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Absrract: Depending on the substitoent, cu-substituted benzylidcnccyclop~ (32) mact more or less madily with lithium dmt 
(2% sodium) in diethyl ether whereby a regiosclective scission of only the cyckpropane u-bond cir to the phenyl ring takes place. 
Upon mising the temperature tfie primarily formed Qdilitbiumor@c compound doe to an agostic interaction rearranges by a 
1,6-pmton shift into a doubly brid@ 1,4dilithio cotnpouud. With a-mcthylbcnzylidenecyclopmpaoc (32~) this vent 
was shown to occur hhmokcularly via a trilithiumor@c compouMI 56. Tk suggested mecbanh oft&se reductive mtala- 
tion reactions via a bisected mdical anion 87 where the lithium is mainly bound to the cyclopropyl carbon atom and oriented syn to 
the phenyl ring wsa supported by MNDO (gcomctrics) and ab initio (energies) calculations. 

Intmduction 

In special cases cyclopropane u-bonds can be reductively cleaved by lithium metal to yield dilithium- 

organic compounds.3 The first example was the reaction of 2cyclopropyl-1,ldiphenylethylene (1) with 
lithium in diethyl ether or THP as the solvent.4 

CHz 
Ph,C=CH-CH; 1 

2Li A _ 
Ph,C=CH=CHCH2CH2Li 

CHz Li + 
1 2 

Other cyclopropane derivatives can be cleaved as well especially if both carbanionic centers formed 

are resonance stabilized by T delocalixation of the two negative charges. Thus on treating semibullvalene (3) 
with lithium in THP or dimethyl ether at -78°C two diastereoisomeric dimers of “dilithium semibullvalenide” 
(4) have been obtained,5*6 and the same is true for barbaralane @a) and 2,6diphenylbarbaralane (5b) 
yielding the corresponding bisallyl anions 6r7 
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a: R = H b: R = Ph 

On the other hand, the related 3,bhomotropilidene (7) could not be caused to react in the same 

manner, a monoanion 8 is formed instead? 

6 \ I 
2 Li 

- LiH 
-6 

: 
‘..,_/ ’ Li+ 

We recently have found that also methylenecyclopropane (9) reacta smoothly with lithium powder, 
both neat at its boiling point (KIT, 1 h) and in diethyl ether at room temperature (0.5 h).g However, scission 

of the weakest cyclopropane bond to form the extremely stable, Ydelocalixed trimethylenemethane dianion 
(10)10-12 does not occur. Instead the non-resonance stabilized 2,4dilithio-l-butene (ll), combining both 

vinyl and homoallyl character, is the sole product~~ 
$CHp 2- 

[ 1 CH,=C\ 2 Li+ 

CH2=C(;TH2 

(3’2 

10 

9 
CH2 

CH2=CCH2CH2Li 

:i 

11 

We therefore argued that the electron transfer does not take place to the corresponding a* orbital but 
to the T* orbital of the neighboring double bond followed by a ring-chain rearrangement.4*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 2,2dimethyhnethylenecyclopropane 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 tutsubstituted 1,3dilithiopropane which looses lithium hydride with a half reaction 

time of one hour at room temperature 13 2,4dilithio-1-butene (11) is remarkably stable: not even a trace of 
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n /Me2 
Li-CHa-7, 1 

LiUH2 

CH2=CCH2bMe2 

i!i 

CH2=$XMe2CH2Li 

Li 

14 15 

the expected monolithio tautomers 16 + 17 could be detectrAg Interestingly, the tetramethyl substituted 

derivative 18 does eliminate lithium hydride, although in the other direction to yield 199 

r CH2=y-CH=CH2 

Li 

16 

11 
11 

I CH,=C=CH-CH,Li 

17 

CH2=CCMe2CMe2Li 

lli 
TzT 

CH2=~CMe2CMe=CH2 

Li 

18 10 

While for the reductive cleavage of a cyclopropane o-bond usually two lithium atoms are necemary, 

with the same amount of lithium hvo o-bonds of the “butterfly olefin” l,l’-bicyclopropylidene (20) are 

cleaved. In diethyl ether as the solvent - not in ‘D-IF - the primarily formed (1,3dilithio- 

propylidene)cyclopropane (22) can be isolated before it rearranges to 1,6dilitbio-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 TBF as the solvent - 

stops after the cleavage of only one cyclopropane ring. 15 Molar amounts of lithium4,4’di-tert-butylbiphenyl 

(LDBB)l6 had to be used for the reductive metalation of the next higher homolog of 

l,l’-bicyclopropylidene (20), cyclopropylidenecyclobutane (26) whereby the cyclobutane ring does not open 

Exocyclic mono-alkyl substituted methylenecyclopropane derivatives like pentylidenecycloptopane 

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 successfuLt4 
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Et20 
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23 
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26 

72, CH2 
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CH2’ CH, 
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CH2CH2Li 

CH2’ Li 

26 27 

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-bon a-bond then takes place regioselectively 

and is followed by rearrangement with 1,dproton shift. 

ResdkeandD&cussion 

Starhkg Materials: In addition to benzylidenecyclopropane (32a) itself the &substituted phenyl- 

(32b), methyl- (329, cyclopropyl- (32-d), and tert-butylbenxylidenecyclopropane (32e) were used as starting 
material. The synthesis of these compounds was achieved by a Wittig reaction first reported by KUtimoto et 

Ph$-CH,CH,CH,Br 

Br- 
28 

NaOH (3’2 
c Ph,kCH’ 1 

Etr- ‘CH2 

29 

R C”2 R 

‘c-o + 

d 

Ph3P-C( 1 - Ph,P-0 
&<TH2 

/\ W / \ C’42 
- - d 

30 31 32 

a: R = H c: R = CH;, e: R = t-Bu 

b: R = Ph d: R = cyclopropyl 
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al.t7@ Cyclopropyltriphettylphosphoninm bromide (29) was in OUT hands best available according to 

HJ.Bestmann et al.193 For the pteparation of cyclopropylidenetriphenylplmsphorane (31) potassium tert- 
butoxideinTHFwasusedasthebase. 
ReaetMswfthLiuliummlat 

@WW~~&CY~~P~~~ 0 

We started with the symmetrically substituted methylenecyclopropane 32b. As the corresponding 
reaction with (diphenylmethylene)clobutane had yielded a dilithiumorganic compound which was unstable 
at room tempera& 1 -20°C was chosen as the reaction temperature. Upon the addition of 10.0 mm01 

(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. Derivatixation with dimethyl sulfate after 5 hours still 
yielded 8% starting material 32b besides 62% of l,ldiphenyl-2-methyl-l-pentene (36) and 6% hydrolysis 
product 33. In addition two monomethyl substituted products (7% and 17%) could be detected by CC/MS 

I: 

Et,0 
’ Li 5h -2O’C 

34 

I 
(MeOhS 

36 

CH2CH3 

I W42S4 

37 

At room temperature rearrangement of the primarily form4 presumably doubly bridged 1,3dilithio 
compound 34 to the 1,4double-bridge 35 takes place, the mechanism of this interesting 1,6_proton shift 
being unknown. According to the Xi, 6Li INADEQUATE experiment= the next higher homologue of 35, 

Q-2-lithio-l-phenyl-l-(2-lithiophenyl)-l-pentene~t 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 S = -0.55 ppm <3J = 7.0 Hz) being slowly replaced by a 
methyl triplet at 6 = 1.1 ppm (35 = 7.6 Hz). Characteristic tbr 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 fbr the rearrangement assisted by “agcstic 
interactions”~ obviously is the greater stability of a l&double-bridge compared with a 1,3double-bridge 

which according to calculations~ accounts for about 10 kcaUmol(41.8 kJ/mol) in the gas phsae. In addition 
lithium bound to an sp2 center (aryllithium) is more stable than bound to an s@ center (akyllithium) which 

brings another 14.4 kcal/mol(60.3 kJ/mol)?~ 

The “E” character, i.e. the cis arraugement 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 4, 

respectively. 
Ph 

CH2CH3 
D20 

36 
YeRSiC12 

D CH2CHS 

38 co2 

T 

39 

a: R=H 
b: R = Me 

Ph 

+ 

II 
CHpCH, 

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 (perdeuterodiphenyhnethylene)cyclopropane has been prepared and a 1:l mixture of 
[D10]32b 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 [D10]35 and 35 also [D9135 and &]35 
should have been formed in a 1:l:l:l ratio. However, due to a huge isotope effect% the reaction starting with 

plo]32b was much slower so that the results could not be interpreted unequivocally. 

Benrylkfenecyclbpm~ne (32a) 

As expected the monophenyl substituted methylenecyclopropa (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 a-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-l-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 l&-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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,CWHI 
z &;H2cH’ H+ &L;,H 

- iLi - 
43 40 

44 46 

I 
(M~o)zso, 

I 
(Meo)z% 

I 
(~~o)z% 

I 
04~0)2s~2 

47 48 48 50 

TubZe 1. CC/MS Analysis of the Cleavage and Rearrangement Products of 32a worked up with 
Dimethyl Sulfate. 

\Conditions 3.5 h 12h 3.5 h Molecular Weight 
Compound \ -20°C -20°C +2oT m/Z 

32a 

42 
47 
48 
49 

50 

52 

84.3 2.1 0.0 130 
1.3 10.6 67.3 132 (+ 2 Ii) 
2.1 20.6 17.6 146 (+ H + Me) 

12.3 48.3 0.3 160 (+ 2 Me) 
0.0 7.0 10.3 160 (+ 2 Me) 
0.0 5.0 3.6 146 (+ H + Me) 
0.0 2.6 0.4 146 (+ H + Me) 

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 in&molecular 

character of the rearrangement 44 + 45. 

CH2CH2Li 

Li 

W42SO2 
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a-Meth+tu$idenccyclopropMc (32~) 

It is remarkable that this compound is even more reactive towards lithium metal than 
(diphenylmethylene)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 fii yellow precipitate upon 
hydrolysis yields 63% pure (E)-2-phenyl-2-pent without even a trace of the corresponding Q-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 + 66 indeed takes place by an &r&wmolecular 
disproportionation/compqortionation 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. 

2 Li H,c, CH$HzLi 

Et0 
c-c; 

d 

(uao),so, HIC,~_~,CH~CH~M~ 
L 

6h -:lW /\ Li 
d 
/\ ‘Me 

- - 

set 
63 54 

I 2x 

CH2CH-M JY.O)~SO, W,C_C,CWbLi W, 
c-c: 

C”2CH1 (umo),so, 

Li - 

65 56 67 68 
I 

An expected vinyl-allyl-rearrangemenF of 57 could not be deteced, the comproportionation 56 + 57 
+ 2 mol66 obviously being faster. 

Table 2. CC/MS Analysis of the Cleavage and Rearrangement Products of 32e worked up with 
Dimethyl Sulfate. 

\Conditions 
Compound \ 

5h 
+S”C 

Sh 
+2oT 

Molecular Weight 
m/z 

32c 0.0 0.0 0.0 

54 46.8 2.1 0.0 

55 17.8 24.2 2.1 

58 24.1 27.2 1.7 

59 0.0 0.0 13.2 

61 11.3 46.5 83.0 

144 
174 (+ 2 Me) 

~ la8 (- xi + 3 Me) 

160 (+ Ii + Me) 

160 (+ H + Me) 

174 (+ 2 Me) 
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Of all the benxylidenecyclopropane derivatives under investigation the aqclopropyl substituted 32d 
interestingly is the most reactive. Filtration of the deep yellow-brown teaction mixture from the excess 
lithium dust after 5 hours at 0°C upon hydrolysis yielded 8!% of Q-lqclopropyl-1-phenyl-l-butene (62) 
proving again regioselectivity of the cyclopropane o-bond scission. Even after 2 hours at -20°C no more 
starting material 326 could be detected. 

I n ,.+ 4 
I L” 

H&,--W H,C,-,CH; 

III 

CH2CH2Li 

63 

I 
t M42S4 

64 

I 

WeQ2S4 

65 

I 

W0)2S02 

W,/“HP 
C 

H’ ‘C=C’ 
CH2CH2Me 

d 
/\ ‘Me 
- 

W;,W 

66 67 66 

The reaction with dimethyl sulfate showed that in addition to the expected 
1,dproton shift 64 -+ 65 another rearrangement takea place leading - also in a stereoselective manner - to 
the dilithio compound 63. The stereoselectivity of this ring-chain equilibrium speaks for a doubly bridged 
structure of 63, too. Six runs under different conditions have been perfkn~~I. Besides the dimethyl 
derivatives 66,67 and 68 of Table 3 small amounts of three mono- and trimethylated products, respectively, 
have been detected by CC/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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Tub& 3. GC/MS Analysis of the Main Cleavage and Rearrangement Products of 32d worked up 
with Dimethyl Sulfate 

25h 25h 
-5% 0°C 

25h 2.5 II 2.5 h -UPC and 
-WC +lo”c +upc 21 h +24X 

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 

66 

66 

67 

Figure 1. Distribution of the Different Cleavage and Rearrangement products depending on the 
Temperature after 2.5 h, respectively. 

In comxction with the stereochemistry of the ringchain rearrangement 64 4 63 the addition of 

n-butyllithium to a-cyclopropylstyrene (69) has to be mentioned which in contrast yields a 1:l mixture of the 
two open-chain monolithio compounds 70 and 72.28 

W,-,Wz 
C 

H ’ ‘C=CH2 

d 
/\ 
- 

69 

I n-BuLi 

C-CH,Bu y 
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u-t&-Bu@bcnzylidcnc~clo~~ (32e) 
The reactivity of the a-rerf-butyl substituted benxylidenecyclopqane 32e towards lithium dust is 

extremely low. Even after 44 hours at mom temperanne 17% of the starting material w-as still present 
During these long reaction times most of the lithiumoqamc reaction pmducts were protonated by the solvent 
so that the expected 1,6_proton shift 74 -+ 75 could not been detected, the hydrolysis product 78 being the 
same. 

32e 

I Et20 
* Li 6d 20mC 

H t-Bu 
‘c=c< 

CH-CH2 

CH2CH3 

d 
/\ Li (H) 
- 

76 77 78 

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

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

\C.onditions 23h 
Compound \ 20°C 

44h 
20°C 

6d 
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 Q and (Z)-2,2dimethyl-3-phenyl-3-hexenes 78 and 
76 have been prepared for comparison (71) by a Wittig reaction starting from pivalophenone and 
propylidenetriphenylphospborane, the stereochemistry being found out by NMR spectmwopy using NOE 

and the 3J(lv, 1H) coupling between the vinyl proton and the ipso carbon of the phenyl group. 
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The high teactivity of a.cyclopropylbenzylidenecychtpropane (32d) towards lithium metal raised the 
question whether the teplacement of the phenyl ring by a second cyclopmpyl group would also lead to a 
reactke methyknecyc@Wopane 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)le instead 
of lithium the reductive cleavage being nearly complete after 24 hours at -5°C in 77-P as the solvent. Upon 
working up with dimethyl sulfate as usual besides 3% starting material 79 and 29% l,ldicyclopropyl-l- 
butene (go) 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 he formed at least under the reaction conditions used. 

x 
H c=c<yH2 
A CH2 

CHsCHs CH2CH2Li 

Li H 

CH2CHJ 

Me 

84 

I W42SO2 

85 

CH2CH2Me 

88 

Reaction Mechanivn 

Lithium metal will react with benzylidenecycloprop 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 crsubstituents come into play. 

32d 32b 32a 32e 
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According to MNDO calculations~ the radical anion of 32a solvated with two molecules of water 

hasthestructure87inanearlybisected 30 conformation with the lithium atom at (32 oriented syn to the 

phenyl ring (Fig. 2). Resides coordination with C2 (LX2 = 1.99 A, LiGl = 2.30 A> there is a remarkable 
interaction of the lithium atom with the phenyl ring (~i-~6 = 2.43 A> especially with the proton at ~6 
(2.23 A>. TGS way both the cyclopropane methylene groups ate 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 
sterecselectively. Wether the second lithium atom immediately attacks C3 (0%) or first Cl followed by an 
anionic cyclopropylcarbinyl-allylcarbinyl rearrange menG1.32 %8 + 44 is not known. 

/-\ 
3 

H Li \C,C<fH2 - 

H \\Li’ 
x 

-c\“2 
‘,$-CA 2 ?I 

0 
/ \ CH2 
- c5 

1 z\ 
/\t Li 
- 

s2a 87 
I 

,______-______________--- J 
I 

i I 

Figure 2. MNDO Geometry of the Radical Anion 87.2 H20 

The reaction of 2,2dimethylmethylenecyclopropane (91) with lithium metal9 where the scission of 
definitely only one cyclopropane a-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 
hridued dilithio cnmwunds 13.90 and 15 omv two oer lithium.23 (Fig. 3-6) 

-b 
l 

b /) 
il @3 CI 

o cl A cz 
4 ?Y ‘i2 eQ*- 8 

01 

. 

C3 

B 
02 

4 

C6 
c5 

b 
“b 

Figure 3. MNDO Geometry of the Radical Figure 4. MNDO Geometry of the Vicinal 

Anion 12.3 H20 Dilithio Compound 13.4 H20 
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( CH2&H2CMe2Li ) CH2=CCH2he2 L 
I 

CHpCCH2CMe2Li 
I 

CMe2 L, 

CH2-C(I - 
CM’2 Li 

6H2-$ 1 - 
CMe2 

LiCH2-C’ 1 
‘32 Li “2 ’ ‘CH2 

Li 

91 

( CH2-kMe2CH2Li ) CH2=CCMe2kH2 x 

A 

CH2=CCMe2CH2Li 

Iii 

92 93 15 

According to the MNDO calculations 29 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 Cl. (LX2 = 1.99 A; Li-Cl 
E 2.37 & Cl-C2 = 1.44 A instead of 1.33 A in 91). As to be expected the distance Cl-C2 in 13 (Fig. 4) is 

even longer (1.53 & LilC2 = 1.90 I$ Lil-Cl = 2.38 A Li2-Cl = 1.93 A Li2-C2 = 2.26 A>. In the open- 
chain dilithio compounds 90 (Fig. 5) and 15 (Fig. 6) Cl-C2 again has double bond character (1.36 A> and the 
double-bridge is more pronounced in 90 (LilC2 = 1.94 & LilC3 = 2.51 & Li2-C3 = 2.04 & Li2-C2 = 

2.27 A> than in 15 @l-C2 = 1.91 A LilC4 = 3.74 & LiZCQ = 1.93 & Li2-C2 = 2.42 A). 

Figure 5. MNDO Geometry of the 1,3-Dilithio Figure 6. MNDO Geometry of the 1,3- 
Compound !JO .4 H20 Dilithio Compound 15.4 Hz0 

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 are 
included. 

E 
kcal 
mol t 

_, 5.7 . . . . . . . . . . !?!? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
16 

(YIIDO) 

E 
kcal 
mol 

1 
+,0.8 I . . . . . . . . . . . - CHpCCMe26H2 

I 
Li 93 

+ 6 . 6 . ..-.......- CH2=CCH2bMe2 
I 

Li 
14 

CMQ 
0 . . . . . _ bH,-C’ 1 

$CHa 

12 

Figure 7. Energies of the Dilitltio Compounds (‘4 H20) 

according to ab inito Calculations @TO-3g) 
Figure 8. Energies of the Radical 

Anions (‘3 H20) (STO3g) 

It is interesting that according to these ab inito calculations (STO-3gp3 the most stable radical anion 

is the cyclic one 12 (Fig. 8). Of the openchain 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 I2 compared with % was conSrmed chemically by 
treating the open-chain dilithiumorganic compound 15 with silver bromide or copper(I) chloride yielding 

back the methylenecyclopropane derivative 91. 

AgBr CMe2 
CH2=CCMe2CH2Li 

Iii 

_ CH2=CCMe26H2 
- LiBr 

l!i 

h tH,-C’ 1 
- Age ’ ‘CH, 

Li 

16 Q3 12 

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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GeJKd bferkodr. All IeacticQts with air sensitl~ compounds wem carlied out uuler an atmosphere of dried argon (99.996%). 
Diethyl etkr and tetrahydmfuran (II-E) wetu ptui6ed by adsorptive filtration over ahuninium oxide (basic, activt 

1 
I) and 

distilled mater argon front sodium-knuophermne ktyl. Dimethyl sulfate was distikd and stored over molecular sieve (3 ). Mass 
spectra (MS) wete obtained on a Hewlett-Packatd QC-Mass Spec 5988s (5% pknylmethylsilicon quark capikry); m/e values ate 
rcportod,followedbythe~lattveitltensityittpamt&&LNlJdUlrMlgnetiC R=tlake(lR2~attd~C)speCtulwCmmC4Xded 
onthc~rinstnuncn$wp-8o,AG~ImdAMx-4oo.chemicalahifts~reportadinpsrtsptrmillioa(8)dowIlfield~man 
internal TMS reference. Coupling constants (J) are mported in Herk (Ru), and spin multiplicities am indicated by tk following 
symbok s(singlet), d@oublet), t(triplet~ q(quarteth quint&uinkt), sert(sextet~ m(multtplet). 

Q&wogy&ri&?ny~ bromide (29):lg In a 2 1 thtee-neclrcd flask equtpped with a magmtic stirring bar, a mflux 
condenser, and a 500 ml dmpping funnel 20424 g (0.44 mol) ( bromide (B+* were 
suepcldedin450mlofwateraod440ml(OA4mol)lNNaOHansiatroduccdat800CwithinSh.After2hm~uxand12h 
stirring at room temperaturetbc~@H=8)wascxtrected~timswith3oomt~omfo~m~~y,,thecombinad 
extmcts king dried over magkaium sulfati. Thtue fourth of tk &vent was distilled off and tk phoapbmtium salt was precipi- 
tated by adding dieth 1 ether until cloudy followed by staking over night to give 15332 g (0.40 mol, 91%) 29 as a white solid: 

% tup. l88-189V pt. 18919o”cl. 1H NMR (80 MIIZ, uxa3) 6 0.6 (I& 2 R syn+&pmpyl). 1.8 (m, 2 H, anti-cyclopmpyl)$ 
3.4 (m, 1 H, cy&propyl), 7.8 (m, 15 H, pknyl). The product was dried at 12U’C for several hours at oil vacuum and kfore USC in 
the Wittig reaction it was appropiate to grind it tinely in a mortar and stor it under argon after drying again. 

a-rerr-Bury0enWZ~~ (32a): 7666 g (020 mol) 29 were suspended under argon in 300 ml of dry THF and 24.68 g 
(0.22 mol) potassium rert-butoxide were added. Tk yellow mixture wss stirred for 2 h at 6fPC, and tkn at the same tempemtute 
2433g(o.15mol)pivalopknone(3oc)in25mlTEIF~addeddropwiscwithin3omin.Thccolortumedtodarlrbrownwiththc 
formationofaligM~m~whilestirringfor50hat450C.Finslly#X)mlwa~rwaslrddedatrocnntcmpcratureandtht 
aqueous layer extrsctcd with 100 ml diethyl ether and 100 ml n-pentane, rwp&vely, tk. combituxl organic extracts king dried 
over magorsium sulfate. After removing tk solvent under vacuum onatotaryevaporatorattempemtutesnotexce&ing~the 
crude brown oil wm vigotously sthred thtee times with 200 ml warm w, mspectively, leaving a g&n&r residue of 
tripknylphosphik oxide. The crude product containtng still some 3Sa was beat puri6ed by chromatography on abtminium oxide 
(basic, activity I) with kxane as the &tent followed by distillation under vaamm to give 1137 g (61.0 mtttol, 41%) 32e as a 
colorleas, liquid of b.p. 105-106°C (10 Tow). MS (70 ev): m/z 186 (A@, 2), 171(31), 143(54), 130(46), 129(100), 128(57), 
ll5(38), 9l(29), 77(25), 57(38), 410. As&. &cd. kr cl4Hl8: C, 9026; R 9.7% foundz c. 90.37; H, 9.75. ‘H NhfR 
(200 MHz, CDCl3) 8 0.8 (m, 2 H, cyclopropyl), 12 (s, 9 I-I, rat-butyl) 1.4 (tn. 2 I-i, cyclqnopyl), 7.2 (m, 5 H, pknyl). DC NMR 
(50 MHz, CDCl3)6 05,6.2,30.2,36.9,118.45,125.9.127.4,129.2,138.6,143.3. 

The same pnnxdure was used for the synthesis of knzylidekcyclopmpane (32a) itself and the other starting materials 
32bd as well as 79 and 26 pnpared in the litcraturel~s-37 iu a somewhat diffetent manner. 

Benryli&ntxyclopropatm (32a): Yiild 43% of a colorless liqutd tecondemed at ca. 50°C (5 Torr) pil* b.r 58-m (3 Torr)]. 
MS (70 eV): mh 130 (I@, 54), 129(100), 12S(62), 127(25),115(67x 6309X 51(47x 50(M), 390,27(20). H NMR (200 MHz, 
CDCl3) 8 1.2 and 1.4 (2 m, 4 H, cyclopmpyl), 6.7 (m, 1 H, vinyl), 7.4 and 7.6 (2 m, 5 I-I, pknyl). 13C NMR (50 MI-R, CDCl3) 
8 0.5,4.2,1182,124.2,126.6,126.65,128.4,138.2. The product is umtable at highertemperatures polymetizing above 60°C. It is 
also decomposed during chromatography on neutral and basic alumintum oxide and was therefore puri6ed by recondeming within 
2 days at temperatures lower thsn 60°C (5 Torr). 

(Diphenybnethykwe~iopropmte (32b): Yield 75% of white crystals: m.p. 6566°C (n-hexatx) pt.18 645-65.5oC] MS (70 ev): 
m/r a M+, 47), 2050,203(60), 191(100), 189QI 129(43), 115(43), 91(43), 88(34), 51(47). 1Fi NMR (200 MIIZ, cDcl3) 
6 1.4 G 4 9 cycQrmpy1). 735 (m. 10 H, pknyl). c NMR (50 MHZ, cDcl3) 6 3.55,12435,126.& 128.05,1283,129.95, 
140.9. 

u-hfethy~l~lopropane (32~): Yield 80% of a colorless liquid of b.p. 95-m (11 Torr) pt.35 6566% (2 Torr)]. MS 
(70 ev): m/u 144 (h@, 14), 143(13), 129(100), l28(67), 127(19), 115(24). 77(18), 63(16x 5U28), 390, ‘R NMR (200 bR& 
CDC13) 8 1.1 and 15 (2 m, 4 H, cyclquopyl). 22 (m, 3 H, methyl), 73 and 7.65 (2 m, 5 H, pknyl). 13C NblR (50 hII& CDCl3) 
6 0.45,5.8,19.7,120.5,122.4,125.4,126.5.12S.1,1405. Tk product is decomposed during chromatography on basic aluminium 
oxide and partly rearranged to l-cycloptopyl-1-phenyletkne during preparative gas chromatography. It is ihcrcforc best purified 
by vacuum distillation or simply by mcondemation at 70°C (oil pump). 

a-C@opropylbazy~lop~ (32d): Yield 60% of a colorless liquid of b.p. 124-125’c (12 Tow) [Lit.35 1OOV (2 
Torr’ll. MS (70 eV): m/z 170 tM+. 8). 155(49), 1530,14x48). 14x83), 1290.128000). 115(62). 5U46). 390.270. Qf 
NMR (200 .hfHz, &x3) 6 0.75.(& 4 H; &yclo&yl) 1:2 (nl, 4 H, &loproopyl), 1.75 (m$ 1 H, cr-cyclopropyl). 7.25 and 7.8 
f2 tn. 5 H. nknvl). 13C NMR 150 MHz. CDCl2) S 1.4. 2335.9. 14.7.118.75. 125.9,126.4, 127.4, 127.9, 141.2. The product was 
&r&d b;‘chm’&tography on &ninium oxi&(neuu& a&& I) using n-pentane as the eluent followed by distillation. 
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(Dicye@vpy~)cyc~ cn): Yield 69% of a colorleas liquid of b.p. 95oc (40 Torr) wt.36 9899V ‘145 To@]. 
MS (70 ev): m/z 134 (M+, 5) 1050,9I(100), m 770, ql6), 53(16), 51(31X 41(32),~62h 2W’). H NMR 
(200 MHz, CDCl3) d 0.6 (m, 8 H), 1.0 (s, 4 II), 1.4 (m, 2 H). uC NMR (50 w ClX&) d 0.7,4.7,143,111.8,129.2 

Q&propyl&necycZobufane (26): Yield 29% of a colorless liquid of b.p. 57~58V (85 To@ [Lit.37 54-6O’C (83 TOIT)]. MS 

cl0 ev): mh 94 @+. lsx 91(19h 79(100x 77(ss), as(zsx 65oV 400,390,28(17), 2707). lR NMR (zoo = CD0 
8 1.0 (quint, sJ i 23 = 4 H, cyclopmpyl), 20 (quinf 5 = 7.9 Hx, 2 H, cyclobutyl), 2.75 (tquint, 5 = 7.9 Hz, sJ = 23 Hx, 4 H, 
cyclobotyl). 13C NMR (50 MHz, CDCl3) 8 1.9,17.5,31.2,109.9,1285. 

GsnanrlProcdwul:Ina100mlthrcc_ncclrcdnaskq~~withama 
!?F 

tic stirring bar, a dmpping funnel, an internal 
tkrmrmter. and an argon inlet 0.30 g (432 mmol) Lithium dust (2% sodium) was suspended in 50 ml of dry diethyl ether and a 
solution of 10.0 mmol of the methylenecyclopmpane derivative in 10 ml of ether wlls added dmpwise m&r the conditions 
mcntiowd in the Theoretical Part and in the Tables. Depending on the temperatun? the reaction statted sooner or later Micated by 
the appear@ colomtior~ Pinally the reaction was stopped by filtration from the CXOMS lithium r&al through glass wool dried 
kfole by heating ill vacuual. 

In case of dcrivatixation with dimethyl sulfate the Won mixture was cooled to -WC and a solution of 5 ml dimethyl 
sulfate in 10 ml diethyl etkr was added. After decolotizalion and stining for 2 h at mom temperatom the mixture was stied for 
another 3 h with 25% aqueous ammonia in 0rde.r to destroy exccas dimethyl sulfate. The aqueous phase w-as extmcted 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 excwding 60°C the cnde teaction prodoct was recomlensed 6om the mnvolative residue the 
latter seldom exceeding Xl% of the total amount. Tk reaction mixtme was analyxcd by GC/MS, most products in addition king 
charactcrixed by NMR spectms~py after separation by preParative gss chromatography. UnLnown compounds like 76 and 78 
have been pnpared for comparison. 

~eWmeWe~)cycWwaoe (32b) Y) the StmIiq Mntedal 
l,l-Diphmyl-l-b* (33): MS (70 ev): mh 
91(49), 77(N). lEl NMR (80 MHZ, CDCl3) 8 

62). 1930, 179(23), 178(33), 165(34), 130(42), 129(29), llS(l@O), 

3J = 7.6 Hx, 1 H, vinyl), 7.2 (m, 10 H, pknyl). 
7.6 Hx, 3 H, methyl), 2.1 (quint, 3J = 7.6 Hx, 2 H, methylene), 6.05 (t, 

NMR ~00 m cDa3j 8 145.23% 1267,1264 127.5 128.0,128.1, 
129.8, 1315, 140.2,141.05, 142.75. Tk compound was syntksii for comparison by dehydration of 1,ldipknylbutanol with 
sulfuric acid. 

l,l-D4~hmyl-2-methyl-l-pene (36): MS (70 ev): m/z 236 (I@, 62), X)7(66), 191(17), 179(17), 178(26), X5(26). 129(100), 
128(27), 115(25), 91(SO). lIi NMR (200 MHx, CDClq6 0.9 (t, 3J = 7.2 Hx, 3 H, methyl), 1.5 (m, 2 H, ethylene), 1.8 (s, 3 H, 
=CCH3), 2.1 (m, 2 H, =CCH& 76 (m, 10 H, pknyl). 3C NMR (50 MH?, CLKl3) 6 14.0,19.5,21.6,37.4,126.0,126.9,127.9, 
128.Q 1283,129.5,129.a, 134.9,137.7,143.4. 

(E)-2-Methybl-(2-methylphenyl)-l-phenyl-l-butcnc (37): MS (70 ev): m/z 236 (h@, lOD), 221(53), 179(85), 178(36), 143(53), 
129@‘), 1280, 115(29), lOS(29). 91(52). lH NMR (200 MHz, CDCI 

a 
) 6 1.1 (t, 5 = 75 Hx, 3 H, methyl), 1.75 (s, 3 H, 

=CCH3), 2.2 (s, 3 H, ArCH3), 2.2 (m. 2 a =CCHz), 7.2 (a 9 H, aryl). C NMR (50 M-J& CLXI3) 6 1335, 18.9, 19.7,27.6, 
125.6,125.9,126.45,127.8,129.2,129.7,130.0,135.8,135.9,136.7, 142.1. 

(E)-2-D~~~l-(2~ero~l)-l-~l-l-b~ (38): Yield 62% of a colorless 
m/z 210 

F 
100x 195(X)* 180(45), 1 

6 1.0 (t, 66G 
7), 132(37),131(51)$130(~ 117(66), 1160, 

J = 7.6 I-k 3 H, methyl), 2.1 (q, J = 7.6 Hx, 2 H, methylene), 7.2 (m, 9 H, 
(s, vinyl), 7.55 (s, pknyl). 13C NMR (100 MHx, CDCl3) 6 145.23.1, 126.7, 126.8,126.9(t), 127.1, 127.9, 128.0,12&05, 130.0, 
131.2(t), 140.2,141.8,142.6. 

2-E~l-Z-hyctro_I-m-~~sj~~ (39a): Yield 42% of a colorless oil of b.p. 8CM4oC (40 To@. MS (70 ev): m/x 250 
@@, 18), 2u(l8). 222@1). 221(100), 207(Z), 121(14), 119(17), 105(28),53(B), 43(32). High res. MS: adcd. for Cl7Hl@ 
250.11776, found: 250.11761. lH NMR (80 MHx, CDCl3) 6 05 (d, 3J I 4.1 Hz, 3 H, SiCHO 1.1 (t, 35 t 75 Hx, 3 H, methyl), 
2.3 (Q 2 9 methylem), 4.75 (q, 3J = 4.1 Hx, 1 H, SiH), 7.2 (m, 9 H, aryl). 13C NMR (100 MI-Ix, CDCl3) 8 -65,1555,235, 
123.3,126.0,127.0,1283,128.95,129.9,132.25,134~ 138.0,143.7,152.0,153.9. 

l,I-Dimerhyl-2_erhyl-3-phu?ylbauarilolc (39b): Yield 40% of a colorless oil of b.p. lClO-103’c (40 Torr). MS (70 ev): n& 
265(24), w. loo). 249(41). 233(31). 205(48), 204@1), 135@4b 121(19), 59(56), 43(24). High res. MS: calcd. for 
ClgH+i: 264.13351, found: 264.13323 anal. c&d. for Cl&@ C, 81.76; H, 7.62; found: C, 81,n, H, 750.1~ NMR 

i 
~~~j)80.3(s.6H,S~~0.95(t,3J=7SHE,3H,~l~,22(q.3J=75IIz,2~methylcne),72(m,9H,aryl). 
3C NMR (100 MHz, CDCl3) 8 -3.4, 15.15, 23.4, 123.0, 125.9, 127.2, 128.1, 129.0, 129.6, 131.3, 137.6, 1382, 145.6, U1.0, 

152.4. 
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i 16.7,120.7,122.4.127.75,128.15,128.7,129.1,l31.0,132.7,133.1. 136.6,145.8,154.6,198.2. 

_W)=*_,M 
(E)-l-Ph@-Z-buta~~ (42): Yield 70%. MS (70 ev): m/z 132@, 43), 131(10), 118(10), 117$00), 116(1Ob 115(42x 91(28), 
7~~(8),51(8).1EH~(2M,cDcIz)81.1(t,3J=75~3H,methyl 
13 I& 2 H, meth lene), 625 (dt, 5 = 15.9 Hz, 3 J = 625 Hz, 1 H, vinyl), 635 (dt, 

% 
4 

22(ddq, J=7.5Hz, J=625s4J= 
J = 15.9 Hz, 4J = 13 Hz, 1 H, vinyl), 7.25 

(m, 5 K pknyl). C NMR (50 MHz, CDCI3) 8 13.6,26.0,125.9,12.6.7,128.4,128.8,132.6,138.0. 

(E)-2-MehyZ-I-phoryl-I-bumw (47): MS (70 ev): m/z 146 (M+, 45), 131(100), 129(15), 117(M), 1160, 115(29), 91(48), 
5wwv 390,27(zl). 

(E)-2-M&~Z-Q~hyZ-l-pmta~ (48): MS (70 ev): m/z 160 0, 34), 131(100), 129(17), 116(U), ll50, 91(46), 51(16), 
41(18). 390.27(z1). 

(E)-2-A&hyZ-l-(2-n&&ha# )-I-buwnc (49): MS (70 ev): m/z 160 @I+, 5% 145(1OOh x31(25), 130(23~ 128(26)# 115(x$ 
105(27).91(ux 39(34), 2w). 

(E)-l-Q-Mah#e~~~i)-l-bume (50): a) MS (70 NJ: m/z 146 (hi+, 30), 117(100), llqll), 115(48), 104(30), 91(30), 51(24), 
39@), 29(11), 270. b) MS (70 ev): m/e 146 (TM+, 45x 131(100), 129(15), 117(M), 116(M), 115(29),91(48), 51(22), 39(29), 
27(21). 

a-Methylbe~ecyc~e (32c) as the starting Mataial 
(E)-2-Phenyl-2-pencene (hydroZysZs pmduct): Yield 63%. MS (70 cv): m/z 146 
ll5(26), 91(44), 77(17), 51(12), 39(11). lH NMR (200 MHz, CDU3) 8 1.05 (t, F 

32), 131(1W), 129(M), 117(11), 116(U), 
J = 7.45 Hz, 3 H, methyl), 2.0 (dt, 4J = 1.3 Hz, 

5J = 0.75 3 22 3J = 7.45 5 = 7.0 Hz, 5J = 0.75 Hz, 2 5.8 5 = 7.0 4J = 13 Hz, H, =CCH3), dqq, Hz, H, =CCHd, (tq, Hz, Ilz, 
1 H, vinyl), 7.3 (m, 5 ?I, pknyl). i 3C NMR (50 MHz, CDU3) 8 14.0,15.6,22.0,125.6,126.4,128.1,1302,134.1,144.0. 

(E)-3-M&yZ-2-phslyl-2-&ene (54): MS (70 ev): m/z 174 (M+, 42), 145(100), 129(23), 128(22), 117(49), 115(29), 91(39), 
77(22), 39(21), 27(22). 

(E)-3-Mei31yZ-2-(22_-2-hexene (55): MS (70 ev): m/z 188 (I@, 56), 159(100), 1450,131(59), 129(39), 128(36), 
117(28), 115(32), 105(28), 9l(28). lII NTMR (200 MHz, CDCl3) d 1.0 (6 5 = 7.6 Hz, 3 H, methyl), 135 (m, 3 H, 
2 & methylene), 1.85 (m, 3 I-L =CCH3), 22 (s, 3 I-& ArMe), 2.2 (m, 2 H, =CCH& 6.95 and 7.15 (2 m, 4 I$ a@). 
(50 MHz, CDCl3) 6 14.0,19.0,193,19.8,213,35.6,125.7,126.0,1283,129.7,130.0,131.1, 135.0,145.2. 

(E)-3-M&y’-2-phatyZ-2-y (58): MS (70 ev): m/z 160 (I@, 49), 146(W), 145(100), 131(33), 128(18). 117(35), 115(n), 
105(20), 91(44), 77(20). H NMR (zoo MHz, CDCl3) 8 1.05 (t, 5 = 7.5,3 H, methyl), 155 (q, 5J = 15 Hz, 3 I-I, =CMe). 1.95 
(m, 3 H, =CCH3), 2.2 (q, 3J = 7.5 Hz, methylene), 72 (m, 5 H, phenyl). 13C NMR (50 MHz, CD(&) 8 12.5,19,4,20.2,273, 
125.7,127.9,128.4,129.65,133.0,145.5. 

(E)-3-M&y’-2-(2”-2-~ (61): MS (70 ev): mh. 174 (M+ 78), 159(100), 145(46), l.310,1290,128(31), 
117(51), 115(32), 105(21), 91(25). H NTMR (200 MHz, CDCl3) 6 1.05 (t, 6 = 7.65 Hz. 3 H, methyl), 1.4 (q, 5J = 1.5 IEZ, 3 I-I, 
=CMe l~(qt.5J=15~5J=1.0~3~=~3~2lS(s,3H,~~),22(m,2H,mthyleae~&95and7.1(2m.4H, 
aryl). k 3C NMR (50 MHZ, CDCl3) 6 12.6,18.8,18.9,19.5,26.7,125.7,126.0,1283,129.0,129.7,132.8, 135.0,145.0. 

O-Cyeiopropyllsatzyude~c~e (32d) 88 the startiug Material 
(E)-ICyclopropyl-1-phary&l-~-b~ (62): Yiild 89%. MS (70 ev): m/z 172 (I!@, 12), 157(X), 143(37), 129(1CKl), 128(75), 
115(67), 91(42), 77(29), 51(23), 39(33), 27(29). Anal. calcd for C@16: C, 90.64, H, 936; four& C, 9Om H, 934.1~ NMR 
1 200 MHZ, CDCl3) 8 03 and 0.8 (2 m, 4 I-I, cyclopmpyl), 1.1 (t, 5 = 7.45 Hz, 3 II, methyl), 1.7 (m, 1 H, cyclopropyl), 2.4 (quint, 
J = 7.4 Hz, 2 H, methylene), 5.7 (td, 3J = 73 Hz, 4J = 1.8 Hz, 1 I-I, vinyl), 725 (m, 5 H, pknyl). 13~ NMR (50 h4?@ CDCQ 

8 6.45,11.4,14.1,21.8,126.1,127.25,127.6,133.4,139.95,142.7. 

115(67), 91(70), 41(40), 39(38), 29(46), 27(48). 
(70 ev): m/z 200 (I@, 8), 157(93), 143(73), 129(100), lTl), 

(200 MHz, CDC43) 6 055 and 0.65 (2 m, 4 H, cyclopmpyl), 1.0 (t, J = 
73 Hz, 3 H, methyl), 1.4 (s, 3 H, methyl), 1.5 = 73 Hz, 2 I-I, methylene), 2.4 (q, 3J I 7.3 Hz, 2 H, allyl), 5.9 (t, 3J E 
73 Hz, 1 I& vinylb 7.3 and 7.5 (2 5 H, phenyl). m (50 m CDCQ 6 14.5 15.4,17.3,22.8,26~ 31.1,126.1, 126.5 m, 
127.8, 132.3, 1426, 142.9. 
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(E)-lCycroprropyl-2-mahyr-l-l-~l-l-pen 467): MS (70 ev): mh #r) (IN+, lo), 1570, 143(43), 129(100), 128$&), 

ls(46), 91(48), 41(37). 39(35), 290,27(41). H NMR (zoo MI-k, CDQ3) 8 0.1 and 0.6 (2 m, 4 H, cy&pmpyl), 1.0 (t, J = 

755 IIZ, 3 H, methyl), 1.4 (s, 3 H, methyl), 15 (sex’& 3J = 755,2 H, methykne), 1.85 (ttt, 1 H, ml), 2.3 (m, 2 H, allyl) 
6.9 Amy 73 (2 m. 5 H, phenyl). UC NMR (50 MHz, CDCI3) 8 4.8, I3.2,14.1,20.5,21.4,354 125s. 127.6,129.& 132.4, ~5.8, 
140.9. 

(E)-1~~1-2-~1-1-(2-~~1)-1-~ ( 

141(24). 129(61 
propyl), 1.15 (t, B 

T MS (70 ev): ml2 200 @I+, 19 157(23~ 143(lOO), 1420, 
128(58), 115(42), 105(24), 41(34), 39(31). H NMR (200 MHz, CDCl3) S -0.1,0.2, and 0.55 (3 m. 4 H, cycJo- 

J = 7.5 Hz, 3 H, methyl), 1.4 (s, 3 H, =CCH3), 1.85 (m, 1 H, cyclopmpyl). 215 (s,3 H, =3), 235 (m, 2 H, ) 

methykne), 6.8 and 7.15 (2 m, 4 H, aryl). 13C NMR (50 MHz, CDCI3) 6 3.9, 43.123, lZ8, 193.19.7,26.6, l25.0, 126.2, 
129.4,1323, 133.6,133.7, 1395. 

w&f+Ru@#lanzy~ (32c) as tha start@ Mataial 
(Z)-3-Phenyl-2,2 ~1-3-hexeneC16):M6(70cV):&188~ 
57(46), 41(31), 29(18). H NMR (200 MHz. CDCQ 6 0.85 (t, 

30). 159(27),131(100). 129(2Q 117(57), 115(28), 91’355x 
J = 7.6 Hz, 3 H, methyl), 1.15 (s, 9 H, t-R@, 1.6 (quint, J = 

74Hz,2H,methylene),55(t,3J=7.6~1H,vinyl~7Mand72~m,5H,phcnyl).~~(50~CDC13)6145, 
225,29.7,35.7,125.8,125.9,1273,129.8,146.8,149.8. 

(E)-3-Phe&2,2-dimeth~l-3-haene (78): MS (70 ev): m/z 188p 24x 159(25), 131(100), 129(x), 117(60), 115(x), 9163), 
57(47), 41(39), 29(u). H NMR (200 MHz, CDCl3) 6 1.0 (t, J = 7.6 Hz, 3 H, methyl), 1.15 (s, 9 H, t-Ru), 235 (quint, 5 J = 

7.6 Hz, 2 H, methylene), 5.1 (t, 3J = 7.6 Hz, 1 H, vinyl), 7.05 and 7.22 (2 m, 5 H, phenyl). 13C NMR (50 MHZ, CDtx3)6 14.8, 
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 pmpamd for compa&on by a Wittig reaction starting with pivalophenone 
(3@) and n-propyltriphenylphosphonium bromide using dimsyl sodium (methylsul6nyl aubanion) in DMSO 8p the base. 
Separation was achieved by preparative gas chromatography. Anal. calcd. for Cl4Hs C, 89X$ H, 10.71; titi C, 89.15; H, 
10.85. 

(DiereloproW~eW=hW-=p- (79)SStheStMhtgM 
Here lithium 4,4’-di-rerr-butylbiphenyl &DRR)16 has been pnpand first by adding 0.79 g (3.0 mmol) di-tm- 

botylbiphenyl to a suspension of 0.28 g (40.0 mmol) lithium dust (2% sodi1+38 in 50 ml of dry TEIF at -5oC. At the same 
temperature 134 g (10.0 mmol) 79 in 10 ml THF was added dmpwise to the blue-green mixture, which was stimxt for 24 h at 
-5’C being then worked-up as usual. 

I,I-Dic~lopropyl-l-bane (SO)% Colorless liquid of b.p. %-Woe (40 Torr). MS (70 ev): mh 136 (@, 28), 107(27),93(47), 
91(54), 79(100), 77(51), 67(42), 55(27), 41(39), 39(42). Anal. c&d. for Cl0Hl 
lH NMR(UW) MHz, CDCIZ, 6 0.3,0.5, and 0.65 (3 m, 8 H, cyclopropyl), 1.0 (t, 4 

: C, 88.16; H, 11.84; formd: C, 88.04, H, 12.07. 

cyclopropyl) 2.1 (quint, 3J = 7.3 Hz, 2 H, methylene), 5.1 (1, 3J 
J = 73 II2; 3 H, methyl), 1.0 and 1.7 (2 m, 2 I-I, 

12.4,12.8,14.5,20.7,125.4,138.7. 
= 73 m 19 vinyl). 13C NMR (50 MEIZ. CDCQ 6 4.4,4.8, 

1,1-Dicyclopropyl-2-nrethyl-l-butem (84): MS (70 ev): m/z 150 (I@, 17), 107(22), 105(49), 93(46), 91(100), 79(99), 77(58), 
67(38), 65(24), 41(31), 39(32). 

l,I-Dicyclopropyl-2-methyl-I-pentene (85): MS (70 ev): m/z 164 (?&, 3). 121&B), 107(35). 105(41), 93(100), 91(93), 79(99), 
77(62), 67(35), 55(35), 41(36). 

IA-Dicrcloproprr-I-psvene (86): MS (70 ev): mh 150 (M+, S), 121(89), 107(24), 93(10@, 91(64), 79(77), 77(53), 67(33), 
55(32), 41(28), 39(25). 

Cyclopropylldenecyclobntane (26) as the starting Material 
The same procedure was uwd as for (dicyclopropylmethyle~)cyclopropane (79) yielding 54% of (I-Methyl- 

butyli&n)qclobume (27, Me instead of Ii): MS (70 ev): m/z 124 t,T@. 38), 109(49), 95(49), 81(86),68(46), 67(100), 55~8). 

41(51), 
3? 

36), 
S 0.85 (I, 

27(29). Anal. calcd. for C9Hl6: C, 87.02, H, 12.5111, found: C, 87.M. I-I, 13.18. lH NMR (200 MHZ, C!DC13) 
J = 73 % 3 H, methyl), 1.35 (sex& 3J = 73Hz, 2 H, methyleoe), 1.45 (s, 3 H =CCHd, 1.85 (t, 3J = 7.3 &, 2 H, 

=CCH2), 1.9 (quint, 3J = 7.9 Hz, 2 H, cyclobutyl), 2.6 (t,5 = 7.9 Hz, 4 ti, cyclobutyl). 13C NMR (jii MHz, CDCI,) 6 13.8; 15.4; 

15.9,20.8,29.1,29.2,34.4,12.5.8,132.6. 
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