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1 ,l-Dimetallagermacyclopent-3-enes: Precursors to Transition Metal Substituted 
Germylenes (Germanediyls) 
Deqing Lei and Mark J. Hampden Smith* 
Department of Chemistry, University of New Mexico, Albuquerque, NM 87131 U.S.A. 

Transition metal substituted germylenes have been generated by pyrolysis of 1 ,I -dimetallagermacyclopent-3-enes 
and by the metathesis reaction between Gelz and [Mo(CO)~C~] -  (Cp = C5H5). 

The chemistry of silylene and germylene reactive inter- 
mediates has been intensely studied in recent years, with 
particular emphasis on the preparation of suitable genera- 
tors,1 trapping reagents,* and their rearrangement reactions.3 
However, the work has been confined almost exclusively to 

the study of silylenes and germylenes containing electronega- 
tive substituents. The sole exception is the recent generation 
of a transition metal substituted silylene, { :Si[Fe(C0)2Cp]- 
Me} (Cp = CsHs), by Marietti-Migrami and West,4 which was 
trapped by reaction with benzophenone. Since heavy carbene 
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' ' D e X Z  + ZNaML, ___) D 6 ' M L "  + 2 NaX 
R2 R2 h 

(1) R1 = R2 = Me, ML, = Mn(CO)5 
(2) R1 = R2 = Me, ML, = Fe(CO)2Cp 
(3) R1 = R2 = Me, ML, = CO(CO)~ 
(4) R1 = Me, R2 = H, ML, = Mn(CO)5 

Scheme 1 
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Scheme 2 

analogues containing electropositive substituents are likely to 
exhibit interesting chemistry,5 we are examining methods to 
prepare precursors for transition metal substituted germy- 
lenes, { :Ge[MLJ2}. 1,l-Disubstituted germacyclopent-3- 
enes seem to be suitable precursors since dimethylgermylene6 
and dichlorogermylene7 have been cleanly extruded under 
relatively mild conditions. 

A series of 1,l-ditransition metal substituted 
germacyclopent-3-enes have been prepared according to the 
metathesis reaction of Scheme 1. When reactions were carried 
out over short periods (30 min), mixtures of mono- and 
di-substituted products were obtained. However, the 1,l-  
disubstituted species, (1)-(4), were isolated in high yields 
after a reaction period of 12 h as colourless or pale yellow 
solids that gave satisfactory spectroscopic and elemental 
analytical data.? 

Thermogravimetric analyses of (1)-(4) indicate that the 
onset of weight loss occurs at -150°C and is complete by 
-250 "C.$ After pyrolysis in the solid state at 165 "C for five 
minutes in a sealed tube, (1) generated 2,3-dimethylbuta-l,3- 
diene as shown by 1H n.m.r. spectroscopy of the reaction 
products, implying the possible extrusion of 
{:Ge[Mn(C0)5]2} ( 5 ) .  In order to determine whether tran- 
sition metal substituted germylenes are extruded intact, a 
number of trapping experiments have been carried out. 
Scheme 2 is typical of these experiments. Compound (4) was 
pyrolysed in the presence of a large excess of 2,3-dimethyl- 
buta-1,3-diene diluted with toluene solution and sealed in an 

7' Selected spectroscopic data: (1) lH n.m.r. 6 2.44 (s, 4H, CH2), 1.82 
(s, 6H, Me); i.r. v(C-0) (cm-l), 2100m, 2067m, 2032s, br., 1950sh. 
(2) lH n.m.r. 6 2.48 (s, 4H, CH2), 2.06 (s, 6H, Me), 4.40 (s, 5H, Cp); 
i.r. v(C-O)(cm-l), 1983s, 1933sh, 1917s, 1900sh. (3) 1H n.m.r. 6 2.47 
(s, 4H, CH2), 1.66 (s, 6H, Me); i.r. v(C-0) (cm-1) 2100s, 2081s, 
2032s, 1944s, br. (4) lH n.m.r. 6 2.30 (s, 2H, CH2,), 2.46 (s, 2H, 
cH2b), 1.88 (s, 3H, Me), 5.88 (s, lH ,  CH); i.r. v(C-0) (cm-l) 2075m, 
2010s, 2001s, br., 1986s, br. 

$. Data were recorded from 40-400"C with a heating rate of 
10 "C/min and from 40-900 "C with a heating rate of 40 "C/min. No 
weight change was observed above 250 "C. 

J .I 
:Ge" 

'Mo (C 0) C p 

Scheme 4 

ampoule in vacuo. After heating to 185°C for 5 min,$ the 
volatile components were removed in vucuo and the whole 
reaction mixture dissolved in [2H6]benzene. Methyl and 
methylenic 1H n.m.r. resonances corresponding to an authen- 
tic sample of (1) could be unequivocally identified, together 
with resonances due to unchanged (4) and a small amount of 
polydiene. After this short pyrolysis, at least 30% of (5), 
extruded from (4), had been trapped to form (1).T[ This 
experiment provides quantitative evidence that is consistent 
with the extrusion of the transition metal substituted germy- 
lene, {:Ge[Mn(CO)&}, upon pyrolysis of (4) and demon- 
strates that both the Ge-Mn and Mn-CO bonds are kinetically 
stable to the reaction conditions employed. It has previously 
been reported8 that compound (3) extrudes { :Ge[Co(CO)&} 
between 40 and 60 "C. However, we found that heating (3) for 
6 h at 70 "C resulted only in the quantitative extrusion of CO to 
form (6), according to Scheme 3. Elimination of 2,3-dimethyl- 
buta-1,3-diene occurs at a significant rate only above 170 "C. 

Additional evidence for the generation of transition metal 
substituted germylenes has been obtained from trapping 
reactions according to Scheme 4. Compound (7) was isolated 
in 30% yield after reaction for 12 h at room temperature in 
diethyl ether and was characterized by 1H n.m.r. spectro- 
scopy.l( Since the reaction of Ge12 with 2,3-dimethylbuta-l,3- 
diene is negligible over this period at room temperature 
(significant reaction occurs only 250 "C), and the reaction of 
Na[Mo( CO)3Cp] with l,l-di-iodo-3,4-dimethylgermacyclo- 
pent-3-ene is only 20% complete after three days (control 
experiment using Et2O as solvent under similar conditions to 
those of Scheme 4), we conclude that { :G~I[MO(CO)~C~])  (8) 
must be a relatively long-lived species under the conditions of 

0 A twenty-fold excess of trapping reagent was used and the 
experiment carried out at high dilution [-0.1 m M  in (4)] to reduce the 
possibility of polymerization of the dienes. 

7 This is the minimum extent of conversion as determined by 
comparison of the IH n.m.r. integration of resonances due to 
unchanged (4) and (1). However, it is likely that more than 30% of (4) 
reacted. 

11  (6), 1H n.m.r. 6 2.46 (s, 4H, CH2), 1.46 (s, 6H, Me); i.r. v(C-0) 
(cm-1) 1999s, br.; 2041s, 2088s, 1836s. (7) 1H n.m.r. 6 2.57 (d, 2H, 
JHH 16 Hz, CH2a), 2.36 (d, 2H, CHZ~) ,  1.68 (s, 6H, Me). 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
89

. D
ow

nl
oa

de
d 

by
 T

uf
ts

 U
ni

ve
rs

ity
 o

n 
27

/1
0/

20
14

 1
9:

15
:5

9.
 

View Article Online

http://dx.doi.org/10.1039/c39890001211


J. CHEM. SOC., CHEM. COMMUN., 1989 1213 

Scheme 4. The isolation of only the mono-substituted product 
is probably the result of the large steric demands of the 
[Mo(C0)3Cp] - moiety. 

Further studies on the thermal rearrangements of this 
interesting class of compounds and the reactivity of transition 
metal substituted germylenes are in progress. 

We thank Dr. Dan Doughty of Sandia National Labora- 
tories for helpful discussions, Eva Quesnell for assistance, and 
the Sandia-University Research Program for financial support 
of this project. Elemental analyses were performed by Guelph 
Chemical Laboratories. 
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