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ABSTRACT 

The d i l i t h i u m  t e t r a c h l o r o c u p r a t e  c a t a l y z e d  r e a c t i o n  of 
Grignard r e a g e n t s  w i t h  long cha in  a l k y l  p - t o l u e n e s u l f o n a t e s  
p rov ides  s p e c i f i c a l l y  l a b e l l e d  d ideu te romethy lene  hydro- 
carbons .  The t o s y l a t e  esters are r e a d i l y  o b t a i n e d  by LiAlD4 
t r e a t m e n t  of f a t t y  a c i d  methyl  e s t e r s  fo l lowed by t o s y l a t i o n  
i n  p y r i d i n e .  

Keywords : HydrocarbonS, deuteromethylene  hydrocarbon$, organo-copper 
r e a g e n t s  Grignard reagents .  d i l i t h i u m  t e t r a c h l o r o c u p r a t e  

INTKODUCTION 

De ta i l ed  a n a l y s i s  of t h e  v i b r a t i o n a l  s p e c t r a  of hydrocarbon cha in  

sys tems i n  the  s o l i d  s t a t e  can provide  in fo rma t ion  about c h a i n  confor -  

mat ion  and o r g a n i z a t i o n a l  changes t h a t  occur  d u r i n g  phase t r a n s i t i o n s (  l ) .  

Such in fo rma t ion  i s  of  va lue  i n  l i p i d  membrane i n v e s t i g a t i o n s ( 2 ) .  

f r a r e d  s t u d i e s  on  hydrocarbons  hav ing  a s i n g l e  s p e c i f i c  methylene  group 

l a b e l l e d  w i t h  deu te r ium a r e  p a r t i c u l a r l y  i n f o r m a t i v e .  In  t h e s e  cases  

i t  i s  p o s s i b l e  t o  measure i n f r a r e d  bands a s s o c i a t e d  w i t h  v i b r a t i o n a l  

modes t h a t  are l o c a l i z e d  a t  t h e  deu te r ium s i t e  and are consequen t ly  

s e n s i t i v e  t o  conformat ion  a t  t h i s  s i t e .  For a c c u r a t e  measurement of 

In- 

band p o s i t i o n s  i t  i s  e s s e n t i a l  t o  u s e  hydrocarbons  of h igh  chemical 

homogeneity which a l s o  have h i g h  deuter ium i n c o r p o r a t i o n  wi th in  t h e  

methylene  group.  The l a t e r  requi rement  i s  a consequence of s t r o n g l y  

i n t e r f e r i n g  bands a s s o c i a t e d  wi th  t h e  monodeuteromethylene sys t em(3) .  
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Syntheses  o f  l i p i d  d e r i v a t i v e s  c o n t a i n i n g  a d ideu te romethy lene  

group have proceeded v i a  t h e  co r re spond ing  ke tone  by i n i t i a l  r e d u c t i o n  

t o  monodeuterocarb inol  w i th  NaBD4 fo l lowed by  conve r s ion  t o  s u l f o n a t e  

ester and subsequent  LiAlD4 r e d u c t i o n  t o  t h e  hydrocarbon. 

cedure  was fo l lowed by T ~ l l o c h ( ~  5 )  i n  t h e  p r e p a r a t i o n  of s e v e r a l  d i -  

d e u t e r a t e d  oc tadecano ic  a c i d s .  Other  methods t h a t  a l s o  s ta r t  w i t h  

ke tones  i n c l u d e  Raney n i c k e l  r e d u c t i o n  of d i t h i o k e t a l s  as w e l l  as 

r e d u c t i o n  of p-toluenesulfonylhydrazones(6) . 
b e s t  s u i t e d  t o  c i r cums tances  where t h e  n e c e s s a r y  k e t o n i c  m a t e r i a l  i s  

a l r e a d y  a v a i l a b l e .  We have observed  t h a t  k e t o n e  r e d u c t i o n s  f r e q u e n t l y  

g i v e  hydrocarbons  c o n t a i n i n g  o l e f i n i c  and o t h e r  i m p u r i t i e s  and a l s o  

y i e l d  p r o d u c t s  having  u n s a t i s f a c t o r y  deu te r ium c o n t e n t .  

Such a pro- 

These p rocedures  a r e  

Th i s  communication d e s c r i b e s  a conven ien t  method f o r  t h e  s y n t h e s i s  

of d ideu te romethy lene  hydrocarbons  t h a t  proceeds  from t h e  r e a d i l y  a v a i l -  

a b l e  f a t t y  a c i d s  and which y i e l d s  p roduc t s  hav ing  h i g h  chemica l  and 

i s o t o p i c  p u r i t y .  

RESULTS AND DISCUSSION 

The coup l ing  of Grignard r e a g e n t s  w i th  a l k y l  h a l i d e s ( 7 )  and t o l u -  

ene s u l f o n a t e s ( 8 )  i s  ve ry  e f f e c t i v e l y  c a t a l y z e d  by d i l i t h i u m  t e t r a c h l o -  

r o c u p r a t e .  S ince  d i d e u t e r a t e d  t o l u e n e s u l f o n a t e s  of t h e  d e s i r e d  cha in  

l e n g t h  may e a s i l y  be prepared  from esters  of f a t t y  a c i d s  t h i s  method 

w a s  employed in t h e  hydrocarbon s y n t h e s i s  (Scheme 1 ) .  A similar pro- 

cedure  employing l i t h i u m  dimethyl  c u p r a t e  h a s  been r e p o r t e d  f o r  t h e  

p r e p a r a t i o n  of trans-4-octene-2 d H , ( ’ ) .  
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Scheme 1 

Ts C 1  

P y r i d i n e  
R COOCH3 + LiAlD4 -+ R CD2 OH ____* 

R' MgX 
R CD2 0 Ts .-b R CD2 Rc 

L i z  CU Cl4 

Trea tment  of methyl  ester w i t h  l i t h i u m  aluminum d e u t e r i d e  w a s  c a r r i e d  

o u t  i n  e t h e r  excep t  i n  t h e  case o f  methyl  e i c o s a n o a t e  where THF w a s  added 

t o  i n c r e a s e  s o l u b i l i t y .  T o s y l a t i o n  of t h e  r e s u l t i n g  a l c o h o l  was conducted 

i n  p y r i d i n e ( l 0 )  followed by workup wi th  aqueous ac id .  

esters were s t o r e d  a t  -20" b e f o r e  use t o  minimize p o t e n t i a l  decomposi t ion .  

The r e a c t i o n  o f  t h e  t o s y l a t e s  w i th  t h e  Grignard r eagen t  was accomplished 

i n  THF o r  THF-Et20 c o n t a i n i n g  s. 1% Li2CuC14 a t  room tempera tu re .  

a r e  summarized i n  Table  1. 

Toluenesu l fona te  

R e s u l t s  

Table 1. Deutera ted  Hydrocarbons Prepared by Copper 
Cata lyzed  Coupling of Grignard Reagents 

Lkuteromethylene R i n  R- i n  Re s i d  ual 
P o s i t i o n  P roduc t  R-CD 7 OTs R' MgX Y i e l d ( % )  CHD (%) 

He p t  ane 2 n-C5H1 - CH3a- 15' 1.7 

T r  i decane  3 n-C1oH21- C2H5b- 67 3.0 

Heneicosane  2 n-C19H39- CH3a- 85 3.2 

Heneicosane  4 n-C17H35- n-C3H7b- 74 3.2 

Heneic osane  6 n-C15H31- n-C5Hllb- 50 3 . 2  

Heneicosane  11 n-C10H21 - n-C loHz I b- 83d 3.4 

a )  Grignard r eagen t  prepared  i n  Et20. Equal v o l .  of THF added 

b )  Gr ignard  r eagen t  prepared  i n  THF. 
c )  Yield reduced by  azeo t rope  format ion  of heptane/THF. 
d )  Con ta in ing  5 5 .  10% nondeutera ted  e i cosnne .  

w i th  t o s y l a t e .  
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Problems wi th  impur i ty  formation occur red  i n  o n l y  two cases: In t h e  

p r e p a r a t i o n  of 3 ,3 -d ideu te ro t r idecane  a small amount of 1-bromoundecane 

was formed. This product  a r o s e  by  displacement  of t o s y l a t e  by  bromide 

p r e s e n t  i n  t h e  r e a c t i o n  m i x t u r e ,  and i t s  p e r s i s t a n c e  under c o n d i t i o n s  of 

t h e  r e a c t i o n  i s  puzz l ing  s i n c e  a l k y l  bromides a r e  r e a c t i v e  toward t h e  

organo-copper r eagen t .  The bromide w a s  removed by t r ea tmen t  w i t h  

NH3/MeOH followed by passage of  a hexane s o l u t i o n  of t h e  mix tu re  through 

a c t i v a t e d  alumina. A less  t r a c t a b l e  impur i ty  a r o s e  by symmetrical  coupl- 

i n g  of t h e  Grignard r eagen t  du r ing  p r e p a r a t i o n  of 11,ll-dideuteroheneicosane 

w i t h  t h e  concomitant fo rma t ion  of e i c o s a n e ,  t h e  con ten t  of which could 

n o t  be reduced below a few pe rcen t  by r epea ted  c r y s t a l l i z a t i o n .  

and K ~ c h i ( ~ )  s t a t e  t h a t  homo-coupling i s  n e g l i g i b l e  under t h e i r  c o n d i t i o n s  

( 0 "  O K  l ower ) ;  however, lower temperature  of r e a c t i o n  w a s  no t  b e n e f i c i a l  

i n  OUT experience.  Adjustment of r e a c t a n t  molar r a t i o s  a l s o  d i d  n o t  

s i g n i f i c a n t l y  a f f e c t  e i c o s a n e  formation.  Even when a less  than  equ iva len t  

amount of Grignard r eagen t  was employed, about t h e  same propor t ion  of C-20 

product w a s  formed. 

t h e  Grignard r eagen t  t o  a l l y l i c  acetates. Upon i n v e r s e  a d d i t i o n  of 

decylmagnesium bromide t o  1 , l -d ideu te roundecy l  p - to luenesu l fona te  a t  0" 

the  r e s u l t  was t h e  same as t h a t  ob ta ined  under t h e  more usua l  c o n d i t i o n s .  

However, formation of homodimer i s  o n l y  a problem i n  t h o s e  cases  where 

r e s p e c t i v e  molecular  weights  of  p roduc t s  are c l o s e ,  and i n  ou r  o t h e r  

s y n t h e t i c  examples such i m p u r i t i e s  were n o t  n o t i c e d  a t  a l l .  

Tamura 

Other worke r s (1 l )  have u t i l i z e d  i n v e r s e  a d d i t i o n  of 
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EXPERIMENTAL 

The sequence l ead ing  t o  4,4-dideuteroheneicosane i s  shown as t y p i c a l .  

1-Octadecanol-1 ,1-2€12 -- Methyl stearate o f  commercial q u a l i t y  was 

c r y s t a l l i z e d  from MeOH t o  a p u r i t y  o f  99.5 + % (GLC, 3% OV-1). In  100 m l  

Et20 was suspended 0 .62  g (15 mmole) L i A l D 4  under an argon atmosphere.  

Methyl s t e a r a t e ,  4.47 g (15 mmole), was added i n  s e v e r a l  p o r t i o n s  with 

s t i r r i n g  as f a s t  as foaming would permit .  Af t e r  2 h r  s t i r r i n g  a t  room 

temperature  t h e  mixture  was  t r e a t e d  i n  success ion  with 0.5 m l  H20, 

0.5 m l  15% NaOH and 1.5 m l  H20 t o  g i v e  a g r a n u l a r  suspension of  sa l t s  

which w a s  f i l t e r e d  o f f .  Evaporat ion under reduced p r e s s u r e  gave 4.05 g 

of  a l c o h o l  showing no C=O band i n  t h e  i n f r a r e d .  Th i s  material was 

u t i l i z e d  without f u r t h e r  p u r i f i c a t i o n .  

1-Octadecyl-1 ,1-*H3 

t i o n  of methyl s t e a r a t e  (z. 15 mmole) w a s  added t o  25 m l  of p y r i d i n e  

( d r i e d  over  4A0 molecular  s i e v e s )  and t h e  mixture  w a s  cooled t o  15' 

whereby some s e p a r a t i o n  of s o l i d  occurred.  To t h i s  mix tu re  w a s  added 

with s t i r r i n g  and c o o i i n g  a s o l u t i o n  of 3.80 g (20  mmole) of p-toluene- 

s u l f o n y l  c h l o r i d e  i n  25  m l  p y r i d i n e  a t  a ra te  such t h a t  t he  temperature  

remained below 15'. 

about 3.5 h r  a t  which t i m e  i t  w a s  aga in  cooled and 10 ml of H20 w a s  

added. A f t e r  15 min 250 ml of 1N HC1 was added, and t h e  r e s u l t i n g  sus-  

pension w a s  e x t r a c t e d  w i t h  t h r e e  100 m l  p o r t i o n s  of Et20 which were then 

combined and washed wi th  two 150 m l  p o r t i o n s  of  IN HC1. Af t e r  d r y i n g  

over  %SO4 and evapora t ion  of t h e  e t h e r  under reduced p r e s s u r e  the  product 

was taken up i n  25 ml of benzene and passed through a 20 mm x 25 mm d i a  

column of s i l i c a  gel wi th  t h e  a i d  of a f u r t h e r  25 m l  of  benzene. 

p- toluenesulfonate--  The c rude  c a r b i n o l  from reduc- 

The r e a c t i o n  was  allowed t o  warm t o  2. 20" over 
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Evapora t ion  o f  s o l v e n t  t h e n  y i e l d e d  5.01 g o f  a c o l o r l e s s  o i l  which 

s o l i d i f i e d  on s t a n d i n g .  The i n f r a r e d  spec t rum i n d i c a t e d  t h e  absence  of 

hydroxyl  f u n c t i o n  and showed c h a r a c t e r i s t i c  bands  a t  1135 and 1365 cm-l 

f o r  t h e  t o l u e n e s u l f o n y l  group(12) .  

and was s t o r e d  a t  -20" b e f o r e  u s e .  

Heneicosane-4 ,4-2€12-- A s o l u t i o n  of propyl  magnesium bromide (c. 20 

mmole) w a s  prepared  i n  50 m l  of THF i n  t h e  u s u a l  way. To t h i s ,  a so lu-  

t i o n  of 0.2 mmole of f r e s h l y  prepared  Li2CuC14(7) i n  15 m l  THF, w a s  

added ,  and t h e  m i x t u r e  was  s t i r r e d  15 min a t  room tempera tu re .  S o l i d  

oc t adecy l -1 ,  1-'R2 t o s y l a t e  w a s  added i n  one  p o r t i o n ,  and s t i r r i n g  w a s  

cont inued  16 h r  a t  ambient t empera tu re .  The r e a c t i o n  m i x t u r e  w a s  t hen  

d i l u t e d  wi th  100 m l  of 1 N  HC1 and e x t r a c t e d  w i t h  t h r e e  100 m l  p o r t i o n s  

of Et20. The combined o r g a n i c  phases  were washed w i t h  two 100 ml por- 

t i o n s  of IN H C 1  and d r i e d  over  MgSO4.  Evapora t ion  of s o l v e n t  gave  a 

s o l i d  which was t aken  up i n  25 m l  of hexane and passed  th rough  a 20  

mm x 40 mm dia column of Al2O3. Upon removal of hexane  2.71 g of pro- 

d u c t  was ob ta ined  which y i e lded  2 .20  g ( 7 4 % )  of c r y s t a l s ,  m . ~ .  40-41", 

from 200 ml of 95% E t O H .  GLC a n a l y s i s  ( 3 %  OV-1 (3 175") showed a s i n g l e  

major  component of 9 9  + % p u r i t y .  The i n f r a r e d  spec t rum showed complete 

absence  of t o l u e n e s u l f o n a t e  and hydroxyl bands ,  and examinat ion  of t h e  

PMR spectrum revea led  o n l y  s i g n a l s  a s s o c i a t e d  w i t h  u n s u b s t i t u t e d  hydro- 

carbon. Mass s p e c t r a l  a n a l y s i s  showed a monodeuteromethylene c o n t e n t  

of 3.2%. 

The product  w a s  n o t  p u r i f i e d  f u r t h e r  
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