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Indole alkaloids of several Japanese plants have been studied.
Some. chemical conversion works have also been made utilizing

them as the starting materials.

The indele alkaloids which are formed from tryptophan and secologanin
via a common intermediate vincoside are mostly preduced by the tropical
species of Loganiaceae, Apocynacese and ltubiaceae plants. Some of then,
e.g~ reserpine, ajmaline and viAcristine, are probably among ihe most 1mpor-
tant medicinal drugs known in these days.

Before we hegan ou; study on the indole alkaloids of Japanese plants.
only fragmentary ( though of gre;t importance ) works had heen made %n éhis
field. Kondo reporﬁed the presence of oxindele alkaloids rhynchophylline

1)

(7la} and isornynchophylline (72a) in Uncaria rhymerophylla Mig.”’ end also

eharacterized formosanine (73} and isoformosanine (74) in U. Kawakamii Haya-

2) i-Yoiiimbine (44b} was isolated from an

ta which distributes in Formosa.
Amsonia speciés (Apocynaceae) byiKimoto.3)

In 1965 Haginiwva .and Sakai started this series of works from tie study
of the constituents of Gardneria spp. (Loganiaceae). Four species are known

4)

in Japan and one in Formosa.

Dedicated to Professor Tsuneo Takemoto on the occasion of his retirement.
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Gardneria nutans Sieb. et Zucc.
=== =

Group A
Gardneria insularis Nakai

Gardneria multiflora Makino

Gardneria Shimadai Hayata Group B

Gardneria liukiuensis Hatsushima J

These plants seem b0 be divided morphologically into two groups (A and
B). The plants of the group A bear one to three flowers separatedly on the
top of a flower stem, while those of the group B bear the flowers congested-
ly (three to ten). It is interesting to note that a distinct difference exi-
sts in the alkaloidal constituents of the two groups. The constituents of

the plants of the group A are shown in Chart 1.

Gardnutine (2) Hydroxygardnutine (3}

Gardneramine (4} 19-(E)~18-Desnethoxygardneramine (5)

Chart 1, from Gardneris nutans Sieb. et. Zuce.

The sarpagine type indoles (1-3) possessing a methoxyl group at C(ll)

. L A ; &
on their aromatic rings are characteristic to this group of plants. Gard-
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Ry= CH3, Gardneramine (4)

Ry= H, 18-Demethylgardneramine (6)

HETEROCYCLES, Vol. 4, Ne. 1, 1976

19-(E)-18-desmethoxygardneramine (5)

Gardneramine N—oxide (7)

Chart 2. Prom Gardneria multiflora Makino,. (Loganiaceae)

Ri= OCH,, Gerdfloramine
{ 19{Z)or(E) ) (9}

Ri= H, 18-Desmethylgardfloramine =

( 19(Z)or{E} } {10) '
Rq=CH3,Rp=H,Ry=CHpOH, Alkaloid I (11)
Ry=CHq,Rp=CH0H,R3=H, Alkaloid J (12}
Ry=CH3,Ry=0H,R3=CHp0H,Alkaloid N (13}
Ry=H,Rp=H, R3=CHp0H, Alkaloid M {14)
Ry=H, Ro=CH20H, R3=H, Alkaloid L (25}

iER

Gerdmultine (16}

CHo0CHy

5,8,10)
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nutine (2) and hydroxygardnutine (3) could be regarded as the alkaloids

formed by the stepwise oxidation at C and C of 1. This type of alka-
(6) = Y

{18)

loids with the exygen function at 0(6) was found by us for the first time
though almost at the same time a similar type alkaloid having 0(6)_0(17)

ether ring was found from a Voacanga species by a research group of Belgium,

7}

The structure of gardneramine Qﬂ) vas elucidated chemically and finally by the

X~ray analysis of its cyanobromide.g)

The basic skeleton of 4 is regarded
as an oxindele formed by the oxidative rearrangement of a gardnerine type
indole.

As shown in Chart 2 quite many alkaloids have been isolated from the
plants of the group B. But the only common constituents to the plan%s of the
group A are 4 and 5. Al) the alkaloids shown in Chart 2 are either oxindoles
or the equivalents. No gardnerine type indele alkaloid has been found in this

10)
group.

The absolute configuration of 1 was determined by the chemical correla—

tion of the demethoxylated compcund with a degradation product of ajmalinéé)

Since 2 and_g have been connected with_l as shown in Chart 3, their absolute

11)

configuration are also firmly established.

HOCH, 0
C H
R N l : @N ’
H ‘ 11 " H
319 19
15

CH,

(1) (3) e
R= ~OCH,

i} Cr03/ H2804 or t-BulCl ii) LiAlHy iii) HBr-AcOH iv) Zn-AcOH

Chart 3.
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In the course of our study on the determinaticn of the geometry of 43}9
double bond of_i, an interesting reactiocn was found to occur at the C(b)_
c(lT) ether ring system under the Huang Minlon reduction conditions. Thus
the ether oxygen at C(G} of 2 was lost and the product was proved to be 29%1)
{Chart 4). & possible reaction mecharnism is shown in Chart 5. Though we
have not succeeded in isolating the intermediate 22, its existence was pro-

ved by the fact that a deuterium atom was incerporated to C of 21 when

(17)
(CDZOH)2 was used in the place of triethylene glycol in the condition jv.

(Chart 4).

vi ii) NaBlig

iii) NH,NHp,KOH
in triethylene glycol
iv) KOH in triethylene glycol

v) TsCl, Pyridine

l6-epigardnerine {21)

i) LiAlH
R= ~OCH3 vi) LiAlH,

Chart 4.
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K= —0CHjy

i) NI3NHs,KOH ii) KOH,triethylene glycol

Chart 5

The configuration of C(IQ)ZC(ZO) double bond of 5 was determined. Thus
[ﬂ 19—Z~demet_.oxygardneramine (25) was prepared from 4 via an allylic alcohol
(23), the leg configuration of which had been proved to be same as that
of the starting material &i). The natural alkaloid 5, however, was not iden-
tical with the derived compound 25, and therefore E ¢onfiguration of 5 was
proved. The same conclusion was obtained from NOE experiment.

It is interesting to note that all the Gardnerja alkaloids possessing

1
cthylidene side chain (1,2 and 5) have E type geometry at Z& ? On the other

hand, in the C(ls)-oxygenated analogues the geometry was not predictable.
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(25) (24)
R= -0CH, i) 2N-HC1, 4 ii) HBr-AcOH iii) Zn-AcOH
iv) KOH in EtOH
Chart 6,

19 .
Thus, while the Z& geometry of 3 was Il that of 4 was % type.

The above Teactions were mostly found in the course of the structure
determination and were studied foxr this aim. We then mede some attempts to
convert 1 to some other natural alkaloids.

Since the first report by Dolby and Sakail2) appeared in 1964, several
Teports concerning the C/D ring cleavage of indole alkaloids have been pub-

3)

lished. Albright and Goldman] used cyanogen bromide in ethanol to cleave
the C/D ring of yohimbine derivatives. Pecher et a1k4hsed the same reagent
to a sarpagine type alkaloid voachaletine EEE}' Recently we found that
chlorocarhonate esters react with various types of alkaloids in a similar

manner as cyanogen bromide. (Chart 7).15)
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Voachaloline (26)

R= -OCH. i) BrCN-Na3COy in CHCly  ii) H0 (NaOH)
<
iii) CLCO5Pn/ Py. iv) C1C0,Ph-NapC03 in CHClj

Chart 7.

One of the advantages of this cleavage reacticn using chlorocarbonate
esters is that the corresponding N(b)—methyl derivatives can be readily ob-
tained by reducing the resulted urethenes with lithium aluminumhydride.

When N(a)—methyl—gardnerine acetate (30) was vigorously stirred in the
two layers of solvents (CHCl3 {ethanol free) and water) under the presence
of phenyl clilerocarbonate an epimeric mixture of alcohel 31 was obtained
{70 #). 1In the route shown in Chart 8, a primary alcohol33 was prepared.
Though conversion of the hydroxymethyl group of 33 to a carbomethoxy grouf
would give a natural compound ochropine (34), we have not succeeded in this

final step.
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AcOCH2 AcOCH2

iii

HOCH

R

Ochropine (34) (32)

R= ~0CH3 i) CH3I,NaMHy in liq.NH3 i) C1COpPh-NapCO3 in Hp0-CIC,

iii) LiAlHy iv) Cr03-Py
Chart 8.

A natural alkaloid pelirine (39)16) isolated from the roots of Kauwolfija
perakensis has the structure shown in Chart ¢, in which the position of the

methoxyl group and the configuration of the substituent at C remains

(16)
undetermined. Conversion of 1 to the compound naving one of the possible
structures of pelirine was then attempted, (Chart 9). The physical constants
and the spectral data of the final compound 22, however, did not agree with
the reperted values for 40. Ronidentity of their UV spectra strongly sugges-
ted that the position of the methoxyl group of 40 was at some place other

than C One of the interesting observations in this sequence of reac-

{11y
tions was that the N-CN group of 306 was easily removed on mild treatment with

aqueous acetic acid containing ammonium acetate to give 38,
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(1)-acetate

AcOCH)

(39) Pelirine (40)

R= -OCH3 i) BrCN-NapCO5 in MeOH-CHCl3 ii) t~Bu0Cl iii) H20
iv) AcOH-Ha0/ AcONH4 v) HyC0, Hp/ PA-C

Chart 9.

Amgonia elliptica ltoem. et Schult (Japanese name; Choji-so) was long

3}

known to contain B-ychimbine {44b). A few foreign species have also been

reported to contain indole alkaloids : e.g. tabersonine and B-ychimbine in
A. angustifolia 17) and eburnamine type alkaloids in A. tabernaemontanals).

For the purpose of examining the minor constituents we reinvestigated the

alkaloidal constituent of A. elliptica. Various types of alkaloids were
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22)
newly isolated. (Chart 10}. Among them secamineﬂiz) and tetrahydresecamine

gii) were the novel type dimetic alkaloids whose structures were elucidated

\
by Smith et af?fin 1968. These alkaloids are known to be formed from the
corresponding precursors presecamine{ig) and tetrahydropresecamine in an
acidic condition. The oceurrence of presecamines in the plants has also been
proved, though the corresponding moncmeric components secodine(48) and dihy-

21)
drosecodine have net been isolated.

Tetrahydrosecamine (41}

Secamine (42)

CHA02C*2 *H

Pleiocarpamine {43)
17B-H; Yohimbine (44)a 3,4,5,6-Tetradehydro—

17a~H; PB-Yohimbine (44)b B~yohimbine (45)

HO

HoE

Hn

OH
10-Hydroxygeissoschizol (47)

Antirhine (46)a
Antirhine—o-methochloride (46)b

Chart 10 from roots of Amsonia elliptica Roem. et Schult {Apocynaceae)
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HN Ry yt

[::]:—*;; dimezization 5, Rl \= —_—
CO,CHy
0020H3 © g
N C0,CH

Secodine (48} Presecamine (49) Secamine (42}
Chart 11

Next our synthetic approach to this group of dimeric alkaloids will be

described.22) (Chart 12).

i TN
Ry 7%,
%2
N2
ot

(51)
mp.139-140°

-
: . (52)
_ (:) -cnzcﬂz-d ' Amorphous
i} 1 mol +-Bu0OCl, NEt3 in CHnCl,
(41) | Tetrahydrosecamine ii}) 2N-HC1
' Chart 12
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On oxidation of the known bisindole(30) with one molar equivalent of
t~-hutyl hypochlorite at room temperature, a presecamine analogue(_‘j_l_) was
obtained. As reported on natural presecamine, 51 rearranged to a compound
EEE) having the secamine skeleton. The same compound gig) was derived from

natural tetrahydrosecamine by ithe chemical degradation and as the result

Ry

I l*Cl— ii) |
Ny T N
O Ty

iii}

Ry = -CHyCHp-N

i)more than 2 mols t-Bu0Cl
ii) NaCN / DMSO
iii) MeCH-HC1-H,0
iv) 1 mol t-Bu0Cl

v) )

Chart 13
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the two specimens were proved to be identical spectrometrically. (Mass, HNMR,

Ikt and UV spectra.)

When four molar equivalents of t-butyl hypochlerite was used in the
first step of our synthesis, a quarternary salt {53) was obtained in 20 %
yield. Making use of 33, we succeeded in synthesizing bisnorethylpresecamine
(56) and the corresponding secamine (57). {Chart 13).

Returning to the subject of the constituents of Amsonia elliptica, the

constituents of its seeds were studied. The main base tabersonine {58) and

23)
five minor bases were isolated, (Chart 14).

CO,CHy CO,CH,

Tabersonine (58) 3-0xotabersonine (5¢) 14,15-Epoxy-3-oxo—

vincadifformine (60)

H’ 0 H
CH4020 7
A —Vincamine (61) 16-Epi- A% ~vincamine(62) Tetrahydroalstonine(63)

from seed of Amsonig elliptica Chaxrt 14

The structure of a new base 3-oxotabersonine (5%9) was proved by the direct
comparison of its dihydroderivative with the synthetic specimen of 3-oxovin-

24
cadifformine reported by Prof. LeMen.) This comparison was made in the labo-
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ratory of Prof. LeMen and the two specimens were found to be identical except
their optical properties. Furthermore oxidation of 38 with potassium per-
manganate afforded 3-oxotabersonine which was found to be identical with the
sbove natural base (59). Another new base was elucidated as 14,15-epoxXy-

3=oxovincadifformine (60) mainly from the NMH evidences.

Ochrosia Nakaiana Koidz. is another indole alkaleid containing Apocyna—

ceae plant which grows in Bonin islands locating about 1000Km south of Tokye.
Various types of indole alkaloids were found in this plant as shewn in Chart

15. A nev base ll-methoxyserpentine (69) was isolated as the anhydronium base

H Serpentine(68) Harmen (70)
OCHs
11l-Methoxyserpentine(69)

L0=Methoxycorynantheol

R
~B-methoperchlorate(67) R

o

from bark of Ochrosia Nakaiana Koidz?s) Chart 15
{ Apocynaceae )
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022}1221\[204 (M+, m/e 378} from which the known base tetraphylline was ohtained

on reduction wits sodium borchydride.

The hooks of Uncaria sinensis Oliv. (Rubiaceae) have long been used as

an important crude drug in the traditional Chincse medicine. Analysis of the
prescriptions suggests that it might have sedative activity. Several planis
of this genus can be found in Japan and the surrounding area. Thus U.rhyn-
chophylla Mig. grows in the middle to west part of Japan., In Formosa two

species U.Kawakamii Hayata and U.florids Vidal. are found. As described in

the beginning of this article Kondo et al. showed the presence of oxindole

alkaloids in this genus, i.e. rhynchophylline(71a) and isorhynchophylline(72a}

CH302C
C7:R  Rhynchophylline (7l)a C7:RE  Formosanine (73)
C7:8 Isorhynchophylline {7Z}a C7:8 Isoformosanine {74}

C;iR Pteropodine {75)

C;:8 Isopteropodine (76)

Chart 16.
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in‘g.rhynchophyllé)and formosanine (73) and isoformosanine (74) in U.Kawa-

2 .
kamii.) We studied the alkaloidal constituents of U.rhynchophylla and U.flo-

26)
rida, and some conversion works were made using their constituents. VFirst

our works of the constituents of U.florida will be described.

This plant was collected in lormosa and was found to contain pteropodine
LZZ) and isopteropodine (76) in the total yield of about 0.3 %. These two
oxindoles are epimeric at 0(7). Either 75 or more conveniently a mixture of
75 and Zé'was converted inte the same epimeric mixture of the iminoethers

772 and 77b on treatment with the Meerwein’s reagent (Et U+BF4_). A 2.%-seco

3
i

(75)and/or{76) ———u—s=

C7:R (77)a

iii Cy-ull: Tetrahydroalstonine
—
v Hy (79)
C3~BH: Akuammigine (80)
-

1) Et30BFy .ii) NaBH, in AcOH  iii) Hg(Ohc)z/ HyS iv) NaBH,
Chart 17.

alkaloid (78) was obtained in one step when the above iminocether mixture was

reduced with sodium borohydride in acetic acid at room temperature. The 2,3~
seco alkaloid (78) was then submitied to oxidative ring closing reaction

using mercuric acetate to form natural tetrahydroalstonine (79) and akuammi-

gine (80). Taylor and Finch?®) succeeded in converting natural indole alka-
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loids to the corresponding oxindole alkaloids. QOur work was the first exam-

27)

ple of the invewse change. we further succeeded in converting 72ato hir-

sutine (93a). Hecently this general methiod was employed by LeMen et a1.29)
for converting a new base caboxine A (82) to reserpinine {83) of the known

structure,

CH30

Caboxine A (82) Reserpinine (83)

Chart 18,

A piperidine derivative 85),[ «],, -66°, was obtained in a good yield
P D t M

CO2CHoPh
N

{78) (84) (85)

i} ClC05CHoPh ii) Hp/ Pd-C

Chart 19,
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from the 2,3-seco alkaloid (78} by cleaving the C(B)_N(b) bond with carbo-

benzyloxy chloride as shown in Chart 19.30)

When 73 was treated with the
same reagent in hot benzene, a chloride @a_) with the cleaved C ring was
obtained in 32 % yield. It is interesting to note that 76 did not undergo
the same type ring cleavage reaction with carbobenzyloxy chloride. Substi-
tution of the chloride residue of 86a with acetoxyl group fellowed by cata-
lytic reduction under acidic condition enabled us to obtain the same piperi-

dine derivative (85} as was obiained from 78. The yield of 85 was 60 # from

&6a. (Chart 20).

(87) (88) (89)

i} C1C05CH,Ph in benzene
ii} NaOAc in DMSO

iii) Hp/ Pd in aq.AcOH

Chart 20
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33) and aricine (92)34)

The partial synthesis of reserpinine (83) vas

carried out by using this piperidine (85) as shown in Chart 21,

H R
N 1

H 2
l ¢ CH3 i R tI:::]:;;Ir’~\;

3 H
Ro N X B9 QL OH3
H CH405C G

CH4020 "

R1

Ry= H, Ro= OCH3, X= OTs (90)a  (85)

Ri= H, Rp= OCH3 (91)a
Ry= OCH3, Ra= H, X= Br (90)D 1= % B2

Ry= OCHy, R2= H (91}b

R
i i) KaCO43/DMF, 100°C
.. > Rz
111
ii) Hg{OAc)2, EDTA-2Na
HY
CH3 050~ o0 ii1) NaBH

R1= H’ Rzz OCH3 Reserpinine (83)
Ry= OCH3, Rp= H Aricine (92)

Chart 21,

As stated ahove H.rhynchophylla has been known to contain rhiynchophylline
{71a) and isorhynchophylline {72a). ¥Hut our reinvestigation of the constitu-
ents of this plant proved that indoles, hirsutine (93a) and hirsuteine (93b},
are contained in almost equal amcunts as the above oxindoleg?) Furthermore
two minor bases, akuammigine (80) and geissoschizine methylether (94), were

36)
newly isolated from the barks and roois. Geissoschizine methylether (94)vas

a new base and the structure was proved by catalytic reduction to give a mix-
ture of dihydrocerynantheine {93c) and corynantheidine. The C(qy~P H configu-

ration of 93a had been elucidated by Beckett et al. from the varicus spectral
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evidences.37) We proved this chemically by converting 93a to 93e in hot

acetic acid.

C7iR, ¥= Bt Rhynchophylline (71)a
C7:R, Y=-CH=CH5 Corynoxeine (71)b
C7:5, Y= Et Isorhynchophylline (72)a

C7:R, ¥=-CH=CHp Isocorynoxeine (72)b

C4-BH, Y= Et Hirsutine {93)a
C4-BH, ¥=—CH=CHp Hirsuteine (93)n

C3~H, Y= Et Dihydrocerynantheine (93)ec

Cy-cH, ¥=-CH=CHz Corynantheine (93)a

CH302C
Geisseschizine methyl ether {94) ) Akuammigine (80)
I ~3
NNz N Harman (95) ({from hooks)
H
H3

Chart 22, from roots and bark of Uncaria rhynchophylla Mi&.

It was described in.the earlier part of this article that C/D ring
cleavage by chloroformates was successfully made for gardnerine Sll and its
deriv;tives vhich have sarpagine‘type skeleton. {Chart 8 and 9). The same

type reaction was observed to occur on yohimbinoid alkaloids, e.g. yohimbine
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{44a} and reserpine {98), the former has trans— and the latter has cis—fused

C/D ring systems, The reaction products were then easily oxidized to 2-acyl

indele derivatives {4Y7) and (99) respectively. (Chart 23).

CH302C"
OH
(96)
Yohimbine (44)a mixture of C3(R)and(S)
NeCO2R R= Et, mp 178-182° (97)a
if
—_—> R= Ph, mp 190-191% (97)db
- = h.
CH3020" ™ R= PhCHp, amorp (97)e
OH
i} C1COzR/E+0H-CHC15-NapCO, ii) +-BuOCl
60-80 % yield 30-80 % yield

Reserpine (98) OCH4 {99)
TMB= -CC OCH4
Chart 23. 0CH3
Sakailz) already reported the conversion of 93c to dihydroburnamicine (101)

via a 2-zcyl indole (100) as shown in Chart 24. Basing on the above findings
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(93)&: Cj"BH (100)

Dihydroburnamicine
(93)c: Cy-oHl (101)

i) Pb(0Ac)y di} CHal  iii} NaDAc in aq.AcCH  iv) HpO(OHT)
v) ~C0z (H*)  wi) NaBHy

Chart 24.

and making use of hirsutine(93a) as the starting material a new conversion
to 101 was attained. (Chart 25).

C/D ring cleavage of 93a was successfully made by use of alkyl chloro-
formateé as on 44a. VWhen the resulting two epimers LlQE) were treated with
t-butyl hypochlorite followed by either filtration of the crude product

through alumina column or acid treatment & 2-acyl indole (104) was obtained

in a good yield. This compound (104) was then stepwisely treated with alkali

and with dilute hydrochloric acid in dicxane to give an aldchyde (103), which

was reduced with lithium aluminumhydride to & diol (106). Selective oxidation
of the hydroxyl group at 0(3) of 106 either with t-butyl hypochlorite or
active manganese oxide gave 101?8) (Chart 25}.

As described ahove geissoschizine methylether ggﬁ) was isolated from
U.rhynchophylla though the yield was low (0.01 % from dry roots). Using
this compound ggi) as the starting material the partial synthesis of natural
burnamicine (112) was made.

The first attempt along the scheme shown in Chart 24 using lead tetra-

acetate and methyl iodide was given up owing to the low yields of the each
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(93)a

iii

(104} o (105)

vi

(r06) Dihydroburnamicine (101)

i) CICO2Et/EtOH-CHC13-NapCOy  ii) t-BuOCIL  iii) HpO(H')  iv) Ho0(OH™)
v} =00y (H*)  vi) LiAlH;  vii) $-BuOCl or Mn0p

[

Chart 25,

reaction step. The route shown in Chart 26 was also ineffective, since the

{94) (113) {114)

Chart 26,
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intermediate (113) was unexpectedly stable and the. conversion to 114 under
either acidic or basic condition was unsuccessful. (Chart 26).
Ultimately this transfermation was accomplished in the route shown in

Chart 27. Thus 94 and 93a were converted to geissoschizol (108) and hir-

sutinol {107) respectively by hydrolysis and decarboxylation of the B-metho-
Xy acrylic ester moiety followed by reduction of the resuiting aldehyae t¢

the alcokols. These compounds were then submitted to the ring cleavage reac-

OR {109),(110) OH
REy= BH (93)a Rp= BH  (107) Rp= OEt,mixture of
o= Pt . C3(R)and(s)
Ro= ofl  (94) - '

Ro= oH  (108) Ra= CO2Et °

Pihydroburna-
micine,mpl00®
{101}

Burnamicine
mpl93°® {112}

OH

(106),(111) oH : R
Ry= =GH-CH3, (94)(108)(110) Ri= o-Et, (93}a (107)(109)
(8)  (111)(112) {106)(101)
i) Ha0(H'), ii) NaBHq  iii) C1CO,Et/EtOH-CHC13-NapCO3  iv) -BuOCl

v) HyO(H*)  vi) LiAlHy vii) MnOp

Chart 27.

tion with ethyl chloroformate, and after the subsequent reaction steps 112
and 101 were obtained respectively in good yields.39)

This partial synthesis of 112 from 94 forms the first chemical estab-
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lishment of the absolute configuration of natural hurnamicine QEEE). It is
interesting to point out here the fact that whereas 10l shows the specific
rotation of + 125%, 112 has that of the opposite sign, - 240° (Lit. - 280°).
Furthermore the CD spectra of the both compounds show the maxima of the
opposite signs. As is evident from the above formation route the abscolute

configuration of € of the bhoth compounds are same, and therefore the ten

(13)
membered rings of these compounds are suggested to take up the nearly anti-
podal conformations in regards to the plane of the 2-acyl indole chromophore.
. . . . . 40)
C-Yavacurine {115), pleiocarpamine (116) and their enalogues are
menkers of a group of indele alkaloids of the unique structures in which N(a)
of corynanthe skeleton are linked. Two different bhiogenetic path-

16)
4
ways have heen proposed by Wenkert41)&nd Hesse.z)

and C(
In regard to the chemical

synthesis Boekelheide et al.reported the synthesis of 19,20-dihydronormavacu-

. 43)
rine.

CHy0C 4
H
C-Mavacurine {115) Pleiccarpamineg {116)
from Calebassen-Curare, from Pleiocarpa sp.

and Sirychnos sp.

Chart 28

Very recently we succeeded in the partial synthesis of lé-epipleiocarpa-
mine (117) from geissoschizine methylether (94), the above stated new alkaleid

of H.rhynchophylla.45) Since in literature 117 Las been converted to C-mava-
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curine (115) our work implies that 115 has been correlated with a corynanthe
type alkaloid with the known absolute configuration, and hence the absolute
configurations of 117 and 115 have been chemically proved. The outline of

this work will be described hereinafter.

..——-—.9—)
H
T 6
=~ 4
CH502¢ OCH3 COaCHs
Geissoschizine l6-Epi-pleiocarpamine C-Mavacurine
methylether
J (117) (115)
{94)
Chart 29

Our initial plan was to obtain a picraline type compound by following

the reaction pathway shown in Chart 30. For this purpous %3a was demethyla-

46)

ted in the usual manner to demethylhirsutine (118) and then its enolic

hydroxyl group was protected in the form of ethylcarbonate. Cleavage reaction

CH40,C CHO

{119) (121) (122)

i) t-BudCl ii) base

Chart 30
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of the resulting compound at C/D ring using cyanogen bromide afforded a 3,4-
seco compound {119) in a good yield. 1n expectation of obtaining a chlore-
indolenine, 119 was chlorinated with t-butyl hypochlorite. When this reaction
was carried out at 0°, however, the desired chloroindolenine was not obtained.
Instead of it a 2-acyl indole Ligz), which was considered to he secondarily

formed from 121 in the work-up process, was ohtained in 15 % yield. At the

v)

) H“'
(93)a \ i) . ii) CH402C
C3 . S and R

(119)

CH3020 - OCH4
3 . 8 and Rx
(120)

i) HCl-Acetone 0O°C ii) CH,N, | iii) C1C05Et 0°C iv) BrCN/EtOH—CHCl3

/NasC0 v) aq NaOH/MeOH, r.%. vi) HOAc
2443 )

Chart 31
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(124)

90 % in the yield

1) t-Bu0C1/E+4N-CHC14 0°C
i) $-BuOC1/Et4N-CHC1, ~78°C

iii) A4

Chart 32
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Yield

11 %

iii)

27 %

15 %




same time C —chlorinated compounds 123 and 124 were obtained. Their

{16)
formation can be explained as the result of the reaction of the hypochlorite
with the eneol system of 119. Compound 124 was cbtained by deformylation of
123 when the latter was heated with finely powdered glass under reduced
pressure. Interestingly when the reaction of 119 with i-butyl hypechlorite
was carried out using one molar equivalent of the reagent under cooling with
‘dry ice in acetone, 124 was obtained selectively. Though the resction mecha-
nism is unknown, the same type reaction was found to occur alse in the route
starting from 94 as described later. Obtaining this compound (124} we hegan
our work te convert it to Comavacurine type compounds. As 124 is an important

intermediate, its NMK data will be shown in Table 1.

NH Cl9OH | c3H | ci6H 1C0,CHy | CHa(C18)[-0CH,CH,
3-{R) 8.24 4,5 4.24 3.80(5)} 0.42(t))| 1.16
~(124) 1 (1h,5) (1H,m} (1H,a [3.84(s)) { 0.58(¢)[| (3H,t)

J= 8) (3H) {3H)

8.21 5.48(q)}} 4.58 4.27(d) 3.76(3}} 1.62(d}} 1.16
3-(R) {1H,s) 5.34(q)ji {1H,t) 4.24{a)]|3.68(s)) | 1.81(a}} (3H,t)
-(126) () | (18,0=9) | (38) (3K)

Table 1 Chemical shift in 3 (J in Hz)

Compound 124 derived from 23a was a mixture of four diastereomers arised

from the two epimeric centres at C( and © Cn the other hand when 93¢

3) (16)"
was used as the starting material, the reaction with cyanogen bromide gave

the product with 0(3)—R configuration sterecselectively. Therefore compound
124 there obtained was a mixture of two epimers at 0(16)' The same type of

stereoselectivity was observed when 94 having 0(3)—a H was used as the star-—

ting material. The NMHE spectra of these products are in reasoconable accord
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with the above conclusion. TIn this way C(g)f(R!S)“lEﬂr 0(3)—(R)—lgi and C(?)-
(R)‘lg§ were obtained from hirsutine (93a), dihydrocorynantheine (93c) and
geissosehizine methylether (94) respectively. ALl these chlorinated compounds
underwent ring formation between N(a} and C(lc) on heating at 73" in the pre-
sence of sodivm hydride in dimethylsulfoxide. In this condition carbomethoxyl
group of the products takes up more stable & orientation, which was evidenced
by the fact that C(lb)—epipleiocarpamine &ilz) was obtained as the final pro-

duct of the conversion from ¢4 as described below. Thus 0(1)—(R,S)—127a,

—-(R)- C ~(R)-1271 i .
0(3) (R)-127a and {3) (R)-1271y were obtained

i)
—_—
C3 ¢ (8) and (R), By = a-Et (124) €3 7 (8) and (R), Ry= a-Et(127)a
€3 % (R), Ry = (E) =CH-CH; (126) €3 I (R), Ry= (E) =CH-CHy (127}b
-~
+/
N i i) NaH/DMSO 75°C
-
() m/e 180
Chaxt 33

The NMi data of C(q)—(ix)-—lZTa and C(q)—(li)—127b are shown in Table 2.
Correctness of the assigned structures was supported by the observation that

their 0(21)—H1 are highly shielded by the anisotropic effect of the indole
44)

plane. Furthermore, in their mess spectra the characteristic fragment due

44)

to benzoquinolizidium ion (f) was observed at m/e 180 besides the expected

molectlar ion peaks of m/e 395 or 3%3. The skeletal assignment was also

— 161 —
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Cl9 H C3 H c16 U cozg§3 ~0CH2C s C21 Hy

3-(R) 4.86 4.67 3.84 3.26 ~0.96
-(127}a

(1H,+,J=5) [(1H,d,J=2} | (3H,s) | (2H,q,d=T7)| {1H,m)

3-§R) ) 5.38 4.83 4,59 3.84 1,26 0,10
-{127)b

(1H,q,J=7) (1H,t,J=6) { {1H,s) | (3H,s) | (2H,q,J=7)}(1H,d,J=14)
Table 2 Chemical shift in & (J in Hz)

supported by the UV spectrum (Fig.1l), which showed the characteristic absorp-

tion curve of C-mavecurine {or pleiocarpamine].

e (x10%)

U.V. spectrum

A
4 |
2 L
0
L
220
‘0(16)

Fig. 1

(124}

(127T)a

-Epi-19,208-dihydropleiocarpamine(128) was obtained when compound

(127a)} was heated in 95 % aqueous acetic acid in the presence of about 5 molar

equivaients of ammonium acetate. In this reaction both C(g)-(ﬂ)—127a and 0(3)

{K,5)-127a gave the same mixture of 128 and 129 as the reaction products.

Reduction of 128 with lithium aluminumhydride gave a preduct which should be

named as 19,20B8-dihydronormavacurine (130a}.

Comparison of its mass spectral

—162—

data with those reported for 19,200-dihydronormavacurine (130b)44)

showed good
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116 ﬁ 3

: H H
COQCH:} COECH3 C020H3
Rlz o-Et (127)a R1= o-Iot (128) R1= og_Et‘ R2= OAc
Ry= (E) =CH-CH; (127)b Ry= (E) =CH-CH, (117) (129)

i) 95 % aq-HOAc/NH,OAc, A

Chart 34

Hy,

CH,O0H

Ry= o-Et (130)a
Ry= B-Et (130)b

Ry= CO,CHy Ry= CH,OH
(116} (131)
i) LiAlH,
Chart 35

-— 163 —
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agreement not only in the icn species but also in their relative intensities.
Hesse et al. observed chemical shift difference of 0.63 ppm between C(21)—Ha

(& 1.68) of pleiocarpamine (116} and C )—Ha {5 1.05) of pleioccarpaminol

(21
(131) in their MMM spectra. They ascribed this difference to the anisotropic
effect of the carbomethoxyl group of 116. Iln our compounds, however, the
corresponding Aifference hetween the chemical shift of C(21)_Ha (6 0.38) of
128 and C(,)y~H (6 0.41) of 130a was only 0.03 ppm, suggesting the carbo-

methoxyl group of 128 takes C )—epi configuration as in C(lé)—epipleiocar—

{16
pamine (117). This assumption was finally verified by the fact that the
campound {127k), which was derived from §4 in the same way as 127a was derived
from 93a, gave 117 on the cyclization as shown in Chart 34, Thus derived 117
showed the foliﬁwing-physical properties [d]D + 234°; CD Amm (A &), 301
(+4.16), 262(+1.96) and 236(-9.47); 1 (¥ig.2). An authentic specimen of

I.R, spectrum {in CHCl3)

_1 .
3500 car 1000 2500 2000 1800 1600 1400 1200 1000 800

T T T ¥ T T T T I I T

Synthetic

Authentic

l6-Epi-pleiocarpamine

L | 1 L 1 1 i L 1.

Fig. 2
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0(16)-epip1eiocarpamine (117) was prepared in this laboratory according to

the known metirod reported by lesse et al. from pléiocarpamine (116) which

had been isclated from Amsonia elliptica (Chart 10) and identified with an

authentic sample kindly provided by Prof. Schmid. The authentic 117 showed

[ o)y + 234° {lit. value) and €D A nm (A ¢); 300(+5.36), 257(+1.91) and 236
{-16.36). These values showed good agreement with those of the partially
synthesized material. NMii and Il (Fig.2} spectra of these two specimens were

completely superimposable.
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THE INDOLE ALKALCIDS OF JAPANESE PLARTS; STRUCTURES ARD REACTIONS

Shin-ichiro Sakai

e

Faculty of Pharmaceutical Sciences, Chiba University, Yayoiwcho,

Chiba, Japan

indole alkaloids of several Japanese plants have bheen studied.
Some chemical conversion works have also been made utilizing

‘them as the starting materials.

The indole alkaleoids which are formed from tryptophan.and secologanin
via a common intermediate vincoside are mostly produced by tihe tropical
species of Loganiaceae, Apceynaceze and kubiaceae plants. Some of then,
e.g. reserpine, ajmaline and vincristine, are probably among the most impor-
tant medicinal drugs known in these days.

Pefore we hegan our study on the indcle alkaloids of Japanese plants.
only fragmentary ( theugh of great importance ) works had heen made in this
field. Kondb reported the presence of oxindole alkaloids rhynchophylline

(71a} and isorhynchophylline (72a) in Uncaria rhynmciophvlla Miq.l) #nd alse

ciiaracterized formosarine (73} and isoformosanine (74) in U, Kawakamii Hava—
2. hawaxamil Haye-

E§‘which distributes in Formosa.z) ﬁ—Youiﬂbine Liih) was isclated from an
Amsonia species (Apocynaceae) by Kimoto.B)

In 1965 Haginiwa and Sakai started this series of works from the study
of tike constituents of Gardneria spp. (Loganiaceae). Four species are known

4)

in Japan and one in Formosa.

Dedicated to Professor Tsunematsu Takemoto on the occasion of his retirement,
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