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F r o m  the combined e therea l  alkaloids obtained f rom the epigeal pa r t  of Vinea he rbaeeae  [1], by so l -  
ubili ty d i f fe rences  and chromatography  on a column of a lumina we have i so la ted  two new alkaloids,  which 
we have cal led herbadine and herbamine .  

Herbadine has mp 206-208°C (decomp.,  acetone) (I). UV spec t rum:  hmax 238, 292 nm (log e 3.84, 
3.55), which is  cha r ac t e r i s t i c  for  indoline alkaloids.  The IR spec t rum shows the absorpt ion  bands of a 
disubst i tuted benzene r ing (760 cm-1), of an e s t e r  carbonyl  group (1720 cm-1), and of a secondary  nitrogen 
a tom (3380 cm- i ) ,  and a broad band at 3390-3460 cm -1 apparent ly  due to a hydroxy group. The UV and IR 
s p e c t r a  of (I) p roved  to be s im i l a r  to those of vincar ine  [2]. 

The m a s s  spec t r a  of the base showed the peaks  of ions with m / e  368 M+ (32%), 252 (4), 251 (3), 168 
(2), 167 (3), 166 (3), 158 (1), 157 (1), 143 (23), 130 (10), 117 (100), which a r e  c h a r a c t e r i s t i c  for  alkaloids of 
a jmal ine  type [3, 4]. 

The NMR spec t rum of (I) showed the s ignals  of an ethylidene group (doublet at 5 1.55 ppm, 3H and a 
quar te t  with i t s  center  at 6 5.07 ppm, 1H), of a methoxy group (3.64; 3H), and of an NH group (6.07; 1H, 
singlet),  and a broadened one-proton singlet  at 4.57 ppm which we have ass igned  to C~4H. 

The above facts  show that herbadine is  an indoline der ivat ive  and i ts  s t ruc tu re  is  s i m i l a r  to that of 
v incar ine  and ajmal ine.  Acetylat ion of the base  with acet ic  anhydride gave a N,O-diacetyl  der iva t ive  (II), 
in the m a s s  spec t rum of which intense peaks  of ions with m / e  452 M+, 424 (M-28)  +, 410 (M-42)  +, 392 
(M-60)  + were  observed.  The IR spec t rum of (II) contained an absorpt ion band at 750 cm -1 and broad bands 
at 1640-1690, 1740-1760, and 3400-3460 cm -1 showing that the base has two hydroxy groups,  one of them 
being secondary  and the other  t e r t i a ry .  

Since the he te rocyc l ic  skeleton of (I) i s  based on the a jmal ine  nucleus,  we m a y  suggest  two poss ib le  
posi t ions for  the secondary  hydroxy group: C21 and CtT. The choice was made on the basis  of the r e su l t s  
of a compar i son  of the chemical  shifts  of the pro tons  at C17 and Czl in the NMR spec t r a  of the alkaloids 
v incar ine ,  a jmal ine ,  and herbadine.  The C2t posit ion for  the secondary  hydroxy group in (I) p roved  to be 
the mos t  acceptable .  To conf i rm this,  substance  (I) was reduced with sodium t e t r ahydrobora t e  giving a 
dihydro base (Ill). I t s  IR spec t rum differed f rom that of the init ial  base by two absorpt ion  bands at 3330 
and 3350 cm -1, apparent ly  showing the p r e s e n c e  of two secondary  ni t rogen a toms  in (III). 

The NMR spec t rum of (III) lacked the signal at 4.57 ppm (C21H) and showed the signals  of an e thyl-  
idene group (doublet at 1.50 ppm and quar te t  at 5.12 ppm), a COOCHa group (3.53 ppm, 3H), an NH group 
(singlet at 5.56 ppm, 2H), and two hydroxy groups (3.85 ppm, 1H, and 5.30 ppm, 1H). 

When (llI) was boiled with acet ic  anhydride in the p r e sence  of pyr idine,  a t e t r aace ty l  der iva t ive  (IV) 
was fo rmed  (M + 538). I ts  NMR spec t r a  showed two s ix -pro ton  singlets,  which we a sc r ibed  to N - C O C H  3 
(2.28 ppm) and OCOCH 3 (2.04 ppm). Consequently,  the reduction of herbadine with sodium borohydride is  
s i m i l a r  to the reduction of a jmaline [3]. The secondary  hydroxy group in (I) is  located at C21. On the ba-  
s is  of ce r t a in  analogies  with alkaloids of s i m i l a r  s t ruc tu re  [5], the t e r t i a r y  hydroxy group m a y  be located 
at C 2 or  C~. 
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Herb~mtne (V) has mp 176-179°C (decomp.), and its D-V spectrum [kma ~ 250, 295 nm (log ~ 3.82, 
3.28)] is  cha rac te r i s t i c  for  substi tuted indoline bases. The IR spec t rum shows a broad band of hydroxy 
groups (3400 cm-1), the band of a nonconjugated carbonyl group (1740 cm-1), and the band of a 1,2-disub- 
sti tuted benzene r ing (745 cm-1). 

The mass  spec t rum shows the peaks of ions with m / e  382 (50%5, 168 (1), 167 (35, 158 (55, 157 (255, 
144 (255 and 131 (1005. The resu l t s  of a compara t ive  study of the mass  spec t ra  of the bases show that 
herbadine and herbamine  a re  s t ruc tura l ly  s imi la r ,  differing f rom one another  by one N - C H  3 group. 

The NMR spec t rum of herbamine shows the signals of an ethylidene group (doublet at 1.50 ppm, 3H, 
and quar te t  with i ts  center  at 5 5.07 ppm, 1H), a N - C H  3 group (singlet at 2.72 ppm, 3H), a methoxy group 
(singlet at 3.54 ppm), and four a romat ic  protons  (multiplet at 6.12-7.00 ppm). 

The facts given show that herbamine is a N-methyl  der ivat ive of herbadine.  To conf i rm this,  the 
cor responding  methiodides were  obtained f rom herbamine and herbadine,  and f rom these the qua te rnary  
der ivat ives  (VI) were  isola ted by passage through a column of alumina. The products  were  identical  in 
the i r  Rf values and mass  spect ra .  The mass  spec t rum of (VI) showed a low-intensi ty peak with m / e  397 
(M-OH) + and s t rong peaks at m / e  396 (M-HzO) + and 382 (M-CH3OH) +. The format ion of the peak with 
m / e  396 (M-H20) + pe rmi t s  the assumption that in herbamine and herbadine the t e r t i a r y  hydroxy group is  
located at C 2. 
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The" facts  given above have pe rmi t t ed  the s t ruc ture  of 2 ,21-dihydroxy-17-deoxyvincar ine  to be p ro -  
posed for herbadine and N(a)-methyl-2 ,21-dihydroxy-17-deoxyvincar ine  for  herbamine.  

EXPERIMENTAL 

Herbadine dS. The combined ethereal alkaloids (20 g) dissolved in 0.i M citric acid were separated 
on a column of alumina. Benzene, benzene-ether, chloroform, and chloroform-methanol eluates were 
collected. The chloroform and the chloroform-methanol eluates were combined and rechr0matographed 
through a column of alumina. The treatment of the benzene eluates with acetone gave 1.8 g of a faintly 
colored microcrystalline base - herbadine. 

N,O-Diacetyl-(15 g/). A solution of 60 mg of the base in i0 m[ of acetic anhydride was heated in the 
water bath for 8 h. This gave 45 rag of an amorphous substance with M + 452. NMR spectrum, ppm: 1.60 
5.53 (= CH-CH3) , 2.13 (OCOCH3) , 2.27 (N-COCHs) , 3.50 (COOCH3) , 5.06 (C21H). 

Dihydro-(1) dlI). With stirring, 0.5 g of sodium tetrahydroborate was added to a solution of 70 mg of 
the base (I) in 50 ml of methanol. The yield of the dihydroherbadine was 55 rag, mp 238-240°C (decomp., 
acetone), M + 370. 

Tetraacetyl-(III) (IV). A solution of 50 mg of (lIT) in i0 ml of acetic anhydride was boiled in thepres- 
enee of pyridine for 6 h. This gave 40 mg of (IV), M + 538. IR spectrum, cm-l: 1600, 1650-1670, 1750- 
1760. 

335 



Herbamine  (V). The f rac t ion  of the combined e therea l  a lka lo ids  soluble in 15~o c i t r ic  acid was sep-  
a r a t ed  in a column of alumina.  After  the v incar ine  had been eluted, the ch loroform eluates  by t r ea tmen t  
with methanol  deposi ted 2 g of herbamine ,  mp 176-179°C (decomp.),  [ a ] ~ 0  ± 5 ° (c 0.7; chloroform).  The 
NMR s p e c t r a  were  taken on a JNM-4H-100/100 MHz ins t rument  (HMDS as in ternal  s tandard,  6 scale) ,  
(I-IV) in D-pyr id ine  and (V) in CDC13. 

SUMMARY 

The new bases herbadine and herbamine have been isolated from the epigeal part of Vincaherbaceae. 

A comparative study of IR, UV, NMR, and mass spectra and chemical properties has established the 
structure of 2,21-dihydroxy-17-deoxyvincarine for herbadine and N(a)-methyl-2,21-dihydroxy-17-deoxy- 
vincarine for herbamine. 
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