

Resorcinol dimethyl ether, 50, 52

Rhodium-on-alumina, cataly zed reduc-
tion of aromatic nuclei, §1, 10§

Rosemund reduction, 3,4,5-trimethoxy-
benzaldehyde, 51, 8

Sebacic acid dinitrile, 50, 20

Shikimic acid, 50, 27
Silver benzoate, as catalyst in decompo-
sition of diazoketones, 50, 78
Silver isocyanate, with iodine to give
iodine isocyanate, 51, 112
Sodium, with 1-bromo-3-chlorocyclo-
butane to give bicyclo{1.1.0] bu-
tane, 51,55
Sodium amalgam, 50, 50, 51
Sodium amide, with 2 4-pentanedione
and diphenyliodonium chloride to
give 1-phenyl-2,4-pentanedione,
51,128
Sodium azide, 50, 107
with mixed carboxylic-carbonic anhy-
drides, 51, 49
Sodium borohydride, reduction of
erythro-3-methanesuifonyloxy-2-
b121ty1 cyclobutanecarboxylate, 51,
1
reduction of 2-(1-phenylcyclopentyl)-
4,4 ,6-trimethyl-5,6-dihydro-1,3-
(4H)-oxazine to 2-(1-phenylcyclo-
pentyl)-4 .4 6-trimethyltetrahydro-
1,3-oxazine, 51, 25
Sodium cyanoborohydride, use in
reductions, 52, 124
Sodium formate, reaction with acetyl
chloride, 50, 1
Sommelet reaction, 50, 71
Spiropentane, 52, 32
from pentaerythrityltetrabromide and
sodium, 51,58
Steam distillation, of volatile aldehydes,
51,33,36
Styrene, reaction with carbethoxycar-
bene, 50, 94
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, §2, 1
Sulfides, aromatic, 50, 76
3-Sulfolene, as a source of 1,3-butadiene
in situ, 50, 43
Suifones, bromination, 50, 31
Sulfur, reaction with organo-lithium
compounds, 50, 105
Sulfuryl chloride, with 1,1-cyclobutane-
dicarboxylic acid to give 3-chloro-
1,1-cyclobutanedicarboxylic acid,
51,73

Tetracyanoethylene oxide, with n-butyl
sulfide to give carbonyl cyanide,
51,70

2-Tetradecyl-sym-trithiane, by reaction
of 1-bromotetradecane with sym-
trithiane in presence of n-butyl-
lithium, 51, 39
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Tetraethylammonium tetrafluoroborate,

, 29
1,2,34-TETRAHYDRO-3-CARBOLINE,
51,136
1,2,3,4-Tetrahydro--carboline, synthesis
of substituted derivatives, 51, 138
1,2,3,4-TETRAHYDRONAPHTHA-
LENE(1,2)IMINE, 51,53
B-TETRALONE, 6-METHOXY-, 51, 109
B-Tetralones, general synthesis of substi-
tuted derivatives, 51, 111
1,1,3,3-Tetramethylbutyl isonitrile, from
N<«1,1,3,3-tetramethylbutyl)-for-
mamide and thiony! chloride, 51,

31

2,4,4,6-Tetramethyl-5,6-dihydro-1,3-
(4H)-oxazine, for synthesis of
substituted acetaldehydes, 51, 30

2,2,3,3-TETRAMETHYLIODOCYCLO-
PROPANE, 52, 132

Thermolysis, 1-phenylcyclopentanecar-
boxylic acid azide to 1-phenylcy-
clopentyl isocyanate, 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 method, §0,

106

Thiophene, cyanation, 50, 54
2-THIOPHENETHIOL, 50, 75, 104
3-Thiophenethiol, 50, 106
THIOPHENOLS FROM PHENOLS: 2-
NAPHTHALENETHIOL, 51, 139
o-Tolualdehyde, by reduction of o-tolu-
nitrile with Raney nickel alloy in
formic acid, 51, 23
p-Toluenesulfonyl azide, with 2-(hy-
droxymethylene)cyclohexanone to
g{}re 2-diazocyclohexanone, 51, 86
p-TOL%lC ACID, +-BUTYL ESTER, 51,
p-Toluoyl chloride, with ¢-butanol and
n-butyllithium to give #-butyl p-
toluate, 51, 96
Tosylhydrazones, formation, §2, 122
with methyllithium to give olefins, 51,

69
reduction, 52, 122
Trialkyloxonium salts, as alkylating
agents, 51, 144
Triazoles, general route to, 50, 109

INDEX

1,2,4-TRIAZOLINE-3,5-DIONE, 4-
PHENYL- 51, 121

Tri-n-butylcarbinol, 52, 22

Trichloroacety! chloride, with pyrrole to
give pyrrol-2-yl trichloromethyl
ketone, 51, 100

Triethylaluminum, apparatus and proce-
dures for handling, 52, 90, 96, 100

Triethylamine, in synthesis of diazo-
ketones, 50, 77

bis(Trifluoromethyl)carbene, 50, 8

BIS(TRIFLUOROMETHYL)DIAZO-
METHANE, 50, 6

3,4,5-TRIMETHOXYBENZALDEHYDE,
51,8

3,4,5-Trimethoxybenzoyl chloride, reduc-
tion to 3,4,5-trimethoxybenzalde-

hyde, 51,8

TRIMETHYL-p-BENZOQUINONE, 52,
83

Trimethylchlorosilane, 50, 107

Trimethylcyclohexanones, reduction to
axial alcohols, 50, 15

TRIMETHYLOXONIUM TETRA-
FLUOROBORATE, §1, 142

Trimethyloxonium tetrafluoroborate,
reactions of, 51, 144

2,4 A-TRIMETHYLPENTANAL, 51, 4

TRIMETHYLSILYL AZIDE, 50, 107

Triphenylphosphine imine, 50, 83

Triphenyl phosphite, with methyl iodide
and cyclohexanol, 51, 45

with neopentyl alcohol and methyl

iodide, 51, 44

sym-Trithiane, reaction with 1-bromo-
tetradecane in presence of n-butyl-
lithium, 51, 39

Tryptamine, with glyoxylic acid to give
1,2,3 4-tetrahydro-g-carboline, §1,
136

a8,-Unsaturated carbonyl compounds,
preparative method, 50, 70

Vacuum manifold system, 51, 56
Vanadium oxyacetylacetonate, 50, 56
N-Vinylpyrrolidone, cyanation, 50, 54

Wurtz reaction, bicyclo{1.1.0] butane
from 1-bromo-3-chlorocyclobu-
tane, 51,55

Zinc, cyclopropane from 1,3-dichloro-
propane, 51,58
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