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Although being of great power when applied to Cjsglectro- Scheme 1
philes, transition metal-catalyzed cross-couplings suffer from basic a) R2 R
limitations in the case of C(Spelectrophiles, especially of those R' R?
possessing-hydrogen atom&Indeed, while encouraging advance- X %ﬁ n-BusSn* (,\
ments in the cross-coupling of C&mucleophiles with primary ) s
alkyl electrophiles have been recently describéthe couplings Z“_z>_/ ;, D)
of less active secondary alkyl halides or sulfonates were unsuc- N n-BugSnX N
cessfult except for a few atypical casé$.Far better results were 1P_§ F:a
obtained by employing homolytic proximal additioelimination R R

or sulfinylalkene$¢ Methods for intramolecularization via tempo- 2H %, S
1 7

of secondary carbon-centered radicals to starfngiHfonyl-5a.6a.b R2 n-BugSnH R?
2
rary connection can secure stereoselectivity duringCCbond ﬁ
n'BU3Sn' N

formation/ Combination of temporary silicon connection and ’ N8
intramolecular free-radical reactions provided an efficient tool for PG B PG o

the stepwise cis-stereoselective attachment of various carbon \ ‘
appendages, including unsaturated ohé%.Of relevance to the T

present work is a method for the stereocontrolleet@ bond RR? R\_R?

formation using temporary sulfur connection in a process combining | n-BugSnH |
homolytic and heterolytic reactioAsAll homolytic translocations s* SR3
are widely applied for the preparation of biaryls through intramo-

lecular shift of aryl group's but have not been used for stereose- N n-BusSn* E

lective attachment of alkenyl fragments tG-spereogenic carbo. PG Gs
Herein we report on a novel efficient method for-siereose- ¢ 1-BUASNX E D:R"=

lective C-alkenylation through a single homolytic domino reaction N E: R®=n- BuSSn

involving a 1,5 translocation of functionalized alkenyl fragments AcCl E 10: B®

from divalent sulfur to secondary $parbon. To test the feasibility

of this approach, pyrrolidine derivativds-8, bearing a free radical b) See Table 1 Ph

precursor X (Br or I) at C(4) and an alkenylsulfide radical acceptor

on the side chain attached to stereogenic center C(2), were designed

(Scheme 1a). To minimize secondary reactions due to potentially n- Bu38n 11

reactive products, crude reaction products were treated with acetyl

chloride/pyridine. An early experiment indicated that heating a 1-8

benzene solution of iodide (R = R? = COEt, PG=Ts, X=1) n-BugSnX

with n-BusSnH and a catalytic amount of AIBN, under conditions 12'16

commonly used in translocation reactidfst* afforded the bridged -BUSn® ,\L

bicyclic sulfides9 (R = R = COEt, PG= Ts) as a mixture of ¢ 1

C(2) epimers in 77% total yield (Scheme 1a). Only traces of A B c

translocation producfl0 (R! = R? = COEt, PG = Ts) were
detected in this experiment. The translocation process was then
boosted by increasing the reaction temperature and decreasing thgeneratlng the thiyl radicaC, which is in equilibrium with thiol
hydrogen donor concentration. Indeed, slow addition (4.5 h) of D- The latter could also undergo two competitive polar reactions:
n-BusSnH into a solution of bromid (R! = R2 = CO,Et, PG= cyclization to bicyclic sulfided and stannylation to tin sulfidg.

Ts, X = Br) in toluene at 110C increased the yield of translocation ~Both D and E are eventually acetylated to 2,4-cis-disubstituted
product10 to 35%, although formation ¥ (56%) still prevailed. ~ Pyrrolidine 10. Formation of bicycles of typ@ by hydrogen transfer
Analysis of the reaction mechanism indicates that the incipient to radicalB is accelerated as the reaction proceeds due to an increase
carbon-centered radic#l undergoes a 6-exo-trig cyclization to  in the combined concentration of the two potent hydrogen donors:
carbon-centered radic&. Due to the bridged-bicyclic nature of ~ Nn-BusSnH and thiolD. Therefore, to sustain the path leading to
radical B, it is imperative that a new C(£)C(2) bond is formed the desired translocation products on account of that leading to the

with absolute stereoselectivity. Hydrogen transfeBtgives the bridged bicyclic sulfides of typ®, it is necessary to use a tin
bicyclic sulfide 9. In a competing monomolecular step, carbon- mediator which is not a hydrogen donor. Such a mediator should
centered radicaB undergoess-scission of the C(2)S bond, also act as a thiyl radical trap and thus would make redundant the
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Table 1. Tri-n-butylstyryltin (11)-Mediated Homolytic 1,5 S — C
Translocation of Alkenyl Groups (Scheme 1)

substrate

product,

entry RY; R? (E:2) X PG time/h®  yield (%)°
1 2 CO.Et; COEL Br Ts 7 12, 89
2 3 Ph; H (2:1) | Ts 4 13,82
3 4 COMe; H (2:3) Br Boc 7 14,84
4 5 COMe; H (2:3) | Boc 4 14, 86
5 6 COMe; H (2:3) Br Ts 7 15,78
6 7 COMe; H (4:5) | Ts 4 15, 69
7 8E H;Ts Br Boc 7 16, 86
8 8Z Ts,H Br Boc 7 16, 89

a A solution of substrate, styryltid1 (3—4 equiv), and 1,%azobis(cy-
clohexanecarbonitrile) (ACN) (0.1 equiv) in toluene was heated for the
indicated time at 103C. P Isolated yields.

Scheme 2
R1 Ph R1
| /f
1) TFAA,
13- mCPBA S~0  2,6-lutidine
15 g RPN CHO
N 2) NaHCOjg N
PG PG
17:74% 20:R' = Ph, PG = Ts, 92%
18: 88% 21: R' = CO,Me, PG = Boc, 64%
19: 85% 22:R'=CO,Me, PG =Ts, 86%

extra step of sulfur protection. These properties are known to be
characteristic for trik-butylstyryltin (11).15

Indeed, upon treatment of 4-bromopyrrolidirigst, 6, and8 or
4-jodopyrrolidines3, 5, and 7 with tri-n-butylstyryltin (11) (3—4
equiv) and a radical initiator (ACN,-510%) in toluene at 108C,
a smooth reaction took place, furnishing the corresponding 2,4-
cis-disubstituted 4-alkenyl-2-(styrylsulfanyl)methylpyrrolidiries-
16 in high yields (Scheme 1b, Table 1). In the final produt2s-
16, the composition and connectivity of alkenyl appendages at C(4)

are the same as those in the alkenyl substituent on the sulfur atom

of the starting compound2—8. Irrespective of the &C bond
geometry in precursord—8, migration of the unsaturated append-
ages resulted ik-alkenyl substituents at C(4) of pyrrolidiné2—

16. The G=C bond geometry of the C(2)-styrylsulfanylmethyl side
chain in12—16 accounts for about 90% d-isomer.

To widen the scope of this methodology, it was proved that the
styrylsulfanylmethyl group is a viable synthetic equivalent of the
formyl group. Since styrylsulfoxides are vinylogues of phenylsul-
foxides, it was expected that they should undergo a similar

pendages to an $garbon atom through a new 1,5 S(Hy C
translocatiort® This method takes advantage of the particular
properties of the €S bond and thiyl radicals. The intramolecular
cyclization to the bridged-bicyclic key radical intermedigte
guaranties an exclusive cis-stereochemistry of the products. Reaction
conditions are mild and are tolerated by a variety of functional
groups. Facile conversion of the styrylsulfanylmethyl group into
an aldehyde function opens an additional avenue for further
synthetic applications.
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