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Abstract: A wide variety of radical precursors having the structure of y—oxygenated-o.,B-unsaturated suifone
(substrates 1-4) have been prepared. Both S-hexenyl and 6-heptenyl radicals, generated by reaction of substrates 1-4 with
Bu;SnH/AIBN, underwent an efficient cyclization via intramolecular addition to the vinyl sulfone moiety. By introduction of
a double bond joined to the oxygen at y-position, a cascade process based on two sequential radical cyclizations took place,
affording highly substituted 2-oxa[3.3.0] or 9-0xa[4.3.0] bicyclic compounds.
© 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

In recent years, methods for ring construction based on the intramolecular addition of radicals to
carbon-carbon double bonds have gained a great attention, owing to the mild conditions required for the radical
generation and the wide functional group tolerance usually displayed in this type of reaction.' As 6- and, particularly, 5-
exo closures are very favoured processes, six and five membered rings are frequently prepared by this methodology,
specially when base- or acid-sensitive functior are present.

Although much less studied than o,B-unsaturated esters, o,-unsaturated sulfones are known to be good
substrates for the conjugate addition of radicals, both in intermolecular and intramolecular processes.” Furthermore, the
resulting c-sulfonyl radical obtained after radical cyclization could be a useful intermediate for the generation of a
second C-C bond via intramolecular addition to a suitably located carbon-carbon multiple bond.? In connection with our
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starting materials in organic synthesis,” we recently undertook the study of their radical cyclizations from proper radical
precursors (A, figure 1). Following an earlier communication,” we describe herein this work in detail, as well as its

application to radical cascade cyclizations via intramolecular addition of the a-sulfonyl radical intermediate to a second

arbon-carben doub n 1€ OXygen at y-p n (B, figure 1).
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were prepared in good yields (81%, 79%, 70% and 84%, respectively) by our usual one-step procedure for the synthesis
of y-hydroxy-a,B-unsaturated sulfones, based on the condensation of sulfonyl sulfinyl methanes with aldehydes®
(scheme 1). From these alcohols (substrates a), their TIPS derivatives (substrates h) and ethoxymethyl derivatives
(substrates ¢) were prepared in very high vield (90-95%) by reaction with TIPSOT{/ 2,6-lutidine and with CICH,OEt/

DIPEA, respectively. The radical precursors I-4 were subjected to the tin hydride method (Bu;SnH/AIBN) in refluxing

N O S L HL SRR SR, L NE S o - 14
na £a, anda ine vinyl radical précursors, sa and 4a,

benzene. In tables 1 and 2 the results obtained from substrates 1-2 and 3-4 are shown, respectively.
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ia-c, n =12a-¢, n =2
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0 i ¢, R=CH,OFEt
3a,b
~ H i ('DR
= \'(L)/ kgl //\/’\/\ SO,Ph
4a,b

i:PhSO,._ SOTol, piperidine, CH;Cl, 0 °C ii: TIPSOTY, 2,6-
lutidine, CH,Cly, tt. iii: CICH,0Et, DIPEA, CH,Cly, 1t.

Scheme 1

Table 1: Radical cyclization of vinylsulfones 1-2

?R (!)R
Tacor 1, " s0,ph. () S0OPH
Zac O O/
cis trans
i: Bu;SnH, AIBN, CgHg, A Sa-c, n=1
6a-c. N=
Entry  Vinyisuifone n OR Product Yield (%)° cisitrans
cis trans
1 1a 1 OH 5a g1 - >88/<2
2 ib i OTiPS 5b 55 23 70/30
3 1c 1 OCH:OEt 5c 52 27 66/34
4 2a 2 OH 6a 50 30 63/37
5 2b 2 OTIPS 6b 70° 55/45
6 2c 2 OCH20Et 6c 45 30 60/40
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Table 2: Radical cyclization of vinylsulfones 3-4

OR OR
N i
3abor 1 SO,Ph + “s0,Ph
4a-b
cis j transj
iBu,SnH, AIBN, CgHg, A 7a-b, R'=H
8a-b, R'=Bu,Sn
Entry  Vinylsuifone R’ OR Product Yieid (%)° cisfrans
cis  trans
1 3a H OH 7a 46 30 60/40
2 3b H OTIPS 7b 43 28 60/40
3 4a SnBus OH 8a 56 24 70/30
4 4b SnBus  OTIPS 8b 77 65/35

°In pure isomers after chromatographic separation. b¢is-8b + trans-8b could not be
separated by silica gel chromatography.

It is noteworthy that although substrates 1-4 were treated with BusSnH (1.2 equiv)/AIBN (10 mol%)
without using slow addition techniques or highly diluted conditions, good yields in cyclized products were obtained in
all cases (70-81%). The absence of reduced starting material under these conditions indicates that the cyclization is
quite fast compared to reduction, showing that the a,B-unsaturated sulfone acts as an excellent radical acceptor. This

result is particularly significant in the case of substrates 2 (6-heptenyl radical precursors), whose 6-exo ring closure

should be much slower than the 5-exo ring closure of substrates 1, 3 and 4 (5-hexenyl radical precursors)
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high stereoselectivity, being detected by 'H-NMR showing only the cis cyclopentanol Sa. With the rest of the
substrates, regardless of the nature of both OR group and radical precursor, the stereoselectivity was rather low and
homogeneous leading to a cis/trans mixture of cyclized products in which the cis isomer predominates (d.e.=10-40%).

ndent on the temperature, Thus, the ¢ ych__m of 4a in

toluene at 0°C, promoted by reaction with BusSnH in the presence of Et;B’ (10 equiv), afforded the same cis/trans ratio
of isomers 8a obtained in benzene at 80°C (entry 4, table 2).

These stereochemical results do not fit well with the Beckwith model, usually used to predict the
stereoselectivity in the cyclization of substituted 5-hexenyl radicals.® According to this model a 4-substituted hexenyl

radical should afford the frans rather than th

[RCE T
WIU1 ¢

vl
!
]
7
r'
3
5
N
A
]

Lo A Al
sLate L comparcda

vy

our case the favored formation of the cis isomers 5-8 would indicate a preference for participation of transition state
(similar to D) instead of transition state E (similar to C). This behavior could be due to a combination of two factors:
Firstly, the smaller 1,3-syn-diaxial interaction of an oxygenated function in 4 position, compared with
that of the alkyl substituent usually considered in the Beckwith model, would determine a decrease in the steric
difference between the axially and equatorially substituted transition states, consequently enhancing the ratio of the cis

isomer.
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Secondly, taking into account the conformational analysis around the Cg-C, bond of substrates 1-4, the
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arrangement), as it is deduced from the low value of Jp, (<3.7 Hz for all substrates 1-4), This conformational effect
would favour the transition state F (conformationally similar to H) to a larger extent than E (conformationally similar
to G) in the radical cyclizations. Similar conformational arguments have been invoked by other authors to explain the
stereoselectivity observed in nucleophilic additions to other types of allylic alcohols.'® However, we do not have a
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1a is completely cis-stereoselective (d.e296%), whereas the
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cyclization of the rest of the substrates is only moderately cis stereoselective (d.e.=10-40%).
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If this analysis based on conformational ground state criteria is correct, the cyclization should become

trans-stereoselective if a carbon substituent was incorporated at the a-position of vinylsulfones 1-4, because now in
order to avoid an important R/OR 1,3-allylic strain'' the most populated conformation around the Cy-C, bond would be

like G. To confirm this assumption the a-methyl derivatives 9 and 10 were prepared in 89% and 80% yields by a-

deprgt_‘_a[ign Qf 1(_‘ an d "‘(‘ Wﬂ'h n-pu WI_‘l and LHM_‘DQ TT—TP -7R°F resng (‘t~ \15-‘1\/ ‘Olloxrl‘;er‘ hy
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iodide. As expected, substrates 9 and 10 showed a high value for Jj, (8.7 Hz), characteristic of the major participation
of a G like conformation.

We were pleased to find that, effectively, the treatment of 9 and 10 with Bu;SnH/AIBN under the usual
conditions (benzene, 80°C, 3h) afforded exclusively the trans-cyclopentanols 11 and 12, respectively, as an inseparable

1:1 mixture of epimers at the sulfonylic carbon (scheme 3). After flash chromatography compounds trans-11 and trans-

12 were isolated in 82% and 80% yields, respectively.

Me EtOCH,0 Me
, Br ™~ i (SL"
1c —Ll» EtOCH,O SO,Ph  ——— ) SO,Ph
) 7
g 899/’0 fmne_11 820’/5
. EtOCH,0 Me
A Me L
i i
3c BtocH,d T soph > SOFh
10, 80% trans-12, 80%

i a) BuLi, THF, -78 °C; b) Mel, -78 °C.ii: Bu,SnH, AIBN, CgHg A. iii: @) LHMDS,
THF, -78 °C; b) Mel, -78 °C.
Scheme 3
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Configurational assignment. The cis-trans stereochemistry of products 5-12 has been unambiguously
ns and NMR stdies.
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alcohols a by straighforward chemical hydrolysis. On the other hand, trans-5b was correlated with commercially
available trans-2-methyl cyclopentanol by desulfonylation (Na-Hg, Na,HPQO,, MeOH) and further silyl deprotection
(TBAF, CH:CL,). Tributyltin derivatives 8 were converted to the methylidene cyclopentanes 7 by protonolysis with
AcOH in MeOH. The trans stereochemistry of 11 was demonstrated by its transformation into the ethoxymethyl ketal
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1 {(¢rans-13) afier desulfonylation (Na-Hg, MeOH, Na,H{PO,). Additionaily, for comparison
purposes the diastereomer cis-13 was stereoselectively prepared from cis-5Sa in three steps: ketal formation, methylation

of the sulfonyl carbanion and desulfonylation (scheme 4).

- EtOCH,0 o 1yocHoe,  EtOCH.O
g B , DIPEA, CH.CI
trans-11 NePO. MeBH : cis-ba —————--f—» \)\/Et
2 4 \__/ 2) ?AL;LI' THF, -78 °C;
trans-13, 96% 3) Na (Hg) cis-13, 96%

Scheme 4
B) NMR-studies: As is usual in cis/trans 1,2-disubstituted cyclohexanes'” and cyclopentanes'®, we observed that in 'H-

NMR H, and H; appeared more deshielded in the cis isomers than in the frans ones, whereas the opposite was observed

in BC-NMR for the chemical shift of the CH; attached to the sulfonyl g_r@)_p_” Moreover, in the cyelohexanes cis-6 the
anm o - atls ~FT £ N TTo e fn A ntlenr A8 e 2 cbmemmnleciand (e ML oo bmeee =1 P . S SR
siniall value of Jy 5 (£3.0 Hz) was indicative of a cis sicreochemisiry. These stereocheinical assi €nis were contirmed

in the case of cyclopentanes 8 by study of the NOESY spectra of cis-8a and trans-8a (figure 2). Thus, an important
NOE was observed between H; and H, in the cis isomer, whereas this effect was absent in the #frams isomer.

Additionally, in the latter a significant nOe between OH and H, was detected. On the other hand, the nOe between the

nd the CH.80,Ph moiety demonstrated the (E) configuration of the double hond of thege
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Figure 2: Significant NOE's of cis-8a and trans-8a

Cascade processes. Sequential transformations (cascade reactions) have become a rapidly expanding area of
research, because the formation of two or more carbon-carbon bonds in a single step is a highly attractive method of
enhancing the efficiency of organic synthesis.'” In this re_gard, radical mediated and transition metal-catalyzed cascade
we pianned to expand the synihetic usefuiness of the radicai cyciizations of y-hydroxyvinyl suifone derivaiives by their

use in cascade reactions.
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For this goal, the highly functionalized acyclic precursors 14-18 were readily prepared in high yield

(77-95%) by addition of the corresponding alcohols to ethyl propiolate (or phenyl ethynyl sulfone) in the presence of
N-methyl morpholine.'® From these substrates a second carbon-carbon bond could be created by intramolecular
addition of the a-sulfonyl radical intermediate to the new double bond (5-exo-closure), leading to the formation of
[3.3.0] or [4.3.0] bicyclic products.

o AatAa

4 4 4 o1 ATTIN
The COD]pOllIl is 14-18 were treated with I)U3bl'll SALDIN

S under the usual non diluted conditions, affording in
all cases and in good yields two products which were readily separated by silica gel chromatography (scheme S). The
major component of each pair of compounds proved to have a bicyclic structure (compounds 19, 21, 23, 25 and 27),
demonstrating that two consecutive radical cyclizations had taken place in a highly stereoselective manner. On the other
the second product was also bicyclic (22 and 24, respectively), in the case of 14, 17 and i8 the minor compound was a
cyclopentane of trans configuration (trans-20, trans-26, and frans-28).

These results can be rationalized as is depicted in scheme 6. Like the cyclizations of substrates 1-4, the
first cyclization of sub s 14-18 would be moderately cis-stereoselective leading to a mixture of the o-sulfonyl
radical intermediates cis-29 and trans-29. In the case of the radical cis-29, regardless the size of the ring (n=1 or 2), this
evolves by a fast second cyclization, giving the corresponding cis-fused bicyclic product ([3.3.0] or [4.3.0],
respectively). In contrast, the mechanistic pathway of the radical intermediate frans-29 would be quite dependent on the

size of the cycle. In the case of the cyclohexane ring (n=2) its behavior is parallel to that of cis-29, evolving again by a
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fast second cyclization to afford trans-[4.3.0]bicyclic products. However, the radical frans-29 having a cyclopentane

8
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us. .vnlry Oy 0yairogen a
cyclopentanols (20, 26 and 28). This different behavior is most likely due to the strain that would be associated with the
formation of a trans-fused [3.3.0]bicyclic derivative from trans-29 (n=1).

It is noteworthy that, unlike the first radical cyclization, the second cyclization from both cis-29 and

trans-29 is in all cases fully stereoselective, leading to the formation of a single isomer. To explain these high
stereoselectivities we postulate that both cyclizations occur through the most sterically favorable chair-like transition

states® (I and J in scheme 6). In radical trans-29 (transition state J) all substituents would be in equatorial positions,
whereas in ¢is-29 (transition state I) the sulfonyl group would adopt an anti relationship with regard to the contiguous

C-C bond.

w
I W W
o o o
14-18 —» (/ OPh @/\SOZPh + h “SS0,Ph
i, Sk
cis-29 trans-29
W= CO,Me, SO,p-Tol /
n=1or2 n=1 =2

H  s0,Ph | reduction cyciization |
2 ' ‘

A)5 o~ W
N W
Eo2 B GG =
v +""80,Ph
o

1 00—y SO:Ph
| n o J w
¢ trans |
20, 26, 28 ¢
s, H SO.Ph H SO.Ph

Lo ool
oo \/l‘o
cis-fusion trans-fusion
19, 21, 23, 25, 27 22,24
Scheme 6

Configurational assignment. The stereochemistry of the bicyclic products has been established by NMR, the
values of the coupling constants and the NOESY experiments being particularly diagnostic. In figure 3 are depicted the
most important data. In cis-fused [4.3.0] products the low value of J,¢ (£3.8Hz), characteristic of the gauche
arrangement of H; and H,, and especially the strong NOE's between H,, Hs and Hs, which prove their location on the
same side of the molecule is very significant. Also, the NOE's between H; and the hydrogens contiguous to the ester

mojety and those of the ortho position of the arylsulfonyl group with Hy and H; are relevant. Accordingly, the same

membered rings there is an important change in the value of the coupling constants.
By similar arguments, in the trans fused [4.3.0] products the syn arrangement of H;, H;, and Hg was
deduced from the strong NOE’s between them. Moreover, this assignment is supported by the NOE’s of Hys with the

arylsulfonyl group and one of the hydrogens contiguous to the ester moiety, and by the high value of J, ¢ (10.7 Hz).
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Cis-fused [4.3.0] Trans-fused [4.3.0] Cis-fused [3.3.0]
(21,23) (22,24) (19, 25, 27)
7N
5 W 4
1 C“‘ 3 1
;]
Ha O 0 AT
PhSO; ), M prso; H n H
PhSOz AA ; R 2 ,/4 4; N TPV
vu U \ w \j AL
Jig =38 Hz Ji.e=10.7 Hz s f 3465 Hz
Jg7 = 6.06.6 Hz Jo.7=83-86Hz J3.4=76-83 Hz
J;,8= 2.2-33Hz J7.6=10.2-13.3 Hz

e an o

Figure 3: Significant coupling constants and NOE's 0f{3.3.0] and [4.3.0] bicyclic products.
In summary, by combination of the ready synthetic access to radical precursors having structures of y-
hydroxyvinyl sulfone and the efficiency of the vinyl sulfone moiety as radical acceptor, substituted cyclopentanes,
cyclohexanes, 2-oxa[3.3.0] and 9-oxa[4.3.0]bicyclic products have been prepared in a highly stereoselective manner. As

'v-hvdrny\/—n R-unsaturated n
oXy—a,p~unsaturatea phenyl sulion an

should be readily applied to the preparation of enantiomerically pure bicyclic products.
EXPERIMENTAL SECTION

General methods. "H-NMR (200 or 300 MHz) and "C-NMR (50 or 75 MHz) specira were recorded in CDCl;.
Elemental analyses were performed in this University on a Perkin-Elmer Model 2400 CHN analyser. Chromatography
was performed on DC-Alufolien 0.2 mm silica gel 60-F plates (MERCK). Visualisation was accomplished with UV
light and ethanolic phosphomolybdic acid solution followed by heating. Flash chromatography was performed on silica
gel MERCK-60 (230-400 mesh). All reactions involving the use of »-BuLi, LHMDS, TIPSOTf, CICH.OEt and
Bu;SnH were carried out under argon atmosphere with dry solvents.

Typical procedure for the preparation of (E)-y-hydroxy-o,3-unsaturated phenylsulfones: (E)-6-
Bromo-1-(phenylsulfonyl)hex-1-en-3-o0l (1a) : To a solution of 1.37 g (4.68 mmol) of p-tolylsulfinylmethyl phenyl
sulfone® in 10 mL of CH;Cl, cooled at 0 °C, were added sequentially 0.92 mL (9.37 mmol) of piperidine and 1.16 g
(7.03 mmol) of 5-bromopentanal. After being stirred for 5 h at 0 °C, the reaction mixture was quenched with 5% HCl
(10 mL). The mixture was extracted with CH,Cl; (2 x 15 mL) and the combined organic layers were dried (Na,S0,)
and evaporated. The residue was purified by flash chromatography (hexane-ethy! acetate 4:1) to afford 1.21 g (81%) of
1a. M.p.: 89-90 °C. '"H-NMR: 7.90-7.85 (m, 2H), 7.63-7.52 (m, 3H), 6.95 (dd, J=14.7 and 3.5 Hz, 1H), 6.65 (dd,
J=14.7 and 1.5 Hz, 1H), 4.90 (m, 1H), 3.41 (t, J=7.1 Hz, 2H), 2.75 (m, 1H), 2.10-1.63 (m, 4H). "C-NMR: 148.0,
139.8, 133.5, 129.8, 129.2, 127.5, 69.2, 34.3, 33.2, 28.2. Anal. Calcd for C,2H;sBrOsS: C, 45.15; H, 4.74; S, 10.04;
found: C, 45.28; H, 5.04; S, 10.37.

(E)-7-Bromo-1-(phenylsulfonyl)hept-1-en-3-0l (2a): By the same procedure, the reaction of 1.0 g (3.40
mmol) of p-tolylsulfinylmethyl phenyl sulfone, 0.67 mL (6.80 mmol) of piperidine and 0.91 g (5.10 mmol) of 6-
bromohexanal afforded 0.93 g (79%) of 2a. M.p.: 60-61 °C. "H-NMR: 7.98-7.81 (m, 2H), 7.61-7.58 (m, 3H), 6.99 (dd,
J=15and 3.4 Hz, 1H), 6.65 (dd, J=15 and 1.4 Hz, 1H), 4.50 (m, 1H), 3.51 (t, J=7.1 Hz, 2H), 2.75 (m, 2H), 1.9 (m, 2H)
1.6 (m, 2ZH). "C-NMR: 148.53, 139.8, 133.3, 129.1, 129.2, 127.2, 69.2, 34.9, 31.9, 254, 23.5. Anal. Calcd for
Cy3Hy,BrO;8: C, 46.86; H, 5.14; S, 9.62; found: C, 47.20; H, 5.02; S 9.39.

(E)-6-Iodo-1-(phenylsulfonyl)hepta-1,6-dien-3-ol (3a): By the same procedure, the reaction of 0.48 g (1.66
mmol) of p-tolylsulfinylmethyl phenyl suifone, 0.31 mI. (3.32 mmol) of piperidine and 570 mg (2.57 mmol) of 5-iodo-
5-hexenal afforded 0.51 g (70%) of 3a. M.p.: 80-81 °C. 'H-NMR: 7.91-7.83 (m, 2H), 7.65-7.49 (m, 3H), 7.0 (dd, J=15

Hz and 3.6 Hz, 1H), 6.62 (dd, J=15 and 1.6 Hz, 1H ), 6.05 (m, 1), 5.71 (m, 1H), 4.91 (m, 1H), 2.51 (m, 2H), 1.63-2.0
fm ’7U\ B NMR - 148.0 1'107 I'Z‘XAI. 1206 1292 1‘)71 1264 1103 RR’) Aﬂﬁ 35.0. Anal, Caled for C;-H..0,8:

\iiky Lxa N =LNIVAING TO.Vy, 137,/ ALF0y 2 LTy 1id ALVT, LAV, NGV AU SU(3aR143 32,

C,41. 28, H, 4.00; S, 8.48; found C,41. 65 H, 3.98; S, 8.41.
(E)-1-(Phenylsulfonylhept-1-en-6-in-3-0l (4a): By the same procedure, the reaction of 0.5 g (1.71 mmol)
of p-tolylsulfinylmethyl phenyl sulfone, 0.33 mL (3.42 mmol) of piperidine and 252 mg (2.62 mmol) of 5-hexynal

afforded 0.33 g (84%) of 4a. M.p.: 136-137 °C. 'H-NMR: 7.91-7.85 (m, 2H), 7.65-7.49 (m, 3H), 7.03 (dd, J=14.9 and
38Hz 1HY. 6651(44. J=149and 19 Hz 1HN. 451 (m. 1H). 241 (m,  2H) 2.01 (t J=2.7 Hz, 1H), 2.95-1.63 (m, 2H)

J.d Khd, LELJ, MAJD (WU, v T AT Gl 1 S KRday &Ry, TSR \RAy LXLJy LJSTL \diay Lxl), Lod i ALl AALjy LdFITRSOS 12D, L215.

BC.NMR (CD,0D): 150.2, 142.1, 134.7, 130.9, 130.5, 128.6, 84.0, 73.2, 51.5, 694 35.9. Anal. Calcd for Cy3H,405S:
C, 62.38; H, 5.64; S, 12.87; found: C, 62.39; H, 5.46; S, 13.02.

Typical procedure for the preparation of (E)-y-(triisopropylsilyloxy)-o,3-unsaturated phenyl sulfones:
(E)-6-Bromo-1-(phenylsulfonyl)-3-(triisopropylsilyloxy)-1-hexene (1b): To a solution of 100 mg (0.31 mmol) of 1a

in dry CH,CL (3 mL) were added sequentially 55 pL (0.47 mmol) of 2,6-lutidine and 80 pL (0.37 mmol) of TIPSOTL.
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After being stirred for 6 h at rt, saturated aqueous NH,Cl (10 mL) was added. The organic layer was separated, dried
(Na,SQy) and evaporated. The residue was purified by flash chromatography (hexane-ethyl acetate 9:1) to afford 135.7

mg (95%) of 1b. 'H-NMR: 7.88-7.83 (m, 2H), 7.71-7.52 (m, 3H), 6.96 (dd, J=14.7 and 3.6 Hz, 1H), 6.57 (dd, J=14.7
and 1.9 Hz, 1H). 461 (m. 1H). 3.30 (t J=5.9 Hz 21\ 10_.165 (m 4H) 002 (m 21N BF.N\A‘D 148 1 1409

QAN ko7 KAy LXLJy TTLNUL \Kidy RXAJy Fed 7 (N o7 XAy &X1)y, 1.7071.00 UL, Ti1j, V.72 (1, &41X1), TINIVAING 1701, 1TTU.L,

133.3,130.5, 129.2, 127.4, 70.0, 35.1, 33.5,26.7, 17.8, 12.0. MS m!z (relative intesity): 433 (M"- 'Pr, 22), 431 (21), 391
(40), 389 (38), 291 (5), 289(5), 167 (17), 165 (21). HRMS (M'-'Pr) caled for C,sHaoBr0O;SSi m\z 433.0703 found
433.0712.

(E)-7-Bromo-1-(phenylsulfonyl)-3-(triisopropylsilyloxy)-1-heptene (2b): By the same procedure, the

raantian af 100 ma (0 2D mmal af2a 82 ul (D AS mmnal) Af ) & Ldiding and 72 1T (N 2K mmmal) Af TTDANTFE affardad
readuiin O ruv Mg \v.5v IOy §1 4K, J2 fu (V.50 TM0:) O1 £,0-1U04IN00 and /76 i (V.50 iN0: ) 01 110 Sl anoraea

139 mg (95%) of 2b. 'H-NMR (300MHz): 7.85-7.83 (m, 2H), 7.61-7.49 (m, 3H), 6.95 (dd, J=14.7 and 3.2 Hz, 1H),
6.56 (dd, J=14.7 and 1.6 Hz, 1H), 4.55 (m, 1H), 3.45 (t, J=7.2 Hz, 2H), 1.89-1.75 (m, 2H), 1.31- 1.71 (m, 4H), 1.10 (m,
21H). *C-NMR (75 MHz): 148.5, 140.4, 133.2 , 130.3, 129.2, 127.5, 70.7, 36.1, 33.2, 32.6 , 22.4, 17.8, 12.1. HRMS
(FAB+) calcd for CyHis* ' BrO;SSi 491.1485, found 491.1473.

{W\_‘_'nﬂn=1_lnhnn\rlmnll‘nntll\_" ftrnicnanranvicilviavolhanta_ 1 A_diana Thle Rv tha cama mraradiira tha
\ &Y jmu=ivuw (P AMTA Y ISUIIUEIR Y R JTr= o1 IIOU‘II Ur]lﬂll]lUAJlqul‘“ AHyUTUIVIAN (V). uJ Ll OQRilv Pl vUvLuule, uiv
reaction of 75 mg (0.19 mmol) of 3a, 35 ul. (0.29 mmol) of 2,6-lutidine and 32 pL (0 14 mmol) of TIPSOTT afforded

J——l49and 1.7 Hz, 1H),605 (m lH) 5 74 (m, IH),456 (m 1H), 2.51(m 2H) 201 163 (m, 2H), 0.99 (m,21H). ”C-
NMR: 147.9, 141.1, 133.3, 130.7, 129.2, 127.5, 126.0, 110.7, 69.6, 39.6, 36.5, 17.6, 12.2.

(B 1_{Phanvlen WonyD-3-(triisopropylsilvlexy)hent-1-en-6-vie (4dh): By the same procedu
\j.zl‘l Ae ucu]lauuuuyl} el N2 1 IIBUPI UPJ!SII]IU&]}M p & cu-u-]uc \"’ll} l)y l.ll S L~} PIUDU

of 100 mg (0.40 mmol) of 4a, 70 uL (0.60 mmol) 2 6-lutidine and 104 ul. (0.48 mmol) of T EQOTf@, 152 m
(93%) of 4b. 'H-NMR: 7.91-7.83 (m, 2H), 7.65-7.49 (m, 3H), 7.03 (dd, J/=14.9 and 3.5 Hz, 1H), 6.65 (dd, J=14.9 an
1.8 Hz, 1H), 4.71 (m, 1H), 2.41 (m, 2H), 2.01 (t, J=2.7 Hz, 1H), 1.63-2.95 (m, 2H), 1.10 (m, 21H). 13C -NMR: 147.5,

140.1, 133.2, 130.4, 129.0, 127.3, 83.0, 69.6, 69.2, 35.5, 17.7, 13.2, 12.2. MS m!z (relative intensity): 363 (M'-'Pr, 5),
101 /2e) 17 4 79\ S l\r“_'

253 (68). 19 191 7AAN T8 ¢ LIRACQ ¢ D) caled for CiolrCaSSi iz 363.1454 found 363.1457
233 (08), 151 (36), 121 {44}, /5 (/6). cIRIVIS (M ~ 1) CaICa 10T UyoriarUaSoi iz 565.1454 touna 565.1457.
T ical nrocedure for the nrenaration of (E) 'v-eﬂmxvmeﬂlnw-n B-nnsatnrated nhenvl sulfones: (K)-6-
cal procedure for preparafion of (K thoxymethoxy-o b-ungsaturated pheny! sulfones: (K)-6

n
e = he = '
Bromo—S-(ethoxyme thoxy)-1-(phenylsulfonyl)-1- hexene (1¢): To a solution of 300 mg (0.93 mmol) of 1a in 12 mL
of dry CH,Cl, were added sequentially 0.32 mL (1.86 mmol) of N, N-dusopropylethylamme and 0.34 mL (3.75 mmol)
of chloromethyl ethyl ether. The solution was stirred for 12 h at rt, saturated aqueous NH,Cl (10 mL) was added. The

e an ATrse wxre sansntnd csrmolead csmdle oadezaanda PP -\Y,. f‘f\ £ o 1IN T A AT QY N o ok

Urgauiu layer was S€pardieqa, wasneéa wiin saturated aqueous Na 3 (£ X 1V mL ), ariea uvuzo\u ) and t:vapurdl.c:u The
1

1
to afford 319 mg (90%) of 1c."H-NMR: 7.95-

residue was purified by flash chromatography (hexane-ethyl acetate 8:1)
7.85 (m, 2H), 7.70-7.49 (m, 3H), 6.90 (dd J=14.9 and 3. S , 1H), 6.55 (dd, J=14.9 and 1.6 H7 1H), 4.61 (m, 2H),
4.35 (m, 1H), 3.55 (m, 4H), 190 1.65 (m 4H) 1.12 (t, J=6.8 Hz, 3H). "C-NMR: 145.4, 140.5, 133.4, 131.2, 129.3,

127.6,93.7,73.8,63.9,44.4,31.6, 27.8
(V)

—1%5:;:.

J : and
ch]oromethyl ethyl ether afforded 105 6 mg (90%) ot 2c H-NMR: 7.95-7.83 (m, 2H), 7.69- 7 52 (m, 3H),
J=14.8 and 3.5 Hz, 1H), 6.55 (dd, J=14.8 and 3.5 Hz, 1H), 4.65 (m, 2H), 4.30 (m, 1H), 3.55 (m, 4H), 1.89-1 45 (m
6H) 1.12 (t, J=6.8 Hz, 3H). *C-NMR: 145.8, 140.0, 133.1, 130.5, 129.0, 127.2, 93.5, 74.1, 63.4, 44.6, 33.3, 31.8 ,

0 14 =™

1.8, 14.7.
(K- 1_(thnvvmpf||nvv\-ﬁ-]'nﬂv 1. ( he

\A o A sV R Y RRCARVAY STV AVe

—

nvienlfn n

R ASRA0 v

reaction of 50 mg (0.13 mmol) of 3a, 41 pL (0.26 mmol) of N,N-diisopropylethylamine and 35.1 pL (0.13 mmol) of
chloromethyl ethyl ether afforded 51 mg (88%) of 3c. 'H-NMR: 7.90-7.83 (m, 2H), 7.63-7.51 (m, 3H), 6.90 (dd,
J=14.9 and 3.5 Hz, 1H), 6.55 (dd, J—149 and 1.7 Hz, 1H ), 6.05 (m, 1H), 5.68 (m, 1H), 4.61 (m 2H), 4.35 (m, 1H),
3.58 (m, 2H), 2.51 (dt, J/=7.5 and 3.1 Hz,
133.4, 131.1, 129.2, 127.6, 126.4, 110.3,

AJJ Ty kJL LT huy 1

437.0297, found 437.0283.

(E)-7-Bromo-4-(ethoxymethoxy)-2-(phenylsulfonyl)-2-heptene (9): 141 pL of (0.35 mmol) 2.5 M #-BuLi
in hexane were slowly added to a solution of 122 mg (0.32 mmol) of 1c in dry THF (3 mL). After S min at -78 °C, 47
pL (0.48 mmol) of Mel were added. After being stirred for 15 min at -78 °C, the mixture was treated with saturated
agueous solution of NH,Cl (10 mL) and extracted with CH,Cl, (2 x 10 mL). The combined organic layers were dried
(Na,;SOy) and concentrated. The residue was purified by flash chromatography (hexane-ethyl acetate 8:1) to afford 113
mg (89%) of 9. 'H-NMR: 7.91-7.85 (m, 2H), 7.75-7.50 (m, 3H), 6.75 (dq, J=1.5 and 8.7 Hz, 1H), 4.61 (m, 2H), 4.35
(m, 1H), 3.65 (m, 4H), 2.01-1.65 (m, 4H), 190 (d J=1.5 Hz, 3H), 1.12 (t, J=6.8 Hz, 3H). "C-NMR: 139.8, 139.4,
138.7, 133.4, 129.2, 128.1, 93.2, 71.4, 63.6, 44,5, 31.8, 28.0, 14.9, 11.8. MS miz (relative intensity): 331, 333 (M-

OTT MNOLY Oy 2£0 7V 211 8\ 1472 I(\ I\A’+ (‘U NOIT CTII N ~nlaAd Far O RN C
bananL/ﬂ], U O)y LT \ /)y 411 \J), 17%0 \J), O (IVE sUrIpusaLTnipwUII3 ) Laila 1ot u]31115.ulu30

m\z 332.9980 found 332.9982.

Ifonvhhenta-1.6-diene (3¢); RBv the same nrocedure. the
ionylihenta-1,0-diene (3C)! DY procecure, (e

AT 1 AT s norT ~vry I~ wTe 2y

H), 1.70-1.95 (m, 2H), 1.17 (t, /=6.9 Hz, 3H). "C-NMR: 145.3, 140.0,
3.8, 73.2, 63.8, 40.4, 33.9, 14.8. HRMS (FAB+) caled for C;¢HpI0;S

73.2, 63.8, 33.9, HRMS (FAB+) d for C;gHI0,8

\D.\
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(E)-4-(Ethoxymethoxy)-7-iodo-2-(phenylsulfonyl)octa-2,7-diene (10): To a solution of 80 mg (0.18 mmol)
of 3c in 5 mL of dry THF were added 408 pL (0.20 mmol) of 0.5 M LHMDS in THF. After 5min at -78° C, 27 pL

(0.27 mmol) of Mel were added and the solution was stirred at -78° C for 15 min. After the same work up shown for

tha nranaratinm ~F O L6 o (QN04Y AF 10 wwara ~htainad LT NAD. ‘7 ﬂl "l QL (n TAL T RN fenn AL £ 718 1A
i€ preparaton 01 F, U0 Mg (0v/e) 01 1v WEIT Ovtainea. m-INMVIR! .00 \ill, Lllj, 7.75=1.0VU ill, Sri), 0.75 (44,

J=1.5 and 8.7 Hz, 1H), 6.01 (m, 1H), 5.71 (m, 1H), 4.61 (m, 2H), 4.35 (m, 1H), 3.65 (m, 2H), 2.55 (m, 2H), 1.93 (d,
J=1.5 Hz, 3H), 1.85-1.62 (m, 2H), 1.12 (t, J=6.8 Hz, 3H). BC.NMR: 139.7, 139.3, 1386 133.4, 1291 128.0, 126.3,
110.6, 93.4,70.5, 63.6, 40.6, 34.0, 14.9, 12.0.
Typical procedure for the reaction of y- hydroxy-a,B-unsaturated sulfones with methyl propiolate:
/1 m\ 2IA hvnrman 1 T Y (mhanvlenlfaned H
1 L"J'l"'l’l UI.I.IU".'I\L"H'\PI.ICLI lDullUuyl
of 1a in 10 mL of dry CH;Cl,, were added sequentially 255 ul (2.44 1 1) of 1 thyl :
(2 44 mmol) of methyl propiolate. After stirring at rt for 8 h, the reaction mlxture eated w1th saturated aqueous
NH,Cl1 (10mL). The organic layer was separated, dried (NaZSO4) and evaporated. The residue was purified by flash

chromatography (hexane-ethyl acetate 4:1) to afford 816.1 mg (91%) of 14. 'H-NMR: 7.90-7.85 (m, 2H), 7.63-7.52

2

adh
vacin

Y
mol) o u
1

IIY 7 AN 7A Je 19 Y 1T~ 1IN £ 0N 714 T—1& 72 .12 £TIT. 11T\ £ £77 711 T—1L 7 o d 1 ATT_ 1YI\ g 74 r 1N
(m, 3H), 7.42 (d, J= 12.2 Hz, 1H), 6.92 (dd, J=15.3 and 3.6 Hz, 1H), 6.67 (dd, /=15.3 and 1.4 Hz, 1H), 5.25 (d, J=12.
Hz, 1H), 4.65 (m, 1H), 3.69 (s, 3H), 3.41 (m, 2H), 1.63 (m, AH\”F -NMR: 167.2, 160.3, 142.1, 139.3, 133.6, 13

= b {

1.

129.3, 127.5, 98.8, 79.0, 51.0, 32.5, 32 2, 217. 4 MS m\z (relatlve intesity): 373 (M+ OCHa;, 0.2), 371 (0.2) 303 (11
301 (10), 263 (15), 261 (16), 125 (100), 77 (80). HRMS (FAB+) calcd for CsHao  BrOsS 403.0209, found 403.0214.
Methyl (E)-3-[S-bromo-1-[(E)-2-(phenylsulfonyl)ethenyl]pentyloxy]propenoate (15): By the same

procedure, the reaction of 155 mg (0.46 mmol) of 2a, 57 uL (0.51 mmol) of N-methylmorpholine and 48 pL (0.51
mmol) of methyl propiolate afforded 185 mg (95%) of 15. '"H-NMR: 7.91-7.85 (m, 2H), 7.65-7.49 (m, 3H), 7.40 (4,
=12.5 Hz, 1H), 6.89 (dd, /=14.7 and 3.5 Hz, 1H), 6.52 (dd, J=14.7 and 1.4 Hz lH) 5 25 (d, J~12 5 Hz, lH) 4. 56
(m, 1H), 3.65 (s, H), 3.35 (t, J=5.9 Hz, 2H), 1.91- 172 (m, 4H), 1.40-1.61 (m, 2H).®*C-NMR: 167.1, 160.3, 142.4,
139.4, 133.4, 131.4, 129.1, 127.3, 98.5, 79.4, 50.9, 32.8, 32.6, 31.7, 22.8. HRMS (FAB+) calcd for C,7H," BrOsS
417.0373, found 417. 0371.
(E)-7-Bromo- 1-\phenylsu! onyl)-3-[(E)-2-(p-tolylsulfonyl)ethenyloxy)]-1- hepfnne (16): To a svl.z‘zon of
108 mg (0.32 mmol) of in 8 mL of dry CH,Cl, were addc,d sequentially 38.3 pL (0.35 mmol) of N-

methylmorpholine and 62.3 mg (0.35 mmol) p-tolylsulfonylacetilene'” After stirring at rt. for 48 h, the reaction mixture
was treated with saturated aqueous NH,Cl (10mL). The organic layer was separated dried (Na,SO,) and evaporated

The residue was purified by flash chromatography (hexane-ethyl acetate 4:1) to afford 128 mg (77%) of 16. 'H-NMR:
7.90-7.86 (m, 2H), 7.77-7.33 (AA'BB’ system, 4H), 7.65-7.49 (m, 3H), 7.41 (d, J=12.6 Hz, 1H), 6.89 (dd, J=14.9 and
3.2 Hg, 1H), 6.52 (dd, J=14.9 and 1.4 Hz, lH), 5.81 @, J=12.6 Hz, IH), 4.66 (m, 1H), 3.38 (, J=6.2 Hz, 2H), 2.46 (s,
3H), 1.91-1.72 (m, 2H), 1.40-1.61 (m, 2H), 1.2-0.9 (m, 2H). >C-NMR: 158.4, 148.1, 139.5, 133.8, 132.3, 129.9, 129.5,
129.3, 127.7, 127.6, 126.9, 109.7, 80.9, 33.1, 32.8, 31.9, 23.0, 21.5.
Methyi (E)-3-{4-iodo-i-[(E)-2-(phenylsuifonyi)ethenyij-4- pentenyioxy]propenoat (i7) : By the same
nraradime the reantinn Af §2 ma () TAmmaly af 2a in T ml Afdeo ORI, 18 nT D18 ¢ Af N _na

}uu\.\.rumu, LUV IvavLIvi Ul 00 MU \V ATLUNUL ) UVl Ja Ul J U, UL Wy Wi, 17 i \Vea Jd uuuul} Of IN luCuJ_yuuUlPuU}Lub

and 14 pL (0.15 mmol) of methyl propiolate afforded 57 mg (87%) of 17. '"H-NMR: 7.91-7.83 (m, 2H), 7.65-7.49 (m,
3H), 7.38 (d, J=11.7 Hz, 1H), 6.95 (dd, J=14.9 and 3.5 Hz, 1H), 6.52 (dd, J=14.9 and 1.5 Hz, 1H), 6.05 (m, 1H), 5.71
(m, 1H), 5.25 (d, J=11.7 Hz, 1H), 4.59 (m, 1H), 3.67 (s, 3H), 2.49 (m, 2H), 1.83-2.1 (m, 2H). *C-NMR: 167.4, 160.4,

160.2, 142.1, 133.7, 132.1, 129.4, 127.7, 127.5, 109.0, 99.1, 78.1, 51.2, 40.1, 33.3. . MS miz (relative intesity): 253
(1\[*_ (\(‘II _J‘IT OV NMa 1Y 21 (28) 210 71AY 125 /200 77 (100 LIRMC (FAR-L) palad far O I TN _Q A7 NNRA
1 1 8 AL W5 § ZL/\J VL\./, l\l, oS e B \J.}}’ e X 7 \A\l}, LLaw \uv,, i \l\l\]l. LIENEVILY \l Fp Ve B ] Rlwid lUl \1]711221\}50 U, UUD"?,

found 463.0076.

Methyl (E)-3-[1-[(E)-2-(phenylsulfonyl)ethenyl)]-4-pentinyloxy]propenoate (18): By the same procedure,
the reaction of 84 mg (0.34 mmol) of 4a in 4 mL of dry CH,Cl,, 50 pl. (0.38 mmol) of N-methylmorpholine and 34 pl.
(0.38 mmol) of methyl propiolate, afforded 57 mg (85%) of 17. 'H-NMR: 7.87-7.85 (m, 2H), 7.61-7.49 (m, 3H), 7.38
(d, J= 12.5 Hz, 1H), 6.91 (dd, J=15.1 and 4.3 Hz, 1H), 6.51 (dd, J=15.1 and 1.5 Hz, 1H), 5.23 (d, J= 12.5 Hz, 1H),
4.75 (m, 1H), 3.61(s, 3H), 2.22-2.35 (m, 2H), 2.0 (t, J=2.6 Hz, 1H), 1.88 (m, 2H). "C-NMR: 167.3, 160.5, 141.9,
140.0, 139.3, 133.6, 131.9, 129.2, 127.6, 98.9, 81.6, 78.2, 70.2, 32.4, 12.9. . MS m\z (relative intesity): 303 (W— OCII;,
4), 233 (16), 193 (14), 125 (100), 91 (58), 77 (62). HRMS (M- OCH,) calcd for C;sH;50,S miz 303.0687 found
303.0691.

Typical procedure for the radical cyclizations: cis-2-[(phenylsulfonyl)methyl]cyclopentanol (cis-Sa): To
a solution of 300 mg (0.93 mmol) of 1a in 30 mL of dry benzene were added, at rt, in one portion, 240 uL. (1.02 mmol)
of Bu;SnH and 16 mg (0.09 mmol) of AIBN. The resulting mixture was immediately heated at 80 °C for 3 h. The
solvent was evaporated under reduced pressure and the residue was purified by flash chromatography; first eluting with
hexane to separate the organotin by-products, followed by elution with hexane-ethyl acetate 6:1 to afford 169 mg
(81%) of cis-5a. '"H-NMR: 7.96-7.85 (m, 2H), 7.70-7.49 (m, 3H), 4.45 (m, 1H), 3.49 (dd, J=9.1 and 14.1 Hz, 1H), 3.89
(dd, J/~6.6 and 14.1 Hz, 1H), 2.43 (d, /=1.7 Hz, 1H), 2.35-2,10 (m, 2H), 2.05-1.23 (m, 4H). C-NMR: 139.3, 133.6,
129.2, 127.7,72.8, 56.2, 39.5, 34.2, 29.6, 22.0.
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cis and frans 2-[(Phenylsulfonyl)methyl]-1-(triisopropylsilyloxy)cyclopentane (5b): By the same
procedure, the reaction of 87 mg (0.18 mmol) of 1b in 8 mL of dry benzene, 58 pL (0.21 mmol) of Bu;SnH and 3.3 mg
(0.02 mmol) of AIBN afforded 40 mg (55%) of cis-5b and 17 mg (23%) of trans-Sb (hexane-ethyl acetate 10:1 as
e]nenﬂ cis-Sh: H—NMR 7.93-7.88 (m, 2H), 7.69-7.51 (m, 3H), 4.32 (m, 1H), 3.52 (dd, J=4.Q and 14,3 T—Iv 1H). 3.08

24818 £.00 234, =22, a2 RAL, 232, F24 U, 1R, 208 (G, KAl 1S, 1i3]y AUG

(dd, J=8.8 and 14.3 Hz, 1H), 2.22 (m, 1H), 1.54-1.90 (m, 6H), 1.02 (m, 21H). *C-NMR (75 MHz): 140.0, 133 5,129.1,
127.9, 78.5, 43.1, 33.6, 28.6, 26.7, 20.8, 17.9, 12.1. .MS m!z (relative intesity): 353 (M- 'Pr, 100), 255 (5), 191 (6), 121
(16). trans-5b: 'H-NMR (300 MHz): 7.92-7.88 (m, 2H), 7.68-7.51 (m, 3H), 3.85 (m, 1H), 3.40 (dd, J=2.8 and 14 Hz,
1H), 2.91 (dd, J=10.4 and 14 Hz, 1H), 2.08 (m, 1H), 1.54-1.90 (m, 6H), 1.02 (m, 21H). *C-NMR: 140.0, 133.4, 129.2,
127.8,75.5, 56.5,39.6, 34.1,28.4, 21.0, 18.0, 12 3. MS m\z (relative intesity): 353 (M+- ‘Pr, 100), 255 (5), 191 (6), 121
(16),77 (25) HRMS (M- ‘Pr) calcd for CgH,90388i miz 353.1611 found 353.1608.

cis and trans 1-(Ethoxymethoxy)-2-[(phenylsulfonyl)methyljcyclopentane (5¢): By the same procedure,
the reaction of 55 mg (0.14 mmol) of 1e in 7 mL of dry benzene, 43 uL (0.16 mmol) of Bu;SnH and 1.64 mg (0.01
mmol) of AIBN afforded 22.6 mg (52%) of cis-Sc¢ and 11 mg (27%) of trans-5¢ (hexane-ethyl acetate 8:1 as eluent).
cis-Se:'H-NMR: 7.93-7.81 (m, 2H), 7.71-7.49 (m, 3H), 4.60 (m, 2H), 4.01 (m,1H), 3.48 (q, J=6.5 Hz, 2H), 3.45 (dd

A Sau VPR & S & B 7o Q03 \ARAy il SR, TR0V A, Lahy, SOVE \HR,140%), Veod Xkduy Laky, ST UG,

J=6.6 and 8.3 Hz, 1H), 3.24 (dd, /8.3 and 14.8 Hz, 1H), 2.32 (m, 1H), 1.85-1.22 (m, 6H), 112 (t, J=6.5 Hz, 3H). °C-
NMR: 140.2, 133.5, 129.2, 127.8,94.2, 79.9, 63.5, 56.5, 38.7, 31.3, 21.6, 17.5, 15. MS mlz (relative intesity): 253 (M-
OCH,CH, 5), 200 (4), 157 (2), 143 (8), 81 (20). HRMS (M'- OCH,CH) caled for C13H,05S mlz 253.0899 found

253.0898. trans-5¢: 'H-NMR: 7.90-7.81 (m, 2H), 7.72-7.49 (m, 3H), 4.56, (m, 2H), 3.66 (m,1H), 3.49 (g, J=6.5 Hz,
2. 3.36 (dd, =33 and 16,1 Hz, 1H), 2,92 {(dd, =108 and 16.1 Hz. 1TH). 2.21 (m_. 1H), 1.90-1.27 (m AHY 1.12 {t

&I3), 2,20 88, JT2.0 QUC 1V 2 T4, 13%), L4 (L, V.U QDG 2V.1 IR, 2315, L.Ld \AAR, 1A%, 2.0VUTaL 7 Al ULlg, R.adl

J=6.5 Hz, 3H). C-NMR: 140.3, 133.5, 129.2, 127.9, 94.5, 83.3, 63.3, 59.8, 40.3, 30.9, 27.8, 26.8, 15.0.
cis and trans 2-[(Phenylsulfonyl)methyl]cyclohexanol (6a): By the same procedure, the reaction of 67 mg
{0.20 mmol) of 2a in 10 mL of dry benzene, 66 pL (0.24 mmol) of Bu;SnH and 33 mg (0.02 mmol) of AIBN afforded

25.5 mg (50%) of cis-6a and 15 mg (30%) of trans-6a (hexane-ethyl acetate 6:1 as eluent). cis-6a: "H-NMR: 7.98-7.91
(m. 2D, 7.71-7.51 (m. 3. 4.10 (m. 1H). 3.37(dd. J= 6 and 12 Hz. 1H). 2.94 (dd. J=5.9 and 12 Hz. 1ID. 2.3 {m. 1

N
b, &1y, 7. F.J 1 \did, Jaag, Foav i, 100y, 3.5/0UG, v U alll 14 A, 151y, L5 GG v -7 aul 22 114, 161, £.5 (10, 111,

1.8-1.2 (m, 8H). “C-NMR: 140.5, 133.5, 129.2 , 127.7, 67.9, 57.9, 36.3, 32.3, 24.4, 20.08. trans-6a: 'H-NMR: 7.93-
7.83 (m, 2H), 7.72-7.51 (m, 3H), 3.62 (dd, J=4 and 14 Hz, 1H), 3.25 (m, 1H), 2.95 (dd, J=6.4 and 14 Hz, 1H), 2.21-
1.52 (m, 5H), 1.35 (m, 4H). >C-NMR: 140.1, 133.6, 129.2, 127.8, 71.7, 59.1, 35.8, 31.9, 25.2, 24.6, 19.1.

cis and ftrans 2-[(Phenylsulfonyl)methyl]-1-(triisopropylsilyloxy)cyclohexane (6b): By the same

nnnnn drira tha ranction af 7 ma (N 1A mmaly af 2k in S mT afdry hanvana 22 0l MN 10 s F RS Qnld and 2 § mo
PIoLCUUT, uiC 1Catuil U1 /0 g (V. 1V UL ) UL &U i 5> mL O Gry o€nzene, o5 pu, (V.17 Miiidsj O1 uugou.u aud J.o g

(0.02 mmol) of AIBN afforded after chromatographic purification (hexane-ethyl acetate 8:1) 46 mg (70%) of an

=

inseparable 60/40 mixture of cis/trans-6b. 'H-NMR (cis-6b + trans-6b): 7.95-7.88 (m, cis + trans), 7.70-7.51 (m, cis +
trans), 3.91 (m, 1H, cis), 3.70 (dd, /=2.2 and 13.9 Hz, 1H, cis), 3.43 (dd, /=3.1 and 14.0 Hz, 1H, cis), 3.39 (m, 1H,
trans), 3.06 (dd J=9.1 and 14.2 Hz, 1H, trans), 2.83 (dd, /~10.2 and 14.1 Hz, 1H, trans), 2.33 and 2.03-1.2 (m, cis +

bz N O P drrnc) 30O NINAD fnjo b L frmao £hY. 1411 1410 1222 190 1 ﬂI 177 @ 1’)’7'] 7178 711
l’ull.)},U7O \u.l Chy Tllu".)] LmINLVLN \ Cay=ury + UrnS=UuUj. 171.1, 141.V, 1335.0, 7 Oy L&ioly $D.7, 11.1,

, 14 3 7.8,
584, 55.2, 40.8, 36.9, 35.1, 32.2, 299, 269, 24.4, 240, 223, 21.8, 18.1, 13 5. HRMS (FAB+) caled for
CayaHizo " Br05SSi 411.2362, found 411.2389.
cis and frans 1-(Ethoxymethoxy)-2-[(phenylsulfonyl)methyljcyclohexane (6¢): By the same procedure, the
reaction of 60 mg (0.15 mmol) of 2¢ in 7 mL of dry benzene, 50 |.LL 0.17 mmol) of Bu;SnH and 3.3 mg (0.015 mmol)

of AIBN afforded 22.2 mg (45%) of cis-6¢ and 15 mg (30%) of trans-6¢ (hexane-ethy! acetate 6:1 as eluent). cis-6c:

"H.NMR: 7.91 -7.88 (m, 2H), 7.70-7.53 (m, 3H,), 4.57 (m, 2H), 3.76 (m, 1H), 3.50 (m, 2H), 3.51 (dd, J=4.9 and 14.3

L2-INAVEAN, £.00 1, £33 L2331 2350 \ads &31)5 2 LY IR £I1)5 DI 1

Hz, 1H), 3.51 (dd, J=6.9 and 14.3 Hz, 1H), 2.98 (m, 1H), 1.21-1.85 (m, 8H) 1.15 (t, J=7.1 Hz, 3H) BC.NMR: 140.0,
133.5, 129.2, 127.7, 93.6, 74.6, 63.4, 57.5, 35.5, 29.4, 27.3, 23.9, 20.7, 15.0. MS m!z (relative intesity): 253 (M-
CH,OCH,CHj, 6), 235 (3), 143 (2), 125 (10), 77 (25). HRMS (FAB+) calcd for CsH,50,S 313.1473, found 313.1488.

16y ATAAD 790N AATT-N. 7 0Ot AL N "1 Kl e 2TIN A £1 ossotness -7 LI NI 2
trans-6¢: 'H-NMR (300 MHz): 7.91-7.88 (m, 2H), 51 (m, 3H), 4.61 (AB system, J=7.2 Hz, 2H), 3.

~
1.1U- 1, s
3.6 and J=16.0 Hz, 1H), 3.52 (q, J/=7.2 Hz, 2H), 3. 12([11_ H), 2_85 (dd, J=13.2 and 16.0 Hz, 1H), 2.30 (m,

QLU JTI0NV L, 1227, 204 L1L)s 22 2137 111} & s

1
1.85 (m, 4H), 1.7 (m, IH), 1. 57 (m, 1H), 1.18 (m, 2H), 1. 2 Hz 3H). "C-NMR: 140.3, 133.4, 129.2, 127.7,
93.6, 78.6, 63.5, 58.3, 38.8, 32.0, 31.0, 24.9, 24.2, 14.9.
cis and trans 3-Methylene-2- [(phenylsulfonyl)methyl]cyclopentanol (7a): By the same procedure, the

3100 . /nNnA

reaction of 150 mg (U 40 mm01) 3ain 20 mL of G.l'y Denzene, 135 j,lL (U 48 mmox) of DU}DHH and 6.6 mg (V.u4 mmox)
of AIRN afforded 45.3 mo (469%) of cis-7a and 30.2 mg (QnOA\ of trans-Ta (hexane-ethvl acetate 8:1 as eluent), cis-7a:

UL MUY GLiViuvis 7.0 g \TU /Gy Ui LTl a gl Jves \Cv 8y Vs VICAGIIVTVULY L QLULARe .1 QS Vawviany, Lio

'"H-NMR: 8.01-7.95 (m, 2H), 7.70-7.55 (m, 3H), 5.05 (mv 1H), 4.68 (m, 2H), 3.49 (dd, J“12 5 and 13.6, 1H), 3.31 (dd,
J=2.5 and 13.6, 1H), 2.91 (m, 1H), 2.75-2.11 (m, 2H), 1.98-1.85 (m, 2H ). "C-NMR: 151.3, 139.3, 133.9, 129.4, 127.7,
107.0, 72.6, 55.2, 43.7, 32.0, 29.5. rans-7a: 'H-NMR: : 8.01-7.95 (m, 2H), 7.70-7.55 (m, 3H), 5.05 (m, 1H), 4.76 (m,
1H), 4.25 (m, 1H), 3.44 (dd, /=1.7 and 14.4 Tiz, i), 3.18 (dd, /=8.7 and 14.4 Hz, iH), 2.75 (m, 1H), 2.65-2.01 {m,
4H). PC-NMR: 151.1, 138.7, 134.0, 129.4, 128.1, 107.9, 78.0, 60.5, 46.1, 32.0, 29.3.

cis and trans 3- Methylene-z I( phenylsulfonyl)methyl! l—(trusogropylsnl_yloxy)cyclopentane (7b): By the
same procedure, the reaction of 110 mg (0.20 mmol) of 3a in 10 mL of dry benzene, 72 pL (0.24 mmol) of Bu;SnH and
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4.5 mg (0.02 mmol) of AIBN afforded 34.7 mg (43%) of cis-7b and 23.1 mg (28%) of trans-Tb (hexane-ethyl acetate
8:1 as eluent). cis-7b: 'H-NMR: 7.98-7.90 (m, 2H), 7.66-7.51 (m, 3H), 4.95 (m, 1H), 4.83 (m, 1H), 4.55 (q, /~4.1 Hz,

1H), 3.69 (dd, /=6.6 and 15.6 Hz, 1H), 3.12 (dd, /=5.0 and 15.6 Hz, 1H), 2.91 (m, 1H), 2.70-2.21 (m, 2H), 1.88-1.78
(m 2HY 105 {(m 21HN 13{"?\]’!\/”2 150§ IA(]I l??ﬁ 1202 1770 1077 7A‘1 S44 443 320 288 180 12 18

\addy, L2 7, 4.0 \Add, &4aT3). LNAVALNY A Vel ALT iy 2L STy TG, JLnF,y LUy AUV, L.

HRMS (FAB+) calcd for CpyHyOSSi 409.2228, found 409.2232. trans-Tb: 'H-NMR: 7.98-7.90 (m, 2H), 7.66-7.51 (m,
3H), 5.02 (m, 1H), 4.93 (m, 1H), 4.23 (q, /=4.6 Hz, 1H), 3.17 (m, 2H), 2.81 (m, 1H), 2.69-2.20 (m, 2H), 1.98-1.55 (m,
2H ), 1.05 (m, 21H). *C-NMR: 150.8, 139.9, 133.6, 129.2, 127.9, 109.0, 77.2, 59.3, 47.9, 32.9, 28.7, 18.0, 12.3. MS

m\z (relative intensity): 365 (M'-'Pr, 100), 255 (23), 191 (15), 135 (16), 93 (29), 77 (31). HRMS (M"-Pr) calcd for
C.:H,0:88i mlz 365.1609 found 365.1608.

cis and trans 2-[(Phenylsulfonyl)methyl]-3-[(tributylstannyl)methylene]cyclopentanol (8a): By the same
procedure, the reaction of 143 mg (0.58 mmol) of 4a, in 20 mL of dry benzene, 240 pl. (0.70 mmol) of Bu;SnH and 11
mg (0.05 mmol) of AIBN afforded 176 mg (56%) of cis-8a and 75.2 mg (24%) of rans-8a (hexane-ethyl acetate $:1 as
eluent). cis-8a: 'H-NMR: 8.01-7.95 (m, 2H), 7.70-7.49 (m, 3H), 5.51 (m, 1H), 4.67 (m, 1H), 3.31-3.53 (m, 2H), 2.93

(m, 1), 2.71(d. =16 Hz 1H). 265220 (m. 2H). 2.05-1.83 (m. 2. 1.61-1.22 and 0.95 {(m. 27H) B NMR- 180 7

\ikly KALjy &eod 1 \Uy &7 10U Uhdy 101Jy £ UJITLLY Ui, LA1), LUJTL.00 \Ull, £X1)y L2ULT1.40 QUM V.70 \1ly L701). USINIVAIN. 1J7.7,

139.3, 133.8, 129.4, 127.8, 119.0, 72.6, 55.8, 45.8, 32.1, 31.9, 29.2, 27.6, 13.6, 11.9. MS m!\z (relative intesity): 541
(M, 0.5) 485 (100), 429 (17), 371 (13), 261 (9), 197 (38),.93 (77), 77 (100). HRMS (M") caled for CasHyy03SSn m\z
541.1794 found 591.1798. rans-8a: 'H-NMR: 8.02-7.95 (m, 2H), 7.70-7.49 (m, 3H), 5.50 (m, 1H), 4.15 (m, 1H), 3. 97

(d, /1.5 Hz, 1H), 3.53 (dd, J=1.4 and 15.6 Hz), 3.16 (dd, J=11.2 and 15.6 Hz), 2.81 (m, 1H), 2.55-2.11 (m, 2H), 1.8
1.63 (m, 2H), 1.61-1,23 and 0.95 (m, 27H). PC-NMR: 158.4, 138.8, 134.0, 130.9, 127.5, 120.6, 78.0, 61.1, 48.4, 32.6

3(m,2H), 1.61-1,23 and 0.95 27H). "C-NMR: 1584, 13 1340, 1309, 127.5, 120.6, 78.0, 61.1, 484, 32.6,
31.8,28.9,27.6,13.6,11.9.

cis and trans 2-[(Phenylsulfonyl)methyl]-3-[(tributylstannyl)methylene]-1-(triisopropylsilyloxy)-
cyclopentane (8b): The reaction of 85 mg (0.21 mmol) of 4b in 10 mL of dry benzene, 240 uL (0.25 mmol) of Bu;SnH
and 4.4 mg (0.02 mmol) of AIBN afforded a 65/35 crude mixture of cis/trans-8b. "H-NMR (cis-8b + trans-8b) 8.00-

T OV (1 rie 4 foame) T TOT AS (v pio + trrmme) B Q1 fm T Ade)l SNOQ fn TH o) A AL (e 1T Y A A& fea 11T
T.Z71 \Jit, $ed 77 0T WIS §y 1.0V 0 (1L, $0 T UFUNS J, V.03 U, 1K, ), J.V7 (L, RLL, TUr §, 7.0U i, L1, Ll.)} 440 (i, LK1,

trans), 3.60 (dd, /= 9.1 and 13.3, 2H, cis), 3.13 (m, 2H, cis + trans), 2.89 (m, cis + trans), 2.65-2.21 (m, cis + trans),

1.98-1.85 (m, cis + trans ), 1.78-0.70 (m, cis + trans). When this mixture was purified by flash chromatography

(hexane-ethyl acetate 6:1) only the de-stannylated products 7b (77% yield) were isolated.
trans-1-(Ethoxymethoxy)-2-[1-(phenylsulfonyl)ethyl]cyclopentane (frans-11): By the same procedure, the

f TNN v es N IE e AT A F D 3en 1§ 2T GPA....LA...-.A“A QY T (D 2N smaema 1) .-I-‘D G I aend A Qs N

i O1 1UV Iii] \U e llu.llUl) o1 > il 15 I 1 Lu_)’ UCIiLCIC, 0L }J.L \V.ou LU.LLlUl} L DU 3 ity ana 4. 7 Ll_ls \U 03 ﬁ-mlul}
of AIBN affor ,d d 65 mg (82%) of trans-11 as a 1:1 mixture of epimers at the sulfonylic carbon (hexane-ethyl acetate
4:1 as eluent) 'H-NMR: 7 95-7.85 (m, 4H), 7.66-7.50 (m, 6H), 4 71 (m, 2H), 4.65 (m, 2H), 4.16 (q, /~5.2 Hz, 1H), 3.76
(q, /=7.1 Hz, 1H), 3.57 (m, 4H), 3.42 (dq, /=3.0 and 7.1 Hz, 1H), 3.15 (m, 1H ), 2.41 (m, 1H), 2.33 (m, 1H), 1.85-1.45
(m, 12H), 1.20 (m, 6H), 0.92 (t, /=7.0 Hz, 6H). >*C-NMR: 138.5, 133.4, 129.0, 128.6, 94.5, 81.0, 63.5, 63.3, 62.4, 59.9,
46.2,43.4,32.9, 31.1, 29.5, 26.8, 23.1, 15.0. HRMS (FAB+) calcd for C¢H,50,4S 313.1466, found 313.1473.
Jethyl]-3-methylenc

= - e 10 2ol S su clo =
procedure, the reaction of 75 mg ( 0.16 mmol) of 12 in 10 mL of dry benzene, 55 p ( 20 mmol) of B u;SnH and 3.28
mg (0.02 mmol) of AIBN afforded 43 mg (80%) of trans-12 as a 1:1 mixture of epimers at the sulfonylic carbon
(hexane-ethyl acetate 4:1 as eluent) ‘H-NMR: 7.95-7.85 (m 4H) 7.66-7.50 (m, 6H), 5.25 (m, 1H), 5.13 (m, 1H), 5 04

LTI AN AATT. YN N o Y I 1 "'I .
(m, 2H), 4.85 (m, 6H), 4.48 (m, 1H), 4.17 (m, 1H), 3.61 (m, 4H), 3.22 (m, 2H), 2.20-2.55 (m, 2H), 1.51-1.71 (m, 2H),

1.25 (m. 12H) ‘3(‘.N'MR 150.1, 1392, 134.0, 129.2, 127.5, 107.4, 94.3, 81.2, 64,1, 63.2, 62,4, 60.0, 461, 434,327,

1.25 (m, 12H). 150.1,139.2, 134.0, 129.2, 81.2, 63.2, 62.4, 60.0, 46.1
31.1,29.8, 26.0, 23.1, 16.1. I-IRMS (FAB M-OEt) caled for C15H|9035 279.1047, found 279.1054.

Cascade cyclization of 14: By the same general procedure described for the radical cyclization, the reaction
of 186 mg (0.46 mmol) of 14 in 18 mL of dry benzene, 240 pL (0.55 mmol) of Bu;SnH and 8.8 mg (0.05 mmol) of

,,,,,, oo sacra  mws

AIBN afforded 82 mg (337) o1 1Y and 19.2 mg (Z()‘Vo) of trans-20 (nexane—etnyl acetate 4:1 as eluent) (1S%, 3R*, 4S¥%,

AD* UMM athavvsarhanvDmathull Y ava d mhanvicnl_fanvhhicsvasln 11 2 Dlantana (100 MM n . 165-166 °C. IU_
S o= UaCuOXYCar oORY HICUl Y j=&4=0X& -7 PACLYSU-10l Y ywilYyCiU-[2.0.VJOLialiT (i) ivVi.pP.. =100 X

NMR : 7.98-7.91 (m, 2H), 7.70-7.51 (m, 3H), 4.51 (m, 2H), 3.70 (s, 3H), 3.34 (dd, /=6.5 and 8.3 Hz, 1H), 3.01 (m,
1H), 2.84 (dd, J=1.6 and 15.8 Hz, 1H), 2.06 (dd, J= 8.1 and 15.8 Hz, 1H), 1.85 (m, 1H), 2.56 (m, 4H), 1.14 (m, 1H).
PC-NMR: 170.6, 138.3, 134.0, 129.4, 128.6, 84.7, 75.3, 73.2, 51.7, 46.0, 38.0, 33.2, 32.3, 23.6. MS m!\z (relative
intensity): 324 (M, 0.8), 293 (54), 251 (7), 182 (100), 153 (17), 123 (41), 109 (32), 77 (48). HRMS (M) calcd for
C. H.-.O.8 mlz 324 1036 found 324.1040. (W\ I I(1R* 2R*\.2. [{nhnn\rlenH'nnvl\mnthv“nvnlnnnnfqnvlnw]nrn_

jGLRIONSSS  rrs L LAV3T 1Uwu SIURAN 9 AN TS PRV AU UK y R SRR Y R [V Y VAU PRV Y AVAY | R VT

penoate (trans-20): 'H-NMR: 7.96-7.89 (m, 2H) 7.70-7.51 (m, 3H), 7.47 (d, J~13.2 Hz, 1H), 5.18 (d, /~13.2 Hz, 1H),
4.25 (m, 1H), 3.71 (s, 3H), 3.23 (dd, /=6.2 and 13.3 Hz, 1H), 3.06 (dd, /=8.2 and 13.3 Hz, 1H), 2.45 (m, 1H), 2.25-1.91
(m, 2H), 1.73 (m, 2H), 1.48-1.21 (m, 2H). "C-NMR: 168.0, 161.2, 140.0, 133.8, 129.4, 128.6, 128.0, 97.6, 86.5, 59.0,

51.1, 404, 30.7, 30.0, 28.2, 17.2. HRMS (FAB+) calcd for C6H;,05S 325.1098, found 325.1109.
Cascade cvelization of 15: By the same procedure. the reaction of 127 me (0.22 mmol) of 15 in 11 mL of
bub\«uuc ‘«] -AREARLAVUIL Ul AJ. ]J! [SSLwEN 1230 3 Lw) yluuvumb, LAY IVAWMVIL UL L J T LI.JE \\l [y u.uu\.u} X A7 11k 51 kMl WJE
dry benzene, 104 pL (0.38 mmol) of Bu;SnH and 5.3 mg (0.03 mmol) of AIBN afforded 48 mg (37%) of 21 and 41 mg

(44%) of 22 (hexane-ethyl acetate 4:1 as eluent). (1S8*, 6R*, 7S*, 8R*)-8-[(Methoxycarbonyl)-methyl}-9-oxa-7-
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(phenyl-sulfonyl)bicyclo[4.3.0]nonane (21): "H-NMR: 7.98-7.87 (m, 2H), 7.78-7.56 (m, 3H), 4.61 (m, 1H), 3.99 (m,
1H), 3.71 (s, 3H), 3.25 (dd, /3.1 and 6.0 Hz, 1H), 2.51 (m, 2H), 2.0 (m, 1H), 1.0-1.82 (m, 8H). "C-NMR: 1704,
138.0, 134.0, 1294, 128.1, 77.1, 74.0, 70.6, 51.9, 40.5, 40.0, 29.0, 27.1, 24.3, 20.5. (iR*, 6R*, 7S%, 85%)-8-
[(Methoxycarbonyl)methyl|-9-0xa-7-(phenylsulfonyl)-bicyclo[4.3.0]nonane (22). 'H-NMR (benzene-dg): 7.75 (m,
2H), 6.85-7.0 (m, 3H), 5.89 (dt, ./~=4.3 and 9.7 Hz, 1H), 3.83 (dd, /~4.3 and 16.2 Hz, 1H), 3.51 (dd, /=9.2 and 16.2 Hz,
1H), 3.41 (s, 3H), 3.15 (dd, /= 8.6 and 10.0 Hz, 1H), 2.75 (dt, J=3.7 and 10.1 Hz, 1H), 2.0 (m, 1H), 1.85 (m, 1H), 1.63
(m, 4H), 1.15 (m, 1H), 0.85 (m, 2H). *C-NMR: 170.1, 139.0, 134.0, 129.1, 129.0, 85.1, 75.0, 69.0, 53.7, 47.6, 38.5,
33.5,29.3,26.6,25.5.

Cascade cyclization of 16: By the same procedure, the reaction of 100 mg (0.19 mmol) of 16 in 10 mL of
dry benzene, 62 uL (0.23 mmol) of Bu;SnH and 3.5 mg (0.02 mmol) of AIBN afforded 31 mg (37%) of 23 and 32 mg
(38%) of 24 (hexane-ethyl acetate 6:1 as eluent) (1S*, 6R*, 7S*, 8R*)-9-Oxa-7-(phenylsulfonyl)-8-[(p-
tolylsulfonyl)-methyl]bicyclo[4.3.0]nonane (23): 'H-NMR (300 MHz): 7.85 (m, 2H), 7.69-7.32 (AA’BB’" system,
4H), 7.51-7.68 (m, 3H), 4.55 (m, 1H), 3.91 (m, 1H), 3.36 (dd, /=7.5 and 13.7 Hz, 1H), 3.19 (dd, /=2.2 and 6.6 Hz, 1H),
3.04 (dd, /=2.7 and 13.7 Hz, 1H), 2.50 (m, 1H), 2.45 (s, 3H), 1.81 (m, 2H), 1.65 (m, 2H), 1.53 (m, 2H), 1.17 (m, 2H).
“C-NMR: 144.7, 138.5, 137.1, 134.2, 129.6, 129.2, 128.6, 127.7, 77.6, 73.9, 72.5, 60.7, 39.9, 29.0, 27.1, 24.0, 21.6,
19.8. (1R*, 6R*, 7S*, 85*)-9-Oxa-7-(phenylsulfonyl)-8-|(p-tolylsulfonyl)-methyl}bicyclo[4.3.0]nonane (24): :'H-
NMR: 7.98-7.69 (m, 2H), 7.69-7.32 (AA'BB’ system, 4H), 7.51-7.68 (m, 3H), 4.81 (m, lH), 4.10 (m, 1H), 4.01-3.61
(m, 2H), 3.85 (dd, /=8.3 and 13.3 Hz, 1H), 2.51 (s, 3H), 2.0 (m, ZH), 1.01-1.82 (m, 6H). '*C-NMR: 44.4, 138.2, 136.9,
134.3, 129.5,129.3, 128.3, 128.1, 83.5, 73.0, 69.7, 57.5, 45.9, 30.5, 27.8, 25.2, 23.5, 21.6.

Cascade cyclization of 17: By the same procedure, the reaction of 50 mg (0.11 mmol) 17 in 5 mL of dry
benzene, 36 ul. (0.13 mmol) Bu;SnH and 1.8 mg (0.01 mmol) of AIBN afforded. 19.5 mg (54%) of 25 and 7.2 mg
(20%) of trans-26 (hexane-ethyl acetate 4:1 as eluent). (1S*, 3R*, 4S*, 5R*)-3-[(Methoxy-carbonyl)methyl}-4-
methylene-2-oxa-4-(phenylsulfonyl)bicyclo[3.3.0]octane (25): 'H-NMR: 7.98-7.93 (m, 2H), 7.75-7.56 (m, 3H), 4.77
(m, 1H), 4.63 (dt, /3.8 Hzy J=7.6 Hz, 1H), 4.51 (t, /=5.0 Hz, 1H), 4.09 (m, 1H), 3.66 (s, 3H), 3.56 (dd, /~3.9 Hz,
J=7.6 Hz, 1H), 3.33 (m, 1H ), 2.61 (dd, /=3.8 and 16.3 Hz, 1H), 2.56 (dd, /<7.0 and 16.4 Hz, 1H), 2.45 (m, 1H), 2.20
(m, 1H), 198(m 1H), 1.51- 170(m 2H). PC-NMR: 171.4, 153.9, 1392 135.3, 130.7, 129.9, 1097 86.5, 787 76.4,
52.9, 51.7, 40.0, 31.7, 28.9. MS m\z (relative intensity): 305, (M'- OCHj, 2), 262 (12), 194 (72), 120 (73), 93 (69), 77
(48). HRMS (M- OCH;) caled for CsH;704S miz 305.0850 found 305.0847. Methyl (E)-3-[(1R*, 2R*)-3-methylene-
2-[(phenylsulfonyl)methyl|cyclopentanyloxy]propenoate (rans-26): 'H-NMR: 8.01-7.93 (m, 2H), 7.75-7.56 (m,
3H), 7.51 (d, /=12.5 Hz, 1H), 5.32 (d, /=12.5 Hz, 1H ), 5.15 (m, 1H), 4.91 (m, 1H), 4.68 (m, 1H), 3.73 (s, 3H), 3.15
(m, 2H), 2.45 (m, 1H), 1.98 (m, 2H), 1.51-1.70 (m, 2H). "C-NMR: 168.0, 160.0, 149.9, 138.9, 133.9, 129.4, 128.0,
109.5, 98.0, 85.3,59.0, 51.1, 44.7, 29.6, 29.2. HRMS (FAB+) calcd for Cy7H» 058 337.1098, found 337.1084.

Cascade cyclization of 18 By the same procedure, the reaction of 76 mg (0.24 mmol) of 18 in 10 mL of dry

benzene, 77 pL (0.28 mmol) of Bu;SnH and 3.5 mg (0.02 mmol) of AIBN afforded 87.3 mg (57%) of 27 and 29.3 mg

{’)ﬂo/‘.;\ nf ‘r'rnu(-_"ﬁ hpvnnp_nﬂ'\v] acetate R:1 as plnpnf\ /1Q* '“)* AQ* ‘D*\ 3- [IM thoxv-carbonvmethvll.2_oxa-

W)~ \1vAu;uva: AU Y A JLIAC RAR Y A ] T TV A

5- [(E)-(trlbutylstannyl)methylene] -4-( phenylsulfonyl)blcyclo[S 3 0]octane (27) :'H-NMR: 7.98-7.93 (m, 2H), 7.75-
7.56 (m, 3H), 4.93 (m, 1H), 4.69 (dt, /=3.8 and /=7.8Hz, 1H), 4.52 (1, /=4.9Hz, 1H), 3.67 (s, 3H), 3.50 (dd, /~3.4 and
J=1.6, 1H), 3.34 (m, 1H ), 2.73 (dd, J=3.6 and 15.9 Hz, 1H), 2.56 (dd, /~6.4 and 15.9 Hz, 1H), (2.47 (m, 1H), 2.10 (m,

2H), 1.68 (m, 1H), 1.51-0.60 (m, 27H). *C-NMR: 170.3, 161.7, 138.2, 134.0, 130.7, 129.4, 128.8, 121.7, 85.4, 75.8,
53.1, 51.7, 39.5, 32.3, 30.5, 29.0, 27.1, 13.6, 9.7. Methyl (E)-3-[(1R*, 2R*)-2-[(phenyl-sulfonyl)methyl]-3-[(E)-
(trihutvlstannvl)methvlenelcvclopentanvloxvlprone-noate (trans~28) 1H NMR 8.01-7.93 (m, 2H), 7.75-7.56 (m,
3H), 7.56 (d, /~12.5 Hz, 1H), 5.72 (m, 1H), 5.31 (d, /~12.5 Hz, 1H), 4.71 (m, 1H), 3.73 (s, 3H), 3.25 (m, 2H), 2.49-
2.15 (m, 3H), 2.03 (m, 2H), 1.51-0.60 (m, 27H). 5C.NMR: 160.9, 138.9, 133.9, 130.8, 129.4, 128.8, 128.1, 122.8, 97.9,

85.2,71.7,59.5,47.2, 31.3, 30.9, 29.0, 27.1, 13.6, 9.7.

nic lJFf‘nn“ymAi“A“r\_‘, athvlavalanantana rrc_12e Tn a cnlnhnn nf <K ma (N 1R mmall Af Ade11
VL IGGRYMEUAOXY jma=CinyJyliSpeniane (lis-13).! mMg \v.10 D01 Oi CiS-ia

(prepared from cis-5a) in 4 mL of MeOH were added 500 mg of 4% powdered Na(Hg) and 96 mg of Na,HPO,. The
suspension was stirred at rt. for 2 h. The reaction was poured into water and extracted with ether (20 mL). The
combined organic layers were dried (Na,SO,) and evaporated, to afford 29 mg (96%) of cis-13. 'H-NMR: 4.71 (m, 2H),
4.05 (m, 1H), 3.66 (m, 2H), 1.85-1.28 (m, 9H), 1.22 (t, /<7.5 Hz, 3H), 0.91 (t, J=7.3, 3H). >C-NMR: 93.6, 79.4, 63.1,

A7T0HO 21 8§ 72 Q 219 ’)IA 1<n 170N
iU, 1.0, &0.7, 7, J.U, 13U,

trans-1- (Ethoxvmethoxv)—Z-ethvlcvclonentane (trans-13): The same procedure described above was
applied to the reaction of 50 mg (0.16 mmol) of trans-11, 500 mg of 4% Na(Hg) and 96 mg of Na,HPO,. in 4mL of
MeOH, affording 26 mg (96%) of trans-13. '"H-NMR: 4.70 (m, 2H), 3.75 (m, 1H), 3.59 (m, 2H), 1.91-1.05 (m, 9H),

1.22 (t, <7.5 Hz, 3H)092(t J=1.3, 3H) PC-NMR: 93.8, 83.3, 62.9, 47.5, 31.7, 27.5, 26.6, 22.2, 15.0, 12.5.
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