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Solution a, originally containing 3.0 Ma-methylbenzyl alcohol-
OD, 0.50 M acetophenone, and 0.011 M mesityl disulfide, was 
treated in this way. The difference spectrum showed C-D 
absorption at 4.7 y,, absorbancy 0.14. The infrared spectrum 
indicated the presence in the distillate of 15% acetophenone, 
85% a-methylbenzyl alcohol. The extinction coefficient of 
the C-D bond was estimated to be 7.0 from examination of 
the infrared spectrum of 2-octanol-2-D in chloroform. On this 
basis the concentration of a-methylbenzyl alcohol-a-D in the 
distillate was estimated to be 2.0 M, 28%, deuterium exchange. 
In another similar run the recovered distilled a-methylbenzyl 
alcohol (1.05 g., 0.0086 mole) was diluted to 10 ml. with pyridine 
and treated with a solution of 2 g. (0.02 mole) of chromium tri-
oxide in 20 ml. of pyridine at room temperature for 16 hr. The 
mixture was filtered, diluted w:ith water, and extracted with 
ether. The extract was washed with 6 N hydrochloric acid, and 
with water, dried, and distilled, leading to acetophenone, b .p . 
40° (0.1 mm.), 0.43 g., 42% yield. A difference spectrum against 
acetophenone showed no infrared absorption at 4.7 n. 

Solution b, containing initially 3.0 M a-methylbenzyl alcohol-
OD and 0.5 M acetophenone in benzene, was irradiated and 
treated in the same way. The difference spectrum of the re­
covered, water-equilibrated a-methylbenzyl alcohol showed no 
C-D absorption at 4.7/J . 

Solution c, containing initially 3.0 M a-methylbenzyl alcohol 
and 0.017 M 2-mercaptomesitylene, was irradiated and worked 
up in the same way. The difference spectrum of the recovered 
water-equilibrated a-methylbenzyl alcohol showed absorption at 
4.7 /i, indicating 12c/( deuterium exchange. Solution d, 3.0 M 
a-methylbenzyl alcohol and 0.011 M mesityl disulfide, led, after 
irradiation and work-up, to recovered alcohol with absorption at 
4.7 ix, indicating 19% deuterium exchange. 

Acetophenone-2-Propanol (Table VII).—Aliquots (5 ml.) oi 
0.5 M acetophenone in 2-propanol were transferred to Thun-
berg tubes, degassed, and irradiated for 3 to 24 hr. The rate ol 
reaction of acetophenone was followed by ultraviolet spectro­
photometry and by vapor phase chromatography. The rate of 
formation of acetone was followed by vapor phase chromatog­
raphy. In ultraviolet analyses for acetophenone, the irradiated 
solutions were diluted, absorbancies were measured at 310, 320, 
and 330 tn/j., averaged, and converted to concentrations from a 
calibration curve. Chromatographic analyses for acetophenone 
were made with £-chloroacetophenone as internal standard, 
with a 3 ft. X 0.5 in. column packed with 10% Dow-Corning 
QF-I on 80-100 Chromosorb W. Column, detector, and injector 
temperatures were 150, 200, and 305°, respectively. Analyses 
for acetone were carried out with 2-butanol as internal standard, 
with a 6 ft. X 0.25 in. column packed with 20% adipate resin 
(R. C. Polymeric B.G.A., Rubber Corporation of America) on 
80-100 Celite. Column, detector, and injector temperatures 
were 50, 100, and 130°, respectively. 

Acetophenone-Pinacol.—(a) Acetophenone (120 ml., 1 mole) 
was diluted to 1 1. with 2-propanol and irradiated under nitrogen 
for 192 hr. with a Hanovia mercury arc 100 w. 16A-13 lamp with 
an interposed Vycor heat shield. 2-Propanol was removed and 
unreacted acetophenone was distilled out, b.p. 46° (0.1 mm.), 80 
ml. The pinacol residue, 40 g., 100% yield, was triturate:! with 
60-110° petroleum ether, and the insoluble fraction was crystal­
lized three times from 60-110° petroleum ether, leading to 10 g. 
of themeso diastereomer, m.p. 123-124°, reported10 123°. The re­
mainder was a mixture of the diastereomers, melting over a range. 

(b) Samples of the pinacol were isolated from the kinetic runs 
under conditions examined. Yields were determined, and the 
products were characterized by infrared spectra. 
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When treated with hydriodic acid in refluxing acetic acid, a-diketones and a-ketols are reduced to saturated 
ketones. This provides a general ketone synthesis, which in certain cases may be used to shift a carbonyl 
group to an adjacent position. Thus, 4-acetoxycholestan-3-one was converted to cholestan-4-one; 3,5,5-tri-
methylcyclohexane-l,2-dione gave 2,4,4-trimethylcyclohexanone and 2,4,4-trimethylcyclohex-2-en-l-one in a 
ratio of 4 : 1 ; 3,3-dimethylcyclohexane-l,2-dione gave 3,3-dimethylcyclohexanone; 4-hydroxy-4-ethyl-3-hexanone 
gave 4-ethyl-3-hexanone; and both sebacoin and sebacil were reduced to cyclodecanone. Since benzoin and 
benzil require more vigorous conditions for reduction to deoxybenzoin and since pivaloin cannot be reduced at all, 
we suggest an enolic carbonium ion intermediate to explain these findings. 

I n a r e c e n t p a p e r 2 we de sc r ibed t h e r e d u c t i o n of 
c h o l e s t a n - 3 , 4 - d i o n e a n d t h e d e r i v e d eno l m e t h y l 
e t h e r s t o c h o l e s t a n e - 4 - o n e b y h y d r i o d i c ac id in ref luxing 
ace t i c ac id (eq. 1). H y d r o g e n iod ide is wel l k n o w n 
for i t s a b i l i t y t o r e d u c e a v a r i e t y of o rgan i c s u b s t r a t e s 
i n c l u d i n g a r y l olefins, a r y l c a r b i n o l s , a r y l k e t o n e s , 
benz i l s , g lycols , a - h a l o k e t o n e s , a n d a , /3 -epoxyke tones . 
In s o m e of t h e s e r e a c t i o n s t h e r e d u c t i o n is be l i eved to 
p roceed b y a d i r e c t h y d r i d e t r ans f e r f rom h y d r o g e n 
iod ide t o a c a r b o n i u m ion i n t e r m e d i a t e . 3 A t first, 
r e a c t i o n 1 a p p e a r e d t o pa ra l l e l t h e r e d u c t i o n of s u b ­
s t i t u t e d benz i l s r e p o r t e d b y J a p p , K l i n g e m a n , 4 a n d 
F u s o n 5 ( r e a c t i o n s 2, .3, a n d 4 ) ; h o w e v e r , t h e c o n d i t i o n s 
r e q u i r e d for s a t i s f a c t o r y r e d u c t i o n of t he se l a t t e r 
c o m p o u n d s a r e m o r e v i g o r o u s t h a n t h o s e e m p l o y e d in 
t h e r e d u c t i o n s of A a n d t h e a l i p h a t i c a - d i k e t o n e s d is -

(1) A b s t r a c t e d in pa r t from the P h . D . thesis of R. L e M a h i e u , Mich igan 
S t a t e Un ive r s i t y , Augus t , 1963. 

(2) W. Reusch and R. L e M a h i e u , J. Am. Chem. Soc, 85 , 1669 (1963). 
(3) X. Deno . X. F r i e d m a n , J. Hodge , F , M a c k a y , a n d G. Saines , ibid., 

84, 4713 (1962). 
(4) F , J a p p and F. K l ingeman , J. Chem. Soc. 63 , 770 (1893). 
(5) R. F u s o o and P. Hoch , J. Am. Chem. Soc, 7 1 , 1585 (1949). 
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cussed in t h i s p a p e r . T h u s , an ace t i c acid solut ion 
of benz i l c o n t a i n i n g 4 t o 5 e q u i v a l e n t s of 4 8 % hydr iod ic 
ac id gave , a f te r 1 hr . a t reflux, a n exce l len t yield oi 



A u g . 5, 1964 H Y D R I O D I C A C I D R E D U C T I O N S O F C X - D I K E T O N E S 3069 

benzoin but no deoxybenzoin; benzoin was recovered 
unchanged after similar t reatment. Furthermore, 
the formation of D from A and B does not correspond 
to the reduction of the most hindered carbonyl group 
observed for unsymmetrically substi tuted benzils 
(eq.4). 

We now wish to report additional work (Table I) 
which concerns the scope and mechanism of this re­
markable reaction. The reduction of the alkylated 

TABLE I 

OCOCH3 

Products, yield 

D, 70% " 

O 

JX 
F.55% r 0XX 

XX "•"" 

xx> 
I, 74%' 

J, 17%° 

The very good yields of cyclodecanone (Q) reported 
for the latter reduction require tha t the published 
procedure be carefully followed. Thus, sebacil-free 
sebacoin must be used and the temperature must be 
held between 75 and 80° during the hydrochloric acid 
addition. Failure to observe these requirements may 
lead to incomplete reduction, overreduction to cyclo-
decane, or contamination of the cyclodecanone with 
sebacil. We find tha t comparable yields of Q are ob­
tained from both sebacoin and sebacil by reduction 
with hydriodic acid in refluxing acetic acid, thus ob­
viating the problem of temperature control. 

The course of the reduction of asymmetrically sub­
stituted diketones and ketols (e.g., A, C, H, K) suggests 
tha t this reaction will provide a valuable method for 
shifting a carbonyl group to an adjacent position, 
particularly within a six-membered ring. For example, 
substituted cyclohexanones having a quaternary a-
carbon (S) can be oxidized to the corresponding a-
diketone9 and then reduced to the isomeric /3-quaternary 
ketone (T). Alternatively, the A1'9-octalone-2 system 
(U) can be converted to a 1-decalone (V) by epoxidation 
followed by alkaline rearrangement2 and reduction. 

R; XX0 0XX) 
o 

I^L OH ^ ^ ^ Reduction of 3-hydroxycholest-3-en-2-one (E) yields 
~ [ y K .Q cholestan-2-one (F) accompanied by the isomeric cho-

^ ^ ~ ~ f j M 177<- lestan-3-one (G). Although the isolation of pure F 
^X requires chromatography, this simple approach com-

pares favorably with a recently reported10 general 
CoH.,coc(OH)(c2H5)2 N C2H5COCH(COHB)2 O, 80%° synthesis of 2-keto steroids. 

Theoretical Discussion.—The isolation of benzoin 

c _ 0 s^~~-^ and ketol M from the hydriodic acid reduction of 
(CH2)8 I P (CH2)9 C=O Q,70%"" benzil and a-diketone K, respectively, suggests tha t 

^ — ' the reduction of a-diketones proceeds in at least two 
stages. Since a-ketols are also reduced to ketones, it 

c=o c is at tractive to assume tha t their formation constitutes 
(CH2J8 ^ 0 R Q, 80% t h e fifst s t a g £ Although this reduction conceivably 

proceeds by /3-addition of hydrogen iodide to a dios-
» Based upon pure ketone actually isolated. » Corrected for p h e n o l t a u t o m e r followed b y d e i o d i n a t i o n 1 1 of t h e iodo-

recovered starting material. c Based upon analysis (e.g., v .p.c, , , , . , „-, ,, - ., , .. z , ••, 
infrared, ultraviolet, etc.) of the crude neutral products k e t o 1 t a u t o m e r (eq. 6), t h e f a c i l e r e d u c t i o n of benz i 

to benzoin under mild conditions implies tha t a geminal 
acyloin N is particularly noteworthy since it illustrates iodohydrin intermediate may be involved (eq. 7). 
the general ketone synthesis outlined in eq. 5.6 The The second stage in the reduction of a-diketones to 

H3O* HI ketones necessarily becomes the reductive dehydroxy-
I >• RCOCH(OH)R > RCOCH2R k t i o n o f a k e t o L I n t h e c a g e o f b e n z o ; n this is most 

2RCO2CH3 

NaO ONa 
i 

R - C = C - R 

R'X 
RCOC(OH)RR' • 

(5) 

RCOCHRR' 

(8) Zinc dust in acetic acid will not usually reduce a-ketols {e.g., i and ii) 
unless a neighboring hydroxyl group is present {e.g., iii): T. K. Norym-
berski, J. Chem. Soc, 517 (1956). The use of hydrochloric acid in the reduc-

success of the acyloin condensation in forming medium 
and large carbocyclic systems adds to the attractive­
ness of this method. In this respect, a comparison of 
the hydriodic acid reduction of sebacoin (P) and sebacil 
(R) with the currently favored7 zinc dus t -hydro­
chloric acid reduction8 of sebacoin should be made. 

(6) The alkylation of acyloin salts has been described by J. C Speck, 
Jr., and R. W. Bost, J. Org. Chem., 11, 788 (1946). We are indebted to Prof. 
Speck for calling this method to pur attention and for a generous gift of 
compound X. 

(7) A. C. Cope, J. W. Barthel, and R. D. Smith, "Organic Syntheses," 
Coll. Vol. IV, John Wiley and Sons. Inc., New York, N. Y., 1963, p. 218. 

£ 
•OH 

CH2OAc 

C = O 
-OH 

CH2OH 
I 
9=0 

-OH XX-
i i i n 

tion of sebacoin7 results in reaction conditions which approach those of the 
Clemmensen reduction. 

(9) (a) R. Hanna and G. Ourisson, Bull. soc. chim. France, 1045 (1961); (b) 
E. Bailey, D. H. R. Barton, J. Elks, and J. Templeton, J. Chem. Soc, 1578 
(1962); (c) H. Mori, V. Gandhi, and E. Schwenk, Chem. Pharm. Bull 
(Tokyo), 10, 842 (1962). 

(10) R. L. Clarke, J. Org. Chem., 28, 2626 (1963). 
(11) (a) R. Altschul and P. D. Bartlett, J. Org. Chem., 5, 623 (1940); 

(b) M. S. Newman, J. Am. Chem. Soc, 73, 4993 (1951). 
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O OH 
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HI 

O I 

: R - C - C - R 
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OH 

HI 

OH 

HO OH 
I I 

R-C=C-R + I2 

(6) 

(7) 

reasonably accomplished by a sequence of steps in­
volving nucleophilic at tack by iodide ion upon a con­
jugate acid of benzoin or some closely related species 
(eq. 8). The a-iodoketone thus formed is then re-

A or C where, in contrast with H, retention of the most 
hindered carbonyl function is observed. In any event, 
the advantage of direct displacement on enol deriva­
tives, as compared with the ketols themselves, is not 
immediately apparent. 

The second mechanism for ketol reduction is char­
acterized by ionization of the enol conjugate acids to 
isomeric allylic carbonium ions. From compound H, 
for example, conjugate acids a and b are precursors to 
the intermediate ions c and d, respectively. The sub­
sequent reduction of these ions may proceed by com­
bination with iodide ion followed by reduction of the 
resulting a-iodoketone,11 or by direct hydride transfer 
from hydrogen iodide itself.3-12 Loss of a proton 
from ion c would also account for the unsaturated 
ketone J observed as a minor product from the re­
duction of H. Since ion c is more stable than ion d, 

O OH2^ 

C6H6COCH(OH)C6H C6H5-C- -CH-C6H6 

t 
i-

OH i 
t 

C6H6-C CHC6H6 
\ / 

o-

C6H6COCHIC6H6 

('8) 

H 

duced11 to desoxybenzoin. The high concentration of 
hydrogen iodide and vigorous conditions required for 
the reduction of benzoin may be an indication tha t a 
doubly protonated intermediate is involved. On the 
other hand, the severe conditions required for benzoin 
reduction, relative to the reductions of the diketones 
and ketols described here, may be at t r ibuted to 
carbonyl deactivation by the conjugated phenyl group 
and /or preferred reduction via enol intermediates. 
Since pivaloin is not reduced by vigorous t rea tment 
with hydrogen iodide, we favor the latter interpretation. 

Two mechanisms for the second stage in the reduc­
tion of enolizable a-diketones will now be examined. 
First, iodide ion may effect a nucleophilic displacement 
on the conjugate acid of an enol tautomer (or an acetate 
derivative of an enol) yielding an enol form of an a-
iodoketone. In an unsymmetrical system two isomeric 
ketols, and hence two enol forms, must be considered. 
This point is illustrated for the reduction of H by struc­
tures a and b. Nucleophilic displacement of water by 
an S N 2 mechanism is more favorable in structure b, 
as a consequence of steric compressions in the tran­
sition states associated with a. Reduction via struc­
ture b does not lead to the observed product, and this 
mechanism is therefore considered improbable. Even 
if an argument favoring displacement for structure a 
could be advanced, it is unlikely that this same argu­
ment would successfully rationalize the reduction of 

reduction via c will be favored and the major product 
will be I. A similar argument will account for the 
major products from all the reductions studied so far. 
The only case in which this is not immediately clear 
is the reduction of E. An inspection of models dis­
closes that the /3-side of intermediate ion f is blocked 
by the C-IO angular methyl group, whereas ion e may 

HO. 

be freely solvated from both sides. Reduction via 
the latter intermediate will therefore predominate. 

An intermediate allylic ion of the type suggested 
above was proposed by Turner, et al.,u to account for 
the conversion of the cyclic ether W to bromoketone 
X upon t reatment with hydrobromic acid. The 

Br 

~ ^ - 0 H 2 

X ^ O H 2 

-OH 

HBr 

HBr 

H0-UO 
X 

(12) Our attempts to effect reduction of N by other hydride donors {e.g., 
triphenylmethane, cycloheptatriene, and 3,7,10-trimethyltriptychsiloxazoli-
dine) have not been successful and we conclude either that reduction by direct 
hydride transfer is unimportant ,in these reactions, or that the acid strength 
of the reducing medium must be higher than that employed with these 
donors. 

(13) R. B. Turner, V. R. Mattox, L. L. Engel, B. F. McKenzie, and E. C. 
Kendal, J. Biol. Chem., 166, 345 (1946). 
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formation of Z from Y under similar conditions14 may 
also be interpreted in this manner. The a-bromo-
ketones isolated in these reactions are less prone to 
reductive dehalogenation than are a-iodoketones. 

Experimental 
The following instruments were used in the work described 

below: Perkin-Elmer Model 21 infrared spectrophotometer; 
Beckman DK-2 ultraviolet and visible spectrophotometer; Beck-
man DB ultraviolet and visible spectrophotometer; Varian 
Associates A-60 high resolution nuclear magnetic resonance 
spectrometer; Consolidated Engineering Model 21-103c mass 
spectrometer; Aerograph A-90-P gas chromatograph. 

The melting points were taken on a Kofler hot stage micro­
scope and the microanalyses were by Spang Microanalytical 
Laboratory, Ann Arbor, Mich. 

General Procedure.—Reduction of an a-ketol requires 2 
equivalents of hydrogen iodide while a-diketones demand 4 
equivalents. A 100% excess of the reducing agent, in the form 
of 47% hydriodic acid, is added to a 2- to 30-fold quantity (by 
volume) of glacial acetic acid containing the organic substrate. 
The red color of free iodine is usually apparent upon mixing the 
reactants and becomes quite deep when the mixture is heated 
to reflux. After refluxing for 1 to 3 hr., the reaction mixture is 
chilled and quickly poured into a 2- or 3-fold quantity (by 
volume) of cold sodium hydroxide solution containing sufficient 
sodium bisulfite to reduce all the iodine present. The combined 
organic layers from three or four ether extractions of the result­
ing mixture are washed first with dilute bisulfite solution and 
then with several portions of 5% sodium hydroxide solution until 
the wash remains alkaline. A final wash with distilled water 
followed by drying over magnesium sulfate (anhydrous) and re­
moval of the solvent gives the crude reduction product. 

Reduction of Benzil.—A 2.0-g. sample of benzil in a solution of 
glacial acetic acid (30 ml.) and 47% hydriodic acid (12 g.) was 
refluxed for 1 hr. The usual work-up gave 1.25 g. of a colorless 
solid. Two crystallizations from ethanol yielded needles, m.p. 
133-134°, which were identified as benzoin by mixture melting 
point and a comparison of the infrared spectrum with authentic 
material. 

Treatment of benzoin (1.0 g.) with hydriodic acid (5.4 g.) 
in acetic acid (30 ml.) under similar conditions gave 0.96 g. of 
recovered benzoin. 

Reduction of 4-Acet6xycholestan-3-one (C).—A solution of 4-
acetoxycholest-4-en-3-one15 (500 mg.) in glacial acetic acid was 
hydrogenated in the presence of Pt . One equivalent of hydrogen 
was taken up and an infrared spectrum of the residue from an 
aliquot of the resulting solution supported the assignment of 
structure C to the solute. The filtered solution was refluxed 
with 2 ml. of 47% hydriodic acid for 1 hr., and following the usual 
work-up gave 310 mg. of cholestan-4-one, identified by mixture 
melting point and infrared spectrum. 

Reduction of 3-Hydroxy-5a-cholest-3-en-2-one (E).—A solu­
tion of E (400 mg.) in glacial acetic acid (30 ml.) was treated 
with 47% hydriodic acid (2 ml.) and refluxed for 30 min. The 
usual work-up gave 370 mg. of semisolid material which was 
chromatographed on 15 g. of neutral alumina using a 1:1 ben­
zene-ether eluting mixture and gave 310 mg. of a colorless solid, 
m.p. 95-102°. Since further crystallizations did not improve 
this melting point, the material was rechromatographed and 
yielded two fractions. Crystallization of the first fraction from 
aqueous ethanol gave 140 mg. of 5a-cholestan-2-one, m.p. 127-
128° (reported16 m.p. 130-131°), identified by mixture melting 
point and comparison of the infrared spectrum with authentic 
material. The second fraction, m.p. 103-110°, X^J' 5.86, 
5.88, 9.74, and 10.46 M> appeared to be a mixture of 5a-cholestan-
3-one and 5a-cholestan-2-one. 

Reduction of 3,5,5-Trimethylcyclohexan-l,2-dione (H).— 
A solution of 3,5,5-trimethylcyclohexan-l,2-dione17 (1.79 g.) 
in glacial acetic acid (35 ml.) was treated with 47% hydriodic 
acid (13 g.) at reflux for 2 hr. The work-up of this reaction was 
modified so that the product was washed first with sodium bi­
carbonate solution (to remove acetic acid) followed by 20% 

(14) C. W. Shoppee and R. Lach, J. Chem. Soc, 3271 (1961). 
(15) L. F. Fieser and R Stevenson, J. Am. Chem. Soc, 76, 1728 (1954). 
(16) L. Ruzicka, P. L PIattner, and M. Furrer, HeIv. Chim. Acta, 27, 524 

(1944). 
(17) H. O. House and R. L. Wasson, J. Am. Chem. Soc, 79, 1488 (1957). 

potassium hydroxide (to remove unreacted diosphenol). Acidi­
fication of the latter wash solutions gave 500 mg. of recovered H. 
The neutral oil remaining (1.18 g.) was analyzed by v . p . c , using 
a 15% neopentyl glycol succinate column at 123°, and two major 
components were found. These materials were isolated by pre­
parative v.p.c. and were identified in the following manner. 
The first material to be eluted (81% of the neutral product) 
proved to be 2,4,4-trimethylcyclohexanone (I) from a considera­
tion of the infrared spectrum,18 X ^ ' 5.84 M, and the 2,4-DXP 
derivative, m.p. 149-150° (reported19 m.p. 150-151°). 

The second material to be eluted was identified as 2,4,4-tri-
methyl-2-cyclohexen-l-one (J) on the strength of the ultraviolet 
spectrum, X^"s0H 233.5 mix (log e 4.0); the infrared spectrum,20 

X™' 5.95 and 6.08 /J; the nuclear magnetic resonance spectrum; 
and the 2,4-DXP derivative, m.p. 163-165° (reported21 m.p. 
163-164°). 

3,3-Dimethylcyclohexane-l,2-dione (K).—A solution of 2-
benzal-6,6-dimethylcyclohexanone (7 g.) in acetone (140 ml.) 
was chilled in an ice bath while a solution of potassium permanga­
nate (5.2 g.) and magnesium sulfate (3.9 g.) in water (105 ml.) 
was slowly added with stirring. The addition of the oxidizing 
reagent required 1 hr. and the mixture was agitated at room 
temperature for another 30 min. The reaction mixture was 
filtered and extracted with ether several times, following which 
the combined ether extracts were washed with 20% sodium 
hydroxide solution to remove acidic substances. After acidi­
fication of the basic wash portions, the organic acids were ex­
tracted with ether, and the combined ether extracts were washed 
with 5% sodium bicarbonate to remove carboxylic acids. The 
remaining ether solution gave 800 mg. of a thick oil; Xm„' 
2.95,6.00, and 1 1 . 8 9 M; X ^ " B 0 H 265 mM (log * 3.8). This material 
proved to be homogeneous with respect to v.p.c. on a 20% 
S.E.-30 column at 165° and was assigned structure K, since it 
gave a scarlet di-2,4-DXP derivative, m.p. 239-240°, X^T3 

352 (4.4) and 388 my (log e 4.3), which appears to be identical 
with that reported for K by Ramirez and Kirby,22 m.p. 237-
238°, XlH

x
cl1 351 (4.5) and 388 mM (log e 4.4). 

Reduction of 3,3-Dimethylcyclohexane-l,2-dione (K).—A solu­
tion of K (620 mg.) in glacial acetic acid (30 ml.) was refluxed 
with 47% hydriodic acid (6 g.) for 2 hr. The usual work-up 
gave 460 mg. of a neutral oil, which proved to be a mixture of 
two components by v.p.c. on a 15% neopentyl glycol succinate 
column. The material first eluted (78% of the total product) 
was shown to be 3,3-dimethylcyelohexanone (L) by a com­
parison of its infrared spectrum and v.p.c. retention time with 
an authentic sample. The 2,4-DXP derivative gave no de­
pression of a mixture melting point with authentic material. 

The second substance to be eluted was an a-ketol—either 2-
hydroxy-6,6-dimethylcyclohexanone (M) or 2-hydroxy-3,3-di-
methylcyclohexanone—as demonstrated by the infrared spec­
trum, X ^ ' 2.90, 5.83, and 9.03 M, and conversion to the di-2,4-
DXP derivative derived from 3,3-dimethylcyclohexane-l,2-
dione. 

Further reduction of the product mixture described above 
decreased the amount of ketol and gave an oil which was 90% 
L by v.p.c. analysis. 

Reduction of 4-Hydroxy-4-ethyl-3-hexanone (N).6—To a 
solution of X (7.0 g.) in glacial acetic acid (100 ml.) was added 
55 ml. (4 molar equivalents) of 47% hydriodic acid, and the 
resulting mixture was refluxed 2 hr. The deep red solution was 
worked up as previously described and yielded 6.0 g. of a light 
yellow oil. Distillation of this oil through a Vigreux column at 
atmospheric pressure gave a small fraction boiling under 150° 
followed by a 5.0-g. fraction, b.p. 152-157°. Analysis of this 
material by v.p.c. using a 15% Ucon Polar column (8 ft. X 1A 
in.) at 155° showed it to be > 9 5 % a single substance. A strong 
sharp absorption band at 5.84 M in the infrared indicated we were 
dealing with a saturated ketone; however, all attempts to pre­
pare a crystalline derivative were unsuccessful.23 Consequently, 
the assignment of structure O to this substance rests upon nuclear 
magnetic resonance and mass spectroscopic measurements. 

(18) Sadder Standard Spectra, 8, 8972 (1962). 
(19) A. Brenner and H. Schinz, HeIv. Chim. Acta, 35, 1615 (1952). 
(20) Sadder Standard Spectra, 8, 8973 (1962). 
(21) M Yanagita and S. Inayana, J Org. Chem., 19, 1730 (1954) 
(22) F\ Ramirez and A. Kirby, J. Am. Chem. Soc, 74, 4331 (1952) 
(23) D. Bardan, Bull. soc. chim. France, 19, 1878 (1931), has reported the 

preparation of O by dehydration of 3-ethoxy-4-hydroxy-4-ethylhexane and 
describes a semicarbazone, m.p. 51°. 
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TABLE II 

NUCLEAR MAGNETIC RESONANCE ASSIGNMENTS 

(CH3CH2)2CHCOCH,CH3 

b ' c a' a b 

Proton 
grouping 

a 
a' 
b 
b ' 
C 

Position, r 

Near 7.6 
Near 7.8 
9.02 
9.18 
Near 8.5 

Multipli 

Quartet \ 
Quintet; 
Triplet1, 
Triplet/ 
Broad mi 

icity 

iltiplet 

Integration 

3.0 

9.0 

4 .1 

Reduction of Sebacoin (P).—A 12-g. sample of crude seba­
coin24 was dissolved in 100 ml. of glacial acetic acid and re-
fluxed 2 hr. with 45 g. of 479c hydriodic acid (2.3 molar equiva­
lents). Following the usual work-up, distillation of the crude 
product (10.9 g.) gave three fractions ranging in color from very 
light yellow to light orange. The first fraction (0.9 g.) was 
shown to be 50%. cyclodecanone by v.p.c. analysis using a 15% 
phenyldiethanolamiue succinate column (8 ft. X 0.25 in.) at 
165°. The second fraction (6.7 g), b.p. 103-109° (17 mm.), 
was 90% cyclodecanone contaminated with sebacil and two 
other substances present in only minor quantities. The third 
fraction (1.2 g.), b.p. 109-115° (17 mm.), was mainly cyclo­
decanone with sebacil (12%) as the main contaminent. These 
assignments w êre made by comparing v.p.c. retention times and 
infrared spectra with corresponding values for authentic cyclo­
decanone (Aldrich Chemical Co.) donated by Prof. Harold Hart. 

(24) Sebacoin was prepared by acyloin condensation of diethyl sebacate 
according to the directions of N. L. Allinger. "Organic Syntheses," Coll, 
Vol. IV1 John Wiley and Sons, Xew York, N. Y., 1963. p. 840. Analysis by 
v.p.c. indicated that the acyloin was contaminated with sebacil (129r.)-
Consequently, a larger quantity of hydriodic acid should have been used in 
this reduction 

TABLE III 

M A S S SPECTROSCOPIC ASSIGNMENTS OF ALL PEAKS HAVING 

AN INTENSITY GREATER THAN 10% OF THE BASE PEAK 

ReI. 
' Metastable transitions -̂  

51.0 (99% — (71*) 

m.' e 

128 
100 
99 
71 
57 
55 
43 
41 
39 
29 
28 
27 

abundai 

n 
i i 
15 
90 
96 
25 

100 
29 
20 
87 
12 
58 

39.3 

37 0 

26.2 

25.2 

( 1 2 8 % - ( 7 1 % 

( 7 I + ) - ( 4 3 % ) 

(128+) — (99% 

Intensity of P -f- 1 peak 
Calcd. for C3H16O: 8.94%P 
Found: 9.3%nP 

Reduction of Sebacil (R).—A solution of crude sebacil25 (3.2 
g.) in glacial acetic acid (40 ml.) and 47% hydriodic acid (35 
g.) was refluxed for 2.5 hr.; after the usual work-up, 2.5 g. of a 
yellow oil w-as isolated. This material proved to be 94% cyclo­
decanone by v.p.c. analysis. 
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(25) Prepared by the oxidation of sebacoin by the procedure of A. T. 
Blomquist and A. Goldstein, "Organic Syntheses," Coll Vol IV, John Wiley 
and Sons, Inc., N/ew York, N. Y,, 1963, p. 838. The crude sebacil used in 
this experiment is greater than 92% pure 
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Typical examples of primary alkyl bromides and tosylates were treated with alko.xides under preparative 
conditions. Under conditions that usually lead to elimination rather than substitution, tosylates gave sur­
prisingly good yields of substitution products while the corresponding bromides underwent predominantly the 
elimination reaction. This sharp difference between bromides and tosylates can be of enormous significance in 
the development of synthetic procedures. 

A primary alkyl halide or tosylate possessing a t 
least one hydrogen at carbon 2 can, simultaneously, 
undergo bimolecular substitution and elimination on 
t rea tment with a nucleophilic reagent. The relative 
extents of substi tution and elimination depend on the 
nature of the alkyl group of the substrate,4^6 the leav­
ing group,™1 the attacking nucleophilic reagent,610 

the solvent ," and temperature.1 2 Of these various fac-
(1) Postdoctoral Research Associate (1958-1960). 
(2) Alfred P. Sloan Research Associate. Correspondence should be ad­

dressed to Mead Johnson and Co., Evansville. Indiana. 
(3) Postdoctoral Research Associate (1956-19.57) 
(4) P, B. I). de la Mare, L. Fowden, K. D. Hughes, C. K. Ingold, and 

J. D. H Mackie, J Chem Soc. 3169 (1955), and eight subsequent papers. 
(5) W H. Saunders, Jr., and R. A Williams, J. Am. Chem. Soc, 79, 3712 

(1957) 
(0) K L. Kliel and R. S Ro, Tetrahedron. 2, 353 (1958). 
(7) K. I). Hughes and U. G. Shapiro, / Chem Soc. 1177 (1937) 
(8) C. H, De Puy and I) H Froemsdorf, J. Am Chem. Soc. 79, 3710 

(1957). 
(9) W. H. Saunders, Jr., and D. H Edison, ibid., 82, 138 (I960). 
(10) E. D, Hughes, C. K. Ingold. S Masterman, and B. J. MacXulty, 

./. Chem. Soc. 899 (1940) 

tors which influence competitive elimination-substitu­
tion reactions, the effect of the nature of the leaving 
group appears to have received little attention. 

In the case of alkyl chlorides, bromides, and iodides, 
it is known7 tha t the S N 2 / E 2 ratio is not markedly de­
pendent on the nature of the halide, although the ratio 
is reported to decrease in the order RCl > RBr > RI . 
Previous kinetic studies with 2-phenylethyl bromides 
and tosylates8,9 have led to suggested differences be­
tween bromides and tosylates in their tendency to 
undergo substitution and elimination but no uniform 
pattern,1 3 useful to the synthetic organic chemist, has 
evolved. Since 2-phenylethyl halides and tosylates 
represent special cases, elimination being promoted in 
each of these by the phenyl group, we report here the 

(11) K. A. Cooper, M. L. Dhar, E D. Hughes, C K Ingold, B J. Mac-
Nulty, and L. I, Woolf, ibid.. 2043 (1948) 

(12) K. A, Cooper, E. D Hughes, C. K. Ingold, G. A Maw, and B. J 
MacNulty. ibid.. 2049 (1948) 

(13) C A Bishop and C. H. De Puy, Chem. Ind (London), 297 (1959) 


