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.~BiTR.~cT.-.lksgerine (31 \vas isolated from three different species oi  Souili 
. lmerican S f ry i i i i a s :  from S .  gordiieri h. D.C. iRio de Janeiro, Brazil,, togerher 
x i t h  ll-niethos~-diaboliiie (2) : froni .S. joberliilnti Baillon (Brazil), togerher n-ith 
disboline ( 1 ) :  and from 5'. p, i r ;<fo l imi  1l .C.  (Bahia, Brazil). 

In rrcent year. a large number of nen indole alhaloid. have been isolated from 
Loganiaceae. mainly froni the S t ryc lmos  genus (15). Biogenetic relation-hips 
betn eeii the various alkaloid. of thi. famil) and the .tructurally related al1,aloids 
of the A l p o c ~  naceae were -uggested and partiall) confirmed ( i G ) .  

In the course of our reqearcli. diaboline (l), C-curarine. and other quaternary 
dimeric alkaloid. n ere i,olated from the root bark of a sample of Strychiios gardiieri 
-4. D.C. (Prance et Silva j X % P ) ,  collected in the State of Goias in Central Brazil 
( l i ) .  X -ample of root bark of the same species, collected in the State of Rio de 
Janeiro (Grajau) 11 a. reinveqtigated. TTe identified t u  o tertiar) alkaloid-. 11- 
methoxydiaboline (2), previously found in many American Strychiios -pecies I 13). 
and, wrprisingly, akagerine (3) ~ -0 far iqolated from Xfrican Strychtios only. 

From the root bark of another South American Strycliiios, 5'. parzi'olia D.C., 
collected in the State of Bahia (Brazil), akagerine (3) na. iqolated as the -ole 
tertiar:, alkaloid present. wherea. qeveral quaternary alkaloids. .till under exami- 
nation, n ere detected by tlc and paper chromatographic anal+.. h previous 
sample of S. par :  ijoiolia D.C., erroneously identified as rubig inosa  (is), collected by 
Duelie in the State of Pernambuco (Brazil). shoned a good curarizing actixity. 
Several k n o ~  n quaternarj alkaloid; were detected, iuch as calebassine, alkaloid I, 
fluorocurarine, fluorocurinine. and mavacurine (18). Tertiary alkaloid. of t liiq 
>ample have not been examined. 

Finallv. another South American Strychiios, S. jobertiaiia Baillon. 11 a- ex- 
amined From the root barh of this sample, collected in the State of Bahia 
(Brazil). diaboline (1) and akagerine (3) n ere isolated, together lvith quaternary 
alkaloid. >till under examination. In preriou- n orks on S. jober t iana ,  the pre.ence 
of quaternary alkaloid, having a certain curarizing activit) n ere found in the first 
sample. collected b;\ Duche near l lanaos (Brazil) (19); nhereas. in a -wand 
simple. o n l ~  tn-o tertiarj alkaloid., diaboline (1) and jobertine (0-acet! ldiaboline 
B) (4). n ere identified (20). 

So far. akagerine (3) ha. been found in S. usambare l i s i s  hj- dngenot et a l .  (211, 
in S. carizptoiiezwa by Terpoorte et a l .  (Z), artd, together n i t h  the isomer kribiiie, 

'For the papers I-SIX see ref. 1. Subsequently the follov-ing Strpchms species have 
been investigated: S .  i i z i ~  >'oiiiiCce L. (2, 7 ,  l l ) ,  S .  pizntlniexsis Seem. ( 3 ) ,  S .  ronieii-belenii Krukoff 
and Barnehj- ( A ) ,  S. teboscnne Sprague and Sandwith ( 5 ) ,  S. medeolri Sagot ex Progel f F i ,  S. 
anzasonice Krukoff (8), S. bruchiata Ruitz e t  Pavon (8), S. jetzdleri Sprague and Sandn-irh (9, 
12) ,  S. nigriiana Bak (lo),  S .  riibiginose D.C. (13 ) ,  S. spinosa Lam (14). 
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in S. dale and S.  elaeocarpa by Rolfsen et al. (23). We have isolated akagerine, 
kribine, and 10-hydroxyakagerine ( 5 )  from S. sp i f zosa  (14) and again akagerine, 
kribine and dimeric tertiary alkaloids, the nigritanins, from S.  itigritana (10). 
These results enabled us to propose that akagerine could be the intermediary of 
the biosynthesis of nigritanins (24). 

The simultaneous occurrence of akagerine in American and African Strychnos, 
together with strychnine-type of alkaloids (diaboline, curarine), suggests its pos- 
sible role in the biogenetic pathway of these alkaloids. In  fact, akagerine may be 
correlated with M7.G. aldehyde (6), the immediate precursor of diatioline and 



SOV-DEC 19801 MIRISI-BETTOLO ET AL. : STRI-CHSOS ALKALOIDS '719 

bisquaternary alkaloids; liou-ever. so far the only biogenetic pathn-a!- for S f r y c h ~ ~ o s  
alkaloids, demonstrated by feeding experiments, has geissoscliizine as the key 
intermediary (25). 

The correlation is easier between geissoschizal ( 7 )  (and other secondary 
metabolites of Loganiaceae and Apocynaceae as normacusine B and alstonidine) 
and akngerine through the opening of the azacyclopentane ring and loss of the 
M e - S  group (see figure). 

EXPERIMESTXL? 
M\TERI.~L.--S. gardiieri  A .  D.C.,  root bark collected in the State of Rio de Janeiro (Grajafii 

(Brazil) by L. E. De Nello filho, 200 g: S. jobertinna Baillon, root bark co1,lected in Brazil, 
Prance 3943, GOO g: S. par;$oZie D.C., root bark collected in the State of Bahia (Brazil), S. -4. 
Mori and T .  S. dos Santos 11795, TOO g. 

ExTR.icTIos.-The root bark was powdered and extracted with 2% aqueous acetic acid 
until a negative Dragendorff reaction occurred. The pooled liquids were made alkaline to 
pH 8..i with sodium carbonate. The alkaline solution was extracted with chloroform, and the 
solvent was then evaporated iii : 'ucuo. From the aqueous phase, acidified at pH 5, the quatern- 
ary alkaloids were precipitated by the addition of potassium mercuric iodide (1-alser reagent). 
The precipitate was separated by filtration on a gooch filter, and R-ashed several times with 
water. The solid was dissolved in acetone-H20 ( l : l ,  v lv) ;  the solution n-as percolated through 
a column of -4mberlite IRA100 (Cl-) to convert the compounds into the corresponding chlorides. 

SEPARITIOS OF TERTIARY .ILK.ALOIDS BY COUSTER CURREST DISTRIBL-TIOS (CCD) .-The chloro- 
form extract x-as separated b?- CCD between chloroform and a phosphate buffer (mobile phase) 
at  the reported pH (see below) (26) in a Craig Post apparatus (200 stages, 1O:lO ml, upper and 
lower phase). The separation n-as folloffed by tlc on silica gel F,,, with the solvent benzene- 
ethyl acetate-diethylamine (5:1:1, v v v) .  hlkaloids m-ere extracted with chloroform from 
the aqueous phase after alkalinization with the sodium carbonate. The identification xvas 
made by the analysis of their spectroscopic data (uv, ir, nmr, ms and ord) and by direct coni- 
parison with authentic specimens. 

RESGLTS 
90 mg, mp 214-6" C 

(lit. 216' (4) )  from ethyl acetate, C22H2iS2OI, 11- at a i d :  382, [ L Y ] ~ ~ D = $ ~ ~  (c 0.5, CHClj); 
akagerine (3) ,  purified at  pH 5.2  (KrKb=T s l0-ljs, 150 mg, mp 185-6" C (lit. 158" (21)) from 
ethyl acetate-hexane, C20HZdS202, 11- an vi1 'r 324, [CP:D= -11 (e 0.5, CHC13): quaternary 
alkaloids (Cl-): 1 g. 

S. iobertimiin: d i a b o h e  (l), purified at  pH 6.4 (K,Kb=g x 520 mg, mp 18T-9" C (lit. 
189" ( 2 7 ) )  from ethyl acetate, C21HPdX208, M'at i d z  352, [ C Y ] ~ ~ D =  -36 (e 0.8, CHC151: akagerine, 
2850 mg: quaternary alkaloids (C1-j: 1.5 g. 

S. p?r;,<fo?in: akagerine, 4550 mg; quaternary alkaloids (Cl-): 6 g. 

We are indebted to Dr.  B. -1. Krukoff for providing and identifying the plants (S. j .  and 

5'. gcrdner i :  11-methoxydiaboline (21, purified at  pH 6.4 (K,Kb=Gx 
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S .  p . ) .  

Recei;,ed 15 February 1980. 

.I voucher of each sample is kept at the S.  T. Botanical Garden. 
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