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Synthesis of N-3,4,6,7-tetrahydro-2H-pyrimido [1,6-c]quinazolin -2-imine derivatives
and their antitumor activities in vitro
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Abstract: Objective To synthesize N-3,4,6,7-tetrahydro-2H-pyrimido[1,6-c]quinazolin-2-imine derivatives, and to investigate their
antitumor activities in vitro. Methods 2,6-Dichloropyrimidine and 6-amino-1,4-benzodioxole were used as starting materials to
synthesize a series of 3,4,6,7-tetrahydro-2H-pyrimido[ 1,6-c]quinazolin-2-imine derivatives through amination, Suzuki couple reaction,
condensation, and cyclization reaction. The antitumor activities in vitro were determined by MTT assay. Results Eighteen target
compounds were designed and synthesized, and their chemical structures were confirmed by 'H-NMR and MS. Antitumor activities
test showed that some target compounds have as the same antitumor activities as sorafenib. Conclusion A novel skeleton molecular
are discovered, and the targeted compounds have good antitumor activities, which offer new mentality to designe and synthesize novel
antitumor compounds in the future.
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Fig. 1 Synthetic route of target compound 4a
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h, RPEERE, D& S N EES EIR S E Y 1.
22 6-Q-FEEFE)N-QI-ZEFEFH[b][1,4) =%
F-6-E)IENE-4-B2 (2) HIEMK

B 2-ZIERMIR (1.9 g, 14 mmol). L& 1
(3.0 g, 10 mmol). K,CO;3 (4.14 g, 30 mmol)
Pd(PPh);Cl, (0.35 g, 5 mol) MIAZ] 1,4- 5 /N5
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M2 CWRAEI 3 IR o AR MR S AL K e,

ToKBRIREN T8, vEI, URBR A WAL,
FmE - BERR LW (10 1) YEE, ARt sie i
1A (2.9 g), KEE 91%, mp 192~196 °C . ESI-MS
m/z: 321.13 [M+H]" . '"H-NMR (600 MHz, DMSO-d;)
J: 9.38 (s, 1H, pyrimidine-CH), 8.61 (d, J=1.1
Hz, 1H, pyrimidine-CH), 7.41 (dd, J=7.9. 1.5 Hz,
1H, ArH), 7.31 (d, J=2.5Hz, 1H, ArH), 7.12
(ddd, J=8.5. 7.1. 1.6Hz, 1H, ArH), 7.02 (dd,
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J=8.7. 2.5Hz, 1H, ArH), 6.95 (d, J=1.1 Hz,
1H, ArH), 6.82 (d, J=8.6Hz, 1H, ArH), 6.75
(dd, J=82. 1.2Hz, 1H, ArH), 6.61 (ddd, J=
8.1, 7.1, 1.2 Hz, 1H, ArH), 6.56 (s, 2H, NH,),
426~420 (m, 4H, CHy).
2.3 N-(2,3- = S 7 3 [b][1,4] =¥ % -6- & )-6-(2-
(-CEHEREBD) XL RE)RTE)XE)HIE-4-f2 (3a)
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o K ARERL, FH/E MeOH Phk, 73 M1 E {4k
(294.9 mg), Y% 79.3%, mp 218~221 ‘C. ESI-MS
mlz:477.15 [M+H]". '"H-NMR (600 MHz, DMSO-d;)
0: 9.38 (s, 1H, pyrimidine-CH), 8.74 (s, 1H, ArH),
8.63 (d, J=0.8 Hz, 1H, pyrimidine-CH), 8.08 (d,
J=8Hz, 2H, ArH), 7.91 (dd, J=8. 1.6 Hz, 1H,
ArH), 7.87 (d, J=8.4Hz, 2H, ArH), 7.53 (td,
J=17.6. 1.6 Hz, 1H, ArH), 741 (td, J=7.6. 1.6
Hz, 1H, ArH), 7.24 (dd, J=8. 0.8 Hz, 1H, ArH),
7.11 (s, 1H, ArH), 7.05 (d, J=1.2 Hz, 1H, ArH),

6.86 (d, J=6.4 Hz, 1H, ArH), 6.58 (d, J=8.4 Hz,
1H, ArH), 4.17~4.15 (m, 4H, CH,).
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Fig. 2 Chemical structures of target compounds 4a — 4r
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Table 1 Structure data of target compounds

%95 X Y R ESIm/z  #iEds

4a C C 4CF, 47927 'H-NMR (600 MHz, DMSO-d¢) 6: 7.73 (d, J=83 Hz, 2H, ArH), 7.63 (d, J=83
Hz, 2H, ArH), 7.57 (s, 1H, ArH), 7.44 (d, J=7.7 Hz, 1H, ArH), 7.19 (t, J=
72 Hz, 2H, ArH), 6.86 (dd, J=9.6. 7.6Hz, 1H, ArH), 6.76 (ddd, J=12.6.
9.2, 3.4Hz, 4H, ArH), 5.75 (s, 1H, CH), 5.67 (s, 1H, CH), 4.61~4.50 (m,
2H, CH,), 4.17 (s, 4H, CH,)

4b N C H 41223  'H-NMR (600 MHz, MeOD) 6: 8.51 (d, J=6.1 Hz, 2H, ArH), 7.58 (s, 1H, ArH),
743 (d, J=59Hz, 2H, ArH), 7.37 (dd, J=11.3. 42Hz, 1H, ArH), 6.94 (d,
J=8.6Hz, 1H, ArH), 6.89 (d, J=82Hz, 1H, ArH), 6.87~6.82 (m, 2H, ArH),
6.80 (dd, J=8.6. 2.5Hz, 1H, ArH), 6.08 (s, 1H, ArH), 5.80 (s, 1H, CH),
495 (s, 1H, CH), 479 (d, J=10.7 Hz, 1H, CH,), 4.28 (s, 4H, CH,), 3.35
(s, 1H, CH,)

4c C C 2,6Cl 47926  'H-NMR (300 MHz, DMSO-dg) 6: 7.62 (s, 1H, ArH), 7.60 (d, J=7.9 Hz, 2H,

ArH), 7.50 (dd, J=38.6. 7.5 Hz, 1H, ArH), 747 (d, J=7.9 Hz, 1H, ArH),
7.27 (dd, J=11.2. 42Hz, 1H, ArH), 6.88 (d, J=8.6 Hz, 1H, ArH), 6.79 (s,
2H, ArHD, 6.72 (dd, J=8.6. 2.5Hz, 1H, ArH), 6.69 (t, J=7.4Hz, 1H, ArH),
6.66 (d, J=82Hz, 1H, ArH), 590 (s, 1H, CH), 446 (d, J=104Hz, 1H,

CHy), 422 (s, 4H, CH,), 4.10 (d,

J=10.0 Hz, 1H, CH,)
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'H-NMR (300 MHz, DMSO-d¢) d: 7.43 (d, J=3.7Hz, 5H, ArH), 7.28 (s, IH,
ArH), 7.13 (t, J=7.6Hz, 1H, ArH), 7.07 (s, 1H, ArH), 6.87 (d, J=8.1 Hz,
1H, ArH), 6.76~6.63 (m, 3H, ArH)>, 5.58 (s, 1H, CH), 5.31 (s, 1H, CH),
435 (d, J=9.7Hz, 1H, CH,), 4.26 (d, J=9.8Hz, 1H, CHy), 4.14 (d, J=1.8
Hz, 4H, CH,), 1.26 (s, 9H, CH3)

'H-NMR (300 MHz, DMSO-d,) : 8.48 (d, J=4.8Hz, 1H, ArH), 7.73 (t, J=17.7
Hz, 1H, ArH), 7.34 (dd, J=7.8. 43 Hz, 2H, ArH), 7.26 (t, J=6.1 Hz, 3H,
ArH), 7.07 (t, J=7.7Hz, 1H, ArH), 6.82 (d, J=84Hz, 1H, ArH), 6.64 (dd,
J=164, 84 Hz, 3H, ArH), 548 (s, 1H, CH), 541 (s, 1H, CH), 451 (d, J=
9.9 Hz, 1H, CHy), 441 (d, J=99Hz, 1H, CH,), 4.10 (d, J=3.1 Hz, 4H, CH,)

'H-NMR (300 MHz, DMSO-d¢) d: 7.89 (s, 1H, ArH), 7.46 (d, J=7.8Hz, 1H,
ArH), 7.36~7.22 (m, 3H, ArH), 7.16 (d, J=7.8Hz, 2H, ArH), 697 (s, 1H,
ArH), 6.86 (d, J=8.3Hz, 3H, ArH), 6.72 (t, J=7.4Hz, 1H, ArH), 5.87 (s,
IH, CH), 5.84 (s, 1H, CH), 4.61 (dd, J=41.2. 10.5Hz, 2H, CH,), 4.22 (s,
2H, CHy), 2.25 (s, 3H, CHjy)

'H-NMR (600 MHz, DMSO-dg) o: 7.98 (s, 1H, ArH), 7.48 (dd, J=24.6. 7.7 Hz,
1H, ArH), 743 (d, J=7.4Hz, 2H, ArH), 7.38 (s, 1H, ArH), 7.36 (d, J=17.7
Hz, 2H, ArH), 7.34~7.30 (m, 1H, ArH), 7.30~7.25 (m, 1H, ArH), 6.98 (d,
J=19Hz, 1H, ArH), 6.90~6.81 (m, 3H, ArH), 6.73 (t, J=7.6 Hz, 1H, ArH),
595 (s, 1H, CH), 5.88 (s, 1H, CH), 4.73 (d, J=10.6 Hz, 1H, CH2), 4.58
(d, J=10.5Hz, 1H, CHy), 4.23 (q, J=49Hz, 4H, CHp

'H-NMR (300 MHz, DMSO-d¢) d: 7.88 (s, 1H, ArH), 7.43 (d, J=7.8Hz, IH,
ArH), 7.24 (t, J=72Hz, 1H, ArH), 7.06 (s, 1H, ArH), 6.94~6.78 (m, 3H,
ArH), 6.71 (t, J=7.1Hz, 1H, ArH), 6.58 (s, 2H, ArH), 6.43 (s, 1H, ArH),
5.81 (s, 1H, CH), 5.76 (s, 1H, CH), 4.72 (d, J=10.2 Hz, 1H, CH,), 4.57
(d, J=103Hz, 1H, CHy), 421 (s, 4H, CH,), 3.72 (d, 6H, OCH;)

'H-NMR (300 MHz, DMSO-d) d: 8.11 (s, 1H, ArH), 7.93 (d, J=8.3 Hz, 2H,
ArH), 7.54 (d, J=8.1Hz, 2H, ArH), 7.46 (d, J=8.0Hz, 1H, ArH), 7.29 (t,
J=7.7Hz, 1H, ArH), 6.99 (s, 1H, ArH), 6.93~6.83 (m, 3H, ArH), 6.75 (t,
J=7.5Hz, 1H, ArH), 6.11 (s, 1H, CH), 5.85 (s, 1H, CH), 4.85 (d, J=10.5
Hz, 1H, CH,), 4.63 (d, J=10.7Hz, 1H, CH,), 423 (s, 4H, CH,), 3.85 (s,
3H, COOCH3;)

'H-NMR (300 MHz, DMSO-dg) d: 8.10 (s, 1H, ArH), 7.57~7.35 (m, 5H, ArH),
7.29 (t, J=7.7Hz, 1H, ArH), 6.96 (s, 1H, ArH), 6.92~6.78 (m, 3H, ArH),
6.74 (t, J=7.5Hz, 1H, ArH), 6.04 (s, 1H, CH), 5.86 (s, 1H, CH), 4.71 (dd,
J=62.2, 10.8 Hz, 2H, CH,), 4.23 (s, 4H, CHy)

'H-NMR (300 MHz, DMSO-d¢) d: 8.05 (s, 1H, ArH), 7.57 (d, J=8.4Hz, 2H,
ArH), 745 (d, J=7.8Hz, 1H, ArH), 7.41~7.22 (m, 3H, ArH), 697 (s, 1H,
ArH), 6.93~6.80 (m, 3H, ArH), 6.75 (t, J=74Hz, 1H, ArH), 6.01 (s, 1H, CH),
5.84 (s, 1H, CH), 4.70 (dd, J=579, 10.5Hz, 2H, CH,), 424 (s, 4H, CH,)




AAEHE%E  Drugs & Clinic FRE FTH 201747 A « 1175 «

g1

G X R ESIm/z KR %

4p C C 3-OCH,0-4 45529 'H-NMR (300 MHz, DMSO-ds) d: 7.88 (s, 1H, ArH), 7.47 (d, J=8.0 Hz, I1H,
ArH), 731 (t, J=7.6Hz, 1H, ArH), 7.05~6.65 (m, 8H, ArH), 6.00 (s, 2H,
ArH), 5.89 (s, 1H, CH), 5.79 (s, 1H, CH), 4.63 (dd, J=45.0. 10.7 Hz, 2H,
CH,), 4.24 (s, 4H, CHp), 3.73(s, 2H, OCH,0)

4@ C C 4-OH 42732  'H-NMR (600 MHz, DMSO-d¢) 6: 8.41 (s, 1H, ArH), 7.89 (s, 1H, ArH), 7.48
(d, J=83Hz, IH, ArH), 7.38~7.27 (m, 1H, ArH), 7.23 (d, J=8.6 Hz, 2H,
ArtH), 6.92 (d, J=8.6 Hz, 1H, ArH), 6.87 (s, 1H, ArH), 6.85 (d, J=2.6 Hz,
IH, ArH), 6.84~6.73 (m, 4H, ArH), 588 (s, 2H, CH), 4.57 (dd, J=56.8.
10.6 Hz, 2H, CH,), 4.20 (s, 4H, CH,)

4r C C 34-20CH; 471.34 'H-NMR (300 MHz, DMSO-ds) d: 7.83 (s, 1H, ArH), 7.48 (d, J=82Hz, IH,
ArH), 7.30 (t, J=7.7Hz, 1H, ArH), 7.04 (s, 1H, ArH), 7.00~6.71 (m, 7H,
ArH), 5.85 (s, 1H, CH), 5.77 (d, J=4.2 Hz, 1H, CH), 4.59 (dd, J=37.9.
10.8 Hz, 2H, CH,), 4.24 (s, 4H, CH,), 3.75 (s, 3H, CH3), 3.74 (s, 3H, CH3)
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ﬁé i 4a~4r 1] DMSO %R G, INABEIE S Table 2 Anti-tumor activity of target compounds
ALK 1 000 pmol/L R a4 A &, A5 e ICso/(umol-L™")
14 DMSO [HIIRZE R 4 1004 104 14 0.1, A A549 4111 HCT116 41
0.01. 0.001 pg/mL. 96 fLAREFFLIIA (4~10) X 4a 74 29
10* AN /mL 4 J B 100 uL, & 37 C. 5% CO 5 4 485 45.4
FEREW . 24 hE, IIAFES, 10 pL/AL, WAE 4 11.2 6.9
FL, 37 C. 5% COfEH 72 ho BEFLIIA S mg/mL 49 22 1.1
MTT ¥ 20 uL, EH 4 h G A, 100 pl/ - 4e 85.6 25.1
fL, BEEFEMN, WG 2R 2 DIREMIMUE 4 3.7 2.7
570 nm A E LGRS (4D i, H Bliss 4g 74 6.3
VAR (G 7. Wk 2. 4h 5.4 5.8
4 g 4i 7.7 223

AWFFILE T 18 ANEEE 6 7 AT AN AU 4 72 9.4
FRAM A, HEMZ 'TH-NMR Fl MS 2E1 74 4k 5.9 4.8
Uk, IR0 ARSI WG EEAT I . A — P 4 4 6.9 125
MR EY), K7 AR SR T AR R 4m 12.8 39
FERRSMUI BRI M. MO R R (1) 4= e o
W AL AN 2-BE g fUARIE (54 4b Fll de) B4R 40 53 31
AN G 4g) Ja, WEPERIRFEC: (2) 535 4 ap 1.1 21
LI NSEIRTE . KARFASE A R T T 3R Tt 4 4q 46,7 431
PEGIANBUT 5 (bEY) 4d) Pl ia e 20K 4r 424 547

5 ETHAE (A 4g)e (3) (24 BBIGRARIE 0 2 s

HFR5ELE (BP0 4q), PUMMRIEERIE NF%; (4) 4
3R 4 7RSI AR A B, W (13 A RE SR LAY 4p, K A549.
3,4-20CH; AR A 4r XTI AS49\HCT116  HCT116 PiAN4IHIRR) ICso ¥ KT 10 pmol/L.

PN RIPRIR ICso YK T 10 pmol/L, X WiZIf[d] g bk, ARG T 18 /N N-3,4,6,7-VU4 -
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