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Abstract-The fir\1 WaI \ynlhesis of (r)_E.Odraccr~lc~l~ndroc~pinol 49. (~)qlindrocannc 51. I: I-cyliw.irocar- 

pidine I. and 1:).cylindrocarpine 52. slartmg from pent-d-enal and proceeding uiu the kclonec 12 and 40. IS 

described The trcrcotsomcric ketones t( and 41 ucrc used as mrcrmediatcs m a parallel \ynlhcsrs of (r)-!O-allyl- 
!Odcscthyl-20-cpixspidospcrminc 47 

Although several synthcscs of the aspidospermine ring 
\y\1cm had been reported none of these. al [he OUISCI of 
the invest&ions described here, had been applied to Ihe 

\yn[hc\is of alkaloids containing a functionalised IWO- 
carbon unit af C-20. e.g. cylindrocarpidine I.$ In de- 

veloping a synlhcsis of this group of alkaloids we also 
hoped. ultimately. IO be able IO extend it IO the synlhesis 

of the koptinine 2 group: hence. we obviously required a 
versatile approach which would lead IO either the ci.r 

CID or the vans CID icomcric series. the former for 
conversion into cylindrocarpidinc. and the latter for 
conversion into kopsinine. via formation of the 2.16 bond. 

After exploring several unsuccessful original ap- 
proaches.‘* we assessed the published routes IO the 

a\pidospcrmine ring cys1em. and of [hcsc it appeared that 
the one most likely IO be applicable was a modification of 
Stork’s original syn1hesis’ of aspidospcrmine. 

0ur initial objectibc was 1he synthesis of cylindrocar- 
pidine I and N-acerjlcylindrocarpinol 3, and for this 
purpose WC rcquircd a tricyclic ketone 4 which con- 

lained. hy reason of i1s mode of synthesis. a com- 
parahvcly iner1 substituent a11ached IO the future C-20, 
hur one which could he transformed into a hydroxycthyl 
group or an acetic ester residue, as and when required. II 

wa\ also evidenr that a stcrically undemanding sub- 
stitucnt was required at the angular position. The 

synthesis’ of hrth asptdospcrminc 5 and a stcreoisomer 6 
containing a [ran.% C/D ring junction from a common 
intermediate 7 indicates that there IS probably little 

difference in stability hetwtcn the IWO stcrcochcmical 
series; in the aspidosperminc series the rir C/D isomer is 
favourcd, hug in compounds containing a bulky sub- 

stituenr at C-20 the order of stabilities may well be 
reversed. If then such a pentacyclic system IS con- 
structed hy a Fischer indolc reaction ~hc product will 
almost certainly bc the thermodynamically more stable 
trans C/I) isomer since the intermediate indolenines in 
both the cis and rrans C/D scrics will have an op- 

‘Ikdic~led IO Drof K H Wwdward on ~hc occaston of his 
\1xwh tvrrhda! 

?Thc configurarlorw shown are whose of the naturally-occurrmg 

alkaloids. all \) nttwlc compounds reported here are racemtc. but 
onl) one cnantlomer IS ~llu\valcd 

portunity IO equilibrate. via reverse Mannich fission of 

the 7.21 bond. An illustration of rhc reversed order of 
stabilities in this series appears IO he provided by the 

work of lnoue and Ran,’ who obtained only the trans 

C/D pentacyclic product 8 by the Fischer indole cyclisa- 
bon of the o-mcthoxyphenylhydrarone of the tricyclic 
ketone 9. This retention of stereochemical integrity was 

attributed to insuficiently rigorous experimental con- 

ditions; it was suggested that prolonged heating of the 
indolenine (formed by Fischer indole closure) with acetic 

acid is perhaps necessary IO effect the fission and 
recombination of the 7.21 bond for production of the 
thermodynamically more stable isomer. assumed IO he 
the cis isomer. Altcrnativcly it was suggested that the 

failure IO isolate the cis C/D isomer could be ascribed to 
dtfficulty of isolation. However. it is our view that with a 

bulky substitucnt such as a phcnoxyethyl group a1 the 
angular position the thermodynamically preferred isomer 

will probably be the trans C/D isomer 8. and even if 
reversible Mannich fission and recombination occurs 

there may well be very little cis isomer prcscnt at 

equilibrium. 
For these reasons we chose the ally1 group as the 

sterically undemanding angular substituent. and thus our 
first investigations were directed towards the synthesis 

of the tricyclic ketone (4. K=CH:CH=CH~). 
Alkylarion of the pyrrolidinc enaminc of pent4enal’ 

by means of methyl acryla1e afforded the aldehydocstcr 

10. which was converted into its pyrrolidine enamine and 
alkylatcd with methyl vinyl ketone IO give. after 

hydrolysis and cyclisation. the desired cyclohexenone 
derivative II in moderate yteld. Conversion of this 

ketone into the bicyclic aminoketone 12 can in principle 
be achieved in two ways.’ ‘Thus. reaction of the ethylene 
ketal of the ketone I I with ammonia should produce the 
amide 13 which, on reduction (LiAIH,). acid hydrolysis. 
and cyclisation should afford the bicyclic kc1onc 12. via 
the enone 14. Furthermore. the thermodynamically 
preferred mode of cyclisation of 14. which presumably 
involves axial approach of the amino group IO the enone 
system. should ensure that the hicyclic aminoketone has 
a cis ring junction. which is the stereochemistry required 
for the completion of a synthesis of cylindrocarpidine. 

That this is m fact the preferred mode of cyclisation is 
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evident from Stork’s synthesis’ of the analogous ethyl 
compound. the stereochemistry of which was later 
unequivocally established by Ran and his collaborators.” 
Since this route was expected to yield one isomer only it 
was our initial method of choice; however. the ketone 11 
unaccountably gave only a low yield of product on 
attempted ketalisation. and hence this route was aban- 
doned in favour of the alternative pathway, which 
involved the addition of ammonia to the enone system, 
followed by cyclisation. the product being a mixture of 
the cis and rrunr bicyclic amidoketones (1% and 15b). 
Since nucleophilic addition of ammonia can occur on 
either face of the enone system both c-is and MOM 
isomers of the bicyclic amidoketonc can obviously be 
formed. The crystalline product, howcvcr. proved to be 
an inseparable mixture which gave only one spot on ‘TIC 
in three solvent systems but the presence of IWO com- 
ponents wa\ deduced from the doubling of signals in rhc 

NYR spectrum. e.g. the signal owing IO the proton at 

‘From this pow onuardx ;L\ far a\ ~hc ptcpararmn of Xallyl. 
?O-dc~e~hylaspidospermrne. three \,nlhcsc\ were executed. In 

prelimmaq crperlments IIK mrxrurc of rb and wuns i\omcr\ 
wa\ employed in order IO examine the fearlbility of rhc 

synthetic: whwquenlly rhc xynrhesis was repeated usmg the 

pure c-is and pure rron~ i\omcrr mdepcndcnrl) For ~hc rake of 

conci\enes~. only Ihc cxpcrimcnls on the purified CIS and trnns 
racemates arc dixu\wd in detail. 

H 

7 RmMe 

9 R-CHtOPh 

C-8a appeared as a doublet of triplets centred on r6..M. 
which together accounted for one proton. Conversion of 
the mixture of ketones into the corresponding ethylene 
ketals afforded a crystalline product. m.p. I lO-112’. 
which exhibited IWO closely-running spots on Tl.C, and 
the expected duplication of signals in the SMR cpec- 
trum. from which it was estimated that the isomers were 
presenl in approximately equal amounts. Careful 
chromatography of this mixture eventually led IO the 
isolation of the IWO isomeric kctals, of m.p. 126.Sl27.5” 
I6 (46%) and 162-163” 17 (45%). The most significant 
difference in the Nlc(R spectra of these IWO ketals was 
observed in the signal -6.57 owing IO the proton at C-8a. 
In the spectrum of the higher melting isomer this \rgnal 
appeared as a broadened triplcr owing IO coupling of H. 
with H, and H. in the /rant isomer (cf. 17~); in the 
spectrum of the lower melting isomer it appeared as a 
complex multiplet owing IO an additional tW) coupling of 
H. with H, in conformation 160. or of H. with H. in 
conformation 16b. 

This tentative assignment of the cis stereochemistry 16 
to he isomer of m.p. 126%127.5”. and the MI~.~ stcrco- 

chemistry 17 IO the isomer of m.p. 162-163” was later 
confirmed mdependently from the cpectrogaphic 
properties of their transformation products. and by an 
independent synthesis of the aminoketone 12. 

Reduction+ of the pure, raccmic amidokctals 16 and 17 

by means of I.iAIH, smoothly pave the isomeric 
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aminokctals 18 and 19. from which the aminoketones 12 
and 20 were released by dilute acid hydrolysis. All four 
compounds appeared, from spectral evidence and 
chromatographic behaviour. IO be single substances; 
unfortunately, the NMR spectra. and particularly the 
signal owing to the proton at C-Xa, did not allow any 
confirmatory deductions concerning the stereochemistry 
of these compounds IO be made. 

In principle the @-aminoketones 12 and 29 should be 
capable of equilibration via reversible @-elimination and 
Michael addition under acidic or basic conditions. 
However. the retention of stereochemical homogeneity 
in the preparation of I2 and 28 suggests that they are 
stable IO dilute acid, at least under the conditions em- 
ployed for ketal hydrolysis. Since the preferred Michael 
addttion product has been shown IO be the cisdcca- 
hydroquinoline derivative (cf. Refs. 2 and 6. and 14+ 12). 
the equilibration of the aminoketones I2 and 20 in the 
presence of dilute alkali was studied. under the con- 
ditions employed for the cpimerisation of lobeline.‘ 
However. both ketones were unaffected by treatment 
with very dilute alkali (0.005 M). and were even un- 
changed after being heated for IO h at loo” with 0.2M 
alkali. Presumably the t-is isomer can adopt the ideal 

I6 I7 

geometry required for ring-opening and rcclosure 
(14 c 12): the WOES isomer can not do so. and hence 
fission of the B-aminoketone system in 20 requires a 
much higher activation energy. certainly much higher 
than is required for the isomerisation of lobeline. a 
monocyclic, conformationally mobile system. 

The isolation of the Irons-ammoketonc 20 and its 
stereochemical stability. are of importance in connection 
with other aspects of the overall investigation. Never- 
theless, for the synthesis of cylindrocarpidine. the failure 
of 24 IO isomer&. and the failure to obtain the cis 
isomer I2 by the stereospecific route (II + 134 14+ 12). 
rendered an independent stereospecific route desirable. 
Such a route was found in the dialkylation of the cnol 
ether of cyclohexan- I Jdione. a reaction which has been 
applied so elegantly in the synthesis of t+)-#t-vctivonc.’ 
Accordingly, 6-allyl-?-isobutoxycyclohexcnonee 21 was 
alkylated by means of acrylonitrilc in the presence of 
‘Briton B to give the nitrilc 22 in moderate yield. after 
allowing for the starting material recovered. As far as we 
were aware, this was the first example of a second 
alkylation of an enol ether of this type by an intcr- 
molecular process. The previous example. applied in the 
vctivonc synthesis. constituted a spiroannclation by 
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intramolecular alkylation. II was thus imperative IO es- 

tablish unequivocally that afkylation had indeed occurred 
at Cb. and not at C-2 or C-4. the possible alternative 
sites of attack. Alkylation at C-2 was easily eliminated. 

since the product contained four olefinic protons. and 
alkylation at C-4 was eliminated by its off-resonance 

coherent proton spin-decoupled “C SMR spectrum, 
which revealed the presence of four singlets owing to 

fully substituted carbon atoms, i.e. the nitrile carbon 

(C-l!. 120.08 ppm). the carbonyl carbon (C-l, 
200.77ppm). the p-carbon of the enone qsfem (C-3. 

176.26ppm). and the o’carbon atom (Cd. 45.77ppm) 
(chemical shifts refer IO downfield shifts from TVS). 

Reduction of the enone 22 was initially attempted by 
means of NaBH,-CoCJ in methanol.” but concomitant 
reduction of the terminal double bond also occurred. the 
product after hydrolysis with dilute acid almost certainly 
being the saturated aminoketone 23 (NMR spectruml. 
However, reduction of 22 with LiAIH, smoothly gave the 
amino-enol ether 24. which when hydrolysed with dilute 
acid simultaneously cyclised IO give as sole product the 
bicyclic aminoketone 12. identical in every respect with 
the isomer previously deduced IO be he cis isomer. This 
at once confirms the earlier. tentative stcrcochemical 
assignments for the isomers 12 and 28. and provides a 
more direct, higher yielding synthesis of the desired 
intermediate 12. 
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The next phase of the synthesis involved addition of 
IWO carbon atoms and closure of the Smembercd ring. 
(‘htoroacelyl chloride provided the two-carbon unit. and 
on the basis of trial experiments chloroacelylalion of lhe 
ketals 18 and 19 was preferred. rather than chloroacetyl- 
ation of the aminoketones 12 and 20. The products. 25 
and 26. as well as the amidoketones 27 and 2l3 liberaled 
on acid hydrolysis, were all shown IO be single race- 
mates. and therefore had retained their stereochemical 
homogeneity. Cyclisation of 27 and 28 IO form the tricy- 
clic amidoketoncs was achieved by means of potassium 
t-butoxide in a mixture of benzene and t-butanol at rmrn 

temperature. Again rhe products were stereochemically 
pure. although in principle each amidokerone can give 
rise to two diastercoisomeric products. i.e. 27 +31 + 
29#38: similarly. t8+32#33. Fortunately. proof of the 
stereochemistry of the products was not difficult IO ob- 
tam. The course of the cyclisation of the cis amidoke- 
tone 27 will almost certainly be parallel IO that of Stork’s 
analogous ethyl compound, the product from which has 
been rigorously shown* to be the all-& compound 34. In 
fact, the NMR spectra of the all-cis compound 34’ and 
the product of cyclisation of the amidoketone 27 in he 
region 5.9-7.17 show a quite remarkable similarity. The 
protons responsible for these signals are those at poci- 
lions 3a. 4 and 9a. and the very similar fine structures 
observed in the IWO spectra are clearly a reflection of the 
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identical stere~hemistry of the two compounds. Sig 
ni~cantl~, the proton at C-3a in 29 gives rise to a clear 
double doublet ccntred on 6.57 (I = 6.5. 1.5 Hz) owing to 
vicinal coupling with the proton at C-9a and W-coupling 
with one of the protons at position 7. Such a coupling is 
only possible in the all-& isomer 29; models indicate 
that there is no possibility of W-coupling in the C-9a 
cpimer 38. 

A similar comparison enabled the stereochemistry of 
the product of cycli.sation of the frans amidoketone 2.8 to 
be established. The NMR spectrum of the product in the 

region 5.7-7.1~ is virtually identical with that of Ban’s 
ethyl analoguc 35:‘-’ again the signals concerned arc 
those owing to the protons at positions 3a. 4 and 9a. The 
C-3a proton in 32 gives rise to a doublet at 6.27 fl - 
9.5 HI) owing to a coupling with H&t: no W-coupling is 
observed and none would be expected (models). The 
C-Ya proton tH,.j appears as a clean quartet ccntrcd on 
6.97 (Js, - J,, = Jc, = 9.5 Hr); this coincidence of cxup~ 
ling constants is also consistent with the appropriate 
dihedral at&s deduced from Dreiding models of the 
trans A/8, c-ir 8/C isomer 32. 

For the synthesis of the crucial tricyclic ketones it was 
now necessary to remove the amide carbonyl group from 
29 and 32, and this was achieved by the familiar dcvicc 
of protcctmg the ketone carbonyl group by ketal for- 
mation. reduction tI.iAIH.) of the amide functton. and 
release of the ketone carbonyl group by acid hydrolysis. 
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The amidokctoncs 29 and 32 gave rise to crystalline 
kctals 36 and 37 which. on reduction. afforded the 
aminoketals 38 and 39 as colourless oils. Of the two. only 
the all-cis isomer 38 exhibited Elohlmann bands in its IR 
spectrum. Thus it appears that reduction of 36 gives rise 
to an aminoketal 38 with a lron~ B/C ring junction, the 

conformation of which (cf. 3&l is an unstrained one in 
which both bmembered rings exist in the chair con- 
formation. The two possible conformations of the isomer 
with a cis B/C ring junction are considerably more 
strained. and in any case would not be expected to 
exhibit Bohlmann bands. In contrast the reduction of the 
amidoketal 37 gives a product 39 with a ris B/C ring 
junction which, in spite of the non-bonded interactions 
between the newiy.formed (axtall methylenc group at 
C-2 and the axial methylene group attached to C-Q tcf. 
3k). appears to be considerably less strained than its 
lrans B/C isomer. 

The chemical and stereochemical relationships in this 
tricyclic series thus exactly parallel those observed by 
Ban ef al.’ in the corresponding ethyl \erics, e.g. 34. 35 
and their transformation products. A further parallel is 
observed in the products of hydrolysis of the ketals 38 
and 39, to give the important aminoketones 49 and 41. 
Both products exhibit strong Bohlmann bands, hence the 
hydrolysis of the all-& isomer 38 proceeds normally. 
However. the diaxial interactions in the kctonc cor- 
responding to the aminoketal 39a are such that. once the 
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carhonyl group al C-9 is liberated these interactions can means of acetic acid afforded an indoleninc which on 
be rclicved by epimerisation of the adjacent centre reduction (LiAlH,) gave the corresponding indohne as a 
t(‘%t. and concomitant inversion of the nitrogen atom. brown solid, m.p. 93-95”. better characterised as its 
The product is thus not the aminoketone of structure 41b N-acetyl derivative. m.p. IH9.S190”. Since thts product 
but the all-irons isomer 41. which exists in the less strained exhihited in its NMR spectrum a quartet centrcd on 5.457 
conformation 41a. owing IO the proton at C-20 (the aspidosperminc 

The most critical stage of the synthesis, namely, the “fingerprint”)” it was almost certain that it possessed the 
construction of the pentacyclic aspidospermidine (or nalural stereochemistry. and was thus IO-allyl-20. 
stcrcoisomerict ring system had now been reached. and desethylaspidospermine 42. In order IO establish this 
for this purpose the o-mcthoxyphenylhydrazones of the conclusion firmly. the cyclisation of the o-methoxy- 
aminoketones 40 and 41 were prepared. Cyclisation of the phcnylhydrazone 43 of the all-rrans ketone 41 by means 
c)-methoxyphenylhydrazone of the all-c.is ketone 40 by of acetic acid and formic acid was studied. As expected 
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cyclisation by means of formic acid produced the N- 
formylindoline (20-allyl-2Odcscfhyl-20-epivallesine) 44; 
however. cyclisation by means of acetic acid gave a 
mixture of products (owing to equjlib~tion of 45 with 
46). from which ~~~lyi-~esefhyia~p~os~rmine 42 
and its stereoisomer 47 were obtained after reduction 
and acefy1afion.t The structure of 47 was unequivocally 
established by it% formation from the N-formylindoiine 
44 by hydrolysis and acetylation. A notable feature of 
the I\MR spectrum of 47 was the absence of the 
aspidospermine “fingerprint” in the region of 5.5s: in- 
Ftead the C-2 proton appeared as triplet at !.I:. 

For the completion of the synthesis it now remained 
only to ~dn;pu~&te the ally1 group attached to C-20. and 
of the several naturally.occurring compounds info which 
20.allyI-IO-desethylaspidosperminc could be transformed 
S-acetylcylindrocarpinol” was the most accessible. Ac- 

cordingly, 2O-allyl.~O-desethy~~spid~s~rm~ne 42 was 
oxidised by mean\ of osmium tetroxidc and sodium 
paraperiodate to gve an almost quantitative yield of 
(~)-~-acetylcylindr~arpinal, 48. m.p. ?14-216’. the 
spectroszopic data for which compared favourably with 
the pubhshed data” for the optically active mafcrisl. 
Reduction of the aldehyde by NaRH, in methanol gave 
(~)-~-acefylcylindr~arpinol. 3. m.p. X0-201”. which 
was identical with authentic ~-acefyicyiindr~~ino~‘~,“ 
in IR spectrum and TLC behaviour in three solvent 
systems. For final confirmation of identify the syn- 
thetic and natural materials were further converted 
bp acet)Iafion info N.O-diacetylcylindrocarpmul 49. 
Direct comparison of the synthetic K.O-diacctylcylin- 
dr~arpinol. m.p. 19.~1%“. with the natural material 
showed that they gave identical IR, UV and mass spec- 
tra. and exhihited identical behaviour on ‘T1.C in three 
s<3l\enf xysfems. 

Our next objecfi\e was the group of csfcr alkaloid\ 
exemplified by cylindrocarpidine I, and for this purpose 
oxidation of the ally1 group to an acetic acid residue was 
required. Owing to the suspected sensitivity of the 
mefhoxyaspidospermidine nucieus to vigorous uxidising 
agents we preferred to utilise the already prepared N- 
acetylcylindr(3carpinal 48, which was converted into ifs 
oximc and fhcnce. by dehydration with acetic anhydride. 
into the nitrile Jo. Mefhanolysis of SO with methanol and 
tulphuric acid was accompanied by partial deacetylaticln. 
which afforded a mixture of (2 t-cyiindr~arine 51 and 
(r)-cylindrocarpidine I. Chromafographic separation 
gave pure (2 )-cylindrucarine, whose spectroscopic data 
were identical with those reported’.‘ for natural (-t- 
cyiindrocarinc. a\ far as could bc judged. In subsequent 
experiments the mixture of (or)-c)lindrocarine and (:)- 
c~lindr~arpidine resulting from the methanolysis of the 
rutrile was rcacetylafed to give pure (?)tylindrocar- 
pidine 1. m.p. I?&--3-179”. identical with natural t-)-c);lin- 
drocarpidine” in IR, UV, mass and NMR spectra, and in 
‘IX‘ behaviour in three solvent systems. 

Fin+ the isolation of (2 )-cylindrocarine allowed us 
10 complete Ihe \ynfhcsis of (+)-cylindrocarpine 52. by 
acylation with cinnamoyl chloride in pyridine. The (it)- 
cylindrc3c~pine so produced was also shown by direct 
sompari\on to be identical with authentic (’ )-cylindro- 
carpine” in IK, UV, mass. and NMR spectra, and in T1.C 

beh;rviour in three s&vent systems. 
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?In the prcllminar) commumcalion” in which thls work uas 

dc\crlhcd rhe \rcreochcmt\tty of 46 and 47 wa\ madvertcntly 

given tncorrccrll 

?xPmiha?mAL 

M.p\ were mca\urcd on a Kofler hot-slate apparatus. IR 

\pcclra were recorded on a Cnicam SP 1ooOG spcctropho. 

lomertr. l& spectra were recorded on a Umcam SP 8OOA 

s~c~roph~~~orncfcr. u\rng 9% ErOH as solvent. ti;MR spectra 

were measured on Vartan .4 60 A. Perkin Elmer K 12. R 32. or 

Hriiker 0 .UHz instrumcnls. Mass spcclra were recorded on an 

A F.I. his 9Ul \pcclromckr. T1.C wa\ carried out using piarcs 

coated ulth Merck Kic\cipci G or (if: ?54. The use of alumina 

for chromalopraph) refer\ to Woclm neuual grade 111 alumina. 

I.iXhl pclrokum rclcr\ to the fraction h.p 60-80” unless other. 

wise \iaicd. 

Pent-CcnaI’ (4?.!C p) ua\ added slowly during 0.5 hr to a 

vigorou$ &rred. icc.cold \uspcnsion of anhydroux potassium 

carbonate 1297 RI m p!rrohdme 192.6 g). Qrring was continued 

al room kmpcrarurc for a further I7 hr and then the mixture was 

fil~trtd t\cnlcrl. ‘The rcsrduc was washed well with dry elhcr 

C.COO mlt and then the crhcr uas remwed in ~‘acw. The residue 

wa\ d&lkd under reduced prcs\urc IO give the pynohdinc 

cnamme of pntf.enai (51.2 p: 74%). as a colourkss oil. b.p. 

g3-8!‘;l! mm: p_.. ltilml 16(< (C’=C-N) cm ‘. 

Frc\hl) dl\llllcd rnclhjl acryla!e (18.2g1 in dr) benzene 

(100 mlt us< &ul) added ro a ~ltned solution of the pynolidinc 

cnammc of pcnt.4.cnal (41 !gr m dr) bcnlcnt (150ml& the 

expcrrment being carrted oul in an atmosphere of dr) nitropn. 

The mixlure was stirred at room lempraturc for 4.5 hr and then 

rcfluxtd for 3X hr. Glacial actllc actd (2 ml) in water (80 ml) was 

added dropwisc and then refluxinp continued for a fur&r 14 hr. 

When cold. the benlent layer was separated and the aqueous 

layer unshed utth ether The comhmcd orpanr cx!racIs wcrc 

ua\hed with dti. HCI ~!Oml) and water QiOml): drird. and 

tcapors~cd The rc&uc r*a\ fractmnallt dis!dlcd IO give methyl 

4.form!Ihepl~h.cnn;ltc tJ?.hp. K~%J a~ a colourles\ oil. h.p. 12% 

13’IIXmm. pure h! SPC’ anal)~l\: s*_. (film) ?7?0 (aidehyde 
C-H\. 130 tear c.trhonyl), 120 laldrh)de rarbonyli, 1640 weak 

fdoubk bond). ISO. 1210 and 11110 (c\ter C-0) cm I: 7 Im 

CIX’M O!( (IH. d. J I Sk -(‘HOI. 3.R8-455 (IH. m. -C)! 

=CH,). 4.7&s IO I!H. m. <H=C’H:). 6.32 13H. 5. -C<X~H,l. 

:.4&8.3? f’fi. If)) 

Qrrolrdinc I 13 0~) m dr) bcnrene I?DDml) was added to a 

solufron of mcth)l 4.form)lhcptb+noate 127.2 gt m Jr! bcntcnc 

~IOOrnl~ and the mixture was r&red in an atmosphere of dry 

nitrogen. u\mg .t Ualtr separator. until no more waler wa\ 

collccfed 12 hrl. The crude product extuhircd v,.. 1738 (ester 

carbonbl) MI’! CC-C-tit cm ’ 
The re$tion rnl\tnrc wa\ then conccntratcd IO 150ml and 

cooled IO allou the ad&ion of a solulion of freshly distilled 

methyl I in>1 ketone t I6.l ~1 in Jr) benzene (20 ml) during 0.5 hr. 

After bcmp \tlrrcd for I hr at room rempcrature ihc mtxturc was 

rcfluxcd for IX hr Glac~d accuc acid I 10 ml) wa\ then added 

dropultc and the mIxlure u-a\ rctluxcd for a further Jhr. Ttz 

rcac’tlon mixture wa\ alloucd IO cool and washed ~uccess~~cly 

wtth wafer. dii. MI and tiatcr. drtcd and eraporatcd Tht\ 

produced a thick hrou-n oil which wa\ disrilkd to g,vc eC?. 
meihor~ra~hc~nvleih~i~~all~i~-~~-l~~hrx.?~enonc f 13.34 g, !? 5%) 
as a \er) pale )ellou oil, hp. I.%-1%“!0.4 mm. IFound: C. 69.95: 

Ii. g.15 f‘,,H,.O, require\ C. 70 2: Ii. H 1%); Y,.. (film) 1730 
Ner aarhon)II. Ihxo lenone carhonbl). If&l weak tdouhlc 
honJ1. IM. I?10 and IINI lcster (‘-01 cm ‘. A,. (6) 227 

lX.%M nm. 7 lm CIX‘I,I 3.2 (111. d. J - 10 Hz. -C&C’H-(‘-01, 
J-O? (lit. d. J - #OH/. -CH=f’H_(‘-O). 4.0-J 5 OH, m. 

-C’H<H,r. 4.7-5.1 IN. m. -(‘H=CH,). 6.30 f3H. 5. -CO(X’H,I. 
7,Y-8 IC t tOH. ml. 

A rmxlurc of J~c!~mc~ho~)car~~nylcrhylJ~~aIlyl~~~lohcx~?~ 

cnonc I 12.1 I RI m 1:10H (250 ml) and cont. aq SH, (40 ml) wa\ 
\tirrcd at room tcmpcrrturc for 9h hr. The solurron was 
cvaporatcd to dr!nc\5 and th.c rcsuitant )tllow oti produced 
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white crystals on being cooled overnight. Recrystallisalion from 
aqueous ethanol afforded colourless needles, m.p 109-110 =. of 
4a.allyl-2.7-dioxo.decahydroquinoline (6.40 g. 56.7% ). l Found: C. 
6945; H. 8.2; N. 70 C,~H,,NO: requires: C, 69.50; H. 83; N. 
6.g~); ~_ ,  (Nujol) 3280 broad (NH), 1715 (ketone carbonyl), 
1645 (lactam carbonyl), 1640 weak (double bond) cm ', • (in 
('IX:l,) 2.95 (IH, bs, exchanges with D~(), -NH). 3.80-4.40 (IH. 
m, --('H.=CH:). 4.6-5.0 (2H. m, -CH=CH:). 634 (IH, d of t. 
J = 5Ha and 0.5 Ha, -N-CH), 7.25-8.50 II2H, m). 

4a-Mlyl.G.7.ethylenedioxy.2.oxo-decahydroquinoline (If) and 17I 
A mixture of 4a.allyl.2,7-dioxo.decahydroquinoline (l.00g). 

dry benzene {15oral), ethylene glycol (2.45g), and toluene-p- 
sulphonic acid (50rag) was refluxed in an atmosphere of dry 
nitrogen, using a water separator, for 68 hr. Evaporation of the 
solvents provided an oil) residue which was subjected to silica 
gel chromatography (1508, elution with 10% MeOH in CHCI,). 
4a.Allyl.7.7.ethylenedioxy.2-oxo.decahydroquinoline ( I. 11 g, 
91~1 was obtained as colourless needles from benzene/light 
petroleum, m.p. II0,-11~. (Found: C, 66.85; H, 8.4; N, 5,5. 
C,,H:,NO, requires: C. 66.9: H, 8.4: N, 5.6%); ~... INujol) 3190 
(NH). 1660 (am/de carbonyl), l l l 0  (('-Oicm '..r (in CDCI,) 3.20 
{IH, bs. exchanges with D:O, N-HI, 4.0--5 1 (3H. m. olefinic 
protons). 605 (2H, s, -O-CH..,-('H:-O-). 60~ (2H. s, --O--(:Hr- 
CI~:O-I. 6.2-7.0 (IH, m. CH-N), 7.4-8.8 (12H, m). TI.C analysis 
and the presence of two signals for the elhylenedioxy group 
indicated Ibe crystalline solid to be an approximately I : I mixture 
of two isomers. 

In larger scale procedures, very careful column chromato- 
graphy on Silica gel M.F.C. and elution with 5% MeOH in CHCI, 
yielded, in the first band, 4a.al/yl.7,7.erhylenedioxy.2.oxo.trans. 
decahydroquinoline 17 (45%). m.p 162-163L rccrystallised from 
benzene/light petroleum. (Found: C, 67.0; II, 8.3; N, 5.5. 
C,,N:,NO, requires; C. 66.9: H. 8.4; N. 5.6%); v~ ,  (Nujol) 3190 
(NH). 1660 lamlde carbonyl), I110 (C-O) cm ', • (in (.'IX'I,) 29 
(IH. bs. exchanges with D:O. NH). 3.9-4.5 (Ill. m, -CH-CH~). 
4.7-5.1 (2H, m, -CH'--CI:I,). 6.05 t41t, s. -O--CH.,=CH~O-), 
6.53 { IH. be, J -- 9 H;', -('H:-CH.-N. trans proton at nng june. 
lion). 7 45-9.0 (12H, m). followed by 4a.allyl.7.7.ethylenedioxy.2. 
oxo.cis-decahydroquinoline l i  (46%), m.p. 126.~1275', recry. 
stallised from benzene/light petroleum qFound: C. 6690; H, 8.4; 
N. 5.91; v.. .  INujol) 31(}O (NHt, 1660 (am)de carbonyl}, 1110 
(C-Of cm '. • (in ('DCId 285 (Ill. bs. exchanges with D:O, 
N-I l l .  ~8-4.5 ( I l l .  m. -CH=CH:). 4.7-5.2 (2H. m. --('II=CI:I:). 
6.08 (4H. s, 4 ) -CH: - ( 'H :O-L  6.35-6.90 ( IH. m. CH..-(']J-N. cis 
proton ;it ring junction), 7.4-8 9 (121l. m). 

4a.,4llyl.7.7.ethylenedioxy.cis.decahydroquinoline IS 
A solution of 4a.allyl.7.7-¢thylenedioxy.2-oxo,cis.deca. 

h~droquinoline (810 mgI in dry THF (25 mlt v,a,, slowly added to 
a suspension of I.iAlt{, (8.',0 rag) in dr) rHF  (25 ml) while stirring 
under nitrogen. The mixture was refluxed for 21 hr. altov,'ed to 
coot and then the excess of l.iAIH, was destroyed by "addition of 
water (2ml) The precipitate ,,,,-as removed by filtration and 
v, ashed well with THF and ether. The filtrates were combined 
and evaporated to gP,e 4a.allyl.7,7.ethylenedioxy-cis.deea. 
hydroquinoline (64.S rag, 85"~). as while needle-shaped crystals 
from chloroform, rap. 170-174 °. whk:h then resolidified to rem¢ll 
at 194-)94.5' (Found: ('. 709; tt, 9.65; N. 5.90 C,,H..,NO:, 
tequires: C. ?0.75; II, 9.75; N. 590c7r); v~,, (Nujol) 3420 broad 
(N-H). 1640 weak tdouble bond). 1110 (C-O. k¢lalt cm '. r (in 
(.'IX'I,) 3.7%4.45 (IH, m. -CH.=('H:I. 4.7-5.2 (2H, m, --('H=('IJ:). 
6.00 (4H. s. --O-CHr-CH:O--). 6.7-,8.9 (lfH, m. decreases to 
15H wlth D:O, N-H). role (%l 237 (131, 19~, (I00). 194 (481. 123 
(741. 122 (61). 109 (74), 99 (95). 

4a-Allyl-7,7-ethylenedioxy-trans-decahydroquinoline 19 
4a. AllyI-7.7-ethylenedioxy- 2-oxo- trans-decahydroquinoline 

i l OOg) v, as treated under the same conditions as in the previous 
paragraph except that boiling under reflux took place during 40hr. 
Colourless crystals of 4a.allyl-7,7.eMylenedioxy-trans.deca. 
hydroquinoline (g~  rag. 90%) were obtained from benzene/ether. 
m.p. 180-18Y, which then resolidif)ed 1o produce needle-shaped 
cr,,stals which remelted at 23s-237 ". (Found: C. 70.8; H. 9.5: N, 

5.7 C,,H~,NO: requires: C. 7075; H. 9.75; N. 5.99~), v, , ,  (film) 
3325 broad IN-HI, 1640 weak (double bond), IO90 (('-O, ketal) 
cm '. ~" (in CDCI,) 3.8-46 (IH, m, -CI:I=CH2), 4.75-5.20 (2If, m. 
-('H=('H:), 6.04 (4H, s. -4)-'CH:-CH:-O-I, 6.75-9.20 (16H, m. 
decreasing to ISH with D~O, N-H), m/e (~) 237 (20L 195 (100), 
194 (55), I~ (72L 122 160), 109 (70), 99 (95). 

4a. Allyl-7.oxo-cis.decahydroquinoline 12 
4a.Allyl-7,7.ethylenedbxy.cis.decahydroquiooline (224 mg) 

was dissolved in absolute EtOH (10ml) and dil. HCI (gml) was 
added. ]'his solution was heated at 80° for 1.5 hr. allowed to cool 
and then neutralised by additon of NaHCO, solution. Extraction 
with CHCI, followed by combination of the organic extracts. 
drying and evaporation in rucuo afforded a pale yellow oil 
(150rag, 82%) which decomposed on attempted disirillation. 
Purification by PLC (kg'selgel; eluted with CHC1, (90%). MeOH 
(9C'/c). cone. NH~ (1~) produced an analytical sample of 4a.allyl- 
7.oxo.cis.decahydroquinoline. (Found: M'.  193.14642. C,~H,,NO 
requires: 193.146~); v, , ,  (film) 3320 broad IN- I lL  1710 (ketone 
carbonyl), 1635 weak (double bondl cm '. t (in (:IX'hi 3.65-4.45 
ilH. m. -CH=CHt). 4.6.%5.15 (2H. m, -CH=CH:). 670 (IH. bs, 
exchanges with D,O, N-H), 6.8-9.2 (15H, m), role (%1 193 (2). 
177 (21). 151 (25). 136 (50). 135 ( I lL  l ~  (17). 121 122). 93 (I0). 91 
(50), 85 (70), 83 (100). 

4a.Allyl-7.oxo.trans.decohydroquinoline ~1t 
4a.Allyl.7.7.¢thylenedioxy.trans-decahydroquinoline (332 rag) 

was treated as above to give a colourless oil (256 rag. 95%) v, hich 
also decomposed on attempted distillation. Preparative TLC as 
above afforded an analytical sample of 4a.aflyl-7-oxo.trans.de. 
cahydroquiaotine. (Found: M' ,  193.14601. C ,H , ,NO reqmres 
193.14666); u,,,,, 3320 broad (N-H), 1710 (ketone carbon~,,I) 1640 
weak (double bond) cm ' ~" (in CI'X:I,) 3.7-4.5 (IH. m, -4.'!:1= 
CH~). 4.6-5.1 (2H, m, --CH-CI:I:), 6.75 (It'(. bs. exchanges 
with D=O. N-H). 6.g-9.4 (15H, ml, role (%) 193 (3L 177 (20). 151 
(26). 136 (50). 135 (19). 134 (22). 121 (20). 93 (13). 91 t25). 85 (86). 
83 (100). 

6.Allyl.6.cyanoethyl.3.isobatoxy.cych)hexenone 22 
6.-Allyl-3.isobutoxy-cycloxenone (416g) ° was dissolved in l- 

butanol (30 ml) and a 40% aq. solution of "Triton B" (0.5 g) was 
added with stirring under nitrogen. This solution was then cooled 
in ice and after 2Omins acrylonitrile (2.1 g) in t-butanol (lOml) 
was added. The mixture was then allowed to warm up to room 
temperature and was stirred for 20hr. It was then boiled under 
reflux for 2 hr, allowed to cool and then the solvent removed in 
cacao. The residue was partitioned between CHCI, and waler 
and tbe organic layer evaporated to provide a brown oil. The oil 
was chromatograpbed on a silica gel column t3OOg, elution with 
8q~ ethyl acetate in benzene) to affoed as tbe first band a mixture 
of the starting material and the required product. Immediately 
after this came a band of pure 6.allyl.6-cyam~,lhyl-3-isoburoxy. 
cycloh~enone. R¢chromatography of the first band gave a total 
yield of product of 1.323 g. 26% (total yield based on recovered 
starting material u,as 53%). The product, a ser~ pate yellow oil, 
was redistilled to provide an analytical sample as a colourless oil. 
b.p, 150-153 °, (Found: ('. 738: H. 9.0'. N. 5.1. C,~H),NO: 
requires: (:, 7355; H, 8.85; N. ~, 3%); v=,. (film) 2245 (--('N). 1650 
(enone carbonylt. 1610 (enone double bond). 1240. llqO (C-'O. 
ether) cm ', r (in C I)CI)) 40-4.7 (IH, m. -Ct:I=CH:L 4.7-5.2 (3H, 
m. -CH~.'H.~*enone I:tt. 6.4 (2H, d, J" 7H;'. CH-'CH:-O). 
7.4-8.4 ( I IH,  m), 9.02 (6H. d, J = 7 Hz, (CH,h('H-), A~, (() 252 
(IS.000) nm. role (%) 261 (5). 233 (Sl. 221 (9). 209 (15). 2ff)8 (I00). 
~7 (10L :if)6 (20). ~5 (|0). 177 (15). 165 (30). 152 (84)). 125 (I~) 

"C NMR spectrum (figures refer to a downfield shift from 
TMS in p p m  ) :~10.77 Is. C.IL 176.26 Is. C-3). I20.08 is. ('-12). 
118.9ll It, C.9), 101.6tl (d. ('-21. 132% (d, C-g1. 74)7t~ ft. C-13L 
45.77 is, C-6), 39.07 It, ('-7I, 30.6,8 It, C-IO). 3.19 It, ('-5). 27:/6 
ld. C-I l l ,  25.55 It, C4I, 19.05 lq, 2C-15), 1228 It, C-11i 

6.Atlyl-6-(3.aminopropyl)-3.isobutoxycyclohexenot 24 
6-Allyl-6-cyanoethyl.3-isobutox~,-c!,ck)hexenon¢ (690 mg) was 

dissolved in dry THF (30ml) and the solution ~r~s slow b added 
to a suspension of I.iAIH, (3OOmg) in dry TIfF {4Oral) with 
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sftrrmg in an afmosphcrc of dry nifrogen. The mixfurc was boiled 
under rellux for 2 hr. then cookd and the CXC~~S of LiAIH. was 
destroyed by addifion of wef fcfrahydrofuran. The rolufion was 
littered and rhe precipitate washed well with ether The filtrate 
was drmd and cvaporafed to gfvc a pak yellow oil (635 mg. 9#%l 
of ~olfylbo-aminopropy1f-3-isoburoxyc~r/ohc~rmoi tdecomp. 
on dsfillafmnl. (Fnund: M’, 267.31962. C,,H,.NO, requires. MI’ 
267 219ttl7l: Y,. tCHCI,l 3600 (0-H. unbondcdf. 33ffO (K-Ii). 
Y,.. Uilml 36fM-3100 broad (NH. OH hydrogen bonded). 1660 
(enol double bond). 1640 weak (douhk bond). 1191, (C-0. ether) 
cm ‘, r ttn CDCI,l 3.9-4.7 (IH. m. <&CH,,. 4.85 t IH. bs. 
cnonc HI. ? O-S S (2H. m, -CH=C&). 6.0-6 5 t!H. m. Cl&-NH,). 
6.55 f2H. d, J = 6 Hz. CH<l&-Q, 7 2-9.1 (ISH. m. 3H exchange 
with 40. OH * NH,), 9.10 t6H. d. J .I 6 Hr. tCY,l,CH). m/t 
f%f 267(l). 249(14l, 248 (IS). 208f561.207 (84). 2Mf32l. 193tSll. 
192 IIOOI. I77 (20). 176 f3.f). 164 QS), IS? fS-0. I!1 t100). IS0 
flOOl. 137 (53. I36 Go). 13S fcol. 114 (57) 

(‘yclisorion of ballyl~~3-aminc~pprupyl)~3~isoburoxycgcl~~hextnol 
6-Allylbf3-aminopropyl)_3-fsobufoxycyclohexenol (630 mgt 

was dfrsolved in EfDH (IO ml) and dfl. HCI 135 ml) *as added. 
This mixture was stirred at rmm temperature for I hr and then 
neufraliscd with NaHCO, soiufton. Exacrmn vvifh CHCI,. 
drying and cvaporafion of fhc organic extract, provtdcd a pak 
yellow 011 (280 mg 55%). whtch was shown IO he idenfical (IK. 
NMR spccfra and TLC behaviour) with 4a-allyl-7-oxocir-dc. 
cahydroquindinc prepared by fhc previous route. Wound: M*, 
193.14639. C,,H,.W rcqufrcs: M’. 193 14666). 

A solufion of Qa-allyl-7.7sefhylcncdioxy-cir-dccahydroquinol. 
ine (2.33 p) m CHCI, (70 ml) was cookd m an ice.bafh. A wlufmn 
of chloroaccfyl chloride (1.7Ogl in CHCI, (4Omll was added 
simultaneously with dil. SaOH solution (20 ml) durmg 30 mtns. 
The mixture was stirred for 3 hr at 0” and then tbc CHCI, layer 
was scparafcd and washed successively with dil. HCI, dil. NaH- 
CO, solufion and brine. The CHCI, layer was then dried and 
evaporated in cacuo to leave a yellow oil which crystallised from 
efhcr as white, fluffy. needle-shaped crysfalr f2.6S g, 87%). m.p. 
124-125”. of I~chloroac~y/4a-allyl~7,7~~rh~~~ed~ox~~cis~de~ 
rohydmquinolinc. (Found: C. 61 I; H, 7.6J: S. 46; Cl. 11.6. 
C,,H,W,CI requires: C. 61 3; H. 7.7; N. 4.4s; Cl. 11.3!%); Y,. 
th’ujol) 16SO (amide cartxmgl1, 1095 (C-0, ketall. 790 tC-CI) 
cm ‘. I tin CllCl,I 3.b4.6 (IH, m. C&CH,l. 4 7S-S.2fl t2H. m. 
-CH=CY,l. X2-S.7 (IH. m. CH-N, ring juncfiont. S.90 (2H. s. 
CICH,-C=W. 6.03 (4H. s. -O-CH,-CH,-O). 6.1-7.0 (2H. m. 
N-CH,). 7 14.9 tl!H. ml. m/r f%t Il.5 (2). 313 0). 278 146). 192 
1191. 134 (13). 122 (18). 99 t100). 

I - Chloraceryl . da. ally1 .7.7 tthylntcdioxv . frans - decohydm. 
qvinoline 2.6 

~~Allyl-7,7~fhyk~iox~--rrans~dcc~ydr~ui~lfne f1.28gl 
was treated as above fo produce I~chloma~efy~-4a-allyl~7~7~ 
rrhylmrdiox~-frans.lfahydroqvinolrnr Il7Og. 99%) as colour- 
less crytfals from ether. m p 8U-81” (Found, C. 61.3; H. 7.65; K. 
4.SS: Cl. II.SS. C,,H,.NO,CI requires: t’. 61.3; H. ?.7; N. 4.45: 
Cl, I I.3SIf; Y,. tNujo1) MS (amide cartmnyl). IIOC (C-0. 
ketall. 790 fCCII cm”. r (in CDC‘I,I 3.9-4.6 tiff. m. -C&CH,I. 
4.gS.2 t2H. m. -CHIC&l, 597 (2H. s. Cl_(‘H,i‘O), 6.04 f4H. 5. 
fX’H,CH,-Ol, S.7-7.3 (3H. m. CH-N-CH,). 7.s9.0 (12X, m). 
mlr (%I 31s I?)* 313 0). 278 (?I). 192 (lOI, 134 (Ill. 122 (IO), 99 
tloo). 

l~Chloroac~yl-4a~aliyl~7.oxoi-ts-decahydmquinolmr 27 
4 solution of Ichloroacefyl4aallyl~7.7~fhylencdfoxy~ris&- 

cahydroquindinc f2.66g) in absolute EfOH (45 ml) was stirred 
together with dil. HCI (l~rnl) af &I’ for 2 hr. The mtxfurc was 
allowed IO cool and thoroughly cxfracfcd with CHCI,. The or- 
game cxfracfs were washed wtfh dil. NaHCO. solution followed 
by brine. fhcn dried and evaporated in COCYO IO afford a yellow 
gum (2 16 g. 9.5%~) which could not be crystalbud. Preparafrvc 
TLC fclution with CHCI, confaining 2% MeOH) provtdcd an 
analytical sample of I -chlt~macdy/da-aN~l~7~o.~o~is~d~a~ 

hydmquinofine. (Found: M’. 269.117953. C,.H~D,“CI rtqutrcs 
269.118248; Found: M’. 271.1 ISOIS. C,.H&&“CI requires 
271.1 IS298l. c,. 1720 (kefom carbonyl), 1650 (amide carbonyll. 
790 (CCII cm ‘. T fin CDCM 3.9-4.6 flH. m. -C&CH,l, 4.7-5.2 
t2H. m, -CH=CH*l. S&7.1 f3H. diffuse m. -CH,-KCHI. 7.1-9.1 
f 12H. ml. S9C2~,s,-CH,CII, mlr (%I 27lf3). 269W. 234 f~lOOl. 228 
130). 192 fSOl, IS2 (4s). 13J f2Sl. I22 (27). % WI. 

I-Chlomartryl4a-allyI-7-oxo-frans-decuhydmqninohne 28 
I~Chloroaccfyld-~lyl-7,7~fhykmdioxy~f~~decahydr~uin- 

ohne (I 44~) was treated as above to produce long, necdk- 
shaped crystals of I-chlo~ucrryld~~yl-7-oro-rrans-de~ah~dm~ 
quinolinr fl.lSg. 93%). m.p. 13S-IW. (Found: C, 62.45: 
H. 7.45; N, S.2S: Cl. 13.6. C,,H,NDzCl requires: C. 62.3: H, 7.4; 
N, S.2; Cl, 13.2S%l; v,. 1710 (ketone carbonyl). 1670 (amide 
carbonyll. 163s fdoubk bond). 790 weak (CC11 cm ‘, r fin 
CDCI,l 3.84.S fIH. m. -CH=CH,l. 4.65.1 f2H. m. _(‘HI’H,). 
5.90 f2H. s. -CH,CII. S.66.3fZH.m. -CH,-NJ. 6.69.3 (13H.m). 
m/c (%I 271 (2). 269 (Sl, 234 (60). 206 (42). 192 (46). I!! (32). IS1 
(39). 136 (32). 122 (57). 96 f1OOl. 

&.A~~y/.2.9.dioxo~is A/R. cis ~C-d~~ydm~H-py~lo j3.2,1- 
ij] qvinolinr 29 

A solu1ion of 1chloroacctyl~-allyl-7-oxo-cis~ca- 
hydroquinoline (I .70 g) in a 1: 1 mixture of bcnzenc and f&utanol 
(60 ml) was slowly added with sfirring fo a solufion of potassium 
fbutoxide prepared by dissolving potassium (3SOmg) in ~bu- 
tam1 (2Omll. The mixture was &red at rmm temp., under dry 
nitrogen, for 19hr and then heated to SU’ for 1 hr. After the 
mixture had cookd if was neutiiscd with dil. HCI and then 
evaporated IO dryness. The residue was parfi:ioned bcfwccn 
water and CHCI, and the aqueous layer exfracfcd numerous 
times with CHCI,. The organic layers were combined. dried and 
cvaporafed in cacuo IO furnish a yellow oil. Chromafography of 
thtr oil on Kicsclgcl (13&g. elution with 2% McOH in CHCI,) 
provided 6a.aflyl-2.p-dioxu-cis-A/B. cis AK-decahydm_QH- 
~~~~0 f3.?.l-ij] qa~o~e (660 mg. 64% based on material con- 
sum&) as colourless plafes. m.p. 127.5-129” from henrenelefhrr, 
fFouml: C. 71.7: H, 8.05; N. 6.0s. C,,H,,NO, requires: C. 72.0; 
H. 8.10; N, 6.0%): Y.... (Nujoll 1710 (ketone carbonyl). 168s 
tlacfam carbonyll. 1640 weak (double bond) cm ‘. I (in CDCI,) 
3 f&4.35 (IH. m. -Cu<H,l. 4.SS-5.0 (2H. M. -CH=Cl&). 6.00 
(IH. broadened doubkf, J,= 13Hz. H,), 6.47 (IH. d of d. 
Ju = 6.S Hz and JsX = 1.5 Hz, H.), 6.85-7.28 (2H. m. H, I. 7.F 
9.0 fl?H. ml. m/c (%) 233 (7). 201 (20). 192 039). 191 tRIOI. 190 
Wt. I76 t7?l. 163 (49). 162 08). IS0 (421. 149 (100). I48 129). 138 
MO). 13s (611, 121 (28). 120 (29). 

II should be nofed that a small amount of sfarfmp material 
1300 mg) was also recovered from fhc column. 

1-~~hloroacefyl4a-211yl-7~xo~f~~~-jrc~ydroquimtline~ I.00 
gf w-as frcafcd as above. except thaf heating for 2 hr took 

ha- My/-?.9-dioxo-trans AIB. cis A/C.dKahvdm4it.pvm,lrt[~ 

place. The product was chromarofpapbcd on a kiesclgel column 

13.2, I-ill qubwiinc 32 

(601. clufion with CHCI,/AcOF~IMcOH. 9fl: 10:2l lo afford 
6a.allPI-!.9-dioxo.lrans A/B. cir A/C. derohydm-iH~pyrm/o 
[3.?.14] qrrinolint (SSS mg. 67% based on material consumcdt as 
colourlevs crysfals. m.p. 12&12S’. from bcnzenc/cfhcr. (Found: 
C. 71.9: Il. 7.95; K. 1.95. C,,H,,NO, requires- C. 720: H, 8.10: 
s. 60%); r;. tNulol) 1700 (ketone carhonyl). 1670 (amide 
carbonyll. 1640 weak fdoubk bond) cm ‘, 1 fin CDCI,) 3 9-4.? 
t IH. m. Cl+CH,). 4 7-S.2 (2H. m. -CH=CY,). 5.75 (1H. d of d. 

- I3 Hz J,,, - I,, . S Hz. H,). b.22 t1H. doublet. I,,. - 
k;Hr. H.): 6.83 (IH. q. I,.. _ I<, = Jcv = 9.5 Hz. H,.). ?.?S 1 IH. 
m. Hi,). 7.3-9.2 (12H,mt. mlr (%I 233 (32). 205 (30). 191 (20. I90 
(14). 176 (ISI. I63 06). 162 (IZ). IS0 fill. 149 (441. 13x (23). 135 
ilS1. 121 1171, 120 IlO). 

A small amounf of sfarfing material (100 mgt was recovered 
from the column. 

ba.Allvl-9.9.cfhylmrdioxy.2-oro-cis A/B. cis A/C-dtcohydni-4H. 
pwmfo [3.!.lij] quinolint 36 

6a-.4llyI-2~9~dioxociJ A/B, cb A/Cdecahydro-JH-pynolo 13. 



2.1.;~) qutnwir: ,t SSgj uas dtssol~ed in dry benzene ,160ml) 
and afrcr add&n of ethylene glycol ,l.Sgl and folucnc-p-sul- 
phoniC aCid 130 mg1 ~ttc mixrurt was lwiled under a Ikan-Stark 
apparauis for 24 hr. The solvcnc *a\ rhen removed m Kucuo and 
~hc residue 1akcn up in CHC’I, The solurion wax sashed with dil. 
SaHCO, \olurion and hnne. and then dried and tvaporalcd IO 
prwidc ha~u/~~f-9.9.~rh~/fn~di(~.K~.?.(~xO~Cl\ A/B. Cls A/t’-&- 
~uh~dr(1-4ll.pvnok, [3.2.1.1j] qurnolinr II 74p. YC%) a\ a pale 
ycllou gum 

Fwhcr purification using a S1hca gel column ,200 p. eluted wth 
(‘H(‘l, 80. AcOEI 20. and MeOH 2) produced colourkss crystals 
from (‘lfCIL~llghl petroleum ,I : 31. m.p. IO0 S-101 S”. ,Found: C. 
696. H. 8 OS; N. !.OS. C,,H,,NO, requuec: C. 69.3; H. R.3; S. 
C.l%1: Y,.. (Sujol) IhYS (lactam carbonylk I640 weak fdoubk 
bondj. IOYS ,C-0. kctai~ Cm ‘. r ,tn ClXl,). 3.%4.!0 ,IH. m, 
Xl&CHzj, 3 Y-S 2 r2H, m. -CH=Cl$,J. 6.02 (4H. s. -C%CH:- 
(‘?I,-0-r. CYS ,lH. broad d. J,,,= 13Hr. H,I. 6.81 ,lH. dd, 
J A S ! fir and I,, I ft7. H.). ?.9-9.1 ,lJH. ml. mit 14t 277 
,G,. 24’ 1201. ?.%,Y4l. 23c ,lOo), 234,981. 220 137). 218 ,S71. 20s 
,?‘I. lYO,211. lb3 tlS1. 1’0 ,w 149 IIW. p9 ,lOO1. 

~.Allyl-?.Y.dloxo-rrons A& ris A/(‘Jccah~dro~y-pyrrolo 
[3.2,1-1j] qumohne ,Sl!OmR1 uas 1rca1cd iu above cxcepl that 
boiling under reflux look place oter Jo hr. The product ua\ 
chromarographcd on a kiwIgel (j column OOg. clutcd wt1h 3% 
&OH In (‘Hf’1.1 IO g~vc colourlc\s Cryslals. m p. 96-W tfrom 
clkr). of ha-ull~/.Y.9.erh~lmcdi~~xv-?-oxo-trans .A:R. cls A/C‘. 
drrohcdn,.Jtf-pvnr,/o [X.1.1)1 q&t&r. (Found: C, 68.95; H. 

X.1; G. 4 9. ,‘,,Hr,SO, rrquircs: (‘. 69 3; H. R.3: N, .(.i%i. Y,.. 
~h’uiol~ lh90 ilactam carhon;l), 1640 utak (double bond\. 1095 
(C-O. kcralr cm ‘. I 11n (.u(‘l,~ 3X-46 ,lH. m, <H=W,j, 
4.7-S.? ,2H. m. _(‘lf=(‘l!:r. 610 14H. \. -(XH,CH,_(&h 6.9- 
9 i (1Jfi. m1, MS tlH. d. J X.S Hr. H,L S 7 ,lH. m. lf,). m/f 
,%I 2’7 ,!3,. 23S ,681. 2.34 (42). 232 ,S31. 190 Ito), lf7 ,731. 176 
,!YI. IS0 ,431. 149 I IuOwf). 108 (63). 99 (1001. 

A solution of h;l-all~l~9.Y~eth~Icnedtoxy-~-oxc~-~ir AiH. c-is 
A!fvJccahydro-iH.py nolo 13 .?.l.ij) qumolinc ,I 64~) in dry 
‘I’HF 140 ml) uas \louly added IO a suspension of LiAIH. (I 6 g1 
m dr\ TllP 160 ml) uith sturmp under dry nitrogen. This mix1urc 
~a\ boiled under r&x for 24 hr. nlloued IO Cool. and 1hc cxcw 
of I.~Allf. dc\rroycd by add&on of u’e~ THF. The suspension was 
filtered and rhc restdue sashed wll auh ether. The orpaniC 
fihratcs uerC then dried and ckaporated in I’LITWI 10 afford a pale 
ycllou oil. lk\1ilh&on of 1hc otl produced 6a-at[vt-9.9-nhvlrnnr. 
dioxv-Cis A!H. ~1s .~!(‘.drCah~drr~.4H-~~m~tc~ [3.2.1-ij) qurnnlinc 
;O .S Colourlcss oil h.p. ?I?-!?o”iO.OlS mm. I I.ulg. 8%). (Found: 
M’. 263.IlMS3Y ,‘,,H,,SO~ rcquirc~: 51’. 263 IRRSiflh Y,. ttilm) 
!W. 2720. 2670 rllohlmann bands). I640 ueak ,doublc bond). 

1090 (C-0. k&d1 Cm ’ , : (in CM,) 3.7S4.SO IIH. m. -Cll= 

CH,I. 4.‘-S.? ,?H. m. -<‘H&H,). 6.OS ,4H. \. l +CH,- 
CHi-O-1. 66-7.2 ,!H. m. H. and w, 1, 7.&9! tlhtt. m). m/r ((ir) 
‘6X,91 ‘6’ ,:I “’ ,‘)(I __ ,-- “I (1001.220 (WI. _W ,261. 136,191. 135 . ___ *. , __ 
Ihl). YY (all 

h;l-.~llyl-9.Y-rthykned~oxy~2~~x~~f~~K A/H. ‘I% :\I(‘. 

dccah!dm-JH-p)nolo [!._. 7 I .tj) quinolinc ,uto mg1 u-as rrcated as 
ahore lo produzc ~.u//yf-9.Y-efhvfrnfd~(~x~-~n~ A/H. cis 
A/C’-dcr-ahvdrodH-pvm,/o [3.2,1.1j) yuinclnr (33 mg. 88%) as a 
colourlrss gum uhich decomporcd on auempicd di\1illauon. 
(Pound M‘. 263 llUl?i! f’,.H,,NO, requires: hi’. 263.IlBSlll,; 
o,.. tlilm) MU weak ,douhle bondi. lop0 ,,‘-O. kc1alj Cm ‘. T lin 
c‘Do(1.1 3 X-4 S I IH. m. .<‘Hd’H,l. 3.7-C.? ,?H. m. -CH=CH,j. 
6.00 ,;H. =.. -oXH,-CH&I. 6.6-7 2 ,!H. m. H. and II, I. 
7.2-9.2 ,Ihll. mb. m/r (‘?+I 263 1101.262 (101. ??I lIR1. ??OlI?). I36 
(?I). I!’ IIVI. IO? tl00). 99 (65). 

~-A~/~f~~ox~~is MS, cis A!C‘-dccahgdm_tH-ptnoiv 13.2.1.ii) 
quinoli~t 0. 

6a..4llyl-9.9-cihylenrdiox~-rir A/B. ris AICdehy-drodl$ 
pyrrolo [3.2.l.ij] qumolme ,1.34@ was dissolved in &OH ,2Omlj 
and dti. HCI 1S0ml) was added wi1h stirring. The mixlure was 
heated a1 W for I hr. cooled and 1hcn neurraliscd by the addition of 
solid NaHCO,. Ex1rac1mn with CHCI, was followed h) drying and 
eyapora1ion IO afford a yellow od ,I.lOg. W%j. Furrher 
dis1illa1ion gave ha.o//v/-Y-oxo-cis A/B, cis AlC,dr- 
cohydm-4H.p~m~lo [3.!.1-ijl yvinolinc as a colouriesr gum. 
(Found: M’ , !lY.l6?34I. C,.H,,lW requires: U’. 219.1623Q61: 
P,. (film1 27%. 2720. MO ,Bohlmann bands), Ii10 fketow 
carbonyll, 1640 ueak tdoublc bond) cm ‘; r ,m CDCI,1 3.7-4.4 
,lH. rn: -(‘l+CH:h 47-S I ,?H. m. CH=W,), 68-7.2 ,?H. m. 
H,- H, j. 7.2-9.1 116H. mj. mlc (41 219,101, 218 ,121, 190 11% 
17X ,49j, l77,lOO). I?6 (64). I62 ,201. I49 120). l3S (71. 134,?SJ. 

6;r.Alfuf.9-orc~-trans 4/H. Wari\ 
[3.2.l.ij) q~~ofrnc 41 

.4K’.dccohydn,~H-py~K?fo 

~-All~l~9.9~!h~Itntdiox~--rrun~ A/R. cis AICdecahydrodH- 
pynolo [3.!.1~1~) quinolmc ,320mmpj was trea1cd as abo~ 10 
afford a ycllo~ OIL Purificauon of this oil on a Lies&cl G 
column &ted wrh 3% MeOH In (‘HCI,) produced a- pure 
sample of b.~ll!/.9.~~x~~.rrans A!B. trans AIC~drrahydmdH- 
pyfroko [3.2.l-ij) quino/inr ,220mg. X2%1 as a Colourkss gum. 

,Pound: M’ , 219 162371. C,,H,,SO requires: U(‘. 219.162.Wj; 
Y,. (film) 2800.2720 (Bohlmann bands). I720 tkefonc carbonyl). 
1640 weak (double bond) Cm ’ , I ,m CLXXI 3.L4.4! ,IH. m. 
-C&CH,j, 4.65 I ,!H. m. CH=CH..j. 6.67 0 (lli. m. H, j. 6.RS 
,IH, d, J -9SHr. Hi,). 70-9.S ,l6H. m). m/r 1%) 219,.%ll. 2lR 
(69). 1% ,161. IX lloO1, 176 MO). 174 CO), 162 (14). 149,131. I35 
,141, 134 ,131. 

The o.mnharyphcn~fh~dra:onr of 6a-a&f-9.oxotis A/B, cis 
Al(‘.d?rahydro-4H-p?-rmlo (32.1~ij) qufnof;n~ 

6a~A1lyl~9~xo-Cis A/l%. i-is A/C-decahydro-d~.pyvolo [3.2.1- 
ij) quinolinc ,l.lOpj was dissolved in WH ,6Oml) and o- 
me1hoxyphcnylhydrallne hydrochloride ,Y60 mg) and anhydrous 
Sodium Carbonate ,300 mgj were added The mixrure was bo1kd 
under r&x. 1n an almosphcrc of dry nurogcn, for I hr and 1hcn 
allowed IO cool. Eyaporauon under reduced pressure was fol. 
lowed by addiwon of bcnrcnc and EIOH and recvapuralion IO 
rcmo\c u&r. ‘The residue was diswlvcd in bcnzenc/c1hyl 
ace1a1c ,I: I I and rhis solmion fihered through a rhoh plug of 
alumina. The filtrate was cyaporatcd IO provide the o+mrthox.v- 
ph&hydra:onr of 6a~ullyl-9-oxuC1s A/B. riS AX-deCahydm- 
QH.pgm& 13.2.1.ij) qainolint I I.&g. 98%) as a red gum. 
fFound: hi’. 339.??02S6. C,,H,N,O requues. M‘, 339 23lOSl1; 
Y,. flilmt 33x0 IS-HI. 2780.2720. 2670 l~ohlmann bands). I640 
weak (double bond), &Ml fC=liil cm ‘. I fin CIXl.1 2.a ,lH. h\. 
exchanges uith l&O. N-H). ?.XS-3 .30 (4H. m, aromauc Hj. 
3.%4.5 (Ill. m. -<‘ll=f’li,j. 4.7-5.2 I?fI. m. CH=CY,j. 6 IS ,fH. 
s, -OUe1.6 7-9.1 ,MH. mj. A.... ,r) (in ethanol) ?I? ,10,2001. 270 
,980Oj. 303 (8100) nm. Iin !h’HCh 213 (WOO). 223 linflcC11on. 
9SOOI. 273 l89OOj, 304 MOO1 nm. m/r ((is) 339 ,121. 221 (12). 220 
,201. 2lll ,251. !I7 llah. 192 ,2x1. 17: I:?). I22 ,80)* IOi (74). 

Thr o.melhox~phpnv/h~dra:onr o/ 6J.ollgl.9.axo-lrans A/R. 
van\ ~\/C’.dfcuh~drodH.p~m~/o [!.2.l-lj) yurnolinr 43 

b-Allyl.Y.oxo+unr AIB. frons A/C.decahydrodlj-pynolo 
[3,2,l-1j) qumolinc rlS5 mp). u-meihoxyphtnylhydrazinc 
h~drochlorrdc (1% mg) and anhydrou5 sodium carbonate (45 mgl 
wrc dicwlwd in ii10H and boded under rcfiux for 1 hr The 
\olulion uas then cooled and long needle-shaped cr?sf& ap- 
peared. uhich were collcc~cd and rccry\taJlised from EtOff to 
afford de o-mrrhox~~hn~fhvras,nr ol cia~offKl~9-oxo-1rans 
AIR. Iran\ AIC-d~rahXdn1dH-ppm,lb [3.2.l.j] quinolinc as 
while needle-Shaped crystal\ ,l?Omp. 70%). mp. 16%16<c. 
,Found ,‘. 74 XC; H. 8 3S: N. 12.1. C,,H,S,O requires: (‘. 74.5: 
H. MS: N. 12.4%~ r,.. KHCI,) 33x0 W-H). !lUM (Bohlmann 
band). 1640 weak tdoublc twndl. 1600 ,C=h’) cm II I lcn CD(‘l,l 
2.4S (Ill. h\. exchanges u-i1h 0,O. N-H). !.R-3.3 ,4H. m. 
aroma1ic H). 3 8-4.5 (1H. m. -Cy=Cll,~. 4.6s 2 I?H. m. 
-f’H=Ql:j. 6 I4 ,3H. s. q)Uej. 6604 1l8H. ml. A,.. ,c1 ,m 



ethanol) 213 (9.300). 38 U.6200). 302 l.C.6500) nm. (In ?N HCI) 212 
(R.7CQ 227 (mllcction. 7.800). 273 tfZ?Ol. 305 lS.400~ nm. 

Funher amount\ of product could lo ohtamed b) c\aporahon 
of rhc hltratc produced on collcc~mn of the crystal\ formed from 
the onginal rcactmn mrxtufe fapproximattl~ 25 mg. 10% t 

The o.mcthox)phcnylh~drarone of On.alvl.Y.o\o-c-i A/B. c-is 
Ai(‘.dccah~dro-4H.p)nolo [~.?.IQJ] quinolinc f I 65 pi *a\ &v 
solved rn placnl JCCIK acid and heated 41 9(” for I hr under dr) 
mtropcn ‘The x+cnt ua\ then cvap)r&xl rn I’UCUI~ and the 
rc\rduc partirmncd hctucen dil K;alI(‘O, \oMlon ;md (‘IIz(‘ll. 
Fhe aqucou\ ia)cr ua5 further cxtractcd with t‘H,Cl, and the 
orgamc extract\ UC~C drrcd and cr-aporatcd 11) protrdc a hroun 
oil. Y,.. i(‘IfC‘l,~ 2x(10. 2720 tRohimann hand\). 159: ~tndolcmnzi 
cm ’ 

Thic brown od uas &solved in Jr! TH i: lOa ml) and ua\ huly 

added IO ;I ~uqxnvon of LIAIH. I I 5 gb tn dry THf: 17OrnlI The 
mrxturc WI\ then Mcd under r&q for IC hr urth \tirrinp under 
an atmotphcre of drj nitrotten Cooimp of the \olution ua\ 
follaued hy careful addition of u-et Ttif- to decompose the 
z~c’r% of 1.1hlH. The prccipwtc ua\ filtcrcd elf and u-a&cd 
~11 ulth ether. the org.rnrc filtrate\ uerc comhmcd. dried and 
cbaporared to furmsh 3 );cllou oil Durrtiiauon of thix oil on an 
alumma column (I?< g. gradlent clulwn uith bcnzcne (4OO ml) 
.rnd then 5% McOH In txnrenc~ pro\Hlcd. after recry\tallr\;ttron 
from bcnzcne. ?O.n/lvl-lo-clrsurh bId<orrr ~/arpidos~Wntllnr 
(1 41 g, WZI dx ;1 pale hroun pwdcr. m p 93-95’. iF0und. M*. 
3?42?OOX9. t‘,,H$G&) reqttuc\. 31’. 32J.?!Ol!!l. Y,.. (tilrn~ 
336O (S-H,. ??XO. _ _ ‘W. ?f&O t~~lhlmann hand\!. lhul ucak 
(douhlc bond). InI!. 1595 rmdohnr~. r tin c’IX‘l,1 1 i-3: t3H. m. 
aromatIc HI. 3.9-L.7 tlH. m. -C’lj=CH>,. 49-5 4 I!H. m. 
-CH=CI~:I. 6.20 (3H. \. -(MCI. 6 3-7.3 NH. m. C-2 H. C.!l H. 
(‘.5 !HI. : l-9 2 rl!H. ml. A,.. I# I !I6 tlcm). 246 lJ.wOI. Xl 
(?.OOO1 nm. m!r (%I 324 C!Ol. _HM TV). 282 tl9l. 2X1 (IX). 220 t3ll. 
34 127J. 180 12ol. 1?9 PM). 1’8 (‘4). lhlf l!hl. I.% 1100). 135 (421. 
lo< WI. 

?O. ANTI-?O-drrrih~/aspUospenn;nc 42 
i\ccr~ anh>drrdc l43Omp) W\ added IO a solution of 

2~~ll~I-de~eth~ldc;Icer)la~p~do\permi~ luu) mp) in p)rrdinc 
IlSmlr and IIN mixture ua\ \Iurcd at room temp. for I4 hr 
Evrporatmn of the solvent in tacuo left a brown residue u hich u-a\ 
tiiken up in I’HCI, and washed wses=.ivcly with &I HCI, dtl 
NaM‘O, s0lutKln. hrme. and then dried and cvoporatcd. The ~iid 
product wa\ rccrystallrud from hekane to afford colourle~~ plates. 
m.p. IltY VIW, of ,~a/lp/-!O_d~srfh!~0s~;d0s~r~;n~ (NO mg. 
K&X). (Found: C. 3.25: H. 8.35. S. q 9q Cz,ItaN,O, require\: C. 
7J.5; H. 8.20. Z. 7 ?O%b. v,,,.. (film) !iW.?72U ~tlohlmann hand\). 
IMOtamidc carhonkll cm ‘, r (in c‘Ix’I,l 2.63.1 III. m. aromalic 
HI, 40-4.7 (111. m. -(‘t_i=CH:t, 4.~~ ! (?H. m. -CH=Ctf,). 5.45 
(1X. broad q. J 6fI?. “Asp~do~pcrma ~n~crprtnt”” C-2 Hb. h 1 
t31f.~.-OSfet.O6~.1 l!H.m.l’~~2H1.f.bY.?fl!H.mi.~7Xi!H. 
\. N-AC). A,. (0 ?ISl3?.YW. 36 (I l.?oOl. ?90*h 12.700) nm. m/e 
(?+I .366llC,. 365 (3). xc 130). 324 Iho). 3!!~?O.!Rl l!!l. 266llO. 
IM (251. IM (!:I. IW IW. IH (loo). I!1 Lull 

(at f ‘sing yfuc-tul at~tr ut.id The i~.meth~)~~phcn~lh~dr~~onc 
of 6a-all~I-Y-~~~o-rrunr .W. grunt A!(‘.decahydroJf!-p)nulo 
(\.;l.l.il) quinohne tX! mpl sax dt\wl\cd tn piaclai acrw actd 
COrnI, and heated at IOU; for I.5 hr The \oltent uar then 
claporated m ~OCIW and Ihc re\lduc parttuoncd twuecn CH,CI, 
and &I. NaHC’O, wlutwn. The orpamc laker ua\ dried and 
cbaporatcd to twc a broun gum uhich mdlczctcd IUO producl\ h) 
1’f.t’ anal)w tkic\clgel G pIarc. clu~cd wtlh 3% hIcOH rn 
(‘Hf‘l,,. I.,... I(‘H(‘I~~ IS95 l]nd~~lcnrnc~ cm ‘. 

‘The hroun gum ua\ drs\ctl:-cd rn dr! THF c2Ornll and &ul) 
added to a wpcrwon of I.iAIH, (lCOmp~ tn dr) THP l?Omll. 
T’hc mixture ua\ h&d under rcflul In dn rtmo\phcrc of dry 
mtrogcn for I( hr and then allowed to cool. Wet ‘THP’ WC;,\ then 
added to de\troy the txce\\ of I.lAIH. and then ~hc precrpitate 
~a5 tiltcrcd oR and washed well w-cth ether The liltra~e war 
ctaprvatcd and the revdoe taken up in Jr} hcnrcnc 12Oml) and 

stirred with acetic anhydride I IOU rn@ for 2 dayx RcmoLal of the 
solbents in I’OCUO affotded a hroun gum which ua\ purltied b) 
the USC of a kiesclgcl G prcparabe plate tclutcd tulcc ~lth -3 
McOH in CHCI,) 

‘The lop hand (R, approrimattlv 0.61 wa\ rtmokcd from Ihe 
plate and washed with (‘HCI, to afford l-~.?O.oflyl-!O-d~srf~~~. 
~O.~p;a~p~f)s~c~inf ac a coltturkx ;r~~lalline soird (I$ mjt+ 
16% hascd on the phcnylh~draronel. m p, 121-i?” Ifound. ht’. 
Mci. 23063. C,,H,N?O, requires hi’. 366.23O?l. Y,.. Ifilm~ INO 
(amide carhowl) cm ‘. A,.. (r I !?? ~3Oo.NlW. 34 ( I I .?WI. 290 \h 
c300~ nm. 7 im CIK’I,b 2.b-3.2 III. m. aromaltc 11). 4 IT-4 41 
IIH. m. -CIjKH:,. JK-5.1 IZH. m. ~<‘H=Clj,r. ‘11 [IH. M. 
J - ( 5 HI, CL’-? fi lthi\ proton appear, ac a quartet in !hc normal 
cu (‘!I.3 r~merf. 6.11 (3H. (r, l )Ycr. 7.X t3H. X. N-.A<). C-9.2 
I17H. ml. m/c 1%) W f I1 1. ,365 1101. W IX!. V! tkt. 124 I IX). 121 
11% XI cn,. IM (101. 149 (161. 1.W I!?,. 

The loser hand (N, approrrmatcl\ II !I ua\ rcmoscd and 
clutcd sith (‘HCI, Removal of the \olbcnt and cr!\tallrsatron of 
the rcrrduc from hcxarx afforded !O.all!/-~.drrtrhvlclrpldo. 
spctminr (13 mg. 14% yield from the phcnylhydra~oncb. rdenlical 
in every respect with that prepared prc~luurl). 

I~I Esing @we acid The o-mcthox~phen~lh!cfrllom of ha. 
allpl-9+x0-trons AI’H. fru~s .4K‘-dciah~dro_JH-ptrroln ~?.?.I+J) 
quinohne (7: rnp~ wa\ di\sol\cd I” 99% furrruc acid I’ ml, and the 
mrxturc %a\ bled under rcflux for !Omm The wlubon WI\ 
cooled and evaporated in tocuo IO pro\~dc a red pum u tuch ua\ 
taken up m CHCI, and washed with &I !i.~li(‘O, wluwn. ‘Ihc 
(‘HC‘I, extract\ wre dried .tnd c\aporated and the rcstduc 
purtftcd h! ~hr~~rnat~~~aph~ on J prcprratwr plate (ktcwztpei G. 
eluted wee sith CHW Tb furrwhcd t-i.!O-ntfvl-?O-dcsrr~~~. 
?O.cpirutksmc U (20mg. ?4%:c, a\ a red gum. tI:ound. M’. 
3!?.!145. C:,HaS:O: require\: M’. t!! ?ICOb. v,.. tfilrn) WO 
((‘-H of (‘HOI. !‘W. !‘I! (Hohlmann hand\). l&V1 I;tmtdc car. 
lwnbll cm ‘. I Im CD<‘I,I 069 (Ill. \. -<‘HOI. 29-l 5 (!H. m. 
aromatic ti).4.?~.~(IH,m._(‘Y~‘H:)4.n-~.I (?H,~.-CHKH:I. 
5.2 flH. ht. J : !HI, (‘.!H). 6.12 1111. 5. OMCI. 6 3-Y 3 II’H. m) 
A,.ft~?lX~33.~~,2SI(fl3.~00)._~sh~??4n1nrn,mfr~~~3~?t?~. 
323 #I.?64 (I?). ??? tin). ?@I II%). I91 I’). InI (ItI. lxlllllm. 165 
I!!). IfI? (ill. 

~~All~l-~Jcccth)l~2l~cprvallc\inc ( 16rnfi, ua\ diw&ed m 
A&H (15 ml) dnd dtl HCI 15 mil ua\ added. The rmxture ua\ 
rcfluxcd for 1 hr and then c0oled ,ntd made JWI .rlkahne uith 
NaHCO, wlution, Extractton uith CH(‘l,. Jr\rnp and r\apora. 
tion of the orpantc cxtractc pa\c .t pale ~cll~w yum. 

Thaw gum ua\ taken up m Jr) bcnrcnc I( ml1 .md arctic 
anhydrtdc l<Omp) WI\ tiddcd and the mlwrc Nutred at rwm 
temp. for 4O hr Evaporatiun of the wl\cnt\ provldcd a ~cllou ml 
which u-a\ chromatographcd on .s prcparrux pbtc tkicsclpcl (i. 
clutrd with (‘HCI, c(lnt~ninK 1% McOfiI The twduct .wcartd 

at low R, value and was identical tn clerk re&ct 10 ?O-&l.ZO. 
dc~cthyl-20_cpiaspido\permtne. 

~0.AlItI-?OJcscth~lasptdosprrmlnc I!?( mgl %a\ dr\wl\cd m 
Z&S accbc acid (20 mlt and (~~nlrurn tetrortdc I If) rngi *a\ added. 
The mtxturc uar wrrcd tn an atmwphcrc 0f dry ntrntpen f0r 
ZO mm. during u hich time the wlutwn darkened con\~derahl). .A 
wlutron of wdtum parapcric~atc in WOn, accw aird ud\ then 
added and the black wluwn tmmcdatcl! Irghtrncd m <olour 
The mlxlurc %a\ \tlrrcd at ro0m temp for Xhr and then the 
wlvcnts wrc rcmowd m ~‘O~‘IIIY to pnducc a )cllou od I tw 
rerrduc *a\ partilrctncd hetu-ecn (‘HCI, and Sa:CO, tiiulton snd 
then the organrc layer ua\ xparatcd. dried and c\aporaird to 
produce a crude, pale yellow whd Kecr~~t;tll~~rwn of thi\ crude 
material from CHCI, afforded (:)_X-u~~rvlc ~lmdnwctrpinol” a\ 
crcam-colourcd cry\tal\. m p 214-216’ tdccomp I t206mg. ?%I. 
tFoUn& M’. 3hn X98!. C‘:jH,E,O, rcqutrsc: \I’. MK2OWt). 
v,.. lin CHW MO weak K-H. ;ddchydei. ?‘xO. ?‘?o 
(Bohimann hand\). 1’IR taldch)Jc carhon)lr. IbY {ami& Cdr. 
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honyl). IJW. 1390 (C-H. aldehydc) cm.‘. I (in CDCI,) 0.6 (IH. I, 
J 2.5Hx. <HO), 2.7-3.3 t3H. m. aromatic H).‘5.45 (IH. bq. 
J -7 6 Hz. C-2 Ht. 6.13 (3H. s. -Me), 6.6-7.2 (2H. m. C-5 H,), 
7.55 (IH. s. C-21 H), 7.8 (3H. s. K-AC). 7.3-9.2 fI4H. m). A,. (c) 
219 (33&W. 2% (tO.%O). 291 sh t2,820) nm. mlc (It 368 (IO). 340 
(61. 324 ft00). 311 (I?), 281 ft5), 174 (14). 166 (12). 160 is), 13X 
(82). t 10 (30). 109 (5). 

~hcxc spectral d&its compare very favourabty with rhow 
obtarned from the optically active N-acelykylindrocarpinal pre. 
pared by Djerassl and Gebreyesus” by oxidation of naturally 
occurring N~acetykylirxtrocarpinol. 

I z t-h’- A~eryfcylind~carpinol 3 

N..~cerytcyti~r~~i~ (65 mg) was dissolved in abs. &OH 
(10 ml) and a large excess of NaBH. (I50 mg) was then added. 
The mixture was then stirred overni&t (15hrl under an at. 
mosphcre of dry nilrogcn after which dil. acetic acid wti added 
until the prccipitale. which inirmlly formed. dissolved. Evapora. 
lion of the solvents left a yellow oil which was taken up in CHCI, 
and &en h’aHCO, solution was added. After separation of the 
CHCI, layer it was dried and evaporated to produce a white 
sol& Rccrystaltisation from bcnz~ne afTord (=)-,~-uc~y/ryfin- 
drwarpind (50 mg. 77%) as fine, white. needle-shaped crystats, 
m.p. 200~201”. (Found: M’. 370.225153. C,H,N,O, rcqums: 
M’. 370.225630); Y,, (KBr disc) Moo-3200 broad (0-H). 2770, 
?720 (Bohlmann bands), 1630 (amide carbonyl). 149Ocm ‘; I (in 
CDW: 2.85-3.3 (3H, m. aromarlc H). 5.5 (IH. trq, J = 5 Hz. 
“Aspidospcrma fingcrprinr”, C-2 H), 6.15 t3H, s, -Oh&). 6.47 
t2H. bt. J = 7Hz, -CHrC&-OH), 6.8-7.1 (2H. m. C-S Hd. 
7.75 IIH, s. C-21 H), 7.84 t3H. s. NCOCH,). 7.6-9.2 
(ISH. mt. A,. ff 1 217 (33.500). 254 (12.300). 29osh (3.100) nm. 
m/r I%) 370 115). 369 (3). 343 (61.342 (181.U’lt9). 326(8). 325 t7), 
311 (10). 174 (25). I68 (20). 160 (18). 141 (35). 140 (too). 

tf t-N.O-~uct?ykylindrcKorpinol 49 
Ic)-h’-Acclykylimfrocarpinol (7.5 mg) was dissolved in bcn- 

ZCM (I ml) and pyridinc (0.5 ml) and acetic anhydride (0.5 ml) 
were added. The mixture was stir~cd at rmrn temp. in an at. 
mosphcre of dry nitrogen for 2 hr and then the solvents ucre 
tbaporated in L’OCYO. The rcsduc. a pak yellow sohd. was 
recryrtalliscd from a mixture (I : I) of benzene and di.lsopropyl 
erhcr 10 afford tit~N.0.diocctyfrylindrororpind 49 (Smg) as 
colouriess crystals. m.p. 19~196’. (Found: M’, 412.2358OS. 
ft.H,,N,O. requires: M’. 412.236393); v, ffitm) 1730 (es- 
tcr carbonyt). 1630 (amide carbortyt). 1485. 1460, 138Ocm ‘, A,. 
(et 2l11t36.200). US 111.900X 29Osh (3.150) nm, m/c 1%) 412 (35). 
411 16). 384 (25). 326(12). 325 (15). 324(I5). 236 (12). 210(15). I82 
(100). 174 (18). I60 (17). 122 (4!). 

Authentic N-acerylcylindrocarpinol (2mg) was dissolved in 
bcnrcnc (I mtt and aceliE anhydridc (0.1 ml) and pyridine (0.1 ml) 
were added. The mixture was stirred at room temp. for 1.5 hr and 
then the solvents evaporated in oacuo. The yellow solid 
produced was taken up in dry benzene and rccrystalliud 10 give 
an off-while sohd laboul I mg). 

k IR. L’V and mass cpccrra of synthclic (r)~N.Odiacctyl~ 
cylindrocarpinol and natural N.Odiacetylcytindrocarpinol were 
&n&al. Further proof of the idcnlity of Ihe two samples in all 
but optical properties was provided by their identical bchavioor 
on TLC on kiesclgl G and neutral alumina, using three different 
solvent rystems tCHCIJ3% MeOH: light petroleum : acelone : 
water - 50: 25.2; and bcnzcnc/4% MeOH). 

h’~.4cerylcylindrocarpinat (100 mg) was dissolved in ahsolute 
EtOH (5 ml) and an ethandic so&ion of hydroxyiamine 
hydr~hlo~~ (IUOmg in 5 ml) was added with stirring. Sodium 
carbonate uWion (5 ml) was then added and the mixture stirred 
at room temp. for Zhr. The solvents were removed in MCUD to 
prov& a yellow paste whh was r&n up in CHCI, and waler. 
The orgamc layer was separa~d. dried and evaporated 10 provtdc 
a yellow foam. This was puritkd by chromamgraphy on a pre. 
pararive plate fktccclpl G, etured with ,S hi&H in CHCU ru 

atiord rhe oximc of N-oc~ylcylindmcorpinel (65 mg. 63%) as a 
colourless sotid. m.p. 230-232. Wound: M‘. 383.21983. 
C,,H,N,O, requires: M*. 383.220879); u_. 3600-3150 broad 
(N-OH). 27%. 2720 (Bohlmann hands), 16M (amide carbonvl). 
1590 fC+J) cm ‘. T fin CDCI,) 2 5-3.3 f4H. m, IH exchanges 
with 40. 3H aromatic and OH), 5.45 (IH. bq, J = 6Hz. C-2 Ht. 
6.15 (3H. s, -WC), 6.7-7.2 t2H. m. C-5 H,). 7.82 t3H. s. 
-NC(X‘H,). 74-9.2 tt6H. m). A,. (6) 219 (29.&Q. 255 (i3.3&). 
291 rh t2.250) nm, mlr t%) 383 (6). 366 (41). 365 (21). 325 (16). 324 
(28). 323 (23). 174 (15). 161 (15). 160 (47). I53 (25). 137 (16). I36 
(16). 135 Cl’XJt. 

The oximt of N.acetytcylin~~~i~ (60 mgt was dissolved 
in acetic anhydrrdt tlOm1) and the mixture boiled under reflux 
for 0.5 hr. The solvent was then evaporated with the aid of a 
stream of dry mtrogcn and the r&d&z chromarographed on a 
Drcoarative elate lkkscinel G. elurd with 2% McOH in CHCM. 
ih; mator band (at R, i4) was extracted with CHCI, 10 afford a 
cdouriess gum which was taken up in dry MeOH and evaporated 
in a s~rcarn of dry nitrogen. This produced ~~yunom~hyf.2~ 
dr~ffhyfospido~~~~;n~ 5@ (35 mg. 60%) as a colourkss solid. m.p. 
245-247. (Found: W. 365.20&. C,,H,,N,O, requires: M’, 
365.21032). v,. (film) 2780. ?725 (Bohlmann bands). 2240 weak 
(mrrile). 1650 (amide catinyl) cm ‘. 7 (In CDCM 2.13.3 (3H. m. 
aromauc H). 5.41 (IH. bq. J = 6 Hz. C.2 H), 6.10 t3H. s. -CM). 
6.7~?.1(2H. m. C-C H,). 7.83 t3H. s. S-UX’H,). 7.S9.1 (IJH. ml. 
A,.(t) 221 (27.4OOt. ?S6 ~13.400). 291 sh t2200tnm. m/e (96) 365 
t291.364ftQ. 325 (14). 324 19). 323 (261.295 (8). 17419). 163 (21), 160 
(16). 136 (IS), 135 (100). 

( 2 )-Cylindrocarpidinc I 
r)-Cyanomethy/.-~eKthylarpidorpermine (20 mg) was dis. 

s&cd in absolute MeOH (5 ml) and cont. H&L (2ml) was 
added slowly. The mixrun was then boiled under rcflux for I5 hr. 
cooled and ncutratiKd with SaHCO, so&ion. The ncufral solu- 
tion was then extracted *ith CHCI, and &e extra& wcrt dried 
and evaporated 10 produce a lighr brown oil. An tR spectrum of 
this crude otl shored the presence of an ester WM. 1210 and 
1275 cm ‘) and an absence of a nitrik peak. 

Thus rhis crude producr was dissolved in pyridinc (I .5 ml) and 
acetic anhydride (0.5ml) was added. The rnlxture war then 
heated al 40” for 2 hr and then the solvents were removed in CUCYO 
to kavc a brown gum. The gum was subjected to 
c~o~t~phy on a kicsclgct G column (25g. eluted with 2% 
m&and m chloroform). The major product was recrystalti.ud 
from EIOH IO produce white rosettes, m.p. l?tLlW. of (2~ 
ryclindrocorpidinr (13mB. 51%). (Found: W. 398.21872. 
C,,H&,O. requires: M’. 398.22054): Y, (film) 2800. 2720 
(Bohlmann bands). 173s tester carbonyl). 1650 (amide carbonyi) 
cm ‘, T tin CDCI,) S-3.2 (3H. m, aromatic Ht. 5.4 (1 H. diffuse 
multipkt. C-2 H), 6 13 f3H. s. -OMt), 6.44 (3H. s. COOMe), 
6.5-70 (2H. m. C-5 H,t. 7.57 ilH. s. C-21 HI. 7.80 t3H. s. 
COCH,). 7 (-9.1 (l4H. m), A,. (r) 216 08.000). 255 f12,tUO). 
2W rh 13,600). m/c (9) 398 (45). 397 (8). 370 (10). 367 (8). 356 (91, 
3.55 110). 339 (7). 35 W. 324 1100). 2.81 111). 266 19). I68 (90). 

The IR. L’i’ and ma\\ \peclra of t~)-cytir&~arpidin were 
shown by direct comparison lo be identical with Ihe car. 
rctpondmg spectra of natural cylindrocarpidinc. the S.c(R 
spectrum of the synthetic mate& also appeared to be idcntlcal 
with rhc published spectrum of natural cyhndrocarpidinc. as far 
as cnuki be judged. tdcntlly of the two sampks was further 
eslablrshcd hy T1.C comparison in three solvem sysicms (htn. 
zenc/l% McOH and CHCIJ~ MeOH on kicsclgcl G. and light 
petroleum hp. h(UUPlacerone/wa~er = 50. 25. 2 on ncuM alu- 
minat. 

_~~ya~~~hyl.~de~thylaspidos~rmi~ (10 mg) W5\ 

trcattd as in the prcrlous mcrhod excepr that ihc cnwft produel 
was no1 treated with pyndmc and acetic anhydride. This crude 
product was chromato(rraphcd on a preparative plate (Alumina. 
elutcd with rnlrlurc of hght petroleum 50. acetone 25 and wakr 
2t and the major band at 0.7s f~‘, was then extracted wrth (‘MI, 
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and evaporated IO probtdc a colourle\s gum (5 mg. 5% k of 
~:bc-ylindroc-annc. (Found. $4’. 35620939 C,,H,S,O, requncr: 
%I*. 3.c6209980). v,. (film) 33%) (S-H). 2810. 2720 
(Bohlmann hands). 1730 (csw carbonjl). 1615, I.(95 (indolinc). 
I?!!. l!lO. 1185 fc\rer, C-0) cm ‘. I (m CDCI,) 32-3.4 l3H. m. 
aromahc HL 6.18 (3H. 5. Ph-OMe). 6.44 13H. s, -UX)Sfe). 
6 70695 i!H. m. C-C H,, C-2 H and ? unidcntihed). 7.68.9 
(NH. m). A,.. (0 (tn methanol) ?I6 (?5.100). ?44 f3.500). 288 
(I.‘401 nm. Im clhanoll. ,116.! (!6.?00). 248 (3.X00). 292 (1.950) 
nm. m:r 19~ !C6 (2:). 3% (I!). 283 (Id). ?II? (41). I96 (IO). I9d 
1121. lf19 II'). 168 11001. I63 (9x1 

‘Thw spectral data closclt reumbk those cited in [he lit- 
erature for c)-lindrocarmc.” Howscr absolute confirmation 
was nor obramahk a\ natural cl-lmdrocarine wa\ not avarlable 
for compartwn. (‘cwer\ton of tht% product into thr know 
c)lindrocarpine prowkd full confirmation of the s)nihcsis of 
c~lmdrocarmr. 

(‘ylmdrocartnc (6mpl was dissolved in pyridme (?ml) and 
imnamo!l chloride (3 mg) was added with sturmg. The mixlure 
*a\ wrtd under Jr) co&ions at room temp. for 90 hr and then 
the wlven~ ~a\ cbaporated wing a stream of dry nitrogen IO 
)ca\c a red wlid. This crude sold was chromalographcd (alu. 
mu-m cluuon wrh a mwure of light pctrokum 50. acetone ?S 
and uakr 2) and the major hand (U, 0.5) *as extracted wilh 
CH:(‘l: lo pro, idc a wlourkss gum (4 rng+ 50%) of (r)-c~/u7- 
drwarptnc. (Found. MI’. 48&?03. C,H,.S,O, rcqulrer. ?A’. 
Jxh.2!1841: P,., Ifilm) 27x0. _ “20 (~ohlmann bands), 17.30 (cstcr 
carhontlt. 16511 famgdc carbon~lt, 1610 (doubk bond) cm ‘, A,.. 
Gfl 218 l.M.OMt. 248 fl1.0001. 28: (?l.ooO) nm. m/r (75) 4% (IO). 
413 f!!,. dl! (50). 356 (101. 32 II!). 2-E (2s). 281 (?I). I68 1100). 
111 180). I03 1’01 

(‘omparl\on of the \pccrra of Ihc \ynlhelic material and [how 
ohtiuncd from the natural matcrlal \houcd the IR. UV and ma\\ 
wccln IO bc supcrtmposahlc. Also lhc TLC anafksis, m three 

separate solvent \)stcrn\ (2% McOH m bcwcnc. 2% MeOH in 
CHCI, on kle\elgel (i and light petroleum CO. acctonc 25 and 
waler ! on alummal showed the IWO material\ IO be tdcntlcal. 
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