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Transition-metal Complexes containing Phosphorus Ligands. Part XIV.l 
ortho-Metallation Reactions involving Some Triaryl Phosphite Derivatives 
of Osmium 
By Eric W. Ainscough, Tom A. James, Stephen D. Robinson,* and Jonathan N. Wingfield, Department of 

Osmium triphenylphosphine complexes, [OsH,( PPh,),]. [OsH,(CO) (PPh,)J, and [OsHCI(CO) (PPh,),] react with 
triphenyi phosphite in boiling organic solvents to yield triphenyl phosphite derivatives which subsequently undergo 
ortho-metallation. Products isolated and characterised include the substituted derivatives [OsHCI( CO) (PPh,),(p)] 
and [OsHCI(CO) (PPh,) (p),], the metallated species [OsCI (pc) (CO) (PPh,) (p)], [OsCI (pc) (CO) (p),], [OsH - 
(pc)(CO)(PPh,)(p)], and [OsH(pc)(CO)(p),l. and the dimetallated complexes [Os(pc),(p),] and [Os(pc),- 
(CO)  (PI1 [(PI = P(OPh),; (PC) = ( P h ~ ~ 2 ~ ~ ~ ~ 8 H 4 ) l .  

Chemistry, University of London King’s College, Strand, London WC2R 2LS 

L4s part of our study of cyclo-metallation reactions we are 
investigating the ortho-metallation of triaryl phosphite 
ligands co-ordinated to platinum group metals. Earlier 
papers on this work have dealt with cyclo-metallated 
triaryl phosphite complexes of palladium,, platinum,, 
i r i d i ~ m , ~  and ruthenium ;* in the present paper we discuss 
the preparation of the corresponding osmium  derivative^.^ 

*4lthough cyclo-metallation reactions are now known to 
feature extensively in the chemistry of the platinum 
group metals, few examples involving osmium complexes 
have been reported. While this paper was in prepar- 
ation Douglas and Shaw reported e, the cyclo-metallation 
of bulky dimethyl( l-naphthy1)phosphine ligands co- 
ordinated to osmium, and described products directly 
analogous to some of those discussed below. Deeming 
et aZ., in their recent papers ‘p8 011 the fragmentation of 
organo-phosphine and -arsine ligands in trinuclear 
osmium carbonyl complexes have also described several 
metallated products. Finally, Parshall has observed 
that the complexes [OsH,(CO) (PPh,),] and [OsHCl(CO)- 
(PPh&] exchange their ovtho hydrogen atoms with D, 
at 100 “C, but has not reported isolation of any metallated 
intermediates. 

Osmium triphenyl phosphite complexes, suitable for 
use in the present work, were unknown and were there- 
fore generated in sit% by treatment of the appropriate tri- 
phenylphosphine derivatives, [OsH,(PPh,),], [OsH,(CO)- 
(PPh3),], and [OSHC~(CO)(PP~,)~], with an excess of tri- 
phenyl phosphite in boiling organic solvents. In  several 
instances mixed phosphinelphosphite species, arising 
from the stepwise displacement of the triphenylphos- 
phine ligands, were observed aiid isolated. However, in 
other cases orfho-metallation of the incoming triphenyl 
phosphite ligands occurred readily, and only the ortlzo- 
metallated products could be satisfactorily characterised. 
No evidence for the metallation of the residual triphenyl- 
phosphine ligands was found. The reactions observed 
are summarised in Schemes 1-3. Intermediates postu- 
lated but not isolated or characterised are given in 
brackets; all other species mentioned were fully charac- 
terised by i.r., proton and phosphorus n.m.r., and analyti- 
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cal data. The presence of ovtho-inetallated triphenyl 
phosphite ligands was confirmed using previously estab- 
lished * inirared criteria. 
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The osmiuni(1v) tetrahydridc, ; OsH4(PPh,),], reacts 
with excess of triphenyl phosphite in boiling decalin to 
afford the fully substituted, dimetallated, osmium(z1) 
complex, [Os(pc),(p),], which niaj’ be isolated as an air- 
stable white crystalline solid. The i.r. spectrum of this 
product clearly indicates the presence of metallated 
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triphenyl phosphite ligands (bands at 1100 and 800 cm-l) 
and the absence of hydride or residual triphenylphosphine 
ligands. Proton n.ii1.r. spectra confirm the absence of 
hydrides. The proton-decoupled 3lP n.m.r. spectrum 
comprises four patterns of eight lines, indicative of four 
mutually coupled non-equivalent 3lP nuclei, and thus 
permits unambiguous assignment of stereochemistry (I) 
for this complex. The stereochemistry assigned to 
[Os(pc),(p),] is directly comparable with that found by 
S-ray diffraction lo  for the closely related, dimetallated, 
iridium species [Ir(pc),Cl(p)] [stereochemistry (II)]. All 
attempts to isolate and cliaracterise partially substituted 
or mononietallatecl intermediates from this reaction by 
employing shorter reaction times or lower reaction 
temperatures were unsuccessful. We are, therefore, 
unable to ascertain the reaction sequence which occurs 
in this system. However, osmium(1v) tetrahydrides, 
IOsH,(PR,),] are known l1 to react readily with donor 
ligands (L) to  form osmium(r1) dihydrides [OsH,(PR,),L], 
and it therefore seems probable that the initial step in the 
present reaction sequence involves addition of triphenyl 
phosphite (p) and elimination of one molecule of di- 
liydrogen to afford [OsH,(PPh,),(p)]. The later steps 
in the reaction sequence are presumably similar to those 
established for the reaction of [OsH,(CO)(PPh,),] with 
triphenyl phosphite (Scheme 3). The prolonged treat- 
ment of [OsHCl(CO) (PPh3)31 with triphenyl phosphite in 
boiling decalin also affords the dimetallated complex 
[Os(pc),(p),] as the final product. This reaction is 
accompanied by elimination of HCl(1 mol) , collected and 
estimated as AgC1, H, (1 mol), and CO (1 mol). The 
reaction sequence 2 was established for the process by the 
isolation and characterisation of the intermediate pro- 
ducts (111) --f (171) .  Thus, treatment of [OsHCl(CO)- 
(PPh,),] with triphenyl phosphite in boiling benzene 
affords the monosubstituted product [OsHCl(CO)- 
(PPh,),(p)] which is assigned stereochemistry (111) on 
the basis of its high-field l H  n.1n.r. spectrum (Table 1). 
This assignment is in accord with the well known tran,s- 
labilising effect of tlic hydride ligand, and is sup- 
ported by the high-field n.m.r. pattern [doublet 
2J(PH),rm, = 166 Hz] observed for the related complex 
[OsHCl(CO) (AsPh,),(p)], prepared under similar condi- 
tions from [OsHCl(CO) (,4sPh,),]. With more vigorous 
conditions the disubstituted complex [OsHCl(CO)- 
(PPh,) (p)J was obtained. The high-field l H  n.m.r. 
spectrum of this compound comprises a doublet of 
triplets, suggesting the presence of a symmetrical struc- 
ture with the hydride t r a m  to phosphine and cis to a pair 
of equivalent pliosphite ligands. However, the 31P 
n.m.r. spectrum reveals the presence of three non-equiva- 
lent phosphorus nuclei, and when taken in conjunction 
with the lH n.1n.r. data is indicative of stereochemistry 
(IV). We therefore conclude that the couplings 2J(PH),,, 
arising from the phosphite and phosphine ligands are 
coincidently equivalent. Treatment of [OsHCl(CO)- 

l o  J. M. Guss and  R. Mason, Chem. Comm., 1971, 58; J.C.S. 
Dalton, 1972, 2193. 

l1 B. Bell, J .  Chatt, and  G. J .  Leigh, J.C.S. Dalton, 1973, 997. 

(PPh,),] with triphenyl phosphite under more vigorous 
conditions gave a reaction mixture from which the ortho- 
metallated complex [OsCl(pc) (CO) (PPh,) (p)] was isolated, 
thus suggesting that the metallation reaction takes 
precedent over the final substitution step. This observ- 
ation accounts for our failure to obtain any evidence for 
the formation of the trisubstituted species, [OsHCl(CO)- 
(p),], on treating [OsHCl(CO) (PPh,),] or [OsHCl(CO)- 
  ASP^,)^] with excess of triphenyl phosphite. The i.r. 
spectrum of [OsCl(pc) (CO) (PPh,) (p)] shows bands attri- 
butable to carbonyl, triphenylphosphine, and ortho- 
metallated triphenyl phosphite ligands. The absence of 
hydride ligands was confirmed by n.m.r. and i.r. 
spectroscopy. 

The final product, isolated in modest yield after a 
prolonged reaction in boiling decalin, was purified with 
difficulty and shown to be [Os(pc),(p),] identical with an 
authentic specimen prepared from [OsH,(PPh,),] . 

The vigorous conditions necessary to maintain [OsH,- 
(CO) (PPh3)3] in solution and induce reaction with tri- 
phenyl phosphite are sufficient to cause ortho-metallation 
of the incoming phosphite ligands; therefore no simple 
substitution products could be isolated. However the 
metallated intermediates (IX) and (X) were obtained, and 
their formation provides support for the reaction sequence 
proposed below (Scheme 3). Given the high trans- 
effect of the hydride ligand, an initial step involving 
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SCHEME 3 Excess of P(OPh),/boiling decalin. Steps: i, 
+P(OPh), (-PPh,); ii, -H, 
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Complex * 

C J  

Some i.r. and n.m.r. data 

1.r. data a IH N.m.r. data 31P N.m.r. data c 

co (a) Ar = Ph 2020 (m,br) v(0sH) 

H \  1 p 3  1950 (s,br) v ( C 0 )  
Irn) 0 s  

Ph3P' 1 \pnl0*d3 
Cl (b) Ar = C6H4Me-0 2050 (m) v(OsH) 

1940 (s) v(C0) 

(C) Ar = C6H4Me-p 2000 (m) v(OSH) 

1940 (s) v(C0) 

(a) Ar = Ph 2040 (m) v(0sH) 

H , r, PP h, 1950 (s) v ( C 0 )  
(Ty) 0 s  

I=\ 
(Aroi,p/ 1 's(oAr~3 

(b) Ar = C,H4Me-p 

2020 (m) v(0sH) 

1960 (s, br) v(C0) 

[OsHCI(CO) (AsPh,) ,(P(OPh) 3)] 1988 (m) v(0sH) 

1940 (s) u(C0) 

1968 (In) v ( 0 s H )  

1940 (s) v ( C 0 )  

T 1.53 (m) 

T 4.3 (m) 

7 2-35-3.53 (m) 

T 15-28 (d of t) hydride 
aromatic protons 

'J(PH)trans = 161 Hz; 
'J(PH),, = 23 HZ 

z 2.05-3.6 (m) aromatic 

T 7.77 (s) methyl protons 
7 15-28 (d of t) hydride 

protons 

'J(PH)t,ans 167 Hz; 
'J(PH),.,, = 25.8 HZ 

T 24-3.04 (ni) 
aromatic protons 

T 8.0 (s) methyl protons 
T 14.9 (d of t) hydride 
"J(PH),,,,, 160 Hz; 

zJ(PH)c,8 23 HZ 
T 2.55-3'24 (111) 

aromatic protons 
T 15.88 (d of t) hydride 

2J(PH)1,,,UI 152.2 Hz; 
'](PH),,, 23 HZ 

7 2.08-3.28 (m) 
aromatic yrotons 

7 7.96 (s) and 8-03 (s) 
methyl groups 

T 15.36 (d of t) hydride 
'J(PH)t,,n, 152 Hz; 

2J(PH),i, 23 HZ 
z 2.1-3-2 (m) 

aromatic protons 
T 14.93 (d) hydride 

T 2-67-3.73 (ni) 

z (17.38 (d of t) hydride 

'J(PH)t,,m 166 H z  

aromatic protons 

'J(PH)t,ans 115 Hz; 
2J(PH)db 25 HZ 

- 71.8 p.p.m. (S), PA; 
-84.8 p.p.m. (8),  P B  

- 114.5 p.p.m. (8 ) ,  Px; 
- 119.2 p.p.m. (S), Pp 

2 J ( P ~ P ~ )  = 41.2 Hz; 
'J(P*Px) = 651.5 Hz; 
'J(P*Py) = 35.3 Hz; 
'J(P,Px) = 27.9 Hz; 
'JJPBPY) = 25 Hz; 
'J(PxPy) = 38.3 HZ 

-5.1 p.p.m. (d) PPh,; 
-874p.p.m. (t) P(OPh), 

-5.1 p.p.m. (broad peak) 
PPh, d 

-S7.4 p.p.m. (d of t) 
P(OPh), d 

'J(PPA) = 18 H Z  

- 4 0  p.p.ni. (4) PPh, 

-88.2 p.p.m. (4), PB; 
-88.3 p.p.m, (t), P,4 

'J(PP,) = 30Hz; 
'J(PP,) 423 IJz 

' J (PAPB)  = 24 HZ 

- 10.4 p.p.m. (4), PPh, 

-93.7 p.p.m. (4), Pa; 
-132.5 p.p.m. (4), Px 

' J ( P P A )  369 Hz; 

'J(PAPx) 17.9 HZ 
']((PPx) 23.8 HZ 

2000 (m) v(0sH) 7 2.5-3.24 (m) -882.3 p.p.m. (d) P-4 

1970, 1940 (s) u(C0) 
aromatic protons 

T 17.76 (d of t) hydride -131.2 p.p.m. (t) Px 
1095, 80O(PhO),P(OC,H4-) 'JJ(PH)t,,, 102.6 HZ 2 J ( P A P ~ )  23.8 HZ 

J'(PH),, 26.5 HZ 

= (PhOl2PIOC,HJ 

1.r. spectra (Nujol mull), s = strong; m = medium; br = broad. 8 'H N.m.r. recorded in deuteriochloroform a t  90 MHz; 
6 31P N.m.r. recorded in chloroform at 36.43 MHz with all 1H nuclei de- 

Chemical shifts are given relative to 86% H,PO, (kO.2 p.p.m.) in the sense that increasing field is positive. J Values 
Protons not decoupled. 

s = singlet, d = doublet, t = triplet, m = multiplet. 
coupled. 
& 1 Hz;  numbers in parentheses indicate number of equal intensity lines in each resonance. 
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formation of the mono-substituted species [OsH,(CO)- 
(PPhJ2(p)] [stereochemistry (VII)] seems entirely feas- 
ible. A further substitution, together with an ortho- 
metallation step, affords the first isolable product, [OsH- 
(pc) (CO) (PPh,) (p)] . This complex is assigned stereo- 
chemistry (IX) on the basis of spectroscopic data (Table). 
A subsequent product with very similar spectroscopic 
characteristics but devoid of triphenylphosphine is 
formulated as the fully substituted species [OsH(pc) (C0)- 
(p),] [stereochemistry (X)]. The final product, obtained 
in an impure state after the prolonged reaction of 
[OsH,(CO) (PPh,),] with triphenyl phosphite in boiling 
decalin, was shown by i.r. and n.m.r. spectroscopy to 
contain carbonyl and inetallated phosphite groups but 
no hydride ligands, and was therefore formulated as the 
dimetallated complex [Os(pc),(CO) (p)] [stereochemistry 
(XI)]. Douglas and Shaw have recently isolated a 
related complex [0s(p'~)~(CO) (p')] [p' = dimethyl( 1- 
naphthy1)phosphine ; p'c = metallated (p')] and sug- 
gested the participation of the hydride [OsH(p'c) (C0)- 
(p')J as a precursor, thus implying a reaction directly 
analogous to the conversion (X) (XI) proposed here 
(Scheme 3). 

ESPERIMESTAL 
Triphenylphosphineosniiuni complexes were prepared as 

previously described.lz All reactions were performed under 
a dinitrogen atmosphere. 1.r. spectra (4000-200 cm-l) 
Ivere recorded on a Perkin-Elmer 62 1 grating spectrometer 
using samples mulled in Nujol. lH and 31P N.m.r. spectra 
werc obtained using a Bruker HFX 90 spectrometer. 
b1.p.s were determined in sealed tubes under dinitrogen. 

Bis[triphenyl phosphito(C2,P)]bis(triphenyZ 9hosphite)- 
osmium(r~) [Os{ (PhO),P(OC,H,)},{ P(OPh),},]. Triphenyl 
phosphite (0.9 g) and tetrahydridotris(tripheny1phosphine)- 
osmium (0.39 g) in decalin (5 ml) were heated together under 
reflus for 90 min. The solution was filtered hot, cooled to 
ambient temperature, diluted with n-hexane, and then cooled 
to - 10 "C overnight. The white solid which deposited was 
filtered off, washed with methanol then n-hexane, and re- 
crystallised from dichloromethane-methano1 to yield white 
crystals (0.2 g, 35y0), m.p. 172 "C (Found: C, 60.25; H, 4.45; 
P, 8.65. C7,H5,Ol,0sP4 requiresC, 60.5; H, 4.1; P, 8.65%). 

Carbony lc Jdorohydvidobis (triphenylphosphine) (trip Jaenyl 
phos~Jzite)osi?ziuvn(rr) [OsHCl(CO) (PPh,) ,{ P(OPh),}] .-Tri- 
phenyl phosphite (0.22 g) and carbonylchlorohydridotris- 
(triphenylp1iosphine)osmium (0.21 g) in benzene (10 ml) 
were heated together under reflux for 2& h. The solution 
was cooled to  ambient temperature, filtered, and then diluted 
with n-hexane (30 ml). The white solid which deposited 
was filtered off, washed with ethanol then n-hexane, and re- 
crystallised from dichloromethane-methanol to yield white 
crystals (0.17 g, 80%), m.p. 192 "C (Found: C, 59.95; H, 4.6; 
P, 8.6. C,,H4,C10,0sP, requires C, 60.65; H, 4.25; P,  
8.5%). 

Similarly prepared using the appropriate triaryl phosphite 
were, carbonylchlorohydridobis(tripheny1phosphine) (tri-o-tolyl 
phos~hite)osmiurn(rr) as white crystals (SOYo),  m.p. 165 "C 
(Found: C, 62.1; H, 4.8; P, 7.8. C5,H,,C10,0sP, requires 
C, 61-55: H, 4.6; P, 8.2%), and carbonylchlorohydridobis- 
(triphenylp hosph ine) (tri-p-tolyl phosphite) osmium (11) as white 

l2  N. Ahmad, S .  D. Robinson, and M. F. Uttley, J.C.S. Dalton, 
1972, 843. 

crystals (80y0), m.p. 187 "C (Found: C, 61.3; H, 4.6; P, 8.1. 
C5,H,,C10,0sP, requires C, 61.55; H, 4.6; P, 8.2%). 

Carbonylchlorohydridobis (triphenylarsine) (triphenyl phos- 
phite)osvniunz(rr) [OsHCl(CO) (AsPh,),{P(OPh),]]. Tri- 
phenyl phosphite (0.3 g) and carbonylchlorohydrido- 
tris(tripheny1arsine)osmium (0.23 g) in benzene (8 ml) were 
heated together under reflux for 45 min. The solvent was 
removed in vacuo and the resultant oil was recrystallised 
from dichloromethane-methanol to yield the required 
product as white crystals (0.15 g, 6 5 ~ 0 ) ,  m.p. 203 "C (Found: 
C, 55.6; H, 3.6; C1, 3.6. C5,H,,AS2C10,0SP requires C, 
56.1; H, 3-95; C1, 3.0%). 

Carbonylchlorohydrido (triphenylp hosphine) bis (triphenyl 
phosphite) osmium (11) [OsHCl(CO) (PPh,) (P (OPh) ,}J .-Tri- 
phenyl phosphite (0.62 g) and carbonylchlorohydridotris- 
(tripheny1phosphine)osmium (0.52 g) in m-xylene (10 ml) 
were heated together under reflux for 30 min. The solution 
was cooled to ambient temperature, filtered, then diluted 
with n-hexane to yield a white precipitate. This was washed 
with ethanol then n-hexane, and recrystallised from di- 
chloromethane-methanol to yield white crystals (0-2 g, 
35y0), m.p. 183-184 "C (Found: C, 57.7; H, 4.15. C,,H,,- 
C1070sP, requires C, 58.05; H, 4.05y0). 

Similarly prepared was carbonylchlorohydrido (triphenyl- 
phosphine) bis(tri-p-tolyl phosphite) osmium (11) as white 
crystals (49%) (Found: C, 59.95; H, 4-75; P, 7.6 
C,,H5,C10,0sP, requires C, 59.5; H, 4.9; P, 7.3576). 

Cavbonylchloro[triPhenyE phosphito(C2,P)] bis(triphenyZ 

(OPh),},] .-Triphenyl phosphite (0.3 g) and carbonyl- 
chlorohydridotris( triphenylarsine) osmium (0-25 g) in decalin 
(5 ml) were heated together under reflux for 4 min. The 
solution was filtered, diluted with n-hexane, and then cooled 
to - 10 "C. The resultant white precipitate was filtered off 
and washed with n-hexane (0.065 g, 25%) (Found: 
C, 56.2; H, 3.45; P, 8.0. C,,H,4C1@,,0sP, requires C, 55.8; 
H, 3.75; P, 7.85%). 

Carbonylchloro (triphenylphosphine) [triphenyl phosphito- 
(C2, P)] (triphenyl phosphite) osmiurn (11) -0-5Dichloronzethane 

Triphenylphosphine (0.25 g) and carbonylchlorohydrido- 
(triphenylphosphine) bis(tripheny1 phosphite)osmium (0.25 
g) in decalin ( 5  ml) were heated together under reflux for 
7 min. The solution was filtered, diluted with n-hexane, 
and then cooled to yield a white solid (0.1 g, 40%). Re- 
crystallisation from dichloromethane-methanol produced 
white crystals of the required product as a dichloromethane 
adduct (Found: C, 56.4; H, 3.75; P, 8.1. C55.5H45C1207- 
OsP, requires C, 56.6; H, 3.85; P, 7.9%). This compound 
may also be isolated from the mixture obtained on heating 
triphenyl phosphite with carbonylchlorohydridotris(tri- 
pheny1phosphine)osmium in decalin under reflux for 9 min. 

p h osp hite) - 
osmiupn(~r) [OS{ (PhO),P(OC,H4)),(P(OPh),},] (Alternative 
Preparation) .-Triphenyl phosphite (0.3 g) and carbonyl- 
chlorohydridotris(tripheny1phosphine)osmium (0.22 g) in 
decalin (4 ml) were heated together under reflux for 3 h. 
The solution was cooled to ambient temperature, filtered, 
then diluted with n-hexane to yield a white solid ; this was 
filtered off, washed with n-hexane, and dried in vacuo (0.13 g, 
40%) (Found: C, 60.25; H, 4.5; P, 8.55. C,,H5,0,,0sP4 
requires C, 60.5; H, 4.1; P, 8.65%). 

Carbonylhydrido (triphenylphosphine) [triphenyl phosphito- 
(C2,P)](triphenyZ phosphite)osmiunz(Ir) [OsH((PhO),P- 
(OC,H,)}(CO) (PPh,) (P(0Ph) 3}] .-Triphenyl phosphite (0.3 

ihhosphite)osmium(rI) [OSCl{ (PhO) 2P( OC,H,) }(CO){ P- 

[OSCl{ (PhO) &'(OC,H,) }(CO) (PPh,){ P( OPh) ,}I, 0.5CHZClz.- 

Bis [triphenyl phosphito (C2, P)] bis (biphenyl 
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g) and carbonyldihydridotris(tripheny1phosphine)osmiuin 
(0.2 g) in decalin (5 ml) were heated together under reflux for 
5 min. The solution was cooled to ambient temperature, 
filtered, and then diluted with n-hexane. The resultant 
white precipitate was washed with n-hexane and then re- 
crystallised from dichloromethane-methanol to give white 
crystals (0.14 g, 63%), m.p. 186-187 "C (Found: C, 60.2; 
H, 4.35; P, 8.85. C,,H,,O,OsP, requires C, 60.0; H, 4.1; 

Carbonylhydrido[triphenyl phosphiZo(C2,P)]bis(triphenyl 
P, 8*45Y0). 

phosphite) osnzium (11) P H I  P O )  2~(OCt3H4) I (CO) { p- 

(OPh),),] .-Triphenyl phosphite (0.9 g )  and carbonyl- 
dihydrotris(tripheny1phosphine)osmium (0.6 g) in decalin 
(5  ml) were heated together under reflux for 1 h. The solu- 
tion was filtered, diluted with n-hesane, and then cooled to 
-10 "C. The white solid which deposited was filtered off, 
washed with n-hexane, and then recrystallised from di- 
chloromethane-methanol to give white crystals (0.25 g, 
350/,), m.p. 160-170 "C (Found: C, 57.65; H, 4-25; P, 7.88. 
C,,H,,O,,OsP, requires C, 57.5; H, 3-95; P, 8.1%). 
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