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Abstract-The structures of twelve alkaloids (I-XII) isolated from Aspidosper~ dusycarpon A. DC. 
are deduced. Nine of these indole alkaloids are new. 

THE bark of the species Aspidosperma dasycarpon A. DC. has been found to contain 
twelve alkaloids, which we describe as a group in this paper. Uleine* (I), (+)-guatam- 
buins (IQmethyltetrahydroolivacine) (II) and N,-methyltetrahydroellipticine4 (III) 
had been isolated and studied previously. These three compounds together with 
olivacine,8be6*6 1,2-dihydroolivacine, ellipticineP methoxyellipticine,4Q and 1 ,Zdihydro- 
ellipticine,ti*6 and metho salts of two of these basesqc were the only complex indole 
alkaloids lacking the tryptamine two carbon bridge, known before this study of A. 
dasycarpon. It was thus of considerable interest and biogenetic significance to isolate, 
from this plant, seven new indolic compounds (IV-X) all of which also lack this 
feature. The structure determination of one of these, apparicine (IX), has been dealt 
with in detail’ and only the essential features of the proof will be mentioned in this 
paper. Bases IV-VIII have been the subject of a preliminary communication.8 Both 
remaining alkaloids (XI and XII) possess the usual two carbon function at the indolic 
/I-position, though in aspidodasycarpineg (XI) the second carbon has become detached 
from the basic nitrogen atom, as in the cinchona bases;lO the co-occurrence of such a 
structure with ten alkaloids lacking the tryptamine bridge will be commented on later 
in this paper. 

l Part LII, A. Walser and C. Djerassi, Helv. Chim. Acta 48, 391 (1965). 
*O J. Schmutz, F. Hunziker and R. Hirt, Hekq. Chim. Acfa 40, 1189 (1957); * G. Btichi and E. W. 

Wamhoff, J. Amer. Chem. Sot. 81,4433 (1959); e J. A. Joule and C. Djerassi, J. Gem. Sot. 2777 
(1964). 

aa J. Schmutz and F. Hunziker, Hefv. Chim. Acfu 41,288 (1958); * M. A. Ondettie and V. Deulofeu, 
Tetrahedron Letters No. 7, 1 (1959); Tetruhedron 15, 160 (1961); c P. Carvalho-Ferreira, G. B. 
Martini-Bettolo and J. Schmutz, Experientiu 15, 179 (1959). 

lo S. Goodwin, A. F. Smith and E. C. Horning, J. Amer. Chem. Sot. 81, 1903 (1959); b R. B. 
Woodward, G. A. Iacobucci and F. A. Ho&stein, Ibid. 81,4434 (1959); e G. Biichi, D. W. Mayo 
and F. A. Hochstein, Tetruhedron 15, 167 (1961). 

6 J. Schmutz and F. Hunziker, Phurm. Acfu HeIv. 341 (1958). 
@ G. B. Marini-Bettolo and J. Schmutz, Hehr. Chim. Acta 42, 2146 (1959). 
’ J. A. Joule, H. Monteiro, L. J. Durham, B. Gilbert and C. Djerassi, J. Chem. Sot. in press (1965). 
a M. Ohashi, J. A. Joule, B. Gilbert and C. Djerassi, Ekperientiu 20,263 (1964). 
’ M. Ohashi, J. A. Joule and C. Djerassi, Tetruhedron Letters 3899 (1964). 

lo R. B. Turner and R. B. Woodward, The Aikafoidr (Edited by R. H. Manske and H. L. Holmes) 
Vol. III; Chap. lb. Academic Press. New York (1953). 
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Des-N-melhyluleine (IV) and des-N-methyldehydrouleine (X) 

The alkaloid (IV) had UV absorption and ceric sulphate colour reaction identical 
with those of uleine (I), Its mol. wt. (252) by mass spectrometry, was fourteen mass 
units less than that of uleine (I) and the spectrum displayed a characteristic fragmenta- 
tion pattern l1 totally in accord with that to be expected from an uleine molecule 
lacking the N-methyl function. Chemical confirmation for this postulate was obtained 
by reacting IV with methyl iodide. Separation of the resulting mixture gave uleine (I) 
of the same sign of rotation as the naturally occurring alkaloid together with uleine 
methiodide. 

Acetylation of IV gave N-acetyl-des-N-methyluleine (XIII), LAH reduction of 
which then gave N-ethyl-des-N-methyluleine (XIV), both compounds still possessing 
the typical uleine UV chromophore and both showing the characteristic mass spectro- 
metric fragmentation patterns. *l Reaction of the N-ethyl compound (XIV) with 

I1 For the mass spectra of compounds I andvanda 
of uleine and its congeners see Ref. 2c. 

detailed discussion ofthe fragmentation behaviour 
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methyl iodide yielded a crystalline quaternary salt which was not identical with the 
iodide obtained by reaction of uleine with ethyl iodide. These two salts (XV and XVI) 
must represent stereoisomers about the nitrogen atom of the type c~counte~d with 
codeinG2” and the tropane alkaloids. 12* Lack of material however precluded a more 
detailed examinationl~ of the conformations of the N-alkyl groups in this pair of salts. 

The dehydro analog (X) of des-N-methyluleine (IV) possessed the same UV absorp- 
tion as uleine and des-N-methyluleine (IV) the mol. wt. being two mass units less than 
that of IV. The new double bond is thus not conjugated with the chromophore and 
can only be located between carbon atoms 3-14,14-15, or 10-l 1. Position 10-I 1 can 
be eliminated on the grounds of the similarity between the mass spectrometric frag- 
mentation pattern shown by the base and that of des-N-mcthylul~ine (IV), which 
c~racteristic pattern also speaks strongly for the alkaloid having the same skeleton 
as IV and I. No rigorous distinction can be made between the two ~maining possi- 
bilities since insufficient material was available for NMR examination which would 
have settled this point. 

Dasycarpidone (v) and des-N-methyidmycarpidone (VI) 

Dasycarpidone (V) and des-N-methyldasycarpidone (VI) both possess UV absorp- 
tion characteristics of cx-keto indole chromophores14 and both have peaks corre- 
sponding to such conjugated carbonyl groups14 in their IR spectra (6*10 and 6-07 p). 
Do-N-methyldasycarpidone the mol. wt. (254) of which was fou~een mass units less 
than that of dasycarpidone (V) was easily converted to the latter by the method 
described for the interconversion of des-N-methyluleine (IV) and uleine (I). 

The general resemblance between the mass spectrumeE of dasycarpidone and that 
of uleine (I),2c together with the mol. wt. of the compound (two mass units higher than 
that of uleine) and UV and IR data suggested structure V for the base. The NMR 
spectrum of dasycarpidone (V) provided clear-cut confirmation for this postulate, 
showing resonances for four aromatic protons, an indolic N-hydrogen, benzylic proton 
(doublet at 4-35 ppm, J = 25 c/s) at C-4 ,2b*2c N-methyl singlet and methyl (of an ethyl) 
functions. Si~i~cantly absent were the a~orptions shown by the exocyclic methylenic 
protons of uleine (I). 

Chemical verification for the structural assignment was provided by converting 
uleine (I) to dasycarpidone (V). This was achieved by low temperature ozonolysis of 
uleine when up to 15 % of dasycarpidone (V) of the same magnitude and sign of 
rotation as the natural material, could be isolated and identified. Oxidation of uleine 
with iodine or chromium trioxide pyridine also produced dasycarpidone in low yield. 

Dasycarpidol showed typical indole UV absorption and a mass s~trometri~lly 
determined mol. wt. (270) two units higher than that of dasycarpidone (V). The 
absence of ketonic IR absorption and the non-conjugated nature of the UV absorption 

lBo K. Koczka and G. Bemath, C%em. Ind. 1401 (1958); b G. Fodor, K. Koczka and J. Lestyan, 
jr. Chem. Sot. 1411 (1956); c R. Bognar and S. Szabo, Tetrahedron Letters 2867 (1964). 

I* J. McKenna, J. White and A. Tulley, Tetrahedron Letters 1097 (1962); J. K. Bewunsall and 
R. A. Y. Jones, Ibid. 1103 (1962). 

l4 J. A. Ballantine, C. B. Barrett, R. J. S. Beer, B. C. Bog&arm, S. Eardley, B. E. Jennings and 
A. Rubixtscm, mf. G!@. SW. 2227 (1957). 
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strongly suggested that dasycarpidol is dihydrodasycarpidone (VII), as did the simi- 
larity in mass spectrometric fragmentation pattern to that of dihydrouleine.” The 
NMR spectrum was completely consistent with this structure. In addition to the usual 
features (see above) **nBc the spectrum showed no exocyclic methylene proton absorp- 
tion, but did exhibit a doublet (5-l ppm, J = 6 c/s) corresponding to a benzylic proton 
situated on a carbon atom (C-l) which also carries an oxygen substituent. The coupling 
constant (C-l hydrogen coupling with C-2 hydrogen) necessitates a dihedral angle of 
ca. 30” between the two C-hydrogen bonds a restriction which according to Dreiding 
models seems only possible when the hydroxyl group at C-l is equatorial leading to 
the expression XVII for the relative stereochemistry of the molecule (alternative di- 
hedral angle is 90”). The conversion of dasycarpidol, by mild oxidation with chrom- 
ium trioxide pyridine, to dasycarpidone (V) settled the constitution as VII. 

XVII R=OH 
XVIII R=CH,OH 

1,13-Dihydro- 13-hydruxyuleine (VIII) 

This alkaloid had a mol. wt. of 284, eighteen mass units higher than that of uleine 
(I). Since the UV absorption is indolic, the conjugation provided by the l-13 double 
bond of uleine is absent. These facts suggested that the molecule is a l-13 hydrated 
uleine. Further evidence in favour of this suggestion was derived from the NMR 
spectrum which displayed two active hydrogen signals (eliminated by exchange with 
heavy water), one of the indolic N-hydrogen and the second an alcoholic O-hydrogen 
(3.40 ppm). That the hydroxyl group is situated at C-13 and not at C-l was shown by 
the absence of a singlet methyl signal (C-13) and the presence of signals for three 
protons in the region 36-4-l ppm (one at C-4 and two at C-13). The partial synthesis 
of 1,13-dihydro-13-hydroxyuleine (VIII) from uleine (I) confirmed the identity of the 
skeletons. The addition of the elements of water to uleine in the desired orientation 
was achieved by hydroboration. Is Treatment of uleine boron trifluoride salt with an 
equivalent of sodium borohydride and two equivalents of boron trifluoride-etherate 
with subsequent peroxidic oxidation led to VIII in 79% yield. In addition to estab- 
lishing the gross structure of the alkaloid, this highly stereospecific synthesis suggests 
the relative configuration XVIII for the molecule, since the reagent would be expected 
to attack uleine from the p-face (opposite side to the piperidine ring) of the molecu1e.L6 
Since the rotation of the synthetic material was the same as that of the naturally 
occurring alcohol (WIT) the absolute configuration of the molecule is the same as that 
of uleine. 

Appuricine (IX)’ 

This interesting base is the first example of a new type of indole alkaloid. It 
possesses the same chromophoric system as uleine but unlike uleine contains an ethyli- 
dene side chain. These features, easily distinguished in the NMR spectrum of appari- 
tine, together with the two mass unit lower mol. wt. (264) and a general similarity of 

I5 G. Zweifel and H. C. Brown, Orgruric Retactions, Vol. 13; Chap. 1. J. Wiley, New York (1963). 
I4 G. Zweifel and H. C. Brown, J. Amer. Chem. Sot. 86,393 (1964). 
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fragmentation pattern to that of uleine, suggested a structure for the molecule rather 
similar to uleine. The NMR spectrum differed from that of uleine by lacking an 
N-methyl singlet, having instead a two proton AB quartet corresponding to the two 
hydrogens on C-6. Clear-cut structural information was obtained’ by breaking the 
C-&N, bond of apparicine methiodide by nucleophilic attack (methoxide or hydride) 
at C-6 with displacement of Nb +. The ring opened compounds (XIX, R = Me0 or H) 
so obtained were subjected’ to detailed NMR analysis using decoupling. This analysis, 
together with the simple mass spectral fragmentation of these molecules (XIX) (fission 
between C-l and C-2 accompanied by hydrogen transfer) and the identification of 
pyridine-3+dicarboxylic acid from dehydrogenation and oxidation of apparicine, led7 
to the structure IX for the alkaloid. 

Ix 

Aspidodasycarpine (XI) 

The structure determination of perhaps the most interesting base of the group, 
aspidodasycarpine (XI), has been briefly described.s The alkaloid possesses a molec- 
ular formula &H,N,O, as indicated by combustion analysis and mass spectrometry 
(see Fig. 1, which also lists plausible assignments to principal diagnostic peaks). Its 
UV spectrum is typical of a dihydroindole unsubstituted on the benzene ring, a 
chromophore confirmed by the presence of signals for four aromatic protons in its 
NMR spectrum. Bands for N-hydrogen and/or O-hydrogen (2-90 p) and ester (576 p) 
appear in the IR spectrum and the ester carbonyl function could be more particularly 
identified as due to carbomethoxyl by the presence of a three proton methoxy singlet 
(3*72 ppm) in the NMR spectrum of the base. This latter technique also showed the 
existence of an ethylidene side chain, by the presence of the characteristic three proton 
doublet (I-69 ppm, J = 7 c/s) and one proton quartet (55 ppm, J = 7 c/s). The 
nature of the two remaining oxygen atoms and the substitution of the aliphatic nitro- 
gen atom, N,, could be inferred from an examination of aspidodasycarpine-N,,0- 
diacetate (XX) prepared from the alkaloid by treatment with acetic anhydride-pyri- 
dine. This diacetate showed IR absorption due to amide carbonyl(6e18 p) as well as 
ester absorption and its NMR spectrum now had two acetyl three-hydrogen singlets 
1246 and l-92 ppm). The diacetate was non-basic and did not react with methyl 
iodide at room temperature. These facts, combined with the unchanged UV absorp 
tion (ET-acetyl not involved in the chromophoric system), necessitate that the basic 
nitrogen, Nb, of the alkaloid itself be secondary and that the third oxygen atom be 
alcoholic. The remaining oxygen must by inference be ethereal, a conclusion sup- 
ported by data cited later in this paper. 

More specific information on the environment of the alcoholic hydroxyl function 
was obtained by base catalysed retroaldolization of the diacetate (XX) to desformo- 
aspidodasycarpine-N,-acetate (XXI), a compound still possessing indoline UV absorp- 
tion, ester and amide IR bands, but only one acetyl methyl singlet (2-19 ppm) in its 



FIG. 1. Mass spectrum of aspidodasycarpine (XI). 
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Information on the nature of the ring containing Nb and definitive evidence as to 
the ethereal nature of the fourth oxygen atom and its site of attachment could be 
obtained from N,-hydroxymethyl desformoaspidodasycarpine (XXIII) and its reduc- 
tion products. When aspidodasycarpine was treated with potassium hydroxide in 80 % 
methanol at room temperature desformoaspidodasycarpine (XXIV) was produced 
which could be converted to the previously obtained desformoaspidodasycarpine-N,- 
acetate (XXI) by acetylation. However, when desformoaspidodasycarpine (XXIV) 
was treated with alkali and formaldehyde in 66 % aqueous methanol at room tempera- 
ture or aspidodasycarpine itself treated with alkali in 66% aqueous methanol, the 
highly crystalline methyl01 (XXIII) separated in high yield from the reaction mixture. 
The methyl01 was easily reconverted to desformoaspidodasycarpine by treatment with 
acetic acid. This easy reversal and the physical properties of this somewhat surprising 
compound are consistent with the structure (XXIII) assigned to it. Most importantly 
a pair of doublets (4* 15 and 4640 ppm, J = 9 c/s) representing the signals due to the 
NbCH,OH grouping appear in the NMR spectrum of the compound as do signals due 
to four aromatic protons, an ethylidene and a methoxyl function. Reduction of the 
methyl01 (XXIII) with LAH gave an N,-methyl derivative (XXV), the N-methyl 
grouping being identified as aliphatic by the chemical shift of the three-hydrogen 
singlet (2.32 ppm). 

From the mol. wt. of the N-methyl reduction product (XXV) (328, corresponding 
to C,H,N,02) it followed that as well as reducing the NCH,OH group and the ester 
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function, the ether linka@ had also been cleaved. This could he neatly cu&med by 
reduction of the methyl01 with LAD tu give XXVI the mass s~trometri~lly deter- 
mined mol. wt. of which showed the present of fo~deuteriumatoms (C~~D~N~~~. 
It thus seemed likely that the methylol and hence the alkaloid itself contained a car- 
binolamine ether system, a grouping well known to be split with LAH.f7*18 That this 
is indeed the situation was deduced from the shift of the indole peak,l@ nrfe 130 (a) to 
m/e 131 (b) in the, mass spectrum of the LAD product (XXVI), a technique already 
used with pseudoakuammigine18~Wa and picraline 18*11 to establish the point of connec- 
tion of such an ether linkage. The indole peaks also indicate that the aromatic nitrogen 
is u~ubstitut~ in aspid~asy~~ine* 

With the es~blishment of a ~rbinolamine ether system at N,, it became clear why 
this ni~ogen was not a~tyla~ during the t~a~ent of the alk~oid with acetic 
a~yd~d~p~idi~e~ The UV abso~~on of the base in strong acid ~~noid~ how- 
ever was inconsistent with the spectral behaviour of ~binolamin~ ether systems as 
exemplified by pseudoak~mmi~ne~~ and picraline? Precedent for such behaviour 
in a carbinolamine ether was found in a study wlc of simple systems containing such a 
grouping, some of which were found to protonate partly or completely on the nitrogen 
rather than on the oxygen atom. 

The base peaks of the mass spectra of aspid~as~~ine (XI) (Fig. 1) or desformo- 
aspidodasy~i~e (XXIV) occur at m/e 108 and indicate that the basic nitrogen atom 
forms part of a pi~ridine ring with a two-carbon substituent* which by analogy with a 
large number of indole al~loidsl* might be expected to be the ethylidene group, the 
structure of the mfe 108 ion then being the stable py~d~ium species c, Consistent with 
this assignment is the observation that the base peak in the spectra of the N&-methyl 
reduction product (XXV) (or of N-methyl aspidodasycarpine, XXVII) occurs at m/e 
122 (d) and at m/e 123 (e) in the LAD reduction product (XXVI), Similarly, in the 
spectra of the acetates XX and XXI, two imprint peaks appear at m/e 150 ff) and 
m/e 108 (c), the latter being funned from the former by the familiar expulsion of 

ST R. S, Brown, H. Bucket and C. Djmtssi, ~~~r~~~~~ Lerters 3731~19~3); G Djerasi, L. D. 
Anton~cc~o~ H. Bu~kiew~, J. M. Wilson and B. Gilbert, ~~~. 1001 (1962); M. P. C&a, S. K. 
Talapatra, K. Namura, J. A. Weisbach, B. Douglas and E. C. Shoop, f&m. Id. 1242 (1963). 

*a L. Olivier, J, Levy, J. LeMen, M.-M. Janet, C. R&mssi, H, Bud~k~wi~ J. M. Wilscrm and L. J. 
Durham, Buil. Clrem. Sue. Fr. 646 (1963). 

I* H. Budzikiewicz, C. Djerassi and D. H. Williams, Structure Eiucitbtion of Natural Products by 
JU’ss Spctrometry, Vol. 1 Alkaloids, Holden-Day, San Francisco (1964). 

lga)O J. Levy, J. LeMen and M.-M. Jan&, I?&, Ctiem. Sot. I;i. 1658 (1961); A. Z. Britten, P. N 
Edwards, J. A. Joule, G. F. Smith and G. ~pite~~~, CYzem. imi. 1120 (1963); b J. A. Joule and 
G. F. Smith, f. Calm. SIX. 312 (1862); c W. Bardstey and G. F. Smith, unpublished work, 

*l A. Z. B&ten, G. F. Smith and 6. Spite&x, C!zem. hd, 1492 (19~). 
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ketene,ilff while the N&ethyl ~~VII) N,d,-ethyf ~XVIII) de~vativ~ show m/e 
136 u) respectively m/e 138 (k) peaks. Expansion of the part structure for aspidodasy- 
carpine to XXVIII is now possible. 

+2 carbon atoms 

a H 
b D 

c H 
d CH, 
e CDHI 

Treatment of ~pidod~sycarpineoN,~adi~~tate (XX) with zinc and hydrochloric 
acid gave, in addi~un to the anticipated dihydroindoli~c compound (XXIX) 
(N&j* 4 NGH* + HO=), an indole U-W- ~oaspid~asycarpi~c-Nuacetate 
~C~H~N*~~ to which the structure XX> is attributed. 

R 
xxx 
XXX! ZXH, 

The NMR spectrum of the compound confirms the chromophoric system as a 
2,3-disubstituted indole (four aromatic protons and an indolic N-hydrogen signal 
(8% ppm)), and the presence of ethylidene, one acetyl methyl (2*02 ppm) and ester 
methoxyl (3-72 ppm) groups. The absence of the original acetoxy function (part of 
CH&O*C@CH,CCO&H$ together with the presence of two one-hydrogen singlets 
(6*20 and 5-63 ppm) in the NMR spectrum and a conjugated ester carbonyl band 
(585 p) in its IR spectrum led to the conclusion that the mol~ule contains 
CH,=CCO&H,. The presence of a ~H~*~H*OH chain attached to the aromatic 
system was su~ested by the NMR two~hydrogen signal at 3-O ppm (C-6, relic 
protons) and a two-hydrogen triplet (3-85 ppm, J = 7 c/s) for the C-5 protons, the 
latter being shifted to 4-30 ppm in the diacetate (XxX1). The mass spectra of secoas- 
pidodasycarpine-N-acetate (XXX) and secoaspidodasycarpine-N 0-diacetate @XXI) 
showed peaks corresponding to loss of CH,OH (OCOCH,) (m/e 365, fission between 
C-5 and C-6) and loss of the entire CHBCHBOH (UCOCH~) side chains (m(e 351, 
fission between C-3 and C-6). This oxy~nat~ side chain must, barring rearrange- 
ments, represent the other end of the ether linkage already ~~blish~ as being 
attached to C-2 (in XXVIII). strong indi~tions as to the sites of at~c~ent of the 
indole system and the unsaturated ester moiety to the pi~ridine nucleus can be gained 

*% H. Budzikiewicz, C. Djerassi and Il. H. Williams, 
pu~nds, Holden-Day, San Francisco (1964). 

of Mm8 Spectra of apic Corn- 
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from the NMR spectrum of XXX. A one-hydrogen multiplet (50 ppm) corresponds 
to the C-3 proton, ~3.~4 while a one-hydrogen multiplet (2-20 ppm) represents the doubly 
allylic hydrogen at C-15. Further, the A part of the AB system caused by the two 
isolated hydrogen atoms on C-21 (4-49 ppm, J = 13 c/s) can be clearly seen, the B part 
being obscured by the methoxyl signal. Finally peaks in the mass spectrum of this 
interesting and significant product at m/e 156 (g), I94 (h) and 236 (i) find ready explana- 
tion in the proposed structure XXX, the latter two again being related by expulsion 
of ketene.% The structures of the ions h and i were confirmed by four-mass unit shifts 
(to m/e 198 and 240) in the tetrahydro catalytic reduction product of secoaspidodasy- 
carpine-N-acetate. 

On the assumption that no fundamental skeletal rearrangement occurs during the 
production of the indole (XXX) (the mechanism of the formation of this compound 
will be discussed later) the part structure for aspidodasycarpine can be extended to 
XXX11 in which necessarily C-7 and C-16 must be joined to arrive at the structure XI 
for aspidodasycarpine. 

I 

'1 7 

? 

\ N 0; 
H 

\ 
A 16 I 

HOH2C i CO#43 

The facile production of piperidine fragments from aspidodasycarpine and closely 
related derivatives are nicely explained by the processes shown in XxX111, fission of 
the 2-3 bond with hydrogen transfer followed by homolysis of the then double allylic- 
ally activated 15-16 bold to give fragments c, d, e and f. 

Chemical confirmation for the structure of XI for aspidodasycarpine was obtained 
by interconversion with picraline (XXXIV), whose structurelaael and absolute con- 
figuration% have recently been established. The highly crystalline N,-hydroxymethyl 
desformoaspidodasycarpine (XXIII) was shown to be identical, in all respects, in- 
cluding rotation, with the N,-hydroxymethyl derivative of the borohydride reduction 

pI E. Wenkert, B. Eickberg and C. L. Leicht, J. Amer. C/rem. Sot. 83,5037 (1961). 
I4 M. Uskokovic, H. Bruderer, C. von Planta. T. William and A. Brossi, J. Amer. Chem. Sot. 86, 

3364 (1964). 
s L. Olivier, J. Levy, J. LeMen, M.-M. Janot, H. Budzikiewicz and C. Djerassi, Bull. Gem. Sk Fr. 

868 (1965). 
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- c,d,e and f 

products of picraline (XXXIV), The reduction of picraline (to desformoaspidodasy- 
carpine (XXIV)) involves base catalysed hydrolysis and retroaldol loss of the 
CH,COGCH, grouping and reduction of the oxidation state of the C-5 carbon atom 
to that of an alcohol with fission of the C-S-N, bond. 

The mechanism of formation of secoaspidodasycarpine-N&-acetate (XXX) appears 
to represent an in~resting example of a fragmen~tion reaction? The intermediate 
(XXXV) derived by complexing of the zinc with the C-2 carbon atom of an acid- 
catalysed, ring open form of the starting material, could either remain as such, giving 
rise to dihydroaspidodasycarpine-N,,Oaiacetate (XXIX) on hydrolytic work up, or 
undergo the fragmentation indicated in XXXV. The change is both the nitrogen 
analog and the ethylogue of the well known m-fission which occurs in Clemmensen 
reductions.27 The proposed scheme is consistent with the isolation, albeit in poor 
yield of secoaspidodasycarpine itself from zinc-hydrochloric acid treatment of the 
alkaloid. A similar fragmentation has been observed during the zinc-hydrochloric 
acid reduction of picraline~ and the phenomenon in general is under study.” The 
alternate m~hanismQ involving attack by zinc at the acetate or ~r~methoxyl car- 
bony1 oxygen is, of course, not excluded. 

Poiyneuridine (or akuammidine) aldehyde (XII) 
The proposed structure of this compound is based on its indolic UV absorption 

and characteristic fragmentation patternI which is completely consistent with the 
structure XII, where the orientations of the aldehyde and ester groups are unspecified. 

t6 C. A. Grab, ~~r~e~~~~ X3, 126 (1957), Buit. Ciiem. Z&x. F‘r. 1360 (1960); Gaze, C~. I&, 902 
(1962). 

w D. Staschewski, A14pew. C?MRI. 71,726 (1959); J. H. Brewster, .I. Amer. Chm. Six. 76, 6361, 
6364 (1954). 

ta G. F. Smith and J. A. Joule, unpublished work. 
*a J. A. Joule and A. Jackson, unpublished work. 

6 
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The minute quantity of the alkaloid isolated did not permit further chemical proof of 
the proposed structure. 

pozcu3 

Biogenesis 

The co-occurrence of uleine (I) type alkaloids with a base (aspidodasycarpine) in 
which the tryp~mine bridge--N& bond has been broken is inte~ting in view of 
Wenkert’s su~~tion~ that the uleine type molecule is formed from an indole moiety 
which does not yet contain such a two atom bridge. Although severaf o+indole alka- 
loids are known-which are oxygenated 01 to N, on the tryptamme bridge and sometimes 
(e.g. aspidodasyca~ine) have the N, bond broken, there are no examples of p-indole 
alkaloids (akuam~~ine or condylo~a~ine types) which possess this feature. It may 
well be that should such a biogenetic oxidation take place, the molecule fragment& 
with loss of the bridge to give uleine types by some schemes1 such as that illustrated 
in XXXVI. 

EXPERIMENTAL 

Mps were determined on a Kofler micro-hot-stage and are not corrected. NMR spectra were 
run on a Varian A60 spectrometer by Dr. L. J. Durham in CDCI, with tetramethylsilane as internal: 
standard Mass. spectra were determined by Drs. H. Budzikiewicz, J. M. Wilson and M. Ohashi, 
using a CEG103C mass spectrometer eq~p~ with heated all-glass inlet system or a direct inlet 
system.aS Mass spectra are identified as h (= heated) or d (= direct), depending upon which system 
was employed. Thin-layer chromatography (TLC) was performed on silica gel “G” using ethyl 
acetate-benzene+thanol (4:4:2) and bands or spots detected by spraying with 2 % Cc&O,), in 
1 M H&O, or by their fluorescence under UV light. Rotations (in CHC&) and UV spectra were 
carried out by Mrs. Aguilar and microanalysis were sterns by Messrs. E. Meier and J, Consul. 

The total methanolic extract (800 g) of the bark in glacial acetic acid (600 ml) was added with 
vigorous stirring to water (4 1.). The slurry was filtered after stirring for 6 hr. The filtrate was success- 
i&y washed with pet. ether (no material), extracted with benzene (3 x 500 ml), fraction A (l-9 @. 

= E. Wenkert, .T. Antcer. C&m. Sot. Sri,98 (1962). 
11. Ethylogue of scheme proposed by: W. I. Taylor, Proc. Gem. Sot. 247 (1962). 
*I J. F. Lynch, J. M. Wilson, H. Budzikiewicz and C. Djerassi, eperientia 19, 211 (1963). _ 
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CHC& (3 x 500 ml) after adjusting the pH to 7, fraction B (6.1 g) and finally CHC& (3 x 500 ml) 
at pH 11, fraction C (3.4 g). 

Fraction A. Filtration through alumina (act. I) in ether yielded the only crystalline alkaloid 
obtainable from this fraction, &he (I), m.p. 75-98” (ex MeOH), [a]: +165” (c, 0.91); IR and UV 
spectra identical with those of a genuine sample; O-84 (3H triplet J = 6 c/s, C&CH,), 2-29 (3H 
singlet, C&N), 4.11 (1H doublet J = 3 c/s, /Sindole Cu-N), 4.98 and 5.28 (2 x 1H singlets, C&=), 
7.00-7.65 (4H, HAr), 8.58-8.75 ppm (1 H, MN); for mass spectrum see Ref. 2~. 

Fraction B. Chromatography over alumina (act. IV) gave 10 cuts from benzene to ether. From 
all fractions uleine (8.3 g) was crystallized separately. The filtrates from the first five fractions were 
evaporated and the residues crystallized from acetone to give (t)-apparicine (IX) (400 mg), m.p. 
192-194”, [a]: +176#0* (c, 2.16). (Found: C, 81-48; H, 7.50; N, 10.71; CH,O, 0.00; CHIC, 5.21, 
mol. wt. by mass spectrometry, 264; talc. for C18Hz0NI: C, 81.78; H, 7.63; N, 10.60; CHIO, 0.00; 
1 x CHIC, 5-68x, mol. wt., 264); Amsx (CHCl3 2.90 P; ilmrx (EtOH) 303 (4*67), Ainll 312, 230 
(4~61,4~70), &,I~ 265 rnp (3.79). unchanged in acid and base; 1.47 (3H doublet J = 8 c/s, C&CH,), 
4.19 and 4.56 (2H AB quartet J = 18 c/s, #l-indole-C&N), 5.24 and 5.37 (2 x 1 H singlets, C&=), 
790-8~20 ppm (I H, UN), for mass spectrum see Ref. 7. 

By thin-layer chromatography of the second fraction of the above chromatography, there was 
isolated N,-methyltetrahydroellipticine (III) (20 mg; zone at RI O-5), crystallized from acetone, m.p. 
198-200’ dec; IR and UV spectra identical with those of an authentic sample; mass spectrum (h) 
showed a mol. ion at 264 (53 %) as well as m/e 263 (IOO), 249 (32), 233 (6), 221 (69), 206 (11). 205 (lo), 
204 (12), 191 (6), 133 (24). 132 (18), 124 (22), 123 (141, and 117 (11). 

By thin-layer chromatography of the third fraction of the alumina chromatography, darycarpidone 
(V; 100 mg), amorphous, R, 0.5, was isolated, [r]: +64*7” (c, l-02). (Found: mol. wt. by mass 
spectrometry: 268; talc. for CI,Hl,,N,O: mol. wt., 268); R,a, (CHCI,) 2.93, 6.10~; A,,, (EtOH) 
316, 237 (4.29, 4*15), &in 265, 223 rnp (2.20, 307), unchanged in acid and base; 0.88 (3H triplet 
J = 7 c/s, C&CH,), 2.34 (3H singlet, C&N), 4.25 (IH doublet J = 2.5 c/s, @-indole-C&-N), 7.00- 
7-90 (4H, HAr), 10~20-10~50 ppm (lH, HN), for mass spectrum see Ref. 2~. 

Thin-tayer chromatography of fraction 7 of the original alumina chromatography allowed separa- 
tion of four alkaloids. The zone at & 0.65 was crystallized from ether to give polyneuridine (or 
akuammidhe) aldetryde (XII; 2 mg), m.p. 231-233”. (Found: mol. wt. by mass spectrometry: O350; 
talc. for CLIHIINIOI: mol. wt., 350); &+, (EtOH) 290,282,226 (3.65, 3*67,4*50), &Jn 288, 252 my4 
(3.63,3*46); mass spectrum(h) showed a mol. ion at 350 (70%) as well as m/e 349 (53), 321 (5), 319 (5), 
306 (7), 291 (12). 281 (9), 263 (17), 246 (141, 223 (30), 207 (33), 197 (23), 184 (32), 183 (48), 182 (86), 
169 (96), 168 (IOO), 157 (92), 156 (671, 143 (28). 130 (36), and 128 (40). 

The zone at & O-5 gave (+)-guatambuine (ex acetone), m.p. 236-238” dec, [a]k6 +88” (c, 0.67, 
dioxan), IR and UV spectra identical with those of an authentic sample, mass spectrum (h) showed 
a mol. ion at 264 (10%) as well as m/e 263 (25), 249 (500). 247 (33), 233 (221, 221 (21). 206 (23), 205 
(26), 204 (37), 167 (7), 132 (21), 124 (38) and 117 (36). 

The zone at l?, O-4 was crystallized from CHCI, to give dPs-N-mefiryldasycarpidorrp (VI; 30 mg), 
m.p. 208-210”. (Found: mol. wt. by mass spectrometry: 254; talc. for &HIBNnO: mol. wt., 254), 
j.mrr (CHCI,) 290, 3.05, 6.07 p ; A,,,, (EtOH) 317,238 rnp (4-23,4-l 5); mass spectrum (h) showed 
a mol. ion at 254 (53%) as well as m/e 225 (21), 211 (45), 197 (97), 184 (65), 169 (lOO), 157 (29) and 
130 (29). 

Concentration of fraction 8 in tmcuo gave a crystalline alkaloid dchydr~~N_methyluleine (X; 
3 mg), m.p. 220”. (Found: mol. wt. by mass spectrometry: 250; talc. for C1,HlaN,: mol. wt., 250); I 
&,Ax (nujol) 3.5, 6.12, 6.20, 1 l-6, 12.2, 12.3, 13.4 p, Amax (EtOH) 310, 303 rnp (4.21, 4.21); mass 
spectrum (h) showed a mol. ion at 250 (86%) as well as m/e 230 (67), 220 (77), 218 (57), 205 (67). 
204 (77), 181 (100) and 180 (51). 

Fraction C. The crude material from this extract was chromatographed over alumina (act. I) 
with CHC& up to CHClrMeOH (9: 1) giving 5 cuts. This third cut was rechromatographed over 
alumina (act. I), elution with CHC&-MeOH (98 : 2) giving 60 fractions. Fractions 15-53 were evapo- 
rated and separated by TLC (CIH,- Me&O-Et,NH, 80: 15 : 5) to give 1,13-dihydro-13-hydroxy- 
uleine (VIII; 35 mg; R, O-27), amorphous, [a]:: -96” (c, 0.25, EtOH). (Found : mol. wt. by mass 
spectrometry: 284; talc. for CIfiHI,NIO: mol. wt.. 284); A,,,,= (CHCI,) 290, 9.90 cc; ilmax (EtOH) 
289, 282, 211 m/J (3.87, 3.91, 4%); 0.90 (3H triplet, C&CH,), 2.34 (3H singlet, C&N), 340 (lH), 
3.8-4-1 (3H. /Sindole-C&N and C&O), 6.9-7-8 (4H, HAr), 9.15 ppm (1 H, HN); mass spectrum 
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(h) showed a mol. ion at 284 (2yd as well as m/e 266 (lOO), 237 (9), 230 (lo), 223 (13), 209 (lo), 194 
(31), 180 (16), 167 (9) and 143 (12). 

Rechromatography of cut 4 from the first chromatography over alumina (act. II) with CHCl,- 
MeOH (98:2) gave, in fractions 12-15, &s-N-nrer+U+re (IV; 125 mg), m.p. 143-145’ (ex CHCla, 
[I# -20” (c, 1.18 EtOH). (Found: mol. wt. by mass spectrometry: 252; talc. for Cl,HtoN,: mol. 
wt., 2521, &ax (CHCI,) 2.90, 6.12~; il msx (EtOH) 312, 305 rnp (4.23, 4.24); mass spectrum (d) 
showed a mol. ion at 252 (100%) as well as m/e 237 (15), 223 (49), 209 (24), 195 (33), 194 (30), 180 (26) 
and 167 (11). 

Fractions 2632 gave, from CHC16, dasycarpidcrl (VII; 210 mg), m.p. 118122”, [a]: - 54” (c, 1.03, 
EtOH). (Found: mol. wt. by mass spectrometry: 270; talc. for C,,H,,N,O: mol. wt., 270); &.x 
(KBr) 2-92, 6-15~; iz mkx (EtOH) 290, 282, 220 rnp (3.81, 3.89, 4.54); 0.89 (3H triplet J - 5-S c/s 
C&I&H,), 2.21 (3H singlet, C&N), 4.05 (1H doublet, J = 2 c/s, /%indole-C&N), 5-l (I H doublet 
J = 6 c/s, a-indoIe-CH-O), 69-7.7 ppm (4H, HAr) (in deuterioacetone); mass spectrum (d) showed 
a mol. ion at 270 (21%) as well as m/e 252 (19), 223 (29), 213 (19), 209 (27), 195 (lOO), 187 (38), 183 
(22), 180 (42), 168 (24), 167 (27) and 157 (36). 

Cut 5 was rechromatographed over alumina (act. II) with CHCl,-MeOH (99: 1) as eluate, giving, 
from fractions 9-21, uspidodusycarpine (XI; 150 mg), m.p. 207-209” (ex Me,CO), [a]L6 - 101 o (c, l-42). 
(Found: C, 67.7, H, 7-13, N, 7.67%. mol. wt, by mass spectrometry: 370; talc. for CaIHa6NI0,: 
C, 68.1, H, 7.07, N, 7-56, mol. wt., 370); Imax (CHCI,) 2.90, 5.76, 6.25, 9.70 p; Elmer (EtOH) 297, 
240, 205 rnp (3.63, 3.96, 4.16); 1.69 (3H doublet J = 7 c/s, C&CH=), 3.72 (3H singlet, C&O&), 
5.5 (1H quarter J = 7 c/s, CH,CH=), 6-5-7.5 ppm (4H, HAr); mass spectrum (d) showed a mol. 
ion at 370 (21%) as well as m/e 339 (6), 311 (3), 267 (lo), 263 (12), 232 (a), 204 (a), 159 (5), 156 (6), 
144 (5), 130 (6), and 108 (100). Structural assignments for these peaks are given in Fig. I. 

Reaction of des-N-methyhdeine (IV) with methyl iodide 

The alkaloid (IV; 30 mg) was treated with Me1 (0.5 ml) in refluxing acetone-benzene (1: 1; 6 ml) 
for 30 min to give a crystalline material, m.p. 196198” (10 mg), identified as uleine methiodide by IR 
(KBr pellet) comparison. The evaporated filtrate was treated with NaOH aq and extracted with 
CHCI,. Evaporation of the dried CHCl,-extract gave a residue from which uleine (I; 1 l mg) could 
be crystallized in MeOH, m.p. 70-75’. [ax]: i-6.7 (c, 0+6), identified by IR, mass spectrometric and 
TLC comparisons. 

Reaction of des-N-methyhdeine (IV) with acetic anhydride-pyridine 

Treatment of IV with acetic anhydridepyridine (1: 1) at room temp overnight with subsequent 
removal of solvents in oucuo and partition of the residue between ether and &CO, aq, gave, from the 
organic layer, des-N-methyl-N-acetyhdeine (XIII), m.p. 214-215”. (Found : mol. wt. by mass spectrom- 
etry, 294; talc. for CloH,,N,O: mol. wt., 294); Ampx (CHCI,) 2.87, 6.l7 p; il,,, (EtOH) 313, 308 
(4*29,4*29), Ainn 237 (4*10), il min 265 rnp (3.77); mass spectrum (h) showed a mol. ion at 294 (100%) 
as well as m/e 279 (2), 265 (la), 251 (22), 235 (la), 223 (39), 222 (50), 208 (42), 206 (44), 194 (54), 
180 (51) and 167 (20). 

Reduction of des-N-methyl-N-acetyhdeim (XIII) 

The acetate (15 mg) was reduced with excess LAH in refiuxing tetrahydrofuran overnight. Excess 
reagent was decomposed with water and the mixture filtered and the filtrate evaporated. The residue 
was partitioned between 2 N HCI and ether, the aqueous layer basified (KPCOI) and extracted with 
ether to give a glass (9 mg), further purified by preparative TLC to give des-N-methyf-N-ethyhdeine 
(XIV; 4 mg) as a colourless glass. (Found: mol. wt. by mass spectrometry: 280; talc. for ClsHlrNl: 
mol. wt., 280); mass spectrum (h) showed a mol. ion at 280 (93 %) as well as m/e 265 (42), 251 (65), 
236 (41), 223 (38), 209 (IOO), 194 (89), 180 (al), 167 (31). 140 (15), and 118 (26). 

The above product was reacted with Me1 in benzene at room temp for 0.5 hr. The solvents were 
removed and the residue crystallized from MeOH to give des-N-methyl-N-ethyhdeine methiodide, 
m.p. 19&191”, mixture m.p. with uleine ethiodide m.p. 198-201” (ex MeOH). (Found: C, 55.98, 
H, 6.20, N, 6.91; talc. for Co,,Ha,NII+H1O: C, 55.80, H, 6.28, N, 6.51%) 187-201 O. 

Reaction of des-N-methyldasycarpidone (VI) with methyf iodide 

The ketone (VI; 7 mg) in benzene-acetone (1: 1; 2 ml) was heated with Me1 (0.3 ml) under 
refiux for 1 hr. The solvents were removed under red. press. and the residue treated with 0-l N 
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NaOH and ether. The ethereai extract was evaporated to give dasycarpidone (V; 2 mg), identified 
by mass s~r~rn (h) and thin layer mobility ~rnp~~n with the Italy aping base. 

Uzi~noIysis of u&e (I) 

The alkaloid (350 mg) in ethyl acetate-MeOH (20 ml-l ml) was treated with 4 portions of ethyl 
acetate (20 ml) into which ozonized oxy~n had been passed for 5 min (6 psi 0% pmss., ff ow rate 0.15, 
Model T4 Wellsbach ozonator). Acetic acid (5 ml) and Zn (3 g) were added and the mixture ahowed 
to come to room temp whilst stirring (1.5 hr). After filtration, basification (K,CO,) and ether extrac- 
tion a gum (73 mg) was obtained. An ethereal solution of this material was filtered through a column 
of alumina (act. I) and the eluate evaporated to give dasycarpidone (47 mg), [a]: +61*2O (c, O-91), 
identical with the naturally occurring material by thin-layer, IR and mass spectrometric comparison. 

To the alcohol (30 mg) in pyridine (2 ml) was added, with stirring, CrQ, (60 mg) in pyridine (1 ml). 
After 2 min the solution was poured into water. Extraction with CHCiS and chromatography on 
alumina (act. II), eiution with CHC&, gave a coiourless solid (10 mg), identical by IR, UV, mass 
spectral and thin-layer imprison with V. 

Hydrobomrion of uieine (I) 

To uleine boron trifluoride salt (170mg; m.p. 205” dec, prepared by reaction of uleine with 
BF&herate in ether) in suspension in tetrahydrofuran (3 ml.) was added NaBH(. (210 mg) and BF, 
etherate (0.2 ml) with vigorous stirring and the resulting ~xt~e stirred o~might. NaOH (30%, 
1 ml) and HpOe (30x, 2 ml) were added and the mixt~ refluxed with stirring for 5 hr. Pupation 
by alumina chromatography (act. II, elution with CHC&--M&H (99: If) gave a solid (115 mg), 
EGbe -97” (c, 0.7, EtOH), which was identical with VIII by thin-layer mobility, IR and mass spectral 
comparisons. 

The alkaloid (Xl) was treated with acetic anhydride-pyridine (I :l) at room temp overnight. 
Removal of solvents under red. press. and partition of the residue between ether and K&Q aq gave, 
from the organic layer, aspid~~yc~r;pine-N,O-dj~~tut~ (XX), m.p. 11 l-l 14”, [ar]: - 3495” (c, 1.42). 
(Found: C, 63.31, H, 6*90, N, 6928, mol. wt. by mass spectrometry: 454; talc. for C*~~~N~~~*H*~~ 
C, 6354, H, 6.83, N, 5*93x, mol. wt., 454, anhy~o~~; ii& (CHC&) 5.47, 6.18 p; Rmsl (EtOHf 
295, 238 (3.30, 3*78), A rnfn 242, 227 rnp (2.51, 3*68); 1973 (3H doublet J = 7 c/s, C&CIj=), 1.92 
(3H singlet, C&COO), 2.16 (3H singlet, C@,CON), 3.?5 (3H singlet, C&QC), 5.67 (1H quartet 
J = 7 c/s, CH,C@=), 655-7.70 ppm (4H, I$Ar). 

The diacetate (XX; 34 mg) in MeOH (2 ml) was treated with KOH aq (100 mg in 1 ml) at room 
temp for 48 hr. The solution was poured into water and extracted with ether. The dried evaporated 
ethereal layer gave a gum (15 mg) purified by preparative TLC (band at R, O-7), to give tiesjijrm~ 
~~~~y~~iffc_N~cet~t~ (XXI), amorphous, [a]]b” -86” (c, 0+98 in EtOH). (Found: mol. wt. by 
mass s~tro~~: 382; talc. for ~~H*~N,~,: mol. wt., 382), AmSx (CHCI,) 295, 575, 6*26 p: 
3 .mm*x (EtOH) 295, 240 (3.59, 3*98), 3.mtn 268 rnp (3=13); 158 (3H doublet J = 7 c/s, C&CH=), 
220 (3H singlet, Q&&ON), 3.70 (3H singlet, C&t&C)., 47 (lH, UN), 5.58 (1H quartet J = 7 c/s, 
CH&&=), 6-5-7-3 ppm (4H, UAr); mass spectrum (h) showed a mol. ion at 382 (53 %) as well as 
m/e 351 (16), 339 (13), 323 (17), 263 (18), 207 (21). 194 (13), 180 (19), 172 (29), 167 (19), 159 (20). 
156 (24), 150 (43), 144 (23), 130 (22), 125 (30) and 108 (100). 

The alkaloid (20 mg) was refluxed with excess MeONe in MeOH (5 ml) for 6 hr under N,. The mix- 
ture was poured into water and extracted with CHCI,. The residue after removaf of organic soivent 
w&s c~romato~p~ over alumina (act. II) and eluted with CHCI, to give a colou~~ solid (7 mg.) 
~~~~s~~~s~a~~i~c (XXW), (Found : 
C;,H,,N,O,: mol. wt., 340); Rmax 

mof. wt. by mass spectrometry: 340; talc. for 
(CHCf,) 2*95,5*75,6*22 ~1; i3mu (EtOH) 296,24U mp (377,394); 
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mass spectrum showed a mol. ion at 340 (I 3 %) as well as m/e 233 (6), 194 (6), 180 {7), 174 (9), 172 (7), 
167 (5), 159 (4), 156 (3, 154 (4), 144 (7), 130 (7), 122 (6) and 108 (100). 

Acetylation of XXIV with acetic anhydride-pyridine in the manner described above gave XXI 
identical with the sample obtained above, by comparison of mass and IR spectra. 

Preparation of N-hydroxymethyr &sfu~~s~~~ycarf~~e (XXIII) 

(a) Aspid~asy~pi~ (40 mg) in MeOH (2 ml) was treated with KOH (100 mg) in water (1 ml) 
at room temp for 30 hr. The crystalline precipitate was filtered to give N-hydroxymethyt’ d&form+ 
rupido&sycurpine (XXIII; 27 mg), m.p. 175-182’ dec, [c# -SO” (c, 0.18). (Found: M-18 by mass 
spectrometry: 352; talc. for C&H,,N,O,: mol. wt. 370); ilmrx (CHCla 2-95, 5.75, 6*20/r; ?.mar 
(EtOH) 298, 242 m@ (3.45, 3.83); l+l (3H doublet J = 7 ells, C&CH=), 4.15 and 440 (2H AR 
quartet J = 9 c/s, N,,C&O), 5.50 (1H quartet J = 7 c/s, CH,C&), 64-7-2 ppm (4H, HA@; mass 
spectrum (h) showed no mol. ion but an M-l 8 peak at 352 (21%) as well as m/e 340 (Iti), 233 (7), 
232(?), 194(4), 180(6), 172(12), 167(7), 159(6), 156(7), 152(9), 144(10), 130 (lo), 122 (41), 120 (46) 
and 108 (100). 

(b) Desformoaspidodasycarpine (XXIV; 6 mg) in MeOH (1 ml) and water (O-5 ml) was treated 
with KOH (80 mg) and fo~~dehyde ~30%, 1 drop) at room temp for 1 hr. The c~talli~ pmcipi- 
tate ~quanti~tive) was identical with XXIII as prepared above by IR, mixture m-p., and TLC com- 
parison. 

Reaction of N-hydroxymethyl desformoaspidotksycarp&e (XXIII) with acetic acid 

The methyl01 (5 mg) in MeOH (05 ml) was treated with acetic acid (O-3 ml) at room temp for 
3 hr. The mixture was poured onto water, basified and extracted with CHQ to give a solid (3 mg) 
identical with XXIV by IR and TLC comparison. 

Reduction of N-hydrroymethyi desformoaspidodasvcarpinc (XXIII) with lithium aiuminium hydride 

The methyl01 (85 m) was heated under retlux with excess LAH in ~trahy~ofuran for 8 hr. The 
mixture was cooled and decomposed with saturated MgSO, solution, filtered, diluted with CHC&, 
dried and evaporated. The residue was purified by preparative TLC (zone at R, 0.1) to give a gum 
(30 mg; XXV). (Found: mol. wt, by mass spectrometry: 328; talc. for CfioHpsN,Os: mol. wt, 
328); &nrx (CHCI,) 2.95,3.50,6.25,9.70 p; &ox @OH) 297,246 rnp (3.42,3*80); l-74 (3H doublet 
J = 7 c/s, CY,CH=), 232 (3H singlet, C&N), 5-S (1H quartet J = 7 c/s, CH,Cff=), 6~5-792 ppm 
(4H, r]iAr); mass spectrum (d) shcvwed a mof ion at 328 (1%) as well as m/e 167 (5), 152 (S), 150 (5), 
145 (5), 144 (4), 136 (15), 130 (17), 124 (14), 122 (100) and 110 (18). 

The tetrackuterio compound (XXVI) was prepared as above but using LAD; mass spectrum (d) 
showed a mol. ion at 332 (1%) (corresponding to I[;,H,,D,N,O*) as well as m/e 169 (3), 136 (17)) 
131 (14), 125 (18) and 123 (100). 

Preparation uf N-me?hyl as~i~~syca~p~~e (XXVIII) 

The alkaloid (XI; 10 mg) in acetone-benzene (1:2, 3 m1) was treated with Me1 at room temp. 
The precipitate formed was washed with ether and treated with O-1 N NaOH and extracted with 
CHCl,. The dried evaporated CHCl,-layer gave N-methyl osp~r;lbdascar@?e (XXVII ; 4 mg). 
(Found: mol. wt. by mass s~trornet~~ 384; caIc. for C,*H*~N*O,: mol. wt., 384); itnrsx (CHCl,) 
2.95, 5.78, 6-26, 9-58 p; mass spectrum (d) showed a mol. ion at 384 (10%) as well as m/e 354 (5), 
194 (J), 180 (5). 172 (4), 167 (4), 159 (3), 156 (3), 150 (3), 144 (41, 130 (4) and 122 (100). 

Reductbn of ~~ido~syc~fine-N,~~ucetate (XX) 

Reduction using LAH was carried out as described above to give ~o~hous XXXVII. 1-l 
[3H triplet J = 9 c/s, C&CH& 1 a8 (3H doublet J = 7 c\s, C&CH=), 555 (1 H quartet J = 7 c/s, 
CH&H=), 65-7~3 ppm (QH, HAr); mass spectrum (d) showed a mol. ion at 372 (talc. 372 for 
C,IHIIPNIOI) as well as a base peak at m/e 136. 

Reduc&x of desfor~fidwl~ycarrpine-N-acetufe (XXI) 

Reduction with LAD was carried out as described above to give the alcohol XXXVIII; it,,, 
(CHCl,) 3.0, 4.55, 480, 6.25, 9.85 ,u, whose mass spectrum (d) showed a mol. ion at 347 (talc. for 
COIHIIDLLN1O,) as well as a base peak at m/e 138. 
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Action of zinc-hydrochloric acid on aspidodasycarplne-N,~~cetate (XX) 

To the diacetate (100 mg) in EtOH (4 ml) was added Zn dust (500 mg) and then cont. HCI (05 ml) 
dropwise with vigorous stirring at room temp during 2 min. The slurry was filtered, concentrated 
in wcuo and then poured into water. The precipitate was filtered and purified by preparative TLC 
to give secuaspictodczsycmpine-N-acerate (XXX; R, 0.67; 45 mg), m.p. 196-199” (ex pyridint+water). 
(Found: mol. wt. by mass spectrometry: 396; talc. for C&HIINIO,: mol. wt., 396); il,~ (KBr) 
2+4,5*85,6.17 p; a,,, (EtOH) 292,284,224 (3*73,3*79,4*40) ;Ilnl, 277 rnp (3.75); 1.49 (3H doublet 
J = 6 c/s, C&CH=), 2.02 (3H singlet, C&CON), 2.20 (1 H multiple& =CCBC=), 3-O (2H triplet 
J = 7 c/s, &indoleCI&CH,O), 3.72 (3H singlet, C&O&), 3.85 (2H triplet J = 7 c/s, C&O), 4-O 
(lH, HO), 4.49 (1H doublet J = 13 c/s, one of NIC&C=), 5-O (1H multiple& a-indoleCH*N), 
5.5 (1H quartet J = 6 c/s, CH&u), 5.63 and 6.20 (2 x 1H singlets, C&), 6-9-7.7 (4H, tJAr), 8.55 
ppm (1 H, UN); mass spectrum (d) showed a mol. ion at 396 (55 %) as well as m/e 378 (65), 365 (loo), 
353 (13), 351(7), 335 (21), 323 (46), 309 (14), 306 (20), 236(22), 194 (27). 156 (46), 144 (16) and 130 (26). 
In addition there was produced dihydroaspidoakycarpine-N,O-diacetafe (XXIX; I?, 050; 11 mg) 
as a glass. (Found: mol. wt. by mass spectrometry: 456; talc. for CPLHIINSOI: mol. wt., 456); 
1 .mrx (CHQ) 2.95,5.75,6.15 yc; Amax (EtOH) 293,244 rnp (3.34,3*68); mass spectrum (d) showed a 
mol. ion at 456 (5 %) as well as m/e 438 (2), 424 (8), 396 (7), 382 (7), 365 (4), 351 (1 I), 194 (14), 180 
(11). 156 (20), 150 (41), 144 (25), 130 (55) and 108 (100). 

Secoaspidodasycarpine-N,O-diacetate (XxX1) was prepared from the above product by acetyla- 
tion with acetic anhydride-pyridine as described previously, m-p. 187-190” (ex MeOH-H*O). 
(Found: mol. wt. by mass spectrometry: 438; talc. for CGHtONtOl: mol. wt., 438); Am,, (CHC&) 
2.89, 5.83, 5.86, 6-18 p; 3.,,,r, (EtOH) 292, 283, 223 (3.91, 3-96, 4.61), Alnll 276 rnp (3.95), l-50 (3H 
doublet J = 6 c/s, C&CH=), 1.80 (3H singlet, C&COO), 2.03 (3H singlet, C&CON), 3.07 (2H 
triplet J = 8 c/s, p-indoleC&CHI), 3.75 (3H singlet, C&O&), 4.30 (2H triplet J = 8 c/s, C&O), 
5-60 (1H quartet, J = 6 c/s, CH&u=), 5.70 and 6.25 (2 x 1H singlets, C&=), 6.9-7.7 (4H, MAr), 
9.5 ppm (lH, MN); mass spectrum (d) showed a mol. ion at 438 (50%) as well as m/e 421 (14), 
395 (24), 378 (34), 365 (lo), 351 (26), 335 (56), 323 (26), 319 (18). 309 (43), 236 (35), 194 (35), 183 
(19), 168 (64), 156 (42), 144 (21), 143 (22), 130 (30) and 71 (100). 

Action of zinc-hydrochloric acid on uspidodasycarpitre (XI) 

To the alkaloid (60 mg) in EtOH (2 ml) Zn dust (400 mg) and then cont. HCI (2 ml) were added 
and the mixture stirred at room temp for 5 min. The mixture was then filtered and the filtrate poured 
into water (20 ml), basified (NaOH), extracted with CHCI, and the residue purified by preparative 
TLC to give: compound A (I?, 0.03; 7 mg); &6x (CHC13 2.95, 5.75, 6.24 cc; ;Itir (EtOH) 300, 
246 rntc, A,,, (EtOHa.5 N HCl) 270, 253 rnp; compound B (& O-08; 3 mg); imax (CHCI,) 2.94, 
5.77, 6-24 p ; dmsx (EtOH) 298, 245 rnp, &,,ax (EtOH-O.5 N HCI) 272 rnp, i.lnH 250 rnp; and seco- 
aspidodasycarpine (R, 0.33 ; 5 mg). (Found : mol. wt. by mass spectrometry : 354; talc. for 
CtlH,dNtOS: mol. wt., 354); Lx (CHCI,) 2.9, 3.5, 5.85 p; Lx (EtOH) 291,283, 225 (3.79, 3.85, 
4*51), &,n 276 my (3-83); mass spectrum (d) showed a mol. ion at 354 (100%) as well as m/e 336 
(35), 324 (38), 323 (31), 309 (32), 269 (45), 255 (20). 194 (32), 187 (29), 186 (26), 183 (40), 169 (77), 
158 (50), 157 (54), 156 (80), 144 (44), 130 (54) and 108 (54). 

Tetrahydrusecoaspidodasycarpine-N-acetate 

The indole (XXX; 13 mg) was reduced in EtOH at room temp and atm. press. with H, over 
Pd-C (10%). The resulting glass was purified by preparative TLC to give the tetrahydrocompound 
(4 mg; R, O-7). (Found: mol. wt. by mass spectrometry: 400; talc. for CIIHI,NIOI: mol. wt., 
400); &la, (CHCI,) 2.95, 5.79, 6.15 p; Im,x (EtOH) 292, 282, 273, 224 rnp (3.59, 3.67, 3.67, 4.23); 
mass spectrum (d) showed a mol. ion at 400 (32%) as well as m/e 385 (41), 383 (18), 369 (27), 357 
(24). 355 (26), 339 (18), 327 (41), 313 (29), 295 (13), 240 (44), 225 (19), 198 (21), 175 (19), 156 (17), 
152 (33), 150 (19), 130 (19). 110 (100) and 108 (70). 

Conversion of picrallne (XXXIV) to N-hydroxymethyf desformoaqialwkzsycarpi~ (XXITI) 

A mixture of picraline (98 mg) and KBH, (2 g) in MeOH (20 ml) was heated under reflux for 
5 hr. The cooled solution was acidified with 2 N HCI and concentrated in VUCUO. The solution was 
made alkaline (NaOH) and extracted with ether. Removal of solvent gave a glass whose IR spectrum 



1734 J. A. JOULE, M. OHASHI, B. GIL.BERT and C. DJERASI 

and TLC mobility were identical with those of XXIV. Half of the material was dissolved in 1 ml 
MeGH and water (O-5 ml), KGH (80 mg) and 37 % aqueous for~l~hyde (2 drops) were added and 
allowed to stand for 3 hr to give 22 mg of ~-hy~oxy~thyl desformo~pid~y~i~ (XXIII) 
(m.p. 174-HO”, [ag8 -42” (c, 0.20)). which was identical by IR, UV, mixture m.p. and TLC mobility 
with the substance obtained from aspidodasycarpine (XI). The IR spectrum and TLC mobility of 
Nb-acetyl d~fo~o~pidod~y~p~e (XXI) prepared from the ~rohy~ide reduction product (XXVI) 
of picraline (XXXIV) by pyridine-acetic anhydride was also identical with XXIV derived from 
aspidodasycarpine (XI). 
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