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The synthesis of hexasubstituted aromatic rings with appropriate 

substituents and manipulable functionality is of interest because these 

compounds serve as precursors in the synthesis of fungal metabolites such 

as colletochlorin D,' ascofuranone,2 and a~cochlorin.~ In connection with 

our studies dealing with these natural  product^,^'^ we have achieved the 
synthesis of a highly substituted aromatic compound ( 2 )  via the self- 

d 

1 - 
a CH(OEt)3, H 2 S 0 4 ;  bTiC14,  CH2C12; cZn(CN)2, A1C13r HC1 (g); dS02C12r E t z O .  

condensation of ethyl p-ethoxy-+-crotonate6 (3)  which in turn, was 

obtained from ethyl acetoacetate (2)  in 892 yield. A detailed procedure 

for the conversion of 3 to i7 using titanium tetrachloride has been 

devised. Formylation of by a modified Gatterman reaction,l using zinc 

cyanide, aluminum chloride and anhydrous hydrogen chloride, gave 2 in 55% 

yield. Compound 1 was obtained in 75% yield by chlorination of 2 with 
sulfuryl chloride in ether. 
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G e n e r a l  Methods.- 'H NMR s p e c t r a  were o b t a i n e d  i n  CDC13 on a Bruker  WM ( 2 5 0  
MHz) F o u r i e r  t r a n s f o r m  s p e c t r o m e t e r .  H i g h - r e s o l u t i o n  mass s p e c t r a  were 
o b t a i n e d  on a H i t a c h i - P e r k i n  Elmer RME-2 h i g h  r e s o l u t i o n ,  d o u b l e  f o c u s i n g ,  
e l e c t r o n  impact  s p e c t r o m e t e r  o r  a vacuum G e n e r a t o r ' s  V.G. 707H s p e c t r o m e t e r  
i n t e r f a c e d  w i t h  a K r a t o s  DS-50-S d a t a  sys tem.  I n f r a r e d  s p e c t r a  ( I R )  were 
o b t a i n e d  on Perkin-Elmer i n f r a r e d  s p e c t r o p h o t o m e t e r s ,  models 137 ,  281 ,  o r  
781,  i n  p o t a s s i u m  bromide d i s k s ,  o r  a s  s o l u t i o n  i n  c a r b o n  t e t r a c h l o r i d e  i n  
sodium c h l o r i d e  c e l l s ,  M e l t i n g  p o i n t s  were d e t e r m i n e d  on a Thomas-Hoover 
Unimelt  c a p i l l a r y  m e l t i n g  p o i n t  a p p a r a t u s  and a r e  u n c o r r e c t e d .  A n a l y t i c a l  
t h i n  l a y e r  chromatography (TLC) was performed on p r e c o a t e d  s i l i c a  g e l  
p l a t e s  (250  pm) w i t h  a f l u o r e s c e n t  i n d i c a t o r ,  s u p p l i e d  b y  E.  Merck. 
V i s u a l i z a t i o n  was e f f e c t e d  w i t h  u l t r a v i o l e t  l i g h t  (UV), o r  7% w/v e t h a n o l i c  
12-phosphomolybdic a c i d  (PMA). P r e p a r a t i v e  t h i n  l a y e r  chromatography 
(PTU:) was per formed on p r e c o a t e d  s i l i c a  g e l  p l a t e s  (1000 pm) w i t h  a 
f l u o r e s c e n t  i n d i c a t o r ,  s u p p l i e d  b y  A n a l t e c h .  I n c .  F l a s h  column 
chromatography was per formed on Merck S G 6 0  (230-400 mesh) s i l i c a  g e l .  A l l  
s o l v e n t s  used  were r e a g e n t  g r a d e .  Anhydrous benzene ,  e t h e r ,  and 
t e t r a h y d r o f u r a n  (THF) were d i s t i l l e d  from sodium and benzophenone;  
methylene  c h l o r i d e  was d i s t i l l e d  from c a l c i u m  h y d r i d e .  

E t h y l  2-ethoxy-6-hydroxy-4-methylbenzoate (4 )  .- I n  a 250 m l  t h r e e - n e c k e d ,  

round-bottomed f l a s k  charged  w i t h  e t h y l  j3-ethoxy-(2Z)-crotonate ( 3 )  (35 .95  

g ,  0.226 moll and 70  m l  o f  anhydrous methylene  c h l o r i d e  was added dropwise  

t i t a n i u m  t e t r a c h l o r i d e  (42.92 g ,  0.226 mol) b y  means of  a n  a d d i t i o n  f u n n e l  

a t  0' o v e r  a p e r i o d  of  1 . 5  h r .  The c o l o r  o f  t h e  r e a c t i o n  m i x t u r e  t u r n e d  

from r e d  t o  orange  and t h e  m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  24 

h r s :  c r u s h e d  i c e  was t h e n  added t o  e f f e c t  h y d r o l y s i s .  The aqueous l a y e r  

was e x t r a c t e d  w i t h  3 x 3 5  m l  o f  methylene  c h l o r i d e .  The combined o r g a n i c  

l a y e r s  were washed f i r s t  w i t h  3 x 35 m l  o f  2% NaHC03 s o l u t i o n ,  and t h e n  

s e v e r a l  t i m e s  w i t h  w a t e r .  A f t e r  d r y i n g  t h e  o r g a n i c  l a y e r  (MgS04), t h e  

s o l v e n t  was e v a p o r a t e d  t o  g i v e  t h e  c r u d e  p r o d u c t  which was r e c r y s t a l l i z e d  

from methylene c h l o r i d e  t o  g i v e  4 (8 .99  g ,  35%) a s  a whi te  s o l i d ,  mp. 77- 

78O, 

1226 

2.28 

6 .2  

61 .1  

l i t . 7  mp. 79'; I R  ( C C 1 4 ) :  2929,  1670,  1625,  1570,  1380, 1310,  1268,  

6 1 . 4  ( d t ,  6 8 ,  J = 7 H z ) ,  

( s .  3H),  4 .03  ( q ,  2H. J = 7 H z ) ,  4 .4  ( q ,  2H, J = 7 H z ) ,  6 . 4  ( s ,  l H ) ,  

s ,  l H ) ,  1 1 . 6  ( s ,  1H); 1 3 C  NMR ( 6 2 . 9  MAz, C D C 1 3 ) :  14 .76 ,  14 .11 ,  2 2 . 1 ,  

1130,  1110 cm-'; 'H NMR (CDC13 ,  250 MHz): 

64.78, 104 .8 ,  106.4,  110 .4 ,  146 .2 ,  160 .5 ,  163 .6 ,  171 .34 .  
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Ethyl 2-ethoxy-5-formyl-6-hydroxy-4-methylbenzoate (~51.- A 50 m l  three-  

necked round-bottomed f l a s k  was f i t t e d  with a magnetic s t i r r e r ,  an adap te r  

provided wi th  a r e f l u x  condenser,  a gas i n l e t  tube extending n e a r l y  t o  the  

bottom of the f l a s k  and an e x i t  tube leading t o  an aqueous sodium hydroxide 

t r a p .  The f l a s k  was charged wi th  4 (0.5 g ,  2.23 mmol) i n  15 m l  of 

anhydrous benzene and e t h e r  ( 9 : l  r a t i o )  and powdered d r y  aluminum ch lo r ide  

(0,909 g ,  6.9 mmol) was introduced: t he  s o l u t i o n  became cloudy wi th in  10 

min. Zinc cyanide (0.413 g ,  4.2 mol) was then added t o  the  s o l u t i o n  (use - a 

good hood) and hydrogen ch lo r ide  was passed i n t o  the s t i r r e d  mixture a t  40- 

45' f o r  5 h r s .  Water (8.3 m l )  was then added and the mixture was heated on 

a steam b a t h  f o r  1 .5  h r  ( temperature  80-90°). The s o l u t i o n  was d i l u t e d  

wi th  30 m l  benzene and the aqueous l a y e r  was e x t r a c t e d  with 30 m l  of 

benzene. The combined organic  l a y e r s  were d r i e d  (Na2S04). t he  drying agent 

removed and the  so lven t  was evaporated t o  give a crude mixture which was 

p u r i f i e d  by f l a s h  column chromatography using 12% e t h y l  a c e t a t e  i n  hexane 

t o  a f f o r d  2 (0.31 g .  55% y i e l d ) ,  mp. 83-84' as a white s o l i d .  IR ( K B r ) :  

2920, 2800, 1730, 1640, 1560 cm-': 'H NMB (CDC13. 250 MHz): S 1.4 ( d t ,  6H. 

J = 6.9 Hz), 2.58 (s, 3H), 4.15 (9,  2H, J = 6.9 Hz), 4.4 ( q ,  2H. J = 6.9 

Hz). 6.27 (s, 1 H ) .  10.17 (s. 1 H ) .  12.55 ( s ,  l H ) ,  1 3 C  NMR (62.6 MHz, CDC13): 

14.5, 14.3, 19.3,  61.03, 64.86, 106.4, 109.2, 114, 146.87, 162.9, 163.4, 

165.8, 192.5: high r e s o l u t i o n  mass spectrum: M+ Calcd f o r  Cl3H16O5 m/e 

252.0997; found mle: 252.1008. 

Ethyl  3-chloro-2-ethoxy-5-formyl-6-hydroxy-4-methylbenzoate (11 . -  I n  a 25 

m l  one-necked round-bottomed f l a s k  charged with 2 (168 mg,  0.67 mmol) i n  

anhydrous e t h e r  (12 ml) was added s u l f u r y l  ch lo r ide  (0.126 m l ,  1.57 mmol) 

dropwise a t  Oo.  Afte r  t he  a d d i t i o n  was completed, t he  r e a c t i o n  mixture was 

s t i r r e d  a t  room temperature f o r  24 h r s  and then was d i l u t e d  with 50 m l  

e t h e r .  The organic  l a y e r  was washed with 3 x 5 m l  2% aqueous NaHC03 
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s o l u t i o n  and 3 x 9 m l  of water  u n t i l  i t  became n e u t r a l .  The e t h e r e a l  l a y e r  

was d r i e d  (MgS04), t he  d ry ing  agent  removed and the  s o l v e n t  evapora ted  

under  reduced p r e s s u r e  t o  g ive  t h e  c rude  product  which was p u r i f i e d  by  

f l a s h  column chromatography u s i n g  16% e t h y l  a c e t a t e  i n  hexane a s  e l u e n t  t o  

a f f o r d  product  1 a s  a white s o l i d  (144 mg, 75% y i e l d ,  mp. 73.5-75'). I R  

( K B r ) :  2900, 1720, 1642, 1620, 1300, 1200, 1100 cm-'; 'H NMR (CDC13 ,  250 

MHz): S 1.42 (m, 6H), 2.67 (s, 3H). 4.19 (q, 2H, J = 6.9  Hz), 4.4 (q, 2H, 

J = 7.3 Hz) ,  10.28 (s, l H ) ,  12.53 (s, 1 H ) ;  1 3 C  NMR (62 .9  MHz, CDC13):  

14 .2 ,  15.2,  15.37, 62.95, 70.8,  116.3,  116.4,  120.5,  143.02, 159.52, 

161.23, 164.43, 193.48: h igh  r e s o l u t i o n  mass spectrum: M+ Calcd f o r  

Cl3Bl5O5Cl mfe 286.0608: found: 
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