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tone from acidified mixtures of cyclohexanone and 2,2-di- 
methoxypropane, even a t  reduced pressure and with acid 
concentrations of the order of O . O O l J f ,  resulted in the forma- 
tion of unsaturated ethers and methanol, and thus made it 
impossible to keep the reaction mixture free of the alcohol, 
Yields of 20-50y0 of the ketal were obtained in these cases. 
depending on the treatment. 

The first 100 ml. of distillate from a mixture of 1.0 mole 
of acetophenone, 1.5 moles of 2,2-dimethoxypropaneJ 410 
ml. of hexane, and 0.2 g. of p-toluenesulfonic acid con- 
tained 28% (vol.) of isopropenyl methyl ether and 1.0% 
acetone, while in a second experiment with the same amounts 
of ketone and ketal but with 2.0 moles of methanol and only 
330 ml. of hexane (to make equal dilutions in both cases) 
the first 100 ml. of distillate contained 200j, acetone and 
less than 1% isopropenyl methyl ether. 

c. Redistributim with acetone dimethyl ketal and cyclohexa- 
none dipropyl ketal. An equimolecular mixture of acetone 
dimethyl ketal (52 g., 0.50 mole) and cyclohexanone dipropyl 
ketal (100 g.) was acidified with 10 mg. of p-toluenesulfonic 
acid and allowed to stand a t  24' for 30 min. It was then 
made basic by the addition of 100 mg. of sodium methoxide 
in 5 ml. of methanol. Fractional distillation gave first the 
azeotrope of methanol and acetone dimethyl ketal, then the 
remainder of the acetone dimethyl ketal, and finally the 
cyclohexanone dipropyl ketal. Total recoveries of the two 
ketals were 96% and 99% respectively. No more than traces 
of the other possible ketals were shown by either the dis- 
tillation curves or refractive index measurements. 

Another equimolecular mixture of these ketals was 
made as before and 10 g. of methanol and 10 mg. of p-  
toluenesulfonic acid were added. After 30 min. a t  24' the 
solution was made basic in the same manner. Distillation of 
the solution gave the following fractions (boiling range, 
mid-range boiling point, and composition of fraction given) : 
I, 36-40.5' (303 mm.), 39' (303 mm.), azeotrope of methanol 
and 2,2-dimethoxypropane; 11, 40.5-65' (303 mm.), 4i" 
(303 mm.), azeotropes of methanol and propyl alcohol with 
2,2-dimethoxypropane; 111, 6.5' (303 mm.) t o  50" (81 mm.), 
45" (81 mm.), azeotrope of propyl alcohol and acetone 
methyl propyl ketal; IV, 50-71" (81 mm.), 58" (81 mm.), 
acetone methyl propyl ketal; V, 71-93' (81 mm.), 88.5" 
(81 mm.), acetone dipropyl ketal; VI, 93' (81 mm.) to 75" 
(19 mm.), 80.5' (19 mm.), cyclohexanone dimethyl ketal; 
VII, 76-87.8" (19 mm.), 89.5' (19 mm.), cyclohexanone 

methyl propyl ketal; VIII, above 87.6" (19 mm.), --, 
residue and column holdup (isolated by washing the packed 
column with ether and evaporating the ether, and identified 
as a mixture of the methyl propyl and dipropyl ketals of 
cyclohexanone by infrared spectroscopy). The mid-range 
boiling points were taken from well defined plateaus on the 
distillation curve, except for fraction I1 which gave no 
plateau. From the known composition of the azeotropes 
and by means of infrared spectrophotometric analyses the 
following recoveries were determined (given in gram- 
moles): methanol 0.24 (including 0.12 added when inacti- 
vating the catalyst), propyl alcohol 0.19, and the six ketals 
in order of increasing molecular weight 0.14, 0.25, 0.09, 
0.15,0.25,0.10. 

Ketals from ketone, alcohol, and 8,%dimethoxypropane. 
Method E .  Acetophenone dipropyl ketal. A solution of aceto- 
phenone (120 g., 1.00 mole), propyl alcohol (480 g., 8.00 
moles), 2,2-dimethoxypropane (156 g., 1.5 moles), 300 ml. 
of hexane, and 0.2 g. of p-toluenesulfonic acid was distilled 
through a 1000 X 25 mm. column packed with '/*-in. glass 
helices with the reflux ratio being adjusted EO that the head 
temperature remained below 50". After each 150-200 ml. 
of distillate was obtained, an equal volume of hexane wm 
added to the boiling solution until 530 ml. of distillate had 
been collected. The still-head temperature then slowly rose 
to 64' a t  which time the total distillate volume was 770 ml. 
The reaction mixture was made basic by rapidly adding 
0.2 g. of sodium methoxide in 10 ml. of methanol. Distillation 
was resumed and the pressure was reduced as necessary 
in order to keep the temperature in the flask below 100- 
110'. After a forerun which included some acetone dipropyl 
ketal, a residue of 190 ml. ( n y  1.4820) remained. After 
two distillations through a Sin. column packed with Berl 
saddles, this residue gave 141 g. of acetophenone dipropyl 
ketal, b.p. 61" (1 mm.), n y  1.4750, 63y0 yield (lit.13 b.p. 
112-115' (10 mm.)). 
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Alkoxy1 interchange between secondary alcohols and simple ketals gives ketals containing secondary alkoxyl groups in 
good yields. Such ketals can also be made by the addition of secondary alcohols to cy,B-unsaturated ethers and by dispro- 
portionation reactions. Ketals with secondary alkoxyl groups can be prepared directly from ketones and secondary alcohols 
by coupling the reaction with the hydrolysis of another ketal. Mixed ketals in which the alkoxyl groups may be either both 
secondary or only one secondary and one primary can also be made by these methods. 

The preparation of ketals of primary alcohols 
by alcohol interchange reactions with dimethyl 
ketals has been discussed in a previous paper.2 
This reaction has now been extended to include 

(1) Presented in part a t  the Gordon Research Conference 

(2) N. B. Lorette and W. L. Howard, J .  Org. Chem., 25, 
on Organic Reactions and Processes, July 1958. 

521 (1960). 

the preparation of ketals of monohydric secondary 
alcohols. There are two previous references in the 
literature to  the successful preparation of ketals of 
this type. Stevens, McLean, and Weinheimer3 
obtained relatively unstable a-hydroxyketals by 

(3) C. L. Stevens, R. L. McLean, and A. J. Weinheimer, 
Chem. & Ind. (London), 1957, 1321; J .  Am. Chem. SOC., 80, 
2276 (1958). 
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the addition of secondary alcohols to epoxyethers. 
These authors pointed out that this reaction is an 
alcohol interchange with an intramolecular ketal, 
and they ascribed the driving force for the reaction 
to the opening of the epoxide ring. Reichle has ob- 
tained diisopropyl ketals from cyclic ketones and 
triisopropyl or th~formate .~  A recent patent6 states 
that secondary and tertiary alcohols will react 
with allene to form the corresponding acetone 
ketals, but no examples of such compounds are 
given. Also without examples, an older patent6 
states that ketals can be formed with secondary 
alcohols. Other attempts to prepare ketals with 
secondary alkoxyl radicals were not successful.’ 

In  the interchange reaction with secondary al- 
cohols, ketals of primary alcohols give symmetrical 
ketals of the secondary alcohols and mixed ketals 
containing one secondary and one primary alkoxyl 
group. Mixed ketals in which the different alkoxyl 
groups are both secondary can be prepared by 
alcohol interchange with a symmetrical ketal and 
a secondary alcohol or by disproportionation be- 
tween two symmetrical ketals, Reaction l. 

R&( 0It’)z + R2C( OR”), e 2R&(OR’)ORf’ (1) 

No special driving force for the alcohol inter- 
change reaction is needed other than that provided 
by the removal of the by-product alcohol by distil- 
lation. The equilibrium of Reaction l is rapidly 
attained after the addition of a trace of strong acid. 

The addition of alcohols to a$-unsaturated 
ethers to give ketals has been demonstrated with 
secondary alcohols. The product ketal may contain 
one primary and one secondary alkoxyl group, or 
both alkoxyl groups may be secondary, depending 
on the nature of the alkoxyl group in the ether. 
Symmetrical ketals are obtained along with the 
mixed ketals because of the simultaneous occur- 
rence of the disproportionation Reaction 1. The 
yields of ketals by this method have been shown to 
be nearly quantitative both by isolation of the re- 
action products and by infrared spectroscopy. 
An absorption band (6 .1~)  due to the carbon- 
carbon double bond of the ether almost completely 
disappears, and the spectrum of the ketal appears. 
The loss of the 6.1-F absorption band was demon- 
strated with mixtures of the following ethers and 
alcohols: 1-cyclohexen-1-yl methyl and ethyl 
ethers, isopropenyl methyl, ethyl, and propyl 
ethers, and isopropyl, sec-bu tyl, 2-pentyl, and cy- 
clohexyl alcohols. Disappearance of the 6.1-p 
absorption band and appearance of the spectrum of 
a known ketal occurred with cyclohexyl isopropenyl 

(4) W. T. Iteichle, Dissertation Abstr., 19, 3134 (1959); 
private communication. 

(5) E. U. Elam and R. H. Hasek, Eastman Kodak Co., 
U. S. Patent 2,875,252, February 24, 1959. 

(6) W. H.  Carothers and H. B. Dykstra, E. I. du Pont 
de Nemours and Co., E. S. Patent 2,124,686, July 26, 1938. 

(7) C. -4. MacKenzie and J. H. Stocker, J .  Org. Chem., 
20, 1695 (1955). 

ether and cyclohexanol, isopropenyl methyl ether 
and isopropyl alcohol, and 1-cyclohexen-1-yl methyl 
ether and isopropyl alcohol. These properties also 
served to identify 1-cyclohexen-1-yl isopropyl 
ether (not isolated) as the principal constituent of 
a distillate fraction obtained in the forerun during 
the preparation of cyclohexanone diisopropyl ketal 
by alcohol interchange. The addition reaction did 
not occur with t-butyl alcohol. 

The readily available ketals, 2,2-dimethoxy- 
propane8 and 1, 1-dimethoxycyclohexane, *n9 were 
usually used as starting materials for the alcohol 
interchange reactions, and the methanol produced 
was removed azeotropically with hexane or ben- 
zene.2 In general, equilibrium concentrations of the 
methanol and product ketals have been lower, thus 
necessitating more tedious distillations, than in the 
preparation of ketals of primary alcohols. For this 
reason somewhat lower than the best attainable 
yields have been accepted to avoid long reaction 
times. Decomposition to unsaturated ethers is more 
serious when the ketals contain secondary alkoxyl 
groups, and conversions to these ethers are greater 
and lead to greater losses during long distillations 
from acid solutions. The ethers can often be re- 
covered, however, and used in addition reactions 
to prepare the same or other ketals. The product 
ketals were isolated and purified by distillation from 
alkaline media, or in some cases by crystallization. 

In  the preparation of mixed ketals yields of mixed 
and symmetrical ketals usually were in approximate 
accord with the requirements of the redistribution 
reaction of Calingaert and Beatty, lo when the 
alkoxyl radicals were both secondary (isopropyl 
and cyclohexyl). When they were not of the same 
order (methyl and isopropyl) the disproportiona- 
tion equilibria favored the mixed ketal. This is 
further evidence of the relatively greater difficulty 
of formation of ketal groupings with secondary 
alcohols and the greater stability of primary alkoxyl 
groups in ketal linkage. 

Interchange of ketone groups, similar to alcohol 
interchange, probably does not occur directly a t  
an appreciable rate although an apparent trans- 
ketonation can be accomplished if alcohol is present. 
When equimolar amounts of acetone diisopropyl 
ketal, cyclohexanone, and isopropyl alcohol were 
acidified and kept for thirty minutes a t  room tem- 
perature, infrared analysis showed the appearance 
of cyclohexanone diisopropyl ketal and acetone in 
considerable amounts. However, when equimolar 
amounts of acetone diisopropyl acetal and cyclo- 
hexanone, without alcohol, were treated in the 
same manner, no cyclohexanone diisopropyl ketal 

(8) 2,2-Dimethoxypropane is available from The Dow 
Chemical Co., Midland, Rfich. 

(9) R. E. McCoy, A. W. Baker, and R. S. Gohlke, J .  
Org. Chem., 22, 1175 (1957). 

(10) G. Calingaert and H. A. Beatty, Organic Chemistry, 
a n  Advanced Treatise, Vol. 11, 2nd ed., H. Gilman, Ed., John 
Wiley & Sons, New York, 1947, Chap. 24. 
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was detectable in the spectrum after thirty minutes. 
Absorptions due to small amounts of isopropenyl 
isopropyl ether and isopropyl alcohol were present, 
however, and the intensity of absorptions due to 
acetone diisopropyl ketal had decreased. After 
130 minutes absorption shoulders due to  cyclo- 
hexanone diisopropyl ketal had begun to appear 
and they were stronger after 190 minutes. At least 
part of the observed slow formation of the cyclo- 
hexanone ketal can be accounted for by the pres- 
ence of isopropyl alcohol from the decomposition 
of the acetone ketal indicated by the spectrum after 
thirty minutes, since it has been shown that the 
cyclohexanone ketal is formed rapidly when an 
equimolar amount of isopropyl alcohol is present; 
and this also indicates that its rate of formation 
depends on the alcohol concentration. Evidently 
the cyclohexanone ketal is formed only slowly if a t  
all by direct interchange. From measurements of 
the ultraviolet absorption spectra of acidified mix- 
tures of several ketones and isopropyl alcohol, 
Wheeler concluded that no reaction occurred. l1  

The apparent transketonation just described indi- 
cates that ketones and secondary alcohols do react 
to form ketal and water to a small extent, and that 
coupling of this reaction with the hydrolysis of 
another ketal to remove water will provide enough 
driving force to shift the equilibrium of ketal for- 
mation considerably in the direction of ketal. 
We believe that this is the first evidence of the 
existence of the reaction of formation of a ketal 
directly from a ketone and a monohydric secondary 
alcohol. 

As with ketals of primary alcohols12 ketals of 
secondary alcohols can be prepared by the simul- 
taneous reaction of a ketone, a secondary alcohol, 
and another ketal such as 2,2-dimethoxypropane 
or 1, l-dimethoxycyclohexane. A mixture of cyclo- 
hexanone, isopropyl alcohol, and 2,2-dimethoxy- 
propane gave yields of 57% of cyclohexanone iso- 
propyl methyl ketal and 17% of cyclohexanone 
diisopropyl ketal. A number of concurrent and 
interrelated reactions (2) undoubtedly occur in 

R(OCH3)z + i-CaH70H e (2) 
R(OCH3) (O-i-C?Hi) + R(O-i-CsHi)? + CH7OH 

R’=O + CHZOH R’(OCH3)z + H20 
R’=O + i-CzHiOH e R’(O-i-QHi)z + HzO 

R’(OCH3), + i-C3HiOH 
R‘(OCH3) (O-a-C3H7) + R’(O-i-CaHi)z + CHsOH 

HzO + R(O-i-CaHi)z Z$ R=O $. i-CaH,OH 
H,O + R(OCH3), e R=O + CH,OH, etc. 
(R = isopropylidene; R’ = cyclohexylidene) 

this mixture and ultimately lead to the isopropyl 
ketals of cyclohexanone. The water produced is 
consumed by the hydrolysis of the acetone ketals, 
and the equilibria are shifted in the direction of the 
cyclohexanone isopropyl ketals by the removal 
of acetone and methanol by distillation. This is a 

(11) 0. H. Wheeler, J. Am. Chem. SOL, 79,4191 (1957). 

convenient preparative method which utilizes 
readily available starting 

All of the ketals of secondary alcohols so far 
prepared undergo the same endothermic hydrolysis 
that is characteristic of the ketals of primary al- 
cohols. Examination of the hydrolyzates from the 
hydrolytic degradation of two of these ketals 
showed only the ketone and alcohol, thus provid- 
ing additional evidence for the acetal structure. 
The hydrolysis was essentially quantitative with 
the stoichiometric amount of water a t  room temper- 
ature, indicating a large hydrolysis constant and 
thus a very small constant for the reverse reaction 
of ketal formation. This observation corroborates 
Wheeler’s failure to detect the reverse reaction 
with isopropyl alcohol and ketones” and suggests 
that the reason was lack of sensitivity of his method. 

Suitable combinations of these preparative re- 
actions and those of our previous paper2 afford 
methods for the convenient preparation of many 
ketals of secondary alcohols from readily available 
starting materials. Table I gives the properties of 
some of these ketals which have already heen 
obtained. 

EXPERIMEKTAL 

Materials. Acetone dimethyl acetal (2,2-dimethoxypro- 
pane) supplied by The n o w  Chemical Co. was used as re- 
ceived. Cyclohexanone dimethyl acetal was prepared from 
methanol and cyclohexanone directly9 or with added 2,2- 
dimethoxypropane.2 The p-toluenesulfonic acid was used 
as the monohydrate (Eastman Kodak Co.) except where 
noted. The other materials were commercial products and 
were used without drying. The isopropyl alcohol used con- 
tained 0.2% water. 

Alcohol interchange. Method A. a. Acetone isopropyl methyl 
and acetone diisopropyl ketal. A solution composed of 832 g. 
(8.00 moles) of 2,%dimethoxypropane, 1349 g. (23.2 moles) 
of isopropyl alcohol, 3500 ml. (2403 g.) of hexane, and 0.05 
g. of p-toluenesulfonic acid was set for distillation through 
a glass Oldershaw fractionating column approximately 1 
meter long and having 30 trays. The column was fitted 
with a magnetically controlled liquid-dividing take-off 
head actuated by an electric timer. The timer was powered 
by a Wheelco “Capacitrol” arranged to respond to the 
temperature in the still head. The Capacitrol was set to 
operate the timer and thus remove distillate at head tem- 
peratures below 50°, in order to collect the azeotrope of 
methanol and hexane, b.p. 48”. At first a reflux ratio of 10 
was satisfactory but it soon had to be increased to 20 and 
then to 50. Finally, with the timer set a t  274 take-off, dis- 
tillate was collected intermittently whenever the temper- 
ature in the still head fell below 50” and actuated the timer 
through the Capacitrol. The distillation required 13 dags 
and 1866 g. of distillate was collected before the rate of dis- 
tillation was deemed impracticably slow and the process 
stopped. The solution was cooled and 0.4 g. of sodium dis- 
solved in 24 g. of isopropyl alcohol was added. 

The mixture was then distilled through a 1200 X 19 mm. 
column packed with l/a-in. glass helices and fitted with a 
vapor-dividing head with similar automatic controls. The 
azeotrope of hexane and isopropyl alcohol was first obtained 
(boiling range 57-65”), and during the distillation an addi- 
tional 2 1. of hexane was added to accomplish the removal of 
the remaining alcohol. The distillation was finished a t  re- 
duced pressure, finally giving the three frartions: (a )  31 g. 
boiling from 53” (350 mm.) to 47.5” (164 mm.), (h)  91 g. 
boiling from 47.5’ (164 mm.) to 63“ (52 mm.), (c) 798 g. 
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boiling a t  63-64.5' (52  mm.), nz$ 1.3987, and 27 g. of resi- 
due. Fractions a and b and the residue were combined, 100 
ml. of hexane and 50 ml. of cis-decalin were added, and the 
mixture was washed with water and dried. Distillation of this 
solution gave two fractions (d) 35 g. boiling from 41-50' 
(51 mm.), nv  1.3909, and (e) 21 g. boiling from 50-67" 
(51 mm.), ny 1.3988. 

Fractions c and e were identified as acetone diisopropyl 
ketal, yield 819 g. (5.12 moles) or 65% based on 7.85 moles 
of 2,2-dimethoxypropane (8.00 moles less 0.15 mole for the 
amount of water introduced with the isopropyl alcohol). 
Fraction d was acetone isopropyl methyl ketal, 0.27 mole, 
3.4%. In other runs in which the distillation of the hexane- 
methanol azeotrope was carried on for only 3-4 days, yields 
of the two ketals were each about 307,. Benzene is not so 
satisfactory as hexane as the azeotroping agent in this process 
because it leads to increased losses of isopropenyl isopropyl 
ether whose boiling point is near that of the benzene- 
methanol azeotrope. 

All of the distillate fractions were collected and worked 
up. Of 6194 g. of material taken, 5624 g. was recovered and 
570 g. lost. Alcohols were washed from the hexane distillates 
with water and recovered by distillation, yielding 10.3 
moles of methanol and 11.4 moles of isopropyl alcohol. By 
difference, unrecovered isopropyl alcohol was 11.4 moles. 
Isopropenyl methyl ether, 1.40 moles (17.8% on the same 
basis as for the ketals), was recovered from the hexane- 
methanol distillate. No 2,2-dimethoxypropane was re- 
covered. 

b. Acetone cyclohexyl isopropyl ketal and cyclohexyl isopro- 
penyl ether. One mole each of acetone diisopropyl ketal 
(160 g.) and cyclehexanol (100 9.) were added to 500 ml. of 
hexane and acidified with 0.05 g. of p-toluenesulfonic acid. 
The solution was fractionally distilled at  atmospheric pres- 
sure, giving 362 g. of distillate of boiling range 57-61'. 
(Sixty g. of isopropyl alcohol was obtained as its azeotrope 
M-ith water12 by washing this distillate with xater and dis- 
tilling the aqueous phase.) The reaction solution was then 
cooled and made basic by the instantaneous addition of 
0.1 g. of sodium methoxide in 10 ml. of methanol. Dis- 
tillation was resumed and the remaining hexane &-as re- 
moved, first a t  atmospheric and finally a t  reduced pressure 
to keep the flask temperature below 100'. Two forerun frac- 
tions consisted of 16 g. of acetone diisopropyl ketal, b.p. 
47-56' ( 2 5  mm.), ny 1.4013, and 37 g. of a mixture, b.p. 
56" (25 mm.) to 86" (12 mm.), n'; 1.4507, which was 
mainly cyclohexyl isopropenyl ether with a small amount 
of cyclohexanol (determined by infrared spectroscopy). 
The next fraction boiling at  87.5" (13 mm.), n'," 1.4398, was 
30.5 g. of acetone cyclohexyl isopropyl ketal. The distillation 
was stopped overnight but the system remained under 
vacuum. 

When the distillation was resumed 34 g. of material dis- 
tilled at 50" (11 mm.), n v  1.4519, d26 0.893 g./ml., and was 
identified as cyclohexyl isopropenyl ether. Another 4 g., 
b.p. 50-55" (11 mm.), ny 1.4542, distilled leaving a dry 
flask. A residue of 41 g. was obtained as column holdup. 
Evidently a pyrolysis had occurred. A similar unpredictable 
pyrolysis was observed in other runs, usually occurring 
spontaneously during the distillation of the ketal and making 
it impossible to continue the distillation. 

The yield of acetone cyclohexyl isopropyl ketal was 15% 
by this procedure, or 30V0 of the amount predicted by the 
redistribution reaction. In a similar experiment with half- 
mole quantities of the reactants, the residue after the re- 
moval of the hexane was separated into two crude fractions 
by rapid distillation a t  room temperature, first a t  25 mm. 
and finally a t  1 mm., with a final short heating to 50". 
Analysis of these fractions and the residue by infrared sper- 
troscopy showed the presence of 0.22 mole of acetone 
cyclohexyl isopropyl ketal and 0.10 mole of acetone di- 

(12) L. H. Horsley and co-workers, Azeotropic Data, 
American Chemical Society, Washington, D. C., 1952, p. 7 .  
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cyclohexyl ketal. The redistribution reaction predicts 
0.25 and 0.125 mole, respectively. Fractional distillation of 
the residue, which contained the cyclohexyl ketals, gave 
25 g. of the mixed ketal before pyrolysis interfered, making 
the isolated yield 25%. 

Identifiation of cyclohexyl isopropenyl ether. The following 
data identify the material of the preceding experiment, b.p. 
50' (11 mm.), as cyclohexyl isopropenyl ether. 

Anal. Calcd. for CsH160: C, 77.09; H, 11.50; mol. wt., 
140. Found: C, 76.93, 77.25; H, 11.54, 11.80; mol. wt., 
143 (cryo.). 

Calculated as the ether, 0.005 mole (0.70 g.) of the un- 
known was added to 0.005 mole (0.50 g.) of cyclohexanol and 
the solution was acidified with a trace of p-toluenesulfonic 
acid. An exothermic reaction occurred, and the product 
solidified when placed in the refrigerator, remelting over a 
range ending at about 22' (melting point of acetone di- 
cyclohexyl ketal, 25'). The infrared spectrum of the product 
mixture was essentially the same as that of acetone dicyclo- 
hexyl ketal, band for band, except that trace absorptions 
corresponding to the strongest bands of cyclohexanol indi- 
cated about 1-294 of this impurity. Absence of absorptions 
a t  6.06, 7.8, and 12.6 p, all characteristic of the ether, 
showed that conversion of the ether was practically quanti- 
tative. 

Mixed ketals by disproportionation of symmetrical ketals. 
Method B. a. Acetone cyclohexyl isopropyl acetal. Half-mole 
quantities of acetone diisopropyl ketal (80 g.) and acetone 
dicyclohexyl ketal (120 g.) were combined and acidified 
with 0.05 g. of p-toluenesulfonic acid dissolved in 10 ml. of 
isopropyl alcohol. The mixture soon became quite pink and 
then faded to a yellowish color during about 20 min. a t  
room temperature (cf. MacKenzie and Stocker'). The acid 
catalyst was then neatralized by the rapid addition of a 
solution of 0.1 g. of sodium methoxide in 10 ml. of methanol. 
Fractional distillation of the mixture gave 35 g. of acetone 
diisopropyl ketal, b.p. 44-64' (36 mm.), n y  1.3978; 24 g. 
of unidentified material, b.p. 64-114' (36 mm.), n? 1.4471; 
77.5 g. of acetone cyclohexyl isopropyl ketal, b.p. 116-118' 
(41 mm.), n'," 1.4383; and a residue of 48 g. of acetone 
dicyclohexyl ketal, n'," 1.4650 (estimated nearly pure by 
infrared spectroscopy). The ketals were isolated in approxi- 
mately the mole ratio required by the redistribution reac- 
tion, 1 . l :Z .O:  1 .O, but the recoveries were only about 80%. 

b. Disproportionations involvlng both primary and secondary 
alkozyl groups. Acetone isopropyl methyl ketal (142 g., 
1.07 moles) was acidified with 0.01 g. of solid p-toluenesul- 
fonic acid. Discoloration occurred in the vicinity of the 
crystals as they dissolved, but there was little further 
darkening of the solution. The refractive index was the same 
(1.3882) before, directly after, and 5 days after the addition 
of the acid. After 5 days a t  room temperature (about 24") 
0.05 g. of solid sodium methoxide was added and the mix- 
ture was distilled. The following fractions were obtained: 
(a)  acetone dimethyl ketal, 21 g., b.p. 41-48' (205 mm.), 
n'," 1.3767; (b) transition, 13 g., b.p. 48-73' (205 mm.), 
n'," 1.3844; (c) acetone isopropyl methyl ketal, 61 g., b.p. 
73-74' (205 mm.), n y  1.3890; transition, 7 g., b.p. 40-59' 
(40 mm.), n y  1.3954; (d) acetone diisopropyl ketal, 6 g., 
b.p. 59" (40 mm.), n"," 1.3951; and (e) residue. The residue 
was distilled without fractionation and gave an additional 
20 g. of acetone diisopropyl ketal, b.p. 61.5' (42 mm.), n y  
1.3984. The cold trap contained 11 g. of material identified 
as a mixture of isopropenyl methyl ether and isopropyl 
alcohol. Estimating the compositions of the transition frac- 
tions by linear interpolation of refractive indices and sum- 
ming gives a mole ratio of the ketals of 1.0:2.2:0.65 which 
deviates somewhat from the 1 : 2: 1 required by the redis- 
tribution reaction and, considering also the material in the 
cold trap, favors the mixed ketal. 

In another experiment equimolar amounts of cyclohexa- 
none dimethyl ketal ( 1.44 9.) and cyclohexanone diisopropyl 
ketal (2.00 g.) were mixed and acidified with a few crystals 
of p-toluenesulfonic acid. After 3 hr. a t  room temperature 

the infrared spectrum of the mixture was determined and 
compared with the spectra of mixtures of known concentra- 
tions of the three possible ketals, made up from the pure 
materials and adjusted to be equimolar in the symmetrical 
ketals. The spectrum of the acidified mixture closely matched 
that of the known sample in which the mole ratio of cyclo- 
hexanone dimethyl, isopropyl methyl, and diisopropyl ketals 
was 1.0:4.7: 1.0, showing considerable deviation from the 
1 : 2: 1 requirement of the redistribution reaction. Acidifica- 
tion of a sample of cyclohexanone isopropyl methyl ketal 
gave the same spectrum after 30 min. at room temperature, 
demonstrating attainment of the equilibrium from the other 
direction. The spectra of the acidified mixtures differed 
from that of the known mixture in having absorption bands 
due to small amounts of hydroxyl, carbonyl, and unsatura- 
tion (6.06 p) .  

Addition of secondary alcohols to unsaturated ethers. Method 
C. a. Acetone isopropyl methyl ketal. Isopropenyl methyl 
ether (60 g., 0.83 mole) was added dropwise to isopropyl 
alcohol (120 g., 2.0 moles) acidified with 0.035 g. of p- 
toluenesulfonic acid. External cooling was used to keep the 
temperature below 20 ' and the addition required about 
30 min. The mixture was then made basic by the instan- 
taneous addition of a solution of 0.05 g. of sodium methoxide 
in 5 ml. of methanol. The reaction product was washed with 
600 ml. of water in three portions, and separation gave 82.5 
g. of organic phase. The aqueous solution was extracted 
with 100 ml. of 45-60' petroleum ether which was separated 
and combined with the first organic phase. After being dried 
with potassium carbonate, the ether solution was distilled, 
giving 18.5 g. of acetone dimethyl ketal, 46.5 g. (42%) of 
acetone isopropyl methyl ketal, b.p. 45'/59 mm., n'," 
1.3876, and 31 g. of residue identified by refractive index, 
n'," 1.3977, as acetone diisopropyl ketal. 

b. The preparation of acetone dicyclohexyl ketal by this 
method has been given in connection with the identification 
of cyclohexyl isopropenyl ether. It can be isolated by crys- 
tallization from acetone or methanol a t  low temperature, 
m.p. 25" 

Simultaneous reaction of ketone, secondary alcohol, and u 
ketal. Method D. a. Evidence for the coupling of the reactzon of 
formation cf one ketal and the hydrolysis of another. Equimolar 
amounts of cyclohexanone (2.0 g.), isopropyl alcohol (1.2 
g.), and acetone diisopropyl ketal (3.2 9.) were mixed and 
the solution was divided into two parts. One part was used 
as a control sample, and the other was acidified with a small 
amount of p-toluenesulfonic acid and its infrared spectrum 
was determined after 30 min. Comparison of this spectrum 
and that of the control with those of authentic samples 
showed the following compositions by volume: found in 
the control sample, 23% cyclohexanone, 48% acetone diiso- 
propyl ketal (calcd. from the amounts taken, 28.6% and 
50.6% respectively), no acetone, no ketal of cyclohexanone; 
found in the acidified sample, 29% cyclohexanone diiso- 
propyl ketal and 16% acetone diisopropyl ketal. Acetone 
and cyclohexanone were both present in the acidified sample, 
but they were not determined for want of unobstructed 
absorption bands in the spectrum. 

To determine whether acetone diisopropyl ketal and 
cyclohexanone react a t  an appreciable rate by a direct 
interchange, an equimolar mixture of cyclohexanone (4.0 g.) 
and acetone diisopropyl ketal (6.5 g.) was made up and 
divided as before. One part was acidified with a similar 
amount of p-toluenesulfonic acid which had been dissolved 
in boiling toluene, further boiled, recrystallized by cooling, 
and stored under petroleum ether. Infrared spectra were 
determined on samples of this solution after 30, 130, and 
190 min. The spectrum of the rontrol indicated 38% (vol.) 
cyclohexanone (13.4 p )  and 62% acetone ketal (11.4 p ) .  
The acidified sample after 30 min. still contained 3570 
cyclohexanone, hut the acetone ketal had decreased to 
48% and new bands at 6.06 and 7 8 I* and at 10.5 p indi- 
cated 9% isopropenyl isopropyl ether and 6% isopropyl 
alcohol. Strong bands a t  8.05, 8.7, and 9.3 p characteristic 
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of cyclohexanone diisopropyl ketal were absent. In  the 
spectrum after 130 min. weak absorption bands due to the 
cyclohexanone ketal had appeared and the absorption bands 
of cyclohexanone and the acetone ketal had become weaker. 
These trends continued in the same direction in the spec- 
trum of the 190-min. sample, in which the concentration 
of cyclohexanone diisopropyl ketal was estimated at about 
10%. 

b. Cyclohexanone isopropyl methyl ketal and cyclohexanone 
diisopropyl ketal. A solution of cyclohexanone (98 g., 1.0 
mole), isopropyl alcohol (264 g., 4.40 moles), 2,2-dimethoxy- 
propane (125 g., 1.20 mole), benzene (250 ml.), and p- 
toluenesulfonic acid (0.05 g.) was distilled on a good frac- 
tionating column a t  a pressure of 270 mm. with automatic 
controls set to remove distillate when the temperature in 
the still head was below 34’. After about 24 hr. this tempera- 
ture could not be maintained with a 50: l  reflux ratio, so 
the distillation was stopped. The volume of the distillate 
was 226 ml. and contained 109 ml. of water-soluble material. 
The reaction solution was made basic by adding a solution 
of 0.1 g. of sodium in 20 ml. of isopropyl alcohol. Infrared 
analysis showed that less than 2% of the cyclohexanone re- 
mained unchanged. Distillation was resumed and after 412 
ml. of forerun had distilled, 99 g. (57.5%) of cyclohexanone 
isopropyl methyl ketal was obtained in the boiling range 

47-70’ (8 mm.), n’,” 1.4388. The residue was identified by 
infrared spectroscopy as practically pure cyclohexanone 
diisopropyl ketal, yield 34 g. (17%). Similar yields were 
obtained using hexane as solvent instead of benzene. 

Hydrolytic degradation. Equimolar amounts of acetone 
di-sec-butyl ketal (11.5 g.) and water (1.10 g . )  were mixed 
and acidified with a tiny crystal of p-toluenesulfonic acid 
introduced on the bulb of a thermometer. The temperature 
began to decrease and the mixture suddenly became homo- 
geneous. The infrared spectrum of the solution, determined 
after 30 min., indicated the presence of 2970 (vol.) acetone 
and 7070 sec-butyl alcohol (calcd., 29y0 and 71%). None of 
the absorption bands of the ketal was present. 

Cyclohexanone dicyclohexyl ketal was hydrolyzed in an 
equal weight of purified dioxane with a 10% excess of water, 
and the infrared spectrum of the solution was determined. 
Absorption bands characteristic of cyclohexanol and cyclo- 
hexanone were present, but the bands of the ketal were 
absent. 
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A new mechanism is proposed for the course of the acylation of pyridine derivatives. Evidence in its support is presented. 

As a result of previous work from this labora- 
t ~ r y , ~ - ~  the following series of reactions was pro- 
posed, using a 2-alkylpyridine as an example, 
to rationalize the results which were obtained when 
2-picoline and certain related 2-alkylated tar bases 
were acylated with esters in the presence of the 
basic condensing agent, BM. 

2-CsHJJCHZR + B h I +  
I 

(2-CsH4NCHR)- JI+ + HI3 (1) 
I1 

(1) For paper IX in this series, see 8. Raynolds and R. 
Levine, J. Am. SOC., in press. 

(2)  This paper is based on part of the thesis presented by 
S. R. to the Graduate Faculty of the University of Pitts- 
bureh in aartial fulfillment of the reuuirements for the 
Ph.D. degrke. 

(3) Monsanto Chemical Co. Research Fellow for the 
academic year 1958-59. 
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I1 + R’COdLHs + 
~-C~HINCHR(COR’)  + JIOC2Hfi ( 2 )  

111 

r& [2-C6H4r\’CR( COR’) I -M + + I 
I V  

L+ (P-C,H4NCHR),C(OlI)R’ 
v 

111 + I1 - i b  (3) 

An acid-base reaction occurs between I and the 
basic condensing agent, Bh9, to give the metalated 
pyridine derivative, I1 (equation 1). T h e n  i t  i s  
assumed (Equation 2) that the free ketone, 111, i s  
formed by the reaction of I1 with the ester. Finally, 
I11 may react with I1 in two ways: (1) I11 and I1 
may undergo an acid-base reaction to  give the 
anion of the ketone, IV, and I (Equation 3a) 
and (2) a carbinol may be formed as its metallic 
salt, V, by the addition of I1 across the carbonyl 
group of 111 (Equation 3b). Thus, when the 
lithium derivatives of 2-picoli1ie,~~~ q~ina ld ine ,~  
2,6-l~tidiiie,~ 2-ethylpyridineJ7 and 2-isobutylpyri- 
dine7 were acylated with esters only ketones of 
type I11 (where R’ is aromatic or heterocyclic) or 
mixtures of ketones and carbinols of type V (where 
111 = €I and R’ is aliphatic) were obtained. When 


