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Cycloaddition Reactions of Aldimines of 1,5-Ketoaldehydes.
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Abstract: Aliphatic aldimines of a range of cyclic and acyclic 1,5-ketoaldehydes undergo metal
catalysed regio- and stereo-specific imine — azomethine ylide — cycloaddition cascades. Acid catalysed
cyclisations of the NH group of the pyrrolidine products onto the ketone functionality results in novel

tri- and tetra-cyclic nitrogen heterocycles. © 1999 Elsevier Science Ltd. All rights reserved.
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powerful method for the construction of ring systems possessing a high degree of complexity. We have
developed a novel regio- and stereo-specific methodology involving imine — azomethine ylide — cycloaddition
cascade processes for the synthesis of highly functionalised pyrrolidines.! Following an exploration of imines
of 1,5-dialdehydes? we now report the combination of such cascades employing monoimines of 1,5-
ketoaldehydes with acid catalysed ring forming processes involving cyclisation of the NH moiety of the
pyrrolidines onto a proximate carbonyl group. The products from these processes are tricyclic enamines and

tetracyclic enamino ketones and differ substantially from those arising from 1,5-dialdehydes.?

Reactions with cyclic 1,5- ketoaldehydes

Our initial work focused on € SyI hesis 0

the basic tricyclic indolizidine ring system found in a number
of alkaloids such as gephyrotoxin and related alkaloids.3 1,5-Ketoaldehydes, in which the ketone moiety
resides in a cycloalkanone, were selected as starting materials. Such substrates are readily available via Michael
addition of suitable cycloalkanones to acrolein.

Treatment of 14 with a series of a-aminoesters in the presence of 4A molecular sieves in dry CH,Cl, at

room temperature for 1h gave the corresponding aliphatic aldimines 2a-c in 89 - 92% yield.

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(98)01189-2
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The imine — azomethine ylide — cycloaddition cascade process can be achieved under thermal conditions

or via metal ion catalysis at room temperature.2 The milder conditions of the latter methodology are particularly

valuable for cascades involving aliphatic aldimines. These latter substrates often give poor yields by the thermal
1,2-prototropy route due to imine —=== enamine tautomerism (Scheme 2) with consequent side reactions

(eg - enamine Michael addition).5

1 t 1 1
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Scheme 2

The 1,3-dipolar cycloaddition reaction of aliphatic aldimines 2a-¢ with methyl acrylate in the presence of
AgOAc/DBU or LiBr/DBU in dry MeCN at room temperature for 16h resulted in 1 : 1 diastereomeric mixtures
of cycloadducts 3a-c in 60 - 64% yield.

individual diastereomers are clearly visible in CgDg as illustrate
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for cycloadducts 3b in Figure
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Figure 1. Effect of solvent on the methyl ester region of the !H n.m.r. spectra of the
mixture of diastereomers 3b

Previous work in our group showed that the Ag(I) catalysed cycloaddition reactions in MeCN result in
mixtures of syn-endo 5 and anti-endo 6 cycloadducts due to the lack of stereoselectivity in the azomethine ylide
forming step of the cascade. When related cycloaddition cascades were carried out in toluene it had proved
possible to suppress formation of anti-endo cycloadducté. However, when the imine 2b was subjected to the
cycloaddition cascade in dry toluene a 1: 1 diastereomeric mixture of cycloadducts 3b was obtained.

H Rr! MeO,C
N 1
/,\&:-{L -OMC- ;"R
R N R -~ N/\
1 1 R N COzMC
(o) H
A*g"/ syn-endo cycloadduct
svn-dinole &)
syn-dipole
H CO,Me MeO,C
PR .COMe
R” "N "R!' —m— L N |
R g R*
A'g+ anti-endo cycloadduct
anti-dipole o)

R = aliphatic group

The formation of diastereomeric mixtures of cycloadducts 3a-c in these cases is not due to the formation
of syn- and anti-dipoles but rather arises solely from the asymmetric carbon centre (2') adjacent to the carbonyl
functionality in the cyclohexanone ring which, not unsurprisingly, exerts no diastereoselectivity. All efforts to

separate the I : 1 diastereomeric mixtures of cycloadducts 3a-¢ by column chromatography using different

solvent systems failed.
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We next attempted cyclisation via reductive ami
Several methods employing sodium cyanoborohydride”-8 were initially tried without any success. The failure o
this process in our system is presumably due to the sterically hindered carbony! functionality in the cycloadduct

3.

Iy
1

o B Y

Application of standard methodology (catalytic p-TsOH in boiling toluene®:!0) for enamine formation to
the 1 : | mixtures of cycloadducts 3a-c over 48h gave mixtures of enamines 8a-c¢ together with polycyclic

cycloadducts 3a-¢ (Scheme 3). The enamines 8a-¢ decomposed on attempted column chromatography on
flash silica or neutral alumina. The stereochemistry of 9b was established by X-ray crystallographic studies
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Figure 2. X-Ray crystallographic structure of 9b

Thus one diastereomer undergoes double cyclisation to 9 whilst the other diastereomer undergoes
conventional enamine forming cyclisation to 8. Molecular models show this difference is due to the close
proximity of the enamine B-carbon in 7, but not in 8, to the pyrrolidine C(2)- ester carbonyl group .
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The 1,5-ketoaldehydes 10a-e4 1! were similarly reacted with alanine methyl ester in the presence of 4A
molecular sieves in dry CH2CI2 at room temperature for 1h to give the aliphatic aldimines 11a-e in 75 - 93%
yield.

The imines 11a-d reacted regio- and stereo-selectively with methyl acrylate in the presence of AgOAc and
DBU in dry MeCN at room temperature over 16h to give cycloadducts 12a-d in 61 - 65% yield as 1 :

diastereomeric mixtures of cvcloadducts due to the asvmmetric 2'-carbon centre. Imine 11e failed to underoo a
drastereomeric mixtures ol cycioaaducts due to the asymmeltric 2 -carbon centre. imine 11e fatled to undergo a
A YA catalucad cvclaadditian raactian nernhahly Aua ta the ctrang conrdinatinn of the AofI) cation ta enlfinrl?2
nB\Jn\.‘ \/alm)’bbu hyhluauulllull TvavLivzii lJlUUalll WU U LLHIV DUy IB CouLUlLLLalivull Ul L ns\l’ Lallvull LU sSuiiul
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The acid catalysed cyclisation reaction of 1 : 1 diastereomeric mixiure of cycloadducts 12a resulied in a
diastereomeric mixture of enamines 13. Further cyclisation is prevented by the rigid framework impeding close
approach of the enamine B-carbon and the proximal 2-methoxycarbonyl group. The purification of the

diastereomeric mixture of enamines by column chromatography resulted in < 5% purified product due to

extensive decomposition on the column.

X
(13) PPN " ceon o vey "
(id)a. X=CHp,n=2 (i5)a. X=CHp,n=2
b. X=NBn,n=1 b. X=NBn,n=1
e¢.X=0,n=1 . X=0,n=1

Cyclisation of the 1 : 1 diastereomeric mixtures of cycloadducts 12b-d under our standard cyclisation
conditions provided the polycyclic nitrogen heterocycies 14a-c in 68 - 76% yield. No enamines 15a-c were
detected in the crude products. The X-ray crystal structure of polycyclic nitrogen heterocycle 14c¢ is shown in
Figure 3.
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Figure 3. X-Ray crystaliographic structure of ldc

Reactions with acyclic 1,5-ketoaldehydes
The acyclic 1,5-ketoaldehydes* 16a and 16b were also prepared by surface mediated Michael addition
reaction of the corresponding B-ketoesters with acrolein and then reacted with a series of a-aminoesters in the
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presence of 4A molecular sieves at room temperature for 1h to give the aliphatic aldimines 17a-c in 82 - 89%
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The AgOAc catalysed cycloaddition reaction of imines 17a and 17¢ with methyl acrylate in the presence
of DBU proceeded in good yields to give 1 : 1 diastereomeric mixtures of syn-endo cycloadducts 18a and 18¢
(due to asymmetric B-carbon). Similarly the cycloaddition of imine 17b with (-)-menthy] acrylate under
standard cycloaddition conditions resulted in an analogous 1 : 1 diastereomeric mixture of cycloadducts 18b in
59% yield. We have previously shown that the AgOAc catalysed cycloaddition of imines to menthyl acrylate
furnishes enantiopure cycloadducts.3

Acid catalysed cyclisation of the 1 : 1 diastereomeric mixtures of cycloadducts 18a and 18c¢ in the

LUl vy a dil

presence of a catalytic amount of p-TsOH in boiling toluene for 16h resulted in the formation of indolizidines
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rotations were measured ai ambient temperature using an Optical Activity Lid., AA-1000 polarimeter.
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Microanalysis were obtained using a Carlo Erba MOD 1106 instrument. Mass spectral data were recorded on a
V.G.Autospec instrument operating at 70eV. Accurate molecular weights were determined using
perfluorokerosine as an internal standard. Nuclear magnetic resonance spectra were recorded on QE300 and
Bruker WP400 instruments operating at 300 and 400MHz respectively. Deuterochloroform was used as the
solvent with tetramethylsilane as the internal standard. Chemical shifts are given in parts per million (8) down
field from tetramethylsilane and coupling constants are given in Hz. The following abbreviations are used : s =
singlet, d = doublet, t = triplet, q = quartet, dd = double doublet, m = multiplet. Solvents were purified

according to standard procedures!4. The term ether refers to diethyl ether and petroleum ether refers to the

€onntinem txrith hnzlin 4\1\4“
IHaCliun willl oLy pol “AU-UUTCLl B

Generai Procedure for Preparation of Aliphatic Aidimines. a-Aminoester hydrochioride in dry
CH;Cl, was shaken with concentrated aqueous ammonia solution. The CH;Cly layer was separated, dried
(MgSQy) and evaporated to dryness under reduced pressure at room temperature to afford the aminoester free
base. A mixture of aldehyde (1 eq), a-aminoester (1.05 eq) and activated 4A molecular sieves in dry CH,Cl; (5
ml for 1 mmol aldehyde) was stirred at room temperature for 1h. After the removal of molecular sieves by
filtration the solvent was evaporated (bath temperature < 30°C) and the crude product was used for the next step
without purification due to thermal and chromatographic instability.

Methyl N-[3-(1'-ethoxycarbonyl-2'-oxocyclohexyl)-propylidene]-alaninate (2a). Aldehyde 14
(1.00 g, 4.42 mmol) and racemic alanine methyi ester (0.48 g, 4.65 mmol) gave the crude imine as a pale
yellow oil (1.27 g, 92%). & 7.65(t, 1H, J 4.6Hz, HC=N), 4.18(m, 2H, OCH,;Me), 3.87(q, 1H, J 6.8Hz,
CHMe), 3.69(s, 3H, OMe), 2.53(m, 8H, 4 x CHj), 1.70(m, 4H, 2 x CHj), 1.37(d, 3H, J 6.8Hz, CHMe) and
1.24(t, 3H, J 7.2Hz, OCH;Me); m/z(%) 311(M*, 1), 142(7), 55(7), 45(5) and 42(12).

Methyl N-[3-(1'-ethoxycarbonyl-2'-oxocyclohexyl)-propylidene]-phenylalaninate (2b).
Aldehyde 1 (1.50 g, 6.64 mmol) and racemic phenylalanine methyl ester (1.25 g, 6.97 mmol) gave the crude
imine as a pale yellow gum (2.35 g, 91%). 8 7.18(m, 6H, ArH and HC=N), 4.32(m, 2H, OCH,Me), 3.88(dd,

SIRLY, 1O 11 11 4iltl 134

1TH 1 47 9 4Hz \T("H\ 27%UWe¢ I OMe2Y 224744 1H 1 a4 A 12 AU Dk O 207/ 10 T Q8%
LLlly v ol ZTRAL, NXkL ), J.07 I Oy Jily, WIVIV ), J. fuu, 111, J Lo.%%114, L LINC1L), L 7 7\UU, 111, 4 7.0,
13.4Hz, PhCH), 2.46-1.43(m, 12H, 6 x CH2) and 1.24(t, 3H, J 7.3Hz, OCHyMe); m/z(%) 387(Mt, 1),

Y e AN N ; PP

328(2), 314(1), 296(7), 98(3), 91(60), 88(100), 83 (7), 77(19), 65(19), 55(23), 51(11) and 42(13).

Methyl N-[3-(1'-ethoxycarbonyl-2'-oxocyclohexyl)-propylidene]l-phenylglycinate (2¢).
Aldehyde 1 (1.00 g, 4.42 mmol) and racemic phenylglycine methyl ester (0.77 g, 4.65 mmol) gave the crude
imine as a pale yellow gum (1.47 g, 89%). & 7.74(t, 1H, J 4.6Hz, HC=N), 7.35(m, 5H, ArH), 4.94 (s, 1H,
PhCH), 4.19(m, 2H, OCH;Me), 3.72(s, 3H, OMe), 2.53-1.46(m, 12H, 6 x CH3), and 1.27(t, 3H. J 7.2Hz,
OCH)Me); m/z(%) 373(M*, 4), 314(69), 300(13), 296(16), 164(3), 77(30), 65(4) and 51(7).

AMathed AN T2 /1 conthavunanhangl M avoanvnalamants N mmanolidanal abacticota (112) ATAdalssAda
lVlclllyl IN=fLo={1 'lllClllUAybdl lJUllyl'L UAULyLlUpt‘lllyl} l)lUpyllucllﬂj'dldllllldll‘. (i1id). AlU quC
i0a (1.50 g, 7.58 mmol) and racemic alanine methyi ester (0.82 g, 7.95 mmol) gave the crude imine as a pale
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vallaw (1 Q4 o 7y A 7 ROt 1 TA2IH> C=NY 00N~ 1 TARH7s CHMoaY 2?7 and 37X 7 v
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S, Z2x3H,2x0Me), Z.11{m, 1UH, 5 X UH)) ana 1.4U{d, 31, J 0.0z, CHME);, m/Z(70) L3I3(MT, 4), £L08()),
252(3), 224(75),110(15), 87(11) and 82(100)

Methyl N-[3-(1'-methoxycarbonyl-2'-oxocycloheptyl)-propylidene]-alaninate (11b). Aldehyde
10b (2.00 g, 8.85 mmol) and racemic alanine methyl ester (0.96 g, 9.29 mmol) gave the crude imine as a pale
yellow gum (2.45 g, 89%). 8 7.73(t, 1H, J 4.4Hz, HC=N), 3.94(q, 1H, J 6.8Hz, CHMe), 3.77 and 3.75(2 x
s, 2 x 3H, 2 x OMe), 2.42(m, 6H, 3 x CH;) 1.70(m, 8H, 4 x CHj3) and 1.44(d, 3H, J 6.8Hz, CHMe);
m/z(%) 31 1 (M, 4), 252(53), 224(9) and 88(7).

S LAY

Methyl N-[3-(1'-benzyl-3'-methoxycarbonyl-4'-oxopiperidyl)-propylidene]-alaninate (11lc).

Alaenyce i0c (J uu g, 9.90 mmon) and racemic alanine memy1 esier (l 07 g, 10.40 mmm) gave the crude
imine as a pale yellow gum (3.36 g, 88%). & 7.66(s, 1H, HC=N), 7.28(m, 5H, ArH), 3.88(q, iH, J 6.9Hz,
CHMe), 3.73 and 3.71(2 x s, 2 x 3H, 2 x OMe), 3.58(m, 2H, PhCHy), 3.40(d, 1H, J 11.6Hz, NCH), 2.96
and 2.43(2 x m, 2 x 2H, 2 x CHy), 2.22(d, 1H, J 11.6Hz, NCH), 1.93(m, 4H, 2 x CHj) and 1.38(d, 3H, J
6.9Hz, CHMe); m/z(%) 388(M+, 1), 357(1), 329(20), 301(8), 297(5), 260(15) and 91(100).

Methyl N-[3- (3'-methoxycarbonyl -4'-oxotetrahydropyranyl)-propylidene]-alaninate (11
e €

mic alanine methyl ester (0.38 g, 3.73 mmol) gave the crude
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Methyl N-[3-(3'-methoxycarbonyl-4'-oxotetrahydrothiopyranyl)-propylidene]-alaninate
(11e). Aldehyde 10e (1.00 g, 4.38 mmol) and racemic alanine methyl ester (0.47 g, 4.57 mmol) gave the
crude imine as a pale yellow oil(1.14 g, 84%). & 7.70(t, 1H, J 4.6Hz, HC=N), 3.91(q, 1H, J] 6.8Hz, CHMe),
3.79 and 3.73(2 x s, 2 x 3H, 2 x OMe), 3.27-2,13(m, 10H, 5 x CH>) and 1.36(d, 3H, J 6.8Hz, CHMe);
m/z(%) 315(M+, 7), 256(56), 210(4), 142(68), 87(8) and 55(43).

Methy! n-(4-beuwyi-4-etuﬁxycarbarylbﬁtyli" nej-alaninate (17a). Aldehyde 16a“ (1.00 g, 4.03
mmol) and racemic alanine methyl ester (0.44 g, 4.23 mmol) gave the crude imine as a pale yellow oil (1.19 g,

89%). & 7.75(m, 6H, PhH and HC=N), 4.51(m, 1H, CHCO,Et), 4.13(m, 2H, OCH,Me), 3.92(q, 1H, J
6.9Hz, CHMe), 3.72(s, 3H, OMe), 2.35(m, 4H, 2 x CHy), 1.39(d, 3H, J 6.9Hz, CHMe) and 1.17(t, 3H, J
7.1Hz, OCHaMe); m/z(%) 333(M*, 7), 274(20), 260(32), 256(6), 228(25), 105(100), 77(65), 51(23) and
39(10).

Methyl N-(4-benzoyl-4-ethoxycarbonylbutylidene)-phenylalaninate (17b). Aldehyde 16a (0.50

701 mmoh and r mic nhenvlala e methvl ester (038 g, 2 12 mmol) gave the crude imine as a nale
g, 2.0l mI 101) and racemic paeny:aianing meiny: esier (V.28 Z.1i2 mMmol) gave the crude mne as a paie
yellow oil (0.67 g, 82%). & 7.23(m, 11H, ArH and HC=N), 4.39(m, 1H, CHCO3Et), 4.14(m, 2H,

OCH,Me), 3.8i(dd, iH, J 4.9, 8.3Hz, NCH)
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-furoyl)-4-ethoxycarbonylbutylidene]j-alaninate (17¢). Aldehyde ié6b (1.00 g,
4.20 mmol) and racemic alanine methyl ester (0.45 g, 4.41 mmol) gave the crude imine as a pale yellow oil
(1.19 g, 88%). & 8.36(s, 1H, furyl-H), 7.73(t, 1H, J 3.6Hz, HC=N), 7.45 and 6.82(2 x s, 2 x 1H, furyl-H),
4.16(m, 3H, CHCO3Et and OCH,Me), 3.93(q, 1H, J 6.7Hz, CHMe), 3.74(s, 3H, OMe), 2.95(m, 4H, 2 x
CHjy), 1.41(d, 3H, J 7.2Hz, CHMe) and 1.21(t, 3H, J 7.0Hz, OCH;Me); m/z(%) 323(M*, 5), 264(7),

95(100) and 67(6).

-

temperature for 16h. The reaction was then quenched by addition of saturated aqueous ammonium chloride
solution and the mixture was extracted with ether (2 x) or CH»Cl3 (2 x). The combined organic layers were
washed with brine, dried (MgSOy), filtered and solvent evaporated. The residue was purified by flash
chromatography to afford the cycloadduct.

Numbering of Pyrrolidine Ring.

MeO, H Ha
— o I-{P
H., o R
R l*Q 1 OO M
i N \JUZLVIC
H

Dimethyl 2-methvl-c-5-[1'-(1"-ethoxvcarbonvl-l"-oxocvclohexvl)-ethv }-pyrrolidine-r-2-,c-
4-dicarboxylate (3a). Aldimine 2a (1.27 g, 4.08 mmol), AgOAc (0.82 g, 490mm1 DBU (0.75 g, 4.90

ith athar tha meadieat 71 NN o Y oo o nala gall~ gty (Hanind MAN2. T 7Q- N2 A4 O~ NN
Witil CLLICE, Ul l)lUUuLl [RIAVAV IS PIAY | ) ad a pait yullow pulll. \1 u LUV, 1,707, IO U20013]1INUY
_________ Y EN AL, LT T OE. NI &0 8 fomnivrtrnmm ol Ao cbmimn ol 2 A ﬂ‘l/_. ALT AL _RAA N D ’7 A 3 LA
quUlle o, UU 40, 11,/.00, 1IN, D.070)}, O [IIINAWIC O1 ULdBICICOISOLICIS ) 4.4 11, &11, UL I 2ivI€ ), 5./ f 4ld 3. o4 £

X s, 2 x 3H, 2 x OMe), 3.27(q, 1H, J 6.6Hz, 5-H), 2.99(m, 1H, 4-H), 2.52(m, 4H, 3-H,, NH and CH»),
1.73(m, 11H, 3-Hyp, and 5 x CHy), 1.40(s, 3H, Me) and 1.21(t, 3H, J 7.3Hz, OCHyMe); m/z(%) 398(M+*+1,
38), 338(100), 320(30), 292(14), 200(36), 55(7) and 42(6).

Dimethyl 2-benzyl-c-5-[1'-(1"-ethoxycarbonyl-2"-exocyclohexyl)-ethyl}-pyrrolidine-r-2-,c-
4-dicarboxylate (3b). Aldimine 2b (2.35 g, 6.07 mmol), AgOAc (1.22 g, 7.29 mmol), DBU (1.11 g, 7.29

mmol) and methyl acrylate (0.78 g, 9.11 mmol) gave, after work up followed by flash chromatography eluting

with athar the nraduaet (1 72 o AN ac 2 nale vallaw onim (Fonnd - (O £5 OS- 76" N VTR CarHacNNA

YYILLL Lulivl, titv ‘Jl UuuLey \1./J 5, VU /U] as 4 P“IU ]\'ll\}" sulu. 4 vulia Nyl el udy Rhyd ey RN Ua v /DALy
7.

OCH,Me), 3.65 and 3.58(2 x s, 2 x 3H, 2 x OMe), 3.05(m, 1H, 5-H), 2.97(d, 1H, J 13.0Hz, PhCH),
2.83(m, 2H, PhCH and 4-H), 2.58(m, 1H, 3-H,), 2.44(m, 5H, NH and 2 x CHj), 2.19(m, 3H, 3-H} and
CHj>), 1.63(m, 6H, 3 x CHy) and 1.24(t, 3H, J 7.1Hz, OCHpMe); & (13C) (mixture of diastereoisomers)
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207.60(cyclohexanone-CO), 175.66, 173.71 and 171.64(3 x ester-CO), 136.87, 130.15, 127.87 and
126.57(Ar), 69.98, 62.31(5-C), 61.14(OCHoMe), 60.44, 52.08 and 51.31(2 x OMe), 47.59(4-C),

46.21(CHy), 40.98(3-C), 39.22(PhCHj), 35.98, 32.30, 27.48, 26.15 and 22.48(5 x CHz) and
14.06(OCHyMe); m/z(%) 474(M*+1, 18), 414(33), 382(100), 91(47), 65(7), 55(16), 42(9) and 39(6); Vmax
(film) 3600-3300, 2900, 1725, 730 and 700 cm-!.

Dimethyl 2-phenyl-c-5-[1'-(1"-ethoxycarbonyl-2"-oxocyclohexyl)-ethyl]-pyrrolidine-r-2-,c-
4-dicarboxylate (3c). Aldimine 2¢ (1.47 g, 3.94 mmol), LiBr (0.41 g, 4.72 mmol), DBU (0.72 g, 7.29

(=4
ash chromatoeranhv elutin
grapay €lu

mmol) and methyl acrylate (0.51 g, 5.91 mmol) gave, after work up followed by flash chromat ting
with ether, the product (1.16 g, 64%) as a pale yellow gum. (Found : C,65.4; H,7.2; N,2.75. Ca5H33NO7
requires C,65.35; H,7.25; N,3.05%); § (mixture of diastereoisomers) 7.68(d, 2H, J 7.5Hz, ArH), 7.28(m,

3H, ArH), 4.22(m, 2H, OCHjMe), 3.69 and 3.66(2 x s, 2 x 3H, 2 x OMe), 3.12(m, 2H, 5-H and 3-H,),
2.94(m, lH, 4-H), 2.47(m, 4H, NH, 3-Hy and CH»), 1.87(m, 10H, 5 x CH») and 1.28(t, 3H, J 7.0Hz,
OCHyMe); m/z(%) 460(M*+1, 79), 400(100), 382(5), 77(10) and 65(4).

Dimethyl 2-methyl-c-5-{1'-(1"-methoxycarbonyl-2"-oxocyclopentyl)-ethyl]-pyrrolidine-r-2-
,c-4-dicarboxylate (12a). Aldimine 11a (1.99 g, 7.03 mmol), AgOAc (1.41 g, 8.44 mmol), DBU (1.28
g, 8.44 mmol) and methyl acrylate (0.91 g, 10.55 mmol) gave, after work

o =
61%) ag a
Oi7m)as a

OMe), 3.27(m, 1H, 5-H), 3.10(m, 1H, 4-H), 2.46(m, 5H, 3-H, and 2 x CHj), 1.75(m, 8H,
x CHpy) and 1.40(s, 3H, Me); m/z(%) 370(M++1, 51), 354(4), 310(17) 200(4) and 83(6).

Dimethyl 2-methyl-¢-5-[1'-(1"-methoxycarbonyl-2"-oxocycloheptyl)-ethyl]-pyrrolidine-r-2-
,c-4-dicarboxylate (12b). Aldimine 11b (2.45 g, 7.87 mmol), AgOAc (1.58 g, 9.44 mmol), DBU (1.44
g. 9.44 mmol) and methyl acrylate (1.02 g, 11.80 mmol) gave, after work up followed by flash
chromatography eluting with ethyl acetate, the product (1.90 g, 61%) as a pale yellow gum. (Found :
C,60.35; H,7.6; N,3.25. C30H31NO7 requires C,60.45; H,7.85; N,3.5%); & (mixture of diastereoisomers)

2.07, 2.0 1 -\3 P, N i3, 2 g 5 2.2V y AAAy JSTAR), 7 Alky LAX, A1 ], . 111, 411., INXL, J=ilg

and CHy), 2.13(m, 5H, 3-Hp and 2 x CHp), 1.78(m, 8H, 4 x CHj) and 1.50(s, 3H, Me); m/z(%) 398(M*+1,
- s 7z 7

1), 382(1), 366(1), 338(100), 200(41), 140(18), 43(76), 55(11) and 42(12)

Dimethyl 2-methyl-c-5-[1'-(1"-benzyl-3"-methoxycarbonyl-4"-oxopiperidyl)-ethyl]-
pyrrolidine-r-2-,c-4-dicarboxylate (12¢). Aldimine 11c¢ (3.36 g, 7. ), AgOAc (1.73 g, 10.39 mmol),
DBU (1.58 g, 10.39 mmol) and methyl acrylate (1.12 g, 12.99 mmol) gave, after work up followed by flash
chromatography eluting with ether, the product (2.58 g, 63%) as a pale yellow viscous gum. (Found :
C.63.15; H,7.1; N,5.95. Ca5H34N207 requires C,63.25; H,7.2; N,5.9%). 8 (mixture of diastereoisomers)
7.28(m, 5H, ArH), 3.75 and 3.72(2 x s, 2 x 3H, 2 x OMe), 3.68(m, 2H, PhCH>), 3.59(s, 3H, OMe),
33

8(m. 1H, 5-H), 3.22(m, 1H, 4-H), 2.97(m, 4H, 2 x CHy), 2.38(m, SH, 3-H,, 3-Hp, NH and CHy), 1.90
54(2 x m, 2 X 2H, 2 x CHy) and 1.38(s, 3H, Me); m/z(%) 474(M*, 1), 415(98), 383(11), 356(23),
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Niwmathel P ommathoal o & 71 (2" santhoavoesnorhoangl A" _cavantatmahvdeanyeany | BY &I-- 11
AFHmCInY1« &=ICLNY1=C-0~ & =7 ~MCUIUXYLdrooiiyi-4 -0X0iCiranyYaropyranysj-cunysj-
PG S } 4 . g __ B A _ /4% 3\ AT 3 4% % [ N < = I ~ 1y b |

pyrronamne-r- 4-,c-q-a|carnoxyla {1sQ). idimine iid \U 80 g, £4.00 mmoi), AgUAL (U 54 g, J. 21

mmol), DBU (0.49 g, 3.21 mmol) and methyl acrylate (0.35 g, 4.01 mmol) gave, after work up followed by
flash chromatography eluting with ethyl acetate, the product (0.67 g, 65%) as a pale yellow gum. (Found :
C,56.55; H,6.7, N,3.45. C1gH27NOg requires C,56.1; H,7.05; N,3.65%); & (mixture of diastereoisomers)
4.48(d, 1H, J 11.5Hz, OCH), 4.17(m, 1H, 5-H), 3.77 and 3.73(2 x s, 2 x 3H, 2 x OMe), 3.69(m, 2H, CH»),
3.66(s, 3H, OMe), 3.41(m, 1H, OCH), 3.37(m, 1H, 4-H), 2.84(m, 4H, 3-H,, CH and CH3), 1.76(m, 4H, 3-
Hp, NH and CHj3), 1.40(s, 3H, Me) and 1.27(m, 1H, CH); m/z(%) 384(M*-1, 11), 326(10), 252(7), 208(6),
200(9), 193(8), 185(8) and 158(6).
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mcarooxylate (104a). Aldimine 17a (l i9 g, 3.08 mmou, AgUl—\C (0,72 g, 4.30 mmou, DBU (U 65 g,

v
il
]

4.30 mmol) and methyl acrylate (0.46 g, 5.37 mmol) gave, after work up followed by flash chromatography
eluting with ether, the product (1.07 g, 71%) as a pale yellow oil. (Found : C,63.2; H,6.7; N,3.15.
C22H29NO7 requires C,63.0; H,6.95; N,3.35%); & (mixture of diastereoisomers) 7.69(m, SH, ArH), 4.30(m,
1H, CHCO3Et), 4.13(m, 2H, OCH»>Me), 3.73(s, 3H, OMe), 3.67(s, 1H, NH), 3.56(s, 3H, OMe), 3.13(m,
1H, 5-H), 2.96(m, 1H, 4-H), 2.55(m, 1H, 3-Hy), 2.13(m, 2H, CHj), 1.88(m, 1H, 3-Hy), 1.44(m, 5H, Me
and CH») and 1.21(t, 3H, J 7.3Hz, OCHyMe); m/z(%) 419(M™, 4), 374(5), 360(100), 315(21), 314(73),
200(3), 141(39), 105(96), 77(63), 51(16) and 39(9)
1R,2S,5R-Menthyl 2-benzyl-r-2R-methoxycarbonyl-c-58-(1'-benzoyl-1'-
ethoxycarbonyiprop-3'-yi)-pyrrolidine-c-4S-carboxylate (i8b). Aldimine 17b (0.67 g, 3.58
mmol), AgOAc (0.33 g, 1.97 mmol), DBU (0.30 g, 1.97 mmol) and menthyl acrylate (0.35 g, 1.64 mmol)
gave, after work up followed by flash chromatography eluting with ether, the product (0.60 g, 59%) as a pale
yellow oil , [a]p -25.2 (¢ 1.86, CHCI3). (Found : C,71.65; H,7.75; N,2.3. C37H49NO7 requires C,71.7;
H,7.95; N,2.25%); & (mixture of diastereoisomers) 7.56(m, 10H, ArH), 4.63(m, 1H, OCH), 4.45(m, 1H,
CHCOzER), 4.14(q, 2H, J 7.0Hz, OCHyMe), 3.67(s, 3H, OMe), 3.13(m, 1H, 5-H), 2.95(m, 3H, PhCH; and
4-H), 2.66(m, 1H, 3-H,), 2.21-1.21(m, 11H, 3-Hyp, NH and aliphatic-H), 1.17(t, 3H, J 7.0Hz, OCH;Me)
nd 0.59(m, 13H, aliphatic-H); m/z(%) 620(M*+1, 27), 574(5), 560(19), 528(100), 436(6), 105(46) and

aipiialll VLU AV &by SIS, LA 7jy V&0 LESASA RV PR A VIS LY

an
7’7 1321y
ir 1

Dimethyl 2-methyl-¢-5-(1'-(3"-furoyl)-1'-ethoxycarbonylprop-3'-yl)-pyrrolidine-r-2-,c-4-
dicarboxylate (18c). Aldimine 17¢ (1.19 g, 3.68 mmol), AgOAc (0.74 g, 4.42 mmol), DBU (0.67 g,
4.42 mmol) and methyl acrylate (0.48 g, 5.53 mmol) gave, after work up followed by flash chromatography
eluting with ether, the product (1.00 g, 66%) as a pale yellow oil. (Found : C,59.35; H.6.55; N,3.45.
C20H27NOg requires C,58.7; H,6.55; N,3.45%); & (mixture of diastereoisomers) 8.17(s, 1H, furyl-H), 7.46
and 6.79(2 x s, 2 x 1H, 2 x furyl-H), 4.16(q, 2H, J 7.2Hz, OCH,Me), 3.92(t, 1H, J 7.4Hz, CHCO;Ev), 3.76
and 3.61(2 x s, 2 x 3H, 2 x OMe), 3.33(m, 1H, 5-H), 3.01(m, 1H, 4-H), 2.99(s, 1H, NH), 2.59(m, 1H, 3-

H,), 2.1i{(m, 2H, CHj), 1.92(dd, 1H, J 7.3, 13.9Hz, 3-Hy), 1.43(m, SH, Me and CH») and 1.21(t, 3H, J
7.2Hz, OCH-Me); m/z(%) 408(M*-1, 1), 200(7), 95(22) and 41(4).
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relisation Reactions. Cycloadduc
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eq) were mixed in dry toluene (5 mi for 1 mmol cycloadduct) in a round bottom flask equipped with a refiux
condenser. A guard tube was attached to the top of the condenser and the mixture was stirred and boiled under
reflux for the appropriate time. The reaction mixture was then cooled and the solvent removed under reduced
pressure. The residue was partitioned between brine (10 ml for 1 mmol cycloadduct) and CH2Cl> (20 ml for 1
mmol cycloadduct), the organic layer separated and the water layer extracted with a further portion of CHyCla.
The combined organic layers were dried (MgSQOy), filtered and the solvent removed. The residue was purified

by column chromatography.

Tetracycle (9a). Prepared from the 1 : 1 diastereomeric mixture of cycloadducts 3a (1.00 g, 2.53 mmol) and

p-TsOH (0.05 g, 0.25 mmol). Work up after 48h gave a mixture of 9a, enamine 8a and decomposition
products. Flash chromatography, eluting with ether, afforded 9

a [0.05 g, 68% (yield based on one
diastereomer)] as a colourless solid, m.p. 112- 1149C. (Found : C,65.4; H,7.35; N.4.2. C19H25NOj5 requires
C,65.7; H,7.25; N,4.05%); & 4.13(q, 2H, J 7.2Hz, OCH>Me), 3.70(m, 1H, 5-H), 3.58(s, 3H, OMe),
3.35(q, 1H, J 7.9Hz, 4-H), 2.13(m, 5H, 3-H, and 2xCH,), 1.84(dd, 1H, J 6.5, 13.5Hz, 3-Hy), 1.72(m, 2H,
CHy), 1.42(m, 4H, 2 x CHj), 1.29(s, 3H, Me) and 1.19(t, 3H, J 7.2Hz, OCH;Me); m/z(%) 347(M*, 39),
319(6), 274(21), 260(17), 246(100), 215(4) and 187(29).

and p-TsOH (0.07 g, 0.37 mmol). Work up after 48h gave a mixture o
products. Flash chromatography, eluting with ether, afforded 9b {0.51 g, 66% (yield based on one
dmsrereomer)] which crystaiiised from ether a coiourie p‘ates m.p. 106-108°C., (Found : C,70.9; H,6.95;

P r- ~ ~rT P

S
.9; N,3.3%); 6 7.20(m, 5H, ArH), 4.13(q, 2H, J 7.1Hz, OCHyMe),
91 and 2. 81(2 x d, 2 x 1H, J 13.6Hz, 2 x PhCH), 2.61(q, 1H, J
7.7Hz, 4-H), 2.09(m, ~H, 3-Ha and 2 x CHp), 1.95(dd, 1H, J 7.7, 13.7Hz, 3-Hp), 1.67(m, 2H, CH»),
1.37(m, 4H, 2 x CHp) and 1.21(t, 3H, J 7.1Hz, OCH;Me); & (13C) 205.29(CO), 173.78 and 172.78(2 x
ester-CO), 172.44 and 136.57(2 x =C), 131.10, 127.81, 126.43 and 112.63(Ar), 77.80(2-C),
61.25(0OCH>Me), 58.15(5-C), 51.68(OMe), 48.95(4-C), 45.53(C-CO,Et), 41.72(PhCH>), 34.39, 31.02,

-

123(M+, 34), 350(6), 332(100),

4 s o JURR SL AV

Tetracycie (9¢). Prepared from the 1 : I diastereomeric mixture of cycloadducts 3¢ (1.16 g, 2.52 mmol) and
p-TsOH (0.05 g, 0.25 mmol). Work up after 48h gave a mixture of 9¢, enamine 8¢ and decomposition
products. Flash chromatography, eluting with ether, afforded 9¢ [0.32 g, 62% (yield based on one
diastereomer)] as pale yellow prisms, m.p. 142-1440C. (Found : C,70.4; H,6.5; N,3.4. C34H27NOj5 requires
C,70.4; H,6.65, N,3.4%); & 7.59(d, 2H, J 7.3Hz, ArH), 7.30(m, 3H, ArH), 4.26(m, 2H, OCH;Me),
3.89(m, 1H, 5-H), 3.65(s, 3H, OMe), 3.27(q, IH, J 7.9Hz, 4-H) 2.48-1.39(m, 12H, 3-H,, 3-Hp and
5xCHj) and 1.35(1, 3H, J 7.0Hz, OCHyMe); m/z(%) 409(M+*, 68), 381(28), 380(100), 378(6), 336(13),

JEI1Ls PAL A" SO IL£0), QOURL AUV O/, Q2202
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[P ma /12) ~a "o, 1+ 1 Aiagtaranmario mivinra of cunlaaddiicts 172 N SN o 1 26 memall and
H&NNC (15). ricparcea irom uic 1 . 1 GlasCrCoOineric mixwit 01 CyCi0aaauls 14a& (v.ovU g, 1.50 01 and
L TP ATYY N NN ~ N 1 A4 1\ b § § SN PR Als . 1 L AT AT A i tiiera AL Amsimimas 1T O___ 2
pP-150Q (U.UD> g, U.14 minoi). WOIK Up aiier 1on gave a diastereomeric mixture of enamines 13 and

decomposition products (yield of crude product 62%). Chromatography on neutral alumina, eluting with ether,
afforded 13 (< 5%). 6 4.59(m, 1H, C=CH), 3.79, 3.75 and 3.62(3 x s, 3 x 3H, 3 x OMe), 3.20(m, 2H, 5-H
and 4-H), 2.33(m, 6H, 3-H,, 3-Hp and 2 x CHj3), 1.61(m, 4H, 2 x CH3) and 1.40(s, 3H, Me); m/z(%)
351(M*, 10), 292(100), 233(9) and 174(7).

Tetracycle (14a). Prepared from the 1 : 1 diastereomeric mixture of cycloadducts 12b (1.90 g, 4.79 mmol)

and p-TsOH (0.09 g, 0.48 mmol). Work up after 48h gave a mixture of 13b and decomno‘;mon products.

ALAVRE iU

Flash chromatography, eluting with ethyl acetate, afforded 13b [0.63 g, 76% (yield based on one

dinctaranmar V1 swhich cructallicad fram athar oo oalonrlace nrigme mn 10410600 (BEannd - &4 2- 1T 7 15.
UldbLClCUlllC }j Wil 11 k«lj Lakil A4 L1EWVLLL CLLICL A LUIVULIUDD })l ISy, 111 l_l. 1TUS= 1UUTC. (T'uulg . \.a,L"’.L, I, .10
A\ 2 Q&K LY O NIy N EIT Y war~irionc T LANS. IT7 28, N\ 2 QO S 2 Q8 ~ 1LY Y £ 0LY. & XTI\ 2 £V1.
IN,3.60. Uq9ri25INU35 . UoriU Tequires L,04.U5; 1,/.33; N, 3.Y7%); 0 3.95(q, 1, J 0.YnZ, 5-n), 3.01(8
3H, OMe), 3.57(m, 1H, 4- -H), 3.52(s, 3H, OMe), 2.44(m, 1H, CH), 1.98(m, 3H, 3- -H, and CHjy), 1.78(m,

3H, 3-Hy and CHj), 1.62(m, 3H, CH and CHj), l.39(m, 2H, CHj), 1.21(s, 3H, Me) and 1.05(m, 2H,
CH,); & (13C) 201.05(CO), 175.33 and 172.20(2 x ester-CO), 171.34 and 112.44(2 x =C), 72.94(2-C),
53.85(5-C), 52.14 and 51.46(2 x OMe), 51.18(C-CO;Me), 51.11(4-C), 36.08(CH>), 34.49(3-C), 32.01,
28.01, 26.97, 21.95 and 20.84(5 x CHjy) and 18.39(Me); m/z(%) 347(M+, 22), 288(6), 260(100) and
202(45).

Tetracycle (14b). Prepared from the I : | diastereomeric mixture of cycloadducts 12¢ (0.47 g, 1.00 mmol)

and n 'F:-{'\U NN o NIND sy Warly v offtar AQk cnta o miviiira AF 120 nmd Adanamnmaciéinn men din
allyd pP-15UIL (VU4 g, UV, 1V 11IHIVUL) VYULRA Up ditll F0l11 gave a HIIAWUIT U1 100 alld Ul LUlllpUbluUll pluumlb
Flash chromatography, eluting with ethyl acetate, afforded 13c [0.15 g, 72% (yieild based on one

i
diastereomer)] as a pale yellow solid, m.p. 138-14009C. (Found : C,66.35; H,6.6; N,6.35. Cp4H2gN705 .
0.5H0 requires C,66.5; H,6.75; N,6.45%); & 7.30(m, SH, ArH), 3.80(m, 2H, 5-H and NCH), 3.69 and
3.66(2 x s, 2 x 3H, 2 x OMe), 3.56(m, 2H, 4-H and NCH), 3.26 and 2.96(2 x d, 2 x 1H, J 144Hz, 2 x
PhCH), 1.80(m, 8H, 3-H,, 3-Hy, and 3 x CH») and 1.40(s, 3H, Me); m/z(%) 424(M*, 19), 396(9), 337(10),
306(12), 274(10), 91(100), 77(5), 65(12) and 51(3).

Tetracycle (14c). Prepared from the 1 : 1 diastereomeric mixture of cycloadducts 12d (0.40 g, 1.04 mmol)

and n-T<OH (O ) 010 mmoll Wark un after ARh gave a mivtnire nf 14n and decroamnacitinn nradnate

(438 LV t} L ONILA (Vo 5, Av \¥3 LRKRINIL J. ¥V UL utl ClLwN1L TU1LL éuv\.r G LERINLULY Vi ATYWY Qg uvuvnuy\laxuuu yxuuu\,L.).

Flash chromatography, eluting with ethyl acetate, afforded 14c¢ [0.12 g, 68% (yield based on one
i7

diastereomer)] which crystallised from CH;Clj as colourless prisms, m.p. 172-173%C. (Found : C,59.35;
H,6.6; N,3.8. Cj7H2NOg . 0.5H20 requires C,59.3; H,6.45; N,4.05%); & 4.55 and 4.35(2 x d, 2 x IH, ]
14.4Hz, 2 x OCH), 4.27(d, 1H, J 11.0Hz, OCH), 3.90(m, 1H, 5-H), 3.79 and 3.69(2 x s, 2 x 3H, 2 x OMe),
3.57(m, 1H, 4-H), 3.17(d, 1H, J 11.0Hz, OCH), 1.81(m, 5H, 3-H,, 3-Hp, CH and CHjy), 1.41(s, 3H, Me)

and 1.31(m 1H, CH); m/z(%) 335(M*, 87), 307(18), 276(34), 248(100), 217(4), 202(8) and 189(4).



R. Grigg et al. / Tetrahedron 55 (1999) 17631780 1777

Numbering of Indelizidine Ring.
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Dimethyl 3-methyl-5-phenyl-6-ethoxycarbonylindolizid-5-ene-1,3-dicarboxylate (20a).

T¥ s Iy

Prepared from the 1 : 1 diastereomeric mixture of cycloadducts 18a (0.40 g, 0.95 mmol) and p-TsOH (0.02 g,
0.10 mmol). Work up after 16h followed by flash Chromatography elutmg with ether, afforded 20a (0.26 g,
68% ) as a pale yellow oil. (Found : C,66.1; H,6.8; N,3.2. Cp2H7NOg requires C,65.8; H,6.8; N,3.5%); &
7.14(m, 5H, ArH), 3.67(m, SH, OMe and OCH>Me), 3.42(m, 4H, OMe and 9-H), 2.83(dd, 1H, J 5.9,
12.5Hz, 2-H,), 2.65(m, 1H, 1-H), 2.22(m, 1H, CH), 1.92(dd, 1H, J 6.7, 12.5Hz, 2-Hp), 1.72(m, 2H,
CHj), 1.25(m, 4H, Me and CH) and 0.74(t, 3H, J 7.1Hz, OCH;Me); m/z(%) 401{M*, 11), 342(100), 328(7)

and 77(7).

IR, 2S, S5R-Menthyl 3-benzyl-3R-methoxycarbonyl-5-phenyl-6-ethoxycarbonylindolizid-5-
ene-1S-carboxylate (20b). Prepared from the 1 : 1 diastereomeric mixture of cycloadducts 18b (0.20 g,
0.32 mmol) and p-TsOH (0.01 g, 0.03 mmol). Work up after 16h, followed by flash chromatography eluting
with 1 : 1 v/v ether-petroleum ether, afforded 20b (0.13 g, 67% ) as a pale yellow gum, [a]p +55.3 (¢ 1.36,

(‘HC")\ (Fon n (‘ 72 908- HSR 0 N 7 q (‘1 HmNﬁz 0O SEtA) rea

ARG e A VA ATy RN, 2 N,& et R e I e At b et} & ’ 1 L1z,
1NLY A-ITN A €%/ nn TIT f\ﬁ‘]\ 2 "IA/ ’11[ NTT WA 2 £V ITT MAA_N D &17. 1T1Y O LI\ N ORAs__. NIT
1Url, ATl ), 4.04(111, 1ri, 1), J.79 im, Zri, VL I12IVIC ), 2.000), JI1, UWVIC), J.01\1l, 111, 7-I1), £4.02{IM, 4ZI1
PhCH3), 2.49(m, 1H, 1-H) and 2.26-0.56(m, 27H, 2-H,, 2-H};,, OCH;Me and aliphatic-H); m/z(%) 601(M+*,

18), 542(15), 510(100), 91(29) and 77(7).

Dimethyl 3-methyl-5-(2'furyl)-6-ethoxycarbonylindolizid-5-ene-1,3-dicarboxylate (20c).
Prepared from the 1 : 1 diastereomeric mixture of cycloadducts 18¢ (0.40 g, 0.98 mmol) and p-TsOH (0.02 g,
0.10 mmol). Work up after 16h, followed by flash chromatography eluting with ether, afforded 20¢ (0.26 g,
69% ) as a pale yellow gum. [Found (H.R.M.S) : 391.1631. Cy9H>5NO7 requires 391.1631]; 8 7.43(m, 3H,
furyl-H), 3.87(m, 2H, OCH,Me), 3.76 and 3.59(2 x s, 2 x3 H, 2 x OMe), 3.50(m, 1H, 9-H), 2.78(dd, 1H, J
5.2, 12.5Hz, 2-H,), 2.65(m, tH, 1-H), 2.19(m, 2H, CHy), 1.94(dd, 1H, J 6.7, 12.5Hz, 2-Hp), 1.61(m, 2H,
CH»), 1.38(s, 3H, Me) and 0.98(t, 3H, J 7.1Hz, OCH,Me); m/z(%) : 391(M*, 19), 346(12), 332(100) and
318(7).

X-ray Crystallography - Data for both compounds were collected at 200 K on a Stoe STADI4 4-circle
diffractometer using ®-0 scans and graphite monochromated Cu-K|, radiation (A=1.54184 A). Both data sets
were collected for absorption using azimuthal y-scans. Full details of crystal data, data collection and structure
;\VP" ;I’\ TQ"\‘P ‘
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. In both cases non-hydrogen atoms were
refined with anisotropic dlsplacernent parameters and hydrogen atoms were constrained to idealised positions
using a riding model with free rotation for methy! groups.

Complete atomic co-ordinates, anisotropic displacement parameters and interatomic distances and angles
have been deposited with the Cambridge Crystallographic Data Centre.



Table 1. Crystal Data for Compounds 9b an

formuia

f.w.

crystal dimensions, mm
crystal system

space group

a, A

ks
e

D
Too

]
=}

N <

Dcalcd, g cm3

L, mm-!

F(000)

max., min. transmission factors
0N 0n

Umax™

Total data collected

Rinta

Unique reflections

largest diff, peak and hole, eA-3

(=%
o

4c

9b

C25Hy9NOs
423.49
0.45x0.38 x0.20
orthorhombic
Phbca

4362.0(14)

8

1.29

0.726

1816

0.838, 0.736
32.33

4488

0.241, -0.284

14c¢

Ci7H21NOg¢
335.35

0.62 x 0.46 x 0.30
monoclinic

P2y/a
8.4584(7)

0.870, 0.592
32.26
4874
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Footnotes
a) R!ﬂl“ = ElFOZ - ng(mean)l/E[F92}
b) F.2 > 2.06(F:2)

¢) s = [Z[w(Fo2-Fc2)2)/(n-p)]'»

1 nx-l . - 2\

AY . e » 3% 1 . 1 E 5 ) Fa anl f’ -~
) + (aP)2 + bP} 1, where P = (Fo~ + 2F¢

g) F¢' = kF [1+0.001*F 2A3/sin20]-

Acknowledgements: We thank Leeds University for support.
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