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Abs t rac t  - Two dimensional  X,H Cor re la t i ons ,  COSY and NOESY measurements a re  shown 

t o  be va luab le  a ids  i n  ass ign ing  spec t ra  and de termin ing  s t r u c t u r e .  S p e c i f i c a l l y  

t h e  NOESY pu lse  sequence i s  shown t o  be u s e f u l  i n  t h e  de te rm ina t ion  o f  a) 3-dimen- 

s iona l  s t r u c t u r e  o f  c y c l i c  n - a l l y 1  complexes, b )  s u b t l e  geometr ic d i s t o r t i o n s  o f  

t h e  syn and anti pro tons  i n  t h e  methylene p a r t  o f  a a - a l l y 1  l i gand ,  i . e . ,  

Pd(n -CHSynHantiC(CH3)CHR) and c )  d e t e c t i n g  s imultaneous l i g a n d  exchange r e a c t i o n s  3- 
i n  t h e  complexes P t  ( SnCl 3 )  (n 3 -CH2C(CH3)CH2) ( PhCH=CH2). 

INTRODUCTION 

Desp i te  t h e  acceptance o f  two-dimensional  methodologies i n t o  o rgan ic  and b iochemis t r y  

( r e f .  1 )  o rganometa l l i c  and c o o r d i n a t i o n  chemists have been slow t o  i nco rpo ra te  these tech -  

niques. Th is  i s  p a r t i a l l y  because severa l  o f  these 2-D pu lse  sequences have as t h e i r  goal 

s d l e l y  s p e c t r a l  assignment. S p e c i f i c a l l y ,  a 13C,H c o r r e l a t i o n  a l l ows  connect ion  o f  these two 

n u c l e i  v i a  J (  C,H) thereby  f a c i l i t a t i n g  t h e  assignment o f  these spec t ra  and/or d i s c o v e r i n g  

hidden resonances. ' H  2-D homonuclear c o r r e l a t i o n  spectroscopy, COSY,  demonstrates J-coup- 

l i n g  c o n n e c t i v i t y  between p ro ton  sp ins  and i s  super io r  t o  s i n g l e  f requency decoup l ing  i n  

t h a t  a l l  t h e  c o u p l i n g  i n f o r m a t i o n  i s  a v a i l a b l e  f rom one exper iment.  These methods are  ap- 

p e a l i n g  f o r  t h e  e l u c i d a t i o n  o f  o rgan ic  s t r u c t u r e s ;  however, o f t e n  t h i s  i s  o n l y  o f  secondary 

importance, e.g., t h e  H s p i n  system has been d e l i b e r a t e l y  chosen t o  be s imp le  and/or t h e  

emphasis i s  on t h e  meta l .  One can broaden t h e  scope o f  t h e  he teronuc lear  X,H c o r r e l a t i o n  t o  

i n c l u d e  a s u i t a b l e  metal  resonance and consequent ly a d j u s t  t h e  emphasis o f  t h e  measurement. 

Using t h e  H,X c o u p l i n g  cons tan t  t o  h e l p  f i n d  t h e  metal  s igna l  may l e a d  t o  new s t r u c t u r e  and 

bonding data,  as t h e  metal  chemical s h i f t  i s  recogn ized t o  be q u i t e  s e n s i t i v e  t o  t h e  na tu re  

o f  t h e  l i g a n d s  i n  t h e  c o o r d i n a t i o n  sphere ( r e f .  2 ) .  However, t h e  2-D NOESY sequence, which, 

f o r  H, a f f o r d s  bo th  Overhauser and chemical exchange i n f o r m a t i o n  ( r e f .  1 )  i s  more a t t r a c -  

t i v e .  The Overhauser e f f e c t  i n v o l v e s  

tance data, whereas magne t i za t i on  t r a n s f e r  between chemica l l y  exchanging s i t e s  has mechan- 

i s t i c  imp1 i ca t ions .  

1 13 

1 

1 

1 
1 1  H- H d i p o l e - d i p o l e  r e l a x a t i o n  and consequent ly d i s -  

Our recen t  i n t e r e s t  i n  n - a l l y 1  chemis t ry  ( r e f .  3) prompted us t o  cons ider  t h e  f o l l o w i n g  

ques t ions :  

i) 

i i )  

how might  one determine which face  o f  a somewhat compl ica ted  n - a l l y 1  l i g a n d  

i s  coo rd ina ted  

would i t  be p o s s i b l e  t o  genera l i ze  t h e  observa t ions  f o r  N ~ ( T I ~ - C ~ H ~ ) ~ ,  made 

v i a  neut ron  d i f f r a c t i o n ,  t h a t  t h e  syn pro ton  i s  d i s t o r t e d  toward t h e  n i c k e l  

( r e f .  4 )  and 
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i i i )  how might  one bes t  cope w i t h  t h e  s imultaneous, r e l a t i v e l y  compl ica ted  ex- 

To approach t h e  problem we chose P d ( I 1 )  as metal  cen te r  and cons idered t h e  molecules,  1, 

w i t h  t h e  f o l l o w i n g  i n  mind: NOE e f f e c t s  concerned w i t h  t h e  8 - a l l y 1  face  w i l l  r e q u i r e  an i n -  

dependent " r e p o r t e r "  l i g a n d  w i t h  s u i t a b l e  p ro tons .  Since NOE e f f e c t s  i n v o l v e  T1 r e l a x a t i o n ,  

t h e  r e p o r t e r  should be r e l a t i v e l y  r i g i d  bo th  w i t h  respec t  t o  movement w i t h i n  i t s e l f  and r e -  

l a t i v e  t o  t h e  v - a l l y l .  The o v e r a l l  mo lecu la r  mot ion  o f  t h e  complex should be r e l a t i v e l y  

slow, i .e . ,  T should be f a i r l y  l ong  (see eq.) t o  pe rm i t  e f f i c i e n t  ' H  d i p o l e - d i p o l e  r e -  

change phenomena o f t e n  assoc ia ted  w i t h  such molecules.  

- 

C 

1 /T1  - ~ ~ ( 1 / 0 6 )  
d i  po l  e -d i  po le  ( 1 )  

l a x a t i o n  between t h e  r e p o r t e r  and t h e  a - a l l y l .  Moreover, t h e  r e p o r t e r  p ro ton  i nduc ing  r e l a x -  

a t i o n ,  should be reasonab ly  c l o s e  t o  t h e  8 - a l l y 1  f ragment.  Since - o-phenanthro l ine  seemed li- 

k e l y  t o  f u l f i l l  these boundary c o n d i t i o n s  we prepared severa l  a - a l l y 1  complexes us ing  t h i s  

l i gand .  

RESULTS A N D  DISCUSSION 

The f o u r  chosen 8 - a l l y  l i g a n d s  are  shown below 

1 
I '  

Pd 

( n - a l l y l )  

1 - 

I T - a l l y 1  = 

1 A H spectrum o f  - l b  i s  shown i n  F ig .  1 and a corresponding'lH 2-0 NOESY i n  F ig .  2. C lea r l y ,  

t h e  two non-equ iva len t  s ides  ( o r t h o  p ro tons )  of t h e  r e p o r t e r ,  which appear a t  lowest  f i e l d  

"see" d i f f e r e n t  environments across t h e  meta l .  I n  a l l  f o u r  cases, one ortho r e p o r t e r  induces 
NOE s e l e c t i v e l y  a t  t h e  syn ( l ower  f i e l d )  a l l y l  CH2 p ro ton  suggest ing  a s i m i l a r  d i s t o r t i o n  

f o r  these as was found i n  t h e  neut ron  work mentioned above. I n  t h e  t h r e e  a l l y l  f ragments 

w i t h  s te reochemis t ry ,  t h e  o the r  phenanthro l ine  o r t h o  p ro ton  "sees" t h a t  p ro ton  o f  an ad ja -  

cen t  CH2 f ragment which faces  t h e  metal  thereby  d i f f e r e n t i a t i n g  between t h e  two faces  o f  

these l i gands .  N a t u r a l l y ,  these measurements a re  a l s o  u s e f u l  a ids  i n  ass ign ing  compl ica ted  

'H spec t ra .  Indeed, one o f t e n  needs 2-D COSY and h e t e r o c o r r e l a t i o n  spec t ra  combined w i t h  
h i g h  r e s o l u t i o n  work t o  ass ign  t h e  ' H  spectra,  i n  o rder  t o  make use o f  t h i s  t ype  o f  NOE 

data. One shou ld  no t  confuse d i s tance  from the metal w i t h  o r i e n t a t i o n  w i t h  respec t  t o  t h e  

c l o s e r  t o  t h e  meta l ,  bu t  t h e  syn p ro ton  d i s t o r t s  ou t  o f  t h e  p lane towards t h e  metal  and t h e  

second v - a l l y 1  l i g a n d  ( r e f .  4 ) .  

- 

- 

- 

plane de f ined  by t h e  t h r e e  carbons o f  t h e  a l l y l  l i g a n d .  The a n t i  p ro ton  i n  N i ( n  3 - C 3 H 5 ) 2  i s  - 
c 

Having cons idered p o i n t s  i) and i i )  we come t o  iii). If  a molecule undergoes slow exchange, 

e.g., A + B ,  w i t h  an exchange r a t e  comparable t o ,  o r  somewhat s lower than, T1 f o r  t h e  obser-  

ved nucleus, t h e  NOESY sequence g i ves  r i s e  t o  c ross  peaks a r i s i n g  f rom t h e  t rans fe rence  o f  

magnet iza t ion .  For a s imp le  two s i t e  problem t h e r e  i s  no advantage i n  2 - D  over 1-0 methods. 
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' H  NMR 

200 MHz 

Fig. 1 

Fig. 2 2-D NOESY f o r  lb .  Arrows show i m p o r t a n t  c r o s s  peaks. - 
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When severa l  exchange processes occur s imu l taneous ly ,  o r  where a number o f  s i t e s  r e f l e c t  t h e  
same exchange process, t h e  2-D methodology o f f e r s  t h e  advantage o f  a l l o w i n g  obse rva t i on  o f  
a l l  o f  these processes i n  one spectrum. Fu r the r ,  s i g n a l s  hidden due t o  s p e c t r a l  comp lex i t y  

may a f f o r d  c ross  peaks which are  r e a d i l y  observed the reby  i d e n t i f y i n g  exchange processes 
which migh t  have gone unnot iced. I n  genera l ,  t h e  more compl ica ted  t h e  spectrum, t h e  more 

va luab le  i s  t h e  2-D approach. 

Complex - 2 e x i s t s  i n  two forms ( r e f .  3) due t o  t h e  p r o c h i r a l  o l e f i n ,  PhCH=CH2. Each isomer 
has seven i n d i v i d u a l  CH p ro ton  s igna ls ,  p l u s  CH3 r e -  

sonances, a f f o r d i n g  a modera te ly  complex 'H-spec- 
trum. A l l  o f  these absorp t ions  can be unambiguously 

assigned us ing  COSY and l g 5 P t ,  H h e t e r o c o r r e l a t i o n  
H2 1 H3 methods. The 2-D exchange spectrum (wh ich  con ta ins  

bo th  exchange and NOE i n f o r m a t i o n )  i n  t h e  CH3 r e g i o n  

(see F ig .  3) r e v e a l s  an unexpected r e s u l t .  Not o n l y  

Ph are  t h e  two forms i n  e q u i l i b r i u m ,  bu t  bo th  a re  ex- 
changing w i t h  a t h i r d  as y e t  u n i d e n t i f i e d  complex. 
Separate e f f o r t s  on t h i s  molecule a l lowed i t s  s t r u c -  

t u r e  t o  be e s t a b l i s h e d  as - 3. Apart  f rom t h e  mechan is t i c  i m p l i c a t i o n s  o f  d e t e c t i n g  3 i n  so lu -  
t i o n ,  i t  i s  wor th  emphasizing t h a t  i t  might  e a s i l y  
have been over looked employing convent iona l  1-D mag- 
n e t i z a t i o n  t r a n s f e r  methods, bu t  was made obvious by 

t h e  r e l a t i v e  s i m p l i c i t y  and i n t e n s i t y  (Note a )  o f  
t h e  c ross  peaks. Having recogn ized - 3, i t  i s  c l e a r  
t h a t  as y e t  undef ined c a t i o n s ,  perhaps o f  s t r u c t u r e  

[ P t  ( s t y r e n e )  ( s o l v e n t )  ( C H 2 C (  CH3)CH2) I, must a r i s e  i n  
s o l u t i o n .  I n  any case, bo th  SnC13 

1 H4 
,- 

P t  

' S a ' S n C 1  

2 - 

2- 2 
. I '  

c1 s n / p t < - ~ n ~ ~  
3 SnCl 

3 - 
and re leased  s t y -  

rene are  i n v o l v e d  i n  t h e  exchange. Support f o r  PhCH=CH2 exchange comes f rom two r e l a t e d  

observa t ions .  Examinat ion o f  t h e  s p e c t r a l  r e g i o n  a t  low f i e l d  r e v e a l s  t r a c e s  ( <  5%) o f  s t y -  

rene i n  exchange w i t h  bo th  isomers o f  :. A d d i t i o n  o f  f u r t h e r  s t y rene  and r e p e t i t i o n  o f  t h e  

exchange spectrum makes t h i s  exchange process more r e a d i l y  v i s i b l e ,  see F i g .  4. The d e c i s i o n  
f o r  SnC13- exchange - and n o t  d e i n s e r t i o n  o f  SnC12, see scheme - assumes t h e  v a l i d i t y  o f  t h e  

LnPt-C1 + SnC12 

18e r u l e  i n  combina t ion  w i t h  t h e  obse rva t i on  t h a t  t h e r e  i s  no r~' -b n' a l l y 1  i s o m e r i z a t i o n  
(as  shown by f o l l o w i n g  t h e  t r a n s f e r  o f  magne t i za t i on  f rom t h e  i n d i v i d u a l  SJJ and anti pro-  

t o n s ) .  I f  complex 2 were t o  l e a d  t o  SnC12 + PtCl(SnC13),(C,H,)2-, t h e  r e s u l t i n g  d i a n i o n  
would s t i l l  be c o o r d i n a t i v e l y  sa tu ra ted  and would n o t  be expected t o  coo rd ina te  PhCH=CH2. 
Consequently, d e s p i t e  t h e  modest p o l a r i t y  o f  t h e  so lvent ,  we f a v o r  t h e  fo rma t ion  o f  SnC13- 

Note a: The c ross  peak i n t e n s i t y  w i l l  be p r o p o r t i o n a l  t o  t h e  concen t ra t i ons  o f  t h e  exchang- 
i n g  species. One o f  these may be present  i n  n e g l i g i b l e  concen t ra t i on ;  however, i t s  

c ross  peak can be r e a d i l y  observed. 
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IH-NOESY 

1775 

- R  . . o m  

L 

- 1.5 

- 2.0 

F ig .  3 2 - D  NOESY f o r  - 2. Arrows i n d i c a t e  s i g n a l s  on d iagona l  i n v o l v e d  i n  exchange. 

'H-NOESY 
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Fig .  4 2-D NOESY f o r  - 2 w i t h  excess s ty rene.  Arrows i n d i c a t e  PhCtJ=CH2. 
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and an assoc ia ted  p la t i num c a t i o n .  The d i s s o c i a t i o n  o f  t h e  PtSnC13 fragment i n t o  anions has 

been pos tu la ted  as be ing  an impor tan t  f e a t u r e  of t h e  PtC12L2/SnC12 homogeneously ca ta l ysed  

hyd ro fo rmy la t i on  ( r e f .  5 ) .  Our r e s u l t s  rep resen t  one o f  t h e  r e l a t i v e l y  few examples ( r e f .  5 )  
where t h i s  p o s s i b i l i t y  has been supported exper imen ta l l y ,  and perhaps t h e  o n l y  case where 

C H 2 C 1 2  was used as so l ven t .  
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