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Most authentic and well recognized chemical asymmetric syntheses in-
volve the creation of a new asymmetric carbon atom in a molecule which
has been rendered optically active by combination with an active group.
Subsequent removal of the original active group then leaves an active mole-
cule without the use of the usual resolution of a racemic modification.!
The success of such asymmetric syntheses depends on a difference in the
rate of formation of two diastereoisomers. In the present study a new type
of asymmetric synthesis was observed in the reaction of an active nitrite
with a ketone.

The formation of an a-isonitroso ketone or a-oximino ketone by the action
of a nitrite on a ketone is a well-known reaction. It is utilized as the first
step in the synthesis of dimethylglyoxime? and in the preparation of 1,2-dike-
tones.? The mechanism ascribed to the reaction is usually represented
as follows

RCOCH;R + R’'ONO —» RCOCHR =2 RCOCR + R'OH
N=0 N—OH
I II III v

The product actually isolated is undoubtedly an oxime (IV) as shown
by its reactions and by the fact that it is light yellow in color whereas
nitroso compounds are usually green. The nitroso compound (III) is
usually indicated as the intermediate because of other reactions of nitrites
and nitrous acid. Chief among these may be mentioned the formation of,
(1) nitrosoamines? from secondary amines and nitrous acid; (2) p-nitroso-
dimethylaniline® from dimethylaniline and nitrous acid; (3) p-nitroso-
phenol or quinone monoxime® from phenol and nitrous acid. Wallach’
has prepared nitroso pinene and reduced it to pinane-oxime. Ponzio® and
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co-workers still regard the geometric and structural isomers of the oximes
as the forms (III) and (IV) above.

It is evident that the nitroso compound (III) contains an asymmetric
carbon atom and hence if any indication could be obtained showing its
presence proof of the intermediate step would be shown. However, no
resolution of form (III) is possible since it is undoubtedly tautomeric with
(IVv).

In order to obtain evidence indicating intermediate steps the above re-
action was carried out between a cyclic ketone, 4-methylcyclohexanone,
and the optically active nitrites, (d)- and (/)-2-octyl nitrite in an alcohol
ether solution. The main reaction was

o) , 0
'ci 'ci
N\ H N
B¢ CH | NaoG,, HC C=NONa
| + CeHyy—C—CH, NaOCiHs R + C.H;;CHOHCH,
H,C CH, (|)NO > H,C CH, VII
\C/ \C/ + C,H,0H
5 \cH, 5 \CH,
v VI

It will be noted that 4-methylcyclohexanone (V) has no asymmetric
carbon atoms and does not exist in isomeric forms whereas in the oxime
(VI) the carbon atom (4) carrying the methyl group is now asymmietric.
When (d)-2-octyl nitrite was used it was actually found that the sodium
salt of the oxime (VI) which precipitated from the solution was optically
active and levo-rotatory. On the other hand, (/)-2-octyl nitrite gave a
dexiro-rotatory sodium salt of the oxime. The only other optically active
product in the above reaction is octanol-2 (VII) or possibly some sodium
2-octylate. In a separate experiment it was shown that sodium octylate
did not precipitate under the conditions used and also that sodium ethylate
on (})-2-octyl nitrite produced (I)-sodium octylate whereas the oxime ob-
tained with this same nitrite was dextro rotatory. Similar condensations
with cyclohexanone gave optically inactive products.

The formation of these oximes in an optically active state involves an
asymmetric synthesis of a new and unusual type since the active group is
split off during the reaction. The optically active oxime must have been
produced by a preferential reaction occurring at some intermediate stage.
Many mechanisms suggest themselves as possibilities, among which may
be mentioned those shown: (R* = (d) or (/)-2-octyl radical).

According to the first mechanism the active nitrite adds to the double
bond of the enol form (VIII) giving (IX), which splits off NaOR *producing
(XI) which in turh rearranges to the oxime (VI). This mechanism shows
an actual combination between the active group and the cyclic ketone.
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The second mechanism depends for its success on a difference in the rate
of reaction of the (d) and (!) forms of (VIII) with the active nitrite to pro-
duce (X), which then rearranges to (XI) and finally to the oxime (VI).

The third possibility likewise involves a preferential rate of reaction be-
tween the active nitrite and one of the four optical isomers of (XII). It
represents a direct introduction of the nitroso group on the carbon atom.
The present experimental evidence does not enable a mechanism to be
assigned but does definitely show that asymmetric intermediates are in-
volved.

Experimental
Preparation of 4-Methylcyclohexanone.—A mixture of 94 g. of 4-methylcyclo-
hexanol in 30 cc. of concentrated sulfuric acid (sp. gr. 1.84) and 125 cc. of water was
placed in a 2-liter, three-necked flask, fitted with a mercury-sealed stirrer, condenser,
thermometer and a dropping funnel. To this mixture a solution of 90 g. of sodium
dichromate in 125 cc. of water and 30 cc. of concentrated sulfuric acid was added slowly
over a period of forty minutes with stirring. The temperature was allowed to rise to-

65° and then external cooling was applied with an ice—salt bath. After one-third of the
dichromate solution was added the temperature rise was rapid and had to be watched
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carefully. The mixture was allowed to remain on the ice—salt bath for six hours with
stirring. The mixture was steam distilled and the ketone separated. The aqueous layer
was distilled again, obtaining more ketone. The product was dried over anhydrous
calcium chloride and distilled® at 168 to 170°, ‘The yield of 65 g. was 70.4% of the
theoretical.

(d) and (I) Octanol-2.—Octanol-2 was resolved by crystallization of the brucine
salts of the acid phthalic ester according to the procedure given in “‘Organic Syntheses.”’1®
The (d)-octanol-2 distilled at 85-86° at 20 mm.; &% +10.15°: the (I)-octanol-2 at 83-84°
at 20 mm.; o% —10.30°.

(dl)-2-Octyl Nitrite.—In a 3-liter, three-necked flask, 165 g. of sodium nitrite and
130 g. of (dl)-octanol-2 were placed. The mixture was cooled to 10° by surrounding the
flask with ice and salt. The flask was fitted with a mechanical stirrer and a dropping
funnel, one neck remaining open. By means of the dropping funnel 40 cc. of concen-
trated sulfuric acid was very slowly added. The mixture was stirred vigorously and the
temperature kept below 25°  After all the acid had been added, the stirring was con-
tinued and water added. The light yellow oil which rose to the surface was poured into
a large separatory funnel. More water was added with stirring, the salt mixture allowed
to settle, and the oil again poured into the separatory funnel. The extraction was con-
tinued until no more oil separated. The nitrite was washed several times with distilled
water to remove sulfuric acid and dried over calcium chloride for a few moments. The
crude (dl)-2-octyl nitrite was obtained which yielded on distillation 110 g. of pure ni-
trite, b. p. 72-74°at 18 mm., n,, 1.4272, d23 0.852.

(d)-2-Octyl Nitrite.1!'—The (d)-2-octyl nitrite was prepared by the procedure given
above for the inactive nitrite: b. p. 70-75°at 18 mm., a2 +6.90, np 1.4270, d§8 0.852.

(1)-2-Octyl Nitrite.—The (l)-2-octyl nitrite was prepared by the same procedure
as that given for (d)-2-octyl nitrite: b. p. 70-75° at 18 mm., o2 —7.53, np 1.4270, d%g
0.852.

Condensation of Cyclohexanone with (dl)-2-Octyl Nitrite.—In a 500-cc. three-
necked flask fitted with a reflux condenser, stirrer and dropping funnel was placed a
mixture containing 2.3 g. of sodium dissolved in 50 cc. of absolute alcohol plus 70 ce. of
absolute ether. The contents of the flask were kept at a temperature between —10°
and —15° by surrounding the flask with ice and salt mixture. A solution of 10 g. of
cyclohexanone and 19.7 g. of (d/)-2-octyl nitrite in 250 cc. of absolute ether was added
slowly to the sodium ethylate solution. Stirring was continued for three hours, The
light tan condensation product was filtered with suction. Since the product was very
hygroscopic the air which passed through the precipitate was dried by a U-tube con-
taining anhydrone. The product was washed with absolute ether until the odor of oc-
tyl alcohol could no longer be detected. It was then dried in a vacuum desiccator over
phosphorus pentoxide; yield 10.5 g. (88.89,).

Anal. Caled. for CeHsO:NNa: N, 9.40. Found: N, 9.44, 9.38.

Condensation of Cyclohexanone with (d)-2-Octyl Nitrite.—Cyclohexanone con-
densed with (d)-2-octyl nitrite, oy = +6.9, according to the above procedure. The
condensation product, identical with that obtained above, was dissolved in absolute
alcohol and found to be optically inactive.

Condensation of 4-Methylcyclohexanone with (/)-2-Octyl Nitrite.—This con-
densation was carried out under the same experimental conditions as the condensation of
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10 “Organic Syntheses,” J. Wiley and Sons, Inc., New York, 1926, Vol. VI, p. 68.

11 Shriner and Young, THis JoURNAL, 52, 3332 (1930).



Dec., 1932 A NEW TYPE OF ASYMMETRIC SYNTHESIS 4711

cyclohexanone and octyl-2-nitrite. To 2.8 g. of sodium dissolved in 50 cc. of absolute
alcohol was added 70 cc. of absolute ether, This mixture was cooled to —10° and 11.45
g. of methyl-4-cyclohexanone and 10.85 g. of [-2-octyl nitrite (ep —7.53°) in 250 cc. of
absolute ether added slowly with stirring. The condensation product was washed with
absolute ether and dried; yield, 2.16 and 2.50 g. In this condensation less than a molar
quantity of nitrite was used in order to prevent any possible formation of dioxime. The
rotations obtained on two runs of product were az,,s +16.51 and azl,s +17.55°. The
product racemized in twelve hours.

Anal. Caled. for C:H;00:NNa: N, 8,58, Found: N, 8.25, 8.40.

Condensation of 4-Methylcyclohexanone with (d)-2-Octyl Nitrite.—The condensa-
tion was catried out in exactly the same manner as the condensation of 4-methyleyclo-
hexanone with [-2-octyl nitrite. The rotation of the d-2-octyl nitrite condensation
product gave a2 —12.2°. The rotation dropped to zero in ten hours.

Anal. Caled. for CG;H,O:NNa: N, 8.58. Found: N, 8.45, 8.33.

Each of the above sodium salts of the oximes was dissolved in alcohol and acidified
with dilute hydrochloric acid. Addition of ferric chloride to this solution gave a red
color in each case. Another alcohol solution which had been acidified with acetic acid
gave a grass-green color with dilute copper acetate solution, which is characteristic of the
a-oximes!? whereas the B-oximes give no color. Since all of the above oximes gave the
same grass-green color they probably have the same configuration.

Action of Sodium Ethylate on (1)-2-Octyl Nitrite.—A solution of 0.23 g. of sodium
in 5 cc. of absolute alcohol and 7 cc. of absolute ether was prepared. This solution was
cooled to —10° and 1.1 g. of (!)-2-octyl nitrite in 25 cc. of ether was added with stirring.
The mixture was kept at —10° and stirred for three hours. There was no precipitate
and the ether solution containing sodium octylate showed a negative rotation. The
(})-2-octyl nitrite was hence converted to the (!)-sodium-2-octylate without any Walden
inversion. After standing at room temperature for six hours no precipitate had appeared,
which showed that the sodium derivatives of the active oximes were not contaminated
with sodium-2-octylate.

Summary

The condensation of 4-methylcyclohexanone with (d)-2-octyl nitrite in
the presence of sodium ethylate produces a levo sodium derivative of tlie
oxime. The (/)-2-octyl nitrite produced the (d)-oxime. Cyclohexanone
and (d) or (/)-2-octyl nitrite gave optically inactive products.

Several mechanisms for this new type of asymmetric synthesis are dis-
cussed.
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