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A SIMPLE SYNTHESIS OF ALICYCLIC Trans-GLYCOLS 

V I A  HYDROBORATION OF SILYL ENOL ETHERS 

Hiromichi KONO 

Sagami Chemical Research Cen te r  
4-4-1 Nishi-Onuma, Sagamihara 2 2 9  , Japan.  

and Yo ich i ro  NAGAI 

Department of Chemistry 
Gunma U n i v e r s i t y ,  K i ryu ,  Gunma 376 , Japan.  

The hydrobora t ion -ox ida t ion  of  s u b s t i t u t e d  cyc loa lkenes  

has  been e x t e n s i v e l y  i n v e s t i g a t e d ’  a s  a method f o r  t h e  selec- 

t i v e  p r e p a r a t i o n  o f  t r a n s - a l i c y c l i c  g l y c o l s .  Recen t ly  I t h e  

p r e p a r a t i o n  of 1 , Z - d i o l s  from two s i l y l  e n o l  e t h e r s  by hydro- 

b o r a t i o n - o x i d a t i o n  has  been r e p o r t e d  b r i e f l y  by K l e i n ,  Levene 

and Dunkelblum? 

t h e  hydrobora t ion  o f  s e v e r a l  s i l y l  e n o l  e t h e r s  and now r e p o r t  

o u r  own r e s u l t s  o f  t h i s  conven ien t  s y n t h e t i c  p rocedure  for  

t r a n s - g l y c o l s  from s e v e r a l  s i l y l  e n o l  e t h e r s  (Table  1). 

A t  abou t  t h e  same time w e  s t a r t e d  t o  s t u d y  

OSiR3 6 B2H6; H 2 0 2  -NaOH * 
THF 

Thus I a 1 - s i l y l o x y c y c l o a l k e n e  was conve r t ed  t o  2 - s i ly loxy-  

c y c l o a l k a n o l  by hydrobora t ion -ox ida t ion  i n  h igh  y i e l d  and 

t r e a t m e n t  of  t h e  r e s u l t i n g  2 - s i l y l o x y a l k a n o l  w i t h  methanol 
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H. KONO A N D  Y. N A G A I  

i n  t h e  p re sence  of a s m a l l  amount of sodium methoxide gave a 

h igh  y i e l d  of t h e  correspond.ing t r a n s - g l y c o l .  

Table 1. 

R= M e :  I -a  R= M e :  11-a 

E t :  I V - a  E t :  V-a  

111-a 

VI-a VII-a VI I I - a  

From t h e  s i l y l  e n o l  e t h e r s ,  I - a h V I I - a ,  t h e  correspond-  

i n g  2 - s i l y l o x y c y c l o a l k a n o l s  were o b t a i n e d  (I-b-VII-b i n  

Table  2 ) .  Glpc a n a l y s i s  of VII-b i n d i c a t e d  i t  t o  be a 3:2 

mix tu re  of two isomers .  The hydrobora t ion  of VI I I - a  gave a 

complex mixture  and t h e  co r re spond ing  s i l y l o x y c y c l o a l k a n o l  

cou ld  n o t  be i s o l a t e d .  

Treatment of t h e  r e a c t i o n  m i x t u r e ,  o b t a i n e d  by t h e  hydro- 

b o r a t i o n - o x i d a t i o n  of a s i l y l  e n o l  e t h e r ,  w i t h  methanol i n  

t h e  p re sence  of a s m a l l  amount of sodium methoxide a f f o r d e d  

t h e  corresponding t r a n s - g l y c o l s ( 1 - c ,  11-c, 111-c and V I I I - c  

i n  Table  3 ) .  The pure  samples o f  IV-b, V-b, VI-b and VII-b 

were conve r t ed  t o  t h e  co r re spond ing  t r a n s - d i o l s  i n  q u a n t i t a -  

t i v e  y i e l d  ( g l p c )  by t h e  same method a s  above. I s o l a t i o n  
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A SIMPLE SYNTHESIS OF ALICYCLIC Trans-GLYCOLS 

of t hEse  d i o l s  was achieved .  by p r e p a r a t i v e  g l p c .  V I I - c  w a s  a 

m i x t u r e  cf two i s o m e r s  i n  t h e  r a t i o  of 61:39 ( g l p c ) .  

EXPERIMENTAL 

Mate r i a 1 s . - 
p r e p a r e d  by House ' s  method3 and 1-triethylsilyloxycycloalkenes 

( I V - a - V I I I - a )  were o b t a i n e d  by  t h e  c o n d e n s a t i o n  of t h e  c y c l i c  

k e t o n e s  and t r i e t h y l s i l a n e  a c c o r d i n g  t o  t h e  method4 which  w a s  

r e p o r t e d  r e c e n t l y  from o u r  l a b o r a t o r y .  N e w  compounds used  

i n  t h i s  s t u d y  were: 

1 - T r i m e  t h y  1 s i 1 y 1 oxy cy c 1 oa l k e n  e s ( I - a -1 I I -a ) w e  re 

1-Trimethylsilyloxycycloheptene (111-a) , bp. 54' (2 .5  W g ) ;  

n20 1.4516. w. Calcd . :  C ,  65 .15 ;  H .  10 .93 .  Found: C ,  

65 .54;  H ,  10.64. 

D 

1-Triethylsilyloxy-2-methylcyclohexene ( V I - a )  , bp. 84.5- 

8 5 . 5 " ( 2 . 5  mmHg). Anal. Calcd . :  C ,  68.95; H ,  11 .57 .  Found: 

C ,  69.13; H ,  11 .32 .  

l-Triethylsilyloxy-4-methylcyclohexene(VII-a), bp. 76-78 

(1 mmHg). w. C a l c d . :  C ,  68.95; H ,  11 .57 .  Found: C ,  68 .62;  

H ,  11.23. 

3-Triethylsilyloxy-p-menth-3-ene ( V I I I - a )  , bp. 92 O (0 .5  

m m H c ~ ) ;  n i 3  1 .4645.  

Found: C ,  71.54; H ,  11.73. 

w. Calcd . :  C ,  71.57; H ,  1 2 . 0 1 .  

Hydrobora t ion -Oxida t ion  o f  s i l y l  e n o l  e t h e r . -  The g e n e r a l  

p r o c e d u r e  u s e d  is  i l l u s t r a t e d  by t h e  r e a c t i o n  o f  l - t r i m e t h y l -  

s i l y l o x y c y c l o h e x e n e .  I n  a 100 m l  t h r e e - n e c k e d  f l a s k  f i t t e d  

w i t h  a d r o p p i n g  f u n n e l ,  a the rmomete r ,  a r e f l u x  c o n d e n s e r  and 

magne t i c  s t i r r i n g  b a r  w e r e  p l a c e d  d i b o r a n e  (10 mo les )5  and 
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H .  KONO AND Y .  N A G A I  

Table 2 .  Y i e l d  and Phys ica l  P r o p e r t i e s  of 2-Si ly loxycycloa lkanol  

2-Si ly loxyalkanol  

Elemental  Analys is  
bP 20 Yielda % Calcd. 

n D  (%) (Found ) "C 

( m d g )  C H 

2-Trime thy l s i ly loxy-  
cyc lopentanol  (I-b) 

2-Trime thy l s i ly loxy-  
cyclohexanol(I1-b) 

2-Trime thy l s i ly loxy-  
cyc loheptanol ( I I1-b)  

2 - T r i e  t hy l s i ly loxy-  
cyc lopentanol  (IV-b) 

2-Tr ie thyls i ly loxy-  
cyclohexanol(V-b) 

2 -Tr i e thy l s i ly loxy- l -  
methylcyclohexanol (VI-b) 

2 - T r i e  thy ls i ly loxy-5-  
me thy lcyc lohexanol  (VII-b) 

58-9 1.4442 (2.7 ) 

52  
(0 .3  ) 

47 1.4587 
(0.2 ) 

(1.2 ) 
93-5 1.4593 

86-7 1.4581d 
(0.5 ) 

78-9 1.4602e 
(0.2 ) 

f 
1.4580 (0.45) 

55.12 
(55.25) 

57.39 
95 (57.13) 

b 59.35 92 (59.78) 

61.05 
93b (60.85) 

62.55 
94 (62.37) 

63.88 
92  (63.68) 

63.88 
(63.99) 

10.41 
(10.37) 

10.70 
(10.41) 

10.95 
(10.85) 

11.18 
(10.88) 

1 1 . 3 7  
(11.24) 

11.55 
(11.38) 

11.55 
(11.34) 

a Glpc y i e l d  based on s i l y l  e n o l  e t h e r .  b A p a r t  of product  was 
conver ted  t o  the  g l y c o l  on the  cond i t ion  of o x i d a t i o n  wi th  a l k a l i n e  
hydrogen peroxide .  c A mixture of two isomers (3:2).  d A t  27". 
e A t  25". f A t  23". 

10  ml o f  t e t r a h y d r c f u r a c .  To t h i s  s t i r r e d  m i x t u r e  was added 

ckcpwise  a s o l u t i o n  of 1 - t r i r n e t h y l s i l y l o x y c y c l o h e x e n e  ( 3 . 4  q ,  

20 m m o l e s )  i n  5 m l  of THF a t  4 ' .  The r e a c t i o n  m i x t u r e  was 

s t i r r e d  a t  r o o n  t e m p e r a t u r e  f o r  30 min . ,  t h e n  t r e a t e d  w i t h  

2.2 rr.1 o f  3 N  aqueous  sodium h y d r o x i d e  ( 6 . 6  mmoles) and  2 . 1  ml 

of 30% hydrogen  p e r o x i d e  ( 2 0  m m o l e s )  below 20°.  The reaction 

m i x t u r e  was s t i r red  f o r  an  a d d i t i o n a l  h o u r  a t  rcom t e r q e r a t n  

and a n a l y z e d  by q l p c  ( 1 0 %  QF-1, 2.9 m ,  130O). A t  t h i s  s t a g e  

q l p c  a n a l y s i s  i n d i c a t e d  a 9 5 %  y i e l d  of 2 - t r i n e t h y l s i l y l o x y -  

c y c l o h e x a n o l .  The  m i x t u r e  w a s  e x t r a c t e d  w i t h  e t h e r  (50 rtlX3), 
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A SIMPLE SYN'l?HESIS O F  ALICYCLIC Trans-GLYCOLS 

anc: t h e  extract  w a s  washed w i t h  b r i n e ,  d r i ed  over  MgS04, f i l -  

tered, concentrated on a ro ta ry  e v a p o r a t o r  and d i s t i l l ed  under 

reduced p r e s s u r e  to g i v e  3 . 3 2  g ( 8 8 % )  of t r i m e t h y l s i l y l o x y -  

c y c l o h e x a n o l  as a colorless l i q u i d ,  bp. 5 2 i 0 . 3  mmHg; nD 

1 .1497 .  The y i e l d s  and p h y s i c a l  p r o p e r t i e s  of a l l  s i l y l o x y -  

c y c l o a l k a n o l s  obtained are summarized i n  T a b l e  2 .  

20 

M e  t h  a n o l y s  is of 2- t r i a  l k y  1s i l y  l o  xycyc loa l k  an0  1. - 

d u r e  d e s c r i b e d  €or t h e  m e t h a n o l y 3 i s  of 2 - t r i m e t h y l s i l y l o x y -  

c y c l o h e x a n o l  i s  r e p r e s e n t a t i v e .  The r e a c t i o n  mix tu re  ob ta in-  

ed by t h e  hydrobora  t ion -ox ida  t i o n  of  1 - t rime t h y  Is i l y l o x y c y c l o -  

k e x e n e  ( 3 . 4 1  g ,  2 0  moles)  was s J t u r a t e d  w i t h  NaC1.  The o r -  

g a n i c  l a y e r  which s e p a r a t e d  w a s  d r i e d  over MgS04 and f i l t e r e d .  

The p roce -  

Table 3. Y i e l d  o f  A l i c y c l i c  G lyco l  

A l i c y c l i c  Glycol  1- si l y  l o  x y -  
c y c l o a l k e n e  

m p ( 1 i t )  Y i e l d  
O C  (4:) 

I - a  

TI-a 

LII -a  

VL-a 

VLI-a 

4 9  ( 5 0 ) 6  9 4 a  t xan  s - C y c 1 op en t an e - 
1 , 2 - d i o l ( I - c )  

1 0 4  ( 1 0 4 )  9 5 =  t rans-Cyc  lohexans-  
1 , 2 - d i o l (  TI-C) 

6 2 -  3(64-5) aaa t rans-Cyclohep  t ane -  
i , 2 - d i o l ( I I I - c )  

t rans-1-Methyicyc lo-  

t r ans -4 -Methy lcyc lo -  
hexane-1  ,L-diol (V I I -c)  

hexane -1 ,2 -d io l (VI -c )  

o i l c  t cans-F-Elen thane-  VIII-a 3 , 4 -  d i o  1 ( V  I 1  I -  c )  

9 g b  

9 7b 

5 la 

a .  I s o l a t e d  y i e l d  based  on s i l y l  e n o l  e t h e r .  b .  G L p c  
y i e l d  b2sed on 2 - s i l y l o x y a l k a n o l .  c .  Pure p roduc t  was 
i s o l a t e d  b y  c o l u m n  chromatography and p r e p a r a t i v e  gas  ch ro -  
matography,  and c h a r a c t e r i z e d  b y  i r ,  nmr and e l e m e n t a l  ana ly-  
sis. d .  A mix tu re  o f  two i somers  ( 6 1 : 3 9 ) .  
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H .  KONO AND Y. NAGAI 

The f i l t r a t e  was concentrated on a r o t a r y  e v a p o r a t o r  and 

t r e a t e d  w i t h  1 0 0  mg of sodium methoxide i n  19 m l  of methanol 

f o r  2 hrs a t  room t empera tu re .  The r e a c t i o n  was exo the rmic .  

Evaporat ion of v o l a t i l e  m a t e r i a l s  under vacuum and c r y s t a l l i -  

z a t i o n  from benzene gave 2 . 2 3  g ( 9 6 % )  of trans-1,2-cyclohexane- 

d i o l  as wh i t e  c r y s t a l s ,  mp. 104O. All a l i c y c l i c  g l y c o l s  

o b t a i n e d  i n  th i s  s t u d y  are l i s t e d  i n  Table  3. 

1. 

2. 

3. 

4. 

5.  

6 .  

7. 

8. 
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