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THE CHEMISTRY OF THE VINCA ALKALOIDS
SITSIRIKINE; CATHARANTHINE; ---AND” THELR DERIVATIVES

ABSTRACT

In part I of this thesis are described the structural
determinations of sitsirikine, dihydrositsirikine and
isositsirikine, three new alkaloids from Vinca rosea
Linn, '

Sitsirikine, C21Hpg03Ny, and dihydrositsirikine,
Co1Hpg03Ny, were isolated as an inseparable mixture,
which was shown by hydrogenation studies to be com-
prised of an.olefin and its dihydro derivative., The
formation of formaldehyde upon ozonisation of the mix=~-
ture, and of propionic acid in a modified Kuhn=-Roth
oxidation of dihydrositsirikine demonstrated that sit-
girikine possessed a vinyl group.

Both sitsirikine and dihydrositsirikine gave mono-
acetates, -and the N,M.R. data indicated that primary
hydroxyl groups were present in the original alkaloids.
A methyl ester function suggested by spectral evidence
was established by hydride reduction of dihydrositsiri-
kine to a diol. Since the diol yielded an acetonide,
it was inferred that dihydrositsirikine possessed a Gr
hydroxy-ester unit.

The U.V. spectrum of dihydrositsirikine was character-
istic of an indole chromophore, which the mass spectrum
showed to be part of a tetrahydro-{® ~carboline system.
Dehydrogenation afforded. a compound with a flavocoryline-
type U.V. spectrum,and this suggested that sitsirikine
was a relative of the tetracyclic corynantheine class of
alkaloids. This was confirmed by conversion of dihydro-
corynantheine into dihydrositsirikine.

The structure of the:.related indole alkaloid isosit-
‘sirikine, C21H2603Np, was determined by a similar series
of reactions. Ozonolysis yielded acetaldehyde, which
authenticated the ethylidene group indicated by.the N.M.R.
spectrum, - Acetylation afforded a mono-acetate, whose '
N.M.R. spectrum suggested that isositsirikine had a
primary hydroxyl function. A methyl ester was establi-
shed by hydride reduction to a diol, which formed an
acetonide and hence showed the presence of a @-hydroxy-
ester unit in the original alkaloid. Since dehydrogena~
tion of dihydro-isositsirikine yielded flavocoryline, a
tetracyclic structure very similar to that of sitsirikine



could be postulated for isositsirikine.

Part II is concerned with the chemistry of cleavamine,
a scission product of the Vinca alkaloid catharanthine.

Treatment of catharanthine with aqueous acid in the pre-
sence of. a reducing agent led to the isolation of descar-
bomethoxycatharanthine, cleavamine and two epimeric dihydro-
cleavamines. A tentative mechanism for the reaction is
proposed, ‘which can account for the formation of these
compounds..

Reduction of catharanthine in glacial acetic acid pro-
vided carbomethoxy-dihydrocleavamines Mercuric acetate
oxidised this compound to a mixture of two immonium ions,
both of which underwent transannular cyclisations. One of
the ions gave the known Iboga alkaloids coronaridine and
dihydrocatharanthine, whereas the other afforded pseudo-
vincadifformine - a synthetic analogue of the known Vinca
alkaloid vincadifformine. '

The structure of pseudémvincadiffqrmine was determined
by conversion into compounds which had U.V., I.R., N.M.R.
- and mass spectra completely analogous to the corresponding
 derivatives of vincadifformine.

Similar transannular cyclisations to.the above are pos-
tulated in the scheme advanced by -Wenkert for the biogenesis
of Iboga and Aspidosperma alkaloids, and the significance
of our results with regard to this theory is duscussed.

The formation of coronaridine and dihydrocatharanthine in
the reaction constituted partial syntheses of these alka-
loids, "and the potential use of transannular cyclisations
in laboratory syntheses of Iboga and Aspidosperma alkaloids
is also considered.
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Abstract

In part I of this thesis are described the structural
determinations of sitsirikine, dihydrositsirikine and isositsi-
rikine, three new alkaloids from Vinca rosea Linn.

Sitsirikine, 021H2603N2, and,dihydiositsirikine,
021H2803N2, were isolated as an inseparable mixture, which
was shown by hydrogenation studies to be comprised of an ole-
fin'ahd‘its‘dihydro derivative. The formation of formaldehyde
upon ozonisation of the mixture and ’of propionic acid in a
modified Kuhn-Roth oxidation of dihydrositsirikine demonstrated
that sitsirikine possessed a vinyl group.

Both sitsirikine and dihydrositsirikine gave mono-acet-
ates,and the N.M.R. data indicated that primary hydroxyl groups
were present-in-the original alkaloids. A methyl ester function
‘suggested by spectral evidence was established by hydride
reductidn“of dihydrositsirikine to a diol. Since the diol
yielded an acetonide, it was inferred that dihydrositsirikine
possessed a (s-hydroxy-ester unit.

The U.V. spectrum of di@ydrositsirikine was character-~
- istic. of an indole chromophofe, which the mass spectrum showed
to be part'ofwa“tetrahydroa15-@arboline system. Dehydrogena-
tion afforded a éompoﬁnd'with'ajflavocoryline—type U.v.
spectrum, -and- this-suggested  that sitsirikine was a relative
of the tetracylic corynantheine -class of alkaloids. This was
confirmed by conversion of dihydrocorynantheine into dihjdro—

siteirikine,



iv

The structure of the reiated indole alkaloid isositsi-
rikine, C, H,0N,, was determined by a similar series of
reactions. Ozonolysis yielded acetaldehyde, which authenti-
cated the ethylidene group'indicated by the N.M.R. spectrum,
Acetylation afforded a mono-acetate, whose N.M.R. spectrum
suggested that isositsirikine had a primary hydroxyl funétion.
~ A methyl ester was established by hydride reduction to a diol,
which formed an acetonide and hence éhowed the presence of
‘a p-hydroxy-ester unit in the original alkaloid. Since dehydro-
genation of‘dihydro-isositsirikine'yiélded flavocoryline, a
‘tetracyclic structure very similar to that of sitsirikine could
be postulated for isositsirikine. |

Part II is concerned with the chemistry of cleavamine,
a scission product of the Vinca alkaloid catharanthine.

Treatment of catharanthine with aqueous acid in the pre-
sence of a reducing agent led to the isolation of descarbo-
methoxycatharanthine, cleavémine and two epimeric dihydroclea-
vamings. A tentative mechanism'fof the reaction is proposed,
which can account for the formation of these compounds.

Reduction of catharanthine in glacial acetic acid provided
carbomethoxy-dihydrocleavamine. Mercuric acetate oxidised this
compound to a mixture of two immonium ions, both of which under-
‘went transannular cyclisations;vohe'of the ions gave the
known Iboga alkaloids coronaridihe-and dihydrocatharanthine,
‘whereas the other afforded'pseudo;vincadifformine-— a synthe-

tic analogue of the known Vinca alkaloid vincadifformine.



The structure of pseudo-vincadifformine was determined "
by“cohversion“into"compounds which had U.V., I.R., N.M.R. and
mass spectra completely analogous to'the corresponding deri-v
vativesmof'viﬁcadifformine.

Similar transannular cyclisations to the above are
mpostulated“in“the“scheme"advanced-by”Wenkert for the biogene-
8is of Iboga and Aspidosperma alkaloids, and the significance
of our results with regard to this theory is discussed. The
formation of"coronaridine and ‘dihydrocatharanthine in the
reaction constituted partial syntheseé of these alkaloids,
and the potential use of transannular cyclisations in labora-
tory syntheses of Iboga and Aspidosperma alkaloids is also

considered.
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GENERAL INTRODUCTION

Interest in the Apocynaceous plant Vinca rosea Linn.

(Lochnera Reichb. or Catharanthus roseus G.Don) was stimulated

by the observation that certain preparations of the plant

1,2

exhibited a remarkable anti-tumour activity This discovery

prompted a systematic fractionation of extracts in a search
for the active pnrinciples free of extraneous substances., Ini-
tial'testing.indicated that the biologically active entities
were confined to the complex alkaloidal portion of the plant
constituents, and a separation scheme was then devised which
permitted fhe isolation of four active alkaloids — vincaleuko-

blastine (VLB) leurosine, leurocristine and leurosidine — in

addition to numerous other alkaloids of unknown structure3’4.

The experimental anti-tumour activity of these four alkaloids

against the transplanted P-1534 leukemia in mice has been

reported by the Cenadian group of Noble, Beer and Cuttsl’5’6

7,8

and by workers at the Lilly laboratories . It was also

found that VLB produced severe leukopenia in rats%’s, and,

moreover, markedly inhibited the growth of a transplanted
humén carcinoma in the hamster cheek pouchg. Reports on clin-
ical trials of VLB and -leurocristine have been presented by
several groupslo3ll’12’13. .

The earliest chemical investigation of fhe plant was
. £14

performed in the late 19th century by Greshof , Who was

only able to demonstrate the presence of alkaloidal material.
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Cowley and Bennett™~ in 1928 succeeded in isolating two

crystalline sulphates and a tarfrate, but did not describe

any chemical or physical properties, and in 1953 French

16

workers reported an unidentified crystalline alkaloid.

More recently, several gfoups-have obtained known alkaloids:

ajmalicinel7; serpentine17’18

'ninele, lochnerine19

,'akuammicinel7; tetrahydroalsto-
, and‘reserpinezou In 1958 Kawat and co-
workers21 isolated two crystalline and two amorphous alkaloids,
and Noble, Becr and Cutts described VLBl.

A major advance in the phytochemistry of Vinca rosea

Linn, was made when the Lilly group3’4 devised an extraction
scheme capable of separating the large number of alkaloids
present in the plant. The process consists essentially of
separating the_alkaloid tarirates which are soluble in organic
solvents from those which are insoluble; a brief outline of
the procedure is given in Scheme 1. The constituents of each
fraction were further separated by chromatography on - alumina

and gradient pH extraction, as shown in Schemes 2 and 3.



Ground Whole Plant
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Scheme 1 = Extraction

. Skelly B
|
Extrggg Defatted Drug
1) { HC1(2N) 1)| 2% Tartaric Acid
2; Ammonia 2) | Benzene
3 CHCl3
Skelly
Sol. (E)
[ |
"Acid" Benzene Extract Drug
1) | 2% Tartaric Acid 1)| Ammonia
2) | ¢c,H,C1 2)| Benzene
_ 274772
L |
02H4012 Acid FPhase "Alkaline" Benzene Extract Drug
Sol.(Al) lg Ammonia 1)|{2% Tartaric Acid
2 CH2H4012 2) 02H4012 EtOH
02H4C12 -
Sol.(4) Maré Extract
4
Phenolic
r Alkaloids
- (c,D)
02 4012 . -
Sol.(Bl) Acid Fhase
1) | Ammonia
2) 02H4012
[ }
02H4012 Aqueous Phase
Sol.(B) ~1){NaOH (pH 11)
2) C2H401
Sol. = Soluble Alkaloids 02H4012

Sol.(F)
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Scheme 2 -~ Praction A

Fraction A

Chromat.
I l 1

ﬂF ¢H~CH013(1:1) (jHGl3
: |
[CATHARANTHINE LEUROSINE LOCHNERIDINE
VINDOLININE ISOLEUROSINE VIROSINE

(.2HC1) T ]
AJMALICINE Mother -
VINDOLINE VLB(.H,50,) 1iquors Residues

Chromat.
I (deact.)
Sulphate )
Residues i , 1 Chromat.
¢H-CH013(1:1) CHC1,
1) |Free Bases |
2)|Chromat. CAROSINE| - | PLEUROSINE |
¢H-CH013(1:3)

' I i
CAROSIDINE PH-CHC15(1:3) . CHCLs
‘Residues[ , Gradient

. sradient pH(2.7-3.4)

Gradient oH

pH(4.4-5.4)

VINCARODINE [CATHARICINE|
r |
pH 3.9-4.4 pH 4.9-6.4
l |
VINDOLINE |LEUROCRISTINEl— |
Mother
= - liquor
| LEUROSIDINE] Gradient
‘Mother pH(3.4)
liquor '
Chromat. .
INEOLEUROCRISTINE|
0H013-CH30H(99:1)
|
NEOLEUROSIDINE] Chromat.= Chromatography on alumina

deact. = deactivated (alumina)
¢H = Bengzene
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Scheme 3 - Fractions A., (A+B), By, B, F and E.

Praction Al

Fractions A+B

Chromat. Modified
Gradient
QF ¢H-CHCI3(3:1) Amorphous
TETRAHYDROALSTONINE Vindoline Residues
Chromat.
Praction B1 l i |
‘Chrom&t. ﬁH s , ﬁH~CH013(3:1) ¢H~CH013(2:1)
PH-CHC14(3:1) Catharanthine|  |Vindoline CATHARINE
| Tetrahydro- VINDOLICINE
Ajmalicine, serpentine
Fraction B Fraction F
Chromat. Chromat.
S ‘Hgl (%:1) OH CH‘X (1:1) CHLI JHC1
phfb 3 53 . Wi L|3 : C 3 L| 3
[4jualicine] [LOCHNERINE| [VINCAMICINE| |SERPENTINE (.HNO,)
B PERIVINE
Mother
liquor
H,80,
Fraction E

SITSIRIKINE (.%H2804)

Chromat.

|
gH
l

LOCHNERICINE
Tetrahydroalstonine

|
ﬁH—CHClB(B:l)
|
Vindoline




Name
Akuammicine

Ajmalicine

Tetrahydroalstonine

Serpentine
Mitraphylline
Lochnerine
Ammocalline
Perividine
Cavincine
Lochneridine
Perivine
Catharanthine
Lochnericine
Vindolinine
Sitsirikine
Isositsirikine
Virosine
Vinosidine
Lochnerivine
Vindoline
Vindolicine
Leurosidine
Vincarodine
Catharine
Catharicine

Leurocristine
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Table 1
Formula Fraction
Cootlog02N> B
Co1Hp404N, A,B,B)
CpyHyy 05N, AE
Co1Hp005N, ¥
Co1H404N, A
Cooti2402N7 B
CygHooN> B
Coolap04 N, A
Cootlas 0N, A
CooH2403%> A
Coollp4 03T B
Co1Hp405N; A
Cp1Hp 405N B
Co1H24 0,87 A
CpqHy605N; B
CorHog03N, B
CooHp04N, A
CpoHpg0s N, A
Co4Hog0sT, A
CosHzpOgN,  AyhpsE
CosHs 0gN, (A+B)
Cy1Hs 400, A
CaaH520108, A
C,eHs 300N, (A+B)
Cye50010%, A
c A

46154910

Lit.ref.
17,29
17
18
17,18
29
19
29
29
29
26
3,23
22,28
22,24
22
26

3,23
29

29
22,27
29

4,26

4,29
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Table 1. (Cont.)

Name Formula Praction Lit.ref.
Pleurosine 046H56010N4 A 4
Neoleurocristine 046H56012N4 A 4
Vincaleukoblastine C46H5809N4 A 1,25
Leurosine 046H5809N4 A 23,25
Isoleurosine C46H6OO9N4 A 26
Neoleurosidine C48H62011N4 A 4
Vindolidine C48H64010N4 A 4
Vincamicine - B 26
Leurosidine A 4
Carosidine A 4
Pericalline B 29
Ammoroéine A 29
Perosine B 29
Cavincidine B 29
Maandrosine B 29
Cathindine B 29

The alkaloids isolated by the Lilly group from the
various fractions are listed in Table 1, which includes
all those whose characterisation has been published up to
April 1964, However, Dr.M.Gorman very recently indicated
in a private communication that over fifty alkaloids have

now been isolated from Vinca rosea Linn., so that even this

table is already out of date. Of the alkaloids tabulated,
the structures were already known for ajmalicine (1), tetra-

hydroalstonine (1), serpentine (2), mitraphylline (3) and
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akuammicine (4), end have since beenvdetermined for catha-
ranthine28(5), perivine-Y(6), vindoline?’(7), vindolicine’!
(8), vindblinine32(9), lochnerineBB(lO), and lochneridine34
(11). The structures of vincaleukoblastine (80) and leuro-

cristine (vincristine)68 are discussed below.,

Iz

(1)

MeO,C = | MeOZC/\/




(11)

In Part I of this thesis is presented the evidence
"which -1led to the assignment of structures to sitsirikine,

dihydrositsirikine and isositsirikine, three minor alkaloids

iéolated'from_Vinca'rosea Linn. Part II discusses some
aspects of the chemistry of cleavamine;'an acid rearrange-

ment product of the Vinca alkaloid catharanthine, and the.
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use of cleavamine and its derivatives in partial syntheses

of Iboga and Aspidosperma-type alkaloids.
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PART 1

The Structural Flucidation of Sitsirikine,

Dihydrositsirkine and Isositsirikine

A. Sitsirikine and Dihydrositsirikine

Sitsirikinewas isolated as a minor alkaloid from Vinca
rosea Linn. by the Lilly group26. Chromatography of fraction
B (see Scheme 3) of the alkaloidal extract yielded several
fractions from which.perivine (6) was crystallised. The
mother liquors and some of the following fractions were
combined and converted to the sulphate salts. After perivine
sulphate had been removed by recrystallisation from methanol,
sitsirikine'sulphéte was obtained as blades from ethanol,
and analysed.forﬂ021H2603N2°%H2804; The free base was
obtained only as an amorphous powder. On the basis of an
infra-red comparison with.@eyohimbine, it was suggested that
sitsirikine might represent a new yohimbine isomer26.

Through the kind co-operation of Dr.M.Gormén, Lilly
Research Laboratories, Indianapolis, Indiana, U.S.A., we
obtained a sample of sitsirikine for further structural
studies. Our preliminary work revealed that the original
alkaloid was a m;xture of at least -three compounds, since on
thin—layér chrométography a separation into three distinct
spots was observed.

Several different purification techniques were applied
without success — chromatography on alumina and silica gel,
sublimation, fraﬁtional récrystallisation of the salts.Final-

ly, it was found that after several recrystallisations of

the base from acetone-petroleum ether, a material melting
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sharply at 181 was obtained. This showed only two spots on
thin-layer chromatography and analysed for the acetone sol-

vate, 021H2603N2-CH3000H3. Attempts to separate the two

components were of no avail, and indeed the mixture behaved
as a homogeneous compound except on thin-layer chromato-

graphy. The unsolvated alkaloid was subsequently obtained
| 26

: . ; D
(MeOH), and analysed well for 021H2603N2. This molecular

from aqueous methanol as needles, m.p, 206»208?[0(] 58°
formula was supported by elemental analyses on the picrate,
m.p. 226-228° (dec.) and finally substantiated by a mass
spectral molecular weight determination (354).

The ultra~§iolet spectrum of sitsirikine, with maxima
at 226, 282 and 296 mu indicated an unsubstituted indole
chromophore. This was confirmed by signals in the nuclear
magnetic resonance (N,M.R.)_spectruh (Figure 1) at 0.06T
(indolic NH) afd in the region 2.5-3.17 (four aromatic
protons). A strong band in the infra-red spectrum at 1705
cm."l was readily attributed to a carbonyl group and an ab-
sorption at 3360 cm."'1 was compatible with the presence of
NH and/or hydroxyl groups. In addition to a spike at 6.387T
(CH30), the N.M.R. spectrum of sitsirikine displayed a
two-proton multiplet centred at 6.1Y that was possibly due
to. the methylene protons of a primary aicoholic function.
The presence of a hydroxyl group was confirmed by the for=-
mation of a monoacetate, 023H2804N2, m.P. 198°,[o{]§6-26é
(MeOH), whose N.M.R. spectrum (Figure 2) was particularly

instructive. Apart from the expected'signai at 8.027 due
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to the acetyl group, the multiplet present at 6.1T in the
spectrum of the alcohol had shifted downfieid and now
appeared at 5.67. This shift of 0.57T upon acetylation is
characteristic of primary alcdhols, whereas the correspoﬁ-
ding shift for secondary alcohols is about 1% unit>?,

Besides the above-mentioned signals the N.M.R. spec=-
tra of sitsirikine and its acetate displayed a multiplet
centred at 4.77T due to olefinic protons, which integrated
for rather less than two hydrogen atoms. A series of micro-
hydrogenations was run on sitsirikine and it was found that
only 0.6-0.7 mol. of hydrogen was taken up. Moreover, the
product gave only one spot on thin-layer chromatography
whose Rf value corresponded to-the smaller of the two spots
exhibited by the original -alkaloid. This evidence suggested
that the two combonents of the mixture differed from each
other merely by'the presence of an olefinic bond in one of
the alkaloids. The unsaturated"alkalqid was named sitsiri-
kine, whereas the corresponding dihydro derivative will be
feferred to as dihydrositsirikine. This coﬁclusion was
fully. - borne out by subsequent work.

Catalytié hydrogenation on a larger scale and
recrystallisation from acetone afforded solvated dihydro-
sitsirikine, m.p. 180°, which analysed fqr 021H2803N2'
CH3COCH3° Further recrystallisations from aqueous methanol
gave fhe unsolvéted alkaloid, 021H2803N2; m.p. 2150,[dj is
-55° (MeOH). The N.M.R. spectrum of dihydrositsirikine

(Figure 3) showed a complete disappearance of the olefinic
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proton absorption. A strong band at 1710 cm.”> in the infra-
red spectrum of the reduced material excluded any conjuga-
tion between the carbonyl group and the double bond in sit=-
sirikine, and the ultra-violet spectrum” was unchanged with
maxima at 226, 282 and 290 mp . Elemental anaiyses on the
crystalline picrate, m.p. 228<230°(dec.), acetate, m.p.
1870,[oq 26»31°(MéOH), and p-bromobenzoate, m.p. 174°, sup-
ported thg formula assigned to dihydrositsirikine, and final
confirmation was obtained from a mass spectral molecular
weight determination (356).

Evideﬁce that the olefinic linkage in sitsirikine was
in fact a terminal double bond was provided by the appear-
ance of a new C-methyl absorption at 9.077 in the N.M.k.
spectrum of the reduction product. This was corroborated
when ozonolysis 6f the original'alkéloid géve formaldehyde,
identified by paper chromatography of its 2,4-dinitrophenyl-
hydrazone36. A conventional Kuhn-Roth determination on di-
hydrositsirikine indicated0.93+mol. C-methyl, while a

37 yielded'propionic'acid and thus showed

modified procedure
that the new C-methyl function was in fact part of a C-ethyl
group. These expériments established the presence of a vinyi
group in sifsirikine.

However, if.was still necessary to explain why the
olefinic proton absorption in-the N.M.R. spectrum of sit-
sirikine integrated for two rather than the three hydrogen

atoms expected for a vinyl group. The thin-layer chromato-

graphy and microhydrogenation results had suggested that
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the impurity present in the original alkaloid was dihy-
drositsirikine, and a close scrutiny of the N.M.R. spec-
trum of the original sitsirikine (Figure 1) revealed a
slight absorption at 9.027 integrating for about one
hydrogen, whereas the mass spectrum indicated a small
peak at m/e 356 in addition to that at m/e 354. A Kuhn-
Roth determination on the mixture showed 0.38 mol. C-
methyl, and the modified method afforded propionic acid.
From these results it was)dedﬁced“that the original alka-
lcid was a, mixture of sitsirikine and dihydrositsirikine
in an approximate ratio of 2:1.

Since dihydrositsirikine was the only component which .
could be obtained pure, it was used as the starting mate-
rial in all subsequent studies.

Besides providing the information discussed above,
the N.M.R. spectrum of dihydrositsirikine (Figure 3) was
very useful in establishing the-nature of the two oxygen
functions present in addition to the carbonyl group. In
the region of 6.1Y there was a two-proton absorption, at-
tributable to hydrogen atoms attached to an oxygen-bearing
carbon atom,which. upon acetylation moved down to 5,613r
This paralleled the behaviour of “the original sitsirikine
and confirmed thé.presence“of a primary alcohol. The nature
of the third oxygen atom was indicated by a spike at 6.42°C
readily assigned as before to-the three protons of a
methoxyl functioh..A Zeisel determination on dihydrosit-

sirikine showed the presence of one methoxyl group and gave
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ample support to the N.M.R, designation.

Since the ultra-violet and N.M.R. spectra excluded
the possibility that the methoxyl was attached to the
indolesystem, the presence of absorption bands at 1705 and

1

1165 cm. ~ in the infra-red region suggested that it was

38.'An attempted saponifica-

part of a carbomethoxy group
tion under mild conditions was unsuccessful, but after
more drastic treatment an uné;turated acid was isolated as
the hydrochioride, m.p.‘260—263°. The N.M.R. spectrum (in
trifluorocacetic écid) of.this substance showed loss ofvthé
methoxyl group. A v

‘Reduction of dihydrositsirikine with lithium alumi-

nium hydride yielded a crystalline diol, m.p. 2o§°,[af]26-3°
' D

(MeOH), which analysed for C,yH,gO,N,. The infra-red spec-
trum of the diol showed no carbonyl absbrption, and the
N.M.R.spectrum indicated a complete absence of the methoxyl
signal. The presence of a carbomethoxy group in dihydrosit=-
sirikine was thus confirmed.

Treatment of the diol with acetone containing p-
toluenesulphonic acid afforded an acetohide, m.p. 105=
109°, as shown by a six-proton N.M.R. signal (gem-dimethyl)
at 8.62T . Since both alcoholiC“groﬁps were primary the
formation of this derivative meant that the hydroxyl groups
were in a 1,3-relationship, and hence dihydrositsirikine
itself must contain a §=hydroxy-ester grouping. The N.M.R.

spectrum of the acetonide was even more instructive in

that the signal'at 6.25T , due to the methylene protons
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on the two oxygen-bearing'carbon atoms, was split into a
doublet, thereby indicating that there must be one proton on
the carbon atom linking the hydroxymethyl and carbomethoxy
groupscin dihydrositsirikine.

At this point it had been established that sitsirikine

possessed a tetracyclic skeleton and the following features:

/ - ‘ /COzMe
X I N l -'/-‘C"”“‘ %:—' CHR —‘C\H
N CH, OH

During the course of the chemical investigations, mass
spectrometric analyses of sitsirikine and various derivatives
were undertaken. The mass spectrum of dihydrositsirikine

39, was most help-

(Figure 8), run by the direct inlet procedure
ful and is discussed in some detail.

The molecular ion peak at m/e 356 established the mole-
cular formula assigned to dihydrositsirikine, and frégments
at m/e 338 (M-H,0) and 325 (M-CH,OH) were consistent with the
presence of a priméry alcohol. A strong peak at m/e'253 was
considered to arise from loss of the entire oxygeﬂ¥contai—

'ning portion of the molecule, i.e. M—CH’CHZOH

\
CO, Me
however, were the ions at m/e 184, 170, 16Q and 156. It was

. More important,

immediately apparent from these four peaks that rings A,B,

and C of the dihydrositsirikine skeleton were of the type (12)

encountered in the yohimbine and related alkaloid classes40,
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where these ions are also attfibuted to the fragments shown

in Pigure 8. The assignments made in the case of yohimbine

were quite rigorously established by deuterium Iaﬁelling, as’

well as by studying the effect of functional substituents

in various positions of the molecule. Moreover, the occurrence

of significant peaks at m/e 169 and 170 and not at m/e 168.
COxMe

CH,O0H

and 169 excluded the type of pentacyclic ring system found in
polyneuridine (13)%49.

Further information regarding the ring skeleton was ob-
"tained from semimicro dehydrogenation experiments. Treatment

of dihydrositéirikine with lead tetracetate afforded a product
thch'exhibited'ultra-violét spectra (7\max;_253, 308 and 365 mu
ih neutral or acid solution;7\max. 284 and 328 qp in alkaline
solution) in good agreement with those of tetradehydroyohimbine

and similar compounds (14)4L, Dehydrogenation of dihydrositsi-

rikine with 10% palladium-charcoal at 250° gave a mixture of
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products which were separated by thih-layer_chromatography.
The main bpoduct‘(compound_A) displayed ultra—violét spectra
(Figureé'S and é) similar to thoSé éf harman (15). In,néﬁtrél
and alkalihe media the spectralﬁere the'game, with maxima at |
234, 250,;282, 288, 337 and 349 mp,, whereas in acid solutibn
there was a;bathochromic Shift to 254, 303 and 372 mpu . |
These reéults were sufficienf_to confirm ththetrahydrd—
(3-carboline structure (12) indicated by the mass spectrum.
Dihydrositsirikine hydrdbromide was then subjected

to palladium dehydrogenation at 2809 , and the resulting mix-

«  ture separated by‘thinélayer_chromatography.'The ultra-=violet

absofption_of one major fraction (compound B) was in close‘
correspondence with_that.of»596~dihydr6fla7000ryline hydro-
‘chloride (16)43‘with maxima at 221, 312, and 386 mp . This
provided the‘first.piece offevidence fér the éntire ring

system in sitsirikine.

I'inal confirmation was obtained when the dehydrogenation
produét was oxidised further with 2,3=dichlofo=5,6=dicyan6=
pwbenzoquihone to compound C, which possessed.a cbmpletely
aromatised ring system. The ultra-violet spectrum (Figure 7)

- with maxima at 237, 291, 345 and 385 mQ was in good agreement
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with that reported43 for flavocoryline (17, R = R, = Et)

1
but showed differences from other compounds (17)43 with the

- same chromophore (see Table 2).

Table 2
R R, Amax, (mp )
H H 244 294 345 388
H Et 235 295 350 390
Et Et 238 291 346 385
(CH, )4 ~ 242 295 342 388
i-Pr Et 240 292 346 386

An authentic sample of flavocoryline hydrochloride was
kindly provided by Dr.G.A, Swan, Chemistry Department, King's
College, University of Durham, England, and the ultra-violet
spectrum found to be superimposible on that of the compound
derived from dihydrositsirikine. Furthermore, the two materials
had the same Rf value on paper chromatograms run in several
different solvent systems. Although the minute amounts of
dehydrogenation products available prevented complete charac-
terisation, the ultra-violet spectral data established the
ring structure, -and also suggested that sitsirikine'was a
relative of the corynantheine (18a) class of alkaloids. A
provisional structure such‘as‘(19) could ~thus be considered

for dihydrositsirikine.
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OMe

| a: R = ¥CH=GH2
b: R = ~CH,CH,
| 2 7
1 No N
( 20) (21) (22)
HO CH, HOCH, Me0RC

The orientation of the hydrogen'atbm at C-3 in (19) was
indicated as by the presence of Bohlmann bands®4 at 2810 and
2760 cmn°1 in the infra-red spectrum of'dihydrositsirikihea
Furthermore, the hydrogen atom at C=15 éould be assumed to
have the Q(-configuration since this orientation has been found
-to be conétant at the corresponding position in all related |
alkaloids45. | | |

During»their investigatibné on corynanfheiné (laa) Karrer

42 yad reduced dihydrocorynantheine (18b) with

and co-workers
lithium aluminium hydride and isolated two isomeric alcohols:
desmethokynadihydrocorynantheine alcohol(éo),and iso=desmethoxy—
dihydrocorynantheine alcohol (21)., Since‘£he'configurations“af
Ce} and C=15 in.dihydrocqrynantheiﬁe wefe the Same:as those

projected for the corresponding positions in dihydrbsitsirikine,

it seemed feasible to attempt a correlation'betWeen_dihydrositSi=
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rikine and dihydrocorynantheine. Dehydration of dihydrositsi-
rikine to giverthe-unsafurated ester (22), followed by hydride
reduction should yield the known alkaloid (20), provided, of
course, that the configuration at C-20 was also the same as

in corynantheine,

Accordingly, dihydrositsirikine was treated with sodium
methoxide in dry methanol.to afford the ofB-unsaturated ester
(22), which recrystallised from'aquédus methanol as needles,
m.p. 84-89° ,[?§]§6+2° (MeOH), and analysed for the methanol
solvate, 021H2602N2'CH30H. The presence of a terminal olefin
was shown by a band in the infra»réd“spectrum at 1620 cm.°1
and N.M.R. signals at 3.73 and 4.417T , each of which integrated
for one proton. On hydrogenation one mol., of hydrogen was
taken up to give desoxy-dihydrositsirikine (23) as a mixture
of the two C-16 epimers, m.p. 172-177° . The infra-red and N.M.R.
spectra showed the disappearance of the double bond, and the

analysis was in excellent agreement with the formula C21H2802N2.

Hy, (22) LiAlH, (20) + (21)

—
Pd ‘
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The olefinic ester was then reduced with lithium aluminium
hydride, but the product contained relatively little terminal
olefin, as determined by the N.M.R. spectrum. By a combination
of chromatographic and recrystallisation techniques the major
component was obtained as light brown needles, m.p. 204° s
Ex]26u24 3° (MeOH), which showed one spot on thin-layer chro-
matography and analysed well for C2OH26ON2 The melting point
and specific rotation were in excellent agreement with the cor-
responding constants — m.p, 204° ,[0{]%70 24.0° — quoted*? for
iso-desmethoxy-dihydrocorynantheine alcohol (21). This was
good evidence for the structure (19) for dihydrositsirikine but
was not entirely conclusive, since unfortunately no sample of
the iso=alcohol could be'dbtained for direct comparison.

HoWever, the correlation between dihydrocorynantheine and
dihydrositsirikine was achieved by the following sequence of
reactions, Mild acid hydrolysis converted dihydrocorynantheine
(18v) to desmethyl-dihydrocorymantheine (24), which on reduction
with sodium borohydride yielded a product (25) identical in
every respect with_dihydrositsirikiné; Having thus established
the structure of dihydrositsirikine, we could immediately

assign structure (26) to sitsirikine.
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B, Isositsirikine

From the amorphous post-perivine fractions of the chroma-
tography of fraction B (Scheme 3), the Lil1y'group isolated
another alkaloid which they also referred to as "sitsirikine"
but to which we have given the name "isositsirikine" since we
have now shown that it is a new alkaloid. Although the base,
[OF]iG-ZOO(CHCIB),’was an amorphous powder, it was homogeneous
by thin—layef chromatography and gave a sharp-melting crystalline
sulphate, m;p.‘263.5°, and picrate, m.p. 216 ° . Analyses on iso-
sitsirikine and its salts indicated a formula of C21H26O3N2 for
the base, This formula was established by a mass spectral mole-
cular weight determination which showed a value of 354.
Standard»Kuhﬁ-Roth and Zeisel determinations showed the presence
- of one C-methyl and one O-methyl'group“reSPecfively. Maxima
at 224, 283 and 291 mu in the ultra-violet spectrum were charac-
teristic of an unsubstituted indole chromophore, and an absorp-
-tion band at 1720 cmf-lin the'infraared'région gave evidence
for a carbonyl group. The N.M.R. spectrum of isositsirikine
(Figure 4 ) confirmed that the indole system was unsubstituted,

with signals at 1.337T (NH) and in the region 2,4—3,1T'(four
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aromatic hydrogens), and a sharp-three-proton singlet at 6.287
was readily attributed to the methoxyl group found in the Zeisel
determination. |

‘The presence of one olefinic hydrogen atom was shown
by a quartet centred at 4.537 , whereas a doublet at 8.407
indicated that the methyl group was attached to an olefinic
carbon atom. Since the coupling constants were the same (7 ¢/s)
in both cases, these signals almost certainly denoted an
ethylidene group. containing a trisubstituted double bond.
Catalytic hydrogenation resulted in - the-uptake of one mol. of
hydrogen to affofd‘anvamorphousrmixture of two Aihydro-isosit=-
- sirikines, 021H2803N2, as shown by thin-layer chromatography.
The major component (which was not the same as dihydrositsi-
rikine) was separated by cﬁromatographywand characterised
as the crystalline picrate, m.p. 187° . In the N.M.R. spectrum
of the dihydro compound the signals -due-to the ethylidene
group had disappeared, and a ﬁeW“methyi absorption at 9.03 7T
became evident. Final confirmation of the ethylidene group
was obtained when ozonolysis of isositsirikine yielded acet-
aldehyde, identified by paper chromatography of its 2,4-dini-
trophenylhydrazqﬁe36.

Carbdnyl ahd methoxyl functions accounted for two of
the oxygen atoms in isositsirikine. The nature of the third
oxygen atom'was fevealed"when:acetylation“gave an amorphous
acetate, 023H2804N2, which displayed the appropriate bands in
the infra~red region at 1730 (C:O) and 1235 (OAc) cmfi. The
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N.M.R. spectrum of this acetate was particularly instructive.
Apart from the expected new sharp signal at 8.157 due to the
acetyl group, a doublet integrating for two hydrogens now
appeared at 6.057 , whereas a two=proton absorption present
at 6.67 in the spectrum of the alcohol had disappeared. The
most obvioﬁs interpretation was that the doublet was due to
the methylene protons of a primary hydroxyl group which had
undergone a downfield shift of O0.5T unit on acetylation35=
Moreover, the sylitting of the signal into a doublet suggested
that the methylene protons were part of an'AZX'system9 and
hence the hydroxymethyl group in isositsirikine was probably

. |
attached to a carbon bearing one hydrogen atom, i.e. Hw?uCHQOH.

When isositsirikine was reduced with lithiﬁm aluminium
hydride a diol was obtained, which showed neither a carbonyl
absorption in the infra-red region nor a methoxyli signal in
the N.M.R. spectrum. This evidence demonstrated the presence
of a carbomethoxy group in isositsirikine.

Treatment of the reduction product with acetcne containing
putoluenesulphonic acid gave an acetonide which crystallised
from methanol as needles, m.p. 105-109° [ot] 26_53° (cHC1).
This derivative analysed well for the solvate, 23H3002N CH3OH,
and the N.M.R. spectrum clearly indicated a gem-dimethyl
group with a pair of sharp signals at 8.63 and 8.687T . Since
the diol had two primary alcohol»functions, the formation of
an isopropylidene derivative -meant that the hydroxyl groups

were in a 1,3 relationship. Hence isositsirikine itself must
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possess a.ﬁ-hydroxy-ester grouping similar to that found in
sitsirikine.
At this point the following features of the alkaloid

sfructure had been established:

/CORMQ
N
- , , H N
u CH,OH

‘The nature of the ring system was revealed by dehydrogena-
tion of a small amount of isositsirikine sulphate with palladium
black at 280° , The resulting mixture was separated by tQin-iayer
chromatography, and two significant fractions were obtainéd.

One of the dehydrogenation products gave ultra-violet spectra
of the harman (15) type (Figures 5 and 6) with maxima at‘232;
282, 289, 336 and 347 mp in neutral solution, which shifted
to 251, 302 and 374 mp upon acidification. Even more instruc-
tive was the ultra-violet spectrum of the other fraction,
since it was similar to that of flévocoryline hydrochloride
(27) with mexima at 237, 291, 345and 385 mu (ef. Figure 7)
and thus provided evidence for the entire tetracyclic ring
system of isositsirikine.

It was subséauentl&‘shown by paper chromatography,
using an ethyl acetate-pyridine-water (8:2:1) system, that
the latter dehydrogenation product was actually a mixture
‘ef two compouﬁds. The major -component (Rf 0.35) of this

mixture was not flavocoryline (Rf 0.43) but the minor component
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héd the same Rf value as flavocoryline, indicating that some
of this known alkaloid had presumébly‘been'obtained in the de-
hydrogenation.

Since it had been possible to degrade dihydrosifsirikine
to flavocoryline b& a combination of palladium and quinone
dehydrogenation reactions, a similar procedure was followed
with dihydro-isositsirikine.

The hydrogenation product of iscsitsirikine was conver-
ted to the amorphous hydrochloride. The salt (without purifi-
cation) was then heated with palladium black at 280° g the
residue taken up in acetic acid, and treated with 2,3~dichloro-
5,6-dicyano-p-benzoquinone. From the reaction mixture was
isolated a crystalline hydrochloride, m.p. 280-282"° s which
was identical in every respect with authentic flavocoryline
hydrochloride (27): same melting point and undepressed mixed
melting point; superimposible ultra-violet and infra-red spectra;
identical Rf values on thin-layer and paper chromatography.

From these results the gross structure (28) could be
assigned with some certainty to iso-sitsirikine, since the
alternative structure with the positions of the ethylidene and
@-hydroxy~ester functions‘interchanged was considered véry

unlikely on biogenetic grounds. However, the structure (28)




- 29 =

contained three asymmetric centres at -3, C-15, and C-16
whose configurationsstill remained to be determined.

At first, the C-3 hydrogen atom was thought to have a
@-orientation, since the infra-red spectrum of isositsirikine
did not display Bohlmann bands** in the 2800 cm.” ' region.
However, dihydro—isositsirikine exhibited strong"ébsorptions
at 2810 and 2760 cm.’l,and thus presumably had the Ot-configu-
ration at C-3, This suggestion Qas substantiated when lead
tetracetate oxidised dihydro«isositsirikine (29) to the tetra-
dehydro compound (30);.which on subsequent reduction with
sodium borohydride regeneratéd‘the'starting materiai; Sincé
this sequence is known to give the isomer with the C-3 hydrogen

atom in thetxyorientation46

; 1t followed that dihydro-isositsi-
rikine, and hence isositsirikine, must have this configuration

at C‘-3o

(o )

Me0,C CH,OH

The Q-orientation of the hydrogen atom at C~15 could be
assumed on the basis of Wenkert's empirical rule45, but there
was no way of readily finding the configuration at C-16., There-

fore the structure postulated for isositsirikine was (31), and
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it is noteworthy that this alkaloid bears a close relationship

to sitsirikine (26).

Me0,C CH,OH

After the evidence indicated above for isositsirikine
" was already on hand, a mass spectrum (Figure 9) of this alkaloid
was obtained. In addition to an accurate molecular weight,
the mass spectrum provided valuable evidence about the structure,
and thus supplemented the chemical investigations.

The peaks at m/e 336 (M-HZO) and 335 (Malmﬂzo) were con-
siderably stronger than the parent ions at m/e 354 (M) and
353 (M—1>~a a facile dehydration compatible with the presence
of a lebile proton at C-16. A series of ions at m/e 184, 170,
169 and 156 corresponded to a similar sequence displayed by
dihydrositsirikine, and were considered to be fragments derived
from a tetrahydro—ﬁ&-carboline system40. However, the mass
sbeétrum of isositsirikine (Figure 9) differed markedly from
the spectrum of dihydrositsirikine (Figure 8), inasmuch as a
series of strong signals were obtained at m/e 275, 261, 247, 232
and 219 that were not found in the latter spectrum. These peaks

could be plausibly attributed to various radical ions(32a,b,c,d,

e) in which the entire tetracyclic ring structure of isositsiri-
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kine had been aromatised. It must be emphasised that the

as B = Ry = Et; m/e 275

b: R = Me, R Et; m/e 261

1
c: R = H, Ry Et; m/e 247
G: R = CHy, R, = H; m/e 232

2y

e: R =R, = H; m/e 219

1

structures shown are only ten&ative, since no evidence ‘is
available to decide which among several alternative structures
are corpect, Since these ions are not produced in the frag-
mentation of dihydrositsirikine (or sitsirikine) it must be
assumed that the presence of a double bond gxo to the D-ring
leads to its ready aromat%sation, and subsequently to that

of the C-ring. The difference is most clearly demonstrated

by the respective base peaks, both of which arise by loss

of the gb-hydroxj—ester"group; With dihydrositsirikine this
ion (33) is quite stable and is registered at m/e 251, but

in the case of isositsirikine, dehydrogenation of the corres-
ponding ion (34) occurs to give the m/e 247 fragment for
which the structure (32¢c) is suggested.

(33) +
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C. Other Work on Sitsirikine, Dihydrositsirikine and

Isositsirikine

At about the same time as the publication of our work

47

on sitsirikine and dihydrositsirikine ', a report48 appeared

on the isolation of several related alkaloids from Aspidosperma

oblongum A.DC. Spiteller and Spiteller-Friedmann separated

trace amounts of alkaloids by means of thin-layer chromatography
and postulated structures on the basis of mass spectral cracking
patterns. From cne fraction was obtained an olefin (M.W., 354),
which on hydrogenation gave a dihydro compound (M.W. 356). A
partial structure containing a tetrahydrom{%«carboline systenm
was deduced when both compouhds_displayed signals at m/e 184,
170, 169 and 15640, whereas peaks-at-M=31 and M-59 suggested

the presence of primary alcohol'and“ﬁethylwester~functions.
Since both compounds showed a strong peak at M-103 it was

tentatively assumed that the oxygenacontaining-groups were
~CH, OH

CO Me
olefin with lithium aluminium hydride gave ‘a compound of mole-

present as a ﬁ-hydroxy-ester unit, ~<CH_ . Reduction of the

cular weight 326, which confirmed the methyl ester., This pro-

duct also displayed a peak at m/e 251, corresponding to loss

— CHa OH

~CH, 0H

group in the original alkaloid.

~of -CH , which substantiated the proposed g-hydroxy—ester
These deductions were supported by a parallel series of

reactions and mass spectra on an accompanying alkaloid of mole-

cular weight 384. This was considered  to be merely a derivative

of the above alkaloid (M.W. 354) with a methoxy substituent



in the aromatic ring, since the cracking pattern was similar
to the above except that the peaks were shifted upwards by
30 mass units.

On the basis of these results the zuthors suggested the
structures (35a) or (35b) for the alkaloid of molecular weight

354, and (35c) for the dihydro derivative {M.W. 356).

‘ P R P Pa T
N {)b) as H o= =CHG %

N,
H e R = <CH=CH,
(4

MeO,C CH,0H

Subsequent comparison by Spiteller of the mass spectrum
of the dihydro compound with the mass spectrum of our dihydro-
sitsirikine indicated that they were practically identical. The
small differenceé in the spectra were considered by Spiteller
to be due to impurities in their compound, since the minute
amounts available in their investigation prevented them from
rigorously purifying their sﬁbstance. Because the M-103 peak
was larger in the olefin than in the dihydro compound, the
isositeirikine structure (352) was favoured for their parent
alkaloid (M.W. 354), inasmuch as the cation (34) resulting
from loss of the @-hydroxy-ester unit would be stabilised by
the allylic double bond. However, our mass spectrum of isosit-
sirikine was very different from that of Spiteller's aika.loid9

and consequently the above rationalisation is open to gquestion.
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Some months after our publication, two Dutch workers49

v v (3 13 °
described the isolation of an alkaloid, 021H2803N2, m.p. 216 ,

from Pausinystalia yohimbe Pierre. These authors indepen-
50

dently derived a structure which corresponded to dihydro-
gitsirikine, and, indeed, the infra~red spectrum c¢f their
alkaloid was superimpcsible on that of our, compound. The route
by which their structure was determined was somewhat different
from ours, and hence is summarised below.

Dehydrogenation with selenium afforded alstyrine (36),
which established the ring system and the position of substi-
tuents. Kuhn-Roth oxidation indicated one C~methyl group, which
was considered as part of an ethyl group in view of the dehydro-
genation results. The presence of a hydroxyl group was proven
by formation of an acetate. From a-Zeisel determinétion of one
methoxyl group and & carbonyl-band in-the infra-red spectrum,

a methyl ester was inferred, and this was confirmed by a
saponification—regsterification“sequence.'The.relation between
the oxygen functions was elucidated by dehydration to an
of-unsaturated ester (22) and-hydrogenation to a mixture of

the two desoxy-dihydrositsirikine®-(23%). A Kuhn-Roth oxidation
revealed the%presenoe of an additional C-methyl group, and hence

established a (3~hydroxy-ester unit in the original alkaloid,
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(37)

Me0,C ' HO CH,

From these results a dihydrositsirikine structure (25) was de=
duced, and confirmed by a correlation with the known dihydro-
corynantheine derivative (37). This correlation was achieved

by hydride reduction of (23%) to a mixture of two alcohols, one

of which was isolated and found to be identical with (37).

D. The Biogenesis of Yohimbine, Corynantheine and Ajmaline

Type Alkalcids

"It is of interest to discuss briefly some of the bio~
synthetic ideas pertaining to indole alkaloids, and more partic-
ularly to the corynantheine series, in order to consider the
possible biogenetic.relationship“of gitsirikine and its re-
latives.For many years it has ‘been considered that indole
alkaloids related to yohimbine-(-42) are derived in part from
tryptophan (38), a hypothesis that has been substantiated in
every insténce where tracer experiments-have been performed;
as, for example, with reserpine, ajmaline and serpentinesl.
Hence the main interest at the present time is-in the non-
tryptophan portion of the molecules:

Thus in the Robinson-Woodward52’53 theory, which is based

on an earlier scheme due to Barger and Hahn54, yohimbine (42)
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is produced via the intermediate'€40)"formed by condensation
of a dihydroxyphenylalanihe unit'(39)“and"formaidehyde with
tryptophan (38). Introduction of a carbomethoxy group into
(40) and appropriate reduétion stéps are fhen-pdstulated to
lead to yohimbine (42)..Robinson's suggestion52 to-account
for the carbomethoxy group ié that the hydrbxylatéd“aromatic
riﬁg E is expanded to a’iropolone~(¢l); whichjthenpcrumples:
to a keto-acid. A cleavagg of ring E“along”tﬁe;dotted'line,
known as a "WOodward fission"'559 is'invqked“tb account for |
alkaloids such as cdrynantheine“(18a), and ajmalicine (1).
Subsequent ring closures are required tO'afford;polyneuri-

dine (13)*° and ajmaline (43)°7.
C O H
NH, b
CH0
(39)

H H
(38) LBENH,

OH
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An elegant élternative ébhemé'involving preﬁhehic écid,
(44) has been elaborated by Weﬁkert55; Rearrangement of prephe-
nic acid by a 1,2-shift of the pyruvate residue with retention
of‘configuration,'followed‘by'hydrétion, affofds,a unit (45)
readily disoerniblé ih yohimbi'n'e'.(4:2')° Céndensation.with a
formaldehyde équivalent and‘sgzgg-aldolisation then yieids a
:gggg-4prephenate-formaldehyde" (SPF) group (46), that can
condense with tryptamine to yield the ring-opéned alkaloids

typified by corynantheine (182) and ajmalicine (1).
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OCne of the attractive features of Wenkert's scheme is

that it'predicts the correct stereochemistfy at the position
corresponding to C=15 of yohimbine (42) in the various alkaloids.
The hydrdgen atom at this position is found to hé&e the(urconfiu
guration in all related indole alkaloids of known sterebéhem=

istry4 57

s except for "Y-akuammicine and the Aspidoéperma
alkaloids dlscussed later in this thesis. | |

A group of cyclopentane - glu0051des, one- example of which .
ié”genipin (47)58, has been found to have'the'same“absolute.
configuration at thé poéition [starred'in“(47)]‘corresponding“
to C=15 in (42). These compoundS'appear'tO'have theiristructure
based on the monoterpene unit (48), cleavage of which along |

the dotted line would give a skeleton analogous to the SPF unit.
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(4 © (48) - (49)

Wenkert thus con31dered the hypothesis (previously suggested
by Thomas59) that the indole alkaloids may have ‘a monoter-‘f
penoid precursor ..... derlved from mevalonic acid (49), or equally,
that,the,.cyclopentano-monoterpenes evolve from prephenic |
acid, o . ] | | ‘;” -
One ean readily}visualise”the“role'of'the'SfF unit (46)
in the biosyntheeis:ef corynantheinev(183)"and'releted alkaloids,
»Formation:of an SPE—tryptamine cdmpieX'(Sl)Vvia‘(50) 15_£01Iowed‘v
by a Mannieh;type cbndensetion“at'the drposition,ef the iﬁdqle
system to give‘(52), which can then'uhdergo apﬁropriate modi-
ficatlons. ] _ . | s
Slts1r1k1ne (26) and its relatives: constitute an 1nter—
' esting varlatlonuof the corynanthe1ne-series which may_lle on
one possible'biogenetic pathWay'to*pentacyclic alkaloids such
as polyneuridinef(13)4o° The'intermediete'(52)'propoeed‘by Wenkert
can be v1sua11sed as underg01ng decarboxylatlon and ox1dat10n

)60, ‘which then cycllses to (54)

to the 1mmon1um ion (53
Addition of the aldehyde functlon to the @- p081tion of the
indole can afford a plau51ble precursor (55) of the aJmaline—
type: alka101ds such as vomenlline (58) . 1f, however, reduction

of the aldehyde group in (52) occurs before decarboxylation,
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then a sitsirikine type is .obtained. The corresponding immo-
nium ion (56) can cyclise only to 'a-pentacyclic precursor (57)
of polyneuridine (13), or its G=16 epihér; akuammidine.
Recently Lee.te62’63 hasmattempted“towtest"thé hypotheses
déscribed above by feeding labelled cdmpounds to Rauwolfia

gerpentina and degrading the ajmaline (43) obtained. In both -

the Robinson-Woodward and the Wenkert schemes C=21 of ajmaline
derived from a formaldehyde equivalent, a theory which is

supported by incorporation of 14Cmformate at this position62°

As phenyialanine is a known precursor of dihydroxyphenyl-
alanine, it might be expected, on the basis of the Robinson-
~Wbodward hypothesis, that administration of phenylalanine-2-14c
would provide ajmaline—3—140,'but'the ajmaline extracted was
inactive, as were the reserpine'and*serpentineﬁB,

If Wenkert's prephenic ébid“hypothesismwere'correct, then

'alanine-2-l4c;iwhich would label prephenic acid by way of

pyruvate, should give activity at C-3 in ajmaline. However,

only 2% of the radioactivity was attributable to this position63,
Ajmaline isolated from a plant which had been fed

mevalonate-2=140, an established precursor of terpenes, was

63

completely inactive ”. This result rendered unlikely another
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biosynthetic route in which the non-tryptophan moiety was
supposed to be formed from a monoterpene unit (48)56’59.

A fourth hypothesis was then put forward by Leete64,
on the basis ofﬁgydegradation of ajmaline, labelled by
acetate»1-14c iﬁgbrporation, which showed that C-3 and C-i9
each contained a quarter of the total activity, whereas
C~21 was inactive. If it were assumed that the remaining
half of the activity was shared between C-15 and C-17, then
this would suppert a theory, previously advanced by Schlittler
and Taylor65, in which the carbon chain 18=19-=20-15-14-3 ori=
ginates by condensation of three molecules of acetyl-coenzyme A
tb a poly-(3 -keto fragment (59). Further condensations with

a formaldehyde egquivalent at C-20, and with the methylene

66)

group of malonyl-coenzyme A (derived from acetyl-coenzyme A

at C-15, were postulated to afford an intermediate (60) very

0,C

*
O c="c (60)

- similar to Wenkert's SPF unit (46). It should be emphasiséd
that (60) would be expected to form a complex with tryptamine
essentially identical to the tryptamine-SPF complex (51), and
hence the lafter.part of Wenkert's scheme in which the various

indole alkaloids are derived would still be valid.



- 43 -

Unfortunately in a repetition'of'the‘work on R, serpentina,
67

Battersby and co-workers ' were unable to reproduce the above
results, and it was found that the radiocactive label in ajma-
line (43) from both acetate and formate was scattered. Hence,
at the present time no one hypothesis has been established to
the exclusion of others, and the origin of the mnon-tryptophan

portion of these indole alkaloids is still a subject of contro-

versy.
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~ PART II

Some Aspects of the'Chemistry;of Catharahthine

and Cleavaminglz'

. Introductlon

Durlng 1nvestigatlons by the Lilly group69 ou“the“dimerico

Vinca alkaloids, v1ncaleukob1astine (VLB), leuroslne,:and leuro-
cristlne, it was . found that each“wasmcleavedrby"concentrated
hydrochloric aCld to an indole compound and ‘a vindollne derlv-.
ative (61). In the instances: of VLB and leurcsine“ the latter
was desacety1v1ndollne (613), whereas leurocristine’gsve'
des-N(a)—methyl desacetylv1nd011ne (61b) Both VIB-and leuro-
v<cristine afforded the same indole derlvative, velbanamine,

19 26N 0, but the corresponding compound with ‘leurosine.
~was cleavamine, 019324N2. Velbanamine was" considered to be -
a hydroxynd1hydrocleavamine, since- it ylelded ‘some cleavamine

on prolonged heatlng w1th acld68

(61) a: R
b: R

Me

]
-

When catharshtﬁine (5)69f§as subjected to-the:seme acid treat;
'ment, one of the products was found to be cleavamine, which |
suggested that the ‘dimeric alkaloids were constituted of vindo-
vline and catharanthlne—llke moieties. Moreover, the infra-red

spectrum of VLB could be approximated by an equimolar mixture
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70. When the structure of these
27,28

of vindoline and catharanthine
alkaloids had been established , the Lilly research group
postulated the partial structure (62a) for VLB, the precise
points of attachment of the vindoline unit and the position of
the hydroxyl group still remaining in doubt. Leurosine was

thought to be the anhydro-analogue, whereas leurocristine was

probably des-N(a)-methyl-N(a)~formy1 VLB (62b).

. MeO AN \N OAc
> R OH

b: R = CHO COxMe

However, the identity of the indole portion of VLB could
not be'estabiished directly, sincewitfseemed“that“a rearrangement
was taking place during the-acid cleavage, "and conseguently the
indole compound'isolated did not mecessarily possess the
sketeton present in the original alkaloid, It therefore became
imperative to espablish the structure- and mode of formation
of'cleavamine,.and also to characterise the other products
from the acid treatment of catharanthine. Establishment of
the mechanism of the catharanthine-cleavamine transformation
would furniéh evidence for the- structure-of VLB, since catharan-
thine constitutedfan excellent model for the postulated indole

moiety.
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Although the study of this reaction was originally under-
taken mainly in connection with the structure of VLB, the ultji-
mate scope of the work went far beyond this aspect. Conside-
ration of likely intermediates from a mechanistic standpoint
led to the use of cleavamine analogues in the synthesis of
immonium compounds, which in turn were found to undergo trans-
annular cyclisations to Iboga (63) and Aspidosperma (64) - like

skeleta.

(64) ‘,\‘
/%\I
LQ;// N
H

Hence the discussion of the work on cleavamine and its

(63) R = H or CO,Me

congeners can be divided into two sections: the catharanthine
.~cleavamine transformation andia'poésible"mechanism-are presen=
ted in section A, whereas thelsyqthetiC“use'of the cleavamines
and their biogenetic implications will be discussed in section C.
A review of current biosynthetic-theories pertinent to the

discussion on transannular cyclisations is given in section B.

A. The Catharanthine-Cleavamine Transformation

When catharénthine (5) was treated-with concentrated
hydrochloric acid-in the presence-of-tin and stannous chloride,
and the resulting-mixture separatéd“by‘chromatography; two
of the products obtained were“descarbomethoxycatharanthine (65)

and cleavamine (66). The structure (66) of cleavamine had been
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suggested mainly on the basis of a comparison of the mass
spectral cracking patterns of cleavamine and dihydrocleavamine

with that of quebrachamine72 (67), and was finally established
73

by an X-ray analysis of cleavamine methiodide

S Y

(65) . - (66)

| N
/jr/\
©:é,] ‘ (67) @;jj (68)
H

Since the combined yield of cleavamine ani descarbometh-

oxycatharanthine was only about 20%, it was decided to examine
some of the other components more closely. In particular, it

was felt desirable to isolate ‘other compounds which might
provide informa?ion abdut the mechanism of this interesting
rearrangement. The cleavamine mother liquors and several cleava-
mine~containing fractions were combined- and subgected to a  care=-
ful column chromatography. Apart from the many fractions
containing intractable gums and-resins, one fraction was
obtained which could be weilﬁcharactefised; It‘iS'apprpriate to
‘discuss this in some detail, ‘since additional évid;nce was
furnished which was germane fo any mechanistic interpretationo

This fraction, designated B9, was a mixture of two com-
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pounds, as shown by thin-layer chromatography. No olefinic
protons were apparent in the N.M.R. spectrum of B9, and the
methyl triplet normally present at 8.967T in cleavamine had
shifted to 9.13T . The mass spectrum showed a molecular ion at
m/e 282, and other significant peaks at m/e 156, 143, 138, 124.
could be attributed to the following fragments, which are

given by 4"o"-dihydrocleavamine (68)*:

\\-}; N NS
. | ~ ~ N
ﬁ ~I &/
m/e 156 o m/e 143 m/e 124 n/e 138

In general the mass spectrum of BY was practically superimpo-
sible on that of 4"o"-dihydrocleavamine, and also the infra
-red spectra were fairly similar, The leading spoti of the
mixture had the same Rf as 4"o"-dihydrocleavamine on thin-=layer
chromatography and the éecond:spot was thought to be due to

a dihydrocleavamine epimeric at C-4, which we designated as
4"@"=-dihydrocleavamine. From other studies at the Lilly labora-
tories, a C-4 epimer of 4"Q"-dihydrocleavamine was isolated,
and a sample provided by Dr.M. Gorman, Lilly Research labora-

tories for comparison purposes. It was possible to demonstrate

Por the sake of clarity, the dihydrocleaygmine (68) obtained
by catalytic hydrogenation of cleavamine is referred to as
4"l'~dihydrocleavamine. This does not imply any definite ste-
reochemistry, out i1s used merely to differentiate this com-
pound from the corresponding C-4 epimer, 4"@"—dihydrocleavaa

mine. '
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that our 4"g* -dihydrocleavamlne was identical to the Lilly
sample., A synthetlc mlxture of the dihydrocleavamines duplica-
ﬂ?wted the behav1our of fraction Bg: on’ thin—layer chromatography
'hand gave an 1dentlca1 infra-red spectrum.
| Two dlhydrocleavamines eplmeric at C=-4 could be obtalned
in this reaction. elther from dlhydrooatharanthine (present as.
an impur:tyor formed by reduction of catharanthine), or by
reductlon of cleavamine (or an equivalent reaction 1ntermed1ate)
' Since the catharanthine was- homogeneous, and in any case dlhydro—
catharanth1ne-(69) had ‘been ‘shown- to decarboxylate without

formatlon of d:lhydrocleavam:me;Ll

,the former poss1blity could
be dlsmissed. We were thuswleft with the latter alternative,
that had to be incorporatedrinto7a“mechanismwwhich'would@occount'
for thé formationwof cleé#amine~(66§5'descarbomethoxycatharan—
thine. (65) and the two dihydrocleavamines (68). |

‘Some other results pertinent to any proposed'mechanism had
been obtained by the Lilly group 113 Dlhydrocatharanthlne (69) was
décarboiylated readily tO‘épiwlbogamlne(70)“by"heating with .
hydrazihe in‘ethanol74, or-by hydrolyszs with-either aqueous‘
potassium hydrox1de or lithium-iodide- in pyrldlne followed by
heating with dilute mlneral a01d75° These results fitted the‘

proposedm_echanism75 for the decarboxylatlon.of}Iboga alkalo;dé:



- 50 -

Howevér, none ofvthese procedures“was'éﬁccessful in decarboxy-
lating“catharanthine (5),“presuméb1y'because“the corresponding
intermediate (71) would be t00“strained“tb form%lB.
Therefore, the formation of descarbomethoxy-=catharanthine
(65), albeit in“pbor yield, upon-tréatment of 'catharanthine
- {(5) with concentrated hydrochloric acid must involve some
other mechanism.*In.order'tO"explain the“occurfenée*of'clgava-
mine (66) and_the”epimeric-dihydroéleavamines”(68)'a ring-
'opened'intermediateﬁmust_be present-at some“stégeg aﬁd’moree
over, ‘a route has:to.pe.provided“whereby-the“qlefinic linkage
present in-catharanthine cén"be“reduced;'Wifh'these‘consideraa

tions in mind we postulatg_the speculative mechanism on'}p° 51
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(5)
L (12)

(73)

il,z—reduct'lon : | . | (77)
. ‘. ll,2-_r‘eduction' '

(66)
(68)
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for the reaction.

The lone pair of electrons on the N(b)-atom in (5) can
participate in.a.rearrangement to form an immonium ion, with
concurrent ring cleavage and protonation at the’@&position
of the indolé,.The resulting ring-opened  intermediate (72) 1is
stabilised by two. factors: (i) the allylic mature of the
immonium ion, and (ii) the conjugation of the newly generated
double bond between C-17 and C=18 with both the ester and ani-
lino functions. After acid hydrolysis of the ester, decarboxy-
lation may then occur via (73) in an-analogous manner to the
Iboga alkaloids. Absence of a C=5/018 bond renders the molecule
more”flexiblg; and the decarboxylated product (74) is obtained,
whereas the corrésponding intermediate (71) required in the
usual mechanism (see above, p.50) cannot bé‘forme&:'

The crucialf1ntarhediate”@74)‘may“fOIIOW'either'of“two |
reaction paths. If the original electron flow is reversed, then
the C—5/C-18 bond: is regenerated and the product will be
dés&é;bOmethoxycatharahthine(65).-But'if there is merely an -
‘allylic'shift-of;avproton'Gperhapsmbecause“thQ‘immoniumgSystem
has‘already'beenrreduced) then'the“ringaopenea“tetracyclic
compounds must ultimately be formed. Assuming“that (75) is the
aétual‘intefmediate,.1,2—reducti0n“of the ‘immonium ion will'
give cleavamine directly. On the othér“hand,‘1,4~reduction
can also occur tcuafford:an”eneamine‘(75),“which rearranges
76

in'the“well=knownumanner to ‘the immonium compound (77) with

subsequent reduction to (68). A mixture of 4"&"- énd 4"@"~ di-
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hydrocleavamines (68) is obtainedmbecause'the approach of the
proton to C-4 in (776) can occur‘from”above'or"ﬁelbwwthe'plane
of the ring with essentially equal facility. -

The reduction of catharanthine with -zinc in glacial ace-
tic acid to carbomethoxy«4ﬁ@"cdihydrocleavaﬁine (119) showed
that the reduction and decarbométhoxyi&tion“wefe“separate
processes. Much.more. substantial support for the mechanism,
however, was the. tnansannular cyclisation of an:immonium ion
derived from carbomethoxy-4"@"=-dihydrocleavamine to an Iboga
skeleton {see section . C, p.79). This demonstrated that a simi-
1a; cyclisation proposed for the“formation“of“dgscaibomethoxy«
éafharanthine (65) from the intermediate (74) was actually
feasible.

- Im the absence of'.an inorganic reducing agent; the
reduction step possibly takes place via:an intramolecular redox
reaction of tWo.molaculeS‘of“the’infermediateW(75) to yield
one molecule of cleavamine (66)'and“0ne4of a pyridinium com=
pound (78). The increase in yield*of”cleavaminé in a reducing
medium iS‘thus;éxplicable on the grounds that (75) is reduced

directly to éléavaminc.and no pyridinium“cohpound'iS“formed.

+
NN
///

N (78)
H

Further interest in the chemistry of cleavamine was
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stimulated by the.recent work of Bfichi and c-o-workers77 on

VOacamine“€79) which indicated that the original structure
(62a) prqpeéed-by the Lilly group for VLB was probably wrong,
and suggQSted that the indole moiety was a cleavamine (6€)

rather than a catharanthine (5) type.

It was noted that voacamine also represented a "dimeric" al-
kaloid constituted from two indole moieties. Even more impor-
tant was the observatioen that voacamine could bé cleaved into
“the ‘respective monomeric units-by means:of"acidic reagents
under conditions similar to those used for VLB. The carbon-
carbon bond~Iinking the two halves is labile and is ruptured
durihg_acid treatment.

~One of the weak features in the Lilly structure (62)
“for VLB had been.the nature of the linkage between the indole
and”dihydro-indolemportions. As mentioned before, VLB is
cieaved by acid into desacetylvindoline and hydroky—dihydro-
cleavamine69, buf it was difficult tO'rationalise suéhia frac-

ture on the basis of structure (62). One would not expect
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a bond compriséd“of;anmaliphatic carbon on one hand and an
aromatic carbon on the other tO'react'in’this*maﬁner. Consi-
deration of the chemistry of voacamine-led to é‘réview of the
structure for VLB .and further stﬁ&ieS"were'andertééén. A ‘high-
resolution mass spectrum gave a-moleeularﬁwéight'for VLB of
810.4219, which showed that the correct formula'was-046H5809N4
and'ndt'046H5609N4 as previously-th@ught78, Thus' VLB must
contain a carbemethexy-cleavamine rather than a catharanthine

unit as thé indole pertion of the molecule, On the basis of

this and other evidence, a revised structure‘(SO) was very
68

recently proposed for VLB

Although.the study of the catharanthine cleavamine trans-
formatlon was initiated to throw light upon a correspondlng
reaction thought to occur with VLB and its congeners, it was
also realizéd at an early stage of the investigation that
the results were of wider potential interest in the areas of
synthesis and biogenesis of indole alkaloids. These aspects
were subsequently considered in some detail, and are discussed

in the following sections.
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B The Blogenes1s of Strvchnos, Iboga and Aspldogperma Alkalo:ds‘

In order to be in a position to discuss fully the
results of the transannular cyclieatlons (section C), it is
vpertinent to review briefly the various theorlee‘advanced
for the biosyntheele of alkaloids of the Strychnoo, Iboga ‘d‘
and Aspidosperma spe01ee, as typlfied by strychnine (82), p‘
coronarldine (86) and aepidospermine (87) )

These compounde are con31dered to be - related blogenetl—

‘cally (see below), and indeed-have oeen.found to_occur to~

_getner.in the same plants, as for example VincaerSea Iinn.

(see introdnction to this thesis) and Stemmédenia donell—
| 71,86

smithli (Rose) Woodson It has- recently been demonstrated
'that labelled tryptophan (38) is 1ncorporated into vingo~"
line (’7)27 and ibogalne (88)79, and. hence one may assume
'that.theereleted alkaloids are constructed_inlpart‘from trypto—
phan. : : | u‘ o : L | . _l

| Strychnine (82) may thus be'derived, according 20 £he

Robinson-Woodward theory52’53

mentioned earlier (p,35),‘from

a cdndensgtion'qf‘ajdihydroxyphenylaianine'unit_(39) and formal-
dehyde_witn-trjptophan’(BB) to afford the intermediate (81),
‘which undefgoeSLSuoseqnent "WoodWanifission"55 of riné E

(along the dotted line) and- appropriate cycllsatlons to pro-
vide the Strychnos skeleton. In order toaccommodatethe Iboga
'alkaloids, a varlatlon of this above scheme has been’ proposed

80, whereby- condensation of tryptophan (38) and 3, 4=

by Taylor
dlhydroxyphenylalanlne (39) affords thecxﬁmunsaturated acid

(83). The-latter,intermediate_by a Michaelvaddltlon, and



(88)
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Woodward fission of the aromatic ring, provides the inter-
mediate (84), which then participates with formaldehyde in
a Mannich reaction to yield the tetracyclic compound (85).
Subsequent aldol condensation, dehydration, and reduction
lead to the lboga skeleton (86).

A more‘comprehénsive‘scheme for the Strychnos and Iboga
alkaloids, that has the additional merit of encompassing the
Aspidosperma series, is furnished by Wenkert's prephenic acid

56

hypothesis”~, which was discussed earlier (p.37) in relation
to the corynantheine~type bases. According to this theory,
the strychnine (82) group evolves from the tryptamine-SPF
complex (51) by attack of the formyl acetate residue at the
d-position of the indole to give the immonium ion (89), which
bears on obvious resemblance to the known alkaloid stemmade-

nine (91)89. A transannular cyclisation then provides the

strychnine precursor (90).

MeORC C.H?_OH
(91)
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- Derivation of the Iboga and Aspidosperma systems is less
straightforward, since it is evident that they arise from
rearranged SPF units. The crucial rearrangement can be seen

as proceeding via a retro-Michael reaction of the interme-

0, TCHO

diate (89), involving an activated hydrogen atom on a carbon
atom OLto either the immonium system or to the acetyl group,
with resultant cleavage of the SPF unit. If the original
tryptamine~SFF complex (51) underwent this reaction, the
formyl acetate residue would be lost and a pathway to the
flavopereirine (92) structure revealed. However, were the
retro-Michael process to occur at a later stage, when the for-
myl acetate moiety could not be lost because of its attach-
ment to the indole system, as in (89); then the cleavage prog
duct (93) could be modified by unexceptional reactions to
give either an Aspidosperma (94) or an Iboga (97) precursor.
These compounds could then undergo a parallel series of
reactions: Michael additions to the ag-unsaturated acid systems
would afford the nine-membered ring compounds (95) and (98), |
which could then, by'transannular'cyclisatiohs, yield the?
‘Aspidosperma and Iboga skelata, (96) and (99) respectively.

No direct proof of Wenkert's hypothesis has been pub-
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lished to date, but the latter portion of his proposal is
supported by a considerable weight of circumstantial evidence,
For instance, the retro-Michael reaction of a strychnine-
type alkaloid is exemplified by a cleavage that Smith and

8l yave found to  occur with-akuammicine (100). In order

Edwards
to explain the formation of the betaine (102) when akuammicine
was heated in mefhanol at 100° for three hours, the authors

proposed a mechanism involving a retro-Michael cleavage of an

intermediate such as (101).

It is worthy of note that Wenkert predicted the occur-
rence in Nature of Aspidosperma alkaloids carboxylated as in

(96) and this has since been verified by the isolation of
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several alkaloids related to vincadifformine (103). Perhaps
the best example is minovincine (104)82, which possesses not
only a carboﬁethbxy“group'in the predicted position but also
the acetyl function.GCunterparts of the conjugated ehdne
system in the postulated Iboga-type precursor (99) have also
been found: the double bond in catharanthine (5), and the car-
'bonyl grdup in voacryptine83 (105). Furthermore,'the ring=
opened preéuréor (95) is represented ih Nature by Qincadine

(106a)84 and vincaminorine (106b)90, whereas the carbometh-

9

H
(103) COMe (104)
Meo N
| 0
N | (106) N
1‘.-. - (105) COMe
R Cone a:R = H
b:R = Me

oxy-cleavamine porfion of the VLB molecule (80) is readily
derived from (98).

A significant point in favour of the above scheme is
that it predicts the cdrrect absolute configuration at C=15
in akuammicine (100), wnich has been found fo be constant

in this and related StrychnOS'alkaloidssgt The sole exception
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is the d,1 mixture y-akuammicine, the formationAof'which

can be attributed to a reversible transformation of (89) to
(95) prior to the complete evolution of the former to the
Strychnos system. The-ocourrence in.Nature of racemic vinca-
difformine (103)91’92, the optical antipodes of quebracha-
mine (107)85, (108)86, and of vincadirfformine (103)82’929

and the enantiomeric alkaloids (~)-O-methylaspidocarpine
(2113)87 ana (+)-pyrifolidine (114)88 can be interpreted on

the basis of the above biosynthetic scheme, Since intervention
of the non-asymmetric intermediate (93) in Aspidosperma bio-
synthesis destroys the fixed configuration of the starred po-
sition in (89), no optical relationship can exist between the
alkaloids of this family and other indole bases. Randomisation
of the absolute configuration of Aspidosperma alkaloidS'is‘
thérefore considered by Wenkert to be due to a lack of opti-
cal consistency in the Michael reaction (94) to (95).

Evidence which tends to support the postulated trans-
annular cyclisation of (95)‘to'(96)’haS'been_aécumuiated in
studies of the relative configurations 6f vafious Aspidosper~
mé alkaloids. Some of these have been correlated with (-)-
aspidospermine (115), whose absolute configuration is known
from the X-ray structure determination by Mills and Nyburg?-.
(= )=Quebrachamine has“béén‘shown'tO'have'the same confi-
guration as aspidéspermine at the asymmetric centre invol-

94

ving the ethyl group”’’, and hence has the structure (107);

the epimeric (+)-quebrachamine must then be (108).
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It is attractive to speculate that the Aspidosperma
alkaloids may-be divided into twosﬁkreoéhemiéal series,‘one
" of which is'théoretically'deriVéd by'a'transannular cycli-

sation of 0~)-§uebrachamiﬁe\(107), the other by cyclisa-

tion of the'(+)-enantiomer (108);_The reverse proceSSes_can i




92, 94 95. In several cases

. often be achleved in the 1aboratory
the orlentatlon of the- ethyl ‘equivalent of- the acetyl group
in (95) and (96) seems o be characterlstlc of ‘the alkaloids
of a-particular plant”SPECIGS. Thus G—) quebrachamine (107f
has been found in conjunctidu;with‘ 0—)—aspidosperm1ne (115)
‘and ,L~)~pyrifolidine (113) [b—)-O4Methyl-aspidocarpine] in

Aspldosperma guebxacho blancoss

(109) and (+)- l 2- dehydroaspidospermldine (lll)in Rhazxa

, and with (+)-vincadifformine_

strictagz. On the other hand, (+)nquebrachamine_oecurs to=~"

gether with (—)-tabersonine (110) [(—)—6,7—dehydrovinca— _V

difformine] in Sfemmadenia speciesgs; and wiﬁh’(;)-l,2-dehy;
draﬁﬂﬁdospermidiue‘(ll2) in Pleiocarpa tubiciha96.'Thetsterepé
chemistry seems to be determined by the orientation of the |
acetyl group in the quebrachamlne -like precursor. (95) since
the Mannlchatype closure of the nlne—membered rlng requires-
formation of a.g;geperhydrqqulnollne-systemqnf(96). Furthere
more, Wenkert’® suggested that the cis-anti-cis backbone
exhibited by the Aspidosperma alkaioidS'may be the conse-:
quence of the Mannlch condensation (and any subsequent re-—

ductlon) follow1ng the path of least steric re81stance. The

isolation of stereochemlcally related alkalo;ds in the same



plant certainly supports this suggestion, and furnishes
circumstantial e#idence for the occurrence in Nature of

a transannular cyclisation such as postulated in Wenkert's
hypothésié. Experimental evidence which demonstrates the
feasibility of such cyclisations will be presented in sec-
tion C.

C. Transannular Cyclisations of Cleavamine Derivatives

A consideration of the mechanistic aspects of the
catharanthine (5)—cleavamine (66) transformation led us in
turn to examine the various biosynthetic hypotheses that have
been outlined above. In particular, our interest was drawn to
the part of Wenkert's sgheme dealing with the Iboga and
Aspidosperma alkaloids, which was found to have direct rele-
vance to the work on-cleavamine. First of all, when one con-
sidered the conversron'of”intermediafe (98) to the pentacyclic

structure (99) of the Iboga alkaloids, it was apparent that

"the transannular cyclisation of a cleavamine-like skeleton was
involved. This was immediately reminiscent of an-identical
transannular cycliéation of“(74)'that'had been‘pfoposed in
the mechanism (p.51) to explain the formation of descarbo-

methoxycatharanthine (65). Secondly, the intermediate (95)
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advanced by Wenkert as the direct precursor of the Aspido;

' sperma‘system (96) was again similar to cleavamine (66),
essentially differing only in the position of the ethyl group.
It was clear that cleavamine or one of'its derivatives might
‘be converted into an—immonium intermediate of the type

proposed by Wenkert, and thereby afford an excellent opportu-
nity for evaluating ‘the feasibility of -such  transannular cycli-
sation processes.

Accordingly, oxidation of 4"a'-dihydrocleavamine (68)
with mercuric acetate gave an immonium ion (116), which under-
went transannular cyclisation to an,Aspidospermamlike skeé
leton (117). This could not be isolated as such, but the cor-
responding dihydro—indole'(118a)was obtained after reduction

with lithium aluminium hydride’’.

(118) a:R =

|
e o]

b:R

i

Ac
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This result suggested that entry into the vincadiffor-
mine (103) type of system could be realised by use of ‘the
appropriate carbomethoxyadihydrocieavamine (119)112° Moreover,
with this cleavamine -derivative there was also a possibility
of obtaining an Iboga alkaloid system, since the C=18 hydrogen
atom was renderéd"labiie“by“t%e“carbomethoxy group. ‘Reaction
with mercuric acetate“wculd“be“expected‘tO"generate"an inter-
mediate'with‘the'immoniumtsystem'(>§:0<)“involving“either c-19
or C-5. The intermediate (120) wifh the Cm19"immonium'grohp
could; by the apprcpriate“tfansannulaf cyclisation, affofd
a vincadifformine-like "system (121), whereas that (122) with
'jthe'>§=0—5 grouping could yield an Iboga alkaloid (86). We

were able to demonstrate that in fact both processes operate.

Me0,C (122) Me0,C (86)

Carbomethoxy-4"@"-dihydrocleavamine (119)68 was prepa-
red by reduction of catharanthine (5) with zinc and acetic
,acidga. Acid hydrolysis and decarboxylation of this product

afforded 4"@"-dihydroclea&amine which was not identical to
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that obtained by hydrogenation of cleévamine, and hence must
have the ethyl group in a different orientation. Oxidation
of“carbomethoxyw4"@“ddihydrocleavamine with mercuric acetate
in acetic acid afforded -a’ complex mixture which was subjec-

- ted to chromatography -on alumina. This procedure resulted

in the isblation'of“une“major“component5and'two other alka-
loids in smaller amounts: The latter substances, which were
71

found to be the known alkaloids coronaridine -and dihydro-

28

catharanthine® , will be presented later, while the former

is discussed.immediately below,

(1) Pseudo-vincadifformine and its Derivatives

‘The méjor"product,'which'wevhave termed pseudo-vinca-
difformine,'was‘obtained”froﬁ’the initial benzene fractions
of the chromatography in about 25% yieldgg; It was a white
amorphous powder,Ei]§6-503° (EtOH), which analysed well for
021H2602N2. Final confirmation of the molecular formula was
. obtained when’a"masswspectrometric molecular-weight deter-
mination showed a value of 338. Maxima”in'the'ultrauviolet
spectrum at 226, 298“and"326'mﬂ:,'and‘absorption bands in
the infra-red region-at 1675 and 1610’cm.'1 clearly indica-
ted'anIXQ-unsaturated'egter function conjugated with the’
dihydro-indole system in-the same manner as in vincadiffor-
mine (103). The N.M.R. spectrum exhibited a singlet at 1.057
(NH), a compleX'pattérn“in the- region 2.4-3.37 correspon-
ding to four aromatic protons, and a spike at 6.237 dueto
the methoxyl group. A very strong signal at m/e 124 in the

mass spectrum (Pigure 10) was indicative of an Aspidosperma
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~type skeletonlooi(see latér); and, indeed, the spectrum
was very similar to that~of vincadifformine.

Chemical evidencein support of the conjugated ester

gsystem was provided by acid-catalysed hydrolysis and decarb-

oxylation'of“pseudoavincadifformine (121)  to yield ‘a gummy
product (123)'which9sh6wed;the expected spectral properties

of an indolenine system °0:9% [?\max. 221, 227 (infléction) .
and 250 (broad)’qp;"nO'carbonyl or NH-abso?ption in the infra-
red\region:l'° Subsequént'reduction of the latter substance
with lithium'aluminium“hydride afforded a crystalline pro-
duct, m.p. 89-90° [}x] 6-60° (CHC14), for which the structure

(124) was deduced- from the following ev1dence. Elemental ana-

(123) H (124)

lyses suggested a formula 019H26N2, which was confirmed

by a mass spectrometric molecular weight (282). The reduc-

tion of”the'indolenine'system was clearly indicated by a

‘typical dihydro-indole ultra-violet spectrum N 243

max.

“and 295 m¢~) and the-appearance of "a  new absorption at

-1 4n the infra-red spectrum (NH). Moreover, a

complex'pattern of lines in the N.M.R. spectrum in the re-

gion 2.7-3.6"C, due to four aromatic protons, was in complete
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agreement with known Aspidosperma alkaloid systems;02:

Invaluﬁble information was provided by the mass spectrum
(Figure 12) 6f the dihydro-indole (124), which showed signi-
ficant peaks at m/e 282 (M*) and 254 (M~28), and a very strong
signal at m/e 124. It was recently observed by BiemannetaLloo
that the appearance of 1i-28 and'm/e 124 peaks may be consi-
dered diagnostic of an Aspidosperma-type skeleton. In this
instance, a similar-fragmentation process leading to a m/e 124
ion may ‘be postulated, whereby the molecular ion (125) expels
ethylene to yield the m/e 254 fragment (126), which is subse=
- quently cleaved to the m/e 124 ion (127). This ion differs

only in the position of the ethyl group from that (128) pro-

'posedloo'for the corresponding m/e 124 peak displayed by the
+ +
™ —
—
N
L H
(125)

O | ‘ (128) (127)
|

CI:O (129) m/e 124
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Aspidosperma alkaloids. Furthermore, the mass spectrum of
(124) was superimposible on that of the'similar'compound'
(118a)previously synthesised from 4"aﬂ»dihydrocleavamine97.
Purther evidence for the structure of (124) was ob-.
tained from the N-acetyl derivative, m.p. 107.5-1090,

H2802N2 The ultra-violet spectrum of the latter displayed

Co1
maxima at 253, 279 and 289 mrL,'and the ‘complex multiplet in
the aromatic region of the N.M.R. spectrum of (124) had

now collapsed into a broad three-proton peak centred at 2.85Y
and a signal at 1.877 due to one proton. These spectral data
were in—-excellent agreement with the -acetate (118b) previous-
ly derived from 4"aﬂ~dihydrocleavamine97'and'with“the“known
Aspidosperma alkaloid“demethoxypalosine(129)103,

Additional chemical proof of the conjugated ester
system was provided“by“reduction‘of'pseudo-vincadifformine
with zinc and sulphuric acid to yield two isomeric dihydro -
derivatives. The major product, dihydro-pseudovincadifformine,
[oc]24-16° (EtOH), analysed for Cy Hpg0,N,, & formula which

was established by a-mass spectrometrlc molecular weight of

340. The ultra-violet spectrum (A 244 and 299 mp,) was

max.
characteristic of a dihydro-indole  chromophore, and the
ester carbonyl absorption in the infra-red had now moved to
1725 cm. L. Acetylation afforded a N-acetate, 023H3003N2,
EX] r")8 (EtOH), which showed ultra-violet maxima at 253,

282 and 291 mu and the appropriate ~appearance of an amide

-1

band at 1660 cm. with concurrent loss of the NH peak in

the infra-red spectrum. Besides the expected signal at
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7.751:(CH3C=0) in the N.M.R. spectrum, there was an un-'
expected upfield shift of the methoxyl signal from 6.33

to 6.83C, which will be discussed later. In general, the
spectral properties of dihydro-pseudo-vincadifformine and
its acetate were in agreement with the structure (131), for

which confirmation was found in the mass spectral cracking

pattern (Figure 11).
(131)

<i\\
a: R

(130) "~ CO,Me MeO,C b: R

il
faw

Ac

The base peak of the mass spectrum was m/e 124, whereas
the second most intemse peak was at m/e 254. A fragmentation
process entirely analogous to that discussed above (12%) to
(127) was obv1ously occurrlng, in which the molecular 1on |
(132) eliminated a molecule of methyl acrylate 1nstead of |
ethylene to give an identical m/e 254 fragment (126), which
then cieaved as before to afford the m/e 124 ion (127). The
absence of a significant m/e 254 peak in the mass spectrum
(Figure 10) of pseudo-vincadifformine (121) itself was due
to the presence of a double bond, which prevented any elimi-
nation of methyl acrylate (or its equivalent) from the mole--

cular ion (133).
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+
- _
N (127)
XN
> (126) —
N + |
H
CH 12
CO,Me He= w/e 124

L . i _ | i
(133) - (134) |
However, the rearrangement product (134) could still cleave
to yield the m/e 124 ion. Finally, a comparison of the mass
spectra of pseudo-vincadifformine (121) and dihydrprseudo-
~ vincadifformine (131a) with those of authentic vincadiffor-
mine (103) and dihydrovincadifformine (130) revealed that

both pairs of spectra were identical.
The minor product,Bxc]24~i32° (EtOH), from the zinc
D

/sulphuric acid reduction of pseudo-vincadifformine also
analysed for C21H2803N2, and spectral data indicated the
presence of dihydro-indole and saturated ester functions.

24 0
Acetylation afforded a N-acetate, 023H3003N2,[}x] 5 +3

(Et0H), whose ultra-violet spectrum () 250, 278 and

max.
296 qp) showed small but distinct differences from the ace-
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tate of the major dihydro compound. Moreover, the methoxyl
absorption in the N.M.R. spectrum of the acetate was in
a more usual position (6.427).

Vigorous treatment with sodium methoxide converted
the major component into a substanée which proved to be-
“identical with the minor product. It was thus established
that the minor component, which we refer to as iso-dihydro-
pseudo-vincadifformine, also had the gross structure (13la)and
that the compounds were in fact stereoisomers, which differed
only in the configuration at the carbon atom (C-18) bearing
the carbomethoxy group. \

The isblation and interconversion of the two dihydro
compoungs in the'reduction of pseudo-vincadifformine (121)
could be rationalized’byvanalogywwith a similar series of
reactions-pefformed by Smith and Edwards104 in the akuammicine
series. Reduction of dihydroakuammicine (135) with zinc -and
sulphuric acid afforded tetrahydroakuammicine (137), which
was epimerised with sodium methoxide to iso-tetrahydroakuam-
micine (138). The authors suggested that the first step in
the reduction was protonation of C-16 to give“thé'immonium‘
ion (136). The proton added to the pbface‘in order to allow
the carbomethoxy group to take up the more-stable equatorial
orientation, with ring C-in the boat conformation. Reduction
of the immonium system then proceeded with addition of hydro-
gen at C-2, again from the @-face; to give a compound (137)
in which the B/C ring junction was the more stable cis-form

and rings C and D had chair conformations. This forced the
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carbomethoxy group into an unfavourable axial orienta-

N
N
HOH
(138)  COMe (137)  COMe

Epimerisation of tetrapydroakuammicine (137) ‘to the
isomeric base (138) was then readily understood as involving
a change of orientation of the carbomethoxy group from axial
to equatorial. This mechanism“enapled"the authors to explain
the hydrogen bonding of the'carbohyl group indicated by the
infra-red spectrum of(137), which'did“not occur in the case
of (138).

Although the akuammicine derivatives (137) and (158)
are not strictly comparable to dihydro-pseudo-vincadiffor-
mine (13la) and its epimer, it is nevertheless likely that
the reduction of pseudo-vincadifformine (121) follows a
similar steric course. If, for the sake of argument, the
@—configuration is assumed at C-9, then the predominant

isomer would also be the kinetically favoured one (139a),
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which has the carbomethoxy group at C-18 in the axjal X~-orien-
tation. Treatment with base would “then afford the thermodyna-
mically more stable iso-dihydro compound (140a) with an '

equatorial carbomethoxy substituent in the'p=orientation.

N7
RH L coMe
(139) a: R = H ~ (140) a: R =H
b: R = Ac b: R = Ac

It must be emphasised that, since the stereochemistry of
pseudo-vincadifformine still remains to be established, the
above arguments are not conclusive. -

If one constructs models‘of.the corresponding‘acetates
(139b) and (140 b), the methoxyl group of the axial carbo-
methoxy function of (139b) is found to come in close proxi-
mity to the benzene ring, whereas the methoxylAgroup in
(140b) cannot do so.‘Thﬁs the high position (6.837T ) of the
methoxyl protbn signals in the N.M.R. spectrum of dihydro-
pSeudo«vincadifformine'acetate‘(l39b) may be due to diamag-
netic shielding by the benzene ring.

The chemical and spectral evidence cited above estah-
lished a vincadifformine-type structure (121) for pseudo-
vincadifformine. It should be mentioned at this time that,
in fact, the mercuric acetate oxidation of carbomethoxy-

4"@"-dihydrocleavamine (119) can, and does, proceed in two
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directions to provide immonium derivatives involving either
C-19 or C-5. At the outset it was therefore necessary to

consider the alternative cyclisation of (141) to (142).

gl O

MeO,C (141) MeO,C (142)

S (121)

Iz

Cone , COxMe

However, studies of models showed that steric repulsions made
this cyclisation extremely unfavourable, and the structure
(142) was excluded even before experiments were run. Hence
pseudo~vincadifformine (121) must be derived from the C-19

immonium ion (120) as shown.

(ii) Coronaridine and Dihydrocatharanthine

‘The chromatography of the mlxture resulting from
mercuric acetate oxidation of carbomethoxy 4"@" dihydro-
cleavamine (119) yielded, in addition to pseudo-vincadiffor-
' miﬁe, small amounts of two other alkaloidsloB. From the
later benzene fractions of the chromatography was isolated

an amorphous alkaloid , which afforded a crystalline hydro-
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- chloride, m.p. 221- 223°>;'The ultrasyiolet*spectrum of the
base indicated an 1ndole chromophore w1th ‘maxima at 226

285, and 293 mp. The presence of an- ester carbonyl absorption
at 1705 cm;"l, and the- absence of- the strong Bohlmann bands
in the reglon between 2700 and 2800 cm.,»l displayed by the .
starting materlal suggested that this alkaloid‘was a member
of the Iboga serles (86). Indeed, comparlson of our_alkaloid
(infra-red spectra and thinelayer:chromatographic:mobiltty)
Qith anvauthentic.sample of}coronaridine (145)7; showed that

106

they were the same . Further"comparison.(mixed*melting-point

and infraQred spectra)‘bf'the'crystalline~hydrobh10rides‘
completely established the 1dent1ty | o |

The other alkaloid, eluted w1th benzenewether (1: 1),
was crystalline, m.p. 143-145, 5° Ex]26+49 (CHCl ), and the
spectral data showed the presence of an 1ndole system and a
saturated ester function. An authentlc sample of dlhydrocatha=
ranthine was prepared by hydrogenation of catharanthinel(é),]
and a direct»comparison (mixed melting-point;hinfra-red spee=
tra, thin;layer chfomatograbhic'mobility)'confifmed that our
product was actually'dihydrocatharanthine (69)28’;07.

Thus it was established that the.transannuiaf7cyciiSa=
tion of the other pOSSlble mercuric acetate’ ox1datlon pro-

duct (122) with the /N C=5 immonlum system, 1ed to the Iboga‘
skeleton (86) ' ' '
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(izé) o o (86)

The isolation of both coronaridime (145) and dihydro-
catharanthine (169 ) from this reaction indicated that an

isomerisation of the ethylbgroup at C-4 was taking place.

(144)

(145) MeOC

This was not unexpected, since the immonium ion (144) or

(146) formed by oxidation of carbomethoxy=4"p"-dihydro=
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cleavamlne could readlly isomerise to the other eplmer v1a
the eneamine (143) before cycllsatlon. The ‘mobility of the o

1mmon1um-eneam1ne system is well" known76.

D; Discussion

The cycllsatlon to Iboga alkalo1ds prov1des ‘some- support
for the mechanism postulated (p.51) for the catharanthlne
~cleavamine transformation. An essential_part of the mechanism
is the trahsannular cyclisationeof a cleavamineélike“inter-
mediate (74) to‘descarbomethoxyoatharanthinel(65),'and the
above results‘demonstrate'tﬁe\feasibility offphis}process._
Moreover, the immoniumaeneamineltautomerism requiréd to
acoommodatelcoronaridine and dihydrocatharanthlneﬂis-also in-
volved to explain the formatioa’of'4"dﬂ->aqd74%3ﬁ=dihydro= o
cleavamines (68) in the cleavage of catharanphloe (5) with -
acidic reagents, | _ _ | o o : |

It is apparent that the three produetstobtained in our
reaction prove that the kind of transannularscyolisation of
immonium ions'proposed in Wenkert's biosyntheticﬂsoheme (p. 60)
~does take place quite.readily, Although these;resﬁlts do not
© prove that this is the actual biogenetic'pathway,'theypcere A
tainly lend support to the likelihood of'suchvreactiohs. It' ,
appears that the Aspldosperma (64 ) and ‘Iboga ( 63) alkaloids -
may very well evolve from a common blogenetlo precursor N
[such as (147)] that can‘afford elther a quebrachamlne (67);'

or cleavamine (66) skeleton, which subsequently{undergoes
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cyclisation in the manner we have“hOW'réalised in the'léa
borétory, The alkaloidstof°these”types are theoretically
derivable‘from the samewimmonium“ion'(147},vwhidh involves
the carbon:étom'between the’nitrbgen“and-ethyi%bearing carbon

atoms.’It will be of intereSt'to seé'whetherralkaloid systems

N ' ' _
H (64) | H (150)
such as (ld9) and (150), which could be fOrmed'from the

| alternatlve ion (148), will be found in Nature. This would
then parallel the relationship between akuamm101ne (100)104

108

and condylocarpine (152) , which can be considered as

arising biogenetically from aﬂrelated pair 6f immonium ion

precursors, (89) and {151) respectively. Indeed the Swiss

108

workers who recently 1nterre1ated akuammlclne and condya’



- 83 -

locarpine proposed the transannular cyclisation of ionic

intermediates similar to (89) and (151).

CO,Me - (100) CO,Me  (152)

The formation of coronaridine (145) and dihydrocatha-
ranthine ( 69 ) in thE”mércuriC”acetaté reaction éohstiiutes
an attractive entry into the Iboga alkaloid series. Since-thé
removal of the carbomethoxy group is readlily‘accomplished74
this sequence obviously also provides partial syntheses of
ibogamine (153)r71 and epi=ibogamine.(70)2_8° It is apparent
that if a synthesis.of'carbomethoxymdihydrocléavamine_(119)
can be developed, this ﬁould effectvthe total synthesis of

the Iboga‘skeleton,'which has not yet’beén accomplished.




-84 -

| -An 1nterest1ng potentlal route to the Aspldosperma
system, particularly of the vincadlfformine (103) type,
is revealed by the cyclisation of the 1mmon1um ion. (120) to ;"'
pseudo=vincadifformine (121) The obvious- extenslon of this
reaction to an alkaloid such as vincadine (106a) ‘should pro-
vide a synth931s of v1ncadifformine and its relatlves. Since
it has- recently proved-possible 1o cyclise-(-—)-quebracha— |
"mine (107) to (+)-aspidcspermidine (154) by means of mercuric
acetate ox1dat10n and ‘subsequent hydride reductionlog, the

synthesls of vincadifforimine from vincadine is now highly

probable.

(207) | (154)
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EXPERIMENTAL

Melting points were determined on a Kofler block and
are uncorrected, Ultra<violet (U.V.) absorption curves were
measured in methanol solution on a Cary 14 spectfometer,
and infra-red (I.R.) spectra were taken on a Perkin-Elmer
Model 21 spectrophotometer. Nuclear magnetic resonance (N.M.R.)
spectra were recorded at 60 megacycles/sec. on a Varian A60
instrument; the line positions or centres of multipléts are
given in the Tiers T scale with referencé to tetramethylsilane
aS'the internal standard; the multiplici?y, and integrated
area and type of protonSMare‘indicafed in‘barenthéses. Silica
gel G plates were used for thin-layer chroﬁatography'(T.L.C.)
and were developed by ethyl acetate, ethyl acetate;chloro-
form or ethyl acetétebethanol mixtures as given below., The
alumina used for column'chromatography"was-Shawinigan:reagent
grade, deactivated"with"S% of 10% aqueous acetic acid, unless
otherwise stated. Analyses were performed by Dr.A. Befnhardt
and his associates, Mulheim (Ruhr), Germany and by the Micro-
analytical Laboratory, University of British Columbia. Every
molecular weight (M.W;)vquoted-was‘determined“mass spectro-'

metrically.

Part I Experimental Section

Isolation of Sitsirikine

The crude sulphate (1 g.) provided by Dr.M. Gorman,
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Eli Lilly Research Laboratories, was dissolved in methanol
(20 ml.) and water (350 ml.), the solution cooled in ice

and ﬁade basic with aqueous ammonia. The precipitate was
taken up in ether (200 ml.) the layers separated, and the
aqueous portion further extracted with ethér (3 x 100 ql.).
After drying over magnesium“sulphate;'the“combined“ethereal
extracts were evapofated“to give a powder, which showed three
spots on T.L.C. (EtOAc).

Several recrystallisations from acetone-petroleum ether
(b.p. 60-80°) afforded needles (320 mg.) m.p. 178-179°, which
now displayed only two spots on T.L.C. Repeated recrystalli- -
sations failed to resolve the mixture, which behaved as a
pure compound by all'ériteria'except“TqL,C,, and hence this
was called sitsirikine. The purest samples of the alkaloid
and its derivatives are described below.

Sitsirikine crystallised from acetone with one molecule
of solvent as needles, m.p. 181°,EX]26—52° (MeQH). Found:

c, 69.52; H, 7.84. Calc. for 021H26O§N2-Me200: C, 69.88;
H, 7.82.

The unsolvated material was obtained from agueous me-
thanol as stout needles, m.p. 206-2080;[01 12)6-58o (MéOH)?
Npax, (1og €): 226 (4.56), 282 (3.90), 290 (3.84) mp ;

V pax, (Fujol): 3360 (NH and/or OH), 1705 (C=0), 740 (o-disub~
stituted benzene) om.” ; N.M.R. signals (CD;COCD,): 2.8
(multiplet, 4H, aroma%icL 4,7 (multiplet, 1.8H, olefinic),
6.1 (multiplet, 2H, CH,0), 6.38 (singlet, 3H, CH50), 9.02
(18)T . Found: C, 71.15, 71.43; H, 7.51, 7.66; 0, 14.00;
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N, 7.89, 7.77; C-Me, 1.61; M.W. 354, Calc. for C,qH,g0,Np:
¢, 71.16; H, 7.39; 0, 13.54; N, 7.90; (1) C-Me, 4.24; M.V,
354.

Sitsirikine Picrate

A saturated alcoholic solution of picric acid (2 ml.)
was added to sitsirikine (50 mg.) in ethanol (1 ml.) and the
mixture heated to boiling. The precipitate was recrystallised
from methanol ito afford yellow hexagonal‘prisms (45 mg.), m.p.
226-228° (dec.). Found: C, 55.55, 55.70; H, 5.46, 5.26;

N, 12.10. Calc. for 027H29010N5: C, 55.57; H, 5.01; N, 12.00.

Sitsirikine Acetate

Sitsirikine (110 mg.) was dissolved in pyridine-acetic
anhydride (1:1, 2 ml.) and left overnight. The solution was
poured into ice-water (10 ml.), basified with ammonia, and
the precipitate taken up in ether. Aftef washing several times
with water, the ethereal solution was dried over magnesium
sulphate and evaporated. Recrystallisation from aqueous metha-
nol afforded the acetate as needles (100 mg.), m.p. 198°;
[CL];6—26° (MeOH); two spots on T.L.C. (Et0Ac-CHCls, 1:1);

Y pax, (Nujol): 3340 (NH), 1735 (¢=0), 1700 (€=0), 1240 (0Ac)

cm.“l; N.M.R. signals (CDBCOCD3): 2.7 (multiplet, 4H, aroma-

tic), 4.7 (multiplet, 1.8H, olefinic), 5.6 (multiplet, 2H,

CH20Ac), 6.37 (singlet, 3H, CH3O), 8.02 (singlet, 3H, CH,C=0),

3
9.02 (1H) T . Found: C, 69.65; H, 7.32; N, 7.0l. Calc. for

023H2804N2: C, 69.67; H, 7.12; N, 7.07.
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Dihydrositsirikine (25)

Sitsirikiné (450 mg.), in methanol (10 ml.), was
hydrogenated over palladium black (24 mg.). The hydrogen up-~
take ceased after 30 minutes when 0.65 mol. had been absorbed.
After removal of the catalyst and solvent, the product was
recrystalliéed twice'from’acetoneapetroleumfether'(b.p. 60-80°)
to give dihydrositsirikine (405 mg.), m.p. 177-179°. This
compound displayed only one spot on T,L.C. (EtOAc) which
corresponded to one of the two spots shown by sitsirikine.
Therefore the impurity which could not be removed from sitsi-
rikine was in fact the dihydro compound. Dihydrositsirikine
crystallised from acetone, with one molécule of solvent, as
needles, m.p. 180° . Found: C, 69.42; H, 7.91; N, 6.97. Calc.
for 021H2803N2°Me2003 ¢, 69.53%; H, 8.27; N, 6.76.

Recrystallisation from agqueous methanol afforded the
unsolvated alkaloid as prisms, m.p. ZISO;BX]§6—SS° (MeOH);
Apax, (log€): 226 (4.61), 282 (3.95), 290 (3.87) mpus A,y
(log€): 247 (3.40), 287.5 (3.85) mp ; vmax. (CHCl3): 3486
(NH and OH), 2810 and 2760 (Bohlmann bands)44, 1710 (C=O)CHL_%

Voay. (Fujol): 3400 (NH), 3200 (OH), 1710 (¢=0)cm. %;
N.M.R. signals (CD3COCD3): 2.8 (multiplet, 4H, aromatic)
6.1 (multiplet, 2H, CHZO), 6.42 (singlet, 3H, CH3O), 9.07
(broad singlet, 3H, CHsc)T'. Found: C, 70.80; H, 7.78; 0,’
13.49; N, 7.77; 0O-Me, 9.01; C-Me, 3.95; M.W. 356, Calc. for
C2lH2803N2= ¢, 70.76; H, 7.92; 0, 13.47, N, 7.86; (1) 0-Me,

8.72; (l) C—Me, 4.22; MoWo 356.
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‘Dlhxdrositelrikine Plcrate ‘ R
' Dihydroeitelrikine (60 mg ) and a solutlon of picrlc

acid were reacted in- the manner described above and the derl-* E

'vative recrystallised from methanol. to yield amber prlems L

(55 mg.), m.p. 228-230 (dec ). Found: c,_55-30 55.463
~H, 5.55, 5.71; N, 11. -95. Calc._for 027H31 10 5. c 55.38;
H, 5.34; N, 11. 96. -

' Dihxdroslt81rikine Acetate - .‘ | |
| The acetate was- prepared by treatment of dlhydr081t31-l:

rikine (ZOO_mg.) wlthvacetic anhydrlde 1n pyrldlne as_above.._'

The product was”recrystallised tWice from'acetoneépetroleum :.'t

ether  (b. p. 60-80° ") to- afford needles (155 mg.), m. p.-187
one spot on T.L.C. (LtOAc=CH013, 1:1) s[oc ;6-31 (MeOH),

Voma (Nuaol) 3390 (Nh), 1740 (c 0) 1705 (c= o), 1250 |
f (OAc) cm, 1; N M. R. signals (CDCl ): 1.%4 (singlet 1H, NH),
2.8 (multlplet, 4H, aromatic), 5.6 (multlplet, 2H, CHQOAc),-
. 6.38 (singlet,”jﬁ, CH;0), 7.96 (singlet, BH,‘QHBC=Q), 9.02
~ (broad singlet, 3H, CH30)1:. Found: C, 69.39, 68 98- H TT5,
7.59; 0, 16.46; N, 6.85;,Caic;‘for Gl 1O N2 ¢, 69 32

| | "23%30°4
H, 7.69; 0, 16.06; N, 7.03.

Dihxdr081telr1k1ne D=Bromobenzoate ‘
p-Bromobenzoyi chlorlde (130'mg ) was added to d1hy~

drositeirlkine (65 mg. ) in dry pyridine (3 ml ) After |

standlng evernight the;solution was poured into 1ceewater;>f

made<basic_With aqueoueiammonia‘and etirredffor'IO minutes.
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The precipitate was taken up in ether, the ethereal solution
washed twice with water and dried over magnesium sulphate.
Removal of the solvent gave a gum which was dissolved in
benzene and filtered through alumina (5 g.). The benzene
eluate was concentrated and petroleum-ether (b.p. 60-80° )
added dropwise to. the boiling solution umtil a permanent
turbidity was obtained. The product -was recrystallised from
acetone-petroleumiether'(b;p. 60-80° ) to yield -the  p=bromo-
benzoate as slender needles (60 mg.), M.po. 1740;.one‘spot

on T.L.Co; V (Nujol): 3370 (WH), 1725 (C¢=0), 1705

X
(¢=0) cm.”}; N.M.R. signals (CiCl): 2.5 (multiplet, oH,
aromatic), 5.4 (multiplet, 3H, CH,0), 6.37 (singlet, 3H,
CH3O), 9,10 (broad singlet, 3H, CHBC)"C. Found: C, 62.34;

H, 5.70; N, 5.06. Calc. for C28H3104N23r: C, 62.33; H, 5.79;

N, 5.19.

Saponification of Dihydrositsirikine (25)

Dihydrositsirikine (200 mg.) was heated under reflux
with 2 N methanolic sodium hydroxide (20 ml.) for 2 hours.
After removal of the solvent, the residue was taken up in
water and extracted with methylene chloride to remove unsa-
ponified material. The aqueous solution’waé acidified with‘w
hydrochloric acid,and-évaporated'to dryness., The residue was
leached with absolute ethénol and the solution filtered from -
sodium chloride. Evapofation-and'recrystallisation'from

aQueous alcohol gave an.a@-unsaturéted acid hydrochloride,

)

«
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m.p. 260-263° ;v (Nujol): 1695 (C=0), 1620 (0=C) em, L5
N.M.R. signals (CF3C02H): 3.2 (multiplet, 4H, aromatic),

3.77 (singlet, 1H, olefinic) and 4.20 (singlet, 1H, olefinic)T.

Dihydrositsirikine Diol )

"4 solution of dihydrositsirikine (250 mg.) in tetra-
hydrofuran (10 ml.) was run slowly into a ‘stirred suspension
of lithium aluminium hydride (200 mg.) in tetrahydrofuran
(10 ml,) and heated under reflux for > hours. After the mix-
ture had stood overnight, the excess hydride was decomposed
with saturated aqueouS"sodium“sulphate'solution (10 ml.),
followed by water (20 ml.). The aqueous suspension was then
extracted with méthy;ene chloride (4 x 25 ml.), and the combi-
ned extracts dried over -sodium sulphate, Removal‘of“thewsdlvent
and recrystallisation from aqueous acetone gave the diollas3
‘needles (180 mg.), m.p. 203° ; one spot on T.L.C. (EtOAc~
EtOH, 1:1);[oc] 12)6-3° (1eOH); N, (log€): 226 (4.53), 282
(3.85), 290 (3.78)mpm; 9, (Nujol): 3220 (WH ana OH) cm,™';
N.M.R. signals (CD3COCD3): 2.8 (multiplet, 4H, aromatic),
6.4 (multiplet, 4H, 2 CH,0), 9.02 (broad singlet, 3H, CH,C)T.
Found: C, 73.30; H, 8.46; N, 8.41. Calc. for C,oHyg0,N,:
c, 73.13; H, 8.59; N, -8.53.

Acetonide of Dihydrositsirikine Diol

The above diol (150 mg.) was dissolved in dry acetone

(20 ml.,) and p-toluenesulphonic acid (110 mg.) added. After
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standing at room temperature for 48 hours, the solution was
neutralised with aqueous ammonia and the acetone removed under
vacuum, The product was isolated with ether, the ethereal"
solution dried over magnesium—sulphate, and evaporated to
leave a’gum.'On'trituration”with'a'little”anhydrous ether
crystals formed, which-were filtered off and found to be
unreacted diol (95 mg.).

The filtrate was evaporated, the residue taken up in
benzene and passed throught a column of alumina (3 g.).
Removal of the solvent gave the acetonide as an amorphous
powder (30 mg.) which crystallised from methanol with one
molecule of solvent, m.p. 105-109o ; one spot on T.L.C.

(EtOAc-CHCl,, 1:1); 9 (Fujol): 3200 (NH) cm.”; N.M.R.

39 max,
signals (CDélB): 1.61 (singlet, 1H, NH), 2.8 (multiplet,
4H, aromatic), 6.25 (doublet, 4H, 2 CH2O), 8.62 (singlet,
(CH3)2002), 9,06 (broad singlet, 3H, CH3c)t . Found
(powder): C, 74.56; H, 9.03; N, 7.31. Calc. for 023H3202N2
c, 74.96; H, 8.75; N, 7.60. Found (solvate): ¢, 72.21; H,

8.71. Calec. for C O N «MeOH: C, 71.96; H, 9.06.

23 32

Modified Kuhn-Roth 0x;§ation37 of Dihydrositsirikine (25)

Dihydrositsifikine (5 mg.) and 10% chromic acid (2 ml.)
were put in a distillation apparatus, double~distilled water
(2 ml. ) added, and distillation begun immediately. It was
contlnued with periodic addition of water until 30 ml. of

distillate had been collected. This was neutralised with

~
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2 N aqueous potassium hydroxide (pH meter), and e#aporated
to dryness, The reéidué was taken up in pure water (0.3 ml,)
| and put on a small cdlumn of DoWex 50 acid resin,(2 x 0.5 cm.);
the flask was washed with water (2 x'O!S ml.) and fhié also
added to the colﬁmn.’TO'the filtrate was added.a few_drdps |
of 70% aqueous ethylamine, and it was-then“bohcenxrated'under
vacuum at 30-40° down to 1-2 drops. This was ‘spotted on
Whathan No. 1:paper”fogetherfwith étandérd solutions of the
ethylaminé salts of acetic, propionié andlbutyrib'acids.  |
| The'paper was developed‘bdeESCendingfdhromatography,’
using é 0;025 M ethylamine solutién in"waterbsaturated
n-butanol as the stationary phase, and wateragaturatedv‘
n-butanol as the mobile phase37} After 24 houfs the paper
was sprayed with alcoholiC’bromocfesol greenfsolutiong*when
" the-acids became visible as blue”ébots on a yellow'backgrbund.
Dihydrositsirikine'gave’acetic‘and“propioniC'acids,.énd
a blank oxidation showed'only@the“barest“trace of acetic
‘acid. | ‘v i
Sitsirikine under thesé dqnditions'also gave.acetig
and propionic‘écids,“while“iSOSitSirikihe“gave acetic.acid

only.

Ozomisation of Sitsirikine (26) and Isositsirikine (31)
Sitsirikine (5 mg.) in glacial acetic acid (1 ml.)
was ozonised for 5 minutes; then transferred to é-distillaé

tion apparatus contéining 5% aqueous ferrous Suiphate (15 ml.).
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After 30 minutes the mixture was steam distilled into an
aqueous solution of 2,4-dinitrophenylhydrazin§ sulphate until
about 10 ml., of water had passed over. The solution was ex-
tracted several times with-benzene, the combined extracts
dried with magnesium sulphate and flushed through a column

of Fisher acid-washed alumina (10 g.). After concentration

of the benzene solution to about 0.5 ml., a few arops were
spotted on Whatman No. 1 paper, together with standard solu-
tions (5 mg./ml.) of the 2,4-dinitrophenylhydrazones of form-
aldehyde,v acetaldehyde and acetone,

The paper was developed by“descending‘chromatographyﬁﬁ
using methanoi-heptane'aS'the‘stationary“phase and heptane
as the mobile phase, After 6’hours’the'paper was sprayed
with 10% aqueous sodium hydroxide solution. The 2,4=dinitro-
phenylhydrazone of formaldehyde (red=brown spot., Rf 0.10) was
clearly indicated, and a trace of acetone (dark-brown spot,
Rf 0.30) was also present. Blank experiments gave no spots
copresponding to formaldehyde or acetaldehyde, but always
showéd a trace of acetone.

Repetition‘of“the'same'procedurg for isositsirikine
(5 mg.) showed formation of acetaldehyde 2,4-dinitrophenyl-
hydrazone (Rf 0,19).

Lead Tetracetate Dehydrogenation of Dihydrqsitsirikihe
Lead tetracetate (400 mg.) was added in small portions

over a period of 10 minutes to a solution of dihydrositsi-
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rikine (100 mg.) in glacial acetic acid (10 ml.). The mix-
ture was kept at 50-60° for a further 20 minutes, then poured
into ice=-cold 50% aqueous sodium hydroxide solution and
extracted with chloroform. The chloroform extract was washed
with a little water, dried over SOdium“sulphate, and aci-
dified to Congo red with 8 N ethanolic hydrogen chloride,
Evaporation of the ‘solvent afforded tetradehydro-dihydrositsi-
rikine hydrochloride as a gum (70 mg.), which could not be

induced to crystallisé;7\ (acid and neutral solution):

nax,
253, 308, 365 mm; A, (alkaline solution): 284, 328 mp ;
Y pax. (CHClB): 1700 (C=0), 1630 (aromatic) em. "L,

Attempted Palladium Dehydrogenation of Tetradehydro

-dihydrositsirikine Hydrochloride

The hydrochloride (55 mg.) from the previous reaction
was mixed with palladium black (50 mg.) and heated at 250-270°
under nitrogen for 7 minutes. The residue was leached with
hot methanol, the solution filtered, and the U.V. spectrum
run directly on this solution. It was unchanged from that of
the starting material. | |

The reaction was repeated twice, heating at 280° for
15 and 30 minutes; however, n0'change'was observed in the

U.V, spectrum.

Palladium-éharcoal#pehydrogenat;pn‘of Dihydrositsirikine (25)

Dihydrositsirikine (50 mg.) was well mixed with 10%

palladium~charcoal (250 mg.) and heated under nitrogen at 250°
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for 15 minutes. The residue was extracted with hot methanol
and the U.V. spectrum run;?\max.: 230, 290, 310, 385 mpm.

After removal of the methanol, the product was taken
up in ether-water, the ether layer separated and dried
over sodium sulphate. Removal of the solvent gave a gﬁm
(30 mg.);?x.maxu: 230, 288, 317 mp .

The aqueous portion was made stronglj alkaline (pH>10)
and extracted with chloroform. After drying, the chloroform
solution was evaporated to afford a gum (5 mg');)‘max.: 295,
313, 348, 389 mm .

The neutral extract was dissolved in a few ‘drops of
methanol and spotted on a preparative T.L.C. plate (silica
gel, 0.5 mm, thickj;‘Thé plate was developed in chloroform-
ethyl acetate (3:1) for 45 minutes, dried, and then developed
two more times., Under U.V, light four bands cyuld be seen,
and each was cut out-and extracted with methanol in a Soxhlet
‘apparatus for several hours. The extract from the main band
“(compound A) displayed U.V. spectra similar to those of
harman{Ba(Figures 5 and 6);)‘max. (neutral and -alkaline
solution): 234, 2?0, 282, 288, 337, 349 my';)\max. (acid
solution): 254, 30%, 372 mu . Evaporation of the methanol
yielded a gum (10 mg.); Vo

em. L.

X, (CHCIB): 1710 (C=O), 1625 (C=C)
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Palladium-charcoal Dehydrogenation of Dihydrositsirikine

Hydrobromide

The hydrobromide (50 mg.) was well mixed with 10%
palladium-charcoal (200 mg.) and heated under nitrogen at
280° for 15 minutes. The residue was extracted with hot

methanol, filtered, and the U.V. spectra run; A (neutral

max.
and acidic solution) : 221, 250, %08, 366, 380 mpu ; A

max,
(alkaline solution): 282, 310, 382 mu .

The solvent was removed and the residue dissolved in
water, the solution made basic (pH 8) with ammonia and shaken
with ether. After separation and drying the ether was removed
to leave a gum (5 mg;);?\max.: 290, 355 mpm .

50% Aqueous sodium hydroxide was added to the aqueous
portion until it was strongly alkaline (pH>10), and thé
solution was then extracted with chloroform. The red chloro-
form extract was washed with water, dried, and acidified
with 8 N ethanolic hydrogen chloride (yellow solution). Eva-

poration of the solvent aiforded a gum (22 mg.); A (acid

max.

and neutral solution): 222, 308, 383 mﬂ_;). (alkaline

max.
solution): 283, 315, 380 mpu .

This material was dissolved in a little methanol and
spotted on a7preparative T.L.C. plate (silica gel, 0.5 mm,
~ thick). This plate was run for 20 minutes in ethyl acetate,
and then twice in ethanol-ethyl acetate (1:1) for 40 minutes.

Under U.V. light a separation into two main vands was

observed. These were cut out and extracted with methanol in
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a Soxhlet apparatus for several hours.
One fraction gave a U.V. spectrum analogous to that

of tetradehydro-dihydrositsirikine hydrochloride;?\max :

251, 307, 365 mu . The other fraction (compound B) gave a
U.V. spectrum similar to that of 5,6-dihydroflavocoryline

hydrochloride* ;N ___ + 221, 312, 386 mpu ; A : 215, 277,

max. min,

338 mu .

Quinone Dehydrogenation of Compound B

The methanolic solution of cbmpound'Btwas evaporated
to give a gum (2 mg.), which was dissolved in glacial acetic
acid (0.5 ml.). 2,3~Dichlord~5,6adicyano~p~benzoquinone
(10 mg.) was added, and the mixture heated at 80-90° for
6 hours. The»éolution“waS‘then diluted with water and extrac-
ted several times with ether. After making strongly alkaline
with 50% aqueous sodium hydroxide, the aqueous solution was
shaken with chloroform, the organic layer -separated, washed
with a little wate; and dried over sodium sulphate. Acidi-
fication with 8 N ethanolic hydrogen chloride and removal of
the solvent afforded a yellow gum (0.8 mg.). This (compound C)
displayed a U.V. spectrum (Figure 7) very similar to that
‘of flavocoryline hydrochloride43;)\max.: 237, 291, 345, 385nvx
Apin, : 274, 304, 373 mp .

The compound displayed the same Rf value (0.43) as

an authentic sample of flavocoryline on paper chromatography

using an ethyl acetate-pyridine-water (8:2:1) system.
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Dihydrositsirikine Olefinic Ester (22)

Dihydrositsirikine acetate (1.3 g.) was heated under

reflux with 0.1 N -sodium methoxide in dry methanol (60 ml.)
for 45 minutes. Solid carbon dioxide was then added, the
‘methanol removed under vacuumn, ahd“the'residue taken up in
ether-water. The ethereal solution was dried and the solvent
removed. Chromatography of the product on alumina (50 g.) affor=-
ded the desired material (410 mg.) on elution with benzene-ether
(19:1). Ether eluted dihydrositsirikine (605 mg.).

"~ Recrystallisation from methanol afforded the solvated
olefinic ester as needles (290 mg.), m.p. 84-89° ; one spot
on T.5.C. (E40Ac~CHOL,, 131);[ot] ]2)6+2° (HeOH); V.. (Wujol)s
3160 (NH), 1708 (C=0), 1622 (C=C); N.M.R. signals (CDC13): 1.60
(singlet, 1H, NH), 2.8 (multiplet, 4H, aromatic), 3.73 (singlet,
1H, olefinic), 4.41 (singlet, 1H, olefinic), 6.23 (singlet,
3H, CH3O), 9.06 (broad singlet, 3H, CHBC)T’. Found: C, 71.41;
H, 8.08; 0, 12.71; N, 7.12. Calc. for 021H2602N2~MeOH: C, 71.32;
H, 8.16; 0, 12.96; N, 7.56.

Desoxy-Dihydrositsirikine (23)

- The above olefinic ester (95 mg.) in methanol was hydro-
genated over palladium black (15 mg.). Uptake of hydrogen
ceased after 3 hours when 1.04 mol. had been absorbed. The
solution was filtered, heated to boiling, and water added drop=-
wise until a permanent turbidity was observed. On cooling the

saturated ester crystallised out as prisms (80 mg.), m.p.
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172-~177° ; two spots on T.L.C. (BtOAc-CHCl5, 1:1);9 ..

(Nujol): 3370 (NH), 1710 (C=0)cm."l. Found: C, T74.04; H, 8.43;
N, 8.36. Calc. for 021H2802N2. c, 74.08, H, 8.29; N, 8.23,

Lithium Aluminjum Hydride Reduction of Dihydrositsirikine

Olefinic Ester (22)

The olefinic ester (150'mg.)'and'1iﬁhium'aluminiummhydride
(100 mg.) in ether-tetrahydrofuran (1:1, 30 ml.) were heated
under reflﬁX“for 2 hours. Excess hydride was decomposed with
- saturated aqueous sodium 'sulphate solution (20'ml.), the orga-
nic layer separated, and the aqueous suspension ‘extracted with
methylene chlorlde (3 x 10 ml.). The ‘combined organic extracts
were dried over magnesium sulphate and evaporated to leave a
crystalline solid (140 mg.). This material had no carbonyl
fabsorption“in'the I.R. region, but showed three spots on T.L.C.
The N.M.R. spectrum indicated that the mixture contained only
25% of the expected"terminal olefinic alcohol.

The product was taken up in benzene and chromatographed
on alumina (5 g., deactivated with 0.3% of glacial acetic acid).
Eth&l“acetate eluted the major fraction (70 mg.), which was
recrystallised twice from acetone-petroleum ether (b.p. 60-80°)
"~and -once from aqueous methanol to afford light brown needles |
(23 mg.), m.p. 204° ; one spot on T.L.C. (EtOAc); [}x]26-24 3
(MeOH); V. (Nujol): 3200 em.”l (NH and OH); N.M.R. signals
(CDCl3): 1.25 (singlet, 1H, NH), 2.8 (multiplet, 4H, aromatic)T,
no olefinic protons. Found: C, 77.39; H, 8.49; N, 8.79.
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Calc. for 020H26ON2: C, 77.38; H, 8.44; N, 9.03.

The constants quoted in the litérature42 for iso-des-
methoxy~dihydrocorynantheine alcohol (21) are m.p. 204° ,
[o¢]27-24.0% (Meon).

D

Dihydrocorynantheine (18b)

Crude corynantheinello (700 mg., two spots on T.L.C.)
was hydrogenated in ethanol (5 ml.) over palladium black.
Uptake of hydrugen ceased after 20 minutes when 0.6 mol. had-
" been absorbed. After filtration the solution was warmed to 65°
and water added dropwise until the sélutioﬁ-remained cloudy. On
cooling dihydrocorynantheine was obtained as needles (610 mg.),

m.p. 174-176°; one spot on T.L.C. (EtOAc); v (CH013): 3420

max
(NH), 1690 (C=0), 1628 (C=C) cm.~t. N.M.R. signals (0D5C00D,)
0.43 (singlet, 1H, NH), 2.8 (multiplet, 5H, aromatic and ole-
finic), 6.27 (singlet, 3H, CH3O), 6.40 (singlet, 3H, CHBO),

9.1 (broad singlet, 3H, CH3C)T'. Found: C, 71.78; H, 7.91; N,

7.56. Calc. for 022H2803N2: ¢, 71.71; H, 7.66; N, 7.60.

111

The m.p. quoted for dihydrocorynantheine is l73—l74°.

Desmethyl-dihydrocorynantheine (24)

A solution of dihydrocorynantheine (500 mg.) in-acetone
(50 ml.) was cooled in ice and dry hydrogen chloride passed
in for 15 minutes. After standing at 5° for 15 hours, the
solution was evaporated under vacuum to small bulk, diluted

with water (100 ml.) and extracted with chloroform (10 x 50 ml.).
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The water layer was then made basic with aqueoué ammonia,
extracted with ether (3 x 50 ml.) and the combined ether
extracts dried over magnesium sulphate. Remo?al of the ethér
afforded desmethyl-dihydrocorynantheine as an amorphous powder
(240 mg.), which gave a positive ferric chloride test (purple);
‘vmax. (CHClB): 3480 (NH) 1715 (C=0), 1658 (HO-C=C-C=0),
1607 (C=C) em. =1, W.M.R. signals (CD3COCD3): 1.01 (singlet,
‘1H, NH), 2.8 (multiplet, 4H, aromatic), $.28 and 6.52 (2 sing-
lets, 3H, CH3O), 9.1 (broad singlet, 3H, CHBC)T° Founa: C,
71.22; H, 7.91; N, 8,21, Calc. for 021H2603N2: C, 7T1.16, H,

7.39; N, 7.90.

Synthesis of Dihydrositsirikine §2§2

Desmethyl-dihydrocorynantheine (200 mg:), in methanol
(10 ml,),waS'reduced with sodium borohydride (500 mg.). After
1 hour the methanol was removed under vacuum, the residue trea-
ted with water and then extracted with ether. The ethereal
layer was separated, dried over magnesium sulphaté'and”the>sole
vent evaporated. The resulting material was dissolved in
benzene “and chromatographed on alumina (10 g.). Elution with
ether yielded a solid which was recrystallised twice from pe-
troleum ether (b.p. 60-80° ) to afford stout needles (65 mg.),
m.p. 215° ; one spot on T.L.C. (EtOAc);[a]§6-56° (MeOH) ;

..y (Fujol): 3400 (KH), 3200 (OH) 1710 (C=0) cm.”l. Found:
¢, 70.81; H, 7.94; N, 7.96, Calc. for C21H2803N2: c, 70.76; H,

7.92; N, 7.86.
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This compound was identical with dihydrositsirikine by
all criteria: m.p. and mixed m.p.; optical rotation; Rf value

on T.L.C.; superimposible I.R. spectra.

Isositsirikine (31)

Isositsirikine was obtained from Dr.M. Gorman, Eli
Lilly Laboratories as the crystalline sulphate, m.p. 263.5° .
Found: C, 62.70, H, 6.69; O, 20.14; N, 6.93; 8, 3.97; C-Me, 2.95;
3N2°%ﬁzéo4: ¢, 62.52; H, 6.74; 0,
19.84; N, 7.00; S, 3.97; (1) C-Me, 3.72; (1) O-Me, 7.69.

0-Me, 7.65. Calc. for 0213260

The free base was an amorphous powdef,[bi]25e20° (CHCl3);
D _

(log€): 224 (4.55), 283 (3.92),
1

9

one spot on T.L.C. (EtOAc);?\max

291 (3.84) mp ; v (CHCl3): 3400 (NH and OH), 1725 (C=0) cm.”

max.

no Bohlmann bands®®; ¥ . (Nujol): 3300 (NH and OH), 1720 (C=0),
1 s

740 (o-disubstituted benzene) cm. ~; N.M.R. signals (CDClB): 1.3%3
(singlet, 1H, NH), 2.7 (multiplet, 4H, aromatic), 4.53 (quartet,
J =7 c.p.s., 1H, C=CH-CH,), 6.28 (singlet, 3H, CH;0), 8.40

(doublet, J = 7 c.p.s., 3H, CH,-CH=C) T . Found: C, 70.65; H,

5
7.75; 0, 14.15; N, 7.53; C=Me, 3.28; O=Me, 9.17; M.W. 354. Calc.
for CyyHyg04N,: C; 71,165 Hy, 7.39; 0, 13.545 N, 7.90; (1) C-Me,
4.24; (1) O-Me, 8.76; M.W. 354.

Isositéirikine ricrate was prepared in the manner des-
cribed for sitsirikine and recrystallised from methanol as

yellow needles, m.p. 216° ., Found: C, 55.60, 55.69; H, 5,20,

5.38; 0, 27.29; N, 12.17, 11.92. Calc. for 027H29010N5:
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¢, 55.57; H, 5.01; 0, 27.42; N, 12.00.

Acetylation of isositsirikine with acetic anhydride in
pyridine gave an amorphous monoacetate which waé homogeneous
by T.L.C. (EtOAc-CHCl,, 1:1)5 9 oy, (C01,): 3380 (NH), 1730
(c=0), 1235 (0OAc) cm.”%; N.M.R. signals (CDC15): 1.40 (singlet,
1H, NH), 2.7 (multiplet, 4H, aromatic), 4.39 (quartet, 1H,
C=g§fCH3), 6.05 (doublet, 2H, CHnQQZOAc) 6.27 (singlet, 3H,
CHBO), 8.15 (singlet, 3H, CH30=6), 8.36 (doublet, 3H, Q§3-CH=CYK
Found: C, 69.84; H, 7.78; N, 7.44. Calc. for 023H2804N2: C,

69.67, H, 7.12; N, 7.07.

Acetonide of Isositsirikine Diol

A éolution of isositsirikine (300 mg.)'in"tetrahydrofuran
(10 ml.) was run into a suspension of litpium“aluminium hydride
(300 mg.) in ether (5 ml.), and the mixture heated un&er“refluX“
for 3 hours. Saturated aqueous sodium sulphate (10 ml.) was
added with stirring“and“the“organinlayéf“separated;'Afterwdi-"
lution with water (20 ml.) the aqueous layer was extracted with -
methylene chloride (3 x 20 ml.), and the combined organic ex-
tracts were dried over sodium sulphate. Evaporation of the
solution afforded a gum (240 mg.); Vn@x.: 3200 (OH and NH)cm;'%
no carbonyl absorpiion; N.iM.R. signals (CD3COCD3); 2.8 (multi=-
plet, 4H, aromatic), 4.53 (quartet, 1H, C=CH-CH;), 8.37
(doublet, 3H, g§3-CH=C)T , no methoxyl absorption.

Since it could not be induced to crystallise, the gum was

taken up in dry acetone (10 ml.,), p-toluenesulphonic acid
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(150 mg.) added, and the mixture heated under reflux for 30
minutes. After standing overnight the solution was made basic
with aqueous ammonia, and the acetone removed under vacuum.
The residue was extracted’with“ether, the ethereal solution
dried'over'sodium'sulphatewand evaporated to leave a gum., This
was taken up in benzene and filtered through alumina (5 g.).
Removal of the ‘benzene and recrystallisation from methanol
afforded isositsirikine acetonide as needles (42 mg.), m.p.
105-109° ; one spot-on T.L.C. (EtOhc); [t ] 26»53 (CHC14);

Spax. (Nujol): 3200 (NH) cm. -l N.MLR, s1gnals (cDC15): 1.87
(singlet, 1H, NH), 2.8 (multiplet, 4H, aromatic), 4.40 (quartet,7
1H, c=gg-0H3),'8.3o~(doub1et, 3H, CH;-CH=C), 8.63 (singlet,
(caé)zcoz), 8.68 (singlet, 3H, (CHy),C0,)T. Found: ¢, 72.10,
72.19; H, 8.39; 8.46; N, 7.20. Calc. for C,5HsOpN,* MeOH: C,

72.33, H, 8.60; N, 7.03.

Dihydro-isositsirikine (29) '

Isositsirikine base (200 mg.), in methanol (5 ml.), was

hydrogenated over palladium black (20 ‘mg. ). Uptake of hydrogen
ceased after 5 hours, when 1.02 mol. had beeﬂ absorbed. Remdval
of the catalyst and the solvent yielded an amorphous product,
which showed two spots on T.L.C, (EtOAc). The major component
(120 mg,) was isola?éd from the -ether-benzene (1:3) eluate
during chromatography on-alumina (10 g.). ”
Dihydro-isositsirikine was an amorphous powder which
could not be induced to crystallise, but was homogeneous on

T.L.Cus Npoy. (Log €): 226 (4.57), 284 (3.92), 291 (3.84) mp;
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Vpax, (CHCls): 3480 (NH and OH), 2810 and 2760 (Bohlmann bands)™
1720 (€=0) em.”%; N.M.R. signals (CDC1)s 2.01 (singlet, 1H, NH),
2.8 (multiplet, 4H, aromatic), 6.20 (singlet, 3H, CH3O), 9,03
(broad singlet, 3H, CH,C)T . Found: C, 70.30; H, 7.53; N, 8.13.
Calc. for 021H2803N2: ¢, 70.76; H, 7.92; N, 7.86.
Dihydro-isositsirikine picrate was formed in the usual
manner and recrystallised from aqueous methanol as yellow
platelets, m.p. 167° . Found: C, 54.65, 54.30; H, 5.68, 4.84;
0, 27.57; N, 11.89. Calc. for 027H31010N5°%H20: C, 54.56; H,
5.43; 0, 28.2%; N, 11.79.

Lead Tetracetate Oxidation of Dihydro-isositsirikine (29)

The dihydro~compoundv(100 mg.) was dissqlved in acetic
acid (10 ml.), lead tetracetate (400 mg.) added in small portions,
and the mixture heated at ca. 60° for 2 hours. After removal of
the solvent the residue was taken up in water (20 ml.), made
strongly alkaline with 50% aqueous potassium hydroxide and ex-
tracted with chloroform ( 3 x 20 ml.).

The combined extracts were dried over sodium sulphate,
acidified with 8 N ethanolic hydrogen chloride and evaporated
to dryness. Tetradehydro-dihydro-isositsirikine (30) hydrochlo-
ride was thus obtained ‘as a red glass (70 mg.); A . ¢ 253, 308,

max.
1

360 qy;‘imax. (CHCl3, free base); 1730 (C=0), 1615 cm. —;

T.L.C. (EtOAc) showed no starting material.
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Sodium Boxohvdrlde Reduction of Tetradehydro-dihydro-

1s081tsir1k1ne (30)

The above hydrochloride (60 mg.), in ‘methanol (S‘ml.),
was treated with sodium borphydride (200 mg.), and heated
. under reflux for 1 hour. The solvent was removed under vacuum,
the residue taken up in water (10 ml.), and extracted with
ether (4 x 10 ml.) After drying, the ethereal solution was
gvaporated, the'product“taken'up’in'benzenég'andmchromatographed
on alumina( 3 g.). Benzene-ether (3:1) eluted acompound- (21 mg.)
which was found to be identical to dihydro-isositsirikine

(U.V. and I.R. spectra, T.L.C.).

Palladium Dehydrogenation: of

sositsirikine Sul hate
Isositsirikine sulphate (60 mg.) was“intimately"mixed with
'palladium'black (60 mg.) and heated at ca. 270° under a nitrogen
atmosphere for 10 minutes;“The“produét“waS“taken“up in hot
methanol, the solutionwfilteredg'eyaporated down to a few drops
and spotted on a preparative T.L.C. plate (silica gel, 0.5 mm.
thick). The plate was developed-twice in-ethanol-ethyl acetate
(1:1), then“viewedvundéer:V;“light“and'the“fluorescent“bandS'
cut out. Each- sectloq{was extracted with methanol in'a Soxhlet
apparatus for several- hours, and the U.V. spectrum run on the
solution. Significant spectra were shown by two fractions:

(i) The fraction with Rf 0.9 had a U.V. absorption similar'to
that of harman®’ (cf. Figures 5 and 6); A\

tion): 232, 282, 289, 336, 347 mu N

nax. (neutral solu-

min, 273, 305, ?40 mp 3
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win,t 235 279,

N oy, (acid-solution): 251, 302, 374 mp ;A

- 330 mp . ,
(ii) The fraction with Rf 0.1 had a spectrum reminiscent of

flavocoryline43;)~ (neutral and acid solution): 237, 247,

max.
291, 345, 385 mp ;)\min.: 245, 274, 304, 373 mp .

The methanolic solution of (ii) was evaporated and the
residue taken up in a little water. 50% Aqueous potassium hy-
droxide was then added until the soiution Was-stronglgwalkaline,
and the mixture extracted with chloroform ( 3 x 10 ml.) After
drying over potassium carbonate the chloroform extract-was
acidified with 8 N ethanolic hydrogen chloride and evaporated
to leave a yellow gum (9 mg.). The I.R. spectrum was similar but
not identical to that of flavocoryline hydrochloride.

Paper chromatography slkowed that most of the material
obtained from isositsirikine was not flavocoryline. Using an
ethyl acetate-pyridine-water (8:2:1) system,'the ma jor component-
of fraction (ii) had an Rf of 0.35, whereés flavocoryline had

a“corresponding value of 0.43.

Palladium Dehydrogenation of;Dihydro-isositsirikine
Hydrochloride

Dihydro-isositsirikine (200 mg.) was converted to the
‘amorphous hydrochloride salt, which was then intimately mixed
with palladium black (200 mg.) and heated under a nitrogen
aimosphere at ca. 280° for 10 minutes. The residue was taken

up in hot glacial écetic acid (5 ml.), the solution filtered
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and 2,3-dichloro~5,6~dicyano-p-benzoquinone (200 mg.) added.
The mixture was then heated at 90-95° for 5 hours. After removal
of tho solvent under vacuum, dilute aqueous ammonia (20 ml.)
: waS‘aoded(pH 8), and the solution extracted several times
with éther“tO'remove weak bases. The aqueous solution was then
made strongly alkaline (pH>10) with 50% aqueous potassium hy-
droxide ‘and extracted with chloroform (3 x.ZO;ml.).'When the
chloroform extract had been dried over potassium carbonate, it
was acidified with 8 N ethanolic hydrogenichloride and evapora-
ted to yield a yellow gum (40 mg.), which displayed a flavocory-
line-type U.V. spectrum. Paper chromatography (as above) indi-
cated that it*Was‘a'mixture“of two compoundsas the major consti-
tuent having the same Rf :value as'flavocoryline;“whereas'the
other corresponded tothe compound obtalned from- 1sosit31r1k1ne.
Phree recrystallisations- krom chloroform afforded the major
component ‘as yellow needles (6 mg.),‘m.p. 280-282° (block pre-
heated to 150° );A__. . (log€): 238 (4.54), 247 (4.50), 290
(4.13), 345 (4.27), 384 (4.23) mp 3Ny, (log€): 210 (4.26),
244 (4.49), 273 (4.04), 303 (4.01), 373 (4.15) mpu; V. (Nujol)
3350 (NH), 1650, 1630, 1515‘cm.-1; one spot on paper chromato-
graphy. | ‘

This compoéund was found to be identical with authentic
flavocoryline hydrochloride in all respects: m.p. and mixed
m.p.;“suporimposible I.ﬁ.‘and U.V. spectra; same Rf values on

paper chromatography.
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Part I1I Experimental Section

Isolation of Cleavamine (66) and Descarbomethoxy-

catharanthine (65)

A mixture of catharanthine hydrochloride (40 g.)lOl,

stanmous chloride (44 g.) and mossy tin (4 g.) in concentrated
h&drochlorjc acid (520 ml.), was heated under reflux in a nitro-
sen atmosphere for 75 minutes. By the end of this time a red gum
had formed. The acidic solution was decanted from the gum and

" washed with methylene chloride (3 x 100 ml.). The washings

were combined with the red gum, then methanol (50 mi.) and
rmethylene chloride (100 ml.) were-added so that a clear solution
was obtained. This solution was shaken with 1 N aqueous'sodium
hydroxide (600 ml.), separated and washed with water (200 ml.);
the sodium hydroxide solution was washed with ether (2 x 100 ml.)
and the ethereal extract added to the methylene chloride solu-
tion. After drying over magnesium sulphate, the organic solution
was evaporated to leave a reddish oil (%2 g.), which was taken

up in benzene ‘and chromatographed on éluminé (1200 g.).

1Ol'waselut'ed in the initial benzene~petroleun

Cleavamine
ether (b.p. 30-60° ) (1:1) fractions and recrystallised from
methanol to give needles (2.4 g.), m.p. 117-119° ; one spot
on T.L.C. (EtOAc);[u] ]2)6+73° (CH013);7\.max. ( log€): 225
(4.60), 285 (3.87), 292 (3.86)'mp.;§>max.“(Nujol): 3420 (NH),
2800, 2740 and 2700 (Bohlmann ban&s)44 cm;'l, no carbonyl ab-
sorption; N.M.R. signals (CD3COCD3): 0.87 (singlet, 1H, NH)

2.8 (multiplet, 4H, aromatic), 4.72 (doublet, 1H, olefinic),
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8.96 (triplet, 3H, CH,CH,)Y . Pound: C, 81.30; H, 8.54; N,

10.18; M.W. 280. Calc. for C c, 81.38; H, 8.63; N, 9.99;

19%24%2
M.W, 280.

Benzene-chloroform (1:1) eluted starting material (~ 7 g.)
in the initial fractions and-descarbomethoxyacatharanthine"
(1.0 g.) in the later fractions. The'latter”material'was
recrystallised twice from-ether to yield needles, m.p. 103-1040,
which were identical with authentic descarbomethoxy-catharan-~

thinet® (1.R.,7.5.C.);V (Fujol): 3140 (NH) cm.™t. Found:

max

¢, 81.70; H, 8.12; N, 10.10. Calc.for 019H22N2: Cc, 81.97; H,

7.97; N, 10.06.

4" "=Dihydrocleavamine (68)

Cléavamine‘(l.5 g.),in‘ethyl acetate (20 ml.), was hydro-
genated over Adam's catalyst (150 mg.). Uptake of hydrogen ceased
after 50 minutes when 1 mol. ofrhydrogen"had-been“absorbed;
Filtration'and”evaporation;gave 4"uﬁ—dihydrocleavamine, which
recrystallised from methaﬁol aé;prisms (1.2 g.), mops 136-1380;

one spot on T.L.C. (EtOAc);V (Nujol); 3410 (NH), 2790 and

max.
2750 (Bohlmann bands) cm.'lg N.M.R. signals (CDBCOCD3): 0.88
(singlet, 1H, NH), 2.8 (multiplet,4H, aromatic), 9.17 (triplet,
3H, CH;CH,)T. Found: C, 81.02; H, 9.59; N, 9.88; M.W. 282.

Calc. for 019H26N2: ¢, 80.80; H, 9.28; N, 9.92; M.W. 282,

Isolation of B9
The later benzeneretroleum ether (1:1) fractions from

the above chromatography (p.110 displayed three spots on T.L.C.
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(EtOAc) with Rf values of 0.77, 0.53, and 0.27. The compound

with a Rf value of 0.77 was found to correspond to cleavamine,
These fractions were combined (5.4 g.) and placed on alumina

(450 g.). Elution was begun with benzene-petroleum ether (1:2),
and- the first four fractions afforded cleavamine(l.4 g.) after
recrystallisation from methanol. Later fractions contained
rrogressively less-cleavamine and wors of the other two consti-
tuents., The last (B9, 55 mg.) of the wnine fracticns obiained with
-thiS‘eluent4containe¢ no cléavamine, displaying only two spots

on T.L.C. (Rf 0453'and'0;27),‘Recrystallisation from aqueous

ethanol gave light brown prisms, m.p. 127-152° ’:5max, (Nujol):
3420 (NH),2790 and 2740 (Bohlmann bands) cm;“l; N.M.R. signals
(CD013): 2.05 (singlet, 1H, NH), 2.8 (multiplet, 4H, aromatic),
9.13 (broad singlet, 3H, CHBC)T; no oiefinic-proton absorption.
JFound: C, 80.56; H, 9.46; N, 10.04; M.W. 282, Calc.for C19H26N2:
¢, 80.80; H, 9.28; N, 9.92; M.W, 282.

Fraction B9 was shown to be a mixture of 4"o"- and 4"(3"-
dihydrocleavamine by comparison (T.L.C., I.R. spectra) with
authentic samples. The 4"o"-dihydrocleavamine was prepared by
cztalytic hydrogenation of cleavamine (see above), and a sample
of 4"@"-dihydrocleavamine was kindly provided by Dr.M. Gorman,

Lilly Research Laboratories.

Carbomethoxv-4"ﬂ"-d;hvdrocleavamine'(119)98‘

A mixture of catharanthine (5) (30 g.) and zinc dust

(300 g.), in glacial acetic acid (750 ml.), was heated under
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reflux in a nitrogen atmosphere for 4 hours. The hot solution
was decanted, most of the solvent removed under vacuum, and

the residue taken up in water (100 ml.). The solution was

made basic with aqueous ammonia, extracted with ether (4 x

150 ml.), and-the combined ether extracts dried over magnesium
sulphate. Removal of the ether afforded an oil which was taken
up in hot methanol (100 ml.). A crystalline solid (6.3 g.) was
deposited on cooling. This material showed three spots on

T.L.C. (EtOAc»CHCl3, 1:1) and consequently was chromatographed-
on alumina (200 g.). Elution with benzene-petroleum ether

(b.p. 30-60° ) (1:1) provided carbomethoxy-4"@"-dihydrocleava-
mine (4.8 g.), which waSMrecrystallised“ffom“methanol to afford
stout needles, m.p. 172° ; one spot on T.L.C. (EtOAc-—CHCl3 1:1);
[]254100° (CHC1;); Ay, (Log€): 227 (4.47), 286 (3.87),

293 ?3.84) mu 5 I, (Nujol): 3430 (NH), 2790 (Bohlmann vand)*4,

1722 (¢=0) cm.”t

; N.M.R. signaIS'(CDCIB): 1.00 (singlet, 1H,
NH), 2.7 (multiplet, 4H, aromatic), 6.28 (singlet, 3H, CH;0),
9.31 (triplet, 3H, QEBCHZ)Y, no olefinic proton absorption.
Found: C, 74.26; H, 8.35; N, 8,26, Calc. for 021H2802N2: C,
74.07; H, 8.29; N, 8.23,

Neuss et a1.68 quote m.p. 64-660,[0(] ]236+96o ('CHCl3) for

carbomethoxy-dihydrocleavamine.

4"@"-Dihydrocleavamine (68)
Carbomethoxy=4"p"-dihydrocleavamine’(500 mg. ), in 5N

hydrochloric acid (30 ml.),was heated on the water-bath under
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a nitrogen atmosphere for 8 hours. The solution was cooled

in ice, made basic with aqueous ammonia, and extracted with
methylene chloride (3 x 50 ml.). The organic extract was dried,
. concentrated to a small volume and filtered through alumina

(10 g.). Evaporation“of'the‘solvent"gave an amorphous powder
(340 mg.) which could not be induced to crystallise; one spot
on T.L.C. (Et0Ac);V
band) cm;“l, no carbonyl absorption.

(Nujol): 3350(NH), 2750 (Bohlmann
This material was identical (T.L.C., I.R. spectra) with
an authentic sample of 4"@"—dihydrocleavamine kindly supplied-

by Dr.M. Gorman, Lilly Research Laboratories.

Mercuric Acetate Oxidation of Carlomethoxy=-4"@"-dihydrocleav-

amine (119)

Carbomethoxy-4"@"-dihydrocleavamine (4.5 g.) and mercuric
acetate (10.5 g.),in glacial acetic acid (150 ml.), were stirred
under a nitrogen atmosphere for 40'hdursu~ThE'solution was
then filtered from*fhe'precipitated‘meréurous acetate (8.2 g,
90%) -and heated unéer“reflux for 5 hours. Tﬁe'solvent was removed
aé“far as pdssibleiunder’vacuum, the residue made basic with
dilute ammonia (50 ml.) and extracted with methylene chloride
(3 x 50 ml.).

After drying over'éodium sulphate the methylene chloride
WHS"removed,'and the  dark brown- product chromatographed on alu-
mina (200 g.,deactivated with 0.6 ml. of glacial acetic acid).

The initial benzene fractions afforded pseudo=vincadifformine
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(121) as a white powder (1.15 g.);[oc]26-503° (&t0H); one spot
on T.L.C. (Et0Ac-CHCly, 1:9);N .. (12g;e): 226 (4.07), 298
(4.12), 326 (4.24) mp,;iimaxo(CCl4): 3380 (NH), 2780 (Bohlmann
band), 1675 (C=0), 1610 (C=C) cm.”'; N.M.R signals (CDC1s):
1.05 (singlet, 1H, NH), 2.8 (multiplet, 4H, aromatic), 6.23
(singlet, 3H, cH3o), 9.07 (triplet, 3H, g§3032)r. Found: C,
74.48, 74.69; H, 7.80, 7.52; 0, 9.62; N, 8.,27; M.W. 338, Calc.
for C21H2602N2:.C9 74.52; H, 7.74; 0, 9.46; N, 8.28; M.W. 338,
The later benzene fractions yielded an amorphous powder
(105 mg.); one spot on T.L.C. (EtOAc«CHClB, 1‘9);7\max.‘ 226,
285, 293 mp 5 O ., (CCL,): 3400 (NH), 1705 (¢=0) cm.™Y; N.M.R.
signals (CDCl3): 2.01 (singlet, 1H, NH), 2.8 (multiplet;, 4H,
aromatic), 6.30 (singlet, 3H, CH3O), 9,10 (triplet, 3H, QEBCHZ)TZ
The Rf value on T.L.C. and the I.R. spectrum were identical
~ to those of coronaridine (145)71.
. The amorphous material was taken up in anhydrous  ether
and the hydrochloride salt formed by passing in dry hydrogen
chloride. Two recrystallisations  from acetone-ether afforded
the hydrochlofide as needles, m.p. 221-223° (dec.);?imax'
(Nujol): 3160 (NH), 2530 (NH), 1715 (C=0) cm.~l. An authentic
sample of coronaridine hydrochloride,'m;p; 221-223° , pre-
pared from a sample of coronaridine kindly provided by
Dr.M. Gorman, Lilly Research Laboratories, did not depress
the melting point, and the I,R, spectra were identical.
Benzene-ether (1:1) eluted a compound (85 mg.), which was

recrystallisedfrom petroleum ether (b.p. 60-80° ) to afford
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prisms, m.p. 143-145,53 EXJ23+49 (CHCl )3 )‘max.: 225, 286,

293 mp 3V oy (KBr): 3350 (NH) 1700 (C= o) em.”1; NLH. R. signals
(GDCl ): 2,00 (singlet, 1H, NH), 2.8 (multiplet 4H, aromatic),
6.38 (slnglet 3H, CH0), 9.04 (triplet, 3H, CHSC )"r This !
material waS'identlerd as dihydrocatharanthine (.69.)28

comparison (m.p., mixed m.p.,.T7.L.C., I.R. spectra) with an

‘authentic sample prepared by hydrogenation of catharanthine (5).

Acid Hydrolysis of Pseudo-vincadifformine (121)
Pseudo-vincadifformine (100 mgf)_was heated with 2 N
hydrochloric acid (3 ml.) in a sealed tube at 110° for 6 hous.
Thewsoiution was made basic with aﬁueous'émmonia'and'the‘precia
pitate taken up in ether. Evaporation'of the ethereal soiutién
yielded a-gummy product (123) whieh exhibited the spectral

properties o%;an“inddlening;7k : 221, 250 (broad) mp ;.

max.

I (cd14): 1605, 1575 cm.”™t, no NH absorption.

max.
The gum was dissolved in tetrahydrofuran (5 ml.) and’

heated under reflux with lithium aluminium hydride (100 ﬁg;)
- for-3 hours. The excess ‘of hydride was destroyed“with3saturated
agueous sodium sulphate (10 ml.) and the product'isoléted
with ether:“Removal‘df'the"solvent affordéd (124) as an oil
which crystalllsed from acetone as needles, m.p. 89- 90 Ex]ZG 60
nax. (108 €)
(Nujol): 3230 (NH), 1600

(CHCl ); one spot on T.L.C. (EtOAc—CHClB, 1:9) 3N
243 (3.81), 295 (3.45) mpm;V
(aromatic C=C) cm.”'; N.M.R. signals (6DC15): 3.1 (multiplet,

4H, aromatic) 9.10 (triplet, 3H, CH5CH,)T . Found: C, 81.00;
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H"9 38-'N 9?86? le; 282, Calc. for 019H26N2: C, 80,80,
,H, 9.28; N, 9. 92 MW, 282, | |
Acetylation with acetic anhydride in pyridine afforded

. the N-acetate,'which was recrystallised from petroleum ether

(b p. 60-80 ), W.p.. 107 5~109 ; one spot on T.L.C. (htOAc-
CH013, 1:9); lmax (1og<=—)° 212 (4.35),253 (4.13), 279 (3.58),
289 (3 5l)mp. v #} (KBr) 1655 (N-C 0), 1595 (aromatic

c=C) om.~L;  N.M.R. signals (CDCl ): 1.87 (broad s1ng1et 1H,
aromatic)?‘2.85 (multiplet 3H, aromatic), 7.78 (singlet, 3H,
3C=65,19.10_(triplet;i3ﬁ' CH CH )'K.HFound: C, 77.14; H, 8.64;

=3 |
024H280N2 C, T77.73; H, 8.70;

CH
0, 5.07; N, 8.97.. Calc. for
0, 4.9%; N, 8.63.

Reduction of Pseudo-vxncadifformine (121) w1th Zinc _and
h _ Sulghuric Acid |

Pseudo=v1ncad1fform1ne (1.0 g. ) and zinc dust (150 g )y
;in 10% methanolic sulphuric acid (500 ml. ),were heated under |
reflux for. 30 minutes. The methanol was removed under vacuum,}
the acid neutralised w1th aqueous sodium carbonate, and the-
solution extracted with_ether (3x 200 ml.)° After dry1ng,eva=
poration of the solvent'affordedva gum (0.8 g.) which showedr
two spots on T.L.C,'(EtOAc-CHCla,l:9)f‘This material was then |
chromatographed onalumina.(‘llo"gv.)° The:major product (640 mg;h
dihydro~pseudo¥vincadifformine (1392), eluted with benzene-
petroleum ether (b. p.'30 60° ) (1:1)was an amorphous powder
(from etherﬁ Bx]24 16° (EtOH), one spot on T, L, C (EtOAc--"

CHCl4, l 9); xmax (1ogé) 244 (3 82), 299 (3, 45)m}:. Y ax.
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(0C1,): 3380 (NH), 1720 (C=0), 1605 (aromatic €=C) cm. -1,

N.M.R,'81gnals (CDCl ): 3. 1 (multlplet 4H, aromatlc),

6.33 (singlet, 3H, CH o), 9.12 (triplet, 3H, CH3CH2)7fa Found:
¢, 73.97; H, 8.13; N, 8.32; M.W. 340. CaIC. for C2lH2802N2

C, 74.08; H, 8 293 N 8.23; M.W. 340.

Acetylation with acetic anhydrlde in pyrldlne gave an.
amorphous~Naaqetate,[@{]§3+28 (EtOH); one spot on T.L.C.
(EtOAc-=-CHCl39 1:9);7\méx. (log € ): 253 (4.01), 282 (3.49),
291 (3.45)mp 5 I, (CC1,): 1725 (C=0), 1660 (N-C=0), 1595
Qaromatic C=C) cm.“l; N.M.R. signals (0014): 2,3'(broad’sing1et5
1H, aromatic), 3.0 (multiplet, 3H,_éromatic), 6.83.(sihglef,

- 3H, CH;0), 7.75 (singlet, 3H, cH3c=o), 9.08 (triplet, 3H,

CH,CH,)T . Found: C, 72.26; H, 8.24; N, 7.51. Calc. for

=23
C <H.0.N,: C, 72.22; H, 7.91; N, 7.32.

2353073 2° : |

The minor product (80 mg.), iso-dihydro-pseudo-vincadif-
formine (140a),was eluted with benzene-ether (1:1) and was also
an amorphous powder, [O{Iz4 132 (LtOH), one spot on T.L.C,
(Et0Ac-CHCL;, 1:9)5 A . (log €): 244 (3.83), 297 (3.45) mp ;
.Qmax (CCl ); 3380 (NH)9 1720 (¢=0), 1605 (aromatlc C=C) cm. 1;
N.M.R. signals (CDC1;): 3.2 (multiplet, 4H, aromatic), 6.32
(singlet, 3H, CH o), 9.10 (triplet, 3H, CH;CH )Tf. Found: C,
74.38; H, 8.,32; N, 8.29. Calc, for C2lH2802N2 C, 74.08; H,
8.29; N, 8,23,

Acetylation with acetate anhydride in pyridine afforded_

an amorphous N-acetate, Ex]24+3 (EtOH), one spot on T.L. C°

(logé_) 250 (4.09), 278 (3.47), 2

(3tOAc=CH013, 1 9); )\max.
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(3.39)mp 5 I, (0C1,): 1725 (0=0), 1660 (N-0=0), 1595 (aromatic

C=C).cm;‘1; NoM.R.'eignalé (0014): 2.9 (multiplet, 4H, aroma=-

~ tic), 6.42 (singlet, 3H, CH;0), 7.86 (singlet, 3H,’0H3c=0);
9,10 (triplet, 3H, CH,CH,)T . Found: C, 72.57; H, 8.10. Calc.

fOI' 023}130()3N2: C’ 72022; H, 7091.

Epimerisation of;QLQero—pseudofg;ggadifformine (130)

| A'solutionfof'dihydro=pseudo~ﬁincadifformine:(200 ng. )
inwmethandi-(Z ml{).was sealed in a tube together with sodium
methoxide (60 mg.) and-saturated methanolic magnesium methoxide
solution (l”q;.);'andlheated‘at'lOOO for 5 hours. The'éolution‘
was then poured into water (20 ml.) and extracted immediately
with ethef (4 x 20 ml;) After drying over sodium sulphate the
ethereal extfact waS‘evéporated'to give an amorphous powdér
(165 mg.); which was identical with isb=dihydro~pseudovinca,

difformine (140) (T.L.C., U.V. and I.R. spectra).
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