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Homocamptothecin (hCPT) is a camptothecin (CPT) homologue with the insertion of a methylene
(~CH,-) spacer between the alcohol moiety and carbonyl group of the classical six-membered
a-hydroxylactone ring. This modification provides higher lactone stability and did not impair its
activity against topoisomerase I (Topo I), but rather appears to improve it compared to CPT. In an
attempt to improve the antitumor activity of homocamptothecins, a series of novel hCPT derivatives
conjugating with dihydropyrimidine (DHPM) derivatives was designed and synthesized based on a
synthetic route which couples 7-formylhomocamptothecin with different dihydropyrimidine
derivates. Most of the synthesized compounds exhibited good antiproliferative activity on tumor
cell lines A549, MDA-MB-435 and HCT116. Furthermore, this class of compounds showed superior

Topo I inhibition activity comparable to or higher than CPT.
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Introduction

(20S)-Camptothecin (CPT) [1], a cytotoxic quinoline alkaloid
which inhibits topoisomerase I (Topo I), is a potent anticancer
agent that was isolated from the Chinese tree Camptotheca
acumunata by Wani and Wall in 1966. It has already been
discovered that the cytotoxicity of camptothecin is due to a
novel mechanism of action involving selective inhibition of
DNA topoisomerase I (Topo I) [2, 3]. Its two water-soluble
analogs, topotecan and irinotecan, are used in clinics as
anticancer agents (Fig. 1).

However, the severe toxicity, the instability of the lactone
and other defects of CPTs [4] have promoted intensive efforts
to increase the efficacy of these agents, reduce their toxicity
in patients, and overcome the tumor drug resistance for this
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class of compounds. The most important discovery would be
to modify the metabolically liable camptothecin lactone ring
from a six-membered a-hydroxylactone to a seven-membered
B-hydroxylactone ring, which leads to the development of the
homocamptothecin (hCPT) family of compounds [5].
Homocamptothecin represents a promising prototype for
the next generation of topoisomerase I targeting agents.
Upgrading the highly reactive six-membered lactone to a
more stable seven-membered ring is achieved without com-
promising any antitumor activity: hCPT not only retains
superior antitumor activity, it also has a reinforced capacity
to inhibit topoisomerase I compared with CPT [6]. According
to these encouraging results, many hCPT analogues have
been synthesized and evaluated in vitro and in vivo as the
antitumor agents [7-9]. Among them, diflomotecan
(BN80915) and elomotecan (BN80927) are representative ones
and have been in clinical trial, and encouraging results have
been obtained (Fig. 2) [10, 11]. Furthermore, a series of novel
homocamptothecin derivatives have been synthesized in our
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R1=R,=R3=H camptothecin

R=Et, Ry=H, R3=OCON/\:>7N ) irinotecan
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Figure 1. Camptothecin and representative analogs.

R{=R,=R;=H homocamptothecin

R4=H, R;=R;=F diflomotecan

R1=H2C—O—CH3 HCI R,=Me, R,=CI elomotecan

Figure 2. Homocamptothecin and representative analogs.

laboratory and several compounds that showed superior
activity had been chosen to conduct preclinical studies
[12-14]. Such findings encouraged us to develop novel and
semisynthetic analogues of hCPT with improved pharmaco-
logical and pharmaceutical properties while maintaining
(or even increasing) the antitumor activity of the parent
compound.

The high stability of hCPT is with no doubt directly attrib-
uted to its expanded lactone E-ring but the activity and to-
poisomerase I inhibition activity can be enhanced further by
adding a substituent to the native scaffold. In recent years,
the use of conjugates has emerged as a frequent strategy in
efforts to optimize therapeutically beneficial properties of
CPT, including lactone stability, solubility/lipophilicity,
tumor cell recognition and sequence specificity of DNA dam-
age [15-18]. Dihydropyrimidine (DHPM) and their derivatives
of the Biginelli-type have occupied an important place in
natural and synthetic organic chemistry mainly due to their
wide range of biological activities [19], notably as calcium
channel blockers [20]. Additionally, their particular structure
has been found in natural marine alkaloid batzalladines
which are the first low molecular weight natural products
reported in the literature to inhibit the binding of HIV gp-120
to CD4" cell, so disclosing new vistas towards the develop-
ment of AIDS therapy [21, 22|. Meaningfully, the structurally
related derivative monastrol was identified as a novel low
molecular weight cell-permeable molecule for the develop-
ment of potentially new anticancer drugs [23], and several
screening assays indicated that this type of compounds exhib-
ited effective antiproliferative activity against several cancer
cell lines [24]. Furthermore, the past researches revealed that
there was a potential correlation between cancer and hyper-
tension which is actually a significant risk factor for cancer
[25, 26]. Therefore, we supposed that introducing the organic
molecules with hypotensive effect into antitumor molecules
may be an effective measure to improve therapeutic effect of
antitumor agents.

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 3. Hypothetical model for the binding of homocamptothecin-
DHP conjugate (4h) with DNA-Topo | complex. The figure was
prepared from PDB entry: 1T8l, using PyMol (http://pymol.
souceforge.net/).

For above-mentioned pharmacological potency of the DHPM
scaffold, we were interested in studying the incorporation of
a dihydropyrimidine unit into the homocamptothecin
skeleton in order that we could discover novel hCPT
analogues with higher Topo I inhibition efficacy, better thera-
peutic effect and lower toxicity. Although the volume of
dihydropyrimidine derivatives is relatively big, based on
the ternary complex of DNA-Topo I-CPT [27], we presented
a reasonable binding mode of this class of compounds with
DNA-Topo I complex. In this model, we found a large space
around the C-7 position of hCPT that allowed the introduc-
tion of DHPM derivatives, and two key hydrogen bonds were
reserved (Fig. 3).

Result and discussion

Chemistry

To test the hypothesis concerning the effect of DHPM deriva-
tives on position 7 of hCPT, we prepared twenty hCPT-DHPM
derivatives in racemic mixtures. The chemical synthesis of
the targeted compounds was based on two key intermediates,
dihydropyrimidine derivatives and 7-formylhomocampto-
thecin. We employed classical Biginelli reaction [28] to syn-
thesize the nitro substituted DHPM derivatives 2a-j, then
reduced to get amino substituted DHPM derivatives 3a-j
(Scheme 1). 7-Formylhomocamptothecin was prepared from
hCPT according to the method reported by Sawada et al. [29].
Due to the acetoxymethyl hCPT as the main by-product, SeO,
was used as the oxidant instead of previous acetic acid in this
reaction (Scheme 2). Scheme 3 shows the synthetic strategy
for our targeted compounds 4a-t based on the coupling of
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Scheme 1. Reagents and conditions: (i) TMSCI, DMF, r.t.; (ii) Ho/Pd-C, EtOH, r.t.

HO

H

various DHPM derivatives and 7-formylhomocamptothecin.
The bond C=N was selected as a linker, which was success-
fully adopted in our previous drug design [13].

In-vitro antitumor activity
The in-vitro antitumor activities of these DHPM-hCPT deriva-
tives against solid tumor cell lines, A549 (for non-small cell
lung cancer), MDA-MB-435 (for breast cancer), and HCT116
(for colon cancer), were evaluated. Topotecan was used as a
positive compound since it is a clinically effective CPT and
does not require metabolic activation.

Table 1 indicated that these DHPM derivatives on position
7 of hCPT could promote antitumor activity of hCPTs as
expected, which indicates the advantages of this strategy.
The results also revealed that these compounds were more
sensitive against MDA-MB-435 and HCT116 cell lines than
against A549 cell line. For A549 cell line, most of the tested
compounds showed increased cytotoxic potency compared
with TPT. With regard to MDA-MB-435 cell line, with few
exceptions (4e, 4q, and 4s), the tested compounds exhibited
higher antitumor activities than TPT. According to HCT116
cell line, compounds 4a—4o also showed higher in-vitro inhibi-
tory activities than TPT. Especially, the ICs, values of com-
pounds, 4b, 4k, and 4m, reached to 78 nM, 48 nM, and 81 nM,

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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\ / Scheme 2. Reagents and conditions: (i)
75% H>SO,4, FeSO,4 -7 H0O, 30% Hy0,,
o CH3OH, H,0O, 12h, 79%; (ii) SeO./dioxane,
H 100°C, 8 h, 85%.

respectively. Importantly, compared with hCPT, most of the
synthesized compounds showed enhanced antitumor
activity regardless of whether against A549, MDA-MB-435
and HCT116 cell lines. The bulky substitution conferred by
DHPM and the diverse pharmacological properties of DHPM
are the two main considerations for our original design idea,
which was well proved by the research results. Furthermore,
four compounds, 4b, 4h, 4k, and 4m, possessed high growth
inhibitory effect at the concentration of 0.01, 0.1, 1, 10, and
100 pg/mlL, while relatively low activity of TPT was observed
at the same concentration (Fig. 4). In particular, the activities
of the most promising compounds, 4b and 4m, showed broad
in-vitro antitumor spectrum.

Topoisomerase | inhibition activity assays

Generally, camptothecin and its clinically used derivatives
act by stabilizing a covalent topoisomerase [-DNA complex
called the cleavable complex. Therefore, topoisomerase I-
mediated DNA cleavage assay was used to investigate the
ability of the prepared compounds to inhibit Topo I.
Cleavable complexes were revealed by the appearance of
short DNA fragments when the samples were analyzed by
gel electrophoresis under denaturing conditions. The pre-
sented results (Fig. 5) indicated that compounds 4b, 4h, 4k,
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Scheme 3. Reagents and conditions: (i) Yb(OTf)z, CHCIs, rt.

41, 4m, 4n, and 4t as cytotoxic agents were also very potent as
topoisomerase I inhibitors. The results also showed that the
addition of increasing concentrations of CPT, 4b, or 4m is
accompanied by a dose-dependent increase in the level of
cleavable complexes. Importantly, even in low concentration
(1 M), 4b and 4m showed obvious Topo I inhibition activity,
while CPT exhibited no inhibition activity (Fig. 6).

Conclusion

In conclusion, twenty hCPT-DHPM conjugates were synthes-
ized based on a semi-synthetic route. Most of the synthesized
compounds exhibited good antiproliferative activity on tumor
cell lines A549, MDA-MB-435 and HCT116. Especially, com-
pounds 4b, 4k, and 4m showed higher in-vitro inhibitory activi-
ties against HCT116 than TPT with the ICsq of 78 nM, 48 nM
and 81 nM, respectively. It is likely that the improvement of
cytotoxic activity is the result of multiple favorable events,
including DHPM’s biological diversity and increased drug
uptake (as expected on the basis of increased lipophilicity).
The results presented in this study also indicate that hCPT-

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Novel Homocamptothecins Conjugating with Dihydropyrimidine Derivatives 729

o R
N
HN )—CHs

R4
(0]

R1 R2
40  CH;0— CoHs— P
4p  HC— HiC— P

49 (CH3);CO— CoHs— P

4r  (CHz),CHCO—H,C— P

4s  (CH3);CO— ph— P

4t H3C_ C2H5_ P

DHPM conjugates as effective cytotoxic agents also showed
superior Topo I inhibition activity. A better understanding of
this feature could provide meaningful insights for the develop-
ment of more effective topoisomerase I inhibitors.

Experimental

Chemistry

All reagents and solvents were reagent grade or were purified by
standard methods before use. The melting points were deter-
mined using an electrothermal apparatus and are uncorrected.
'H- and *C-NMR spectra were recorded at 500 MHz with a Bruker
instrument, and reported with TMS as internal standard and
CDCl; or DMSO-ds as solvent. Chemical shifts (8 values) and
coupling constants (] values) are given in ppm and Hz, respect-
ively. Elemental analyses were performed with a MOD-1106
instrument and were consistent with theoretical values within
+0.4%. TLC analysis was carried out on silica gel plates GF254
(Qindao Haiyang Chemical, China). Flash column chromatog-
raphy was carried out on silica gel 200-300 mesh. Anhydrous
solvent and reagents were all analytically pure and dried
through routine protocols. All reactions requiring anhydrous
conditions were performed under a positive nitrogen flow, and
all glassware was oven-dried and/or flame-dried.
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Table 1. In-vitro antitumor activity of hCPT-DHPM derivative
conjugates ?

Compounds ICso (LM)
A549 MDA-MB-435 HCT116

4a 1.905 0.328 0.371
4b 0.891 0.365 0.0785
4c 2.469 0.0795 0.155
4d 1.798 0.213 0.148
4e 3.935 1.550 0.244
4f 1.808 0.695 0.200
4g 1.947 0.420 0.310
4h 1.974 0.270 0.206
4i 2.236 0.452 0.307
4j 1.837 0.450 0.240
4k 1.770 0.210 0.0488
41 1.618 0.374 0.215
4m 0.158 0.349 0.0813
4n 2.162 0.164 0.160
40 4.099 0.505 0.258
4p 6.434 0.879 0.977
4q 2.389 1.129 1.398
4r 1.988 0.306 0.940
4s 3.821 1.384 1.984
4t 1.860 0.167 0.741
hCPT 2.980 1.035 0.944
TPT 3.159 1.10 0.448

# Cancer cells: A549: lung cancer cell; HCT116: colon cancer cell;
MDA-MB-435: breast cancer cell.

100
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Figure 4. Comparison of the inhibition ratio of compounds 4b, 4h,
4k, 4m, and TPT against cancer cell line HCT116.

DNA Topo | CPT 4b 4h 4k 41 4m 4n 4t

Figure 5. Effect of the selected compounds on Topoisomerase-I
mediated DNA relaxation in single concentration. Topo | was
Topoisomerase | and DNA without drugs. The samples were
reacted with 100 wM drugs at 37°C for 15 min. Reactions were then
stopped by adding 0.5% SDS. Gels were photographed under a
UV transilluminator.
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DNA  Topol CPT 4b 4m

Figure 6. Effect of compounds CPT, 4b, and 4m on
Topoisomerase-l mediated DNA relaxation in concentration
gradient. Topo | was topoisomerase | and DNA without drugs; the
samples were reacted with 1, 50, and 100 wM drugs at 37°C for
15 min. Reactions were then stopped by adding 0.5% SDS. Gels
were photographed under a UV transilluminator.

Typical experimental procedure for the synthesis of 2a—f
A solution of aldehyde (5 mmol), an appropriate urea
(7.5 mmol), 1,3-dione (7.5 mmol), and TMSCI (20 mmol) in dried
DMF (20 mL) was stirred at room temperature until TLC showed
complete disappearance of aldehyde. Reaction mixture was
poured into cold water (25 ml) and stirred for 10 min.
The precipitates formed were filtered and washed with cold
water (2 x 10 mL) and then with 90% ethanol (10 mlL).
Recrystallization of the residues from an appropriate solvent
yielded target compounds 2 as white solids.

Typical experimental procedure for the synthesis of 3a—f
Compound 2 (0.5g) was dissolved in ethanol (15 mL), then dry
10% palladium on activated carbon (20 mg) was carefully added
to the solution and the dissolved oxygen was removed under
vacuum. Then a balloon of hydrogen was mounted and the
mixture was stirred vigorously for 12 h. The catalyst was
removed by filtration of the reaction mixture through a pad
of Celite. The filtrate was concentrated under reduced pressure
to give crude compounds 3 without further purification.

General experimental procedure for the synthesis of 4a—f
A mixture of 3 (100 mg) and 7-formylhomocamptothecin
(100 mg) was suspended in anhydrous CHCl; containing 4 A
MS. After 10 min, Yb(OTf); (10 mg) was added to the solution.
The resulting mixture was stirred at room temperature until the
reaction was complete. After filtering the sieves, the solvent was
evaporated to dryness and purified by flash chromatography (eluent:
CH,Cl,/MeOH, 98:2) on silica gel to get target compound 4.

7-Formylhomocamptothecin
A yellow powder; mp > 300°C; IR (KBr) v: 3371, 3057, 2960, 2927,
1730, 1692, 1658, 1607, 1537, 1503, 1481, 1462, 1381, 1308,
1286, 1212, 1044, 839, 775. 'H-NMR (500 MHz, DMSO-dg) &:
0.87 (t, 3H, J = 7.4 Hz, CH;CH,), 1.87 (q, 2H, J= 7.3 Hz,
CH;CH,), 3.04-3.49 (q, 2H, J = 11.6 Hz, CH,CO), 5.43-5.55
(g, 2H, | = 15.3 Hz, OCH,), 5.52 (s, 2H, NCH,), 6.06 (s, 1H, OH),
7.46 (s, 1H, Ci,H), 7.92 (t, 1H, | = 7.5 Hz, C,¢-H), 7.98 (t, 1H,
J = 7.7 Hz, C;;-H), 8.30 (d, 1H, | = 8.5 Hz, C;,-H), 9.04 (d, 1H,
J = 8.6 Hz, CoH). MS (ESI: 389 (M—H); Anal. caled. for
C,,H13N,0s: C, 67.69; H, 4.65; N, 7.18. Found: C, 67.57; H,
4.66; N, 7.15.

4a: A yellow powder; yield (77%); mp >300°C; IR (KBr) v: 3263,
3118, 2968, 2924, 2852, 1742, 1682, 1658, 1594, 1536, 1486,
1468, 1443, 1376, 1343, 1305, 1280, 1244, 1200, 1184, 842,
761, 721, 647. "H-NMR (500 MHz, DMSO-dg) &: 0.89 (t, 3H,
J = 7.3 Hz, CH;CH,), 0.92 (t, 3H, ] = 7.0 Hz, CH;CH,0), 1.87
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(@, 2H, J = 8.4 Hz, CH3CH,), 3.04-3.49 (q, 2H, ] = 13.7 Hz,
CH,CO), 3.06 (s, 1H, COCH), 3.86 (q, 2H, ] = 6.9 Hz, CH;CH,0),
489 (d, 1H, J = 11.4 Hz, NHCH), 5.43-5.59 (q, 2H, ] = 11.9 Hz,
OCHS,), 5.59 (s, 2H, NCH,), 6.04 (s, 1H, OH), 7.30 (s, 1H, C;,+H), 7.45
(s, 2H, NH), 7.50-7.60 (dd, 4H, ] = 8.3 Hz, Ar-H), 7.69 (s, 1H, OH),
7.83 (t, 1H,] = 7.9 Hz, C;o-H), 7.95 (t, 1H, ] = 7.9 Hz, C;,-H), 8.26
(d, 1H, J = 8.4 Hz, C;»-H), 899 (d, 1H, J = 8.5 Hz, Co-H), 9.72
(s, 1H, N = CH). *C-NMR (500 MHz, DMSO-d¢) &: 8.65, 14.05,
29.43, 36.69, 42.80, 51.18, 53.03, 53.32, 60.82, 61.74, 73.56,
99.96, 122.29, 123.15, 124.56, 126.42, 128.86, 129.12, 129.55,
130.22, 130.86, 134.00, 138.32, 144.44, 148.05, 149.53, 153.58,
154.14, 156.18, 156.90, 159.42, 167.43, 172.27. MS (ESI):
718 (M—H); Anal. caled. for CzgH33F3Ns50g: C, 60.08; H, 4.48;
N, 9.73. Found: C, 60.18; H, 4.47; N, 9.71.

4b: A yellow powder; yield (90%); mp >300°C; IR (KBr) v: 3267,
3132, 2970, 2929, 1742, 1689, 1656, 1594, 1535, 1482, 1468,
1443, 1375, 1343, 1306, 1277, 1246, 1199, 1057, 1026, 851,
763, 698, 636. 'H-NMR (500 MHz, DMSO-ds) d: 0.88 (t, 3H,
J = 7.3 Hz, CH;CH,), 091 (t, 3H, | = 7.0 Hz, CH;CH,0), 1.88
(q, 2H, J = 7.4 Hz, CH;CH,), 3.08-3.49 (q, 2H, J = 13.7 Hz,
CH,CO), 3.10 (s, 1H, COCH), 3.87 (q, 2H, J = 7.0 Hz, CH5CH,0),
494 (d, 1H, ] = 11.4 Hz, NHCH), 5.40-5.55 (q, 2H, ] = 14.95 Hz,
OCHS,), 5.56 (s, 2H, NCH,), 6.06 (s, 1H, OH), 7.35 (1H, Ar-H), 7.37
(s, 1H, C,,-H), 7.45 (s, 2H, NH), 7.48-7.59 (m, 3H, Ar-H), 7.73 (s, 1H,
OH), 7.84 (t, 1H,] = 7.9 Hz, C,-H), 7.93 (t, 1H, ] = 7.9 Hz, C,;-H),
8.25(d, 1H, ] = 8.4 Hz, C,,-H), 8.94 (d, 1H, | = 8.5 Hz, Cs-H), 9.68
(s, 1H, N=CH). "*C-NMR (500 MHz, DMSO-d¢) 3: 8.65, 14.04, 29.43,
36.69, 40.91, 43.22, 51.11, 53.03, 53.59, 60.75, 61.75, 73.56, 99.99,
121.98, 122.24, 123.17, 124.58, 125.89, 127.12, 128.90, 129.13,
129.83, 130.04, 130.87, 133.95, 140.26, 144.41, 149.53, 151.11,
153.58, 154.15, 156.19, 157.02, 159.42, 167.49, 172.27. MS (ESI):
718 (M—H); Anal. calcd. for CzgH33F3NsOg: C, 60.08; H, 4.48;
N, 9.73. Found: C, 60.22; H, 4.47; N, 9.71.

4c: A yellow powder; yield (83%); mp >300°C; IR (KBr) v: 3252,
3093, 2978, 2933, 1742, 1660, 1596, 1537, 1470, 1376, 1341,
1301, 1274, 1237, 1188, 1140, 1058, 847, 766. 'H-NMR
(500 MHz, DMSO-dg) 8: 0.89 (t, 3H, J = 7.3 Hz, CH;CH,), 0.88
(t, 3H, ] = 7.0 Hz, CH3CH,0), 1.87 (q, 2H, ] = 8.4 Hz, CH;CH,),
2.9 (s, 3H, NCH3), 3.07-3.49 (q, 2H, ] = 13.8 Hz, CH,CO), 3.22 (d,
1H, J = 11.2 Hz, COCH), 3.84 (q, 2H, ] = 6.9 Hz, CH;CH,0), 4.77
(d, 1H, ] = 11.1 Hz, NHCH), 5.40-5.56 (q, 2H, ] = 11.8 Hz, OCH,),
5.60 (s, 2H, NCH,), 6.05 (s, 1H, OH), 7.46 (s, 1H, C,4H), 7.49 (s, 1H,
OH), 7.50-7.61 (dd, 4H, | = 8.3 Hz, Ar-H), 7.81 (s, 1H, NH), 7.84
(t, 1H, J = 7.9 Hz, C,¢-H), 7.96 (t, 1H, | = 7.9 Hz, C;,-H), 8.27
(d, 1H, ] = 8.4 Hz, C,H), 9.01 (d, 1H, ] = 8.5 Hz, CgH), 9.72 (s, 1H,
N = CH). MS (ESI): 732 (M—H); Anal. calcd. for C3,H3,F3NsOg: C, 60.57;
H, 4.67; N, 9.55. Found: C, 60.67; H, 4.68; N, 9.57.

4d: A yellow powder; yield (77%); mp >300°C; IR (KBr) v: 3338,
3059, 2966, 2923, 1744, 1655, 1597, 1498, 1440, 1371, 1312,
1277, 1223, 1208, 1053, 831, 759, 693, 632. 'H-NMR (500 MHz,
DMSO-dg) &: 0.89 (t, 3H, J = 7.3 Hz, CH;CH,), 0.92 (t, 3H,
J = 7.0 Hz, CH3CH;0), 1.87 (q, 2H, ] = 8.4 Hz, CH;3CH,), 3.07—
3.48 (q, 2H, J=13.7 Hz, CH,CO), 3.86 (q, 2H, | = 6.9 Hz,
CH3CH,0), 4.38 (s, 1H, CHCO), 4.39 (s, 1H, NHCH), 5.40-5.56
(q, 2H, ] = 11.9 Hz, OCH,), 5.60 (s, 2H, NCH,), 6.04 (s, 1H, OH),
6.68 (t, 1H, Ar-H), 6.90 (t, 1H, Ar-H), 7.23 (t, 2H, Ar-H), 7.41 (d, 1H,
Ar-H), 7.43 (s, 1H, OH), 7.45 (s, 1H, C,,H), 7.46-7.58 (dd, 4H,
J =83 Hz, ArH), 7.84 (t, 1H, ] = 7.9 Hz, C,¢-H), 7.95 (t, 1H,
J =79 Hz, C,;;-H), 826 (d, 1H, | = 8.4 Hz, C;,-H), 8.60 (s, 1H,
NH), 9.00 (d, 1H, ] = 8.5 Hz, Co-H), 9.72 (s, 1H, N=CH). MS (ESI):
794 (M—H); Anal. calcd. for C4H3eF3NsOg: C, 63.39; H, 4.56;
N, 8.80. Found: C, 63.48; H, 4.55; N, 8.78.
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4e: A yellow powder; yield (69%); mp >300°C; IR (KBr) v: 3311,
3080, 2978, 2923, 2851, 1739, 1656, 1612, 1537, 1500, 1480,
1439, 1376, 1338, 1282, 1249, 1186, 1057, 930, 906, 846, 767,
722. 'TH NMR (500 MHz, DMSO-de) &: 0.87 (t, 3H, J = 7.3 Hz,
CH;CH,), 0.89 (t, 3H, J = 7.0 Hz, CH,CH,0), 1.15 (t, 3H,
J = 6.8 Hz, CH3;CH,N), 1.87 (q, 2H, ] = 8.4 Hz, CH3CH,), 3.07-
3.49 (q, 2H, J = 13.4 Hz, CH,CO), 3.06 (d, 1H, J = 11.0 Hz,
COCH), 3.39-3.48 (d q, 2H, ] = 6.7 Hz, CH3CH,N), 3.83 (q, 2H,
J = 7.1 Hz, CH;CH,0), 4.76 (d, 1H, ] = 11.0 Hz, NHCH), 5.40-5.56
(q, 2H, | = 14.9 Hz, OCH,), 5.60 (s, 2H, NCH,), 6.04 (s, 1H, OH),
7.44 (s, 1H, Cy+H), 7.46 (s, 1H, OH), 7.48-7.61 (dd, 4H, ] = 8.2 Hz,
Ar-H), 7.75 (s, 1H, NH), 7.85 (t, 1H, ] = 7.9 Hz, C,o-H), 7.94 (t, 1H,
J =79 Hz, C;-H), 827 (d, 1H, ] = 8.4 Hz, C,»-H), 9.01 (d, 1H,
J=8.5Hz, Co-H), 9.72 (s, 1H, N=CH). MS (ESI): 746 (M—H);
Anal. caled. for CsgH3F3NsOg: C, 61.04; H, 4.85; N, 9.37.
Found: C, 61.19; H, 4.86; N, 9.35.

4f: A yellow powder; yield (80%); mp >300°C; IR (KBr) v: 3310,
3151, 2972, 2930, 1742, 1701, 1654, 1594, 1535, 1508, 1441,
1370, 1311, 1277, 1227, 1085, 830, 796, 760, 721, 650. 'H-NMR
(500 MHz, DMSO-d¢) &: 0.88 (t, 3H, J = 7.4 Hz, CH3CH,), 1.16
(t, 3H, ] = 7.0 Hz, CH;CH,0), 1.86 (q, 2H, J = 7.9 Hz, CH;CH,),
2.28 (s, 3H, C = C-CHj), 3.06-3.48 (q, 2H, | = 13.8 Hz, CH,CO),
4.03(q, 2H,] = 7.0 Hz, CH3CH,0), 5.23 (d, 1H, ] = 3.1 Hz, NHCH),
5.40-5.56 (q, 2H, ] = 15.4 Hz, OCH,), 5.57 (s, 2H, NCH,), 6.04 (s,
1H, OH), 7.38-7.54 (dd, 4H, | = 8.3 Hz, Ar-H), 7.45 (s, 1H, C,+H),
7.82 (s, 1H, NH), 7.84 (t, 1H, | = 7.9 Hz, C,o-H), 7.95 (t, 1H,
J = 7.9 Hz, C;1-H), 826 (d, 1H, ] = 8.4 Hz, C;,-H), 8.98 (d, 1H,
J = 8.5 Hz, Co-H), 9.25 (s, 1H, NH), 9.69 (s, 1H, N = CH). 3C-
NMR (500 MHz, DMSO-de) d: 8.65, 14.62, 18.28, 29.41, 36.69,
42.80, 53.01, 54.06, 59.75, 61.75, 73.56, 99.66, 99.96, 122.28,
123.14, 124.85, 125.69, 127.69, 128.91, 130.21, 131.05, 133.97,
144.44, 144.66, 149.00, 149.51, 150.78, 152.60, 153.55, 156.18,
156.97, 159.42, 165.80, 172.28. MS (ESI): 646 (M—H); Anal. calcd.
for CsgH33N50,: C, 66.76; H, 5.14; N, 10.81. Found: C, 66.63;
H, 5.15; N, 10.83.

4g: A yellow powder; yield (79%); mp >300°C; IR (KBr) v: 3239,
3111, 2970, 2933, 1737, 1702, 1654, 1616, 1594, 1535, 1506,
1481, 1442, 1369, 1311, 1281, 1223, 1087, 1055, 829, 761, 722,
634. '"H-NMR (500 MHz, DMSO-dg) &: 0.89 (t, 3H, J = 7.3 Hz,
CH;CH,), 115 (t, 3H, J= 7.0 Hz, CH;CH,0), 228 (q, 2H,
J = 7.5 Hz, CH3CH;), 2.36 (s, 3H, C = C-CH3), 3.04-3.48 (q, 2H,
J = 13.7 Hz, CH,CO), 4.03 (q, 2H, ] = 6.9 Hz, CH3CH,0), 5.28
(s, 1H, NHCH), 5.53-5.58 (q, 2H, ] = 11.8 Hz, OCH,), 5.58 (s, 2H,
NCHS,), 6.04 (s, 1H, OH), 7.35 (1H, Ar-H), 7.39 (1H, Ar-H), 7.46 (s, 1H,
C.s#H), 7.48-7.50 (2H, ArH), 7.84 (s, 1H, NH), 7.85 (t, 1H,
J =79 Hz, C,oH), 8.03 (t, 1H, ] = 7.9 Hz, C,;-H), 8.27 (d, 1H,
] = 83 Hz, C,-H), 896 (d, 1H, | = 8.4 Hz, CoH), 9.25 (s, 1H,
NH), 9.67 (s, 1H, N = CH). *CNMR (500 MHz, DMSO-d¢)
d: 8.65, 14.62, 18.28, 36.69, 42.80, 53.00, 54.31, 59.75, 61.72,
73.55, 99.46, 99.95, 119.58, 121.68, 123.14, 124.89, 125.01,
125.57, 128.90, 129.15, 130.09, 130.26. 130.89, 133.14, 144.44,
146.60, 149.14, 149.87, 151.23, 152.54, 153.62, 156.42, 157.26,
159.42, 165.79, 172.25. MS (ESI): 646 (M—H); Anal. calcd. for
C36H33Ns50,: C, 66.76; H, 5.14; N, 10.81. Found: C, 66.65;
H, 5.16; N, 10.85.

4h: A yellow powder; yield (87%); mp >300°C; IR (KBr) v: 3315,
2926, 1743, 1699, 1658, 1594, 1537, 1515, 1435, 1371, 1345,
1278, 1237, 1078, 1053, 972, 829, 760, 722. 'H-NMR (500 MHz,
DMSO-de) &: 0.88 (t, 3H, ] = 7.4 Hz, CH;CH,), 1.86 (q, 2H,
J = 7.7 Hz, CH3CH,), 2.29 (s, 3H, C=C-CH,), 3.07-3.48 (q, 2H,
J =139 Hz, CH,CO), 3.57 (s, 3H, CH3O), 5.23 (d, 1H,
J = 3.4 Hz, NHCH), 5.40-5.56 (q, 2H, ] = 14.9 Hz, OCH,), 5.57
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(s, 2H,NCH,), 6.04 (s, 1H, OH), 7.38-7.54 (dd, 4H, ] = 8.4 Hz, Ar-H),
7.45 (s, 1H, Cy4H), 7.81 (t, 1H, ] = 7.9 Hz, C,o-H), 7.82 (s, 1H, NH),
7.95 (t, 1H,] = 7.9 Hz, C;;-H), 8.26 (d, 1H, ] = 7.7 Hz, C;,-H), 8.98
(d, 1H, J = 8.5 Hz, C¢-H), 9.27 (s, 1H, NH), 9.68 (s, 1H, N=CH). MS
(ESI): 632 (M—H); Anal. calcd. for C35H3,NsO5: C, 66.34; H, 4.93; N,
11.05. Found: C, 66.47; H, 4.92; N, 11.07.

4i: A yellow powder; yield (78%); mp >300°C; IR (KBr) v: 3276,
2926, 1743, 1702, 1655, 1597, 1535, 1509, 1439, 1381, 1366,
1329, 1315, 1278, 1236, 1174, 1136, 1110, 1055, 849, 830, 763,
722, 579. "H-NMR (500 MHz, DMSO-d¢) 8: 0.88 (t, 3H, ] = 7.4 Hz,
CH;CH,), 1.87 (q, 2H, | = 7.5 Hz, CH;CH,), 2.16 (s, 3H, OCCH3),
2.24 (s, 3H, C = C-CHj), 3.06-3.48 (q, 2H, | = 13.6 Hz, CH,CO),
5.35 (d, 1H, ] = 3.2 Hz, NHCH), 5.40-5.56 (q, 2H, ] = 15.0 Hz,
OCH,), 5.57 (s, 2H, NCH,), 6.04 (s, 1H, OH), 7.39-7.53 (dd, 4H,
J = 8.3 Hz, Ar-H), 7.45 (s, 1H, C,,-H), 7.82 (t, 1H,] = 8.0 Hz, C;4-H),
7.91 (s, 1H, NH), 7.95 (t, 1H, | = 8.1 Hz, C;;-H), 8.26 (d, 1H,
J = 8.4 Hz, C,»-H), 898 (d, 1H, J = 8.5 Hz, Co-H), 9.24 (s, 1H,
NH), 9.68 (s, 1H, N = CH). MS (ESI): 616 (M—H); Anal. calcd. for
C35H31Ns506: C, 68.06; H, 5.06; N, 11.34. Found: C, 68.17; H, 5.05;
N, 11.32.

4j: A yellow powder; yield (76%); mp >300°C; IR (KBr) v: 3346,
3095, 2979, 2932, 1751, 1680, 1659, 1608, 1532, 1509, 1464,
1441, 1378, 1314, 1277, 1229, 1171, 1082, 1054, 854, 759. 'H-
NMR (500 MHz, DMSO-dg) 8: 0.88 (t, 3H, ] = 7.3 Hz, CH3CH,), 1.12
(t, 3H, ] = 6.9 Hz, CH3CH;N), 1.17 (t, 3H, ] = 7.0 Hz, CH3CH,0),
1.87(q, 2H, ] = 7.8 Hz, CH;CH,), 2.54 (s, 3H, C=C-CHj), 3.07-3.48
(@, 2H, J = 13.9 Hz, CH,CO), 4.01-4.05 (d q, 2H, J= 7.0 Hz,
CH3CH,N), 4.06 (q, 2H, J = 7.0 Hz, CH3CH,0), 5.22 (d, 1H,
J = 3.5 Hz, NHCH), 5.40-5.56 (q, 2H, J = 15.4 Hz, OCH,), 5.57
(s, 2H, NCH,), 6.03 (s, 1H, OH), 7.36-7.54 (dd, 4H, | = 8.3 Hz,
Ar-H), 7.45 (s, 1H, C,+H), 7.82 (t, 1H, ] = 7.9 Hz, C;o-H), 7.95
(t, 1H, J =79 Hz, C;;-H), 797 (s, 1H, NH), 826 (d, 1H,
J = 8.4 Hz, Ci»-H), 898 (d, 1H, J = 8.5 Hz, Cs-H), 9.69 (s, 1H,
N=CH). MS (ESI): 674 (M—H); Anal. calcd. for C3gH3,N50,: C,
67.54; H, 5.52; N, 10.36. Found: C, 67.65; H, 5.53; N, 10.33.

4k: A yellow powder; yield (67%); mp >300°C; IR (KBr) v: 3307,
2960, 2925, 2852, 1746, 1674, 1659, 1593, 1534, 1507, 1458,
1443, 1383, 1349, 1302, 1269, 1246, 1173, 1075, 1053, 972,
857, 829, 806, 759, 821, 629. 'H-NMR (500 MHz, DMSO-dg)
d: 0.88 (t, 3H, J = 7.3 Hz, CH5;CH,), 1.18 (t, 3H, J = 7.0 Hz,
CH3;CH,0), 1.87 (q, 2H, J= 7.8 Hz, CH3CH,), 2.52 (s, 3H,
C=C-CHs), 3.06-3.48 (q, 2H, ] = 13.8 Hz, CH,CO), 3.28 (s, 3H,
NCH3), 4.07 (q, 2H, J= 7.0 Hz, CH3CH,O), 5.24 (d, 1H,
J = 3.8 Hz, NHCH), 5.40-5.56 (q, 2H, ] = 15.4 Hz, OCH,), 5.57
(s, 2H, NCH,), 6.03 (s, 1H, OH), 7.36-7.53 (dd, 4H, | = 8.3 Hz,
Ar-H), 7.45 (s, 1H, Cy4H), 7.82 (t, 1H, ] = 7.9 Hz, C,o-H), 7.95
(t, 1H, J = 7.9 Hz, C;;-H), 8.04 (d, 1H, | = 3.8 Hz, NH), 8.26
(d, 1H, J=84Hz C;»H), 898 (d, 1H, ] = 8.5 Hz, CsH),
9.69 (s, 1H, N = CH). MS (ESI): 660 (M—H); Anal. calcd. for
C37H35N50,: C, 67.16; H, 5.33; N, 10.58. Found: C, 67.26; H,
5.32; N, 10.55.

41: A yellow powder; yield (70%); mp >300°C; IR (KBr) v: 3344,
3095, 3066, 2974, 2934, 1745, 1707, 1686, 1655, 1618, 1593,
1535, 1497, 1438, 1372, 1343, 1311, 1268, 1210, 1079, 973,
858, 829, 761, 699, 632. *H-NMR (500 MHz, DMSO-de) 5: 0.89 (t,
3H, ] = 7.3 Hz, CH;CH,), 1.19 (t, 3H, ] = 7.0 Hz, CH;CH,0), 1.88
(q, 2H, J = 7.8 Hz, CH3CH,), 2.07 (s, 3H, C=C-CH3), 3.07-3.46 (q,
2H, ] = 13.8 Hz, CH,CO), 3.28 (s, 3H, NCH;), 4.09 (q, 2H,
J = 7.0 Hz, CH3CH,0), 5.37 (d, 1H, ] = 3.5 Hz, NHCH), 5.40-
5.56 (q, 2H, ] = 15.4 Hz, OCH,), 5.58 (s, 2H, NCH,), 6.05 (s, 1H,
OH), 7.26 (d, 2H, Ar-H), 7.41-7.54 (m, 3H, Ar-H), 7.46 (s, 1H, C,,-H),
7.55-7.63 (dd, 4H, | = 8.3 Hz, Ar-H), 7.82 (t, 1H, ] = 7.9 Hz, Cyo
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H),7.95(t,1H,] = 7.9 Hz, C,-H), 8.24(d, 1H,] = 3.5 Hz,NH), 8.26
(d, 1H, J = 8.4 Hz, C;,-H), 8.98 (d, 1H, ] = 8.5 Hz, Co-H), 9.72
(s, 1H, N = CH). MS (ESI): 722 (M—H); Anal. calcd. for C4H37N507:
C, 69.70; H, 5.15; N, 9.68. Found: C, 69.84; H, 5.14; N, 9.66.

4m: A yellow powder; yield (88%); mp >300°C; IR (KBr) v: 3352,
3253, 3132, 2973, 2931, 1746, 1698, 1653, 1595, 1533, 1510,
1444, 1368, 1343, 1315, 1278, 1235, 1169, 1090, 1057, 850,
760. '"H-NMR (500 MHz, DMSO-dg) 8: 0.88 (t, 3H, J = 7.4 Hz,
CH3;CH,), 1.36 (s, 9H, OC(CH3)3), 1.87 (q, 2H, J= 7.9 Hz,
CH;CH,), 2.25 (s, 3H, C=C-CHj), 3.07-3.49 (q, 2H, ] = 13.9 Hz,
CH,CO), 4.03 (q, 2H, J= 7.0 Hz, CH;CH,0), 5.18 (d, 1H,
J = 3.4 Hz, NHCH), 5.40-5.56 (q, 2H, ] = 15.0 Hz, OCH,), 5.58
(s, 2H, NCH,), 6.03 (s, 1H, OH), 7.38-7.56 (dd, 4H, | = 8.3 Hz,
Ar-H), 7.45 (s, 1H, C.H), 7.74 (s, 1H, NH), 7.83 (t, 1H,
J =79 Hz, C,o-H), 7.94 (t, 1H, ] = 7.9 Hz, C;;-H), 8.26 (d, 1H,
J = 8.4 Hz, C,,-H), 899 (d, 1H, J = 8.5 Hz, Co-H), 9.12 (s, 1H,
NH), 9.70 (s, 1H, N=CH). MS (ESI): 674 (M—H); Anal. calcd. for
C3sH37Ns505: C, 67.54; H, 5.52; N, 10.36. Found: C, 67.68; H, 5.51;
N, 10.33.

4n: A yellow powder; yield (87%); mp >300°C; IR (KBr) v: 3310,
2960, 2931, 2873, 1742, 1705, 1682, 1651, 1594, 1537, 1510,
1440, 1396, 1377, 1312, 1276, 1234, 1081, 976, 829, 799, 760,
721, 631. 'H-NMR (500 MHz, DMSO-dg) 8: 0.81-0.83 (d d, 6H,
J = 5.3 Hz, CH(CHs),), 0.88 (t, 3H, ] = 7.4 Hz, CH3CH,), 1.16
(t, 3H, J = 7.0 Hz, CH3CH,0), 1.85 (m, 1H, CH(CHs),), 1.86
(q, 2H, ] = 7.9 Hz, CH;CH,), 2.31 (s, 3H, C=C~CHj), 3.07-3.45
(q, 2H, ] = 13.8 Hz, CH,CO), 3.78 (d, 1H, ] = 6.0 Hz, OCH), 5.24
(d, 1H, J = 3.0 Hz, NHCH), 5.40-5.57 (q, 2H, ] = 15.4 Hz, OCH,),
5.58 (s, 2H, NCH,), 6.03 (s, 1H, OH), 7.38-7.54 (dd, 4H, ] = 8.3 Hz,
Ar-H), 7.45 (s, 1H, C,oH), 7.81 (s, 1H, NH), 7.84 (t, 1H,
J =79 Hz, C,o-H), 7.95 (t, 1H, ] = 7.9 Hz, C;;-H), 8.26 (d, 1H,
J = 8.4 Hz, C,»-H), 898 (d, 1H, J = 8.5 Hz, Co-H), 9.26 (s, 1H,
NH), 9.68 (s, 1H, N=CH). MS (ESI): 674 (M—H); Anal. calcd. for
C3sH37N505: C, 67.54; H, 5.52; N, 10.36. Found: C, 67.69; H, 5.51;
N, 10.38.

4o0: A yellow powder; yield (85%); mp >300°C; IR (KBr) v: 3400,
3230, 3116, 2963, 2933, 2879, 1745, 1717, 1682, 1655, 1594,
1535, 1508, 1460, 1432, 1391, 1375, 1282, 1234, 1078, 1053,
997, 853, 800, 761, 719, 631. 'H-NMR (500 MHz, DMSO-dg)
3: 0.89 (t, 3H, J = 7.4 Hz, CH;CH,), 1.12 (t, 3H, J = 7.0 Hz,
CH3;CH,N), 1.87 (q, 2H, J= 7.6 Hz, CH3CH,), 2.54 (s, 3H,
C=C-CH,), 3.07-3.48 (q, 2H, ] = 13.9 Hz, CH,CO), 3.61 (s, 3H,
OCHj;), 3.63-3.85 (d q, 2H, | = 7.0 Hz, CH3CH;N), 5.22 (d, 1H,
J = 3.5 Hz, NHCH), 5.39-5.55 (q, 2H, ] = 15.4 Hz, OCH,), 5.54
(s, 2H, NCH,), 6.03 (s, 1H, OH), 7.36-7.53 (dd, 4H, J = 8.3 Hz,
Ar-H), 7.44 (s, 1H, Ci+H), 7.81 (t, 1H, ] = 7.9 Hz, C,o-H), 7.93
(t, 1H, ] = 7.9 Hz, C;4-H), 7.98 (d, 1H, ] = 3.7 Hz, NHCH), 8.23
(d, 1H, J = 8.4 Hz, C;,-H), 895 (d, 1H, ] = 8.5 Hz, CsH), 9.66
(s, 1H, N=CH). *CNMR (500 MHz, DMSO-d¢) &: 8.54, 15.21,
15.98, 37.35, 38.15, 42.78, 51.49, 52.54, 52.87, 61.68, 73.48,
99.88, 102.96, 122.26, 123.08, 125.78, 126.14, 127.43, 128.75,
128.95, 130.13, 130.75, 133.97, 143.75, 144.36, 149.61, 150.22,
152.89, 153.50, 156.11, 156.93, 159.36, 166.48, 172.13. MS (ESI):
660 (M—H); Anal. calcd. for C3,H3sNsO,: C, 67.16; H, 5.33;
N, 10.58. Found: C, 67.26; H, 5.32; N, 10.60.

4p: A yellow powder; yield (77%); mp >300°C; IR (KBr) v: 3351,
1968, 2929, 2883, 1744, 1687, 1655, 1593, 1535, 1508, 1439,
1421, 1381, 1348, 1270, 1243, 1206, 1072, 1056, 933, 852, 830,
760, 721. 'H-NMR (500 MHz, DMSO-d¢) 8: 0.88 (t, 3H, ] = 7.4 Hz,
CH3CH,), 1.87 (q, 2H, ] = 7.5 Hz, CH3CH,), 2.17 (s, 3H, OCCH3;),
2.50 (s, 3H, C=C~-CHs), 3.06-3.48 (q, 2H, ] = 13.6 Hz, CH,CO), 3.12
(s, 3H, NCH3), 5.30 (d, 1H, J = 3.7 Hz, NHCH), 5.39-5.52 (q, 2H,
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J = 15.0 Hz, OCH,), 5.54 (s, 2H, NCH,), 6.04 (s, 1H, OH), 7.39-7.52

(dd, 4H, J = 8.3 Hz, Ar-H), 745 (s, 1H, C.s ), 7.81 (t, 1H,
J = 8.0 Hz, C;oH), 7.94 (t, 1H, ] = 8.1 Hz, C;,-H), 8.13 (d, 1H,
J=3.9Hz, NH), 825 (d, 1H, J = 8.4 Hz, C;» ), 8.96 (d, 1H,
] = 8.5 Hz, CoH), 9.67 (s, 1H, N=CH). MS (ESI): 630 (M—H);

Anal. calcd. for C36H33N506: C, 68.45; H, 5.27; N, 11.09. Found:
C, 68.59; H, 5.28; N, 11.11.

4q: A yellow powder; yield (88%); mp >300°C; IR (KBr) v: 3334,
2972, 2930, 2883, 1746, 1674, 1597, 1536, 1510, 1435, 1389,
1369, 1344, 1283, 1232, 1140, 1080, 1053, 950, 851, 759,
821, 630. 'H-NMR (500 MHz, DMSO-dg) &: 0.89 (t, 3H,
J = 7.3 Hz, CH3CH,), 1.11 (t, 3H, ] = 6.9 Hz, CH3CH,N), 1.37
(s, 9H, C(CHj)3), 1.87 (q, 2H, J = 7.8 Hz, CH3CH,), 2.54 (s, 3H,
C=C-CHj), 3.07-3.48 (q, 2H, J = 13.9 Hz, CH,CO), 3.60-3.86
(d q, 2H, ] = 7.0 Hz, CH;CH,N), 5.17 (d, 1H, ] = 3.3 Hz, NHCH),
5.40-5.56 (q, 2H, | = 14.9 Hz, OCH,), 5.58 (s, 2H, NCH,), 6.03
(s, 1H, OH), 7.36-7.57 (dd, 4H, | = 8.3 Hz, ArH), 7.45 (s, 1H,
Ci4H), 7.82 (t, 1H, J = 7.9 Hz, C1¢-H), 7.88 (d, 1H, | = 3.6 Hz,
NHCH), 794 (t, 1H, J=79Hz C,-H), 826 (d, 1H,
] = 8.4 Hz, C;,-H), 899 (d, 1H, | = 8.5 Hz, CoH), 9.70 (s, 1H,
N=CH). MS (ESI): 702 (M—H); Anal. calcd. for C4H4N50;: C,
68.26; H, 5.87; N, 9.95. Found: C, 68.39; H, 5.88; N, 9.92.

4r: A yellow powder; yield (78%); mp >300°C; IR (KBr) v: 3339,
2961, 2929, 2873, 1746, 1677, 1659, 1597, 1535, 1511, 1462,
1443, 1380, 1270, 1246, 1073, 1051, 829, 760, 721, 629.
'H-NMR (500 MHz, DMSO-dg) &: 0.83 (d d, 6H, | = 6.5 Hz,
CH(CHs3),), 0.88 (t, 3H, J= 7.3 Hz, CH3CH,), 1.83 (m, 1H,
CH(CHs),), 1.87 (q, 2H, J= 7.8 Hz, CH3CH,), 2.50 (s, 3H,
C=C-CHs), 3.08-3.48 (q, 2H, | = 13.8 Hz, CH,CO), 3.14 (s, 3H,
NCH3), 3.83 (d, 2H, J = 6.3 Hz, OCH,), 5.26 (d, 1H, ] = 3.7 Hz,

NHCH), 5.39-5.55 (q. 2H, ] = 15.4 Hz, OCH,), 5.46 (d, 2H,
J=39Hz, NCH,, 605 (s, 1H, OH), 7.37-7.52 (dd, 4H,
J=83Hz, ArH), 742 (s, 1H, Ci+H)., 771 (t. 1H,

J =79 Hz, C;o-H), 7.90 (t, 1H, ] = 7.9 Hz, C;;-H), 8.05 (d, 1H,
J = 3.8 Hz, NH), 820 (d, 1H, J = 8.4 Hz, C;,-H), 8.89 (d, 1H,
J = 8.5 Hz, Cs-H), 9.61 (s, 1H, N=CH). MS (ESI): 660 (M—H);
Anal. calcd. for C39H39N50,: C, 67.91; H, 5.70; N, 10.15. Found:
C, 67.85; H, 5.69; N, 10.13.

4s: A yellow powder; yield (78%); mp >300°C; IR (KBr) v: 3314,
3219, 2974, 2921, 2850, 1740, 1701, 1655, 1692, 1551, 1498,
1448, 1355, 1158, 854, 752, 697, 621. 'H-NMR (500 MHz,
DMSO-dg) &: 0.89 (t, 3H, J = 7.3 Hz, CH3CH,), 1.39 (s, 9H,
OC(CH3)3), 1.88 (q, 2H, ] = 7.8 Hz, CH3CH,), 2.02 (s, 3H,
C=C-CHj), 3.07-3.49 (q, 2H, J = 13.8 Hz, CH,CO), 531 (d, 1H,
J = 3.2 Hz, NHCH), 5.44-5.57 (q, 2H, J = 15.4 Hz, OCH,), 5.61
(s, 2H, NCH,), 6.04 (s, 1H, OH), 6.87 (t, 2H, Ar-H), 7.41-7.54
(t. 2H, Ar-H), 7.38 (d, 1H, Ar-H), 7.45 (s, 1H, C,,H), 7.53-7.65
(dd, 4H, ] = 8.3 Hz, Ar-H), 7.82 (t, 1H, | = 7.9 Hz, C,o-H), 7.95
(t, 1H, J = 7.9 Hz, C;;-H), 8.16 (d, 1H, J = 3.5 Hz, NH), 8.27
(d, 1H, J = 8.4 Hz, C;»-H), 8.98 (d, 1H, | = 8.5 Hz, Co-H), 9.75
(s, 1H, N=CH). MS (ESI): 750 (M—H); Anal. calcd. for C,4H41N50;:
C, 70.29; H, 5.50; N, 9.32. Found: C, 70.43; H, 5.51; N, 9.35.

4t: A yellow powder; yield (65%); mp >300°C; IR (KBr) v: 3348,
3061, 2971, 2924, 2851, 1744, 1676, 1655, 1591, 1535, 1509,
1387, 1373, 1279, 1226, 1170, 1030, 850, 831, 760, 721, 638.
'H-NMR (500 MHz, DMSO-d) 8: 0.88 (t, 3H, ] = 7.4 Hz, CH;CH,),
111 (t, 3H, J= 6.7 Hz, NCH,CH3), 1.87 (q, 2H, J = 7.5 Hz,
CH3CH,), 2.16 (s, 3H, OCCHj3), 2.24 (s, 3H, C=C-CH3), 3.06-3.48
(q, 2H, J = 13.6 Hz, CH,CO), 3.62-3.85 (d q, 2H, | = 7.0 Hz,
NCH,CH3), 5.28 (d, 1H, | = 3.5 Hz, NHCH), 5.40-5.56 (q, 2H,
J = 15.0 Hz, OCH,), 5.56 (s, 2H, NCH,), 6.04 (s, 1H, OH), 7.39-
7.55 (dd, 4H, | = 8.3 Hz, Ar-H), 7.45 (s, 1H, C,,-H), 7.82 (t, 1H,
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J = 8.0 Hz, Cyp'H), 7.94 (t, 1H, J = 8.1 Hz, C,,-H), 8.05 (d, 1H,
J = 3.3 Hz, NHCH), 8.26 (d, 1H, | = 8.4 Hz, C,,-H), 898 (d, 1H,
J = 8.5 Hz, Co-H), 9.69 (s, 1H, N = CH). MS (ESI): 644 (M—H); Anal.
calcd. for C3,H35N506: C, 68.82; H, 5.46; N, 10.85. Found: C, 68.97;
H, 5.45; N, 10.83.

Cytotoxicity

One thousand two hundred cells per well were plated in 96-well
plates. After culturing for 24 h, test compounds were added onto
triplicate wells with different concentration, and 0.1% DMSO for
control. After three days of incubation, 20 pL MTT (3-[4,5-dime-
thylthiazol-2-yl}-2,5-diphenyl-tetrazolium bromide) solution
(5 mg/ml) was added to each well, and after shaking for
1 min the plate was incubated further for 4 h. Formazan crystals
were dissolved with 100 wL DMSO. The absorbance (OD) was
quantitated with microplate spectrophotometer at 570 nm.
Wells containing no drugs were used as blanks for the spectro-
photometer. The survival of the cells was expressed as percentage
of untreated control wells.

Topoisomerase | inhibition activity assays
Camptothecin was obtained from the company of
Tianzunzezhong in China. Topo I (calf thymus), buffer, BSA,
loading buffer and supercoiled DNA pBR322 were all from
TaKaRa Biotechnology CO., Ltd.

All reactions were carried out in 20-pL volumes (16 L double
distilled water, 2 nL DNA Topo I buffer, 2 pL 0.1% BSA) including
0.25 pg supercoiled DNA, 0.5 U Topo [ with or without drug. The
reaction was incubated at 37°C for 15 min. Reactions were
stopped by adding SDS (0.5% final concentration). To the reaction
mixtures, 3.5 pL 6 x loading buffer (0.1 mM EDTA, 7% glycerol,
0.01% xylene cyanol FF, Bromophenol Blue 0.01%) was added. The
mixtures were electrophoresed in 0.8% agarose gel in TAE
buffer for 40 min at 120 V. The gel was stained with ethidium
bromide at room temperature and photographed with UV
transilluminator.
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