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Abstract

1,2,4-Triazolo[3,4-i]purine derivatives are potential xanthine oxidase (XO) inhibitors and expected to be used in

the treatment of gout. A new one-step method for the preparation of 1,2,4-triazolo[3,4-i]purine derivatives has been reported.
Seventeen novel 1,2,4-triazolo[3,4-i]purine derivatives were synthesized with 6-hydrazinyl-N’-substituted purine and aliphatic
monocarboxylic acid as starting materials and anhydrous magnesium sulfate as dehydrating agent. The method is easy to oper-
ate without using other catalysts and oxidants, and the yield is good. Meanwhile, the factors affecting the reaction were dis-
cussed, which laid a foundation for the study of 1,2,4-triazolo[3,4-i]purine compounds
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6-hydrazinyl-N°-substituted purine; aliphatic monocarboxylic acid; 1,2,4-triazolo[3,4-i]purine derivative
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Scheme 1 Method for the preparation of 1,2,4-triazolo[3,4-
i]purine derivatives
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NHNH, N-N
\
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Scheme 2 Synthesis of 1,2,4-triazolo[3,4-i]purine derivatives

1 SRS
1.1 FMHiFk

PL 6-fifFJE-9- 1 BE IS (12) FI LR (22) B A SV JER
Y, TRE LIPSO A, SRR 1. Bk
IKFRE, 1a 5 2a 76 120 CHAF TR 24 h, Lh 46%(1
WG B 7- R HE-3- T E-TH-1,2,4- =M 3,4~ WS
3a(3 1, Entry 1). 3N 1 equiv. /K IRIRES S, IR
N 66%; 4 TCIKHR R EE KB 1Y N2 2 equiv.IN, 3a R
REIE 89%, ARSI INTKIRIREL & 3a WCRTERK
Ak (F 1, Entries 2~4). BHE, FEREN KM
W, 5 REIR, IR R, BARMEEY 3a YR
S FEAR, MARSET il B2, 3a YR IR R E (K 1,
Entries 5~7). [A]I) SR A B EK XS H ARG A YD 3a 1
W JL-F-JGREMH (3 1, Entry 8). FR7KFHI AT & 45 SRR W],

1 RPKERINA

Table 1 Optimization of the reaction conditions

NHNH, N-N
\
N— Ay N | N)\
¢ | J conditons ¢ || J
N“NN7  + CHiCOOH ————= - 7
1a 2a 3a

Entry Dehydrating agent (equiv.) 7/°C Time/h Isolated yield/%

1 None 120 24 46
2 MgSOs4 (1.0) 120 24 66
3 MgSO4 (2.0) 120 24 89
4 MgSOs (4.0) 120 24 87
5 MgSO0s4 (2.0) 100 24 36
6 MgSO0s (2.0) 80 24 Trace
7 MgS04(2.0) 140 24 80
8 MgSOs4 (2.0) 120 36 83
9 4A MS (2.0) 120 24 63
10 Na2S0s (2.0) 120 24 50
116 None 120 24 0
12¢ MgSO0s4 (2.0) 120 24 65
134 MgSO0s4 (2.0) 120 24 78

© 2022 Chinese Chemical Society & SIOC, CAS

@ Unless otherwise mentioned, all the reactions were carried out with 1a (0.3
mmol) and 2a (6 mL). 90% aqueous solution. * DMF (3 mL), 2a (0.6 mmol).
4 Mesitylene (3 mL), 2a (0.6 mmol). Isolated yield based on 6-hydrazinyl-
9-benzylpurine.
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ToKRIR B2 A A #% (3 1, Entry 3 vs Entries 9~10).
AT RS R R KR ER BEAE IR AR e ML 4A /v 1

G s sn, I H-B/KBBREEAE 200 CH 2k F 4 HBas oK,
fﬁiﬁk?ﬁ@&%ﬁf 32.4 CHZE 5 Rk A4 fKPY. Ny
TIRBE IR R BLRIFEM, K GBIV 2 V=9 1)
WAEEF, a5 ERT 3a AL, AITEHIE T KASF]F
SN FIEEAT (% 1, Entry 11). {3 NN-— F 3 F %
(DMF) A1) = F 2 (Mesitylene) AVA I, %4 3a 194
R, AECR B AR T B B4 F(3 1, Entry 3 vs En-
tries 12~13). 2% FRTIR, B RMFAR: 2 equiv. G
KRB BE R IK T, 1a F1 2a 7F 120 C 2644 R M 24 h,
DL 89% I 15 2 H brit &%) 3a(3 1, Entry 3).
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BUE[3,4-1"EIA 4k &0 3a~3Kk(F 2). SR BN, 4R
P N R VR SR 1) RIS, WCRR AR XT3 vs. 3a, 3b vs.
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3d). EHEA TR CRIENEDIE, KIUER 1a
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Table 2 Reaction of various aliphatic monocarboxylic acid with 6-hydrazinyl-9-benzylpurine

NHNH,
N
N
<

N-N
;N
N N>\R1
~ . 4
MgSO, (2.0 equiv.) <N |N y

N~ + R'—COOH

120°C, 24 h {

3

{Ii5> Iﬁ)

3c 86% yield

N—N
| >\
/N N

3a 89% yield

b

3h 79% yield

3b 62% yield

-N -N

ey
O

3i 75% yield

O

3j 73% yield

NN \—
“\{<]5)

3d 72% yield

3k 53% yield 3INR.

-N N

Iﬁ;\ <jﬁ)
5 509

3e 85% yield 3f 83% yield 39 80% yield

jf)>xi) <]ﬁ)}ma ]5)}me «jf)}wwm

T O

3m N.R.

4 Reaction conditions: 6-hydrazinyl-9-benzylpurine (1a, 0.3 mmol), aliphatic monocarboxylic acid (2, 6 mL), MgSOy (0.6 mmol), 120 ‘C, 24 h; isolated yield based

on 6-hydrazinyl-9-benzylpurine.
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Table 3 Reaction of various 6-hydrazinyl-N°-substituted purine with acetic acid

NHNH,
NN
¢ |+ CHsCOOH
/
/N N

R2
1 2a

N—N
MgSO, (2.0 equiv.) N ! N>\
2
120 °C, 24 h <N | N/)
2

3

N NN
YT L
N N/) N"N7

NN
N N/)
_J ﬂ
30 88% yield

3n 86% yield 3p 83% yield

N—N N—N N\
N AL D~ N AL P~ N IN>7
«NJQ «NJQ AL
L L

3s 82% yield

3q 85% yield 3r 85% yield

@ Reaction conditions: 6-hydrazinyl-N°-substituted purine (1, 0.3 mmol), acetic acid (2a, 6 mL), MgSOy4 (0.6 mmol), 120 ‘C, 24 h; isolated yield based on

6-hydrazinyl-N°-substituted purine.

Bruker-DPX-400M ZY %G ILHRAC I 2, #7128 CDCl,,
WHR A TMS; 85 IR ST T A AT BRA = 1 X-5 8
YA SN E A s = o HE R A SEE VG AT
ZAB-ZSE  BUGUSR A vy 43 R 0 vt SO0 . S a6 BT FH A
B E = o A ai goali, R& B, HEN
I EAEGR A 200~300 H FFEHTRERR. 6-fFHE-N-HX
ARHERS SRR SCER[22, 23177746 F.
3.2 1,24-=FM[34-IE R EVMHNERTE

E 35 mL [)JZBERS R A AN 6-JHFJE- 9-~ JEngEns
(0.3 mmol, 72 mg). £ (6 mL)AI T /KRR (0.6 mmol,
72 mg), SRJGE B N R, 120 CH&M R HEE XN 24
h, JBAEIE =, AR R S KA R E A
PSR, OB CERAIN(30 mL X 3), &AL
F, TE/KBREREN T, Hhik. VIR e 28 R AU bR 2205
FASHL =Y, BAEN DB VCAME) @ (LR T
figy=2 : 114tk f3 7-FH-3-HF H-7H-1,2,4 = F M
[3,4-)ME4(3a). HR HIMLEHIE BOE BRI 3a.

7-RFHE -3 I -THA1,2,4- = B [3,4-1] "4 (3a):
A, BER 89%. mp. 210~212 C; 'H NMR (400
MHz, CDCl3) 6: 9.12 (s, 1H), 8.05 (s, 1H), 7.38~7.32 (m,
5H), 5.51 (s, 2H), 2.67 (s, 3H); 3C NMR (100 MHz,
CDCly) d: 165.7, 148.7, 142.0, 141.9, 136.0, 135.0, 129.1,
128.6, 127.7, 122.3, 48.0, 14.6; HRMS calcd for C 4H;3Ng
[M+H]" 265.1196, found 265.1197.

7-RHE-TH-1,2,4- = M 3,4-1"E W4 (3b): {0 [E 44,
K 62%. mp. 228~230 ‘C; 'H NMR (400 MHz,
CDCls) 8: 9.32 (s, 1H), 8.88 (s, 1H), 8.48 (s, 1H), 7.45 (d,
J=6.0 Hz, 2H), 7.38 (d, J=6.4 Hz, 3H), 5.67 (s, 2H); 13C
NMR (100 MHz, CDCl:) 0: 155.3, 148.2, 142.2, 141.9,
136.7, 134.9, 129.2, 128.8, 127.8, 123.0, 48.2; HRMS
caled for C;3HioNeNa [M + Na] = 273.0859, found

1554 http://sioc-journal.cn/
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273.0856.

7-FH-3- LB -TH-1,2,4- = F M [3,4-1] 214 (Be): [
a4k, R 86%. m.p. 218~220 ‘C; 'H NMR (400
MHz, CDCl3) 6: 9.13 (s, 1H), 8.05 (s, 1H), 7.37~7.30 (m,
5H), 5.51 (s, 2H), 3.05~3.00 (m, 2H), 1.47 (t, J=7.6 Hz,
3H); '3C NMR (100 MHz, CDCl;) 6: 170.3, 148.6, 141.9,
141.8, 136.2, 135.1, 129.0, 128.5, 127.7, 122.3, 47.9, 22.3,
12.2; HRMS caled for CisHisNg [M+H]" 279.1353,
found 279.1353.

7- 3 3. P ST H-1,2,4- = B [3,4-1] 2 14 (3d):
@ EAR, R 72%. mp. 206~209 C; 'H NMR (400
MHz, CDCl3) 6: 9.14 (s, 1H), 8.06 (s, 1H), 7.35~7.31 (m,
5H), 5.51 (s, 2H), 3.38~3.28 (m, 1H), 1.48 (d, J=7.2 Hz,
6H); 3C NMR (100 MHz, CDCl;) 6: 173.9, 148.6, 141.8,
141.7, 136.3, 135.1, 129.1, 128.6, 127.7, 122.4, 47.9, 28.9,
21.4; HRMS caled for CisHi7Ns [M+H]" 293.1509,
found 293.1510.

7- 3P HE-TH-1,2,4- = F M [3,4-1] 214 (3e): [
Ak, R 85%. m.p. 226~228 ‘C; 'H NMR (400
MHz, CDCl3) 6: 9.15 (s, 1H), 8.12 (s, 1H), 7.38~7.32 (m,
5H), 5.52 (s, 2H), 2.99 (t, J=7.6 Hz, 2H), 2.00~1.91 (m,
2H), 1.04 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl;)
5: 169.2, 148.6, 142.0, 141.9, 136.2, 135.1, 129.1, 128.6,
127.7, 122.4, 48.0, 30.8, 21.4, 13.9; HRMS calcd for
C1sH17Ns [M+H]" 293.1509, found 293.1508.

T-N 3T RE-TH-1,2.4- = M 3,4- ME 4 (3F): [T
a4k, U 83%. m.p. 232~235 ‘C; 'H NMR (400
MHz, CDCls) 6: 9.04 (s, 1H), 7.98 (s, 1H), 7.29~7.21 (m,
5H), 5.42 (s, 2H), 2.89 (t, J=7.6 Hz, 2H), 1.84~1.77 (m,
2H), 1.41~1.32 (m, 2H), 0.88 (t, J=7.2 Hz, 3H); 13C
NMR (100 MHz, CDCl;) 0: 169.5, 148.6, 142.0, 141.9,

Chin. J. Org. Chem. 2022, 42, 1551~1556
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136.2, 135.1, 129.1, 128.6, 127.8, 122.4, 48.0, 30.1, 28.6,
22.4,13.8; HRMS calcd for C,7HoNg [M+H]" 307.1666,
found 307.1668.

7- 33T HTH-1,2,4- = F MW [3,4-] ' 14 (3g):
@ E AR, BE 80%. m.p. 213~216 C; 'H NMR (400
MHz, CDCls) 6: 9.14 (s, 1H), 8.07 (s, 1H), 7.33 (d, J=4.8
Hz, 5H), 5.51 (s, 2H), 2.85 (d, J=7.2 Hz, 2H), 2.38~2.29
(m, 1H), 1.02 (d, J=6.4 Hz, 6H); 3C NMR (100 MHz,
CDCly) d: 168.6, 148.6, 141.9, 141.8, 136.1, 135.1, 129.1,
128.6, 127.7, 122.4, 479, 37.8, 27.9, 22.5; HRMS calcd
for C17H1oNs [M+H]" 307.1666, found 307.1666.

7- N K 3N R -TH-1,2.4- = FME[3,4-1] P 14 (3h):
@ E AR, R 79%. mp. 193~195 C; 'H NMR (400
MHz, CDCls) 6: 9.07 (s, 1H), 8.03 (s, 1H), 7.36~7.29 (m,
5H), 5.49 (s, 2H), 2.29~2.22 (m, 1H), 1.29~1.25 (m,
2H), 1.14~1.09 (m, 2H); 3C NMR (100 MHz, CDCl;) ¢:
171.1, 148.6, 141.9, 141.8, 135.9, 135.1, 129.2, 128.7,
127.8, 122.3, 48.0, 9.6, 9.2; HRMS calcd for CisH;sNg
[M-++H]" 291.1353, found 291.1352.

T-NF 330 T HE-TH-1,2,4- = F M [3,4-1] "E WA (3i):
@ E AR, R 75%. mp. 201~202 °C; 'H NMR (400
MHz, CDCls) 6: 9.13 (s, 1H), 8.07 (s, 1H), 7.35~7.31 (m,
5H), 5.51 (s, 2H), 3.92~3.84 (m, 1H), 2.61~2.56 (m,
2H), 2.50~2.43 (m, 2H), 2.15~2.04 (m, 2H); '*C NMR
(100 MHz, CDCls) §: 171.9, 148.8, 141.9, 141.8, 136.3,
135.1, 129.1, 128.6, 127.8, 122.5, 48.0, 34.0, 27.9, 18.9;
HRMS caled for Ci7H;7Ns [M+H]" 305.1509, found
305.1511.

7- I 3O O -THA1,2,4- = B [3,4-1] "E 1A (3)):
HEE A, WE 73%. mp. 209~211 C; 'H NMR (400
MHz, CDCl3) 6: 9.13 (s, 1H), 8.05 (s, 1H), 7.36~7.30 (m,
5H), 5.50 (s, 2H), 3.05~2.98 (m, 1H), 2.18~2.14 (m,
2H), 1.86 (t, J=7.6 Hz, 2H),1.79~1.69 (m, 3H), 1.47~
1.31 (m, 3H); BC NMR (100 MHz, CDCly) d: 173.1,
148.5, 141.9, 141.8, 136.3, 135.2, 129.1, 128.6, 127.7,
122.5, 48.0, 38.3, 31.7, 26.0, 25.9; HRMS calcd for
CioH21Ng [M+H]" 333.1822, found 333.1825.

7- HE 3= 3E)-TH-1,2,4- = M [3,4-1] VE 1S
(3k): AEFEAE, WF 53%. mp. 215~218 ‘C; 'H NMR
(400 MHz, CDCls) d: 9.28 (s, 1H), 8.16 (s, 1H), 7.38~
7.32 (m, 5H), 5.56 (s, 2H); '*C NMR (100 MHz, CDCl;) ¢:
1573, 156.9, 149.2, 143.0, 142.4, 136.7, 134.6, 129.3,
128.9, 127.9, 125.0, 123.0, 120.4, 117.7, 48.4; '°F NMR
(376 MHz, CDCl3) J: —65.3; HRMS calcd for C4Ho-
F3NgNa [M+Na]" 341.0733, found 341.0732.

Chin. J. Org. Chem. 2022, 42, 1551~1556

© 2022 Chinese Chemical Society & SIOC, CAS

7- 2.3 -3- W I -TH-1,2,4- = B [3,4-"E 4 (3n): [
A, R 86%. mp. 187~188 ‘C; 'H NMR (400
MHz, CDCls) 6: 9.02 (s, 1H), 8.01 (s, 1H), 4.36~4.30 (m,
2H), 2.58 (s, 3H), 1.53 (t, J=7.2 Hz, 3H); *C NMR (100
MHz, CDCL3) d: 165.5, 148.6, 141.7, 141.5, 135.7, 122.3,
39.6, 15.6, 14.5; HRMS calcd for CoHiiNg [M—i—H]+
203.1040, found 203.1040.

7-TR FE-3- FF L -7H-1,2,4- = %M [3,4-1] "5 4 (30):
EE, IR 88%. mp. 199~201 C; 'H NMR (400
MHz, CDCls) 8: 9.10 (s, 1H), 8.07 (s, 1H), 4.31 (t, J=6.8
Hz, 2H), 2.67 (s, 3H), 2.05~1.95 (m, 2H), 0.99 (t, J=7.2
Hz, 3H); 3C NMR (100 MHz, CDCls) &: 165.5, 148.7,
142.0, 141.9, 135.7, 122.3, 46.2, 23.5, 14.5, 11.1; HRMS
caled for C1oH 13N [M+H]" 217.1196, found 217.1197.

7-T HE-3-H I TH-1,2,4- = B [3,4-"E S 3p): A
A, R 83%. mp. 205~207 ‘C; 'H NMR (400
MHz, CDCls) 6: 9.02 (s, 1H), 7.98 (s, 1H), 4.29~4.24 (m,
2H), 2.59 (s, 3H), 1.89~1.83 (m, 2H), 1.35~1.28 (m,
2H), 0.92~0.88 (m, 3H); *C NMR (100 MHz, CDCl;) §:
165.6, 148.7, 142.0, 141.9, 135.7, 122.3, 44.4, 32.2, 19.8,
14.6, 13.5; HRMS calcd for C;1HisNg [M-+H]" 231.1353,
found 231.1355.

7- 5 A e -3- F R STH-1,2,4- = R [3,4-1] 2 14 (3q):
@A, WE 85%. mp. 189~191 C; 'H NMR (400
MHz, CDCls) 6: 9.12 (s, 1H), 8.14 (s, 1H), 5.02~4.95 (m,
1H), 2.67 (s, 3H), 1.70 (d, J=6.8 Hz, 6H); 3C NMR (100
MHz, CDCL3) d: 165.5, 148.7, 141.5, 139.7, 135.4, 122.7,
48.0, 22.7, 14.6; HRMS calcd for CioH12N¢H [M—i—H]+
217.1196, found 217.1198.

7-5 T He-3-FIETH-1,2,4- = UM [3,4-1] VE 4 (3r):
AR, R 85%. m.p. 196~197 C; 'H NMR (400
MHz, CDCls) 6: 9.01 (s, 1H), 8.02 (s, 1H), 4.69~4.60 (m,
1H), 2.58 (s, 3H), 2.02~1.87 (m, 2H), 1.59 (d, J=6.8 Hz,
3H), 0.79 (t, J=7.6 Hz, 3H); 3C NMR (100 MHz, CDCl5)
5: 165.5, 148.7, 141.7, 140.3, 135.4, 122.5, 53.8, 29.7,
20.7, 14.6, 10.6; HRMS calcd for C;1HisNg [M—}—H]+
231.1353, found 231.1351.

7- 05 T8 R -3- P T H-1,2,4- = UM [3,4-1] T 1A (3s):
AR, R 82%. m.p. 190~192 °C; 'H NMR (400
MHz, CDCls) 6: 9.10 (s, 1H), 8.08 (s, 1H), 6.13~6.06 (m,
1H), 5.36 (d, J=9.6 Hz, 1H), 5.25 (d, J=17.2 Hz, 1H),
4.98~4.96 (m, 2H), 2.66 (s, 3H); *C NMR (100 MHz,
CDCls) 6: 165.6, 148.6, 141.9, 141.7, 135.9, 131.4, 122.2,
119.4, 46.4, 14.5; HRMS caled for CioH; N [M+H]"
215.1040, found 215.1043.
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