
Journal 
ofOrg~9. 

m e t a l l i C  
Chemistry 

E L S E V I E R  Journal of Organometallic Chemistry 492 (1995) C14-C16 

Preliminary communication 

Organomercuration of the carbanion derived 
from [M(CO)4(PhzPCHzPPh2)] (M = Cr, Mo or W). 

Crystal and molecular structure of [Cr(CO)4{PhzPCH(HgMe)PPh2}] 

Alan T. Hutton *, Francois P. Wewers 
Department of Chemistry, Uni~ersiO/ of Cape Town, Rondebosch 7700, South Africa 

Received 2 December 1994 

Abstract  

The carbanions resulting from the deprotonation by nBuLi of compounds of the type [M(CO)4(Ph2PCH2PPh2)] (M = Cr, Mo 
or W) are readily organomercurated by RHgC1 [R = e.g. Me, Et, Ph, or (CsH4)Fe(CsHs)] to give neutral complexes of the type 
[M(CO)4{Ph2PCH(HgR)PPh2}]. The X-ray crystal structure of the complex with M = Cr and R = Me has been determined, and 
reveals intermolecular C - H "  " O hydrogen bonding interactions to carbonyl oxygen acceptor atoms and a weak secondary 
intermolecular interaction between a carbonyl oxygen and the mercury atom. 
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Bis(d iphenylphosphino)methane  (dppm) is now es- 
tablished as an impor tan t  and versatile l igand in coor-  
dinat ion and organometal l ic  chemistry [1]. The  corre-  
sponding anion, [ P h z P C H P P h 2 ] - ,  obta ined by depro-  
tonat ion with a strong base such as n-butyllithium, is 
known to act as ei ther  a b identa te  or te rdenta te  ligand 
[1]. In the te rdenta te  bonding  mode  the carbon a tom as 
well as the phosphorus  a toms are coord ina ted  [1,2], 
whereas  in the bidenta te  mode  the anion is ambiden-  
tate: usually P,P bonding  is observed [1], but  there  are 
examples of  P,C bonding  [3], and there  is also an 
example of  monode n t a t e  C bonding,  in [Hg{CH- 

(PPh2)2}2] [4]. 
In  view of  the ambidenta te  na ture  of  the dppm 

anion, we thought  it possible that  when the neutral  
ligand was coord ina ted  to a metal  th rough  both phos- 
phorus  a toms depro tona t ion  would give a carbanion 
which would not  be ambidenta te  and would be metal-  
lated selectively at carbon. We  chose to study the 
depro tona t ion  and subsequent  o rganomercura t ion  of  
d p p m  in the substi tuted Group  6 metal(0) carbonyls of  
the type [M(CO)4(PhzPCHzPPh2) ]  (M = Cr, Mo or  
W). It has been  shown that  these are readily deproto-  
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nated by a strong base and the resultant  anion 
[M(CO)4(Ph2PCH PPh2)] can be alkylated or acylated 
by organic electrophiles to give a range of  compounds  
of  the type [M(CO)4(PhzPCHR'PPh2) ]  (R' = e.g. Me, 
Et, C H z P h ,  C H 2 C H = C H  2 or C O A r )  [5]. 

We now report  that  t rea tment  of  [M(CO)4(Ph 2- 
PCH2PPhz) ]  (M = Cr, Mo or  W) with "BuLi  in tetra- 
hydrofu ran  (THF) ,  fol lowed by addi t ion of  an 
organomercury( I I )  chloride RHgC1 (R = Me, Et  or Ph), 
results in good yields (60 -80%)  of  the yellow, crys- 
talline, neutral  heterobimetal l ic  complexes [ M ( C O )  4- 

{PhzPCH(HgR)PPhz}] ,  in which the carbanion formed 
in the depro tona t ion  of  the complexed d p p m  has been  
organomercura ted .  1 

All the new compounds  [M(CO)a{PhzPCH(HgR)-  
PPh2}] (M = Cr, Mo or  W; R = Me, Et  or  Ph) gave 
satisfactory elemental  microanalyses and were fur ther  

1As a general procedure, a solution of nBuLi in hexane (1.5 
mmol; 0.93 cm 3 of 1.6 mol dm 3) was added to a solution of 
[M(CO)4(dppm)] (1.0 mmol) in THF (15 cm 3) at ca. 0 °C. The 
solution was stirred for ca. 2 h and RHgCI (ca. 1.4 mmol) was then 
added as a solid. The resulting mixture was allowed to warm to room 
temperature and stirred for a further 2 h. The THF was removed 
under reduced pressure and the residue recrystallized from 
dichloromethane-methanol. 
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characterized by their IR and ~H and 31p NMR spec- 
tra. Particularly interesting in the methylmercury com- 
plexes was the unusually high-field resonance of the 
methyl protons. For example, in the tungsten complex 
we found 6H(200 MHz, CDC13) = -0 .13  ppm, 2J(H- 
199Hg) = 142 Hz, compared with the parent compound 
MeHgC1 at ~H = 1.11 p p m ,  2 j ( H - 1 9 9 H g )  = 205 Uz. This 
is doubtless a result of the shielding effect of the dppm 
phenyl rings on the methyl protons (at least in the solid 
state structure, vide infra, phenyl rings of the dppm 
flank the methyl group on either side), while the differ- 
ence in coupling constants is as expected when the 
largely ionic chloride is replaced with the covalent 
carbon of an electron-rich four-membered M - P - C - P  
ring. The methanetriyl proton resonance at 6H(CDCI 3) 
=5.55 ppm [triplet, 2 j (H-31P)=  16 Hz] also shows 
coupling to the mercury atom [2j(H-199Hg)~ 118 Hz], 
but 3j(H-ls3W) was not observed. The 31p-{1H} spec- 
tra gave a singlet resonance showing the expected 
satellites, e.g. for the complex with M = W and R = Me 
at 6p(200 MHz, CDC13, ref. 85% H3PO 4) = - 1 3 . 4 7  
ppm with 1J(p-183W) ~ 197 Hz a n d  2 J ( p - 1 9 9 H g ) =  70 

Hz. The latter coupling constant systematically in- 
creases in value on changing the R group on Hg, e.g. 
for the tungsten complex, from 52 (R = Et) to 70 
(R = Me) to 81 Hz (R = Ph). This effect is doubtless 
electronic, and a result of changes in the effective 
nuclear charge on the Hg atom. Similar effects are 
observed for the corresponding parameters in the 
chromium and molybdenum complexes. 

An X-ray crystal structure determination [9] of the 
methylmercury derivative [Cr(CO)4{PhzPCH(HgMe)- 
PPh2}] (Fig. 1) revealed the expected virtually linear 
Me-Hg-C(che la t e  ring) geometry around mercury and 
an intact, almost planar ( ~ r - P - C - P  chelate ring (the 
four torsion angles in the chelate ring are each in the 
range 8-10°). Although the P - C - P  angle in the four- 
membered chelate ring is 95.5(4) °, the two P - C - H g  
angles remain close to tetrahedral at 117 ° (average). 
Selected geometric parameters are given in the caption 
to Fig. 1; there are no unusual bond lengths or angles. 
There are, however, intermolecular close contacts from 
the methanetriyl C(5)-H and phenyl ring C(34)-H 
groups to carbonyl oxygen atoms on other molecules 
(see Table 1). Present thinking on whether such inter- 
actions can justifiably be called C - H . . .  O hydrogen 
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Fig. 1. Molecular structure of [Cr(CO)4{Ph2PCH(HgMe)PPh2} ]. Se- 
lected bond distances (,~): Cr-P(1) 2.364(2), Cr-P(2) 2.377(2), P(1)- 
C(5) 1.834(8), P(2)-C(5) 1.840(8), Hg-C(5) 2.118(9), Hg-C(6) 2.06(1 ), 
Cr-C(1) 1.88(1), Cr-C(2) 1.843(9), Cr-C(3) 1.86(1), Cr-C(4) 1.85(1), 
C(1)-O(1) 1.15(1), C(2)-O(2) 1.14(1), C(3)-O(3) 1.19(1) and C(4)- 
0(4) 1.16(1). Selected bond angles (°): P(1)-Cr-P(2) 70.0(1), P(1)- 
C(5)-P(2) 95.6(4), Cr-P(1)-C(5) 96.9(3), Cr-P(2)-C(5) 96.2(3), C(5)- 
Hg-C(6) 174.8(5), Cr-C(1)-O(1) 171.8(8), Cr-C(2)-O(2) 178.2(8), 
Cr-C(3)-O(3) 177(1) and Cr-C(4)-O(4) 177.8(9). 

bonds indicates that the parameters presented in Table 
1 do meet the current criteria for classification as 
hydrogen bonding interactions [10]. In addition, there 
is a weak secondary interaction of 3.014(8) A between 
the mercury atom of the molecule at x, y, z and the 
carbonyl oxygen 0(2)  of the molecule at x - 1, y, z, 
the sum of the van der Waals radii for Hg (1.55 ,~) and 
O (1.50 ,~) being 3.05 A [11]. Such weak secondary 
interactions, which sometimes expand the characteris- 
tic linear two-coordination favoured by mercury(II) 
compounds, are common, although in this case it is 
debatable as to whether the oxygen atom can be con- 
sidered to lie within the coordination sphere of mer- 
cury [12]. 

The reaction reported here is quite versatile: in a 
search for organometallic mesogens we have synthe- 
sized by this method compounds of the type 
[Cr(CO)4{Ph2PCH(HgR)PPh2}] where R is a long or- 

Table l 
Hydrogen bonding interactions ~ 

C ( 5 )  • - - 0 ( 2 )  b 3 .35 (1 )  

H ( 5 ) " " '  0 ( 2 )  h 2 .57 (1 )  ,g, 

C(5)-H(5) • •. 0(2) b 128.7(8)o 

Data for normalized H positions (C-H bond length 1.08 A). 
b Molecule at x -  1, y, z. 
c Molecule at - x  + 1, -y ,  - z .  

C ( 3 4 )  • - • 0 ( 4 )  " 3 .37 (1 )  

H ( 3 4 )  • • • 0 ( 4 )  ~ 2 .58 (1 )  ,g, 

C ( 3 4 ) - H ( 3 4 ) . . -  0 ( 4 )  c 129.5(5)o 
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gan ic  cha in ,  e.g. - [ C H 2 ] n C H  3 (n  = 2, 7, 9) o r  

- C 6 H 4 N M e C ( O ) C 6 H 4 0 [ C H 2 ] n C H 3  (n  = 1, 4, 6, 8, 11). 
H o w e v e r ,  no  m e s o g e n i c  p h a s e s  w e r e  o b s e r v e d .  W e  

h a v e  a lso  ful ly c h a r a c t e r i z e d  t h e  h e t e r o t r i m e t a l l i c  fe r -  

r o c e n y l  c o m p l e x e s  [ M ( C O ) a ( P h 2 P C H { H g ( C s H n ) -  

F e ( C s H s ) } P P h 2 ) ]  ( M  = Cr ,  M o  o r  W )  r e s u l t i n g  f r o m  

t h e  r e a c t i o n  o f  t h e  a n i o n s  [ M ( C O ) 4 ( P h 2 P C H P P h 2 ) ] - ,  

o r  t he i r  l i t h ium salts,  w i th  c h l o r o m e r c u r i f e r r o c e n e ,  

( C s H s ) F e ( C s H a ) H g C I ,  a n d  a re  i n v e s t i g a t i n g  t h e i r  e lec -  

t r o c h e m i c a l  b e h a v i o u r .  

In  add i t i on ,  t h e  r e a c t i o n  can  be  e x t e n d e d  to  m e t a l -  

l a te  t he  d p p m  r ing  us ing  m e t a l s  o t h e r  t h a n  m e r c u r y ;  

fo r  e x a m p l e  we  h a v e  o b t a i n e d  t h e  ye l low,  c rys ta l l ine ,  

n e u t r a l  c h r o m i u m - g o l d  c o m p l e x  [ C r ( C O ) n { P h 2 P C H -  

( A u P P h 3 ) P P h 2 } ]  in g o o d  y ie ld  f r o m  t h e  a n i o n  [ C r ( C O )  4- 

( P h 2 P C H P P h 2 ) ] -  a n d  A u C I ( P P h  3) [13]. F u r t h e r  w o r k  

on  the  m e t a l l a t i o n  o f  t h e  c a r b a n i o n s  d e r i v e d  f r o m  

t h e s e  a n d  o t h e r  d p p m - c o n t a i n i n g  spec ies ,  u s ing  m e t a l s  

o t h e r  t h a n  m e r c u r y ,  is in p rog res s .  
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