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SYNTHETIC COMMUNICATIONS, 21(2), 183-190 (1991) 

A NEW S Y N T H E S E  &,B-UNSATUMATED ALDEHYDES : SYNTHESE 

OF TRAUMATIN AND BOMBYKOL 

L.Dasaradhi ,  P a r v a t h i  N e e l a k a n t a n ,  S J a g a d i s h w a r  R ao & U.T.Bhalerao 

Indian I n s t i t u t e  of  C h e m i c a l  Techno logy ,  H y d e r a b a d  500 007, India. 

* 

Abstract: A novel  conve r s ion  of a n  a l k e n e  to a higher  h=rn::!ogue 
d , p - u n s a t u r a t e a  a l d e h y d e  w a s  a c h i e v e d  in  t h r e e  s t eps .  T h e  a ldehydes  

w e r e  used fo r  t h e  syn thes i s  of t r a u m a t i n ,  a wound h o r m o n e  a n d  
bombykol ,  t h e  p h e r o m o n e  of bornbyx mori. 

1 

and  biological ly  a c t i v e  c o m p o u n d s  which a r e  c o n j u g a t e d  d i e n e s  

wi th  a n  E/E or E/Z conf igu ra t ion .  T h e  m o s t  c o m m o n l y  used r o u t e  

for  t h e  syn thes i s  o f < ,  - ena l s  employ  Wit t ig  o r  Wit t ig  Horne r  

0~ ,# - U n s a t u r a t e d  a l d e h y d e s  s e r v e  as syn thons  f o r  phe romones  

t y p e  r e a c t i o n  of su i t ab ly  func t iona l i s ed  alkyl  f r a g m e n t s L .  

O u r  a p p r o a c h  to t h e  syn thes i s  of t r a u m a t i n  a n d  bombykol  

involves  a facile and  novel  t h r e e  s t e p  conve r s ion  of a n  a l k e n e  

to a h ighe r  h o m o l o g u e d ,  B - u n s a t u r a t e d  a l d e h y d e  employing r ead i ly  

a v a i l a b l e  r e a g e n t s .  c a t a l y s e d  b r o m o f o r m  add i t ion  

to a l k e n e s  (la-c) g a v e  1,1,3-tribromoderivatives @a-c). T r e a t m e n t  

of 2 wi th  po ta s s ium acetate in d i m e t h y l  f o r m a m i d e  using 18-Crown-6 
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184 D A S A R A D H I  ET AL. 

a5 a p h a s e  t r a n s f e r  c a t a l y s t  r e s u l t e d  in t h e  s u b s t i t u t i o n  of s e c o n d a r y  

brori i idr with acctoxy group a n d  loss of one molecule of HBr to 
3 b  

g i v e  3-ace toxy-  I -bromo- I - a lkenes  (3a-c)  In 65-70% yield . 
Y - H a l o  a l ly l i c  acetates a r e  s y n t h o n s  for biological ly  a c t i v e  c o m p o u n d s  

l i k e  c o r i o l i c  a c i d  and  a r a c h i d o n i c  a c i d  m e t a b o l i t e s  . T h e y  a l s o  

s e r v e  as l a t e n t  fi  -hydroxy c a r b o n y l  compounds’  a n d  1,3-diols . 
Vinyl ha l ides  c a n  b e  c o n v e r t e d  to c a r b o n y l  c o m p o u n d s  on  r e a c t i o n  

4 

6 

/ 
wi th  m e r c u r i c  acetate in t r i f l u o r o a c e t i c  a c i d  . But t r e a t m e n t  

of \ /-halo allylic acetates (3a-c)  unde r  t h e  s a m e  cond i t ions  a f f o r d e d  

w,  p - u n s a t u r a t e d  a l d e h y d e s  (4a-c)  in 45-53% yield.  Thus ,  t h i s  

r e p r e s e n t s  a use fu l  conve r s ion  of - h a l o  a l l y i c  acetates t o  

1 . @ - u n s a t u r a t e d  a ldehydes .  

T h e  s y n t h e s i s  of T r a u m a t i n  ( 5 ) ,  a wound h o r m o n e  in p l a n t s  

a n d  Bombykol  (7), p h e r o m o n e  of Bombyx Mori w a s  a c h i e v e d  f r o m  

t h e  s a m e  i n t e r m e d i a t e  as shown  in t h e  F igu re .  

-- 

M e t h y l  1 2 , E  , I  0 - t r i b r o m o d o d e c a n o a t e  (2a) o n  t r e a t m e n t  

w i th  po ta s s ium acetate in 9k lF  g a v e  m e t h y l  IG-aceto\)- 12-brorno-1 I -  

( E ) - d o d e c e n o a t e  (3a) in 6 8 ? ~  yield.  R e a c t i o n  of (3a) wi th  t r i f l u o r o a c e -  

tic a c i d  a n d  m e r c u r i c  a c e t a t e  fu rn i shed  m e t h y l  l 2 - o x o - ~ E ~ - l O - d o d e c e  

n o a t e  (4a) in 53O6 yield.  T r a u m a t i n  12-oxo-(E)-IO-dodecenoic a c i d  (5) 

w a s  o b t a i n e d  by hydrolysis  of (4a ) ,  w h e r e a s  U’it t ig o l e f ina t ion  of 

(4 a)9 w i t h b u t  y I phos p honi u m b r o m  i d e in t et r a h  y d r o  f ur  a n /  p o t  ass1 u m  

t e r t i a r y  b u t o x i d e  g a v e  (6a). L i t h i u m  a l u m i n i u m  h y d r i d e  r e d u c t i o n  

of (6a)1° a f f o r d s  bombyko l  (7). 

8 
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SYNTHESI-S OF TRAUMATIN AND BOMBYKOL 185 

EXPERIMENTAL 

Al l  solvents  w e r e  of laboratory g r a d e  and dr ied using s tandard  

procedures. T h e  H NMR s p e c t r a  w e r e  recorded on Bruker 300 

MHz and 80 MHz Varian spec t rometers .  IR s p e c t r a  w e r e  recorded 

with a Perkin Elmer  810 s p e c t r o m e t e r  model. Mass s p e c t r a  w e r e  

recorded  on VC Micromass-707OH. 

1 

Preparation of tribromo derivatives (2a-c) 

T h e  t r ibromo derivat ives  w e r e  prepared according to our 

3a-c  ear l ier  procedure  . 
3 - Acetox y- 1 -bromo- 1 -alkem e (3 a-c) 

To a s t i r red  solution of dry DMF 100 mL containing potassium 

acetate (4.3 g; 0.044 moll and 18-Crown-6 (0.004 moll under ni t rogen 

was  added through a septum 2 a  (9 g; 0.02 moll over  a period of 

30 min. T h e  t e m p e r a t u r e  was raised to 70°C and t h e  reac t ion  

was cont inued for 8 h. T h e  residue l e f t  a f t e r  distillation of DMF 

under reduced pressure was diluted with w a t e r  and e x t r a c t e d  with 

e ther .  T h e  organic  layer  a f t e r  washing with w a t e r ,  drying over  

sodium s u l f a t e  and concentrat ion,  g a v e  a dark  coloured liquid which 

on chromatography employing a s i l ica  gel  column and using I : ]  

benzene  and h e x a n e  as eluent  g a v e  methyl  I O - a c e t o x y - l ? - b r o m e l l -  

dodecenoate ,  3a (4.7 g; 68% yield); IR(Neat): 1740, 1735, 1620, 

1040, 9 8 0  cm-  . 'H N M R  (CDC13): 0.9 (m,  14H, 7CE2); 1.9 ( s ,  

3H, OCOCH+); 2.1 (t, 2H, J = 6.6, CE2COOCH3); 3.6 (s, 3H, COOCli,); 

1 
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186 DASARADHI ET AL. 

CUCl I Br K O A c l D M F  R++B r 

C H B r j  

R 

OAc H 
3a-c 

L-  
la-c 

2 Q - C  - - 
CF3 COOH I 

H 
4Q-C - 

X -  
Ph)3 6 M  - 
K - 0 -  1 -  but 

4.9 (m,  IH ,  CH2 = CH-CHOCOCHJ) ;  - 5.9-6.1 (m,  2 H ,  CHBt-=Cg).  - 

Mass : CI ( m e t h a n o l )  m / e  349/35 I (M+H)+. Anal.calc.  for C I 5 H z 5 B r O 4 ;  

C, 51.57; H, 7.16; Found : C, 51.42; H, 7.34. T h e  o t h e r  a c e t o x y - l -  

b r o m o  a l k e n e s  w e r e  p r e p a r e d  using t h e  s a m e  me thodo logy .  NMR 

s p e c t r a l  d a t a  of c o m p o u n d s  (3a-c) w e r e  in  a g r e e m e n t  wi th  t h e  

r e p o r t e d  V - h a l o  a l ly l i c  a lcohols’  la.  

Methyl 8-acetoxy-l O-brorno-Pdecenoate (3b) 

Compound  3b (5.3 g; 67% yield)  w a s  o b t a i n e d  f r o m  2b (10.5 

‘H NMR (CDC13): 1.0-1.75 (rn, IOH, 5Cff2);  2.0 g; 0.025 mol). 

(5, 3H,  C O C H  ); 2.25 ( t ,  J = 6.6,  2 H ,  CI-12COOCHj); 3.62 (s, 3H, + 
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SYNTHESIS OF TRAUMATIN AND BOMBYKOL 187 

C O O C 3 ) ;  5.1 (m,  IH, - HC-OCOCH3); 5.87-6.37 (m,  2H, BrCH=CE). - 

AnaLcalc .  fo r  C13H21Br04 : C, 48.59; H,  6.5; Found: C, 48.32; 

H, 6.65. 

3-Acetoxy-I -brml-undecme (3c) 

Compound 3c (5  g; 70% yield) w a s  ob ta ined  f r o m  2c (LO 

g; 0.025 mol). 'H  NMR (CDCL,): 0.9 (t,  3H, Cy3); 1.2 (br, 1 4 H ,  

7CH ); 1.97 (s, 3H, COCfi3); 4.96 (m,  I H ,  HC-OCOCH3); 5.7-6.23 

(m,  2H, BrCfi=Cl-J. AnaLcalc .  for  C H Br02: C, 53.60; H,  

7.90; Found:  C ,  53.28; H, 7.73. 

-2 

13 23 

Methyl 12-oxo-(E)- 10-dodecenoate (4a) 

Vinyl b r o m i d e  (3a, 0.90 g; 0.0027 mol) was  added  under  

n i t rogen  through a s e p t u m  t o  a s t i r r e d  solut ion of t r i f l u o r o a c e t i c  

ac id  (20 mL) con ta in ing  m e r c u r i c  acetate (1.21 g; 0.0038 mol). 

S t i r r ing  was  con t inued  fo r  4 h. T h e  m i x t u r e  was  f i l t e r ed  and  excess  

of ac id  dis t i l led off under  vacuum. T h e  r e s i d u e  was  caut iously 

t r e a t e d  with d i l u t e  sodium b ica rbona te ,  b r i n e  a n d  t h e n  e x t r a c t e d  

with e the r .  T h e  combined  o rgan ic  l aye r s  w e r e  d r i ed  and  t h e  excess  

so lven t  r emoved  under  r educed  pressure.  Column ch romatograph ic  

pu r i f i ca t ion  of t h e  r e s i d u e  ove r  a lumina  using h e x a n e / b e n z e n e  

( 1 : l )  as e luen t  g a v e  4a (0.32 g; 53% yield). IR(Neat): 1740, 1690, 

1640, I040 and  980  c m - l .  ' H  N M R  (CDCI?): 1.37 (br ,  12H, 6Ck12); 

2.31 ( t ,  4 H ,  C=C-CE2 a n d  CY2COOCH3); 3.6 (s, 3 H ,  COOCk13); 

6.15 (dd, IH, J = 1 5 ,  8); 6.89 (dd, IH ,  J = 15,  7 ,  CHO-Cfi=CY); 

9.5 (d, IH, CHO, - J = 8). Mass: m / e  226 (M'). T h e  o t h e r  , -unsatu-  
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188 DASARADHI ET AL. 

r a t e d  a l d e h y d e s  w e r e  p r e p a r e d  employ ing  t h e  s a m e  me thodo logy .  

T h e  s p e c t r a l  d a t a  w e r e  in a c c o r d a n c e  wi th  t h e  r e p o r t e d  o n e s  for 

I l b  c o m p o u n d s  4a-c . 

Methyl IO-oxo-(E)-8-decenoate (4b) 

IR(Neat1: 1730, 1690, 1640, 970  c m - ' .  'H NMR (CDC13): 

1.4 (b ,  8H. 4CH2); 2 . 3 1 ( t 7  J = 7', 4 H ,  C=C-CY2 + CI12COOCH3); 

3.62 (s, 3H, OCF3); 6.18 ( m ,  J = 1 5 ,  8, IH); 6.72 ( m ,  J 1 5 ,  7 ,  

I H ,  CHO-CE=CFJ);9.45 (d,  J = 8, I H ,  CHO). - 

2CE)Undecenal (4c) 

lR(Nea t ) :  1690, 970  crn-I. ' H  N M R  (CDC13): 0.81 ( t ,  3H, 

Ct13); 1.25 (br, IZH,  6CH ): 2.19 ( t ,  J = 7 ,  2H, CH -C=C); 6.0 

( m ,  J = 1 5 ,  8, IH); 6.75 ( m ,  J = 15, 7 ,  I H ,  CHO-CH=CH); _ -  9.115 
-2 -2 

(d ,  J = 7 ,  I Y ,  CHO). - 

12-0x04 E - 10-dodecenoic acid (5) 

T o  a s t i r r e d  so lu t ion  of ha (5.2 ~ J . O ~ J ~ S  niol)  in 1 :I a q u e o u s  

m e t h a n o l  (20 rnL), w a s  a d d e d ,  p o t a s s i u m  c a r b o n a t e  (0.152 g; 0.001 106 

rnol). T h e  r e a c t i o n  was s t i r r e d  a t  r o o m  t e m p e r a t u r e  fo r  2't h. 

Neu t rd l i s a t ion  a n d  e x t r a c t i o n  u i t h  d i c h l o r o n i e t h a n e  g a v e  0.13 g 

( S O O C )  of t r a u m a t i n .  T h e  c o m p o u n d  \\as c r y s t a l l i s e d  f r o m  c y c l o h e x a n e  

and  e t h e r ,  nip 65.'r"C ( l i t .  rnp 65.3)'. T h e  s p e c t r a l  d a t a  w e r e  In 

8 a g r e e m e n t  \Lith t h o s e  r e p o r t e d  in t h e  l i t e r a t u r e  . 
Methyl 9(E)-1 l(Z)-hexadecadimoate (6) 

P o t a s s i u m  t e r t i a rL  b u r o y i d e  (G. 1 7 8  g; O.Q0!6 rnol) a n d  t u t y l  

phosphoniuni  b r o m i d e  (0.7 g; 0.0516 moll  w e r e  s t i r r e d  i n  20 m L  

of d r y  THF a t  r o o m  t e m p e r a t u r e  unde r  n i t rogen .  A f t e r  5 min. 
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SYNTHESIS OF TRAUMATIN AND BOMBYKOL 189 

4a was added (0.2 g; 0.008 moll  through a s e p t u m  and t h e  reac t ion  

was  left overnight.  Water  (10 mL) was  added and a f t e r  1 h s t i r r ing  

t h e  organic  layer  was s e p a r a t e d  and dr ied and solvent  removed 

under vacuum. Column chromatographic  purif icat ion using b e n z e n e  

as solvent  over  a lumina g a v e  5a(0.134 g; 63% yield). IR(Neat):  

1740, 1620, 1200, 1050, 9 8 0  cm-'. 'H NMR (CDC13): 0.687-1.68 

(m, 17H, 7 C E 2 ,  Cf-13); 1.8-2.3 (m,  6H, 3CH2); 3.6 (s, 3H, C03Cf-13);  

5.0-6.37(m, 4H,  F=C-y=C); Mass: n i / e  266 (M'). T h e  s p e c t r a l  

d a t a  w e r e  in a g r e e m e n t  with t h e  r e p o r t e d  ones 

,ti 

w h h  
I l b  . 

O n e  of us (LD) is thankful  t o  CSIR, New Delhi and t h e  

Direc tor ,  IICT, Hyderabad,  for providing faci l r+ 'es .  
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