
Tdmhdr~ Vol. 49. No 15. pi 31653184.1993 

Pm&d m Gmu Brmm 

00404020~93 $6 00+ 00 

Pergamm Press L.td 

Model Studies Related to the Total Synthesis of the Fnmitremorgins; the 
Pictet-Spengler Cyclisation and the Formation and Intramolecular Acylation 

of a 1,2-Dihydro-p-Carboline Derivative 

David M. I-Iarris~n*~ and Ram BiIas Sharmab 

aDepartment of Chemtstry, The Umverstty of Warwick, Coventry CV4 7AL, U K 

hDepartment of Chemtstry, The Umverstty of Ulster, Colerame, Northern Ireland BT52 ISA, U K 

(Recerved m UK 11 January 1993) 

Abstract The preparahons of the tetrahydro+carbolmes 8,9b, and 9d are described 
The Ptctet-Spengler reactton of L-tryptophyl-Lprohne methyl ester with 3-methylbutanal 
gave the tetrahydro-&carbohnes 20 and 21, subsequent actd-catalysed cychsatron afforded 
the funutremorgm analogues 22 and 23 The 2-fp-toluenesuIphonyl)tetrahydrop-carbolme 
27a fumtshed the unsaturated pentacycle Z&s upon treatment with alkah 

INTRODUCTION 

Fumrtremorgm Bl la IS a member of the fumnremorgm group of mycotoxms that are synthes~sed by 
common moulds of the Pemcrllrum and Aspergrllus genera z The umque carbon skeleton and funcuonahty 
of these compounds, together wtth their unusual tremor-mducmg properttes, render them attrachve targets 

for total synthesis 

M&*$ 

R2 0 

1 a, R’ = CH2C=CMe2, R2 = CH=CMe* 

b, R’ = H, R* = CH2CMe20H 

F’nor to our studies m thrs area, Otkawa er al had reported the syntheses of some model compound9 
but no defimttve account of thetr work has been pubbshed Our synthehc studtes were based on the 
expectatton that a suttably functlonalised tmme 2a or 2b would undergo actd-catalysed Rctet-Spengler 

cycbsatron followed by droxoptperazine formatron to furnish fumttremorgm C 3a2 or tts demethoxy 
analogue 3b respectively (Scheme 1) We also hoped that Plctet-Spengler cychsatton of the tmmes 2a and 

2b could be mutated by p-toluenesulphonyl chlonde‘t to furmsh the 2-@-toluenesulphonyl)tetrahydro-~- 

carbohnes 4 Base-catalysed ehnunatton4 of p-toluenesulphimc actd from compound Q and umnelenamme 

tautomensatton would furnish the 1,2-dthydro+carbolme 5a. It was anhctpated that the latter compound 

would undergo smooth cychsatton onto a suttably acttvated prohne carboxyl functton to afford the 12,13- 
dtdehydropentacycle 6a, smtable for converston to funutremorgm B 
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SCHEME 1 a, R = OMe 
b,R=H 

We report below some model reactions m the demethoxy-senes that underlme the scope and 
hmltatlon of these Ideas Some of our results were summansed earher m prehmmary commumcations 5.6 

Since the publlcatlon of the latter communication, several groups have reported model stties related to the 

total synthesis of fumltremorgms 7-12 Total syntheses of funutremorgms B lal3J4 and C 3a15J6 and of 
the related mycotoxm TR-2 lb17 have also been reported 

RESULTS AND DISCUSSION 

Our early expenments were performed on tryptamme 7a and Its simple denvatlves Tryptamme 
hydrochlonde reacted with 3-methyl-2-butenal, In aqueous phosphate buffer at pH 6 2, to fumlsh the 

tefiary alcohol 8, m moderate yield, rather than the expected tetrahydro+carbolme 9a It seems most 

probable that the observed product 8 arose VKZ Michael add&on of water to the intermediate conJugated unme 

lOa, followed by normal Plctet-Spengler cychsahon of the resultant fi-hydmxy-tmme The structure of the 

natural funutremorgm TR-2 lb18 suggests that thts reaction sequence may have blosynthek s~gmficance. 

Alternatively tryptamme condensed with 3-methyl-2-butenal, m chloroform or benzene, to form the 
ody lmme 1Oa which fiuled to undergo Plctet-Spengler cychsahon under acid catalysis In a range of aprotlc 
solvents However, treatment of the crude lmme with p-toluenesulphonyl chlonde m pyndme, followed by 

aqueous work-up, fumlshed the desired 2-@-toluenesulphonyl)tetrahydro-fl-carbohne 9b and N&F 

toluenesulphonyl)tryptamme 7b m yields of 45 and 17% respectively The preparation of tetrahydro+ 

carbolmes 8 and 9b constituted the first successful Plctet-Spengler cychsatlons of tryptamme with an 

ahphatlc a$-unsaturated aldehyde After publication of our prellmmary commumcatlon.5 the 

chloroformate-induced Fktet-Spengler cychsatlon of lmme 1Oa was reported 19 
Encouraged by our results in the tryptamme series, we investigated the reaction of 3-methyl-2- 

butenal with denvatlves of tryptophan t-Tryptophan methyl ester 7c condensed smoothly with 3-methyl- 
2-butenal in benzene to give the crystalhne lmme lob, which furnished Nb-(dlmethylallyl)-L-tryptophan 
methyl ester 7d upon reduction with sodium borohydnde However the lmme lob falled to undergo acid- 
catalysed Plctet-Spengler cychsatlon m aprottc solvents under a wrde range of conddlons This lmme also 
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faded to undergo Rctet-Spengler cychsahon when treated with p-toluenesulphonyl chlonde m pyndme or m 

pyndmelbenzene mixtures Aqueous work-up of the resultant tarry mixtures afforded N&I- 
toluenesulphonyl)~L-tryptophan methyl ester 7e as the major product and no trace of the desired product 9c 
could be found It was estabhshed by ‘H-NMR that the mune lob was stable In ds-pyndme and the lmme 
could be recovered unchanged after two days m solutmn m dry pyndme by removal of the solvent m vo 

b, R’ = R2 = H, R3 = Ts 

c, R’ = C02Me, R2 = R’ = H 

d; R’ = C02Me, R2 = H, R3 = CH2CH=CMe2 

e, R’ = C02Me, R2 = H, R3 = Ts 

f, R’ = R2 = H, R’ = CH,Ph 

g, R’ = C02Me, R2 = H, R’ = CH,Ph 

h, R’ = R2 = CO,Et, R3 = H 

I, R’ = R2 = C02Et, R” = CHO 

9 

a;R’=R2=g=H 

b,R’=R2=H,R3=Ts 

c, R’ = C02Me. R2 = H, d = Ts 

d, R’ = R2 = CO,Et. R3 = H 

Two non-crystallme Isomers, CYJH~~NJO~. were formed In equal yield, together with Nb-(p- 
toluenesulphonyl)~L-tryptophan methyl ester, when N-phenylmalelmlde was added to a solution of the lmme 
lob and p-toluenesulphonyl chlonde In pyndme at room temperature These two Isomers were the sole 
products of reaction when p-toluenesulphonyl chlonde was omltted from the reactlon mixture The 
spectroscopic data (expenmental) are consistent with the formulation of these Isomers as products lla and 
llb of Dlels-Alder cycloaddltlon between N-phenylmalelmlde and the dlenamme tautomer 12 of the 

ImmefO (Scheme 2) 

Fk’e J?qO 

b,R’=C02Mc.R2=H 12 I1 a&b 

c, R’ = R2 = CO,Et 

d, K’ = CONH,, R2 = H 

SCHEME 2 

It has been reported that Nb-benzyltryptamlne 7f and N&enzyltryptophan methyl ester 7g undergo 
facile Pictet-Spengler reaction with a range of aldehydes m refluxmg toluene 21 In our hands, both falled to 
give products of Plctet-Spengler cycloaddltlon with 3-methyl-2-butenal The reluctance of the latter 
aldehyde to undergo the acid-catalysed Plctet-Spengler reactlon with tryptophan denvatlves In aprotlc 

solvents IS noteworthy In vtew of the ease of the Ptctet-Spengler reaction between the same denvatwes and 
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3-methylbutanal (VU.& m&z). whichever aldehyde IS used, the protonated mune IS an obhgatory mtermedmte 

m these reations.22 and the lower reactmty of the a$-unsaturated nnme may simply reflect the greater 

delocahsatton of positive charge m its conJugate acid The placement of an tihonal electron-wlthdrawmg 
sub&tuent m the vlcmlty of the protonated imme mtrogen should mcrease the poslhve charge on the lmme 
carbon and thus promote the Rctet-Spengier cychsatmn Acconimgly we prepared the ammo-diester 7h vta 
acid-catalysed ethanolysls of the known 23 formamldo-dlester 7i The ammo-dlester condensed smoothly 
wtth 3-methyl-2-butenal to furnish the crystalhne lmme 10c which was recovered unchanged after 
prolonged refluxmg m benzene. Grahfymgly, addition of a catalyhc amount of benzolc actd to the refluxmg 

solution resulted m rapld and quantltattve Pictet-Spengler cychsatlon to give a mixture of the desired 

tetrahydro-@carbohne 9d and the lsomenc compound 13a, m the ratio cu 6 1 (lH-NMR) The same 

lsomenc rmxture was prepared more convemently by condensation of 3-methyl-2-butenal with the ammo- 
dlester 7b m refluxmg benzene m the presence of a catalytic amount of benzolc acid The major tetrahydro- 

@arbohne 9d, contammated with traces of 134 could be crystalhsed directly from the mixture m ca 6.5% 

yield but complete removal of the mmor product reqtured lengthy and tedious fmtional crystalhsahon The 
mmor component 13p was isolated as a glass by flash chromatography of the mother liquors Presumably 
13a arms from acid-catalysed eqmhbratlon of the ConJugated Imine 1Oc with its dleneanune tautomer, and 

Ptctet-Spengler cychsahon of the latter after protonahon of the a-carbon (scheme 3) 

C02Et 
Ind-+ co2Et 

C02Et 

Ind-f- co2Et 

C02Et 
Ind/\f- CO2Et 

CO2Et 

Ind /\f, Covet 

!M Ind = 3-mdolyl throughout 13a 

SCHEME 3 

The ease of the Plctet-Spengler reaction between 3-methyl-2-butenal and the ammo-dlester 7h 
prompted us to examme the reachon between the latter amme and other carbonyl compounds In particular, 

benzaldehyde reacted with 7h in refluxmg benzene with azeotroplc removal of water, to fumlsh 

quantitatively (t I c ) the I-phenyltetrahydro-bcarbohne 13b withm 2 h Presumably advenhttous traces of 

benzorc acrd were sufficient to catalyse cychsahon of the mtermedlate lmme In a parallel expenment, In 
which benzaldehyde was allowed to react with tryptophan methyl ester under the same condltlons, only the 
expected benzaldlmme was formed Subsequent Rctet-Spengler cychsatlon of the latter was extremely 

slow, even after the deliberate addlhon of benzolc acid to the refluxmg solution, m confirmation of the 
observations of other workers 12 Actd-catalysed Plctet-Spengler reactlon of the ammo-dtester 7h with 

acetone and with acetaldehyde fumlshed the expected tetrahydro-fi-carbolrnes 13c and 13d respectively 

The l,l-d~(ethoxycarbonyl>tetrahydro-p-carbohne 14 was prepared by unexceptional means to aid m NMR 

assignments 
Followmg our dlsappomtmg expenences with the reaction of 3-methyl-2-butenal with tryptophan 

denvatrves, summansed above, we turned our attention to the more amenable though less synthetically 
useful Plctet-Spengler reactions wrth 3-methylbutanal m order to test some of the ideas presented m the 
mtroductmn 3-Methylbutanal condensed smoothly with L-tryptophan methyl ester m refluxmg benzene, m 
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the presence of a catalytic amount of benzo~c acid, to furnish the expected CIS- and trans-tetrahydro+ 

carboh?es, 15a and 16s respectively, m the molar raho 52.48 (as determmed by IH-NMR) as the sole 
products. The pure crs and trans compounds were convemently Isolated m yields of 39 and 31% 
respectively by fractional crystallrsabon and were ldenhfied unambrguously by ‘SC-NMR 24 Neither 
product showed slgmficant opt& rotation and both were shown to be racenuc by exammahon of their tH- 
NMR spectra recorded m CDCl3 m the presence of the choral shrft reagent trls(3-heptafluorobutyryl-d- 
camphorato)eumpnnn(III) [Eu(hfbc)$ In the case of both the czs and trans racemates, the chenucal shift of 
the methyl ester protons for each enanbomer showed a good linear relationship with the mole raho of shift 

reagent to substrate over the range exammed (Figures 1 and 2 respechvely) Alternatively, when the czs- and 

rranr-tetrahydro+-carbolmes were isolated by flash chromatography, IH-NMR m the presence of Eu(hfbch 

revealed that both products had been formed m about 15% enanbomenc excess, and it was clear that we had 
previously sele&vely crystal&d the racermc compounds from a parhally racemic rmxture 

13 a, R’ = H, R2 = CH2C(Me)=CH2 

b, R’ = Ph, R* = H 

c,R’=R*=Me 

d, R’ = H, R2 = Me 

IS 16 

a, R’ = C02Me, R* = H 

b, R’ = CONH,, R* = H 

c, R’ = C02Me, R* = Ts 

The Plctet-Spengler reactlon between 3-methylbutanal and Gtryptophan methyl ester also occurred m 
refIuxmg benzene at apparently the same rate In the absence of benzolc acid to fumrsh the CIS- and truns- 

tetrahydro-fi-carbohnes 15a and 16a rn the same ratio as before Presumably the cychsahon step was 

catalysed under these condlhons by adventitious 3-methylbutanow acid The crs- and tranr-tetrahydro-f)- 

carbohnes were Isolated by flash chromatography as before, each m about 40% enantlomenc excess 

Nakagawa et al reported that the same tetrahydro-p-carbohnes were formed m 22% enanhomenc excess 

under the latter condltlons.8 
Dunng the course of our stu&es Masslot ef al.25 reported that an mune denved from an allphahc 

aldehyde and L-tryptophanamtde fumlshed the homochlral ns-tetrahydro-p-carbohne, m 70% yield, upon 

Rctet-Spengler cychsatlon catalysed by tnfluoroacehc acid in mchloromethane at 0°C. At the hme we 

ascribed the lack of racemlsatlon m that reachon to the use of a 3-carboxamlde, m wlch the a-proton was 

expected to be less acidic than that of an ester. It was subsequently shown that h@ enantlomenc excesses 
can also be achieved tn the Rctet-Spengler cyclrsatlon, under smular con&tlons, of lmmes denved from L- 

tryptophan methyl ester 8.26 In our hands 3-methylbutanal reacted with L-tryptophananude to fumlsh a 
crystalline lmme Treatment of the latter tn dlchloromethane with trdluoroacehc acid at 0°C gave a crystalline 

mixture of the CJS- and truns-tetrahydro-@carbohnes 15b and 16b, in the ratio 85 15 T~u mixture was 

optically active, with [a]D -126 5”, though the degree of enantromenc excess was not determmed Authentic 
samples of the racemlc CIS and truns carboxamrdes were prepared from the esters 15a and 16a respectively, 
by reaction with methanohc ammonia, for t 1 c compansons Not surpnsmgly the lmme denved from the 
condensahon of 3-methyl-2-butenal and Ltryptophananude faded to undergo Pictet-Spengler cychstion 

For the synthesis of model compounds related to pentacycle 3, the hydrobromlde salt of L- 
tryptophyl-lprohne methyl ester was prepared as described by Swellm et al 27 Careful neutrahsahon of an 
aqueous solution of the salt liberated the free dlpephde ester 17 which was extracted Immediately mto 
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I 

b- 

Figure 1 ‘H-NMR, dependence of Figure 2 ‘H-NMR, dependence of 

6 oMe for enantiomers of 15a on molar 8 OMe for enantiomers of 16a on molar 

ratio of Eu(hfbc), to racemlc 15a ratio of Eu(hfbc), to racermc 16a 

dtchloromethane and crystalhsed As anttctpated, solutions of this dlpepttde ester m organrc solvents were 

extremely labile, and self-condensatton occurred slowly at room temperature to form the cychc dtpepttde 
18 38 Fortunately the dlpephde-ester was stable mdefimtely m the crystallme state The IH- and I%-NMR 
spectra of the dtpeptlde ester m k-d m s o were complicated by the doubling of many resonances as a 
result of crs-@un.s lsomensm about the peptlde bond and also by slow mtramolecular condensation to afford 
the cychc dlpepttde In order to ensure that the drpeptlde-ester had not been partmlly eptmensed, a sample 

was cychsed quantitatively m refluxmg benzene to furnish the known czs-dloxoptperazme 18 which was 
shown to be completely free of Its transdlastereolsomer 29 

With the stereochemlcal mtegnty of the dlpeptlde-ester 17 thus assured, we set about the synthesis 
of the pentacycle 22 (Scheme 4) I)lpepttde-ester 17 was allowed to condense with 3-methylbutanal tn 

cold dlchloromethane. m the presence of 4A molecular sieves, to afford a solution contaming the imme 19 
The solutron was cooled to 0°C and one eqmvalent of tnfluoroacehc acrd was added The reachon mixture 

was then allowed to warm to room temperature overnight Work-up afforded an amorphous solid which 

was shown by t I c and IH-NMR to consist mainly of the expected tetrahydro-p-carbolmes u) and 21, in 

the ratio 85 15, together with the cychc dlpepttde 18 and unreacted aldehyde Acid-catalysed cyclisation of 

the mixed tetmhydro-fi-carbolme denvabves m refluxmg toluene and 2-butanoP” gave a mixture containing 

the pentacycles 22 and 23, m the ratio 85 15, as the major components Fractional crystallisation of this 
mixture furnished the pure 3S,6S, 12S-pentacycle 22, m p 2!%298”C, [a]D -83 9’, in 40% yield wlthout 
recourse to chromatography The mmor 3R,6$12S-pentacycle 23, stall contammated with traces of 22, 

was Isolated by flash chromatography The synthesis of these two pentacycles by a stgmftcantly different 
approach was reported subsequently by Nakagawa et al 8 

Pentacycle 22 was quantitatively tsomensed by refluxmg ethanohc alkali to furnish a third isomer 
which was less polar on t I c than either 22 or 23 Eplmensatlon can only have occurred at C-6 and/or at 
C-12 under these condltlons The new pentacycle was assigned the 3S,6S,12&configuratlon 24 since 
exammatlon of molecular models showed that the 3S,6R, 12.S-dlastereomer would be no less stramed and far 
more stencally crowded, whilst the enantlomer 23 of the 3S,6R,12&dlastereomer was already m hand 

Followmg the successful synthesis of pentacycles related to 3 we turned our attention to models for 
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18 19 I 

SCHEME 4 

24 2.5 . 26 

the proposed reactlon sequence 4 to 5 to 6 The racemlc LW and rrunc-tetrahydro-p-carbolmes 15a and 

Ma were each converted by standard methods to their IV-p-toluenesulphonyl denvatlves lk and MC It IS 
worthy of comment that the ‘SC resonances for both C-l and C-3 of the trans product appeared at hgher 

frequency than each of those for the czs product Therefore the relative stcreochemlstry of 1,3-daubshtuted 

2-@toluenesulphonyl)tetrahydro-p-carbohnes cannot be assigned usmg the rule proposed by Bailey et al 31 

Both the LIP and ?ran~-2-(ptoluenesulphonyl)tetrahybm-~-carbol~nes were converted quantitatively mto the 

@-carbohne 25 upon refluxmg with ethanohc alkali m ar The intermediate 1,2-dlhydrc-p-carbohne 26 was 

detected by ‘H-NMR [S 6 7 (IH, s, H4)p’ when the ehmmatlon of p-toluenesulphmic acrd from the cup- 
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toluenesulphonyl denvattve 15~ was conducted under an atmosphere of mtrogen 

Encouraged by these observahons, we prepared the 2-@-toluenesuphonyl)tetrahydro-@carbobne 

27s from the tmxed tetrahydm-p-carbolmes 20 and 21, m 50% overall yteld from L-tryptophyl-Lprohne 

methyl ester The denvahve 27a was then refluxed wrth sodrum ethoxtde m ethanol under an atmosphere of 

nitrogen The ehmmatron of p-toluenesulphtmc actd was accompamed by mtramolecular acylatton of the 

putahve mtermedtate 1,2-dthydro-p-carbolme to fumrsh the yellow fluorescent pentacycle 28a 

quanhtattve yteld Thts m beam&l yellow cubes, of 

crystalhsahon upon exposure atr to leave a It was clear t and 
from the spectroscoptc data a srngle pentacycle 

of p-toluene- 

sulphuuc acid was conducted rn [CV@Ht]ethanol as solvent the prolme a-proton of the product 

28b was completely exchanged for deutenum. Therefore It was necessary to demonstrate that 
the product was the destred 3S,6Spentacycle 28 and not the 3S,6R-eptmer 

27 a,X=OMe 
b,X=OH 
c, X = NH, 

28 a,X=H 
b,X=D 

To this end numerous unsuccessful attempts were made to prepare the pentacycle 28a under 
condtttons that did not eqmhbrate H-6 wtth solvent protons In the course of these studies, the carboxyhc 

acid 27b and carboxanude 2% were prepared The latter compound afforded the same pentacycle 2&s, m 
lower yield, when refluxed with one equivalent of sodtum ethoxtde m ethanol However the formatton of 

28 was accompamed agam by complete exchange of H-6 when the reactton was conducted m [OH- 
*Ht]ethanol with less than one equivalent of alkah An altemattve approach called for the reductton of the 
12( 13) double bond of 28a to fumtsh pentacycle 22 Unfortunately the drdehydro-pentacycle 28a was 
resrstent to hydrogenatron over palladium black or Adams catalyst33 at pressures of up to 70 atmospheres 

However acid-catalyzed hydrolysis of the dtdehydropentacycle afforded Lprolme, winch IS conststent with 
the contiguratton depicted m 2Sa Independent support for thus configuratron derives from molecular 
mechanics calculations using FCMODEL, which revealed that the enthalpy of formatton of the 3S,6S 
compound 28p IS some 15 5 kJmol-l lower than that of the 3&6&dtastereotsomer, m confirmatton of our 
earlier qualrtatrve predlctton,e based on the study of Drerdmg models, that the destred Isomer was the 
t.hermodynanncalIy more stable 

12,13-Duiehydropentacycles related m structure to 6 and 28 have been uttltsed by other workers as 
key mtermediates m the total synthesis of natural fumitremorgins13,t4,17 and therr analogues 3,gJl The 
12(13) double bond was generated m those studies by dehydrogenatton of a saturated pentacycle wrth 

DDQ?** by dehydrogenahon of a 2-prolyl-tetrahydro-p-carbolme denvatrve wtth DDQ13 or wtth benzene- 

selemmc anhydnde,lt by acrd-cataiysed dehydratron of a funcbonahsed p-hydroxy-Dtryptophyl-Lprolme 

CYCIIC anhydnde and tandem closure of nng C,*4 and by oxrdatton of a saturated pentacycle wtth 
hexachloro-2&cyclohexadteneone 17 Our approach,6 described above, provtdes a high yteld altematrve to 
these methods whtch should be apphcable to the total syntheses of both fumttremorgm B and TR-2 
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EXPERIMENTAL 

Organ& exhacts were routinely drred over MgSO4 and evaporated to dryness on a mtary evaporator. 
T.1.c was performed on 0.25 mm thick slltca gel layers contaming a fluomcen t mdrcator precoated on 
plasuc sheets, supplied by Camlab, Cambndge; compounds were vzsua&d by fluoresceace under UV light 
(254 mn). or by spraymg with a cenum (IV) preparation [ce(SO4)2 (log), trichl omacettc acid (100 g) m 
botlmg water (400 &), clanfied by the addrtion of cont. sulphunc acid] followed by heatmg to loo” C 
M~croanalyses were performed by Butterworth Laboratones Ltd., Middlesex. Meltmg points were recorded 
on a Rerchert hot stage m.p appamtus and are uncorrected. Opttcal rotatrons were recorded with a Perkin 
Elmer 141 polartmeter Molecular modellmg was camed out using the program PCMODEL (version 3.2)?4 
which uses the MMX force field35 

Except where stated otherwise, JH-NMR spectm were recorded at 90 MHz wtth a Perkm Elmer R32 
spectrometer for CDC13 solutions with mtemal tetramethylsdane lock Alternatrvely lH-NMR spectra wem 
recorded at 60 MHz using a Perkm Elmer R12 spectrometer, at 220 MHz using a Perkm Elmer R34 
spectrometer, or at 2% MHz uamg a Bruker ACF250 spectmmeter. Except where stated otherwtse, Fourter 
transform JH-decoupled 1%~~NMR spectra were recorded at 22 6 MHz with a JEOL PX-90Q spectmmeter 
for CDC13 solutrons with mtemal tetramethyls&.ne Mulhplicrttes were taken from the off-resonance 
decoupled spectra and/or from JH-u&coupled spectra Otherwise, %NMR spectra were recorded at 63 
MHz on a Bruker ACE?50 spectrometer 

1-(2-Hydroxy-2-metbyl)propyl-1,2,3,4-tetrahydro-~-carboline (8) 

Tryptamme hydrochlonde (982 mg) and potassuun dihydrogen phosphate (1.403 g) were Qssolved 
in water (40 cd) and the pH was adJusted to 6 2 by the addthon of 1 M aqueous sodmm hydmxuie. The 
solutton was &gassed with oxygen-free tutrogen and 3-methyl-2-butenal(S48 mg) was added. The mixture 
was swtded gently unttl a homogeneous solutton resulted, then left under mtmgen at 25°C for 16 days. The 
resultant mmture was filtered at the pump to remove an unidenufied red-brown prectpitate (420 mg), m.p. 
146’C. The filtrate was extracted wtth benzene to yreld a yellow-brown od(104 mg) which was drscatded. 
The aqueous phase was brought to pH 10 by the addttmn of 0 880 ammonia solutmn and was extmcted wtth 
ether. The extract was dned and evaporated zn vucuo to furmsh a colourless solid (741 mg) whrch consisted 
of a mixture of tryptamine and the tetrahydro-g-carbolme 8 m the molar ratto 57 (tH-NMR). Repeated 
re~rystalhsatron of thts solid from benzene/ether, followed by subhmatum (18o”C, 0.1 mmHg) furtushed the 
tz2l.e compound, m-p. 194-1955°C. that was homogeneous by t 1 c and NMR. (Found: M+, 244.1575 
Ct5H2oN20 reqmres M, 244 158); 8~ 129 (3H, s, Me). 1.42 (3H, s, Me), 1.7-2 15 [2H, AB part of 

ABX. (collapsed to AB quartet, SA l&t,& 1.95, JAB 14.5 Hz, on decouplmg at 5 4.38). CHC&], 2 75 

[2H, m, (srmphfied on decoupling at 6 3 15, sharpened on decoupling at 5 4.38), C&CHzNl, 3.15 [2H, m 
(stmphfied on decouplmg at d 2.75), CH2C&Nj, 3.6 (2H, br, NH + OH), 4.38 [lH, X patt of ABX, JAx 
5 1, Jux 93 Hz (collapsed to singlet on decouplmg at 1.85, sharpened on decouplmg at 6 2 75) CfiCH2], 

7 O-7-55 (4H, m, aromatrc H), 8 15 (lH, br s, NH), 5~ 22.4 (t, C-4), 290 (q. Me), 313 (q. Me), 39 7 (t, 
C-3 or GH2CMe20H). 44 6 (t, cH2CMe20H or C-3). 49.5 (d, C-l), 70 6 (s, COH), 108.7 (s, C-4a), 
110 8 (d, C-8), 118.0 (d, C-5), 119 4 (d, C-7), 121.7 (d, C-6), 127 4 (s, C-4b), 135.6 (2C, s, C-Sa and 
9a) 

l-(2-Methyl-l-propenyl)-2-@-tolnenesulphonyl)-1,2,3,4-tetrahydro-~-~~~e (9b) 

A solutron of tryptannne (481 mg) and 3-methyl-2-butenal (277 mg) m benzene (35 cm3) was 
refluxed for 2 5 h m the presence of crushed 4.A molecular steves After iiltratton the pale orange soluuon 
was evaporated in vucno to fumrsh the imute 1Oa as an otl(728 mg), 6J.i (60 MHz) 1.80 (6H, s, CMe& 
3.08 (2H, m, C&CH2N), 3.80 (W, m. CH2C&N), 6.96 (lH, d. 3J 9.5 Hz, N=CHCW. 68-7.8 (5H, 
m, aromauc H), 8 10 (lH, d, 3J 9.5 Hz, N=CfLCH), and 9.0 (lH, br s, NH) The crude mune (693 mg) 
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and ptoluenesulphonyl chlonde (544 mg) were Qssolved m pyndme (3 cm3) at room temperature under an 
atmosphere of mtrogen After mne days, the black opaque reaction nnxture was dduted with ether and the 
resultmg solutton was washed wtth 0.5 M hydrochlonc act& a black tar whch precrpttated was discarded 
The orgamc extract was dned and evaporated to dryness rn vucuo The restdue (702 mg) was subnutted to 
preparative t.1.c on sthca gel, eluted with ethyl acetat&enzene (892 by volume). The fractton wrth Rf’O 2 
was tdentrfied as IVb-@-toluenesulphonyl)tryptamme 7b (156 mg, 16.5%) The frachon with Rf 0.55 
furmshed the frfle compormd (471 mg, 45%) m.p 175176’C (prtsms, from ethyl acetate/l@ petroleum) 
(Found. C, 69.5; H, 6.5, N, 7 6%; M+, 380.155. C22H2QN20# reqmres C, 69.4, H, 6.4; N, 7 496, M, 
380.156), 8H 1.60 (3H, s, E-Me), 1.93 (3H. s, Z-Me), 2.30 (3H. s, Y&Me), 2.65 (2H, m, C&CHzN), 

3.25 (lH, m, C&HBN), 4.10 [lH. m, (collapsed to doublet, 2J 13 Hz, on decoupling at 8 2.65), 
CHAtiN], 5 10 (lH, br d, 3J 10 Hz. =CuCHN), 5.85 [lH, d, 35 10 Hz, (collapsed to singlet on 
decouplmg at b 5.10). =CHCm], 6 9-7 5 (6H, m, aromahc H), 7.64 (2H, d, 35 8.5 Hz, H-3 and H-5 of 

Ts), 7 8 (lH, s, NH), 8~ 18 4 (q, Z-Me), 21.3 (t. CA). 21.5 (q. R-Me), 25.8 [q. (collapsed to smglet on 

SFORD at 6H 1.60). E-Me], 40.6 (t, C-3), 51.1 [d, (collapsed to singlet on WORD at f&-J 5 85). C-l], 
107.9 (s. C4a), 110.9 (d, C-8). 118.2 (d, C-S), 119.5 (d, C-7), 121.5 [d, (collapsed to smglet on SFORD 
at 8~ 5 10). =CH-1, 121.9 (d, C-6), 126.8 (s, C-4b), 127 0 [2C, d, (collapsed to smglet on WORD at &.J 
7.64), C-3 and C-5 of Ts], 1293 (2C, d, C-2 and C-6 of Ts), 132.5 (s, C-9a or Ma=). 136.1 (2C, s, C- 
8a and Me&= or C-9a), 138 0 (s, C-4 of Ts), 143 0 (s, C-l of Ts). 

Preparation of tbe Imine (lob) 
LTryptophan methyl ester (4.36 g) was dtssolved m warm dry benzene (80 cm3) contatmng 4A 

molecular sreves (5 g) m suspenston. The solutron was cooled to room temperature and 3-methyl-Zbutenal 
(185 g) m dry benzene (5 cm3) was added wtth gentle stnrmg Fine crystals began to pmctprtate after about 
20 m After 2 h the stured suspension of crystals was decanted free from molecular sieves and filtered 
under sucuon to furmsh the Mine (4.52 g, 80%), m p 126-127’C (m p 131-132 5°C after recrystalhsatron 
from ethyl aCetate/hght petroleum), [a]D= -165” (c 1 1, CH$l$, [a]DW -214.5” (c 0.9, pyndme) (Found 
M+, 284 153 Ct7H2t-~N& reqtures M, 284.1525). 8H (cm13) 166 (3H, s, Me), 1.81(3H. s, Me), 3 17 
and 3 50 (each lH, A and B parts respechvely of ABX, JAB 14 5, JAX 8, JBX 5 Hz, CH2), 3 72 (3H, S, 
COzMe), 4 15 (lH, X part of ABX, JAX 8, JBX 5 Hz, CfiCOzMe), 6.03 (lH, br d, J 9 HZ, N=CHCm, 
6 9-7 75 (SH, m, aromattc H), 7 78 (lH, d, J 9 Hz, N=CHCH), 8 53 (lH, br s, NH), 8J-J (dg-pyndme) 
1.56 (3H, s, Me), 1 63 (3H, s, Me), 3 62 (3H, s, C@Me), 3 46 and 3 78 (each lH, A and B parts 
respecttvely of ABX, JAB 14, JAX 8, JBX 6 Hz, CH2). 4 49 (1H. X part of ABX, JAx 8, JBX 6 Hz, 
CuCOzMe), 6 13 (lH, br d, J 9 Hz, N=CHCu=), 7.15-7.95 (5H, m, aromahc H), 8 13 (lH, d, J 9 Hz, 
N=CUCH=), 8~ 18 5 (q, Z-Me), 26 6 (q. E-Me), 30 0 (t, CH2), 52 2 (q, MeO), 73.8 (d, a-C), 111.0 (s, 
C-3), 111.2 (d, C-7), 118 8 (d, C-4), 119 3 (d. C-6), 121.8 (d, C-S), 123 6 (d. C-2), 125 0 (d, 
CH=CMez), 127.3 (s, C-3a), 1363 (s, C-7a), 148 8 (s, $Mez), 161.9 (d, CH=N), 173.0 (s, C=O) 

N,-(3,3-Dimetbylallgl)-L-Tryptophan Methyl Ester (7d) 
Stium borohydnde (692 mg) was added m portrons over 3 h to a shrrecl solutton of the umne lob 

(4 200 g) 1n anhydrous methanol (70 cm3), at O”C, m the presence of 4A molecular sieves (4 g) After a 
further hour, the molecular steves were removed, the soluhon was evaporated to dryness, and the restdue 
part~honed between benzene and water The benzene extract was evaporated to dryness rn v-o and the 
sohd residue crystalhsed from chloroform/hght petroleum to give the almost pure product (3 237 g, 77%), 
m p IOl-103°C Recrystallisahon from ethyl acetate/l@t petroleum furnished the title compound, m p 
1~.5-104”C (thick needles), [a]D2’ +165’ (c 1.1, MeOH) (Found C, 71 5, H, 80, N, lO.l%, M+, 

286 168 C17H22N202 reqmres C, 713, H, 77, N, 98%, M, 286.168), oH (60 MHz) 155 (3H. s, Me), 
166 (3H, s, Me), 177 (lH, br s, NH), 3.15 (4H, m, 2 x CHz), 3 62 (3H, s, C@Me), 3.7 (lH, m, 
CHN), 5 2 (lH, br t, 35 6 Hz, CH=C), 6 9-7 7 (SH, m, aromatic H), 8 55 (lH, br s, mdole NH), 6~ 17 8 
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(q, Z-Me), 257 (q, E-Me), 294 (t, p-CHz), 45.7 (t, -NHCH2-), 51.6 (q, OMe). 61 5 (d, a-CH). 111 1 

(d, C-7), 111.3 (s, C-3), 118.7 (d, CA), 1194 (d, C-6), 122.0 (d, C-S), 1224 (d, cH=CMez). 122.8 (d, 
C-2), 127 5 (s, C-3a), 135 0 (s, <MeZ), 136.2 (s, C-7a), 175 5 (s, C=O). 

Attempted Pktet-Spengler Cyelisation of the Imine (lob) 
p-Toluenesulphonyl chlonde (351 mg) was stmed overmght with a soluhon of the mune (502 mg) m 

anhydmus pyndme (5 cm3) under an atmosphere of dry mtrogen The reachon rmxture turned bnght red 

withm two mmutes and had become black after 18 h. After a further 9 days at room temperature the solvent 
was removed m vacua and the tarry residue was etioned between benzene and 0 5 M hydrochlonc acid 
The orgamc phase was subjected to preparative t 1.c on slhca gel, eluted with ethyl acetate/benzene (1.4 by 
volume), to furnish A$,-@-toluenesulphonyl~L-tryptophan methyl ester (280 mg), Rf 0 45, [aID= -28 9” (c 
0 5, EtOH) [which was identical (t.1.c. and ‘H-NMR) to an authentic sample, of [a]D24 -29.6” (c 0 6, 
EtOH)], and several wudentied substances 

Reaction Retween the Imine (lob) and IV-Pbenylmaleimide 
pToluenesulphony1 chlonde (340 mg) and N-phenylmaleurude (3 11 mg) were added sequent&y to 

a solution of the lmme lob (505 mg) m dry pyndme (5 cm3) under mtrogen The resultant solution was 

sbrred for 12 h at room temperature, then the solvent was removed m vucuo T 1 c (ethyl acetate/benzene, 
2-3 by volume) on the residue showed the presence of two major products with Rf 0.3 and 0 5 respectively, 
together with traces of A$-@-toluenesulphonyl)tryptophan methyl ester (Rf 0 75) and less polar substances 
Preparative t 1.c with the same eluent funushed the Duels-A&r adducts lla (260 mg, 32%) and llb (265 
mg, 33%), both as foams, which were homogeneous on t-1 c. 

Adduct 11s gave Rf 0 5 (Found: M+, 457 200 C27H27N304 requires M, 457 200), 8H 175 

(3H, s, Me), 3 60 (3H, s, OMe) supenmposed on 2 O-4 0 (9H, overlapping m), 5 7 (lH, br s, =CH-), 

6 85-7 7 (lOH, overlapping m, aromatic), 8.17 (lH, br s, mdole NH), &J 23 2 (q, Me), 28 0 (t, CH2), 

29 4 (t. B-CH2), 38 8 (d, CHCON), 43 4 (d, CHCON), 518 (q, OMe), 53 2 (d, CHN), 61 5 (d, a-CH), 

110 5 (s, C-3), 111 1 (d, C-7), 118 7 (d, C-4), 119.3 (d, C-6), 121.8 (d, C-5). 123 d (d, C-2), 125.3 (d, 
CH=), 126 4 (2C, d, C-2 and C-6 of Ph),’ 127 5 (s, C-3a), 128 4 (d, C-4 of Ph), 129.1 (2C, d, C-3 and C- 

5 of Ph), 131 9 (s, =cMe), 136 1 (s, C-7a), 1366 (s, C-l of Ph), 1753 (s, GOzMe), 1773 (s, C=O), 
179 2 (s, Go). 

Adduct llb gave Rf 0 3 (Found M+. 457 201 C27H27N304 requires M, 457 200), 8~ 1.62 

(3H, s, Me), 2 l-2 7 (3H, m), 2 8-3 5 (4H, m), 3 68 (3H, s, OMe) supenmposed on 3 5-3 95 (2H, m), 

5 42 (lH, br s, CH=), 6 95-7 7 (lOH, overlappmg m, aromahc H), 8.32 (lH, br s, mdole NH), 8~ 23 0 

(q, Me), 28 5 (t, CH2), 29 5 (t, B-CH2), 39 2 (d, CHCON), 44 4 (d, CHCON), 519 (q, OMe), 52 4 (d, 

CHN), 59 4 (d, a-CH), 110 7 (s, C-3), 1114 (d, C-7) 1185 (d, C-4), 119 3 (d, C-6), 121.9 (d, C-S), 

123 6 (d, C-2), 1247 (d, CH=), 126.6 (2C, d, C-2 and C-6 of W), 127 1 (s, C-3a), 128.5 (d, C-4 of Fh), 
129 1 (2C, d, C-3 and C-5 of Ph), 131 9 (s, =cMe), 136.3 (s, C-7a), 137 2 (s, C-l of Ph), 174 9 (s, 
GOzMe), 17’7 3 (s, C=O), 178 9 (s, GO) 

The two Dxels-Alder adducts were formed as the sole products when the tmme lob was allowed to 
react wltb N-phenylmalemude m pyndme In the absence of ptoluenesulphonyl chlonde 

Preparation of the Amino-die&r (7b) 

Dtethyl formamtdomalonate (11 670 g) and gramme (10 015 g) were stirred vtgorously wtth 
ethanohc sodium ethoxtde (prepared from 1345 g sodmm m 500 cm3 anhydrous ethanol) for 30 m at room 
temperature Dtmethyl sulphate (8 0 cm3) was added dropwtse over 30 m and the resultant solutron was 
stirred at room temperature overnight The crystalline prectpttate was removed by fihratton, washed with 
water untd the washings were neutral, then dned m an at 70°C and recrystalhsed from ethanol to funush the 
formarmdo-dtester 7i (16 516 g, 87%), m p 180-181°C (1tt.a 18tS181”C) 
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A soluhon of the latter compound (8.500 g) m dry ethanol (80 cm3) was mfluxed with cont. 
hydrochlonc acid (6 6 cm3) for 2 h, then evaporated to dryness m vucuo and dned over phosphorous 
pentoxtde The ody mudue was crystalhsed from anhydrous ethanol and ether to gtve the hydrochhmde salt 
of the amine 7b (6.950 g, &I%), m p 128130°C. A soluhon of the latter compound m water (100 cd) 
was shaken with ether whde an excess of cone aqueous ammoma was added. The organic extract was 
washed with water, dried, and evaporated to dryness m vacua to furmsh the amme 7b as a coloutiess 011 
(5 581 g, 90%) (Found M+, 304 142. Calc for Ct&uN204: M, 304 142), 6~ (60 MHZ) 1.22 (6H, t, 3J 
7 Hz, C&&Hz x 2). 2.00 (2H, s, NH2), 3.52 (2H, s, CH2), 4 20 (4H, q. 3J 7 Hz, CH3C& x 2), 6 9- 
7 75 (SH, m, aromahc H), 835 (lH, br s, mdole NH), whtch was used w&out punficatton m the reactions 
described below 

Pktet-Spender Cyclhation of Amino-diester (7h) with 3-Methyl-2-betenal 

(a) A solutron of 3-methyl-Zbutenal(1.368 g) and the amme 7h (4.507 g) m benzene (75 cn?) was 
refluxed for 2 h with entrapment of water usmg a Dean-Stark apparatus Benz.o~c actd (360 mg) was then 
added and the solubon was refluxed for a further 6 h The resulting dark-yellow soluhon was washed 
sequenhally with 5% aqueous sodmm btcarbonate and water, aud the solvent was then removed m vacua 
T 1 c. [eluted with ethyl acetate and benzene (1 9 by volume)] and tH-NMR revealed that the ody product 
consrsted mamly of the tetrahydro-g-carbolme W (Rf 0.33) and tts isomer 13a (Rf 0.40) in the mole ratto 
~(1 6: 1 The 011 was subnutted to frachonal crystalhsauon from benxene/hght petroleum to furmsh l-(2- 
methyl-l-propenyl)-3,3-d~(ethoxycarbonyl)-l,2,3,4-te~~~o-~c~bol~~ 9d (3 5!XI g. 65%). m p. 136 
137°C (Found. C, 68.45, H, 6 9; N, 7 4%, M+, 370 1875 C2tH26N204 reqtures C, 68.1; H, 7 1. N, 

7 696, M, 370 189), 8~ 121 (3H, t, 33 7.2 Hz, CbCH2). 135 (3H, t, 35 7.2 Hz, C&CH2), 1.86 and 
1.93 (each s, Me+C), 2 93 (lH, br s, NH), 3 l-3.85 [2H. m (resembling an AB quartet with atihonal 
tine structure), 6~ 3 23 (long-range coupled to Cm, SJ 2 5 Hz), 6~ 3.72 (long-range coupled to m. 
5J 15 Hz), 2J~~ 15 5 Hz, CH2], 4 O-445 (4H, m, CH3C& x 2). 5.15 [lH, A part of AB quartet 
(sharpened on trrad at 6 3 23), 3JAu 9 2 Hz, NC&X-I=], 5 35 [lH, B part of AB quartet (sharpened on 

trrad at 8 19), 3JAu 9.2 Hz, NCHCu=], 7 05-7 65 (4H, m. aromatrc H), 7 73 (lH, br s, NH); 6~ 14.0 
(2C, q, GH3CH2 x 2), 18 2 (q. Z-Me), 25 9 (q, E-Me), 27 1 (t, C-4), 48 5 (d, C-l), 618 (t, OCH2). 62 2 
(t, OCH2), 67 0 (s, C-3), 1059 (s, C4a), 1107 (d, C-8), 118 2 (d, C-5), 119.3 (d, C-7), 1215 (d, C-6), 
1247 (d, CH=). 127.4 (s, C4b), 133 6 (s, C-9a), 1362 (s, C&I), 137.6 (s, =cMez), 169.7 (s, C=O), 
170 3 (s, C=o). 

Fracttons nch m the mmor component were subnutted to flash chromatography on sdtca gel, eluted 
wtth ethyl acetate/benzene (1 9 by volume), to furmsh I -(2-methyl-2-propenyl)-3,3-dt(ethoxycarbonyl)- 

1,2,3,4-tetrahydro-~~~~hrre 13s as a glass, whtch was homogeneous by t 1 c. and NMR (Found M+, 

370 1875 C21H2&04 requrres M, 370.189), by (250 MHz) 1.20 (3H, t, J 7 1 Hz, C&CH2), 136 
(3H, t, J 7.1 Hz, C&CH2), 1.90 (3H. s. CH3C=), 2.47 (lH, dd, J 14.0 and 7 9 Hz) and 2 67 (lH, dd. J 
14 0 and 5 6 Hz) (C&XI-I), 3.1 (lH, br. s, NH), 3 21 (lH, dd, 2J 153. SJ 2 4 Hz) and 3 78 (1H. dd, 2J 
153, 5J 16 Hz) [C(4)Hz], 4.1-44 (4H, m, CH;?O x 2), 455 (lH, m, H-l), 507 (2H, s, CH2=C), 7 2 
(2H, m, aromauc H). 7 3 (IH, m, aromatrc H), 7 6 (lH, m, H-8), 8 34 (1H. s, NH); i3c (63 MHz) 14 0 
(2C, C&CH2 x 2), 22.5 (CH3C=), 27.3 (&I), 43 7 (cHzC=). 47.0 (C-l), 619 (OCHz), 62 3 (OCH2). 
67.0 (C-3), 1063 (CA), 110 9 (C-8), 113 9 (CH2=), 118.1 (C-5), 119.3 (C-7), 121.6 (C-6), 126.9 (C- 
4b), 134.1 (C-9a), 136.1 (C-8a), 142.2 (GCH2), 169.8 (c--O), 170.2 (c--O) 
(b) 3-Methyl-2-butenal(115 mg) was stured for 6 h at room temperature with a sohmon of the ammo- 
dtester 7h (380 mg) in benzene (10 cm3) m the presence of AA-molecular steves (1 g) The solutton was 
tilteered, evaporated ut vaciw, and crystalhsed from benxene&ght petroleum to furmsh the umne 1Oc (336 
mg, Yj%), m.p. 77-78oC (Found M+. 370.189 C2tH2&&)4 ra~mres M, 370 189); 8~ (60 h-@iZ) 1.15 
(6H, t, 3J 7 Hz. cLi3CH2 x 2), 172 and 1.82 (each 3H, each s, Me&Z=), 3.63 (2H, s, CH2). 4.14 (4H, q, 
3J 7 Hz, CH3C& x 2), 6.08 (lH, br d, 3J 9 Hz, N=CHCII), 6.9-7 65 (5H, m, mdole CH), 8 16 (lH, d, 
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3J 9 Hz, N=cH). 83 (lH, br s, NH) 
A soluhon of thus umne (401 mg) and benzo~c acid (28 mg) m anhydrous benzene (30 cn?) was 

refluxed for 7 h to @ve the same mrxture of lsomeric tehahydro-@~W mes as that de.scnbed m (a) above 

Fractional crystalbsatmn of the crude product from benzene-hght petroleum furmshed the tetmhyd~fk 
carbolme 9d, m.p. 136137”C, m 68% yield 

3,3-Di(ethoxycarbonyl)-l-pbengl-l,2,3,4-tetrahydro-~-carbolme (13b) 

A solution of benzaldehyde (701 mg) and the ammo-&ester 7h (2 013 g) m benzene (30 cm3) was 
refluxed for 2 h with removal of water usmg a De-an-Stark apparatus The solvent was removed zn vucuo to 

leave an 011 which was crystalltsed from benzene-light petroleum to funush the trtk compound (1.511 g, 
58%), m-p. 118-119oC (Found. C, 703, H, 6 1, N, 7 146, M+, 392.172 C23H24NzO4 reqmres C, 704, 
H, 6.2; N, 7.1%; M, 392.174), bH 1 14 (3H, t, 3J 7 Hz, CH3), 1.26 (3H, t, 3J 7 Hz, CH3). 3.14 (lH, br 

S, M-i), 3.2-3 9 (2H, AB patt of ABX. 5~ 332. SB 3.73, 2J~~ 15. AJAX 3, ~JBX 2 HZ, C(4)Hz), 3.95- 
4.40 (4H, m, CH3C& x 2), 5.43 (lH, X part of ABX, CIINH), 7 O-7 65 (lOH, overlappmg m, aromahc 
H + NH), I~C 14 0 (2C, q, Me x 2). 27.1 (t, C-4), 55 4 (d, C-l), 61 8 (t. OCH2). 62.2 (t, OCH2), 673 (s, 
C-3), 106.8 (s, C-4@. 110 8 (d. C-8). 118.2 (d, C-5), 119.4 (d, C-7), 121 8 (d, C-6). 127.1 (s, C4b), 
128.7 (5C, d, Ph), 133 5 (s, C-9a), 1364 (s, C-8a), 141.5 (s. C-l of Ph), 1693 (s, C=O), 170.4 (s, 
C=o) 

A soltion of the amme 7h (13.102 g) m acetone (150 cm3) was refluxed with glacial acek acid (2 
cm3) for 48 h The solvent was removed VI vucuo and the residue rectystalhsed from acetone and light 
petroleum to furmsh the trfle compoumi (4.65 g, 31%). m p 170-173“C. which was homogeneous by t.1.c. 
and NMR (Found: M+, 344.175 Ct9H&204 requres M, 344 174). 8H (220 MHz) 126 (6H, t, J 7 Hz, 

i&CH2 x 21, 145 (6H, s, Mez), 2 65 (lH, s, NH), 33 1 (2H. s, CH$, 4 25 (4H, q, J 7 Hz, OCH2 x 2). 
7.15-7 4 (3H. m, H-5,6,7), 7.60 (lH, m, H-8). 7.9 (lH, s, H-9), 6~ 13 9 (2C, q, GH3CH2 x 2). 273 (t, 
C-4), 30 6 (2C, q, Me& 50 5 (s, C-l), 61 9 (2C, t, OCH2 x 2). 65.0 (s, C-3), 104.9 (s, C-4@, 110.7 (d, 
C-W, 118.4 (d, C-S), 1195 (d, C-7), 121.7 (d, C-6), 127 0 (s, C4b), 1360 (s, C&I), 138 1 (s, C-9a), 
171.0 (2C, s, c=o x 2) 

3,3-Di(ethoxyearbonyI)-l-methyl-l,2,3,4-tetrahydro-~-carboline (KM) 

A solutmn of the amme 7b (1020 g) and acetaldehyde (161 mg) 1x1 dry benzene (30 cd) was stured 
at room temperature for 3 h m the presence of 4A molecular sieves Benzcuc acid (102 mg) was then added 
and the reachon mixture was refluxed for 8 h The nuxture was subsequently cooled to room temperature 
and filtered The filtrate was washed m turn with 5% aqueous s&urn hydrogen carbonate, then water, and 
evaporated In wcuo to fumd the trtle compound (982 mg, 89%) as an 011, which was homogeneous on 
t 1 c. (Founk M+, 330 158. C&I22N204 reqmres M, 330.158); 6~ 1 12 (3H, t, 317.1 Hz, C&&H& 
1.30 (3H, t, 3J 7 1 HZ, C&CH2), 144 (3H, d, 3J 6.7 Hz, C&jCH), 2 67 (lH, br s, NH), 3 12 [lH, dd, 
2J 15.2 Hz, 5J 2 4 Hz, C(~)~HB]. 3 66 [lH, dd, 2J 15 2 Hz, SJ 16 Hz, C(4)H&&j], 3 95-4 6 [5H, 
overlapping m, CH3C& x 2 and H-l], 7 O-7 65 (4H, m, aromahc H), 7 82 (lH, s, H-9), & 14 0 (2C, q, 

!ZH$HZ x 2). 21 3 (q, CH3), 27 3 (t. C-l), 45.3 (d, C-l), 61 8 (t, OCH2), 62.2 (t. OCH2), 67 1 (s. C- 
3). 1058 (s, C-k), 110.7 (d, C-S), 1182 (d, C-5), 1194 (d, C-7), 1216 (d, C-6), 127 1 (s, C4b), 
135 1 (s, C-9a), 136.2 (s, C-as), 169 9 (s, C=O), 170 2 (s, GO) 

l,~-Di(ethoxycarbonyl)-3-methyl-1,2,3,4-tetrahydro-~-etlrbollne (14) 

A solution of a-methyltryptamme36 (960 mg) and &ethyl Zoxopropandloate (1055 g) m benzene 
(40 cm31 was refluxed for 2 h with collection of water by means of a Dean-Stark trap Benzolc acid was 
added and refluxmg continued for a further 8 h The reachon mixture was worked up as described above to 
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gve the rifle compound (1096 g, 60%), m p 126127’C (Found: C, 65.1; H, 6.9; N, 8.296, M+, 330.159 

Ct@22N204 requues C, 65.4, H, 6 7, N. 8.5%. M. 330.158). &j 1.30 (3H, t. 3J 7 2 Hz, CbCH2). 1.35 

(3H, t, 3J 7 2 Hz, C&CH2). 1.41 (3H, d, 3J 6.1 Hz, C&CH). 2.343 00 (3H, overlappmg m, C&CH + 
NH), 3.35 (lH, m, CH2CK). 4.3 (4H, m, CH3C& x 2), 7.0-7.6 (4H, m, aromatic H), 8.56 (1H. s, H-Q), 

6c 14 0 (2C, q, cH3CH2 x 2), 22 0 (q, CH3), 29.6 (t, C-4), 473 (d, C-3), 62.5 (t, OCH2), 62.7 (t, 

OCH2), 679 (s, C-l), 111 2 (d, C-S), 112.5 (s, C4a), 1186 (d, C-5), 1193 (d, C-7), 122.5 (d, C-6), 
126 2 (s, C-4b and C-Qa), 136.5 (s, C-8a), 168.2 (s, GO). 169.7 (s. GO). 

Pictet-Spengler Reaction Between 3-Methylbutad and L-Tryptophan Methyl Ester 
(a) 3-Methylbutanal(3 560 g) was added to a warm soW.~on of Ltryptophan methyl ester (8.009 g) m 
dry benzene (100 cm3) wkch was refluxed for 2 h with collection of water using a Dean-Stark apparatus 
Benzolc acid (320 mg) was then added and the solution refluxed for a further 36 h The cooled react.1011 

nuxture was washed with 5% aqueous sodmm hcarbonate solution, followed by water, and evaporated m 
vucuo to gve a crystalhne residue, t 1 c [ethyl acetatemenZene (1:4 by volume)] on whch showed only two 
slgmficant products, with Rf 030 (for the CIS product Ma) and 0.23 (for the truns compound Ma) The 
cdmr~~ rat10 was approximately 52 48 (‘H-NMR) The rmxture was crystalltsed once from benzene and 
then subrmtted to fractional crystalbsation from methanol to furmsh racermc crr-3-(m&oxycurk~#)-l-(2- 

methylpropyl)-1,2,3,4-tetrahydro_Bcarbob 15a (4.062 g, 39%), m.p. 147”C, [a]# -1.0“ (c 1, EtOH) 

(Found C, 717; H, 7 9, N, 97596, M+, 286 168 C17H22N202 reqlures C, 713; H, 77, N, 98%; M, 
286 168), 6~ 1.01 and 1 04 (each 3H, each d, 3J 6 5 Hz, CMez), 1 55-2 25 (4H, overlappmg m. 

C&CWe2 + NH), 2.82 [lH. ddd, 2J 153,3J 113, SJ 2.5 Hz, C(~)-]~L~HB], 3 12 [lH, ddd, 25 153,3J 

4.3,5J 20 Hz, C(~)-HA&]. 3.79 [lH, dd, 35 11.3 and 43 Hz, H-31,3 81 (3H, s, C&Me), 4.2 (lH, m, 

H-l), 7 O-7 55 (4H. m, aromatic H). 7 78 (lH, br s, H-Q), 8~ 217 (q, CH3). 23.8 (q, CH3), 24.3 (d, 

GHMe& 26.0 (t, C-4). 444 (t, CH2), 50 5 (d, C-l), 52.1 (q. OMe), 56.4 (d, C-3), 107.7 (s. C4a), 
110.7 (d, C-8), 1179 (d, C-5). 119 5 (d, C-7), 1216 (d, C-6). 127 2 (s, C4b), 1358 (s, C-Qa), 1360 
(s, C-8a), 173 8 (s, C=O) 

The combmed mother bquors were subnutted to fractional crystaibsation from benzeneillght 

petroleum to give the racemlc trans-3-(ndwqarbonyl)-l-(2-rnethyipropyl)-1 ,2,3,4-tetrahydrc@-carbolrne 
16a (3 209 g, 31%), m p lWC, [a]D 25 +0.2” (c 1, EtOH) (Found C, 713, H, 78; N, 9.8%; M+, 

286 168 C17H22N202 requires C, 713, H, 77, N, 9.895, M, 286 168), 88 1 00 (3H, d, J 6.7 Hz, 

CHcHs), 1.03 (3H, d, J 6 7 Hz, CHm3), 13-2 2 (3H, m, CbCuMe2). 2 2 (1H. s, NH), 2 8-33 [2H, 
AB part of ABX, C(4)-Hz], 3 75 (3H, s, COzMe), 3 98 (1H. X part of ABX, JAX + JBX 12 4 Hz, H-3), 

4.28 (lH, m, H-l), 7 057 6 (4H, m. aromatic H), 7 7 (lH, br s, H-Q); 8~ 216 (q. CH3). 23.6 (q, CH3), 

24.6 (d, CH), 250 (t, C-4). 444 (t. CH;?), 48 1 (d, C-l), 52.0 (q, OCH3), 52 3 (d, C-3), 106.7 (s, C4a), 
110 7 (d, C-8), 117 9 (d, C-5), 1193 (d, C-7), 121 5 (d, C-6), 127 1 (s, C4b), 135.8 (s, C-Qa), 136.0 
(s, C-8a), 1743 (s, C=O) 

(b) The reachon between Gtryptophan methyl ester and 3-methylbutanal was performed m the presence 

of benzoic acid as described above but care was taken to avoid fracbonabng the crude reachon mtxture (or 
the punfied products) by crystalllsatlon. The total crude reaction mixture was submitted to flash 
chromatography over ska gel eluted with ethyl acetate/benzene (15 by volume) to afford the CL+tetrahyd~+ 

fi-carbolme 151, [a]Dx -213” (c 1 8, EtOH) and the rrutzs dlastereomer Ma, [a]* +6 9” (c 10, EtOH). 

The *H-NMR of each dmstereomer in the presence of Eu(hfbch revealed that they had both been isolated m 
about 15% enanbomenc excess 

(c) The reaction between Gtryptophan methyl ester and 3-methylbutanal was performed as described 
above but m the absence of benzorc acid The total crude reaction mixture was submltted to flash 
chromatography over slbca gel eluted with ethyl acetat&enzene (15 by volume) to afford the crs-tetrahydro- 

B-carboline 15a, [a]Dz -653” (c 12, EtOH) and the fruns dastereomer Ma, [a]Dz +203” (c 0 9, EtOH) 
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tH-NMR m the presence of Eu(hfbch revealed that they had both been Isolated m about 40% enanttomenc 
excess. 

Pictet-Spengler Cyclisation of L-Tryptophanamide with 3-Methylbntanal 
A solutron of L-tryptophanamrde (5 405 g) and 3-metbylbutanal (2.550 g) m dry benzene was 

refluxed for 2 h wrth collectton of water usmg a Dean-Stark trap The soluhon was concentrated rn vacua 

and the restdue crystalbsed from benzene to furmsh the rmrne (6 204 g, 85%). m p. 1391WC, [a]$5 

-27.3” (C 1, CH2C12) (Found: M+, 271 168 Ct&i2tN3O requtres M, 271 1685); 6H 0.74 (6H, d, J 7 Hz, 

2 x Me), 1.52 05 (3H, m, C&CHJMe2), 3 05 [ 1H. dd, J 14 and 10 Hz, C(4)-HA], 3 51 [ lH, dd, J 14 and 
3 5 Hz, C(4)-HB], 3 87 [lH, dd, J 10 and 3 5 Hz, H-31.5 8 and 6 8 (each lH, br, NH*), 6 9-7 75 (6H, 
overlappmg m, aromattc H and CH=N), 8 2 (lH, br s, mdole NH) 

Tnfluoroacehc actd (1.140 g) was shrred at room temperature wtth a solutton of the tmme (2 850 g) 
m dtchloromethane (305 cm3) for 24 h. The solutton was then washed wrth 5% aqueous sodium 
btcarbonate, followed by water, dried, and evaporated to dryness. The sohd residue was crystalltsed once 

from benzene to furrush a nuxture (2.480 g, 87%) m p. 183-184”C, [a]$5 -126 5”, of the CIS and truns 

tetrahydro-p-carbohnes 15b and 16b m the rabo 17.3 (esttmated by 13C-n m r ), unchanged on repeated 

recrystalhsatton (Found. C, 7125, H, 8 0, N, 15 7, M+, 271 168 Calc for Ct&tN3O C, 70 8, H, 7 8, 

N, 15 5, M, 271 1685). SC (k-d m s o ) 21 6 (q. Me), 23 8 (d, CHMez), 24 0 (q, Me), 25.7 (t, C-4). 

43.3 (t. CH2), 50 7 (d, C-l), 57 0 (d, C-3), 1069 (s, C-4a), 1110 (d, C-S), 117.3 (d, C-5), 118.3 (d, C- 
7), 1204 (d, C-6), 1270 (s, C-4b), 135.9 (s, C-9a), 1376 (s, C-8a), 1752 (s, C=O), [and resonances 

due to the muter component at 8 24 3,24 8,48 1 (d, C-l), 51 9 (d, C-3), 106.2 (s), 137 81 

Racemic Cm- and Trams-Tetrahydro-B-earbolinecar~~~des 15b and 16b 

A solutton of the racermc ester 15a (450 mg) in dry methanol (10 cm3) was saturated wtth gaseous 
ammotua at 0°C. After 2 days at mom temperature the reachon mtxture was evaporated to dryness m vucw 

to fumtsh the as-curboxamlde (380 mg), Rf 0 45 [t 1 c eluted wtth ethanol/chloroform (1 9 by volume)] 

(Found M+, 271 168. Calc for C16H2tN30,271 1685) 
The racemtc trans ester 16a was stmtlarly converted to the trutwcarhxzmrde Mb, m p 234235”C, 

Rf 0 55 [t 1 c eluted wtth ethanol/chloroform (1 9 by volume)] (Found M+, 271 167 Calc for 
Cl&I2tN3O, 271 1685) 

Reaction Between L-Tryptophanamide and 3-Methylbat-Zenal 
A soluhon of L-tryptophanamtde (900 mg) and 3-methylbut-2-enal(410 mg) m benzene (50 cm3) 

was refluxed for 2 h, then the solvent was removed m vucuo to give the crude untne 1Od (1205 g) as an 

amorphous solid, 88 1.49 (3H, S, Me), 1 78 (3H, S, Me), 3 07 (lH, dd, J 14 and 10 Hz, C&H&H), 

3 52 (lH, dd, J 14 and 3 5 Hz, CHAbCH), 3 94 (lH, dd, J 10 and 3 5 Hz, CH$lL), 5.89 (lH, d, J 10 
Hz, N=CHCu=), 6 2 (lH, br, NH), 7 49 (lH, d, J 10 Hz, N=aCH=) supenmposed on 6 8-7 75 (6H, 

m, mdole CH + ammo NH), 8.57 (lH, br s, mdole NH) Thts tmme fatled to undergo Ptctet-Spengler 
cycbsanon under any of the condthons that were attempted 

L-Tryptophyl-L-proline Methyl Ester (17) 
The hydrobromrde salt of the btle compound was prepared as described by Sweltm et al ~27 and had 

m p. 202-205°C (from EtOH-ether) (In 27 m p 200-205”C), [aID= -6 9” (c 1, H20) Thrs salt (1802 g) 
was drssolved In water (10 cm3) and the solutton was shaken vigorously with dlchloromethane (50 cm3) 
while excess of a 10% aqueous solution of sodtum btcarbonate was added tn small porttons The aqueous 
layer was re-extracted wtth dtchloromethane (50 cm3) and the combmed organrc extract was washed once 
with water (20 ems), dned over MgS04, and evaporated to dryness m vucuo at 0°C The residue was 
crystaked wrth care from benzene to gave the trtfe compound (945 mg, 67%) m p 138139°C. [a]D25 
-5.6” (Found M+, 315 1575 C17Hz1N3@ requtres M, 315 158) 
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A sample of the Lpepttde ester 17 (324 mg) was refluxed with benzene (35 cm3) for 3.5 b. The 
solvent was removed m vclcuo and the restdue recrystalhsed from acetone to furtush Ltryptophyl-L-prolme 
cychc anhydnde 18, m p 174175°C. [aID= -104 6” (c 0 6, AcOH) (lit 28 m p 174OC, [aID** -101“) 
(Found IW, 283 132 Calc for C1&I17N3@ M, 283 132). 

Pentacycle (22) 
3-Methylbutanal(l35l g) was added at room temperature to a strrred soluhon of Gtryptophyl-G 

proline methyl ester (4 583 g) in dichloromethane (m cm3) m the presence of 4A molecular sieves (10 g). 
The resultmg solutron of the tmme was cooled m a ice-bath then tnfluoroacehc actd (1.620 g) was added. 
The reachon mrxture was left to warm up to room temperature overmght The mrxture was freed from 
molecular sieves by filtratron, washed with 5% aqueous sodmm btcarbonate soluuon, then washed with 
water, dned over magnesium sulphate, and evaporated to dryness zn vucrw to leave au amorphous substance 
(4.976 g), referred to below as ‘Mtxture X’ T 1.c [eluted with ethanol and chloroform (4% by volume)] 
and tH-NMR revealed that this mtxture conststed mamly of the reqtured as-tetrahydm+carboline 20 (Rf 
0 3) and the zruns dtastereotsomer 21 (Rf 0 25) m the ratto ca W15 (Found M+, 383.221. Calc for 
C22H29N303 383.221) together wtth traces of the cychc anhydrtde 18 (WO 15) 

Mtxture X (2 50 g) was Qssolved m fornuc actd (20 cd) and the solutton kept at room temperature 
for 20 mmutes The formtc acid was then removed m vacua at room temperature The restdue was 
dissolved m a mrxture of 2-butanol(80 cm3) and toluene (20 cm3) and the solutron was refluxed for 2 h, 
after whtch hme unreacted tetrahydro+carbolmes 20 and 21 could not be detected by t 1.c The solvent 

was removed m vacua to gave a crystallure mtxture (2 153 g) of the Qastereotsomenc pentacycles 22 and 
23, m the ratro 85 15, together W&I traces of the cychc anhydnde 18 A smgle crystalhsatton from ethanol 
gave the dtastereotsomenc uuxture (1845 g), free ftom the latter compound Fracttonal crystalhsatton from 
ethanol then fumtshed the pure penracycle 22, [ 1003 g, 40% from 171, m.p 293298°C (decomp ), [a]D - 
83 9’ (c, 0 5, CHCl3), (Found C, 72.0, H, 7 3, N, 11.8, M+, 351 195 C21H25N3@ requtres C, 718, H, 
7.2; N. 11.95%; M. 351.195) 8~ 0 80 (3H, d, J 6.5 Hz, Me), 1.04 (3H, d, J 6 5 Hz, Me), 142.65 [7H, 
overlappmg m, C(7)-Hz, C(8)-Hz, and C&$HMezl, 3.14 [lH, dd, J 11 and 16 Hz, C(13)-&,Hu]. 3 4 
3 8 [3H, m, C(13)-HA& and C(9)-Hz]. 4.08 (2H, m, H-6 and H-12) 5 52 (lH, dd, J 4 and 9 Hz, H-3), 
7 l-7 65 (4H, m, H-16, H-17, H-18, and H-19). 86 (lH, br s, H-l), 8~ (de-d.m s 0.) 20.9 (t. C-8). 22.0 
(q, Me), 22 6 (t. C-13), 23 5 (q. Me), 24 1 (d, CH), 27 8 (t, C-7), 44 7 (t, C-9), 46 1 (t, CH2), 49.8 (d. 
C-3), 559 (d, C-12), 58.4 (d, C-6), 105 1 (s, C-14) 111 2 (d, C-19), 117 6 (d, C-16), 1186 (d, C-18), 
1207 (d, C-17). 125.8 (s, C-IS), 135.0 (s, C-2), 135.8 (s, C-20). 165.5 (s, C=O), 1690 (s, GO) 

Fracttons nch m the less polar, mmor component were submttted to chromatographtc purtticatron to 
furtush the pentacycle 23,6H 1.0 (6H, m, Mq), 142 6 [7H, overlappmg m, C(7)-Hz, C(8)-Hz, and 
C&$~Q], 2 85 [lH, rid, J 12 and 16 Hz, C( 13)~&HB], 3.24 35 [4H, overlappmg m, H-6, C(9)-Hz, 
and C( 13)-H,&& 4 47 (lH, dd, J 12 and 4 5 Hz, H-12), 6 00 (1H. br t, J 6.5 Hz, H-3), 7 O-7.7 (4H, m, 
aromattc H), 6~ (dod.m.s.0 ) 21.0 (t, C-8). 22.3 (q, Me), 23 2 (q, Me), 24 8 (d, CH), 27 9 (t. C-7). 29.3 
(t, C-13), 43.5 (t. CH2), 44.5 (t, C-9), 468 (d, C-3), 52.6 (d, C-12), 584 (d, C-6). 104.8 (s, C-14). 
111 0 (d, C-19), 1176 (d, C-16). 1187 (d, C-18) 121 0 (d, C-17) 126 1 (s, C-15), 136.0 (s, C-20), 
133 96, C-2), 164.0 (s, C=o), 164 7 (s, C=o) 

Base-catalped Isomerhtion of Pentacycle (22) 
Pentacycle 22 (130 mg) and potassmm tert-butoxtde (5 0 mg) were dtssoived m dry ethanol (20 

cm3) and the solution mfluxed for 3 h wtth momtonng by t.1 c. [eluant ethanol and chloroform (298 by 
volume)]. Dunng thus ttme the startmg pen&cycle 22 (Rf 0 5) was quanhtattvely replaced by a smgle 
product (Rf 0.6) The solvent was then removed m vucuo, and the restdue parttuoned between water aud 
chloroform. The organic extract afforded the eptmeric pentacycle 24 as an amorphous powder; 8H 0 96 
(3H, d, J 6 Hz, Me), 1.08 (3H. d, J 6 Hz, Me). 1.52.7 [7H, m, C(7)-Hz, C(8)-Hz, and CfL?CuMezl, 
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2.92 (lH, dd, J 13 and 15 Hz, C(l3)-&H~l, 3.33 [lH, dd, J 4.5 and 15 Hz, C(l3)-H&l, 3.53.95 
[W, m, C(9)-&], 4.1 (lH, m, H-6). 4.42 (lH, dd, J 4.5 and 13 Hz, H-12), 5.85 (lH, br d, J 8 Hz, H- 

3), 7 05-7 55 (4H m, aromatrc H), 8.26 (lH, br s, NH); 6~ 22.0 (t, C-8). 22.2 (q. Me), 23.3 (q, Me), 

25.2 (d. CH), 25.9 (t, C-7), 30.0 (t, C-13). 43.1 (t, CH2), 45 4 (t, C-9). 48.1 (d, C-3), 55.2 (d, C-12), 
58.8 (d, C-6), 1064 (s, C-14), 110.9 (d, C-19), 118.0 (d, C-16), 119.8 (d, C-18). 122.1 (d, C-17), 1264 
(s, C-E), 134.0 (s. C-2), 136.0 (s. C-20), 165 0 (s, C=O), 166.7 (s, C=O) 

Raeemie Crs- and T~ons-3-(Methoxyenrhonyl)-l-(2-metbylpropyl)-2-(p-tolueae- 

snlphonyl)-1,2,3,4-tetrahydro-fkarbolines (Me) and (Me) 

A solution of the racemic cis-tetrahydro-fkcarboline 150 (500 mg) and p-toluenesulphonyl chlonde 

(335 mg) m dry benzene (15 cn?) contammg pyndme (15 &) was tefluxed for 3 h Solvent was then 
removed m vacua and the resrdue partrttoned between water and ethyl acetate The orgamc phase was 

washed with ddute hydrcchlortc acrd, followed by water, dried, and evaporated m vacua The otly product 
was crystalbsed from benzene and recrystalhsed from methanol to furmsh the cm-p-toluenesulphonyl 
derwarzve 15e (490 mg, 64%). m p. 157-158°C (Found. C, 65.2, H. 63, N, 6 2%, M+, 440 1755. 

C24H&2O4S re~ulns C, 65.4, H, 64; N, 64, M, 440.177); BH (60 MHZ) 0 98 (3H, d, J 6 Hz, Me), 

1.06 (3H. d, J 6 Hz, Me), 1.42 15 (3H. m, C&Cme2), 2.25 (3H, s. Ts-Me), 2.55 [lH, dd, J 16.5 and 
7.5 Hz, C(~)~HB], 3 29 [lH, br d, J 16.5 Hz, C(4)H&]. 3.66 (3H, s. C@Me), 5.03 (lH, br d, J 7 5 

Hz, H-3). 5.2 (lH, m, H-l), 6.9-7.75 (8H, overlappmg m, aromattc H). 7.83 (1H. s, H-9), 6~ (Q- 

d m.s.0.) 19 5 (t. C-4). 20.8 (q. Ts-Me). 215 (d. cHMe2). 23.4 (q, Me), 23.7 (q, Me), 44.9 (t, CH2), 
51.‘1 (4 C-l), 52.2 (d, C-3), 52.4 (q, OMe), 103.6 (s, C4a). 1110 (d. C-8), 117.6 (d, C-5), 118.4 (d, C- 

7), 121 0 (d, C-6), 125.9 (s, C4b), 126.6 (2C. d. C-3 and C-5 of Ts), 129.6 (2C. d, C-2 and C-6 of Ts), 
132.4 (s, C-9a). 135.9 (s, C&Q, 136.7 (s, C-4 of Ts), 143.3 (s, C-l of Ts), 171.4 (s, C=O). 

Smularly, the racenuc trans-tetrahydro-@arbohne 16a furmshed the from-p-toluenesulphonyl 
dermztwe 16e, m.p 201202°C (Found: C, 65.5; H, 6.25, N, 63%; M+, 440 177 C24H&J2O4S 

mqmms C, 65 4, H, 6.4, N, 6.4, M, 440 177); SC (de-d m s o ) 20.9 (2C. q, Ts-Me and CH&), 22.8 (t, 

C-4). 23 4 (q, Me), 240 (d. CH), 42.9 (t, CH2), 52.1 (q, OMe), 53.4 (d, C-l), 54.1 (d, C-3), 196.0 (s, 
C+, 1110 (d, C-8), 117 5 (d, C-5), 118.5 (d, C-7). 1209 (d, C-6). 1264 (s, C4b), 127 5 (2C, d, C-3 
and C-5 of T’s), 129 2 (2C. d, C-2 and C-6 of Ts), 134.6 (s, C&I), 135.8 (s, C-8a), 136.7 (s, C-4 of Ts), 
143.7 (s, C-l of Ts), 1703 (s, GO) 

3-(MetboxyePrbonyl)-l-(Zmetbylpropyl)-B-ePrboline (25) 

A solutron of sodium methoxlde (prepared in srtu from 21 mg sodmm) and the racemrc cu-2-(p- 

toluenesulphonyltl29,~tebahy~~carboltne l!k (400 mg) m dry methanol (11 d) was retluxed for 

3 h to grve a bright yellow fluomscen t sohb~n !hlvent was removed zn vucuo and the resrdue parhhoned 

between water and ethyl acetate. The orgamc extract gave a sohd which was crystal&d from ethyl acetate- 

bght petroleum to furtush the f?-cmbolme (220 mg, 86%), m.p. 146-147°C (Found C, 72.0; H, 6 45. N, 

10.196, M+, 282 136. Ct7Hr$$@& reqmns C, 72.3, H, 6 4, N, 9.9%. M, 282.137) &-j 0 58 (6H, d. J 

6.5 Hz, CH&$, 2.15 (1H. m, CUMez), 2 90 (2H. d, J 7 Hz, C&CH), 3.97 (3H, s, C@Me), 7 257 8 

(3H, m, aromahc CH), 821 (lH, d, J 8 Hz, H-8), 8.87 (1H. s, H-4), 108 (lH, br s, H-9); 6~ 22.2 (2C, 

q. Me x 2), 287 (d, CHMed. 42.9 0, CH2). 52.4 (q, OMe), 112.6 (d), 1165 (d, C-4), 1205 (d), 121.7 
(d), 1219 (s), 128.4 (s), 128 6 (d), 136.4 (s), 136.8 (s), 141.2 (s), 145.9 (s), 167 i (s, GO) 

The ~urr.r-2-@-toluenesulphonyl)tetrahydro-~-carboline 16c fumtshed the same fi-carbobne 25 

upon reactron with sodmm methoxtde under the same conditions. 

2-@-T~laeaesalphonyl)te~ahydro-B-errbollae (27a) 
p-Toluenestdphonyl chloode (785 mg) was added to a solutton of Mrxture X, that was described 

above, ( 1500 g). m pyndme (4.0 cm3) and benzene (50 cm3) The reactron mrxture was stirred and heated 
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at 70°C for 8 h. The dark red solutton was evaporated to dryness rn vacua, and the resulue was Lluted wrth 
water and extracted with ethyl acetate. The organic extract was washed with 2 M hydrochloric acid, then 
with water, dned, and evaporated to dryness. Frachonal crystalhsatron of the restdue from benzene 
fur&ted the title compolcnd (1 153 g, 50% from 17) as colourless crystals, m.p. 246-247YZ, [a]D -15IY (c 
0.5, CHCl3) (Found. M+. 537.228. C2$J3fi&S reqtures M, 537.230). &j 0 94 (3H, d, J 7 Hz+& Me), 
1 12 (3H, d, J 7 Hz, Me), 2 16 (3H, s, Ts-Me) supenmposed on 1.3-2.5 (8H, overlapping m, C(4)- 
~HB, C(l)-C!uC&, and prolme C&C&), 3.16 [lH, d, J 16 Hz, c(4)-HAb], 3 65 (3H, s. OMe), 
3 94.5 (3H, overlappmg m, prohne CHN and CHzN), 5.853 (W. overlappmg m, H-l and H-3). 6.9 
7 7 (9H, overlapping m, aromatrc H and NH); 8~ (Qd.m.s.o.) 19.1 (t, C-4). 20.7 (q, Ts-Me), 21.2 (q, 
Me), 23.6 (q, Me), 24.0 (d, CH), 24.6 (t. prohne C-4). 28.3 (t, prohne C-3), 43 5 (t. CH2), 473 (t. 
prolme C-5). 51.5 (d, C-l or C-3). 517 (q. OMe), 51.9 (d, C-3 or C-l), 59.7 (d, prolme C-2), 104 9 (s, 
Wa), 110.7 (d, C-8), 117.5 (d, C-5). 118.0 (d. C-7), 120.7 (d, C-6), 126.0 (s, C4b). 127 0 (2C, d, Ts 
C-3 and C-5). 129.3 (2C, d, Ts C-2 and C-6). 131.5 (s, C-9a), 135.7 (2C, s, C-8a and Ts C-4). 143.4 (s, 
Ts C-l), 168.0 (s, GO), 172.0 (s, GO). 

Pentacycle (28) 
The ptohtenesulphonarmde 27~ (1940 g) and sodmm ethoxrde (242 mg) were dissolved m ethanol 

(190 cm3) and the soluuon refluxed for 3 h under an atmosphere of mtrogen The yellow fluorescent 
solutton was evaporated to dryness m vacua and the restdue partttioned between water and chlorofotm. The 
orgamc extract was washed wtth water, dried, and evaporated to dryness m VQCUO. Crystalhsatton of the 
soled product from ethanol gave yellow cubes which on drying lost ethanol of crystallisahon to afford the 
dzdehydropentacycle 28a as a yellow powder (930 mg, 74%), m.p. 284290°C (decomp.), [a]D 214.7O (c 
0.2, CHCl3) (Found C, 71.95; H, 6.6, N, 12.2, M+, 349 179. C21H~N302 reqtures C, 72.2; H. 66; N, 
12.0; M, 349.179); 6~ (de-dmso) 0 89 (3H, d, J 6 Hz, Me), 092 (3H, d, J 6 Hz, Me), 13-2.6 [7H, 
overlapping m, C(3)-C&C& C(7)-Hz, and C(8)-Hz], 3.3-3.8 (2H. m, C(9)-Hz), 4.25 (lH, m. H-6), 
6 00 (lH, t, J 7 Hz, H-3). 7 2cl (lH, s. H-13) supenmposed on 7 O-7.3 (2H, m, aromatic H). 7 45 (lH, 
m, aromattc H), 775 (lH, m, aromattc H), 11 65 (lH, s, NH), &c (de-d.m.s.0.) 214 (t, C-8). 22.6 (q. 
Me), 22 9 (q, Me), 23.8 (d, CH), 28.6 (t, C-7), 43.3 (t, CH2). 44 4 (t, C-9), 48 3 (d, C-3), 58.1 (d, C-6), 
1054 (s, C-12). 1103 (d, C-13), 111.9 (d, C-19), 118.1 (d, C-16), 120.2 (d, C-18). 121.8 (d, C-17). 
122 3 (s, C-14), 123 7 (s, C-15), 136 0 (s, C-20). 136.4 (s, C-2), 158 7 (s, CkO), 166.4 (s, C=o). 

carhoxamide (27c) 
Aqueous sodmm hydroxtde (65 cm3,O 1 M) was added dropwtse over 30 m to a vrgorously s&red 

solutron of the methyl ester 27a (3.225 g) m &oxane (260 cm3) The mtxture was Lluted wtth water (50 
cm3) and strmng contmued at room temperature for 18 h Solvent was then removed in wcuo and the 
residue partthoned between water and ethyl acetate. The aqueous layer was actdified wtth dilute 
hydrochlonc acid and extracted wtth dtchloromethane. The extract was washed with water, dried, 
evaporated m vocuo, and the restdue crystalhsed from benzene to funush the curboxyk ucrd 27b (2 54 g, 
81%). m.p. 160-163°C (Found C, 63 9, H, 6 25, N. 8.1%. M+, 523.217. C2nH33N305S requtres C, 
64.2, H, 6.35; N, 8.0%; M, 523.214); 8~ 0 94 (3H, d, J 6 Hz, Me), 1.10 (3H, d, J 6 Hz, Me), 2 14 (3H, 
s, Ts-Me) supenmposed on 1.4-2.6 [8H, overlappmg m, C(l)-C&C& C(~)-&HB, proline C(3)-Hz, and 
proline C(4)-Hz], 3 15 [lH, d, J 16 Hz, C(4)-HAb], 384.5 [3H, overlappmg m, proline C(2)-H and 
proline C(5)-Hz], 5.0-535 (2H, overiappmg m, H-l and H-3). 6 7-7 4 (6H, overlappmg m, aromattc H), 
7 55 (2H, d, J 8 Hz, Ts-Hz), 780 (lH, s, NH), 8~ (de-d.m.s.0) 19.4 (t, C4), 210 (q, Me), 21.4 (q, 
Me), 23 8 (q, Me), 24 3 (d, CH), 24 8 (t, prohne C-4), 28.8 (t, prohne C-3), 43.8 (t. CH2), 47 6 (t. 
proline C-S), 518 (d, C-l or C-3), 523 (d, C-3 or C-l), 60 1 (d, prolme C-2), 105 2 (s, C-4a), 111.0 (d, 
C-8), 117 8 (d, C-S), 118 4 (d, C-7), 1210 (d, C-6), 126.3 (s, C4b), 127.3 (2C, d, Ts C-3 and C-5), 
129 6 (2C, d. Ts C-2 and C-6), 131.8 (s, C-9a), 135 9 (s, CBa), 136 1 (s, Ts C-4). 1438 (s, Ts C-l), 
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