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THE INDOLE ALKALOIDS OF JAPAIWSE PLAhTS; STILUCTUHES AND llllACTIOlYS 

Faculty of Pharmaceutical Sciences, Chiba University, Yayoi-cho. - - 
Cliiba , Japan -- 

Indole alkaloids of several Japanese plants liave Been studied 

Some chemical conversior works have also been made utilizing 

them as the starting materials. 

The indole alkaloids whicii a re  formed from tryptopl~an and secolognnill 

v* a RConlmOn intermediate vincaside are mostly produced by tiie trooicnl 

species of Loganiaceae, Apocynace?.e and kubiaceae plants. Some of tiiern, 

e.g. reserpine, ajmaline and vincristine, are prohshly among t i lc m o s t  im!.or- 

talt medicinal drugs known in these days. 

Refore we began our study on the indole alkaloids of Jnpvncsc p l n n t s .  

only fragmentary ( though qf great importance ) works had heen made in this 

field. Kondo reported the presence of oxindole alkaloids ri~ynclrophylline 

(?la) - and isorhynchophylline (72a) in Uncaria rhync;,opi~yl& M ~ , ~ ]  ;.nd t i l s o  

characterized forrnosar,ine (7?),,and isoformosanine in 2. Kawskamii fluyn- - 
t_a which distributes in li-Yoiiimhine (s) was isolated Proin nu 

A e a  specigs (Apocynaceae] by'Kimoto. 31 

In 1965 Hakiniwa and Sskai started this series of works from the study 

of tiie constituents of Gardneria syp. (Laganiaceae]. Four species arc kr.own 

in Japan and one in Formosa. 41 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dedicated to Professor Tsuneu Takernoto on the occasio~l or his rel ir t -we~:r .  



Gardneria n e  Skb. et Z z .  1 Group A Gardneria insularis NaLi - 
Gardneria multiflora Ma- 

Gardneria S-i Ha&a Group B 

Gardneria liukiuensis Hatsushima 

These plants seem to be divided niorphologically 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 n 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. 

CH30 CH30 
H H H 

19 

CH3 CH3 
Gardnerine (1) Gardnutine ( 2 )  HydroxygardnuCine (3) 

Gardneramine ( 4 )  19-(E)-18-Desmethaxygardneramine ( 5 )  

Chart 1. from Gsrdneria nutans Sieb. et. Zucc. 

The sarpsgine type indoles (_1-2) possessing a metrroxyl group at C(ll) 

on their aromatic rings are characteristic to this group of plant2 Gard- 
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19-(~)-18-desmethoxygsrdneramine (5) 

Gardneramine N-oxide ( 7 )  
CH2OHl 

CH30 18 

Rl= CH3, Gardneramine (4) 

H1= H, 18-Desmethylgardfloramine cH30@-4& ( 19(Z)or(E) ) (10) 

H1=CH3,HZ=H,R3=CH20H, Alkaloid I (11) 
CHzORi 

R1=CH3,H2=CH20H,R+i, Alkaloid J (12) 
CH30 H ~ = C H ~ , H ~ = O H , R ~ = C H ~ O H , A ~ ~ ~ ~ O ~ ~  N (13) 

H3 
R~=H,R~=H, H3=CH2011, Alkaloid M (14) 

R~=H, R2=CH20H, R3=H, Alkaloid L (15) cH30qcH3 CH3O Gardmultine (16) 

CH30 w CH20CH3 CH30 
CH30 

5,8,10) 
Chart 2. from Gardneria multiflora Makino. (Loganiaceae) 



nutine (2) and hydroxygardnutine (2) could be regarded as the alkaloids 
formed by the stepwise oxidation at C and C 

( 6 )  
of I. This type of alka- 

loids with the oxygen function at C(6) was found by us for the first time 

though almost at the same time n similar type alkaloid having C 
(6)-'(17) 

ether r i n ~  was found from a Voacanga species by a research group af Belgium. 7 - 
The structure of gardneramine (4) was elucidated chemically and finally by the 

X-ray analysis of its cyanobromide.') The basic skeleton of 4 is regarded 

as an oxindole 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. Rut the only common constituents to the pla& of the 

group A are? and?. All the alkaloids shown in Chart 2 are either oxindoles 

or the equivalents. No gardnerine type indole alkaloid has been found in this 
10) group. 

The absolute configuration of was determined by the chemical correla- 

6 )  tion of the demethoxylated compound with a degradation product of ajmaline. 

Since 2 and 3 have been connected with 1 as shown in Chart 3, their absolute 

R= -OCH3 

i) cro3/ Hz304 or t-BuOC1 ii) LiAlHq iii) HBr-AcOH iv) Zn-AcOH 

Chart 3. 
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19 I n  the  course of our stwly or) tkc de te rmina t ion  of tile geomctr,v uf A 

double bond of  3 :  an  i n t e r e s t i n g  r e o c l i c n  was round t o  o c c u r  n t  the  C - ( 6 ) -  

C ( 1 7 )  et!'er r i n g  system u n d e r  t h e  Huang Ninlon reduct ion c o n d i t i o n s .  Thus 

t h e  e t h e r  oxygen a t  C ( 6 )  of 2 was l o s t  and tile product w a s  proved t o  be ?O!l) - 

(Char t  4 ) .  A poss ib le  r e a c t i o n  mcciinnism i s  siiavn in  Chart 5 .  Though uc 

have no t  succeeded i n  i s o l a t i n g  the  in te rmedia te  22. i t s  ex i s tence  was pr ; -  

ved by the  f a c t  t h a t  a deuterium atom was incorporated t o  C ( 1 7 )  o f  21 when 

( C D Z O H ) 2  w a s  u s e d  i n  ti.c plncc of  t r i e t k y l e n e  g lyco l  i n  the condi t ion  i,. 

(Chart  4 )  . 

11 4- ,9 7 18 i i R @ x q + q  
( 3 )  

$HZ CHO ( 1 8 )  
OH ( 1 7 )  + 

H 

( 2 )  ( 2 0 )  (19) 

i )  bin02 

i i )  NaBH4 

0' 
i i i )  NH2NH2,KOH 

R i n  t r i e t h y l e n e  g lyco l  
i v )  KOH i n  t r i e t h y l e n e  g l y c o l  

v )  TsCl , \Pyr id ine  

Chart  4. 



i )  W112NH~,I(OH i i )  KOt1,triethylene g lyco l  

Chart 5 

The  conf igurn t ion  of C (19 ,=C(20)  double bond o f ' ?  was determined. Thus 

19 -Z-demet.~oxygardneramine ( 2 5 )  - was prepared from: v> an a l l y l i c  a lcohol  

( 2 3 ) .  the dl9 conf igura t ion  of which had been proved t o  he same a s  t h a t  - 
of  the  s t s r t i n g  mate r ia l  ( 4 ) .  The n a t u r a l  a l k a l o i d ? ,  however, was no t  iden- - 
t i c a l  with the  derived compound 2, and t h e r e f o r e  E conf igura t ion  o f 5  was 

proved. The same conclusion w a s  ohtained from hOE experiment. 

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  a l l  t h e  t iardneria  a l l ra la ids  possessing 

~ t h y ~ i d c n e  s i d e  chain (1, and 5 )  have E type geometry a t  A19. On the  o ther  

i,and, i n  t h e  C(18,-oxygenated analogues t h e  geometry was n o t  p r e d i c t a b l e .  
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iii 

iv 

1 li 
- 

CN3 '- H CH3 
R 

C1 
(25) (24) 

" -OCi13 i ) 2N-HC1 , A ii) HBr-AcOH iii) Zn-AcOH 

iv) KOH in EtOH 
Chsrt 6 .  

Thus, while the A I' geomctry of 7 w s  E that of  4 was z type. 

The above reactions were  mostly found in the course o f  the structure 

determination and were studied ? o r  this aim. we then made some attempts to 

convert 1 to some other natural alkaloids. - 

Since the first rel~ort by Dolby and hkai12) appeared in 1964, several 

reports concerning the C/D ring cleavage of indole alkaloids have been pub- 

lished. Albright and  oldm man'^' used cyanogen bromide in ethanol to cleave 
the C/I) ring of yohimbine derivatives. l'echor et all?lsed tihe same reagent 

to a sarpagine type alkaloid voachalotine ( 2 6 ) .  Recently we found that - 
chlorocarbonnte esters react with various types of alkaloids in a similar 

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



(29)  
I Voachalotine (26; 

R= -ocH5 i )  BrCN-Na$03 i n  C H C l j  i i )  H20 (NaOH) 

i i i )  C1C02Ph/ Py. i v )  C1C02Ph-NazCO? i n  C H C l j  

Chart 7. 

One o f  t h e  advantages of t h i s  cleavage r e a c t i m  us ing  chlorocarhanate  

e s t e r s  i s  t h a t  t h e  corresponding N(b)-methyl d e r i v a t i v e s  can be r e a d i l y  oh- 

t a i n e d  by reducing the  r e s u l t e d  urethanes with l i t l ~ i u m  nluminomlrydride. 

hhen N -methyl-gardnerine a c e t a t e  (3) was vigorously s t i r r e d  i n  t h e  
( a )  

two l a y e r s  o f  s o l v e n t s  ( C H C 1  (e thanol  f r ee )  and water) under t h e  presence 
3 

of  phenyl chlorocarbonate an epimeric mixture of a lcohol  was obtained 

(70  6). I n  t h e  r o u t e  shown i n  Chart 8 ,  a  primary a l c o h o l g  was prepared.  

Though conversion o f  t h e  hydroxymethyl group of 3) t o  a carbomethoxy group 

would g ive  a n a t u r a l  compound ochropine (z), we have no t  succeeded i n  t h i s  

f i n a l  s t e p .  
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It= -0CH3 i )  CH31,1r'aW2 i n  liq.A'H3 i i )  ClCO2Ph-Nn2C03 i n  H20-CIIC13 

i i i)  LiA1H4 i v )  CrO3-Py 

Chart 8 .  

h n a t u r a l  a l k a l o i d  p e l i r i n c  (%)'" i s o l a t e d  f rom the  roots of Knuwolfia 

perakens i s  has  t h e  s t r u c t u r e  shown i n  Glmrt 9.  i n  which the  p o s i t i o n  ol the  

methoxyl group and the  conf igura t ion  of t h e  s u b s t i t o e n t  a t  C 
(161 

remains 

unde tc r~ i~ ined .  Conversion of' 1 t o  tile rornpound rravinn onc  uf tlic poss ib lc  - 
s t r u c t u r e s  o f  p c l i r i n c  was then at tcmptcd.  (Cilsrt  9 ) .  Thc physical  cons tan ts  

and t h e  s p e c t r a l  d a t a  o f  t h e  f i n a l  compound 79, however, d i d  n o t  agree with - 
t h e  repcr ted  v a l u e s  f o r  40. Aonident i ty  o f  t h e i r  W s p e c t r a  s t r o n g l y  sugges- - 
t e d  t h a t  the  p o s i t i o n  of the  metlmxyl {:roup o r  was a t  some place other 

than C One of the  i n t e r e s t i n g  ohscrvnt ions i n  t h i s  sequence of reac- 

t i o n s  was t h a t  t h e  h'-CN g roup  of ?(, was eirs i ly  removed on mild t reatment  with 

aqueous a c e t i c  ac id  con ta in ing  ammonium a c e t a t e  t o  g ive  8. 



ii 
__3 

iii 

R= -OCH3 i) BrCN-Na2C03 in MeOH-CHClj ii) t-BuOC1 iii) H20 

iv) AcOH-H20/ AcONHq v) H2C0, H2/ Pd-C 

Chart 9. 

Amsonia elliptica K s .  et Scc-t (Japanese name; Choji-so) was long 

known to contain P-yohimbine (*).'I A few foreign species have also been 

reported to contain indole alkaloids : e.g.  tabersonine and P-yohimbine in 

18) A. angustifolia 17) and eburnamine type alkaloids in A. tahernsemontana . - 
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 secarnine(42) and tetrahydrosecamine - 
(3) were the novel type dimetic alkaloids whose structures were elucidated 

20: 
by Smith et al. in 1968. These alkaloids arc known to be formed from the 

corresponding precursors presecamine(49) and tetral~ydropresecaminc in an - 
acidic condition. The occurrence of preseci~mines in the plants has also been 

proved, though the corresponding monomeric components secodine(48) and dihy- - 
21) 

drosecodine have not been isolated. 

Tetrahydrosecamine (41) 

I 

17P-H; Yohimbine (44)a 3,4,5,6-Tetradehydro- 

17a-H; P-Yohimbine (44)b 
P-yohimbine (45) 

nomy+ 
H HI" H H." 

CHJ02C 

Antirhine (46)a 
OH 

10-Hydroxygeissoschizol (47) 
Antirhine-a-methachloride (46)b 

Chsrt 10 from roots of Amsonia elliptica R&m. et S&&J (Apocynaceae) 



Secodine (48) Presecamine (49)  Seeamine (42) 

Chart 11 

X e x t  our synthetic approach to this group of dimeric alirnloids will be 

described.22) (Chart 12). 

(52) Amorphous 

i) 1 mol t-BuOC1, NEt3 in CH2C12 

(41) : Tetrahydrosecamine ii) 2N-HCI 

Chart 12 
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On oxida t ion  o f  t h e  known lbis indole( jO) with one m o k r  equiva len t  of 

t -hu ty l  hypochlor i t e  st room temperature,  a presecamine nnnlogue(51) was - 
obta ined .  A s  repor ted  on n a t u r a l  presecamine. 51 rearranged t o  a compound - 
(52)  having t h e  sscarnine s k e l e t o n .  The same compound (52) was derived from - 
n a t u r a l  te t rahydrosecsmine by t h e  chemical dogrndat ion and as t h e  r e s u l t  

R1 = -CH2CH2-N 

V )  C02CH3 
3 

i)more than 2  mols t-BuOC1 

CH3O2C i i )  NaCN / DMSO 

i i i )  MeOH-HC1-H20 

i v )  l mol t-BuOC1 

Chart  13 



the two specimens were proved to he identical spectrometrically. (Mass, luMI1, 

In and UV spectra.) 

hhen four molar cqnivalents of t-butyl hypochlorite was used in the 

first step of our synthesis, a quarternary salt (51) was obtained in 20 6 

yield. Making use of - 53, we succeeded in synthesieing bisnorethylpresecamine 

(2) and ihe corresponding secamine (57). (Chart 13). 

lieturning to the subject of the constituents of hmsonis elliptic%, the 

constituents of its seeds were studied. The main base tabersonine (5S) and 

five minor bases were isolate%?) (Chart 14). 

Tabersonine (58) 3-Oxotabersonine (59) 14,15-Epoxy-3-0x0- 

vincadifformine (60) 

At'+-Vincamine (61) 16-Epi-AW-rrincamine(62) ~etrah~droalstonine(63) 

from seea of Amsania elliptica Chart 14 

The structure of a new base 3-oxotabersonine (59) was proved by the direct 

comparison of its dihydroderivative with the synthetic specimen of 3-oxovin- 

cadifformine reported by Prof. LeMe;!) This comparison was made in the labo- 
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ratory of Prof. Le&n and the two specimens were found to he identical except 

their optical properties. Furthermore oxidation o f 8  with potassium per- 

manganirte afforded 3-oxotabersonine whicll was found to be identical with the 

above natural base (59). Another new base was elucidated as 14,15-epoxy- 

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

Ochrosia Nakniana KO*, is anothcl. indole alkaloid containing Apocyna- 

ceae plant which grows in Bonin islands locating %bout 10OvKn1 south of Tokyo. 

Various types of indole alkaloids were found in this plant as shown in Chart 

15. A new base 11-metlioxyserpentinf (5) was isolated as the anhydronium base 

Vobasine (64 )  Akuammidine (65 )  Reserpiline (66) 

10-Methoxycorynantheol R = H Serpentine(68) Harman (70) 
-P-methoperchlorate(67) R = 0CH3 

11-Methoxyserpentine(69) 

from bark of Ochrosia Nakaiana K&&~) Chart 15 
( Apocynaceae ) 



C H N 0 ( M + ,  m/e 378) from which the known base tetrnphylline was obtained 
22 22 2 4 

on reduction wit*: sodium borohydridc. 

The hooks of -a sinensis 0 2 .  (iluhiacene) have long been used ss 

an important crude drug in the traditional Chinese medicine. Analysis of the 

prescriptions suggests that it might have sedative activity. Several plants 

of this genus can be found in Japan and the surrounding area. Thus 1.- 

chophylla hiq. grows in the middle to west part of Japan. In Formosa two - - 
species U.Kawakamii Ha* and U.florida. Vidnl. 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(7la) and isorhyncliophylline(72a) 

C7:11 Rhynchophy1.line (71)a C7:R Formosanine (73) 

C7:S Isorhynchophylline (72 )a  C7:S Isoformosanjne (74 )  

C; :R Pteropodine (75) 

C7:S Isopteropodine (76) 

Chart 16. 
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- 
1) in U.rhynchophylla and formosanine (73) - and isoformosanine (74) in U.Kawa- - -- 

kamii?) l ie  studicd the ~lkaloidal constituents of U.rlrynchaphylla and U.flo- - - - - 
26)  

rida, and some conversion works were made (:sing their constituents. First - 
our works of the constituents of U.florida will be described. 

This plant was collected in I'ormosa and was found to contilin pteropodine 

(75) and isopteropodine (x) in the total yield of about 0.3 $. These two - 
oxindoles are epimeric at C (7). E i t h e r E  or more conveniently u. mixture of 

75 and 76 wns converted into the same epimeric mixture of the iminoetliers - 
xa and 7Lb on treatment with the Eleerwein's reagent (Et ~?llF~-). \ ? . 7 - s c c o  

3 

t 
i) Et30BF4 ii) NaBH4 in AcOH iii) Hg(O~c)2/. H2S iv) NaBHq 

Chart 17. 

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

reduced with sodium borohydride in acetic acid at room temperature. The 2 , 3 -  

seco alkaloid (78) was then submitted to oxidative ring closing reaction 

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

gine (80). Taylor and succeeded in converting natural indole alka- 



loids to the corresponding oxindole alkaloids. Our work was the first exam- 

ple of the invei'se ~llange.*~) 'ke further succeeded in converting Eta hir- 
s u t i n e m .  iiecently this general nietlmd was employed by LeMen et al. 29) 

for converting n new base csboxine A (82) - to reserpinine (83) of the known - 
structure. 

Isorhynchophylline (72)& Hirsutine (93)a 

Caboxine A (82) Reserpinine (83) 

Chart 18. 

A piperidine derivative @), [ a]D -66',  was obtained in a good yield 

Chart 19. 
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from the 2,3-scco alkaloid (78) by cleaving the C (5)-N(b) bond with carbo- 

benzyloxy chloride as shown in Chart 19.30) \?hen W&S treated with the 

same reagent in hot benzene, a chloride (S6a) with the cleaved C ring was 

obtained in 52 /*,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 o f  & with scetoxyl group followed by cata- 

lytic reduction under acidic condition enabled us to obtain the same piperi- 

dine derivative (85) as was obtained from z. The yield of 3 was 60 ,?o from 

86a. (Chart 20). - 
R 

i iii 
H 

I I 

(86) a: R= Cl 
b: H= OAc 

H i) C1C02CH2Ph in benzene - (88) $ ii) NaOAc in DMSO 
H." 

CHj02C iii) H2/ Pd in aq.AcOH 

Chart 20 



The partial synthesis of reserpinine w) j3) and aricine e34) was 

carried out by using this piperidirre (85) as shown in Chart 21. 

R1= H, R2= OCHj (91)a 

H1= OCHj, R2= H (91)h 

iii) NaBHq 

nl= H, R2= OCHj Reserpinine (83) 

R1= OCHj, R2= H Aricine (92) 

Chart 21. 

As stated above U.ri;ynehophylla has been known to contain rbynchopLylline - 
(71a) - and isorhynchophylline (*I. But our reinvestigation of the constitu- 

ents of this plant proved tliat indoles, hirsutine (z) and hirsuteine (93h), 

are contained in almost equal amounts as the above oxindolez?) Furthermore 

two minor bases, akuammigine (80) and geissoscliizine methylether 0, were 

newly isolated from the barks and rooti!) Geissoschizine methylether &)was 

a new base and the structure was proved by catalytic reduction to give a mix- 

ture of dil~ydrocorynantheine (93c) and corynantheidine. The C(3)-P H configu- 

ration o f 2  had been elucidated by Beckett et al. from the various spectral 
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evidences. 'I7) We proved this chemicnily by converting 93a to 93c it, :lot - - 
acetic acid. 

C7:R, Y= Et ILhynchophylllne (71)a 

C,:R, Y=-CH=CH2 Corynoxeme (71)b 

C7:S. Y= Et Isarhynchophylllne (72)a 

C 7 :  fl, Y=-CII=CH2 Isocoryriaxelne (72) b 

C3-BH, Y= Et Hirsutine (93)a THY C 3 -  Y=;CH=Cl2 Hirsuteine (93). 

H.*. C3-aH, Y= Et Dihydrocorynantheine (93)c 

CH302C ' 0CH3 
C3-aH, Y=-CH=CH2 Corynantheine (93)d 

Geissoschizine methyl ether (94) Akuammigine (80) 

Harman (95) (from hooks) 

Chart 22. from roots and bark of Uncaria rhynchophy- MIL. 
It was described in the earlier part of this article that C/D ring 

cleavage by chloroformates was successfully made for gardnerine (1) and its - 
derivatives which have sarpaginetype skeleton. (Chart 8 and 9). The same 

type reaction was observed to occur on yohimbinoid alkaloids, e.g. yohimbine 



(*) and reserpine (981, the former has trans- and the latter has cis-fuskd 

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

indale derivatives (97) and m) respectively. (Chart 23). - 

(96) 
Yohimbine (44)a mixture of c3(R)and(S) 

R= Et, mp 178-182' ( 97 )a  
ii 

___) R= Ph, mp 190-191' (97)b 

R= PhCH2, smorph. (97)~ 

i) CICOZR/EtOH-CHC13-Na2C03 ii) t-BuOC1 

60-80 % yield 30-80 5 yleld 

Reserpine ( 9 8 )  (99)  

TMB= -CO 

\ 

Chart 23. 0CH3 

~akai") already reported the conversion of % to dihydroburnarnicine (101) - 
vLa a 2-acyl indole (100) as shown in Chart 24. Basing on the above findings 
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iii 

Dihydroburnamicine 
(101) 

i) Pb(Ohc)4 ii) CHJI iii) NaOhc in aq.AcOH iv) H20(OH-) 

V )  -C02 (H+) vi) NaBH4 

Chart 24. 

and making use of hirsutine/lja) ns the starting material a new conversion 

to 101 was attained. (Chart 25). - 

C/JJ ring clcavage of wes successfully made by use of nlkyl chlora- 

formates as on *. When the resulting two epimers (102) were treated with 

t-butyl hypochlorite followed by either filtration of the crude product 

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

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

and with dilute hydrochloric acid in dioxane to give sn aldchyde 0, which 

was reduced with lithium aluminumhydride to a diol (106). Selective oxidation 

of the hydroxyl group ~t C(3) of 106 either with t-butyl hypochlorite or 

active ,manganese oxide gave (Chart 25). 

As described above geissoschizine methylether (H was isolated from 
U.rhynchophylla though the yield was low (0.01 $ from dry roots). Using - 
this compound (2) as the starting material the partial synthesis of natural 

burnmicine (2) 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 



i 
(93)a - EtO 

. . . 
111 - __3 

v 

0CH3 
CHO 

lit3 6~ 
(1061 Dihydroburnamicine (101) 

i) C ~ C O ~ E ~ / E ~ O H - C H C ~ ~ - N ~ ~ C O ~  ii) t-BuOC1 iii) H20(H+) iv) H20(0H-) 

v) - C02 (H+) vi) LiA1H4 vii) t-BuOC1 or Mn02 

Chart 25. 

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

---2----) 
EtO 

0CH3 
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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 transformation was accomplished in the route shown in 

Chart 27. Thus 2 and 9> were converted to geissaschizol (108) and hir- 

sutinol (2) respectively by hydrolysis and decnrboxylation of the 9-metho- 

xy acrylic estor moiety followed by reduction of the resulting aldehyk tc 

%he alcoi:ols. These compounds were then submitted to the ring cleavage reac- 

iv 
v Dihydroburna- 

Vi H .** - vii Qq".+' ' . 1 micine,mploO" (101) 

Hurnamicine 

OH 
OH mp193' (112) 

i'106j,(lll) .. . - 

i) HZO(H+), ii) NaBHq iii) C1C02Et/EtOH-CHC13-Na2C03 iv) t-BuOC1 

V )  H~o(H+) vi) LiAlH4 vii) Mn02 

Chart 27. 

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

This partial synthesis of 2 from 2 forms the first chemical estab- 



lishment of the absolute configuration of natural burnanticine (112). It is 

interesting to point out here the fact that whereas 101 shows the specific 

rotation of + 12j9, has that of ttic opposite sign, - 243' (Lit. - 280'). 

Furthermore t h e  CD spectra of the !both compounds snow the maxima of the 

opposite signs. As is evident froin the above formation route the absolute 

configuration of C of tne bath cornpounds are same, and therefore the ten 
(15) 

membered rings of these compounds are suggested to take up the nearly anti- 

pads1 conformations in regards to the plane of the 2-acyl indole chromopl~ore. 

C-hiavacurine 1=), pleiocnrpnmine (116) and their ~ . n s l o g r o s r ~ ~ )  are 

mecters of a group of i n d o l e  alkaloids of the unique structures in which N 
( a )  

and C of corynanthe skeleton are linked. Two different biogcnetic path- 
(16) 

42) In regard to the chemical ways have been proposed by lenkert41'and Hesse. 

synthesis Boekelheide et al.reportad the synthesis of 1$,20-dil~ydro~lormavacu- 

r i n e .  43)  

C-Havacurine (115) Pleiocarl~ami~,~~ ! 116) 

from Calebassen-Curare, Prom Pleiocarpa sp. 

and Stryclmos sp. 

Chart 28 

Very recently we succeeded in the partial synthesis of 16-epipleiocarpa- 

mine (117) from geissoschizine methylether (x), the above stated new alkaloid - 
of c.rhynchophylla. 45)  Since in literature J.lJ ],as been converted to C-mava- 
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curine (1.15) our work implies that 115 hits becn correlated with a corynanthe - 

type alkaloid with the known absolute configuration, and hencc the absolute 

configurations of 117 and 115 have been chemically proved. The outline of 

this work will be described hereinafter. 

Geissoschizine 16-Epi-pleiocsrpamine C-Mavacurine 

methylether 
(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 93a was dernethyla- 

ted in the usual  mannerd6) to demethylhirsutine (118) and then its enolic 

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

CH302C CHO T- H..~ :)- + %-=ii ,p + =hH 
CHJ02C CH302C 

OH OH 

i) t-BuOC1 ii) base 

Chart 30 



of the resulting compound at C/D ring using cyanagen bromide afforded a 3,4- 

s e c o  compound (119) in a good yield. In expectation of obtaining a chloro- - 
indolenine, k 9  was  chlorinated with t-butyl hypochlorite. When this reaction 

was carried out at O m ,  however, the desired chloroindolenine was not obtained. 

Instead of it a 2-acyl indole (125), which was considered to bo secondarily - 
fbrmed from in tho work-up process, was obtained in 15 70 yield. At tire 

C3 : S and R 

(119) 

OH 

(118). 

C3 : S and R 

(119) 

C3 : S and R . 
(120) 

i) HC1-Acetone O°C ii) CH2N2 lii) C1C02Et O'C iv) BrCN/EtOH-CHC13 

/Na2C03 v) aq NaOH/MeOH, r.t. vi) HOAc 

Chart 31 
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Yield 

i i i )  

27 % 

Chart 32 



same time C(16)-clilorinsted compounds - 123 and 124 were obtained. Their 

formation can be explained as the result of the reaction of the hypochlorite 

with the en01 system of 119. Compound 124 was obtained by deformylation of 

123 when the latter was heated with finely powdered glass under reduced - 
pressure. lnterestingly when the reaction of 119 with t-butyl hypochlorite 

was carried out using one molar equivalent of the reagent under cooling with 

dry ice in acetone, 11f! was obtained selectively. Though the reaction mecbn- 

nism is unknown, the same type reaction was found to occur also in the route 

starting f r o m E  as described later. Obtnining this compound (124) we hegan 

our work to convert it to C-mavscurine typo compounds. As E4 is an important 

intermediate, its NEllidsta will hc shown in Table 1. 

Table 1 Chemical shift in (J in Hz) 

Compound 124 derived from was a mixture of four diastereomers arised 

from the two epimeric centres st C and C 
(3) (16). 

On the other hand when 2 

was used ss the starting material, tlte reaction with cyanogen bromide gave 

the product with C(?)-H configuration stereoselectively. Therefore compound 

124 thcre obtained was a mixture of two epimers at C(16). The same type of 

stereoselectivity was observed when% having C(3)-a H Was used as the stsr- 

ting material. The NMk spectra of these products are in reasonable accord 
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with the above conclusion. In this way C(3)-(H,S)-lL4. Co)-(R)-124 and C 
( 3 ) -  

(H)-126 - were obtained from hirsutine (93a) ,  dihydrocorynanthcine (gjc) and 

geis$oscl!izine methylether ($4) respectively. All these chlorinated compounds - 
underwent ring formation bctween h ( a )  ~ n d  C on heating at 75' in the pre- 

( 16 )  

sence of sodium liydride in dirnctliylsulfoside. In this condition carbornctl,oxyl 

group of the products takes up more stable N orientation, which was cvidenccd 

by the fact that C(lb)-epiplciocarpsmine (117) was obtained ns the f i n d  pro- - 
duct of the conversion fronl $4 as described lbelow. Thus C(l)-(k,S)-z, - 
Co)-(it)-= and Ct3)-(fi)-1t, were obtained. 

C3 : ( S )  and (H), R1 = N-Et (124) C3 : (S) and (R), Rl= a-~t(127)a 

c3 : (R), R1 = ( E )  =CA-CH3 (126) C3 : (R), HI= (E) =CH-CH3 (127)b 

(f) mie 180 

Chart 33 

The N M l t  data of C(3)-(i%)-Ea and C(j)-(lf)-L27h are shown in Tnblo 2 .  

Correctness of the assigned structures was supported by the observation that 

their C (21)-Ha are highly shielded by the anisotropic effect of the indole 

plane. 44) Purthermore, in their mass spectra the characteristic fragment due 

to benzoquinolizidium ion (f)44) was observed at m/e 180 besides the expected 

molecilar ion peaks of m/e 395 or 343. The slreletal assignment was also 



C19 t1 C3 H Clb 11 C O e 3  -0CH2CPj C21 Ha 

I 3-(H) 4.86 4.67 3.84 3.26 -0.96 
-(127)a 

(1H,t,J=5) (lH,d,J=2) (3H,s) (2H,q,J=7) (lH,m) 

3-(R) 5.38 4.83 4.59 3.84 3.26 0.10 
-(127)b (1~,~,J=7) (1H,t,J=6) ( (lH,s) (3H,s) (2H,q,J=7) (1H,d,J=14) 

Table 2 Chemical shift in 6 (J in Hz) 

supported hy the W spectrum (Pig.l), which showed the characteristic nbsorp- 

tion curve of C-mavncurine (or pleiocarpamine). 

:xlfi) U.V. spectrum 

Fig. 1 

.C(16)-Epi-19,20P-dihydropleiocarpamine(~) was obtained when compound 

(127a) was heated in 95 % aqueous acetic acid in the presence of about 5 molar - 
equivalents of ammonium acetate. In this reaction both C ( 3 ) -  (I$)-= and C (3) 

(h,S)-=a gave the same mixture of and = as the reaction products. 
Heduction of 128 with lithium aluminumhydride gave a product which should be 

named as 19,20@-dihydronormavacurine 3). Comparison of its mass spectral 

data with those reported for 19,20a-dihydronormav~curine (130b)44)showed good 
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R1= a-Et (127)a R1= a-Et (128) R1= c-Et, R2= OAc 

R1= (E) S H - C H 3  (127)b  R1= (E) =CH-CH3 (117) (129) 

Chart  34 

Chart 35 



agreement not only in the ion species but also in their relativc intensities. 

Hesse et al. observcd chemical shift difference of 0.63 ppm between C(21)-iia 

( O  1.68) of pleiocarpnn~ine (116) and C Ma ( b  1.05) of pleiocarpaminol - (21)- 

(131) in their hMH spectra. They ascribed this difference to the anisotropic - 
effect of the carbomethoxyl group of 116. In our compounds2 however, the 

corresponding difference between the chemical shift of C Ha ( 6  0.38) of 
(21)- 

128 and C(21)-Ha ( 6  0.41) of 130n was only 0.03 ppm, suggesting the carbo- - - 
metlioxyl group of 9 takes C(16,-epi configuration as in C(16)-epipleiocar- 

pamine (117). This assumption was finally verified by the fact that the - 
compound (127b), which was derived f r o m 2  in the same way as w a s  derived - 
from e, gave 117 011 the cyclieation as srrown in Ciiart 34. 'Thus derived 117 

showed the following physical properties : [a]" + 234'; CU A nrn ( A E ) ,  301 

(-14.16), 262(+1.96) and 236(-9.47); IB (Pig.2). An authentic specimen of 

I.R. spectrum (in CHClj) 
,,mriL imo arm 2- 1sm 1*m 1.m 12m I- am 

I I I 7- 
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C(161-epipleiocnrpamine (117) vss prepared in this laboratory according to - 
the known metrzod reported by llessc et al. from pleiocarpamine (116) w!.ich 

had heen isolated frorn Amsonia elliptica (Chart 10) and identified with an 

autb,entic sample kindly provided by Prof. Schmid.  The authentic 117 showed 

[ + 234' (lit. vnlue) and C11 A r m  id c ) :  1:)0(+5.?01, 257(+1.91) a d  276 

(-16.76). These valucs showed good agreement x.ith those of the partially 

synthesized material. hmn and 11; (Pig.2) spcctra of these two specimens were 

completely superimposeble. 
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THE INDOLE ALKALOIDS OF JAPAluESE PLAhTS: STHCCTUtlES A M  IlEACTIONS 

Shin-ichiro S a k i  

Faculty of Pharmaceutical Sciences, Chiba University. Yayoi-cho, -- 
Chiba. Japan 

Indole alkaloids of several Japanese plants have bekn studied. 

Some chemical c o n v e r s i o n  wsrks have also been made utilizing 

them as the starting materials. 

The indole alkaloids which are formed from tryptophan and secologanin 

\* a common intermediate vincoside are mostly produced by tile trojiical 

species o f  Loganinceae, Apocynaceie and hubinceae plants. Some of then. 

e.g. reserpine. ajmaline and vincristine, are probahly among the most irnpr- 

tant medicinal drugs known.in these days. 

Eefore we hegun our study an tk.e indole vlkil,loids of Japanese plants. 

only fragmentary ( though of great importance ) works had h e e n  made in this 

field. Kondo reported tihe presence of oxindole alkaloids rhynci~opliyllinr 

(718) - and isorhynchophylline (72a) in Uncaria rhync.ophglla ~iq." :.nd also - 
c;iariicterized formosa>,ine ( 7 3 )  and isoformosanine (74) in O.  Ks*akarnii. Ham- - - - L 

4& which distributes in ~ormosa.') p-lo;i;mbine (44b) was isolated Prom ail - 
A-a species (Apocynacese) by Kimoto. 3 )  

In 1965 Haginiwa and Sakai started this series of works from the study 

of the constituents of Gardneria spp. (Loganiaceae). Four species are kiown 

in Japan and one in Pormosa. 4) 

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


