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PLUMERININE - A NOVEL LUPIN ALKALOID FROM PLUMERIA 

Syed Najam-ul-Hussain Kazmi, Zaheer Ahmed, Waseem Ahmed, and Abdul Malik 

H.E.J .  Research Ins t i tu te  of Chemistry,  University of Karachi, Karachi-75270, Pakistan 

A b s t r a c t  Piumerinine, a novel lupin alkaloid has  been isolated from the  stem of Plumeria 

rub ra  and assigned s t r u c t u r e  1 on the  basis of spec t ra l  s tudies .  This consti tutes t h e  

f i r s t  example of the  occurrence of bicyclic lupin alkaloids in subfamily Plumerioideae of 

the  Apocyanaceae. 

Plumeria rub ra  (Apocyanaceae) commonly grows a s  ornamental plant in Southeast  Asia particlllarly in 
p- 

Pakistan and India.  It i s  reputed  to  possess purgat ive ,  d iure t ic ,  abortificient, anti tuberculotic 

proper t ies ,  and i s  also used a s  remedy fo r  rheumatism, d iar rhoea ,  b lennorrhes ,  gonorrhoea,  syphil is ,  

veneral  sores, a n d  leprosy .  1.2 

Enormous work3-' have  been done on various pa r t s  of t h i s  plant ,  but  no alkaloid has  ever  been 

isolated or charac ter i sed ,  al though the i r  presence  has  been repor ted  in 1951 by  Douglas and Kiang. 
7 

Herein we repor t  the  isolation and s t ruc tu ra l  elucidation of a novel lupin alkaloid plumerinine from 

t h e  f reshly  collected and shade  dried stems. The s t r u c t u r e  1 has  been assigned to  i t  on t h e  basis 

of extensive spect ra l  s tudies .  

RESULTS AND DISCUSSION 

Plumerinine formed l ight  brown viscous oil, showed [ a  1;' = 14.4O (c  = 0.31, CH30H),  a n d  

analysed f a r  Cl4Hz7NO (hrms,  M +  peak a t  mlz 225.2078; Cl4HZINO requi res  225.2094. It gave 

positive test  with Dragendorff 's  reagent and t h e  ov spectrum showed t h e  presence of simple quinolizi- 

dine system8 with A m a x  a t  202 nm (log E = 2.69) and s shoulder  a t  275 nm (log E = 1.33).  The i r  

spectrum showed a s t r o n g  band a t  3650 cm-' (OH g r o u p ) ,  a moderate band a t  1150 cm-' (C-N 

s t r e t c h . ) ,  and another  band a t  1370 cm-' a t t r ibuted  to  gem. dimethyl group.  Bohlmann bands  a t  

2820 a n d  2720 cm-' confirmed the  presence of trans-fused quinolizidine system.9 The broad band 

13c-nm? spectrum showed 14 carbon atoms; the i r  multiplicities determined through DEPT experiments 

keeping the  last  pulse angles 8 = 45O, 90°, and 13S0. It showed the  presence of four  methyl, f ou r  

methylene, and s ix  methine carbons .  The molecular formula of plumerinine corresponded to two 

degree  of unsa tura t ion ,  and t h e  absence  of unsaturst ion in  i r .  'H- and 13c-nmr revealed bicyclic 

lupin t ype  skeleton.  The  fragmentation pa t te rn  studied with t h e  help of link-scan measurements 

was in complete agreement to  lupin aikaloids.1° The presence  of alcoholic function and an  isopropyl 



-moiety was indicated b y  t h e  loss  of H20 (miz  207.1919, Cl4Hz5N) as  well a s  isopropyl  (m12 182.1544, 

CllHZONO) from t h e  paren t  ion.  The  cl-cleavage in t h e  r i n g  yielded ion 'a '  which i s  decomposed 

f u r t h e r  by lass  of C H unit  t o  g ive  a f ragment  'b '  a t  miz 183.1618 (CllHZINO). This  f ragment  
3 6 

f u r t h e r  eliminated a hydrogen  atom t o  form ion 'c' a t  miz 182.1544 (C11H2,,NO) 0'. propylene  to form 

ion 'd '  a t  m/z 141.1152 (C8H15NO). Another fragment 'e' arose from "b" b y  retra-Diels-Alder 

process  a t  mlc 139.1361 (C9Hl7N).  The  loss  of isopropyl  g r o u p  from ion 'e' gave  a n o t h e r  f ragment  

a t  mlz 96.0860 (C6HlON). i n  quinolizidines where  one of t h e  r i n g  i s  o n s o b s t i t o t e d ,  t h e  ions "b" ,  

a n d  'd '  are  o b s e r v e d  a t  mlz 111 a n d  83,  respec t ive ly lO,  which indicated t h a t  i n  plumerinine one of 

t h e  r i n g s  contained both  t h e  alcoholic and  isopropyl  functionali t ies ,  t h e  former  a t  C-7 or  C-8 a n d  

t h e  la t te r  a t  C-6 or C-9. Alternative bond r u p t u r e  of 'ar with or without  loss of an  addit ional  

H-atom has  been invoked t o  explain t h e  genes i s  of f r a g m e n t s  of masses 168.1388 (C10H18NO) a n d  

169.1469 (C10H19NO). The  quinolizidines in which one of t h e  r i n g  i s  u n s u b s t i t u t e d  a n d  t h e  carbon 

ad jacent  t o  N in t h e  o t h e r  r i n g  i s  a l so  o n s i ~ b s t i t u t e d ,  t h e  cor responding  ions are  o b s e r v e d  a t  miz 

96 arid 97, respectively.1° Since t h e  hydroxyl  and  i sopropyl  moieties h a v e  a l ready  been accounted 

i n  one of t h e  r i n g s ,  t h e  C-4 must t h e r e f o r e  c a r r y  a methyl g r a u p .  T h e  facile cleavage of bond 

between C- l  and  C-10 allowed u s  t o  place the  remaining methyl g r a u p  a t  C - l .  On t h e  bas i s  of 

f u r t h e r  evidences descr ibed  below, t h e  positions 6 a n d  8 have  been ass igned  t o  isopropyl  and  

hydroxyl  g r o u p s ;  t h e  fragmentat ion p a t t e r n  of plumerinine could t h u s  b e  r e p r e s e n t e d  b y  Scheme 1. 

1 
T h e  s t n l c t u r e  a n d  s te reochemis t ry  a t  ch i ra l  c e n t r e s  were confirmed on t h e  basis  of H- a n d  l a c - n m r ,  

hamodecoupling exper iments ,  ' H - ~ H  homonuclear cor re la ted  spec t roscopy  (COSY-45°) a n d  ' H - ~ ~ c  

he te ranuc lear  correlated s p e c t r o s c a p y  (Heterocosp).  T h e  most downfield s igna l  in t h e  13c-nmr  

spec t rum a t  S 72.95 was ass igned  t o  t h e  carbon  c a r r y i n g  t h e  h y d r o x y l  g r o u p .  It showed a cross 

1 
peak in heterocosy a t  6 3.20. T h e  l - H  s igna l  a t  S 3.20 was found t o  b e  a multiplet i n  H-nmr 

spec t rum i n  which axial-axial coupling of 10.84 Hc and  axial-equatorial  coupling of 3.00 Hz was 

Clearly visible.  This  allowed u s  to ass ign  aninl orientat ion t o  t h e  carb inyl ic  pro ton .  Another down- 

field signal a t  6 72.82 collld be ass igned  t o  C-10. The  normal sh i f t  of t h i s  carbon  in u n s ~ r b s t i t u t e d  

quinolizidines r a n g e s  from 63-66" ppm a n d  t h e  downward sh i f t ing  h e r e  could be a t t r i b u t e d  to t h e  

p r e s e n c e  of methyl g r o u p  o n  t h e  ad jacent  c a r b o n .  The alkyl  induced  paramagnetic s h i f t s  of t h i s  

magnitude have  a l ready  been r e p o r t e d  in l i t e r a t u r e .  12'13 T h i s  s ignal  showed a cross peak in 

heterocosy with signal  a t  6 3.12 which was therefore  ass igned  t o  H-10. Irradiat ion a t  6 3.12 

simplified t h e  2H-multiplet a t  6 1.91 and  also 1-H multiplet a t  6 2.85. On t h e  o t h e r  h a n d .  

i rradiat ion a t  6 2.85 caused  t h e  multiplet a t  6 3.12 t o  collapse in to  a d d  (Jaa = 10.72Hz. Jae = 

3.04Hz). also simplified t h e  2H-multiplet a t  6 1 .78 ,  and  collapsed t h e  methyl doublet  a t  6 1.12 i n t o  a 

s ing le t .  T h e  s igna ls  a t  6 1.91, 6 2.85, a n d  6 1.78 co,>ld, t h e r e f o r e ,  b e  ass igned  to H 2 - 9  H - l ,  and  

H2-2, respec t ive ly .  I r rad ia t ion  of methyl g r o u p  a t  6 1.12 simplified t h e  multiplet a t  6 2.85 in which 
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no axial-axial coupling could be o b s e r v e d ,  confirming t h e  B a n d  equatorial  orientat ion of H - l .  Since 

irradiat ion a t  H-1 caused t h e  moltiplet of H-10 to collapse in to  a double doublet  showing axial-axial 

a n d  axial-eqoatorial  coupling,  t h e  configurat ion a t  H-l0 must  b e  B- a n d  axial .  I r rad ia t ion  of H -Sat 5 
2 

1.91 again collapsed t h e  multiplet of H-10 in to  a double t  (Jae  = 3.17 Hz).  Consequently t h e  isopropyl  

g r o u p  must b e  a t  C-6 a n d  not C-9. Both t h e  methyls  of isopropyl  g r o u p  formed a doublet a t  

61.13 which i n  t u r n  showed a cross-peak with 1H multiplet a t  6 2.91. The  l a t t e r  in t l rrn showed a 

cross peak with 1H multiplet a t  S 3.40. I r rad ia t ion  a t  6 2.91 collapsed t h e  6H double t  a t  6 1 .13 

in to  a Singlet a n d  simplified t h e  multiplet a t  6 3.40 i n t o  a double double t  ( J  = 11.27 Hz, Jae=2.91 aa 

Hz). On t h e  o t h e r  h a n d ,  i rradiat ion a t  6 3.40 simplified t h e  multiplets a t  S 2.91 and  6 1.82, 

respec t ive ly .  These  exper iments  not only helped in ass ign ing  s igna ls  of 6 3.40 and  d 1.82 to H-G 

a n d  H2-7, bllt also confirmed t h e  absence  of h y d r o x y l  g r o u p  a t  C-7 a n d  t h e  orientat ion of isopropyl  

g r o u p  a t  C-6 a s  o a n d  equa tor ia l .  The  equs tor ia l  hydroxyl ic  g r o u p  must therefore  b e  a t  C-8 in  

--orientation. The  position of hydroxyl  g r o u p  w a s  au thent ica ted  b y  irradiat ion of t h e  earbinylic  

proton a t  S 3.20 which simplified t h e  multiplets of H2-7 a n d  H2-9 a t  6 1 .82 and  6 1 .91, respec t ive ly ,  

i n t o  double  d o l ~ b l e t s .  The  remaining downfield multiplet a t  6 3.30 could b e  ass igned  to H-4. I t s  

i rradiat ion caused  t h e  doublet  of methyl g r o u p  a t  6 1.26 t o  collapse in to  a s inglet  and  also simplified 

t h e  2H multiplet of H2-3. The  irradiat ion a t  6 1 .26 caused  t h e  multiplet a t  6 3.30 t o  collapse into a 

double double t  (J,, = 2.73 Hz, J = 2.13Hz). The  proton a t  C-4 could therefore  b e  ass igned  a- ee 

and  equatorial-orientat ion.  T h e  biogenesis  of plumerinine can b e  explained in t h e  l igh t  of various 

pa thways  a l ready  descr ibed  in l i t e r a t u r e  f o r  lupin alkaloids.14 i t  a r i s e s  e i ther  from two molecules 

of sui tably derivat ized lys ine  or from 2-isopropyl-4-hydroxy-piperidine and a suitable C6-dicarbonyl 

compound. To t h e  bes t  of o u r  knowledge t h i s  is t h e  f i r s t  r e p o r t  of  t h e  na tura l  occurrence of 

bicyclic lupin alkaloids in t h e  subfamily Plumerioideae of t h e  Apocyanaceae and  i t s  isolation is of 

chemotaxonomic signif icance.  



Scheme 1 
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EXPERIMENTAL 

U v  and  i r  spec t r a  were recorded on Shimadzu UV-240 and  JASCO A-302 spec t rophotometers  respec- 

t ively.  H r m s  were recorded o n  Finnigan MAT-312 mass spectrometer connected  t o  PDP 11134 

(DEC) Computer system. Nmr spec t r a  were recorded  on a B ruke r  AM-300 spec t rometer  with ThlS 

a s  i n t e rna l  re ference .  Tlc experiments were performed on silica ge l  (PE-254, 0 . 2  mm) plates 

(E .Merck) .  Two dimensional COSY-45O experiment was acquired a t  300 MHz with sweep width of 

4000 Hz (2  k da ta  points  in w2) a n d  2000 Hz (256t1 values zero-filled t o  l k )  i n  W 1 .  The 

1 13 
he teronuclear  two dimensional H -  C chemical sh i f t  correlat ion experiments were car r ied  out at 300 

MHz with sweep width of 12820 Hz (2k da ta  pa in ts  in  w ) and  1024 Hz (256t1 values zero-filled t o  
2 

l in  
a l .  

In both t he  2D-experiments a 2 sec. relaxation delay was u sed ,  16 t r an s i en t s  were 

performed fo r  each t value 
1 

Isolation of Plumerinine (1 ) :  The  f r e s h  plant  material ( s tem,  20 kg )  was collected from the  

Karachi region a n d  was identified b y  s Plant Taxonomist. Department of Botany ,  University of 

Karachi. T h e  stems were chopped into small pieces and  ex t rac ted  thr ice  with MeOH (60 l ) .  The 

combined methanolic ex t rac t  was evapora ted  u n d e r  reduced p r e s su re  and  the  resu l t ing  r e s idue  (225 

g )  was acidified with 10% acetic acid ( 1  1) a n d  t hen  washed with CHC13. T h e  acidic aqueous  layer 

was basified with 20% NH40H and  exhaus t ive ly  ex t rac ted  with CHCl T h e  alkaloidal residue ( 8  
3' 

g ) ,  recovered  from the  CHC13 l aye r ,  was chromatographed over silica gel (300 g) and  successively 

eluted with increas ing  polarities of mixture of hexane ,  chloroform, and  methanol. The  hexane:chloro- 

form ( 1 : l )  and  chloroform e luants  gave  two and  t h r e e  spots  on t l c ,  respectively,  bu t  could not be 

worked-up f u r t h e r  d u e  t o  paucity of material and  extreme susceptibi l i ty to serial  oxidation.  Plumeri- 

nine was eluted with ch1oraform:methanol ( 9 : l )  and  was purified by  prepara t ive  t l c  with chloroform: 

methano1:ammonia (7:3:0.5) a s  solvent  sys tem.  The  major alkaloid, plumerinine (1)  (Rf 0.3)  (85 

mg) was separa ted  as a viscous ail. 

U v :  (CH30H) A m a x  202, 215 nm. I r :  (KBr )  v 
max 

3650, 3350 cm-' (OH) ,  1150 cm-' (C-N 

s t r e t c h . ) ,  1370 cm-' ( i sop rapy l ) ,  2820 and  2720 cm-' (Bohlman b a n d s ) .  Hrms: M' 225.2078 

(C14H27NO), 207.1979 (Cl4HZ5N), 183.1618 (CI1HZ1NO). 182.1544 (CllHZONO), 168.1388 (ClOHl8NO), 

141.1152 (C8H15NO), 139.1361 (CgHI7N),  96.0860 (C6H10N). 

1 
H-Nmr (CD3DD, 300 MHz): 6 3.40 ( l H ,  m, H-6). 3.30 ( l H ,  m, H-4), 3.20 ( l H ,  m, H-8). 3.12 

( l H ,  m, H-101, 2.91 ( l H ,  m, H - l '  of i sop ropy l ) ,  2.85 ( l H ,  m, H - l ) ,  2.58 ( l H , b r  s , O H ) ,  1.78 

(2H,m,H2-2). 1 .26  (3H, d .  J = 1.20Hz, CH -C4) ,  1.12 (3H, d .  J = 6.38Hz. CH3-Cl) ,  1 . 1 3  (6H, 
3 

d .  J = 6.44Hz. 2CH3, i sopropyl ) .  1 3 c - ~ m r  (CD OD, 75 MHz): 6 72.95 (C-81, 72.82 (C-10).  68.58 3 

(C-61, 67.08 (C-41, 49.58 ( C - l ) ,  49.46 (C- l ' ,  i sopropyl ) ,  41.32 (C-9). 41.11 (C-71, 41.04 (C-3). 

37.97 (C-2 ) ,  18.30 (CH3-C4), 21.93 (CH3-Cl) ,  21.98 (2CH3-lsoprapyl). 
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