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ABSTRACT 

By comparing t h e  Raman s p e c t r a  of t h e  methyl-do- and 

m e t h y l - d j - ( 4 - ~ - b u t y l p y r i d i n e ) c o b a l o x i m e  complexes,  a 

number of bands were observed  t o  s h i f t  due  t o  t h e  i s o t o p e  

e f f e c t .  Bands appea r ing  a t  2900 c m  i n  t h e  spec t rum of t h e  

l i g h t e r  molecule  and a t  2109 cm-l i n  t h e  spec t rum of t h e  

C-deutera ted  s p e c i e s  are  a s s i g n e d  r e s p e c t i v e l y  t o  t h e  a x i a l  

methyl  C-H and C-D symmetric s t r e t c h e s ;  t h e  bands a t  1172 and 
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604 E R V I N ,  SHUPACK, AND BYLER 

-1 898 cm , to the axial CHJ and CD3 symmetric deformations; 

and the bands at 506 and 478 cm-', to the Co-CH and 

Co-CD stretches. The new assignment of  this fundamental may 

prove useful in understanding the reactions of methylcobalamin 

and its analogues. 

3 

3 

INTRODUCTION 

Compounds containing cobalt bonded to methyl, such as 

methylcobaloximes and the coenzyme methylcobalamin, are o f  

immediate interest because of their ability to methylate heavy 

metals such as mercury and platinum.2 The fact that the 

cobaloximes have been shown to mimic the reactivity o f  

methylcobalamin, as well as their relative ease of synthesis, 

makes them convenient model  compound^.^ Figure 1 depicts the 

basic structural features of these compounds. In this research, 

the cobaloximes studied were those with R = CH3 or CD3 and 

B = 4-E-butylpyridine as axial ligands above and below the 

plane of the bis-glyoximato ring. 

It is commonly believed that the fundamental step in the 

mechanism of many of these metal methylations involves cobalt- 

methyl bond breaking." Hence a study of this process would be 

of central interest. One possible approach to investigating 

this mechanism directly would be to monitor the band intensity 

of the methyl-cobalt stretch as the reaction proceeded. Thus, 

the purpose of this work is to elucidate the vibrational 
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RAMAN SPECTROSCOPIC STUDIES 605 

FIG. 1. Bas i c  s t r u c t u r a l  f e a t u r e s  o f  cobaloximes .  [ R  = CH3 or 
CD3; B = 4 - s - b u t y l p y r i d i n e .  ] 

s p e c t r a  o f  model cobaloximes  w i t h  p a r t i c u l a r  emphasis  on t h e  

i d e n t i f i c a t i o n  of t h e  cobal t -carbon s t r e t c h i n g  v i b r a t i o n .  

P rev ious  r e s e a r c h e r s  have a s s i g n e d  t h e  Co-CH3 

s t r e t c h i n g  v i b r a t i o n  i n  methylcobaloximes  t o  an  i n f r a r e d  band 

obse rved  n e a r  325 cm , and have probed t h e  e f f e c t  on t h i s  

peak of  a x i a l  s u b s t i t u t i o n  t r a n s -  t o  t h e  Co-C bond. 

Such an ass ignment  seems equ ivoca l  i n  l i g h t  o f  o t h e r  documented 

-1 

4 ,526  

ev idence  about  metal-carbon s t r e t c h i n g  bands f o r  o t h e r  complexes 

w i t h  methyl  l i g a n d s .  For  example,  i n  Hg(CH3)2 and i n  

cis-Pt(CH (PMe3l2, t h i s  v i b r a t i o n  i s  obse rved  i n  t h e  

' 1 8  Fur the rmore ,  i n f r a r e d  a t  522 and 540 cm , r e s p e c t i v e l y .  

3 2  - 
-1 

by comparison of t h e  i n f r a r e d  s p e c t r a  o f  L CoCH3 and of  

L Co (where L = Me3P), one can  r e a d i l y  a s s i g n  t h e  Co-C 

s t r e t c h i n g  v i b r a t i o n  i n  t h e  former  complex t o  a weak band a t  

431 cm -' . F i n a l l y ,  f o r  L3CoCH3 (where L = Ph3P), 

d e u t e r a t i o n  of  t h e  methyl  group s h i f t s  t h e  Co-C s t r e t ch  from 

465 t o  430 c ~ n - l . ~  I n  an  a t t e m p t  t o  r e s o l v e  t h e  p r e s e n t  

4 
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606 ERVIN, SHUPACK, AND BYLER 

u n c e r t a i n t y  i n  t h e  ass ignment  of t h e  Co-CH3 s t r e t c h ,  t h e  

Raman s p e c t r a  of m e t h y l ( 4 - ( ~ - b u t y l p y r i d i n e ) c o b a l o x i m e  and 

i t s  deutero-methyl  a n a l o g  were examined and compared. 

EXPERIMENTAL 

Methyl(4-tert-buty1pyridine)cobaloxime and i t s  CD3 

a n a l o g  were p r e p a r e d  by l i t e r a t u r e  methods. lo The m e t h y l  

compound was c h a r a c t e r i z e d  by e l e m e n t a l  a n a l y s i s  a t  G a l b r a i t h  

L a b o r a t o r i e s ,  K n o x v i l l e ,  TN. (Calcd .  f o r  C18H30N504C~ 

C ,  49.20%; H,  6.38%; N ,  15 .68%;  Coy 13.41%; found:  C ,  48.94% 

H, 7.04%; N ,  15.68%; Coy 13 .33%.)  

Mass s p e c t r a  of t h e  two compounds were r u n  on a H i t a c h  

P e r k i n  E l m e r  RMH-2. F o r  t h e  CH3 complex, o n l y  one i o n  a t  

m/z = 4 3 9  was observed  i n  t h e  350-500 mass r e g i o n ,  w h i l e  f o r  t h e  

CD3 s p e c i e s  t h e  o n l y  i o n  i n  t h i s  r e g i o n  was a t  m/z = 442 .  

L a s e r  Raman s p e c t r a  were o b t a i n e d  under  ambient  c o n d i t i o n s  

on a Spex 1 4 0 1  d o u b l e  monochromator equipped w i t h  a n  RCA 31034 

p h o t o m u l t i p l i e r  t u b e .  (The d e t e c t o r  was o p e r a t e d  a t  1620 V i n  

t h e  photon  c o u n t i n g  mode.) The e x c i t i n g  r a d i a t i o n  was t h e  

514.5 nm l i n e  of S p e c t r a  P h y s i c s  (Model 165-03) a r g o n  i o n  

l aser .  L a s e r  power a t  t h e  sample  was a b o u t  350 mW. The f i n e l y  

g r o u n d ,  p o l y c r y s t a l l i n e  sample was g e n t l y  packed i n t o  a 5 mm 

0.d. nmr t u b e .  The t u b e  was t h e n  spun d u r i n g  d a t a  c o l l e c t i o n  

0 

t o  minimize  sample d e c o m p o s i t i o n  i n  t h e  laser  beam. The 

s p e c t r a  were scanned  a t  a p p r o x i m a t e l y  7 cm r e s o l u t i o n  from -1 
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RAMAN SPECTROSCOPIC S T U D I E S  60 7 

1 
I I 

500 400 300 200 

J ,  
wavenumber (cm-') 

FIG. 2 .  Raman spectra of CH3- and CD3-(4-tert-butylpyridine)- 
cobaloximes: [ C O - C H ~  stretch = 506 cm-l; Co-CD3 stretch 
= 478 cm-l. 

-1 
200 to 3100 cm-l at a speed 0.83 cm / s  and a pen period of 

2.5 s .  Figure 2 presents the spectra of the complexes in the 

region _etween 200 and 600 cm-l. Table 1 gives the recorded 

peaks with their relative intensities and tentative assignments. 

DISCUSSION 

As can clearly be seen from the Table, the Raman spectra 

of the two compounds are virtually identical except for three 
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608 

TABLE 1 

ERVIN, SHUPACK, AND BYLER 

Observed Raman F r e q u e n c i e s  and  T e n t a t i v e  Band Assignments  
f o r  CH3- and  CDj-Cobaloxime (cm-l) . 

CH3 C D 3  Assignmenta 

260 ( l ) b  260 ( l ) b  Co-N s t r  ( p y )  ? 

312 ( 1 )  312 (1) 
427 (0 .5)  426 (0 .5)  Co-N4 sym s t r  - 478 (10)  Co-CD3 s t r  
506 (10) - Co-CH3 s t r  
586 ( 1 )  587 ( 1 )  C=N-0 d e f  (dmg) ? 
731 ( 3 )  730 ( 3 )  ou t -of -p lane  CH def  ( p y )  
807 ( 2 )  811 ( 2 )  s k e l  def  (dmg) ? 

285 (1 .5)  285 (1 .5)  --C 
-- 

- 898 ( 6 )  ax i a l  C D 3  sym def  
900 ( 1 . 5 )  900 ( 1 )  -- 
941 ( 1 )  940 ( 1 )  -- 
997 (1 .5)  996 ( 1 . 5 )  -- 

1007 (1 .5)  1007 ( 1 . 5 )  sym r i n g  b r e a t h i n g  mode ( p y )  
1024 ( 3 )  1024 (3)  i n - p l a n e  C-H d e f  ( p y )  
1064 ( 3 )  1064 ( 3 )  N-0 s t r  
1135 ( 2 )  1135 ( 2 )  C-CH3 s t r  (drng) 

1172 ( 2 )  - a x i a l  CH3 sym d e f  
1202 (1) 1202 (1) i n - p l a n e  CH def  ( p y )  
1234 ( 1 . 5 )  1234 ( 2 )  N-0 s t r  
1360 ( 5 )  1359 ( 4 . 5 )  C-C s t r  (dmg) 
1390 ( 1 )  1390 (1) CH3 sym d e f  (drng) 
1488 ( 9 )  1488 ( 9 )  N-0-H d e f  
1575 ( 1 )  1 5 7 5  ( 1 )  C=N s t r  
1615 ( 2 )  1615 ( 2 )  C=N s t r ;  r i n g  s t r  ( p y )  

- 2109 ( 1 )  a x i a l  CD3 sym s t r  
2900 ( 2 )  - a x i a l  CH3 sym s t r  
2918 ( 4 )  2918 (3 .5)  CH3 sym s t r  (drng) 
3076 (0 .5)  3076 ( 0 . 5 )  CH s t r  (PY)  

1145 ( 2 )  1149 ( 2 )  -- 

-a Based i n  p a r t  on r e f .  5-6, l l -14.  Abbrev.: sym = symmetr ic ;  
s t r  = s t r e t c h ;  def  = d e f o r m a t i o n ;  dmg = dimethylg lyoxime;  
py = p y r i d i n e ;  s k e l  = s k e l e t a l .  
Numbers i n  p a r e n t h e s e s  r e p r e s e n t  peak i n t e n s i t i e s  ( o n  a 
sca le  from 0-10) r e l a t i v e  t o  t h e  s t r o n g e s t  band. 
Assignment  u n c e r t a i n .  
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RAMAN SPECTROSCOPIC S T U D I E S  609 

p a i r s  of  i s o t o p i c a l l y  s h i f t e d  bands  which c a n  b e  a s s i g n e d  t o  

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

-1 t h e  metal .  I n  p a r t i c u l a r ,  t h e  band a t  2900 cm i n  t h e  l i g h t  

m o l e c u l e  i s  s h i f t e d  t o  2109 cm-' by d e u t e r a t i o n .  These  p e a k s  

a r e  c l e a r l y  due  t o  t h e  CH3 and CD3 symmetr ic  s t r e t c h i n g  

modes o f  t h e  a x i a l  methyl  group.  (The c o r r e s p o n d i n g  asymmetr ic  

modes a r e  g e n e r a l l y  t o o  w e a k  t o  o b s e r v e  i n  t h e  Raman s p e c t r u m  

o f  m e t h y l - c o n t a i n i n g  compounds). T h i s  a s s i g n m e n t  is 

c o r r o b o r a t e d  by t h e  f a c t  t h a t  t h e  f r e q u e n c y  s h i f t  c a l c u l a t e d  by 

by K r i m m ' s  a p p r o x i m a t e  i s o t o p i c  f r e q u e n c y  r u l e 1 5  (0 .715)  

a g r e e s  q u i t e  c l o s e l y  w i t h  t h e  o b s e r v e d  v a l u e  of  0 .727.  The two 

bands  o b s e r v e d  a t  1172 and 898 cm , r e s p e c t i v e l y ,  i n  t h e  

s p e c t r a  o f  t h e  CH3 and CD3 a r e  a s s o c i a t e d  w i t h  t h e  

symmetr ic  d e f o r m a t i o n s  o f  t h e  a x i a l  m e t h y l  m o i e t i e s .  Again,  

t h e  c a l c u l a t e d  f r e q u e n c y  s h i f t 1 5  (0 .769)  and t h e  o b s e r v e d  

s h i f t  (0 .766)  are n e a r l y  e q u a l .  

-1 

s p e c i e s ,  

The l a s t  p a i r  of bands  i n  t h e  Raman s p e c t r a  of t h e  CH3- 

and C D 3 - ( 4 - ~ - b u t y l p y r i d i n e ) c o b a l o x i m e  complexes  ( F i g .  2 )  

which  e x h i b i t  a n  i s o t o p i c  s h i f t  a p p e a r  a t  506 and  478  cm , 

r e s p e c t i v e l y .  These  a r e  t o o  l o w  i n  f r e q u e n c y  t o  be  a s s i g n e d  a s  

m e t h y l  r o c k i n g  m o t i o n s ;  t h e  r e m a i n i n g  normal  v i b r a t i o n  of t h e  

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

weak, broad  f e a t u r e  which  a b s o r b s  below 250 cm-'. The o n l y  

o t h e r  v i b r a t i o n s  which  a re  l i k e l y  t o  be  e f f e c t e d  by d e u t e r i u m  

s u b s t i t u t i o n  a t  t h e  m e t h y l  c a r b o n  a r e  t h e  Co-C s t r e t c h  and t h e  

-1 
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610 ERVIN, SHUPACK, AND BYLER 

C-Co-N4 bending motion. These two fundamenta ls  w i l l  e x h i b i t  

s i g n i f i c a n t  i s o t o p i c  f r equency  s h i f t s  i f  t h e y  a r e  s t r o n g l y  

k i n e m a t i c a l l y  coupled  t o  t h e  v i b r a t i o n s  of t h e  me thy l  group. 

Such mechanica l  coup l ing  i s  commonplace between t h e  symmetric 

methyl deformat ion  and t h e  C-Y s t r e t c h i n g  v i b r a t i o n s ,  where Y 

i s  t h e  atom t o  which t h e  methyl  group i s  sigma bonded. 

To a good approximat ion ,  t h e  f requency  $ of a s t r e t c h i n g  

v i b r a t i o n  i s  p r o p o r t i o n a l  t o  t h e  s q u a r e  r o o t  of t h e  f o r c e  

c o n s t a n t  K and i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  s q u a r e  r o o t  of t h e  

reduced mass p of t h e  two atoms connec ted  by t h e  bond: 7 

3 ( 1 ) .  

I f  one assumes f o r  t h e  moment t h a t  t h e  Raman bands a t  506 

and 476 cm-l a r e  indeed  t h e  CH -Co and CD3-Co s t r e t c h e s  

and i f  one t r e a t s  t h e  two methyl  groups  a s  p o i n t  masses of 1 5  

and 1 8  amu, r e s p e c t i v e l y ,  t h e n  because  K is v i r t u a l l y  unchanged 

3 

by i s o t o p i c  s u b s t i t u t i o n ,  one can  use  equa t ion  ( 1 )  t o  show t h a t  

t h e  f requency  r a t i o  of t h e s e  two s t r e t c h i n g  v i b r a t i o n s  i s  

i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  s q u a r e  r o o t  of t h e  r e s p e c t i v e  

reduced masses : 

'a JG- 

The r a t i o  of t h e  two observed f r e q u e n c i e s ,  0.93, compares 

f a v o r a b l y  w i t h  t h e  v a l u e  of 0.94 c a l c u l a t e d  f o r  t h e s e  bands by 

e q u a t i o n  ( 2 ) .  Thus, i t  seems r easonab le  t o  assume t h a t  t h e s e  

two Raman f e a t u r e s  r e p r e s e n t  t h e  Co-CH3 and Co-CD3 

s t r e t c h i n g  v i b r a t i o n s .  
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RAMAN SPECTROSCOPIC STUDIES 6 1  1 

These  m e t h y l  c o b a l o x i m e  complexes have  a b r o a d ,  i n t e n s e  

UV-vis ib le  a b s o r p t i o n  band c e n t e r e d  n e a r  440 nm, which  h a s  

p r e v i o u s l y  been  a s s i g n e d  as  t h e  Co-CH3 c h a r g e - t r a n s f e r  

band . Because t h i s  band s y s t e m  p a r t i a l l y  o v e r l a p s  t h e  

514.5 nm l a se r  l i n e  used  f o r  Raman e x c i t a t i o n ,  some r e s o n a n c e  

enhancement  of t h e  Raman i n t e n s i t i e s  of t h e  v i b r a t i o n a l  modes 

a s s o c i a t e d  w i t h  t h e  Co-CH3 chromophore i s  l i k e l y .  Such an 

e f f e c t  would e x p l a i n  why t h e  two bands  h e r e  a s s i g n e d  t o  t h e  

c o b a l t - m e t h y l  s t r e t c h i n g  v i b r a t i o n s  a r e  t h e  most i n t e n s e  i n  t h e  

o b s e r v e d  Raman s p e c t r a  and t h u s  l e n d  f u r t h e r  c r e d e n c e  t o  t h e  

p r e s e n t  a s s i g n m e n t .  On t h e  o t h e r  hand ,  b e c a u s e  t h i s  normal  

v i b r a t i o n  o f t e n  l e a d s  t o  r a t h e r  weak i n f r a r e d  band i n t e n s i t i e s  

( c f .  t h e  s p e c t r a l  d a t a  i n  r e f s .  6 ,  7 ,  f o r  e x a m p l e ) ,  t h e s e  bands  

may e a s i l y  be  o b s c u r e d  by o t h e r  s t r o n g e r  bands  i n  t h e  same 

r e g i o n  of  t h e  i n f r a r e d  s p e c t r a  of methylcobaloximes  4-6 and 

t h u s  n o t  r e a d i l y  o b s e r v e d .  

1 6  

The i n f r a r e d  band o b s e r v e d  a t  327 c m - l  i n  m e t h y l -  

(pyridine)cobaloxime,4-6 which s h i f t s  t o  321 cm-l when t h e  

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

C-Co-N d e f o r m a t i o n  mode. T h i s  may a c c o u n t  f o r  t h e  smaller  

o b s e r v e d  i s o t o p i c  s h i f t  (1 .9% i n  t h i s  c a s e ,  compared t o  5.5% 

f o r  t h e  s t r e t c h i n g  v i b r a t i o n ) .  

P o l a r i z e d  i n f r a r e d  s p e c t r a  o f  methyl  ( i m i d a z o l e )  cobaloxime 

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

When s i n g l e  c r y s t a l s  o f  t h i s  compound are o r i e n t e d  s u c h  t h a t  
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t h e  Me-Co-Im a x i s  i s  p e r p e n d i c u l a r  t o  t h e  p l a n e  of t h e  e l e c t r i c  

v e c t o r  of  p l a n e  p o l a r i z e d  i n f r a r e d  r a d i a t i o n ,  v e r y  l i t t l e  

a b s o r p t i o n  i n t e n s i t y  i s  p r e d i c t e d  f o r  t h e  Co-C s t r e t c h i n g  

v i b r a t i o n .  By c o n t r a s t ,  t h e  t r a n s i t i o n  moment o f  t h e  C-Co-In 

b e n d i n g  mode w i l l  b e  more n e a r l y  p a r a l l e l  t o  t h e  p l a n e  of t h e  

e l e c t r i c  v e c t o r  and s h o u l d  show normal  i n t e n s i t y  i n  t h e  o b s e r v e d  

spec t rum.  Because a band i s  o b s e r v e d  a t  325 cm i n  t h e  

p o l a r i z e d  i n f r a r e d  s p e c t r u m  o f  o r i e n t e d  m e t h y l ( i m i d a z o 1 e ) -  

cobaloxime €or e i t h e r  o r i e n t a t i o n  o f  t h e  p o l a r i z e r  

p e r p e n d i c u l a r  t o  t h e  C-Co-In a x i s ,  t h i s  band c a n n o t  b e  due  t o  

t h e  s t r e t c h i n g  mot ion  o f  t h e  Co-C bond. 

-1 

17  

F i n a l l y ,  t h e  l a t t e r  normal  mode i s  symmetr ic  w i t h  r e s p e c t  

t o  t h e  C 2  a x i s  o f  t h e  complex,  and  would g e n e r a l l y  b e  

e x p e c t e d  t o  e x h i b i t  g r e a t e r  Raman t h a n  i n f r a r e d  i n t e n s i t y .  The 

s k e l e t a l  b e n d i n g  v i b r a t i o n ,  however ,  i s  a n t i s y m m e t r i c  t o  t h e  

symmetry a x i s  and s h o u l d  show r e l a t i v e l y  s t r o n g e r  i n f r a r e d  

a b  s o r p  t i o n  t h a n  Raman scat  t e ri ng . 
I n  summary, t h e  p r e s e n t  Raman d a t a  l e a d s  t o  a r e a s s i g n m e n t  

o f  t h e  Co-CH3 s t r e t c h i n g  v i b r a t i o n  t o  a n  i n t e n s e  Raman band 

a t  506 c m  , which i s  not o b s e r v e d  i n  t h e  i n f r a r e d .  

Because  t h e  n a t u r e  of t h e  l i g a n d  t r a n s -  t o  t h e  m e t h y l  l i g a n d  

may a f f e c t  t h i s  v i b r a t i o n ,  l8 compounds p r e v i o u s l y  s t u d i e d  

o n l y  by i n f r a r e d 6  s h o u l d  b e  reexamined  by Raman s p e c t r o s c o p y  

t o  v e r i f y  w h e t h e r  s u c h  a n  e f f e c t  c a n  b e  o b s e r v e d  €or  t h e s e  

s p e c i e s .  

-1 4-6 
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