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ABsTRacT.-The occurrence, structures, chemistry, and biosynthesis of the 
2-acylindole alkaloids are discussed, and a glossary of the presently known members 
of this class is presented. 

INTRODUCTIOS.-The 2-acylindole alkaloids comprise a relatively small but 
important class of alkaloids which are important not only in their own right but 
also as constituents of a large class of bis-indole alkaloids. Since the publication 
of the last reviews of these alkaloids (1-5) a number of new members of the class 
with different carbon skeletons have been discovered, and the stereochemistry 
of some members has been clarified. In  this review the literature has been covered 
to the end of 1979, with some additional coverage of later publications where 
possible. Earlier work which is covered adequately in the reviews cited is not 
discussed further, and primary attention is given to the more recent developments 
in the field. 

0cccRREscE.-The 2-acylindole alkaloids occur in a variety of apocynaceous 
plants and have been obtained from many genera of the subtribe Tabernaemontinae. 
The predominant genera to date have been Voacanga, Peschiera, Gabunia, Ochrosza, 
Tabernaemontana = Erzatamia, Hazunta,  and Hunteria. 

STRUCTURE ASD sTEREoCHEUrsTRI..-The %acylindole alkaloids can be classified 
on the basis of the size of ring containing both the carbonyl group and the non- 
indolic nitrogen atom. On this basis, the smallest ring is the eight-membered 
ring of the dasicarpidone skeleton (l), while the alkaloid ervitsine (2) is the sole 
current representative of 2-acylindole alkaloids with a nine-membered ring. 

1 2 

Alkaloids with a ten-membered ring are relatively common, and vobasine, the 
first 2-acylindole alkaloid to be investigated extensively, belongs to this class, 
having the general structure 3. In some alkaloids of this class the compound 
exists largely or exclusively as the carbinolamine form 4, while dihydro-derivatives 
have the structure 5.  Two unusual members of this series are picraphylline 
(6, R = H) and its dimethoxy derivative, and burnamicine ( 7 ) .  
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The fourth major group of 2-acylindole alkaloids n-as discovered more recently 
and consists of compounds in which the non-indolic nitrogen and the carbonyl 
group are both part of an eleven-membered ring. The first member of this group 
to have its structure elucidated was ervatamine, and the ervatamine alkaloids 
have the general structures 8 and 9. 
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The follon-ing tabulation lists the currently known 2-acylindole alkaloids 
and provides details of their occurrence, structures, and spectra. All uv data 
are in nm, and log E values are quoted between parentheses. I r  frequencies are 
in cm-'. R7ithin each class, the compounds are arranged according to their 
molecular formulae. Unless otherwise stated, uv spectra were obtained in 95% 
ethanol, infrared spectra in chloroform, and proton magnetic resonance spectra 
in deutero-chloroform. The notation (S.S.) indicates that the conditions were 
not stated in the original reference. Spectroscopic data were obtained from the 
first reference cited for each compound unless otherwise stated. 

The second table lists the plants from which 2-acylindole alkaloids have been 
obtained, together with their contained alkaloids. 

TABLE 1. 2-Acylindole alkaloids. 

I DASICARPIDOSE CLASS 
1A S-DEMETH'17LDASICARPIDOSE 
CisHisSzO: 254 
STRUCTURE: 1, R i = H ,  R)=CHzCHS, 

R 3 = H  (74,76) 
MP: 208-210" (CHClJ (74) 
UV: 238(4.15), 317(4.23) 
IR :  3450. 3280. 1647 
MS: 254(M-),'225, 211, 197, 184, 169, 157, 

SOURCE: Aspidosperma dasgcarpon (74) 

1B D.ISICA4RPIDOSE 

130 

CiiHzoSzO: 268 
STRUCTURE: 1, Ri=CH,, Rz=CHzCH,, 

R3=H (74,76) 
MP: amorph. 
[(.ID: 
UT-: 237(4.15), 316(4.29) 
I R :  3410. 1640 

f64.7 (c = 1.02, CHC13) 

lH NMR:' 10.3(1H,bd,s), 7.00-7.90(4H,m), 

M S :  268(Mf), 239, 225, 211, 198, 183 (75) 
SOURCE: Aspidosperma dusgcarpon (74) 

4.25(1H,d), 2.34(3H,s), 0.88 (3H,t). 

1C 3-EPIDASICARPIDOSE 
C17HzoXzO: 268 
STRUCTURE: 1,  Ri=CH3, Rz=H,  R3= 

CH2CH3 (76) 
MP: amorDh. 
UT: 237, 316 
I R :  3380. 1640 ~~~~ ~~~ 

1H XMR tX.S.): 1.08(3H,t) 
M S :  identical with that of dasicarpidone 
SOURCE: Aspidosperma subincanum (76) 

I1 EHVITSINE CLASS 
2 ERVITSISE 
C,oHw?U',O: 292 
STRfiC?URE:- 2, (57) 
h lP :  176-177" (MeOH) 

UV: 23614.34). 31814.44) 
[(.ID: -160°, (c=1%; ,  CHC1,) 

I R  (SS):  1630 
lH KMR (NS): 9.27(bd,s), 5.30(1 

5.17 ( lH,s ) ,  5.16 (lH,s),  5.03 ( lH,s ) ,  
(3H,s), 1.63(3H,d) 

hlS: 292(M-) 
SOURCE: Pnndacn boitenui (57,55) 

I11 VOBASINE CLASS 
3A PERIS'ISE 
CzoH22S201: 338 
STRUCTURE: 3.  R,=COOCHq. R,=R,= 

MP; lSk-181'-(7), 218-221" (CHIOH) (8) 
[ a ] D :  -121.4" (c=l,CHC13) (8) 
UV: 22814.26). 23814.19). 31614.27) (4.6) 
I R :  2940: 1725. 1650 16) 
lH NUR': 7.?(lH,df, '7.4-6.7(3H,c), 5.38 

( lH ,q ) ,  2.64(3H,s), 1.70(3H,d), (10,121 
LIS: 338(Mf), 321, 295, 279, 237, 185, 184, 

172, 166, 130 (10) 
SOURCES: Catharanthus roseus (=Vinca 

rosea), (7 ,8) ,  Catharanthus lance'us (6), 
Gabunta eglandulosa (ll), Voacanga thou- 
arsi i  (10) 

3B 16-EPIVOBASISIC -4CID 
C20H22N203: 338 
STRUCTURE: 3, Ri=H,  Rz=COOH, R3= 

CH3, R a = R j = H  (64) 
MP: 295" (dec.) (C2HjOH) 
VI-: 238(4.12), 316(4.30) 
IR  (KBr):  3105, 1 6 3 ,  1610, 753 
lH S M R :  7.77-6.88(4H,m), 5.93(1H,q), 

3.00(3H,s), 1.68(3H,d) 
11s: 338(M'), 293, 180, 166, 158, 122 
SOURCE: Tabernaemontana psychotrifolia 

(64) 

3C -4FFISISE 
C2oHZ4S202: 324 
STRUCTURE: 3, Ri=CHzOH, Rz=H, 

RI=CH,, R I = R , = H  (13,14) 
MP: 265" (dec) (CH3OH-CH3COOCzHj) 
[ a ] ~  ("21): -105.4" (c=0.5, MeOH) 
UV: 238(4.18), 318(4.34) 
I R  iXujo1): 1645 
SOURCE: Pescheira aginzs (13,14) 

3D 16-EPIAFFISISE 
C2oHz4S20z: 324 
STRUCTURE: 3, R i = H ,  Rs=CHzOH, 

R?=CH,. R a = R i = H  (15) 
hlP :- 152--15-i6 (et her-pent ane) 
[CX]*~D: -190" (c=O.95,CHCl,) 
UV: 209 (4.35), 238 (4.19), 318 (4.26) 
IR :  3571, 3413, 3289, 2786, 1642 
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TABLE 1. Continued. 

1H NMR: 9.79, 7.64, 7.45-6.95(3H), 5.42 
( lH,q) ,  3.93, 3.75-2.35, 2.47(3H,s), 1.85 
( lH) ,  1.62(3H,d) 

MS: 324(M+), 306, 263, 172, 166, 152, 122 
SOURCE: Pleiocarpa talbotii (15) 

3E PERIFORMYLINE 
CziHzzNz04: 366 
STRUCTURE: 3, Ri=COOCHS, Rz=H, 

MP: 206-209" (CH30H) (17) 
R3=CHO, Rd=Rs=H (16,li) 

UV: 240(4.22), 315(4.32) (17) 
I R :  1650 (17) 

(3H), 1.72(3H,d) (12,16) 
MS: 366(M+), 194 (16,li) 
SOURCE: Catharanthus lanceus (17) 

J H  NMR: 9.4ilH), 8.2(1H,d), 2.65, 2.55 

3F VOBASINE 
CZlHZ4~203: 352 
STRUCTURE: 3, Ri=  COOCH,, Rz=H, 

R?=CHv. Rd=RK=H 118.22) 
MPI 111~113' (ether) (18) 

UT' (CHIOH): 239(4.19), 315(4.27) (18) 

'H NMR: 9.2(1H), 7.64(1H,d), 7.5-7.0 
(3H, c ) , 5.44 (1 H .q ) , 2.68 (3H , s )  , 2.64 (3H , s ) ,  
1.78(3H,d) (10,12,20: 

'JC XMR: (23) 
MS: 352(hI-), 293, 194, 180, 158, 122 (18,21) 
SOURCES: Voacanga afrrcana 119), Pesch- 

eira a f i n z s  (13), Gabunaa eglandulosa (ll), 
Pandaca minutiflora (84), Pagiantha cerzjera 
(86), Peschzera laeta (87) ,  Hazunta modesta 
var. modesta subvar. montana (901, H .  
modesta modesta var. brecttuba (91), H .  
modesta modesta var. d m r a c a t n  (91,, 
l'oacanga thouarsii (10, 

[ a ] D :  -158.8" (c=l,CHC13) (18): -148.3" 
(c=l,MeOH) (19, 

I R  (CHzClz): 3440. 2780, 1730, 1650 (18) 

3G X-METHTL-16-EPIAFFISISE 

[ a ] D :  -243" (c=O.O5,CHC13) 
UV (CH30H):  240(4.08), 317(4.07) 
I R :  1635 
1H NMR: 7.72(1H,d), 7.48-7.05(3H,m), 

5.49(1H,q), 4.07 (3H,s), 2.57(3H,s), 1.72 
1RH.dd) 

MS:--3381M+)! 320, 152 
SOURCE: Tabernaemontana accedens (24) 

3H PELIRINE 
C2IHz&zO3: 354 
STRUCTURE: 3, RI,Rz=H,CHZOH, R3= 

MP: 130-131" (CH~OH-HZO) (25) 
[ a ] D :  -121" (c=l.O,EtOH) (251 

CHI, R4=H,  Rs=OCH3 (1) (tentative) 

UV: 328(4.33) (4) 
I R :  1635 (1) 
SOURCE: Rauwolfia perakensis (25) 

31 OCHROPAMINE 
Cz2H26Nz03: 366 
STRUCTURE: 3, Ri=COOCH3, Rz=H, 

hlP:  134" (CHaOH-HtOJ 
r a ] D :  -158' (c=l.O, CHaCOCHI) 
UY: 243(4.27), 315(4.25,1 
I R :  1730, 1647, 1623 
'H NMR (N.S.): 7.3(3H,c), 5.43(1H,q), 

4.05(3H,s), 2.58(6H,s), 1.70(3H,d) (26,12) 
I3C KMR: (23) 
SOURCE: Ochrosia poweri  (26) 

R3=R4=CH3, Rb=H (26) 

35 VOACAFRICIKE 
CzzHdz04: 382 
STRUCTURE: 3, Ri, Rt=COOCH3, 

CHZOH, Ra=CHI, Ri=R5=H (1) 
MP:  196-198" (ether-CH,Clt) (27) 
UT' (HCl in CHIOH): 238(4.27), 315(4.35; 

(27) 
IR- ikCl  in KBr):  

SOURCE: l'oacanga afracana (27) 

3330, 1739, 1724, 1645, 
1543, 1466, 1342, 752 (27,) 

3K ITSCADIFFINE 
C2zH26N204: 382 
STRUCTURE: 3, Ri=COOCH3, 

CHZOH, Rt=CH3, R4=R5=H 

COOCzHs) (28) 
hlP: 230" (S.S.) (29); 193-197" 

UT- ( S . S . ) :  242(4.17), 320(4.18) 12) 
I R  (S.S.). 1646, 1616, 1580, 1532 (29) 
1H KMR: 5.53(1H,q:. 2.57(6H,sj, 

LIS: 382(M-), 364, 351, 180 129) 
SOURCE, Vinca dzfforrnis (28) 

[ a ] D '  -121" (CHC13) (2% 

(3H,d) (28,29,12) 

R* = 

( C H r  

1.73 

3L I-OACAFRISE 
CzzHzJizOd: 382 
STRUCTURE: 3, RI, Rz=COOCH3, 

CHZOH, R3=CH3, Ra=Rj=H (1) 
RIP: 135-137" (27) 
[.ID (HC1): 
UT iHCl in CHYOHI: 2400(4.23!. 315(4.32) 

-107" (c=l%,  MeOH) (27) 

(27) 
IR' (HCl in KBr):  

SOURCE: Voacanga africana (27) 

3330, 1724, 1645, 1538, 
1466, 1342, 746 (27) 

331 OCHROPINE 
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TABLE 1. Continued. 

IV YOBASINE CLASS: 
CARBINOLAMINE FORM 

4A K-DEMETHYL-16-EPIACCEDISE 
Ci9HzzNzOz: 310 
STRUCTURE: 4, Rl=CHzOH, Rz=Rs=H 

1301 
MP: ' 170-172" (~ ; . s . j  
[ a ] D :  f50" ( ~ = 0 . 0 6 ,  CHC13) 
UV (CHSOH): 224(4.25), 282(3.86), 290 

(3.79), 315(3.15) 
'H S M R :  9.56 and 9.37 ( l H  total! 
MS: 310(M+), 309, 293, 279, 185, 184 
SOURCE: Tabernuemontanu accedens (30) 

4B ACCEDISE 
CzoHz~KzOz: 324 
STRUCTURE: 4,  RI=H, RI=CHzOH, 

I R :  ' 3600 
'H XMR: 7.1-6.6(3HJc), 6.65(1H1d), 5.29 

( l H , q ) ,  4.15(lH,bd d ) ,  3.51(3H,s), 3.34 

2.21 ( lH .d ) ,  1 .79(2H,d), 1.53(3H,di 
(2H.d), 3.02 ( lH,bd d I , 2.43-2.77 (3H ,c,. 

MS: 324(MG), 199, 198 
SOURCE: Tabernaemontana accedens (24, 

CHIOH, R3=H (31,321 
MP. 227-228" (31) 
[ a ] D :  +43.5" (c=O.?, CHaOH) (31' 
UV (CH?OHj: 225(4.50,, 251(3.50j, 282 

(3.80), 292(3.71) (31) 
I R  (KBrl: 1730. 735 131) 
TH KMR (TFAA): 9.5(1H), i.0(4H1m), 

5.86(1H,qj, 3.1(3H,sJJ 1.79(3H,d) (31) 
31s: 368(M'), 351, 337, 309, 265, 185, 184 

(31) 
SOURCES: Voacanga chalottana (31), Ha- 

zunta modesta modesta var. brevttuba (91) 

4D 3-HI-DROSTVOhCHALOTISE 
Cz2H26N204: 382 
STRUCTURE: 4, Ri=CH,OH, Rn= 

MP: 247" (CH3COOCzHsJ 
[a]D:  +9" ( c = l ,  CHC13) 
UV (CHIOH): 229(4.62), 286(3.88) 

COOCH,, R3=CH3 (82) 

I R  (KBr): 3450, 1740 
1H NMR: 7.4-6.4(4H,m), 5.24(1H,bq), 4.36 

( lH,dd) ,  4.23(1H,bd), 3.61(3H,s), 3.32 
(3H,s), 3.18(2H,s), 3.07(1H,dd), 2.96(1H1 
dd) ,  2.71(1H,dd), 1.86(1H,dd), 1.72(1H, 
dd), 1.M(3HId) 

382(M+), 365, 351, 323, 279, 251, 199, MS: 
158, 144, 143' 

SOURCE: T'oacanga chalotiana (82,83) 

V DIHYDROVOBASINE CLASS 

5A DREGAMISE 
CniHdzOs: 3% 
STRUCTURE: 5, R1=H, Rz=CH;CH, 

17,33,34) 
MP: 186-205" (dec.) (35) 
[ a ] D :  -93.1' ( c = l ,  CHC13) (35) 
UV: 239(4.18), 316(4.27) (35) 
I R  (KBr): 1653, 1730, 1245 (35) 

(4H,m), 3.98(1H,dt), 2.56(3H1s), 2.34 
(3H,s), 1.62(1HIm), 0.78(3H,t) (92) 

'H NMR (CsD,): 10.01(1H1bd s), 6.96-7.63 

lac NMR: 123) 
MS: 354(M+),'322, 292, 279, 182, 164, 158, 

152 (92) 
SOURCES: Voacanga dregei (353, Tabernue- 

montanu coronarm (36,37), Ervatamiu orien- 
talis (34) , Pandaca caducifolia (38) , Pandaca 
calcarea (N), T.  elegans ,(85), P .  debrayi 
(Sa), hfuntafara sessilifolm (81), Hazwnta 
modesta var. modesta subvar. monfana (W), 
H. modesta modesta var  breoituba (91), H. 
modesta modesta var. divaricata (91) 

5B TA4BERSAEMOSTASISE 
CzlH16S203: 351 

MP: 207-209" (ether), 217-219" (CHsOH) 

STRUCTURE: 5 ,  Ri=CHzCH3, R ;=H 
(16,33,34) 

I R  (KBr): 3300, 1724, 1637, 1253, 1205 (66) 
'H NMR: 2.58(3H,s), 2.53(3H,s), 0.96 

(3H,tj (66) 
13C KMR: (23) 
MS: 351(M;), 322, 279, 196, 183, 182, 172, 

SOURCES: Tabernaemontana coronaria (36, 
164, 158, 152, 130, 122 (66) 

37,41,12), Tabernuemontanu diearicata (39), 
Ervatamia orientalis (34), Eraatamia pan- 
dacaqui (40), T.  elegans (85), Muntafara 
sessilcfolia (81), Tabernaemontanu mucro- 
nata (43), Hazunta modesta var. modesta 
subvar. montana (9Oj, H. modesta modesta 
var. brecituba (91j, H. modesta modesta 
var. dizwicata (91) 

VI PICRAPHYLLINE CLASS 

6A PICRAPHTLLISE 

STRUCTURE: 6, R = H  (4.546) 
MP: 225" (45) 
:aln. -37' 1451 

CppHz,X,O,: 382 

fii' (N.S:j: '238(4.14), 312(3.98) (46) 
I R  (K.S.): 3355, 1655, 1630, 755 (46) 
1H NMR (N.S.): 9.05(1H1bd), 7.55(1H,s), 

3.?2(3H.s), 2.00(3H.s). 1.30(3H,d) (46) 
MS 382(31'), 284, 228, 224, 210, 209, 185, 

184, 170, 169, 156, 154, 144, 143, 129, 115 
(46) 

SOCRCE Pacralann nzfidn(45) 



514 Journal of Natural Products 
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6B DIMETHOXYPICRAPHYLLISE 

I - - - -  
IH NJiR- (N.S:): 7.45(1H1s), 6.90(1H,s), 

6.76 ( lH,s) ,  3.91 (6H,s), 3.69 (3H,s), 2.03 
(3H,s), 1.30 (3H,d) 

MS: 442(M+i. 224. 218. 210. 209. 204 
SOURCE: O t h r o s ~ a  baiansae (7?) 

VI1 BURN.4RZICINE CLASS 
7 BURSAMICIKE 

STRUCTURE: 7 (44) 
CIOHZGXZOZ: 326 

\ ,  

MP: 198-200" 

I R  (KBr): 1630 
'H NMR: 

[ a ] D :  -281" 
UV (N.S.): 309-312 (4.16) 

Signals for four aromatic pro- 
tons, an ethylidene group, and an N- 
methyl group 

MS: 326(M'), 308, 210, 168, 144, 143, 130 
SOURCE: Hunteria eburnea (44) 

VI11 DEHYDROERVATAnlINE CLASS 
8A 6-OXOMETHUESISE 
CigHzoNzOP: 308 
STRUCTURE: 8, Ri=O, Rs=H (47) 

[CC]D: -15" ( c = l ,  CsHsN) 
MP: >260° 

UT: 227(4.31), 260(4.29), 336(4.15) 
I R  (Nujol): 1670, 1615 

MS: 308(M+), 291, 171, 136, 122 
SOURCE: Hazunta modesta var. methuenii 

'H NMR: 9.6(1H,bd s ) ,  7.2-7.4(4H), 5.5 
(Wd, 1.7(3H,d) 

(47) 

8B METHUENINE 
CioHzzNzO: 291 
STRUCTURE: 8, Ri=Hz, Rs=H (47) 
MP:  205" (MeOH) 
[ a ] D :  +21"'(c=1$, CHCla) 
UV: 238(4.14), 314(4.29) 
I R  (Nujol): 1645, 3300 

lH,d) ,  2.32(3H,s), 1.5(3H,d) 
MS: 294(M+), 136, 130, 122 
SOURCES: Hazunta coffeoides (47), H .  

costata (47), H .  membranucea (47), H .  
membranacea forma pi1;fera (47), H .  mo- 
desta var. methuenii (47), H .  modesta var. 
modesta (47), H .  silicicola (47), Pandaca 
boiteaui (55), H.  modesta modesta var. 

'H  NMR: S. l ( lH,bd s ) ,  7-7.8(4H), 5.4 

breoituba '(91), H. modesta modesta var. 
diaariucata (91j, H. modesta var. modesta 
subvar. montanu (90) 

8C 16-EPIMETHUENISE 
CigHzzNzO: 294 
STRUCTURE: 8, Ri=Hz, Rp=aH (91) 

SOURCES: Hazunta modesta modesta var. 
divaricata (91), H. modesta modesta var. 
brevituba (91) 

8D 19-DEHYDROERVATAMIKE 
C1iHz1N203: 352 
STRUCTURE: 8, Ri=Hz, Rt=COOCH, 

(48) 
MP: 198-200" (dec) (ether) (49) 
TalD: 1 5 3 "  (C. 1.0) 148.49) \--,--, ut-: 242(4.11 j, xk(4.28) (48,49) 
I R  (CSZ): 3450, 1740, 1650, 750 (48,49) 
'H NMR: 5.44(1H,q), 3.56(3H,s), 

MS: 352(M+). 337. 323. 293. 194. 180. 
(3H,s), 1.58(3HId) (48,49) 

I I ,  , - ,  
166. 130' /48:49) 

2.27 

172, 

SOURCES: Erbatamia orientalis (49), Pan- 

I X  ERVATAMINE CLASS 

daca boiteaui (55) 

9A 6-OXOSILICINE 
CisHzzNzOz: 310 
STRUCTURE: 9, Ri=O, RZ=H, R3=H, 

Rd= CHICHI (47,5&52) 
MP: >260" 

UV: 227(4.28), 260(4.25), 335(4.12) 
I R  (Xujolj: 1670, 1615 
'H XMR (pyridine): 12.6(1H,bd s ) ,  7.22 

and 7.4(4H,c), 2.3 (3H,s), 0.95(3H, t )  

&IS: 310(?rI+), 293, 171, 138, 124 
SOURCES: Hazunta silicicola (47), H .  

modesta (52), H .  modesta var. modesta 
subvar. montnna (90), H. modesta modesta 
var. divaricala (91). H .  modesta modesta 

[a ]D:  -40" (C=I, CsHsXj) 

NMR: (52) 

var. breoituba (91) 

9B 16-EPI-6-OXOSILICIKE 
CigHzzNzOz: 310 
STRUCTURE: 9, R1=0 ,  R,=aH,  R3=H, 

SOURCES: Hazunta modesta var. modesta 
R,=CHpCHz (90) 

subvar. montann (90) 

9C SILICINE 
CigHIINPO: 296 
STRUCTURE: 9, Ri=Hz, RI=H,  R3=H, 

R4=CHzCH, (47,53)0 
MP: 112"(47), 99-100 (s2) (MeOH) 

UT:  239(4.18), 314(4.35) (47) 
I R  (Nujol): 3300, 1645 (47) 
lH NMR: 9.1(1H,bd s ) ,  2.25 (3H,s), 0.95 

13C h M R :  152) 

[a]D: -18" ( C = 1 % ,  CHC13) (47) -16' 
( ~ = 0 . 5 ,  CHC13) (52) 

( 3 3 t )  (47) 

MS: 296(M'),'138, 130, 124 (47) 
SOURCES: Hazunta coffeoides (47), H .  

costata (47), H .  membranucea (47), H .  
membranacea forma pilifera (47), H .  
modesta var. methuenii subvar. methuenii 
(47), H .  modesta var. modesta subvar. 
modesta (47), H .  modesta var. modesta 
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TABLE 1. Continued. 

subvar. montana (901, H. silicicola (47), 
H .  modesta (52), Rauwolfi discolor (54j, 
H .  modesta modesta var. brerituba (91), 
H .  modesta modesta var. diraricata (91) 

MP: 92-98" (MeOH) (48,49) 

Us': 238(4.14), 312(4.18) (48,491 

'H NMR: 9.411H.bd SI. 7.@7.8(4H). 3.69 

[ a ] D :  -3.7" ( C = 2 . 1 )  (48,491 

I R  (CSZ): 3450, 1730, 1610, 750 (48,49) 

9D 20-EPISILICISE (2H,s), 3.48(3H,s), 2.28(3H,s) (48,49j 
Ci9HzJVzO: 296 MS: 354(M+j, 322, 295, 224, 210, 196, 195, 
STRUCTURE: 9, Ri=HZ, R,=H, R3= 182, 130 (48,49) 

MP: 190" (97). 153" 1381 1MeOH) 
CHzCH3, R I = H  (47,38) SOURCE: Erratamw orzentalzs (49) 

[;ID: +20" CCHCl3j j38) 
Ul-: 239(4.23), 314 (4.33) 
I R  (Sujol): 3380, 1645, 1580,_1545 (38,47) 
'H X3IR: 9.05(lH,bd s),  (.23-7.75(4H), 

2.2813H.s). 0.87i3H.t) (471 

I R  (Sulol): 3380, 1645, 1580,_1545 (38,47) 
'H X3IR. 9.05ilH.bd S I ,  (.23-7.75(4H). . . ,  

2.2813H.s). 0.8ii3H.t) ($7) 
LIS: 296(3i'), 267, 253, 238, 224, 210, 197, 

184, 168, 158, 138, 130, 124, 108, 98 (38) 
SOURCES: Pandaca caduczfolia (33), 

Hazunta modesta var. methuenit subvar. 
methuenit (47) 

9E ERs'ATAMISE 

9F 20-EPIERVA4TAMISE 

- \  

hlP- 18k7; (dec) (ether-light petrol) 
(48,491 

[a]D: -22" (C=l.l) (48,49j 

I R  (CSz): 
UT: 239(4.00), 318(4.11) (48,49) 

'H XMR: 3.58(3H,s), 2.31(3H,s) (48,491 
MS: 354(M7), 322, 295, 224, 210, 182, 180, 

SOURCE: Erratamia orientalis (49) 

3445, 3280, 1735, 1655, 750 (48,49) 

130 (48,49) 

The chemical degradations leading to  the assignment of structure 3F to 
vobasine have been published (18) and summarized (1, 3) and will thus not be 
discussed further. The original assignments of configuration to the ethyl side 
chains of dregamine (5A) and tabernaemontanine (5B) have, however, been 
reversed. The original assignments were made on the basis of the alleged com- 
parative facility with which the methoxycarbonyl groups underwent epimerization 
(IS). A reinvestigation of this subject led to the conclusion that dregamine does 

TABLE 2. Plant sources of 2-acylindole alkaloids. 

Plant 

Aspidosperma dasycarpon 
A .  subincanum 
Catharanthus lanceus 
C. roseus 
Ercatamia orieittalis 

E .  pamhcaqui 
Gabunza eglandulosa 
H .  coffeoid es 
H .  coslata 
H .  membranacea 
Hazunta modesta 

H .  silicicola 
Hunteria eburnea 
Muntafara sessil$olia 
Ochrosia balansae 
0. poweri 
Pagaantha cerijera 
Panduca boiteaui 

1 

-1 
Alkaloads Plant Alkalozds 

lA, 1B P .  caduczfolaa 5.4, 9D 

3.4, 3E P . deb r a y  5 A 
3 .A P .  mznutzflora 13F 

1 c  P .  calcarea 1 5.4 

5-4, 5B. 8D, 9E, Pescheiraafinis ~ 3C, 3F 
9F P.  laeta i 3F 
5B Pzcralina nitida ~ 6A 
3 4  3F Plezocarpa talbotzi i 3D 
9B, 9C Rauwolfia perakensis I 3F 
8B. 9C R .  discolor 19c 
8B; 9C 
3F, 4C, 5A, 5B, T .  coronaria 5A, 5B 
8 A ,  8B, 9-4, 9B, T .  diz'aricata 1 5B 

Tabernuemontanu accedens 1 3G, 4.4, 4B 

9C. 9D, T .  elegans 1 5A, 5B 
9B. 9.4. 9C T .  mucronato 5B 

I ,  - 
I 

5-4, 5B 
6B 
31, 311 
3F 
2, 8B, 8D 

T .  psgchotr<folia 
T'inca difformis 
T'oacanga africana 
T'. chalotiunu 
V .  drege i  
1'. thouurs i i  

13b 
13K 

14C, 4D 
3F, 35, 3L 

15a 
i 3A, 3F 
I 
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undergo major epimerization to 16-epidregamine on treatment with sodium 
methoxide, while tabernaemontanine yielded two epimeric lactams in addition 
to small amounts of epitabernaemontanine. Because of this finding and other 
evidence, the assignment of configurations of the ethyl side chains were reversed 
to those given in this ieview (34). In  independent work, Potier's group showed 
that tabernaemontanine and dregamine can be converted to ervatamine and 
20-epiervatamine, respectively, and also determined the structure of ervatamine 
by X-ray crystallography (33, 56). 

The stereochemistry of vobasine has been shown to be as indicated by correla- 
tion with akuammidine (4, R1= COOCH3, Rz = CHzOH, Ra = H, HO group replaced 
by H) (8). Since the absolute stereochemistry of akuammidine is known from 
X-ray studies (58, 59), this work establishes the absolute configuration of vobasine 
and perivine. A more recent study compared the circular dichroism spectra of 
vobasine, dregamine, tabernaemontanine, perivine, periformyline, pelirine, ochrop- 
amine, and 16-epiochropamine and concluded that all these alkaloids have the 
same absolute configuration (60). 

The proton nuclear magnetic resonance ('H nmr) spectra of the vobasine 
alkaloids carrying a methoxycarbonyl group in the 16-position shows an interesting 
upfield shift of the methyl protons of the carbomethoxy group to approximately 
2.6 ppm. This shift has been shown to be due to anisotropic shielding by the 
indole nucleus, and it is not observed in the epi-series (20). A second feature of 

Q/Jz 122 

SCHEME 1 
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1) P -NO,C,H,CO,H 

2) 'CF,CO),O 

H I  
H 

Reduction 

CH,CH, CH,CH3 

9D 

SCHEME 2 

interest in the 'H-nmr spectra of certain vobasine class alkaloids is that some 
expected singlet peaks can appear either as two distinct signals or can be entirely 
absent from the spectrum. This finding can be explained in terms of interconvert- 
ing isomers, and it was shown that all of the alkaloids investigated did indeed 
give the expected sharp single peaks for methoxyl and S-methyl groups at 12OOC 
(12). It is interesting to note that the W-nmr spectrum of perivine shows signals 
for 34 carbons, presumably due to the existence of both acyl indole (3, R1= 
COOCH3, R2= R3 = R? = R j  = H) and carbinolamine (4, Rl = COOCH,, Rz = R3 = H) 
forms in solution (61). 

CH:OCC 

10 

I I 
OH OH 

7 

SCHEME 3 



518 Journal of Katural Products [Vol. 44, No. 5 

The mass spectra of the vobasine alkaloids have been discussed previously 
(59, 60). In  vobasine itself it is postulated that the major ions at  m / z  194, 180, 
and 122 are formed by the pathway of scheme 1 below (IS), while analogous ions 
are formed from related compounds (16, 29, 54, 64-66). 

A com- 
pound with structure 3 (RI = CH20H, R2 = H, Ra = CH3, R4 = H, R j  = ll-OCH,) 
has been synthesised from gardnerine and has been shown not to  be identical 

The structure of the alkaloid pelirine (3H) is a t  present,uncertain. 

1) LiAv& 

3) Polyphosphate 
ester 
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with pelirine (67); differences in the uv spectra of pelirine and the synthetic com- 
pound suggest. that pelirine differs in the position of its methoxyl group, but the 
question is not yet settled. 

The alkaloid voacafricine (3 J) may well be identical with vincadiffine (3K) 
since it has very similar physical properties. Unfortunately the lack of a specific 
rotation and other data for voacafricine makes a definite conclusion impossible 
a t  this time. 

The structures of the alkaloids of the ervatamine series are on secure ground 
since they rest on X-ray structures of both ervatamine (33) and 16-descarbo- 
methoxy-20-epiervatamine ( 5 3 ) .  The literature is somewhat confusing on the 
matter of the assignment of the side-chain configurations, but it is clear that the 
absolute stereochemistry of the ethyl side-chain in 16-descarbomethoxy-20- 
epiervatamine (which is stated to be identical with silicine (50) ) is a (53) and 
that it has the R configuration. The structures given in the tabulation are 
correct, based on the identity of silicine with 16-descarbomethoxy-20-epiervat- 

2 )  M31 
3 )  i W A G  

OH 

SCHWE 5 
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H H 
CCOCH 

H-k+H CHjN Et 1B + 1c 

I 

S C H ~ E  6 

COOCH 

\ 1% HQ 

Tabemamine (12") 

SCHEME 7 
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amine, and a manuscript correcting some incorrect assignments (47, 53) is in 
preparation (93). 

SI-h-TmsIs.-Several synthetic studies on the 2-acylindole alkaloids have 
appeared in the last few years. The conversion of vobasine alkaloids to ervatamine 
alkaloids has already been referred to. Vobasine itself was converted to dehydro- 
ervatamine, dregamine to 20-epiervatamine, and tabernaemontanine to ervatamine 
(33). The pathway for the last of these conversions is shown in scheme 2 below, 
and it has an obvious implication for the biosynthesis of the ervatamine alkaloids. 
The key step of the Polonovski reaction in this conversion has been studied with 
dregamine with various acylating agents, and it was found that a trifluoroacetate 
leaving group is required for conversion to  the ervatamine series to occur (68). 
Various other interconversions leading to 2-acylindole alkaloids are summarized 
in a recent review (67). Thus geissoschizine methyl ether (10) has been converted 
to burnamicine (7) (scheme 31, and the partial synthesis of one of the possible 
structures for pelirine has been noted. 

The total synthesis of vobasine, ervatamine, and dasicarpidone alkaloids has 

CH O K  CH3 
I 

G . ”  

SCHEME 8 
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also been achieved. In  the vobasine area, dregamine and epidregamine have 
been synthesized from L-tryptophan by the pathway summarized in scheme 4 
(69, 70) ; 16-desmethoxycarbonylvobasine (3, R1= Rz = H, R3 = CH3, R4= RL = H) 
has also been synthesized (72a). In  the ervatamine series the alkaloids (+)-6- 
oxosilicine, ( +)-desethylervatamine, (*)-15,20-dehydroervatamine, and ( +)- 
16,20 epi-Sa-methylervatamine have been synthesized (50, 71, 72b). The 
pathway to 6-oxosilicine (9A) is summarized in scheme 5 .  Two approaches to 
(*)-dasicarpjdone and its 3-epimer have been published (78, 79), and are sum- 
marized in scheme 6. 

The conversion of ervitsine (2) into a hydrogenation product of methuenine 
(8B) furnished evidence for the structure of the former alkaloid. 

Finally, it should be noted that the 2-acylindole alkaloids supply a portion 
of the molecule for the important bisindole alkaloids of the voacamine class. 
The synthesis of these alkaloids can be effected from the 2-acylindoles and an 
appropriate second substrate; an example is the synthesis of the cytotoxic alkaloid 
tabernamine (11) from vobasinol and ibogamine (scheme 7) (73). 

0 

/ 

/ 1 -coz 

1 , 2  addition i reduction 

SCHEME 9 
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BIosYsTHEsIs.-h spite of the widespread occurrence and importance of 
the 2-acylindole alkaloids, no biosynthetic studies on them have been reported 
to date. The biosynthesis of ajmaline, which is clearly structurally related to 
alkaloids of the vobasine class, has been studied, however, and this work has been 
reviewed (88). It has been proposed that ajmaline (15) is biosynthesized from 
5a-carboxystrictosidine (12) via an electrophilic imine 13 which cyclizes to a 
sarpagine-type alkaloid 14. This alkaloid is then suggested to undergo further 
cyclization to ajmaline (15), but it could also undergo oxidative ring cleavage 
to a vobasjne alkaloid such as vincadiffine (3K) (scheme 8). 

The rearrangement of the vobasine alkaloids to the ervatamine alkaloids 
previously mentioned provides a logical biosynthetic pathway to the latter alkaloids 
and makes less likely an earlier suggestion for their biosynthesis (88). A plausible 
pathway that incorporates both ervitsine (2) and the ervatamine alkaloid methu- 
enine (88) from the same precursor (vobasine) is shown as scheme 9 (57). 

LITERATURE CITED 
1. J.  -4. Weisbach and B. Douglas, Chem. Ind. (London), 623 (1965). 
2. J.  A. Weisbach and B. Douglas, Chem. Znd. (London), 233 (1966). 
3. W. I .  Taylor in R. H .  F. Manske, ed., "The Alkaloids" volume XI ,  Academic Press, Inc. ,  

New Tork, S.T. 1968, p. 61. 
4. S.  Seuss "Physical Data  of Indole and Dihgdroindole Alkaloids", Lilly Research Labora- 

tories, Indianapolis, Indiana, Vol. I 1964, Vol. I1 1964-1968. 
5. 31. Hesse, "Indolalkaloide in Tabellen", Springer-T-erlag, Berlin, Hauptwerk 1964, 

Erganzungswerk 1968. 
6. W .  D.  Loub, S.  R. Farnsworth, R. S.  Blomster, and W. W. Brown, Lloydza, 27,470 (1964). 
7. G. H. Svoboda, J .  .Am. Pharm. Assoc . ,  Sci. Ed., 47, 831 (1958). 
8. G. H. Svoboda, S .  Seuss,  and hl. Gorman, J .  .Im. Pharm. ASSOC.,  Sci. Ed., 48, 659 (1959). 
9. M. Gorman and J .  Sweeney, Tetrahedron Lett., 3105 (1964). 

10. D.  G. I. Kingston, B. T .  Li, and F. Ionescu, J .  Pharm. Sa. ,  66, 1135 (1977). 
11. V.  C. Agwada, Y. hlorita, U. Renner, 11. Hesse, and H .  Schmid, Helo. Chim. Acta, 33, 

1001 (1975). 
12. R. Ottinger, J .  C. Braekman, J .  Pecher, and R. H. Martin, Tetrahedron Lett., 4889 (1966). 
13. J .  -1. Weisbach, R. F. Raffauf, 0. Ribeiro, E .  Macko, and B. Douglas, J .  Pharm Scz., 52, 

350 (1963). 
14. 11. P. Cava, S. K. Talapatra, J. A. Weisbach, B. Douglas, R. F. Raffauf and 0. Ribeiro, 

Chem. Ind. (London), 1193 (1961). 
15. J. Saranjo, 31. Pinar, M. Hesse, and H. Schmid, He1.L'. Chzm. Acta, 55, 752 (1972). 
16. D.  J Abraham, K .  R. Farnsworth, R .  S.  Blomster, and -4. J. Sharkey, Jr.,  Tetrahedron 

Lett., 3 1 i  (1965). 
17. E. AI. Maloney, S.  R .  Farnsworth, R. S.  Blomster, D .  J .  iibraham, and il. G. Sharkey, Jr., 

J Pharm. S a . ,  54, 1166 (1965). 
18. U. Renner, D. A. Prins, A. L. Burlingame, and K. Biemann, Helz. Chzm. Acta, 46, 2186 

(1963). 
19. U. Renner, Eiperzentia, 15, 185 (1959). 
20. M. P .  Cava, S. K. Talapatra, J .  A. Weisbach, B. Douglas, and G. 0. Dudek, Tetrahedron 

Lett., 53 11963). 
21. H. Budzikiewicz, C. Djerassi, F. Puisieuu, F .  Perchero, and J .  Poisson, Bull. SOC. Chzm. 

F r . ,  1899 (1963). 
22. C .  Renner and D. .4. Prins, C h i m a ,  15, 321 (1961). 
23. A. rlhond, A . 3 1 .  Bui, P .  Potier, E.  W. Hagaman, and E .  Wenkert, J .  Org. Chem., 41, 178i 

(1976). 
24. H. iichenbach and E .  Schaller, Chem. Ber., 108, 3842 (1975). 
25. A4. K. Kiang and A. S. C.  Wan, J .  Chem. SOC.,  1394 (1960). 
26. B. Douglas, J .  Kirkpatrick, B. P .  Moore, and J. -4. Weisbach, A u s t .  J .  Chem., 17, 246 

(1961). 
27. K.  V.  Rao, J .  Org .  Chem., 23, 1455 (1958). 
28. 11. Falco, J. Garnier-Gosset, E. Fellion, and J .  Le Men, Ann. Pharm. Fr.,  22, 455 (1964). 
29. B. C. Das, J. Gamier-Gosset, L. Le hlen and 31. 11. Janot, Bull. SOC.  Chim. Fr . ,  1903 (1965). 
30. H. Achenbach and E .  Schaller, Tetrahedron Lett., 351 (19761. 
31. 51. Denayer-Tournay, J. PCcher, R .  H. Martin, 31. Friedman-Spiteller, and G .  Spiteller, 

Bull. SOC. Chzm. Belges, 74, 170 (1965). 
32. J.  C. Braekman, M. Kaisin, J .  PCcher, and R .  H .  Martin, Bull. SOC. Chzw. Belges, 75, 465 

(1966). 



524 Journal of Natural Products [Vol. 44, s o .  5 

33. A. Husson, Y. Langlois, C. Riche, H.-P. Husson, and P. Potier, Tetrahedron, 29, 3095 
(1973). 

34. J. R.  Knox and J. Slobbe, A u s t .  J .  Chem., 28, 1843 (1975). 
35. N .  Keuss and N. J. Cole, Experzmentza, 15, 414 (1959). 
36. bl. Gorman, N. Neuss, N. J.  Cole, and J. -4. Deyrup, J .  Am. Chem. Soc., 82, 1142 (1960). 
37. B. Talapatra, A. Patra,  and S. K.  Talapatra, Phytochemistry, 14, 1652 (1975). 
38. R.1. Zeches, M.-?rl. Debray, G. Ledouble, L. Le hlen-Olivier and J. Le Men, Phytochemistry, 

14, 1122 (1975). 
39. K .  Raj, A. Shoeb, R .  S. Kapil, and S. P. Popli, Phytochemzstry, 13, 1621 (1974). 
40. P. Lathnillihre, L. Olivier, J.  Levy and J. Le Men, A n n .  Pharm.  Fr., 28, 57 (1970). 
41. A.  N.  Ratnagiriswavan and K.  Venkatachalan, Quart. J .  Pharm.  Pharmecol., 12, 174 (1939). 
42. S. A. Warri and B. Ahmed, Pakzstan J .  Sa. ,  1, 128 (1949). 
43. A. C. Santos, G. Aguilar-Santos, and L. L. Tibayani, Annales Real .  Acad.  Farm. ,  31, 3 

(1965). 
44. M. F. Bartlett and W. I .  Taylor, J .  Am. Chem. Soc., 85, 1203 (1963). 
45. G. Ledouble, L. Olivier, hl .  Quirin, J. Levy, J .  Le Men, and M. M. Janot, Ann. Pharm.  Fr., 

22, 463 (1964). 
46. J .  Levy, G. Ledouble, J .  Le Men, and M. M. Janot, Bull. SOC. Chzm. Fr., 1917 (1964). 
47. A.-H. Bui, hl.-M. Debray, P. Boiteau, and P .  Potier, Phytochemzstry, 16, 703 (1977). 
48. J. R. Knox and J .  Slobbe, A u s t .  J .  Chem., 28, 1825 (1975). 
49. J .  R. Knox and J .  Slobbe, A u s t .  J .  Chem., 28, 1813 (1975). 
50. F. Reis, K.  Bannai, and H.-P. Husson, Tetrahedron L e f t . ,  1085 (1976). 
51. H.-P. Husson, K.  Bannai, R .  Freire, and B. Mompon, Tetrahedron, 34, 1363 (1978). 
52. V. Vecchietti, G. Ferrari, F. Orsini, F. Pelizzoni, and A. Zajotti, Phytochemistry, 17, 835 

(1978). 
53. A. Shafiee, A. Ahond, A.-I\.I. Bui, Y. Langlois, C. Riche, and P. Potier, Tetrahedron Let t . ,  

921 (1976). 
54. G. Combes, L. Fonzes, and F. Winternitz, Phytochemzstry, 7, 477 (1968). 
55. M. Andriantsiferana, F. Picot, P. Boiteau, and H.-P. Husson, Phytochemistry, 18, 911 

119791. 
56. 
57. 

58. 
59. 
60. 
61. 
62. 

63. 

64. 
65. 
66. 
67. 
68. 
69. 

70. 
71. 

72. 

73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 

81. 

82. 

83. 

E. Riche, Acta  Crystallogr., Sect. B ,  30, 610 (1974). 
M. Andriantsiferana, R. Besselievre, C. Riche, and H.-P. Husson, Tetrahedron Lett.,  2587 
(1977). 
S .  Silvers and A. Tulinsky, Tetrahedron Lett.,  339 (1962). 
S. Silvers and A. Tulinsky, Acta Crystallogr. ,  16, 579 (1963). 
K. Bliha and J. Trojanek, Coll. Czech. Chem. Comm., 38, 929 (1973). 
D. G. I. Kingston, unpublished work. 
H.  Budzikiewicz, C. Djerassi, and D.  H.  Williams, “Structure Elucidation of Natural 
Products by Mass Spectrometry, Vol. 1, “Alkaloids,” Holden-Day, Inc., San Francisco, 
1964, p. 68. 
M. Hesse “Progress in Mass Spectrometry, Vol. 1, “Indolalkaloide,” Verlag-Chemie, 
Weinheim, 1974, p. 165. 
R. H.  Burnell and J. D.  hledina, Canud. J .  Chem., 49, 307 (1971). 
G. Ferrari, 0. Fervidi, and hl. Ferrari, Phytochemzstrg, 10, 439 (1971). 
G. Combes, L. Fonzes, and F. Winternitz, Phytochemistry, 5, 1065 (1966). 
S. Sakai. Heterocvcles. 4. 131 (1976). 
P. Mangeney, Teirahedron, 34, 1359 (1978). 
J. P. Kutney, G. K .  Eigendorf, H. Matsue, A. hlurai, K.  Tanaka, W. L. Sung, K.  Wada, 
and B. R .  Worth, J .  A m .  Chem. Soc., 100, 938 (1978). 
J. P. Kutney, Heterocycles, 8, 813 (1977). 
H.-P. Husson, K.  Bannai, R. Freire, B. hlompon, and F. A. M. Reis, Tetrahedron, 34, 1363 
(1978). 
a) Y. Langlois and P .  Potier, Tetrahedron, 31, 419 (1975). 
b) Y. Langlois and P .  Potier, Tetrahedron, 31, 423 (1975). 
D. G. I .  Kingston, B. B. Gerhart, and F. Ionescu, Tetrahedron Let t . ,  649 (1976). 
J. A. Joule, M. Ohashi, B. Gilbert, and C. Djerassi, Tetrahedron, 21, 1717 (1965). 
J .  A. Joule and C. Djerassi, J .  Chem. SOC., 2777 (1964). 
A. J. Gaskell and J .  A. Joule, Chem. Ind. (London), 1089 (1967). 
J. Bruneton, J .  L. Pousset, and A. CavB, C. R. Acad.  Sci . ,  Ser .  C, 273, 442 (1971). 
L. J. Dolby and H. Biere, J .  Am. Chem. Soc., 90, 2699 (1968). 
A. Jackson, N .  D.  V. Wilson, A. J. Gaskell, and J.  A. Joule, J .  Chem. SOC. ( C ) ,  2738 (1969). 
M. J. Hoizey, hl. hl. Debray, L. Le Men-Olivier and J .  Le Men, Phytochemistry, 13, 1995 
(1974). 
J. hl. Panas, B. Richard, C. Potron, R. S. Razafindrambao, M. M. Debray, L. Le Men- 
Olivier, J .  Le Men, A. Husson, and H.-P. Husson, Phytochemistry, 14, 1120 (1975). 
E. Bombardelli, A. Bonati, B. Danieli, B. Gabetta, and G. Mustich, Phytochemistry, 13, 
2857 (1974). 
B. Gabetta, E. hlartinelli, and G .  Mustich, Fitoterapza, 45, 32 (1974). 



Sep-Oct 19811 IGng5ton and Ekundnyo : 2-.Ac\-lindole AAlkaloids 525 

84. 

85. 
86. 
87. 

3. Petitfrere, A .  11. Norfaus, 11. hl.  Debray, L. Le Men-Olivier and J. Le Men, Phyto- 
chemistry,  14, 1648 (1975). 
B.  Gabetta, E. Alartinelli, and G .  Mustich, Fitoternpin,  46, 195 (1975). 
H.  P .  Ros, E .  Schopp, and 11. Hesse, Z. LVutlurforsch, 33c, 290 (1978). 
Z .  1-oticki-. L.  Jahodar. and 11. P .  Cava. Coll. Czech. Chem. Comm.. 42. 1403 11977). , ,  ~I 

88. C;. A. Coidell, Lloydia,’37, 219 (1974). ’ 

89. 
90. 
91. 

92. 

93. P. Potier, personal communication. 

E. E. Tan Tamelen and L. K.  Oliver, Bioorg. Chem., 5 ,  309 (1976). 
A . 3 1 .  Bui, B. C. Das and P. Potier, Phyiochemistry, 19, 1473 (1980). 
.4.-11. Bui, P. Potier, 11. Urrea, A. Clastres, D. Laurent, and hl.-M. Debray, Phyto- 
chemistry,  18, 1329 (1979). 
B .  Gabetta and G .  1lustich, “Spectral Data  of Indole Alkaloids”, Inverni Della Beffa, 
Milan, 1975. 


