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Synthesis of hitherto unreported 1-benzopyrano[3,2-c]quinolin-12-ones has been accomplished by a
ligand-free Pd-catalyzed intramolecular C–H arylation protocol at the C-2 position of a chromone moiety
in an Ugi product.
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Chromones, flavones, isoflavones, and the heterocycles derived
from them are widely distributed in nature1 and possess a broad
range of activities of pharmaceutical importance.2 Arylation of
chromone at the C-2 or C-3 position generates flavones or
isoflavones, respectively. Arylation at the C-3 position has been
accomplished using 3-halochromone and arylboronic acid or tri-
arylbismuth in the presence of a palladium catalyst.3 Alkenylation
or alkynylation has also been accomplished using 3-halochro-
mone.4 Recently 3-alkynylation has been achieved by C–H activa-
tion at the 3-position of the chromone ring.5 Although C-3
arylation or olefination has been well-studied, direct C-2 arylation
on the chromone ring is scarce in the literature.6 Pd-catalyzed 1,4-
addition of arylboronic acid has been achieved using Fe(OTf)3 as
Lewis acid. The addition product on subsequent oxidation by
DDQ and KNO2 led to the formation of 2-arylchromone.7

1-Benzopyranoquinolines possess versatile biological activities
depending on the nature of fusion between the chromone and
quinoline rings. 1-Benzopyrano[4,3-b]quinolines are antispas-
modic and antihistaminic,8 whereas 1-benzopyrano[3,4-f]quino-
line acts as a nonsteriodal human progesterone receptor (HPR)
agonist.9 Recently, a naphthopyrano[4,3-b]quinoline-based fluo-
rescent off–on probe has been established for bioimaging.10 Earlier
ll rights reserved.
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we have reported the synthesis of 1-benzopyrano[4,3-b]quino-
lines11 and 1-benzopyrano[2,3-b]quinolines12 and herein we re-
port a ligand-free Pd-catalyzed intramolecular C–H arylation at
the C-2 position of the chromone moiety for the synthesis of hith-
erto unreported 1-benzopyrano[3,2-c]quinolines of biological
interest.

The Ugi product (5)13 derived from a 3-formylchromone (1), a
2-haloaniline (2), an isocyanide (3), and a carboxylic acid (4) pro-
vides a privileged structure for the synthesis of polycyclic hetero-
cycles (Scheme 1). A close look at the a-arylaminoamides (5)
bearing a chromone and a-halophenyl moiety reveals that there
are two possible modes for Pd-catalyzed cyclization: (i) C–N cou-
pling between the o-halophenyl and the amide NH group14 to form
the ketopiperazine 7 or (ii) C–C coupling between the C-2 or C-3
position of the chromone ring and the o-halophenyl group. Consid-
ering all these possibilities a mixture of 5b (0.2 mmol), Pd(OAc)2

(10 mol %), K2CO3 (0.4 mmol), and Ph3P (20 mol %) was heated in
DMF (10 mL) at 100–110 �C under argon atmosphere for 2 h
(Scheme 1). After the usual work-up the reaction mixture pro-
duced 6b in 24% yield (Scheme 1) (Table 1, entry 1).

Enlightened by this selective cyclization, attempts were made
to improve the yield of 6. The intramolecular Heck reaction was
standardized using 5b as the substrate and varying the source of
palladium, base, and solvent. The effect of the ligand was also
tested (Table 1). PdCl2 was found to be a more effective catalyst
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Scheme 2. Mechanism for the formation of 6 from 5.

Table 2
Synthesis of Ugi product 5

Entry R1 in 1 2 3 R3 in 4 Product mp (�C) Yield (%)

1 H 2a 3a CH3 5a 188–190 98
2 CH3 2a 3a CH3 5b 232–234 94
3 CH3 2b 3a CH3 5c 212–214 80
4 CH3 2c 3a CH3 5d 224–226 79
5 H 2b 3b CH3 5e 212–214 75
6 H 2a 3b CH3 5f 206–208 94
7 CH3 2d 3a CH3 5g 176–178 90
8 CH3 2d 3b C2H5 5h 218–220 82
9 CH3 2a 3b CH3 5i 162–164 99

10 CH3 2a 3a C2H5 5j 224–226 71
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Scheme 1. Synthesis of 6.

Table 1
Optimization of reaction conditions for the synthesis of 6b from 5b

Entry Catalyst Base Solvent Ligand Additives 6b (%)

1 10% Pd(OAc)2 K2CO3 DMF Ph3P — 24
2 10% PdCl2 K2CO3 DMF Ph3P — 30
3 10% Pd(OAc)2 Cs2CO3 DMF Ph3P — 10
4 10% PdCl2 Cs2CO3 DMF Ph3P — 15
5 10% PdCl2 Et3N DMF Ph3P — 5
6 10% PdCl2 NaOAc DMF Ph3P — 14
7 10% PdCl2 KOAc DMF Ph3P — 40
8 10% PdCl2 KOAc CH3CN Ph3P — 20
9 10% PdCl2 KOAc Dioxan Ph3P — 15

10 10% PdCl2 KOAc PhCH3 Ph3P — 15
11 10% PdCl2 KOAc DMF dba — —
12 10% PdCl2 KOAc DMF Phen — 7
13 10% PdCl2 KOAc DMF — 54
14 15% PdCl2 KOAc DMF — 52
15 5% PdCl2 KOAc DMF — 25
16 10% PdCl2 KOAc DMF TBAB 35
17 10% PdCl2 KOAc DMF PA 30
18 10% Pd(OAc)2 KOAc DMF — 26

‘Phen’ stands for 9,10-phenanthroline; ‘dba’ for dibenzylideneacetone; ‘TBAB’ for
(nBu4N)Br; ‘PA’ for Pivalic acid.
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than Pd(OAc)2 (entries 1–4). Different bases such as K2CO3, Cs2CO3,
Et3N, NaOAc, and KOAc were tested and KOAc was found to be the
base of choice (entries 1–7). Among the solvents DMF, CH3CN,
dioxane, and toluene, DMF was the best solvent (entries 7–10).
Use of ligands showed a detrimental effect. A much better yield
was obtained without adding any ligand (entries 7 and 11–13).
Regarding catalyst loading, 10% PdCl2 was found to be the optimal
(entries 13–15). Additives like TBAB or pivalic acid lowered the
yield (entries 16 and 17). Use of Pd(OAc)2 in place of PdCl2 in the
absence of ligand lowered the yield of 6 markedly (entries 13
and 18). The detrimental effects of ligands, additive (pivalic acid),
or of using Pd(OAc)2 instead of PdCl2 may be due to steric crowding
across the palladium center in the intermediate 8 (Scheme 2).
Bulky groups attached to palladium hinder the achievement of
the required conformation for cyclization as shown in 8.

After finding the optimized reaction conditions15 (entry 13), the
scope of the reaction was explored using various substrates. The
versatility of substrate 5 arises from the four components utilized
in the Ugi reaction. Different o-haloanilines (2, Z = H, X = Cl, Br and
I) were used for the formation of 5, which was then employed for
the synthesis of 6. During the synthesis of 5a–j (Table 2), it was ob-
served that the yield of 5 was much better (94–99%) (entries 1, 2, 6,
and 9) using 2a as the amine component compared to that when
2b or 2c was used (entries 3–5), whereas changing the acid compo-
nent from acetic acid to propanoic acid, was found to decrease the



Table 3
Synthesis of 1-benzopyrano[3,2-c]quinolines 6 from 5

Entry Substrate Product mp (�C) Yield (%)
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Table 3 (continued)

Entry Substrate Product mp (�C) Yield (%)
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Figure 1. ORTEP diagram of 6i.
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yield of 5 (entries 7–10) and when pivalic acid (4, R3 = CMe3) was
used as the acid component, 5 (R3 = CMe3) could not be isolated.

Transformation of 5a–j to the corresponding compounds 6a–j
was successfully accomplished. It was observed that the arylation
reactions using iodo-compounds gave better yields than those
using the corresponding bromo or chloro compounds (Table 3, en-
tries 2–4). Ugi products (5) having the N-tert-butylamide group
produced 6 in slightly better yields than those with the N-cyclo-
hexylamide group (entries 1, 6, 2, and 9). It has been reported ear-
lier that in a Pd-catalyzed isocyanide-insertion reaction tert-butyl
isocyanide acted more efficiently than cyclohexyl isocyanide.16

Use of 5e having both N-tert-butylamide and iodoaryl moieties
yielded 6e in 70% yield (entry 5). The small effect of an extra
methyl group was reflected in the yields of 6g (entries 2 and 7)
and 6j (entries 2 and 10).

The structure of 6 was determined on the basis of 1H, 13C NMR,
IR, and mass spectral analyses.17 In the 1H NMR spectrum of 6, the
disappearance of the singlet peak for H-2 of the chromone moiety
in 5 and the presence of a broad doublet signal for the cyclohexyl
NH or the broad singlet of the tbutyl NH rule out the possibility of
the formation of 7. One observation in support of structure 6
(R3 = CH3) is that after cyclization the CH3 protons of the NCOCH3

group are highly deshielded [�d 1.86 in 5 (R3 = CH3) to �d 2.36
in 6]. This may be explained by considering the extended conjuga-
tion of the ring nitrogen with the carbonyl functionality of the
chromone ring in 6. Finally the structure of 6i was confirmed by
single crystal X-ray diffraction analysis (Fig 1).18

Formation of 6 from 5 may be rationalized by considering the
oxidative addition of Pd(0) to the aryl halide moiety of 5 to form
8, which undergoes intramolecular palladation at the C2–C3 dou-
ble bond of the chromone moiety (?9). Compound 6 is produced
from 9 by the elimination of HPdX, which regenerates Pd(0) by
the action of base (Scheme 2).

In conclusion, we have achieved the synthesis of hitherto unre-
ported 1-benzopyrano[3,2-c]quinolin-12-ones by an intramolecu-
lar C–H arylation at the C-2 position of the chromone moiety in
the Ugi product derived from 3-formylchromone (1), o-haloani-
lines (2), isocyanides (3), and carboxylic acids (4).
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