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LEAD TETRAACETATE 0XIDP.TION OF 

- CIS- OR ~~S-TETRAHYDROFURAN-2,5-DICARBOXYLIC ACIDS 

t J. A. Moore* and E. M. Partain, 111 

Department of Chemistry 
Rensselaer Polytechnic Institute 

Troy, N e w  York 12181 

Dedfcated to Professor C.G. Ouerberger on the Occosfon of hfs 60th Birthday 

It has been shown that lead tetraacetate (LTA) oxidation of carbo- 

cyclic dicarboxylic acids can be useful in the preparation of lactones. 

As part of our continuing effort to prepare monomers containing tetrahydro- 

1 

n 

furan rings,' we attempted to apply this approach to the synthesis of 2,7- 

dioxabicyclo[2.2.1]heptane-3-one. 

AcO OAC H 0 2 C G  C02H 

+ c-- 
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3 .  €I2, PdIC 

4 0 

Under the conditions described below, either &- or trans-tetrahydro- 

furan-2,5-dicarboxylic acid gave a yellow o i l  boiling at 70°/0.02 torr 

in about 65% yield. High pressure liquid chromatography (HPLC) showed 

the product from either isomer to consist essentially of two compounds. 

Nuclear magnetic resonance (NMR) and infrared (IR) spectroscopy indicated 

the product to be 2,5-diacetoxytetrahydrofuran, rather than the desired 

lactone. 

chromatographic comparisons with authentic material prepared by the method 

of Elming and Clau~on-Kaas.~ 

structure indirectly v i a  the dihydrofuran isomer because the NMR (at 60 

3 

The assignment of structures to the products was secured by 

It was necessary to make the assignment of 
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MOORE A N D  PARTAIN 

mHz) and I R  s p e c t r a  of t h e  t e t r a h y d r o f u r a n  i somers  are  i n d i s t i n g u i s h a b l e .  

P u r e  &-2,5-diacetoxy-2,5-dihydrofuranwas o b t a i n e d  by LTA o x i d a t i o n  of  

f u r a n ,  f r a c t i o n a l  c r y s t a l l i z a t i o n  and c a t a l y t i c  r e d u c t i o n .  HPLC of  p u r e  

- cis-2,5-diacetoxytetrahydrofuran demons t r a t ed  t h a t  t h e  p roduc t  from t h e  

LTA o x i d a t i o n  o f  t h e  t e t r a h y d r o f u r a n  d i c a r b o x y l i c  a c i d s  w i t h  t h e  l a r g e r  

r e t e n t i o n  volume w a s  t h e  isomer.  The p roduc t  m i x t u r e  from t h e  oxida-  

t i o n  of t h e  s a t u r a t e d  d i a c i d  w a s  t h u s  shown t o  c o n s i s t  of  approx ima te ly  

113 g&- and 213 t r a n s - d i a c e t a t e s .  

d i s t r i b u t i o n  of 213 Cis- and 113 t r a n s - d i a c e t a t e s  r e p o r t e d  i n  t h e  l i t e ra -  

t u r e  and v e r i f i e d  i n  t h i s  work f o r  t h e  p r o d u c t  o b t a i n e d  by LTA oxida-  

t i o n  of  f u r a n  fo l lowed  by c a t a l y t i c  r e d u c t i o n  of  t h e  m i x t u r e  of i somers .  

P r e v i o u s  work i n d i c a t e s  t h a t  c a t a l y t i c  r e d u c t i o n  d o e s  n o t  change t h e  

isomer d i s t r i b u t i o n .  

T h i s  r e s u l t  i s  i n  c o n t r a s t  w i t h  a 

4-6 

3 9 7  

It shou ld  b e  n o t e d  t h a t  a l t h o u g h  such  i n t r a m o l e c u l a r  l a c t o n i z a t i o n s  

have  wide a p p l i c a b i l i t y  i n  c a r b o c y c l i c  sys t ems ,  g e n e r a l i z a t i o n  o f  t h i s  

approach t o  t h e  o x a b i c y c l i c  sys t em d e s c r i b e d  h e r e  d o e s  n o t  appea r  t o  b e  

promising.  I f  i t  is d e s i r e d  t o  o b t a i n  e i t h e r  isomer i n  p u r e  form, t h i s  

r o u t e  y i e l d s  a m i x t u r e  r i c h  i n  t h e  t m n s  i somer .  S e p a r a t i o n  of m i x t u r e s  

r i c h  i n  t h e  isomer,  p repa red  by LTA o x i d a t i o n  of f u r a n ,  is b e s t  ach iev -  

ed by low t empera tu re  c r y s t a l l i z a t i o n 4  fol lowed by column chromatography 

6 
of t h e  mother l i q u o r ,  on a m i x t u r e  of  s i l i c a  g e l  and cadmium c a r b o n a t e .  

The d a t a  i n d i c a t e  t h a t  p r e p a r a t i v e  s e p a r a t i o n s  o f  t h e  i somers  s h o u l d  a l s o  

be  p o s s i b l e  u s i n g  HF'LC. 

The v a r i a b l e  p roduc t  d i s t r i b u t i o n  from t h e  two r o u t e s  presumably re- 

f l e c t s  d i f f e r e n c e s  i n  t h e  t r a n s i t i o n  s ta tes  l e a d i n g  t o  p r o d u c t s  from t h e  

more f l e x i b l e  s a t u r a t e d  d i a c i d s  o r  t h e  r i g i d  a r o m a t i c  f u r a n .  The f a c t  t h a t  

e i t h e r  s a t u r a t e d  d i a c i d  g i v e s  t h e  same p roduc t  d i s t r i b u t i o n ,  i n d i c a t e s  t h a t  
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Pb(0Ac)b OXIDATION OF TETWYDROF"-2,5-DICARBOXYLIC ACIDS 

t h e  oxida t ion  i n  these  two cases  proceeds i n  a stepwise fash ion  t o  g ive  a 

common intermediate.  The complex na tu re  of LTA oxida t ion  prevents  more 

d e f i n i t e  mechanistic conclusions being drawn a t  t h i s  t i m e .  

8 

EXPERIMENTAL 

NMR s p e c t r a  were recorded on a Varian model T-60A spectrometer and 

chemical s h i f t s  are reported wi th  respec t  t o  te t ramethyls i lane  as an i n t e r -  

n a l  standard.  

trometer. 

REN-6E spectrometer.  

ALC 100 Analy t ica l  Liquid Chromatograph on a Waters )1 P o r a s i l  ( l o p  s i l i c a )  

3.9 mm x 30 c m  column us ing  a r e f r a c t i v e  index  de tec to r .  The e luen t  was  

5% (by volume) te t rahydrofuran  i n  heptane. The l i q u i d  chromatograph w a s  

operated a t  a pressure  of 325 p s i  a t  40% of t h e  maximum flow rate. Melting 

poin ts  were measured i n  open c a p i l l a r y  tubes  and are uncorrected.  

IR s p e c t r a  w e r e  recorded on a Perkin-Elmer model 298 spec- 

Mass s p e c t r a  were obtained wi th  a Hitachi-Perkin-Elmer model 

HPLC w a s  performed wi th  a Waters Assoc ia tes  model 

cis- and trana-2,5-Diacetoxytetrahydrofuran. - A 100 m l ,  three-necked f l a s k  

w a s  f i t t e d  wi th  a thermometer, a condenser, a n i t rogen  i n l e t  and a 50 mL 

add i t ion  funnel.  Lead t e t r a a c e t r a t e  (Eastman Organic Chemicals), 8.8g 

(20 mmols) and 30 mZ. of anhydrous ( d i s t i l l e d  from LiA1H4) te t rahydrofuran  

(THF) were placed i n  t h e  f l a s k  wi th  a magnetic s t i r r i n g  ba r .  Tetrahydro- 

furan-2,5-dicarboxylic ac id  

d isso lved  i n  30 mL of anhydrous THF and w a s  added through t h e  dropping fun- 

n e l  under n i t rogen  over a period of 5 min. 

LTA. 

r o s e  t o  about 30°. 

i t a t e  was removed by f i l t r a t i o n  and t h e  f i l t r a t e  w a s  evaporated t o  g ive  1.24g 

(65%) of a yellow o i l ,  bp. 70°/0.02 t o r r .  lit.4 84'-86OIO.3 t o r r .  

showed two major peaks a t  r e t e n t i o n  volumes of 26.5 

33 ? 0.5 mL (&) i n  a r a t i o  (by t r i angu la t ion )  of 2 : l .  

( e i t h e r  &- o r  trans-) 1.6g (10 mmols) w a s  

t o  t h e  we l l - s t i r r ed  s l u r r y  of 

The opaque, orange suspension turned a l i g h t  yellow and t h e  temperature 

The mixture w a s  re f luxed  f o r  1.5 h r .  The wh i t e  precip- 

HPLC 

0.5 mL (trans) and 

The NMR and I R  
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MOORE AND PARTAIN 

s p e c t r a  are v i r t u a l l y  i d e n t i c a l  t o  those  obtained below. 

c-b2,5-Diacetoxytetrahydrofuran. - A s o l u t i o n  of 2.2g (12 w o l s )  of &- 

2 , 5 - d i h y d r o f ~ r a n ~ ' ~  i n  60 mL of methanol w a s  hydrogenated over  10% Pd on 

carbon (0. lg)  i n  a P a r r  shaker  a t  20 p s i .  Hydrogen uptake w a s  rap id .  The 

c a t a l y s t  w a s  f i l t e r e d ,  t h e  so lven t  w a s  evaporated and t h e  r e s i d u e  was  d i s -  

t i l l e d  i n  vacuo, 86% y ie ld .  

8-ring), 6.30 (ZH,  m, a - r ing) ;  IR(neat) :  3000, 2960, 1750, 1370, 1235, 

1115, 1060, 845 cm-'; mass spectrum [70 e V ,  m / e  ( r e l .  i n t . ) ] :  

ion ,  160(21), 145(36), 129(14), 86(21) ,  84(32), 69(54), 43(100). HPLC 

showed one peak which had a r e t e n t i o n  volume of 33.8 ?r 0.5 mL. 

NMR(CDC13): 6 2.03 (6H, CH3),  2.17 (4H, m y  

No pa ren t  
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