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Osmium tetroxide has been widely used for hydroxylation of
olefins, but has received little attention in the oxidation of
alcohols'. The kinetics of osmium tetroxide-catalysed oxid-
ation of primary and secondary hydroxy groups by different
co-oxidants in alkaline medium have been studied?. Ruth-
enium tetroxide is a highly effective oxidant for the conver-
sion of secondary alcohols into ketones and primary alcohols
into aldehydes and carboxylic acids, but it lacks selectivity?.

We have consequently undertaken a study on the oxidation
of alcohols with osmium tetroxide, in spite of its toxicity, (o

see if this reagent shows a behaviour different from that of
ruthenium tetroxide.
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Results obtained in the oxidation of 3f-cholestanol (1) by
means of osmium tetroxide in comparison with rutheniul_n
tetroxide are reported as a first example in this communi-
cation. The reaction was always performed in diethyl ether,
under mild conditions, and can be carried out in different

Table 1. Oxidation of 3 f-cholestanol (1) with Osmium Tetroxide in
Comparison with Ruthenium Tetroxide

Oxidant Environmental/ Molar Ratio Yield®

Conditions Alcohol/ [%]
Oxidant of 2
osmium tetroxide neutral 1/1 50
ruthenium tetroxide  neutral 1/1 493
osmium tetroxide acidic 11 80
ruthenium tetroxide  acidic 1/0.1 19°?
osmium tetroxide acidic 1/0.1 30
ruthenium tetroxide

neutral

1/0.1 303

* Yield of pure isolated product.

Table 2. Acid-Catalysed Oxidation of Alcohols with Osmium

Tetroxide
Alcohol Product Yield
[i)b] a
| 2 80°
@—cuz—ou @—CH=0 92¢
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HO” 0
H H
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" Yield of pure isolated product.

" Yields determined by column chromatography (silica gel, benzene

as cluent). The keto compounds were compared with authentic
samples.

Yields determined by G.L.C. C20M PEG 3%. 5m. 130°C.

¢ A 1/3 molar ratio alcohol/oxidant was used.

“ Dicthyl ether/pyridine 1/1 was used as solvent without acid
catalysis.

Yields determined by T.L.C. on silica gel plates 0.5 mm thick (cy-
clohexane/ethyl acetate/acetic acid 9/24/0.5 as eluent). Starting
maicrial 50 % was recovered.

¢
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ways: (A) homogeneous neutral environment, (B) non-
aqueous homogeneous acidic medium (the reaction under-
goes acid catalysis. The yields of oxidation product reach a
maximum at an equimolar ratio alcohol/acid and then de-
crease for higher acid concentrations*), (C) heterogeneous
acidic medium using catalytic amounts of osmium tetroxide.
In spite of the difficulties in separating the keto-derivative 2
from precipitated osmium oxide, good yields of cholestanone
have been obtained without overoxidation products being
formed (Table 1).

Hy¢ LM HyC CaHig

050, /
HaC diethy! ether HiC

HO 1 ¢ 1
N g

1 2

It is well known that an axial hydroxy group can be more
easily oxidized with usual reagents than the corresponding
equatorial one. This was further confirmed when the 3o-
cholestanol or ethyl cholate have been treated with osmium
tetroxide. In the first case, cholestanone has been obtained in
90 % yield while for the latter product only the 7-keto deriva-
tive (position 7 is more reactive) was isolated in a 30 % yield
at room temperature and in 70 % yield at 40 °C. Results are
summarized in Table 2, where the behaviour of osmium fetr-
oxide with other alcohols has also been reported.

It can be observed that osmium tetroxide is a highly effective
oxidant for the conversion of secondary alcohols into
ketones and of primary alcohols into aldehydes under homo-
geneous, mild conditions. The oxidation by osmium tetrox-
ide shows the same mechanism of the common hydride trans-
fer acid-catalysed reaction (well known for ruthenium te-
troxide and transition metal complexes), that involves a pair
of successive two electron transfer steps’. From the results

Table 4. Physical and Spectral Data for Compounds 3-10 (Table 3)

SYNTHESIS

reported above, it is possible to observe that osmium tetrox-
ide leads only to aldehydic derivatives in the oxidation of
primary hydroxy groups, while ruthenium tetroxide gives
also carboxylic compounds>.

Table 3. Selective Oxidation at Primary Carbon Atoms by Osmium

Tetroxide
Primary-secondary Hydroxyaldehyde Yield
diol [%]®
HsC, HaC ,
3 HyC \/\\ 4 HsC 50
HyC CH;—~0H HgC CH=0
HO™ T HOT T
ch CH,— H3C =
H,C 2O HaC CH=0
5 HyC 6 HyC 40°
HO HO
CH3 CH3
7 HOGCHZ-OH 8 HOGCH=O 30°
HsC_ OH HiC_ OH
CH2—0H CH=0
9 10 30°
CH; CH3

2 Yield of pure isolated product.

b Yields determined by column chromatography on silica gel (ben-
zene/ethyl acetate 8/2 as eluent). The §.R. and 'H-N.M.R. spectra
were in good agreement with those of authentic samples. Starting
material was recovered.

¢ The compounds were isolated by T.L.C. on silica gel plates
0.5 mm thick (benzene/ethyl acetate 9/1 as cluent).

'H-N.M.R. (CDCl,/TMS)

Com- m.p. Molecular Formula®  [a], L.R. (CHCly)
pound  [°C] or Lit. m.p. [°C] found  reported v[em 1] 5 [ppm]"®
3 170-171° 170-172°7 +37° +35°7 -
4 145-147° 146-149°8 +29 +28°% 3600 (br.); 0.64 (s, 3H, 13-CH,); 0.94 (s, 3H, 10-
2710, 1720 CH,); 4.05 (m, 1H, 3-H); 9.80(d. 1H,
J =2 Hz, —CH=0)
5 231-232° 231-232°° +26° +26°° - -
6 157-159° 158-160°° +117 +11°° 3400 (br); 0.70 (s, 3H, 13-CHj); 0.80 (s, 3H, 10-
2710, 1725 CH,); 1.00 (d, 3H, J = 6 Hz, 20-CH3):
3.60 (m, 1H, 3a-H); 9.60 (d, 1H, J
= 3.5 Hz, —CH=0)
7 oil® CgH, 0, 3500 (br)
(144.2)
8 oil C.H,,0, - 3500 (br); 0.6 (m, 1H); 0.75 (m, 1H); 1.15(s, 3H):
(142.2) 2715, 1720 1.45 (m, 1 H); 2.6-3.3 (m, 4H); 3.85 (m.
1H); 9.55 (s, 1H, —CH=0)
9 oil CioH200, 3600 (br) -
(172.2) ;
10 oil C,oH,50, 3600 (br); 0.85 (s, 3H); 1.1 (s, 3H); 1.3 (s, 3H)
(170.2) 2710, 1725 3.4-38 (m, 3H); 974 (s, 1H

* Satisfactory microanalyses obtained: C +0.20, H +0.10.
b Recorded on a Varian EM390 spectrometer.

—CH=0)

¢ This diol was obtained from 4-cthoxycarbonyl-3-methyl-2-cyclohexen-1-one by catalytic hydrogenation and subsequent lithium alum

inium hydride reduction of saturated product.

4 This diol was obtained from (-+)-methyl ¢is-pinonate as describe

d in Ref. .
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Furthermore we have examined if osmium tetroxide may
present a different reactivity towards the primary and sec-
ondary hydroxy groups in the primary and secondary diols
reporied in Table 3. It is worth noting that treatment of these
diols with osmium tetroxide always gives hydroxyaldehydes
arising from a selective oxidation at the primary carbon
atom. These results represent an interesting approach to the
problem of selective oxidation of alcohols since only a few
efficient methods for the preferential oxidation of primary
over secondary hydroxy groups can be found in literature®.

Oxidation of 3p-Cholestanol (1) by Osmium Tetroxide:

The solvent was found to be critical (use of anisole, diethyl ether, -
butanol, or tetrahydrofuran led to satisfactory yields of oxidation
product, but in dichloromethane, ethyl acetate, dimethyl sulfoxide.
or dioxan, little or no reaction occurred). Therefore, all reactions
described below were performed in dicthyl ether.

Method A, non-aqueous, homogencous, neutral environment: To a
solution of 3f-cholestanol (1; 0.5 mmol) in diethyl ether (5ml) is
added an ether solution (Sml) containing osmium tetroxide
(0.5 mmol) and the mixture is stirred for 30 h at room temperature.
Then an aqueous solution of sodium metabisulphite (0.5 mmol) is
added and stirring 1s continued for 1 h. The oxidation product 2 is
separated from precipitated osmium oxide by filtration on celite and
the ethercal dilute solution is washed until ncutrality and chroma-
tographed on silica gel (henzene as eluent). The first fractions give
cholestanone, which is compared with an authentic sample.
Method B, non-aqueous, homogeneous, acidic environment: The re-
action is carried as described above, but with the addition of an
equimolar quantity glacial acetic acid and then is worked-up as de-
scribed above.

Method C, heterogeneous, acidic medium with a catalytic amount of

osmium tetroxide: To 3f-cholestanol (1; 0.5 mmol) in dicthyl ether
(S ml) is added osmium tetroxide (0.05 mmol), glacial acetic acid
(0.5 mmol), and sodium chlorate (1.5 mmol) in water (1 ml). Work-
up as described above gives cholestanone; yicld: 30%. Starting
material (50 %) is also recovered.

Method D, larger-scale { 10 mmol) procedure: To 3f-cholestanol
(1; 3.9 g, 10 mmol) in diethyl ether (100 ml) is added an cthereal
solution containing osmium tetroxide (2.5 g, 10 mmol) and glacial
acetic acid (10 mmol). The mixture is stirred for 30 h at room temper-
ature. After addition of sodium metabisulphite (10 mmol), work-up
as described above gives a residue (3.7 g), which is crystallized from
acetone; yield: 3.0g (78%); m.p. 128-129°C (Ref..; m.p.
129--130°C).

Acid-Catalysed Oxidation of Alcohols by Osmium Tetroxide; General
Procedure:

One mmol of osmium tetroxide is employed for each hydroxy group
and the experimental conditions are as described for Methods A and
B above.

Received: January 31, 1984
(Revised form: April 16, 1984)

Address for correspondence.

B.E. Cross, K. Norton, J. Chem. Soc. [C] 1966, 501.
?].(H. Anand, G.D. Menghani, J. Indian Chem. Soc. 58, 374

981).
K.V. Uma, 8. M. Mayanna, J. Catal. 61, 165 (1980).
M. Prasada Rao, B. Sethuram, T. Navaneeth Rao, Curr. Sci. 48.
65 (1979).
H.S. Singh, V.P. Singh, D.P. Pande, Chem. Scr. 12, 166 (1977).
H.S. Singh, et al., J. Phys. Chem. 79, 1920 (1975).
D.G. Lee, M. Van den Engh, in: Oxidation in Organic Chemistry,
W. 1S’.7;Fr'¢1lr1anovsky Ed., Part B, Academic Press, New York, 1973,
p. 177.
D.G. Lee, L. Van den Engh, Can. J. Chem. 50, 2000 (1972).

(RS,

Communications 957

* D.G. Lee, U.A. Spitzer. J. Cleland, M.E. Olson, Can. J. Chem.
54, 2124 (1976).

& H. Tomioka, K. Takai, K. Oshima, H. Nozaki, Tetrahedron Lett.
22. 1605 (1981).
S. Kanemoto et al., Tetrahedron Lett. 24, 2185 (1983).

7 L.F Fiescr et al., J. Am. Chem. Soc. 74, 3309 (1952).

8 A.V.McIntosh, A.M. Searcy, E. M. Meinzer, R H. Levin, J. Am.
Chem. Soc. 71, 3317 (1949).

® M. Paglialunga Paradisi, G. Pagani Zecchini, Tetrahedron 37,971
(1981).

10 M. Paglialunga Paradisi, G. Pagani Zecchini, 1. Torrini, Terra-
hedron 39, 2709 (1983).

Downloaded by: Rutgers University. Copyrighted material.



