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Water-Soluble Complexes of Tertiary Phosphines
and Rhodium(I) as Homogeneous Catalystsl

Sir:

The low solubil ity of common phosphine-transition metal
complexes in water has inhibited their application to catalytic
transformations in aqueous solutions. Recent experiments have
established that complexes derived from Ph2P(m-C6Ha-
SO3Na)2 are catalytically active in homogeneous olefin hy-
drogenation and hydroformylation reactions in water.3 s
Complexes derived from bidentate l igands can have useful
differences in chemical stabil ity and catalytic activity from
analogous complexes containing only monodentate l igands.6
Here we report the development of coupling reactions which
permit the facile conversion of (bis(2-diphenylphosphinoeth-
yl)amine ( l lz's to a wide variety of water-soluble diphosphines
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I.  Homogcncous Hydrogenation Rcactions in Walcr (TN = Turnovcr Numbcr. h r)"
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" tJnless othcrwisc indicatcd. hydrogenalions wcrc clrr icd oul in 0. I  M phoslhrlc buflcr. pl l  7 0. 7 = 15 oC. P(Ht) = 3l psi.  D Thc producl
is rhat dcrivcd by rcduction ofthc C:C Broup unlcss indicatcd othcrwisc. Products dcrivcd from isomcrizrtion ofthe olcfinic Iinkage arc indicated
in  pa ren thcses . ,  Thc in i t i t l  l u rnove rnumber ( (mo leso fsubs { ra te t rans fo rmcd ) (mo l  o fRh )  rh - l )wa tc^ l cu l { t ed l rond : I t aob t r i nedove r

lhc l ' i rst 20 h of reaction. , /  Thc total turnover is the numbcr ol moles ofsubstr l lc lransformcd pcr molc of Rh in thc indictted t imc. " Thesc
vrlucs rcprescnl mininrum rales; the sanrplcs uscd were complctcly hydrogenated in the intcrval indicatcd. /  r  = 60'C. P(Hr) = It
ps i  { f =  25 .C ,  P (Hr )  =  120  ps i - ,  FMN =  f l av i n  mononuc leo t i dc :  IMNHr  =  d ih }d ro f l av i n  mononuc l co t i dc . ' l l .Rh  i s  [CH ]O-
(C l l  rCtl20)-r i  -CH:CH:PPh:l:Rh. This l igand was prepared by treating CHrO(Ctl:Ctl :O)-r6 t{ with thionyl chloride. fol lowed b1
rcxction of thc result ing chloride with potassium diphcnylphosphine: cf.  D. Feit lcr,  Ph-l).  Thcsis. M IT. 1977. /  In acelonc solxt ion.

Scheme l .  Syn thcs is  o f  Watc r -So lub le  D iphosph ines
(Tau  =  Sod iun r  Taur ina tc ,  NHTCH,CH.SO, , -Na*1 'o
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(Scheme I) ,  and a survey of  the catalyt ic act iv i t i /  of  rhodium
complexes of  sevcral  of  these new l igands.

Tr imcl l i t ic  anhydr ide acid chlor ide,  o-sul iobenzoic anhy-
dr ide,  and ethyl  oxaly l  chlor ide are commercial ly avai lable;
t r icarbal ly l ic  a,p-anhydr ide acid chlor ide was prepared by
standard procedures.e The condi t ions used for the coupl ing
react ions were unexcept ional .  Al though the product diphos-
phines were di f f icul t  to pur i fy to homogeneity,  lH and ' r rP

NMR spectroscopy, IR spectroscopy, and solubil ity provided
good evidcncc for thc assigned structures. The corresponding
rhod ium complexes  X.Rh( l )NBD+T| -  (NBD = norborna-
diene, Tf-  = t r i f latc)  wcrc prcpared in s i tu and used without

cha rac te r i za t i on . l 0 ' l l  Bo th  t he  phosph incs  and  t hc  de r i ved
rhodiunr  complcxes appeared to  form homogeneous so lu t ions
in  wa te r .  a l t hough  ce r ta i n  o f  t hese  so lu t i ons  may  con ta in  m i -
cc l les .  espec ia l ly  a t  h igh conccnt ra t ions.  Complcx 7  appearcd
to bc thc  most  so lub le .  w i th  a  concent ra t ion in  saturatcd
a q u c o u s  s o l u t i o n  o f  - 0 . 3  M  ( p l l  7 . 0 ,  2 , 5  o C ) .

A rcpresentat ive h1 'drogenat ion was conducted as fo l lo rvs .
In to  a  -5-mL round-bot tonted f lask equipped w' i th  a  Tef lon-
coa tcd  s t i r r i ng  ba r  was  we ighcd  3 .6  mg  (8 .0  pmo l )  o f

IRh (NBD)C I ] :  and  4 .0  mg  (16  pmo l )  o l 'AgT l ' .  Thc  f l ask  was

cappcd  w i t h  a  rubbc r  scp tum and  f l ushcd  t ho rough l y  w i t h

a rgon .  D ioxanc  (0 . -5  m l - .  d i s t i l l ed  f r om NaB [ - l +  undc r  a rgon )
r , , as  addcd  b1 ' sy r i ngc .  Thc  m ix tu re  was  s t i r r cd  f o r  5  m in  and
thc  resu l t i ng  vc l l ow-o rangc  so lu t i on  decan ted  f r om the  AgC l
p rcc ip i t a t c  by  cannu la  i n to  a  so lu t i on  o f  I  3 .8  mg  (  I  7 . - 5  pmo l )
o l  3  i n  1 . 0  n r L  o f  a q u c o u s  d i o x a n c  ( l : l ) .  T h c  s o l u t i o n  w a s
st i r rcd lbr  an addi t iona l  |  -5  min and t ransfbr rcd by cannula  in t t t
I r n  a rgon - f l ushed  p ressu re  reac t i on  bo t t l c  ( l - ab  G lass )  con -
ta i n i ng  8 .40  g  (6 -5 .1  mmo l )  o f  r v -ace tam idoac ry l i c  ac id  sus -
pcndcd  i n  200  rn  L  o f  0 .  I  M  aqucous  phospha te  bu f f e r  ( i n i t i a l

p l - l  7 .60 before thc  addi t ion o f  the subst ra tc) . r  r  The s) 's tc l t t  w i ts
purgcd wi th  hydrogen for  5  rn in ,  thc  hydrogen prcssure ad-

Jus ted  t o  32  ps i .  and  t hc  r cac t i on  m ix tu re  s t i r r ed  a t  amb ien t
temperature.  A l iquots  rcmoved f rom the react ion bot t lc  b1
cannula  undcr  a  pos i t ive  hydrogcn pressurc  wcrc  analyzed by
a  comb ina t i on  o f  GLC and  NMR spec t roscopy .

Table  I  summar izes the act iv i ty  o f  these complexes in  the
hydrogenat ion o f  representat ive subst ra tes:  Most  data wcrc
obta incd us ing 3 'Rh(  t )N BD+T[- .  s incc i t  was cas]  to  prcpare
and manipu la tc .  The order  o f  react iv i ty  o f  o lc f in ic  subst ra te
in hydrogenation is similar to that observed in organic solvcnts.
The cata lys ts  are po isoned by su l fur -conta in ing compounds.
Compar ison of  the act iv i ty  toward a l ly l  a lcohol  o f  3 'Rh(  l )  in

4 i  ooo/o lN--1_.-"
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w a t c r  u , i t h  t h a t  o f ' t h e  s t r u c t u r a l l y  s i m i l a r  4 ( H + ) : . R h ( l ) r a  i n
ace tone  sugges ts  l i t t l c  o r  no  ra t c  sup rcss ion  duc  t o  wa te r . l 5
Ca ta l vs t  4 (H+) r .Rh ( l )  i s  l c ss  ac r i vc  t han  W i l k i nson ' s  ca ta l l ' s t
by  app rox ima tc l i r  a  l ac to r  o f  - 5  l 0  i n  ace tone  so lu t i on .

Wa tc r - so lub le  d i phosph ine , rhod ium comp lexes  show ca t -
al, ' - ' t ic act ivi ty in potcntial ly useful t1'pes of reactions other than
homogcneous hydrogenat ion.  For  erantp le ,  4 .Rh(CO)Clr6  in
the presencc of  four fb ld  excess of  4  cata ly ,zes the sh i f t  react ion
(eq  l :  TN  =  32  h - t ) , r 7  r vh i l e  3 .Rh ( t )NBD+T f -  i n  t he  p resence
o f  I  cqu i v  o f  added  3  ca ta l yzcs  exchange  be twecn  wa te r  and
d ihvd rogen  (eq  2 .  TN  :  8  h - r  ( 0 .1  N , l  NaOAc) :  TN  =  l 0  h - l
( 0 . 1  M  H O A c ) ) .  A  s i m i l a r  c a t u l v s i s  o f  e q  2  w a s  f o u n d  u s i n g
7 .Rh ( l )  i n  t hc  p rescncc  o f  a  tw ,o fo ld  e r f ess  o l ' 7  (TN  =  - s
h - r ) .

, {  .  R h (  l )
co + t.{.,o * C O :  ( l )

p l l  l . . l . l i .  8 5  " ( .  P ( (  O )  =  5 f t  p s i

. 3  .  R h ( l )
Fl: * DlO -----------+ HDO + (HD * D2) (2)

,1 .  15  "C

Thcsc resu l ts  cs tub l ish a  pract ic l r l  s t ra tegv for  thc  sr , ,n thcs is
of  watcr -so lub le  che la t ing d iphosphinc contp lcrcs  o t '  t rans i t ion
mc ta l s ,  and  i l l us t ra te  t ha t  t he  ca ta l l t i c  ac t i v i t l  o l ' t hcse :  con r -
p l cxes  i n  wa te r  nccd  no t  bc  i n t r i ns i ca l l y ' sn ra l l .  no r  t he i r  s t a -
b i l i t i r  inhcrcnt l l '  low.  Us ing thcse cata lys ts .  i t  may '  be poss ib le
to  e f fec t  t ] -pes o f  t ransformat ions rvh ich cannot  be eas i ly  ac-
comp l i shed  us ing  convcn t i ona l  ca ta l vs t s :  t he  homogeneous
reduct ion o l '  b io log ica l  subst ru tcs  b l '  d ih idrogcn rcpresentcd
b y  F M N  -  [ ] M N H l  r c p r c s c n t s  o n e  s u c h  c x a n r p l c  W e  u , i l l
descr ibe fur thcr  appl icat ions o f '  uatcr -so lub lc  phosphinc n tc tu I
comp lc r cs  i n  ca ta l vs i s  i n  subscqucn t  pub l i ca t i ons .
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