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It should be noticed the position of the saddle point
moves out monotonically toward the F + H, channel as
this height decreases. This should be expected in gen-
eral for nonthermoneutral reactions®® and should be a
caution against emphasizing!! a prediction of the ge-
ometry of the saddle point when its height is not pre-
dicted correctly.
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A New and Highly Effective Method for the Oxidation
of Primary and Secondary Alcohols to

Carbonyl Compounds

Sir:

We report here a new process for the oxidation of
alcohols to ketones or aldehydes which is operationally
simple, highly selective, and efficient. It is expected
that the method will find widespread use and that in
many instances it will be found superior to currently
important procedures such as those using the reagents
CrO;—pyridine complex,! CrO;-acetone,? and dimethyl
sulfoxide with various coreactants.?>* An overall
representation of the new method, which is clearly re-
lated to the dimethyl sulfoxide based processes, is given
in sequence 1.

lwene + ~  CHO
>N—C1 + (CHy.S = {CHQZS—N< a _o3°
CH,CLe

0°

+
CH)S—0ocL  Cr + >NH
Et,N 1

>C=0 + (CH)S + EtNTHCT

The long-known complexes which result from the re-
action of halogens with sulfides,® R,StHal Hal—, might
be expected to react with an alcohol to form a type of
sulfoxonium complex, R,S*OCH< Hal~,* which judg-
ing from previous work?*—% should under suitable condi-
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sulfur in these complexes merits further study, but is not crucial to the
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tions undergo elimination to form a carbonyl com-
pound. This process would effectively allow an over-
all transformation such as: RR/'CHOH + Cl, —
RR’CO + 2HCI, which is mediated by a sulfide. The
operability of this scheme has now been demonstrated.
For example, treatment of dimethyl sulfide in carbon
tetrachloride at 0° with 1 equiv of chlorine in carbon
tetrachloride at 0° results in rapid formation of the
partially insoluble complex I, which when cooled to
—25° (Dry Ice-carbon tetrachloride bath) and treated
with cyclohexylcarbinol for 2 hr at —25° with stirring
is converted to the sulfoxonium complex II. Addition
of 2 equiv of triethylamine, removal of the cooling
bath, and isolation after 5 min affords pure cyclohexyl-
carboxaldehyde in ca. 807 yield after distillation.

CCl — —2;
(CH)S + CL ~0—> (CHyS*Cl ¢7f ———
I @—CH_,OH
+
CH,OS(CH,),
HCl + U ar-
0 i
+ _ lEtaN
N—S(CH,), Cl
CHO

(CH,),S

: o -
I

The oxidation of cyclohexylcarbinol can be effected
even more cleanly and efficiently (93 %] yield) using the
recently reported complex IIl from dimethyl sulfide
and N-chlorosuccinimide”® under carefully controlled
conditions. Most of this work has been performed
using the complex III, since the use of N-chlorosuc-
cinimide for small-scale laboratory work is convenient,
since the formation of hydrogen chloride is avoided
(in contrast to the use of I), giving a milder and prob-
ably more generally useful method, and, finally, since
the reaction products are somewhat cleaner.

The simplicity and the key details of the new oxida-
tion process are illustrated by the following procedures
for the preparation of a ketone and an aldehyde.

A. 4-tert-Butylcyclohexanone. Toa stirred solution
of 400 mg (3.0 mmol) of N-chlorosuccinimide in 10 ml
of toluene (analytical grade) was added at 0° 0.3 ml
(4.1 mmol) of methyl sulfide under argon. A white
precipitate appeared immediately after addition of the
sulfide. The mixture was cooled to —25° (carbon
tetrachloride-Dry Ice), and a solution of 312 mg (2.00
mmol) of 4-rerz-butylcyclohexanol (mixture of cis and
trans) in 2 ml of toluene was added dropwise. The
stirring was continued for 2 hr at —25°, and then a
solution of 303 mg (3.0 mmol) of triethylamine in 0.5
ml of toluene was added dropwise. The cooling bath
was removed and after 5 min, 20 ml of ether was added.
The organic layer was washed with 5 ml of 197 aqueous
hydrochloric acid and twice with 15 ml of water. Re-
moval of dried (magnesium sulfate) solvents produced
310 mg (~100%7) of 4-tert-butylcyclohexanone as white
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sulfoxonium salts from alcohols and the complexes of sulfides with
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plates which melted at 44-47° (an authentic sample
from Aldrich Chemical Co. had mp 45-50°). The in-
frared and nmr spectra were identical with those of an
authentic sample, and the nmr spectrum showed that no
more than 1% of the methylthiomethyl ether of 4-ter¢-
butylcyclohexanol was present. Vapor chromato-
graphic analysis indicated a yield of 979 (xylene as
internal standard with a 109 SE-30, 10-ft column).

B. Octanal. The complex III (3 mmol) was gen-
erated following the procedure described above. To
this stirred suspension of III was added a solution of
260 mg (2.0 mmol) of 1-octanol in 1 ml of toluene at
—25°. After stirring at —25° for 90 min, a solution
of 303 mg (3.0 mmol) of triethylamine in 1 ml of toluene
was added. The cold bath was then removed, and
after 5 min, 20 ml of ether was added. The organic
layer was washed with 5 ml of 1 9 aqueous hydrochloric
acid and then twice with 15 ml of water. The organic
layer was dried (magnesium sulfate) and concentrated
under reduced pressure to 10 ml and analyzed by vapor
phase chromatography (109 SE-30, 10-ft column with
xylene as the internal standard) (96% yield). Re-
moval of all solvents under reduced pressure produced
250 mg of l-octanal as a colorless liquid which was
spectroscopically identical with an authentic sample.

Using the method detailed above, benzyl alcohol and
2-octanol were converted respectively to benzaldehyde
(909 yield) and 2-octanone (9197 yield). 1,2-Diphe-
nyl-1,2-propanediol gave 2-hydroxy-1,2-diphenyl-1-pro-
panone in 869 yield indicating that the sulfonium
method may be valuable for the avoidance of C-C bond
cleavage in the oxidation of sec,tert-a-glycols to a-ketols.

An important limit on the scope of the new oxidation
process has been observed, however. Benzhydrol and
2-cyclohexenol sufferek replacement of hydroxyl by
chlorine instead of oxidation using III under the stan-
dard conditions. The conversion of alcohols to halides
is very efficient for such cases involving alcohols which
correspond to stabilized carbocations.?® Fortunately
the oxidation of allylic or benzylic alcohols is readily
effected by other mild, highly selective oxidizing agents,
including manganese dioxide and various quinones,
and consequently there is no pressing need for the sul-
fonium reagents in such cases.

Still another reaction may occur in more polar media,
viz. the transformation of the alcohol ROH to the cor-
responding methylthiomethyl ether ROCH,SCH,.
Thus, although cyclohexylcarbinol is converted cleanly
to the corresponding aldehyde using complex III at
—25° in toluene with less than 197 of methylthiomethyl
ether formation, the methylthiomethyl ether is formed
to the extent of ca. 18 % in methylene chloride at —25°
and 45% in methylene chloride-dimethyl sulfoxide (1:1)
at —25°. It seems likely that the ylide IV is an inter-
mediate!!in the formation of the methyltoiomethyl ether
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Tetrahedron Lett,, in press,
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stabilization. For example, cholesterol is converted by III to As-
cholesten-3-one and not to chloride.
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Johnson and W. G, Phillips, ibid., 91, 682 (1969).
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and that its formation and/or further reaction can be
avoided in nonpolar media.

+
O—CHZOICH[

H,
v

The oxidation process which is described herein
should be extremely useful for complex or polyfunc-
tional molecules, the reaction conditions being so mild
as to minimize the possibility of involvement of most
functional or protecting groups. As is clear from the
examples cited above the yields of carbonyl compounds
are remarkably high and there is little variation in
optimal conditions. 2

We are currently exploring other applications of
reagents such as III, for example to carboxyl activation.
The use of inexpensive halogen-derived reagents such
as I for large scale oxidation is also under study.
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Photosensitized Aquation of the Hexacyanochromate(III)
Ion. Evidence against the Doublet Mechanism
Sir:

Two principal mechanisms have been proposed in
order to account for the photochemistry of Cr(IIT)
complexes.! The first mechanism? assumes that the
lowest spin-forbidden excited state (?E,, Figure 1)
is that one responsible for the photoreactivity, whereas
the alternative mechanism?® involves the lowest quartet
excited states (*T,, and Ty, Figure 1) as direct pre-
cursors to the photochemical reactions. Neither
direct photolysis! nor sensitization experiments+®
has as yet given a definitive answer to the above
alternative, whereas quenching experiments carried
out on Cr(NH;)(NCS),~ have clearly shown that
its photoaquation originates, at least in part, from
the lowest quartet excited state” These latter exper-
iments as well as some studies’® on the temperature
dependence of the phosphorescent lifetime for some
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