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Toluene-p-sulfonyl-mediated radical cyclization of bis(allenes) utilizing
p-TsBr and p-TsSePh
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The regio- and stereoselective toluene-p-sulfonyl-mediated
radical cyclization of bis(allenes) with p-TsBr and p-TsSePh
was carried out in the presence of a catalytic amount of
AIBN to afford the trans-fused five-membered ring contain-
ing vinyl sulfones and bromide or selenide functionalities.

Recently the use of radical cyclization for carbon–carbon bond
forming reactions has become widespread in organic chemistry1

for the construction of carbocyclic and heterocyclic natural
products.2 The majority of commonly employed methods utilize
tributyltin hydride to induce homolysis of an organic halide or
alcohol derivative in forming the reactive carbon radical
species. An alternative approach is to use the addition of a free-
radical to two carbon–carbon double bonds, one double bond
and one triple bond, or two triple bonds, which has the
advantage of incorporating some useful additional functional
groups into the cyclized products. The utility of this type of
method using dienes,3,4 enynes,3a,5 and diynes5e,6 with sulfonyl
halides, thiols, sulfonyl selenides, and tin hydrides etc. has been
demonstrated. However the radical reaction of allenic deriva-
tives has received little attention,7,8 because the addition
reaction to allenes will be complicated in terms of chemo-,
regio-, and stereoselectivity. To the best of our knowledge the
radical induced cyclization of bis(allenes) is not known and we
reasoned that the radical cyclization addition reaction of
bis(allenes) is appealing because useful functionality is in-
troduced in one simple step in which new carbon–carbon bond
formation occurs stereoselectively coupled with two un-
saturated appendages with distinguished reactivity.9 The result-
ing cyclic compounds would be particularly useful to allow
further synthetic transformations. Here we report the diastereo-
selective tosyl-mediated radical cyclization10 of bis(allenes) 1
with p-tosyl bromide11 and TsSePh12 in the presence of a
catalytic amount of AIBN to afford the trans-fused cyclo-
pentane compounds 3,† in which vinyl sulfones and vinyl
bromides, or selenophenyl functionalities are introduced
(Scheme 1).

Our initial work began with TsCl and benzoyl peroxide
(BPO).3b However, it turned out to be unpromising. The
reaction of 1a9 with TsI and AIBN in a sealed tube gave the

cyclized products 4a and 4b‡ as a separable mixture in a low
(22%) yield in the ratio of cis and trans (8+3). With sulfonyl
iodides the chain transfer step seems to be too fast to allow
efficient stereoselective cyclization (Scheme 2).

Although with p-TsBr and AIBN simple heating did not give
the clean product, by the use of a pressure tube (30 mL) capped

Scheme 1

Scheme 2

Table 1 Radical cyclization of bis(allenes) with TsBr and TsSePh in the
presence of AIBN

Entrya Bis(allenes) TsX Product
Isolated
yield (%)

1 TsBr 73
2a

1a

3a

2 1a TsSePh 59
2b

3b

3 2a 48

1b
3c

4 1b 2b 65

3d

5 2a 64

1c
3e

6 1c 2b 55

3f

7 2a 63

1d
3g

a All reactions were carried out at 90 °C for 4 h with AIBN (20 mol%) in
toluene.
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with a teflon screw§ the reaction of 1a with TsBr (1.1 equiv.)
and AIBN (0.2 equiv.) in toluene at 90 °C for 4 h afforded the
trans-fused cyclized product 3a as the sole product in 73%
isolated yield (entry 1 in Table 1).¶ The trans stereochemistry of
the cyclized product 3a was confirmed by the coupling constant
(J = 9.6 Hz) for the protons (d 2.97 and 2.87 ppm) at the ring
junction in COSY experiments and 2D-NOESY experiments of
the two protons at ring juncture and two ortho protons of the p-
tosyl group in 1H NMR.13 It is presumed that the addition of
tosyl radical to the central carbon atom of the allene moiety
gives the allylic radical intermediates in the propagation step
followed by cyclization with the other tethered allene moiety in
a trans fashion stereoselectively to give the energetically more
favorable and more stable trans product 3a (entry 1 in Table 1).
More clearly the trans stereochemistry of 3a was determined by
X-ray crystallography.

The cyclized product 3a was transformed to the compounds
5a and 5b by the palladium-catalyzed reductive hydrogenolysis
and Suzuki coupling reaction, respectively (Scheme 3).

Using p-TsSePh12 as the radical source14 in a pressure tube
with AIBN in toluene, the trans cyclized selenide 3b was
obtained as the only isolated product in 59% yield (entry 2 in
Table 1). The trans stereochemistry of 3b was confirmed by X-
ray crystallography.

We have applied this radical cyclization to the other
bis(allenes) 1b, 1c, and 1d, summarized in Table 1. The N-
phenyl-substituted bis(allene) 1b was treated with TsBr and
TsSePh to give the cyclized products 3c and 3d in 48 and 65%
yields, respectively (entries 3 and 4). For the bis(allenyl) ether
1c the radical cyclization with 2a and 2b gave oxacycles 3e and
3f in 64 and 55% yields, respectively (entries 5 and 6). The trans
stereochemistry of 3f was determined by the coupling constant
(J = 8.8 Hz) for the protons (d 3.10 and 3.20 ppm) at the ring
junction in COSY experiments. The diphenyl-substituted
bis(allene) 1d was smoothly cyclized to furnish vinyl bromide
3g in 63% yield (entry 7).

In conclusion, p-tosyl-mediated radical cyclization of bis-
(allenes) with p-TsBr and p-TsSePh was accomplished stereo-
selectively in the presence of a catalytic amount of AIBN to
afford the trans cyclized rings containing vinyl sulfone and
vinyl bromide or vinyl phenylselenide.
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Notes and references
† A solution containing p-TsBr 2a (94 mg, 0.40 mmol), bis(allene) 1a (100
mg, 0.36 mmol) and AIBN (0.20 equiv.) in 4.0 mL of toluene was degassed
and heated in a pressure tube at 90 °C for 4 h and toluene was evaporated
in vacuo. The crude product was separated by column chromatography
(hexanes–ethyl acetate = 2+1). Spectral data for (3a), yield: 135 mg, 73%;
white solid; TLC, SiO2, Rf 0.31 (2+1 hexane–EtOAc); mp 158 °C; IR (neat)
n = 3061, 2925, 1596, 1338, 1171, 1012, 812 cm21; 1H NMR (500 MHz,
CDCl3): d = 2.45 (s, 3H), 2.48 (s, 3H), 2.87 (ddd, 1H, J = 7.8, 8.9, 9.6 Hz),
2.97 (ddd, 1H, J = 8.0, 8.9, 9.6 Hz), 3.04 (dd, 1H, J = 8.9, 10.5 Hz), 3.18
(dd, 1H, J = 8.9, 10.4 Hz), 3.61 (dd, 1H, J = 8.0, 10.4 Hz), 3.65 (dd, 1H,
J = 7.8, 10.5 Hz), 5.33 (d, 1H, J = 2.2 Hz), 5.46 (d, 1H, J = 2.2 Hz), 5.77
(d, 1H, J = 1.4 Hz), 6.46 (d, 1H, J = 1.4 Hz), 7.31 (d, 2H, J = 8.1 Hz), 7.37
(d, 2H, J = 8.0 Hz), 7.64 (d, 2H, J = 8.1 Hz), 7.70 (d, 2H, J = 8.0 Hz); 13C
NMR (125 MHz, CDCl3): d = 22.3, 22.4, 43.0, 52.0, 53.2, 54.4, 121.2,

125.0, 128.4, 129.2, 130.5, 130.6, 130.7, 134.1, 135.6, 144.6, 145.5, 149.7;
HRMS for C22H24BrNO4S2; calcd: 509.0330; found: 509.0343.

Spectral data for (3b), yield: 59%; white solid; TLC, SiO2, Rf 0.21 (3+1
hexane–EtOAc); mp 100–102 °C; IR (neat) n = 3058, 2954, 1598, 1347,
1311, 1163, 814 cm21; 1H NMR (500 MHz, CDCl3): d = 2.44 (s, 3H), 2.48
(s, 3H), 2.91 (m, 3H), 3.08 (m, 1H), 3.62 (m, 2H), 5.01 (d, 1H, J = 0.9 Hz),
5.23 (d, 1H, J = 0.9 Hz), 5.57 (d, 1H, J = 1.5 Hz), 6.38 (d, 1H, J = 1.5 Hz),
7.26–7.35 (m, 9H), 7.65 (m, 4H); 13C NMR (125 MHz, CDCl3): d = 21.6,
21.7, 42.2, 50.9, 52.6, 54.1, 120.0, 123.8, 127.6, 128.1, 128.4, 128.6, 129.5,
129.8, 130.0, 133.6, 134.5, 135.1, 138.7, 143.8, 145.1, 149.5; HRMS for
C28H29NO4S2Se; calcd: 587.0703; found: 587.0715.
‡ The trans configuration was deduced by the coupling constant of the two
protons (J = 9.8 Hz) (d 2.72 and 2.55 ppm) at the ring junction.
§ The pressure tube (made of borosilicate glass) was purchased from
Aldrich Chem. Co., Inc. (Catalog Number Z18,109-9 type B).
¶ However when the same reaction was conducted with p-TsBr at threefold
higher concentration for a shorter reaction time (1 h), we could isolate the
trans product 3a, the kinetic cis product and the monoadduct in the ratio
5+1+0.6 in 34% total yield and there remained 46% of the starting
material.
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