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A novel and efficient methodology for the synthesis of 6H-
benzo[c]chromenes, 6H-benzo[c]lchromen-6-ones, carbazoles,
dibenzofurans, dibenzooxepins has been developed. The reaction
goes through intramolecular O-/N- arylations with spZC-Br bonds
via typical SyAr pathway in presence of potassium-tert-butoxide

base.

Transition metal catalyzed cross coupling reactions to construct
carbon-carbon and carbon-heteroatom bonds are the most
powerful tool in modern organic synthesis.1 The frequently used
transition metal catalysts are based on Pd or Cu and recently Fe, Ru,
Rh, Co, Ni, Pt, Ag and Au mediated methodologies have also been
developed.l'2 In spite of the remarkable advances in last few
decades, some drawbacks remained such as high catalyst loading,
expensiveness of metal catalysts with sophisticated ligands and
product purification problem. Thus the development of transition
metal free protocols for the formation of ‘cross-coupling products’
is highly desirable. Recently few groups reported the transition
metal free process for the C-H arylations to construct biaryl
frameworks.>

In late 2008, Itami and co-workers first reported the potassium tert-
butoxide promoted biaryl coupling of electron deficient nitrogen
heterocycles and haloarenes in absence of transition metal
catalysts.4 After that few other groups also reported the similar
type of phenomena in presence or absence of diamine Iigands.5
Recently, Shi research group has reported the KO'Bu promoted
synthesis of fused rings via intramolecular cross coupling reaction
(scheme 1). However, it has some limitations such as (i) the
methodology was not suitable for the substrates having
unprotected amine groups, (ii) it gave good yields of 6H-
benzo[c]chromenes but 6H-benzo[c]chromen-6-one was not
formed at all.® However, such KO'Bu promoted protocols mainly
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focused on the formation of carbon-carbon bonds and now we a
reporting a carbon-O/N bond formation protocol. There are some
reports in literature for the carbon-O/N bond formation in presen--
of KO'Bu along with different transition metal catalysts7. Herein, we
are reporting a KO'Bu promoted methodology for the synthesis of
oxygen and nitrogen containing fused heterocycles vic
intramolecular O-/N-arylations (Scheme 1) in absence of anv
transition metal catalyst.

u previous work
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Scheme 1: Literature reports and present work.

present work

KO'Bu, DMSO

heat

Y = CH,OH, COOH, NH,

Benzochromens® and carbazoles® are important classes of organic
compounds present in numerous natural products and bioactive
molecules. Considering the importance of these molecules, various
methodologies have been reported in literature for their synthesis
but most of them are associated with different transition metal

10,11
catalysts.

To the best of our knowledge, we are the first
reporting potassium tert-butoxide promoted synthesis of 6H-
benzo[c]chromens, 6H-benzo[c]chromen-6-ones and carbazoles

absence of transition metal catalysts and ligands.

At first we had taken 1a as the model substrate to optimize t e
reaction conditions. When the substrate 1a was refluxed in benzen.
in presence of potassium tert-butoxide, it gave the desired produ-
6H-benzo[c]chromene in 76% yield. Then we had tried with oth r
solvents (Table 1, entries 1-5) and the best result was obtained with
DMSO in 82% of yield. On decreasing the reaction temperature o
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80 °C, the starting material remained unreacted even after 6h. Then
we used some other bases (Table 1, entries 7-10). However, no
product was obtained even in presence of strong base n-
butyllithium. These results imply that the base KO'Bu is crucial for
this transformation. We had carried out the reaction using 1,10-
phenanthroline as ligand but it was observed that the ligand has no
significant role for this reaction.

HO

Br

O~ i { )
temperature, time

la
Entry Solvent Base Temp.(°C) Time(h) Yield (%)
1 Benzene KO'Bu 100 3 76
2 Toluene KO'Bu 100 3 69
3 DMF  KO'Bu 100 3 73
4 DMSO  KO'Bu 100 3 82°
5 THF  KO'Bu 65 6 43
6 DMSO  KO'Bu 80 6 71
7 DMSO  K,COs 100 6 00
8 DMSO Na,CO; 100 6 00
9 DMSO  Et;N 100 6 00
10 THF  Buli 65 6 00
11 DMSO _ KO'Bu 100 3 80°

? Isolated yield; ® Standard reaction condition: the substrate 1a (0.3
mmol), KO'Bu (1.5 mmol), DMSO (3 mL), 100 °C, 3h; 10 mol% of

1,10-phenanthroline was used.

Table 2: Synthesis of 6H—benzo[c]chromenesa'b

HO
Br o}
DMSO, KO'Bu
. BT
100 °C, 3h
R> Rs Ry Rs

la-1i 2a-2i

Fo-d

2a,Y = 82% 2b, Y =86% MeO  o¢ Y =90%

2d. Y = 77% Me  2e, Y =83% 2f, Y =72%

ON 29, Y =21% 2h, Y = 81% 2i, Y = 84%

% Isolated vyield;
mmol), KO'Bu (1.5 mmol), DMSO (3 mL), 100 °C, 3h.
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Once we got the optimized reaction condition, we applied it on
different substrates to examine its versatility and the results ai~
summarized in Table 2. The electron rich substrates gave the
corresponding 6H-benzo[c]chromenes in good to excellent yields
(Table 2, entries 2a-2e) while the electron poor substrates ga.e
lower yields (Table 2, entries 2f-g). The yield of 2d is lower probably
due to the steric hindrance with the adjacent aryl ring. The yield of
2g is poor probably due to the decomposition of the nitro substrate
as no unreacted starting material was observed after completion of
the reaction.

After getting success in the synthesis of a series of 6H-
benzo[c]chromenes, we applied our methodology on the substrate
3a for the construction of 6H-benzo[c]chromen-6-ones and the
results are shown in Table 3. Similar to Table 2, the electron rich
substrates gave higher yields (Table 3, entries 4c-e) than electron
deficient substrate (entry 4b). The reaction temperature was high -
than that of Table 2 probably due to the lower nucleophilicity ~f
carboxylic group than alkoxide group. However, the overall yield o1
the reaction was good to excellent.

Table 3: Synthesis of 6H-benzo[c]chromen-6-onesa‘b

(0]
(0]
) O e )
l
130 °C, 3h

R, R3 Br Ry Rs
3a-h 4a-h

(0] O, (0]

(0] o} (0]
O~ =0~ =~
4a, Y = 80% 4b, Y =71% 4c, Y = 85%
MeO 0,

4d, Y = 86% 4e, Y o 4, Y = 82%
(0] (0]
o o
O~ O
4g9,Y = 77% 4h, Y =81%

? Isolated yield; ® Standard reaction conditions: the substrate (0.3
mmol), KO'Bu (1.5 mmol), DMSO (3 mL), 130 °C, 3h.

After successfully synthesizing different 6H-benzo[c]chromenes and
6H-benzo[c]cromen-6-ones, we applied our methodology on tt .
substrate 2’-bromo-biphenyl-2-amines for the synthesis = f
carbazoles (Table 4). Different carbazole derivatives were obtained
in good vyields where the substrate took longer time for t e
completion of the reaction. It was noticed that the electron ric.
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biaryl amine substrate gave lower yield (6c) than the electron poor
substrate (6b).

Table 4: Synthesis of carbazoles™

NH, H
7\
R\
5a-d 6a-d

70 o Ho do

6a, Yield = 87%

DMSO KO'Bu
130 °C, 12 h

6b, Yield = 91% 6c, Yield =82% 6d, Yield = 88%
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TEMPO (3 equiv.) the iodo-substrate gave lower yield probably due
to the formation of radical intermediate. Thus the reactivity order
with different halogens was F > | > Br, Cl. Although all the halogens
are effective for such transformations, the halogen other than
ortho-position remained intact throughout the reaction (Table 4,
entry 6b or Scheme 3, compound 10) and these results also exclude
both benzyne and radical pathways. From the above results we can
conclude that for the iodo substrate, a significant portion of the
reaction went through raical pathway and the other substrates
followed the typical SyAr mechanism.

Scheme 3: Control experiments

? Isolated vyield; ® Standard reaction conditions: the substrate (0.3
mmol), KO'Bu (1.5 mmol), DMSO (3 mL), 130 °C, 12h.

It is worth mentioning that the acyl protected aniline and phenol
precursors gave the corresponding deacylated followed by cyclized
product carbazole or dibenzofuran (Scheme 2) because of the
deacylation of amine or phenol in presence of strong base
potassium tert-butoxide at higher temperature.

Scheme 2: Deacylation and cyclization in presence of KO'Bu

Ac
N\Ac H

_DMSO, KO'Bu KO'Bu Q O

130 °C, 12 T130°C12h

Me
6a, Y =84 %
(o)
_DMSO, KO'Bu
130°C, 12 T130°C 12n
9,Y=86%

According to the literature reports, three types of mechanisms are
possible for such transformations such as (i) through benzyne
intermediate, (ii) radical pathway, or (iii) aromatic nucleophilic
substitution (SyAr) pathway. To gain the deeper mechanistic
understanding, we have done some controlled experiments
(scheme 3). The substrate 1a gave very trace amount of product 2a
in presence of strong base "BuLi in THF or DMSO solvent. Then we
did the reaction with the meta-chloro substituted substrate 10.
However, the starting material remained unreacted. These results
rule out the mechanism via the formation of benzyne intermediate.
When we performed the reaction in presence of radical scavenger,
the yield of the product was slightly reduced and this indicates that
a small portion of the reaction goes through the radical pathway.
Then we did the reaction with different halo substituted substrates
(Scheme 3, eq. 4) and we observed that for the fluoro substituted
substrate, the reaction was complete within 30 minutes. The Cl and
Br substituted substrates took almost similar time 3h and the iodo
substrate took 1h for completion of the reaction. In presence of

This journal is © The Royal Society of Chemistry 20xx

Q
n-BuLi
O O _ O O Y =trace eq. 1
THF or DMSO
2a

0-100°C

0
DMSO, KO'Bu(3)
St O v
100 °C, 3h
0
DMSO, KO'Bu(3
—> Q Y =80% eq. 3
TEMPO (3 equiv.)
100 °C, 3h
ﬁ

forX:F,t:30m|n,Y:85%
X=1,t=1h,Y =80%
X=1,t=1h,Y =58% in presence of TEMPO (3 eqv.)
X=Cl, Br,t=3h,Y =82%

x

DMSO, KO'Bu(3)

_ =

100 °C

eq. 4

laX

After studying the mechanistic details we tried to apply o
methodology for the synthesis of higher ring sized heterocycles ana
we successfully synthesized 5H-dibenzo oxepin in 73% of yield
(Scheme 4).

Scheme 4: Synthesis of dibenzo oxepin

(@]
V@ DMSO, KO'Bu @
O
@: 100 °C,3h o
Yield = 73% 13

Conclusions

In conclusion, we have developed a potassium tert-butoxi

promoted novel and efficient methodology for the synthesis of 6H-
benzo[c]chromenes, 6H-benzo[c]chromen-6-ones and carbazoles.
The methodology is also applicable for the synthesis of other fus: .
heterocycles such as dibenzofurans and dibenzooxepins. Ti >
reaction goes through intramolecular O-/N- arylations in 2’-
bromobiphenyl-2-methanol/carboxylic acid/amine via typical Sy r
mechanism. This methodology will be very much useful in organic
synthesis because of its transition metal free mild reactic 1
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conditions, easily synthesizable starting materials, intactness of
halogens other than ortho-positions and finally the good to
excellent yields of the reactions..
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