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IMPROVED SYNTHESIS OF (A)-PRAERUPTORIN A AND OTHER KHELLACTONE ESTERS BY 

SOLVENT-FREE DCC REACTIONS§ 

* 
Swati Bal-Tembe , D i l i p  N. Bhedi, and Noel J. de Souza 

Research Centre, Hoechst I n d i a  L imi ted ,  Mulund, Bombay 400 080, I n d i a  

Abs t rac t  - Esters o f  4 ' - ace t y l khe l l ac tone  such as (+ ) -p raerup tor in  A (2)  
were synthesised i n  cons iderab ly  improved y i e l d s  through use of  a low 

temoerature so l ven t - f r ee  DCC e s t e r i f i c a t i o n  reac t ion .  

1 I n  a p rev ious  paper we descr ibed a method f o r  the synthesis of  rnono- and d i a c y l  de r i va t i ves  o f  

khe l lac tone ( L )  and i t s  a p p l i c a t i o n  t o  the  t o t a l  synthesis of the pyranocoumarin na tu ra l  product 
2 

(L ) -p raerup tor in  A (=Pd- la)  (3, claimed t o  be a calc ium antagon is t  (Scheme I ) .  Al though we 

were successful  i n  ob ta in ing  the t a r g e t  compound, the  f i n a l  s tep  of the syn thes is  namely 

Scheme I 

acy la t i on  of  3 w i t h  ange l i c  ac i d  and DCC i n  r e f l u x i n g  dichloromethane l e f t  much t o  be desired. 

The y i e l d  o f  the  r eac t i on  was very low (4.6 %)  and s t a r t i n g  ma te r i a l  was no t  completely 

consumed even a f t e r  the r eac t i on  m i x tu re  was re f luxed f o r  1.25 days. The o ther  ser ious problem 

was isomer isa t ion  about the  double bond l ead ing  t o  the undesired t i g l a t e  es te r  4 as the major 

p roduc t  (11:1, t ig1a te :ange la te ) .  

5Vedicated *o Vn. E. Baetin, Managing Dine&&, Hoe&* India Limited, on .the occaaion 06 

ki, compLetian 06 25 y m  ui,th Hoecb.t  AG., W e s *  Gehmuny. 



Low y i e l d s  and i somer i sa t i on  du r i ng  the  fo rmat ion  o f  ange la te  es te r s  a re  problems f r equen t l y  
3  encountered i n  the l i t e r a t u r e  . I n  the prepara t ion  o f  semisynthet ic  es te r s  of r e t r onec ine  ( z ) ,  

4  t reatment of  5 w i t h  ange l i c  acidlDCC gave on l y  a  13% y i e l d  of  e s t e r  5 ( 4 : l  r a t i o  of 9:s) . 
Again i n  the  synthesis o f  the an t im i c rob ia l  me tabo l i t e  ren ie rone attempted e s t e r i f i c a t i o n  

5_ R - H  

La R R :  Ang 

Lb R = T i g  

R: Ang 

8 R Z H  

R = T i g  

of in te rmed ia te  8 w i t h  angeloyl  c h l o r i d e l p y r i d i n e  f a i l e d  t o  g ive  I ,  p rov i d i ng  ins tead t i g l a t e  

9 i n  35% y i e l d .  Under i d e n t i c a l  cond i t ions  o ther  ac i d  ch l o r i des  reac ted  smoothly t o  g i ve  h i gh  - 
y i e l d s  o f  es te r s .  The authors had t o  r e s o r t  t o  e s t e r i f i c a t i o n  2 pheny l l i th iumlange loy l  

ch l o r i de  t o  o b t a i n  the  angelate 1 i n  38% y i e l d .  These cond i t ions  however are n o t  very m i l d  and 

the  use o f  pheny l l i t h i um  may n o t  be s u i t a b l e  f o r  s e n s i t i v e  subs t ra tes .  

6  The ange la te  group i s  f r equen t l y  encountered i n  b i o a c t i v e  n a t u r a l  products . The pauc i t y  of  h igh-  

y i e l d i n g  methods f o r  t h e  synthesis of angelate es te r s  as w e l l  as our need fo r  an economical ly  

v i a b l e  syn thes is  of  ( 5 ) - p rae rup to r i n  A  l e d  us t o  f u r t h e r  i n v e s t i g a t e  the  ca rboxy l i c  acid/DCC 

procedure7. Our requirements were twofo ld  : 1 )  To ensure complete convers ion o f  s t a r t i n g  a lcoho l  

t o  e s t e r  2 )  t o  minimise isomer isa t ion  t o  t i g l a t e .  Our r e s u l t s  are descr ibed below. 

8  When a  s o l u t i o n  o f  0.5 m 0 1  o f  &-hydroxy ace ta te  2,  1.62 mmol o f  ange l i c  a c i d  and 2.8 mmol 

of DCC i n  25 m1 of  d r y  dichloromethane con ta i n i ng  0.03 mmol o f  4 -py r ro l i d i nopy r i d i ne  was s t i r r e d  

a t  room temperature f o r  1.75 h ,  a  t r ace  o f  p roduc t  es te r  could be de tec ted  on t l c ,  and a  wh i t e  s o l i d  

began separa t ing  ou t  o f  so l u t i on .  A t  t h i s  stage the  p r e c i p i t a t e ,  l a t e r  i d e n t i f i e d  as 1,) ' -d icyclo-  

hexylurea, was r a p i d l y  f i l t e r e d  o f f  and the  f i l t r a t e  evaporated t o  dryness S_?, the  f l a s k  

t i g h t l y  stoppered and l e f t  i n  t h e  r e f r i g e r a t o r  a t  ca. 8'~'. The r e a c t i o n  was moni tored tw ice  d a i l y  
10 A f t e r  2.5 days, t l c  showed complete disappearance o f  s t a r t i n g  ma te r i a l  . Chromatography o f  the 

crude ma te r i a l  gave the  es te r  2 i n  42% y i e l d  (an equ i va l en t  amount o f  t i g l a t e  e s t e r  4 was a l s o  

formed). The r a t i o  of angelate t o  t i g l a t e  es te r s  was improved t o  1:l as compared w i t h  1:11 i n  the  

p rev i ous l y  descr ibed s o l u t i o n  r eac t i on  and s t a r t i n g  ma te r i a l  was completely consumed. As a  r e s u l t  

an improved synthesis o f  ( 2 ) - p rae rup to r i n  A  was achieved i n  42% y i e l d  i n  comparison w i t h  our 
l e a r l i e r  synthesis i n  4.6% y i e l d  . 

Fo l low ing  the  procedure descr ibed above, the  new low temperature so l ven t - f r ee  DCC r e a c t i o n  was 

app l ied  t o  the syn thes is  of o ther  compounds i n  the  khe l lac tone e s t e r  se r i es .  The r e s u l t s  are 

summarised i n  Table I. Worth p a r t i c u l a r  mention i s  the  p repara t ion  of the  t i g l a t e  e s t e r  4 i n  75% 

y i e l d  as compared w i t h  the  e a r l i e r  repor ted  y i e l d  o f  46% i n  the s o l u t i o n  r e a c t i o n  where a  l o t  of 
1 unreacted s t a r t i n g  ma te r i a l  was recovered a f t e r  5.25 days i n  r e f l u x i n g  dichloromethane . Esters  of  

1 trans-hydroxy ace ta te  10 were a l so  obtained i n  h igh  y i e l d s  us ing  our new so lven t - f ree  

e s t e r i f i c a t i o n  cond i t i ons .  
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Acy la t i on  o f  Hydroxy Acetates 3 and 10 p D C C  4 -  PPy acid 

i '  0 Ac 

3 3 ) -4 'c is  

*p 
!, a_,fl,l2 

E i - 4 ' t r a n s  

~ - ~ ~ - ~ - - - - - ~ - - ~ - ~ - - - ~ - - - ~ - - ~ ~ - ~  ?-------------------...-------.- ................................. 
CH2C12 ( r e f l u x )  1 Solvent - f ree  

Compound R 3 ' - 4 '  ....-..-......-..- .------------------- 

No. stereochemistry Time Y i e l d  Time Y i e l d  
mp 

--......-.-... ,-_.----_---.-....-...-...-.-.. ~ ~ a ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~  % . .  .I~_a~sl-.------- "d -----..--...... 
zb - o/+/ c i s  1.25 4.6' 2.5 4zd 145-147.5 

4b & c i s  5.25 46.6 3 7 5 147-149 

le  bi, t r ans  2.5 94 158-160 

l z e  &\ t rans  1.75 82 180-182 
~---------------------------------~-~-~----~~-~--...~.~~...~~.....~.~-.-------~--------~~~---~~~-- 

( a )  Sa t i s f ac to r y  nmr, i r  and a n a l y t i c a l  (C, H, 0 )  data were obtained ( c f .  Exper imental )  f o r  a l l  

compounds l i s t e d  i n  the  t ab l e .  Me l t i ng  po in t s  are uncorrected.  
1 

( b )  From f i -hydroxy ace ta te  3 . 
( c )  52 % of 4 was a l s o  obtained.  

( d )  4 3 % o f 4 w a s a l s o o b t a i n e d .  
1 

( e )  From e - h y d r o x y  ace ta te  g . 

I n  summary, we have achieved an improved synthesis o f  ( 5 ) - p rae rup to r i n  A (2)  and in t roduced a new 

h i gh -y i e l d i ng  m o d i f i c a t i o n  o f  the DCC e s t e r i f i c a t i o n  r eac t i on  which should f i n d  a p p l i c a t i o n  i n  the 

synthesis o f  es te r s  which may n o t  be r e a d i l y  ava i l ab l e  by convent ional  methods. The reac t i on  has 

scope f o r  an in-depth i n v e s t i g a t i o n  and a d e f i n i t i v e  mechanism awai ts f u r t h e r  study.  

EXPERIMENTAL 

Me l t i ng  po in t s  were determined on a Thomas-Hoover apparatus and a re  uncorrected. l ~ - ~ m r  spectra 

were recorded on a JEOL-90-Q spectrometer. Chemical s h i f t s  a re  r epo r t ed  i n  6 u n i t s  downf ie ld  from 

the i n t e r n a l  standard te t ramethy ls i lane .  The coupl ing constants ( J )  a re  i n  Her tz .  I r  spectra were 
-1 

recorded on a Perk in  Elmer 157 spectrophotometer and are r epo r t ed  i n  r ec i p roca l  cent imetres (cm ). 

1 Compounds 3 and 10 were prepared as p rev i ous l y  repor ted  . Condi t ions fo r  t h e  e s t e r i f i c a t i o n  of  3 
1 i n  r e f l ux i ng  dichloromethane have been descr ibed e a r l i e r  . The procedure f o r  the  r eac t i on  under 

so lven t - f ree  cond i t ions  i s  descr ibed below. 



Typ ica l  Procedure f o r  the  E s t e r i f i c a t i o n  of Acety lkhe l lac to f les  3 and 10 (Table l )  

(+)-Praeruptorin A (2)  : A s o l u t i o n  of e - a c e t y l k h e l l a c t o n e  3 (0.156 g, 0.5 mmol), ange l i c  
-8 a c i d  (0.162 g, 1.62 mnol), DCC (0.57 g, 2.8 mnol) and 4 -py r ro l i d i nopy r i d i ne  (0.0045 g, 0.03 

mnol) i n  d r y  CH2C12 (25 n l )  was s t i r r e d  a t  room temperature fo r  1.75 h. A wh i t e  s o l i d  which 

separated o u t  was f i l t e r e d  o f f  and the f i l t r a t e  evaporated t o  dryness z?o. The f l a s k  was 
t i g h t l y  stoppered and kept  i n  the  r e f r i g e r a t o r  a t  ca. 8'~. The reac t i on  was monitored tw i ce  
d a i l y  by t l c .  A f te r  2.5 d the r eac t i on  was complete. F lash  chromatography o f  the  product  on 
s i l i c a  gel  w i t h  g rad ien t  e l u t i o n  (petro leum ether-EtOAc) gave f i r s t  t h e  angelate es te r  1 
(0.084 g, 42%), mp 1 4 5 - 1 4 7 . 5 ~ ~ ~ '  (cyclohexane). La te r  column f r ac t i ons  fu rn ished the  t i g l a t e  

1 es te r  4 (0.086 g, 43%), mp 147-149'~ (cyclohexane) ( l i t 1 .  mp 147-149'~). The i r  and H-nmr 
1 spectra for: and 4 were i d e n t i c a l  t o  those p rev i ous l y  repor ted  f o r  these compounds. Anal .  

Calcd f o r  C21H2207 : C, 65.27; H, 5.74. Found : C, 65.61; H, 5.82. 

The f o l l ow ing  compounds were prepared according t o  the  t y p i c a l  procedure descr ibed above, 

L ,  . " -~ . . . . ~ ,. -, >-, - -  
r--' - 

was prepared from compound 3 and t i g l i c  ac i d  i n  75% y i e l d .  The mp, i r  and nmr spectra were - 

i d e n t i c a l  i n  a l l  respects w i t h  those reported1 f o r  compound 4. Anal. Calcd f o r  C21H2207 : 
C, 65.27; H, 5.74. Found : C,  65.46; H, 5.68. 

(+)-trans-4'-O-Acetyl-3'-O-ti g l o y l  khel lac tone (11) : Compound g was prepared from compound 10 
and t i g l i c  a c i d  i n  94% y i e l d  ; mp 158-160°C (cyclohexane); i r  (KBr)  : 1610, 1720, 1750, 2985; 

'~ -nmr  (COC13) : 7.52 ( lH,  d, J = 10.08, H-C(4)), 7.28 ( IH,  d, J = 9.0, H-C(5)), 6.76 ( lH ,  m, 

CH3C=CKH3), 6.74 ( IH,  d, J = 9.0, H-C(6)), 6.21 ( lH ,  d, J = 5.04, H-C(4 ' ) ) ,  6.16 ( lH ,  d, J = 

10.08, H-C(3)), 5.30 ( lH ,  d, J = 5.04, H-C(3 ' ) ) ,  2.08 (3H, S, -OCOCH3), 1.80 (3H, S ,  CH3C=CHCH3), 

1.77 (3H, bd,  J = 9.0, CH3C=CHCH3), 1.34 and 1.42 (each 3H, S, 2 X CH3-C(2' ) ) .  Anal. Calcd 

f o r  C2102207 : C, 65.27; H, 5.74. Found : C, 65.21; H, 5.44. 

( + ) - ~ - 4 ' - O - A c e t ~ l - 3 ' - O - [ ( E ) - 2 - b u t e n o y l  1 khe l lac tone (g) : Compound 11 was prepared f rom 
compound 10 and c r o t o n i c  a c i d  i n  82% y i e l d ;  mp 180-182'~ (EtOAc-petroleum e the r ) ;  i r  (KBr)  : 

1610, 1720, 1735, 1755, 2990; l ~ - n m r  (CDC13) : 7.55 ( lH ,  d, J = 9.72, H-C('$)), 7.29 ( lH ,  d, 

J = 8.28, H-C(5)), 6.96 ( lH ,  dq, J = 15.0 and 7.0, -CH=CFH3) 6.75 ( lH ,  d, J = 8.28, H-C(6)), 

6.20 ( lH ,  d, J = 5.04, H-C(4'), 6.16 ( lH ,  d. J = 9.72, H-C(3)), 5.78 ( lH ,  dq, J = 15.0 and 2.0, 

-CH=CHCH3), 5.29 ( lH ,  d, J = 5.04, H -C (3 ' ) ) .  2.13 (3H, S, -OCOCH3), 1.88 (3H, dd, J = 7.0 and 

2.0, -CH=CHCH3), 1.37 and 1.45 (each 3H, S, 2 X CH3-C(2')). Anal. Calcd f o r  C20H2007 : C .  64.51; 
H, 5.41. Found : C, 64.70; H, 5.29. 

ACKNOWLEDGEMENTS 

We thank Dr. Prabhakar K. Inamdar and h i s  group f o r  spectroscopic and m ic roana l y t i ca l  data, and 

Mrs. Amanda Nogueira f o r  t y p i n g  t h i s  manuscr ipt .  



HETEROCYCLES, Vol. 29, No. 9, 1989 

REFERENCES AND NOTES 

S. Bal-Tembe, D. N. Bhedi, N. J .  de Souza, and R. H. Rupp, Heterocycles, 1987, M 26, 1239. 

T. Kozawa, K. Sakai, M. Uchida, T. Okuyama, and S. Shibata, J. Pharm. Pharmacol., 

1981, 3, 317. 

P. J. Beeby, Tetrahedron Le t t . ,  1977, 3379. 

W .  M. Hoskins and D. H. G. Crout, J .  Chem. Soc., Perkin Trans. 1, 1977, 538. 

A .  Kubo, S. Nakahara, K. Inaba, and Y. Kitahara, Chem. Pharm. Bu l l . ,  1986, 2,  4056. 

'Handbook of Na tu ra l l y  Occurring Compounds', Vol. 1, ed. by T. K. Devon and A.  I. 

Scott ,  Academic Press, London, 1975. 

A. Hassner and V .  Alexanian, Tetrahedron L e t t . ,  1978, 4475. 

R .  E. Buckles and G. V. Mock, J. Org. Chem., 1950, ?_S5, 680. 

I n  more recent  experiments we have found : 

a) f i l t r a t i o n  o f  !,E'-dicyclohexylurea i s  no t  necessary. 

b )  the reac t i on  works as we l l  i f  the reagents a re  dissolved i n  dichloromethane and 

the reac t i on  mix ture  immediately evaporated t o  dryness and l e f t  i n  the r e f r i g e r a t o r .  

I n  comparison, when the reac t i on  mixture i n  dichloromethane so lu t i on  w i t h  o r  w i thout  

f i l t r a t i o n  of urea was l e f t  a t  room temperature o r  re f l uxed  f o r  5 days not more than 

60% of s t a r t i n g  alcohol  was converted t o  product es ter .  

The mel t ing  p o i n t  of compound 2 was not depressed on admixture w i t h  an authent ic sample 12 

of (L)-praeruptor in A (=Pd-Ia) which melted a t  144.5-147°~. 
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