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Some Reactions of [OS,(~-H),(CO)~(~,-CX)] (X = OMe or 
CI): The Formation of C-N and C-P Bondst 

Brian F. G. Johnson, Fernando J. Lahoz, Jack Lewis,* Neville D. Prior, Paul R.  Raithby and 
Wing-Tak Wong 
University Chemical Laboratory, Lensfield Road, Cambridge C82 I EW, UK 

The reaction of [Os3(p-H),(CO),(p3-COMe)] 1 with a slight excess of the sterically hindered base 
1,8-diazabicyclo[5.4.0]undec-7-ene (dbu) affords the anion [OS,(~-H),(CO),(~,-COM~)] - 3 which has 
been isolated as its N(PPh,),+ salt in high yield. Treatment of 3 with [Au( PPh,)]CI in the presence of TIPF, 
gives [Os3(p-H),(p-A~PPh,)(CO),(p3-COMe)] 4 in high yield. The cluster [Os,(p-H),(CO),(p3-CCI)] 2 
reacts with 1 equivalent of dbu to produce a highly unstable species thought to be [OS,(~-H)~(CO),(~,-  
CCI)] - which, in the presence of excess of dbu, gives the yellow compound [Os,(~-H),(CO),(p3-CN,- 
C,H,,)] 5 in good yield. This reaction has been found to be general and the reaction of 2 with 1 equivalent 
of dbu in the presence of a twenty-fold excess of the required nucleophile Y gives the compounds [O%- 
(p-H),(CO),(p,-CY)] (Y = pyridine 6, quinoline 7, isoquinoline 8 or trimethyl phosphite 9). The molecular 
structures of complexes 4,5,7 and 9 have been established by single-crystal X-ray analysis. Both structural 
features and spectroscopic data for compounds 4-9 are consistent with a zwitterionic formulation of these 
species. Complex 7 exhibits a strong negative solvatochromism in a wide range of organic solvents, 
suggesting a less-polar excited state upon photoexcitation. 

The chemistry of alkylidyne clusters [M3(p-H),(C0),(p3-CX)] 
of the iron triad is currently under active investigation.’ The 
reactivity of these compounds has been shown to involve (i) 
modification of the alkylidyne substituent,2 (ii) ligand sub- 
stitution on the metal centres,, (iii) protonation and deproton- 
a t i ~ n , ~  (iu) alkyne insertion into the M-CX bond’ and ( u )  
reductive elimination of CX groups.6 

The alkylidyne substituents of [M3(p-H)n(CO),(p3-CX)] 
(M = Ru or Os, n = 2 or 3) are mainly confined to carbon-, 
oxygen- or halogen-containing groups., We now report a 
general synthetic route to a new class of triosmium alkylidyne 
clusters with nitrogen or phosphorus substituents on the apical 
carbon atom. 

Results and Discussion 
The reaction of [OS,(~-H) , (CO)~(~~-COM~)]  1 with a slight 
excess of the sterically hindered base 1,8-diazabicyclo[5.4.0]- 
undec-7-ene (dbu) (1.2 equivalents) in CH2Cl, affords the 
anionic cluster [Os,(p-H),(CO),(p,-COMe)] -3 which can be 
isolated as its “J(PPh,),+ salt in high yield. Treatment of 3 with 
a slight excess of [Au(PPh,)]Cl in the presence of TIPF6 in 
CH,C12 at room temperature gives [Os,(p-H),(p-AuPPh,)- 
(C0),(p3-COMe)] 4 in good yield. The cluster [oS~(p-H)3- 
(CO),(p,-CCl)] 2 reacts with 1 equivalent of dbu to produce a 
yellow species, thought to be [OS,(~-H)~(CO), (~~-CC~)]  - 
which decomposes rapidly even at low temperature (- 50 “C). 
However, in the presence of excess of dbu, a yellow compound 
[Os3(p-H),(CO),(p3-CN2CgH 6)] 5 can be isolated in good 
yield. This observation on the [0~~(p-H)~(CO)~(p~-CCl)]--dbu 
system led us to a general route for the preparation of the species 
[OS,(~-H)~(CO),(~~-CY)] (Y = Lewis base). The reaction of 
[OS, (~ -H)~(CO) , (~~-CC~) ]  with 1 equivalent of dbu, in the 
presence of a twenty-fold excess of the required nucleophile (Y), 
gives the compound [OS,(~-H)~(CO),(~~-CY)] in moderate to 
good yields. It is assumed that the nucleophile used will have a 

t Supplementary data available: see Instructions for Authors, J. Chem. 
SOC., Dalton Trans., 1992, Issue 1, pp. xx-xxv. 

higher nucleophilicity than dbu, hence limiting the formation of 
5. Utilising this synthetic pathway, we have been able to 
introduce a variety of substituents (pyridine, quinoline, iso- 
quinoline and trimethyl phosphite) at the apical carbon atom of 
the alkylidyne cluster. However, attempts to replace the dbu 
with a more sterically hindered base such as l,g-bis(dimethyl- 
amino)naphthalene (proton sponge) failed to give any reaction. 
Using KOH-MeOH as the deprotonating agent with 2 gives 3 
in moderate yield. These reactions are summarised in Scheme 1. 
The detailed mechanism has not been established. However, it is 
believed that the anionic species generated by deprotonation of 
2 may dissociate to give a chloride ion and a highly reactive 
transient species ‘Os,(p-H),(C0),(p3-C)’ which is trapped by 
the nucleophile (Y) to give the product [Os3(p-H),(CO),(p3- 
CY)] (Scheme 2). 

The spectroscopic data (IR, ‘H NMR and mass spectroscopic) 
for the new compounds are summarised in Table 1. Compounds 
5-9, as expected, have many common spectral features. They 
have very similar solution IR spectral patterns in the carbonyl 
stretching absorption region suggesting that they are iso- 
structural. Although they are neutral molecules, the values of 
the carbonyl stretching frequencies are all at lower wavenumber 
compared with those of 1 and 4. This may be taken as an 
indication of the electron richness of the metal cores in this class 
of complexes. Compounds 5-8 all show a singlet and 9 shows a 
doublet in the hydride region of the ‘H NMR spectrum in the 
range 6 - 18 to -21. The proton signals due to the organic 
moieties in 5-9 are fully consistent with the solid-state struc- 
tures (in the case of 5,7 and 9)  or the proposed structures (6 and 
8). However, no attempt was made fully to assign all these 
signals. 

The molecular structures of complexes 4,5,7 and 9 have been 
established by single-crystal X-ray analyses. That of 4 is shown 
in Fig. 1 and selected bond distances and angles are presented in 
Table 2. The methoxymethylidyne ligand p3 bridges the 
osmium triangle and the 0s-C (alkylidyne) bond lengths are 
essentially equivalent. Two carbonyl ligands make relatively 
short contacts with the Au atom [Au C(13) 2.76, Au 
C(32) 2.70 A]. A similar observation has been reported for the 
analogous ruthenium  omp pound.^ Recent molecular orbital 
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Scheme 2 
(CO),(p,-CY)] (Y = Lewis base) from [OS,(~-H)~(CO),(~~-CCI)] 

Proposed mechanism for the formation of [Os,(p-H),- 

calculations by the Fenske-Hall method on [Fe,(CO), *(p3- 
CH)(CuPH,)] have shown that the close contacts of carbonyls 
to the Cu atom are not a consequence of electronic effects, but 
rather of steric factors.8 The molecular structures of 5, 7 and 9, 
as shown by X-ray analyses, all consist of a triosmium 
alkylidyne metal core with the nucleophiles [dbu in 5, quinoline 
in 7 and P(OMe), in 91 bonded to the p,-bridging alkylidyne 
carbon atom. The structure of5 shows the dbu ligand to have co- 
ordinated via the less sterically hindered, yet less basic, nitrogen 
atom. This result is almost certainly derived from unfavourable 
steric interactions between the incoming dbu ligand and the 
pseudo-equatorial carbonyl ligands, pointing towards the co- 
ordinated dbu. The molecular structure and space-filling model 

Fig. 1 
COMe)]4 

The molecular structure of [Os,(p-H),(p-AuPPh,)(CO),(p3- 

of 5 are shown in Figs. 2 and 3 respectively. The double bond 
originally present in the dbu molecule appears to be delocalised 
over N(2)-C(108)-N(l), as shown by the bond angle around 
C(108) and the equality of the N(2)-C(108) and N(l)-C(108) 
bond lengths, see Table 3. The hydride atoms of 5, evident from 
the 'H NMR spectrum, cannot be located by X-ray analysis. 
However, potential-energy calculations suggested that one 
bridges the Os(l)-Os(3) edge and the other the Os(2)-Os(3) 
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Table 1 Spectroscopic data for new compounds of the type [0s3(p-H),(CO),(p3-CX)] 

Compound IR, v(CO)/cm-' 

3 

?Me 2068w, 2028s, 1997vs, 1970w, 
1952m, 1924m [*] ..-- --. 

OMe 2093m. 2057s, 2039vs, 2009m, 

4 

PPh3 

5 

6 

7 

8 

9 

g o - - :  d 

C 

C 0: I 

C 

..-- A --. 

'H  NMR" 
7.74 [30 H, m, N(PPh,),+] 
3.70 (3 H, s, OMe) 

7.48 (1  5 H, m, Ph) 
3.89 (3 H, s, OMe) 

-20.35 [2 H, d, 3J(PH) = 1.5, OsHj  

Mass 
spectrum, 
mlz 
- 

1332 
(1 332) 

2080m, 2 0 4 6 ~  20 14vs, 1999m, 4.18 (2 H, m, Ha) 
3.88 (2 H, br, Hb) 
3.54 (2 H, m, H,) 
3.37 [2 H, t, J(H,H,) = 6, Hd)] 
2.13 (2 H, m, He) 
1.83 (4 H, br, H,) 
1.75 (2 H, br, Hg) 

1974s. 1941m. 1924m 

- 18.95 (2 H, S, OSH) 

994 
(994) 

2091m, 2055vs, 2024vs, 2000m, 
1983s, 1950m, 1935m 

9.69 [2 H, dd, J(HaHb) = 6.9, J(H,H,) = 1.2, Hal 92 1 
8.26 [l H, tt, J(H,Hb) = 7.5, J(H,Ha) = 1.2, H,] (92 1) 

2090m, 2055vs, 2023vs, 2000m, f3J: 1983s, 1950m, 1935m 
f \  

S I  
C 

_..- A --- 
d 2090m, 2054vs, 2024vs, 200 1 m, 

1982s, 1950m, 1934m 

...- ---. 

y w 3  
C 1981s, 1961m, 1945m 

2099m, 2060vs, 2030vs, 20 15m, 

11.05 [l H, dd, J(HaHb) = 6.1, J(HaH,) = 1.2, Ha] 
10.02 [l H, d, J(HgHr) = 9.1, Hg] 
8.92 [ 1 H, d, J(H,H,) = 8.2, H,] 
8.17 (2 H, m, H, and Hd) 
7.82 [l H, dt, J(H,H,) = J(HeH,) = 7.9, J(HeHg) = 0.7, 

He1 
7.43 [l H, dd, J(H,Ha) = 6.1, J(HbH,) = 8.2, Hb] 

- 18.58 (2 H, S, OSH) 

10.40 [l H, d, J(H,Ha) = 1.3, Hg] 
9.18 [l  H, dd, J(HaHb) = 7.0, J(HaHg) = 1.3, Ha] 
8.20 [ 1 H, d, J(H,H,) = 8.3, H,] 
8.07 (1 H, m, Hd or He) 
7.98 [l H, d, J(H,H,) = 7.7, H,] 
7.84 (1 H, m, H, or He) 
7.80 [ 1 H, d, J(HbHa) = 7.0, Hb] 

- 18.8 1 (2 H, S, OSH) 

3.97 [9 H, d, ,J(PH) = 10.5, OMe] 
- 20.43 [2 H, d, 'J(PH) = 2.6, OSH] 

973 
(973) 

973 
(973) 

966 
(966) 

---- A --- 
" J values in Hz. * Calculated values (based on '*'OS) given in parentheses. 

edge. These two edges (average 2.879 A) are significantly longer 
than the Os( 1)-0s(2) bond [2.739(1) A]. This is consistent with 
the general observation that M-M distances are increased when 

bridged by a hydride atom.g So far as we are aware, 5 is the only 
example of a dbu derivative of a carbonyl cluster that has been 
structurally characterised. The molecular structures of com- 
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Table 2 
AuPPh,)(CO),(p3-COMe)]4 

Selected bond lengths (A) and angles (") for [ O S ~ ( ~ - H ) ~ ( ~ -  

OS( 1 )-Os(2) 
OS( 1 ) -0~(3)  
OS( ~)-OS(  3) 
OS( 1 )-AU 
Os(3)-Au 
OS( 2)-c 
Os( 1)-c 
OS( 3)-C 

OS( ~)-OS( 1 )-OS( 3) 
OS( 1)-0~(2)-0~(3) 
OS( 1)-0~(3)-0~(2) 
OS( 1 )-Au-OS( 3) 
OS( ~)-OS( 1 )-AU 
OS( I )-OS( 3)-Au 
Os( 1 )-c-OS( 2) 
OS( 1 )-C-Os( 3) 
OS(2)-C-OS( 3) 
OS( 1 )-c-0 

2.902(3) AU-P 2.30( 1) 
2.886(3) C-0 1.32(5) 
2.889(4) 0-C( 1) 1.43(8) 
2.740(3) AU - C( 13) 2.76(4) 
2.770(2) AU C(32) 2.70(4) 
2.1 l(4) Os-C(carbony1) 1.74-1.94(5) 
2.20( 4) C-O(carbony1) 1.14- 1.25(8) 
2.1 l(5) 

59.9( 1) 
59.q 1) 
60.3( 1) 
63.2( 1) 
58.9( 1) 
57.9( 1) 
85(2) 
84(2) 
87(2) 

126(3) 

Os(2)-C-O 123(4) 
OS( 3)-C-O 1334) 
c-O-C( 1 ) 1 15(4) 

Au-P-C(2a) 113(2) 
Au-P-C(3a) 1 13(2) 
C( la)-P-C(2a) 107(2) 
C( la)-P-C(3a) 107(2) 
C(2a)-P-C(3a) 104(3) 
Os-C-O(carbony1) l a  1 78(4) 

Au-P-C( 1 a) 112(2) 

Fig. 2 The molecular structure of [ O S ~ ( ~ - H ) , ( C O ) ~ ( ~ , - C N ~ C ~ H  6] 5 

;c4 

Fig. 3 Space-filling drawing of complex 5 

plexes 7 and 9 are shown in Fig. 4 and 5, respectively, and 
selected bond parameters are in Tables 4 and 5. The basic metal 
cluster core units are essentially identical to that observed in 5. 
The average non-bridged Os-0s bond length for 5, 7 and 9 
[2.746( 1) A] is notably shorter than the 2.887(3) A observed in 
[ O S , ( C O ) ~ ~ ] , ~ ~  whilst the mean value of 2.881(6) A for the 

Table 3 Selected bond lengths (A) and angles (") for 
( C O ) ~ ( ~ ~ - C N Z C ~ H ,  d1 5 

OS( 1 )-Os(2) 

Os( 1)-C( 1) 
Os(2)-C( 1) 
OS( 3)-C( 1 ) 
C(1)-N(1) 
N( 1 )-C( 1w 
C( 100)-C( 10 1 ) 
C(101)-C( 102) 

0 ~ ( 2 ) - 0 ~ (  1)-0~(3) 
OS( 1)-0~(2)-0~(3) 
Os( l)-os(3)-os(2) 
Os( 1 )-C( 1 )-Os( 2) 
OS( 1)-C( 1)-0~(3) 
0~(3)-C( 1)-0~(3) 
OS( 1)-C( 1)-N( 1) 
0~(2)-C( 1)-N( 1) 
0~(3 ) -C(  l)-N(l) 
C( 1)-N( 1)-C( 100) 

C(lOO)-N(l)-C(108) 
N(l)-C(lW)-C(101) 

OS( 1)-0~(3) 
0 ~ ( 2 ) - 0 ~ ( 3 )  

N(l)-C(108) 

C( 1 )-N( 1 )-C( 108) 

2.739( 1) 
2.883( 1) 
2.875( 1) 
2.12(2) 
2.14(2) 
2.14(2) 
1.44(2) 
1.55(3) 
1.35(2) 
1.45(4) 
1.44( 5 )  

61.4(1) 
61.7(1) 
56.8( 1) 
80.1(6) 
85.3(7) 
84.3( 7) 

138( 1) 
125(1) 
126(1) 
116(2) 
127(2) 
117(2) 
1 13(2) 

N(2)-C( 102) 

N(2)-C( 103) 
C( 103)-C( 104) 
C( 104)-C( 105) 

C( 106)-C( 107) 
C( 107)-C( 108) 
Os-C(carbon yl) 
C-O(carbony1) 

N(2)-C( 108) 

C( 105)-C( 106) 

c(100)-c(101)-c(102) 
N(2)-C(102)-C(101) 

C( 102)-N(2)-C( 108) 
C( 103)-N(2)-C( 108) 
N(2)-C( 103)-C( 104) 
C( 103)-c( 104)-C( 105) 
C( 104)-C( 105)-C( 106) 
C( 105)-C( 106)-C( 107) 

C( 102FN(2)-C( 103) 

N( 1 )-C( 108)-C( 107) 
N(2)-C( 108)-C( 107) 
N( 1)-C( 108)-N(2) 
Os-C-O(carbon yl) 

COS,(P-H),- 

1.48(3) 
1.35(2) 
1.47( 3) 
1.5 1 (4) 
1.42(5) 
1.4 1 ( 5 )  

1.48(3) 

1.1&1.22(4) 

1.54(4) 

1.83-1.97(3) 

1 15(3) 
108(2) 
114(2) 
125(2) 
122(2) 
113(2) 
120( 3) 
118(3) 
116(3) 
119(2) 
119(2) 
122(2) 
174- 1 80(3) 

O(21) u v O(33) 
Fig. 4 The molecular structure of [Os3(p-H),(CO),(p,-CNC9H,)] 7 

hydride-bridged Os-0s distance is similar to that observed in 
[Os,(CO), 2]. The metal-alkylidyne carbon bond distances are 
typical of those in osmium alkylidyne clusters already 
structurally characterised. The best bonding description of 
these species is a charge-separated, zwitterionic formulation as 
shown in Fig. 6. This formulation is consistent with the solution 
IR spectra of these compounds which show unusually low 
carbonyl stretching frequencies for neutral triosmium carbonyl 
clusters. Furthermore, the I3C NMR spectrum of 6 showed an 
upfield resonance for the methylidyne carbon (6 29.9) in CD2C12 
at room temperature. This value is similar to that reported for the 
compound [OS,(~-H>~(CO),(~~-CCO)].~ However, thesignals 
of the methylidyne carbon in [OS,(~-H)~(CO),(JL,-CX)] (X = 
H, Me, Ph, OMe, F, C1 or Br) appear in the region 6 1 10-220.27'2 

Compounds 5 9  show a variety of colours (5, yellow; 6, red; 7, 
purple; 8, deep red; 9, creamy yellow) in the solid state. 
Molecular orbital calculations by the Fenske-Hall method 
show that the highest occupied molecular orbital (HOMO) of 
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Table 4 Selected bond lengths (A) and angles (") for [Os,(p-H),- 
(CO),(p,-CNC,H,)I 7 

Os( 1 )-Os(2) 

OS( 1 )-C( 1 ) 
OS(2)-C( 1) 
0~(3)-C( 1 ) 
C( 1 )-N 
N-C(2) 
N-C( 10) 
C( 2)-C( 3) 

OS( ~)-OS( 1 )-OS( 3) 
OS( 1 )-OS( ~)-OS( 3) 
OS( 1 )-OS( 3)-0~(2) 
Os( 1 )-C( 1 )-Os(2) 

OS( 1)-0~(3) 
OS( 2)-Os( 3) 

OS( 1 )-C( 1 )-OS( 3) 
OS( 2)-C( 1 )-OS( 3) 
OS( 1 )-C( 1 )-N 
0~(2)-C( 1 )-N 
OS( 3)-C( 1 )-N 
C( I )-N-C( 2) 
C( 1 )-N-C( 10) 
C( 2)-N-C( 10) 
N-C( 2)-C( 3) 

2.888( 1) 
2.87 1 (1) 
2.743( 1) 
2.16(2) 
2.13(2) 
2.1 l(2) 
1.44(3) 
1.36(2) 
I .38(2) 
I .38(3) 

56.9( 1) 
61.2(1) 
61.9(1) 
84.8(7) 
84.6(7) 
80.8( 7) 

124( 1) 
136( 1) 
130(1) 
1 17(2) 
125(2) 
1 17(2) 
1 24( 2) 

1.36(3) 
1.37(3) 
1.42(3) 
1.44(3) 
1.34( 3) 
1.39(3) 
1.34( 3) 
1.40( 3) 
1.82-1.97(2) 
1.13-1.21 (3) 

118(2) 
121(2) 
1 24( 2) 
1 19(2) 
1 17(2) 
122(2) 
121(2) 
119(2) 
124(2) 
120(2) 
123(2) 
1 17(2) 
175- 179( 3) 

A O(33) h 

Fig. 5 The molecular structure of [OS, (~-H)~(CO)~{ p3-CP(OMe),)] 9 

Y+ 
I 

Fig. 6 Zwitterionic formulation for [0s,(p-H),(CO),(p3-CY)] (Y = 
Lewis base) 

these compounds is largely metal based (ca. 70%), whilst the 
lowest unoccupied molecular orbital (LUMO) is mostly 
dominated by the organic moiety.I3 The intense colour of these 
compounds undoubtedly arises from a strong absorption due to 
a metal-to-ligand charge-transfer (m.1.c.t.) transition. A study of 
complex 7 in a variety of organic solvents by UV/VIS 
spectroscopy demonstrated that the m.1.c.t. transition band 
displays negative solvatochromism. The spectra in acetone, 
dichloromethane and hexane are shown in Fig. 7, whilst optical 
spectral parameters for a range of solvents are summarised in 
Table 6.  This phenomenon has been recently observed in a series 
of mononuclear transition-metal carbonyl complexes. Solvato- 

Table 5 Selected bond lengths (A) and angles (") for [Os,(p-H),- 
(CO)9(P&P(OMe),)l 9 

OS( 1 )-OS( 3) 
OS( 1)-0~(3) 
0 ~ ( 2 ) - 0 ~ (  3) 
Os( 1)-C( 1) 
Os(2)-C( 1) 
0s(3)-c( 1) 
P-C( 1) 
P-O(2) 

0 ~ ( 2 ) - 0 ~ (  1 )-OS( 3) 
Os( l)-os(2)-0s(3) 
OS( 1 )-0~(3)-0~(2) 
OS( 1)-C( 1)-0s(2) 
Os( 1)-C( 1)-0s(3) 
Os(2)-C( 1)-0s(3) 
OS(1 )-c(1 )-p 
OS(2)-C(l)-P 
0~(3)-C( 1)-P 
C( 1 )-P-0(2) 

2.757(2) P-0(3) 1.51(3) 
2.884(2) P-0(4) 1 S O (  5) 
2.885(2) 0(2)-C(2) I .46( 7) 
2.10(2) 0(3)-C(3) 1.37(6) 
2.10(3) 0 (4 tC(4 )  1.33(9) 
2.16(4) 0s-C(carbony1) 1.841.97(6) 
1.65(4) C-O(carbony1) 1.09-1.21(9) 
1.53(3) 

6 1 3  1) 
6 1.4( 1) 
57.1( 1) 
82(1) 
85(1) 
85(1) 

131(2) 
132( 1) 
125(2) 
1 lO(2) 

C( 1 )-P-0(3) 
C( 1 )-P-0(4) 
O(2)-P-O( 3) 
0(2)-P-0(4) 
0(3)-P-0(4) 
P-O( 2)-C(2) 
P-O(3)-C(3) 
P-O(4)-C(4) 
0s-C-O(carbony1) 

11  l(2) 
114(2) 
107(2) 
11 l(3) 
103(2) 
128(2) 
145(5) 
I SO(4) 
1 70- 1 78( 4) 

Table 6 Optical spectral parameters for [Os,(p-H),(CO),(p,- 
CNC9H,)] 7 in various organic solvents 

1 0 ~ ~ / m ~ m o l - ~  
Solvent Colour )Imax/nm k0.5 
Hexane 
Carbon tetrachloride 
Chloroform 
Toluene 
Dichloromethane 
Diethyl ether 
1 ,ZDichloroethane 
Butanof 
Ethanol 
Ethyl acetate 
Tetrahydrofuran 
Ethyl methyl ketone 
Methanol 
Acetone 

Green 
Green 
Blue 
Blue 
Purple 
Purple 
Purple 
Purple 
Purple 
Lilac 
Lilac 
Pink 
Red 
Red 

620 
61 1 
578 
577 
566 
565 
562 
559 
552 
550 
550 
54 1 
540 
536 

4.0 
3.7 
4.3 
4.2 
4.4 
4.4 
4.5 
4.4 
5.0 
4.2 
4.4 
4.3 
4.4 
4.0 

( i )  ( i i )  ( i i i )  

I I I ----- -- 

400 500 600 700 800 
htn rn 

Fig. 7 The UV/VIS spectra of [Os3(p-H),(CO),(p,-CNC9H,)] 7 in (i) 
acetone, (ii) dichloromethane and (iii) hexane 

chromism is only seen if the solvent-solute interaction in the 
ground state shows a significant difference from that in the 
excited state of the molecule. Compound 7 has a ligand-metal 
framework in which the bonding is polarised in the ground 
state, probably due to a dominating CJ donation from the 
nitrogen heterocycle. However, on m.1.c.t. excitation, this 
polarisation will be either reduced, compensated, or even over 
compensated for, by transfer of an electron from the metal- 
based orbital (HOMO) to the empty n* orbital of the organic 
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Molecular formula 
M 
Crystal colour, habit 
Crystal size (mm) 
Space group 
4 
h / A  
<./A 
PI' 
u i ~ 3  
z 
D,/g ~ m - ~  
F ( o w  
p( Mo-Ka)/cm-' 
Diffractometer 
20 Range/" 
Scan speed/" min-' 
Scan range (w)/' 
Reflections measured 
Unique reflections 
Observed reflections 

Absorption correction 
Weighting scheme, w 

(criterion) 

R 
R' 

4 

C29H20Au01 0°s3p 
1327.0 
Yellow rectangular plates 
0.18 x 0.22 x 0.45 
P2 1 JC 

13.424(6) 
17.026(4) 
15.845(6) 
110.84(1) 
3385(2) 
4 
2.604 
2384 
156.55 
Nicoiet R3m/v 
5 4 5  
3 .OO-29.30 
1.40 plus Ka separation 
469 1 
4153 
2504 [F > 3o(F)] 

W-Scan method 
[a2(F) + 0.022(F)2]-' 

0.083 
0.078 

5 

988.94 
Yellow rectangular plates 
0.04 x 0.30 x 0.31 
p2 1 In 
9.1 82(2) 
17.911(5) 
14.798(4) 
100.28(2) 
2394(3) 
4 
2.743 
1784 
159.20 
S t oe-Siemens 

C19H1t3N2090s3 

5-50 
1.5@-6.0 
1.20 plus Ka separation 
4539 
4214 
3493 [F > 4o(F)] 

Numerical method 
6.9187/[02(F) + 
0.052 
0.059 

0.004(F)21 

7 

956.86 
Purple blocks 
0.23 x 0.2 x 0.34 
p2,lL. 
9.095( 5 )  
11.859(3) 
30.423(4) 
100.63(2) 
2165(3) 
4 
2.935 
1720 
176.03 
Stoe-Siemens 
5 4 5  
1.50-6.00 
1.20 plus Ka separation 
3089 
2827 
2384 [F > 4o(F)] 

C19H9N090s3 

W-Scan method 
1.3048/[02(F) + 
0.056 
0.057 

0.001 (F)*] 

9 

960.8 1 
Pale yellow blocks 
0.08 x 0.09 x 0.15 
c2 /c  
32.627(5) 
8.48 l(4) 
18.814(4) 
1 24.49( 1 ) 
4920(4) 
8 
2.974 
3424 
178.37 
Stoe-Siemens 
5 4 5  
1.50--6.00 
1.20 plus KZ separation 
3097 
2803 
1842 [ F  > 4o(F)] 

C13H110120s3P 

Numerical method 
2.1 785/[02(F) + 

0.001 4(F)'] 
0.06 1 
0.060 

* Details in common: crystal system, monoclinic; a = y = 90"; T = 298 K; Mo-Ka radiation ( h  = 0.710 69 A); 0-28 scan mode; background 
measurement, stationary crystal-stationary counter at beginning and end of scan, each for 25% of total scan time. 

Table 8 Atomic coordinates ( x lo4) for compound 4 

Xla  
1 343( 2) 
216(2) 

1543(1) 
3261(1) 
505 1 ( 10) 

184(39) 
- 707(25) 
- 567(50) 

133(57) 

1660( 50) 
2 140(36) 
2266(44) 
2845(28) 

- 603(39) 

-627(37) 
- 1193(33) 
- 907(52) 
- 1556(34) 

633(39) 
1062(33) 
744(43) 
232(33) 

Ylb 
8157(1) 
6678( 1) 
6956( 1) 
7445( 1) 
7284(6) 
7 5 24( 26) 
7814(19) 
8384( 36) 
8 766(4 1 ) 
9109(28) 
8963(38) 
9474(27) 
8416(30) 
8566( 19) 
6009(26) 
5532(24) 
701 O(38) 
7371(24) 
5933(27) 
5 53 7( 2 5) 
63 5 7( 30) 
6034(24) 

z/c 
1329( 1) 
1174(1) 
113(1) 

1595( 1) 
2382(9) 

191(34) 
- 397(22) 
- 1006(43) 

131 l(48) 
1285(32) 
61 l(44) 
393(31) 

2442(40) 
3 192(25) 
425(33) 

- 139(29) 
1444(44) 
1 65 1 (30) 
2143(36) 
2786( 30) 
- 825(38) 
- 1524(30) 

Xla 
2768(36) 
3379(27) 
1915(44) 
2235(28) 
53 13(35) 
6424(49) 
6572(53) 
5803( 58) 
4820(55) 
451 7(37) 
5680(41) 
5475(51) 
5933(59) 
656 l(50) 
6764(63) 
6387(44) 
5 8 14(4 1) 
6830(36) 

6872(44) 
5830(47) 
5252(31) 

73 17(43) 

Ylb 
6273(25) 
581 l(19) 
7630(30) 
808 1 (20) 
6842(23) 
6844( 3 3) 
6440(38) 
6083( 39) 
6087( 36) 
6455( 26) 
6666(29) 
6849(35) 
6406(46) 
577 1 (37) 
565 l(45) 
6057( 3 2) 
8214(28) 
8 264( 24) 
8980(31) 
9638(3 1) 
96 1 5( 34) 
8880(22) 

z/c 

364(30) 
366(23) 

- 629(39) 
- 1040(24) 

3 534(29) 
4096( 4 3) 
4880(46) 
5094(29) 
4472(47) 
3635(32) 
1810(36) 
952(45) 
364(51) 
885(48) 

1717(61) 
2343(39) 
2557( 35) 
253 7( 29) 
2 7 14( 36) 
2799(37) 
2854(41) 
2709( 25) 

ligand (LUMO). This results in a less-polar excited state. The 
stronger stabilisation of the ground state by solvents of 
increased polarity is apparent from the increased transition 
energies observed. 

Experimental 
Materiuls and Methods.-None of the compounds reported 

here is particularly air sensitive, but all reactions were carried 
out under an atmosphere of dry nitrogen. Products were separ- 
ated in the air by thin-layer chromatography with plates coated 
with Merk Kieselgel 60F254 (0.25 mm thick). All solvents were 

dried over appropriate reagents and distilled prior to use. All 
chemicals, except where stated, were purchased from commer- 
cial sources and used as supplied. The compounds [ O S ~ H ~ ( C O ) ~ -  
(p,-COMe)] and [Os3H3(C0),(p3-CCl)] *' were prepared 
by literature methods. Proton NMR spectra were obtained on 
either Bruker WM250 or AM400 instruments at 20 "C using 
deuteriated solvents as lock and reference [SiMe, (6 = O ) ] ,  
infrared spectra on either Perkin-Elmer 983 or 1700 
instruments, and mass spectra on a Kratos MS12 spectrometer 
with ca. 70 eV (1.12 x l@" J) ionising potential at 9@-150 "C. 
Tris(perfluorohepty1)-s-triazine was used as reference. Elec- 
tronic absorption spectra were obtained in a microprocessor- 
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Table 9 Atomic coordinates ( x lo4) for compound 5 

XIu 
3899( 1) 
4047( 1) 
2281(1) 
2 1 77( 20) 

876( 16) 
474(32) 

- 1070(33) 
- 1613(27) 
- 1215(17) 
- 2225(30) 
- 1456(37) 
- 544( 40) 

614(34) 
154(23) 

3300(23) 
2998(20) 
41 52(25) 
4330(24) 
6OO2( 24) 
721 l(19) 
4275(24) 
4390(21) 
6154(25) 

3469(29) 
3224(23) 
768(26) 

- lOl(21) 
879(27) 

13(22) 
3021(25) 
3447( 22) 

-73(19) 

7394( 17) 

Ylb 
984( 1) 
663( 1) 

884( 11) 
I 29 1 (9) 
1256( 16) 
1415(22) 
2084( 16) 
2058( 10) 
2487( 17) 
3 100( 18) 
2925( 18) 
24O9( 16) 
1644( 12) 
1667( 10) 
103 I (10) 
1090(9) 
2019( 15) 

806( 1 1 ) 
753( 1 1) 

1633(16) 
2270(9) 
382( 15) 
267( 10) 
286( 16) 
108( 13) 

- 287( 1) 

2644( 10) 

- 337( 10) 
- 357( 12) 
- 564( 12) 
- 728(9) 
- 1280( 13) 
- 1865(9) 

Z l c  
3729( 1) 
1938(1) 
2877( I )  
2578( 13) 
2 166( 10) 
1103(16) 
758( 19) 

1121(17) 
21 36( 12) 
2608( 17) 
32 14(29) 
406 1 (24) 
4058( 22) 
36 19( 1 5 )  
2603( 12) 
4894( 15) 
5586( 1 1) 
3580( 17) 
3526( 15) 
421 2( 15) 
4450( 13) 
1606(16) 
1343( 13) 
2 134( 14) 
23W( 13) 
696( 17) 

3624( 17) 
4076( 14) 
1 8 lO(22) 
1 22 1 ( 1 5) 
3220( 17) 
342 1 (1 7) 

- 48( 12) 

controlled Philips Analytical PUS000 spectrophotometer, 
thermostatted by a Haake F3-digital circulating bath. 

Pr era ra I ions.- [ N ( P P h ,) 2] [ 0 s  , ( p- H ) , (C O),( p -CO Me)] 3. 
The complex [Os,H,(CO),(p,-COMe)] 1 (100 mg, 0.1 mmol) 
was dissolved in CH,CI, (3 cm3) and a dbu-CH2C12 solution 
(0.13 mmol) was added. The solution was left to stir at room 
temperature for 6 h. The solvent was removed in uucuo and the 
residue taken up in methanol (2 cm3). Reduction of the volume 
gave yellow microcrystals of complex 3 (yield 135 mg, 87%). 
[OS~(~-H),(~-AUPP~,)(CO)~(~~-COM~)] 4. Compound 3 

(100 mg) was dissolved in CH,Cl, (10 cm3). A solution of 
[Au(PPh,)]Cl in CH,CI, (53 mg, 1.5 equivalents) was added 
dropwise using a pressure-equalised dropping funnel. The 
reaction mixture was left to stir at room temperature for 2 h. The 
solvent was evaporated to dryness and the residue chromato- 
graphed by TLC using hexane-CH,CI, (80:20) to give 4 as 
yellow microcrystals (yield 80 mg, 85%). 
[OS~(~-H),(CO)~(~,-CN,C~H,~)] 5. The complex [Os,- 

H,(CO),(p,-CCl)] 2 (50 mg) and TIPF, (30 mg) were stirred 
at room temperature. Addition of an excess of dbu (one drop) 
gave a yellow solution and an orange precipitate immediately. 
Separation of the yellow solution by TLC using hexane- 
CH2Cl, (75: 25) gave complex 5 as a yellow solid (yield 49 mg, 
8 6 " J  

[ O S , ( ~ - H ) , ( C O ) ~ ( ~ ~ - C N C ~ H ~ ) ]  6. Pure compound 2 (100 
mg, 0.1 1 mmol) and an excess of pyridine (three drops) were 
dissolved in CH2C12 (10 cm3) and a dbu-CH,Cl, solution (0.13 
mmol) was added. The red reaction mixture was left to stir at 
room temperature for 30 min. Solvent was removed under 
vacuum and the red residue was chromatographed by TLC 
using hexane-CH,CI, (50:50) to afford complex 6 as a red 
powder (yield 66 mg, 63%). 

CNC,H,)] 8 und [Os3(p-H)2(CO)9(p3-CP(OMe)3)] 9. These 
[ O ~ ~ ( C L - H ) , ( C ~ ) ~ ( ~ L ~ - C N C ~ H ~ ) ~  7, [OS~(~-H)~(CO)&L,-  

Table 10 Atomic coordinates ( x lo4) for compound 7 

XiQ 
6 254( 1) 
8 895(1) 
6 268( 1) 
7 5 14( 19) 
7 775( 16) 
7 013(21) 
7 081(21) 
8 017(25) 
8 848(20) 
9 796(24) 

10 614(24) 
10 549(22) 
9 640(2 1 ) 
8 746( 18) 
5 201(27) 
4 452(29) 
4 71 l(28) 
3 797(24) 
7 I24( 24) 
7 583(24) 
8 979(20) 
8 934(23) 

10 058(2l) 
10 801( 15) 
10 552(22) 
11 512(17) 
7 128(23) 
7 770( 19) 
4 43 l(26) 
3 339(17) 
5 843(23) 
5 663(24) 

Ylb 
7 622( 1) 
8 703( 1) 
8 740(1) 
7 363( 17) 
6 271(12) 
6 022( 17) 
4 997( 17) 
4 199(20) 
4 384( 15) 
3 562(20) 
3 794( 19) 
4 849(18! 
5 632( 16) 
5 465( 14) 
8 338(22) 
8 791(17) 
6 591(23) 
5 968( 18) 
6 538(20) 
5 863( 18) 

10 267(18) 
11 243(12) 
8 794( 15) 
8 814(11) 
8 270( 17) 
8 039( 15) 
8 838( 17) 
8 857( 15) 
8 169(19) 
7 811(17) 

10 368(20) 
1 1 290( 13) 

Z I C  
7 839( 1) 
8 593(1) 
9 087( I )  
8 830(9) 
9 142(7) 
9 639(10) 
9 959( 10) 
9 796( 12) 
9 310(9) 
9 906( 12) 
8 631(11) 
8 326( 11) 
8 504( 10) 
8 985(9) 
7 054( 13) 
6 594( 12) 
7 954( 13) 
8 012(14) 
7 343( 12) 
7 047(8) 
8 429( 10) 
8 335(8) 
9 450( 10) 
9 967(6) 
8 180(10) 
7 925(8) 
9 862( 11) 

10 537(8) 
9 288( 12) 
9 399(10) 
9 020( 11) 
8 982( 10) 

Table I 1  Atomic coordinates ( x lo4) for compound 9 

1784(1) 
778( 1) 

1108(1) 
1242(9) 
1263(3) 
1683(10) 
1784( 18) 
785( 12) 
435( 19) 

1 303( 16) 
1574(21) 
1977( 1 1) 
2078( 10) 
2388( 13) 
2767(9) 
1927( 14) 

837( 14) 
889( 1 1 )  
131( 13) 

669( 1 I )  
647( 12) 

1592( 13) 
I877( 12) 
566( 13) 
216(9) 
987( 13) 
992( 10) 

2020( 10) 

- 265( 11) 

4925(2) 
5446( 2) 
2407( 2) 
3743(32) 
2975( 12) 
1772(36) 
644( 6 1 ) 

2 1 15(48) 
1894(68) 
4160(45) 
5 104(66) 
6497(38) 

3 824(42) 
3 140(38) 
6269(49) 
7045(37) 
693 l(51) 
7996(36) 
4798(41) 
4569(37) 
7026(42) 
7878( 30) 

7 17(42) 

121 7(41) 
530(34) 

1805(45) 
1478(36) 

7499(34) 

- 2 1 7( 3 6) 

3548( 1) 
2414( 1) 
3239( I )  
2411(16) 
1625(6) 
1988( 16) 
I5 17( 30) 
982(21) 
151(34) 

1079(26) 

3054( 19) 
2772( 17) 
403 1(2 1)  
4308( 18) 
4462(25) 
503 1 (1 7) 
1 764( 24) 
1396(20) 
15 12(2 1) 
909( 18) 

3056( 20) 
3463( 18) 
35 15(2 1) 
3713( 19) 
?392(2 1 ) 
1840( I 7) 
4095(23) 
4679( 14) 

933( 34) 

compounds were synthesised using the conditions described for 
6 with quinoline, isoquinoline and P(OMe), as ligand respec- 
tively (yields ca. 65% for 7, ca. 60% for 8 and ca. 40";: for 9). 

Crystal Structure Analysis of Comple-yes 4,5,7 und 9.-Table 
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7 summarises the relevant data for the crystal structure analyses. 
The unit-cell parameters were refined by a least-squares 
procedure. Three check reflections were monitored periodically 
throughout data collection and showed no significant vari- 
ations. All intensity data were corrected for Lorentz polaris- 
ation effects, while absorption corrections by the y-scan method 
or a numerical method were applied for all compounds. The 
structures were solved by a combination of direct methods and 
Fourier difference techniques and refined on F by blocked full- 
matrix least-squares analysis (using the SHELXTL PLUS 
program). * The hydrogen atoms of the organic moieties were 
generated in their ideal positions (C-H 0.96 A), while all metal 
hydride positions were estimated by potential-energy calcul- 
ations.' ' Final atomic coordinates for the four structures are 
presented in Tables 8-1 1. 

Additional material available from the Cambridge Crystallo- 
graphic Data Centre comprises H-atom coordinates, thermal 
parameters and remaining bond lengths and angles. 
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