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BINUCLEAR NMR SHIFT REAGENTS. PIN APPARENT 
ANOMALOUS EFFECT WITH VINCLOZOLIN. 
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ABSTRACT 

1 The 60 MHz H NMR spectra of racemic vinclozolin,L, have been 

studied at 28" in CDC13 solution with the chiral reagent trisC3- 

(heptafl uoropropyl hydroxymethy1ene)-<-camphorato]europium( I I I ) ,  2, 
by incremental additions o f  (6,6,7,7,8,8,8-heptafluoro-2 ,2-di- 

meth~l-35-octanedionato)silver(I), 3. Although the solution of 1 
with - 2 displayed substantial downfield lanthanide-induced shifts, 

A6,and enantiomeric shift differences, A A 6 ,  for selected nuclei, 

relative to the spectrum of unshifted 1, additions o f  3 t o  the 

solution of 1- and 2 w e r e  unexpectedly found to dramatically reduce 

the magnitudes of both A6 and AA6. 

61 7 

Copyright 0 1986 by Marcel Dekker, Inc. 0038-7010/86/1906-0617$3.50/0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



618 HATZIS AND ROTHCHILD 

INTRODUCTION 

B i n u c l e a r  s h i f t  r eaqen ts  i n v o l v i n g  s i l v e r  compounds w i t h  l a n -  

t h a n i d e  s h i f t  reagen ts  (LSR) have been shown t o  have c o n s i d e r a b l e  

p o t e n t i a l  f o r  i nduc in r l  enhanced va lues  o f  l a n t h a n i d e - i n d u c e d  

s h i f t ,  L.5 ,  and enan t iomer i c  s h i f t  d i f f e r e n c e s ,  0CS1-7.  

1 hancements f o r  33 and 4Ax have been r e p o r t e d  f o r  b o t h  H and 13C 

N M R  w i t h  those compounds t h a t  t y p i c a l l y  q i v e  o n l y  sma l l  induced 

s h i f t s  w i t h  l a n t h a n i d e  s h i f t  reaqen ts  a lone .  

t y o i c a l l y  weak Lewis bases such as arenes, a lkenes and h a l i d e s .  

LSRs by themselves a r e  u s u a l l y  most e f f e c t i v e  w i t h  compounds pos-  

sessir,g a b a s i c  s i t e ,  such as an oxyyen o r  n i t r o q e n  atom. A p p l i -  

c a t i o n s  o f  t hese  s i l v e r - l a n t h a n i d e  b i n u c l e a r  s h i f t  r eaqen ts  have 

g e n e r a l l y  been l i m i t e d  t o  s u b s t r a t e s  w i t h  one o r  more o f  t h e  

f u n c t i o n a l  groups (such as a lkenes o r  a romat i c  r i n q s )  t h a t  b i n d  

p o o r l y  t o  l a n t h a n i d e s .  

p l e x  p o l v f u n c t i o n a l  compounds c o n t a i n i n r l  more b a s i c  qroups l i k e  

ca rbony ls .  

yl)-5-ethenyl-5-methyl-2,4- oxazol  i d i n e d i o n e ,  w i t h  a c h i r a l  and 

c h i r a l  LSRs8” encouraged us t o  o e r f o r m  t h e  p r e s e n t  work employ- 

i n g  t h e  c h i r a l  t r i s [ 3 - ( h e p t a f l  uo rop rooy l  hydroxymethy1ene)-c- 

camphorato]europi~,~(III), - 2, known as Eu(hfc)3,  i n  c o n j u n c t i o n  

w i t h  (6 ,6 ,7 ,7 ,~ ,8 ,X -hep ta f l uo ro -2 ,2 -d ime th ,~ l -~ ,5 -oc taned iona to )  

s i l v e r ( I ) ,  3, known as A q ( f o d ) .  

These en- 

Such compounds a r e  

There appear t o  be few r e p o r t s  u s i n g  com- 

Our s t u d i e s  w i t h  v i n c l o z o l  in ,  1, 3-(3,5-d ich lorophen-  

Since - 1 w i t h  added - 2 had been t o  g i v e  s u b s t a n t i a l  

116 values,  and t o  e x h i b i t  a p p r e c i a b l e  A A 5  va lues  f o r  s e l e c t e d  

n u c l e i ,  we i n v e s t i g a t e d  a d d i t i o n s  o f  3 t o  f o r m  t h e  s i l v e r - l a n -  
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BINUCLEAR NMR SHIFT REAGENTS 619 

thanide binuclear reaqent.  Our i n t e r e s t  was the  production of 

enhanced A &  and LA& values t h a t  might be exoected t o  r e s u l t  i f  

s i l v e r  and lanthanide were s p e c i f i c a l l y  loca l ized  on the  ethenyl 

g r o u p  of 1. 
EXPERIMENTAL 

A sample of racemic vinclozolin ( C H  283230) was provided by 

BASF Aktienqesell schaf t  throunh BASF Wyandotte Corp., Agricul tur- 

a1 Chemicals Group. Parsippany NJ 07054. Stated our i ty  was > 

99.5%. 

u l a r  Sieves. 

from Aldrich Chemical Co. and used a s  received except as noted. 

All spectra were r u n  on a Varian EY-263A 60 MHz H NKR spectro- 

lncter a t  a probe temnerature of 28°C. Chemical s h i f t s  a r e r e p o r t -  

ed in pa r t s  per mill ion (6) r e l a t i v e  t o  TKS and a r e  helieved 

accurate t o  - 0.05 pDm.  

added d i r e c t l y  t o  the FIMR sample tube containinq a so lu t ion  of - 1 

and 2. dissolved by shaking, and the  spec t ra  immediately r u n .  

RESULTS A N D  DISCUSSION 

CDC13  (99.8 atom % D )  was dried and s tored  over 3A Rolec- 

The CCC13  and  s h i f t  reagents 1 a n d  2 were obtained 

1 

t Accurately weighed portions o f  3 were 

In t h i s  present study, 2 was added t o  a so lu t ion  containing 

- 1 and - 2 .  

complexed t o  the  ethenyl group of 1 b u t  lanthanide remained 

l a rge ly  complexed t o  the  carbonyl oxygens, ethenyl qroup protons 

would s t i l l  be expected t o  have enhanced downfield s h i f t .  Ag(1) 

complexation t o  cyclohexene i s  known t o  produce downfield s h i f t s  

of the  o l e f i n i c  protons” ( b u t  upf ie ld  s h i f t s  of the  13C reson- 

ances of the  double bond)”. 

We had an t ic ipa ted  t h a t  i f  Ag(1) was p re fe ren t i a l ly  

Pesults with Ag(1)-LSR binuclear 
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620 HATZIS AND ROTHCHILD 

complexes a r e  cons ide red  t o  i n v o l v e  exchanae o f  l i g a n d s  which i s  

r a p i d  on t h e  NYR t i m e  

complexat ion and decomDlexation w i t h  a lkenes 

which i s  a l s o  f a s t  on t h e  NER t i m e  s c a l e .  

S t u d i e s  w i t h  A Q ( I )  a lone  sugqest 

12-14 o r  c a r b o n y l s  10 

When increments o f  3 were added t o  a s o l u t i o n  o f  1 (0.3P7 

mo la l  i n  CDC13) c o n t a i n i n g  2 (2:1 r a t i o  o f  @.443), i t  was found 

t h a t  resonances were s h i f t e d  u p f i e l d  r e l a t i v e  t o  t h e i r  p o s i t i o n s  

i n  t h e  s o l u t i o n  w i t h  1 and 2 a lone ,  p r i o r  t o  a d d i t i o n  o f  3. 
o t h e r  resonances were observed a t t r i b u t a b l e  t o  p r o t o n s  o f  1, 
sugclesting t h a t  f a s t  exchanqe c o n d i t i o n s  s t i l l  p r e v a i l  f o r  what- 

eve r  species were ? r e s e n t .  

creased.  

c o o r d i n a t i o n  sphere c o u l d  reduce t h e  c h i r a l i t y  o f  t h e  complex, 

[ E ~ ( h f c ) ~ ( f o d ) ] - ’  r e l a t i v e  t o  - 2, i n  which a l l  t h r e e  l i q a n d s  a r e  

c h i r a l ,  and t h i s  b a s  been cons ide red  a s  a p o t e n t i a l  source o f  

decreased 616 . However, t h e  a m a r e n t  u p f i e l d  s h i f t s  were un- 

expected.  An e x p l a n a t i o n  c o n s i s t e n t  w i t h  o u r  r e s u l t s  i n v o l v e s  

Aq( I )  comDlexat ion on t h e  ca rbony l  oxygens, competing f o r  t hese  

s i t e s  w i t h  l a n t h a n i d e .  Aq(1) comp lexa t ion  a t  anv o t h e r  s i t e  

( a r o m a t i c  r i n q ,  haloaens o r  z l k e n e )  would seem t o  be r u l e d  o u t  

by t h e  absence o f  enhanced d o w q f i e l d  s h i f t s  f o r  any o f  t h e  p r o -  

t o n s  c f  1. [S l l  o r o t o n s  i n  cyclobexene, to luene ,  acetophenone 

and 4-ch loroacetophenone were s h i f t e d  d o w n f i e l d  by AqEF4 i n  CH2- 

Cl2’’. However, i f  t h e  main e f f e c t  was t o  f o r m  a b i n u c l e a r  

s h i f t  r eagen t  cony lex  o f  1 [ w i t h  Aq(1 )  a t  tCle ca rbony l  oxygens:! 

a t  t h e  expense o f  t h e  complex o f  1 and 2. ( w i t h o u t  s i l v e r )  t h e  

F!o 

Values o f  A A 6  were s i m u l t a n e o i i s l y  de- 

Attachment o f  an a c h i r a l  ( f o d )  l i g a n d  t o  t h e  E u ( h f c ) 3  

4 
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BINUCLEAR NMR SHIFT REAGENTS 621 

net result would be an increase in the average distance from the 

protons to the paramagnetic litnthanide. 

lanthanide-induced downfield shifts and result in the observed 

apparent upfield shifts and decrease of AA6. 

effect that may contribute to the observed results miqht involve 

subtle steric effects involvinq Ag( I) complexation and leading to 

changes in geometry or conformation that are especially signifi- 

cant because of anisotropic effects. 

nation for its simplicity since the alternative explanation 

would require coincidental chanqes in all proton chemical shifts 

in the same direction. 

in FIGS. 1 and 2 .  

This should decrease the 

An alternative 

I*le favor the first expla- 

Results with 2 and - 3 tovether are shown 

In an early study of equilibrium constants o f  silver-olefin 

complexes usiflg gas chromatoqraphy, especially favorable inter- 

actions were reported for 1,5-dienes, such as 4-vinyl-1-cyclo- 

hexene15. 

olefinic alcohols and ketones such as 4-penten-1-01 was found to 

be consistent with a bidentate chelation of silver to account for 
16 relatively high equilibrium constants for complex formation 

This latter report noted equilibrium constants for silver ion 

complexation that were more than 290 times qreater for 4-cyclo- 

octenol relative to cyclooctanol, and more than 13 times greater 

for 4-cyclooctenone relative to cyclooctanone. 

lacking the a1 kene moiety had comparable (small ) equilibrium con- 

stants. Cyclooctene itself also had a very small equilibrium 

constant. 

Similarly, aqueous silver ioo complexation of some 

. 

The two analoqs 

The possibility of an analogous bidentate chelation 
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6 2 2  HATZIS AND ROTHCHILD 

I '  

3 5{ I' b I 

I ,' I LH3 -. 

F I G .  1 .  Variation of chemical s h i f t ,  6,with molar r a t i o  o f  3:1 
f o r  addi t ions  of 3 t o  soli l t inn i n i t i a l l y  0.387 molal 
i n  1 with 2:1 molar r a t i o  of 0.443. 
i nd ica t e  6 values f o r  1 w i t h  no s h i f t  reagents added. 
See t e x t .  

F i l l ed  c i r c l e s  (0) 

in 1 could involve the  ethenyl sidechain and the  C-2 carbonyl of 

the  r ing .  

t o  the  carbonyl and the  s h i f t  reagent,  decreased downfield pro- 

ton chemical s h i f t s  f o r  the  ethenyl qroun of 1 with s i l v e r  and 2 

together would s t i l l  demand increased d is tance  from the  europium 

as  the  most important overall  e f f e c t .  Rather modest deshielding 

of o l e f i n i c  protons by s i l v e r  ion 1 4 3 1 7 * 1 8  

b!hile t h i s  would support l a rge  LA6 f o r  Hc by proximity 

could s t i l l  accom- 
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BINUCLEAR NMR SHIFT REAGENTS 623 

I Y 

FIG. 2. Variation of enantiomeric shift differences, AA6 (in Hz), 
with molar ratio of 3:1 for additions of 3 to solution 
of 1 and 2. See text and FIG. 1 caption. 

rnodate our results. 

phatic and aromatic ketones suqgested that: carhonyls act as n 

donors toward silver ion in contrast to simple alkenes and aroma- 

tic systems which acted as TT donors. Prior studies with an amide, 

E-caprolactam, supported coordination through the amide oxyqen 

with AqC104”. The requirement that silver be coplanar with the 

relatively rigid five-membered ring o f  1 in order to bond to a 
nonbonding pair of electrons on a carbonyl oxygen could have im- 

The work o f  Crist et al.” on simple ali- 
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624 HATZIS AND ROTHCHILD 

plications concernina the possible bidentate chelation of silver 

ion by - 1. 

In our runs with 1 and 2, Ag(fod) additions bad to be ter- 

minated because of increasing precipitate formation. 

tion of silver salt can have significant influence on A 6  maani- 

tudes and on the mode of complexation with these binuclear rea- 

gents”, and solubility effects must likewise be considered. 

The selec- 

b!e have previously demonstrated the potential for direct 

We have now re- optical purity determinations o f  - 1 by use o f  2. 
ported the use of the binuclear shift reagent from 2 and ?with 
a multifunctional compound possessing groups of relatively 

high basicity. 

chiral molecule and a chiral LSR in which the carbonyl, a strong 

donor group for the LSR, is present. 

A 6  and AAb for 1 when the binuclear reagent is used versus re- 
sult with 2 by itself suqqests that applications for this binu- 

clear reagent with substrates possessing both strong and weak 

electron-donor groups must be further explored to permit improved 

selectivity in enhancing the A 6  and A A 6  values. 

This appears to be the first such study with a 

The observed decreases in 
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