
HETEROCYCLES, Vol 27, No. 1 1 ,  1988 

Lester A. Mitscher*, Simon K. Okwute, Sitaraghav R. Gollapudi,and A l i  Keshavarz-Shokri 

Departmnt of Medicinal Chemistry, Kansas University, Lawrence, Kansas, USA 66045 

Abstract - Examination of bioactive mother-liquors from previous large s c a l e  experimnts on 

the antimicrobial agents from the Nigerian medicinal plant,  ENthrira  mildbraedii, led t o  

the isolat ion and s t ruc tura l  characterization of two new pterocarpans, erybraedin D and E. 

Erybraedin D was i n i t i a l l y  isolated as  its apparently a r t i fac tua l  hemiethyl phthalate 

ester.  m t h  new pterocarpans possess marginal antimicrobial potency in *. 

The genus ENthrina contains numerous a t t r a c t i v e  species dis t r ibuted i n  t r o p i a l  and 

subtropical Extracts of the leaves, bark and r m t s  have a s ignif icant  history of 

use in  indigenous medical pract ice for  the treatment of various diseases including applications 

l i k e l y  t o  include microbial i n f e ~ t i o n s . ~  I n  previous s tudies  from t h i s  laboratory, we have 

shown that  the roots of many species contain flavanoids, par t i cu la r  pterocarpans, .rhich possess 

suf f ic ien t  potency innagainst human pathogens t o  ra t iona l ize  the l c c a l  pcp l la r i ty  of 

extracts  a s   medicament^.^ Other laboratories have made a n a l q o u s   finding^.^ I n  part icular ,  we 

have recently sharn tha t  Ervthrina mildbraedii, co l lec ted  i n  northern Nigeria, possessed 

several antimicrobial agents, three new t o  the l i t e ra ture .  These are erythrabyssin-I1 i l l ,  

isoneorautenol  (21, and erybraedins A i3) ,  B (41, and C (51.' 

While examining the mother-liquors from the above study, we detected two qu i te  minor 

antimicrobial agents which were not ident ical  with the above andwhich proved t o  he new to the 

l i t e ra ture .  This paper describes the i r  properties and the i r  s t ruc tura l  character izat ion 

Erybraedin D hemiethyl phthalate (61 was isolated a s  a gum: i r  CHC13/max an-': 2960, 2800, 

1710, 1601, 1470, 1435, 1360, 1280, 1260, 1150, 1110, 1065: 'H nmr (300 MHz, CDCl 3 161.38 (3H, 

& J=7.1 Hz, CH2CE13), 1.42 (6H, 5 H-3",4"), 1.73 I3H. 5 H-4'), 1.81 (3H. 3 H-5'1, 3.42 (2H, 

d, J = 7.2 Hz, H-1'1, 3.49 ( l H ,  g, H-6a1, 3.61 ilH, a, J=10.8, 6.9 Hz, H-6ax1, 4.28 ( l H ,  dd, - 

J=4.8, 10.8 Hz, H-6eq), 4.38 I Z H ,  q, J=7.1 Hz, H-Cg2Mel, 5.22 ( l H ,  5 J=7.2 Hz, H-2'1, 5.47 

( l H ,  d, J=10 HZ, H-2"), 5.48 ( l H ,  d, J=6.9 Hz, H-llal, 6.27 ( l H ,  d, J= 10 Hz, H - l " ) ,  6.34 ( l H ,  

5 H-101, 6.56 ( l H ,  5 J=8.4 Hz, H-21, 6.85 I l H ,  9 H-7) 7.27 ( l H ,  & J=8.4 Hz, H - l ) ,  7.54 ( Z H ,  

g, A=-HI, 7.73 I Z H ,  m, Ar-HI; EIMS m/z ( r e l .  int. ,  8 ) :  390 159.21, 375 I l O O ) ,  319 03.91, 185 



(14.1), 160 (35.4), 115 (15.2), 91 (10.9, 69 (21.6), 55 (18.2), 41 (39.4). S e v e r a l  of t h e  pmr 

s igna l s  have not been seen for  any pterocarpan k n m  to us. The indicated OEt group (61.38 and 

4.38) w a s  anonpanied by an i r  band a t  1710 cm-' suggesting an e thy l  ester.  Such es te r s  a re  

very rare  i n  natural  products. I n  addition, four arorratic hydrogens segregated in to  two g r o u p  

of u u l t i p l e t s  were seen a t  l m e r  f i e l d  (67.54 and 7.78) than is seen with pterocarpans. I t  was 

surmised tha t  these s igna l s  stemred from a hemiethyl phthaloyl e s t e r  m i e t y  a r i s ing  nvst  l i k e l y  

a r t i f a c t u a l l y  from reaction of erybraedin D with a p las t i c ize r  present i n  p l a s t i c  containers 

used t o  transport p l a n t  material in  the f i e l d  and extracts  £ran the laboratory t o  t h i s  muntry. 

There is no d i rec t  evidence supporting t h i s  h y p t h e s i s  t u t  t h i s  explanation is p laus ib le  and 

agrees with the knam history of the extract.  It is mch l e s s  l i k e l y  tha t  the hemiethyl 

phthalate is of en t i re ly  natural occurance. Why erybraedin D (7) occurs apparently only in  the 

form of es te r  6 is hard to understand. Thus, the sample was subjected t o  s o l v o l y s i s  with sodium 

ethoxide i n  MeOH a t  room tenperature fo r  3 h. The resu l t ing  erybraedin 0 (7) nar gave spectra 

conpletely character is t ic  for  a pterocarpan (uv l  MeOH/max nin (103 E ) :  313 13.69), 285 (3.72), 

231 (4.311, 214 (4.50); AMeOH-HCl/max: 314(3.64), 284 (3.68), 233 (4.26), 214 (4.49); AMeOH- 

NaOH/max: 321 (3.671, 287 (3.76), 256 (3.84);A MeOH-A1C13/max: 314 (3.66), 283 (3.68), 238 

(4.15), 214 (4.49); AMeOH-A1C13-HCl/max: 314 (3.69), 283 (3.72), 236 (4.20), 213 (4.47); i r  

alC13/max an-': 3400, 2960, 2920, 1601, 1470, 1430, 1370, 1260, 1250, 1150, 1110, 1070, 950; 

'H nmr (CDC13) 6 1.41 (6H, 9 H-3",4"), 1.73 (3H, $, H-4'), 1.80 (3H, S, H-5'), 3.40 (2H, & 

J=7.0 Hz, H - l ' ) ,  3.48 ( l H ,  ~n, H-6a), 3.58 ( In ,  dd, J=10.8, 7.5 Hz, H-6ax), 4.27 ( l H ,  dd, h4 .5 ,  

10.8 Hz, H-6eq), 5.23 ( l H ,  5 5.7.0 Hz, H-2'), 5.46 ( l H ,  & J=7.5 Hz, H-2"), 5.48 ( l H ,  & J.7.5 

Hz, H-lla),  6.27 ( l H ,  c, J ~ 9 . 9  Hz, H - l " ) ,  6.34 11H,  2, H-101, 6.56 ( l H ,  d, J=8.1 Hz, H-21, 6.85 

( l H ,  S, H-7), 7.27 ( l H ,  & J=8.1 Hz, H-1) ;  HRMS m/z ( r e l .  in t . ,  %): 390.1827 ( M + ,  44.7, c a l c .  

f o r  C2SH2604=390.1829): EIMS m~ ( r e l .  int., a )  390 (45), 375 (61.5), 319 (24.0), 160 (28.81, 

149 133.5), 69 (32.2), 55 (47.1), 44 1100.0); o p t i c a l  r o t a t i o n  [m1D25-670 (c- 0.23, MeOH)) and 

the properties l ed  t o  assignment of novel s t ructure  7. I n  essence, t h i s  conpcund is 4- 

prenylisoneorautenol. Isoneorautenol i t s e l f  had teen i so la ted  by us previously from t h i s  

plant. 

The pterocarpan nucleus of erybraedin D was c l e a r  from the c l a s s i c a l  ABCM pattern (63.48, 3.58, 

4.27 and 5.48 with the apprcpriate muplings). The molecular fornula (C25H26041 a l l &  for  a 

prenyl grcup and a dimethylchrmne miety.  These were confirned i n  t h e  pnr (prenyl = 61.73, . 
1.80, 3.40 and 5.23; dimethylchromene = 61.41, 5.46 and 6.27). These were ass igned  t o  be a t  

carbons 3.4 and 8,9 based upon the c l a s s i c a l  H-l,H-2 or tho mupled pa i r  (67.27 and 6.56) and H- 

7.H-10 s i n g l e t s  (66.85 and 6.34). These suggested locations were confirmed by the pna of the 
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a c e t a t e  e s t e r  (8): i r  CHC13/mx an-': 2940, 2920, 2840, 1760, 1620, 1595, 1480, 1434, 1365, 

1260,  1205,  1155,  1115,  1075, 1050,  1010,  885, 760; 'H nmr (CDC13) : 61.41 (68, 5, H-3",4"), 

1.65 (3H, & H-4'), 1.73 (3H, 5, H-5'), 2.31 (3H, 3 H-COW3), 3.28 (2H, & J=6.0 Hz, H - l ' ) ,  

3.49 (lH, 3 !,+a), 3.61 ( l H ,  J=10.8, 6.9 Hz, H-6ax), 4.30 ( l H ,  dd, J=4.8: 10.8 Hz, H-6eq), 

5.10 ( l H ,  & J=7.4 Hz, H-2'1, 5.46 I l H ,  & J=10  Hz, H-2") 5.47 (1H, c, J 4 . 9  HZ, H- l la ) ,  6.26 

( l H ,  d, J= 1 0  Hz, H-l"), 6.33 I l H ,  3 H - l o ) ,  6.75 ( l H ,  d, J= 7.8 Hz, H-2) 6.85 (1 H, s, H-71, 

7.40 ( lH, & J=7.8 Hz, H-1) ;  HRMS m/z ( r e l .  i n t . ,  %); 432.1934 IM'  4.1, Ca l c .  f o r  C27H2B05 = 

432.1935); EIMS m/z ( r e l .  i n t . ,  %): 432 IM', 28.9), 417 (32.11, 375  (23.8), and  319 (9.4) i n  

which t h e  H-1.H-2 AB wit had undergone a s u b s t a n t i a l  d w n f i e l d  s h i f t  IH-US =0.53: H-2A6 

=0.19). Thus t h e  p r eny l  group mst be a t  C-4 as C-3 has  a f r e e  pheno l i c  m i e t y  i n  e rybraedin  

D. The d i m t h y l c h r m n e  ring,  by d i f f e r ence ,  is a t  C-8.9. 

Erybraedin E (9) has  3 carbons Ewer  t han  erybraedin  D ( u v  XMeOH/mx nm ( l q c  I: 301 (4.07). 

295 14.09), 286 14.00). 279 (3.86). 252 14.31). 244 (4.37); XMeOH-HCl/max: 300 (4.061, 295 

(4.08), 285  (4.00), 279 (3.861, 253 (4.30), 244 (4.36),  LMeOH-NaOH/max: 295  (4.191, 253 

(4.46), 246 (4.41);  AMeOH-A1C13/max: 296 (4.17), 286 (4.121, 279 (4.011, 252 (4.37), 244 

(4.42); AMeOH-A1C13-HCl/max: 296 (4.14)t  286 (4.101, 279 (3.99),  252 (4.35), 244  (4.40); i r  

CHC13/mx an-': 3420. 2960, 2901, 1601, 1530, 1440, 1375, 1360, 1280, 1255, 1230, 1150. 1065, 

1020; 'H nmr (CDC13):6 1.73 (3H, 2, H-4'1, 1.81 l3H, 5, H-5'), 3.42 (ZH, 4, J= 6.9 Hz, H - l o ) ,  

3.66 (2H, g H-6eq,H-6a), 4.34 I l H ,  m, H-6eq). 5.23 (LH, & J= 6.9 Hz, H-2'). 5.44 IlH, 2, OH),  

5.57 ( lH, 4, J= 5.7 H Z ,  H- l la ) ,  6.58 ( lH, 4, J= 8.4 Hz, H-8), 6.69 (lH, 4, J = 2.4 Hz., H-3"), 

6.99 (lH, 3, H-41, 7.31 ( 1 H .  d, J= 8.4 HZ,  H-7), 7.41 I l H ,  5, H-1). 7.53 ( 1 H .  d, J = 2.4 Hz., 

H-2"); H W  m/z (re] .  i n t .  8):  348.13595 (M', 49.7, C a l c  f o r  C22H2004=348.13604); EIMS nv'z 

( r e l .  i n t . ,  %) 348 (50%),  292 (38.7), 291  (22.9),  1 5 8  (32.61, 7 1  (45.7), 57 (79.5), 44 (97.2), 

43 (100.0); O p t i c a l  r o t a t i o n  [a lDZ5 - 104' (c = 0.29, MeOH).). I n  a d d i t i o n  t o  t h e  ABCM s i g n a l s  

i n  t h e  pmr which i d e n t i f y  t h e  conpound a s  a pterocarpan,  the signals a t  86.69 and 7.53 which 

a r e  mu tua l l y  coupled by 2.4Hz c l e a r l y  i n d i c a t e  a fused  benzofuran rroiety. The s i g n a l s  a t 6  

1.73, 1.81, 3.42 and 5.23 a r e  a t t r i b u t a b l e  t o  a p r eny l  m i e t y .  The s i p a l  a t  67.41 resonates  

where H-1 of p te rocarpans  is found and, being an  apparent  s i n g l e t ,  i n d i c a t e s  t h a t  C-2 i s  

s u b s t i t u t e d  The coupled  AB p a i r  a t  66.58 and 7.31 a r e  a s s i q e d  t o  H-7 and H-8. T h i s  

l e a v e s  open o n l y  t h e  ques t ion  of t h e  l o c a t i o n  of t h e  p r eny l  m i e t y  and t h e  furan  ring. Th i s  

was q u i c k l y  s e t t l e d  by p r epa ra t i on  of a mnoace ty l  e s t e r  (101 l i r  CHC13/mx an-': 2985, 2920, 

1760, 1620,  1595,  1535,  1450,  1430, 1360,  1285,  1200,  1150,  1065,  1020,  890, 880, 760, 730: 'H 

nmr (CDC13): 6 1.65 (3H, 5, H-4'1, 1.73 l3H, 5, H-5'), 2.31 (3H, 5, 0COCki31, 3.27 (2H. d, J= 

6.9 Hz, H - l ' ) ,  3.60 (2H, H-6eq.H-6a). 4.38 ( l H ,  a, J=4.8, 10.8 Hz, H-6eq), 5.11 ( l H ,  t, J= 
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7.4 Hz, H-2'), 5.59 I l H ,  6 J= 6.3 Hz, H-lla), 6.69 ( l H ,  & J= 2.4 Hz, H-3"), 6.79 I l H ,  6 J= 

7.8 Hz, H-8). 7.00 (1H. 3 H-4). 7.42 (1H. z, HA), 7.43 (lH, d, J= 7.8 Hz, H-7), 7.54 I l H ,  d, 
J = 2.4 HZ, H-2"); HRMS m/z ( r e l .  in t .  %): 390.1469 I M + ,  39.5; c a l c .  f o r  ~ ~ ~ ~ 2 ~ 0 ~ :  390.1466), 

EIMS m/z ( r e l .  i n t .  %) 390 140), 348 137.2), 292 (42.21, 158 (18.4), 147 113.8) and 43 

(100.0).) in  the usual fashion and examination of its pnr spectrum By s t ruc tu ra l  necessity 

only the hydrqen t o  the hydroxyl flanked by a prenyl group m u l d  undergo the usual 

darnf ie ld  s h i f t  i n  t h e  pnr spectrum It w i l l  be noted t h a t  the doublet a t  66.58, assigned t o  

H-8, shif ted t o  6.791 A6 0.21) and its mnpanion doublet a t  67.31 sh i f t ed  to 7.431P6 =0.11). A t  

the  sam time the prenyl CH2 signal  shif ted from 63.42 t o  3.601A6 =0.18) while the apparent 

s i n g l e t s  a t 6  7.41 and 66.99 were v i r t u a l l y  unaffected. This leaves s t ruc tu re  9 as the only 

s t ruc tu ra l  expression mns i s ten t  with these findings. In  effect  erybraedin is C-10- 

prenylneodunol. Neodunol has not previously been found in t h i s  planL6 

The & vitro antimicrobial spectra  of erybraedin D and E a r e  mnpared with the other g 

mildbraedii substances and streptomycin SO4 a r e  given in  the t a b l e  

Table. In  v i t r o  (agar-streak d i lu t ion)  an t ibac te r ia l  a c t i v i t y  of Erythrina mildbraedii 

products. 

Substance 

Erythrabyssin-1111) 

Isoneorautenol(2) 

Erybraedin A131 

Erybraedin B(4) 

Erybraedin C(5) 

Erybraedin ~ 1 7 )  

Erybraedin E(9) 

Streptomycin SO4 

Microorganism* 

3 4 5 

i i 0.78 

i i 25.0 

i i 6.25 

i i 12.5 

i i 12.5 

i i 25.0 

i i i 

50.0 2.5 1.25 

'Micrmrganism (1) StaDhYlccoccus ATCC 13709. (21 Escherichia & ATCC 9637, (3) 

S a l m n e l l a  wl l ina rum AWC 9184, 14) Klebs ie l l a  ~neumoniae ATtC 10031, 15) mcobacterium 

smeqmatis ATCC 607, (6) Candida albicans ATCC 10231, (7) PseudomDnas aeruqinosa m c  27853. 

Of t h i s  group of pterocarpans, erythrabyssin-I1 11) is dramatically the mre potent, being 



under these conditions more potent even than streptonycin, although a t  the same time being 

considerably narrarer i n  spectrum Interestingly, erybraedins A (3) and C (5). which a re  

i sa re r ic  with 1 with respect t o  the placement of the i r  prenyl groups, a re  mch l e s s  potent. 

The inportance of having two f r e e  phenolic hydroxyl groups is a l s o  clear.  Erybraedins B (4). D 

(7) and E (9) a s  well  as iscmeorautenol (2)  have only one f ree  hydroxyl and a l l  of these a r e  

conparatively weakly ac t ive  mnpounds. I n  our hands, then, erythrabyssin-I1 and 

e rycr i s taga l l in  (10)~ have proven t o  be the most ac t ive  antimicrobial pterocarpans from 

ENthrina sp 2 vitro and the i r  very close s t ruc tura l  relat ionship is apparent. The 

passession of a pterocarpan pterocarpene ring system appears to be mch l e s s  c r i t i c a l  than 

the possessicm of two f r e e  phenolic hydroxyl groups each flanked on the proper s ide  by a prenyl 

moiety. 

ACXN3WLEOGMENT 

This work was supported i n  part  by the National I n s t i t u t e  of Health (USA) under grant AI-13155 

and one of us (S.K.0.) thanks the F q e r t y  Internat ional  Center, NIH, Eor a f e l l a v s h i p  ITd 

03859) and the Nigerian Defence Acadeny, Kaduna, Nigeria, for  a leave of absence. 

R@F.REiCFS AND NOTES 

1. J.P. Morton, '"Atlas of Medicinal P lan ts  of Middle hmr ica  = Bahatms t o  Yucatan," Charles C. 

Thomas, Springfield, IL, USA, 1981, p. 316. 

2. B. Oliver-@ever, "Medicinal Plants  in  Tropical West Africa," Carbridge univ. Press, Nw 

York, NY, USA, 1986, p. 100. 

3.  L.A. Mitscher, S. Drake, S.R. Gollapudi, and S.K. Okwute, J. Natural  Prods., 1987, 50, 1025. 

4. M. Maillard, M.P. Gupta, and K. Hos te t tmn,  Planta Medica, 1987, 563. 

5. L.A. Mitscher, S.K. Okwute, S.R. Gollapudi ,  S. Drake, and E. Avona, Phvtochern., 1988, 27, i n  

press. 

6. P.M. Dewick, 'The Isoflavonoids" &I "The Flavanoids, Advances i n  Research," ed. by J.B. 

Harbcurne and T.J. Mabry, Chapman and Hall ,  New Yock, 1982, p. 585. 

7. L.A. Mitscher, J.A. Ward, S. Drake, and G.S. Rao, Heterocycles, 1984, 3 1973. 

Received, 6 t h  May, 1988 


