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In contrast to the closure of five- and six-membered rings,
the direct formation of a seven-membered ring by radical
addition to an olefin is a relatively uncommon transforma-
tion.[1, 2] Examples of the even more difficult corresponding
cyclization onto an aromatic ring are very rare.[3] Yet, seven-
membered rings adjoining aromatic systems can be found in a
variety of biologically active compounds, for example, clav-
icipitic acid (1), a metabolite related to lysergic acid,[4] the
more complex, recently isolated welwitindolinones (e.g. N-
methylwelwitindolinone C isothiocyanate (2)),[5] and the
benzazepine family of drugs[6] such as Zatebradine (3), an
antianginal and one of a new group of specific bradycardic
agents.[6c,d]
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Construction of such seven-membered rings has relied
almost exclusively on ionic chemistry.[7] Methods based on
radicals have been very rarely applied, mainly because the
desired cyclization is too slow to compete with other pathways
open to the radical intermediate. Premature reduction, for
example, is what is usually observed when organotin hydride
based procedures are applied.[1, 2, 8] Indeed, the very few
examples involving stannanes are generally low yielding and
concern invariably pyrrole- or imidazole-type heteroaromatic
structures activated by electron-withdrawing groups.[3a±d]

Compounds with seven-membered (and even larger) rings
fused to an aromatic nucleus have been obtained in modest
yield by photolysis of suitable chloroamides.[3e±j] The mecha-
nism here is not clear; formation of exciplexes and electron
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transfers have been invoked but free radicals may also be
involved.[3f,g] The other instances of the annelation of seven-
membered rings to aromatic systems all start by the gener-
ation of the radical on the aromatic ring, thereby avoiding the
extra activation energy arising from the temporary destruc-
tion of aromaticity.[2]

We have shown that radicals generated from xanthates
through either a chain or nonchain process, under tin-free
conditions, have a comparatively long effective lifetime and
can add to unactivated olefinic traps.[9] In particular, we could
annelate five- or six-membered rings to an aromatic nucleus,
providing access to a number of useful structures such as
oxindoles, indolines, indanes, and tetralones.[10] We have now
found that the much more difficult formation of seven-
membered rings is also feasible through this approach.

Heating a solution of the readily accessible xanthate 4 and
allyl acetate (5 equiv) in 1,2-dichloroethane/chlorobenzene
(1/1) at reflux in the presence of a small amount of the radical
initiator lauroyl peroxide gave the expected adduct 5 a in 77 %
yield (Scheme 1). When a stoichiometric amount of lauroyl
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Scheme 1. Xanthate-mediated radical annelation of a seven-membered
ring to 2-methylindole. a) ClCH2COCl, AlCl3, CH2Cl2; EtOCSSK, ace-
tone; b) lauroyl peroxide (0.1 ± 0.2 equiv), ClCH2CH2Cl/PhCl (1/1), reflux;
c) lauroyl peroxide (1.25 equiv), chlorobenzene, reflux. Phth�phthalimi-
do.

peroxide was added in portions (over 1 ± 2 h) to a boiling
solution of 5 a in chlorobenzene, annelation to position 4 of
the indole ring took place to furnish 6 a in 54 % yield along
with a small amount (18%) of a reduced side product (in
which the xanthate group in 5 a is replaced with a hydrogen).
The same sequence was applied with other olefins to give the
tricyclic derivatives 6 b ± e in comparable overall yields.

The seven-membered ring may be fused at the nitrogen
atom in these heteroarenes. This is illustrated by the synthesis
of 9 a (60 %), 9 b (27 %) and 9 b''(23%), and 9 c (28%) and
9 c''(37 %) from precursors 8 a ± c, respectively, which were
efficiently obtained by addition of the appropriate xanthates
7 a ± c to allyl acetate (Scheme 2). The combined yield of the
two isomeric products in the case of 9 b,b'' and 9 c,c'' is
acceptable, but there is essentially no regioselectivity. The
sulfide and sulfone groups are in a meta disposition with
respect to site of cyclization and therefore have little influence

N

EtOCSS O

OAc

N

OOAc

N

O

OAc

S
Me

O

SCSOEt

S
Me

AcO

OAcO

R R

N

OOAc

RR

EtOCSS

S
Me

AcO

O

SCSOEt

a)

+

7a: R = H
7b: R = SMe
7c: R = SO2Me

8a: R = H (86%) 
8b: R = SMe (68%) 
8c: R = SO2Me (74%)

9b': R = SMe (23%)
9c': R = SO2Me (37%)

a)

11  (71%) 10

b)

9a: R = H (60%) 
9b: R = SMe (27%) 
9c: R = SO2Me (28%)

b)

12  (26%) 

Scheme 2. Examples of xanthate-mediated annelations of seven-mem-
bered rings. a) Lauroyl peroxide (0.1 ± 0.2 equiv), ClCH2CH2Cl, reflux;
b) lauroyl peroxide (1.1 ± 1.3 equiv), chlorobenzene, reflux.

on the reactivity of this site. In the last example in Scheme 2
(conversion 11!12, 26 %) the indole moiety was replaced by
a benzothiophene ring.

Even simple anilines can be used as the starting substrates,
as demonstrated by the examples collected in the top part of
Scheme 3. Thus, xanthates 13 and 14 were transformed into
benzazepinones 18, 19, and 20 with yields of 37, 38, and 40 %,
respectively, for the cyclization step. We had found in the past
that treatment of xanthates 13 and 14 with a peroxide, in the
absence of the external olefin, results in the formation of the
corresponding oxindoles.[10a] Clearly, fusion of the five-mem-
bered ring to the aromatic nucleus is slower than intermo-
lecular addition to an unactivated olefin. The fact that even a
seven-membered ring can be made to close is indeed quite
remarkable.

Somewhat simpler structures were obtained by starting
from xanthate precursors derived from 2-arylethylamines by
standard ionic chemistry (examples 22, 24, 26, and 28 in
Scheme 3). Cyclization of the tryptophan derivative 25 to give
26 (45 %) is especially noteworthy. The influence of the
substituents on the regiochemistry is highlighted by the last
transformation (27!28), in which cyclization occurs prefer-
entially on the more electron-rich aromatic nucleus. The
initial radical derived from xanthate 27 is adjacent to the
carbonyl group of the amide and therefore moderately
electrophilic. Compound 28 is a close analogue of the
antianginal drug 3.
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Scheme 3. Further examples of xanthate-mediated annelations of seven-
membered rings. a) Lauroyl peroxide (0.2 equiv), ClCH2CH2Cl, reflux;
b) lauroyl peroxide (1.2 equiv), ClCH2CH2Cl, reflux.

In this preliminary account, we have described a new,
flexible, and convergent route to a variety of complex
aromatic structures containing an adjoining seven-membered
ring. No heavy or toxic metals are involved, and the starting
materials are cheap and readily available. The generally
modest (but unoptimized) yields must be considered in view
of the fact that both the inter- and intramolecular radical
additions in this sequence are difficult transformations
beyond the reach of most other radical methods.

Experimental Section

Typical procedures:

Intermolecular radical addition: A solution of the xanthate (1 mmol) and
olefin (3 ± 5 mmol) in degassed 1,2-dichloroethane (1.2 mL; in the case of
xanthate 4, a 1:1 mixture of 1,2-dichloroethane and chlorobenzene was
used for solubility reasons) was heated at reflux, and lauroyl peroxide
(0.1 ± 0.2 mmol) was added in portions. The reaction was monitored by
TLC. The solvent was removed under reduced pressure and the crude
residue purified by chromatography on a silica gel column to furnish the
desired adducts.

Cyclization reactions: Procedure A: To a refluxing solution of the xanthate
adduct (1 mmol) in degassed chlorobenzene (4.4 mL) was added dropwise
a chlorobenzene solution of lauroyl peroxide (1.25 mmol in 11 mL) over 1 ±
2 h. The solvent was removed under reduced pressure and the crude
residue purified by chromatography on a silica gel column eluting with
ethyl acetate/heptane mixtures.

Procedure B: Solid lauroyl peroxide was added portionwise every 1.5 h
(0.1 mmol portions for a total of 1.2 mmol) to a solution of the xanthate
adduct (1 mmol) in degassed 1,2-dichloroethane (5 mL) heated at reflux.

The solvent was removed under reduced pressure and the crude residue
purified by chromatography on a silica gel column eluting with ethyl
acetate/heptane mixtures.

Received: August 2, 1999 [Z 13817]

[1] B. Giese, B. Kopping, T. Göbel, J. Dickhaut, G. Thoma, K. J. Kulicke,
F. Trach, Org. React. 1996, 48, 301 ± 856.

[2] For a very recent review on the synthesis of medium-sized rings using
radical reactions, see: L. Yet, Tetrahedron 1999, 55, 9349 ± 9402.

[3] a) C. J. Moody, C. L. Norton, Tetrahedron Lett. 1995, 36, 9051 ± 9052;
C. J. Moody, C. L. Norton, J. Chem. Soc. Perkin Trans. 1 1997, 2639 ±
2643; b) S. Caddick, K. A. Aboutayeb, K. Jenkins, R. I. West, J. Chem.
Soc. Perkin Trans. 1 1996, 675 ± 682; c) F. Aldabbagh, W. R. Bowman,
Tetrahedron 1999, 55, 4109 ± 4122; d) F. Aldabbagh, W. R. Bowman, E.
Mann, A. M. Z. Slawin, Tetrahedron 1999, 55, 8111 ± 8128; e) A. L.
Beck, M. Mascal, C. J. Moody, A. M. Z. Slawin, D. J. Williams, W. J.
Coates, J. Chem. Soc. Perkin Trans. 1 1992, 797 ± 811; f) A. L. Beck, M.
Mascal, C. J. Moody, W. J. Coates, J. Chem. Soc. Perkin Trans. 1 1992,
811 ± 821; g) N. Numao, O. Yonemitsu, Heterocycles 1976, 4, 1095 ±
1100; h) S. Naruto, O. Yonemitsu, Chem. Pharm. Bull. 1980, 28, 797 ±
811; i) J. Bosch, M. Amat, E. Sanfeliu, Tetrahedron 1985,41, 2557 ±
2566; j) S. E. Klohr, J. M. Cassady, Synth. Commun. 1988, 18, 671 ±
674.

[4] a) G. S. King, P. G. Mantle, C. A. Szczybak, E. S. Waight, Tetrahedron
Lett. 1973, 215 ± 218; b) J. E. Robbers, H. Otsuka, H. G. Floss, E. V.
Arnold, J. Clardy, J. Org. Chem. 1980, 45, 1117 ± 1121.

[5] a) K. Stratmann, R. E. Moore, R. Bonjoukian, J. B. Deeter, G. M. L.
Patterson, S. Shaffer, C. D. Smith, T. A. Smitka, J. Am. Chem. Soc.
1994, 116, 9935 ± 9942; b) J. L. Wood, A. A. Holubec, B. M. Stoltz,
M. M. Weiss, J. A. Dixon, B. D. Doan, M. F. Shamji, J. M. Chen, T. P.
Heffron, J. Am. Chem. Soc. 1999, 121, 6326 ± 6327.

[6] a) P. Tyrer, Lancet 1974, 709 ± 710; b) Dictionary of Drugs (Eds.: J.
Elks, C. R. Ganellin), Chapman and Hall, London, 1990 ; c) A.
Bombard, M. Reiffen, J. Heider, M. Psiorz, C. Lillie, J. Med. Chem.
1991, 34, 942 ± 947; d) Drugs Fut. 1997, 22, 933 (updates).

[7] For some recent representative examples involving Friedel ± Crafts,
organometallic, or cycloaddition reactions, see: a) Y. S. Lee, B. J. Min,
Y. K. Park, J. Y. Lee, H. Park, Tetrahedron Lett. 1999, 40, 5569 ± 5572;
b) M. Tani, S. Matsumoto, Y. Aida, S. Arikawa, A. Nakane, Y.
Yokoyama, Y. Murakami, Chem. Pharm. Bull. 1994, 42, 443 ± 453;
c) T. Horaguchi, T. Kubo, K. Tanemura, T. Suzuki J. Heterocycl. Chem.
1998, 35, 649 ± 653; d) A. S. Bailey, J. H. Ellis, J. M. Peach, M. L.
Pearman, J. Chem. Soc. Perkin Trans. 1 1983, 2425 ± 2429; e) S.-I.
Nakatsuka, K. Yamada, T. Goto, Tetrahedron Lett. 1986, 27, 4757 ±
4758; f) D. C. Horwell, P. D. Nichols, G. S. Ratcliffe, E. J. Roberts, J.
Org. Chem. 1994, 59, 4418 ± 4423; g) V. B. Birman, V. H. Rawal, J. Org.
Chem. 1998, 63, 9146 ± 9147; h) W. Oppolzer, J. I. Grayson, H.
Wegmann, M. Urrea, Tetrahedron 1983, 39, 3695 ± 3705.

[8] a) B. Giese, Radicals in Organic Synthesis: Formation of Carbon ±
Carbon Bonds, Pergamon, Oxford, 1986 ; b) D. P. Curran in Compre-
hensive Organic Synthesis, Vol. 4 (Eds.: B. M. Trost, I. Fleming),
Pergamon, Oxford, 1991, pp. 715 ± 831; D. P. Curran, Synthesis 1988,
417 ± 439 and 489 ± 513.

[9] S. Z. Zard, Angew. Chem. 1997, 109, 724 ± 737; Angew. Chem. Int. Ed.
Engl. 1997, 36, 672 ± 685.

[10] a) J. Axon, L. Boiteau, J. Boivin, J. E. Forbes, S. Z. Zard, Tetrahedron
Lett. 1994, 35, 1719 ± 1722; b) A. Liard, B. Quiclet-Sire, R. N. Saicic,
S. Z. Zard, Tetrahedron Lett. 1997, 38, 1759 ± 1762; c) N. Cholleton,
S. Z. Zard, Tetrahedron Lett. 1998, 39, 7295 ± 7298; d) T.-M. Ly, B.
Quiclet-Sire, B. Sortais, S. Z. Zard, Tetrahedron Lett. 1999, 40, 2533 ±
2536.


