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I~TR~OLECUL~ CYCL~ADDIT~UNS OF NON-STAB~L~SED AZOMETHIN~ YLIDES 

GENERATED VIA THE D~C~3O~YLAT~VE ROUTE F~OM~-~l~~ ACIDS. 

HARRlET ARBILL, RONALD GRIGG*, VISUVANAT~~ SRXDHARAN 

AND SIVAGNANASUNDR~ SURENDRAK~~ 

(MWRTMENT OF CHEMISTRY, QUEEN’S UNTVERSITI, BELFAST BT9 SAG, 

NORTHERN IRELAND) 

Abstract. Heating a range of .acycl,ia and cyclic 
-vcrS-•uino acids with arvt aldthvdcs containing 
a proxiaatc terminal alkenc ai_ilk 60 r&Its in - 
consecutive condensatfon ati& deer axylation, 
by inttamo1cculrr cycloadditicm 0 P 

followed 
the resultant non- 

stabilised l zomthinc ylidcs. Evidence ‘is produced for 
syn-•ati dipole equilibration and it is found that 
intramolecular cycloaddftions to a terrinal alkynt 
involve ollly the anti-dipole and proceed via an exo- 
transition state to give a single cytfoadduct. In 
cbntrast, intramolecular cycloaddition to a ttrmina_l 
alkens involves both anti- and syn-dipoles,with trapping 
of the foramr being slightly energetically preferred, 
resulting in mixtures of two staraoisorsric cycloadducts. 
intramlecuiar cycloadditions of terrinai alkenes to 
anti-dipoles proceed via exo-transition states whilst 
analogous reactions of the syn-dipole involve endo- 
transition states. 

In 1981 WC published tvidancc that the Strscker Degradation afd-arino l ci&s 

involved an intermediate atomcthinc yli&c.2g3 Non-stabilistd azortthinc ytidss 
wera shown to be generated in a range of solvents Ichloroform, acetoaftrilc, 
methanol, benrent, toluane, dircthylformaxido fDMF1, etch at tcrperrtures ranging 
fror room temperature to 14OoC. A wide variation in the carbonyl component was 
found to be tolerated and French workers subscquentiy showed formaldehyde 

functioned wc’tl in them rcactfons.’ All-C-amino acids (primary aad secondaryI 

cyclic and l cycli~,~,~-disubstitut~d~ except tortiaryr(-amino acids were shown to 
undergo the reaction in both intcr- and intra-molecular cycloaddition 
processes, 2,5,5 producing a wide range of nitrogen heterocycles including 
bridgehead hcttrocyclos. Our initial simple non-stereoselective l cehanisr for the 
generation of the non-stabilisad l xamcthfnc ylidcs (l>“l+fZ) was modified by 
further dctafied stcrcochcaicai6 and rtchanistic’ studies to that shown in the 
Scheme. Analogous processes probably occur in pyridoxal decarboxylasc 

cnryarcs. 5,8 Japanese workers’ have provided further cxaapics of our general 
dtcarboxylative route to unstabilisad aromcthino ylidas and concur with our 
mechanism (Sohere) withoot acknowledging our prior publications. 
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The stereacheoicrl outcome of the cyclortversion step (Scheme) generating the 

azomethine ylides is dependant on the structure of both theaLamino 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 intrarolecular trapping of non-stabilised ylides generated by the 

decarboxylative route. Non-stabilised ylides generated in this way cannot usually 

be trapped in intsrwolecuiar cycloadditions by non-activated alktnes. When the 

rate of cycloaddition is slow, as in the case of non-activated olefins, prototropy 

e.g. (3, R*=H)+(S) or (6). protonation and hydrolysis e.g. (5)4(71+(E), or 

other destructive processes intervene. Thus Hashimoto et al., have recently 

described the use of 1% of cyclohextnont in cyclohtxanol at 154’C to 

catalytically decarboxylated-amino acids to the corresponding arines in good 

yield.” In .certain cases where stcondaryo(-amino acids are used to generate 

azomtthint ylidts ut have shown that structural features in thtd;-amino acid can 

promote a 1,4-prototropic process in the intermediate azomtthine ylidt and divert 

the reaction to give 2-pyrroiines. 11 An earlier related observation is the 

formation of btnzoxazines frou o-hydroxyacetophtnoncs and prolint.” Use of 

ninhydrin as the carbonyl component results, in certain favourablt cases, in stable 

azomethine ylidts. 11 

We have previously reported the intramolecular cycloaddition of ester 

stabilised azomtthine ylides, generated both by our novel 1,2-prototropy route 
1s 

and our facile, room temperature, metallo-1,3-dipole route 14 , to both 
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R’CH2N=CH$ R’CH=NCH2R3 

(5) (6) 

O’I 

R2 
R’CH,N=CH+ + 

(7) -1 

(8) 

H_i&Ph 
*+$J+AH 

H 

(11) a. R=H, d=Ph 

b. R=Me,d-H 

HO 

(14) 

(10) 

(12) 

Me (16) a. R- CH=CE$ (17) 

b. R= C,-CFi 

c . R=t-CH=CHC02Ne 

non-activated and activated olefins. We now describe analogous studies involving a 

wide range of different structural types of asomethine 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 d-Amino Acids 

When phenylglycine or sarcosine (9) are heated at lOO-120°C in DMF with (10) 

they give rise to the cycloadducts (lla) (5811 and (lib) (44%) respectively, as 

single isomers arising via endo-transition states. In the case of phenylglycine 

where syn(l3)- and anti(dipoles are possible, the product (lla) arises from the 

more stabte syn-dipole (15). # The assignment of stereochemistry to (lla) 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 decorboxylattve 

route to rtomethine ylides ‘-’ 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-methylnaleimide (NMM), a reactive 

dipolarophile. Thus the formation of cycloadduct (11~) derived solely from the 

syn-dipole (13) suggests dipole stereomutation is occurring. The terminal rlkene 

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-diary1 substitution pattern of the intermediate rromethine 

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 strbilised 

aromethine ylides. 13,15 

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 dichloride ” 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 thefl-rich pyrrole ring. 

Complete reaction of sat-cosine (9) and (16b) occurs after 24h in boiling toluene 

and the product (17) is formed in good yield (72\). 

S-Membered Cyclic d-Amino Acids 

The cyclohexanone derivative (18) reacts with proline (toluene, llO°C, 16h) 

in the presence of dibutyltin dichloride to give a ca. 1:l mixture of (19) and (20) 

together with a trace amount of an unidentified product in 65% yield. Isomer (19) 

arises from an exo-transition state (21) (with respect to the C02He substltuent) 

whilst (20) arises via an endo-transition state (22). In both transition states 

the side chain incorporating the dipolarophile occupies an axial orientation. This 

orientation avoids the A 183 -strain17 present in the equatorial conformer, 

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 

models). The relative stereochemistry of HkHC, and HF were determined by 

‘H NOEDSY experiments at 400Ht (see experinentrl section). In particular (19) 

shows a positive n.0.e. between HF and HH whilst (20) does not exhibit an 

n.0.e. between these protons. 

Thiarolidine-4-carboxylic acid (23) roacts with (16a) (toluene, 100°C, 24h) 

to give a 2:l mixture of (24) and (25) in a combined yield of 63\. Cyclordduct 

(24) arises from the anti-dipole (260) 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 fron (23) and benraldehyde or 

pyridine-2-carboxaldehyde established that the anti-dipole (26a) is formed 

stereospecifically6, and that trapping with NHM gives a mixture of endo- and 

exo-cycloadducts derived solely from (26~). Thus the formation of (25) again 

implicates dipole stereomutation (26r)e (26b) rather than direct formation of 

(26b) in the decarboxylrtive process (Scheme). Interestingly J substantial amount 

of stereomutation occurs even though the aromethine ylide has only one terminus 

substituted by an aryl group, whereas previous work with ester stabilised 

atomethine ylides indicated that substitution of both terminii by aryl groups WJS 

required to promote substantial dipole stereomutation. 13.15 

The thiazolidine carboxylic acid (23) reacts (toluene, 100°C, 17h) with 

(16b) to give cycloadduct (27) in 37k yield via the anti-dipole (26a). The low 

yield in this case probably reflects some loss of product due ,to l ronrtisrtion. No 

product arising from the syn-dipole (26b) was detected in this case. 
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a. R=H, R1=Ar 
(26) b. R=Ar,R1=H (27) 

6-Membered Cyclic&-Amino Acids 

Plpecolinic acid (28) reacts (DWF, 100°C, 2h) with the aldehyde (16~) to 

give 16.4:2:1 mixture (878) of three isomeric cycloadducts. The major isomer (29) 

arises from the anti-dipole (30a) via an endo-transition state, wkilst the next 

most abundant isomer (31) arises from the syn-dipole (Sob) via an exo-transition 

state. There was inrufficient of the third isomer for characterisation. An 

analogous cycloadditior involving pipecolinic acid, benraldehyde, and NMM results 

in the formation of approximately equal amounts of endo- and exo-cyclaadducts 

derived solely from the anti-dipole (30a,Ar-Ph16 suggesting that the minor 

unidentified isomer is the exo-adduct derived from (30a). The absence of adducts 

derived from the syn-dipole when NMU 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 cls-oxarol ldln-S-one (Scheme). 

02H 
(28) 

(29) 

(32) a. R=C02H, R1 =H 
b. R=Ii, R1 =C02H / CR I / O 

\ 01 H 
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(34) (35) 

(30) a. R-22, R1=Ar 
b. R=Ar,R%i 

R 

(56) a. R=H, R1=Ar 

b. R=Ar,R’=H 

The tetrahydrolsoqulnollne-1-carboxyllc acid (32a) undergoes cycloaddition 

with both (16a) and (16b) on heating in DMF at 100°C for 30 min. or 12O’C for 

lh respectively. In the former case a 1.6:1 mixture (79%) of two cycloadducts (33) 

and (34) 1s produced while the latter reaction gives a single cycloadduct (35) 

(60%) derived from the anti-dipole (368). Cycloadduct (33) is also derived from 

the anti-dipole (360) via an exo-transition state whilst (34) arises from the 

syn-dipole (36b) via an endo-transition state. The absence of cycloadducts arlslng 

from syn-dipole in the reaction of (328) with (16b) contrasts markedly with the 

corresponding reaction of (32a), benzaldehyde and NMM (DWF, 120°C, lh) 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 (32~) and (161) is 

much closer to this latter result. The difference in stereochemical outcome of the 

three reactiona can be rationalised if it is assumed that the anti-dipole (36a) 

undergoes cycloaddltion at a faster rate than the syn-dipole (36b) in the 

intramolecular cases and that the rate differences are greater for (16b) than for 

(168). These rate differences arise from the geometrical constraints imposed by 

the dipole geometry and, in the case of (16b), by the dlpolarophile geometry. 

The tetrahydroisoquinoline-3-carboxyllc acid (32b) reacts (DCIF, 120°C, 2h) 

with (16a) and (16b) to give cycloadducts (37) (378) and (30) (318) respectively. 

Both reactions involve the anti-dipole (39). In the corresponding intermolecular 

reaction of (32b) wlth benzoldehyde and NMM only cycloadductr derived from the 

anti-dipole (39) are obtained. 6 



X=Y-ZH systems as pormtial I.3dipolc+XIX 4959 

(40) a. R=CO*H, R’=H 

b. R=H, Rl=CO$i 

(47) 

(3’3) 

(41) a. R=H 
b. R=C02Me 

(44) a. R=H, R1 =Ar 
b. R=Ar,RkI 

(42) a. R=H 
b. R=COfle 

The cycloaddition of the tetrahydro-&-carboline-1-carboxylic acid (408) fo 

both (16a) and (16b) occurs on heating in DHF at 100°C (20 q in) and 12O’C (Ih) 

respectively. In the former case a 2.8:l mixture of (41a) and (420) is obtained in 

87% combined yield whilst the latter reaction gives a single cycloadduct (43) 

derived from the anti-dipole (440). Cycloadduct (410) 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:l mixture of anti- and syn-dipoles (440) 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 intro-molecular cycloadditions. 

Selectivity for the anti-dipole is increased in the cycloaddition of (401) and 

(16~) (DWF, IOO’C, SO min) which affords a S:l mixture of (4lb) and (42b) in 95% 

yield. ‘The reaction (DUF, 120°C, lh) of (400) with the pyrrole aldehyde (14) was 

slow and incomplete (33t conversion) and afforded a single cycloadduct (45) derived 

from the anti-dipole (440). 

One example of an intramolecular cycloaddition of tetrahydro-#-carboline-S- 
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carboxylic was studied. Thus reaction of (40b) with (16b) (DHF, 120°C, lh) 

afforded a single cycloadduct (46) (378) derived from the anti-dipole (47). In .the 
corresponding intermolecular cycloaddition involving (IOb), benzaldehyde and ?BW 

only adducts arising from the anti-dipole (47) are obtained. 6 

Dipole Stereomutation and Endo-Exo Cyc’ioaddttion Stereospecificity. 

Our stereochemical’ and mechanistic’ studies of the Strecker Degradation 

ofs(-amino acids employed NMM as dipolarophile to ensure that the dipole generated 

under kinetic control was trapped prior to stereomutation. Couparison of these 

earlier results with the studies presented in this paper show that dipole 

stereomutation 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 antl:syn dlpole ratios trapped by NMM and by the intramolecular 

dipolarophiles reported herein shows that the acetylenic dipolarophlle generated 

from (16b) & traps the anti-dipole from the equilibrating anti-syn mixture. 

Molecular models show the intramolecular cycloadditlon 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 sallcylyl 

aromatic ring out-of-plane of the central dipole C-N-C moiety. The corresponding 

cxo-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 l lkene can be sumnarised as 

follows: (a) the newly formed ring is always cls-fused, (b) the anti-dipole always 

reacts via an exo-transition state (exo- with respect to the CHZOAr moiety), (c) 

the syn-dipole always reacts via an endo-transition state (endo- with respect to 

the CHIOAr moiety), fd) in all cases adducts derived from the anti-dipole 

predominate and (e) the antl: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 

(cl involves such substantial twisting of the salicylyl aryl group out of the plane 

of the C-N-C dipole moiety that conjugation is lost. 

Ex;erime;tal. General experimental details are as previously noted.18 Petroleum 
et er re ers to the fraction with b.p. 60-8OoC. 
General Procedure for Intramolecular Decarboxylative Cycloaddition Reactions. The 
carboxylic acid (1 1) d ldehyde (1 1) were stirred d h 
toluene at 1OOoC or%lF “.: IiOoC. 

eated 
When Firbon dioxide gasaivolution iid 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 x1, dried 
(MgSO4) and the solvent removed to yield the crude product. Integration of the 

spectrum of the crude product gave 
&i:;ires of isomers were separated using 

where applicablt, the isomer ratio. 
ilash chromatography (SiOz). 
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2-Phen 1-4H-2.3,3a,1lc-tetrahydropyrro[2.3-d]n&phtho[Z,~-b~pyran (118). 
hydrorc-L-na hthaldehyde (1.06g, 5~~011 and phenylglycine (0 76 

o-Allyl-2- 

e 
5 l molj were 

heated in Dkf (25ml) at 1200 for 2h. The DHF uas removed in’vafio to yield a 
purple gum whose nnr spectrum showed it to comprise one product together with some 
uncharacterised l ateri81. Trituration with EtOH/Et20 yielded the product as a 
colourless solid (0.87g, 58%) which crystallised from CHC13/Et20 as rods, m.p. 
lss-lS7oC (Found: C, 83.85; H, 6.40; N, 4.40. C21HlgNO requires C, 83.70; 
H, 6.35: N, 4.6St);Ymax 3515 2930, 1587, 1393 1085, 825 and 752 cm”; m/z(I) 
301 (~+,loo), 300(6s), 271(29j, 260(54), 195(471, 181(76), 144(2S), 106(52) and 
91(8Q);b8.11-7.09 (n, llH, ArH), 4.49 (d, lH, 11,.-H, J11 5.6Hz), 4.4 
(t, lH, 2-H. J 8.OHz), 4.13 (dd, lH, 4 -H. 
2.56 (a, lH, 3,&H), 2.54 (a, lH, f 

J4.t 4~ 4.4Hz), $:a? (t, IH, ad-H), 
2.32 (br, s, lH, NH, exchanges with 

D20). 1.36 (m, lH, 39GH). 
3e-H , 

l-Hethyl-4H-2,3-3a.llc-tetrahydropyrro[2,3-djnaphtho[2,l-b~pyran (Ilb). 
?rom (IO] d sarcosrne (0 45 SmnolJ b heating in DMF 

roduct fO?3g 
at 1000 f 2h. 

Prepared 
The 

b 
44%) cryst;ll!;ed from e:her-petroleum ether as pai: yelfow plates, 

(Found: C, 80.05; H, 7.25; N, 5.75. CL6H17NO requires C, 80.30; 
H, 7.15; N, 5.85\);Y 2920, 1610, 1590, 1505, 1221, 1087 and 750 cm-l; 
a/z(I) 239 (M+,80), 2?8t46), 181(66), 83(34) and 44(100); 6 (C6D6) 7.81 
(d, lH, 11-H), 7.33-6.86 (a, SH, ArH), 3.84 (t, lH, 4&H, J 10.4Hz). 3.53 
(dd, lH, 4+-H, J4 3a S.3Hz), 3.31 (d, lH, 11&-H, JlLa,3a4.8Hz), 2.45 
(m, lH, 2d-H), 1.9s (s, SH, Me), 1.89 (m, lH, Z/I-H), 1.65 (n, lH, 3a@-HI, 1.28 
(m, lH, 34-H). 0.78 (a, lH, M-H). 
Z,3,3a.8b-Tetrahydro-l-methylpyrrolo[2,3-b~pyrrolizine (15) (with P. Armstrong). 
A mixture of N-allylpyrrole-Z-carboxald h d (0 67g, 5g) sarcosine (0.4513, Smrol), 
and dibutyltin dichloride (O.lSg) was bzi:ez under reflux in toluene (30~1) for 
18h. The reaction mixture was filtered and the solvent removed in vacua to leave a 
brown oil whose p.n.r. spectrum showed it to comprise a 6S:3S mixture of product 
(15) and starting material. 
(silica gel, 

The aixture was separated us~~~~f~~s~ chromatography 
9:l Et20-&OH) to yield the roduct (0.35 

oil. (Act. Mass: ~2.llS79~3m x (film$al~Q~~own 162.1151. ClOHl4N2 requ res 
2775, 1490, 1445, 1300, 1052, 765 and 700 cm-l* a/z(;) 162 tH+ 100) ‘16lfSi) 
llQ(311, 118(83), 106(12f, 82630) and 44(38);&6.SS (dd, lH, 6:H), i.23 (t, iH, 
7-H), 5.95 (n, lH, 8-H). 4.16 (dd, lH, 4$-H, Jqr,@ 10.6 and J4# 
3.89 (d, lH, 8b+-H, J8b 3,7.6Hz) 3.80 (dd, lH, k-H, J .c,3a~5.0Hz *I 

&8.8Hz), 

2.83 and 2.58 (6, 2H, N(He)CH2), 2.48 4 
3.51 

(m, lH, SIC-H), s. SH, He), 2.20 and 
1.78 (a, ZH, M-H and Y-H) 
1.2,4.9b-Tstrahydro-l-methyl-pyrrolol2,3-c]-chromene (17). o-Propargyl salicyl 
ald h d (2 5 15 6 11 d sarcosine (1 39 I5 6nmolJ were stirred and boiled 
in Toiufne iS!;l) unyt”r ni::ogen atmosphere f’,; 24h. Work up in the usual way 
followed by molecular distillation gave the roduct (2.lOg 
viscous liquid, b.p. 9S-1OSoC (furnace tenp. {!mmHg (F;u:::JC:S7;.!:fC ytllow 
;g8;+Q;;g;. ;i;;. ~af~‘3r9s~e~~drS:sC;m~~.00~,~~~~.~~~ ~~+7~~~~)~~~~~~~ilm) 

172(b). lSi(9I. i45(51: 131(151. llS(8) ahd 94(7):87.37. j.12: 6.94 and’6.82 
(4 x m; 4 x lt?, A&)1.5.69 
CHN), 4.04 and 3.48 (2 x II, 

Is;-lH, -Cl-i), 4.69.(m; 2H, CR2Of, 4.38 (br s, 1X, 
2 x lH, CH2N), and 2.80 (s, SH, NMe). 

1,2,3,4,4a,5,6,6a 7a,8,9,10-dodecahydro-7H-lOa- 
azapentaLen[3,2-ilindene skeleton. 

1.2.3.4.4a~.S,6.6ag,7a~,8,9.10-Dodecahydro-7-methoxycarbonyl-7~-lOa-azaptntalen 
3.2-llrndene (191’and 1.2.3,4.4art.S,6.6 7W,8,9,10-dodecahydro-7-netboxycarbonyl 

-7H-lOa-aza entalen 3 2-i indent (201 Y 
[S (I-carbDomathox:p;nt-l-enylllcycloie 

k4.F. AX ) A i f 

(G 10mrol) and Bu2SnCl2 (0.076g. 
one (181r(i.10gn i:GXl? L-proline 

(SOml f ’ 
Ssol\) was heated in’boiling ioluene 

for 16h. After removal of solvent the brownish oil renainin was found 
(p.m.r.1 to comprise ca. 858 of product as a ca. I:1 mixture of (19 f 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 Et20 - CH2Cl2, Rf - 0.381 to give the product (1.718, 65%). b.p. 
lOO-102oC10.01~mHg, 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. Cl6H2SNO2 
requires C, 72.95; H, Q.SS; N, S.301);3naX(film) 2930, 2840, 1725, 1430 
and 1010 ~a-1 ; n/z(t) 263 (M+ 331, 220(100), 204(40), 151(14) and 701233; 

1160 

flash chromatography eluting wjth 3:2 v/v ether-ethyl acetate afforded pure samples 
of both isomers. 
(2): 6 3.77 in, 1H, HAA), 3.63 Is, 3H, CO2We). 2.96 (m, lH, HH>, 2.88 
(N, lH, Hfi. 2.53 (m, IH, HC), 2.24 (t, lH, HB), 2.17 (m, lH, HF) and 
1.97-1.22 (n, 16H, alicyclic residue). 
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(20): 8 4.00 (m, lH, HA), 3.63 (s, SH, CO2ble), 2.80 (D, ZH, HB and HH), 
2x6 (dd, lH, HH, 
alicycllc residue . !I 

J 16.8 and 6.6Hr), 2.47 (m, lH, HC) and 1.97-1.22 (D, 17H, 

1. Table 1~ NOEDSY Data for (19) and (20) 

Compound 

19 

20 

Proton Irradiated 
HA 
HB 
HF 
HA 
HB 

Proton Observed, n.0.e. (t) 
HA HB HC HH HI 

1.8 2.35 8 
3.0 
4.6 3.7 

6.0 
3.3 

2 

1,3,3a,4 4a,lOb-hexahydro-SH-thiopheno[S’,4’-al 
chromeno 3,4-dlpyrrole t 

1.3,3ad.4.4a~.lOb~-Hexahydro-5H-thlopheno[3’,4,-a]chro~ene~3.4-d]pyrrole (24) and 
1.3.3a~,4.4a~.lObir(-hexahydro-5H-thlophmo~3’,4,-aJchro~enolJ,4-dJpyrrole m) 

d from thiazolid& -I-carboxylic acid (0 82 6 2 I) d 2 (2-propenylo;y)- 
b~~~~~~ehyde (l.Og, 6.2mizl) in toluene (SOml).’ H~;tlngm~~s c:ttinkd for 24h. 
T.l.c., eluting with 2:s v/v Et20-petroleum ether, showed two spots R 

fi 
0.53 and 

0.32 (iodoplatlnate spra ). 
ive (24) (0.618, 428 

The isomers were separated using flash c romatography 

K4?. 
J and (25) (O.SOg, 218). 

c 1 o ourless rods (Et20-petroleum ether) m.p. 61-620C. (Found: C, 66.75; 
HF6.70; N, 5.80. Cl3Hl5NOS requires C 

1495, 1050 and 760 CD-~; 
66.95; H, 6.50; N, 6.OO:);V 

.;x(t) 233 (W+,lOO), 200(20), 
2950, 

1610, 1595, I!?f48) 
186(94), 145(17), 152(85) and 131(85);67.25-6.87 (m, 4H, ArH), 4.55 (d, li, 14-H, 
; U&.;;Hz), 4.20 (d, lH, 14-H, J 10.65Hz), 4.09 (dd, lH, 5 -H, J 5.10 and 10.75Hz), 

lH, 5&H, J 10.60Ht), 3.65 (m, 2H, lob-H and 3a-H , 
5’7.70 Qnd 10.6OHz), 

f 3.15 (dd, lH, S&-H, 

and 2.54 (m, 2H, 
2.70 (dd, lHi 3P-H, J 6.95 and 10.60Ht), 2.60 (PI, lH, 4a-H), 

4kH and IF-H): NOEDSY(t): irradiation of V-H caused 
enhancements of ld-H (40.4), lob-H (7.7), and Ar-H (13.3); irradiation of 24-H 
caused enhancements of Sa-H (4.2) and 2$-H (9.6); irradiation of 48-H caused 
enhancements of lob-H (2.6). SF-H (17). and 4@-H (3.4). Interpretation of the 
NOEDSY data was made difficult by the overlap of the signals for the Sa-H and lob-H 
in the p.m.r. spectrum, and the difficulty in irradiating Y-H and 41-H separately. 
(25). Colourless plates (Et20-petroleum ether) m.p. 104-105OC (Found: C, 66.75; 
HF6.65; N, 5.75);9,,, 2960 1610 1580, 1490 1225, 1050 and 760 cm-l; m/z(l) 
233 (~+,77), 200(6), 187(60!, 186/21), 145(181, 132(100) and 131(63);8 7.22-6.88 
(m, 4H, ArH), 4.09 (dd, lH, S&H), 4.04 (d, lH, V-H, J 6.55Hr). 3.87 (t, lH, 
J 10.7Hr), 3.69 (d, lH, l&H, J 6.6Hz), 3.63 (d, lH, lob-H, J 6.6Hz), 3.27 (m, YHH’ 
Sa-H), 2.98 (dd, lH, 3&H, J 5.4 and 9.4Ht), 2.79 (at, lH, 48-H). 2.55 (t, lH, 3e-i,i, 
J 9.OHz), 2.20 (a, lH, 4d-H) and 1.26 (m, lH, 4P-H); 1H NOEDSY(8): irradiation of 
3a-H caused enhancements of lob-H (3.2), 3CH (2.5). and 4&H (2.5); irradiation of 
44-H caused enhancements of 3a-H (2.7) 4a-H (4.2) and 4 H (11.5); irradiation of 
4a-H caused enhancements of lob-H (4.31, and 4&H 13.2); rradlatlon of lob-H P 
caused enhancements of 31-H (3.8), 4a-H (S.8) and Ar-H (4.5). 
1,3,3ao(,lOb~-tetrahydro-5H-thiopheno[3,,4,-a~chromeno[3,4-d~pyrrole (27). Prepared 
from thiarolidi -I-carboxylic acid (1 0 7 5 11 d L-(2 
benzaldehyde (l?Og, 7.5mmol) In degas;ei’tol:t:e (kl). 

-propynloxyl 

for 17h. Flash chromatography (SiO2, 
Heating was continued 

2:s v/v Et20-petroleum ether, Rf-0.47) 
37:) as pale yellow prisms (Et20-petroleum ether), 

6.05. C~~H~JNOS requires C, 67.50; 
1506, 1221 and 760 cm-l; B/Z(~) 231 
and 157(20);&7.38-6.80 (m. 4H, ArH), 

5.65 (m, lH, 4-H). 4.79 (m, ZH, S-H), 4.69 (m, lH, lob-H), 4.62 (m, lH, 3a-H), 4.42 
(d, lH, l@-H, J 10.9Hz), 4.33 (d, lH, l&H, J 10.9Hz). 3.08 (dd lH, X-H, J 7.9 
and 11.25Hz), and 2.86 (ddd, lH, 3?-H, J 0.85, 2.65 and 11.25Hxj; lH NOEDSY(g): 
irradiation of lob-H caused enhancements of Ar-H (1.3). and 16-H (2.7); irradiation 
of 3&H caused enhancements of 38-H (7.2). SC-H (15). and 14-H (1.2); irradiation 
of St-H caused enhancements of 38-H (2.1). 3d-H (12). and 4-H (1.4). 
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l,2,3,4,4r,5,5a,llb-octahydro-6H-chromeno[3,4-b~ 
indollrine 

2.s.4,4a~M.5~~.1lb)-Octat\r~ro-5-~et~oxy~arbonyl-6H-cbroreno~S.4-.b~indolixine 
9) and 1,2.3.4.4~,5~.5~~,1l~-octahydro-5-~ethoxycarbon~l-6A-Chro~enol3.4-b 

3ndolizlne (31) P I d from pipecoli 1 id (0 65 5 1J and 2;((3;tarbA 
methoxv-2-nrone&l)~~~l~~enxaldehvde (1.;~: kol) in 8DiF ?timl). Heating was 
continbed ‘for’ 2h: -T.i;c., eluting with lfi v/i Et20-petroleua ether, sho;ed 
three spots, Rf 0.57, 0.5 and 0.45 (iodoplatinate spray). Two isomers were 
separated using flash chromatography to give (31) (O.l9g, 138, Rf 0.57) and (29) 
(l.O7g, 74:, Rf 0.45). Insufficient quantity of the third isomer precluded 
characterisation. 
(29). Colourless orisms (Et?O-Detroleua ether). M.D. 56-570C (Found: 
iT287.15287. C17k2 
1581, 1486, 1230 an d 

NO3 ;eq;ir’es M 287.15213);V.h . 
757 cm-l; ./x(t) 287 (M+,sr). 

2933 
186081, 

1734, 1605, 
272(22), 228(13), 

205(43), 155(33), 145(26) and 131(100);~7.19-6.81 Cm, 4H, ArHI, 4.36 (d, lH, 
llb-H, J 7.9Hz), 4.01 (dd lH, 6-H, J 2.1 l IKI 11.7Hx1, 3.85 (dd, 1H, 6-H. J 2.5 and 
ll.SHz), 3.66 (s, SH, OMej, 3.20 (m, ZH, Sa-H and W-H), 5.08 (m, lH, l#-HI, 2.63 
(m, lH, la-H), 2.18 (m. lH, l&H), 1.66 (m lH, S-H), 1.49 co, SH, 2 x 2-H and 4-H) 
and 1.05 (m, 2H, S-H and 4-H); 1~ NOEDSY($!: irradfatlon of la-H caused 
enhancements of 5&H (6.8). 14-H (2.5). and 4&H (3.7); irradiation of llb-H caused 
enhancements of Ar-H (3.4); Sa-H (4.7); and lp-H (2.0); Interpretation of the 
NOEDSY data was complicated by the overlap of the signals for the Sa-H and 6(-H in 
the p.m.r. spectrum. 
(31). Colourless gum. (Found: C, 71.10; H, 7.40; N, 4.65. C17H21NOs requires 
C,71.05; H, 7.35: N, 4.85%);V 
756 cm-l; 

2935, 1737 1609, 1583, 1489 1224 and 
m/z(t) 287 (H+,62), 28%f32), 272(27!, 228(12), 205(293, 155(27), 

145(23), 131(100);67.15-6.81 (PI, 4H, ArH), 4.01 (dd, lH, 64-H, J 5.2 and lO.SSHs), 
3.83 (t, lH, 6 -H, J 10.45Hz), 3.67 (s, SH, OWe), 3.23 (D, lH, I@-H), 3.12 (d, lH, 
lib-H, J 6.3Hz f , 2.59 (m, IH, 51-H). 2.25 (a, lH, 4a-H), 2.09 (a, ZH, M-H and 5p 
-H), 1.94 (a, lH, 4dH) 1.70 (II. lH, SC-H), 1.57 (m, lH, X-H), and 1.25 (a, 

fH NOEDSY(\): irradiation of 4r-H caused enhancement of 
3H, 

4&-H, S&H and 26-H); 
lib-H (4.7). l&H (1.0). and 44-H (2.0); irradiation of Sa-H caused enhancements of 
6akH (3.9), llb-H (4.7), 4a-H (0.8). and 56-H (1.6); irradiation of llb-H caused 
enhancements of Ar-H (3.7). Sr-H (6.0), la-H (6.3) and 14-H (3.0); irradiation of 
16-H caused enhancements of Ar-H (5.1). l&H (20.51, U-H (1.9), and 26-H (2.8). 

lb,S.Sa llb,l3,14-hexahydro-6H-chroaen6[5’,4’-4,5~ 
pyrrolo 2,1-alisoquinolfne I 

4b45.5a/.11~.13.14-Hexahydro-611-chro~eno[3’.4~-4.5 rrolo[2.1-ajisoquinoline (33) 
and 4b~5.Sr~llb*.lf.14-hexahydro-6H-chromeno 

54) P d f 3 I-tetrahydroiso 
?Liiiik) l ~Prfi2-pf~~.~;:~x~)-benxald.hyde 
~8s continued for 30 min. T.1.c.. eluting uith S:7 v/v Et20-petroleur ether, 
showed two ?pots, Rf 0.58 and 0.31 (iodoplatinate spray). The isomers were 
separated usfng flash chromatography to give (34) (0.41g, SO\) and (33) (0.67g. 
49$).(X3). Colourless rods (Et20-petroleum ether), m.p. OS-84oC (Found: 
C, 82.m: k, 6.85; N, 5.30. C 

2930, 1605, 1580, 1465, 1s 
HlgWO require 

1 5 and 764 cm- ; m/r(t) 277 (M+ 100) 276(841 
1 C, 82.30; H, 6.90; N, 5.05%). 3 

?%(4), 147(55), 132(16), lSl(22) and lsO(lO);&7.29-6.89 (m.‘8H, irH), 4.3; 
(t, lH, 4b-H, J 7.6Hr). 4.13 (m, 2H, 6-H), 4.00 (d, IH, llb-H, J 6.25Hr), 3.33 
(m, lH, 13e-H), S.15 (B, IH, 14 -H), 
(e. lH, sa-H), 2.33 (m, 

3.07 (D, lH, lS+H), 2.74 (n, lH, llr(-H), 2.63 
lH, f 5& ), and 2.17 (m, 1H, SF-H). 
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2. Table 1H NOEDSY Data (CDC13 for (33). 

Proton n.0.e. (8) 
Irradiated 4b 56 

5.0 =P 
Sa llb Ar 

4b 
4.2 

5-c a.5 14.9 2.1 1.4 
SC 3.1 17.6 7.6 5.3 
Sa 1.0 4.8 5.2 

llb 5.4 3.9 

(2) Colourless prisms (Et20-petroleum ether), m.p. 146-1470C (Found: 
C, 82.60; H, 6.90; N, 5.10. C 

%a(lO), 2960, 147(47), 1610, 1580, 132(23), 1490, 

HlgNO C, 82.30; H, 6.90; N, S.OS\);O 

131(31) 1 I? 0 and and require! 760 130(19);&7.27-6.91 cm- ; B/Z(:) 277 (H+,71), (m 8H ArH1 276(100) 4.66 
(dd, lH, 6&-H, J 5.1 and lO.gHz), 
-H), 3.48 (t, lH, Ib-H, J a.OHz), 

3.88 (t, lH, 6 -H, J lO.‘IHzj, 3759 (.: lH, ‘Sf! 
-H), 2.86 (m IH, lip-H), 3.23 (d, 1 ( J 3.05 14 IH, b-H, 5.7Hz). (a, lH, 

(m, lH, Sp-HI. 
2.67 (B, lH, W-H), 2.57 (m, 2H, Sa-H and 13d-H) and 1.55 

Table 3. 1H NOEDSY Data (CDC13) for (34) 

Proton n.0.e. (8) 
Irradiated llb Sa 5& SP 4b 

4b 6.2 6.7 I.0 
llb 5.0 7.4 

SP 3.s 14.8 2.8 

4b4.S.5a1.1Xbb.13.l4-Tetrahydro-6H-chromeno[3’,4’-4,S]pyrrolo[l,2-a]isoquinoline 
d’from 1 2 3 4-tetrahydroisoquinoline-1-carboxyli 

2??~:opynloxyjb~n;aldahyde (O.aOg 
c acid IO 898, Smmol) and 

continued for lh. 
Smmol) in degassed DMF (SOmlj Heating nas 

Flash chromatogr;phy (SiO2, 1:4 v/v ether-petroisum ether 
afforded the pure product (840mg, 
ether, m.p. 

611) as colourless prisms from ether-petroleum 
157-lsaoc (Found: C, 82.95; H, 6.25; N, 5.00. C gH 7N0 requires 

C, 82.90; H, 6.20; N, 5.101);r 2820 1600 1580 1480 !2I6 and 760 -I 
m/z($) 275 (H+,66), 274(100), 211!27), i69(1Oj and i47(16~;67.48-6.84 (:’ 8i 
ArH), 5.92 (s, lH, S-H), 5.45 (d, lH, 4b-H, J 4.5Hz). 4.90 (d, lH, llb-H,‘J SIlHz 
4.73 (m, ZH, 6-H), 3.59 (m. lH, 13r-H), 
and 2.59 (II, lH, 144-H). 

3.49 (m, lH, 1%-H), 3.13 (m, lH, IV-H), 

Table 4. 1H NOEDSY Data (CDC13) for (35) 

Proton 
Irradiated 4b 5 llb n’“ik(r) I3P 144 

4b 3.2 1.1 
14p Ar 

3.7 
5 3.2 3.6 

llb 2.6 5.2 
13d 7.a 2.7 
I3$ 3.1 2.7 2.3 6.3 
144 1.9 2.8 la.5 5.2 

I4F 7.6 1.7 16.3 

6ar(.7.7a6.8.13.14a~Hexahydro-6H-chromeno(3’.4’-4.S]py rrolo(l,2-blisoquinoline (37) 
i h D IV’ d) Prepared f 

G. $728; l%~~l)‘and o-ally1 
rom 1 2 3 4-tetrahydroisoquinoline-3-carboxylic acid 
salic;l;liehyde (1.628 10~~01) in DMF (60ml). 

Heating uas continued for 2.5h. T.1.c.. eluting wi;h 1:2 v/v ether/hexane showed a 
major spot at Rf 0.19 (iodoplatinate spray). The product was purified by flash 
chromatography, eluting with 1:2 v/v ether/hexane to 
378), as pale yellow prisms (ether-hexane) m.p. % 

ive the f’o~;~;~~;~Pl~g, 
72-75 C. (Foun : 

7.00; N, 4.90. C gHlgN0 requires C, 
b 

82.30; H, 6.90; N, S.OS\);g 
740, 705, and 69 cm-l; m/z(%) 277 CM*, 
7.34-7.01 (m, gH, ArH), 

g2), 276(100) and I04(7S1j~x&~~$5%?s* 
4.02 (B, 4H, 6- and 13-H), 

3.18 (m, 
3.86 (d, lH, 141-H. J 6.OHz), 

lH, 7a-H), 2.71 (dd, lH, M-H, J 5.0 and lS.OHz), 2.57 (dd, lH, a#-H, 
J 9.0 and lS.OHz), 
1H NOEDSYC:): 

2.47 (m, 1H. 6a-H), 1.87 (m, lH, 76-H) and I.67 cm IH, W-H). 
irradiation of 14a-H caused an enhancement’of 68-H (S.2); 

irradiation of 6a-H caused enhancements of 14a-H (5.51, 7 -H (0.5) and 74-H 
(3.9); irradiation of 7P-H caused enhancements of 6a-H ( ! .6) and 71-H (6.1); 
irradiation of 7d-H caused enhancements of 141-H (0.6) 6a-H (6.4) and 7a-H (1.0); 
irradiation of 7a-H caused an enhancement of 7,t?-H (3.15 but not on 7+HI. 
7a~.g.13.14a~-Tetrahydro-6H-chromeno[3’~4’-4,S~pyrrolo~l,2-b~isoquinoline (381. 
Prepared from tetrahydroisoquinoline-S-crrboxylrc acid (1.09, S.6Smmo11 and 
o-propargyl salicylaldehyde (0.91g) in DMF (20ml) at 1200C for 2h according to 
the general procedure. The crude product was purified by flash chromatography 
eluting with 7:3 v/v petroleum ether-ether to give the 
crystallired from methanol as colourless rods, m.p. 

,,,~o:~‘,~n~fa~~g~2S~~!. which 

H, 6.25; N, 5.00. CiiHl7NO requires C, 82.90; H, 6.20; N, S,101); Y 
1620, 1580, 1500, 1 0, 1240, 1000 and 750 cm-l; m/z(t) 275 CM+,100~:x1:~~~6) 
171(12), 170(34), 144(7). 115(21), lOS(73), 104(46) and 78118);67.48 (d, lH,‘ArH), 
7.26-7.11 (m, SH, ArH), 6.98 (t, lH, ArH), 6.79 (d, LH, ArH), 5.64 (d, lH, 7-H. 
J l.gHz), 4.72 (dd, lH, 6-H, J 12.8 and O.SHz), 4.64 (m, lH, (Z-H), 4.60 (br d, IH, 
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14aP-H, J S.UHx), 4.53 (m, lH, 7a+H), 4.43 (d, lH, 1 -H, J lJ.ZHt), 4.10 (d, lH, 
134-H. J 14.2Ht) 2.89 (dd, 1H 8&H, J 6.0 and 
J 5.8 and 14.7Hzj. TH NOEDSY 18): 

, and 2.72 (dd, lH, M-H, 

-H(20) and 143-H(7.5); 
irradiation of lS@-H caused enhancement of 1W 

irradiation of 13&H caused enhancement of lS&H(lS); 
irradiation of 7aCH caused enhancements of 7-H(3) and CM-H(S). 

,zmI indoli;ino/8,;-blindole. 
6b,8,9 14b 15 15a-hexahydro-lH-chromeno[S’,4’-2,31 

5 

v(-Hexahydro-IH-chromeno[3’.4’-2.3]indolizino[~.7-bjindole (418) 
5.15a~-hexa~dro-1H-chr~eno~3’,4’-2.3~indolizinol8,7-bI’ rndole 

I2 3 I-tetrahydro-$-carboline-1-c’arboxylic acid (1 08 
Litnyio;yj-benzaldehyde (0.81~. 5m1rol) in DHF (50ml). ileafing 

was continued for 20m. T.1.C.) eluting with 3:2 v/v ether-petroleum ether, showed 
two spots, Rf 0.42 and 0.21 (iodoplatinate spray). 
usin 

f 
flash chromatography to give (42a), (36011 

The isomers were separated 

(41a Colourless prisms (ether-petroleum ether f; ;3;; t~~_~~~~~)“~~~~~dP4r” 

CT9.55; H, 6.65; N, 8.55. C2 H2ON20 requires C, 79.70; H, 6.35; N, 8.858); 
3 a 3400, 2930, 1575, 1485, 1 20 and 745 CD-~; 1 D/Z(\) 316 (M+,lOO), 315(89), 
T&af46), 156tll), 144(19) and 131(18);67.79 (s, lH, NH), 7.55-6.90 (m, 8H, ArH), 
4.56 (m, lH, lib-H), 4.05 (m, 2H, l-H), 3.89 (d, lH, 6b-H, J 6.OHz), 3.53 (m, 1H, 
8-H), 3.15 (m, ZH, 8-H and 9-H). 2.69 (m, lH, 9-H), 2.44 (m, 1H, Isa-H), and 2.10 
(a ZH, 15-H), 1H NOEDSY (8): 
(9!l and Ar-H (7.5) 

irradiation of 6b-H caused enhancements of 158-H 
- irradiation of lSa-H caused enhancements of 6b-H (10) and 15-H 

(4); irradiation oi’NH caused an enhancement of 14b-H (3). The stereochemistry was 
assi ned by comparison with (33). 
(42.f C 1 o ourless rods (ether-petroleum ether), m.p. 211-212OC. (Found: C, 79.70; 
H7.55; N, 8.90. C21H2ON20 requires C, 79.70, H 6.35; N, 8.85%); Vm 
3393, 2919, 1581, 1489, 1223 and 739 cm-l; m/z(tj 316 

d 
H+,97). 315(lOtf, 

287(4), 275(6), 184(a), 169(40), 144(20) and lSl(l6); 7.77 (s, lH, NH), 7.39-6.85 
(II, 8H, Ax-H), 3.96 (dd, IH, Id-H, J 4.7 and 10.4Hz), 3.76 (t, lH, 1P-H. J 10.7Hz), 
3.53 (a, 2H, 14b-H and 8e-H), 3.31 (d lH, 6b-H, J 5.6Hz), 2.73 (a, 2H, 9-H). 
2.60-2.31 (m, 3H, 15a-, &(- and lS&Hj, and 1.24 (m, 1H 
chemistry was assigned by spectral’ comparisons with (34j. 

lSp-H). The stereo- 

6b4 8 9 14b 15 iSa+Hexah dro-15-methox carbon I-lH-chromeno 3’ 4’-2 3 indolizino 
18.?-ijindo!A &b) d ~~8.9,14b(,15~.~5a~-he~ahydro-l5-met~ox~carb~n~l-1H- 
chromeno~3’,4~-2.31i~~olizino~8,7~tndol’e (42b) P d from 1 2 3,4-tetrahydro-e- 
carboline-l-carboxylrc acid (0 98 4 6 mmolJ 
benraldehyde (l.Og, 4.6mmol) in Dk (;Oml). 

and Zf~??f~arbometh~x;-2-propenyl)oxy]- 
Heating was continued for 30 min. 

T.l.c., eluting with 3:Z v/v ether-petroleum ether, showed two spots, Rf 0.58 and 
0.47 (iodoplatinate spray). The isomers were separated using flash chromatography 
to give (42b) (270mg, 16t) and (41b). 
(Ilb) Colourless rods (ether-petroleum ether), m.p. 222-2230C. (Found: C, 73.65; 
HT.05; N, 7.45. C 3H22N203 requires C 73.80’ H, 5.90; N, 7.501); Vm x 

5 3376 2939 1709 1 84 1439 1214 and +64 cm-i* m/z(t) 374 (H+ 75) 393(47) 
343(j), 31:(S), i75(26j, 242{39), 169(100), 144il2) and lSl(lS)f~8I28 (s, lA, NH), 
7.55-6.92 (II, 8H, ArH), 4.86 (d, lH, 14b-H, J 7.5Hr), 4.36 (m, ZH, 1 

f 
-H and 6b-H), 

3.98 (dd, IH, U-H, J 3.3 and ll.SHr), 3.72 (s, 3H, OHe), 3.67 (dd, H, 15-H, J 7.6 
and 9.3Hz), 3.53 (la, lH, 8-H). 3.14 (m, ZH, 8-H and 9-H), 2.95 (m. lH, lSa-H), and 
2.74 (II, lH, 9-H); 1H NOEDSY(t): irradiation of 15-H caused enhancements of 
14b-H (9.7) and 158-H (3.5); irradiation of 14b-H caused enhancements of NH (2.7) 
and 15-H (12.8); irradiation of ISa-H caused enhancements of 6b-H (9.8) and 15-H 
(2.7). 
(42b) Colourless prisms (Et2-petroleum ether), m.p. 161-162OC. (Found: 
Cq3.65; H 6.10; N, 7.50);3ma 3425, 2811, 1715, 1581, 1447, 1218 and 746 
cm ; m/z(tj 374 (M+,97), 373(62?, 372(13), 343(6), 315(4), 242(50), 169(100), 
165(34), 144(20) and 131(2O):d8.83 (s, lH, NH), 7.48-6.96 (m 8H, ArH), 4.18 
(dd, lH, M-H, J 5.1 and 10.6Hz), 
3.79 (d, 1H. 14b-H. J 9.9Hz). 

3.93 (t, lH, l,U-H, J lO.SHzj, 3.92 (s, 3H, OHe), 

tkDSYit)* 
1H 158-H). 

3.59 (d, lH, 6b-H, J 6.4Hz). 3.55 (m, lH, 8&-H), 2.99 
2.80 (m, 2H, 9-H). and 2.67 (m, 2H, 8p-H and 15-H); 1H 

irradiation of lib-H caused enhancements of 15a-H (12), 6b-H (8). and 
NH (2); irradiation of 6b-H caused enhancements of ISa-H (7.5) and 14b-H (10.5); 
irradiation of 15a-H caused enhancements of 6b-H (7) and 15-H (2.3). 
6M,8.9,l4~-Tetrahydro-IH-chromeno[3’.4’-2.3]indolizino[8.7-bjindole (43). 

d tfom tctrahydro-e-carboline-1-carboxyli id (2.Og 9.26mmol) and 
O~~!~~~rgylsalicylaldehyde (1.960) in DHF (25.1 )Ca:C1200C fo; lh. The product 
(1.8g, 62\), was isolated by flash chromatography eluting with 9:1 v/v ether-ethyl 
acetate and crystalllsed from methanol as colourless prisms, l .p. 199-201oC 
(Found: C, 79.20; H, 5.70; N, 8.65. C2lHl8N20 requires C, 80.25; H, 5.75; 
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N, 6.9Ot)**, x 

CB-1; ./r(t) 314 
3440, 1630, k.610, 1580, 1490, 1500, 1230, 1000, 760 and 740 

156(7), 144(13) 
(kf+,lOO), SlS(84), 312(31), 28S(28), 270(15), 160(7), 167(U) 

(II, 4H ArHl, 
and 115(15l;d’7.87 (s, lH, NH), 7.53 (dd, ZH, ArHl, 7.33-7.08 

7.00 and 6.87 (2’ x m, 2 x lH, ArH), 5.75 (s, lH, 15-U), 5.31 (s, 
llbp-Hj, 4.95 (s. lH, 6b-HI, 4.64 (dd, ZH, CH20), 3.89 (dd, lH, If-H, J 4.2 and 

lH, 

lI.ZHr), 
15.6Hr); 

si42 (m, lH, &(-HI, 3.12 (m, lH, 9&-H), and 2.67 (m, lH, V-H, J 1.2 and 
H NOEDSY(;): irradiation of 15-H caused an enhancement of 14bC-H(S), 

irradiation of llbe-H caused enhancements of 15-H(3) and 6bC-H(6); Irradiation of 
6M-H caused enhancements of l-H(7) and 9d-H (4.51. 
l,la*,6b~8.9.l4b~-Hexahydro-2H-py~rolizino~2~.1~12.Sllndollzlno~6.7-b]indole (45). 
prepared from tetrahydro- -carbolIne-1-carboxylrc acid (2.Og. 9.26mmoll and 
N-ailylpyrrole-2-carboxaldehyde (1.25g, 9.26m;ol) In DMF (23il) at 12OoC for lh. 
The crude solid product, whose p.m.r. 
occurred, 

spectrum Indicated only 351 of reaction had 
was purified by flash chromatography to give the roduct (49Omg, 1881. 

Allowing for unreacted starting arterial the yield is there ore h4%). The’ product 
crystalllsed from methanol as colourless prisms, q .p. 211-21SoC (Found: C, 76i50; 
11, 6.80; N, 14.50. ClQHlgNg requires C, 78.85; H, 6.60; 
N, 14.5011;* 3378, 1623, 1593, 1492, 1454 1285. 770, 754, and 701 CD-~; 
m/z(t) 289 (W’LT$l), 288(351, 210(16), ZOS(lOOj, 184(10). 171(21), 169(12) 
156(15), 144(13), 120(23). 119(36), 118(58) and lOS(S7);67.51 and 7.31 (i x d, 
2 x lH, ArH), 7.19-7.09 (II, tH, ArH), 6.58 (dd, lH, 4-H). 6.29 (t, 1H; 5-H). 6.02 
(d, lH, 6-H), 4.56 (d, lH, 6br-H, J 7.7Ht), 4.31 (t, lH, 14b@-H, J 6.OHz), 4.17’ 
(dd, lH, 24-H, J 8.3 and lO.bHx), 3.89 (dd, lH, P-H, J 3.9 and 10.6Hz), 3.45 and 
3.16 (2 x m, 2 x H, 2 x 8-H) 3. 5 and 2.75 (2 x q , 
2.14 (2 x m, 2 x lH, 2 x 1-H); !il H NOEDSY(:): 

2 x lH, 2 x Q-H), and 2.27 and 

enhancements of lc(-H(l71, 2P-H(5) and 14b 
Irradiation of It-H caused 

-H(8); Irradiation of 6M-H caused 
enhancements of U-H and &t-H (together 7 f and 94-H(5); irradiation of M-H caused 
enhancements of l#-H(l71, 14bp-H(2) and 2A-H and 8g-H (together 91. Irradiation of 
24-H caused enhancements of 2 -H(19), 4-H(2) and 1 -H(I); lrradlatI& of 2 -H 
caused enhancements of 2 

e 
-H(22), and la&H(7); irradiation of 14b 

f 
-H caused 

enhancement of l#-H(5); rradiation of QP-H caused enhancements o 9d-H and &T-H 
(together 25). _ 
7a~,8.14.l5y-Tetrahydro-6H-chro~eno[S’.4’-2.3]indollrino[6.7-bllndole (46). 
Tetrahydro ‘-carbollne-S-carboxyll c acid (2 0 9 26 11 d 
0-propargygalicylaldehyde (1.481~) uere hsa;e!‘in*DH$~25m~~ at 12OoC for lh. 
Work up In the usual way afforded the 
from methanol, q .p. 203-205OC (Found: 

roduct (1.62g, 
?--875X 

37;) as pale yellow prisms 

requires C, 80.25; H, 5.75; N, 8.90g);; 
0; H, 5.95; N, 8.90. C21H18N20 

1120, 1010 and 760 CD-*; 
3200, 1630, 1620, 1590, 1490, 1230, 

m/z(t) 314 (M+m!? 312(6) 171(10) 144(33) and 
143(100);~7.95 (s, lH, NH), 7.51-6.86 (i, ;H, ArH): 5.98 (d: lH, 7-H. J l.lHz), 
4.92 (d, lH, 15a -H, J 3.5Hz1, 4.77 (m, SH, CH20 and HCHN), 4.44 (d, 1H HCHN), 
4.35 (m, lH, 7ad-H), 2.97 (dd, lH, 8&H, J 4.1 and 14.9Hz1, and 2.62 (dd, TH, 8p-H. 
J 9.6 and 14.9Hz). 

We thank Glaxo (Ware), S.E.R.C., 
Dr. 0. ltowarth (Warwick University, 

and Queen’s University for su port and 
S.E.R.C. High Field NWR Service P for 400 MHz 

p.m. r. spectra. 
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