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Abstract 

The reactions of the pentaphenylcyclopentaphosphine with [Os3(CO)I0(NCCH3)2] afforded a pair of inversion isomers, (1) 
and (2). [Os3(CO)11(C6H5P) 5] (3) and [{Os3(CO)11}2(C6HsP)5] (4) were obtained by the treatment of the same ligand with 
[Os3(CO)I1(NCCH3)]. The four new triosmium clusters have been shown by X-ray crystallography to contain an intact 
cyclopolyphospine ring in each case. 
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Although there are numerous examples of cy- 
clopolyphosphine ligands coordinated to mononuclear 
transition metal complexes [1,2], relatively little atten- 
tion has been paid to transition metal carbonyl clusters 
in which a cyclopolyphosphine ligates. In recent publi- 
cations involving the reactions of tetrameric cyclophos- 
phorus, (tBuP)4, with ruthenium carbonyl cluster, sev- 
eral ruthenium cluster derivatives were obtained, each 
containing one or more phosphido group(s) showing 
extensive disruption of the cyclic phosphorus ring [3,4]. 
We now report  the reactions between triosmium car- 
bonyl clusters and pentameric phenylcyclopentaphos- 
phine ligand, which afford several cluster derivatives 
where the phosphorus ring structure remains intact. 

The cyclic phosphorus, (C6HsP) 5, was allowed to 
react with an equivalent molar amount of the activated 
trinuclear cluster [Os3(CO)10(NCCH3) 2] in dichloro- 
methane at 80°C overnight. The orange compound (1) 
(yield 15.3%) and the yellow compound (2) (yield 
17.3%) were obtained by thin-layer chromatography 
(TLC) of the product using CHzClz /hexane  ( 3 0 % /  
70%) as eluent. The structures of the two compounds, 
which were recrystallised from a mixed solvent of 
dichloromethene and hexane, have been determined by 
X-ray analysis to be a pair of isomers which have the 
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same molecular formula [Os3(CO)10(C6H5P)5]. The 
yellow compound [Os3(CO)II(C6H5P)5] , (3) (yield 
47.8%) and the orange linked compound, [{Os 3- 
(CO) 102(C6HSP)5] , (4) (yield 44.7%) were obtained by 
the treatment of (C6HsP) 5 with a two-fold molar ratio 
of [Os3(CO)LI(NCCH3)] in dichloromethane at room 
temperature and subsequent purification by thin-layer 
chromatography (TLC) using CH2Cl2/hexane  ( 3 0 % /  
70%) as eluent. All four clusters were characterised by 
IR, ~H NMR, 31p NMR and element analysis [5*]. 
X-ray crystallographic study [6*] of clusters (1)-(4) 
established the overall structures illustrated in Figs. 
1-4, respectively. Selected bond lengths and angles are 
given in Tables 1-4. 

In the molecular structures of (1) and (2), as shown 
in Fig. 1 and Fig. 2, the (C6HsP) 5 moiety acts as a 
bidentate ligand, taking up the equatorial sites of the 
osmium triangular planes and chelating across an Os-  
Os edge, through the two P atoms in the 1,3-positions 
of the phosphorus ring. The solid structures of (1) and 
(2) differ essentially in the orientations adopted by the 
aromatic rings attached to the uncoordinated phospho- 
rus atoms. For example, in (1) the phenyl group of 
phosphorus 2 is over the phosphorus ring on the same 
side as the triosmium plane, while in (2) this group lies 
below the phosphorus ring on the opposite side from 
the triosmium plane. The phosphorus rings cannot flip 
freely after chelating to the two osmium atoms because 
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Table 2 Table 4 

Selected bond lengths CA) and angles (“) of 4 Selected bond lengths (A) and angles (“) of 2 

OS(l)-Os(2) 2.8900) OS(~)-OS(~) 2.9010) 

OS(~)-OS(~) 2.874(l) 

P(l)-P(2) 2.227(3) P(l)-P(5) 2.224(4) 

P(2)-P(3) 2.219(3) P(3)-P(4) 2.259(3) 

P(4)-P(5) 2.214(3) 

OS(l)-P(1) 2.324(3) OS(~)-P(3) 2.339(3) 

OS(~)-OS(~)-OS(~) 59.5(l) OS(~)-OS(~)-OS(~) 60.4(l) 

OS(~)-OS(~)-OS(~) 60.10) 

P(2)-P(l)-P(5) 99.930) P(l)-P(2)-P(3) 87.4(l) 

P(2)-P(3)-P(4) 111.3(l) P(3)-P(4)-P(5) 98.1(l) 

P(l)-P(5)-P(4) 98.1(l) 

OS(l)-Os(2) 2.883(l) OS(~)-OS(~) 2.931(l) 

OSQ-Os(3) 2.875(l) OS(~)-OS(~) 2.872(l) 

Os(4)-Os(5) 2.928(l) OS(~)-OS(~) 2.873(l) 

P(l)-P(2) 2.273(5) P(lkP(5) 2.279(S) 

P(2)-P(3) 2.241(8) P(3)-P(4) 2.215(6) 

P(4)-P(5) 2.195(6) 

OS(l)-P(3) 2.335(4) OS(~)-P(1) 2.360(5) 

OS(~)-OS(~)-OS(~) 59.3(l) OS(~)-OS(~)-OS(~) 61.2(l) 

OS(I)-OS(~)-OS(~) 59.50) Os(5)-Os(4)-Os(6)5 59.4(l) 

Os(4)-Os(5)-Os(6) 59.3(l) Os(4)-Os(6)-Os(5) 61.3(l) 
P(2)-P(l)-P(5) 102.0(2) P(l)-P(2)-P(3) 103.6(3) 
P(2)-P(3)-P(4) 94.3(3) P(3)-P(4)-P(5) 95.9(2) 

P(l)-P(5)-P(4) 95.3(3) 

(b) The angle (87.3”) of P(l)-P(2)-P(3) in (1) is 
almost equal to the angle (87.4”) of P(l)-P(2)--P(3) in 
(2). These two angles are much smaller than the aver- 
age angle of free ligand because the two phosphorus 
atoms of 1,3-position in the phosphorus rings must 
move closer to fit the short OS-OS distance in the 
triosmium cluster after forming the coordination com- 
pound so that the P ring is more puckered. 

(c) The bridged OS(~)-OS(~) distance of 2.9010) A 
in (2) is slightly longer than that of 2.876(2) A in (1) 
which is similar to the OS-OOs distance in their parent 
cluster [Os,(CO),,] (2.877 A) [81. 

The structure of (3) comprises an isosceles triangle 
of osmium atoms in which the bulky cyclopolyphos- 
phine ligand acts as a monodentate ligand, bonding to 
OS(~) by taking up an equatorial site. The longest 
OS-OS bond (2.917 A> in (3) is much longer than the 
other two bond lengths (2.881 A>. These bonds are 
longer than the average OS-OS bond length of the 
parent cluster [Os,(CO>,,] (2.877 A). The average an- 
gle (98.2”) of P-P-P is much closer to that (100.00) of 
free ligand. 

OS(~) and OS(~)-OS(~) distances (mean 2.913 A> are 
significantly longer than all other OS-OS distances 
(mean 2.876 A> because of the steric repulsion between 
the bulky ligand and the adjacent equatorial carbonyl 
ligands. This may be like the case in [{Os,(CO),,},- 
(dppa)] [9] [dppa = bis(diphenylphosphinoacetylene1 in 
which the longer OS-OS distances were attributed to 
the proximity of the phenyl rings of dppa to the adja- 
cent equatorial carbonyl groups on each OS atom. 

We thank the National University of Singapore for 
financial support and for a research studentship (to 
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Table 3 

Selected bond lengths (A) and angles (“) of 3 

OS(l)-Os(2) 2.8810) OS(~)-OS(~) 2.917(l) 

OS(~)-OS(~) 2.881(l) 

P(l)-P(2) 2.222(4) P(l)-P(5) 2.234(5) 

P(2)-P(3) 2.234(4) P(3)-P(4) 2.231(4) 

P(4)-P(5) 2.217(4) 

OS(l)-P(l) 2.345(3) 

OS(~)-OS(~)-OS(~) 59.6(l) OS(~)-OS(~)-OS(~) 60.80) 

OS(~)-OS(~)-OS(~) 59.6(l) 

P(2)-P(l)-P(S) 97.7(2) P(l)-P(2)-P(3) 102.9(2) 

P(2)-P(3)-P(4) 103.8(2) P(3)-P(4)-P(5) 94.5(2) 

P(l)-P(5)-P(4) 94.7(2) 

[5] IR [v(CO), cyclohexane/cm-‘I: 1 2098m, 2036m, 2023s, 2016vs, 

1982m. 1967w, 195th~; 2 2095(m), 2036(m), 2025(s), 2012(vs), 
1980(m), 1965(w), 1954(w); 3 2107(m), 2056(s), 2036(m), 202O(vs), 
2001(w), 1989(m), 1977(w), 1957(vw); 4 2106m, 2058s 2035m, 
2024s. sh, 2022~s 2004m, 1991m. 1981~. ‘H NMR (CD,C12, 

SiMe, reference): 1 6 7.37(m); 2 S 7.35(m); 3 S 7.43(m); 4 6 
7.35(m). slP NMR (CD-)X,, 85%H,PO, reference): 1 S 109.6 
(m. lP), 6 4.0 (m, lP), 6 -3.7 (m, lP), 6 -63.3 (m, 2P); 2 S 62.5 
(m. IP), 6 15.3 (m, 2P), 6 -15.6 (m, lP), 6 -41.5 (m, 1P); 3 6 
15.4 (m, lP), 6 -0.50 (m. 1P). 6 - 16.8 (m, P), 6 -30.90 (m, lP), 
6 -31.54 (m, 1P); 4 6 36.9 (q, lP), 6 20.5 (m, lP), 6 -0.2 (q. lP), 
6 - 19.9 (m, lP), 6 -35.6 (m, 1P). Element analysis: 1 Found: C, 
34.82; H, 1.67; P, 10.80; talc.: C, 34.52; H, 1.80; P, 11.14%; 2 
Found: C, 34.47; H, 1.70; P, 10.43; talc.: C, 34.52; H, 1.80; P. 
11.14%; 3 Found: C. 34.70; H, 1.76; P, 10.96; talc.: C, 34.91; H, 
1.75; P, 10.80%; 4 Found: C, 27.16; H, 1.09, P, 6.75; talc.: C. 
27.20; H, 0.98; P. 6.58%. 

[6] Crystal data Os,(CO),,(C,HdP), 1: C,aH,s6),aOs,Ps. Mot-r!- 
clinic, P2, /c, a = 10.614(5) A, b = 38.85(2) A, c = 10.916(5) A. 
/3 = 108.93(4)“. M = 1391.1, U= 4258(4) A3,3, 2 = 4, dtcalc, = 2.170 
g cmm3, F(000) 2592, absorption coefficient = 91.74 cm-‘. 4546 
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Table 2 
Selected bond lengths (.4,) and angles (°) of 2 

Os(1)-Os(2) 2.890(1) Os(1)-Os(3) 2.901(1) 
Os(2)-Os(3) 2.874(1) 
P(1)-P(2) 2.227(3) P(1)-P(5) 2.224(4) 
P(2)-P(3) 2.219(3) P(3)-P(4) 2.259(3) 
P(4)-P(5) 2.214(3) 
Os(1)-P(1) 2.324(3) Os(3)-P(3) 2.339(3) 
Os(2)-Os(1)-Os(3) 59.5(1)  Os(1)-Os(2)-Os(3) 60.4(1) 
Os(1)-Os(3)-Os(2) 60.1(1) 
P(2)-P(1)-P(5) 99.93(1) P(1)-P(2)-P(3) 87.4(1) 
P(2)-P(3)-P(4) 111.3(1) P(3)-P(4)-P(5) 98.1(1) 
P(1)-P(5)-P(4) 98.1(1) 

Table 4 
Selected bond lengths (,~) and angles (°) of 4 

Os(1)-Os(2) 2.883(1) Os(1)-Os(3) 2.931(1) 
Os(2)-Os(3) 2.875(l) Os(4)-Os(6) 2.872(1) 
Os(4)-Os(5) 2.928(1) Os(5)-Os(6) 2.873(1) 
P(1)-P(2) 2.273(5) P(1)-P(5) 2.279(8) 
P(2)-P(3) 2.241(8) P(3)-P(4) 2.215(6) 
P(4)-P(5) 2.195(6) 
Os(l)-P(3) 2.335(4) Os(4)-P(1) 2.360(5) 
Os(2)-Os(1)-Os(3) 59.3(1) Os(1)-Os(2)-Os(3) 61.2(1) 
Os(l)-Os(3)-Os(2) 59.5(1) Os(5)-Os(4)-Os(6)5 59.4(1) 
Os(4)-Os(5)-Os(6) 59.3(1) Os(4)-Os(6)-Os(5) 61.3(1) 
P(2)-P(1)-P(5) 102.0(2) P(1)-P(2)-P(3) 103.6(3) 
P(2)-P(3)-P(4) 94.3(3) P(3)-P(4)-P(5) 95.9(2) 
P( 1 )-P( 5 )-P(4) 95.3(3) 

(b) T h e  angle  (87.3 °) of  P ( 1 ) - P ( 2 ) - P ( 3 )  in (1) is 
a lmos t  equal  to the  ang le  (87.4 °) of  P ( 1 ) - P ( 2 ) - P ( 3 )  in 
(2). T h e s e  two angles  a re  much  smal le r  t han  the  aver-  
age angle  of  f ree  l igand because  the  two phospho rus  
a toms  of  1 ,3-posi t ion in the  p h o s p h o r u s  r ings mus t  
move c loser  to fit the  shor t  O s - O s  d is tance  in the  
t r io smium clus ter  a f te r  fo rming  the  coo rd ina t i on  com- 
p o u n d  so tha t  the  P r ing  is m o r e  pucke red .  

(c) T h e  b r i d g e d  O s ( 1 ) - O s ( 3 )  d i s tance  of  2.901(1) 
in (2) is s l ightly longer  than  tha t  of  2.876(2) ,& in (1) 
which is s imi lar  to the  O s - O s  d i s tance  in the i r  p a r e n t  
c lus ter  [Os3(CO)12] (2.877 A )  [8]. 

T h e  s t ruc ture  of  (3) compr i ses  an isosceles  t r iangle  
of  o s m i u m  a toms  in which  the  bulky cyc lopolyphos-  
ph ine  l igand acts as a m o n o d e n t a t e  l igand,  bond in g  to 
Os(1) by tak ing  up  an equa to r i a l  site. The  longest  
O s - O s  b o n d  (2.917 A )  in (3) is much  longer  than  the 
o t h e r  two b o n d  lengths  (2.881 .&). T h e s e  b o n d s  are  
longer  than  the  average  O s - O s  b o n d  length  of  the  
p a r e n t  c lus ter  [Os3(CO)12] (2.877 .&). T h e  average  an- 
gle (98.2 °) of  P - P - P  is much  c loser  to tha t  (100.0 °) of  
f ree  l igand.  

A s  shown in Fig.  4, the  cyc lopo lyphosph ine  in the  
c lus ter  (4) l inks t h rough  two p h o s p h o r u s  a toms  at  the  1 
and  3 pos i t ions  to two t r i o smium t r iangles  at  the  equa-  
tor ia l  roles.  Because  of  this  l ink pa t t e rn ,  the  average  
d i s t ance  (2.241 A)  of  P - P  is much  longer  than  tha t  
(2.217 A )  o f  f ree  l igand  and  even longer  than  tha t  
(2.228 A)  of  (3). T h e  o t h e r  f ea tu re  is tha t  the  O s ( 1 ) -  

Table 3 
Selected bond lengths (,~) and angles (o) of 3 

Os(1)-Os(2) 2.881(1) Os(1)-Os(3) 2.917(1) 
Os(2)-Os(3) 2.881(1) 
P(1)-P(2) 2.222(4) P(1)-P(5) 2.234(5) 
P(2)-P(3) 2.234(4) P(3)-P(4) 2.231(4) 
P(4)-P(5) 2.217(4) 
Os( 1 )-P( 1 ) 2.345(3) 
Os(2)-Os(1)-Os(3) 59.6(1) Os(1)-Os(2)-Os(3) 60.8(1) 
Os(1)-Os(3)-Os(2) 59.6(1) 
P(2)-P(1)-P(5) 97.7(2) P(1)-P(2)-P(3) 102.9(2) 
P(2)-P(3)-P(4) 103.8(2) P(3)-P(4)-P(5) 94.5(2) 
P(1)-P(5)-P(4) 94.7(2) 

Os(3) and  Os (4 ) -Os (5 )  d i s tances  (mean  2.913 A)  are  
s ignif icant ly longer  than  all o t h e r  O s - O s  d is tances  
(mean  2.876 ~,) because  of  the  s ter ic  repu ls ion  b e t w e e n  
the  bulky l igand and  the ad j acen t  equa to r i a l  carbonyl  
l igands.  This  may  be  like the  case  in [{Os3(CO)lt} 2- 
(dppa)]  [9] [dppa  = b i s (d ipheny lphosph inoace ty l ene ]  in 
which the longer  O s - O s  d i s tances  were  a t t r i bu ted  to 
the  proximi ty  of  the  phenyl  r ings of  d p p a  to the  adja-  
cent  equa to r i a l  ca rbonyl  g roups  on each  Os atom. 
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