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FURAN SYNTHESIS 
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The use o f  d i m e t h y l  d iazomalonate i n  copper -ca ta lyzed  c y c l o p r o p a n a t i o n s  

o f  en01 e t h e r s  l e d  t o  i n t e r m e d i a t e s  r e a d i l y  c o n v e r t i b l e  i n t o  0-methyl furan,  

a -methy lene-y - lac tone  and 0-methylene-y- lactone u n i t s  common among te rpene  

s t r u c t u r e s  and t o  a  s y n t h e s i s  o f  menthofuran.  The copper- induced i n t e r a c t i o n  

o f  en01 e t h e r s  w i t h  e t h y l  d i a z o p y r u v a t e  y i e l d e d  o x y d i h y d r o f u r o i c  e s t e r s  f rom 

wh ich  a - f u r o i c  a c i d s ,  furans and t h e  common a - i s o p r o p y l f u r a n  te rpene 

s t r u c t u r e  c o u l d  be c o n s t r u c t e d .  A  s i m i l a r  r e a c t i o n  o f  d i a z o p y r u v i c  e s t e r  

w i t h  a c e t y l e n e s  produced a - f u r o a t e s  d i r e c t l y .  The ~ 6 t i z o n  o x i d a t i o n  o f  

6 -oxycyc lopropy l  c a r b i n o l s  has been shown t o  g i v e  o x y d i h y d r o f u r a n s ,  an  

o b s e r v a t i o n  on which ano ther  menthofuran s y n t h e s i s  was based. The 

c o p p e r - a s s i s t e d  decomposi t ion o f  d i a z o b i a c e t y l  monoketal i n  p b u t y l  v i n y l  

e t h e r  a f fo rded  a  cyc lopropane  whose t r e a t m e n t  w i t h  rne thano l i c  a c i d  a f f o r d e d  

v e r a t r o l e .  T h i s  unusual benzene r i n g  c o n s t r u c t i o n  was u t i l i z e d  i n  a  new 

s y n t h e s i s  o f  h y d r o u r u s h i o l .  

Oxygenated cyc lopropanes have been used f o r  some t i m e  as b u i l d i n g  b l o c k s  f o r  te rpene  

s y n t h e s i s  and one o f  s e v e r a l ,  g e n e r a l l y  a p p l i c a b l e  procedures has been t h a t  i l l u s t r a t e d  by 

scheme A.' Even though t h e  1 , 4 - d i k e t o  p roduc ts  o f  t h e  r e a c t i o n  sequence were u t i l i z e d  m o s t l y  for 

base-ca ta lyzed  c y c l i z a t i o n  and thence f o r  t h e  c o n s t r u c t i o n  o f  cyc lopen tano- te rpenes ,  i t  was 

understood t h a t  ac id - induced  t r a n s f o r m a t i o n  o f  t h e  y - d i k e t o  systems i n t o  furans c o u l d  se rve  as 

t h e  b a s i s  o f  f u t u r e  syntheses o f  f u r a n o i d  te rpenes .  T h i s  p o s s i b l e  r e a c t i o n  p a t h  has n o t  been 

pursued, b u t  f u r a n s  have emanated f rom new c h e m i s t r y  o f  t h e  a - d i a r o c a r b o n y l  reagen ts  i n v o l v e d  i n  

t h e  c y c l o p r o p a n a t i o n  ( r e p r e s e n t e d  by t h e  acy lca rbene  i n  scheme A) and o f  t h e  i n t e r m e d i a t e  

B - o x v c v c l o ~ r o o v l  c a r b i n o l s .  0 



Whereas he re to fo re  the  cyclopropanat ion step had invo lved thermal,  copper-assisted 

decomposit ions o f  e x c l u s i v e l y  d iazoacet ic  e s t e r  o r  diazomethyl ketones', i t  now was decided t o  

broaden t he  scope of  the  r e a c t i o n  by the  impos i t i on  of an e x t r a  ke to  u n i t  on the  diazocarbon o r  

the  carbonyl group of t he  a-diazoketo reagent. Hence t he  chemistry o f  d imethyl  diazomalonate 

( I ) ,  e t h y l  d iazopyruvate (11) and d iazob iace t y l  o r  i t s  equ i va len t  (111) came under s c r u t i n y  and 

t he  furano-terpene types 1-4 became goa ls  of synthesis.  - - 

1 2 3 4 \ . . - 
The fo l l ow ing  hypo the t i ca l  syn thes is  r ou te  (scheme 0)  suggested t h a t  d iazomalonic e s t e r  was 

s u i t e d  i d e a l l y  f o r  the  cons t ruc t i on  o f  two of t he  des i red  furano-terpene species. 

0 

As scheme C Z  i l l u s t r a t e s ,  the  synthes is  o f  a 6-methylene-y-lactone (3 )  from an aldehyde en01 . 
ethe r  fo l lowed p r e d i c t i o n ,  bu t  the  i n t e r a c t i o n  o f  diazomalonic e s t e r  w i t h  a ketone en01 e the r  

f a i l e d  t o  y i e l d  a cyclopropane, producing an o l e f i n  isomer ins tead.  Nevertheless t he  general 

concept of a 6-methyl furan (1 )  syn thes is  was preserved, when i t  was recognized t h a t  r educ t i on  of  - 
the  o l e f i n i c  malonic e s t e r  in te rmedia te  by the  Dreiding-Marshal l  conversion o f  0-dicarbonyl  

compounds i n t o  a l l y 1  a l coho l s3  would y i e l d  a substance i n  the  same ox ida t i on  l e v e l  as the  des i red  

6-oxycyclopropyl  d i c a r b i n o l .  F i n a l l y ,  the  r e a c t i o n  scheme pe rm i t t ed  a l so  the  cons t ruc t i on  of  

an a-methvlene-v-lactone (2 ) .  
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Scheme D dep i c t s  a syn thes is  o f  menthofuran (5 )  a long l i n e s  o f  t he  above general - 
0-methyl furan fo rmat ion  and an a l t e r n a t e  procedure i nco rpo ra t i ng  a new method of  t rans format ion  

o f  B-oxycyclopropyl ca rb ino l s  i n t o  oxydihydrofurans ( v i d e  i n f r a ) 2 .  

5 - 
The i n t e r a c t i o n  o f  e t h y l  d iazopyruvate (11) w i t h  cyclohexene i n  a copper-catalyzed 

thermolys is  y i e l d e d  t he  expected cyc lopropy l  ketoester. ' ,  V o n t r a s t i n g l y ,  r eac t i ons  o f  the  d iazo 

compound w i t h  en01 e the rs  l e d  t o  d i hyd ro fu ro i c  es te r s  (scheme E Y ) .  On exposure t o  po la r i zed  

o l e f i n s  the  in te rmedia te  acylcarbenoid species thus behaved as a d i po la roph i l e .  Since the  

adduct ( i n  t he  I-methoxycyclohexene case) cou ld  be induced t o  e l im ina te  a l coho l ,  a two-step 

synthes is  of a - f u ro i c  es te r s  was on hand. The scheme became a one-step procedure on the  

replacement of t he  en01 e thers  by acety lenes.  Simple man ipu la t ions  on the  carboethoxy group 

subs t i t u ted  i t  by an i sop ropy l  f unc t i on ,  thus complet ing the  synthes is  o f  the  f o u r t h  type ( 4 )  o f  

furano-terpenes, and by a hydrogen, hence making t he  r e a c t i o n  scheme a sho r t  furan synthesis.  

( E )  

E - B  1" 
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An e a r l y  at tempt t o  prepare a 8-oxycyclopropyl carboxaldehyde by the ~ g t i z o n  ox ida t i on  o f  a 

precursor alcohol  l e d  unexpectedly t o  a dihydrofuran isomer. Since e l i m i n a t i o n  o f  a lcohol  from 

the l a t t e r  would l i b e r a t e  a furan, thus producing y e t  one more f a c i l e  fu ran synthesis,  the 

g e n e r a l i t y  of the ox ida t i on  r e s u l t  was invest iga ted.  As scheme F 4  suggests, the reac t i on  

appeared un iversa l  f o r  a l l  carb ino ls  whose B-oxy u n i t s  were reasonable e lec t ron  donors. The 

study showed fur ther ,  t h a t  B-oxycyclopropyl carboxaldehydes could be isomerired i n t o  

oxydihydrofurans under s i l v e r  i on  c a t a l y s i s ,  a r eac t i on  which, however, d i f f e r e d  i n  r a t e  and 

product y i e l d  from the Fet izon ox ida t i on  process. 

n - ~ u ~  - ..,-auo WBUO 

OEt L:ReH4 
45% k c n o  

ChH>" 
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( F )  
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Diazobiacetyl  proved t o  be an e lus i ve  reagent i n  view of the d i f f i c u l t y  associated w i t h  

prevent ing decarbonylat ion dur ing  the conversion of pyruv ic  ac id  i n t o  i t s  ac id  c h l o r i d e  and the 

complex reac t i on  behavior o f  the  l a t t e r  toward d i a z ~ m e t h a n e . ~  As a consequence a masked form of 

d iazob iacety l  was chosen as the s t a r t i n g  ma te r i a l  f o r  the next  se r i es  o f  r eac t i ons .  I t  was 

prepared by exposure of b i a c e t y l  d imethyl  keta17 t o  the Yates-Regitz method o f  d iazo group 

t ransfer , '  i .e. base-induced ketone fo rmy la t i on  fo l lowed by t reatment o f  t h e  r e s u l t a n t  

6-ketoaldehyde monoenolate w i t h  t osy l  azide. Whereas I-diazo-3,3-dimethoxy-2-butanone (111) 
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proved t o  be on the bo rde r l i ne  o f  s t a b i l i t y  under the  des i red cyclopropanat ion reac t i on  

cond i t ions ,  as revealed by i t s  copper-catalyzed conversion i n t o  1.3-dimethoxy-3-buten-2-one, i t  

could be used i n  a  subsequent cyclopropanat ion.  

0 0- 

Me0 Ok Me OMe 

Copper-induced decomposit ion o f  the new diazo compound (111) i n  n -bu ty l  v i n y l  e ther  y i e l ded  

a  cyclopropyl  ketone, which isomerized i n t o  a  dihydrofuran on being kept a t  ambient temperature 

o r  exposed t o  ac id  o r  the copper c a t a l y s t .  Hydro lys is  o f  the ketone y ie lded  a  diketoaldehyde 

monoketal, wh i l e  methanolysis o f  the  ketone o r  i t s  isomer a t  ambient temperature afforded a  

diketoaldehyde aceta l  k e t a l .  However, ac id-cata lyzed methanolysis a t  h igher temperature l e d  t o  

the formation of ve ra t ro le  (scheme G ' ) .  n 

This most unusual const ruc t ion  of a  v i c i n a l l y  oxygenated benzene r i n g  was u t i l i z e d  i n  the 

synthesis o f  hydrourushiol  (3 -pen tadecy lca techo l ) , '  one of the dermato log ica l ly  a c t i v e  

cons t i t uen ts  of poison i v y .  Scheme H de l ineates  the prepara t ion  of the  na tu ra l  substance from 

another one, - s t e a r i c  acid.*  

MeLi RC(0Me) 2C02Me - RC(OMe)2COMe HCOzEt. T s N ~ >  RC~OMe~,COCHN,  bBuOCH=CH, 
EtO- CuIA 

R R = n-C16Hlr 
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