
July 5, 1952 MONOETHYLENE KETAL OF 1 , 3 - C Y C L O H E X A N E D I O N E 3331 

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY AND CHEMICAL ENGINEERING, UNIVERSITY OF CALIFORNIA] 

The Monoethylene Ketal of 1,3-Cyclohexanedione 

BY MARSHALL W. CRONYN AND JTJDSON E. GOODRICH 

RECEIVED FEBRUARY 25, 1952 

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. 

Cyclic ketals have had extensive use in carbo
hydrate chemistry1; but they had seldom been used 
as protective groups for carbonyls until Salmi2 

introduced a general method for their preparation. 
Recently there have been several applications of 
cyclic ketals as blocking agents for carbonyls3 

and Schinz4 and co-workers have studied the ketals 
of keto-esters rather extensively. Several prepara
tions of cyclic monoketals of dicarbonyl systems 
have been reported30,6 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 7-ethylene ketal of ethyl acetoneoxalate.80 

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) (35%), the diketal, and the di-(3-
keto-A'-cyclohexenyl) ether of ethylene glycol 
(II). These products were obtained after a three-
hour reaction time; at which point 55% 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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(1) E. Fischer, Ber., 28, 1167 (1895). 
(2) E. J. Salmi, ibid., 71B, 1803 (1938); E. J. Salmi and V. Ran-

nikko, ibid., 72B, 600 (1939); E. J. Salmi and I. J. Jansson, Suomen 
Kemistilihti, U B , 28 (1939) [C. A., 34, 423 (1940)]; E. J. Salmi and 
K. Kyrki, ibid., 19B, 97 (1946) [C. A., 41, 5480 (1947)]; E. J. Salmi 
and U. Tamminen and P. Louhenkuru, ibid., 2OB, 1 (1947) [C. A., 42, 
537 (1948)]. 

(3) (a) M. Kuhn, J. prakt Chem., 156, 103 (1940); (b) A. Hinz, G. 
Meyer and G. Schuckingr, Ber., 76B, 676 (1943); (c) A. Rossi and A. 
Lauchenauer, HeIv. Chim. Acta, SO, 1501 (1947); (d) M. Stoll, J. 
Hulstkamp and A. Rouve, ibid., 31, 543 (1948). 

(4) H. Schinz and G. Schappi, ibid., 30, 1483 (1947); L. Willimann 
and H. Schinz, ibid., 32, 2151 (1949); E. Vogcl and H. Schinz, ibid., 
33, 116 (1950); P. Seifert, E. Vogel, A. Rossi and H. Schinz, ibid., 33, 
725 (1950). 

(5) J. Boeseken and F. Tellegen, Rec. trav. chim., 57, 133 (1938); 
A. C. Neish. and F. J. McDonald, Can. J. Research, 2BB, 70 (1947); 
A. L. Wilds, J. W. Ralls, W. C. Wildman and K. E. McCaleb, T H I S 
JOURNAL, 72, 5794 (1950). 

The monoketal (I) was sensitive to mild basic 
reagents. When it was allowed to reflux for an 
hour in 0.1 N 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 
/3-elimination of other 3-substituted cyclohexanones. 

O 

I I I , R = OCH2CH2OH 
IV, R = CN 
V, R = CH2COOC2H5 

VI, R = OC2H6 

The ultraviolet absorption spectra of the mono
ketal (I), the glycol enol ether (II), and the /3-
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-A'-cyclohexenyl) ether of ethylene glycol (II) , ; 
3-((3-hydroxyethoxy)-A2-cyclohexenone ( I I I ) , —; 3-cyano-
AJ-cyclohexenone (IV), — • —• •; ethyl A*-cyclohexanone-3-
acetate (V), • • • •; diethyl 3-carboxymethylene-Al-cyclo-
hexenyl acetate (VIII), . 
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than 1%. The ratio of the intensities of II and III 
is slightly over the expected two to one; however, 
considering the method used in the isolation of the 
enol (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 system. 

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 potassium cyanide 
as a catalyst, but the bisulfite of the ketone gave 
the cyanohydrin with sodium cyanide. The ketal 
cyanohydrin was not isolated but was hydrolyzed 
and dehydrated in dilute acid to give 54% of 3-
cyano-A2-cyclohexenone (IV). 

The monoketal (I) was much less reactive toward 
the Reformatsky reagent from ethyl bromoacetate 
than cyclohexanone; however, by using forcing 
conditions a 369c yield of ethyl A2-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 07% of A2-cyclohexenone. 

Since Woods and Tucker6 were able to obtain 
3-substituted cyclohexenones by reaction of the 
enol ether (VI) with Grignard reagents, it was ex
pected that perhaps the enol ether might react 
with the Reformatsky reagent to give the ester V; 
however, when the enol ether was allowed to react 
with the Reformatsky reagent using the same condi
tions that were employed for the ketal the di sub
stituted product (VII) was obtained. When an 
equivalent amount of ethyl bromoacetate was used, 
a mixture of mono- and disubstituted products was 
obtained. 
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Experimental7 

M o n o e t h y l e n e K e t a l of 1 ,3-Cyclohexanedione ( I ) . A 
m i x t u r e of 56 g. ( 0 . 5 mole) of 1 ,3-cyclohexanedioue 8 and 
33 g. (0 .53 mole) of e t hy l ene glycol was hea t ed in 500 ml . of 
benzene with a few c rys ta l s of />-tolucnesulfonic ac id . In 
th ree hou r s 10 m l . of w a t e r was removed from t h e refluxing 
m i x t u r e wi th a modified D e a n - S t a r k 9 t r a p . T h e cooled 
solut ion was washed wi th 150 ml . of 8 % sodium b i c a r b o n a t e 
so lu t ion . T h e b i c a r b o n a t e solut ion was washed several 

(6) G. F. Woods and I. W. Tucker, T H I S JOURNAL, 70, 2174 (1948). 
(7) Analyses by the Microanalytical Laboratory of the Department 

of Chemistry, University of California. The absorption spectra were 
taken in 95% ethanol using a Beckman model DU spectrophotometer. 

(8) R. B. Thompson, Org. Syntheses, 27, 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 temperature. The product was stable for several 
months when stored in ordinary containers. 

(0) Dean and Stark, Ind. Eng. Chem., 12, 486 (1920). A second 
condenser was introduced to coo! the condensate before separating the 
water and returning it to the still. 

t imes w i th benzene a n d t h e combined benzene so lu t ions were 
dr ied , t h e benzene was r e m o v e d a n d t h e res idue was d i s 
til led from a Claisen flask t o give 38 g. of d i s t i l l a te ; b . p . 
95 -115° a t 2 m m . , a n d 18 g. of r e s idue . 

T h e dis t i l la te was f rac t iona ted 1 0 t o give 27 g. ( 3 5 % ) of t h e 
m o n o k e t a l ( I ) ; b . p . 8 4 - 8 5 ° (1 m m . ) ; » » D 1.4738; J w x , 
256 m u (log e 1.54), p l a t e a u 280 mu (log e 1.36). 

Anal. Ca lcd . for C8H1 2O3 : C , 61 .52 ; H , 7 .75 . F o u n d : 
C1 6 1 . 4 3 ; H , 7.82. 

On add i t i on of t h e m o n o k e t a l t o a 0 .005 N so lu t ion of 2 ,4-
d i n i t r o p h e n y l h y d r a z i n e in 1.5 TV hydroch lo r i c ac id 1 1 a p r e 
c ip i t a te was formed which could b e filtered af ter a b o u t 20 
m i n u t e s . T h e de r iva t i ve hyd ro lyzed a n d comple t e ly r e -
dissolved if a l lowed t o s t a n d ove rn igh t in t h e ac id so lu t ion . 
After recrys ta l l i za t ion from e t h a n o l t h e de r iva t i ve had a 
m . p . of 177 -178° . 

Anal. Ca l cd . for C 1 4H 1 6N 4O 6 : C, 50 .00 ; H , 4 .80 ; N , 
16.66. F o u n d : C, 50 .02 ; H , 4 . 0 3 ; N , 16 .50 . 

T h e benzene- inso lub le ma te r i a l from t h e Claisen dist i l la
t ion was combined w i t h t h e res idue from t h e f rac t iona t ion t o 
give a b o u t 19 g. of c rude d ike t a l ; m . p . 5 0 - 5 5 ° . After t h r e e 
rec rys ta l l i za t ions from ligroin t h e m . p . was 6 5 - 6 6 ° ; b . p . 
100° (1 .0 m m . ) . 

Anal. Ca l cd . for C1 0H1 6O4 : C , 59 .98 ; H , 8 .06 . F o u n d : 
C , 59 .95 ; H , 8 .19 . 

T h e add i t i on of e ther to t h e benzene so lu t ion , from which 
t h e d ike ta l h a d been r e m o v e d , b r o u g h t a b o u t t h e s epa ra t ion 
of the d i - (3-keto-A 2 -cyclohexenyl) e the r of e t hy l ene glycol 
( I I ! . After c rys ta l l iza t ion from w a t e r 6 g. was o b t a i n e d 
wi th a m . p . of 1 3 0 - 1 3 2 ° . Rec rys t a l l i za t ion from b e n z e n e -
pe t ro leum e the r gave a p r o d u c t w i th a m . p . of 1 3 5 - 1 3 6 ° ; 
X„„IX, 250 m M ( l o g t 4 .65 ) . 

Anal. Ca l cd . for C1 4H1 8O4 : C , 67 .18 ; H , 7 .25 . F o u n d : 
C, 67 .35 ; H , 7 .15 . 

Bo th the p u r e d ike ta l and t h e enol e the r ( I I ) were h y d r o 
lyzed to 1 ,3-cyclohexanedione in 8 0 - 9 0 % yield b y refluxing 
wi th 0.1 N hydroch lo r i c ac id . 

A b o u t 18 g. of i m p u r e 1 ,3-cyclohexanedione was recovered 
by acidification and ex t rac t ion of t h e b i c a r b o n a t e e x t r a c t 
of t h e original r eac t ion m i x t u r e . 

3- ( (3-Hydroxyethoxy)-A 2 -Cyclohexenone ( I I I ) . — T h e 
m o n o k e t a l ( I I ) (2 .4 g.) was a l lowed t o reflux for one h o u r 
wi th 10 ml . of 0.1 N sod ium b i c a r b o n a t e . T h e so lu t ion 
was s a t u r a t e d w i th sod ium chlor ide a n d e x t r a c t e d w i th t h r e e 
10-ml . po r t i ons of ch loroform. T h e e x t r a c t was d r ied , t h e 
solvent was r e m o v e d and t h e res idue was e v a p o r a t i v e l y d i s 
tilled a t 0.5 m m . t o give 1.4 g. of oil; n ! 5D 1.5210; Xmax 

249 (log e 4 .29 ) . W h e n an a t t e m p t was m a d e t o f rac t iona te 
a larger s a m p l e of t h e s a m e reac t ion p r o d u c t t h e d is t i l la te 
was ent i re ly t h e m o n o k e t a l ( I ) as ind ica ted b y ref rac t ive in
dex and u l t rav io le t a b s o r p t i o n . 

E t h y l e n e K e t a l of 3 - H y d r o x y c y c I o h e x a n o n e . — T h e m o n o 
keta l ( I ) (9.6 g.) reac ted wi th t h e theore t i ca l a m o u n t of 
hydrogen in six hours over 2.4 g. of R a n e y n i cke l 1 ' in 30 m l . 
of abso lu te alcohol a t 25 p o u n d s h y d r o g e n p ressu re . F r a c 
t iona t ion of t h e p r o d u c t gave 6.6 g. ( 6 8 % ) of t h e e t h y l e n e 
ke ta l of 3 -hydroxveye lohexanone ; b . p . 89 (1 .0 m m . ) ; «MD 
1.4828. 

Anal. Ca lcd . for C8II14O.,: C, 60 .74 ; H , 8 .92 . F o u n d : 
C, 60 .80 ; H , 8 .93 . 

A 2 - C y c l o h e x e n o n e . - - T h e m o n o k e t a l (12 .0 g.) was h y d r o -
gena ted as a b o v e and t h e c rude p r o d u c t was al lowed t o 
s t a n d 24 hou r s a t room t e m p e r a t u r e wi th 25 m l . of 3 N 
hydroch lo r i c ac id . T h e so lu t ion was s a t u r a t e d w i th a m 
m o n i u m sulfate and ex t r ac t ed wi th six 15-ml . po r t i ons of 
e the r . After t h e solvent had been dr ied a n d r e m o v e d , t h e 
res idue was f rac t iona ted t o give 5.1 g. ( 6 9 % ) of A2-cyclo-
h e x e u o n e ; b . p . 65° (16 m m . ) ; H24D 1.4860. 

B o t h the 3 -hydroxy ke ta l a n d A 2 -cyclohexenone gave t h e 
s a m e 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e , m . p . 162 .8 -163 .2° or 
163 .8 -164 .0° s t a r t i ng w i th a b a t h a t 160° ; l i t . 1 6 3 ° , 1 3 1 1 6 -

(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., 15, 290 (1943). 

(11) O TI. Hiady and (V V. KIsmie, Analyst, 61, 77 (1920). 
(12) The catalyst used was the commercially prepared material ob

tained from the Raney Catalyst Co., Chattanooga, Tenn. 
(Ki) P. D. Bartlett and G. 1'. Woods, THIS JOURNAL, 62, 2933 

!.19JQ). 
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117° , " 170-170.5°,19 167.5-169°, l s 163°,'« 164-165°," 
sinter 163°, m.p. 171.5°.18 

Anal. Calcd. for C2Hi2N4O4: C, 52.17; H, 4.38; N, 
20.28. Found: C, 51.92; H, 4.35; N, 20.47. 

Ethyl A2-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 zinc, 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 
and 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 10% 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.); re"D 1.4879; Xmi3C 233 my 
(log «4.14). 

Anal. Calcd. for Ci0H„O3: C, 65.91; H, 7.74. Found: 
C, 65.70; H, 7.55. 

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

Anal. Calcd. for Ci8Hi8O6N4: C, 53.03; H, 5.01; N, 
15.46. Found: C, 53.04; H, 4.94; N, 15.83. 

3-Cyano-A2-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 

(14) F. C. Whitmore and G. W. Pedlow, ibid., 63, 758 (1941). 
(15) K. Dimroth and K. Resin, Ber., 75B, 322 (1942). 
(16) A. J. Birch, J. Chem. Soc, 430 (1944). 
(17) A. J. Birch, ibid., 1270 (1947). 
(18) M. Orchin, T H I S JOURNAL, 66, 535 (1944). 
(19) H. Adkins and G. Rossow, ibid., 71, 3836 (1949). 

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 in part before the Division of Organic Chemistry at the 
San Francisco Meeting of the American Chemical Society, March, 
1949. 

(2) Previous paper in series: S. J. Cristol and N. L. Hause, T H I S 
JOUKNAL, 74, 2193 (1952). 

was fractionated to give 16.8 g. (54%) of the cyanoketone 
(IV); b .p . 105° (3.8 mm.); » 2 I D 1.5104; ? w 236 ran (log 
e4.08). 

Anal. Calcd. for C7H7NO: 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. Calcd. for Ci3HuN5O4: 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.); n19D 1.4968. 

Anal. Calcd. for C9HnO2N: C, 65.44; H, 6.71; N, 8.48. 
Found: C, 65.03; H, 6.92; N, 8.14. 

3-Ethoxy-A2-cyclohexenone (VI).—A mixture of 1,3-cy
clohexanedione (28 g., 0.25 mole), 50 ml. of absolute ethanol 
and a few crystals of-^-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)20; b .p . 76° (1.0 mm.) ; nnr> 1.5030. The enol ether 
gave no derivative with the D .N .P . solution. 

Diethyl 3-Carboxymethylene-A2-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. (37%) of a product, b .p . 110° (1 mm.) , 
«1 7D 1.5311, Xn,** 298 my (log e 4.44). 

Anal. Calcd. for Ci4H20O4: 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.); M24D 1.5178; Xml* 233 ray. (log e 3.86) 
and 298 my. (log e 4.32). 

(20) Woods and Tucker6 prepared the enol ether by the action of 
ethyl iodide on the silver salt of 1,3-cyclohexanedione. The azeotropic 
method with ^-toluenesulfonic acid as a catalyst has been used re
cently on substituted 1,3-cyclohexanediones by R. L. Frank and H. K. 
Hall, ibid., 72, 1645 (1950). 

BERKELEY 4, CALIFORNIA 

w h e r e X a n d Y m a y b e h y d r o g e n o r ch lo r ine a t o m s , 
a n d t h e r e a c t i o n s s t u d i e d w e r e of t h e t y p e 

I I 
H O - + H C - C C l — > - H2O + > C = C < + C l " (1) 

I I 
S o m e of t h e d a t a d e s i r e d h a v e a l r e a d y b e e n p u b 

l i shed , 3 b u t t h i s p a p e r c o m p l e t e s t h e w o r k o n t h e s e 

(3) S. J. Cristol, ibid., 67, 1494 (1945). 
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Mechanisms of Elimination Reactions. VI. The Kinetics of Dehydrochlorination of 
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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 increasing alpha chlorine substitution upon dehydrochlorina
tion reactivities and upon the energies of activation is included. 


