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The photochemical rearrangement of several 3- heteroaryl substituted cyclopropenes has been studied. 
The rearrangements are derived from the '~t--'lt* singlet state of the cyclopropene. Ring opening occurs to 
give a vinylcarbene intermediate which undergoes a subsequent electrocycliration. The transient inter- 
mediate so produced can undergo either a 1,3- or a 1,5-sigmatropic hydrogen shift to give the observed 
products. One strong piece of evidence for carbene intervention is the observation of a 1,3-butadiene 
derivative as one of the photoproducts obtained from the photolysis of a 3-pyrrolyl substituted cyclopro- 
pene. The 1,3-diene is thought to be derived by insertion of the vinylcarbene into the neighbouring 
methyl group. The regioselectivity of the rearrangement can be accounted for in terms of competitive 1,3- 
and 1,5-sigrnatropic hydrogen migrations. 

Small-ring hydrocarbons are particularly interesting com- 
pounds because their high energy content, relative to their 
acyclic isomers, often endows them with unusual reactivity 
patterns.' Cyclopropene is one of the simplest of such mole- 
cules in terms of chemical composition and at the same time 
perhaps the most strained of the compounds hitherto known, 
if strain energy is calculated per carbon atom.2 During the 
past few years the chemistry of cyclopropene derivatives has 
attracted considerable interest, presumably as a result of the 
high strain energy (53 kcal/mol $ in the ground state 3, 

associated with the unsaturated three-membered ring. The 
relief of ring strain combined with resonance stabilization of 
the corresponding ring-opened species accounts for the 
relatively facile ring-opening reaction of this molecule. One 
of the more frequently encountered photochemical reactions 
of 3-aryl (or 3-vinyl) substituted cyclopropenes involves re- 
arrangement to indenes (or cyclopentadiene~).~-~ Formally 
analogous to the vinylcyclopropane-cyclopentene isomeriz- 
ation, this rearrangement can also be effected by acid,1° 
transition or heat.14 In our previous publications 
on the vinylcyclopropene rearrangement to cyclopentadienes, 
we have suggested two alternative reaction mechanisms.6 
Zimmerman and co-workers have arrived at the same two 
possible These mechanisms are labelled A and 
B and are outlined in Scheme 1. 

The carbene mechanism (path A) consists of an initial 
opening of the three-membered ring. Formation of the cyclo- 
pentadiene ring involves cyclization of the transient vinyl- 
carbene. The electronically excited singlet state of the cyclo- 
propene correlates directly with the lower lying vinylcarbene 
~ ta te . '~  The formation of the vinylcarbene can be viewed as 
the result of heterolytic cleavage and simultaneous rotation 
of the disubstituted methylene carbon. Both electrons occupy 
an in-plane 0-orbital with only two electrons in the con- 
jugated n-orbital. The vinylcarbene species can rotate back 
to the diradical state l6 or undergo electrocyclization to the 
cyclopentadiene. The alternative ' housane ' diradical mechan- 
ism differs only in the chronology of bond formation and 
scission. The carbene mechanism begins with ring scission and 
follows with bond formation, while the ' housane ' diradical 
mechanism (path B) has these reversed. As had been noted 
earlier, gradations between these two extremes are not only 
possible but also likely.6n7 
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The present study began with the objective of investigating 
additional examples of the arylcyclopropene rearrangement 
where, in contrast to the previously studied cases, hetero- 
cyclic rings were attached to the 3-position of the cyclopropene 
ring. We report here the results of this study which show 
that these systems also undergo this interesting photochemi- 
cal rearrangement. 

Results and Discussion 
Cyclopropenes possessing five-ring heteroarynes at the 3- 
position were prepared by treating the appropriate lithium 
heterocycle with 3-methyl- 1,2-diphenylcyclopropeenyl cation 
according to the general procedure of Breslow and co- 
workers." In all cases studied, nucleophilic attack by the 
lithium reagent on the cyclopropenyl cation afforded the 1,2- 
diphenyl substituted cyclopropene as the major product. This 
is consistent with Breslow's previous observations in that 
nucleophilic attack occurs preferentially on the carbon atom 
of the cyclopropenyl cation which is best able to localize the 
positive ~harge. '~. '~ He suggests that this is the alkyl sub- 
stituted, rather than the aryl substituted, carbon. The mixture 
of isomers could readily be separated by silica-gel chromato- 
graphy. 

Direct irradiation of 3-(2-furyl)-3-methyl-1,2-diphenyl- 
cyclopropene (1) in benzene for 4 h afforded a mixture of 
6-methyl-4,5-diphenyl-6H-cyclopenta[b]furan (2) (45%) and 
6-met hyl-4,5-diphenyl-4H-cyclopenta[bJfuran (3) (40%). The 
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assignment of structure rests on their characteristic n.m.r., 
Lr., and mass spectra (see Experimental section). A study of 
product distribution us. the extent of irradiation established 
that the ratio of (2) : (3) did not vary as a function of time. 
Appropriate control experiments established that no photo- 
isomerization of the products was operative under the reaction 
conditions. 

Attention was next turned to the photochemical behaviour 
of 3-methyl-l,2-diphenyl-3-(N-methylpyrrol-2-yl)cyclopro- 
pene (4). Direct irradiation in benzene led to three photo- 
products. The first was 1,6-dimethyl-4,5-diphenyl- I ,6-di- 
hydrocyclopenta[b]pyrrole ( 5 )  (15%) [S 1.2 (d, 3 H ,  J 8.0 
Hz), 3.63 (9, 1 H, J 8.0 Hz), 3.7 (s, 3 H), 6.17 (d, 1 H, J 
2.6 Hz), 6.62 (d, 1 H, J 2.6 Hz), and 7.1-7.5 (m, 10 H)]. 
The second photoproduct (6) (63%), also proved to be iso- 
meric with the photoreactant and showed signals in the 
n.m.r. spectrum at 6 2.35 (d, 3 H, J 2.0 Hz), 3.83 (s, 3 H), 
4.87 (9, I H, J2.0 Hz), 6.02 (d, 1 H, J3.0 Hz), 6.55 (d, 1 H, 
J 3.0 Hz), and 7.4-7.7 (m, 10 H). The structure of this 
material is assigned as 1,6-dimethyl-4,5-diphenyl- 1,4-di- 
hydrocyclopenta[b]pyrrole (6). A third product, (7) (lo%), 
also proved to be isomeric with the starting material. The 
'H n.m.r. spectrum consisted of a methyl singlet at 6 3.66, 
doublets at 5.23 (1 H, J 1.6 Hz) and 5.48 (1 H, J 1.6 Hz), a 
set of doublets of doublets at 6.57 (1 H, J 2.7 and 1.8 Hz), 
6.03 ( 1  H, J 3.8 and 1.8 Hz), and 6.23 (1 H, J 3.8 and 2.7 Hz), 
together with an aromatic multiplet at 6.98-7.7 (10 H). This 
led to the assignment of 3-(N-methylpyrrol-2-yl)-l,2-diphenyl- 
buta-l,3-diene (7) as the structure of the third photoproduct. 
This photochemistry is summarized in Scheme 2. 

We have also studied the photochemistry of the closely 
related 3-(2-thienyl) substituted cyclopropene system (8). 
Direct irradiation of (8) in benzene with Pyrex-filtered light 
an'orded 6-niethyl-4,5-diphenyl-4H-cyclopenta[b]thiophen (9) 
(93',)), n1.p. 83-84 "C, as the exclusive photoproduct. 

One additional system which was also investigated involved 
the photochemistry of 3-methyl- 1,2-dipheny1-3-(3-thienyl)- 
cyclopropene (10). Irradiation of (10) with Pyrex-filtered 
light atrorded 4-methyl-5,6-diphenyl-6H-cyclopenta[b]thio- 
plicn ( I  I )  as the exclusive photoproduct (90%), m.p. 80- 
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81 "C;  G(CDCI3; 60 MHz) 2.35 (d, 3 H, J -2.0 Hz), 4.86 
(m, 1 H), and 6.85-7.40 (m, 10 H). 

We have also carried out a study on the photobehaviour of 
the structurally related 3-(3-furyl)-3-methyl- I ,2-diphenyl- 
cyclopropene. We anticipated that this compound would re- 
arrange in a fashion analogous to that encountered with 
thiophen (8). However, close examination of the crude 
photolysate showed that a complex mixture of products had 
been formed. All our efforts to isolate a characterizable 
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product from the crude reaction mixture failed and further 
work with this system was abandoned. 

Attention was next turned to the thermal behaviour of these 
systems. In contrast to the direct photolysis, thermolysis of 
(8) afforded a mixture of two products which were identified 
as cyclopenta[b]thiophens (9) and (12) (Scheme 3). Similarly, 
heating a sample of compound (10) afforded a mixture of (1 1) 
and (13). One additional point worth noting is that thiophens 
(9) and (12) [as well as (1 1) and (1 3)] are readily interconverted 
under the reaction conditions employed. 

We consider that the most economical explanation to 
rationalize the observed photochemical rearrangement is that 
illustrated in Scheme 4. The electronically excited singlet 
state of the cyclopropene undergoes fission of the three- 
membered ring to give a vinylcarbene which is subsequently 
converted into compound (14) by means of an electrocyclic 
ring closure. Intermediate (14) can either undergo a 1,3- or a 
1,5-sigmatropic hydrogen shift to give the observed products. 
One strong piece of evidence for carbene intervention is the 
observation of butadiene (7) as one of the photoproducts 
derived from cyclopropene (4). This diene is derived by inser- 
tion of the vinylcarbene into the neighbouring methyl group. 

Turning now to the matter of the regioselectivity of re- 
arrangement, we note that the irradiation of the 3-thienyl 
substituted cyclopropenes (8) and (10) affords a single product, 
while the photolysis of the closely related oxygen (1) and 
nitrogen heterocycles (4) produces a mixture of products. 
Moreover, the resulting mixture of photoproducts is not 
interconverted under the photolytic conditions employed. The 
product-determining step involves hydrogen migration from 
the initially cyclized intermediate (14). Photoproduct (1 5 )  is 
formed from (14) by a concerted suprafacial 1,Shydrogen 
migration which is symmetry-allowed when it occurs between 
two neighbouring carbon atoms with coefficients of the same 
sign in the highest occupied molecular orbital. One possible 
explanation to account for the difference in product distri- 
bution is that the thermal 1,5-sigmatropic hydrogen shift is 
extremely rapid for the case where X = S. This in turn is 
probably related to the greater aromaticity of thiophen when 
compared to furan or pyrr01e.l~ It is tempting to suggest that 
intermediate (14) is long lived enough when X = 0 or NCH3 
to absorb a photon of light and undergo a photochemically 
allowed 1,3-hydrogen shift to give (16). This is less likely to 
occur with the corresponding thiophen system. Clearly, 
further work will be necessary to establish this point. 

Experimental 
Preparation of 3-(2-Furyl)-3-methyZ- 1,2-diphenylcyclo- 

propene (l).-To a stirred suspension containing 1-methyl- 
2,3-diphenylcyclopropeaylium perchlorate (5g) in anhydrous 
tetrahydrofuran (50 ml) at - 78 "C under nitrogen was added 
a solution containing 4.8 x mol of 2-furyl-lithium in a 
tetrahydrofuran-hexane solution. The reaction mixture was 
stirred for 1 h at -78 "C and was then allowed to warm to 
room temperature and was stirred for 14 h. The solution was 
quenched with a saturated ammonium chloride solution and 
the organic layer was taken up in ether, washed with water, 
and dried (MgS04). Removal of the solvent under reduced 
pressure left 3 g of a yellow oil which was chromatographed 
on a 1.5 x 100-cm column of silica gel, using hexane as the 
eluant. The first component isolated contained a white solid 
(2.1 g, 42%), m.p. 98-100 "C, which was identified as 3- 
(2-furyl)-3-methyl-l,2-diphenylcyclopropene (1) on the basis 
of its spectral properties: i.r. OL,,,) (KBr) 3.36, 3.40, 3.48, 
5.45, 6.30, 6.60, 6.66, 6.92, 7.30, 7.60, 8.60, 9.30, 9.90, 10.6, 
11.20, 12.5, 13.2, 13.40, 14.05, and 14.40 pm; h,,,,,. (95% 
ethanol) 236 (c 24 900), 300sh (23 465), 3 13 (28 400), and 329 

nm (20 900); G(CDC1,; 60 MHz) 1.83 (s, 3 H), 6.13 (dd, 1 H, 
J 3.5 and0.8 Hz), 6.4 (dd, 1 H, J3.5 and 1.8 Hz), and 7.1- 
7.9 (m, 11 H); m/e 272 ( M + ,  base), 257, 243, 229, 228, 165, 
152, 115, and 77 (Found: C, 88.2; H, 5.85. Calc. for 

Direct Irradiation of 3-(2-Fury1)-3-methyl-l ,2-diphenylcyclo- 
propene (l).-A solution containing (1) (200 mg) in benzene 
(300 ml) was irradiated under argon with a 450-W Hanovia 
mercury lamp equipped with a Pyrex filter sleeve for 4 h. 
Removal of the solvent under reduced pressure left a dark 
yellow oil which was subjected to preparative h.p.1.c. using a 
2% chloroform-hexane mixture as the eluant. The first com- 
ponent isolated from the column contained a clear oil (80 
mg, 40%) whose structure was assigned as 6-methyl-4,5- 
diphenyl-6H-cyclopenta[b]furan (2) on the basis of its spectral 
properties: i.r. (Amx) (neat) 3.22, 3.24, 3.26, 3.35, 3.42, 3.50, 
6.3, 6.69, 6.8, 6.9, 7.3, 7.5, 7.9, 8.1, 8.80, 9.2, 9.7, 11.0, 11.1, 
11.3, 12.15, 13.0, 13.50, and 14.2 pm; hmx. (95% ethanol) 320 
(E 5 600) and 254 nm (E 21 250); G(CDC13; 60 MHz) 1.3 (d, 
3 H, J 8.0 Hz), 3.96 (9, 1 H, J 8.0 Hz), 6.66 (d, 1 H, J 2 Hz), 
and 7.1-7.76 (m, 11 H); mle 272 ( M + ,  base), 178, and 77. 
This material did not analyse well as a result of its rapid 
decomposition. 

The second fraction isolated from the column contained 
a white solid (76 mg, 38%), m.p. 83-85 "C, whose structure 
was assigned as 6-methyl-4,5-diphenyl-4H-cyclopenta[b]furan 
(3) on the basis of its spectral properties: i.r. (kmX) (KBr) 
3.3, 3.4, 3.5, 6.3, 6.88, 7.02, 7.20, 8.4, 9.10, 9.90, 11.10, 13.0, 
13.4, 13.8, 14.3, and 14.5 pm; Lmx. (95% ethanol) 330 (E 
14 325) and 232 nm (E 9 870); G(CDC1,; 60 MHz) 2.3 (d, 
3 H, J2.0 Hz), 4.72 (m, 1 H), 6.50 (d, 1 H, J2.0 Hz), and 7.1- 
7.6 (m, 11 H); m/e 272 ( M + ,  base), 273, 178, and 77 (Found: 
C, 88.15; H, 5.85. Calc. for CZ0HI60: C, 88.23; H, 5.88%). 

Preparation of 3-Me thy 1- 3-(N-methybyrrof-2-y1)- 1,2-di- 
phenylcyclopropene (4).-To a stirred suspension containing 
I -methyl-2,3-diphenylcyclopropenylium perchlorate (5 g) in 
anhydrous tetrahydrofuran (100 ml) at - 78 "C under nitrogen 
was added a solution containing 4.8 x mol of N- 
methylpyrrol-2-yl-lithium. The reaction mixture was stirred 
for 1 h at -78 "C and was then allowed to warm to room 
temperature and was stirred for 14 h. The solution was 
quenched with a saturated ammonium chloride solution and 
the organic layer was taken up in ether, washed with water 
and dried (MgS04). Removal of the solvent under reduced 
pressure left a yellow oil (3.5 g) which was chromatographed 
on a 1.5 x 100-cm column of silica gel using hexane as the 
eluant. The principal component isolated contained a clear oil 
(2.66 g, 53%) which was identified as 3-methyl-3-(N-methyl- 
pyrrol-2-y1)- 1,2-diphenylcyclopropeene (4) on the basis of its 
spectral properties: i.r. (Imx) (KBr) 3.22, 3.24, 3.26, 3.32, 
3.41, 3.52, 5.5,  6.25,'6.7, 6.9, 7.0, 7.2, 7.7, 8.2, 9.1, 9.3, 9.7, 
11.0, 13.10, 14.0, and 14.25 pm; Amx* (95% ethanol) 230 
(E 32 210), 260 (E 7 800), 301sh (E 26 400), and 314 (E 29 755); 
G(CDC1,; 60 MHz) 1.80 (s, 3 H), 3.43 (s, 3 H), ABX system: 
part X centred at 6 6.4, AB part respectively at 6.1 and 6.22 
(JAB 3.8; JAx 1.8; JBx 2.2 Hz), and 7.2-7.8 (m, 10 H); m/e 
285 ( M + ,  base), 284, 270, 208, and 77 (Found: C, 88.4; 
€3, 6.7; N, 4.9. Calc. for CZ1Hl9N: C, 88.42; H, 6.66; N, 
4.9 I %). 

Direct Irradiation of the Cyclopropene (4).-A sample 
containing (4) (300 mg) in benzene (300 ml) was irradiated 
under argon with a 450-W Hanovia mercury lamp equipped 
with a Pyrex filter sleeve for 4 h. Removal of the solvent 
under reduced pressure left a dark yellow oil whose n.m.r. 
spectrum indicated the presence of three products. The mix- 
ture was subjected to preparative h.p.1.c. using 3% chloro- 

CZOH160: C, 88.23; H, 5.88%). 
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form-hexane as the eluant. The first component isolated from 
the column contained a clear oil (30 mg, 10%) whose structure 
was assigned as 3-(N-methylpyrrol-2-yl)-l,2-diphenyl buta- 
1,3-diene (7) on the basis of its n.m.r. and mass spectra: 

(d, I H, J 1.6 Hz), ABX system: part X centred at 6 6.57, AB 
part respectively at 6.03 and 6.23 (JAB 3.8; J A x  1.8; JBx 
2.7 Hz), and 6.98-7.7 (m, 10 H); m/e 285 ( M + ,  base), 208, 
178, 91, 81, and 77. 

The second component isolated from the chromatography 
column contained a clear oil (45 mg, 15%) whose structure 
was assigned as 1,6-dimethyl-4,5-diphenyl- 1,6-dihydrocyclo- 
penta[b]pyrrole (5) on the basis of its spectral properties: 
i.r. (kmx) (neat) 2.4, 3.26, 3.30, 3.44, 6.25, 6.65, 6.9, 7.2, 
7.42, 8.02, 9.18, 9.32, 10.8, 11.6, 12.2, 13.0, 13.4, and 14.2 
pm; G(CDC1,; 60 MHz) 1.2 (d, 3 H, J 8 Hz), 3.63 (9, 1 H, J 
8 Hz), 3.7 (s, 3 H), 6.17 (d, 1 H, J 2.6 Hz), 6.62 (d, 1 H, J 
2.6 Hz), and 7.1-7.5 (m, 10 H); m/e 285 ( M + ,  base), 284, 
270,91, and 77. 

The third component isolated from the chromatography 
column contained a clear oil (189 mg, 63%) whose structure 
was assigned as 1,6-dimethyl-4,5-diphenyl- 1,4-dihydrocyclo- 
penta[b]pyrrole (6) on the basis of its spectral properties: 
vmx. (neat 3.22, 3.24, 3.26, 3.40, 3.48, 6.255, 6.7, 6.90, 5.94, 
7.2, 7.4, 8.01, 8.6, 9.1, 9.3, 9.6, 10.8, 11.6, 12.1, 13, 13.5, and 
14.0 pm; hmx. (95% ethanol) 238 ( E  16 560), 290 ( E  12 OOO), 
and 322 nm ( E  9870); S(CDC1,; 60 MHz) 2.35 (d, 3 H, J 
2 Hz), 3.83 (s, 3 H), 4.87 (m, 1 H), 6.02 (d, 1 H, J 3 Hz), 
6.55 (d, I H, J 3 Hz), and 7-7.4 (m, 10 H); ni/e 285 ( M + ,  
base), 284, 270, 91, and 77. The ready decomposition of the 
above compounds made it impossible to obtain an elemental 
analysis. 

S(CDCl3, 60 MHz) 3.66 (s, 3 H), 5.23 (d, 1 H, J 1.6 Hz), 5.48 

Preparation of 3-Methyl- 1,2-diphenyl-3-(2-thienyl)cyclupro- 
pene (8).-To a stirred suspension containing 1 -methyl-2,3- 
diphenylcyclopropenylium perchlorate ( 5  g) in anhydrous 
tetrahydrofuran (100 ml) at -78 "C under nitrogen was 
added a solution containing 4.8 x lo-* mol of 2-thienyl- 
lithium. The reaction mixture was stirred for 1 h at -78 "C, 
and was then allowed to warm to room temperature and 
stirred for 16 h. The reaction was quenched with a saturated 
ammonium chloride solution and the organic layer was taken 
up in ether, washed with water and dried (MgSO,). Removal of 
the solvent under reduced pressure left a yellow oil (4.5 g) 
which was chromatographed on a 1.5 x 100-cm column of 
silica gel using hexane as the eluant. The first component 
isolated contained a white solid, (4 g, 7573, m.p. 87-88 "C, 
which was identified as 3-methyl-l,2-diphenyl-3-(2-thienyl)- 
cyclopropene (8) on the basis of its spectral properties: 
i.r. (Arnax.) (KBr) 3.22, 3.24, 3.26, 3.3, 3.34, 3.38, 3.42, 3.51, 
5.5, 6.25, 6.6, 6.7, 6.9, 6.94, 7.2, 8.0, 9.2, 9.6, 10.8, 11.02, 
11.7, 11.9, 12.0, 13.2, 13.4, 13.6, 14.0, 14.02, 14.2, 14.4, and 
14.6 pm; h,,,,,. (95% ethanol) 228 ( E  24 250), 300sh ( E  24 074), 
311 ( E  29 629), and 330 nm ( E  22 777); G(CDC1,; 60 MHz) 
1.96 (s, 3 H), 6.86-7.03 (m, 3 H), and 7.3-7.83 (m, 10 H); 
m/e 288 ( M + ,  base), 273, 239, 211, 197, 178, 165, and 77 
(Found: C, 83.3; H, 5 . 5 ;  S, 1 1 . 1 .  Calc. for C20HIhS: C, 83.33; 
H, 5 . 5 5 ;  S, 11.1 1%). 

Direct Irradiation of the Cyclopropene (8).-A solution 
containing (8) (200 mg) in benzene (300 ml) was irradiated 
under argon with a 450-W Hanovia mercury lamp equipped 
with a Pyrex filter sleeve for 4 h. Removal of the solvent under 
reduced pressure left a pale yellow oil which was subjected to 
preparative h.p.1.c. using a 3% chloroform-hexane mixture 
as the eluant. The product isolated from the column contained 
a white solid (186 mg, 9379, m.p. 83-84 "C, whose structure 
was assigned as 6-methyl-4,5-diphenyI-4H-cyclopenta[b]- 

thiophen (9) on the basis of its spectral properties: i.r. (Amx.) 
(KBr) 3.2, 3.24, 3.26, 3.38, 3.41, 3.5, 6.25, 6.6, 6.85, 6.94, 
7.2, 9.18, 9.30, 10.8, 11.3, 11.65, 11.90, 12.3, 13.0, 13.2, 13.6, 
14.2, 14.3, and 15.0 pm; h,,,. (95% ethanol) 238 (E 10025) 
and 320 nm (E 14 290); S(CDC1,; 60 MHz) 2.38 (d, 3 H, J2.0  
Hz), 4.93 (m, 1 H), and 6.93-7.56 (m, 12 H); m/e 288 (M', 
base), 273, 271, 211, 197, and 77 (Found: C, 83.3; H, 5.55;  
S, 11.1. Calc. for C ~ O H J ~ S :  C, 83.33; H, 5 . 5 5 ;  S, 11.11%). 

Thermolysis of the Cyclopropene (8).-A sample of (8) (200 
mg) was placed in a Pyrex tube and degassed at mmHg, 
sealed, and was then heated for 30 min at 190-200 "C. After 
cooling, the tube was opened and the pale yellow oil was 
subjected to preparative h.p.1.c. using 3% chloroform- 
hexane as the eluant. The first component isolated from the 
column contained a clear oil (66 mg, 33%) whose structure 
was assigned as 6-methyl-4,5-diphenyl-6H-cyclopenta[b]- 
thiophen (12) on the basis of its spectral properties: i.r. 
(h,,,:,J (neat) 3.24, 3.26, 3.28, 3.3, 3.44, 3.46, 3.5, 3.58, 6.22, 
6.25, 5.58, 6.9, 6.93, 7.2, 7.3, 8.5, 9.1, 9.32, 9.62, 9.3, 10.7, 
11.15, 12, 12.7, 12.9, 13.4, 13.8, 14.0, 14.5, 15, and 15.75 pm; 
h,,,,,. (95% ethanol) 238 ( E  20 960) and 325 nm ( E  7410); 

and 6.93-7.7 (m, 12 H); m/e 288 ( M + ,  base), 273, 239, 21 1, 
178, and 77 (Found: C, 83.35; H, 5 .55 ;  S, 1 1 . 1 .  Calc. for 

The second fraction isolated from the column contained 
compound (9) (100 mg, 50%) which was identical with an 
authentic sample obtained from the direct irradiation of (8). 

G(CDCI3; 60 MHz) 1.4 (d, 3 H, J 8 Hz), 4.13 (4, 1 H, J 8 Hz), 

CzoHlgS: C, 83.33; H, 5 . 5 5 ;  S, 11.11%). 

Preparation of 3-Methyl- 1,2-diphenyl-3-( 3-thieny1)cyclopro- 
pene ( 1  O).-To a stirred solution containing 3-thienyl-lithium 
(4.8 x mol) at -78 "C under nitrogen was slowly 
added 1 -met hyl-2,3-diphenylcyclopropenylium perchlorate 
(5 g). The reaction mixture was stirred for 20 h at -78 "C 
and was then allowed to warm to room temperature and was 
stirred for 4 h. The solution was quenched with a saturated 
ammonium chloride solution and the organic layer was 
taken up in ether, washed with water, and dried (MgSOe). 
Removal of the solvent under reduced pressure left a yellow 
oil (2.1 g) which was chromatographed on a silica-gel column 
using hexane as the eluant. The first component isolated 
contained a solid (0.95 g, 18%) which was identified as 3- 
methyl- I ,2-diphenyl-3-(3-thienyl)cyclopropene (lo), m.p. 65- 
67 T, on the basis of its spectral properties: i.r. (Amx.) (KBr) 
3.27, 3.3, 3.38, 3.41, 5.43, 6.25, 5.55, 6.89, 7.25, 7.46, 7.81, 
1 I .63, 12.98, and 14.29 pm; A,,,. (95% ethanol) 238 (E 15 200), 
280 ( E  16 340), 312 ( E  18 190), and 328 nm ( E  14 400); 6(CDC13; 
60 MHz) 2.46 (s, 3 H) and 6.9-7.8 (m, 13 H); m/e 288 ( M + ,  
base), 274, 21 1, 197, 178, 165, and 77 (Found: C, 83.3; H, 
5.5;s. 11.1.Calc.forC20H16S:C,83.33;H,5.55;S, 11.11%). 

The second component isolated from the chromatography 
column contained a white solid (95 mg, 29%), m.p. 77-79 "C, 
which was identified as 2-methyl-I ,3-diphenyl-3-(3-thienyl)- 
cyclopropene on the basis of its spectral properties: i.r. 
(Xfl,>,J (KBr) 3.22, 3.25, 3.26, 3.3, 3.41, 5.40, 6.25, 6.75, 6.89, 
7.87, 9.25, 10.87, 11.97, 12.98, 14.08, and 14.28 pm; h,,,. 
(95% ethanol) 254 nm ( E  14 OOO); 6(CDC13; 60 MHz) 2.46 
(s, 3 H) and 6.9-7.8 (m, 13 H); m/e 288 ( M + ,  base), 274, 
211, 197, 178, 165, 136, and 77 (Found: C, 83.3; H, 5 .55 ;  S, 
1 1 . 1 .  Cak. for C , O H ~ ~ S :  C, 83.33; H, 5 . 5 5 ;  S. 11.11%). 

Direct Irradiation of the 3-(3-Thienyl)cyclopropene (lo).-A 
solution containing (10) (200 mg) in benzene (300 ml) was 
irradiated under argon with a 450-W Hanovia lamp equipped 
with a Pyrex filter sleeve for 12 h. Removal of the solvent 
under reduced pressure left a yellow oil which was subjected 
to preparative h.p.1.c. using 2% chloroform-hexane as the 
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eluant. The product isolated from the column contained a 
white solid (180 mg, 90%), m.p. 79-81 "C, whose structure 
was assigned as 4-methyl-5,6-diphenyl-6H-cyclopenta[b]- 
thiophen (11) on the basis of its spectral properties: i.r. 
(A,,) (KBr) 3.21, 3.25, 6.25, 6.66, 6.89, 7.24, 9.17, 10.86, 
11.62, 12.34, 12.98, 13.51, 14.28, and 14.92 pm; kmx. (95% 
ethanol) 235 (E 10500) and 320 nm (E 13700); G(CDC1,; 
60 MHz) 2.35 (d, 3 H, J2.0 Hz), 4.86 (m, 1 H), and 6.85-7.4 
(my 12 H); m/e 288 ( M + ,  base), 273, 239, 211, 197, 91, and 

83.33; H, 5.55; S, 11.11%). 
77 (Found: C, 83.3; H, 5.55; S, 11.1. Calc. for C20H16S: C, 

Thermolysis of the 3-(3-Thienyl)cyclopropene (lo).-A 
sample containing (10) (200 mg) was placed in a Pyrex tube 
and was degassed at mmHg, sealed and then heated for 
30 min at 190-200 "C. After cooling, the tube was opened 
and the pale yellow oil was subjected to preparative column 
h.p.1.c. using 2% chloroform-hexane as the eluant. The first 
component isolated from the column contained a white solid, 
m.p. 89-91 "C (66 mg), whose structure was assigned as 4- 
methyl-5,6-diphenyl-4H-cyclopenta[b]thiophen (1 3) on the 
basis of its spectral properties: i.r. (Amx.) (KBr) 32.47, 32.68, 
33.67, 33.73, 34.84, 6.25, 66.66, 68.49, 69.44, 9.29, 11.43, 
12.05, 12.66, 12.85, 13.33, 14.18, 14.92, and 15.62 pm; 
kx. (ethanol 95%) 233 (E 7 900) and 325 pm ( E  20 850); 

Hz), and 7.1-7.65 (m, 12 H); m/e ( M + ,  base) 288, 273, 271, 
212, 91, 84, and 77 (Found: C, 83.3; H, 5.55; S, 11.1. Calc. 
for CZOHI6S: C, 83.33; H, 5.55, S, 11.11%). 
The second fraction isolated from the column contained 

(11) (89.6 mg, 45%) which was identical with an authentic 
sample obtained by direct irradiation of (10). 

S(CDC1,; 60 MHz) 1.23 (d, 3 H, J 8 Hz), 4.13 (4, 1 H, J 8 

Preparation of 3-(3-Furyl)-3-methyl- 1,2-diphenylcyclopro- 
pene.-To a stirred solution containing 3-furyl-lithium 
(4.8 x mol) at -78 "C under nitrogen was slowly added 
1 -methyl-2,3-diphenylcyclopropenylium perchlorate (5 g). The 
reaction was stirred for 20 h at -78 "C and was then allowed 
to warm to room temperature and was stirred for 4 h. The 
solution was quenched with a saturated ammonium chloride 
solution and the organic layer was taken up in ether, washed 
with water and dried (MgS04). Removal of the solvent under 
reduced pressure left a yellow oil (3.05 g) which was chromato- 
graphed on a silica-gel column using hexane as the eluant. The 
first component isolated contained a solid (1.5 g, 28%), m.p. 
59-61 "C, which was identified as 3-(3-furyl)-3-methyl-I ,2- 
diphenylcyclopropene on the basis of its spectral properties : 
i.r. (Xmx) (KBr) 3.24, 3.26, 3.3, 3.37, 3.42, 3.495, 5.49, 6.25, 
6.62, 6.7, 6.89, 8.69, 9.25, 9.52, 10.31, 11.9, 13.1, 13.51, and 
14.28 pm; Lmx, (95% ethanol) 238 (E 21 130), 298sh (E 20 OOO), 
and 312 nm (E 25280); G(CDC1,; 60 MHz) 1.86 (s, 3 H), 
6.41 (d, 1 H, J 1.8), and 7.25-7.8 (m, 12 H); m/e 272 ( M + ,  
base), 257, 243, 229, 228, 175, and 77 (Found: C, 88.2; H, 
5.85. Calc. for CzoHI6O: C, 88.23; H, 5.88%). 

The second component isolated from the chromatography 
column contained a white solid (0.15 g, 373,  m.p. 94-95 "C, 
which was identified as 3-(3-furyl)-2-methyl-1,3-diphenyl- 
cyclopropene on the basis of its spectral properties: i.r. 
(Xmx) (KBr) 3.22, 3.24, 3.27, 3.3, 5.34, 6.23, 6.62, 6.66, 6.90, 

8.4, 8.69, 9.4, 10.2, 10.92, 11.6, 13.15, and 14.28 pm; kmx. 
(95% ethanol) 257 nm (E 14200); G(CDC1,; 60 MHz) 2.55 
(s, 3 H), 6.48 (d, 1 H, J 1.8 Hz), and 7.2-7.8 (m, 12 H); m/e 
272 ( M + ,  base), 257, 243, 229, 228, 165, and 77 (Found: C, 
88.2; H, 5.85. Calc. for C20H160: C, 88.23; H, 5.88%). 

Direct Irradiation of 3-(3-Furyl)-3-methyl-1,2-diphenyl- 
cyc1opropene.-A sample containing the 3-(3-furyl)cyclo- 
propene (300 mg) in benzene (300 ml) was irradiated under 
argon with a 450-W Hanovia mercury lamp equipped with a 
Pyrex sleeve for 4 h. Removal of the solvent under reduced 
pressure left a yellow oil which turned black within a few 
seconds. No characterizable compounds could be obtained 
on extensive chromatography. Similar results were obtained 
when the same compound was heated in a degassed n.m.r. 
tube at 200 "C. Further work with this system was abandoned 
at this time. 
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