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ORGANIC PREPARATIONS AND PROCEDURES IN". 16(5), 321-328 (1984) 

A CONVENIENT SYNTHESIS OF ISOMERICALLY 
PURE l-METHYL-2-VINYLCYCLOHEXENE AND 1-VINYLCYCLOHEXENE 

George W. Kabalka*, Mohammad Mohammadi, 
Mark Hylarides and Ronald D. Finnt 

Department of Chemistr University of Tennessee, 

Medicine, Mount Sinai Medical Center, Miami Beach, Florida 33140 
Knoxville, TN 37996-1600 and v Baumritter Institute of Nuclear 

As part of a program to synthesize carbon-11 labeled, 17P-estradiol 

and related hormones using organoborane chemistry, s 2  we required iso- 

merlcally pure l-methyl-2-vinylcyclohexene and related dienes as model 

compounds for investigating ring closure reactions. Although a number 

of synthesis of l-methyl-2-vinylcyclohexene (VIa) have been reported, 3-8 

the desired product is generally contaminated with the isomeric 

2-me thy l-3-vi ny Icy c lo hexene . 
OH a- 05 

We now report an improved synthesis of 1-methyl-2-vinylcyclohexene 

(VIa) and 1-vinylcyclohexene (VIb). The products are formed in good 

yield with regiospecific placement of the internal double bond. The 

synthetic sequence is  summarized in Figure 1. 

@1WS by Organic hparations and Procedures Inc. 
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KABAI,KA, MOHAMMADI, H Y M I D E S  AND FINN 

1. L i C H  CO R 2 2  

D R  2 .  _____* H C 1  2. H 2 0  

Ia,b I I a ,  b 

H PO 
IVa,b - 3 4  

( a >  R = CH3; ( b )  R = H 

The procedure  (6-s teps)  

IIIa,b IVa,b 

Va,b VIa , b 

FIGURE I 

produces good y i e l d s  of t he  d e s i r e d  product  

and is  more convenient  than  t h e  p r e v i o u s l y  r e p o r t e d  procedures .  Under 

t h e  r e a c t i o n  c o n d i t i o n s ,  t he  d e s i r e d  i n t e r m e d i a t e ,  Va, is formed 

i s o m e r i c a l l y  pure from I V a .  

vc IYa Va 
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l-METHYL-2-VINYLCYCLOHEXENE AND 1-VINYLCYCLOHEXENE 

The p o s i t i o n  of t he  double bond was confirmed by off-resonance 

13C-NMR; two quarternary carbons a t  127.1 and 129.8 ppm w e r e  present  a s  

expected. No o the r  v i n y l i c  carbons w e r e  apparent i n  the  13C-NMR. 

The 13C-NMR spectrum of Vla e x h i b i t s  two resonance l i n e s  a t  110 and 

135.18 ppm due t o  the  sp2 carbons of the c y c l i c  and a c y c l i c  a lkenes,  

r e spec t ive ly .  The off -resonance 13C-NMR spectrum f o r  compound VIa has a 

s i n g l e t  peak a t  110 ppm and a t r i p l e t  superimposed by a doublet  peak a t  

35.18 ppm. 

EXPERIMENTAL SECTION 

The l H  and 13C-NMR spec t r a  were obtained on a J e o l  FX-9OQ Fourier  
transform NMR spectrometer.  Chemical s h i f t  values a r e  expressed i n  p a r t s  
per mi l l i on  ( 6 )  downfield from TMS. The I R  spec t r a  were obtained on a 
Perkin-Elmer 1330 spectrometer and Dig i l ab  Model 20 c / v  FTIR.  The reac- 
t i o n  f l a s k s  w e r e  d r i ed  i n  an oven a t  130", and then assembled under a dry 
ni t rogen flow while cooling. The reagents w e r e  commercial products of 
the highest  pu r i ty  a v a i l a b l e  and w e r e  used d i r e c t l y  as received. Tetra-  
hydrofuran and e t h e r  were d r i ed  over Na/benzophenone and L i A l H 4  respec- 
t i v e l y  and d i s t i l l e d  under ni t rogen before  use. 

Ethyl  2-(l-Hydroxy-2-methylcyclohexyl)acetate ( I a ) . -  I -Butyl l i thium (352 

mol, 220 m l  of a 1.6 s o l u t i o n  i n  hexane) was added dropwise t o  a cooled 

s o l u t i o n  (-78") of diisopropylamine (352 mmol, 50 ml) i n  100 m l  dry 

THF under a N 2  atmosphere. Af t e r  15 min. of s t i r r i n g  a t  78", e thy l  

a c e t a t e  (320 mmol, 31.5 ml) i n  40 m l  of dry THF w a s  added dropwise t o  t h e  

r eac t ion  mixture. Af t e r  s t i r r i n g  f o r  0.5 h r  a t  -78", 2-methylyclo- 

hexanone (320 mmol, 35.8 g )  i n  40 m l  of dry THF was added dropwise. The 

r eac t ion  mixture was s t i r r e d  f o r  an a d d i t i o n a l  1 h r  a t  -78" and then a s  

hydrolyzed a t  -78" by t h e  dropwise add i t ion  of a mixture of conc. HC1 

(35.8 ml) and THF (64 ml). After  the add i t ion ,  the mixture was allowed 

t o  warm slowly t o  room temperature and then 200 m l  of e t h e r  was added. 

The organic l a y e r  was sepa ra t ed ,  washed with 5% aqueous HC1 (2  x 50 ml) 

and then water ( 2  x 50 ml). Afte r  drying (MgS04) f o r  % 3 h r ,  t h e  so lven t  

was removed under reduced pressure t o  y i e l d  63.2 g ,  (99%) of the hydroxy- 
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KABALKA, M O W A D I ,  H Y m I D E S  AND FINN 

ester  a s  a p a l e  ye l low o i l ,  bp. 80-82"/0.4 mmHg ( l i t . 8  119-122"/10 mmHg); 

'H-NMR (CDC13): 

1.36(m,9H), 1 .2( t ,3H) ,  0 .96(d,3H);  13C-NMR (CDC13): 6 14.15, 15.32, 21.6, 

25.58, 30.29, 37.01, 39.72, 44.3, 60.47, 71.55, 177.31; (C=O) I R  ( n e a t ) :  

3350-3600, 1710 and 988 cm-' (988  c m - l  s u g g e s t s  t h e  p re sence  o t h e r  a x i a l  

hydroxyl  group) .  

E t h y l  2-(l-Hydroxycyclohexyl)acetate ( I b ) .  - I n  a p a r a l l e l  r e a c t i o n ,  I b  

w a s  s y n t h e s i z e d  by r e p l a c i n g  2-methylcyclohexanone w i t h  cyclohexanone.  

The r e a c t i o n  produced I b  i n  98% a s  a p a l e  ye l low o i l ,  lH-NMR (CDC13): 

4 .2(q ,  2H), 3.54( s ,1H) , 2.5( s ,2H), 1.3( t ,3H), 1.4-1 - 8(m, 10H) ; 13C-NMR 

(CDC13): 6 13.77, 21.6, 25.28, 37.07, 45.19, 59.98, 69.46, 172.26 (C=O); 

I R  ( n e a t ) :  s t r o n g  bands a t  3600-3400, 3000-2850, and 1740 c m - l .  

l-(2-Hydroxyethyl)-2-methylcyclohexanol ( I I a ) .  - The crude  hydroxy ester 

I a  (109.5 mmol, 21.9 g )  w a s  d i s s o l v e d  i n  100 m l  of d ry  e t h y l  e t h e r  and 

t h e n  added dropwise ( o v e r  a pe r iod  of 50 min.)  t o  a co ld  suspens ion  of 

LiAlH4 (221.1 mmol, 8.4 g )  i n  500 m l  of dry  e t h e r .  The r e a c t i o n  mix tu re  

w a s  r e f l u x e d  f o r  45 min and t h e n  s t i r r e d  a t  room tempera tu re  f o r  an add i -  

t i o n a l  1.5 h r .  The mix tu re  w a s  cooled  t o  O " ,  and then  H 2 0  (12 ml)  was 

added very s lowly .  

added and t h e  r e a c t i o n  mix tu re  w a s  f i l t e r e d .  The p r e c i p i t a t e  was washed 

w i t h  e t h e r  (150 ml) and t h e n  e t h y l a c e t a t e  (100 ml) .  The combined o r g a n i c  

l a y e r  w a s  washed once w i t h  a s a t u r a t e d  aqueous sodium c h l o r i d e  s o l u t i o n  

(150 ml) and d r i e d  ove r  MgS04. Removal of t h e  s o l v e n t  under  reduced 

p r e s s u r e  y i e l d e d  16.8 g ,  (98%) of a c o l o r l e s s  o i l .  The o i l  c r y s t a l l i z e d  

upon c o o l i n g  and was r e c r y s t a l l i z e d  from pe t ro leum e t h e r  t o  y i e l d  w h i t e  

c r y s t a l s ,  mp. 69-70', ( l i t . 8  67-68"); lH-NMR (CDC13): 6 3.84(m,2H), 

2.8( s ,1H) , 1.4-1.98(m, 12H), 0.91-0.981(d, 3H) ; 13C-NMR (CDC13) : 6 14.94, 

21.76, 25.17, 30.32, 35.55, 39.72, 40.59, 58.93, 73.61; I R  (KBr) 

6 4 .2(q,2H),  3 . 2 ( s , l H ) ,  2 .62(s ,2H),  2 .37(s ,2H) ,  

6 

Aqueous N a O H  (12 m l ,  15%) and H20 (24  ml) were then  
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l-METHYL-2-VINYLCYCLOHEXENE AND 1- VINYLCYCLOHEXENE 

3600-3200 c m - l  (broad).  

l-(2-Hydroxyethyl)cyclohexanol ( I I b )  - In  a p a r a l l e l  r e a c t i o n  I I b  was 

synthesized by the  above procedure i n  97% y i e l d  as a c o l o r l e s s  o i l ,  

bp 136"/4.0 mmHg, lH-NMR (CDC13): 6 4. l (s ,2H),  3.83(t,2H), 1.71(t,2H), 

1.51(m,lOH); 13C-NMR (CDC13): 6 22.03, 25.72, 37.53, 41.43, 58.87, 72.44; 

I R  ( n e a t ) :  centered 

The Benzenesulfonate Ester of Diol IIa ( I I I a )  - A s o l u t i o n  of crude d i o l  

(96.3 mmol, 15.0 g )  and 120 m l  of dry pyridine w a s  cooled t o  0" under 

s t ream of nitrogen. Benzenesulfonyl ch lo r ide  (144.6 mmol, 14.4 ml) was 

added dropwise t o  the r ap id ly  s t i r r e d  so lu t ion .  The r e a c t i o n  mixture 

a t  3400 ( s t rong ,  broad),  2950, 2850 c m - l .  

w a s  s t i r r e d  a t  0" f o r  2.5 h r  and then t h e  mixture was  poured i n t o  300 m l  

of cold aqueous Na2C03 (5%). 

e x t r a c t e d  with 500 m l  of e t h y l  e t h e r  and t h e  o rgan ic  l a y e r  washed sequen- 

t i a l l y  wi th  5% aqueous HC1 ( 4  x 200 ml), 5% aqueous Na2C03 (2  x 200 ml) ,  

and H20 (200 m l ) .  

(90%) of t he  s u l f o n a t e  ester w a s  obtained as a p a l e  yellow o i l .  lH-NMR 

(CDC13): 6 7.48-7.97(m,5H), 4.21(t,2H), 1.2-1.92(m,12H), 0.9(d,3H); 

A f t e r  10 min. s t i r r i n g  the  suspension w a s  

A f t e r  drying (MgS04) and removal of t h e  so lven t  25.8 g 

13C-NMR (CDC13): 6 14.78, 21.46, 25.15, 30.19, 35.98, 38.88, 38.99, 

67.73, 127.73, 129.22, 133.74, 135.93; I R  ( n e a t )  3300-3700, 1360, and 

119(S02) c m - l .  

The Benzenesulfonate Ester of Diol I I b  ( I I I b )  - I n  a p a r a l l e l  r e a c t i o n  

I I I b  w a s  synthesized by the  above procedure i n  93.7% y i e l d  as a p a l e  

yellow o i l ,  lH-NMR (CDC13): 6 7.6-7.86(m,5H), 4.26(t,2H), 2.4(s, lH),  

1.75(t ,2H),  1.43(s,lOH); 13C-NMR (CDC13): 6 21.54, 25.07, 37.1, 39.91, 

67.38, 69,76, 127.32, 128.9, 133.4, 135.5; I R  ( n e a t )  3300-3600 (broad) ,  

3080, 2900, 136 and 1190 (S02) cm-l .  

1-( 2-Bromoethyl)-2-methylcyclohexanol (IVa). - A mixture of crude 

benzenesulfonate ester I I Ia  (73 mmol, 21.7 g ) ,  acetone (500 ml), s o l i d  
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KABALKA, MOHAMMADI, HYLARIDES AND FINN 

K B r  (290  mmol, 34.8 g ) ,  and 18-crown-69 ( 8 0  mmol, 21.2 g )  w a s  s t i r r e d  

o v e r n i g h t  a t  50" d u r i n g  which t i m e  a f l o c c u l a n t  w h i t e  p r e c i p i t a t e  w a s  

formed. A f t e r  removal of t h e  a c e t o n e ,  water (100 ml)  and e t h y l  e t h e r  

200 ml) were added.  The o r g a n i c  l a y e r  w a s  washed w i t h  H20 ( 2  x 50 ml) 

and d r i e d  (MgS04). Removal of t h e  s o l v e n t  y i e l d e d  13.8 g ( 9 2 % )  of t h e  

hydroxy bromide as a p a l e  ye l low o i l ,  bp 92"/0.7 mmHg, lH-NMR (CDC13): 6 

3 . 4 ( t , 2 H  ) 2 . 1 5 ( t , 2 H ) ,  1 . 9 6 ( s , l H ) ,  1.2-1.6(m,9H), 0 .9(d ,3H) ;  13C-NMR 

(CDC13): 6 14.94 ,21.6,  25.39, 28.48, 30.37, 35.71, 39.02, 44.24, 73.4; 

I R  ( n e a t ) :  3400-36 O(broad) ,  1150-1300 c m - l  ( d u e  t o  CH2 wagging band f o r  

CH2Br g r o u p )  and 690 cm-l (C-Br). 

l-(2-Bromoethyl)cyclohexanol ( IVb) .  - I n  a p a r a l l e l  experLment IVb w a s  

s y n t h e s i z e d  from I I I b  i n  92% y i e l d  as a p a l e  ye l low o i l ,  ( l i t . l 0  bp 

65" /0 .1  mm Hg), lH-NMR (CDC13): 6 3 . 6 ( t , 2 H ) ,  2 . 6 5 ( s , l H ) ,  2 . 0 8 ( t , 2 H ) ,  

1.5(M,lOH); 13C-NMR (CDC13): 6 21.92, 25.44, 28.07, 37.17, 45.25, 71.79; 

I R  ( n e a t )  3200-3600 ( b r o a d ) ,  1150-1300and 690 cm-l. 

l-(2-Bromoethyl)-2-methylcyclohexene (Va) .  - A s u s p e n s i o n  of t h e  c r u d e  

hydroxybromide,  IVa, (20.3 mmol, 4.5 g )  and 27.5 m l  of 85% H3P04 w a s  

s t i r r e d  a t  room t e m p e r a t u r e  f o r  3.5 h r .  The r e s u l t a n t  d a r k  y e l l o w  

s u s p e n s i o n  w a s  poured i n t o  250 m l  of c o l d  water. Pe t ro leum e t h e r  

(30-60", 250 ml) w a s  added and t h e n  t h e  pentane  l a y e r  w a s  washed 

s e q u e n t i a l l y  w i t h  5% aqueous Na2C03 ( 2  x 200 ml)  and water ( 2  x 100 m l ) .  

A f t e r  d r y i n g  (MgS04), f i l t r a t i o n ,  and removal of t h e  s o l v e n t  under  

reduced  p r e s s u r e ,  3.95 g ,  ( 9 6 % )  of  t h e  u n s a t u r a t e d  bromide was o b t a i n e d  

as a p a l e  y e l l o w  o i l ,  ( l i t . 1 1  bp 89-90"/8 mm Hg),  lH-NMR (CDC13): 6 

3 . 3 6 ( t  ,2H),  2 . 5 8 ( t Y 2 H ) ,  1 .9(s ,4H) ,  1 .63(m,7H)13C-NMR (CDC13): 6 19.2,  

23.14, 23.31, 29.48, 31.19, 31.87, 77.13, 127.13, 129.81; o f f - r e s o n a n c e  

13C-NMR (CDC13): 6 127.13 and 129.81 ( d u e  t o  two q u a r t e r n a r y  c a r b o n s ) ;  I R  

( n e a t ) ;  1308 and 1200 cm-l (due t o  C-Br). 
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1-METHYL-2-VINYLCYCLOHEXENE AND 1-VINYLCYCLOHEXENE 

l-(2-Bromoethyl)cyclohexene (Vb). - I n  a p a r a l l e l  exper iment ,  Vb w a s  

ob ta ined  in 92% y i e l d  as a p a l e  ye l low o i l :  bp 55'/0.5 W g ,  ( l i t . 1 2  bp 

90°/mm Hg), 'H-NMR (CDC13): 6 5.49(s , lH) ;  3.41(t ,2H),  2 .47( t ,2H) ,  

1,96(m,4H), 1.62(m,4H); 13C-NMR (CDC13): 22.28, 22.82, 25.23.27.94, 

31.43, 41.43, 124.02, 134.77;IR ( n e a t ) ;  3040 (s1cm-l ( u n s a t u r a t e d  C-H 

s t r e t c h i n g )  1308 and 1204 cm-l (C-Br ) .  

2-Methyl-1-vinylcyclohexene (VIa) . - To a mix tu re  of f r e s h l y  d i s t i l l e d  

d i i sopropylamine  (10.9 mmol, 1.53 m l )  and d r y  THF ( 5  m l )  ( cooled  t o  -78" 

under a n i t r o g e n  atmosphere) was added 2 -bu ty l l i t h ium (11 mmol, 5.9 m l  

of a 1.6 s o l u t i o n  in hexane.) The mixture  w a s  maintained a t  -78" and 

t h e  u n s a t u r a t e d  bromide V a  (9.9 mmol, 2.0 g )  i n  5.0 m l  of d r y  THF w a s  

added dropwise.  The r e s u l t a n t  p a l e  ye l low s o l u t i o n  w a s  s t i r r e d  a t  -78" 

f o r  45 min. and then  s lowly  warmed t o  room t empera ture .  A f t e r  30 min 

of s t i r r i n g  at room t empera tu re ,  20 ml of H20 and 20 ml of pentane  were 

added. 

KOH p e l l e t s  (1 h r ) .  Removal of t h e  s o l v e n t  under reduced p r e s s u r e  

y i e l d e d  a pa le  yellow l i q u i d .  The c rude  product was p u r i f i e d  by 

chromatography on a s h o r t  f l o r i s i l  column wi th  pentane.  The d i e n e  w a s  

c o l l e c t e d  i n  t h e  f i r s t  two f r a c t i o n s .  Removal of t he  s o l v e n t s  under 

reduced p r e s s u r e  y i e l d e d  1.03 g, (87%) of pure d i e n e ,  bp. 72-75"/18 mm 

Hg ( l i t . 4 9 7  156-157'), IH-N'MR (CDCl3): 6 6.65-7.0(two d , lH) ;  

4.98(m,2H), 2.0(m,4H), 1.76-1.61(m,7H); I3C-NMR (CDC13): 6 19.24, 22.9, 

23.01, 24.82, 33.0, 110.01 (C=C c y c l i c ) ,  135.18 (C=C exocyc l i c ) .  

Off-resonance 13C-NMR (CDC13): a s i n g l e t  peak at 110 pprn and a t r i p l e t  

superimposed by a doub le t  peak a t  135.18 ppm; I R  ( n e a t ) :  3086, 3020, 

(=C-H), 2930, 2860 ( s a t u r a t e d  C-H), 1640, 1450, 1241, 986, 892 cm- l .  

The o r g a n i c  l a y e r  w a s  washed wi th  H20 ( 2  x 25 m l )  and d r i e d  over  
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KABALKA, MOHAMMADI, HYLARIDES AND FINN 

1-Vinylcyclohexene (VIb) - In a p a r a l l e l  exper iment ,  VIb was ob ta ined  i n  

85% y i e l d  a s  a c o l o r l e s s  mobile l i q u i d .  bp. 144-146" ( l i t . 4 9 5  145'), 

IH-NMR (CDC13): 6 6.19-6.5 (two d , l H ) ,  5 . 7 5 ( t , l H ) ,  4.94(m,2H), 2.l(m,4H), 

1.6(m,4H); 13C-NMR (CDC13): 6 22.42, 22.61, 23.8, 25.83, 109.5, 129.74, 

136.1 and 140.25; I R  ( n e a t ) :  3083, 3030, 3000, 2927, 2858, 2835, 1640, 

1600, 1445, 1435, 987, 890, 843, 804 cm-l. 
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