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Abstract. Heating a range of .acyclie and cyclic
secondary ok-amino acids with aryl aldehydes containing

a proximate terminal alkene or slkyne results in
consecutive condensation aid decarpoxylation, followed
by intramolecular cycloaddition of the resultant non-
stabllised azomethine ylides. Evidence ‘is produced for
syn-apti dipole equilibration and it is found that
intrampleqular cycloadditions to a terminal alkyne
involve only the anti-dipole and proceed via an exo-
transition state to give a single cycloadduct. In
contrast, intramolecular cycloaddition to & terminal
alkene involves both anti- and syn-dipoles,with trapping
of the former being slightly energetically preferred,
resulting in mixtures of two stereoisomeric cyclosdducts.
intramolecular cycloadditions of terminal alkenes to
anti-dipoles proceed via exo-transition states whilst
analogous reactions of the syn-dipole involve endo-
transition states.

In 1984 we published evidence that the Strecker Degradation of ol-amine acids
involved an intermediate azomethine ylide.z'3 Non-stabilised zzowethine ylides
were shown to be generated in a range of solvents [chloroform, acetonitrile,
methanol, benzene, toluene, dimethylformamide (DMF), etc] at temperatures ranging
from room temperature to 140°C. A wide variation in the carbonyl component was
found to be tolerated and French workers subsequently showed formsldehyde
functioned weil in these renctions.‘ Allel~amino zcids (primary and secondary,
cyclic and acyclic, o, a~disubstituted) except tertiarye-amino acids were shown to
undergo the reaction in both inter- and intra-molecular cycloaddition
processes,z’x’s producing a wide range of nitrogen heterocycles including
bridgehead heterocycles. Our initial simple non-stereoselective mechanism for the
generation of the non-stabilised azomethine ylides {1)™%(2) was modified by
further detailed stereochenicaié and lechanistic7 studies to that shown in the
Scheme. Analogous processes probably occur in pyridoxal decarboxylase
enzynes.s’a Japanese workersg have provided further examples of our genersl
decarboxylative route to unstabilised azomethine ylides and concur with our

mechanisa (Scheme) without acknowledging our prior publications.
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The stereochemical outcome of the cycloreversion step (Scheme) generating the
azomethine ylides is dependant on the structure of both the ®%k-amino acid and
carbonyl compound. The reaction results in stereospecific or stereoselective anti-
dipole formation (3) or-(4).6'7 In this paper we describe in full our studies on
the intramolecular trapping of non-stabilised ylides generated by the
decarboxylative route. Non-stabilised ylides gemerated in this way cannot usually
be trapped in intermolecular cycloadditions by non-activated alkenes. When the
rate of cycloaddition is slow, as in the case of non-activated olefins, prototropy
e.g. (3, RZ-H)-O(S) or (6), protonation and hydrolysis e.g. (3)=— (7)~»(8), or
other destructive processes intervene. Thus Hashimoto et al., have recently
described the use of 1% of cyclohexenone in cyclohexanol at 154°C to
catalytically decarboxylate ok-amino acids to the corresponding amines in good
yield.lo In certain cases where secondaryol-amino acids are used to generate
azomethine ylides we have shown that structural features in the ol-amino acid can
promote a l,4-prototropic process in the intermediate azomethipe ylide and divert
the reaction to give 2-pyrrolines.ll An earlier related observation is the
formation of benzoxazines from o-hydroxyacetophenones and proline.12 Use of
ninhydrin as the carbonyl component results, in certain favourable cases, in stable
azomethine yIides.ll

We have previously reported the intramolecular cycloaddition of ester
stabilised azomethine ylides, generated both by our novel 1,2-prototropy route13
and our facile, room temperature, metallo-1,3-dipole routel‘, to both
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non-activated and activated olefins. We now describe analogous studies involving 3
wide range of different structural types of azomethine ylides generated by the
decarboxylative route. Our survey is illustrative rather than exhaustive and
serves to emphasise the synthetic potential of this approach for the construction
of complex molecular frameworks.
Acyclic -Amino Aclds

When phenylglycine or sarcosine (9) are heated at 100-120°C in DMF with (10)
they give rise to the cycloadducts (11a) (58%) and (11b) (44%) respectively, as
single isomers arising via endo-transition states. In the case of phenylglycine
where syn(13)- and anti(12)-dipoles are possible, the product (11a) arises from the
mote stable syn-dipole (13). The assignment of stereochemistry to (1la) and of

¥ There are two possible configurations of both the syn- and anti-dipoles. Only
the energetically more favourable one is shown in each case.
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all the stereoisomers reported herein is based on the results of n.0.e. experiments
(see experimental section). Our previous detailed studies of the decarboxylative
route to azomethine ylidess'7 provided clear evidence for stereospecific or
stereoselective anti-dipole formation and showed that dipole stereomutation, e.g.
(12)&= (13), does not occur in the presence of N-methylmaleimide (NMM), a reactive
dipolarophile. Thus the formation of cycloadduct (l11la) derived solely from the
syn-dipole (13) suggests dipole stereomutation is occurring. The terminal alkene
in this latter case is a non-activated dipolarophile, and the consequent slower
rate of cycloaddition permits stereomutation to occur. Stereomutation is
facilitated by the 1,3-diaryl substitution pattern of the intermediate azomethine
ylide in which the increased conjugation lowers the energy barrier to
stereomutation by reducing the bond order in the 1,3-dipole moiety. Analogous
dipole stereomutation has been observed by us in the case of ester stabilised
azomethine ylides.ls’ls

Sarcosine (9) reacts slowly with the pyrrole aldehyde (14) in boiling toluene
to give, via an endo-transition state, cycloadduct (15). Even in the presence of
an equimolar amount of dibutyltin dichloride16 the reaction only goes to 65%
completion after 18h. The slow reaction reflects the reduced electrophilicity of
the pyrrole carbonyl group due to electron release from the W-rich pyrrole ring.
Complete reaction of sarcosine (9) and (16b) occurs after 24h in boiling toluene
and the product (17) is formed in good yield (72%).
S5-Membered Cyclic &-Amino Acids

The cyclohexanone derivative (18) reacts with proline (toluene, 110°C, 16h)
in the presence of dibutyltin dichloride to give a ca. 1:1 mixture of (19) and (20)
together with a trace amount of an unidentified product in 65% yieid. Isomer (19)

arises from an exo-transition state (21) (with respect to the CO,Me substituent)
whilst (20) arises via an endo-transition state (22). 1In both transition states
the side chain incorporating the dipolarophile occupies an axial orientation. This

orientation avoids the Al's-strainl7
results in a less hindered transition state (H-H non-bonded interactions), and

allows the least strained approach of the four reacting carbon centres (molecular

present in the equatorial conformer,

models). The relative stereochemistry of HK'HC’ and HF were determined by
14 NOEDSY experiments at 400Hz (see experimental section). 1In particular (19)
shows a positive n.0.e. between Hp and Hy whilst (20) does not exhibit an
n.0.e. between these protons.
Thiazolidine-4-carboxylic acid (23) reacts with (16a) (toluene, 100°C, 24h)
to give a 2:1 mixture of (24) and (25) in a coambined yield of 63%, Cycloadduct
(24) arises from the anti-dipole (26a) via an exo-transition state whilst the minor
isomer (25) arises from the syn-dipole (26b) via an endo-transition state. Our
previous work with azomethine ylides generated from (23) and benzaldehyde or
pyridine-2-carboxaldehyde established that the anti-dipole (26a) is formed
stereospeclficallyo, and that trapping with NMM gives a mixture of endo- and
exo-cycloadducts derived solely from (26a). Thus the formation of (25) again
implicates dipole stereomutation (26a)3® (26b) rather than direct formation of
(26b) in the decarboxylative process (Scheme). Interestingly a substantial amount
of stereomutation occurs even though the azomethine ylide has only one terminus
substituted by an aryl group, whereas previous work with ester stabilised
azomethine ylides indicated that substitution of both terminii by aryl groups was
required to promote substantial dipole stereo-utation.”’ls
The thiazolidine carboxylic acid (23) reacts (toluene, 100°C, 17h) with
(16b) to give cycloadduct (27} in 37% yield via the anti-dipole (26a). The low
yield in this case probably reflects some loss of product due ‘to aromatisation. No
product arising from the syn-dipole (26b) was detected in this case.
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(21) (22)

1
a. R=H, R =Ar
(26) y. R=Ar,Rl=H (27)

6-Membered Cyclic oK-Amino Acids

Pipecolinic acid (28) reacts (DMF, 100°C, 2h) with the aldehyde (l6c) to
give 16.4:2:1 mixture (87%) of three isomeric cycloadducts. The major isomer (29)
arises from the anti-dipole (30a)} via an endo-transition state, whilst the next
most abundant isomer (31) arises from the syn-dipole (30b) via an exo-transition
state. There was insufficient of the third isomer for characterisation. An
analogous cycloaddition involving pipecolinic acid, benzaldehyde, and NMM results
in the formation of approximately equal amounts of endo- and exo-cycloadducts
derived solely from the anti-dipole (30‘,Ar-Ph)6 suggesting that the minor
unidentified isomer is the exo-adduct derived from (30a). The absence of adducts
derived from the syn-dipole when NMM is used as the dipolarophile suggests (31}
probably arises from syn-dipole produced by stereomutation of the anti-dipole
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rather than directly from 1,3-cycloreversion of a cis-oxazolidin-5-one (Scheme).
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(36) a. R=H, Rl=Ar
b. R=Ar,R!=H

(34) (35)

The tetrahydroisoquinoline-l-carboxylic acid (32a) undergoes cycloaddition
with both (16a) and (16b) on heating in DMF at 100°C for 30 min. or 120°C for
lh respectively. In the former case a 1.6:1 mixture (79%) of two cycloadducts (33)
and (34) is produced while the latter reaction gives a single cycloadduct (35)
(60%) derived from the anti-dipole (36a). Cycloadduct (33) is also derived from
the anti-dipole (36a) via an exo-transition state whilst (34) arises from the
syn-dipole (36b) via an endo-transition state. The absence of cycloadducts arising
from syn-dipole in the reaction of (32a) with (16b) contrasts markedly with the
corresponding reaction of (32a), benzaldehyde and NMM (DMF, 120°C, 1h) which
gives a mixture of endo- and exo-cycloadducts arising from a 1:1 mixture of anti-
and syn-dipole. The stereochemical outcome of the reaction of (32a) and (l6a) is
much closer to this latter result. The difference in stereochemical outcome of the
three reactions can be rationalised if it is assumed that the anti-dipole (36a)
undergoes cycloaddition at a faster rate than the syn-dipole (36b) in the
intramolecular cases and that the rate differences are greater for (16b) than for
(16a). These rate differences arise from the geometrical constraints imposed by
the dipole geometry and, in the case of (16b), by the dipolarophile geometry.

The tetrahydroisoquinoline-3-carboxylic acid (32b) reacts (DMF, 120%c, 2h)
with (16a) and (16b) to give cycloadducts (37) (37%) and (38) (31%) respectively.
Both reactions involve the anti-dipole (39). 1In the corresponding intermolecular
reaction of (32b) with benzaldehyde and NMM only cycloadducts derived from the
anti-dipole (39) are obtained.6
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(40) a. R=CO,H, R':H
b. R=H, R'=COH

(41) a. R=H (42) a. R=H
b. R=COMe b. R=CO Me

(44) a. R=H, Rl=ar
b. R=Ar,Rl=H

(43)

The cycloaddition of the tetrahydro-g-carboline-1-carboxylic acid (40a) to
both (16a) and (16b) occurs on heating in DMF at 100°C (20 min) and 120°C (1h)
respectively. In the former case a 2.8:] mixture of (4la) and (42a) is obtained in
87% combined yield whilst the latter reaction gives a single cycloadduct (43)
derived from the anti-dipole (44a). Cycloadduct (4la) is also derived from the
same anti-dipole via an exo-transition state whilst (42a) arises from the
syn-dipole (44b) via an endo-transition state. The corresponding intermolecular
reaction between (40a), benzaldehyde, and NMM furnishes a mixture of cycloadducts
arising from a ca. 2:1 mixture of anti- and syn-dipoles (44a) and (44b)
respectively. A similar explanation to that advanced above for cycloadducts
derived from (36a) and (36b) would account for the discrepancy between the inter-
and intra-molecular cycloadditions.

Selectivity for the anti-dipole is increased in the cycloaddition of (40a) and
{16c) (DMF, 100°C, 30 min) which affords a 5:1 mixture of (41b) and (42b) in 95%
yield. The reaction (DMF, 120°C, 1h) of (40a) with the pyrrole aldehyde (14) was
slow and incomplete (33% conversion) and afforded a single cycloadduct (4S) derived
from the anti-dipole (44a).

One example of an intramolecular cycloaddition of tetrahydro-S-carboline-3-
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carboxylic was studied. Thus reaction of (40b) with (16b) (DMF, 120°C, 1h)
afforded a single cycloadduct (46) (37%) derived from the anti-dipole (47). In .the
corresponding intermolecular cycloaddition involving (40b), benzaldehyde and NMM
only adducts arising froe the anti-dipole (47) are obtained.

N NS Ar
T

Dipole Stereomutation and Endo-Exo Cycloaddition Stereospecificity.

Our stereochelu'cal6 and nechanistic7 studies of the Strecker Degradation
of o{-amino acids employed NMM as dipolarophile to ensure that the dipole generated
under kinetic control was trapped prior to stereomutation. Comparison of these

earlier resylts with the studies presented in this paper show that dipole
stereomutatjon occurs in the presence of less active terminal alkene and alkyne
dipolarophiles. Thus the general scheme presented at the beginning of this paper
needs to be modified to incorporate equilibration between the syn- and anti-dipoles.
Comparison of the anti:syn dipole ratios trapped by NMM and by the intramolecular
dipolarophiles reported herein shows that the acetylenic dipolarophile generated
from (16b) only traps the anti-dipole from the equilibrating anti-syn mixture.
Molecular models show the intramolecular cycloaddition exo-transition state
involving the anti-dipole and a terminal alkyne (from 16b) can achieve good
alignment of the four reacting centres with only a small twist of the salicylyl
aromatic ring out-of-plane of the central dipole C-N-C moiety. The corresponding
exo-transition state for the syn-dipole involves a substantial twisting of the
salicylyl aromatic ring out-of-plane of the dipole segment together with less
satisfactory alignment of the four reacting centres.

The situation for reactions involving a terminal alkene can be summarised as
follows: (a) the newly formed ring is always cis-fused, (b) the anti-dipole always
reacts via an exo-transition state (exo- with respect to the CH,0AT woiety), (c)
the syn-dipole always reacts via an endo-transition state (endo- with respect to
the CH,0Ar molety), (d) in all cases adducts derived from the anti-dipole
predominate and (e) the anti:syn dipole cycloadduct ratios indicate the
exo-transition state involving the anti-dipole is slightly more energetically
favourable than the endo-transition state involving the syn-dipole. Both (b) and
(c) involves such substantial twisting of the salicylyl aryl group out of the plane
of the C-N-C dipole moiety that conjugation is lost.

Experimental. General experimental details are as previously noted.l8 Petroleum
etEer refers to the fraction with b.p. 60-80°C.

General Procedure for Intramolecular Decarboxylative Cycloaddition Reactions. The
carboxyYic acid (1 mol) and aldehyde (1 mol) were stirred and heated in

toluene at 1000C or DMF at 120°C. When carbon dioxide gas evolution had ceased
(or, in the case of sparingly soluble acids, when all the solids had dissolved) the
reaction mixture was filtered and the solvent removed under reduced pressure. The
residue was dissolved in chloroform and the solution washed with water (3 x), dried
(MgS04) and the solvent removed to yield the crude product. Integration of the
p.m.r. spectrup of the crude product gave, where applicable, the isomer ratio.
Mixtures of isomers were separated using flash chromatography (Si03)}.




X==Y—ZH systems as potential 1,3-dipoles—XIX 4961

ydroxy-1-napht yde 6g, and phenylglyc g, ommol) were
heated in ng (25m1) at 1200 for Zh. The DMF was removed in vacuo to yield a
purple gum whose nar spectrum showed it to comprise one product together with some
uncharacterised material. Trituration with EtOH/Et20 yielded the product as a
colourless solid (0.87g, 58%) which crystallised from CHCly/Et,0 as rods, m.p.
155-1570C (Found: C, 83.85; H, 6.40; N, 4.40. Cy1H)gNO requires C, 83.70;
H, 6.35; N, 4.65%);V gayx 3315, 2930, 1587, 1393, 1085, 825 and 752 cm~1; m/z(%)
301 (M*,100), 300(65), 271(295, 260(54), 195(475. 181(76), 144(25), 106(52) and
91(89); #8.11-7.09 (m, 11H, ArH), 4.49 (d, 1H, 11.#H, J} .3 5.6Hz), 4.4

(t, 1H, 2-H, J 8.0Hz), 4.13 (dd, 1H, 41, Jau ap a.4nz), $23% (¢, 1H, 4x-H),

2.56 (m, 1H, 3,#-H), 2.54 (m, 1H, 3@-H), 2.32 lbr, s, 1H, NH, exchanges with

D20), 1.36 (m, 1H, 3e-H).
I*Meth¥l-4H-2,3-Sa.llc-tetrahzdrogzrro[Z,S-d!naghtholzﬁl-b}g¥ran {11b). Prepared
rom and sarcosine .45, Semo y heating 1in at or Zh. The
groduct {0.53g, 44%) crystallised from ether-petroleum ether as pale yellow plates,

- (Found: C, 80.05; H, 7.25; N, 5.75. CygH}7NO requires C, 80.30;

H, 7.15: N, 5.85%);WVgay 2520, 1610, 1590, 1505, 1221, 1087 and 750 cm- by
m/z(%) 239 (M*,80), 2?8{46). 181(66), 83(34) and 44(100); & (CeDg) 7.81

(d, 1H, 11-H), 7.33-6.86 (w, SH, ArH), 3.84 (t, 1H, 4ol-H, J 10.4Hz), 3.53

(dd, 1H, 4B-H, Jg 35 5.3Hz), 3.31 (d, 1H, 11.@-H, J1]1,,6354.8He), 2.45

(m, 1H, 2o-H), 1.85 (s, 3H, Me), 1.89 (m, 1H, 28-H), 1185 (», 1H, 3ag-H), 1.28

(m, 1H, 38-H), 0.78 (m, 1H, 3&-H).
2,3,3a,8b-Tetrahydro-1-methylpyrrolol2,3-b)pyrrolizine (15) (with P. Armstrong).
X wixture of ﬂ-a*lylpyrroIe-Z-caronaIaeﬁyae (0.¢7g, 58) sarcosine (0.45g, Smmol),
and dibutyltin dichloride (0.15g) was boiled under reflux in toluene (30ml) for
18h. The reaction mixture was filtered and the solvent removed in vacuo to leave a
brown oil whose p.m.r. spectrum showed it to comprise a 65:35 mixture of product
{15) and starting material. The mixture was separated using flash chromatography
(silica gel, 9:1 Et;0-MeOH) to yield the product (0.35g, 44%) as a pale brown
oil. (Acc. Mass: 162.1151. CigHi4N;z requires 132.1157§;‘9. x (film), 2940,

2775, 1490, 1445, 1300, 1052, 765 and 700 cm~l; m/z(%) 162 TH*,IGO), 161(52),
119(31), 118(83), 106(12), 82(30) and 44(38);d46.55 (dd, 1H, 6-H), 6,23 {(t, 1H,
7-H), 5.95 (m, 1H, 8-H), 4.16 (dd, 1H, 4@-H, Jau 4@ 10.6 and J4p, 4288.8Hz),

3,89 (d, 1H, 8y@-H, Jgp, 347.6Hz) 3.80 {(dd, 1H, 4x-H, J .53.‘5.0Hz§ 3.51
(m, 1H, 3,8-H), 2.83 and 2.58 (m, 2H, N(Me)CH), 2.48 és. 3H, Me), 2.20 and
1.78 (m, 2H, 3&-H and 3#-H)
1,2,4,9b~Tetrahydro-1-methyl-

o-Propargyl salicyl
yde .98, . e B were stirred and boiled

in toluene (30ml) under nitrogen atmosphere for 24h. Work up in the usual way

followed by molecular distillation gave the product (2.10g, 72%) as a pale yellow

viscous liquid, b.p. 95-1059C (furnace telp.i70.35 mmHg (Found: C, 77.25;

H, 6.90; N, 7.60. Cy2H;3NO requires C, 77.00; H, 6.95; N, 7.50%); Vgay(film)

1680, 1595, 1570, xlgo. 1450 and 755 ca~l; m/z(%) 187 (M*,68), 186?100),

172(9), 158(9), 145{(5), 131(15), 115(8) and 94(7); & 7.37, 7.12, 6.94 and 6.82

(¢ x m, 4 x lH, ArH), 5.69 (s, 1H, =CH}, 4.69 (m, 2ZH, CHz0), 4.38 (br s, IH,

CHN), 4.04 and 3.48 (2 x m, 2 x 1H, CHN}, and 2.80 (s, 3H, NMe).

9 8
i0 Ta
\ N 7
6a 1,2,3,4,4a,5,6,6a,7a,8,9,10-dodecahydro~7H~10a-
azapentalen[3,2-i)indene skeleton.
3 40 6
4 5

(%]

1,2 4,42%,5,6,6 7a8,8,9,10-Dodecahydro-7-methoxycarbonyl-7H-10a-azapentalen
lg,i-l indene and 1,2,5,4,4ad, Jhaff, ek, 8, -dodecahydro-7-methoxycarbonyl
~TH-10a-azapentalen{3,2-1iindene 1Z20J) (with M. ¥, Aly]. A mIxture of

- I-carEo-othoxypent~4-enyl)]cyc obexanone (18) (2.10g, 10maol), L-proline
(l.ng, 10mmol) and BuSnCl; (0.076g, Smol%) was heated in boiling toluene

(50m1) for 16h. After removal of solvent the brownish oil remaining was found
(p.m.t.) to comprise ca. 85% of product as a ca. 1:1 mixture of (193 and (20}, the
remainder being starting material together with a trace of uncharacterised
by-product. The crude oil was purified by flash chromatography [silica gel, 3:2
v/v Eta0 - CH2C1,, Rf = 0.38]} to give the product (1.71g, 65%), b.p.
100-1020C/0.0ImmHg, as a clear colourless oil which still comprised a ca. 1:1
mixture of (19) and (20), {Found: C, 73.10; H, 9.75: N, 5.50. CjeH25NO;
requires C, 72.95; H, 9.55; N, 5.30%) ;¥ uax{film} 2930, 2840, 1725, 1430, 1160
and 1010 cm~1l; w/z (%) 263 {M*,33), 220(100), 204(40), 151(14) and 70(235;
flash chromatography eluting with 3:2 ¥/v ether-ethyl acetate afforded pure samples
of both isomers.
(19): 8§ 3.77 (m, 1H, Ha), 3.63 (s, 3H, COzMe), 2,96 (m, 1H, Hy), 2.88
(m, 1H, Hyf, 2.53 (m, 1H, Hc), 2.24 (t, 1H, Hg), 2.17 (m, 1H, Hf) and
1.97-1.22 (m, 16H, alicyclic residue).
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(20): & 4.00 (m, 1H, Hy), 3.63 (s, 3H, COzMe), 2.80 (m, 2H, Hp and Hy),

2.86 (dd, 1H, Hyr, J 16.8 and 8.6Hz), 2.47 (m, 1H, Hc) and 1.97-1.22 (m, 17H,

alicyclic residues.
Table 1. lH NOEDSY Data for (19) and (20)

Proton Observed, n.0.e. (%)

Compound Proton Irradiated Hyp Hp Hc Hy Hy
Hp 1.8 2.35 8
19 Hp 3.0
HEF 4.6 3.7
Hp 6.0
20 Hp 3.3

1,3,3a,4,4a,10b-hexahydro-SH-thiopheno{3',4'-a]
chromeno[3,4-d]pyrrole

1,3,3a0¢,4,42 8,10b8 -Hexahydro-SH-thjopheno{3',4'-alchromene[3,4-d]pyrrole (24) and
1,5,3a,4,4a,10bot -hexahydro-5H-thiopheno{3',4"-aJchromeno{3,4-d]Jpyrrole {Z5).
repared froe thiazolidlne-4-carboxylic acld (U0.82g, 6.Zemol) and 2-(Z-propenyloxy)-
benzaldehyde (1.0g, 6.2mmo0l) in toluene (50ml). Heating was continued for 24h.
T.l.c., eluting with 2:3 v/v Et0-petroleum ether, showed two spots Rf 0.53 and
0.32 (iodoplatinate spray). The isomers were separated using flash cﬁronatography
to give (24) (0.61g, 42%) and (25) (0.30g, 21%).
(315. Colourless rods (Et;0-petroleum ether) m.p. 61-62°C. (Found: C, 66.75;
H, 6.70; N, 5.80. Cy3H;5NOS requires C, 66.95; H, 6.50; N, 6.008);V pay 2950,
1610, 1595, 1495, 1050 and 760 cm-1; m/z(%) 233 (M*,100), 200(20), 189048),
186(94), 145(17), 132(85) and 131(85);8&8 7.25-6.87 (m, 4H, ArH), 4.55 (d, 1H, 18-H,
J 10.65Hz), 4.20 (d, lH, I«-H, J 10.65Hz), 4.09 (dd, 1H, 5g-H, J 5.10 and 10.75Hz),
3.98 (t, IH, Sek-H, J 10.60Hz), 3.65 (m, 2H, 10b-H and 3a-H), 3.15 (dd, 1H, 3e&H,
J 7.70 and 10.60Hz), 2.70 (dd, 1H, 3p-H, J 6.95 and 10,60Hz), 2.60 (m, 1H, 4a-H)},
and 2.54 (m, 2H, 4o-H and 48-H); 1 NOEDSY(%): irradiation of 18-H caused
enhancements of lol-H (40.4), 10b-H (7.7), and Ar-H (13.3); irradiation of 2«-H
caused enhancements of 3a-H (4.2) and -H (9.6); irradiation of 4a-B caused
enhancements of 10b-H (2.6), 58-H (17), and 48-H (3.4). Interpretation of the
NOEDSY data was made difficult by the overlap of the signals for the 3a-H and 10b-H
in the p.m.r. spectrum, and the difficulty in irradiating 28-H and 4a-H separately.
(25). Colourless plates (Etz0-petroleum ether) m.p. 104-1059C (Found: C, 66.75;
H, 6.65; N, 5.75):Vpax 2960, 1610, 1580, 1490, 1225, 1050 and 760 cm-l; m/z(%)
233 (M*.77), 200(6); 187(60}, 186{21), 145(18), 132{100) and 131(63);d 7.22-6.88
(m, 4H, ArH), 4.09 (dd, 1H, 5&-H), 4.04 (d, 1H, 1g-H, J 6.55Hz), 3.87 (t, 1H, ﬂ;-H,
H,
38-H

J 10.7Hz), 3.69 (d, 1H, 1o&H, J 6.6Hz), 3.63 (d, 1H, 10b-H, J 6.6Hz), 3.27 (m,
3a-H), 2.98 (dd, 1H, 3-H, J 5.4 and 9.4Hz), 2.79 (m,_ 1H, 4a-H), 2.55 (t, 1H, -
J 9.0Hz), 2.20 (m, 1H, 4ot-H) and 1.26 (m, 1H, 48-H); 1H NOEDSY($): irradiation of
3a-H caused enhancements of 10b-H (3.2), 3c-H (2.5), and 4okH (2.5); irradiation of
4-H caused enhancements of 3a-H (2.7), 4a-H (4.2), and 48-H (11,5); irradiation of
4a-H caused enhancements of 10b-H (4.35, and 4«-H (3.2); rradiation of 10b-H
caused enhancements of 3a-H (3.8), 4a-H (3.8) and Ar-H (4.3;.
1 i 3.4~

rrole (27). Prepared

y .0g, 7. an
benzaldehyde (1.20g, 7.5mmol) in degassed toluene (50m1). Heating was continued
for 17h. Flash chromatography (Si0;, 2:3 v/v Et0-petroleum ether, Rg=0.47)
afforded the product (0.64g, 37%) as pale yellow prisms (Et0-petroleum ether),
m.p. 88-900C iFouna: C, 67.20; H, 5.70; N, 6.05. Cyj3H;3NOS requires C, 67.50;

H, 5.65; N, 6.05%);Y gay 2863, 1603, 1576, 1506, 1221 and 760 cm-1l; m/z(3y) 231
(M*,9), 199(3), 198(163. 186(13), 185(1005 and 157(20);8 7.38-6.80 (m, 4H, ArH),
5.65 (m, 1H, 4-H), 4.79 (m, 2H, 5-H), 4.69 (m, 1H, 10b-H), 4.62 (m, 1H, 3a-H), 4.42
(d, 1H, 18-H, J 10.9Hz), 4.33 (d, lH, 1&X-H, J 10.9Hz), 3.08 (dd, 1H, 3o&H, J 7.9
and 11.25Hz), and 2.86 (ddd, 1H, 3§-H, J 0.85, 2.65 and 11.25Hz5; IH NOEDSY(%):
irradiation of 10b-H caused enhancements of Ar-H (1.3), and 18-H (2.7); irradiation
of 30-H caused enhancements of 3a-H (7.2), 3@-H (13), and 1&-H (1.2); irradiation
of 38-H caused enhancements of 3a-H (2.1}, 3k-H (12), and 4-H (1.4).
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1,2,3,4,4a,5,5a,11b-octahydro-6H-chromeno[3,4-b]
indolizine

. Prepared trom plpecolinic acTd .6%g,
methoxy-2-propenyl)oxy]-benzaldehyde (1.1g, Smmol) in DMF (50ml1)., Heating was
continued for 2h. T.l.c., eluting with 1:1 v/v Etz0-petroleum ether, showed
three spots, Rg 0.57, 0.5 and 0.45 (iodoplatinate spray). Two isomers were
separated using flash chromatography to give (31) (0.19g, 13%, R¢ 0.57) and (29)
(1.07g, 74%, Rf 0.45). Insufficient quantity of the third isomer precluded
characterisation.
(29). Colourless prisms (Etz0-petroleum ether), m.p. 56-57°C (Found:
M, 287.15287. Cy7Hy|NO3 requires M, 287.15213);Vpay 2933, 1734, 1605,

3 737 cn-l; w/zly) 287 (M%,92)) 286(38), 272(22), 228(13)

an

1581, 1486, 1230 an ,
205(43), 155(33), 145(26) and 131(100); &7.19-6.81 (m, 4H, ArH), 4.36 (d, 1H,
11b-H, J 7.9Hz), 4.01 (dd, 1H, 6-H, J 2.1 and 11.7Hz), 3.85 (d4d, 1H, 6-H, J 2.5 and
11.3Hz), 3.66 (s, 3H, OMei, 3.20 (m, 2H, Sa-H and S&t-H), 3.08 (m, 1H, 1-H), 2.63
(m, 1H, 4a-H), 2.18 (m, 1H, 1loA~H), 1.66 (m, 1H, 3-H), 1.49 (m, 3H, 2 x 2-H and 4-H)
and 1.05 (m, 2H, 3-H and 4-H); lH NOEDSY(!S: irradtation of 4a-H caused
enhancements of So-H (6.8), 1€-H (2.5), and 4«&H (3.7); irradiation of 11b-H caused
enhancements of Ar-H (3.4), Sa-H (4.7), and 18-H (2.0). Interpretation of the
NOEDSY data was complicated by the overlap of the signals for the 5a-H and So-H in
the p.m.r. spectrunm.

(31). Colourless gum. (Found: C, 71.10; H, 7.40; N, 4.65. Cy7H)NO3 requires

C, 71.05; H, 7.35; N, 4.85%); 2935, 1737, 1609, 1583, 1489, 1224 and

756 cm-1: m/z(8) 287 (M*,62), 288(32), 272(27), 228{12), 205(295, 155¢27),

145(23), 131(100);&87.15-6.81 (m, 4H, ArH), 4.01 (dd, 1H, 6e-H, J 5.2 and 10.55Hz),
3.83 (t, 1H, 6@-H, J 10.45Hz), 3.67 (s, 3H, OMe), 3.23 (m, 1H, lp-H), 3.12 (d, 1H,
11b-H, J 6.3Hz), 2.59 (m, 1H, S5a-H), 2.25 (m, 1H, 4a-H), 2.09 (m, 2H, le&-H and 58
-H), 1.94 (m, 1H, 40t-H), 1.70 (m, 1H, 3‘-H), 1.57 (m, 1H, 24-H), and 1,25 (m, 3H,
48-H, 3&H and 28-H); Iy NOEDSY(%): irradiation of 4a-H caused enhancement of
11b-H (4.7), 1&-H (1.0), and 4ek-H (2.0); irradiation of Sa-H caused enhancements of
6o-H (3.9), 11b-H (4.7), 4a-H (0.8), and 58-H (1.6); irradiation of 11b-H caused
enhancements of Ar-H (3.7), Sa-H (6.0), 4a-H (6.3), and 1®-H (3.0); irradiation of
18-H caused enhancements of Ar-H (5.1), 1&k-H (20.55, 2k-H (1.9), and a‘-H (2.8).

4b,5,5a,11b,13,14-hexahydro-6H-chromeno[3',4'-4,5]
pyrrolo{Z.l-alisoqulnoline

. 2O, 4= y oxyllc ac .89g,
Smmol) and 2-(2-propenyloxy)-benzaldehyde (0.81g, Smmol) in DMF (50ml1). Heating
was continued for 30 min. T.l.c., eluting with 3:7 v/v Etz0-petroleum ether,
showed two spots, R¢ 0.58 and 0.31 (fodoplatinate spray). The isomers were
separated using flash chromatography to give (34) (0.41g, 30%) and (33) (0.67g,
49%).(33). Colourless rads (Etz0-petroleum ether), m.p. 83-84°C (Found:

c, 82, 70; H, 6.85; N, 5.30. C ngglo requires C, 82.30; H, 6.90; N, 5.058); ¥

max 2930, 1605, 1580, 1485, 133s19na 764 ca- ; w/z(8) 277 (M*,100). 276(843,
236(4), 147(s5), 132016), 131(22) and 130(10); 87.29-6.89 (m, 8H, ArH), 4.53

(t, 1H, 4b-H, J 7.6Hz), 4.13 (w, 2H, 6-H), 4.00 (d, 1H, 11b-H, J 6,25Hz), 3.33

(m, 1H, lS‘“H), 3.15 (m, 1H, 14‘-H), 3.07 (m, 1H, 13&H), 2.74 (m, 1H, 14K-H), 2.63
(m, 1H, Sa-H), 2.33 (m, 1H, S«-H), and 2.17 (w, 1H, qﬁ-H).
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Table 2. lH NOEDSY Data (cpCly for (33).

Proton n.0.e. (%)
Irradiated 4b Sck S e Sa 11b Ar
4b 5.0 4.2
Set 8.5 14.9 2.1 1.4
sm 3.1 17.6 7.6 5.3
Sa 1.0 4.8 5.2
11b 5.4 3.9

(34) Colourless prisms (Et;0-petroleum ether), m.p. 146-147°C (Found:

C, 82.60; H, 6.90; N, 5.10. CigHIQNO requires C, 82.30; H, 6.90; N, 5.05%);

ngs 2960, 1610, 1580, 1490, 1220 and 760 cm-l; m/z(%) 277 (M*,71), 276(100),
236(10), 147(47), 132(23), 131(31) and 130(19): 87.27-6.91 (m 8H, ArH), 4.06

(dd, 1H, 6c&-H, J 5.1 and 10 8Hz), 3.88 (t, 1lH, 6{ H, J 10. 7H15, 3.59 (m, 1H, lﬁﬂ
-H), 3. 48 (t, 18, 4b-H, J 8.8Hz), 3.23 (d, 1H, b-H, J 5.7Hz), 3.05 (m, 1H, 14
-H), 2.86 (m, 1H, 14'-H) 2.67 (m, 1H, QirH). 2.57 (m, 2H, Sa-H and 130t-H) lnd 1.35
(m, 1H, Sg-H).

Table 3. 1H NOEDSY Data (CDCl3) for (34)

Proton n.0.e. (%)
Irradiated 11b Sa 5ol 56 4b
4b 6.2 6.7 4]
11b 5.8 7.4
Sﬁ 3.5 14.8 2.8

repare rom 1 -tetra ydro soqu no g,

2-(2- propynloxysbenzaldohyde (0.80g, Smmol) in deglssed DMF (50m1). Heating was
continued for 1h. Flash chromatography (Si10;, 1:4 v/v ether-petroleum ether
afforded the pure product (840mg, 61%) as colourless prisms from ether-petroleus
ether, m.p., 157-1589C (Found: C 82.95; H, 6.25; N, 5,00. CygHy7NO requires

C, 82.90; H, 6.20; N, 5,10%); 2820 1600 1580 1480 i and 760 cm-1;
=/2(8) 275 (M*.66), 274(100). 275?2 , 169(10) and 147(163; &7 4ame. a4 (m, 8H,
ArH), 5.92 (s, 1H, 5-H), 5.45 (d, 1H, 4b-H, J 4.5Hz), 4.90 (d, 1H, 11b-H, J S.1Hz),
4.73 (m, 2H, 6-H), 3.59 (m, 1H, IQI-H), 3.49 (m, 1H, 13&-H), 3.13 (m, 1H, 144-H),
and 2.59 (m, 1H, l4e-H).

Table 4. 1H NOEDSY Data (CDClz) for (35)

Proton n.0.e. (%)
Irradiated 4b 5 11b 1308 lSp 14k 14F

4b 3.2 1.1
) 3.2

11b

13

138 3.1

l4eg 1.9
14F 7.6

6:4 7,7a
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8,13 14add Hexahydro-6H-chromeno{3',4'-4,5 rrolo(1,2-b]Jisoquinoline (37)
ipond)}. Prepare ydroisoquinoline-3-carboxyllc acl

(1 772g, 10mmol) and o-allyl sallcylaldehyde (1.62g, 10mmol) in DMF (60-1)

Heating was continued for 2.Sh. T.l.c., eluting with 1:2 v/v ether/hexane showed a

major spot at R¢ 0,19 (iodoplatinate spray). The product was purified by flash

chromatography, eluting with 1:2 v/v ether/hexane to give the product (1. Ollg,

37%), as pale yellow prisms (ether hexane) m.p. 72-750C, (Foung T, 382,

7.00; N, 4,90, CygH gNO requires C, 82.30; H, 6.90; N, 5,05%);¥ 765, 7S5,

740, 705, and 695 cm*l; m/z(8) 277 (M*, 82), 276(100) and 104(75’ S(CSDSN)

7.34-7.01 (m, 8H, ArH), 4.02 (m, 4H, 6- and 13-H), 3.86 (d, 1H, lda-H, J 6.0Hz),

3.18 (m, 1H, 7a- H), 2.71 (dd, 1H, 8drH J 5.0 and 15.0Hz), 2. 57 (dd, lH 8'-

J 9.0 and lS QHz), 2.47 (m, lH 6a -H), 1.87 (m, 1H, 7@- H), and 1.67 (m

IH NOEDSY(%): irradiation of 14a-H caused an enhancement of 6a-H (s. 25

irradiation of 6a-H caused enhancements of l14a-H (5. S) 7 -H (0.5) and 7-L-H

(3.9); irradiation of 78-H caused enhancements of 6a- .6) and Ta-H (6.1);

frradiation of 7el-H caused enhancements of 14a-H (0. 6) 6a-H (6.4) and 7a-H (1.0);

frradiation of 7a-H caused an enhancement of 7p H (3. 15 but not on 7&K-H).

7a,8,13,14a8-Tetrah dro -6H- chro-eno 3',4'-4 rrolof1l i

repare rom tetra soqu ine-%-car oxy 1C ac 1.0g,

o-propargyl sallcylaldehyde (0 913) in DMF (20ml) at 120°C for 2h accordlng to

the general procedure. The crude product was purlfled by flash chromatography

eluting with 7:3 v/v petroleum ether-ether to give the product (480mg, 31%), which

crystallised from methanol as colourless rods, m.p. 111 ound: C, 82.80;

H, 6.25; N, 5.00. CyqH;7NO requires C, 82.90; H, 6.20; N, 5.108); V¥ ,x(KBr)

1620, 1580, 1500, }g 1240, 1000 lnd 750 cn'1 m/z(\) 275 (N*, 100’ 274(56),

171(12), 170(34), 144(7) 115(21), 105(73), 104(46) and 78(18);&7.48 (d, 1H, ArH),

7.26-7.11 (m, SH, ArH), 6 98 (t, 1H, ArH), 6.79 (d, 1lH, ArH), S 64 (4, lH 7-H,

J 1.8Hz), 4.72 (dd, IH, 6-H, J 12.8 and 0.5Hz), 4.64 (l. 1H, 6-H), 4.60 (br d, 1lH,

; H,

wL-H).
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llap-H, J 5.8Hz), 4.53 (m, lH, 7ad-H), 4.43 (4, 1H, 13@-H, J 14.2H2), 4.10 (d, 1H,
134-H, J 14.2Hz), 2.89 (dd, 1H, 88-H, J 6.0 and 14.7Hz), and 2.72 (dd, 1H, 8-H,

J 5.8 and 14.7st. IH NOEDSY (t): irradiation of 138-H caused enhancement of 13
-H(20) and 14a@-N(7.5); irradiation of 138-H caused enhancement of 13&-H(15);
irradiation of 7a#H caused enhancements of 7-H(3) and 8&-H(5).

6b,8,9,14b,15,15a-hexahydro-1H-chromeno[3',4'-2,3]}
% indolizino(8,7-b]lindole.

{42a). Prepare ,5,4-tetrahydro-p-carbotine-1-carboxylic acild .08g,
mMol) and 2-(2-propenyloxy5-benzald hyde (0.81g, Smaol) in DMF (S0ml1). Heating
was continued for 20m. T.l.c., eluting with 3:2 v/v ether-petroleum ether, showed
two spots, Rg 0.42 and 0.21 (iodoplatinate spray). The isomers were separated
using flash chromatography to give (42a), (360mg, 23%) and (41a) (1.01g, 64%}.
(41.§ Colourless prisas {ether-petroleum ether), m.p. 137-1390C). (Found:

¥
e

C, 79.55; H, 6.65; N, 8.55. C21H20N20 requires C, 79.70; H, 6.35; N, 8.85%);

Yuay 3400, 2930, 1575, 1485, 1220 and 745 cm-1; w/z(%) 316 (M*,100), 315(89),
139?46), 156(11), 144(19) and 131(18);&87.79 (s, 1H, NH), 7.55-6.90 (m, 8H, ArH),
4.56 (w, 1H, 14b-H), 4,05 (m, 2H, 1-H), 3.89 (d, 1H, 6b-H, J 6.0Hz)}, 3.53 (m, 1H,
8-H), 3.15 (m, 2H, 8-H and 9-H), 2.69 (m, 14, 9-H), 2.44 (m, 1H, 1Sa-H), and 2,10
(m, 2H, 15-H), 1H NOEDSY ($): irradiation of 6b-H caused enhancements of 15a-H

(9} and Ar-H (7.5),; irradiation of 15a-H caused enhancements of 6b-H (10} and 15-H
(4); irradiation of NH caused an enhancement of 14b-H (3). The stereochemistry was
assigned by comparison with (33).

(42a Colourless rods (ether-petroleum ether), m.p. 211-2129C., (Found: C, 79.70;
H, 6.55; N, 8.90. Cz1HzoN20 requires C, 79.70, H, 6.35; N, 8.85%); Vp

3393, 2919, 1581, 1489° 1223 and 739 cm-1; m/z(3) 316 (M*.97), 315(1083,

287(4), 275(6), 184(8), 169(40), 144(20) and 131(16);d7.77 (s, 1H, NH), 7.39-6.85
(m, 8H, ArH), 3.96 (dd, 1H, let-H, J 4.7 and 10.4Hz), 3.76 (t, 1H, 1A-H, J 10.7Hz),
3.53 (m, 2H, 14b-H and 8’-H). 3.31 (d, 1H, 6b-H, J S.6Hz), 2.73 (m, 2H, 9-H),
2.60-2.31 (m, 3H, 15a-, 8«&- and lSd:HS, and 1.24 (m, 1H, 158-H). The stereo-
chemistry was assigned by spectral comparisons with (345.

6be,8,9,14b8,158.15aK-Hexahydro-15-methoxycarbonyl-1H-chroaeno{3',4'-2,3]indolizino
[8 ’-$|1naoge Igfﬁ an
ch | RN AR ndo repared from 1,2,3,4-tetrahydro-£-

romenol 3 -2,3 .
carbollne-1-carboxylic aci and 2-[(3-carbomethoxy-2-propenyl)oxy]-

8, 4.

benzaldehyde (1.0g, 4.6mmol) in DMF (S50ml1). Heating was continued for 30 min.
T.l.c., eluting with 3:2 v/v ether-petroleum ether, showed two spots, R¢ 0.58 and
0.47 (iodoplatinate spray). The isomers were separated using flash chromatography
to give (42b) (270mg, 16%) and (41b).

(41b) Colourless rods (ether-petroleum ether), m.p. 222-2239C, (Found: C, 73.65;
H, 6.05; N, 7.45. Cy3Hz3N203 requires C, 73.80; H, 5.90; N, 7.508); Vggyx

3376, 2939, 1709, 1834 1433, 1214 and 764 cn-1; m/z(%) 374 (M*,75), 393(47),
343(3), 315(3), 275(26), 242(39), 169(100), 144(12) and 131(15);d 8.28 (s, 1H, NH),
7.55-6.92 (m, 8H, ArH), 4.86 (d, 1H, 14b-H, J 7.S5Hz), 4.36 (m, 2H, 1{-H and 6b-H),
3.98 (dd, 1H, I«-H, J 3.3 and 11.5Hz), 3.72 (s, 3H, OMe), 3.67 (dd, 1H, 15-H, J 7.6
and 9.3Hz), 3.53 (m, lH, 8-H), 3.14 (m, 2H, 8-H and 9-H), 2.95 (m, 1H, 15a-H), and
2.74 (w, 1H, 9-H); IH NOEDSY(8): irradiation of 15-H caused enhancements of
14b-H (9.7) and 15a-H (3.5); irradiation of 14b-H caused enhancements of NH (2.7)
%nd gs-H (12.8); irradiation of 15a-H caused enhancements of 6b-H (9.8) and 15-H

2.7).

(42b) Colourless prisms (Etp-petroleum ether), m.p. 161-162°C. (Found:
C, 73.65; H, 6.10; N, 7.50)r9.a 3425, 2811, 1715, 1581, 1447, 1218 and 746
cm-l; m/z(\s 374 (M*,97), 373(62’, 372(13), 343(6), 315(4), 242(50), 169(100),
165(34), 144(20) and 131(20);3 8.83 (s, 1H, NH), 7.48-6.96 (m, 8H, ArH), 4.18

(dd, I1H, l&-H, J 5.1 and 10.6Hz), 3,93 (t, 1H, 18-H, J 10.5Hz), 3.92 (s, 3H, OMe),
3.79 (d, 1H, 14b-H, J 9.9Hz), 3.59 (d, 1H, 6b-H, J 6.4Hz), 3.55 (m, 1H, 8&-H), 2.99
(m, 1H, 15a-H), 2.80 (m, 2H, 9-H), and 2.67 (m, 2H, 88-H and 15-H); IH
NOEDSY(%): irradiation of 14b-H caused enhancements of 15a-H (12), 6b-H (8), and
NH (2); irradiation of 6b-H caused enhancements of 15a-H (7.5) and 14b-H (10.5);
irradiation of 15a-H caused enhancements of 6b-H (7) and 15-H (2.3).
6bol,8,9,14b8-Tetrahydro-1H-chromeno{3',4'-2,3]indolizino[8,7-blindole (43).

repare om tetrahydro-pP-carboline-l-carboxylic acid (2.0g, 9.26mmol]) and
O-propargylsalicylaldehyde (1.96g) in DMF (25m1) at 120°C for lh. The product
(1.8g, 62%), was isolated by flash chromatography eluting with 9:1 v/v ether-ethyl
acetate and crystallised from methanol as colourless prisms, m.p. 199-2010C
(Found: C, 79.20; H, 5.70; N, 8.65. C21H gN20 requires C, 80.25; H, 5.75;
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N, 8.90%); V4., 3440, 1630, 1610, 1580, 1490, 1300, 1230, 1000, 760 and 740

cm-1; m/z(%) $14°(M*,100), 313(84), 312(31), 285(28), 270€15), 180(7), 167(8),
156(7), 144(13) and 115(13);&7.87 (s, 1H, NH), 7.53 (dd, 2H, ArH), 7.33-7.08

(m, 4H, ArH), 7.00 and 6.87 (2 x m, 2 x 1H, ATH), 5.75 (s, 1H, 15-H), 5.31 (s, 1lH,
llbﬁ-Hs, 4.95 (s, 1H, 6b-H), 4.64 (dd, 2H, CHz0), 3.89 (dd, 1H, 8g-H, J 4.2 and
14.2Hz), 3142 (e, 1H, 8&-H), 3.12 (m, 1H, 9%-H), and 2.67 (m, 1H, 98-H, J 1.2 and
15.6Hz); H NOEDSY(%): irradiation of 15-H caused an enhancement of 14b@-H(5),
irradiation of 14bg-H caused enhancements of 15-H(3) and 6bg-H(6); irradiation of
6bt-H caused enhancements of 1-H(7) and Sel-H (4.5).

1,1a&,6beA 8,9,14b8-Hexahydro-2H-pyrrolizino[2',1'-2,3]indolizino[8,7-

y y .08, 3. an
N-allylpyrrole-2-carboxsldehyde (1.25g, 9.26mmol) in DMF {(25m1) at 120°C for 1h.
The crude solid product, whose p.m.r. spectrum indicated only 33% of reattiom had
occurred, was purified by flash chromatography to give the product (490mg, 18%).
Allowing for unreacted starting material the yield is therefore 4%). The product
crystallised from methanol as colourless prisms, m.p. 211-2130C (Found: C, 78.50;
H, 6.80; N, 14.50, CygHjgNy requires C, 78.85; H, 6.60;
N, 14.508);¥ yay 3378, 1623, 1593, 1492, 1454, 1285, 770, 754, and 701 cw-l;
m/z(%) 289 (M¥,91), 288(35). 210(16), 209(100), 184(10), 171(21), 169(12),
156(15), 144(13), 120(23), 119(36), 118(58) and 105(37);& 7.51 and 7.31 (2 x d,
2 x 1H, ArH), 7.19-7.09 (m, 2H, ArH), 6.58 (dd, 1H, 4-H), 6.29 (t, 1H; 5-H), 6.02
(d, 1H, 6-H), 4.56 (d, 1H, 6bat-H, J 7.7Hz), 4.31 (t, 1H, 14b8-H, J 6.0Hz), 4.17
(dd, 1H, 2k-H, J 8.3 and 10.6Hz), 3.89 (dd, 1H, 2-H, J 3.9 and 10.6Hz}, 3,45 and
3.16 (2 xm, 2 x H, 2 x 8-H) 3.?5 and 2.75 (2 x m, 2 x 1H, 2 x 9-H), and 2.27 and
2.14 (2 xm, 2 x 1H, 2 x 1-H); H NOEDSY($): 1irradiation of 1@-H caused
enhancements of lot-H(17), Zp-H(S) and 14b8-H(8); irradiation of 6bK-H caused
enhancements of 2&-H and 8¢-H (together 7), and 9&-H(5); irradiation of M -H caused
enhancements of 1@-H(17), 14bg-H(2), and 2&-H and 8%-H (together 9); irradiation of
2l-H caused enhancements of 2 -H(IQS, 4-H(2) and 1 -H(4); irradiation of 2 -H
caused enhancements of 28-H(22), and laoct-H(7); irradiation of 14bg-H caused
enhancement of 1#-H(5); irradiation of 9f-H caused enhancements of 9&-H and §§-H
(together 25).
Jacl,8,14,15a8-Tetrahydro-6H-chromeno[3',4'-2,3)indolizinol[6,7-blindole (46).
etrahydro-@-carboline-3-carboxylic acid (2.0g, 9.26mmol) and
O-propargylsalicylaldehyde (1.48g) were heated in DMF (25ml) at 1209C far 1lh.
Work up in the usual way afforded the Eroduct (1.62g, 37%) as pale yellow prises
from methanol, m.p. 203-2050C (Found: C, .00; H, 5.95; N, 8.90. Cz1H1gN20
requires C, 80.25; H, 5.75; N, 8.90%);V 3200, 1630, 1620, 1590, 1490, 1230,
1120, 1010, and 760 em-1; m/z(8) 314 (M* 85, 31286), 171(10), 144(33) and
143(100);&7.95 (s, 1H, NH), 7.51-6.86 (m, 8H, ArH), 5.98 (d, 1H, 7-H, J 1.1Hz),
4.92 (d, 1H, 15a -H, J 3.5Hz), 4.77 (m, 3H, CH,0 and HCHN), 4.44 (d, 1H HCHN),
4.35 (m, 1H, 7adt-H), 2.97 (dd, 1H, 8o-H, J 4.1 and 14.9Wz), and 2.62 (dd, TH, 8-H,
J 9.6 and 14.9Hz).

We thank Glaxo (Ware), S.E.R.C., and Queen's University for sugport and
Dr. O. Howarth (Warwick University, S.BE.R.C. High Field NMR Service) for 400 MH:z
p.B.T. Spectra.
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