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ORGAN0 TIN NUCLEOPHILES III.1 PALLADIUM CATALYZED REDUCTIVE CLEAVAGE OF ALLYLIC 

HETEROSUBSTITUENTS WITH TIN HYDRIDE 

Ehud Keinan* and Noam Greenspoon 

Department of Organic Chemistry, The Weizmann Institute of Science, Rehovot, Israel 

Abstract. Tributyl tin hydride, serving as an efficient hydride transfer agent, allows highly 
chemoselective palladium catalyzed reductions of allylic heterosubstituents even in presence of 
aldehydes, benzyl acetate and benzyl chloride. 

The chemoselective removal of an allylic heterosubstituent is a synthetic problem which 

has yet to be satisfactorily solved. Nucleophilic displacement by hydride donors’ is effective 

only when: a) the heterosubstituent is a good leaving group, and b) the hydride donor is a 

powerful nucleophile, such as LiAlH4, a requirement incompatible with many functional groups. 

Remarkable progress towards increased chemoselectivity was achieved by palladium 

activation of the allylic unit, 
3 

thus allowing the use of milder hydride donors such as NaBH4 

and NaBH3CN. However, these two reagents are still incompatible with a considerable number of 

electrophilic functional groups such as ketones and aldehydes. 

The recent observation that dimeric, neutral n-ally1 palladium complexes are reduced by 

LiAlH4 with endo stereochemistry,4 leads us to speculate that a similar internal transfer of 

hydride from the transition metal to the allylic system will take place in cationic n-ally1 

palladium complexes as well (path b in Scheme I). 

If such an assumption proved correct,5 it may yield an interesting consequence: in order 

to reduce an allylic heterosubstituent via palladium catalysis, one should apply a reagent - 

capable of transferring hydride to the transition metal, but not necessarily a nucleophilic 

hydride donor. 
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Our first assumption was easily confirmed by the stereospecific reduction of model 

compounds 1 and 26 by NaBD4/Pd(PPH3)4 in THF at room temperature (eq. 1,2). - - 

NaBD4/Pd(PPH3) 4 

> 
3 - 

NaBD4/Pd(PPH3) 4 
/ 

4 - 

The complete inversion of the acetate’s configuration 

spectra of both isomeric product 2 and 4.7 - 

co2cH3 

6 (1) 
c 

“D 

(2) 

was evident from the 270 Mlz NMR 

This internal delivery of the hydride, resulting in endo-reduction of cationic 

n3-palladium complex is a unique exception to analogous reductions of other cationic polyene- 

transition metal complexes, where exo attack by the hydride is a general phenomenon. 
8-12 

A typical example 
8b 

is shown in Scheme II. 
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Based on the above stereochemical results, we turned our attention to tributyl tin 

hydride as a potential hydride donor. Its poor nucleophilicity 
13 

promises an attractive 

chemoselectivity while its propensity to undergo transmetallation and oxidative addition 

reactions 
14 

makes it a qualified partner for palladium catalyzed reductions. 

Indeed, when tributyl tin hydride was added to a THF solution of cyanohydrin acetate S - 

in presence of 1% Pd(PPh3)4 (eq. 3)) a rapid and regioselective reduction took place, 

yielding the allylic nitrile 6. 

OAc 

CN 
Bu3SnH/Pd(PPh3) 4 

99% 
> 

- 

Surprisingly, 
15 less than 1% of the other isomeric 

similar conditions, cinnamyl acetate was quantitatively 

cry-” - 
(3) 

product could be observed. Under 

reduced to B-methyl styrene. 

When trying to reduce less reactive allylic acetates, we encountered disappointingly 

unclean reductions and low yields. Suspecting these difficulties to arise from the known 

tendency of tin hydrides to participate in free-radical chain processes, 13we tried to 

suppress such undesired side reactions. Thus, addition of a radical scavenger 
16 

and slow 

addition of tributyl tin hydride caused a striking yield increase as illustrated by eq. 4,s. 
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OAc 

H Bt$SnH/Pd(O) :n 

THF 70% 

THF + 20% 90% 

OAc 

Bu3SnH/Pd(PPh3)4 

Z3F 
THF 49% 

THF+l%HO 2 
98% 

17 

(5) 

Obviously the special chemoselectivity offered by this method-’ is its major advantage as 

demonstrated by eq. 6-8. Allylic acetates can be selectively reduced in the presence of a 

benzylic acetate, aldehydes and various halides. The addition of a radical scavenger allows 

tributyl tin hydride to leave even benzyl chloride unaffected. 

(4) 

OAc 

Brti + 

OAc 

+ 
Cl 

f 
OAc 

(8) 

In view of the rapidly growing number of heterosubstituted ally1 compounds which can 

easily form n-ally1 palladium complexes, it is now possible to reductively cleave such 

heterosubstituents. Allylic amines 18 
are a representative example: 19 

(9) 

Tributyl tin hydride, being a stable, organically soluble, heavy liquid, is advantageous 

over solid insoluble metallic hydrides of low molecular weight in that it can be measured 

accurately and conveniently, especially in small scale preparations. 

Utilization of this reduction method for chemoselective transformations in the Withanolide 

series2’ is in progress. One selected example is shown in eq. 10. 
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