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Abstract 

The reaction of the activated triosmium cluster, [Os,(CO),,(NCMe)] with bis(diphenylphosphinoa- 

cetylene) (dppa) at room temperature affords the linked cluster [{Os,(CO),,},(dppa)] Cl), while the 

reaction of [Os,(CO),,,(NCMe),] with an excess of dppa affords the di-, tri- and tetrameric clusters 

[{Os,(CO),a(dppa)JzI (2), [(Os3(CO),,(dppa))31 (3) and [(Os,(CO),,(dppa)),] (4) in moderate yields. 
Similarly, the reaction of the anion [Os,H,(CO),,l- with AuJdppa)CI,, in the presence of excess 

EtsN and TIPF,, under reflux, in chloroform affords [(Os,H(CO),,Audppa},] (5) as the only ex- 

tractable product. Single crystal X-ray structural analyses of 1 and 2 show that the two triosmium 
cluster units are linked uia coordination of one OS centre to each of the two phosphorus centres of the 

intact dppa ligand, while the structure of 5 shows the two tetraosmium units are linked cia two 

pL,-bridging Au centres and terminal phosphorus centres of the two Au(dppa) ligands. 

Introduction 

Bis(diphenylphosphinoacetylene1 (dppa) has been reported as a potential tri- 
functional ligand which normally coordinates uia its two phosphorus centres, 
leaving the acetylenic bond coordinatively inactive [l]. The rigidity of the linear 
-C&Z- unit and the long P-P distance of 4.7 A in the P-C-C-P skeleton of dppa 
prevents chelation to one metal centre or across a metal-metal bond. The typical 
behaviour of this di-substituted acetylene is to form bridged binuclear or polymeric 
complexes in which only the phosphorus atoms of the ligand are coordinated [2-41. 
Previous reports of the interaction between triruthenium clusters and dppa indi- 
cate that P-C bond cleavage as well as metal-metal bond cleavage occurs readily 
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Os( 1 )-Os(2) 2.876(3) 
O&~-OS(~) 2.883(3) 
Os(4)-Os(6) 2.903(3) 
OS(l)-P(1) 2.336(11) 
P(l)-C(l) 1.78(S) 
P(l)-C(2a) 1.82(4) 
PG+C(3a) 1.92(4) 
C(l)-C(2) 1.13(7) 

59.8(l) 
59.6(l) 
60.6(l) 

168.4(3) 
16&O(3) 
115(l) 
173(4) 

88(l) 
95(l) 
87(l) 
84(l) 
94(2) 
90(2) 
87(2) 
95(2) 
91(l) 
86(2) 
88(l) 
92(l) 

Table 2 

Selected bond distances (A) and angles (“) for [{Os,(CO), ,),(dppa)] (1) 

OS(l)-Os(3) 
Os(4)-osw 
Os(5)-Os(6) 
Os(4)-P(2) 
P(l)-C(la) 
P(2)-C(2) 
P(2)-C(4a) 

OS(~)-O&-OS(~) 
Os(5)-Os(4)-Os(6) 
Os(4)-Os(6)-Os(5) 
os0-OS(l)-P(1) 
Os(6)-Os(4)-P(2) 
Os(4)-P(2)-C(2) 
P(2)-C(2)-C(1) 
os(2)-os(l)-c(12) 
os(l)-os(2)-c(2l) 
Os(3)-Os(2)-C(21) 
Os(l )-osu-C(3 1) 
Os(2)-Os(3)-C(31) 
Os(5)-Os(4)-C(42) 
Os(b)-Os(4)-C(42) 
os(4)-os~5)-c(51) 
Os(6)-Os(5)-C(51) 
Os(4)-0~(6)-C(hl) 
Os(5)-0s(6)-C(hl) 

2.907(3) 
2.877(3) 
2.881(3) 
2.321(12) 
1 X7(4) 
1X1(5) 
1 X3(4) 

60.6(l) 
59.8(l) 
59.7(l) 

108.8(3) 
108.6(3) 
115(l) 
173(4) 
93(l) 
93(l) 
90(l) 
87(2) 
86(2) 
93(l) 
82(l) 
84(l) 
94(l) 
92(l) 
840) 

Fig. 1. The molecular structure of [(Os,(CO),,),(dppa)] (1) 



linked by the phosphinoacetylene ligand which coordinates r?rr the two phosphorus 
centres and occupies equatorial sites on one osmium atom in each trio~mium 
cluster. The 04 1 )-OS(~) and OS(~)-OS(~) distances (average 1.9W3) A) are 
significantly longer than all other OS-OS distances (average Z.X’W?) .A). ‘I‘hi:, may 

0 

be due tu the stcric repulsion bctwcert the bulky dppa l&and and the adjacent 

equatorial carbonyl ligandh. This pronounced steric crowding in the neighhour- 

hood of the central C-C triple bond apparently leads 1~) the c+ser~cd hending of 
the central P-CX-P linkage; the phosphorus atoms arc no longtr colincar \vith 

the acctylenic CX bond (I‘ahlc 21. 
‘Treatment of the triosmium cluster, [Os,(CO),,,(NCMc),] with a three-ti)ld 

excess of dppa. in dichloromcthanc. proceeds at room tempcraturc over a period 

of 12 h to produce oligomcric spccics. [{Os,(C’O),,,(dpp~I)),] (2), [{OS JC‘O),,, 
(dppa)],] (3) and [{Os,(CO),,,(dppa)),I (4) which have been characteriscd on the 
basis of FAB mass spectra which show molecular ion pcahs at 24Sb i~alculwted 

I?1 /‘c = 2488), 373s (calculated 171/C' -= 37.31) and at 1070 ~c;~lcuiatctf I)I !c' -= -1WX) 

for 2-4 respectively. ‘The ” I‘{ ‘tt} NMR of 2 shows Ggnals at S -- lhh..~l :ind 
- 173.30 suggesting the presence of two inequivalent phosphorus atoms in the 
molecule. The ‘H NMR spectrum shows a multiplet at h 7.45 due to the phenyl 
resonance. For structural ch;lrHctcrisation of this dimeric spccics 2 an S-ray 

diffraction study was carried out vn ;I single crystal ubtainccl h\ t tic soherlt 
diffusion method (acctonitrilc into clichloromethanc/: hcx;rnc). The molecular 
structure of [(Os,(CO),,,(dppa)).] (2) sho\+s a stericallq struincd molecule. her-e 
the two triosmium clusters arc linked through two dppa ligancl\ in a ring fashion. 
This structural analysis provided further support for the car!icr suggestion that the 
dppa ligand does not undergo chelation. It is intcrcstin, 0 tc, note that c\en unde1- 

such unfavourably strained l:onditions the dppa ligand links tuo ~riosmium flux- 
tcrs. The molecular structure of 2 with its atomic. labellinp schcmc ix sho\\n in I;ig. 

-> 3 and some important bond lengths and bond angles arc prc~cntcd in ‘I-able 3. It is 
noteworthy that the carbon& in I and 2 are significantly different in ox-icntation. 
The axial carbonyls in 1 are tilrscntiaily perpendicular ii) thy 0:~~ tri;.tngle. h~)~.c\cr. 
those in 2 arc no longer pcrpcndicular to the triosmium unit. prohahl~~ hccause of 
the severe steric crowding of’ the molecule. 

The ” P(‘H} NMR spectra of 3 shows a singlet at ii -- 17-L. Ih suggesting that the 
phosphorus atoms are in identical cnvir’onmcnts. and hence a symmetrical arrange- 
ment of the phosphinoacctyl~l~e in the trimcr is expected. However. no satifactory 
“P NMR spectrum has been obtained for 4. The most prohahlc qtructurcs of the 
oligomers 3 and 4 arc shown rn Fig. 1:. 

In an attempt to synthesist the compound [Os,H ,CCO),I(AuPR :j2] [8] with 
dppa instead of with monodcntate phosphine. [N(PPh i),][Oc.iHTCCOi,,] was 
treated with Au,dppaC‘I , in ! hc presence of CYC~SS Et ,N ito aid in the I‘ormatinn 
of the dianbt. [<>s,H ,(CXT>J,,]’ i and TIPF,, (as a hali& acceptor) in CH(‘l~ 
under rcflux, to give a red compound as the only product isolated (CU. ?!I’; i aitcr 
chromatography on silica (a thin layer of purple material &posited on the inner 
surface of the reaction flask was not characterised). Fast rttom bombardment mass 
spectrum of this red compound pivcs a molecular ion at TV,‘: 3_;7S which dots not 
fit the expected product [{Us, t-i,(CO),l(Auldppa)j_] (calcuiatcd .?!74). To cstah- 
lish the identity. ;I single cry\t;ti X-ray diffraction study ot [hi:, ~onlpountl H ;1s 

undcrtakcn. It rcvcalcd a molecular t’crrmula of [{O\,IICc‘O), .,(A~dppa)]~] (5) for 
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CMJ 

Fig. 2. The molecular structure of [(Os,(CO),,(dppa)),l (2) 

this red compound, which is consistent with all the spectroscopic and analytical 
data. The molecular structure of 5 is shown in Fig. 4. Some selected bond 
parameters are listed in Table 4. The structure consists of two tetrahedral OS, 

Table 3 

Selected bond distances (A) and angles (“) for [(Os3(CO),0(dppa))z] (2) 

OS(l)-Os(2) 

OS(~)-OS(~) 

Os(2)-P(2) 

P(l)-C(la) 

P(2)-C(2O) 

PWC(3a) 

2.896(2) 

2.909(2) 

2.328(4) 

1.84(2) 

1.79(l) 

1.83(2) 

60.6(l) 

60.2(l) 

162.4(l) 

110.0(l) 
115.6(4) 

169.6(12) 

77.8(4) 

92.4(4) 

79.6(4) 

97.8(5) 

82.5(S) 

98.8(6) 

OS(l)-Os(3) 

OS(l)-P(1) 

P(l)-C(l0) 

P(l)-C(4a) 

P(2)-C(2a) 

C(lO)-C(20a) 

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

Os(2)-OS(l)-P(1) 

OS(l)-Os(2)-P(2) 

os(l)-P(1)-c(1o) 

P(l)-C(lOLC(20a) 

os(2)-os(l)-c(ll) 

os(3)-os(l)-c(11) 

os(l)-os(2)-c(22) 

OS(~)-OS(~)-C(22) 

os(l)-os(3)-c(33) 

OS(~)-OS(~)-C(33) 

2.865(2) 

2.330(4) 

1.76(l) 

1.83(2) 

1.85(2) 
1.22(2) 

59.1(l) 

105.4(l) 

161.1(l) 

118.5(5) 
175.2(12) 

95.7(4) 

83.1(4) 

95.7(4) 
73.1(5) 

93.0(5) 

74.5(5) 



units linked by two Audppa moieties. The gold atom of the Audppa group bridges 
one edge of the OS, cluster unit while the phosphorus atom at the other end of rhe 
Audppa unit coordinates to one of the OS atoms of another. OS, cluster to form a 
linkage between two OS, units. The same linkage is present at the other end of the 
two OS 1 clusters MI that the compound 5 has a cyclic at-rangcmer,r as observed in 

c14dl 
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Table 4 

Selected bond distances (A) and angles (“) for [{Os,H(CO),,(Audppa)),] (5) 

OS(l)-Os(2) 2.933(3) 
OS(l)-Os(4) 2.976(3) 
OS(~)-OS(~) 2.834(3) 
Os( 1 )-Au 2.744(3) 
Au-P(l) 2.277(1(I) 
Os(4)-C(41) 1.95(3) 
Os(4)-C(43) 1.93(4) 
P(2a)-C(2) 1.81(3) 

OS(~)-OS(~)-OS(~) 58.9(l) 
0s(3)-0s(1)-0s(4) 58.0(l) 
OS(~)-OS(~)-OS(~) 58.50) 
Os(3)-Os(2)-Os(4) 59.5(l) 
0s(1)-0s(3)-0s(4) 63.8(l) 
OS(~)-OS(~)-OS(~) 60.6(l) 
Os(2)-Os(4)-Os(3) 60.2( 1) 
OS(~)-Au-P(l) 149.X(2) 
os(3)-c(41)-os(4) SO(l) 
0s(4)-c~41)~0(41) 153(2) 
OS(~)-C(43)-O(43) 124(3) 
P(l)-C(I)-C(2) 172(4) 

OS(l)-Os(3) 
OS(~)-OS(~) 
os0-Os(4) 
Os(2kAu 
Os(3)-C(41) 
Os(3)-C(J3) 
P(l)-C(l) 
C(l)-C(2) 

OSQ-Os( I )-Os(4) 
ds(l)--OS(~)-OS(~) 
Os(l)-Os(2)-Os(4) 
OS(~)-OS(~)-OS(~) 
Os(2)-Os(3)-Os(4) 
0s(1)-0s(4)-0s(3) 
OS(~)-AU-OS(~) 
OS(~)-Au-P(l) 
0s(3)-c(41)-0(41) 
Os(2)-C(43)-Os(4) 
Os(4)-C(43)-O(43) 
P(2a)-C(2)-C(1) 

2.819(3) 
2.832(3) 
2.812(2) 
2.784(3) 
2.37(3) 
2.59(3) 
1.79(4) 
1.15(4) 

57.3(l) 
58.5(l) 
62.1(l) 
62.5(l) 
60.3(l) 
5X.2(1) 
64.1(l) 

145.7(3) 
126(2) 
76(l) 

159(3) 
173(4) 

compound 2. There are two asymmetric bridging CO ligands in each OS, units. It 
is worth noting that the reaction involves the loss of two H atoms and the addition 
of a phosphine, so that 5 may be considered as a substituted derivative of the 
[Os,H(CO),,]- anion. The ‘lP{‘H} NMR spectrum of 5 shows two singlets at 
- 149.0 ppm and -84.6 ppm which have been assigned to the phosphorus 
coordinated to the osmium atom and the gold atom respectively. The ‘H NMR of 
5 in CD,Cl, shows only one singlet at -20.51 ppm at room temperature and 
-50°C. However, the hydride atom cannot be located reliably from X-ray analysis 
or potential energy calculations [9]. The formation of 5 inevitably involves the loss 
of one Au atom from Au,dppaCl,. It has not been possible to establish the fate of 
this gold atom although it might be contained in the purple material deposited. 

Experimental 

Materials and methods 
All reactions were carried out under dry nitrogen by standard Schlenk and 

vacuum line techniques. Dichloromethane was dried over CaH, and [OS&CO),, 

(NCMe)l [lOI, [Os,(CO),,(NCMe),l 1101, [N(PPh,),l[Os,H,(CO),,l [ill, and [Au, 
dppacl,] [12] were prepared by published methods. Bis(diphenylphosphinoacety- 
lene), dppa, was used as obtained. 

IR spectra were recorded on a Perkin-Elmer 983 or FT 1710 spectrometer using 

0.5 mm solution cells. The ‘H NMR and the “P NMR spectra were recorded on a 
Bruker WM 250 and a Bruker 400 FT NMR spectrometer respectively. Mass 
spectra were recorded on an AEI MS 12 or a FAB MS 902 instrument. Routine 
separations of products were performed by thin layer chromatography on commer- 
cially prepared glass plates, precoated to 0.25 mm thickness with Kieselgel 60 F,,, 
(Merck). 
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Synthesis of l(Os_,~CO),,},(dppa)l (1) 
A solution of the activated cluster [Os,(CO),,(NCMe)] ( 100 mg) in 

dichloromethane (20 cm’) was treated with dppa (1.1 eq. 47 mg). The mixture was 
stirred under nitrogen at room temperature for 2 h. The solvent was removed 
under vacuum. Purification of the residue by thin layer chromatography with 
dichloromethane/ hexane (20/X0) as cluant gave a yellow major product in 6Vi 

yield. and this was charactcrised as [{OsJC’O), ,IZ(dppa)] (II. 

An excess of dppa as a solid was added to a solution of [Os,(CO),,,(NCMe),] 
(150 mg) in dichloromethane 120 cm”) and the mixture was stirred for 6 h at room 
temperature. The solvent was removed in ~XKXO. Purification of the residue h> 
TLC with dichloromethane/ hexane (30/7(l) as eluant afforded three major prod- 
ucts in variable yields. The first (orange) band was characterised as [{OsJCO),,,- 
(dppa)),] (2). The second (orange) band was identified as I[os,(cO),,,(dppa)};] (3). 
and the third (yellow) band was characteriscd as [{OS ,(~.‘O),,,(dppi;~!j,] (4). 

Table s 

Crystal data and data collection parameters for 1. 2 and 5 

Compound 1 2 5 

Crystal system 

Space group 

(I (A, 

h (A, 

(’ (A, 

0 (“1 

p (“) 

y (‘I 

c’(/?) 

z 

Formula wt. 

Calc. density (g cm ‘) 

Absorption coeff. (cm ‘) 

F‘(OO0) 

28 range (“) 

Scan type 
Scan speed (deg./min.) 

Scan range (‘) 

Reflections collected 

Unique reflections 

Observed reflections 

[F> Iu(l-91 

Absorption correction 

Weighting scheme 
5% _[ir‘(~-j.t~g,~] 1 

Ii 
Ku 

41% 

Psi-scans 

ih67 

Psi-xans 

g = 0.0010 
0.039 
0.04i) 
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Table 6 
Final atomic co-ordinates (X 104) for [(Os,(CO),,),(dppa)] (1) 

x v * 

OS(l) 
osm 
Os(3) 
Os(4) 
OS(S) 
OS(~) 
P(l) 
P(2) 
C(11) 
O(l1) 
CC121 
O(l2) 
C(13) 
O(13) 
C(21) 
O(21) 
CC221 
O(22) 
C(23) 
O(23) 
C(24) 
O(24) 
a30 
O(31) 
C(32) 
O(32) 
C(33) 
O(33) 
C(34) 
O(34) 
cc411 
O(41) 
Cc421 
O(42) 
cc431 
O(43) 
C(51) 
O(51) 
C(52) 
O(52) 
cc531 
O(53) 
cc541 
O(54) 
C(61) 
O(60 
C(62) 
O(62) 
Cc631 
O(63) 
C(64) 
O(64) 

6274(2) 
6731(2) 
5428(2) 
1480(2) 
1035(2) 
2467(2) 
5770(10) 
1969(11) 
7687(44) 
8513(43) 
4909(47) 
4077(38) 
6918(42) 
7214(40) 
8015(49) 
8762(55) 
5369(45) 
4605(36) 
7530(42) 
8021(40) 
6846(43) 
6834(32) 
6710(60) 
7520(41) 
4163(67) 
3305(42) 
4716(44) 
4189(32) 
5238(46) 
5091(44) 

770(45) 
352(40) 

2898(44) 
3662(40) 

158(61) 
- 655(45) 
2162(41) 
2863(34) 

36(51) 
- 666(47) 
1248(50) 
1405(43) 

- 135(47) 
- 894(54) 
3639(40) 
4394(34) 
2669(53) 
2941(45) 
1294(41) 
558(38) 

3390(55) 
3926(39) 

1559(l) 
1480(l) 
842(l) 

1387(l) 
1118(l) 
618(l) 

1484(4) 
1460(4) 
1305(14) 
1194(14) 
1767(15) 
1968(13) 
2101(14) 
2454(14) 
1146(17) 
957(18) 

1756(15) 
1964(12) 
1929(14) 
2269(14) 
1315(14) 
1284(11) 
555(20) 
375(14) 

1132(22) 
1279(14) 
546(14) 
431(11) 
492(15) 
289(15) 

1907(16) 
2236(14) 
1622(14) 
1810(13) 
1117(20) 
lOOO(15) 
1529(14) 
1674(11) 
1487(17) 
1797(15) 
789(17) 
55405) 
732(16) 
554(18) 
94403) 

1031(11) 
165(19) 

- 113(16) 
312(14) 
163(13) 
50708) 
39703) 

4240(l) 
2247(l) 
31680) 
7858(l) 
9770(l) 
8603(l) 
5829(8) 
6277(9) 
4488(31) 
4676(30) 
4017(33) 
3904(26) 
4374(30) 
4480(29) 
2459(34) 
2460(39) 
2026(31) 
1824(25) 
2225(30) 
2307(30) 
917(32) 
145(24) 

3490(42) 
3697(29) 
2780(46) 
2595(30) 
4188(32) 
4788(24) 
2151(33) 
1476(33) 
7983(33) 
8138(29) 
8210(31) 
8358(27) 
7493(43) 
7179(32) 

10103(29) 
10405(23) 
1011(x36) 
10425(33) 
10859(37) 
11519(31) 
9323(32) 
9156(38) 
9268(27) 
9631(24) 
9324(39) 
9847(32) 
8085(29) 
7715(27) 
7573(41) 
6934(28) 



Synthesis of /{Os,HkWI,, Audppa),] (5) 
Au,dppaCI1 (23 mg) was dissolved in warm CHCI, (30 cm’) at 50°C and 

N(PPh,)[H,0s,(C0),2] (40 mg) in the presence of Et,N (a l’~ drops) and TlPF,, 
(excess) was added. The solution was refuxed overnight. Purification of the 
reaction mixture by TLC with dichloromethane/ hexane (00/4t1) as eluant yield& 
[(Os,H(CO),,Audppa),] as the only extractable product. Red crystals of 5 were 
obtained in 30% yield with respect lo the Au reagent used by dov\ evaporation ot‘ ;I 
dichloromethane/ hexane solution at room tcmpcraturc 

Crystal data and data collection parameters for 1, 2 and 5 are summarized in 
Table 5. The intensity data were collected at room temperature on 21 Siemcns 
R3mV four-circle diffractometer using Mo-KcY radiation (h = 0.71069 A). The 
structures were solved by a combination of direct methods and Fourier- difference 
techniques and refined by full matrix least-square analysis. Hith OS and P atoms 
assigned anisotropic displacement parameters. The hydrogen atoms of the phenyl 
rings were fixed in calculated positions (C-H 0.06 ~4). Detailed experimental 
procedures for the crystallographic work were as previously described I1.31. For ail 
calculations the \;I~IUXI I.-1’1 I I\ programs were used [ 14/. Final atcrmic‘ coordinatcx 
for the structures of 1, 2 and 5 are listed in ‘Tables fi-8. 
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Table 7 

Final atomic co-ordinates (X 104) for [(Os,(CO),O(dppa)I,l (2) 

x 

OS(l) 5021(l) 

osca 
Os(3) 
P(l) 
P(2) 
6x10) 
C(20) 
C(l.4) 
C(lB) 
C(lC) 
C(lD) 
C(E) 
C(lF) 
C(2N 
C(2B) 
C(2C) 
C(2D) 
C(2E) 
C(2F) 
C(3N 
C(3B) 
C(3C) 

C(3D) 
C(3E) 
C(3F) 
C(4A) 
C(4B) 
C(4C) 
C(4D) 
C(4EJ 
C(4F) 
C(ll) 
Wl) 
C(12) 
O(12) 
C(13) 
(x13) 
C(21) 
O(21) 
C(22) 
O(22) 
Cc231 
(X23) 
C(31) 

O(31) 
C(32) 
O(32) 
C(33) 
(x33) 
cc341 
O(34) 

3382(l) 
3169(l) 
6547(3) 
2320(3) 
6809(12) 
2944(13) 
6575(13) 
7202(17) 
7141(19) 
654408) 
5937(18) 
5920(15) 

794(14) 
413(15) 

- 737(16) 
- 146909) 
- 1107(20) 

68(16) 
2185(12) 
3002(14) 
2915(16) 
2033(15) 
123906) 
1306(14) 
8009(13) 
8733(16) 
9774(19) 

10079(20) 
941109) 
8365(17) 
5998(14) 
6632(10) 
5535(15) 
5815(13) 
3888(15) 
327901) 
3692(14) 
3868(13) 
1993(16) 
115900) 
4817(16) 
5632(11) 
3806(17) 
4173(12) 
1649(16) 
778(13) 

3903(16) 
4328(11) 
2468(17) 
2021(14) 

Y 

3259(l) 
2286(l) 
4753(l) 
1704(3) 
1809(3) 
450(12) 
450(12) 

107803) 
- 41(17) 

- 574(19) 
68(18) 

1124(18) 
1655(15) 
160703) 
1369(14) 
1224(16) 
1273(17) 
1470(H) 
163405) 
2733(12) 
2.504(14) 
3280(15) 
4258(15) 
4524(16) 
3743(13) 
2031(13) 
1725(15) 
211708) 
2762(18) 
3071(18) 
26730 6) 
3495(12) 
3595(11) 
4434(14) 
5134(12) 
2981(13) 
2838(12) 
912(14) 
138(11) 

2944(13) 
3213(11) 
1869(13) 
1617(11) 
6064(17) 
6884(13) 
5442(15) 
587002) 
4240(13) 
4078(10) 
5071(15) 
532N12) 

z 

7403(l) 
9187(l) 
8683(l) 
6868(3) 

10912(3) 
7803(12) 

11612(11) 
5723(12) 
5639(15) 
4823(17) 
4103(17) 
4162(16) 
4989(13) 

1119202) 
10409(14) 
10579(15) 
1158306) 
12402(18) 
12208(15) 
11865(11) 
12488(12) 
13180(14) 
132OOU3) 
12522(14) 
11901(12) 
654N12) 
7218(15) 
6996(18) 
6040(17) 
5287(18) 
5592(15) 
8239(11) 
8691(10) 
6285(13) 
5647(11> 
6706(12) 
6283(10) 
8677(12) 
8247(9) 
8603(11) 
8254(10) 
9761(12) 

10089(10) 
8195(16) 
7884(14) 
951305) 
9992(12) 
9885(16) 

10592(10) 
7481(18) 
6781(11) 



230 

Table X 

Final atomic co-ordinates t A 10”~ for (5) 

Au 

OS(l) 
Os(2) 

Os(3) 
OS(J) 

P(l) 
P(2! 
cc 1 ) 
C(2) 
C( I 1) 
O(11) 
c‘(l.2) 
O(E) 
C(l3) 
O(l3) 
C(?I) 
O(?l) 
cc?) 
O(22) 
C(2i) 
O(23) 
C(31) 
O(3 1) 
am 
O(32) 
Cm) 
O(33) 
C(41) 
O(31) 
C(42) 
O(42) 
C(33) 
O(43) 
(‘(IA) 
c(m) 
C(IC) 
ccin, 
cc 1E) 
UlF) 
C(2‘4) 
C(2B) 
C(2C) 
C(?D) 
C(2E) 
C(2F) 
C(3A.j 
C13B) 
C(K) 
(‘(3DI 
C(3E) 
C‘(3FI 

2Y27( I ) 
354Y( 1) 
4 161x 1 ) 
5047c I ) 
243x 1) 
21X0(7) 

33X(7) 
142X(?‘)) 
XOh(33) 

WW33) 
3b46(24) 
5033cu) 
5YYZ25) 
73h7(30) 
174’)(27) 
3421(31) 
30X7(24) 
47W33) 
5704(24) 
561x37) 
0470(x) 
564x32) 
5YM23) 
bhOJ(36 I 
7581126) 
5631KZYI 
594?(24) 
3131(27) 
303x20) 
261x37) 
36XN321 
1730(31) 
Y71(23) 

330X(25) 
3547(30) 
4490(363 
5331C3.5) 
5201(32) 
4.x)7(32) 

x6( 2s ) 
X36(37) 

~- 262(30) 
- 1 lYX(37) 
- 1075(34~ 

-- 2Y(35) 
- 3MK30) 

163(41) 
- 321(35) 
- Y72(37) 

- 1305~31) 
- Y54(.35) 

X08( 1) 
2467( 1) 
1359(l) 
1344(l) 

-123(l) 
3536(7) 

-- 1 I X716) 
2hY7(25) 
212X(30~ 
25SS(30) 
2654(E) 
3X70(30) 
47YY(22) 
3020(32) 
350X(24) 
116x27) 
WY(21) 
17N30) 

_ 23x22) 
273Y(33) 
34x 1126) 
17X0(2’) ) 
lY83(21 i 
2556(32, 
3327(73) 

18X(27) 
__ 521(22) 

hSc?4) 
- lOh(18) 

-~ 13X2(30) 
2254c 1) 

- 107(2X~ 
- 3Y2(20) 
4X90(22) 
520x27) 
hxx32) 
7062i32) 
h77Y(?Y) 
5701(2Y) 
3X33(23) 
4Xx(3.3) 
3942(2Y) 
4043(32f 
3 IU3(30) 
.302x32) 

-‘X0(27) 
346( 36 ) 

1 II 202) 
1413(35) 
944(2X) 

X2(32) 
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Table 8 (continued) 

x Y 2 

C(4A) - 96(26) - 2285(23) 7972(20) 

C(4B) - 1278(34) - 2742(30) 7997(25) 

C(4C) - 1609(36) - 3621(30) 8360(26) 

C(4D) - 779(34) - 3937(31) 8728(27) 

C(4E) 446(35) - 3532(31) 8608(26) 

C(4F) 790(33) - 2639(28) 8244(24) 
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