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Sulfur-mediated radical cyclisation reactions on solid support
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Abstract—Two methods for effecting radical cyclisation reactions of solid-supported 1,6-dienes are described. Additions of
thiophenol and p-tolyl benzeneselenosulfonate have each been achieved with a concomitant 5-exo-trig radical cyclisation leading
to the formation of highly functionalised cyclopentanes. © 2002 Elsevier Science Ltd. All rights reserved.

The most common mediator of radical reactions in
synthetic organic chemistry is tributyltin hydride.!
Though problems of toxicity and expense are frequently
highlighted as reasons to avoid the reagent,” for most
small-scale work these are of little consequence. Where
the removal of even traces of an organotin residue from
a product is of critical importance, as is the case for
substances prepared for biological assay,® the use of
solid-supported reagents or substrates can provide a
convenient solution to the toxicity problem.

Few ‘non-tin’ radical cyclisation reactions have been
conducted on solid supported substrates.*”’ Armstrong
et al. have shown that samarium(II) iodide can be
effectively used in this context,* while Ganesan and Zhu
have used the photolytic decomposition of Barton-type
esters to trigger both intermolecular addition and cycli-
sation reactions with solid-supported substrates.>” In a
related study, Naito et al. induced cyclisation reactions
through the addition of an alkyl radical to an alkene,
the former being generated by the decomposition of
triethylborane or diethylzinc in the presence of an alkyl
iodide.® In this letter we report two further methods for
effecting the cyclisation of solid-supported 1,6-dienes.
The first relies on the addition of a thiyl radical to an
alkene to induce ring closure, viz. 1—2,% while the
second method achieves this through the addition of a
tosyl radical formed from p-tolyl benzeneselenosul-
fonate, viz. 13 (Scheme 1).°

Our first task was to establish a convenient method for
preparing 1,6-dienes on a solid support. To that end,
dimethyl diallylmalonate 5 was synthesised from
dimethyl malonate 4 and then saponified to half acid

* Corresponding author.

7.1 A DIC-HOBt coupling to PS-Wang then gave 1,'!
a carbonyl stretching frequency at 1732 cm™' in the
reflectance IR spectrum confirming that loading had
been successful.

Substrates 10a—d were then prepared in a similar fash-
ion. Thus, dimethyl allylmalonate 6a and dimethyl
methallylmalonate 6b were prepared and saponified to
their respective half acids 8a and 8b. These materials
were then coupled to PS-Wang using the DIC-HOBt
procedure leading to 9a and 9b, respectively.!! Again,
characteristic IR signals at 1734 cm™! for 9a and 1731
cm™! for 9b confirmed a successful loading of the
malonate group. Each of these resin bound substrates
was then alkylated with prenyl bromide giving, 10a and
10d, and with cinnamyl bromide, giving 10b and 10c¢
(Scheme 2).
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Scheme 2. Reagents and conditions: (a) NaH, THF, 0°C—rt;
2 equiv. allyl bromide, reflux, 15 h, 97%; (b) NaH, THF,
0°C-rt; 1 equiv. allyl or methallyl bromide, reflux, 15 h
[4—6a, 94%; 4—6b, 85%)]; (¢) KOH, MeOH, reflux [5—7, 6 h,
48%; 6a—8a, 6 h, 49%; 6b—8b, 15 h, 49%]; (d) HOBLt,
PS-Wang, 25% DMF in DCM, 30 min; DIC, DMAP, rt, 15
h; (e) prenyl or cinnamyl bromide, DBU, 40% acetone in
dioxane, 90°C, 36 h.

We were now in a position to investigate the thiyl-medi-
ated radical cyclisation reactions. Initial attempts to
effect a co-cyclisation of 1 using ¢-butylthiyl radicals
(generated by irradiation of ¢-butyl disulfide) met with
failure: cleavage of the substrate from the resin with
sodium methoxide returning only dimethyl diallyl-
malonate 5. Using thiophenol in conjunction with
AIBN proved more rewarding. Simply heating a five-
fold excess of the thiol and 2.3 equiv. of AIBN,'”? in
toluene at 80°C for 15 h, effected the desired cyclisation
reaction. Cleavage of the product from the resin using
sodium methoxide then gave a 5:1 mixture of cis-2 and
trans-2 in an overall yield of 78% from the point of
resin immobilisation (Table 1).

Table 1. Details of reactions highlighted in Schemes 1 and

3

Reaction Yield (from 7 or 8) (%) cis:trans
1-2 78 5:1
10a—12a 75 3:1
10b—12b 76 7:2
10c—12¢ 69 1:1
10d—12d 69 1:1

Supported dienes 10a-d were now treated similarly. In
each case the expected cyclopentanes 12a-d were
obtained in good overall yield following cleavage from
the PS-resin. Notably, and in line with the Beckwith
model for predicting the stereochemical course of 5-
exo-trig radical cyclisation reactions,'® the allylated
substrates 10a and 10b showed a preference for cyclisa-
tion to cis-11a and cis-11b, respectively. The methallyl-
ated substrates 10c and 10d, as would be expected, gave
equal proportions of cis- and trans-12¢ and 12d, respec-
tively (Scheme 3, Table 1).!4

Our attention now turned to cyclisation reactions medi-
ated by p-tolyl benzeneselenosulfonate.” The method
seemed particularly suitable for library generation as
both sulfone and selenide functions are introduced into
the product, providing further opportunity for diversifi-
cation post-cyclisation. Treatment of 1 with 2 equiv. of
p-tolyl benzeneselenosulfonate and AIBN for 20 h at
reflux in chloroform, followed by cleavage of the
product from the support with sodium methoxide, gave
3 as an 8:1 mixture of cis- and trans-diastereoisomers.'
The overall yield from the point of resin loading to
cleavage was a pleasing 74%.

Related cyclisation and cleavage reactions were then
performed using 10a-d. In all cases good conversions
were realised. Again, the stereochemical outcome of the
cyclisation reactions followed Beckwith’s guidelines.'?
One complication associated with dienes 10b and 10c
was the formation of a third stereogenic centre when
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Scheme 3. Reagents and conditions: (a) 5 equiv. PhSH, 2.5
equiv. AIBN, PhMe, 90°C, 26 h; (b) NaOMe, 20% MeOH in
THF, reflux, 18 h (see Table 1).
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Scheme 4. Reagents and conditions: (a) 2 equiv. TsSePh, 2-3
equiv. AIBN, CHCl,, reflux, 15 h; (b) NaOMe, 20% MeOH in
THF, reflux, 18 h (see Table 2).

Table 2. Details of reactions highlighted in Schemes 1 and
4

Reaction Yield (from 8) (%) cis:trans
1-3 74 8:1
10a—14a 72 3:1
10b—14b 66 ~[3:3]:[1:1]
10c—14c 69 ~[1:1]:[1:1]
10d—14d 68 1:1

the 2°-alkyl radical intermediate is trapped with SePh.
As this step proceeds in an indiscriminate manner,
complex product mixtures comprising four diastereoiso-
mers were given in each case. These products could be
partially separated by HPLC, allowing us to show that
cyclisation of 10b favoured the cis-1,2-substitution pat-
tern (Scheme 4, Table 2).

In conclusion, we have shown that solid supported
1,6-dienes may be transformed into cyclopentanes
through the action of either thiyl or sulfonyl radical
intermediates. Good yields are attained using PS-Wang
as the support and stereochemical outcomes mirror
those of the analogous solution phase reactions.'®
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solution phase experiments gave near identical stereo-
chemical outcomes.



	Sulfur-mediated radical cyclisation reactions on solid support
	Acknowledgements
	References


