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Abstract: The BuiSnH mediated cyclisation of various N-acryloxy-2-amino-2-cyclohexenones was
explored. This predominantly gave rise to bicyclic lactams but the reaction mechanism was shown to
depend upon the substitution of the amide double bond. Preliminary studies targeted towards the
preparation of bicyclic lactones are also reported. © 1998 Elsevier Science Ltd. All rights reserved.
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Cyclisation reactions mediated by Bu3SnH have been extensively studied over the past twenty years.!
The reactions generally employ halide, thiophenyl, thiocarbonyl or phenylselenide precursors, but there are
limitations with this method. These include the difficulty of removing some tin-containing byproducts (such as

nd the reduction and loss of two functional gr (nnmelv R-X and
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stannyl ketyl radicals. This method is unusual because unsaturaied ketones are commoniy employed as radical
acceptors rather than precursors. The resultant radicals which are stabilised by resonance delocalisation are
nucleophilic in character and have been shown to undergo cyclisation reactions using activated alkenes to
produce mono- and bicyclic cyclopentanes. We have recently extended this chemistry to
pyrrolidine/piperidine synthesis.3 This method is advantageous as the products retain a versatile ketone
functional group; the tin-containing byproducts ar easxly removed (on column chromatography) and the tin

enolate intermediates can unde
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octahydroindolones of type (3) (Scheme 1). This ring system is present in a variety of naturally occurring
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alkaloids and the preparation of thes s of compounds has attracted considerable synthetic interesi. One
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common approach has empioyed a Bu3SnH mediated free-radical cyclisation of haloamide precursors to
construct the pyrrolidinone ring present in (3).5 We intended to employ an alternative and novel strategy
which centred on the formation of the pyrrolidinone ring by 5-exo cyclisation of allylic O-stannyl kety! radical
(2) prepared from reaction of the cyclohexenone (1) with Bu3SnH.
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Initial investigations focused on the reaction of the cinnamamide derivative (4) (Scheme 2). This was
prepared in 72% yield from treatment of 1,2-cyclohexanedione with benzylamine followed by trans-cinnamoyl
chloride. Subsequent reaction of (4) with BuySnH (1.5 equivalents)/ AIBN (0.3 equivalents) in boiling benzene

surprisingly resulted in the regioselective formation of the piperidinone (6) (as a 1.9:1 mixture of

dlastereomers) 63% yield. The spectroscopic data for (6) were consistent with a 6- rather than 5-ring

Atpmiatin amida nankhieme] oteatak rne nhopmra At TEAT ~m-1 3 tha TD onantes
CIerisiiC amiae Caroonyi Siucu h was observed at 1641 cm-' in the IR SpeClitim.
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The formation o (0) which resuits from a 6-endo CYCUSBUOH reaction, can be explamea if th cycusauon is

i

reversible and under thermodynamic control as has previously been observed for allylic O-stannyl ketyl radical
cyclisations leading to substituted cyclopentanes.2:6 If the reaction is reversible, then slow addition of Bu3SnH
would be expected to improve the stereoselectivity? and indeed only one diastereomer [presumably with a cis-
ring junction (J44,82 = 5.5 Hz)] was isolated when the Bu3SnH was added to (4) over 5 h. In contrast, reaction
of the dimethyl derivative (5) (under thec same conditions) gave rise to a considerable number of products as

shown by the crude 'H NMR spectrum. Cyclohexanone (7) was isolated in 30% yield (after column
chromatography), but characterisation of the many other products (formed in small amounts) was not possible.
The formation of (7) can be explained by reaction of the intermediate O-stannyl ketyl radical |of type (2)] with

reaction of the N-crotonyl derivative (8) and the cyciohexane (9) was isolated in 26% yield (Scheme 3). In
addition, the spiro-pyrrolidinone (10) was formed in 35% yield as a separable mixture of two diastereomers (in
a ratio of 2.9:1). The mechanism for the unexpected formation of (10) is not clear. It could involve the
formation of O-stannyl ketyl (11) which would be required to undergo a disfavoured (5-endo-trig) Michael-
type addition in order to construct the 5-membered ring.
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Reaction of the N-benzyi acrylamide derivative (12) with Bu3SnH followed an alternative reaction
pathway (Scheme 4). In this case regioselective 1,4-addition of the Bu3Sn* radical to the acrylamide double
bond was observed. This was followed by 5-endo-trig cyclisation of the intermediate carbamoylmethyl
radical’ to produce the pyrrolidinone (14) in 59% yield as a 2:1 mixture of diastereomers. The !H NMR
spectra indicated that the major diastereomer possessed a cis- ring junction (J34,7, = 8 Hz)8 while the minor
isomer possessed a trans- ring junction (J3a,74 = 11.5 Hz). A rrans- arrangement of the C-3 and C-3a

substituents was thought likely on steric grounds and related S-exo cm‘ba_mnylmf_‘t_h

endo (rather than 5-exo or 6-exo) cyclisation reaction. A similar result was observed when the N-allyl
derivative (13) was reacted with Bu3SnH and the octahydroindolone (15) was isolated as the major product in
43% yield. This is surprising as the intermediate carbamoylmethyl radical could undergo a favoured 5-exo
cyclisation (rather than 5-endo cyclisation) by reaction with the N-allyl double bond to form a disubstituted
pyrrolidinone. This pathway was thought to be responsible for the formation of minor products (isolated in
<6% yield) which included (16). Cyclisation of (13) could have occurred before or after reduction of the
cyclohexenone double bond to form (16).
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Reaction of the methacrylamide derivative (17) also resulted in cyclisation (Scheme 5). The
octahydroindolones (18) and (19), with cis- and trans- ring junctions respectively, were isolated as
diastereomeric mixtures in a combined yield of 49%. In addition, the hydroxy derivative (20) was formed in
23% yield as a 2.8:1 mixture of isomers. This may result from reaction of the cyclised radical with molecular

oxygen followed by Bu3SnH reduction of the hydroperoxide intermediate.10 However, (20) was isolated (in
similar yield) even after extensive degassing of the solvent although the yield could be reduced when using 3
cerritaa Tl b o f TI O TT TT— o el oo Alalo o LAY oo foolaend S 1100 <oia1d Lil. £10OY o1 LAY
CYHulIvaitiityd U1 DU3ONMA. UHUCE UICHU CULLIULLIVILS, {4&4U) Wdd IDUIAICU 1T 1170 YyICIU WIHILIC (10) dlU (17) Wl

formed in 49% and 10% yield respectively. Similar compounds to (20) have previously been prepared on

hydrolysis of N-acyliminium ions!! but the formation of an intermediate carbocation (under the reducing

reaction conditions) is thought to be unlikely in this case.
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The reaction of the / c,yuoncxenyl )cmyl derivaiive (21) with bu3bnﬂ was then mvesugated {Scheme
6, Table). In this case, the radical resuiting from 5-endo cyclisation could undergo further 5-exo or (more
likely) 6-endo cyclisation by reaction with the cyclohexenyl double bond. Immediate addition of Bu3SnH to
(21) resulted in the formation of octahydroindolone (22) in 57% yield while the tetracycle (23), derived from
S-endo/6-endo tandem cyclisation, was formed in only 4% yield. The major isomer of (22) possessed a cis-
ring junction (cis-:trans- ratio = 3.4:1) while only one isomer of (23) was isolated (the stereochemistry of
which was not determined). Slow addition of Bu3SnH (added over 5 or 12 h) improved the yield of (23) to 7-
9%. The modest yields of (23) can be explained by slow cyclisation of the sterically hindered o-amino radical.

BU§n B‘h’sn B‘ngiiH Yiekl/%
1 Q Bugan m lﬁj Addition/h 22) 23
0] N 0V N Immediate 57 4
/1\ = Ek /'—/\| S A I
Table
21 (22) (23)
Scheme 6

The successful cyclisation of the acrylamides prompted us to explore the reaction of an N-allylamine.
Hence benzamide (24), prepared from 1,2-cyclohexanedione, was reacted with BuzSnH using the same
conditions as employed earlier. In this case only simple reduction was observed and the cyclohexanone (25)
was isolated in 45% yield after column chromatography. Clearly the intermolecular reaction of the allylic O-
stannyl ketyl radical with Bu3SnH was much quicker than the intramolecular cyclisation. However, reducing
the concentration of Bu3SnH by adding it slowly over 5 h was found to have a pronounced effect and the

octahydroindole (26) was formed by 5-exo cyclisation12 in 42% yield. No cyclohexanone (25) was isolated
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using these conditions and the 'H and 13C NMR spectra of (26) showed the presence of three diastereomers (in
f
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nucleophilic O-stannyl ketyl radical intermediate.
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The esters (27)-(29) were prepared in good yield on acylation of 1,2-cyclohexanedione using acryloyl chloride,
methacryloyl chloride or trans-cinnamoyl chloride respectively. Reaction of (27) with Bu3SnH (added
immediately) in boiling benzene resulted in hydrostannylation of the acryloyl side chain, and the stannane (30)
was the only product isolated in low yield (typically 24%) after chromatography. Exclusive hydrostannylation
could be attributed to the conformational preference of the intermediate ester radical; if the syn- conformer is
preferred then S-endo cyclisation is less likely. It should be noted however, that related 5-exo cyclisation of o-

cyclisation to form the octa- and hexahydrobenzo[b]furans (33) and (34) in 26% and 10% yield respectively.
The IR spectra of (33) and (34) exhibited C=O stretches at 1784 and 1803 cm-1 respectively which are
consistent with the formation of butyrolactones. When the Bu3zSnH was added to (29) over 5 h, although (34)
was not isolated, the yield of (33) could be improved to 39%. The formation of (33) and (34) is believed to
involve 5-exo cyclisation of an intermediate O-stannyl ketyl radical. When the ester is in the anti-
conformation cyclisation gives rise to (33) while cyclisation of the syn- conformer produces (34). It should be

noted that no products resulting from 6-endo cyclisation [as observed for (4)] were isolated.

~
This work has demonstrated the novel annlication of allvlic O-stannvl ketvl radicals in the formation of
| work h monstr he novel application Lyhic O-stannyl kety] radicals in the formaton of
A hicuolag Tha natira of tha amida donhla hand wag found to datarmina tha chamacalantivite of tha raaneicn
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and the formation of an azaspiro[5.4.0]decane is of particular note. Further mechanistic studies are in progress
and future work will investigate the application of allylic O-stannyl ketyl radical cyclisations in natural product
synthesis.

Experimental

1H NMR (8!H) and 13C NMR (813C) spectra were recorded on a Jeol EX 270 spectrometer; the carbon spectra
were recorded at 67.5 MHz and were assigned using DEPT experiments. Chemical shifts are reported in 8
(ppm) Samples were prepared as solutions in CDC13 comaining tetramethylsilane as intemal standard or were

00 = wore recnrded in Hertr ln
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to the nearest 0.5 Hz. IR spectra (vipax) were recorded on an ATI Mattison Genesis Series FT IR spectrometer

s thin films or solutions in chloroform. Mass spectra (MS) were recorded on a Fisons Instwments VG
Analytical Autospec Spectrometer system. Melting points were determined using a Gallenkamp apparatus and
are uncorrected. Thin layer chromatography (t.l.c.) was performed on Merck 5554 aluminium-backed silica
gel plates. Compounds were visualized under a UV lamp, using alkaline potassium permanganate solution or

iodine. Column chromatography was carried out under gravity, using silica gel (Matrex Silica 60, 70-200
il

\.—4

micron Fisons. or ICN flash silica 60. 32-63 microns). Commercially available reacents were used as supplied

HHIVGIVUILL 710U, UL 1C 1IN 1ia ll olliva UJ, 0L~V J llllblUlla} Lulidiiuivially avallaviv tvagulditd wiulu UdLU ad supplivud

unless otherwise stated. Petroleum ether refers to the fraction of boiling ra 10-60°C, which was redistilled
X herwi tated. Petroleum ether reiers (o the fraction ot boiling ra 1stilleg

before use. Tributyltin hydride was purchased from Lancaster Synthesis Lt d and drsulled before use.

Canaral Pacandicnn £ ¢ho Dannoeation of All oo (A (R) (8) {17) (12} (1) (21} and (24)

Genieral rroCediire 101 Ui€ rreparaiion o1 AIKENES (), (3, \0Jy (14, (13)y 17 ), &1} ATQ (29)

To a stirred solution of 1.2-cveclohexanedione (3.57-8.92 mmagl) in benzene or toluene (50-70 cm3) at room
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temperature was added the amine (3.93-9.81 mmol). The solution was heated at reflux in a Dean-Stark water

separator until t.l.c. indicated that no starting material remained (approx. 3 h). After cooling to 0 °C, the acid
chloride (3.93-9.81 mmol) was added dropwise. Triethylamine (3.93-9.81 mmol) was then added and the
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solution allowed to warm to room temperature. After stirring overnight (15 h) no starting material remained by
tlc.. The solution was washed with water, brine, dried (magnesium sulfate) and the solvent evaporated under
reduced pressure to afford the crude alkene which was purified by column chromatography (silica) (47-72%).

(E)-N-Benzyl-N-(6-oxo-cyclohex-1-enyl)cinnamamide (4)

Benzylamine (0.47 cm3, 4.28 mmol), trans-cinnamoyl chloride (0.65 g, 3.93 mmol) and triethylamine (0.55
cm3, 3.93 mmol) were reacted with 1,2-cyclohexanedione (0.40 g, 3.57 mmol) in benzene (50 cm3) following
the generai procedure. Column chromatography (silica; diethyl ether-petroleum ether, 1:1) afforded alkene (4)

N1 1NZ 0N, T N 14 73°

(U 84 g, 72 /0) as an off-whiie LI'YS[BJIIDC solid (m.p. 161-105 'L), Kfu.14 [ﬂle[ﬂyl emer—petrmeum emer i: 1),
vV {thin film \anol &), 3020 (w). 2020 (w). 1685 (5). 1655 (5), 1614 (), 1495 (m). 1451 (m). 1392 (s). 1341

\LLikkE R1MRLL ) TIS T W}, TJL T \WI, s T e T \W], 1uU0Jg \O}, TUII\OJy LULT \O)y L7770 \H1), 17771 \1ll)Jy, LI 74 \O)y LJU

(m), 1343 (m), 1224 (m), 977 (w), 764 (m), 727 (m), 702 (m) cm-L; 811 (270 MHz, CDCl3) 7.73 (1H, d, J=15.5,
CH=CHPh), 7.42-7.22 (10H, m, aromatics), 6.55 (1H, t, J=4, CH=C), 6.42 (1H, d, J=15.5, CH=CHPh), 5.49
(1H, d, J=15, NCHPh), 4.08 (1H, d, J=15, NCHPh), 2.58-2.33 (4H, m, CHoCO and CH,CH), 2.06-1.96 (2H,
m, CHCH2CH2); 8¢ (67.5 MHz, CDCl3) 194.6 (CH2CO), 165.8 (NCO), 149.8 (CH=C), 142.1 (CH=CHPh),
138.0 (C=CH), 137.1, 134.8 (C=CH aromatics), 129.3, 128.7, 128.4, 128.1, 127.5, 127.1 (CH=C aromatics),
117.9 (CH=CHP), 50.4 (NCHoPh), 38.1 (CH;CO), 25.7 (CH;CH), 22.2 (CH;CH,CHy); mvz (CI. NH) 332

MAALLTI+ 10WNGN NN (N YT _CTIIDR 18 Trtimde MOLI+ 220 144Q AT~ N varmiriras fae NAL L]+
LiviT1i1l ", 1UU/0), LUU WVITUAUACil-—=Liirn, LJ] rouna: M+ 3 JILAUTT, bzllllll‘ Ul lblil.lll o 1ul Mi+11
332.1651

S VT,

N—Benzyi-N-( 6-ox0-cyciohex-i enyi)-3,3 a'imet’hyiacryiamia'e (5)
To a solution of 1 2- Lyuuucxducumuc \U 60 g, 5.35 mm(u; in benzene (7 U t.i‘ii3) was duaec

cm3 § 89 mmol), 3 13- H1mnthv‘m‘~nr]nv| chloride (0.66 r-m% 5.89 mn‘\nl\ and triethvy

cm”, 5.89 mmol), 3,3-dimethylacr hloride (0.66 cr thylamine (0.82 ¢cm-, 3.89
mmol) according to the general procedure Column chromatography (sﬂlca diethyl ether-petroleum ether, 3:2)
afforded alkene (5) (0.82 g, 54%) as an oil; Rf (.16 (dicthyl ether-petroleum ether, 3:2); viyax (thin film) 2932
(m), 1687 (s), 1652 (s), 1627 (s), 1449 (m), 1395 (w), 1370 (w), 1270 (m), 1178 (w) cm-1; 8y (270 MHz,
CDCl3) 7.31-7.20 (5H, m, aromatics), 6.46 (1H, t, J=4, CH=C), 5.55 (1H, s, CH=C(CH3)2), 5.40 (1H, br d,
J=13.5, NCHPh), 3.95 (iH, br d, J=13.5, NCHPh), 2.51-2.41 and 2.41-2.26 (2 x 2H, br m, CH2CO and
CH>CH), 2.07 (3H, s, CCH3), 2.02-1.90 (2H, br m, CHCH>CH»), 1.77 (3H, s, CCH3); 8¢ (67.5 MHz, CDCl3)
194.1 (CH,CO), 166.5 (NCO), 148.8 (C(CH3),), 148.3 (CH=C), 138.0, 136.8 (NC=CH and C=CH aromatic),

127.9, 127. 5 126 2 ((‘H—(‘ aromatlcs) 116 6 (CH-C(CHg)Q_) 49 2 (NCHf)Ph) 37 7 (_C_HQCO‘D 26.1 (C_QH3)

25.0 (CH,CH), 21.6 (CHpCH2CH3), 19.3 (CCH3); m/z (C1, NH3) 284 (M+H*, 100%), 200 (M-
COCH=C(CHa3)», 15), 83 (10); Found: M+H+, 284.1652. C1gH21NO7 requires for M+H*, 284.1651.
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(E)-N-Renzyl-N-( 6-nxn-{'vrlnhp_x- 1-eny vi)-3-meth vlarrvlam;dp 8)
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Following the general procedure 1,2- cyclohexanedlone (0.50 g, 4.46 mmol) in benzene (60 cm3) was reacted
with benzylamine (0.49 cm3, 4.46 mmol), crotonyl chloride (90% pure, 0.52 g, 4.46 mmol) and triethylamine
(0.69 cm3, 4.91 mmol). Column chromatography (silica; ethyl acetate-petroleum ether, 2:3) afforded alkene
(8) (0.62 g, 52%) as an oil; R¢ 0.18 (ethyl acetatc-pctrolcum ether, 2:3); vmax (thin film) 2933 (m), 1665 (s),
1623 (s), 1445 (m), 1393 (m), 1360 (m), 1343 (m), 1290 (m), 1256 (w), 1226 (m), 1190 (w), 1079 (w), 967
(m), 724 (m), 703 (m) cm-!; 8y (270 MHz, CDCl3) 7.32-7.14 (5H, m, aromatics), 6.95 (1H, dq, J=15 and 7,
CHCH3), 6.50 (1H, brt, J=4, CH=C), 5.84 (1H, br d, J=15, CH=CHCH3), 5.40 (1H, d, J=15, NCHPh), 3.99

EAN XX Ve \ 22k, L5 B St A, e N LS ) 213,

(1H, d, J=15, NCHPh), 2.53-2.25 (4H, m, CH,CO and CH,CH), 2.02-1.91 (2H, m, CH,CH,CH), 1.81 (3H,
dd, J=7 and 1.5, CHCH3); 8¢ (67.5 MHz, CDCl3) 195.0 (CH2CO), 166.1 (NCO), 149.8 (CH=C), 142.0
(CH=CHCH3), 138.4, 137.5 (NC=CH and C=CH aromatic), 128.9, 128.3, 127.3 (CH=C aromatics), 122.1
(CH=CHCHj3), 50.5 (NCH,Ph), 38.4 (CH2CO), 25.9 (CH,CH), 22.4 (CH,CH,CH3), 18.1 (CHCH3); m/z (CI,

T A cwom weed P VoW SN T T TN 1 AN TYL AN

Nﬂ3) 270 (M+H“’ 100%), 200 (M-COCH=CHCH3, 15), 176 (20); Found: M+H*, 270.1491. C17H19NO>

(IT 0 1 AQA
quullLb lUl lV].‘T'ﬂ 9 & VU 1975,
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N-Benzyl-N-(6-oxo-cyclohex-1-enyl)acrylamide (12)
Benzylamine (0.58 ¢cm3, 5.35 mmol), acryloyl chloride (0.45 cm3, 5.35 mmol) and triethylamine (0.82 cm3,
5.89 mmol) were reacted with 1 2-cyclohexanedione (0.60 g, 5.35 mmol) in benzene (70 cm3) following the

gt“:ncr?u pruot;uurc Column Lnromawg‘rdpny (silica; (m,lnyl Lmer—petmleum ether, 4:1) afforded alkene (i2)
(0 AR o SNG) ag an r}ﬂ Re 0.17 (diethv] ether-netroleum ether. 4:1): v, (thin film) 20A1T1 (w) 2020 (w) QA8

\WVLUU By JU D) QS all Of UL R GICHEY: CLCT-POITC:CUMN CUACT, &0 1), Vimgax (Uil 1Ll ) SU01 (W), SUSU W), 2540

(m), 2871 (w), 1687 (s), 1657 (s), 1617 (m), 1413 (m), 1263 (m), 1080 (m), 702 (w) cm-1; 8y (270 MHz,
CDCl3) 7.31-7.20 (5H, m, aromatics), 6.51 (1H, t, J=4, CH=C), 6.39 (1H, dd, J=16.5 and 2, CH=CHaHp),
6.16 (1H, dd, J=16.5 and 10, CH=CH2), 5.60 (1H, dd, J=10 and 2, CH=CHAH3g), 5.39 (1H, d, J=14.5,
NCHPh), 4.05 (1H, d, J=14.5, NCHPh), 2.52-2.32 (4H, m, CH2CO and CH,CH), 2.04-1.92 (2H, m,

(,H2(,112LH2) d¢ (67.5 MHz, CDCl3) 194.6 (CH2CO), 165.5 (NCO), 149.7 (CH=C), 137.9, 137.0 (NC=CH
and C=CH aromatic), 128.7, 128.1, 127.9, 127.2 (CH=C aromatic and CH=CHpy), 127.7 (CH=CH3), 50.3
(NCH,Ph), 38.1 (CHCO), 25.6 (_HzCH) 22,1 (CH2CH>CH»); m/z (CI, NH3) 273 (M+NH4*, 10%), 256

(M+H*, 100), 200 M-COCH=CH5, 10); Found: M+H*, 256.1337, C15H17NQ3 reguires for M+H+, 256.1338

LARY 1V, TTOul varil GRiibay 2220 AVATIE T, SO0 2220,

N-Allyl-N-(6-oxo-cyciohex-i-enyl)acryiamide (13)
Following the general procedure 1,2-cyclohexanedione (0.50 g, 4.46 mmol) in benzene (60 cm3) was reacted
with allylamine (0,37 r‘ml3 4,91 mmol), acryloy! chloride (0.40 Pm3 491 mmol) and triethylamine (0.69 r-m3

ith allylamine umol), acryloy! chloride and triethylamine (0.69 cn
491 mmol). Column chromatography (silica; diethyl ether-pelroleum ether, 4:1) afforded alkene (13) (043 ¢,
47%) as an oil; R¢ 0.15 (diethyl ether-petroleum ether, 4:1); vax (CHCI3) 3007 (m), 2956 (w), 2934 (w), 1690
(s), 1657 (s), 1619 (m), 1413 (m), 1347 (w), 1261 (m), 1237 (m), 1119 (w), 977 (m) cm-1; 8y (270 MHz,
CDCl3) 6.92 (1H, t, J=4, CH=C), 6.32 (1H, dd, /=16.5 and 2, NCOCH=CHAHB), 6. 14 (lH dd, J=16.5 and 10,

NCOCH), 5.84-5.69 (iH, m, NCH,CH), 5.58 (iH, dd, J=10 and 1.5, NCOCH=CHaHp), 5.11 (iH, d, J=10.5,

WIALI_MILY_MNLIT . IT_\ & 1N /711Y A T 14 & NMAIT NI MNTT TT_ Y A A0 711 A4 T_14 .1 A NMALIY ? L 71ITY 3
NUmpLn=_ChgAng), J.1u{in, a, /=10.05, N n=CUnaAng), 4.4o6 (10, 4a, y=14 ana 4, N_g), 5.70 (104, ad,

J=14 and 7, NCH), 2.61-2.53 (4H, m, CH>CO and CH>CH>CH), 2.09 (2H, appt. quint, J=6.5, CH2CH>CH3>);
d¢c (67.5 MHz, CDCl3) 194.5 (CH,CO), 165.0 (NCO), 149.1 (CH=C), 138.1 (C=CH), 132.8 (NCH,CH), 127.8
(NCOCH), 127.2 NCOCH=CH>) 117.6 (NCH;CH=CHp»), 49.9 (NCH3), 37.6 (CH2CO), 25.5 (CH>CH>CH),
21.7 (CHCH7CHy); m/z (CI, NH3) 206 (M+H*, 100%), 150 (M-COCH=CH3, 20); Found: M+H*, 206.1179.
C12H15NO; requires for M+H*, 206.1181.

N-Benzyl-N-(6-oxo0-cyclohex-1-enyl)methacrylamide (17)

To a solution of 1,2-cyclohexanedione (0.60 g, 5.35 mmol) in benzene (70 cm3) was added benzylamine (0.64
cm3, 5.89 mmol), 2-methylacryloyl chloride (0.85 cm3, 5.89 mmol) and triethylamine (0.82 c¢m3, 5.89 mmol)
accordmg to the general procedure. Column chromatography (sﬂlca diethyl ether-petroleum ether, 1:1)

afforded alkene (17) (0.76 g, 53%) as an off-white crystalline solid (m.p. 71-74 °C); R¢ 0.35 (diethyl ether);
v (CHCOL) 20272 () AR (m) 2086 (w) 2026 (w) 1600 (<) 1655 (m) 1620 (<) 1457 (m) 1414 (w) 1307
vmax \\411\,13/ TUTL (W )y JUUO MLy LT FU W J, £T50 (W )y 10TV O, LUII UL, 1ULU \O)y 17J4& \1li ), 37i Wy, 15510
(w), 1366 (w), 1345 (w), 1238 (w) 1190 (w), 1153 (w), 1122 (w) cm-L; 8y (270 MHz, cr_)mg) 7.32-7.20 (5H,
m, aromatics), 6.47 (lH t, J=4.5, CH=C), 5.20 (1H, br s, NCHPh), 5.11-5.08 (1H, b C=CHaHp), 5.04

(1H, br s, C=CHAHp), 4.25 (1H, br s, NCHPh), 2.43-2.30 (4H, m, CB_zCO‘and CEZCH) 1.92-1.86 (5H, m,
CHCH)CHy and CCH3); 8¢ (67.5 MHz, CDCl3) 194.7 (CH2CO0), 171.9 (NCO), 145.4 (CH=C), 141.3, 139.3,

137.3 (C=CH, C=CH aromatic and C=CHpy), 128.4, 128.2, 127.2 (CH=C aromatics), 116.9 (C=CHp>), 50.9
(NCH>Ph), 38.3 (CH,CO), 25.6 (CH,CH), 22.0 (CHZC_H2CHz) 19.8 (CCH3); m/z (CI, NH3) 287 (M+NH4+

VAT AN o /AW V RS SERVATANGERS TATANA Y SN ATaTarf gl & SOV o) & PO Ernnds MLTI4+ 270 1400 . AI\T A~ mAnTIIEAc foe
1WW%), iU (M+1n17, 1UV), 20U (M-CUA (L3 j=Llnyg, 1.)), rOuna: M+n", c/u.14>u. \.,1/11191 g u.iuuua 101

M+H*, 270.1494.

N-2-(Cyclohex-1 -enyl)ethyl-N-(6-oxo-cych)hex- -enyl)acrylamide 21

2-(Cvclohex-1-envethylamine 71 € nmrd Q0O sl anesl chloride (0.76 A3 Q0T el and
2-(LyCionex-1i cuyl)stuymuuuc {1.23 ¢m-~, o. 92 mmol), auyluyl cnioriae {(U./0 ¢im’, 6.5« Mminoi1) and
mp'.b"‘amme (1.37 nm3 9.81 mmol) were reacted with | ’7-rvr]nhpyangd ione (1.00 g, R. Q'_)_ mmol) in benzene
(70 cm3) following the eeneral orocedure Column chromatography (silica; diethyl ether-petroleum cther, 4:1)

afforded alkene (21) (1.41 g, 58%) as an oil; Rf 0.29 (diethyl ether); vinax (CHCl3) 3007 (m) 2932 (m), 2837
(w), 1691 (s), 1656 (s), 1615 (m), 1417 (m), 1266 (m), 1236 (w) cm-1; 8y (270 MHz, CDCl3) 6.93 (1H, t, J=4,
COC=CH), 6.28 (1H, dd, J=17 and 2, CH=CHaHp), 6.13 (1H, dd, /=17 and 10, CH=CH3), 5.53 (1H, dd, J=10
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and 2, CH=CHaHp), 5.39 (1H, br s, CH)C=CHCHp3), 3.89 (1H, m, NCH), 3.22 (1H, m, NCH), 2.62-2.53 (4H,
m, CH2CO and COCH=CHCH?>), 2.16-2.06 and 1.98-1.88 (2 x 4H, m, NCH2CH>, CCHa, CHQC'-'-‘CHCHZ and
COC=CHCH2CH»), 1.59-1.52 (4H, m, CCH2CH; and CH2C=CHCH>CH>); 8¢ (67.5 MHz, CDCl3) 194.3
(CH2CO0), 164.8 (NCO), 148.6 (COC=CH), 138.5 (COC=CH), 134.2 (NCH2CH2C), 127.8 (CH=CH3), 126.4

(CH=CH)»), 122.0 (CH2C=CH) 45.5 (NCH>), 37.8, 35.4 (CH2CO and NCH»CH>), 27.6, 25.4, 24.6
(CH2C=CH, CH3>CH=CCO and CH,CH=CCHj), 22.2, 21.9, 21.7 (COCH3CH,, CCH>CH, and
C=CHCH2CH3); m/z (CI, NH3) 274 (M+H*, 100%); Found: M+H*, 274.1807. C17H23NQ3 requires for
M-+H*, 274.1807

N-Allyl-N-(6-6x0-cyclokex-1-enyl)benzamide (24)

Following the general procedure 1,2-cyclohexanedione (0.50 g, 4.46 mmol) in benzene (60 cm3) was reacted

with allylamine (0.37 cm3, 4.91 mmol), benzoyl chloride (0.57 cm3, 4.91 mmol) and triethylamine (0.69 cm3,
4.91 mmol). Column chromatography (silica; diethyl ether-petroleum ether, 3:2) afforded alkene (24)13.14
(0.60 g, 53%) as an oil; Rg0.15 (diethyl ether-petroleum ether, 3:2); Vmax (thin film) 2929 (w), 1688 (s), 1652
(8), 1429 (m), 1388 (m), 1296 (m), 700 (w) cm-1; 8y (270 MHz, CDCl3) 7.40-7.23 (5H, m, aromatics), 6.68
(iH, br s, CH=C), 5.93-5.79 (iH, m, CH=CHpy), 5.19-3.11 (2H, m, CH=CHy), 4.54 (1H, br s, NCH), 3.90 (1H,
br s, NCH), 2.40-2.15 (4H, br s, CH2CO and CH2CH2CH), 1.90-1.72 (2H, br s, CHoCH2CH3y); 8¢ (67 5 MHez,
CDCl3) 194.4 (CH2CO), 170.5 (NCO), 148.2 (CH=C), 139.4, 135.9 (NC=CH and C=CH aromatic), 132.8

2 ] R8s NS AT Vew ATV \JebA™NrJy LIy L7 \UIN}{ g\ 0k1 Al BTN 11 atuvliial. .IJL o

(CH= CHg), 129.2, 127. ?, 127.0, (_C_H-C aromatic), 117.6 (CH=CH3), 50.0 (NCH,>CH), 37.7 (CH3 (“()) 253

(CHCH>CH), 21.7 (CH2CH2CH2); m/z (C1, NH3) 256 (M+H*, 100%), 150 (M-COPh, 15); Found: M+H*,
256.1338. C16H17NO7 requires for M+H*, 256.1338.

General Procedure for the Preparation of Alkenes (27)-(29)

To a stirred solution of 1,2-cyclohexanedione (5.35 mmol) in dichloromethane (40 ¢m3) at room temperature
was added the acid chloride (5.89 mmol) and triethylamine (5.89 mmol). The solution was stirred at room
temperature until t.l.c. indicated that no starting material remained (approx. 2 h). The solution was washed
with water, brine, dried (magnesium sulfate) and the solvent evaporated under reduced pressure to afford the

AT L g B ] rrm Oy

crude alkene which was purified by column chromatography (silica) (67-83%).

(6-Oxocyclohex-1-enyl) acrylate (27) -
To a solution of 1 2- cyclohexanedlone (0.60 g, 5.35 mmol) in dichloromethane (40 cm3) was added acryloyl
chloride (0.48 cm3, 5.89 mmol) and triethylamine (U 82 cm3, 5.89 mmoi) according to the generai procedure

sha \.«. 1 1\
Cuhuuu u"huulal.uslapuy \blllba du:ulyx etnei- pcuuxcum CHICI, .1) MIUIULU ‘um::uc: \AI} \\I UI g, I.) /0) as an

oil; Rf 0.27 (diethyl ether-petroleum ether, 1:1); vipax (CHCI3) 3032 (w), 2955 (w), 2933 (w), 1743 (s), 1692
(s), 1406 (w), 1255 (w), 1217 (w), 1175 (m), 1156 (s), 1106 (m) cm-1; 8y (270 MHz, CDCl3) 6.64 (1H, 1,
J=4.5, CH=C), 6.51 (1H, dd, J=17 and 1.5, CH=CHAHp), 6.23 (1H, dd, J=17 and 10.5, CH=CH3), 5.98 (1H,
dd, J=10 and 1.5, CH=CHaHp), 2.56-2.49 (4H, m, CH2CO and CH>CH), 2.06 (2H, appt. quint., J=6.5,
CH,CH2CHzy); 8¢ (67.5 MHz, CDCl3) 191.0 (CH2CO), 163.1 (OCO), 144.5 (C=CH), 136.0 (CH=C), 132.2
(CH—QHZ), 126.6 (CH=CHpj), 37.3 (CHZCO) 24.1 (CHoCH), 21.8 (CHzCHZCHz) m/z (CI, NH3) 184

(M+NH4*, 100%), 167 (M+H*, 55), 55 (15); Found: M+NHa*, 184.0965. CoH 1903 requires for M+NH4*,
184.0974.
(6-Oxo-cyclohex-1-enyl) methacrylate (28)

el o R _ N Py 2
Following the general procedure 1,2-cyclohexanedione (0.60 g, 5.35 mmol) in dichloromethane (40 cm?3) was
reacted with methacryloyl chloride (0.57 cm3 5.89 mmol) and meth"lamirﬂ (0.82 cm3, 5.89 mmol). Column

: ; ‘trole 1 (0.80 g, 83%) as an oil; Ry
0.36 (diethyl ether-petroleum ether, 1:1); vpax (CHC13) 3033 (w) 3010 (w) 2956 (w) 2936 (w), 1734 (s),
1692 (s), 1456 (w), 1357 (w), 1320 (m), 1296 (m), 1239 (m), 1209 (m), 1176 (s), 1143 (s) cm-1; 8y (270 MHz,
CDCl3) 6.63 (1H, t, J=4.5, CH=C), 6.25 (1H, br s, C=CHAHg), 5.73-5.70 (1H, br m, C=CHpHp), 2.58-2.50
(4H, m, CH>CO and CH»CH), 2.08 (2H, appt. quint., J=6.5, CHoCH2CH3>), 1.99 (3H, br s, CCH3); &¢c (67.5



A. F. Parsons, D. A. J. Williams / Tetrahedron 54 (1998) 13405-13420 13413

MHz, CDCl3) 191.3 (CH2CO), 164.7 (0CO), 145.0 (C=CH), 135.8 (CH=C), 134.7 (C=CH3), 127.0 (C=CH>),
37.5 (CH2CO), 24.4 (CH,CH), 22.1 (CH2CH2CH3), 17.8 (CCH3); m/z (CI, NH3) 198 (M+NH4*, 85%), 181
(M+H*, 100), 152 (10), 86 (10), 69 (85); Found: M+NH4+, 198.1129. CioH 1203 requires for M+NH4*,
198.1130.

(E)-(6-Oxo-cyclohex-1-enyl) cinnamate (29)

Trans-cinnamoy] chloride (0.98 g, 5.89 mmol) and tricthylamine (0.82 cm3, 5.89 mmol) were reacted with 1,2-
cyclohexanedione (0.60 g, 5.35 mmol) in dichloromethane (40 cm3) following the general procedure. Column
chromatography (silica; diethyl et‘ner-petroieum ether, 1:1) afforded aikene (29) (0.86 g, 67%) as a white solid

fomm n 114 11£0MN. D NIK (Ainthe thae cntenlanmm atha LI 2N2A £y 2NV FeaY DOED Fan
\IL.P. 11913V ), L\t V.o \u1culy1 culcn-pcuumuul CLIICI l 1}, Vma_x \\_,11\_,15} AU \W}, JULY \W} L2790 \W)

2937 (w), 1727 (s), 1692 (s), 1635 (m), 1451 (w), 1356 (w), 1309 (m), 1238 (m), 1202 (w), 1175 (m), 1145 (s),

L& EXSIVAV I N 4

1106 (m) (.m‘l 6}{ 270 MHz CDC13) 7.77 (IH d J-16 CH»CHPh) 7.53-7. 48 (2H, m, aromaucs) 7 39-7. 35
(3H, m, aromatics), 6.64 (1H, t, /=4, CH=C), 6.54 (1H, d, J=16, CH=CHPh), 2.57-2.45 (4H, m, CH2CO and
CH2CH), 2.04 (2H, appt. quint., J=6.5, CH;CH2CH»); 8¢ (67.5 MHz, CDCl3) 191.6 (CH2CO), 164.3 (0OCO),
146.4 (CH=CHPh), 144.9 (C=CH), 136.1 (C=CH), 133.7 (C=CH aromatic), 130.3, 128.4, 127.7 (CH=C
aromatics), 116.2 (CH=CHPh), 37.7 (CHCO), 24.5 (CH,CH), 22.2 (CHpCH,CHp3); m/z (CI, NH3) 260
(M+NH4*, 80%), 243 (M+H*, 35), 166 (20), 148 (25), 131 (100); Found: M+NH4*, 260.1286. C15H1403
n:qmrpe for M-LN”A"" 260.1287.

Al Ao VAT LN 180

General Procedure for Treatment of Precursors with Bu3SnH
To a 0.1 mol dm-3 solution of the alkene (4), (5), (8), (12), (13), (17), (21), (24) and (27)-(29) (leq., 0.56-0.89
mmol) in boiline devagsed benzene (6-9 r-m3\ was added tributvitin hvdride (1.5 eq 0 £58-1.32 mmgl) and

IiM3IVAJ LIl DUUILLE UL EQSOVU Uviiluiiv \UT7 i VAS QUULU UlUULyIaLl 1yUIIuC (1.0 VY., V.OJT1.00 uiull) anu

azobisisobutyronitrile (0.3 eq., 0.17-0.27 mmol) The solum)n was heated at reflux under nitrogen and
monitored by t.l.c.. After 18 h, if starting material remained a further 0.3 eq. of azobisisobutyronitrile were
added. When no starting material remained by t.1.c. the solvent was evaporated under reduced pressure to
afford crude product which was purified by flash column chromatography (silica).

Treatment of (E)-N-benzyl-N-(6-oxo-cyclohex-1-enyl)cinnamamide (&) with tributyltin hydride

Following the general procedure, alkene (4) (0.20 g, 0.61 mmol) in degassed benzene (6 cm3) was treated with
tributyltin hydride (0.27 g, 0.91 mmol) and azobisisobutyronitrile (30 mg). Column chromatography (silica;
cthyl acetate—petroleum ether, 1:3) afforded 1-benzyl-4-phenyldecahydroquinoline-2,8-dione (6) (128 mg,

10,1

63 /0) asa separaole 1.5:1 mixiure of diasiereomers.
hanuldocahy Avraniiina Iinog D Q Aiamo (Maine Ainctoronmmar). /‘I eth hyl

1- BCH(._yl 'r‘prwu_ybutl_uuyul uqutuuuuc‘a o-aione (vajor aiasier cunu:l/ x\r 0.14 ulyi acemﬁ—petraleum ether,
1:3); Vmax (CHCI3) 3007 (m), 2949 (m), 1724 (s), 1641 (s), 1495 (w), 1452 (m) 1248 (w), 788 (w), 704 (m)

cm-1; 8y (270 MHz, CDCl3) 7.37-7.04 (10H, m, aromatics), 5.74 (1H, d, J=15, NCHPh), 4.11 (1H, d, J=5.5,

COCHN), 3.60 (1H, d, /=15, NCHPh), 2.86-2.66 (3H, m, NCHCH and CH2CON), 2.61-2.49 (2H, m, CHPh

and CH,CHCOC), 2.40-2.28 (1H, m, CHCHCOC), 1.78-1.61 (4H, m, CH2CH2CH and CH2CH72CH3); d¢

(67.5 MHz, CDCl3) 207.2 (CH2COCH), 169.1 (NCO), 140.7, 136.7 (C=CH aromatic), 128.9, 128.1, 127.5,

127.3, 127.2, 126.9 (CH=C aromatic), 66.6 (COCHN), 49.0 (NCHgPh) 43.5 (CHPh), 40.9, 40.1 (CH,COCH
f‘[]

and NONCOLILY 20 Q (NCLICLIY 18 O (O CLIOITY 99 9 ¢ Ao 3aa /e £ NLILY 124 (N LT+ 1NNOLY
anag NLuUL 1), 36.7 UNUNL) £0.7 (CHOJAII2Urj, 2.4 \Lil 15‘1 2CH2); mi/z (CL, NH3) 334 (M+H*, 100%),
1

]
268 (65), 204 (20); Found: M+H* 3341799, C;2H»3! vires for M+H+ 3341807, (Minor
dta.s'tereomer) RfO 17 (ethyl acetate-petroleum ether, 1:3); vipax (CHCl3) 3031 (w), 3007 (w), 2951 (w), 1718
(m), 1641 (s), 1449 (w), 1412 (w), 1247 (w), 704 (m) cm'1 SH (270 MHz, CDCl3) 7.39-7.03 (10H, m,
aromatics), 5.06 (1H, d, J=15, NCHPh), 4.11-4.04 (2H, m, NCHPh and COCHN), 3.31-2.15 (6H, m,
CH>COC, NCOCH3, NCHCH and CHPh), 2.04-1.20 (4H, m, CH,CH2CH3 and CH,CH,CH); 8¢ (67.5 MHz,

-~ P e Tavar m Y Y 1AD & sAn N 1 -

CDCl3) 209.4 (ans‘uuu, 170.1 (NCO), 140.0, 136.5 (C=CH aromatic), 129.5, 129.0, 128.5, 128.0, 127.6

1979 (O 68.9 (COCHN). 482 (NCH5Ph). 4239 41.1 (CHPh and CH>CH-CH). 38.6. 329
127.4 \&n—\_, dlUlllduL}, 0o0.7 \\,uknu;, 40.4 UNLOI20N), 453.7, 41.1 {(Lnrn and Criglrgers), 38.9, 5.7

(CH>COCH and NCOCH?3), 25.6 (CHCH,CH), 19.7 (CHoCH2CHjy); m/z (CI, NH3) 334 (M+H*, 100%), 272
(10), 204 (10); Found: M+H*, 334.1803. C27H23NO; requires for M+H*, 334.1807.

,,,,, LA T2
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Treatment of N-benzyl-N-(6-oxo-cyclohex-1-enyl)-3,3-dimethylacrylamide (5) with tributyltin hydride

Following the general procedure, alkene (5) (0.18 g, 0.63 mmol) in degassed benzene (6 cm3) was treated with
tributyltin hydride (0.27 g, 0.94 mmol) and azobisisobutyronitrile (31 mg). Column chromatography (silica;
ethyl acetatc-petroleum ether, 4:1) afforded N-bencyl N-(2-oxo- cyclohexyl) -3,3-dimethylacrylamide (7) (54

7 nD_NY"0 7.4: -‘L_J At S e T b L A N AINAO s ANNE 7\ ANALA 1 nOT1

mg, 30%). Rg .28 (diethyl ether-petroleum ether, 4:1); vmax (CHCl3) 3038 (w), 3005 (m), 2944 (m), 2871

1 /),
), 1415 (w), 1352 (w), 1234 (w), 1179 (w) cm-1; 8y (270 MHz

(nt\ 1706 (¢). 1649 (m) 16]9 (Y 1451 (m 1
LIV \OJfy RWUTTT (1R Jy IULU \JOjy LTI L (K1Jy ATFLJ (W j, AV )y Ldwld™F \ ¥V ]y & W) wi u s VH \& /U 1Vii 1L,
CDC]’:) 7.37-7.20 (5H, m, aromatics), 5.79-5.77 (1H, br m, NCOCH), 4.99 (1H, dd, J=12 and 5.5, COCHN),

4.84 (1H, d, J=18, NCHPh), 4.31 (1H, d, J=18, NCHPh), 2.57-2.32 (4H, m, CH>CO and CH,CH), 2.03-1.50
(10H, m, CH2CHCO, CH2CH>CH and 2 x CCH3); 8¢ (67.5 MHz, CDCl3) 206.7 (CH2CO), 169.6 (NCO),
149.7 (C(CH3)3), 138.5 (C=CH aromatic), 128.5, 127.0, 126.0 (C=CH aromatics), 117.4 (CH=C(CH3)>), 62.8
(COCHN), 50.4 (NQHzPh), 41.3 (§H2C0), 31.5 (CH,CH), 26.6 (CCH3), 26.1, 24.6 (CH2CH,CO and

CHCH,CH), 20.4 (CCH3); m/z (CI, NH3) 286 (M+H*, 100%); Found: M+H*, 286.1810. C1gH23NO7

requires for M+H*, 286.1807.

Treatment of (E)-N—benzyl-N-( 6-oxo-cyclohex- -enyl)-3-methylacrylamide (8) with tnbutyltm hydride
Following the general procedure, alkene (8) (0.15 g, 0.56 mmol) in degassed benzene (6 cm3) was treated with
tributyltin hydride (0.25 g, 0.85 mmol) and azobisisobutyronitrile (28 mg). Column chromatography (silica;
ethyl acetate-petroleum ether, 3:2) afforded N- han7vl N-(2-oxo-cyclohexyl) methylacrylamide (9) (42 mg,
26%) and I-benzyl-1-azaspiro[5.4.0]decane-2,6- dlone (10) (54 mg, 35%) as a separable 2.9:1 mixture of
diastereomers.

(E)-N-Benzyl-N-(2-oxo-cyclohexyl) methylacrylamide (9): Rg 0.35 (ethy] acetate-petroleum ether, 3:2); Vipax
(thin film) 3007 (m), 2946 (m), 1718 (m) 1660 (s), 1611 (s), 1449 (m), 1420 (m), 1349 (w), 1234 (w), 964

e a Ll Tath ~ AQ M AL S ETY - o

(m), 754 \w), 727 (w), 701 (w) ecm-1; &y (270 MHz, CDCl3) 7.38-7.21 (5H, m, aromatics), 6.98 (iH, dq, /=15

and "I AY £ 11 (1T A~ I..IC and 1 8§ MNMUI_CLIOLI. : IN.SNA (1T ha me COWIINY A QQ /11X A4
aig 7, \,}_\,11_5} V.11 (15, Uy, v=~1J aiu 1.J, \,_L—\Ax\,llj}» SAUSJUST (LD, UL D, ORI ), .00 (i1, U,

J=18.5, NCHPh), 4.34 (1H, d, J=18.5, NCHPh), 2.57-2.33 (2H, m, CH2CQ), 2.10-1.94 (2H, m, CH>CH), 1.87-
1.50 (7H, m, CH2CH»CO, CH2CH,CH and CHCH3); 8¢ (67.5 MHz, CDCl3) 206.6 (CH2CO), 167.9 (NCO),
143.3 (CHCH3), 138.4 (C=CH aromatic), 128.6, 127.1, 125.9 (CH=C aromatics), 121.8 (CH=CHCH3), 63.3
(COCHN), 49.7 (NCH,Ph), 41.3 (CH,CO), 31.5 (CH2CH), 26.2, 24.6 (CH>CH>CO and CH>CH,CH), 18.1
(CHCH3); m/z (C1, NH3) 272 (M+H*, 85%), 193 (10), 176 (100); Found: M+H*, 272.1648. C17H21NO>
requires for M+H*, 272.1651.

AD%Ck SD*C*k\_ 7 Dowewl ! _aeaomirn IS AN1donmma YK Ainms (1MW [ AMAaine Aixotoronsmoxrle Do N Y fathe]
GRTOT,IORTOT)-i-Dé u,yl, J-uz,u.)yu o(J.4.0jaecane-2,6-dione (kV). (Major aiastereomer}. if U.2U (ethyl
acetate-netroleum ether, 3:2): v..... (thin film) 3006 (m), 2946 (m), 2871 (w), 1707 (s), 1690 (s) A4§] (m)
acetate yvuvlvu&ll ether, 3:2); Vmax (inhin fim) X6 (m), 6 un), 2o/l (w), 1/ (8), 162U (8), 1451 (m),
1405 (s), 1355 (w), 707 (m) cm-1; 8y (270 MHz, CDCIQ) 7.28-7.20 (5H, m, aromatics), 4.94 (1H, d, J=16,

NCHPh), 4.03 (lH d, J=16, NCHPh), 2.74 (1H, dd, J=8 and 16.5, CHCON), 2.59-2.44 (2H, m, CﬂgCOC or
NCCHz), 2.29 (1H, ddd, J=15, 13 and 6.5, CHCOC or NCCH), 2.08 (1H, dd, J=16.5 and 5, CHCON), 2.05-

1.94 (1H, m, CHCOC or NCCH), 1.82-1.46 (5H, m, CHCH3, CHoCH»C and CH>CH2CO), 1.05 (3H, d, J=7,
CHCHa3); 8¢ (67.5 MHz, CDCl3) 208.2 (CHpCOC), 175.2 (NCO), 138.9 (C=CH aromatic), i28.7, 128.0,

197 2 (LI £ arnaeat TE & (OO N AS 77T INCH-DLY A% A 2Q A (CLIONW o d CLOONNY 27 & (OO
1a/.3 (L= aromatics), 76.5 (COCN), 45.7 (NCH»,Ph), 42 .4, 38.4 (CH,COC and CH2CON), 37.5 (L2 0N,

36.4 (CHCH3), 25.7, 22.8 (CH2>CH»CO and CH>CHC), 18.1 (CHCH3); m/z (CI, NH3) 272 (M+H*, 100%);
Found: M+H*, 272.1646. C17H21NO7 requires for M+H*, 272.1651. (Minor diastereomer): R¢ 0.16 (ethyl
acetate-petroleum ether, 3:2); vpax (thin film) 3006 (m), 2946 (m), 2871 (w), 1707 (s), 1690 (s), 1451 (m),
1405 (s), 1356 (w), 707 (m) cm-1; 8y (270 MHz, CDCl3) 7.30-7.18 (5H, m, aromatics), 5.16 (1H, d, J=16.5,
NCHPh), 3.58 (IH d J—165 NCHPh), 2.61-1.96 (4H, m, CHpCON and CH,COC), 2.11-1.96 (2H, m,

"HCH3, _zuizt, and th '2LU) 1.12 (3H, d, J=7, CHCHjy); ¢ (0/ 5 MHz,
NI .

II‘U_I‘ aaaaaaaa \ "I( (

NCCHp), 1.88-
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=20

(CHz_aHzCO and QHgCH2C) 16.3 (C QH3) m/z (C
C17H21NO requires for M+H*, 272.16

wn
—

Trontmont nf N_honsvIl N_fK.nvo.rvrlnhov. 1. omn “nﬁnq’nmnln (12) with tributvitin hvdride
AL ¥ CRASIISC IS UJ LNT U‘J"‘,—yb PNl UTuUaAav UJVW'W‘ £ TOr . m TEIAOT \ Rbd ] TV OMES $7 SRS JUSMIS 18 JU07 8T

Following the general procedure, alkene (12) (0 23 g, 0.89 mmol) in degassed benzene (9 cm3) was treated
with tributyltin hydride (0.39 g, 1.33 mmol) and azobisisobutyronitrile (44 mg). Column chromatography
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(o
B

(silica; ethyl acetate-petroleum ether, 3:7) afforded 1-benzyl-3-tributylstannanylmethyloctahydroindole-2,7-
dione (14) (283 mg, 59%) as a separable 2:1 mixture of diastereomers.

(3R*,3aR*,7aS*)-1-Benzyl-3-tributylstannanylmethyloctahydroindole-2,7-dione (14) (Major diastereomer): R¢
0.31 (ethyl acetate-petroleum ether, 3:7); vpax (thin film) 2957 (m), 2927 (m), 2872 (w), 2855 (w), 1727 (m),

1 LONE 7\ L AEN o/ AN g 1r\ﬂ/ M A STY Fal a¥all

1695 (s), 1453 (m), 1418 (m), 1207 (w), 1076 (w), 702 (w) cm-}; 8y (270 MHz, CDCl3) 7.33-7.16 (5H, m,

H A J-2 COCHNY 217227 10
Ay Uy JZ0, LAUALERIN S, £.904.17

1
nd CHyCH»>CHj), 1.49 (6H, appt

K23 AVER &

arnmatinel KIS (1TH 4 J-18§ \TF”D'\ 4 1

T
aromatics), 5.25 (1H, d, /=15, NCHPh 7(
(4H, m, CH>CO, CHCON and CHCH (‘H ,2.01-
quin, J=8, 3 x SnCH;CH>), 1.31 (6H, appt sext J=7, 3 x CH2CH3), 1.02 (1H, dd, J-—S and 13 CHCHSn) 0. 89
(15H, appt t, J=7.5, 3 x CHCH3 and SnCH,CH3), 0.72 (1H, dd, J=13 and 9.5, CHCHSn); 8¢ (67.5 MHz,
CDCl3) 209.8 (CH2C0), 176.2 (NCO), 136.5 (C=CH aromatic), 128.6, 128.3, 127.4 (CH=C aromatics), 62.7
((,(")QHN) 48.1 (N(,()L_H or Lﬂz(,Hzg‘H) 46.2 (NQHzPh) 423 (NCOLH or CH>CH2CH), 40.2 (CH>CO),
25.1, 27.3 (CH2CH3 and SnCH2CH7), 25.0, 22.5 (CHCH2CH and CHpCH2CH2), 13.6 (CHCHj), 10.2
(SnCH2CH3>), 8.1 (SnCH2CH); m/z (CI, NH3) 548 (M1204H+, 2%), 546 (M1184H+, 2), 544 (M1164H+, 1), 490
(1000, 256 (25); Found: T\/[116+FI+ 544.2545. CrgHasNO»8n er_ures for 1\1!116+H+ 544.2546.

(3R*, 3aR* ,7aR*)-1-Benzyl-3- trzbut_ylstannanylmeth_yloctahydromdole -2,7-dione (14) (Minor diastereomer): R¢
0.37 (ethyl acetate-petroleum ether, 3:7); Viax (thin film) 2950 (s), 2923 (s), 2868 (s), 1688 (s), 1452 (m),
1392 (m), 1355 (w), 701 (m) cm-1; 8y (270 MHz, CDCl3) 7.31-7.13 (5H, m, aromatics), 5.20 (1H, d, J=14,

NCﬂPh),444 (lH d, 1-14 NCHPh) 347 (IH d, J-—ll 5 COCHN) 232 l 99 (4H m, CHoCO CHCON dnd

J=15 NOHDhY 2 A0

Loy IV LAX ER), J.UT

A
1.60 (4H, m, CH,CH»Cl

1L, 111

{
N
a

r‘u,.r“u,r‘u nr FU,.(‘U.-.{"(\\ 1 ’1’) (ATT amnt cavt T—7 1 v ALY 1 nn_n T8 11’111 m 2 Fumu, amd
et OF i nijiuysy 1,52 (0rL, 4ppt 8CXt, v=7, 3 X \.,115\_,115} LUT-UL/D Ui/, M, 5 X w3 anda

SnCH,CH3, SnCH,CH); 8¢ (67.5 MHz, CDCl3) 205.7 (CH2CO), 177.5 (NCO), 136.5 (C=CH aromatic),
128.6, 128.5, 127.5 (CH=C aromatics), 65.9 (COCHN), 53.8 (NCOCH), 46.9 (CH,CH2CH), 45.0 (NCH;Ph),
39.9 (CH2CO), 29.1 (SnCHCH7 or CH2CH3), 27.6, (CH2CH2CH or CHpCH2CHy»), 27.4 (SnCH2CH> or
CH2CH3), 27.0 (CH,CHCH or CHCH,CH)), 13.7 (CH>CH3), 10.2 (SnCH>CH3), 8.1 (SnCHCH); m/z (CI,
NH3) 546 (M1184H*, 1%), 544 (MI164:H+, 1), 490 (100), 256 (25); Found: M1164+H*, 544.2544.
C28H45NO28n requires for M116+H+, 544.2546,

Treatment of N-allyl-N-(6-oxo-cyclohex-1-enyl)acrylamide (13) with tributyltin hydride
To a solution of alkene (13) (0. 19 g, 0.92 mmol) in degassed benzene (10 cm3) was added tributyltin hydride
g) according to the general procedure. Column

Al atacenn {oilimnn A r ot s " Ardad P .

Cii natvgrap y \Blllbd, uicinyl CLnci-pou cuin CLIICI, 1) alritvidacu 1 -atityi-J-
tributvlctannanvlmothvlnrtahvdroindnle-? 7-dinone (18) (106 mo 43%) ag a senarahle 3 3:1 mixture of
7 buwt]bubw:wbull)& sCeie y UL yli Uhnn 0T~ 4, 7 G0N0 (A (170 1lig, F270, Q5 @ Svptiauae 2,002 diliAvuie U

(3R*,3aR*,7aS*)-1 -Allyl-3-tributylstannanylmethyloctahydroindole-2,7-dione (15) (Major diastereomer): R¢
0.23 (diethyl ether-petroleum ether, 3:7); vmax (CHCl3) 3006 (m), 2956 (s), 2926 (s), 2872 (m), 1718 (s), 1690
(s), 1454 (m), 1416 (m), 1267 (w), 1238 (w) cm-1; 8y (270 MHz, CDCl3) 5.70 (1H, m, CH=CH3), 5.17-5.09
(2H, m, CH=CHp), 4.56 (1H, appt. ddt, J=15.5, 4.5 and 1.5, NCH), 3.96 (1H, d, /=8.5, COCHN), 3.67 (1H, dd,
J=15.5 and 8, NCH), 2.41-2.37 (3H, m, CH»CO and CHCON), 2.26-2.16 {1H, m, CH,CH,CH), 2.06-1.94 and
1.85-1.74 (2 x 2H, m, CHoCH>CH» and CH»CH2CH), 1.55-1.41 (6H, m, 3 x SnCH2CHp»), 1.29 (6H, appt sext,
J=7, 3 x CHyCH3), 1.01 (1H, dd, J=13 and 5, CHCHSn), 0.91-0.83 (15H, m, 3 x CH,CH3 and SnCH,CH)>),
0.70 (1H, dd, J=13 and 9.5, CHCHSn); 8¢ (67.5 MHz, CDCl3) 209.5 (CH2CO), 176.0 (NCO), 132.6
(CH=CH>), 118.0 (CH=CH?»), 63.1 (COCHN), 48.1 (NCOCH or CH>CH2CH), 45.0 (NCH7 or CH2CO), 42.4
(NCOCH or CH>CH,CH), 40.2 (NCH7 or CH,CO), 29.2, 27.3 (SnCHCH; and CH,CH3), 25.1, 22.6

(CH2L_H2(,H and CHoCH>CHp»), 13.7 (CH2CH3), 10.1 (bng‘HzLHZ), 8.6 (SnCHyCH); m/z (Ll NH3) 500
AVal 120 110 A Aans as118., aallf, 11 1\ AAN r1n \ 7€YY ANQ 71NN,
(M1224H+, 2%), 498 (M120+H+, 2), 496 (M118+H+, 1), 494 (M1164H~*, 1), 440 (1 8 (5), 208 (10);

Found: MI164H+ 494 2380 Co4H43NO,8n requires for M1164H+ 404 2389,

Counda: vi FIT. LIGT, \./qulqjl AN AN YRR LR YAV A R L T e i

(3R*,3aR*,7aR*) 1-Allyl-3- trzbutylstannanylmethyloctahydromdole -2,7-dione (15) (Minor diastereomer): R¢
0.27 (diethyl ether-petroleum ether, 3:7); Viax (CHCI3) 3003 (w), 2958 (m), 2928 (m), 2871 (m), 1691 (s),
1636 (m), 1457 (w), 1396 (m), 1341 (w), 1288 (w), 1244 (w), 1185 (w) cm-1; 8y (270 MHz, CDCl3) 5.75-5.60
(1H, m, CH=CH»), 5.11 (1H, br d, J=17.5, CH=CHaAHB), 5.09 (1H, br d, J=9.5, CH=CHaHp), 4.44 (1H, br

dd, J=15 and 4.5, NCH), 3.96 (1H, dd, /=15 and 8.5, NCH), 3.81 (1H, d, /=11, COCHN}, 2.49-2.09 (4H, m,
CH,CO, CHCON and CHCHCH3), 1.82-1.55 (4H, m, CH,CH2CH; and CH>CH»>CH), 1.54-1.41 (6H, m, 3 x

»
Lh
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SnCH2CHy), 1.30 (6H, appt sext, J=7, 3 x CH>CH3), 1.03 (1H, dd, J=13 and 5.5, CHCHSn), 0.91-0.83 (15H,
m, 3 x CH2CH3 and SnCH,CHj3), 0.77 (1H, dd, J=13 and 9.5, CHCHSn); 8¢ (67.5 MHz, CDCl3) 205.5
(CH2CO), 177.3 (NCO), 132.2 (CH=CHj3), 118.4 (CH=CH)5>), 66.6 (COCHN), 54.1, 46.5 (NCOCH and
CH2CH2CH), 44.1, 40.0 (NCH> and CH>CO), 29.0 (SnCH2CH2 or CHoCH3), 27.8 (CH2CH,CH or

Tal S PV o g W als SRUN T YN JWols SVals Fal & W al h Y -n Fal s nvf MYy Fal & PWal

CH2CH2CH)»), 27.4 (SnCH2CH?7 or CH>CH3), 27.2 (CH2CH2CH or CH»CH2CH3p), 13.7 (CH2CH3), 10.1
n { Yo
\ ]s

u\ ,.../. Ir‘l NH2) 500 AMI122 1+ 24 AAD (100 206 (5): Found: aA116. u-s

+07, 20}, 44U (1W), ZUO (O una: mi° V40"

oxo-cyciohex-i-enyi)methacryiamide (17) with iributyitin icyanae

1 0.20 074 mmol) in degasse A hanzana 7 a3 Wi eanta
1t isisobutyronitrile (37 mg). Column rhrnmmngmn!\
(sﬂxca, dlethyl ether petroleum ether, :4) afforded l-benzyl-3-methyl-3
tributylstannanylmethyloctahydroindole-2,7-dione (18) (162 mg, 39%), I-benzyl-3-methyl- 3-
tributylstannanylmethyloctahydroindole-2,7-dione (19) (41 mg, 10%) and I-benzyl-3-methyl-3-
tributylstannanylmethyl-7a-hydroxyoctahydroindole-2,7-dione (20) (98 mg, 23%) as an inseparable mixture
except for the major isomer of (18).
(3R*S*,3aR*,7aS*)-1-Benzyl-3-methyl-3-tributylstannanylmethyloctahydroindole-2,7-dione (18) (Major
dgncrprpnmpr) Ry 0.30 (d1Pthv] Pthpr-n@trnlpnm ether 3:7): v (PH(‘IQ\ 2056 (c\ 2925 (c\ 2872 (m) 2246

(w), 1720 (s), 1684 (s), 1458 (m), 1422 (m), 1265 (w), 1077 (w) cm-1; SH (270 MH?, CDCI3) 7.34- 7 17 (5H,
m, aromatics), 5.04 (1H, d, J=14.5, NCHPh), 4.20 (1H, d, J/=14.5, NCHPh), 3.75 (1H, d, /=9, COCHN), 2.49-
2.12 (3H, m, CH2CO and NCHCH), 1.91-1.80 (3H, m, CH,CH2CH7 and CHCHCHN or CH2CH>CH and
CH>CHCH3), 1.63-1.41 (7H, m, CHoCHCHN or CH,CHCH3 and 3 x SnCH,CHj>), 1.37-1.21 (6H, m, 3 x

CH2CH3), 1.03-0.96 (DH m, SnCH»C and CCH3y), 0.92-0.75 (15H, m, 3 x LHZL,HS and anuz(,Hz), 8¢ (67.5

RALY.. OTWOI_Y ATN 2 7OLI_VOMWN 17100 rARINMNN 1AL A (M _MIT £ 1197 £ /LY PrpSy— £ N
MHz, CDC(l3) 210.3 (CH2CO), 179.9 (NCO), 136.4 (C=CH aromatic), 128.5, 127.5 (CH=C aromatics), 62.2

(COCHN), 48.8 (NCHCH), 46.8 (CCHj3), 46.0 (NCH7Ph), 39.1 (CH,CO), 29.1, 27.4 (CH>CH3 and
SnCH>CH»), 23.4, 22.8 (CHpCH»CH and CH2CH7CH3), 22.3 (CCH3), 21.1 (SnCH>C), 13.7 (CH2CH3), 10.6
(SnCH2CHpy); m/z (CI, NH3) 562 (M1204+H+, 1%), 504 (100), 272 (35), 230 (10), 193 (5), 176 (30), 114 (10).
(Minor diastereomer). The presence of this was indicated by 8y (270 MHz, CDCl3) 5.03 (1H, d, J=15,
NCHPh), 4.18 (1H, d, J=15, NCHPh), 3.74 (1H, d, J=8.5, COCHN); 8¢ (67.5 MHz, CDCl3) 210.4 (CH2CO),
180.0 (NCO), 62.2 (COQHN) m/z (CI NH3) 562 (M120+H+ 1%).

[’D*C* 2-D% ToDXY 7 D_ieewss ) _.J 1. » =7 . 10N AL
\OPIN "D T L,0dN T, an’” j I- DC’G(._yl J ”va"l«_yl J ir tuutyt.)tunuuuyulwulytucluuyu Inacié-<, /-Aiore \17) (MIdjor
d:ncmronmnr) The nresence of this was indicated by Rn (270 MHZz CDCIYS 1R (1H 4 14 NCHPh) 4 10

(LA PR 2 v PLVOVIIVY VL ML VY IMIvalTu Uy N 1V AVAR ALy Nd/ k) o d U (142 Wy LTy L1V RAL M Jy TS

(1H, d, J=14, NCHPh). 3.44 (1H, d, J=12, COCHN); 8C (67.5 MHz, CDCls) 206.4 (CH,CO), 180.2 (NCO),
64.3 (COCHN); m/z (CI, NH3) 562 (M120+H+, 1%). (Minor diastereomer): The presence of this was indicated
by 811 (270 MHz, CDCl3) 5.11 (1H, d, J=14.5, NCHPh), 4.44 (1H, d, /=14.5, NCHPh), 3.55 (IH, d, J=12,
COCHN); 8¢ (67.5 MHz, CDCl3) 64.5 (COCHN); m/z (CI, NH3) 562 (M120+H+, 1%).

(BR*S* 3aR*8*,7aR*S*)-]- Benzyi -3- methyi -3- tributyistannanyimethyi 7a-hydroxyoctahydroindole-2,7- dione

Z20) u'v:a]ar diastereomer): The presence of this was indicated by vmax (CHCI3) 3468 (br w, OH) Lm" oH
(270 MHz, CDCl3) 5.06 (1H, s, COH), 4.74 (1H, d, J=15, NCHPh), 3.76 (1H, d, J=15, NCHPh); 8¢ (67.5
MHz, CDCl3) 209.3 (CH2CO), 182.2 (NCO), 88.4 (COH); m/z (CI, NH3) 578 (M120+H+, 5%). (Minor
diastereomer): The presence of this was indicated by vmax (CHCl3) 3468 (br w, OH) cm-!; 8y (270 MHz,
CDCIl3) 5.10 (1H, s, COH), 4.74 (1H, d, J=15, NCHPh), 3.76 (1H, d, J=15, NCHPh); 8¢ (67.5 MHz, CDCl3)
88.2 (COH); m/z (CI, NH3) 578 (M1204H+, 5%).

Treatment of N-2-(cyclohex-1-enyl)ethyl-N-(6-oxo-cyclohex-1-enyl)acrylamide (21) with tributyltin hydride
Tributyltin hydride (0.41 g, 1.42 mmol) and azobisisobutyronitrile (46 mg) were reacted with alkene (21) (0.26
g, 0.94 mmol) dissolved in degassed benzene (10 cm3) following the general procedure. Column
chromatography (silica; diethyl ether-petroleum ether, 1:4) afforded I-(2-(cyclohex-1- enyl)ethyl) 3-
t‘ributyistannanyt'methyioct‘ahydroindoie 2,7-dione (22) (301 mg, 57%) as a separable 3.4:1 mixture of

diagtaranmare and 7_srihiitvictanmanvimaorhyul_nerhudracmuthrinan.d Q. diane (YD (21 mo ACLN
G1aswereomers anag /-7 l,ubu'y(.)uulnu.u'yulu;u;’yl/ PEFNYGroeryinringn-4,5-Glone \«5) \<1 Mg, 570).

(3R*,3aR*,7aS*)-1-(2-(Cyclohex-1-enyl)ethyl)-3-tributylstannanylmethyloctahydroindole-2,7-dione (22)
(Major diastereomer): Rf 0.13 (diethyl ether-petroleum ether, 1:4); vpmax (CHCI3) 3023 (m), 2999 (w), 2953
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(s), 2927 (s), 2872 (m), 1716 (m), 1687 (s), 1457 (m), 1425 (m) cm-!; 8y (270 MHz, CDCl3) 5.39 (1H, brs,
C=CHD, 4.00 (1H, dt, J=14 and 7.5, NCHCH32), 3.96 (1H, d, J=8.5, COCHN), 3.10 (1H, dt, J=14 and 6.5,
NCHCH3), 2.42-2.30 (3H, m, CH2CO and CHCON), 2.18-1.74 (11H, m, NCHCH, NCH,CH», CH,C=CH,

CH2CH=C, CH2CH2CO and NCHCHCH2y), 1.62-1.41 (10H, m, C=CHCH;CH2, CH=CCH2CH3 and 3 x
SnCH>CH>), 1.29 (6H, appt sext, /=7, 3 x CH2CH3), 0.99-0.73 (16H, m, CHCHSn, 3 x CH2CH3 and

SaCHyCH3), 0.64 (1H, dd, J=13 and 9.5, CHCHSn); 8¢ (67.5 MHz, CDCl3) 209.7 (CHCO), 176.3 (NCO),

135.0 (C=CH), 122.9 (CH=C), 63.8 (COCHN), 48.1, 42.7 (NCOCH and NCHCH), 40.4, 40.1 (NCH3 and
CH>CO), 35.5 (CCH2CH3), 29.2 (CH2CHj3 or SnCH2CH3), 27.8 (CH2C=C) 27.4 (SnCH2CH7 or CH2CH3),
25.3,25.2,22.8, 22.7, 22.3 (CHC=C and 4 x CH,CH)j), 13.7 (CH2CH3), 10.2 (SnCH2CH3), 9.1 (SnCH,CH);
m/z (C1, NH3) 566 (M120+H+, 1%), 564 (M118+H*, 1), 524 (2), 508 (100), 276 (40).

(BR*3aR*,7aR*)-1-(2-( (,yclohex I- enyl)ethyl) -3- trzbutylstannanylmethyloctahydromdole -2,7-dione (22)

{Minor diastereomer): R 0.23 (diethyl ether-petroleum ether, 1:4); Vmax (CHCl3) 3023 (m), 2954 (s), 2927 (s),
2870 (m), 1721 (m), 1691 (s), 1455 (w) 1400 (w) cm-1; § (270 MHz, CDCl3) 5.38 (1H, br s, C=CH), 3.

&3 INF \1MlJy AT &i \Il1)y LNJ7 1 \OJy LTVJJ VW ) LATFUY (VW] will Y UH \&« 7\ VAL ALy AN 14 ) J.JO \LLL, UL Oy
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3.78 (2H, m, COCHN and NCHCH3), 3.52 (1H, dt, J=13.5 and 6.5, NCHCH»), 2.48-1.70 (14H, m, _2C0
CHCON, NCHCH, NCH,CH3, CH,C=CH, CH,CH=C, CHCHCO and NCHCHCH)), 1.61-1.41 (10H, m,
C=CHCHCHj, CH=CCHCH; and 3 x SnCH2CHy), 1.28 (6H, appt sext, J=7, 3 x CHCH3), 1.00 (1H, dd,
J=13 and 5, CHCHSn), 0.91-0.80 (15H, m, 3 x CH2CH3 and SnCH2CH3»), 0.73 (1H, dd, J=13 and 10,

CHCHSn); 8¢ (67.5 MHz, CDCl3) 205.8 (CH2CO), 177.1 (NCO), 135.4 (C=CH), 123.1 (CH=C), 67.3
(COCHN), 54.5, 46.5 (NCOCH and NCHCH), 40.1, 39.5 (N_QHz and CH7CO), 35.7 (CCH;CH3y), 29.2

(CH2CH3 or SnCHCH»), 27.9, 27.8 (2 x CH2=C), 27.4 (CH2CH3 or SnCHaCH»), 27.3,25.3,22.8,22.4 (4 x
CH,CH3) 13.7 (CH c‘ H1), 10.2 (SnCH7CH3>), 9.8 (SnCH,CH); .m_/z (CI, NH3) 566 (M120+H+, 2%), 564

M118+H*, 2), 525 (2) 508 (100), 274 (20).
7-tributylstannanylmethyl-perhydroerythrinan-4,8-dione (23): Ry 0.15 (diethyl ether-petroleum ether, 1:4);
Vmax (CHCI3) 3021 (m), 2928 (s), 2856 (m), 1700 (m), 1674 (s), 1456 (w), 1425 (w) cm-1; &y (270 MHz,
CDCl3) 4.10 (1H, ddd, J=13, 5.5 and 1.5, NCH), 3.49 (1H, ddt, J=3.5, 1.5 and 13, NCH), 2.54-2.25 (3H, m,

A ATANTTLIYY Palh W al g FUITT RTAITT IYT AT T NTY P e It i

, NCH,CH,CH, NCH>CH2CHCH, 3 x LH2L1_'1_2L,H2, 4 x
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0.72 (1H, dd, J-H and 9. 5 CHCﬂSn) S¢ (6 .5 MHz, CDCl3) 212.6 (CH2CO), 174.3 (NCO), 69.2 (COCN),
54.3, 53.8 (NCOCH and NCOCHCH), 43.0 (NCH> or CH2CQ), 41.9 (NCH2CH>CH or NCHCH>CHCH),
38.8 (NCH7 or CH,CO), 34.9 (NCH2CHCH or NCH,CH,CHCH), 34.2, 32.2, 30.0 (3 x CH,CH>), 29.3
(CH,CH3 or SnCH>CH3»), 27.8 (CCH2CH?), 27.4 (SnCH2CH» or CHyCH3), 26.9, 25.5, 19.8 (3 x CH2CH»),
13.8 (CH2CH3), 10.2 (SnCH2CHp»), 10.1 (SnCH2CH); m/z (CI, NH3) 566 (M1204H+, 1%), 564 (M1184H+ 1),
508 (100), 274 (5).

Treatment of N-allyl-N-(6-0xo-cyclohex-1-enyl)benzamide (24) with tributyltin hydride
Tributyltin hydride (0.23 g, 0.81 mmol) and azobisisobutyronitrile (26 mg) were reacted with alkene (24) (0.14
g, 0.54 mmol) dissolved in degassed benzene (6 cm3) following the general procedure Column

L. nénsoanlc ez e

chromatography (silica; diethyl ether-petroleum cther, 7:3) afforded N-allyl-N-(2-oxo-cyclohexyl)benzamide
(25) ((\') mg, 45%\ Rrﬂ 24 (dnpﬂ'\v] Pthpr-nptrnlm'am pthpr 7 1\ \l_,._ ((‘H(“la\ ’mn‘! (m\ ’)QA"I (m\ ’79’7] (ul\

L \NWLA%1y

1721 (s), 16%0 (s), ]449 (m), l4l4(m) 1?16(w) 1255 (w), 1125 (w) cm‘1 Sn (270 MHz toluene dg, 80 °C)
7.41-7.37 (2H, m, aromatics), 7.15-7.00 (3H, m, aromatics), 5.76-5.65 (1H, m, CH=CH3), 4.98 (1H, d, J=16.5,
CH=CHaHp), 4.93 (1H, d, J=10, CH=CHaHBp), 4.33 (1H, t, J=9.5, COCHN), 4.02 (1H, br d, J=14, NCH),
3.62 (1H, dd, J=16.5 and 5, NCH), 2.32 (1H, br d, J=15.5, CHCO), 1.92-1.79 (3H, m, CHCO and CH,CH),
1.59-1.15 (4H, m, CH2CH>CO and CH,CH,CH); oc (67.5 MHz, CDCl3) 205.3 (CH2CQ), 172.3 (NCO),
136.2 (C=CH aromaiic), 134.9 (CH=CHp»), 129.4, 128.1, 126.5 (CH=C aromatic), 116.9 (CH=CH»), 63.3
(COCHN), 51.3 (NCH3>), 41.1 (CH»CO), 30.6 (CH,CH), 25.5, 24.5 (CH,CH»CO and CH>CH>CH); m/z (CI,
NH3) 258 (M+H*, 100%), 105 (15); Found: M+H*, 258,1495, C16H10NO; requires for M+H*, 258.1494,

Ik3) £J0O 1Y 1

Reaciion of N-allyl-N-(6-oxo-cyclohex-I1-enyl)benzamide (24) with iribuiyltin hydride added over 5 h
A 0.014 mol dm-3 solution of tributyltin hydride (1.5 eq., 0.33 g, 1.15 mmol) and azobisisobutyronitrile (0.3

eq. , 38 ma\ in deunc(wd benzene (82 (‘m3\ was added dmnwlqe overShviga QVI‘anP pumptoa 0.024 mol dm-

3 solutlon of alkene (24) (0.20 g, 0.76 mmol) in boiling degassed benzene (25 cmq) whxlst the latter was stirred
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under nitrogen. The solution was then heated overnight at reflux after which t.l.c. indicated that no starting
malerial remained and the solvent was removed under reduced pressure to afford crude product. Column
chromatography (silica; diethyl ether) afforded /-benzoyl-3-methyloctahydroindole-7-one (26) (83 mg, 42%)
as a mixture of 3 inseparable diastereomers in the ratio 3.4:3:1.

1-Benzoyl-3-methyloctahydroindole-7-one (Diastereomer 1): Rg (.20 (diethyl ether); vmax (CHCI3) 3006 (m),
2063 (m\ 2040 (m\ ")Q"JQ {ur\ 17'7’7 Ic\ 1670) fm\ 1627 (). 1446 (m) 1424 (m). 1300 (m) 1250 {w \ 1719

2963 (m), 2940 1670 1627 (s), 1446 (m), 1424 (m), 1309 (m), 1259 (w), 1232
(W) cm-l, ou (270 MHz, CDC13) 7,57 7 30 (5H, m, aromatics), 4.31 (1H, d, J=7.5, COCHN), 3.86 (1H_, dd,
J=12 and 9, NCH), 3.27 (1H, dd, J=12 and 9.5, NCH), 2.71-2.27 (3H, m, NCHCH and CH2CQ), 2.23-1.64
(5H, m, CHCHj3, CH,CH,>CH, CH,CH>CHj»), 1.06 (3H, d, J=6.5, CHCH3); 8¢ (67.5 MHz, CDCl3) 206.8
(CH2CO), 170.6 (NCO), 136.9 (C=CH aromatic), 128.0, 126.7, 126.5 (C=CH aromatic), 69.5 (COCHN), 51.8
(Ns‘ﬂz), 48.1 (CHQHCHZ or CHCH3), 40.2 (CHCO), 34.0 (CHCHCH3 or CHCH3), 23.4, 23.1 ((,Hzg‘ﬂz(,ﬂz

Yo gaa /e FOT NLI ) NEOQ AATTE TNANOIY. Do d, WAL ITL AEQ 1
auu Lﬂ! nz\,n}, T\, IN ﬂ3} £LJI0 U.Vl"'l._l', vy, counda: mM+r1” y &J0.

1
M.&-““‘ 258.14904, fnrncfpr.anmpr 2): Then presence of this was indicated h\r Arr

AvAT AR PV IR O p gAYt A RAN H

d, J=7, COCHN), 365 (1H, dd, J=10 and 8.5, NCH), 290 (1H, appt. t, J—lO NCH), 0.94 (3H, d J=6.5,
CHCHa3); 8¢ (67.5 MHz, CDCl3) 205.7 (CH2CO), 169.9 (NCO), 136.6 (C=CH aromatic), 66.6 (COCHN),
54.9 (NCH3>), 50.0 (CHCHCH7 or CHCH3), 40.3 (CH2CO), 31.6 (CHCHCH? or CHCH3), 23.4, 23.0
(CH2CH2CH and CHCHCH). (Diastereomer 3): The presence of this was indicated by: 8y (270 MHz, CDCl3)

4.45 (1H, d, J=6.5, COCHN), 3.54 (1H, appt. t, J=9, NCH), 3.34 (1H, appt. t, J=9, NCH), 0.98 (3H, d, J=7,
CHCH3); 6¢ (67.5 MHz, CDCl3) 208.3 (CH2CO), 170.4 (NCO), 135.9 (C=CH aromatic), 67.8 (COCHN),

547 {\T("I-IA\ 45 § {{“H("‘N(‘I—In orCHCBY A7 6 (CHACON 166 (CHCHCHA ar CHCHAY 254 21 8

IR R R STy TTTed N AN B UL AN REJy T .U \ Mg RR NN Jy IV (LIRS UL ¥;1\.,113; Lt Ty 1. O
(CH2CH>CH3 and CHy ‘Hg CH).

Eallaming tha an Y in dAanncoa A hanzana {11 Am 3\ wrne teantad
IFULIUWIL 15 uic SU 1 lﬂ..l pu}\.cuunc, IKCTIC \&/)\U.10 5 L. i J ucbaaacu S wmiviwyl ti1 mr~j; w ucaitcu
wizh Lribuy!,in. hydride (0.46 g, 1 8 mmol) and azo hlSlsnbLtyronzLilc (52 m Column chromatography

(126 mg, 26%)
6-Oxocyclohex-1-enyl 3-tributylstannanylpropanoate (30): Re 0.33 (diethyl cther-petroleum ether, 3:7); vipax
(CHCl3) 3006 (w) 2957 (s), 2926 (s), 2872 (m), 2853 (m), 1754 (s), 1692 (s), 1461 (w), 1174 (m), 1143 (s),

~ =0 o~

1112 (s) cm-; 8y (270 MHz, CDCI3) 6.57 un t, J=4.5, CH=C), 2.77-2.63 (2H, m, OCOCHpy), 2.58-2.48 (4u

Nala'el m»ul {‘U-FU\ VDO (OUT aemed mariny I—4 & r‘u-r‘u CHAY 1 AN 1T AD (ALY o 2 v Q"I
i, \.,1_1 UL aliG v ri), £.us (Ln, a,ppt quuu J=Uedy IR l\/“i) 1.0U" 1,57 \Ut, 11, J A ou\_,x.u\_,x U’

1.30 (6H, appt. sext., J=7, 3 x CH2CH3), 1.18-1.02 (2H, m, OCOCH2CH3), 0.98-0.73 (15H, m, 3 x CHCH3
and SnCH>CH2CHy); 8¢ (67.5 MHz, CDCl3) 191.8 (CH2COC), 173.4 (OCO), 144.4 (C=CH), 135.8 (CH=0),
38.0 (CH2CQC), 30.9 (CH,CO0), 29.1, 27.3 (SnCHyCH, and CH;CH3), 24.7, 22.5 (CH,CH and
CH,CH,CH3), 13.6 (CHCH3), 8.8 (SnCH2CHy); m/z (CI, NHj) 476 (M1204NH4*, 20%), 459 (M1204H+, 2),
440 (10), 401 (100), 308 (25), 291 (5), 186 (5), 130 (5); Found: M1164NHy4+, 472.2188. C21H3803Sn requires
for MIT64NH4+, 472.2182.

Treatment of 6-Oxo-cyclohex-1-enyl methacrylate (28) with tributyltin hydride
Tributyltin hydride (0.48 g, 1.66 mmol) and azobisisobutyronitrile (54 mg) were reacted with alkene (28) (0.20
g, 1.10 mmol) dissolved in degassed benzene (11 cm3) following the general procedure. Column

Al o e L. £t 3 aaLl ol e Ll LMY OO0 31 JY [ 1 1 " L 1T 2D
cnr mawgrdpny {si1ca, Ulclﬂyl cmcr-pcum urr uicr, /) aloraeq O-oxocycionex-i-enyt <-meinyi-3-
srihutrvletannanvinranannate (RN (51 mao 109G and 2_avnevelnhayvyl 2omothol. 3 tribhutvletannanvlnronannnte
IFIQULYSSIGRAGR Y PIOPAROGIE \O1) \J1 g, 1V 70) aliQ L-OXOCYLONEXY: L-TREWL Y- O~ ey SiGRIGR YipTOpPanoaic
(32) (102 mg, 20%) as a mixture of isomers.

6-0xocyclohex-l enyl 2-methyl-3-tributylstannanylpropanoate (31): Rg 0.33 (diethyl ether-petroleum ether,
3:7); Vmax (CHCl3) 3080 (m), 3053 (m), 2957 (s), 2926 (s), 2872 (w), 2854 (w), 1749 (s), 1692 (s), 1460 (w),
1237 (w), 1175 (m), 1142 (s), 1110 (m) cm-1; 8y (270 MHz, CDCl3) 6.55 (1H, t, J=4.5, CH=C), 2.88-2.75
(lH m, OCOCH), 2.57-2.46 (4H, m, C‘HzCOC and CHoCH=C), 2.07 (2H, appt. quint., J=6.5, CH2CH,CHy),
1.59-1.42 (6H, m, 3 x SnCH»CH»), 1.37-1.20 (10H, m, SnCHCH, CHCHj3 and 3 x CH>CH3), 1.03 (1H, dd,
J=13 and 9.5, SnCHCH), 0.98-0.73 (15H, m, 3 x CH»CH3 and SnCH,CH3); 8¢ (67.5 MHz, CDCl3) 191.8
(CH2CO), 176.0 (OCO), 145.4 (C=CH), 135.7 (CH=C), 38.1 (CH2CO), 37.2 (CHCH3), 29.1, 27.4

(SnCH2CH? and QHzCH_g;) 24.9, 22.6 (CH2CH2CH and CHCH2CH3), 20.7 (CHCH3), 14.2 (SnCH2CH),
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13.7 (CH2CH3), 9.4 (SnCH2CH2); m/z (CI, NH3) 490 (M1204NHy4*, 10%), 473 (M1204H+, 5), 415 (100), 345
(15), 321 (10), 308 (30), 183 (5), 130 (5); Found: M+NH4*, 486.2330. C22H4003Sn requires for M+NH4*,
486.2339.

2-Oxocyclohexyl 2-methyl-3-tributylstannanylpropanoate (32): Rf 0.39 (diethyl cther-petroleum ether, 3:7);

vmax (CHCl3) 2956 (s), 2927 (s), 2871 (m), 1724 (s), 1460 (w), 1377 (w), 1240 (w), 1176 (w), 1110 (w), 1070
(w) cm-1; 8y (270 MHz, CDCl3) 5.18-5.10 (1H, br m, COCHO), 2.81-2.68 (1H, br m, OCOCH), 2.53-2.23
(2ZH, m, CH>CQ), 2.13-1.93 (2H, br m, OCHCH»), 1 86-1.41 (10H, m, CHpCH2CO, CH2CH2CH and 3 x

LVR R n-.‘.,———

CH2CH3), 1.36-1.11 (10H, m, SnCHCH, CHCH3 and 3 x CH_ZCHg) 1.06-0.75 (16H, m, SnCHCH and 3 x
CH,CHj3 and SnCH2CHy); 8¢ (67.5 MHz, CDCl3) 204.6 and 204.5 (CHoCO), 177.2 and 177.1 (OCO), 76.1
(COCHO), 40.7 (CH2CO), 37.3 and 37.2 (CHCH3), 33.0 (CH2CH,CH), 29.1, 27.4 (SnCH2CH> and
L‘HQLH‘;;), 27.1, 23.7 (CHpCH2CO and g‘uzuizcu) 21.0 and 20.6 (CHCH3), 14 3 and 14.2 (SnCH>CH),
13.6 (L,nzs‘ng) 9.3 (C;HQHZCH2), m/z \\,1, Hn3) 492 Uv1*20+mr14 3 /o), 475 UVl“"’-ﬁ-rlT 1U), 417 UUU}, 321

(25), 308 (45), 291 (5), 202 (5), 185 (15), 132 (5); Found: M+H*, 471.2227. C22H4203Sn requires for M+H*,
471.2230.

Treatment of (6-0xo-cyclohex-1-enyl) 2-phenylacrylate (29) with tributyltin hydride
To a solution of alkene (29) (0.18 g, 0.72 mmol) in degassed benzene (8 cm3) was added tributyltin hydride

(0.32 g, 1.08 mmol) and azobisisobutyronitrile (35 mﬂ\ m‘r‘nrdmn to the general nrocedure. Column

TEEEE TERRAISRSVRINIENY A bttt f — Dt pryvYvYuiv.
chromatography (silica; diethyl ether-petroleum ethcr, 3:7 then diethyl ether) afforded 3-
benzyloctahydrobenzofuran-2,7-dione (33) (46 mg, 26%) and 3-benzyl-3a-hydroxy-2,3,3a,4,5,6-
hexahydrobenzofuran-2-one (34) (17 mg, 10%) as single diastereomers.
3-Benzyloctahydrobenzofuran-2,7-dione (33): Rf 0.26 (diethyl ether); vipax (CHCl3) 3033 (w) 2935 (m), 2872

N A0S £ N 1mAN WVl N Y Vi

(w), 1784 (s), 1730 (s), 1496 (w), 1453(w), 1158 (w), 1129 (w), 1067 (w), 1044 (w) cm!; 8y u/u MHZ
I's
\

ics). 4.76 (1H. . J=8.5. COCHO) 1£ (1LY A3 T_1A i
1iCs), #4./0 (110, 4, v=06.5, Lulguj, 3.16 \ir1, a4, v=14 ana
n

1H, dd, J=14 and 7, FH(‘HPh\ 2.51(1H,ddd, J=12, 7 a

2y R4 7 Qax

2,

2.88¢( \d 5, CHCOO),
2. 45 2 37 (2H m, CH2C ), 1.97-1.60 (4H, m, CH2CH>CH and CH2CL12CH2) S¢ (67 5 MHz CDCl3) 205. 8
(CH2CO0), 176.4 (0OCO), 137.2 (C=CH aromatic), 129.0, 128.7, 126.9 (C=CH aromatics), 80.2 (COCHOQ),
44.2, 42.2 (CHCHCH> and CHCH7Ph), 39.5, 34.2 (CH,CO and CHCH7Ph), 24.7, 22.1 (CH;CH>CH and
CH2CH2CH)»); m/z (CI, NH3) 262 (M+NH4*, 100%), 218 (30), 201 (5), 114 (10); Found: M+NHg4*, 262.1437.
C15H1603 requires for M+NH4%, 262.1443.

3-Benzyl-3a-hydroxy-2,3,3a,4,5,6-hexahydrobenzofuran-2-one (34): Ry 0.18 (diethyl ether-petroleum ether,
3:7); Vmax (CHCl3) 3602 (m), 3033 (w), 2930 (m), 2869 (w), 2848 (w), 1803 (s), 1703 (s), 1497 (w), 1453 (w),

YIIAX \—22iis3) AUVL ERACIUN R g 4 LT WO T (VY 10V J i 1T

1258 (w), 1208 (w), 1171 (w), 1]36 (w), 11]2 (w), 1066 (s) cm” 1, SH (270 MHZ, CDC13) 7. 31 7.21 (5H, m,
aromatics), 5.38 (1H, dd, /=4.5 and 3, C=CH), 3.28 (1H, dd, J=14.5 and 4.5, CHCHPh), 3.07 (1H, dd, J=14.5
and 10.5, CHCHPh), 2.75 (1H, dd, J=10.5 and 4.5, OCOCH), 2.28-1.98 (2H, m, C=CHCHp), 1.69-1.57 (2H,
m, CH2COH), 1.46-1.15 (2H, m, CH2CH2CH32); 8¢ (67.5 MHz, CDCl3) 174.7 (OCO), 151.0 (C=CH), 138.8

(C=CH aromatic), 129.1, 128.6, 126.6 (C=CH aromatics), 104.3 (C=CH), 72.6 (COH), 53.1 (CHCH,Ph), 33.6,
29.6 (CHCH,Ph and CHyCH), 22.7, 17.4 ({CH2COH and CHzCHZ2CH;3); miz (CI, NH3) 262 (M+NH4H, 100%),
244 (15), 227 (25); Found: M+NHy*, 262.1446. CysH1603 requires for M+NHy4*, 262.1443
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