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A Convenient Method to Prepare Pyrano[2,3-d]pyrimidine Derivatives

Lin, Zhilan Gao, Yuan®
(College of Chemistry and Environmental Engineering, Shenzhen University, Shenzhen 518060)

Zhang, Junmin

Abstract A series of pyrano[2,3-d]pyrimidine derivatives were synthesized by the reaction of 2-amino-3-cyano-4H-pyrans
with acetic anhydride. This method has the advantages of short reaction times (10~ 15 min), simple operation and convenient
post-treatment. All products were fully characterized by IR and 'H NMR spectra. The molecular structures of 4a and 6a were

confirmed using single-crystal X-ray analyses.

Keywords pyrano[2,3-d]pyrimidine derivatives; 2-amino-3-cyano-4H-pyran derivatives; acid catalysis
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B DRI SR MARH R R AL A e R e sk i g 5
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R BE-3-F I AH-I R E AL &Y 5 L BREFAEAS R 4%
RN, RIE T EmE R e L Rk 4E C—C
BT R 1,3MERR AL AN, A SO IRIE R LI
WL PR (2,3 -] WE B AT AR P s 8 i BRI Al

* E-mail: szgaoy311@163.com

1 HR5iTR

SIS, BRI, 1 2-F 3E-3-F 5 -4-
J5 He-7,7- R 55 AR -4H-5,6,7,8- DU A K IR BT I (1)
5 CIREF R SRR, K8 h 133/ 5 )2 5
LERALFEY) 2 (Scheme 1), kS INMEEEBRREY
(TLC MR, 7 hobk s ws 2 F 4 e 6 10, FRA122
AERR IR AT IO, B 2-20 R -3- T 0k -4- R Ok -7-
FJE- 4H SH-MEIR FF[3,2-c] L R -5- i (3a) 5 L BREF £ /D
EIRIRER(0.1 equiv. )fEAL T [FI9E RS 10 min, TLC Ml
KHFERCHEBRE ), &0 553 2,8-H
Fh 5o IR FE -3 H-NH I IF [4,3-B] PR 5T [2,3-d] M I -4,6(5H,
7H)- " (4a) (Scheme 1). FH/GIATHE L T H e ammRm
EALRE S, FIE D SR B LA 4 — . IR 2R TR (0.1
equiv.) AMEALTIEAT, RN 25 F 3 B B B M A RUR B
U, PRERE, RN EREGE 1), B, BATEHE TR
FEXT SON AR, RBLAE 85 CHY RN K7 FRf . 1
IR AT, BATRIHA R 2-2025E-3-5
F-4- 57 Fe-AH-ME R AT A YA SR R LG R T AN &R
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HUBHIAAL G I [2,3-d )W hE BT A, SEEe 4 R a1 T3 2.
N T EEZTNERTIOR B, FATH 0.5 mol [
Y 3h (147 g), LEEEF 0.5 L A1 0.05 mol i R [A1 9 S5 B
10 min, 4h [ 2 72%, ZREWZITEEH T wEHR
il %

B 1 2-25E-3- A4 H-ME AT AE ) 5 LRI I S BE
Scheme 1 The reaction of 2-amino-3-cyano-4H-pyran deriva-
tives with acetic anhydride

1 ABAEY 4a BTG
Table 1 Synthesis of 4a in the presence of different catalysts

Entry Catalyst Time/min Yield/%
1 Concentrated H,SO, 10 62
2 P,05 30 41
3 Concentrated HCI1 45 18

FT B PR S L0 AN . R HREE AT R
SINTIESE. R ATERE TR T 729 4a 1 6a M550
(CCDC ‘543 5M 1427562, 1427563), FIJF 24 X 52k
T AT — S HIE T =g E 1R 2). W
6d RAFLEFAT AN, 2 [ ARG IR -G FEAA &4 OH 3
H, WHZIEBE 2B, P29 4. 6 LA, 18
3429~3365 cm ' AR E(N—H) T8 IR IS, X AEE
5] A 5R N AE IR BhiE i, 2955~2820 em ' AbfIE
 H R Z(CH ) 0 Bk A 45 41 2 IR W U, 2796 ~2750
em A RIS (CHL ) PR 6T R 4 415 50 W g U,
1743~1643 cm ' AU A FREE(C = O) IR 4 IR SR UL
U, T 2212 cm ' BT RIEE(C=N)R IO K.
HHREE ST S GG Hb 6 12.40~13.24 X
(] H L) S0 (1 AN H) R TR U, 6 6.67~8.17 [X.
V) HH B 75 S I AU, O 4.61~5.75 X [a] H B f Bl (1
H) A ML IR b F R AU R g, R A= g
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£2 LAY 4a—~4j. 6a—~6e AR
Table 2 Synthesis of Compounds 4a~4j and 6a~6e

Time/min Yield/%

Entry  Product R

1 4a Ph 10 71
2 4b  4-BrC¢H4 10 69
3 4c  4-CIC¢H, 10 76
4 4d 2,6-Cl,CqHy 15 65
5 4e 3-NO,C¢H, 15 76
6 4f 4-NO,C¢H,4 10 69
7 4g  4-OAc-3-NO,CeHy 10 77
8 4h 3-MeC¢H, 10 78
9 4 4-MeCg¢H; 13 75
10 4j  3,4-(Me),CeH; 12 62
11 6a Ph 10 62
12 6b  3-NO,C¢H,4 15 65
13 6¢c  4-OAcCgHy 10 72
14 6d 4-OAc-3-NO,C¢Hy 10 63
15 6e 4-CIC¢H, 10 73

© 2016 Chinese Chemical Society & SIOC, CAS

B G 4a 15 T4 KB E
Figure 1 X-ray crystal structure of compound 4a
EMEREH SHEWMYE. 55k, TwRma a5
FAEAIT(0.04%).

2 i

PAWRBR IR A FAEALT, & 2-Z HE-3- T k-4 H-TH R
WL E Y SEEIRIT RS, AR T — R IR I F ikt g
FF[2,3-d]ENE AT AR, 12N SR S BEI TA] 3
BRI SRR, OBRIL TS ik selE, R
I MY 5 [2,3 -] 35 Wi — ] AT R (4,3 -] A i 5 [2,3-d]
WENE R SV A AR Bt T — &SP R AR T4
DRERIRAE.
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B2 &Y 6a i) T4 HERLE
Figure 2 X-ray crystal structure of compound 6a

3 ZEHS
31 E5RH

P 55 5 ) X-4 By o BAUE S A, RE
THRKIE; 248618 R A Perkin Elmer /A% Spectrum
One Version B 3748321 S EREACIN %2 (KBr &),
R AR AR A 2% [ Varian 24 7] INOVA-400 MHz %
MR ARG 72, DMSO-ds NIEH, TMS NWFR; J6E&
43 M1 4E 1% [E Elementar 2 ] varioELcube % 76 2 411X L
WE; TR SR 532 5] GCMS-QP2010(EDll5E. A HL
SRS SR AR (TLO) BR R, R AMT Al (UV-8 =
BAMY), TLC AR SR TR 429 3 i, AT
L.

B ) AR 45 M TE Rigaku raxis Rapid 1P 75X E
AT RS E TATH b, A SR AR RA Mo

BEER S, A2 % Fourier EE RS 4 AR S R 144
br. HZAH Fourier VA& W24 TER T, & 3EEET
ARTR R 5 ) S S R A SR B BN — TR AB IE SR
3.2 ZLWHE

&Y 3 715 A S WOCHR[15], RE 3 565
(1 mmol) ZPREF(1 mL)FKEEELZ(0.1 mmol) 1A 25 mL
B, MREG, 78 85 C N IHtFERIR 10~
15 min(TLC fREF), BUHA A, FIA 200 mL /K, #
B R, HhiE, K, M= ESECN 95% LR
TR R S E S S B A da~dj Al
6a—~6e.

2,8~ BE -5 FE -3 H- ML IR 5 [4,3-b] ML RS 5 [2,3-d]
W IE -4,6(SH,TH)- -l (4a): &GO EAE, 725 71%. m.p.
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295~297 °C; '"H NMR (400 MHz, DMSO-dj) d: 12.65 (s,
1H, NH), 7.20~7.27 (m, 4H, ArH), 7.14~7.19 (m, 1H,
ArH), 6.44 (s, 1H, CH), 4.69 (s, 1H, CH), 2.28 (s, 3H,
CHs), 2.23 (s, 3H, CHs); IR (KBr) v: 3649, 2993, 2846,
2750, 1743, 1672 cm '; MS m/z: 322. Anal. caled for
CisH14N,O4: C 67.07, H 4.38, N 8.69; found C 67.10, H
4.35,N 8.67.

2,8- L5 (4- YR 7K 3E)-3 H- ML IR 5F: [4,3-b] I i I
[2,3-d]E0E-4,6(SH,TH)-—il(4b): FIEAE, 775 69%.
m.p.>300 ‘C; 'H NMR (400 MHz, DMSO-ds) J: 12.69
(s, IH, NH), 7.44 (d, J=8.6 Hz, 2H, ArH), 7.19 (d, J=8.6
Hz, 2H, ArH), 6.45 (s, 1H, CH), 4.67 (s, 1H, CH), 2.28 (s,
3H, CHj), 2.23 (s, 3H, CH;); IR (KBr) v: 3588, 3004,
2865, 2786, 1733, 1670 cm™ '; MS m/z: 400. Anal. calcd
for C;sH;3BrN,O,: C 53.89, H 3.27, N 6.98; found C
53.84, H3.31, N 6.98.

2,8- - JE-5-(4- G JE )-3 - IR I [4,3-b] 1 G 5
[2,3-d|WENE-4,6(SH,TH)- —-Ffl(4c): AEEIAE, 75K 76%.
m.p.>300 ‘C; 'H NMR (400 MHz, DMSO-dy) J: 12.68
(s, IH, NH), 7.31 (d, J=8.6 Hz, 2H, ArH), 7.25 (d, J=8.6
Hz, 2H, ArH), 6.45 (s, 1H, CH), 4.69 (s, 1H, CH), 2.28 (s,
3H, CHs), 2.23 (s, 3H, CH;); IR (KBr) v: 3587, 3007,
2866, 2780, 1734, 1670 cm'; MS m/z: 356. Anal. calcd
for C;gH;5CIN,O4: C 60.60, H 3.67, N 7.85; found C
60.62, H 3.68, N 7.86.

2,8- T FKE-5-(2,6- AR5k )-3 H-ME IR F[4,3-b ] Ak R
H[2,3-d] W5 WE -4,6(5SH,TH)- — Tl (4d): [ o didk, =%
65%. m.p.>300 C; 'H NMR (400 MHz, DMSO-dg) &:
12.56 (s, 1H, NH), 7.43 (d, J=2.2 Hz, 1H, ArH), 7.20~
7.27 (m, 2H, ArH), 6.38 (s, 1H, CH), 5.63 (s, 1H, CH),
2.28 (s, 3H, CHj), 2.22 (s, 3H, CH3); IR (KBr) v: 3429,
3005, 2861, 2790, 1724, 1669 cm '; MS m/z: 390. Anal.
calcd for C;gH3CLLN,0,4: C 55.26, H 3.09, N 7.16; found C
55.30, H 3.05, N 7.20.

2,8- . -5 (3- i 3 2K )-3 H- I IR F[4,3-b] P I 5
[2,3-d]WE-4,6(SH,TH)-—Fi(4e): TEGA, 72F 76%.
m.p.>300 ‘C; 'H NMR (400 MHz, DMSO-dy) d: 12.72
(s, 1H, NH), 8.05~8.07 (m, 2H, ArH), 7.72 (d, J=7.8 Hz,
1H, ArH), 7.55~7.59 (m, 1H, ArH), 6.49 (s, 1H, CH),
4.84 (s, 1H, CH), 2.29 (s, 3H, CH3), 2.24 (s, 3H, CH;); IR
(KBr) v: 3510, 3088, 2864, 2796, 1731, 1670 cm '; MS
m/z: 367. Anal. calcd for C;gsH;3N304: C 58.86, H 3.57, N
11.44; found C 58.88, H 3.55, N 11.44.

2,8- . Bk -5-(4- i 3 2K )-3 H- N i 5 [4,3-b] L TR -
[2,3-d] W& U -4,6(5H,TH)- . i (4f): 3% 55 0 L 4k, =%

http://sioc-journal.cn/ 661
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69%. m.p.>300 ‘C; '"H NMR (400 MHz, DMSO-d;) o:
12.73 (s, 1H, NH), 8.12 (d, J=8.8 Hz, 2H, ArH), 7.54 (d,
J=8.8 Hz, 2H, ArH), 6.48 (s, 1H, CH), 4.83 (s, 1H, CH),
2.29 (s, 3H, CH3), 2.24 (s, 3H, CH;); IR (KBr) v: 3572,
3079, 2820, 2791, 1718, 1674 cm'; MS m/z: 367. Anal.
calcd for C;sH3N304: C 58.86, H 3.57, N 11.44; found C
58.84, H3.57,N 11.42.

2,8- B -5-(4- TR 5 -3- i 2 R )-3H- ik T
[4,3-b] M F[2,3-d] W8 B -4,6(5H, TH)- il (4g): 35 04
1, PEE T7%. mp. 257~259 ‘C; '"H NMR (400 MHz,
DMSO-dy) 6: 12.73 (s, 1H, NH), 7.96 (d, J=2.3 Hz, 1H,
ArH), 7.70 (d, J=8.8 Hz, 1H, ArH), 7.35 (d, J=8.2 Hz,
1H, ArH), 6.47 (s, 1H, CH), 4.82 (s, 1H, CH), 2.31 (s, 3H,
CH3), 2.29 (s, 3H, CH3), 2.24 (s, 3H, CH3); IR (KBr) v:
3592, 3002, 2853, 2790, 1723, 1668 cm™'; MS m/z: 425.
Anal. calcd for C,0H;sN3;Og: C 56.47, H 3.55, N 9.88;
found C 56.43, H 3.50, N 9.91.

2,8- L H 3 -5-(3- H FE 4%)-3 H- ML IR F-[4,3-b] 7L I 5
[2,3-d]MENE-4,6(SH,TH)-—(4h): FIEAEE, 7235 78%.
m.p.>300 C; 'H NMR (400 MHz, DMSO-d;) &: 12.63
(s, IH, NH), 7.13 (t, J=8.4 Hz, 1H, ArH), 6.97~7.01 (m,
3H, ArH), 6.44 (s, 1H, CH), 4.65 (s, 1H, CH), 2.28 (s, 3H,
CH3), 2.23 (s, 3H, CH3); IR (KBr) v: 3512, 3024, 2860,
2789, 1739, 1668 cm '; MS m/z: 336. Anal. caled for
CioHsN,O4: C 67.85, H 4.79, N 8.33; found C 67.87, H
4.82,N 8.34.

2,8- - JE-5-(4- 3 2 )-3 H- L 1 I [4,3-b] L IR 5F:
[2,3-d]W5 g -4,6(5H,7TH)- —Hi(4i): AEREAE, 72E 75%.
m.p.>300 ‘C; '"H NMR (400 MHz, DMSO-dy) J: 12.64
(s, 1H, NH), 7.09 (d, J=8.2 Hz, 2H, ArH), 7.04 (d, J=8.2
Hz, 2H, ArH), 6.43 (s, 1H, CH), 4.65 (s, 1H, CH), 2.27 (s,
3H, CH,), 2.22 (s, 3H, CH;); IR (KBr) v: 3587, 3032,
2950, 2786, 1712, 1665 cm™'; MS m/z: 336. Anal. calcd
for C1oH sN,O4: C 67.85, H 4.79, N 8.33; found C 67.88,
H4.75, N 8.35.

2,8- I BE-5-(3,4- F L OR)-3 H-IE FRg F:[4,3-b] ML i
I [2,3-d] W% U -4,6(SH,TH)- — Tl (4j): # O ik, 77 %
62%. m.p.>300 ‘C; '"H NMR (400 MHz, DMSO-d;) o:
12.61 (s, 1H, NH), 6.89~7.00 (m, 3H, ArH), 6.43 (s, 1H,
CH), 4.61 (s, 1H, CH), 2.27 (s, 3H, CH3), 2.22 (s, 3H,
CH;); IR (KBr) v: 3580, 3003, 2856, 2789, 1739, 1668
cm” s MS m/z: 350. Anal. caled for C,oH sN,O,: C 68.56,
H 5.18, N 8.00; found C 68.57, H5.18, N 8.01.

2,8,8- = H k5. 4 JE -8,9- — & -3H- & I WL IR -
[2,3-d]¥5WE-4,6(SH,TH)-—ffl(6a): H MM, =% 62%.
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m.p.>300 ‘C; 'H NMR (400 MHz, CDCl;) d: 13.03 (s,
1H, NH), 7.30~7.32 (m, 2H, ArH), 7.20~7.22 (m, 2H,
ArH), 7.10~7.14 (m, 1H, ArH), 4.92 (s, 1H, CH), 2.57~
2.58 (m, 2H, CH,), 2.33 (s, 3H, CH3), 2.22~2.25 (m, 2H,
CH,), 1.11 (s, 3H, CH;), 1.05 (s, 3H, CHs); IR (KBr) v:
3435, 2963, 2910, 2888, 2787, 1680, 1640 cm ™ '; MS m/z:
336. Anal. calcd for C,0H,,N,O5: C 71.41, H 5.99, N 8.33;
found C 71.40, H 5.96, N 8.29.

2,8,8- = HHHE-5-(3-H 2 55)-8,9- A -3H-ZK FF LM IF
[2,3-d]¥0E-4,6(SH,TH)- —-Ff(6b): K, F*FR 65%.
m.p.>300 ‘C; 'H NMR (400 MHz, CDCl;) d: 12.40 (s,
1H, NH), 8.17 (s, 1H, ArH), 8.00 (d, J=8.02 Hz, 1H,
ArH), 7.70 (d, J=7.43 Hz, 1H, ArH), 7.37~7.41 (m, 1H,
ArH), 5.02 (s, 1H, CH), 2.57~2.68 (m, 2H, CH,), 2.40 (s,
3H, CHj), 2.20~2.31 (m, 2H, CH,), 1.14 (s, 3H, CHj),
1.07 (s, 3H, CH;); IR (KBr) v: 3435, 2966, 2940, 2873,
2707, 1675, 1636 cm '; MS m/z: 381. Anal. calcd for
CoH oN305: C 62.99, H 5.02, N 11.02; found C 62.96, H
5.04, N 11.05.

2,8,8-— HIHL-5-(4- LR HE7K)-8,9- — & -3 H-2R FF Mt R
I [2,3-d] W% BE -4,6(5H,TH)- — M (6¢): A {0 ik, 77 %
72%. m.p.>300 ‘C; 'H NMR (400 MHz, CDCl) &: 12.11
(s, 1H, NH), 8.09 (d, J=7.43 Hz, 2H, ArH), 7.49 (d, J=
7.43 Hz, 2H, ArH), 5.01 (s, 1H, CH), 2.60 (s, 2H, CH,),
2.39 (s, 2H, CH,), 1.55 (s, 6H, 2CH3), 1.13 (s, 3H, CH3),
1.04 (s, 3H, CH;); IR (KBr) v: 3446, 2965, 2924, 2879,
2783, 1662, 1636 cm '; MS m/z: 394. Anal. calcd for
C»,H»N,05: C 66.99, H 5.62, N 7.10; found C 97.01, H
5.67,N 7.20.

2,8,8- = F BL-5-(4- . TR Hk-3-TH HE K)-8,9- & -3H-
2 I IR I [2,3-d M5 g -4,6(SH, TH)- T (6d): ¥ 3% {0
&, 772 63%. m.p. 288~291 ‘C; 'H NMR (400 MHz,
CDCly) 6: 12.57 (s, 1H, NH), 8.04 (s, 1H, ArH), 7.62 (s,
1H, ArH), 7.07 (s, 1H, ArH), 5.00 (s, 1H, CH), 2.41 (s, 2H,
CH,), 2.32 (s, 2H, CH,), 1.56 (s, 6H, 2CH3), 1.14 (s, 3H,
CH3), 1.09 (s, 3H, CH;); IR (KBr) v: 3450, 2961, 2942,
2874, 2693, 1671, 1635 cm'; MS m/z: 439. Anal. caled
for C5,H,N;07: C 60.13, H 4.82, N 9.56; found C 60.27,
H 4.84, N 10.03.

2,8,8- = FIE-5-(4- G A 5E)-8,9- A -3H-ZKFFMLIH I
[2,3-d]¥5WE-4,6(SH,TH)-—l(6e): Hinfk, =2 73%.
m.p.>300 C; '"H NMR (400 MHz, CDCly) &: 12.72 (s,
1H, NH), 7.25 (d, J=8.22 Hz, 2H, ArH), 7.18 (d, J=8.22
Hz, 2H, ArH), 4.89 (s, 1H, CH), 2.57 (s, 2H, CH,), 2.37 (s,
3H, CHj), 2.19~2.29 (m, 2H, CH,), 1.12 (s, 3H, CHj),

Chin. J. Org. Chem. 2016, 36, 659~663
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1.04 (s, 3H, CH;); IR (KBr) v: 3429, 2955, 2934, 2771,
2789, 1643, 1632 cm™'; MS m/z: 370. Anal. caled for
CyH9CIN,O3: C 64.78, H 5.16, N 7.55; found C 64.81, H
5.13,N 7.55.

4B KL(Supporting Information) L&) 4a~4j
6a~6e 1] "H NMR (3, 4a Fl 6a fi A 25 50, X Lebt
REAT DL G 2 AT 9 355 (http://sioc-journal.cn/) | N %K.
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