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184. Total Synthesis of Indole and Dihydroindole Alkaloids. VI l) 2). 

The Total Synthesis of Some Monomeric Vinca Alkaloids: 
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dl-Vincadifformine, dl-Minovine and dl-Vincaminoridine 
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(1.5. 'V. 75) 

Summary. A synthetic approach to a, varicly 01 monomeric Virccu alkaloids is dcscribccl. The 
scqucncc involves, among its crucial phascs, the gcncration 01 appropriate nine-incmt)ercd ring 
intermetliates which are theu ehborated v i a  a transannular cyclixation approach to thc tlcsircd 
natural products. 

In a previous publication in this series 121 we described in dctail n general syn- 
thetic entry into the Aspidospevma alkaloid family. Among the various reactions 
employcd in thc scqucncc, pcrhaps the most crucial steps concern a reductivc ring 
cleavage of an ayproyria.te pentacyclic ammonium system (I) to thc tctracyclic nine- 
membered structurc of qucbrachamine (11, K = K'= H) and the subsequent cycliza- 
tion of the latter to the pentacyclic aspidospcrmidinc skclcton (111, K = K'= H). The 
already dctnonstratcd cxtcnsion [3] [4] 01 thc cyclization approach to the ester 
bearing alkaloids, prevalent in a varicty of Vifica plantss) (for cxample II l ,  K = 

COOCHs; R =  H; 2,3-double bond)4) provided an obvious requirement for the total 

1) 
e) Part V, see [Z]. 
3) 
4) 

F4)r a. preliIninary report on a portion of this work, see rl 1. 

For a general siirvcy scc [5].  
For tlic sake of  clarity and facilc cwnparisans with previous puhlications, thc morc rcccn.t 
proposals for nurnb1:rirlg and norncncla.turc.: of inclol(: xlkaloids (1. Le Mclz & W. T .  Taylor, 
Experientia. 21, 508 (1965); .J. Trojanck and K. REahn, T-loydia 29, 149 (1.966)) havc not been 
adopted in this or succcctlirlg papws. 
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synthesis of nine-membered ring systems possessing the structural features portrayed 
in I1 (R = COOCHs; R'= H or OCHs). The present discussion outlines our detailed 
investigations which achicve these objectives. 9 R' * R 

111 \* / 
R' 

R 
II 

In  our earlier investigations 121 i.6) the synthesis of the required quaternary sys- 
tems (I) involved, in the initial stages, the condensation of tryptamine with a sub- 
stituted succinic ester to provide a succinimidc derivative which could then be 
elaborated to thc desired compounds. Unfortunately thc yicld achieved in the rc- 
quired cyclization of the imide was low and impverncnts in this scquence were 
essential if thcse compounds were to be readily available for tlic present study. 

As an alternativc to the abovc approach a I'ictet-SpengZer reaction [ 7 .I)[ was 
envisaged for thc conversion of tryptamine to thc desired tctracyclic system. An 
appropriate aldehydo-estcr (VII) which would be suitahle for this purpose was prc- 
pared from ethyl 2-ethyl-5-b~n:nzyloyperi tanoatc ( I  V), already available lrom pre- 
vious studies L Z l ,  according to the sequcnce in Scheme 1. It is worthy to note that of 

Schemc 1. Preparation of the aldehydo-estsr Y I I  
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the two alternative routes (V + VI + VII and V -+ VII) employed in converting the 
ally1 derivative V to the aldcliydo-ester VII, the one step preparation (V -3 VII) is 
superior (overall yield 70% vs. 46(%,). 

Having obtained the desired component (VIl), condensation of the lattcr with 
tryptaminc in rcfluxing glacial acctic acid provided a 90% yield of thc tetracyclic 
lactam (VIII) as a tnixture of two inscpxable diastereoisomers. The presence of the 
lactam was evident from the strong carbonyl absorption at M75 cm-1 in thc infrared 
spectrum. The NMR. spectrum was most informative: signals for the a-proton on the 
indole ring were absent while two almost overlapping triplets at B 4.79 and 4.76 
(J L= 8 Hz) indicated the yrescnce of a C(3) prototi on the lactam ring. The diastereo- 
isomeric nature of this mixture was obvious throughout the whole NMR. spcctrum, 
but for our purposes it was not necessary to try to sepatate the two racenutes at 
this stage. 

Lithium aluminium hydride reduction of the lactatn mixturc provided, in high 
yicld (95%) the desired cyclic aminc derivative (LX). This product was again a 
mixture and it was apparent that separation at this stage was going to be extremely 
difficult. Thc spectral data obtained was on this isomeric mixture. It was noted that 
the latter no longer showed a carbonyl absorption in the infrared spectrum. From 
thc NMK. spectrum it was noted that this mixture of epimers was in a 3 :1 ratio from 
the two singlets at S 4.50 and 4.39 which were almost exactly 1:1 in area (benzylic 
hydrogens). Further support of the above statement came from the two overlapping 
triplets for the two methyl groups at d 0.87 and 0.70 ( J  = 7 Hz), which were also 1:l 
in relative intensity. The expected shift to highcr field of the two overlapping triplets 
in the B 5 region (due to the C(3) proton) was observcd as a new triplet at 6 4.12. 
Mass spectrometry and analysis confirmed thc formula Cz&&O for this mixture. 

The benzyl group of the above mixture was removed by catalytic hydrogenolysis 
to provide, in 84% yield, a mixture of isomeric alcohols which could now be separated 
by column chromatography. The idcntity of these crystalline products with tliosc 
obtained previously [2] (m.p. 166-167", alcohol B, XI, and m.p. 268-170", alcohol 11, 
X) was establishcd in the usual manner. Conversiotr of troth compounds to dl-quc- 
bracliamine (11, K = R'= I€) was accoinplishcd in the prcviously developed manner 
[21 (Scheme 2). This study now providcd a vastly improved synthesis of qucbrach- 
amine (overall 50% yicld from the alcohols X and XI). 

Now that an improved sequence Lcading to the quebrachamine system was at 
hand, the next airn was the development of a general and versatile rcsction for thc 
introduction of appropriate functionality at C(3) of this system. Success in this 
direction would provide an entry into the total synthesis of a large number of Yinca 
alkaloids. 

For this purpose we considered the usc of  thc quaternary mesylate derivatives 
(XI1 and XIII), available in high yield from the abovc-mentioned alcohols (X and 
XI), as possible starting materials. We chose to utilizc these latter intermediates in 
a manner such that the formation of tho  ninc-membered ring would occur simulta- 
neously with tlic introduction of the appropriate function at C(3). A general scheme 
for this conversion is illustrated (XIV 4 XV) in which it is noted that atttack by a. 
nucletiphile (No) takcs place at a carbon sitc adjaccnt to the quaternary nitrogen 
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Scheme 2. Impvoved synthesis of dl-qwchvachamine (Il, R = R'= 1.1) 
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atom of the mesylate. Ia effect a successful application 01 the above was performed 
in the synthesis of quebrachamine from the mesylate as already mcntjoned, where 
the nucleophile was hydride anion. In this instance we chose to study the reaction 
with cyanide ion as nucleophile. When either of the mesylates (XI1 or XIII) were 
reacted with potassium cyanide in dimetliylform~mide at 3 50" a dark gummy pro- 
duct was obtained. Investigation of thc product mixture resulting from either 
mesylate, by means of TLC., showed them to  be identical. Chromatography of this 
crude product gave the two desired isomeric cyanides (cyanide I and cyanide 11) 
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N XIV xv 
possessing the gross formula (XVT) (Scheme 3), anotlier isomcric cyanide (cyanide 111) 
and some starting material. Initial attempts to prepare these desired cyanides failed 
or gave other products when the reaction was carried out in dicthylene glycol. I n  
most of the latter investigations only the starting tnesylata couId be recovered. A 
wide variation in thc reaction conditions (changes in temperature, time and. con- 
centration of reactants) was studied. Harley-Mason [lo] 1111 has also succecded in 
applying this type of rcaction in other studics and has employed diethylene glycol 
and potassium cyanide. 

Scheme 3. Idvoductiolz of ficnclional groups at C(3) of ths quebvachamine skeleton 9 KCN 

XI1 or Xlll  9 H N  xvr 5 

1. KOH 
2. CHZN 2 

XVll 
Cyanidc I, m. p. 208-210", exhibited a normal indole UV. spectrum whik thc, IR. 

spectrum showcd thc nitrile absorption at 2230 cm-1 and thc sharp NH vibration at 
3360 cm-1. The NMR. spectrum possessed a one-proton quartet at 8 3.92 (-CHCN, 
J = 2 and 5 Kz) whereas thc MS. of this compound showed ti base peak at mle 177 
and other significant peaks at 124, 126 and 3.82. Plausible structures for these frag- 
ments are depicted in Scheeme 4 and are in accord with expectation [12] [13]. 

Cyanide 11, m.p. 164-168", also rcvealcd a typical indole IJV. spectrum while its 
IR. (2225 and 3360 cm-1) and NMR. (6 6.01, CQCN, J = 4 arid 10 Hz) spectra provided 
support for the nitrile function. Of particular note was the downfield shift of the 
NMK. signal thercby rcvealing a different stereochertiistry at the nitrile bearing 
carbon atom. The isomeric nature of cyanide TI was confirmed by the fragmentation 
pattern in the mass spectrometer, which was esscntially idcntical with that obtained 
for cyanide I. 
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Schcme 4. Postulated fragme?statiolo of 6he isomeric cyanides (cyanidc 1 and cyanide 11) 
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Cyanide 111 resisted crystallization and was characterized as an amorphous solid. 
The IR. spectrum showed a pronounced nitrile peak at  2220 cm-1, a strong NIT 
vibration at 3280 cm-1 while a typical indole chromophore was secn in the UV. 
spectrum. The NMR, spectrum was most infortmtive. Two one-proton rnultiplets at 
6 4.50 and 4.12, a methyl triplet at R 0.83 and the typical indole aromatic proton 
signals wcre present. Finally a singlet of two protoris at 6 2.58 was apparent. The 
mass spectrum. with a molecular peak at m/e 307, supported the same molecular 
formula as had been observed in the above-mentioned products. However, a com- 
pletely different fragmentation pattern was noted. Possible structures for the main 
fragmcnts of this molecule to which we Iiave assigned structure (XVIII) are shown 
in Sckme 5. The formation of cyanidc 111 can be cxplained as taking place via a 
Hofmann-type elimination and the resulting vinyl indole intermediate (XIX) under- 
goes cyanide attack to yield XVIII (Scheme ti). 1)olhy & Gribble [I41 during some in- 
vestigations on 3-vinylindoles were able to demonstrate a. similar reaction and also 
explained their results in this manner. It seem that potassium cyanidc is basic 
enough to promote such a reaction cspecially a t  high tcmperaturcs (150'). 

It shuuld be noted at this point that anotlicr approach to the introduction of a 
C(3) substituent was considered in vicw of previous studies in the isomeric nine- 
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Scheme 5 .  Fragmelatatavn of cyanide 11 I ala the mass spectrometer 
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membered ring cleavaniine series 1:15]. The conversion of dihydrocleavamine to its 
18-carbomet hoxy derivative u i ~  the c,hloroindolenine intermediate (XX) suggested 
an obvious extension to the present study. Unfortunately this approach failed com- 
pletely when applied to the quebrachaminc system. 
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The stereochemistry at C(3) of the isomeric nine-membered ring cyanides I and I1 
could be ascertained by a careful analysis of the low field rcgion in the NMR. spec- 
trum. The significant difference in the chemical shift of thc C(3) proton js easily 
explained by considering several possible conformations for these compounds. Thus 
in cyanide I (XXI, R Z’ CN) the proton is remavcd from thc lone pair of electrons on 
the nitrogen atom and thus absorbs in the expected region (d 3.92) while in cyanidr: I1 
(XXII, R =: CN) the close proximity of this protm to thc hetero atom is revealed in 
a considerable downfield shift (S 6.01). A similar proposal has been put forth by 
Kom#is 81 Mohy [16] in the structurally related Vinca alkaloid scries. Tim most 
plausible conformational structure for Cyanide 111 (XXlfI) is presented for purposes 
of comparison. 

XXI 

R 

XXll i 

Alkaline hydrolysis of a mixture of cyanides I and XI or either of them separately 
followed by esterification gave the samc rcactioI1 products. 

Cliromatographic purification of the resultant rnixturc revealed the prexnccl of 
two isomers in a 2:3 ratio. The more abundant material had the same TLC. pro- 
perties as an authentic sample of the naturally occurring alkaloid, vincadines). 
Separation of these two compounds by thick layer chromatography gavc crystalline 
materials which turned dark quickly during thc usual handling. For examplc, at- 
tempts a t  crystallization and/or sublimation wcre accompanied by extensivc dc- 
composition. However both epimcrs werr: reasonably stable in the dark and at  low 
temperature (refrigeration). 

The major component was subsequently sliowrt to be identical with vincadine 
(supcrimposablc 1K. arid mass sycctra). Thc most important features of the NMJC. 
spectrum were a strong methyl singlet at 8 3.72 (COOCH3), a one-proton quartet at 
6 3.80 (Call, JAB = 6 and JAC = 2 Hx) and a methyl triplet at 6 0.84. The mass spec- 
trum had significant peaks at  m/e 124,138,21.0, 215, 283 and 340 (M+).  A rationaliza- 
tion for some of the fragments is prcsented in Scheme 7. 

5, We are vcry gratcful to Dr. 1, Konzpis, Slovak Academy of Sciences, Bratislava, Crscho- 
stovalcia, for a gift of .tfiis alkaloid. 

-.-.- - 
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Scheme 7 .  Postulaled fragnaenlatioa pattern j o y  vincadinc @XI, R = COOCIla) awl t+iuincadirze 
(XXIl’, R =. COOC€Ia) 
r 

7 .  Postulaled fragnaenlatioa pattern j o y  vincadinc @XI, R = COOCIla) awl t+iuincadirze 
(XXTl’, R = COOC€Ia) 

4 ---3 
-CO2CH3 

m/e 281 

C02CH3 

mle 215 m/e 138 mle 124 

The isomeric nature of the minor cotnpnnent was established by high resolution 
mass spectrometry, again rcvealing thc formula. CzlHzsNzOz while the other spectral 
data were very similar to that quoted for vincadinc. Ot patticular note were the, 
differences observed in tlie NMR. spectrum. First oi all the C(3) proton signal had 
shifted from 8 3.80 to 5.59, with coupling constants of 10 and 3 Hz. The simultaneous 
upfield shift of both methyl groups of tlie carbomcthoxy and ethyl functions to 
S 3.65 (singlet) and S 0.67 (triplet) respectively was evident. 

These results are in agreement with expectatioti in vicw of factors similar to 
those previously explained for thc case of the epimcric cyanidcs. Finally, the mass 
spectrum of this epimcr showed the same gcneral fragmentation pattcrn as that of 
the major isomm. l’he small differences in thc intensities of these pcaks in the spectra 
of these two cyimers, especially thc peak at nz/e 225, reveals thc stereochcmical dif- 
fercncc at C(3) and the data, in gencral, correlate very wdl with that of the closely 
related C(3) epimeric Virzca alkaloids, vincaminoreirie and vincaminorine 1137. On 
the basis of the evidence presented aI>ove, the major synthetic component was 
clearly dZ-vincaCiine (XXT, R = COOCE13) while the minor isomer was dZ-epivincadinc 
(XXII, K .z COOCHs). 

It is pertinent to coinmerit at this point about the stereochcmical differences a t  
C(3) already proposed above for the cyatiidcs and csters obtained in the synthctic 
sequence and to corrohotatc these proposals with further experimental evidence. 
First of all, since cyanide I or 11 reacted separately urider the same conditions and 
gavc the same mixture of methyl esters i t  was clear that they were structurally 
identical except in terms of configuration at C(3). Furthermore, it was obvious that 
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cpimerisation was taking place at C(3) during the basic hydrolysis of the cyanides. 
When naturally occurring vincadine was treated with sodium rriethoxide in methanol 
for 1/z hour, it also gave a mixture of epimers wliiclt was identical with the one ob- 
tained from the hydrolysis and esterification of cither of the cyanides (TLC. and 
superimposablc IK.). This result established that the natural system behaved in an 
analogous manner to the synthetic material. 

It has been proven that acidic hydrolysis of natural vincadine gives (-l.)-quc- 
brachaminc (XXIV) (Sclzeme 8). A~SCJ, vincadine upon N-methylation with methyl 
iodide in liquid ammonia gives vincaminoreine (XXV) 1.37). In the same manner 
vincaminoreine (XXV) and its epirner vincarninorine (XXVI) by acid hydrolysis 
are converted to N-methyl (+)-quebrachamine (XXVII) I J  3 I .  Finally, vincaminorine 

H i 0 2 C H 3  

X X l a  XXl lO  

xxv 

CH3 XXVII 
H C02CH, 

XX'a I a! CH,I/liq.NH, 1 
r 
H 

XXIV 
'Ll i __.. . 
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was equilibrated in thc presence of sodium methoxidc to vincaminoreine. Thew 
results indicate that vincadine, vincaminorcinc and vincaminorine have the same 
configuration at C(5). The absolutc configuration of (+)-quebrachamine is known 
from the work of Sehwid 11 81 and therefore the configurational assignments, as 
shown in Schente 8, can be made for these various alkaloids. On this basis vincadine 
can be represented by the stcreoformulae XXI and XXIa while epivincadine is 
shown as XXII and XXIIa. 

Having compbted the total synthesis of Ill-vincadine, the total synthesis of dZ- 
vuicaminoreine and dZ-vincaminorine was also in hand, in view of the previously 
mentioned intercnnversions, as given in Scheme 8. 

An entry into thc pentacyclic scrics exernplificd by viricadifforrnine [I91 12O;l and 
minovine 1.161 [ZI] was now possible by means of the transannular cyclization ap- 
proach [3] [+I. When vincadine and vincaniinoreine were reacted with eithcr mercuric 
acetatc, as before, or oxygen in the prcsence of a catalyst (5% Pt/C) 1221 they 
provided vincadilformine (XXVIII, R = H) and minovine (XXVIII, K = CIls) 
identical in every respect (IR., UV., TLC.) with authentic samples. 

or Hg Pt (OAc /Oz 12 * @, &/ R CO& R 
C02CH3 

XXVlll 

The a b v c  studies were now considered in terms of nine-mcmbered ring tctra- 
cyclic as well as pentacyclic As$idos$erma alkaloids containing oxygen functionality 
in the aromatic ring. For this purposc 6-methoxytryptnmine [23] was selected tis 

the jndole unit for condensation with the avaihbk aldchydo-ester VII (ScLllae 9). 
When the latter was reacted with 6-methoxytryytarnine in refluxing glacial acetic 
acid tlie tetracyclic lactam XXIX was obtained in 98% yield. This intermediate was 
a mixture of the two expected diastereoisomers, but no attempts to separate them at 
this stage were necessary ior our purpose. Thc structure XXIX assigned to this 
product, was fully substantiated by spectral data. 

Hydridc reduction of XXIX to XXX and catalytic debenzylation of the lattcr 
providcd a kcy intermcdiate, thc tetracyclic amino alcohol of gross structurc XXXI 
in an overall 64% yield. Careful chromatographic purification allowed thc separation 
of two crystalline diastercoisomeric compounds. For the sake a f discussion thr. less 
polar alcohol is termed alcohol I and the more polar as alcohol 11. I t  is appropriate 
at this point to discuss the stereochemical differences between these isomers as 
viewed from analysis of their spectral data. For this purpose, wc will adopt a ’cis- 
traas’ nomenclature as shown in Scheme 9 to diffcrentiate tlic two isolated raccmic 
forms. Thus the cis isomer is considered to possess the proton at C(3) and tlie ethyl 
side chain in a cis relationship (XXXII) whilc trams is representcd by XXXIII. 

Both alcohol I and I1 failed to  reveal any Bahhnarcn bands in their infrared 
spectra thereby indicating that the C(3) proton is not trans or anti-parallel to the 
unshared electron pair on the lietero atom 124-281. 
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Scheme 9. Fveparation of the tetracyclic ami.no alcohob X X X I I  and XXXI I1 

Li A1 H, I *& H q 5 
CHSO CH30 

XXXI xxx 

CH 30 
I 

H CH,O 

H O H ~ C ~  i 
IllXXX llxxx 

On this basis the cis form may be represcntcd by thc conformation XXXlIa 
while the trans isomer is shown as XXXIIIa (Scheme 10). 

Scheme 10. Proposed conformations of the isomeric alcoho1.r I (XXXIIa) and X I  (XXXIlIa) 

XXXll a XXXIII 0 

NMR. spectroscopy provides supporting evidence for the above and rcveals ad- 
ditional information about the configuration of the amino alcohols. Thus molecular 
models reveal that when the C(3) proton is cis to the nitrogen electron pair, thc ethyl 
side chain of the &urn isomer (XXXIIIa) will be lying in close proximity to the 
indole ring. As a result the C(3) proton is deshielcled by the nitrogen atom while t l ~ c  
ethyl group is shielded and resonates at higher field. Indeed in one of the isomers 
(alcohol 11) the C(3)-proton multiplet occurs at low field 64.18 and the methyl triplet 
at 6 0.72. However in the cis case (alcohol I, XXXlIa) thc ethyl group is removed 
from the indole ring but in reasonably close proximity to thc nitrogen electrons and 
to the C(3) proton. As a result, the C(3) proton resonates at d 4.10 while thc methyl 
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signal is observed at  6 0.86. Support for these assignments is available from the 
results of other investigations in the alkaloid area [29-321. 

Having obtained the required intermediates (XXXII and XXXIII), our next 
aim was the generation of the nine-membered ring compound bearing the appropriate 
functional group at  C ( 3 ) ,  which would provide the basic Aspidosperma skeleton. The 
synthetic approach selected involved ring opening of the quaternary mesylate 
XXXIV in a manner already previously described (Scheme 11). Thus treatment of 

Scheme 11. T h e  synthesis of 16-methoxyuincadine (XXXVII, R = H), 16-methoxyepiuincadine 
(XXXVIII, R = H), and uincaminovidine (XXXVIII, R = CH3) fvom the isomeric aminoalcohols 

X X X I I  and X X X I I I  

XXXII pT CH,SO,CI 9 XXXIV 

CH3 XXXll l  

IKCN 
HMPT 

H,CO 
6 N  CN 

xxxv XXXVl 

CH30H 
HC1 

R C02CH, R C0,CH3 
I 

XXXVll XXXVlll 
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each of the isomeric alcohols with methanesulfonyl chloride in the presence of tri- 
ethylamine at  o", provided a quantitative yield of the corresponding mesylates 
(gross structure XXXIV). These compounds were not completely characterized but 
utilized directly in the next step of the sequence. When either of the mesylates of 
alcohol I or alcohol I1 was treated with potassium cyanide in dimethylformamide at 
150", only a low yield of the desired isomeric cyanides could be obtained. Initial 
attempts to prepare these cyanides failed or gave other products when the reaction 
was carried out in solvents such as diethylene glycol, dimethyl sulfoxide and dimethyl 
acetamide. In most of the cases, starting material was recovered unreacted. A wide 
variation of reaction conditions (temperature, time, concentration, solvent) was at- 
tempted. A summary of thess preliminary investigations using 100 mg of the starting 
material (XXXIV) is given in the Table. 

Solvent Temperature ("C) Time (h) mg of CN 
containing 
product 

DMSO 60 

DMSO reflux 
DMF 150 
DMF reflux 
DMF/10% CHsOH reflux 
HMPT 180 

DMSO 60-100 
48 
48 
48 

6 
24 
24 
24 

3 
20 
20 
26 
20 
15 
50 

It was clear from these studies that solvent effects play a decisive role. I t  was 
known from the previous investigations already described that one of the most serious 
side reactions in this type of reaction is the ability of the cyanide ion to act as a base, 
and to perform a Hofmann elimination. On this basis it is perhaps not entirely sur- 
prising that the best yields are obtained in the highly nucleophilic system, cyanide 
in hexamethylphosphoramide (HMPT). This latter system was then employed in 
the preparative scale studies. Purification of the product mixture by high pressure 
liquid chromatography allowed the isolation of two crystalline cyanides. The isomeric 
nature of these substances was established by appropriate comparison of analytical 
and spectroscopic data. 

The less polar product designated as 16-methoxycyanide I, revealed in its NMR. 
spectrum, a quartet at 6 3.88 ( J  = 10 and 3 Hz) due to the C(3) proton (-CHCN) 
while the more polar substance, 16-methoxycyanide I1 possessed a quartet a t  lower 
field (6 5.97, J = 10 and 3 Hz). This chemical shift difference is readily interpreted in 

i 
XXXVa i XXXVl a 
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conformational expressions for these substances in the manner already described 
previously. Thus 16-methoxycyanide I corresponds to XXXV and XXXV a (R = CN ; 
R’= H) while 16-methoxycyanide I1 is represented by XXXVI and XXXVIa 

The mass spectral fragmentation patterns of both compounds were essentially 
identical and in accord with the scheme presented in Scheme 4 for the previously 
studied and related series. 

Hydrolysis of the nitrile group in the above compounds was achieved in acidic 
methanol whereupon direct conversion to the required carbomethoxy group was ac- 
complished. Under these conditions, during which equilibration also occurs, a 3 :1 
mixture of products was obtained. The major isomer, 16-methoxyvincadine (XXXVII, 
R = H, 6 3.65, C(3) proton) possesses the same configuration at  C(3) as 16-methoxy- 
cyanide I ,  the minor product from the previous step in the sequence, and is therefore 
assigned the conformational expression XXXVa (R = COOCHs, R =  H) while the 
minor isomer (XXXVIII, R = H) with a low field signal at 6 5.51 corresponds to 
XXXVIa (R = COOCH3, R’= H). 

The final step in the sequence involved methylation of the indolic nitrogen atom 
and this was accomplished according to the known procedure [17]. Separation of 
the resultant mixture by thick layer chromatography afforded two products XXXVII 
(R = CH3) or XXXV a (R = COOH3, R’= CH3, 6 3.80, C(3) proton) and XXXVIII 
(R = CH3) or XXXVIa (R = COOCH3, R’= CH3, 6 6.10, C(3) proton). The latter 
compound revealed spectral data6) identical with that of the alkaloid, vincaminoridine 
isolated from V k a  minor [15]. 

The above nine-membered ring intermediates XXXVII and XXXVIII (R = CH3) 
can be converted via the transannular cyclization approach discussed earlier to 
provide the pentacyclic skeleton corresponding to XXVIII (R = CH3, methoxy in 
aromatic ring). The utilization of this intermediate in the total synthesis of vindoline 
will be presented in a subsequent publication. 

Another approach to the total synthesis of dZ-minovine has been described by 
Ziegler [32]. These authors have also provided a synthesis of the related alkaloid 
tabersonine [34]. 

(R = CN; R’= H). 

Financial aid from the National Cancer Institute of Canada, National Research Council of 
Canada and Medical Research Councal of Canada is gratefully acknowledged. 

Experimental Part 
Melting points were determined on a Kofler block and are uncorrected. UV. spectra (A,,, 

(log E ) )  were measured in 95% ethanol or methanol on Cavy model 11,14 or 15 spectrophotometers. 
IR. spectra were recorded on a Perkin-Elmer 21 or 137 spectrophotometer. NMR. spectra were 
taken in deuteriochloroform solution on Varian spectrometers, models T-60, HA-100 or XL-100. 
Line positions are given in the 6 scale, with tetramethylsilane as an internal standard. The types 
of protons, integrated areas, multiplicity and spin coupling constant J (in Hz) are indicated in 
parentheses. MS. (main peaks, m/e) were recorded on an Atlas C H 4 B  or A E I  MS-902 spectro- 
meter, high resolution measurements being determined on the latter instrument. 

Silica gel G and alumina Woelm containing 2% by weight of a fluorescent indicator were used 
for thin-layer chromatoplates (TLC.). As spraying reagent a solution of 1 :2 of antimony penta- 

6) We are grateful to  Dr. I .  Kompis, Slovak Academy of Sciences, Bratislava, Czechoslovakia, 
for providing us with the IR., NMR., and mass spectra of this alkaloid. 
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chloride in carbon tetrachloride, or a solution of ceric sulfate in aqueous sulfuric acid were used 
extensively. Unless otherwise specified column chromatography was performed using either Woelm 
grade silica or neutral alumina, and deactivated as required with the correct amount of water. 
Distilled solvents were used. High pressure liquid chromatography was performed either on a 
Waters ALC-100 or ALC-202 instrument. 

Elemental analyses were performed by Mr. P. Borda of the Microanalytical Laboratory, 
University of British Columbia. 

Ethyl u-(y-benzyloxypropy1)-a-allylbutanoate ( V ) .  To an ether solution of sodium triphenyl 
methane (73 ml, 0 . 2 6 ~ ~  19 nmol) the ethyl ester IV (5.0 g, 19 mmol) was added and the mixture 
was stirred for lllZ h a t  room temperature (RT.). The transfer of reagents and the reaction itself 
was performed under oxygen-free nitrogen and in anhydrous conditions. Ally1 bromide (2.3 g, 
19 mmol) freshly distilled (b.p. 71"), was added dropwise under efficient stirring and it was left to 
react for about 20 min more after the addition was completed. The reaction mixture was kept a t  
RT. during the entire period by occasional cooling. By the end of this time the formation of 
insoluble sodium bromide resulted in a thick cloudy solution. Water (20 ml) was added, the layers 
separated and extraction with ethyl ether (2 x 20 ml) followed. The combined ether layer was 
washed with water (2 x 25 ml) and dried over anhydrous magnesium sulfate. Removal of the 
inorganic agent by filtration and removal of ether under reduced pressure a t  RT. yielded a yellow 
viscous oil. To this oil, benzene (10 ml) was added and the solution brought to  its boiling point. 
The triphenyl methane crystallized from the mixture by allowing to stand overnight. Filtration 
of the triphenyl methane and evaporation of the solvent gave a yellow oil (6.8 9) .  This oil was 
chromatographed on silica gel Woelm (316 g, activity 111). Elution with petroleum ether (30-60")/ 
benzene 1 : 1 gave 5,56 g (98%) of a colourless viscous oil. Purification was also possible by vacuum 
distillation, b.p. 155-160" (bath)/0.2 Torr, to give, in quantitative yield, the desired compound 
(V). - IR.  (liq. film): 1725 s (-COzEt), 1645 w (C=C), 925 m (vinyl), 745 m and 700 m (mono- 
substituted benzene) cm-l. - UV.: 267.5 (2.15), 263.5 (2.32), 257.5 (2.43), 252 (2.36), 247 (2.28) 
and 222 (2.81) nm. - NMR. (100 MHz): 0.80 (t. J = 7, 3 H, CNsCH2-) and 1,20 (t, J = 7, 3 H, 
--COzCHzCH3) ; 1.58 (m, 6 H, CH~CHZCCHZCHZCHZO-) ; 3.40 ( t ,  J = 6, 2 H, C&€~CHZOCH~-) ; 
4.08 (q, J = 7, 2 H,  CH~CHZOZC-) ; 4.43 (s, 2 H, C~H~CHZO-) ; 5.0 (multiplet, 2 H, -CH=CHz) ; 
6.60 (m,  1 H, -CH=CHz); 7.28 (s, 5 H, aromatic). - MS.: 91 (base peak), 139, 156, 167, 197. 

C~oHzsOa (304.204) Calc. C 74.96 H 9.27% Found C 74.71 H 9.43% 

Ethyl cr-(y-benzyloxypropyl)-u-(B, y-dihydroxypropy1)-butanoate ( V I ) .  To a solution of the ally1 
ester V (4.45 g. 14.7 mmol) in tetrahydrofuran (80 ml) a solution of osmium tetroxide (11.7 ml, 
0.46 mmol) in tetrahydrofuran was added dropwise with stirring at RT., under a nitrogen atmos- 
phere. After the addition, stirring continued for a further 10 min. To the resultant dark solution, 
a solution of sodium chlorate (1.84 g, 16.8 mmol) in water (80 ml) was added slowly. The reaction 
vessel was then placed in a water bath (40-50") and stirring continued for a further 44 h. The 
reaction mixture was checked at intervals by TLC., until almost all the starting material had 
disappeared. The solvent was removed under reduced pressure and water (150 ml) was added. 
Extraction with ethyl ether (3 x 300 ml) followed. The combined extracts were washed with 
water (2 x 150 ml) and dried over anhydrous magnesium sulfate. Filtration of the drying agent 
and removal of ether under reduced pressure gave a gray viscous oil (4.81 g). This oil was chromato- 
graphed on silica gel Woelm (270 g, activity IV). Elution with ethyl ether gave a clear viscous oil 
(3.47 g, 68.5% yield). A small amount of this oil was dried in a vacuum pistol with phosphorus 
pentoxide over boiling benzene for 4 h and then for 2 days at RT. - IR. (liq. film) : 3400 s (2 x OH), 
1725 s (-COzEt), 1645 and 925 (no peaks), 745 m and 700 m (monosubstituted benzene) cm-1. - 
UV.: 267 (2.33). 263.5 (2.43), 257.5 (2.51), 252 (2.45), 247 (sh. 2.41) and 218 (3.23) nm. - NMR. 
(60 MHz) : 0.81 (t, J = 7, 3 H, CHaCHz-) :- 1.24 (t, J = 7, 3 H, CH~CHZO~C-) ; 3.12 (br. s, 2 H,  
2 x OH)  ; 3.47 (t ,  J = 6, 2 H, -CH~OCHZGH~) ; 3.24.0 (br. m, 3 H,  -CHOHCHzOH) ; 4.14 (q, 
J = 7, 2 H, CH~CH~OZC-) ; 4.50 (s, 2 H, C~H~CHZO-) ; 7.32 (s, 5 H, aromatic). - Addition of one 
drop of DzO caused disappearance of singlet a t  6 3.12. - MS.: 91 (base peak), 99, 125, 135, 153, 
199, 305. Mo1.-Wt.: 338.209. 

C19H3005 (338.210) Calc. C 67.43 H 8.94% Found C 67.34 H 9.05% 

Mo1.-Wt. : 304.204. 



1664 HELVETICA CHIMICA ACTA - Vol. 58, Fasc. 6 (1975) - Nr. 184 

EthyZa-(y-benzoxypropyl)-cc-(cc-jormyZmethyZ)-bzltanoate ( V I I ) .  To a solution of diol VI (520 mg, 
1.53 mmol) in a mixture of tetrahydrofuran (25 ml) and water (25 ml), solid sodium meta-periodate 
(2.05 g, 5.88 mmol) was added in small portions. The mixture was stirred at RT. under nitrogen 
for 51 h. At this time only a trace of starting material was present. Water (10 ml) was then added 
and extraction with ethyl ether (3 x 30 ml) followed. The combined ether extracts were washed 
with water (2 x 15 ml) and the organic layer dried over anhydrous magnesium sulfate. Filtration 
and removal of solvent under reduced pressure afforded a viscous oil (527 mg). The oil was 
chromatographed on alumina neutral Woelm (30 g, activity 11). Elution with benzene/ethyl ether 
4 : l  gave 315 mg (67%) of pure aldehyde (VII). On further elution the starting diol (72 mg) was 
recovered. For analytical purposes a small amount of this aldehyde was distilled under vacuum 
(165"/0.1 Torr) to give a colourless viscous oil. - IR. (liq. film) : 2750 w (CH of CHO), 1722 us 
(-COzEt and CHO), 742 m and 705 m (monosubstituted benzene) cm-1. - UV.: 267.5 (2.34), 
263.5 (2.44). 257.5 (2.51), 252 (2.47). 247 (sh. 2.45), and 220 (3.11) nm. - NMR. (60 MHz): 0.85 
( t ,  J = 7 , 3  H, -CHZCH~) ; 1.23 (t.  J = 7 , 3  H, -COZCHZCH~); 2.64 fd, J = 2, 2 H, -CHzCHO); 
3.45 ( t ,  J z= 6,  2 H, -CHZOCH&HS); 4.16 (4, J = 7, ( s ,  2 H, 2 H, -COzCHzCH3); 4.48 
-OCH&Hs); 7.32 (s, 5 H, aromatic) ; 9.78 (t ,  J = 2 , l  H, -CHO). -MS.: 91 (base peak), 141, 158, 
182 and 199. Mo1.-Wt.: 306.181. 

C18H2604 (306.183) Calc. C 70.56 H 8.55% Found C 70.47 H 8.51% 
Direct preparation of aldehyde V I I .  The ally1 compound (V) (12.26 g, 40.4 mmol) was dissolved 

in a mixture of tetrahydrofuran (250 ml, distilled over sodium and lithium aluminum hydride) 
and water (250 ml). Osmium tetroxide (500 mg, 1.97 mmol) was added under an atmosphere of 
oxygen-free nitrogen and stirring continued a t  RT. for 45 min. After this time solid sodium meta- 
periodate (21.1 g, 60.5 mmol) was added in small portions. Stirring at RT. was continued for 48 h 
after which time the reaction had ceased. The tetrahydrofuran was removed under reduced pres- 
sure and extraction with ethyl ether followed (3 x 200 ml). The combined ether extracts were 
washed with water (2 x 80 ml). The ether layer dried over anhydrous sodium sulfate and upon 
filtration and removal of the solvent gave 12.2 g of a crude dark oil. This oil was chromatographed 
on silica gel Woelm (600 g, activity 111). Elution with benzene/ethyl ether 19: 1 gave 8.62 g of pure 
aldehyde VII (70%) and with ethyl ether, 1.93 g of the diol (VI) (11%) was recovered. Yield 
(based on recovered diol): 81.5%. The aldehyde so prepared was identical in every respect with 
the one prepared by the stepwise procedure. 

Cyclic lactam V I I I .  A solution of tryptamine (2.33 g, 14.6 mmol) and aldehyde (VII) (4.42 g, 
14.4 mmol) in glacial acetic acid (20 ml) was refluxed in an oxygen-free nitrogen atmosphere for 
1 h. Removal of acetic acid under reduced pressure with gentle heating (-60") gave a yellow gum. 
This material chromatographed on alumina neutral WoeZm (200 g, activity 111). Elution with 
benzene gave 5.23 g (90%) of a yellowish gum. Purification of this material was achieved by high 
vacuum distillation, b.p. 240"/0.1 Torr to give a yellowish glass. - IR. (CHC13) : 3490 ms (-NH), 
1675 vs (-CON-) cm-1. - UV.: 326 (3.37), 312.5 (3.44), 290 (3.83), 282.5 (3.90), 273 (sh, 3.89), and 
224 (4.57) nm. - NMR. (100 MHz) : 0.71 and 0.96 (2 t ,  J = 7 and 8, 3 H, -CHzCH3) ; 4.33 and 4.45 
(2 s, 2 H, -0CHzCeH5) ; 4.76 and 4.79 (2 t ,  J = 8, 1 H, H-C(3) ; 7.25 (m,  9 H, aromatic) ; 8.60 and 
8.65 (br. overlapping s, 1 H, NH). - MS.: 91, 149, 168, 251, and 311 (base peak). Mo1.-Wt.: 
402.231 (Calc. for C26H30N202 : 402.231) 

Cyclic amine I X .  The cyclic lactam VIII  (5.2 g, 12.9 mmol) was dissolved in abs. tetrahydro- 
furan (300 ml, refluxed over sodium and distilled over lithium aluminum hydride) and lithium 
aluminum hydride (1.47 g, 38.0 mmol) was added in portions under an oxygen-free nitrogen 
atmosphere. Stirring and refluxing were continued for 8112 h a t  which time no starting material 
could be detected by TLC. After cooling to RT. the reaction mixture was treated carefully by the 
slow addition of water and the mixture was stirred for a further 10 min. The resulting white sludge 
was filtered through a bed of celite and washed several times with tetrahydrofuran. The filtrate 
after removal of tetrahydrofuran under reduced pressure was extracted with ethyl ether (3 x 200 
ml). The combined ether extracts were washed with water (2 x 80 ml) and dried over magnesium 
sulfate. Filtration and removal of solvent afforded a yellow viscous oil. This oil was purified by 
column chromatography on alumina (neutral, Woelm, activity 11). Elution with benzene/chloro- 
form 7 :  1 gave 4.76 g (95%) of a mixture of the two expected diastereoisomers. This mixture could 
also be easily purified by molecular distillation (240°/0.05 Torr) to provide the desired product 
(IX). - IR. (CHC13): 3350 ms, (-NH) cm-1. - UV.: 291 (3.66), 283 (3.73), 275 (sh. 3.72), and 223 
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(4.30) nm. - NMR. (100 MHz): 0.70 and 0.87 (2 t ,  J = 7 and 7, 3 H, XH2CH3); 4.11 (t, J = 6, 
lH,H-C(3));4.38and4.50(2s,2H,--CH2C~H5);7.25(m,9H,aromatic);7.91(br.s,1H, NH). - 
MS.: 91, 149, 184, 260, 297 and 388 (M+) (base peak). Mo1.-Wt.: 388.253. 
CzaHszNzO (388.251) Calc. C 80.37 H 8.30 N 7.21% Found C 80.53 H 8.56 N 6.99% 

Hydrogenolysis of cyclic amine I X .  A solution of cyclic amine I X  (4.7 g, 12.1 mmol) in glacial 
acetic acid (30 ml) was added slowly to  a suspension of 10% Pd/C (2.0 g) in glacial acetic acid 
(100 ml). The catalyst was prehydrogenated until the absorption of hydrogen ceased (about 
15 min). The reaction was allowed to  proceed at atmospheric pressure and at RT. for 33 h, a t  
which time the absorption of hydrogen had ceased. The mixture was filtered through a bed of 
celite and the latter was then washed with warm acetic acid (20 ml) and some water. The solution 
was made basic by slow addition of a saturated solution of sodium carbonate and extracted with 
methylene chloride (3 x 100 ml). The combined extracts were washed with water (2 x 50 ml) and 
the organic layer dried over magnesium sulfate. Filtration and removal of the solvent under 
reduced pressure gave a yellow gum (3.6 g). The crude product was chromatographed on an 
alumina (neutral, Woelm, 300 g, activity 11) column. Elution with benzene/chloroform 1 : 1 gave 
the least polar fraction which was shown to be unreacted starting material (IX) (0.6 9). The 
desired alcohols were eluted from chloroform/methanol 99:2 to give pure 1.37 g (37%) of alcohol I 
(less polar), and 1.7 g (46%) of alcohol 11, both isolated as a colourless glass. 

Alcohol I ( X I )  : It was easily crystallized from methylene chloride, m.p. 166-167". Comparison 
of this alcohol I with a crystallized sample of alcohol A obtained previously [2] showed that they 
were identical (TLC., IR., and NMR. superimposable; mixed m.p., showed no depression). 

Alcohol II ( X ) :  It was crystallized also from methylene chloride, m.p. 168-170". Again 
comparison of this alcohol I1 with a crystallized sample of alcohol D [2] revealed that they were 
identical (TLC., IR., and NMR. superimposable; mixed m.p. no depression). 

The above alcohols X and X I  were converted to  dl-quebrachamine via the mesylates XI1 and 
XI11 in the manner described previously [ Z ] .  In  this way dl-quebrachamine (11) was available in 
50% overall yield from the alcohols. 

Cyano compounds X V I .  The mesylate derived from alcohol XI, (177 mg, 0.47 mmol) was dis- 
solved in dimethylformamide (10 ml, reagent grade) and pulverised potassium cyanide (130 mg, 
2.00 mmol) was added to  it. The mixture was refluxed gently in an oxygen-free nitrogen atmos- 
phere for 4l/2 h (160", oil-bath temperature), with efficient stirring. The reaction was followed 
carefully by TLC., and IR. After this time the reaction mixture was brought to RT. and aqueous 
ammonium hydroxide (17 ml, 6 ~ )  was added to  it under stirring. The basic solution was extracted 
with warm benzene (3 x 30 ml). The combined benzene extracts were washed with saturated 
aqueous solution of sodium chloride (2 x 10 ml). The organic layer was dried over anhydrous 
sodium sulfate, the solids removed by filtration and the solvent removed under reduced pressure 
to afford a dark gum (112 mg). The aqueous layer was saturated with solid sodium chloride and 
extracted with chloroform (2 x 30 ml). The organic layer was dried over anhydrous sodium sulfate, 
filtration and removal of the solvent under reduced pressure gave 21 mg of unreacted mesylate. 

The crude reaction product (112 mg) was chromatographed on alumina (neutral Woelm, 3.2 g, 
activity 11). Elution with n-hexane/benzene 1 : 1 gave an unidentified product (14 mg, yellow gum). 
A mixture of cyanide I and I1 was eluted with benzene (19 mg, white solid), while elution with 
benzenelethyl acetate 1 : 1 gave a mixture of cyanide I11 (46 mg, yellow gum) containing some 
cyanide I and 11. Further elution with the latter solvent mixture gave 6 mg of an unidentified 
cyanide (IR. information) and some polar material (41 mg) was also eluted with ethyl acetate. 

The fraction containing mainly cyanide I11 (46 mg) was rechromatographed on silica gel 
(Woelm, 4.6 g, activity IV). Elution with benzene/chloroform 1 : 1 gave a mixture of cyanide I and 
I1 (2 mg), while elution with chloroform afforded pure cyanide I11 (38 mg). 

The fraction containing cyanide I and I1 (19 mg) was combined with the above (2 mg) and 
purified by preparative layer chromatography on alumina ( Woelm) developed with chloroform. 
The isolated products were cyanide I (9 mg) and cyanide I1 (12 mg). 

Cyanide I ( X X I ,  R = C N ) :  Colourless glass (9 mg, 6%). Crystallization from ethyl ether 
afforded an analytical sample, m.p. 208-210". - IR. (CHC13) : 3400 ms (NH), 2700-2800 (Bohlmalzlz 
bands), and 2230 (small, -CN) cm-1. - UV.: 292.5 (3.81). 285 (3.85), 278 (sh, 3.82). and 225 
(4.47) nm. - NMR. (100 MHz): 0.93 (t. J = 7, 3 H, -CH2CHa); 3.92 (4. J A B  = 5, JAC = 2, 1 H, 

105 
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H-473); 7.22 (m, 4 H, aromatic); 8.20 (br. s, 1 H, -NH). - MS.: 124, 125, 177 and 307 ( M f ) .  
Mo1.-Wt. : 307.204 (Calc. for CzoH25N3: 307.204). 

Cyanide I I  ( X X I I ,  I? = C N ) :  Colourless glass (12 mg, 8%). Crystallization from n-hexane 
provided an analyticalsample, m.p. 164-168". IR. (CHCls) : 3370 ms (-NH), 2700-2800 (Bohlmann 
bands), and 2225 m (-CN) cm-1. - UV.: 293 (3.82), 284 (3.87), 278 (sh, 3.83), and 225 (4.42) nm. - 

7.20 (m. 4 H, aromatic); 8.20 (br. s, 1 H, -NH). - MS.: 124, 125, 177 and 307 (M+). Mo1.-Wt.: 
307.204 (Calc. for C Z O H Z ~ N ~ :  307.204). 

Cyanide III ( X V I I I ) :  Colourless glass (38 mg, 28%), which resisted crystallization and all 
data were obtained on the glass. - IR. (neat) : 3330 ms (-NH) and 2220 m (-CN). - UV. : 290 
(3.84), 283 (3.90), 275 (sh. 3.89), and 226 (4.35) nm. - NMR. (100) : 0.83 (t. J = 7, 3 H, -CHzCH3); 
2.58 (s, 2 H, -NCHzC) ; 4.12 and 4.50 (2 m, 1 H, each, -CHCN and -CH-N-) ; 7.20 (m, 4 H, 
aromatic); 9.06 (br. s, 1 H, NH). - MS.: 130, 155, 170, 267, and 307 (M+).  Mo1.-Wt.: 307.204 
(Calc. for CzoHzsNs: 307.204). 

When the mesylate of alcohol X was treated under the same conditions it gave the same 
mixture of cyanides as above. Separate purification and identification (TLC., IR., NMR. com- 
parison) of each of these products was performed. 

dl-Vincadine and dl-epivincadine. A mixture of cyanides I and I1 (144) (20 mg, 0.065 mmol) 
was placed in a small tube and it was dissolved in a solution of 20% potassium hydroxide in distil- 
led diethylene glycol (0.20 ml). The reaction tube was connected to  a purified nitrogen trap 
system, und it was immersed into an oil bath at ca. 160". The evolution of some gas was noted, and 
the reaction was left on for 12 h. Then the reaction mixture was cooled to  RT. and was taken up 
in methanol (2.0 ml). The diluted solution was cooled to  - loo and neutralized carefully with a 
saturated solution of hydrogen chloride in methanol. Immediately after neutralization, an 
ethereal s o h  tion of diazomethane was added to the reaction mixture. The resulting solution was 
allowed to  stand a t  0" for 15 min and then it was neutralized again. The solution was treated 
twice more with diazomethane and then the solvent was removed in a stream of nitrogen. The 
residue was treated with a small amount of aqueous 10% potassium carbonate solution (1 ml) and 
extracted with ethyl ether (3 x 6 ml). The ether solution was dried over anhydrous sodium sulfate, 
filtered and the solvent removed to give a gum. Rapid filtration through alumina (neutral WoeZm, 
activity 11) and elution with benzene/chloroform 1 : 1 gave 15 mg of a yellow amorphous material. 

The above procedure was repeated precisely with pure cyanide I (37 mg, 0.121 mmol) to give 
33 mg (81 yo) of a solid. With pure cyanide I1 (37 mg, 0.121 mmol) the same process afforded 31 mg 
(77%) of the same reaction product (TLC., IR., NMR. spectra). 

Combination of the above (79 mg) crude reaction products (from three chromatography on 
silica gel (Woelm, developed by benzene/ethyl acetate 1 : 1) failed to give a good separation. 
However, silica gel G plates and using benzene/ethyl acetate 4 :  1 as eluent did provide a separation 
of the epimeric compounds. 

dl- Vincadine : Amorphous solid (14 mg, 14.5%). Attempts to crystallize this substance were 
abandoned when extensive decomposition was noted during the purification. Data were taken on 
the amorphous solid. - IR. (CHCl3) : 3380 (small, -NH) and 1730 s (ester) cm-1. - UV. : 292 (3.87), 
286 (3.89), and 227 (4.48) nm. - NMR. (100 MHz) : 0.84 (t ,  J = 7, 3 H, -CHzCH3) ; 3.72 (s, 3 H, 
-COzCH3); 3.80 (q, J A B  = 6, JAC = 2, 1 H, H X ( 3 ) ) ;  7.20 (m, 4 H, aromatic); 8.96 (br. s, 1 H, 
-NH). - MS.: 124, 138, 210, 215, 281 and 340 (M+) .  Mo1.-Wt.: 340.215 (Calc. for CZ~HZSNZOZ: 
340.215). 

dl-Epivincadine : Amorphous solid (11 mg, 11.5y0). Again decomposition occurred during 
purification so data were taken on the amorphous substance. It was shown to be less polar than 
natural vincadine on silica gel chromatoplates and benzenelethyl acetate 1 : 1 as the developing 
system. - IR. (CHC13) : 3380 (small, -NH), 1720 s (ester) cm-1. - UV. : 293 (3.87), 287 (3.91), and 
227 (4.52) nm. - NMR. (100 MHz) : 0.67 ( t ,  J = 7, 3 H, -CH%CH3) ; 3.65 (s, 3 H, -cOzcff3) ; 
5.60 (4, J A B  = 12, J a c  = 2, 1 H, C3-H); 7.20 (m, 4 H, aromatic); 8.60 (br. s, 1 H, NH). - MS.: 
124, 210, 281, and 340 (M+).  Mo1.-Wt.: 340.215 (Calc. for C21H2sNzO~: 340.215). 

Furthermore the synthetic dl-vincadine had the same TLC. properties as the natural vincadine 
kindly provided by Dr. I. Kompis. The IR. NMR. and mass spectra of the synthetic and natural 
samples were identical. 

NMR. (100 MHz) : 0.66 (t ,  J = 7, 3 H, -CHzCH3); 6.01 (q, J A B  = 10, J a c  = 4, 1 H, H-C(3)) ; 
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Epimerisation of Vincadine to Epivincadine. To a stirred freshly prepared solution of sodium 
methoxide in abs. methanol natural vincadine (1 mg) was added. The solution of sodium methoxide 
was made by addition of 58 mg of freshly cut sodium in abs. methanol (3.5 ml) under a dry nitrogen 
atmosphere and efficient stirring. After the addition of vincadine, the reaction mixture was re- 
fluxed under a dry nitrogen atmosphere for 112 h. After cooling to  RT. the mixture was treated 
with ice/water. The mixture was then neutralized by addition of a cold saturated solution of 
ammonium chloride and extracted with methylene chloride (3 x 5 ml). The combined organic 
layers were washed with a saturated solution of ammonium chloride (1 x 3 ml) and water (1 x 3 ml) 
and dried over anhydrous magnesium sulfate. Filtration and removal of the solvent under reduced 
pressure gave a colourless semicrystalline material (about 1 mg). TLC. investigation of this reaction 
mixture with the above mixture of synthetic dl-vincadine and dl-epivincadine showed them to be 
identical. Finally the IR. spectra of these two mixtures of natural and synthetic products were 
superimposable. 

11-Methoxy cyclic lactam X X I X .  6-Methoxy triptamine (7 g, 36.8 mmol) and the aldehyde 
ester VII (15 g, 49 mmol) in glacial acetic acid (25 ml) were refluxed for 1.5 h, under an atmosphere 
of oxygen-free nitrogen. The acetic acid was removed under reduced pressure to give a yellow 
residue. Purification on a basic alumina column (Shawnigan, 400 g) and elution with petroleum- 
etherlethyl acetate 2 : 3 gave the pure lactam XXIX (16 g, 98%). This product was a mixture of 
the two expected diastereoisomers but no attempts to  separate them at this stage were necessary 
for our purpose. - IR. (liq. film): 3250 (br., hydrogen bonded NH), 1735 (small) and 1670 s 
(lactam) cm-l.-UV.: 227 (4.12). 264 (sh, 3.73), 272 (sh, 3.72), 295 (3.75), 321 (3.47). 335 (3.39)nm.- 
NMR. (100 MHz) : 0.72 and 0.95 (2 t ,  J = 7 and 7 , 3  H,  CH~CHZ-) ; 3.77 (s, 3 H, CH30-); 4.34 and 
4.45 (2 s, 2 H, C&,CH20-); 4.75 (br. t ,  J = 8, 1 H, H-C(3)); 6.76 (q, Jortho = 8, J m e t a  = 2, 1 H,  
H-C(l0)); 6.80 (s, 1 H, H-C(12)); 7.25 (m, 6 H, aromatic); 8.44 (br. s, 1 H, N H ) .  - MS.: 91, 149, 
188, 263, 341, 432 (M+).  Mo1.-Wt.: 432.241. 
C27HszN203 (432.241) Calc. C 74.97 H 7.46 N 6.48% Found C 75.21 H 7.51 N 6.52% 

77-Methoxy cyclic amzne X X X .  The lactam XXIX (25 g, 0.51 mol) was dissolved in anhydrous 
tetrahydrofuran (150 ml, distilled from LiAlH4 and stored over CaH2) and slowly added with 
stirring to  a solution of LiAlH4 (16 g, 0.420 mol) in anhydrous tetrahydrofuran (450 ml). The 
reaction was performed under dry conditions and an atmosphere of oxygen-free nitrogen. Reflux- 
ing with adequate stirring for 72 h followed. The reaction mixture was cooled to  RT. and then 
in an ice/water-bath. Wet tetrahydrofuran (water/THF 1 : 3) was added carefully with vigorous 
stirring to decompose the complex and excess LiAlH4. The white sludge was stirred for 20 min 
more and it was filtered through a bed of celite. The cake was washed three times with hot tetra- 
hydrofuran. The filtrate was dried over anhydrous magnesium sulfate. Filtration and removal of 
the solvent under reduced pressure gave a light yellow gum (24.5 9). This gum was chromato- 
graphed on a basic alumina column (Shawnigan, 400 9). Elution with benzene/ethyl acetate 
(20-100%) gave the desired product, a pure mixture of the two dl-epimers (22 g, 92%). - IR. 
(neat): no carbonyl absorption. - UV.: 230 (4.18), 263 (3.68), 270 (sh, 3.66), 300 (3.74) nm. - 
NMR. (100 MHz) : 0.70 and 0.84 (2 t ,  J = 7 and 7, 3 H,  CH~CHZ-) ; 3.74 (s, 3 H, CHsO-) ; 4.07 
(br. t ,  J = 6, 1 H, H-C(3)); 4.35 and 4.47 (2 s, 2 H, C&&HzO-) ; 6.70 (q. Jortho = 8, J m e t a  = 2, 
1 H,  H-C(10)); 6.75 (s, 1 H,  H-C(12)); 7.30 (m. 6 H, aromatic); 7.96 (br. s, 1 H, NH). - MS.: 
91, 149, 214, 260, 327 and 418 (M+).  Mo1.-Wt.: 418.265. 
Cz7H34N202 (418.262) Calc. C 77.47 H 8.19 N 6.69% Found C 77.61 H 8.21 N 6.62% 

Debenzylation of the mixture of dl-epimeric amines X X X .  To the mixture of amines XXX 
(20 g, 47.8 mmol) dissolved in ethyl alcohol (250 ml) and concentrated hydrochlorid acid (8 ml), 
10% Pd/C (2 g) was added. The mixture was stirred and hydrogenated at RT. and 1 atm. pressure 
for 6.5 h. When no more uptake of hydrogen was noted the reaction was stopped. The catalyst 
was removed by filtration, through a bed of celite and the cake was washed several times with 
methanol. The filtrate was concentrated under reduced pressure at RT. and then basified by 
careful addition of a saturated solution of sodium carbonate. To the resulting basic solution 
(litmus paper), water (150 ml) was added and extraction with methylene chloride (6 x 100 ml) 
followed. The combined organic layers were washed with water (2 x 200 ml) and dried over 
anhydrous sodium sulfate, filtration and removal of the solvent under reduced pressure afforded 
a yellowish solid (15 g). This material was dissolved in a minimum amount of ethyl acetate. To 
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the solution was added a few grams of alumina and the ethyl acetate was evaporated off from 
the slurry. The alumina coated with the same was then transferred to the top of a column 
filled with alumina (Shawinigan, 650 g) in benzene. Gradient elution with ethyl acetatelethanol 
98:2 gave alcohol I (less polar, XXXII) and with ethyl acetatelethanol 9:  1 afforded alcohol I1 

77-Methoxy-alcohol I ( X X X I I  and X X X I I a )  : Amorphous solid (3.73 g, 24%). It was crystal- 
lized from methylene chloride/%-hexane 3: 1, washed with cold acetone and recrystallized once 
more from wet methanol, m.p. 154-155'. - IR. (KBr) : absence of strong benzylic bands between 
770489 cm-l. - UV.: 227.5 (4.42), 268 (3.66), 297 (3.73) nm. - NMR. (100 MHz): 0.86 ( t ,  3 H, 

(XXXIII). 

CHsCHe);  3.45 (t, 2 H,  --CHzOH); 3.78 (s, 3 H,  CffsO-); 4.10 (m, 1 H, H-C(3)); 6.70 ((I, 
Jmeto = 2, Jortho = 9, 1 H, H--C(10)); 6.78 (d,  Jmeta = 2, 1 H. H-C(12)) ; 7.29 (d, Jortho = 9, 
1 H, H--C(9)) ; 7.72 (br. s, 1 H, NH). - MS.: 149, 186, 199, 214 and 328 (M+) .  Mo1.-Wt.: 328.215. 

&oHzsNzOz (328.215) Calc. C 73.13 H 8.59 N 8.53% Found C 72.89 H 8.69 N 8.60% 

77-Methoxy-alcohol II ( X X X I I I a n d X X X I I I a )  : Amorphous solid (6.31 g, 40%). Crystallized 
easier than alcohol I from methylene chloride, m.p. 168-169". - IR. (KBr): absence of strong 
benzylic bands between 770-690 cm-1 and similar with that of alcohol I. - UV.: 227 (4.50), 
269 (3.71), 297 (3.79) nm. - NMR. (100 MHz): 0.72 (t, 3 H, CHsCH2-); 3.62 (t.  2 H. -CHzOH); 
3.77 (s, 3 H, cffso-) ; 4.18 (m. 1 H, H-C(3)); 6.70 (q, Jmato = 2, Jortho = 9, 1 H,  H-C(10)) ; 
6.79 (d, Jmeta = 2 , l  H,  H-C(12)) ; 7.30 (d, Jortho = 9,1  H, H-C(9)) ; 7.84 (distorted S, 1 H, NH). - 
MS. : 199, 214 and 328 (&I+). Mo1.-Wt. : 328.216. 

&oHzsNz0~(328.215) Calc. C 73.13 H 8.59 N 8.53% Found C 72.82 H 8.85 N 8.63% 
77-Methoxy-mesylates X X X I V .  - a) 11-Methoxy-alcohol I (XXXII) (600 mg, 1.82 mmol) was 

dissolved in a mixture of dry triethylamine (10 ml, distilled over sodium hydroxide) and chloro- 
form (26 ml) and cooled to  - 10-0" (ice-rock salt bath). Keeping anhydrous conditions, freshly 
distilled methane sulfonyl chloride (500 mg, 4.37 mmol, distilled over PaOs) was added dropwise 
with efficient stirring. The reaction mixture was allowed to come slowly to RT. and let stand for 
44 h. The solvent was remowed at RT. and reduced pressure to  give a deep red gum. This gum 
was dissolved in chloroform (20 ml) and extracted with aqueous ammonium hydroxide ( 4 ~ ,  
4 x 15 ml) and once with water (15 ml). The combined aqueous layers were washed with a little 
chloroform (5 ml) and the water was removed under reduced pressure and moderate heating. Any 
remaining water in the resulting yellow solid was azeotroped several times with dry benzene. The 
residue was extracted with dry hot chloroform (4 x 10 ml) which dissolved only the mesylate but 
not the inorganic material. The chloroform solution was filtered and the filthte was evaporated to  
dryness under reduced pressure to  give the pure mesylate (723 mg, 98%) as a light yellow foam, 
and it was used for the subsequent steps without further purification. - IR. (neat) : 3448 (NH), 
1639 (C=C) cm-1. - NMR. (100 MHz) : 0.85 ( t ,  3 H,  CHsCHz-); 3.76 (s, 3 H,  CHsO-) ; 5.05 (m, 1 H, 
H-C(3)); 6.69 ((I. Jmeta = 2, Jortho = 8, 1 H, H-C(10); 7.17 (d, Jmsta = 2, 1 H,  H-C(12); 
7.18 (d, Jortho = 8, 1 H,  H-C(9)). 

b) 11-Methoxy-alcohol I1 (XXXIII) was mesylated exactly as is described above to give the 
pure mesylate (XXXIV) in quantitative yield. Again this material was used for the next step 
without further purification. - IR. (neat) : 3448 (NH), 1645 (C=C) cm-1. - NMR. (100 MHz) : 0.76 
(t, 3 H,  CHsCHz-) ; 3.72 (s ,  3 H, CHsO-) ; 4.92 (m, 1 H, H-C(3)) ; 6.64 (q, Jmeta = 2, Jortho = 8, 
1 H ,  H-C(10)) ; 6.97 (d,  Jmeta = 2 , l  H, H-C(12)) ; 7.22 (d ,  Joeho = 8 , 1  H, H-C(9)) ; 9.16 (s, 1 H, 
NH) . 

16-Methoxy-cyanides X X X V  and X X X V I .  - a) To a solution of mesylate from alcohol I 
(450 mg) in dry dimethylformamide (25 ml) pulverized potassium cyanide (330 mg) was added. 
The reaction was performed in dry nitrogen atmosphere. The reaction mixture was heated a t  155' 
(bath temperature) and stirred for 6 h. The dark reaction mixture was cooled to  RT. and 6~ 
aqueous ammonium hydroxide (40 ml) was added to  it under stirring. The resulting basic solution 
was extracted with benzene (5 x 25 ml). The combined benzene extracts were washed with brine 
(2 x 15 ml). The organic layer was dried over anhydrous sodium sulfate, filtration and removal of 
the solvent under reduced pressure a t  RT. gave 190 mg of a brown gum. Chromatography of the 
crude product on alumina (neutral, Woelm, activity 111), using benzene as eluentgave 120 mg of 
a mixture of the epimeric cyanides. 
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b) To a solution of the mesylate from alcohol I1 (1.265 g, 3.11 mmol) in dry hexamethyl- 
phosphoramide (40 ml), pulverized potassium cyanide (1.170 g, 18 mmol) was added. The resulting 
mixture was heated at 175" (bath temperature) and stirred for 7.5 h under an atmosphere of 
oxygen-free nitrogen. The dark reaction mixture was cooled to  RT. and aqueous ammonium 
hydroxide (80 ml, 5 ~ )  was added to  it with stirring. The resulting basic solution was extracted 
with ethyl ether (6 x 40 ml). The combined ethereal extracts were washed with water (3 X 15 ml). 
The organic layer was dried over anhydrous sodium sulfate, filtered and the solvent removed 
under reduced pressure at RT. to afford 600 mg of a yellowish foam. 

c) The mesylate from alcohol I (2.276 g, 5.60 mmol) was treated exactly as indicated above 
to  afford 1.000 g of a yellowish foam and checking the reaction products (TLC., IR., NMR. 
information) it was shown that both mesylates gave the same mixture of epimeric cyanides. 

The crude reaction products (600 mg) were chromatographed on an alumina column (40 g, 
Woelm, neutral, activity 111). Elution with petroleum ether/benzene 3: 2 gave cyanide I (XXXV) 
and further elution with the same solvent system (1 : 1) afforded cyanide I1 (XXXVI). 

76-Methoxy-cyanide Z (XXXV and XXXVa) : Amorphous solid (199 mg, 19%). Recrystallized 
from n-hexanelacetone and methylene chloride, m.p. 186-187". - IR. (KBr): 3346 5 (NH) and 
2252 m (-CN) cm-1. - UV.: 227 (4.48), 275 /3.69), 300 (3.81) nm. - NMR. (100 MHz): 0.93 (t. 
J = 7, 3 H, CH~CHZ-) ; 3.79 (5, 3 H, CHsO-) ; 3.88 (4. J A B  = 4, J A C  = 2, 1 H,  H--C(3)) ; 6.73 
(q, Jortho = 8, Jrneto = 2,1 H,  H--C(15)) ; 6.80 (s, 1 H, H-C(l7)); 7.31 (d, Jortho = 8 , 1  H, H-C(l4)) ; 
8.20 (br. m, 1 H, NH). - MS.: 124, 126, 177, 212 and 337 (Mf). Mo1.-Wt.: 337.218. 
C21Hz7N30 (337.215) Calc. C 74.74 H 8.07 N 12.45% Found C 74.61 H 8.52 N 12.39% 

16-Methoxy-cyanide ZZ (XXXVZ and XXXVIa):  Amorphous solid (320 mg, 30%). Re- 
crystallized from methanol and n-hexane, m.p. 191-192". - IR. (KBr): 3356 s (NH), 2232 m 
(-CN) cm-1. - UV.: 226 (4.45), 277 (3.37), 298 (3.83) nm. - NMR. (100 MHz) : 0.66 (t ,  J = 7, 3 H,  
CHsCHz-); 3.82 (5, 3 H,  Cffao-) ; 5.97 (4, J A B  = 10, J A C  = 3, 1 H,  H-C(3)); 6.77 (4, ]mato = 2, 
Jortho = 8, 1 H,  H-C(15)) ; 6.85 (d, Jrncta = 2, 1 H, H-C(17)); 7.36 (d, Jortho = 8, 1 H, H-C(14)); 
8.06 (br. 5.1 H,  NH).-MS.: 124,126,177,212,337 (Mf). Mo1.-Wt.: 337.216. 
&1H27&0 (337.215) Calc. C 74.74 H 8.07 N 12.45% Found C 74.57 H 8.31 N 12.41% 

High Pressure Liquid Chromatography of the Epimeric Cyanides XXXV and XXXVI. Instru 
ment : Waters' ALC-202; solvent: petroleum ether (30-60°)/chloroform 1 : 1 ; flow rate: 0.6 ml/min 
column: alumina neutral Woelm 6 f t .  x 2 mm O.D.; sample load: 10 mg, total; retention time: 
cyanide I (20 min), cyanide I1 (29 min). 

Epimevization of the Isomeric Cyanides. To a cooled solution (ice-water bath) of the isomeric 
cyanides (120 mg, 0.356 mmol) in anhydrous methanol, acetyl chloride (0.2 ml) was added under 
stirring. After 10 min, distilled water (0.1 ml) was added and the reaction mixture was allowed 
to  come slowly to  RT. Stirring was continued for 94 h. The solvent was then removed under 
reduced pressure without heating. The residue was taken up in ether (10 ml) and neutralized with 
saturated sodium hydrogencarbonate solution, and extracted with ether (3 x 10 ml). The combined 
organic extracts were washed with brine (10 ml) and dried over anhydrous sodium sulfate. Filtra- 
tion and removal of the solvent gave 175 mg of a yellowish solid. Purification of the crude reaction 
mixture either by column chromatography on alumina neutral Woelm (10 g, activity 111) using 
petroleum ether/benzene 1 : 1 as eluent or high pressure liquid chromatography (Waters' ALC 100, 
petroleum ether/chloroform 3 : 1, 9 ml/min, alumina neutral Woelm, 4 f t  x 3/8" O.D.), afforded 
62 mg of cyanide I (XXXV) (15 min) and 12 mg of cyanide I1 (XXXVI) (35 min). 

76-Methoxy-dl-oincadine (XXXVII, R = H) and its Epimer (XXXVIII, R = H). - a) To a 
cooled solution of the epimeric cyanides (18 mg) in anhydrous methanol (10 ml), acetyl chloride 
(7 ml) was added. The reaction mixture was allowed to come slowly to  RT. and let stand for 48 h, 
when distilled water (0.1 ml) was added. After an additional 24 h, the solvent was removed under 
reduced pressure without heating. The residue was taken up in ether, neutralized with saturated 
sodium hydrogencarbonate solution, and extracted with ether (3 x 15 ml). The combined organic 
extracts were dried over anhydrous sodium sulfate. Filtration and removal of the solvent gave 
16 mg of a gum. Purification of this crude reaction product by high pressure liquid chromatography 
(Waters' ALC-100, petroleum ether/chloroform 3:1, 9 ml/min, alumina neutral Woelm 4 f t .  x 3/8" 
O.D., 16-methoxy-dLvincadine, 5 min; 16-methoxy-dl-epivincadine, 8 min) gave (6 mg) of the 
desired carbomethoxy derivative in 20% yield. 
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b) To a solution of 16-methoxy-cyanide I1 (XXXVI) (280 mg, 0.83 mmol) in anhydrous 
methanol (20 ml), water (0.2 ml) was added. The solution was cooled (ice/water bath) and saturated 
with anhydrous hydrogen chloride (20 min). The reaction mixture was then allowed to come slowly 
to  RT. and left standing for 96 h. The solvent was removed under reduced pressure without 
heating and the residue was taken up in a small volume of dichloromethane and neutralized by 
the addition of a saturated solution of sodium hydrogencarbonate. The resulting solution was 
then extracted with methylene chloride (3 x 10 ml). The combined organic layers were dried over 
sodium sulfate. Filtration and removal of the solvent gave 222 mg of a brown gum. 

The above reaction was repeated with a mixture of both cyanides and an identical mixture of 
diastereoisomeric carbomethoxy derivatives was obtained. 

Separation was obtained by preparative layer chromatography on silica gel Woelm, developed 
with a mixture of benzene/ethyl acetate 4: 1. 

76-Methoxy-dl-epivincadine (XXXVIII, R = H) : amorphous solid (9%), resisted crystalliza- 
tion, leading to decomposition products. - IR. (CHC13) : 3370 (small, NH), 1725 5 (C02CH3) cm-1. - 
UV.: 228 (4.43), 278 (3.65). 300 (3.76) nm. - NMR. (100 MHz) : 0.64 (t. J = 7, 3 H, CH&H2-) ; 
3.62 (5, 3 H, C02CHs); 3.77 (5, 3 H, CH30-); 5.51 (q, J A B  = 11, Jac = 2, 1 H, H-C(3)); 6.70 

Jortiro = 8, H-C(14)); 8.51 (5, 1 H, NH). - MS.: 124, 126, 210, 245, and 370 (M+).  Mo1.-Wt.: 
370.224 (Calc. for C Z ~ H ~ O N ~ O ~ :  370.225). 

76-Methoxy dl-vincadine (XXXVII, R = H) : Amorphous solid (25%) resisted crystallization, 
leading to  decomposition products. It was more polar on silica gel chromatographic plates devel- 
oped with benzenelethyl acetate 4 : l .  - IR. (CHCl3): 3370 m5 (NH), 1730 5 (C02CH3) cm-1. - 
UV.: 228 (4.43), 278 (3.65), 301 (3.76) nm. - NMR. (100 MHz): 0.82 (t. 3 H, CH~CHZ-); 3.65 

(q, l o r t h o  = 8, Jmeta  = 2.5, 1 H, H X ( 1 5 ) ) ;  6.80 (d, Jmeta = 2.5, 1 H, H-C(17)); 7.30 (d, 1 H, 

(m, 1 H, H-C(3)); 3.69 (5, 3 H,  co2cH3) ; 3.78 (5, 3 H, CH30--) ; 6.70 (g. Jortiro = 8, Jmetu = 2, 
1 H, H-C(15)) ; 6.79 (d, Jmeta  = 2, 1 H, H-C(17)) ; 7.30 (d ,  J o r t ~ o  = 8 Hz, 1 H, H-C(14)) ; 8.84 
(br. s, NH). - MS.: 124, 138, 210. 245 and 370 (M+). Mo1.-Wt.: 370.225 (Calc. for C22H30N203: 
370.225). 

Na-Methylation of 76-Methoxy-dl-vincadine and it5 Epimer. Sodium amide (0.25 mmol) was 
prepared from redistilled liquid ammonia (4-5 ml) and freshly cut sodium metal (5.85 mg, 
0.25 mmol). A trace of ferric nitrate was added as a catalyst to  the solution of sodium amide in 
liquid ammonia, kept under highly purified nitrogen and efficient stirring. A solution of epimeric 
esters (58 mg, 0.15 mmol) in dry tetrahydrofuran (1 ml) was added with a syringe. The dark 
solution was kept in a dry-ice/acetone bath and stirring continued for 3 min more. Methyl iodide 
(16 PI, 0.25 mmol) in a few drops of tetrahydrofuran was added with a syringe. The reaction 
mixture was kept cold and stirred for 25 min more and then the ammonia allowed to evaporate 
slowly under a stream of nitrogen. The removal of ammonia was enhanced by blowing a stream 
of warm air around the reaction vessel. The dark residue was taken into a mixture of aqueous 
ammonium chloride/ethyl ether 1 : 1 (10 ml) and extracted several times with ethyl ether. The 
combined organic layers, after washing with water were dried over anhydrous sodium sulfate. 
Filtration of the inorganic agent and removal of the solvent under reduced pressure at  RT. gave 
55 mg of a yellow gum. Preparative layer chromatography on silica gel chromatoplates developed 
with benzenelethyl acetate 4: 1 gave the two N-methylated epimers (62%). 

dl-Vincaminoridine (XXXVIII, R = CH3): As an amorphous solid (9 mg). - IR. (CHC13): 
No NH absorptiqn and 1735 5 (C02CH3) cm-1. - UV. : 232 (4.47), 288 (3.78), 299 (3.82) nm. - NMR. 

(5, 3 H,  CffsO-) ; 6.10 (q ,  J A B  = 10, Jac = 2 , 1  H, H-C(3)); 6.75 (4. Jortiro = 8, Jmeta = 2, 1 H, 
H-C(17)); 7.35 (d, Jortho = 9, 1 H, H-C(14)). - MS.: 124, 210, 259 and 384 (M+).  Mo1.-Wt.: 
384.240 (Calc. for C23H32N203: 384.241). 

dl-Epivincaminoridine (XXXVII, R = CH3): Amorphous solid (32 g). This was the more 
polar epimer on silica gel chromatoplates developed with benzenelethyl acetate 4:  1. - IR. (CHCl3) : 
No NH absorption and 1725 s (CO2CH3) cm-1. - UV.: 232 (4.53). 288 (3.78), and 300 (3.81) nm. - 

(100 MHz): 0.67 (t, J = 6, 3 H, CHsCH2-); 3.54 (5, 3 H, CH3N); 3.62 (s, 3 H, co2cH3); 3.84 

NMR. (100 MHz) : 0.92 (t, J = 7, 3 H, CH~CHZ-); 3.44 (5, 3 H, CH3N) ; 3.66 (5, 3 H,  cOzcH3) ; 
6.69 (d. Jmeta 1 2,1 H, H-C(17)) ; 6.70 (Q. Jortho = 9, Jmeta  2 , l  H, H-C(l.5)) ; 7.34 (d, Jortho = 9, 
1 H, H-C(14)). - MS.: 124, 210, 259 and 384 (M+). Mo1.-Wt.: 384.239 (Calc. for Cz3H32N~03: 
384.241). 
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E$imerizutiolr of dl-E#ivincamdnoridi%e to dl- Vancaminoiidirae. To a stirred frcshly prepared 
solution of sodium Incthoxitlc in absolute methanol dl-epivincaminoridinc (23 rng) was added, Tbe 
solution of sodium mcthoxidc was madc by addition of 14 mg of frcslily cut sodium in a h .  
methanol (12 nil) under a dry nitrogen atmosphcre and cfficicnt stirring. After the  addition Of 
dl-epivincarninoridinc thc reaction mjxturc was rcfluxcd under dry nitrogen for 48 h. The cooled 
solution was concentratcd under reduced prcasure arid the residue takcn up in chloroform. 
Filtration and removal of the solvcnt gavc: 32 m g  of a ycllawioh gum. Prcparativc! layer chromato- 
graphy on silica gel chromatoplates devclopccl with bcnzcne/cthyJ acctatc 4: 1. gave 7.3 mg of 
dl-vincaminnridinc and 11.5 mg of d2-e~ivincnIriinnridine. 
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