
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 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

Synthesis and Structures of Metal Carbonyl Cowlexes of P(III)-N-S Rings
and the Ligand Properties of P(V)-N-S Rings
Tristram Chiversa; Kaveripatnam S. Dhathathreyana; Cees Lensinka; Stephen W. Liblonga

a Department of Chemistry, The University of Calgary, Calgary, A1berta, Canada

To cite this Article Chivers, Tristram , Dhathathreyan, Kaveripatnam S. , Lensink, Cees and Liblong, Stephen W.(1989)
'Synthesis and Structures of Metal Carbonyl Cowlexes of P(III)-N-S Rings and the Ligand Properties of P(V)-N-S Rings',
Phosphorus, Sulfur, and Silicon and the Related Elements, 41: 1, 85 — 95
To link to this Article: DOI: 10.1080/10426508908039696
URL: http://dx.doi.org/10.1080/10426508908039696

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/10.1080/10426508908039696
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sul/ur and Silico, Vol. 41, pp. 85-95 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1989 Gordon and Breach, Science Publishers, Inc. 
Printed in the United Kingdom 

SYNTHESIS AND STRUCTURES OF METAL CARBONYL COWLEXES OF 
P(II1)-N-S RINGS AND THE LIGAND PROPERTIES OF P(V)-N-S RINGS. 

TRISTRAM CHIVERS, KAVERIPATNAM S .  DHATHATHREYAN, CEES LENSINK 
and STEPHEN W. LIBLONG 
Department o f  Chemistry, The Un ive rs i t y  o f  Calgary, Calgary, 
A1 berta, Canada T2N 1N4 

Abst rac t  The preparat ion and s t ruc tu res  of t h e  f i r s t  exam- 
p l e s  o t  unsaturated phosphorus( 111)-nitrogen-sulphur r i ngs ,  
as metal carbonyl complexes, a re  described and comparisons 
are  made w i t h  t h e  corresponding a r s e n i c ( I I 1 )  compounds. The 
1 igand p roper t i es  o f  phosphorus(V)-ni trogen-sulphur r i n g s  a r e  
a1 so discussed. 

INTRODUCTION 

The RP( I I1 )  group i s  i s o l e c t r o n i c  w i t h  a sulphur atom as a subs t i -  

t uen t  i n  a b inary  S-N r ing.  Thus i t  i s  reasonable t o  propose the  
p o s s i b i l i t y  o f  r i n g  systems such as - 1 and - 2 (E=RP) as phosphorus 

(111) analogues o f  S,N,- and S,N,, respec t ive ly .  I n  a d d i t i o n  t o  
the ve rsa t i  1 e 1 igand p roper t i es  o f  these heterocycles , t h e i  r mol e- 
Tular and e l e c t r o n i c  s t ruc tu res  a re  o f  i n te reS t  i n  view o f  t he  
possi b l  e i nvol vement o f  t he  phosphorus 1 one pa i  r i n  del ocal i zed 

r l  ng bonding. 
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P r i o r  t o  the work described herein, such heterocycles were unknown 
although the f i r s t  example o f  an As(II1)-N-S r ing,  (ESMeAs), was 
reported i n  1971. 
(E=PhAs,2 MesAsS2 %As3) revealed a boat conformation f o r  t h e  
r i n g  w i t h  d(S-N) = 1.51-1.52A and (AsNS = 128-132'. The l i gand  ?, 
(E=RAs) can be incorporated 1 n to  metal carbonyl complexes e l  t he r  
as a monodentate4 o r  as a bidentate chelat ing l i gand  bonded t o  one 
o r  two metal  centre^.^'^ Neither the  s t ruc tu ra l  parameters nor 
the conformation o f  the r i n g  are changed s i g n i f i c a n t l y  upon coor- 
dination. 

The f i r s t  p a r t  o f  t h l s  paper describes the synthesis and 
s t ructura l  character izat ion o f  the f i r s t  metal complexes o f  

n, 2. The 1 igand propert ies o f  t he  phosphorus(V)-nitrogen-sulphur 
r ing,  2 are discussed i n  the second part.  

Subsequently, X-ray s t ruc tu ra l  studies o f  

and 

SYNTHESIS OF METAL CARBONYL COWLEXES OF P ( I I 1 ) - N - S  RINGS 

Metal carbonyl complexes o f  R,PNSO l igands are read i l y  obtained by 
metathetical react ions (Eq, 1).7s8 

CH,CN 
MLn(R2PC1) + KNSO -MLn(R2PNSO) + KC1 

-4OOC 

Treatment o f  these complexes w i t h  potassium t-butoxide promotes 
condensation t o  g ive the corresponding sulphur d i  i m i  de complexes 
(Eq. 2).* 

(2 )  2MLn(R2PNSO) - KObu L,MP(R)2NSN(R)2PMLn 

The attempted extension o f  t h i s  synthet ic method t o  metal 

carbonyl conplexes o f  RP(NS0)2 l e d  t o  the d i r e c t  formation o f  
binuclear complexes o f  the eight-membered r i n g  P~11N4S2, 2, (E=PR) 
(Eq. 3).9 
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METAL CARBONYL COMPLEXES OF P ( I I 1 ) - N - S  R I N G S  87 

ZCr(C0) , ( R P C l  ,) + 2KNSO- -2KC1 (CO),Cr[RP(NSN),PR]Cr(CO), 
(3  1 

i (%, R= Pr,N, trans, 3%) 
(4b,  MI R = % u ,  - c is ,  21%) 

By contrast Herberhol d e t  al. have recently reported t h a t  t reat-  
ment o f  Cr(C0) ( % u P C l , )  w i t h  K,SN, i n  acetonitrile produces 
C r ( C O ) , [ P ( B u  INSNSNHI, a complex o f  a protonated derivative o f  
N 1.l0 We have developed an  alternative approach t o  complexes o f  
this six-membered r i n g  t h a t  involves a double 1,4-cycloaddition o f  
a P=N bond t o  two S,N, units o f  S4N4 followed by symnetrical 
rupture of the eight-membered S4N, r i n g  (cf.  ref. 11). 

6 

SiMe3 
I 

The product 5a ( a  31P + 151 .O ppm) i s  obtained a s  a yellow o i l ,  
which i s  converted t o  the more easily crystallized derivative 
Cr(CO),(b(Me,siNH)NSNSt!H), 2 ( 6  31P + 110.9 ppm) upon treatment 
w i t h  i sopropanol. 

- 

STRUCTURES OF METAL CARBONYL COMPLEXES OF P ( I I I ) -N-S RINGS 

The structures of m 4a and MI 4b as determined by X-ray crystallogra- 
phy are shown i n  Figures 1 and 2, respectively. 
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06 

01 

FIGURE 1. Structure o f  4a - 
The - trans de r i va t i ve  - 4a possesses a non-crystal lographic invers ion 
centre i ns ide  the r ing,  which i s  essent ia l ly  p lanar w i t h  small 
d i s to r t i ons  towards a cha i r  conformation. 
are 0.08A ou t  o f  and on opposite sides o f  t he  best  P:I1N,S, plane. 
By contrast, the c i s  der ivat ive 
towards a boat conformation w i t h  P(1 )  and P(2) above the  plane by 
0.188 and 0.204AS respectively, and S(1) and S(2) below the  plane 
of t he  r i n g  by 0.122 and 0.108A, respectively. The bond angles a t  

The phosphorus atoms 

i s  d i s t o r t e d  from p l a n a r i t y  - 
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M E T A L  CARBONYL COMPLEXES OF P( I11 ) - N - S  R I N G S  89 

n i t rogen o f  150-153" f o r  ~ and 146-155" f o r  % are  unusual ly 
l a rge  compared t o  the  values found f o r  
plexes o f  Z!,4-6 presunably as a consequence o f  t h e  near p l a n a r i t y  

o f  t he  r i n g s  i n  
bond lengths  o f  1.50-1.52A and t h e  bond angles o f  124-125" a t  sul-  
phur i n  MI 4a and 

the  ove ra l l  s t ruc tu res  appear t o  be those o f  c y c l i c  sulphur 
di imides w i t h  almost planar conformations enforced by t h e  bu lky  

groups on phosphorus. 

( E = R A s ) * ' ~  and metal com- 

and %. Nevertheless t h e  values o f  t h e  S-N 

a re  t y p i c a l  f o r  c y c l i c  sulphur di imides. Thus 

01 

FIGURE 2. Structure o f  4b - 
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The P111S,N3 i n  has two shor t  (ca. 1.56A) and two l o n g  
(1.66 and 1.67A) S-N bonds12 suggesting a strong tendency towards 
l oca l i zed  sulphur di imide bonding as represented f o r  i n  Eq. 4. 

possible t o  obtain the r i n g  systems b and 2 s t a b i l i z e d  by coordin- 
a t i on  t o  a metal. The structures o f  the metal carbonyl complexes 
reveal l oca l i zed  sulphur di imide bonding w i t h i n  the P(II1)-N-S 
r ings. The i s o l a t i o n  o f  the f r e e  l igands and an assessment o f  the 
involvement o f  the phosphorus lone p a i r  i n  delocal ized r i n g  bond- 
i n g  has y e t  t o  be achieved. 

The preparation o f  4a, $ and demonstratcs t h a t  i t  i s  

LIGAND PROPERTIES OF THE 1,5-PYN,S2 R I N G  

The almost planar PillN,S, r i n g s  i n  
coordination o f  the phosphorus lone p a i r s  t o  metal centres. 

V contrast, the corresponding P r ings,  2 (R=Me,Ph) have folded 
structures w i th  cross-r ing S-S bonds o f  ca. 2.5A.13’14 I n  the  
absence o f  lone p a i r  e lectrons on phosphorus, the l i gand  proper- 
t i e s  o f  the 1,5-P2N,S, r i n g  w i l l  be l i m i t e d  t o  the ni t rogen o r  
sulphur centres. 

Our studies o f  the Lewis base behaviour o f  the P N3S2 and 
V 1,3-P2N,S, r ings have shown t h a t  Lewis o r  Bronsted acids coordi n- 

a t e  p re fe ren t i a l l y  t o  a ni t rogen atom between a phosphorus and a 
sulphur I n  the formation o f  Lewis base adducts o f  2 no 
ambiguity ex i s t s  over the s i t e  o f  coordinat ion since a l l  four  
ni t rogen atoms are chemically equivalent. However, the e f f e c t  o f  
adduct formation on r i n g  conformation, p a r t i c u l a r l y  w i t h  regard t o  
the l oss  o r  re tent ion o f  the cross-r ing S-S in teract ion,  and the  

and 4b M. are s t a b i l i z e d  by 
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poss ib le  format ion o f  diadducts, f o r  which the re  a re  th ree  struc- 
t u r a l  isomers, a re  o f  i n te res t .  

As i nd i ca ted  i n  F igure  3, t h e  a and d* o r b i t a l s  o f  t he  cross- 
r i n g  S-S bonds i n  the  P,N,S, r i n g  a re  i so loba l  w i t h  t h e  n and X* 

o r b i t a l s  o f  a t y p i c a l  0 1 e f i n . l ~  Thus i t  i s  reasonable t o  surmise 
t h a t  these heterocycles might form q2-S,S’ complexes w i t h  metals, 

e.g. P t ,  i n  which the  bonding would be comparable t o  t h a t  found i n  
the  c l a s s i c  me ta l -o le f i n  complexes. l8 

V 

N N  N N  
\EXE/ 

N N  N N  

FIGURE 3. The a and a* o r b i t a l s  o f  t he  c ross- r ing  S-S bond 

i n  2. 
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Lewis Base Behaviour o f  the 1,5-P~N,S2 Ring 

The monoadduct o f  2 (R=Ph) w i t h  BC1 , and monoprotonated and mono- 
methyl ated der ivat ives are read i l y  obtained as moisture-sensitive, 
pale yel low solids. The 31P NMR spectra o f  the monoadducts show 
two doublets (,JPp = 16-24 Hz) w i t h  chemical s h i f t s  i n  the  range 
83-95 ppm and 124-129 ppm (c f .  114 ppm f o r  the f r e e  1igand). l1 
The X-ray s t ructure o f  the methylated de r i va t i ve  i s  i l l u s t r a t e d  i n  
Figure 4. The folded conformation o f  the PYN4S2 r i n g  i s  re ta ined 
and the cross-r ing S-S i n te rac t i on  i s  shortened by ca. 0.1A. 
Coordination a lso causes a lengthening o f  the P-N and, especial ly,  
the S-N bonds involv ing the coordinated n i t rogen t o  1.67 and 1.68 
from 1.62 and 1.60A, respectively. 

FIGURE 4. ORTEP p l o t  f o r  1,5-Ph,P2N4S2Me+CF,S0,' 

The 31P NMR spectra o f  the diprotonated and dimethylated 
der ivat ives ind icate t h a t  these adducts are a mixture o f  the i s o m  
ers - 6a o r  (w 6b and s. A s i n g l e t  a t  42-43 ppm i s  assigned t o  one o f  
the symmetrically subst i tuted isomers 5 or, more l i k e l y ,  E. 
p a i r  o f  doublets (,JPp = 3-5 HI) a t  35-41 ppm and 42-50 ppm i s  
a t t r i b u t e d  t o  the asymmetrical l y  subst i tu ted i somer 5. 
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Ab i n i t i o  HFS-SCF ca lcu la t i ons  o f  t h e  i n t e r a c t i o n  o f  t h e  

model system 1,5-H,P2N,S, w i t h  two protons t o  g i v e  e i t h e r  
reveal 1 i t t l e  d i f f e rence  i n  the  i n t e r a c t i o n  energies cons is ten t  
w i t h  the  l ack  o f  r e g i o s p e c i f i c i t y  observed i n  diadduct formation. 

-- 
o r  & 

Platinum Complexes o f  the  1,5-P:N,S2 Ring and Related Ligands 

The reac t i on  o f  Pt(C,H,)(PPh,), w i t h  2 o r  1,5-(Me2NC)$,S, l9 i n  
toluene a t  23°C produces ye l low p r e c i p i t a t e s  o f  1:l conplexes (ca. 
80% y i e l d )  i n  which ethylene has been displaced by t h e  heterocyc- 
l i c  l igand. 

Pt(C2H,)(PPh3I2 + E,N,S, -C2H4.Pt(E,N,S,)(PPh,), (5)  
(7a, E=Ph,P; 7b E=Me,NC) - - 

The 31P NMR spectra f o r  7a - and - 7b show s i n g l e t s  a t  +15.3 
(1Jpt-P=2850 Hz) and +19.9 ppm ( 1Jpt-P=3225 Hz) , respec t ive ly ,  f o r  
the Ph,P groups i n d i c a t i n g  t h a t  t he  he te rocyc l i c  l i gands  a re  bond- 
ed symmetrical ly t o  plat inun. A s i n g l e t  i s  a l s o  observed a t  +39.0 
ppm (Jptep=580 Hz) f o r  the Ph,P groups i n  7a. M. 

q2-S,S'  bonding mode f o r  t h i s  conplex. l 2  The coord ina t ion  around 

An X-ray s t r u c t u r a l  determinat ion o f  2 has es tab l i shed the  
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p l a t i n m  i s  approximately square planar wi th <P-Pt-P = 102' and 
<S-Pt-S=79'. The S-S separation i s  elongated from 2.43A i n  the  
f r e e  l igand19 t o  3.OA i n  the  complex. 

Density func t iona l  ca l cu la t i ons  f o r  the  model compound 
PtC1,5-(H,NC),N4S21 (PH3), i nd i ca te  t h a t  t he  bonding between p l a t -  
inun and the  he terocyc l i c  l i g a n d  i s  indeed analogous t o  t h a t  found 
i n  complexes o f  plat inum w i t h  olef ins.20 The Pt-L bond energy f o r  
the model compound 1 i e s  between those ca lcu l  ated f o r  P t [ C  ,(CN) 4]- 

(PH3), and Pt(C,H,)(PH,),. The major component o f  t h i s  bonding 
involves back donation from metal d o r b i t a l s  t o  t h e  LUMO d * ( S - S )  

o f  the  l igand. 
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