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1 Introduction 
Although methyl derivatives are among the simplest organometaliic derivatives 
known, their synthesis and characterization remain an active and intriguing field 
of study. Three recent reviews have dealt in part with the structure and bonding 
in methyl-metal c0mpounds.l The following discussion will concentrate on the 
synthetic techniques and structural information available for these compounds. 
Table 1 summarizes data on selected physical properties and metal-carbon bond 
distances. Vibrational data have proved helpful in the structural characteriza- 
tions. Two recent monographs2 have treated the vibrational spectra of organo- 
metallic derivatives. This review will update these discussions with reference to 
methyl derivatives in addition to discussing those aspects of the vibrational 
studies relevant to the structural characterizations. Table 2 summarizes metal- 
carbon skeletal mode assignments for the methyl derivatives. In the following, 
for each family of elements, synthetic techniques are discussed first, followed by 
a comparison of the structures found for the solid, liquid and solution, and 
vapour states, respectively. Finally, vibrational data not included in the structural 
discussions are treated. 

2 Group Ia 
Methyl-lithium is formed in solution on mixing methyl halides and lithium using 
diethyl ether3y4 or tetrahydrofuran5 as solvents. Halide-free diethyl ether 
solutions have been prepared by reaction of lithium and dimethylmercury.6 
Solid methyl-lithium is precipitated on mixing benzene solutions of ethyl-lithium 
and methyl iodide at 5 to 10 “C.’ Methylsodium* and methylpotassium8~9 are 

1 (a) J. P. Oliver, Adv. Organometallic Chem., 1977, 15, 235; (b) D. J. Davidson, M. F. 
Lappert, and R. Pearce, Chem. Rev., 1976,76,219; (c) R. R. Schrock and G. W. Parshall, 
Chem. Rev., 1976, 76, 243. 

2 (a) E. Maslowsky, Jr., ‘Vibrational Spectra of Organometallic Compounds’, Wiley, New 
York, 1977; (b) K. Nakamoto, ‘Infrared and Raman Spectra of Inorganic and Co- 
ordination Compounds’, 3rd edn., Wiley, New York, 1978. 

3 G. Wittig and A. Hesse, Org. Synth., 1970, 50, 66. 
4 T. D. Perrine and H. Rapoport, Analyt. Chem., 1948,20, 635. 
6 H. Gilman and B. J. Gaj, J .  Urg. Chem., 1957,22, 1165. 
6 P. West and R. Waack, J. Amer. Chem. Soc., 1967, 89, 4395. 
7 T. L. Brown and M. T. Rogers, J.  Amer. Chem. SOC., 1957, 79, 1859. 
8 W. C. Carothers and D. D. Coffman, J. Amer. Chem. SOC., 1930, 52, 1254. 
9 E. Weiss and G. Sauermann, Chem. Ber., 1970, 103, 265. 

25 



T
ab

le 
1 

Th
e 

M
el

tin
g 

Po
in

ts
, B

oi
lin

g 
Po

in
ts

, a
nd

 M
ct

al
-C

ar
bo

n 
Bo

nd
 D

is
ta

nc
es

 fo
r 

(C
H

&
M

 D
er

iv
at

iv
es

 

C
om

po
un

d 
C

ol
ou

r &
 P

ha
se

 a
t R

oo
m

 
m

.p
. 

R
ef

. 
b.

p.
 

R
ef

. 
M

-C
 D

is
t,a

 

M
eL

i 
co

lo
ur

le
ss

 so
lid

 
2.

31
 (

s)
 

M
eN

a 
co

lo
ur

le
ss

 so
lid

 
M

eK
 

co
lo

ur
le

ss
 so

lid
 

3.
22

 (s
) 

M
eR

b 
co

lo
ur

le
ss

 so
lid

 
3.

36
 (s

) 
M

eC
s 

co
lo

ur
le

ss
 so

lid
 

3.
53

 (
s)

 
M

e2
Be

 
co

lo
ur

le
ss

 so
lid

 
Po

ly
m

er
 : 

1.
93

 (s
), 

b 
M

on
om

er
 : 

1.
69

 (v
), 

t 
M

e2
M

g 
co

lo
ur

le
ss

 so
lid

 
Po

ly
m

er
 : 

2.
24

 (s
), 

b 
M

e3
B 

co
lo

ur
le

ss
 ga

s 
40
 

1.
57

8 
(v

) 

Te
m

p.
 

( "
C

) 
( "

C
> 

(A
) 

co
lo

ur
le

ss
 liq

ui
d 

40
 

D
im

er
 : 

2.
12

5 
(s

), 
b 

1.
95

6 
(s

), 
t 

2.
14

0 
(v

), 
b 

1.
95

7 
(v

), 
t 

M
on

om
er

 : 
1.

95
7 

(v
), 

t 

89
 

46
, 5

1,
 5

3,
 

2.
24

 (s
), 

b 
61

 
2.

16
 (s

), 
t 

38
.5

 
52

 
14

7 
52

 
2.

30
 (s

), 
b 

-
 15

.7
 

43
, 4

6,
 4

7 
55

.8
 

43
, 4

6,
 4

7 
M

es
G

a 
co

lo
ur

le
ss

 liq
ui

d 
M

e3
In

 
co

lo
ur

le
ss

 so
lid

 

M
e3

Tl
 

co
lo

ur
le

ss
 so

lid
 

-
 15

9.
85

 
25

 
- 2

1.
8 

15
.0

 
#,

41
 

12
5.

3 

2.
22

 (s
), 

t 

R
ef

. 

11
 9 10
 

10
 

21
 

21
 

27
 

69
 

56
 

71
 

71
 

56
,6

1 

62
 



M
e&

 
M

e4
G

e 
M

e4
Sn

 
M

e4
Pb

 
M

es
A

s 
M

es
s b

 
M

e3
P 

M
e3

A
s 

M
es

B
i 

M
ez

Se
 

M
e2

Te
 

M
eC

u 
M

eA
u 

M
e,Z

n 

M
e3

S b
 

M
eK

d 
M

ez
H

g 
M

e4
Ti

 
M

e4
Zr

 
M

e4
C

r 
M

eE
" 

M
es

T
a 

M
e6

R
e 

M
es

W
 

co
lo

ur
le

ss
 li

qu
id

 
co

lo
ur

le
ss

 li
qu

id
 

co
lo

ur
le

ss
 li

qu
id

 
co

lo
ur

le
ss

 li
qu

id
 

co
lo

ur
le

ss
 li

qu
id

 
fa

in
t y

el
lo

w
 li

q.
 

co
lo

ur
le

ss
 li

qu
id

 
co

lo
ur

le
ss

 li
qu

id
 

co
lo

ur
le

ss
 li

qu
id

 
co

lo
ur

le
ss

 li
qu

id
 

co
lo

ur
le

ss
 li

qu
id

 
ye

llo
w

 o
il 

ye
llo

w
 s

ol
id

 
ye

llo
w

 s
ol

id
 

co
lo

ur
le

ss
 li

qu
id

 

co
lo

ur
le

ss
 li

qu
id

 
co

lo
ur

le
ss

 li
qu

id
 

ye
llo

w
 s

ol
id

 
re

d 
so

lid
 

m
ar

oo
n 

oi
l 

ye
llo

w
 s

ol
n.

 in
 d

ie
th

yl
 e

th
er

 
ye

llo
w

 s
ol

id
 

re
d 

so
lid

 
gr

ee
n 

so
lid

 

- 9
9 

- 8
7.

8 
- 5

6 
- 3

0 
-6

 t
o

 
- 

19
 

- 8
5.

9 
-
 87

.3
 

-
 87

.6
 

- 
10

7.
7 

- 2
9.

2 

- 2
.4

 

- 6
0 0 30
 

10
 

77
, 9
0 

86
, 8

8 
88

 
88

,9
8 

10
4,

10
5 

10
8 

10
8 

7 
10

3-
10

5 

40
, 1

08
 

40
, 1

08
 

40
,1

08
 

13
6 

13
9-

14
2 

40
, 1

46
 

86
, 1

47
 

15
4 

15
6 

16
0 

15
8 

15
8 

16
1 

16
7 

26
.54

 
42

.8 
76

.6
 

10
9 

12
6 

to
 1

27
 

38
.4

 
50
.4
 

80
 

10
9.

3 
58

.2
 

93
.5

 

44
 

10
5.

7 
95

 

78
 

1.
88

8 
(v

) 
86

 
1.

94
5 

(v
) 

83
 

2.
18

 (
v)

 
80

 
2.

23
8 

(v
) 

10
4 

10
6,

 1
08

 
1.

84
6 

(v
) 

10
6,

 1
08

 
1.

95
6 

(v
) 

40
, 1

06
,1

15
 

40
, 1

15
 

2.
26

7 
(v

) 
13

1 
1.

94
3 

(v
) 

12
5 

14
6,

 1
49

 
1.

94
 (s

) 
1.

92
9 

(v
) 

14
9 

2.
08

3 
(v

) 
40
 

2.
11

2 
(v

) 

96
 

97
 

95
 

98
 

12
2 

12
3 

12
4 

12
6 

15
0 

14
9 

14
9 

15
1 

av
, v

ap
ou

r-
st

at
e 

m
ea

su
re

m
en

t; 
s, 

so
lid

-s
ta

te
 m

ea
su

re
m

en
t; 

b,
 b

rid
gi

ng
 m

et
al

-c
ar

bo
n 

bo
nd

 d
is

ta
nc

e;
 t

, t
er

m
in

al
 m

et
al

-c
ar

bo
n 

bo
nd

 d
is

ta
nc

e 
h
, 
4
 



The Synthesis, Structure, and Vibrational Spectra of Organomethyl Compounds 

Table 2 MetalLCarbon Skeletal Mode Assignments (cm-1) for Monomeric 
(CH&M Derivatives 

Mode Descriptions 
Compound 

Me6Li 
Me7Li 
MezBe 
Me2Zn 
MezCd 
Me2Hg 
MezSe 
MezTe 
Me3lOB 
M e P B  
Me3Al 
MesGa 
Medn 
Me3P 

MesAs 

Me3Sb 
Me3Bi 
Me& 
Me4Ge 
Me4Sn 
Me4Pb 
Me4Ti 
Me5As 

Me& b 

Me6W 
Me&e 

va(MC) 

1081 
61 3 
536 
540 
912 
843 

1177 
1149 
760 
577 
500 
71 1 

587 

513 
460 
696 
595 
529 
476 
577 
458s 
570h 
456g 
516h 

482s 
500s 

vs(MC) 

558 
530b 

51 1 
473 
518 
585 
524 
680 
680 
530 
521.5 
467 
657 

574 

513 
460 
598 
558 
508 
459 
489 
388s 
519h 
4148 
456h 

C 

8(CMC) 

C 

157 
140 
160 
625 
53 1 

341 
341 
d 

d 

d 

315 

265 

188f 
171f 

239 
195 

157f 
1 20f 
1 SOf 

113 
104s 

239 

297b 

21 3h  

321 
321 
1 70 
162.5 
132 
28ge 
269e 
249e 
222e 

202 
175 

265h 

195h 

References 

18 
18 
21 

148 
148 
148 
132 
132 
63, 72-74 
63, 72-74 
64 
46, 68, 75 
46, 75 

119 

111 

75,120 
2, 120 

78 99-101 
so, 100-101 
83,100,101 

101,102 
155 
103 

105 

161 
167 

9, stretching mode; 6 ,  deformation mode; a, asymmetric mode; s, symmetric mode. 
bEstimated mode. 
CNot observed. 
dSlr, not observed. 
T h e  S(CMC) mode of E symmetry is split into two bands. 
fThe two expected S(CMC) modes are accidentally degenerate. 
gAn axial mode. 
hAn equatorial mode. 
#Since the band was observed in the infrared spectrum, it has TlU symmetry, 
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Maslo wsky 

formed by reaction of the respective metals with dimethylmercury. Methyl- 
potassium has also been prepared by reaction of K/Na alloy and dimethylmercury 
as well as by a metathetical reaction between methyl-lithium and potassium 
t-butoxide.9 The methyl derivatives of rubidium and caesium have been prepared 
by reaction of methyl-lithium with rubidium t-butoxide and caesium 2-methyl- 
pentan-2-olate, respectively.1° The Group Ia methyl derivatives all react spon- 
taneously and violently with oxygen and with water, and decompose on heating. 

Crystalline methyl-lithiumll and methylsodiumg have been reported to be 
tetrameric with interpenetrating tetrahedra of metal and carbon atoms. This 
contrasts with the structures found for crystalline methyl-potassium,9 
-rubidium,lo and -caesium,lo all of which have a hexagonal structure of the NiAs 
type with isolated methyl anions and alkali-metal cations. 

Both colligative property measurements6 and n.m.r. studies12-14 using diethyl 
ether and tetrahydrofuran as solvents indicate that methyl-lithium retains the 
tetrameric solid-state structure in solution. This conclusion is supported by 
vibrational data for halide-ion-free, diethyl ether solutions of methyl-lithium, 
with Raman bands at 486,299, 209, and 171 cm-l assigned to the cluster modes 
of the tetrameric units.15 Raman spectra of diethyl ether solutions of methyl- 
lithium containing halide ions, however, showed none of these bands; halide 
ions appeared to destroy the tetrameric clusters.l5 The variable-temperature 
n.m.r. studies12-14 have been used to examine the mechanisms of methyl group 
exchange and have led to the conclusion that, while there is an absence of rapid 
intramolecular exchange of lithium atoms, the tetramers appear to dissociate into 
dimers in an exchange process of the form (1). 

Li,R, = 2Li2Rt 

While a tetrameric species is found in ether solutions, a hexameric species is 
likely to predominate in hydrocarbon solvents.16 

1.r. studies show that the strong tendency of methyl-lithium to associate is also 
found in the vapour state.17 Monomeric methyl-lithium has been produced in an 
argon matrix through the reaction of methyl radicals and lithium atoms.l* 

The low carbon-hydrogen stretching mode frequencies of tetrameric methyl- 
lithium (2840 and 2780 cm-l) have been reported to be characteristic of methyl 
groups involved in electron-deficient b0nding.l' The fact that the carbon- 
hydrogen stretching mode frequencies of monomeric methyl-lithium (2820 and 
2780 cm-l) are in the same region, however, implies little change in the carbon- 
hydrogen bond strength on association of monomers in the solid state.lg 

10 E. Weiss and H. Koster, Chem. Ber., 1977, 110, 717. 
l1 E. Weiss and G. Hencken, J. Organometallic Chem., 1970, 21, 265. 
l1 L. D. McKeever, R. Waack, M. A. Doran, and E. B. Baker, J.  Amer. Chem. SOC., 1968, 

90, 3244. 
l3  T. L. Brown, L. M. Seitz, and B. Y .  Kimura, J.  Amer. Chem. Soc., 1968,90, 3245. 

L. M. Seitz and T. L. Brown, J. Amer. Chem. SOC., 1966, 88, 2174. 
l6 G. W. Rice and R. S. Tobias, Inorg. Chem., 1975,14,2402. 
16 H. L. Lewis and T. L. Brown, J.  Amer. Chem. SOC., 1970, 92,4664. 
1 7  R. West and W. Glaze, J. Amer. Chem. SOC., 1961, 83, 3580. 

L. Andrews, J.  Chem. Phys., 1967,47,4834. 
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3 GroupIIa 
Dimethylberyllium has been prepared from beryllium dichloride and methyl- 
magnesium halides in diethyl etherl9~20 or dimethyl sulphide21 solutions under 
anhydrous conditions, or by reaction of beryllium with dimethylmer~ury.2~-24 
The former method has been reported to be useful for preparing large quantities 
of dimethylberyllium, while the latter method is more useful for preparing small 
quantities of this compound.25 Dimethylmagnesium has been prepared by adding 
dioxan to a diethyl ether solution of a methylmagnesium halide. This precipi- 
tates any methylmagnesium halide or magnesium dihalide that is present and 
leaves dimethylmagnesium in solution.26-28 It is also formed on adding dimethyl- 
mercury to a magnesium diethyl ether mixture28 or to pure magnesiurn.24,29,30 
Both dimethylberyllium and dimethylmagnesium are extremely oxygen- and 
water-~ensitive.~5,~7,~~,3~ In addition, both beryllium and organoberyllium 
compounds are extremely tox i~ .~3  Attempts to prepare dimethyl-calcium, 
-strontium, and -barium have failed.33 

Both dimethylberylli~m~l and dimethylmagnesium27 are polymeric in the 
solid state. In a recent i.r. and Raman study of solid dimethylmagnesium, it was 
also concluded that there are some indications of direct interactions between the 
magnesium atoms.34 

The fact that the low-temperature n.m.r. spectrum of dimethylberyllium in 
diethyl ether exhibits one signal indicates that dimethylberyllium is not associated 
in this solvent, since an associated structure would produce two signals due to the 
presence of both terminal and bridging methyl groups.23 Dimethylmagnesium, 
however, does give two signals in the low-temperature n.m.1. spectrum of a 
diethyl ether solution, indicating that dimethylmagnesium is associated to some 
extent in this solvent.35 I.r.36 and ebullios~opic~~ studies also show that dimethyl- 
magnesium is associated in diethyl ether with the degree and extent of association 
being concentration-dependent. 1.r. data indicate that in tetrahydrofuran, how- 
ever, dimethylmagnesium is not a~soc ia ted .~~ 

l9 H. Gilman and F. Schulze, J. Chem. Sac., 1927, 2663. 
2o J. Goubeau and K. Walter, Z.  anorg. Chem., 1963, 322, 58. 
21 R. A. Kovar and G. L. Morgan, Inorg. Chem., 1969,8, 1099. 
z a  A. B. Burg and H. I. Schlesinger, J. Amer. Chem. SOC., 1940, 62, 3425. 
23 J. R. Sanders, Jr., E. C. Ashby, and J. H. Carter, 11, J.  Amer. Chem. SOC., 1968, 90, 6385. 
2 4  E. C. Ashby and R. C.  Arnott, J.  Organometallic Chem., 1968, 14, 1. 
2 5  G. E. Coates, M. L. H. Green, and K. Wade, ‘Organometallic Compounds’, Vol. 1, 

2 6  A. C. Cope, J .  Amer. Chem. SOC., 1935,57,2238. 
2 7  E. Weiss, J.  Organometallic Chem., 1964, 2, 314. 
2 e  L. M. Seitz and T. L. Brown. J.  Amer. Chem. SOC.. 1966. 88. 4140. 

Methuen, London, 1967. 

z a  R. E. Dessy, F. Kaplan, G. R. Coe, and R. M. Salinger, J. Amer. Chem. SOC., 1963, 85, 
1191. 

3 0  G. E. Coates, F. Glockling, and N. D. Huck, J.  Chem. SOC., 1952, 4496. 
31 A. I. Snow and R. E. Rundle, Acta Cryst., 1951, 4, 348. 
38 R. A. Kovar and G. L. Morgan, J.  Amer. Chem. SOC., 1969,91, 7269. 
33 F. A. Hart, A. G. Massey, and M. S .  Saran, J.  Organometallic Chem., 1970, 21, 147. 
s 4  J. Kress, D. Bougeard, and A. Novak, Spectrochim. Acta, 1977, 33A, 161. 

E. C. Ashby, G. Parris, and F. Walker, Chem. Comm., 1969, 1464. 
36 R. M. Salinger and H. S .  Mosher, J.  Amer. Chem. SOC., 1964, 86, 1782. 
37 F. W. Walker and E. C. Ashby, J .  Amer. Chem. SOC., 1969,91, 3845. 
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It has been suggested that monomer, dimer, trimer, and higher polymers are all 
present in dimethylberyllium vapour, with the last degree of association becoming 
important only near saturation conditi~ns.~O In a more recent i.r. study, it was 
concluded that the monomer is the major constituent in the vapour phase under 
non-saturated conditions and that under saturated conditions the monomer is 
still the principal species with only small amounts of other polymeric species 
being present.2l The predominance of the monomer in the vapour was attributed 
to the possibility that hyperconjugation is able to compete successfully with 
polymerization as a stabilization process.21 In an electron diffraction study of 
dimethylberyllium vapour, however, it was concluded that the beryllium-carbon 
bond distances offer no indication of hyperconjugation.38 

As was true for methyl-lithium, there is little difference between the carbon- 
hydrogen stretching mode frequencies for monomeric21 and polymeric39 
dimethylberyllium. The methyl deformation mode frequencies, however, are 
slightly higher for the bridging methyl groups in the polymer than for the terminal 
methyl groups in the monomer. Although detailed i.r. and Raman data have 
been reported for solid, polymeric dimethylmagnesium,34 no such data have been 
reported for the monomer. 

4 GrouplIIb 
Trimethylboron has been prepared by reaction of boron trifluoride with methyl- 
magnesium halides40 or trimethylaluminium with tributyl borate.25 Although 
spontaneously flammable, it can be stored as a solid complex on reaction with 
trimethylamine,2s and regenerated by treatment with slightly more than the 
theoretical amount of dry hydrogen chloride. Trimethylaluminium is formed on 
reaction of aluminium with dimethylmercurygl or methyl i0dide,4~ is spon- 
taneously flammable in air,43-45 and reacts violently with water.43 Trimethyl- 
gallium, which is also spontaneously flammable in air,43,45,46 has been prepared 
by reaction of gallium with d imethylmerc~ry~~-~~ as well as by reaction of 
gallium trichloride44~~8 or gallium tribromide50 with trimethylaluminium. Both 
solid trimethylindium and trimethylthallium decompose violently in air or 
water;45,5l#52 trimethylthallium is also photosensitive.52 Trimethylindium has 

3 8  A. Almenningen, A. Haaland, and G. L. Morgan, Acta Chem. Scand., 1969, 23, 2921. 
38 L. J. Allamandola and J. W. Nibler, J. Amer. Chem. SOC., 1976, 98, 2096. 
4 0  C. H. Bamford, D. L. Levi, and D. M. Newitt, J. Chem. SOC., 1946, 468. 
41 C. R. McCoy and A. L. Allred, J .  Amer. Chem. SOC., 1962, 84,912. 
4 a  P. H. Lewis and R. E. Rundle, J. Chem. Phys., 1953, 21, 986. 
4 3  D. F. Gaines, J. Borlin, and E. P. Fody, Inorg. Synth., 1974, 15, 203. 
4 4  K. S. Pitzer and H. S. Gutowsky, J. Amer. Chem. SOC., 1946, 68, 2204. 
4 b  A. W. Laubengayer and W. F. Gilliam, J.  Amer. Chem. SOC., 1941, 63,477. 
4 6  J. R. Hall, L. A. Woodward, and E. A. V. Ebsworth, Spectrochim. Acta, 1964, 20, 1249. 
4 7  L. H. Long and J. F. Sackman, Trans. Faraday SOC., 1958,54, 1797. 
4 0  K. C. Williams and T. L. Brown, J. Amer. Chem. SOC., 1966, 88, 5460. 
4 9  G. E. Coates, J. Chem. SOC., 1951, 2003. 
6 o  N. Muller and A. L. Otermat, Inorg. Chem., 1965, 4, 296. 
61 L. M. Dennis, R. W. Work, and E. G. Rochow, J. Amer. Chem. SOC., 1934, 56, 1047. 
6 a  H. Gilman and R. G. Jones, J .  Amer. Chem. SOC., 1946,68,517. 
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been prepared by reaction of indium with dimethylmer~ury46,5~,53 for several 
days with small quantities of iodine, mercury dichloride, or magnesium acting as 
a catalyst.46 More recently, up to 100% yields of trimethylindium have been 
prepared using reaction times of a few hours, by treatment of activated indium 
with dimethylmercury . 54,55 Trimethylthallium has been prepared from thallous 
halides, methyl-lithium, and methyl iodide; to avoid explosive decomposition of 
this solid, it has been purified by distillation under reduced pressure.52 

Singlecrystal X-ray studies of trimethylaluminium at - 170 "C have shown the 
presence of a dimeric structure with two bridging methyl  group^.^^-^^ This solid- 
state structure is also supported by 27Al n.q.r. data.59 The trimethyl derivatives of 
gallium, indium, and thallium as solids are isomorphous. The i.r. and Raman 
spectra of solid trimethylgallium have been reported to suggest the presence of an 
associated A single-crystal X-ray study of trimethylindium has shown 
it to consist of tetrameric units with these units interacting more weakly through 
additional methyl bridges.6l More recently, however, it has been noted that each 
trimethylindium molecule is planar in the solid state and that the 'pseudo- 
tetramer' should be viewed as bonded together very weakly, if at all.56 Although 
trimethylthallium might also be considered to be tetrameric, the differences in the 
intra- and inter-tetrameric TI - T1 bridge bond lengths (5.46 & 0.01 and 
5.63 3- 0.01 A, respectively) are even smaller than those in trimethylindium (5.235 
and 5.66 A, respectively). Therefore, the structure of solid trimethylthallium may 
be even more properly considered as polymeric with asymmetric but approxi- 
mately linear T1 CH3 Tl units, and one nonbridging methyl group 
attached to each thallium atom.62 

The Raman spectrum of liquid trimethylboron is consistent with a monomeric 
structure and planar C3B ~keleton.~3 The vibrational spectrum of liquid trimethyl- 
aluminium is that expected for the methyl-bridged, dimeric structure64,65 with the 
Raman spectrum indicating that at 25 "C, the amount of monomer in equilibrium 
with dimer must be less than about 2 %.G4 The room-temperature n.m.r. spectrum 
of liquid trimethylaluminium, however, exhibits one signal rather than the two 
expected for the dimer.66 The room temperature n.m.r. spectrum of trimethyl- 
aluminium in cyclopentane also shows one signal.66 At lower temperatures, how- 
ever, two signals were observed, thus confirming that the dimeric structure is 

53 N. Muller and A. L. Otermat, Znorg. Chem., 1963,5, 1075. 
6 4  L. C. Chao and R. D. Rieke, J. Organometallic Chem., 1974,67, C64. 
5 5  L. C. Chao and R. D.  Rieke, Synth. React. Znorg. Metal-Org. Chern., 1974, 4, 373. 
5 0  R. G. Vranka and E. L. Amma, J .  Amer. Chem. SOC., 1967,89,3121. 
5 7  F. A. Cotton, Inorg. Chem., 1970, 9, 2804. 
58 J. C. Huffman and W. E. Streib, Chem. Comm., 1971, 911. 
6 @  M. J. S. Dewar and D. B. Patterson, Chem. Comm., 1970, 544. 

F. Glockling and R. G. Strafford, J .  Chem. SOC. (A) ,  1971, 1761. 
E. L. Amma and R. E. Rundle, J.  Arner. Chem. SOC., 1958,80,4141. 

6 2  G. M. Sheldrick and W. S. Sheldrick, J.  Chem. SOC. (A) ,  1970, 28. 
e3 L. A. Woodward, J. R. Hall, R. N. Dixon, and N. Sheppard, Spectrochim. Acta, 1959, 

9 4  R. J. O'Brien and G. A. Ozin, J.  Chem. SOC. (A) ,  1971, 1136. 
6 5  T. Ogawa, Spectrochim. Acta, 1968, MA, 15. 
6 6  N. Muller and D. E. Pritchard, J. Amer. Chem. SOC., 1960, 82, 248. 
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present in solution and implying a similar structure for the pure liquid.66 To 
explain the change in the spectrum as a function of temperature, an intra- 
molecular rather than an intermolecular exchange process was suggested as 
being more likely. In another variable-temperature n.m.r. study of trimethyl- 
aluminium in ~yclopentane,~~ it was concluded that a mechanism involving the 
rupture of the aluminium-carbon bond and the re-formation of this bond with 
another methyl group seemed most likely. More recently, however, in a variable- 
temperature n.m.r. study that used toluene as the solvent, and included data for 
not only trimethylaluminium but also for exchange between trimethylaluminium 
and trimethylgallium, it was suggested that the rate-determining step of the 
exchange process involved complete dissociation of the dimer into solvent- 
separated monomers that could then recombine according to the 
equilibrium (2).48 

Me,Al, = 2Me3Al = Me3AI+Me,Al 
Dimer Solvent caged Solvent separated 

monomer monomer 

Molecular-weight measurements show trimethylaluminium to be dimeric in 
benzene44 although it is monomeric in diethyl ether.23 Vibrational data indicate 
that liquid trimethylgallium is m o n o m e r i ~ , ~ ~ , ~ 8  while n.m.r. data support the 
presence of a monomeric structure in cyclopentane or benzene solutions.50 
Raman data are consistent with a monomeric structure for liquid tri- 
methylindium.46 Although it was initially reported that trimethylindium is 
tetrameric in benzene,5l more recent studies using not only b e n ~ e n e ~ o , ~ ~  but also 
toluene, dichloromethane, and cyclopentane, indicate that it is monomeric in 
these solvents. Trimethylthallium is likewise monomeric in ben~ene .5~9~~ 

Trimethylboron is monomeric in the vapour state and a recent electron- 
diffraction study has shown the presence of a planar C3B skeleton69 with no 
evidence of hyperconjugative stabilization of the boron-carbon bonds. Although 
trimethylaluminium is dimeric in the vapour state at 70"C, a dimer-monomer 
equilibrium has been found between 90 and 155 "C, while only the monomer has 
been detected in the Raman spectrum at 260 "C and a pressure of approximately 
1 atm.45,64,70 A gas-phase electron-diffraction study has been reported of both 
monomeric and dimeric trimethylal~minium.7~ The monomer has D3h symmetry 
while the data for the dimer are consistent with a model of D2h symmetry. 
Trimethyl-galli~rn,4~ - indi~m,~5 and -thallium62 are all monomeric in the vapour 
phase. In the liquid and the vapour phases, there is free rotation of the methyl 
groups for all of the trimethyl derivatives of the Group IIIb e lement~ .~6~63~~*~7~ 

6 7  K. C. Ramey, J.  F. O'Brien, I. Hasegawa, and A. E. Borchert, J.  Phys. Chem., 1965, 69, 

6 8  G. E. Coates and A. J. Downs, J. Chem. SOC., 1964,3353. 
8 o  L. S. Bartell and B. L. Carroll, J .  Chem. Phys., 1965, 42, 3076. 
T o  C. H. Henrickson and D. P. Eyman, Inorg. Chem., 1967, 6, 1461. 
71 A. Almenningen, S, Halvorsen, and A. Haaland, Acta Chem. Scand., 1971, 25, 1937. 
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Several vibrational studies have been reported for trimethylboron.63,72-74 In  
assigning the vibrational spectrum of dimeric trimethylaluminium, attempts to 
distinguish between terminal and bridging methyl group modes have been 
complicated by extensive vibrational mixing of these modes.65 Although vibra- 
tional data are also available for trimethylgalli~rn4~~~~~~~ and trimethylin- 
diurn,46,75976 it is lacking for trimethylthallium. 

5 GroupIVb 
The tetramethyl derivatives of the Group IVb elements are all stable towards air 
and water. Tetramethylsilicon has been prepared by reaction of methylmagnesium 
halides with silicon tetrachloride.77~78 The Grignard reaction has also been used 
to prepare tetrarnethyl-germani~m,77,79-8~ -tin,80,g2,*3 and -lead.83 The use of 
di-n-butyl ether rather than diethyl ether as the solvent can help to increase the 
yield of tetramethylgermaniumsO~81 and decrease the problems involved in 
removing the solvent from tetrameth~ltin.~~ Tetramethylgermanium is also 
formed on reaction of germanium tetrachloride and trimethylaluminium,84 
dimethyl~inc,8~ or dimethylcadmium.86 

Solid tetramethylsilicon exhibits polymorphism. A metastable a-form (m.p., 
- 102 "C) and a stable p-form (m.p., - 99 "C), were originally chara~terized.8~-*~ 
More recently, another metastable form (m.p., - 107 "C) has been rep~rted.~O 
Although it was originally concluded that tetramethyltin does not exhibit poly- 
morphism,82 it has more recently been shown that it has a second solid phase 
that is unstable and obtained when the liquid is cooled through the freezing point 
of - 56 O C g l  The barrier to internal rotation of the methyl groups in the crystalline 
tetramethyl compounds decreases on going from silicon to lead.88,g2~9s A photo- 
electron study of these derivatives has been interpreted to show that it is unneces- 

7 a  W. J. Lehmann, C. 0. Wilson, Jr., and I. Shapiro, J. Chem. Phys., 1958, 28, 777. 
7 3  W. J. Lehmann, C. 0. Wilson, Jr., and I. Shapiro, J.  Chem. Ph-vs., 1959, 29, 1071. 
7 4  H. J. Becher and F. Bramsiepe, Spectrochim. Acta, 1979, 35A, 53. 
7 5  D. F. Oswald, 2. analyt. Chem., 1963, 309, 197. 
7 8  K.-H. von Dahlen and K. Dehnicke, Chem. Ber., 1977,110, 383. 
7 7  J. G. Aston, R. M. Kennedy, and G .  H. Messerly, J Amer. Chem. SOC., 1941, 63, 2343. 
7 B  C. W. Young, J. S. Koehler, and D. S. McKinney, J. Amer. Chem. SOC., 1947, 69, 1410. 
'% D. F. Van D e  Vondel, J. Organometallic Chem., 1965, 3, 400. 

81 E. H. Brooks and F. Glockling, Iizorg. Synth., 1970, 12, 58.  

8 3  W. F. Edge11 and C. H. Ward, J. Amer. Chem. Soc., 1955,77, 6486. 
R 4  F. Glockling and J. R. C .  Light, J. Chem. SOC. (A) ,  1967, 623. 
8 5  J. H. Lengel and V. H. Dibeler, J.  Amer. Chem. SOC., 1952,74, 2683. 
8 6  L. H.  Long and C. I. Pulford, J. Inorg. Nuclear Chem., 1968, 30, 2071. 

J. G. Aston and R. M. Kennedy, J. Amer. CJiem. Suc., 1940, 62,2567. 
G.  W. Smith, J. Chem. Phys., 1965, 42, 4229. 
T. Shinoda, H. Enokido, Y. Maeda, H. Tomita, and Y. Mashiko, Bull. CJzem. SOC. Japan, 
1973, 46, 48. 
T. Hasebe, G. Soda, and H. Chihara, Proc. Japan Acad., 1975, 51, 168. 

91 T. Hasebe, G. Soda, and H. Chihara, Bull. Chem. SOC. Japan, 1976, 49, 3684. 
g a  J. R. Durig, S. M. Craven, and J. Bragin, J.  Chem. Phys., 1970, 52, 2046. 
93 C. I. Ratcliffe and T. C .  Waddington, J.C.S. Faraday II, 1976, 72, 1840. 

E. R. Lippincott and M. C. Tobin, J. Amer. Chem. Suc., 1953, 75,4141. 
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sary to include the d-orbitals in any discussion of the bonding of these mole- 
cules.94 All studies of the tetramethyl derivatives have assumed that the C4M 
skeleton is tetrahedral in all phases. Such structures have been found in vapour- 
phase electron-diffraction studies of tetramethyl-silicon,95,g6 -germanium,95*97 
-tin,Q5 and -lead.95@ Vibrational studies have also been reported for all four 
~0mp0~nd~.78,80,83,99-102 

6 Groupvb 
Only two pentamethyl derivatives of the Group Vb elements have been charac- 
terized, namely pentamethylarseniclo3 and pentamethylantimony . lo49 lo5  The 
former has been prepared in dimethyl elher from methyl-lithium and trimethyl- 
arsenic dichloride, while the latter has been prepared in diethyl ether from 
methyl-lithium and trimethylantimony dibromide. A trigonal bipyramidal 
structure has been suggested for both compounds in all phases on the basis of i.r. 
and Raman data. 

Trimethyl derivatives of all of the Group Vb elements have been reported. 
Trimethylphosphorus has been prepared by the reaction of phosphorus trihalides 
with methylmagnesium ha1ides,lo6Jo7 d i m e t h y l z i n ~ , ~ 0 7 ~ ~ ~ ~  or methyl- 
l i t h i ~ m . ~ ~ ~ , ~ ~ ~  Although it is an extremely volatile and toxic material that 
ignites spontaneously in air, it can be collected and stored as the solid silver iodide 
complex [AgIPMe3]4 and regenerated as needed by heating the ~omplex .~O7~~09~~~0 
Trimethylarsenic may similarly be prepared by reaction of arsenic trichloride 
with methylmagnesium halideslll or dimethylzinc,l12 and stored as the solid 
complex [Me3As]2PdC12.113 It can then be regenerated as needed by the thermal 
decomposition of this complex in V ~ C U O . ~ ~  Trimethylarsenic has also been 
preparedll4 by the action of trimethylaluminium on arsenic trioxide in toluene, 
and similarly trimethylantimony is obtained by the reaction of trimethyl- 

9 *  R. Boschi, M. F. Lappert, J. B. Pedley, W. Schmidt, and B. T. Wilkins, J. Organometallic 

9 5  L. 0. Brockway and H. 0. Jenkins, J. Amer. Chem. Soc., 1936,58,2036. 
96 W. F. Sheehan, Jr., and V. Schomaker, J. Amer. Chem. SOC., 1952, 74, 3956. 
g i  J. L. Hencher and F. J. Mustoe, Canad. J ,  Chem., 1975, 53, 3542. 
9 *  T. Oyamada, T. Iijima, and M. Kimura, Bull. Chem. SOC. Japan, 1971,44, 2638. 
9 9  S. Sportouch, C. La Costa, and R. Gaufres, J .  Mol. Struct., 1971, 9, 119. 

l o o  G. Tatzel, H. Schrem, and J. Weidlein, Spectrochim. Acta, 1978, 34A, 549. 
l o 1  F. Watari, Spectrochim. Acta, 1978, 34A, 1239. 
I02 G .  A. Crowder, G. Gorin, F. H. Kruse, and D. W. Scott, J. Mol. Spect., 1965, 16, 115. 
l o 3  K.-H. Mitschke and H. Schmidbaur, Chem. Ber., 1973, 106, 3645. 
I01 G. Wittig and K. Torssell, Acta Chem. Scand., 1953, 7, 1293. 
105 A. J. Downs, R. Schmutzler, and I. A. Steer, Chem. Comm., 1966, 221. 
i"e E. J. Rosenbaum and R. Sandberg, J.  Amer. Chem. SOC., 1940, 62, 1622. 
lo7 L. H. Long and J. F. Sackman, Trans. Faraday Soc., 1957, 53, 1606. 
1 0 8  L. H. Long and J. F. Sackman, Research Correspondence, Suppl. to Research (London), 
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' 1 1  H. Rojhantalab and J. W. Nibler, Spectrochim. Acta, 1976, 32A, 947. 
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aluminium with antimony trioxide in hexane.ll5 Trimethylantimony can be 
stored by treating with bromine to produce trimethylantimony dibr0mide,ll6J~~ 
and regenerated by distilling a mixture of trimethylantimony dibromide and 
finely granulated zinc using various s o l v e n t ~ . ~ ~ 5 - ~ ~ 8  Trimethylantim0ny40J0~,~~6 
as well as trimethylbismuth40 have been prepared by reaction of the respective 
metal trichloride with methylmagnesium halides. 

Vibrational data have been reported for all of these trimethyl 
deri~atives.75,~~~,~~9,~20 The barriers to methyl group rotation have been deter- 
mined using solid-state Raman data for trimethylpho~phorus~~9 and trimethyl- 
arsenic.lll Although the trimethyl derivatives of the Group Vb elements are 
presumed to have a pyramidal structur; in all phases,121 detailed structural data 
derived only from microwave studies of the vapour are available for trimethyl- 
phosphorus122 and -arsenic123 and an electron-diffraction study of 
trimethy1bi~muth.l~~ 

7 GroupVIb 
Both dimethyl~eleniuml~5,~2~ and dimethyltell~rium~~7 are volatile and evil- 
smelling liquids that have been prepared by heating methyl iodide under reflux 
over a slurry of the respective metalloid powder in an alkaline solution of 
sodium formaldehydesulphoxylate. 

Several studies have concluded that both compounds have a bent C2M 
~kele ton~2~,~28-~3~ in all phases. In a recent analysis of the vapour- and liquid- 
phase vibrational spectra of these compounds, however, it was concluded that the 
C2M skeletons in both compounds are linear.132 This conclusion has been 
criticizedl33 as being based on a misinterpretation of poor quality vibrational 
data and ignoring the results of the above mentioned earlier studies. 

8 GroupIb 
Although trimethylgold is extremely unstable and has not been isolated, it has 

115 R. L. McKenney and H. H. Sisler, Znorg. Chem., 1967, 6, 1178. 
116 G. 0. Doak, G. G. Long, and M. E. Key, Znorg. Synth., 1967, 9, 92. 
117 G. T. Morgan and V. E. Yarsley, J. Chem. SOC., 1925, 127, 184. 
l l S  G. E. Parris and F. E. Brinckman, J. Org. Chem., 1975,40, 3801. 
'19 H. Rojhantalab, J. W. Nibler, and C. J. Wilkins, Spectrochim. Acta, 1976, 32A, 519. 
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l z 4  B. Beagley and K. T. McAloon, J. Mol. Struct., 1973, 17, 429. 
l a 5  M. L. Bird and F. Challenger, J. Chem. SOC., 1942, 570. 
lZ6 J. F. Beecher, J. Mol. Spec?., 1966, 4, 414. 
127  M. L. Bird and F. Challenger, J. Chem. SOC., 1939, 163. 
l Z 8  P. Diehl, A. C. Kunwar, and H. Bosiger, J. Organometallic Chem., 1978, 145, 303. 
lzs J. M. Freeman and T. Henshall, J. Mol. Struct., 1967-68, 1, 31. 
1 3 0  J. R. Allkins and P. J. Hendra, Spectrochim. Acta, 1966, 22, 2075. 
131  E. Goldish, K. Hedberg, R. E. Marsh, andV. Schomaker, J. Amer. Chem. SOC., 1955,77 
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been suggested as an intermediate in the thermal decomposition of 
Me3AuP(C6H5)3 in a variety of s01vents.l~~ A molecular orbital study of tri- 
methylgold in the same study reportedly shows that the Jahn-Teller-active 
structure of CsV symmetry is not the most stable structure; rather, the T- and Y- 
shaped geometries are of lower energy and are therefore favoured. It was also 
suggested on the basis of the results obtained from the study of the gold com- 
pounds, that a T-shaped trimethylcopper intermediate might possibly be formed 
in the copper(1)-catalysed coupling reaction between dimethylcuprate and methyl 
iodide. 

Methylcopper has been synthesized from copper nitrate and tetramethyl- 
lead,l35 copper iodide and methyl-lithium,136 or copper acetylacetonate and 
dialkylaluminium ethoxides.l37 It is reported to be thermally unstable, to 
decompose explosively,137 and to have a polymeric stmcture.l38 Methylsilver is 
formed as a precipitate on mixing methanol solutions of silver nitrate and tetra- 
methyl-lead at low temperat~res.l3Q-l~~ It shows extreme thermal instability and 
while it decomposes slowly between - 80 and - 50 "C, it is stable for only a few 
seconds at - 30 "C. It is also potentially explosive. 

9 GroupIIb 
Dimethylzinc has been prepared by treatment of methyl iodide with a zinc- 
copper coup1e40,143 or with zinc dust and copper,144 as well as by reaction of zinc 
with dimethylmer~ury,4~ or of zinc acetate and trimethylalumini~m.~*5+6 
Dimethylcadmium has been synthesized from cadmium dihalides and methyl- 
magnesium h a l i d e ~ , ~ 0 ~ ~ ~ ~ 8 6 ~ ~ 4 7  as well as from cadmium acetate and trimethyl- 
aluminium.135 Dimethylmercury has been prepared by reaction of mercury 
dichloride with methylmagnesium h a I i d e ~ . l ~ ~  These dimethyl compounds are 
highly toxic, and volatile liquids that are extremely air- and moisture-sensitive ; 
except for dimethylmercury, which is stable towards air and water.l48 

Vibrational studies of these three compounds in all phases are consistent with a 
linear C2M skeleton148J49 and free rotation of the methyl groups, although the 
rotation becomes restricted in the solid state at very low temperatures.l3* 
Preliminary X-ray data reported for dimethylzinc are also consistent with the 
134 S. Komiya, T. A. Albright, R. Hoffmann, and J. K. Kochi, J. Amer. Chem. Soc., 1976,98, 

1 3 6  G. Costa and G. De Alti, Gazzetta, 1957, 87, 1273. 
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138 H. Gilman and R. E. Brown, J. Amer. Chem. Soc., 1930,52, 3314. 
138 G. Semerano and L. Riccoboni, Chem. Ber., 1941,74, 1089. 
140 G. Semerano and L. Riccoboni, 2. phys. Chem., 1942, A189,203. 
141  H. Theile, 2. Elektrochem., 1943,49,426. 
149 B. S. Rabinovitch, D. H. Dills, and N. R. Larson, J. Phys. Chem., 1959, 63, 1523. 
143 J. J. Watkins and E. C. Ashby, Znorg. Chem., 1977, 16,2075. 
144 N. K. Hota and C. J. Willis, J. Organometallic Chem., 1967, 9, 169. 
146 E. A. Jeffrey and T. Mole, Austral. J .  Chem., 1968,21, 1187. 
146 A. L. Galyer and G. Wilkinson, Inorg. Synth., 1979,19, 253. 
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~~~~~ gia &keg- GAY skc~it~ 2" Air L~CL~~SAI' Zray  st/udy ofdmet6yL 
mercury resulted in a pattern indicative of an amorphous solid.l48 An electron- 
diffraction study of dimethylmercury vapour has also been reported.151 
Cryoscopic measurements of a benzene solution of dimethylcadmium show that 
this compound is monomeric.41 Data derived from n.m.r. studies of dimethyl- 
cadmium solutions, however, indicate that there is appreciable intermolecular 
methyl group exchange between dimethylcadmium  molecule^.^^^+^^^ A mechan- 
ism involving a methyl-bridged dimeric state has been suggested for the exchange 
process (3).l53 

/Me\ 
2Me2Cd = Me - Cd< -)"" - Me (3) 

Me 

10 Groups IIIa-VIII 
An attempt has been reported to prepare methyl derivatives of scandium, 
yttrium, and lanthanum33 from the respective metal trichlorides and methyl- 
lithium. Pyrophoric solids were produced that were only soluble in donor sol- 
vents. Although the constitution of these compounds was uncertain, it was 
speculated that they were tetrahydrofuran adducts of Me3M (M = Sc, Y ,  La). 

Tetramethyltitanium has been prepared from titanium tetrachloride and 
methyl-lithium at - 80 "C using diethyl ether as the s0lvent.l5~ It is very sensitive 
to air and water, undergoes thermal decomposition at temperatures above 
approximately -78"C, and is presumed to be monomeric with a tetrahedral 
C4Ti skeleton. This conclusion is supported by a vibrational study of tetramethyl- 
titanium.l55 Tetramethylzirconium has been reported to be formed through the 
reaction of zirconium tetrachloride and methyl-lithium, and decomposes below 

The addition of a diethyl ether solution of methyl-lithium to NbMeaC13 or 
NbMesC12, or to TaMesCl2 produced pentamethylniobium and pentamethyl- 
tantalum, respe~tively.l57,~5~ The former compound was produced as a yellow 
ether solution that decomposed above - 30 "C. Its instability prevented isolation 
as a solid.l58 It was possible, however, to isolate solid pentamethyltantalum. 
Since this compound decomposes violently in air, it is dangerous to isolate more 
than a millimole, or to store it for more than a few hours at - 78 "C, and it should 
never be stored in a partially decomposed state since further decomposition can 

- 15 OC.l56 
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be sudden and vi01ent.l~~ The photoelectron spectrum of pentamethyltantalum is 
consistent with a structure of D3h symmetry.l59 

Tetramethylchromium has been prepared as a volatile, thermally unstable oil 
by reaction of chromium(1v) t-butoxide with methyl-lithium.l60 Although 
unaffected by water, it is sensitive to oxygen. Hexamethyltungsten is formed as 
an extremely volatile and thermally unstable solid that decomposes slowly on 
standing.lG1 Extreme caution has been recommended in handling this compound 
since it reacts explosively with atmospheric oxygen and may also detonate, under 
certain circumstances, in vacuu or under nitrogen or argon.162y163 It was originally 
prepared through the reaction of methyl-lithium and tungsten hexachloride in 
diethyl ether.lel More recently, it has been noted163 that the more stringent the 
precautions to exclude air from the solvents and reaction system, the poorer the 
yields. The reaction is therefore complex, and although oxygen is required to 
obtain the final solution, its role is obscure. A higher yield of hexamethyl- 
tungsten, allowing for the preparation of multigram quantities, has been re- 
ported,l63 in which trimethylaluminium and tungsten hexachloride react, 
followed by the removal of dimethylaluminium chloride with an amine. A 
photoelectron study has led to the conclusion that hexamethyltungsten has 
octahedral symmetry. l599 l G 2  

In two different studies, dimethylmanganese was reported to be formed as an 
insoluble, yellow solid on reaction of MnI2 and methyl-lithium in diethyl 
ether.l64y165 In a more recent studyY166 however, it was questioned whether this 
compound was actually prepared, on account of poor characterization and 
unsatisfactory analytical data that were reported for only manganese. Hexa- 
methylrhenium has been synthesized as a very volatile solid that can be kept 
indefinitely at - 20" C, but which decomposes at approximately 10 "C. Although 
slowly decomposed by water, it is somewhat photosensitive, and extremely air- 
sensitive. In one case, it was observed to detonate violently on the addition of 
nitrogen to a sample in vacuu. Therefore, it must be handled with extreme 
~aut ion.~57,~6~ It is prepared by reaction of trimethylaluminium with 
R ~ O ( C H & L ~ ~ ~  An e.s.r. study suggested that hexamethylrhenium has a dis- 
torted, octahedral structure in petroleum or toluene.168 A photoelectron study of 
this compound in the vapour state, however, shows a small and insignificant 
distortion of the structure from octahedral symrnetry.lG2 

169 L. Galyer, G. Wilkinson, and D. R. Lloyd, J.C.S. Chem. Comm., 1975, 497. 
lEo W. Mowat, A. J. Shortland, N. J. Hill, and G. Wilkinson, J.C.S. Dalton, 1973, 770. 
I f i 1  A. J .  Shortland and G. Wilkinson, J.C.S. Dalton, 1973, 872. 
l e a  J. C. Green, D. R. Lloyd, L. Galyer, K. Mertis, and G. Wilkinson, J.C.S. Dalton, 1978, 

lEs A. L. Galyer and G.  Wilkinson, J.C.S. Dalton, 1976, 2235. 
164 C. Beermann and K. Clauss, Angew. Chem., 1959,71,627. 
165 R. Riemschneider, H.-G. Kassahn, and W. Schneider, 2. Naturforsch., 1960, 15b, 547. 
16( R. A. Anderson, E. Carmona-Guzman, J F. Gibson, and G.  Wilkinson, J.C.S. Dalton. 

lE7 K. Mertis and G. Wilkinson, J.C.S. Dalton, 1976, 1488. 

1403. 

1976, 2204. 

J. F. Gibson, G. M. Lack, K. Mertis, and G. Wilkinson, J.C.S. Dalton, 1976, 1492. 
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Reported synthesis of dimeric dimethylplatinum and tetrameric tetramethyl- 
platinum have been shown to be incorrect, with the statement being made by one 
investigator that future synthesis of neutral methides such as tetramethyl- 
platinum seems unlikely.l69 
16s G W. Rice and R. S. Tobias, J. Amer. Chem. SOC., 1977, 99, 2141 
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