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Thermal reactions of Fischer carbene complex 1 with trisub- nerally fairly high in preference of cyclopropanes with the 
stituted electron-deficient 1,3-dienes 7, 8, 23, 25, 32, and 35 methoxy group cis-positioned with respect to the olefin 
provided highly substituted vinylcyclopropanes in good moiety. The reaction of methylcarbene complex 2 with diene 
yields. The carbene transfer proceeds highly regioselectively ester 8 displays inversed regioselectivity. These observations 
favouring cyclopropanation of the double bond not bearing are discussed together with solvent effects, and a mechanis- 
the ester function. In addition, the diastereoselectivity is ge- tic rationale is presented. 

In a preceding reportL2I we described thermal reactions 
of Fischer carbene complexes A with 1 ,Cdisubstituted elec- 
tron-deficient dienes B which furnished vinylcyclopropene 
derivatives C. Gratifyingly, these reactions occurred with 
complete periselectivity, in favour of formal [2 + 11 cycload- 
ditions, and with excellent regioselectivity and good diaster- 
eoselectivity producing compounds C in high preference. 
The solvent effects observed are in accordance with a mech- 
anistic proposal which suggests intermediate D[2b,31 as cru- 
cial for the observed selectivity phenomena. 
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Since not many studies on the reactivity of Fischer 
carbene complexes with dienesr41 are known, we further in- 
vestigated 1,3-dienes with different substitution patterns, in 
particular trisubstituted electron-deficient compounds, in 
order to study the dependence of the selectivities with re- 
gard to the diene structure. 

Results 
As Fischer carbene complex we generally employed the 

phenyl-substituted compound 1, but in one example we also 
studied the considerably less reactive methyl-substituted 
complex 2. Whereas thermal reactions of 1 with diene esters 
3-5 provided only polymers or intractable mixtures of 
many compounds, we could receive clear results when di- 
enes 6-8 were used as carbene acceptors. 

7c02Me C0,Me 

3 4 

& C0,Me 

5 6 

7 8 

The slow reaction (9OoC, 3 d) of complex 1 with methyl 
4-methyl-2,4-pentadienoate (6) regioselectively afforded a 
mixture of the two diastereomers 9alb (67:33) in moderate 
yield. This transformation thus proceeds with the lowest 
diastereoselectivity observed with diene esters as studied in 
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this or the preceding reportI21. In contrast, thermal reaction 
of 1 with 5,5-disubstituted diene ester 7 gave a good yield 
of a mixture of regioisomers 10 and 12 and, in addition, of 
the formal CH insertion product 11. The “normal” re- 
gioisomer was generated as a single diastereomer 10a while 
the “wrong” isomer was formed unselectively giving the two 
isomers 12a/b in comparable quantities. A mechanism for 
the formation of 11 will be suggested in the discussion 
(see below). 

Ph, OMe Me0 Ph 
1 + 6 9OoC / 3 d &CO,Me + &CO,Me 

n-Octane 
- - 

47 % 
9a (67 : 33) 9b 

Ph OMe 

~ 

Diene ester 8, which is structurally very similar to the 
acyclic compound 7, reacted with 1 to produce a mixture 
of 13a, 14b, and a compound to which we attribute struc- 
ture 15 (see discussion). Again, the major regioisomer 13 
was found to be diastereomerically pure (configuration a), 
but astonishingly regioisomer 14 was also formed as a sin- 
gle diastereomer (configuration b). Much to our surprise 
the selectivity of methyl-substituted carbene complex 2 was 
rather different from that of 1. The slow reaction with 8 in 
cyclohexane (80 “C, 87 h) provided a mixture of vinylcyclo- 
propane 16a with the “wrong” regioisomer 17a predomi- 
nating. The small amount (2%) of cyclopentene derivative 
18 identified may be caused by thermal rearrangement of 
16 or 17 due to the long reaction time[’,5] and not by a 
direct [4 + 11 cycloaddition. The selectivity of the carbene 
transfer slightly depends on the solvent. The considerably 
faster reaction in THF furnished less 17a and a higher per- 
centage of 16, now obtained as a mixture of diastereomers. 

We also wanted to study diene esters in which the ter- 
minal double bond is fully incorporated into a carbocycle. 
For this purpose the (Z,E) diene esters 24 and 26 and the 
(E,E) diene esters 23 and 25, were synthesized by standard 
procedures. 

- 

Thermal reaction of the cyclopentene derivative 23 with 
complex 1 proceeded highly selectively and was relatively 
fast (80 “C, 24 h). The carbene transfer occurred exclusively 
to the endocyclic trisubstituted n bond, and only one dia- 

), L C 0 , M e  + ), L C O , M e  stereomer of 27 was detected (configuration a). The minor 
product 28alb (3: 1) probably arises from 27a by vinylcyclo- 
propane-cyclopentene rearrangement, although the con- 
ditions are remarkably mild for this process. It should be 
noted that 28ah differ only in the configuration at the cen- 
tre bearing the ester function while the other two stereo- 

11 10a 80°C / 24 h 

Cyclohexane 
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1 + 7 -  

Ph, OMe MeO, Ph 
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10a : 11 : 12a : 12b = 60 : 18 : 9 : I 3  

80°C / 26 h 

C yclohexane 
1 + 8  - 
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13a : 14b : 15 = 78 : 13 : 9 

.OMe 

Me,. .OMe M* OMe 

16a 16b 17a 

16a : 16b : 17a : 18 Yield 

Cyclohexane,80DC,87h 28 : 0 : 70 : 60 % 

THF, 6 4 T ,  23 h 3 6 : ? : 5 7 : 0  63 % 

18 
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genic carbons have the same relative configuration as in 
their precursor. A detailed discussion of this and related 
rearrangements will be presented in a future reportL51. In 
the reaction of 1 with the corresponding (2,E) diene 24 the 
carbene complex was consumed very slowly, and only a low 
material balance could be achieved. The expected product 
29a was identified together with isomeric vinylcyclopropane 
27a, both isolated in very low yield. Also, a dimer arising 
from 24 (or 23) by Diels-Alder reaction could be detected 
(13% yield)[’]. It is probable that 27a is formed via 23 by 
thermal isomerization of 24. 

C0,Me 

1. n-BuLi, -78°C 

-43T  

19 n = O  20 82% 

22 5 1 %  21 n =  1 

Lindlar catalyst 

23 53% n = O  24 46% 

25 34% n = l  26 23% 
(from 22) 

C0,Me 

80°C/24h H&co;.. Ph, OMe 

Cyclohexane + FfQ 1 + 2 3  - 
74 % 

21a 28a, b 

to the more stable 25 which than reacts with 1 to furnish 
30a as major component. A control experiment revealed 
that this isomerization occurs indeed when catalytic 
amounts of 1 are present, but not without complex cataly- 
sis. It should also be realized that the reaction of 1 with 25 
is relatively slow (compared with cyclopentene derivative 
23), as demonstrated by the fact that some diene ester could 
be reisolated. 

83 % 
30a (84 : 16) 30b 

Me0 Ph 

A C O , M e  

0 
31b 30a:30b:31b=76: 14:  10 

80°C / 40 h 

C yclohexane 
1 + 2 6  - 25 27% + 30a 30% 

Finally we investigated two dienes where both double 
bonds were endocyclic. The reaction of cyclohexadiene de- 
rivative 32 with carbene source l was again highly regiose- 
lective and afforded only 2% of the cyclopropane derivative 
34b with the ester function attached to the three-membered 
ring. The expected major regioisomer was isolated in 48% 
yield and with very high diastereoselectivity. Consistent 
with all earlier results this [2  + 11 cycloaddition was acceler- 
ated when performed in THF instead of n-octane, but the 
stereo- and regioselectivity dropped considerably. 

1 

+ 
- 

Q 
A 

---+ + 

C0,Me C0,Me 
\ 
C0,Me 27a : 28a,b = 91 : 9 [28a : 28b = 3 : I] 

32 33a 33b 34b 

Ph OMe 

6 %  29a 7 %  

Considering the high selectivity of the combination 1/23 
it was rather unexpected that the homologous diene ester 
25 enfolded a remarkably lower regio- and stereoselectivity. 
The carbene transfer from 1 to 25 provided a mixture of 
three primary products 30alb and 31b (76: 14:lO). Reaction 
of 1 with (Z,E) diene 26 gave 30a in low yield and (E,E) 
diene 25. Therefore it must be assumed that 26 isomerized 

33a : 33b : 34b Yield 

n-Octane, 90”C, 2 d 9 0 : 6 : 4  50 % 

THF, 6 4 T ,  15 h 81 : 11 : 8 83 % 

Siloxy-substituted cyclohexadiene derivative 35 is easily 
available from the furan methyl acrylate Diels-Alder ad- 

With this chiral (racemic) compound the diastereo- 
facial selectivity of the carbene transfer could be studied. 
Its reaction with 1 gave a mixture of four isomers 36a/b, 
37a, and 38b. In THF the “wrong” regioisomer 38b was 
formed in 30% while in cyclohexane its percentage in the 
product mixture was somewhat lower. Compound 38b is 
not the primary product of the addition to the cyclohexa- 
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diene 1,a-double bond, but a (metal catalyzed) E-bond iso- 
meri~ation[~] must be assumed bringing the remaining 
double bond into conjugation with the siloxy function. The 
major regioisomers 36, 37 show that the carbene transfer 
proceeded with diastereoselectivity with respect to the car- 
bene substituents favouring formation of isomers a, and 
that the diastereofacial selectivity was moderate (ca. 5 :  1) in 
favour of the isomers 36 with the cyclopropane ring in tram 
position with respect to the siloxy group. The solvent effect 
on the stereoselectivity was low. 

36b 

Ph, OMe Ph, OMe 
35 C0,Me H d H  + H i 6 C O 2 M e  

- 
tBuMe,SiO 

\ 
C0,Me OSiMe,fBu 

37a 38b 

(all compounds are racemic) 

36a : 36b : 31a : 38b Yield 

Cyclohexane, S O T ,  86 h 46 : 13 : 15 : 26 54 % 

THF, 6 4 T ,  43 h 52 : 8 : 10 : 30 100%(CNde) 

When we compare the reactions of 1 with 32 and the 
similar diene 35 it is remarkable that the regioselectivity of 
35 is much lower. One may speculate whether the influence 
of the additional siloxy group in 35 is only of sterical nature 
or whether its electronic effects are also decisive. 

Structural Assignments 

The constitution and configuration of all vinylcyclopro- 
panes were determined by 'H- and * %-NMR spectroscopy 
as described in a preceding paperL2] and in ref."]. A few 
stereochemical assignments had to be supported by NOE 
experiments. Thus, irradiation of the signal of the methyl 
group of 17a (in hexadeuterioacetone) caused an enhance- 
ment of the olefinic signal at 6 = 4.67, whereas irradiation 
to the methoxy group induced an enhancement of the cyclo- 
propane 3-H. For regioisomer 16a a strong NOE was ob- 
served between the methoxy signal and the olefinic 3-H sig- 
nal. These observations heavily support the configurations 
for 17a and 16a as depicted above. Also, irradiation of the 
phenyl signal of 33a (in hexadeuteriobenzene) caused a 
strong enhancement of the signals of the two bridgehead 
protons thus proving the assignment for this compound. 

Discussion 

Periselectivity: As earlier found for reactions of Fischer 
carbene complexes 1 or 2 with disubstituted dienes to type 
BCZI, the carbene transfer proceeds again with excellent peri- 

selectivity in favour of [2 + l] cycloadducts when trisubsti- 
tuted electron-deficient dienes were employed. Although 
small quantities of cyclopentene derivatives could be iden- 
tified in a few cases these were very likely not to be formed 
by direct [4 + 11 cycloaddition but by a thermal vinylcyclo- 
propanekyclopentene rearrangementI5]. Even for cisoid- 
fixed 1,3-dienes such as 32 and 35 the [4 + 11 cycloaddition 
is disfavoured. 

Regioselectivity: The regioselectivities of the carbene 
transfer from complex 1 to the different diene esters are 
summarized in Scheme 1. 
Scheme 1. Regioselectivity of the carbene transfer from 1 to diene 

esters iii hydrocarbon solvents (values in parenthesis: 
diastereoselectivity) 

100 : 0 96 : 4 
(90 : 10) refJ'1 (67 : 3 3 )  (100 : 0) (94 : 6 )  

T 39 100 T 6  : 0 
100 : 0 

a COtMe ( s " l ' o Z M e  y C O , M c  

i + 25 
90 : 10 

(B4 : 16) 

86 : 14 73 : 27 

(loo : 0) (100 : 0) 

This collection demonstrates that the addition to the re- 
mote double bond, not bearing the methoxycarbonyl func- 
tion, is intrinsically highly favoured. If there is one ad- 
ditional alkyl group at C-5 or C-4 as for diene esters 39 
and 6 the regioselectivity is very high (100:0), whereas two 
substituents at C-5 and C-2 (as for 32) or at C-5 and C-4 (as 
for 25) moderately diminish the regioselectivity. The higher 
selectivity of diene 23 compared with the homologue 25 
may be connected with the strain of the cyclopentene 
double bond favouring the reaction at this site. Even 
stronger erosion of the regioselectivity was observed for di- 
enes such as 8 and 7 with two akyl groups at C-5. Thus, 
the intrinsic preference for the remote double bond is ap- 
parently moderated when steric hindrance by substituents 
is operating. Interestingly, methylcarbene complex 2 is more 
sensitive to these effects. Whereas the reaction of 2 with 
methyl 2,4-hexadienoate (39) showed complete carbene 
transfer to the remote double bond12], the diene ester 8 ac- 
cepts the carbene at the less substituted double bond with 
moderate preference. In no case double adducts were ob- 
served which could form by addition of two carbene ligands 
to the dienes. 

Stereoselectivity: The diastereofacial selectivity of the 
carbene transfer was marginally investigated employing chi- 
ral diene ester 35, and it turned out to be only moderate. 
However, as already observed for disubstituted dienes12], the 
noninduced diastereoselectivity is usually good to excellent 
favouring formation of isomer a (see Scheme 2). No corre- 
lation of the diastereoselectivity with the regioselectivity, 
and thus with the substitution pattern, could be recognized. 
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But further inspection of our results revealed some relation 
between the reactivity of the diene esters and the stereo- 
selectivity of the carbene transfer. The reaction times as 
indicated in the individual experiments can be taken as 
crude criteria for the reactivity of the corresponding diene, 
since the consumption of carbene complex 1 could be visu- 
ally followed by the colour change of the reaction mix- 
ture[*]. 

Scheme 2.  Reactivity and diastereoselectivity of reactions of diene esters with complex 1 

as ligand to provide an 18-e configuration at the metal cen- 
tre. This chelate effect can plausibly explain the favoured 
formation of stereoisomers a by metal elimination from G. 
When formation of G is the rate determining step the corre- 
lation between reactivity and diastereoselectivity is reason- 
able. It is unclear why higher substitution degree enhances 
the reactivity; possibly, the ring closure F -+ G is facilitated 
by electron-donating alkyl substituents. A j~ complex E may 

reaction time 
(ca. 80OC) 
diastereoselectivity 
(a : b) 

23 I 8 32 39 

2 4 h  24 h 26h 48 h 48 h 

100 : 0 100 : 0 100 : 0 94 : 6 90 : 10 

C0,Me b C 0 2 M e  

25 6 40 41 

60 h > 72 h (3d, 90°C) 

84:  16 67 : 33 

Although the sequence given in Scheme 2 must only be 
a rough qualitative estimate, the good correlation between 
rate and diastereoselectivity is puzzeling. Reactive diene es- 
ters accept the carbene highly selective, whereas less reactive 
dienes such as 6 display only very moderate diastereoselec- 
tivity. We cannot rigorously exclude equilibration (by ring 
openinghing closure) for systems requiring long reaction 
times (25 and 6), however, the temperatures employed and, 
in particular, the absence of cyclopentene derivativesL51 
make thermodynamic control rather unlikely. With respect 
to reactivity, Scheme 2 clearly demonstrates that diene es- 
ters bearing two additional alkyl substituents are consider- 
ably more reactive than monoalkyl-substituted compounds 
- the position of the alkyl groups being of minor import- 
ance. The relatively low reactivity of diene 25 is not clear. 
The particularly fast consumption of 23 may be an effect 
of the cyclopentene ring strain which often accelerates 
cycloadditions. It should also be emphasized at this point 
of discussion that several diene esters are considerably more 
reactive than the related a,P-unsaturated ester. Thus, no re- 
action of 1 with olefins 40 and 41, respectively, could be 
achieved[8b]. This observation must be compared with 
smooth transformations of dienes 7, 8, 23, and 25. 

Although we are far from full understanding of all reac- 
tivity and selectivity effects, our results are in accord with 
the earlier s u g g e s t i ~ n [ ~ ~ , ~ ]  that a crucial intermediate in the 
carbene transfer should be the reversibly generated 11’- 
alkyl-q ?-ally1 complex F which precedes vinylcyclopropane 
complex G. Here the alkene unit and the alkoxy group serve 

also be produced in the sequence of steps, and precede gen- 
eration of complex E Its formation could also be faster 
when the diene bears two alkyl groups. 

1 P i  
E 

R. 

F 

It 
R. 

G 

The solvent effects observed in several cases also support 
these mechanistic suggestions. The donor solvent THF in- 
creases the rate and decreases diastereoselectivity and re- 
gioselectivity. Intermediate G must now compete with an 
alternative 18-e complex where the alkoxy group is replaced 
by a solvent molecule as ligand. Thus the chelate effect as 
operating in G is not necessary and higher percentages of 
isomers b are formed. 
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Side products: Two side products not derived from vinyl- 
cyclopropane derivatives were detected in small amounts. 
Compound 11 could be the result of an insertion of 1 into 
one of the six allylic C-H bonds of diene ester 7. Forma- 
tion of intermediate H seems plausible and should give 11 
by reductive elimination of Cr(C0)4 which is possibly stabi- 
lized by the diene 

MeO' P h  

H 42 

The structure of side product 15 formed in the reaction 
of 1 with 8 could not unambiguously be established, the 
spectroscopic data together with mechanistic consider- 
ations, however, make suggestion 15 likely. Again an inser- 
tion into an allylic C-H bond to afford an intermediate 
similar to H is reasonable, but product 42 apparently un- 
dergoes a 1,5-sigmatropic rearrangement to compound 15. 

The results presented in this study demonstrate that the 
carbene transfer from Fischer carbene complexes to dienes 
is a rather general process occurring with considerably re- 
gio- and stereoselectivity, The related reactions with other 
functionalized dienes will be reported in a subsequent 
paper. 

Generous support of this work by the Volkswagen-Stijtung and 
the Fonds der Chemischen Zndustrie is most gratefully appreciated. 
Thanks are due to the Land Hessen for a Promotionsstipendium 
given to M.B. 

Experimental 
For general information see refs.[8b,8cl. The 1,3-dienes and car- 

bene complexes were prepared according to literature procedures: 
1['O], 2["], 6[121, 7[131, 8[14], 32[151, 35[']. Solvents were dried by stand- 
ard methods (CaH2 or molecular sieves). 

General Procedure for the Reactions of' Curbene Complexes with 
I,3-Dienes: The reactions were performed in a flask equipped with 
a stirring bar and sublimation finger as described in refs.[8b,8c]. The 
carbene complex and the diene were dissolved in the corresponding 
solvent under dry Ar, and the solution was heated at reflux temp. 
for the time indicated in the individual experiments. The reaction 
mixture was filtered through a short pad of Celite (ca. 4 cm, elu- 
ation with pentanelether, 4: l), the solvents were evaporated in va- 
cuo, and the product was purified by removal of Cr(C0)6 and ex- 
cess diene by kugelrohr distillation. The residue was further puri- 
fied as described in the individual experiments. Chromatography 
means column chromatography with silica gel 60 (Merck, 
0.063-0.200 mm, eluation with mixtures of n-hexane = h and ethyl 
acetate = ea). For spectroscopic and analytical data of vinylcyclo- 
propanes see Tables 1 - 5. 

Methyl jE)-3-(2-Methoxy-l-methyl-2-phenylcyclopropyl)-2-pro- 
penoate (9a, b): According to the general procedure, a solution of 
1.86 g (6.00 mmol) of 1 and 0.960 g (7.50 mmol) of 6 in 10 ml of 
n-octane was heated for 3 d at 90°C. The crude product was dis- 
tilled in a kugelrohr oven (17O0C/O.02 Torr) providing 0.971 g 
(66%) of 9a/9b (67:33, purity ca. 85Y0). Chromatography (Wea, 

6:l) afforded 0.621 g (43%) of pure 9a19b (60:40) and 0.127 g (go/) 
of a mixture containing 9a/9b and the corresponding cyclopentene 
derivativew (4:39:36:21). For data see Tables 1-3. 

Methyl ( E )  -3- (2-Methoxy-3,3-dinzethyl-2-phenylcyclopropyl) -2- 
propenoate (10a): According to the general procedure, a solution 
of 0.240 g (0.77 mmol) of 1 and 0.420 g (3.00 mmol) of 7 in 3 ml 
of cyclohexane was heated for 24 h at 80°C. Kugelrohr distillation 
(10O0C/O.05 Torr) gave a mixture of lOa, 11, 12a, and 12b (0.140 
g ,  70%, 60: 18:9: 13) as analyzed by GC. By preparative HPLC (elu- 
tion with Idea, 98:2) pure samples of 10a, 12a, 12b, and 11 were 
obtained in low quantity. Data of 10a Tables 1-3, 12a, 12b Tables 
4 and 5 ,  and 11: 'H NMR (CDC13, 300 MHz): 6 = 7.42 (dd, J = 
12.0, 15.0 Hz, l H ,  3-H), 7.34 (mc, 5H, Ph), 6.02 (dd, J = 0.5, 12.0 

8.0 Hz, IH,  7-H), 3.73, 3.20 (2 s, 3 H  each, OMe), 2.84 (dd, J =  

(s, 3H, Me). - I3C NMR (CDCl3, 75.5 MHz): 6 = 167.9, 56.7 (s, 
q, C02Me), 146.2, 141.2 (2 s, Ph, C-5), 140.6 (d, C-3), 128.4, 127.8, 
126.6, 125.9, 118.8 ( 5  d, Ph, C-2,4), 82.8 (d, C-7), 51.4 (q, OMe), 
41.6 (t, C-6), 25.3 (q, Me). 

Methyl (E)-3-(2-Methoxy-2-phen~lspiro[2.5]oct-l-yl)-2-propen- 
oate (13a): According to the general procedure, a solution of 1.25 
g (4.00 mmol) of 1 and 1.44 g (8.00 mmol) of 8 in 10 ml of cyclo- 
hexane was heated for 26 h at 80°C. The crude product was puri- 
fied by chromatography (h/ea, 15:l): fraction 1, 0.095 g (8%) of 
13a, 14b, 15 (18:74:8); fraction 2, 0.456 g (38%) of 13a, 15 (90:lO). 
Data of 13a (Tables 1 -3), 14b (Tables 4 and 5), and 15: 'H NMR 
(CDC13, 300 MHz): 6 = 7.26 (mc, 5H, Ph), 6.45 (dd, J = 10.0, 11.5 
Hz, l H ,  3-H), 5.83 (d, J =  11.5 Hz, IH,  4-H), 5.41 (mc, l H ,  1'- 
H), 4.31-4.20 (m, 2H, 2-H, =CH), 3.63 (s, 3H, CO,Me), 3.18 (s, 
3H, OMe), 2.12-1.33 (m, 8H, CH2). - I3C NMR (CDCI3, 75.5 

Ph), 129.3, 128.4, 127.5 (3 d, Ph), 124.9, 119.4 (2 d, C-3, =CH), 
87.9 (d, C-l'), 56.9 (4, OMe), 52.1, 50.9 (q, d, OMe, C-2), 29.7, 

Methyl ( E )  -3-(2-Methoxy-2-methylspiro[2.5]oct-I -yl)-2-pro- 
penoate (16a, b): According to the general procedure, a solution of 
0.750 g (3.00 mmol) of 2 and 1.62 g (9.00 mmol) of 8 in 10 rnl of 
cyclohexane was heated for 87 h at 80°C. The crude product was 
purified by chromatography (hlea, 1O:l): fraction 1, 16 mg of 18 
(impure); fraction 2, 0.105 g (15%) of 16a, 16b (96:4); fraction 3, 
0.036 g (5%) of 16a, 17a (33:67); fraction 4, 0.276 g (39%) of 17a. 
Data of 16a, b (Tables 1-3) 17a (Tables 4 and 5) ,  and 18: 'H 
NMR (CDCI,, 300 MHz): 6 = 6.18, 5.62 (2 dd, J = 2.5, 6.5 and 
2.0, 6.5 Hz, 1 H  each, HC=CH), 3.71, 3.35 (2 s, 3 H  each, OMe), 
other signals are hidden by signals of impurities. - I3C NMR 

HC=CH), 89.1 (s, C-OMe), 58.5 (d, C-CO), 54.6 (s, spiro C), 
51.7, 51.5 (2 q, OMe), 33.0, 31.6, 26.3, 23.7, 23.5 ( 5  t, CH2), 15.0 
(q, Me). - An experiment was analogous performed with 2 (0.500 
g, 2.00 mmol) and 8 (1.08 g, 6.00 mmol) in THF (8 id). After 
heating to 64°C for 23 h it provided a crude product, which was 
purified by chromatography as above: fraction 1, 0.138 g (29%) of 
16a, 16b, 17a (78:15:7), fraction 2, 0.162 g (34%) of 17a. 

Methyl 3-(I-Cyclopenten-l-yl)-2-propynoate (20): According to 
a procedure of Brandsma et 26.7 g (0.290 mol) of l-ethynyl- 
cyclopentene (19)[171, 124 ml(2.97 mmol) of n-butyllithium in THF 
(150 ml), and 45 ml(O.580 mol) of methyl chloroformate gave after 
aqueous workup and kugelrohr distillation (lOO°C/l Torr) 35.9 g 
(82%) of pure 20. - 'H NMR (CDCI3, 300 MHz): 6 = 6.43 (broad 
s, I H ,  =CH), 3.79 (s, 3H, OMe), 2.51 (mc, 4H, CH2), 1.95 (quint., 

Hz, l H ,  4-H), 5.71 (d, J =  15.0 Hz, l H ,  2-H), 4.25 (dd, J =  6.0, 

8.0, 13.5 Hz, IH, 6-H), 2.54 (dd, J =  6.0, 13.5 Hz, l H ,  6-H), 1.83 

MHz): 6 = 166.6 (s, CO), 150.2 (d, C-4), 140.4, 137.0 (2 S, =C, 

27.5, 23.0, 22.2 (4 t, CH2). 

(CDC13, 75.5 MHz): 6 = 173.9 (s, CO), 139.1, 125.3 (2 d, 

J =  7.5 Hz, 2H, CH2). - I3C NMR (CDCI,, 75.5 MHz): F = 
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154.3, 52.4 (s, q, C02Me), 145.5, 122.8 (d, s, HC=C), 84.1, 81.4 (2 
s, C=C), 35.4, 33.6, 23.0 (3 t, CH2). - IR (film): 0 = 3050, 2950, 
2850 cni-' (CH), 2210 (C=C), 1710 (CO), 1600 (C=C). - C9Hlo02 
(150.2): calcd. C 71.98, H 6.71; found C 71.61, H 6.85. 

Methyl 3-(l-Cyclohexen-l-yl)-2-propynoate (22): According to a 
procedure of Brandsma et 31.2 g (0.290 mol) of I-ethinylcy- 
clohexene (Zl)["], 140 ml (0.320 mol) of n-butyllithium in THF 
(200 ml), and 45.4 ml(0.585 mol) of methyl chloroformate afforded 
after aqueous workup and kugelrohr distillation (56"C/O. 1 Torr) 
31.8 g (66%) of crude 22 which was further purified by chromatog- 
raphy (Wea, 1O:l). Product 22 was obtained as colourless liquid 
(24.3 g, 51%). - 'H NMR (CDC13, 300 MHz): 6 = 6.46 (mc, 
1 H, =CH), 3.78 (s, 3H, C02Me), 2.15, 1.63 (2 m,, 4H each, CH2). 
- 13C NMR (CDCI3, 75.5 MHz): 6 = 154.7, 52.6 (s, q, C02Me), 
142.4, 118.4 (d, s, HC=C), 88.8, 78.3 (2 s, C=C), 28.1, 26.0, 21.9, 
21.1 (4 t, CH2). - IR (film): Q = 3025, 2930, 2860 cm-' (CH), 

2200 (C=C), 1705 (CO), 1640 (C=C). - CIOHI2O2 (164.2): calcd. 
C 73.15, H 7.36; found C 72.87, H 7.64. 

Methyl (2)-3-(l-Cyclopenten-l-yl)-2-propenoate (24): Analo- 
gously to a reported procedure[l8I, 2.00 g (13.3 mmol) of 20 was 
hydrogenated in the presence of Lindlar catalyst (0.280 g of Pd/ 
CaC03 treated with 0.15 ml of quinoline) in 100 ml of hexane/ethyl 
acetate (1:l). After consumption of 0.75 equiv. of hydrogen the 
catalyst was filtered off, the solvents were evaporated, and the resi- 
due was purified by chromatography (h/ea, 15: 1) providing 0.915 g 
(46%) of pure 24. - 'H NMR (CDC13, 300 MHz): 6 = 6.58, 5.64 
(2 d, J = 12.5 Hz, 1 H each, HC=CH), 6.16 (broad s, 1 H, =CH), 
3.71 (s, 3H, C02Me), 2.61, 2.40, 1.93 (2 m,, quint., J =  7.5 Hz, 
2H each, CH3. - I3C NMR (CDC13, 75.5 MHz): 6 = 166.9, 51.1 
(s, q, C02Me), 141.3, 138.1, 116.4 (3 d, =CH), 33.2, 32.5, 24.3 (3 
t, CH2), quaternary C not detected. 

Table 1. 'H-NMR data of cyclopropane derivatives 9a, b, 10a, 13a, 16a, b, 27a, 29a, 30a, b, 33a, b, 36a, b, and 37a (CDC13, 300 MHz, 
6 values, coupling constants in Hz given in parentheses) 

~~ ~ 

Com- Ph HC=CH-C02Me OMe Cyclopro- Other Signals 
pound mc,5H dd, 1 H d, 1 H s , 3 H  s , 3 H  pane-H 

9a 

9b 

10a 

13a 

16a 

16b 

27a 

29a 

7.34 

7.32 

7.36 

7.34 

7.36 

7.51-7.26 
(m) 

30a 7.35 

30b 7.30 

33aLd1 7.13 

33b 7.32 

36de1 7.21 

36bCe1 7.19 

37aLe1 7.15 

-[a1 

6.20 (d) 
(15.5) 

7.00 
(10.5, 15.5) 

7.05 
(11.0, 15.5) 

6.91 
(11.0, 15.5) 

6.63 
(11.0, 15.5) 

7.43 (d) 
(16.0) 

6.59 (d) 
(12.0) 

5.90 
(16.0) 

5.77 

6.09 
(15.5) 

6.13 
(15.5) 

5.92 
(15.5) 

5.96 
(15.5) 

6.00 

5.96 

7.23 (d) 5.98 
(16.0) 

6.19 (d) 5.72 

7.43 
(2.5,6.5) 

(16.0) 

7.10 
(3.5,5.5) 

7.48 
(2.5, 6.0) 

7.43 
(1.5, 8.5) 

7.32 
(1.5, 8.5) 

3.74 

3.60 

3.75 

3.74 

3.71 

Jcl 

3.76 

3.76 

3.75 

3.58 

3.50 

3.80 

3.51 

3.47 

3.52 

3.14 

3.14 

3.04 

3.02 

3.28 

-[cl 

3.06 

3.08 

3.04 

3.13 

2.88 

3.01 

2.83 

2.90 

3.08 

1.43 (s) 

1.25, 1.21 

0.88 (s, 3 H, Me) 

1.51 (s, 3 H, Me) 
(2 H) 

(5 .5)@1 

1.95 (d) 1.39,0.81 (2 s, 3 H each, Me) 
(10.5) 

1.97 (d) 
(11.0) CH2) 

1.76-1.25 
( 4  
Jl Jcl 

1.90, 1.52-1.30, 1.26, 1.1 1,0.92-0.80 (3 m,, 2 m, 10 H, 

1.76-1.25 (m, 10 H, CH,), 1.42 (s, 3 H, Me) 

2.18-2.02,1.97-1.72,1.42-1.22,0.26-0.14(4m,2H,3H,1H,1H,CH, 

2.17-2.03. 1.91-1.69, 1.40-1.26,0.27-0.13 (4 m, 2 H, 3 H, 1 H, 1 H, CH, 
CH2) 

CH2) 
1.79 (dd) 
(4.0, 8.5) 

1.74 (dd) 
(3.0, 8.0) 

1.82 (dd) 
(6.5, 8.5) 
1.35 (dd) 
(4.5, 8.5) 
-[cl 

2.10 (dd) 
(6.0,9.0) 
1.77 (ddd) 
(2.0, 5.0, 9.0) 
-[cl 

2.21 (dd) 
(6.0, 8.5)['l 

2.10-1.92,1.75-1.07,0.98-0.78(3m,2Heach,CH2), 
1.66,1.49(2ddd,5.0,8.5,14.0and4.5,9.0,14.0, 1 H  
each,CH,) , 

2.08-1.94, 1.93-1.81, 1.65-1.25 (3 m, 2 H, 2 H, 4 H, 

2.74, 2.10, 2.58-2.43, 1.60-1.43 (2 broad dd, 7.5, 17.0 
and8.0, 15.0, 2m, 1 H, 1 H, 1 H, 1 H, CH,) 

CH2) 

2.50-2.30, 1.78-1 5 5  (2 m, 3 H, 3 H, CH, CH,) 

4.63 (dt, 2.5, 5.0, 1 H, CH), 3.08,2.90-2.80 (dt, 2.5, 17, 
m,SHeach,CH2),0.95,0.09,0.05(3s,9H,3H,3H, 
OSitBuMe2) 

0.71, 0.09, -0.18 (3 s, 9 H, 3 H, 3 H, OSifBuMq)['] 

4.31 (ddd, 4.5, 8.0, 9.0, 1 H, CH), 3.20 (broad dd, 8.0, 
17.0, 1 H, CH), 1.02, 0.10, 0.09 (3 s, 9 H, 3 H, 3 H, 
OSitBuMe,$'] 

Signal hidden by the Ph signal. - PI AB system. - lc] Signals hidden by those of the major isomer. - id] In C6D6. - re] In C6DdCH2C12. 
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Table 2. I3C-NMR data of cyclopropane derivatives 9a, b, 10a, 13a, 16a, b, 27a, 29a, 30a, b, 33a, b, 36a, b, and 37a [CDC13, 75.5 MHz, 
Ph signals for all compounds except for 16a, b: s (6 = 141-133), 3 d (6 = 130-126)] 

Corn- HC=CH C02Me OMe Cyclopropane-C Other Signals 
pound d d S 9 q S d d 

25.3 (t) 17.9 (q. Me) 9a 

9b 

10a 

13a 

16a 

16b 

27a 

29a 

30a 

30b 

33a 

33b 

36alb1 

36bCb1 

37afiI 

153.1 118.0 
153.8 117.3 

147.3 120.6 
147.4 120.2 

148.2 119.5 

147.5 120.6 
152.0 117.6 

149.8 120.8 

154.9 116.9 
155.2 115.7 

134.3 128.7 (s) 
139.0 125.7 (s) 
134.1 -['I 

138.6 -Ia' 

133.7 -Ia1 

167.2 
167.0 
166.9 

166.9 

166.9 

Sal 

167.5 

166.8 

167.7 
166.8 

167.7 
168.0 

167.2 

-[a1 

Sal 

51.3 

51.2 
51.4 

51.2 

51.1 

-[a1 

51.4 

51.1 
51.3 
51.6 
51.5 

51.8 
51.2 

51.2 

Sal 

54.7 
54.7 

55.4 
55.1 

54.5 

53.8 
54.1 

53.9 

54.1 
54.9 

56.6 
55.6 

56.9 

55.1 

56.0 

74.6 30.7 (s) 

73.8 31.1 (s)  
76.6 34.7 
77.2 34.1 

71.2 37.8 

72.1 36.8 
75.7 43.0 (s) 

73.6 41.1 (s) 
75.9 31.5 (s) 

74.0 30.1 (s) 

76.5 29.5 
73.4 26.7 

74.5 37.7 

78.3 

76.6 33.7 

25.6 (t) 
32.8 (s) 

39.7 (s) 
39.4 ( s )  

39.8 (s) 

41.4 

40.5 

32.9 
27.7 

24.0 
20.4 
24.1 

JI 

28.1 

15.2 (q, Me) 

24.8, 15.6 (2 q, Me) 
34.5,26.2,26.1,25.3,24.5 (5  t, CH,) 
34.1,26.3,26.2,25.3,25.2 (5 t ,  CH,) 
15.8 (q, Me) 
31.8, 28.4, 25.5 (3 t, CH,), 12.5 (q, Me) 
28.3, 26.6, 22.7 (3 t ,  CH,) 
31.7, 27.0,23.6 (3 t, CH,) 
23.4,20.3,20.1, 19.9 (4 t, CH,) 

20.9,20.6,20.0, 18.1 (4 t, CH,) 
22.1, 16.6 (2 t, CH,) 
24.0, 15.0 (2 t, CH,) 

0.5 (q. s, q, SiiBuMe,) 

61.9 (d, CH), 25.4, 17.6 (q,s, 
SifBuMe,), 16.4 (t, CH3 

SitBuMe,)[al 

62.5 (d, CH), 33.2 (t, CH,), 25.9, 18.2, - 

66.5 (d, CH), 22.6 (t, CH,), 25.5 (4, 

Signal hidden by other signals. - rb] In C6D61CH2Cl2 

Methyl (Z)-3-(l-Cyclohexen-l-yl)-2-propenoate (26): Analo- 
gously to the procedure above, 3.60 g (21.9 mmol) of 22 provided 

Table 3. IR data [film except 27a (KBr), all compounds except 13a 
3100-3000 cmpl (CH)] and elemental analyses obtained for com- 

pounds 9db, 10a, 13a, 16a, 17a, 27a, 29a, 30a, 33a, and 36a 

Com- IR (v , cm-') C H  
pound CH CO C=C 

9d9b 2960,2830 1720 1640 CISHI8O3 Calcd. 73.15 7.36 
(246.3) Found 73.09 7.52 

10a 2960,2830 1750 1635 C,,H,,O, Calcd. 73.82 7.64 
(260.3) Found 73.62 7.69 

13a 3050,3015 1715 1630 C,9H2403 Calcd. 75.97 8.05 
2920,2840 (300.4) Found 75.50 8.05 

16aIa1 2930,2850 1715 1625 C,,H,,O, Calcd. 70.56 9.30 
(238.3) Found 70.09 9 15 

17a 2930,2850 1730 - -PI 

27a 2950,2820 1710 1625 C,,H,,O, Calcd. 74.97 7.40 
(272.3) Found 75.07 7.55 

29a 2950,2830 1720 1625 -Ib1 

30a 2940,2860 1715 1625 C18H2,03 Calcd. 75.50 7.74 
(286.4) Found 75.36 7 78 

33a 3000-2900 1705 1640 C,,H,,O, Calcd. 74.40 7.02 
2830 (258.3) Found 73.86 7.13 

36aIC1 2950,2925 1710 1635 C,,H,,O,Si Calcd. 67.95 8.30 
2855 (388.6) Found 67.75 8.30 

La] Obtained from a mixture of 16a, b, 17a. - Kb] Lack of material 
did not allow elemental analysis. - Ic] Obtained from a mixture of 
36a, b, 37a. 

after chromatography (h/ea, 20: 1) 0.840 g (23'y0) of pure 26. - lH 
NMR (CDC13, 300 MHz): 6 = 6.33, 5.58 (dd, d, J =  1.0, 12.5 and 
12.5 Hz, 1H each, HC=CH), 6.02 (mc, lH ,  =CH), 3.71 (s, 3H, 
CO,Me), 2.20, 1.62 (2 m,, 4H each, CH2). - I3C NMR (CDCI3, 
75.5 MHz): 6 = 167.4, 51.4 (s, q, C02Me), 144.8, 136.0, 115.4 (3 

(film): C = 3025, 2940, 2860 cm-' (CH), 1720 (CO), 1620 (C=C). 
- CI0Hl4O2 (166.2): calcd. C 72.26, H 8.49; found C 72.08, H 8.58. 

Methyl ( E )  -3- (1  - Cyclopenten-1 -yl) -2-propenoate (23): Analo- 
gously to a procedure of Elvidge et a solution of 0.915 g 
(6.02 mmol) of 24 in ethyl acetate (50 ml) was treated with an 
iodine crystal and exposed to daylight for 7 d. Kugelrohr distil- 
lation (80°C/0.1 Torr) furnished 0.486 g (53%) of pure 23. - 'H 
NMR (CDC13, 60 MHz): 6 = 7.60, 5.75 (2 d, J =  16.0 Hz, I H  
each, HC=CH), 6.20 (broad s, lH ,  =CH), 3.75 (s, 3H, C02Me), 
2.50, 2.20-1.40 (m,, m, 4H, 2H, CH2). 

Methyl (E)  -3- ( I  -Cyclohexen-1 -yl)-2-propenoate (25): Analo- 
gously to the procedures above, a solution of 3.60 g (21.9 mmol) 
of 22 in hexane (50 ml) was hydrogenated (0.75 g of Pd/CaC03, 
0.18 ml of quinoline). After consumption of 0.75 equiv. of hydrogen 
the crude mixture was treated with an iodine crystal and exposed 
to daylight for 1 d (sunny day). Chromatography (Wea, 30:l) af- 
forded 1.24 g (34%) of pure 25 as colourless liquid. - 'H NMR 
(CDC13, 300 MHz): 6 = 7.29, 5.76 (2 d, J = 16.0 Hz, 1H each, 
HC=CH), 6.17 (mc, lH ,  =CH), 3.74 (s, 3H, C02Me), 2.21-2.12, 
1.73-1.60 (2 m, 4 H  each, CH2). - I3C NMR (CDC13, 75.5 MHz): 
F = 168.0, 51.2 (s, q, C02Me), 148.2, 138.7, 114.0 (3 d, =CH), 
134.8 (s, =C), 26.3, 24.0, 21.9* (3 t, CH2), * signal of double inten- 
sity. 

Methyl (E)  -3- (6-Methoxy-6-phenylbicyclo[3.l.O]hexan-l -yl) -2- 
propenoate (27a): According to the general procedure, a solution 
of 0.468 g (1.50 mmol) of 1 and 0.708 g (4.72 mmol) of 23 in 5 ml 

d, =CH), 135.3 (s, =C), 26.9, 26.3, 22.6, 21.8 (4 t, CHZ). - IR 
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of cyclohexane was heated for 24 h at 80°C. The crude product 
was purified by chromatography (hlea, 1O:l): fraction 1, 0.030 g 
(7%) of 28a, 28b (25:75); fraction 2, 0.274 g (67%) of 27a as 
colourless crystals (m.p. 90-92°C). Data of 27a see Tables 1-3, 
data of 28a/28b will be reported in a subsequent publicati~n[~I. 

(63%) of 30a. Data of 30a, b (Tables 1-3), data of 31b (Tables 4 
and 5) .  - In an analogous experiment a solution of 0.470 g (1.51 
mmol) of 1 and 0.300 g (1.80 mmol) of 26 was heated for 40 h to 
80°C. From the crude product mixture 0.080 g (27%) of 25 was 
removed by kugelrohr distillation (50 "C/0.05 Torr). The residue 

Methyl (Zj-3- (6-Methoxy-6-phenylbicycl0[3.1.O]hexan-l-y1)-2- 
propenoate (29a): According to the general procedure, a solution 
of 0.620 g (1.99 mmol) of 1 and 0.380 g (2.50 mmol) of 24 in 5 ml 
cyclohexane was heated for 7 d at 80°C. The crude product was 
purified by chromatography (h/ea, 7: 1): fraction 1, 0.038 g (7%) of 
29a; fraction 2, 0.050 g (13%) of a 24 dimer; fraction 3, 0.030 g 
(6%) of 27a. Data of 29a see Tables 1-3, data of 24 dimer see 
ref."]. 

Methyl (E)-3-( 7-Methoxy-7-phenylbicyclo[4.l.O]heptan-l-yl)-2- 
propenoate (30a, b): According to the general procedure, a solution 
of 1.25 g (4.00 mmol) of 1 and 0.870 g (5.24 mmol) of 25 in 10 ml 
of cyclohexane was heated for 60 h at 80°C. The crude product 
was purified by chromatography (hlea, 20:l): fraction 1, 0.086 g 
(8%) of 31b; fraction 2, 0.140 g (12%) of 30b; fraction 3, 0.719 g 

was purified by radial chromatography (petroleum ether/ea, 7: 1) 
which provided 0.130 g (30%) of spectroscopically pure 30a. 

Whereas diene 26 did not isomerize under purely thermal con- 
ditions (cyclohexane, 2 d, 80°C), an analogous experiment in the 
presence of 0.1 equiv. of 1 resulted in mixture containing 26 (ca. 
12%), 25 (ca. 6%), and a 25 dimer[']. 

Methyl 7-Methoxy-7-phenylbicyclo[4. I .  O]-Z-heptene-3-carb- 
oxylate (33a, b): According to the general procedure, a solution of 
1.86 g (6.00 mmol) of 1 and 1.65 g (12.0 mmol) of 32 in 10 ml of 
n-octane was heated for 2 d at 90°C. The crude product was puri- 
fied by chromatography (hlea, 15:l): fraction 1, 0.075 g ( 5 % )  of 
34b, 334  and unknown components (40:20:40); fraction 2, 0.062 
g (4%) of 33a, 33b (50:50); fraction 3, 0.665 g (43%) of pure 33a. 
Data of 33a, b see Tables 1-3, data of 34b Tables 4 and 5.  - In 

Table 4. 'H-NMR data of cyclopropane derivatives 12a, b, 14b, 17a, 31b, 34b, and 38a (CDQ, 300 MHz, 6 values, coupling constants 
in Hz given in parentheses) 

Com- Ph HC=CH C0,Me OMe Cyclopropane-H Other Signals 
pound m..SH d , l H d , l H  s , 3 H  s , 3 H  d , l H  1 H  

12a 7.39 - 4.25 3.79 3.06 2.21 
(1 .O, 9.0)ra1 (6.5) 

(9.0)p1 (6.5) 

(9.0) (6.5) 

(7.5)'b' 

12b 7.36 - 5.17 3.47 3.11 2.19 

14b 7.35 - 5.10 3.47 3.12 2.20 

17a - 4.67 3.70 3.26 -Ic] 

2.98 (dd) 
(6.5,9.0) 

2.84 (dd) 
(6.5, 9.0) 

2.89 (dd) 
(6.5,9.0) 

2.61 (t) 
(7.5) 

1.77, 1.55 ( 2  d, 1.0,6 H, Me) 

1.85, 1.80 (2 broad d, 1.0, 6 H, Me) 

2.37,2.17, 1.59 (3 m,, 2 H, 2 H, 6 H, CH,) 

2.27-2.25,2.07, 1.53 (m, 2 m,, 3 H, 2 H, 6 
H,CH,CH,), 1.39 (s,3 H, Me) 

31b 7.43-7.26 5.69 - 3.47 3.07 2.63 2.48 (d) 2.25-2.14,2.13-2.06, 1.75-1.56(3m,2H,2 

34b 7.31 5.90- 6.45 3.34 3.10 2.60,2.31-1.64 (2 m, 1 H, 4 H, CH, CH,) 

(4 (m,) (7.5) (7.5) H, 4 H, CH,) 

5.84[d1 (lO.O)Lb' 

38a 7.35 5.59 - 3.40 3.16 2.47-2.06 (m, 5 H, CH, CH,), 1.00,0.25,0.24 (3 s, 9 H, 6 H, OSitBuMe,) 
(P 

Septet. - Broad signal. - rcl See other signals. - ld1 m. 

Table 5.  I3C-NMR data of cyclopropane derivatives 12a, b, 14b, 17a, 31b, 34b, and 38b [CDC13, 75.5 MHz, Ph signals for all compounds 
except 17a: s (6 = 141-123), 3 d (6 = 139-126)] 

Com- C0,Me C=CH OMe C yclopropane-C Other Signals 
pound S q S d 4 S d d 

12a 169.9 51.7 135.3 

12b 170.5 51.6 135.3 

14b 170.4 51.5 143.3 

17a 170.1 51.4 144.4 

31b 170.1 51.1 123.9 

34b 171.5 51.6(d) 129.4 

38b 171.8 51.6 

~ 

119.9 54.5 74.3 32.4 32.3 25.1, 18.3 (2 q, Me) 
119.3 54.7 73.8 35.9 30.5 25.8, 18.7 (2 q, Me) 
115.9 54.6 73.8 36.0 29.6 37.0,29.6,28.4,27.6,26.6 (5 t,  CH,) 
116.0 54.1 68.7 35.2 30.5 36.5,29.5, 28.2, 27.3,26.3 (5 t, CH,), 16.4 (q, 

Me) 
129.9 54.3 73.4 36.8 31.0 28.9,24.9,22.6, 21.9 (4 t, CH2) 

119.6 55.5 79.7 34.7 (s) 28.5 22.3, 15.4 (2 t, CH,) 

55.4 78.4 26.7 Jal 152.2, 97.2 ( s ,  d, OC=CH), 27.4, 17.5 (2 t, 
CH,), 25.8, 18.1, -4.2 (q, s, q. OSitBuMe2) 

Id] Signal hidden by other signals. 
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an analogous experiment a solution of 0.624 g (2.00 mmol) of 1 
and 0.412 g (3.00 mniol) of 32 in 5 ml of THF was heated for 15 
h to 64°C. The crude product was purified by chromatography 
(h/ea, 15:l): fraction 1, 0.012 g (2%) of 34b; fraction 2, 0.053 g 
(loo/,) of 34b, 33b (50:50); fraction 3, 0.037 g (7%) of 33a, 33b, 
34b (50:40:10); fraction 4, 0.331 g (64%) of pure 33a. 

Methyl 5- (tert-Butyldimethylsiloxy) - 7-methoxy-7-phenylbi- 
cyclo[4. 1.0]-2-heptene-3-carboxylate (36a, 36b, 37a): According to 
the general procedure, a solution of 0.468 g (1.50 mmol) of 1 and 
0.670 g (2.50 mmol) of 35 in 5 ml of cyclohexane was heated for 
86 h at 80 "C. The crude product was purified by chromatography 
(h/ea, 20:l): fraction 1,0.155 g (27%) of 38b and unknown compo- 
nents (ca. 50:50); fraction 2, 0.232 g (40%) of 36a, 36b, 37a 
(62:18:20). By HPLC further enrichment of these components was 
possible thus allowing assignment of the NMR signals to the iso- 
mers. - In an analogous experiment a solution of 0.626 g (2.00 
mmol) of 1 and 0.805 g (3.00 mmol) of 35 in 7 ml of THF was 
heated for 43 h at 64°C. The pale yellow crude product (0.778 g, 
100%) was pure according to NMR spectroscopy: 
36a:36b:37a:38b = 52:8:10:30 (Tables 1-5). 

* Dedicated to Professor Rolf Huisgen on the occasion of his 
75th birthday. 
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