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Abstract 

Reaction of a stable germylene, bis(bis(trimethylsilyl)methyl)gemaylene (1), x~,ith an excess of trans-1,2-dichloroethylene, cis. 1,2-di. 
chloroethylene or l,l-dichioroethylene gave the corresponding vinyichlorogemmnes 2, 3 and 4 respectively in quantitative yield. The 
stereochemistry of the starting material was retained in the product, showing that these insertion reactions proceeded stereospecifically. 
Reaction of ! with an equal molar quantity of trans-l.2-dichloroethylene gave the double gemlylene insertion product trans- 
R 2CIGeCH = CHCGeCIR 2 (R =,, CH(SiMe3)2). 
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I. Introduction 2. Results and distussion 

Although much researeh is concerned with the reac- 
tivity of divalent sixties containing the heavier Group 
14 elements [I], for reviews see Ref. [21, reactions with 
compounds containing a carbon~halogen (C~oX) bond 
at~ rarely studied (for the reaction of silylene with 
halogenated compounds see Ref. [3]; Ibr reactions of 
$ermylenes with haiogenated compounds see Refs. [4] 
and [5]). In the case of germylenes, reactions of dimeth- 
ylgermylene [6] with several halogenated compounds 
have been rel~rted [4], and a concerted or non.cono 
certed insertion of germylene into a C - X  bond was 
found to take place. However, the germylene did not 
react with a C - X  bond of alkyl and vinyl chloride, and 
whether or not insertion takes place may depend on the 
C-X dissociation energy. Dimethylgermylene has a high 
reactivity and a short lifetime, so self-polymerization 
occured rather than insertion. }lowever, the stable 
germylene bis(bis(trimcthylsilyl)methyl)germylene (1), 
abbreviated to (bisdisyl)germylene, was found to insert 
into a C - X  bond rather than undergoir|g dimerization 
[71. 

"-':-Corresponding author. 
i Dedicated to Professor Robert Corrm in recognition of his out- 

standing contributions to organometailic and silicon chemistry. 

When (bisdisyl)germylene (I, 5Omg, O. 13 tmnol)reo 
acted with an excess of tran.~'°l,2-dichloroethylene 
(194roB, 2.0retool) in toluene at room lenll~rattlrc 
under argon in the dark, the yellow color of I1 wax 
discharged immediately. After removal of solvent, qua|l~ 
titative fi)rmation of vinyl chlorot-~,erm;mc (2) was rc.~ 
vealed by ' l |  and ~~C NMR spectroscopy. Purification 
by preparative HPLC gave the insertion product (2, 
63rag). [2: colorless off; tit NMR (CDCI~) ~ 0.17 (s, 
18H), 0.20 (s, 2H), 0.30 (s, 18H), 6.43 (d, Ill, J 
14.9Elz), 6.87 (d, IH, J -~ 14.9Hz); I~C NMR (CDCI~) 
t5 3.1 (q), 3.4 (q), 13.3 (d), 132.2 (d), i 33.6 (d); MS 
(El) m / z  473 (M+-Me),  453 (M+~CI), 427 (M*~ 
CH=CHCI).] In detailed NMR studies, the 'J , ,~t . l ,}  
coupling constant of 2 was found to l~ ca. 15 Hz, and 
this value showed that only the trans product was 
formed, the olefin configuratiot~ having been retained. 

Under the same conditions, reaction of I with an 
excess of cis. i,2°dichloroethylcne (! 94 rag, 2.0 retool) 
gave the insertion product (3, 63 rag) in quantitative 
yield. [3: colorless waxy solid; m.p. 57.4-57.6'~C; ~it 
NMR (CDCI~) ~ 0.21 (s, 18H), 0.25 (s, 18H), 0.38 (s, 
2tl), 6.17 (d, IH, J = 9.2 Hz), 6.78 (d, IH, J = 9.2 Hz); 
I'~C NMR (CDCI~) ~ 4.0 (q), 4.5 (q), 13.9 (d), 132.2 
(d), 135.2 (d); GCMS ( re~z )  473 (M+-Me), 453 (M ~- 
Cl); Anal. Found: C, 39.71; tt, 8.44. Ci,  H40Cl,Si4Ge 

0022-328X/96/$15.00 Copyright © 1996 Elsevier Science S.A. All rights reserved. 
Pli S0022-328X(96)06407-8 



3g8 H. Ohgaki. W. Ands,/Journal of Organometallic Chemistry 521 (1996) 387-389 

CI R2 
:GeR~ ~ :GeR 2 Cl~Ge 

% . _  
el "-"%CI ~ Ge-CI reflux Ge~CI 

R2 2 5 R 2 

R 2 Rz 
R= :GeR2 C I - -G~ jGe  ~ CI 

r.t. ~ 3 6 

R2 
C I  :GeR z Ge--C:I SiMe3 i 

- ~ ==~ R= ~ C H  
I 

CI r.t. Cl 4 $iMea 

Scheme l. 

Calc.: C, 39.35; H. 8.26%.] This was characterized as 
the cis.structure by the ~J(cH~CH) coupling constant 
(9.2Hz) in the I H NMR spectrum. Reaction with an 
excess of 1 ,l-dichloroethylene (194 mg, 2.0 mmol) gave 
the corresponding insertion product (4, 63 mg) in mod- 
erate yield. [4: colorless crystals: ~H NMR (CDCI 3) 8 
0.21 (s. 18H), 0.22 (s. 18H). 0.25 (s, 2H), 6.14 (d, IH, 
J ~  1.5Hz), 6.25 (d, IH, J =  1.5Hz); 13C NMR 
(CDCi~) 8 4.46 (q), 4,54 (q), 13.3 (d), 130.4 (t), 
147.0(s): MS (El) m / z  473 (M+-Me), 427 (M +- 
CCI=CH2).] Its IJ~c,,o ~ coupling constant was found 
to be ca. 1.5 Hz (Sche~ne I). 

When two molar equivalents of bisdisylgermylene (1, 
100rag, 0.26retool) were used with trans-dichloroeth- 
ylene (13 rag, O. 13 retool), the reaction was carried out 
in refluxing toluene for 24h. The product mixture was 
purified by silica gel column chromatography (hexane) 
to give a quantitative yield of the product of insertion of 
a germylene into each C=CI bond, i.e. 1,4°dich!oro° 
1,4°digerma°trans°2°butene ($, I lomb) (Fig. I). [5: col° 
orless ct),stals; m.p. 150.2~ 150.5 °C; "H NMR (CDCI ~) 
8 0.12 (s, 2H), 0.25 (s, 36H), 0.27 (s, 36H), 7.21 (s, 
2H):, t~C NMR (CDCI~) 8 4,7 (q), 14,0 (d), 151,0 (d); 
MS (E l )  m / z 865 ( M * ~ M e ) ,  427 
(CIOe[CH(SiMe~)~]~); Anal. Found: C, 41.15: H, 9.15. 
C~0H~sCl~SisG¢ ~ Calc,: C, 40.96; H, 8,94%,] A simi- 
lar double insertion reaction also took place in the 
reaction with cis, dichloroethylene in refluxing toluene 
for 5 days (6, 33 rag, 30% yield). [6: colorless crystals; 
tH NMR (CI)CI~) 8 0,15 (s, 2H), 0,24 (s, 36H), 0,26 
(s, 36H), 7,29 (s, 2H); t~C NMR (CDCI,~) 8 4,7 (q), 
14,0 (d), 151,0 (d); MS (El) m / z  865 (M*=Me), 427 
(CIGe[CH(SiMe~): ]~).] 1,I-Dichlorocthylene did not 
undergo double insertion of germylene into a C=Ci 
bond, 

Compounds $ and 6 show a similar pattern of signals 
and chemical shifts ' ~ ~ ~' m the H and C NMR specu'a, 
SiMe~ (5 : )H  0,25 and 0,27 ppm, t:~C 4,7 ppm, 6: ~H 
0,24 and O,26ppm, )~C 4,Tppm); CH ($: ~H O,12ppm, 
)~C 14.0ppm, 6: ~H O.15ppm, )~C 14,0ppm); CH=CH 
(5: ~ H 7,21 ppm, )~C I 5 !,0 ppm, 6: ~ H 7,29 ppm, )'~C 
151,0ppm), An X-ray structure determination analysis 
was carried out in the case of 5, and showed that it 
possesses a trans-struetur¢, indicating that the insertion 

of the second germylene into the C-CI bond of the 
vinylchlorogermane proceeds stereospecifically. (Crystal 
data for 5: FW 879.73, monoclinic with a = 
12.042(2),~, b=15.714(3),~, c=13.781(3)A, /3= 
107.52(2) °, V= 2496.9,~ 3, space group P2 l, Z = 2 ,  
p,(Mo K a)  15.1 cm- i Pcalc = 1.17 ~ cm- 3. 3622 inde- 
pendent reflections [20<50°; IFol"> 3trlFol 2] were 
measured on an Enraf-Nonius CAD4 diffractometer us- 
ing Me K a irradiation and to-2 0 scan. An empirical 
absorption correction based on a series of @scans was 
applied to the data 0.78/1.00. The structure was solved 
by direct methods. Hydrogen atoms were included in 
the calculations but not refined. All non-hydrogen atoms 
were refined anisotropically to R = 0.064 (R,. = 0.074),] 
The chlorine atoms were found to lie symmetrically 
about the carbon-carbon double bond in the crystal 
because of the steric demands of the bulky substituents 
on the germanium atom. In the case of 6, a s, i table 
crystal could not be obtained for an X-ray diffraction 
study. 

While we have not confirmed the existence of a 
chlorogerma-ylide intermediate, we have been able to 
show that these insertions may be formulated as involv- 
ing an attack of the germylenc on the chlorine atom to 
form the chlorogerma-ylide (7), followed by intramolec- 
ular rearrangement. An attack of germylene on the 
chlorine atom appears to be faster than addition to a 
double bond. Crotyl chloride and allyl chloride under- 
went direct germylene insertion (9) into the C=CI bond, 
the reactions being much faster than that with vinyl 
chloride. Insertion of the germylene into alkyl chloride 
derivatives to give, for example, 10 was observed; the 
insertion into n°butyl chloride was as fast as those into 
vinyl chlorides (Scheme 2), 

Addition of I to an electron deficient olefin (N°phen- 
ylmaleimide) is known to produce a stable germacyclo° 
prop~e [8]. However, we cannot account for the selec- 
tivity of the insertion reactions over the rearrangement 

c41 ,,0c31 . . . A   c72 

Fig+ l, o~I~, drawing of $, Selected bond lengths (/~) and angles 1°1: 
Ge(1)-CI(1) 2,185(4), Ge(1)-C(1) I.93(I), Ge(1)-C(2) 1.95(2). 
Ge(I})-C(5) 2.01(I), Ge(2)-CI(2) 2.202(4), Ge(2)-C(3) 1.94(I), 
Gd2)-C(4) i.99( ! ), Ge(2)-C(6) 1,96( I ), C(5)-C(6) 1.33(2); CI( l )- 
Ge(I)-C(S) 101 ,(~4), G¢( I )-C(5)-C(6) 123.4(9), Ci(2)-Ge(2)-C(6) 
102.3(3). G¢(2)-C(6)-C~5) |22.5(9). 
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of the germacyclopropane intermediate (8). The germyl 
anion of 7 may attack an a-carbon to give the insertion 
product stereospecifically. 

3. Supplementary material available 

Tables of atom coordinates, hydrogen atom coordi- 
nates, anisotropic thermal parameters and a complete 
list of bond lengths and angles have been deposited at 
the Cambridge Crystallographic Data Centre. 
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