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A mild and highly chemoselective approach to oxidation of allylic, electron rich/deficient benzylic, and
heterocyclic alcohols employing catalytic quantities of K;[OsO,(OH)4] (3 mol %) and chloramine-T
(50 mol %) is described. The protocol offers short reaction times (25 min-2 h), controlled oxidation,
and tolerance to a variety of substrates. A systematic mechanistic study based on the LC-ESI-MS/MS
reveals the presence of imidotriooxoosmium species which further reacts with alcohol to give the oxi-

© 2013 Elsevier Ltd. All rights reserved.

One of the key transformations in organic synthesis is the
chemoselective oxidation of alcohols to corresponding carbonyl
compounds. Over the years numerous oxidation methods such as
TEMPO,' Swern,” Dess-Martin periodinane,® IBX,* MnO,,” etc., have
been reported. Precious metal catalysts such as Pd,® Ru,” Au,® and
Pt? have also been employed for the same, which generally involve
relatively large amounts of the catalyst and most of the time re-
sults in over oxidation. Despite many advances in the oxidation
methods, chemoselective oxidation of alcohols particularly allylic
and benzylic alcohols still remains challenging. To address this is-
sue several methods like DDQ/NaNO,,'° DDQ/(MnOAc)s,!! NBS/
thiourea,'? and vanadium complexes'® have been developed in re-
cent years. Osmium (VI), used routinely for dihydroxylation of ole-
fins,'* synthesis of triols from allyl alcohols,'”” and amino
hydroxylation with chloramine-T,'® has also been employed in
the oxidation of allylic alcohols by activating it with either quinu-
clidine and copper salts'” or DABCO.'® However, the reactions are
not chemoselective for allylic/benzylic alcohols and they use large
quantities of ligands and take long time to complete i.e., >24 h. We
reasoned that if quinuclidine or DABCO can be used as ligand for
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oxidation with K;[OsO,(OH),], a chloramine-T catalyzed process
could also be established. In this Letter, we report a highly chemo-
selective oxidation of allylic and benzylic alcohols catalyzed by Os
(VI) and chloramine T at rt in neutral reaction medium and in the
presence of air. The simplicity of the protocol, short reaction times
(25 min-2 h), tolerance to a variety of substrates specially electron
deficient benzyl alcohols, and controlled oxidation are some of the
added advantages over the existing methods.

Initial investigation of Os (VI) and chloramine-T catalyzed oxi-
dation was studied using benzyl alcohol as a model substrate to
establish the reaction parameters. The reaction of benzyl alcohol
in the presence of 10 mol % K,[0sO,(OH)4] and 0.5 equiv chlora-
mine-T in tBuOH:H,0 (1:1) for 45 min gave benzaldehyde in 96%
yields (Table 1, entry 1). To show the utility of the present reaction
system for the oxidation of alcohols we focussed our attention on
optimizing the reaction conditions by decreasing the loading of
expensive metal catalyst (Table 1). The lowering of catalyst,
K;[0s0O,(0H)4] from 10 to 3 mol %, did not significantly alter the
reaction yields, however, though inconsequential, there was a
slight increase in reaction times (Table 1, entries 2 and 3). Never-
theless, further decreasing the amount of catalyst to 1 mol % led
to a significant drop in the yields (63%) (Table 1, entry 4) with long-
er reaction time. Increasing the amount of chloramine-T from 0.5
to 2 equiv showed no significant effect on the yield or time (Table 1,
entries 5 and 6). Thus, catalyst loading of 3 mol % with 0.5 equiv of
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Table 1
Optimization of Os (VI) catalyzed oxidation

OH Ko[OsO5(0OH),] X0
Chloramine-T, Air

H,0 /'BUOH (1: 1)

Entry Os (VI)* (mol %) Ch-T® (equiv) Temp (°C) Time Yield (%)
1 10 0.5 It 45min 96
2 5 0.5 rt 50 min 93
3 3 0.5 It 1h 92
4 1 0.5 It 2h 63
5 1 1 rt 2h 67
6 1 2 It 2h 66
7 3 1 It 1h 94
8 3 0.5 0 12h <10
9 3 0.5 50 15h 70
10 3 0.5 100 1h 65
11 10 0 rt 12h NR
12 0 10 rt 12h NR

2 0s (VI) = K3[0sO»(0OH),].
b Ch-T = chloramine-T; NR = no reaction.

chloramine-T was found to be the condition of choice. The effect of
temperature variation on reaction was also monitored; both the in-
crease and decrease in the reaction temperature lead to the loss of
yields (Table 1, entries 8-10). To confirm the necessity of both the
components for reaction, we carried out the reaction of benzyl
alcohol alone in the presence of Os (VI) catalyst as well as chlora-
mine-T, which resulted in no product formation (Table 1, entries
11 and 12). Even increasing their loading and increasing reaction
times resulted in no product formation, thereby implying that both
the components are necessary for reaction to take place.

Using the optimized reaction conditions, the substrate scope of
the oxidation reaction was then examined (Table 2). The reaction
of cinnamyl alcohol and carbohydrate precursor, tri-O-benzyl-d-
glucal-3-ylmethanol gave the corresponding aldehydes in 92%
and 89% yields, respectively (Table 2 entries 1 and 2) without
formation of amino or di-hydroxylated side products. Next we
focused our attention toward oxidation of various substituted/
unsubstituted benzylic alcohols. The reaction of electron rich alco-
hols like 4-methoxy, 2,4-dimethoxy, and 2,4,6-trimethoxy benzyl
alcohols gave corresponding aldehydes in excellent yields and less
reaction times (Table 2, entries 3-5), as electron donating substit-
uents are known to activate the benzyl alcohols. Despite the fact
that electron withdrawing substituents are considered to be deac-
tivating groups in oxidation reaction, the reaction of p-nitro and
m-nitro benzyl alcohols to the corresponding aldehydes (Table 2,
entries 6, and 7) proceeded efficiently giving products in 79%
and 82% yields, respectively. It would be pertinent to mention that
electron deficient benzyl alcohols having nitro substituents have
been found inert to oxidation in some cases.?* The reaction of
p-chloro and p-bromo benzyl alcohols also gave corresponding
aldehydes in good quantities (Table 2 entries 8 and 9). Ortho
substituted benzyl alcohols (Table 2 entries 10-12) oxidized
slowly and gave lower yields as compared to meta and para substi-
tuted compounds, which may be possibly due to enhanced deacti-
vation of ring system at ortho position. The oxidation of
heterocyclic alcohols like 2-furfuryl methanol, 2-thiophenyl meth-
anol, and 3-thiophenyl methanol also proceeded smoothly to give
corresponding products in quantitative yields (Table 2 entries
13-15). The reaction can also be conveniently extended to bicyclic
system such as B-naphthyl alcohol (Table 2, entry 16) and second-
ary benzyl alcohol like 1-phenyl ethanol (Table 2, entry 17) to give
corresponding products in good yields. Non-allylic alcohols

Table 2
Oxidation of allylic/benzylic alcohols catalyzed by K»[0sO,(OH),] and chloramine-T
Entry  Substrate Product Time Yields (%)
N N
! ©/\/\OH ©/\/\O 100 min 92
(0] O
BnO | BnO |
. - (0] H
2 BnO" BnO' Z 120 min 89
OBn OH OBn
OH (]
’
3 (5 (5 45 min 90
OMe OMe
OH _O
OMe OMe
4 30 min 96
OMe OMe
OH _O
MeO. OMe MeO. OMe
5 25 min 99
OMe OMe
OH _0
6 (5 120 min 79
NO, NO,
7 /©\/OH /©\/O 120 min 82
O,N ON Z
OH _0
8 (‘El 120 min 88
Cl Cl
OH _0
9 EI;; 90 min 86
Br Br
OH (0]
2
10 Elgj/NOQ é/ NO, 120min 55
OH (0]
’
11 éﬁ (5/': 120 min 58
OH O
’
12 é}l é/@ 90min 61
HO (0]
\
13 _ _ 120min 78
0 0
HO O,
\
14 _ - 120min 80
S S
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Table 2 (continued)

Entry  Substrate Product Time Yields (%)
HO o=
15 h 7 120min 73
S S
OH o) i
16 60 min 83
OH o
17 ( ]/ ~ ( j/ ~ 120 min 91
OH (6]
18 é 24h 0
19 ©\/\ 24h 0
OH o
~N
0 /M/n\OH /\(\/)/n\o oan o

n=5,6,8 n=5,6,8

(Table 2 entries 18-20) were found inert to oxidation even up to
24 h, reinforcing the fact that the reaction is highly selective for
benzylic and allylic alcohols.

To check the chemoselectivity of our reaction system we stud-
ied the competitive oxidation of two different alcohols. First, the
oxidation of diols such as 1-(p-nitrophenyl)-propane-1,3-diol'®
(Eq. 1) containing a terminal primary hydroxyl group and 1-(4-
methoxyphenyl)butane-1,3-diol'? (Eq. 2) that resulted in the selec-
tive oxidation of secondary benzylic alcohol. Next we explored the
chemoselective oxidation of a mixture of benzyl alcohol and cyclo-
hexanol (Eq. 3) and 1-phenyl ethanol and 2-phenyl ethanol (Eq. 4)
resulting in complete oxidation of benzyl alcohol and 1-phenyl
ethanol, with no product formation from cyclohexanol and 2-phe-
nyl ethanol. A similar trend was observed with cinnamyl alcohol

0]

-2KOH 0
K,[0s0,(OH),] Ox43
-H,0 o
NaJr ’,\‘ g
Z9=0

H3CO\©\ o
@J H

miz 214.0 [M+H]*

miz 203.9 [M]*

(i) p-ansidine S
- —N
(i) NaBH, MeOH o O// %vm
LUS=
H o~ W\ ©
o)

HO
m/z 408.7 [M+H]*

miz 518.70 [M+H]*

Figure 1. Plausible mechanism of Os (VI) and chloramine-T catalyzed oxidation.

OH OH 7
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Chloramine-T (0.5 equiv)
Air, H,O/ 'BUOH (1: 1),2h OyN
OzN 80%
OH OH Q OH
K,[0sO,(OH),] (3mol%)
Chloramine-T (0.5 equiv) 2)
MeO Air, H,O/ 'BUOH (1: 1),2h MeO
93%
OH o4 Ox OH
K,[0sO,(OH),] (3mol%)
+ Chloramine-T (0.5 equiv) + @)
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20% 98%
OH o
©)\ K,[0sO,(OH),] (3mol%) (4)
+ " 0,
Chloramine-T (0.5 equiv) 92%

Air, H,0/ 'BUOH (1: 1),2h
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98%
0 o
BnO BnO |
BnO' OH Ko[050,(OH)q] (3mol%) BrO™ _0 6
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(o O
95%

and 1-undecanol (Eq. 5) and glucal derivative and cyclohexanol
(Eq. 6), where both the cinnamyl alcohol and glucal derivative gave
the corresponding aldehydes, whereas 1-undecanol and cyclohex-
anol remained unoxidized.

In an attempt to go through mechanistic insight, necessity of
each component was investigated by LC-ESI-MS/MS monitoring
of oxidation reaction of benzyl alcohol (Fig. 1). Initially,
K;[0sO, (OH)4] was added to t-BuOH:H,O (Table 1, entries 11
and 12), and stirred for two minutes followed by addition of
chloramine-T (m/z 203.9 [M—Na]~ at tzx10.18 min) and benzyl
alcohol. After stirring for ten minutes LC-ESI-MS/MS analysis
was performed. The reaction revealed the formation of imi-
dotriooxoosmium (VIII) (I) species indicated by m/z 408.70
[M+H]" at tg 11.84 min and also confirmed by daughter ion peak
of detosylated Os (VIII) complex at m/z 276.40 [M+Na]" at tg
6.86 min (Fig. 2). In the next step, benzyl alcohol undergoes
nucleophilic addition on osmium (VIII) center followed by intra-
molecular proton transfer from the hydroxyl group to nitrogen
confirmed by m/z 518.70 [M+H]" at tgz 4.52 min (II) and detosy-
lated daughter ion peak at mjz 362.70 [M+Na]" at tz 7.41 min
(Fig. 2). The rearrangement is followed by the exclusion of benz-
aldehyde and regeneration of active catalyst. Benzaldehyde
formed as final product was identified as N-benzyl anisidine
(m/z 214.0 [M+H]" at tg 4.28 min) by adding p-anisidine followed
by reduction with NaBH,4.
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Figure 2. LC-ESI-MS/MS analysis to investigate mechanism of oxidation of benzyl alcohol with K»[OsO2(OH)4] and chloramine-T after 10 min; LC spectra of active species (I)
in reaction mixture along with MS spectra for peak at tz 11.84 min and daughter ion peak at tz 6.86 min; active species (II) (formation of I from I) including MS spectra for

peak at tg 4.52 min and daughter ion peak at tg 7.41 min.

In conclusion, we have successfully developed a mild, efficient,
and highly chemoselective method for oxidation of allylic and
benzylic alcohols using a mixture of Os (VI) and chloramine-T in
catalytic amount. Thus, owing to its high selectivity, short reaction
times and, tolerability to a wide range of substrates, the method
should serve as a useful protocol for chemoselective oxidation in
a myriad multistep organic synthesis.
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