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1. Introduction

Green chemistry has become a major field of interest for the
community of chemists trying to overcome the challenges of the
environmental legislation, which is coming into effect all over
the world1 and has encouraged the development of cleaner chem-
ical processes and new technologies.2 Most chemical reactions that
contribute adversely toward the environment are multi-step reac-
tions which (a) involve protection and deprotection steps, (b) use
hazardous solvents and stoichiometric reagents, and (c) lack
atom-economy and effective energy source.3 To overcome these
problems concerted efforts have been made for the development
of efficient methodologies. A number of reports have appeared in
the literature where water has been used as solvent, microwave
irradiation as alternative energy resource, and metal-catalyzed
coupling reactions as convenient one-step methods for assembling
complex structures.4 Among them, palladium-catalyzed Suzuki–
Miyaura coupling reaction of aryl halides with aryl boronic acids
is a powerful tool for the synthesis of biaryl derivatives,5 which
are found in a range of pharmaceuticals, herbicides, and natural
products.6 In a recent communication we have disclosed the syn-
thesis of biaryl derivatives of fused tricyclic oxa-aza-quinolones
applying the basics of Suzuki–Miyaura reaction using basic
alumina as solid support.7 However, this methodology has some
limitations: debromination occurred when it was applied to more
ll rights reserved.
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complex systems. We were therefore compelled to find an alterna-
tive for basic alumina for the synthesis of biaryl derivatives of
fused pentacyclic quinolonoquinoxalino-oxazocines, which are
structurally similar to anti-carcinogenic pentacyclic heteroaromat-
ics8 and were recently synthesized by our group.9 In this Letter, we
wish to disclose the progression of overcoming the problem of
biarylation on complex systems such as pentacyclic quinolono-
quinoxalino-oxazocines.

At the outset, we chose 5,7-dibromoquinolonoquinoxalino-oxa-
zocine (1a) and p-methoxy phenyl boronic acid (2b) as model reac-
tion partners to evaluate the various catalytic conditions. It was
revealed from the systematic studies that the reactions catalyzed
by Pd(OAc)2/PPh3 in CH3CN using bases such as KF, K3PO4, and even
Cs2CO3 were ineffective, and only low yield was obtained with
Na2CO3. Similar reactions performed in solvents such as dioxane, tol-
uene, DCE, and DMSO under otherwise identical conditions were
also found to be totally ineffective, though in DMF low to moderate
yield was obtained. Next we attempted the reaction in DMF with
PdCl2/PPh3 or PdCl2(PPh3)2 as catalyst and Na2CO3 as base; this
yielded the desired biaryl product though with only 20–30% yield.
Interestingly, reaction using Na2CO3 and Pd(PPh3)4 produced mod-
erate yield (40–50%) of the product. We then explored our optimiza-
tion protocol with Pd(PPh3)4 in aqueous medium in presence of
different inorganic bases; moderate yield (60%) was obtained in
presence of Na2CO3 in 16 h (Table 1, entry 8). Taking into account
the efficacy of the catalytic system Pd(PPh3)4/H2O, the study was fur-
ther explored using an ion-exchange resin, as base. Since, in recent
years, ion-exchange resins have been increasingly utilized in differ-
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Table 1
Optimization of Suzuki–Miyaura cross-coupling reaction using dibromo-quinolonoquinoxalino-oxazocine (1a) and p-methoxy benzene boronic acid (2b) in aqueous mediuma

N

O N

N

O

Br

Br
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N

O
Pd(PPh3)4 (0.1 mol%)
Amberlite IRA-402(OH)

2b (2.2 eqv.), 90 °C, 10hr

OMe

MeO

1a

MeO B(OH)2

3b

Entry Base/resin Pd(PPh3)4 (mol %) Time (h) T (�C) Yieldb (%)

1 Cs2CO3 0.5 12 90 NR
2 Cs2CO3 1.0 16 120 NR
3 Cs2CO3 2.0 16 120 NR
4 KF 0.1 12 120 NR
5 KF 0.5 16 120 NR
6 KF 2.0 16 120 NR
7 Na2CO3 0.1 12 110 50
8 Na2CO3 0.5 16 120 60
9 Na2CO3 1.0 24 130 60
10 K3PO4 0.5 12 120 NRc

11 K3PO4 1.0 16 120 NR
12 K3PO4 2.0 16 130 NR
13 Amberlite IRA-402(OH) 0.5 12 80 90
14 Amberlite IRA-402(OH)d 0.5 10 90 95
15 Amberlite IRA-402(OH) 1.0 10 90 95
16 Amberlite IRA-402(OH) 0.1 10 90 95
17 Amberlite IRA-402(OH) 0.05 10 90 70

a All the studies were performed by using 1a and 2b under classical heating condition and in an inert atmosphere.
b Isolated yield.
c No reaction.
d Resin (400 mg) was found to be sufficient for quantitative yield of biaryl product; lesser amount resulted in low yield.

Figure 1. ORTEP representation of compound 3a, the displacement ellipsoid is
drawn at a probability of 50%.
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ent areas of organic synthesis including C–C coupling reactions such
as Heck and Sonogashira reaction.10 It is an inexpensive, commer-
cially available, environmentally compatible solid basic catalyst
used as reagent support and in chemical processing.11

To our satisfaction, the reaction catalyzed by Pd(PPh3)4 in H2O
at 90 �C in presence of Amberlite IRA 402(OH) proved to be the best
with respect to both the yield of the product and the reaction time
(Table 1, entries 14–16). It is notable that 0.1 mol % catalyst loading
was enough to produce almost quantitative yield; no significant ef-
fect on the yield of the product was observed on enhancement of
catalyst loading from 0.1 to 1 mol %. With an optimal set of cata-
lytic conditions thus selected, we then extended the Suzuki–Miya-
ura cross-coupling reaction of 1a/b with a number of aryl/
heteroaryl boronic acid derivatives (2a–j). This demonstrated that
the method constitutes an effective biarylation protocol with
85–96% yield (Table 2). Comparison of the coupling reactivity of
various aryl boronic acids, summarized in Table 2, indicates that
electron-donating substituents (–OMe, –Me) para to the boronic
acid could assist the reactivity and thus afford higher yield of biaryl
quinolones (Table 2, entries 2, 3, and 10) within 10–12 h. Similarly,
coupling of furan-2-boronic acid with 1a afforded the target prod-
uct in 92% yield in 12 h (Table 2, entry 6). Nitrogen and sulfur con-
taining heteroaryl boronic acids (thiophen-3-boronic acid and
pyridine-3-boronic acid) also showed high reactivity and assured
good to high yield (Table 2, entries 7 and 11). Naphthalene-1-boro-
nic acid gave the desired product in 85% yield (Table 2, entry 9),
while naphthalene-2-boronic acid furnished 95% yield under the
standard reaction conditions (Table 2, entry 8); the lower yield in
the former case may be due to steric hindrance offered by the fused
ring. All the products were characterized by their MS, 1H, and 13C
NMR spectroscopy.12 Single crystal X-ray crystallographic analysis
of biaryl derivative 3a was carried out for unambiguous determi-
nation of its structure (Fig. 1).
The plausible pathway of the reaction is outlined in Scheme 1. It
is presumed that the reaction is initiated with the Amberlite resin
(III) transforming the oxidative addition product II to produce the
intermediate V, while aryl boronic acid (2) gets converted to inter-
mediate VI. The migration of Ar1 from VI to V produces intermedi-
ate VIII with liberation of quaternary ammonium borate VII.



Table 2
Construction of biaryl quinolono quinoxaline motifs from dibromoquinolono quinoxaline (1a–b) and boronic acid (2a–i) substrates
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Pd(PPh3)4 (0.1 mol%)
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ArB(OH)2 (2.2 eqv.)

90 °C, 10hr

1a; R = H
1b; R = Me

3(a-i); R = H
3(j-k); R = Me

Entry Aryl bromide (1a–b) Boronic acid (2a–j) Producta (3a–k) Time (h) Yieldb (%)

1 1a
B(OH)2

2a

N

O N

N

O

3a

12 90

2 1a
B(OH)2MeO

2b
3b 10 95

3 1a
B(OH)2Me

2c
3c 10 92

4 1a
B(OH)2F

2d
3d 12 90

5 1a
B(OH)2Cl
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3e 12 85
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(continued on next page)
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Table 2 (continued)

Entry Aryl bromide (1a–b) Boronic acid (2a–j) Producta (3a–k) Time (h) Yieldb (%)

9 1a B(OH)2

2i

N

O N

N

O

3i

12 85

10 1b 2b

N

O N

N

O

Me

Me

MeO

OMe

3j

10 95

11 1b
S

B(OH)2

2j

N

O N

N

O

S

S Me

Me

3k

12 92

a All the new products were characterized by mass, 1H and 13C NMR spectral analysis.
b Isolated yield.
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Scheme 1. Mechanistic pathway for Amberlite IRA-402(OH) mediated Suzuki–Miyaura cross-coupling reaction.
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Quaternary ammonium salt IV then effects the conversion of VIII
[Pd(II)] to I [Pd(0)],13 stabilizing the palladium catalyst leading to
the acceleration of Suzuki reaction. In the absence of the resin
the reaction did not yield the desired product even after 24 h. Gen-
eralization of this methodology was then ensured by performing
reactions on simpler aryl bromides with different aryl boronic
acids and this also resulted in comparable yields.4d To the best of
our knowledge this is the first report of Amberlite IRA 402(OH)
mediated Suzuki–Miyaura cross-coupling reaction.

The reusability of the resin was then investigated because it
is very important for industrial and pharmaceutical applications.
After work-up of the reaction, the resin was recovered by simple
filtration, washing with ethanol followed by sodium hydroxide
solution, and drying at 80 �C under reduced pressure. Even after
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Figure 2. Reusability of the Amberlite IRA 402(OH) resin tested using 1a and 2b.
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consecutive five-time use of the resin, there is only a slight
decrease in the conversion (95–85%) of the biaryl products
(Fig. 2).

2. Conclusion

In summary, we have described a simple, convenient, and effi-
cient protocol for the preparation of biaryl quinolonoquinoxalino-
oxazocines from 5,7-dibromoquinolono quinoxalino-oxazocines
using Amberlite IRA 402(OH) ion-exchange resin. The attractiveness
of this protocol lies in the mild reaction conditions, greater selectiv-
ity, simplicity in operation, cleaner reaction profiles, and low cost
coupled with reusability of the resin. These make it an attractive
green process for the synthesis of biaryl heteroaromatics of biologi-
cal importance.
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