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Abstract Condensation of cyclic secondary a- amino esters with aryl aldehydes containing an -
alkenyl group leads to intramolecular 1,3-dipolar cycloaddition, via an intermediate azomethine ylids, in
good yield. The stereochemistry of the azomethine ylides is controlled by steric interactions developing
during conversion of the intermediate carbinolamines to the iminium ion species and generally results
in stereo specific dipole formation. There is no pronounced endo - exo selectivity in these
cycloadditions and an intramolecular B-acrylate moiety is a more reactive dipolarophile than an
intermolecular maleimide moiety.

Azomethine ylides are readily available from both «-amino acids and their esters via imine
formation(1).2 Imine formation results in activation of bonds a and b in the imine (1) and leads to
azomethine ylides either by 1,2-prototropy (1) & (2)3 or by decarboxylation (1) — (3).4’5 These

reactions provide excellent in vitro analogues of biochemical processes mediated by pyridoxal
6 and by pyridoxal and pyruvate dependent decarboxylases._"'8 The regio- and stereo-
selectivity of 1,3-dipolar cycloaddition reactions have resulted in many elegant applications of their
intramolecular cycloaddition reactions.? Some ten years ago we reported on the intramolecular
cycloaddition reactions of azomethine ylides formed by the 1,2-prototropy route from primary a-amino
esters'® and recently we provided biochemically relevant examples involving pyridoxal imines. !
Subsequently we reported on the stereochemistry and mechanism of analogous intramolecular
cycloaddition processes involving the decarboxylative route to azomethine ylides.12

Imines of secondary a-amino acids and their esters react analogously to give azomethine ylides via
deprotonation of intermediate iminium species. However, apart from several examples reported by
Confalone et al.,13 who applied the methodology to the synthesis of Sceletium alkaloid Ay there has
not been a systematic study of the intramolecular cycloaddition of azomethine ylides generated from
cyclic secondary a-amino esters and carbonyl compounds. We now report the results of such a study.
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There are two approaches to intramolecular cycloaddition of azomethine ylides generated from
secondary a-amino esters and carbonyl compounds. The dipolarophile can be incorporated into either
the a-amino ester moiety or the carbonyl component. Our studies have employed the latter approach.
Thus aldehydes (4a-c) were reacted with a slight excess (1.2 mol) of secondary a-amino esters (5),
6(a-c), (7) and (8a, b) in boiling toluene over 24-48h.14 Typically the reactions went to ca. 80%
conversion in the case of (5) after 48h whereas the other a-amino esters reacted completely after 24h.
The nature of the products is a function of the structure of both the secondary a-amino ester and the
carbonyl component/dipolarophile (4a-c).

Cycloadditions of Methyl Indoline-2-carboxylate(5)

Aldehyde (4a) reacts with (5) to give a 1.2:1 mixture (75%) of cycloadducts (9a) and (10a) derived
from the anti- (11)- and syn- (12)-dipoles respectively (anti and syn refer to the relative configuration
of the 1,3- H/COzMe dipole substituents). The analogous reaction of (4b) with (5) affords
a 1:2 mixture (55%) of (9b) and (10b). In contrast (4c) reacts with (5) to give a single cycloadduct
(14)(48%) derived solely from the syn-dipole (12). The assignment of stereochemistry to the
cycloadducts (9), (10), and (14) by 4 n.m.r. was complicated by the presence of the carbomethoxy
group &t the ring junction. The - nmr. spectrum of one isomer of each pair of stereoisomers, i.e.
(10a) and (10b), showed unusual features in that one aromatic proton and one of the protons of the
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methylene group adjacent to oxygen were substantially shielded and occurred at ca. §5.7 and ca. §3.1
respectively. Model building suggested there were several possible stereochemical explanations for
these effects. The structures of (9a) and (10b) were therefore determined by single crystal X-ray
structure analysis (see experimental section). Due to problems with crystallisation it was not possible
to determine structures of one pair of isomers. Projections of (9a) and (10b) derived from the crystal
data are shown in Figures 1 and 2 respectively. The X-ray data provide an immediate explanation
for the unusual shielding effects observed in the H n.m.r. spectra of (10a) and (10b). Thus H, in (10b)
is located close to the =m-cloud of ring A whilst H, is similarly shielded by ring B. The distances
between Hx and Hc and the planes of the two aromatic rings are 3.17 A and 3.29 A respectively. The
closest approach of H, to a ring A carbon atom is 2.64 A and of Hc to a ring B carbon atom is 2.51
A. Cycloadduct (14) also shows substantial, though reduced, shielding of H, (3 6.01). In this case
incorporation of the double bond into the pyrrolidine ring results in conformational changes that remove
Hg from the proximity of the x-cloud of ring B and increase the distance of H, from the plane of ring
A

(9) 8. R= CO,Me (10) a. R= CO,Me 14
b. R=Hy b. R=Hp
Ar
H Ar H)&_ )/H ArClll+
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The variation in the product ratio arising from the two dipoles (11) and (12) suggested dipole
equilibration was occurring, at least in the case of cycloadditions involving (4b) and (4c), and that the
product ratios reflect the relative transition state energies, i.e. cycloaddition is slower than dipole
equilibration when the dipolarophile is non-activated. This has been previously established for
cycloadditions involving stabilised azomethine ylides derived from primary a-amino esters'? and non-
stabilised azomethine ylides derived via the decarboxylative route.’? To assess the dipole distribution
produced under kinetic control we studied the reaction of (4b) with (5) and N-methylmaleimide (NMM).
Extensive experience with maleimide dipolarophiles has shown that, due to their high reactivity, they trap
the dipole(s) produced under kinetic control and do not permit dipole equilibration.m'15

The reaction of (4b), (5) and NMM (toluene, 100°C, 48h) afforded a 1.3:1 mixture (70%) of (15) and
(16). Once again the presence of the angular cabomethoxy group in (15) and (16) rendered
stereochemical assignments by |H n.m.r. difficult. Moreover, (16) gave a partially broadened ' n.m.r.
spectrum due to conformational mobility of the aryloxy moiety. The stereochemistry of (15) and (16)
were accordingly determined by single crystal X-ray structure analysis (see experimental section).
Projections of (15) and (16) derived from the X-ray data are shown in Figures 3 and 4 respectively.
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It is clear from the ratio of (15) to (16) that kinetically controlled dipole formation from (5) is non-
stereospecific unlike the situation in primary amino esters.® Both dipoles (11) and (12) contain a
severe sterically destabilising interaction, ‘Ar/COZMe in (11) and Ar/Hx in (12). These dipoles also lack
the potential for hydrogen-bonding believed to be important in kinetically controlled formation of (2).15'17
Moreover, the ortho-alkyloxy substituent results in a greater contribution of canonical forms such as (13)
to the dipole resonance hybrid which, in turn, assist stereomutation (11) @ (12) in cases where

cycloaddition is rate limiting, by lowering the barrier to rotation about the ArCH-N bond. In contrast,
azomethine ylides (2) undergo significant stereomutation only when they possess 1,3-diaryl substituents
{R and R? = aryl).m'15 Non-stereospecific dipole formation from (5) and aryl aldehydes is due to the
steric interactions referred to above which manifest their effects in the carbinolamine — iminium ion
step. Thus formation of the iminium ions (17a) and (17b) is believed to be slow. Subsequently rapid
deprotonation then affords (11} and (12). =n-Overlap of the aryl group with the dipole moiety is
substantially reduced in both dipoles due to the twisting necessary to relieve the steric interactions. The
formation of (14) as the sole product from (5) and (4c) parallels the result obtained with analogous
cycloadditions involving non-stabilised azomethine ylides generated by the decarboxylative route";2 and
appears to result from a more favourable alignment of the four reacting centres in dipole (12), i.e.
kinetically controlled selection of (12) from an equilibrating mixture of (11) and (12).

The question of relative rates of dipole formation and cycloaddition in the reaction of (4a) with (5)
was probed by repeating the reaction in the presence of 1 mol of NMM. This reaction resuited in the
same mixture of cycloadducts, (9a) and (10a), as were observed in the absence of NMM and no NMM
cycloadducts were observed. Thus in this case the intramolecular cycloaddition is fast and the product
ratio reflects the dipole mixture produced under kinetic control.

One final point deserves comment. The reaction of the free carboxylic acid derivative of (5) with
aryl aldehydes occurs with decarboxylation and produces non-stabilised azomethine ylides which
undergo 1,4-prototropy to give indoles.’® No indoles are observed in the case of the stabilised ylides
(11) and (12) reflecting the reduced tendency of these ylides to protonate at the benzylic carbon centre
of the dipole moiety.

Cycloaddition of the Monocyclic Secondary a-Amino Esters (6a-c)

The importance of steric interactions in controlling the stereochemistry of azomethine ylides derived
from cyclic secondary a-amino esters is apparent when the a-amino esters {6a-c) are reacted (toluene,
110°C) with the aldehydes (4a-c). Although aldehydes (4a) and (4b) give rise to two cycloadducts (18)
and (19) in each case (Table 1) whilst (4c) affords a single cycloadduct (20), in all cases the
cycloadducts are derived from the syn-dipole (21). Stereospecific formation of syn-dipole (21) has been
observed in related inter- and intra-molecular cycloaddition reactions of azomethine ylides derived from
proline and pipecoline esters.13’19
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Table 1 Cycloadducts derived from the reaction of (4a-c) with (6a-c) in boiling toluene over 24h.

Amino ester Aldehyde Product(s)(ratio)? Yield(%)P
6a 4a 18a(1), 19a(4.6) 86

6b 4a 18b(1), 19b(1.5) 87

6c 4a 18c(1), 19c(1) 60

6b 4b 18d(3.3), 19d(1) 80

6c 4b 18e(4), 19e(1) 60

6b 4c 20a 67

6¢ 4c 20b 46

a. Product ratio calculated from the IH n.m.r. spectrum of the reaction mixture.
b. Isolated yields.
c. Reference 13 reports a 10:1 ratio of (18d) to (19d) for the ethyl ester.

The ring junction stereochemistry of (18) and (19) was readily established on the basis of both
coupling constants (cis Jy AHB 6.5-9.3 Hz, trans JHAH B 10.6-12.2 Hz) and n.O.e studies. ITypical Iy
n.m.r. studies are described for (18b) and (19b) as a representative pair of isomers. The 'H n.m.r.
spectrum (CDCI3) of (18b) exhibits a signal for Hy at §431(d J A 89 Hz). The coupling constants
in the pyran ring suggest a cis ring junction with a half chair conformation(22) for the pyran ring
(Ygg 1-4 Hz and Jgy 3.4 Hz) Protons Hg(d) and Hg(m) have similar chemical shifts (5 3.05) and are
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only just separated at 400 MHz. Positive n.O.e’s are observed from Hg to Hg, H, to H; (aromatic
proton), and Hg to Hy, Hi and Hp.  These n.O.e’s are consistent with a chair conformation for the
piperidine ring(23a).

(23) a. R= CO,Me, R=Hg
22 b. R= Hg, R!= CO,Me

In the H n.m.r. spectrum (CDCI3) of cycloadduct (19b) the ring junction proton H 5 gives rise to a
doublet (Jog 10.6 Hz) at 84.15. The large coupling constants Jap' Ygp(11-4 Hz) and Jgg (10.1Hz)
together with a small coupling constant for Jg (4.7 Hz) demonstrates that HB is trans diaxial to H A
and Hp(24). N.O.e studies(CDCIs) show positive n.O.e's from HEg to Hy and Hy and from Hy/H (8 3.2,
m} to H j(aromatic). The signal for Hg(82.14) is distinguishable, but that for HG overaps with those of
the other piperidine methylene protons(d 1.4-1.75). However, addition of CSDG allows this signal to be
resolved and further n.O.e. studies show no n.O.e. from HG to Hg suggesting a trans-relationship(23b).
Small n.O.e’s are observed from H A to Hy/H| and a large n.O.e. is observed from HD to Hpy.

H Ar Ar H
)= ’Q,\lNr
H N CO,Me H CO,M

(25) (26)

(24)

The stereospecific formation of syn-dipole(21) arises from the developing steric interaction between
the aryl group and the flanking CHCOzMe(25) or CH2(26) group in conversion of the intermediate
carbinolamine into these iminium ion species. The former is subject to substantially more steric
interaction than the latter although even in (26) the plane of the aryl group must be twisted significantly
out of the plane of the iminium moiety reducing delocalisation in the transition state. Dipole formation
is then completed by a fast deprotonation of (26). A study of molecular models shows the transition
states leading to both (18) and (19) involve substantial twisting of the aryl moiety with consequent loss
of n-overlap. The predominance of (19a) over (18a) appears to be steric in origin with the ester group
on the dipolarophile experiencing less steric hindrance in the endo-transition state.
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Cycloadditions to Tetrahydroisoquinoline- and Tetrahydro-p-Carboline-a-Amino Esters. (7) and
(8a,b). Reactions (toluene 110°C) of the a-amino esters (7), (8a) and (8b) with the aldehydes (4a-c)
paralieled the results of the foregoing section with monocyclic a-amino esters. Reactions with aldehydes
(4a) and (4b) gives rise to two cycloadducts (27)-(32) in each case both of which are derived from a
dipole with the same configuration [analogous to (21)], via endo- and exo- transition states.
Aldehyde(4c) gives a single cycloadduct, (33)-(35), in each case, which are again derived from dipoles
analogous to (21). Isomer ratios and yields are collected in Table 2.

(32) a. R= CO;Me
b.R=Hy

33 39
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Table 2 Cycloadducts derived from the reaction of (4a-c) with a-amino esters(7), (8a) and (8b) in
boiling toluene over 24h.

Amino ester Aldehyde P.rgduct(s)(.ratie)a Yie!d(%)b
7 4a 27a(1.7), 28a(1) 82
8a 4a 29a(t), 30a(1.5) 80
8b 4a 31a({1), 32a(2.2) 63
7 4b 27b(3.2), 28b(1) 72
8a 4b 29b(5), 30b(1) 85
8b 4b 31b(1.2), 32b(1) 45
7 4c 33 67
8a 4c 34 85
8b 4c 35 30

a. Product ratio calculated from the "W n.mr. spectrum of the reaction mixture.
b. Isolated yield

Dipole Stereochemistry and Endo-Exo Cycloaddition Stereoselectivity. The results of our studies
reported in this paper show that for the reaction of cyclic secondary a-amino esters with aryl aldehydes
the stereochemistry of the derived azomethine ylide is controlled by steric interactions that develop
during the conversion of the intermediate carbinolamine to the corresponding iminium ion. In most
cases, due to the different steric demand at the two carbon centres flanking the amino group, this leads
to stereospecific dipole formation. There is no pronounced endo - exo stereoselectivity in the
intramolecular cycloaddition of these dipoles (Tables 1 and 2) and steric factors are mainly responsible
for the small stereoselectivities that are observed in some cases.

Experimental General experimental details are as previously noted.16 Petroleum ether refers to the
fraction with b.p. 40-60°C.

General Procedure for Intramolecular Cycloadditions The secondary a-amino ester(3.6 mmol) and the
aryl aldehyde(4a-c)(3 mmol) were dissolved in dry toluene (12ml} and boiled under reflux for 24-48h.
The reaction mixture was then evaporated to dryness and mixtures of isomers purified by flash
_chromatography (silica) or by preparative t.l.c.(silica). Isomer ratios and yields are collected in Tables
1 and 2.
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5a,6,6aa, 12ba-Tetrahydro-5af,6a-di(methoxycarbonyl)-6H-chromeno[3’,4“4,5]pyrrolo[1,2-a] indoline(9a).
Colourless rods from methylene chioride-ether, m.p. 200-201°C(Found: C, 69.40; H, 5.7, N, 3.65.

Cy5Hy4NOg requires C, 69.65; H, 5.55; N, 3.7%); & 7.49(d, 1H, ArH), 7.19-7.08(m, 3H, ArH), 6.99-
6.79(m, 4H, ArH) 4.72(d, 1H, J 7.6 Hz, Hp), 4.33(dd, 1H, J 2.0 and 12 Hz, Hc), 4.24(d, 1H, J 11.3Hz,
Hg), 4.22(dd, 1H, J 2.1 and 11.8 Hz, Hp), 3.73(s, 3H, OMe), 3.60(d, 1H, J 17 Hz, Hg). 3.38(s, 3H,
OMe), 3.11(d, 1H, Hp) and 2.94(m, 1H, Hg); m/z(%) 379(M*, 43) 320(89), 203(20), 188(100), 144(6)
and 131(13).

5a,6,6aa,12ba-Tetrahydro-5aa, 6a-di(methoxycarbonyl)-6H-chromeno[34-4,5] pyrrolo[1,2-a] indoline{10a)
Colourless thick oil (Found: C, 69.85; H, 5.5; N, 3.75%); & 7.66 and 7.29(2xm, 2x1H, ArH), 7.04(m,
2H, ArH), 6.92(d, 1H, ArH), 6.70(m, 2H, ArH), 5.71(m, 1H, ArH), 5.01(d, 1H, J 6.2 Hz, Hp), 4.11(m,
1H, Hp), 3.81 and 3.75(2 x s, 2 x 3H, OMe), 3.68 and 3.46(2 x d, 2 x 1H, J 16.5Hz, Hy; and Hg),
3.19(m, 1H, Hp), 3.10(dd, 1H, J 11.3 and 9,7 Hz) and 2.72(d, 1H, J 5.0Hz, HE); m/z(%) 379(M*, 32),
320(80). 203(19), 188(100), 144(5) and 131(13).
5a,6.6ac,12ba-Tetrahydro-5aB-methoxycarbonyl-6H-chromeno[3',4"-4,5]pyrrolo[1,2-alindoline(9b)
Colourless plates from methylene chloride-ether, m.p. 145-146°C(Found: C, 74.20; H, 5.9; N, 4.65.
CygHgNO4 requires C, 74.75; H, 5.95; N, 4.35 %); & 7.66(dd, 1H, ArH), 7.16(m, 3H, ArH), 6.90(m,
4H, ArH), 4.71(d, 1H, J 7.8Hz, Hp), 4.16(dd, 1H, J 11.5 and 3.3Hz, Hg), 4.02(dd, 1H, J 11.5 and
4.4Hz, Hp), 3.42(d, 1H, J 16.3Hz, Hg), 3.34(s, 3H, OMe), 3.26(d, tH, Hy), 2.87(dd, 1H, J 13.4 and
7.5 Hz, Hg), 2.67(m, 1H, Hg) and 2.09(dd, 1H, J 13.4 and 9.6Hz, Hp); m/z(%) 321(M",25), 262(100)
145(96), 131(17) and 130(20).

5a,6.6aa, 1 2ba-Tetrahydro-5ac-methoxycarbonyl-6H-chromeno[3',4-4,5]pyrrolo[1,2-alindoline(10b)
Colourless prisms from ether-petroleum ether, m.p. 111-112°C(Found: C, 74.25; H, 6.5; N, 4.25%); &
7.69(d, 1H, ArH), 7.28(m, 1H, ArH), 7.01(m, 2H, ArH), 6.88(d, 1H, ArH), 6.66 (m, 2H, ArH), 5.66(m, 1H,
ArH), 4.72(d, 1H, J 5.5 Hz, Hp), 3.94(dd, 1H, J 10.9 and 5.5 Hz, Hp), 3.83(s, 3H, OMe), 3.50 and
3.18(2 x d, 2 x 1H, J 16.1 Hz, Hy; and Hg), 3.07(ad, 1H, J 12.1 and 11.5 Hz, Hg), 2.95(dd, 1H, J 14.0
and 8.8 Hz, Hg), 2.55(m, 1H, Hg) and 1.55(dd, 1H, J 14.0 and 2.9 Hz); m/z(%) 321(M™, 15), 262(59),
175(65), 145(81), 143(100), 130(17), 131(13), 118(22) and 115(51).

5a, 12bo-Dihydro-5aa-methoxycarbonyl-6H-chromeno(3,4-4,5pyrrolo[1 2-alindoline(14) Colourless rods
from methanol, m.p. 182-183°C(Found: C, 75.05; H, 5.65; N, 4.05. C20H17NO3 requires C, 75.2; H,
5.35; N, 4.4%); 8 7.81(d, 1H, ArH), 7.24(m, 1H, ArH), 7.06(m, 2H, ArH), 6.86(d, 1H, ArH), 6.69(m,
2H, ArH), 6.01(d, 1H, ArH), 5.93(dd, 1H, J 3.0 and 1.6 Hz, HD), 5.79(d, 1H, J 2.7Hz, HA), 4.75(d, 1H,
J 12.7Hz, HC), 4.50(dd, 1H, J 12.5 and 1.5Hz, HB), 3.83(s, 3H, OMe) and 3.41(s, 2H, HE and HF);
miz(%) 319(M*, 7), 260(100), 172(11), 143(9), 130(7), 118(10) and 115(9).

Intermolecular Cycloadducts (15) and (16) (15) Colourless rods from ether - petroleum ether, mp. 147-
148°C (Found: C, 69.35; H, 6.55; N, 6.4, 025H24N205 requires C, 69.4; H, 5.6; N, 6.45%); 57.28 -
6.74(m, 8H, ArH) 6.15(m, 1H, Cﬂ=CH2), 5.82(s, 1H, HA). 5.42 and 5.31(2 x d, 2 x 1H, CH=Cﬂ2),
4.73 and 4.61(2 x dd, 2 x 1H, OCH,), 4.42 (d, 1H, J 7.9 Hz Hg). 3.94(d, 1H, ArCH). 3.84(d, 1H,
J7.9Hz H ), 3.29(s, 3H, OMe), 3.25(d, 1H, ArCH), 2.45(s, 3H, NMe); m/z(%)(Cl-NH3) 433(M+1, 100),




X =Y - ZH systems as potential 1,3-dipoles — XXVII 2223

393(1), 373(3), 332(25) and 176(8).

(16) Colourless needles from ether - petroleum ether, m.p. 174-175°C (Found: C, 69.1; H, 5.55; N,
6.35%); the p.m.r. spectrum of this product was broad; m/z(%)(Cl-NHs) 433(M+1, 100), 393(1), 373(6),
332(27), 272(2) and 176(6).

3a,4,4a,1 Ob-tetrahydro-5H-chromeno[3',4'-4,5]pyrro|o
[1,2-a] pyrrolidine skeleton

3a,40.4ap,10bB-Tetrahydro-3aB,48-di{methoxycarbonyl)-5H-chromeno[34"-4,5lpyrrolo[1.2-a]pyrrolidine(18a)
and3a,4B,4ac., 10bB-tetrahydro-3aB 4a-di{methoxycarbonyl}-5H-chromenol 3,4-4,5]pyrrolo[1,2-a]
pyrrolidine(19a) (18a) Thick colourless oil. (Found: C, 65.3; H, 6.4, N, 4.1. C1 8H21NO5 requires C,
65.25, H, 6.4; N, 4.2%); § 7.32(dd, 1H, ArH), 7.13(m, 1H, ArH), 6.90(m, 2H, ArH). 4.71(d, 1H, J 9.3Hz,
Hp), 4.01(dd, 1H, J 11.4 and 4.4Hz, Hg), 8.92(dd, 1H, J 11.4 and 4.6Hz, Hp), 3.73 and 3.75(2 x s,
2 x 3H, OMe), 3.33(m, 1H, Hg), 2.92(d, 1H, J 9.7Hz, HE), 2.61, 2.52, 2.29 and 2.10(4 x m, 4 x 1H,
He, Hg, Hy and Hy), and 1.72-1.91(m, 2H, CHy); m/z(%)(CI-NHg) 322(M+1, 100) 272(23), 142(2) and
131(1).

(19a) Colourless plates from methylene chloride-ether, m.p. 116-117°C(Found: C, 65.3; H, 6.4; N, 4.15.
C18H21N05 requires C, 65.25; H, 6.4; N, 4.2%); § 7.32(dd, 1H, ArH), 7.11(m, 1H, ArH), 6.84(m, 2H,
ArH), 4.64(dd, 1H, J 10.1 and 3.9Hz, HC), 4.14(d, 1H, J 11.8Hz, HA), 4.11(dd, 1H, J 10.9 and 10.4Hz,
Hp), 3.81 and 3.71(2 x 5, 2 x 3H, OMe), 3.47(d, 1H, J 12.0Hz, Hg), 3.23(m, 1H, Hy), 2.59(m, 1H, Hp),
and 2.50, 2.31, 1.92, 1.82 and 1.41(5 x m, 5 x 1H, H, and 2 x CH,); m/z(%) 331(M*, 26), 272(100),
212(15), 204(3), 145(5) and 131(8).

1,2,3,4.4a,50..5aB,11bB-Octahydro-4af, 5B-di(methoxycarbonyl)-6H-chromenof3,4-blindolizine (18b) and
1,2.3.4,4a,5B,5a0,11bB-Octahydro-4aB, 5o-di{methoxycarbonyl)-6H-chromeno[3,4-blindolizine(19b)

(18b) Colourless prisms from methanol, m.p. 89-91°C(Found: C, 66.1; H, 6.75; N, 3.85. C19H23N05
requires C, 66.05; H, 6.7; N, 4.05%); §7.16 and 6.94(2 x m, 2 x 2H, ArH), 4.31(d, 1H, J 8.9Hz, H,),
3.99(dd, 1H, J 11.4 and 1.4Hz, H,), 3.8(dd, 1H, J 11.5 and 3.4Hz, Hp), 3.72 and 3.68(2 x s, 2 x 3H,
OMe), 3.05(m, 2H, Hg and Hp), 2.94 and 2.72(2 x m, 2 x 1H, NCH,), 2.53(d, 1H, J 12.4Hz, Hg) and
1.65-1.14(m, 5H, Hq and 2 x CHy), miz (%) 345(M*,21), 287(23), 286(100), 227(4), 226(7), 143(3)
and 131(5)

(19b) Colourless prisms from methanol, m.p. 95-96°C(Found: C, 66.1; H, 6.8; N, 3.95%); & 7.37(d, 1H,
ArH), 7.13(t, 1H, ArH), 6.87(m, 2H, ArH), 4.42(dd, 1H, J 9.7 and 4.7 Hz, H ), 4.15(d, 1H, J 10.6 Hz,
Hp), 4.07(dd, 1H, J 9.6 and 11.4 Hz, Hp), 3.79 and 3.75(2 x s, 2 x 3H, OMe), 3.20(m, 2H, NCH,),
3.02(d, 1H, J 10.1 Hz, HE), 2.92 and 2.14(2 x m, 2 x 1H, HB and HF), and 1.75 - 1.40(m, 5H, HG and
2 x CH,); miz (%) 345 (M*,2), 287(19), 286(100), 227(5), 226(12) and 131(5).
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1,3,3a,4a,10b,11-hexahydro-5H-
chromeno[3',4-b]pyrrolidino[1,5-c]thiazole
skeleton.

1,3,3a,4aB.10bp,11-Hexahydro-3aB,4B-di{methoxycarbonyl)-SH-chromeno[3',4-b]pyrrolidino[1,5-
clthiazole(18c)and1,3,3a,4ac,10bf, 11-hexahydro-3aB.4a-di(methoxycarbonyl)-5H-chromeno[3’,4"-
blpyrrolidino[1,5-c]thiazole(19¢)

(18c) Thick colouress oil(Found: C, 58.15; H, 5.5; N, 3.85;S, 9.0, C17H19N05 requires C, 58.45; H,
5.5; N, 4.0; S, 9.17%); 8 7.28(d, 1H, ArH), 7.20(m, 1H, ArH), 6.91(m, 2H, ArH), 4.72(d, 1H, J 8.4Hz,
Hp). 4.06(dd, 1H, J 11.4 and 4.2Hz, H,), 4.0(s, 2H, NCH,), 3.97(dd, 1H, J 13.2 and 5.7 Hz, Hp), 3.76
and 3.73(2 x s, 2 x 3H, OMe), 3.62(d, 1H, J 11.5 Hz, Hg), 3.31(m, 1H, Hp), 3.12(d, 1H, J 8.2 Hz, HE)
and 3.10(d, 1H, Hg); m/z(%) 349(M*,4), 291(18), 290(100) and 131(9).

(19¢) Colourless prisms from methylene chioride-ether, m.p. 158-160°C(Found: C, 58.15; H, 5.5; N,
3.85; S, 9.0%); & 7.32(d, 1H, ArH), 7.16(m, 1H, ArH), 6.90(m, 2H, ArH), 4.64(dd, 1H, J 10.2 and 3.9
Hz, H,), 4.29(d, 1H, J 12.2 Hz, Hp), 4.24(d, 1H, J 8.5Hz, H})), 4.04(t, 1H, J 10.7Hz, Hp), 3.88(d, 1H,
H)), 3.85 and 3.76(2 x s, 2 x 3H, OMe), 3.65(d, 1H, J 12.7 Hz, Hg), 3.47(d, 1H, J 11.9 H,, HE),
3.03(d, 1H, Hg) and 2.82(m, 1H, Hg); m/z(%) 349(M*,34), 290(100), 188(75), 161(53), 147(12),
145(12), 132(13) and 131(33).

1,2,3,4,4a,5 5aB,11bB-Octahydro-4aB-methoxycarbonyl-6H-chromeno[3',4-blindolizine(18d) __ and
1,2,3,4.4a,5,5a0, 1 1bB-octahydro-4aB-methoxycarbonyl-6H-chromeno[3',4-blindolizine(19d)

(18d) Colourless thick oil(Found: C, 69.8; H, 7.3; N, 5.0. C, 7H21NO3 0.05 mol CHCI3 requires C,
69.81; H, 7.23; N, 4.77%) & 7.20-6.89(m, 4H, ArH), 4.14(d, 1H, J6.5Hz, Hp), 3.85(m, 2H, OCH,),
3.73(s, 3H, OMe), 2.97(m, 2H, NCH,), 2.40-2.27(m, 3H, Hg, Hg and Hg), and 1.57 and 1.22(2 x m,
2 x 3H, 3 x CHy); m/z(%) 287(M*,0.5) 229(17), 228(100), 145(2) and 131(6)

(19d) Colouriess thick oil(Found: C, 69.80; H, 7.30; N, 5.0%) & 7.39-6.80(m, 4H, ArH), 4.45(dd, 1H,
J 9.6 amd 4.7Hz, H), 4.09(dd, 1H, J 9.6 and 11.9Hz, Hp), 4.03(d, 1H, J11.9Hz, Hp), 3.74(s, 3H,
OMe), 3.23 and 3.0(2 x m, 2 x 1H, NCH,), 2.43(m, 1H, Hp), 2.28(m, tH), 2.03(dd, 1H, J13.8 and
10.0Hz, Hg), 1.90(dd, 1H, J13.8 and 9.4Hz, H), 1.67(m,3H) and 1.47 and 1.27(2 x m, 2 x 1H); m/z(%)
287(M*,25), 229(16) 228(100), 145(3) and 131(6).

1,3,3a,4aP,10bp, 1 1-Hexahydro-3aB-methoxycarbonyl-5H-chromeno[3,4-blipyrrolidino[ 1,5-c]thiazole(18e)and
1,3,3a,4a0,10bB,11-hexahydro-3aB-methoxycarbonyl-5H-chromeno[3',4-blipyrrolidino[1,5-c]thiazole(19e)
(18e) Thick colourless oil [Found: (mixed isomers) N, 4.75. C4 gHy/NO4S requires N, 4.8%]; 8 7.35(d,
1H, ArH), 7.19(m, 1H, ArH), 6.91(m, 2H, ArH), 4.57(d, 1H, J6.7Hz, H,), 4.16(s, 2H, NCH,), 4.02(dd,
1H, J10.8 and 4.1Hz, H,), 3.91(dd, 1H, J11.1 and 8.0Hz, Hp), 3.78(s, 3H, OMe), 3.46(d, 1H, J11.2Hz,
HE), 274(m, 1H, Hg), 2.72(d, 1H, Hg), 2.65(dd, 1H, J13.1 and 9.2Hz) and 1.91(dd, 1H, J13.1 and
4.4Hz, Hg); m/z(%) 291(M*,4),232(100), 186(10), 145(6) and 131(13).

(19e) It did not prove possible to isolate the minor isomer in pure form. The p.m.r. spectrum of the
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mixture gave incomplete data for (19e) due to overlap of signals. & 4.53(dd, 1H, J10.1 and 4.1 Hz,
Hp). 4.29(d, 1H, J9.4Hz, H,p), 3.68 and 3.08 (2 x d, 2 x 1H, Hg + Hg) and 2.07(dd, 1H, J10.6 and
9.0Hz).

1,2.3.4.4a,11bB-Hexahydro-4aB-methoxycarbonyl-6H-chromeno[3| 4-blindolizine(20a) Colourless plates
from methanol, m.p. 95-97°C(Found: C, 71.0; H, 6.65; N, 4.75. C17H19N03 requires C, 71.55;

H, 6.7; N, 4.9%); 3 7.4(d, 1H, ArH), 7.16(m, 1H, ArH), 6.92(m, 2H, ArH), 5.81(s, 1H, C=CH), 5.10(s,
1H, Hy), 4.67 and 4.55 (2 xd, 2 x 1H, J12.7Hz, OCH,), 3.72(s, 3H, OMe), 3.27(m, 2H, NCH,), 2.33(m,
1H), and 1.74-1.18(m, 5H); m/z(%) 285(M™*,2), 227(36) and 226(100).
1,3,3a,10bB-Tetrahydro-3ap-methoxycarbonyl-5H-chromeno[3,4“blpyrrolo[1,5-clthiazole(20b) Thick
colourless oil(Found: N, 4.5. C, sH4 5N038 requires N, 4.85%); & 7.36(d, 1H, ArH), 7.10 and 6.91(2
x t, 2 x 1H, ArH), 6.82(d, 1H, ArH), 5.77 (s, 1H, C=CH), 5.39(s, 1H, Hp), 4.82 and 4.55(2 x d, 2 x 1H,
SCH,N), 4.01 and 3.91(2 x d, 2 x 1H, OCH,), 3.82 (s, 3H, OMe), and 3.55 and 3.18(2 x d, 2 x 1H,
SCH,); m/z(%) 289(M*,2), 230(100) and 184(16).

5,5a,6,6a,12b,14-hexahydro-7H-chromeno[3,4-
4,5]pyrrolo[1,2-blisoquinoline skeleton

5,5a,6a.6aB,12bB.14-Hexahydro-5aB,6B-di(methoxycarbonyl)-7H-chromeno[3',4"-4,5]pyrrolo[1,2-
blisoquinoline(27a) and 5.5a,6B,6ac.,12bB,14-hexahydro-5ap,6a-di(methoxycarbonyl)-7H-chromeno[3’4-
4,5]pyrrolo[1,2-blisoquinoline(28a

(27a) Colouress rods from ether-petroleum ether, m.p. 122-124°C(Found: C, 69.9; H, 5.75; N, 3.45.
CZ3H23NO5 requires C, 70.2; H, 5.9; N, 3.55%); 8 7.20(m, 2H, ArH), 7.0(m, 6H, ArH), 4.34(d, 1H,
J8.9Hz, Hp), 4.13(d, 1H, J11.4Hz, H ), 4.04 and 3.94(2 x d, 2 x 1H, NCH,), 3.90(dd, 1H, J11.7 and
3.0Hz, Hp), 3.79(s, 3H, OMe), 3.64(d, 1H, J15.5Hz, ArCH), 3.55(s, 3H, OMe), 3.27(m, 2H, Hg + Hp),
and 2.93(d, 1H, ArCH); m/z(%) 393(M*,1), 334(100) 262(7), 261(9), 203(2), 202(5), 189(1), 188(1),
130(4) and 129(2).

(28a) Colourless rods from ether-petroleum ether, m.p. 174-175°C(Found: C, 69.9; H, 5.8; N, 3.45%);
8 7.46(d, 1H, ArH), 7.18-6.87(m, 7H, ArH), 4.51(dd, 1H, JS.9 and 4.3 Hz, Hg), 4.41(d, 1H, J 11.4 Hz,
Hp), 4.27 and 4.16(2 x d, 2 x 1H, NCH,), 4.10(dd, 1H, J 10.1 and 11.3 Hz, Hp), 3.78 and 3.66(2 x
s, 2 x 3H, OMe), 3.30(d, 1H, ArCH2), 3.25(d, 1H, J 11.8 Hz, HE), 2.92(d, 1H, ArCH2), 2.82(m, 1H,
Hg): m/z(%) 393(M*,9), 334(100), 228(20) 274(21), 256(14), 188(11), 167(9), and 131(7)
5,5a,6,6ap,12bB, 14-Hexahydro-5aB-methoxycarbonyl-7H-chromenof3',4-4,5lpyrrolof1,2-blisoguinoline(27b)
and5,5a.6.6aa.12bB,14-hexahydro-5aB-methoxycarbonyl-7H-chromeno[3',4"-4,5]pyrrolo[1,2-
blisoquinoline(28b)

(27b) Colouress plates from methylene chloride-ether, m.p. 150-152°C(Found: C, 75.2; H, 6.35; N, 3.9.
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C,4HyyNO4 requires C, 75.2, H, 6.3; N, 4.15%); & 7.30 and 7.17(2 x m, 2 x 1H, ArH), 7.0(m, 6H,
ArH), 4.31(d, 1H, J 6.7Hz, HA), 4.23 and 4.12(2 x d, 2 x 1H, J 14.6Hz, NCHZ), 3.99(dd, 1H, J 10.7
and 8.1Hz, HD), 3.92(dd, 1H, J10.7 and 4.9Hz, Hc), 3.57(s, 3H, OMe), 3.47 and 2.77(2 x d, 2 x 1H,
J 15.2 Hz, ArCH,), 2.60(m, 1H, Hg), and 2.47 amd 1.72(2 x dd, 2 x 1H, CH,); m/z(%) 335(M*,2),
274(44), 276(100), 203(5), 145(10), 144(9), 131(8) and 130(5).

(28b) Colourless prisms from ether-petroleum ether, m.p. 135-137°C(Found: C, 75.2; H, 6.35; N, 3.9%);
3 7.50(d, 1H, ArH), 7.11(m, 4H, ArH), 6.89(m, 3H, ArH), 4.44(dd, 1H, J10.0 and 4.3Hz, H,), 4.25(m,
3H, Hp and NCH,), 4.06(dd, 1H, J 10.1 and 11.5Hz, Hp), 3.65(s, 3H, OMe), 3.47 and 258(2 xd, 2
x 1H, J 14.9Hz, ArCH,), 2.23(m, 1H, Hg), 2.04 and 1.94(2 x dd, 2 x 1H, CH,); m/z(%) 335(M*,18),
276(100), 230(42), 145(14) and 131(17).

5,5a,12bB, 14-Tetrahydro-5ap-carbomethoxy-7H-chromeno[3'.4-4 molo{1,2-blisoquingline Colourless
rods from methylene chioride-ether, m.p. 180-181°C(Found: C, 75.45; H, 5.7; N, 4.0. Co1HygNO,
requires C, 75.65; H, 6.75; N, 4.2%); & 7.44(d, 1H, ArH), 7.17(m, 5H, ArH), 6.93(m, 2H, ArH), 5.97(s,
1H, C=CH), 5.23(s, 1H, Hp), 4.74 and 4.61(2 x d, 2 x 1H, J12.5, OCH,), 4.54(d, 2H, NCH,,), 3.58(s,
3H, OMe), and 3.49 and 3.04(2 x d, 2 x 1H, J 14.8 Hz, ArCH,); m/z(%) 333(Mt,1), 275(21) and
274(100).

6b,8,9,14b,15,15a-hexahydro-1H-chromeno[3',4-
2,3Jindolizino[6,7-blindole skeleton

6b3.8,9,14b,15a,15aB-Hexahydro-14bp, 158-di(methoxycarbonyl)-1H-chromeno[3’,4-2. 3lindolizino[6,7-
blindole(29a) and 6bf,8.9,14b,15B,15aa-hexahydro-14b0,15a-di(methoxycarbonyi)-1H-chromenol3'4-
2,3lindolizino[6,7-blindole(30a)

(28a) Colouress rods from methylene chloride-ether, m.p. 186-187°C(Found: C, 69.6; H, 5.7; N, 6.25.
025H24N205 requires C, 69.4; H, 5.6; N, 6.45%), 8 9.26(s, 1H, NH), 7.44, 7.41(2 x d, 2 x 1H, ArH),
7.36-6.99(m, 6H, ArH), 4.17(d, 1H, J 8.4Hz, H,), 4.07 and 3.98(2 x dd, 2 x 1H, J 11.4 and 4.4 Hz,
OCH2), 3.92 and 3.66(2 x s, 2 x 3H, OMe), 3.39(m, 1H, HB). 3.24(m, 1H, NCH), 3.22(d, 1H, J 7.9Hz,
CHCO,Me), 3.07(m, 1H, NCH), and 2.63(m, 2H, CH,); m/z(%) 432(M*,2), 373(100), 313(6), 154(4) and
131(8)

(30a) Colourless plates from methylene chloride-ether, m.p. 215-216°C(Found: C, 69.3; H, 5.75; N,
6.25%); 8 8.13(s, 1H, NH), 7.51(d, 2H, ArH), 7.32-3 6.86(m, 6H, ArH), 4.58(dd, 1H, J 10.0 and 3.8 Hz,
Hc), 4.15(¢, 1H, J 10.7 Hz, HD), 4.04(d, 1H, J 12.4Hz, HA), 3.76(s, 3H, OMe), 3.75(d, 1H, J 12.2Hz,
Hg). 3.46(m, 1H, Hg), 3.44(s, 3H, OMe), 3.37, 2.97 and 2.78(m, 4H); m/z(%) 432(M*,10), 373(100),
313(7), 228(11), 168(8) and 131(10).
6bB3.8,9,14b,15,15aB-Hexahydro-14bB-methoxycarbonyl-1H-chromeno[34-2,3lindolizino[6,7-blindole (29b)
and 6bg,8,9,14b,15,15aa-hexahydro-14bB-methoxycarbonyi-1H-chromeno[3',4’-2,3indolizino[6,7-
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blindole{30b)
(29b) Colourless plates from methylene chloride-ether, m.p. 188-190° C, which comprise a 4:1 mixture

of (29b) and (30b)[Found (mixed isomers): C, 73.55; H, 6.0; N 7.35, C23H22N203 requires C, 73.75;
H, 5.9; N, 7.5%]; & 8.10 (s, 1H, NH), 7.44-6.99(m, 8H, ArH), 4.32(d, 1H, J 6.4Hz, H,), 3.93(dd, 1H,
J10.8 and 4.6Hz, H_), 3.74(s, 3H, OMe), 3.72(dd, 1H, J10.2 Hz, and 9.1 Hz, Hp), 3.40(m, 2H, NCH,),
2.82(dd, 1H, J12.7 and 8.2Hz, Hg), 2.57(m, 3H, Hg, CH,), and 1.91(dd, 1H, J12.7 and 5.0 Hz, He):
m/z(%) 374(M*,1 ), 316(24), 315(100), 157(3) and 131(3).

(30b) Most of the p.m.r. signals of (30b) were obscured by those of the major isomer (29b). 3 8.28
(s, TH, NH), 4.59(dd, 1H, J10.2 and 4.3Hz, H), 4.13(t, 1H, J10.2Hz, Hp) and 4.03(d, 1H, J11.3Hz,
Hp)-

6bB.8,9,14b-Tetrahydro-14b3-methoxycarbonyl-1H-chromeno[3'4-2,3]indolizino[6.7-blindole(34
Colourless plates from methylene chloride-ether, m.p. 194-195°C(Found: C, 73.95; H, 5.85; N, 7.1.
023H20N203 requires C, 74.15; H, 5.4; N, 7.5%); & 8.48(s, 1H, NH), 7.55, 7.45 and 7.34(3 x d, 3 x
1H, ArH), 7.12(m, 4H, ArH), 6.89(d, 1H, ArH), 6.14(dd, 1H, J 2.8 and 1.5Hz, C=CH), 5.46(d, 1H,
J2.6Hz, Hp), 4.80 and 4.56(2 x d, 2 x 1H, J 12.6Hz, OCH,), 3.82(s, 3H, OMe), and 2.99, 2.83, 2.59
and 2.40(4 x m, 4 x 1H, NCH,CH,); m/z(%) 372(M*,1), 314(24), 313(100), 157(5) and 141(4).

6a,7,7a,8,14,15a-hexahydro-6H-chromeno[3,4-
2,3Jindolizino[7,8-blindole skeleton.

6aB.70.7a,8,14,15aB-Hexahydro-7B,7aB-di{methoxycarbonyl)-6H-chromeno[3',4-2.3lindolizino[7,8-
blindole(31a)and6ac,78.7a.8,14,15aB-hexahydro-7a,7aB-di{methoxycarbonyl)-6H-chromeno[3',4-
2 3lindolizino[7,8-blindole(32a

(31a) Colourless plates from methylene chloride-ether, m.p. 240-242°C(Found: C, 69.25; H, 5.55; N,
6.25. 025H24N205 requires C, 69.4; H, 5.6; N, 6.45%); & 7.79(s, 1H, NH), 7.51, 7.28 and 7.14(3 x m,
3 x 2H, ArH), 4.89 and 4.70(2 x d, 2 x 1H, NCH2), 4.48(d, 1H, J 10.0Hz, HA), 4.44(dd, 1H, J 10.2
and 4.6Hz, Hp), 4.16(dd, 1H, J 11.3 and 9.8 Hz, Hc), 3.87 and 3.58(2 x s, 2 x 3H, OMe), 3.44(d, 1H,
ArCH,), 3.00(m, 1H, Hg), 2.91(d, 1H, J 10.8 Hz, Hg), 2.80(d, 1H, ArCH,); m/z(%) 432(M*,10), 373(46),
227(20), 169(27), 143(100) and 131(12).

(32a) Colourless rods from ether-petroleum ether, m.p. 225-227°C(Found: C, 69.25; H, 5.55; N, 6.25.
Co5Ho4N-Og requires C, 69.4; H, 5.6; N, 4.5%); 8 7.99(s, 1H, NH), 7.50, 7.44 and 7.27(3 x d, 3 x 1H,
ArH), 7.26(m, 3H, ArH), 6.96(t, 1H, ArH), 6.87(d, 1H, ArH), 5.12(d, 1H, J 8.7Hz, Hp) 4.33(m, 3H,
NCH, and Hp), 4.08(dd, 1H, J 11.4 and 3.2Hz, H), 3.65(s, 3H, OMe), 3.59(d, 1H, J 7.7Hz, Hg),
3.55(s, 3H, OMe), 3.33 and 3.21{2 x m, 2 x 1H, CH,) and 2.99(m, 1H, Hg); m/z(%) 432(M*,8), 373(7),
169(14), 149(10), 143(100) and 131(8).
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6ap,7,7a,8,14,15aB-Hexahydro-7aB-methoxycarbonyl-6H-chromeno[3'4-2,3lindolizino[7.8-bJindole(31b)
and6aa,7,7a.8,14,15ap-hexahydro-7af-methoxycarbonyl-6H-chromeno[3, 42, 3lindolizino[7.8-blindole(32b)
(81b) Colourless plates from ether-pstroleum ether, m.p. 280-282°C(Found: C, 73.55; H, 5.9; N, 7.3.
Co3HaoNyO4 requires C, 73.75; H, 5.9; N, 7.5%); 8 7.65(s, 1H, NH), 7.45(d, 1H, ArH), 7.32-6.85(m,
7H, ArH), 4.39 and 4.12(2 x d, 2 x 1H, NCH,), 4.38(d, 1H, J 7.1Hz, H,), 4.01(dd, 1H, J 9.8 and 3.5Hz,
H.). 3.66 and 2.66(2 x d, 2 x 1H, ArCH,), 3.58(s, 3H, OMe), 3.56 (d, 1H, J 15.2Hz, Hp), 2.63(m, 1H,
Hp), 2.51(dd, 1H, J 12.8 and 8.0Hz, Hg), and 1.89(dd, 1H, J 12.8 and 4.8Hz, Hg); m/z(%) 374(M*,10),
315(97), 169(25), 143(100), 131(11) and 114(28).
(32b) Colouress rods from methylene chloride-ether, m.p. 246-247°C(Found: C, 73.55; H, 5.9; N 7.3.
C23H22N203 requires C, 73.75; H, 5.9; N, 7.5%); & 7.78(s, 1H, NH), 7.53 and 7.31(2 x d, 2 x 1H,
ArH), 7.19(m, 4H, ArH), 6.93(m, 2H, ArH), 4.96(m, 1H, Hp), 4.37(dd, 1H, J 5.9 and 1.8Hz, NCH),
4.25(t, 1H, J 10.7Hz, Hp), 4.10(dd, 1H, J 10.5 and 4.8Hz, H), 3.82(d, 1H, J 5.9Hz, NCH), 3.59(s, 3H,
OMe), 3.39 and 3.31(2 x m, 2 x 1H, CH,), 2.47(m, 1H, Hf) and 2.16(m, 2H, Hg and Hg); m/z(%)
374(M*,89), 315(62), 242(100), 183(39), 169(25), 147(14), 145(11), 132(2) and 131(5).
7a,8,14,15aB-Tetrahydro-7aB-methoxycarbonyl-6H-chromeno[3',4'-2,3]indolizino[7,8-blindole(35)
Colourless rods from methylene chloride-ether, m.p. 243-245°C(Found: C, 73.65; H, 5.3 ; N, 7.4 .
Co3HogN,0O4 requires C, 74.15; H, 5.4; N, 7.5%); 6 7.78(s, 1H, NH), 7.48, 7.43 and 7.28(3 x 3d, 3
x 1H, ArH), 7.12(m, 3H, ArH), 6.94(m, 2H, ArH), 6.04(s, 1H, C=CH), 5.26(s, 1H, Hp), 4.76 and 4.72(2
x d, 2 x 1H, OCH,), 4.59(m, 2H, NCH,), 3.62(d, 1H, J 14.5Hz), 3.56(s, 3H, OMe) and 2.87(d, 1H, J
14.7Hz); m/z(%) 372(M*,9), 313(85), 229(28), 170(18), 169(15), 144(59) and 143(100).
Single Crystal X-ray Analysis

All four structures were solved using direct methods (SHELX86)2° and refined by full-matrix least-
squares (SHELX76).21 The non-hydrogen atoms of all four compounds were refined with anisotropic
thermal parameters with the exception of the two carbon atoms of the terminal vinyl group in compound
(15) which were refined isotropically. For compounds (9a) and (10b) all hydrogen atoms were located
using Fourier difference syntheses and were refined with individual isotropic thermal parameters with
the exception of the methy! hydrogen atoms of (9a) which were constrained as regular tetrahedra and
were assigned to an overall isotropic thermal parameter. For compounds (15) and (16) all hydrogen
atoms were included in calculated postions and were assigned to an overall isotropic thermal parameter
with the exception of the hydrogens of the terminal vinyl group of compound (15) which were not
included.

Drawings of compounds (9a), (10b), (15) and (16) are shown in Figures 1, 2, 3 and 4 respectively.
Details of data collection and structure refinement together with relevant crystal data are given in Table
3.

We thank the Dr. O. Howarth, SERC High Field N.M.R. Service, Warwick University and Dr. lan
Whitcombe, Roche Products, Welwyn for high field n.m.r. spectra, and the SERC and Queen’s and
Leeds Universities for support
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Table 3. Crystal data, data collections and refinement parameters for (9a), (10b), (15) and (16).

Compound
Crystal Data
Formula

M

System

a/A

WA

c/A

B/

wnn?®

z

b em3
Space Group
F (000)
wem™?

Data collection®

Machine used

C22M21NOs
379.41
monoclinic
1.6471(16)
12.160(12)
9.531(10)
101.2(1)
1.873(3)

4

1.35

P2,/a (= P2,/0)
800

0.57

Stoe STADI-2

Scan width / ° + o-doublet P

splitting

Scan speeds / ° min”

Data collection range

Total data collected
Number Observed

Condition for an
observed reflection

Structure refinement
No. of parameters
weighting factor g€
R

Rw

FOOTNOTES

a Molybdenum-Ka radiation (A = 0.71069 A) was used in all four cases

b For (9a) a fixed scan width of 1.5° was used

3.0
3.0<0<30.0°
2265
3377
F > 6.00(F)

320
0.00051
0.057
0.064

10b

CaoH1gNO3
321.38
orthorhombic
8.293(3)
16.945(5)
22.495(8)
3.163(2)

8

135

Pbca

1360

0.52

Siemens P3/V2000
2.0

20-293
1.5<0<27.5°
3645

2155

F > 6.00(F )

293
0.00395
0.046
0.056

¢ Weighting scheme used in all cases is w'' = [az(FO) + g(Fo)zl

15

CasHasN205
433.48
orthorhombic
8.883(3)
15.164(4)
33.718(9)
4.542(2)

8

127
P2,2,2,
1832

0.53

Nicolet P3/F
1.8

20 -29.3
2.0<0<22.5°
3506

2824

F> 3.06(F)

512
0.0
0.092
0.074

16

Ca5Ha5N205
433.48
orthorhombic
10.432(3)
10.742(3)
19.819(5)
2.2209(11)

4

1.30
P2,2,2,
916

0.54

Nicolet P3/F
20

20 -293
2.0<6<25.0°
2321

2018

F > 3.00(F)

272
0.0004
0.046
0.046

2229
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