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Abstract

A silver catalyzed pyridine-directed acceptorless dehydrogenation of secondary

benzyl alcohols was developed. This general procedure delivers ketones with

high atom-economy and hydrogen was the sole byproduct. This dehydrogena-

tion reaction has a good functional group tolerance and high efficiency (up to

90% yield and 10,000/1 substrates-to-catalyst ratio).
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1 | INTRODUCTION

The dehydrogenation of alcohols to carbonyl compounds
is one of the most important reactions in organic chemis-
try, which also played an important role in industry.[1]

The classical procedure employed the use of stoichiometric
oxidants, which often produces large quantities of
wastes.[2] As an important alternative, transition-metal cat-
alyzed dehydrogenation in the presence of some accep-
tors[3] (aka transfer hydrogenation;[4] Scheme 1a) attracted
much attention for several decades. These hydrogen accep-
tors, however, were usually loaded in stoichiometric or
large excessive amounts, which may bring some negative
environmental effects. Obviously, both stoichiometric oxi-
dation and transfer hydrogenation have the drawback of
low atom-economy. Recently, transition-metal catalyzed

acceptorless dehydrogenation (CAD) has been well devel-
oped for its good atom economy, wherein hydrogen as the
sole byproduct.[5] Several VIII group transition metals
complexes such as iron,[6] rhodium,[7] ruthenium,[8] and
iridium,[9] etc. have been developed for the dehydrogena-
tion of alcohols to aldehydes or ketones (Scheme 1b).[10,11]

This CAD strategy also found wide applications in bio-
chemistry, material, and energy science, since it provided
a unique way to release hydrogen under mild conditions
from sustainable sources.[12]

Silver is an easily available transition metal, which
has often been used as stoichiometric oxidant.[13] The
dehydrogen oxidation of alcohols catalyzed by
nanoparticles supported silver have been developed,[14]

while the catalytic oxidation with homogeneous silver
has been rarely recorded. In 2014, a combination of
silver(I) and NHC (N-heterocyclic carbene) has been suc-
cessfully used for the catalytic aerobic oxidation ofXin Zhuang and Jing Tao contributed equally to this study.
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primary alcohol to aldehydes,[15] carboxylic acids could
also be achieved by silver catalyzed dihydrogen oxidation
of primary alcohols.[16] Li and co-workers reported the
silver-catalyzed aerobic oxidation of aldehydes to

carboxylic acids in 2015.[17] They also developed the
silver(I)-catalyzed aerobic cleavage of 1,2-diols to form
the corresponding ketones or carboxylic acids.[18] Silver
catalytic oxidation of alcohols to carbonyl compounds
in the presence of oxygen[19] and the oxidant-free alco-
hols dehydrogenation to aldehydes or ketones cata-
lyzed by hydrotalcite-supported silver nanoparticle
catalyst[14a] have been developed. Of note, no pre-
cedential examples of CAD of alcohols with homoge-
neous silver catalyst have been reported. Herein, we
developed a silver catalyzed anaerobic acceptorless
dehydrogenation of secondary alcohols to ketones with
high yields and release hydrogen as the sole side prod-
uct (Scheme 1c).

Initially, we selected (4-methoxyphenyl)(2-[pyridin-
2-yl]phenyl)methanol 1a[20] as the model substrate and
metallic silvers as the catalyst to optimize the reaction
conditions (Table 1). Some common silver(I) salts like
CF3CO2Ag, Ag2CO3, AgF, and AgNO3 were ineffective
for this catalytic dehydrogenation (see Supporting Infor-
mation). Encouragingly, the corresponding ketone 2a
was obtained with 77% yield when AgSbF6 was applied
(entry 1). Further improvement in the yield was observed
when AgPF6 and AgOTf were used (81%, entry 2, 3).
Finally, AgOTf was selected as the optimal catalyst since

SCHEME 1 The dehydrogenation of alcohols to carbonyl

compounds

TABLE 1 Optimization of reaction conditions in the Ag-catalyzed dehydrogenation of 1aa

Entry [Ag] x Solvent Yield (%)b

1 AgSbF6 20 DCM 77

2 AgPF6 20 DCM 81

3 AgOTf 20 DCM 81

4 AgOTf 20 PhMe NR

5 AgOTf 20 CHCl3 58

6 AgOTf 20 CH3CN 70

7 AgOTf 20 TBME 82

8 AgOTf 5 TBME 65

9 AgOTf 1 TBME 64

10 AgOTf 0.1 TBME 43

11 AgOTf 0.01 TBME 31

12 — — TBME Trace

13c AgOTf 20 TBME Trace

aThe reaction was carried out with 0.1 mmol of 1a, 20 mol% [Ag], and 50 mol% Lewis acid in 0.5 ml of solvent at 75�C for 24 hr.
bIsolated yield.
cThe reaction was carried out in the absence of Ti(Oi-Pr)4. TBME = Methyl tert-butyl ether.
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the lower cost. Then, the effect of solvent was tested.
No target product was detected when the dehydroge-
nation reaction was carried out in toluene (entry 4).
The model reaction in other polar solvents like CHCl3
and CH3CN delivered 58 and 70% yield, respectively
(entry 5–6). The highest yield of 82% was achieved in
TBME (entry 7).

Reducing the catalyst loading led to a lower yield
(entry 8–11), of the desire product. When 5 or 1 mol% of
the catalyst was used, the yields were 65 and 64%, respec-
tively (Table 1, entries 8 and 9). The catalyst loading
could be further lowered to 0.01 mol% (S/C = 10,000),
and the dehydrogenation went smoothly and delivered
the product with 31% yield (TON = 3,100) (Table 1,
entry 11). The control experiments indicated that both
silver and titanium were indispensable, since no 2a was
detected in the absence of sliver or titanium (Table 1,
entries 12 and 13).

With the optimal reaction in hands, we next investi-
gated the scope and limitation of diaryl methanols for
this silver CAD (Scheme 2). We then tested the substi-
tutes with electron-donating, electron-neutral, and the
electron-withdrawing groups in place of the para-
methoxyl of the phenyl group (Scheme 2,2b–e). All of
them reacted smoothly to afford the desire ketones. The
substrates bearing electron-donating group gave a higher
yield than those with electron-neutral and electron-
withdrawing groups (82 and 90% vs 54–64%). The ortho
chloro (1f) or methoxy (1h) substituted substrates deliver
the corresponding ketones (2f and 2g) with lower yields.
However, a high yield of 85% was achieved with ortho
methyl substituent (2h). CH3 (2i) and OCH3 (2j) groups
in the meta position were well-tolerated, and the yields
were 80 and 86%, respectively. The substrates with
electron-neutral aromatic groups such as 1-naphthyl and
2-naphthyl, also went smoothly to afford 2k and 2l in
moderate yields. The aryl groups of the diaryl methanols
could also tolerate multiple substituents (2m and 2n).

Besides, the aryl alkyl methanols like 1-(2-[pyridin-
2-yl]phenyl)propan-1-ol (1o) and 1-(2-[pyridin-2-yl]phe-
nyl)butan-1-ol (1p) could also undergo dehydrogenation
under the optimal reaction condition, furnishing
corresponding ketones 63 and 46% yields, respectively.

Further evaluation of the scope of pyridine directed
diaryl methanols to this silver CAD revealed that a vari-
ety of substituted 2-(pyridin-2-yl)phenyl groups could be
tolerated, affording the corresponding diaryl ketones in
moderate to good yields. 2-(Pyridin-2-yl)phenyl groups
bearing electron-withdrawing groups, such as 5-Cl (2r),
5-Br (2s), 5-OCF3 (2t), and 3-F (2v) or electron-donating
groups, such as 5–CH3 (2q) and 4-Me (2u) were subjected
to the dehydrogenation, and proceed smoothly. Surpris-
ingly, when the substitutes were on the 6-position of

2-(pyridin-2-yl)phenyl groups, neither the electron-
withdrawing nor the electron-donating groups can realize
in this transformation, probably because of steric hin-
drance (not shown in Scheme 2). Use of diaryl methanol
with pyridine-2-yl group bearing a methyl substituent

SCHEME 2 The scope of diaryl methanols
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(1w) showed good yield. Benzo[h]quinolin-10-yl(phenyl)
methanol (1x) was tested, and the desired product 2x was
obtained in 70% yield. By contrast, the substrates without
any nitrogen-containing directing groups (1y-1ab) were
submitted to the standard reaction conditions, no desire
products were achieved, which indicated that the
directing groups were indispensable.

To further demonstrate the potential and the practi-
cality of this silver-catalyzed dehydrogenation, a gram-
scale reaction was performed. When the reaction was
conducted at 4.0 mmol (1.16 g), diaryl methanone 2a
could be prepared in 58% yield with 1 mol% of silver cata-
lyst (Scheme 3).

2 | CONCLUSIONS

In summary, we have developed a novel catalytic accept-
orless dehydrogenation of secondary alcohols catalyzed
by silver under mild reaction conditions. High atom-
efficiency was observed considering that hydrogen is the
sole byproduct in this reaction. A wide range of aryl pyri-
dinyl methanols was tolerated and the corresponding
ketones were achieved with moderate to good yields.
Study of the sliver-CAD with traceless directing groups is
in progress and will be reported in due course.
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