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(BB 2y B Y IR KNS e 2 223 T8 442000)
CWAREE 255 Bl Ak W5 148 442000)
CWIALE 2y E B AEhR 2E SO THE 442000)

ﬁ% *,b

WE WENH aza-Wittig Je NV, KH SR ER, FEERPEMT, LL 78%~90% 1= HA7 81 A 1 T B i 2- -
RN I [3,2-d|MEIE -4 3 H)-TAT AW 5, HA5HIZ IR, 'H NMR, MS FITc £ WHiiA. Jidt— LB BI85k, a4 sc
28 X HHERAT AT A HTIESE. 12 FEME MTTARUEIE LA 5 AT T RN TR i e RO s, Herp SE 6T 41 il A459
) ICso {H N 18.4 umol/L, ‘2o H ¥ 7E R4 A g 3 1.
KPR BRI IE[2,3-d)EBE-43H)-H; A PR

Synthesis and Antitumor Activity of Some 2-Amino-furo[2,3-d]-
yrimidin-4(3H)-one Derivatives
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Abstract In this paper, a novel series of 2-aminofuro[2,3-d]yrimidin-4(3H)-one derivatives were prepared via aza-Wittig
reaction of iminophosphorane 3 with aromatic isocyanate and subsequent reaction with various amine under mild condition in
78%~90% yields. The structures of these compounds were confirmed by mass spectral data, 'H NMR, IR and elemental
analysis. Compound 5S¢ was further analyzed by single crystal X-ray diffraction. The in vitro antitumor activities of com-
pounds 5 were analyzed with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT) standard method, and

compound 5f showed the best inhibition activities against A459 with ICsy 18.4 umol/L.
Keywords furo[2,3-d[pyrimidin-4(3H)-one; synthesis; antitumor activity
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o O NEt3 HsC™ g~ ~NH;
1
2
— Qo Qo
PhsP, C,Clg OHO
NEt; I\
H3C (0] N=PPh3
3
Scheme 1

16 0~5 CEAMRYF, WAL 3 5 i le [ M,
320k VN 4, 4 70 S0, e O, i RN
AL IR ) 228 BTk IR M E-4(3H)-IH(5). & )
WEYWNZER 1, AL . Scheme 2.

o O - /
Y - o} 0
o 0 ANCO
T\ I\
HC g N=PPh; H3C™ g N=C=Ar
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1 GRE5HE
1.1 BRI

2RO EY AE RO, SR R R
LR LTEAN 2-5 1R L BEAE = L AL T N, 4% T
2- R F-5-FHL-IRIN-3,4- — HIR L BR(2). 2 HE— PR =K
Fel . NR O = OO DLER AR PR R A 2% T R
Jié 3.

7E 0~5 C, HTBRaAMAY, B 3 ARt
SURRTEG SN A B — W e 4. 4 43 W) S A R A i ) N,
AL, B4 R R A IR I N A ) 2-
IERE IE[2,3-d] e M T A4 5.
1.2 B#rbEY 5 BIKILHSE

HFrb &) 5 452 IR, "H NMR, EI-MS F17T
ZOMN. EZRYULEYIN 'H NMR #, 553 A
AR AR 6 6.50~7.60 2 [A] B 2 Eig, He %
SR T I E S TH NMR 3% & rh— % M. il
k&40 5b (1) '"H NMR HEUCIE ) OCH,, NCH, L2447
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F 2-FIE-IE[2,3-d]DFEE-4H)-I 5 (9754
Table 1 Preparation of 2-amino-furo[2,3-d]pyrimidin-4(3H)-
ones S

Compd. NR'R? Ar
5a QNH 4-C1-C6H4
5b o N 4-CI-C¢H

\ 64

sc CN 4-CL-C4H,

5d )\ J\ 4-Cl-C¢Hy
N

Se < N 3-CH3-C6H4

5f ] N 3-CH;-C¢H.
) 3-Celly

S5g /I\NJ\ 4-CH;-CeH,4

5h Q,L 4-F-C4H,

5i ] N 4-F-C¢H

1 \ 6114

5j NEt, 4-F-C¢Hy

© 2012 Chinese Chemical Society & SIOC, CAS

FEAE 6 3.48 A1 3.15 Ab¥y i /s = FElg; WRIRIEA b FHIEI 1L
SN REAE 2.63 ) —Hulficg, 7E IR i, HAsb &)
5 RFAESEA Y 0 S R e R B S P S C=
O IR AFIRBNEHRAEAE 1710 em ™' AiAy; JRIRIK)H 28
PRBNAE 1480~1600 cm ' 2 AN 2 45 ik, S5 2RFF0K
W s M AP, 7E 1480 H1 1550 em ™" T 541 5
FEignm, Hoeibh s — MR ys. /£ MS WK, Hix
B AT BRI T2 T, R B T T
W H bR FE A, TS iAMe a5 (1)
ghth), b B 5 4 X SFLATE o HrE st

1.3 L&Y 5 HodnhhEiE

1.3.1 #mfeszsc

S i A0 A Jes 40 M PR (MCE-7, SPC-A-1, A459)H]
RPMI-1640 H5329 T CO, 4 37 °C, 5% CO, MR
JE R RESE. MERELN A 0.25% 08 8 (A B AL AL 4.

1.32 MTT &%

Ak R A SO P 4T M ) A PRV, AN
IR Ky 5 X 10* A/ mL, BefpT- 96 FLIEFEIR, BEFLEER
100 pL, BEFLIMAAFIHRE R 254 100 uL 5282, Y]
SR K 29 &R L4395k 5.0, 25.0, 0.0 pug/mL, 75

http://sioc-journal.cn/ 1469
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F 1 5k B AL AN I 249) RBE Pk o B O, BRI % 4 A
AL, HiFE 24 h, WsE B MTT (5 mg/mL) 100 pL,
Fr& B3, in DMSO 100 pL, 76 TAREER Es], H
4= BB A R I T 495 nm I A I i WY
(OD)H, K ICso. MEAMRIGHRAE AR WAL R 25 57 B 2k
Bl = 2 AE 5T 56 k.

(%) =[A495(FI M0 ) — A495(n 2 41))/

A495([ X 1) X 100
133 #X

SIS EHE LA X 5 Ko, Fdi kA SPSS10.0 48
THRAEEAT. H Origin B4, i I >0 Bl & H 4k
ICso H. 25 BnbBY 5 HAT RIFI 1Cs (HGEE 2).
R 2 2GRN [2,3-d) I W5 NE -4(3H)- I (5) P 4 M 98 i 1k
(ICs, pmol/L)

Table 2 Antitumor activities of 2-amino-furo[2,3-d]yrimidin-
4(3H)-ones 5 (ICsp, pmol/L)

Entry Compd. MCEF-7 SPC-A-1 A459
1 5a 34.8 28.1 34.8
2 5b 48.3 21.0 34.0
3 5¢ 58.6 25.7 37.7
4 5d 322 28.6 30.0
5 Se 49.6 27.7 46.9
6 5f 69.3 18.4 329
7 5g 47.4 243 38.8
8 5h 28.6 48.8 523
9 5i 28.5. 36.6 513
10 5j 42.1 21.6 439
Xt s — — 37.3

@ FORRABIT R RS R

B2, BAINH aza-Wittig N, SR 551510 J5URL,
FEMAISAT T, SR ERAEITVE, A 800 & R T 8 Y
2-FHEIRIE I [3,2-d|WEWE -4 H)-IfT A=) 5. LAk Ah
IS TEIREG, WE TACEY S X T g R s 2 it bk
(MCF-7, SPC-A-1, A459)4MElsEE, 458 S ay
5 BATAE RIEFIIPUMIR G TE, W 5 Xt a il A459
(1) 1Cso fH A 18.4 umol/L.

2 ZWEH
1.1 UES IR

95 m AL RS DA T AR I X4 B sG]
B, IRETRERKIE; 440 Perkin. Elemer PE-983 41
HMERESGNE: "TH NMR Ji] Varian Mercury 400 7 400
MHz % 35 9= 00 2, TMS 4 N ki ; MS i ]
FinniganTrace A2 ; JoE T4 Vario EL 111
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JCE AT e . BT AR AR A [ 7= (Bt ) fh 27 Al sl 4y
Fral. DUEMEEE(MTT) A3 E AMRESCO A w77 ih; B
B S A AL (GENIOS TECAN); CO, B FR 4 (H A =1
AT]); LD4-2A B0 HLAEEEREOHL ), 96 FLIR(GE
Cornning 2~ w]). L M J 1 i 98 40 S #k (MCF-7,
SPC-A-1, A459)3 tHiIdL = 24 2 Bt S filt = 22 0T 50 P i
fit.

1.2 BEERR 3 WOHl&

ZHCRITES, 16 15 mL (BRI 215 2
fig 3.39 g (30 mmol)F1 NEt; 8 mL (56 mmol), 7E =
FER RN N 2- A 4R 415 4.93 g (30 mmol). i N5E
EER R FAREE N, 1 h Jo5, BB L7, %
FPIM EtOH © HyO (V1 V=1 @ DEEL; S 2-242k-5-
- -3,4- —HIR 4R (2), AEREK 6.34 g Fo%
88%. FRHX 2 (2.41 g, 10 mmol), PPh; (3.93 g, 15 mmol)
Al C,Clg (3.56 g, 15 mmol) & T~ 100 mL ¥ ) NI, HIA
T G 30 mL, 7= R 1248 A NEt; (4.2 mL, 30
mmol). T IN5E AR RTEILAAE FEREE RV 2 h J5, Jk)E
i 2e 9550, FREN] EtOH : H,O (V: V=1 : 1)EZ5
TSR 3, AMRE1AG4.06 g, K 81%), m.p. 169~
170 C®.
1.3 2-|E-IKIEIE[2,3-d|ENE-4(3H)-ERHTE MR &

1E 0~5 CHITHRESRY T, F05 35 A IR
mmol )i N BV 2 (3 mmol) ) & e (15 mL)
o, OEERN 16~18 h, B A L, I
V(TR - V(A =1 2 (20 mL)ESHER), ik
DARR 2 = 2R AU, DEIRAEIROE T M2 30 20 ¥ 7 B 4 5k
V% 4.

W BT AR 0 495 T AP BE(15 mL) A, AR
MR IZ3 mmol), £ FHFERNY 1~2 h )5,
Jid v 7], INATE/K 2810 mL)A LG Z 8 40 1 6 7K
LA mol/L), fESM FHEFE Y. 8~12 h, Yk it
FA, AR DL CREE S R /A ek 4, DABE
R G R T 2-ke H-5- S IR -6- FP - I
[2,3-d] e -4(3H)-BifiT =4 5.

2-IR U -3-(4-F AR I )-5- 2,58 Fk 3 - 6- T =P I
I [2,3-d1WE B¢ -4(3H)- lid (5a): F & k(e 071 g,
83%). m.p. 192~194 “C; '"H NMR (400 MHz, CDCl;) ¢:
1.00~2.60 (m, 10H, 5XCH,), 1.35 (t, J=7.2 Hz, 3H,
CH3), 2.61 (s, 3H, CH3), 3.87~3.90 (m, 1H, CH), 4.04 (d,
J=7.6 Hz, 1H, NH), 4.33 (q, J=7.2 Hz, 2H, OCH,),
7.22~7.57 (m, 4H, ArH); IR (KBr) v: 1731 (C=0), 1559,
1532, 1216 cm'; MS (70 eV) m/z (%): 429 (M", 100),
383 (65), 355 (47), 301 (80), 273 (33), 195 (26), 167 (31),
153 (60), 84 (15). Anal. caled for CyHp4CIN3O4: C 61.46,

Chin. J. Org. Chem. 2012, 32, 1468~1472
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H 5.63,N 9.77; found C 61.55, H 5.81, N 9.85.

2- Ny K -3 (4- S AR ) - 5- 2 B0 - 6.- P T il
IF[2,3-d]WEmE-4(3H)-HI(Sb): A d kR 0.73 g,
87%). m.p. 158~160 “C; '"H NMR (400 MHz, CDCl;) ¢
7.48~7.27 (m, 4H, ArH), 4.38 (q, J=7.2 Hz, 2H, OCH,),
3.48 (t, J=4.8 Hz, 4H, 2X OCH,), 3.15 (t, J=4.8 Hz, 4H,
2XNCH,), 2.63 (s, 3H, CHs), 1.38 (t, J=7.2 Hz, 3H,
CH;); IR (KBr) v: 1705 (C=0), 1689, 1538, 1245
ecm™'; MS (70 eV) m/z (%): 417 (M", 100), 371 (58), 343
(41), 297 (32), 223 (63), 179 (15), 167 (10). Anal. calcd for
CaoHyCIN;Os: C 57.49, H 4.82, N 10.06; found C 57.64,
H4.63,N 10.11.

2-NHE I -3-(4- S AR I )-5- LA FEFRIE -6- H L - IRg
[2,3-d|MERE-43H)-Hi(Se): P RR 0.67 g, 84%).
m.p. 170~172 ‘C; '"H NMR (400 MHz, CDCl;) 8: 1.35 (t,
J=17.2 Hz, 3H, CH;), 1.75~1.79 (m, 4H, CH,CH,), 2.60
(s, 3H, CHj), 3.06~3.09 (m, 4H, 2NCH,), 4.33 (q,
J=17.2 Hz, 3H, CH,), 7.25~7.44 (m, 4H, ArH); MS (70
eV) m/z (%): 401 (M", 40), 355 (29), 327 (50), 207 (46),
165 (69), 151 (15), 70 (9). Anal. caled for CyH,0CIN;Oy:
C 59.78, H 5.02, N 10.46; found C 59.74, H 5.08, N 10.41.

2- PN L -3-(4-F R I )-5- LS SR B -6- F -k
IR F[2,3-d] W e -4(3H)- B (5d): R 0.67 g,
78%). m.p. 222~224 “C; '"H NMR (400 MHz, CDCl;) ¢
1.09 (d, J=6.4 Hz, 12H, 4 X CH3), 1.36 (t, J=7.2 Hz, 3H,
CHs), 2.62 (s, 3H, CH;), 3.50~3.54 (m, 2H, 2 X CH), 4.34
(q, J=7.2 Hz, 2H, OCH,), 7.20~7.44 (m, 4H, ArH); IR
(KBr) v: 1705 (C=0), 1591, 1534, 1372, 1099 cm '; MS
(70 eV) m/z (%): 431 (M, 85), 388 (100), 330 (37), 264
(21), 193 (34), 152 (55), 100 (41). Anal. caled for
CyHyCIN;O,: C 61.18, H 6.07, N 9.73; found C 61.31, H
6.23, N 9.64.

2-NE L IE -3-(3- FH L ORI )-5- £ A e Ak -6- H k-
BRI IE[2,3-d]WE0E -4(3 H)-I(Se): [ ta b fR(leE 0.71 g,
90%). m.p. 158~159 “C; 'H NMR (400 MHz, CDCls) §:
7.36~7.10 (m, 4H, ArH), 4.38 (q, J=7.2 Hz, 2H, OCH,),
3.13 (t, J=4.8 Hz, 4H, 2 X NCH,), 2.64 (s, 3H, CH;), 2.60
(s, 3H, ArCH3), 1.46~1.22 (m, 6H, 3X CH,), 1.38 (t, J=
7.2 Hz, 3H, CH;); “C NMR (100 MHz, CDCL;) J: 13.6,
14.3,21.2,23.9,24.8,49.8, 60.7, 98.1, 111.0, 125.8, 128.6,
128.7, 129.4, 137.8, 138.6, 155.9, 157.4, 1582, 163.1,
163.7; IR (KBr) v: 1705 (C=0), 1591, 1534, 1372, 1099
ecm™ s MS (70 eV) m/z (%): 395 (M, 48), 350 (11), 320
(15), 201 (100), 174 (51), 145 (34), 91 (68). Anal. calcd for
CyH,sN;0,: C 66.82, H 6.37, N 10.63; found C 66.85, H
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6.40, N 10.50.

2- M TR -3-(3- FF 3 2K 3 )-5- 2 S S Bl e -6- F -k
W 51 [2,3-d] W8 e -4(3H)- Tl (56): (1 (iR (CE 0.67 g,
85%). m.p. 175~176 °‘C; '"H NMR (400 MHz, CDCl5) &:
1.36 (t, J=7.2 Hz, 3H, CH;), 2.40 (s, 3H, CH3), 2.63 (s,
3H, CH3), 3.13 (t, J=4.8 Hz, 4H, 2XNCH,), 3.48 (t, J=
4.8 Hz, 4H, 2X OCH,), 4.35 (q, J=7.2 Hz, 2H, OCH,),
7.12~7.39 (m, 4H, ArH); IR (KBr) v: 2928 (C—H), 1725
(C=0), 1689 (C=0), 1537, 1294, 1110 cm '; MS (70
eV) miz (%): 397 (M, 38), 351 (21), 323 (17), 203 (100),
159 (23), 145 (7), 91 (42). Anal. caled for Cy;Hy3N;0,: C
63.46, H 5.83, N 10.57; found C 63.39, H 5.87, N 10.51.

2- T N JHE-3-(4-H 2R IE)-5- LA FE e dk-6- F -
W 32,3-d] e -4(3H)-F(5g): H O RKE 0.68 g,
85%). m.p. 169~170 °‘C; '"H NMR (400 MHz, CDCl5) ¢:
1.38 (t, J=7.2 Hz, 3H, CH3), 2.60 (s, 3H, CHs), 3.14 (t,
J=48 Hz, 4H, 2XNCH,), 348 (t, J=4.8 Hz, 4H,
2XOCH,), 4.38 (q, J=7.2 Hz, 2H, OCH,), 7.34~7.16
(m, 4H, ArH); IR (KBr) v: 1714 (C=0), 1580, 1541, 1216
cm ' MS (70 eV) m/z (%): 401 (M, 96), 355 (69), 327
(64), 207 (100), 163 (74), 134 (40), 122 (33). Anal. calcd
for C,oH,0FN3;05: C 59.85, H 5.02, N 10.47; found C
59.68, H 5.26, N 10.33.

2-N- PSR [ -3-(4- AR I )-5- LA FE P K -6- FF -
W I [2,3-d] B BE-4(3H)-I(Sh): F AR E 0.67 g,
80%). m.p. 178~179 °C; '"H NMR (400 MHz, CDCl5) &:
1.35 (t, J=7.2 Hz, 3H, CHy), 2.68 (s, 3H, CH3), 3.28 (s,
3H, CH3), 4.36 (q, J=7.2 Hz, 2H, CH,), 6.57~7.08 (m,
9H, ArH); IR (KBr) v: 1727, 1688, 1537, 1294, 1066 cm ';
MS (70 eV) m/z (%): 421 (M", 100), 375 (43), 346 (29),
315 (43), 287 (22), 227 (52), 106 (13), 77 (11). Anal. calcd
for C3H,0FN304: C 65.55, H 4.78, N 9.97; found C 65.41,
H 4.95, N 10.10.

2- N TR -3 - (4- 3 2 i )- 5 - 248 e - 6- P ik — T i
IE[2,3-d)WEIE-43H)-H(51): FESIAMER 0.68 g, 85
%); m.p. 169~170 ‘C; 'H NMR (400 MHz, CDCl5) 6:
1.38 (t, J=7.2 Hz, 3H, CH3), 2.60 (s, 3H, CH3), 3.14 (t,
J=4.8 Hz, 4H, 2XNCH,), 3.48 (t, J=4.8 Hz, 4H,
2XOCH,), 4.38 (q, J=7.2 Hz, 2H, OCH,), 7.34~7.16
(m, 4H, ArH); IR (KBr) v: 1714 (C=0), 1580, 1541, 1216
cm s MS (70 eV) m/z (%): 401 (M", 96), 355 (69), 327
(64), 207 (100), 163 (74), 134 (40), 122 (33). Anal. calcd
for CyHyFN;Os: C 59.85, H 5.02, N 10.47; found C
59.68, H 5.26, N 10.33.

2- L LG -3-(A- TR IR )-5- 28 T PR F -6- F -1 iRy

http://sioc-journal.cn/ 1471
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I [2,3-d] W BE -4(3H)- i (5)): 1 4 f i (% 0.68 g,
88%). m.p: 131~132 “C; '"H NMR (400 MHz, CDCl;) ¢:
7.29~7.14 (m, 4H, ArH), 4.38 (q, J/=7.2 Hz, 2H, OCH,),
3.13 (t, J=17.2 Hz, 4H, 2 XNCH,), 2.63 (s, 3H, CH;), 1.38
(t, J=7.2 Hz, 3H, CHy), 0.89 (t, J=7.2 Hz, 6H, 2 X CHy);
BC NMR (100 MHz, CDCLy) &: 12.4, 13.7, 14.3, 45.2,
60.8, 110.9, 1159, 116.2, 130.7, 130.8, 133.9, 156.1,
157.0, 1584, 163.1, 163.9; IR (KBr) v: 1704 (C=0),
1689, 1545, 1233 cm™'; MS (70 eV) m/z (%): 387 (M",
62), 341 (21), 313 (19), 287 (16), 193 (100), 168 (68), 137
(76), 123 (75). Anal. calcd for CyH»pFN;O4: C 62.01, H
5.72, N 10.85; found C 62.25, H 5.66, N 10.82.
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