
V i n c a  A L K A L O I D S  
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The  p l a n t  V inca  ( f r o m  the  l a t i n  v i n c e r e . -  to  conquer )  i s  so  c a l l e d  b e c a u s e  of  t he  e v e r g r e e n  l e a v e s  in 
m a n y  of  i t s  s p e c i e s  [1]. P l a n t s  of  t h e  genus  V inca  (pe r iw ink le )  ~ b e l o n g i n g  to  the  f a m i l y  A p o e y n a c e a e ,  a r e  
r e p r e s e n t e d  b y  98 s p e c i e s  [2], of  w h i c h  V_. rosea~  V. l a n c e u s ,  and  V._.. p u s i l l u s  a r e  a s s i g n e d  to  t he  i n d e p e n d e n t  
g e n u s  C a t h a r a n t h u s .  A t o t a l  o f  e i g h t  s p e c i e s  of  V i n c a  h a s  b e e n  i n v e s t i g a t e d ;  45 a l k a l o i d s  w e r e  i s o l a t e d  f r o m  
V___. minor~  21 f r o m  V__~. m a ~ o r ,  61 f r o m  V__:. e r e c t a ,  22 f r o m  V__. h e r b a c e a  D 11 f r o m  V-- l i b a n o t i c a ,  7 f r o m  V. 
e l e g a n t i s s i m a ,  5 f r o m  V. p u b e s c e n s ,  and  9 f r o m  V. d i f f o r m i s .  It m u s t  b e  m e n t i o n e d  tha t  32 b a s e s  a r e  found 
in s e v e r a l  s p e c i e s  of  V inca ,  the  m o s t  w i d e s p r e a d  p r o v i n g  to  b e  v i n c a m i n e ,  v i n c a m a j i n e ,  r e s e r p i n i n e p  m a j d i n e ,  
and  i s o m a j  d ine ,  t h e s e  b e i n g  found in  5 s p e c i e s ,  w h i l e  e igh t  b a s e s  a p p e a r  in 3 s p e c i e s .  

In s u m ,  f r o m t h e  28 s p e c i e s  of  V i n c a  tha t  have  b e e n  s t u d i e d  117 a l k a l o i d s  have  b e e n  i s o l a t e d  ( the  s t r u c -  
t u r e s  of  13 b a s e s  have  not  y e t  b e e n  d e t e r m i n e d  a n d  t hey  a r e  t h e r e f o r e  not  given}: 

I .  I N D O L I N E  D E R I V A T I V E S .  c t - M E T H Y L E N E I N D O L I N E  A L K A L O I D S  

Ntb) 

1. Vincanine R=I~I--_H V. erecta [6], 
V. herbacea [2, 16] 

2. (+)-Vineanine R=R~=H V. erecta [35] 
3. Vineanine N-oxide N(b)*O V. erecta [88] 
4. Vincanidine gO=OH; RI=H V. erecta [34] 
5. Vineanieine R=OCH3; PI=H V. erecta [35] 
6. Akuammieine R=H; RI=OCH3 V. erecta [871, 

V. major [11], 
V. herbacea [2~ i 

7. Vinervine R=OH; R1=OCH3 V. erecta [87] 
8. Vtnervinine R=RI=OCH3 V. erecta [361 

H CBOCH3 

9. (--)-Vincadifformine R=t~t=R~= H V. erecta [89], 
V. minor [2] 

,10. Ervinidinine R=R~=H; RI=O V. erecta [43] 
11. Methoxyvincadif- R=OCH3; RI=R2=H V. erecta [44], 

formitie V. minor [101] 
12. Methoxyvincadif- R=OCH3; Rt=R2=H; N(b)-~O V. erecta [80] 

lorraine N-oxide 
13. Minovineinine R----R~=H; R:=OH V. minor [2] 
14. Tabersonine R=Rt=R.~=H; A 14' 15 V. herbacea [2], 

V. llbanotica [71] 
15. Methoxytabersonine R=OCHa; R,=R2=H~; ,~z4, 15 V. erecta [90], 

V. herbacea [2] 
16. Ervincinine R=OCH3; R~=O; R2=H V. erecta [90] 
17. (±)-Vineadifforrnine R=RL=R.2=H V. minor [2], 

V. dlfformis [2] 
18. Minoviaeine R=Rt=H; R~=O V. minor [2] 
19. Methoxyminovineine R=OCHa; R~=H; R..=O V. minor [2] 
20. N~-Metltyivincadif £- R=RI=R2=H; N(a~--CHs V. minor [21 

formine 
21. Methoxyminovinei- R=OCi~3; Rt=H; R2=OH V. minor [2] 

nine 
22. 5-Oxominovineine R=H; R~=R°=O V. minor [2] 
23. Loehnerinine r~=R~=Re=I:t; CI4 ' i5--O-- V. herbacea [2] 
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24, Ervinidine 

.9.5. Kopsinine 
26. Kopsinine N-oxide 
27. Kopsinilam 
f18. 14,15-Epoxykop- 

sinine 
29. Venalstoniae 

H COOCH z 

Indoline alkaloids 

R R, 
N4 

H COOCH s 

R = R I : H  
R=Rt=H, N(b~O 
R=O; R~=H 
R=RI=H; Cz4, 15-O-- 

R=R~:H; A 14, z~; 

30. 3-Oxodehydrokop- 
sinine 

31. 3-Oxodehydrokop- 
sinine N-oxide 

-32. Kopsinilamine 

33. Pseudokopsinine 
34. Pseudokgpsinine 

~-oxiae 
35. Pseudokopsinine hy- 

droxymethylate 

R=H; Pl=O; A14' 15 

R---H; RI=O; N(b)~O; Z 14' I5 

R=O; RI=H; N(b)-OH; A 3" 4 
or R = o ;  RI=OH. 

N(bg° 
N / C H s  

(b) '~Ott  

36. Kopsanone lactone 5 

! 

H 

37. N~tiMethylaspidos permi- 

38. N- Methyl- Az4, ,1.5 - dehy dro - 
asp~os~ermiozne 

I 
gH~ 

39. Vineoline 

40. Vincarine 

41. Majoridine 

~-I3H a 

R ~ OR'Rt 

a 

R--Rt=R3=R,=H; R2=COOCHs; 

R=OCHs; Rt=Ac; R~=Ra=H; Rt----CHa 

42. Vincamajoreine R=OCH3; R1=P._,z=R3=H; R4=CHa 

V. erecta [43] 

V. erecta [93] 
V. erecta [94] 
V. erecta [90] 
V. erecta [91] 

V. erecta [88], 
V. libanotiea [71] 
V. herbacea [21] 
V. erecta [88] 

V. erecta [77] 

V. erecta [92] 

V. erecta [12] 
V. erecta [941 

V. erecta [95] 

V. erecta [90] 

V. minor [2] 

V. herbacea [221 

V. llbanotica [103]. 

V. erecta [55] 
V. herbacea [191 
V. major [13] 
V. pubescens [5], 
V. erecta [771 
V. major [15], 
V. elegant lssima. 
[1021 
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43. Vineamajine 

44. Herbaline 

45. Herbamine 

46. Quebraehidine 
47. Vincamedine 

R=Rt=R3=H; R.2=COOCH3; R4=CH3 

R=Rt=R~=H; R2=COOCHs; Rs=OH 

R=Rt=H; R.=COOCHz; Rz=OH; 
R4=CH3 
R=R~=R3=R~=H; R2=COOCH3 
R=Ra=H; Rt=Ac; R~=COOCH3; 
R~=CH3 

a0. " c°OeHs 

48. Akuammine R= H 

49. O- Methylakuammine R ~...~- C H3 

50. Pierirtine 

51. Vincaricine 
59. Vincarinine 

R~ COOCH s 

R=RI=H 

R=OCH3; Rt=H 
R=OCH~: R~=CHO 

V. naajor [15], 
V. difformts [2], 
V. pubescens [5], 
V. erecta, 
V. herbacea 
V. herbacea [20]. 
V. libanotica [571 

V. herbacae I201, 
V. libanotica 158[ 
V. libanotica [71] 
V. difformls [2], 
V. major [21, 
V. erecta 

V. erecta [96], 
V. major [11], 
V. herbacea [15] 
V. erecta [91] 

V. erecta I601, 
V. minor [107], 
V. llbanottca [71] 
V. erecta 161] 
V. erecta [62] 

53. Vineofidine 
54. Vineovine 

R ~ ~ t  C,,,ll [JgH3 

R=H; R~=O 
R=OCH3; R~=H 

II. Indole Derivatives 

V. minor [21 
V. minor [106] 

R, 

55. Quebraehamine R=RI=R2=H 

56. N-Methylquebr.achamineR=R~=H; Rt=CH 3 
• 57. Vineadiae R=R~= H; R2=COOCH3 
.58. Vineaminoreine R=H; Rt=CHs; R.2=COOGHz 
.59. Vineaminorine R=H; Rt=CHa; R..=COOCHz 
60. Vineaminoridine R=OCH3;  RI=CH3; R2=COOCHz 

R N 

R~ R F  J 

R=R3--~H; RI=OH; R2=COOCH3 ,61. Vincamine 

V, minor [2] 
V. ereeta I90] 
V. minor [2] 
V. minor [21 
V. minor [2] 
V. minor f2 ~ 
V. m inor 

V. minor [66], 
V. erecta [93], 
V. dlfformis [2], 
V. major [2], 7 
V. herbacea [21. 

499 



62. 16- Epivincalnine 
63. (-)-Eburnamonine 

64. Vineine 

65. (--}- Eburnarnine 

66. (±)-Ebumamine 
67. Apovineam.ine 
68. Eburnamenlne 
69. ( -- ),- Eburnamenine 
70. (m}-Isoebumamme 
71. t ~.]Methoxyburnamo- 

nine 
72. 11,, 12- Dimethyloxy- 

eournamorline 
73. Vineaminine 
74. Vincinine 

75. Hydroxyvincamine 

76. T ombozine 
77. O- Bermoltombozine 
78. Ervincidine 
79. Akuamtn£dine 

80. Lochnerine 

81. Lochvinerine 
82 Vellosimine 
83" 10.Methoxyvellos- 

• imine 
84. Sarpagine 

85. 11- Hydroxypleio- 
earpamine 

86. Hervine 

87. Vincadiffine 

88. Reserpinine 

R=Ra=H; RI=COOCHa; R~=OH 
R=Ra=H; RI, R~=O 

R=OCH~; R~=OH; R.=COOCHa; 
Ra=H 
R=RI=Ra=H; R:=OH 

R=RI:Ra=H; R_.=OH 
R=Ra=H; R:=COOCHa; A 16' 17 
R=Ra=H; Rt=H; A 16' 17 
R=Ra=H; R~, R:=O 
R=R2=Ra=H; RI=OH 
R=OCH£ RI, R.~=O; Ra=H 

R=OCHa; R1, R~=O;Ra=H. 

R=H; RI=OH; R::COOCHs; R3 =O 
R=OCHa; Rt--OH; R2~COOCH3; 
Ra=O 
R:H;  R~=Ra~OH; R2=COOCHa 

RI R 

R~ 

R=RI=Re=H; Ra=CH.~OH 
R=RI=R2=H; Ra=CH20COCaH5 
RI=OH: R=R2=H: Ra=CH~OH 
R2=COOCHa; R=RI=H; Ra=CH=OH 

R=OCHa: Rt=R~=H; Ra=CH=OH 

R=OCHa; RI=R:=H; Ra=CH=OH 
R=OCHa; RI=Rz=H; Ra=CHO 
R=OCHa; R~=R==H; Ra=CHO 

R=OH; Rt=Ra=H; Ra=CH2OH 

800CH s 

CH20H 
8 

CH= 0~ -"~0  

R=H; R1-----OCHs; .,16 z7 

V. minor [21 
V. erecta [90], 
V. minor [21 
V. erecta [79], 
V. minor [2] 
V. erecta [90], 
V. minor [2] 
V. erecta [90] 
V. erecta [90] 
V. mlAor [21 
V. minor 12] 
V. minor [21 
V. minor [21 

V. minor [2] 

V. minor [2] 
V. minor [2] 

V. minor [2] 

V. erecta [90] 
V. erecta [94] 
V. erecta [97] 
V. erecta [90], 
V. difformls [2] 
V. elegaatissima 

[1021 
V. major [108] 
V. d|fformis [2] 
V. minor [21, 

V. erecta 
V. difiormis [2] 

V. erecta [73] 

V. herbacea [2, 72] 

V. d lfformis [21 

V. erecta [98], 
V. major [14], 
V. pubescens 

[3,4l, 
V. herbacea 

[2, 16, 17], 
V. ltbanotlca [711 
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89. Isoreserpfline 
90. Ervine (raunitieine) 

91. H erbaine 
92. Herbaeeine 

93. 5a-Carboxy- 
strietosidine 

94. Reserpine 

95. Vinoxine 

R=RI=OCH~; A I6' I7 
R=RI=H; A16, 17 

R=H; Rt=OCH3 
R=RI=OCH3 

D'CsH6(OAc) . 

CH3 ' H .H 

.-H ~_{ OCH a 
t, H300 C nor" ; T  'O-C'{ ~-OCH a 

nCH ~ "=<~ 
~ u OCH 3 

c~.ooc" ' ~  

V. erecta [30] 
V. erecta [67], 
V. major [15], 
V. llbanotlca [71] 
V. herbacea [2,!99] 
V. herbacea, 

[2, 99]] 

V. elegantissima 
[1091 

V. minor [9, 101 

V. minor [2] 

96. Carapanaubine 
97. Vineiine 
98. Vinerine N-oxide 

99. N-Acetylv~nefine 

100. Vineridine 
101. Vinefidine N-oxide 

102. Vinerine 
or 

103. Majdine 

104. Isomajdine 

105. Herboxine (elegan- 
tissine) 

106. 16-.Carboxyherba- 
wne 

107. Isoelegantissine 

107a.Herbaline 

HI. OXINDOLE DERIVATIVES 

R ~ = N (b) 

R=RI=OCH3; R2=R3=H; R4=CH3 
R=R~=Rz=H; RI=OCH3; R~=CH3 
R=R~=R3=H; RI=OCHa; R4=CH3; N{b~o 
R=R2=H; RI=OCH3; R3=Ac; 

R4 = CH3 
R=R2=R~=H; RI=OCHz; R4=CH3 
R=R~=Ra=H; RI=OCH3; R4=CHs N(b)~o 
R=R3=H; RI=OCH3; R2=OH; 

R4= CH3 
R=Ra=H; RI=OH; R2=OCHa; 

R4 = CH3 
R=Rz=H; Rz=R~=OCH3; R4=CH3 

R=R3=H; RI=R~=OCH3; R4=CH3 

R=R3=H; RI=R2=OCHz; R4=CHs 

R=Rs=H; RI=R2=OCH3; R4=H 

R=R3=H; RI=R2=OCHo; R4=CH3 

R=RI=OCHz; R:=R3=H; R4=CH3 
(16, 17-dihydro) 

V. pubescens [3, 4] 
V. erecta [74 I 
V. erecta [77] 

V. erecta [79] 

V. erecta [74] 
V. erecta [80] 

V. erecta [83] 

V. major [11]. 
V. herbacea [2, 18], 
V. erecta [80], 
V. pubescens [6], 
V. elegantissima 

[102J 
V. major [14[, 
V. pubescens [6], 
V. herbacea 

[2, 171, 
V. elegantlsslma 

[ 1021 
V. herbacea [27], 
V. elegantiss ima 

[102] 
V. herbacea [100] 

V. elegantlssima 
[1021 

V. herbacea [2] 
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108. Vincafine 

CH3 COOOH 8 

IV. 3H-INDOLE DERIVATIVES 

V. minor [2] 

109. Dehydroaspidosper- 
mid e 

N~L. ~ ~r---r~~ V. erecta 1901, 
V. minor [21 

R OAt 

110. VinoS.he R=R,=H V. minor [104] 
111. lO-MethoxyvinoNne R=OCHa; R~=H V. erecta [85] 
112. Majofinine R=OCH3; R~=Oft V. major [151 

& ~* GGOGH a 

113. 10-Methoxydeacet- R=OCH3; Rt=CH2OH V. minor [105] 
ylam2arnrniline 

114. Deacetylakuam- R = H; R~ =CH2OH V. m inor [105] 
miline 

115. Vincamidine R=R~ = H V. m lnor [2], 
V. Iibanotica [71] 

OTHER ALKALOIDS 

~CHa or 

t16. Monoterpenoid V. major [321 
alkaloid 

OCH~ 

OCH 3 

117. Skimmianine V. erecta [31], 
V. herbacea [311 

F i v e  s p e c i e s  of V inca  grow on  the  t e r r i t o r y  of the  USSR. The c h e m i c a l  s tudy of t h e s e  p l a n t s  was  begun  
by  A. B. Orekhov and  h i s  co l l e agues  in  the  1930,s .  They  showed that  the  p l an t  V. m i n o r  co l l ec t ed  at  the  Lt tben-  
skaya  E x p e r i m e n t a l  S ta t ion  (Ukraine)  con ta ins  a c o n s i d e r a b l e  a m o u n t  of a lka lo id s  and  f r o m  the ep igea l  p a r t  of  
V. p u b e s c e n s  g rowing  in  the  r e g i o n  of Gagra  they  i s o l a t e d  r e s e r p i n e  a nd  c a r a p a n a u b i n e  [3, 4]. Subsequen t ly ,  
i n a j o r i d i n e ,  ma j  d ine ,  and  i s o m a j d i n e  w e r e  i s o l a t e d  f r o m  the  ep igea l  p a r t  of the  p l an t  cu l t i va t ed  in  T b i l i s i  
[5, 6]. 

Only two a lka lo id s  - v i n c a m i n e  [7, 8] and  r e s e r p i n e  [9, 10] - have  b e e n  i s o l a t e d  f r o m  V. m i n o r  g rowing  
in  the  U k r a i n e  and  in  the  e n v i r o n s  of Moscow. 
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V__. ma jo r  is an evergreen decorative plant. Its epigeal part  collected in Tashkent at Tbilisi has been 
studied chemically. Akumamine, reserpinine,  ervine, majdine, isomajdinej vincamajine, vincamajoreine, 
majorinine, majoridine, and akuamrnicine were isolated [11-15]. 

Intensive investigations of the alkaloids of the roots and epigeal part  of V__. herbacea growing in Georgia 
and Azerbaidzhan are  being performed: 20 bases have been isolated [16-27]. 

~inca erec ta  Rgl. et Schrnaltu is a perennial plant which is widely distributed in the mountain and foot- 
hill regions of Central Asia [28]. Investigations have shown that while the qualitative composition of the com- 
bined alkaloids of its roots (vincanine, vincanidine) does not vary appreciably with a change in its growth site 
and with the vegetation period, the pattern is different in the epigeal part  of the plant. The alkaloids isolated 
in greatest  amount from V. erecta  collected in the Fergana oblast (kopsinine, l -vincadifformine), the Osh 
oblast of the KirgSSl~ (pseudokopsinine), the Tashkent oblast (the hydroxyindole bases vinerine and viner i -  
dine), and the Surkhandar'ya oblast of the UzbekSSR (the phenolic alkaloid vinervine), and at Sagir-Dashte~ 
TadzhSSR (l l -hydroxypleiocarpamine,  vincamine) proved to be different and with different structures.  In 
this respect ,  V. erecta  is a c lear  example confirming the law pronounced by S. Yu. Yunusov previously that 
each plant organ may contain qualitatively and quantitatively different alkaloids according to the growth site 
and the vegatation period and may be considered as an independent object of investigation [29]. 

From this plant alone, with the aid of modern methods of separation (different solubilities of the bases 
and their  salts,  countercurrent  distribution according to basicity, ion-exchange resins,  and columr~ thin- 
layer,  and paper chromatography), 30 known and 31 new alkaloids have been obtained~ including 7 oxides, d , l -  
vincanine, d,/-eburnamonine, and d~l-eburnamine [30]. 

Thus, 75 alkaloids have been isolated from plants of the genus Vinca growing in the t e r r i t o ry  of the 
USSR. 

The Vinca alkaloids are  derivatives of indoline, indole, hydroxyindole~ and 3H-indole. 

I I L 
H H H 

The indole derivatives include the nucleus of aj maline - 8 alkaloids; that of akuammine-picrinine - 7 
alkaloids; that of aspidospermine-kopsinine - 31 alkaloids; and that of akuammieine - 8 alkaloids. The last 
two groups are  subdivided according to their  chromophoric system into derivatives of indole (30 alkaloids} 
and of a,methyleneindoline (24 alkaloids). 

The indole derivatives are  the most  diverse in structure and contain the heterocyclic rings of quebrach- 
a m i n e -  6 alkaloids; of v i n c a m i n e -  15 alkaloids; of tombozine-p le iocarpamine-  12 alkaloids; of heteryohim- 
bane - 6 aIkaloids; and of yohimbane (reserpine}. 5 a-Carboxystr ictosidine and vinoxine are  somewhat un- 
usual and have no structural  analogs. 

Except for  vincatine, all 12 hydroxyindole alkaloids are s tructural  analogs of carapanaubine. Vincatine 
is the only hydroxyindole alkaloid containing the heterocyclic skeleton of aspidospermidine. 

3H-Indole derivatives are  few in number and a re  represented by bases containing the nuclei of aspido- 
spermidine, ajmaline, and picrinine. 

SkAmmianine (117} and another~ u_unamed, monoterpenoid alkaloid (116) are  the f i rs t  representatives of 
the furanoquinoline and pyridine bases detected in plants of the genus Vinca. Both physical (IR, UV, NMR, 
and mass spectra~ ORD~ X-ray structural  analysis, etc.} and also chemical methods of investigation have 
been used to identify and prove the s t ructure  of the alkaloids found. 

I n d o l e  D e r i v a t i v e s  

-Methyleneindoline Alkaloids. Alk~oids of this type have, in the a position to the indoline nitrogen 
atom, Na, a double bond conjugated with a carbonyl group: in vincanine (1) [33], vincanidine (4) [34], and 
vincanicine (5) [35] the double bond is conjugated with an aldehydic earbonyl group and in vinervine (7) [34] 
and vinervinine (8) [36] it is conjugated with an es te r  carbonyl group. While the UV spectra of compounds 
containing an aldehyde group absorb at 240-245~ 290-300, and 365-375 rim, the UV spectra of bases having 
COOCH~ in place of CHO show absorption maxima in the 225-235,290-300, and 330-335 nm regions. All the 
compounds mentioned are  derivatives of akummmicine (6) and contain a hetorocyclic skeleton which includes 
18 carbon atoms. 
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Another group of ~-methyleneindole alkaloids contains the heterocyclic skeleton of vincadifformine (9) 
(including 19 carbon atoms). 

The conjugated double bond at C2-C16 is readily reduced by zinc in sulfuric acid and by sodium te t ra -  
hydroborate  with the formation of the corresponding indoline basis -2 ,16-d ihydro  derivatives. The ethylidine 
double bond character is t ic  for  the akuammicine group is not affected under these conditions. 

On being heated with hydrochloric acid in a sealed tube [34], vincanidine and vinervine form one and 
the same 3H-indole base (I). 

To prove the s t ructure  of vinervine, passage through alammmicine was effected by eliminating the 
phenolic hydroxyl of vinervine. 

Reduction of the tosyl e s t e r  of tetrahydrovinervine (II) in the presence of Raney nickel catalyst gave 
fetrahydroakaammicine (III) [37]. 

Vincanine (1), on reduction with sodium in ethanol, forms two products [33]; tetrahydrovincanine 
C 19H24N 20 and deoxytetrahydrovincanine CtgH24N2. Tetrahydrevincanine proved to be identical with the 18- 
deoxy derivative of the Wieland-Gumlich glycol (IV), which is a product of the decomposition of strychnine 
[38]. On this basis,  the s t ructure of norf luorecurarine has been proposed for this base [39]. 

By performing mutual transit ions it has been shown that the OH and OCHa groups of vincanidine, vin-  
canicine, vinervine, and vinervinine occupy the same positions. As the result  of a study of the chemical 
shifts and sp in - sp in  coupling constants of the signals of the aromatic protons in the NMR spectra of v iner-  
vinine and its dihydro and N-acetyldihydro derivatives it has been established tha the OCH8 group in it is 
located at C12. Consequently, in vinervine, vincanidine, and vincanicine the OH and OCH 3 groups likewise 
occupy the C12 position in the aromatic  ring [40]. 

(4) R=H (7~ R=OCH a z 

II llI 

H CH20 H 
]I/ 

The chemical proper t ies  and spectral  methods of proving the s tructure of the a -methyleneindoline 
alkaloids of the vincadifforrnine type are  s imilar  to those for  the alammmicine group. Ervinidinine (10) and 
ervincinine (16) are  new vincadifformine derivatives [41]. 

The mass  spectrum of ervinidinine has the peaks of ions with m/e  352 (M+), 320 (M - CH$OH) +, 214 
(M -138)  +, and 138. The maximmn peak with m / e  214 shows that (10) belongs to alkaloids of the vincadiffor- 
mine type and the th i rd  oxygen in the base may be present in the piperidine o r  the pyrrolidine ring. The IR 
spectra of (10) and its 2,16-dihydro derivative contain a band that is character is t ic  for  a lactam carbonyl 
group and, consequently~ it may be present  at C 3 or  C_~. The magnitude of the absorption of the -I~ - CO 
group in dihydroervinidinine (1675 cm -1 ) showed that the CO group is present  at C 5 of the pyrrolidine ring 
[42]~ and ervinidine has the s t ructure  of 5-oxovincadifformine. This was confirmed by the formation of vin- 
cadifforminol (V) when (10) was reduced with lithium tetrahydroaluminate [43]. 

H CI30CH~ H OH2PH 

oo) It=H; (m)R=OCH a ~ R=H 
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Ervincinine is a methoxy der ivat ive  of ervinidinine and, since the IR spec t rum of the base  shows the 
p r e sence  of a l r2 ,4 -subs t i tu ted  benzene ring,  the methoxy group may  be in the C10 o r  Cli  position. 

According to i ts NIVIR spec t rum,  the methoxy group is located at Cll [44] and, thus,  ervincinine has the 
s t ruc tu re  of 11-methoxyervinidinine  [45]. 

The UV spec t rum of ervinidine (24) is s imi l a r  to those of v incadif formine and ervinidinine,  and the IR 
spec t rum differs  f rom the speet rarn  of (10) by the p re sence  of the absorpt ion  band of a ketonic carbonyl  
group. 

The m a s s  spec t rum of the base  contains the peaks with m / e  368 (M +) 340 (M - 28) +, 228 ,214 ,  168, and 
154. The appearance  of a s t rong peak with m / e  340 (M - 28) + shows that  in the base  the ketonic carbonyl  
group is possibly at iached d i rec t ly  to a lac tam carbonyl ,  i .e . ,  ervinidine contains the grouping (a). Then 
ervinidine will have a s t ruc tu re  v e r y  close to that of ervinidinine.  In the mass  s p e c t r o m e t r y  of ervinidine,  
the C6-C  7 bond is f i r s t  cleaved,  and t l~n  carbon monoxide is spl i t  out and an ion with m/e  340 is fo rmed,  
and a s t rong peak of an ion with m / e  168 apparent ly  a r i s e s  as  the r e su l t  of the cleavage of the C17-C20 bond. 

0 

H COOCH3 

° ~r--N¢"~ . 

T " T16 

H COOCH 3 H COOCH~J 

(24) ~ +] 

o 

coocH, 
role '168 role 340 

The reduct ion of ervinidine with li thimn te t rahydroa lmnina te  fo rms  a mix tu re  of substances  with tool. 
wL. 326, 324, and 312 (mass  spec t romet r icaHy) .  The substance with tool. wL. 312 is identical  with (V) a c c o r d -  
ing to i ts Rf  values  and mass  spec t rum [43]. The r e su l t s  given show that ervinidine has the s t ruc tu re  (24) 
which is ve ry  c lose ,  on the one hand, to vineadine [47] and, on the o ther  hand, to ervinidinine [43]. 

Indoline Alkaloids. F o r  the indoline bases ,  in which the conjugated double bond at C2-C16 is lacking, 
the p r e s e n c e  of two absorpt ion  max ima  in the UV spec t ra  in the 245-250 and 295-310 nm regions is cha r ac -  
t e r i s t i c .  One of the indoline alkaloids p resen t  in V__~. e r ec t a  -pseudokops in ine  (33) - contains the he te rocyc l ic  
skeleton of kopsinine. Its IR spec t rum has the absorpt ion bands of a secondary  ni t rogen atom, an e s t e r  c a r -  
bonyI, and a disubst i tuted benzene ring. The NiVfR spec t ra  of kopsinine and pseudokopsinine differ  mainly  by 
the p r e s e n c e  in the IatLer of the signal of  a - C H - C H  3 methyl  group (0.82 ppm, doublet).  

Chemical  p rope r t i e s ,  and also NIVIR and mass  spec t ra ,  have shown that pseudokopsinine belo~gs to 
alkaloids having a hexacycl ic  s t ruc tu re  of the type of vindolinine [48] and tuboxenine [49], and s t ruc tu re  (V1) 
in which the CI~ methylene  br idge conneetes  carbon  atoms C 6 and C20 has been  proposed  for  it  [12]. How- 
ever ,  in the spec t rum of i ts N-ace ty l  der iva t ives ,  unlike that of pseudokopsinine,  the re  is a one-pro ton  qua r -  
t e t  at  5.34 ppm, J1 = 12.0 Hz, J2 = 6.0 Hz, the nature  of the spli t t ing of which shows that it belongs to  a p r o -  
ton in terac t ing  with two naighboring vicinal  protons.  F r o m  its chemica l  shift,  the quar te t  may  be ass igned 
e i the r  to the signal of  C2H, when formulas  VII and VIII a r e  poss ible  o r  to the signal of C16H, when s t ruc tu re  
(33)  is possible .  

H COOCl'i 3 H n 
VI VII VIlr 

505 



The resul ts  of an x - ray  structural  investigation have shown the (-)-pseudokopsinine has formula (33) 
in whichthe  C19 methylene bridge connects the C2 and C20 atoms [50]. 

It must be mentioned that, in spite of the analogous absolute configuration for vindolinine [51, 52], the 
question of the s tereochemical  interrelationship of pseudokopsinine and 14r15-dihydrovindolinine remains 
open, since the chemical propert ies  of these compounds differ considerably [48]. 

Continuing an investigation of the alkaloids ofV.  erecta,  for  various organs of the plant a number of 
bases have been isolated which consist of dehydre, oxo, hydroxy, epoxy, N-oxide, and quaternary derivatives 
of kopsinine and of pseudokopsinine. The detection of such structural  analogs of the indoline bases is apppar- 
ently the consequence of the participation of the alkaloids in redox processes  taking place in the plant organ- 
ism [53, 54]. According to chemical propert ies  and spectral  results ,  vincarine (40) [55] is a s te reo isomer  of 
quebrachidine (46) [56]. On oxidation with lead tetraacetate  followed by reduction with sodium te t rahydro-  
borate these two bases give one and the same product, polyneuridine (IX). 

HO .COOCH s " CH2OH HO COOCH~ 

, N21 , O00CH 3 , N 

(40) ~x (4e) 

Consequently, (40) and (46) differ from one another by the mutual positions of the functional groups at C16 or  
C17. 

In quebrachidine the methoxycarbonyl and hydroxy groups are  in the cis positiorL[56]. If it is borne in 
mind that on passing from (40) and (46) to polyneuridine only the cleavage of the C7-C17 bond takes place, 
vincarine must  differ from quebrachidine by the configuration at C47 and have the s tructure of 17-epique- 
brachidine. 

In the s t ructure  of herbadine (44) and herbamine (45) proposed previously, the positions of the two 
hydroxy groups (C2 and C21) were  shown only provisionally [20]. Subsequently, these bases were also found 
in the plant V. libanotica. Comparative investigations of the NMR and high-resolution mass spectra have 
shown that in (44) and (45) the OH groups occupy the C s and C~7 positions [57, 58]. 

Vincaricine and vincarinine are  s tructural  analogs of picrinine. The main heterocyclic nucleus of these 
compounds, like that of the alkaloids vincanine and akuammicine, includes 18 carbon atoms. 

The mass  spectrmn of vincaricine (51) has strong peaks of ions with m/e 366 (M~, 350 (M--18) +, and 
269. The peak of the ion with m/e 269 is formed by the elimination of CO plus a C-COOCH s group [59], and 
the probable mechanism of the formation of the maxin~um peak of the ion with m / e  350 can be represented 
in the following way: 

COOC 

C 

(S l )  

$ 

" ~ [ ~ N ~  ~ n~u N ~.,~N~N~ 
• ~ ]  .CM ' 
~OOCH s ~O00H~ 

(M- iS) + 

Since the absorption band of a l~2,3-trisubstituted benzene ring was observed in the IR spectrtm~ of 
vincaricine and the NMR and mass spectra  showed the presence of an OCH 3 group, the hypothesis has been 
put forward that the base has the s t ructure  of Ce-OCH r o r  Cl2-OCH~-picrinine. The features of the NMR 
spectrtun of vincaricine in the region of aromatic protons showed that position 12 is the most probable, and 
therefore  the s t ructure  of 12-methoxypicrinine has been proposed for  it [60, 61]. 

A comparative investigation has shown that another indoline a lka lo id -  vincarinine (52) - has the s t ruc-  
ture of 16-formylvinearicine [62]. 

Thus, picrinine, vincaricine, and vincarinine, which have been found in V_. erecta,  are  te t rahydrefurano-  
indoline bases.  

On the basis of transit ions from picrinine to nor-C-f luorocurar ine (vincanine) [63] and from deacetyl-  
sktmmmiline to akuamrnicine [64], and also of the isolation from V.erecta of the alkaloids picrinine, vincari-  
cine, and vincarinine, together with alkaloids of the vincanine and akuammicine group, it has been concluded 
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tha t  the l a t t e r  a r e  poss ib ly  f o r m e d  f rom the i r  b iogenet ic  p r e c u r s o r s  p ic r in ine  and vincadinine [65]. In view 
of this ,  we cons ide red  it des i r ab le  to check the posi t ion of subst i tut ion of the HO and OCH~ groups  in the 
a r o m a t i c  r ings  of  vincanidine [34], vincanidine [35], v inerv ine  [34], and v inerv in ine  [36]. As was  found, in 
ac tual  fact  in these  alkaloids the subst i tut ing groups  occupy posi t ion C12 [40] as  in v inca r i c ine  and v i n c a r i -  
nine. 

I n d o l e  D e r i v a t i v e s  

The alkaloids  quebrechinine  and v incamine  a r e  the pa r en t s  of the co r respond ing  group of indole d e r i v a -  
t ives ,  which w e r e  f i r s t  i so la ted  f r o m  V_. m ino r ,  while v incamine  was one of the f i r s t  a lkaloids  found in plants  
of the genus Vinca [66]. Rese rp ine  is the s ingle  a lkaloid  of the yohimbane der iva t ives  and has  been  i so la ted  
only f r o m  V. m i n o r  [9, 10]. 

~Vhile a lkaloids  of the quebrachamine  and v incamine  type contain a C-ethyl  side chain, the m a i n  t o m -  
boz ine -p l e ioca rpamine  group contains an ethylidene side chain. The he te reyoh imbane  ba se s  contain the 
p y r a n  r ing  E with a C - C H  a side chain. 

Indole de r iva t ives  show absorp t ion  m a x i m a  in the UV region  at  about 224-226 ,240-245 ,  and 280-290 
I l I n .  

S p e c t ~ l  c h a r a c t e r i s t i c s  and chemica l  p r o p e r t i e s  show that  e rv ine  (90) belongs to the alkaloids of the 
he te royohimbane  group and is poss ib ly  a s t e r e o i s o m e r  of a jmal ic ine  o r  of  t e t r ahydrea l s ton ine ,  and t h e r e f o r e  
the de te rmina t ion  of the s t r u c t u r e  of e rv ine  reduces  to de te rmin ing  the absolute  configurat ion of the subs t i tu -  
ents  at  C3, C15 , C19 , and C20. 

H% H..H 

(~0) 

The r e su l t s  of a compara t i ve  invest igat ion of the NMR and m a s s  s p e c t r a  and some  chemica l  p r o p e r t i e s  
of e rv ine  have  shown that  in the b a s e  r ings  C/D a r e  t r a n s - l i n k e d  and D/E c is - l inked ,  and the C~s-CHs group 
has  the fiaxial  configurat ion [67]. It m u s t  be  o b s e r v e d  that  a s i m i l a r  s t r u c t u r e  has also bee  n p roposed  for  
raunl t ic ine  [68], but the me l t ing  points and speci f ic  ro ta t ions  of  rauni t ic ine  [69] and e rv ine  [70] d i f fered  
s t rongly ,  which did not p e r m i t  the identity of  these  subs tances  to be  a s sumed .  

11 ~ N - i -  
H 

m/e 18g÷R 

"l 
C85) 

m/e  196 

1.10% C1"12 

Recent ly ,  co r r ec t i ons  have been  made  in the constants  of  rauni t ic ine  g iven above [71] and they now coin-  
cide with those  fo r  e rv ine .  Another  indole a lkaloid  - herv ine  (86) - has  been  i so la ted  only f rom V. h e r b a c e a  
[72], and it m a y  be  cons ide red  as  a biogenet ic  p r e c u r s o r  of  s e v e r a l  groups  of ba se s .  This  a lkaloid will  a p -  
pa ren t ly  be  found in o ther  spec ies  of  Vinca,  as well. l l - H y d r o x y p l e i o c a r p a m i n e  (85) is a lso  s i m i l a r  in s t r u c -  
t u r e  to herv ine .  

ItS s t r u c t u r e  has been  shown on the ba s i s  of spec t r a l  c h a r a c t e r i s t i c s  and chemica l  t r ans fo rma t ions .  A 
c h a r a c t e r i s t i c  f ea tu re  of  l l - h y d r e x y p l e i o c a r p a m i n e  is its pecu l i a r  m e c h a n i s m  of f ragmenta t ion  on m a s s  
s p e c t r o m e t r y .  Toge ther  with a f i - ca rbony l  ion having m / e  169 + R, s tab le  ions cor responding  to ( M -  
COOCH~) + and to m / e  196 a r e  formed.  The probable  m e c h a n i s m  for  the f ragmenta t ion  of hydroxyp le ioca rpa -  
mine  is shown above [73]. 
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O x i n d o l e  D e r i v a t i v e s  

The oxindole a lkaloids  contain the he t e recyc l i c  s y s t e m  of sp i ro  [pyr ro l id ine-7 ,7 ' -ox indo le ]  and a r e  
s t r u c t u r a l l y  c lose  to the a lkaloids  of  the he te royohimbane  group. 

The chemica l  p r o p e r t i e s  and many  of the t r a n s f o r m a t i o n s  of the oxindole a lkaloids  a r e  explained by  the 
high r eac t iv i ty  of  the subst i tuent  at C 7. The i r  UV s p e c t r a  show one c h a r a c t e r i s t i c  absorp t ion  m a x i m u m  in 
the range  of 220-230 mn and a sma l l i n f l ex iona t  275-290 nm. 

The oxindole b a s e s  found in plants  of the genus y i n c a  a r e  s t r uc tu r a l  analogs  of carapanaubine  and di f fer  
by the na ture  and posi t ions  of the subst i tuents  and a lso  by the configurat ions at the C~ C15 , Cl~, and C20 
a s y m m e t r i c  cen te r s .  In addition, depending on the spat ia l  pos i t ion  of the subst i tuents  at C7, they m a y  be  
found in the f o r m  of two p a i r s  of  s p i r o i s o m e r s ,  such as ma jd ine - i soma jd ine  [12, 14, 17], v i n e r i n e - v i n e r i d i n e  
[74], etc.  

Spect ra l  c h a r a c t e r i s t i c s  have shown that  v iner ine  and viner id ine  a r e  i s o m e r i c  compounds,  and on being 
hea ted  in pry id ine  o r  ac id  solution they m a y  be conver ted  into one another .  In the p r o c e s s  of the mutual  
t r a n s f o r m a t i o n s  Of these  compounds the f l - amino lac tam group is involved, with the opening and r e a r r a n g e -  
m e n t  of the C$-C7 bond, which is  c h a r a c t e r i s t i c  for  p a i r s  of s p i r o i s o m e r i c  oxindole alkaloids [75]. 

The combinat ion of chemica l  p r o p e r t i e s  and the c h a r a c t e r i s t i c s  of the c i r c u l a r  d ich ro i sm and NMR 
s p e c t r a  have  p e r m i t t e d  the conclusion that  v ine r ine  (97) and viner id ine  (100) a r e  oxindole de r iva t ives  of  
he te royohimbane .  T h e i r  absolute  configurat ions have been  es tab l i shed  [76]: 

F--~N N 

(g7) (100) 

30 ~' u 

~ C O O C H  a 

When vinerine is heated in 10% acetic acid, isomerization takes place at the C3 and C 7 asymmetric 
centers [77] and a m~ tu re  of four substances is formed: vinerine, vineridine, and two iso compounds. One 
of the lat ter  resembles eaboxine [78], and the other is isomeric with vineridine at C~ 

When an a lkaloid  with a t r a n s - D / E  l inkage of the r ings  is i somer i zed ,  one of the a s y m m e t r i c  cen te r s  - 
C a o r  Cy - is involved, a consequence of which is the fo rma t ion  of two i s o m e r i c  compounds.  This fact  can be 
used  to de t e rmine  the absolute  configurat ions of the oxindole alkaloids.  

The aee ty la t ion  of v iner ine  with ace t ic  anhydride f o r m e d  a N - a e e t y l  de r iva t ive  (99) which was s u b s e -  
quently found in na ture  [79]. In the c i r c u l a r  d i ch re i sm (CD) s p e c t r u m  of (99) as  c o m p a r e d  with that  of (97) 
the  s igns  of  the m a x i m a  have changed and they have shif ted in the s h o r t - w a v e  d i rec t ion  [76]. Consequently,  
when v iner ine  is ace ty la ted  not only does the in t rednct ion of an aee ty l  group take p lace  but  a lso  i somer i za t i on  
at  the C 3 and C 7 ca rbon  a toms  and the invers ion  of the unshared  e l ec t ron  p a i r  on the N b n i t rogen a tom.  On 
the b a s i s  of  the s igns of the  m a x i m a  in the CD s p e c t r a  of N-aee ty lv ine r ine  it is poss ib le  to e s t ab l i sh  fo r  it 
the 3S, 7S conf igurat ion with the C = O  of the l a c t am group located  benea th  the plane of r ings  C, D, and E. 

The IR and NMR s p e c t r a  of v iner ine  and viner idine N-ox ides  a r e  bas i ca l ly  s i m i l a r  [77, 80], and in the 
m a s s  spec t rm~  of v ine r ine  N-ox ide  the peak  of the m o l e c u l a r  ion is twice as  s t rong  as  the peak  of the m o l e c u -  
l a r  ion of v iner id ine  N-oxide.  

It is known that  in the NMR s p e c t r a  of  the N-oxides  of  oxindole a lkaloids  having the anti  f o r m  of the 
l a c t am carbonyl  wi th  r e s p e c t  to the f r ee  p a i r  of e l ec t rons  of  the n i t rogen a tom t h e r e  is a c h a r a c t e r i s t i c  down- 
f ie ld shift  of the CsH a r o m a t i c  proton,  and in the m a s s  s p e c t r a  the intensi ty  of the peak  of the m o l e c u l a r  ion 
usual ly  exceeds  10%. 

The new oxindole alkaloid majd ine  (103) was  f i r s t  i so la ted  f rom V__~. maSor [11], and then f r o m  V. h e r b -  
acea  [2, IT].  Af t e r  a p r e l i m i n a r y  study of chemica l  p r o p e r t i e s  and spec t r a l  c h a r a c t e r i s t i c s ,  the hypothesis  
was  put f o r w a r d  that  majd ine  is poss ib ly  an i s o m e r  of the oxindole alkaloid carapanaubine  [12], but s u b s e -  
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quently,  in a study of the NMR s p e c t r u m ,  two one -p ro ton  doublets w e r e  found cor respond ing  to the or tho p r o -  
tons of an a r o m a t i c  r ing.  This  showed that  in majdine  the two methoxy groups  m a y  be  p r e s e n t  in posi t ions  9, 
10 o r  11, 12 [81]. Consequently,  fo r  an  unambiguous answer  to this quest ion the method of m e a s u r i n g  the in-  
t r a m o l e c u l a r  nuc lea r  Ove rhause r  effect  was  used, and this showed that  the two methoxy  groups  in maj  dine 
and i somajd ine  a r e  loca ted  at CI1 and C12 [82]. 

Vinerinine (102) is a new phenolic oxindole alkaloid. Its s t ruc tu re  and in te r re la t ionsh ip  with v iner ine  
and maj dine were  es tab l i shed  as  the r e su l t  of compara t ive  invest igat ions of chemica l  p r o p e r t i e s  and spec t r a l  
c h a r a c t e r i s t i c s  [83]. 

c,00~-~LN H R Ho. 
° - - ~  "CH 0 ~"3 

L; suu CHaOOG 
(183) (~02) 

In the investi~tion of the structure and stereochemistry of the oxindole alkaloids, two new isomers of 
majdine have been obtained [80]. It was established that the latter are spiroisomers at C 7 and the epiallo 
forms of majdine and isomajdine. One of these isomers - -  herboxine - has recently been found b~ two species 
of plants [27, 102]. Thus, the possibility of the existence and mutnal transitions of pairs of s p i r o i s o m e r i c  

oxindole alkaloids has been conformed. 

3 H - I n d o l e  D e r i v a t i v e s  

B a s e s  fo rming  der iva t ives  of 3H-indole a r e  few and they can be cons ide red  as  desmot rop ic  f o r m s  [84] 
of the indole a lkaloids  in which the subst i tuents  at  C 7 p o s s e s s  an i n c r e a s e d  reac t iv i ty .  

The reg ion  of adsorp t ion  m a x i m a  of 3H-indole ba se s  in the UV s p e c t r u m  is c lose  to that  of the spec t r a  
of indole der iva t ives ,  but they dif fer  substant ia l ly  in the intensi ty of the i r  absorp t ion  max ima .  The IR s p e c t r a  
of these  compounds show absorp t ion  bands in the 1630-1640 cm -~ region due to the s t re tch ing  v ib ra t ions  of a 
N = C double bond. 

The spec i f ic i ty  of the p r o p e r t i e s  of the 3H-indole  der iva t ives  of v inor ine  (110) and of 10 -me thoxyv ino r -  
ine (111) is shown in the p e r f o r m a n c e  of the t r ans i t ion  to tombozine  and lochner ine  (80) in l i thium t e t r a h y d r o -  
a luminate  reduct ion [85]. 

OAC 

1~11) ( 8 0 )  " 

The p r e s e n c e  in the spec t rum of (111) of s t rong  peaks  with m / e  198 ,199 ,  212, and 213 [73], which a r e  
c h a r a c t e r i s t i c  for  f l - ca rbo l ine  f r agmel~s  of  indole de r iva t ives  [86] shows that,  apparent ly ,  under  the conditions 
of m a s s  s p e c t r o m e t r i c  f ragmenta t ion  the re  is a p r e l i m i n a r y  t r an s fo rma t ion  of the 3H-indole b a s e  into a 1 H- 
indole base .  

Thus,  plants  of the genus Vinca contain indoline, indole, oxindole, and 3H-indole alkaloids.  Each of t hese  
groups  of a lkaloids  has its c h a r a c t e r i s t i c  r eac t ions  and spec t r a l  p r o p e r t i e s  and, m o r e o v e r ,  a n u m b e r  of func-  
t ional  groups  a r e  diagnostic  for  definite groups of alkaloids.  Consequently,  the identif ication of compounds 
belonging to the above-ment ioned  groups o r  the de te rmina t ion  of the i r  s t ruc tu re  can be  ef fec ted  compara t ive ly  
read i ly  with the aid of the combined use  of chemica l  and phys ica l  methods  of investigation.  In spi te  of the 
g rea t  s t ruc tu ra l  d i f fe rences  between these  compounds,  a definite in te r re la t ionsh ip  and mutual  t r ans i t ions  
exis t  which depend on the vegeta t ion pe r iod  and the organ  of the plant,  i .e . ,  the alkaloids take pa r t  in the r e -  
dox p r o c e s s e s  occu r r ing  in the plant  o rgan i sm.  The isolat ion of the cor responding  in te rmedia te  s t ruc tu ra l  
analogs in na ture  (see  above) and the obse rved  change in the quanti tat ive re la t ionships  between ce r t a in  a lka -  
loids is evidence in favor  of this hypothesis .  

In this connection, i t  is  in te res t ing  to o b s e r v e  that in the p l a n t s _ ~  e ree t a ,  V_~. m a j o r ,  V_. he rbacea ,  and 
V__ z pubescens  a he te royohimbane  alkaloid ( reserpinine)  is accompanied  by oxindole b a s e s  (maj dine, i somajdine ,  
carapanaubine ,  etc.) ,  but in V. m i n o r  and V_. d i f formis  these  groups of compounds a r e  not found. While in V:. 
m i n o r  in p lace  of the he te royohimbane  oxindole alkaloids the new oxindele a lkaloids  vincat ine with the a sp ido-  
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spe rmid ine  skele ton has been  detected,  in V. d i f formis  the 2-acyl indole  b a s e  vincadiff ine is found. Thus,  it 
m a y  be  a s s u m e d  that in the plant  V-- e l egan t i s s ima  he te royohimbane  der iva t ives  of indole should be  found, and 
in V. l ibanot ica  oxindole der iva t ives .  F u r t h e r m o r e ,  taking into account  the  hypothesis  that  p icr in ine  and de-  
ace ty lakuarnmil ine  a r e  b iogenet ic  p r e c u r s o r s  of the ~ -rnethyleneindole a lkaloids  of the vincanine and aku-  
ammic ine  group,  it m a y  be  expec ted  that  in the plants  V. m i n o r  and V. l ibanot ica  akuamrnicine and v incamine  
o r  new de r iva t ives  of these  compounds will  be found in addition to those i so la ted  prev ious ly .  

Many alkaloids  and t he i r  de r iva t ives  found in plants  of the genus Vinca have shown a high physiologica l  
act iv i ty  as hypotensive and sedat ive  compounds and agents  s t imulat ing the cen t ra l  nervous  sy s t em and the 
uterus .  However ,  some  of these  compounds cannot be  widely used because  of t h e i r  l imi ted  na tura l  sources  
and, consequently,  to p e r f o r m  c o m p a r a t i v e  invest igat ions  and to expand the raw m a t e r i a l s  b a s e s  of these  
a lkaloids  the study of methods  for  cul t ivat ing al l  spec ies  of Vinca m u s t  be  intensif ied.  Attention is also 
m e r i t e d  by the development  of methods  fo r  industr ia l  synthes is  of na tura l  compounds,  e spec ia l ly  a lkaloids ,  
by the cul t ivat ion of t i s sues  of the a lka lo id -bea r ing  plants .  
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