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Abstract A 1,2- prototropy route and an iminium ion route to vinyl azomethine ylides are described
In both cases the vinyl azomethine ylides undergo 1,5-electrocychsation to dihydropyrroles In the
former case the 1,5-electrocyclisation is solvent sensittive and competes with a prototropic process giving
the imine of an o, B-unsaturated o-amino ester The mechanism and solvent sensitivity are discussed
In the latter case the dihydropyrrole reacts further with aldehydes via an aldol type condensation

1,3-Dipolar cycloaddition reactions represent the most ubiquitous method for the synthesis of 5-

34 n cases where the 1,3-dipolar species I1s conjugated to a double bond
5

membered heterocycles
(homo-or hetero polar) (1) an intermolecular process, 1,5-electrocychsation (1) & (2), may occur
provided the 1,3-dipole and the additional double bond moiety have, or can achieve, the required

configuration [1e (1) as opposed to (3)] There are also analogous 1,5-electrocyclisations involving the
corresponding amonlc6 and cationic’ species (4) and (5)
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All these 1,5-electrocyclisations involve 6n-electron disrotatory nng closures® [apart from (5) which
Is a 4rn-electron system), and the general scope of such processes was reviewed some ten years ago 9
More recent developments include the utilisation of such processes in photochromic systems,10 the 1,5-
electrocyclisation of (6) -> (7), 1 and of (8) > (9) 12 Vedejs has used the reverse process, the nng
opening of oxazolines (10) -> (11) to generate azomethine ylides 13 1,5-Electrocyclisations forming
oxazolines® and oxazoles' have been known for some time

Our interest In 1,5-electrocyclisations arose from our ongoing program of devising simple new
methods for generating 1,3-dipoles 1519 o example we have demonstrated that certain X=Y-ZH
systems undergo thermal equilibration with their 1,3-dipolar tautomers [X=Y(H)-Z] via 1,2-prototropy 15
Vinylogues of such systems are potential sources of 1,5-dipoles (1) and there are two types of
vinylogous X=Y-ZH systems, (12) and (13) Location of the vinyl moety on the sp3 - centre in (13)
obviates stereochemical problems However, location of the vinyl group on the sp2 centre permits both
favourable (12) and unfavourable (14) configurations

The recently reported conversion of (8) -> (9) would appear to be an example of the 1,5-
electrocychsation of a dipole denved from a precursor of type (12) although 1t was not interpreted In
these terms We prepared imines (15) and (16) from phenylglycine methyl ester and the appropriate
aldehydes These imines exist as single sterecisomers, presumably the E-isomers, | @ these precursors
are of type (14) It was hoped that thermal equilibration with the corresponding dipole (3) might
subsequently lead to a further equilibration with small amounts of the derived dipole of configuration (1)
In the event the imines (15) and (16) were recovered unchanged on heating in boiling toluene and
showed a tendency to decompose at higher temperatures Ewvidence that the corresponding azomethine
ylides were forming in boiling toluene was obtained from trapping expenments with N-phenylmaleimide
Thus (15) gives (17) as a single stereoisomer in 79% yield whilst (16) gives (18) in 90% yield

The acid (19)20 was estenfied and condensed with 2-naphthaldehyde to afford imine (20), a type
(13) dipole precursor, in good yield When (20) was heated in xylene - dyq at 110°C in an nmr tube
expenment 1t afforded a mixture of the 1,5-electrocyclisation product (22) and the double bond isomer
(24) of the onginal imine (Table 1) (Scheme 1)
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We have ample ewdence21 22 that thermal 1,2-prototropy in iImines of c-amino esters is a kinetically
controlled process and generates dipoles with configurations analogous to (21) Reasons for the
stereospeciic generation of a single dipole have been discussed 21,22 Dipole (21) has the correct
configuration for a 1,5-electrocyclisation which 1s expected to occur in a disrotatory manner The
product (22) is obtained as a single stereoisomer and is readily separated from (24) by preparative tc
(sihica) The latter compound decomposes (hydrolysis) on siica The stereochemistry of (22) 1s
assigned on the basis of the Woodward-Hoffmann rules7 The dihydropyrrole (22) was further
charactensed by oxidation to the pyrrole (26) (90%) with DDQ  Further evidence for formation of
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azomethine ylide (21) was obtained by trapping the dipole with N-pheny!maleimide to give (27) as

single stereoisomer In 88% yield 0 Zh o
COsMe
Ho awir H H
~7t
/ \ H. "“O Ar N}
Ar CO,Me . -
N 2 Ar N CO,Me H
H H N
(26) (27) Ar = 2-naphthyl

The double bond isomer (24) of the onginal imine could anse by an inter- or intra-molecular proto
transfer An intramolecular proton transfer (28, arrows) requires stereomutation of the dipole (21) ,

(23) Such dipole stereomutation has been observed? 1122 although it usually requires aryl substituent
at both the 1- and 3- positions of the dipole moiety 1- Aryl-3-alkyl substituted azomethine ylide
usually show very little tendency to stereomutate 21,22 However, (21) 1s a 1-aryl-3-vinyl substitute
azomethine ylide and would be expected to resemble the 1,3-diaryl case The 1,5-electrocyclisatio
step I1s slow compared to the rate of dipole formation as shown qualitatively by the reaction times fc
the conversion of (20) to (22)/(24) (17 5h, 110°C, xylene) compared to that for formation of (27) (<1t
110°C, toluene) Moreover, both the half ife for the overall conversion of (20) to a mixture of (22) an
(24) and the ratio of (22) to (24) are solvent dependent (Table 1)

The results presented in Table 1 show that addition of acids or bases promote intermolecular proto
transfer leading to short half lives and to predominant or exclusive formation of (24) Non-polar aprot
solvents (toluene, xylene) result in siower reaction and a modest predominance of (22) Acetonitrile
a polar aprotic solvent, results in the slowest reaction and the highest proportion of (22) The rest
for DMF appears atypical and may reflect traces of water or amine in the solvent A possibl
explanation for the results with acetonitrile, toluene, and xylene, as solvent is that in these cases
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Table 1 Half hfe of (20) and effect of solvent on competing 1,5-electrocyclisation and double bond
migration

Solvent? 14 o(h) Product ratio (22) (24)
MeCN 109 551
xyleneb ca2h 1931
toluene 43 1201
pyndine 57 124
DMF 37 132
toluene/MeCO,H(1eq) 063 c
toluene/DABCO(1eq )¢ 048 c

Substrate concentration 0 137M, and reactions carned out at 80°C unless otherwise noted
Substrate concentration 0 14M, reaction temperature 110°C  Reaction complete in 17 5h
Sole product (24)

DABCO = 1,4-diazobicyclo[2 2 2]octane

Q O T o

proton transfer leading to (24) is wholly intramolecular (28, arrows) and proceeds via the dipole (23)
{Scheme 1) Thus In acetonitnle the intially formed more poiar dipole (21) is stabilised by the polar
solvent relative to (23) and both the electrocyclisation (21) -> (22) and the 1somensation (21) -> (23)
are relatively slow but the former is faster ie ky, k.5, > k5, k3 In a non-polar solvent (toluene,
xylene) the less polar (23) 1s more stable than (21) and both the isomensation rate and the 1,5-
electrocyclisation rate are enhanced with the latter still marginally the greater The reduced polanty of
(23) results from the favourable juxtaposition of the electronegative oxygen atom to the electrophilic
iminum carbon atom It may well be that the oxazolidine (25) participates in the equilibnum

A second senes of 1,5-electrocyclisation reactions has been developed based on our iminium ion
route to azomethine yhdes16 The [-vinyltetrahydroisoquinoline (29a) was prepared by addition of
vinylmagnesium bromide to the corresponding 3,4-dihydroisoquinoline  Reaction of (29a) with a range
of aldehydes afforded the 4,5-dihydropyrrolo{1,2-a)isoquinolines (30) (Table 2) The dimethoxy derivative
(29b) reacts similarly {Table 2) The acyclic 2-vinyl secondary amine (32) was prepared from (31) by
reaction with vinylmagnesium bromide Reaction of (32) with pyridine-2-carboxaldehyde afforded (33)
(Table 2)

The genesis of the pyrrolic products (30a-g) and (33) I1s outlined in Scheme 2 Imine formation
labilises proton H AN (34) and deprotonation furnishes a 1,5-dipole which undergoes a
1,5-electrocyclisation to the enamine (a dihydropyrrole) (35) The enamine condenses with a second
mole of aldehyde and subsequent dehydration, prototropy, and deprotonation furnishes the pyrrolic
products Thus the latter anse from a tandem 1,5-electrocyciisation-aldol type condensation process
Attempts to stop the reaction at the dihydropyrrole (35) stage were unsuccessful
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Table 2 Pyrroles denived from the reaction of 2-vinyl secondary amines with aldehydes (toluene,

110°C)

Amine Aldehyde(R')@  Reaction Time(h) Product Yield(%)
29a 2-pyndyl 35 30a 80
29a 2-furyl 50 30b 40
29a PhCO 50 30c 47
29a EtOzC 275 30d 58
29a 2-thienyl 80 30e 53
2% p-MeO2CCGH 4 70 30f 77
29b 2-pyndyl 60 30g 60
32 2-pyridyl 120 33 40

a All reactions employed two moles of aldehyde to 1 mol of the appropriate amine

Experimental General experimental details were as previously noted 23 Ppetroleum ether refers to the
fraction with b p 40-60°C

Imines

Methyl N-(cinnamylidene)phenylglycinate (15) Phenylglycine methyl ester (1 65g, 001 mol) and
cinnamaldehyde (1 32g, 0 01 mol) were dissolved In dry benzene (50ml) and molecular sieves (4A, 3g)
added and the mixture stirred at room temperature for 16h The mixture was filtered and the fitrate

evaporated under reduced pressure to leave the product as a thick pale yellow oil (25g) which
decomposed on attempted distillation and was therefore used directly for the next stage Accurate
mass 279 1259 C16H17NO2 requires 279 1259, § 8 05(d, 1H, J8 15Hz, CH=N), 7 49-6 92(m, 12H, ArH
+ 2 x olefinic H), 508(s,1H, CHN) and 3 72(s, 3H, OMe), v, (film) 3020, 2950, 1730, 1630, 1600,
750, 735 and 700cm '1, m/z(%) 279(M*,3) 221(19), 220(100), 194(13), 116(7), 115(36), 106(54), 91(11)
and 77(17)

Methyl N-(9-phenanthryhdene)phenylglycinate (16) Prepared from phenylglycine methyl ester
hydrochlonde (1 03g, 5§ mmol) and 9-phenanthraldehyde (1 01g, 5 mmol) using method B 23 The
product (1 5g, 85%) crystallised as colourless plates from methanol, mp 132-134°C (Found C, 814,
H, 545, N, 375 Cyy H19NO2 requires C, 8155, H, 54, N, 395%), 3 8 98(s, 1H, CH=N), 917-
7 31(m, 14H, ArH), 5 33(s,1H, CHN) and 3 79(s, 3H, OMe), v ..., 3080, 2940, 2840, 1740, 1645, 1450,
770, 750, 730 and 7200m'1, m/z(%) 353(M¥,26), 294(100), 216(31), 204(67), 191(22), 176(12), 91(11)
and 77(9)

Cyclopent-1-enylglycine_methyl ester hydrochlonde Cyclopent-1-enylglycine (2 0g, 14 mmol)zo was
suspended in dry methanol (50 ml) and saturated with dry hydrogen chlonde The mixture was kept

at room temperature for 16h The methanol was then removed under reduced pressure and the residue
crystalised from methanol to afford the product (2 4g, 90%) as colourless rods, mp 170-174°C(d)
(Found C, 454, H, 785, N,65 CgH,,CINO,H,O requires C,4585, H, 77, N, 6 7%) 5(DMSO-dg)
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8 80(br s, 3H, NH,), 592(s,1H, C=CH), 4 68(s, 1H, CH), 3 76(s, 3H, OMe) and 2 68-1 68(m, 6H, 3 x
CHy), Viax 3400, 2900, 1750, 1510, 1260 and 1245cm”!

Methyl N-(2-naphthylidene)cyclopent-1-enylglycinate (20) Cyclopent-1-enylglycine methyl ester
hydrochlonde (675mg, 3 mmol) was dissolved in dry methanol (30ml) containing sodium methoxide [from
sodium (69mg)] 2-Naphthaldehyde (468mg, 3 mmol) was added and the resulting mixture stirred at
ambient temperature for 16h The mixture was then filtered and the fitrate evaporated under reduced
pressure The resulting residue was extracted with chloroform, the extracts combined, dried (Na2804)
and evaporated under reduced pressure to leave a pale yellow solid which was crystallised from
methanol to give the product (750mg, 85%), as colourless plates, mp 119-120°C (Found C, 77 6, H,
655, N, 465 C,gHgNO, requires C, 77 8, H, 6 55, N, 4 75%), & 8 45(s, 1H, CH=N), 8 12-7 50(m,
7H, ArH), 578(dd, 1H, C=CH), 4 85(s, 1H, CH), 3 80(s, 3H, OMe), 2 40(m, 4H, 2 x CH,C=C) and
196(m, 2H, CHy), V., 3040, 2925, 2820, 1735, 1630, 1430, 860, 830 and 750 cm'1, m/z(%)
293(M*,26), 235(19), 234(100), 154(16), 141(9), 127(6) and 81(26)

N-Phenylmaleimide Cycloadducts

Methyl c-4-styryl-2,7-diphenyl-6,8-diox0-3,7-diazabicyclo[3 3 Oloctane-r-2-carboxylate(17) Methyl N-
(cinnamylidene)phenylglycinate (56mg, 0 2 mmol) and N-phenylmaleimide (38mg, 022 mmol) were
dissolved In toluene(0 5ml) and the solution heated in a sealed tube at 110°C for 1h  The product
(71mg, 79%) crystallised from toluene as colourless needles, mp 249-251°C(Found C, 743, H, 53,
N, 595 CygHyyN5O, requires C, 74 3, H, 535, N, 6 2%), 8 7 70-7 22(m, 15H, ArH), 6 76(d, 1H, J
16 9Hz, Ph CH=CH), 6 37(dd, 1H, Ph CH=CH), 4 21(d, 1H, J 7 7Hz, 1-H), 4 00(br t, 1H, 4-H), 3 77(s,
3H, OMe) and 3 48(dd, 1H, J 77 and 7 35Hz, 5-H), v,,., 3440, 1765, 1710, 1630, 1490, 965, 730 and
690cm'1, m/z(%) 452(M*, 6), 394(30), 393(100), 279(12), 246(11), 220(9), 115(10), 91(3) and 77(3)
Methyl  c-4-(9-phenanthryl)-2 7-diphenyi-6,8-dioxo-3,7-diazabicyclo[3 3 OJoctane-r-2-carboxylate(18)
Prepared In analogous manner to that described above from methyl N-(9-phenanthrylidene)
phenyiglycinate (71mg) and N-phenylmaleimide (38mg) (reaction tme 12h) The product (95mg, 90%)
crystallised from toluene as colourless pnsms, mp 290°C(Found C, 779, H, 495 N, 535
CaqHogN2Oy4 requires C, 77 55, H, 50, N, 53%), 8 8 71-6 84(m, 19H, ArH), 507(d, 1H, J10Hz, 4-H),
4 38(d, 1H, J 6 25Hz, 1-H), 3 88(dd, 1H, 5-H) and 3 85(s, 3H, OMe), Vmax 3310, 3060, 2950, 1775,
1735, 1715, 1500, 1380, 750, 745 and 72OCm'1, m/z{%) 526(M+, 3), 468(11), 354(26), 353(96),
293(100), 278(17), 221(21) and 189(20)

Methyl c-4-@1 -naphthyl)-2-(cyclopent-1-enyl)-7-phenyl-6,8-dioxo-3,7-diazolbicyclo[3 3 OJoctane-r-2-
carboxylate(27) Prepared as above from methyl N-(2-naphthylidene) cyclopentenylglycinate(59mg) and
N-phenylmaleimide(38mg) with a reaction time of th The cycloadduct crystaliised out on cooling the
reaction mixture and was recrystallised from methanol to yield the product (81mg, 88%) as colouriess
pnsms, mp 226-228°C(Found C, 74 8, H, 565, N, 595 CogHogNoOy requires C, 7465, H, 56, N,
6 0%), 6 799-7 0(m, 12H, ArH), 5 86(t, 1H, C=CH), 4 67(d, 1H, J 9 17Hz, 4-H), 395(d, 1H, J 7 43Hz,
1-H), 3 89(s, 3H, OMe), 362(dd, 1H, 5-H) and 2 58-1 98(m, 6H, 3 x CHy,), vnax 3310, 3050, 2940,
2840, 1770, 1735, 1710, 1490, 750 and 695cm’ !, miz(%) 466(M*, 11), 407(100), 239(39), 233(49),
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173(20), 127(5) and 77(14)

1,5-Electrocychsation Reactions

Methyl 3-aza-4-(2'-naphthyhbicyclo[3 3 OJoct-1-ene-2-carboxylate(22) Methyl N-(21-naphthyhdene)
cyclopent-1-enylglycinate (150mg) was dissolved in dry toluene (1 5mi) and heated at 110°C in a sealed
tube under an atmosphere of argon for 24h The solvent was then removed under reduced pressure
to leave a thick oll whose p mr spectrum showed it to compnse a 121 mixture of (22) and (24)
Separation by preparative tic on silica eluting with 32 viv petroleum ether-ether resulted in
decomposition of (24) and afforded (22) as a gum (110mg, 73%) which resisted attempted
crystalisation  Accurate mass 293 1419 C,gH;gNO, requires 293 1416, § 7 90-7 20 (m, 7H, ArH),
5 45(dd, 1H, J2 55 and 8 63Hz, 4-H), 3 92 (s, 3H, OMe), 3 13(m, 1H, 5-H) and 1 97-0 88(m, 6H, 3 x
CHo), Viax 3400, 2920, 2840, 1710, 1625, 1445, 1430, 1300 and 740cm'1, m/z(%) 293(M*, 100),
262(8), 261(29), 234(80), 233(53), 225(28), 166(48) and 127(22)

Oxidation_of (22) Compound (22) (100mg, 0 34 mmol) and DDQ(77mg, 0 34 mmol) were dissolved
in dry benzene and the solution stirred at ambient temperature for 16h  The reaction mixture was then
fitered and filtrate evaporated under reduced pressure to give a thick brown ol which afforded a
colourless solid on tnturation with ether Crystallisation of this solid from methanol afforded the
product(26) (89mg, 92%) as colourless needles, mp 200-201°C(Found C, 782, H, 595, N, 485
C,gH{7NO, requires C,7835 H,59,N, 48%), 8900 (brs, 1H, NH), 7 93-7 43(m, 7H, ArH), 3 88(s,
3H, OMe), 299 and 290(2 x t, 2 x 2H, 2 x pyrrole-CH,) and 2 48(m, 2H, CH,), v, 3270, 3040,
2940, 1660, 1620, 1445, 1100, 850, 805 and 74Ocm'1, m/z(%) 291(M™, 100), 259(57), 232(6), 231(13)
and 127(3)

1-Vinyl-1,2,3,4-tetrahydroisoquinoline(29a) A solution of 3,4-dihydroisoquinoline (13 1g, 0 1 mol) in dry
THF(100ml) was stirred and cooled to 0°C  Vinylmagnesium bromide (1M solution in THF, 250ml)
was added dropwise under an atmosphere of mitrogen maintaining the temperature at O°C  The
mixture was then stirred at ambient temperature for 25 days Saturated ammonium chlonde solution
was then added dropwise to destroy the excess vinylmagnesium brormide and the THF removed under
reduced pressure The residual ol was partitioned between water (200mi) and chloroform (100mi),
and the aqueous layer extracted with chloroform (2 x 100ml) The combined chloroform layers were
washed with brine, dned (anhy Na2804) and evaporated under reduced pressure to afford a pale
yellow oil which upon distillation gave the product (11g, 70%) as a colourless oil, b p 70-72°C/0 05mm
(Found C, 831, H,82, N, 885 C11H13N requires C, 830, H, 8 15, N, 8 8%), 8 7 29(m, 4H, ArH),
595(m, 1H, CH,=CH), 526(m, 2H, CH,=CH), 4 46(d, 1H, ArCHN), 328 and 316(2 x m, 2 x 1H,
NCH,), and 284 and 278(2 x m, 2 x 1H, ArCH,), m/z(%) 159(M*, 32), 132(100), 130(19), 115(14)
and 77(10)

1-Vinyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline(29b) Prepared in an analogous manner to that
descnbed above The product (60%) was a thick pale yellow oil and was admixed with a byproduct
(30%) which appeared to be the corresponding N-methylated compound Attempted distillation led to
decomposition and so the crude product was used directly for the next stage making allowances for the
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contaminant

(29b) & 6 5(s, 2H, ArH), 6 0(m, 1H, CH=CH,), 525(m, 2H, CH=CH,), 4 4(d, 1H, ArCHN), 3 83 and
380(2 x s, 2 x 3H, 2 x OMe), 3 2(m, 2H, NCH,) and 3 0(m, 2H, ArCH,)

1-(21-Naphthvl) allyl methylamine (32) Prepared in an analogous manner to that descnbed above
The product (40%) was a pale brown oil which decomposed on attempted distillation and was therefore
used directly for the next stage (below) & 7 8-7 4(m, 7H, ArH), 599(m, 1H, QL-I_:CHz), 53 and 523(2
x d, 2 x TH, CH=CH,), 4 22(d,1H, ArCH) and 2 39(s, 3H, NMe), m/z(%) 197(M*, 59), 196(32), 182(13),
170(100), 128(18) and 70(42)

General Procedure for Reaction of 2-Vinyl Secondary Amines with Aldehydes The 2-vinyl secondary
amine (0 5 mmol) and the aldehyde (1 mmol) were dissolved In dry toluene (75ml) and the solution
bolled under reflux using a Dean-Stark trap for the penod shown in Table 2 The solvent was then
removed under reduced pressure Crude products were punfied by flash chromatography and/or
crystallisation or by distillation as appropnate Yields are collected in Table 2
1-(21-Pyndvlmemn-s-@1-pvanI)-4.5-d|hvdropvrrolo[1,2;ahsoqumolme(30g)_ Colourless pnsms from
ether-petroleum ether, mp 110-111°C(Found C, 785, H, 565, N, 117 023H19N3 requires C, 78 15,
H, 54, N, 11 9%), 5 8 61-7 03(m, 12H, ArH), 6 48(s, 1H, 2-H), 4 68(t, 2H, NCH,), 4 37(s, 2H, pyndyl-
CH,), and 3 02(t, 2H, ArCH,), m/z(%) 337(M*, 100), 260(47), 259(52), 130(35) and 92(31)
ug1-Furvlmethvl)-3-(21-furvl)-4,5-dnhvdropvrrolo[1 ,2-a] 1soquinoline(30b) Colourless pnsms from ether-
hexane, m p 85-87°C(Found C, 800, H, 55, N, 425 021H17NO2 requires C, 80 0, H, 54, N, 4 45%),
8 7 13-7 53(m, 6H, ArH and furyl a-H), 6 04-6 46(m, 4H, furyl B-H), 6 34(s, 1H, 2-H), 4 25(t, 2H, ArCH,),
412(s, 2H, furyl-CHy) and 3 02(t, 2H, NCH,), v, 3142, 2888, 1600, 1472, 1421, 1326, 1007, 788,
754 and 738 cm", m/z(%) 315(M*, 100), and 248(11)
1-Benzoyl-3-benzoyimethyl-4,5-dihydropyrrolo[1,2-alisoquinoline(30¢) Orange pnsms from ether-
petroleum ether, mp 45-47°C(Found C, 8285,H,58,N,38 027H21NO2 requires C, 82 85, H, 5 35,
N, 34%), & 7 25-8 04(m, 14H, ArH), 6 66(s, 1H, 2-H), 4 75(t, 2H, ArCH,), 4 48(s, 2H, COCH,) and
3 10(t, 2H, NCHy), v ... 2923, 1683, 1615, 1446, 1408, 1261 and 688 cm'1, m/z(%) 391(M*, 3),
286(12), 272(6), 258(5), 186(12) and 105(100)

Ethyl 3-ethoxycarbonylmethyl-4 5-dihydropyrrolof1,2-alisoguinoline-1-carboxylate(30d)  Colouress oll,
bp 180-186°C/0 2mm(Found C, 700, H, 655, N, 465 C4gHo{NO, requires C, 697, H, 64, N,
4 3%), 8 7 63(d, 1H, ArH), 7 19-7 30(m, 3H, ArH), 6 98(s, 1H, 2-H), 4 60(t, 2H, ArCH2), 429 and 4 19(2
x g, 2 x 2H, 2 x OCH,Me), 3 75(s, 2H, CH,CO), 3 00(t, 2H, NCH,) and 136 and 126(2 x t, 2 x 3H,
2 x OCHoMe), v, 2977, 2935, 1731, 1697, 1244, 1083, 1029 and 766cm'1, m/z(%) 327(M*, 50),
255(100), 241(50), 226(28), 186(56) and 103(67)
m1-Th|envl)-3421-thlenvlmethvl)-4§~d|hvdropvrrolo[1 ,2-alisoquinoline(30e) Pale yellow needies from
ether-petroleum ether, mp 117-119°C(Found C, 7275, H, 465, N, 38 021H17NS2 requires C, 726,
H, 49, N, 405%), 8 6 89-7 52(m, 10H, ArH + thienyl-H), 6 30(s, 1H, 2-H), 4 31(s, 2H, thienyl CH,),
4 19(, 2H, ArCH,) and 3 00(t, 2H, NCH,), v, 2923, 1599, 1482, 1460, 1417, 766, 748, 736 and 691
cm'1, m/z(%) 347(M*,100), 264(35), and 250(6)
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1 -(41 -Methoxycarbonylghenyl)-3-(41 -methoxycarbonylbenzyl)-4,5-dihydropyrrolo[1,2-alisoquinoline(30f)

Malncivlace nlatas Seam athar mn AEE 4879 Fmaimad N 7768 U E7 N 29 requires C
LUIOUTNESS piaAled v guic l, Y TOJI™ 19 WAFVUII v, 77 I, 1y, O i, 1Y, OO U29I 125"\/4 TOYUIGO w,

772, H, 555, N, 31%), 5 806 and 7 98(2 x d, 2 x 2H, ArH), 7 21-7 45(m, 8H, ArH), 6 17(s, 1H, 2-
H), 4 23(s, 2H, ArCH,), 4 18(t, 2H, ArCH,), 393 and 390(2 x s, 2 x 3H, 2 x OMe), and 2 99(t, 2H,
NCH,), Vmay 2948, 1716 1607, 1428, 1274 1101 and 766cm’ !, m/z(%) 451(M™, 100), 420(3), 392(4),
316(29) and 210(9)

1 -(2‘I -Pyndvlmethyl)-3-(21 -pyndy!)-7,8-dimethoxy-4,5-dihydropyrrolo[1,2-alisoquinoline(30g)  Colourless
plates from methanol-petroleum ether, m p 159-160°C(Found C, 75 25, H, 505, N, 10 45 CogHogN4O,
requires C, 75 55, H, 583, N, 10 55%), 5 8 58-6 74(m, 10H, ArH), 6 5(s, 1H, 2-H), 4 67(t, 2H, NCH,),
4 36(s, 2H, pyndyl CH,), 386 and 368(2 x's, 2 x 3H, 2 x OMe) and 2 96(t, 2H, ArCH2), m/z(%)
397(M™, 100), 382(13), 230(13), 192(24), 170(33) and 169(49)

1-Methyl-2-(2"-naphthyi)-3-(2" -pyndyimethy!)-5-(2 ' -pyndyilpyrrole(33)  Obtained as a pale brown od by
flash chromat grapny of the crude pfOuuu Accurate mass 375 1748 u26n21|‘|3 requires 375 1735,

d 86-703(m, 14H, ArH), 6 53(s, 1H, 2-H), 4 04(s, 2H, pyndyl CH2) and 3 80(s, 3H, NMe), m/z(%)
375(M*, 29), 263(40), 235(11), 214(10), 212(17), 196(34), 107(70) and 79(100)

V\ T~y Vi LR~A% e
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