
Notes J. Org. Chem., Vol. 43, No. 20, 1978 3977 

(6) A. Takeda, K. Shinhama, and S. Tsuboi, Bull. Chem. SOC. Jpn. 50, 1831 

(7) G. Buchi and B. Egger, J. Org. Chem., 36, 2021 (1971). 
(8) N. N. Chatterjee and A. Bose, J. Indian Chem. Soc., 18,196 (1941); Chem. 

Abstr., 36, 762 (1942). 
(9) (a) C. P. Casey, D. F. Marten, and R. A. Boggs, Tetrahedron Lett., 2071 

(1973); (b) C. P. Casey and D. F. Marten, Synth. Commun., 3,321 (1973); 
(c) C. P. Casey and D. F. Marten, Tetrahedron Lett., 925 (1974). 

(10) R. D. Clark and C. H. Heathcock, J. Org. Chem., 41, 636 (1976), ref 24. 
The method used to prepare chloro ester 13 was not reported. 

(1 1) W. S. Rapson and R. Robinson, J. Chem. SOC., 1533 (1935). 
( 1  2) It should be noted that all attempts to prepare the cyclohexenyl ester 14 

through enol ester derivatives in analogy with Scheme 111 failed. Likewise, 
the procedure for conversion of 9 into 15 gave low yields when applied 
to keto ester 12. Conducting the phosphorus pentachloride reaction at rmm 
temperature did give 13 in usable yield. 

(13) G. M. Whitesides, W. F. Fischer, Jr., J. S. Filippo, Jr., R. W. Bashe, and H. 
0. House, J. Am. Chem. Soc., 91,4871 (1969). For ageneral discussion 
and review of cuprate preparation and reactions see: G. H. Posner, Org. 
React., 19, 1 (1975); and G. H. Posner, ibid., 22, 253 (1975). 

(1977). 

Reduction by Tributyltin Hydride of Carbonyl 
Compounds Adsorbed on Silica Gel: 
Selective Reduction of Aldehydes 

Norman Y. M. Fung, Paul de Mayo,* J. Herman Schauble,' 
and Alan C. Weedon 

Department of Chemistry, University of Western Ontario, 
London N6A 5B7, Ontario, Canada 

Received March 27, 1978 

Recently, we became interested in photochemically ini- 
tiated reductions of adsorbed organic substrates by tributyltin 
hydride and were surprised to observe the rapid and efficient 
reduction of carbonyl groups adsorbed on dried silica gel, but 
in the dark. This note describes investigations of these re- 
actions and reveals the synthetic utility of tributyltin hydride 
reductions under these conditions. 

Tributyltin hydride is one of the more readily available3 and 
least reactive organotin  hydride^.^ In the absence of catalysts 
it will readily reduce strongly electrophilic species such as 
carbonium ions,5 isocyanates,6 isothiocyanates,6 and carbonyl 
groups bearing powerful electron-withdrawing  function^.^ I t  
also reacts spontaneously with alkyl iodides and  bromide^.^ 
If radical initiators are present [e.g., ultraviolet light, azo- 
bis( isobutyryl)nitrile], then alkyl chlorides, aryl halides, esters, 
ketones, and other functional groups can also be r e d u ~ e d , ~ ~ ~ l ~  

although elevated temperatures are often required. However, 
we found that in the presence of a cyclohexane slurry of dried 
silica gel, tributyltin hydride cleanly reduced aldehydes and 
ketones to  give high yields of the corresponding alcohols 
(Table I). Sulfoxides, nitro groups, esters, arylnitriles, and 
alkyl, aryl, and benzylic chlorides were not effectively reduced. 
Attempted reduction of phenyl benzoate gave some phenol, 
but a blank reaction in the absence of tributyltin hydride gave 
the same result, indicating that the product arose from sili- 
colysis of the ester on the silica gel. The fact that the silica gel 
had been activated to remove water and the failure to isolate 
any benzoic acid suggest that the phenol is displaced from the 
ester by hydroxyl end groups on the silica gel to give a ben- 
zoylated silica. Diphenylmethyl benzoate was also not re- 
duced, and in this case no evidence for ester dissociation was 
observed. 

Attempted reduction of an epoxide, that of trans-stilbene, 
led to the product of acid-catalyzed opening of the epoxide 
followed by pinacol rearrangement and reduction of the re- 
sulting carbonyl group. This was confirmed by a blank reac- 
tion where stilbene epoxide was treated with a cyclohexane 
slurry of dried silica gel; 2,2-diphenylacetaldehyde was iso- 
lated as the only major product. 

With the exception of strained ketones such as norcamphor, 
the rate of reduction of carbonyl groups was found to be in the 
order aldehydes > dialkyl ketones > aralkyl ketones > diary1 
ketones (Table I). When equimolar mixtures of aldehydes and 
ketones were treated with 1 equiv of tributyltin hydride in the 
presence of silica gel, selective aldehyde reduction was 
achieved (Table 11). 

Relatively few reagents are available for the selective re- 
duction of aldehydes in the presence of ketones; tetrabutyl- 
ammonium cyanoborohydride,ll lithium aluminum tri-tert- 
buty1oxyhydride,l2 sodium triacetoxyborohydride,l3 lithium 
di-n-butyl-9-borabicyclo[3.3.1]nonane,14 diisopropylcarbinol 
on alumina,l5 and samarium diiodide16 are ones which have 
been reported. Excluding the last of these reagents, a com- 
parison has shown15 that while all are capable of reducing an 
aldehyde in the presence of a methyl ketone, only diisopro- 
pylcarbinol on alumina has the ability to distinguish between 
a cyclohexanone and an aliphatic aldehyde. Tributyltin hy- 
dride in the presence of dried silica gel is superior to these 
reagents in its selectivity (Table 11). Since this work was 

Table I. Reduction of Organic Functional Groups by Excess Tributyltin Hydride on Dried Silica Gel at Room 
Temperature 

minimum 
isolated reaction 

substrate product yield, % time, h 

norcamphor norborneol (exo + endo) 6gnjb 0.5 
3-cholestanone 3-cholestanol((~ + 0) 89'jC 2 
methyl naphthyl ketone 1-(0-naphthy1)ethanol 9 1 " ~ ~  4 
benzophenone diphenylmethanal 94" 6 
benzaldehyde benzyl alcohol a l a  1 
octanal 1-octanol 90" 1 
nitrobenzene aniline <5"2e 24 
trans-stilbene epoxide 1,2-diphenylethanol 82 a 6 
phenyl benzoate phenol tracee 72 
diphenylmethyl benzoate O e  24 

diphenyl sulfoxide O e  18 

phenyl bromide 0' 24 
benzonitrile O e  24 

1-chloro-2-phenylethane Oe 48 

benzyl chloride O e  24 

Average of at least two determinations. b 92% endo by VPC (20% Carbowax 20M on Chromosorb W, 100 "C, 7 ft)  and 1H NMR 
assay (average of at least two determinations); reduction with Bu3SnH/ZnClz/EtzO solution gave 89% endo. 89% /3, computed from 
isolated yields of a and /3 isomers after separation by TLC and crystallization (average of at least two experiments); reduction with 
Bu$3nH/ZnClz/EtzO solution gave 85% 6. Reduction with Bu3SnH/ZnClz/EtzO solution gave a 77% yield of the alcohol. e Starting 
material recovered unchanged. 
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Table 11. Selective Carbons1 Reduction 

% 
carbonyl compounds“ reductionb reducing agent - 

benzaldehyde 97 tributyltin hydridec 
methyl naphthyl ketone 8 on silica gel 

n-octanal 
cyclohexanone 

99 tributyltin hydrideC 
13 on silica gel 

n-decanal 84d diisopropylcarbinol 
4-tert-butylcyclohexanone 13d on aluminad 

(I An equimolar mixture was used. b Determined by VPC and 
‘H NMR spectroscopy; average of at least two experiments. A 
slight excess of hydride was used. Froin ref 15. 

completed, two more reports concerning reagents capable of 
selective reduction of aldehydes have appeared.”JS 

Experiments performed to  investigate the mechanism of 
the reduction indicated that the reactions proceed via a hy- 
dride transfer mechanism analogous to complex metal hydride 
 reduction^.^^ Thus, the reductions were not inhibited by a 
radical scourge (2,6-di-tert-butylcresol), and only 1 equiv of 
tributyltin hydride was required, whereas radical-catalyzed 
tin hydride reductions utilize 2 equiv.8 Furthermore, no re- 
duction occurred in the presence of methanol or in the absence 
of silica gel, but it went inefficiently in the presence of dried 
basic alumina and proceeded well in the presence of zinc 
chloride. I t  would appear, therefore, that the function of the 
silica gel is largely that of a mild acid catalyst and serves to 
polarize the carbonyl group of the ketone sufficiently to allow 
reduction by the weakly nucleophilic hydride. This behavior 
is similar to that of sodium cyanob~rohydr ide~~  and is con- 
sistent with the ability of tributyltin hydride to reduce highly 
electrophilic carbonyl groups without the aid of a ~ a t a l y s t . ~  
Reduction in the presence of undried silica gel was not ob- 
served, presumably because of the hydrolysis of the tin hy- 
dride. 

We have also demonstrated that tributyltin hydride does 
not undergo an exchange with the solid support to  produce 
a “reducing silica gel” in an analogous manner to the forma- 
tion of the “oxidizing alumina” obtained following treatment 
with a diacyl peroxide.20 Treatment of dried silica gel with a 
cyclohexane solution of tributyltin hydride, filtration under 
an inert atmosphere, and treatment of the silica gel with a 
cyclohexane solution of a ketone gave no reduction, while the 
filtrate did reduce norcamphor if fresh, dried, silica gel was 
added. 

Comparison of the stereochemistry of reduction of tri- 
butyltin hydride in the presence of a cyclohexane-dried silica 
gel slurry, by tributyltin hydride with zinc chloride dissolved 
in ether (a homogeneous system), and by common complex 
metal hydridesz1 (see footnotes b,  c ,  and d in Table I) indicates 
that  there is no steric effect upon the reaction due to surface 
adsorption on the silica gel and that it is apparently only 
acting as an acid catalyst. Catalysis of tributyltin hydride 
reduction by zinc chloride has been reported previouslyz2 but 
was not fully investigated. Our work shows that in terms of 
reaction rate it is more efficient than dried silica gel, but it 
suffers from the disadvantage that an aqueous workup is 
necessary to remove the zinc chloride and to destroy the zinc 
salts of the product alcohol, thus resulting in lower isolated 
yields. 

The fate of the tributyltin moiety following carbonyl re- 
duction was also examined. Treatment of a ketone (norcam- 
phor) with approximately 1 equiv of tributyltin hydride in a 
silica gel-cyclohexane slurry followed by filtration and 
washing of the silica gel with ether gave the reduced ketone 
in high yield, but no tin-containing compounds were isolated 
when the filtrate and washings were evaporated, indicating 

that the latter were strongly bound to the silica gel. Dis- 
placement could not be effected by dry or moist ether or 
ethanol, but washing with an ethanol-acetic acid mixture al- 
lowed the isolation of tributyltin acetate, identical with a 
prepared authentic sample. 

The isolation of tributyltin acetate along with the obser- 
vations described above are consistent with, but do not re- 
quire, a six-center reduction mechanism of type A to  give 

A 
stannylated silica gel and the alcohol. Alternatively, the initial 
formation of a tributyltin alkoxide and subsequent exchange 
with silanol groups may give the same products. 

Conclusions 

We have demonstrated that silica gel catalyzed reduction 
of ketones and aldehydes by tributyltin hydride is a selective 
and high yield method with the advantage of mild nonbasic 
conditions and without the need of strong acidic workup to  
neutralize alkoxide salts. Reductions are performed simply 
and the products easily isolated in the pure state by elution 
off the silica gel. Most importantly, the method allows the 
reduction of aldehydes in the presence of ketones with a high 
degree of selectivity. 

Experimental  Section 
Tributyltin hydride was prepared from tributyltin chloride by re- 

duction with sodium borohydride in glyme.3 The silica gel used was 
Baker column chromatography grade, 60-200 mesh, and it was acti- 
vated by heating at 220 “C at a pressure of less than 1 mmHg for 20 
h and stored in a desiccator until required. Cyclohexane was purified 
by passage through a column of alumina, and zinc chloride was freshly 
fused. All reactions were carried out under a dry, oxygen-free, nitrogen 
atmosphere. 

General Procedure for Tributyltin Hydride Catalyzed Re- 
duction. The compound to be reduced (1 mmol), silica gel (5 g), tri- 
butyltin hydride (1.2 mmol), and cyclohexane (20 mL) were stirred 
together until TLC indicated that the reaction was complete. The 
mixture was filtered, and the silica gel was washed first with cyclo- 
hexane to remove excess tributyltin hydride and then with ether. The 
ethereal washings were evaporated to yield the alcohol, which was 
purified by crystallization, or in the case of liquids by preparative 
TLC. All reduction products were identified by comparison with 
authentic samples. The results are given in Table I. In the case of 
ketones insoluble in cyclohexane, a more polar solvent can be used 
or the ketone can be preadsorbed onto the silica gel. 

General Procedure for Zinc Chloride Catalyzed Reduction. 
To a freshly filtered, saturated, ethereal solution of zinc chloride (ca. 
20 mL) was added the ketone (1 mmol) and tributyltin hydride (1.2 
mmol), and the solution was stirred until TLC indicated that the re- 
action was complete. A white solid was precipitated as the reaction 
progressed. Following an aqueous workup procedure, the product was 
purified by crystallization. The results are given in Table I. 

Selective Reduction of an Aldehyde in the Presence of a Ke- 
tone. Cyclohexanone and octanal or benzaldehyde and methyl 
naphthyl ketone (1 mmol of each) were stirred with tributyltin hy- 
dride (1.05 mmol) in cyclohexane (25 mL). Silica gel (10 g) was added, 
and after 2 h the mixture was filtered. The filtrand was washed with 
cyclohexane and then with ether, and the latter washings were care- 
fully evaporated to give the product mixture. The relative amounts 
of cyclohexanone and octanal and their reduction products were de- 
termined by VPC (5% Carbowax 20M on Chromosorb P, 80 O C ,  6 f t )  
using a calibration obtained with authentic mixtures. The relative 
amounts of benzaldehyde and methyl naphthyl ketone and their re- 
duction products were determined from the ‘H NMR spectrum of the 
mixture. The results are given in Table 11. 

Isolation of Tributyltin Acetate. Norcamphor (2.5 mmol), tri- 
butyltin hydride (1 mmol), and silica gel (10 g) were stirred together 
in cyclohexane for 1 h. The mixture was filtered, and the silica gel was 
washed with ether to remove norborneol and excess norcamphor and 
then with acetic acidathano1 (1:5). Evaporation of the ethanol-acetic 
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acid washings gave the crude tributyltin acetate, which was recrys- 
tallized from petroleum ether (bp 60-80 "C) to give the pure product 
(79%), mp 84-85 "C,  identical (mixed melting point and IR) with a 
prepared authentic ~ample.~3 

Registry No.-Norcamphor, 497-38-1; 3-cholestanone, 15600-08-5; 
methyl naphthyl ketone, 93-08-3; benzophenone, 119-61-9; benzal- 
dehyde, 100-52-7; octanal, 124-13-0; nitrobenzene, 98-95-3; trans- 
stilbene epoxide, 1439-07-2; phenyl benzoate, 93-99-2; diphenylmethyl 
benzoate, 7515-28-8; l-chloro-2-phenylethane, 622-24-2; diphenyl 
sulfoxide, 945-51-7; benzyl chloride, 100-44-7; phenyl bromide, 
108-86-1; benzonitrile, 100-47-0; 1-(0-naphthyl)ethanol, 7228-47-9; 
diphenylmethanol, 91-01-0; benzyl alcohol, 100-51-6; 1-octanol, 
111-87-5; aniline, 62-53-3; 1,2-diphenylethanol, 614-29-9; phenol, 
108-95-2; cyclohexanone, 108-94-1; n-decanal, 112-31-2; 4-tert- 
butylcylohexanone, 98-53-3; tributyltin hydride, 688-73-3; tributyltin 
acetate, 56-36-0; exo-norborneol, 497-37-0; endo-norborneol, 497- 
36-9; 3cu-cholestanol,516-95-0; 3~-cholestanol, 80-97-7. 
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Phenalene (1) has enjoyed considerable attention from 
chemists because of its ability to generate an anion, neutral 
radical, and cation, all of which are aromatic and stable in 
so1ution.l Because earlier reported methods of making and 
isolating 1 and its precursors are generally tedious2 and work 

1 

in our laboratories required ready access to 1, we investigated 
ways of improving its yield and purification. 

Recently, it  was reported that LiAlHdAlC13 reduced phe- 
nalenone (2) to 1 and phenalanone (3).3 The yields varied over 
a wide range, however, and were markedly affected by the 
purity of the LiAlH4 and AlC13, the recommended procedure 
calling for newly opened bottles of these reagents. Further- 
more, the isolation of 1 required large amounts of solvent and 
is often accompanied by oxidation of the very sensitive 1 on 
silica gel. 

The active agents in the reduction of 2 to 1 by the LiAlH4/ 
AlC13 mixture were probably HAlC12 and H2A1Cla4 This sug- 
gested to us that diisobutylaluminum hydride (DIBAL-H) 
might also be effective in reducing 2. We found that DIBAL-H 
will convert 2 to 1 in high net yields (>85%) and that 1 can be 
isolated easily in high purity from the product mixture. DI- 
BAL-H is commerically available as a 1 M solution in hexane 
(Aldrich) and is handled conveniently and precisely by syringe 
technique. The reagent also has a long shelf-life, even after it 
has been sampled. These are distinct advantages over 
LiAlHdAlC13 mixtures. 

The sensitivity of 1 to silica gel led us to try other solid 
supports, and we found that  F lor id ,  a much more acidic ab- 
sorbent than silica gel,5 gave very satisfactory results. Phen- 
alene is the first compound eluted from the column and is well 
separated from the only other product, phenalenone. More- 
over, a shorter column and much less solvent are required than 
when we used silica gel. No significant decomposition of 1 
during the chromatography was observed. Scaling up the re- 
action presented no handling problems, and yields were un- 
changed. 

The production of 1 from 2 and DIBAL-H probably arises 
from a 1,2 addition of the metal hydride across the C=O bond. 
Hydrolysis of the resulting alkoxide would give phenalenol 
5, which is known to undergo a facile irreversible dispropor- 

I 
H---Al- 

5 

- 1 + 2  

tionation to 1 and 2.6 Consistent with this scheme is the fact 
that we recover -50% of the amount of 2 that we start with 
regardless of reaction time and the number of equivalents of 
DIBAL-H used. Reaction times ranged from 4 h to 2 days, and 
ratios of metal hydride to 2 were varied from 1 to 5 equiv. The 
addition of aluminum powder or aluminum chloride as po- 
tential deoxygenating agents did not change the yield of l. 

We tried to intercept the disproportionation of 5 by using 
alcohols in large excess during workup. However, allyl alcohol, 
glyoxal, and benzoin did not alter the yield or product distri- 
bution. The report of successful hydrogenolysis of the mag- 
nesium alkoxides of allylic alcohols using complexes derived 
from adding n-propylmagnesium bromide7 to bis(phos- 
phine)nickel dichlorides suggested that 4 might be similarly 
reduced. This route also gave 1 and 2 when applied to 4. We 
also tried reductions of 2 using boranes and found that while 
BHrSMe2 is useful for preparing cyclopropane from cyclo- 
propenone,E mainly polymeric products are obtained when 
it is used with 2.9-Borabicyclononane, on the other hand, does 
give 1 in net yields of -90% when stirred overnight a t  room 
temperature in THF. 

We extended our studies to  polymethylhydrosiloxane 
(PMHS)g and tetramethyldisiloxane (TMDS)g and found that 

0022-326317811943-3979$01.00/0 0 1978 American Chemical Society 


