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He(1) PE spectra of a series of 3,3-dimethylcyclopropenes 
bearing Me3Si (l) ,  Me3Ge (Z), and Me,Sn (3) groups in the 
1- and 2-positions, as well as the IIe(I1) PE spectra of 1 and 3 
were recorded. The changes in the lowest energy ionizations 

along the series are interpreted in terms of inductive and hy- 
perconjugative interactions. The new compounds were pre- 
pared by reaction of lithiated 3,3-dimethylcyclopropene with 
the corresponding trimethylmetal chlorides. 

To probe the substituent effects on the chemical and 
physical properties of three-membered ring compounds has 
been a long standing goal for In recent years, we 
have becn engaged in the study of substituent effects on the 
kinetics and the mechanism of thermal and photochemical 
rearrangements of cyclopropenes[2c,31. Among others, tri- 
methylsilyl and trimethylstannyl groups have been shown to 
exert a significant influence on the kinetics as well as the 
mechanism of thermal cyclopropene rearrangement~[~l. 
This has mostly been attributed to a transition state stabili- 
zation or destabilization, and ground-state influences have 
not been considered. As photoelectron spectroscopy (PES) 
is a suitable method to probe electronic properties of mol- 
ecules in the ground state - within the limits of Koopmans' 
appro~imation[~I - we have recorded the PE spectra of a 
series of 3,3-dimethylcyclopropenes bearing Me&, Me3Ge, 
and Me3Sn groups in the 1,2-positions, as these compounds 
appeared to be suitable test cases for exploring the elec- 
tronic effects of the R3M groups[6] on their C=C double 
bonds which have a considerably higher 7c energy than the 
parent ethyleneL7]. At the same time they are appropriate 
models for studying the interaction between the R3M 
groups and the high-lying 0 MOs of the strained ring@]. 
The consequences of the latter interaction as to the ge- 
ometryr9I7 the IR frequencies"'], and some other proper- 
ties[' '] of cyclopropene have received considerable attention 
in the past, while PES studies addressing this question are 
still limited[2c.hl. 

The cyclopropene moiety is particularly interesting in this 
regard due to the large difference in energy of the two high- 
est occupied cs MOs[12], implying that in appropriately sub- 
stituted cyclopropene derivatives one of them (WA) might 
be higher, and the second one (W,) lower in energy than 
the cs C-M bond Moreover, for similar reasons 

only the former MO is likely to experience, if any, counter- 
acting influence of vacant metallic orbitals of appropriate 
symmetry, which provides a mechanism for delocalizing the 
parent MO with its concomitant ~tabil ization[~~- '~].  We 
therefore recorded the photoelectron spectra of three tetra- 
substituted cyclopropenes 1-3, which have recently been 
prepared in another 

RBM Mxe MR3 Y xa"y 
1 R,M=Me,Si 4 X=H,Y=SiHB 

2 R3M=Me,Ge 5 X = M e , Y = H  

3 R,M=Me3Sn 6 X = Me, Y = SiH3 

Results and Discussion 

The He(I1) PE spectra of compounds 1 and 2 were re- 
corded in addition to the He(1) PE spectra of 1-3 (see Fig- 
ure 1) in the hope of getting supplementary information 
about the nature of the organometallic substituent orbitals 
involved in mixing with the uppermost occupied MOs of 
the cyclopropene ring. The vertical ionization energies, I,,, 
are collected in Table 1 and compared with the MO energies 
by assuming the validity of Koopmans' appr~ximation[~]. 
The MO energies were calculated according to the semiem- 
pirical AM1[16al method. MO energies for the model sys- 
tems 4 and 6 were calculated at the ab initio Hartree-Fock 
level by employing the 6-31Gh basis set['6b] for comparison. 
The same basis set was employed to derive wave functions 
of the highest occupied MOs in 4, which are depicted in 
Figure 2. Geometries of all considered molecules were opti- 
mized under the c,,, symmetry constraint, with the methyl 

Ckm.  Ber. 1996,129,169- 174 0 VCH Verlagsgesellschaft mbH, D-69451 Weinheim, 1996 0009-2940/96/0202-0169 $10.00+.25/0 169 



FULL PAPER M. Eckert-Maksic, A. de Meijere et al. 

groups in 1-3 possessing local C,, symmetry. Structures of 
model compounds 4-6 were also optimized employing ab 
initio Hartree-Fock model by using the standard 6-3 1G* 
basis set. Additional pilot calculations at the MP2(FC)/6- 
31G* level of theory have been performed on molecule 4 in 
order to examine the influence of the electron correlation 
on the molecular structure. The characteristic structural 
parameters of 4-6 obtained from ab initio calculations are 
summarized in Table 1. 

Figure 1 .  He(1) and He(I1) PE spectra of cyclopropene derivatives 
1-3 

H e i l l l  A 

The important point to be emphasized with regard to the 
calculated structural features of 4 is that substitution by 
SiH, groups effects strongly only the C( 1)-C(2) bond dis- 
tance at both levels of theory. On the other hand, single 
bond distances [C(1 j-C(3) and C(2)-C(3), resp.] within the 
ring increase only marginally relative to their values in the 
unsubstituted This result is a clear indi- 
cation of a complex orbital interaction pattern. Thus, 
lengthening of the double bond is consistent with n electron 
flow from the substituents to the cyclopropene x orbital 
and x donation from the cyclopropene ring to the low lying 
unoccupied orbitals of the %Me3 groups, respectively. The 
influence of the latter type of interaction on the single bond 
distances within the ring seems to be counterbalanced by CT 
donation from the substituents to the W, ring orbital. 

Inspection of the measured He(1) photoelectron spectra 
(Figure I) reveals that all three spectra are similar in a 
broad sense as they show three groups of bands of increas- 
ing intensity, with the interspace between the last two sys- 
tems featuring one (compounds 1 and 2, resp.) and two 
(compound 3) ionization bands of considerably lower inten- 
sity. Nevertheless, they exhibit several significant and im- 

portant differences. The most striking among them are re- 
lated to a gradual enlargement of the energy gap between 
the first two ionization events (within the first band system) 
and to a decrease in the separation between the third and 
fourth ionization event within the second group of bands 
along the series. In addition, there is an apparent shift of 
all bands below 12.5 eV towards lower energies by replacing 
silicon by a heavier metal in the series as (Fig- 
ure 3). 

Table 1. Comparison of the computed structural parameters for 
cyclopropene and molecules 4-6. Bond lengths in A, bond angles 

in degrees 

MP2(FC)/ Molecule Bond/Length HF'16-3 1 G* 
6-3 1G* 

1.279[aI (1.296 i0.04@1 1.303 

A 

4 

5 

6 

C(Me)C(3)C(Me) 
SiC(I)C(2) 

1.494 
1.068 
1.083 

112.9 
150.2 
50.6 

1.295 
1.499 
1.859 
1.082 
1.475 

113.2 
149.5 
51.2 

1.279 
1.495 
1.53 1 
1.069 
1.086 

113.6 
149.7 
50.7 

1.298 
1.499 
1.529 
1.857 
1.086 
1.475 

114.0 
148.7 
51.3 

il so9 iO.001) 1.507 
t i  .072 io.001 j 1.079 
(1.088 +0.001) 1.091 

(1 14.6 k0.2) 113.5 

(50.84 +0.05) 51.2 

1.325 
1.512 
1.847 
1.095 
1.485 

114.0 
149.0 
52.0 

(149.8 *0.1) 149.9 

[a1 Ref.117a1, - "4 Ref.['7hl. 

Comparison of the lower ionization energies of 1 and the 
parent molecule (Figure 3 )  reveals that attachment of 
the %Me3 groups to the olefinic ring positions leads to a 
pronounced destabilization of both the n (9b,) and the 
highest occupied CJ (lobz, WJ MOs. The latter appear to 
be influenced more severely, resulting in a near degeneracy 
of the two levels. Based on the results of AM1 calculations 
(Table 2) the first ionization event in 1 is ascribed to ioni- 
zation from the 9b,(n) and the second one to that from the 
10b2(WA) MO. It is noteworthy that the same order results 
from ab initio calculations performed on the model mol- 
ecule 6 employing a 6-31GX basis set, thus implying a par- 
ticipation of d functions. It should be also noted (Figure 2) 
that both MOs exhibit significant delocalization over the 
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Figure 2. Graphical illustrations of the hlghest occupied MOs of 
1,2-disilylcyclopropene (4) as calculated with the 6-3 1 G* basis set 

TMS groups, indicating presence of hyperconjugative-type 
of interactions between the olefinic x system and the W, 
MO with Si-C o MOs of the substituents possessing ap- 
propriate Moreover, inspection of Figure 3 
indicates a more efficient mixing between the latter, presum- 
ably due to the better energy matching of the interacting 
MOs[21,22]. 

Figure 3. Comparison between the first ionization energies of com- 
pounds 1-3 and those of 3,3-dimcthylcyclopropene (5) 

Another point of interest concerns the influence of va- 
cant metallic orbitals on the energies of the HOMO and 
HOMO-1. Irrespective of the nature of the empty orbitals 
involved[6,1s], this type of interaction should stabilize the n 
MO to a greater extent than W, on account of the better 
energy matchingL2'] and larger coefficients at the sites of 
attachment of the %Me3 Interestingly, a closer 
analysis of the shape of the first ionization band system 
shows a lower intensity of the band related to ionization 
from the x band as compared to the WA-related ionization 
feature. This is at variance with findings in PE studies of 
other cyclopropene derivati~e[*~~~I,  perhaps indicating a sig- 
nificant change in the composition of the corresponding 

MOs due to introduction of the SiMe3 groups. It is import- 
ant to note, however, that switching to the He(I1) excitation 
induces negligible changes in the relative intensities of the 
corresponding thus not allowing any con- 
clusion as to the character of orbitals involved in the intcr- 
action pattern. In particular, it neither favors nor disfavors 
d-orbital participation. 

Table 2. Comparison between the first vertical ionization energies 
(Z,,) and calculated orbital energies, E , for compounds 1-3. All 

values in e\i 

-& Band 'vj Assn. 
(AM1) (6- 31G*)[al 

1 8.4(sh) 9bj 9.72 9.53 (5bl) 
8.66 1 Ob2 9.80 9.83 ( 5 q )  

(C2V) 3 10.05 13al 10.76 12.02 (8al) 
1 2  

6a2 10.96 13.23 (4bl) 
4-6 10.1-11.3 { 9 9  10.97 13.29(23) 

8bl 11.10 13.30(7al) 

7 11.86 12ar 11.55 13.59 (3bl) 

9.70 
9.76 

10.82 

6az 10.99 
4-6 9.7-11.0 { 9b2 11.00 

8bl 11.09 

2 1  8.15 9b 1 
8.59 1 Ob2 K2") 2 

3 9.66 13al 

7 11.69 12al 

9.10 
9.22 

3 1  7.88 9b1 

lob 10.21 
(C2J 2 8.45 

3 9.3(sh) 13al 

6a2 10.53 
4-6 9.4-10.7 { 9 b  10.55 

8bl 10.73 

7 11.46 12al 11.13 
8 12.30 7bl 11.85 

La] Calculations were performed on the model compound 6.  

The second group in the PE spectrum of 1 is related to 
four Si-C (T o r b i t a l ~ [ ~ ~ ' ~ ~ ' ~ ]  (Table 2). Two of them, pos- 
sessing x symmetry with respect to the plane of the cyclo- 
propene ring, correspond to the antibonding and bonding 
(6a2) linear combinations of the Si-C out-of-plane bond 
orbitals, whilst the other two are composed of (r Si-C or- 
bitals lying in the plane of the ring. For the bonding (9b2, 
8bl) combinations of the latter, calculations predict pro- 
found destabilization due to the mixing with the cyclopro- 
pene Ws orbital, while for the remaining three linear combi- 
nations (6a2, 9b2, and 8bl) calculations predict shift toward 
lower energy relative to the energy of the (T MO in 
Me4Si[14]. The highest among them (6a2) is of appropriate 
symmetry to interact with the low lying 7c* MO of the cyclo- 
propene ring, while 9b2 and 8bl are stabilized by mixing 
with the n and the W, MO of the cyclopropene moiety, 
respectively. Their approximate shape in the model com- 
pound 4 is shown in Figure 2 .  The proposed assignment 
(Table 2)  should be, however, considered only as tentative 
due to the unresolved structure of the second band system. 
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The same holds for the seventh ionization event observed 
at 11.86 CV (Figure 1), for which calculations predict ioni- 
zation from the bonding linear combination of the Ws and 
(3 Si-C orbitals of a l  symmetry (Table 2). Finally, the 
broad intense set of bands between 12.5 and 15.5 eV in 
the PE spectrum of I can be assigned with confidence to 
ionization from the highest occupied methyl group or- 
b i t a l ~ [ ' ~ ~ ' ~ ] .  This conjecture is corroborated by calculations 
and by a comparison with the PE spectra of related mol- 
e c u l e ~ [ ~ ~ , ~ ~ ]  as well as by changes in relative intensities of 
the PE bands in the He(1) and He(I1) 

Replacement of the SiMe3 by GeMe3 and %Me3 groups 
effects, as expected, mostly the lowest ionization energies 
(Table 2, Figure 3)[6,181. The changes in ionization energies 
related to the two highest occupied MOs are of particular 
interest in this respect. Both of them rise in energy, but to 
a different extent. Whereas the energy of the lob2 MO 
changes only slightly within the series, the rise in energy of 
the 9bl MO appears to be more pronounced. The observed 
trend is readily interpreted in terms of (i) an increase in the 
positive inductive effect of the Me3M groups on passing 
from 1 to 3 and (ii) a weakening of conjugative type of 
interactions between the rt and WA MOs of the parent ring 
with the occupied as well as vacant MOs of the Me3M 
groups[6,'sl. The latter is anticipated due to the C-M bond 
lengthening[6,251. For instance, AM 1 estimates for the 
M-C1 bond lengths in 1, 2, and 3 1.778, 1.930, and 2.053 
A, respectively. The enlargement of the energy gap between 
the first two ionization events along the series suggests that 
both factors contribute to the increase in energy of the 9bl 
MO. whilst in the case of lob2 they operate in the opposite 
direction. This, in turn, offers additional evidence in favor 
of the more pronounced n:-type back bonding in the former 
case as well as a more sizeable admixture of the Si-C o 
MOs to the lob2 MO. As a further point it should be noted 
that, similarly as in the case of 1, the second and third set 
of bands appear to be significantly weakened upon He(1I) 
excitation as expected on the basis of differences in the cross 
sections of the involved basis 

Conclusions 

The most interesting result of the present study is photo- 
electron-spectroscopic evidence for the pronounced destabi- 
lization and near degeneracy of the highest occupied n: and 
W, levels in 1. It should also be noted that rcplacernent of 
the %Me3 by GeMe3 and SnMe3 groups results in further 
increase of the rt and WA ionization energies, with the for- 
mer being slightly more pronounced. Another point worth 
of emphasizing is the computational finding that the pres- 
ence of silyl groups in compounds considered has only mar- 
ginal effect on the single bond lengths in the cyclopropene 
ring and consequently on their strength. This in turn sug- 
gests a similar reactivity of the two classes of compounds 
in the C- C bond cleavage reactions. 
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Experimental 
'H NMR: Bruker AW 250 (250 MHz), WM 270 (270 MHz): 6 = 

7.15 for [D6]benzene, 7.26 for CDC13. - 13C NMR: Bruker AW 
250 (62.9 MHz), WM 270 (67.9 MHz); F = 77.0 for CDC13, 128.0 
for [D6]benzene. The multiplicities of "C-NMR signals were gener- 
ally determined with the help of DEPT measurements and are des- 
ignated as follows: CH3, CH = (+), CH,, Cquat (-). - IR: Perkin- 
Elmer 125, 297, 399. - MS: Varian MAT CH7 with Varian Aero- 
graph 1740 and Varian MAT 112 with Varian Aerograph 1400 (GC 
with 25-m fused silica capillary Oribond SE-54, carrier gas He) and 
Varian MAT 311A (high resolution). - GC analytical: Siemens 
Sichromat 3 (25-m fused silica capillary CB-SE 54, carrier gas H,). 
- GC preparative: Varian Aerograph 920 (carrier gas H,, 36'' Tef- 
lon columns with Chromosorb W-AW-DMCS 60-80 mesh). - 
The He(1) and He(I1) photoelectron spectra were recorded at room 
temperature with a 0078 Helectros spectrometer (H. J. Lempka, 
Beaconsfield, England) and were calibrated using the argon doub- 
let and the He(+) line. Ionization energies are quoted to an esti- 
mated accuracy of k0.10 eV. - M.p.: Melting point apparatus of 
Wagner & Munz; all values are uncorrected. - Elcmcntal analyses: 
Mikroanalytisches Laboratoriuni, Institut fur Organische Chemie, 
Universitat Hamburg. - Alumina sheets with UV fluo- 
rescence indicator (E. Merc ca gel 60 F254; Macherey & Nagel, 
aluminium oxide BF254). - Column chromatography: 60-230 
mesh silica gel from E. Merck, Darmstadt, 60-100 mesh Florisil 
(E. Merck, Fluka) or aluminium oxide (basic and neutral, respec- 
tively, activity 111) from Woelm. - In reactions requiring anhydrous 
conditions, solvents were dried by destillation under argon or nitro- 
gen from the appropriate drying agent, glassware was flame-dried 
under reduced pressure and afterwards cooled under a steady 
stream of argon or nitrogen. 

3,3-Dimethyl-l-(trimethyl~h'yl)cyclopropene[~~]: To a solution of 
1.00 g (14.7 mmol) of 3,3-dimethyl~yclopropene[~~] in 8 ml of dry 
tetrahydrofuran (THF) was added dropwise at -60°C 9.8 ml of a 
1.5 M solution of lithium diisopropylamide (LDA, 14.7 mmol) in 
THF/hexane. The mixture was stirred for 3 h, while it warmed up 
to room temp. After heaving been cooled again to -4O"C, a solu- 
tion of 1.60 g (14.7 mmol) of chlorotrimethylsilane in 10 ml of dry 
THF was added and the mixture stirred for an additional 15 h at 
room temp. It was subsequently hydrolyzed with 5 ml of a saturated 
ammonium chloride solution, the organic phase was separated and 
washed with three portions of 5 ml of H 2 0  each, then dried with 
CaC12. The solution was concentrated by distillation of the solvents 
over a 50-cm concentric tube column, until the column head had 
reached a temp. of 60 "C. According to the 'H-NMR spectrum (270 
MHz), the remaining solution consisted of THF (IOYO), 3,3-di- 
methyl-1-(trimethylsily1)cyclopropene (53%), and 3,3-dimethyl-l,2- 
bis(trimethylsily1)cyclopropene (1) (37%). This corresponded to a 
yield of 1.23 g (60%) of the monosilylated compound, which could 
be purified by gas chromatography (Aerograph 920,2 m 10% SE30, 
25"C, rel. retention time 4.3 with respect to diethyl ether). - IR 
(neat): 5 = 2920 m-', 2850, 1660 (C=C), 1450, 1355, 1240 
(Si-CHJ, 1170, 1090, 1030, 860, 830, 750, 700. - 'H NMR (270 
MHz, C6D6): 6 = 0.14 [s, 9H, Si(CH3)3], 1.26 (s, 6H, 2 X CH,), 

-0.86 [+, Si(CH&], 17.3 (Cquat, C-3), 29.0 [+, C(CH&], 134.2 
(Cquatr C-I), 137.0 (+, C-2). - MS (70 eV), mlz (%I): 140 (8) [M+], 

7.79 (s, I H ,  2-H). - I3C NMR (67.9 MHz, C6Dbr DEPT): 6 = 
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125 (16) [M - CH3], 83 (28), 73 (100) [Si(CH,)$]. - C8H162RSi: 
calcd. 140.10213; found 140.1021 (MS). 

3,3-Dinzethyl-l,2-bis(trimethylsilyl)cyclopropene (1): To a solu- 
tion of 500 mg (3.5 mmol) of crude 3,3-dimethyl-l-(trimethylsilyl)- 
cy~lopropene[~~] in 10 ml of dry THF was added dropwise at 
-60°C 2.3 ml (3.5 mmol) of a 1.5 M solution of LDA in THF, and 
the mixture was stirred for 3 h at -10°C. After the mixture had 
been cooled again to -3O"C, a solution of 380 mg (3.5 mmol) of 
chlorotrimethylsilane in 5 ml of dry THF was added and the mix- 
ture then stirred for 15 h at room temp. It was subsequently hy- 
drolyzed with 10 ml of a saturated ammonium chloride solution, 
the organic phase was separated, washed with three portions of 10 
ml of H20 each, then dried with CaCl, and concentrated in a ro- 
tary evaporator at room temp. The light yellow residue was trap- 
to-trap distilled under reduced pressure (0.01 mbar) to yield 335 
mg (45%) of 1 as a colorless oil. - IR (neat): C = 2950 cm-I, 2920, 
2900,2850, 1695 (C=C), 1360, 1240 (Si-CH,), 930, 830, 750,620. 
- 'H NMR (270 MHz, CDC13): 6 = 0.15 [s, 18H, 2 X Si(CH&], 
1.11 (s, 6H, 2 X CH3). - MS (70 eV), m/z (YG): 213 (2.6) [M + 11, 
212 (11.4) [M+], 197 (3.7) [M - CH3], 155 (9.2) [M - CH3SiCHz], 
124 (78) [M - SiC4H12], 73 (100) [Si(CH3)f]. - CllH24Si2 (212.5): 
calcd. C 62. IS ,  H 1 1.38; found C 62.12, H 11.28. 

3.3-Dimethyl-1- (trimethylgermyl) cyclopropene: To a solution of 
1.00 g (14.7 mmol) of 3,3-dimethylcyclopropene in 10 ml of dry 
THF was added dropwise at -78°C 6.6 ml of a 1.5 M solution of 
LDA (10 mmol) in THF; the mixture was warmed to -30°C within 
2 h,  then a solution of 1.53 g (10 mmol) of chlorotrimethylgermane 
in 5 ml of dry THF was added dropwise. After having been warmed 
up to room temp., the reaction mixture was hydrolyzed with 5 ml 
of H20, the organic phase was separated and dried with CaCI2. 
The volatile components were distilled over a 25-cm concentric 
tube column, and the residue was separated by gas chromatography 
(Acrograph 920, 2 m 10% SE30, 50°C) to give 100 mg (5.4%) of 
3,3-dimethyl- 1 -(trimethylgermyl)cyclopropene (rel. retention time 
10 with respect to THF) as a colorless liquid. - 'H NMR (270 
MHz, CDC13): 6 = 0.30 [s, 9H, Ge(CH3),], 1.13 (s, 6H, 2 X CH,), 
7.80 (s, 1 H, 2-H). - C8HI6Ge: calcd. 186.04635; found 186.0465 
(MS). 

3.3-Dimethyl-l,2-bis(trimethylgermyl) cyclopropene (2): - a) To a 
solution of 500 mg (2.7 mmol) of 3,3-dimethyl-l-(trimethylgermyl)- 
cyclopropene in 5 ml of dry THF was added at -78°C 1.8 ml (2.7 
mmol) of a 1.5 M solution of LDA in THF, and the mixture was 
stirred for 5 h while it was warmed up to -30°C; then a solution 
of 420 mg (2.75 mmol) of chlorotrimethylgermane in 2 ml of dry 
THF was added. After hydrolysis of the reaction mixture with 5 
ml of a saturated ammonium chloride solution, the organic phase 
was separated and washed with five portions of 5 ml of H20 each, 
then dried with CaCl, and concentrated in a rotary evaporator. 
After gas chromatographic separation (Aerograph 920, 3 m 10% 
SE30, 70°C, re]. retention time 7.9 with respect to THF) of the 
residue 75 mg (9.2%) of 2 was obtained as a colorless oil. - IR 
(neat): 0 = 3000 cm-l, 2925, 2860, 1690, 1410, 1360, 1240, 825, 
760. - 'H NMR (270 MHz, CDC13): 6 = 0.31 [2, 18H, 2 X 

Ge(CH&], 1.11 (s, 6H, 2 X CH3). - CllH24Ge2: calcd. 304.03010; 
found 304.0305 (MS). 

b) To a solution of 250 mg (3.67 mmol) of 3,3-dimethylcyclopro- 
pene in 5 ml of dry THF was added dropwise at -78 "C 5 ml of a 
1.5 M solution of LDA (7.5 mmol) in THFlhexane; the mixture was 
stirred for 1 h at -3O"C, then 1.0 g (6.5 mmol) of chlorotrimethyl- 
gcrmane was added and the mixture stirred for an additional 15 h 
at room temp. After hydrolysis of the reaction mixture with 10 ml 
of a saturated sodium chloride solution, thc solid material was fil- 

tered off, and the organic phase was separated and washed with 10 
portions of 5 ml of H20  each, then dried with MgS04 and concen- 
trated in a rotary evaporator (12 mbar, 40°C). Gas chromato- 
graphic separation (Aerograph 920, 3 m 10% SE30, 70°C) of the 
residue gave 100 mg (8.9%)) of 2 as a colorless oil. 

3,3-Dimethyl-1- (trimethylstannyl) cyclopropene: To a solution of 
2.28 g (8.69 mmol) of 1,1-dibromo-2-chloro-3,3-dimethylcyclopro- 

in 15 ml of dry diethyl ether was added dropwise at -78 "C 
12.4 ml (19.1 mmol) of a 1.54 M methyllithium solution in diethyl 
ether. The mixture was stirred for 15 min at room temp., cooled 
again to -78"C, then 1.73 g (8.69 mmol) of chlorotrimethylstan- 
nane was added. After having been stirred for 8 h at room temp., 
the mixture was poured into 100 ml of an ice/water mixture. The 
aqueous phase was separated and extracted with three portions of 
50 ml of diethyl ether each; the combined organic phases were dried 
with MgS04 and concentrated in a rotary evaporator to approx. 2 
ml; this residue was trap-to-trap distilled under reduced pressure 
(0.10 mbar) at room temp. to give 1.86 g (93%) of 3,3-dimethyl-1- 
(trimethylstanny1)cyclopropene as a colorless oil. An analytically 
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