4,4’-BIS(DIMETHYLAMINO)BENZIL

[Benzil, 4,4’-bis(dimethylamino)-]

2C4H;N(CHy); + Clcococt 222

p-(CHz)sNCgH,COCOCH,N(CHa)z-p + 2HCI

Submitted by CrraL TUzON, MICHAEL OGLIARUSO, AND
ERrNEST I. BECKER.!
Checked by B. C. McKusick and R. J. Sgozpa.

1. Procedure

In a 3-1. three-necked flask equipped with an efficient mechan-
ical stirrer of high torque (Note 1), a reflux condenser with a
calcium chloride drying tube, a thermometer, and a dropping
funnel are placed 133 g. (1.00 mole) of anhydrous aluminum
chloride and 200 ml. of dry carbon disulfide. The mixture is
cooled in an ice bath and stirred while 182 g. (1.50 moles) of N,N-
dimethylaniline (Note 2) is added through the dropping funnel
during a period of 15 minutes. The dropping funnel is rinsed
with 20 ml. of carbon disulfide which is then run into the flask.
Any aluminum chloride sticking to the walls of the flask is now
scraped into the mixture, which is an easily stirred slurry of a
white solid in a light-green liquid.

The reaction mixture is cooled to 5-10° in an ice-salt bath
(Note 3), and, with continued stirring, a solution of 31.7 g. (21.3
ml., 0.250 mole) of oxalyl chloride in 200 ml. of dry carbon di-
sulfide is added through the dropping funnel in the course of 20
minutes. After the addition is complete, the thick black reaction
mixture is allowed to warm to room temperature, reflused for
1 .hour, and then cooled to 0-5° in an ice bath. The mixture is
§t1rr.ed throughout these steps. One hundred grams of chipped
ice 1s added with stirring, followed by 400 ml. of cold water.
Steam is then passed into the flask until the carbon disulfide and

unreacted dimethylaniline are removed, and the green-black
1
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aluminum complex is decomposed to a mixture of a green solid
and a blue solid; this requires 1-2 hours (Note 4). The mixture
is cooled to 50°, and the solid, which is principally 4,4’
bis(dimethylamino)benzil, is collected on a Biichner funnel. In
order to remove the major part of the impurity, which is some-
what soluble in water, the solid is slurried in 200 ml. of water at
50°, and the slurry is filtered. This process is repeated twice, and
the crude benzil, now a green solid, is washed successively on the
funnel with 200 ml. of water at 50° and with 100 ml. of cold
methanol. After being dried in air, it weighs 44-55 g. and melts
at 191-196°.

The crude benzil is dissolved in 500 ml. of chloroform. To
remove the impurity that remains (Note 5), the solution is shaken
with three 400-m). portions of 6% aqueous hydrogen peroxide
solution containing 1.0 g. of sodium hydroxide in each portion,
and finally with 500 ml. of water. The aqueous layers are com-
bined, warmed to drive off dissolved chloroform, and filtered to
separate about 1.5 g. of a yellow-green solid, which is dissolved
in the chloroform solution.

The chloroform layer is distilled to dryness and the residue is
dissolved in 1.5 1. of acetone under reflux. The hot acetone
solution is filtered and then allowed to cool in a refrigerator.
Yellow 44’-bis(dimethylamino)benzil crystallizes from the ace-
tone solution. It is separated by filtration and washed with 100
ml. of cold methanol. After being dried in air, it weighs 28-31 g.
(38-429%); m.p. 200-202°; Aoae®™ 371 mpu(e 44,700) (Note 6).

The acetone filtrate is concentrated to 700 ml. and cooled to
0-5°. An additional 4-8 g. (6-11%,) of slightly less pure benzil,
m.p. 198-201°, crystallizes from solution (Note n.

2. Notes

1. A magnetic stirrer is unsatisfactory. The submitters used
a glass-blade stirrer at 300 r.p.m. The stirrer shaft must be
rigidly attached to the motor because the reaction mixture be-
comes very thick during the addition of oxalyl chloride.

2. Eastman Kodak white label compounds used without
further purification are satisfactory starting materials.
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3. Cooling below —10° should be avoided because the reaction
stops at that temperature and large amounts of oxalyl chloride
accumulate in the flask. If this mixture is then allowed to come
to room temperature, a vigorous reaction that may get out of
control will take place. It is probable that, at reaction tem-
peratures about 10°, the yield of 4,4’-bis(dimethylamino)benzil
is less and some Crystal Violet is formed as an impurity, for it has
been reported that aluminum chloride effects the conversion of
N,N-dimethylaniline and oxalyl chloride to Crystal Violet in
92-95%, yield when the reaction is allowed to proceed without
cooling 2

4, The submitters recommend that the following purification
procedure be used from this point for the preparation of 4,4'-
bis(diethylamino)benzil (729, yield) and 4,4’-bis(di-n-propyl-
amino)benzil (589 yield). The procedure has also been used as
an alternative to the one given for 4,4"-bis(dimethylamino)benzil.

One liter of water is added, making the total volume about 2 1.,
and, after the solution has been cooled to room temperature, it is
extracted with 1 L of chloroform and then with 150 ml. of chloro-
form. The combined dark-blue extracts are washed with 550 ml.
of 8.5% hydrochloric acid, then with 200 ml. of water and dried
over anhydrous sodium sulfate. The chloroform solution is dis-
tilled until the volume is 250 ml., and it is then passed through
an 8.5 x 25-cm. column (300 g.) of Alcoa F-20 alumina. The
adsorbate is eluted with 1 1. of chloroform. The eluate is evap-
orated to a volume of 250 ml., washed with 500 ml. of 109, sodium
hydroxide solution then with 100 ml. of water, and distilled to
essential dryness.

The residual crude, yellow, semi-solid product is stirred and
brought to a boil with 250 ml. of ethyl acetate and then allowed
to cool to room temperature while stirring. Filtration affords
39-41 g. (52-55%) 4,4’-bis(dimethylamino)benzil, m.p. 201-203°.
Concen.tfation of the mother liquor to 50 ml. gives, after cooling,
it_n a.ddltlonal 3.54.5 g. of px:oduct, m.p. 175-180°. Recrystal-
1zation of 10 g. of the combined products from 120-150 ml. of
benzene gives 9.1-9.3 g. of yellow crystals, m.p. 202-203°,

) 5. The checkers found that at least part of the colored impurity
1s Crystal Violet. Alkaline hydrogen peroxide is reported to
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cleave Crystal Violet to N,N-dimethylaniline and Michler’s
ketone.?

6. The product is sometimes pale green because of traces of
impurities, but it is nevertheless very pure, for repeated recrystal-
lization does not change émax-

7. Addition of 1 1. of cold water to the acetone filtrate from
which the second crop of benzil is separated causes about § g. of
impure benzil to precipitate. This may be added to the crude
benzil of a subsequent run prior to the treatment with hydrogen
peroxide and alkali.

3. Methods and Merits of Preparation

4 ,4'-Bis(dimethylamino)benzil has been made previously by
heating a mixture of oxalyl chloride and N,N-dimethylaniline
under a pressure of 300 atmospheres of carbon monoxide in a
steel pressure vessel at 100°.4 The present method is simpler and
gives better yields. As 4-dimethylaminobenzaldehyde cannot be
converted to the corresponding benzoin,® this common route to
benzils cannot be used to prepare 4,4’-bis(dimethylamino)benzil.

The present procedure is reported by the submitters to be a
general way of making 4,4’-bis(dialkylamino)benzils and, with a
somewhat modified purification scheme (Note 4), has been used
by them to prepare 4,4’-bis(diethylamino)benzil from N,N-di-
ethylaniline and 4,4'-bis(dipropylamino)benzil from N,N-di-
propylaniline.

1 Polytechnic Institute of Brooklyn, Brooklyn 1, N. Y.

2 G. v. Georgievies, Ber., 38, 884 (1905).

3 1. N. Postovskii, J. Chem. Ind. (U.S.S.R.), 4, 552 (1927) [C.4., 22, 957 (1928)].

4 H. Staudinger and H. Stockmann, Ber., 42, 3485 (1909).
5 S. M. McElvain, “The Acyloins,” Org. Reaclions, 4, 273 (1948).
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tert-BUTYL CYANOACETATE
(Cyanoacetic acid, fert-butyl ester)

NCCH,CO,H + PCly — NCCH.COCl + POCl; + HCl
NCCH,CO,C(CHg)s 4 CeH5N(CHg),-HCL

Submitted by RoBERT E. IrELAND and M1cBAEL CHAYEOVSKY.!
Checked by Max TisELER and ARTHUR J. ZAMBITO.

1. Procedure

In a 5-1., three-necked, round-bottomed flask equipped with
a rubber- or mercury-sealed mechanical stirrer and a reflux con-
denser carrying a drying tube are placed 340 g. (4 moles) of
cyanoacetic acid (Note 1) and 2 1. of anhydrous ether. To the
stirred solution, 834 g. (4 moles) of phosphorus pentachloride is
added in portions through the third neck of the flask, which is
sealed between additions. The mixture is cooled occasionally
with an ice bath to prevent excessive refluxing, and, after the
addition is complete, stirring is continued for 0.5 hour or until the
phosphiorus pentachloride dissolves completely. The reflux con-
dfenser is removed and replaced with apparatus for downward
distillation (Note 2), and the ether is distilled from a water bath
at 50-60° (Note 3), after which most of the phosphorus oxy-
chloride is removed at reduced pressure (20-25 mm. with a bath
Femperature of 55-65°) (Note 4), the receiver being cooled in an
lce-salt bath. The red, oily residue is dissolved in 200 ml. of
bfen‘zene and the benzene and residual phosphorus oxychloride
distilled under reduced pressure. This operation is repeated with
200 ml. of fresh benzene to ensure complete removal of phos-
Phorus oxychloride (Note 5). The residue is then cooled to room
temperature (Note 6) and is transferred to a 500-ml. pressure-
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equalized dropping funnel for immediate use in the following
step.

The same 5-1. flask used in the preceding step is used again,
without washing; it is fitted with a reflux condenser carrying a
drying tube, a sealed mechanical stirrer, and the dropping funnel
containing the acid chloride. In the flask are placed 296 g. (4
moles) of dry feri-butyl alcohol (Note 7) and 484 g. (4 moles) of
dimethylaniline in 600 ml. of anhydrous ether (Note 8). The
acid chloride is added dropwise to the stirred solution, the mixture
being cooled occasionally with an ice bath to prevent excessive
refluxing. After the addition is complete, the reaction mixture is
refluxed for 2 hours and then stirred gently at room temperature
for 15 hours. Two liters of water is added with stirring, and the
mixture is filtered with suction through a Biichner funnel fitted
with a matting of glass wool (Note 9). The matting is washed
with three 250-ml. portions of ether (Note 10). After separation
of the combined ethereal layers, the aqueous layer is extracted
twice with 250-ml. portions of ether. The combined ether so-
lutions are washed with successive portions of 2NV sulfuric acid
(a total of 1 1.) until free of dimethylaniline, then with two 200-
ml. portions of 2N sodium carbonate solution, and dried over
sodium carbonate. After removal of the ether by distillation,
the residue is transferred to an alkali-washed flask and distilled
at reduced pressure through a 20-cm. alkali-washed Vigreux col-
umn (Note 11). The yield of colorless product is 355-378 g.
(63-67%) boiling at 67-68°/1.5 mm. (90°/10 mm., 54-56°/0.3
mm), np = 1.4198.

2. Notes

1. Cyanoacetic acid of 989, purity, obtained from Kay-Fries
Chemicals, Inc., was used.

2. A Claisen head with a condenser leading into a flask with
a suction arm connected to a drying tube is suitable. Ground-
glass joints are recommended.

3. A large bucket containing water and placed on a steam
bath serves as a suitable water bath. The temperature is easily
controlled between the limits mentioned.
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4. The ether is removed from the receiving flask before the
phosphorus oxychloride is distilled. A drying tube should be
placed between the suction arm of the flask and the water pump,
which serves as the source of suction. The reaction mixture may
be stirred during the distillation of the oxychloride, or the stirrer
may be removed and replaced with a capillary ebulliator tube to
which is attached a balloon filled with dry nitrogen.

5. The checkers found that the distillation with benzene en-
sures a more complete removal of phosphorus oxychloride which,
if still present, interferes in the subsequent step and a lower
yield of product results.

6. The submitters found that on several occasions, when the
residue was not cooled before transfer, it began to generate
considerable heat while standing in the dropping funnel and
resulted in the total carbonization of the acid chloride.

7. The submitters dried the feri-butyl alcohol by refluxing it
over calcium hydride overnight and distillation in a moisture-free
apparatus. The checkers found that stirring the fers-butyl alcohol
at 60-70° over calcium hydride for several hours and then distil-
ling the alcohol, using an air condenser, is a satisfactory pro-
cedure. When the fert-butyl alcohol is refluxed, the alcohol
vapors condense and solidify (m.p. 24-25°) in the reflux condenser
and cause clogging.

8. These reagents should be weighed out beforehand in order
to prevent delay in commencing with this step.

9. The filtration removes some tarry resinous material which
would otherwise interfere in the separation of the layers. The
checkers found that unless the filtrate is recycled through the
same matting several times, to remove practically all the tarry
residue, the separation of layers and the subsequent extractions
prove troublesome owing mainly to emulsion formation.

10. The checkers found that a considerable amount of product
is withheld by the residue on the glass-wool matting. The prod-
uct is extracted by placing the matting in a beaker, stirring with
ether, and filtering. This procedure is repeated twice, and the
ether extracts are combined with the original filtrate.

11. The distilling flask and Vigreux column to be used should
be washed with 25%, aqueous sodium hydroxide solution, rinsed
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three times with water, and then dried. Alternatively, about 1 g.
of anhydrous potassium carbonate may be added to the residue
before distillation.

8. Methods of Preparation

teri-Butyl cyanoacetate has been prepared from #ert-butyl
bromoacetate and potassium cyanide in methanol 2 and from fert
butyl chloroacetate and potassium cyanide in methyl Cellosolve.
The present method is an adaptation of that of Beech and Pigott
and is similar to the Organic Syntheses preparation of fert-buty.
acetate.®

4. Merits of Preparation

The present preparation employs a method of considerable
scope which gives much better yields and is considerably less
laborious than other methods for the preparation of ferf-butyl
cyanoacetate. The compound is of specific interest since, for
example, it may be used in any reaction where ethyl cyano-
acetate is used (condensation reactions, etc.), but it has the added
advantage that the carbo-fert-butoxy group, which may serve in
conjunction with the a-cyano group to activate the a-hydrogens
(for cyanoethylations, etc.), may be later removed simply by
pyrolysis of the compound.

1 University of Michigan, Ann Arbor, Mich.

2 B, Abramovich and C. R. Hauser, J. Am. Chem. Soc., 64, 2271 (1942).

3 Private communication, W. S. Johnson, University of Wisconsin.

4W. F. Beech and H. A. Pigott, J. Chem. Soc., 1955, 423,
5 C. R. Hauser, B. E. Hudson, B. Abramovitch, and J. C. Shivers, Org. Syn-

theses, Coll. Vol. 8, 142 (1955).
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CHOLESTANYL METHYL ETHER
(Cholestane, 3p-methoxy-)

Submitted by M. NEEMAN 2 and WiLLiaM S. JoHNSON.?
Checked by F. KapraN and JoEN D. ROBERTS.

1. Procedure

To a solution of 0.200 g. (0.515 mmole) of dry dihydrocholesterol
(Note 1) in 10 ml. of methylene chloride contained in a 50-ml.
Erlenmeyer flask is added 0.3 ml. of a catalyst stock solution
containing 0.0016 ml. (0.018 mmole) of concentrated fluoboric
acid (Note 2) in 3:1 anhydrous diethyl ether-methylene chloride
(Note 3). The solution is swirled, and a 0.45M solution of diazo-
methaune (Note 4) in dry methylene chloride is added from a
buret (Note 5) at a rate of about 2 ml. per minute. The yellow
color. of diazomethane disappears rapidly on contact with the
reaction mixture and nitrogen is vigorously evolved. When about
3 ml. of diazomethane solution has been added, the reaction
becomes sluggish. The yellow color persists for several minutes
after the total amount of 3.9 ml. of diazomethane solution (1.76
mfnoles) has been added (Note 6). After 1 hour the reaction
mixture is filtered to remove a small amount of amorphous poly-
{‘nethylene, which is washed with methylene chloride. The wash-
Ings are combined with the methylene chloride solution, washed
with 5 ml. of saturated aqueous sodium bicarbonate, with three
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5-ml. portions of water, and dried over anhydrous sodium sulfate.
The solvent is removed on a steam bath in a stream of nitrogen
and finally at reduced pressure. The crystalline residue of 0.207 g.
(Note 7) is recrystallized in a 10-ml. conical flask from 1 ml. of
acetone. When the flask has cooled to room temperature, 0.5 ml.
of methanol is added, and the flask is chilled to +2° for 2 hours.
The crystals are collected on a tared Hirsch funnel of 40-mm.
diameter, washed on the funnel with two 0.5-ml. portions of ice-
cold methanol, and dried for 2 hours at 40°/2 mm. The first
crop of cholestanyl methyl ether thus obtained forms large color-
less glistening plates, m.p. 85.5-86° (Note 8). An additional
0.002 g. of pure methyl ether adheres to the flask and spatula and
is collected by washing with acetone. The total first crop material
(0.197 g.) represents a 95%, yield of methyl ether (Note 9).

2. Notes

1. Satisfactory material of melting point 143-143.5° is prepared
as already described,? and dried for 2 hours at 110°/2 mm,

2. Commercial 509, fluoboric acid is evaporated at 50-60°/5
mm. to afford a residue of about 11N total acidity, which is
satisfactory for use as a catalyst.

3. The catalyst stock solution should be freshly prepared by
placing 19 ml. of anhydrous diethyl ether in a 25-ml. volumetric
flask cooled to 0° and adding 0.133 ml. of concentrated flucboric
acid (Note 2). The volume is made up to 25 ml. with methylene
chloride.

4. Diazomethane solution in dry methylene chloride may be
prepared from N-nitroso-N-methyl-N’-nitroguanidine by a pro-
cedure based on McKay’s method.* Methylene chloride is sub-
stituted for diethyl ether used in the original procedure. A
satisfactory solution of diazomethane is obtained, without distil-
ling, by separating the methylene chloride layer from the reaction
mixture, drying it for 2 hours over potassium hydroxide pellets,
and decanting through a funnel plugged loosely with cotton. The
diazomethane solution is kept in a loosely stoppered test tube
immersed in a Dewar flask containing Dry Ice during the drying
period and prior to use. Al handling of the highly toxic diazo-
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methane should be done in an eficiently exhausted hood. Attention
is called to other precautions;® see also pp. 16-17.

Rigorous drying and exclusion of moisture are not necessary.
The concentration of diazomethane solutions is determined by
analysis,® using about 0.12 g. of benzoic acid per milliliter of
solution and assuming a concentration of about 0.8M as in
McKay’s method.* Solutions approximately 0.45M are ob-
tained by appropriate dilution.

5. Burets with ground-glass stopcocks should not be used, as
leaking is caused by polymethylene formed preferentially on the
ground surfaces. A buret such as “Ultramax F and P,” having
a stopcock of plastic material, is satisfactory. The buret should
be filled immediately before commencement of the reaction to
keep the diazomethane solution cool and thus to minimize poly-
merization. The technique used is very similar to that of a
titration, and a number of methylations of prepared batches can
be quickly performed with one filling of the buret.

6. Addition of a drop of catalyst stock solution after addition
of diazomethane solution is complete causes rapid disappearance
of the yellow color. The yield is not affected.

7. The crude reaction product is slightly yellow and has a very
faint ammoniacal odor. It may be dissolved in acetone; on slow
evaporation to dryness, the solution leaves large glistening trans-
parent plates of good-quality cholestanyl methyl ether, m.p.
83-85°.

8. All melting points are corrected for stem exposure. Re-
ported ¢ melting point 83°.

9. The mother liquor may be evaporated to dryness and the
slightly colored residue recrystallized in a 3-ml. conical flask from
6 drops of 1:1 acetone-methanol. The resulting large plates are
easily transferred to a small Hirsch funnel and washed with 5
drops of methanol. This second crop of colorless methyl ether
amounts to 0.010 g., m.p. 78.5-79.5°.

3. Methods of Preparation

Cholestanyl methyl ether has been prepared by catalytic
hydrogenation of cholesteryl methyl ether ®7 and of cholest-4-en-
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3-one in methanolic hydrobromic acid,” and by methylation of
cholestanol with methyl iodide in the presence of “activated”
silver oxide and sodium hydroxide.® The reported ® formation of
cholestanyl methyl ether from epicholestanol in 96%, yield by
refluxing with ‘““molecular” potassium in benzene and subsequent
treatment with methyl iodide stands unconfirmed.’® Methan-
olysis of epicholestanyl tosylate afforded a 239, yield of cho-
lestanyl methyl ether.® The procedure described here,”* with
slight changes in the molar proportions of the reactants, also
gave a 989, yield of epicholestanyl methyl ether from epicholes-
tanol, and a 959%, yield of cholesteryl methyl ether from cholesterol.

4, Merits of Preparation

The present procedure is illustrative of the utility of the
general method for preparation of methyl ethers from diazo-
methane and alcohols with fluoboric acid as catalyst.!?

1 Department of Chemistry, University of Wisconsin, Madison, Wis.

2 On leave from Technion Israel Institute of Technology, Haifa, Israel.

W, F. Bruce and J. O. Ralls, Org. Syntheses, Coll. Vol. 2, 191 (1943).

4 (@) A. F. McKay, J. Am. Chem. Soc., 70, 1974 (1948); (b) A. F. McKay et al.,
Can. J. Research, 28B, 683 (1950).

§ F. Arndt, Org. Syntheses, Coll. Vol. 2, 165 (1943).

¢ Th. Wagner-Jaurregg and L. Werner, Z. physiol. Chem., 213, 119 (1932).

7J. C. Babcock and L. F. Fieser, J. Am. Chem. Soc., 74, 5472 (1952).

8 J. L. Dunn, I. M. Heilbron, R. F. Phipers, K. M. Samant, and F. S. Spring,
J. Chem. Soc., 1934, 1576.

' ]. H. Benyon, 1. M. Heilbron, and F. S. Spring, J. Ckem. Soc., 1937, 406.

1], R. Lewis and C. W. Shoppee, J. Chem. Soc., 1955, 1375, have obtained
epicholestanyl methyl ether under these conditions.

1 H, R. Nace, J. Am. Chem. Soc., 74, 5937 (1952).

12 M. C. Caserio, J. D. Roberts, M. Neeman, and W. S. Johnson, J. Am. Chem.
Sec., 80, 2584 (1958); M. Neeman, M. C. Caserio, J. D. Roberts, and W. S. Johnson,
Tetrahedron, 6, 36 (1959).
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CYCLOHEXYL ISOCYANIDE

N
2 CH, CHN=C + 3CsH;N-HCI + CsH;N-HPO;,
N
CH,CH,

Submitted by Ivar Uci, RupoLF MEYR, MARTIN LIPINSKI,
FERDINAND BopesgkiM, and FRIEDRICH ROSENDAHL.!
Checked by B. C. McKusick and M. E. HERMES.

1. Procedure

Caution! Isocyanides should be prepared in a hood since they
have unpleasant odors and are loxic.

A solution consisting of 127 g. (1.00 mole) of N-cyclohexyl-
formamide (Note 1), 500 ml. (490 g., 6.2 moles) of pyridine, and
300 ml. of petroleum ether (b.p. 40-60° or 30-60°) is charged into
a 2-1,, three-necked, round-bottomed flask equipped with a Hersh-
berg stirrer,? dropping funnel, reflux condenser, and thermometer.
The flask is immersed in an ice bath, and 92 g. (0.60 mole) of
phosphorus oxychloride is added from the dropping funnel to the
stirred mixture in the course of 30-40 minutes. The mixture is
stirred under reflux for 10 minutes after all the phosphorus oxy-
chloride is added. The mixture is then cooled to 0-5°; this con-
verts it to a heavy slurry. Ice water (800 ml.) is gradually added
with stirring, and stirring of the cold mixture is continued until
flll solid material has dissolved. The organic phase is separated
In a separatory funnel. The aqueous phase is extracted with three
GQ—ml. portions of petroleum ether, and the extracts are combined
with the organic phase, which is then extracted with three 100-ml.
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portions of water, dried over 20 g. of magnesium sulfate, and
distilled through a 40-cm. vacuum-jacketed Vigreux column
(Note 2). The petroleum ether is rapidly removed under slightly
reduced pressure from a bath at a temperature not exceeding
50-60°. Cyclohexyl isocyanide, a colorless foul-smelling liquid
(Note 3), is collected at 56-58°/11 mm. ; weight 73-79 g. (67-72%);
n%y 1.4488-1.4501.

2. Notes

1. The checkers prepared N-cyclohexylformamide by slowly
adding 260 g. (3.52 moles) of ethyl formate with stirring to 396 g.
(4.00 moles) of cyclohexylamine in a flask immersed in an ice
bath. After the exothermic reaction ceased, the solution was
refluxed for 2 hours and distilled through a 25-cm. Vigreux
column to give 403 g. (90%,) of N-cyclohexylformamide, b.p.
137-138°/10 mm., n5 1.4849.3

2. The checkers used a 50-cm. spinning-band column. In
order to minimize resinification of the cyclohexyl isocyanide,
distillation should be as rapid as possible and the temperature
in the still pot should not exceed 90°.

3. The disagreeable odor of cyclohexyl isocyanide can be re-
moved from the equipment used in this preparation by washing
it with 59, methanolic sulfuric acid solution.

3. Methods of Preparation

Cyclohexyl isocyanide has been prepared only by the dehydra-
tion of N-cyclohexylformamide.®

4. Merits of Procedure

The present procedure is the best way of preparing aliphatic
isocyanides boiling above ethyl isocyanide. It has been applied
to the synthesis of the following isocyanides:® isopropyl (38%),
n-butyl (61%), tert-butyl (68%), and benzyl (56%). In preparing
isopropyl isocyanide or fert-butyl isocyanide, the petroleum ether
should be of boiling point 30-35°, as otherwise it is difficult to
separate these low-boiling isocyanides in the indicated yield, and,
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even then, substantial amounts of isocyanide are found in the
petroleum ether fraction.

Aromatic isocyanides can also be prepared conveniently by the
dehydration of the corresponding formamides by phosphorus
oxychloride, but much better results are obtained if the reaction
is done in the presence of potassium feri-butoxide rather than
pyridine.® Neither method of dehydrating formamides has yet
been used to prepare methyl or ethyl isocyanide because their
low boiling points make them difficult to isolate from the reaction
mixture; hence, until a suitable dehydration procedure is worked
out, they are best made by reaction of the corresponding alkyl
iodide with silver cyanide.?

1 Institute of Organic Chemistry, University of Munich, Munich, Germany.

* P. S. Pinkney, Org. Syntheses, Coll. Vol. 2, 117 (1943).

3 R. WieTzEL, German pat. 454,459 (1928) [Chem. Zenir., 99, I, 2540 (1928)].

4R. G. Nester, Anal. Chem., 28, 278 (1956).

5 1. Ugi and R. Meyr, Chem. Ber., 93, 239 (1960).

¢ 1. Ugi and R. Meyr, this volume, p. 101.
7H. L. Jackson and B. C. McKusick, Org. Syntheses, 35, 62 (1955).
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DIAZOMETHANE
(Methane, diazo-)
CH;, NO
\1|\I/
(|3:O (|302Na
+ 2NaOH — ZCHzNz + + 2H20
N
7N\
CH;3 NO

Submitted by JaMES A. Moore and DoNarp E. REED.!
Checked by D. J. Pasto and E. J. Corey.

1. Procedure

Caution! Diazomethane is toxic and explosive. The operation
must be carried out in a good hood with an adequate shield (see Note
1).

An efficient condenser (60 cm. or longer) is fitted with an
adapter to which is sealed a length of 9-mm. tubing extending
nearly to the bottom of a 5-1. round-bottomed flask, which serves
as the distillation receiver (Notes 2 and 3). The adapter should
be connected to the receiver with a two-hole stopper carrying a
drying tube if anhydrous diazomethane is desired. The receiver
is placed in a well-mixed ice-salt mixture, and sufficient anhydrous
ether (about 200 ml.) is added to cover the tip of the adapter.

In a 5-1. round-bottomed flask are placed 3 1. of U.s.P. solvent
grade ether, 450 ml. of diethylene glycol monoethyl ether (Note
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4), and 0.6 1. of 30% aqueous sodium hydroxide solution (Note 5).
The mixture is chilled in an ice-salt bath to 0° (Note 6), and 180 g.
(0.5 mole) of bis-(N-methyl-N-nitroso)terephthalamide (70% in
mineral oil) (Note 7) is added in one portion. The flask is im-
mediately transferred to a heating mantle and connected by a
gooseneck to the condenser. The yellow color of diazomethane
appears in the receiver almost immediately. About 2 1. of ether
is distilled in 2-2.5 hours (Note 8); the distilling ether is prac-
tically colorless at this point. The tip of the adapter should be
kept just below the surface of the distillate during the distillation.
The distillate contains 0.76-0.86 mole (76-869,) (Notes 9 and 10)
of diazomethane as determined by titration.? When the appara-
tus has been protected with a drying tube, the diazomethane is
suitable for reaction with an acid chloride without further drying.

2. Notes

1. Diazomethane is not only toxic but also potentially explo-
sive. Hence one should wear heavy gloves and goggles and work
behind a safety screen or a hood door with safety glass, as is
recommended in the preparation of diazomethane described by
De Boer and Backer3 As is also recommended there, ground
joints and sharp surfaces should be avoided. Thus all glass tubes
should be carefully fire-polished, connections should be made with
rubber stoppers, and separatory funnels should be avoided, as
should etched or scratched flasks. Furthermore, at least one
explosion of diazomethane has been observed at the moment
crystals (sharp edges!) suddenly separated from a supersaturated
solution. Stirring by means of a Teflon-coated magnetic stirrer
is greatly to be preferred to swirling the reaction mixture by hand,
for there has been at least one case of a chemist whose hand was
%njured by an explosion during the preparation of diazomethane
in a hand-swirled reaction vessel.

.It is imperative that diazomethane solutions not be exposed to
filrect sunlight or placed near a strong artificial light because light
Is thought to have been responsible for some of the explosions
that have been encountered with diazomethane. Particular
caution should be exercised when an organic solvent boiling higher
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than ether is used. Because such a solvent has a lower vapor
pressure than ether, the concentration of diazomethane in the
vapor above the reaction mixture is greater and an explosion is
more apt to occur.

Most diazomethane explosions occur during its distillation.
Hence diazomethane should not be distilled unless the need
justifies it. An ether solution of diazomethane satisfactory for
many uses can be prepared as described by Arndt,? where nitro-
somethylurea is added to a mixture of ether and 50% aqueous
potassium hydroxide and the ether solution of diazomethane is
subsequently decanted from the aqueous layer and dried over
potassium hydroxide pellets (not sharp-edged sticks ). When
distilled diazomethane is required, the alternative procedure of
De Boer and Backer 3 is particularly good because at no time
is much diazomethane present in the distilling flask.

Both the toxicity and explosion hazards associated with di-
azomethane are discussed by Gutsche.*

2. If it is desired to determine the yield of diazomethane by
titration, the receiver should be calibrated so that the volume of
the distillate can be measured without the necessity of transfer-
ring to a graduated vessel.

3. The submitters have used equipment having all connections
made with ungreased 29/42 ground-glass joints. This is contrary
to previously recommended practice (see Note 1). The submit-
ters feel that ground-glass joints do not represent an added
hazard, and that their use expedites the completion of consecu-
tive runs. In the course of many preparations, however, a film
of polymethylene was found to accumulate on the joints and
prevent a tight fit. This film can be removed by a brief treat-
ment with hot concentrated alkali and vigorous rubbing.

In some forty preparations made by the submitters, one explo-
sion occurred which was attributed to the cracking of the adapter
tube during the distillation. The adapter and the drying tube
were disintegrated, but the receiver and the contents of the distil-
ling flask were not affected, indicating a local detonation that was
not sustained.

The checkers did not use glassware with ground-glass joints.
New unmarked flasks and condenser were used which were con-
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nected together with fire-polished glass tubing and rubber stop-
ers.

P 4. Practical grade 2-(2-ethoxyethoxy)ethanol (Matheson,
Coleman and Bell) can be used without further treatment. Ina
few preparations, the submitters encountered difficulty with the
formation of a very stiff gel of disodium terephthalate in the flask
during distillation. In one case, this difficulty was traced to the
use of an old bottle of 2-(2-ethoxyethoxy)ethanol from another
source.

This relatively large volume of cosolvent was found to give
optimum yields. The submitters have found that the evolution
of diazomethane from a stirred suspension of the reagent in ether
and 409% aqueous sodium hydroxide is extremely slow and incom-
plete.

5. The use of more concentrated solutions of potassium hy-
droxide gave somewhat lower yields.

6. Caution! It is extremely important that the flask contents be
cooled to at least 0°. The reaction is rapid and a considerable
amount of diazomethane is generated at this temperature.

7. This material is available from the Explosives Department,
E. I du Pont de Nemours and Co., Gibbstown, New Jersey,
under the tradename EXR-101. The 3097 white mineral oil acts
as a stabilizer. The material may be stored indefinitely at room
temperature. Details concerning the properties of the compound
and recommended precautions in its use are provided in a prod-
ucts bulletin available from the supplier. EXR-101 sometimes
turns green on long standing, but this does not affect the
yield of diazomethane (private communication from Dr. B. C.
McKusick).

_ 8. The yield of diazomethane is slightly lower if the distillation
Is carried out more slowly.

9. The average yield in some thirty runs was over 80%; yields
as h?gh as 959, have been obtained. It is probable that a second
receiver in series would permit the recovery of a small additional
amount of diazomethane.

10. The checkers decomposed the small amount of diazo-
methane remaining in the reaction flask by careful addition of
100 ml. of acetic acid before disposal.
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3. Methods of Preparation

Diazomethane has been prepared by the action of base on
nitrosomethylurea,? nitrosomethylurethane,® N-nitroso-S-meth-
ylaminoisobutyl methyl ketone,® p-tolylsulfonylmethylnitros-
amide,® and N-nitroso-N-methyl-N’-nitroguanidine.”

4. Merits of Preparation

The great advantages of the present method are the avail-
ability, moderate cost, and high stability of the nitrosamide,
and the suitability for large-scale preparations. The procedure
is rapid and simple, and the yields are consistently higher than in
any other method tried by the submitters.

1 Department of Chemistry, University of Delaware, Newark, Del.

2 F, Arndt, Org. Syntheses, Coll. Vol. 2, 165 (1943).

3 Th. J. De Boer and H. J. Backer, Org. Syntheses, 36, 16 (1956).

¢ C. D. Gutsche, Org. Reactions, 8, 391-394 (1954).

8 W. D. McPhee and E. Klingsberg, Org. Syntheses, Coll, Vol. 3, 119 (1955).

$ C. E. Redemann, F. O. Rice, R. Roberts, and H. P. Ward, Org. Syntheses, Coll.
Vol. 3, 244 (1955).

Y (a) A. F. McKay, J. Am. Chem. Soc., 70, 1974 (1948); (b) A. F. McKay et al.,
Can. J. Research, 28B, 683 (1950).
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N,N-DIETHYL-1,2,2-TRICHLOROVINYLAMINE
(Vinylamine, 1,2,2-trichloro-N,N-diethyl-)

ClsCCON(CoHs)z + (C4Hg)sP — a1

/
Cl,C=C + (C4H,y)3PO
N(C.Hjs):

Submitted by A. J. Speziaik and R. C. FREEMAN.!
Checked by B. C. McKusick and H. D. HARTZLER.

1. Procedure

A. N,N-Diethyl-2,2,2-trickioroacetamide. A 1-1. three-necked
flask equipped with a stirrer and dropping funnel is charged with
73 g. (1.00 mole) of diethylamine, 500 ml. of ether, and a solution
of 40 g. (1.00 mole) of sodium hydroxide in 160 ml. of water. The
mixture is stirred and maintained at a temperature of —10° to
—15° by a bath of Dry Ice and acetone while 200 g. (1.10 moles)
of trichloroacetyl chloride is added in the course of 1 hour. The
cooling bath is removed, the temperature is allowed to rise to 10°,
and the organic layer is separated. The aqueous layer is extracted
with two 50-ml. portions of ether. The ether extracts are com-
bined, washed with 50 ml. of 59 hydrochloric acid, two 50-ml.
portions of 59, sedium bicarbonate solution, and 50 ml. of water,
and dried over magnesium sulfate. The ether is removed by
distillation at atmospheric pressure. The residue is distilled
through a short indented Claisen still head at reduced pressure.
N,N-Diethyl-2,2,2-trichloroacetamide is collected at 77-79°/1.5
mm.; nZ 1.4902-1.4912; weight 183-200 g. (84-92%,).

B. N,N-Diethyl-1,2,2-trichlorovinylamine. The reaction is car-
ried out in a 500-ml. three-necked flask equipped with an efficient
mechanical stirrer, a thermometer, a reflux condenser to which a
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drying tube containing calcium chloride is attached, and a 250-ml.
dropping funnel with a pressure-equalizing tube. The flask is
charged with 219 g. (2.00 moles) of N,N-diethyl-2,2,2-trichloro-
acetamide. A gas-inlet tube is attached to the dropping funnel,
and dry nitrogen (Note 1) is passed through the apparatus for
5 minutes with stirring. The gas-inlet tube is removed briefly,
202 g. (2.00 moles) of tri-n-butylphosphine (Note 2) is placed in
the dropping funnel, the gas-inlet tube is replaced, and nitrogen
is passed through the apparatus in a slow stream; the slow flow
of nitrogen is continued all during the reaction. The phosphine
is added at such a rate that a temperature of 85-90° is reached in
30 minutes (Note 3). The rate of addition is then slowed in order
to maintain the temperature within this range. The total ad-
dition time is 45-55 minutes.

After all the phosphine has been added, the water bath is re-
placed by a heating mantle, and the reaction mixture is held at
85-95° for one additional hour and cooled to room temperature.
The nitrogen-inlet tube, dropping funnel, and reflux condenser
are removed, and the reaction flask is fitted with a 15 x 150-mm.
Vigreux column for distillation under reduced pressure. The
reaction mixture is then distilled (Note 4). The pot temperature
rises from 94° to 150° during the distillation, and the crude
N,N-diethyl-1,2,2-trichlorovinylamine, weight 151-164 g., is col-
lected at 73-120°/8-11 mm. Redistillation of the crude vinyl-
amine through a 20 x 400-mm. column packed with glass helices
affords 140-150 g. (69-749,) of pure N,N-diethyl-1,2,2-trichloro-
vinylamine, b.p. 78-79°/18 mm., n5 1.4857-1.4867 (Notes 5 and
6).

2. Notes

1. Tri-n-butylphosphine reacts exothermically with atmos-
pheric oxygen to form tri-n-butylphosphine oxide.

2. Tri-n-butylphosphine obtainable from Westvaco Mineral
Products, 161 East Forty-second St., New York City, can be
used without further purification.

3. Because this reaction is very exothermic, the phosphine
should be added cautiously.
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4. The reaction and the initial distillation should be carried
out on the same day.

5. As N,N-diethyl-1,2,2-trichlorovinylamine reacts rapidly with
atmospheric moisture, it should be stored under nitrogen, prefer-
ably in a refrigerator.

6. If desired, the tri-n-butylphosphine oxide can be recovered
by continuing the distillation. Crude tri-n-butylphosphine oxide
distils at 115-118°/1-2 mm. (pot temperature 125-135°). The
pure phosphine oxide ? distils at 94-95°/0.03 mm. ;m.p. 64.6-66.6°;
yield 135-159 g. (62-73 9%). Caution! The reaction mixture
should not be distilled fo dryness. There should be a residue
of about 40-50 ml.

3. Methods of Preparation

N,N-Diethyl-1,2 2-trichlorovinylamine has been prepared by
the action of trimethyl, triethyl, or triisopropyl phosphite
or triphenylphosphine on N,N-diethyl-2,2,2-trichloroacetamide.?
These methods require a reaction temperature of 150-160° and
several distillations in order to obtain a pure product. Con-
sequently, the yields of the vinylamine are lower than by the
present procedure.®

4. Merits of Procedure

The procedure has also been applied to the synthesis of
N,N-dimethyl-1,2,2-trichlorovinylamine from trichloroacetamide
(60% yield);? and it probably is a general means of preparing
N,N-dialkyl-1,2 2-trichlorovinylamines. The reaction is an un-
usual one involving reduction of the amide and halogen migration
and is of theoretical interest.

N,N-Diethyl-1,2,2-trichlorovinylamine undergoes certain reac-
tions which involve the 1-chlorine atom. Acids and alcohols are
converted to their respective chlorides. Aniline converts the
vinylamine to N,N-diethyl-N’-phenyl-2,2-dichloroacetamidine.?

! Organic Chemicals Division, Monsanto Chemical Co., St. Louis, Mo.

* G. M. Kosolapoff, J. Am. Chem. Soc., 72, 5508 (1950).
* A. J. Speziale and R. C. Fi reeman, J. Am. Chem. Soc., 82, 903 (1960).
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2,7-DIMETHYL-2,7—DINITR060TAN E
(Octane, 2,7-dimethyl-2,7-dinitro-)

0O,NC(CH;),CH,CH,CO,CH; 4+ KOH —
0,NC(CHj3),CH;CH,CO;K + CH3;0H
Anode Reactions
20,NC(CHj3):CH,CH,COO™ —
20,NC(CHj3)2CHoCHy+ 4 2CO3 + 2 electrons
20,NC(CHj3)2CH,CHy- —
0,NC(CHj3)oCHy;CH>CHoCHoC(CHj3)eNOg

Cathode Reactions
2Kt + 2 electrons 4 2CH3;0H — 2CH30K + H,

Submitted by W. H. SHarkEY and C. M. LANGKAMMERER.!
Checked by MasAAKt TAXAHASHI, MARJORIE C. CASERIO, and
JorN D. ROBERTS.

1. Procedure

A.  4-Methyl-4-nitrovaleric acid. In a 2-1. three-necked flask
equipped with a stirrer and reflux condenser is placed a solution
prepared from 118 g. (1.78 moles) of 859, potassium hydroxide
pellets and 500 ml. of water. A thermometer may be so placed in
the third neck that the bulb extends below the surface of the
solution. To this solution is added 300 g. (1.71 moles) of methyl
4-methyl-4-nitrovalerate.? The mixture is stirred and gently
heated (Notes 1 and 2). After hydrolysis has started, as indicated
by changes in appearance of the hazy reaction mixture, the
external source of heat is removed. The reaction is complete
when the cloudy mixture has changed to a clear solution. This
requires about 20-25 minutes (Note 3).

The reaction mixture is cooled to room temperature, and a
saturated solution of potassium permanganate is added in an
amount sufficient for a violet color to persist for about 1 minute
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before turning green (Note 4). About 100-110 ml. is required.
Manganese dioxide is removed by filtration, and the filtrate is
extracted with methylene chloride to remove non-acidic organic
material. The aqueous layer is acidified with 18%, hydrochloric
acid, whereupon a pale yellow or green oil separates as a bottom
layer. The oil is removed, and the aqueous layer is washed with
methylene chloride. The washings are added to the oil, and the
combined product is dried with anhydrous magnesium sulfate.
Methylene chloride is removed by distillation, and the residual
oil is distilled under reduced pressure through a 6-in. Vigreux
column (Note 5). The fraction boiling at 125-135° (0.9-1.5 mm.)
amounts to 217-225 g. (79-829,) and is a colorless oil that crystal-
lizes on standing or when seeded to give a solid with a melting
point of approximately 35-45°. This fraction is redistilled
through a 24-in. spinning-band column and gives 166-180 g.
(60-659%) of colorless 4-methyl-4-nitrovaleric acid, b.p. 122-124°/
0.70-0.90 mm., m.p. 45-46° (Note 6).

B. 2,7-Dimethyl-2,7-dinitrodctane. A 200-mm. desiccator is
adapted for use as an electrolysis cell. A lid is prepared from a
glass plate ground to fit the desiccator; holes are bored in the lid
to accommodate electrodes, a thermometer, and a stirrer, and to
provide an opening for making additions to the cathode compart-
ment. The cathode (Note 7) is placed in a porous ceramic cup
having outside dimensions 4 in. deep, 6 in. long, and 2 in. wide
(Note 8). This cup is placed on the glazed ceramic plate of the
desiccator under the holes cut in the lid for the cathode and for
making additions. The glazed ceramic plate is notched so that
it can be slipped down over the supports in the bottom of the
desiccator. The notches should be large enough for the ceramic
plate to be about halfway between its normal position and the
bottom of the desiccator (Note 9). The cathode is a 26-gauge
stainless-steel plate 3 in. square (Note 10), and the anode consists
of two platinum plates each 0.01 in. thick and 3 in. square (Note
11) placed as close as possible, one on either side, to the ceramic
cup without touching the sides of the cup.

.A solution made by dissolving 161 g. (1 mole) of 4-methyl-4-
Ditrovaleric acid and 33.0 g. (0.5 mole) of potassium hydroxide in
2.7 1. of methanol is added to the cell. The ceramic cup is filled
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with 200 ml. of 2N potassium hydroxide in methanol. The cell
contents are cooled to 20° (Note 12), and current is passed
through the solution (Note 13). When the current is turned on,
vigorous evolution of hydrogen takes place inside the porous cup.
Potassium hydroxide (2N) in methanol is added as needed to
maintain the original volume inside the cup (Note 14). Carbon
dioxide is evolved at the anodes. After about 5 hours, white
crystals of the dinitrosctane form in the anode solution. As
electrolysis proceeds, the resistance of the cell increases, and after
several hours the cell is operated at 3-5 amperes and 60-80 volts.
If a current of 3-5 amperes cannot be maintained, it is desirable
to add 2NV potassium hydroxide in methanol to the anode com-
partment (Notes 15 and 16). After 8 hours of operation, the
current is shut off, the ceramic cup removed and cleaned, and the
anode solution cooled to about —30°. The anode solution is
filtered to remove crystals of 2,7-dimethyl-2,7-dinitro6ctane. The
yield of dry product, m.p. 98-100°, amounts to 50-65.5 g.
(43-569%,), which is sufficiently pure for most uses (Note 17).
One recrystallization from methanol (Note 18) gives pure
2,7-dimethyl-2,7-dinitrosctane, m.p. 100-101° (lit.* 101.5-102°).

2. Notes

1. If stirring is not used, hydrolysis does not start until the
reaction mixture is heated almost to the reflux temperature.
Under these conditions the reaction, which is exothermic, pro-
ceeds so rapidly that the reflux condenser is flooded.

2. Although no explosions have yet occurred, it is advisable
to conduct this reaction behind a shield. The hydrolysis, once
started, proceeds quite rapidly.

3. The time required varies with the initial temperature of the
hydrolysis solution. With warm solutions, e.g., freshly made
potassium hydroxide solution, external heating is not needed.
With such a solution, the checkers found that a cloudy mixture
having an initial internal temperature of 40° became clear within
2-5 minutes of mixing and during this time the temperature rose
to 70°. Stirring was continued for 20 minutes to ensure complete
hydrolysis.
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4. Addition of potassium permanganate removes colored im-
purities that otherwise persist through subsequent distillations of
the acid. The maximum concentration of potassium per-
manganate in water at room temperature is about 5%. It may
be more convenient to use a concentrated solution of sodium
permanganate, which is very soluble in water. However, the
end point is difficult to observe with sodium permanganate.

5. During this first distillation, nitrogen oxides are evolved in
appreciable amounts. It is suggested this operation be done
behind a shield in a well-ventilated area. A trap cooled with a
mixture of solid carbon dioxide and acetone or with liquid air
should be inserted between the column and the vacuum pump.
Pumps used in this distillation did not appear to suffer corrosion
damage. A dry oil was used and changed after each distillation.

6. It may be necessary in this second distillation to apply a
source of heat to the fraction-collecting system to prevent crystal-
lization of the product prior to entry of the distillate into the
receivers.

7. The cathode is the electrode connected to the negative ter-
minal of the current source.

8. A satisfactory alumina cup may be purchased from the
Norton Company, Worcester, Mass., Catalog No. 44805, RA-98.

9. This is necessary because the top of the porous cup must be
below the lip of the desiccator. The volume of the desiccator up
to the top of the porous cup should be 4 L.

10. The considerable heat generated inside the cup leads to
rapid evaporation of the methanol with which the cup is filled.
The cell can be operated by constant replenishment of methanol.
However, loss of methanol can be minimized by use of a water-
cooled cathode. Such an electrode is conveniently prepared from
two 3-in.-square stainless-steel plates and a strip of stainless steel
ab_out 0.25 in. wide, which are welded to form a stainless-steel box.
Nipples serving as water inlet and outlet are welded to the top of
the box,

11.. The 3-in.-square platinum plates are welded to a heavy
platinum wire that protrudes through one of the holes cut in the
glass lid. Heavy copper wire (No. 10) is used to connect the
electrodes to the source of current.
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12. This temperature is easily maintained by surrounding the
cell with a methanol bath cooled with solid carbon dioxide. About
100 1b. of solid carbon dioxide is required for 8 hours’ operation.
Yields are severely reduced if the methanol is allowed to boil.
Temperatures lower than 20° can be used but are less satisfactory.

13. The initial current is usually 6-8 amperes at S0-60 volts.
The resistance of the cell constantly changes because of depletion
of electrolyte and deposition of potassium methoxide in the pores
of the ceramic cup. The preferred source of current is a rectifier
capable of delivering 10-15 amperes at 30-90 volts. ILead storage
batteries connected in series are also satisfactory but require
frequent recharging.

14. In a typical run, 30 ml. of 2N potassium hydroxide in
methanol was added at the end of each hour of operation. Total
addition was 210 ml.

15. The amount added must be less than that required to
bring the pH to 7. When the pH of the anode solution is greater
than 7, undesirable reactions occur.

16. The checkers found that after 5.5 hours the current dropped
below 3 amperes at 75 volts. Addition of 25 ml. of 2V potassium
hydroxide in methanol to the anode solution increased the current
to 6 amperes. Subsequent additions of 10-15 ml. of base were
made approximately every 30 minutes. The total volume of base
added was 80 ml.

17. Some unchanged 4-methyl-4-nitrovaleric acid can be re-
covered from the spent electrolysis solution by alkaline extraction
followed by acidification and distillation of the water-insoluble
oil. However, under ordinary circumstances, recovery of this
material is not worth the effort expended.

18. About 500 ml. of refluxing methanol and 58 g. of crude
product afford about 53 g. (95% recovery) of recrystallized
material.

3. Methods of Preparation

2,7-Dimethyl-2,7-dinitrosctane has been prepared by nitration
of 2,7-dimethyloctane.?
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4. Merits of Preparation

Kolbe electrolysis is generally useful for the formation of hydro-
carbons from monocarboxylic acids and for the preparation of
many difunctional compounds as well. A specific illustration is
the synthesis of esters of long-chain dicarboxylic acids from
monoesters of appropriate dicarboxylic acids (see p. 33). A
number of these syntheses are discussed by Fichter.! In the
present preparation, a two-compartment cell is employed to
avoid, or at least greatly reduce, undesired reduction of the nitro
group at the cathode. It seems likely that the procedure could
be adapted to the preparation of other difunctional compounds
containing groups that are easily reduced.

1 Contribution No. 516 from the Central Research Department, Experimental
Station, E. I. du Pont de Nemours and Co., Wilmington, Del.

2 R. B. Moffett, Org. Syntheses, 32, 86 (1952).

s M. Konowalow, J. Russ. Phys.-Chem. Soc., 38, 124 (1906) [Chem. Zenir., 1906,
H, ‘SI%“.H'Fichter, Organische Elekirochemie, p. 17, Theodor Steinkopff, Dresden and
Leipzig, 1942.
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4,6-DIMETHYL-1-HEPTEN-4-OL
(1-Hepten-4-ol, 4,6-dimethyl-)

(C6H5)3SHCH2CH=CH2 + C5H5L1 -
(C6H5)4Sn + CH2=CHCH2Li

I
CH,—CHCH,Li + CH;CCH,CH(CHs), —
OLi

| Hy0
CHy—CHCH,—C -~ CH,CH(CHjg); —>

CHs
oH

|
CH;=CHCH,CCH,CH(CHj),
CH;,

Submitted by DIETMAR SEYFERTH and MICHAEL A. WEINER.!
Checked by MELVIN S. NEWMAN and CLIFFORD Y. PEERY.

1. Procedure

A solution of 50 g. (0.127 mole) of allyltriphenyltin (Notes 1
and 2) in 200 ml. of diethyl ether (Note 3) is prepared in a 1-L.
three-necked flask fitted with a reflux condenser, a motor-driven
glass sleeve-type stirrer, nitrogen-inlet tube, and a 250-ml. drop-
ping funnel with pressure-equalizing side arm. After the system
has been flushed thoroughly with prepurified nitrogen, 113 ml. of
a 1.13N solution of phenyllithium (0.127 mole) in diethyl ether
(Note 4) is added rapidly to the stirred allyltriphenyltin solution.
Precipitation of tetraphenyltin occurs immediately, and the reac-
tion mixture is stirred for 30 minutes in an atmosphere of pre-
purified nitrogen. Through the dropping funnel is then added
12.0 g. (0.12 mole) of 4-methyl-2-pentanone (Note 5) in 25 ml.
of diethyl ether at such a rate that moderate reflux is maintained.
Subsequently the reaction mixture is refluxed for 1 hour, allowed
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to cool to room temperature, and hydrolyzed by adding 100 ml.
of distilled water (Note 6). The solid tetraphenyltin is filtered
(53.5 g. = 98% yield), and the filtrate is transferred to a sep-
aratory funnel. The aqueous layer is separated and extracted
with three 30-ml. portions of ether. The ethereal extracts and
the organic layer are combined and dried over anhydrous mag-
nesium sulfate. After removal of the ether by distillation at
atmospheric pressure, the residue is filtered through a sintered-
glass funnel into a 250-ml. distilling flask and fractionally distilled
at reduced pressure using a vacuum-jacketed Vigreux column
equipped with a still head of the total-condensing, partial-takeoff
type. 4,6-Dimethyl-1-hepten-4-ol, b.p. 70-71°/20 mm., ney
1.4403, is obtained in 70-75%, yield (12.0-12.8 g.) (Note 7).

2. Notes

1. Allyltriphenyltin is prepared as follows. To a 3-1. three-
necked flask fitted with a reflux condenser, a motor-driven stirrer,
nitrogen-inlet tube, and a 1-1. dropping funnel with pressure-
equalizing side arm are added 50 g. (2.1 g. atom) of magnesium
turnings and 800 ml. of diethyl ether (Mallinckrodt reagent
grade). The dropping funnel is charged with a solution of 120 g.
(1.0 mole) of allyl bromide (Eastman Kodak white label) and
250 g. (0.65 mole) of triphenyltin chloride (Metal Thermit
Corporation) in 600 ml. of tetrahydrofuran (Electrochemicals
Department, E. 1. du Pont de Nemours and Company, Inc.)
which has been freshly distilled from lithium aluminium hydride.
This solution is added to the vigorously stirred, refluxing mag-
nesium suspension during 7 hours. After the addition is complete,
500 ml. of dry benzene is added and the reaction mixture is
r(?ﬁuxed overnight at 60°. It is then hydrolyzed by careful ad-
dition of 150 ml. of a saturated ammonium chloride solution. The
organic phase is decanted from the solids, and the latter are
washed twice with ether. The combined organic layer and
ethereal extracts are evaporated at reduced pressure with the aid
of a rotary evaporator. The solid residue is recrystallized from
350 ml. of ligroin. The yield of product, m.p. 73-74°, is 190-205
8- (75-80%,).
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Allyltriphenyltin can also be prepared by using the reaction of
preformed allylmagnesium bromide with triphenyltin chloride.?
However, the submitters prefer the simpler procedure described
above for large-scale preparations of allyltin compounds.

2. Tetraallyltin, triallylphenyltin, and diallyldiphenyltin may
be used in place of allyltriphenyltin.

3. The diethyl ether used is Mallinckrodt reagent grade and is
distilled from lithijum aluminum hydride before use.

4. Ethereal phenyllithium, prepared from lithium and bromo-
benzene,? may be standardized by adding an aliquot to water and
titrating with standard sulfuric acid.

5. The 4-methyl-2-pentanone used is Eastman Kodak white
label grade.

6. The first few milliliters of water should be added dropwise.

7. The reported ¢ physical constants for 4,6-dimethyl-1-hepten-
4-ol are b.p. 68-69°/20 mm., n 1.4402.

3. Methods of Preparation

This procedure is essentially that reported previously.s 4,6-
Dimethyl-1-hepten-4-ol has also becn prepared by the reaction
between allylmagnesium bromide and 4-methyl-2-pentanone,* by
the treatment of magnesium with a mixture of allyl bromide and
4-methyl-2-pentanone,®? and by the treatment of zinc with a
mixture of allyl iodide and 4-methyl-2-pentanone.®

4, Merits of Preparation

The present synthesis of 4,6-dimethyl-1-hepten-4-ol is an ex-
ample of the preparation and use of allyllithium, hitherto
unknown as a pure reagent. The same general procedure may
be used to prepare vinyllithium from ether solutions of any of the
compounds (CHz=CH),Sn(CeHs)s—n(n = 1-4),° and benzyl-
lithium from any of the (CeHsCHz)»Sn(CeHs)s—n(n = 1-4) com-
pounds.1?

Allyllithium is of particular value in the preparation of allyl-
metal derivatives.
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DIMETHYL OCTADECANEDIOATE
(Octadecanedioic acid, dimethyl ester)
2CH;0,C(CHy)sCOy~ —ttiosiy
CH,30,C(CH,);6C0.CH; + 2CO,

Submitted by SHERLOCK SWANN, JRr., and W. E. GArrIsON, Jr.?
Checked by James CasoN, JorN A. CarusoN, and STANLEY WooD.

1. Procedure

To 500 ml. of absolute methanol (Note 1) in a 1-1. electrolytic
(tall form) beaker is added 1.1 g. (0.05 g. atom) of clean sodium
metal. After solution of the sodium, 216 g. (1.0 mole) of methyl
hydr9gen sebacate (Note 2) is dissolved in the sodium methoxide
solution. A magnetic stirring bar is placed in the beaker which is
then_ fitted with a large neoprene stopper (Note 3) holding a
Platinum sheet anode, 12 cm.? in area; and two platinum sheet
Cfa.thodes, approximately 5.3 cm.? in area, spaced equidistantly on
either side of the anode at a distance of approximately 1.5 cm.
(Note 4). The stopper is also provided with a stoppered entry
tube and an efficient reflux condenser (Note 5).
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The electrodes are connected to a suitable variable source of
direct current (Note 6), the magnetic stirrer is started, and a po-
tential of about 50 volts is applied. This results in a current flow
of 1-2 amperes. The solution soon comes to boiling; the voltage
is then regulated so that a rapid reflux is maintained (Note 7).

Completion of the run, after 3040 hours, is indicated when a
few drops of the solution show an alkaline reaction to phenol-
phthalein. No harm is done if the electrolysis is carried a few
hours beyond this point; however, after excessively long periods,
formation of polymeric material lowers the yield and renders pu-
rification of the product rather troublesome.

Upon completion of the reaction (Note 8) the solution is acidi-
fied with acetic acid, and the solvent removed under reduced
pressure. The residue is dissolved in about 1.4 1. of ether and
filtered into a 2-1. separatory funnel through fluted paper. After
the ether solution has been washed with two 300-ml. portions of
59, aqueous sodium bicarbonate solution (Note 9), the ether is
removed on a steam bath. The residue is dissolved in about 1.5 1.
of warm methanol, and the solution is allowed to cool to room
temperature. The crystallized product is collected by suction
filtration on a Biichner funnel and pressed well. The product is
rather waxy and is best washed by transferring it to a beaker and
stirring thoroughly with about 150 ml. of cold methanol. The
white crystals are then collected and pressed well again. If the
filtrate is colored, the crystals are washed again with a smaller
quantity of methanol. The combined filtrate and washings are
concentrated to one-half the original volume and chilled in ice to
yield a few grams of additional product of the same melting point.
The combined lots are dried in a vacuum desiccator. The yield
amounts to 116-126 g. (68-74%) of white, microcrystalline
dimethyl octadecanedioate, m.p. 57-58°.

2. Notes

1. Analytical reagent absolute methanol is sufficiently pure for

this purpose.
2. The methyl hydrogen sebacate used by the submitters was

prepared by the method described by Pattison and co-workers, ?
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which is a modification of the method described in Organic Syn-
theses, Coll. Vol. 2, 276 (1943), for ethyl hydrogen sebacate. The
methyl rather than the ethyl ester is preferred because of the
greater ease of purification of methyl hydrogen sebacate and
dimethyl octadecanedioate. The checkers prepared methyl hy-
drogen sebacate by the convenient procedure which has been
described for methyl hydrogen hendecanedioate.? Absence of di-
acid in the half ester is imperative, for each molecule of diacid (in
low concentration) will couple with two molecules of half ester.

3. A rubber stopper will suffice, but neoprene is more durable.

4. Convenient dimensions are 3x4 cm. for the anode, and
2.3x 2.3 cm. for the cathode. The bottom of the anode should
extend to about 3 cm. from the bottom of the beaker, and the
centers of the cathodes should be lined up with the center of the
anode. The submitters and checkers used 0.002-in. platinum
sheet. Thinner material is easily distorted by the action of the
stirrer and may thus develop a short circuit. Platinum wire may
be attached to the sheet by heating both parts to redness and
hammering them together. The wire may then be sealed in a
piece of Pyrex tubing, which is passed through a properly located
hole in the stopper, and mercury is used to make contact with the
lead-in wire.+

In a run one-half the size here described, the checkers obtained
similar results by using the same geometry of electrodes with the
same concentrations of reactants in a 700-ml. tall-form beaker,
with one-half the electrolysis time.

5. it is most convenient to insert a 24/40 outer joint in the
stopper to accommodate the condenser. A 14/20 outer joint
makes a convenient entry tube for withdrawing samples in order
to determine when alkalinity has been reached. This joint must
be stoppered during the electrolysis, which is under reflux.

6. A variable field d-c motor generator was used by the submit-
ters. In lieu of such equipment, the checkers used a 120-volt
d-c source with a heavy-duty resistor in the circuit. Occasionally,
a film of polymeric material may form on the anode and reduce
the current flow. This condition may be corrected by reversing

t¥1e current flow for a period of 5-10 seconds. A suitable control
circuit is diagrammed in Fig. 1.
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Direct-current supply

I

Variable
resistor 2
(50 ohms) <

3-amp.
fuse

Double-pole,
double-throw
reversing switch

To anode To cathode

Fic. 1

7. Itis usually necessary to increase the applied voltage toward
the end of the electrolysis in order to keep the current flow at a
high rate. The submitters usually finished the electrolysis at 140
volts; however, the checkers found that a limit of 120 volts
resulted in no significant delay in completion of the electrolysis.

8. The electrodes should be removed promptly from the warm
reaction mixture, for the solution sets to a solid mass on cooling.
It is most convenient to proceed with work-up of the warm
solution.

9. An insignificant amount of half ester is recovered by
acidification of the bicarbonate washings, followed by extraction
with ether.

3. Methods of Preparation

Dimethyl and diethyl octadecanedioate have been prepared by
the electrolysis of the sodium or potassium salts of methyl or
ethyl hydrogen sebacate in water ® or in methanol.®
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4. Merits of Preparation

The advantages of this preparation of dimethyl octadecane-
dioate over that described earlier ® are purity of product, no foam-
ing of the electrolyte, higher yields, and elimination of the use of
large quantities of the salt of the acid ester as supporting electro-
lyte. The procedure is regarded as near the optimum for a Kolbe

electrolysis.
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1,6-DIOX0-8a-METHYL-1,2,3,4,6,7,8,8a-

OCTAHYDRONAPHTHALENE
(1,6-Naphthalenedione, 1,2,3,4,6,7,8,8a-octahydro-8a-methyl-)
CH, O
VA HC ||
C!:H + KOH
Co ///1 CH;0H
CH; ©
/CH2 HsC o o
—
CcO . —~Hz0
7 ad
/ 0 O/

Submitted by S. RAMACHANDRAN and MELVIN S. NEwMAN.!
Checked by Max TisHLER, G. A. StEIN, and G. LINDBERG.

1. Procedure

A mixture of 63.1 g. (0.5 mole) of 2-methyl-1,3-cyclohexane-
dione (Note 1), 52.6 g. (0.75 mole) of methyl vinyl ketone (Note 2),
about 0.25 g. (3 pellets) of potassium hydroxide, and 250 ml. of
absolute methanol is placed in a 500-ml. round-bottomed flask.
fitted with a reflux condenser and a drying tube (Note 3). The
mixture is heated under reflux for 3 hours, and the dione gradually
goes into solution. At the end of this period, methanol and the
excess methyl vinyl ketone are removed by distillation under
reduced pressure (Notes 4 and 5). The residual liquid is dissolved
in 250 ml. of benzene, a Dean-Stark phase-separating head is

-attached, and 20 ml. of solvent is removed by distillation at
atmospheric pressure to remove traces of water and methanol.
The solution is cooled well below the boiling point, 3 ml. of
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pyrrolidine is added (Note 6) and the mixture held at reflux for
about 30 minutes, during which time about 9 ml. of water collects
in the trap. Refluxing is continued for an additional 15 minutes
after the separation of water ceases. The water collected is
removed, and then 50 ml. of solvent is distilled. The reddish
reaction mixture is cooled to room temperature and diluted with
150 ml. of ether. This solution is washed with 100 ml. of distilled
water containing 15 ml. of 109, hydrochloric acid and 100 ml. of
water. The aqueous extracts are extracted with 50 ml. of ether
(Note 7), and the combined organic layers are washed with three
100-ml. portions of water, then with saturated salt solution and
dried over magnesium sulfate. The solvents are then removed,
and on distillation of the residue (82-85 g.) (Note 8) at 0.5-1.0 mm.
(Note 9) the material, b.p. 117-145°, is collected and diluted with
5 ml. of cther. The distillate is placed overnight in a refrigerator,
the resulting crystals are then collected by rapid filtration and
washed with about 25 ml. of cold ether (Notes 10 and 11). The
first crop of diketone weighs 50-53 g. and is colorless. The com-
bined mother liquors are redistilled to obtain a further 4-6 g. of
crystalline product. A yield of 56-58 g. (63-65% based on
dione) of 1,6-dioxo-8a-methyl-1,2,3,4,6,7,8,8a-octahydronaphtha-
lene, m.p. 47-50°, suitable for most other purposes, is obtained
(Note 12).

2. Notes

1. The 2-methyl-1,3-cyclohexanedione was prepared by the
method described by Mekler et al., this volume, p. 56.

2. Technical grade methyl vinyl ketone supplied by Matheson,
Coleman and Bell Co., Cincinnati, Ohio, was used without further
purification.

3. The checkers found that stirring during reflux and con-
centration and in the cyclization step was advantageous.

4. The submitters report that the intermediate 2-methyl-2-
(3’ -oxobutyl)-1,3-cyclohexanedione can be isolated in 859, yield *
at this point if desired.

5. The checkers removed methanol and methyl vinyl ketone
at 650 mm. pressure with a water bath at 70°.
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6. On adding pyrrolidine an exothermic reaction occurs rapidly.
Cooling is needed to prevent too rapid a reaction. The submitters
report that piperidine may be used in place of pyrrolidine.

7. The checkers extracted the aqueous extracts twice with
75-ml. portions of ether.

8. The checkers found the residual weights to amount to
87-100 g.

9. The checkers used a saddle-packed 5-in. column and found
b.p. 137-150°/0.6-0.7 mm. ; 123-150°/0.2-0.5 mm. ; and 132-141°/
0.5-0.8 mm.

10. A successful crystallization yields relatively large crystals
which may be rapidly filtered and washed with ether with little
loss. If fine crystals are obtained, it is preferable to redissolve
and allow the material to crystallize again.

11. Because of the high solubility in ether (1 g. per 2.5 ml. at
room temperature), the checkers washed the product with hexane
(b.p. 60-71°).

12. Purer product, m.p. 48.6-50.0°, may be obtained by
crystallization from ether.

3. Methods of Preparation

1,6-Dioxo-8a-methyl-1,2,3,4,6,7,8 8a-octahydronaphthalene has
been obtained through the reaction of 2-methyl-1,3-cyclohexane-
dione with acetonedicarboxylic acid and formaldehyde,? 4-diethyl-
amino-2-butanone methiodide,? pyridine and 4-diethylamino-2-
butanone, triethylamine and 4-diethylamino-2-butanone,® and
by cyclization of 2-methyl-2-(3-oxobutyl)-1,3-cyclohexanedione
using either aluminum feri-butoxide or piperidine phosphate as
catalyst.57

4, Merits of Preparation

1,6-Dioxo-8a-methyl-1,2,3,4,6,7,8,8a-octahydronaphthalene has
been employed as an intermediate in the synthesis of terpenes **
and in the projected synthesis of steroids.*1°
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DIPHENALDEHYDE
(Biphenyl, 2,2’-diformyl-)

T T
c=0 c=0
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‘ CH4OH 00H
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| ~ocHs |
H H

Submitted by PriLre S. BaiLey and RoNALD E. Erickson.!
Checked by Marjorie C. CaseErio and JorN D. ROBERTS.

1. Procedure

A finely divided suspension (Notes 1 and 2) of 10.0 g. (0.056
mole) of phenanthrene (Note 3) in 200 ml. of dry methanol (Note
4) is placed in a standard ozonolysis vessel (Note 5). The reaction
mixture is cooled in a Dewar flask by an acetone-Dry Ice mixture
to about —30° (Notes 6 and 7), and ozone (Note 8) is passed
through at a rate of about 20 L. per hour (Note 9) until all the
phenanthrene has reacted (Note 10).

To the cooled reaction mixture are added 25-30 g. (roughly 1.5
times the theoretical 0.112 mole) of sodium or potassium iodide
and 30 ml. of glacial acetic acid (Note 11). After the addition,
the reaction mixture is allowed to stand at room temperature for
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30 minutes to 1 hour. The released iodine is reduced with 109,
sodium thiosulfate solution, after which the reaction mixture is
placed immediately under an air blast (Note 12). As the meth-
anol evaporates, the product begins to crystallize (Note 13). The
crystallization should be well advanced by the time most of the
methanol has evaporated. Water is then added, and the solid is
removed by filtration and dried. The yield of crude product,
softening at about 54° and melting at 59-62°, is 9.2-11.4 g.
(78-96%). The crude product may be recrystallized by dis-
solving it in the minimal amount (40-50 ml.) of dry ether and
slowly adding about 150 ml. of ligroin (Note 14). Small crystals
separate halfway through the addition, and crystallization is com-
pleted by cooling the mixture in an acetone-Dry Ice bath. An
80-909%, recovery of pale yellow crystals melting at 62-63° is
obtained. A second recrystallization from 709 aqueous ethanol
gives nearly colorless crystals melting at 62.5-63.5° (Note 15).

2. Notes

1. This is produced by dissolving the phenanthrene in the
refluxing solvent and cooling rapidly.

2. The finely divided suspension is necessary in order for the
phenanthrene to go into solution and react readily during the
ozonolysis.

3. Eastman white label 599, m.p. 99-100°, was used.

4. Commercial methanol reagent containing 0.1%, or less of
water is satisfactory.

5. The usual long, cylindrical, gas-absorption-type vessel with
an inlet tube extending to near the bottom is satisfactory.? The
total volume of the vessel should be at least twice that of the
reaction solution. More elaborate reaction vessels equipped with
a stirrer ® are very useful in reactions such as this in which the
reactant is suspended in the solvent. However, the commercially
available vessels of this type are not large enough for the reaction
mixture described here.

6. The temperature of the reaction mixture should not be al-
lowed to rise above —20°, because at higher temperatures ozone
tends to react with the solvent and the reactions shown below
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also occur. Compound III is not readily reduced to the dialde-
hyde.

H H OH H OCH;j
C=0 C—0 C—0

OOH =
/

c c—0 c—O0
H OCHj H OCH, H OCHs

I II III

7. Compound II may precipitate during ozonolysis at —30° or
below. This is in no way detrimental.

8. A Welshach T23 ozonator was used by the submitters.
Oxygen dried by a Pittsburg Laboratory-Lectrodryer to a dew
point of —60° was passed through the ozonator, which was set
to produce a 5-6%, by weight concentration of ozone.# Following
the ozonation flask were a potassium iodide trap and a wet-test
meter.t The checkers used a simple ozonator capable of produc-
ing 3.89, by weight of ozone at a flow rate of 20 1. per hour from
oxygen dried by passage through a 30-cm. column of silica gel.

9. The rate should be sufficiently great to cause considerable
agitation of the suspended phenanthrene. As the reaction pro-
ceeds, the reaction vessel should be shaken frequently in order to
maintain good contact between the phenanthrene and ozone. For
smaller runs a reaction vessel that includes a stirrer is advan-
tageous (Note 5).

The checkers found it convenient to use leads of Tygon tubing
of sufficient length to allow the reaction flask to be withdrawn at
intervals from the Dewar flask and shaken manually.

10. Unreacted ozone starts passing through to the potassium
iodide trap toward the end of the reaction. However, it is best
to continue the reaction until all the suspended phenanthrene has
disappeared. This usually requires a total of 1.1-1.3 mole-equiv-
alents of ozone. Unless all the phenanthrene has reacted, diffi-

culty is encountered in the crystallization and/or recrystallization
of the dialdehyde.
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11. The reduction may be carried out in the ozonolysis flask,
or the reaction mixture may be transferred first to an Erlenmeyer
flask or beaker. The iodide and acetic acid should be added
simultaneously. The reaction of peroxides with iodide ion is
exothermic. The temperature of the reaction mixture should be
kept below —20° while the sodium iodide and acetic acid are
added, after which it may be allowed to rise slowly to room tem-
perature.

12. It seems to be detrimental to the crystallization and re-
crystallization of the product to postpone the evaporation of the
reaction mixture, probably because the product becomes con-
taminated with sulfur if the reduced reaction mixture is allowed
to stand.

13. Sometimes difficulty is encountered in starting the crystal-
lization, since the product may separate as a yellow oil. It is
helpful to induce crystallization by rubbing the sides of the vessel
with a stirring rod and seeding the solution with any crystals that
form on the sides of the vessel during the evaporation.

14. The ligroin used was Skellysolve B.

15. About 30 ml. of warm absolute ethanol readily dissolves
8-9 g. of product. Addition of 15 ml. of water and cooling effect
crystallization with about 90% recovery of product.

3. Methods and Merits of Preparation

Previously, diphenaldehyde has been made by the Ullman
coupling of o-iodobenzaldehyde,5® by bromination of 0,0'-bitolyl
and hydrolysis of the resulting tetrabromo compound,’ and by
lithium aluminum hydride reduction of the N-methylanilide of
diphenic acid.® These methods involve more steps and give
poorer yields than ozonolysis of phenanthrene.

The present method is based on the earlier described ozonolysis
of phenanthrene in methanol.® The reduction of the peroxidic
reaction mixture with trimethyl phosphite to give diphenalde-
hyde, isolated as the di-p-nitrophenylhydrazone, in quantitative
yield has been described recentlyl® The disadvantage of this
method is that the dialdehyde cannot be isolated in the free state
in high yield. Diphenaldehyde has also been obtained by sodium
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iodide reduction of peroxidic products from ozonolysis of phen-
anthrene in solvents that do not react ? with the zwitterion inter-
mediate 22 The yields are inferior to those obtained by the
present method. The patent literature ' reports an 81%, yield of
diphenaldehyde from ozonolysis of phenanthrene-anthracene mix-
tures in a feri-butyl alcohol-water mixture followed by hydrolysis.
Whether this is satisfactory with phenanthrene alone or whether
the product is pure was not stated.
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DIPHENALDEHYDIC ACID
(2-Biphenylcarboxylic acid, 2’-formyl-)
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Submitted by Parie S. BaiLey and RoNarp E. Erickson.
Checked by CaroiE L. OLsoN and JOHN D. ROBERTS.

1. Procedure

A. 3,8-Dimethoxy-4,5,6,7-dibenzo-1,2-dioxacyclooctane. The ozo-
nolysis of 10 g. (0.0562 mole) of phenanthrene in dry methanol
is carried out as described in the diphenaldehyde preparation
(p. 41). The reaction mixture is not reduced, however, but
is acidified with 1-3 drops of concentrated hydrochloric acid (Note
1) and allowed to stand at room temperature for an hour and then
in the refrigerator for several hours or overnight. Suction filtra-
tion yields 11.5-12.5 g. (75-82%,) of crystals melting at 178-181°.
Trituration with methyl ethyl ketone gives a 90-95% recovery of
colorless crystals melting at 180-181° (Note 2).

B. Diphenaldehydic acid. A mixture of 10 g. (0.0368 mole) of
3,8-dimethoxy-4,5,6,7-dibenzo-1,2-dioxacyclodctane, 50 ml. of
109, sodium hydroxide solution, and 200 ml. of 959, ethyl alcohol
is heated under reflux for 15 minutes, during which time the solid
dissolves (Note 3). The solution is cooled, acidified with con-
centrated hydrochloric acid, and diluted to the cloud point with
water. Crystallization is induced by rubbing the side of the
vessel with a stirring rod (Note 4). More water is then added
slowly until crystallization is complete. Filtration yields 6.7-7.3

DIPHENALDEHYDIC ACID 47

g. (81-889%,) of colotless to yellowish crystals melting at 130-132°.
Recrystallization from 100 ml. of 1:1 methanol-water gives an
80-95%, recovery of diphenaldehydic acid melting at 134-135°
(Notes 5, 6, and 7).

2. Notes

1. The acid catalyzes formation of the dimethoxy compound
from the initial ozonolysis products (see Note 6 of the diphenalde-
hyde preparation, p. 42). Compound I forms only slowly in the
absence of the hydrochloric acid.

2. The trituration is carried out at room temperature, but the
mixture is cooled before filtering. The product can be recrystal-
lized from methyl ethyl ketone, but this requires large volumes of
the solvent and is unnecessary.

3. After solution has occurred, 1 ml. of the solution is acidified
and tested with sodium or potassium iodide. If no iodine is
released, the reaction is complete.

4. If the solution resists crystallization, it can be evaporated
one-half or two-thirds of its volume and cooled further. The
checkers found that, if product was allowed to oil out and solidify,
the subsequent purification was rendered more difficult.

5. Often recrystallization is unnecessary since the first crystal-
line product melts at 134-135°. The yields then are 81-849,.

6. If sodium hydroxide is omitted in this preparation and the
reaction mixture is refluxed until it no longer gives a positive
peroxide test with iodide ion (Note 3) (about 2 hours), the product
is the methyl ester of diphenaldehydic acid in 91-98%, yield (m.p.
50-51°).2

7. If, in the reaction mixture described, twice the volume of
109, sodium hydroxide solution and 25 ml. of 309, hydrogen per-
oxide are employed and the reaction mixture is refluxed until it
no longer gives a positive peroxide test with iodide ion (about 30
minutes to 1 hour), the product is diphenic acid (m.p. 220-223°)
in 73-85%, yield.
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3. Methods and Merits of Preparation

The method here described is based on the reported ozonolysis
of phenanthrene in methanol, followed by conversion of the
initial ozonolysis product to diphenaldehyde (p. 41), diphenalde-
hydic acid, methyl diphenaldehydate (Note 6), and diphenic acid
(Note 7).* Diphenaldehydic acid has previously been made in
low yields by oxidative decomposition of the monohydrazide of
diphenic acid.»¢ The presently described method is far superior,
not only in yield, but also in simplicity.

Diphenic acid has been prepared by the reduction of diazotized
anthranilic acid with cuprous ion,® Ullman coupling of potassium
o-bromobenzoate,® and oxidation of phenanthrene or phen-
anthrenequinone with various oxidizing agents.? The latter
methods have been reviewed recently.” The ozonolysis method
has also been carried out in solvents ? that do not react with the
zwitterion intermediate.®

Of the various routes to diphenic acid, the present method and
the peracetic acid oxidation of phenanthrene’ seem to be the
simplest. The yields are equally good.

1 Department of Chemistry, University of Texas, Austin 12, Tex.

2P, S. Bailey, J. Am. Chem. Soc., 78, 3811 (1956).

3 J. W. Cook, G. T. Dickson, J. Jack, J. D. Loudon, J. McKeown, J. MacMillan,
and W. F. Williamson, J. Chem. Soc., 1950, 139.

¢E. F. M. Stephenson, J. Chem. Soc., 1954, 2354.

5 Org. Syntheses, Coll. Vol. 1, 222 (1941).

¢ W. R. H. Hurtley, J. Chem. Soc., 1929, 1870.

TW. F. O’Connor and E. J. Moriconi, Ind. Eng. Chem., 45, 277 (1953).

$ P. S. Bailey, Chem. Revs., 58, 986 (1958).
% W. F. 0'Connor, W. J. Schmitt, and E. J. Moriconi, Ind. Eng. Chem., 49, 1701

(1957).
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1,3,6-HEXATRIENE

A. CH;—CHCH,Br + Mg —=% CH,=CHCH;MgBr

CHy;=CHCH;MgBr + CH;=~CHCHO —=>»
2 4
CH,—CHCH,CHOHCH—CH,

B. CHy=CHCH,CHOHCH=CHj + PBr; — CglBr

&)
CgHgBr + (CHy);NCH,CsHy — CeHgN(CHj3),CH.C¢H; Br®

o Aqueous
CeHoN (CHj3)CH,CgHs Br® 1::: ’

CH;=CHCH=CHCH=CH, + C¢H;CH;N(CHjs).

Submitted by Jesse C. H. Hwa and HoMER Sims.!
Checked by Vircir BoEKELEEDE and E. A. CARESS.

1. Procedure

A. 1,5-Hexadien-3-0l (Note 1). In a 5-1 three-necked flask
fitted with a stirrer, a dropping funnel and an ice-water con-
denser are placed 153.0 g. (6.28 g. atoms) of magnesium turnings,
360 ml. of anhydrous ether (Note 2), and a few crystals of iodine.
A solution of 351.0 g. (2.90 moles) of allyl bromide (Note 3) in
2.6 L. of ether is added in small portions until the reaction begins,
and then at such a rate as to maintain gentle refluxing of the
ether. The addition requires about 3 hours, after which the
reaction mixture is refluxed on a steam bath for an additional
hour. Acrolein (Note 4) (104.0 g., 1.86 moles) is added during 2
hours, and this causes gentle refluxing. After an additional hour
at room temperature the reaction mixture is poured slowly into
21. of ice water. The precipitate is dissolved by adding slowly a
solution of 120 ml. of concentrated sulfuric acid (sp. gr. 1.84) in
400 ml. of water (Note 5). The organic layer is separated and
the water layer extracted with three 200-ml. portions of ether.
The combined oil and ether extracts are dried over 8-10 g. of
anhydrous magnesium sulfate. After removal of the ether, the
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residue is distilled through a 6-in. column packed with glass
helices to yield 104-108 g. (57-59%, based on acrolein) of 1,5-
hexadien-3-ol; b.p. 62-65/50 mm., 3, 1.4440.

B. 1,3,5-Hexatriene. In a 500-ml., three-necked, round-bot-
tomed flask fitted with a mechanical stirrer, a thermometer, and a
graduated dropping funnel are placed 114 g. (0.42 mole) of phos-
phorus tribromide (Note 6) and 2 drops of 489, hydrobromic
acid. As the contents of the flask are stirred and maintained at
10-15° by means of an ice-water bath, 98 g. (1.00 mole) of 1,5-
hexadien-3-o! is added in the course of 1.5 to 1.75 hours. The
mixture is allowed to stir at 10-15° for 40 minutes and then to
stand at room temperature overnight. The flask is cooled in an
ice-salt bath for 20 minutes, and the upper organic layer is
decanted from the residue while still cold. The organic layer is
successively washed with three 40-ml. portions each of ice water,
507, sodium bicarbonate, and water. The crude bromohexadiene
weighs 147-153 g. (91-95%,) (Note 7).

In an assembly similar to that used for the previous reaction,
90 g. (0.67 mole) of dimethylbenzylamine (Note 8), 0.13 g. of
hydroquinone, and 500 ml. of water are stirred and heated at 50°.
The crude bromohexadiene (107 g., 0.67 mole) is added in the
course of 20-40 minutes, and stirring and heating are maintained
at 50° for 2-2.5 more hours. The flask is then fitted for down-
ward distillation, and the mixture is distilled at about 40-50° and
30 mm. until no more oil distils with the water. A total of 133-
200 ml. of distillate is collected. This is discarded.

A solution of sodium hydroxide (106 g., 2.7 moles) in 535 ml.
of water is placed in a 2-1. flask equipped with a sealed mechanical
stirrer and an outlet arranged for downward distillation into an
ice-cooled receiver. The aqueous solution of the quaternary
bromide is added dropwise to the boiling solution of sodium
hydroxide during a period of 2.5-4 hours (Note 9). The hexa-
triene and dimethylbenzylamine which form are distilled with the
water. Distillation is continued for 10-15 minutes after the final
addition of quaternary bromide solution. The clear upper layer
of the distillate is separated, cooled to 5-10°, washed with three
170-ml. portions each of cold 2NV hydrochloric acid and water,
and dried over anhydrous sodium sulfate. The oil is then distilled,
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a spinning-band column being used to give 32.0-34.0 g. (54-60%)
of 1,3,5-hexatriene; b.p. 80-80.5°, # 1.5103-1.5119 (Note 10).

2. Notes

1. This method is essentially that of Butz, Butz, and Gaddis ¢
except for modified charge ratios to increase the output per batch
at some sacrifice in per cent yield.

2. Baker and Adamson, reagent grade.

3. Matheson, Coleman and Bell, b.p. 70-71°.

4. Shell Chemical Co., commercial grade, inhibited.

5. When the magnesium complex is dissolved, the solution may
be decanted from the excess magnesium metal.

6. Dow Chemical Co., practical grade.

7. The moist crude bromohexadiene is quaternized in water
without further putification. The submitters report that, if
desired, the crude mixture may be dried over anhydrous calcium
chloride and fractionally distilled through a 10-in. stainless-steel-
packed column at reduced pressure. Crude bromohexadiene
(220-230 g.) from 147 g. (1.50 moles) of 1,5-hexadiene-3-ol was
found to give the fractions listed in Table I. The yield of the

TABLE I
Fraction Wt.,g. B.P.,/mm. nZ Product
1 43.2 55-56°/34 1.4829 3-Bromo-1,5-hexadiene
2 31.7 57-72°/34 1.4923 Mixture of the 3- and
1-bromo isomers
3 70.7 72-73°/36 1.4981 1-Bromo-2,5-hexadiene
4 10.1 56-59°/18 1.4996 Mostly 1-bromo-2,5-
hexadiene
5 19.2 64-103°/14 1.5196 —

total distillate is 174.9 g. of which fractions 1-4 amount to 155.7 g.
(64.5%). The 1-bromo isomer has been reported in the litera-
ture, 4 and the infrared spectrum suggests that fraction 1 is
3-bromo-1,5-hexadiene. Both isomers when treated separately in
this procedure yield hexatriene.

8. The amine should be freshly distilled.
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9. This time, although not critical, was chosen to prevent
accumulation of unreacted quaternary base or of hexatriene in
the reaction vessel.

10. The faintly yellow product obtained before distillation is
quite pure. The infrared absorption spectra of the liquid before
and after distillation are identical and have, in addition to all the
bands shown in the published spectrum of Woods and Schwartz-
man,’ weak absorption bands, notably at 820, 989, 1187, and 1452
em—!. The differences between the two spectra are due to
various ratios of ¢is and frans isomers in these hexatriene samples.
The ratio of cis- to trans-1,3,5-hexatriene in this preparation is
estimated at 3:7. This is based on studies using vapor-phase
chromatography, ultraviolet absorption spectra, and refractive
indices.® The hexatriene is stored under nitrogen at —35°.
Although no visible change is observed after 1 week of storage,
the liquid is partially polymerized to the consistency of glycol
after 3 weeks. Hexatriene can be removed from the thin syrup
by distillation at 40 mm., and when redistilled at atmospheric
pressure under nitrogen has b.p. 80.5°, #py 1.5101. Its infrared
absorption spectrum is then identical with that of freshly prepared

hexatriene.

3. Methods and Merits of Preparation

1,3,5-Hexatriene has been prepared by many workers. The
more successful methods are the catalytic pyrolyses (alumina,
260-325°) of 1,3-hexadien-5-ol #*8 and 2 4-hexadien-1-0l.* Other
methods which give hexatriene of questionable purity or involve
less convenient laboratory methods are dehydration of 1,5-
hexadien-3-0l by sodium bisulfate at 170°1 or by phthalic
anhydride at 160-200° and by catalytic hydrogenation of di-
vinylacetylene! Additional methods are listed in footnote 5.
The present procedure is a practical laboratory method of prepar-
ing pure hexatriene in satisfactory yields.

! Rohm and Haas Company, Philadelphia, Pa.

31, W. Butz, E. W. J. Butz, and A. M. Gaddis, J. Org. Chem., 5, 171 (1940).

s M. Lora-Tamayo, F. Martin-Panizo, and R. Ossorio, J. Chem. Soc., 1950, 1418.

+P. Rarrer and S. Perl, Help. Chim. Acta, 83, 36 (1950).
5 G. F. Woods and L. Schwartzman, J. Am. Chem. Soc., 70, 3394 (1948).
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8 J, C. H. Hwa, P. DeBenneville, and H. Sims, J. Am. Chem. Soc., 82, 2537 (1960).

7 K. Alder and H. Von Brachel, 4nn., 608, 208 (1957),

s B, Lippincott, C. White, and J. Sibilia, J. Am. Chem. Soc., 80, 2926 (1958).

% G. F. Woods, N. Bolgiano, and D. Duggan, J. 4m. Chem. Soc., 77, 1800 (1955).

10 0, Kiun-Houo, Ann. chim., 13, 175 (1940) [C.4., 34, 4377 (1940)].

1t A, Klebanskii, L. Popov, and N. Tsukarman, J. Gen. Chem. U.S.S.R., 16, 2083
(1946) [C.4. 42, 857 (1948)].
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Submitted by J. E. HoraN and R. W. SCHIESSLER.}
Checked by WitrLiam E. ParHaM, WAYLAND E. NoLAND,
and ABDEL-MONEIM M. MAKKY.

1. Procedure

In a 21, three-necked flask fitted with stirrer, dropping funnel,
and thermometer are placed 700 ml. of formic acid (88%,) and
140 ml. of hydrogen peroxide (309, 1.37 moles). While the tem-
perature is kept at 35-40° (Note 1), 116.2 g. (117.3 ml., 1.00 mole)
of indene (989,) (Note 2} is added dropwise, with stirring, over a
period of 2 hours. An additional 100 m!. of formic acid is used to
rinse the last of the indene from the dropping funnel into the
reaction flask. The reaction solution is stirred at room temper-
ature for 7 hours to ensure complete reaction (Note 3). The
solution is transferred to a 2- or 3-1. Claisen flask, and the formic
acid is removed under aspirator pressure (b.p. 35-40°/20-30mm.),
care being taken to maintain the boiler temperature below 60°
.(N ote 4). The residue, after being cooled to room temperature,
is a yellowish brown crystalline solid (Note 5), the color being
due to contamination by a small amount of brownish oil.
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In a 5-1. flask fitted with a long condenser (about 40 cm.)
connected to an ice-cooled receiver is placed 2 L of 7% (by
volume) sulfuric acid. The solution is heated to boiling, and the
crude monoformate of 1,2-indanediol is added. Steam is intro-
duced and the mixture is steam distilled, while external heat is
applied with a flame in order to maintain the boiler contents at
a constant volume of 2 1. The steam distillation is carried out
at the rate of about 1 1. per hour until 5-6 1. of distillate have
been collected and the 2-indanone has stopped distilling (Note 6).
The dark-brown oily residue becomes semisolid at room tem-
perature.

The cold distillate is filtered with suction, and the white
crystalline solid is sucked thoroughly dry on the filter (Note n.
The crystals are dried further in a vacuum desiccator (at about
1 mm.) at room temperature or below for about 12 hours. The
melting point of the 2-indanone is 57-58° (Note 8). The yield is
90-107 g. (69-81%).

2. Notes

1. This is the best temperature at which to control the reaction.
At higher temperatures, the reaction becomes too vigorous.

2. The indene (n%° 1.5698, b.p. 74-76°/24 mm.) was obtained
from Riitgerswerke, A. G., West Germany, through Terra Chem-
icals, Inc., 500 Fifth Avenue, New York 36, N. Y. It was faintly
yellow, but was used without distillation, since distillation,
although it removed the yellow color, did not change the refrac-
tive index. When Matheson, Coleman and Bell technical grade
indene was used (redistilled, 75 ° 1.5606, b.p. 177-179°), 2 45%
yield of 2-indanone was obtained.

3. The reaction mixture can be left overnight at this point with
no adverse effect upon yield.

4. A higher temperature should be avoided at the start to
prevent boilover, and later to reduce side reactions and eliminate
danger from possible residual peroxides.

5. The reaction can be interrupted at this point and the formate
ester stored for several weeks, if desired.

6. The rate of flow of cooling water through the condenser
must be regulated so that the condenser does not become clogged
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with 2-indanone. The end point of the distillation can be recog-
nized by lack of turbidity in the condensate or of solidification in
the condenser when cold water is passed rapidly through the
condenser.

7. The steam distillate, with the 2-indanone under water, can
be kept for as long as a week in the refrigerator. In the dry
state, 2-indanone is unstable to air at room temperature but can
be kept in a closed vessel for several days at room temperature
and for longer periods (several weeks or more) in a refrigerator.

8. The ultraviolet spectrum in the 300-350 mu region showed
that less than 19, of 1-indanone was present. If the 2-indanone
darkens on standing, it can be repurified by steam distillation or
by crystallization from ethanol.

3. Methods of Preparation

2-Indanone was first prepared by distillation of the calcium
salt of o-phenylenediacetic acid 23 and, more recently, by the
action of acetic anhydride on its potassium salt.* It has been
obtained by the dilute sulfuric acid-catalyzed hydrolysis and
decarboxylation of 2-iminoindan-1-carboxylate® and ethyl 2-
indanone-1-carboxylate.® 2-Indanone is commonly obtained by
:":Lcid-catalyzed dehydration of an indene glycol, 78 as illustrated
in this preparation. Indene glycol has been obtained from indene
via the bromohydrin.®*? The most recent preparation of 2-
indanone is by Curtius degradation of 2-indenecarboxylic acid.

! Pennsylvania State University, University Park, Pa.

2 P. Schad, Ber., 26, 222 (1893).

# J. Wislicenus and H. Benedikt, Ann., 275, 351 (1893).

¢ H. Waldmann and P. Pitschak, Ann., 527’, 183 (1937).

® C. W. Moore and J. F. Thorpe, J. Chem. Soc., 1908, 186.

:W H. Perkin, Jr., and A. F. Titley, J. Chem. Soc., 1922, 1562.

811;& Iﬁusler and I}i ?chieﬁer, Ber., 32, 28 (1899).

.- Mousseron, R. Jacquicr, and H. Christol, Compt. rend.

1:{ Read and E. Hirst, J. Chem. Soc., 1922, 2550, Bt rend 390, 921 (1959
N H S. Walters, J. Soc. Chem. Ind. (London), 46, 150 (1927).

p . D..Porter and C. M. Suter, J. Am. Chem. Soc., 57, 2022 (1935).
. B. l;)felsffer and T. Hess.e, J. praks. Chem., 158, 315 (1941).

Chcm_'so-c : esr;,, ;\élc(l';zgtg)r:}ee, S. K. Gupta, and B. K. Bhattacharyya, J. Indian



56 ORGANIC SYNTHESES, VOL. 41

2-METHYL-1,3-CYCLOHEXANEDIONE
(1,3-Cyclohexanedione, 2-methyl-)
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Submitted by A. B. MEKLER, S. RAMACHANDRAN,
S. SwamiNaTHAN, and MELVIN S. NEWMAN.!
Checked by Max TISHLER, A. J. Zausrro, and
W. B. WRIGHT.

1. Procedure

A freshly prepared solution of 96.0 g. (2.4 moles) of sodium
hydroxide, 335 ml. of water, and 220.2 g. (2.0 moles) (Note 1) of
resorcinol (Note 2) is placed in a 1.3-.. hydrogenation bomb
together with 40.0 g. of finely powdered nickel catalyst (Note 3).
The hydrogenation is carried out under an initial pressure of
about 1900 1b. of hydrogen with agitation. The reaction is
slightly exothermic, and gentle heating is applied to maintain a
temperature of 45-50° (Note 4). The hydrogenation is continued
until about a 109, excess of the theoretical amount of hydrogen
(2.0 moles) has been absorbed (Note 5). At this point, the agita-
tion is stopped, and the bomb is cooled to room temperature.
The reaction mixture is poured into a 1-1. beaker, and the catalyst
is removed by filtration with the aid of three 50-ml. portions of
water for the combined operations. The filtrate and washings
are transferred to a 2-1. round-bottomed flask and treated with
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33.5 ml. of concentrated hydrochloric acid (for partial neutral-
ization), 145 ml. of dioxane, and 335 g. (2.4 moles) of methyl
iodide (Note 6). The reaction mixture is refluxed for a total of
12-14 hours. After 7 or 8 hours, an additional 33.5 g. (0.24 mole)
of methyl iodide is added. The system is cooled several hours
in an ice bath, and the 2-methyl-1,3-cyclohexanedione which
crystallizes is collected by filtration (Note 7), washed with four
200-ml. portions of cold water (Note 8), and then dried in an
oven at 110°. The initial crop of dione, m.p. 206-208° dec.,
weighs 138-142 g. (54-56%). The mother liquors are con-
centrated under reduced pressure to one-half of their original
volume and are then cooled in an ice-salt bath to yield an ad-
ditional 7-11 g. (3-5%) of slightly yellow dione which melts at
200-204° dec.

The 2-methyl-1,3-cyclohexanedione thus obtained (Note 9) can
be purified by recrystallization from 959%, ethanol, using about
20 ml. of ethanol for each 5 g. of product to give colorless crystals,
m.p. 208-210° dec., with only minor loss of material.

2. Notes

1. The submitters have carried out runs with as much as 990 g.
(9.0 moles) of resorcinol.

2. Both Merck resorcinol v.s.p. powder and resorcinol of prac-
tical grade give satisfactory results.

3. Many different nickel catalysts have been used: e.g., Grade
014.0T1/8 Harshaw Chemical Co., Cleveland 6, Ohio; reduced
Universal Oil Products hydrogenation catalyst pellets which are
pulverized just before use; and Raney nickel catalyst W-2.
Befor.e using the Raney nickel, care must be taken to free it of
alu.mmum by careful washing with 5% sodium hydroxide so-
lution, followed by thorough rinsing with distilled water (private
communication from Dr. Richard Weiss, van Ameringen-Haebler,
Inc., New York 19, N. Y.). The checkers prepared Raney nickel
catalyst W-2 according to the procedure in Org. Syntheses, Coll.
Vol. 3, 181 (1955). ’

4. The temperature should not exceed 50°; at higher tem-
peratures complex condensation products result.
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5. The length of time required for the hydrogenation varies
with the size of the run and the activity of the catalyst. For a
9-mole run the hydrogenation usually proceeds for 10-12 hours
before external heating is needed to bring the temperature into
the 45-50° range. The system is periodically recharged with
hydrogen to maintain a pressure of about 1800 Ib. Reduction is
continued until a total of 9.0 moles of hydrogen has been absorbed.
Absorption of the calculated amount of hydrogen serves as the
criterion for stopping the hydrogenation. For the 2.0-mole run
described, 4-5 hours are needed.

6. The conversion of resorcinol to 2-methyl-1,3-cyclohexane-
dione can be effected by first isolating the dihydroresorcinol 2 and
subjecting it to the methylation reaction. However, this pro-
cedure is more laborious and the yield is no better.

7. The checkers found that filtration through a coarse sintered-
glass funnel is rapid and better-quality product is obtained. When
a medium-porosity sintered-glass funnel or Biichner funnel is
used, the filtration is exceedingly slow and may even stop owing
to a small amount of gelatinous impurity which is present.

8. If all the sodium iodide is not removed by the washings with
water, the product tends to become yellow.

9. This product is sufficiently pure for use in conversion to
1,6-dioxo-8a-methyl-1,2,3 4,6,7,8 ,8a-octahydronaphthalene.®*

8. Methods of Preparation

2-Methyl-1,3-cyclohexanedione has been prepared by cycliza-
tion of ethyl 5-oxoheptanoate® and methyl 5-oxoheptanoate ®
with sodium ethoxide and sodium methoxide, respectively, and
by methylation of dihydroresorcinol ? employing sodium meth-
oxide in methanol,*® potassium hydroxide in aqueous methanol,”
potassium methoxide in methanol,® potassium hydroxide in aque-
ous acetone,® potassium carbonate in aqueous acetone,* or sodium
ethoxide in ethanol.® The present method is essentially that of
Stetter,” except that the unnecessary isolation of the intermediary
dihydroresorcinol is omitted, and this greatly enhances the ease
of preparation.
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4. Merits of Preparation

2-Methyl-1,3-cyclohexanedione has been used as starting mate-
rial for the syntheses of several polycyclic compounds for pro-
jected syntheses of steroids and terpenoids.'® It has also been
used to prepare 1,6-diketo-8a-methyl-1,2,3,4,6,7,8,8a-octahydro-
naphthalene.® #1418

1 Department of Chemistry, Ohio State University, Columbus 12, Ohio.
2 R. B. Thompson, Org. Syntheses, Coll. Vol. 3, 278 (1955).
3 M. S. Newman and S. Swaminathan, Tetrakedron, 2, 88 (1958).
4T, N. Nazarov, S. I. Zav’yalov, M. S. Burmistrova, I. A. Gurvich, and L. I.
Shmonina, J. Gen. Chem. U.S.S.R., 26, 465 (1956) [C.A., 50, 13847 (1956)].
5 E. E. Blaise and M. Maire, Bull. soc. chim., France [4] 8, 421 (1908).
6 E. G. Meek, J. H. Turnbull, and W. Wilson, J. Chem. Soc., 1953, 811.
1H. Stetter, Angew. Chem., 67, 783 (1955).
8 H. Stetter and W. Dierichs, Ckem. Ber., 85, 61 (1952).
® H. Smith, J. Chem. Soc., 1953, 803.
10 T, Born, R. Pappo, and J. Szmuszkovicz, J. Chem. Soc., 1963, 1779.
11 F. Sondheimer and D. Elad, J. Am. Chem. Soc., 79, 5542 (1957); J. D. Cocker
and T. G. Halsall, J. Chem. Soc., 1957, 3441.
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3-METHYLHEPTANOIC ACID

(Heptanoic acid, 3-methyl-)

H 4SO,
CH;CH=CHCO,H + C,H,CHOHCH; ——

CHj
/
CH,CH=CHCO,CH  + H,0
C.H;
CH,
/ (1) #-C4HMgBr
CH,CH=CHCO,CH B
C.H
o Hs CH,
/
C.;Hg(iZHCHzCOOCH
CH, C,Hj
/CHa
XKOH
C4Hg(|)HCH2C02CH ‘2} o C4H9(?HCH2C02H
CH3 C2H5 CH3

Submitted by JoN MUNCE-PETERSEN.!
Checked by MELvIN S. NEwMAN and DoNALD E. HARSH.

1. Procedure

A. sec-Butyl crotonate. In a 2-1 round-bottomed flask are
placed 258 g. (3 moles) of crotonic acid (Note 1), 370 g. (5 moles)
of sec-butyl alcohol in which has been dissolved 6-7 ml. of con-
centrated sulfuric acid, and 300 ml. of benzene. A few boiling
chips are added, and the flask is fitted with a suitable water
separator (Note 2) in the top of which is placed a reflux condenser.
The mixture is heated under reflux for about 12 hours or until no
further separation of aqueous phase occurs. About 65 ml. of
water is collected. The cooled reaction mixture is diluted with
200 ml. of ether, washed with 10% sodium carbonate solution
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until neutral to litmus, washed with saturated sodium chloride
solution, and finally dried over magnesium sulfate. The solvent
is distilled, and the ester is fractionated under reduced pressure
through a small column. The yield of sec-butyl crotonate, b.p.
74-75°/30 mm. or 83-84°/45 mm., n5 1.4261, is 360-390 g.
(85-90%,) (Note 3).

B. 3-Methylheptanoic acid. In a 2-1. three-necked flask fitted
with a mercury-sealed stirrer, a reflux condenser carrying a cal-
cium chloride tube, and a dropping funnel are placed 25.0 g. (1.04
g. atoms) of magnesium turnings. The flask is heated to about
100° for a few minutes and then cooled to room temperature. A
solution of 178 g. {1.30 moles) of #-butyl bromide in 300 ml. of dry
ether is prepared; and of this solution about 10 ml., together with
30 ml. of dry ether, is run into the flask. The reaction is started
by heating to reflux for a few seconds, the stirrer is started, and
the remainder of the bromide solution is added at such a rate as
to maintain constant reflux (about 1 hour).

After the addition has been completed, the solution is heated
under reflux for 10-15 minutes. The flask is now surrounded by
an ice and water bath, and stirring is continued for 15 minutes
(Note4). From a graduated dropping funnel, a solution of 56.8 g.
(0.4 mole) of sec-butyl crotonate (Note 5) in 400 ml. of dry ether
is then added dropwise during a period of about 3 hours (Note 6)
while the reaction mixture is effectively stirred and cooled in the
ice bath. After the addition of the ester solution is complete, the
reaction mixture is stirred in the ice bath for an additional 15
minutes. The ice bath is then removed, and stirring of the
grayish brown solution is continued at room temperature for 1
hour.

In a 3-1. Etlenmeyer flask are placed about 500 g. of crushed ice,
110 ml. (1.3 equivalents) of concentrated hydrochloric acid, and
100 ml. of ether. This mixture is vigorously swirled and shaken
while the Grignard reaction mixture is cautiously added in small
portions. More ice is added to the Erlenmeyer flask as required
to keep the temperature near 0°. The resulting mixture is poured
into a separatory funnel and shaken thoroughly. The water
layer is separated and extracted three times with 100 ml. of ether.
The combined ether solutions are washed with 100 ml. of sat-
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urated sodium bicarbonate solution, and then with 100 ml. of
water. The solution is dried over anhydrous magnesium sulfate,
and the ether distilled on a water bath. The residue is fraction-
ated at reduced pressure through a modified Claisen flask to
yield 54-62 g. (68-78%) (Note 4) of sec-butyl 3-methylheptan-
oate, b.p. 92-93°/9 mm., nh 1.4190.

A solution of 40 g. (0.2 mole) of sec-butyl 3-methylheptanoate
in 100 ml. of ethanol containing 18.5 g. (0.3 mole) of potassium
hydroxide and 20 ml. of water is heated under reflux for 30
minutes (Notes 7 and 8). The cooled solution is diluted with
200 ml. of water and acidified by the addition of 60 ml. of con-
centrated hydrochloric acid. The organic acid is extracted with
three 100-ml. portions of 1:1 benzene-ether, and the combined
benzene-ether extracts are washed with 50 ml. of saturated sodium
chloride solution. The resulting solution is filtered by gravity
through a bed of anhydrous magnesium sulfate. After removal of
solvents by distillation, 26-27 g. (90-94%) of 3-methylheptanoic
acid, b.p. 116-117°/10 mm., n% 1.4242, is obtained by distillation
in a modified Claisen flask (Note 9).

2. Notes

1. Eastman Organic Chemicals practical grade of crotonic
acid (containing 109, water) was used by the checkers without
further purification.

2. The water separator preferred by the submitter is that
described by Wideqvist,* but any continuous water separator
which will return the benzene to the reaction mixture may be
used, e.g., the modified Dean-Stark water separator.?

3. By essentially the same procedure the submitter has pre-
pared the following sec-butyl esters: sec-butyl acrylate, b.p.
127-129°, % 1.4158; sec-butyl metbacrylate, b.p. 59-62°/34 mm.,
% 1.4161; sec-butyl tiglate, b.p. 84.5°/27 mm., np 1.4332; sec-
butyl 8,8-dimethylacrylate, b.p. 68-70°/13 mm., ne 1.4379; sec-
butyl cinnamate, b.p. 122°/2 mm., n2 1.5382. With sec-butyl
acrylate and methacrylate, 2-3% of hydroquinone should be
added to the reaction mixtures and 0.1% of hydroquinone to the
esters if stored at room temperature.
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4. Recent investigations ¢ by the submitter have shown that
the yield of sec-butyl 3-methylheptanoate is improved to 80-83%,
if 1.4 g. (1.4 mole%, with respect to the Grignard reagent) of
cuprous chloride (commercial grade, analytically pure) is added in
seven portions during the course of the addition of the ester.

5. Ethyl crotonate may be used with the same yield (70%,) of
addition product if cuprous chloride is present during the addi-
tion® (cf. Note 4). Methyl crotonate under these conditions yields
methy! ay-di-(2-hexyl)-acetoacetate [methyl 2-(2"-hexyl)-3-keto-
5-methylnonanoate], b.p. 135°/2.5 mm., #} 1.4419, in 67%
yield.

6. The large excess of Grignard reagent, the dilution of the
ester, and the slow addition are essential features of the procedure.
If these conditions are not fulfilled the yields drop considerably,
and a greater amount of high-boiling residue, di-sec-butyl a-
(2-hexyl)-B-methylglutarate, b.p. 145°/1.5 mm., n} 1.4400, is
formed.® When the reaction is run on a 0.2-mole scale the addi-
tion time of the ester may be reduced to 1.5 hours.

7. In the case of the analogous products obtained by the addi-
tion reactions with sec-butyl tiglate (cf. Note 9) considerably
more drastic conditions are necessary in order to secure complete
saponification. The submitter generally employs reflux for 6-8
hours with 35 g. (0.6 mole) of potassium hydroxide dissolved in
250 ml. of 959, ethanol.

8. An alternative procedure is used by the submitter from this
point to the final distillation of solvent and ester: The condenser
is then set for downward distillation, and about 40 ml. of alcohol
is distilled. Then 100 ml. of water is added, and an additional
100 ml. of alcohol and water is distilled. The cooled residue is
diluted with 200 ml. of water and the solution freed of insoluble
organic material by washing three times with 50 ml. of ether.
After acidification with 40 ml. of concentrated hydrochloric acid,
the organic layer is extracted with three 50-ml. portions of ether.
The combined ether extracts are washed with water and dried
over anhydrous magnesium sulfate.

9. The submitter has, by either cuprous chloride-catalyzed or
uncatalyzed reactions, prepared a variety of 3-methyl-substituted
fatty acids from the adducts of sec-butyl crotonate and other
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Grignard reagents.*® The uncatalyzed reaction has also been
used with sec-butyl tiglate to obtain 2,3-dimethyl-substituted
fatty acids.”

Methods of Preparation

3-Methylheptanoic acid has been prepared by mixed electrol-
ysis of B-methylglutaric acid monomethyl ester and butyric acid,
followed by saponification of the methyl ester,® and by the mal-
onic ester synthesis from 2-bromohexane.* The present method ?
has the advantage of avoiding the use of secondary bromides,
which are often difficult to secure entirely pure.”

4, Merits of Procedure

The reactions here described are of considerable general utility
for the preparation of a variety of fatty acids from the addition
products of Grignard reagents and «,8-unsaturated esters.*®

1 Department of Organic Chemistry, Polyteknisk Laereanstalt, Copenhagen»
Denmark,

1S. Wideqvist, Acta Chem. Scand., 8, 303 (1949).

3S. Natelson and S. Gottfried, Org. Syntheses, 23, 38 (1943); Coll. Vol. 3, 382
(1955).

4 J. Munch-Petersen and V. K. Andersen, Acta Chem. Scand., 15, 271 (1961).

§ J. Munch-Petersen, Acte Chem. Scand., 12, 2046 (1958).

¢ J. Munch-Petersen, J. Org. Chem., 22, 170 (1957).

7 J. Munch-Petersen, Acta Chem. Scand., 12, 067 (1958).

¢ J. Munch-Petersen, Acta Chem. Scand., 12, 2007 (1958).

¢ J. Munch-Petersen and V. K. Andersen, Acfa Cherm. Scand., 15, 293 (1961).

1§, Stallberg-Stenhagen, Arkiv Kemi., 2, 95 (1950) [C.4., 44, 7761 (1950)].

1 R. P. Linstead, B. R. Shephard, B. C. L. Weedon, and J. C. Lunt, J.Chem. Soc.,
1953, 1538.

8 J. Cason and R. H. Mills, J. Am. Chem. Soc., 73, 1354 (1951).
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1-MORPHOLINO-1-CYCLOHEXENE
[Morpholine, 4-(1-cyclohexenyl)-]

(0] O
O (5 g )
#-CHCsH ,SOsH N
(J*
—H;0
N:
H

Submitted by S. Hinre, E. LickE, and W. BRENNINGER.?
Checked by B. C. McKusick and F. E. MUMFORD.

1. Procedure

A solution of 147 g. (1.50 moles) of cyclohexanone, 157 g. (1.80
moles) of morpholine (Note 1), and 1.5 g. of p-toluenesulfonic
acid in 300 ml. of toluene is heated to boiling in a 1-l. round-
bottomed flask to which is attached a water separator ? under a
reflux condenser. The separation of water begins at once and
ceases after 4 or 5 hours. An indented Claisen stillhead is
attached to the flask, and the reaction mixture is distilled. Most
of the toluene is removed at atmospheric pressure. 1-Morpholino-
1-cyclohexene is collected as a colorless liquid at 118-120°/10
mm. ;7% 1.5122-1.5129 (Note 2). It weighs 180-200g. (72-80%).

2. Notes

1. An excess of morpholine is required because the water that
separates during the reaction always contains a considerable
amount of it in solution.

2. 1-Morpholino-1-cyclohexene is very easily hydrolyzed. Ac-
cordingly one must be careful to keep moisture out. On long
standing in a refrigerator, the compound generally becomes some-
what yellowish, but this does not affect its usefulness in subsequent
reactions.
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3. Methods of Preparation

The procedure is that of Hiinig, Benzing and Liicke® It is
based on eatlier work on the preparation of enamines.*®

4. Merits of Preparation

This is a general method of preparing enamines from a sec-
ondary aliphatic amine and cyclohexanone or cyclopentanone.
Acylation of such enamines is the first step in a general procedure
for increasing the chain length of a carboxylic acid by 5 or 6
carbon atoms and of a dicarboxylic acid by 10 or 12 carbon
atoms.® Alkylation of cnamines of cyclohexanones by alkyl
halides &7 or electrophilic olefins,® followed by hydrolysis, is a
good route to a-monoalkylcyclohexanones.

1 University of Marburg, Marburg, Germany.

1S, Natelson and S. Gottfried, Org. Synitheses, Coll. Vol. 3, 381 (1955).

3 S. Hiinig, E. Benzing, and E. Liicke, Chem. Ber., 90, 2833 (1957).

4 M. E. Herr and F. W. Heyl, J. Am. Chem. Soc., 74, 3627 (1952); 75, 1918 (1953).

8 G. Stork, R. Terrell, and J. Szmuszkovicz, J. Am. Chem. Soc., 76, 2029 (1954).

¢ S. Hiinig, E. Liicke, and E. Benzing, Chem. Ber., 91, 129 (1958); S. Hiinig and
E. Liicke, Chem. Ber., 92, 652 (1959); S. Hiinig and W. Lendle, Chem. Ber., 93,
909,913 (1960).

1 D. M. Locke and S. W. Pelletier, J. Am. Chem. Soc., 80, 2588 (1958).

$ G. Stork and H. K. Landesman, J. Am. Chem. Soc., 78, 5128 (1956).
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2-NITROETHANOL
(Ethanol, 2-nitro-)

0,NCH; 4 CH,0 —:—11%7 0,NCH,CH,OH

Submitted by WAYLAND E. NOLAND.!
Checked by MELVIN S. NEWMAN and SurJAN S. RAWALAY.

1. Procedure

In a 5-1, three-necked, round-bottomed flask fitted with a
30-ml. dropping funnel, mechanical stirrer, and thermometer
extending down into the liquid is placed a suspension of para-
formaldehyde (trioxymethylene, 125 g., 4.16 moles) in freshly
distilled (Note 1) nitromethane (2.5 1., 46.6 moles). The suspen-
sion is stirred vigorously, and 3N methanolic potassium hydroxide
solution is added dropwise from the dropping funnel until, at an
apparent pH of 6-8, but closer to pH 8 (pH paper), the para-
formaldehyde begins to dissolve and the suspension assumes a
clearer appearance. About 10 ml. of the alkaline solution is
required, and the addition takes about 10 minutes. About 15-20
minutes after addition of the alkaline solution is complete, the
paraformaldehyde dissolves completely. Shortly thereafter, the
solution temperature reaches a maximum of 13-14 degrees above
room temperature and then slowly drops. Stirring is continued
1 hour after addition of the alkaline solution is complete.

Stirring is continued while the added alkali is completely neu-
tralized by adding concentrated (36V) sulfuric acid (1 ml.) drop-
wise from a medicine dropper over a period of about 3 minutes
until an apparent pH of about 4 is reached (Note 2). The solution
is then stirred for an hour, during which time the pH should not
change (Note 3).

The precipitated potassium sulfate is filtered by passing the
solution through a 12-cm. Biichner funnel. The light-yellow or
yellowish green filtrate is transferred to a 5-1., one-necked, round-
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bottomed flask fitted with a Claisen head containing a capillary
ebulliator tube and a thermometer, and connected to a water-
cooled condenser. The condenser is connected through a vacuum
adapter to a 3-1, one-necked, round-bottomed flask, cooled in ice,
to act as a receiver. About 2.3 1. of pure, unchanged nitromethane
is removed by distillation at aspirator pressure and a water-bath
temperature of 40-50°. The distillation takes about 6-7 hours.

The golden-yellow residue (315-365 g.) is transferred to a 11,
one-necked, round-bottomed flask containing an equal weight of
diphenyl ether (Note 4). The flask is fitted with a Claisen head
containing a capillary ebulliator tube and a thermometer, and
connected to a water-cooled condenser. The condenser is con-
nected to a 3- or 4-port fraction cutter fitted with 100-500 ml.,
one-necked, round-bottomed flasks, at least one of which is 500
ml. or larger to accommodate the main fraction (Note 5). The
mixture is distilled under the vacuum of a good pump. The
fore-run, b.p. 29-33° at about 0.10 mm., consisting of nitro-
methane (about 56 ml.), can be distilled at a water-bath tem-
perature of 32-79° and usually passes directly into the Dry Ice
trap protecting the vacuum pump. The temperature then rises
as 2-nitroethanol and diphenyl ether codistil. The main fraction,
a two-phase distillate initially richer in 2-nitroethanol than
diphenyl ether, gradually changes in composition until the pro-
portion of 2-nitroethanol becomes negligible. The main fraction
of 410-425 g., b.p. 54-57° at about 0.10 mm. (or 64-66° at about
0.4 mm.), collects at a water-bath temperature of 79-88°. Care
should be taken to prevent clogging of the condenser or fraction
cutter with solid diphenyl ether (m.p. 27°). The distillation is
continued until the proportion of 2-nitroethanol (lower layer)
observed in the distillate becomes negligible, and the temperature
suddenly starts to rise. At this point heating is stopped, but the
residue is cooled to room temperature or below before the vacuum is
broken (Note 6).

The two-phase main fraction of the distillate is placed in a
500-ml. separatory funnel and the lower layer of crude 2-nitro-
ethanol (185-200 g., 146-158 ml,, ne 1.4493-1.4513, containing
about 92-94 mole 9, 2-nitroethanol) is drawn off. The 2-nitro-
ethanol is then extracted in a 500-ml. separatory funnel with an

2-NITROETHANOL 69

equal volume of light petroleum ether (b.p. 60-68° such as
Skellysolve B) or hexane, and the colorless lower layer of 2-nitro-
ethanol (174-188 g., 46-49%, np 1.4432-1.4433, containing about
08 mole %, 2-nitroethanol) is drawn off (Notes 7 and 8). The
product turns light yellow after standing for a day or more.

2. Notes

1. Commercial nitromethane is sometimes quite acidic, and
much more methanolic potassium hydroxide is required to initiate
the reaction when such material is used. For safety, the nitro-
methane should be distilled at aspirator pressure instead of
atmospheric pressure.

2. Sulfuric acid must be used in an amount slightly more than
enough exactly to neutralize the alkali, and not just sufficient to
make the reaction acidic. Otherwise, the metal salts of nitro-
methane can form explosive fulminates upon heating.

3. This is a suitable point at which to interrupt the experiment
overnight.

4. 2-Nitroethanol prepared by the formaldehyde-nitromethane
method should not be distilled without use of diphenyl ether as a
heat-dispersing agent. The residue, consisting of di- and tri-
condensation products of formaldehyde with nitromethane, when
hot and concentrated, and particularly when the vacuum is
broken and air is let in on the hot distillation residue, is very likely
to undergo a flash detonation, or at least a fume-off which may
proceed with explosive violence. Use of diphenyl ether is a wise
safety precaution in the distillation of 2-nitroethanol made by
other methods as well.

5. If a fraction cutter is not used, the residue should be cooled
to room temperature each time before the vacuum is broken.

6. The large amount of diphenyl ether (80-125 g.) left as the
upper layer in the distilling flask has served the useful purpose,
by its mass and volatility, of preventing superheating of the
residue and subsequent violent decomposition, as described in
Note 4.

7. This procedure has been carried out 30 times by students in
the advanced organic laboratory course at the University of



70 ORGANIC SYNTHESES, VOL. 41

Minnesota. The extreme ranges of yields obtained were 32-52%,
and the median yield was 46%.

8. The 2-nitroethanol obtained by this procedure is quite satis-
factory for synthetic purposes, such as the preparation of nitro-
cthylene. The small amount of light petroleum ether dissolved
in the 2-nitroethanol can easily be removed under reduced pres-
sure. Most of the remaining diphenyl ether can be removed by
one redistillation under vacuum, since the fore-run is relatively
rich in diphenyl ether. The main fraction has ne 1.4425-1.4431.
Although vacuum redistillation of 2-nitroethanol which has been
freed by the present procedure from higher condensation products
of formaldehyde with nitromethane is relatively safe, it is recom-
mended that the procedure be carried out behind a safety shield
or a barricade.

3. Methods of Preparation

The present procedure is that of Controulis, Rebstock, and
Crooks,! modified to include the diphenyl ether purification
method of Roy3 2-Nitroethanol has been prepared by condensa-
tion of formaldehyde (usually employed in the solid form as para-
formaldehyde) with a large excess of nitromethane in the presence
of an alkali catalyst,»*™ as illustrated by the present procedure,
or in the presence of a strongly basic ion-exchange resin.” Di-
methoxymethane has also served as a source of formaldehyde in
a reaction catalyzed by a mixture of acidic and basic ion-exchange
resins.8 2-Nitroethanol has also been prepared by the action of
silver nitrite on 2-iodoethancl (ethylene iodohydrin); 2 by
selective catalytic hydrogenation over 5%, palladium on barium
sulfate in pyridine solution of halogenated derivatives, including
2-chloro-2-nitroethanol, 2,2-dichloro-2-nitroethanol, and 2-bromo-
2-nitroethanol; 8 by the action of fuming nitric acid on ethylene;"
and by the action of dinitrogen tetroxide on ethylene in the pres-
ence of oxygen 5719 or nitric oxide,? or in carbon tetrachloride
solution.? The preparation of 2-nitroethanol from ethylene
oxide by the action of aqueous solutions of barium, calcium,?
magnesium, % or zinc 2 nitrite, or by the action of sodium nitrite
and carbon dioxide, has also been reported. The submitter has
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been unable to prepare 2-nitroethanol from ethylene oxide using
the procedures described for barium ® or sodium nitrite; his ob-
servation with respect to barium nitrite has been confirmed in an-
otherlaboratory.® The action of dinitrogen tetroxide on ethylene
oxide in chloroform solution has been reported to yield 2-nitro-
ethyl nitrate, from which 2-nitroethanol could be obtained by
alkaline saponification.?® This report has since been refuted with
the finding that the initial product is the mononitrite mononitrate
ester of ethylene glycol, which saponifies to ethylene glycol
mononitrate and diethylene glycol mononitrate.??

4, Merits of Preparation

The present procedure has the advantage of using inexpensive,
commercially available starting materials, combined with an
apparently safe method of isolating the product. 2-Nitroethanol
is particularly valuable as a synthetic intermediate for the
preparation of nitroethylene. Nitroethylene is conveniently pre-
pared by heating 2-nitroethanol with phthalic anhydride and
allowing the nitroethylene to distil under reduced pressure.?%2?
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NORCARANE
(Bicyclo{4.1.0]heptane)

O + CH,I; + Zn(Cu) — + Znly 4 Cu

Submitted by R. D. Smrra and H. E. SimmoNs.!
Checked by Wirriam E. Parmau and M. D. Bravsar.

1. Procedure

A. Zinc-copper couple. In a 500-ml. Erlenmeyer flask fitted
with a magnetic stirrer are placed 49.2 g. (0.75 g. atom) of zinc
powder (Note 1) and 40 ml. of 39, hydrochloric acid. The mix-
ture is stirred rapidly for 1 minute, then the supernatant liquid
is decanted. In a similar manner, the zinc powder is washed
successively with three additional 40-ml. portions of 3%, hydro-
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chloric acid, five 100-ml. portions of distilled water, two 75-ml.
portions of 2% aqueous copper sulfate solution, five 100-ml. por-
tions of distilled water, four 100-ml. portions of absolute ethanol,
and five 100-ml. portions of absolute ether (Note 2). The couple
is finally transferred to a Biichner funnel, washed with additional
anhydrous ether, covered tightly with a rubber dam, and suction-
dried until it reaches room temperature. The zinc-copper couple
is stored overnight in a vacuum desiccator over phosphorus
pentoxide and is then ready for use in the preparation of norcarane
(Note 3).

B. Norcarane. Ina 500-ml. round-bottomed flask fitted with a
magnetic stirrer and a reflux condenser protected by a drying
tube filled with Drierite are placed 46.8 g. (0.72 g. atom) of zinc-
copper couple and 250 ml. of anhydrous ether. A crystal of
iodine is added, and the mixture is stirred until the brown color
has disappeared (Note 4). A mixture of 53.3 g. (0.65 mole) of
cyclohexene and 190 g. (0.71 mole) of methylene iodide is added
in one portion (Note 5). The reaction mixture is then heated
under gentle reflux with stirring. After 3045 minutes, a mildly
exothermic reaction occurs which may require cessation of ex-
ternal heating. After the exothermic reaction has subsided
(approximately 30 minutes), the mixture is stirred under reflux
for 15 hours. At the end of this time, most of the gray couple has
been converted to finely divided copper. The ether solution is
decanted (Note 6) from the copper and unreacted couple, which
are then washed with two 30-ml. portions of ether. The washes
are combined with the bulk of the solution and shaken with two
100-ml. portions of saturated ammonium chloride solution (Note
7), 100 ml. of saturated sodium bicarbonate solution, and 100 ml.
of water. The ether solution is dried over anhydrous magnesium
sulfate and filtered. The ether is distilled through a 20 x 2-cm.
column packed with glass helices. The residue is distilled through
a 45-cm. spinning-band column? to give 35-36 g. (56-58%) of
norcarane, b.p. 116-117°, n}y 1.4546 (Note 8).
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2. Notes

1. Mallinckrodt A. R. zinc dust was found satisfactory for this
preparation. The checkers used Merck zinc dust but found it
necessary to start with 51 g. of zinc in order to obtain sufficient
couple for the next step.

2. The washings with hydrochloric acid should be done rapidly
to avoid adsorption of bubbles of hydrogen on the zinc which
make subsequent washings more difficult. The use of a magnetic
stirrer greatly facilitates the washings. The absolute ethanol and
absolute ether washings are decanted directly on a Biichner fun-
nel to prevent loss of the couple.

3. This method of preparing zinc-copper couple is essentially
that of Shank and Shechter An equally active couple can be
prepared by reduction of cupric oxide in the presence of zinc
powder.# Mallinckrodt A. R. wire-form cupric oxide (30 g) is
ground to a powder in a mortar and mixed with 240 g. of Mal-
linckrodt A. R. zinc dust. The mixture is placed in a Vycor
combustion boat lined with copper foil, and a thermocouple is
imbedded in the powder. The boat is placed in a Vycor tube
heated by a muffle furnace. A mixed gas (hydrogen, 65 1. per
hour; nitrogen, 25 1. per hour) is passed through the tube while
the temperature is raised to 500° during 4 hours. The mixture
is kept at 500° for 30 minutes, and the tube is then allowed to
cool to room temperature in a hydrogen atmosphere. The zinc-
copper couple is obtained as dark gray lumps, which are ground
to a fine powder in a mortar before use. In some instances, there
is also found in the mixture a small amount of material which
has apparently melted and agglomerated during heating. This
shiny, metallic material is easily separated from the powdered
couple and is not used in the preparation of norcarane.

4. The addition of iodine appears to promote the subsequent
reaction of the zinc-copper couple with methylene iodide.

5. Commercial cyclohexene (Eastman Kodak) was distilled and
passed over a column of activated alumina just before use.
Methylene iodide (Matheson, Coleman and Bell) was distilled
under reduced pressure, b.p. 50-51°/7 mm., and was stored in 2
brown bottle over iron wire.
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6. The checkers filtered the solution because the finely divided
copper and unreacted couple did not settle completely.

7. Care must be taken when adding the ammonium chloride
solution to the ether solution since considerable heat is generated.

8. About 10-12 g. of cyclohexene, b.p. 82-84°, is recovered.
The intermediate fraction, b.p. 84-116°, amounts to 1.5-2.5 g,
and 10-12 g. of a dark residue remains in the still pot.

3. Methods of Preparation

Norcarane has been prepared by the reduction of 7,7-dichlo-
ronorcarane with sodium and alcohol,’ and by the light-catalyzed
reaction of diazomethane with cyclohexene® The reaction of
cyclohexene with methylene iodide and zinc-copper couple rep-
resents the most convenient preparation of norcarane which is
of high purity.

4. Merits of Preparation

This method is generally applicable to the stereospecific syn-
thesis of cyclopropane derivatives from a large variety of sub-
stituted olefins.*

1 Contribution No. 622 from the Central Research Department, Experimental
Station, E. I. du Pont de Nemours and Co., Wilmington, Del.

2R. G. Nester, Anal. Chem., 28, 278 (1956).

3 R. S. Shank and H. Shechter, J. Org. Chem., 24, 1825 (1959).

4H. E. Simmons and R. D. Smith, J. Am. Chem. Soc., 81, 4256 (1959).

®W. von E. Doering and A. K. Hoffman, J. Am. Ckem. Soc., 76, 6162 (1954).
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2-0XA-7,7-DICHLORONORCARANE
(7,7-Dichloro-2-oxabicyclo[4.1.0]heptane)

@ + C13CC0202H5 + NaOCH3 -
O

C1
©>< + NaCl + mixed carbonic acid esters
Cl

Submitted by WirLiax E. ParaaM, Epwarp E. SCRWEIZER, and
SteMuND A. MIERZWA, JR.!
Checked by Wirtiam G. DAUBEN and RicrArD ErLs.

1. Procedure

Tn a 1-1. three-necked flask (Note 1) is placed 50 g. (0.92 mole)
of sodium methoxide (Notes 2 and 3). The flask is temporarily
stoppered and then fitted with a nitrogen inlet tube, a sealed
stirrer, and a 250-ml. pressure-equalized dropping funnel carrying
a calcium chloride tube.

The dropping funnel is removed, and 674 g. (0.8 mole) of
dihydropyran (Note 4) and 600 ml. of dry, olefin-free pentane
(Note 5) are added successively. The light-yellow solution is
stirred for 15 minutes in an ice-water bath, and then 164.8 g.
(0.86 mole) of ethyl trichloracetate (Note 6) is added from the
dropping funnel over a period of 3-4 minutes. The dropping
funnel is removed and replaced by a calcium chloride tube.

The reaction mixture is stirred for 6 hours (Note 7) at the ice-
bath temperature and then is allowed to warm to room tem-
perature overnight while the stirring is continued. During this
period the color of the mixture changes from yellow-orange to
brown.

Water (200 ml.) is added, the mixture is transferred to a 2-1.
separatory funnel and shaken. The layers are separated and the
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aqueous layer is extracted twice with 100-ml. portions of petro-
leum ether (b.p. 60-68°). The organic layers are combined and
dried over anhydrous magnesium sulfate.

The solvent is removed at a maximum water-bath temperature
of 60° and a minimum pressure of 30 mm. (Note 8). The residual
liquid is distilled through a 25-cm. Vigreux column, and the
fraction boiling at 74-76/8 mm. is collected (Note 9). The yield
of 2-oxa-7,7-dichloronorcarane is 91-100 g. (68-75%), ne
1.4974-1.4983.

2. Notes

1. All the glassware used is dried in an oven at 120°. The
reaction vessel is arranged so that all the steps prior to hydrolysis
are carried out under a constant positive pressure of dry nitrogen.

2. The sodium methoxide was obtained from Matheson, Cole-
man and Bell Co. The submitters carried out all operations
with this reagent in a dry-box under a stream of dry nitrogen.
Sodium ethoxide and potassium #ert-butoxide have been success-
fully substituted for sodium methoxide; * the choice of sodium
methoxide is here principally one of convenience. With other
olefins, the choice of alkoxide depends upon the boiling points of
the dichlorocarbene adduct and the corresponding dialkyl car-
bonates.

3. The checkers did not use a dry-box but simply rapidly
weighed the sodium methoxide on a balance which was constantly
swept with a stream of dry nitrogen from a large inverted funnel
and then transferred the solid directly to the reaction flask.

4. The dihydropyran (Matheson) is dried over sodium car-
bonate and distilled once prior to use.

5. Technical grade pentane (Eastman Kodak) is freed of
olefins by five successive washes each with 100 ml. of concentrated
sulfuric acid per liter of pentane. The olefin-free pentane is then
washed with an equal amount of water, dried over magnesium
sulfate, distilled, and stored over sodium wire.

6. Ethyl trichloracetate (Eastman Kodak) is distilled prior to
use.

7. The nitrogen flow must be slow enough to prevent significant
loss of the pentane by evaporation.



78 ORGANIC SYNTHESES, VOL. 41

8. A rotary evaporator is a convenient apparatus for this
operation.

9. Distillation at significantly higher pressures results in
increased decomposition.

3. Methods of Preparation

The present procedure is that described by the submitters.®

4. Merits of Preparation

The generation of dichlorocarbene for addition to olefins has
been realized by the use of chloroform and alkali metal alk-
oxides 4% (preferably potassium teri-butoxide), sodium trichloro-
acetate,® butyllithium and bromotrichloromethane,” and the
reaction of an ester of trichloracetic acid with an alkali metal
alkoxide.»® The latter method, which is here illustrated by the
preparation of 2-oxa-7,7-dichloronorcarane, generally gives higher
yields of adducts.

1 Department of Chemistry, University of Minnesota, Minneapolis 14, Minn.

1 W. E. Parham and E. E. Schweizer, J. Org. Chem., 24, 1733 (1959).

$ . E. Schweizer and W. E., Parham, J. Am. Chem. Soc., 82, 4085 (1960).

4W. E. Doering and A. K. Hoffmann, J. Am. Chem. Soc., 76, 6162 (1954).

¢t H. E. Winberg, J. Org. Chem., 24, 264 (1959).

¢ W. M. Wagner, Proc. Chem. Soc., 1959, 229.
1W. T. Miller and C. S. Y. Kim, J. Am. Chem. Soc., 81, 5008 (1959).
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2,3,4,6,6-PENTA-O-ACETYL-D-GLUCONIC ACID AND
2,3,4,5,6-PENTA-O-ACETYL-D-GLUCONYL CHLORIDE

(Gluconic acid, pentaacetyl-,D-, and
Gluconyl chloride, pentaacetyl-, D-)

H
|
CH,(0H)—C—(CHOH);—C=0 + 4Ac;0 —
0
H 0
| 7
CHQ(OAC)—(II——(CHOAC)?,*—C\ + 4HOAc

OH OH

H 0

l 4
CHQ(OAC)—C—(CHOAC)FC\ + Ac,0 —
OH OH

ya
CH2(OAc)(CHOAc)4—C\ + HOAc

OH
0O

V4
CH,(OAc) (CHOAC)FC\ + PCl; —

ol
0

Y4
CHy(OAc)(CHOAC)—C  + POCl; + HCI
Cl

Submitted by CrARLES E. BRAUN and Crinron D. Cook.}
Checked by W. G. Woops, E. F. SiLversmitH, and JoEN D. ROBERTS.

1, Procedure

A. 2,3/4,6-Tetra-O-acetyl-D-gluconic acid monokydrate. Crushed,
fused zinc chloride (20 g.) is shaken with 250 ml. of acetic
anhydride in a 1-1. three-necked flask until most of the solid
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dissolves. The flask is then equipped with mechanical stirrer,
thermometer reaching into the liquid, and a dropping funnel. As
the flask is cooled in an ice bath, 50 g. (0.28 mole) of p-glucono-
s-lactone (Note 1) is added slowly with vigorous stirring. During
the addition, the temperature should be kept below 65°. After
an hour in the ice bath, the solution is kept at room temperature
for 24 hours and is then poured into 1 1. of water and stirred
until the hydrolysis of the acetic anhydride is complete (about
an hour). The mixture is placed in a refrigerator until the
product crystallizes completely (Note 2). The crude material is
removed by filtration and washed with a small amount of ice
water. The 2,3,4,6-tetra-O-acetyl-D-gluconic acid monohydrate
thus obtained melts at 113-117°. The yield is 79-84 g. (74-719%).

B. 2,3,4,5,6—Penta—0-acetyl—D-gluconic acid. ‘Tetra-O-acetyl-p-
gluconic acid monohydrate (50 g., 0.13 mole) is slowly added to
a chilled (0-5°) solution of 18 g. of fused zinc chloride in 190 ml.
of acetic anhydride contained in a 1-1. Erlenmeyer flask. The
solution is kept in an ice bath for an hour and then allowed to
stand at room temperature for 24 hours. After dilution with 1 1.
of water, the solution is extracted with four 100-ml. portions of
chloroform. In order to remove the chloroform, 200 ml. is
distilled, 250 ml. of toluene is added, and 250 ml. of this solution
is distilled. Another 250 ml. of toluene is then added and the
volume is reduced to 300 ml. The product crystallizes on stand-
ing at 0° (Note 2). The solid is removed by filtration, washed
with toluene and then with petroleum ether (b.p. 35-55°). A
yield of 44-45 g. (83-849,) of anhydrous 2,3,4,5,6-penta-O-
acetyl-D-gluconic acid, melting at 110-111°, is obtained; [oz]?)3 +
11.5° (¢ = 4.0 in ethanol-free chloroform).

C. 2,3,4,5,6—Penta-0—acetyl-D—gluconyl chloride. Anhydrous
2,3 4,5,6-penta-O-acetyl-D-gluconic acid (25 g., 0.062 mole) is
shaken with 185 ml. of anhydrous ethyl ether in a 1-1. round-
bottomed flask until most of the solid dissolves. Then 15 g.
(0.072 mole) of phosphorus pentachloride is added with shaking.
The flask is fitted with a calcium chloride drying tube and stored
overnight at room temperature. Any solid material is removed
by filtration through a fritted-glass funnel into a 1-1. round-
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bottomed flask, and the ethereal solution is concentrated to about
one-half volume under reduced pressure at room temperature.
The concentrated solution is allowed to stand overnight at 0° or
below. The mother liquor is decanted from the crystals, which
are then broken up, transferred to a fritted-glass funnel, washed
quickly with petroleum ether (b.p. 35-55°), and dried in a vacuum
desiccator. The mother liquor is again concentrated to one-half
its volume under reduced pressure and a second crop of crystals
collected. The total yield of 2,3.4,5,6-penta-O-acetyl-pD-gluconyl
chloride, melting at 68-71° (Note 3), is 21-24 g. (80-929%),
depending on the temperature of crystallization (Notes 4 and §).

2. Notes

1. The p-glucono-8-lactone (m.p. 153-155°; assay > 99%,
Pfizer specification; water content < 0.2%, Karl Fischer titra-
tion) is obtained from Charles Pfizer & Co., Inc., 630 Flushing
Avenue, Brooklyn 6, New York. Material having a water con-
tent greatly in excess of 0.29, may be dried for 48 hours at 100°.
Drying at higher temperatures has in some samples produced
fiecomposition. Independent experience with many preparations
in the laboratories of one of the editors (Max Tishler, Merck
.Sharp & Dohme Research Laboratories) has indicated that dry-
ing is generally not necessary.

2. As long as 48 hours may be required.

3. The checkers found m.p. 69.5-74°.

‘ 4. Siuce 2,3,4,5,6-penta-O-acetyl-p-gluconyl chloride is appre-
ciably soluble in ethyl ether at 0°, the yicld can be improved by
carrying out the crystallization at lower temperatures.

5. The submitters report [a]s = +2.2 (¢ = 4.0 in ethanol-free
chloroform). The checkers found [a]n = +2.5°.

3. Methods of Preparation

The. method followed for the preparation of the two acids is
a modification of that of Major and Cook.2 The preparation for
penta-O-acetyl-pD-gluconyl chloride is that of Braun and co-
workers.? A slightly different technique has also been described.4
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1 University of Vermont, Burlington, Vt.

tR. T. Major and E. W. Cook, J. Am. Chem. Soc., 58, 2475, 2477 (1936).

3 C. E. Braun, S. H. Nichols, Jr., J. L. Cohen, and T. E. Aitken, J. Am. Chem.
Soc., 62, 1619 (1940).

«R. T. Major, and E. W. Cook, U. S. pat. 2,368,557 [C.4., 40, 3549 (1946)].

PHENACYLAMINE HYDROCHLORIDE
(Acetophenone, 2-amino-, hydrochloride)

NH. ITCb
QC’JH——CH;; (CH2);COCI O—CH—CHa CH3ONa
H
N
7N\

C———CH,; HC COCH,NH;Cl
| HO
OCHj

Submitted by HENRY E. BAUMGARTEN and
James M. PETERSEN.!

Checked by WrrLiaM E. ParaAM, NORMAN NEWMAN and
R. M. Dopson.

1. Procedure

In a thoroughly dry 500-ml., three-necked, round-bottomed
flask fitted with a mechanical stirrer, dropping funnel, and a
Y-tube containing a calcium chloride drying tube and a thermom-
eter (Note 1) are placed 24.2 g. (26 ml., 0.20 mole) of a-phenyl-
ethylamine (Note 2) and 50 ml. of dry benzene (Note 3). The
solution is cooled in an ice-salt bath to 5°, and a solution of 4.5¢g.
(50 ml., 0.41 mole) of fert-butyl hypochlorite ? (Note 4) in 50 ml.
of dry benzene (Note 3) is added at such a rateas to maintain the
temperature below 10° (Note 5). After the addition of the terf-
butyl hypochlorite solution is complete, the reaction mixture 1S
stirred at room temperature 1-4 hours (Note 6).
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The Y-tube is replaced by a reflux condenser fitted with a
calcium chloride drying tube, and a freshly prepared solution of
13.8 g. (0.60 g. atom) of sodium in 140 ml. of anhydrous methanol
(Note 7) is added to the benzene solution of N,N-dichloro-a-
phenylethylamine at such a rate as to maintain gentle reflux
(Note 8). After addition of the sodium methoxide is complete,
the reaction mixture is heated under reflux until a test with
acidified starch-iodide paper is negative (about 45-70 minutes)
(Note 9). The reaction mixture is cooled in an ice-water bath,
and the precipitated sodium chloride is removed by filtration
through a Biichner funnel. The filter cake is washed with three
25-ml. portions of dry benzene. The combined filtrates are added
very slowly with shaking or stirring f0 150 ml. of 2V hydrochloric
acid contained in a 1-1. beaker (Note 10). The layers are sep-
arated, and the benzene layer is extracted with three 50-ml.
portions of 2V hydrochloric acid. The combined acid extracts
are washed twice with 50-ml. portions of ether (Note 11). The
ether extracts are discarded. The pale amber to yellow aqueous
solution is evaporated to dryness at a temperature not greater
than 40° (Note 12). The residue is transferred to a 1-1. round-
bottomed flask fitted with a reflux condenser to which is added
400 ml. of isopropyl alcohol-hydrochloric acid solution (Note 13).
The mixture is heated under reflux for at least 30 minutes and is
filtered hot through a Biichner funnel. The residual solid is
returned to the flask and extracted in the same manner with a
150-ml. portion of the isopropyl alcohol-hydrochloric acid solu-
tion. The solid residue (sodium chloride) is discarded (Note 14).
The two extracts are cooled separately in the refrigerator over-
night and then filtered on a Biichner funnel (Note 15). The
nearly colorless crystals are washed on the filter with two 50-ml.
portions of dry ether. Each of the filtrates is diluted with an equal
volume of dry ether (400 ml. and 150 ml., respectively) and is
allowed to stand in the refrigerator overnight. From these
diluted filtrates additional crops of crystals are collected (Note
16). The combined yield of the three to four crops is 18.9-24.8 g.
(55-72%), m.p. 185-186° dec. (Notes 17 and 18). Normally the
product is sufficiently pure for use without further purification;
however, the product may be recrystallized from isopropyl
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alcohol-hydrochloric acid solution (Note 12), using 100 ml. of the
solution for each 6 g. of compound. The recovery is about 5.5 g.
per 6.0 g. of crude product.

2. Notes

1. The submitters used apparatus with ground-glass joints and
dried the various pieces in the oven at 120-140° overnight before
use. The Y-tube was constructed from a 24/40 male joint by
joining a short length of 8-mm. i.d. glass tubing to the unground
end of the joint in such a fashion as to permit insertion of a
thermometer through the joint into the flask and then joining a
second short piece of 8-mm. i.d. glass tubing in such a fashion as
to permit attachment of a calcium chloride tube without interfer-
ing with the thermometer opening. If desired, a four-necked
flask may be substituted for the Y-tube and three-necked flask.

2. The submitters used dl-a-phenylethylamine obtained either
from the Eastman Kodak Company or Matheson, Coleman and
Bell without further purification. The preparation of dl-a-
phenylethylamine has been described previously in Organic Syn-
theses.®*

3. Reagent grade dry benzene is dried by simple distillation,
the first 109, of the distillate being discarded.

4. The submitters did not redistil the fert-butyl hypochlorite.

If it is desired to avoid the use of feri-butyl hypochlorite, an

equivalent quantity of dichloramine B (N,N-dichlorobenzene-
sulfonamide, Arapahoe Chemical Co., Boulder, Colorado) may be
substituted. This material is soluble in benzene but the benzene-
sulfonamide is not; therefore the reaction mixture must be filtered
just before the addition of the sodium methoxide solution. Using
this technique, the submitters obtained 44-52% of phenacylamine
hydrochloride.

5. The rate of addition is not critical, for the reaction is not
especially exothermic. However, at even slightly elevated tem-
peratures the N,N-dichloroamines may begin to decompose with
the formation of undesired products; therefore the addition can
be carried out as rapidly as desired within the specified tem-
perature range. With a reasonable cooling efficiency this will be
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well below 30 minutes, but no harm will be done if a longer
period is required.

6. The halogenation reaction appears to be quite rapid; there-
fore the time of stirring is not critical but probably should not be
prolonged beyond 4 hours. The submitters used this time interval
to prepare the sodium methoxide solution, and the actual time
lapse depended upon the time required to prepare this solution.
The solution of N,N-dichloro-a-phenylethylamine should be clear
yellow after the stirring period. A turbid solution or one contain-
ing a precipitate usually indicates a poor sample of fert-butyl
hypochlorite.

7. Commercial absolute methanol is dried by heating the
material under reflux over magnesium turnings for 4 hours, fol-
lowed by distillation into a dried receiver. Normally 1 g. of
magnesium turnings per 100 ml. of absolute methanol will be
sufficient. To allow for losses during the drying and distillation,
the charge of methanol should be at least twice the amount
required for the preparation.

It is advantageous to dry the methanol the day before the
preparation is to be carried out and to store the dried methanol
in a carefully sealed, dry flask or to allow the methanol-magnesium
mixture to reflux overnight followed by distillation just prior to
use.

The submitters used the inverse addition procedure for prepar-
ing the methanolic sodium methoxide, as follows. In a thoroughly
dry 500-ml., three-necked, round-bottomed flask fitted with a
mechanical stirrer, dropping funnel, and a reflux condenser carry-
ing a calcium chloride drying tube is placed 13.8 g. (0.60 g. atom)
of sodium freshly cut into small pieces. To this is added slowly
140 ml. of anhydrous methanol at such a rate as to maintain
vigorous reflux. If all the sodium does not dissolve during the
addition of the methanol, the mixture may be heated on the
steam bath until solution is effected or additional methanol (up
to 25 ml) may be added. The preparation of the solution of
sodium methoxide requires about 30 minutes.

It may be advantageous to allow a slow stream of dry nitrogen
to pass through the apparatus during the addition of the meth-
anol. The submitters routinely omit this precaution and, as yet,
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have experienced no accidents or fires. For other precautions see
Note 1, Org. Syntheses, Coll. Vol. 3, 215 (1955).

8. The rate of addition probably is not critical but should not
be allowed to proceed uncontrolled. The submitters added the
sodium methoxide solution at such a rate as to cause vapors of the
refluxing methanol to condense in the first 2-3 in. of the reflux
condenser without application of external heating.

9. A positive test is the immediate formation of a dark violet
or brown spot on starch-iodide paper moistened with 2N hydro-
chloric acid. A negative test may consist of a very faint beige
color or complete absence of color.

10. The reverse mode of addition may lower the yield and
introduce unwanted condensation products of the amino ketone,
which is not stable in neutral or alkaline solution.

11. The procedure should be continued up to at least this point
without stopping. After this operation the sequence may be
interrupted at any time.

If the tert-butyl hypochlorite has been prepared in advance and
if the methanol to be used has been allowed to reflux over mag-
nesium overnight, the solvents can be distilled and the reaction
carried to this point in an 8-hour day. However, it may be
preferable to prepare the dry solvents the day before the reaction
is to be run. The latter procedure appears to have little effect
on the final yield provided that the solvents are stored in tightly
sealed containers and transferred with due care.

12. The submitters strongly recommend the use of a rotating
evaporator (such as the Flash-Evaporator, Laboratory Glass
Supply Co., New York 31, N. Y.) with which the solution can be
reduced to a syrup in about 4 hours. The further evaporation is
facilitated by adding 100 ml. of commercial absolute ethanol at
this point and continuing the evaporation. Total time for
evaporation will be about 6 hours, and the product will be a
crystalline mass. The extraction step may be carried out in the
2-1. flask normally used with the evaporator.

If a rotating evaporator is not available, the solution is poured
into a large porcelain evaporating dish and is allowed to stand
protected in the hood for several days. Toward the end of this
time, the evaporation may be accelerated by the addition of 100
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ml. of ethanol as described above. The checkers removed water
by blowing air over the solution.

13. The isopropyl alcohol-hydrochloric acid solution contains
1 ml. of concentrated hydrochloric acid per 100 ml. of isopropyl
alcohol. If the hydrochloric acid is omitted, the product will be
impure and the yield greatly reduced. Sodium chloride is not
appreciably soluble in this solution.

14. The yield of sodium chloride is usually 33-35 g. (94-1009%,).
It is often helpful to recover and weigh the sodium chloride before
discarding it. An excess over the theoretical amount indicates
incomplete extraction.

15. If the reflux period has been sufficiently long, little or no
precipitate will be formed at this stage in the second extracting
solution, which is used to ensure efficient extraction.

16. At this stage, crops of crystals may be formed in each
solution.

TABLE I
PREPARATION OF a-AMINO KETONES
Approzx.
Reaction
Time,* Yields, Recryst. M.P,,
Product min. % Solvent °c.t
Hydrochloride of
2-Aminocyclopentanone 180 34-36  i-PrOH 146-147
2-Aminocyclohexanone 25-45 49-13 {i-PrOH 156
3-Amino-2-heptanone 210 50-75 i-PrOH 134-135
#-Bromophenacylamine 70 58-73 2N HCI 275
$-Chlorophenacylamine 8090 49-60 EtOH 270-271
p-Methoxyphenacylamine 270 62-74 EtOH 200
#-Nitrophenacylamine 60 50-56 MeOH 243
p-Methylphenacylamine ~ 80-90 70-72 4-PrOH 206-207
P—Phepylphenacylamine 80 54-71 2N HCl 185-186
a-Aminovalerophenone 30 65-66 -PrOH-Et;0  156.5-158
2-Amino-1-tetralone 100 63-70 i-PrOH 201-202
2-Amino-44-dimethyl-1- 300 61-65 i-PrOH 212-213
tetralone
Desylamine (2-amino-2- 30 45-46 4-PrOH 233-234
phenylacetophenone)

Phenacylamine 45-70 55-78 4-PrOH 185-186

: Time for negative starch-iodide test.
Usually with decomposition.
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17. Further treatment of the filtrate normally will yield little
crystalline material.

18. The submitters report that, on the basis of experience in
student preparations courses, the usual percentage yields for
fairly capable technicians on their first trial are in the low fifties,
and on subsequent trials in the sixties. Persons with excep-
tionally good laboratory technique may get even greater yields
than those specified (up to 78%).

This procedure may be used for the preparation of a variety of
a-amino ketones as is indicated in Table I, which summarizes
most of the submitters’ experience with this reaction. Principal
deviations from the procedure will be in the time required for a
negative starch-iodide test and the nature and amount of extrac-
tion and recrystallization solvent. It is strongly recommended thai
any one using the reaction for the firsi lime carry out the preparation
on a-phenylethylamine before atiempting to use i on other more
valuable amines.

3. Methods of Preparation

Phenacylamine hydrochloride has been prepared by (1) the
hydrolysis of the quaternary salt obtained from phenacyl bromide
and hexamethylenetetramine (the Delepine reaction),*™ (2) the
hydrolysis of N-phenacylphthalimide (the Gabriel reaction),*
(3) the reduction or catalytic hydrogenation of a-oximinoaceto-
phenone,!*%51 (4) the reduction of a-nitroacetophenone, 2 (5)
the catalytic hydrogenation of a-azidoacetophenone,” (6) the
catalytic hydrogenation of a-benzylaminoacetophenone,® (7) the
base-catalyzed rearrangement of the tosylate of acetophenone
oxime (the Neber rearrangement),? # (8) the base-catalyzed rear-
rangement of acetophenone dimethylhydrazone methiodide,* (9)
the Friedel-Crafts acylation of benzene with glycyl chloride
hydrochloride,” as well as by other procedures of uncertain
preparative value. The present procedure is adapted from those
of Baumgarten and Bower ** and Baumgarten and Petersen.?®
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4. Merits of the Preparation

The present procedure is a specific example of a synthetic
method of some generality. The procedure describes an example
which is of considerable interest per se but, perhaps more impor-
tantly, which also serves as a model for the use of this procedure
for the preparation of other a-amino ketones. In the submitters’
laboratory, this specific procedure is used routinely for the train-
ing of persons who will be using this general technique or related
techniques.?

Of the procedures cited in Section 3, procedures (1), (3), and
(4) have been examined by the submitters for comparison with
the present procedure. Of these, the present procedure and that
based on the Delepine reaction (1) appeared to be the most
satisfactory for preparative purposes. Yields by the two pro-
cedures were comparable; however, the Delepine reaction could
be run somewhat more conveniently on a larger scale (provided
that one was willing to accept a tedious extraction of the product
from the copious quantity of ammonium salts with which it is
mixed). The Delepine reaction also makes a lesser demand on the
skill and technique of the operator. On the other hand, attempts
in the submitters’ laboratory to extend the Delepine reaction to
sec-bromides have been unsuccessful; therefore the Delepine reac-
tion appears to lack the generality of the present procedure,
which shares such generality, apparently, with procedures (2),
(3), (1), and (8). Furthermore, the Delepine reaction gives a
mixture of phenacylamine hydrochloride and hydrobromide %1
(although the submitters have found that by careful fractional
crystallization from isopropyl alcohol-hydrochloric acid solution
about 509, of the pure hydrochloride can be obtained).

! Avery Laboratory, University of Nebraska, Lincoln 8, Neb. This work was
supported in part by grants G-1090 and G-11339 of the National Science Founda-
tion.

2 H. M. Teeter and E. W. Bell, Org. Syntheses, 32, 20 (1952).

3 A. W. Ingersoll, Org. Syntheses, Coll. Vol. 2, 503 (1943).

*J. C. Robinson, Jr., and H. R. Snyder, Org. Syntheses, Coll. Vol. 8, 717 (1955).

5 C. Mannich and F. L. Hahn, Ber., 44, 1542 (1911).

¢ X. H. Slotta and H. Heller, Ber., 63, 1024 (1930).

7 B. Reichert and H. Baege, Phormasie, 2, 451 (1947).
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8 M. A. Moscosco C., Anales fac. farm. 3 bioguim., Univ. nacl. mayor San Marcos
(Lima), 5, 573 (1954).

9 N. A. Adrova, M. M. Koton, and F. S. Florinskil, Jzeest. Akad. Nauk S.S.S.R.,
Otdel. Khim. Nauk, 1957, 385,

1 H, 0. House and E. J. Grubbs, J. Am. Chem. Soc., 81, 4733 (1959).

1 M, Nagawa, R. Myokei, ard Y. Murase, Takamine Kenkyujo Nempo, 81 (1956).

2 C. Goedeckemeyer, Ber., 21, 2684 (1888).

8 5. Gabriel, Ber., 41, 1132 (1908).

1 1, V. Euler, H. Hasselquist, and O. Cedar, Ann., 581 198 (1953).

% F. Braun and V. Meyer, Ber., 21, 1271 (1888).

5 H. Rupe, Ber., 28, 251 (1895).

1 A, Angeli, Gasz. chim. ital. 23, I1, 349 (1893).

1B A K. Mills and J. Grigor, J. Chem Soc., 1934, 1568.

1 [, E. Baumgarten and F. A. Bower, J. Am. Chem. Sec., 76, 4561 (1954).

» T, Thiele and S. Haeckel, Ann., 325, 13 (1886).

2], M. Long and H. D. Troutman, J. Am. Chem. Soc., 71, 2469 (1949).

2 I, Bretschneider and H. Hérmann, Monatsh., 84, 1021 (1953).

# R, Simonoff and W. H. Hartung, J. Am. Pharm. Assoc., 35, 306 (1946).

%P, W. Neber and G. Huh, Ann., 515, 283 (1935).

% S, Tatsuoka, K. Osugi, A. Minato, M. Honjo, and Y. Tokuda, J. Pkarm. Soc.,
Japan, 71, 774 (1951).

% P, A. S. Smith and E. F. Most, Jr., J. Org. Chem., 22, 358 (1957).

7 H, Zinner and G. Brossman, J. prakt. Chem., [4] 5, 91 (1957).

# . E. Baumgarten and J. M. Petersen, J. Am. Chem. Soc., 82, 459 (1960).

» I, E. Baumgarten, J. E. Dirks, J. M. Petersen, and D. C. Wolf, J. Am. Ckem.
Soc., 82, 4422 (1960).
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PHENYL tert-BUTYL ETHER

(Ether, tert-butyl phenyl)

CoH,Br 4+ Mg 2%, CyH,MgBr

O
I H:0
CsHsMgBr + CeH;C0.C(CHs)s —

CGH5OC(CH3)3 + C6H5CO2H

Submitted by CeRISTER FRISELL and SVEN-OLOV LAWESSON.!
Checked by WiLLiaM G. DAuBEN and GrLBERT H. BEREZIN.

1. Procedure

A 1-1, three-necked, round-bottomed flask equipped with a
sealed mechanical stirrer, a reflux condenser, and a 500-ml.
pressure-equalized dropping funnel is arranged for conducting a
reaction in an atmosphere of nitrogen by fitting into the top of
the condenser a T-tube attached to a low-pressure supply of
nitrogen and to a mercury bubbler. The flask is dried by warming
with a soft flame as a slow stream of nitrogen is passed through
the system. In the cooled flask a solution of phenylmagnesium
bromide is prepared from 13 g. (0.53 g. atom) of magnesium
turnings, 79 g. (0.5 mole, 53.6 ml.) of bromobenzene, and 200 ml.
of anhydrous ether.

After the preparation of phenylmagnesium bromide is com-
plete, the ethereal solution is cooled in an ice bath and 200 ml. of
anhydrous ether is added. A solution of 58.3 g. (0.3 mole, 39.0
ml.) of fert-butyl perbenzoate (Note 1) in 120 ml. of anhydrous
ether is added, dropwise, with stirring over a 30-minute period,
and the stirring is continued for an additional 5 minutes.

The reaction mixture is poured carefully into a cold solution
of 40 ml. of concentrated hydrochloric acid in 1 1. of water. The
ethereal layer is separated, and the aqueous layer is extracted
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twice with 150-ml. portions of ether. The combined organic
layers are extracted with three 25-ml. portions of 2M sodium
hydroxide solution, washed with water until the washings are
neutral, and then dried over anhydrous magnesium sulfate (Notes
2 and 3). The dried solution is concentrated and the product
distilled under reduced pressure, b.p. 57-59°/7 mm. The yield
of phenyl fert-butyl ether is 35-38 g. (78-84%), n}, 1.4870-1.4880.
This synthetic process is applicable to the preparation of other
tert-butyl ethers (Note 4).

2. Notes

1. tert-Butyl perbenzoate is supplied by Lucidol Division,
Wallace and Tiernan Inc., Buffalo 5, New York.

2. The ethereal solution should be tested for peroxides as
follows: A few milligrams of sodium iodide, a trace of ferric
chloride, and 3 ml. of glacial acetic acid are placed in a test tube
and 2 ml. of the ether solution added carefully. When uncon-
sumed perbenzoate is present, a yellow ring is formed immediately
between the two phases. If a positive test is obtained, the acid
and base treatments should be repeated.

3. By acidification of the sodium hydroxide solution, 29-32 g.
of benzoic acid (80-909,) is obtained.

4. The same general method has been used by the submitters
to prepare o-tolyl fert-butyl ether, m-tolyl feri-butyl ether, benzyl
tert-butyl ether, and p-anisyl feri-butyl ether.

3. Methods of Preparation

The method presented is essentially that described by Lawesson
and Yang? Phenyl tert-butyl ether has been prepared by acid-
catalyzed condensation of isobutylene and phenol ® and by reac-
tion of diphenyliodonium chloride with potassium fer¢-butoxide.*

4, Merits of Preparation

The synthesis of fert-butyl ethers by the reaction of Grignard
reagents with feri-butyl perbenzoate appears to have considerable
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generality (Note 4), and the perester is a stable, readily available
material.

1 Department of Chemistry, University of Uppsala, Uppsala, Sweden.

2 S. Lawesson and N. C. Yang, J. Am. Chem. Soc., 81, 4230 (1959).

#D. R. Stevens, J. Org. Chem., 20, 1232 (1955).

4 F. M. Beringer, P. S. Forgione, and M. D. Yudis, Tefrahedron, 8, 49 (1960).

N-PHENYLMALEIMIDE
(Maleimide, N-phenyl-)

0 NH,
I CONH
O-C O
(l) CO.H
CONH
E + (CH3C0);0 —
CO.H
0

| N-@ + 2CH,CO,H

|
0

Submitted by M. P. Cava, A. A. DEaNa, K. Murs, and
M. J. MrTcHELL.!

Checked by CarorLe L. OrsoN, Marjorte C. CASERIO,
and JouN D. ROBERTS.

1. Procedure

A. Maleanilic acid. In a 5-1. three-necked flask provided with
a paddle-type stirrer, a reflux condenser, and a dropping funnel
are placed 196 g. (2 moles) of maleic anhydride (Note 1) and
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2.5 1. of ethyl ether (Note 2). The stirrer is started and, when
all the maleic anhydride has dissolved, a solution of 182 ml. (186
g., 2 moles) of aniline (Note 3) in 200 ml. of ether (Note 2) is run
in through the dropping funnel (Note 4). The resulting thick
suspension is stirred at room temperature for 1 hour and is then
cooled to 15-20° in an ice bath. The product is obtained by
suction filtration. It is a fine, cream-colored powder, m.p.
201-202°, suitable for use in the next step without purification.
The yield is 371-374 g. (97-98%).

B. N-Phenylmaleimide. In a 2-1. Erlenmeyer flask are placed
670 ml. of acetic anhydride (Note 5) and 65 g. of anhydrous
sodium acetate. The maleanilic acid (316 g.), obtained as
described above, is added, and the resulting suspension is dis-
solved by swirling and heating on a steam bath for 30 minutes
(Note 6). The reaction mixture is cooled almost to room tem-
perature in a cold water bath and is then poured into 1.3 1. of
ice water. The precipitated product is removed by suction
filtration, washed three times with 500-ml. portions of ice-cold
water and once with 500 ml. of petroleum ether (b.p. 30-60°),
and dried. The yield of crude N-phenylmaleimide is 214-238 g.
(75-80%), m.p. 88-89°. Recrystallization from cyclohexane
gives canary-yellow needles, m.p. 89-89.8° (Note 7).

2. Notes

1. Reagent grade maleic anhydride is used without purification.

2. Reagent grade anhydrous ether is used.

3. Reagent grade aniline is used without further purification.

4. The aniline solution may be run in as fast as is possible
without flooding the condenser.

5. Carbide and Carbon or Baker’s Analyzed technical grade
acetic anhydride is used.

6. The sodium acetate fails to dissolve completely.

7. About 500 ml. of the refluxing solvent will dissolve some
58 g. of N-phenylmaleimide. The recovery of recrystallized
material is approximately 93%.
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3. Methods of Preparation

The procedure described here is based on a method outlined
in U. S. patent 2,444,536.2 N-Phenylmaleimide has also been
prepared by the dry distillation of the aniline salt of malic acid,»*
by treating the aniline salt of malic acid with phosphorus pent-
oxide, and by treating maleanilic acid with phosphorus tri-
chloride or with phosphorus pentoxide.® Ring-substituted N-
phenylmaleimides, viz., N-(p-methoxyphenyl)-, N-(p-ethoxy-
phenyl)-, and N-(p-nitrophenyl)maleimide, have been prepared
by treatment of the appropriate maleanilic acids with acetic
anhydride and fused potassium acetate.”

4. Merits of Preparation

N-Phenylmaleimide is an active dienophile in the Diels-Alder
reaction and usually gives crystalline adducts.

! Chemistry Department, The Ohio State University, Columbus 10, Ohio.

2N. E. Searle (to E. I. du Pont de Nemours and Co., Inc.) U. S. pat. 2,444,536
(1948) [C.A., 42, 7340c (1948)].

3 A. Michael and J. F. Wing, Am. Chem. J., 7, 278 (1885).

4 R. Anschutz and Q. Wirtz, Ann., 239, 140, 142 (1887).

5 K. Auwers, Ann., 309, 346 (1899).

8 A. E. Kretov and N. E. Kul’chitskaya, Zhur. Obshchei Khim., 26, 208 (1956)
[C.4., 50, 13771g (1956)].

7W. R. Roderick, J. Am. Chem. Soc., 79, 1710 (1957).
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RUTHENOCENE
(Ruthenium, dicyclopentadienyl-)

2Ru + 3Clp ——> 2RuCl3

2<> + Na —> CHOND® + H

6CsH:ONa® + 2RuCly + Ru —> 3 Ru  + 6NaCl

Submitted by D. E. BusLizz, WitLiam E. MCEWEN, and
JacoB KLEINBERG.!
Checked by Haxs G. EssLEr and JorN H. RICHARDS.

1. Procedure

A 500-ml. three-necked flask is equipped with a Trubore
stirrer, reflux condenser, and a pressure-equalizing dropping fun-
nel that carries an inlet for admission of nitrogen. The system is
purged with nitrogen (Note 1), and 300 ml. of 1,2-dimethoxy-
ethane (Note 2) is added, followed by 7.2 g. (0.312 g. atom) of
sodium either as wire or freshly cut small pieces. The solution is
stirred, and 31.0 ml. (0.376 mole) of cyclopentadiene (Note 3)is
added dropwise. When the evolution of hydrogen has almost
ceased, the mixture is maintained at slightly below the reflux
temperature for 1-2 hours. In the event that all the sodium does
not dissolve, the solution is cooled to room temperature, a few
milliliters more of cyclopentadiene added, and the mixture heated
again until dissolution of the sodium is complete.

A mixture of 14.6 g. (0.07 mole) of ruthenium trichloride and
2.4 g. (0.024 g. atom) of ruthenium metal (Note 4) is added, and
the reaction mixture is heated and stirred under nitrogen for 80
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hours (Note 5) at slightly below the reflux temperature. With
the use of stirring, the solvent is removed at aspirator pressure,
and the flask then refilled with nitrogen. The solid is transferred
to a sublimator in a dry-box containing a nitrogen atmosphere
(Note 6) and sublimed at 0.1 mm. pressure with a heating bath
at 130° (Note 7). The sublimate is dissolved in benzene and
passed through a 1 x 12-in. column of activated alumina. Evap-
oration of the benzene gives 12.2-15.1 g. (56-69%,) of ruthe-
nocene, m.p. 199-200° (Note 8).

2. Notes

1. The submitters used prepurified nitrogen, obtained from
Matheson Company, Inc., East Rutherford, New Jersey, without
further purification. The checkers passed Linde (H. P. Dry)
nitrogen successively through chromous chloride solution, solid
potassium hydroxide, Ascarite, and solid phosphorus pentoxide.

2. 1,2-Dimethoxyethane is dried over sodium wire and then
distilled under nitrogen from lithium aluminum hydride just
before use.

3. For preparation of cyclopentadiene from the dimer, see
G. Wilkinson, Org. Syntheses, 36, 31 (1956). The dicyclopenta-
diene used as starting material was dried by passage through a
1 x 12-in. column of activated alumina prior to cracking.

4. Ruthenium trichloride was prepared by chlorination of
powdered ruthenium at 650-700° 2 with the use of metal obtained
from Goldsmith Bros. Smelting and Refining Co., 111. N. Wabash
Ave., Chicago 2, Hlinois. Complete chlorination could not be
effected under these conditions, and on the average about 857,
of the metal was converted to trichloride. Consequently, in all
the preparations of ruthenocene, mixtures of trichloride and
metal, as obtained from the chlorination reaction, were employed.
The equations given for the preparation are idealized; the submit-
ters believe that during the course of reaction the trichloride is
gradually reduced to dichloride by ruthenium metal, and that it
is the dichloride which reacts with sodium cyclopentadienide.

S. Somewhat lower yields than those reported are obtained
when the reaction is carried out for a shorter period of time.
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6. From this point on, the solid materials are pyrophoric,
especially the residual solids from the sublimation process. How-
ever, the ruthenocene obtained by sublimation is not pyrophoric.
The checkers found that careful addition of the sublimation
residues to water under nitrogen destroys their pyrophoric char-
acter.

7. The checkers found the use of a Dry Ice-cooled sublimation
finger advantageous.

8. The yield reported here is based on the total amount of
ruthenium (both Ru™ and Ru®) available for formation of
ruthenocene. An additional quantity of ruthenocene may be
obtained by extraction of the pyrophoric residue from the sublima-
tion step with benzene in a Soxhlet extractor under a nitrogen
atmosphere. The benzene solution is filtered through activated
alumina, the solvent evaporated, and the residue sublimed.

3. Methods of Preparation

Ruthenocene has been prepared in 209, yields by reaction of
cyclopentadienylmagnesium bromide with ruthenium (III) acetyl-
acetonate.! More recently,® the compound has been made in
43-529%, yield by treatment of sodium cyclopentadienide with
ruthenium trichloride in tetrahydrofuran or 1,2-dimethoxyethane.

4. Merits of the Preparation

Ruthenocene is an example of a stable 7-bonded organometallic
compound which undergoes substitution reactions similar to those
displayed by ferrocene. Because ruthenocene has heretofore
been relatively unavailable, its chemistry has not been exten-
sively studied.

1 Department of Chemistry, University of Kansas, Lawrence, Kans.

2 G. Brauer, Handbuck der priparativen anorganischen Chemie, p. 1194, Ferdinand
Enke Verlag, Stuttgart, Germany, 1952.

3 G. Wilkinson, J. Am. Chem. Soc., 74, 6146 (1952).
A E. O. Fischer and H. Grubert, Chkem. Ber., 92, 2302 (1959).
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TETRAMETHYLAMMONIUM
1,1,2,3,3-PENTACYANOPROPENIDE

(1-Propene-1,1,2,3,3-pentacarbonitrile,
tetramethylammonium salt)

(NC)2C=C(CN); + CH,(CN); + \ /N —

+
[C(CN)2=C(CN)C(CN)2]‘©NH + HCN

—_ +

[C(CN);=C(CN)C(CN),]~ [N(CHa)]* + <\_ /iN HCI

Submitted by W. J. MmpLETON and D. W, WiLEY.!
Checked by James Cason and WirLiam T. MILIER.

1. Procedure

Caution! This reaction must be carried out in an efficient hood
because large amounis of hydrogen cyanide are evolved. It is also
recommended that tetracyanoethylene not be allowed to come into
contact with the skin.

A solution of 6.6 g. (0.10 mole) of malononitrile (Note 1) in
8.7 g. (0.11 mole) of pyridine and 25 ml. of water is prepared in
a 125-ml. Erlenmeyer flask and stirred mechanically (no stirrer
seal required) as there is added rapidly in small portions a total
of 12.8 g. (0.10 mole) of powdered recrystallized tetracyano-
et‘hylene.2 The resulting mixture is warmed on a hot plate as
stirring is continued until complete solution occurs (5-10 minutes,
Note 2). The hot dark solution is poured into a swirled solution
f’f 12.1 g. (0.11 mole) of tetramethylammonium chloride (Note 3)
in 500 ml. of water. The resultant mixture is heated almost to
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boiling to give a dark-red solution, which is then allowed to cool
spontaneously to room temperature. After final cooling in an
ice bath, the orange needles of tetramethylammonium 1,1,2,3 3-
pentacyanopropenide are collected by suction filtration and
washed with two 100-ml. portions of cold water. This product
is dissolved in 500 ml. of hot water, decolorized with about § g.
of activated carbon, and allowed to crystallize as described above.
The yield of bright yellow-orange needles, m.p. 314-315° (Note 4),
is 19.5-20.5 g. (81-85%,).

2. Notes

1. Malononitrile, m.p. 30-31°, obtained from Winthrop-
Stearns Corp., New York, N. Y., is satisfactory. ,

2. The rate of solution depends upon the fineness of the tetra-
cyanoethylene powder; however, solution should occur soon after
the temperature reaches 60-70°.

3. A technical grade of tetramethylammonium chloride is
satisfactory, provided old samples that have absorbed consider-
able water are not used.

4. In a heated block, the checkers observed melting points in
the range 318-321°.

8. Methods of Preparation

Tetramethylammonium 1,1,2,3,3-pentacyanopropenide has
been prepared by the base-catalyzed hydrolysis of tetracyano-
ethylene,? and by the present method, which is more economical
of tetracyanoethylene.

4. Merits of Preparation

Tetramethylammonium 1,1,2,3,3-pentacyanopropenide is use-
ful for preparation of pentacyanopropenide salts of other metal
and quaternary ammonium cations by metathesis.® The free
acid, which may be obtained by use of an ion-exchange resin,* has
an ionization constant comparable to that of a strong mineral
acid (pK, < —8.5; the anion is not detectably protonated in
12M sulfuric acid).*
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1 Contribution No. 482 from Central Research Department, Experimental Sta-
tion, E. I. du Pont de Nemours and Co., Wilmington, Delaware.
2R. A. Carboni, Org. Syntheses, 39, 64 (1959).

3W. J. Middleton, E. L. Little, D. D. Coffman, and V. A. Engelhardt, J. Am.
Chem. Soc., 80, 2795 (1958).

¢ R. H. Boyd, unpublished experiments.

0-TOLYL ISOCYANIDE

g

2 @NHCHO + POCl; + 4(CHy)sCOK —>

I

N=C
2 + 3KCl 4 KPO; + 4(CHj;);COH

Submitted by Ivar Uet and RubpoLr MEYR.}
Checked by B. C. McKusick and O. W. WEBSTER.

1. Procedure

Caution! Isocyanides should be prepared in a hood since they
have unpleasant odors and are toxic.

Thereactionis conducted in a 2-1. round-bottomed flask equipped
with a dropping funnel, Hershberg stirrer, thermometer, and
reflux condenser. A T-tube attached to a cylinder of dry nitrogen
is inserted in the top of the condenser in order to keep the reaction
mixture blanketed with nitrogen.

A suspension of potassium feri-butoxide is prepared by a slight
modification of the procedure of Johnson and Schneider? partic-
ulay aitention being paid to the precautions they recommend for safe
handling of potassium. Dry tert-butyl alcohol (1250 ml.) is dis-
tilled directly into the reaction flask under nitrogen. One hundred
grams (2.6 g. atoms) of potassium cut into about ten pieces is
added. The stirred mixture spontaneously warms to the melting
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point of potassium (62°) in the course of 15-60 minutes, where-
upon the metal disperses into droplets. As the potassium grad-
ually dissolves, the temperature of the mixture rises to the boiling
point of fert-butyl alcohol. The rate of solution of the potassium
should be such that the sert-butyl alcohol refluxes gently, and
this rate is regulated by the speed of stirring. If the boiling
becomes too vigorous, the stirring is stopped completely, and if
necessary the reaction vessel is cooled by immersion in a bath of
cold oil kept in readiness for this purpose. Potassium fer?-
butoxide gradually precipitates, and the mixture is a thick
suspension when all the potassium has reacted (Note 1).

N-o-Tolylformamide (135 g., 1.00 mole) (Note 2) is added to
the hot stirred suspension, which becomes a clear solution within
a few minutes. The solution is cooled to 10-20° by means of an
ice bath and maintained at this temperature while 92 g. (0.60
mole) of phosphorus oxychloride is added to it with stirring over
the course of 3040 minutes. The reaction mixture is stirred at
30-35° for 1 hour and poured into an ice-cold stirred solution of
50 g. of sodium bicarbonate in 5 1. of water (Note 3). o-Tolyl
isocyanide precipitates as an oil. It is taken up in 300 ml.
of petroleum ether (b.p. 40-60°), and the organic phase is sep-
arated in a separatory funnel. The aqueous phase is extracted
with three 200-ml. portions of petroleum ether. The combined
extracts are washed with 50 ml. of 5% sodium bicarbonate
solution, dried over 50 g. of powdered potassium hydroxide, and
distilled through a 30-cm. vacuum-jacketed Vigreux column. o-
Tolyl isocyanide is collected as a colorless, vile-smélling liquid at
61-63°/10 mm.; % 1.5212-1.5222; weight 74-85 g. (63-73%)
(Note 4).

2. Notes

1. In order to keep down the volume of the reaction mixture,
less fert-butyl alcohol is used than is necessary to dissolve the
potassium fert-butoxide.

2. The checkers prepared N-o-tolylformamide * as follows. A
solution of 100 g. (0.94 mole) of o-toluidine and 82 ml. (100 g.,
2.13 moles) of 989, formic acid in 300 ml. of toluene is refluxed
under a condenser attached to a water separator.t After water
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stops collecting in the separator (about 3 hours), toluene and
excess formic acid are removed by distillation under reduced
pressure. The crude N-o-tolylformamide that remainsisrecrystal-
lized from toluene to give 95-101 g. (75-80%,) of N-o-tolylform-
amide, m.p. 60/61°. If a formamide that melts above the boiling
point of Zert-butyl alcohol is to be converted to an isocyanide by
the present procedure, it should be finely pulverized.

3. 0-Tolyl isocyanide is rather unstable, and in order to get a
good yield one should work up the reaction mixture as quickly as
possible and avoid unnecessary heating of the crude isocyanide.
If the isocyanide is to be stored for a long time, it should be kept
at the temperature of Dry Ice.

4, The equipment used in this preparation can be freed of the
disagreeable odor of o-tolyl isocyanide by being washed with 5%,
methanolic sulfuric acid.

3. Methods of Preparation

o-Tolyl isocyanide has been prepared in 209, yield by the
action of chloroform and potassium hydroxide on o-toluidine.?
The present procedure ¢ gives much better results.

4. Merits of Preparation

This procedure illustrates the best way to prepare aryl iso-
cyanides. Itis quite general, having been used by Ugi and Meyr ¢
to make the following isocyanides from the corresponding form-
amides: phenyl (56%), p-tolyl (66%), 2,6-dimethylphenyl (88%,),
mesityl (80%), o-chlorophenyl (439), p-chlorophenyl (54%), 2-
chloro-6-methylphenyl (879,), p-methoxyphenyl (64%), p-di-
ethylaminophenyl (75%,), p-nitrophenyl (41%,), and 2-naphthyl
(50%). Aliphatic isonitriles are generally best prepared by a
simpler procedure involving the action of phosphorus oxychloride
on an N-alkylformamide in the presence of pyridine.”

! Institute of Organic Chemistry, University of Munich, Munich, Germany.

32W. S. Johnson and W. P. Schneider, Org. Syntheses, 30, 18 (1950).

1 A. Ladenburg, Ber., 10, 1123 (1877).

4 S. Natelson and S. Gottfried, Org. Syntheses, Coll. Vol. 3, 381 (1955).
§ J. U. Nef, Ann., 270, 309 (1892).
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¢ 1. Ugi and R. Meyr, Chem. Ber., 93, 247 (1960).
71. Ugi, R. Meyr, M. Lipinski, F. Bodesheim, and F. Rosendahl, this volume,
p. 13.

1,1,1-TRIFLUOROHEPTANE
(Heptane, 1,1,1-trifluoro-)
CH3(CH2)5COZH + ZSF4 - CH3(CH2)5CF3 -+ 2SOF2 + HF

Submitted by W. R. HASEK.!
Checked by JorN E. BALDWIN and JoHN D. ROBERTS.

1. Procedure

Caution! Sulfur tetrafluoride is toxic. This procedure should be
carried out in a good hood. The pressure vessel should be heated in
a well-ventilated area.

Twenty-six grams (0.20 mole) of heptanoic acid is placed in a
145-ml. pressure vessel lined with Hastelloy-C (Note 1). The
air in the vessel is displaced with nitrogen, and the head of the
vessel is secured in place. The vessel is cooled in a bath of acetone
and solid carbon dioxide, and the nitrogen in the vessel is evac-
uated with a vacuum pump to a pressure of 0.5-1.0 mm. Sixty-
five grams (959, pure, 0.57 mole) of sulfur tetrafluoride (Note 2)
is transferred to the cold vessel. This is conveniently done by
connecting a cylinder containing 65 g. of sulfur tetrafluoride to
the pressure vessel by a length of copper tubing having a #5-in.
bore and §-in. outside diameter (Note 3).

The pressure vessel is heated with agitation at 100° for 4 hours
and at 130° for 6 hours. The vessel is allowed to cool to room
temperature and the volatile by-products [Caution! Toxic! (Note
4)] are vented. The crude, fuming, liquid product (Note 5) is
poured into a stirred suspension of 10 g. of finely divided sodium
fluoride in 60 ml. of pentane (Note 6), the mixture is filtered, and
the filtrate is fractionated through a 6-in. Vigreux column. 1,1,1-
Trifluoroheptane is collected at 100-101°/760 mm., ns 1.3449.
The yield is 21.7-24.6 g. (70-80%).

1,1,1-TRIFLUOROHEPTANE 105

2. Notes

1. The pressure vessel should be lined with Hastelloy-C, stain-
less steel, or other metal resistant to attack by hydrogen fluoride,
because the latter substance is a by-product of the reaction. The
pressure vessel employed should be safe for use at 500 atm. pres-
sure and should be equipped with a rupture disk rated at 500 atm.
If the equipment available is rated for use only at lower pressure,
the size of the charge should be reduced appropriately.

2. Sulfur tetrafluoride is obtainable in one-pound cylinders
from the Organic Chemicals Department of E. I. du Pont de
Nemours and Co., Wilmington, Delaware. Directions for its
synthesis by the action of sodium fluoride on sulfur dichloride in
acetonitrile have been published,? and a more detailed version of
these directions has been submitted to Inorganic Syntheses.

3. It is also possible to connect the supply cylinder of sulfur
tetrafluoride to the pressure vessel by a short length of butyl
rubber vacuum tubing.

If the supply cylinder of sulfur tetrafluoride contains more than
65 g., it may be placed on a balance in order to determine when
the required amount has been transferred to the pressure vessel.

4. Since the volatile gases include sulfur tetrafluoride and thi-
onyl fluoride, which possess toxicities comparable to that of phos-
gene, caution must be exercised in their disposal. A suitable
procedure is to condense the volatile gases in a trap cooled in a
mixture of acetone and solid carbon dioxide, and then to allow
this material to pass slowly through an empty polyethylene bottle,
which serves as a safety trap, and into a stirred aqueous potassium
hydroxide solution.

5. If it is found necessary to retain the crude product for any
period of time before working it up, it may be conveniently
stored in a polyethylene bottle or other container resistant to
attack by hydrogen fluoride.

6. As indicated above, the crude product contains hydrogen
fluoride. The sodium fluoride disposes of this by-product by the
reaction NaF + HF — NaHF,. An alternative procedure is to
pour the crude product into water and to separate the product
by extraction with pentane.
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3. Methods of Preparation

1,1,1-Trifluoroheptane has been prepared only by the action of
sulfur tetrafluoride on heptanoic acid.?

4. Merits of Preparation

The described procedure is useful for the preparation of a wide
variety of compounds containing trifluoromethyl groups from the
corresponding carboxylic acids.? The yields are generally 60-90%,.
Some representative examples are listed in Table I. In the cases
of the difunctional acids, only 0.1 mole of the compound should
be used in the procedure.

TABLE 1
Product B.P., °C. ng
1,1,1-Trifluorododecane 92 (12 mm.) 1.3896

1,1,1-Trifluorochexadecane 107 (0.3 mm.) 1.4148
1,1,1-Trifluoro-3,5,5-trimethylhexane 121-122 1.3657

(4,4,4-Trifluorobutyl)cyclohexane 172-173 1.3987
1,1,1,10,10,10-Hexzafluorodecane 183-184 1.3519
1,1,1,6,6,6-Hexafluoro-3-hexene 90-91 1.3131
p-Bis(trifluoromethyl)benzene 113-115 1.3767
2,4-Bis(trifluoromethyl)chlorobenzene 147 1.4130
p-Trifluoromethylnitrobenzene (m.p. 41-43°)

Carboxylic anhydrides and esters react with sulfur tetrafluoride
to give the same products as the acids only at elevated tem-
peratures, i.e., 200° to 300°.

1 Contribution No. 572 from the Central Research Department, Experimenta
Station, E. I. du Pont de Nemours and Co., Wilmington, Del.

1C. W. Tullock, F. S. Fawcett, W. C. Smith, and D. D. Coffman, J. An. Chem.
Soc., 82, 539 (1960).

# W. R. Hasek, W. C. Smith, and V. A. Engelhardt, J. Am. Chem. Soc., 82, 543
(1960); W. C. Smith, U. S. pat. 2,859,245 (1958).
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Names in small capital letters refer to the titles of individual preparations. A number in
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prcparations.

Acetic anhydride, acetylation of glu-
conolactone with, 41, 79
acetylation of tetraacetylgluconic acid
with, 41, 80
in dehydration of maleanilic acid, 41,
94
o-Acetoacetochloranilide, reaction with
potassium amide in ammonia to
yield 3-acetyloxindole, 40, 1
ACETOPHENONE, 2-AMINO-, HYDROCHLO-
RIDE, 41, 82
bromination to 3-bromoacetophe-
none, 40, 9
chlorination to 3-chloroacetophenone,
40,9
Acetyl chloride as by-product in oxida-
tion of methyl disulfide by chlo-
rine in acetic acid, 40, 63

. 3-ACETYLOXINDOLE, 40, I

Acid chlorides, from acids and chloro-
vinylamines, 41, 23
from cyanoacetic acid, 41, §
from pentaacetylgluconic acid, 41, 80
Addition, allyllithium to 4-methyl-2-
pentanone, 41, 30
allylmagnesium bromide to acrolein,
41, 49
dichlorocarbene to dihydropyran, 41,
76
Alkylation, sodium sodiophenylacetate
in, 40, 38, 40
Alkyl chlorides from alcohols and chlo-
rovinylamines, 41, 23

Allyl bromide, in preparation of allyl-
magnesium bromide, 41, 49
in preparation of allyltriphenyltin, 41
31
Allyllithium, 41, 3¢
from allyltin derivatives, 41, 32
reaction with 4-methyl-2-pentanone,
41, 30
Allylmagnesium bromide, 41, 49
reaction with acrolein, 41, 49
Allyltriphenyltin, 41, 31
reaction with phenyllithium, 41, 30
Aluminum chloride, as catalyst for nu-
clear bromination and chlorina-
tion of aromatic aldehydes and
ketones, 40, 9
as Friedel-Crafts catalyst, 41, 1
Amidation, of aniline with maleic an-
hydride, 41, 93
of o-toluidine with formic acid, 41, 102
p-Aminoacetanilide, oxidation to 4,4'-
diaminoazobenzene, 40, 18
2-Aminocyclohexanone, hydrochloride
of, 41, 87
2-Aminocyclopentanone, hydrochloride
of, 41, 87
2-Amino-4,4-dimethyl-1-tetralone, hy-
drochloride of, 41, 87
2-AMINOFLUORENE, 40, §
3-Amino-2-heptanone, hydrochloride of,
41, 87
a-Aminoketones, preparation of, 41, 87
2-Amino-2-phenylacetophenone, 41, 87

107
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2-Amino-1-tetralone, hydrochloride of,
41, 87
a-Aminovalerophenone, hydrochloride
of, 41, 87
Ammonium acetate as catalyst for con-
densation of furfural with cyano-
acetic acid, 40, 47
Aniline, reaction with hexachloroace-
tone to form a,a,a-trichloro-
acetanilide, 40, 103
reaction with maleic anhydride, 41, 94
Anisoin, reduction to deoxyanisoin by
tin and hydrochloric acid, 40, 16
Apparatus, for Kolbe electrolysis, 41,
25, 33-34, 35-36
for reactions in liquid ammonia, 40, 1
for solvent stripping, 40, 8¢
Aromatic aldehydes, nuclear bromina-
tion and chlorination of, 40, 9
Aromatic amines, reaction with hexa-
chloroacetone to form a,a,a-tri-
chloroacetanilides, 40, 104

Benzaldehyde, condensation with tri-
phenylcinnamylphosphonium
chloride to form 1,4-diphenyl-
1,3-butadiene, 40, 36

Benzhydryl chloride, alkylation of
sodium sodiophenylacetate with,
40, 39

Benzil, 4,4"-bis(diethylamino)-, 41, 3

BENzIL, 4,4’-BIS(DIMETHYLAMINO)-, 41, 1

Benzil, 4,4'-bis(di-n-propylamino)-, 14, 3

Benzy! isocyanide, 41, 14

BicycLof4.1.0]HEPTANE, 41, 72

BipHENYL, 2,2'-DIFORMYL-, 41, 41

2-BIPHENYLCARBOXYLIC ACID, 2'-
FORMYL-, 41, 46

methyl ester of, 41, 47

4,4'-Bis(diethylamino)benzil, 41, 3

4,4’-B1S(DIMETHVLAMINO)BENZIL, 41, 1

Bis(dimethylamino)methane, reaction
with ferrocene to yield dimethyl-
aminomethylferrocene, 40, 31

4 4'-Bis(di-n-propylamino)benzil, 41, 3

Bis-(N-methyl-N-nitroso)terephthal-
amide, preparation of diazometh-
ane from, 41, 16

1,4-Bis-(4-phenylbutadienyl)benzene,
preparationasintermediateinsyn-
thesis of p-quinquephenyl, 40, 86

p-Bis(trifluoromethyl)benzene, 41, 106
2,4-Bis(trifluoromethyl)chlorobenzene,
41, 106
Bromination, nuclear, aluminum chlo-
ride as catalyst for, 40, 7
Bromine, reaction with furan in meth-
anol to yield 2,5-dimethoxy-2,5-
dihydrofuran, 40, 29
3-BROMOACETOPHENONE, 40, 7
o0-Bromoaniline, diazotization and con-
version to o-bromoiodobenzene,
40, 105
in formation of triphenylene via
benzyne, 40, 106
3-Bromobenzaldehyde from aluminum
chloride catalyzed bromination
of benzaldehyde, 40, 9
Bromobenzene, conversion to Grignard
reagent, 41, 91
3-Bromo-4-fert-butylacetophenone from
aluminum chloride catalyzed bro-
mination of 4-tert-butylacetophe-
none, 40, 9
1-Bromo-2,5-hexadiene, 41, 51
3-Bromo-1,5-hexadiene, 41, 51
Bromohexadicne (mixture), 41, 50
dehydrobromination to 1,3,5-hexa-
triene, 41, 50
isomer mixture of, 41, 51
o-Bromoiodobenzene, reaction with lith-
ium to form triphenylene, 40,
106
3-Bromo-4-methylacetophenone from
aluminum chloride catalyzed bro-
mination of 4-methylacetophe-
none, 40, 9
#-Bromophenacylamine, hydrochloride
of, 41, 87
3-Bromopropiophenone from aluminum
chloride catalyzed bromination
of propiophenone, 40, 9
3-Bromo-4-tolualdehyde from alumi-
num chloride catalyzed bromina-
tion of p-tolualdehyde, 40, 9
sec-Butyl acrylate, 41, 62
sec-Butyl alcohol, esterification of cro-
tonic acid with, 41, 60
esters with ,8-unsaturated acids, 41,
62
tert-Butyl alcohol, drying with CaHy, 41,
7
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tert-Butyl alcohol, oxidation to a,e,0,a’-
tetramethyltetramethylene glycol
by hydrogen peroxide and ferrous
sulfate, 40, 90
reaction with cyanoacetyl chloride,
1,6
reaction with potassium, 41, 101
n-Butyl bromide, preparation of #-buty!
Grignard reagent from, 41, 61
sec-Butyl cinnamate, 41, 62
sec-Butyl crotonate, 41, 60
reaction with n-butyl Grignard re-
agent, 41, 61
tert-BUTYL CYANOACETATE, 41, 5
synthetic uses of, 41, 8
sec-Butyl B,p-dimethylacrylate, 41, 62
tert-Butyl hypochlorite, N-chlorination
of amines with, 71, 82
n-Butyl isocyanide, 41, 14
tert-Butyl isocyanide, 41, 14
n-Butyllithium in preparation of
methylenecyclohexane, 40, 66
n-Butylmagnesium bromide, 41, 61
reaction with sec-butyl crotonate, 41,
61
sec-Butyl methacrylate, 41, 62
sec-Butyl 3-methylheptanoate, 41, 61
hydrolysis of, 41, 62
tert-Butyl perbenzoate, reaction with
phenylmagnesium bromide, 41,
91
sec-Butyl tiglate, 41, 62
2,3-dimethytheptanoic acid from, 41,
63

Cadmium chloride as catalyst in con-
version of dipotassium 1,8-naph-
thalenedicarboxylate to 2,6-naph-
thalenedicarboxylic acid, 40, 72

Calcium hydride, for drying of tert-
butyl alcohol, 41, 7

Carbon disulfide as solvent for Friedel-
Crafts reaction, 41, 1

Carboxylic acids, conversion to 1,1,1-
trifftuoro compounds, 41, 104, 106

Chlorination, nuclear, aluminum chlo-
ride as catalyst for, 40,9

of pyruvicacid by sulfuryl chloride, 40,
54

on nitrogen of amines, 41, 82

with fert-butyl hypochlorite, 41, 82

Chlorine in oxidation of methyl disulfide
to methanesulfinyl chloride, 40,
62
3-Chloroacetophenone from aluminum
chloride catalyzed chlorination
of acetophenone, 40, 10
3-Chlorobenzaldehyde from aluminum
chloride catalyzed chlorination
of benzaldehyde, 40, 10
2-Chloro-6-methylphenyl isocyanide,
41, 103
p-Chlorophenacylamine, hydrochloride
of, 41, 87
o-Chlorophenyl isocyanide, 41, 103
p-Chlorophenyl isocyanide, 41, 103
Chloropyruvic acid, 40, 54
Chlorotrifluoroethylene, reaction with
aqueous sodium cyanide to form
3-chloro-2,2,3-trifluoropropionic
acid, 40, 11
3-Chloro-2,2,3-triflucropropionamide as
by-product in synthesis of 3-
chloro-2,2,3-trifluoropropionic
acid, 40, 12
3-CHLORO-2,2,3-TRIFLUOROPROPIONIC
ACID, 40, 11
CHOLESTANE, 38-METHOXY-, 41, 9
Cholestanol, etherification of, 41,9
CHOLESTANYL METHYL ETHER, 41, 9
Cinnamaldehyde, reaction with Wittig
reagent, 40, 86
Condensation, of cyclohexanone and
morpholine, 41, 65
of cyclohexene with methylene iodide,
4,72
of cyclohexylamine with ethyl for-
mate, 41, 14
of dlethylamine with trichloroacetyl
chloride, 41, 21
of dihydropyran and ethyl trichloro-
acetate, 41, 76
of formaldehyde and nitromethane,
41, 67
of malonitrile with tetracyanoethyl-
ene, 41, 99
of 2-methyl-1,3-cyclohexanedione
with methyl vinyl ketone, 41, 38
of oxalyl chloride, with di-n-alkyl-
anilines, 41, 3
with dimethylaniline, 41, 1
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Coupling of p-aminoacetanilide to, 4,4’
bis(acetamido)azobenzene using
sodium perborate and boric acid,
40, 19

Crotonic acid, esterification with sec-
buty! alcohol, 41, 60

Crystal Violet, from condensation of
oxalyl chloride with dimethyl-
aniline, 41, 2-4

oxidation with hydrogen peroxide,
41, 2,34

Cuprous chloride, as catalyst for 1,4
addition of Grignard reagents to
a,8-unsaturated esters, 41, 63

CYANOACETIC ACID, fer-BUTYL ESTER,
41, 5

Cyanoacetic acid, condensation with
furfural to yield 3-(2-furyl)acry-
lonitrile, 40, 46

with phosphorus pentachloride, 41, 5

Cyanoacetyl chloride, 41, §

Cyclization, of o-acetoacetochloroanilide
to 3-acetyloxindole, 40, 1

polyphosphoric acid in, 40, 43

1,3-CYCLOHEXANEDIONE, 2-METHYL-, 41,
56

Cyclohexanone, condensation with mor-
pholine, 41, 65

in preparation of methylene cyclo-
hexane, 40, 66
Cyclohesene, purification of, 41, 74
reaction with zinc-copper couple and
methylene iodide, 41, 73

2-CYCLOHEXENONE, 40, 14

Cyclohexylamine, reaction with ethyl
formate, 41, 14

N-Cyclohexylformamide, 41, 14

dehydration with phosphorus oxy-
chloride, 41, 13

CYCLOHEXYL ISOCYANIDE, 41, 13

Cyclopentadiene, conversion to sodium
salt, 41, 96

preparation from dimer, 41, 97

Dehydration, of formamides with phos-
phorus oxychloride to isocy-
anides, 41, 13, 101

DEOXYANISOIN, 40, 16

Deoxybenzoin, 40, 17

Deoxypiperoin, 40, 17

Desylamine, 41, 87

N,N-Dialkyl-1,2,2-trichlorovinyl-
amines, preparation of, 41, 23
Diallyldiphenyltin, allyllithium from,
41,32
4,4'-DIAMINOAZOBENZENE, 40, 18
DIAZOMETHANE, 41, 10, 16
analysis of solutions of, 41, 11
etherification of cholestanol with, 41,
9
explosion hazard in use of, 41, 17-18
precautions in use of, 41, 17-18
3,4-Dibromoacetophenone from alumi-
num chloride catalyzed bromina-
tion of p-bromoacetophenone,
40, 9
3,5-Dibromo-4-methylacetophenone
from aluminum chloride cata-
lyzed bromination of 4-methyl-
acetophenone, 40, 9
Di-sec-butyl a-(2-hexyl)-g-methylgluta-
rate, 41, 63
Dichloramine B, in N-chlorination of
amines, 41, 84
m-Dichlorobenzene, nitration to yield
1,3-dinitro-4,6-dichlorobenzene,
40, 96
N,N-Dichlorobenzenesulfonamide,  in
N-chlorination of amines, 41, 84
Dichlorocarbene, addition to dihydropy-
ran, 41, 76
generation of, 41, 76, 78
7,7—DICHLORO-2-OXABICYCLO[4.1.0]HEP-
TANE, 41, 76
N,N-Dichloro-a-phenylethylamine, 41,
82
conversion to phenacylamine hydro-
chloride, 41, 83
Dicyclopentadiene, drying of, 41,97
DIETHYL ACETAMIDOMALONATE, 40, 21
Diethyl acetylenedicarboxylate as di-
eneophile, 40, 86, 87
Diethylamine, condensation with tri-
chloroacetyl chloride, 41, 21
Diethyl aminomalonate, from reduction
of diethyl isonitrosomalonate, 40,
24
reaction with hydrogen chloride to
form diethyl aminomalonate hy-
drochloride, 40, 25
DIETEYL AMINOMALONATE HYDROCHLO-
RIDE, 40, 24
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p-Diethylaminophenyl isocyanide, 41,
103
N,N-Diethylaniline, condensation with
oxalyl chloride, 41, 3
DIETHYL BIS(HYDROXYMETHYL)MALO-
NATE, 40, 27
Diethylene glycol monoethyl ether in
preparation of diazomethane, 41,
16
Diethyl isonitrosomalonate, danger of
explosion on attempted distilla-
tion, 40, 25
formation from diethyl malonate, 40,
21
reduction to diethyl acetamido-
malonate, 40, 22
Diethyl malonate, conversion to diethyl
isonitrosomalonate, 40, 21
reaction with formaldehyde to form
diethyl bis(hydrozymethyl)malo-
nate, 40, 27
N,N-Diethyl-N’-phenyl-2,2-dichloro-
acetamidine, 41, 23
Diethyl succinate, reaction with 3-hy-
droxycinchoninic acid to yield 3-
hydroxyquinoline, 40, 56
N,N-Diethyl-2,2,2-trichloroacctamide,
41, 21
reduction with tri-n-butylphosphine,
41, 22
N,N-Dieray1-1,2,2-TRICHLOROVINYL-
AMINE, 41, 21
reaction with acids and alcohols, 41,
23
reaction with aniline, 41, 23
Dihydrocholesterol, etherification of, 41,
9
Dihydropyran, purification of, 41, 77
reaction with dichlorocarbene, 41, 76
Dihydroresorcinol, 41, 56
methylation of, 41, 56
reaction with ethanol to yield 3-
ethoxy-2-cyclohexenone, 40, 41
Diisobutylene, oxidation to neopentyl
alcohol by hydrogen peroxide,
40,76
3,8-DiMETHOXY-4,5,6,7-DIBENZO-1,2-
DIOXACYCLOOCTANE, 41, 46
conversion to diphenaldehydic acid,
41, 46
conversion to diphenic acid, 41, 47

3,8-DMETHOXY-4,5,6,7-DIBENZO-1,2-DI-
OXACYCLOOCTANE, conversion to
methyl ester of diphenaldehydic
acid, 41, 47
2,5-DIMETHOXY-2,5-DIEYDROFURAN, 40,
29
1,2-Dimethozyethane, as solvent for
preparation of sodium cyclo-
pentadienide, 41, 96
purification of, 41, 97
N,N-DIMETHYLAMINOMETHYLFERRO-
CENE METHIODIDE, 40, 31
in preparation of hydroxymethylfer-
rocene, 40, 52
reaction with potassium cyanide to
yield ferrocenylacetonitrile, 40, 45
N,N-Dimethylaniline, condensation
with oxyalyl chloride, 41,1
in reaction of cyanoacetyl chloride
and tert-butyl alcohol, 41, 6
Dimethylbenzylamine, dehydrobromi-
nation of bromohexadienes with,
41, 50
2,7-DIMETHYL-2,7-DINITROOCTANE, 41,
24
Dimethylformamide as solvent for reac-
tions of triphenylphosphine, 40,
85
2,3-Dimethylheptanoic acid, 41, 63
4,6-DIMETHYL-1-HEPTEN-4-0L, 41, 30
2,5-Dimethyl-3-hexyne-2,5-diol, conver-
sion to 2,2,5,5-tetramethyltetra-
hydro-3-ketofuran, 40, 88
DIMETHYL OCTADECANEDIOATE, 41,33
2,6-Dimethylphenyl isocyanide, 41, 103
N,N-Dimethyl-1,2,2-trichlorovinyl-
amines, 41, 23
2,4-Dinitrochlorobenzene, reaction with
,sodium iodide to yield 2,4-di-
nitroiodobenzene, 40, 34
1,3-Dinitro-4,6-diaminobenzene, reduc-
tion by means of sodium poly-
sulfide to 2,4,5-triaminonitroben-
zene, 40, 97
1,3-Dinitro-4,6-dichlorobenzene, ~from
pitration of m-dichlorobenzene,
40, 96
reaction with ammonia to yield 1,3-
dinitro-4,6-diaminobenzene, 40,
97
2,4-DINITROIODOBENZENE, 40, 34
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1,6-Dioxo-8a-METHYL-1,2,3,4,6,7.8,8a-
OCTAHYDRONAPHTHALENE, 41, 38

DIPHENALDEHYDE, 41, 41

DIPHENALDEHYDIC ACID, 41, 46

methyl ester of, 41, 47

Diphenic acid, 41, 47

1,4-D1pHENYL-1,3-BUTADIENE, 40, 36

Diphenyl ether as codistillate for nitro-
ethanol, 41, 68

a,B-DIPHENYLPROPIONIC ACID, 40, 38

Dipotassium 1,8-naphthalene dicarbox-
ylate, conversion to 2,6-naphtha-
lene dicarboxylic acid, 40, 71

N,N-Di-n-propylaniline, condensation
with oxyalyl chloride, 41, 3

Electrolysis, Kolbe synthesis, of 2,7-
dimethyl-2,7-dinitrodctane, 41,
24
of dimethyl octadecanedioate, 41,
33
two-compartment cell for, 41, 25, 29
Elimination of hydrogen bromide from
bromohexadienes with dimethyl-
benzylamine, 41, 50
Eneamines, preparation of, 41, 65
uses of, 41, 66
Esterification, of cyanoacetic acid, 41, 5
of gluconolactone, 41, 79
of tetraacetylgluconic acid, 41, 80
of a-B-unsaturated acids, 41, 62
preparation of sec-butyl crotonate by,
41, 60
EtnaNoL, 2-N1TRO-, 41, 67
conversion to nitroethylene, 41, 71
ETHER, ferf-BUTYL PHENYL, 41, 91
Etherification of cholestanol, 41, 9
with diazomethane, 41, 9
3-ETHOXY-2-CYCLOHEXENONE, 40, 41
reduction to 2-cyclohexenone, 40, 14
2-(2-Ethoxycthoxy)ethanol in prepara-
tion of diazomethane, 41, 16
Ethyl a-acetyl-8-(2,3-dimethoxy-
phenyl) propionate, cyclization
to ethyl 6,7-dimethoxy-3-methyl-
indene-2-carboxylate by phos-
phoric acid, 40, 43
Ethyl carbamate, reaction with hydrox-
ylamine to form hydroxyurea,
40, 60

Ethyl crotonate, preparation of 3-
methylheptanoic acid from, 41,
63

ETHYL 6,7-DIMETHOXY-3-METHYLIN-
DENE-2-CARBOXYLATE, 40, 43

Ethyl formate, reaction with cyclo-
hexylamine, 41, 14

Ethyl isocyanide, 41, 15

Ethyl trichloroacetate for generation of
dichlorocarbene, 41, 76

Ferrocene, reaction with bis(dimethyl-
amino)methane to yield di-
methylaminomethylferrocene,
40, 31

FERROCENYLACETONITRILE, 40, 45

Ferrous sulfate, oxidation ferf-butyl alco-
bol to a,x,a o -tetramethyl tetra-
methylene glycol by hydrogen
peroxide and, 40, 90

Fluoboric acid as catalyst for diazo-
methane etherifications, 41, 9, 10

Formaldehyde, reaction with diethyl
malonate to form diethyl bis-
(hydroxymethyl)malonate, 40,
27

Formic acid, and hydrogen perozide,
with indene, 41, 53

in conversion of thiosemicarbazide to
1-formyl-3-thioscmicarbazide, 40,
99

in preparation of o-tolylformamide,
41,102

1-Formyl-3-thiosemicarbazide, conver-

sion to 1,2,4-triazole-3(5)-thiol,
40, 100

from formic acid and thiosemicarba-
zide, 40, 99

Furan, reaction with bromine and meth-
anol to yield 2,5-dimethoxy-2,5-
dihydrofuran, 40, 29

Furfural in preparation of 3-(2-furyl)-
acrylonitrile, 40, 47

3-(2-FURYL)ACRYLONITRILE, 40, 46

GLUCONIC ACID, PENTAACETYL-, D-, 41,
79

D-Glucono-8-lactone, acetylation of, 41,
80

GLUCONYL CHLORIDE, PENTAACETYL-, D-,
41,79
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Grignard reaction, addition of allyl-
magnesium bromide to acrolein,
41, 49

1,4-addition of Grignard reagents to

sec-butyl esters of o,B-unsatu-
rated acids, 41, 60-64

Grignard reagents, oxidation with feri-
butyl perbenzoate, 41, 91

HepraNg, 1,1,1-TRIFLUORO, 41, 104
HEPTANOIC ACID, 3-METHYL-, 41, 60
Heptanoic acid, reaction with sulfur
tetrafluoride, 41, 104
1-HEPTEN-4-0L, 4,6-DIMETHYL-, 41, 30
Hexachloroacetone, reaction with ani-
line to form ea,e,a-trichloroacet-
anilide, 40, 103
reaction with a variety of amines to
form the corresponding a,c,a-tri-
chloroacetamides, 40, 104
1,5-Hexadien-3-01, 41, 49
conversion to bromide, 41, 50
1,1,1,10,10,10-Hexafluorodecane, 41, 106
1,1,1,6,6,6-Hexafluoro-3-hexene, 41, 106
1,3,5-HEXATRIENE, 41, 49
cis-trans isomers of, 41, 52
Hydrazine hydrate, in preparation of
sulfonylhydrazides, 40, 93, 95
in reduction of 2-nitrofluorene to 2-
aminofluorene, 40, 5
Hydriodic acid in reduction of m-nitro-
benzenesulfonyl chloride to m-
nitrophenyl disulfide, 40, 80
Hydrogenation, of diethylisonitroso-
malonate to diethyl aminomalo-
nate over palladium-on-charcoal,
40, 24
of resorcinol to dihydroresorcinol, 41,
56
Ilydrogen peroxide, and formic acid,
with indene, 41, 53
in oxidation of fers-butyl alcohol to
a,o,0 o-tetramethyltetra-
methylene glycol, 90
in oxidation of fert-butylamine to
a,ona’ o -tetramethyltetra-
methylenediamine, 40, 92
in oxidation of Crystal Violet with,
41,2,34
in oxidation of pivalic acid to a,a,a,-
o'-tetramethyladipic acid, 40, 92

Hydrogen peroxide, in oxidation of piva-
lonitrile to a,a,¢’,0’-tetrameth-
yladiponitrile, 40, 92

oxidation of diisobutylene to neo-
pentyl alcohol by, 40, 76
3-Hydroxycinchoninic acid, 40, 55
reaction with diethyl succinate to
yield 3-hydroxyquinoline, 40, 56

2-HYDROXYISOPHTHALIC ACID, 40, 48

Hydroxylamine hydrochloride, reaction
with ethyl carbamate to form hy-
droxyurea, 40, 60

Hydroxylation of indene, 41, 53

2-Hydroxy-3-methylbenzoic acid, oxi-
dation to 2-hydroxyisophthalic
acid by lead dioxide, 40, 48

HyYDROXYMETHYLFERROCENE, 40, 52

3-HYDROXYQUINOLINE, 40, 54

HYDROXYUREA, 40, 60

1,2-Indanediol monoformate, 41, 53
conversion to 2-indanone, 41, 54

2-INDANONE, 41, §3

Indene, hydroxylation of, 41, 53

Indole, methylation to 1-methylindole,
40, 68

Isatin, reaction with chloropyruvic acid
to yield 3-hydroxycinchoninic
acid, 40, 55

Isocyanides, synthesis from formamides,
41, 13, 103

Isopropyl isocyanide, 41, 14

Kolbe electrolysis, see Electrolysis

Lead dioxid€ as oxidizing agent for con-
version of 2-hydroxy-3-methyl-
benzoic acid to 2-hydroxyiso-
phthalic acid, 40, 48

Lithium aluminium hydride, in purifica-
tion of 1,2-dimethoxyethane, 41,
97

in purification of tetrahydrofuran, 41,
31

in reduction of 3-ethoxy-2-cyclohexe-
none to 2-cyclohexenone, 40, 14

Lithium ethoxide in condensation of
benzaldehyde with triphenylcin-
namylphosphonium chloride to
form 1,4-diphenyl-1,3-butadiene,
40, 36
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Lithium in formation of triphenylene
from o-bromoiodobenzene, 40,
106

Magnesium for drying methanol, 41, 85
Maleanilic acid, 41, 93
conversion to N-phenylmaleimide, 41,
93
Maleic anhydride, reaction with aniline,
41,93
MALEIMIDE, N-PHENYL-, 41, 93
Malonitrile, condensation with tetra-
cyanoethylene, 41, 99
Mercuric oxide in preparation of cata-
lyst for conversion of 2,5-di-
methyl-3-hexyne-2,5-diol t02,2,5,-
S-tetramethyltetrahydro-3-keto-
furan, 40, 88
Mesityl isocyanide, 41, 103
METHANE, DIAZO-, 41, I6; see also
DIAZOMETHANE
METHANESULFINYL CHLORIDE, 40, 62
Methanol, as solvent for ozonolysis, 41,
41, 46
purification of, 41, 85
p-Methoxyphenacylamine, hydrochlo-
ride of, 41, 87
p-Methoxyphenyl isocyanide, 41, 103
Methy] crotonate, reaction with z#-butyl
Grignard reagent and cuprous
chloride, 41, 63
2-METHYL-1,3-CYCLOHEXANEDIONE, 41,
56
condensation with methyl vinyl ke-
tone, 41, 38
Methyl or,y-di-(2-hexyl)-acetoacetate,
41, 63
Methyl disulfide, oxidation to methane-
sulfinyl chloride by chlorine, 40,
62
Methylene chloride as solvent for di-
azomethane etherifications, 41, 9
METHYLENECYCLOHEXANE, 40, 66
Methylene iodide, reaction with zinc-
copper couple and cyclohexene,
41,73
Methylenetriphenylphosphine, 40, 66
in preparation of methylenecyclo-
hexane, 40, 66
Methyl 2’-formyl-2-diphenylcarboxyl-
ate, 41, 47

3-METHYLHEPTANOIC ACID, 41, 60
Methyl hydrogen sebecate, 41, 34
Kolbe electrolysis of, 41, 33

1-METHYLINDOLE, 40, 68

Methyl iodide, methylation of dihy-
droresorcinol with, 41, 57

Methyl isocyanide, 41, 15

Methyl 4-methyl4-nitrovalerate, hy-
drolysis to acid, 41, 24

N-Methyl-N-nitrosoterephthalamide,
preparation of diazomethane
from, 41, 16

4-Methyl-4-nitrovaleric acid, 41, 24

2-Methyl-2-(3'-oxobutyl)-1,3-cyclo-
hexanedione, 41, 39

4-Mecthyl-2-pentanone, reaction with
allyllithium, 41, 30

p-Methylphenacylamine, hydrochloride
of, 41, 87

Methyl viny! ketone, condensation with
2-methyl-1,3-cyclohexanedione,
41, 38

Morpholine, condensation with cyclo-
hexzanone, 41, 65

MORPHOLINE, 4-(1-CYCLOHEXENYL)-,
41, 65

1-MORPHOLINO-1-CYCLOHEXENE, 41, 65

2,6-NAPETHALENEDICARBOXYLIC ACID,
40, 71

1,6-NAPHTHALENEDIONE, 1,2,3,4,6,7,8,-
8a-OCTAHYDRO-8a-METHYL~, 41,
38

1,8-Naphthalic anhydride, reaction with
potassium hydroxide to yield 2,6-
naphthalenedicarboxylic acid, 40,
n

2-Naphthyl isocyanide, 41, 103

N-a-Naphthylpiperidine, 40, 75 .

N-B-NAPHTHYLPIPERIDINE, 40, 74

NEOPENTYL ALCOHOL, 40, 76

Nickel catalyst for hydrogenation of
resorcinol, 41, 56, 57

m-Nitrobenzenesulfonyl chloride, reduc-
tion to m-nitrophenyl disulfide
by hydriodic acid, 40, 80

2-NITROETHANOL, 41, 67

conversion to nitroethylene, 41, 71

Nitroethylene, 41, 71

2-Nitrofluorene, reduction fo 2-amino-
fluorene, 40, 5
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Nitrogen, purification of, 41, 97

Nitromethane in condensation with
formaldehyde, 41, 67

p-Nitrophenacylamine, hydrochloride
of, 41, 87

m-NITROPHENYL DISULFIDE, 40, 80

p-Nitrophenyl isocyanide, 41, 103

N-Nitroso-N-methyl-N’-nitroguanidine,
diazomethane from, 41, 10

Nitrous acid in oxidation of 1,2,4-tri-
azole-3(5)-thiol to 1,2,4-triazole,
40, 100

NORCARANE, 41, 72

OCTADECANEDIOIC ACID, DIMETHYL
ESTER, 41, 33
OcraNE, 2,7-DIMETHYL-2,7-DINITRO-, 41,
24
2-OxA-7,7-DICHLORONORCARANE, 41, 76
Oxalyl chloride, condensation, with
N,N-diethylaniline, 41, 3
with N,N-dimethylaniline, 41, 1
with N,N-di-z-propylaniline, 41,
3
Oxidation, of p-aminoacetanilide to 4,-
4’-diaminoazobenzene by sodium
perborate, 40, 18
of tert-butyl alcohol to a,a,0’,a’-tetra-
methyltetramethylene glycol by
hydrogen peroxide and ferrous
sulfate, 40, 90
of tert-butylamine to a,a,o’,a’-tetra-
methyltetramethylenediamine by
hydrogen peroxide and ferrous
sulfate, 40, 92
of Crystal Violet with hydrogen per-
oxide, 41, 2, 34
of diisobutylene to neopentyl alcohol
by hydrogen peroxide, 40, 76
of Grignard reagents with peresters,
41,91
of 2-hydroxy-3-methyllbenzoic acid
to 2-hydroxyisophthalic acid by
lead dioxide, 40, 48
of indene, 41, 53
of methyl disulfide to methanesulfiny!
chloride by chlorine, 40, 62
of pivalic acid to a,a,a/,a'-tetrameth-
yladipic acid by hydrogen per-
oxide and ferrous sulfate, 40, 92

Oxidation, of pivalonitrile toa,a,a’,a’-tet-
ramethyladiponitrile by hydrogen
peroxide and ferrous sulfate, 40,92

of 1,2,4-triazole-3(5)-thiol to 1,2,4-
triazole by nitric acid, 40, 100

Oxidative decarboxylation, potassium
ferricyanide in, 40, 86

Ozone, reaction with phenanthrene, 41,
41, 46

Ozonolysis, methanol as solvent for, 41,
41, 46

of phenanthrene, 41, 41, 46

Palladized charcoal in reduction of 2-ni-
trofluorene to 2-aminofluorene,
40, 5
Paraformaldehyde, condensation with
nitromethane, 41, 67
2,3,4,5,6-PENTA-O-ACETYL-D-GLUCONIC
ACID, 41, 79
conversion to acid chloride, 41, 80
2,34,5,6-PENTA-O-ACETYL-D-GLUCONYL
CHLORIDE, 41, 79
Pentacyanopropene, acid strength of,
41, 100
preparation of, 41, 100
Performic acid, reaction with indene, 41,
53
Peroxides, test for, 41, 92
PHENACYLAMINE HYDROCHLORIDE, 41, 82
Phenanthrene, ozonization of, 41, 41, 46
Phenylacetic acid, alkylation of diso-
dium salt of, 40, 39
L-Phenylalanine, reaction with phthalic
anhydrid# to yield N-phthalyl-L-
phenylalanine, 40, 82
PHENYL ferl-BUTYL ETHER, 41, 91
a-Phenylethylamine, N-chlorination of,
41, 82
conversion to phenacylamine hydro-
chloride, 41, 82
a-Phenylethyl chloride, alkylation of so-
dium sodiophenylacetate with,
40, 40
Phenyl isocyanide, 41, 103
Phenyllithium, reaction with allyltri-
phenyltin, 41, 30
stundardization of, 41, 32
Phenylmagnesium bromide, 41, 91
reaction with feri-butyl perbenzoate,
41,91
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N-PHENYLMALEIMIDE, 41, 93
p-Phenylphenacylamine, hydrochloride
of, 41, 87
N-Phenylpiperidine from sodium ben-
zenesulfonate and piperidine, 40,
75
Phosphorus oxychloride, dehydration of
formamides with, 41, 13, 101
removal from reaction of cyanoacetic
acid and phosphorus pentachlo-
ride, 41,5, 7
Phosphorus pentachloride, for conver-
sion of pentaacetylgluconic acid
to acid chloride, 41, 80
with cyanoacetic acid, 41, 5
Phosphorus  tribromide, reaction with
1,5-hexadien-3-ol, 41, 50
Phthalic anhydride, reaction with
L-phenylalanine to yield N-
phthalyl-r-phenylalanine, 40, 82
N-Phthalyl-L-alanine, 40, 84
N-Phthalyl-g-alanine, 40, 84
N-Phthalyglycine, 40, 84
N-PHTHALYL-L-B-PHENYLALANINE, 40,
82
Pinacol rearrangement of 1,2-indane-
diol, 41, 53
Piperidine as catalyst for Claisen-
Schmidt condensation, 41, 40
Pivalic acid, oxidative coupling to a,a,-
o' ja'-tetramethyladipic acid, 40,
92
Pivalonitrile, oxidative coupling to e,a,-
o ,o’-tetramethyladiponitrile, 40,
92
Polyphosphoric acid in cyclization of
ethyl a-acetyl-8-(2,3-dimethoxy-
phenyl)propionate to 6,7-dimeth-
oxy-3-methylindene-2-carboxyl-
ate, 40, 43
Potassium amide in conversion of
o-acetoacetochloroanilide to
3-acetyloxindole, 40, 1
Potassium bicarbonate as catalyst for
reaction of formaldehyde with
diethyl malonate to form diethyl
bis(hydroxymethyl)malonate,
40, 27
Potassium feri-butoxide, 41, 101
in dehydration of formamides to iso-
cyanides, 41, 101

Potassium cyanide, reaction with N,N-
dimethylaminomethyl ferrocene
methiodide to yield ferrocenyl-
acetonitrile, 40, 45

Potassium ferricyanide in oxidative de-
carboxylation, 40, 86

Potassium hydroxide in conversion of
1,8-naphthalic anhydride to 2,6-
naphthalenedicarbozylic acid, 40,
n

1-PropENE-1,1,2,3,3-PENTACARBONI-
TRILE, TETRAMETHYLAMMONIUM
SALT, 41, 99

Pyridine, as base in dehydration of
formamides with phosphorus
oxychloride, 41, 13

as catalyst, for condensation of
malonitrile and tetracyanceth-
ylene, 41, 99
for reaction of furfural with cyano-
acctic acid, 40, 47

Pyrrolidine as catalyst for Claisen-
Schmidt condensation, 41, 39

Pyruvic acid, chlorination to chloro-
pyruvic acid by means of sulfuryl
chloride, 40, 54

$-QUINQUEPHENYL, 40, 85

Rearrangement, pinacol, of 1,2-in-
danediol, 41, 53
Reduction, see also Hydrogenation
electrolytic, see Electrolysis
of anisoin to deoxyanisoin by tin and
hydrochloric acid, 40, 16
of arylsulfonyl chlorides to aryl di-
sulfides by hydriodic acid, 40,
81 .
of diethyl isonitrosomalonate, to di-
ethyl acctamidomalonate by zinc
dust and acetic acid, 40, 22
to diethyl aminomalonate by hy-
drogen over palladium-on-char-
coal, 40, 24
of N,N,-diethyl-2,2,2-trichloroacet-
amide with tri-z-butylphosphine,
41, 22
of 1,3-dinitro-4,6-diaminobenzene to
2,4,5-triaminonitrobenzene by
sodium polysulfide, 40, 97
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Reduction, of 3-ethoxy-2-cyclohexenone
to 2-cyclohexenone by lithium
aluminum hydride, 40, 14

of m-nitrobenzenesulfonyl chloride to
m-nitrophenyldisulide by hy-
driodic acid, 40, 80

of 2-nitrofluorene to 2-aminofluorene
by hydrazine hydrate over palla-
dium-on-charcoal, 40, 5

of peroxide with sodium iodide, 41,
41

Replacement of aromatic chlorine
atoms, by amino groups using
ammonia, 40, 97

by iodine atoms using sodium iodide,
40, 34

Resorcinol, hydrogenation of, 41, 56

Ruthenium, conversion to trichloride,
41,97

RUTHENIUM, DICYCLOPENTADIENYL-, 41,
96

Ruthenium trichloride, in preparation
of ruthenocene, 41, 96

preparation of, 41, 97

RUTHENOCENE, 41, 96

Sodium amide, for formation of sodium
sodiophenylacctate, 40, 38
for methylation of indole, 40, 68
for reaction of sodium benzenesulfon-
ate with piperidine, 40, 75
for reaction of sodium - and g-naph-
thalenesulfonates with piperi-
dine, 40, 74 i
Sodium benzenesulfonate, reaction with
piperidine to form N-phenylpi-
peridine, 40, 75
Sodium cyanide, reaction with chloro-
trifluoroethylene to form 3-
chloro-2,2,3-trifluoropropionic
acid, 40, 11
Sodium cyclopentadienide, 41, 96
Sodium iodide, in conversion of 2,4-di-
nitrochlorobenzene to 2,4-dinitro-
iodobenzene, 40, 34
reduction of peroxide with, 41, 41
Sodium methoxide, 41, 85
for generation of dichlorocarbene, 41,
76
in Kolbe electrolysis, 41, 33

Sodium methoxide, reaction with N,N-
dichloro-e-phenylethylamine, 41,
83

Sodium a-naphthalenesulfonate, reac-
tion with piperidine to form N-a-
naphthylpiperidine, 40, 75

Sodium g-naphthalenesulfonate, reac-
tion with piperidine to form N-8-
naphthylpiperidine, 40, 74

Sodium nitrite in conversion of diethyl
malonate to diethyl isonitroso-
malonate, 40, 21

Sodium perborate, coupling of p-amino-
acetanilide to 4,4-bis(acetamido)-
azobenzene using, 40, 19

Sodium polysulfide as agent to reduce
1,3-dinitro-4,6-diaminobenzene
to 2,4,5-triaminonitrobenzene,
40, 97

Solvent removal, 40, 84

Sulfur tetrafluoride, in conversion of
carboxylic acids to 1,1,1-trifluoro
compounds, 41, 104

toxicity of, 41, 105

Sulfuryl chloride, reaction with pyruvic
acid to yield chloropyruvic acid,
40, 54

2,3,4,6-Tetra-O-acetyl-p-gluconic  acid

monohydrate, 41, 79
acetylation of, 41, 80

Tetraallyltin, allyllithium from, 41, 32

2,3,5,6-Tetrachloro-4-methylacetophe-
none from aluminum chloride
catalyzed chlorination of p-
mcthylacetophenone, 40, 10

Tetracyanoethylene, coirdensation with
malonitrile, 41, 99

Tetrahydrofuran, purification of, 41,
31

0,00’ -Tetramethyladipic acid from
pivalic acid, 40, 92

a0’ 0’ -Tetramethyladiponitrile  from
pivalonitrile, 40, 92

Tetramethylammonium  chloride, as
source of tetramethylammonium
cations, 41, 99

TeTRAMETHYLAMMONIUM 1,1,2,3,3-PEN-
TACYANOPROPENIDE, 41, 99

N,N,N’,N’-Tetramethylmethylenedi-
amine, 40, 32
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2,2,5,5-TETRAMETEYLTETRAHYDRO-3-
KETOFURAN, 40, 88
a,ona’ o -Tetramethyltetramethylenedi-
amine from fert-butylamine, 40, 92
ao,e’ o - TETRAMETHYLTETRAMETHYL~
ENE GLYCOL, 40, 90
Tetraphenyltin from phenyllithium and
allyltriphenyltin, 41, 30
Thiony] fluoride, as by-product in sulfur
tetrafluoride reactions,41, 105
toxicity of, 41, 105
Thiosemicarbazide, in synthesis of
1,2,4-triazole, 40, 99
reaction with formic acid to yield
1-formyl-3-thiosemicarbazidc,
40, 99
Tin in reduction of anisoin to deoxy-
anisoin, 40, 16
p-Toluenesulfonic acid, as catalyst, for
formation of enamines, 41, 65
for reaction of dihydroresorcinol
with ethanol, 40, 41
p-Toluenesulfonyl chloride in prepara-
tion of p-toluenesulfonylhy-
drazide, 40, 93
#-TOLUENESULFONYLEYDRAZIDE, 40, 93
o-Toluidine, conversion to N-o-tolyl-
formamide, 41, 102
N-o-Tolylformamide, 41, 102
dehydration to o-tolyl isocyanide, 41,
102
0-TOLYLISOCYANIDE, 41, 101, 103
Triallylphenyltin, allyllithium from, 41,
32
2,4,5-TRIAMINONITROBENZENE, 40, 96
1,2,4-TRIAZOLE, 40, 99
1,2,4-Triazole-3(5)-thiol from I-formyl-
3-thiosemicarbazide, 40, 100
Tri-n-butylphosphine, reduction of
N,N-diethyl-2,2,2-trichloroacet-
amide with, 41, 22
Tri-n-butylphosphine oxide, 41, 23
a,0,0-TRICHLOROACETANILIDE, 40, 103
Trichloroacetyl chloride, condensation
with diethylamine, 41, 21
Triethylamine as catalyst for reaction
of phthalic anhydride with r-
phenylalanine, 40, 83
(4,4,4-Trifluorobutyl)cyclohexane, 41,
106
1,1,1-Trifluorododecane, 41, 106
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1,1,1-TRIFLUOROREPTANE, 41, 104
1,1,1-Trifluorohexadecane, 41, 106
p-Trifluoromethylnitrobenzene, 41, 106
1,1,1-Trifluoro-3,5,5-trimethylhexane,
41, 106
Trioxymethylene, condensation with
nitromethane, 41, 67
Triphenylcinnamylphosphonium  chlo-
ride, from triphenylphosphine
and cinnamyl chloride, 40, 36
reaction with benzaldchyde and
lithium ethoxide to yield 1,4-di-
phenyl-1,3-butadiene, 40, 36
TRIPEENYLENE, 40, 105
Triphenylmethylphosphonium bromide,
preparation for use to prepare
Wittig reagent (methylenetri-
phenylphosphine), 40, 66
Triphenylphosphine, in preparation of
triphenylmethylphosphonium
bromide, 40, 66
reaction with cinnamyl chloride to
yield  triphenylcinnamylphos-
phonium chloride, 40, 36
reaction with p-xylylene dichloride,
40, 85
Triphenyltin chloride, allyltriphenyltin
from, 41, 31, 32

VINYLAMINE, 1,2,2-TRICHLORO-N,N-DI-
ETHYL-, 41, 21

Vinyllithium, preparation from vinyltin
derivatives, 41, 32

Wittig reagent, for preparation of 1,4-di-
phenyl-1,3-butadiene, 40, 36
for preparation of methylenecyclo-
hexene, 40, 66

p-Xylylene-bis(triphenylphosphonium
chloride), in synthesis of g-quin-
quephenyl, 40, 85
in synthesis of substituted quinque-
phenyls, 40, 87

Zinc chloride as catalyst for acetylation,
41,79, 80
ZINC-COPPER COUPLE, 41, 72
reaction with methylene iodide and
cyclohexene, 41, 73
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NOMENCLATURE

Preparations appear in the alphabetical order of common names
of the compounds. For convenience in surveying the literature
concerning any preparation through Chemical Absiracts subject
indexes, the Chemical Abstracts indexing name for each compound
is given as a subtitle if it differs from the common name used as

the title.

SUBMISSION OF PREPARATIONS

Chemists are invited to submit for publication in Organic Syn-
theses procedures for the preparation of compounds which are of
general interest, as well as procedures which illustrate synthetic
methods of general utility. It is fundamental to the usefulness
of Organic Syntheses that submitted procedures represent opti-
mum conditions, and the procedures should have been checked
carefully by the submitters, not only for yield and physical prop-
erties of the products but also for any hazards that may be in-
volved. TFull details of all manipulations should be described,
and the range of yields should be reported rather than the maxi-
mum yield obtainable by an operator who has had considerable
experience with the preparation. For each solid product the
melting-point range should be reported, and for each liquid
product the range of boiling point and refractive index should
be included. In some instances, it is desirable to include addi-
tional physical properties of the product, such as ultraviolet,
infrared, or nuclear magnetic resonance spectra. The methods
of preparation or sources of the reactants should be described in
notes, and the physical properties (such as boiling point, index of
refraction, melting point) of the reactants should be included
except where rather standard commercial grades are specified.

Procedures should be written in the style and format employed

In the latest published volume of Organic Syntheses. Copies of
v



vi ORGANIC SYNTHESES, VOL. 41

the current style sheet may be obtained from the Secretary of
the Editorial Board. In section 3, Methods of Preparation, there
should be described other practical methods for preparing the
compound which have appeared in the literature. It is unneces-
sary to mention methods which have been published but are of
no practical synthetic value. There should also be included a
statement of the merits of the preparation which recommend it
for publication in Organic Syniheses (synthetic method of con-
siderable scope, specific compound of interest, method gives better
yield or is less laborious than other methods, etc.). This informa-
tion is necessary because subsequent volumes of Organic Syntheses
will include under Merits of Preparation a statement explaining
why the preparation is published in Organic Syntheses. Two
copies of each procedure should be submitted to the Secretary of
the Editorial Board. It is sometimes helpful to the Board if
there is an accompanying letter setting forth the features of the
preparation which are of interest.

Additions, corrections, and improvements to the preparations
previously published are welcomed and should be directed to the
Secretary.

EDITOR’S PREFACE

Organic Syntheses was founded under the leadership of Roger
Adams at the end of World War I for the purpose of providing
tested procedures for preparing useful organic compounds in rea-
sonable quantities. The need was urgent because supplies of or-
ganic chemicals from abroad were then no longer available.

Since the founding of Organic Syntheses, the requirements for
starting materials for research in organic chemistry have steadily
changed. Today there are commercial sources for an almost in-
credible variety of organic compounds. Furthermore, with the
advent of new methods for separation, identification, and analysis,
reactions are being studied with ever-decreasing quantities of
starting materials. Although its basic format has remained un-
changed, Organic Syntheses has moved to meet the needs of cur-
rent research. Emphasis is now strong on providing examples of
new and general types of reactions and compounds. More than a
third of the reactions and compounds described in this volume
were unknown five years ago. Indeed, for the extraordinary con-
version of carboxylic acids to trifluoromethyl groups by sulfur
tetrafluoride (p. 104), an illustrative procedure is offered within
eighteen months of the time of the original publication.

Among the features of Volume 41 is the smallest-scale synthesis
yet published in Organic Syntheses, namely, the preparation of
0.0005 mole of cholestanyl methyl ether by a generally useful
methylation procedure that employs diazomethane and fluoboric
acid (p. 9). Two preparations of isocyanides by dehydration of
formamides are included. One of these, illustrated by cyclohexyl
1socyanide (p. 13), is most suitable for aliphatic isocyanides; while
the other, illustrated by o-tolyl isocyanide (p. 101), is most suit-
able for aromatic isocyanides.

. Current interest in cyclopropanes is reflected by two prepara-
tions: Norcarane from cyclohexene, methylene iodide, and zinc-

copper couple (p. 72) illustrates a new way of adding a methylene
vii



viii EDITOR’S PREFACE

group to an olefin; the addition of dichlorocarbene to dihydro-
pyran (p. 76) involves generation of the carbene from ethyl tri-
chloroacetate and sodium methoxide. Two Kolbe electrolytic
syntheses are described. Dimethyl 1,18-octadecanedioate (p. 33)
from methyl hydrogen sebacate presents nearly optimum condi-
tions for Kolbe electrolyses, while 2,7-dimethyl-2,7-dinitrodctane
(p. 24) from 4-methyl-4-nitrovaleric acid illustrates the use of a
separate anode compartment to minimize reduction of sensitive
functional groups, here the nitro group.

Phenacylamine hydrochloride (p. 82) affords a thoroughly docu-
mented and general procedure for conversion of —CHNH;—CH,—
to —COCH(NH,)— by way of methoxyethylenimine interme-
diates. Preparation of allyllithium by cleavage of allyltriphenyl-
tin with phenyllithium is illustrated by 4,6-dimethyl-1-hepten-4-ol
(p- 30). The procedure for synthesizing allyllithium can also be
adapted to the preparation of benzyllithium and vinyllithium.
Use of 1,4-addition of Grignard reagents to sec-butyl esters of
a,B-unsaturated acids as a means of synthesizing aliphatic acids
is illustrated by 3-methylheptanoic acid (p. 60).

A hitherto unpublished preparation of diazomethane is given
on p. 16. The starting material is the commercially available
bis-(N-methyl-N-nitroso)-terephthalamide, and the procedure
conveniently affords 0.76 to 0.86 mole of ethereal diazomethane.
Ozonization in polar solvents is illustrated by two preparations
(pp- 41 and 46). Many other unusual and interesting prepara-
tions are included, such as ruthenocene (p. 96), N,N-diethyltri-
chlorovinylamine (p. 21), phenyl ferf-butyl ether (p. 91), and
tetramethylammonium 1,1,2,3,3-pentacyanopropenide (p. 99).

Inclusion of many preparations of current interest has been pos-
sible only as the result of an active solicitation program. The
Editorial Board welcomes suggestions for solicitations of ex-
amples of new and generally interesting types of reactions and

compounds.
P Jorn D. ROBERTS

CONTENTS
4,4'—BIS(DIMETHYLAMINO)BENZIL .................... 1
1ert-BUTYL CYANOACETATE . . + v v v v o v v v v v e e e e o e o 5
CHOLESTANYL METHVYL ETHER . . . . . . . . . . . . .. . .. . .. 9
CYCLOEEXYL ISOCYANIDE .« . . .+ v v v v v v o v v v e o v e e e 13
DIAZOMETHANE . . v v v o v n v e v o e e e e e e e e e e e 16
N,N-DIETHYL-1,2,2-TRICHLOROVINYLAMINE . . . . . . « « + « + . « .« » 21
2,7-DIMETHYL-2,7-DINITROGCTANE . . . . . . . . . . . o o o o o . 24
4,6-DIMETEYL-1-HEPTEN-4-OL . . . . . . . . . . . . . .« o o .. 30
DiMETEYL OCTADECANEDIOATE . . . . . . + . « « o @ e o ooe o o 33
1,6-Drox0-8a-METHYL-1,2,3,4,6,7,8,8a-OCTAHYDRONAPHTHALENE . . . . . . 38
DIPHENALDEHYDE . . . . « v+« v e e e e v v e e e e e e e e 41
DIPHENALDEHYDIC ACID . . « « = « « o v v o v n e e e e e e e e s 46
1,3,5-HEXATRIENE . . . . .« « o 4+ o 0 v e o e o e e e e e 49
2-INDANONE .« v v v v v e e e e e i e e e e e e e e e e e e 53
2-METHVL-1,3-CYCLOHEXANEDIONE . . . . . . . . . « & « o o o « o . 56
3-METHYLHEPTANOIC ACID . . . . « « « « + + v v v o o v v e e a s 60
1-MORPHOLINO-1-CYCLOHEXENE . . . . « « « ¢ . ¢ v o v o a o a v o s 65
2-NITROETHANOL . . © v v v e v e e e e e e e e e e e e e e w s 67
NORCARANE . . v v v v v v e et e e e e e e e e e e e e e e 72
2-OXA-7,7-DICHLORONORCARANE . . . . . . + « & o « o « « o o« o 4 . 76
2,3,4,5,6-PENTA-O-ACETYL-D-GLUCONIC ACID and 2,3,4,5,6-PENTA-O-ACETYL-

D-GLUCONYL CHLORIDE . . . . . « + v+t e e et et e e e e s 9
PHENACYLAMINE HYDROCHLORIDE . . . . . . . « + « « « o o« o « v o 82
PHENYL lert-BUTYL ETHER . . . . . . . .« o v v v v e e e e e e e e s 91
N-PHENYLMALEIMIDE . . . . . . + « & v + « o e v e e e s e e e w s 93
RUTHENOCENE . . . . . . .« v i v e e e e e et e e e e e e e e 96
TETRAMETHYLAMMONIUM 1,1,2,3,3-PENTACYANOPROPENIDE . . . . . . . . 99
0-TOLYL ISOCYANIDE. . . . . . . . « © v v e ittt e e e e e e e 101
LULI-TRIFLUOROHEPTANE. . . . . « « v v v v o v e e e e e e e e 104
SUBJECT INDEX . .+ & v v v v v e et vt e e e e e e e e e e 107



