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Mononuclear q'-p-Cymeneosmium( 11) Complexes and their Reactions with 
AI,Me, and other Methylating Reagents 

Javier A. Cabeza and Peter M. Maitl is" 
Department of Chemistry, University of Sheffield, Sheffield S3 7HF 

An improved-yield synthesis of the q'-p-cymeneosmium( 1 1 )  chloride complex [ (p- MeC,H,CH Me,),- 
Os,CI,] (1 ) has allowed the development of the chemistry of the mononuclear complexes, 
[(p-MeC,H,CHMe,)OsLCI,] (2) [L = CO, CNCMe,, Me,SO, PMe,, PPh,, or P(OPh),]. 
These gave [(p-MeC,H,CHMe,)OsL(Me)CI] (3) (L = CO, CNCMe,, Me,SO, or PMe,) with AI,Me,. 
Reaction of [(p-MeC,H,CHMe,)Os(Me,SO)(Me)CI] with L' [PPh, or P(OPh),] gave the complex 
[(p-MeC,H,CHMe,)OsL'( Me)CI]. A12Me, reacted with [(p-MeC,H,CHMe,)OsL'CI,] to give chiefly 
the ortho-metallated complexes [(p-MeC,H,CHMe,)Os{PPh,(o-C,H,)}X] (5) (X = CI), (6) (X = Me), 
and [ (p-MeC,H,CH Me,)Os(P(OPh) (OC,H,-o),}] (8); however, the triphenylphosphine complex 
also gave the mono- and the di-methyl complexes [(p-MeC,H,CHMe,)Os( PPh,) (Me)X] 
(X = CI or Me). The complexes have been characterised by their i.r., 'H, I3C, and ,'P n.m.r. spectra 
and their e.i. mass spectra. The p-cymene ring remains q6-bonded throughout these reactions and 
appears quite difficult to displace. 

The chemistry of mononuclear q 6-arene-ruthenium(II) com- 
plexes has been widely studied in the last few years, but 
much less is known about their osmium  analogue^.'-^ This is 
partly because until recently only the benzene- and p-cymene- 
osmiurn(I1) complexes were acce~sible.~.' These arenes are most 
labile in their ruthenium complexes,6 where they are readily 
displaced from the complexes by nucleophiles that attack at the 
metal 6-9 or are themselves attacked by nucleophilic reagents 
that attack at carbon.'-" The previously reported yields of 

also rather 
The only q6-arene+smium-methyl complex reported up to 

now is [(C,H,)Os(PMe,),Me]I, prepared by oxidative 
addition of methyl iodide to the osmium(o) complex 
[(C,H,)OS(PM~~),].'~ All the other methylosmium complexes 
are carbonyl derivatives. 

In pursuance of our work on methyl derivatives of the 
platinum group metals,I4 we here report the syntheses and 
properties of some mononuclear osmium(I1) complexes with p- 
cymene as q6-arene ligand and their reactivity towards methyl- 
ating reagents. We also describe a small modification of the 
published ' synthesis of (1) which gives consistently high yields. 
Most of the new complexes are air stable and the p-cymene to 
osmium bond is reasonably inert. We have not observed either 
displacement of p-cymene or nucleophilic attack on the arene 
ring. 

[(p-MeC6H4CHMe,),0s,c14] (1) and [(C6H&Os,C14] are 

Results and Discussion 
Reaction of the isoelectronic and isostructural complexes 
[(C,Me,),M,CI,] (M = Rh or Ir) with A12Me6 gave a 
remarkable series of stable methyl, p-methylene, and p-methyne 
complexes in which the metals are often in higher formal 
oxidation states than the starting materials. l4  However, 
although reaction of the dimeric p-cymeneosmium chloride 
complex (1) occurred readily with A1,Me6 in toluene at - 78 "C 
(as shown by the change in the colour of the solution from 
yellow to red and brown), no complexes could be isolated. 

We therefore prepared the yellow or orange-yellow crystal- 
line mononuclear complexes (2a)-42f) (Scheme and Table 1) 
by reacting (1) with an excess of the appropriate ligand in 
dichloromethane. The i.r. spectra show two strong bands in the 
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L 
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(3b) CNCMe, 
(3c) Me2S0 
(3d) PMe3 
(3e) PPh3 
(3f )  P(OPh1, 

L 
(2a) CO 
(2b) CNCMe3 
(2c) Me2S0 
(2d) PMe3 
(2e) PPh, 
( 2 f )  P(OPh13 

L 
Ma) Me2S0 
( 4 b )  PPh, 

Scheme. 

region 2 7 0 - 3 1 0  cm-', assigned to v(0s-C1) (Table 1); those of 
complexes (2a) and (2b) also show the expected bands due to 
v(C0) and v(NC) respectively. The 'H n.m.r. spectra (Table 2) 
of all the complexes (2a)---(2f), as expected, showed a double 
doublet for the aromatic protons of the p-cymene ligand; no 
coupling to phosphorus could be detected in (2d)--(2f). The 13C 
n.m.r. spectra (Table 3) were also in agreement with the 
structures; complexes (2d)-(2f) showed small couplings of the 
p-cymene ring carbons to phosphorus (J 1-6 Hz). 

The complexes ( 2 a H 2 f )  behaved well in the mass spectro- 
meter and good electron impact ( e i )  spectra were obtained. 
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Table 1. Yields, analytical, i.r., and mass spectroscopic data 

Compound 

(;lrr) [(p-MeC6H4CHMe2)0s(C0r121 

(2b) [(p-MeC,H,CHMe,)Os(CNCMe,)CI,] 

(k) [(p-MeC,H,CHMe,)Os(Me2So)c12] 

(2d) [(p-MeC,H,CHMe,)Bs(PMe,)Cl,] 

(2e) [(p-MeC,H4CHMe,)Os(PPh,)C1,] 

(20 [(p-MeC,H,CHMe2)Os{ P(OPh),}CI,] 

(3a) [(p-MeC6H,CHMe,)Os(COKMe)C1] 

(3b) [(p-MeC,H,CHMe,)Os(CNCMe,XMe)Cl] 

(k) [(p-MeC,H,CHMe,)Os(Me2SO)(Me)Cl] 

(3d) [(p-MeC,H,CHMe,)Os(PMe,KMe)Cl] 

(3) [(p-MeC,H,CHMe,)Os(PPh,)(Me)Cl] 

(30 [(p-MeC,H,CHMe,)Os{ P(OPh),}(Me)CI] 

(4b) [(p-MeC,H,CHMe,)Os(PPh3)Me2] 

(5) [(p-MeC,H,CHMe,)Os{ PPh,(o-C,H,)}CI] 

(6) [(p-MeC6H,CHMe,)Os{PPh2(o-c6H4)}Me] 

(7) [(p-MeC,H,CHMe,)Os( PPh ,)(H)CI] 

Yield 
(%I 
95 

83 

89 

73 

92 

98 

53 

43 

91 

72 

78 

94 

57 

37 

41 

72 

(8) [(p-MeC,H,CHMe,)Os{ P(OPh)(OC,H,-o),)] 19 

(9) [(p-MeC,H,CHMe,)Os(PMe,)12] 36 

Microanalysis a (%) 
A 

I 3 

C 
31.2 

(31.2) 
37.7 

(37.7) 
30.7 

(30.5) 
33.0 

(33.1) 
51.3 

(51.2) 
47.5 

(47.7) 
35.5 

(35.8) 

42.1 
(42.0) 

35.0 
(34.5) 

37.1 
(37.3) 
54.6 

(54.7) 
50.7 

(50.9) 
58.5 

(58.4) 
54.6 

(54.2) 
57.9 

(58.0) 
54.2 

(54.0) 
52.4 

(53.2) 
24.2 

(23.9) 

H 
3.3 

(3.4) 
4.9 

(4.9) 
4.2 
(4.3) 
4.4 

(4.9) 
4.7 

(4.5) 
4.3 

(4.2) 
4.0 

(4.3) 

5.9 
(5.7) 

(5.1) 

5.8 
(5.8) 
5.1 

(5.1) 
4.7 

(4.7) 
5.9 

(5.7) 
4.7 
(4.6) 
5.5 

(5.2) 
5.3 

(4.9) 
4.1 
(4.3) 
3.3 

( 3 4  

5.3 

Other 

N, 3.1 
(3.0) 

S, 7.1 
(6.8) 

N, 3.4 
(3.1) 

(7.1) 
S, 7.1 

1.r." 
(v/cm-') 

1 989s, 1 953md 
3 18s, 273s " 
2 184sf 
303s, 277s" 
1120s9 
307s, 283s' 
294s, 275s" 

307s, 267s' 

310s, 285s" 

2 820' 
194Os, 1 896md 
300s" 
2 81om' 
2 120s, 2 07qsh)I 
284s ' 
2810m' 
1 088se 
286s ' 
2 805m' 
277s " 
2 8OOm' 
290s ' 
2 814m' 
294s ' 
2 804m' 

286s 

2 882m ' 
2 045br' 
295s 

Mass spectrum' 
(m/4  
424 

479 

396 

472 

658 

706 

404 

459 

376 

452 

622J 

671 

618 

622 

601 

624 

634 

Calculated values in parentheses. ' Nujol mulls. ' Strongest pe2.k in the molecular ion group. v(C0). " v(OsC1). f v(CN). v(S0). Ir  Observed rnjz 
(M - Me,SO). ' v(CH). j Observed rn/z (M - CH,). Observed rn/z (M - CH,). v(0sH). 

These showed a group of molecular ion peaks with intensities in 
agreement with those calculated for the presence of seven 
different osmium and two different chlorine isotopes. The 
complexes had a common cracking pattern involving loss of L 
and of one or both chlorines; this observation underlines the 
considerable stability and inertness of these osmium complexes. 

The i.r. spectrum of the dimethyl sulphoxide complex (2c) 
shows a strong band at  1 120 cm-' which we assign to v(S0). 
According to the customary assignment (bands below 1 100 
cm-' indicate binding through sulphur while bands above 
1 100 cm-' are taken to indicate binding through oxygen 15), 
this complex should have the dimethyl sulphoxide bonded 
through oxygen to the osmium(I1). However, preliminary results 
from a single-crystal X-ray determination ' show very clearly 
that the dimethyl sulphoxide is not bonded through the oxygen 
but through the sulphur [Os-S 2.31(1), Os-0 3.23(1) A], as 
would have been anticipated. The methyl complex (3c) showed 
v(S0) at 1088 cm-', quite consistent with sulphur-bonded 
Me,SO. Clearly the position of the i.r. band is influenced by 
factors other than the precise mode of liganding of the dimethyl 
sulphoxide. 

When the complexes (2a)-(2f) were reacted with A12Me6 
the type of product obtained depended very much on the ligand 
L attached to the osmium. The carbonyl, isonitrile, and 

trimethylphosphine complexes (2a), (2b), and (2d) gave only the 
monomethyl-monochloro derivatives (3a), (3b), and (a), even 
with a large excess Of &Me6. 

Since dimethyl sulphoxide is a labile ligand, reactions of (2c) 
with A12Me6 led to decomposition unless a small additional 
amount of dimethyl sulphoxide was added to the solvent. In 
that case, reaction using a stoicheiometric amount of A12Me6 
gave the monomethyl complex (3c) as a yellow air-stable solid. 
When an excess of A12Me, was used the dimethyl complex (4a) 
(1 1%) could also be detected by 'H and 13C n.m.r. spectroscopy 
(and by mass spectrometry) in the product. 

The dimethyl sulphoxide in (3c) is easily displaced and on 
treatment with triphenylphosphine, the chloro(methy1)tri- 
phenylphosphine complex (3e) was obtained in reasonable 
yield. The triphenyl phosphite complex (39 was prepared 
similarly. Neither (3e) nor (39 could conveniently be made by 
direct reaction of &Me6 with either (2e) or (29. 

In the compounds (3aH3f)  the 0 s  bears four different 
groups and is therefore a chiral centre. This is immediately 
evident from the n.m.r. spectra of the co-ordinated p-cymene 
which now show doubling of both the aromatic H and C 
resonances and also of the isopropyl methyls. The appearance 
of these diastereotopic nuclei is a useful indicator of stereo- 
chemistry at the osmium. 
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Table 2. 'H N.m.r. spectra' (6lp.p.m.) 
G 

G D C  

p-C y mene 
A 

\ 

C + D  F G 
7 

A 
2.43s 

2.36s 

2.37s 

2.20s 
2.00s 

1.89s 

1.74s 

1.96s 

1.88s 

2.07s 

1.96s 

1.77s 

1.83s 

Others Solvent 
CDCl, 

CDCl, 

CDCl, 

CDCl, 
CDCl, 

CDCl, 

C6D6b 

C6D,b 

C6D6b 

CDCl,b 

CD2Cl 2b 

CD2C12b 

C6D,b 

6.09d (6.0), 
5.87d (6.0) 
5.76d (6.0), 
5.55d (6.0) 
5.98d (6.0), 
5.81d (6.0) 
5.60s 
5.5Od (6.0), 
5.25d (6.0) 
5.W (6.0), 
5.2Od (6.0) 
4.98d (5.4), 
4.87d (5.4), 
4.73d (5.4), 
4.47d (5.4) 
4.98d (5.1), 
4.83d (5.1), 
4.79d (5.3), 
4.61d (5.3) 
5.08d (5.4), 
4 . W  (5.8), 
4.85d (5.8), 
4.67d (5.4) 
5.2Od (5.0), 
5.1 Id (5.8), 
4.8661 (5.8), 
4.57d (5.0) 
5.12d (5.4), 
4.78d (5.4), 
4.71d (5.4), 
4.6od (5.4) 
5.18d (5.7), 
4.97d (5.7), 
4.81d (5.7), 
4.68d (5.7) 
4.81d (6.0), 
4.44d (6.0) 

2.91s~ (7.3) 1.32d (7.3) 

2.82s~ (6.7) 1.31d (6.7) 1.56s (CNCMe,) 

3.00s~ (7.1) 1.32d (7.1) 3.25s (Me2SO) 

2.78s~ (6.7) 1.23d (6.7) 
2.73s~ (6.8) 1.15d (6.8) 

1.63d Cl0.91 (PMe,) 
7.82m, 7.46m (PPh,) 

2.70s~ (7.3) 1.21d (7.3) 7.31m [P(OPh),] 

1.56s (0s-Me) 2.14s~ (7.3) 0.89d (7.3), 
0.87d (7.3) 

2.37s~ (7.3) 1.04d (7.3), 
1.03d (7.3) 

1.10s (CNMe,) 
1.59s (0s-Me) 

3.03s, 2.58s (Me2SO) 
1.43s (0s-Me) 

2 .64s~  (7.3) 1.07d (7.3), 
1.03d (7.3) 

1.47d Cl0.81 (PMe,) 
0.95d [9.8] (0s-Me) 

2.47s~ (7.3) 1.26d (7.3), 
1.19d (7.3) 

7.58m, 7.38m (PPh,) 
1.10d [9.8] (0s-Me) 

2.67s~ (7.3) 1.27d (7.3), 
1.19d (7.3) 

2.24s~ (7.3) 1.07d (7.3), 
1.03d (7.3) 

7.24m [P(OPh),] 
1.26d [7.8] (0s-Me) 

2.67s~ (7.3) 1.1 Id (7.3) 2.60s (Me2SO) 
0.61s (0s-Me2) 
7.32s (PPh,) 
0.29d C7.81 (0s-Me2) 
7.93m, 7.63m, 7.41m, 7.25m, 7.00m 
CPPh,(~-C,H,)I 

(CD,),COb<DC1, (1 : 1) 1.80s 4.62d (5.4), 
4.47d (5.4) 

(CD3)2C0 1.92s 6.82d (5.8), 
5.78d (6.3), 
4.98d (5.8), 
4.59d (6.3) 

(CDJ2CO 1.97s 5.11d (5.8), 
5.06d (5.3, 
4.8Od (5.8), 
4.72d (5.5) 

(CD,),CO 2.13s 5.65d (5.8), 
5.1 Id (5.2), 
4.78d (5.8), 
4.2Od (5.2) 

(CD3)2C0 1.92s 5.50s 

2.37s~ (6.8) 1.13d (6.8) 

2.27s~ (7.3) 1.13d (7.3), 
0.97d (7.3) 

2.10s~ (7.5) 1.03d (73 ,  
0.94d (7.5) 

7.71m, 7.32m, 7-03 C7.31, 6.83m 

0.91d [8.8] (0s-Me) 
[PPh2(u-C6H4)1 

2.14s~ (7.2) 1.19d (7.2), 
1.13d (7.2) 

7.68m, 7.38m (PPh,) 
- 8.42d C43.41 (0s-H) 

2.09s~ (7.0) 0.80d (7.0) 

3.08s~ (7.8) 1.26d (7.8) 

7.47m, 7.34m, 6.71m, 6.50m 

1.89d t10.31 (PMe,) 
[P(oPhXo-C6H40)21 

CDCI, 2.39s 5.54s 
Coupling (Hz) to H in parentheses, coupling (Hz) to P in square brackets; sp = septet. Unless otherwise stated SiMe, as internal reference. S~lvent 

peak as internal reference: CDCl,, 7.27; C6D6, 7.17; CD2C12, 5.35; (CD,),CO, 2.04 p.p.m. 

The triphenylphosphine complex (2e) reacted with AI,Me, 
to give a mixture of compounds. Longer reaction times gave a 
mixture of the dimethyl complex (4b) and the orthometallated 
complexes (5) and (6) (typically 1 : 3: 3). However, when the 
reaction was quenched after 10 min (see Experimental section), 
compound (3e) was detected among the others and isolated. It 

therefore appears that (3e) is formed first in the reaction and 
that it then reacts with Al,Me, to give at least (4b) and (5). 
Complex (6) must arise directly from (3e) or (4b) since (5) does 
not react with A1,Me6. The various complexes were separated 
chromatographically and characterised by their n.m.r. spectra. 
The 31P n.m.r. spectra showed that only one type of phosphorus 
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Table 3. 13C-{1H} and 31P-(1H} n.m.r. spectra (6,'p.p.m.) 
13C-{ 'H} N.m.r." 

A 
f \ 

p-Cymene 
A 

I 3 

Compound Solvent A B + E  C + D  F G  Others 
CD,Cl, 18.9s 

CD,Cl, 18.4s 

CD,Cl, 18.4s 

CDCl, 18.1s 

CDCl, 17.8s 

CD,Cl, 18.0s 

C6D6 16.7s 

C$6 17.7s 

(CD,),CO 17.8s 

CD,Cl, 17.9s 

C6D6 17.3s 

CD,Cl, 17.7s 

(CD,),CO 18.1 

(CD,),CO 18.1s 

(CD,),CO 18.5s 

CD2CI2 20.6s 

1125,  
109.5s 
10 1.7s, 
99.0s 
99.7s, 
93.9s 
97.3d Cl.51, 
86.ld Cl.51 

103.4d [4.6], 
88.5d C2.01 
97.9d C3.71, 
97.3d C5.41 
98.5s, 
96.6s 

99.9s, 
92.9s 

99.4s, 
85.1s 

104.0s, 
93.7s 

102.6d C3.11, 
96.8d [3.3] 

96.4s, 
92.8s 
98.4d c1.31, 
93.4d C1.61 

99.1 s, 
90.0s 

98.7d C3.01, 
92.8d C2.31 

99.7d Cl.51, 
96.9d C1.51 

102.3s, 
87.8s 

87.3s, 
86.5s 
79.6s, 
79.2s 
78.8s, 
78.7s 
80 .4  [4.6], 
77.Od C2.31 
80.4d C2.31, 
79.9d C5.31 
82.5d [5.7], 
81.6d C6.91 
81.3s, 
80.0s, 
79.7s, 
78.3s 
8 4 3 ,  
8 3 3 ,  
76.3s, 
75.1s 
85.4d C6.91, 
80.7d C3.11, 
77.7d C6.91, 
73.8d C3.81 
82.8d C5.01, 
80.8d C4.41, 
79.8d Cl.81, 
77.9d C3.81 
88.M C5.81, 
87.8d C4.81, 
79.8d C8.81, 
77.6d C6.91 
8 1.9s, 
77.2s 
81.6d C4.81, 
80.8d C2.11 

80.3d C3.81, 
79.7d C5.11, 
79.M C3.31, 
77.5d [4.4] 
79.5d C4.01, 
7 8 . a  C3.41, 
78.5d C4.51, 
77.Od C3.81 
84.9d C5.31, 
81.8d Cl.51, 
79.4d C6.91, 
72.8d [ IS ]  
81.3d E3.21, 
77.2d C5.01 

32.0s 22.8s 

31.5s 22.8s 

30.7s 22.2s 

30.4s 22.3s 

30.0s 22.2s 

31.1s 22.7s 

30.0s 22.2s, 
2 1.4s 

30.4s 23.4s, 
21.9s 

31.1s 23.9s, 
22.1s 

30.5s 23.8s, 
22.2s 

30.7s 23.3s, 
22.4s 

30.8s 23.4s 

30.1s 23.4s 

31.0s 24.1s, 
22.1 s 

32.1s 24.3s, 
32.2s 

31.9s 24.6s, 
23.3s 

32.1s 22.8s 

CO' 

122.2s, 58.2s, 31.1s (CNCMe,) 

42.3s (Me,SO) 

15.05d C38.01 (PMe,) - 39.1s 

134.4d C9.21, 133.3d C52.61, 130.2d C2.31, - 13.1s 
127.8d C9.91 (PPh,) 
152.2d C11.31, 129.9s, 125.4s, 122.Od C4.51 
CP(OPh),I 
136.6s, 55.3s, 30.1s (CNCMe,) 
-21.8s (Os-Me) 

57.65s 

49.1s, 37.6s (Me,SO) 
- 16.0s (Os-Me) 

15.6d C35.91 (PMe,) -41.7s 
- 20.8d [ 13.01 (Os-Me) 

135.2d C49.61, 134.8d C9.71, 130.Od C2.01, -2.13s 
128.0d C9.71 (PPh,) 
- 17.M [ 12.21 (Os-Me) 

152.9d C10.241, 129.5s, 124.4s, 122.2d c4.01 
CP(OPh),I 
-23.M C18.8) (Os-Me) 

7 1 .Os 

44.1s (Me,SO) 
- 19.5s (Os-Me,) 
134.8d C27.21, 134.7d C9.71, 129.26 C2.21, 
127.6d C9.41 (PPh,) 
- 22.99d [ 13.01 (Os-Me,) 
152.4-120.7m [PPh,(O-C6H,)] 

148.3-122.9m [PPh,(O-C6H,+)] 
- 19.5d C10.71 (Os-Me) 

8.1s 

- 65.3s 

- 55.8s 

138.0d C51.91, 134.7d C9.91, 130.3d C2.31, 
128.3d C9.91 (PPh,) 

7.6s 

20.7d [40.6] (PMe,) - 62.3s 

" Coupling (Hz) to P in square brackets; SiMe, as internal reference. See diagram in Table 2. ' Recorded in the same solvent as the ,C spectra; H,PO, 
as external reference. ' Carbonyl carbon not observed. 

was present in each complex, and both the 'H and the 13C 
n.m.r. spectra showed the expected doublets at high field (low 
frequency) due to the Os-Me, coupled to phosphorus in com- 
plexes (4b) and (6). In compounds (5) and (6) the osmium is 
again a chiral centre, and the phenyl rings of the triphenyl- 
phosphine ligand are magnetically inequivalent. For this reason 
both the 'H and the '3C-(1H} n.m.r. spectra of these 
compounds are very complicated in the phenyl region. 

The formation of ortho-metallated osmium compounds with 
triphenylphosphine has long been known;' hydrogen-deuter- 
ium exchange reactions have also been reported to occur on the 

phosphine ligands of [OsH(X)(CO)(PPh,),] (X = H or Cl), 
but the metallated intermediates were not isolated. * 

The ortho-metallated compound (5) was not formed on 
refluxing (2e) in ethanol containing triethylamine; this reaction 
gave the hydride (7), which was identified spectroscopically. 
The hydride was observed in the i.r. spectrum at 2 045 cm-' and 
in the 'H n.m.r. spectrum as a doublet (coupling to phosphorus) 
at 6 -8.42 (J 43.4 Hz). The analogous complex [(C,Me,)- 
Ru(PPh,)(H)Cl] has been prepared ~imilarly. '~ 

Reaction of the triphenyl phosphite complex (20 with 
Al,Me, gave a mixture of products from which the di-ortho- 
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( 7 )  ( 8 )  

metallated complex (8) could be isolated by chromatography. 
The complex was characterised by the mass spectrum (which 
showed the expected molecular ion peaks) and by the 'H n.m.r. 
spectrum; the lack of splitting of the p-cymene resonances 
showed that the osmium was not a chiral centre here, in 
agreement with the structure proposed. Other workers have 
also reported ortho-metallated triphenyl phosphite-smium 
complexes. ' O 

When a solution of the methyl-dimethyl sulphoxide complex 
(3c) was reacted with carbon monoxide [l atm (lo' Pa) 20 "C] 
in dichloromethane the carbonyl compound (3a) was observed 
in the solution by i.r. spectroscopy. However, the isolated 
product was always contaminated with a large amount of (k), 
indicating that carbon monoxide and dimethyl sulphoxide were 
readily interchanged. 

As A12Me6 only gave rise to monomethyl complexes in ;,Iost 
cases, we also reacted complexes (2a)--(2f) with methyl-lithium. 
Highly air-sensitive materials were obtained from most of the 
reactions but [(p-MeC6H4CHMe,)Os(PPh3)Me2] (4b) [from 
reaction with (&)I could be isolated and completely 
characterised. 

The trimethylphosphine complex (2d) was also reacted with 
an excess of MgMeI, but the only isolated product from this 
reaction was the di iodide, [(p-MeC6H4CHMe,)Os(PMe,)12] 
(9). 

All the methylated and the ortho-metallated complexes are 
yellow or orange-yellow and are fairly air stable as crystalline 
solids, but generally very air sensitive in solution. 

We also note that all the methylosmium complexes prepared 
here show an unexpectedly low v(CH) band in the region 
around 2 800 cm-'. Wilkinson and co-workers have found 
similar bands in methyl complexes of other metals and have 
suggested that such low-frequency C-H stretching bands may 
be caused by an interaction between the methyl hydrogens and 
the metal which, in some cases, they have confirmed by X-ray 
crystallography. However, by contrast to the complexes of 
Wilkinson, the osmium complexes here described are 18- 
electron and co-ordinatively saturated species. 

Perhaps the single most novel feature of the work described 
here is the range of chemistry that can be accomplished at 
osmium using the p-cymene ligand as protecting group. It is not 
clear whether the stability of the p-cymenmsmium bond will 
be as great as, for example, the pentamethylcyclopentadienyl- 
rhodium or -iridium bonds but present indications are that it is 
surprisinglv inert. 

Experimental 
All reactions involving methyl compounds were carried out in 
carefully dried Schlenk tubes under argon; manipulations were 

carried out using hypodermic syringes or fine cannulae through 
Suba-seals. Solutions of Al,Me6 in toluene were also made up 
in this way. Solvents were dried and distilled prior to use. 
Microanalyses (Table 1)  were carried out by the University of 
Sheffield Microanalytical Service. 1.r. spectra were recorded on 
a PE-157G spectrometer and far4.r. spectra on a PE-180 
instrument. Mass spectra were measured on a Kratos MS25 
spectrometer; n.m.r. spectra, collected in Tables 2 and 3, on 
Perkin-Elmer R-12B (60 MHz, 'H), R-34 (220 MHz, 'H), JEOL 
PFT-100 (25 MHz, 13C; 40.1 MHz, ,'P), and Bruker WP80 (20 
MHz, 13C; 32.4 MHz, 31P) spectrometers. Since the methods 
used to synthesise the compounds were very similar, only 
typical preparations are given. The yields of isolated products 
are listed in Table 1. Unless otherwise stated, the reactions were 
carried out at room temperature. 

High-yield Synthesis of[(p-MeC,H4CHMe2),0s2C14] (1).- 
Na2[OsC16] (2 g, 4.455 mmol), a-phellandrene [2-methyl-5- 
(l-methylethyl)cyclohexa-1,3-diene] (10 cm3), and absolute 
ethanol (20 cm3) were refluxed under argon for 100 h. The 
resulting yellow-orange suspension was vacuum-concentrated 
to ca. 8 cm3 and cooled at 0 "C overnight. The solid was filtered 
off, washed with cold ethanol and diethyl ether, and 
recrystallised from dichloromethane-hexane (after the removal 
of some sodium chloride) to give orange-yellow crystals (1.41 g, 
80%) (Found: C, 30.3; H, 3.6. C20H2,C140s2 requires C, 30.4; H, 
3.6%). 'H N.m.r. (CDCI,): 6 6.28 [d, J(H-H) 5.3,4 HI, 6.11 [d, 

J(H-H) 7.6 Hz, 12 HI. 13C-(1H} N.m.r. (CDCI,): 6 92.4, 89.1, 
74.0,72.4,31.3,22.5, 19.4. 

J(H-H) 5.3,4 HI, 2.75 [Sp, J(H-H) 7.6,2 HI, 2.23 (s, 6 H), 1.30 [d, 

[(p-MeC6H4CHMe,)Os(Me,SO)C1,] (%).-Dimethyl sul- 
phoxide (0.5 cm3) was added to a solution of (1) (175 mg, 0.222 
mmol) in dichloromethane (5 cm3). The colour changed from 
orange to yellow. Hexane (5  cm3) was added and some crystals 
precipitated out. The suspension was vacuum-concentrated (to 
ca. 2 cm3) and diethyl ether (5 cm3) was added. The yellow- 
orange crystals were filtered off and washed with diethyl ether. 

The complexes (2b), (2d), (20, and (2g) were prepared 
similarly. 

[(p-MeC6H4CHMe2)Os(CO)C12] (2a).-A solution of com- 
plex (1) (200 mg, 0.253 mmol) in dichloromethane (15 cm3) was 
reacted with carbon monoxide [l atm (lo' Pa), 10 min]. After 
working up as for (2c) orange crystals of (2a) were obtained. 

[(p-MeC,H,CHMe,)Os(COXMe)CII (3a).-Compound 
(2a) (126 mg, 0.298 mmol) was suspended in toluene (2 cm3); a 
toluene solution of Al,Me, (0.44 cm3, 0.34 mol dm-3, 0.150 
mmol) was added slowly. The orange solid dissolved to give a 
red-orange solution. After stirring (10 min), acetone (1  cm3) 
followed by water (0.05 cm3) were added dropwise. Bubbles 
were released and a white solid precipitated. After stirring (20 
min), diethyl ether (2 cm3) was added and the white solid filtered 
off to give a brown-orange solution which was vacuum- 
evaporated to dryness to leave a brown oil. This was dissolved 
in diethyl ether-acetone (3: 1 ,2  cm3) and chromatographed on 
a short (5 x 3 cm) column of neutral alumina (activity I) under 
argon. On eluting with diethyl ether a yellow band separated 
which yielded yellow crystals of (3a); the crystals were washed 
with light petroleum (b.p. 40-60°C, 3 cm3) and dried in a 
stream of argon. 

[(p-MeC,H,CHMe,)Os(Me,SOXMe)Cl] (3c).--Compound 
(2c) (168 mg, 0.335 mmol) suspended in toluene (2 cm3) 
containing dimethyl sulphoxide (0.1 cm3) was treated with a 
solution of A12Me6 in toluene (0.55 cm', 0.34 mol drn-,, 0.187 
mmol). The solid dissolved to give a yellow solution which was 
worked up as for complex (3a) to give yellow crystals of 
complex (3c). 
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When a mol ratio of A1,Me6:(2c) of 1.59: 1 was used in this 
procedure, the isolated solid contained 11% of the dimethyl 
complex [(p-MeC,H4CHMe,)Os(Mezso)Mez] (4a) (by 'H 
n.m.r.). 

[(p- MeC6H4CH Me ,)Os { P( 0 Ph), >( Me)C1] (3f).-Trip hen yl 
phosphite (118 mg, 0.380 mmol) was added to a solution of 
complex (3c) in toluene [prepared in situ as described above 
from (2c) (180 mg, 0.380 mmol) and a toluene solution of 
Al,Me, (0.57 cm3, 0.34 mol dm-,, 0.199 mmol)]. The yellow 
solution was evaporated to dryness in vacuo to give an oily solid. 
Diethyl ether (2 cm3) was added with stirring and yellow 
crystals of (39 were obtained. 

Reaction of Complex (2e) with Al,Me,.-A solution of 
Al,Me, in toluene (3.5 an3, 0.47 mol drn-,, 1.645 mmol) was 
slowly injected into a suspension of (2e) (400 mg, 0.64 mmol) in 
toluene (5 cm3). After the first few drops the solid dissolved to 
give an orange solution which a few seconds later became 
yellow. After stirring (10 min*), acetone (2 cm3) followed by 
water (0.7 cm3) were added dropwise. A white solid formed; the 
resultant suspension was stirred (30 min), and the solid was 
filtered off. The yellow solution was evaporated to dryness to 
leave a yellow oil which was dissolved in diethyl ether (3 cm3) 
and chromatographed on a column (30 x 3 cm) of neutral 
alumina (activity I). On eluting with hexane a yellow fraction 
was obtained which gave pale yellow crystals (160 mg) 
identified as a mixture of (6) (70%) and (4b) (30%). Elution with 
diethyl ether gave two further yellow fractions. The first one 
yielded orange-yellow crystals (30 mg) identified as complex 
(k), while the second fraction gave yellow crystals of complex 
(5) ( 120 mg). 

[(p-MeC,H,CHMe,)Os(PPh,)Me,] (4b).-A solution of 
LiMe in diethyl ether (10 cm3, 0.6 mol drn-,, 6 mmol) was 
slowlp injected into a suspension of (2e) (230 mg, 0.35 mmol) in 
toluene (5  an3). After stirring the resultant yellow solution (30 
min) acetone (3 cm3) and water (0.7 an3) were added dropwise 
while the Schlenk tube was cooled in an ice-water bath; a white 
solid precipitated. This suspension was stirred for 20 min and 
then filtered. The yellow solution was evaporated to dryness to 
give a brownish yellow oil from which (4b) was obtained on 
crystallisation from light petroleum (b.p. 40-60 "C) and 
methanol (at - 15 "C). 

[(p-MeC,H,CHMe,)Os(PPh,KH)Cl] (7).-Triethylamine 
(0.4 an3) was added to a suspension of (2e) (175 mg, 0.266 mol) 
in ethanol 96% (10 cm3). After refluxing (2 h), the orange-yellow 
solution was concentrated, precipitating Et,N-HCl as a white 
solid. Diethyl ether (2 cm3) was added and the suspension was 
filtered through a column (1 5 x 2.5 cm) of Florisil. Elution with 
diethyl ether gave a yellow solution which when concentrated 
gave yellow crystals of the hydride (7). 

Reaction of Complex (20 with Al,Me,.-A solution of 
A1,Me6 in toluene (0.3 cm3, 0.47 mol drn-,, 0.14 mmol) was 
slowly injected into a suspension of (20 (190 mg, 0.27 mmol) in 
toluene (2 cm3). The resultant orange solution was worked up 
as described for the reaction of (2e) with A1,Me6 to give an 
orange oil which, after purification, gave yellow crystals of 
complex(8). 

Reaction of Complex (26) with Methylmagnesium Iodide.- 
Complex (26) (200 mg, 0.42 mmol) was suspended in toluene (2 
cm3) and a solution of methylmagnesium iodide in diethyl ether 

~~~ 

If this solution is stirred for 30 min, a mixture of (4b) (16%), (5) (42%), 
and (6) (42%) is obtained. 

(5  cm3, 2.3 mol dm-,, 11.5 mmol) was slowly injected. The 
yellow solid dissolved and an orange solid precipitated. After 
stirring (20 min) and a conventional work-up, only orange 
crystals of [(p-MeC,H,CHMe,)Os(PMe,)I,] (9) were ob- 
tained. 
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