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Abstract 

Reactions of  the kch)phosphinc Ph ,P t ' t i~ ( i ( ( ) )Ph  (p  [ ) t  s~iih {{¢u t( () l t : t j  <iiiosd ihc !c'~lx;~ii, c-. 
[Ru~( ( ' ( ) ) l l lP  Oi l  ( ! )  and [Rux l ( ' ( ) ) { , {P  ( ) t . ]  (4) In lhc p~ ,cncc  ~i i rqJ, : In l l~ i ,~phi !~ imhl ium 
~tc'L'l{llC (PPN~(()Ac), ti~c lttllllc.>l {c;tt]- it) {he hlhilc i l {u  ~(('()) ,j{p, (1' (~)Ii {2 )  ~ ',<,hki~ i ic' It ncl ~,z~,d 
p h o s p h h ! c  acl , .  a~ a ( P . ( J )  i~r idginb! i i~ rod.  ~hc! 'c /an I h c l n l ; t {  4C ti',;~HO~i <!i c ~i )c'i 1 <H 4 i c ~ i  i{:  i!I P (  } t  

bolld c.']c'a'vtilzc ;llltt lolin~!ti~n! i iRci,(j~_ [ i ) [ j~-~7(f ) ) :~7( /LCJb(){  (Ft ' , i  t t { i~ t ' ! l  It{ ( ) ) ,  {31 
~ ,hosc  c r y s l a l  StTtlCiUFC lCt, t.'{ll!, I i1 d ] ] ] ) ICCCt iC! I { f ' t t  h o n , . l m g  f l l o d c  {t)l t l i :  p I +~ i ! l im :  ~<~ lic ) i c u i  i :  

()xygcn ;iioin bridging the }£,'4(1) [{u{.~') cd~tc [ ' lo io i la l ion ,q !hi. <~ ~Ic, <,c~: sl ...... cc .  tJ, cl: ,! {he 
cnohlto-c:irhon ~ind [Ru:(  F I]){!~ Ph , iX ' t l  X [ ( l )Ph } ( ( ' [ ) i . , l l i l  ~ i.~;i ,m<i [ i t  ; {){sx i i  }', j{,C f ~  

PhlT(t'O}~IBtL~ (7)~crc c:h;uc~ctcr!/cd ! i  ",~hk'h the P f)  !JTtnd(;t !~i{c],,.,u ' , . qv< ; ,  ','xr f ~  ';)~ c. 

Despi ie  i n c r e a s i n g  h l t e r c s l  in the  c o o r d h l a i k m  c h c m i ~ ! r  ~, ~:~d ,:~l~tl~si~ ~*i 
c o m p l e x e s  wi th  h e m i l a b i l c  oxyecn-ph(,,  ~sth~ ~ru <, ligzind<~ t h e , , '  qu~i ius  ~ ~ 
f o c u s s e d  oi1 lllont)TlllClcj;ll t.F;tf!~ii[Jol/ =~llt.~{tt[ c()lP.plcxc~; i-'~}, \~'~ ;CH~;~Nc.!C! ~hti[ [{ 
w o u l d  bc  i n t c r e t q i n g  t o  ro;uzt s u c h  { [ganc is  w h h  c ! t m i C l  ~i lo icct~ic~ ;~ud ,c . ;  ~xi!cIhc,,. 

t h c h  m u l t i s i t c  { t H a c h l l t c r l t  '~'~;)illci r0s t l l t  711 ( i ) 4 p ,  Unp lcC:cc ic~ f i cd  !',I ci,2Jlt.', l!!t~tJc t o t  
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Scheme 1 

the P O ligand with a direct metal-oxygen interaction which furthermore might be 
cleaved reversibly, thus making available an empty coordination site, (ii) an easier 
ligand transformation, such as P C - H  bond activation, leading to an interesting 
bonding mode for the resulting phosphinoenolate ligand. It has previously been 
found that the phosphinoenolate ligand [Ph2PCH. . -C(~O)Ph]- ,  when (P,O) 
chelated to a M H centre (M = Ni, Pd, or Pt), reacts with a range of electrophiles, 
such as heterocumulenes and alkynes, with carbon-carbon bond formation [4], and 
with chlorophosphines with phosphorus-oxygen coupling [5]. 

When [Ru3(CO))2] (0.300 g, 0.469 mmol) reacted with Ph2PCH2C(O)Ph (P-O, 
0.150 g, 0.493 mmol) in tetrahydrofuran (THF) (100 ml) for 10 rain in the presence 
of (PPN)(OAc)(0.012 g, 0.022 mmol), [Ru3(CO)11(P-O)] (1) was isolated in 86% 
yield (chromatography on silica gel, to luene /pentane  1:2) [6*]. The v(C=O) 
absorption in the IR spectrum at 1672 cm -~ is typical of an unco-ordinated 
ketone. 

Addition of (PPN)(OAc) (0.012 g, 0.022 mmol) to a THF solution of 1 (0.046 g, 
0.050 mmol) resulted in rapid formation of unstable 2, as a result of CO loss and 
coordination of the ketone to an adjacent Ru centre (see Scheme 1) [6*]. 
Interestingly, heating a solution of 1 (0.078 g, 0.85 mmol) in THF (15 ml) under 
reflux for 3 h also led to loss of a CO and resulted in the formation of a new 
cluster 3 in 93% yield [6" ]. This cluster was also obtained in 57% yield by heating 
under reflux (4 h) a THF solution of the disubstituted cluster [Ru3(CO)10(P-O) 2] 
(4), which was obtained in 61% yield from the reaction of [Ru3(CO)~2] with 2 

* Reference number with asterisk indicates a note in the list of references. 
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]qg .  1 \ q e w s  o t  t he  m o l e c u l a r  s l r u c t u r c  o f  [l~,u~(#. -} l ){a  ,-()q t ' P h }  ( ' } ] P P h . } ( ( ( ) )  ~ 3 !  * ' 
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equivalents of  P - O  in the presence of ()NMc~ (THF,  - 78 to 25 ' ( .  2 h}[6 '~[.The 
IR  spectrum o f  3 showed an absorption fit 1553 cm '~ b'pieal of tile [~,(('.=,()) + 
L,(C..-C)] absorption of  the phosphinoenola te  ligand [4,7], indicating that P C - H  
bond cleawtge had occurred.  This was confirmed by the ~tt N M R  spcc;rum, which 
contained resonances  at ~'; 538  for tlnc remaining P(.'tt pro~ m (the ::,I(PH) 

. " , A  H z )  wh i ch  ~as ass ig i led  coupling was not rcso red)  and at 11. T7 (d, :',I(PI i)  " 
to a bridging hydride. In o,-der to elariJ:v the coordinat ion mode ~,,f he phosphi- 
noenolate  ligand, an X - r a y  crystallographic analysi:; of  3 ",~.as mldcr takcn iS :: ] 

The molecular  s tructurc ~H 3 (Fig. i} consists of  u Ru :  ~riangle ~,q which. {he 
signif icantb shor tened Rut l ) -Ru(2 )  edge is almost symmct~icalb ~ridgcd b} ~ile 
enolate oxygen  This unprecedented  feature makes the phosphinocno!a tc  [ig;md 
act as an anionic 6e donor  toward the Ru ,  uni{. The hydride ligand c(tuld nol be 
located but the coordinat ion geometry  at Ru(1) and Rut2) strong}} suggcsls lhat it 
is bridging them. A bridging phosphmc alkoxide Iig~ind }ms :ccct!tli~ been f<>til~.d in 
a d i n u d c a r  Rh complex [9i. 

In comparison with our  {hermally-mduced enolatc formati(m, thermal l rca tmcn!  
of  [Ru:~( /z-Ph:PCH?PPh:~)(COt>]  was found Io resull in P--(" inslcad of P ( ' - H  
bond cleavage [10]. 

Protonat ion of 3 in the presence of  CO (HBF 4" E t , O ,  ( I t  X t  ,, I h ) o c c u r r e d  
via a dark intermediate  and afforded, in 705; yield, ycllov~'-~range [Ru d~-H){/ I -  
Phd~CH:C(O)Ph}(CO)II~]BF, (5) in  which the cnolate carbon has been protonated  
[6"1. The ketonic vibration at !558 em ~ is consistent wii[1 bridging bonding for 

the P O ligand. The presence m the ~}7t N M R  spectrum of an ABX pattern results 
from the disymmetry of the m(Hecule. The presence ot (i(7) during the pro t  mat}on 
reaction of 3 leading to 5 is neeessaa '  in ,~rder for Ru(l} t~ ~chk:vc a stM)lc ]Sc 
configuration.  Conversely. ~ P C H ,  proton of.g in CH-.C!,  is h~sl,m{anoously ;rod 
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select ively r emoved  by N a O H / e t h a n o l  to r e g e n e r a t e  3. The  chemoselec t iv i ty  of  
these  t r ans fo rma t ions  is remin iscen t  of  r e la ted  reac t ions  p e r f o r m e d  with mononu-  
c lear  complexes  of  this p h o s p h i n o e n o l a t e  l igand [7]. 

W h e n  3 was t r ea t ed  with one  equiva lent  of  P O and O N M e  3 in T H F  at - 78°C, 
an uns tab le  complex  6 formed,  the  spec t roscopic  p rope r t i e s  of which are  cons is ten t  
with an anionic,  b i s (phosph inoeno la t e )hyd r ido -c lu s t e r  [6*]. W h e n  trem:ed with 
H B F  4 • E t 2 0 ,  it a f fo rded  the cat ionic,  b i s (ke tophosph ine )  complex  [Ru3(/x2-H){/x 2- 
PhzPCH2C(O)Ph}2(CO)~]BF 4 (7) [6*]. The  1H N M R  spec t rum of  7 shows the 
expec ted  A B X  p a t t e r n  for the  P C H A H  B pro tons  [11]. It is in teres t ing  tha t  both  2 
and  7 conta in  slightly s tabi l ized  coord ina t ion  sites that  should prove of  in teres t  for 
react ivi ty s tudies.  

( C 0 ) 3 / H ~  (CO)  3 
Ph2~p R u ~  / u  % ph 2 

/ \ 
H 2 C ~ c ~ O . . . . ~  Ru  %,, C H ,  

(CO)  2 O ~ c /  - 
/ \ 

Ph Ph 

+ 

[BF4] 

(7)  

The  b ind ing  of  the  eno la t e  oxygen to two meta l  cen t res  in 3 should  resul t  in a 
d e c r e a s e d  react ivi ty (nucleophi l ic i ty)  of  the  eno la t e  carboia centre .  Accord ing ly ,  we 
have not  yet  been  able  to isola te  reac t ion  produc ts  with h e t e r o c u m u l e n e s  or  
alkynes,  a l though  this may also be due to the  lower react ivi ty of  Ru  c o m p a r e d  to 
Ni, Pd or  Pt complexes  [4]. F u r t h e r  s tudies  are  in p rogress  to eva lua te  the  

chemis t ry  of  such mul t i s i t e -bound  P O l igands and thei r  r e l a t ed  p h o s p h i n o e n o -  
la tes  in clusters .  
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