
HETEROCYCLES, Vol 18, 1982 

IMPROVED PROCEDURE FOR LITHIUM BOROHYDRIDE REDUCTIMi OF CYCLIC ANHYDRIDES 

TO LACTONES IN TETRAHYDROFURAN 

Srinivasan Narasimhan 1 

Richard B. Wetheri l l  Laboratory, Purdue University, West Lafayette, Indiana 

47907, U.S.A. 

Abstracr - The ra te  o f  reducGon o f  several c yc l i c  anhydrides by l i t h i um 

borohydride i n  tetrahydrofuran a t  25°C has been studied. The reaction 

has been u t i l i z e d  f o r  the rap id  and select ive conversion o f  cyc l i c  

anhydrides t o  lactones. 

The reduction of cyc l i c  anhydrides t o  lactones i s  a reaction o f  considerable potent ia l  syn- 

t h e t i c  u t i l i t y .  I n  view of t h e i r  chemical nature, the reaction of anhydrides should be studied 

only i n  aprot ic  solvents l i k e  tetrahydrofuran. Sodium borohydride has been used for the reduction 

of anhydrides i n  tetrahydrofuran, although i t  forms a heterogeneous l lnfortunately. 

l i t h i um borohybride, which i s  more react ive and h ighly soluble i n  tetrahydrofuran, has not been 

u t i l i z e d  for t h i s  reaction.8 Also, there i s  no systematic study of the ra te  and stoichiometry of 

the react ion leading t o  the development of a synthetic procedure. I n  the present study, the rate,  

stoichiometry and mechanism o f  reduction o f  cyc l i c  anhydrides by l i t h i um borohydride i s  described 

together wi th a versa t i le  procedure for the lactone synthesis. I n  a typ ica l  ra te  study, 5 mnol of 

l i t h i um borohydride was added t o  5 mnol o f  the anhydride i n  su f f i c i en t  tetrahydrofuran t o  give 5 m l  

of solut ion. This makes the reaction mixture 1.0 M i n  both the reactants. The solut ion was main- 

tained a t  25'C and al iquots were removed a t  appropriate in te rva ls  and analyzed for residual hydride. 

I n  t h i s  manner i t  was possible t o  establ ish both the ra te  a t  which reduction proceeds and the 

stoichiometry o f  the reaction, i.e., the number of hydrides u t i l i z e d  per mole of compound when the 

reaction corns t o  an effect ive ha l t .  Succinic anhydride and g l u ta r i c  anhydride form heterogeneous 

react ion mixtures and i n  these cases the reactions for each time period were car r ied  out separate- 

l y  and the whole reaction mixtures were hydrolyzed wi th 1:l mixture of 2 N.hydrochloric ac id- '  

tetrahydrofuran. The resul ts  are given i n  Table 1. 



Table 1 

Rate o f  Reduction of Anhydrides wi th  Lithium 6orohydridea 

Time (h) Hydride Used for Reductionb 

No. Compound 0.25 1 .O 3.0 6.0 

a [Anhydride] = [LiBH4] = 1.0 M. b ~ o l / n o l  of anhydride. 'Reverse addi t ion.  dWhite precipitate 

formed. el ml o f  H2 i s  evolved w i th in  5 min. f2, h. 
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The study indicates a rapid consumption of 2 ml o f  hydride per ml o f  anhydride, although 

excess hydride i s  used t o  reduce both the carbonyl groups. Further uptake o f  hydride i s  very slow. 

The resul ts  could be explained by the fo l lowing scheme: 

The formation o f  l i t h i um carboxylate i s  qu i te  unl ike ly ,  i n  view of the inertness of the carbonyl 

group for further reduction. 8 

The above study indicates the p o s s i b i l i t y  o f  p a r t i a l  reduction of cyc l i c  anhydrides by l i t h i um 

borohydride using essent ia l ly  theoret ica l  amounts of the reagent (two hydrides per anhydride) i n  

tetrahydrofuran a t  25'C. Under these conditions, the reductions are complete i n  15 min. Proton- 

o l ys i s  of the product produced the lactones i n  good y ie lds .  The resu l ts  are sumnarized f n  Table 2. 

However, i sa to i c  anhydride contains an act ive hydrogen and hence requires three hydrides f o r  cm-  

p le te  reduction. The react ion proceeds wi th the evolut ion of a theoret lca l  amount o f  hydrogen i n  

5 min. Further uptake o f  two hydrides i s  cmple te  i n  two hours. Protonolysis o f  the reaction mix- 

tu re  produced the expected product, 2-oxodihydro-4.5-benzo-1.3-oxazine, since the amide carbonyl 

i s  i n e r t  towards. borohydride reductions. 8 



Table 2 

Reduction of Anhydrides wi th Lithium Borohydride t o  Lactones 

Yield mp or bplmn of Hg, "C 

NO. Product Procedure % Found Reported 

a I R  and NMR spectra were consistent wi th the structures assigned. 

A typical  procedure i s  described i n  the following: 

-ride wi th Lithium Borohydride t o  Phtha . ( P m .  T o a  

solut ion of 2.96 g (20 mnol) o f  phthal ic  anhydride i n  16.05 m l  o f  tetrahydrofuran was added 3.95 m l  

(2.78 M. 11 mnol) of l i t h i um borohydride i n  tetrahydrofuran i n  drops. A f te r  15 mi " ,  the whole reac- 

t i on  mixture was hydrolyzed using 6 N hydrochloric acid (7 ml) and the l iberated hydrogen was col- 

lected (100 m l ,  3.9 mnol). The reaction mixture was heated on a steam bath f o r  30 min. cooled and 
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saturated w i t h  sodium chlor ide.  The organic layer  was separated. The aqueous layer  was extracted 

w i t h  tetrahydrofuran (3 x 10 ml) .  The combined organic layer  was d r ied  over anhydrous magnesium 

sulfate. Removal of solvent using asp i ra to r  vacuum produced 2.44 g (91%) o f  phthal ide, mp 70-72°C 

[lit.' 7 2 - 7 3 ~ 1 .  

Reduction of G lu ta r i c  Anhvdride w i t h  L i th ium Borohydride t o  6-Valerolactone. ( P r o c e d u r e .  

Reverse addi t ion was made i n  the case o f  reduct ion o f  g l u t a r i c  anhydride. To a so lu t ion  o f  20 ml 

of l i t h i u m  borohydride (11 mnol, 0.55 M )  i n  tetrahydrofuran, 2.28 g (20 mnol) o f  g l u t a r i c  anhydride 

was added under n i t rogen atmosphere i n  small por t ions.  Af ter  15 min, the whole react ion mixture 

was hydrolyzed as before. 125 ml of hydrogen (4.86 mnol) was col lected, ind ica t ing  98% completion 

of the react ion. The react ion mixture was heated on a steam bath for  30 min, cooled and saturated 

w i t h  sodium chlor ide. The lactone was extracted w i t h  ether  (3 x 10 ml) and d r ied  over anhydrous 

magnesium sulfate. Fract ional  d i s t i l l a t i o n  under vacuum produced 1.54 g (77%) o f  6-valerolactone, 

bp 120-122"C/20 mn [lit.'' 102-104'C/7 mn]. 

Dedication: This work i s  dedicated t o  Professor Herbert C. Brown on the occasion of h i s  70th b i r t h -  

day, i n  admiration of h i s  pioneering work i n  the a r t  of blending physical organic chemistry w i th  

the  synthet ic  f i e l d .  
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