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Cobalt Catalysed Hydro-Sulfenylation of Michael Acceptors

Chiristopher L. Friend and Nigel S. Simpkins*

Deparimeni of Chemistry, University of Nottingham, University Park, Nottingham N

=3 AES 0 __1}

and Michael Anson

L3 770 T YOOI, W oo Qe Awvey

Y, UK.

Va3 P

Glaxo Wellcomée Research and uevelopmcm, Gunneis Wood K()aﬂ. Mevenage Hertfordshire S

and Mario E. C. Polywka

e Forod A ocimeneencac . ¥ 2 d 1£1 ll:IA‘_ [ \ISV | Ann Ty

URIUIU AMYHHIICU Y L, 101 MHWI l”dll, ADI.IIgUl)lI UAI. 43517, U.A.

Received 27 November 1997; revised 22 December 1997, accepted 8 January 1998
Abstract: The reaction of certain types of Michael acceptors, limited to those having methylene groups,
with a mixture of diphenyl disulfide and phenyl silane, under the influence of 10% of the cobalt catalyst,
Co(eobe) 3, results in the formation of hydro-sulfenylated products, such as a-phenylthio carbonyl
compounds, in moderate to good yields. The process involves intermediates having radical character,
judging by the S-exo-trig cyclisation product 21 observed in the reaction of o,B-unsaturated ester 20
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Recently, we became interested in a report by Kato and Mukaiyama, which described the preparation
of o-hydroxyimino carbonyl compounds 2, starting from the corresponding o,B-unsaturated carbonyl
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This transformation involves reaction of the Michael acceptor-type substrate with a mixture of butyl nitrite

and phenyl silane, under the influence of a catalytic amount of the cobalt complex, Co(eobe) 3. The reaction

intermediate, which then reacts with the electrophilic butyl nitrite to give an
which, on tautomerisation, gives the observed oxime product (see later).

This mild and catalytic process appeared very attractive for synthesis, and we were intrigued by the
possibility of trapping the putative cobalt enolate with alternative clectrophiles. Herein we describe some of

our explorations of this type of cobalt-catalysed process, which indicate that the intermediates in the reaction
havya radical rathar than annlata tyna characstar and which ava racnltad in the davalanmeaent af o0 methad for
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the hydro-suifenylation of certain types of unsaturated sysiems.
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RESULTS AND DISCUSSION
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prove possibie to significantly broaden the scope of the reaction to generate alternative types of product.
Thus, reactions of typical Michael acceptors with mixturcs of the Co(eobe) catalyst, phenyl silane and
various types of electrophile, including alkylating agents, aldehydes, acid chlorides or chlorotrimethylsilane,
gave none of the anticipated products. Only in the case of rcactions including diphenyldisulfide did we find
that the expected products of apparent conjugate reduction and electrophilic quench were formed. After
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experimentation we converted a rang rates into hydro-sulfenylaied producis in this way
(egn. 2-6).
SPh
AN @ 1 @) X = CO5"Bu (16h, 70%)
Z ~x —_— ©) X =CN (24h, 31%) (eqn. 2)
SPh
(i) PhS
N X — x * NN (egn. 3)
@ (11%) + 7 30%) X =COMe (i7h)
® + ® X =S0,Ph (34h, 50% combined)
/X . /x
’;"l\ (i) PhS /{\ (an. %)
COMe COMe
10) X =Ph (12) X = Ph (6h, 71%)
AnX=CoM (13) X = COE1 (64h, 45%)
i . l reagents and conditions:
@) PhS i) Ph,S, (5 eq.), PhSiH, (5 eq.
}\M e (eqn. 5) I ()n ,282,(\??.\) ,,.zf..:-q)
COMe “ S coMe : I Co{eobe) {10 mol %), THF, A I
NTE—
a4) (15) (24h, 60%)
_Ph -
@
/_’E —_— PhS ( (egn. 6)
COZ1 )\coza
(16) (17) (5h, 67%)

In most cases the a-sulfenyl carbonyl compound was obtained in good yield, although the reaction often
took several days to reach completion. The formation of sulfenylated nitrile 5 and sulfone 8 also indicates
that alkenes having non-carbonyl types of activating group may also participate in the reaction. In the latter
case, and also in the reaction involving methyl vinyl ketone (eqn. 3) the yield of the a -sulfenyl product was

reduced due to the competing formation of B-sulfenyl compounds 7 and 9. This is presumably due to
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uncatalysed Michael type addition of either thiol or PhS- radicals, which are produced from the starting
digulfide as the reaction nroceeds 2 Rlank axnerimente in which tha cobalt catalyst was omitted. gave only
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this type of B-sulfenylated product (other blank experiments also showed that the silane must be present for
the hydro-sulfenylation reaction to occur). The principal limitation of the reaction is that B-substitution of
the alkene acceptor completely halts the reaction and therefore only methylene compounds can be used. This
is disappointing and a little surprising, since B-substitution seems to be tolerated in the originally reported
process illustrated in eqn. 1.

At thi
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carbon- LCH[I’CG l'dUlLdlS, or at ieaS tcrmemalcs navmg radical character. l*ll'Stly, formation of an
intermediate alkyl cobalt species was most likely, and the literature reveals a plentiful chemistry of such
species, involving carbon—cobalt bond homolysis to give carbon-centred radicals.? Secondly, although most
electrophiles tried in the cobalt catalysed reaction did not work, the successful one, diphenyldisulfide, is a
well known radical trap.4

" -~
NS O S ~ ORt — ~ OEt ~ N SO.Ph
G ., = W
W g ~F
(18) a9 @0) @n
reagemss and conditions:

(i) NaH, DMF, H,C=CH(CH,);Br (71%) (ii) LDA, (CH,0)n; A (63%) (iii) Ph,S; (5 eq.), PhSiH; (5 eq.)

Cofache) {10 mol %), THF, A {iv) Oxone® THF, H-0 (14% two stens)

Cofeche) (10 mol %), THF, A (iv) Oxone®, THF, H,0 (14% two steps)

Scheme 1

Alkylation under typical conditions gave the unsaturated derivative 19, which on further reaction under the
conditions described by Ueno et al,> gave the desired methylene substrate 20. Reaction of this compound
under our standard sulfenylation conditions gave only low yields of products, which were difficult to isola
However, by subjecting the crude reaction mixture to oxidation using Oxone® we were able to separate the
cyclised products in the form of a diastereoisomeric mixture of sulfones 21.

Despite the low yields of the sulfones 21 obtained, the observation of this type of product is good

evidence for a 5-exo-trig radical cyclisation, and hence for the intermediate cobalt species showing radical,
snthae than 1Aanis ~rharactas 6 Tha marhanicm nf the rmantion neahahly invnlvac reartinn nf the cilane with the
fainer ulan onic, CnaraCier.” 1 ac mednanism o1 ull reaClion provdory mMmvoives ealldn Of Uil SLdlle Wil uic

starting cobalt species, Lo generate a cobalt hydride, which then effects regioselective hydrocobaltation of
the starting alkene. Homolysis of the intermediate alkyl-cobalt species and carbon-centred radical trapping
by the disulfide then furnishes the product. This sequence is very similar to that proposed by Okamoto and
co-workers for a cobalt-catalysed preparation of oximes from styrene (somewhat analogous to eqn. 1),

which employs borohydrid
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EXPERIMENTAL

General Details

Melting points for solid products were determined using a Kofler hot-stage apparatus. IR spectra were

recorded on either Perkin-Elmer 1720-X FTIR or Perkin-Elmer 1600 Series FTIR instruments as either KBr
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discs or solutions in CCly or CHCl;. NMR spectra were recorded on Bruker AM
AM 400, or Bruker DRX 500 machines, with either Me,Si or residual protic solvent as internal standard.
J values are recorded in Hz and abbreviations used are br. - broad, s - singlet, d - doublet, t - triplet, g -
quartet, qu - quintet, m - multiplet, dd - double doublet (apparent multiplicity has been given in a few cases
where multiplets have a simplified appearance due to identical couplings from non-equivalent protons).
Multiplicities indicated for 3¢ NMR were obtained using a DEPT sequence. Mass spectra were recorded

romass 70E or VG Autospec spectrometers
on VG Micromass 70E or VG nutuapw bpovhuu {ers.

G

Microanalyses were performed at the microanalytical laboratory at the University of Nottingham using a
Perkin-Elmer 240B elemental analyser. Analytical tlc. was performed on Merck precoated silica gel Fys,
plates and visualised by one or more of the following; ultra-violet light, iodine, potassium permanganate,
acidic ammonium molybdate (IV) or phosphomolybdic acid. Preparative chromatography was carried out
on columns of Merck Kieselgel 60 (230-400 mesh).

AVaLL Aty AR

Tetrahydrofuran and diethyl ether were distilled from sodium-benzophenone ketyl; light petroleum refers to
petroieum ether b.p. 40-60 °C which was distilied prior to use.

Methyl vinyl ketone, acrylonitrile and methyl methacrylate were purchased from Aldrich and distilled
before use. Phenyl vinyl sulfone was obtained through Oxone® oxidation of the corresponding sulfide. The
unsaturated ketones 12 and 13 were prepared by the method of Ben Ayed and Amri,8 and the unsaturated
ester 16 by the method of Ueno et al 5

Typical procedure for catalytic hydro-sulfenylation of a-methylene compounds

Phenyl silane (0.63mg, Smmol) and diphenyl disulfide (1.09g, 5mmol) were successively added to a
solution of the methylene ketone 10 (160mg, 1mmol) and Co(eobe) (40mg, 0.1mmol) in THF (8cm3). The
mixture was then heated to reflux for 6h after which time the solvent was removed under reduced pressure.

Purification of the crude oil by silica gel column chromatography (10:1 petrol: EtQAc¢) yielded the desired
ol dan v Bint 1Y an on o alaan A1 1O . " FAVET ..__'1 M~ 1TL£OQ00 TALFT A N
Suial proa Ci 12, as a ciear on i>umg, / <, 1203, 140/ (AT);

4
8y (250 MHz, CDCly) 1.32 (3H, s, CHy), 2.41 (3H, s, COCH 3), 2.94 (1H, d, J 13.7, CHHAr), 3.33 (1H,
13.7, CHHAr), 7.16-7.43 (10H, m, ArH); 8¢ (67.5 MHz, CDCl,) 21.3 (CHj,), 25.5 (COCH,), 42.6
(CHZ), 60.5 (C), 126.7 (CH, Ar), 128.1 (CH, Ar), 128.7 (CH, A1), 129.3 (CH, Ar), 130.5 (CH, Ar), 130.7
(C, Ar), 136.1 (CH, Ar), 136.5 (C, Ar), 193.8 (COCH,); m/z (EI) 270 (MY, 5%), 227 (M—~COMe, 100),
162 (M-SPh, 5), 149 (M~H-COMe-Ph, 63), 117 (M-H-COMe-SPh, 36) (Found 270.1083. C,;H,40S

...‘.‘l" ’5’7[\ f\ 0\
Z/\U.1U706).

-

equir
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Data for the other sulfide products

(4) Following the above general procedure with Bhutyl acrylate (0. n’7r‘m3 0.Smmol). nhe } ilane
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(0.31cm3, 2.5mmol), diphenyl disulfide (0. 55g, 2.5mmol) and Co(eobe) (20mg, 0.05mmol). After reflux
for 16h, evaporation of solvent and purification by silica gel column cnromatograpny (20:1 petrol:EtOACc),
the suifide 4 was obtained as a clear oil (67mg, 70%), v max (CHC13)/cm" 1722 (C=0), 1583, 1456 (Ar);
8y (250 MHz, CDCl,) 0.82 (3H, t, J 4.6, CH3), 1.20 (2H, sextuplet, J 4.6, CH,), 1.41 (3H, d, J 4.4,
CHCH,;), 1.52 (2H, m, CH,), 3.72 (1H, q, J 4.4, CHCHj;), 3.99 (2H, t, J 4.6, CO,CH,), 7.15-7.27 (3H,
m, ArH), 7.37-7.44 (2H, m, ArH); 8. (67.5 MHz, CDCl;) 13.6 (CH,), 17.4 (CH,), 18.9 (CH,), 30.4
(CH,), 45.2 (CH), 65.0 (CH,), 127.8 (CH, Ar), 128.8 (CH, Ar), 132.8 (CH, Ar), 133.3 (C, Arj, 172.7
(CO,CH,); m/z (EI) 238 (M?*, 20%), 180 (M—Bu, 10), 137 (M—CO,Bu, 100), 109 (PhS+, 33) (Found
238.1021. (" ,.H nO.Q requires M, 238.1027).

g2 HUHLS VR, 200

2N TAlln this chiyn comana onitrile (53mg. 1mmol). phenvisilane (O 3
(&) ruuuwmg iic aoove scumm PIUWUIHC with auynuxuuuc \JJ g, 1inmolL), pUCNyisuanc (v 1i~,

5mmol), diphenyl disulfide (1.09g, Smmol) and Co(eobe) (40mg, 0.1mmol). After reflux for 36h,
evaporation of solvent and purification by silica gel column chromatography (15:1 petrol:EtOAc), the
sulfide 5 was obtained as a clear oil (50mg, 31%), V., (CHC13)/cm'1 2239 (C=N), 1584, 1453 (Arn); &y
(250 MHz, CDCl,) 1.61 (3H, d, J 7.3, CH,CH), 3.81 (1H, q, J 7.3, CH;CH), 7.40-7.44 (3H, m, ArH),
7.61-7.65 (2H, m, ArH); SC (67.5 MHz, CDCl3) 18.7 (CH;CH), 31.3 (CH3CH), 119.8 (CN), 129.4 (CH,
Ar), 129.5 (CH, Ar), 130.4 (C, Ar), 134.6 (CH, Ar); m/z (EI) 163 (M*, 41%), 148 (M-Me, 3), 109 (PhS*,
64), 83 (100) (Found 163.0457. CgH(NS requires M, 163.0456).

[‘\10 and (11 Ernllawina tha ahnve canaral nracadora t mothul vinte 1 Vatnne (N 1~ Tmmnl)
Yy ailiu 7 CrOUOWINE W0 do0Ve gONiCidl PIUCCUUrc wiul mculy: Villy: sCOne (v.i10m-, 1Mo,
JIC RPN UL DR Z W, PR S JESNU | s Dy S | N Vi PRy S B Y o YR R LY PR B &\ PRy Jugiy "R N . V 3 WO & T DV | Y A Lo e
poncnyisidanc (uv.osein-, Jmmu J, 4ipnenyi Ulbml]u \1.U>g, OIMMOl) dnd Lo(eobl) (4UTllg, U. 1Mmol). Allcr
reflux for 24h, evaporation of solvent and purification by silica gel column chromatography (15:1

petrol:EtOAc), gave firstly the sulfide 6 as a clear oil (20mg, 11%), vy., (CHC13)/cm=1 1714 (C=0), 1584
1483, 1455 (Ar), 8H (250 MHz, CDCl,) 1.41 3H, d, 7 7.0, CH3CH), 2.29 (3H, s, CH;3CO), 3.77 (1H, q,
J 1.0, CH4CH), 7.23-7.51 (5H, m, ArH); SC (67.5 MHz, CDC13) 16.1 (CH;CH), 26.3 (CH3CO), 52.1
(CH3CH), 127.1 (C, Ar), 128.0 (CH, Ar), 129.1 (CH, Ar), 132.6 (CH, Ar), 206.3 (COCH3); m/z (EI) 180
M+, 11%), 137 (M—COMe, 47), 109 (PhS*, 15), 83 (100) (Found 180.0613. CyoH 208 requires M,
180.0608), followed hv sulfide 7 was as a clear oil (53mg, 30%), Viax (FHFI ch'l 1714 (C=Q0), 1584,

1483, 1463 (Ar), 8;; (250 MHz, CDCl,) 2.15 (3H, s, CH4CO0), 2.78 (2H t, J7 3, PhSCH>), 3.14 (2H, t,

T~ N ralaSUe s V4 "l '1') Ve 4 & . I‘I\I"I \ "i"l ] InL(‘f‘U AY NN (ONMIT N A2 N
J 7.9, LIIZLU), 71.40—/.35 on, 1, nln), UC \Oi 5 MHz, CDC iy) D (FholiTy ), SUU (LULT3), 43.U
(CH,CO), 126.2 (CH, Ar), 128.9 (CH, Ar), 129.4 (CH, Ar), 135.6 (C, Ar), 206.5 (COCHj,); m/z (Ei) 180
M+, 3%), 137 (M—-COMe, 1), 109 (PhS+, 1), 70 (M-SPh, 4).

(8) and (9) Following the above general procedure with phenyl vinyl sulfone (152mg, Immol),
phenylsilane (0.63cm3, Smmol), diphenyl disulfide (1.09g, 5mmol) and Co(eobe) (400mg, 0.1mmol). After
reflux for 24h, evaporation of solvent and purification by silica gel column chromatography (6:1
petrol:EtOAc), the sulfides 8 and 9 were obtained as a inseparable mixture (130mg, 50%), v ..
)/p;n'l 1585, 1482, 1448 (Ar), 1320, 1143 (SO,) & (250 MHz, CDCl,;) 1.57 (3H, d, J 4.5,

B TdNT,y “H SUAVRI RS, ASRLERS AeC 7 PR E S ¥
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CH.CH), 308 2H. m, PhSCH-). 322 (2H. m. CH.SO-Ph) 420 (1H. g J A5 CH.CH) 708_7 8%

3 75 A 3 5 B s L7 TS \&LDy A, \—.lzuvz.. 2ify VMU \2xdy Yy U Tedy \..;;3\11&,, LAY At N & 1V 4
(M wm ArH)Y 8 (K7 & ME2 OTWM ) 18 Q (I LIV D612 (LT CDLY &€ £ (/L7 QN DLY £7 12
\4ULL, iR, EL), Un (\U/7.J DiiiL, \,Ubls] 1J.0 \bl}J\all], FAS R \bllzorll}, JJD \bﬂ20U2ru y» UI.D
FAVT AT 1A 1 /T Y AN 1AM 4N A 1MO A VY AN 1MAD £ YT A N AMAO O /INYTY a A N saEy PUIRY
\Lrigldz), 12/.0 (L, AI, 1273 (L, AT 128.U (LN, A6), 128.D (LI, Ar), 128.8 (LH, Ar), 1£8.9 (CH, Ar),

129.2 (CH, Ar), 129.3 (CH, Ar), 129.5 (CH, Ar), 129.8 (C, Ar), 130.0 (CH, Ar), 133.2 (CH, Ar), 133.8
(CH, Ar), 133.9 (CH, Ar), 135.4 (C, Ar), 138.4 (C, Ar); m/z (El) 278 (M*, 46%), 136 (M-H— SO,Ph, 100),

109 (PhS*, 91) (Found 278.0430. C,4H 40,5, requires M, 278.0401),

>

(13) Following the above general procedure with methylene ketone 11 (80mg, 0.5mmol), phenylsilane
(0.31cm3, 2.5mmol), diphenyl disulfide (0.55g, 2.5mmol) and Co(eobe) (20mg, 0.05mmol). After reflux

for 64h, evaporation of solvent and purification by silica gel column chromatography (20:1 petrol: EtOAc),

IAlly Vi 2UIAVERAAL a2 PRI AR 221284 LRI 58 P VLIRSS,

the sulfide 13 was obtained as a clear oil (6()mg, 45%), Vppax (CHC13)/cm'1 1729 (C=0), 1702 (C=0), 1460

AN R [IKN RALY.., AT \ 19 FALY o« F" 1 MNIT MYy 1 £1 73T . MY A AN FATY L SNOVTT N

(A, Oy (20U IV AE1E, \LIJUL 3 1.44 \0K2, 4, J /.1, \,ﬂz\,ﬂ3} 1.01 \.)l‘l, S, L,l'.l3 s £.37 (011, S, \_,LJ\_,113), 4 Dy
(1H, d, J 16.5, CHHCO,EY), 2.94 (1H, d, J 16.5, CHHC"ZEQ), 4.08 (2H, q, J 7.1, CH,CHy),
7.32-7.40 (5H, m, ArH); 8 (67.5 MHz, CDCl3) 14.1 (CH;), 21.9 (CH,), 24.5 (COCH}), 41.9 (CH,),

56.7 (C), 60.7 (CH,), 129.0 (CH, Ar), 129.6 (C, Ar), 129.9 (CH, Ar), 137.0 (CH, Ar), 170.3 (CO,CH,),
203.3 (COCH,); m/z (EI) 266 (M*, 1%), 223 (M-COMe, 3), 138 (8), 109 (PhS*, 5), 83 (100) (Found

(15)12 Following the above general procedure with methyl methacrylate 14 (0.05cm3, 0.5mmol),
nhenvlgilane (0 21(‘m3 2.5mmol), diphenvyl disulfide (0.55¢g, 2.5mmol) and Co(eobe) (20mg, 0.05mmol)
p h; e (U.> z.ommol), giphenyl gisullige (U.023g, Z2.0mmol) and Co(eobe) (Zomg, L.uommol)
Aftor rafluy for 1A avannratinn nf enlvant and nurificatinn hu eilica aal anlinmn cheamataagranhy ()1
LML IWEIIUA UL L ULy UCYGPUIQGUVIET UL JUL VUL Al Pullll\dﬂllull U_y oillva SUI vuiuiiin blllUlllalUElﬂPll)’ \LU L
petrol:EtOAc), the sulfide 15 was obtained as a clear oil (48mg, 60%), Ymax (CHC13)/cm'1 1727 (C=0),

1580, 1462 (Arn); oH (250 MHz, CDCly) 1.50 (6H, s, CH,), 3.87 (3H, s, COyCH;), 7.30-7.40 (3H, m,
ArH), 7.45-7.50 (2H, m, ArH); 8 (67.5 MHz, CDCl,) 25.9 (CH,), 52.3 (CO,CHj,), 128.7 (CH, Ar),
129.5 (CH, Ar), 136.8 (CH, Ar), 174.5 (CO,Me); m/z (EI) 210 (M*, 11%), 151 (M—CO,Me, 52), 135
(M-CO,Me-Me, 6), 121 (21), 109 (PhS+, 91) (Found 210.0725. C;,H,40,S requires M, 210.0715).

(17) Following the above general procedure with methylene ester 16 (95mg, 0.5mmol), phenylsilane
(0.31cm3, 2. Smmol) diphenyl disulfide (0. 55g, 2. Smmol) and Co(eobe) (20mg, 0.05mmol). After reflux

EtNA
AL TLN

1UL,

£
¢
w
c
=
=
Cu
pak
iy
$
p.
<
<
E
G
¢
e>
> B
o
'E
] c>
o]
o~

D
S~
[
f‘
L
~

(Ar) 6y (250 MHz, u)u3) i.2 .1, CHy), 1.34 (3H, s, u—13), 2.91 (iH, d, 7 13.3, CHHAI),
3.45 (1H, d, J 13.3, CHHAr), 4.09 (2H g, J 1.1, CO,CH,), 7.16-7.52 (10H, m, ArH); 8- (67.5 MHz,
CDCly) 14.0 (CHy), 22.2 (CHy), 44.3 (CH,Ar), 55.3 (C), 61.1 (CO,CH,CHy), 126.8 (CH, Ar), 128.1
(CH, Ar), 128.6 (CH, Ar), 129.4 (CH, Ar), 130.4 (CH, Ar), 130.9 (C, Ar), 136.5 (C, Ar), 137.0 (CH, Ar),
172.6 (CO,Et); m/Zz (ED) 300 (M*, 40%), 227 (M—COzEt, 14), 209 (M-CH,Ph, 100), 163
(M-CH,Ph-HOE}, 23), 137 (M-CH,Ph-CO,Et, 8), 135 (38), 117 (M-SPh-CO,Et, 25), 109 (PhS*, 17),
91(ArCH;*, 53) (Found 300.1187. C;¢H,,0,S requires M, 300.1184).

.
LT LT T -7
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Iingaturated ketoecter 19
o motoeslel 27
Rihvl nratnncsatnta Ilnmg Qemmanl) wne addad Aenmisica tn a otiread cnlutinm AF Nall /MW Q Tammal) in
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DMF (30cm3) under N,. The reaction mixture was stirred for 15 min and then 1-bromo-5-pentene (1.1cm3,
8.1mmol) added. The soluuon was heated to reflux for 24h before cooling and quenching with H,O
(20cm3). The crude material was extracted with CH,Cl, (3 x 20cm3), washed once with H,O (20cm3),
dried over MgSQy,, filtered and evaporated. Purification by silica gel column chromatography
(15:1/petrol:EtOAc) gave the desired alkylated product 19 (1.13g, 71%) as a clear oil, v, (CHCl3)Icm‘l
1732, 1694 (C=0), 1643 (C=C); &} (250 MHz, CDCl,), 1.28 (3H, t, J 7.1, CH3), 1.38 (2H, m, CH,), 1.85
(2H, m, CHy), 2.08 (2H, q, J 7.2, CH,CH=CH,), 3.41 (IH, t, J 7.2, COCHCO), 4.20 (2H, q, J 7.1,
COZCHZCHS), 4.99 (2H, m, CH ,=CH), 5.78 (1H, m, CH,=CH;); §: (67.5 MHz, CDCl,) 1

Exo-methylene ester 20

The dicarbonyl compound 19 (1.75g, 8.8mmol) was added to a stirred solution of LDA (8.8 mmol - made
from 1.6M BuLi and iPryNH) in THF (35cm3) at -78°C under N,. After 10 min the solution was allowed to
warm to room temperature and excess paraformaldehyde (1.2g) added. The solution was heated to reflux
overnight, and then cooled and quenched with aq NaHCO, solution (20cm3). The crude material was then

extractod with OH (1 (2 yw ’)nnm3\ dried nver MaC) 1ltorad and avannratad Durificatinn hy cilica anl

WwALL WAL VYV ILLL \1[12\412 T N &rvk Jy MLIMVA U VLI L'lé\_’\_l4, HIWIVUG allu vvapuiawal, 1 uLiisvauuvil u Silva 5\11

RS IR M P, TS T 4 T I SRS IS o l'Y o I RS T RS B A mdccmmtnd moane WO o Al o 1 YOV

CULULLH CITUILLIALOELaPITY ULV I/PCLIVLEIVAC) gdYC tne uc:\llcu unsSawurdt€d €Sicr &4 as a cicar oOil (W.70Y,
-1,

Py A P 7] L cmam i o\ trms s —~— A rAT x4 pmww 4 e

63%), Vpay (CHCl3)em™ 1713 (C=0), 1626 (C=C); &y (250 MHz, CDCly), 1.30 (3H, t, J 7.1, CHy), 1.57

(2H, qu, J 7.0, CH,), 2.08 (2H, g, J 7.0, CH,CH,CH=CH,), 2.31 (2H, t, J 7.0, CH,), 4.21 (2H, q, J
7.1, CO,CH,CH3), 4.99 (2H, m, CH=CH,), 5.51 (1H, s, CHH=C), 5.78 (1H, m, CH=CH,), 6.14 (1H, s,
CHH=C); &, (67.5 MHz, CDCl3) 14.2 (CO,CH,CH;), 27.6 (CHy), 31.3 (CH,), 33.2 (CH,), 60.5
(CO,CH,CH,), 114.7 (CH=CH,), 124.4 (CH,=C), 138.3 (CH,=CH), 140.8 (CH,=C), 167.2 (CO,Ev);
m/z (EI) 168 (M*, 2%) 153 (M-Me, 6), 139 (M-E¢, 6), 123 (M-OEt, 7), 99 (M=(CH,);CH=CH,, 8), 95
(33), 69 (100) (Found 168.11567. C;oH 40, requires M, 168.11504).

Cyclisation—oxidation of 20 to give sulfone 21

Phenyl silane (1.6cm3, 12.5mmol) and diphenyi disuifide (i.0g, Smmoi) were added successively to a
solution of the methylene ester 20 (420mg, 2.5mmol) and Co(eobe) (100mg, 0.25mmol) in benzene
(25cm3). The mixture was then heated to reflux overnight after which time the solvent was evaporated
under reduced pressure. Purification of the resulting oil by silica gel column chromatography (40:1
petrol: EtOAc) gave the desired 5-exo-trig cyclised product (146mg, 21%) which was found to be
contaminated with inseparable by-products.

g 0.
of the cyclised sulfide obt..xned as d.escnbcd above (123mg, O.52mmol) in THF (7cm3) at 0°C. After
stirring the reaction mixture overnight the products were extracted into CH,Cl, (3 X 5cm3), dried over
NaSQ,, filtered and evaporated. The resulting oil was then purified by silica gel column chromatography to
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. 1124 (SOy).

Less polar isomer oH (500 MHz, CDCly) 1.20 (3H, s, CCHjy), 1.22 (3H, t, J 7.2, CHj), 1.48 (1H, m),

1.54-1.60 (2H, m), 1.67 (iH, m), 1.75 (1H, m), 2.07-2.19 (3H, m), 3.17 (1H, dd, J 10.2, 14.1,

CHHSO,Ph), 3.30 (1H, dd, J 1.7, 14.1, CHHSO,Ph), 4.05-4.10 (2H, m, CO,CH,CHy), 7.58 (2H, t, J

7.8, ArH), 7.66 (1H, t, J 7.8, ArH), 7.92 (2H, d,J 7.8, ArH); 8 (67.5 MHz, CDCl,) 14.1 (CHj), 22.4

(CHg), 22.9 (CHy), 31.0 (CHy), 37.3 (CH,), 44.5 (CH), 52.8 (C), 58.0 (CH,SO,Ph), 58.9 (CO,CH,CHy),

127.0 (CH, Ar), 129.2 (CH, Ar), 133.6 (CH, Ar), 139.7 (C, Ar), 175.7 (CO,EV).

More polar isomer 8y (400 MHz, CDCly) 1.04 (3H, s, CCH3), 1.17 (3H, t, J 7.2, CO,CH,CH;), 1.46-
g

176(4” m\ ’)(\A(IH m) ’)?’1(1” m) 9(7/1 m\ 298 (IH 44 7111 17 C SN-PhY 412
. \F Ay BARJy duwide? Y aixa 9 AiRjy deaur i iy £.50 (iid, UL, Uoddd, 100, LAIIAONUTL LY, JOTY
f1IUH Ad I 127Q CHIICOA DY ANT ANL DT + IT7) COOYNIT OIY Y TEQ ML » T QN ALIN "7 £8
ik, GG, v 2.0, 13.0, LAUTOIRIIL), FUL-RUO (&l L o 7.4, LASpLITYUIg ), 1.0 LD, L, v OuU, AT, 7.05
11T - Fon A _TTY T Y YT A T O N A_TIN, & L™ & LAY AT N 1AL ST N 1Q 7Y 4N /YT /Yy N\
(iH, t, J 8.0, ArH), 7.92 (2H, d, J 8.0, ArH); o¢ (67.5 MHz, CDlly) 14.5 (CCH3), 18.3 (CO,CH,CH;),

.4 (CH,), 30.2 (CH,), 37.4 (CH,), 41.0 (CH), 51.9 (C), 58.5 (CH,SO,Ph), 61.0 (CO,CH,CH,), 128.3
(CH, Ar), 129.6 (CH, Ar), 134.0 (CH, Ar), 140.0 (C, Ar), 176.8 (CO,Et); m/z (EI) 310 (M*, 4%), 265
(M-OEt, 24). 169 (M-SO,Ph, 80), 95 (M-SO,Ph-CO,Et, 95) (Found 310.1223. C;4H,,0,S requires M,
310.1239).
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