
HETEROCYCLES, Vol 29, No. 1 1 ,  1989 

SOME CHEMICAL REACTIONS OF TACCALONOLIDE A - A BITTER 

SUBSTAIU'CE FROM TACCA PLANTAGIMEA 

Zhong-l iar lg Chen,  J i - h u i  S h e n ,  and Y i - s h e q  Gno 

S h a n g h a i  I n s t i t u t e  o f  M a t e r i a  ? M e d i c ~ ,  Acadernia S i n i c a  

319 Yue-yang Road, S h a n g h a i  200031, C h i n a  

h h s t r a c t  - Tncc: i lor lol ide 11, a p e n t a c y c l i c  s t e r a i d a l  

b i t t e r  p r i r l c i p l e  from C h i r ~ e s e  rnedicir la l  p l a n t  

-1tapinci.r ( E a n c e )  Dr.entli, was s t u d i e d  by chernical  

r e a c t i o n s .  

-2% I.; a g e n u s  o f  t h e  f a m i l y  T a c c a c e a e .  !Chey a r e  her i l aceous  p l a n t s  a n d  founrl 

p r e d o m i r ~ a n t l y  i n  t r o p i c  zar1es.l  Jr!  tae p r e v i o u s  p a p e r s  wt. h a v e  r e p o r t e d  t h e  

2  
s t r u c t u r e  de t t? rmir ra t ion  of taccalar iol . i .dcs  i? 2 ,  B 2 ,  C d  D , t h e  r lew 

b i o l o g i c a l l y  uc t iv i :  b i t t e r  s u b s t a n c e s  from Tacca  p l a n t a g i n e t %  ( f iance)  D r e n t h ,  

by s p e c t r a s c o p i c  methods.  These r.ati-)er. ~ r i l u s u a l  perirni:?cli .c s t e r o i d s  a r e  c l o s e -  

l y  r e l a t e d  t o  pi!ysal inn, '  a t y p e  of hj .ghly oxygerl:iicd 3 t e r o i : i s  t h a t  ex!lihit  

t h e  u n i q u e  s t r u c t u r a l  f e a t u r e  o f  a  s e c 0  C I D  s t e r o i d  r luc l sus  :>l which arl ndili- 

t i o n n l  c t r r b o c y c l i c  r i r l g  E and url e x t T a  :nethyl g r o u p  C-28 a r e  pr .eser l t .  

I n  c o r r t i r l u a t i o ~ l  o f  o u r  i n v e s t i [ g l t i o n s  w e  d e s i r e d  i a  s t u d y  i t s  cke:nical r h a r u c -  

t e r i s i i c s  by chemica l  r e s r : t i a n s .  Hcrei l :  we r e p o r t  t'3e r e s u l t  o f  same r:hc:nicn.l 

r ract ior l . ;  c a r r i e d  o u t  .with t c c c ~ i l o r l o l i d e  I\ 1. 

1 i s  v e r y  u i l s t i ib le  i r t  a l k a l i r l e  3 o l l i t i o ~ ~  even  it room t e m p e r a t u r e .  Alkal i : ,~e - 
d e g r a d a t i o n  of  l gave t a c c a l o r ! o l  5. 'i'hs i r  sgectr.urn o f  5 p r e s e n t s  two k e t o  i.nl.- 

-1 
b o l y l s  a t  l 'I3U and 1 ' /05  cm . " c - ~ m r  api.ctru!n r . e v e a l s  25 ci i rborls ,  e:nong which 

two a r e  k e t a  c a r b o r ~ y l s .  W O  e l u c i d a t e d  t h e  s t r u c t u r e  o f  5 by l ~ - r i m r  apectrurn ;%id 

s p i n - d e c o ~ r p l i r ~ g  t i2chniques.  The s t e r e o r h e r n i s t r y  of  2 rvas e a t a b l i s h r d  by NON 

d i f f e r e n c e  s p e c t r o s c a p y  f o r  imdicntirl;:  tllr Z.i-p-!cethyl i:,r~fii:llr'nt-ioi~, i n  c , i s i  o f  

s a t u r a t i o r i  o f  1:-21 t h e  '13-nmr o f  5 gave  IJOE w i t h  11-24 (5.69%) a l ~ d  s a t u r a t i o r l  of 

iH-24 ir g a v e  i.;O!; w i t h  il-21 (5.23%) :i:l s o .  

By t h e  r e d u c t i o r i  w i t h  L i A l ! i 4 ,  1_ a l s o  s u f f e r e d  t h e  s p l i t  o f  C24-C25 bond t o  p m -  

duce  cao!pourli 6, which was some>vh:it l i k e  .. 'i i n  t h ~ e  s p e c t r a l  and r:herilical c h a r -  

a c t e r i s t i c s ,  b u t  i t  h a s  one  X e t o ,  srvi?rl ilydraxy g r o u p s  'nut rlo (:-P, C-3 epoxy.  



The s t r u c t u r e  o f  6 w a s  e s t a b l i s h e d  by s p e c t r o s c o p i c  d a t a ,  and  t h e  a s s i g n m e n t  o f  

'~-;vnr s p e c t r u n i  was a c c o m p l i s h e d  by t h e  spi.7-decoupi:lg method. 

C a t a l y t i c  h y d r o g e n a t i o n  o f  1 a f f o r d e d  a ~nlain pr.odui:t ,?, i t s  ir spec t rum p r r -  

s e r r t s  a t y p i c a l  d- l i ic tol lc  a b s o r p t i o r l  a t  1'7'70 cm-' in::!eod o f  t h e  eriol J - l a c t o i l e  
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1 8 2 0  r l n - l  i n  2. 

The r e d u c t i o n  o f  w i t h  ldaBH4 fo rmed  8 ,  which  was e a s i l y  c o n v e r t e d  t o  2 i n  CHCl 
3  

s o l u t i o n .  Bo th  R and  9 w e r e  l a c k  o f  C-6 k e t a  ca rbony l . .  ' ~ -Nmr  o f  9 showed t h e  

p r e s e n c e  o f  a 6 -E-ace toxy  g r o u p ,  o w i n g  t o  i t s  s m a l l e r  c o u p l i n g  c o n s t a n t s ,  
'5,6 

= 2 . 5  Hz arid J6 ,7  = 2 . 5  H". l'iie f a r m n t i o ~ r  of  2 may be r e s u l t e d  f rom a t w o - s t e p  

a c e t g l  r r l ig ra t ion  a n d  t h i s  k i i ld  o f  m i g ~ a t i o n  '.as a l s o  b e e n  f o u n d  i n  t h e  c a s e  o f  

t a c c a l o r l a l i d e  D .  3  

Clperling t h e  epoxy r i n g  o f  l- w i t h  HCl a f f o r d e d  c h l o r a  compounds 10 a n d  11, t3ei.r 

C-(l:i a n d  C - C l  borids i n  s u c h  two compounds a r e  bat:? e q u a t o r i a l  i n  10 a n d  b a t h  

1 
a x i a l  i n  11 i:, accordanr ;e  w i t h  t h e  -11-r!mr s p e c t r a  a n a l y s i s .  

The above c h e m i c a l  r e a c t i o n s  p r o v i d e  f u r t h e r  s u p p o r t s  f o r  t h e  p r o p o s e d  s t r u c t u r e  

o f  tacca1or1ol . j .de  h L, w h i c h  h a d  been deduced  by s p e c t r o s c o p i c  me thods  and  con- 

f i r m e d  by X-ray c r . y s t a l l o g r a p h i l -  me thod .  2  

EXPEKLI'rlEi'l'PAL 

: l r  s p e c t r a  were  r . ecorded  or) a  PE-599B s p e c t r o p h o t o m e t e r ;  "C a n d  '11 r r r i l r  s p e c t r a  

"11 B r u k ~ e r  AM-100 a n d  AC-l00 s p e c t r a n e t e r .  and  illass S p e c t r a  on a Var ia r i  7gWI'-'ill, 

fdms on a H i t a c h i  M-80. 

B e a c t i o n  w i t h  XcOY To a s o l u t i o n  o f  20 m 1  o f  5% a q u e o u s  Naaf i ,  600  mg o f  

tn : : i :a lor~al ide  A was a d d e d .  B i t e r  was d i s s o l v e d ,  t h e  r e a c t l u n  m i x t u r e  was 

r i e u t r a l i i r d  w i t h  j% a q u e o u s  : + C l ,  and  concer l t r .o t ed  t o  a small. arnoilrlt i n  v a c u o ,  

a n d  t h e n  c o o l e d  i n  a r e f r i g e r a t o r  t o  g i v e  a w ' l i t e  p r e c i p i t a t e ,  which was r r c r g -  

s t a l l i z e d  from IvIeOH t o  y i e l d  250 mg ( 6 3 % )  o f  5. 5_ rnp 252-253 % ,  m s :  464 

~ ~ ~ : 1 ~ ~ 0 ~ ,  446 ( ~ - i e ]  l ,  -128 (-146-lo)+, -110 ( 4 e s - 1 8 ] + ,  392 @ l o - i 8 ] + .  ; r : ( ~ ~ r j  

35-10, 3340 (OH),  1:110, 1.70; (C=O) .  1 3 ~ - ~ m r :  (UWSO-d6, l 0 0  M!ix) 2 1 2 . 0 6 s ,  209. '11s,  

' ? 6 . 9 ' / d ,  i.!.85d, ' I O . l 3 d ,  6 9 .  jOd,  6 0 . 1 5 d ,  5 5 . 9 i d ,  5 1 . 5 4 6 ,  5 1 .  2 2 d ,  4 9 . 7 9 t ,  1 9 . 7 9 d ,  

49.3tid,  4 5 . 0 5 d ,  4 4 . 6 6 s ,  4 3 . 9 3 s ,  2 1 1 d  4 1 . 6 6 6 ,  l .  3 3 2 . 4 2 d ,  2 1 . 4 3 t ,  1 8 . ' / 9 q ,  
l 

1 2 . 9 2 q ,  1 2 . 1 ' i q .  1 2 . 5 3 c .  -H-Xinr (DPflSO-d6, 400 Mfizj: 4 . 0 h d ( J = 5 . 2 ,  H - l ) ,  3 . 2 l d d  

= :  5  I - ) ,  : . 2 8 d d d ( J = 4 ,  2 ,  2 ,  3 ,  1 . 9 6 n ( H - 4 ) ,  2 r - 1 ,  2 . 6 5 d d ( J = 4 . 8 ,  

0 . 8  1 ,  3.95d(J=10.8, I - ,  1.55ddd(J=20.5, 1 0 . 5 ,  10, € 3  2 . 2 ? d d ( J = 1 0 . 8 ,  

1 0 . 8 ,  X - q ) ,  3.82dd(J=!O.H, 3 ,  l ! - l ] ) ,  3 . 6 4 d ( J = 3 ,  H-12) ,  2 . 0 0 d d ( J = I O ,  1 0 ,  11-14), 

4 . 0 0 d d ( J = 9 ,  4 ,  H-15).  1 . 6 8 d d ( J = l O ,  1 2 ,  H-16) ,  2 . 0 2 d d ( J = l % ,  1 0 ,  h-1.0,  0 . 6 6 s  

( - 1 0 )  0 . 6 4 s ( H - 1 4 ) ,  1 6 2 m - 2 0  1 . 0 2 d ( J = 5 . 6 ,  - 2  2 8 m H - 2  2.44m(H-24) ,  

1 . 0 0 d ( J = 6 ,  H-25) .  



R e d u c t i o n  w i t h  LiAlli  A s o l u t i o n  o f  20 mg o f  t acca1o : lo l ide  B i n  2  m 1  o f  

r r ihgdraus  t r t r a h y d r o f n r a r l  was added  t o  1 0 0  mg o f  LjhlHl  i r l  2  r n l  o f  anhyr!raus 

t r t r a h y d r o f u r a r i ,  t h e  m i x t u r e  was s t i r r e d  arid r r f l u x e i !  f o r  5  h. Then t h e  r e a c -  

t i o r l  m i x t u r e  was e v a p o r a t e d  i n  vacuo  and  e x t r a c t e d  w i t h  EtOAc, t h e  EtOAc s0111- 

t i o l t  was c o n c e n t r a t e d  t o  d r y ~ l e s s .  The r e s i d u e  was r : r y s t a l l i z e d  i n  Me013 t o  

a f f o r d  1 0  rof; (75%) o f  6. 6 mp 286-285 " C ,  ms: 460 C253400.7, hrms:  450 .2591  

C25E11806, (M-ii20]+. I r ( K 3 r ) :  1 5 3 0 ,  1350 (OH), 1 6 9 0  (C=O) ,  1 3 ~ - ~ m r ( ~ ~ ~ 0 - d 6 ,  

1 0 0  MHz) : 2 1 2 1 4 s  '75.85d, '74.46d, 74.1.2d, i ? . ' / 5 d ,  7 1 . 3 6 6 ,  6'7.58d, 65. 'IYd, 

51.64d,  4 9 . 9 4 d ,  4 9 . 9 4 t ,  49.51d,  4 5 . 1 6 d ,  4 5 . 1 6 d ,  4 5 . 0 1 s ,  4 0 . 3 9 s ,  14.7 ' id ,  1 4 . 0 1 d ,  

3 ? . 6 2 t ,  3 1 . 2 5 t ,  3 2 . 5 i d .  1 9 . 9 0 q ,  1 1 . 9 5 q ,  1 2 . 5 5 9 ,  1 2 . 5 5 ~ .  111-i$rnr(DMS0-d6, 400 

l :  4 r ( - l ,  3 . 8 1 ( 1 - 3 )  1 .85m(H-5) ,  3 . 1 7 d d ( J = 2 ,  2 ,  H-6) ,  3 . 2 2 d d ( J = 2 ,  1 0 ,  

I - ,  1 . 8 ' l d d (  J = l l ,  11, H-R), 1 . 5 3 d d ( J = 1 0 . 5 ,  1 0 . 5 ,  li-91, 3 7 d I J = 1 0 . 5  4 ,  ? l - 1 l ) ,  

3 . 5 8 d ( J = 4 ,  I i -12) ,  2 . 0 4 d d ( J = l l ,  l 3 - 1 4  3 . 9 2 d d ( J = 1 0 ,  10, H-151, 1:14dri(J=% 1 0 ,  

l 1 . 9 9 d d ( J = 1 1 ,  l 11-17)  0 . 9 6 s ( I l - 1 8 ) ,  0.68s(14-1Y), 1.631t(!3-:?0), l . O l d ( , J = ' / ,  

1 - 2 1  2.1Rdd(. i=4,  1 4 ,  1 - 2 2 )  2 .0 ' r ' dd(J=1JI  l ! l -  2.44rn(!l-24), l . O 3 d ( d = 6 ,  

11-25). 

Hydragerlat ior l  o f  t a c C c a 1 o n o 1 i d e  A 200 m,; o f  L i n  l 0  m 1  o f  Me03 were hqdro-  

g i+na ted  o v e r  5% Pd-C ( c a .  20 mg) fur l ?  h .  A f t e r  f i l t r a t i o n ,  t h e  f i l t r a t e  was 

c o n c e r ~ t r a t r d  $1.1 vacua t o  a f f o r d  c r u d e  c r y s t a l s ,  ar;ci therl r e c r y s t ~ l l i n a t i o r ~  froln 

hlleOI! g a v e  1 5 0  mg o f  d i l ? y d r o t a c c e l a n o l i ~  il 1 ( y i e l d  1 5 % ) .  I np  230°C,  i'dms: 

7 0  3 1 4 0 1 , 1 .  I r ( K B r ) :  3450 ( O F ) ,  l ' i ' r 0 ,  1 7 4 0  (C=O),  1 3 7 5 .  ' H - I J ~ P  (CDCI3, 

400 ILliz): 4 . 6 9 d ( J = 5 . 5 ,  l . ,  1 . 4 6 d d ( J = 1 . 5 ,  5 . 5 ,  t i - 2 ) ,  ? .16: idd(J=2,  2 ,  1 . 5 ,  l!-1), 

3 . 9 5 b r d ( J = 1 0 . 5 ,  R-7) ,  j . 3 l d d ( J = l l . 5 ,  2 . 5 ,  3 - 1 1 ) ,  5 .26d( ,1=2 .5 ,  3 - 1 2 ) .  5 .hOdd(J=  

8 . 5 ,  8 . 5 ,  3 - 1 5 ) ,  4 . 0 9 d d ( d = l 1 . 5 ,  6 . 5 ,  j t -2? ) ,  O . i h s ( H - l < ) ) ,  0 . 9 2 s ( P - I R ) ,  O.fi .Id(J= 

6 . 5 ,  1 - 2 1 )  l . i s ( 3 - 2 i ) ,  1 . 2 8 ( - 2  S 1 . 9  1 ,  l i  2.15s(CE3C00).  

R e d u c t i o n  w i t h  RaBH 50 mg o f  lT:iBHd .were added t o  a z a l l > t i o r ~  o f  50  :"I: o f  1 

i n  5  m 1  o f  IvleOH a t  O'C f o r  5 rniri, t h e n  20 m 1  o f  i c e - c o l 6  water.  were n d d e d ,  t h e  

aqueolis s o l u t i o : ~  was e x t r a c t e d  w i t h  C l i C l  ? .  The C l I l > l 1  e x t r a c t s  were e v a p u r a t e d  

and  s e p n r a t c d  w i t h  t l c  ( s i l i c a  g e l ,  C H C l  -EtCJH 9 5 : 5 ) ,  15 mq ('10%) o f  8 was 05-  
3 

t a i r ~ e d  a s  a w h i t e  powder .  k e p t  i r t  CilC1. q o l u t i c n  a t  room t e m p e r a t u r e  f o r  3  
3 ' 

d a y s ,  4 was formed and  s e p a r a t e d  j.n p u r e  s t a t e  w i t h  tlc ( y j c l d  a b o u t  60%). 

8  rnp 220'C, C161iq8014. l ~ ! - ~ m r  (CDCL?, ?l00 P-Wz): 4 . 5 6 d ( J = 5 . 5 ,  13-l) ,  3 . 4 0 d d ( J =  - 
5 . 5 ,  3 . 5 ,  H-2) ,  3 . 3 1 d d d ( J = 3 . 5 ,  2 ,  2 ,  I - )  3 . 5 9 b r d ( J = 2 ,  H-6 o r  H-'!), 3 .29br  

( 5 6  o r  H-7) ,  5 . 2 5 d d ( J = 1 1 . 5 ,  2 . 5 ,  H - l l ) ,  5 . 2 O d ( J = 2 . 5 ,  H-12) ,  5 . 4 9 d d ( J = 9 . 5 ,  9 . 5 ,  
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I - ) ,  5.01br.s(H-22), 9 s ( H - 8  or - 1 )  ( I - l  or 8 O.Hhd(J='i, 13-2!), 

1.5'/s(H-2'0, l .2'7s(H-28), 1.90s, ?.OOs, 2.02s, 2.0'/s(ClI COO). 9 rnp 227-23032, 3 

fdms: ,105 (~~l+l]+, C361i4801J; 677 [(M+])-20If, C35i148011. Tr(KBr): 1iiOO ((ill), 

1810, !'(10, 1680 (C=O). 'il-~mr. (CTiC1 100 i iN lz ) :  4.62d(J=5.5, fi-l), ?.ilddd(.i= 
3 ' 

5.5, 4, l ) ,  i.i2ddd(.i=4, 2, 2 I - )  5.05dd(J=2.5, 2.5, 6 3.'/6dd(J=2.5, 

l . ,  I ) ,  5.34dd(J=ll.5, 3 1-11) 5.20d(J=3, l 4.35brdd(J=i0, '7.5, H-151, 

.1,9'/d(J=2, 1-22) 0.99s(ii-18 or E-IT)), 1 .Ols(tt-19 or.  11-18), O.H?d(,J='/, H-211, 

6 3 ( - 2  1.1Os(h-28), 1.95s, 2.05s, 2.11s 2.20a(ClI COO). 3 

Openirlv the epoxs rijji wi th liC1 A sollltior~ of 50 !R(; ~f l in 2 m1 of rcorlcen- 

trnted HC1 waa lri?pt st O°C for 30 r o i r l ,  ard the i . e u c i i c i n  ~aixture was diluted with 

wuter.  to 20 1111, and extracted with CRC13, the organic extracts were washed with 

wati? and evtiporated t o  dryoess. Separatioh of the resirlue by ilc (silica g e l ,  

CIICl. -Et(;H 95:5) yielded p u r e  10, 2.5 mg ($'/S) nrlti 11, 10 m g  (19%). 10 m p  235- 
3 

240'C, Cdlns: 731 (!<1+1]+, C36i14,,G14Cl. Tr(K3r): 1450 (O!!), 1790, 1.760, 1'140, 

1.720, 1680 (C=O), !3,0. '!i-~:r!r (ac:cto:le-d6, -1011 Miiz): 5.60d(J=2.5, H-l), 

?.R?dd(J=lO, 2.5, H-2), 4.0!ddd(J=IO, 11.5, 6, 11-3). 1.29dd(J=12, 4.5, H-5). 

4,28dd(J=10, 2, H-'/), 5.23dd(cl=13., 2.5, l ) ,  5 . ' ( J = 2 . 5  I - )  5.53dd(,T=lO, 

10, I - )  5.0!,1(.1=1.5, P,-LI?), ( I - l  or I -  l.OHs(li-l? "I. I!-?i3), O.91d 

( 7 ,  2 )  ( E - 2  l ( - 8  1.92s, 2.05s, 2.15s. 2.11s(Ct3(:OO). 

l1 rnp 225-C, fdrns: 739 (l~l+l]+, C,j61:4,0,4Cl. Ir(K3r.) : 3450 (OH), 1803, l''3O - 
(C=O), 13';O. '13-:i:nr (<;D<:13, 400 r lJ{z):  .L.eYJ(.J=l .5, F T - l ) ,  4.1'/::!(2!!, 1;-2 S.,."' 11-31, 

?.23brd(.l=12, l ) ,  1.09dd(J=l0, 1, l ) ,  ' . ( = l 1  11, !l-91, 5.2'/:ld(J=ll, 

2.5, 1 1  5.21d(1=2.5 I -  . 5 i ( ~ = 1 0 ,  10, :I-15), 5.06d(cJ=1.5, :l-22), 

0.99s(E-18 or ii-19), l . O ( ~ l - 9  o r  1 - 1 8  0.88J(,l='/, i - l  l.h2s(Ii-2?), l. 34s 

( i -  1.98s, 1.908. 2.09s, 2.l3s(c:i3C0O). 

Acetglation of 10 10 mg of 10 wsri! acetylatetl in usual mar:~er. t o  a f f o r d  5 

rng of E (yi.cld 16%) .  L2- mp 282-281'<:, rdrns: /H! :~+l]" S C38H49015C1. '~-!tnr 

(acetone-d6, 400 ld33z): 5.6Ed(J=2.5, H-l), 4.82dd(J=ll, 2.5, - 2 ,  .1.22ddd(JA11, 

11.5, 6, H-?), 1.14dd(J=11.5, 5, H-5), 4.26brd(J=10. H-l), 5.2ldd(J=11.5, 2.5, 

H-11), 5.24d(J=2.5, H-l2), 5.50dd(J=10, 10, H-15), 4.98d(J=1.5, H-22), 0.98s 

(H-18 or H-19), 1.06s(H-l9 or H-18), 0.88d(J=7, H-21), 1.62s(H-27), l.?ls(H-PE), 

Oxidation with NaIO 50 mg of l- and 100 mg of NaIO were dissolved in the 4 

solution of acetone-H20 (1:1, 5 ml) and kept in room temperature for 2 weeks, 



and then the solution was evaporated in vasuo and the residue was dissolved in 

CHC13. The organic salutiorl was evaporated and separated by tlc (silica gel, 

CHC13-EtOP 95:5) to give U, recrystallizatiorl from MeOH afforded 10 mg (19.5%) 

of 12. Q mp 225-227-C, fdms: 71.9 ~lvl+11~', C36H46015. Ir(KBr): 3300-3500 

(OH), 1810, 1740 (C=O), 1230, 1040. 1H-!3mr (acetone-<l6, 400 MHz): 4.77d(J=5.5, 

H 3.41dd(J=5.5, 3, H-2), 3.33ddd(J=3, P,  2, 3-31, 6.00dd(J=11.5, 2.7, H-111, 

5.25d(J=2.7, H-l>), 5.14dd(J=10, 10, H-15), 5.OOd(J=1.5, H-221, 9.71d(J=5.5, 

mO), 1.06s(H-l8 or H-19), l.lZs(H-18 or H-19), O.91d(J=7, 13-21), 1.59~(~-27), 

l.22s(H-ZB), 1.92s, 1.92s, 2 . 1 1  2.14s(C;1~C00). 
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