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SPECTROSCOPY LETTERS, 11(9), 671-680 (1978) 

OXEIGEY-17 NYR SPECTRA OF SOFlE CROUP VIB AMD VIIB 

T?AUSITION MFTAL CHALCOC?-RBONYL CO’1PLEYES 
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Department of Chemistry, VcGill University, Fdontreal 
Quebec, Canada H3A 2K6 

and Lee J. Todd 

Department of Chemistry, Indiana Universitv, 
Bloominqton, Indiana, U.S.A. 47401 

INTRODUCTION 

?-lthouqh there are numerous reports in the lite- 

rature on the 13C nmr s?ectra of transition metal 

carbonyls ,I little attention has thus far heen focused 

on their 170 m r  spectra. 

extremely difficult to obtain because of the quadrupo- 

lar nature of the 170 nucleus (I = 5 /21  and its low 

natural abundance (0.037%). In addition, the low 

Oxygen-17 nmr spectra are 2-4 

671 
Copyrinht 0 1978 hy Mdrcrl Dekker. Inc heither this work nor any part 
may be reproduced or transmitted in dny form or by any means, rlectroniL or mechanical. including 
photocopying. microfilming. and recording. or by dny information storage and retrieval system, 
without permission in writing from the publisher 

All Rights Reserved 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



672 HICKEY ET AL. 

s o l u b i l i t y  o f  many me ta l  ca rbony l  comqlexes makes I 7 O  

mr s3ec t roscopy  f o r  t h e s e  systems even more d i f f i c u l t .  

Neve r the l e s s ,  some s p e c t r a  have been o b t a i n e d  and w e  

have a l r e a d y  made a d e t a i l e d  comparison of  the 170 and 

1 3 C  nmr s p e c t r a  o f  s e v e r a l  chromium cha lcoca rbony l  

complexes o f  the g e n e r a l  formula ,  ( q  -Arene)Cr (CO)  2-  6 

(CX) (X = 0, S) . I n  t h i s  p r e s e n t  communication, w e  

r e p o r t  t h e  "0 nmr s p e c t r a  of  some r e p r e s e n t a t i v e  

examples o f  Group V I E  and V I I B  t r a n s i t i o n  me ta l  c h a l -  

cocarbonyl  complexes and d i s c u s s  t h e  some of t h e  e lec-  

t r o n i c  e f f e c t s  which cause  v a r i a t i o n s  i n  t h e  I7O 

s h i e l d i n g  va lues .  

RESULTS AND DISCUSSION 
17 The 6 ( C  0 )  chemica l  s h i f t s  f o r  t h e  v a r i o u s  com- 

p l exes  are g iven  i n  Table  1 t o g e t h e r  w i th  t h e  a s s o c i a -  

t e d  8 ( CO) va lues .  

have been r e p o r t e d  p r e v i o u s l y  b u t  t hey  were 

remeasured i n  t h e  p r e s e n t  s tudy  f o r  t h e  sake  o f  i n t e r -  

n a l  cons i s t ency .  

ev idence  o f  coup l ing  t o  t h e  me ta l  n u c l e i .  The 170 

s h i e l d i n g  va lues  f a l l  w i t h i n  t h e  3 0 0 - 4 0 0  ppm range  

(downfield from 1 7 0 H 2 )  found p r e v i o u s l y  f o r  s e v e r a l  

o t h e r  metal ca rbony l  d e r i v a t i v e s .  

1 3  I n  most c a s e s  , t h e  1 3 C  nmr d a t a  

For bo th  170 and 1 3 C ,  t h e r e  was no 

2-4  

A "metal t r i a d "  e f f e c t l a  i s  observed for 6 ( C  1 7  0 )  

chemica l  s h i f t s  o f  t h e  Group V I B  meta l  complexes,  

! 4 ( C O ) 6  ( M  = C r ,  Mo, W I l 4  M(CO)5(CS) (51 = C r ,  W)' and 

(rl  6 -C6H5CH3)?4(CO)  ( M  = C r ,  W )  . 
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OXYGEN-17 NMR SPECTRA 673 

On d e s c e n d i n g  t h e  g r o u p ,  t h e  170 s h i e l d i n g  v a l u e s  s h i f t  

a b o u t  10 ppm u p f i e l d  p e r  change i n  metal. A similar 

e f f e c t ,  b u t  i n  t h e  o p p o s i t e  s e n s e ,  h a s  been  n o t e d  f o r  

the  1 3 C  nmr s p e c c r a  o f  t h e  metal h e x a c a r b o n y l s .  la 

o r i g i n  o f  t h e s e  e f f e c t s  a r e  n o t  y e t  clear b u t  it h a s  

been s u g g e s t z d  t h a t  t h e  d i a m a g n e t i c  s h i e l d i n g  i n f l u e n c e s  

of  t h e  metal n u c l e i  p l a y  an  i m p o r t a n t  ro le .  I n  t h e  case 

of  1 3 C  s h i e l d i n g s  , Braterman’ h a s  proposed  t h a t  p a r a -  

r . iaqnetic c u r r e n t s  , de?ende:it on d-d t r a n s i t i o n s  of t h e  

m e t a l ,  may a l so  make a c o n t r i b u t i o n  t o  t h e  l3c c h e m i c a l  
s h i f t .  

The 

For  t h e  Group V I B  ? l ( C O ) 5  (CX) complexes ,  where b o t h  

c i s  and t r a n s  c a r b o n y l  oxygen l7O r e s o n a n c e s  w e r e  obser- 

v e d ,  t h e  170 nrnr s p e c t r a  show t h e  t r a n s  r e s o n a n c e  down- 

f i e l d  o f  the * r e s o n a n c e ,  w h i l e  t h e  c o r r e s p o n d i n g  

1 3 C  nmr s p e c t r a  show t h e  o p p o s i t e  t r e n d .  

b o t h  cis and t r a n s  13C r e s o n a n c e s  are  o b s e r v e d  w h i l e  

o n l y  a s i n g l e  170 nmr r e s o n a n c e  (proposed  cis b a s e d  

on t h e  C r  ( C O )  jCSe l7O s p e c t r u m )  i s  o b s e r v e d .  

s i n g l e  170 nmr r e s o n a n c e  may b e  t h e  r e s u l t  of e i t h e r  

a c c i d e n t a l  d e g e n e r a c y  of t h e  and t r a n s  r e s o n a n c e s  

o r  e x t r e m e  b r o a d e n i n g  o f  t h e  t r a n s  r e s o n a n c e  due  to a 

v e r y  l a r g e  c o r r e l a t i o n  t i m e .  * Decomposi t ion i n  s o l u -  

t i o n  a t  h i g h e r  t e m p e r a t u r e s  p r e v e n t e d  a h i g h  tempera-  

t u r e  nmr i n v e s t i g a t i o n  for  t h e  p u r p o s e  of d e c r e a s -  

i n g  t h e  c o r r e l a t i o n  t i m e I 8  which would nar row t n e  l i n e  

- 

For  C r  (CO)  5 C S ,  

T h i s  
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HICKEY ET AL. 6 74 

TABLE 1 

170 and 1 3 C  NMR S p e c t r a  (ppm) of Some R e p r e s e n t a t i v e  T r a r s i t i o n  

Metal Chalcocarbonyl  Complexes 

b 13 

t r a n s  

Complex & ( c  o),ppma 6 (13c0) ,ppm 6 ( CX) ,ppmC 
17 

L_ 

t r a n s  c is  -- cis - 
372. a 

374.3 

376.8 

370.7 

374.1 

375.7 

370.0 

345.9 

376.2 

73.0 ( h )  

73.4 385.3 

364.9 

355.5 

57.0 364.4 

225.4' 

224.5' 

224.0' 

233.4 

231.5 

229.0 

233.7 

210.1 

212.2 

12.4 (i) 209.4 

11.7 208.1 

202.0 

192.1 

92.4 (i) 189.3 

- 
- 

335.4 

- 
346.4 

363.7 

- 
- 
- 

332.2 

360.7 

- 
- 

290.7 

a Measured t o  tO.15 ppm i n  d r y ,  degassed ,  s a t u r a t e d  CH C 1  s o l u t i o n s  
on a Varian XL-100-15 FTNMR spec t romete r  a t  13.57 MHZ. 'Values 
quo ted  are r e l a t i v e  to an e x t e r n a l  sample o f  170-enriched H 0 
as r e f e r e n c e  where 6(170H2) - 0.00 ppm. 

Except where o t h e r w i s e  no ted ,  samples were measured t o  20.1 ppm 
on a B r u k e r  WH90 FTNMR spec t romete r  a t  22.63 MHz. Values quo ted  
are r e l a t i v e  to TMS u s i n g  (D3CI2C0 o r  C6D5CD3 a s  l o c k  where 
6(TMS) = 0.00 ppm. 0.1M C r ( a ~ a c ) ~  was added t o  each s o l u t i o n  t o  
a i d  i n  ca rbony l  T1 r e l a x a t i o n .  

2 

con t inued  
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OXYGEN-17 NMR SPECTRA 6 7 5  

width and increase the resolution of the trans 

resonance. 

In the case of the M(C0)5(CX) series, (N=Cr, 

X = O  ,S,Se : Y=W, X=O,S) , the 170 and 13C nmr chemical 
shifts for the cis resonances are relatively insensi- 
tive to the change from C(0) to C(S,Se) : the 170 

shielding values are shifted approximately 3 ppm 

upfield from the parent hexacarbonyl 170 resonances , 
while the corresponding 13C resonances show a 1-2 ppm 

shift downfield. The trans 170 and 13C resonances 

(where observed) are more affected by the change in 

chalcogen. 

shift in Cr (CO) 5CSe and W (CO) 5CS : the 13C chemical 

shifts appear approximately 7 ppm and 3 ppm upfield, 

respectively. Substitution by other Lewis bases (e.q., 

tertiary phosphines) causes the opposite pattern in 

The 170 resonances exhibit a 9 ppm downfield 

footnotes t o  Table I continued 

Ref. 9 

Ref. 3 

13C nmr spec t r a  measured t o  20.1 ppm i n  dry,  degassed sa tu ra t ed  
CH2C12 so lu t ions  on a Varian XL-100-15 FTNMR a t  25.20 MHZ. 
Values quoted are r e l a t i v e  t o  TMS using t h e  CH2C12 so lvent  peak 
a s  i n t e r n a l  reference where 6(TMS) 
To a i d  i n  carbonyl T1 re laxa t ion ,  0.05M Cr(acac)3  was added t o  
each sample. 

6 (  C) ( l igand  r ing  resonances): 109.9(C1); 92.8, 90.7(C2,5,C3 4 ) ;  
87.8(C4); 20.5(CH3) ppm. No coupling (J 
t o  e i t h e r  CO o r  t he  arene r ing .  

Ref. 4 

Not observed. 

Only t h e  cis value w a s  ac tua l ly  reported previously; see Ref. 5. 

= 6(CH2C12)  + 53.89 ppm. 

13 

) was observed 183w-13c 

i 
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676 HICKEY ET AL. 

b c t h  t h e  170 nmr4 and 1 3 C  nmrl s p e c t r a .  

resonances  are on ly  s l i g h t l y  a f f e c t e d ,  be ing  s h i f t e d  

downf ie ld  i n  t h e  "0 nmr and u p f i e l d  i n  t h e  1 3 C  nmr. 

The t r a n s  resonances  are  a g a i n  more a f f e c t e d ,  t h e  170 

resonance  be ing  s h i f t e d  u p f i e l d  and t h e  1 3 C  resonance  

clownfield. The well-documented " t r a n s  e f f e c t "  f o r  

The cis 

o c t a h e d r a l  t r a n s i t i o n  metal complexes a p p e a r s  t o  app ly  

t o  a l l  three cha lcoca rbony l  l i g a n d s  and a f f e c t s  t h e  

" 0  nmr chemical  s h i f t  a s  w e l l  as t h e  1 3 C  chemical  
L s h i f t .  

6 For the ( n  - C 6 H 6 ) C r  (CO) 2 ( C X )  (X=O,S,Se) series , t h e  

I 7 O  chemjcal  s h i f t  shows a p r o g r e s s i v e  u p f i e l d  s h i f t  on 

going  down the cha lcogen  f ami ly ,  wh i l e  t h e  1 3 C  s p e c t r a  

show t h e  o p p o s i t e  t r e n d .  

s p e c t r a ,  t h e  s h i f t s  from 0 t o  S are  l a r g e r  t h a n  t h a t  

f o r  S t o  Se.  The e x p l a n a t i o n  f o r  t h i s  i s  unc lea r  a t  

p r e s e n t ,  

I n  bo th  t h e  170 and 1 3 C  

5 For t h e  manganese series , ( 0  -C5H5) !In ( C O )  ( C X )  

( X  = 0, S), going  down t h e  chalcogen fami ly  shows t h a t  

6 (C 

va lues  s h i f t  u p f i e l d .  This  behavior  w a s  a l s o  observed  

f o r  t h e  r e s p e c t i v e  " 0  and 1 3 C  ca rbony l  oxygen and 

carbon chemical s h i f t s  i n  t h e  series (C6H6- ,Rn)Cr  (CO)  2- 

( C X )  ( X = O , S )  . Unlike t h e  manganese carbonyl  1 3 C  

r e sonances ,  9r10 no room tempera ture  broadening  of  t h e  

r e s p e c t i v e  carbonyl  170 resonance i s  observed .  

1 7  
0 )  s h i f t s  downf ie ld  w h i l e  t h e  cor responding  6 ( 1 3 C O )  

3 

10 
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OXYGEN-17 NMR SPECTRA 67 7 

This i s  presumably due6  t o  a weakened t r a n s m i s s i o n  o f  

z u a d r u p o l a r  and s p i n - c o u p l i n g  e f f e c t s  of t h e  manganese 

n u c l e u s  [ 5 5 ~ ~ n , ~ = 5 / 2  (lOO%)l on t o  t h e  oxygen atom 

t h r o u g h  two b o n d s ,  w h i l e  t h e  c a r b o n  atom i s  onllr  o n e  

bond away. For  t h o s e  s u b s t i t u t e d  metal c a r b o n y l  

complexzs which have now been  s t u d i e d  by b o t h  "C and  

" 0  nmr t h e  c a r b o n y l  c a r b o n  1 3 C  c h e m i c a l  s h i f t s  a p p e a r  

a t  lower f i e l d s  t h a n  f o r  t h o s e  o f  t h e  ? a r e n t  c a r b o n y l  

complexes, '  w h i l e  t h e  c o n v e r s e  i s  t r u e  for  

t h e  1 7 3  chernical  

however ,  s u b s t i t u t i o n  of o n e  CO l i g a n d  by CS o r  CSe 

c a u s e s  t h e  c a r b o n y l  oxygen 170 r e s o n a n c e  ( s )  o f  t h e  

r e m a i n i n g  CO g r o u p s  t o  s h i f t  d o w n f i e l d ,  w h i l e  t h e  

c o r r e s p o n d i n g  l 3 C  c h e m i c a l  s h i f t  ( s )  move u p f i e l d  

r e l a t i v e  t o  t h o s e  for  t h e  p a r e n t  complex. 

' 

I n  t h e  p r e s e n t  work, 

11 p l o l e c u l a r  o r b i t a l  c a l c u l a t i o n s  f o r  t h e  CS m o i e t y  

and p h o t o e l e c t r o n  s p e c t r o s c o p i c  s t u d i e s  on (q5-C51-i5)Mn - 
(CO)2(CS) and C r ( C 0 ) 5 ( C S ) 1 2  show CS t o  be b o t h  a b e t t e r  

u-donor and  rr-acceptor  l i g a n d  t h a n  CO, and t h i s  c a n  be 

e x t e n d e d  t o  CSe. Also, X-ray c r y s t a l l o g r a p h i c  

mass s p e c t r o s c o p i c  e v i d e n c e  15f16 show t h a t  meta l -C(S)  

bonds are much s t r o n g e r  t h a n  m e t a l - C ( O )  bonds.  Mass 

s p e c t r o m e t r i c  s t u d i e s  on (q5-C5H5)Mn (CO) (CSe) I 

( p  -C5H4CH3)Yn (co) (cse) and  (n5-C5H5) R e  (CO)  (cse) i n d i -  

cate t h a t  t h i s  i s  a l so  for t h e  meta l -C(Se)  bond. l7 

1 3 1 1 4  and 

5 

The 

o b s e r v e d  c h e m i c a l  b e h a v i o r  o f  t h i o -  a n d  s e l e n o c a r b o n y l  
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678 HICKEY ET AL. 

complexes on nucleophilic substitution supports these 

contentions. 15,17,18 

It is thus reasonable to conclude that both the 

downfield chemical shifts of the carbonyl l7O reson- 
ances in the (r15-C5H5)Mn (CO) (CS) , (rl 6 -C6H6)Cr (CO) (CX) 

(X=S,Se), and M(CO)5CX (X=Cr, X=S,Se; M-W, X=S) com- 

plexes and the 170 chemical shift patterns are a result 

of the greater net electron attracting (o-donor E. 
a-acceptor) ability of the CS and CSe ligands as compa- 

red to CO. A similar conclusion was reached from a 

13C nmr study on a series of Sroup V I I B  (q5-C5H4X)X(CO)2- 

(CX (M=Mn,Re; X=O,S,Se) complexes. 9 

A further conclusion is that the opposing trends 

for respective carbonyl 170 and l3C resonances observed 

to date 2-4, result from the synergistic bonding asso- 

ciated with transition metal-CO linkages. 
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