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The signs of coupling constants [ ' / ( 195P t,13C) 
(> 0), 2/ ( 195P t,1H) (< 0), Z2/ ( 31P,13C),ra„, + 
2/ ( 31P,13C)ci5 (> 0) and 2 3/ ( 3lP,'H),ram + 
V (31P,1H )C/S (< 0)] in (ethene)bis(triphenylphos- 
phane)platinum(O) (1) were determ ined by selec­
tive heteronuclear double and triple resonance 
experim ents of the type !H{31P), 13C {'H ,31P) and 
two-dimensional heteronuclear shift correlations 
(H E T C O R ) of the type 13C /'H , 195P t/ 'H , and 31P/ 
'H , either by observing the heteronucleus or !H 
in the m ore sensitive inverse mode.

A lk e n e  co m p lex es  o f p la tin u m (O ) h av e  re c e iv e d  
c o n s id e ra b le  a tte n tio n  w ith  re s p e c t to  th e i r  s t ru c ­
tu r e  [ 1], m o le c u la r  dy n am ics [2 ] a n d  e x te n s iv e  u se  
in  sy n th es is  [3]. E specia lly , ( e th e n e )b is ( tr ip h e n y l-  
p h o sp h a n e )p la tin u m (O ) (1 ) h a s  fo u n d  w id e sp re a d  
ap p lic a tio n s . H o w e v e r, N M R  d a ta  o f  1 a re  s c a t­
te r e d  in th e  li te ra tu re  [4], a n d  th e  d a ta  s e t is 
n o t  c o m p le te , in  p a r tic u la r  as fa r  as signs o f  v a r i­
o u s  im p o r ta n t co u p lin g  c o n s ta n ts  in v o lv in g  th e  
e th e n e  lig an d  a re  c o n c e rn e d  [e.g. [1/ ( 195P t ,13C ), 
27 ( 195P t ,1H ), 2 2/ ( 31P,13C ) fra„5 + 2/ ( 31P,13C )c,-s a n d  
Z V ^ P / H ) , ^  + 37 (31P,1H )c/s]. In  th e  fo llo w in g  it 
is sh o w n  th a t  th is  in fo rm a tio n  can  b e  g a in e d  by  
se lec tiv e  h e te ro n u c le a r  d o u b le  o r  tr ip le  re s o n a n c e  
e x p e r im e n ts  a n d  / o r  tw o -d im e n s io n a l (2 D ) 
h e te ro n u c le a r  sh ift c o rre la tio n s  (H E T C O R ) .

p h3p \  H H

Experimental
T h e  co m p lex  1 w as p re p a re d  as d e sc r ib e d  in  th e
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l i te r a tu re  [5], a n d  h a n d le d  in  a n  A r  a tm o sp h e re . 
S o lu tio n s  in  C D 2C12 (ca. 0.05 g in 0.5 m l; a t 25 ±  
1 °C ) w e re  u se d  fo r  N M R  m e a s u re m e n ts  (B ru k e r  
A R X  250 a n d  D R X  500). C o n d itio n s  fo r  
H E T C O R  e x p e r im e n ts  w e re  o p tim iz e d  in  o n e -d i­
m e n s io n a l p o la r is a t io n  tr a n s fe r  ex p e rim e n ts . A  t r i ­
p le  re s o n a n c e  p ro b e h e a d  se rv e d  fo r  h e te ro n u c le a r  
13C { 'H ,31P} tr ip le  re s o n a n c e  e x p e rim e n ts . -  
C h e m ic a l sh ifts  a re  g iv en  w ith  re s p e c t to  M e4Si 
[<3’H  (C H D C 1 2) =  5.33; <513C  (C D 2C12) =  53.8], e x ­
te rn a l H 3P O 4 (8 5 % , aq .)  fo r  <53 ,P  = 0, E  ( 195P t)  =
21.4 M H z  fo r  <5195P t = 0.

T h e  N M R  d a ta  o f  1 a re  lis ted  in  T ab le  I. T h e re  
is re a s o n a b ly  g o o d  a g re e m e n t w ith  d a ta  fro m  th e  
l i te ra tu re .  T h e  c o u p lin g  sign  d e te rm in a tio n s  a re  
b a se d  o n  th e  a n a ly s is  o f  th e  e n e rg y  leve l d ia g ra m  
ty p ica l o f  a th r e e  sp in  sy s tem  w ith  tw o  ac tiv e  sp in s 
A  a n d  M , a n d  a  p a ss iv e  sp in  X . E ith e r  h e te r o ­
n u c le a r  A{M} o r  M{A} d o u b le  re s o n a n c e  e x p e r i­
m e n ts  [6] o r, o f te n  m o re  c o n v en ie n tly , 2 D  A / M  
o r  M  / A  H E T C O R  e x p e r im e n ts  [7] c an  th e n  b e  
u se d  to  c o m p a re  th e  re la tiv e  signs o f  th e  c o u p lin g  
c o n s ta n ts  J ( A , X ) a n d  J (M , X ).

Table I. N M R  data [a] for (ethene)bis(triphenylphos- 
phane)platinum (O ) (1).

<5'H [2/ ( 195pt ,'H )]  (7(3IP ,'H )) lbl 2.15 [-60.3] (-2 .8 )
(513C [ 7 ( 195Pt,13C] (7(31P,I3C )) |c| 38.2^1 [+196.0] (+23.5)
<531P [V (195Pt,31P)l[el 34.9 [+3720.0]
ö'Mptin ['y (195Pt,^C )] -539.5 [+3720.0]

[a] In C D 2C12 at 25 ± 1 °C; [b] Z V ^ ’H),,*,« + 
37(31P,1H )C<J; [c] 2 27(31P,13C),ra„5 + 27(31P,13C)c„; [d] 
O ther d 13C [2n7(31P,l3C)} values: 138.1 [28.2] {43.4} C , 
134.0 [20.3] {14.1} C°, 128.0 {9.4} Cm, 129.2 CP; [e] Ref. 
[4d]: 32.0 [3660]; [f] Ref. [4f]: -535.0.

In  th e  ca se  o f  1 th e  a b so lu te  sign  o f  ’/ ( ’^ P t , 31? )  
c an  b e  ta k e n  as p o s itiv e  as is tr u e  fo r  all p h o s- 
p h a n e  p la t in u m  c o m p le x e s  [8 ]. T h u s  o th e r  a b ­
so lu te  c o u p lin g  s igns fo r  1 b e c o m e  access ib le  if 
th e  c o m p a r is o n  o f  c o u p lin g  signs inv o lv es 
7 ( 195P t,31P ). I D  *H{31P} o r  2 D  31P /’H  H E T C O R  
e x p e r im e n ts  p ro v e  th a t  th e  signs o f  '7 ( 193P t,31P ) 
a n d  V C ^ P t ^ H )  a re  o p p o s ite  w h ich  m e a n s  th a t
2/ ( 195P t , !H )  < 0. A n  e x a m p le  o f  a 2 D  ^ C / ’H  
H E T C O R  w h ich  a llo w s to  c o m p a re  th e  signs o f 
7 ( 195P t ,13C ) a n d  27 ( 195P t , ’H )  is sh o w n  in  Fig. 1. 
T h e  n e g a tiv e  ti lt o f  th e  c ro ss  p e a k s  fo r  th e  195P t 
s a te ll ite s  in d ic a te s  th e  o p p o s i te  sign  o f  th e se  c o u p ­
ling  c o n s ta n ts . S in ce  th e  n e g a tiv e  sign  o f
2/ ( 195P t ,1H )  w as a lr e a d y  e s ta b lish e d  (v id e  su p ra ) , 
it fo llo w s th a t  V ( 195P t ,13C ) is po sitiv e . T h is  is a lso
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Fig. 1. C ontour plot of the 2D 125.8 MHz 13C /'H  
H E T C O R  experim ent, based on ’J ^ C j H )  = 146 
Hz (digital resolution in F2( 13C): 2 Hz, in F i( ’H): 
1.4 Hz, before zero filling; Gaussian multiplication 
in both dimensions; repetition time: 2.2 s; spectro­
m eter time: 5 h). The region of resonance signals 
of the ethene ligand is shown (see text for the com­
parison of signs of coupling constants).

V (31P,1H )CJS w ith  re s p e c t to  
su m  S 2/ ( 31P,13C ),ra„j. +

e v id e n t fro m  th e  '^ C p H ,3'?}  tr ip le  re s o n a n c e  e x ­
p e r im e n t ,  in w h ich  th e  signs o f  ' . / ( 195P t,31P ) a n d  
7 ( 195P t ,13C ) a re  c o m p a re d . F u r th e rm o re , th e  2D  
13C / 'H  H E T C O R  e x p e r im e n t show s a n e g a tiv e  tilt 
o f  th e  c ro ss  p e a k s  d u e  to  c o u p lin g  w ith  31P, an d  
th e re fo re , th e  signs o f  th e  sum s 2 27 (3lP ,13C )fram. + 
2/ ( 3 ,P.13C )c.,v a n d '2 3/ ( 31P , 'H )m  + V (3 ,P,, H ) CW are  
o p p o s ite . S ince  th e  2 D  195P t / 'H  H E T C O R  e x ­
p e r im e n t rev ea ls  a n eg a tiv e  sign  o f  th e  sum  
Z-V(31 P,lH )lrans 
’7 (195P t,31P ) > 0, th e  
27 (31P,I3C )C(S is po sitiv e .

A lth o u g h  a p o sitiv e  sign w as d e te rm in e d  [9] fo r  
7 ( 195P t ,13C ) in Z e is e ’s a n io n  [?72-C 2H 4P tC l3]~ [ re l­
a tiv e  signs o f  7 ( 195P t,13C ) an d  2/ ( ,9"'P t,1H ) w e re  
fo u n d  to  be  o p p o s ite , an d  a n e g a tiv e  sign  o f  
^ / ( ' ‘̂ P t . 'H )  w as a ssu m ed ], it w as n o t c le a r  
w h e th e r  th is  is a lso  tru e  fo r  /̂2-a lk e n e  p la tin u m (O ) 
co m p le x e s  such  as 1. T h e  e x p e r im e n ta l  c o n f irm ­
a tio n  fo r  '7 ( 195P t ,13C ) > 0 is now  p re s e n te d . T h e  
c o m p a r iso n  o f  th e  m a g n itu d e  o f  th e  c o u p lin g  c o n ­
s ta n ts  l/ ( 195P t ,13C ) > +500 H z fo r (d ia lk y l)b is ( tr i-  
o rg a n y lp h o sp h a n e )p la tin u m ( 11 )co m p lex es , 
7 ( 195P t ,13C ) = 274 H z  fo r  (2 -b u ty n e )b is ( tr ip h e n y l-  
p h o sp h a n e )p la tin u m (O ) [10] (w h ich  in th e  ligh t o f  
th e  p re s e n t re su lts  sh o u ld  a lso  b e  p o s itiv e )  w ith

7 ( 195P t ,13C ) = +196.0  H z  fo r  1 re s ts  now  o n  a firm  
b ase , an d  is in su p p o r t  o f  c o n tr ib u tio n s  o f  p la tin a -  
c y c lo p ro p e n e -  an d  p la tin a c y c lo p ro p a n e  s tru c tu re s  
to  th e  re s p e c tiv e  g ro u n d  sta te s .

A  n e g a tiv e  sign  o f  2/ ( 19:’P t , lH ) fo r trans-[(r]2- 
C 2H 4P t(p y r id n e )C l2] h as  b e e n  d e te rm in e d  p re ­
v iously  fro m  'H  N M R  sp e c tra  o f  th e  co m p lex  d is ­
so lv ed  a n d  p a r tia l ly  o r ie n te d  in a liqu id  c ry s ta llin e  
m a tr ix  [11]. T h is  is in a g re e m e n t w ith  th e  p re s e n t 
re s u lt 27 ( 195P t ,1H ) < 0 fo r  1, an d  a lso  fo r  Z e is e ’s 
a n io n  [9] a n d  ?72-a l le n e -p la tin u m (II)  co m p lex es  
[12]-

T h e  p o s itiv e  sign  o f  th e  su m  2 27 (31P,l3C ) /ra„s + 
2/ ( 31P,i3C )CiS (+ 23.5  H z ) in d ica te s  th a t  
2/ ( 31 P,13C )(ra„J is p o sitiv e  an d  n u m erica lly  la rg e r 
th a n  2/ ( 31P,13C )c„  w hich  is sm all an d  m o s t like ly  
n eg a tiv e . T h is  co n c lu s io n  is b a sed  o n  th e  
2/ ( 31 P.13C ) v a lu e s  o b se rv e d  fo r  co m p lex es  o f  th e  
ty p e  (R C H = C H 2)(P h 3P )2P t w ith  2/ ( 31P,13C ) in th e  
ra n g e  o f  24 to  30 H z. a ss ig n ed  to  th e  trans c o u p lin g  
p a th w ay , a n d  2/ ( 3lP,13C ) in th e  ran g e  o f  3 to  7 H z. 
a ss ig n ed  to  th e  cis co u p lin g  p a th w ay  [ lb ] .

S ince  th e  su m  2 V ( 31P , 'H ) /ram + 3/ ( 31P , 'H )CIJ is 
sm all a n d  n e g a tiv e  (-2.8 H z ), th e  sign o f  th e  c o u ­
p lin g  c o n s ta n ts  V (31P,1H ) m u s t be  o p p o s ite  an d  
th e ir  a b so lu te  m a g n itu d e  sim ilar.



Notizen 1021

A cknow ledgem en ts

This work has been supported by the Deutsche 
Forschungsgemeinschaft and the Fonds der Chemi­
schen Industrie.

[1] a) P.-T. Cheng, S. C. Nyburg, Can. J. Chem. 50, 912
(1972);
b) P. A. C haloner, S. E. Davies, P. B. H itchcock, 
Polyhedron 16, 765 (1997).

[2] N. C. H arrison, M. Murray, J. L. Spencer, F. G. A. 
Stone, J. Chem. Soc., D alton Trans. 1978, 1337.

[3] a) M. T. Chicote, M. G reen, J. L. Spencer, F. G. A. 
Stone, J. Vicente, J. O rganom et. Chem. 137, C 8
(1977);
b) K. Schorpp, W. Beck, Z. Naturforsch. 28b, 738
(1973);
c) M. R. W hite, P. J. Stang, Organom etallics 2, 1654 
(1983);
d) D. Parker, R. J. Taylor, J. Chem. Soc., Chem. 
Com m un. 1987, 1781;
e) S. A. G odleski, K. B. Gundlach, R. S. Valpey, O r­
ganom etallics 4, 296 (1985);
f) J. H alpern, T. A. Weil, J. Chem. Soc., Chem. C om ­
mun. 1973, 631;
g) P. A. C haloner, G. T. Broadw ood-Strong, J. O rga­
nom et. Chem. 362, C 21 (1989);
h) G. C handra, P. Y. Lo, P. B. Hitchcock, M. F. Lap- 
pert, Organom etallics 6, 191 (1987);
i) W. Caseri, P. S. Pregosin, O rganom etallics 7, 
1373 (1978).

[4] a) C. D. Cook, K. V. Wan, J. Am. Chem. Soc. 92, 
2575 (1970);
b) P.-T. Cheng, C. D. Cook, S. C. Nyburg, K. V. Wan, 
Inorg. Chem. 10, 2210 (1971);
c) M. H. Chisholm, H. C. Clark, L. E. M anzer, J. B. 
Stothers, J. Am. Chem. Soc. 94, 5087 (1972);

d) R. A. H ead, D. M. Roundhill, D. H edden, Inorg. 
Synth. 28, 132 (1990);
e) P. W. Hall, R. J. Puddephatt, C. F. H. Tripper, J. 
O rganom et. Chem. 71, 145 (1974);
f) J. D. Kennedy, W. Mc Farlane, R. J. Puddephatt, 
P. J. Thom pson, J. Chem. Soc., D alton Trans. 1976, 
874.

[5] U. Nagel, Chem. Ber. 115, 1998 (1982).
[6] W. M cFarlane, in J. G. V erkade and L. D. Quin 

(eds): Phosphorus-31 N M R  Spectroscopy in S tereo­
chemical Analysis, pp. 115-150, V CH , W einheim 
(1987).

[7] a) A. Bax, R. Freem an, J. Magn. Reson. 45, 177 
(1981);
b) B. W rackm eyer, Z. Naturforsch. 46b, 35 (1991);
c) B. W rackm eyer, K. H orchler von Locquenghien,
E. Kupce, A. Sebald, Magn. Reson. Chem. 31, 45
(1993).

[8] a) W. Mc Farlane, J. Chem. Soc. (A ) 1967, 1922;
b) D. W. W. A nderson, E. A. V. Ebsw orth, D. W. H. 
R ankin, J. Chem. Soc., D alton Trans. 1973, 2370.

[9] T. Iwayanagi, Y. Saito, Chem. Lett. 1976, 1193.
[10] N. M. Boag, M. G reen, D. M. Grove, J. A. K. H ow ­

ard, J. L. Spencer, F. G. A. Stone, J. Chem. Soc., D al­
ton Trans. 1980, 2170; (correction of data given in 
Ref. [4c]).

[11] D. R. McMillin, R. S. Drago, Inorg. Chem. 13, 546
(1974).

[12] J. R. Briggs, C. C rocker, W. S. M cD onald, B. L. 
Shaw, J. Chem. Soc., D alton Trans. 1981, 121.




