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185. Total Synthesis of Indole and Dihydroindole Alkaloids. VII1) 2). 
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Summary. A synthesis of a variety 01 nine-mernbered ring intermediates in the cbavnmine- 
velbanamine serics is clescribcd. 1% formation of thc penultimate intennediate involvcs a 
fragmentation rextion in which the clcavaminc system is gonerated from an appropriate rigid 
pefitacyclic Iboga alkaloid derivative. Thus dihydrocatharanthinol tosyla te (VITI) on rcaction 
with triethylamino in refluxing bensenc undcrgocs fragrncntation to the 5, IS-seco-diene X. This 
lattcr substance is thcn elaborated in various ways to thc desired compounds. 

In  previous studics [3] wc were able to complete the total syntheses of a variety 
of Iboga alkaloids and their derivatives. The approach employed initially the syn- 
thesis of the appropriate nine-membered ring intermediates of the cleavamine family 
(for example, I, R = COOCH3) which, after transannular cyclization, convert to 
pentacyclic Iboga systcms (11, R = COOCH3). The cleavamine derivatives are further- 
more of yarticulhr interest in that they represent the indole portion of the bis indole- 
dihydroindol!: family of alkaloids cxemplified by vinblastine (111) [4] [5], viocristine 
(IV) 141 IS], 1,:urosidine (V) [6j and leurosine (VI) [7-91, the first two of which are 
clinically impottant anti-tumor agents. 

In order to provide the requircd indole units for thc laboratory synthesis of these 
medicinally important agents it was essential to develop a synthctic scheme which 
would allow functionalization of the 3,4-positions of the cleavamine system. Since 
thc previous investigations [3] did not provide a f ade  synthetic entry into such 
systems, a new pathway was requircd for such an objective. 

The approach selected for this purpose involved a fragrncntation reaction which, 
if successful, would generate the nine-membered ring system inherent in cleavamine 
as well as an cnamine group, the latter being useful for introduction of oxygen 
functionality at  the 3,4-positions. The dihydrocatharanthine system readily available 
from previous studies [3], possessed the essential stcric requirements Or a fragmenta- 
tion process (Scheme I) originally studied by Grob [lo] and subsequently applied in 
the alkaloid field [ll] [12] and it was selected for this study. Catharanthine (11, 
R = COOCH3, 3,4-double bond) was converted to dillydrocatharnnthine (11, R = 
COOCHa) by catalytic hydrogcnation. Lithium aluminum hydtidc reduction of this 
product gavc. dihydroc~~har~thinol  V11 [13], thc starting material for our sequence. 

1) 
9) Part BI s. [Z], 

For a preliminary report on a portion of this work sec [I.]. 
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Treatment of dihydrocatharanthinol with an excess of tosyl chloride in dry pyridine 
gave the desired tosylate (VIII). The instability associated with this derivntivc 
prevented complete characterization although thc spectral data taken on the crude 
material was in accord with the assigned structure. 

Scheme 1. Pvoposcd schsms fov ring opening of the dihydrocatharadhine system to the 5,l&-secv-dislze 

I 
VII, R = H 
VIII, R * Tos 

IX, R = M e s  
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Ring opening of thc tosylate occurrcd rapidly in a warm solution of benzene 
containing some triethylamine. The change of chromophore from indolc to a vinyl- 
indole system allowed this reaction to be convenicntly monitored by UV. spectro- 
scopy. Optimum results were obtained by kceping the solution at 70" for two hours 
under a dry nitrogen atmosphere. The 5,18-scco-dicne X was quite unstable in 
solution when exposed to air and a cateful isolation of the product was mandatory. 
Under optimum conditions the diene could be obtained crystalline and in 62% 
overall yield based on the starting dihyd~catharanthinol. 

Much of our earlier work in this seqiience was €rustrated by the apparently 
complex mixtures obtained from this reaction as evidenced by TLC. (both alumina 
and silica) on the crude product as well as a multitude of products obtained by 
column chromatography. It turned out, in fi~ct, that the 5,lB-seco-dienc once ob- 
tained crystalline and in purified form also gavc an extremely complex mixture 
during the investigation (about eight spots on both alumina and silica) and i t  bccame 
obvious at this point that the material was vcry unstablc to chromatographic proce- 
dures. 

An analytically pure sample, obtained by sublimation, m. p. 136-136.5" was 
exposed to a detailed spcctroscopic analysis. High resolution mass spectrometry 
gave the corrcct molrcular formula, C Z ~ H S ~ N ~ ,  for the  compound. The emmine sys- 
tem wm evident from IR. (3.657 c m J )  and NMR. cvidence (6 5.71) while exocyclic 
olefin was apparent as part of the vinyl-indole chromopliorc in the UV. (Amax 306 nrn), 
by the absorptions at 3408 and 880 cm-1 in the IR., and two singlets at 8 5.25 and 
5.11 in the NMR. spectrum. 

Reduction of this compound with sodium borohydride in mcthanol produced 
the expected exocyclic olcfin (XI). The NMR. of this matcrial still showed the protons 
attributed to the exocyclic okfinic protons as observed in the starting material but 
the single proton singlet attributed to the enaniinc system €lad disappeared. The UV. 
spectrum also showed the sarnc vinyl indole chromophore. Thc yicld in the overall 
sequence from dihydrocatharanthinol to the cxocyclic olelin XI was optimum (72%) 
when the intermediate sew-diene X was not isolatcd but immediately reduccd 
directly in the reaction mixture. 

Thc analogous reaction sequencc using the mesylate IX instcad of tosylate was 
also studied. The mesyIate of dihydrocathar~nthincll (IX) formed readily by reacting 
the starting material with methanesulfonyl chloride in pyridine at  0". This rnatcrial 
could be purified by chromatography although with considerable loss and thus the 
best yields were obtained by the use of the crudc material in the subsequent frag- 
mcntation reaction. Ring opening oE thc mcsylate in this casc was carried out using 
potassium t-butoxide in t-butyl alcohol. The intermediate diem was not isolated 
from this reaction mixture but borohydridc reduction of this mixture gave the 
exocyclic olefin XI identical to that from tlic tosylatc sequence but in much lower 
yields (20%). On this basis the tosylate dcrivativc 'was cmploycd for all subsequent 
studies. 

Thc. above investigations had now proviclcd, in  good yield, an enaminc grouping 
in the nine-membercd ring system of the cleavamine scries. It was now necessary to 
effect an isomcrizatioii of this doublc hotid to tlw C(3)-C(4) position. 
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Our iirst approach to this problcm was to attempt to dehydrogenate this tetra- 
liydropyridine system to either a diliydropyridine or the fully aromatic pyridinium 
salt. Selective reduction of either of these intermediates could provide an cntry t o  
the cleavamine system bearing a C(3)-C(4) double bond (sec XI +XI1 +XI11 +- XIV 
or XI -+ XI1 +- XIV). Although aromatication would be the driving forcc thcreby 

XI 

XI1 

x IV xlll 

favouring the formatim of the intcrmediate pyridinium salt XIII, an examination 
of the molecular models of this intermediate showed it to be scvercly strained and it 
was thought that dehydrogenation would not occur to this extent. However, the 
dihydropyridinium salt XI1 would bc expccted to form. Rcduction of such a system 
had been accomplished with sodium borohydride 1.141 and would lead to the desired 
diene system. 

Reaction of the ssco-diene X with 2,3-dichloro-5, B-dicyano-l,4-benzoquinone in 
benzene at room temperature led to the immediate Iormation of a dark green pre- 
cipitate. This material on reduction with sodium borohydride in metlianol led to a 
number of products, a major o m  being the cxocyclic olefin XI. The remaining pro- 
ducts showed indole absorption in the UV. spectra instead of the vinyl-indole system 
which was neceswry for OUT further studies. Dehydrogcnation of X with mercuric 
acetate led to a very complex mixture of products. Tlic UV. spectra. of fractions from 
the chromatography of this mixture also indicated an indole chrornophore. 

An examination ol the model of the desired diem product XIV indicated that it 
js more difficult for this structure than it is for the &fin XI, to exist in a conforma- 
tion which would allow the exocyclic double bond to be in the plane 01 the indolc 
system and hence in conjugation with it. Thus although the olefin XI exhibits the 
cliaracteristic vinylindole absorption, the diem which could COnCeiVdbly have the 
exocyclic double bond in a plane orthogonal to that of the indole moiety, might in 
such a case exhibit a simple indole absorption. [lS]. The multitude of products ob- 
tained from thc dehydrogenation rcactions could not therefore t)c ignored as being 
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undesired materials just because they exhibit a normal indole absorption in the UV. 
spectrum. 

From these initial expcrimcnts it becamc clear that isolation of the diene XIV in 
reasonable yield from this dehydrogenation-reduction approach might be difficult. 
It was thought that this task could be simplified considerably if this compound were 
obtained first uia a pathway starting with a model substance already containing the 
desired C(3)-C{4) double bond. If the modcl sequence could provide the diene, its 
stability, spectral properties and particularly procedures for its isolation could be 
studied. 

The model substance which appeared idcal for this study was the alkaloid, 
catharanthine. Ring opening of catharanthinol-0-tosylate (XVI) would give the 
same intermediate (XII) desired in thc dehydrogenation reaction. ICcduction of this 
compound would then give the diene XIV. 

XV, R = H  
XVI, R = To8 

XI1 

c 

x IV 

Catharanthinol (XV) obtained by lithium aluminum liydride reduction of 
catharanthine was tosylated in thc usual manner. This compound was subjected to 
conditions identical to those successfully employed in the case of dihydrocatharan- 
thinol-0-tosylate. Thc product obtained was not isolated but subjected immediately 
to sodium borohydride reduction. A comptcx mixture of products was obtained and 
all attempts to isolate these materials by chromatographic methods failed to provide 
any encouraging results. 

The above and ather studies not dctailed here discouraged further work in this 
direction and thus an alternate study to effect thc migration of the double bond in 
the diene system was initiated. Enamines arc subject to electrophilic substitution 
and addition reactions C1.61 and in this regard hydroboration [lrJ appeared the reac- 
tion of choice. The anticipated product (XVII) from dihorane addition to  diene X 
would be amenable to dehydration (XVIII) and the primary alcohol in the latter 
could be finally transformed to a carbometboxy function essential for subsequent 
studies. 
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In the course of this work and in subsequent hydroboration experiments, it was 
found that the tertiary nitrogen atom in these compounds could complex with thc 
diborane to form amine-borane adducts. These adducts were stable to chromato- 
graphic separation and could be isolated in this manner as crystalline material. 
Recognition of the amine-borane complexes is readily achieved by IR. spectroscopy 
(2200-2400 and 1150 cm-1) [IS]. A convcnient method to convert these complexes 
to the free bases involved reaction with triethylamine at reflux temperature. 

Hydroboration of X, and decomposition of tlie resultant amine-borane complexes 
thus formed, provided a product which revealed that addition to both double bonds 
had occurred. An indole UV. spectrum and the loss of both the enamine and cxo- 
cyclic rnethylene protons in the NMR. spectrum were noteworthy features while thc 
mass spectrum with a molecular ion at mle 312 instead of the expected value of 326 
gave a clear indication that the product was not the desired diol XVII. 

To establish the identity of this compound, tlie olefin XI was reacted with di- 
borane and after exchange of the aminc-borane complexes with triethyl amine, the 
crystalline product obtained was identical with that isolated from thc above study. 
Reduction of 18~-carbomethoxy-4~-dihydrocleavamine (XX) [14] with lithium 

XI 

>Cx&-?,.f *P -( 
CHZOH q l . -  XIX 

9% 
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aluminum hydride gave the samc alcohol and established beyond doubt that the 
structure of the alcohol obtained from both the diene X and the olefin XI was 1SP- 
hydroxymethyl-4/3-dihydrocleavnmine (XI X) . 

The above results rcvealed that reduction of the cnaminc system in X was oc- 
curring durhg the attempted hydrobaration. Further studies with varying amounts 
of dibotane were of no success and this approach was abandoned. 

Another addition reaction to the enarnine system in X involved the reaction of 
the latter with osmium tetroxidc under conditions which do not cifect the indolc 
system. This approach proved highly successful arid thc overall reaction is sum- 
marized in Scheme2. Thus thc tetrol XXI resulting from the osmylation of X would be 

Schcme 2. Synthesis ofisovelbanamint? (XXV) andcleavaminc (XXV1) fvom the diene (x) via osmium 
tctroxide oxidalim 

x - cqCJ.JOH -L 
X X I  

0 

XXlll XXll 

XXIV xxv 
I 

XXVl 
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expected to undergo selective reduction to the triol XXIJ and the latter, via periodate 
cleavage and reduction should provide thc diol XXIV. IIydrogcnolysis of the. 
‘benzylic’ alcohol in this compound would tlicn give XXV which should be either 
velbanaminc or its epimcr. I)ehydration of this compound would give cleavaniine 

The osmylation reaction was carried out at dry-ice acetone tcmperaturc using 
exactly two equivalents of osmium tetroxide in a tetrahydrofuran-pyridine solvent 
system. The major product obtained gave spectral indications of being tlie correct 
tetrol. The UV. spectruni showed a typical indolc absorption thereby cstablishing 
addition of osmium tctroxide to the exocyclic double bond of the vinyl indolc system. 
No molccular ion could be seen in the mass spectrum, the highest pcak appearing at 
wzle 342 (M - 18) and high resolution mass rneasuremcnt of this ion established the 
formula CaoH2,3N20s, corresponding not unexpectedly, to a loss of water from the 
required molecular formula CzoHzsNz04. Thc NMK. spectrurn of this compound was 
particularly instructive. A one-proton singlet at d 4.58 was in the expcctcd position 
for a hydroxy-amins proton. A somcwhat broadened singlet at B 3.04, integrating 
for two protons and which sharpened considerably on deuterium exchange, could bc 
assigned to the hydroxymethyl function. Ikuteriurn cxchange resulted in tlic loss of  
at least three protons, other than the indole N-H. Two of these hydroxyl protons 
tippeared as surprisingly sharp singlets a t  d 3.42 and d 2.49. 

It was expected that the hydroxyl group of thc hydroxyl-amine function in XXI 
would be readily removed with a metal hydride reducing agent. The tctrol wab, 
therefore, treated at room temperature with sodium borohydride in methanol. ’I’he 
resultant compound, formed in essentially quantitative yidd, had all the properties 
expected for the triol XXII. The mass spectrum gave a parent ion at m/e 344 and 
high resolution of this peak established the formula, C~oHzsNzOs. Onc of the jm- 
portant features of this spectrum is the fragment ion at nz/e 154. By analogy with 
the mass spectral work done on velbanamine, this ion can be considered to rcsult 
from tbc fragmentation shown in structure XXVII [41 151. It tIiereforc presented 
good evidence for the presence of an hydroxyl function in the piperidhe portion of 
the compound. Comparison of the NMK. spectrum of this compound with that of the 
tetrol showed the loss of the singlet attributed to thc hydroxyl-amine proton. 

(XXVI). 

XXVll 

Further reduction of the triol could be achieved when it was treated with lithium 
aluminum hydride in refluxing tetrahydrofuran. IJnder thcse conditions, the ‘ben- 
zylic’ hydroxyl a t  C(18) (see XXVIII) was lost.. Although this reaction was riot on 
the main synthetic pathway, the production of this diol was useful because its NMK. 
spectrum provided unambiguous evidence for thc osmylation of tile exocyclic olefin 
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portion of the starting dime. The NMR. spectrum of XXVIII possessed a quintuplet 
at 8 4.10 (J  = 5 Hz) and a doublet at 6 3.72 (J = 5 Hz), virtually idcntical to the 
multiplets observed for 18~-hydroxymethylclcav~nc (XVIII) and 18p-hydroxy- 
methyldihydrocleavamine (XIX). It was thus certain that the compound obtained 
from reduction of the triol XXII was represented by XXVIII. 

XXVlll 

For the purpose of completing the cleavamine and functionalized cleavarnine 
syntheses it was necessary to remove or alter the C(18)-hydroxyrnethyl function in 
the appropriate fashion. The first step in this process was the periodate cleavage of 
the vicinal diol portion of the triol. The best yield (about 60% based on triol con- 
sumed) was obtained when this reaction was carried out in  an acetone water solution 
at 04. The resultant product XXIII portrayed the spectroscopic features (Amax 317 
and 238 nm; 1615 cm-1) characteristic of a 2-acyl indole systems). In this instance 
no difficulty was encountered in obtaining the molecdar ion in the mass spectrum. 
The fragmentation pattcm analogous to that shown for the triol namely fissions a 
and a' (see XXIX) provide a prominent fragment at mle 154. The indole component 
corresponding to this fragmentation is seen at mle 157. The alternate fragmentations 
b, a' provide mle 143 and 144 while fission u, c produces the ion obscrved at m/e 130. 

0 

XXIX 

Reduction of the ketol to the diol XXIV could be readily achieved by the action 
of sodium borohyciridc in methanol at room temperature. On the basis of NMR. 
spectral data obtained for this compound, thc stereochemistry at C(18), one of the 
three asymmetric centers in this molccule could be assigned. Employing arguments 
already detailed in the accompanying publication [21 it was clear that the chemical 
shift observed for the C(18) proton in diol XXIV (6 5.72) is in accord with the 18p 
designation for the hydroxyl function and XXIV may be represented in conforma- 
tiond terms by XXX. The configuration at C(4) (R = OH, R" = CH2CH3; R' == OH) 
becomes available from subsequent studies (sec below). 

Conversion of the did to thc monohydroxy derivativc XXV could be achieved 
using conditions employed earlier by Dolby et d. [20]. The NMR. spectrum of 
the product showed that the peak assigncd to the C(18)-proton in the diol has 
moved considerably upfield to 13 3.44 and now appeared as a complex multiplet. The 
remaining OH is seen ;1s a broad, one-proton singlet at 6 1.23 which disappears on 
3) For a general rcview sm [19]. 
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deuterium exchange. High resolution mass analysis of the parent ion in the mass 
spectrum established a molecular comyositjon consistent with the assigned formula 
for the monohydroxy compound. This compound had to be either velbdnamine 
(XXX, R = H ;  R' = CHzCHs; R" = OH), the monomeric degradation product of 
vinblastinz and vincristine or the epimeric alcohol. 'TLC. comparison of our compound 
with an authentic sample of velbanarnine obtained by the established procedure 
from vinblastine [Zl], showed that these compounds were not the same. The mass 
spectrum of our compound, which has becn namcd isovclbanamine. was, howcver, 
virtually superimposablc with the spectrum obtained for velbanamine run under 
the same conditions and agreed also very well with thc published mass spectrum for 
velbanamine [22]. This result provided strong evidence for the fact that these com- 
pounds were epimcric and this situation was proved by thc next series of reactions. 

I t  was known that velbanamine undergocs some dchyrhtion to  give cleavamine 
(XXVI) undcr the acidic conditions used to cleave vinblastine 1'21.1. The acidic 
medium in this instance would favor an E(1)-elimination process which need not 
h a w  a particular stereochemical requirement and it wds therefore expected that 
isovelbanamine should dehydrate under the samc conditions as velbanamine. Indced 
treatment of isovclbanamine with concentrated sulfuric acid at  0" for 2 hours gave 
cleavamine as identified by a comparison with an authentic sample. Apart from 
establishing the structure of XXV, this rcactinn, in a formal sensc, also completes a 
total synthesis of cleavamine since thc starting material for this sequence, dihydro- 
catharanthinc, had already been synthesized in our laboratory [3]. Furthermore it 
was now possible to make absolute stereochemical assignments at all the chiral 
centers in the various compounds syntllcsized according to the pathway shown in 
Sckme 2. Thus the 4a-orientation of the hydroxyl group in isovelbanamine (XXV) 
neccssarily requires a similar orientation for tlic hydroxy-amine hydroxyl group in 
XXI in view of the well known cis-hydroxylation hy osmium tetroxide. The absolutc 
configuration at  C(2) in cleavamine and vclbanamine is known from two indcpendcnt 
X-ray analyses [23] [24] [5]. Therefore the assignmcnts shown for the various com- 
pounds are established in an absolute sense. 

It was now of interest to extend this sequence to the 18,9-carbomcthoxycleava- 
mine (XXXIV) series since the latter had alrcady been converted, by means of the 
transannular cycliaation reaction, to the alkaloid catharanthine (XXXV) [25]. 
Furthermore XXXIV would also provide a suitable intermediate for the C(3)-C(4) 
functionalized cleavamine derivatives required for the bisindole-indole dill ydroindole 
alkaloids (111-VI),. The approach employed was a dixcct adaption of the chemistry 
developed previously for the introduction of a C(18) carbomethoxy group into the 
dihydrocleavamine series [3]. A summary of the reactions is provided in Scheme 3. 

106 
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Scheme 3. Convevsion of cleauamine (XXVX) to calhavanfhire (XXXV) 

Cl 

XXVI w< . (4 

XXXI 

XXXlll XMll 

1 

Oxidation of XXVI with t-butyl hypochloritc was carried out at -115' to form 
the chloroindolenine XXXI. The latter, without isolation, was treated immediately 
with fused sodium acetate in a solution of glacial acetic acid and acetic anhydride 
to form the quaternary salt XXXII. Rigorous precautions were takcn to exclude 
water in the system during the preparation of the salt and the subsequent nitrile 
introduction. The very polar nature of the quatcrnary salt made it difficult to work 
with this material and it was found convenient to immediately treat the salt with a 
large excess of potassium cyanide in refluxing dimethyl formamide. The desired 
18~-cyanocleavamine XXXIII exhibited the expected spectral properties. In 
particular, the characteristic nitrile absorption was observed in tlie IR. (2240 cm-1) 
while high resolution mass spectrometry established the correct molecular composi- 
tion, The NMR. spectrum of this compound showed a one-proton doublet of doublets 
at B 5.52 (J = 2 and 10 Hz). This multiplet corrcsponded very closely to one observed 
in the spectrum of 18~-cyano-4~-dihydrocleavaminc (6 5.45, J = 2 and 10 Hz) [33 
and was assigned to the C(l8)-proton. AIkaline hydrolysis of XXXIII followed by 
esterification with diazomethane provided 18p-carbomethoxycleavamine (XXXIV) 
identified by comparison with an authentic sample. 

The indole unit obtained from the cleavage of vinblastine (111) and vincristine 
(IV) c4-J [S] is velbanamine (XXXVI) and it was now clearly of interest to extend the 
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HO 

xx XVI 

above studies to this system. It was obvious from tlic above-mentioned conversion of 
isovelbanamine (XXV) to cleavamine that acidic nicdia which promote carbonium 
ion formation at C(4) provide an olefinic product through subsequent loss of proton 
from C(3). We thus turned our attcntion to SNZ type reactions even though a tertiary 
centre is not normally prone to such situations. Our first experiment involved the 
use of concentrated sodium hydroxide in a water dimethyl sulfvxide solution. 
Dimethyl sulfoxide wils used because it is known to grcatly enhance the activity of 
anions and thus is an excellent solvent for nucleopliilic displacement reactions [26]. 
The driving force for the reaction would bc the attainment of a more stable isomer; 
isovelbanamine has the ethyl substituent in an axial position when the piperidine 
ring is in a chair conformation, whereas vclbanarnine has the ethyl group in an 
equatorial position and also the hydroxyl function in the @-axial position is favourably 
oriented for hydrogen bonding with the tcrtiary nitrogen atom (scc XXXVI). How- 
ever, the experiment under a variety of conditions, failed to produce any velbanamine 
as evidenced by TLC. 

In another series of investigations tlic use of boron-influoride ctherate was 
employed under conditions described for cleavage of stcroidal ethers [27]. Treatment 
of isovclbanamine under the prescribed conditions led to the disappearancc of 
starting material as evidenced by TLC. and onc major product resulted. Treatment 
of this product (thought to be an acetate) with lithium aluminum hydride gave, 
however, isovelbanaminc as a major product and 11o velbanamine. 

These preliminary expriments tended to suggest that s N 2  type displacement 
was unlikely to occur in the desired fashion and we initiated an examination of the 
alternate approach, that is, reaction Conditions wliich would be expectcd to generate 
carbonium ion intermediates. Under the conditions for the conversion of isovelban- 
sminc to cleavamine (concentrated sulfuric acid at 0' for 2 hours), the carbonium 
ion rapidly loses a proton to provide the olefinic system. \Vc obviously rcquire in the 
present study non-dehydrating conditions such that tlic reaction at the carbaniurn 
ion centre would instead be nucleophilic at tack. We thus treated isovelbanaminc 
with dilute aqueous acid at 0" up to three days and found under tliese conditions, 
the compound underwent no change. Also at room temperature no change was 
obscrved. However, refluxing this same solution, wc obtain, after four hours the 
first indication on TLC. of thc presence of some velbanamine. The proportion of 
velbanaminc increased with time and the rcaction was allowed to continue for two 
days. The resultant product mixture, aftcr chromatographic purification, was sl~own 
to contain velbanamine and unreacted isovelbanarnine as major components. The 
synthetic velbanamine thus obtained was identical (mixed rn. p., TLC. and IR.) with 
an authentic sample4). 
4, We are grateful to Ur. N. News,  Lilly Research I-alsoratorics, Indianapolis, Indiana, for 
-__.-_- 

providing a sample of this substance, 
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In summary, the above studies have demonstrated that the fragmentation of 
dihydrocatharanthinol tosylate provides an intermediate which a n  be elaborated in 
a variety of compounds in thc cleavarnine-vclbanamine series. 

Experimental Part 
All dotails concerning spectral measuremcnt, chromatographic separations, &c. are described 

in the accompanying publication [2]. 
~ihydrocatharan6hinoZ O-p-toZueneswZjonate (VI11). Dihydrocatharanthinol 1131 (1.58 g) was 

dissolved in dry pyricline (30 ml) and p-toluencsulfonyl chlciride (4.7 g) was acldod to this solution. 
The reaction was allowed to procecd for 10 h a t  room temperature (RT.). The reaction mixturc 
was then cooled to O0, ice-cold methylenc chloride (50 ml) was *added and this solution was washud 
with 3% sodium hydrogcn carbonate solution (3 x 50 ml), kecping the solution a t  0" a t  all timcs. 
The methylenc chloridc/pyridinc solution was thcn taken to dryness using first watmpump 
pressure and finally high vacuum. Again the solution had to be kept below 0" throughout this 
procedure. The resulting red gum still containing traces of pyridinc, was dissolved in dry bcnzane 
(5 ml) and lcft to crystallize ovcrnight in the rchigcrator. The crude tosylate was filtered off to 
givc 1.64 g of light hrown crystallinc material Thc mother liquors were taken up in bcnzenc 
(10 ml) and freeze-dried to  give a furthcr 0.65 g of substantially pure tosylate as a reddish amorph- 
ous powder. Attempts to recrystallize the crystalline material tailed and generally led to ~CSS pure 
tosylate bccausG of decomposition in soluticin. Thc crystalline material gave tho following data : 
TR. (KBr): 1355 cm-1 and 1173 cm-l. - UV.: 292, 28.5, 276 (sh) om. 

5,78-scco-Diene X. Dihydrocatharanthinol 0-tosylatc (400 mgs; 0.86 mmol) was dissolved in a 
solution of dry benzcne (15 ml) and triethylamine (0.24 ml; 1.73 mmol). This solution was stirrcd 
under a nitrogen atrnospherc for 2 €1 at 70" to cffect the displncemcnt. The solution was thcn 
cooled to RT. and was filtcred vafdly through a very short alumina (basic, Woelm 111) column 
using pressure. A further portion of bcnzenc (100 ml) was used t o  wash thc column. The combined 
solutions on removal of solvent undcr reduced pressure gave a light yellow gum which crystallized 
on standing to give virtually pure product (155 mg, m.p. 129-135"). This matcrid could be 
recrystallized from cold benzcne, m.p. 130-132". Sublimation gave an analytically pure sample, 
m.p. 136-136.5'. - IR. (KBr) : 3445 car-1 (indob N.-.-H), 1657 cm-1 (C=C. enaminc). 1408, 880 
(exocyclic mcthylcne). - UV. : 306 (4.16), 235 (sh, 4.34), 340 (sh, 3.40) nm. - NMR. : 0.95 (t, 3 H, 
-CH&Hs); 5.11 (s, 1 H, KSC-CHS); 5.25 (s, 1 13, R&=CHs); 5.71 (br. S, 1 H, HaN-CH=CRZ); 
7-7.5 (diffuse, 4 H, aromatic); 7.95 (br. s, 1 H, N-El). - MS.: 292, 185, 168, 135, 122. 121, 107. 
&id.-Wt.: 292.191. 

cgoH&INg (292.194) Calc. C 82.19 H 8.22 N 9.59%; Found C 82.26 H 8.27 N 9.72%. 
78-Methyli~ene-4~-dahydrocleava~~ne (XI) ; corrcevted sequence f r m  dilrydvocalharanth~no~ 

0-tosykute. Dihydrocatharanthinol O-$-tohencsulfonate (400 mg, 0.86 mmol) was dissolved in B 

solution of dry bcnzenc (15 ml) and triethylamine (0.24 ml, 1.73 mmtd). This solution was stirred 
under a nitrogen for 2 h at 7U0 to cffect the displacement. Solvent was rcmovcd under rcduccd 
pressure and thc brown residue dissolvcd in methanol. Sodium borohydride (200 mg) was addcd 
immediately and thc reaction mixturc stirred for 0.5 h alter which, the cffervcscence had ceased. 
The solvent was rcmovcd m d  the rcsidue was partitioned bctwecn dich1ororncthane (100 ml) and 
water (100 ml). The aqucous layer was extracted with additional dichloromdbane (2 x 50 ml) and 
the combined organic cxtract was dried over anhydrous sodium sulfate and the solvent wag 
removed to give a yellow gum. This matcrial was chromattographcd on alumina (100 g). Benzene 
elution gave the desired 18-msthylidcne-4~-dihydrocleavat~iine (182 me) ; crystallized from 
mcthanollwater, m.p. 90-94". - UV.: 306 (3.97). 315 (sh, 3.92), 218 (4.16) nm. - NMK.: 0.87 
(t, 3 H, -Cf.I+.Xs) ; 5.07 usd 5.21 (2 s, 1 H, each, C==CH2) ; 7.0-7.5 (diffuse. 4 H, aromatic) ; 
8.10 (br. s, 1 H, N-H). - MS.: 294, 292, 207, 139, 124. Mo1.-Wt.: 294.209 

GOHNNS Cdc. C81.58 H8.90 N9.52% 
(294,209) Found ,, 81.48 ,, 8.79 ,, 9.50% 

Dihydrocathavanthinol 0-melhanesulfonote (IX) . Dihydrocatharmthinol (I .O g) was dissolved 
in dry pyridinc (lo rnl) and to this solution cooled to - !iU was addcd Ircshly distilled methane 
sulfonyl chloride (6 ml). The rcsulting red solution was stirrcd at 0' for 20 h. Ice-cold chloroform 
(100 d) was then added to the reaction mixture and thc resulting solution extracted with water 
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(3 x 50 ml), The cold chloroform solution was dricd over anhydrous sodium sulfate and concentrated 
under reduced pressure to  provide a red guoi. Hapid percolation o f  this inatcrial using dichloro- 
methanc as clucnt, through alumina (IV, 30 g) removed most of the w r y  polar material and gavc 
the crude mctlianesulfonatc ester as a ycllow oil, Chromatography on alumina (Iv, neutral, 60 g) 
yieldcd non-polar impurities (15 ing) in the Iienzene fractions followed by the desired dihydro- 
catharanthinol 0-mcthanesulfonate as a yellow unstable foam (UV. : 276, 283, 292 nm). Thc 
incthanesulfonate was unstable and was uscd immediately in the subscqucnt elimination reaction 
ns described below. 

18-iMethyladene-4~-dihydrocleavamine (XI) from dihydrocatharandhinol-O-m.ethanesulfonut~ (Ix) . 
A solution of potassium t-butoxide was prcparcd by dissolving clean potassium (1.2 g) in refluxing 
t-butyl alcohol (50 ml, freshly distilled from sodium), 13il~yclroc~tlinranthinol-O-methanesulionate 
(350 mg) was dissolved in this solution and the resulting solution rcfluxed under a nitrogen atnios- 
phcre for 50 rnin. The UV. spectrum of this solution showed a maximum a t  304 nm with no 
indole absorption evident. This solution was made just acidic with glacial acetic acid ( 2  1111) and 
an excess of sodium borohydride (600 mg) wds addcd. This solution was refluxed for 3 h. Solvent 
was removed under reduced pressure, the residue was dissvlvcd in cold water (100 ml) and this 
mixture was extracted with dichloromethane (3  x SO ml). The ctinibined organic extracts were 
dried over anhydrous potassium carbonate and conccnti-atctl l o  givc a yellow gum (170 mg) which 
was chromatographed on alumina (IV, ncutral, 6 g) using benzene as clucnt. The early fractions 
gave thc pure cxocyclic olcfin XI as a colourless glass (29 mg). This material had identical TIC. 
and spectral properties to the cxocyclic olcfin obtaincd frrim the reduction o€ 5,18-sew-diem X. 

78-Methyl~dene-4~-dihydroc~eavrcmine (XI) : concarled sequence from dihydrocath,uranthinol via 
methanesulJonate ester. 1)ihydrocatharanthinol (1 g) in anhytlrous pyridinc (9 nil) was treated at 
- 5" with mcthanesulfonyl chloride (3 ml). 'rhc rcsulting rcd solution was kept at 0" for 3 h. The 
mixture was poured into icc-cold dichloromethanc (75 rnl) and extracted with water (2  x 50 111). 
The organic phasc was Concentrated to a red crystallinc paste. This material was pcrcolatctl 
rapidly through alumina (IV, neutral, 30 g)  using dichlororncthnne and the solution on removal 
of solvent gave a yellow gum. This gum was tlissolvctl in a solution 01 potassium t-butoxide in 
t-butyl alcohol (3.5 6 of potassium in 200 nil dry butyl alculiol) and refluxed for 20 min. Solvcnt 
was removed under rcduced pressure and the resitluc partitioned bctwecn ether and water. The 
ether extract was dricd over anhydrous sodium sulfate and concentratcd. The resulting yellow 
oil was thcn dissolved in 2-propanol (70 nil) ant1 acetic, acid (1 rnl) and excess sodium horohytlride 
(2 g) was addcd. When the cffervesccncc had suhsidctl, solvcnt wasrcmoved, the residuc Imrtitioned 
lietwecn ether and watcr and the organic layer, altcr drying, concentrated to a yellow gum. This 
material was chromatographed on alumina (50 g),  The carly benzene fractions gave pure exocyclic 
olefin (XI) (180 nip) identical on TLC. and NMR. with the niatcrial obtained from the reduction 
of 5,18-seco-dicne X. 

78b- Hydroxymcthylcleavalnine (XVIlI). 18B-Carboniethoxyclenvamine (100 mg) was dissolved 
in dry tetrahydrofuran and lithium aluniinu~n hydride (50 nig) was added. This mixture was 
refluxcd for 2 h under nitrogen. The reaction product was cooled in an ice-bath and saturated 
sodium sulfntc solution (10 nil) was addcd dropwise. Watcr (50 1111) was then added and the mixture 
cxtracted with dichloromethane (4 x 25 ml). Tlic combincd organic extracts were dried ovcr 
anhydrous sodium sulfatc and the solvent was removcd. The product obtained gave the following 
data: IR. (CHCla): 3450 cni-1 (0-H), 1030 c n - 1  (C--0). . -  NMR.: 1.02 (t, 3 H, --CH,CII,): 
3.68 (d, 2 H, CH-CH20H); 4.26 (9, 1 H, II-C(l8));  5 .34 (poorly defined m, 1 H, C=CH-); 
7.0-7.5 (diffuse, 4 H, aromatic); 8.50 (br. 5 ,  1 H, N-11). - MS.: 310, 187, 136, 135, 324. 

c ~ ~ H ~ ~ N ~ o  C ~ I C .  c 77.38 H 8.44 o 5.15 N 9 . 0 3 ~ ~  
(310.441) Found ,, 77.18 ,, 8.72 ,, 5.01 ,, 8.97% 

l ~ ~ - H y d r o x y m e f h y l - 4 ~ - d a h y d ~ o c l e ~ u a ~ ~ ~ i e  (XIX) from the hydrobovution of the 5,Ib-seco-diene X. 
Thc 5,18-seco-diene X was prepared Erom dihydrocatl~araiil-hinol 0-tosylate (300 mg) and was 
used as the crude reaction product. Aftcr prcparation, it was ittimediately dissolvctl in a diburane- 
tetrahydrofuran solution (diborane produced from sodium horohydride (200 mg) and boron- 
trifluoride ctherate (1 ml) in diglyrne (25 ml) and passctl into tctrahydrofuran (25 mi)). Thjs 
solution was stirred for 1 h at RT. Aqueous potassiunl hydroxide solution ( 2 ~ )  was added until 
the cffervescence had ceased and then hydrogen peroxidc (0.5 ml, 300/,) was added. Thc solution 
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was stirred for 10 min and was then partitioned between dichloromethane (100 ml) and water 
(100 ml). Further extraction with dichloromethane [Z x 50 ml) and removal of solvcnt from the 
combined organic extracts gave the crudc product as a yellow gum. This matcrial was chromato- 
graphed on alumina (20 g). Elution with benzenelethyl acctate 8: 2 gave the lcss polar dcccmpwi- 
tion products in the first thrce fractions. The following ten fractions contained a mixture of the 
alcohol- and the amine-boranes of the alcohol. These combined fractions (85 mg) wcre dissolved 
in a solution of tctrahydrofuran (25 ml) and triethylarnine (1 ml) and rcfluxed under nitrogcn 
for 2 h. Tho solvent was rcmoved under reduced prcssure and the crude product chromatographed 
using alumina (111, 10 g). Elution with bmzene/cthylacctato 8: 2 gave 18p-hydroxymethyl-4fl- 
dihydrocleavarnine (47 mg) which crystallized from methanol/water. Sublimed samplc m.p., 
146.5-147.5". - 1R. (KBr): 3510 cm-1 (N-N), 3300 cm-1 (0-H), 1045 cm-1 (GO). - UV.: 293 
(3.76), 285 (3.84). 275 (sh, 3.72). 221 (4.44) nm. - NMR.: 0.84 (t, 3 H, -CH&Ha); 3.73 (d,  2 31, 
CH-CHzOH); 4.16 (qi, 1 H, H-C(18)); 7.0-7.5 (diffuse, 4 H, aromatic); 8.46 (br. s, 1 H, NH). - 
MS.: 312, 207,138,124. 

CrH~eNp0 Cdc. C 76.91 H8.98 N 8.98 0 5.13% 
(312.457) Found ,, 77.17 ,, 8.88 ,, 8.79 ,, 5.12% 

18~-Hydvoxymt thyG4~~~hyd~oc~eavaminc  (XIX), from hydrobaration of 18-rnethylidsne-4P-di- 
hydrockauamim (XI). Dihydrocatharanthinol (200 mg) was converted to 18-methylidene-4/?- 
dihydrocleavaminc using the procedure already outlincd. Thc crudc product was dissolved in 
anhydrous tetrahydrofuran (25 ml) and the solution was cooled to On. Diborane in tetrahydrofuran 
(3.0 ml, 2.0~) was added over a 1 h period. The reaction mixture was then allowed to  come to RT. 
and stirrcd for an additional 0.5 h. The cxccss diboranc and solvent were removed in vacuo. The 
residue was taken up in tetrahydrofuran (50 mi), aqueous sodium hydroxide (10 drops, 3 ~ )  was 
added followcd by hydrogen peroxidc (0.10 mi, 30%) and tho resulting solution stirred for 15 min. 
The reaction mixturc was partitioned bctwcen water (150 ml) and dichloromethane (100 ml). 
Further extraction with dichloromethane (2 x 50 ml) and removal of solvent from the combined 
organic extracts gave the crude product as a yellow gum. This material was chromatographed 
on alumina (70 g) using ethyl acetate as eluting solvent. The main products werc: the desired 
18j3-hydmxymethyl-4~-dihydrocleavamine (XlX) (22 me), identical with the matcrial obtained 
from hydroboration of 5, IS-scco-dienc; amino-boranc, A, (Rf 0.7, alumina TLC., ethyl acetate 
elution, 61 mg) and a second amine-borane, B. (Rf 0.6, 14 ma). 

Amine-borane A was dissolved in anhydrous tctrahyclrofuran (10 ml) containing triethyl- 
amine (0.1 ml) and the solution refluxed for 2 h undcr nitrogen. Pure lS/?-hydroxymethy1-4fl- 
dihydrodeavamine was obtained on taking the reaction solution to dryness and crystallizing the 
residue from methanol/water. 

Amine-boranc B was dissolved in anhydrous tetrahydrofuran (2 ml) containing triethylarninc 
(0.05 ml) and the solution was refluxed for 2 h unclcr nitrogcn. A mixture of starting amine- 
borane B and the alcohol was obtained. Scparation by  preparativc layer chromatography gave 
pure 18~-hydroxymethyl-4~-dihydrocleavamine. 

78~-Hydroxymethyt-4~-dilrydrocteav~mine (XIX) from reduction of 188-carbo~fhoxy-4~-di- 
hydroclsavamine. 18~-Carbomethoxy4~-dihydrocleavamine (100 mg) was added to a solution of 
lithium aluminum hydridc (70 mg) in tetrahydrofuran (15 ml) and thc reaction mixture was 
refluxed for 2 h. The mixture was cooled in an ice bath and saturated aqueous sodium sulfate 
solution (0.5 ml) was added dropwise. Water (100 ml) was then addcd and this mixture was 
extracted with dichloromethanc (5 x 25 ml). Thc combincd extract was dricd over anhydrous 
sodium sulfatc and the solvent was removed under reduced prcssurc. The slightly yellow gum 
could be crystallized from methanol/watcr (64 mg. m.p. 140-144"). Sublimation gave a white 
crystalline sample, m.p. 146.5-147.5O idcntical to the matcrial obtained from the hydroboration 
of both 5,18-scco-diene and 18-mcthylidenc-4pl-dihydroclcavan~inc. 

Tetrol XXI. Pure 5.18-seco-dienc X (300 mg) was dissolved in a solution of anhydrous tetra- 
hydrofuran (18 ml) and dry pyridine (1.8 ml), The reaction was carried out in a long-neckerl 
flask and this flask conhining the solution was immerscd in a dry ice-acetone bath such that 
3 or 4 inches of the ncck of tho flask was also immerscd. A solution of osmium tctroxide (522 mg) 
in anhydrous tetrahydrofuran (5 ml) was then added dropwkc ovcr a 1 h period and in such a 
maflner that it ran down the cooled neck of the flask. In  this way it was assurcd that the osmic 
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acid solution was cooled to the bath temperature when it reached the reaction mixture. Care wa3 
taken to keep the system dosed to the atmosphere while adding thc osmic acid solution to prevent 
condensation of water into t h e  reaction solution. The reaction mixture was stirred for additional 
6 h and was then allowed to comc to RT. over a '/a h period. It was then poured into a solution 
of ethanol/dichloromethane 1 : 1 (50 ml) and hydrogen sulfidc was bubbled through this solution 
with rapid stirring for 10 min. This mixture was filtered through cclite and the black residue wag 
washed with an additional amount of ethanol/dichloromcthane 1:l (100 ml). The residue was 
then suspended in triethylamine (20 ml) and stirred for about 15 h. This mixture was filtercd 
and washcd as before. The combined filtrate was taken to dryness and chromatographed on 
alumina (50 9). Dichloromethane/methanol 99: 1 eluted the dcsired tetrol XXI which crystallized 
on taking the eluent to dryness (187 mg). This material recrystallizcd from methanol/water; 
m.p. 120-123". - TR. (nujol): 3360, 3510 (sh), 3350 cm-1 (011 and NH). - UV.: 293 (3.85), 285 
(3.89). 275 (3.82). 228 (4.52) nm. - NMR.: 1.04 ( t ,  3 11, -CHzCHa) : 3.64 (br. s, sharpened on DaO 
cxchange, 2 H, --CHOOH); 4.58 (br. 6 ,  1 €I, >N-GHOH) ; 7.0-7.6 (diffuse, 4 H. aromatic) ; 8.16 
(br. s, 1 W, N-H). - MS.: 342, 311, 143, 91, no parent ion was observed in this case. High 
resolution mass spectromctry was performed on the M+ - 18 peak. Mo1.-Wt.: 342.192. (Calc. for 
CwHmNaOs: 342.194). 

C$&z8&,04 Cdc. C66.64 H 7.83 017.16 N7.7794 
(360.455) Found ,, 66.42 ,, 7.80 ,, 17.51. ,, 7.82% 

Trio2 XXII. Thc tetrol XXI (330 mg) was dissolved in mcthanol (50 ml) and sodium boro- 
hydride (200 rag) was added. The solution was stirred at RT. for 1 h. The solvent was removed 
and the residue was partitioned between dichloromethane (100 ml) and water (100 ml). The 
aqueous phase was extractcd with an additional quantity of dichloromethane (2 x 50 ml) and the 
combined extract, after drying over anhydrous sodium sulfate, was removed free of solvent. The 
rcsiduc crystallized on trituration with methanol to give pure trio1 XXII (325 mg). This material 
could be recrystallized from methanol/water; m.p. 230-235O (decornp.). - IR. (nujol) : 3540, 3430 
and 3200 cm-1 (0-H and N-H). - UV. : 293 (3.87), 285 (3.91), 277 (sh, 3-87), 227 (4.53) nm. - 
NMR.: 0.90 (6 3 H, -CHIC&): 3.78 (s, 2 11, --CHaOII): 7.0-7.5 (diffuse, 4 H, aromatic); 8.52 
(br. s, 1 H. N-H) ; 9.71 (br. s, lost on dcuterium exchange, 1 H, 0-H). - MS.: 344,326, 154,95, 

CmHssNeOa Calc. C69.74 H8.19 013.94 N8.13% 
(344.206) Found ,, 69.42 ,, 8.00 ,, 13.71 ,, 7.99% 

Hydro-kstone XXIII, The triol XXIT (150 mg) was dissolved in acetone (15 ml), and after 
dissolution, water (5 ml) was added. This solution was cooled in an ice-water bath and to it was 
added dropwise an aqueous solution of sodium periodatc (90 mg in 10 ml). The solution was 
stirred for 1.5 h at 0'. The reaction solution was then poured into ice-water (70 ml) and extracted 
with dichloromethanc (3x50 ml). The combined extracts were dried over anhydrous aodium 
sulfate and then the solvent was removed to give a yellow gum. This material was chromato- 
graphed on alumina (20 g) ; dichloromethane/inethanol 99: 1 elution brought down the desired 
hydroxy-ketone XXIII (75 mg). Further elution using dichloromethane/methanol98: 2 gave some 
of the starting triol (15 me). The hydroxy-kctonc could be crystallized from methanol/water to 
give yellow plates; m.p; 105-109" (dec.). - IR. (nujol): 3430 (N-H), 3100 (0-H), 1615 cm-1 
(c-0). - UV.: 317 (4.25). 238 (4.16) nm. - NMII.: 0.97 ( iB 3 H, --CHaCHa); 2.18 (br. s. lost on 
deuterium exchange, 1 W, 0-H); 7.0-7.6 (diffusc, 4 H, aromatic); 9.27 (br. s, 1 H, N-H). - 

CioHwNaOa Calc. C73.04 H7.74 010.24 N8.97% 
(312.184) Found ,, 72.81 ,, 7.52 ,, 10.24 ,, 8.81% 

D i d  XXIV. The hydroxy-keton XXIII (93 mg) was dissolved in methanol (20 ml) and the 
solution cooled in an ico-bath. Sodium borohydride (100 mg) was added; the reaction mixture 
was allowed to  wme to RT. and was then stirred for 2 h. The solution was taken to dryness and 
partitioned between dichloromethane (50 ml) and water (50 ml). Thc aqueous phase m further 
extracted with dichloromethane and then the combined organic extracts, after drying over 
anhydrous sodium sulfate, was taken to  dryness. The product crystallized readily from dichloro- 
methane to  give the pure diol XXIV (86 mg) m.p. 195-2OOp (dec.). -1R. (nujol) : 3250 and 3360 cm-1 
(sh) (&H and N-H). - UV.: 294 (3.83), 286 (3.86), 279 (sh, 3.82), 227 (4.50) nm. - NMR.: 

92, 91. Mol.-Wt.: 344.210. 

MS.: 312, 154, 144, 143, 140. MoL-Wt.: 312.183. 
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0.92 (t, 3 H, 4HzCHa); 5.72 ( d x d ,  J = 2, 10, 1 H, H-C(18)); 7.k7.5 (diffusc, 4 H, aromatic): 
8.38 (br. s, 1 H, NH). - MS. : 314, 173, 154, 144, 142, 140, 130, 124. Mo1.-Wt.: 314.199. 

ClsH&2Oa cak. C 72.58 H 8.34 0 10.18 N 8.91% 
(314.199) Found ,, 72.25 ,, 8.16 ,, 10.01 ,, 8.90% 

Isovelbanaminc (XXV). Thc diol XXIV (100 mg) was dissolved in anhydrous N-methyl- 
morpholinc (20 ml), lithium aluminum hydride (100 mg) was added and the resulting mixture was 
refluxed for 10 h. After this time, it was cooled in an ice-bath and a saturated aqueous sodium 
sulfate solution (0.5 ml) was addcd dropwisc. Water (60 ml) was adclcd to this rnixturc and this 
was thcn extractcd with ethyl acetatc (5 x 20 ml). The combincd extracts were taken to dryness 
and the residue chromatographcd on alumina (10 g). Dichloromethane clution gavc isovclban- 
aminc (XXV) which crystallizcd from this solvent (42 ma), m.p. 190-194O. - IR. (nujol): 3250 
(0-€I), 3500 cm-l (N--H). - IJV.: 293 (3.88), 286 (3.90), 276 (sh, 3.82), 229 (4.54) nm. - NMR.: 
0.87 (1, 3 H, --CHeCHa) : 1.23 (br. s, disappcars on deutcriuni exchange, 1 H, 0-H) ; 3.44 (complex 
m. 1 H, H-C(18)); 7.0-7.5 (diffuse, 4 H, aromatic): 7.74 (br. s, 1 H, N-H)* - MS.: 298, 154. 
Mole-Wt. : 298.205. 

CigHeeNzO Calc. C 76.47 11 8.78 0 5.36 N 5.39% 
(298.205) Found ,, 76.31 ,, 8.70 ,, 5.21 ,, 9.42% 

Ch-auamine (xxvr) via dehydvaliorc of isouelbanamirce (XXV). Conc. sulfuric acid (0.5 ml, 36N) 
was cooled in an ice-water bath and t n  this cold acid was addcd isovelbanaminc (XXV) (10 mg). 
The compound dissolved slowly and the resulting solution was stirrcd undcr a dry nitrogen atmos- 
pherc for 2 h. This solution was then added dropwise to an ice-cold ammonium hydroxide solution 
(10 ml. ZN) and thc resulting suspension was cxtractcd with dichloromethane (3% 5 ml). The 
combined extracts were filtered rapidly through alumina (1 g) and the eluted materialconcentratcd 
to give a palc yellow gum (9 mg). This material was chromatographcd on alumina (1 g) eluting 
with benzene to give thc desired clcavamine contaminated with some slightly more polar matcrial. 
Rechromatography on alumina (1 g) eluting with petrolcum ether/hcnzenc 1 : 1 gave pure claav- 
aminc which crystallizcd from methanol (2.6 mg). m.p. 117-119". This matcrial had TLC. proper- 
ties identical to an authentic sample of cleavamine [13] [ZSl and thc IR. spectrum (nujol) was 
superimpsable to  that of the authentic sample. 

18/3-Cyanocleavamine (XXXl 11). A solution 01 clcavamine (250 mg) in dichloromcthane 
(30 ml) and tricthylamine (0.15 ml) was coolcd in an ice-acetonc bath and to it was added dropwise 
a solution of t-butyl hypochlorite in carbon tctrachloride (48 ml of 0.38~). over the period of 1 h. 
This reaction solution was then taken to dryness and thc residue dissolved in a solution of fused 
sodium acetate (250 mg) in glacial acetic acid (22.5 ml) and acetic anhydride (2.5 mi). This solution 
was stirrcd at RT. for 1 h and then for 2 h at 60°. The solvcnt was removed under vacuum and the 
rcsidue dissolved in ethanol and passed rafiidly through a short column of alumina (20 g as a 1* 
column). The eluted matcrial on removd of solvent gave thc crude quaternary ammonium salt 
XXXII as a pale yellow foam. This crude material was dried for 3 h under high vacuum at about 
70°. Potassium cyanide (250 mg) dried in a similar manncr was added to this residue and dimcthyl- 
formamide (15 ml) was distillcd from over barium oxide into thc reaction flask. This rcaction 
mixture was refluxed under a nitrogen atmosphere for la/, h. The solvent was removed under 
reduced prcssure and thc residue obtained was chromatogaphed using alumina ( Woelm, activity 
111, 15 g). Benzene elution gave the desired product, lS~-cyanocleavamine (XXXI 11). which 
crystallized readily from methanol/water (81.3 mg) ; m.p. 87-90'. - IR. (nujol) : 2240 cm-1 (CEN).- 
UV.: 293 (3.89), 284 (3.96), 277 (3.93), 225 (4.57) nm. - NMR.: 1.04 (t, 3 H, 2,tIaCHs); 5.26 
(poorly dcfined d,  1 H, CZi=Ct) ;  5.52 ( d x  d,  J = 2 and 10, 1 H, HA(18) )  ; 7.0 -7.5 (diffusc, 4 H. 
aromatic); 8.40 (br. s, 1 H, N-H). - MS.: 305, 136, 124. Mo1.-Wt.: 305.187. 
C&eaNs (305.189) Cnlc. C 78.65 H 7.59 N 13.76% Found C 78.42 H 7.44 N 13.51% 

~8~-Carbomstkoxycleavamine (XXXIV) from 78~-cyanor;leavamirre (xxxI11). 18/?-Cyano- 
clcavamine (XXXITI) (81 mg) was dissolved in diethylene glycol (2.5 ml) and potassium hydroxide 
(0.5 g) was added. This mixturc was kept at 150" for 9 h. The solution was then coolcd in an ice- 
bath, made slightly acidic with a solution of mcthanol saturated with hydrochloric acid. A latgc 
cxcess of diazomethane in diethylcther was added and the reaction mixture was stirred vigorously 
for 0.5 h. The solution was allowed to comc to RT. and the cxcess diazomethane was removcd 
using a etrcam of nitrogen. Water (150 ml) was then added and the solution was extracted with 
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diethylethcr (4 x 50 ml). The combined extracts were washcd with water (2 X 25 ml), dricd over 
anhydrous sodium sulfate and taken to dryness. Thc residue was chromatographed on alumina 
(10 g) and pure 18~-carbomethoxycleavamine (45 mg) was obtaincd on clution with petroleum 
ether/benzcne 1 : 1. This material crystallized from methanol, m.p. 122-123°; it had identical 
properties compared with an authentic sample of 18~-carbomethoxyclcavamine [14J on TLC., 
and gavc a supcrimposable IR. spectrum. 

Velbanamine. lsovdbanaminc (XXV) (65 mg) was dissolved in an aqueous sulfuric acid 
solution (10 ml, 10% v/v) and this solution was refluxed under a nitrogcn atmosphere for 2 days. 
The solution was then cooled to 0" and added dropwisc to an ice-cold aqueous ammonium hydroxidc 
solution (20 ml, 5 ~ ) .  Thc resulting suspension was extracted using dichloromethanc (3 x 25 ml) 
and the combined organic extract was taken to dryness. The rcsidue was chromatographed on 
alumina (20 g). Dichloromethane elution initially gave velbanamine (17.9 mg) while further 
elution provide uoreactcd ~sovelbanamine (21 mg) . The velbanamine crystallized from methanol/ 
water, m.p. 144-146" (authcntic velbanamine [28], m.p. 117-1 34". rccrystallized from methanol/ 
water, m.p. 143-146'). The synthetic velbanaminc exhibited identical TEC. propcrties and had 
an IR. spectrum (nujol) supcrimposable to that of the authentic sample. 
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