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SYNTHES 1 S O F  I 3 C  LABELED n-ALKYLCHLOROS I LANES 

R: K. G i l p i n k  and  M, E .  Gangoda 
D e p a r t m e n t  o f  C h e m i s t r y  
K e n t  S t a t e  U n i v e r s i t y ,  K e n t ,  O h i o  44240  

S U M M A R Y  

T h i s  r e p o r t  d e s c r i b e s  t h e  s y n t h e s i s  o f  v a r i o u s  
c a r b o n - 1 3  e n r i c h e d  n - a l k y l c h l o r o s i l a n e s  w i t h  l a b e l  i n -  
c o r p o r a t i o n  a t  s e l e c t i v e  p o s i t i o n s  a l o n g  t h e  a l k y l  
c h a i n s .  Compounds w h i c h  w e r e  p r e p a r e d  w e r e :  

n - n o n y l  t r i  c h l o r o s  i 1 a n e - 1 - '  3 C  

n - d o d e c y l  t r i c h l o r o s i  l a n e - 4 - '  3 C  

n - d o d e c y l d  i m e t h y l  c h l o r o s  i 1 a n e - 4 - I  3 C  

n - d o d e c y l  t r i c h l o r o s i  l a n e - 1 2 - 1 3 C  

n - t r  i d e c y l  t r i c h l  o r o s i  1 a n e - 1  2 - 1  3 C  

n -  t r i  d e c y l  d i m e t h y l c h l  o r o s  i l a n e - 1  2 - 1  3 C  

1 3 C  L a b e l e d  a l k y l c h l o r o s i l a n e s ,  1 3 C - l a b e l e d  a l k y l -  
d i m e t h y l c h l o r o s i l a n e ,  r e a g e n t s  f o r  l a b e l i n g  ch roma-  
t o g r a p h i c  s u r f a c e s ,  s u r f a c e  m o d i f i c a t i o n  r e a g e n t s .  

Key Words:  

INTRODUCTION 

N o t  o n l y  h a s  c a r b o n  m a g n e t i c  r e s o n a n c e  s p e c t r o m e t r y  been  

u s e d  t o  e x a m i n e  m o l e c u l a r  d y n a m i c s ,  b u t  t h e  t e c h n i q u e  a l s o  has  

become p o p u l a r  t o  i n v e s t i g a t e  s u r f a c e  a d s o r b e d  and  bonded  m o l e -  

c u l e s .  I n  t h e  l a t t e r  c a s e  s u c h  r i g i d l y  a t t a c h e d  m o l e c u l e s  p r o -  

d u c e  b r o a d  r e s o n a n c e  l i n e s  a r i s i n g  f r o m  h i n d e r e d  m o l e c u l a r  

m o b i l i t y .  F o r  m o l e c u l e s  w i t h  s e v e r a l  m e t h y l e n e  u n i t s ,  t h i s  

r e s u l t s  i n  r e s o n a n c e  o v e r l a p  i n  s p e c t r a  a c q u i r e d  b y  c o n v e n t i o n a l  

FT-NMR. L i k e w i s e  i n  many c a s e s ,  b e c a u s e  s u c h  s a m p l e s  h a v e  

"To Whom c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d  
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r e l a t i v e l y  l o w  a m o u n t s  o f  a t t a c h e d  c a r b o n ,  s p e c t r a l  a c q u i s i t i o n  

t i m e s  may b e  p r o h i b i t i v e l y  l o n g .  T h i s  i s  e s p e c i a l l y  t r u e  o f  

s u r f a c e  m o d i f i e d  c h r o m a t o g r a p h i c  m a t e r i a l s .  One a p p r o a c h  t o  

o v e r c o m e  t h e s e  p r o b l e m s  i n  r e s o l u t i o n  a n d  s e n s i t i v i t y  h a s  b e e n  

s e l e c t i v e  l a b e l i n g  o f  i n d i v i d u a l  c a r b o n s  a l o n g  t h e  c h a i n  ( 1 , 2 , 3 ) .  

T h e  f e a s i b i l i t y  o f  u s i n g  s e l ' e c t i v e  l a b e l i n g  i n  c o m b i n a -  

t i o n  w i t h  v a r i o u s  N M R  e x p e r i m e n t s  t o  e x a m i n e  c h r o m a t o g r a p h i c  

s u r f a c e s  p r e v i o u s l y  h a s  b e e n  d e m o n s t r a t e d .  I n  t h i s  s t u d y  t h e  

r e a c t i v i t y  a n d  a t t a c h e d  l a y e r  was e x a m i n e d  ( 1 ) .  L i k e w i s e  t h e  

p r o c e d u r e  f o r  t h e  s y n t h e s i s  of t e r m i n a l l y  a b e l e d  a l k y l c h l o -  

r o s i l a n e s  v i a  m e t h y l  i o d i d e  ( 4 )  a n d  b a r i u m  c a r b o n a t e  r o u t e s  

( 5 )  a l s o  h a v e  b e e n  r e p o r t e d .  T o  c o n t i n u e  h e  i n i t i a l  c h r o m a -  

t o g r a p h i c  a n d  N M R  s t u d i e s  ( 1 )  i n  m o r e  d e t a i l ,  v a r i o u s  l a b e l e d  

c h l o r o s i l a n e s  h a v e  b e e n  p r e p a r e d  w i t h  e n r i c h m e n t  a t  t h e  t e r -  

m i n a l  a n d  a d j a c e n t  c a r b o n  p o s i t i o n s  a s  w e l l  a s  a t  t h e  f o u r t h  

a n d  f i r s t  m e t h y l e n e s .  

EXPERIMENTAL 

C a r b o x c y c l i c  a c i d s  

G r i g n a r d  compounds  w e r e  p r e p a r e d  f r o m  e i t h e r  b r o m o a l k e n e s  

( 0 . 1  m o l e )  o r  b r o m a l k a n e s  ( 0 . 1  m o l e )  a n d  m a g n e s i u m  t u r n i n g s  

( 0 . 1 2  m o l e )  i n  e t h e r .  S u b s e q u e n t l y  t h e s e  w e r e  r e a c t e d  w i t h  

c a r b o n  d i o x i d e  w h i c h  was g e n e r a t e d  f r o m  a m i x t u r e  o f  l a b e l e d  

a n d  u n l a b e l e d  b a r i u m  c a r b o n a t e  a c c o r d i n g  t o  t h e  p r o c e d u r e  

r e p o r t e d  b y  Dauben e t .  a l ,  ( 6 ) .  T h e  l a b e l e d  a c i d ,  w h i c h  was 

f o r m e d ,  was i s o l a t e d  b y  Gangoda a n d  G i l p i n  ( 5 )  t o  y i e l d  

( 8 0 - 9 0 % )  o f  t h e  l a b e l e d  a c i d .  

A l c o h o l  s 

L a b e l e d  a c i d s  w e r e  r e d u c e d  w i t h  l i t h i u m  

a c c o r d i n g  t o  t h e  p r o c e d u r e  r e p o r t e d  b y  H e u s  

y i e l d  0 . 0 2 8 - 0 . 4 1  m o l e  (90-100%) o f  a g i v e n  a 

a l u m i n u m  h y d r i d e  

e r  e t .  a ! ,  ( 7 )  t o  

c o h o l .  
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8 romoa 1 k a n e  

L a b e l e d  a l c o h o l s  

a l s o  a c c o r d i n g  t o  t h e  p 

t o  y i e l d  0 . 0 1 8 - 0 . 0 4 1  m o  

D o d e c e n e  

w e r e  t r e a t e d  w i t h  p h o s p h o r u s  t r i b r o m i d e  

o c e d u r e  r e p o r t e d  b y  H e u s l e r  e t .  a l ,  ( 7 )  

e ( 7 5 - 8 0 % )  of  b r o m o a l k a n e .  

L a b e l e d  b r o m o n a n e  was r e a c t e d  w i t h  m a g n e s i u m  t u r n i n g s  t o  

y i e l d  t h e  c o r r e s p o n d i n g  G r i g n a r d  r e a g e n t .  T h e  r e s u l t i n g  s o l u t i o n  

was f i l t e r e d  a n d  a l l y 1  b r o m i d e  a d d e d .  T h i s  m i x t u r e  was t h e n  r e -  

f l u x e d  o v e r n i g h t  a n d  w o r k e d  o u t  a c c o r d i n g  t o  t h e  p r o c e d u r e  

r e p o r t e d  b y  W i l k i n s o n  ( 8 )  

T o s y l  a t e  

t o  y i e l d  ( 9 0 - 9 5 % )  of  d o d e c e n e - 4 - 1 3 C .  

U n s a t u r a t e d  a l c o h o l s  w e r e  r e a c t e d  w i t h  t o s y l c h l o r i d e  i n  

t h e  p r e s e n c e  o f  p y r i d i n e  a s  r e p o r t e d  p r e v i o u s l y  ( 5 )  t o  y i e l d  

0 . 0 2 8 - 0 . 0 4 1  m o l e  ( 9 0 - 9 5 % 9  o f  t h e  c o r r e s p o n d i n g  t o s y l a t e .  

I o d o a  1 k e n e  

A g i v e n  t o s y l a t e  was t r e a t e d  w i t h  t w o  e q u i v a l e n t s  o f  

s o d i u m  i o d i d e  i n  a c e t o n e  ( 9 ) .  T h e  o b s e r v e d  y i e l d  f o r  t h e  r e -  

s u l  t i n g  i o d o a l k e n e  was a p p r o x i m a t e l y  (9D- .95%) .  

O o d e c e n e  

1 2 - i o d o d o d e ~ e n e - l 2 - ' ~ C  was r e f l u x e d  w i t h  t w o  e q u i v a l e n t  

of l i t h i u m  a l u m i n u m  h y d r i d e  i n  e t h e r  o v e r n i g h t .  S u b s e q u e n t l y ,  

e x c e s s  h y d r i d e  was d e s t r o y e d  w i t h  w a t e r  a n d  t h e  r e a c t i o n  m i x t u r e  

t h e n  e x t r a c t e d  w i t h  e t h e r .  T h e  c o m b i n e d  e t h e r  l a y e r s  w e r e  d r i e d  

o v e r  a n h y d r o u s  c a l c i u m  c h l o r i d e ,  f i l t e r e d  a n d  t h e  e t h e r  r e m o v e d  

b y  e v a p o r a t i o n  t o  y i e l d  1 0 0 %  o f  d o d e c e n e - 1 2 - l 3 C .  

T r  i d e c e n e - 1  2 - 1  3 C  

D o d e c e n y l  t o ~ y l a t e - a - ' ~ C  was r e a c t e d  w i t h  t w o  e q u i v a l e n t s  

o f  l i t h i u m  d i m e t h y l  c u p r a t e  a c c o r d i n g  t o  t h e  p r o c e d u r e  r e p o r t e d  

b y  J o h n s o n  e t .  a l ,  

C h l o r o s i l a n e  

( 1 0 )  t o  y i e l d  ( 7 0 - 8 0 8 )  o f  t r i d e c e n e - 1 2 - 1 3 C .  

L a b e l e d  a l k e n e s  w e r e  r e a c t e d  w i t h  t r i c h l o r o s i l a n e  o r  w i t h  
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d i r n e t h y l c h l o r o s i l a n e  a s  d e s c r i b e d  i n  p r e v i o u s  w o r k  ( 4 ) .  T h e  

o b s e r v e d  y i e l d  o f  a l k y l c h l o r o s i l a n e s  was a b o u t  ( 8 0 - 8 5 % ) .  

N o n y l  t r i  c h l o r o s  i l a n e - '  3 C  

E x c e s s  s i l i c o n  t e t r a c h l o r i d e  was r e a c t e d  w i t h  l a b e l e d  

n o n y l m a g n e s i u m  b r o m i d e  a c c o r d i n g  t o  t h e  p r o c e d u r e  r e p o r t e d  b y  

W h i t e m o r e ,  e t .  a l ,  ( 1 2 )  t o  y i e l d  n o n y I t r i c h l o r o ~ i l a n e - ~ ~ C  

( 7 5 - 8 0 % ) .  

RESULTS A N D  D I S C U S S I O N  

T h e  s y n t h e s i s  schemes  t h a t  w e r e  e m p l o y e d  a r e  s u m m a r i z e d  i n  

t h e  f o l l o w i n g  r e a c t i o n  s e q u e n c e s .  

N o n y l  t r i c h l  o r o s  i l a n e - 1  - 1 3 C  
' i co2 

* CH3(CH ) MgBr -+ C H  (CH ) "C02H 

L i A l H  P B r  
A C H 3  (CH2) 7;:CH20H A C H 3  (CH2) 7 ; + C H 2 B r  Et:zr * 

C H 3 ( C H 2 ) 7 B r  Eth:r 2 7  3 2 7  

S i C l , ,  

E t h e r  * CH3 (CH2) 7 ; t ~ ~ 2 ~  i ~1 3 
C H  ( C H  ) +CH2MgBr 3 2 7  

D o d e c y l  t r i c h l  o r o s  i l a n e - 4 - 1 3 C  a n d  

D o d e c y l  d ime t h y  1 c h l  o r o s  i 1 a n e - 4 - 1  3 C  

C H 2 = C H - C H  B r  
* C H  = C H - C H 2 - * C H 2 ( C H  ) C H  

2 
2 2 7  3 

C H 3  (CH2) 7*CH2MgBr 

H 2 P t C I 6 ,  H S i  ( C H 3 ) 2 C I  

E t h e r  

* C l S i  

3 H 2 P t C I 6 ,  H S i C l  

* C 1 3 S  
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T r i d e c y l  t r  i c h l o r o s  i l a n e - 1  2 - ’  3 C  and  

T r i  decy1.d i m e t h y l  e c h l  o r o s  i 1 ane-1  2-1 3 C  

‘:‘CO2 
CH2=CH-(CH ) Br Et:zr CH2=CH-(CH 2 9  ) MgBr 

2 9  

L iA lH, ,  T s t l  

E t h e r  
CH2=CH- (CH ) *C02H ____f C1I2=CH- ( C H  ) *CH20H - 

P y r  i d i n e  2 9  2 9  

L i C u ( C i i  ) 2  

CH2=CH- (CH2) 9*CH20TS E t h e r  L CH2=CH-(CH 2 9  ) * C H 2 C H  3 

H 2 P t C 1 6 ,  H S i C I 3  
t C 1 3 S i  (CHZ) l*CH2CH 3 

o r  

H 2 P t C 1 6 ,  H S i  ( C H 3 ) 2 C l  

* C I S i  ( C H 3 ) 2 ( C H 2 ) 1 , * C H 2 C H  3 

O o d e c y l  t r i c h l o r o s i  l a n e - 1 2 - l 3 t  and  

D o d e c y l  d i m e t h y l  c h l  o r o s i  l a n e - 1  2 - 1  3 C  

CH2=CH ( C H 2 )  g * C H 2  I Na I C H 2 = c ~ ( c ~  ) * C H ~ O T S  Ace tone  * 
2 9  

L i A 1 H 4  , C H ~ = C H ( C H  * C H  E t h e r  2 9  3 

H 2 P t C I 6 ,  H S i  ( C H 3 ) 2 c 1  
o r  

3 
+ C l S i  (CH ) (CH2)l,*CH 

3 2  

3 + C 1  3 S i  (CH2) *CH3 
H 2 P  t C 1 6  , H S  i C 1  

A l l  i n t e r m e d i a t e  r e a c t i o n  p r o d u c t s  w e r e  c h a r a c t e r i z e d  

b y  I R  s p e c t r o s c o p y .  F i n a l  c h l o r o s i l a n e s  w e r e  e x a m i n e d  by  I R  

and  c a r b o n - 1 3  N M R  s p e c t r o s c o p y .  The  p e r c e n t a g e  i n c o r p o r a t i o n  

o f  l a b e l  was c a l c u l a t e d  b y  t h e  m e t h o d  r e p o r t e d  b y  W r i g h t  ( 1 1 ) .  

I n  a l l  c a s e s  q u a n t i t a t i v e  i n c o r p o r a t i o n  was o b s e r v e d .  The 

c h e m i c a l  s h i f t s  f o r  t h e  l a b e l e d  c a r b o n  i s  g i v e n  i n  t h e  f o l l o w -  

i n g  t a b l e .  
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S i  l a n e  C h e m i c a l  S h i f t  

C 1 S i ; t C H 2  (CH2) 7 C H 3  2 4 . 4 5  

C 1 3 S i  (CH2)3::CH2(CH2)7CH3 2 9 . 0 8  

C l S i ( C H  ) ( C H  ) " C H 2 ( C H  ) C H 3  2 9 . 2 9  

C ) 3 S i  ( C H 2 ) 1  l :kCH3 1 4 . 1 3  

1 4 . 1 4  C I S i ( C H  ) (CH2)l,fCCH 

2 2 . 7 2  

C l S i  ( C H 3 ) 2 ( C H 2 ) 1  1 ' k C H 2 C H 3  2 2 . 7 2  

3 

3 2  2 3  2 7  

3 3 2  

C I 3 S i  (CH2)1,f:CH2CH 3 

T h e  y i e l d s  a r e  s u r n a r i z e d  i n  t h e  f o l l o w i n g  t a b l e .  

C om pou  n d 
% Y i e l d  W i th  R e s p e c t  

t o  Ba*C03 

C 1 4 2  

C 1  S i  (CH2)3;kCH2(CH2)7CH3 5 2  

C l S i  ( C H  ) (CH2)3f:CH2(CH,)7CH3 58  
3 2  

C 1 3 S  i (CH2) l i t C H j  63 
C l S i  (CH3)2(CH2)1,;kCH3 63 

56  C 1 3 S  i (CH2) 

58 C l S i ( C H  ) (CH2)11+:CH2CH 
3 2  

S i * C H 2  (CH2) 7 C H 3  
3 
3 

3 * C H 2 C H  

3 

REFERENCES 

G i l p i n ,  R .  K., a n d  Gangoda ,  M .  E., J .  C h r o m a t o g r .  S c i .  1-1, 
352  ( 1 9 8 3 ) .  

M i c h e l ,  D . ,  P f e i f e r ,  H . ,  a n d  D e l m a u ,  J . ,  J .  Mag. R e s o n a n c e  

- 4 5 ,  3 0  ( 1 9 8 1 ) .  

W i t t e b o r t ,  R .  J . ,  B l u m e ,  A . ,  H u a n g ,  T -H . ,  G u p t a  Oas S .  K., 

a n d  G r i f f i n ,  R .  G . ,  B i o c h e m i s t r y  21, 3 4 8 7  ( 1 9 8 2 ) .  

G a n g o d a ,  H .  E., a n d  G i l p i n ,  R .  K., J. L a b e l l e d  Compd. 

R a d i o p h a r m .  E, 2 8 3  ( 1 9 8 2 ) .  

Gangoda ,  M .  E., a n d  G i l p i n ,  R. K . ,  J .  L a b e l l e d  Compd. 

R a d i o p h a r m .  E, 1 0 5 1  ( 1 9 8 2 ) .  

Dauben ,  W .  G . ,  R e i d ,  J .  C . ,  a n d  Y a n k w i c h ,  P. E . ,  A n a l .  

Chern. 1 9 ,  8 2 8  ( 1 9 4 7 ) .  -- 



Synthesis of 13C Labeled n-Alkylchlorosilanes 305 

H e u s l e r ,  A . ,  Ganz. ,  P . ,  and  Gaumann, T . ,  J .  L a b e l l e d  Compd. 

R a d i o p h a r m .  fi, 37 ( 1 9 7 5 ) .  

W i l k i n s o n ,  R . ,  J .  Chem. S O C . ,  3 0 5 7  ( 1 9 3 1 ) .  

T i p s o n ,  R .  S . ,  C l a p p .  M .  A . ,  and  C r e t c h e r ,  L .  H . ,  J .  O r g .  

Chern. 12 ,  1 3 3  ( 1 9 4 7 ) .  

J o h n s o n ,  C. R . ,  and  D u t r a ,  G .  A . ,  J .  Amer. Chern. S O ~ .  95, 
7 7 7 7  ( 1 9 7 3 ) .  

W r i g h t ,  J .  L. C . ,  and  V i n i n g ,  L. C . ,  Can. J .  B iochem.  S, 
6 7 8  ( 1 9 7 7 ) .  

W h i t e m o r e ,  F .  C., Somrner, L .  H . ,  D i G i o r g i o ,  P. A . ,  S t r o n g ,  

W .  A . ,  Van S t r i e n ,  R .  E . ,  B a i l e y ,  D .  L., H a l l ,  H .  K . ,  

P i e t r u s z a ,  E .  W . ,  and  K e r r ,  G .  T . ,  J .  Am.  Chem. S O C .  3, 
4 7 5  ( 1 9 4 6 ) .  

-- 




