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1.1 iKFE5NEE

2-FHE-6-FEWS B S R AR A PR ]
Hot Ak 2R A2 iR A Al

XT-4A BT GUE SO EAL, IR 2% B AL
AR IR R IE ; Bruker 400 MHz %I i 3
PR, 782 [ Bruker 23 ®] 15477, AR TMS; Agilent
TOF-6210 #5543 BEBT AL, S E Agilent 24,
1.2 BHFIE

AR 1 R,
1.2.1 feéd2 98

1.00 g 2-8FE-6-FEWE (1) (5.7 mmol) , TE7K
BRIRER 2. 45 ¢ (17.7 mmol) JIAZE 20 mL N, 7%
B1.0mL (1.43 g, 11.7 mmol ) 4 TN LR | 55 1R W
6 h, TiEi% 75 Kk bR 2 I M 20 mL 7K, FH 1R 2
W3 W, AIAYE, FEHTEK Na,SO, T4, Br 2%
AR =0, TR TR A PRI, 48 rk i AE £
Rt A 2, AR, TR 73.8% I
5146 ~148°C ,"H-NMR (CDCI,, 400 MHz) ; 5 7. 78
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Fig.1 General synthetic route for the purine derivatives

(s, 1H, H-8), 6.07 ~5.97 (m,1H), 5.33 (d,J =
10.2Hz, 1H), 5.20 (m, 3H), 4.71 (m, 2H);
BC-NMR (CDCl,, 400 MHz) : & 159.29, 153.70,
151.29, 142.13, 131.34, 125.09, 119. 19, 45. 64;
HRMS: CH CIN;[ M + H] " H5.{H . 210.0546, 5
A : 210. 0547,
1.2.2 1443 896 %

4 10 mmol fLA5Y) 2 % T 50 mL Jo/K HEE A
b et F A A Y BV R, IR PR 1 h S R 25 A
FEIAIK , HESER ST pH =5, L&A A
7K Na,SO, 1T W EZR bR LR, Skt ais
ONES (BEMRA, Vs Vi = 13 1) BP0 32 ~ 3¢,

QM TN He-6-H1 S FL2-F FLIE WY (3a), LA
e, 7= 2K 90.0% , # s 130 ~ 132 °C,' H-NMR
(CDCl,, 400 MHz) ; 6 7.57 (s, 1H, H-8), 6.08 ~
5.96 (ddt, 1H, J=17.0, 10.2, 5.4 Hz,—CH =) ,
5.23 (d, 1H, J=10.2Hz, =CH,), 5.14 (d, 1H,
J=17.0Hz, =CH,) , 4.96 (brs, 2H, NH,), 4. 67
(d, 2H, J = 5.4 Hz, CH,), 4.15 (s,
OCH,) ;" C-NMR ( CDCl,, 100 MHz): & 161.66,
159.44, 153.78, 139.15, 132.06, 118.47,
115.58, 53.86, 45.36; HRMS: C,H,,N, O [ M +
H AR 206. 1042, SZ{E . 206. 1037,

9-J T He-6-2, A FE2-F FEIEWS (3b) , # {0
7 % 87.5% . B A 100 ~ 102 °C,' H-NMR
(CDCl,, 400 MHz) ; 87.59 (s, 1H, H-8), 6.05 ~
5.96 (m, 1H,—CH =), 5.25 (d, 1H, J=10.2
Hz, =CH,), 5.16 (d, 1H, J=17.0 Hz, =CH,),
4.96 (s, 2H, NH,), 4.66 (d, 2H, J = 5.4 Hz,

CH,), 4.50 (q, 2H, J=7.1Hz, OCH,), 1.44(t,
3H,J=7.1Hz, CH,);"C-NMR (CDCl,, 100 MHz) :
5 161.40, 159.50, 153.82, 139.00, 132.09,
118.40, 115.50, 62.72, 45.31, 14.54;HRMS: C,,
H,N;0 [M + H] " it5{f. 220.1198, LA
220. 1201,

O A 3 -6-IE PN A FE2-Z FE IS (3¢ ) , To iy
W, 7 80.0%, ¥ 76 ~ 79 °C,' H-NMR
(CDCl,, 400 MHz) ; 67.59 (s, 1H, H-8), 6.05 ~
5.96 (m, 1H, —CH =), 5.25 (d, 1H, J =10.2
Hz, =CH,), 5.16 (d, 1H, J=17.0Hz, =CH, ),
4.96 (s, 2H, NH,), 4.66 (d, J =5.4 Hz, 2H,
CH,), 4.53 (d, J =6.7 Hz, 2H, OCH,), 1.89
(sextet, 2H, J=7.1Hz, CH,), 1.06 (t, J=7.4
Hz, 3H, CH,);" C-NMR ( CDCl,, 100 MHz): &
161.71, 159.73, 153.21, 139.10, 131.86,
118.63, 115.14, 68.68, 45.60, 22.21, 10.40;
HRMS: C,,H ,N,;0* [M + H] " 518, 234. 1355,
S . 234. 1356,
1.2.3 &4 8946

2. 4 mmol L& W 3 V5T 20 mL ZMEFF A
19. 1 mmol — W AR Bk, Z AP F E IR 6 FE 20
min, RGN 2. 51 ¢ (21. 5 mmol ) VAR 57 1Bk , 2k
ZEPEFE 20 min 5, B 65 C A TR 2 h, 15
1R B RV RS SR 2 B AR B 4a ~ 4c
(TR, V et Ve = 152) 6

O- I TR Jk-6-F A -2 - FH B JEIEE NS (4a) |, O {05
7322, 7% . HiE 61 ~63°C ,'H-NMR (CDCI,,
400 MHz) : §7.77 (s, 1H, H-8), 6.06 ~5.95 (m,
H, —CH =), 5.32 (d, 1H, J =10.2 Hz,
CH,), 5.19 (d, 1H, J =17.0 Hz, =CH, ), 4.80
(d, 2H, J=5.8 Hz, =CHCH, "), 4.16 (s, 3H
OCH,), 2.62 (s, 3H, SCH,) ;" C-NMR (CDCl,,
100 MHz) : & 165.34, 160.28, 152.90, 140.61,
131.74, 119.19, 118.56, 54.19, 45.81, 14.54;
HRMS: C,,H,N,0,S [M +H] " i1%5{& . 237. 0810,
SEIAE ;. 237. 0808,

QI N HE-6- £ S B2 - G SEIEERS (4b) , ot iy
A, =319, 7% , #5551 ~53°C,"H-NMR ( CDCl,,
400 MHz) : 67.76 (s, 1H, H-8), 6.08 ~5.98 (m,
H, —CH =), 5.32 (d, 1H, J =10.1 Hz,
CH,), 5.24 (d, 1H, J=17.0 Hz, =CH, ), 4.79
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(d, 2H, J=5.8Hz, CH,), 4.65 (q, 2H, J=7.0
Hz, OCH,), 2.62 (s, 3H, SCH,), 1.5 (t, 3H,
J=7.0Hz, CH,) ;" C-NMR (CDCI,, 100 MHz) ; &
165.28, 160.03, 152.94, 140.51, 131.78,
119. 14, 118.54, 63.17, 45.77, 14.54, 14.46;
HRMS: C, H,N,0,S[M +H] "84 251.0967,
SR 251. 0966.

Q- TH -6~ TE N A8 AL 2- R B L (4 ) , T8
i AR, 2R 10.3% . M 55 38 ~ 40 C,' H-NMR
(CDCl,, 400 MHz) : 6 7.77 (s, 1H, H-8), 6.07 ~
5.97 (m, 1H, —CH =), 5.31 (d, 1H, J=10.2
Hz, =CH,), 5.24 (d, 1H, J=17.0Hz, =CH, ),
4.79 (d, 2H, J=5.8Hz, CH,), 4.53 (t, 2H, J =
6.7Hz, OCH,); 2.61 (s, 3H, SCH,), 1.95 ~ 186
(sextet, 2H, J=7.2Hz, CH,), 1.5 (1, 3H, J=7.4
Hz, CH,);"C-NMR (CDCI,, 100 MHz) ;: § 165.28,
160.03, 152.91, 140.51, 131.71, 119.15,
118.42, 68.78, 45.78, 22.16, 14.54, 10.44;
HRMS: C,H,N,0,S [ M +H] " §F5{4. 265. 1123,
SR . 265. 1124,

1.2.4 &5 F26 696 Mm%

N, ORAFTT, 1a = H B A 0. 80 ¢ B & fk. 4k
(18. 5 mmol ) F1 20 mL Jo7K VU KR , £ & IR B FE T
PPN 1 mL = FR AL 2k (0. 88 g, 62. 0 mmol ) ,
ThNSE e J5 4k SE 3 HE 40 min 7533 (@2 K, B
FIA 8. 0 mmol fbA Y 4, &= FHEFE 9O h J5 A 1
mL 3M NaOH &7, Fi A 1 mL 30% XA K, 4k
BiFk 6 h ZJE A 10 mL M A&k, #E 0 2E, -
JEA AR JCK B IR 8 T 0T br K s, H S 1R
CERVEVRI A, 2o i 5 28 A3 2k &4 5 File,

9-(3-FRHNEL) -6-H A HE-2- I B LGS (5a)
Tefo i, 773 37.3% , #5598 ~100 °C, "H-NMR
(CDCl,, 400MHz) : 67.79 (s, 1H, H-8), 4.38 (t,
2H, J=6.3Hz, CH,), 4.19 (s, 3H, OCH,), 3.51
(t,2H, J=5.6Hz, CH,), 2.63 (s, 3H, SCH,),
2.02 ~2.08 (m, 2H, CH,) ;" C-NMR (CDCl,, 100
MHz):. & 165.81, 160.34, 153.26, 141.22,
118.40, 57.71, 54.36, 39.93, 32.69, 14.50;
HRMS: C,,H,N,0,S [M +H] " iI%8(H. 255. 0916,
SEE . 255. 0912,

9-(3-FIHNEL) -6- L BL-2- T E AL IS (5b)
Tote bR, 7= 32.7% , #4573 ~75 °C,' H-NMR
(CDCl,, 400 MHz): 6 7.78 (s, 1H, H-8), 4.67

(q, 2H, J=7.1Hz, OCH,), 4.37 (t, 2H, J=6.3
Hz, CH,), 3.52 (t, 2H, J =5.6 Hz, CH,OH),
2.61 (s, 3H, SCH;), 2.01 ~2.07 (m, 2H, CH,),
1.51 (t, 3H, J=7.1Hz, CH,);"”C-NMR (CDCI,,
100 MHz) : & 165.88, 160.11, 153.32, 141.05,
118.46, 63.38, 51.67, 39.85, 32.74, 14.49,
14.45; HRMS: C,, H, N, 0,S [M + H]* 35518
269. 1072, SZM{E . 269. 1077.

9-(3-¥ L N 3 ) -6-1F TH 4 Fk-2-H # 56 12k
(5¢) , oo ik, ;7% 23. 4% , 5k 66 ~68 C " H-
NMR (CDCl,, 400 MHz): 6 7.78 (s, 1H, H-8),
4.56 (t,2H, J=6.8Hz, OCH,), 4.37 (t,2H, J =
6.2 Hz, NCH,), 3.59 (s, 1H, OH), 3.53 (t, 2H,
J=5.6Hz, CH,0H), 2.61 (s, 3H, SCH,), 2.02 ~
2.07 (m, 2H, CH,), 1.91 (sextet, 2H, J=7.4 Hz
CH,), 1.07 (t, J=7.4Hz, 3H, CH,);"” C-NMR
(CDCl,, 100 MHz): & 165.67, 160.30, 153.32,
141.04, 118.45, 68.99, 57.67, 39.84, 32.75,
22.15, 14.49, 10.45; HRMS: C,,H,(N,0,S [ M +
H 385 . 283. 1129, SZfE . 283. 1223,

9-(2-FRHENHL) -6-H S B -2-H B L IEEHS (6a)
ToEf AR, 723K 32. 7% , 155,130 ~132°C,'H-NMR
(CDCl,, 400 MHz): & 7.73 (s, 1H, H8), 4.36
(ddq, 1H, J =8.2, 2.3, 6.2 Hz, CHOH), 4.32
(dd, J=14.0, 2.3Hz, 1H, NCH,), 4.12 (s, 3H,
OCH,), 3.93 (dd, J=14.0, 8.5Hz, 1H, NCH,),
2.62 (s, 3H, SCH,), 1.33 (d, J =6.2 Hz, 3H,
CH;) ;" C-NMR (CDCl,, 100 MHz): & 165.25,
160. 46, 152.50, 142.17, 117.88, 54.18, 52. 16,
20.48, 14.54; HRMS: C,,H,,N,0,S [M +H] “i}%
fH: 255.0916, SZMAE . 255. 0911,

9-(2-FHNEL) -6- £ BL-2- T HEIEE (6b) |
TotadhiAR, 723 27.9% , #5118 ~120°C ,'H-NMR
(CDCl,, 400 MHz): 8 7.72 (s, 1H, H8), 5.12
(s, IH, OH), 4.62 (dq, J=10.4, 7.2 Hz, 1H,
OCH,), 4.56 (dq, J=10.4, 7.2 Hz, 1H, OCH,)
4.38 (ddq, J=8.8,2.4, 6.4Hz, 1H, CH), 4.33
(dd, J=14.2,2.4Hz, 1H, NCH,), 3.93 (dd, J =
14.2, 8.8 Hz, 1H, NCH,), 2.61 (s, 3H, SCH;),
1.51 (t, J=7.1Hz, 3H, CH,), 1.34 (d, J=6.4
Hz, 3H, CH,);" C-NMR ( CDCl,, 100 MHz): &
165. 14, 160. 16, 152.44, 142.02, 117.83, 65.59,
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63.25, 52.19, 20.37, 14.53, 14.34; HRMS: C,,
HN,0,S [M+H] "5 (4. 269.1072, SZM{E .
269. 1072,

9-(2-F2 FL N 3L ) -6-1F T4 48 FE-2-H i 3 12
(6¢) , Tota ik =2 18. 7% . 15598 ~100°C , ' H-
NMR (CDCl,, 400 MHz): 8 7.72 (s, 1H, H-8),
5.05(s, 1H, OH), 4.49 ~4.45 (m, 2H, OCH, ),
4.38~4.41 (m, 1H, CH), 4.32 (dd, 1H, J =
14.0, 2.1 Hz, NCH,), 3.93 (dd, 1H, J =14.0,
8.5Hz, NCH,), 2.60 (s, 3H, SCH,), 1.88 ~1.96
(sextet, 2H, J=7.2Hz, CH,), 1.34 (d, 3H, J=
6.4Hz, CH,), 1.09 (t, J=7.4Hz, 3H, CH,) ; “C-
NMR ( CDCl,, 100 MHz): & 165.15, 159.41,
152.51, 141.98, 117.89, 68.88, 65.70, 52.18,
22.12, 20.41, 14.54, 10.43; HRMS: C,,HN,0,S
[M+H] A, 283. 1129, S2ilif . 283. 1233,
2 BERG53®
2.1 AT REAL R B RN

FERERSER O 5| A M N 3 1 e i v (&1 2 o 1
AR 2 WRNE) , 1 SR R EAT T 0 | 25 R L2k
1, G55 PR T M 1 50 = M X o, AR
DS Obt Sl S ==

F 1 VR I R S

Table 1 Influence of solvents in the alkylation process
sl Bk 72H/ %
1,4-ZWEkE K,CO; 0
[ELE K, CO, 73.8
CH,CN K,CO, 54.0
DMF K, CO; 63. 1

2.2 FEIR KM FEZL I = R0

A HUC R N A UL 2 v 2 A 3 AR R, TR
W HAT FUR IR PE T (B2 5 i AU T3
R IR T A 2 i 5L (AN ) 1
DRI, WO TR 2 Skt Ho6-07 b SR FARA
Gy EAZAR RN I T e A 0 A R A IR B g 75 )
FHREE =, 43 S FH T FR B | OB | I T R
R ARG, AR T 3 A R B E 3,
FER T SRR PR A R, g5 R UL 2, AT LA
B, PR, LS 3 Fhoriafsn B 5 4L
(3 2 | 25 (R BEAE A, B ™= 2R AT AR

F2 RGOS A BRSO A (K R )

Table 2 Effect of nucleophiles in the aromatic substitution

Y3 PRzanwill UL R T2 %
3a FH s 44 Me 90.0
3b L ERA Et 87.5
3¢ IE TR M n-Pr 80.0

2.3 BREXNER-SEHM KR H R

PR 5205 A b 0 S 5 B Al e B B 1 O vk v
F Trivedi 4500748 HYff FH IV il R S 130 B 4 HL 7 Ak
Jei , T FH A Bk TR B AT R A5 A 0L B o A L
BEAI AR X 38 S B HEAT T AR AR AR
1 fra R AR, 3.9 A% & 10 0 AH R 5 1 TR A 7
P Y ZBREELE 60 °C R [ 2 h, 15 A 1 1Y
EY da~4c(3R3), BERFKW A BACEALH
RGP SR BRAIG, P2 R I s DR Bt 2 R AI

3 k4 AR

Table 3~ Synthesis of intermediates 4

7 4 BAEE R I ) W i/ C
4a Me 22.7 61 ~63
4b Et 19.7 51 ~53
4c n-Pr 10.3 38 ~40

2.4 MEL-F|ELRMEERSH

TEAGRI a4 J5 , xF 907 b N JE FEAT Al
AR, HATE 9-(r UL Bl AGRIE | LA$RE
AL IR K

WK G, ZR AN TR AT B[] 9 X 3 4 1
RO . ARBT TR, 2R 9-BBN 3 Al KAz BHL )
e IR N, mT A5 2 ey X IR 7, SR, ZEA
Se5 Uk B 9-BBN JLik 2 Sl AL RN, A SCHR
fa i e S AL, S S A S R T
TAREE G RSB AL, AT P AR S0 A 1) 4 3%
P MR ZE R A 2 RUR T RS B
9-BBN JCiA SN, A S v SR T TR S e ) &
PGEEAT RO, 25 R N2 4 iR, TG TR B ) X 35k
PEREME AN GF, 13 3 T 9-(2-8 3-8 FE N JE ) -6-H 4
B2 LR HE NS (R AN W), G I R 3 A A5
Jei , ATARSE S AR A T4 5 0 6 AT 0 B

x4 WS-SR

Table 4 Results of the hydroboration-oxidation reaction

HALE R /N TR/ % =¥ 6 FEER/ %
Me 5a 37.3 6a 32.7
Et 5b 32.7 6b 27.9
n-Pr 5c¢ 23.4 6¢ 18.7
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Synthesis of 6-alkyloxy-2-methylthiopurine derivatives

Saad ALSHAHRANI

YU MingWu

DU HongGuang

(School of Science, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; 6-Alkyloxy-2-alkylthiopurine derivatives exhibiting potential pharmaceutical bioactivities have been syn-

thesized using 2-amino-6-chloropurine as the starting material. After allyl substitution, azo-methylthionation, and

then aromatic nucleophilic substitution, 2-amino-6-chloropurine can afford 6-alkyloxy-9-allyl-2-methylthiopurine.

Further hydroboration-oxidation processes gave rise to 6-alkyloxy-9-(3- and 2-hydroxypropyl ) -2-methylthiopurine

derivatives. Thirteen new compounds were synthesized and all compounds were identified by 'H-NMR and " C-

NMR spectroscopy, and high-resolution mass spectrometry.

Key words: purine; azo-alkylthionation; aromatic nucleophilic substitution; hydroboration-oxidation
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