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New cis-fused tetrahydrochromeno[4,3-b]quinolines have been synthesized by intramolecular [4+2]
imino-Diels–Alder reactions of 2-azadienes derived in situ from aromatic amines and 7-O-prenyl deriv-
atives of 8-formyl-2,3-disubstituted chromenones in the presence of 20 mol % Yb(OTf)3 in acetonitrile
under reflux conditions in good to excellent yields. The structures were established by spectroscopic data
and further confirmed by X-ray diffraction analysis. These compounds were evaluated for their antipro-
liferative activity against MDA-MB-231 and MCF-7 breast cancer cells. The results showed that com-
pounds 3e, 3f, and 3k exhibit significant antiproliferative activity against MCF-7 breast cancer cells
and low inhibitory activity against MDA-MB-231 breast cancer cell lines. Compound 3h displayed activity
as comparable to tamoxifen on both the cell lines.

� 2010 Elsevier Ltd. All rights reserved.
Estrogens, especially main circulating 17b-Estradiol (Fig. 1)
known to play a crucial role in female and male reproductive sys-
tems as well as in many other non-reproductive organs such as
skeletal, cardiovascular, and central nervous systems.1 The physio-
logical effects of estrogens are principally mediated by the tran-
scriptional activity of the estrogen receptors ERa and ERb.2

Recently selective estrogen receptor modulators (SERMs)3 with
mixed agonist/antagonist properties and selective estrogen recep-
tor down-regulators (SERDs)3f with pure antagonist properties
which modulate the transcriptional activity of estrogen receptors
(ERa and ERb) play important role in medicine, and over the years
SERMs like tamoxifen, Raloxifene, Ormeloxifene, EM-800, and SER-
Ds like Fulvestrant (IC1 182,780) (Fig. 1) have been widely used
alone or in combination for the treatment of breast cancer, uterus
cancer, osteoporosis, arteriosclerosis, as well as for female contra-
ception, hormone replacement therapy.4

Among these estrogen receptor (both ERa and ERb) related dis-
eases, breast cancer is the most commonly diagnosed malignant
tumor in women and accounting for approximately 24% of all fe-
male cancers and the second most lethal cancer in women world-
wide today.5 Presently tamoxifen is the most widely used selective
ll rights reserved.

: +91 40 27160387.
estrogen receptor modulator (SERM) in hormone-dependent breast
cancer therapy, and has made a substantial contribution in reduc-
ing the mortality rate in both early and advanced breast cancer pa-
tients for approximately three decades.6 Even though tamoxifen is
still considered for endocrine therapy in hormone-dependent
breast cancer, resistance to tamoxifen and related drugs has be-
come a major limitation in the treatment of breast cancer as major-
ity of patients showing resistance at some point during treatment
and also associated with increased risk of endometrial cancer.7

Therefore, the development of alternative anti-breast cancer
agents with improved properties such as enhanced and specific
activity against breast cancer with reduced endocrine side effects
still remains an important issue in the field of medicinal chemistry.

Recently 6H-chromeno[4,3-b]quinoline derivatives have been
found to possess moderate ERb binding affinity8 along with a wide
spectrum of biological and pharmacological activities such as bac-
teriostatic activity, ulcerogenic activity, anti-inflammatory effects,
glucocorticoid modulators and selective progesterone receptor
modulators.9 In continuation of our efforts10 to synthesis biologi-
cally important compounds we have prepared new tetrahydro-
chromeno[4,3-b]quinoline derivatives and investigate their
primary biological activity against MCF-7 (estrogen receptor-posi-
tive) and MDA-MB-231 (estrogen receptor-negative) breast cancer
cell lines.

http://dx.doi.org/10.1016/j.bmcl.2010.04.061
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Scheme 1.

Table 1
Optimisation of the catalyst Yb(OTf)3 and solvent conditions on the reaction of 7-O-prenyl derivative of 8-formyl-2,3-dimethylchromen-4-one (1a) with p-toluidine (2a)a
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cis-isomer 

1a 2a

3a trans-isomer 3a'
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Reaction
conditions

Solvent Catalyst (mol %) Time (h) Yieldb (%) Productc

cis:trans

CH2Cl2 20.0 24.0 69 100:0
CHCl3 20.0 24.0 62 100:0
Benzene 20.0 24.0 53 100:0
Toluene 20.0 24.0 59 100:0
CH3CN 5.0 24.0 75 100:0
CH3CN 10.0 12.0 82 100:0
CH3CN 20.0 3.0 93 100:0
CH3CN None 24.0 0 —

a Reagents and conditions: 1a (1 mmol), 2a (1 mmol), solvent (5 mL).
b Isolated and unoptimized yields.
c Ratio of the product was determined by the analysis of crude 1H NMR spectra and LCMS analysis.
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Figure 1. Presently marketed estrogen receptor ligands.
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In general tetrahydrochromenoquinolines have been prepared
by Lewis/Brownsted acid or ionic liquid [bmim]BF4 catalyzed intra-
molecular imino-Diels–Alder [4+2] cycloaddition of tethered azadi-
enes with non-activated olefins tethered to the diene system.11 In
this context herein we describe Lewis acid catalyzed intramolecular
[4+2] imino-Diels–Alder reactions to synthesis new cis-fused tetra-
hydrochromeno[4,3-b]quinolines under mild reaction conditions.
Accordingly, treatment of 7-O-prenyl derivative of 8-formyl-2,3-
dimethylchromen-4-one 1a with p-toluidine 2a in the presence of
20 mol % Yb(OTf)3 in acetonitrile under reflux condition afforded
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Figure 2. Characteristic NOEs and ORTEP diagram for 3a.

Table 2
Effect of the various Lewis acids and Bronsted acids on the reaction of 7-O-prenyl derivative of 8-formyl-2,3-dimethylchromen-4-one (1a) with p-toluidine (2a)a
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3a trans-isomer 3a'

+
Catalyst (mol%)
CH3CN, reflux

Entry Catalyst (g or mol %) Time (h) Yieldb (%) Productc

cis:trans

1 BF3�EtO2 (20 mol %) 24.0 63 100:0
2 CF3COOH (20 mol %) 24.0 67 100:0
3 CAN (20 mol %) 24.0 85 100:0
4 PMA (1 mol %) 24.0 75 100:0
5 Montimorillonite K10 (0.1 g) 24.0 52 100:0
6 Iodine (20 mol %) 24.0 82 100:0
7 ZnCl2 (20 mol %) 24.0 35 100:0
8 ZnBr2 (20 mol %) 24.0 42 100:0
9 FeCl3 (20 mol %) 24.0 72 100:0

10 NbCl5 (20 mol %) 24.0 55 100:0
11 LiClO4 (20 mol %) 24.0 70 100:0
12 PPh3�HClO4 (20 mol %) 24.0 79 100:0
13 Bi(OTf)3 (20 mol %) 24.0 85 100:0
14 La(OTf)3 (20 mol %) 24.0 89 100:0
15 Sc(OTf)3 (20 mol %) 12.0 91 100:0
16 Yb(OTf)3 (10 mol %) 12.0 82 100:0
17 Yb(OTf)3 (20 mol %) 3.0 93 100:0
18 None 24.0 0 —

a Reagents and conditions: 1a (1 mmol), 2a (1 mmol), CH3CN (5 mL).
b Isolated and unoptimized yields.
c Ratio of the product was determined by the analysis of crude 1H NMR spectra and LCMS analysis.
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the corresponding cis-fused tetrahydrochromeno[4,3-b]quinoline
3a exclusively in 93% yield (Scheme 1).

Initially a systematic study was carried out for catalytic evalu-
ation of Yb(OTf)3 for the reaction of 7-O-prenyl derivative of 8-for-
myl-2,3-dimethylchromen-4-one 1a with p-toluidine 2a under
different solvent conditions with different catalytic loads. The
best result was obtained with 20 mol % Yb(OTf)3 in acetonitrile
under reflux condition in terms of reaction times, yields, and dia-
stereoselectivity. This result probably due to the high polarity of
the solvent CH3CN and miscibility with water during imine forma-
tion.10b In all the cases exclusive formation of cis-isomer 3a was
observed (Table 1).

Under the similar reaction conditions, various Lewis acid and
Bronsted acid catalysts were screened and among them Sc(OTf)3

was also found to be nearly equal effective in terms of reaction
times, yields, and diastereoselectivity. In all the cases exclusive for-
mation of cis-isomer 3a was obtained independent of the nature of
the catalyst. However, in the absence of the catalyst the reaction
did not proceed even after longer reaction time (24 h). The exclu-
sive formation of cis-isomer was established by the analysis of 1H
NMR spectrum and LCMS analysis of the crude product 3a. The re-
sults were summarized in Table 2.

The stereochemistry of the product 3a was assigned on the ba-
sis of 1H NMR J-coupling constants and NOE studies. In the 1H NMR
spectrum the vicinal coupling constant JHa–Hb = 3.7 Hz in between
Ha (d 4.99 ppm) and Hb (d 1.92 ppm) indicates an equatorial and
axial orientation of these protons respectively in a chair conforma-
tion, which confirms the two six membered tetrahydropyran and
piperidine rings are cis fused. Also the vicinal coupling constants
like JHb–Hc = 3.7 Hz, JHb–Hd = 12.0 Hz, and the presence of x coupling
of JHa–Hc = 1.5 Hz further confirmed the positions of Ha, Hb, Hc, and
Hd as shown in Figure 2. Presence of NOE cross peaks between Ha

and Hb as well as Me-A and Hb support the above observation. The
stereochemistry of the product 3a was also confirmed by single
crystal X-ray diffraction The CCDC deposition number for 3a is
732290 (Fig. 2).12

To investigate the scope of Yb(OTf)3 catalyzed synthesis of tet-
rahydrochromeno[4,3-b]quinolines, several aldimines (derived
in situ from aromatic amines and 7-O-prenyl derivatives of 8-for-
myl-2,3-disubstituted chromenones in acetonitrile) were exam-
ined under the similar reaction conditions and the results were
summarized in Table 3. In all cases, the one-pot [4+2] intramolec-
ular imino-Diels–Alder cycloaddition reaction proceeded smoothly
and yielded the corresponding novel tetrahydrochromeno[4,3-
b]quinolines as a single diastereomer having the cis-configuration.
The exclusive formation of cis-isomers in the reactions between
the 7-O-prenyl derivatives of 8-formyl-2,3-disubstituted chrome-
nones and aryl amines is presumably due to the steric effect10b,11f

of the chromenone moiety. This method is equally effective for
both electron-rich as well as electron deficient arylimines. Also this



Table 3
Yb(OTf)3 catalyzed synthesis of new chromeno[4,3-b]quinoline derivativesa
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Table 3 (continued)

Entry Aldehyde Arylamine Productb Time (h) Yieldc (%)
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a Reagents and conditions: Aldehyde (1 mmol), amine (1.0 mmol), Yb(OTf)3 (20 mol %); CH3CN (5 mL), reflux.
b All products were characterized by 1H and 13C NMR, IR, and mass spectroscopy.
c Isolated and unoptimized yields.

Table 4
Antiproliferative activity of new tetrahydrochromeno[4,3-b]quinolines against MDA-
MB-231 and MCF-7 breast cancer cell lines with MTT assay

 

O

O

O

NHH

H

R3

R1

R2

cis-isomers 3

Compound R1 R2 R3 Inhibitory activitya

MDA-MB-231 MCF-7

3a Me Me Me >100 94.3
3b Me Me H >100 >100
3c Me Me OMe >100 >100
3d Me Me Naphthyl >100 >100
3e Me H H 93.8 9.6
3f Me H Me >100 10.2
3h Me H Naphthyl 9.4 9.0
3j Phenyl Me H >100 >100
3k Phenyl Me Me >100 10.0
Tamoxifen 0.66 1.0

a Results are expressed as IC50 values in lM concentrations.
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method offers several advantages such as higher yields, shorter
reaction times, exclusive cis-selectivity, simple experimental, and
work-up procedures. All the products were characterized by 1H
NMR, 13C NMR, IR, and mass spectroscopic data.13

Inhibitory efficiency was tested for some of these tetrahydro-
chromeno[4,3-b]quinolines against two different breast cancer cell
lines, MDA-MB-231 and MCF-7. The MTT assay was performed fol-
lowing the previously reported protocol in the 96 well plate.14 The
IC50 values for the compounds 3a–f, 3h, and 3j–k are summarized
in Table 4. The activities are compared with the tamoxifen, a
known ER inhibitor. Compound 3h displayed activity as compara-
ble to tamoxifen on both the cell lines. Compounds 3e, 3f, and 3k
also displayed similar activity on MCF-7 cells but very low inhibi-
tory effect against the MDA-MB-231 cell lines. The rest of the com-
pounds did not inhibit with in the tested concentrations. The active
compounds 3e, 3f, and 3h have one common structural similarity,
that is, the absence of methyl group at 2-position of tetrahydro-
chromeno[4,3-b]quinoline moiety except 3k.

Together, these data suggests that not only the cis-conformation
is important but also the substitutions on the chromenone moiety.

In conclusion, we describe a simple, mild, and efficient protocol
for the synthesis of new cis-fused tetrahydrochromeno[4,3-b]quin-
olines via intramolecular [4+2] imino-Diels–Alder reactions of 2-
azadienes derived in situ from aromatic amines and 7-O-prenyl
derivatives of 8-formyl-2,3-disubstituted chromenones using



3264 K. Nagaiah et al. / Bioorg. Med. Chem. Lett. 20 (2010) 3259–3264
20 mol % Yb(OTf)3 as catalyst. The preliminary antiproliferative
evaluation has been studied for some of these new cis-fused tetra-
hydrochromeno[4,3-b]quinolines against MCF-7 and MDA-MB-231
breast cancer cell lines. Compounds 3e, 3f, and 3k displayed signif-
icant antiproliferative activity in breast cancer cell lines MCF-7 and
very low inhibitory activity in MDA-MB-231. However compound
3h displayed antiproliferative activity as comparable to tamoxifen
on both the cell lines. Based on these preliminary results, further
synthesis of new cis-fused tetrahydrochromeno[4,3-b]quinoline
derivatives by changing the substituents on the chromenone nu-
cleus and quinoline nucleus to enhance the anticancer activity is
currently being investigated and will be reported in due course.
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wR = 0.1486 and GOF = 1.059. Intensity data were measured on Bruker Smart
Apex with CCD area detector.

13. Experimental procedure: A mixture of 7-O-prenyl derivatives of 8-formyl-2,3-
disubstituted chromenones (1.0 mmol) and aryl amines (1.0 mmol) in
acetonitrile (5 mL) was stirred in the presence Yb(OTf)3 (20 mol %) under
reflux condition for the appropriate time (Table 2). After completion of the
reaction as indicated by TLC, the excess acetonitrile was distilled off and the
residue was poured into water (20 mL) and extracted with DCM (3 � 20 mL).
The combined organic layers were dried over anhydrous Na2SO4, concentrated
in vacuo and the residue was purified by column chromatography over silica
gel (100–200 mesh) with eluent hexane–ethyl acetate to yield the
corresponding pure cis-fused tetrahydrochromeno[4,3-b]quinolines. Spectral
data for selected products: Compound 3a: Pale yellow solid, mp 219–223 �C; IR
(KBr): mmax: 3362, 2923, 1639, 1607, 1510, 1437, 1261, 1191, 1097, 814,
788 cm�1; 1H NMR (300 MHz, CDCl3): d 1.43 (s, 3H), 1.48 (s, 3H), 1.92 (dt,
J = 12.0, 3.7 Hz, 1H), 1.99 (s, 3H), 2.23 (s, 3H), 2.43 (s, 3H), 3.90 (dd, J = 12.0,
10.5 Hz, 1H), 4.08–4.20 (br s, NH, 1H), 4.30 (ddd, J = 12.0, 3.7, 1.5 Hz, 1H), 4.99
(dd, J = 3.7, 1.5 Hz, 1H,), 6.37 (d, J = 8.3 Hz, 1H), 6.76–6.81 (m, 2H), 6.90 (d,
J = 1.5 Hz, 1H), 7.95 (d, J = 9.0 Hz, 1H); 13C NMR (75 MHz, CDCl3): d 177.3,
160.7, 157.9, 155.1, 137.9, 128.0, 126.6, 126.4, 126.2, 116.8, 116.0, 115.0, 113.5,
111.1, 64.3, 40.5, 40.4, 34.1, 33.2, 29.6, 25.7, 20.6, 18.5, 9.9; MS-ESIMS: m/z 398
(M+Na)+; HRMS calcd for C24H25NO3Na, 398.1738; found, 398.1732;
Compound 3h: Yellow solid, mp 222–225 �C; IR (Neat): mmax: 3338, 2921,
1642, 1601, 1524, 1437, 1388, 1249, 1177, 1067, 813, 755 cm�1; 1H NMR
(300 MHz, CDCl3): d 1.80 (s, 3H), 1.86 (s, 3H), 1.98–2.03 (m, 4H), 4.19 (dd,
J = 12.0, 10.5 Hz, 1H), 4.33–4.39 (br s, NH, 1H), 4.45 (ddd, J = 10.5, 3.0, 1.5 Hz,
1H), 5.05 (d, J = 1.5 Hz, 1H,), 6.70 (d, J = 8.3 Hz, 1H), 6.86 (d, J = 9.0 Hz, 1H), 7.14
(t, J = 7.5 Hz, 1H), 7.33 (t, J = 7.5 Hz, 1H); 7.46 (t, J = 8.3 Hz, 1H), 7.62 (t,
J = 7.5 Hz, 1H); 7.73 (s, 1H), 8.03 (d, J = 8.3 Hz, 1H); 8.12 (d, J = 9.0 Hz, 1H); 13C
NMR (75 MHz, CDCl3): d 177.3, 158.6, 155.7, 150.8, 138.8, 132.9, 129.3, 129.0,
128.8, 126.4, 125.5, 124.2, 121.0, 120.5, 118.2, 116.0, 115.3, 110.9, 64.5, 44.3,
39.7, 34.3, 31.8, 29.6, 27.9, 11.1; MS-ESIMS:m/z 398 (M+H)+; HRMS calcd for
C26H24NO3, 398.1748; found, 398.1752; Compound 3j: Pale yellow solid, mp
227–232 �C; IR (Neat): mmax: 3352, 2925, 1634, 1602, 1492, 1398, 1255, 1098,
1047, 833, 748 cm�1; 1H NMR (300 MHz, CDCl3): d 1.46 (s, 3H), 1.51 (s, 3H),
1.92 (dt, J = 12.0, 3.7 Hz, 1H), 2.37 (s, 3H), 3.93 (dd, J = 12.0, 10.5 Hz, 1H), 4.06–
4.12 (br s, NH, 1H), 4.36 (ddd, J = 12.0, 3.7, 1.5 Hz, 1H), 5.09 (dd, J = 3.7, 1.5 Hz,
1H), 6.40 (d, J = 9.0 Hz, 1H), 6.62 (t, J = 8.3 Hz, 1H), 6.87 (d, J = 9.0 Hz, 1H), 6.96
(d, J = 8.3 Hz, 1H); 7.13 (dd, J = 7.5, 1.5 Hz, 1H); 7.21–7.28 (m, 2H); 7.31–7.44
(m, 3H); 8.05 (d, J = 9.0 Hz, 1H); 13C NMR (75 MHz, CDCl3): d 176.2, 162.3,
158.2, 155.0, 140.1, 132.9, 130.5, 128.5, 127.7, 127.3, 126.8, 126.4, 125.7, 123.5,
117.3, 116.6, 115.2, 113.4, 111.0, 64.2, 40.3, 40.1, 34.0, 33.2, 25.7, 19.6; MS-
ESIMS: m/z 424 (M+H)+; HRMS calcd for C28H26NO3, 424.1907; found,
424.1912.
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