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Abstract 
A practical approach for the chiral synthesis of propargyl alco- 
hols and hydroxyvinyl chlorides, making use of base induced elimina- 
tion of chiral 2,3-epoxy chlorides is described and their utility 
in the synthesis of octadecenoids, viz., (S)-coriolic acid 0) and 
(S)-l5,16-didehydrocoriolic acid (V) the self-defensive substances 
in rice plant against rice blast disease, is discussed. 

In t h e  recent  t i m e  t h e  polyunsaturated f a t t y  acid c lass  of na tura l  products  such as oc tadece-  
noids and leukotr ienes  (eicocenoids) have  been t h e  subject  of in tense  sc ien t i f ic  research  worldover lY2. 

The potent ia l  implicat ion of t h e  biological ac t iv i ty  of octadecenoids  such as ionophoric ac t iv i ty ,  
precisely t h e  self-defensive propert ies  aga ins t  blast  disease in r ice  plants  has  imposed a g r e a t  dea l  
of demand for  supply of t h e s e  natural ly  occurr ing subs tances  for  proper  evaluat ion of the i r  biological 
impor tance  . Recent ly ,  t h e  impor tance  of t h e s e  substances in agr icu l ture  has  been recognised, thus, 
emulat ing a renewed in te res t  in o c t a d e c e n o i d ~ . ~ ’ ~ ’ ~ .  

3 

Coriolic acid (I) and dimorphecol ic  acid (11) a r e  t h e  t w o  octadecenoids  isolated f rom beef 
h e a r t  mitochandria. In addi t ion to I and 11, other  f a t t y  acids  such as I11 to V w e r e  also isolated f rom 

/ 

6 H  
I - 

H 0 7 C 0 2  H 

t h e  res i s tan t  cu l t ivar  of r ice  plant  Fukuyuki (Oryza sa t iva  L) and shown to  be  ac t ing  as self-defensive 
subs tances  in r ice  plant  against  r ice  blast  disease3. These acids  s e e m  to inhibit t h e  spore germinat ion 
and green  t u b e  growth of conidia of r ice  blast  fungus and thus  playing a self ldefensive role  in t h e  
r ice  plant  without  being infec ted  f rom t h e  disease. Because of t h e  need,  coupled with t h e  r a r e  avai la-  
bility of t h e s e  subs tances  in na tura l  sources ,  considerable  e f f o r t s  have  been m a d e  to p r e p a r e  t h e s e  
products. 
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I t  i s  evident  f r o m  t h e  f a t t y  acids  (I to  V) t h a t  chiral  propargylic alcohols o r  the i r  der ivat ives  

such as t h e  a - h a l o  vinyl a lcohols  a r e  the i r  hidden par t  s t ruc tures ,  thus  these  in te rmedia tes  a r e  of 

immense  interest .  Recent ly ,  a n  expedi t ious approach for  these  alkynols f rom chiral  precursors  has  
been repor ted  by us. In cont inuat ion of our e f f o r t s  in this  a r e a  of t h e  synthesis  of biologically a c t i v e  

octadecenoid subs tances  through t h e  development  of sui table  precursors ,  we  have developed7 a novel 
method for  t h e  synthesis  of chiral  alkynols (2) f rom sui table  allylic alcohols (I) .  These alkynols (2) 

a r e  poten t  and valuable in te rmedia tes  finding diverse  use in t h e  synthesis  of na tura l  products. Notably, 
t h e  recent  discovery of t h e  Pd-mediated s te reospec i f ic  coupling of alkynols with vinyl halides has  
grea t ly  enhanced their  utility, as t h e  resu l tan t  en-yne c a n  be  s tereospecif ical ly  reduced e i ther  to 
- c is  or  trans alkenes with sui table  choice of reagents .  Even though severa l  methods  a r e  repor ted  , 
yet ,  a n  e f f e c t i v e  prac t ica l  method for  chiral  carbinols  was  warran ted  by synthe t ic  organic  chemists .  
Our method involves a t h r e e  s t e p  s t r tegy  for  t h e  conversion of prochiral  allylic a lcohols  ( I )  in to  
alkynols (2 )  (Scheme-I). I t  involves t h e  initial conversion of allylic alcohol (1) in to  a n  opt ical ly  a c t i v e  
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8 epoxy alcohol  (3) by Sharpless epoxidat ion , thereby  fixing t h e  s te reochemis t ry  of alkynol (2). The 
epoxy alcohol (3) is  t h e n  conver ted  with Ph3P/CCI4 i n t o  epoxy chlor ide (4). Base induced dehydrohalo- 
genat ion of epoxy chlor ides  (4) in presence of LiNHZ/liq.NHj or  LDA/THF provide t h e  carbinols. 

The ready avai labi l i ty  of epoxy chlor ides  in enant iomerical ly  pure form by using e i t h e r  (+) or  (-) 

DIPT makes such in te rmedia tes  par t icular ly  useful in t h e  synthesis of ch i ra l  carbinols. The t o t a l  

integri ty  of t h e  asymmetry  of t h e  epoxy alcohols (3) is t ransfer red  to t h e  alkynols without  any  race-  
misation. 

Scheme 2 
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A plausible mechanism for  t h e  format ion  of carbinols  (2) s e e m s  to proceed by a proton abs t rac-  

t ion f rom t h e  chlorocarbon of 4 and concomi t tan t ly  c leaving t h e  carbon-  oxygen bond of t h e  epoxide 

group to  give a n  anion of t h e  hydroxy vinyl chlor ide (5).  This inturn r e a c t s  with t w o  more  moles  

of base to  undergo dehydrohalogenation to  deliver a dianion (7), which on quenching would lead to 
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chiral  alkynol (2). In addition, t h e  s ignif icance of th i s  method lies in t h e  chemoselec t ive  alkylat ion 
of thus  genera ted  dianion (7) by alkyl halides such as n-octyl bromide and THP e t h e r  of bromooctanol  

etc. to  give C-alkylated products9 8 and 9 respect ively (Scheme 2). 
This method was  used successfully for  t h e  conversion of a wide var ie ty  of allylic alcohols 

to  alkynols (Table 1). Under t h e  reac t ion  conditions interest ingly no  double bond isomerisat ion was 

observed (entr ies  3 & 4). The convenient  format ion  of diacetylenic  carbinol  (2e) in high opt ical ly  
purity, a preparat ion diff icul t  to real ise  with o ther  methods,  is demonst ra ted  in en t ry  5 .  In t h e  case 
of e n t r y  6 ,  optical ly  ac t ive  alkynol could not  be  prepared,  s ince we fai led to obtain t h e  requis i te  
epoxide by Sharpless epoxidation. But r a c e m i c  alkynol (2f) was prepared,  s ta r t ing  f rom a r a c e m i c  

epoxide. However ,  t h i s  problem was indirectly c i rcumvented,  whereby t h e  alkynol der iva t ive  (lo), 

a n  impor tan t  synthon enroute  to severa l  lipoxins" and prostaglandins", was  prepared in 4 s t e p s  

(Entry 7) as shown in s c h e m e  3. In en t r ies  8 and  

Scheme 3 
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9 i t  has been amply demonst ra ted  t h a t  t h e  al lyl ic  
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alcohol der ived f rom R,R-tar tar ic  acid leading to  t w o  enant iomerical ly  pure alkynols 2h and 2i, 
which c a n  possibly be  used for  e laborat ion in to  r a r e  sugars. Another  s ignif icant  f e a t u r e  of this  method 
l ies  in t h e  preparat ion of t e r t i a r y  alkynols which a r e  otherwise not  easily accessible .  This is exhibi ted 

by t h e  preparat ion of opt ical ly  pure alkynols 2j, 2k and 2m in en t r ies  10 to  12. Their ready synthesis  
may have wide applicability, eg. t h e  use of alcohol 2k in t h e  synthesis  of t h e  s ide chain of clinically 

useful prostaglandins . 11 

Scheme 4 
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As mentioned,  ear l ie r  along with opt ical ly  pure  alkynols, vinyl chloro alcohols (6)  (scheme 

2) a lso a r e  versa t i le  and impor tan t  synthons f o r  t h e  construct ion of t h e  polyunsaturated f a t t y  acids. 
Vinyl halides a r e  in genera l  prepared by s tereocontrol led Wittig approach or f rom epoxy silanes, 
which a r e  tedious. Herein we repor t  a s imple and novel method for  t h e s e  intermediates .  

During our  s tudy in t h e  preparat ion of chiral  carbinols  f rom epoxy chlorides, i t  was obser- 

ved t h a t  s to ich iometr ic  usage of t h e  base  (LiNH2 or  LDA) leads to t h e  format ion  of vinyl chlor ides  

(6)  instead of alkynols (2). While our  work was in progress  a repor t  f rom Takano'* group appeared  

describing t h e  format ion  of propargyl alcohols f rom epoxychlorides using n-BuLi. This repor t  was  
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T A B L E  1 Preparat ion of Chiral Proporgy l  alcohols ( 2 ) 

Entries Al lyl ic alcohols Epoxides Propargyl alcohols 

1 

2 
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-OH 
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- SH1 1 * - 3d X=OH; g X = C I  

2c - 
OH 
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2d - 
OH - 

n- CgHli-= -i, - 
\ 2e 

* (-1 D lPT  w a s  used in place o f  (+) DlPT 
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in c o n t r a s t  to t h e  observat ion m a d e  by N i c ~ l a o u ~ ~  where  h e  demonst ra ted  t h e  format ion  of allyl 
a lcohol  (1 I) ins tead  of propargyl a lcohols  essent ia l ly  under t h e  s a m e  reac t ion  conditions using t h e  
s a m e  base  (Scheme 4). To clar i fy  this  cont rad ic t ion  w e  have s tudied t h e  base  ca ta lysed  opening of 

epoxy chlor ides  with var ious bases  such as LDA, LiNH2/liq.NH3 and n-BuLi, Table  2). Invariably 
i t  was  found with al l  t h e  cases, use of 3 e q  of base  leads to t h e  format ion  of t h e  alkynols (2). Forma-  
t ion of allyl alcohol (11) was not  d e t e c t e d  in t h e  product  as repor ted  by Nicolaou et al. However, 

Table 2 : Product Distribution of Opening of 2,3-epoxychloride (4m) 

%No. Base Mol. eq. Products  (%) 
2m 4m 6m I1 

1 LiNH2/LDA I 100 

2 3 100 

3 n-BuLi I 21 36 4 3  
4 3 100 

14 t r e a t m e n t  of epoxychlorides (4) with one  eq. of LDA/THF at -78°C or LiNH2/liqNH3 at -33" gave  
t h e  vinyl chlor ides  (6) in 65-80% yield, with t o t a l  in tegr i ty  of t h e  chiral i ty  of t h e  epoxide being 
preserved,  whereas  n-BuLi (1 eq.) gave  a mixture  of products. 

As shown in t h e  t a b l e  3 a var ie ty  of vinyl chlorides, a r e  prepared,  with a var ie ty  of fun- 
c t ional i t ies ,  which a r e  very useful synthons in t h e  synthesis  of biologically a c t i v e  polyunsaturated 
f a t t y  ac ids  for  ex. 6n is t h e  synthon f o r  I and 6p is useful for  t h e  construct ion of V. The useful- 
ness  of vinyl halides has  become t h e  subject  of in te res t  due  to t h e  recent  developments  in t h e  Pd- 
ca ta lysed  coupling with ace ty lenes  to produce polyene molecules  with ease. 

TABLE 3 P r e p a r a t i o n  of 3-Hydroxyvinyl  ch lor ide  (5) 

E n t r y  Epoxychlor ide (4) Vi,nylchloride (5) Yield ( '10 1 

4a - 

C I  

- 4 m  

OH 
6a - 

I 
79 - 

-cl 
6d 

CI  82 

82 

The synthe t ic  ut i l i ty  of t h e  vinyl chlor ides  is amply d e m ~ n s t r a t e d ' ~  in t h e  synthesis  of s o m e  
self-defensive substances aga ins t  r ice  blast  disease such as I and V as shown in s c h e m e  5. The pro- 
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t e c t e d  vinyl chlor ide of 6n, prepared  f rom corresponding epoxy chloride, was  subjected to  coupling 

wi th  a c e t y l e n e  ester (12) in presence of Pd" c a t a l y s t  to af ford  t h e  en-yne sys tem (13). The c a t a l y t i c  
hydrogenation of 13 and depro tec t ions  of resu l tan t  14 af forded  coriol ic  acid (I). Similarly pro tec ted  
vinyl chlor ide of 6p on coupling with e s t e r  (12) under Pd"-catalysed conditions and subsequent  reduc- 
t ion  and depro tec t ions  gave  t h e  acid (V), which is  of agricul tural  importance.  

Scheme 5 

14 
6 R  - OH 

I - 

a )  TBDMSCI, imidozole, THF b )  Pd(PPh3)4 ,CuI , n-BuNH2, ~ ~ C O O C H 3 ( , 2 )  

c )  Pd-BaS04, H2 d )  n-BubNF,THF e) K2CO3, MeOH-H20 

Thus, in conclusion this  method provides a b e t t e r  a l t e r n a t e  for  t h e  preparat ion of versa t i le  

in te rmedia tes  such as vinyl chlor ides  and chiral  propargyl alcohols harnessing t h e  easi ly  avai lable  

chiral  epoxyalocohols prepared by Sharpless asymmetr ic  epoxidation. These in te rmedia tes  will f ind 
wide spread  appl icat ions in t h e  synthesis  of var ie ty  of na tura l  products. 
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