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ABSTRACT: A novel tandem oxidative conversion of
10,11-dihydro-5H-dibenzo[b,e][1,4]diazepines to phenazines
has been achieved under transition-metal-free, mild conditions
using K2S2O8 or DDQ as the oxidizing agent. The transforma-
tion proceeds through oxidative removal of a benzylic methylene
group by C−C and C−N bond cleavage followed by a new aryl
C−N bond formation under radical conditions.

Carbon−carbon or carbon−nitrogen bonds are omnipresent
in organic compounds. While the formation of these bonds

merits extensive discussion, the chemoselective cleavage of these
bonds is still a difficult objective. Although a handful of reports
are available for the oxidative cleavage of C−C1 and C−N2

bonds, harsh conditions and the use of expensive and toxic metals
in combination with oxidants have traditionally been required.
Despite the fact that cleavage of both C−C and C−N bonds in a
single synthetic operation could present a significant challenge,
the cleavage of these bonds have been successfully demonstrated
though limited to a few reports.3 The challenge would further
be exacerbated with a desire to form a new bond at the
expense incurred for the cleavage of two bonds (Scheme 1).

Unlike intermolecular reaction, cleavage of C−C andC−Nbonds
followed by formation of a new C−N bond in an intramolecular
strategy could account for net loss of a methylene unit. To achieve
this goal, the following points were taken into consideration: (a) a
judicious choice of substrate to demonstrate the proof-of-concept
and (b) choice of oxidant that could enable the transformation
under metal-free conditions. Nonetheless, the cleavage of C−C
and C−N bonds with the formation of a new C−N bond under
one set of conditions would be a formidable task.
Very recently, we have developed an expedient domino

synthesis of 10,11-dihydro-5H-dibenzo[b,e][1,4]diazepines that

are otherwise difficult to obtain by literature methods.4 The
methodology provided a workable access to various substituted
10,11-dihydro-5H-dibenzo[b,e][1,4]diazepines for a general
structure−activity relationship study. In this context, we had an
opportunity to demonstrate the proof-of-concept on 10,11-dihydro-
5H-dibenzo[b,e][1,4]diazepines containing a cyclic secondary
benzylamine moiety.
The cleavage of the CH2−N(aryl) bond in cyclic secondary

benzylamines is limited to a few reports (Scheme 2).5While direct
cleavage of CH2−C(aryl) bond is unprecedented, oxidation at
the benzylic position is reported to give imines,6 benzamides,7 or
nitrones,8 which on subsequent synthetic transformation could
cleave the CH2−C(aryl) bond. In particular, the oxidation
of 10,11-dihydro-5H-dibenzo[b,e][1,4]diazepines is limited to a
study only, wherein a few imines have been prepared by oxidation
with MnO2 under basic conditions.9 Removal of the benzylic
methylene unit in cyclic secondary benzylamines by cleavage of
both CH2−N(aryl) and CH2−C(aryl) bonds is yet to be reported.
We envisaged that oxidative removal of the benzylic methylene
unit by cleavage of C−C and C−N bonds in cyclic secondary
benzylamine, and subsequent new aryl C−N bond formation,
would give ample opportunities to synthesize demethylenated
heterocycles from substrates containing a cyclic secondary
benzylamine moiety.
Herein, we describe a novel oxidative conversion of 10,11-

dihydro-5H-dibenzo[b,e][1,4]diazepines to phenazines10 using
K2S2O8 or DDQ as the oxidizing agent under mild, metal-free
conditions. The conversion proceeds through a tandem process
involving oxidative removal of the benzylic methylene group by
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Scheme 1. Cleavage of TwoBonds and Subsequent Formation
of a New Bond

Letter

pubs.acs.org/OrgLett

© XXXX American Chemical Society A dx.doi.org/10.1021/ol501766m | Org. Lett. XXXX, XXX, XXX−XXX

pubs.acs.org/OrgLett


C−C and C−Nbond cleavage followed by a new aryl C−N bond
formation.
Unlike the oxidation of 1 and MnO2 under basic conditions,

9

the oxidation withMnO2 in acetonitrile under neutral conditions
did not give the expected imine 2, and an insignificant conversion
of 1 to product was observed (Table 1, entry 1). K2S2O8 is

a cheap, environmentally friendly powerful oxidant and has
been found useful for C−C or C−N bond cleavage.11 However,
oxidative cleavage of C−C or C−N bond in cyclic secondary
benzylamines using K2S2O8 is beyond our knowledge.

Treatment of dibenzodiazepine 1 with 1 equiv of K2S2O8 in
acetonitrile at room temperature did not give imine 2 or amide 3;
rather, phenazine 4 was isolated in 48% yield (entry 2). The
formation of 4 could be explained by oxidative removal of
the benzylic methylene unit followed by a new aryl C−N bond
formation. Nonetheless, the tandem oxidative conversion of
dibenzodiazepine 1 to phenazine 4 demonstrates a novel
synthetic application of secondary benzylamine oxidation by
K2S2O8. Further experimentation was carried out to optimize the
yield of phenazine 4. When 1 was treated with 2 equiv of K2S2O8
at room temperature, the yield of 4 was improved significantly
(85% yield, entry 3). At an elevated temperature (90 °C), the
progress of the reaction is faster and the reaction is complete
in 30 min with a comparable yield (90% yield) of phenazine 4
(entry 4). Noticeably, oxidation of 1 with 2 equiv of KHSO5

12

under similar conditions gave phenazine 4 only in 46% yield
(entry 5). DDQ13 demonstrated similar oxidizing efficiency as
that of K2S2O8, affording phenazine 4 in 88% yield (entry 6).
While Ag2O

14 is not effective for the conversion of 1 to 4, use
of a catalytic amount of AgOAc in the presence of K2S2O8

15

produced phenazine 4 in 87% yield (entries 7 and 8). Replacing
MeCN with other solvents was futile (entry 9). This experiment
indicated that the oxidation is very specific to the use of MeCN
as solvent. Anhydrous MeCN also gave the same result as that
of analytical reagent-grade MeCN (entry 10). The oxidation of
dibenzodiazepine 1 was ineffective when the reaction was carried
out in the presence of a free radical scavenger ascorbic acid or
BHT (3,5-di-tert-butyl-4-hydroxytoluene), which indicated that
the oxidation could occur under radical conditions (entry 11).
Eventfully, various substituted 10,11-dihydro-5H-dibenzo-

[b,e][1,4]diazepines 5−16,4 17, and 184 were found to undergo
oxidative conversion to phenazines 19−20, 21−22,10 23−25,
and 26−2910 (except 18) in good to excellent yields under the
optimized conditions as shown in Scheme 3. Notably, various
functional groups irrespective of their nature, whether electron-
donating or -withdrawing, were tolerated under the conditions.
For example, fluoro-, chloro-, trifluoromethyl-, ormethylenedioxy-
substituted dibenzodiazepines were converted to their corre-
sponding phenazines. More importantly, the neutral oxidation
condition makes this oxidative conversion useful, especially for the
substrates that bear an acid- or a base-sensitive functional group.
The functional groups such as cyano, ester, or ketone were found
compatible under the optimized condition. Interestingly, complete
regiocontrol was observed in the oxidation of dibenzodiazepines
16 and 17 to their corresponding phenazines.However, attempted
oxidation of N,N-dimethyldibenzodiazepine 18 to dihydrophena-
zine 30 was unsuccessful.
As DDQ demonstrated a similar oxidizing effect as that of

K2S2O8 in the optimization study, we investigated the substrate
scope for the DDQ oxidation and compared the oxidizing
efficiency with K2S2O8 (Scheme 4).While the oxidation efficiency
of DDQ was comparable in the synthesis of phenazines 22,10 25,
26,10and 2710 from their corresponding dibenzodiazepines,
reduced yields were observed in the synthesis of phenazines 20
and 24. In the latter cases, the formation of their corresponding
imines, as evidenced from their GC−MS data, may account for
the quantitative transformation of starting materials. Isolations
of the imines by silica column chromatography were successful,
but the imines degraded quickly before analytical data could be
collected.
The mechanism for the oxidative conversion of dibenzodia-

zepines to phenazines is unclear. However, the following me-
chanism is proposed on the basis of limited study to understand

Table 1. Optimization of K2S2O8 Oxidation of
Dibenzodiazepine 1 to Phenazine 4a

entry oxidant solvent temp (°C) yieldb (%)

1 MnO2 MeCN 25 0
2c K2S2O8 MeCN 25 48
3 K2S2O8 MeCN 25 85
4d K2S2O8 MeCN 90 90
5 KHSO5 MeCN 90 46
6 DDQ MeCN 90 88
7 Ag2O MeCN 90 0
8e K2S2O8 MeCN 90 87
9f K2S2O8 solvents 90 0
10 K2S2O8 anhyd MeCN 90 90
11g K2S2O8 MeCN 90 trace

aDibenzodiazepine 1 (0.25 mmol), oxidant (0.50 mmol), solvent
(4 mL, 160 mM), 25 °C, 6 h. bIsolated yield. cK2S2O8 (0.25 mmol).
d30 min. e20 mol % AgOAc. fOther solvents used: DCE, DMF,
THF, MeOH, CCl4, etc.

gIn the presence of a free-radical scavenger
(0.25 mmol) such as ascorbic acid or BHT.

Scheme 2. C−C and C−NBond Cleavage in Cyclic Secondary
Benzylamines
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the mechanism (Scheme 5). The dibenzodiazepine 10 could
be oxidized at the benzylic position to form imine 31.16 Addition
of H2SO4, generated in situ from K2S2O8 in the oxidation of
10 to 31, to the imine 31 by an ionic mechanism17 could form 32.
Abstraction of H• at the benzylic position in 32 could form a
more stable benzyl radical 33. Next, addition of sulfate radical
anion (SO4

•−) to 33 followed by cleavage of C−N bond in the
presence of acetonitrile would give an open-ring aminyl radical
36. Attack of aminyl radical 36 onto the arene ring could give a
resonance-stabilized aryl radical 38,17 which upon decarboxyla-
tion18 via β-elimination could give dihydrophenazine 39.
Subsequent oxidation of 39 could give phenazine 22.
Several experiments were carried out to gain insights into the

reaction mechanism. The evidence of the formation imine 31
came from the following experiments. First, a time course of the

reaction, performed at 40 °C, was obtained in the first few hours.
After 30 min, the GC−MS of the reaction showed the molecular
ion peak of imine 31 (see the Supporting Information). Second,
N,N-dimethyldibenzodiazepine 184 did not form compound 30,
which revealed that the oxidation at the benzylic position could
not form an imine. Finally, the formation of dibenzodiazepinone
35was not observed. Also, dibenzodiaepinone 3519 was converted
to phenazine 22 in low yield (22%, eq 1). These experiments
suggest that the reaction may proceed through the imine 31
excluding the formation of 35.

The formation of a product other than phenazine 22 was
observed after 2 h (see FT-IR study in the Supporting Information),
which was characterized as the acid 37 by HRMS data. Attempted
conversion of 37 to phenazine under the optimized condition
was not successful. Therefore, 37was obtained only after workup,
and the formation of 37 as intermediate in the reaction is unlikely.
In a crossover experiment involving two substrates 9 and 15
carried out under the optimized conditions, the formation of
only two phenazines 21 and 27 was observed; no other product
was observed. This experiment suggests that the intramolecular
C−N bond formation in aminyl radical (similar to 36) occurs
more rapidly than the intermolecular C−N bond formation.
The C−N bond formation would be energetically favorable than
abstraction of H• from the solvent.18c

Finally, the oxidation of 10 to 22 in the presence of a radical
scavenger was not successful. This fact supports that a free-radical
mechanism is likely be operative in this reaction.
In summary, a synthetically useful application of secondary

benzylamine oxidation is demonstrated in the tandem oxidative
conversion of 10,11-dihydro-5H-dibenzo[b,e][1,4]diazepines to
phenazines, which proceeds through C−C and C−N bond cleav-
age followed by a new C−N bond formation. More applications of

Scheme 3. Oxidation of Various Substituted
Dibenzodiazepines with K2S2O8 to the Synthesis of
Phenazines

Scheme 4. Oxidation of Dibenzodiazepines to Phenazines by
DDQ

Scheme 5. Proposed Mechanism for the Oxidation of
Dibenzodiazepine to Phenazine
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this novel protocol and study of a detailedmechanism are currently
underway.
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