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Abstract A 1,2- prototropy route and an lminlum ion route to vinyl azomethme ylides are described 

In both cases the vinyl azomethme ylldes undergo 1,5-electrocyclisation to dlhydropyrroles In the 

former case the i,5-electrocycllsation IS solvent sensrtive and competes with a prototropic process giving 

the imine of an a, P-unsaturated a-ammo ester The mechanism and solvent sensitivity are discussed 

In the latter case the dlhydropyrrole reacts further with aldehydes via an aldol type condensation 

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

membered heterocycles 3P4 In cases where the 1,3-dipolar species IS conjugated to a double bond 

(homo-or hetero polar) (1) an mtermolecular process, 1,5electrocyclrsation (1) $ (2), may occur5 

provided the 1,3-dtpole and the additional double bond moiety have, or can achieve, the required 

configuration [I e (1) as opposed to (3)] There are also analogous 1,5-electrocyclrsatlons mvolvmg the 

corresponding anionic6 and cationic species (4) and (5) 
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All these 1,5-electrocycl~satlons mvolve 6x-electron disrotatory nng closures’ [apart from (5) which 

IS a 4x-electron system], and the general scope of such processes was revrewed some ten years ago 9 

More recent developments include the utrlrsatron of such processes In photochromic systems, lo the i,5- 

electrocyclrsation of (6) -S (7) ” and of (8) -> (9) ‘* Vedejs has used the reverse process, the nng 

openmg of oxazolines (10) -> (11) to generate azomethine ykdes 13 1,5-Electrocyclrsatrons forming 

oxazolmes8 and oxazoles14 have been known for some time 

Our interest in 1,5-electrocyclisations arose from our ongoing program of devlslng simple new 

methods for generating 1,3-dipoles 15-” For example we have demonstrated that certain X=Y-ZH 

systems undergo thermal equrlrbratron with their 1,3-drpolar tautomers [X=Y(H)-Z] via 1,2-prototropy l5 

Vlnylogues of such systems are potential sources of 1,tidipoles (1) and there are two types of 

vrnylogous X=Y-ZH systems, (12) and (13) Location of the vinyl moiety on the sp3 - centre In (13) 

obviates stereochemrcal problems However, location of the vinyl group on the sp* 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- 

electrocycllsatlon of a dipole denved from a precursor of type (12) although It was not interpreted in 

these terms We prepared imines (15) and (16) from phenylglycme methyl ester and the appropriate 

aldehydes These ImInes exist as stngle stereoisomers, presumably the E-isomers, I e these precursors 

are of type (14) It was hoped that thermal equrllbratlon with the corresponding dipole (3) might 

subsequently lead to a further equlllbration 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 Evidence that the corresponding azomethine 

ylides were forming In boiling toluene was obtained from trapping expenments with N-phenylmalelmlde 

Thus (15) gives (17) as a single stereoisomer in 79% yield whilst (16) gives (18) In 90% yield 

The acid (19)*’ 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 - d10 at 110°C in an n m r tube 

experiment It afforded a mixture of the 1,5-electrocycllsatlon product (22) and the double bond isomer 

(24) of the original Imine (Table 1) (Scheme 1) 
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We have ample evldence21q22 that thermal 1,2-prototropy in ImInes of a-ammo esters IS a klnetlcally 

controlled process and generates dipoles with configurations analogous to (21) Reasons for the 

stereospeclflc generation of a single dipole have been discussed 2’P22 Dipole (21) has the correct 

configuration for a 1,5-electrocycl~satlon which IS expected to occur in a dlsrotatory manner The 

product (22) IS obtained as a single stereoisomer and IS readily separated from (24) by preparative t I c 

(silica) The latter compound decomposes (hydrolysis) on silica The stereochemistry of (22) IS 

assigned on the basis of the Woodward-Hoffmann rules 7 The dlhydropyrrole (22) was further 

charactensed by oxidation to the pyrrole (26) (90%) wrth DDQ Further evidence for formation of 
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azomethme yllde (21) was obtained by trapping the dipole with 

single stereolsomer In 88% yield 

C02Me 

0 
The double bond isomer 

transfer An intramolecular 

N-phenylmalelmlde to give (27) as 

H - 
c/ 

(27) Ar = 2-naphthyl 
(28) 

(24) of the original imine could arise by an inter- or intra-molecular proto 

proton transfer (28, arrows) requires stereomutation of the dipole (21) , 

(23) Such dipole stereomutation has been observed21122 although it usually requires aryl substitueni 

at both the 1- and 3- positions of the dipole moiety 1- Aryl-3-alkyl substituted azomethine yllde 

usually show very little tendency to stereomutate 21P22 However, (21) IS a 1-aryl-3-vinyl substitute 

azomethme yllde and would be expected to resemble the 1,9dlaryl case The 1,5-electrocycllsatlo 

step IS slow compared to the rate of dipole formation as shown qualltatlvely by the reactlon times fc 

the conversion of (20) to (22)/(24) (17 5h, llO”C, xylene) compared to that for formation of (27) (~11 

1 IO’C, toluene) Moreover, both the half life 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 addltlon of acids or bases promote intermolecular proto 

transfer leading to short half lives and to predommant or exclusive formation of (24) Non-polar aproti 

solvents (toluene, xylene) result in slower reaction and a modest predominance of (22) Acetonltnlc 

a polar aprotlc 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 posslbl 

explanation for the results with acetonltnle, toluene, and xylene, as solvent IS that In these cases 
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(30) 
a. R=H, R’=2-pyndyl 
b. R=H, R’=2&yl - 
c. R=H , R’=PhCO 
d. R=H, R’=CO,Et 

e. R=H, 9’=2-thienyl 
f. R=H, R =p-MeO&,H, 

g. R=H, R’=2-pyridyl 

(29) 
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b.R=OMe 
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Scheme 2 
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Table 1 Half life of (20) and effect of solvent on competing 1,5-electrocycl~sat~on and double bond 

migration 

Solventa tl/2(h) Product ratio (22) (24) 

MeCN 109 551 

xyleneb ca 2h 1 93 1 

toluene 43 1 20 1 

pyndme 57 1 24 

DMF 37 1 32 

toluene/MeC02H(l eq ) 0 63 C 

toluene/DABCO(l eq )d 0 48 C 

a Substrate concentration 0 137M, and reactions carned out at 80°C unless otherwlse noted 

b Substrate concentration 0 14M, reactlon temperature 1 10°C Reaction complete In 17 5h 

c Sole product (24) 

d DABCO = 1,4-diazobcyclo[2 2 2]octane 

proton transfer leading to (24) IS wholly intramolecular (28, arrows) and proceeds via the dipole (23) 

(Scheme 1) Thus In acetonltnle the initially formed more polar dipole (21) IS stabllised by the polar 

solvent relative to (23) and both the electrocyclisation (21) -> (22) and the lsomensation (21) -> (23) 

are relatively slow but the former IS faster I e k,, k_2, > k2, kg In a non-polar solvent (toluene, 

xylene) the less polar (23) IS more stable than (21) and both the lsomensation rate and the 1,5- 

electrocycllsatlon rate are enhanced with the latter still marginally the greater The reduced polanty of 

(23) results from the favourable juxtaposltlon of the electronegative oxygen atom to the electrophilic 

lmlnlum carbon atom It may well be that the oxazolldlne (25) participates in the equlllbnum 

A second senes of 1,5-electrocycl~sation reactions has been developed based on our iminium ion 

route to azomethine ylldes l6 The I-vlnyltetrahydrolsoqumolme (29a) was prepared by addition of 

vlnylmagneslum bromide to the corresponding 3,4-dihydroisoquinoline Reaction of (29a) with a range 

of aldehydes afforded the 4,5-dihydropyrrolo(l,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 

reactlon with vlnylmagneslum bromide Reaction of (32) with pyndine-2-carboxaldehyde afforded (33) 

(Table 2) 

The genesis of the pyrrolic products (30a-g) and (33) IS outlined in Scheme 2 lmine formation 

lablllses proton HA in (34) and deprotonation furnishes a l,&dipole which undergoes a 

1,5-electrocyclisatlon to the enamine (a dlhydropyrrole) (35) The enamme condenses with a second 

mole of aldehyde and subsequent dehydration, prototropy, and deprotonatlon furnishes the pyrrolic 

products Thus the latter anse from a tandem 1,5-electrocycllsatlon-aldol type condensation process 

Attempts to stop the reaction at the dihydropyrrole (35) stage were unsuccessful 
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Table 2 

11 OOC) 

Amme 

29a 

29a 

29a 

29a 

29a 

29a 

29b 

32 

Pyrroles derived from the reactron of 2-vmyi secondary ammes with aldehydes (toluene, 

Aldehyde( R1)a Reaction Time(h) 

2-pyndyl 35 

2-fury1 50 

PhCO 50 

Et02C 2 75 

2-threnyl 80 
p-Me02CC6H4 70 

2-pyndyl 60 

2-pyndyl 120 

Product Yield(%) 

30a a0 
30b 40 

3oc 47 

30d 58 

30e 53 

30f 77 

309 60 

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 Petroleum ether refers to the 

fraction with b p 40-60°C 

lmrnes 

Methvl N-(cmnamvlrdene)ohenvlalvcrnate (15) Phenylglycme methyl ester (1 659, 0 01 mol) and 

cmnamaldehyde (1 329, 0 01 mol) were dissolved in dry benzene (50ml) and molecular steves (4A, 39) 

added and the mixture stirred at room temperature for 16h The mixture was filtered and the filtrate 

evaporated under reduced pressure to leave the product as a thick pale yellow oil (2 59) which 

decomposed on attempted drstrllation and was therefore used directly for the next stage Accurate 

mass 279 1259 C,6H17N02 requires 279 1259,6 8 05(d, 1 H, 58 15Hz, CH=N), 7 49-6 92(m, 12H, ArH 

+ 2 x olefmrc H), 5 08(s,lH, CHN) and 3 72(s, 3H, OMe), vmax (film) 3020, 2950, 1730, 1630, 1600, 

750, 735 and 700cm -I, m/z(%) 279(M+,3) 221(19), 220(100), 194(13), 116(7), 115(36), 106(54), 91(11) 

and 77(17) 

Methvl N-(9-ohenanthrvlrdene)phenvlolvcmate (16) Prepared from phenylglycme methyl ester 

hydrochlonde (1 039, 5 mmol) and 9-phenanthraldehyde (1 Olg, 5 mmol) using method B 23 The 

product (1 59, 85%) crystalllsed as colourless plates from methanol, m p 132-134’C (Found C, 81 4, 

H, 5 45, N, 3 75 C24 19 2 H NO requires C, 81 55, H, 5 4, N, 3 95%), 6 8 98(s, 1 H, CH=N), 9 17- 

7 31 (m, 14H, ArH), 5 33(s,l H, CHN) and 3 79(s, 3H, OMe), vmax 3080, 2940, 2840, 1740, 1645, 1450, 

770, 750, 730 and 720cm-‘, m/z(%) 353(M+,26), 294(100), 216(31), 204(67), 191(22), 176(12), 91(11) 

and 77(9) 

Cvclooent-1 -envlolvcme methvl ester hvdrochlonde Cyclopent-1 -enylglycine (2 Og, 14 mmol)20 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 

crystallrsed from methanol to afford the product (2 49, 90%) as colourless rods, m p 170-174’C(d) 

(Found C, 45 4, H, 7 85, N, 6 5 Ca H14CIN02 H20 requires C,45 85, H, 7 7, N, 6 7%) s(DMSOd,) 
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8 80(br s, 3H, NH3), 5 92(s,lH, C=CH), 4 68(s, lH, Cl-l), 3 76(s, 3H, OMe) and 2 68-l 68(m, 6~, 3 x 

CH2)l “max 3400, 2900, 1750, 1510, 1260 and 1245cm-’ 

Methyl N-(2-naphthvlrdenekvclopent-1-envlolvcmate (20) Cyclopent-1-enylglycrne methyl ester 

hydrochlonde (575mg, 3 mmol) was drssolved In dry methanol (30ml) contammg sodrum methoxrde [from 

sodium (69mg)] 2-Naphthaldehyde (468mg, 3 mmol) was added and the resulting mnrture stirred at 

ambient temperature for 16h The mixture was then filtered and the filtrate evaporated under reduced 

pressure The resulting residue was extracted with chloroform, the extracts combined, dried (Na2S04) 

and evaporated under reduced pressure to leave a pale yellow solid which was crystalked from 

methanol to give the product (750mg, 85%) as colourless plates, m p 1 19-120°C (Found C, 77 6, H, 

6 55, N, 4 65 Cl gH1 gN02 requires C, 77 8, H, 6 55, N, 4 75%) 6 8 45(s, 1 H, CH=N), 8 12-7 50(m, 

7H, ArH), 5 78(dd, 1 H, C=CH), 4 85(s, 1 H, CH), 3 8O(s, 3H, OMe), 2 40(m, 4H, 2 x CH2C=C) and 

1 Wm, 2H, CH2), vmax 3040, 2925, 2820, 1735, 1630, 1430, 860, 830 and 750 cm-‘, m/z(%) 

293(M+,26), 235(19), 234(100), 154(16), 141(g), 127(6) and 81(26) 

N-Phenvlmaletmrde Cvcloadducts 

Methyl c-4-stvrvl-2,7-dlohenvl-6,8-dIoxo-3,7Bazablcvclo13 3 Oloctane-r-2-carboxylate(l7) Methyl N- 

(crnnamylrdene)phenylglycmate (56mg, 0 2 mmol) and N-phenylmaleimide (38mg, 0 22 mmol) were 

dissolved in toluene(O 5ml) and the solutron heated in a sealed tube at 1 10°C for 1 h The product 

(7lmg, 79%) crystalked from toluene as colourless needles, m p 249-25l’C(Found C, 74 3, H, 5 3, 

N, 5 95 C28H24N204 requires C, 74 3, H, 5 35, N, 6 2%), 6 7 70-7 22(m, 15H, ArH), 6 76(d, 1 H, J 

16 9Hz, Ph &f=CH), 6 37(dd, 1 H, Ph CH=W, 4 21 (d, 1 H, J 7 7H2, 1 -H), 4 OO(br t, 1 H, 4-H), 3 77(s, 

3H, OMe) and 3 48(dd, 1 H, J 7 7 and 7 35Hz, 5-H), vmax 3440, 1765, 1710, 1630, 1490, 965, 730 and 

690cm-‘ , m/z(%) 452(M+, 6), 394(30), 393(100), 279(12), 246(11), 220(g), 115(10), 91(3) and 77(3) 

Methyl c-4-(9-ohenanthrvl)-2,7-diphenyl-6,8-dioxo-3,7-dlazabicyclo~3 3 Ojoctane-r-2-carboxylate(l8) 

Prepared in analogous manner to that described above from methyl N-(9-phenanthrylidene) 

phenylglyclnate (71 mg) and N-phenylmalelmrde (38mg) (reaction trme 12h) The product (95mg, 90%) 

crystallrsed from toluene as colourless prisms,, m p 290’C(Found C, 77 9, H, 495, N, 535 

C34H26N204 requires C, 77 55, H, 5 0, N, 5 3%), 6 8 71-6 84(m, 19H, ArH), 5 07(d, 1 H, JlOHz, 4-H), 

4 38(d, 1 H, J 6 25Hz, l-H), 3 88(dd, 1 H, 5-H) and 3 85(s, 3H, OMe), vmax 3310, 3060, 2950, 1775, 

1735, 1715, 1500, 1380, 750, 745 and 720cm-‘ , m/z(%) 526(M+, 3), 468(11), 354(26), 353(96), 

293(100), 278(17), 221(21) and 189(20) 

Methvl c-4-(2’-naohthyl)-2-(cvclopent-1-enyl)-7-~henvl-6,8-d~oxo-3,7-d~azolb~cvclo~3 3 Oloctane-r-P 

carboxylate(27) Prepared as above from methyl N-(2-naphthylldene) cyclopentenylglyclnate(59mg) and 

N-phenylmaleimide(38mg) with a reaction trme of lh The cycloadduct crystalked out on cooling the 

reaction mixture and was recrystalked from methanol to yield the product (8lmg, 88%) as colouriess 

pnsms, m p 226-228’C(Found C, 74 8, H, 5 65, N, 5 95 C2gH26N204 requires C, 74 65, H, 5 6, N, 

6 O%), 6 7 99-7 O(m, 12H, ArH), 5 86(t, 1 H, C=CH), 4 67(d, 1 H, J 9 17Hz, 4-H), 3 95(d, 1 H, J 7 43Hz, 

l-H), 3 89(s, 3H, OMe), 3 62(dd, lH, 5-H) and 2 58-l 98(m, 6H, 3 x CH2), vmax 3310, 3050, 2940, 

2840, 1770, 1735, 1710, 1490, 750 and 695cm-‘, m/z(%) 466(M+, ll), 407(100), 239(39), 233(49), 
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173(20), 127(5) and 77(14) 

1,5-Electrocvclisation Reactlons 

Methyl 3-~a-4-(2’-naohthvl)brcvclof3 3 Oloct-1-ene-2-carboxvlatef22) Methyl N-(2’-naphthylrdene) 

cyciopent-1 -enylglyctnate (150mg) was dissolved In dry toluene (1 5ml) and heated at 11 O’C in a sealed 

tube under an atmosphere of argon for 24h The solvent was then removed under reduced pressure 

to leave a thick 011 whose p m r spectrum showed It to compnse a 1 2 1 mixture of (22) and (24) 

Separation by preparative t I c on slllca elutmg with 3 2 v/v petroleum ether-ether resulted in 

decomposrtron of (24) and afforded (22) as a gum (1 lOmg, 73%) which resisted attempted 

crystalirsatron Accurate mass 293 1419 Cl gH1 gN02 requires 293 1416, 6 7 90-7 20 (m, 7H, ArH), 

5 45(dd, 1 H, 52 55 and 8 63Hz, 4-H), 3 92 (s, 3H, OMe), 3 13(m, 1 H, 5-H) and 1 97-O 88(m, 6H, 3 x 

CH2)* “max 3400, 2920, 2840, 1710, 1625, 1445, 1430, 1300 and 740cm-‘ , m/z(%) 293(M+, 100) 

262(a), 261(29), 234(80), 233(53), 225(28), 166(49) and 127(22) 

Cxrdatron of (22) Compound (22) (lOOmg, 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 

filtered and filtrate evaporated under reduced pressure to give a thick brown 011 which afforded a 

colourless solid on tnturatron with ether Crystallrsation of this solid from methanol afforded the 

product(26) (89mg, 92%) as colourless needles, m p 200-20l’C(Found C, 782, H, 595, N, 4 85 

ClgH1 7N02 requires C, 78 35, H, 5 9, N, 4 8%) 6 9 00 (br s, 1 H, NH), 7 93-7 43(m, 7H, ArH), 3 88(s, 

3H, OMe), 2 99 and 2 90(2 x t, 2 x 2H, 2 x pyrrole-CH2) and 2 48(m, 2H, CH2), vmax 3270, 3040, 

2940, 1660, 1620, 1445, 1100, 850, 805 and 740cm-‘, m/z(%) 291 (M+, 100) 259(57), 232(6), 231(13) 

and 127(3) 

l-Vinyl-l ,2,3,4-tetrahvdrorsoqumolme(29a) A solution of 3,4-drhydrorsoqurnolme (13 lg, 0 1 mol) in dry 

THF(100ml) was stirred and cooled to O°C Vinylmagnesium bromide (1M solution in THF, 250ml) 

was added dropwrse under an atmosphere of nitrogen maintaining the temperature at O’C The 

mixture was then stirred at ambient temperature for 2 5 days Saturated ammonium chloride solution 

was then added dropwlse to destroy the excess vmylmagnesrum bromide and the THF removed under 

reduced pressure The residual 011 was partitioned between water (200ml) and chloroform (lOOmI), 

and the aqueous layer extracted with chloroform (2 x lOOmI) The combined chloroform layers were 

washed with brine, dned (anhy Na2S04) and evaporated under reduced pressure to afford a pale 

yellow 011 which upon drstrllatlon gave the product (11 g, 70%) as a colouriess 011, b p 70-72’C/O 05mm 

(Found C, 83 1, H, 8 2, N, 8 85 C11H13N requires C, 83 0, H, 8 15, N, 8 8%), 6 729(m, 4H, ArH), 

5 95(m, ll-l, CH2=CN, 5 26(m, 2H, CH,=CH), 4 46(d, lH, ArCHN), 3 28 and 3 16(2 x m, 2 x lH, 

NCH2), and 2 84 and 2 78(2 x m, 2 x 1 H, ArCH2), m/z(%) 159(M+, 32), 132(100), 130(19), 115(14) 

and 77(10) 

1 -Vmvl-6.7-drmethoxv-1.2,3,4-tetrahvdrorSoqumolme(29b) Prepared In an analogous manner to that 

described above The product (60%) was a thick pale yellow 011 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 

(29_b) 6 6 5(s, 2H, ArH), 6 O(m, 1 H, CH=CH2), 5 25(m, 2H, CH=CH,), 4 4(d, 1 H, ArCHN), 3 83 and 

3 80(2 x s, 2 x 3H, 2 x OMe), 3 2(m, 2H, NCH2) and 3 O(m, 2H, ArCH2) 

1-(2’-Naphthvl) allvl methvlamlne (32) Prepared In an analogous manner to that described above 

The product (40%) was a pale brown 011 which decomposed on attempted dlstlllatlon and was therefore 

used directly for the next stage (below) 6 7 8-7 4(m, 7H, ArH), 5 99(m, 1 H, Cl-J=CH2), 5 3 and 5 23(2 

x d, 2 x 1 H, CH=w2), 4 22(d,l H, 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 Secondarv Amlnes with Aldehvdes The 2-vinyl secondary 

amine (0 5 mmol) and the aldehyde (1 mmol) were dissolved in dry toluene (75ml) and the solution 

boiled 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 purified by flash chromatography and/or 

ctystallisation or by distillation as appropnate Yields are collected In Table 2 

1-~2’-P~ridvlmethvl)-3-~2’-ovr~d~l)-4,5-d~hvdroDvrroloI1 .2-alisoaulnollne(30a) Colourless pnsms from 

ether-petroleum ether, m p 11 O-l 1 l’C(Found C, 78 5, H, 5 65, N, 11 7 C23H1 gN3 requires C, 78 15, 

H, 5 4, N, 11 9%), 6 8 61-7 03(m, 12H, ArH), 6 48(s, 1 H, 2-H), 4 68(t, 2H, NCH2), 4 37(s, 2H, pyndyl- 

CH2), and 3 02(t, 2H, ArCH2), m/z(%) 337(M+, loo), 260(47), 259(52), 130(35) and 92(31) 

1-~2’-Furylmeth~l)-3-(2’-furyl)-4,5-d~h~drop~rrolol1.2-a1 isoaumollneI30b) Colourless pnsms from ether- 

hexane, m p 85-87’C(Found C, 80 0, H, 5 5, N, 4 25 C2,H1 7NO2 requires C, 80 0, H, 5 4, N, 4 45%), 

6 7 13-7 53(m, 6H, ArH and fury1 a-H), 6 04-6 46(m, 4H, fury1 P-H), 6 34(s, lH, 2-H), 4 25(t, 2H, ArCH2), 

4 12(s, 2H, furyl-CH2) and 3 02(t, 2H, NCH2), vmax 3142, 2888, 1600, 1472, 1421, 1326, 1007, 788, 

754 and 738 cm-‘, m/z(%) 315(M+, loo), and 248(11) 

1 -Benzovl-3-benzoylmethvl-4,5-dlhvdrooyrroloil ,2-alisoauinolineI30c) Orange pnsms from ether- 

petroleum ether, m p 45-47’C(Found C, 82 85, H, 5 8, N, 3 8 C27H21N02 requires C, 82 85, H, 5 35, 

N, 3 4%), 6 7 25-8 04(m, 14H, ArH), 6 66(s, 1 H, 2-H), 4 75(t, 2H, ArCH2), 4 48(s, 2H, COCH2) and 

3 tO(t, 2H, NCH2), vmax 2923, 1683, 1615, 1446, 1408, 1261 and 688 cm-‘, m/z(%) 391 (M+, 3), 

286(12), 272(6), 258(5), 186(12) and 105(100) 

Ethyl 3-ethoxvcarbonylmethvl-4,5-dlhvdropyrrolo[l .2-allsoaulnollne-1-carboxvlate(30d) Coloufiess 011, 

b p 180-186°C/0 2mm(Found C, 70 0, H, 6 55, N, 4 65 ClgH2, NO4 requires C, 69 7, H, 6 4, N, 

4 3%), 6 7 63(d, 1 H, ArH), 7 19-7 30(m, 3H, ArH), 6 98(s, 1 H, 2-H), 4 60(t, 2H, ArCH2), 4 29 and 4 19(2 

x q, 2 x 2H, 2 x 0&i2Me), 3 75(s, 2H, CH2CO), 3 OO(t, 2H, NCH2) and 1 36 and 1 26(2 x t, 2 x 3l-L 

2 x 0CH2&, vmax 2977, 2935, 1731, 1697, 1244, 1083, 1029 and 766cm-‘ , m/z(%) 327(M+, 50), 

255(100), 241(50), 226(28), 186(56) and 103(67) 

1 -(21-Thien~l~-3-(21-thien~lmethvl)-4,5-dihvdroDvrrololl ,2-alisoauinoline(30e) Pale yellow needles from 

ether-petroleum ether, m p 117-l lS’C(Found C, 72 75, H, 4 65, N, 3 8 C2,H1 7NS2 requires C, 72 6, 

H, 4 9, N, 4 05%), 6 6 89-7 52(m, lOH, ArH + thlenyl-H), 6 3O(s, lH, 2-H), 4 3l(s, 2H, thienyl CH2), 

4 19(t, 2H, ArCH2) and 3 OO(t, 2H, NCH2), vmax 2923, 1599, 1482, 1460, 1417, 766, 748, 736 and 691 

cm -‘, m/z(%) 347(M+,lOO), 264(35), and 250(6) 
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1-(4’-Methoxvcarbon~lphenvl)-3-(4’-methoxycarbonvlbenzvl)-4,5-d~hvdro~yrrolo~1 ,2-allsoaurnollne(30f) 

Colourless plates from ether, m p 155-157”C(Found C, 77 5, H, 5 7, N, 3 3 C29H25N04 requires C, 

77 2, H, 5 55, N, 3 l%), 6 8 06 and 7 98(2 x d, 2 x 2H, ArH), 7 21-7 45(m, BH, ArH), 8 17(s, lH, 2- 

H), 4 23(s, 2H, ArCH2), 4 18(t, 2H, ArCH2), 3 93 and 3 90(2 x s, 2 x 3H, 2 x OMe), and 2 99(t, 2H, 

NCH2), vmax 2948, 1716, 1607, 1428, 1274, 1101 and 766cm-‘, m/z(%) 451 (M+, loo), 420(3), 392(4), 

316(29) and 210(9) 

1 -(2’-Pvr~dvlmethvl)-3-(2’-ovridvl)-7,8-dimethoxv-4,5-drhvdroovrrolo~1 ,2-alisoaurnolrne(30a) Colourless 

plates from methanol-petroleum ether, m p 159-160’C(Found C, 75 25, H, 5 05, N, 10 45 C25H23N302 

requires C, 75 55, H, 5 83, N, 10 55%), 6 8 58-6 74(m, lOH, ArH), 6 5(s, lH, 2-H), 4 67(t, 2H, NCH2), 

4 36(s, 2H, pyndyl CH2), 3 88 and 3 68(2 x s, 2 x 3H, 2 x OMe) and 2 96(t, 2H, ArCH2), m/z(%) 

397(M+, loo), 382(13), 230(13), 192(24), 170(33) and 169(49) 

1 -Methvl-2-(2’-naohthvl)-3-~2’-ovridvlmethvl)-5-~2’-ovr~dvl)ovrrole~33) Obtained as a pale brown oil by 

flash chromatography of the crude product Accurate mass 375 1748 C26H21 N3 requires 375 1735, 

6 8 6-7 03(m, 14H, ArH), 6 53(s, 1 H, 2-H), 4 04(s, 2H, pyndyl CH2) and 3 8O(s, 3H, NMe), m/z(%) 

375(M+, 29), 263(40), 235(11), 214(10), 212(17), 196(34), 107(70) and 79(100) 

We thank the Department of Education for Northern Ireland, I C I Colours and Fine Chemicals, 

Queen’s Unlverslty and Leeds University for support 
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