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The monoethylene ketal of 1,3-cyclohexanedione has been prepared and some of its reactions have been studied. The

ketone has been subjected to the Reformatsky reaction, cyanohydrin formation and catalytic reduction.

The sensitivity of

the ketal toward basic reagents limits its usefulness as a protective group in this particular system.

In order to investigate the usefulness of mono-
ethylene ketals as protective agents in 1,3-dicar-
bonyl systems, and as part of a search for inter-
mediates in the synthesis of substituted 2-aza-
bicyclo[3.3.1]nonanes, the preparation and proper-
ties of the monoethylene ketal of 1,3-cyclohexane-
dione (I) were studied.

Cyclie ketals have had extensive use in carbo-
hydrate chemistry!; but they had seldom been used
as protective groups for carbonyls until Salmi?
introduced a general method for their preparation.
Recently there have been several applications of
cyclic ketals as blocking agents for carbonyls?
and Schinz* and co-workers have studied the ketals
of keto-esters rather extensively. Several prepara-
tions of cyclic monoketals of dicarbonyl systems
have been reported but the only reaction of a
monoketal of a 1,3-dicarbonyl system which has
been described is the reduction of the a-carbonyl of
the y-ethylene ketal of ethyl acetoneoxalate, 3¢

The application of Salmi’s procedure to the re-
action of 1,3-cyclohexanedione and ethylene glycol
gave a mixture of unreacted 1,3-cyclohexanedione,
the monoketal (I) (359%,), the diketal, and the di-(3-
keto-Al-cyclohexenyl) ether of ethylene glycol
(II). These products were obtained after a three-
hour reaction time; at which point 559, of the
theoretical amount of water had been removed.
If the reaction time was increased, the yield of
monoketal increased only slightly; the total amount
of starting material which could be recovered de-
creased.
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The monoketal (I) was sensitive to mild basic
reagents. When it was allowed to reflux for an
hour in 0.1 NV sodium bicarbonate solution, the ketal
ring opened to give the enol ether (III)., The
enol ether could be rapidly distilled, but the con-
tinued heating necessary for fractionation converted
the open enol to the cyclic ketal (I) again. The
sensitivity of the ketal to base parallels the facile
B-elimination of other 3-substituted cyclohexanones.

O
I
IV,R = CN
N V, R = CH,COOC,H;
R VI, R = OCsz

The ultraviolet absorption spectra of the mono-
ketal (I), the glycol enol ether (II), and the -
hydroxyethyl enol ether (III) are given in Fig. 1.
It can be seen that the monoketal (I) contains
some of the open enol (III) but in an amount less
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Fig. 1.—Ultraviolet absorption spectra for the monoethyl-
ene ketal of 1,3-cyclohexanedione (I), —-——; di-(3-
keto-Al-cyclohexenyl) ether of ethylene glycol (II), — — —;
3-( B-hydroxyethoxy)-A%-cyclohexenone (III), -~; 3-cyato-

A?-cyclohexenone (IV), — - —; ethyl A?-cyclohexanone-3-
acetate (V), - - . +; diethyl 3-carboxymethylene-At-cyclo-
hexenyl acetate (VIII), - - - -.
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than 19;,. The ratio of the intensities of II and IIT
is slightly over the expected two to one; however,
considering the method used in the isolation of the
euol (III), it would undoubtedly contain a little of
the monoketal (I).

By heating in dilute sodium hydroxide solution
the monoketal (I} was hydrolyzed to give 1,3-
cyclohexanedione; thus the alkaline hydrolysis of
the enol ether (III), which is a vinylogous ester,
also proceeds readily in this systemn.

Since the monoketal I is sensitive to either acidic
or basic reagents the number of reactions which
can be applied to the free carbonyl group are
limited. A cyanohydrin could not be obtained in
liquid hydrogen cyanide with potassiuin cyanide
as a catalyst, but the bisulfite of the ketone gave
the cyanohydrin with sodiumm cyanide. The ketal
cyanohydrin was uot isolated but was hydrolyzed
and dehydrated in dilute acid to give 519 of 3-
cyauo-A*-cyclohexenone (IV).

The monoketal (I) was much less reactive toward
the Reformatsky reagent from ethyl broimoacetate
than cyclohexanone; however, by using forcing
conditions a 369, yield of ethyl A%-cyclohexenone-3-
acetate (V) was obtained after hydrolysis of the
Reformatsky reaction product.

Hydrogenation of the monoketal over Raney
nickel gave the hydroxy ketal which was hy-
drolyzed and dehydrated in dilute acid to give an
over-all yield of 677, of A%-.cyclohexenomnc.

Since Woods and Tucker® were able to obtain
d-substituted cyclohexenones by reaction of the
enol ether (VI) with Grignard reageuts, it was ex-
pected that perhaps the enol cther might react
with the Reforinatsky reagent to give the ester V;
however, when the enol ether was allowed to rcact
with the Reformatsky reagent using the same condi-
tions that were employed for the ketal the disub-
stituted product (VII) was obtained. Wlhen an
equivalent amount of ethyl bromoacetate was used,
a mixture of mono- aud disubstituted products wus
obtained.
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Experimental’

Monoethylene Ketal of 1,3-Cyclohexanedione (I). A
mixture of 56 g. (0.5 mole) of 1,3-cyclohexancdionc? and
33 g. (0.53 mole) of ethylene glycol was heated it 500 ml. of
benzeune with a few crystals of p-tolucuesulfonic acid. 1n
thiree hours 10 ml. of water was remtioved frown the refluxing
mixture with a modified Dean-Stark?® trap. The cooled
solution was waslhied with 150 ml. of 89, sodium bicarbonate
solutionn. The bicarbonatc solution was waslied several

(6) G. F. Woods and I. W. Tucker, THIs JO1'rRNAL, T0, 2174 (1948).

(7) Analyses by the Microanalytical Laboratory of the Department
of Chemistry, University of California. Tle atisorption spectra were
taken in 95% ethanol using a Beckman model DU spectrophotometer.

(8) R. B. Thompson, Org. Syntheses, 3T, 21 (1947). Commercially
prepared Raney nickel catalyst (Raney Catalyst Co., Chattanooga,
Tenn.) was used and the hydrogenation was allowed to proceed 18
hours at room temperatnre. The prodoct was stuble for several
months when stored in ordinary contajners.

(9) Dean and Stark, Ind. Eng. Chem., 12, 48G (19201 A second
condenser was mtroduced to cool the condensite before separating the
waler aml returning it to the still.
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times with benzene and the combined benzene solutions were
dried, the benzene was removed and the residue was dis-
tilled from a Claisen flask to give 38 g. of distillate; b.p.
95-115° at 2 mm., and 18 g. of residue.

The distillate was fractionated® to give 27 g. (35%,) of the
monoketal (I); b.p. 84-85° (1 mm.); 7%Dp 1.4738; Amax,
256 mu (log € 1.54), plateau 280 my (log € 1.36).

Anal. Caled. for CgHy0;: C, 61.52; H, 7.75.
C, 61.43; H, 7.82.

On addition of the monoketal to a 0.005 N solution of 2,4-
dinitrophenylhydrazine in 1.5 N hydrochloric acid!! a pre-
cipitate was formed which could be filtered after about 20
minutes. The derivative hydrolyzed and completely re-
dissolved if allowed to stand overnight in the acid solution.
After recrystallization from ethanol the derivative had a
m.p. of 177-178°.

Anal. Caled. for C14H15N405'. C, 50.00; H, 4.80; N,
16.66. TFound: C, 50.02; H, 4.93; N, 16.50.

The benzene-insoluble material froni the Claisen distilla-
tion was cownbined with the residue from the fractionation to
give about 19 g. of crude diketal; m.p. 50-55°. After three
recrystallizations from ligroin the m.p. was 65-66°; b.p.
100° (1.0 1un.).

Anal. Caled. for CyoHisOs: C, 59.98; H, 8.06. Found:
C, 59.95; H, 8.19.

Tlic addition of ether to the benzene solution, from which
thie diketal had been removed, brought about the separation
of thic di-(3-keto-AZ-cyclohexenyl) ether of ethylene glycol
(I0r.  After crystallization from water 6 g. was obtained
witll & m.p. of 130-132°. Recrystallization from benzene—
petroleum ether gave a product with a m.p. of 135-136°;
Amax, 200 11y (log € 4.63).

Anal. Caled. for Ci,Hy50s: C, 67.18; H, 7.25.
C, 67.35; H, 7.15. .

Botli the pure diketal and tlhic enol ether (II) were hydro-
lyzed to 1,3-cyclohexanedione in 80-909, yield by refluxing
with 0.1 N hydrochloric acid.

About 18 g. of iinpure 1,3-cyclohexanedione was recovered
by acidificationn and extraction of the bicarbonate extract
of the original reaction mixture.

3-( 3-Hydroxyethoxy)-A%-Cyclohexenone (III).—The
monoketal (IT) (2.4 g.) was allowed to reflux for one hour
with 10 ml. of 0.1 NV sodium bicarbonate. The solution
was saturated with sodiuni chloride and extracted with three
10-ml. portious of chloroform. The extract was dried, the
solvent was removed and the residue was evaporatively dis-
tilled at 6.5 1. to give 1.4 g. of oil; #%D 1.5210; Amax
249 (log € 4.29). Wlen an attempt was made to fractionate
a larger sample of tlie same rcaction product the distillate
was elttirely the monoketal (I} as indicated by refractive in-
dex and ultraviolet absorption.

Ethylene Ketal of 3-Hydroxycyclohexanone.—The mono-
ketal (I} (9.6 g.) reacted with the theoretical amount of
livdrogen in six hours over 2.4 g. of Raney nickel!? in 30 ml.
of absolute alcoliol at 25 pounds hydrogen pressure. Frac-
tionation of the product gave 6.6 g. (68%) of the ethylene
ketal of 3-hydroxyeyclohexanone; b.p. 89° (1.0 mm.); n%Dp
14828,

Anal. Caled. for Cg11,O5: C, 60.74; I, 8.92.
C, 60.80; H, 8.93.

A-Cyclohexenone.--The monoketal (12.0 g.) was hydro-
genated as above and the crude product was allowed to
stand 24 hours at room temperature with 25 ml. of 3 N
hydrochloric acid. The solution was saturated with am-
monium sulfate and extracted with six 15-ml. portions of
etlicr. After the solvent had been dried and removed, the
residuc was fractionated to give 5.1 g. (69%) of A?-cyclo-
hexenone; b.p. 63° (16 mm.); »%p 1.4860.

Both the 3-hydroxy ketal and A2-cyclohexenone gave the
same 2,4-dinitrophenylhydrazone, m.p. 162.8-163.2° or
163.8-164.6° starting with a bath at 160°; lit. 163°,13 116-

(10) All fractionations were carried out in a 60 X 0.6 cm. column
packed with wire gauze according to J. R. Bowers and L. M. Cook,
Anal. Chem., 16, 290 (1943).

(1) O ¥ Brawdy and GV Blsure, A ualyst, 81, 77 (1928),

(12) The catalysl used was the commercially prepared material ob-
tained from the Raney Catajyst Co., Chattanooga, Tenn.

(13} P. D. Bartlett and G. V. Woods, THis JoUurRNAL, 62, 2933
3 1940).
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117°,14 170-170.5°,'* 167.5~169°,15
sinter 163°, m.p. 171.5°.18

Anal. Caled. for C12H12N404Z C, 52.17, H, 4.38; N,
20.28. Found: C, 51.92; H, 4.35; N, 20.47.

Ethyl A*Cyclohexenone-3-acetate (V).—A mixture of
11.7 g. (0.075 mole) of the monoketal (I), 13.4 g. (0.08 mole)
of ethyl bromoacetate, 2 g. of cleaned granulated zine, and
a crystal of iodine was refluxed and stirred for 5.5 hours in
100 ml. of benzene. During this time fresh portions of zinc
alid iodine were added at half-hour intervals and after two
hours another 13.4-g. portion of bromoester was added.
Acidification of the reaction product with cold 109, sulfuric
acid and extraction of the benzene solution with bicarbonate
gave 2 g. of 1,3-cyclohexanedione. Fractionation of the
neutral residue after removal of the benzene gave 5.0 g.
(36%) of V; b.p. 108° (1 mm.); n%D 1.4879; Amax 233 mu
(log ¢ 4.14).

Anal. Caled. for CoHyO;5: C, 65.91; H, 7.74. Found:
C, 65.70; H, 7.55.

The dinitrophenylhydrazone melts at 107-108° after
crystallization from alcohol.

Anal. Caled. for CgH1sOsN,: C, 53.03; H, 5.01; N,
15.46. Found: C, 53.04; H, 4.94; N, 15.83.

3-Cyano-Al-cyclohexenone (IV).—A solution of 24.7 g.
(0.13 mole) of sodium metabisulfite in 40 ml. of water was
added dropwise with stirring and cooling to 40 g. (0.256
mole) of the monoketal (I). To the resulting homogeneous
solution was added 12.7 g. (0.26 mole) of sodium cyanide in
25 ml. of water. The mixture was stirred at room tempera-
ture for 20 hours; it was then filtered, and the filtrate was
extracted with ether., The ether was removed and to the
residue was added 40 ml. of 3 N hydrochloric acid; the
homogeneous solution was allowed to stand 24 hours during
which time the product separated from solution. The
aqueous solution was saturated with ammonium sulfate,
extracted with ether, the ether was removed, and the residue

163°,1% 164-165°,17

(14) F. C. Whitmore and G. W, Pedlow, ¢bid., 63, 758 (1941).
(15) K. Dimroth and K. Resin, Ber., T6B, 322 (1942).

(16) A. J. Birch, J. Chem. Soc., 430 (1944),

(17) A. J. Birch, ibsd., 1270 (1947).

(18) M. Orchin, THIiS JOURNAL, 66, 535 (1944).

(19) H. Adkins and G. Rossow, ibid., T1, 3836 (1949).
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was fractionated to give 16.8 g. (549%,) of the cyanoketone
vy )b.p. 105° (3.8 mm.); #%D 1.5104; Amax 236 mu (log
€4.08).

Anal. Caled. for C;H,NO: C, 69.40; H, 5.82; N, 11.57.
Found: C, 69.11; H, 5.94; N, 11.97.

Both the crude cyanohydrin and the unsaturated cyano-
ketone gave the same dinitrophenylhydrazone; m.p. 204-
204.5° after recrystallization from ethanol.

Anal. Caled. for C3HnN:Os: C, 51.83; H, 3.68; N,
23.25. Found: C, 51.68; H, 3.89; N, 22.88.

The cyanoketone readily formed an ethylene ketal; b.p.
96° (1 mm.); n!*p 1.4968.

Anal. Caled. for C;HO,N: C,65.44; H,86.71; N, 8.48.
Found: C, 65.03; H, 6.92; N, 8.14.

3-Ethoxy-A?-cyclohexenone (VI).—A mixture of 1,3-cy-
clohexanedione (28 g., 0.25 mole), 50 ml. of absolute ethanol
and a few crystals of'p-toluenesulfonic acid in 500 ml. of
benzene was allowed to reflux under a modified Dean-Stark
trap for 16 hours. Removal of the solvent and fractiona-
tion of the residue gave 24.8 g. (71%) of the enol ether
(VI)®; b.p. 76° (1.0 mm.); n?Dp 1.5030. The enol ether
gave no derivative with the D.N.P. solution.

Diethyl 3-Carboxymethylene-A%-cyclohexenylacetate
(VII).—Application of the Reformatsky reaction to 10 g. of
the enol ether, using the same conditions as for the mono-
ketal, gave 6.8 g. (379%,) of a product, b.p. 110° (1 mm.),
71'D 1.5311, Amax 2908 mu (log ¢ 4.44).

Anal. Caled. for CyHO4: C, 66.64; H, 7.99. Found:
C,66.56; H, 8.16.

When the reaction was carried out with less bromoester a
mixture of mono- and disubstituted products was obtained.
From 9.5 g. of enol ether (VI) and 15 g. of ethyl bromoace-
tate there was obtained 6.8 g. of a product with a b.p. of
108-109° (1.0 mm.); 72D 1.5178; Amax 233 mu (log e 3.86)
and 298 myu (log ¢ 4.32).

(20) Woods and Tucker’ prepared the enol ether by the action of
ethyl iodsde on the s;lver salt of 1,3-cyclohexanedione. The azeotropic
method with p-toluenesulfonsc acid as a catalyst has been used re-
cently on substituted 1,3-cyclohexanediones by R. L. Frank and H. K.
Hall, $bid., T2, 1645 (1950).
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A study of the kinetics of dehydrochlorination of fourteen para substituted 2,2-diaryl-monochloro-, -dichloro- and -tri-
chloroethanes with ethanolic sodium hydroxide at various temperatures has been conducted, and the energies and entropies
of activation have been calculated. A discussion of the effects of incrcasing alpha chlorine substitution upon dehydrochlorina-
tion reactivities and upon the energies of activation is included.

No systematic study of the effects of adding
halogen atoms to the a-carbon atom of alkyl hal-
ides in their second-order elimination of the ele-
ments of hydrogen halide with alkali seems to have
been made. In the course of our work on elimina-
tion reactions, it seemed worthwhile to initiate such
a study.

The compounds studied were of the type

(1) This work was supported by the Office of Naval Research and
was presented jn part before the Division of Organic Chemistry at the
San Francisco Meeting of the American Chemical Society, March,
1949,

(2) Previous paper in series:
JoumnaL, T4, 2193 (1952).
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where X and Y may be hydrogen or chlorine atoms,
and the reactions studied were of the type

R—

l
HO- + H?—#Cl —> H,0 + >C=C< + CI- (1)

Some of the data desired have already been pub-
lished,® but this paper completes the work on these

(3) 8. J. Cristol, ibid., 67T, 1494 (1945).



