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Abstract 1,2,3,4-Tetrahydro-isoquinoline and -8carboline react with a range of mono- and bi- functional 
aldehydes to give azomethine ylides. The anti-dipole is formed stereospecifically or, in the case of 
benzaldehyde and 2_methylbenzaldehyde, stereoselectively. The effect of the structure of the aldehyde 
on the stereochemistry of the derived azomethine ylide is rationalised in terms of steric and electronic 
effects. Inter- and intra-molecular trapping of the azomethine ylides gives cycloadducts in good yield. 

The preceding paper’ summarised the background to the development of the iminium ion route to 

azomethine ylides and illustrated its’ application to reactions involving primary or secondary amines and 

bifunctional ketones. This paper is concerned with analogous reactions involving the bifunctional 

aldehydes: pyrfdine-2carboxaldehyde. phenyl glyoxal and ethyl glyoxalate, and with benzakfehyde and 

its 2substituted derivatives. The latter aldehydes have provided important mechanistic insights. 

a. Pyrldlne-Bcarboxaldehyde. The regiospecific azomethine ylide formation involving the benzylic 

methylene group encountered in the reaction of 1,2,3,4-tetrahydmisoquinoline and acenaphthenequinone’ 

is a general phenomenon. Thus both 1,2,3,4-tetrahydroisoquinoline and tetrahydro-8-carboline (1) react 

regio- and stereo-specifically with two mol. of pyridine-2carboxaldehyde (MeCN, 80°C 2h) to give 

(2)(70%) and (3)(64%) respectively. These products, whose structures were established by n.0.e. 

studies, are derived from en&addition of the dipolarophile to the respective antCdipoles (4a, partial 

structure). 

We have previously reported the conversion of (2) to a mixture of endo-(5a)- and exo-(6a)- 

cycloadducts on heating in acetonitrile in the presence of N-methylmaleimide.3 This reaction proceeds 

via stereospecific cycloreversion of (2) to (4a). Thus, as expected, (1) reacts (MeCN, 8O’C) with N- 

methylmaleimide (1 mol) and pyridine-2carboxafdehyde (2 mol) to give a 2:l mixture (63%) of 

endo-(7)- and ex(F(8)- isomers together with the corresponding Michael adduct (9)(12%). However, in 

this case it is unlikely that any (3) is formed due to the high reactivity of N-methylmaleimide as a 

dipolarophile. The cycloadducts (7) and (8) have been prepared previously by our decarboxylative route 
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(4) a. R=2-pyridyl 
b. R=COPh 
c. R=C02Et 
d. R=C6H, 
e. R=2-MeChH, 

(7) R=t-pyridyl 

to dipoles3 

(2) R=2-pyridyl (3) R=2-pyridyl 

Me 
(5) a. R=2-pyridyl 

b. R=Ph 

Me 
(6) a. R=2-pyridyl 

b. R=Ph 

Q&go QJ$3qe 
0 Me 

(8) R=2-pyridyl 
(9) 

b. Phenylglyoxal and Ethyl Glyoxalate. 1,2,3,4-Tetrahydroisoquinoline reacts (MeCN, 8O’C) with 

phenylglyoxal and N-methylmaleimide to give a 7:l mixture (75%) of en&(lOa)- and exo(1 la)- 

cycloadducts together with Michael adduct (12) (20%). The analogous reaction with ethyl glyoxalate 

replacing phenylglyoxal afforded a 2:l mixture of (lob) and (11 b) in 72% yield. All these cycloadducts 

are derived from the respective anti-dipoles (4b) and (4~). In contrast to the mixture of endo- and exo- 

cycloadducts obtained from 1,2,3,4-tetrahydroisoquinoline and ethyl glyoxalate, the P-carboline (1) reacts 

under analogous conditions to give a single cycloadduct (13) (60%) together with Michael adduct (9) 

(10%). 

C. Benzaldehyde and PSubstltuted Benzaldehydes. Although the stereochemistry of the 

cycloackfucts obtained from primary and secondary amines and carbonyl compounds containing the 

O=C-C=X moiety accords with a 1,5-H shift mechanism,’ alternative mechanistic interpretations are 

possible. Studies utilising benzaldehyde and 2-substituted benzaldehydes as carbonyl components 
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(10) a. R=Ph 
b. R=OEt 

demonstrated that iminium ion formation causes a sufficient lowering of the pK, of adjacent benzylic 

protons [ C=N(R)C$Ar] to promote deprotonation and consequent azomethine ylide formation. 

However, in these cases azomethine ylide formation is sometimes stereoselective rather than 

stereospecific 

When 1,2,3,4-tetrahydroisoquinoline, benzaldehyde, and N-methylmaleimide are reacted in boiling 

toluene the product consists of a mixture (50%) of the four stereoisomeric cycloadducts (14a), (15a), 

(16a) and (17a) together with Michael adduct (12)(25%). It was not possible to determine the 

cycloadduct isomer ratio from the p.m.r. spectrum of the crude reaction mixture due to overlapping 

signals. However, flash chromatography and subsequent fractional crystallisation enabled pure samples 

of each isomer to be obtained and characterised. The flash chromatography results suggested the 

initial ratio of adducts derived from anti @Id)- and syfi(l8a)- dipoles was ca. 3.2:1. A similar result 

was obtained when bentaldehyde was replaced by 2-methylbenzaldehyde. Again a mixture of four 

stereoisomeric cycloadducts, (14b), (15b), (16b) and (17b), was obtained and again signal overlap in 

the p.m.r. spectrum of the crude product prevented determination of the ratio of the cycloadducts 

although it was clear that adducts derived from the anti-dipole (48) predominated. 

Stereochemical Assignments Detailed p.m.r. studies were carried out on one pair of endo- and exo- 

cycloadducts, (14c) and (15d) respectively, of an anti-dipole and on the exo-cycloadduct (158) of another 

anti-dipole. These were necessary to assign unequivocally the 4-H and 1 lb-H bentylic proton 

resonances and to establish the stereochemistry. This assignment of 4-H and 1 lb-H resonances was 

based on n.0.e. enhancements between these resonances and those of 6’-H (typically 2%) and 11-H 

(typically 5%), respectively. In the case of (14c), irradiation of llb-H leads to enhancements of both 

6’-H (10%) and 1 l-H(6%). Assignment of the aromatic region of the p.m.r. spectra of these 
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(16) a.MK=H 
b. R=Me 

% 

; ,,e* N.‘,~~ qTAr 
’ N 0 

Me 
(17) a. R=H (18) a. Ar=C‘HS (19) a. R= CHO 

b. R=Me b. R= OMe 
c. R= OCH,CH=CH, 
d. R= OCH&=tH 
e. R= E-0CHzCH=CHC02Me 

adducts was a pre-requisite and is described below for (15e) [note that n’-H and n’ - C refer to the 

protons and carbon atoms of the 4-Ar substituent in (14) and (15)]. The aromatic region of the p.m.r. 

spectrum consisted of eight multiplets (four apparent doublets and four apparent triplets) arising from 

the 6-, 9-, lo-, ll- and AI/-H resonances. The 3/-H proton resonance was identified from its relatively 

high field chemical shift expected from substituent effects and its n.0.e. to/from CH,=CH-C&-O (13 

and 9% respectively). Partial overlap caused ambiguity in the results of an ordinary COSY spectrum. 

However, the assignment of 6’-H was obtained unam~guously from a COSY experiment with Z-step 

relayed coherence transfer.4 In this experiment, correlations are expected between all the spins of a 

linear AMQX spin system. Similarly, the resonance due to 8-H was identified from its n.0.e. to/from 

the 7-H protons (3 and 8% respectively) and the assignment of 9, lo- and 11-H thence followed from 

the COSY spectra. In the case of (15e) only, confirmation of the proton assignments was provided by 

a ’ 3C-1 H COLOC (Correlation via Long range Couplings)’ experiment (optimised for “J(CH) = (6Hz). 

In this experiment, correlations were dearly observed, for example, between 4-H and 1’-C and also 

between 11 b-H and 7a- and 11 a-C. Each pair of anli-endo (i.e. anti dipole-endo cydoadduct) and anti- 

8x0 isomers give rise to a characteristic p.m.r. pattern. A typical example, a mixture of (Mc) and (15d), 

is shown in the figure. The outer singlet and doublet arise from the 4-H and 11 b-H respectivety of the 
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anti-en&r isomer (14c) whilst the inner singlet arises from the 11 b-H and inner doublet from the 4-H 

of the anti-8x0 isomer (15d). The chemical shifts and coupling constants of the 4-H and 1 lb-H of the 

anti-endo (14a-e), anti-8x0 (15a-e), syn-end0 (16a,b) and syn-exo (17a,b) isomers are collected in the 

Table. Cycloadducts derived from the antcdipole give rise to signals for the 4-H and 11 bH between 

64.3-5.2, whilst the corresponding sytiipole cycloadduct signals for 4-H and 11 bH occur between 6 

3.6-4.0 (Table). 

Table Chemical shifts and coupling constants of cycloadducts (14)-(17). 

Cydoadduct 4-H(6) JW 11 b-H(6) JO-W 
14a 4.96 0.0 4.37 9.0 

14b 5.00 0.0 4.50 8.9 

14c 5.16 0.9 4.53 7.7 

14d 5.17 0.0 4.53 7.8 

148 5.12 0.0 4.53 7.7 

15a 4.45 8.0 4.76 0.0 

15b 4.79 8.2 4.95 0.0 

15d 4.77 8.0 5.02 0.0 

158 4.84 8.0 5.04 0.0 

151 4.77 8.3 5.02 0.0 

16a 3.80 9.0 3.91 6.0 

16b 3.98 9.0 3.93 6.0 

17a 3.75 7.0 3.80 8.0 

17b 3.55 8.5 3.87 7.4 

In contrast to the anti-syn dipole mixtures produced from 1,2,3,4-tetrahydroisoquinoline and 

benzaldehyde or 2_methylbenzaldehyde, the aldehydes (1 gad) react with 1,2,3,4-tetrahydroisoquinoline 

and N-methylmafeimide to give adducts derived solely from the corresponding antkdipoles (4). Thus 

(19a) gives a single cycloadduct (15c) (57%) together with Michael adduct (12) (26%) whilst (19b-d) 

give 2:1 mixtures of end@ and exe cycloadducts (14~) and (15d), (14d) and (15e), and (148) and (151) 

respectively. Adducts derived from the syrrdipole (18) were not detected. Extensive experience with 

maieimide dipolarophiles has shown that, due to their reactivity, they trap the dipole(s) produced under 

kinetic control and do not permit dipole equilibration.6-8 ft was of interest therefore to study the 

intramolecular cycloaddition of azomethine yfides produced from the reaction of 1,2,3,4- 

tetrahydroisoquinoline or the 6carboline(l) with (19c). The former reaction (xylene, 140°C, 4h) gives 

a 3.9:l mixture (60%) of (20a) and (21) whilst (1) and (19c) react (xylene, 140°C, 24h) to give a 14.5:l 

mixture (78%) of (22a) and (23). In cases such as these the cycloaddition step, as opposed to dipole 

formation, is rate determining. Moreover, there is evidence to suggest that for 1.3-diary1 azomethine 
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ylides, cycloaddition is slower than syn-anti dipole equilibration.76 Thus the product ratio (20a):(21) 

and (22a):(23) reflects the energies of the cydoaddiiion transition states. This is illustrated by the 

reaction (xylene, 14O’C) of 1,2,3,4-tetrahydroisoquinollne with (19d) to give a single cycloadduct, (24) 

(65%), derived from the an&dipole. In this case the stereospecificity results from a kinetically controlled 

selection of the ~~~ipoie from an ~uili~ating syn-anti dipole mixture due to a ~e~herni~ly more 

favourable ~ignment of the four reacting centres in the cydoaddiiion transition state involving the anti- 

dipoles.’ Both 1,2,3,4-tetrahydroisoouinoline and the @carMine (1) react with aldehyde (19e)(xylene, 

14O’C) to give a single cydoadduct (20b) (60%) and (22b) (57%) respectively. The high dipolatophilii 

reactivity of an intramolecular a~ actylate moiety has been noted before and it has been shown to trap 

(20) a. R=H 

b. R=C02Me 

0 

I H 

HN H 3 NH 

\I 

0 

I 

“ii, Hv*N H 

\ 

(241 

(22) a. R=H - 

b. R=CO,Me 

(23) 

the dipole(s) tormea under Kmetlc control and not to permit dipole equilibration.b The intramolecular 

cycloaddition products (20)-(24) have been prepared previously via the decarboxylative route to 

azomethine ylides.’ 

Mechanism. ft is dear from the foregoing results that iminium ions with adjacent benzylic protons 

[C-N(R) CM2Ar] undergo facile deprotonation to generate azomethine yiides and we have previously 

shown that analogous deprotonation occurs in certain doubly activated a-vinyl secondary amines e.g. 

(25) -+ (26).’ The 15-H shift route to azomethine ylides envisaged at the outset of this WO&‘*~ 
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correctly predicts the observed azomethine ylide stereochemistry when bifunctional carbonyl compounds 

O-C-C&X are used to generate the aromethine ylides. However, analogous stereospecific anti-dipole 

formation is observed with the 2-substituted benzaldehydes (19a-e) which are not able to participate in 

a 1,5-H shift m~hanism. Aldehyde (19a) could participate in ezomethine glide fo~ation via a 1 J-H 

shift but only at the expense of destroying the aromaticity of the benzene ring i.e. (27, arrows). Thus 

alternative stereoelectronic influences need to be invoked for (19a-e) which could negate the operation 

of a 15-H shift rn~~isrn in the case of bi~n~ional carbonyi compounds. 

PhCH=CH-CH2Pb Ph+Ph 

(28) (29) 

Me 

PbY2q 
h 

(30) 

Ph 

(35) 

I 

” (32) 
(34) 

It seems reasonable to expect that the influence of steric and electronic factors on the configuration 

of ally1 anions and azomethine ylides will be broadly similar. A possible ~mplic~ing factor is the effect 

of the gegenion in the case of the ally1 anions. However, there is good evidence that the alkali metal 

satts of ally1 anions exist as solvent separated ion pairs in polar solvents lo and that the gegenions do 

not markedly influence either the configurational preferences or ratios” unlike the pentadienyl anion 

case.12 ft has been established that depmtonation (THF, -30°C) of (28) gives a ca. 94:6 mixture of 

syn-(29)- and anti-(30)~aflyl anions’3 [AAG 

faster than formation of {30).14 

o(, 7ocj 1.2 kwf/mot] and the formation of (29) is substantially 

In contrast deprotonation of both (37) and (32) results in formation of 

f34)15 due to steric destabilisation of (33) arising from the contiguous PNMelPh interactions and 
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additionally k3 > k2 >> k, .’ 6 Similarly the anComer (35) of the sterically less demanding P-cyano 

anion is more stable than its symisomer. lo Thus in all cases involving azomethine ylide formation from 

aldehydes and secondary amines we would expect the an&dipole to form at a faster rate and to be 

thermodynamically more stable than the syrxfipole. Two observations remain to be explained: (i) the 

progression from stereoselective to stereospecific formation of the antiazomethine ylide as the aldehyde 

component is varied from benzaldehyde or 2-methylbenzaldehyde to the 2-substituted aryl aldehydes 

(19a-e) and (ii) factors favouring the formation of azomethine ylide (39) rather than (37) - (39) from 

reactions involving amines and bifunctional aldehydes if a 1,5H shift mechanism is not operating. Note 

that azomethine ylide (39) cannot form in cases where cyclic secondary amines are used since R2/R3 

are linked in a 5 or 6-membered ring. 

R* 

R1y$!&R3 RhAyRa 

R’- H 

R’ $-$-H R&lyH 

x R3 
m r\ R’ - R3 A li 

R 0 
06) (37) 

K V 

(38) (39) 

I 
R 

(46) 

R’ 

R’ 
COPh 

(44) R=C02Me, COPL, p-02NC6H, 

The difference between the stereoselective anttiipole formation observed when 2- 

methylbenzaldehyde is the aldehyde component and stereospecific anti-dipole fonation with (19a-e) 

seems unlikely to be wholly steric in origin. Whatever the nature of the effect it need only furnish a 
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l-2 kcal advantage to the an&dipole since this is already favoured over the syndipole by a factor of 

ca. 3:l. The effect may arise from initial hydrogen bonding of the oxygen to the acidic benzylic protons 

in the intermediate iminium ion (40) which transmutes into stabilisation of the developing dipole by lone 

pair interaction, of the type shown in canonical form (42) as deprotonation, by an external base, to 

(41) proceeds. Atternatively (42) can be regarded as the interaction of a filled oxygen lone pair orbital 

with the LUMP of the developing dipole. Similar effects are possible with (19a) and with the 

bifunctional ketones (e.g. 43)2 discussed in the preceding paper. The benzatdehyde and 2-substituted 

benzaldehyde cycloadditions were all carried out in a non-polar solvent (toluene) which should 

encourage such interactions. Thus it is not necessary to invoke a concerted sigmatropic 1,5-H shift in 

the iminium ion route to azomethine ylides. The observed stereospecificity arises from a combination 

of steric and electronic interactions as discussed above. 

There have been several reports of the generation and trapping azomethine ylides by deprotonation 

of preformed iminium salts (44)” and (45).18*1g Where the stereochemistry of the cycloadducts was 

established it accords with antidipole formation. Tsuge ” proposed a similar charge interaction to 

(43) as responsible for an&dipole formation but did not appreciate the major role of steric factors. 

The recent work of Vedejs2’ mvolving 4-oxazolines as azomethine ylide precursors (46) = (47) is also 

relevant. Interestingly if R3 = alkyl or aryl, the oxazoline (46) resists ring opening, probably due to 

steric interactions in the dipole (47). 

Experimental Experimental details are as previously noted.21 Petroleum ether refers to the fraction 

with b.p. 40-60°C. Flash chromatography employed Silica Gel 60 (Merck). 

Pyridine-2-carboxaldehyde Cycloadducts 

2a.30.6.1 Ob-Tetrahvdro-2,3-di-(2/-ovridvl)dH-oxazoloM.3-alisoauinoline (2). A solution of 1,2,3,4- 

tetrahydroisoquinoline (670mg, 5 mmol) and pyridine-2carboxaldehyde (1.079, 10 mmol) in acetonitrile 

(50 ml) was boiled under reflux for 2 h. The solvent was removed under reduced pressure to give the 

product as an off-white solid (1.169, 70%) which crystallised from ether-petroleum ether as colourless 

rods m.p. 133-134’C. (Found: C, 76.6: H, 5.85; N, 12.75. C2,HlgN30 requires C. 76.55; H. 5.8; N, 

12.75%); vmax 1585, 1560, 1430, 770, 760 and 720 cm-‘; m/z(%) 329 (M+, 17) 251(3), 222(1 I). 

130(72) and 93(100): 6 2.74-2.80(m, lH, 6-H) 2.99-3.26(m, 3H, 5- and 6-H), 4.71 (d, lH, 3-H, J 

4.69Hz), 5.53(d, lH, 2-H, J4.70Hz), 5.78(s, lH, lob-H), 7.12-7.74(m, lOH, ArH), 8.59(m, lH, pya-H) 

and 8.67(m, lH, pya-H); ‘H NOEDSY (%): irradiation of 2-H caused enhancements of 3-H(5) and 

ArH(3); irradiation of lob-H caused enhancement of ArH(15); stereochemistry was also assigned by 

comparison with (3). 

2a.30.5,6-Tetrahvdro-2.3-di-(Z/-Dvridvl)~x~olo~~,~-l .21pvrido13.4-blindole (3). A solution of 1,2,3,4- 

tetrahydro-Pcarboline(860 mg, 5 mmol and pytfdine-2carboxaldehyde (1.079, 10 mmol) in acetonitrile 

(50 ml) was boiled under reflux for 2 h. T.l.c., eluting with 4:1 v/v Et20-ethyl acetate, showed one spot 

with Rf 0.43. Purification by flash chromatography gave the product (1.189, 64%) which crystallised 

from ether-petroleum ether as colourless rods, m.p. 163-164’C (Found: C, 75.45; H, 5.35; N, 15.2. 

C23H20N40 WUireS C, 74.95; H, 5.45; N, 15.2%); vmax 3345, 1587, 1432. 1171, 1029 and 
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735 cm-‘; m/z(%) 368(M+, 4), 281(12), 183(17), 171(20) and 107(28); 62.81-2.86(m, 2H, 6-H), 3.10- 

3.21(m, 2H, 5-H), 4.64(d, lH, 3-H, J 527Hz), 5.57(d, lH, 2-H, J 529Ht), 5.96(s, lH, llb-H), 7.03- 

7.67(m, lOH, ArH), 8.61(d, lH, pya-i-i), 8.63(d, lH, pya-H) and 9.00(s, lH, NH); ‘H NOEDSY (%): 

irradiation of 2-H caused enhancements of 3-H (2) and 11 b-H(3); irradiation of 3-H caused 

enhancements of 2-H(4) and 5-H(6); irradiation of Ilb-H caused enhancements of 2-H(3) and NH(3). 

1.2,3.3an4D.6.7.12.12ba, 12~-Decahvdro-2-methvl-4-(21-pvridvl~-ovrroio~~,4’-1 .Plindolizinol8.7-blindole- 

1.3-dione(7) and 1,2,3.3aa.4a,6,7,12,12bD,12ca-decahvdro-2-methvl-4-(2~-ov~dvl)- 

1,2lindo~izino[8.7-blindo~e-l.3-dionef8\. A solution of 1,2,3,4-tetrahydro-~-choline (1 .Og, 5.8 mmol), 

pyndine-2carboxaidehyde (1.24g, 11.6 mmol) and N-methyimaleimide (650 mg, 5.8 mmol) in acetonitrile 

(30 ml) was boiled under refiux for 2 h. The solvent was then removed under reduced pressure, the 

residue dissolved in chloroform and washed with water. The dried (anhy. Mg S04) chloroform solution 

was evaporated to dryness and the residue t~turat~ with ether-petroleum ether to afford a yellow solid 

(2,029, 93.5%) whose p.m.r. spectrum showed it to comprise a 2:l mixture of cycloadducts (7) and (8) 

together with some Michael adduct (9). Preparative t.1.c. (silica) eluting with IQ:1 v/v chloroform- 

methanol afforded (7) (98Omg, 45%), m.p. and (8)~4QOmg, 23%), together with Michael adduct (9) 

(260mg, 12%)‘ m.p. 252-254’C. 

(z) Colourless plates (ethanol) m.p. 283.284’C. (Found: C, 70.85; H, 5.45; N, 15.05%); vmax 3400, 

1760, 1690, 780 and 755 cm“ ; m/z(%) 372(Mf, 71) 371(11), 280(100), 261(12) and 171(21); S(CDCl,, 

CF3COOD); 2.9l(m, 2H, 7-H), 2.98(s, 3H, NMe), 3.29(m, lH, 6-H) 3.61(m, lH, 6-H), 4.12(m, 2H, 3a- 

H and 12c-H), 5.44(m, lH, 4-H). 5.64(s, 1 H, 12b-H) and 7.12-8.84(m, 8H, ArH); IH NOEDSY(%): 

irradiation of 4-H caused enhancements of 3a-H(13) and py-H{G); irradiation of lPb-H caused 

enhancements of 12c-H(3) and 6-H(3). The signals for 3a-H and 12c-H were too close together to 

irradiate separateiy. 

(li> Colouness prisms (methanol) m.p. 206-207°C (Found: C, 71.1; H, 5.55; N, 14.8. C22H20N402 

requires C, 70.95; H, 5.4; N, 15.05%); vmax 3400, 1765, 1690, 785, 760 and 745 cm“; m/z(%) 

372(M+,68), 371(Q), 280(100), 261(15), 169(21); 6 2.58-3.66(m, 4H, 2 x 6- and 2 x 7-H) 2.84(s, 3H, 

NMe), 3.88(dd, lH, 3a-H, J 4.8 and 8.9Hz), 4.02(t, iH, 12c-H, J 8.8Hz), 4.53(d, lH, 4-H, J 4.8Hz), 

5.02(d. IH, 12b-H, J 8.6X2), 7.04-7.47fm, 6H, ArH), 7.72(dt, 1X, py y-H), 8.56(s, lH, NH) and 8.68(dd, 

lH, pya-H); ‘H NOEDSY (X): irradiation of 3a-H caused enhancements of lPc-H (6) and 4-H(3); 

irradiation of 4-H caused enhancements of 3a-H (3) and py y-H (10); irradiation of 12b-H caused 

enhancements of NH (3) and 12c-H(13); irradiation of 12c-H caused enhancements of 12b-H(13) and 

3a-H(5). 

(9) Identical to that described below. 

Phenyl Glyoxal and Ethyl Glyoxalate Cycloadducts 

2,3,3a,4,6,7,1 lb, 1 lc-~~ahydro- 

1 H-pyrrolo[3’,4’-3,4]pyrrolo[2, l- 

ajisoquinoline skeleton. 
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2.3.3aa.40.6,7.11 ba.11 ca-Octahvdro-2-methvl-4-benzovl-1 H-ovrrolof3/.4’-3.41ovrrolol2.1 -alisoquinoline- 

1,3dione(l Oa) and 2.3.3aa.4a,6,7.11 bB.1 lea-octahvdro-2-methvt-4-benzovt-1 H-~vrrolo13/.4’-3,41ovrrolol2.1- 

alisoauinoline-1.3-dione Ill a). A solution of 1,2,3,4-tetrahydroisoquinoline (670 mg, 5 mmol), phenyl 

glyoxaldehyde (670 mg, 5 mmol), and N-methylmateimide (560 mg, 5 mmol) in 

acetonitrile (50 ml) was boiled under reflux for 2 h. T.1.c.. eluting with 7:3 v/v ether-chloroform, showed 

three spots, Ftf 0.54, 0.46, 0.23. The two isomeric cycloadducts and the Michael adduct were separated 

by preparative t.1.c. to give (lOa) (l.l9g, 66%) (lla) (160 mg, 9%) and (12) (360 mg, 20%). 

(10a) Colouriess prisms (methanol) m.p. 176-178°C (Found: C, 73.25; H, 5.45; N. 7.8. C22H20N203 

requires C, 73.3; H, 5.6; N, 7.75%); vmax 3400, 1770. 1690. 1450 and 755 cm-’ : m/z(%) 360 (M+,12), 

331(11), 256(18). 255(100) and 170(13); 6 2.83(m, 3H, 6-H and 7-H), 2.88(s, 3H, NMe). 3.16(m, 1H. 

6-H), 3.75(1, 1H. llc-H, J 7.9Hz), 3.84(dd, lH, 3a-H, J 0.7. 8.OHz), 4.70(d, lH, llb-H, J 7.8Hz), 

5.16(d. lH, 4-H, J 0.9Hz) and 7.07-8.15(m, 9H, ArH); ‘H NOESDY (%): irradiation of 1 lb-H caused 

enhancements of 1 lc-H (16) 3a-H (2) and ArH (9); irradiation of 1 lc-H caused enhancements of 11 b- 

H (20) and 3a-H (10); irradiation of 3a-H caused enhancements of 1 lc-H (9) and 4-H (5); irradiation 

of 4-H caused enhancements of 3a-H (7) and ArH (30). 

(Ila) Colourtess needles (methanol) m.p. 156-158“C (Found: C. 73.0; H, 5.75; N, 7.55. C22H20N203 

requires C. 73.3; H, 5.6; N, 7.75%); vmax 3560, 1770, 1690, 1450 and 765 cm-‘; m/z(%) 360 &I+, 2) 

359(l), 256(23), 255(100) and 170(12); 6 2.58(m, 4H, 6-H and 7-H), 3.03(s. 3H. NMe), 3.57(dd, 1 H. 

llc-H, J 3.2, 8.7Hz), 3.75(1. lH, 3a-H, J 8.2Hz), 4.85(d, lH, llb-H, J 2.2Hz), 4.98(d, lH, 4-H, J 7.8Hz) 

and 7.07-8.03(m, 9H, ArH); ’ H NOEDSY (%): irradiation of 1 lc-H caused enhancements of 11 b-H (5) 

and 3a-H(lO); irradiation of 3a-H caused enhancements of 1 lc-H(l2) and 4-H(l0): irradiation of 4-H 

caused enhancement of 3a-H( 14). 

(t2) Colourless rods (chloroform - petroleum ether), m.p. 134-136’C. Identical to that described 

previously. ’ 

2.3.3aa.4t3.6.7.1 1 ba.1 lea-Octahvdro-2-methvl-4-ethoxvcarbonvl-1 H-ovrrolol3’,4’-3.41ovrrolol2,1- 

alisoauinoline-1.3-dione(lOb) and 2,3,3aa,4a,6.7.11 bB.1 lea-octahvdro-2-methvl-4-ethoxvcarbonvl-1 H- 

pvrrolo13/,4’-3.41ovrrolol2.1 -alisoauinoline-1,3dione(ll b). A solution of 1,2,3,4tetrahydroisoquinoline 

(l.Og. 7.5 mmol), ethyl glyoxalate (900 mg, 7.5 mmol) and N-methylmaleimide (840 mg, 7.6 mmol) In 

acetonitnle (30 ml) was boiled under reflux for 24h. The solvent was then removed under reduced 

pressure, the residue dissolved in chloroform and washed with water. The dried (anhy. Na2S04) 

chloroform extract was evaporated to give an off white solid whose p.m.r. spectrum showed it to 

comprise a 2:l mixture of endo-(1 Ob)- and exo-(1 1 b)-isomers together with a some Michael adduct (12). 

The cycloadducts were separated by preparative t.1.c. (silica) eluting with 19:l v/v chloroform - methanol. 

(10b) Color-mess prisms (1.18 g, 48%). m.p. 121-123“C. from ether-petroleum ether (Found: C, 65.9; 

H, 6.15; N, 8.55. C18H20N204 requires C, 65.85; H, 6.1; N, 8.55%); vmax 1780, 1720. 1690. 1430, 

1380, 1180, 1120 and 760 cm-‘; m/z(%) 328,(M+. 23). 299(29). 256(17), 255(100). 170(13) and 145(8); 

6 1.31(1, 3H, CH2Me), 2.70(dd, lH, 7-H, J 14.7 and 3.3Hz), 2.94(m. 2H. 6-H and 7-H), 3.15(m, 1H. 6- 

H), 3.61(d, 1H. 3aP-H. J 7.7Hz), 3.71(1. 1H. 1 lc6-H, J 7.5Hz). 4.22(s+m, 3H. CH2Me and 4u.-H). 4.49(d. 



H. ARDILL et al. 

1 H, 11 b@H, J 7.3Hr), 7.07(d, lH, ArH), 7.19(m, 2H. Art-t) and 744(d, 1 H, ArH). 

(Ilb) Colourfess solid (590 mg, 24%) admixed with a small amount of Michael adduct(l2). 6 1.3(t, 

3H, CH2Me), 2.59(d, lH, 7-H, J 165Hz), 3.03(s, 3H, NM@, 3.00, 3.12, 3.30(3 x m, 3 x lH, 2 x 6-H, 

7-H), 3.55(1, lH, 3aa-H, J 8.2Hz), 4.02(d, lH, llca-H, J 7.8Hz), 4.27(m, 3H, CH2Me and 4a-H), 4.76(s, 

lH, 11 bp-H), 7.08(d, lH, Art-f), 7.22(m, 2H, Artf) and 744(d, lH, Art-f). 

1,2,3,3a,4.6.7,12,12b,12c-Decahydropynolo[3/,4’- 

1,2]indolizino[8,7-b]indole skeleton. 

:l&iw (g) skeleton 

I H 

1 ,2.3,3aa.46.6.7.12.12ba.12ca-Decahvdro-4-ethoxvcarbonvl-2-methvl-o~rrolo~3’.4’-1.21indolizinol8.7- 

blindole-1.3-dione (13). A solution of 1,2,3,4-tetrahydro-prboline (860 mg, 5 mmol), ethyl glyoxylate 

(510 mg, 5 mmol), and N-methylmaleimide (560 mg, 5 mmol) in acetonitrile (50 ml) was boiled under 

reflux for 15 h. The solvent was removed under reduced pressure to give the product as an off-white 

solid (1 .lO g, SO%), along with Michael adduct (9) (180 mg, 10%). 

/13) Crystallised from chloroform-methanol as colouriess prisms, m.p. 180-18l’C (Found: C, 65.35; H. 

5.7; N, 11.4. C20H2, N304 requires C, 65.4; H, 5.7; N, 11.45%); vmax 3400, 1770, 1690, 1450 and 

755 cm-’ ; m/z(%) 367(M+, 98) 338(68), 294(100), 256(45) and 183(14); 6(C6D6) 0.95(1, 3H, CH2&i3), 

2.34(s, 3H, NMe), 2.44(m, lH, 78-H). 2.68(m, lH, 6a-H), 2.732.82(m, lH, 7aH), 3.04(m lH, 6@H), 

3.09(1, 1 H, 12c-H, J 8.2Hz), 3.2O(dd, 1 H, 3a-H, J 1.3 and 8.02Hz), 3.90(m. 2H, CH,CH3), 4.35(s, 1 H, 

4-H), 4.46(d, lH, 12b-H, J 8.3Hz), 7.17-7.28(m, 3H, ArH), 7.49(d, lH, ArH) and 8.17(s, lH, NH); ‘H 

NOESDY (%): irradiation of NH caused enhancements of 12b-H (2) and 12c-H (2); irradiation of 12b- 

H caused enhancements of NH (2) 12c-H (9) and 6a-H (3); irradiation of 3a-H caused enhancement 

of 4-H (4). There was difficulty in irradiating the four signals separately due to their close chemical shift 

values. 

2-13/-(2/.5’-Dioxo-1’-methvlovrrolidinvW1 .2.3.4-tetrahydro-Dcrboline (9). Colourtess rods (ethanol) m.p. 

253-254’C. (Found: C, 67.7; H, 5.95; N, 14.65. C16H17N302 requires C, 67.8; H, 6.05; N, 14.85%); 

vmax 3280, 1770, 1690, 1440, 1290, 750 and 700 cm-‘; m/z(%) 283(Mf, 29) 172(13) and 143(100); 

6 2.80-3.00(m, 6H, l-, 3- and 4-H), 3.04 (s, 3H, NW), 3.87(d, lH, 4/-H. J 15Hz), 4.OO(q, lH, 3/-H, J 

4.8Hz), 4.18(d, lH, 4/-H, J 15Hz), 7.08-7.48(m, 4H, ArH) and 7.77(s, lH, NH). 

Benzaldehyde and O-Substituted Benzaldehyde Cycloadducts 

2,3.3a.4.6,7.11 b.11 c-Cctahvdro-2-methvl-4-phenvl-1 H-pvrrolo13/.4’-3.41ovrrolof2.1 -aliswuinoline-1.3- 

dione(l4a).(l5a).(l6a) and (17a). A solution of 1,2,3,4-tetrahydroisoquinoline (670mg, 5 mmol) 
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benzeldehyde (530 mg, 5 mmol), and N-methylmaleimide (560 mg, 5 mmol) in toluene (50 ml) was 

boiled under reflux for 1.5h. TLC. (silica), eluting with 4:1 v/v Et20-petroleum ether, showed four spots. 

Ftf 0.62, 0.42, 0.17, O.OQ(iodopiatinate spray). These components were separated by flash 

~h~mat~raphy to give (17a) (100 mg, 6.5%), (14a) and (15a) as a mixed fraction (640 mg, 38%). 

Michael adduct (12) (410 mg, 25%) and (Isa) (90 mg, 5.5%). giving a total isolated yield of 

cycloadducts of 50%. Fractional crystallisation (methanol) gave a pure sample of (Isa). A second 

separation was carried out on the mother liquor, eluting with 1:l v/v Et20 - pet~leum ether. Partial 

separation was accomplished, the early fractions containing sufficient (14a) for characterisation. The 

stereochemical assignment of the four cycloadducts was achieved by comparison with the products from 

the analogous reaction carried out using 6,7-dimethoxy-l,2,3,4-tetrahydroisoquinoline-l-carboxylic acid.3 

2,3,3aa,4&6.7.11 ba.1 lea-O~ahvdro-2-methvl-4-ohenyl-1 H-ov~lol~,4’-3,4lo~~loi2~l-ali~auinoline-l,3- 

dione tl4al. Colourfess prisms (methanols m.p. 220-223’C (decomp.) (Found: C, 75.85; H, 6.05; N, 

8.7%); vmax 1770, 1690, 1430, 770. 745 and 700 cm-‘: m/z(%) 332(M+, 82) 331(66), 222(18) and 

221(100); G(CDC13/DMSO-d6) 2.35-2.44(m. lH, 7-H), 2.853.24(m, 3H, 2 x 6-H and 7-H), 2.97(s, 3H, 

NMe), 334(t, IH, 3a-H, J 8.5Ht). 3.56(d, lH, 1 k-H, J 8Ht), 4.37(d, lH, 4-H, J 9Hz), 4.98(s, lH, 11 b- 

H) and 7.08-7.40(m, 9H, ArH). 

2.3.3aa.4a,6,7.11 bl3.1 lea-Octahvdro-2-methyl-4-ohenvl-1 H-ovrrolo13/,4’-3,41ovrrolol2,l-alisoquinoline-l.3- 

dione( 15al. Colourless prisms (ethanol) m.p. 113-l 15OC (Found: C, 75.75; H, 6.1; N. 8.6. 

C21H20N202 requires G, 75.9; H. 6.05: N, 8.45%); vmax 1770, 1695, 760, 755, 730 and 710 cm-‘: 

m/r(%) 332 (M+, 13) and 221(15); 6 2.24-2.43(m, 1 H, 7-H). 2.63-3.01 (m, 3H, 2 x 6-H and 7-H), 2.89(s, 

3H. NMe), 3.62(d, IH, 3a-H, J 8Ht). 3.8t(t, 1H. Ilc-H, J 8Hz), 4.45(d, 1H. lib-H. J 8Hz). 4.76(s, lH, 

4-H) and 7.057.48(m, 9H. ArH). 

2,3.3aa.4a,6,7,11 ba, t 1 ~-~ahvdro-2-methvl-4-ohenvl-t H-ovrr~lo~~,4’-3,4~ovrrolo~2.1 -alisoauinoline-t .3- 

Colourtess fine needles (methanol) m.p. 232-233’C (Found: C. 76.1; H, 6.15: N. 8.25%); dione(l6al. 

vmax 1770, 1700. 760, 745, 710 and 700 cm-‘: m/z(%) 332(Mf, 49), 331(50), 222(18), 221(100) and 

117(30); 6 2.20.2.36(m, 1H, 7-H), 2.85-3.20(m, 3H, 2 x 6-H and 7-H), 2.80(s, 3H, NMe), 3,50(dd, IH, 

3a-H, J 7 and 9Hz). 3.73(t, 1 H, 1 lc-H, J 6.5Hz). 3.80(d, 1 t-4, 4-H. J 9Hz). 3.91 (d, 1 H, 11 b-H, J 6Hz) 

and 7.12.7.56(m. 9H. ArHf. 

2,3,3aa,48,6,7, f 1 b&l l~a-Octahvdro-2-methvl-4-ohenvl-lH-~vnoiof3’,4’-3.41oyrrolo~2,l-alisoouinoline-~ .3- 

dione(l7al. Colouriess needles (methanol) m.p. t95-l96”C (Found: C, 76.15; H, 6.05; N, 8.2%); vmax 

1770, 1690, 780, 770, 760, 750, 715 and 700 cm-’ ; m/z(%) 332(M+, 93). 33t(91), 222(f8). 221(100), 

130(22) and 117(36); S 2.35-2.46(m, IH, 7-H), 2.74-2.63(m, lH, 6-H), 2.95-3.20(m, 2H, 6- and 7-H). 

3.07(s, 3H, NMe). 3.32(dd. 1 H, 3a-H, J 7 and 8Hz), 3.4&t, 1 H, 1 lc-H, J 8Hz), 3.7S(d, 1 H, 4-H, J 7Hz), 

3.80(d, lH, 1 lb-H, J 8Hz) and 7.10-8.0(m. 9H. ArH). 

2,3.3a.4,6,7,1 I b. 1 lc-~ahvdro-2-methvl-4-~2’-toivl)-l H-ovrrol~r3’.4’-3,4lovrrolo{2, f -alis~uinoijne-t ,3- 

dioneU4bt.115bl.(l6b) and (t 7bl. Prepared from 1,2,3,4-tet~hyd~isoquinol~ne, 2-methylbenzaldehyde 

and N-methylmaieimide in toluene in an analogous manner to that described above but with a reaction 

time of 2 h. The crude product (95%) was examined by t.1.c. (silica) eiuting with 7:3 v/v ether-petroleum 
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ether and visuafising by U.V. when four spots, Rf 0.69, 0.53, 0.22 and 0.12, were apparent. 

Examination by p.m.r. revealed the presence of (14b) and (15b) and Michael adduct (12) but the signals 

for (16b) and (17b) were obscured. Separation was achieved by a combination of flash chromatography 

and fractional crystallisation. 

2.3.3aa.40.6.7.11 ba.1 lca-0ctahvdro-2-methvl-4-(2/-lolvl)-l H-ovrrolof3’.4’-3.410vrrolo12.1 -alisoquinoline- 

1.3dioneU4b). Colourless plates from acetone, m.p. 175-178OC (Found: C, 76.2; H, 6.3; N, 8.05. 

C22H22N202 requires C, 76.25; H, 6.4; N, 8.1%); 62.3(s, 3H, Me), 2.39 and 2.85(2 x m, 2 x 1 H, 2 x 

7-H). 2.9(s, 3H, NMe), 2.93-3.22(m, 2H. 2 x 6-H), 3.41(1, lH, llc-H, J 8.4Hz), 3.55(d. lH, 3a-H, J 

7.9Hz). 4.5(d, lH, 1 lb-H, J 8.9Hz), 5.0(s, lH, 4-H) and 7.10 - 7.38(m, 8H, ArH). 

2,3.3aa.4a.6.7.11 bl3.1 lea-Cctahvdro-2-methvl-4-(2/-lolvl)-1 H-ovrrolo13/,4’-3.41ovrrolof2.1 -alisoguinoline- 

1,3dione(l5b). Obtained as a mixture with (14b). The p.m.r. data is extracted from the spectrum of 

the mixture. 6 2.4l(m, lH, 7-H), 2.55(.s, 3H, Me), 2.87(m, lH, 7-H), 2.85(s, 3H, NMe), 3.0-3.22(m, 2H, 

2 x 6-H), 3.45(d, lH, 1 lc-H, J 7.6 Hz), 3.78(1, lH, 3a-H, J 8.1Hz), 4.79(d, lH, 4-H, J 8.2Hz), 4.95(s, 

lH, 1 lb-H) and 7.03-7.25(m, 8H, ArH). 

2.3,3aa.4a,6.7.11 ba,l 1 ca-Octahvdro-2-methvl-4(2/-tolvl)-1 f-f-ovrrolo13/.4’-3.41Dvrrolo12.1 -alisoouinoline- 

1.3-dione(l6b). Colourtess needles from ethanol, m.p. 176-181’C 62.3(m, 1 H. 7-H), 2.46(s. 3H, Me), 

2.72(s, 3H, NMe), 2.76(m, lH, 7-H), 3.11-3.22(m, 2H, 2 x 6-H), 3.58(dd, lH, llc-H, J 7.5 and 9.OHz), 

3.76(dd, lH, 3a-H, J 7.5 and 6.OHz), 3.93(d, lH, llb-H, J 6.OHz). 3.98(d, 1H. 4-H, J 9.OHz) and 7.13- 

7.55(m, 8H, ArH). 

2,3,3aa.4i3.6,7.11 bf3.1 lea-Cctahvdro-2-methvl-4-(2’-tolvh-1 H-nvrrolof3’.4’-3.410vrrolo12.1 -ajisoguinoline- 

1.3-dione(l7b). COlOUrkSS needles from ethanol, m.p. 200-203°C (Found: C, 76.25; H, 6.45; N, 

8.25%) 6 2.34(m, lH, 7-H), 2.43(s, 3H, Me), 2.67-2.99(m, 3H. 2 x 6-H and 7-H), 3.03(s, 3H, NMe), 

3.33(1, lH, 3a-H, J 8.lHz), 3.49(1, lH, llc-H, J 8.8Hz). 3.55(d. lH, 4-H, J 8.5Hz), 3.87(d. lH, lib-H, 

J 7.4Hz), and 7.08-7.98(m, 8H, ArH). 

2,3.3aa,4a.6,7,11 b6.1 lea-Octahvdro-2-methvl-4-[2/-formvlohenvh-1 H-pvrrolo[3/,4’-3,41ovrrolof2,1- 

alisoauinoline-1,3dione(l5c). A solution of 1,2,3,4-tetrahydroisoquinoline (670 mg, 5 mmoi), o- 

phthalaldehyde (670 mg, 5 mmol) and N-methylmaleimide (560 mg, 5 mmol) in toluene (50 ml) was 

boiled under reflux for 2.5h. Work-up in the usual way followed by flash chromatography gave (15c) 

(1.029, 57%) and Michael adduct (12) (470 mg, 26%). 

(15c) Obtained as colourtess plates. m.p. 192-193’C. from ethanol (Found: C, 73.15; H, 5.6; N. 7.8. 

C22H20N203 requires C, 73.3; H, 5.6; N, 7.75%); vmax 2910, 1760, 1700, 1570, 1430 and 

77Ocm-‘; m/z(%) 360(M+, 33) 359(11), 331(11), 249(g), 134(60) and 132(100); 6 2.34(m, lH, 7-H), 

2.87(s, 3H, NMe), 3.0l(m, 3H, 2 x 6-H and 7-H), 3.57(d, lH, llc-H, J 8.09Hz). 3.79(1, 1H. 3a-H, J 

838Hz). 5.04(s, lH, llb-H), 5.3l(d. lH, 4-H. J 8.89Hz), 7.05-7.87(m, 8H. ArH) and lO.ll(s. lH, CHO); 

’ NOEDSY (%): irradiation of 4-H caused enhancements of 3a-H(l9), CHO(5) and ArH(2); irradiation 

of 3a-H caused enhancements of 4-H(13) and 1 lc-H(l 1); irradiation of 1 lc-H caused enhancements 

of 11 b-H(6), 3a-H(13) and ArH(19); irradiation of 11 b-H caused enhancements of 1 lcH(5) and ArH(3); 

irradiation of CHO caused enhancements of 4-H(4) and ArH(27). 
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2.3.3aa.46.6,7.11 ba.1 lca-Octahvdro-2-methvl-4~2/-methoxvDhenvl~-l H-Dvrrolof3/.4’-3.41~vrrofof2.1- 

alisoauinoline-1.3-diorW 4c) and 2.3.3aaAa.6.7.11 bl3.11ca-Dctahvdro-2-methvt-4-(2/-methoxvDhenvl)- 

1 f-t-Dvrrolof3’.4’-3.41Dvrrolo12.1 -alisoauinoline-1,3-dione(l5d). Prepared from 1,2,3,4- 

tetrahydroisoquinoline, 2-methoxybenzaldehyde and N-methylmaleimide in an analogous manner to that 

described above but with a reaction time of 3 h. Examination of the crude product (90%) by p.m.r. 

spectroscopy showed it to comprise a 2:l mixture of (14c) and (15d). together with Michael adduct (12). 

Tntuation of the gummy product with acetone followed by fractional crystaflisation from acetone and 

benzene afforded pure samples of (14c), (15d) and (12). Careful examination of the mother liquors by 

p.m.r. and t.1.c. did not reveal any evidence of other stereoisomeric cycloadducts derived from the syn- 

dipole. 

(14c) Colourless prisms from benzene, m.p. 223-225’C (Found: C, 72.8; H, 6.1; N, 7.85. 

C22H22N203 requires C, 72.9, H, 6.1; N, 7.75%); 6 2.43 and 2.72(2 x m. 2 x 1 H, 2 x 7-H), 2.98(m, 

2H, 2 x 6-H), 2.89(s, 3H, NMe), 3.60(d, 1 H, 3a-H, J 7.6Ht). 3.77(1, 1 H, 1 lc-H, J 7.8Ht), 3.90(s, 3H, 

OMe), 4.53(d, 1 H, 11 b-H, J 7.7Hz), 5.18(d, 1 H, 4-H, J 0.9Hz) and 6.93-7.49 (m, 8H, ArH). 

(15d) Colouness prisms from acetone, m.p. 2lO-212°C (Found: C, 73.05; H, 6.1; N, 7.65%); 6 2.35(m. 

lH, 7-H). 2.89(s, 3H, NMe), 3.0(m, lH, 7-H), 3.16(m, 2H. 2 x 6-H), 3.47(1, lH, 3a-H, J 8Hz), 3.53(d, 

lH, llc-H, J 8Hz), 3.83(s, 3H, OMe), 4.77(d, lH, 4-H, J 8Hz), 5.02(s, IH, llb-H) and 6.91-7.4(m, 8H, 

ArH). 

2.3,3aa,46.6.7.11 ball co-Cctahvdro-2-.methvl-4(2/-DroDenvloxvDhenvh-1 H-DvrrOlOf3/.4’-3,41Dvnolol2,1- 

alisoauinoline-1,3dione(l4d)and 2.3,3aa,4a.6.7.11 bD.1 lea-cctahvdro-2-methvl-4-(2/-DroDenvloxDhenvl)- 

1 H-Dvrrolof3/.4’-3.41Dvrrolol2.l-alisoquinoline-l.3dione(l Se). Prepared from 1,2,3.4-tetrahydroisoquinoline 

and 2-(2/-propenyloxy)-benzaldehyde in an analogous manner to that described above but with a 

reaction time of 3 h. The crude product (80%) was shown by p.m.r. spectroscopy to comprise a 2:l 

mixture of (14d) and (158) together with Michael adduct(l2). Separation was achieved by a 

combination of flash chromatography eluting with 6:4 v/v ether-petroleum ether and fractional 

crystallisation. Careful examination of the mother liquours failed to reveal any cycloadduct derived from 

the syndipole. 

w Colourtess rods from ethanol, m.p. 14514?C (Found: C, 74.15; H, 6.2: N, 7.2. C24H24N203 

requires C 74.2; H, 6.25; N, 7.2%); 6 2.44 and 2.70(2 x m, 2 x 1 H, 2 x 7-H), 2.88(m + s, 4H, NMe and 

6-H), 3.64(d, 1 H, 3a-H, J 7.7Hz), 3.76(1, 1 H, 1 lc-H, J 7.8Hz), 4.53(d, 1 H, 11 b-H, J 7.8Hz), 4.58 and 

4.60(2 x d, 2 x lH, CH20), 5.17(s, lH, 4-H), 5.4(m, 2H, CH=CH2). 6.16(m, lH, C&CH2) and 6.91- 

7.47(m, 8H, Art-i). 

[158) COlOUrleSS needles from methanol, m.p. 117-119’C (Found: C, 74.3; H, 6.15; N, 7.2. 

C24H24N203 requires C. 74.2; H, 6.25; N, 7.2%); 6 2.37(m, lH, 7-H), 2.91(s, 3H, NMe), 2.95(m, lH, 

7-H), 3.15(m, 2H, 2 x 6-H), 3.5(1, lH, 3a-H, J 8Hz), 3.54(d. lH, llc-H, J BHt), 4.63(m, 2H. CH20), 

464(d, lH, 4-H, J 8Hz). 5.04(s, 1H. llbH), 5.28(m, 2H, CH=CH2), 6.01(m, lH, C&CH2) and 6.91- 

7.41(m, 8H, Art-i). 

2.3.3aa.4l3.6.7.11 ba.l1ca-Cctahvdro-2-methvl-4(2/-DroDarqvtoxvDhenvl)-1 f-f-Dvrrolof3/,4’-3.41Dvrrolof2.1- 
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alisoouinoline-13dione(l4e) and 2.3.3aa.4a.6.7.11 b&l 1 ca-octahvdro-2-methvl-4(2/9r0pvnvlox~he”~)- 

1 H-ovrrolo13/.4’-3.41pvt?oiof2.l-alisoouinoline-l.3dione(15f) Prepared from 1,2,3,4_tetrahydroisuinoline 

and 2(2/-propynyloxy)-benzaldehyde in an analogous manner to that described above with a reaction 

time of 4h. The crude product (86%) was shown by p.m.r. spectroscopy to comprise a 2:l mixture of 

(148) and (151) together with Michael adduct (12). Separation was achieved by a combination of flash 

chromatography and fractional crystallisation. Examination of the mother liquors failed to reveal any 

cycloadducts derived from the syndipole. 

w Obtained as a mixture with (151). The p.m.r. data is extracted from the spectrum of the mixture. 

6 2.44 and 2.71(2 x m, 2 x 1 H, 2 x 7-H), 2.84-3.18(m, 2H, 2 x 6-H) 2.88(s, 3H, NMe), 3.64(d, 1 H, 

3a-H, J 7.7Hz), 3.8(1, lH, llc-H, J 7.7Hz), 4.53(d, lH, llb-H, J 7.7Hz), 4.79(s, 2H, CH20), 5.12(s, 

1 H, 4-H), and 6.97-7.47(m, 8H, ArH). 

(151) Colourtess amorphous solid from dichloromethane, m.p. 184-187°C (Found: C, 74.45; H, 5.7: N, 

7.1. C24H22N203 requires C, 74.6; H, 5.75; N, 7.25%); S 2.35(m, lH, 7-H), 2.47(1, lH, =CH), 2.88(s, 

3H, NMe), 3.00(m, lH, 7-H), 3.16(m, 2H, 6-H) 3.50(1, lH, 3a-H, J 8.1Hz), 353(d, lH, llc-H, J 8.OHz). 

4.74(d, 2H, CH20), 4.77(d, 1 H, 4-H, J 8.3Hz), 5.02(s, 1 H, 11 b-H) and 6.99-7.39(m, 8H, ArH). 

4ba.5.5aD. 11 b6.13.14-Hexahvdro-6H-chromeno13/.4/-4,51ovrrolof2,1 -alisoauinoline (20a) and 
. I 

4ba,5,5aa. 11 ba. 13.14-hexahvdro-GH-chromenol3.4 -4.51ovrrolo12,l -alisoouinoline (21). A solution of 

1,2,3,4-tetrahydroisoquinoline (670mg, 5 mmol) and 2-(2/-propenyloxy)-benzaldehyde(81Omg, 5 mmol) 

in xylene (50 ml) was boiled under reflux for 4 h. Work up in the usual way followed by flash 

chromatography afforded (20a) (660mg, 48%) m.p. 82-84’C, and (21)(170mg, 12%) m.p. 146-148’C. 

These cycloadducts were identified to those prepared previously via the decarboxylative route.5 

6ba.8.9,14bS.l5,15aa-Hexahvdro-1 H-chromenof3’.4’-2.3lindolizinol8.7-blindole f22a) and 

6ba.8,9.14ba.l5,1 Saa-hexahvdro-1 H-chromeno13/.4’-2.31indolizino18.7-blindole (23). Prepared in an 

analogous manner to that described above from 1,2,3,4-tetrahydro-pcrboline (860 mg, 5 mmol) 2-(2/- 

propenyloxy)-benzaldehyde (81Omg, 5 mmol) but with a reaction time of 24 h. Work up as above 

afforded (22a) (1.169, 73%) m.p. 137-139’C, and (23) (80 mg, 5%) m.p. 210-212’C. These 

cycloadducts were identical to those prepared previously via the decaboxylative route.5 

4ba.5.5al3.11 bD,13,14-Tetrahvdro-6H-chromeno13/.4’-3.41pvrrolo11 ,2-alisoouinoline (24). Prepared from 

1,2,3,4-tetrahydroisoquinoline and 2-(2/-propynyloxy)-benzaldehyde in an analogous manner to that 

described above. The product (24) (65%) m.p. 156-158’C, was identified to that prepared previously 

via the decarboxylative route.5 

Methyl 4ba,5a.5at3.1 1 bt3.13.14-hexahvdro-6H-chromeno13/.4/-4,5lovrrolo~2,1 -alisoouinoline-5- 

carboxvlate (20b). Prepared in analogous manner to that described above from 1,2,3,4- 

tetrahydroisoquinoline and 2-[($-carbomethoxy-2/-propenyl)oxy]-benzaldehyde. The reaction was carried 

out in boiling xylene for 2.5 h. Work up in the usual way afforded the product (SO%), m.p. 142-144’C, 

as colouriess rods from ether-petroleum ether. (Found: C, 75.1, H, 6.3; N, 4.15. CelH18N0 requires 

C, 75.2; H, 6.25; N, 4.2%); vmax 2952, 1723, 1483, 1449, 1204, 1160 and 753 cm -9 ; m/z(%) 

335(M+,43) 304(6). 276(5), 236(42), 205(76), 203(100), 145(55) and 131(51); 6 2.96(m, 3H, 13-H and 
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2 x 14-H), 3.29(m, 4H, OMe and sag-H), 3.48(m, 1 H, 13-H) 3.59(dd, 1 H, 5a-H), 4.21 and 4.32(2 x dd, 

2 x lH, 2 x 6-H), 4.44(d, lH, rlba-H), 4.48(s, lH, 1 lb&H) and 6.887.47(m, 6H, ArH); ‘H NOEDSY(%): 

irradiation of 5a-H caused enhancement of rlba-H(ll.5) and 6a-H(2). For formula numbering see 

reference 5. 

Methvl 6bcx.8.9.14b8.156.15aa-hexahvdro-1 H-chromeno13/.4’-2.3lindolizinol8.7-blindole-l5-carboxvlate 

(22b). Prepared in an analogous manner to that described above from 1,2,3,4-tetrahydro-8-carboline 

and 2-[(3’-carbomethoxy-2/-propenyt)oxy]-benzaldehyde. The reaction was carried out in boiling xylene 

for 3.5 h. Work up in the usual way afforded the product (57%) as colourfess needles from ether, m.p. 

221-223“C. The product was identified to that prepared previously via the decarboxylative route.5 
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