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Efficient Methods for Oxidation of Alcohols
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Treatment of alkoxymagnesium bromides, prepared in situ from alcohols and Grignard reagent, with N-
chlorosuccinimide, m-chloroperbenzoic acid, or (diacetoxyiodo)benzene in the presence of ¢-butoxymagnesium

bromide afforded the corresponding carbonyl compounds in good yields.

A wide variety of alcohols, after being

converted into their bromomagnesium salts by treatment with propylmagnesium bromide, were also selectively
oxidized with 1,1’-(azodicarbonyl)dipiperidine to afford the corresponding ketones or aldehydes in excellent

yields.

In the preceding communications, convenient methods
were reported for the oxidation of alcohols to the
corresponding ketones or aldehydes by the treatment of
trialkyltin methoxide? or bis(tributyltin) oxide,? and
by that of alkoxymagnesium bromides with N-chloro-
succinimide in the presence of lithium ¢-butoxide.?

These reactions were successfully applied to the
oxidation of alcohols such as secondary alcohols, allylic
alcohols, and benzylic alcohols, but not aliphatic and
olefinic primary alcohols. Improvement of the methods
was undertaken in order to establish an effective method
for the oxidation of a wide variety of alcohols, especially
aliphatic and olefinic primary alcohols.

In the previous methods, effective acid captors such
as lithium ¢-butoxide, trialkyltin methoxide and bis-
(tributyltin) oxide were employed in order to scavenge
hydrogen halides generated during the course of the
reactions. It was found that the yields of the products
depend a great deal on the kinds of acid captor. The
effects of the other acid captors were reexamined in
detail. The yields of the carbonyl compounds increased
remarkably when {-butoxymagnesium bromide was
used as an acid captor instead of lithium -butoxide
in the reaction of alkoxymagnesium bromide with
N-chlorosuccinimide, the carbonyl compounds being
obtained in the best yields when the molar ratio of
alkoxymagnesium bromide, #-butoxymagnesium bro-
mide, and N-chlorosuccinimide was 1: 1.2: 1.2. 'When
several aliphatic primary alcohols, after being converted
into the bromomagnesium salts by propylmagnesium
bromide, were treated with a 1.2 molar amount of
N-chlorosuccinimide in the presence of a 1.2 molar
amount of f-butoxymagnesium bromide in tetrahydro-
furan for 30 min at room temperature, the correspond-
ing aldehyde were produced in good yields (Table 1).
In the case of the oxidation of olefinic primary alcohol
such as 7-phenyl-4-hepten-1-ol, the desired 7-phenyl-4-
heptenal was obtained in low yield (34%,), some by-
products being produced.

In order to find suitable oxidizing reagents for the
oxidation of olefinic primary alcohols, several oxidizing
reagents were examined. It was found that when
m-chloroperbenzoic acid or (diacetoxyiodo)benzene is
used for the oxidation of the bromomagnesium salt of
7-phenyl-4-hepten-1-o0l in the presence of ¢-butoxy-
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OXIDATION OF ALCOHOLS WITH
N-CHLOROSUCCINIMIDE
n-PrMgBr
R-CH,OH ————
THF
1.2 +-BuOMgBr, 1.2 NCS

TABLE 1.

R-CHO

THF , r.t., 30 min

* Alcohol Yield (%)
1-Octanol 80
1-Heptanol 77
3-Phenyl-1-propanol 81™
7-Phenyl-4-hepten-1-ol 34>

a) Yield determined by GLC. b) Isolated yield.

magnesium bromide, 7-phenyl-4-heptenal is obtained
in fairly good yields. The bromomagnesium salt of
7-phenyl-4-hepten-1-ol, prepared from the alcohol and
propylmagnesium bromide, was treated with a 1.2
molar amount of (diacetoxyiodo)benzene or m-chloro-
perbenzoic acid in the presence of a 1.2 molar amount of
i-butoxymagnesium bromide in tetrahydrofuran for 30
min at room temperature. The desired 7-phenyl-4-
heptenal was isolated in 76 and 749, yields, respec-
tively. In a similar way, several kinds of alcohols such
as aliphatic primary alcohol, secondary alcohol, benzylic
alcohol, and allylic alcohol were oxidized to the corre-
sponding carbonyl compounds in good yields by use of
these reagents (Table 2). The yields of the oxidation

TABLE 2. OXIDATION OF ALCOHOLS WITH
m-CHLOROPERBENZOIC ACID OR
(DIACETOXYIODO)BENZENE

R n-PrMgBr
CHOH ——

R2/ THF

1.2 +-BuOMgBr, m oxidant R1

C=0
THEF r.t., 30 min R2/
Yield (%), (m)
Alcohol —_—
MCPBA Ph-I(OAc),

7-Phenyl-4-hepten-1-ol 74(1.4) 76(1.2)
3-Phenyl-1-propanol 79(1.8) 84(1.5)
Benzhydrol 82(1.2) 89(1.2)
Cinnamyl alcohol 75(1.2) —
dl-Menthol — 90(1.2)
3B-Cholestanol — 81(1.2)

a) Isolated yield.
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product of the olefinic primary alcohol, 7-phenyl-4-
hepten-1-ol, were not so good in comparison with those
of the other kinds of alcohols, small amounts of by-
products being obtained.

Further examination of suitable oxidizing reagents for
the oxidation of olefinic primary alcohol was carried
out. Concerning the oxidation of alcohols, an efficient
method for ketone synthesis was reported.¥ That is,
s-alkoxymagnesium bromides were prepared by the
reaction of aldehydes with Grignard reagents followed
by treatment with diethyl azodicarboxylate or 1,1'-
(azodicarbonyl)dipiperidine, resulting in the formation
of the corresponding ketones in good yields. Generally
these azo compounds are inactive to olefinic linkage,
and the use of azo compounds is expected to suppress
the side reactions with respect to olefinic linkage of the
alcohol. The oxidation of 7-phenyl-4-hepten-1-ol was
attempted first by employing diethyl azodicarboxylate
as an oxidant. However, the desired oxidation could
not be observed and only an ester-exchanging reaction
took place to give ethyl 7-phenyl-4-heptenyl azodicar-
boxylate and bis(7-phenyl-4-heptenyl)azodicarboxylate.
To avoid this side reaction, dibenzoyldiimide was used
as an oxidizing reagent instead of diethyl azodicarbox-
ylate. The desired 7-phenyl-4-heptenal was obtained in
only 209, yield, a by-product, 7-phenyl-4-heptenyl
benzoate, being isolated in 389, yield accompanied by
the cleavage of carbon-nitrogen bond of dibenzoyl-
diimide.

On the other hand, when 7-phenyl-4-hepten-1-ol was
allowed to react with a 1.2 molar amount of propyl-
magnesium bromide in tetrahydrofuran and then treated
with a 1.2 molar amount of 1,1’-(azodicarbonyl)-
dipiperidine at room temperature for 2 h, the desired
7-phenyl-4-heptenal was obtained in 899, yield along
with 1,1’-(hydrazodicarbonyl)dipiperidine in 939, yield,
7%, of 7-phenyl-4-hepten-1-ol being recovered after the
separation by column chromatography (silica gel)
(Table 3).

TABLE 3. OXIDATION OF 7-PHENYL-4-HEPTEN-1-OL
WITH SEVERAL AZO COMPOUNDS
PR\ A\ \OH
-PrMgB
e PN\ OMgBr]
o o
R-C-N-N-C-R
Ph N\ N0
r.t., 2h, THF
R Isolated yield (%)
-OEt 0
-OPh 20
i
_ 89
N

Similarly, the oxidation of various kinds of alcohols
with 1,1’-(azodicarbonyl)dipiperidine afforded the corre-
sponding ketones and aldehydes in excellent yields
(89—99%). The results are summarized in Table 4.

An alternative method was adopted for the oxidation
of alcohols having the carbonyl group for prevention of
the addition reaction of the Grignard reagent to the
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TaBLE 4. OXIDATION OF VARIOUS ALCOHOLS WITH
1,1’-(AZODICARBONYL ) DIPIPERIDINE

Rl\ n-PrMgBr I:Rl\ :I
CHO. — CHOMgBr
R2 HF |R2/
o o
On-tonan-tN S RI_
C=0
R2/

Alcohol Time 2({:/1013)13
7-Phenyl-4-hepten-1-ol 2h 89
Cinnamyl alcohol 2h 92
Geraniol 2h 96
Benzhydrol 2h 99
2-Phenyl-1-butanol 2h 90
2-Octanol over night 91»
3p-Cholestanol over night 93
Citronellol 2h 89

a) Isolated yield. b) Yield determined by GLC.

carbonyl group. When t¢-butoxymagnesium bromide
was employed in place of the Grignard reagent for the
conversion of testosterone into the bromomagnesium
salt, the oxidation of testosterone proceeded successfully,
4-androsten-3,17-dione being obtained in 969, yield
(Eq. 1).

Similarly, stanolone and 7-phenyl-4-hepten-1-ol were
oxidized to give the corresponding carbonyl compounds
in excellent yields (Egs. 2, 3).

OH o]
e 9
t-BuOMgBr  ( NC-N=N-CN )

OQiSjﬁ

r.t, 2h o
96 % (Eq.1)
OH 0 5
g 9
t-BuoMgBr  (NC-N=N-CN_)
o THF rt, 2h 0
88°% (Eq.2)
OMgB @g N=N f:')
t-BuOMgBr -N=N-
Ph N\ \0

PANAN"0H

THF rt, 2h 95% (EqQ.3)

Azo compounds such as diethyl azodicarboxylate®
and 4-phenyl-1,2,4-triazoline-3,5-dione” react with free
alcohols to afford the corresponding carbonyl com-
pounds, but the yields are not so good. A long reaction
time and elevated temperature are required for the
oxidation with diethyl azodicarboxylate. 4-Phenyl-
1,2,4-triazoline-3,5-dione is very unstable. Contrary to
these results, the oxidation of alcohols proceeded under
mild conditions (room temperature) by use of alkoxy-
magnesium bromide in place of free alcohol, the corre-
sponding carbonyl compounds being obtained in
excellent yields. Use of 1,1’-(azodicarbonyl)dipiperidine
instead of N-chlorosuccinimide, m-chloroperbenzoic acid
and (diacetoxyiodo)benzene makes it possible to oxidize
various kinds of alcohols selectively to the corresponding
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carbonyl compounds without addition of acid captors
such as lithium #butoxide and #-butoxymagnesium
bromide.

In general, reagents such as CrOg—pyridine complex,®
CrOg-acetone,” dimethyl sulfoxide—-dicyclohexylcarbo-
diimide,'® dimethyl sulfide—N-chlorosuccinimide or
chlorine!) are widely employed for the oxidation of
alcohols to the corresponding ketones or aldehydes.
However, some of them are very toxic [Cr(VI)], causing
side reactions such as further oxidation of produced
aldehydes and the formation of alkyl chlorides and
sulfides. We have confirmed that a wide variety of
alcohols are oxidized selectively to the corresponding
ketones or aldehydes in excellent yields by the present
procedure utilizing alkoxymagnesium bromides and 1,1’-
(azodicarbonyl)dipiperidine.

Experimental

Commercial N-chlorosuccinimide was recrys-
tallized quickly from hot water before use. The purity was
determined by iodometry (purity >989%). m-Chloroper-
benzoic acid was prepared by the reaction of m-chlorobenzoyl
chloride with aqueous hydrogen peroxide and purified by
washing with a phosphate buffer of pH 7.5 according to the
procedure given in literature.!® The purity was determined
by iodometry (purity >97.5%,). (Diacetoxyiodo)benzene was
synthesized by the reaction of iodobenzene with peracetic
acid,'® the purity being determined in a smilar way (purity
>97%). 1,1’-(Azodicarbonyl)dipiperidine was prepared by
the reaction of diethyl azodicarboxylate with piperidine,!¥
and purified by recrystallization from a mixture of benzene
and hexane (mp 134—135 °C). 7-Phenyl-4-heptene-1-ol was
synthesized from dihydrofuran and 2-phenylethylmagnesium
bromide according to the procedure of Brandron ef al.'» and
purified by distillation (bp 119—120 °C/1.0 mmHg).

General Procedure of Oxidation of Alkoxymagnesium Bromide with
N-Chlorosuccinimide. To a solution of propylmagnesium
bromide in dry THF (3 ml) prepared from magnesium (58
mg, 2.4 mmol) and propyl bromide (320 mg, 2.6 mmol) was
added dropwise a solution of alcohol (1.0 mmol) and ¢-butyl
alcohol (89 mg, 1.2 mmol) in THF (4 ml) at room tempera-
ture under argon atmosphere. After the reaction mixture had
been stirred for 10 min, N-chlorosuccinimide (160 mg, 1.2
mmol) was added all at once at room temperature. The
reaction mixture was stirred for 30 min, quenched by the
addition of brine and solid Na,S,0,.-5H,0, and extracted
with diethyl ether. The ether layer was washed with saturated
aqueous NaHCO; and brine, and dried over anhydrous
Na,SO,. The yeild of the corresponding aldehyde was deter-
mined by vapor phase chromatography or isolation using
preparative thin layer chromatography (silica gel).

General Procedure of Oxidation of Alcohols with m-Chloroper-
henzoic Acid. A solution of propylmagnesium bromide (1.2
mmol) in THF (3 ml) was prepared in a similar way and
treated with a THF (4 ml) solution of an alcohol (1 mmol)
and t-butyl alcohol (89 mg, 1.2 mmol) at room temperature
under argon atmosphere, and stirred for 10-15 min at room
temperature. This solution was then treated with crystalline
m-chlorobenzoic acid (1.2—1.8 mmol) at room temperature,
stirred for 30 min at room temperature, and quenched by
the addition of brine and solid Na,S,0;:5H,0. Benzene was
added to the mixture and the resulting precipitate was filtered
off. The organic layer was washed with saturated aqueous
NaHCO; and brine, and dried over anhydrous Na,SO,.

Materials.

Oxidation of Alcohol
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After removal of the solvent, the corresponding carbonyl
compound was isolated by preparative thin layer chroma-
tography (silica gel).

General Procedure of Oxidation of Alcohols with (Diacetoxyiodo)-
benzene. A solution of alkoxymagnesium bromide (1 mmol)
and f-butoxymagnesium bromide (1.2 mmol) in THF (7 ml)
was prepared in a similar way, treated with crystalline (di-
acetoxyiodo)benzene (1.2—1.5 mmol) at room temperature.
After being stirred for 30 min at room temperature, the mix-
ture was quenched by addition of brine and solid Na,S,0,-
5H,0, and extracted with ethyl acetate. The organic layer
was washed with saturated aqueous NaHCO; and brine, and
dried over anhydrous Na,SO,. After removal of the solvent,
the yield was determined by isolation using preparative thin
layer chromatography (silica gel) or column chromatography
(silica gel).

Oxidation of 7-Phenyl-4-hepten- 1-ol with (Diacetoxyiodo)benzene.

A THF (3 ml) solution of propylmagnesium bromide was
prepared from magnesium (58 mg, 2.4 mmol) and propyl
bromide (320 mg, 2.6 mmol), then treated with a THF
(4 ml) solution of 7-phenyl-4-hepten-1-ol (186 mg, 0.98
mmol) and ¢-butyl alcohol (89 mg, 1.2 mmol) at room tem-
perature under argon atmosphere. The reaction mixture was
stirred for 10 min at room temperature, a THF (10 ml)
solution of (diacetoxyiodo)benzene (429 mg, 1.33 mmol) being
added dropwise within the period of 20 min. The mixture
was stirred for additional 30 min. After the usual work-up,
7-phenyl-4-heptenal (140 mg, 769%,) was isolated by column
chromatography (silica gel).

NMR (CCl,) 6 2.12—2.80 (m, 8H), 5.32—5.55 (m, 2H),
7.15 (s, 5H), 9.70 (s, IH); IR 1725 cm™1,

2,4-dinitrophenylhydrazone, mp 96.0—96.2 °C. Found: C,
61.94; H, 5.38; N, 15.029%,. Calcd for C;,H,,N,O,: C, 61.94;
H, 5.47; N, 15.219%,.

Oxidation of 7-Phenyl-4-hepten-I-ol with 1,1'-( Azodicarbonyl)-
dipiperidine Utilizing Propylmagnesium Bromide. To a THF
(3 ml) solution of propylmagnesium bromide (160 mg, 1.3
mmol) was added dropwise a THF (2 ml) solution of 7-phenyl-
4-hepten-1-ol (190 mg, 1.0 mmol) at room temperature under
argon atmosphere. A THF (4 ml) solution of 1,1’-(azodicar-
bonyl)dipiperidine (320 mg, 1.2 mmol) was then added drop-
wise to the mixture. The mixture was stirred for 2 h at room
temperature, quenched by addition of brine, and extracted
with ethyl acetate. The organic layer was washed with
saturated aqueous NaHCO, and brine, and dried over anhy-
drous Na,SO,. After removal of the solvent, the residue was
separated by column chromatography (silica gel). Elution
with benzene, methylene chloride, and methanol afforded the
desired 7-phenyl-4-heptenal (167 mg, 899%,), 7-phenyl-4-
hepten-1-ol (13 mg, 7%) and 1,1-(hydrazodicarbonyl)di-
piperidine (234 mg, 929%,), respectively.

General Procedure of Oxidation of Alcohols with I,1-( Azodi-
carbonyl) dipiperidine Utilizing Propylmagnesium Bromide.  To a
solution of propylmagnesium bromide in THF (3 ml) prepared
from magnesium (29 mg, 1.2 mmol) and propyl bromide(160
mg, 1.3 mmol) was added dropwise a THF (2 ml) solution of
an alcohol (1 mmol) at room temperature under argon at-
mosphere. A THF (4 ml) solution of 1,1’-(azodicarbonyl)-
dipiperidine was then added dropwise at room temperature.
The mixture was stirred for 2 h—overnight, quenched by
addition of brine, and extracted with ether. After filtration
of the precipitate, the organic layer was washed with saturated
aqueous NaHCO; and brine, and dried over anhydrous
Na,SO,. The yield of the corresponding ketone or aldehyde
was determined by isolation using column chromatography
(silica gel) or by vapor phase chromatography analysis.

Oxidation of Testosterone with 1,1'-( Azodicarbonyl)dipiperidine
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Utilizing t-Butoxymagnesium Bromide. To a THF (3 ml)
solution of propylmagnesium bromide prepared from magne-
sium (29 mg, 1.2 mmol) and propyl bromide (160 mg, 1.3
mmol) was added drowise a THF (2 ml) solution of ¢-butyl
alcohol (89 mg, 1.2 mmol). A THF (2 ml) solution of testos-
terone (388 mg, 1.0 mmol) was then added, and the mixture
was treated with a THF (4 ml) solution 1,1’-(azodicarbonyl)-
dipiperidine (302 mg, 1.2 mmol). After the usual work-up,
the desired 4-androsten-3,17-dione (374 mg, 969,) was isolated
by preparative thin layer chromatography (silica gel).

NMR(CDCIg) 6 0.93 (s, 3H), 1.23 (s, 3H), 5.72 (s, 1H);
IR 1660, 1740 cm™!, mp 170—171°C (lit, 169—170 °C"
Found: C, 79.42; H, 9.30%. Calcd for C;yH,,0,: C, 79.68;
H, 9.15%.

References

1) K. Saigo, A. Morikawa, and T. Mukaiyama, Chem.
Lett., 1975, 145.

2) K. Saigo, A. Morikawa, and T. Mukaiyama, Bull.
Chem. Soc. Jpn., 49, 1656 (1976).

3) T. Mukaiyama, M. Tsunoda, and K. Saigo, Chem.
Lett., 1975, 691.

4) T. Mukaiyama, K. Takahashi, and I. Kuwajima, Bull.
Chem. Soc., Jpn., 41, 1491 (1968).

5) Found: G, 79.36; H, 9.829%,. Calcd for C;,H,50,: C,
79.12; H, 9.79%. Melting point and NMR spectrum agree

Koichi NarAsakA, Anri MorikAwa, Kazuhiko Satco, and Teruaki Mukatyama

[Vol. 50, No. 10

with these in literature. Gf. J. E. Bridgeman, P. C. Cherry,
A.S. Clegg, J. M. Evans, E. R. H. Jones, A. Kasal, V. Kumar,
G. D. Meakins, Y. Morisawa, E. E. Richards, and P. D.
Woodgate, J. Chem. Soc., C, 1970, 250; H. Nakata, Tetrahedron,
19, 1959 (1963).

6) F. Yoneda, K. Suzuki, and Y. Nitta, J. Am. Chem. Soc.,
88, 2328 (1966).

7) R. C. Cookson, I. D. R. Stevens, and C. T. Watts,
J. Chem. Soc., Chem. Commun., 1966, 744.

8) J. C. Collins, W. W. Hess, and F. J. Frank, Tetrahedron
Lett., 1968, 3363.

9) K. Bowden, I. M. Heilbron, E. R. H. Jones, and B. C.
L. Weedon, J. Chem. Soc., 1946, 39; A. Bowers, J. G. Halsall,
E. R. H. Jones, and A. J. Lemin, ¢bid., 1953, 2548.

10) K. E. Pfizner and J. G. Moffatt, J. Am. Chem. Soc., 87,
5661 (1965); A. H. Fenselau and J. G. Moffatt, ibid., 88, 1762
(1966).

11) E. J. Corey and C. U. Kim, J. Am. Chem. Soc., 94,
7586 (1972); Tetrahedron Leit., 1973, 919.

12) R. N. McDonald, R. N. Steppel, and J. E. Dorsey,
Org. Synth., 50, 15 (1970); N. N. Schwartz and J. H.
Blumbergs, J. Org. Chem., 29, 1976 (1964).

13) K. H. Pausacker, J. Chem. Soc., 1953, 107.

14) E. E. Smissman and A. Makriyannis, J. Org. Chem.,
38, 1652 (1973).

15) R. C. Brandon, J. M. Derfer, and C. D. Boord, J. 4m.
Chem. Soc., 72, 2120 (1950).






