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Abstract—Arylvinylidenecyclopropanes undergo a novel reaction upon heating at 150 °C with diaryl diselenide to give the corre-
sponding 1,2-diarylselenocyclopentene derivatives in good to high yields within 1.5 h. The further transformation of 1,2-diarylsele-

nocyclopentene derivatives has been disclosed.
© 2005 Elsevier Ltd. All rights reserved.

Thermal and photochemical skeletal conversions of
vinylidenecyclopropanes 1 have attracted much atten-
tion from mechanistic, theoretical, spectroscopic, and
synthetic viewpoints in past decades.!? Vinylidenecyclo-
propanes 1 also undergo a variety of unique addition
reactions with electrophiles to give novel products some-
times along with the formation of cyclopropane ring-
opened products.?

Previously, Ogawa and co-workers reported that the
addition of diphenyl diselenide (PhSeSePh) to a number
of alkynes produced wvic-bis(phenylselenyl)alkenes at
150-180 °C for 10 h via radical-type scission.* Enlight-
ened by their finding, we have reported the reactions
of methylenecyclopropanes (MCPs) with diphenyl disel-
enide to give the corresponding ring-opened products in
good yields at 150 °C.> In this letter, we attempted to
examine the reactions of arylvinylidenecyclopropanes 1
with diaryl diselenide at high temperature under similar
conditions. We first carried out the reaction of phenyl-
vinylidenecyclopropane la with diphenyl diselenide 2a
without an organic solvent at 150 °C, and found that
the corresponding 1,2-diarylselenocyclopentene deriva-
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tive 3a (a five-membered ring product) was formed in
good yield. The results are summarized in Table 1.
The yield of 3a can be improved using excess amounts
of 2a (Table 1, entries 1-3). In addition, when this reac-
tion was directly carried out at 150 °C, the correspond-
ing cyclized product 3a was obtained in higher yield
than the fact that the reaction temperature was gradu-
ally heated to 150 °C (Table 1, entries 2 and 3). This
reaction is fairly effective and can complete within
1.5h at 150 °C. Its structure was determined by 'H
and '>C NMR spectroscopic data, and microanalysis

Table 1. The ring-opening reaction of phenylvinylidenecyclopropane
1a with diphenyl diselenide 2a at 150 °C

CeHs CeHs SePh

CeH
&% 150°C  G.H
+ PhSeSePh —— = ~6'5 SePh
CeHs CgHs
1a 2a 3a
Entry Molar ratio of 1 and 2a Time/(h) Yield/(%)® 3a
1# 1:1 1.5 79
2% 1:1.2 1.5 88
3¢ 1:1.2 1.5 97

#The reaction mixture was gradually heated to 150 °C and kept at this
temperature for the time listed in this table.

®Isolated yields.

¢ The reaction mixture was directly put in the oil bath at 150 °C.
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(see supporting information). Its crystal structure was
further determined by X-ray diffraction (Fig. 1).6

A wide range of electronically and structurally diverse
arylvinylidenecyclopropanes 1 and diaryl diselenide 2
can be employed in this reaction under these optimized
conditions. The results are summarized in Table 2. As
can be seen from Table 2, with respect to the electron-
rich, electron-neutral, and electron-poor arylvinylidene-
cyclopropanes 1 (R! and R?), they reacted with diaryl
diselenide 2 smoothly to provide the corresponding
1,2-diarylselenocyclopentene derivatives 3 in good yields
within 1.5 h in all of the cases (Table 2, entries 1-9). For
unsymmetrical vinylidenecyclopropane 1i, the corre-
sponding cyclized product 3k was obtained as syn/anti
mixtures in 80% yield (Table 2, entry 10). Their spectro-
scopic and analytic data are shown in supporting
information.

On the basis of previous investigations on the thermoly-
sis of diphenyl diselenide,” a plausible mechanism for
the reaction of arylvinylidenecyclopropanes 1 with di-
phenyl diselenide is outlined in Scheme 1. The phenylse-

Figure 1. The ORTEP drawing of 3a.

Table 2. The ring-opening reaction of arylvinylidenecyclopropane 1 with diaryl diselenide 2 at 150 °C

2
Rl R s0ce 1 R' SeR®
>::<r + RoSeseR® 0 C R b\ 3
R! ) 15h R2 SeR
1 3

Entry® 1 (R'/R?) 2 (R Yield/(%)° 3
1 1b (p-MeCgH,4/CsHs) 2a 3b, 78
2 1c (;-MeOC¢H,4/C¢Hs) 2a 3¢, 72
3 1d (p-FCgH,/CgHs) 2a 3d, 86
4 1e (p-CIC¢H,/C¢Hs) 2a 3e, 61
5 1f (C¢Hs/p-CIC4H,) 2a 3f, 89
6 1g (C¢Hs/p-MeCgH,) 2a 3g, 82
7 1h (C¢Hs/p-MeOCgH,) 2a 3h, 62
8 1a 2b (p-MeCg¢H,) 3i, 79
9 1a CeHs 2¢ (p-MeOC¢Hy) 3, 75
10

. CeH 3
1i CeHs j (EZ=1:1) 2a 3k, 80 (10:3)

# All the reactions were carried out in an oil bath 150 °C.
®Isolated yields.
“Ratio of antilsyn.

heat
PhSeSePh ——» 2 PhSe-

R R R R R! R R,
1
PhSee« + —_— ° — —_— F{D~SePh
SePh PhSe R2
R2 R2 R2 %
1 A B
R'  SePh
C + PhSeSePh —» R .
R seph  PhSe
R2
3

Scheme 1. The plausible reaction mechanism of arylvinylidenecyclopropanes 1 with diphenyl diselenide at 150 °C.
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SePh Ph
CeHs  SePh _ CeHs e CeHs
Ni(PPhg),Br (5 mol%) CgHs CeHs
CeHs \ + PhMgBr > ph * Ph
SePh THF, reflux, 18 h
CgHs CGH5
CeHs
a 4a,51% 5a, 41%

Scheme 2. The coupling reaction of 3a with PhMgBr catalyzed by Ni(PPhs;),Br,.

leno radical, produced by thermal cleavage of diphenyl
diselenide, adds to the double bond of arylvinylidene-
cyclopropanes 1 to form the radical intermediate A, which
immediately undergoes a homoallylic rearrangement to
give another radical B.>® The intramolecular cyclization
of B produces the radical intermediate C. C reacts with
another molecule of diphenyl diselenide via homolytic
substitution (Sy) to produce the corresponding 1,2-diar-
ylselenocyclopentene derivative 3 and regenerate a phen-
ylseleno radical (Scheme 1).

The further transformation of 3a is shown in Scheme 2.
The coupling reaction of 3a with excess amounts of phen-
ylmagnesium bromide in the presence of Ni(PPh;),Br,
catalyst’ produced the coupled products 4a and 5a in
good total yields in THF under reflux (Scheme 2). The
detailed results will be reported in due course.

In this letter, we disclosed a novel reaction of arylvinyl-
idenecyclopropanes upon heating at 150 °C with diaryl
diselenide to give the corresponding 1,2-diarylseleno-
cyclopentene derivatives in good to high yields. These
reactions complete within 1.5 h. The further possible
transformation of 3 has been examined. Efforts are
underway to elucidate the mechanistic details and to
extend the scope of this novel reaction.

Acknowledgments

We thank the State Key Project of Basic Research (Pro-
ject 973) (No. G2000048007), Shanghai Municipal Com-
mittee of Science and Technology, and the National
Natural Science Foundation of China for financial sup-
port (20472096, 203900502, and 20272069).

Supplementary data

Supplementary data associated with this article can be
found, in the online version at doi:10.1016/j.tetlet.
2005.05.029.

References and notes

1. (a) Poutsma, M. L.; Ibarbia, P. A. J. Am. Chem. Soc. 1971,
93, 440-450; (b) Smadja, W. Chem. Rev. 1983, 83, 263-320;
(¢) Paulson, D. R.; Crandall, J. K.; Bunnell, C. A. J. Org.
Chem. 1970, 35, 3708-3714; (d) Hendrick, M. E.; Hardie, J.
A.; Jones, M., Jr., J. Org. Chem. 1971, 36, 3061-3062; (e)
Patrick, T. B.; Haynie, E. C.; Probst, W. J. J. Org. Chem.
1972, 37, 1553-1556; (f) Aue, D. H.; Meshishnek, M. H. J.
Am. Chem. Soc. 1977, 99, 223-231; (g) Sasaki, T.; Eguchi,

S.; Ogawa, T. J. Am. Chem. Soc. 1975, 97, 4413-4414; (h)
Sadler, I. H.; Stewart, J. A. G. J. Chem. Soc., Perkin Trans.
2 1973, 278-288; (i) Sugita, H.; Mizuno, K.; Saito, T.;
Isagawa, K.; Otsuji, Y. Tetrahedron Lett. 1992, 33, 2539—
2542; (j) Mizuno, K.; Sugita, H.; Kamada, T.; Otsuji, Y.
Chem. Lett. 1994, 449-452; (k) Akasaka, T.; Misawa, Y.;
Ando, W. Tetrahedron Lett. 1990, 31, 1173-1176; (1)
Mizuno, K.; Sugita, H.; Isagawa, K.; Goto, M.; Otsuji,
Y. Tetrahedron Lett. 1993, 34, 5737-5738; (m) Mizuno, K.;
Nire, K.; Sugita, H.; Otsuji, Y. Tetrahedron Lett. 1993, 34,
6563-6566; (n) Mizuno, K.; Sugita, H.; Hirai, T.; Maeda,
H. Chem. Lett. 2000, 1144-1145; (o) Mizuno, K.; Nire, K.;
Sugita, H.; Maeda, H. Tetrahedron Lett. 2001, 42, 2689—
2692; (p) Mizuno, K.; Maeda, H.; Sugita, H.; Nishioka, S.;
Hirai, T.; Sugimoto, A. Org. Lett. 2001, 3, 581-584; (q)
Mizuno, K.; Sugita, H.; Hirai, T.; Maeda, H.; Otsuji, Y.;
Yasuda, M.; Hashiguchi, M.; Shima, K. Tetrahedron Lett.
2001, 42, 3363-3366; (r) Maeda, H.; Zhen, L.; Hirai, T.;
Mizuno, K. ITE Lett. Batteries, New Technol. Med. 2002, 3,
485-491; (s) Sydnes, L. K. Chem. Rev. 2003, 103, 1133-
1150.

. (a) For synthesis of vinylidenecyclopropanes, please see:

Isagawa, K.; Mizuno, K.; Sugita, H.; Otsuji, Y. J. Chem.
Soc., Perkin Trans. 1 1991, 2, 2283-2285, and references
cited therein; (b) Sasaki, T.; Eguchi, S.; Ohno, M.; Nakata,
F. J. Org. Chem. 1976, 41, 2408-2411; (c¢) Sasaki, T.;
Eguchi, S.; Ogawa, T. J. Org. Chem. 1974, 39, 1927-1930;
(d) Sasaki, T.; Eguchi, S.; Ogawa, T. Heterocycles 1975, 3,
193-196; (e) Eguchi, S.; Arasaki, M. J. Chem. Soc., Perkin
Trans. 11988, 1047-1050; (f) Sugita, H.; Mizuno, K.; Mori,
T.; Isagawa, K.; Otsuji, Y. Angew. Chem., Int. Ed. 1991, 30,
984-986; (g) Patrick, T. B. Tetrahedron Lett. 1974, 15,
1407-1408; (h) Al-Dulayymi, J. R.; Baird, M. S. J. Chem.
Soc., Perkin Trans. 1 1994, 1547-1548; (i) Patrick, T. B. J.
Org. Chem. 1971, 42, 3354-3356; (j) Hartzler, H. D. J. Am.
Chem. Soc. 1971, 93, 4527-4531.

. The other papers related to vinylidenecyclopropanes. See:

for the reactions of vinylidenecyclopropanes with carbenes
and carbene complexes. (a) Crandall, J. K.; Paulson, D. R.;
Bunnell, C. A. Tetrahedron Lett. 1969, 4217-4220; (b) Hwu,
C.-C.; Wang, F.-C.; Yeh, M.-C. P. J. Organomet. Chem.
1994, 474, 123-128; (c) Billups, W. E.; Haley, M. M.; Boese,
R.; Blaser, D. Tetrahedron 1994, 50, 10693-10700; (d)
Maeda, H.; Hirai, T.; Sugimoto, A.; Mizuno, K. J. Org.
Chem. 2003, 68, 7700-7706; (e) Bloch, R.; Perchec, P. L.;
Conia, J.-M. Angew. Chem., Int. Ed. 1970, 9, 798-799; (f)
Pasto, D. J.; Yang, S. H. J. Org. Chem. 1986, 51, 1676—
1680; For the addition reactions to alkenylidenecyclopro-
panes (g) Pasto, D.J.; Miles, M. F. J. Org. Chem. 1976, 41,
2608-2611; (h) Pasto, D. J.; Chen, A. F.-T.; Binsch, G. J.
Am. Chem. Soc. 1973, 95, 1553-1562; (i) Pasto, D. J.; Chen,
A. F.-T. J. Am. Chem. Soc. 1971, 93, 2562-2564; (j) Pasto,
D. J.; Borchardt, J. K.; Fehlner, T. P.; Baney, H. F;
Schwartz, M. E. J. Am. Chem. Soc. 1976, 98, 526-529; (k)
Pasto, D. J.; Fehlner, T. P.; Schwartz, M. E.; Baney, H. F.
J. Am. Chem. Soc. 1976, 98, 530-534; (1) Pasto, D. J.; Miles,
M. F. J. Org. Chem. 1976, 41, 425-432; (m) Pasto, D. J;
Chen, A. F.-T.; Cuirdaru, G.; Paquette, L. A. J. Org. Chem.
1973, 38, 1015-1026; (n) Gompper, R.; Lach, D. Tetra-


http://dx.doi.org/10.1016/j.tetlet.2005.05.029
http://dx.doi.org/10.1016/j.tetlet.2005.05.029

4748

S

hedron Lett. 1973, 2683-2686; (o) Gompper, R.; Lach, D.
Tetrahedron Lett. 1973, 2687-2690; (p) Pasto, D. J;
Wampfler, D. Tetrahedron Lett. 1974, 15, 1933-1936; (q)
Pasto, D. J.; Whitmer, J. L. J. Org. Chem. 1980, 45, 1987—
1990; (r) Pasto, D. J.; Brophy, J. E. J. Org. Chem. 1991, 56,
4556-4559; (s) Cairns, P. M.; Combie, L.; Pattenden, G.
Tetrahedron Lett. 1982, 23, 1405-1408; (t) Combie, L.;
Maddocks, P. J.; Pattenden, G. Tetrahedron Lett. 1978, 19,
3483-3486.

. Ogawa, A.; Takami, N.; Sekiguchi, M.; Yokoyama, H.;

Kuniyasu, H.; Ryu, I.; Sonoda, N. Chem. Lett. 1991, 2241—
2242,

Liu, L.-P.; Shi, M. Chem. Commun. 2004, 2878-2879.

The crystal data of 3a have been deposited in CCDC with
number 249985. Empirical formula: C3;sH,gSe,; Formula
weight: 606.49; Crystal color, Habit: colorless, prismatic;
Crystal system: monoclinic; Lattice type: primitive;
Lattice parameters: a = 10.4895(8) A, b=13.9122(11) A,
c=19.6411(15) A, «=90°, f=95.1540(10)°, y =90°, V=
2854.7(4) A%; Space group: P2(1)/n; Z=4; Deye = 1.411 g/
cm?®; Fooo = 1224; Diffractometer: Rigaku AFC7R; Resid-
uals: R; Rw: 0.0352, 0.0779.

(a) Henriksen, L. In The Chemistry of Organic Selenium and
Tellurium Compounds; Patai, S. J., Ed.; Wiley-Interscience:
New York, 1987; Vol. 2, Chapter 10; (b) Hirabayashi, T.;

M. Shi et al. | Tetrahedron Letters 46 (2005) 4745-4748

Mohmand, S.; Bock, H. Chem. Ber. 1982, 115, 483-491; (c)
Chu, J. Y. C.; Lewichi, J. W. J. Org. Chem. 1977, 42, 2491~
2493.

. (a) Kochi, J. K.; Krusic, P. J.; Eaton, D. R. J. Am. Chem.

Soc. 1969, 91, 1877-1879; (b) Mathew, L.; Warkentin, J. J.
Am. Chem. Soc. 1986, 108, 7981-7984; (c) Bowry, V. W;
Lusztyk, J.; Ingold, K. U. J. Am. Chem. Soc. 1991, 113,
5687-5688; (d) Beckwith, A. L. J.; Bowry, V. W. J. Am.
Chem. Soc. 1994, 116, 2710-2716; (e¢) Masnovi, J.; Samsel,
E. G.; Bullock, R. M. Chem. Commun. 1989, 1044-1045.

. (a) Okamura, H.; Miura, M.; Kosugi, K.; Takei, H.

Tetrahedron Lett. 1980, 21, 87-90; (b) Martynov, A. V.;
Potapov, V. A.; Amosova, S. V.; Makhaeva, N. A,
Beletskaya, 1. P.; Hevesi, L. J. Organomet. Chem. 2003,
674, 101-103; (c) Silveira, C. C.; Santos, P. C. S.; Braga, A.
L. Tetrahedron Lett. 2002, 43, 7517-7520; (d) Gerard, J.;
Hevesi, L. Tetrahedron 2001, 57, 9109-9122; (e) Zhao, C.-
Q.; Huang, X. Synth. Commun. 1996, 26, 3607-3612; (f)
Tingoli, M.; Tiecco, M.; Testaferri, L.; Temperini, A.;
Pelizzi, G.; Bacchi, A. Tetrahedron 1995, 51, 4691-4700; (g)
Terada, M.; Matsukawa, S.; Mikami, K. Chem. Commun.
1993, 327-328; (h) Tingoli, M.; Tiecco, M.; Testaferri, L.;
Chianelli, D. Gazz. Chim. Ital. 1991, 121, 59-61; (i) Back, T.
G.; Collins, S.; Krishna, M. V.; Law, K. W. J. Org. Chem.
1987, 52, 4258-4264.



	Ring-opening reactions of arylvinylidenecyclopropanes with diaryl diselenide upon heating: formation of 1,2-diarylselenocyclopentene derivatives
	Acknowledgments
	Supplementary data
	References and notes


