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Abstract: While the photoinduced reaction of 1,3-dienes with diphenyl disulfide provides a polymeric
mixture, the same reaction in the presence of a catalytic amount of diphenyl diselenide provides the
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capturing ability of (PhSe), and the reversibility of allylic selenides under photoirradiation coniribute
1o the high efficiency of the conjugate addition of (PhS), to 1 3-dienes under radical conditions.
© 1998 Elsevier Science Ltd. All rights reserved.
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1,3-dienes, the conjugate addition reaction may take placc gm g dnhlolauon products Howcvcr, thc
photoinduced reaction of disulfides with 1,3-dienes afforded a polymenc mixture mainly (e.g., the reaction of
(PhS), to 2,3-dimethyl-1,3-butadiene (1a) yielded 20% of 1,4-adduct (2a) with a complex polymeric mixture).
This is most probably due to the poor capturmg ablhty of disulfides toward carbon radicals.* Herein we
report that a novel radical addition of (PhS), to 1,3-dienes proceeds successfuily in the co-presence of a
catalytic amount of its selenium analogue, i.e., (PhSe), (eq 1).
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'U'pgn irrfi:i’igtig;l\ V:i‘th 2 Table 1. (PhSe)oCatalyzed Dithiolation of 1,3-Diene with (PhS),*
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Pyrex, the reaction of 1,3-diene (1a, Entry Substrate Time, h Product Yield, %"~ EZ

0.5 mmol) with (PhS), (1 mmol)
was conducted at 45 °C for 10 h in 1
the presence of (PhSe), (30 mol%),
which provided 1,4-bis(phenyl-
thio)-2,3-dimethyl-2-butene (2a) in
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30 Phs\/K'”J\SPh 77 25775
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90% yield after purification by 2

preparative TLC on silica gel 1b 2b

(hexane) (entry 1 in Table 1)- - PhS. o~

Similar conditions can be employed 3 N 13 VFYSPh 85 41/59
with isoprene (1b) and B-myrcene Y\/ ) Y\/’ o o
(1¢), providing the corrcsponding 1ic 2¢

conjugate addition products (2b* l

and 2c¢) selectively (entries 2,3). In 4 NN 107¢ PhSYA\V' “SPh 57 50/50
the case of 2,4-hexadiene (1d) as 1d l 24

an internal diene, longer reaction
time was essential and the yleld of ?Reaction conditions: diene (0.5 mmol), (PhS), (1 mmol) (PhSe)» (0 15 mmol), 45°C,
the 1,4-adduct (2d) increased when ~ CDCl(0.5 mL), hv: tungsten lamp (500 W, Pyrex). Ssolated yield. “(PhSe), (0.5 mmol).
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one equivalent of (PhSe), was used (entry 4) (¢f. 33% of 2d was obtained when 30 mol% of (PhSe), was
used). On the other hand 1,1,4,4-tetra(alkyl)-substituted 1,3-dienes like 2,5- dimethyi -2,4-hexadiene and 1,4-

Glaf}fl substituted 1

PR, g iz vt T Areb o Ve oo

GlCnCS like 1 4 alpncnyl l .) Dll[dUlCﬂC UIU noat UHUCTBU ldulbdl Ul1U1101d1011 Wllll \ruo)z

even in the presence of one equivalent of (PhSe),. This is most probably due to the steric hindrance by the
terminal substituents and partly due to the instability of benzylic chalcogenides under photoirradiation conditions.

To gain insight into the reaction pathway, the
reaction of 1a with (PhS), in the presence of 30 mol%
of (PhSe), was followed by taking the 'H NMR spectra.
At the initial stage, the reaction involved the formation
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as exsmplificd in eq 2.° The yield of 2a increased
with the lapse of time and the yield of 3a decreased.

Furthermore, the photmrradlated reaction of isolated
3a with (PhS), at 45 °C for 24 h gave rise to 2a in
95% yield (eq 3). These results strongly suggest
reversibility whereby the aliylic seienide 3a regenerates
the allylic radical under photoirradiation conditions.
A possible catalytic cycle is shown in Scheme 1.

Since the absorption of (PhSe), is larger than that of
(PhS), in the near-UV and visible region, the homolytic
cleavage of (PhSe), takes place preferentially to form
PhSee, which can not add to 1,3-dienes owing to its
lower reactxvxty The §,,2 reaction of PhSes with
nd sek‘:ﬁa sulfi

(3a) under photou‘radlatcd condmons 'Ihe subsequem
Sy2 reaction of the allylic radical with the seleno sulfide
produces a thermodynamically more stable dithiolation
product (Za) with re gcneration of PhSee. Inthe cataiytic
rcacuon, u—'nal::)2 \wmu] has excellent carbon radical
capturing ability) inhibits the polymerization of dienes.

In summary, a novel (PhSe),-catalyzed addition
of (PhS), to 1,3-dienes has been revealed. Further

investigation along these lines is now in progress.
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Scheme 1. A Possible Reaction Path

2. The rate constants for the S,2 reaction of 5-hexenyl radical with (PhS), and (PhSc), arc 7.6 x 10 M" 5" and 1.2 x 10’ M 57,

respectively. Sce: Russell, G. A
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Tashtoush, H. J. Am. Chem. Soc. 1983, 105, 1398.
'H NMR (270 MHz (‘n(“g}\ [E-2a] §1.78 (s, 6H), 3.34 (5, 4H), 7.16-7.53 (m, 10H), [Z-2a] §1.66 (s

S, OXi), 2.35 15, 53535, 2 \iady AV QAU G -.u.,,

3.51 (s, 4H), 7.15-7.33 (m, 10H), "*C NMR (68 MHz, CDCL,) (E-2a] §18.52,38.62, 126.49, 128.72, 129.81, 130.66, 136.62.
(Z-2a] 517.87,39.47,126.47, 128.74, 129.88, 130.83, 136.55; IR (NaCl) 3056,2917, 1584, 1479, 1438, 737,690 cm™; MS
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2b: HNMR {E-2b] & 1.84 (5, 3H),3.26(d,2H, /=
(s, 3H), 348 (s, 2H), 348 (d, 2H,J = 7.3 Hz), 5.40

123.74, 126.20, 126.84, 128.75, 128.81, 129.88, 13
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1H),
.26, 34.83, 136.06, 136.23. [Z-2b] & 15.29, 32.19, 43.87, 123.50, 126.14,

3.40 (s, 2H), 5.40 (i like, 1H), 7.18-7.37 (m,

11)' Anal. Caled for C, H,S,: C,71.90; H,6.71. Found: C,72.18; H, 7.01.
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), 7.18-7.37 (m, 10H); BC NMR [E-2b] §22.77,31.71, 3641

126.31, 128.71, 128.71, 129.95, 130.36, 134.74, 136.06, 136.18; IR (NaCl) 3057,2913, 1583, 1480, 1438, 738, 690 cm™;
MS (ED), m/z =286 (M’, 0.6); exact mass (M") caled for C,H,,S, 286.0816, found 286.0833.
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