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ORGANIC PREPARATIONS AND PROCEDURES INT. 9( 6) ,' 285-288 (1977) 

A SIMPLE SYNTHESIS OF 4-CYCLOHEXENE-lY2---DIOL AND I T S  USE AS THE 
PRECURSOR OF A FUNCTIONALIZED CYCLOHEXENONE SYNTHON 

n 

Grant R. Krow, Richard Carmosin, and Anthony Mancuso 
Temple Un ive rs i t y  , Phi lade1 phia, Pennsylvania 19122 

In connection w i t h  studies d i rec ted  toward the  synthesis o f  the  a n t i -  

( I ) ,  we havesynthesized the po ly func t iona l  ac id  1 leukemic agent ac t inobo l in  
sens i t i ve  cyclohexenone , 4,5-&-di hydroxycyclohex-2-en-l-one ( V I I ) .  

I 1  

, CH3 
R = NHCOCH 

NH2 
\ 

I I I a  R COCH3 

I I I b  R = H 
IV 1 

V I  I V I  V 

A procedureL avoiding the use o f  s i l v e r  s a l t s  f o r  a - h y d r o x y l a t i o n  
o f  o l e f i n s  was appl ied t o  cyc1ohexa-ly4-diene (IL). Thus reac t ion  o f  I 1  

w i t h  potassium iodate  and iod ine  i n  g l a c i a l  ace t ic  ac id  fo l lowed by 
treatment w i t h  potassium acetate a f fo rded the  &-monoacetate ( I  I I a )  
Alcoholysis w i t h  potassium methoxide l e d  t o  cyclohex-4-ene-&-l , ~ ! - d i o l ~ ' ~  
( I I I b )  i n  71% ove ra l l  y i e l d .  The d i o l  I I I b  was ke ta l i zed  using 2,2-dimethoxy- 
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mow, CARMOSIN AND Imm.JS0 

5 propane i n  the  presence o f  p t o l u e n e s u l f o n i c  ac id  t o  a f f o r d  I V ,  which was 
epoxidized w i t h  E-chloroperbenzoic ac id  i n  chloroform t o  g ive  epoxyketal 

7 V o f  undetermined conf igura t ion .  Treatment o f  V w i t h  l i t h i u m  diethylamide 
y ie lded  the  unsaturated alcohol V I  i n  85% y i e l d .  Oxidation o f  the alcohol 
V I  w i t h  f r e s h l y  prepared manganese dioxide i n  chloroform gave desired 
cyclohexenone V I I  i n  56% y i e l d ;  however, the y i e l d  was no t  reproducible on 
scale-up. 
and tautomerizat ion o f  V I I ,  was formed, presumably via ca ta l ys i s  by the 
water o f  hydrat ion i n  the  ac t i ve  manganese dioxide. 
t i z a t i o n  o f  V I I  was circumvented using pyr id in ium c h l o r o ~ h r o m a t e ~  t o  e f f e c t  
the ox ida t ion  o f  alcohol V I  t o  c r y s t a l l i n e  ketone V I I  i n  85% y i e l d .  

6 

8 

An appreciable amount o f  hydroquinone, formed by &e l im ina t ion  

The problem o f  aroma- 

EXPERIMENTAL 

A l l  me l t ing  po in ts  are uncorrected, I R  spectra were obtained on a 
Perkin-Elmer In f raco rd  Spectrometer Model 1378; NMR specrta were deter- 
mined i n  CDC13 on a Varian XL-100-15 instrument; UV spectra were recorded 
on a Cary-14 UV Spectrometer. 
Analysis, Wilmington, Delaware. Magnesium s u l f a t e  was used as dry ing  
agent . 
Cyclohex-4-ene-cis-1 ,Z-diol ( I I I b ) . -  1,4-Cyclohexadiene (20 g, 0.25 mol), 
potassium iodate  (13.5 g, 0.62 mol), and iod ine  (31.5 g, 0.125 mol) i n  
ace t i c  ac id  (400 ml )  were s t i r r e d  a t  60" f o r  3 hrs.' A f t e r  cool ing,  
potassium acetate (25 g, 0.25 mol) was added and the  mixture was ref luxed 
an addit ion33 3 hrs. A f t e r  cool ing, water (4 rnl) was added and-the so l -  
vent was removed i n  vacuo. The residue taken up i n  e ther  (250 m l )  was 
washed w i t h  saturated aqueous sodium t h i o s u l f a t e  s o l u t i o n  (20 m l )  t o  
remove the  brown co lo r .  A f t e r  drying, so lvent  was removed i n  vacuo and 
cyclohex-4-ene-~-l ,2-diol  monoacetate (I I Ia), 29.25 g (75%), was d i s t i l l e d ,  
bp 83-92' (1.4 n), lit3 bp 94' (2 mn). The m-monoacetate I I I a  (5.3 g, 
0.034 mol), and sodium methoxide (1 g) i n  dry methanol (60 m l )  were heat- 
ed t o  r e f l u x  f o r  1 h r ,  cooled, and carbon d iox ide  (2.5 g) was bubbled 
i n t o  the  so lu t ion .  The so lvent  was removed i n  vacuo, and saturated aq- 
ueous sodium ch lo r i de  (4 m l )  was added t o  the  residue. Ether ex t rac t ion ,  
drying, and removal o f  so lvent  a f fo rded 3.7 g (95%) of c r y s t a l l i n e  d i o l  
I I I b  mp 80-82"; l i t3 mp 80-81" (ether/pet ether) ;  NMR 6 2.3 (m, 4H), 3.5 
(s ,  2H), 3.9 (t, ZH), 5.55 (s ,  2H). 

Microanalyses were performed by Micro 
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SYNTHESIS OF b-CYCLOHEXENE-1,2-DIOL 

1,2-Isopropylidenedioxycyclohex-4-ene (IV).- c i s -D io l  I I l b  (10.0 g, 0.88 
mol ) was dissolved i n  2,2-dimethoxypropane (200 m l  ) and p- to luenesu l fon ic  
ac id  (0.5 g) was added.' A f t e r  s t i r r i n g  f o r  48 hrs  a t  30a, chlorofonn 
(400 m l )  was added. The organic l a y e r  was washed w i t h  saturated aqueous 
sodium bicarbonate (2 x 50 ml) ,  dr ied,  f i l t e r e d ,  and so lvent  removed jn- 
vacuo. D i s t i l l a t i o n  afforded 10.5 g (78%) o f  k e t a l  I V ,  bp 67-69" (22 mn); 
NMR 6 1.33 (s, 3H), 1.46 (s, 3H), 2.28 (m, 4H), 4.38 (m, 2H), 5.82 ( t ,  
2H). 
- Anal. Calcd f o r  CgH1402: C, 70.10; H, 9.15 

Found: C, 69.92; H, 8.93 

1,2-Isopropylidenedioxycyclohexane-4,5-epoxide fV).-  To an ice-cooled 
s o l u t i o n  o f  1,2-isopropylidenecyclohex-4-ene ( I V )  (50.0 g, 0.325 mol) 
i n  chloroform (300 ml )  was added dropwise a s o l u t i o n  o f  85% p c h l o r o p e r -  
benroic ac id  (65.8 g, 0.325 mol) i n  chloroform (300 m1).6 The reac t ion  
was s t i r r e d  f o r  3 h rs  a t  O", then 16 hrs a t  30". 
(20% aqueous, 150 m l )  was added and the  mix tu re  was s t i r r e d  f o r  1 hr. 
The organic phase was separated, washed w i t h  10% sodium hydroxide (50 ml) ,  
dried, f i l t e r e d ,  and so lvent  was removed i n  vacuo t o  a f f o r d  upon d is -  
t i l l a t i o n  a t  53-55" (0.2 mn),  epoxide V, 45.3 g (82%); NMR 6 1.25 ( s ,  3H), 
1.42 ( s ,  3H), 2.18 (m, 4H), 3.16 (m, 2H), 4.24 (m, 2H). 
Anal. Calcd f o r  CgHl4O3: C, 63.51; H, 8.29 

Found: C, 63.61; H, 8.12 

4,5-Isopropylidenedioxycyclohex-2-en-l-ol (VI).- A s o l u t i o n  o f  l i t h i u m  
diethylamide was prepared by d i sso l v ing  diethylamine (12.3 g, 0.25 mol) 
i n  e ther  under a n i t rogen atmosphere a t  O', adding p b u t y l l i t h i u m  (104 
m l  o f  a 2.4 molar s o l u t i o n  i n  hexane, 0.25 mol), and s t i r r i n g  f o r  25 min 
a t  0". The 1,2-i sopropyl i denedi oxycycl ohexane-4,5-epoxi de V (1 7 g , 0.1 
mol) d issolved i n  e ther  (50 ml )  was added dropwise a t  0" over 0.5 h r  and 
the reac t ion  was s t i r r e d  an add i t i ona l  2 h rs  a t  0" and 15 hrs  a t  30'. 
Water (50 m l )  was added, the organic l a y e r  was separated, and the  water 
l a y e r  ex t rac ted  w i t h  e ther  (2 x 50 m l ) .  The combined ethereal  l aye rs  
were dr ied,  f i l t e r e d ,  and so lvent  was removed i n  vacuo t o  g ive  a l l y l i c  
alcohol V I ,  14.5 g (85%), as whi te c rys ta l s ,  mp 58-59', sublimed a t  40' 
(0.5 mm); NMR 6 1.28 (s, 6H), 2.32 (m, 2H), 3.75 (m, l H ) ,  4.38 (m, 2H), 
5.78 (m, 2H). 
- Anal. Calcd fo r  CgH1403: 

Sodium s u l f i t e  s o l u t i o n  

7 

C, 63.50; H, 8.29 
Found: C, 63.44; H, 8.04 
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mow, CARMOSTN AND MANCUSO 

4,5-Isopropyl idenedioxycycl ohex-2-en-1 -one ( V I I  ). - (Method A)  Pyri d i n i  um 
c h l ~ r o c h r o m a t e ~  (23.25 g, 0.11 mol) was dissolved i n  dry  methylene ch lo r i de  
(150 m l )  and 4,5-isopropylidenedioxycyclohex-2-en-l-ol (V I )  (14.5 g, 0.085 
mol) i n  methylene ch lo r i de  (50 m l )  was added t o  the  s t i r r e d  s o l u t i o n  rap id l y  
a t  room temperature. The reac t ion  was s t i r r e d  under a n i t rogen atmosphere 
f o r  1.5 h rs  a t  30°, then f i l t e r e d  through f l o r i s i l .  Removal o f  so lvent  & 
vacuo a f fo rded 12.1 g (85%) o f  conjugated ketone V I I ,  mp 70.5-71" (chloro- 
form); NMR 6 1.40 (s, 6H), 2.82 (my 2H), 4.72 (m, 2H), 6.07 (d, l H ) ,  6.65 
(d t ,  l H ) ,  I R  (CHC13) 1680 cm'l, UV (cyclohexane) xmx 218 nm, e 2750. 
(Method B) Ac t iva ted  manganese dioxide8 (47 g) was added t o  a l l y l i c  a lcohol  
V I  (1.4 g, 0.008 mol) i n  chloroform (500 ml )  and the  mixture was s t i r r e d  4 
days a t  30". Cata lys t  was f i l t e r e d ,  washed w i t h  chloroform and the com- 
bined washings were concentrated t o  a f f o r d  conjugated ketone V I I ,  770 mg 
(56%), mp 70-71" (hexane). 
- Anal. Calcd f o r  CgH1203: C, 64. 28; H, 7.19 

Found: C, 64.01; H, 7.19 
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