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ABSTRACT

Synthesis of substituted phenanthridinones and dibenzoazepinones has been realized from 2-halo-benzamides in the presence of potassium tert-
butoxide and a catalytic amount of 1,10-phenanthroline or AIBN. This new carbon�carbon bond forming reaction gives direct access to various
biaryl lactams containing six- and seven-membered rings chemoselectively. Carbon�carbon coupling seems to proceed by the generation of a
radical in the amide ring which leads to C�H arylation of aniline.

The search for a novel method to construct biaryls is a
topic of current interest in academia. Although the Pd-
catalyzed carbon�carbon coupling reaction is one of the
most reliable methods for synthesizing biaryls, consider-
able effort is being made to develop palladium-free ap-
proaches for the synthesis of biaryls due to a substantial
increase in the price of palladium over the past five years.
Among these palladium-free approaches, the catalytic
system using less expensive metals like Cu, Fe, Co, and
Ni or bases such asMOtBu (M=Na,K)/ligandmediated
C�C coupling via C�H arylation of arenes, has attracted
considerable interest for the construction of biaryls.

Recently potassium tert-butoxide mediated inter- and
intramolecular arylation of various substituted arenes
has been reported.1,2 For the first time, here we report a
potassium tert-butoxide mediated intramolecular carbon�
carbon coupling reaction through C�H arylation of
an aniline ring for the synthesis of biologically active
phenanthridinones and related lactams. By using this alter-
native chemical reaction, six-membered phenanthridinone
and seven-membered dibenzoazepinone biaryl lactams
can be generated under mild reaction conditions from
2-halo-benzamide substrates using potassium tert-butoxide
and a catalytic amount of 1,10-phenanthroline or azoiso-
butylonitrile (AIBN) eq 1.
Biaryl lactams are privileged cores present in many

alkaloids and pharmaceutically relevant organic mole-
cules.3,4 Earlier reported synthetic protocols involve a
multistep strategy for the construction of phenathridi-
nones and related lactams. Palladium-catalyzed biaryl
coupling is one of the key steps in the construction of
phenanthridinones.5�8 Recently a palladium-catalyzed
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one pot synthetic strategy was realized from N-methox-
ybenzamides and aryl iodide/arene coupling partners.7c,d

Charette et al. have reported an example of N-benzyl
phenanthridinone from a N-methyl-N-(2-iodophenyl)-
benzamide substrate.2c Nonetheless, these one pot proto-
cols have been reported only for the synthesis of six-
membered biaryl lactams.5�7 Moreover, deprotection of
N�R (R = benzyl, methoxy) to N�H is required after
biaryl coupling in most of these methodologies.3b,5a,5b,8c,8d

Recently,wehave developed a copper catalyzed Se/S�N
bond forming reaction from 2-halo-benzamides and sele-
nium/sulfur powder.9 Serendipitously, formation of phe-
nanthridinone 1 is observed while attempting the isolation
of a copper�amide complex. It is worth noting that the
formation of 1 occurred even without the addition of
copper. In continuation of our work on coupling reactions
using 2-halo-arylamide substrates, here, we disclose a
new KOtBu mediated C�C coupling reaction in 2-halo-
benzamides.
Optimization of reaction conditions is briefly summar-

ized inTable 1.The yield of coupledproduct1wasvery low
when the reaction was carried out in DMSO and DMF
despite the complete conversion of the substrate. The
reaction gave better a yield of phenanthridinone 1 from
2-iodo-N-phenylbenzamide in solvents such as benzene,
xylene, and mesitylene (Table 1, entriy 2). Various bases
such as K2CO3, KOH, NaOH, and nBuLi were also
screened for the optimization of reaction conditions, but
KOtBu was found to be a better base for the promotion
of coupling reactions. Next, ligands such as TMEDA,

DMEDA, ethylenediamine (ene), and 1,10-phenanthro-
line were screened in the reaction (entries 6�8, Table 1).
In the presence of TMEDA, DMEDA, pyridine, and ene,
the reaction was sluggish and a poor yield of the coupled
product was obtained. 1,10-Phenanthroline provides a
90%yield of coupled product.KOtBualone is not effective
for the C�C coupling, as only 35%of product was formed
in 24 h and 60% of the unreacted substrate was recovered
from the reaction. When 0.2 equiv of a radical initiator,
AIBN, was employed, the coupled product was obtained
in excellent yield (Table 1, entry 5).
After extensive screening, we chose KOtBu (5�7 equiv)

and 1,10-phenathroline (20mol%) orAIBN (0.2 eqiv) and
benzene/mesitylene as a solvent to study the substrate
scope and limitation of the reaction. Synthesized phenan-
thridinones and related lactams are presented in Table 2.
Phenanthridinone 1 was obtained in 96%, 70%, and 49%
yield from 2-iodo-, 2-bromo-, and 2-chloro-benzamides,
respectively. Substrates with an electron-withdrawing
fluoride, difluoride, chloride, bromide or the donating
groupmethyl, methoxy, and dimethoxy on either aryl ring
were tolerated under our reaction conditions (entries 2�8,
Table 2). Further, the scope of the reaction extended to
different aryl substrates. Naphthalene and thiophene
based 2-halo-arylamide substrates were successfully uti-
lized to form coupled products 9�10 and 28 under opti-
mized reaction conditions. Pyridine as anamidic ring failed
to undergo a C�C coupling reaction. Instead, hydroxyla-
tion of 2-bromo-N-phenyl-nicotinamide was observed (see
Supporting Information, pp S31�32). However, pyridine
as an amine ring coupled to form desired product 29 in
good yield (Table 3 entry 13). After studying the synthesis
of six-membered phenanthridinones 1�10 and 18�29

(vide infra), we turned our attention to seven-membered
dibenzoazepinones. Worthy of note, 2-(2-iodophenyl)-N-
phenylacetamide substrates underwent a C�C coupling

Table 1. Optimization of Reaction Conditionsa

entry M/ligand solvent t (h)

subs.

conv. (%) 1 (%)

1 CuI/Lb DMF 24 100 20

2 CuI/L benzene 14 100 45

3 �/L benzene 14 97 90c

4 �/L/AIBNd benzene 7 100 96

5 �/AIBNd benzene 6 100 96

6 �/TMEDA benzene 24 40 20

7 �/pyridine benzene 24 10 <10

8 �/ene benzene 24 <5 trace

aReaction was carried out at a 1 mmol scale using 5 equiv of KOtBu.
L = 1,10-phenanthroline. b 20 mol % of CuI/L was used. cTrace of
decoupled product was observed. d 0.2 equiv of AIBN was used.
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reaction chemoselectively to form seven-membered diben-
zoazepinones (11�17) under our reaction conditions,
despite the possibility of a C�N coupling reaction.
From our literature survey, it seems that synthesis of
seven-membered dibenzoazepinones involved multisteps
including Pd-catalyzed biaryl coupling as one of the
key steps.8 Moreover, present multistep methods have
only been applied to the synthesis of dibenzoazepinones
with unsubstituted aniline rings.8a,c,e Under our reaction
conditions, several seven-membered dibenzoazepinones

with a substituted aniline ring were obtained in one pot
(entries 11�17, Table 2).
Variation of the substitution in the aniline ring is

documented in Table 3 to study the regioselective outcome
in the coupling reaction. Substrates with an ortho-substi-
tuted aniline ring gave a 5-exo regioisomer as the major
product (entries 1�3, Table 3). Substrates with a meta-
substituted aniline ring produced 5-exo and 6-exo/endo
regioisomers in a 1:1 ratio. It seems that the selectivity is
not influenced by the nature of the substituent at the meta
position, as the ratio remains unchanged in the presence of
an electron-withdrawing F and a donating methoxy sub-
stituent. Interestingly substrates with electron-withdraw-
ing substituents in the aniline ring at the para position
gave the 6-exo/endoproduct exclusivelywhereas substrates
with electron-donating �CH3 and �OCH3 substituents
gave both regioisomers (entries 6�10, Table 3). N-1-
Naphthyl and N-2-pyridyl substrates gave 5-exo and
6-exo/endo regioisomers in 9.5:1 and 5.1:1 ratios, respec-
tively. In the case of seven-membered analogues 11�17

only one regioisomer was observed regardless of the posi-
tion and the nature of the substituent in the aniline ring
(entries 12�17, Table 2). The regiochemistry of seven-
membered dibenzoazepinone 12 was also established by

Table 2. KOtBu-Mediated Synthesis of Biaryl Lactams

aYield obtained using 1 mmol of substrate, 0.2 equiv of AIBN or
1,10-phenanthroline, and 5�7 equiv ofKOtBu. AIBNand 1,10-phenan-
throline were used for compounds 1�10 and 11�18, respectively.
Structures of 12�17 were predicted based on a crystal structure study.

Table 3. Regioselective Cyclization on Substituted Aniline

aYield obtained using 1,10-phenanthroline (20 mol %) and KOtBu
(5�7 equiv). bRatio of isomers was determine by 1H NMR. c Isomers
were identified by comparison with reported data and 1D NOE experi-
ments on 22, 25, 26a, and 26b. dBoth isomers separated. eRatio and yield
were obtained by using AIBN and KOtBu.
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single crystal X-ray studies (see Figure S5 in the Support-
ing Information).
As the position of the substituent in the aniline ring

remains unchanged in the substrates and seven-membered
biaryl lactams (entries 12�17, Table 2), it seems that
formation of a seven-membered ring occurred by 7-exo/
endo-trig radical cyclization.
A possible reaction mechanism is depicted in Scheme 1

for theKOtBu-mediatedC�C coupling reaction in 2-halo-
benzamides. Carbon�carbon coupling occurred smoothly
in the presence of radical initiator AIBN, and the presence
of radical was also confirmed by EPR spectroscopy in the
reaction mixture (please see Supporting Information for
EPR experiment). In conclusion, we believe that this is a
radical pathway by which C�H arylation of the aniline
ring occurrs.1g,2c,10 The first step seems to be deprotona-
tionofN�HbyKOtBu leading to intermediate I as studied
by 1H NMR. The next step could be the generation of
radical II by KOtBu to initiate the radical process.
To gain insight into the generation of the radical step,

whether the radical is generated in the aniline or amide
ring, a control experiment was carried out between 2-iodo-
benzamide and iodobenzene vs benzene (eq 2, Scheme 2).
Only one cross-coupled product, 30, was observed and
arylation of the aniline ring was not detected, thereby
suggesting the generation of the radical in the amide ring
as presented in Scheme 2.
Generated carbon centered radical II in an amide ring

seems to be stabilized by the �C(O)NH functionality
leading to intermediate III. The 2-iodo-N-methyl-N-
phenylbenzamide substrate lacking the N�H proton gave

only 28%of theN-methyl analogue of 1 and the rest of the
substrate converted into the decoupled product under
optimized reaction conditions (please see Supporting In-
formation for control experiment, p S34). Therefore it is
reasonable to assume that the presence of N�H is crucial
for the complete conversion of the substrate into the C�C
coupled product. Radical II could attack on the aniline
ring in an 6-exo/endo-trig or 5-exo-trig fashion leading to
intermediates IV and VI respectively. Ring expansion in
the intermediate IVwould give the more stable hexadienyl
radical V. Intermediates V and VI could be deprotonated
in the presence ofKOtBu leading to anion radicalsVII and
VIII, respectively.10 In the last step, these radical anions
would undergo electron transferwith intermediate I to give
respective products, KI, and new radical II, thus continu-
ing the radical chain with concomitant release of the
product.
In summary, we have developed a simple palladium-free

approach for the synthesis of phenanthridinone and re-
lated biaryl lactams from readily available 2-halo-benza-
mides. The use of KOtBu and a catalytic amount of
1,10-phenanthroline or AIBN is enough to obtain a high
yield of the coupled product by the C�H arylation of the
aniline ring.Most importantly, a onepot synthesis of seven-
membered dibenzoazepinones from 2-halo-arylamides of-
fers a unique process to traditional Pd-catalyzed reactions.
Studies for a further understanding of this reaction and
its application for the synthesis of other classes of organic
molecules are underway in our laboratory.
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