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The facile reduction of alkylhalidem by orgenotin@3zkdes has been shownto be a 

radical-chain reaction1 for which the folJ.ow@ cluxin-ppagating rtepe c(l) & (21, X = Halogen] 

have been propoesd: 

We have now found that carboxylic acid eaters, under more vlgoroue conditions, can 

similarly be reducedto the correeponding hydrocarbona bytriallsrltinhsdridee (31% 

Etocm”+ysnH-RH+ FL3 ’ stacw (3) 

andevidences ao far obtalned pointtothe mm? mdical mechaniaap[(1) 6r (21, X - OCE@ 

Examples in Table I prwide an Indication of the scope of the reaction. 
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TABIJI I. Reduction of Bemoates PhC02Rwith Tri-n-butyltin ?fydride 

R Radical Temp. Reaction Ohreacted Yield of % 

TimreC Benaoate 

.mo18)a sourceb Oc 
R8COV8fedd ?L~k*::ti:;e 

hr. m.ml8 m.lllole Reductionf 

t-W1 (8.4) 

phcR2 (10.7) 

Fh2cR (9.l)g 

cH2=c=R2 (7.3) 

r&u (ll.9) 

set-&I (7.6) 

t-ml (7.1) 

Omlohcosrl (5.4) 

Ph (7.2) 

IllcR2 ml) 

FhcmR3) (12.5) 

Fh2cR (8.2) 

2h2cH (6.4) 

Fh3c (2.2)B 

Fh3C (2.9) 

cI$=cHc~ (8.7) 

2-cyclohexeoyl (6.6) 

FhCR-CHCR2 (5.1) 

w 

w 

AIBN 

UP 

w 

w 

w 

n-F?02 

W 

W 

n-w1202 

n-Bu202 

W 

W 

"%zO2 

W 

W 

W 

40 4.7 4.0 48 

10 3.2 7.5 70 

24 2.4 7.1 (5.6) 78 

7 1.8 2.2 (3.OP 30 

50 9.4 1.2 10 

44 5.2 2.2 29 

30 3.1 4.3 61 

27 3.8 1.1 20 

6.5 4.4 2.3 33 

3.5 2.9 9.3 (9.1) 77 

7.5 1.7 10.7 86 

6 1.3 7.3 (6.4) 89 

3 1.7 5.1 80 

2 0.6 1.7 (1.5+ 77 

5 1.0 2.1 (1.7Ji 74 

4 2.4 3.4 (3.1jh 39 

4.5 1.7 5.0 74 

2.5 1.4 3.8 (3.3$ 75 

(a> 

b) 

(cl 

(d> 
(8) 

g 

Unless othemise stated, equivalent amount of tri-n-butyltin hydride was used without 
solv8nt. 
For W, a G.E. 275-v&t sunlamp was used; AIBN= aaobisisobutyronitril8 added was 
20 mole 5, and di-t-butyl peroxide usedwas 3-5 mole %., 
Reaction was followed to the disappearance of the Sn-H band at-1815 an-1 in the 
infrared region. 
By quantitative infrared spectrophotanetric analysis with estimated accuracy of ~5% . 
?g~o;rx$sia with an internal standard, uul8SS otherwLs8 stated. 

-3SnOCOFh obtained. 
t-Butylbensen was used as solvent. 
Propylene was detected as its dibramide. Yield reported was that of the addition product, 
(3-bensoyloxypropyl)tributyltin. 
Isolated by column chroraatogra@xy. 
Mixture consists of allylbensene and m-propehylbensene in the ratio of 1.6:land 
trace amount of &-prop8nylbenzene. 
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The radical-chain nature of the t@rostannolysis of esters was demonstrated tgr the 

profound catalytic effects which various free radical initiators exerted on the reaction: 

TABLE II. Catalysis of Eeter Reduction by Various Radical Initiators 

FhC02R 
% 
'SnH Used Temp. Tims % Reduction 

R R' OC hr. Uncatalysed Catalyzed(Ihitiator)a 

2-Cyclohexenyl h-R 80 20 none 49 (AIBN) 

phc% 
*Btl " 10 none 70 (w) 

2-CyclohexeFyl " 130 4.5 8 74 (w) 

phc% 
" )I 7 9 75 mu202) 

(a) See Table I, footnote (b). 

Further evidence in support of the mdicalmechanismwas obtained from the 

reduction of optically active d-phenett@ bemoate2 with tri-n-but&tin deuteride in benzene 

solution at 80°C with AIBN as initiator. The isolated A-deuterio~lethme (96% d- 

monodeutereted) was found to bs racmic while recovered uoreacted ester uas found to retain 

its original optical activity, indicst~ that no racfmiaation of the etartiry: material 

occurred prior to reduction. 

Internal competitive experiment shousd that the reduction of bemy benaoate by 

tri-n-butyltin hydride is s. 40 times slower than that of bensyl chloride at 80°C, and io 

consistent with the observations that whereas hydrostannolysis of ally1 halide l(a) gave no 

addition product, that of ally1 bensoate gave ~a. 4s (Table I) adduct indicating that in 

the latter, addition to temdnal double bond and reduction are equalJy facile. In contrast, 

addition to internal double bond such as in the case of Zcyclohexenyl beneoate or ci~1 

beuzoate is slow compared with ~drostannolysis. The resction appears othemise to be free 

frm coauikation as shorn by the quantitative recovery in each case of unreacted ester 

(Table I). The only contaminants o&served are the decmposition products of trialkyltiu 

hydride, a., tstraalkyltin, hmaalkylditin and metallic tin. 

Although for convenience betukWm were chiefly used in this investigation, other 

carboxylic acid esters were found to bs similarly reduced, albeit at different rates. Results 

of competitive experiments with four different carbcxylic acid esters are gathered in Table III. 
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TABLE III. R.htiv.R.t..ofR.duct5..a ofS.tor. Rc02'312ph byT~-n-~~ltin Wdrid. 

Rslath. R&f 
B At lJO°Cb At eO°Cc 

@3 1.0 1.0 

H 4.8 + 0.3 7.5 co.5 

Ph 7.1 + 0.3 6.3 f 0.3 

cF3 30.0 + 0.3 35.0 LO.4 

(a) &cbmdu~Uonw. don. indupllat. ortriplieat.,andw. Mtiat.ddthaG.E. 
275iwstt .unlAmp.~~..t.r.usrsuylys.dby glc. 

8 Lz%Enz~~~:..ol~t. 

It ou1 bs sssn that slsctron-withdrawlng substitusnt facilitates the reduction, 

whsrsa. s1.etr.tin.t~ group ha. t&l. oppo.it. 8ffS.t. Although th. lat. dsff.rsnc. I. not 

grsat it new.rth.l..s pr&l.l. the rslatlvs acid strsngth of th. carbcixylic acids, and is 

suggestlv. of ths di.plmm..nt step ($1 wm via attack of the tri.lkyltin xadi..l on the 

.th.m.l-oayg.nbt.mofth. ..t.r. D.finlt.iv. a.zK!lu.lon cmths. p.inti.b.ing.ou&htby the 

u.. of 018 -l.b.ll.d..t.r. 

Th.t@lwtmn.ly.i. ofa8rkmryllce8ters pr.vid..rn.wlw3thod of gsnsrating 

l(c) radisal. and a. In th. ea.8 of the Qdrostannoly.i. of h.lid.. is of valu. in the 

pnpnrbtionof spscifleally dsut.zWad (artritibtsd) winpound.. 

AckrmUs&e..nt. WsthsnkthsTinRsssarch Instlttat. forth. gift of organotin compound. and 

Sir I4mrt Jon.. for tha m.sa spsctnam of A-dsutszlophsnyl.thePe. 

R.fsr4mc.q 
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