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Abstract. Diallyl acetals undergo reductive cleavage of an allyloxy group by SmI 2 to 
generate a-allyloxy carbanions, which are transformed into homoallyl alcohols by 2,3- 
Wittig rearrangement. © 1998 Elsevier Science Ltd. All rights reserved. 
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The 2,3-Wittig r e a r r a n g e m e n t  is a useful  tool for t r a n s f o r m i n g  allyl e thers  into 
homoallyl  alcohols? Base-deprotonat ion  by an a lky l l i th ium or a l i th ium amide is the  most  
genera l  method  for gene ra t i ng  an  a-al lyloxy carban ion  undergo ing  r e a r r a n g e m e n t .  This 

method,  however ,  somet imes  suffers  f rom the format ion of an undes i red  regioisomeric 

ca rban ion  because  deprotonat ion occurs  toward  a re la t ively  acidic proton a to the  e thera l  
oxygen.~.2 For a regioselect ive approach  to the  a -e the ra l  carbanion ,  meta l  exchange  of 
s t anny l  3" or si lyP b g roup  (Still-Wittig), or reduct ive  cleavage of O,S-acetals  wi th  l i th ium 
n a p h t h a l e n i d e  4 have  been reported.  Recently,  we developed a novel regioselective 

genera t ion  of a-a l ly loxy ca rban ions  by 1,5-hydrogen t r ans f e r  of vinyl  radica ls  media ted  by 

SmI2. s Reduct ive  c leavage of a subs t i t uen t  (X in 1), reducible wi th  SmI2, a t  the  allyloxy 

carbon m a y  provide an  a l t e rna t ive  and  more direct  route  for SmI2-induced regioselective 

genera t ion  of the  anion.  We now repor t  the  reduct ive  cleavage of an  allyloxy group  from 

diallyl ace ta ls  (1, X = allyloxy group)  wi th  SmI  2 leading to genera t ion  of the  ca rban ions  (3) 
which undergo 2 ,3 - r ea r r angemen t2  

a 2 
R o.. .R2 sm,2 [ 1 " RI"c  

x , c H 3 o N "  - - 
3 OH 2 

X= ~/O"- - " " '~  tR2 

eq l  

Acetals  have  been recognized as being s table  toward  SmI  2 wi thou t  any  additives. 7 

However,  we have  found t h a t  reduct ion of benzaldehyde diallyl aceta l  ( l a )  wi th  SmI~ (3 eq) 

occurred  in ace toni t r i le  (CH3CN) a t  reflux t e m p e r a t u r e  under  n i t rogen wi thou t  any  

addit ives leading to the  format ion of homoallyl  alcohol (2a) in 72% (Table 1, r u n  1). s 

In te res t ing ly ,  the  reac t ion  was completely suppressed  by addition of 5% HMPA, which is 
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Table 1. Wittig Rearrangement by Reduction of Diallyl Acetals with SmI 2. 

0"~"~tR2 OH 
1 2 

run acetal (1) solvent 

conditions 

temp. time 

yield recovery 

2 (%)a 1 (%)a 

1 la :  R 1 = Ph, R 2 = H CH3CN reflux, 

2 CH3CN rt, 

3 CH3CN - HMPA b reflux, 

4 THF reflux 

5 THF - HMPA b reflux 

6 Phi l  - HMPA b reflux 

7 l b :  R 1 = Ph, R 2 = Me (96% E) CH3CN reflux 

8 1¢: R 1 =p-tolyl-, R 2 = H CH3C N reflux 

9 l d :  R 1 = PhCH2CH2-, R 2 = H CH3CN reflux 

2 h 72 8 

5 days 0 93 

15 min 0 97 

4h  0 94 

2.5 h 0 88 

2.5 h 22 54 

40 min 66 c d 
d l h  81 - -  

3h  0 98 

a Isolated yield, b Solvent : HMPA = 9 : 1. c A mixture of diastereoisomers (erythro/threo = 62 : 38). a Not determined. 

well known as the most  effective act ivator  for SmI,,  9' lo and l a  was quant i ta t ive ly  recovered 

(run 3). Reactions conducted in THF with or wi thout  HMPA resul ted in recovery of l a  at  

94% or 88%, respectively, while a low yield (22%) of 2a was obtained in benzene-HMPA (runs 

4-6). Acetals ( lb ,  c) were similarly converted to the corresponding alcohols (2b, c) in good 

yields (runs 7, 8). In spite of the reaction conducted at the reflux t empera tu re  in CH3CN, 

there was no evidence for the formation of the product  via 1,2-rearrangement ,  which 

sometimes competes with 2 ,3- rear rangement  at  a high temperature ,  in the reaction of lb .  11 

The observed erythro/threo (62:38) ratio of 2b obtained from l b  with E-geometry  agreed with 

tha t  (61:39) reported previously in the a l ternat ive  SmI2-induced Wittig r ea r r angemen t  

involving 1,5-hydrogen t ransfer .  5' 12 On the bases of the regioselection rule regarding 

li thiation on unsymmet r i ca l  diallyl ethers,  2 established by Nakai et al., regioselective 

deprotonation with bases on the allylic group possessing an unfavorable  7-substituents,  

leading to the carbanion (3e), can be predicted to be very difficult. I t  is no tewor thy  tha t  the 

carbanion (3e) has  been genera ted  regioselectively by the SmI2-induced reductive cleavage 

of le ,  and 2e was obtained in 56%. In cont ras t  to aromatic  or vinylic acetals, an aliphatic 

one ( ld)  did not react  under the same conditions. 13 

sm,2 

/ " v ' ~ ' L  0 " / ' , ~  CH3C N 
l e  3e 2e 
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S c h e m e  1 path A: 
$ rn I n reductive cleavage 

R I . ~ O Z , , , ~ > , , .  R 2 / 2Sm12 
" 

4 I n S m ~ ' ~ . / R  2 
~path B path B: I- 

nucleophilic cleavage 

R I ' , ~ H  Sml 2 
+ I ' , v , . " ~ / R 2  ,, 

O 

3 

R 2 

OH 

2 

The formation of 2 is explained by Wittig-type 2,3-rearrangement of the a-allyloxy 

carbanion result ing from reductive cleavage of acetals as i l lustrated in Scheme 1. The 

acetal (1) would be activated by complexation with di- or tr ivalent samarium ion through an 

etheral oxygen to give 4. A net two-electron transfer from SmI~ to the complex with the 

liberation of an allyloxy samarium would give the a-allyoxy carbanion (3)(path A: reductive 

cleavage). The formation of carbenium ion from 4 might be involved. Since HMPA strongly 

coordinates to samarium ion, 14 the activation ofacetals by complexation with samarium ions 

could be prevented by HMPA, and therefore, no reaction takes placeJ 5 THF might also have 

a coordinating ability sufficient to inhibit the reaction. Thus, the results indicate that  

activation ofacetals is more important than increasing the reducing potential of SmI=. 

An alternative mechanism can be considered as i l lustrated in Scheme 1, path B. The 

allyl group of 4 may be attacked by iodide with cleavage of the bond between the allyl group 

and the oxygen leading to the formation of an aldehyde and an allyl iodideJ 6 These 

compounds can undergo coupling by mediation of SmI 2 to give 2 (Barbier-type coupling). '7 

Thus, we tried the reaction using a mixture of an equal amount of l b  and lc.  The alcohols 

2b and 2c were formed in 51% and 56%, respectively, with no evidence for the formation of 

cross-coupled compounds 2a, 5, and 6 which could be formed by the Barbier-type mechanism 

(eq 2). 

l b  + lC ~ 2b + 2C 2a 
y. 51% y. 56% y. 0% M e  eq 2 

OH 
5, y. 0% 6, y. 0'/o .) 

We have shown here that  reduction of diallyl acetals by SmI 2 occurs in CH3CN without 

any additives. This offers a new regioselective approach to Wittig rearrangement.  
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For a typical procedure: to a solution of SmI 2 (0.096 mol/L in CH3CN, 6.1 mL, 0.59 

mmol ), l a  (40 rag, 0.20 mmol) was added at reflux temperature under nitrogen. The solution 

was refluxed for 2 hr  and quenched with aqueous K2CO 3. After extraction with ether, the 

organic layer was dried and concentrated to give a crude residue, which was purified on TLC 

(hexane : ether = 7 : 3) to afford 2 a  (21 mg, 72%). 
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