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1. INTRCDUCTION

The review by Abramovitch and Spenser® in 1954 of the
carbolines covered some aspects of this topic, but since that
time, several new and exciting developments have occurred
especially in the area of naturally produced B-carbolines. In
order that a comprehensive picture might be presented, atten-
tion will be drawn to some alkaloids which were first isolated
more than one hundred years ago and the literature is covered

up to September 1974, An overriding consideration which motivated
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this review is the fact that the available periodic reviews of

alkaloid chemistry, such as the Chemical Society's Specialist
Reports,“The Alkaloids: and Manske's volumes, of necessity
present a fragmented view of certain areas., An equally import-
ant aspect is the fact that several of the currently used
classifications of indole alkaloids, for example those used

by Boit? Hesse? and Xompis et al4, place f-carboline compounds

in different subt-grouvs, Here we have brought together all

- alkzloids which possess a 8-carbolinium structure and so this

review includes cases where the chromophore has been modified

by conjugation or by guaternization of N-4, or have more than
the basic three aromatic rings. Attention will be drawn to some
very recent results of biosynthetic studies which have been
carried out on alkaloids in this group, but in view of the

very recent comprehensive review of the blosynthesis of indocle

alkaloidss, comments will be kept to a minimum,.

SINPLE B-~CARBOLINES

This group c¢an be further subdivided into type A.
which have simple substituents. type B containing a vinyl
substituent and type C, with a guaternary N-4. As will be
noted, the numbering scheme used is that which has been more
recently used in view of the more complex alkaloids isclated,

Alkaloids in this section are tabulated in TABLE 1 below,.
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TAB

LE 1.

HETERQCYCLES, Vol 3, No. 3, 1975

Type A,
NAME SUBSTITUTION
C~3 C-5
Harman (1) CH, -
Harmanine (%) CH3 -
Harmol (3) CHj -
10-Methoxyharman (4) CH3 -
Harmine {(5) CH, -
Ruine (6) CH -
3-Hydroxymethyl-
f~carboline (7) CH20H -
Harman-5-carboxylic
acid (B) CH COOH
3-Carbomethoxy-
B-carboline (9) COOCH3 -
5=Carbomethoxyvharman
(10) CH COOCH
3 3
Crenatine (11} CHGCH.5 -
Crenatidine (12) CH,CH; -
Brevicolline (13) CHyg -
Brevicarine {14) CH3 -~ {CH

ll-carborethoxy-
B-carboline {15)
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Type A

Harman (1)

This alksloid has so far been

belonging to 8 families.
Plant

N¥ewbouldia sp.

Carex sp.

Elaeagnus sp.

Celligonium minimum
Pagsiflors actinea

P. incarnata

P. alata

Family

Bignoniaceae
Cyperaceae
Elaeagnaceae

Polygonaceae

Passifloraceae

n

H
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TABLE 1 continued ..
Iype B,
NAME SUBSTITUTION
Cuw3 C=5 C-6 C-11 C=12 OTHER
Pavettine (16) -CH=CH, - - - -
Dehydrocrenatine (17)-CH=CH2 - OCH3 - -
Dehydrocrenatidine
(18) -CH=CH - OCH OCH -
2 3 3
6,11-Dimethoxy=-3-
vinyl-g-carboline
(19) -CH=CH, - OCH, - -
_Tyve C.
+
Melinonine P (20) GH3 - - - CHBatN-4
10~-Methoxy—~4-methyl-
8-carbolinium +
chloride (21) - - - - CHjatN-4,
Cl;CH3O
at C-10

23 plant species

Reference

6
7
8

9
10

10,11,12,33

10
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Harman continued

Plant Family Reference
P. aglba Passifloraceae 11
2. bryonioides " 11
P. capsularis " 11
E. edulis " 12z
P. eichleriana " 12
Passiflora quadrangularis " i2
P. ruberosa " 11
Ophiorrhiza japonieca Rubiaceae 13
Nauciea diderrichii " 14
Pauridiantha callicarpoides " 15
Palicourea alpina " 16
Sickingia rubra " 17
Simirs klugii " ig
S. rubra " 19
Svmplocos racemosa Symplocacesae 20
Zyzophyllum fabago Zygophyllaceae 21

A synthesis by Clemo and Holt?? jllustrates the utility of
the Fisher indole synthesis. It consists of the ring closure of
the condensation product of 2-methyl-3-hydrazinopyridine (22)
and cyclohexanone, namely compound (23), and then conversion

of {24) to harman (1).

AN N
—>
@N_H/Q | N | N T
H

CHy
(23) ~(24)
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Several cther syntheses have been recordedll’23’24.

Recently,
photo-induced dehydrogenaticn of 5,6-dihydro-f-carboline has
been used®’ and a scheme starting from tryptamine (25) has been

published by Cauzzo and Jori26,

v CH3CO0H
H methylene blue
CJ45

(25) ‘ (2@
5 8:1(4, Jortho® 12)  q.91(d, T= 54 He)
X 8'37(d,7=59)

e

H CH3

(93% yield)
A nitrene intermediate gil also been utilized by Kametani and

27

his group to synthesise harman Starting fror the nitro
derivative (27), harman can be synthesised by & scheme shown

below by the application of triethyl phosphite.

0 el
Z POCly | \N P(OEt)s

-~
02 cH3 NO
(27)
CH5 CH3
(1)

In the area of structural elucidation, esvecially with respect

to the determination of the substitution sites in harman and
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related systems., the use of nuclear overhauser effect is of
interest28'

Addition of tryptophan to a cell suspension from the roots of

Phaseolus vulgaris caused the production of norharman and harman,

although this plant does not normally produce these alkaloidszg.

It was theorised that N-acetyl amines played an important role
in alkaloid biosynthesis, and N-acetyltyramine (28) was shown
to be a precursor for harmanjo. The following scheme was the

proposed pathway.

~
N NH —> NI

H -C:_,’ H  HE CHy

(28) (1)
The general utility of N-acetylamines has however not been
demonstratedjl.

Harmanine !22 .

This compound has so far been only isolated from Colligonum

minimum (Polygonaceae)se'

Harmol (ll-hydroxyharman) (3)

Passiflora incarnata (Passifloraceae)jj. Banisteriopsis

inebrians (Malpighiaceaé34. and Zygophyllum fabago (Zygophylla-
21
)

ceae have yielded this alkalold which can be produced from

harmine by boiling in HCljS.
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10-Methoxyvharman {4)

Virola caspidata (Myristicsceme) is the origin of this

alkaloid. The mass spectrum showed m/e 212 (M) 198, 197
(vase peak), 169, and 16836.

Harmine (11l-Methoxvharman) (%)

Plant Family . Reference
Peganum harmala Rutaceae 3
Passifiora incarnata Passifloracese 3
Banisteris caapi Malpighiaceae 3
Banisteriopsis inebrians " 3
Cabi parasensis " 3
Banisfériopsis caapii " 32
B, sp. " 52
Banisteriz lutea " 37
Calycanthus sp. Calycanthaceae 38
Tribulus terrestris Zygophyllaceae 37
Zvgophyilum fabago " 21

Harmine has teen produced by oxidising harmaline (29).

H
(29)

Other syntheses have been recorded

23'39. It has heen shown

recently that nitretion produced the 10-nitro derivative40.

Ruine (4)
M3. NMR, UVwereutilized to elucidate the structure of this

glycoside. The glycosidiec bond was resistant to B-gliucosidase at
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o]

30 and had to be cleaved by acid hydrolysis. This alkaloid

co-occurs with harmine in both callus tissue and seedlings of

Peganum harma1a41. The NMR spectrum of the tetraacetate

(CDCls) showed that the N-H signal was considerably shielded,
and appeared at 6 8.62. Nettleship and Slaytor also demconstra-
ted that ruine was produced from harmine by direct hydroxylation

and glycosylation.4l.

3-Hydroxymethyl-g-carboline (7)

2
This alkaleid from Picrasms ailanthoides (Simaroubaceae)4

was established on the basis of spectral evidence and its prepar-

ation from (30) by reduction with LiAlH, in tetrahydrofuran.

_~N
H COOCH3

BN

(30)

Harmen-5-carboxylic aecid {(8)

In the case of its isolation from Aspide¢sperma polvneuron

(Apocynaceae)43 this base was obtazined by acid hydrolysis of a
44

sugar ester. It has also been isolated from A. exalatum
Spectral datawere used in the structure determination, and

synthesis has confirmed it45.

3-Carbomethoxy-f-carboline (9)

Isolation has been from Picrasma crenata4? P. ailanthoides42

( simaroubaceae), Pleiocarpa quticat’ (Apocynaceae) and Nauclea
Y maye ped

14.48 : ;
) 7 One synthetic route used to confirm

diderrichii (Rubiaceae
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49

this structure starts with harman (1) and is shown below

N benzaldehyde
—_—>

I A

H CH_S

benzal harmani KinC4.

MeOH ' , N

. \\ﬁﬁﬁN

oocH5 H COOH

Another synth951s has been reported, and this utilised estizhlished

procedures45.

5-0a rbomethoxyharman {1i0)

Isolation was from Kauclea diderrichiil4 and its synthesis
45

from tryptophan is shown below

COOH COOH
CHBGHO

tryptophan
S C02CH5 COZCH.5
sulfur
_N
CH3
(1c_>> |
Crenatine (S-Ethyl-5-methoxv-s-oafbolinel(11)

- g
Plant sources are Picrasma crenata’’ 40 and P. javanica

(5imaroubaceae)>r. It was shown that its UV was similar to that

of harmen and the substitution pattern established by comparison
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51
of its NMR with that of 3-ethyl-B-carboline . The assignment
of aromatic signals were assisted by Huckel MO calculations.
Protons at C-9 have a net positive charge and so appear at low

4
field while C-12 protons have a net negative charge4

Crenatidine (3-Ethyl-6,12-dimethoxy—-B—carboline){(12)

46
This alkaloid co-occurred with crenatine in Picrasma crenata .

The UV resembled that of 3-methyl-l2-methoxy-S-carboline, and
the N-H in the NMR was shifted upfield ca.lppm to & 8.90. Reduc-
tion of both crenatine and crenatidine with Na in absolute EtCH

gave compounda (31) and {(32) respectively, and NS data were also

discussed.
<
. H
R H - C.HZCH_:,
(31); R=H (32); R=00H3

Brevicolline (13)

Carex brevicollis {(Cyperaceae) produced this compound, and

the stereochemistry indicated in (13A) was based on the following

. 52
evidence ™ . . cH5
COOR
= N- CH5 Q
' N [::l
N 5
N E s HOOC CH5
(33); R=H ,
(34); R=CHy (35) - (13A)

When oxidised, brevicolline ylelded (33) ani 1ts 1dent1ty was
established by synthesis of its methyl ester (34) Thls syntheais
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involved the reaction of methyl indolyl.glycolate with dibenzyl
acetamidomalonate in the presence of NaOCH3 to produce firstly
divenzyl carbomethoxyskatylacetamidomalonate. Hydrogenolysis
cf this latter product was then followed by reaction with
polyphosphoric acid and POCl3 to give the desired product.

The configuration shown in structure (134) was determined
by oxidation with potassium ferricyanide and then CrO3 to yield

{~)~hygrinic acid (35). This acid was identical with a specimen
obtained on methylation of L~(-)-proline53.

In the area of biosynthesis, when DL-[2- ~tryptophan was

administered to Carex brevicollis plants, there was a 0.01%

incorporation into brevicolline. Q2% of this activity was
located in the harman portion of the molecule. Sodium [2-140]
pyruvate showed a 0.017% incorporation (C~3=91%; C-14=0%). With
sodium [140]—formate there was a 0.012% incorporation and the
N-methyl having 87% of the activity. [U- ?Cj-Glutamic acid was

very little incorporated.

Brevicarine (14) .

Like brevicolline, brevicarine occurs in Carex brewvicollis

(Cyperaceae)ss. Brevicarine was prepared from brevicolline by
first treating it with PhCOCl, then H2-Pt, and finally with KOH,
Final proof of structure was achieved as follows., The guaternary
salt of 5~(l-methylpiperidyl)-Z—indole was reacteduwith.the‘poﬁa-
ssium derivative of benzylsulfinylacetone, then the resulting
B~ketosulfoxide decomposed to give 8-(methylbvenzylamino)-4-
(indol-3-v1)-octan-2-one. The oxime of this ketone was cyclised

to give 5.A5-dihydro-B-carboline,which upon dehydrogenation
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afforded a compound identical with the natural brevicarine., The

6
lower homolog was similarly prepared from pyrrolidylindole5 .

li-Carbomethoxy-f-carboline (1i5)

This alkaloid was reportedly isclated from Picrasma crenata

(Simaroubaceae) and supposedly also present in Pleiocarpa mutica.

Ivpe B.
Pavettine (16)

57
Pavetta lanceolata (Rubiaceae) was the source of this alkaloid .

Hydrogenation yielded 3-ethyl-pB-carboline. Synthesis was achieved
as follows. The benzal derivetive of harman (36) was oxidised

with sodium paraperiodate and osmium tetroxide to give 3-formyl-
B-carboline (37). Reaction of (37) with methyl-triphenylphosphonium

bromide produced pavettine.

] N N (16)

s —_—

P N
H EH=CH-OD H - EHo

(36) (37)
Dehydrocrenatine (6-methoxy-3-vinyi-f-carboline)(17)

It was isolated from Picrasma javanica (Simaroubaceae)‘l.3 Re-

duction to the dihydro compound produced a preoduct identical to
crenatine (11). 100MHz NMR data were alsc used to support the

proposed structure (17).

Dehvdrocrenatidine (18)

This compound occurs in Perriera madagascarienisis (Simarou-

58 .
bacene) and can be regarded as the C-12 methoxy derivative of

dehydrocrenatine.
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6.11-Dimethoxy~3~vinyl-f-carboline (19)

This alkaloid co-occurs with dehydrocrenatidinesa,

Type C.
Melinonine F. (20)

Phis 3,4-dimethyl-B-carboline anhydro base was isolated from

Strychnos melinoniana as the chlorideﬁg. It had a UV with

Ag:gﬁ 253(log € 4.46), 308(4.27), 37Tnm(3.67).

10-Methoxyv—4-methvl-8—carbolinium chloride (21)

(21) is the only member of this fairly large group of simple

B-carbolines which possess a C-10 substituent. So far isolation

60
has only been from Desmodium gangeticum (Leguminosae) .

. 3. CANTHINE TYPE

9
io
1l
12
Type A,

Name Substitution Structure No.
Canthine-6-one (38)
5-Methoxycanthin-6-one -5, OCHg (39)
4:Metyy}thiocanthinfﬁ—one‘ C-4, SCHy (40)
4,é:Dimethoxyeanthin-6—one €-4,C-5,2x0CH; (41)
Nigakinone C-4,OGH3,C-5,OH ‘ (42)

— 236 —



HETEROCYCLES, Vol. 3, No. 3, 1975

Type B,

{C] [D]
Norisotuboflavine CHy,C-6 (43)
Isotuboflavine CH;CH,-,C~6 (44)
Tuboflavine CH5CH,-,C-5 (45)

General structures [A] and [C] represent the Ring Index
numbering which has been used for this group. Numbering in
structures [B] and [D] conforms to the system used for the simple
B-carbclines described earlier in this review, Because half of
this group of alkaloids have well established names based on the
Ring Index numbering, it has been decided not to alter these names

for the purpose of this discussion.

Type A.
Canthin-6—one (38)

Three plants have so far yielded canthin-6-one, namely

Pentaceras australis (Rutaceae)sl, Zanthoxylum suberosum (Rubiaceae)62

and Picrasma crenata (Simaroubaceae)ss. Early structure proposals

were bhased on the fact that canthin-t-one on oxidation gave
3-carboxy --f~carboline, and the lactam underwent base cpening which
was reversible to compound (46). The trans-isomer of this acrylic

acid derivative obtainable from (46) is however irreversible.
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XN
) H

Z~H
H

N\

HOOC
(46)

The UV showed ad;giane 261 nm (log €,4.09), 259(4.05), 269(4.03)

~293(3.90), 299(3.91), 347(3.94), 362(4.17) and 3.81(4.14).

Hexahydrocanthin-6-one which was previously synthesised64 has been

successfully dehydrogenated to canthin-6-one°5. A more recent

synthesis has-been described66. Preparation of several canthinone

derivatives were reviewed by Abramovitch and SpenSerl.

5-Methoxvcanthin-6-one (39)

61
This alkaloid occurs in Pentaceras australis. Sitructural

assignment. was based firstly on the fact that KMn04 oxidation gave
B-carboline-3-carboxylic acid. Also alkali opening of the lactam.
ring gave f-carbolylmethoxyacrylic acid, a reaction which is
reversible., Location of the methoxyl group was established by
demethylation followed by condensation of the resulting hydroxy
compound with o-phenylenediamine to give the hydroxyquinoxaline

6
{(47) and not a phenazine derivative 7.

{47}
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This alkaloid has been synthesised by condensing diethyl oxalate.
with the dilithium derivative of 3-methyl-f-carboline, and the

5
resulting phenol treated with diazomethane 5.

4-Methylthiocanthin-6-one (40)

68
Pentaceras australis also yields this alkaleid ~. The pres-

ence of sulphur is a rare feature in plant alkaloids. This
corpound displays low basicity and the UV of the 4-methoxy and
4-methylthiocanthinone are similar. and the only result of the
revlacement of oxygen by sulphur being that the two longer wave-
length bands are displaced ca.l0 nm to longer wavelengths with no
gignificant change in intensity.

Treatment of the base with alcoholic alkali gave 2-methylthio~'
2-{1-3-carboxyl)acrylic acid, followed by the elimination of
methyl mercaptan and recyclisation to 4-hydroxycanthin-%-one,
Synthesis was as follows:! f-carboline-3-carboxylic acid chloride
was condensed with magnesium ethoxy derivative of malonic ester,
to give,after acid hydrolysis, 4-hydroxycanthin-f6-one. Treatment
with phesphorus oxychloride followed by heating in a sealed tube

with potassium methyl mercéptide gave the natural product68.

4,5-Dimethoxycenthin-6~one (41)

The structure of this alkaloid from Pierasma ailanthoides

(Simaroubaceae) was established by utilizing UV data, functional

~

0
group analysis and oxidation to B-carboline-3-carboxylic acid 9.

Nigakinone (42)
This alkaloid has hbeen found to co-occur with compound (41) in
70

P.ailanthoides Mainly on the basis of its conversion to methyl-2-
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.carboline-3-carboxylate, and methylation to 4,5-dimethoxycanthin-

b=one (41). structure (42) was assigned.

Txge B.
Norisotuboflavine (43)

Plant source was Pleiocarpa mutica (Apocynaceame). Structural

agssignment was first proposed mainly on the basis of spectrsal
data, especially mass spectrometry, and the detailed spectral

discussion involved making a comparison with the co-occurring

alkaloid isotuboflavine, which iz described below47. This alka-

71

loid has now been synthesised from canthin-6-one as well as

72

S-methoxycarbonyl-g-carbeline by schemes summarised below.

(30) CHE™SY
Reagents: - (43) (38)
1) NMeCH=CHCO,Me-NaH; v) Hz—PdlC
11) H*; vi) CH Mgl
iii) (CH3)3PhN+Br3- vii) CH;OH-HC1
iv) LiCl viii) Se0,

Isotuboflavine (44)

Isotuvoflavine co-occurs with norisotuboflavine in Pleiocarpa
mutical’ . .Both these alkaloids exhibited identical UV, very
.esimilar 1R (having .a typical pyridone band at 1620 cm"l). Their
MS fragmentation was also very similar, and differences cobserved

for this base when compared with that of tuboflavine (45) could
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be rationalised by the fact that the ethyl substituent was

differently located in ring D.

Tubofilavine (45)

47
Pleiocarva tubicina produced this base This third yellow

alkaloid in this series, like the others, exhibitsa large batho-
chromic shift in acid or upon formation of the respective
methiodides. Reduction of tuboflavine with L1A1H4 gave a mixture
of two compounds, both of which have UV similar to l-methylharman.
Treatment with dilute alkali and then methanolic HCl furnished
3-methoxycarbonyl—ﬁ;carboline73. Tuboflavine has been synthesised
by firstly condensing dl-tryptophan with dl-ethylsuccinic acid to
give a mixture of:amides. .When one of these (48) was cyclised with
a mixture of polyphosphoric acid, phosphorus oxychloride and vana-
dium pentoxide, compouna {(49) was obtained after palladium charcosl
hydrogenation of the crude product along with a larger amount of-

the 4-ethyl isomer.

o A |
N N
H —_—
OOH
(48) (49)

Compound (49} was reduced with zine dust in HC1l, end then treated

with selenium dioxide to yield tuboflavineﬁs.

4, -CARBOLINES.WITH COMPLEX SUBSTITUENTS AT C-3

Perlolyrine (50)

Perlolyrine was isolated from rye-grass, Lolium pefenne,.

75
{(Gremineae) .
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CHOH

(50)

X~ray analysis of its hydrobromide dihydrate, 016H12N202.HBr.2H20
was .used to establish its structure. The mass spectrum showed a
0
3 !
and M-02H30. The loss of -CHO is in keeping with the presence of
a furanold ring. NMR and UV data were analysed by comparison

ready,loss of hHydroxyl, and ions corresponding to M-CHO, M-CH

' - with appropriate models.- Synthesis was achieved by reacting
.-5-acetoxyme@hyi—2-formylfuran and tryptophan, in a Pictet-Spengler
-type acid-catalysed ring closure, and perlolyrine was ocbtained

following oxidative dehydrogenation-decarboxylation75.

Alstonilidine (51)

\

OOCHs

CH00¢C

(51)
Alstonia constricta (Apocynaceae) produced this 023H18N206

6
alkalold 'C. The UV of this compound showed a A;EgH 215, 255,
289, 335 nm, while the 1R had an indolie NH at 35200m';, methoxy-

carbonylm(1730cm-l) and an unsaturated carbonyl at 1670 cm'l.

MS gave evidence of two methoxycarbonyl residues by showing ions
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at m/e 359 (M-59) and m/e 300 (M-118). 100 MHz NMR gave a .
spectrum in complete agreement with the assigned structure. -

Pauridianthine (52)

Pauridianthine was isolated from Pauridiantha callicarncides

(Rubiaceae), and on the basis of itsUV,218 nn (log £4.66).
285(4.21). 385(3.84), NMR and NS evidence, structure (52) was

- 1
proposed for this alkaloid.5

Pauridiantkinine (53)

15

Two plants, namely Pauridiantha callicarpoides and

Stelechantha cauliflora77 have yielded this alkaloid. The UV is

similar to that of harman, 234nm (log e 4.58), 284(4.16), 347

(3.58) and the 1R showed 3 300(OH) and 163001{1—1, the latter being
assigned to the cornjugated carbony115. Like pauridianthine, the
C-9 skeleton of the non-tryptamine portion containing a nitrogen

atom makes these compounds interesting from a biosynthetic point

of view,

(53)
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Alstonidine (54)

78
Alstonia constricta (Apocynaceae) produced this alkaloid

1935 (3} .65(d)
T4 XN 804D B

15 {m - 5:11{g) -

T 7 e AO1W ras
To CHs | _,CHz-O-COCH3

H . H 428
F45 ”’CH3 ‘o6 (“)
cH_,,og

3,8 O HT63
. (55}
UV data demonstrate@ thp presence of a methy} substituent on the
indole nitrogen, and ruled out any oxygen substitution on the
harman portion of the molecule. The conjugated carbomethoxy
group could be assigned based on a UV absorptign at 235nm and IR

1. Boaz et al.siggested structure (54)

bands at 1598 and 1629 cm
[without sterecchemicai définition} and biosynthetic considera-
tions were also taken into acecount. The‘complete structure has -
now been proposed based on a detailed NMR study76. and the

spectrum of O-acetylalstonidine (55) in benzene-d% is.summarised

in the figure above (& values).

Cordifoline (56)
Cordifoline is one of many indole alkaloids which have been
isolated from Adina sp. and characterised by R. T. Brown and his

) 79
group. Cordifoline originated fror Adina cordifolia (Rubilaceae) -,

It was obtained pure as its penta-acetate, 038H40N2017‘ Structural
assignment was based on extensive NMR and MS studiesTg. NMR on the

pentascetate (57) is summarised below:
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Although there has been no explicit statement, a recent paper by
Brown and his group80 placed the CH group at C-10 and this will
be adopted for our considerations. The structural determination
of this compound will be discussed in some detail since it 1laid
the ground work for future work on f-carbolinium glycosides of
this type. IR bands at 1680 and 1635 cm-l indicated the presence
of the CH,0,C-CH=CHC chromophore, and this is supported by UV

372
absorption in the 240 nm region, and showing a bathochromic shift

in acid solution., Ring D was confirmed in the M3 by a pyrylium
ion at m/e 165, and the oxonium ion at m/e 331 of the pentaacetate
was evidence of the glucose moiety. The NMR data given in summary

above was assisted by svin decoupling experiments.

Desoxycordifoline (58)

81 80 .
Adina cordifolia and A. rubescens (Rubiaceae) produced

desoxycordifoline. Structural proposal was based on IR, UV and
81

NMR data . Configurational assignments could be made based on

100MHZ studies (CDClj), especially on methyldesoxycordifoline

P
tetraacetate (59)8 which is shown below.
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182-18b
18b-19
185-19
17-15

~ Palinine (60)

_the first<characterised alkaloid from a Palicourea spla3

i

(59) R=ac.[H,'-H,', 64.7~5.20]
fAc 1.85 —~ 2.10 . ]

Hz ..

10

~

17
10
~0.8
12.5
4.5, 2.5

.- This new alkaloid from Palicourea alpina (Rubiacese) was
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PR : l ol - ;
Palinine, 97H32N2010 m.p.16§.5-108 co-oceurs w1th.harma§.
Hydrolysis with ?-glucosidase proved the presence of Diglucose
and the vroposed structure was based mainly on UV, IR, KMR and

MS date of the free alkaloid. its tetra- =and penta-acetate'derivative.

5. PENTACYCLIC TYPE

Desoxvcordifoiiﬁé“Iéctém'(61T“

Desoxycordlfollne 1actam was isolated as its tetraacétate,

. 84 - : :
037B43 2 15 from Ading rubescens (Rublaceae) and’ 3551gned

structure (51).

e ¥ e . . g L ow
s Fo4ooT 3 S 8LT

) "( 1) NEQCH3/CH30H
é(2)Acétylation

. o
e o

|l;'$_L T'
Ner=eH, = GRS
! b i e e Tz Trs L
HOG"UCOFS e'b -t P 2t [ T

(61} R=H .- . . (63)
(62) R=CHz .
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The UV spectrum with alkali gave a 3-carboxy-fi-carboline type
chromophore, and was evidence of a lactam. The transformation of

{52) to (63} was chemical evidence of this lactam system,

The N3 gave the exnected glycosidic and R-carboline fragmentation,
and a strong peak at m/e 234 (ClBHloNzo) was attributable to ion
(54).

(64) (65)

Compound (65), namely 2-carbomethoxy-4,5-dihydrocanthin-6-one
was synthesised by heating N¥b- sucecinamide of methyl tryptophanate

with POCl3 and V205 in polyphosphoric acid in order to confirm

B4

the UV assignment. The authors suggested that desoxycordi-

foline lactam was biosynthesised from the alkaloid (66) by
nucleophilie attack at the C-22 ester function in this glycosidic

precursor,

COOH

(66) (67) (68) R=0H
(69) R=H
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A biogenetic relationship between desoxycordifoline lactam,
adifoline (68) and desoxyadifoline (69) was also drawn, in that

the aglycone of (66) is in equilibrium with the ring-opened form
where a prototropic shift can occur to give an «,B-unsaturated
aldenhyde (67). 4n alternative attack by N-1 on C-19 and reclosure
of the heterocyclic ring would then generate {69) directly and (68)

after further oxidation.

Adifoline (70)

Adifoline co~occurs with desoxycordifoline in Adina cordi-
folia (Rubiaceae)85’86. Earlier worker585 suggested 022H2ON208
28 the molecular formula, and showed it was a B-carboline deriv-
tive. but more recently 022H20N207 has been shown to be the correct
molecular formula. Methylation yvielded trimethyiadifoline, where-

as acetylation gave a diacetate, and so indicated a carboxy group

and two phenolic and/br enolic functions.

§192(d,7=2) 915
H H

34244, T=1, 10)
PLSq 54(& T=1¢)

3-97(q,7=10,1)

Hag-06(d,7=1)

(70) (71}
[a+b= MS fragmentation]
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" Reduction eéxperiments 'in cohjunction-withiUV2and IR studies indi-

cated a '‘B-alkoxy-a,R-unsaturated. ester, -and. a bathochromic 'shift!’
in adid suggestedi a*substituted 3-carboxy-R~-carboline chromophore.
Adifoline. wes readily dehydrated.to anhydroadifoline (71)’ . and-NMR.
and*MS studies on this -compound” as:well as:adifoline itself fully.

I3

.7supported the: proposedrstruecture..d Lt s LF o it

10-Desoxvadifoline (72)

Also in Adina cordifolia (Rubiaceae) is the alkaléid. 10— [ ‘

desgxyadﬁfp;ipegl.u Phy51cai dataiwere. utilized - for:struétaral

e A

elucidation.” in the:case of the NMR data, these were mainly on

the. methylatediand-acetylated derivatives.,: -~

3’321*%’6:Eeﬁ¥adéhvé}6£alﬁotine (73)

we L3Av

'uPlelocarpa talbotil (Apocynaceae) has ylelded tetradehydro-

g

talhotlne (73)

:k-ﬁ‘n

AT .t

Co—occurr1ng w1th it were the alka101ds 5,o—dehydrotalbotine and

deformvltalbotinlc acid methvl ester and all these structures were

determined by IR, UV, ORD and MS data. (W

6. ANHYDRONIUM_ BASES

Melinonine E. (74)

This alkaloid was ilsolated from Sirychnos melinonisna

60
{Strychnaceae) . The structure (74) was proposed on extensive
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UV studies which utilized appropriate models,

7.30 8‘20 (5)
CH N\
412 _ o« 492
CH 4 N~ Hb~ 46
170 H~46
. C-H
: |-?5{J,T=6'°)
CH,O0C X
39; H 138
(74) {75)

Simple chemical transformations such as acetylation to confirm the
primary alcohol were performedGO.
Bleekerine (75)

- . ., B8
Bleekeria vitiensis (Apocynaceae} produced bleekerine .

The mass spectrum (M+408) showed little fragmentation and confirms
the conjugated nature of the molecule. Reduction with NaBH4 in
methanol yielded isoreserpiline, and the structure proposed was
substantiated by NMR studies (see above,{75)). Lead tetraacetate
oxidation produced this alkaloid, albeit, in low yieldss.
Alstonine (75)

This 021H20N203 alkaloid has so far been isolated from
several plants, namely Alstonia constricta (Apocynaceae). Rauvelfia

hirsuta. R. obscura, R. vomitoria (Apocynaceae) and Vinca rosea

(Catharanthaceae)B. A gsross structure was proposed in 195389 and
9] .

19519 , but.the stereochemistry shown in structure {(75) was based

91. In both this c¢case and that of

on work by Wenkert and his group
the following alkaloid serpentine, palladium-maleic acid dehydro-.
genation experiments which are of general use in determining the

stereochenmistry of certain indole alkaloids, were used.
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CzHs

A Cszr
cHg

CH;0 00 XY
(76) (77)

In earlier work leading to a structural proposal, Sharp showed

g2
that selenium dehydrogenation ylelded alstyrin 77y .

Serpentine (78)
Serpentine has been isolated from Rauveifia hirsuta R.

fruticosa, R. heterophylla, R. ligustrina, R. sellicwii, R.

serventina. R. micrantha. R. sumatrana {Apocynaceae). Vinca

minor and V. roses (Catharanthaceae) >

(79)

C:Fgf)C)C

This alkaloid showed a UV, A . 252 nm {(log € 4.49), 308(4.30),
370(3.61) and many simple chemical transformations such as base
hydrolysis and reductions were carried out by Schlittler gnd co-
workérsgai\ This alkaloid has been prepared from ajmalicine (79) by

oxidation with lead tetraacetate, a process which can be reversed
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by catalytic reduction 94_ Serpentine has been the subject of

. ) . 95-98
several biosynthetic studies .
Indolol2.3-alpyridocoline  (80) and Dihydroindolopyridocoline (81)
B
+
/N
NS
(80) _ (81)

Isolated from Gonioma kamassi (Apocynaceae) these two anhydronium

bases occur in only small amountsgg- Structural assignment was
made with the aid of mass spectrometry. Both bases showed poor
fragmentation. Compound (80) showed a molecular ion at m/e 218
(base peak) and the other significant ions appeared at m/e 109
(M++). 190, 191 and 192, the last three being due to the loss of

H,CF, HCF and C,H,. (81) showed ions at m/e 220 (M%), 219 (vase

2
peak). 110 (M**), 109.s5 (2192+) and small peaks at m/e 191, 192,

(219—H20N) and 219-HCN respectively. Reduction with zinc powder
gave a mixture of products whose MS had 4 or & hydrogens more than
starting material. and some peaks were characteristic of a tetra-

hydro-8-carboline moiety.

Flavopereirine (Melinonine @) (82)

This CI7H14N2 alkaloid was isolated from Geissospermum

laeve {(Apocynacese) and Strychnos melinoniana (Strychnaceae)3.
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Tee UV, AZEOH | 230 nm (log = 4.40), 238(4.43), 248(4.39). 294(4.14),

3£1(4.25), 390(4.14) had its structure elucidated by two research

100,101 .
Zroups . Several syntheses have been reported to confirm

102-109 ‘
this structure. Two ¢f the most recent of these will be discussed

briefly. The method used by Ban and Se0109 ¢can be summarised as
follows: 3-{2-bromoethyl)-indole (83) was ccndensed with 2-chloro-
S-ethylpyridine (84) to give (86) directly, probably via (85).
Dehyg;pgeﬁation afforded flavopereirine perchlorate (824).
/

)

— > l

Br

(83)
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In the second. condensation of the o.f-unsaturated ketone (87)
with dihvdro-f-carboline (88) afforded (89) in zood yield. Wolff-

Kishner reduction of this product followed by dehydrogenation zave

flavopereirinello.
?
cHz=$-C-CH5 l
H H
(87) (88} (89)
4
(82}

Sempervirine (90)

Sempervirine (90) has been isolated from Gelsemium elezans,

G. gempervirens (Loganiacesae), Mostuea buchholzii and M.stimulans

(Loganiaceae)3.

111
Structural proposals were based on work from Woodward's laboratory ’

1i2-1
and there are four reports of syntheses 1 15. The general method

109

used earlier by Ban and Seo

sempervirinells. 3-(2-Brorcethyl)indole was condensed with

was extended to the synthesis of
3-chloro-5,6,7,8=-tetrahydroisoguinoline and the product cyclised

with POCl3. The final step involved dehydrogenation using tetra-

chloro-o~-benzoquinone,
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Flavocarpine (91)

Pleiocarpa mutica {Apocynaceae) is the only plant reported

g¢ far which contains flavocarpinelos. This yellow zwitterionic
substance could be decarboxylated to yield flavopereirine., A
detailed study of its UV in conjunction with appropriate models
established the location of the carboxylic group. The structural
proposal was supported by NMR data and M3 studies, especially on
the reduced compound. Structural confirmation was finally by
synthesis. This involved condensation of 3-(2- bromoethyl)indole
with 4d-carboxamido-2-chloro-S5-ethylpyridine and then dehydrogena-
tion, hydrolysis and then passage through ion exchange resin to
yield the natural product. This apprcach is an application of the

Ban~Seo methodlog.

7. DIMERIC ALKALCIDS

Sernentinine (32)

Several Rauvolfia species contain this alkaloid, namely R.

degeneri. R. lingustrina, R. maupiensis, R.sandwicensis, R. serpen-
3

tina, R tetraphvlla and R. vomitoria.

Eariy work on this dimeric alkaioid invoived selenium
dehydrogenation to yield alstyrine (77) which was obtained also
from alstonine (75) under gimilar conditions. Also KCH fusion
gave indole~2~carboxylic acid and l—oxo-l.2-dihydro~5-carboline?3.
The UV of this deep yellow base was very instructive in that it
suggested an addition svectrum of alstonine and a yohimbine-type
compound, and also indicated the presence of only one B-alkoxy-
acrylic ester function. This alkaloid and its derivatives have
been subject to extensive 220 MHz NMR and M3 analysis, and in the

case of the latter, some deuteration experiments as well., An early
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(93}

C HsO0C O

(92}
struoctural proposal involved a link between C-17 and C-14' of
the two units, but as pointed out in a comprehensive review of all
the available evidencélB. further data are yeguired for structural
confirmation, and the partial structure (92) is the current

situation.

Usambarensine (93)
A second dimeric structure containing the B-carboline moiety
is usambarensine. It co-occurs with 5,6-dihydrousambarensine and

their guaternized-N-methylated derivatives in Strychnos usambarensis

(Strychnaceae). Structural assignment was based on M5, UV and IR

data117.
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