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AbshPct-Rcsul~s from dcgradatlon studies on cchitammc. tk alkaloid from Alsroniu schokaris. arx 
ducusscd. 

At:ntou<;H the alkaloid echitaminc was isolated’ nearly a century ago, the first 
rcliablc data on this alkaloid wcrc provided by Goodson and Henrya who prepared 
and analysed scvcral crystalline derivatives and furnished evidence for the presence of 
an indole ring and a carbomcthoxy group. There has been a tremendous upsurge of 
interest rcccntlyon thestructure of cchitamincascvidcnced by the spate of publications 
on this problem during the last two years. 3 8 We have been carrying out studies on 
cchitamine for somctimc and parts of our work have been published already in the 
form of brief communications .’ Two contrary views emerge from the work carried 

out in different laboratories, one that cchitamine chloride has an N,-C-N,, systcm3e7 
and the other that it has a fi-type dihydroindolc structurc.‘J The issue has now been 
settled by determination of structure by the X-ray method (ride ~@YJ). Under these 
circumstances WC wish to present in this paper full details of our work on cchitaminc 
and discuss the results from the point of view of the correct structure. 

In agrccmcnt with Goodson and Henry’ the salt obtained by treatment of the 
alkaloid with hydrochloric acid was found to analyse for the formula CBH&,N2CI. 
Howcvcr, potentiomctric titration with N/100 alkali indicated that the salt was a 
quaternary chloride and not a hydrochloride. Echitaminc chloride contains one 
OMc and one NMc. Although the infra-red spectrum in hexachlorobutadienc mull* 
did not show the expected band at 7.2 11, Kuhn Roth estimation indicated the presence 
of one CMe group. The chloride showed ultra-violet absorption maxima at 235 and 
295 myr (log E 3.93, 3.55) which wc’rc unchanged even on addition of strong acid. 
On the basis of the findings of Hodson and Smith,” it can bc inferred that the two 
nitrogen atoms in echitaminl: chloride arc not separated by more than two carbon 

atoms. 

l Kmdly dc~ermmcd by Dr. N. Sheppard. 
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The infra-red absorption spectrum of echitaminc chloride showed bands at 3.04 
(OH), 3.17 (NH), 5.79 (-COOMe) and 13.2 p (odi-substituted benzene), but no 

band near 4.15 ~1 (---NH). 
The ultra-violet absorption spectrum of the acetyl derivative of echitamine 

chloride (i.,,, 235, 295 m/r log E 3.94, 3.50) indicated clearly that N,-acetylation had 
not taken place. That only 0-acetylation had occurred was further supported by the 
infra-red absorption spectrum which showed bands at 2.92 (NH), 5.70 and 8.14 ~1 

(OAc). 
Mild alkaline hydrolysis of cchitaminc chloride gave demethylcchitaminc,* which 

was easily shown to be a betaine. In the infra-red absorption spectrum, the cstcr band 
at 5.79 p had disappeared, and instead, the COO- band made its appearance at 

6.25 p. 
Reduction of echitaminc chloride in aqueous solution at atmospheric pressure 

and room temperature in presence of PdjC gave a tertiary base, m.p. I5&165”, which 
undoubtedly contained only three oxygen atoms. Since even carbinolamines were 

unlikely to undergo hydrogenolysis under the extremely mild conditions of this 
reduction, at an early stage of our work we suggested the possibility7b of cchitamine 
chloride being actually CpH,09N,CI.Hz0. The correct explanation was first given 

by Conroy rf a1.0 who suggested that the proximate product of reduction was so 
constituted as to lose a molecule of methanol with formation of a lactone. The 
reduction product was named cchitinolidc by these authors and correctly formulated 

as C,,H,0,N2. We came to the same conclusion independently on the basis of 
cxpcrimcntal evidence to be discussed later. To avoid confusion, we adopt the names 
cchitinolidc and isocchitinolidc suggested by Conroy EI a/. 

The cast of formation of the tertiary base echitinolidc from echitamine chloride 
suggests that the latter is an ally1 quatcrnary ammonium salt. Further, since echiti- 
nolidc contains two CMc groups as shown by Kuhn-Roth estimation. the principal 
step in the reduction can be formulated as: 

-c L-C”&_CH, . _;.- &H, N-W, 

The clcavagc of this bond seems to be a necessary condition for the second step. vi/... 
the interaction of the carbomcthoxy group with a hydroxyl group with expulsion of 
methanol and formation of a a-lactonc, since cchitaminc chloride itself is stable to 

hot hydrochloric acid.* 
The ultra-violet absorption spectrum of echitinolide shows maxima at 247, 310 

rnfc (log c 390, 3.54) typical of dihydroindolc. Roth these maxima undergo a hypso- 
chromic shift of about IO m,u in acid solution. On the basis of the work of Hodson 
and Smith,A it can bc inferred that Na and Sb arc separated by a sin@ carbon atom. 
Echitinolidc shows infra-red absorption bands at 2.75 (OH), 2.88 (NH) and 5.80~ 
(Uactone). Acctylation of echitinolidc under vigorous conditions yielded a diacctyl 
dcrivativc, m.p. 210 ,214’. in which N, has been acetylated as indicated by the infra- 
red (amide band at 6.0~) and ultra-violet spectra (i.,,,, 255 m/i; log I‘ 4.07; ?.,,,A 
282 my, log F 3.53) and a positive Otto reaction. Hence cchitinolide (and echitaminc 

l Cf. however. rcfcrcncc 5~. 



134 T. R. GOVINDACIIARI and S 

chloride also) should contain a free N.H group. 
diacctylcchitinolidc yielded N-acetylechitinolide. 
6.02~: OH band at 2.71 p). 

RUAPPA 

Mild alkaline hydrolysis of O,N- 
m.p. 160 ,163” (amide band at 

Independently, Rirch er ~1.~” reported results of their work on cchitamine in 
broad agreement with those discussed above.* They further provided conclusive 
cvidcncc for the presence of an ethylidcnc group in cchitamine chloride and cchiti- 
nolide, by the isolation in good yield of acctaldchydc on ozonolysis of these com- 
pounds. In addition. they obtained r-methylbutyric acid by a modified Kuhn-Roth 
oxidation of dihydrocchitinolidc (Base C), proving the presence of the feature 

CH,-CH C-Cl+-ti-CH, 

in echitamine chloride. In our experiments it was found that ozonolysis ofcchitinolide 
in 2 per cent acetic acid yicldcd acctaldchydc, but ozonolysis in chloroform solution 
yielded a small amount of formaldehyde as the only isolable volatile product. Al- 
though the reason for this discrepancy is obscure, the presence of an cthylidene group 
in cchitamine chloride can be taken as settled, since there is no indication in the 
infra-red or N..M.R. spectra of the prcscnce of a vinyl group. 

On warming cchitinolidc with dilute mineral acid, an isomer isoechitinolide, m.p. 
180 -182’. was formcdt whose N-acetyl derivative, m.p. 172-173”, (I.R. band at 
6.02 /A ; no band in the OH region) was identical with the product obtained by 
warming N-acetylcchitinolide with dilute acid. Isoechitinolidc was a tertiary base 

analysing for the formula Cs,H,03N, like cchitinolide. Isocchitinolidc could also 
bc obtained by the following sequence of reactions (Chart I): Dcmcthylechitamine 

NaOH Echltrmine chloride __~ Dcmethylcchltrmlne 

I 

PI/C 

I 

PI/C 

O.N-Diacctate ,^‘s_O._ Echitinolide Amino acid 

I Cnb.OsNs 
NaOH 

N-Acetylechltlnolide 

HCI 
\ 

I , HCI 

HCI -1 

+ 
N-Acetyliroechitinollde 

lroechltlnolide 
AC,0 

e- Cs,Hs,O,Ns 

Chart I 

was reduced in presence of Pd/C to yield a non-crystalline amino acid (no band in the 
carbonyl region below 6.3 p) which on warming with dilute acid yielded isoechiti- 
nolide. The latter therefore cannot contain the carbomethoxy group present in 
echitaminc chloride. Two of its oxygen atoms should be present as part of a lactone 
system. N-Acctylisoechitinolidc has no active hydrogen and isoechitinolidc can be 

l We have not had acctss so for IO the material in refs. 2 and 3 in the publication of Birch rr 01.~ 
t We thank Prof. Conroy for cnrrying OUI an infra-red comparison of our samples of echitmolide and 

isocchltmohde wth thctn. They wcrc found 10 bc Identccal. although there 8s a large dtffcrencc m their 
rcportcd m.p. for iwcchttmoltdc and ours. 
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recovered unchanged after refluxing with methanolic sodium borohydridc. The 
third oxygen atom should therefore be present as an ether function. In agreement. 
the infra-red spectrum of isocchitinolidc does not show any absorption in the hydroxyl 
region. and shows a peak at 5.7 p characteristic of a &lactone. Ozonolysis of iso- 
cchitinolidc did not yield any volatile product unlike tchitinolidc, and N-acctyl- 
isoechitinolide was recovered unchanged after prolonged treatment with osmium 
tctroxide-sodium mctaperiodatc. There could be no doubt that the ethylidene group 
prcscnt in cchitinolidc had disappcarcd as a result of addition of some sort. These 
results could be rationalized only if cchitinolidc were itself a lactonc and isocchiti- 
nolidc arises from it by addition of a hydroxyl group to the cthylidcnc group under 
acid catalysis with formation of a cyclic ether. .Modificd Kuhn-Roth oxidation of 
isocchitinolide did not yield any propionic acid (paper chromatography). The N.M.R. 
spectrum of isocchitinolidc, howcvcr, showed conclusive evidence for the formation 
of an ethyl group attached to a carbon bearing no hydrogen atoms, a feature not 
present in the N.M.R. spectrum of cchitinolidc. (Triplet ccntrcd at T : 9.38, J - 7 
cps; quartet ccntrcd at T 8.69, J = 8 cps). 

Earlier we had inferred on the basis of U.V. absorption data that cchitinolide 
contained an N,,-C--Nt, system. A characteristic feature of such systems is the 

cleavage of the -C-Nt, bond on reduction with zinc and hydrochloric acid.“*O 
Echitinolidc, however, merely underwent the transformation isocchitinolidc (ride 
supta) under these conditions, there being no other change. 

Echitinolidc yielded a mcthiodidc under forced conditions. Treatment of an 
aqgcous solution of this mcthiodidc with 2 N alkali led to the immediate separation 
of a tertiary base. cchitinolidcmcthine, C,H,O,N,, m.p. 193” (dccomp). The 
remarkable facility with which this transformation occurred was suggestive of the 
presence of an escrinc-like system lo in cchitinolide. Echitinolidcmcthinc showed U.V. 
absorption maxima at 245, 307 rnp in ethanol. unchanged by the addition of alkali. In 
cthanolic hydrochloric acid the maxima were shifted to 240 and 297 rnp, suggesting 
the reformation of the - c--h’b bond cleaved by alkali. These transformationscould 
bc formulated as: 

Echitinolidemethinc was also stable to oxidation by potassium ferricyanide, suggesting 
that the indolinol hydroxyl group was tertiary. Although fully aware that N.- 
unsubstituted 2-hydroxyindolincs might bc too unstable to exist, and readily change 
over to the corresponding indolenines, it was considered likely that in the present 
instance some structural feature stood in the way of such dehydration. 

Reduction of echitinolidcmethine with zinc and hydrochloric acid yielded dcsoxy- 
isocchitinolidcmcthinc, GHaoOsNr, m.p. 2O&203”. In the formation of this com- 
pound not only had the indolinol hydroxyl group been hydrogcnolyscd as expected, 
but the addition of a hydroxyl group to the cthylidcnc function had also taken place. 

- E. Stedman and G. Barger, /. Chm. SOC. 127, 247 (1925); ’ P. L. Julian and J. Pikl, /. Amer. Chem. Sot. 
57, 539 (1935). 

‘* M. Polonovski and M. Polonovski. Bull. Sot. Chim. 23. 33s (1918); H. F. Hodson. G. F. Smith and 
J. T. Wrobcl. Chrm. & Ind. 1551 (19%). 
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The U.V. absorption spectrum of this compound in ethanol solution showed maxima 
at 247. and 307 m/c (log L 3.97, 3.59) unchanged by the addition of acid, since the 
possibility of recyclization with formation of the Na-C ‘..Nb system no longer 
cxistcd after the removal of the indolinol hydroxyl group. 

In an attempt to obtain a clue to the skclctal structure present in cchitaminc, 
echitinolide was submitted to selenium dchydrogenation. The product, echitamyrinc. 
CJ1i,,N2, was identified as I’-methylpyrrolo (2’:3’-3:4)quinoline (I), by comparison 
with an authentic sample obtained by silver acetate oxidation of calycanthinc.ii 

Echitamyrinc could conceivably arise either from an (I- or a fl-type dihydroindolc 
alkaloid with equal facility and did not therefore prove to be of value in the formu- 
lation of structure for echitaminc. 

When most of the work outlined above had been concluded. Conroy Ed al. pub- 
lished a paper’ in which structure II was advanced for cchitaminc chloride, 111 for 
echitinolide and IV for isoechitinolide. Convincing evidcncc for the prcsencc of a 

:C” 
CH,OH 

‘CO&H, 
unit in cchitaminc chloride was obtained by heating with potassium 

- _ 
t-butoxidc and effccling a retro-aldol reaction, the product alloechitamine being 

formulated as V. The arguments advanced by Conroy em al. appeared to bc quite in 
keeping with the experimental evidence we had secured, except in regard to the 
ultra-violet absorption data, mainly on the basis of which we had suggcstcd the 
presence of an N,- C--Nh system. According to the work of Hodson and Smith” a 

compound having the structure II suggested for cchitamine chloride would be expected 
to show indolinc absorption in neutral solution and benzcnoid absorption in acid 
solution. In fact compounds of closely related structure such as hcmitoxifcrinc-Ii* 
and tctrahydrofluorocurarinc i3 do exhibit this bchaviour. According to Conroy ef al. 

the failure to protonatc even in strongly acid solution was due to stcric hindrance in 
the neighbourhood of N, in their structure II. The hypsochromic shift observed in 

the cast of echitinolidc and isocchitinolidc in acid solution was supposedly due to a 
change in conformation of the N,, C, bond from axial to equatorial. 

The structure proposed by Sir Kobcrt Robinson ef 01.~ for echitaminc chloride 

dificrs only in minor detail (about the placement of one of the hydroxyl groups) from 
that of Conroy et al. The structure put forward by Chatterjcc er u/.~ is clearly unten- 
able since echitaminc chloride has undoubtedly a free N,H group. 

In their later publication Sb Birch er al., while conceding that the structure II 
advanced by Conroy ‘goes a long way towards interpreting the known reactions of the 
alkaloid’ have drawn attention to a number of facts which make this structure less 

” E. SpBth. W. Stroh. E. Lcdercr and K. I:~tcr. Monuf~h. 79, II (1948); K. Eiwr, 161d. 79. 17 (1948); K. 
Liter and ht. Nagy, Ihid. 80, 607 (194Y). 

I* A. R. Battersby and II. F. Hodson, Pror. Chrm. Sot. 2X7 (1958). 
Ia W. van Phrhpsborn. K. Hcmaucr. II. Schmtd and I’. K~rrcr. If&. Chim. Acfa 42, 461 (1959). 



Echitaminc 137 

acceptable. The most pertinent objection in our view is the following: O,O-diacctyl- 

echitamine chloride was hydrogenated (Emdc) to a di-0-acctyl base, in which thcrc is 
no possibility of any conformational transformation of the type suggested by Conroy 
et al. Still, it shows the hypsochromic shift of 10 m,u of both maxima in acid solution, 

ci 

1 
._. _ 

,q ._. ’ “i‘ ,-N CHiH 

‘A_ h ‘,- N’ s: ’ 
H ,I 

cn,on 
ILI 

associated with the presence of an N.- C Nb system. Birch er 01. have concluded 
that the most acceptable structure for echitaminc chloride would be one in which 
this system was present. 

Subsequent to the publication by Conroy er al., WC also carried out certain cxperi- 
ments whose results cannot be satisfactorily explained on the basis of the structures 
ascribed by these authors to echitinolidc and isocchitinolidc. Conceding that the 
presence of an electron-withdrawing carbomethoxy group in the ncighbourhood of 
N. might prevent protonation of N,. we reduced echitinolidc with lithium aluminium 
hydride to a noncrystalline alcohol (No I.R. band in the carbonyl region). The 
reduction product showed indolinc absorption in neutral solution, and only the usual 
hypsochromic shift even in SN acid solution, but not bcnzenoid absorption. Similarly 
isoechitinolidc was rcduccd to a diol which was charactcrizcd by the formation of a 
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crystalline O,O,N-tribenzoatc, m.p. 214> (I.R. bands at 5.83, 6.15 cc; no band in the 
2.5-3 p region). On the basis of Conroy’s structure for isoechitinolide one would 
have expected only a 0,Ndibenzoate. since the carbinolaminc hydroxyl would 
surely have hydrogenolysed under the conditions of reduction. 

In a further attempt to obtain cvidencc for the correctness of structure II proposed 
for echitamine chloride. allocchitaminea was rcduccd with lithium aluminium hydride 
and the noncrystalline alcohol formed was heated with 4 N hydrochloric acid leading 
to a minute amount of a crystalline quaternary chloride. The last compound should 
have structure VI on the basis of structure II for echitamine chloride. Two compounds 
corresponding to this gross structure VI are known, one derived from Wicland- 
Gumlich aldehydc, rJ the other being tetrahydrofluorocurarin.t3 Comparison of our 

PI 

compound with the latter showed that there were distinct differences between the two 
in their infra-red spectra, colour reactions and behaviour in paper chromatography.* 

The deadlock about the structure of echitamine has been resolved by the brilliant 
elucidation of structure of cchitaminc bromide by the X-ray crystallographic method 
cffccted by Prof. Monteath Robertson er al.,t5 according to which cchitamine bromide 
should bc formulated as VII, containing the N,-C-.Nt, system suggested by us and 
by Birch er ol., on the basis of ultra-violet absorption characteristics. lndcpcndcnt 
confirmation of this structure has been obtained by Dr. S. Ramaseshanle working on 
anhydrous crystals of cchitaminc iodide and chloride, also by the X-ray method. On 
the basis of this structure, echitinolide, isoichitinolidc and alloechitamine can be 
formulated as VIII, IX and X respectively. The transannular interaction between a 
carbonyl group and NB obscrvcd by Conroy ef al., is equally feasible with the new 
correct formulation of alloechitamine. It is indeed a matter for surprise that two 
structures like II and VII for echitaminc chloride which are so utterly dissimilar 
should be able to account for most of the experimental results with equal facility. 

The structure VII now established for cchitaminc chloride could conceivably 
arise from an intcrmediatc of the type Xl derivable from a normal yohimbine type 
precursor by Woodward fission of ring E and cleavage of the Ca- Nb bond. Oxidative 
coupling of C,, with C, of this intermediate in the indolcninc form and formation of 
a Nb-C, bond would lcad to structure VII. The hydroxyl group at C, is at a position 
compatible with this scheme. 

On the basis of structure VII for cchitaminc chloride, desoxyisoechitinolide 
methine should be formulated as XII. This compound exhibits indoline absorption 

l We arc extremely grateful to Prof. P. Karrcr who carried out this compawon. 

I’ K. Bcmauer. F. Bcrlage. W. Y. Philipborn, H. Schmid and P. Kaner. Hrlc. Chim. Acru 41.2 293 (19J8). 
” J. A. Hamilton, T. A. Hamor. J. Montath Robertson and G. A. Sim. Proc. Chcm. Sot. 63 (1961). 
I’ F1. Manohar and S. Ramascshan. Curr. Sri.. Indm 30.5 (IY61). We are deeply mdcbtcd to Prof. Robertson 

and Dr. Ramascshan for communicating their results IO US in advancc of pubhcation. 
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even in 0.1 N acid solution, instead of benzenoid absorption as expected. Allo- 
echitamine, now formulated as X exhibits indolinc absorption in 0.1 N hydrochloric 
acid, but benxenoid absorptions in 5 N acid. In both these compounds No is separated 
by more than three carbon atoms from N. and the spectral behaviour should be 
ascribed to the proximity of the carbonyl function in these compounds to N.. The 
situation is analogous to that in compound XIII which shows indolinc absorption in 
0.2 N hydrochloric acid, and bcnaenoid absorption only in 2.5 N acid.” 

I’ R. Robinson and G. F. Smith, J. Chrm. Sot. JS74 (1960). 
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Echitamine base was obtained as a crystalline benzene solvate Conroy et 01.’ On 
the basis of the new formula for cchitaminc chloride, the base can be ascribed struc- 
turc XIV in keeping with the properties ascribed to it by thcsc authors. 

EXPERIMENTAL 

Mclring pomrs are uncorrected Ulrra-violcI absorption spccrra were measured wrth a Bcckmann 
Model DC Spcctrophotomctcr. Lnlas orhcrwiv slarcd, infra-red spectra were measured by Mr. S. 
Sclvavinayakam using a Pcrkin-Elmer lnfracord SpccIrophotomcIcr. 

Jsolurion of rchiruminc 

The alkaloid was isolaIcd as iIs chloride according IO the mcIhod dcscribcd by Goodson and 
tlcnry.’ i.,,, in cIhanol 235. 295 m/r (log r: 3.93. 3.55) (Found: C, 62.7; H. 6.9; OMc, 7.55; CYc 
2.13; NMc, 4.49. C,*H,,O,N,CI rquircs: C. 62.tl; H. 6.9; one OMc. 7.4; one CMc, 3.6; one 
NMc. 6.9 Y/J. 

Frhirinolide 

Echitaminc chloride (2 g) m u-atcr (50 ml) was shaken with hydrogen in the presence of Pd;C 
(5Y,; 2 g) aI 15 Ibs!in* for 6 hr. The soluIion was then filtcrcd. basihcd with ammonia and extracted 
with cthcr. The ether cxIracI was dried (Na,SO,) and Ihc solvent distilled oti having the tcfliary base 
as a froth (I.3 g). Crysrallization from bcnrcnc-lighr pcrrolcum gave rchitinolidc, m.p. 15G165’; 
i.,., in ethanol, 247, 310 m/c (log r 3.90, 3.54); j :=a% in erhanolic hydrochlorrc acid, 237. 2Y5 m/l 
(log t 3 85. 3.47). (Found: C, 71.1 : 11.7.6; OMc. nil; act. II, 0.57. C,,tI,.O,N, rquircs: C. 71.2; 
11 7.3. 2 ac1. t1. 0.56”) . . ,o 

Echumolide (0.5 g) in 2”. accIic acid (30 ml) was oronircd a~ 0’ (I hr). The cxccss ozone H-as 
then driven off in a current of nitrogen (I. 2 hr). whrlc rhc solurron was srill cooled in ICC. The a&is 
acid solurion was rhcn taken out and sIeam-disIillcd, rhc disrrllare being collcc~cd in a flask cooled in 
ICC. ‘I’hc dlrriltarc (50 ml) was IrcaIrti u-iIh alcohol (25 ml) and 2.4-dinirrophcnylhydrarinc (IO0 mg). 
retluxcd for 3 hr, and Icfr ovcrnighr a~ 30’. The crysrallinc derivative IhaI had scpararcd was collcc~cd. 
washed wiIh alcohol. dried and chromarogmphcd in benzene solurron over alumina. The cluate was 
cvaporarcd and rhc residue crysrallircd from alcohol IO give accraldehydc 2,4-dmirrophenylhydraronc. 
m.p. and mixed m.p. 166-167‘. 
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In another cxpcrimcnt, the oronolysis was pcrfonned in chloroform solution, and the volatile 
aldchyde after dccomposi1ion of the o;zonide with ;rinc dust. collcc1cd in a solu1ion of dimedone. 
Formaldehyde dimethone (IO mg from 0.45 g cchitinolide), m.p. and mixed m.p. 191”. was obtained. 

O.N- Diace~ylechi~inolide 

Frhi1inolidc (0.5 g) was rcfluxcd with pyridinc (a few drops) and ace1ic anhydrldc (I 5 ml) for I2 hr. 
II was then cooled and poured on crushed ~cc. The solution was baslf& with ammonia and ether 
extracted. The dried (Na,!SO,) ethereal cx1rac1 was cvaporalcd and left in vacuum IO remote 
pyridmc. CrystalhLation of the rcslduc from me1hanol gave colourlcss crystals (300 mg) of rhc 

O.N~acrryIdPrirwritu.m.p. 210 214 . i.,., 255 m/c (log6 4.07); AM 282 wr (log F 3.53). (Found: 
C, 6U.7; H, 7.0. C,,H,O,N, rquircs: C, 68.5; H. 6.8%). 

The above diacrtalc (0.5 g) in methanol (I2 ml) was rcfluxcd wl1h porasslum hydroxide (I g) m 
water (5 ml) for 2) hr. The methanol was then removed in LWCUO. water was added and the ma1erial 
which had xpararcd was extracted in ether. The ether extract was dried and the solvcn1 distilled ofT. 
Crystalliza1ion of the residue from dry cthcr gave N-arcfylechitinoli&, m.p. I-163”. (Found: C, 
69.4; H, 7.1. C,,iI&,N, rquircs: C. 69.7; H. 7.1 “/A). 

Wenium dehydqenarion vf echirinolide 

Echltinolide (I.2 g) was mtimately ground with black sclcnium (2 g). The dchydrogcna1ion was 
carried out III IWO hdlchcs as follows: The mixlure uas introduced in10 a melal-bath at 250’. and the 
tcmp raised slowly IO 340” (5 min). at Nhich stage hydrogen xlcnidc started evolving. The 1cmp of 
the bath was maintamed a1 33G340‘ for IO min. II was then cooled, 1hc solid mass, along with the 
conlaincr. crushed in a mortar and mixed wi1h alumina. Two such ba1cha wcrc combined and 
soxhlcted wl1h methanol for IO hr. The melhanoI cxlrac1 was filtcrcd and the solvent dis1lllcd ofi. 
The r&due. in ether, was repca1cdly cx~nctcd with N IICI till the aqueous layer was no more colourcd. 
Tbc aqueous layer was once cxtractcd wrth cthcr. The combined c1hcr cxlrdcts wcrc washed thoroughly 
wi1h wa1cr and workrui up for non-basrc material. 

77~ basic jrucrion: The aqueous acidic layer was wcll-coolrul and basrfied with cone NaOH 
solution. The solu1ion was cthcr ex1ractcd. dried (K&O,) and dist&d. The residue was sublimed at 
180 .004 mm, and the sublimate rcsublimrd. The sublimate was 1hcn taken m alcohol (3 ml) and 
picric acid (50 mg) added. The solulion was boiled and dccantd. The residual picrarc was rcpcatedly 
digcsrcd ui1h small quanrirics of ho1 alcohol and decanted 10 remove the green colour. AI this s1age. 
the yield of greenish-yellow plcrdle was I9 mg. Tbc lraccs of green colour could only be rcmovcd as 
follows: The picrate was decomposed with stdlum hydroxide solu1ion and the base extracrcd in c1hcr. 
The c1her layer uas washd IWILT with water. drrcd (Na,SO,). distilled and the rc%duc sublimed al 
I80 .OG4 mm. The sublimare -as rcconvcrtcd IO 1hc picrdlc. Rcczsralli7alion from alcohol gave 
erhi/nmyrinr picrure. m.p. 252 (dcromp) with blackening and shrmking from 242’. The m.p. was 
unchanged on admlxrurc ti11h authenllc I’-mcthylpyrrolo(2’,3’-3,4)quinohnc pIcrate obtained from 
calycanrhinc. (Found: C, 53.4; i1. 3.8. C,.H,,O:N, rqulrrs: C. 52.6; i1, 3.2”,&) 

Echitamyrinc ha% i&If was ob1ained by librrd1ion from the picrdtc. followed by subhmatlon. 
i.,., in ethanol 245, 307 mlc (log F 4.45. 3.97); i .m.X in clhanolic HCI 245. 327. 355 m/r (log F 4.29. 
390. 3.95). ‘Ihc I.R. spcclrum of rhc baw (in CIKII,) was supcrposablc on that of I’-methylpyrrolo- 
(2’.3’-3.4)qumolinc. 

7%~ non-hu.dc/racrion: Careful frdclional sublimalion of the non-basrc fraction gave only indolic 
ma1crial. No 1racc of carbarolc could bc dctcctcd (U.V. and colour rcacrions). 

Echnmohdc (250 mg) in 5 N IICI (30 ml) was trealcd with 7inc granules (IO g) in porttons at 100” 
over 2 hr. The aqueous solution was dccanrcd. cooled. dllutcd with wa1cr. and baslficd with ammonia. 
The product was cxrrdclcd in ether. dried, and af1er removal of the solvent. crys1allizrd from 
bcnrrnc Irght pelrolcum IO give isorchirinolide (see below) (200 mg), m p. and mixed m.p I82 
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Isoechirinolide 

(a) Echmnohdc (100 mg) In methanol (IO ml) was saturated with dry HCI ar 0 and IC~I a~ 30” for 
18 hr. The solution was then evaporated to dryness in LWCUO. the rr3tduc drssolved in water. basificd 
with ammonia, and rcpcatcdly cxtractr*l with ether. The cthcr extract was driti, and distdled. The 
residual solid (50 mg) was crystalhred twtcc from bcn7enc-pet crhcr to give isochirinolide. m.p. 
180-182’ (Conroy CI ul.. report m.p. I49 ,154 ; Hlrch er (II., rrFrt m.p. l82-,184 ) i.,., in ethanol 
247. 307 m/r (log r 394, 3.57); i.,., in cthanohc I{CI 237. 295 m/r (log c 3.89, 348). (Found: C. 
71.1 ; 13. 7.0; 0%~. ml. C,,H,,O,h’, rcqulrcs: C. 71.2; IL 7.3”;). 

In the qualitative chromic acid oxidation method of Karrcr, thic compound gave only acetic acid. 
No trace of propionic acid could be found. 

(b) Echlrmolidc (I g) was hcatcd at loo’ with 5 S IICI (20 ml) for I) hr. Dilution with water, 
basification with ammoma. ether cxtractlon and crystalli7atton from benzene-pet ether gave isoechiri- 

no/de (0.X g) m.p. I80 - I X2”. 

Isoechi:inoli&/rom demerhylechiromine 

Dcmcrhylcchltammc (0.6 g) m 5OSb aqueous alcohol (40 ml) was shaken with hydrogen at I5 Ibs:rn’ 
in presence of Pd,C (5 “,A; 0.6 g) for 6 hr. The solution was then filtered and evaporated to dvncss 
in IWCIIO. The residual ammo acid showed no carbonyl absorption band In the 5-6 or region. The 
CCK) band occurred at 6 3 14. This solid was dissolved in 5 S HCI (20 ml) and hcatcd on a stcam- 
bath for Ii hr. diluted. and baslficd with ammonia. The product was extracted in ether, dried 
(K&O,) and ~hc solvent removed. The residue (0.4 g) was passed in benzene solution through a short 
column of acid-washed alumina. The product crystallized from bcnzm pet ether as white clusters of 
nccdla. m.p. 179-182 , undcprrtsed by admixture with isocchltmohdc. The I.R. spccrra of the two 
samples were Idcntlcal. 

N-Acerylisoechirinolide 

(a) lsoechitinohde (0.3 g) was rcfluxcd Bith pyridine (a few drops) and acctlc anhydrldc (I2 ml) for 
8 hr. The cooled mixture was poured on crushed ICC. basitied with ammonta and extracted with ether. 
After removal of the solvent, the residue was crystallized from ether-pctrokum ether to give N- 
ocery/isoechitino/i& (0.25 g). m.p. l72- 173’ (Found : C, 69.7; H, 7.1. C,,H,O,N, requires: C, 
69.7; Il. 7.1 “;). 

(b) N-A~tylcchitinolide (75 mg) In 5 N HCI (IO ml) was heated on a steam-bath for I hr. The 
solution was cooled. diluted to 25 ml. basitied with ammonia and ether extracted. The ether solution 
was dried (K,CO,). evaporated, and the residue crysrallizcd from dry ether IO give N-acctyltsocchiti- 
nolide (50 mg), m.p. and mixed m.p. with the above sample, 172 

Oronolysis o/ isoechitinolide 

Isoazhitmolidc (0.5 g) in chloroform (I 5 ml) was subjected to oronolysis (I hr). The solvent was 
then evaporated in rucuo. the residue heated In water with rinc dust at loo’ (5 hr), and then steam- 
dlstillcd. The distdlate gave no precipitate with aqueous dlmcdonc solution. 

Action of osmium terroxidc-sodium nreruperiobe on Nacerylisoechirinolide 

N-Acetylisocchitinolidc (0.25 g) in crhcr (30 ml) and water (25 ml) uas treated with osmium 
tctroxidc (50 mg). Sodium pcriodatc (0.25 g) was then added to the mixture in portions with vigorous 
shaking during the course of I hr. The mixture was left overnight. The cthcr layer wuc separated. 
dried (Na,!jO,) and the solvent removed by distillation. The residue on two crystallirations from 
ether-petroleum ether gave the original material (75 mg), m.p. and mixed m p. 172’. 

Echirinolidemethine 

Echitinoltde (06 g) was refluxcd with methyl iodide (3 ml) in chloroform I5 ml) for 10 hr. I‘he 
chloroform was then removed and the residue dissolved in water (5 ml). The aqueous solution was 
added with stirring to 2 N NaOH (I2 ml). An oil separated almost immediately. and after digestion 
for I5 min. was cxtrac~ed with ether. The ether solution was dried (Na,SO,) and the solvent distilled 
off. The r&due. on crystalhzat~on from benrcnc-pet ether. gave echirinolukmerhine (0.3 g). m.p. 
193” (dccomp). (Birch er ul.,” report m.p. 169 173 ) 1 max In ethanol 245, 307 rnp (log r 3.92, 3.52) 
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unaffected by addition of alkali; I L,.x in ethanolic hydrochlortc acid 240, 297 m/r (log r 3.88, 3.47). 
(Found: C. 68.9; 11, 7.9. C,lH,O,N, requites: C. 68.4; H. 7.8%). 

Dcsoxyiscwchirinolidemethine 

The above mcthinc (100 mg) rn 5 N HCI (I 5 ml) was treated with rinc granules (5 g) in portions at 
loo’ over 2 hr. such that a steady rate of evolution of hydrogen was mamtaincd. The solution was 
then decanted from the zinc, diluted. basificd wnh ammonia and ether cxtracfcd. After removal of 
the ether. the residue was crystallized twice from benznc pet ether IO give aksoxyisoechirinolide- 

merhine (Xl mp), m.p. 200-203”. i.,,. in ethanol 247. 307 m/r (log F 3.97. 3.59) unchanged on 
add&on of actd. (Found: C, 71.6; H. 8.2. C,,H,O,N, requires: C, 71.4; 11. %I”/‘,). 

Attempted ferricyanide oxihrion of echirinoli&mcthinc 

The mcthinc (0.9 g) in alcohol (2 ml) was added IO potassium fcrricyanidc (2.4 g) m water (33 ml) 
containing sodium hydroxide (0.8 g). The solution was rcfluxcd for 5 min. cooled and extracted with 
cthcr. The ether extract was washed with water, dried (Na,SO,) and after removal of the solvent. the 
residue passed through a column of acid-washod alumina in benzene solution. Evaporation of the 
cluatc, and crystallization of the residue (0.5 g) from bcnrcnc-pet ether gave back the mcthinc. m.p. 
and mixed m.p. 193. (dccomp). 

Li:hium aluminium hydri& reduction of echirinolide 

Echnmohdc (0.5 g) m dry tctrahydrofuran (S ml) was added IO a suspension of lithium aluminmm 
hydride (I g) in dry ether (40 ml). The mu&u-c was stirred for 5 hr, left overnight and worked up as 
usual. The product (0.5 g) was amorphous and could not be crystallized. I.,., in ethanol 250. 
307 m/r (log F 3% 3.41): 1,.x in 0.1 N or 5 N IlCl, 240.295 rn!r (log c 3.82. 3.39). II had no band in 
the carbonyl region of (he infrared spectrum. Rcnroylation or acctylatlon of rhc compound led IO no 
crystalline matcrlal. 

Lithium ulwnowm hyukide reduction of isoechtrinoliak 

Isocchirinolidc (0.2 g) in tctrahydrofuran (IO ml) was added to lithium aluminium hydride (0.5 g) 
in dty ether (40 ml). lhc mtxturc was stirred for 3 hr, kft overnight. and worked up as usual. The 
product was a froth, having no carbonyl band m the infra-red. The product (0.2 g) m pyridmc (5 ml) 
was treated urth bcnroyl chlortdc (2 ml) and left for 3 days a~ .30’. It was then poured into water 
(50 ml). cx~rxtd in bcnrcnc, and the benrcnc layer washed wnh 2N Na,CO, solutton. After removal 
of bcnrcnc and pyrrdmc in wcuo. the residue was chromatographcd tn bcnrcnc over alumina. 
Crystalhration from methanol gave the bcn:ourr. m.p. 214’. (Found: C, 75.2. 7S.3; 11. 6.6, 6.4. 
C,,lI,,O,N, rcquirr-: C, 7S 2; H. 6.35;). 

Lithium oluminwm hydride reduction of alloechi~aminc 

Allocchitaminc (0.12 g) in dry ether (20 ml) was added IO lithium aluminium hydride (0.25 g) in 
dry ether. ‘fhc product was noncrystalline. The product was heated on a water-bath with 4 N HCl 
(IO ml) for 3 hr. cvaprard IO dryness in ~wcuo. and the miduc crystallid from methanol IO give a 
product (ea. I mg), I,., m ethanol 245. 295 m/c (log c 3.83, 3.43). 
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