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The reactivity of organozinc compounds having &branched alkyl groups toward alkyl phenyl ketones has been 
investigated; at 86" the dialkylzinc compounds are shown to reduce the carbonyl substrate to the corresponding 
carbinol, which is the only product formed. On the basis of the results obtained, the reduction process is assumed 
to involve the formation of a coordinative bond between the ketone and the dialkylzinc compound, followed by a 
@-hydride transfer from the alkyl group of the organozinc compound to the carbonyl carbon atom in a six-mem- 
bered cyclic transition state. The eventual occurrence of side reduction processes, like the Meerwein-Ponndorf- 
Verley reaction, in the experimental conditions was tested too. Finally, the reduction of alkyl phenyl ketones by 
(+)-bis[(S)-2-methylbutyl]zinc affords (SI-alkylphenylcarbinols. The stereoselectivity of the process is discussed 
and compared with that encountered in other alkyl metal reductions. 

Although the reactivity of the organozinc compounds 
should correspond in principle to that of their Grignard 
counterparts, it  is generally accepted that organozinc com- 
pounds, isolated by distillation, are scarcely reactive 
toward carbonyl substrates.lJ On the contrary, in situ or- 
ganozinc reagents react rapidly and efficiently with simple 
carbonyl compounds to give mainly addition p r o d u c t ~ . ~ J  
Concerning the reactivity of isolated dialkylzinc com- 
pounds, diethylzinc was observed to eliminate ethylene 
quantitatively in the reaction with benzophenone a t  l l O o ,  
giving ethylzinc diphenyl m e t h ~ x i d e . ~  

Therefore, in the course of studies on the reactions of or- 
ganometallic compounds with functional substrates5 and 
on the alkyl metal asymmetric reducti~ns,G,~ we have inves- 
tigated the actual reactivity of dialkylzinc compounds 
toward alkyl phenyl ketones and, in this connection, the 
stereochemistry of their reduction by optically active or- 
ganozinc  compound^.^ 

Results 
At relatively high temperatures, dialkylzinc compounds 

having branched alkyl groups7 react with alkyl phenyl ke- 
tones; the reactions have been carried out mainly in the ab- 
sence of solvents a t  86.5". In the experimental conditions 
adopted, after hydrolysis of the reaction mixtures, secon- 
dary carbinols corresponding to the reduction of the car- 
bonyl group are recovered together with the unreacted ke- 
tone. No addition product was detected in the reaction of 
alkyl phenyl ketones with Zn(i-Bu)z or with bis(2-methyl- 
butyl)zinc, while y- or &branched alkylzinc compounds 
were observed to yield also tertiary carbinols, although to a 

low e ~ t e n t . ~  The main results we have obtained are sum- 
marized in Tables I and 11, from inspection of which several 
general observations can be noted. 

(1) The reaction rate seems to be dependent on the 
structure and on the nature of the carbonyl substrate; while 
trifluoromethyl phenyl ketone reacts completely within 20 
min a t  room temperature (runs 11 and 12) ,  the reduction of 
the alkyl phenyl ketones occurs with conversions higher 
than 50% only after heating a t  86.5" for 5 hr (runs 5-7) .  
Moreover, as the bulk of the alkyl group in the ketone in- 
creases, the conversions (after 5 hr) of the reaction decrease 
from 90-100 to 50-60%. 

(2) The reactivity of the organozinc compounds used 
seems to be nearly comparable; the conversions in the re- 
duction of tert-butyl phenyl ketone are, however, slightly 
lower using Zn(i-Bu)Z than using bis(2-methylbuty1)zinc 
(runs 9 and 10). 

(3) The increase of the concentration of the reagents in 
toluene solution (runs 14 and E), as well as the use of an 
excess of the organozinc compound (run 16), determines 
higher conversions in the reduction of tert-butyl phenyl ke- 
tone. 
Bis[(S)-2-methylbutyl]zincis able to accomplish asym- 

metric reduction of alkyl phenyl ketones (Table 111): all the 
carbinols recovered have the absolute (S) configuration. In 
agreement with the data obtained in the reduction of the 
same ketones by (+)-tris[(S)-2-methylbutyl]aluminum,6 
the stereoselectivity of the reduction is dependent on the 
structure of the ketone, increasing in the order Me < E t  < 
t-Bu < i-Pr. Finally, it is to be noted that the reduction of 
trifluoromethyl phenyl ketone occurs with very low stereo- 
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Table I 
Reduction of Alkyl Phenyl Ketones by 

Dialkylzinc Compounds 

P h  Me 

Conversion % in 
Run R Temp, “C R‘ carbinola after 5 hr 

Table I1 
Reduction of tert-Butyl Phenyl Ketone by 

Diisobutylzinc at 86.5 a 

Molar ratio 
Zn(i-Bujl/ ---Conversiona yo after- 

Run Solvent ketone 2 hr 5 hr 9 hr 15 hr 

13 1 37 62 74 79 
14 Toluene* 1 41 55 67 
15 Toluenec 1 26 38 49 

50 76 94 99 16 2 

aBased on glpc analyses of the crude reaction mixture 
after hydrolysis. 6 Molar concentration of Zn(i-Bu)2 0.93 M .  
c Molar concentration of Zn(i-Bu)2 0.55 M .  

1 Me 86.5 Me 94 
2 E t  97 
3 ]Et Me 75 
4 E t  75 
5 i-Pr 4 6 . 5  Me 9 
6 6 7 . 5  27 
7 86.5 69 
8 E t  66 
9 1-BU Me 62 

10 E t  51 
11* CF3 25 .O Me 100 
126 E t  100 

aBased on glpc analyses of the crude reaction mixture 
after hydrolysis. All the values refer to  runs carried out a t  
least in duplicarte. b The reaction is complete within 20 min. 

selectivity a t  80’ in benzene (run 25); the extent of asym- 
metric reduction is, however, higher a t  0’ (run 26). 

Discussion 
In agreement with previous 0bservations,~*7 a t  relatively 

high temperatures organozinc compounds react effectively 
with carbonyl substrates (Table I). 

Although in principle mixtures of products may be ob- 
tained arising from addition, reduction, and enolization 
processes, the reaction affords essentially the secondary 
carbinol corresponding to a reduction of the carbonyl 
group. No addition product has been detected in the reac- 
tion mixture in the experimental conditions we have adopt- 
ed. Moreover, ‘the high conversions of the reduction of alkyl 
phenyl ketones (Table 111) and the recovery of low-boiling 
material containing 97% of 2-methyl-1-butene in the reduc- 

tion of isopropyl phenyl ketone by bis(2-methylbutyl)zinc7 
seem to exclude also enolization phenomena of relevant ex- 
tent.8 

I t  has already been hypothesized4 that the reaction be- 
tween organozinc compounds and ketones involves a six- 
center transition state, analogous to  that suggested for the 
reduction of ketones by aluminum  alkyl^.^ The dependence 
of the reduction rate on the molar ratio Zn(i-Bu)z/ketone 
(Table 11) seems to indicate that the reduction involves a 
bimolecular process. This hypothesis agrees moreover with 
the fact that the reaction, carried out in toluene, was found 
to exhibit second-order kinetics: the plot of t against recip- 
rocal concentration of the ketone is in fact a straight line 
(runs 14 and 15) and the reaction rate depends on the ini- 
tial concentration of both the reactants in the solution 
(Table 11). 

On this basis, also in view of mechanisms already pro- 
posed for the reduction of ketones by other organometallic 
compounds,6t9J0 it seems reasonable to assume that the 
reaction proceeds through the formation of a complex be- 
tween the ketone and the organozinc compo~nd,3b>~ fol- 
lowed by the migration of the 6 hydrogen from the alkyl 
group of the dialkylzinc to the carbonyl carbon in a six-cen- 
ter transition state (Scheme I).4J 

Effectively, when the phenyl alkyl ketone is added to the 
organozinc compound, the reaction mixture assumes a yel- 
low color which might be attributed to a complex forma- 
t i ~ n ; ~  however, the kinetic results indicate that such a for- 
mation occurs either quantitatively or to a very small ex- 
tent. Actually, although we were unable to determine the 
exact extent of complexation, the assumption that the 

Table I11 
Asymmetric Reduction of Alkyl Phenyl Ketones by (+) -Bis [ (S) -t-methylbutyl]zinca 

I /Me 
Ph Me Ph 

C=O + Zn(-CH+CqEt)s _____t + \ 86.5’, no solvent \* 

/ 
CHOH + CHz=C 

I 
H R E t  

/ \ 24 hr I 

R 

Asymmetric 
Ph(RjC=O Chemical ~ ? S D ,  deg, 1 = 1 Optical reduction,/ 

c_________-_------ Carbinol-- ---_-- - 

Run n registry no. Conversion* c/c purity,c % (e ,  ether) [a ] ?sD l m j r s D d  purity,e Registry no. % 

17 Me 98-86-2 g 9 8 . 3  -0.16 (4 .73)” - 1 . 6 9  - 1 . 7 2  2 . 6  1445-91-6 2 . 6  
18 9 8 . 2  9 8 . 2  -0.15 (4 .94)* - 1 . 5 2  - 1 . 5 5  2 . 4  2 . 4  
19 ”Et 93-55-0 7 8 . 4  7 8 . 6  - 0 . 1 3  (7.26)  - 1 . 7 9  - 2 . 2 8  4 . 4  613-87-6 4 . 5  

217 i-Pr 611-70-1 8 9 . 2  8 9 . 3  - 0 . 4 3  (6.65) - 6 . 4 7  - 7 . 2 4  1 5 . 2  34857-28-8 15 .5  

23 t-Bu 938-16-9 8 4 . 4  8 4 . 6  - 0 . 3 3  (10.50) - 3 . 1 4  - 3 . 7 1  1 0 . 2  15914-85-9 1 0 . 4  

25j CFp 434-45-7 -100 -100 +0.18 (neat) +0.14 0 . 4  340-06-7 0 . 4  

20 7 9 . 8  8 0 . 0  - 0 . 1 1  (6.39)  - 1 . 7 2  - 2 . 1 5  4 . 2  4 . 3  

22i 8 6 . 7  86.8 - 0 . 5 2  (8.29)  - 6 . 2 7  - 7 . 2 2  1 5 . 2  1 5 . 5  

24 8 4 . 7  8 5 . 3  - 0 . 3 6  (10.94) - 3 . 2 9  - 3 . 8 6  1 0 . 6  10.8 

26k -100 -100 $0.17  (10.49) + 1 . 6 2  5 . 1  5 . 2  

(L Optical purity 98.2%. Based on glpc analyses of the crude products. c Estimated by glpc analyses on redistilled samples, 
other impuritieai being the ketone. Corrected for the chemical purity of the carbinol. e See Experimental Section. f Corrected 
on the basis of the optical purity of the dialkylzinc. 0 Not determined. High-boiling materials were formed too. h 1 = 2. i See 
ref 7. j Reaction carried out at 80’ in benzene for 1 hr. Reaction carried out at 0’ for 1 hr. 



2738 J .  Org. Chem., Vol. 39, No. 18, 1974 Giacomelli, Lardicci, and Santi 

Scheme I 
Ph 

R R 
Zn(i-Bu), + Ph\ /C=O --L >=-0 

/ 

/ 

A 

\ 
Ph\ / M e  

R ' >le 
,CHOZn-i-Bu + CH,=C 

equilibrium constant for complex formation (eq 1) is small 
seems very reliable.ll Therefore the rate-determining step 
of the reaction should be reasonably the transfer of the 6 
hydrogen of the alkyl group to the ketone (eq 2). 

An alternative mechanistic pathway might be based on 
the olefin elimination as a consequence of the ketone at- 
tack, followed by reduction of the ketone by isobutylzinc 
hydridegJ2 (Scheme 11). Though the reduction occurs a t  

Scheme I1 

U 

)C=O . . '  ZnCH,eH + CH,=C' 
R \Me \Me 

H 
Ph I /Me /Me 

>C=O. .ZnCH,CH - Ph>CHOZnCH2CH n ( 4 )  
R \Me 

relatively high temperatures, this mechanism does not, 
however. seem probable since dialkylzinc compounds do 
not form olefin even a t  temperatures higher than we have 
adopted.13 Moreover, the asymmetric induction observed 
in the reaction between (+)-bis[(S)-2-methylbutyl]zinc 
and phenyl alkyl ketones (Table 111) is effectively consis- 
tent with the hypothesis of a 6-hydrogen transfer in a six- 
membered cyclic transition state (eq 2).6a This transfer 
should be aided by electron-withdrawing groups attached 
to the carbonyl carbon atom. The structure and the nature 
of the ketone seem to have a determining influence on the 
reactivity of such a substrate toward the organozinc com- 
pounds, in relation to both steric and electronic factors. 
The conversion of the reductions after 5 hr a t  86.5' de- 
creases, in fact, as the structure of the phenyl alkyl ketone 
is changed, in the order Me > E t  > i-Pr > t-Bu; moreover, 
the reduction of trifluoromethyl phenyl ketone occurs very 
fast even a t  0' (Table I). The decrease of both the steric 
hindrance to the carbonyl carbon atom and the electron- 
donor power of the substituent may act to increase the 
reaction rate, which is, however, strongly enhanced when 
powerful electron-withdrawing groups are bonded to the 
carbonyl carbon atom,14 as in trifluoroacetophenone. The 
availability of the second alkyl group of the organozinc 
compound was tested by treating the diisobutylzinc with 
tert-butyl phenyl ketone in the molar ratio 1:2. At 86.5' 
after 72 hr, the ketone was reduced with a conversion of 
54% and this indicates that the reaction of the second alkyl 

group occurs a t  a very reduced rate, analogously to what is 
observed for the reduction of benzophenone by triisobut- 
y l a l ~ m i n u m . ~  However, in the reaction conditions adopted, 
the zinc hemialkoxide formed might act as a new reducing 
agent in a Meerwein-Ponndorf-Verley (MPV) type reac- 
tion15 (Scheme 111). Such a reaction should be competing in 
principle with the alkyl metal reduction, taking into ac- 
count that the oxygen atom could better stabilize the de- 
veloping charge on the b-carbon atom and thus favor the 
hydride transfer from the alkoxide group.l6 

Scheme I11 

R'>CHOZn- 
Ph 

As a conseauence of this 

+ R'\ ,c=0 
Ph 

l! 
+ R \  /c=o 

Ph 

competitive oxidation-reduc- 
tion mechanism, the optical purity of the carbinols formed 
in the reduction of the alkyl phenyl ketones by (+)-bis[(S)- 
2-methylbutyl]zinc might change during the reaction time. 
In fact, when the concentration of the hemialkoxide species 
in the reaction mixture becomes appreciable the eventual 
MPV reaction should lead to the racemization of the opti- 
cally active alkoxide groups formed.l7 

Bis [ (SI - 1 -phenyl-2-methylpropoxy] zinc (optical purity 
29.4%) was shown to racemize completely if heated a t  86.5O 
for 24 hr in the presence of a stoichiometric amount of the 
corresponding ketone.ls In similar conditions bis[(R,S)-1- 
phenylpropoxylzinc reacts with tert-butyl phenyl ketone 
to yield tert-butylphenylcarbinol (48%), as a consequence 
of a MPV reaction. In order to check if such an oxidation- 
reduction process occurs even by the zinc hemialkoxide 
formed by the alkyl metal reduction, isobutyl[(R,S)-1-phe- 
nyl-2,2-dimethylpropoxy]zinc was heated a t  86.5' for 24 hr 
with the equivalent amount of propiophenone. Upon hy- 
drolysis of the reaction mixture, ethylphenylcarbinol (50% 
yield) and the corresponding amount of tert-butyl phenyl 
ketone were recovered. Such products are certainly derived 
from a MPV reaction involving the alkoxide groups (eq 5). 

Nevertheless the optical purity of tert-butylphenylcarbi- 
nol from reduction of the corresponding ketone by (+I-  
bis[(S)-2-methylbutyl]zinc (runs 23 and 24) does not 
change with the reaction time (2-48 hr) and consequently 
with the conversion of the reaction (14-95%). Only when 
the (S)-2-methylbutylzinc hemialkoxide was heated for an 
additional 24 hr in the presence of the ketone did the carbi- 
nol recovered have a lower optical purity (7.7%) (run 27, 
Experimental Section).lg 

These overall findings and the kinetic results seem to in- 
dicate that the MPV reaction is not competing with the 
transfer of the /3 hydrogen of the alkyl group bound to the 
zinc atom, in the experimental conditions adopted for the 
asymmetric reduction investigations; therefore the stereo- 
chemical data reported in Table I11 are to  be considered 
quite reliable. 

In this connection, the first consideration we can make is 
that the trend of the asymmetric reduction of phenyl alkyl 
ketones by (+)-bis[(S)-2-methylbutyl]zinc (Table 111) is 
similar to those encountered in the reduction of the same 
series of ketones by (+)-tris[(S)-2-methylbutyl]aluminum 
derivatives6 or by (S)-2-methylbutylmagnesium halides.10 
Such a trend and the absolute configuration of the carbinol 
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recovered can be reasonably rationalized on the stereo- 
chemical model previously suggested.20 

However, the general extent of asymmetric reduction of 
the phenyl alkyl ketones by (+)-bis[(S)-2-methylbutyl]zinc 
is lower than that by the corresponding optically active 
beryllium,6a magnesium,1° or aluminum derivatives.6c Even 
if the different reaction conditions adopted in these reac- 
tions play an important role, it is our opinion that the dif- 
ferent extent of asymmetric reduction encountered with 
the various alkyl metal compounds6J0 is to be connected 
also with stereoelectronic factors related to the nature of 
the metal atom and in particular to the Lewis acid strength 
of the organometallic compound. Such factors should oper- 
ate to make the cyclic transition states more or less loose, 
affecting therefore the steric interactions among the groups 
which are co:mpressed.6C 

Experimental Section 
General. The alkyl phenyl ketones employed were purified 

through their semicarbazone derivatives. The  dialkylzinc com- 
pounds were prepared as described,13a carefully purified by distil- 
lation under nitrogen, and stored in sealed capillary-necked glass 
vials in weighiad amounts. All the reactions were carried out in a 
dry, purified nitrogen atmosphere. Glpc analyses were performed 
on a C. Erba Fractovap Model GT instrument, with flame ioniza- 
tion detectors, using 200 X 0.30 cm 10% butanediol succinate on 
60-80 mesh Chromosorb W columns, operating in the range 130- 
160'. All rotations were taken on a Schmidt-Haensch polarimeter 
in 1-dm tubes. The optical purity of the carbinols recovered from 
the asymmetric reduction experiments were evaluated on the basis 
of the optical rotations of ether solutions containing both pure car- 
binol and appropriate amounts of the corresponding ketone. 

Reactions of Alkyl Phenyl Ketones with Dialkylzinc Com- 
pounds (Runs 1-16). In a typical run tert-butyl phenyl ketone 
(3.0 mmol) was added by a 5OO-pl hypodermic syringe to Zn(i-Bu)z 
(3.0 mmol) contained in a 25-ml two-necked flask equipped with a 
Teflon stopper with a rubber septum and a glass stopcock. The 
reaction vessel was then placed in a thermostatted oil bath, the 
temperature of which was kept constant a t  86.5 f 0.3'. At inter- 
vals samples of the mixture were withdrawn b y  the hypodermic sy- 
ringe and hydrolyzed by dilute sulfuric acid. Glpc analyses were 
performed directly on the ether extracts and showed ketone:carbi- 
no1 ratios of 1.703, 0.613, 0.351, and 0.266 after 2, 5, 9, and 15 hr, 
respectively (run 13, Table 11). 

When 1.78 mmol of Zn(i-Bu)z was treated a t  86.5 f 0.3' for 72 
hr with 3.25 mmol of tert-butyl phenyl ketone, glpc analysis on the 
hydrolyzed reaction mixture showed a ketone:carbinol ratio of 
0.852. 

Kinetic runs were carried out in a analogous manner using 5 ml 
of a toluene solution of diisobutylzinc and tert-butyl phenyl ke- 
tone of known concentrations. 

Asymmetric Reductions of Alkyl Phenyl Ketones. A. Runs 
17-26. The following procedure (run 24) is representative for all 
the experiments. To  a flame-dried two-neck 100-ml flask, fitted 
with a magnetic stirrer, a dropping funnel, and a reflux condenser, 
was added 3.944 g (18.9 mmol) of (t)-bis[(S)-2-methylbutyl]zinc, 
bp 49" (0.6 mm), [ a I z 5 D  +9.9l0 (neat),13 followed by 2.777 g (17.1 
mmol) of tert-butyl phenyl ketone. The flask was then placed for 
24 hr in a thermostatted oil bath at  86.5 f 0.3". At last the reaction 
mixture was cooled a t  O', diluted with anhydrous diethyl ether, 
and cautiously hydrolyzed with dilute sulfuric acid (pH 5). The 
solvent was removed and the crude product, containing the carbi- 
nol and 15.3% of the unchanged ketone, was distilled to yield 2.550 
g of (-)-(8-tert-butylphenylcarbinol (85.3% pure), bp 111' (18 
mm), a Z 5 D  (1 = 1) -0.36O ( c  10.94, ether). 

B. Run 27. As above, 1.411 g (6.8 mmol) of (+)-bis[(S)-2-meth- 
ylbutyI]zinc, [o]*~D +9.9l0 (neat), was treated with 1.102 g (6.8 
mmol) of tert-butyl phenyl ketone a t  86.5 f 0.3' for 48 hr. To the 
reaction mixture 0.739 g (4.5 mmol) of the ketone was then added 
and the heating was prolonged for an additional 24 hr. The prod- 
uct, recovered after the usual work-up and containing 64.5% of 
tert-butylphenylcarbinol together with unchanged ketone, showed 
tuZ5D (1 = 1) -0.19' (c 10.58, ether), [ a I z 5 D  -1.79", [aIz5D -2.77' 
(corrected), optical purity 7.7%. 

Reaction between Bis[(S)-1-phenyl-2-methylpropoxy]zinc 
and Isopropyl Phenyl Ketone. To a 10-ml pentane solution con- 
taining 1.4 mmol of diisobutylzinc, cooled a t  O o ,  was added 2.8 

mmol of (-)-(S)-isopropylphenylcarbinol, [aIz5D -14.01' (c 9.37, 
ether). After 0.5 hr the solvent was removed a t  reduced pressure, 
and the solid mass formed was diluted with 3.0 mmol of isopropyl 
phenyl ketone and heated a t  86.5 f 0.3" for 24 hr. The reaction 
mixture was then worked up as above; the carbinol recovered (54% 
pure) showed a2% (1 = 2) 0.00" (c 12.70, ether). 

When bis[(S)-l-phenyl-2-methylpropoxy]zinc, prepared as 
above, was heated at  86.5 f 0.3" for 24 hr in the absence of the ke- 
tone, the carbinol recovered after hydrolysis showed cyL5D (1 = 1) 
-1.20', [aIz5D -12.97' (c 9.25, ether). 

Reaction between Bis[(R,S)-1-phenylpropoxy]zinc and 
tert-Butyl Phenyl Ketone. Bis[(R,S)-1-phenylpropoxylzinc (5.1 
mmol), prepared from Zn(i-Bu)z and ethylphenylcarbinol accord- 
ing to the above procedure, was treated with 5.1 mmol of tert- 
butyl phenyl ketone. The mixture was heated a t  86.5 & 0.3' for 24 
hr, diluted with diethyl ether, and hydrolyzed to pH 5. Glpc analy- 
sis on the ether extracts revealed the presence of ethyl phenyl ke- 
tone (16%), ethylphenylcarbinol (51%), tert-butyl phenyl ketone 
(17%), and tert-butylphenylcarbinol (17%). 

Reaction between Isobutyl[(R,S)-l-phenyl-2,2-dimethyl- 
propoxylzinc and Propiophenone. To 0.275 g (1.5 mmol) of di- 
isobutylzinc was added 0.249 g (1.5 mmol) of tert-butyl phenyl ke- 
tone and the mixture was heated a t  86.5 f 0.3' for 48 hr until com- 
pletion of the reduction reaction. To the isobutyl[(R,S)-1-phenyl- 
2,3-dimethylpropoxy]zinc thus obtained was successively added 
0.251 g (1.5 mmol) of ethyl phenyl ketone and the heating was pro- 
longed for 24 hr. The mixture was hydrolyzed and extracted by 
ether; glpc analysis on the crude reaction product showed the pres- 
ence of ethylphenylcarbinol (25%) and of tert-butyl phenyl ketone 
(25%). 

Acknowledgment. This work was supported by the 
Consiglio Nazionale delle Ricerche, Roma. 

Registry No.-Zn(i-Bu)z, 1854-19-9; ( t ) -b is [ (S) -2-methyl~  
butyllzinc, 1731-05-1; bis[(S)-l-phenyl-2-methylpropoxylzinc, 
51849-39-9; bis[(R,S)-1-phenylpropoxylzinc, 51849-40-2; isobut- 
yl[ (R,S)-l-phenyl-2,2-dimethylpropoxy]zinc, 51849-41-3. 

References and Notes 
(1) G. E. Coates and K. Wade in "Organometallic Compounds," Vol. 1,  3rd 

ed, Methuen, London, 1967, pp 130-131. 
(2) B. Marx, E. Henry-Basch, and P. Freon, C. R. Acad. Sci., Ser. C, 264, 

527 (1967). 
(3) (a) P. R. Jones. E.  J. Goller, and W. J. Kauffman, J. Org. Chem., 34, 

3566 (1969); (b) P. R. Jones, W. J. Kauffman, and E. J. Goller, ibid., 36, 
186 (1971); (c) P. R. Jones, E. J. Golier, and W. J. Kauffman, ibid., 36, 
3311 (1971). 

(4) G. E. Coates and D. Ridley, J. Cbem. Sac. A, 1064 (1966). 
(5) (a) L. Lardicci and G. P. Giacomelli, J. Organometai. Chem., 33, 293 

(1971); (b) Chim. hd. (Milan), 53, 1152 (1971); (c) G.  P. Giacomelli and 
L. Lardicci. Chem. ind. (London), 689 (1972); (d) J. Chem. Soc., Perkin 
Trans. 2, 1129 (1973); (e) L. Lardicci, A.  M. Caporusso, and G. P. Gia- 
comelli, J. Organometal. Chem., 70, 333 (1974). 

(6) (a) G. P. Giacomelli, R. Menicagii, and L. Lardicci, Tetrahedron Lett., 
4135 (1971); (b) L. Lardicci, G. P. Giacomelli, and R. Menicagii, ibid., 687 
(1972); (c) G. P. Giacomelii, R. Menicagli, and L. Lardicci, J. Org. Chem., 
38, 2370 (1973); (d) J. Org. Chem., 39, 1757 (1974). 

(7) (a) L. Lardicci and G. P. Giacomelii, J. Chem. Soc., Perkin Trans. 1, 337 
(1974); (b) G. P. Giacomelli, L. Lardicci. and R. Menicagli. communica- 
tion to the VI1 Convegno di Chimica Organica, Trieste, Sept 24-27, 
1973, Abstracts, p 110. 

(8) in addition it is to be noted that any shift of the resonance lines of ben- 
zene solutions of Zn(iBu), and acetophenone and any new peak w r e  
not observed even several days after the preparation of the solutions. 

(9) E. C. Ashby and S. H. Yu, J. Org. Chem., 35, 1034 (1970). 
(IO) J. D. Morrison and H. S. Mosher, "Asymmetric Organic Reactions," 

Prentice-Hall, Engiewood Cliffs, N. J., 1971, pp 177-202. 
(1  1) Cryoscopic measurements on benzene solutions of diisobutylzinc in the 

presence of a phenyl alkyl ketone seem to indicate the  formation of 
such a complex, whose concentration in benzene is unfortunately too 
small to be determined with a certain degree of confidence. 

(12) K. Hess and H. Rheinboidt, Chem. Ber., 548, 2043 (1921). 
(13) (a) L. Lardicci and L. Lucarini. Ann. Chim. (Rome), 54, 1233 (1964): (b) 

L. Lardicci, L. Lucarini, P. Paiagi, and P. Pino, J. Organomefal. Chern., 4, 
341 (1965). 

(14) (a) E. T. McBee, 0. R. Pierce, and J. F. Higgins, J. Arner. Chem. Soc., 
74, 1736 (1952); (b )  R. F. Borch, S. R. Levitan, and F. A. Van-Catledge, 
J. Org. Chem., 37, 726 (1972). 

(15) See ref 10, pp 160-177. 
(16) H. Haubenstock and E. B. Davidson, J. Org. Chem., 26, 2772 (1963). 
(17) The racemization of the optically active alkoxide groups might not occur 

if  the MPV reaction is 100% stereoseiective; this eventuality seems in 
effect very ~nprobabie.'~ 

(18) After 24 hr at 86.5', in the absence of the ketone, (-)-(S)-isopropyl- 



2740 J .  Org. Chem., Vol. 39, No. 18, 1974 Doyle, e t  al. 

1 
phenylcarbinol. optical purity 27.2%, was recovered upon hydrolysis. 

‘19) A control of the residual optically active 2-methylbutyl group bound to 
the zinc atom on the stereochemistry of the MPV reaction seems to be 
excluded.” In fact, a similar result was obtained when isobutyl[(S)-1- 

phen~i-2,2-dimethylpropoxy]zinc (optical purity 10.2 % )  was heated at 
86.5 for 24 hr with an equivalent amount of tert-butyl phenyl ketone: 
the carbinol recovered was 7.2% optically pure. 

(20) See ref 6c and 7a and references cited therein. 

Silane Reductions in Acidic Media. 111. Reductions of Aldehydes and 
Ketones to Alcohols and Alcohol Derivatives. General Syntheses of Alcohols, 

Symmetrical Ethers, Carboxylate Esters, and Acetamidesla 

Michael P. Doyle,*lb Donald J. DeBruyn,lC Stephen J. Donnelly, Dale A. Kooistra,ld 
Abayomi A. Odubela, Charles T. West, and Steven M. Zonnebelt 

Department of Chemistry, Hope College, Holland, Michigan 49423 

Received April 29, 1974 

Aldehydes and ketones are reduced by alkylsilanes to  alcohols in aqueous acidic media; both concentrated hy- 
drochloric acid and aqueous sulfuric acid are suitable aqueous acids. A nonreactive solvent such as acetonitrile or 
etbyl ether is required to minimize ether formation. Symmetrical ethers are formed by silane reductions of al- 
dehydes and ketones in anhydrous acidic solutions under conditions where acid-catalyzed alcohol dehydration 
does not occur. Carboxylate esters and symmetrical ethers are formed by silane reductions of aldehydes and ke- 
tones in carboxylic acid media. Low temperatures and a low concentration of carboxylic acid favors the produc- 
tion of symmetrical ether; ester formation is favored in the reductions of ketones and in reductions using carbox- 
ylic acids comparable in acid strengths to formic and acetic acids. In acetonitrile using aqueous sulfuric acid silane 
reductions of ketones and aryl aldehydes yield N-substituted acetamides. The optimum reaction conditions and 
limitations of these reactions are described. Evidence concerning the mechanism of these interrelated reactions is 
presented and discussed. 

In recent years silanes have received increased interest as 
reducing agents for organic compounds. Organosilanes are 
nonpolar liquids or solids, soluble in a wide range of organ- 
ic solvents, and stable to strong bases and strong acids, ex- 
cept concentrated mineral acids2 Like the boron and alu- 
minum hydrides, silicon hydrides are polarized with a 
greater electron density a t  hydrogen than at silicon; hy- 
dride transfer from silicon to electropositive carbon is ther- 
modynamically f a ~ o r a b l e . ~  Unlike reductions by the boron 
and aluminum hydrides which require no external acid cat- 
alyst, however, organosilanes require activation of the car- 
bon center by a Lewis acid before hydride transfer can 
occur. 

Few reducing agents are as selective as organosilanes 
toward the carbonyl group of aldehydes and ketones. We 
have previously reported that reduction of the carbonyl 
group of aryl aldehydes and ketones to methylene in triflu- 
oroacetic acid occurs without concurrent reduction of the 
carboxylic acid, carboxylate ester, cyano, nitro, or bromide 
functional groups.la Olefins and alcohols are reduced to hy- 
drocarbons in acidic media only if a relatively stable car- 
benium ion intermediate can be formeda4 Terminal aryl- 
acetylenes are reduced in low yield to the corresponding al- 
kane by triethylsilane in trifluoroacetic acid;5 however, 
reaction times are long and acid-catalyzed solvation of the 
carbon-carbon triple bond may have preceded reduction 
by the silane. 

Excluding photochemical reductions involving silanes,6 
three methods, trichlorosilane-tertiary amine reductions, 
zinc chloride catalyzed reductions, and reductions in triflu- 
oroacetic acid, have had the widest application for reduc- 
tions of aldehydes and ketones. Benkeser has used trichlo- 
rosilane-tertiary amine combinations to effect reductive si- 
lylation of aromatic aldehydes and  ketone^;^ this reaction 
probably involves the trichlorosilyl anion7b and is, a t  pres- 
ent, generally applicable only to nonenolizable carbonyl 
compounds. With trialkylsilanes, however, reactions cata- 
lyzed by zinc chloride and leading to either the correspond- 

ing symmetrical ether and alkyl silyl ether with aldehydes 
or to the alkyl silyl ether with ketones appear to have no 
such limitation for enolizable carbonyl compounds.8 Kursa- 
nov and coworkers have reported several examples of tri- 
ethylsilane reductions of aldehydes and ketones in trifluo- 
roacetic a ~ i d ; ~ ~ , ~  aldehydes are reduced to the correspond- 
ing symmetrical ethers and trifluoroacetates while ketones 
are reduced to trifluoroacetate esters. We wish to report 
that aldehydes and ketones can be selectively reduced by 
organosilanes to alcohols, carboxylate esters, symmetrical 
ethers, or acetamides by suitable changes in the reaction 
media. 

Results 
Preparation of Alcohols. Although trifluoroacetate es- 

ters, formed by silane reduction of aldehydes and ketones 
in trifluoroacetic a ~ i d , ~ a , ~  and alkyl silyl ethers, formed 
from aldehydes and ketones by silane reduction with zinc 
chloride catalysis,8 are readily hydrolyzed to the corre- 
sponding alcohols under relatively mild conditions, these 
methods offer little advantage over existing reduction 
methods for the preparation of simple alcohols. In addi- 
tion, the production of symmetrical ethers from aldehydes 
in a competitive process further complicates the reduction 
process. Even though alcohols may be the primary prod- 
ucts in these reactions, there has been no report of a direct 
and general method for the synthesis of alcohols from al- 
dehydes and ketones by silane reduction. We have found, 
however, that silane reductions can be directed to form al- 
cohols if water is added to the reaction medium (eq l). 

R2C=.0 + R’,SiH + H 2 0  RzCHOH + R’,SiOH (1) 

The product composition from the reductions of repre- 
sentative aldehydes and ketones by triethylsilane in aque- 
ous acidic media is given in Table I. (Additional data on 
benzaldehyde are summarized in supplementary material; 
see paragraph a t  end of paper). Triethylsilanol was either 


