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BHIMBBRINB - A NEW INDOLB ALKALOID FROM REA7,Yl STRICTA 
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H.E.J .Research  Ins t i tu te  of Chemistry 
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Abst rac t  - A new Corynanthe  t ype  indole alkaloid, bhimberine,  h a s  been isolated from 

Rhazya s t r i c t a .  I t s  s t r u c t u r e  has  been assigned as (1)  on t h e  basis  of spec t r a l  s tudies .  -- 

I t s  s tereochemistry has been determined by  a ser ies  of NOED measurements and  1 3 ~ - ~ ~ ~  

assignments made by  DEPT pulse sequences. 

Rhazya s t r i c t a  Decsne.(Apocynaceae) i s  a small, g labrous  e rec t  s h r u b  which i s  widely d is t r ibu ted  

in Western Asia and  abundant ly  found in Pakistan.  It has  been used as an  indigenous  medicine 

for  t he  treatment of var ious  a i ~ m e n t s l - ~ .  The  an t icancer  act ivi ty of some of i t s  alkaloids i s  also 

reported5-'. As a resu l t  of our  cont inuing  investigations on Rhazya ~ t r i c t a ~ ' ~  we have  isolated a 

new alkaloid, bhimberine,  t o  which s t r u c t u r e  (1)  has  been assigned on t h e  bas is  of extensive 

NMR s tud i e s  including homonuclear 2D NMR (COSY-45, J - reso lved ,  N O E S Y ) ~ ~ - ~ ~ ,  NOE difference 

measurements,  and  DEPT e ~ ~ e r i m e n t s ~ ~ ' ~ ~ ,  

RESULTS AND DISCUSSION 

The  c rude  alkaloid mixture obtained from the  alcoholic ex t r ac t  of t he  f r u i t s  of R .  s t r i c t a  was 

selectively ex t rac ted  with chloroform a t  different  pH values.  The  fractions obtained a t  pH 6.7 

and  7.3 were combined and  subjected t o  repeated prepara t ive  TLC. This  resu l ted  in t h e  isolation 

of two alkaloids a f a s t e r  moving alkaloid named "bhimberine" (1 )  and  the  slower moving rhazimanine, 

15 which has  a l ready  been repor ted  b y  u s  . 

Alkaloid (1 )  obtained as an amorphous material was sensit ive t o  a i r  and  l igh t .  I t s  U V  spectrum 

was typical  of an indole chromophore.  The  IR spectrum indicated t he  presence  of an  e s t e r  carbonyl 

1 s t  1730 cm-' and  0-H and  N - H  g roups  a t  3460-3380 cm- . The  absence  of charac ter i s t ic  Wenkert- 

Bohlmann bands  in t he  region 2100-2800 cm-l indicated t he  presence  of a &-quinolizidine 

systern16-20. I t s  molecular ion peak occurred  a t  m/z 354.1940 (66%) and t he  molecular formula was 

t hus  established as C21H26N203 (calcd.  354.1943). This was f u r t h e r  confirmed by  F A B  mass 

21 spectrometry . The mass fragmentation pa t te rn  was found t o  be  almost identical t o  t ha t  reported 

earl ier  f o r  rhazimanine15. I t s  'H-NMR (CDCI3, 300 MHz) indicated t h e  presence  of 26 protons 

each of which was identif ied by  a ser ies  of homo-decoupling experiments and  f u r t h e r  subs tan t ia ted  



b y  recording COSY-45 and NOESY spec t r a .  The ethylidine methyl (C-18H) appeared  as a spli t  

doublet a t  6 1.60 and showed a vicinal coupling with C-19H (J18,19=6,89Hz) and homoallylic 

couplings with C-21 protons  (J18,216=1.97Hz. J18,21a=1.69Hzj. The split qua r t e t  resonated a t  

65.78 was assigned to  C-19H which showed vicinal coupling (Jlg,18=6.89Hz) and allylic couplings 

". J " J  (J19,210- 19,21 8- 19.15 < 1Hz).  The  characterist ic downfield chemical shift  value for  C-3H (6 

4.29) indicated the presence  of CID - cis r i n g  juction 22-29 as in rhazimanine15 and also sugges ted  

the  &configuration of C-3H since the  earl ier  repor ted  chemical shift  values in o the r  related 

compounds having C-3H in ceconfiguratian were relatively t o  the  value obtained in 

bhimberine. 

The signal obtained fo r  C-3H ( 6 4.29) actually appeared as a dispersed double doublet (J3,14a 

=11.70 Hz, J3,14g=4.20Hr) resembling s 1 : l : l : l  qua r t e t .  This was in accordance with t h e  earl ier  

observations that  in & fused indoloquinolizidines, when C-3H in r i ng  - D is  axially disposed,  

gauche (ae) to  one of the  adjacent methylene pro tons  and trans diaxial ( a s )  to  the  o ther  pro ton ,  

then the  resul t ing  couplings give r i s e  to  a 1:1:1:1 quar te t  with sp l i t l ings  J =9-12Hz, J = 
88 Be 

2-5Hz 28 '36337 .  A s inglet  resonating a t  6 3.16 was assigned to  the  e s t e r  methyl g roup  while t h e  

methylene protons (C-17H) of the  hydroxymethylene group appeared  as multiplets cent red  a t  

1 
63.68 and 63.83. The C-16 proton appeared  as a multiplet a t  6 2.46. All t h e  H-NMR assignments 

are  presented  in detail in experimental section.  

In o rde r  to  confirm the  relative stereochemistry of various pro tons ,  NOE difference s tudies  were 

carried o u t .  Irradiation of C-18H ( 6  1.60) resulted in 8.3% NOE on C-19H (6 5.18) and 12.4% 

NOE on C-15H ( 6 3.16).  Similar NOE effec ts  were observed on C-18H when C-15H and C-l9H 

were irradiated ( F i g . l a ) .  This indicated tha t  C-18H i s  proximate to  C-15H sugges t ing  the  E-confi- 

guration a t  19,20 double bond. This was f u r t h e r  suppor ted  by  irradiation of C-19H (6 5.78) which 

resulted in 9.7% NOE on C-21 H ( 6  3.62).  A similar enhancement was obtained upon irradiation of 

C-21a H ( F i g . l a ) .  The  NOE interaction between C-3H and C-14 B H as well as of C-3H a n d  C-14 

B'i with C O O C S  (F ig . ?a ) ,  indicated t ha t  t h e  e s t e r  group i s  close to  C-3H and C-14 BH. Since t h e  

stereochemistry a t  C-15 asymmetric cent re  may b e  fixed on biogenetic grounds3' therefore ,  the  

only plausible explanation fo r  the  above NOE interactions i s  that  the  C-3 proton possesses a 

&orientation. This was f u r t h e r  suppor ted  b y  t h e  NOE interactions between C-3H and C-210 H 

(F ig . l a ) .  The NOE resul t s  sugges t  significant s te r ic  hinderance across C15 - C16 bond so tha t  in 

t h e  optimum conformation t h e  e s t e r  methyl lies close to  C-14 B H and C-3H while the  C-16 proton 

15 lies eclipsed over the  C-15 proton .  I n  rhazimanine (16R) a significant interaction was seen - 

between t h e  18-methyl and C-11 methylene pro tons .  T h e  absence  of th is  interaction in bhimberine 

and t h e  presence of NOE interactions between e s t e r  methyl and C3HIC14 BH, as well as significant 
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interactions between C-15H a n d  C-16H all indicate a stereochemistry in bhimberine. The NOE 

1 interactions of C-9H with C-6 o H a n d  C-6 0 H and vice versa  confirmed the  H-NMR assignments 

fo r  C - 6 a H  a t  6 3 . 3 1  and C-60H a t 6 3 . 2 8 .  

The NOE interactions between C-3H and C-21 B H ,  C-14 H and C-5 aH, and C-50 H a n d  C-210 H 

S e w e d  to  establish tha t  in the  otpimum conformation r ing  in bhimberine exis t s  in a chair farm 

( F i g . l a ) .  

The  1 3 ~ - ~ ~ ~  spectrum (CDC13 15.4MHz) indicated t h e  presence of twenty one carbon atoms. The 

multiplicity assignments (Fig .  l b )  were made by  ca r ry ing  out multipulse I D ,  D E P T ' ~ " ~  experiments 

with the  last  polarization pulse angle 45O, 90° and 135O. The  C/D & quinolicidine system with 

C-3 0H was f u r t h e r  suppor ted  by  the  chemical shift  values of several  stereochemically diagnostic 

carbon atoms such as C-2 ( 6 132.38). C-3 (6 49.431, C-5 (6 49.901, C-6 ( 6  18.10) and 

C-I ( d 106.31).  Similar upfield values have earl ier  been observed in rhazimaine15 and  other 

related - cis i n d o l o q u i n o l i z i d i n e ~ ~ ~ ~ ~ ~ .  



Bhimberine may arise in the  nature from strictosidine by a reversal of stereochemistry a t  C-3 

42,43 during the biosynthetic process , 

EXPERIMENTAL 

Infrared ( IR)  spectrum was recorded an JASCO A-302 spectrophotometer, ultraviolet (UV) spectrum 

was recorded on Shimadzu UV-240 spectrophotometer, mass spectra were recorded on Finnigan 

MAT 312 mass spectrometer connected to PDP 11/34 (DEC) computer system, NMR spectra were 

recorded on Bruker AM-300 NMR spectrometer. TLC experiments were performed on silica gel 

GF-254 precoated plates (E.Merck). 

Isolation of Bhimberine. The plant material was collected from a small village about 90 km from 

Karachi and was identified by Prof. S.I .Aii  at the  Botany Department of Karachi University. 

The a i r  dried f rui ts  of Rhazya stricta (10 k g )  were soaked in ethanol, ground,  filtered and -- 

concentrated. This resulted in the separation of a brown gummy material which was filtered off. 

The filterate was concentrated and the  solution was acidified with 5% HCI, filtered and basified 

with N H 3  (conc.)  to pH % 9 .  The solution thus  obtained was extracted with CHCI3 dried with 

Na2S04 (anhydrous) filtered and evaporated to dryness  (120 g ) .  The crude alkaloidal extract 

thus  obtained was dissolved in 10% acetic acid solution. This solution was subjected to selective 

pH-separations. The stepwise basification with N H  (conc.) and extraction with chloroform resulted 3 

in a number of fractions which were concentrated basified with 10% N H  OH solution , dried with 4 

Na2S04 (anhydrous) and evaporated to d ryness .  The fractions obtained a t  pH 6.7 and 7.3 were 

combined (16 g )  and a portion (4g) of this material was subjected to  preparative TLC on 2 m m  

silica gel plates with CHC1 .MeOH ( 6 : 4 )  as a solvent system. This afforded a major band (Rf = 3 ' 

0.69) containing six alkaloids. The materiel thus  obtained was again subjected to preparative TLC 
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u s i n g  0.2 mm silica gel  p la tes  with CHC13:EtOAc:MeOH ( 1 : 1 . 5 : 1 ) .  This  a f forded  a mixture of two 

alkaloid which were repur i f ied  on 0.2  mm silica gel  p la tes  us ing  petroleum e t h e r  (40°-6O0): 

ace1one:diethylamine (8 :2 :0 .5) .  T h i s  resu l ted  i n  t h e  isolation of two alkaloids t h e  slower moving 

(Rf=0.19) rhazimanine15 and  t h e  f a s t e r  moving (Rf=0.20) bhimberine ( 1 ) .  Bhimberine (1.2 mg, 

2.88 x % yield)  t h u s  obtained was amorphous ,  a n d  sens i t ive  t o  l igh t  a n d  a i r .  T h e  alkaloid 

( 1 )  was a l so  isolated b y  u s  from the  leaves  of t h i s  plant  b y  t h e  same procedure .  

U V :  (CH30H) A m s x  222 ( log ~ 4 . 2 0 ) .  268 s h ( l o g  ~ 3 . 6 1 ) .  213 s h  ( lag  ~ 3 . 6 1 ) ,  282 ( log  ~ 3 . 6 1 )  and 

290 nm (log E 3.55).  A min  252 ( l o g r  3.55) a n d  2.81 nm (log ~ 3 . 5 5 ) .  

IR:  (CHC13) 3460-3380 cm-' (N-H, 0 - H ) ,  2920-2850 cm-' (C-HI ,  1130 cm-' ( e s t e r  c a r b o n y l ) ,  1602 

1 cm ( C = C ) ,  1160 cm-' ( C - 0 )  and  154 cm-l (aromatic C-HI. 

MS: Mi 354 (66%).  353 (61%) ,  339 (10%) .  331 ( 9 % ) .  323 (28%) .  251 (100%). 237 (40%) ,  223 (20%),  

184 (12%) ,  169 (43%) ,  156 (24%) and  144 (19%);  HRMS: o b s e r v e d  354.1940, calculated 354.1943 

(C21H26N203) '  

'H-NMR:  (CDC13, 300 MHz. Bppm) ,  1 . 5 3  ( l H ,  m, C-14aH) .  1.60 ( l H ,  spl i t  d o u b l e t ,  J18,19=6.89Hz, 

J18,21B =1,97Hz, J18,21n =1.69Hz, C-18H). 2.32 ( l H ,  m, C-148H).  2.46 (1H. m, C-16 HI ,  2.62 

( l H ,  m, C - 5 o H ) .  2.94 ( l H ,  m, C-5 B H ) ,  2.99 ( I H ,  m, C-218 HI ,  3.16 ( l H ,  m, C-15 HI ,  3.28 

( l H ,  m, C - 6 0  H ) ,  3.37 ( l H ,  m, C - 6 a H ) .  3.62 ( l H ,  m, C-21 a H ) ,  3.68 ( l H ,  m, C - l l H ) ,  3.16 

(3H. s ,  COOCF13), 3.83 ( l H ,  m, C - l I H ) ,  4.29 ( l H ,  d d ,  J3 ,140=l l .10Hz.  J3,148=4.20Hz, C-3H), 

5.18 ( l H ,  spl i t  q u a r t e t ,  Jlg,18=6.89Hz, J lg  , 2102J19,2182 J 1 9 , 1 5 < 1 H ~ ,  C-19 H ) ,  1.09 ( l H ,  d d d ,  

J10 ,9=l .93Hz,  J10,11=7.17Hz, J10,12 z l H z ,  C-10 H I ,  7.17 ( l H ,  d d d ,  J11,12=7.93Hz, J1 l , lO=l . l lHz ,  

J l l ,g=1.42Hz,  C-11 HI ,  1 .13  ( l H ,  d d ,  J12,11=l.93Hz, J12,10 2 1 H "  C-12 H) ,  7.43 ( l H ,  d d ,  

Jg,10=1.93Hz, J9,11=1.42 HZ. C-9H) and  9.40 (1H. s ,  N-H). 

1 3 C - N M ~ :  (CDCI3, 75.4 MHz, 6 ppm) presen ted  in F ig .  l b .  
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