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As part of a study of stereoselective carbohydrate synthesis via the 

palladium hydroxide catalyzed epoxide hydrogenolysis reported recently by 

o u r  group,l  wc planned the synthesis of several compounds, such as 3, w h i c h  

bear only the 1.2-diol functionality. Lithium aluminum hydride (LiAlH4) 

reduction is a general method for the conversion of hydroxymethyl groups 

(through their sulfonate esters) to methyl groups with concomitant removal 

of acetate protecting g roups2  Results of a limited study of an unexpected 

L i A l H 4  reaction are presented below. 

3 
R.T. 0°C 

70 100 
90 100 

4 
R.T. 0°C 

30 0 
10 0 

The room temperature LiAlH4 reduction of 1 or 2 produced a mixture of 

3 and a more reduced compound (4) in good yield. In contrast to these results, 

if the reaction was performed at 0 "C, the predominant product was 3. Thus, 

3,4-di-O-acetyl-2,5-anhydro-1,6-di-O-tosyl-D-mannitol (1)3 and 3,4-di-O-acetyl- 

2 , 5 - a n h y d r o -  1,6-di-O-mesyl-D-mannitol (2)4  react with LiAlH4 at 0 "C to 
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120 GARCIA, VOLL, AND YOUNATHAN 

produce 66% and 71% isolated yields5 of  2,5-anhydro-l,6-dideoxy-D -mannit01 
( 3 ) 6 .  Traces of 2,5-anhydro-1,3,6-trideoxy-D - a rab ino -hex i to l  ( 4 ) 7  were 

detected by l H  NMR. The same reactions at room temperature afford a mixture 
of 3 and 4 ,  in 70:30 and 90:lO ratios from 1 and 2 ,  in 64 and 61% yields.5 

respectively.8 The stereochemistry of 3 and 4 was determined by l H  NMR 

(500 MHz) ~pec t roscopy .~  

Attempted reduction of the related compounds 5 , l  6 and 7 gave 

only the corresponding expected products 8,13 9 3 * 1 4  and 36 in 76, 84 and 66% 

yield as shown below. It is apparent from these results that the sulfonyl group 

is a critical structural element for reduction of the vicinal diacetates at room 

t empera tu re .  

5:  X = O A c  

7: X = H  
6: X = O T r  

8: X = O H  
9: X=OTr  
3: X = H  

An independent synthesis of 4 confirmed the structure obtained from 

compounds 1 and 2.  Epoxidation of 8 gave compound 103915 and selective 

epoxide hydrogenolysis afforded the trihydroxy compound 1 1. T a n d e m  

tosylation of the primary hydroxy groups and acetylation of the secondary 

hydroxy group16 of 11 gave 12.17 Reduction of 1 2  with LiAlH4 gave 4 with no 
2,5-dimethyltetrahydrofuran (13)  being 0bserved.l 

H 8  0 HO; 
8 1 0  1 1  

TsOCH, 

c-- 

a: (CH3)2CHOCON=NCOOCH(CH3)2 / (Ph)3P / DMF / 0 "C;3 

b: H2 / Pd(OH)2 / Ethano1;l 

c: 1) TsCl / Pyridine / 0 "C, 
d:  LiAlH4 / Ethyl Ether / R.T. / 52%. 

2) (Ac)2O / Pyridine / 0 "C / 85%; 
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The mechanism for the formation of 3 f rom 1 and 2 and the formation 

of 4 f rom 12 is probably predominantly SN2. The formation of 4 from 1 and 2 

and the failure to observe 13 f rom 1, 2 and 12 requires a mechanism utilizing 

both acetyl groups either directly or indirectly through an inductive effect. 

One possibility is the single-electron-transfer reaction of LiAlH4 which has 

been extensively studied.19 It was reported that this reaction does not occur in 

simple open chain alkyl (and alkenyl) tosyl compounds but the arrangement 

of groups in 1 and 2 m a y  extend this interesting reaction mechanism. The 

reaction may involve a single-electron-transfer to the sulfonyl group which 

transfers the electron to the acetyl ester bond with subsequent loss of this 

group and hydrogen atom transfer to complete the unusual reduction. The 

sulfonyl groups may then be reduced by another single-electron-transfer 

reaction or by an S N ~  process. The second acetate must have an inductive 

effect on the first acetate which allows the reaction to occur with 1 and 2 b u t  

not with 12. Therefore, these results indicate that the vicinal diacetate 

functionality is, in addition to the sulfonyl group, a critical structural 

requirement for the unexpected LiAlH4 reduction reaction reported here, and 

the formation of unanticipated reduction products should be carefully 

monitored when utilizing LiAlH4. Some of these carbohydrate analogues are 

being tested as part of a study of the anomeric, tautomeric and epimeric 

specificities of the regulatory enzyme phosphofructokinase.2 

In summary, 3,4-di-0-acetyl-2,5-anhydro-1,6-di-0-tosyI(or -mesyl ) -D-  

mannitol (1 or 2 )  reacts with lithium aluminum hydride at room temperature 

to produce a 70:30 or 9O:lO mixture, respectively, of 2,5-anhydro-l,6-dideoxy-D- 
mannitol (3) and 2,5-anhydro-1,3,6-trideoxy-D -arabino-hexitol (4).  However, 

when 1 or 2 reacts with lithium aluminum hydride at 0 "C, the expected 

compound 3 is formed with traces of compound 4 .  The stereochemistry of the 

alcohols has been determined by NMR spectroscopy. An independent 

synthesis of 4 confirmed its structure. The critical functionality for this 

unexpected reaction seems to be, in addition to the sulfonyl group, the vicinal 

diacetate structure. 
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