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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-

Doyle, et al.

phenyl-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% opticaily pure.

(20) See ref 6¢ and 7a and references cited therein,
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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
ethyl 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 acids.2 Like the boron and alu-
minum hydrides, silicon hydrides are polarized with a
greater electron density at hydrogen than at silicon; hy-
dride transfer from silicon to electropositive carbon is ther-
modynamically favorable.? 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.12 Olefins and alcohols are reduced to hy-
drocarbons in acidic media only if a relatively stable car-
benium ion intermediate can be formed.* Terminal aryl-
acetylenes are reduced in low yield to the corresponding al-
kane by triethylsilane in trifluoroacetic acid;® 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,’
three methods, trichlorosilane—tertiary amine reductions,
zine 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 ketones;’ this reaction
probably involves the trichlorosilyl anion and is, at pres-
ent, generally applicable only to nonenolizable carbonyl
compounds. With trialkylsilanes, however, reactions cata-
lyzed by zine 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.® Kursa-
nov and coworkers have reported several examples of tri-
ethylsilane reductions of aldehydes and ketones in trifluo-
roacetic acid;*®? aldehydes are reduced to the correspond-
ing symmetrical ethers and trifluoroacetates while ketones
are reduced to trifluorcacetate 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 acid,*®® and alkyl silyl ethers, formed
from aldehydes and ketones by silane reduction with zinc
chloride catalysis,® 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 1).

R,C—O + R’;SiH + H,0 -%> R,CHOH + 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 1. (Additional data on
benzaldehyde are summarized in supplementary material;
see paragraph at end of paper). Triethylsilanol was either
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Table 1
Triethylsilane Reductions of Aldehydes and Ketones in Aqueous Acidic Media®

——Yield, %l———
R

Et:SiH, H:0, Reaction CH- (Rs-
Carbonyl compd (mmol) Registry no. mmol Solvent (ml) Acid? (ml) ml time,¢ hr OH CH):0 Other®

C:H;CHO (9.9) 100-52-7 11.2 CH;CN (5.0) HCI (1.0) 3.5 88 6 6/
C:H;CHO (5.0) 5,5 CH;COH (2.5) HCI1(1.0) 4.0 9 3 88¢
C:H;CHO (5.0) 6.4 CH,CN (2.5) H,S0. (1.0) 1.0 0 50 50%
CH;CHO (5.1) 6.2 CH,CN (2.5) H.S0, (2.0) 1.0 1.25 32 27 41
C:H;CHO (5.0) 6.3 CH,;CN (2.5) H,SO, (1.0) 1.0 1.25 88 12 0
C:H;CHO (56.0) 6.3 CH;CN (2.5) H.SO, (0.5) 1.0 24 96 4 0
C:H;CHO (5.0) 6.4 Sulfolane (2.5)° H,S0,4 (0.5) 1.0 32 98 2 0
Cyclohexanone (5.0) 108-94-1 5.5 CH,CN (2.5 HCI (2.0) 2.5 100 0 0
Cyclohexanone (20.0) 25.1 CH,CN (10) H.SO, (4.0) 4.0 1.5 100 0 0
(CH;).CO (5.1) 67-64-1 5.6 CH,;CN (2.5) HCI (2.0) 2.5 100 0 0
CH;(CH,);CHO (5.0) 111-71-7 5.6 CH,CN (2.5) HC1 (2.0) 3.0 100 0 0
CH,;(CH.,);CHO (10.1) 12.6 CH,CN (5.0) H,S0, (2.0) 2.0 1.25 97 3 0
2-Ethylhexanal (20.1) 123-05-7 25.0 CH;CN (10) H,SO. (4.0) 4.0 2.0 90 10 0
(CH,);CCOCH; (20.0) 75-97-8 25.0 CH;CN (10) H.SO, (4.0) 4.0 1.2 100 0 0
(CsH;3),CO (20.0) 119-61-9 50.2 CH;CN (10) H,S0; (4.0) 4.0 72 0 0 100/

= Reactions were run at room temperature (28 =+ 3°), Carbonyl compounds, acids, and triethylsilane were commercially
available and used without prior purification. Reaction mixtures were heterogeneous. * Concentrated hydrochloric acid
(87-88% by weight); trifluoroacetic acid (99+%); concentrated sulfuric acid (96.8% by weight). ¢ Time at which reaction
solution was analyzed; does not necessarily reflect required reaction time. ¢ Relative yields of products based on pmr analyses
using an internal standard. Greater than 80% recovery of products was obtained. Analyses prior to work-up showed no dif-
ference between absolute and relative yields of products. Unless noted otherwise, complete reduction of the carbonyl com-
pound was observed. ¢ Product identified by pmr and/or glpc analyses. / Approximately equal amounts of benzyl chloride
and benzyl acetate. ¢ Benzyl acetate. * N-Benzylacetamide. * Reaction solution was homogeneous. / 17% diphenylmethane +
83% unreacted benzophenone. Attempted reduction using concentrated hydrochloric acid gave similar results.

the only or the major silane product in these reactions; hex-
aethyldisiloxane was present in only minor amounts. Both
concentrated hydrochloric and aqueous sulfuric acids were
satisfactory for alcohol production with a minimum of side
reactions. Greater than 1 molar equiv of hydrochloric acid,
compared to the carbonyl compound, was used for the reac-
tions described in Table I. When less than 1 molar equiv of
hydrochloric acid (0.5 equiv) was used, reduction did occur
but was slow; only 30% reduction occurred over a 20-hr pe-
riod.

Although all mixtures of sulfuric acid and water between
96 and 20% aqueous sulfuric acid (by volume) were suffi-
ciently acidic to effect reduction by triethylsilane, long
reaction times were necessary in 20% aqueous sulfuric acid
(>48 hr) and the yield of alcohol was low when the ratio of
water to sulfuric acid was less than that in 50% aqueous
sulfuric acid. The optimum molar ratio of water to sulfuric
acid used for reductions of carbonyl compounds to alcohols
was between 6.3 and 3.3 {33-50% aqueous sulfuric acid).

An interfacing nonhydroxylic organic solvent is a neces-
sary requirement for the production of aleohols from al-
dehydes and, to a lesser extent, from ketones, When either
benzaldehyde or heptanal was reduced by triethylsilane
using 50% aqueous sulfuric acid at room temperature with-
out added organic solvent, the corresponding symmetrical
ether was formed as the sole or major product. Cyclohexa-
none was reduced to cyclohexanol with cyclohexyl ether
formed as a minor product when no organic solvent was
used. When benzaldehyde was reduced by triethylsilane
using concentrated hydrochloric acid, benzyl alcohol was
converted to benzyl chloride; the formation of benzyl chlo-
ride was minimized when acetonitrile was employed as a
reaction-solvent.

Acetonitrile and sulfolane were satisfactory as interfac-
ing solvents. However, no reduction of benzaldehyde oc-
curred over a 3-hr period when either benzene or dimethyl-
formamide was used. Although relative product yields were
not changed by varying the amount of nonhydroxylic or-
ganic solvent with respect to the aqueous acid, reaction
times were lengthened as more organic solvent was used.

With acetonitrile reaction times were less than 1 hr when
the volumes of acetonitrile and -aqueous acid were approxi-
mately equal; doubling the volume of acetonitrile over that
of the aqueous acid increased reaction times to approxi-
mately 3 hr. When the hydroxylic solvent, acetic acid, was
used in the reduction of benzaldehyde by triethylsilane
with hydrochloric acid, benzyl acetate was formed in great-
er than 80% yield. Aqueous trifluoroacetic acid or an aceto-
nitrile solution of aqueous trifluoroacetic acid led to the
production of the trifluoroacetate product as a major com-
peting process.

Benzophenone was reduced at a much slower rate than
either benzaldehyde or the aliphatic aldehydes and ke-
tones, and only diphenylmethane was produced. Benzhy-
drol is apparently reduced at a faster rate than benzophe-
none.'2 9,10-Anthroquinone was not reduced in 50% aque-
ous sulfuric acid media.

That the acidic conditions used for these reductions are
not sufficiently strong to ionize the alcohols produced from
aliphatic aldehydes and ketones is shown by the production
of 3,3-dimethyl-2-butanol without rearrangement from
3,3-dimethyl-2-butanone using 50% aqueous sulfuric acid
(Table I). Similarly, 2-ethyl-1-hexanol did not rearrange
under the reaction conditions employed.

We have previously described suitable methods for the
isolation of organic reduction products from silane pro-
ducts.12 Ketones may be reduced by an alternate procedure
using n-butylsilane as the reducing agent and ethyl ether as
the interfacing solvent. The silane product is a polymeric
siloxane from which the alcohol can be conveniently dis-
tilled following simple extraction procedures. Using this
latter method cyclohexanol was isolated in 56% yield and
cyclooctanol in 78% yield following reduction of the respec-
tive ketone; analysis prior to work-up showed that the alco-
hol was the only organic product. Aldehydes are reduced
primarily to symmetrical ethers when n-butylsilane is used;
for example, octanal was reduced to an alcohol-ether mix-
ture from which 1-octanol was isolated in 31% yield and 1-
octyl ether in 61% yield. Tetramethyldisiloxane similarly
reduced octanal to a mixture of 1-octanol and 1-octyl ether.
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Table II
Triethylsilane Reductions of Aldehydes and Ketones in Carboxylic Acid Media®

e Yield, ¢ Gy

Et:SiH, Reaction (R:- ReCH-
Carbonyl compd (mmol) Registry no. mmol R””COOH (mmol) Solvent (ml) time,” hr CH):0 OOCR Other?

C:H;,CHO (20.0) 24 CF;CO.H (30) 0.50 87 13 0
C:H,CHO (2.5) 2.8 CF,CO.H (25) CHCL (2.5) 0.25 93 7 0
C:H;CHO (2.5) 2.8 CF;CO,H (25) CCl, (2.5) 0.25 89 11 0
C:H,CHO (2.5) 2.6 CF;CO:H (5.0) CCL (2.5) 24 49 51 0
CsH.,CHO (2.5) 2.8 CF;CO,H (5.0) CH;CN (2.5) 0.25 96 4 0
C¢H.CHO (2.5) 2.8 CL,CHCO.H (15) 0.5 93 7 0
C¢H,CHO (2.5) 2.8 HCO:H (35) 8 12 88 0
C:H;CHO (2.5) 2.8 CH;CO,H (23) 5 8 27 65¢
p-NO.C;H,CHO (5.0) 555-16-0 11.0 CF;CO.H (55) 5 33 67 0
p-CICsH,CHO (5.0) 104-88-1 11.0 CF,CO,H (55) 10 80 20 0
p-CH,C:H,CHO (5.0) 104-87-0 30 CF,CO.H (12.5)  CH.CL (2.5) 6 81 17 2

118 70 22 87
p-NO,CH;COCH, (5.0) 100-19-6 30 CF,CO:H (50) CCL (2.5) 22 7 93 0
1-Naphthaldehyde (5.0) 66-77-3 30 CF;CO.H (12) 1.5% 67 33 0
2-Naphthaldehyde (5.0) 66-99-9 30 CF,;CO:H (12) 18 84 16 0
C:H;COCH,Br (2.5) 70-11-1 6.3 CF;CO.H (50) 0.25 5 80 157

44 0 12 88¢
(CH3),CO (5.0) 5.5  CF;CO.H (100) 1.3 32 68 0
Cyclohexanone (5.0) 5.5 CF;CO.H (100) 1.5 25 75 0
Cyclohexanone (1.0) 1.0 CF;CO.H (3.0) 1.0 42 58 0
CH,;(CH,);CHO (5.0) 5.5 CF;CO.H (100) 0.75 90 10 0
CH;(CH,),,CHO (20) 112-54-9 20 CF;CO,H (50) 16* 93 7 0

@ Reactions were run at room temperature (28 == 3°) unless specified otherwise. Reaction solutions were homogeneous*
® Time at which reaction solution was analyzed; does not necessarily reflect required reaction time. ¢ Relative yields of prod-
ucts based on pmr analyses using an internal standard. ¢ Product identified by pmr and/or glpc analyses. ¢ Unreacted ben-
zaldehyde. / p-Xylene and small amount of Friedel-Crafts alkylation product. ¢ 3-Phenylethyl bromide. * Reaction run at 0°.

Reductions by n-butylsilane in aqueous acidic media re-
quire 0.33 mol of silane per mole of carbony! compound. In
aqueous acidic media initial hydride transfer from n-bu-
tylsilane is slow compared to subsequent hydride transfer
reactions from soluble silane compounds. An equivalent ex-
cess of n-butylsilane was usually added, however, because
insoluble polymeric hydrosiloxane formed during the reac-
tion, noticeably decreasing the rate of further reduction of
aldehydes or ketones, and because n-butylsilane slowly hy-
drolyzed in the aqueous sulfuric acid media.

Formation of Symmetrical Ethers and Carboxylate
Esters. When aldehydes or ketones are reduced in acidic
media, symmetrical ethers are formed in competition with
the desired product.?a89 In reactions in which a carboxylic
acid is used both the unsymmetrical ether and carhoxylate
ester are produced (eq 2). Table II describes the results

R,C=0 + R',SiH + R’/COOH — R,CHOCHR, +
R,CHOOCR” + R’;SiOOCR” + R,'SiOSiR;’ (2)

from the reductions of aldehydes and ketones by triethylsi-
lane in carboxylic acid media. Ethers are not formed from
alcohols under the reaction conditions reported in Table II.
The relative yield of symmetrical ether is greater in the re-
ductions of aldehydes than in the reductions of ketones
under similar reaction conditions. For example, heptanal
yields 90% of 1-heptyl ether and 10% of 1-hepty!l trifluo-
roacetate, whereas cyclohexanone gave 75% of cyclohexyl
trifluoroacetate and only 25% of cyclohexyl ether when tri-
ethylsilane reductions were performed in trifluoroacetic
acid.

In the reductions of para-substituted benzaldehydes in
trifluoroacetic acid media the relative yield of the symmet-
rical ether increased with the electron-donating ability of
the substituent in the order p-NOs (32%) < p-Cl (80%) < H
(89%). Under the reaction conditions employed the ether
and trifluoroacetate were not interconverted. With aryl al-
dehydes having para-substituted electron-donating groups
such as methyl, however, the symmetrical ether was con-

verted to the trifluoroacetate, and the trifluoroacetate was
reduced to the corresponding hydrocarbon.!2

Acids whose acidity constants are greater than that of
acetic acid can be used as solvents as well as the proton
source in the reductions of carbonyl compounds by trieth-
ylsilane at room temperature. Acetic acid is effective in
causing reduction only at steam bath temperatures; no re-
duction occurred over a 12-hr period in acetic acid at room
temperature. Increasing the basicity of the carboxylic acid
also increases the relative proportion of carboxylate ester
to symmetrical ether; whereas only 19% benzyl trifluo-
roacetate is produced in the reduction of benzaldehyde in
trifluoroacetic acid, 88% benzyl formate formed in the cor-
responding reduction in 97% formic acid. With trifluo-
roacetic and stronger acids the acid need not be used as the
solvent; reductions occurred in carbon tetrachloride or ace-
tonitrile using 1-2 equiv of trifluoroacetic or p-toluenesul-
fonic acids. Reduction of benzaldehyde (2.5 mmol) by tri-
ethylsilane (2.8 mmol) using 1 equiv of p-toluenesulfonic
acid in acetonitrile (2.5 ml) gave benzyl ether (70%), benzyl
alcohol (18%), and benzyl p-toluenesulfonate (12%). Both
reaction times and the relative yields of symmetrical ether
are, however, dependent on the amount of acid present.

In the reduction of benzaldehyde by triethylsilane in di-
lute trifluoroacetic acid the symmetrical ether is formed as
the sole or major product during the first half-life; benzyl
trifluoroacetate is produced later in the reduction (Figure
1). Benzyl alcohol and benzyl triethylsilyl ether are present
during the reaction and the sum of their yields remains
constant throughout the second half-life. Under the reac-
tion conditions employed benzyl ether is not formed from
benzyl alcohol, benzyl trifluoroacetate, or benzyl triethylsi-
lyl ether. Nearly identical results were obtained when tri-
n-hexylsilane was used as the reducing agent.

As shown by the data in Table II, symmetrical ethers of
aldehydes can be conveniently prepared in good yields by
triethylsilane reductions in triflucroacetic acid media.
With the exception of the p-nitrobenzaldehyde, aryl al-
dehydes form symmetrical ethers in greater than 80% yield.
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Table III
Reductions of Cyclohexanone in Trifluoroacetic Acid*
Cyclohexanone, Yield," %,
Temp, C° mmol n-BuSiH;, mmol CF3CO:H, mmol Reaction time,” hr Ether T'rifluoroacetate
55 2.0 1.0 12.0 3.5 38 62
55 2.0 1.0 5.0 1.5 47 53
25 1.0 0.5 3.0 24 49 51
0 2.0 1.0 12.0 3.5 60 40
0 2.0 1.0 6.0 24 67 33
—15 30 15 90 25 82 18
—15¢ 40 20 100 72 90 10

« Reaction solutions were homogeneous. ? See footnote b, Table II. ¢ See footnote ¢, Table IL. ¢ Acid added slowly over a

1-hr period. Cyclohexyl ether was isolated in 80% yield.

Table IV
Triethylsilane Reductions of Aldehydes and Ketones in Acetonitrile Mixtures with Aqueous Sulfuric Acid®
Reaction Relative Isolated
Carbonyl compd Registry no. time, hr Amide product yield, 9,° yield, %°
Benzophenone 48 N-(Diphenylmethyl)- 854 63
acetamide
Acetophenone 98-86-2 72 N-(1-Phenylethyl)- 100 85¢
acetamide
Benzaldehyde 74 N-Benzylacetamide 897 80
Cyclohexanone 72 N-Cyclohexylacetamide 509 30
Norcamphor 497-38-1 65 N-(exo-Bicyclo[2.2.1 Jhept- 90" 78
2-yhacetamide
Octanal 124-13-0 72 0¢

@ Reactions were run at room temperature (28 = 3°) using 60 mmol of the aldehyde or ketone, 66 mmol of triethylsilane,
9.0 ml of concentrated sulfuric acid, 3.0 ml of water, and 15 ml of acetonitrile. * Of the amide product. ¢ Of the purified amide
product after recrystallization. ¢ 15% diphenylmethane. ¢ Average of two reactions. / 11% benzyl ether. 7 50% of a mixture
of cyclohexyl ether and cyclohexanol. # 10% of the symmetical ether was detected. ‘ Only 1-octanol and 1-octyl ether were

observed.

Relative %

Time, win

Figure 1. Relative percentages of benzaldehyde (A), benzyl ether
(®), benzyl trifluoroacetate (M), and the sum of benzy! alcohol and
benzyl triethylsilyl ether (O) vs. time from the reduction of benzal-
dehyde by triethylsilane in carbon tetrachloride containing trifluo-
roacetic acid (2 equiv).

p-Toluyl ether was formed in 91% yield when p-tolual-
dehyde (5.0 mmol) was reduced at room temperature by
triethylsilane in acetonitrile (2.5 ml) using a small amount
of concentrated sulfuric acid (0.25 molar equiv); competi-
tive production of.p-xylene!? was minimized under these
conditions. Symmetrical ethers of aldehydes were isolated
by conventional methods: 2-naphthyl ether was isolated in
80% yield by crystallization, and benzyl ether (88%), n-
heptyl ether (70%), and n-dodecyl ether (82%) were dis-
tilled from silane products.

Silane reductions of ketones do not favor the formation
of symmetrical ethers under reaction conditions where al-
dehydes yield predominantly ether products. Previous re-
ports of silane reductions of ketones indicate an over-
whelming preference for trifluoroacetate derivatives when
the reductions are performed in trifluoroacetic acid,42? or
for alkyl silyl ethers when Lewis acid catalysts are used.8
We have found, however, that reduction of cyclohexanone

by n-butylsilane in trifluoroacetic acid at —15° produces
cyclohexyl ether as the predominant product. The effects
of changes in temperature, silane, and the amount of triflu-
oroacetic acid on the relative yields of products from cyclo-
hexanone reductions are given in Table III. Concentrated
sulfuric acid, even when only 1 molar equiv was used, hy-
drolyzed the silane and gave complex mixtures of products.
In addition to the preference for ether production when n-
butylsilane is used, this silane forms a polymeric siloxane
from which the ether is conveniently separated. Cyclohexyl
ether was isolated in 80% yield from the reduction of cyclo-
hexanone by n-butylsilane at —15°.

When carboxylate esters are the desired reaction prod-
ucts, silane reduction of the carbonyl compound in the
presence of a carboxylic acid gives the ester directly when a
mineral acid catalyst is used (Table I). Modification of
these reaction conditions may be useful in preparing other
alcohol derivatives and alkyl halides in one step from an al-
dehyde or ketone.

Poly(methylsiloxane) (PMS) was unsuitable as a reduc-
ing agent in attempts to produce symmetrical ethers from
aldehydes. Under reaction conditions that gave high yields
of symmetrical ethers in rapid reductions of heptanal and
dodecanal by triethylsilane, reduction by PMS was slow
and gave mixtures of alcohol and ether.

Preparation of Acetamides. Reductions of ketones and
aryl aldehydes by triethylsilane in acetonitrile using aque-
ous sulfuric acid give N-substituted acetamides in good
yields (eq 3) and provide a convenient method for the in-

R,C=—0 + Et,Sil + CH,C==N + H,0 —

R,CHNHCOCH, + Et,SiOSiEt;  (3)

troduction of an amino functionality onto a hydrocarbon
skeleton. Yields of products from reductions of representa-

‘tive carbonyl compounds are given in Table IV. Only ali-
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phatic aldehydes did not form amides under the reaction
conditions used. Significantly lower isolated yields of
amide products (15-20%) were obtained when the reactions
were run in 67% aqueous sulfuric acid rather than in the
75% aqueous sulfuric acid solutions reported in Table IV.

The acetonitrile solution of aqueous sulfuric acid is suit-
able to convert alcohols to acetamides by the Ritter reac-
tion.'® Under the same reaction conditions used for the re-
ductive transformation of carbonyl compounds to acet-
amides, but without added silane, benzyl alcohol and exo-
bicyclo[2.2.1]heptan-2-0l gave N-benzylacetamide and N-
(exo-bicyclo[2.2.1]hept-2-yl)acetamide in 71 and 73% iso-
lated yield, respectively. Cyclohexanol gave a mixture of
N-cyclohexylacetamide (16%) and cyclohexyl ether (18%)
indicating both incomplete reaction and competitive for-
mation of symmetrical ether. The reaction conditions em-
ployed are milder than those generally used for the Ritter
reaction!! and, with the exception of cyclohexanol in this
study, are preferable for acetamide formation.

Only the rearranged product was observed when 3,3-
dimethyl-2-butanone was reduced by triethylsilane in an
acetonitrile solution of aqueous sulfuric acid (eq 4), indi-

CH
EtsSiH ] ’
(CHg)gc—ﬁ—CHg + CH;CN —— (CH,),CH-C—CH,
Hy0
fys04 NHGCE,
25° 0O
67% 4)

cating that reduction precedes the Ritter reaction and that
the alcohol produced by silane reduction (see Table I)
undergoes carbon-skeleton rearrangement in the formation
of the acetamide product. Under the same reaction condi-
tions described in Table IV for cyclohexanone, 4-tert-
butyleyclohexanone gave a mixture of products (eq 5) con-

guSiH
H,CN
crpe— y=o
H,80,
25°
OH
<CHs>ac—<:>< + (cHac 0+
H H ,
15% cis
85% trans
0
|
NHCCH; yot NH,
(CH3>3G_O< — <CH3>sc—<:>< (5)
H H
70% cis
30% trans

sisting of 4-tert-butylcyclohexene (4%), unrearranged alco-
hols and symmetrical ethers (70%), and acetamides (21%).
The ratio of cis to trans alcohol was 15:85; and all stereo-
chemical combinations of ethers, cis,cis, cis,trans, and
trans,trans, were observed. Hydrolysis of the isomeric N-
(4-tert-butyleyclohexyl)acetamides gave the corresponding
amines.

Discussion

In acidic media aldehydes and ketones are converted by
silane reduction to alcohols, symmetrical ethers, unsymme-
trical ethers,1? carboxylate esters, or acetamides in good
yields. The nature of the product is highly dependent on
the reaction conditions used for the reduction. In aqueous
acidic solutions alcohols are formed when a solvent such as
acetonitrile, sulfolane, or ethyl ether is used; unsymmetri-
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cal ethers predominate in alcoholic acidic media.’2 Sym-
metrical ethers form in competition with alcohols in aque-
ous acidic media and in competition with carboxylate es-
ters in carboxylic acid solutions.

The interrelated processes for alcohol, carboxylate ester,
and ether formation can be explained by the mechanism
described in Scheme I. Reduction occurs in acidic media
even when less than an equivalent amount of acid is em-
ployed. When a sufficient amount of water is present in the
reaction medium, the protonated carbonyl compound is
present in equilibrium with its hydrate; under such condi-
tions the alcohol is the predominant reaction product.
When the amounts of mineral acid and water are compara-
ble, the yield of alcohol reflects the molar excess of water;
thus, when benzaldehyde is reduced by triethylsilane using
sulfuric acid (Table I} no alcohol was formed when concen-
trated sulfuric acid was used, 32% benzyl alcohol was pro-
duced when the molar ratio of water to sulfuric acid was
1.5:1.0 (67% aqueous sulfuric acid), and with the molar
ratio of water to sulfuric acid at 8.0:1.0, the relative yield of
benzyl alcohol was 88%. Comparable results for alcohol for-
mation were obtained with concentrated hydrochloric acid
and aqueous sulfuric acid at similar molar ratios of water to
acid.

Scheme I

/om+

\OH

R,C

+H201L—H20

+ + 5
R,C=0 + H' == R,C=0H <> R,COH M, p cHOH

+RQCHOH“—RZCHOH

_OH
R,
OCHR,
H
OH OH,"
- I + .
RCT, = R2C< %%’ R,C=OCHR, 258,
OCHE, ocHR, ™ I

R,CHOCHR,

R,CHOH + R'COOH == R,CHOOCR’ + H,0

Ether formation is explained by reduction of the oxoni-
um ion (I) formed from the nucleophilic addition of alcohol
to the protonated carbonyl compound followed by elimina-
tion of a molecule of water. Such as intermediate, formed
independently, has been reduced by trialkylsilanes to a
symmetrical ether,13

In carboxylic acid media the production of carboxylate
ester competes with symmetrical ether formation. The rela-
tive yields of ether and ester formed in the reduction of
substituted benzaldehydes in trifluoroacetic acid reflects
the relative basicity of the carbonyl compound. The yield
of symmetrical ether increases with decreasing acidity of
the conjugate acid of para-substituted benzaldehydes: p-
NO32C¢H,CHO (pK, = —8.45,14 32% ether), p-CICsgH,CHO
(pK, = —17.26,14 80% ether), and CcH;CHO (pK, = —7.10,4
89% ether). Additionally, ether formation is favored over
the formation of trifluoroacetate esters in polar solvents;
the relative yield of benzyl ether from the reduction of
benzaldehyde using limited amounts of trifluoroacetic acid
was 49% In carbon tetrachloride and 96% in acetonitrile
(Table II). These results are consistent with the involve-
ment of I in the production of symmetrical ethers; the
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mechanism of esterification does not involve a comparable
substituent-sensitive intermediate.15

Ether formation is also sensitive to steric effects. Despite
the greater basicity of ketones compared to aldehydes,6 al-
dehydes gave higher relative yields of symmetrical ethers
than did ketones under comparable reaction conditions.
Additionally, 1-naphthaldehyde (pK, = —86.34)17 gave 67%
of the corresponding symmetrical ether whereas the less
basic 2-naphthaldehyde (pK, = —6.68)17 yielded 84% of the
less sterically hindered symmetrical ether.

The necessity of using a reaction solvent such as acetoni-
trile to prevent ether formation in the preparation of alco-
hols can be explained as being due to the insolubility of the
carbonyl compound, alcohol, and triethylsilane in the aque-
ous solution. The reaction solvent provides a medium for
protecting the alcohol product from nucleophilic addition
to the carbonyl group leading to ether formation. In N,N-
dimethylformamide protonation of the amidel® prevents
protonation of the carbonyl group.

The results obtained from the reduction of benzaldehyde
by triethylsilane using trifluoroacetic acid (Figure 1) show
that the rate of symmetrical ether formation from al-
dehydes is rapid compared to ester formation during the
first half-life. Only as the concentration of the aldehyde de-
creases in the second half-life does ester formation become
important. Since the amount of benzyl alcohol and benzyl
triethylsilyl ether remains relatively constant with time as
the yields of both benzyl ether and benzyl trifluoroacetate
increase, the rate of hydride transfer to I must be at least as
fast as the corresponding reduction of protonated benzal-
dehyde.18 ‘

In ketone reductions steric factors decrease the relative
rate of ether formation compared to ester formation. The
production of symmetrical ethers is favored by low temper-
atures and a low concentration of acid (Table III). The ef-
fect of acid concentration on the relative yield of ether in
silane reductions in trifluoroacetic acid is not nearly so dra-
matic in aldehyde reductions as in ketone reductions.

One advantage of silane reductions of carbonyl com-
pounds in acidic media is that the alcohol product can be
made to undergo subsequent acid-catalyzed reactions in
the same reaction medium. This potential for use in organ-
ic synthesis, is evident in the formation of carboxylate es-
ters from aldehydes and ketones and is indicated by the
formation of benzyl chloride in the reduction of benzalde-
hyde by triethylsilane using concentrated hydrochloric
acid. The versatility of this reduction method is shown by
the coupling of the Ritter reaction to the silane reduction
reaction in the preparation of acetamides from ketones and
aryl aldehydes.

Silane reduction precedes the Ritter reaction. Those al-

cohols formed by reduction that normally undergo the Rit- -

ter reaction’” form N-substituted amides in the coupled se-
quence. Water is necessarily used in the reaction medium
to favor the formation of alcohol rather than ether in the
reduction reaction; without water ether formation becomes
an important process (Table I). The concentration of sulfu-
ric acid is higher than that normally used for alcohol for-
mation in silane reductions of aldehydes and ketones.

Structural rearrangement is observed in the formation of
amides in the silane reduction-Ritter reaction sequence.
The reaction conditions employed, however, do not favor
the extensive degree of rearrangement observed when con-
centrated sulfuric acid is used. We find that 4-tert-butylcy-
clohexanone gives N-(4-tert-butyleyclohexyl)acetamide
without rearrangement in 75% aqueous sulfuric acid; 4-
methylcyclohexanol, on the other hand, has been shown to
yield only rearranged products in the Ritter reaction in
concentrated sulfuric acid.!®
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The reduction of 4-tert-butylcyclohexanone by trieth-
ylsilane using aqueous sulfuric acid under milder condi-
tions than those reported for acetamide formation gave 4-
tert-butyleyclohexanol in an isomeric distribution of 30%
cis and 70% trans alcohol. This isomeric distribution does
not noticeably change when the acid strength is varied.!®
The ratio of isomeric amines formed by hydrolysis of the
corresponding amides is, however, significantly different
from the isomeric ratio of alcohols. Although only one ex-
periment is reported here, the results indicate that the cis
alcohol reacts faster in the Ritter reaction than the trans
alcokol and that axial attack by acetonitrile is preferred
over equitorial attack in the formation of N-(4-tert-butyl-
cyclohexyl)acetamides. The greater reactivity of cis-4-tert-
butyleyclohexylderivatives has been previously observed in
solvolytic studies.?® The preference for axial bond forma-
tion in reactions of 4-tert-butylcyclohexyl cations has also
been described.?!

Experimental Section

General. Instrumentation has been previously described.?? Use
was made of 10-ft columns of 10% Carbowax 20M and 5-ft columns
of 20% Carbowax 20M on Chromosorb P and 5-ft columns of 3%
SE-30 on Varaport 30. Melting points and boiling points were un-
corrected. Aldehydes, ketones, tri-n-hexylsilane, tetramethyldisi-
loxane, and triethylsilane, were commercially available and used
without further purification. Triethysilanol and hexaethyldisilox-
ane were prepared by conventional methods.223

n-Butylsilane was prepared by lithium aluminum hydride re-
duction of commercially available n-butyltrichlorosilane. n-Butyl-
trichlorosilane (192 g, 1.00 mol) was added dropwise over a 1.5-hr
period to an ice-water bath cooled mixture of lithium aluminum
hydride (36.0 g, 0.95 mol) in 350 ml of n-butyl ether. The constant-
ly stirred mixture was contained in a 1-l, three-necked flask
equipped with a condenser, drying tube, addition funnel, and me-
chanical stirrer. After addition was complete the flask was warmed
to room temperature, and stirring was continued for an additional
1 hr. Distillation through a 2-ft Vigreux column gave 80.5 g (0.91
mol, 91% yield) of n-butylsilane, bp 55-58°. Redistillation gave n-
butylsilane with bp 54-56° (lit.24 bp 56°); pmr (neat) § 3.53 (t, 3
H), 1.65-1.1 (m, 4 H), and 1.1-0.5 (m, 5 H); ir (neat) 2130 cm™?! (Si-
H stretch).

Triethylsilane Reductions of Aldehydes and Ketones in
Aqueous Acidic Media. In a typical reaction the carbonyl com-
pound and triethylsilane were weighed into a round-bottom flask,
and the appropriate amount of organic solvent was added. The
premixed acid-water solution was then slowly added to the reac-
tion flask at room temperature. Stirring was effected at a uniform
and rapid rate using a magnetic stirrer. The reaction was allowed
to proceed at room temperature. For all experiments in which
aqueous mineral acid-acetonitrile or sulfolane was used the reac-
tion mixture was heterogeneous. With the exception of anthroqui-
none the carbonyl compounds were soluble in the reaction media.
An aliquot of the reaction solution was removed for pmr analysis
prior to work-up to determine the extent of reduction. This aliquot
generally yielded the same results for relative product yield as
analysis of the product mixture after work-up, indicating that the
work-up procedure did not selectively retain or remove a particu-
lar reduction product.

After reduction was complete the reaction solution was diluted
with 25 ml of a saturated sodium chloride solution, and 25 ml of
ether was added. The resultant layers were separated after thor-
ough mixing, and the aqueous solution was washed twice with 25-
ml portions of ether. The combined ether solution was washed
with 25-ml portions of water and saturated sodium bicarbonate
and was passed through anhydrous magnesium sulfate. The ether
was removed by distillation at atmospheric pressure. Isolated
yields of reduced products averaged 80% in small-scale reductions
(5-10 mmol). Silane products were not separated from the organic
products by this extraction method.

Each product mixture was analyzed from its pmr spectrum;
yields were calculated from averaged integrations of proton ab-
sorptions by comparison to an internal standard. Reproducibility
was shown to be £2% in duplicate runs. The yields of products for
several reactions were also obtained by glpc analysis; these results
were nearly identical with those obtained by pmr analysis. Prod-
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Table V
Reduction of Benzaldehyde by Tri-n-hexylsilane in
Carbon Tetrachloride-Trifiuoroacetic Acid at 40°

e Relative %, yield ———————— —
CeH;CH0H
+
CHsCHo- CsHsCH:-
Time, min CeH:CHO 0.CCFy (CeHs CH2):0  OSi(Hex)s
10 51 1 34 15
15 44 5 36 15
20 41 6 38 15
25 37 8 40 15
30 35 9 41 15
35 31 12 42 15
40 26 15 44 15
45 25 ‘16 44 15
55 22 19 44 15

ucts were identified from their pmr spectra by comparison to au-
thentic samples and by observing signal enhancements when a
small amount of the known was added to the pmr sample. With
the exception of 2-propanol, which was not isolated, alcohol prod-
ucts were additionally confirmed by glpc or ir identification meth-
ods.

Silane Reductions in Ether-Aqueous Sulfuric Acid Media.
The reduction of cyclooctanone exemplifies the procedure used.
To 6.3 g (50 mmol) of cyclooctanone and 2.2 g (25 mmol) of n-bu-
tylsilane in 6 ml of ethyl ether was added 3.5 ml of 73 g % aqueous
sulfuric acid. The reaction mixture was heterogeneous, and the
reaction was slightly exothermic. After rapidly stirring overnight
the acid was neutralized by adding an excess of 10% aqueous sodi-
um hydroxide, and the mixture was extracted with four 20-ml por-
tions of ethyl ether. The combined ethér extracts were dried over
potassium hydroxide and filtered, and the ether was removed
under reduced pressure. The residue was distilled giving 4.9 g (39
mmol, 78% yield) of cyclooctanol, bp 92-93° (23 Torr) [1it.25 hp 99°
(16 Torr)]. Only a small amount of pot residue remained after the
distillation.

Reduction of octanal by n-butylsilane followed by extraction
and distillation gave 1-octanol in 31% yield and 1-octyl ether in
61% yield. With tetramethyldisiloxane 1-octanol and 1-octyl ether
were formed in 50 and 50% yield, respectively; using a lower acid
concentration (37 g % aqueous sulfuric acid), the relative yield of
alcohol was increased to 65%.

Silane Reductions of Aldehydes and Ketones in Carboxylic
Acid Media. In a typical reaction the carbonyl compound and sil-
ane were weighed into a round-bottom flask and the reaction sol-
vent, if different from the carboxylic acid, was added. The carbox-
ylic acid was added last, and the resultant homogeneous solution
was stirred at room temperature with a magnetic stirrer. Aliquots
were removed at appropriate times and subjected to pmr analysis
to determine the extent of reduction. Products were identified
from the pmr spectra of the reaction solutions by comparison with
authentic samples, when available; relative yields of products were
determined from averaged integrations of the individual and char-
acteristic absorption signals of each compound through reference
to an internal standard. Ethers were generally isolated by direct
distillation of the reaction mixture under reduced pressure. 2-
Naphthyl ether was insoluble in trifluoroacetic acid and was fil-
tered and recrystallized. Isolated ethers were identified from their
pmr spectra and by comparison of boiling or melting points with
the literature values. :

p-Toluyl ether was obtained in 91% yield from the reduction of
p-tolualdehyde (5.0 mmol) by triethylsilane (6.0 mmol) using 0.25
equiv of concentrated sulfuric acid in 2.5 ml of acetonitrile. Reac-
tion time was 5 days. ‘

Cyclohexyl ether was prepared by reduction of cyclohexanone
(3.92 g, 40 mmol) with n-butylsilane (1.78 g, 20 mmol) in trifluo-
roacetic acid, The acid (75 mmol) was added slowly over a period
of 1 hr to the reaction mixture cooled at —35°, After complete ad-
dition the reaction flask was placed in a freezer at —15° for 70 hr.
Direct distillation gave 2.91 g (18 mmol, 80% yield) of cyclohexyl
ether, bp 119-121° (18 Torr) {lit.26 bp 97-98.5° (8 Torr)].

Reduction of Benzaldehyde in Carbon Tetrachloride~Tri-
fluoroacetic Acid. Product Yields with Time. Benzaldehyde
(5.0 mmol) and trifluoroacetic acid (10.0 mmol) were weighed into
a round-bottom flask, and carbon tetrachloride (2.5 ml) was added.
The solution was heated to 40 £ 1° and the silane (5.0 mmol) was
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added. An aliquot was removed from the homogeneous reaction so-
lution after thorough mixing, and a pmr spectrum was taken of the
sample. Proton absorptions were integrated, and the integrations
were repeated every 5 min over a reaction period of 1 hr. The reac-
tion temperature was maintained at 40°. The results with trieth-
ylsilane are described graphically in Figure 1. Data for the reduc-
tion of benzaldehyde with tri-n-hexylsilane are given in Table V.
Reduction of benzaldehyde by diphenylsilane was at least 20 times
slower than the corresponding reduction by either triethylsilane or
tri-n-hexylsilane.

Preparation of Acetamides. To the carbonyl compound (60
mmol) and triethylsilane (66 mmol) in 15 ml of acetonitrile was
added 3.0 ml of water followed by 9.0 ml of concentrated sulfuric
acid. Sulfuric acid was added slowly to the reaction solution cooled
in an ice bath; the acid addition was exothermic. The heterogene-
ous reaction mixture was stirred rapidly at room temperature for
between 48 and 72 hr. The reaction was quenched by adding 30 ml
of 50% aqueous sodium hydroxide, and the aqueous mixture was
extracted three times with 50-ml portions of methylene chloride.
The combined methylene chloride extract was passed through an-
hydrous magnesium sulfate, and the methylene chloride was re-
moved under reduced pressure. With the exception of the norcam-
phor and benzophenone reduction products the product mixtures
were distilled under reduced pressure to give hexaethyldisiloxane
and amides in separate fractions. In the cyclohexanone reduction
cyclohexyl ether and N-cyclohexylacetamide were collected in the
same fraction; N-cyclohexylacetamide was separated from the
ether by recrystallization. The product mixtures from the benzo-
phenone and norcamphor reductions were washed three times with
pentane to remove hexaethyldisiloxane and other soluble reaction
products. The solid amide products were recrystallized from ether
and characterized by pmr analysis and by their melting points
through comparison to authentic samples or literature values. Iso-
lated yields of acetamides from reactions with benzaldehyde, cy-
clobexanone, and norcamphor were 15-20% lower when 6 ml of
concentrated sulfuric acid was used instead of 9 ml in the above
procedure owing to incomplete reaction of the reduced carbonyl
compound.

The same procedure was used for the Ritter reaction with the
exception that the alcohol was used instead of the carbonyl com-
pound and no triethylsilane was added.

3,3-Dimethyl-2-butanone (5.0 mmol) was reduced by triethylsi-
lane (10.0 mmol) using 1.5 ml of 67% aqueous sulfuric acid and 2.5
m! of acetonitrile. The product mixture from the reduction was an-
alyzed by pmr spectroscopy and by gipc methods. Only one amide
product other than acetamide was observed; this product was col-
lected by glpc and characterized as N-2-(2,3-dimethylbutyl)acet-
amide by pmr and ir spectroscopy and from its melting point by
comparison to the literature value. ‘

Reduction of 4-tert-Butylcyclohexanone in an Acetonitrile
Mixture with Aqueous Sulfuric Acid. Reaction occurred as pre-
viously described. After work-up pmr analysis was used to give the
relative yields of reaction products. Alcohol and other products
were additionally characterized and the relative yields of the iso-
meric alcohols were determined by glpc analysis through compari-
son with authentic samples. Refluxing the reaction products over-
night with 50% aqueous sulfuric acid, followed by work-up, gave
the isomeric 4-tert-butyleyclohexylamines, which were analyzed
by pmr spectroscopy and by glpe.
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Reduction Products in Copper(I)-Promoted Diazonium Ion Reactions.
Hydrogen Abstraction from Amines Coordinated to Copper(I), from Water,

and from Transient Radicals
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Reduction products are observed in amine-copper(I) perchlorate promoted decomposition of aryldiazonium
salts when the amine ligands are capable of hydrogen atom donation. The effective reducing agents evidently are
the complexed rather than the free ligands, i.e., the tris(amine)copper(I) cation in the case of tetra- and tricoordi-
nated salts and the bis(amine)copper(I) cation in the dicoordinated systems. In the presence of excess ligand a
new product is obtained, which is probably an ammonium salt formed from the amine and the incipient aryl cat-
ion. In the absence of hydrogen-donating ligands it has been shown that the small but consistent amount of ben-
zophenone formed in the copper(I)-promoted decomposition of 2-diazobenzophenone tetrafluoroborate arises
from (a) the precursor to 9-fluorenone and (b) the solvent, water. Hydrogen atom abstraction from both these
sources is rate determining and subject to a kinetic isotope effect. Since water is a notoriously poor hydrogen
atom donor, transfer of a hydrogen atom from the aquated coordination sphere of copper(I) via a bridged inter-

mediate is postulated.

In the course of our investigations.of copper(I) oxide and
copper(I) perchlorate decompositions of aryldiazonium
tetrafluoroborates,? it was noted that reduction products
were consistently produced. A thorough study of the hydro-
gen source in these decompositions was, therefore, under-
taken.

The tetrafluoroborate salt of 2-diazobenzophenone (1)
was selected for this purpose because of the large amount
of reliable data that were already available. This com-
pound, as are all aromatic diazonium compounds, is capa-
ble of cleaving homolytically and/or heterolytically, de-
pending on conditions. The decomposition of 2-diazoben-
zophenone tetrafluoroborate (1) was first carried out by
Graebe and Ullman,3 who found that 1 could be converted
into 9-fluorenone (4). DeTar and Relyea* showed the for-
mation of o-hydroxybenzophenone (3, Z = OH) along with
9-fluorenone (4) in the system, in the presence and absence
of a copper catalyst. Lewin and Cohen®2 then elucidated
conditions under which homolytic and heterolytic cleavage
of the carbon-nitrogen bond occurred. They found that
thermal decomposition of diazonium salts in acidic solution
produced phenyl cations, whereas the room temperature

reaction, with a catalyst, led to a pheny! radical. Their pro-
posed mechanism of the copper(I)-catalyzed decomposition
of 2-diazobenzophenone tetrafluoroborate seemed to hold
for amine—copper(I) perchlorate promoted decompositions
with the addition of dimerization of radical A.2 Thus, it has
been shown that good yields of the phenol (3, Z = OH) can
be obtained in the presence of a large excess of cupric ion
and that benzophenone (2) is produced in the presence of
hydrogen donors such as acetone and ethanol.? However,
benzophenone was formed in both the copper(I) oxide and
the amine-copper(I) perchlorate promoted reactions even
in the absence of such hydrogen donors. A similar observa-
tion had been previously made52 and several possible path-
ways for benzophenone (2) formation were considered in
conjunction with the proposed reaction scheme;?? the au-
.thors concluded, however, that “the nature of the reducing
agent remains obscure.” See Scheme 1.

Results and Discussion

Reduction Products. A. In Amine-Copper(I) Per-
chlorate Promoted Reactions. Benzophenone (2) was
formed in amine—copper(I) perchlorate promoted decom-



