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Summary 

In a study of the reaction of WC16 with LiCHZZMe3 (Z = Si or Ge) evidence 
for metal-carbene intermediates emerged. The main products of Me3ZCH2 
group conversion were trimethylchlorosilane(germane) and tetramethylsilane- 
(germane). The breaking of the W-CHzZMe3 bond with a “throwing-off” of 
the methylene fragment as a complex with tungsten is believed to account for 
the formation of Me,ZCI compounds_ Further decomposition of the tungsten- 
methylene complex leads to the production of ethylene and propylene. It has 
been shown that Me4Z formation is not associated with homolytic splitting of 
the W-C bond. A possible reaction scheme for this involves the metal-carbene 
species. WC16 and trimethyIsilylmethy1 derivatives of Li, Mg and Ti proved to be 
effective catalysts for ring-opening polymerization of cycloolefins. 

Introduction 

According to current ideas carbene complexes of some transition metals (W, 
MO, etc.) are the active centres in olefin metathesis and cycloolefin ring-opening 
polymerization. Recently it has been shown possible to initiate cycloolefm ring- 
opening by metal-carbene complexes produced during the decomposition of 
aliphatic diazo-compounds with tungsten halides [1,2]. The pathways of the 
metal-carbene active centres formation in commonly used catalytic systems 
may vary, e.g., atelimination of hydride from transition metal alkyls, isomeriza- 
tion of x-olefin complexes, etc. Below we describe some results of a study of 
the new catalyticsystem effective for cycloolefm ring-opening polymerization, 
where the intermediate formation of the metal-carbene species can be traced 
by analysis of the products obtained in the interaction of the catalyst com- 
ponents. 



T
A

B
L

E
 1

 

Y
IE

L
D

S
 O

F
 S

O
M

E
 P

R
O

D
U

C
T

S
 F

O
R

M
E

D
 I

N
 T

H
E

 R
E

A
C

T
IO

N
 O

F
 W

C
16

 W
IT

H
 L

lC
H

2Z
M

r3
 (

Z
 =

 S
l 

O
R

 G
o)

 (
Y

lc
ld

s 
sh

ow
n

 b
n

sc
d 

on
 L

IR
 o

r 
W

C
&

j)
 

(W
C

16
 co

nc
en

tr
at

io
n 

0,
02

 
m

al
e/

l, 
te

m
pe

ra
tu

re
 

ZO
’C

, 
so

lv
en

t:
 b

cn
ze

n
c)

 

M
o

la
r 

tll
tl0

 
L

i :
 w

 

W
C

16
 +
 L

iC
H

$%
h,

‘,3
 

W
C

16
 +

 L
lC

H
2S

lM
q 

W
C

16
 +

 L
IC

H
2S

IM
e3

 
W

C
&

 +
 L

IC
H

2S
IM

e3
 

W
C

16
 +

 L
iC

H
2S

IM
e3

 
W

C
16

 t 
L

iC
H

2S
IM

e3
 ’ 

W
C

16
 t 

L
iC

H
2Q

cM
c3

 
W

C
16

 +
 L

IC
H

2G
cM

q 

1:
l 

2:
 

1 
3:

l 
6:

1 
G

:l
 

1 
: 

1 
1:

l 
2:

l 

Yi
el

ds
 

of
 p

ro
du

ct
s 

(G
L

C
 d

at
a)

 (
m

ol
t 

%
a)

 
_-

- 
-_

...
-_

.._
_ 

-_
 

...
I-

-.
--

..L
--

-L
- 

.-
-_

 

M
c3

S
IC

l 
M

C
,@

 
M

qG
cC

l 
M

r4
G

e 
-.

_-
_ 

- 
-.

 

L
IR

 
W

C
16

 
L

IR
 

W
C

16
 

L
IR

 
\

vC
16

 
L

IR
 

W
C

16
 

_~
__

l-
.~

-,
-_

...
.-

.-
~

.. 
_ _

_.
...

-“
...

 -“
--

.-
ll

--
.y

 

31
,6

 
31

.5
 

17
,o

 
L

l,
G

 
23

,6
 

47
.0

 
23

,s
 

47
,o

 
S

,O
 

24
,o

 
22

,o
 

G
G

,O
 

6.
6 

22
.0

 
27

00
 

10
8,

O
 

0 
0 

21
,0

 
10

6,
O

 
27

.6
 

27
.6

 
n

/d
 

43
.G

 
43

5 
11

,s
 

11
.3

 
91

.5
 

09
,O

 
24

.0
 

4R
,O

 

a 
In

 t
h

b 
cx

pc
rl

m
en

t 
lh

e 
re

n
ct

lo
n

 w
as

 c
ar

ri
ed

 o
u

t 
In

 lb
@

 p
re

sc
n

cc
 o

f 
cy

cl
op

en
le

n
r 

(I
O

 n
io

ls
 C

sl
l~

 : 
1 

m
ol

 i
i%

&
).

 



311 

Results and discussion 

The reaction of WC16 with organolithium compounds of general formula 
LiCH2ZMe, (Z = Si or Ge) proceeds very fast in a hydrocarbon medium at room 
temperature. According to PMR data the interaction of equimolar amounts of 
these reagents leads to the complete disappearance of the organolithium com- 
pound from the solution after 10-15 min. OrganometaIlic derivatives of tung- . 
sten produced by alkylation of WCI, decompose rapidly under the conditions 
employed giving some reduced form of tungsten and different products of Me,- 
ZCHz group conversion_ The products were identified on the basis of GLC, 

PMR and mass-spectral data. Table 1 shows the yields of the two principal reac- 
tion products, Me&Cl (or Me,GeCl) and Me4Si (MeaGe), obtained at different 
molar ratios of Li : W. 

In addition to the major components listed in Table 1 the reaction mixture _ 
also contained Me,SiCH,CI (or Me3GeCH2C1) and (hle3SiCH,)2, the expected de- 
composition products of the alkyl derivatives of transition metals. 

The formation of significant amounts of Me,SiCl(Me,GeCl) can-be consid- 
ered as the most important fact. The only reasonable explanation of their pro- 
duction seems to be the “throwing-off” of the methylene fragment from the 
Me,ZCH* group of the organotungsten compound obtained in the alkylation 
stage. A possible reaction scheme involves the metal-carbene intermediate (I): 

Me,ZCH&i + WCI, + Me,ZCH,WCl, + LiCl 

Me3ZCHtWCIS + h1e3ZCi + [CH-L=WC14] 
Cl) 

(1) 

The energetically advantageous formation of the Si(Ge)-Cl bond as well as a 
certain carbene stabilization by comp!exation may be invoked to account for 
the observed mode of decomposition. The ensuing breakdown of the interme- 
diate I results in the formation of ethylene and propylene (Table 2). 

As seen from the Table 2 data, at molar ratio Li : W = 1, up to 58% methylene 
fragments may be converted to ethylene. A reduction in the amount of ethylene 
with the increase of the Li : W ratio correlates with the fall of Me3SiC1 yields 
and the simultaneous increase of MeJSi yields (cf_ also Table 1). The formation 
of propylene may be attributed to isomerization of the intermediate cy&- 
propane (eq. 2): 

[WCL=CH,] + CH2=CHi --* qH2-;CH2 + CH&H=CHz (2) 

The presence of trace amounts of cyclopropane was established by GLC analy- 
S~S_ It is noteworthy that norcarane and some other cyclopropane derivatives, 
as has been shown in our laboratory, are readily subject to isomerization to ole- 
fins in the presence of metathesis catalysts_ 

Both ethylene and pxopylene were practically absent in the reaction mixture 
when the reaction between LiCH,SiMe3 and WC& was carried out in the pres- 
ence of cyclopentene (Table 2). The disappearance of these olefins may be rela- 
ted to the participation of the metaI-carbene intermediate I in the initiation of 
cyclooIe~ polymerization, so far as the yield of Me&Cl (Table 1) is nearly in- 
dependent of the presmze of the cycloolefin. 
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TABLE 2 

ETHYLENE AND PROPYLENE FORMATION IN THE INTERACTION OF WC16 WITH LiCH_SiMq 

Molar ratio 
Li r W 

Yield (mol %) a 

Ethylene Propylene 

1 :.l 58 trace 
2rl 17 8.5 
I:lb 0 trace 
2:lb trace trace 

a Based en intermediate I formation according to eq. 1. b Reaction n-as carried out in the presence of 
cyclopentene (100 mo1 CsHs : 1 mol WCl& 

The formation of Me& and Me,Ge might be a result of a homolytical cleav- 
age of the W-CH,ZMe, bond with the production of the ‘CH,ZMe, free radical 
followed by hydrogen abstraction from the solvent. However, the mass-spectra 
showed that neither Me4Si not other conversion products contained deuterium 
atoms when the reaction was conducted in deuterated solvents (CD&H, or 
C6D&_ The production of Me& could be accounted for by a peculiar dispropor- 
tionation reaction of the dialkyltungsten derivatives: 

2 MesSiCH2Li + WC16 + (Me$iCH&WC14 + LiCl 

(Me,SiCH,),WCL + Me& + [Me,SiCH=WCl,] 
(II) 

(3) 

If that is the case, reaction 3 is very similar to the reaction of neopentyllith- 
ium with tris(neopentyl)tantalum dichloride affording neopentane and an alkyl- 
carbene complex of tantalum 131. We had not been able hitherto to trace the 
formation of the-assumed complex II. But the increase of the Me,Si(M%Ge) 
yields at high Li : W molar ratios (Table 1) may be interpreted as circumstantial 
evidence in favour of the suggested reaction scheme. The formation of dialkyl- 
tungsten derivatives in the equimolar interaction of the reagents would then be 
related to the associated state of the organolithium reagent. 

The catalysts produced from WCls and trlmethylsilylmethyl derivatives of 
the Group I-IV metals are very effective for cycloolefin ring-opening polymeri- 
zation, as shown in Table 3. Cyclopentene may be polymerized by the system 
WCl,-LiCH,SiMq in a wide temperature region. High conversions of polypen- 
tenamer are attained in reasonable times even at -78°C. Although the lithium 
compound seems to be the moat active as a component of the catalysts of this 
type, sufficiently high activity is inherent also for magnesium and titanium deriv- 
atives, as illustrated in Table 3, The catalysts containing organomagnesium and 
organolithium compounds exert anionic character and avoid therefore side reac- 
tions of the F’riedeI-Grafts type which constitute a serious drawback of the com- 
mon metathesis catalysts based on the organoahnninium compounds. 

The new type of decomposition reactions discussed ~above may be considered 
as an example of a redox reaction generating~metal-carbene complexes since ’ 
the formation of the latter are ticcompanied by the transition of tun@en(VI) 
to tungsten(IV) in a single chemical act. 1 -- - : ; 
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Experimental 

All experiments were performed under carefully purified argon. Tungsten 

hexachloride was purified by sublimation of volatile impurities (mostly WOCI,) 
at 200°C in an argon stream, and was dissolved in dry toluene or an other hy- 
drocarbon solvent to form O-02-O-05 M solution_ Solvents end cycloolefins 
employed in this study were purified by conventional methods, distilled under 
Ar atmosphere and stored over sodium wire or in the presence of ethyllithium. 

Trimethylsilylmethyllithium was prepared by the reaction of Li metal with 
Me,SiCH,Cl in benzene at 60°C by a somewhat modified procedure of Lewis 
and Brown [4]. A similar method was used for the synthesis of MeJGeCH,Li. 
Bis(trimethylsilyhnethyl)magnesium was synthesized by the interaction of hlg 
turnings with Me$iCH&l in absolute ether followed by symmetrization with 
diosan. Tetrakis(trimethylsilylmethyl)titanium(IV) was prepared from TiCL 

_ and LiCH,SiMe, in hexane at 0-4°C according to the method reported in [ 51 
with some modification. Organometallic compounds were used as O-01-0.04 M 
solutions in hydrocarbons_ 

The reactions of LiCH,SiMeS (or its germanium analog) with WC16 was car- 
ried out in sealed glass tubes- After 15 min at 20” C all volatile products were 
distilled off and analysed by GLC. Analyses of the silicon and germanium deriv- 
atives were performed using a 3 m X 3 mm column with 10% squalane on Chro- 
mosorb W operated at 5O”C, n-hexane being used as an internal standard. For 
ethylene and propylene analysis 4.5 m X 3 mm column with 10% squalane on 
Chromaton N operated at 20°C was employed. 

Polymerization runs were carried out in 30 ml glass bottles. The charge order 
was: monomer, WC16 solution, additional amount of solvent, and after 10-15 
min, solution of organometallic compound. Sealed bottles were trausfered to 
the proper constant temperature bath. Polymerization was terminated with 
methanol, and the polyalkenamers obtained were analyzed by the usual meth- 
ods_ 
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