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Polylithiumorganic Compounds - 19.1
Regioselective Carbon-Carbon o-Bond Scission followed by a
1,6-Proton Shift upon the Reductive Metalation of
Benzylidenecyclopropane Derivatives with Lithium Metal
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Abstract: Depending on the substituent, a-substituted benzylidenecyclopropanes (32) react more or less readily with lithium dust
(2% sodium) in diethy] ether whereby a regioselective scission of only the cyclopropane o-bond cis to the phenyl ring takes place.
Upon raising the temperature the primarily formed 1,3-dilithiumorganic compound due to an agostic interaction rearranges by a
1,6-proton shift into a doubly bridged 1,4-dilithio compound. With «-methylbenzylidenecyclopropane (32¢) this rearrangement
was shown to occur intermolecularly via a trilithiumorganic compound $6. The suggested mechanism of these reductive metala-
tion reactions via a bisected radical anion 87 where the lithium is mainly bound to the cyclopropyl carbon atom and oriented syn to
the pheny! ring, was supported by MNDO (geometries) and ab initio (energies) calculations.

Introduction

In special cases cyclopropane o-bonds can be reductively cleaved by lithium metal to yield dilithium-
organic compounds.3 The first example was the reaction of 2-cyclopropyl-1,1-diphenylethylene (1) with
lithium in diethy! ether or THF as the solvent.#

/CHz 2 Li ey
PhyC=CH-CH, | —=—=—+  Ph,C=CH=CHCH,CHylLi
CH2 Li +

1 2

Other cyclopropane derivatives can be cleaved as well especially if both carbanionic centers formed
are resonance stabilized by 7 delocalization of the two negative charges. Thus on treating semibullvalene (3)
with lithium in THF or dimethyl ether at -78°C two diastereoisomeric dimers of "dilithium semibullvalenide”
(4) have been obtained,56 and the same is true for barbaralane (Sa) and 2,6-diphenylbarbaralane (5b)
yielding the corresponding bis-allyl anions 6:7
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On the other hand, the related 3,4-homotropilidene (7) could not be caused to react in the same
manner, a monoanion 8 is formed instead:8

@ = Qv
- LiH Li

7 8

We recently have found that also methylenecyclopropane (9) reacts smoothly with lithium powder,
both neat at its boiling point (10°C, 1 h) and in diethy] ether at room temperature (0.5 h).? However, scission
of the weakest cyclopropane bond to form the extremely stable, Y-delocalized trimethylenemethane dianion
(10)10-12 does not occur. Instead the non-resonance stabilized 2,4-dilithio-1-butene (11), combining both
vinyl and homoallyl character, is the sole product:?

2-
- J’CHZ .+
—#— [CH=C, 2Li

CH,
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o CH, 2
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Li
11

We therefore argued that the electron transfer does not take place to the corresponding o* orbital but
to the r* orbital of the neighboring double bond followed by a ring-chain rearrangement.%9 The postulated
vicinal dilithiumorganic intermediate e.g. 13, however, could not be trapped, so that ring-opening already of
the primarily formed radical anion 12 also had to be discussed.

On the other hand, the reaction of 2,2-dimethylmethylenecyclopropane with lithium powder under the
same conditions, yielding 15 indicates that, before ring-opening occurs to give 14, the initially formed
radical anion 12 reacts with a second lithium atom whereby a direct attack of the second lithium at the
cyclopropane ring of the radical anion 12 is also in accord with the experimental results.

Compared with unsubstituted 1,3-dilithiopropane which looses lithium hydride with a half reaction
time of one hour at room temperature!3 2,4-dilithio-1-butene (11) is remarkably stable: not even a trace of
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the expected monolithio tautomers 16 == 17 could be detected. Interestingly, the tetramethyl substituted
derivative 18 does eliminate lithium hydride, although in the other direction to yield 199

[ CHy=C-CH=CH,
Li

16
CH2=CCH2CH2Li +

Sy

i1 L~ CH,=C=CH-CH,Li
17
CHy=CCMe;CMegli = CHp=CCMeCMe=Chy
Li Li
18 19

While for the reductive cleavage of a cyclopropane o-bond usually two lithium atoms are necessary,
with the same amount of lithium two a-bonds of the "butterfly olefin" 1,1'-bicyclopropylidene (20) are
cleaved. In diethyl ether as the solvent - not in THF - the primarily formed (1,3-dilithio-
propylidene)cyclopropane (22) can be isolated before it rearranges to 1,6-dilithio-3-hexyne (23) within 2.5
hours at room temperature.14

For the reaction of the corresponding dicyclopropylacetylene (24) with lithium the addition of
catalytic amounts of 4,4'-di-tert-butylbiphenyl is necessary and the reaction - even in THF as the solvent -
stops after the cleavage of only one cyclopropane ring.15> Molar amounts of lithium-4,4'-di-terz-butylbiphenyl
(LDBB)!6 had to be used for the reductive metalation of the next higher homolog of
1,1'-bicyclopropylidene (20), cyclopropylidenecyclobutane (26), whereby the cyclobutane ring does not open
up.

Exocyclic mono-alkyl substituted methylenecyclopropane derivatives like pentylidenecyclopropane
react extremely slow with lithium even when using forcing conditions under the influence of ultrasonic
irradiation.14 On the other hand, dialkylmethylenecyclopropanes as well as cyclopropylidenecyclopentane
and -cyclohexane do not react at all, neither LDBB nor sonication in boiling THF was successful.14
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Now, we have found that exocyclic phenyl substituents activate methylenecyclopropanes for the
reaction with lithium dust, so that the retarding effect of alkyl substituents in the same position can be
compensated. Most interestingly, the scission of the carbon-carbon o-bond then takes place regioselectively
and is followed by rearrangement with 1,6-proton shift.

Resuits and Discussion

Starting Materials: In addition to benzylidenecyclopropane (32a) itself the a-substituted phenyl-
(32b), methyl- (32¢), cyclopropyl- (32d), and tert-butylbenzylidenecyclopropane (32¢) were used as starting
material. The synthesis of these compounds was achieved by a Wittig reaction first reported by K.Utimoto et
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al.1%18 Cyclopropyltriphenylphosphonium bromide (29) was in our hands best available according to
H.J.Bestmann et al.19.20 For the preparation of cyclopropylidenetriphenylphosphorane (31) potassium tert-
butoxide in THF was used as the base.

Reactions with Lithium Dust

(Diphenylmethylene)cyclopropane (32b)

We started with the symmetrically substituted methylenecyclopropane 32b. As the corresponding
reaction with (diphenylmethylene)cyclobutane had yielded a dilithiumorganic compound which was unstable
at room temperature2! -20°C was chosen as the reaction temperature. Upon the addition of 10.0 mmol
(diphenylmethylene)cyclopropane (32b) in dry diethyl ether at that temperature to a suspension of excess
lithium dust (2% sodium) in diethyl ether under argon only after half an hour a yellow-green coloration
could be observed slowly turning to yellow-brown. Derivatization with dimethyl sulfate after 5 hours still
yielded 8% starting material 32b besides 62% of 1,1-diphenyl-2-methyl-1-pentene (36) and 6% hydrolysis b
product 33. In addition two monomethyl substituted products (7% and 17%) could be detected by GC/MS

analysis.
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o Ouee
36 37

At room temperature rearrangement of the primarily formed presumably doubly bridged 1,3-dilithio
compound 34 to the 1,4-double-bridge 35 takes place, the mechanism of this interesting 1,6-proton shift
being unknown. According to the 6Li, 6SLi INADEQUATE experiment22 the next higher homologue of 35,
(B)-2-lithio-1-phenyl-1-(2-lithiophenyl)-1-pentene,2! is a dimer and the same will be true for 35. In
perdeutero diethyl ether as the solvent the rearrangement 34 —> 35 can be conveniently followed by
1H NMR spectroscopy the a methylene triplet at 8 = -0.55 ppm (3J = 7.0 Hz) being slowly replaced by a
methyl triplet at § = 1.1 ppm (3J = 7.6 Hz). Characteristic for 35 is also the down-field shift to 8 = 8.05 of the
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aromatic proton ortho to the lithium. The driving force for the rearrangement assisted by "agostic
interactions"23 obviously is the greater stability of a 1,4-double-bridge compared with a 1,3-double-bridge
which according to calculations?4 accounts for about 10 kcal/mol (41.8 kJ/mol) in the gas phase. In addition
lithium bound to an sp2 center (aryllithium) is more stable than bound to an sp3 center (alkyllithium) which
brings another 14.4 kcal/mol (60.3 kJ/mol).21,25

The "E" character, i.e. the cis arrangement of the lithium atoms in 35 was also chemically verified by
the reaction with dichlorosilanes and carbon dioxide yielding the five-membered ring compounds 39 and 40,

respectively.
y Ph

Ph\c=C<CHzCHs D,0 g5 _MeRSIClz @—\—I
@’D D SITCHaCHy
Me R
38 co, 39
a: R=H
b: R = Me
Ph Ph CH,CH
G cHaCHs @—COZHCO’H
0
40 41

Due to the fact that carbon dioxide was conducted slowly the dicarboxylic acid 41 is formed only as a
side-product accompanied by traces of the two corresponding monocarboxylic acids. A trilithio compound
speaking for an intermolecular mechanism of the 1,6-proton shift 34 —> 35 could not be detected. In this
connection also (perdeuterodiphenylmethylene)cyclopropane has been prepared and a 1:1 mixture of
[D1gI32b and 32b was treated with excess lithium dust for 14 hours at room temperature in diethyl ether as
the solvent. In case of an intermolecular rearrangement besides [D1]35 and 35 also [Dg]35 and [Dq]35
should have been formed in a 1:1:1:1 ratio. However, due to a huge isotope effect26 the reaction starting with
[D10]32b was much slower so that the results could not be interpreted unequivocally.

Benzylidenecyclopropane (32a)

As expected the monophenyl substituted methylenecyclopropane (32a) reacted more slowly with
lithium dust than (diphenylmethylene)cyclopropane (32b). In diethyl ether as the solvent 12 hours at -20°C
were necessary instead of 5 hours with 32b. Most interestingly, the reaction took place completely
regioselectively, only the cyclopropane o-bond cis to the phenyl ring was cleaved, hydrolysis of the dark red
solution after filtration from the excess lithium giving pure (E)-1-phenyl-1-butene (42) in 70% yield. Not
even a trace of the (Z)-isomer could be detected.

Due to the agostic interaction of the lithium atom cis to the phenyl ring in 44 1,6-proton shift again
takes place yielding 45 which has been shown in three different runs upon working up with dimethyl sulfate

(Table 1).
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Table 1. GC/MS Analysis of the Cleavage and Rearrangement Products of 32a worked up with

Dimethyl Sulfate.
\Conditions 35h 12h 35h " Molecular Weight
Compound \ -20°C -20°C +20°C m/z
32a 84.3 2.1 0.0 130
42 1.3 10.6 67.3 132 (+ 2 H)
47 2.1 20.6 17.6 146 (+ H + Me)
48 12.3 48.3 0.3 160 (+ 2 Me)
49 0.0 7.0 10.3 160 (+ 2 Me)
50 0.0 5.0 3.6 146 (+ H + Me)
0.0 2.6 0.4 146 (+ H + Me)
52 0.0 3.8 0.5 174 (- H + 3 Me)

Partial protonation of the dilithio compounds 44 and 45 by the solvent mainly leads to the monolithio
compound 43 accompanied by some 46, it is not known, however, which one of the mono-methyl side
products (molecular weight = 146) corresponds to structure 50. Here for the first time also a product with
three methyl groups of the tentative structure 52 could be detected which speaks for an infermolecular
character of the rearrangement 44 — 45.

H_ CHaCHyLi H _CH,CH,Me
c=C (Me0),S0, c=C

\L' \M
G G

61 62
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a-Methylbenzylidenecyclopropane (32¢c)

It is remarkable that this compound is even more reactive towards lithium metal than
(diphenyimethylene)cyclopropane (32b) the lithium again being forced stereoselectively into the cis position
to the phenyl ring. The dark brown reaction mixture containing at -20°C a very fine yellow precipitate upon
hydrolysis yields 63% pure (E)-2-phenyl-2-pentene without even a trace of the corresponding (Z)-product.
Three runs under different conditions were worked up with dimethyl sulfate at -20°C (Table 2). This way it
could be shown unequivocally that the 1,6-proton shift 53 — 60 indeed takes place by an intermolecular
disproportionation/comproportionation mechanism via the trilithiumorganic compound 56. Because
decomposition by the solvent this time is very slow, the hydrolysis compound and monolithio compounds
besides 57 are found only in trace amounts the structure of 59 being not certain.

H3C CH, 2u HsC CHaCHaLi  (ueodes HsC CH2CHaMe
\c.c;| -—-E-‘-%_. \c-c< (Me0)50p \c-(:(
s ST o
32c 53 ) 54
2x
HsC CHaCHaMe  (ueonso, HsC CHyCHyLi HsC CHaCH3 (meorso,  H3C CHaCHs
\C=C< {Me0)5S0y \C-C< . \C-C< {Me0)9SO0y \C-C<
a o s S
55 56 67 58
H3C CHaCH3 (ueo . H3C CHoCH3 eO)S H3C CHaCH3
Se=c{ Lo RN MNP S P ekt Se=c?
e Cu e e
59 80 81

An expected vinyl-allyl-rearrangement2” of 57 could not be deteced, the comproportionation 56 + 57
—> 2 mol 60 obviously being faster.

Table 2. GC/MS Analysis of the Cleavage and Rearrangement Products of 32¢ worked up with

Dimethy! Sulfate.
\Conditions 6h 5h Sh Molecular Weight
Compound \ -20°C +5°C +20°C m/z
32¢ . 0.0 0.0 0.0 144
54 46.8 2.1 0.0 174 (+ 2 Me) ‘
55 17.8 24.2 2.1 188 (- H + 3 Me)
58 24.1 27.2 1.7 160 (+ H + Me)
59 0.0 0.0 13.2 160 (+ H + Me)
61 11.3 46.5 83.0 174 (+ 2 Me)
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a-Cyclopropylbenzylidenecyclopropane (32d)

Of all the benzylidenecyclopropane derivatives under investigation the a-cyclopmpyl substituted 32d
interestingly is the most reactive. Filtration of the deep yellow-brown reaction mixture from the excess
lithium dust after 5 hours at 0°C upon hydrolysis yielded 89% of (E)-1-cyclopropyl-1-phenyl-1-butene (62)
proving again regioselectivity of the cyclopropane o-bond scission. Even after 2 hours at -20°C no more
starting material 32d could be detected.

HzC\—/CHz HZC\'— CH,
CHa-CH, /C\ CH, /C\ /CH;CH;,

A c=cf | H

/
—~c LiLi N
e Yo @ "o oo
@ “CH, 32d 82

.| Et,0 2 H? .
I 2 L'th -20°C 2 H*
CH,CH,Li HaC— _
h 2 SHz H2C —CH,
H ’C\\ /CHZ 7 \’\ CHZ\ 1,6-H /C\ /CH2CH3

l e H

s T T o5

83 64 85
l (Me0),S0, l (Me0),50, 1 (Me0),S0,
c’CI-hCI-Iz(:M:ae Hzc\:/CHz CHzCHaMe HZC\Z/CHZ CHzCH
H™ - -c{J ? H” Sc=c{ T H7 >c=c{ 2
@ hlAeCHz @ Me @Me Me
66 87 68

The reaction with dimethyl sulfate showed that in addition to the expected
1,6-proton shift 64 —> 65 another rearrangement takes place leading - also in a stereoselective manner - to
the dilithio compound 63. The stercoselectivity of this ring-chain equilibrium speaks for a doubly bridged
structure of 63, too. Six runs under different conditions have been performed. Besides the dimethyl
derivatives 66, 67 and 68 of Table 3 small amounts of three mono- and trimethylated products, respectively,
have been detected by GC/MS analysis which, however, were not fully characterized.

After 2.5 hours depending on the temperature both the rearrangement products 63 and 65 increase at
the expense of 64 (Fig. 1). Only after very long periods of time also 63 decreases due to the irreversible
character of the 1,6-proton shift 64 — 65.
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Table 3. GC/MS Analysis of the Main Cleavage and Rearrangement Products of 32d worked up

with Dimethyl Sulfate
\Conditions 25h  23h 25h  25h 25h 2.5 h -20°C and
Compound \ 20C -20°C 0°C  +10°C +20°C 21 h +20°C
62 1.7 1.7 2.2 2.6 3.1 8.5
66 8.2 3.1 8.2 22.5 39.9 32.8
67 64.3 71.1  59.0 27.9 4.5 0.6
68 2.4 2.5 2.9 9.2 19.2 27.6
76
70

60

50

40

30

20

10

0
-20°C  -10°C 0°C 10°C 20°C
Figure 1. Distribution of the Different Cleavage and Rearrangement Products depending on the
Temperature after 2.5 h, respectively.
In connection with the stereochemistry of the ring-chain rearrangement 64 — 63 the addition of
n-butyllithium to @-cyclopropylstyrene (69) has to be mentioned which in contrast yields a 1:1 mixture of the
two open-chain monolithio compounds 70 and 72.28

Hzc\'_/CHz
/C\
H ;C=CH2
1)
ln-BuLi

CH,CH,lLi . H
/ 202 H,C C/SHzL-* /
H—Cs o- - LiCHCH,— Gy

Ve A
C-CH,Bu —=—— H ;C—CHzBu — ;C—CHzBu

70 71 72
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a-tert-Butylbenzylidenecyclopropane (32¢) :

The reactivity of the a-tert-butyl substituted benzylidenecyclopropane 32e towards lithium dust is
extremely low. Even after 44 hours at room temperature 17% of the starting material was still present.
During these long reaction times most of the lithiumorganic reaction products were protonated by the solvent
5o that the expected 1,6-proton shift 74 —> 75 could not been detected, the hydrolysis product 78 being the
same.

t-Bu CHa
Sc=c{|
AR
32e
| ete0
2 L'lsa 20°C
t-Bu Li Li t-Bu (:H2 Lt ,CHaCH3
N e \
C=C~ Hy ,, C'C
\ / [
cH )
& @ @\L.
73
lz H* - LiHl
t-Bu H t-Bu CH=CH, t-Bu CH,CH;
~e=c{ Se=c{ Se=c{
I T
78 77 78

On the other hand, for the first time regioselectivity here was not complete, although the (E)-product
78 again is strongly favored despite the cis-standing tert-butyl group. (Table 4).

Table 4. GC/MS Analysis of the Cleavage Products of 32e after Hydrolysis.

\Conditions 23h 44h 6d

Compound \ 20°C 20°C 20°C
32e 35.7 17.0 0.0
76 0.7 1.8 3.5
77(H) 10.0 15.3 9.1
78 53.6 66.3 78.1

While the structure 77 is tentative, the unknown (E) and (Z)-2,2-dimethyl-3-phenyl-3-hexenes 78 and
76 have been prepared for comparison (7:1) by a Wittig reaction starting from pivalophenone and
propylidenetriphenylphosphorane, the stereochemistry being found out by NMR spectroscopy using NOE
and the 3J(13C, 1H) coupling between the vinyl proton and the ipso carbon of the phenyl group.
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(Dicyclopropylmethylene)cyclopropane (79)

The high reactivity of a-cyclopropylbenzylidenecyclopropane (32d) towards lithium metal raised the
question whether the replacement of the pheny! ring by a second cyclopropyl group would also lead to a
reactive methylenecyclopropane derivative. This, however, is not the case. Even sonication of 79 with
lithium dust in boiling diethyl ether or THF was not successful.

On the other hand, the reaction worked by using lithium 4,4'-di-tert-butylbiphenyl (LDBB)!S instead
of lithium the reductive cleavage being nearly complete after 24 hours at -5°C in THF as the solvent. Upon
working up with dimethyl sulfate as usual besides 3% starting material 79 and 29% 1,1-dicyclopropy!-1-
butene (80) one dimethylated product 85 (24%) and two monomethylated products 84 (41%) and 86 (3%)
could be detected. Hydrolysis yielded 85% 80 as the sole product. In contrast to 32d products of ring-chain
rearrangements seem not to be formed at least under the reaction conditions used.

; R CH, HQ CHzCH;

7
c=cl | C=C
H§ “CH, H§ M
79 80
THF 2H*
LDBB| 54n -5°C R
H; C_C/CHch3 H* H; C C/CHz\CH H+ ;;; C_C/CHchzLi
= R = - 2 e -
HE N H Swe7 H>_< “H
Lio Li
83
81 82
(Me0)2$02 l (Meo):so: l (MeO)zSOz
H; /CH2CH; H; /CHzCHzMe H; /CHchzMe
H ~C=C< H C=C_ H C=C_
DX e DX e X
84 85 86
Reaction Mechanism

Lithium metal will react with benzylidenecyclopropanes 32 first by a single electron transfer (SET)
reaction and this has to be the rate determining step. The sequence of falling reactivity reported in this paper
shows that not only electronic but also steric effects of the a-substituents come into play.

H;‘ :] Me Ph H t-Bu
Ph > Ph: j > Ph: :] > Ph: :] > Ph: j
324 32c 32b 32a 32e
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According to MNDO calculations?® the redical anion of 32a solvated with two molecules of water
has the structure 87 in a nearly bisected30 conformation with the lithium atom at C2 oriented syn to the
phenyl ring (Fig. 2). Besides coordination with C2 (Li-C2 = 1.99 A, Li-C1 = 2.30 A) there is a remarkable
interaction of the lithium atom with the phenyl ring (Li-C6 = 2.43 A) especially with the proton at C6
(2.23 A). This way both the cyclopropane methylene groups are forced anti to the phenyl ring, so it makes no
difference wether C2-C3 or C2-C4 is cleaved, in each case the pure "E" derivative 44 being formed
stereoselectively. Wether the second lithium atom immediately attacks C3 (C4) or first C1 followed by an
anionic cyclopropylcarbinyl-allylcarbinyl rearrangement31-32 88 —> 44 is not known.

O N s
Q \ Lily CH,
Y U’k AN Li H\"\%‘)c‘}q
c-_-c\l —_— (1:—9'\ 2
@ CH, @. Li
32a 87
1
4
[
i
\J
L ('cHz
H N H CHyCHyLi
\(I:—lc'\ACHz —0 \C=C<
Ay oo
88 44

Figure 2. MNDO Geometry of the Radical Anion 87-2 Hp0

The reaction of 2,2-dimethylmethylenecyclopropane (91) with lithium metal® where the scission of
definitely only one cyclopropane o-bond had been found, was also treated calculationally. For the primarily
formed radical anion 12 three molecules of water were used to simulate solvation, for the presumably doubly
bridged dilithio compounds 13, 90 and 15 only two per lithium.23 (Fig. 3-6)

Figure 3. MNDO Geometry of the Radical Figure 4. MNDO Geometry of the Vicinal
Anion 12 -3 Hy0 Dilithio Compound 13 -4 Hy0
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According to the MNDO calculations29 the lithium atom in the radical anion 12 (Fig. 3) again is
coordinated mainly to C2 of the cyclopropane ring leaving the single electron at C1. (Li-C2 = 1.99 A; Li-C1
=2.37 A; C1-C2 = 1.44 A instead of 1.33 A in 91). As to be expected the distance C1-C2 in 13 (Fig. 4) is
even longer (1.53 A; Li1-C2 = 1.90 A; Li1-C1 = 2.38 A; Li2-C1 = 1.93 A; Li2-C2 = 2.26 A). In the open-
chain dilithio compounds 90 (Fig. 5) and 15 (Fig. 6) C1-C2 again has double bond character (1.36 A) and the
double-bridge is more pronounced in 90 (Lil-C2 = 1.94 A; Li1-C3 = 2.51 A; Li2-C3 = 2.04 4; Li2-C2 =
2.27 A) than in 15 (Li1-C2 = 1.91 A; Li1-C4 = 3.74 A; Li2-C4 = 1.93 A; Li2-C2 = 2.42 A).

Figure 5. MNDO Geometry of the 1,3-Dilithio Figure 6. MNDO Geometry of the 1,3-
Compound 90 -4 H0 Dilithio Compound 15 -4 Hy0

The energies calculated by the MNDO method, however, were not in accord with the experimental
results leading to 90 as the most stable dilithiumorganic compound which was not formed at all. The
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energies of the MNDO geometries were therefore recalculated by ab initio with a minimal basis set
(STO-3g)*3 yielding the very plausible values of Figure 7. The obviously wrong MNDO energies arc
included.

E
kcal
mol
+10.8 b CHz-?CMezéHz
Li 93 '
+6.6 e CH2=(I:CHszez
Li
14
CMe,
[ CH 2-([: I
L CH
12
Figure 7. Energies of the Dilithio Compounds (-4 H»0) Figure 8. Energies of the Radical
according to ab inito Calculations (STO-3g) Anions (-3 Hp0) (STO-3g)

It is interesting that according to these ab inito calculations (STO-3g)33 the most stable radical anion
is the cyclic one 12 (Fig. 8). Of the open-chain radical anions only 14 and 93 have to be discussed, 89 and 92
(in brackets) are much less stable. As before the radical anions were calculated complexed with three, the
dilithio compounds with four molecules of water.

The higher stability of the cyclic radical anion 12 compared with 93 was confirmed chemically by
treating the open-chain dilithiumorganic compound 15 with silver bromide or copper(I) chloride yielding
back the methylenecyclopropane derivative 91.

AgBr . - /CMez
CH2=(I':CMeZCH2Li T c:|-42=c|:c».4e2c|-|2 —O0 . CHz—(IZ\l
Li - Ag°® Li Li CH2
16 23 12
- LiBr - LiBr
AgBr | _ Ag® AgBr | _ Ag®
2% N /CM82
+ =—=—— CH,=CCMe,CH, —O—= CH,=C{]|
CH,
94 85 26 21

On the other hand, also traces of the dimers 94 and 95 could be detected which speaks for the
diradical 96 as an intermediate.
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tal .

General Methods. All reactions with air sensitive compounds were carried out under an atmosphere of dried argon (99.996%).
Diethyl cther and tetrahydrofuran (THF) were purified by adsorptive filtration over aluminium oxide (basic, activity I) and
distilled under argon from sodium-benzophenone ketyl. Dimethyl sulfate was distilled and stored over molecular sicve (3A). Mass
spectra (MS) were obtained on a Hewlett-Packard GC-Mass Spec 5988a (5% phenylmethylsilicon quartz capillary); m/e values are
reported, followed by the relative intensity in parantheses. Nuclear Magnetic Resonance (LH, 2H, and 13C) spectra were recorded
on the Bruker instruments WP-80, AC-200, and AMX-400. Chemical shifts are reported in parts per million (5) downfield from an
internal TMS reference. Coupling constants (J) are reported in Hertz (Hz), and spin multiplicities are indicated by the following
symbols: s(singlet), d(doublet), t(triplet), q(quartet), quint(quintet), sext(sextes), m(multiplet).

Preparation of the Starting Materials

Cyclopropyltriphenylphosphonium bromide (29):19 In a 2 1 three-necked flask equipped with a magnetic stirring bar, a reflux
condenser; and a 500 ml dropping funnel 204.24 g (0.44 mol) (3-bromo-propyl)triphenylphosphonium bromide (28)18 were
suspended in 450 ml of water and 440 ml (0.44 mol) 1 N NaOH was introduced at 80°C within 5 h. After 2 h reflux and 12 h
stirring at room temperature the mixture (pH = 8) was extracted three times with 300 mi chloroform, respectively, the combined
extracts being dried over magnesium sulfate. Three fourth of the solvent was distilled off and the phosphonium salt was precipi-
tated by adding diethyl ether until cloudy followed by standing over night to give 153.32 g (0.40 mol, 91%) 29 as a white solid:
m.p. 188-189°C [Lit.>* 189-190°C]. 1H NMR (80 MHz, CDCl3) & 0.6 (m, 2 H, syn-cyclopropyl), 1.8 (m, 2 H, anti-cyclopropyl),
3.4 (m, 1 H, cyclopropyl), 7.8 (m, 15 H, phenyl). The product was dried at 120°C for several hours at oil vacuum and before use in
the Wittig reaction it was appropiate to grind it finely in a mortar and stor it under argon after drying again.

a-tert-Butylbenzylidenecyclopropane (32e): 76.66 g (0.20 mol) 29 were suspended under argon in 300 ml of dry THF and 24.68 g
(0.22 mol) potassium fert-butoxide were added. The yellow mixture was stirred for 2 h at 60°C, and then at the same temperature
24.33 g (0.15 mol) pivalophenone (30e) in 25 ml THF was added dropwise within 30 min. The color turned to dark brown with the
formation of a light precipitate while stirring for 50 h at 45°C. Finally 200 ml water was added at room temperature and the
aqueous layer extracted with 100 ml dicthyl ether and 100 ml n-pentane, respectively, the combined organic exfracts being dried
over magnesium sulfate. After removing the solvent under vacuum on a rotary cvaporator at temperatures not éxceeding 60°C the
crude brown oil was vigorously stirred three times with 200 ml warm hexane, respectively, leaving a granular residue of
triphenylphosphine oxide. The crude product containing still some 3@e was best purified by chromatography on aluminium oxide
(basic, activity I) with hexane as the eluent followed by distillation under vacuum to give 11.37 g (61.0 mmol, 41%) 32e as a
colorless, liquid of b.p. 105-106°C (10 Torr). MS (70 eV): m/z 186 (M*, 2), 171(31), 143(54), 130(46), 129(100), 128(57),
115(38), 91(29), 77(25), 57(38), 41(28). Anal. caled. for Cy4Hig: G 90.26; H, 9.74; found: C, 90.37; H, 9.75. 1g NMR
(200 MHz, CDCl3) 8 0.8 (m, 2 H, cyclopropyl), 1.2 (s, 9 H, terr-butyl) 1.4 (m, 2 H, cyclopropyl), 7.2 (m, 5 H, phenyl). 13¢c NMR
(50 MHz, CDCl3) 8 0.5, 6.2, 30.2, 369, 118.45, 125.9, 127.4,129.2, 138.6, 143.3.

The same procedure was used for the synthesis of benzylidenccyclopropane (32a) itself and the other starting materials
32b-d as well as 79 and 26 prepared in the literature8:35-37 jn 2 somewhat different manner.

Benzylidenecyclopropane (328): Yield 43% of a colorless liquid recondensed at ca. 50°C (5 Torr) [Lit.18 b.p. 58-59°C (3 Tom)].
MS (70 eV): m/z 130 (M*, 54), 129(100), 128(62), 127(25), 115(67), 63(19), 51(47), 50(30), 39(38), 27(20). LH NMR (200 MHz,
CDCl3) 6 1.2 and 1.4 (2 m, 4 H, cyclopropyl), 6.7 (m, 1 H, vinyl), 7.4 and 7.6 (2 m, 5 H, phenyl). 13C NMR (50 MHz, CDCly)
605,4.2,1182, 124.2, 126.6, 126.65, 128.4, 138.2. The product is unstable at higher temperatures polymerizing above 60°C. It is
also decomposed during chromatography on neutral and basic aluminium oxide and was therefore purified by recondensing within
2 days at temperatures lower than 60°C (5 Torr).

(Diphenylmethylene)cyclopropane (32b): Yield 75% of white crystals: m.p. 65-66°C (n-hexane) [Lit.18 64.5-65.5°C] MS (70 eV):
mjz 206 (M*, 47), 205(77), 203(60), 191(100), 189(40), 129(43), 115(43), 91(43), 88(34), 51(47). LH NMR (200 MHz, CDCly)
5 1.4 (s, 4 H, cyclopropyl), 7.35 (m, 10 H, phenyl). 13C NMR (50 MHz, CDCl3) 5 3.5, 124.35, 126.8, 128.05, 1283, 129.95,
140.9.

a-Methylbenzylidenecyclopropane (32¢): Yield 80% of a colorless liquid of b.p. 95-96°C (11 Torr) [Ijt.35 65-66°C (2 Torr)). MS
(70 eV): m/z 144 (M, 14), 143(13), 12(100), 128(67), 127(19), 115(24), 77(18), 63(16), 51(28), 3%(27), 1H NMR (200 MHz,
CDCl3) 8 1.1 and 1.5 (2 m, 4 H, cyclopropyl), 2.2 (m, 3 H, methyl), 7.3 and 7.65 (2 m, S H, phenyl). 13¢c NMR (50 MHz, CDCh)
50.45,5.8,19.7,120.5, 122.4, 125 .4, 126.5, 128.1, 140.5. The product is decomposed during chromatography on basic aluminium
oxide and partly rearranged to 1-cyclopropyl-1-phenylethene during preparative gas chromatography. It is therefore best purified
by vacuum distillation or simply by recondensation at 70°C (il pump).

a-Cyclopropylbenzylidenecyclopropane (32d): Yield 60% of a coloriess liquid of b.p. 124-125°C (12 Tom) [Lit35 100°C (2
Tor)]. MS (70 eV): m/z 170 (M, 8), 155(49), 153(30), 142(48), 141(83), 129(85), 128(100), 115(62), S1(46), 39(50), 27(27). 1g
NMR (200 MHz, CDCl3) 5 0.75 (m, 4 H, a-cyclopropyl) 1.2 (m, 4 H, cyclopropyl), 1.75 (m, 1 H, a-cyclopropyl), 7.25 and 7.8
(2 m, 5 H, phenyl). 13CNMR (50 MHz, CDCl3) 6 1.4, 2.3, 5.9, 14.7, 118.75, 125.9, 126.4, 127.4, 127.9, 141.2. The product was
purified by chromatography on aluminium oxide (neutral, activity I) using n-pentane as the elucnt followed by distillation.
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(Dicyclopropylmethylene)cyclopropane (79): Yield 69% of a colorless liquid of b.p. 95°C (40 Torr) [I.it.s‘s 98-99°C qs Torr)].
MS (70 eV): m/z 134 (M*, S) 105(19), 91(100), 79(28), 77(39), 65(16), 53(16), 51(31), 41(32), 3%(62), 27(17). “H NMR
(200 MHz, CDCl3) 8 0.6 (m, 8 H), 1.0 (s, 4 H), 1.4 (m, 2 H). 13C NMR (50 MHz, CDCl)80.7,4.7, 143,111.8,129.2.

Cyclopropylidenecyclobutane (26): Yield 29% of a coloriess liquid of b.p. 57-58°C (85 Torr) [Lit.37 54-60°C (83 Tom)]. MS
(70 eV): miz 94 (M, 18), 91(19), 79(100), T7(58), 66(29), 65(29), 40(24), 39(48), 28(17), 27(17). 1H NMR (200 MHz, CDCly)
8 1.0 (quint, 5J = 2.3 Hz, 4 H, cyclopropyl), 2.0 (quint, 3J = 7.9 Hz, 2 H, cyclobutyl), 2.75 (tquint, 3 = 79 Hz, 51 =23 Hz, 4 H,
cyclobutyl). 13C NMR (50 MHz, CDCl3) 5 1.9,17.5, 31.2, 109.9, 128.5. :

Reductive Metalation Reactions

General Procedure: In a 100 ml threc-necked flask equipped with a ma§18:etic stirring bar, a dropping funnel, an internal
thermometer, and an argon inlet 0.30 g (43.2 mmol) lithium dust (2% sodium)>° was suspended in 50 ml of dry diethy] ether and a
solution of 10.0 mmol of the methylenccyclopropane derivative in 10 ml of ether was added dropwise under the conditions
mentioned in the Theoretical Part and in the Tables. Depending on the temperature the reaction started sooner or later indicated by
the appearing coloration. Finally the reaction was stopped by filtration from the excess lithium metal through glass wool dried
before by heating in vacuum.

In case of derivatization with dimethyl sulfate the reaction mixture was cooled to -20°C and a solution of 5 ml dimethyl
sulfate in 10 ml diethyl ether was added. After decolorization and stirring for 2 h at room temperature the mixture was stimed for
another 3 h with 25% aqueous ammonia in order to destroy excess dimethyl sulfate. The aqueous phase was extracted several
times with ether and the combined organic phases dried over magnesium sulfate. After removing the solvent under vacuum on a
rotary evaporator at temperatures not exceeding 60°C the crude reaction product was recondensed from the nonvolative residue the
latter seldom exceeding 20% of the total amount. The reaction mixture was analyzed by GC/MS, most products in addition being
characterized by NMR spectroscopy after separation by preparative gas chromatography. Unknown compounds like 76 and 78
have been prepared for comparison.

(Diphenylmethylene)cyclopropane (32b) as the Starting Material

1,1-Diphenyl-1-butene (33): MS (70 eV): m/z 208 (M*, 62), 193(48), 179(23), 178(33), 165(34), 130(42), 129(29), 115(100),
91(49), 77(19). 1H NMR (80 MHz, CDCl3) 5 1.0 (1, 3J = 7.6 Hz, 3 H, methyl), 2.1 (quint, 3] = 7.6 Hz, 2 H, methylene), 6.05 (t,
31 = 7.6 Hz, 1 H, vinyl), 7.2 (m, 10 H, phenyl). 13C NMR (100 MHz, CDCl3) § 14.5, 23.2, 126.7, 126.8, 127.2, 1280, 128.1,
129.8, 131.5, 140.2, 141.05, 142.75. The compound was synthesized for comparison by dehydration of 1,1-diphenylbutanol with
sulfuric acid.

1,1-Diphenyl-2-methyl-1-pentene (36): MS (70 ¢V): m/z 236 (M*, 62), 207(66), 191(17), 17%(17), 178(26), 165(26), 129(100),
128(27), 115(25), 91(80). 'H NMR (200 MHz, CDCl3 809, 3] =72 Hz, 3 H, methyl), 1.5 (m, 2 H, methylene), 1.8 (s, 3 H,
=CCH3), 2.1 (m, 2 H, =CCHy), 7.2 (m, 10 H, phenyl). 13C NMR (50 MHz, CDCl3) & 14.0, 19.5, 21.6, 37.4, 126.0, 126.9, 1279,
128.0,128.3, 129.5, 129.6, 134.9, 137.7, 143 4.

(E)-2-Methyl-1-(2-methylphenyl)-1-phenyl-1-butene (37): MS (70 eV): m/z 236 (M*, 100), 221(53), 179(85), 178(36), 143(53),
129(69), 128(38), 115(29), 105(29), 91(52). 1H NMR (200 MHz, DGy 8 11 ¢, 3J =75 Hz, 3 H, methyl), 1.75 (s, 3 H,
=CCHz), 2.2 (s, 3 H, ArCHz), 2.2 (m, 2 H, =CCH,), 7.2 (m, 9 H, aryl). 13C NMR (50 MHz, CDC13) 5 13.35, 189, 19.7, 27,6,
125.6, 1259, 126.45, 127.8, 129.2, 129.7, 130.0, 135.8, 135.9, 136.7, 142.1.

(E)-2-Deutero-1-(2-deuterophenyl)-1-phenyl-1-butene (38): Yield 62% of a coloriess oil of b.p. 58-60°C (50 Torr). MS (70 eV):
m/z 210 (M, 100), 195(75), 180(45), 166(37), 132(37), 131(51), 130(36), 117(66), 116(52), 9290). 1H NMR (80 MHz, CDCl3)
1.0 (t, 33 = 7.6 Hz, 3 H, methyl), 2.1 (g, >J = 7.6 Hz, 2 H, methylenc), 7.2 (m, 9 H, phenyl). 2H NMR (61 MHz, CDCl3) & 6.4
(s, vinyl), 7.55 (s, phenyl). 13C NMR (100 MHz, CDCl3) 6 14.5, 23.1, 126.7, 126.8, 126.9(t), 127.1, 127.9, 128.0, 128.05, 130.0,
131.2(t), 140.2, 141.8, 142.6.

2-Ethyl-1-hydro-1-methyl-3-phenylbenzosilole (39a): Yicld 42% of a colorless oil of b.p. 80-84°C (40 Torr). MS (70 eV): m/z 250
(M*, 18), 223(18), 222(81), 221(100), 207(25), 121(14), 11X17), 105(28), 53(23), 43(32). High res. MS: calcd. for C;7H; gSi:
250,11776, found: 250.11761. 1H NMR (80 MHz, CDCl3) 5 0.5 (d, 37 = 4.1 Hz, 3 H, SiCHy), 1.1 (1, 3] = 7.5 Hz, 3 H, methyl),
23 (m, 2 H, methylene), 4.75 (g, 3J = 4.1 Hz, 1 H, SiH), 7.2 (m, 9 H, aryl). 13C NMR (100 MHz, CDCl3) 5 6.5, 15.55, 235,
123.3, 126.0, 127.0, 128.3, 128.95, 129.9, 132.25, 134.6, 138.0, 143.7, 152.0, 153.9.

1,1-Dimethyl-2-ethyl-3-phenylbenzosilole (39b): Yield 40% of a colorless oil of b.p. 100-103°C (40 Torr). MS (70 eV): m/z
265(24), 264(M*, 100), 249(41), 233(31), 205(48), 204(31), 135(84), 121(19), 5%56), 43(24). High res. MS: calcd. for
CygHagSi: 264.13351, found: 264.13323. Anal caled. for CygHanSi: G, 81.76; H, 7.62; found: C, 81,71, H, 7.50. 1H NMR
80 MHz, CDCl3) 3 03 (s, 6 H, SiMey), 0.95 (t, 37 = 7.5 Hz, 3 H, methyl), 2.2 (g, 3J = 7.5 Hz, 2 H, methylene), 7.2 (m, 9 H, aryl).
3C NMR (100 MHz, CDCl3) 6 -34, 15.15, 23.4, 123.0, 1259, 1272, 128.1, 1290, 1296, 131.3, 137.6, 1382, 145.6, 1510,
152.4.
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2-Ethyl-3-phenylinden-1-one (48): Yield 19% of bright yellow crystals of m.p. 88-89°C (cthanol) [Lit.39 87-88°C]. MS (70 cV):

m/z 235(17), 4(M*, 100), 233(51), 219(52), 191(34), 189(35), 165(23), 101(22), 34(26), 51(17). 1H NMR (30 MHz, CDCly)

511 (t, 37 =75 Hz, 3 H, methyl), 2.35 (q, 31 = 7.5 Hz, 2 H, methylenc), 722 (m, 9 H, aryl). 13C NMR (100 MHz, CDCl3) § 140,
. 16.7,120.7, 122.4, 127.75, 128.15, 128.7, 129.1, 131.0, 132.7, 133.1, 136.6, 145.8, 154.6, 198.2.

Benzylidenecyclopropane (32a) as the Starting Material

(E)-1-Phenyl-1-butene (42): Yield 70%. MS (70 eV): m/z 132(M¥, 43), 131(10), 118(10), 117(100), 116(10), 115(42), 9128),
78(7), T1(8), 51(8). 1H NMR (200 MHz, CDCl3) 8 1.1 (t, 3J = 7.5 Hz, 3 H, methyl), 2.2 (ddq, 3J = 7.5 Hz, 33 = 625 Hz, 4 =
13 Hz, 2H, methylens), 6.25 (dt, 37 = 15.9 Hz, 3 J = 625 Hz, 1 H, vinyl), 635 (dt, J = 159 Hz, 47 = 1.3 Hz, 1 H, vinyl), 7.25
(m, 5 H, phenyl). 13C NMR (50 MHz, CDCl3) 5 13.6, 26.0, 125.9, 126.7, 128.4, 128.8, 132.6, 138.0.

(E)-2-Methyl-1-phenyl-1-butene (47): MS (70 eV): m/z 146 (M*, 45), 131(100), 129(15), 117(16), 116(16), 115(29), 91(48),
51(22), 39(29), 27(21).

(E)-2-Methyl-1-phenyl-1-pentene (48): MS (70 ¢V): m/z 160 (M*, 34), 131(100), 12%(17), 116(17), 115(27), 91(46), 51(16),
41(18), 39(26), 27(21).

(E)-2-Methyl-1-(2-methylphenyl)-1-butene (49): MS (70 eV): m/z 160 (M*, 56), 145(100), 131(25), 130(23), 128(26), 115(30),
105(27), 91(23), 39(34), 27(25).

(E)-1-(2-Methyiphenyl)-1-butene (50): 3) MS (70 ¢V): m/z 146 (M*, 30), 117(100), 116(11), 115(48), 104(30), 91(30), 51(24),
39(36), 20(11), 27(27). b) MS (70 €V): m/e 146 (M, 45), 131(100), 12(15), 117(16), 116(16), 115(29), 91(48), 51(22), 3%(29),
2721).

a-Methylbenzylidenecyclopropane (32¢) as the Starting Material

(E)-2-Phenyl-2-pentene (hydrolysis product): Yield 63%. MS (70 eV): m/z 146 (M*, 32), 131(100), 12%(16), 117(11), 116(17),
115(26), 91(44), T7(17), 51(12), 39(11). 1H NMR (200 MHz, CDCl3) & 1.05 (t, 3] = 7.45 Hz, 3 H, methyl), 2.0 (dt, 47 = 1.3 Hz,
57 = 0.75 Hz, 3 H, =CCHg), 2.2 quq,3J=7.45Hz,3J==7.Ol-Iz,51=0.7SI-Iz,2H,=CCH7),S.8(tq, 31270Hz, 49 =13 Hz,
1H, vinyl), 7.3 (m, 5 H, phenyl). 13C NMR (50 MHz, CDCl3) 5 14.0, 15.6, 22.0, 125.6, 126.4, 128.1, 1302, 134.1, 144.0.

(E)-3-Methyl-2-phenyl-2-hexene (54): MS (70 eV): mjz 174 (M*, 42), 145(100), 129(23), 128(22), 117(49), 115(29), 91(39),
77(22), 39(21), 27(22).

(E)-3-Methyl-2-(2-methylphenyl)-2-hexene (55): MS (70 eV): m/z 188 (M*, 56), 159(100), 145(27), 131(59), 129(39), 128(36),
117(28), 115(32), 105(28), 91(28). 1H NMR (200 MHz, CDCl3) 5 1.0 (t, 37 = 7.6 Hz, 3 H, methyl), 1.35 (m, 3 H, =CMe), 1.5 (m,
2 H, methylene), 1.85 (m, 3 H, =CCHz), 2.2 (s, 3 H, ArMe), 2.2 (m, 2 H, =CCHj), 6.95 and 7.15 (2 m, 4 H, aryl). 13C NMR
(50 MHz, CDCl3) 8 14.0, 19.0, 193, 19.8, 21.3, 35.6, 125.7, 126.0, 1283, 129.7, 130.0, 131.1, 135.0, 145.2.

(E)-3-Methyl-2-phenyl-2-pentene (58): MS (70 ¢V): m/z 160 (M*, 49), 146(18), 145(100), 131(33), 128(18), 117(35), 115(27),
105(20), 91(44), 77(20). H NMR (200 MHz, CDCl3) 6 1.05 (t, 3 = 7.5, 3 H, methyl), 1.55 (g, 57 = 1.5 Hz, 3 H, =CMe), 1.95
(m, 3 H, =CCH3g), 2.2 (q, 37 = 7.5 Hz, methylene), 7.2 (m, 5 H, phenyl). 13C NMR (50 MHz, CDCl3) 5 12.5, 194, 20.2, 27.3,
125.7, 1279, 128.4, 129.65, 133.0, 145.5.

(E)-3-Methyk-2-(2-meshylpheny)-2-pensene (61): MS (70 eV): m/z 174 (M‘f5 78), 159(100), 145(46), 131(27), 129(29), 128(31),
117(51), 115(32), 105(21), 91(25). 1H NMR (200 MHz, CDCl3) & 1.05 (t, 3J = 7.65 Hz, 3 H, methyl), 1.4 (q, 5 = L5 Hz, 3 H,
=CMe), 1.85 (qt, 5J = 1.5 Hz, 5J = 1.0 Hz, 3 H, =CCHjg), 2.15 (5, 3 H, ArMc), 2.2 (m, 2 H, methylenc), 6.95 and 7.1 (2 m, 4 H,
aryl). 13C NMR (50 MHz, CDC13) 6 12.6, 18.8, 189, 19.5, 26.7, 125.7, 126.0, 128 3, 129.0, 129.7, 132.8, 135.0, 145.0.

a-Cyclopropylbenzylidenecyclopropane (32d) as the Starting Material
(E)-1-Cyclopropyi-1-phenyl-1-butene (62): Yicld 89%. MS (70 ¢V): miz 172 (M*, 12), 157(21), 143(37), 12(100), 128(75),
115(67), 91(42), 77(29), 51(23), 39(33), 27(29). Anal. caled for Cy3Hy6: G, 90.64; H, 936; found: C, 90.85; H, 9.34. IH NMR
gzoo MHz, CDCl3) 8 03 and 0.8 (2 m, 4 H, cyclopropyl), 1.1 (t, 37 = 7.45 Hz, 3 H, methyl), 1.7 (m, 1 H, cyclopropyl), 2.4 (quint,
J = 7.4 Hz, 2 H, methylene), 5.7 (td, 3J = 7.3 Hz, 4J = 1.8 Hz, 1 H, vinyl), 7.25 (m, 5 H, phenyl). 13C NMR (50 MHz, CDCly)
56.45, 11.4, 14.1, 21.8, 126.1, 127.25, 127.6, 133.4, 139.95, 142.7.
(E)-1-(1-Methylcyclopropyl)-1-phenyl-1-pentene (66): MS (70 ¢V): m/z 200 (M*, 8), 157(93), 143(73), 129(100), 128(71),
115(67), 91(70), 41(40), 39(38), 29(46), 27(48). 1H NMR (200 MHz, CDCl3)  0.55 and 0.65 (2 m, 4 H, cyclopropyl), 1.0 (t, 33 =
7.3 Hz, 3 H, methyl), 1.4 (s, 3 H, methyl), 1.5 (sext, 3J = 7.3 Hz, 2 H, methylene), 2.4 (q, 3J = 7.3 Hz, 2 H, allyl), 59 ¢t, I =
7.3 Hz, 1 H, vinyl), 7.3 and 7.5 (2 m, 5 H, phenyl). 13C NMR (50 MHz, CDCl3) 6 14.2, 15.4,17.3, 22.8, 26.2, 31.1, 126.1, 1262,
127.8,132.3, 142.6, 142.9.
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(E)-1-Cyclopropyl-2-methyl. 1 phemyl-1-pentene (67): MS (10 eV): m/z 200 (M*, 10), 157(29), 143(43), 129(100), 128(58
115(46), 91(48), 41(37), 39(35), 29(38), 27(41). 1H NMR (200 MHz, CDCl3) 5 0.1 and 0.6 (2 m, 4 H, cyclopropyl), 1.0 (t,
755 Hz, 3 H, methyl), 1.4 (s, 3 H, methyl), 1.5 (sext, 33 = 7.55, 2 H, methyiene), 1.85 (m, 1 H, cyclopropyl), 2.3 (m, 2 H, ally)
6.92and 73 (2 m, 5 H, phenyl). 13C NMR (50 MHz, CDCl3) 5 48, 13.2, 14.1, 20.5, 21.4, 35.8, 125.8, 127.6, 129.8, 132.4, 1358,
1409,

(E)-1-Cyclopropyl-2-methyl-1-(2-methylphenyl)-1-butene (68): MS (70 eV): m/z 200 (M*, 13), 157(23), 143(100), 142(22),
141(24), 125(61); 128(58), 115(42), 105(24), 4134), 39(31). "H NMR (200 MHz, CDC13) 4 0.1, 0.2, and 0.5 3 m, 4 H, cyclo-
propyl), 1.15 (¢, 37 = 7.5 Hz, 3 H, methyl), 1.4 (5, 3 H, =CCH), 1.85 (m, 1 H, cyclopropyl), 2.15 (s, 3 H, ArCHz), 2.35 (m, 2 H,
methylene), 6.8 and 7.15 (2 m, 4 H, aryl). 13C NMR (50 MHz, CDCly) 5 3.9, 43, 123, 12.8, 19.3, 197, 266, 125.0, 1262,
129.4, 1323, 133.6,133.7, 139.5.

a-lert-Butylbenzylidenecyclopropane (32¢) as the Starting Material

(2)-3-Phenyl-2,2-di 1-3-hexene (76): MS (70 cV): m/z 188 , 30), 159(27), 131(100), 129(20), 117(57), 115(28), 91&55),
57(46), 41(31), 29(18). "H NMR (200 MHz, CDCl3) 6 0.85 (1, °J = 7.6 Hz, 3 H, methyl), 1.15 (s, 9 H, t-Bu), 1.6 (quint, °J =
7.6 Hz, 2 H, methylene), 5.5 (t, 31=176Hz 1 H, vinyl), 7.05 and 7.2 (2 m, 5 H, phenyl). 13c NMR (50 MHz, CDCly) & 14.5,
22.5,29.7,35.7, 125.8, 125.9, 127.3, 129.8, 146.8, 149.8.

(E)-3-Phenyl-2,2-dimethyl-3-hexene (18): MS (70 €V): m/z 188 éM" 24), 159(25), 131(100), 12906), 117(60), 11536), 9163,
57(47), 41(39), 29(25). 1H NMR (200 MHz, CDCl3) 5 1.0 (1, 37 = 7.6 Hz, 3 H, methyl), 115 (s, 9 H, t-Bu), 2.35 (quint, 3J =
7.6 Hz, 2 H, methylenc), 5.1 (, 3] = 7.6 Hz, 1 H, vinyl), 7.05 and 7.22 (2 m, 5 H, phenyl). 13C NMR (50 MHz, CDCl3) 5 148,
23.2,31.6,353, 125.5, 127.2, 128.7, 132.6, 146.8, 148.8.

The latter two compounds (1:7) have been prepared for comparison by a Wittig reaction starting with pivalophenone
(30¢) and n-propyltriphenylphosphonium bromide using dimsy! sodium (methylsulfinyl carbanion) in DMSO as the base.
Separation was achieved by preparative gas chromatography. Anal. calcd. for Cy4Hpq: C, 89.29; H, 10.71; found: C, 89.15; H,
10.85.

(Dicyclopropylmethylene)cyclopropane (79) as the Starting Material -

Here lithium 4,4'-di-tert-butylbiphenyl (LDBB)IS has been prepared first by adding 0.79 g (3.0 mmol) di-ters-
butylbiphenyl to a suspension of 0.28 g (40.0 mmol) lithium dust 2% sodmm)38 in 50 ml of dry THF at -5°C. At the same
temperature 1.34 g (10.0 mmol) 79 in 10 m! THF was added dropwise to the bluc-green mixture, which was stirred for 24 h at
-5°C being then worked-up as usual.

1,1-Dicyclopropyl-1-butene (80)*0: Colorless liquid of b.p. 96-97°C (40 Tor). MS (70 eV): m/z 136 (M*, 28), 107(27), 93(47),
91(54), 79(100), 77(51), 67(42), 55(27), 41(39), 39(42). Anal. caled. for CygH: C, 88.16; H, 11.84; found: C, 88.04; H, 12.07.
1H NMR (200 MHz, CDCl3) 5 0.3, 0.5, and 0.65 (3 m, 8 H, cyclopropyl), 1.0 (t, 3 = 7.3 Hz; 3 H, methyl), 1.0and 1.7 2 m, 2 H,
cyclopropyl) 2.1 (quint, 3J = 7.3 Hz, 2 H, methylene), 5.1 (t, 3F = 7.3 Hz, IH, vinyl). 13C NMR (50 MHz, CDCl3) 5 4.4, 4.8,
12.4,12.8, 145, 20.7, 125.4, 138.7. ,

1,1-Dicyclopropyl-2-methyl-1-busene (84): MS (70 eV): m/z 150 (M¥, 17), 107(22), 105(49), 93(46), 91(100), 7%(99), 77(8),
67(38), 65(24), 41(31), 39(32).

1,1-Dicyclopropyl-2-methyl-1-pentene (85): MS (70 eV): m/z 164 (M*, 3), 121(69), 107(35), 105(41), 93(100), 91(93), 79(99),
7H62), 67(35), 55(35), 41(36).

1,1-Dicyclopropyl-1-pentene (86): MS (70 eV): m/z 150 (M*, 5), 121(89), 107(24), 93(100), 91(64), 79(77), 77(53), 67(33),
55(32), 41(28), 39(25).

Cyclopropylidenecyclobutane (26) as the Starting Material

The same procedure was used as for (dicyclopropylmethylenc)cyclopropane (79) yiclding 54% of (1-Methyl-
butyliden)cyclobutane (27, Me instead of Li): MS (70 eV): m/z 124 (M*, 38), 109(49), 95(49), 81(86), 68(46), 67(100), S5(38),
41(51), 39§36), 27(29). Anal. calcd. for CoHyg: C, 87.02; H, 12.98; found: C, 87.02; H, 13.18. 1H NMR (200 MHz, CDCly)
85 085 (1, 33 = 7.3 Hz, 3 H, methyl), 1.35 (sext, 3J = 7.3 Hz, 2 H, methylene), 1.45 (s, 3 H =CCHj3), 1.85 (1, 31=73Hz,2H,
=CCHjy), 1.9 (quint, 3)=79Hz2H, cyclobutyl), 2.6 (t, 33 = 7.9 Hz, 4 H, cyclobutyl). i3C NMR (50 MHz, CDCl3) 5 13.8, 15.4,
15.9,20.8, 29.1, 29.2, 34.4, 125.8, 132.6.

Acknowledgment: We thank Prof. Dr. W. H. E. Schwarz, Theoretical Chemistry, for his kind help concerning the MNDO
and ab initio calculations. We are also grateful to the Deutsche Forschungsgemeinschaft (Graduiertenkolleg "Chemische
Reakitivitit und molekulare Ordnung") and to the Fonds der Chemischen Industrie for financial assistence.



2458

A. MAERCKER and V. E. E. DAUB

References and Notes

1. Part 18: Maercker, A.; Bodenstedt, H.; Brandsma, L. Angew. Chem. 1992, 104, 1387-1388;
Angew. Chem. Int. Ed. Engl. 1992, 31, 1339-1341.

2. ;aken in lepgvgom tIl::‘f PhD iresis m E. Daub, Universti’t& l(;f Siegen, 1992; Daub, V. E. E.

egioselektiver Verlauf bei der redukti g von Methylencyclopropan-Derivaten mit
elementarem Lithium, Shaker, Aachen, 199?01"‘"

3.  Reviews: Maercker, A.; Theis, M. Top. Curr. Chem. 1987, 138, 1-61; Maercker, A. in Hanack, M.
(Ed.), Methoden der Organischen Chemie (Houben-Weyl), Vol. E19d, Thieme, Stuttart, in press;
Maercker, A. in Schleyer, P. v. R.; Sapse, A.-M. (Eds.), Lithium Compounds: Principles and
Applications, Wiley, New York, in &ress

4, Maercker, A. Liebigs Ann. Chem. 1970, 732, 151-164.

5. Goldstein, M. J.; Wenzel, T. T.; Whittaker, G.; Yates, S. F. J. Am. Chem, Soc. 1982, 104, 2669-2671.

6. Goldstein, M. J.; Wenzel, T. T. J. Chem. Soc., Chem. Commun. 1984, 1654-1655; 1655-1657.

7 Trinks, R.; Miillen, K. Chem. Ber. 1987, 120, 1481-1490.

8. Trinks, R.; Miillen, K. Tetrahedron Lett. 1988, 29, 3929-3930.

9. Maercker, A.; Klein, K.-D. Angew. Chem. 1989, 101, 63-64; Angew. Chem. Int. Ed. Engl. 1989,
28, 83-84.

10.  Klein, J.; Medlik, A. J. Chem. Soc., Chem. Commun. 1973, 275-276.

11.  Bates, R. B,; Beavers, W. A,; Greene, M. G.; Klein, J. H.J. Am. Chem. Soc. 1974, 96, 5640-5642.

12.  Klein, J.; Medlik-Balan, A., Meyer, A. Y.; Chorev, M. Tetrahedron 1976, 32, 1839-1847.

13.  Seetz, J. W. F. L.; Schat, G.; Akkerman, O. S.; Bickelhaupt F. J. Am. Chem. Soc. 1982, 104,
6848-6849.

14.  Maercker, A.; Klein, K.-D. J. Organomet. Chem. 1991, 410, C35-C38.

15. Maer667 &k;r, A.; Girreser, U. Angew. Chem. 1999, 102, 718-720; Angew. Chem. Int. Ed. Engl. 1990, 29,

16.  Freeman, P. K.; Hutchinson, L. L. J. Org. Chem. 1980, 45, 1924-1930; 1983, 48, 4705-4713.

17.  Sisido, K.; Utimoto, K. Tetrahedron Lett. 1966, 3267-3270.

18.  Utimoto, K.; Tamura, M; Sisido, K. Tetrahedron 1973, 29, 1169-1171.

19. Bestmann, H. J.; Kranz, E. Chem. Ber. 1972, 105, 2098-2099.

20. Bestmann, H.J.; H.; Pils, 1. Angew. Chem. 1968, 77, 1011-1012; Angew. Chem. Int. Ed.
Engl. 1965, 4, 957-958; Bestmann, H. J., Denzel, T. Tetrahedron Lett. 1966, 3591-3593.

21.  Maercker, A.; Klein, K.-D. J. Organomet. Chem. 1991, 401, C1-C4.

22.  Eppers, O.; Giinther, H.; Klein, K.-D.; Maercker A. Magn. Res. Chem. 1991, 29, 1065-1067,
Eppers, O.; Fox, Th.; Giinther, H. Helv. Chim. Acta 1992, 75, 883-891.

23.  Bauer, W, Feigel, M.; Miiller, G.; Schleyer, P. v. R.J. Am. Chem. Soc. 1988, 110, 6033-6046.

24.  Schleyer, P. v. R.; Kos, A. J.; Kaufmann, E. J. Am. Chem. Soc. 1983, 105, 7617-7623.

25. Kos, A.J; Stein, P.; Schleyer, P. v. R. J. Organomet. Chem. 1988, 280, C1-CS5.

26.  Maercker, A.; Theysohn, W. Liebigs Ann. Chem. 1971, 747, 70-83.

27.  Knorm, R.; Lattke, E. Chem. Ber. 1981, 114, 2116-2131.

28.  Dunkelblum, E.; Brenner, S. Tetrahedron Lett. 1973, 669-672.

29. Dewar, M. 1. S.; Thiel, W..J. Am. Chem. Soc. 1977, 99, 4899-4907; 4907-4917; Dewar, M. J. S.;
Thiel, W. MNDO, Version 3.10, Seiler F. J. Res. Lab., U.S. Air Force Academy, Colo. Spgs., Co.
80840.

30.  Bauld, N. L.; McDermed, J. D.; Hudson; C. E.; Rim, Y. S.; Zoeller, Jr., J.; Gordon, R. D.; Hyde, J. S.
J. Am. Chem. Soc. 1969, 91, 6666-6676.

31.  Lansbury, P. T.; Pattison, V. A.; Clement, W. A,; Sidler, J. D.J. Am. Chem. Soc. 1964, 86,
2247-2251.

32.  Maercker, A.; Roberts, J. D.J. Am. Chem. Soc. 1966, 88, 1742-1759.

33.  Frisch, M. J.; Head-Gordon, M.; Trucks, G. W.; Foresman, J. B.; Schlegel, H. B.; kaglcavachari, K;
Robb, M.; Binkley, J. S.; Gonzalez, C.; Defrees, D. J.; Fox, D. J.; Whiteside, R. A.; ger, R.;
Melius, C. F.; Baker, J.; Martin, R. L.; Kahn, L. R.; Stewart, J. P.; Topiol, S.; Pople, J. A. Gaussian
90, Revision 1, Gaussian, Inc., Pittsburgh PA, 1990.

34.  Schweizer, E. E.; Berninger, C. J.; Thompson, J. G.J. Org. Chem. 1968, 33, 336-339.

35.  Akhachinskaya, T. V.; Donskaya, N. A.; Ab'yanova, L. F.; Shabarov, Yu. S. Zh. Org. Khim. 19885,
21, 1029-1033; engl. 936-939.

36.  Akhachinskaya, T. V.; Bakhbukh, M.; Grishin, Yu. K.; Donskaya, N. A.; Ustynyuk, Yu. A.

Zh. Org. Khim. 1978, 14, 2317-2323; engl. 2139-2143.

37.  vanden Heuvel, C. J. M.; Hofland, A.; van Velzen, J. C.; Steinberg, H.; de Boer, Th. J.
Recl. Trav. Chim. Pays-Bas 1984, 103, 233-240.

38.  Maercker, A.; Theis, M. Organomet. Synth. 1986, 3, 378-380.

39.  Ackroyd, J.; Pover, K. A.; Scheinmann, F. Tetrahedron Lett. 1982, 23, 5583-5584.

40. Kataoka, F.; Nishida, S. Chem. Lert. 1980, 1115-1118.

(Received in Germany 2 November 1993; accepted 30 November 1993)



