
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

Phosphinothioformamides - A Class of Versatile Ambidentate Complex
Ligands
Udo Kunzea; Andreas Brunsa; Hussain Jawada

a Institut für Anorganische Chemie, Universität Tübingen Auf der Morgenstelle 18, Tübingen

To cite this Article Kunze, Udo , Bruns, Andreas and Jawad, Hussain(1987) 'Phosphinothioformamides - A Class of
Versatile Ambidentate Complex Ligands', Phosphorus, Sulfur, and Silicon and the Related Elements, 30: 1, 177 — 180
To link to this Article: DOI: 10.1080/03086648708080551
URL: http://dx.doi.org/10.1080/03086648708080551

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/03086648708080551
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorw and Sdcfur, 1987, Vol. 30, pp. 177-380 
Photocopying permitted by License only 

@ 1987 Gordon and Breach Science Publishers, Inc. 
Printed in the United Kingdom 

PHOSPHINOTHIOFORMAMIDES - A CLASS OF VERSATILE AMBIDENTATE 
COMPLEX L IGANDS 

UDO KUNZE*, ANDREAS BRUNS and HUSSAIN JAWAD 

I n s t i t u t  f u r  Anorganische Chemie, U n i v e r s i t a t  Tubingen 
Auf de r  Morgens te l l e  18, D-7400 Tubingen 

A b s t r a c t  Secondary and t e r t i a r y  phosph i n o t h i  oformami des 
V v e d  t o  be f l e x i b l e ,  ambidentate complex 1 igands. 
S t r u c t u r a l  d i f f e r e n c e s  i n  s o l i d  and d i s s o l v e d  s t a t e  have 
been made ob e r v a b l e  by carbon-13 CP-MAS NMR techniques.  
The (CO) M(P 4 ) complexes ( M  = C r ,  Mo, W )  r e a c t  w i th  mono- 
den ta te  f i g a n d s  under r e v e r s i b l e  f i s s i o n  o f  t h e  meta l  - s u l -  
f u r  bond which favours  t h e  a p p l i c a t i o n  o f  such systems i n  
metal  - c a t a l y z e d  syntheses. We suggest t h r e e  ways f o r  t h e  
p r e p a r a t i o n  o f  ch i r a l  phosphi nothioformamides which show 
a h i g h  d i a s t e r e o s e l e c t i v i  t y  upon c o o r d i n a t i o n  t o  p r o c h i -  
r a l  ha1 f -sandwic h complexes. 

INTRODUCTION 

1 2 Secondary phosphinothioforrnamides , R2PC(S)NHR , and t h e  correspon-  
d i n g  th io for rn i rn idate an ions were a p p l i e d  f o r  t h e  complexat ion o f  

meta ls  i n  d i f f e r e n t  c o o r d i n a t i o n  number and c o n f i g u r a t i o n .  I n v e s t i -  
g a t i o n s  were c a r r i e d  o u t  w i t h  square-p lanar  (Rh, Ir, P t ) ,  t e t r a h e -  

d r a l  (Fe) ,  square-pyramidal  (Mo, W )  and oc tahedra l  (Mn, Re) sys- 

tems'. Three fundamental c o o r d i n a t i o n  modes a r e  a v a i l a b l e  f o r  t h e  
"heterocarbonate"  1 igands (shown f o r  a n i o n i c  species)  : 

STEREOCHEMISTRY OF THE LIGANDS 

S t r u c t u r a l  d i f f e r e n c e s  i n  so l  i d  and d i s s o l v e d  s t a t e  were i n v e s t i -  

gated by 13C-CP-MAS NMR spectroscopy2. We found  an asymmetric s i g -  

n a l  s p l i t t i n g  o f  t h e  carbon atoms bound t o  n i t r o g e n  due t o  quadru- 
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FIGURE 1 a. Crystal TSructure (molecule 1 )  and 13C(1H)-NMR 
spectrum (CDC13), b. 
side bands) of Ph2PC( S)NHMe. 

C-CP-MAS NMR spectrum ( *  rotational 

pole interaction. The sol id state 13C-NMR spectrum o f  Ph2PC(S)NHMe 
shows two signals in the N-methyl range which correspond to two 
symmetry-independent (Z) - molecules in the asymmetric unit (Fig. 1). 

Sol id tertiary phosphinothioformamides, RLPC(S)NR2R3, and the 
1 inkage-isomeric S-a1 kyl thioformimidoesters, R2PC(NR )SR , adopt 
- Z configuration with respect to the central CN bond . In solution, 
- -  E/Z isomerisation is observed with P-oxides and -sulfides. The 
free energies of activation amount to 70 - 90 kJ-mol-l. 

1 2 3  
3 

COORDINATION CHEMISTRY 

A series o f  tetracarbonyl chelate complexes with neutral thioform- 
amide 1 igands was prepared by low-temperature photolysis of the 
metal hexacarbonyls, M(C0)6 ( M  = Cr, Mo, W ) 4 .  In contrast to the 
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c i s  t r a n s  - 

t h i o f o r m i m i d a t e  complexes, (CO)4M(8)  (M = Mn, Re), t h e  s u b s t i t u -  
t i o n  w i t h  Group VB l i g a n d s  proceeds w i t h o u t  CO e l i m i n a t i o n  b u t  r e -  

v e r s i b l e  c leavage o f  t h e  m e t a l - s u l f u r  bond and -- c i s - t r a n s  i s o m e r i -  
sa t i on .  The r e c h e l a t i s a t i o n  i s  i n f l u e n c e d  by temperature,  s o l v e n t  
and l i g h t .  I d e a l  r e v e r s i b l e  c o n d i t i o n s  a r e  encountered w i t h  t h e  

N,N-dimethyl th io formamide 1 i gand  which comp le te l y  r e v e r t s  t o  t h e  

c h e l a t e  complex w i t h o u t  i s o m e r i s a t i o n .  T h i s  favours  t h e  app l  i c a -  

t i o n  o f  such systems i n  m e t a l - c a t a l y z e d  syntheses. 

CHIRAL LIGANDS AND DIASTEREOSELECTIVE COMPLEXATION 

We have suggested t h r e e  ways f o r  t h e  i n t r o d u c t i o n  o f  an asymmetr ic 

c e n t r e  a t  carbon o r  phosphorus5: 

I ,  N-C* c h i r a l  11, P* c h i r a l  111, P-C*  c h i r a l  

Type I l i g a n d s  were ob ta ined  f rom o p t i c a l l y  pure amines and amino 

a c i d s .  By r e a c t i o n  w i t h  CPM(CO)~C~ (M = Mo, W )  i n  methanol ,  t h e  
i n s o l u b l e  d iastereomer o f  t h e  P,S-coordinated complexes i s  p r e c i -  

p i t a t e d  i n  pure form. I n  s o l u t i o n ,  e p i m e r i s a t i o n  t o  a 1 / 1  d i a s t e -  
reomer ic  e q u i l i b r i u m  i s  observed which f o l l o w s  a fo rma l  f i r s t - o r d e r  

k i n e t i c s  w i t h  A G  = 92 2 5 kJ -mo l - '  a t  T = 20-40°C.  

nated P=O complexes proceeds under homogeneous c o n d i t i o n s  and i s  

favoured by thermodynamics. The S,S-coord inat ing P=S l i g a n d s  do 

n o t  show any s e l e c t i v i t y .  Complexes d e r i v e d  f rom R(+)-  and S(-)- 
l - pheny le thy lam ine  a r e  enan t iomer i c  and g i v e  m i r r o r - s y m m e t r i c a l  

C D  p l o t s .  

t 

I n  c o n t r a s t ,  t h e  s t e r e o s e l e c t i v e  f o r m a t i o n  o f  t h e  S,N-coordi- 
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la, b 

Mixed phosphine ligands of type I 1  coordinate with a high ex- 
tent of optical induction depending on the size of the P substitu- 
ents and the metal. Type I 1 1  ligands were obtained by nucleophilic 
addition o f  phosphinomethanide carbanions to isothiocyanate but 
proved to be unapt for the stereoselective synthesis since a rear- 
rangement to the tautomeric enamine form takes place upon comple- 
xat i on. 
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