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Radical Cyclisation of Dienes and Enynes using TolSO,SePh
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Abstract: Reaction of a number of 1,6-diene or enyne systems with TolSO,SePh, under free radical conditions, results in
selenosulphonylation with concommitant C-C bond formation, to give cyclised alkyl or vinyl sulphones containing the
synthetically useful phenylselenyl functionality.

The use of carbon-centred radicals in organic synthesis has become widespread in recent years, as the value
of radical reactions, particularly for ring formation, has been properly recognised.l One area of radical
cyclisation chemistry which attracted our attention involves the reaction of simple 1,6-dienes or enynes with
a range of sulphonyl compounds ArSO,Y (Y = Cl or Br), which results in overall halosulphonylation with
concommitant C~C bond formation, Scheme 1.2
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Scheme 1

This reaction is appealing, because in one simple step, useful functionality is introduced, a new C-C bond is
formed (usually stereoselectively) and two unsaturated appendages with similar, or identical, reactivity are
distinguished. The chemistry is usually most successful with sulphonyl bromides, since in this case the
radical chain transfer step is of a rate appropriate to allow cyclisation of the initially formed carbon-centred
radical (with sulphonyl iodides the chain transfer step is usually too rapid to allow efficient cyclisation,
whereas the use of sulphonyl chlorides usually requires special conditions such as the inclusion of copper
salts).

1219



1220

As shown, Kang and Kice have also reported a single example of a cyclisation using a selenosulphonate,
i.e. TolSO,SePh, although here the chain transfer step was considered too rapid to render the reactions
synthetically useful.3 Here we show that the free radical selenosulphonylation—cyclisation is a generally
useful process for the preparation of a range of five-membered selenosulphone products in good to excellent
yield.
In previous work, free radical halosulphonylation has been conducted under either photolytic or thermal
reaction conditions. We examined both types of conditions with the simple diene and enyne substrates 1 and
3, respectively, Scheme 2.4
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With both types of substrate the yield of the desired cyclised product, 2 or 4, was significantly better when
the reaction was conducted under thermal conditions, in the presence of AIBN, than under photolytic
conditions. In the case of 2 we obtained two products, epimeric at C-3, indicating that high stereoselectivity
at C-5 is observed, presumably due to radical chain transfer on the exo-face of the concave bicyclic system.’

Two stereoisomeric products are also formed in the case of 4, these being double bond isomers with the
Z-alkene predominating. Treatment of 4 with mCPBA in CH,Cl, resulted in clean selenoxide formation and
in situ syn-elimination to give the dienyl sulphone 5, thus illustrating one application of this chemistry to the
rapid synthesis of bicyclic sulphonyl dienes, which are useful in reverse electron demand cycloadditions.

The generality of the radical cyclisation procedure was next examined, by reacting the substrates 6, 7 and
8 under the thermal conditions used for 1 and 3, Scheme 3. Each of these reactions gave the desired cyclised
products in excellent yield, with 9 and 10 being formed as mixtures of isomers, whereas in the case of 8 we
were able to detect only one isomeric product, presumably the cis-substituted cyclopentane product 11.7
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However, the reaction fails in the case of indole 12, in which cyclisation onto the rather electron-rich
vinylogous amide system would be required,8 and also fails for 149 In both cases the major product isolated
is that resulting from addition of TolSO,SePh to the unsaturated side chain, to give 13 and 15.
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The TolSO,SePh radical cyclisation protocol displays many features in common with the corresponding
TolSO,Br reactions and may be limited to substrates capable of rapid 5-exo cyclisation. However, the
examples shown in Schemes 2 and 3 clearly indicate the utility of this approach for the synthesis of certain
types of functionalised and unsaturated sulphones.
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Typical experimental conditions involve heating a solution of the starting diene or enyne (ca. 0.08M) in
benzene under reflux, in the presence of TolSO,SePh (1 eq.) and AIBN (0.1 eq.), under an atmosphere of
dry nitrogen. When reaction is complete (as monitored by TLC, typically 5-8h) the solvent is removed
under reduced pressure, and the residue subjected to column chromatography to give the pure sulphone
product.

We have assigned compounds 2 and 9 as epimeric at C-3 rather than C-5, based on our studies of the
corresponding TolSO,Br adducts, which are formed as analogous epimeric mixtures. Thus in the case of
the epimeric bromides corresponding to selenide 2, treatment with BuySnH gives a debrominated
sulphone, also as a mixture of epimers - clearly indicating that the initial adducts are
epimeric at C-3.

For a comprehensive review of this area, including dienyl sulphone preparation and cycloadditions, see
Simpkins, N. S. Sulphones in Organic Synthesis; Pergamon Press: Oxford, 1993.

The assignment of vinyl sulphone stereochemistry for the major isomer of 4 and 10 is based on the
expectation that the initially formed Z-vinyl radical should cyclise much faster than the E-form. This
assignment is also in accord with chemical shifts seen in the 'H NMR spectra for the allylic protons,
which show a characteristic downfield shift if cis to the SO;Tol group. The assignment of the cis
substitution pattern in 11 is based on ample literature precedent, e.g. Reference 2.

Selected data for sulphone products (J values in Hz): 4 (major isomer) (Found: C, 59.07; H, 5.46.
C2H34045Se requires C, 59.06; H, 5.41%); vppax (CHCl3/cm-1 2945, 2855, 1645, 1598, 1303, 1146,
1088 and 962; 8y (250 MHz, CDCl3) 1.45-1.56 (4H, m), 1.92-2.09 (2H, m), 2.43 (3H, s, CqHMe),
2.60 (1H, dd, J 10 and 4.2, C=C-CH), 2.89 (1H, m, CHSePh), 3.95 (1H, m, CHOCHj), 4.80 (1H, dd,
J 17.5 and 2.6, OCH,C=C), 5.04 (1H, d, J 17.5, OCH,C=C), 6.66 (1H, br.s, C=CH), 7.17-7.43 (7H,
m, Ar) and 7.78 (2H, d, J 8.3, Ar); 5¢ (67.8 MHz, CDCl3) 20.92 (1), 21.60 (q), 26.70 (1), 33.46 (1), 43.60
(d), 49.99 (d), 68.84 (1), 77.27 (d), 123.15 (d), 127.13 (d), 127.67 (s), 128.05 (d), 129.02 (d), 129.88 (d),
135.53 (d), 138.53 (s), 144.35 (s) and 159.34 (s); m/z (FAB) 448 (M*-1, 24%) , 291 (38), 154 (100), 136
(84), 107 (40), 91 (61), 77 (57) and 63 (29). 5§ (Found: C, 66.28; H, 6.39. C;4H;303S requires C, 66.18;
H, 6.25%). 9 (Found: C, 56.85; H, 5.85; N, 2.65. Co4H9NO4SSe requires C, 56.91; H, 5.77; N, 2.77%).
10 (Found: C, 57.12; H, 5.64; N, 3.00. C24H37N04SSe requires C, 57.14; H, 5.39; N, 2.78%). 11 v,y
(film)/cm-1 2981, 1728, 1478, 1439, 1302, 1261, 1182, 1148 and 1089; 5y (250 MHz, CDCl3) 1.21 (3H,
,J7), 123 3H, t,J 7), 1.95-2.91 (8H, m), 2.42 (3H, s, CgHyMe), 2.97-3.31 (2H, m, CH,SO,Tol),
4.15(2H,q,J7),4.16 (2H, q, J 7), 7.21-7.45 (7TH, m, Ar) and 7.76 (2H, d, J 8.2).

For previous cyclisations of related vinylogous amides, see Middleton, D. S.; Simpkins, N. S.; Terrett, N.
K. Tetrahedron Lett. 1989, 30, 3865.

This is to be expected considering the findings of Serra et al., see Reference 2(e).
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