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Abstract

Nucleoside analogues are widely used in antitumor activity. In order to obtain 4-thio-5-chlorou-
ridine with potential antitumor activity, 4-thio-5-chlorouridine was synthesized from Uridine by
acetylation, chlorination, thiolation and deacetylation for the first time. The effect of temperature,
dose and time on the yield of the product was explored, and the structure of the product was cha-
racterized by 1H-NMR and 13C-NMR.
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1. ARER
1.1 ZEXROIERMES A

EHEAES, L ATE NS R 5 T A G E B i it S ML (IARC) Se T, 2020 4F,
At ST ) 1929 Jifl, FETE] 996 Jifl. 1 ERE B AR A KM 2020 A HT G E 5 51
457 i, BT 300 Fifhl, (HAERAIE M 23.7% [1]. BRI AL NSRS — AT, R
NRAEAFRI R T PRy, Bt AR AEVSIE R T BRI 6 2]

G IR PR T R IR T A B AU VA 1 R . BRI 2 e B R IE R R R B 2, FE/E AL
T RS A B AR S R B X PN 22 S e o K 22 Bt I8 243 1/ R BT A1) BEL L JBE SR B A% R (DNA) 1%
BREAZ R (RNA) B 1A i, BB TR0, AT 00l fie e 4 1 23 ORI B, {2 BB T2[3]
Bt & R 525 A% FE SR 2 PR A F HLER O S AR N, R s th S T B KRR 4]

W — AR BB EY R 7, T MR R M B, RS2 fh R R
ML, Rl AR 450, X2 B BRI VS AR S P VR, a8 s g 1145 21 i
TR, 3 TR FALH 8 4 5 2 T3 DNA 7E B4 (& . 520 RNA [ bt fR e
ARG R, SIEHTAEYRS T, SRR AR, f256T4] [5] [6]

FEZ %K Gertrude Belle Elion & % 1 U2 5 254 - B E & T (Aciclovir), fE 1988 4£4533] T
W VURA B 2RI 42 . AR 2 50 4 AR DGR N LT G, SRR W R AL, KILT T4
Z BB G A B2 . belnii, w4tk (DAT) S B it (NRTIS) S5 4 4[ 7]

1.2. 5-ERRAE R IMIBIR 53

TEREAT A A iE e, S-BURMEE 2 Sl 2 N T Is RV PR Fy s s 259, 11
11 5-RUE 2R (1dU) . 5-TR B UK (BrdU) AT 5-98U S8R 17 (FAU) [8]. WFFEER, 7E RIS nE bl Ik 547 I
G HL - JE P A 5 A AN A 35 ] L e 3 [ 5 B i R SR LIS, B AT AR AR A L LTI
AEETE9]. 5 AL AT S NE RE M ERARAS M7 5, B A R B RE IS, AT AR R BUR FI P
FIEME[10] [11] [12].

WA R, 163 H EFEE O e PR e R &, Aoz —ma TS Cll Brfill,
X EEE IR WERS IR FIAZRE IS, o R AR AT AE YR I AR PO R PUARIE R, PSS
PE, X R R EL YR i EERER[13].

1 5-f-2°- it AR (BIEY), M\ 1962 AEFAG LA T 2R . Al f 1IR YT [14]. I8A —Zkin
Jeb 25 5-F JRWE E (Fluorouracil, 5-FU), S AE NHTARARM 25 2 FHFIRIK, & H TR 7 e, k3
ERE . .

Federico %A NIS (N-AIUA 38 FETE WP i) L7, 75 DMF (N, N- = HH 58 B e i) P A n 4 3 43,
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SERKT B ERR 5 A7 RIS N . Ganguly 25K NBS  (N-BRARIEFAEE I f) 1E AR, 7€ n-BudNBr
(TBAB, YT FIRAE) PRGN 4 4380, 588 T STEEEIR 5 A7 RIS B, F23RIAF] 90% Ll 1-[15].

1.3. fIREX

AT, R P LRYT R . EPUR AT, SR A AN L E I HOR AR
EAWEEMEM, JFH R R, T H 2 AT A K R e SE R A IR R RSO E 7 75
HIELesER, BERAYIIEFAA RERE, mARKNZ .. RS . Bk, § RO E R LY

HAHEZ L

T AR A, R ES Peter Kann {42 H 7“8 4MB/4-H M (UVA/Thiothymidine) 't
BT [16], BIERIIRSEMR AN, KRR A R, SRR T MR R B TRV T TR B,
G R R TT AR T —ANE VA1) AR AEOR: 4-BR-5-TU SR TR 345 nm Ab A S KR HL
R LA R D s 4n s RIRE 4-B-5-TR 0 AR EFAE 340 nm AbAg BRI HL AT LAY Kl 4n i . A 1 78
B RAE 4 A1 5 AL R U B-IAR I 2R 01, RERERE N 240K DNA i xt i 28 41
FRURAR FEAE T L E KR IR B 1 AR B OB A% (0 5-HUAR-4-T i 2RALLP) PT e 2 AT 1HE N4 i )

AL, AR N 5 Z B A6 E BE[18].

ASRZR A-Fi-5-FRE W& 575, UG & Rt ¥ — MRS Tk, W TIPEZ

DhfeHr 25 B — 5 HENe BRI B AN E,  IpuMR 25 AT 7E 58 5E — € K BS HEA o

2. MRHNBERF*
2.1. LRSS 5K
WRE L. £ 2 Fim.

Table 1. Experimental instruments

1 ORI

XA TR LRSS EVRIIE
M AE = R AP A ZF-20C MG BEORERL 2 AT AR AT PR A 5
Jiete 28 B AR N-1300 R AR A
TR HEHEHR SHB-I1I HEMKIREL TR A RA
FHREEAN BT AX ZF-5 A A B AR AT R A E
MR YP202N EE A R A
P R IR B XL T R A BGZ-70 i R ST AR A B A R A ]
Fo PRI IR K I DK-98-I1 RET R A R A E
By P O U A KQ-700DE B TR A A AR PR A A
IKA TS5 # 3% RCTB5025 ARG IR B A PR A )
Table 2. Experimental reagents
F= 2. LR
%l & ERI I
PR B2 99% TEHAEY)
TooKmEBE AR REETTE AR CA R A H]
FBRAL AR Il 24 8 [ Ak 220 A PR A
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53 AR 99% B REPHA R AT
LRI AR RS TR AL T

KT AR T KA R A TR A W
R AR RIETEHRC AR A A

N- ST F T 0% 41 98% A

g AR T AL R R G TR A
LRI AR KT EHR L TR A A
FH i _ AR _ REHEHR AR A A

2.2. SEHIBRLZRHITT

FEBLHE R 4-TR-5-FURTF B ZIN, TRACD BRI E, b PR R UK, RN R Z], B
BN BNE AR B MR e, L 2 o A5 P Tt — e A 2 ARl B At o R 257 AR R i e e S
F%W&me,ﬁJ@%au&&Fﬁ@) FExt e F L2 A T MR RE 7 2, Bih R I R 1

B
Aco O _lfi*o}w jZLPs _WU)\ NH3/CH30H )\
?ﬁ» ?‘OAC Py q awessonir
on OH OAc OAc OAc OH

OAc OAc OAc OH
1 2 3 4 5

Figure 1. Synthesis route of 4-thio-5-chlorouridine
E 1. 4-5R-5-FRE RS A2

23. BxERTE
23.1.2' 3 5"-O-=Z Bt ERENE R

0] 0
HN HN
)\)j Ac,O )\)j
O N Py O N
?OH (0) OAc
OH OAc
OH OAc
1 2

Figure 2. Synthesis of 2',3',5'-O-three acetyl uridine
& 2.2'35-0-ZZ BB IREHI G L

4 JR1F(1) (2.00 g, 8.20 mmol), ¥ 30 mL HIIG/KMERE 1, HiFEAd FL 78 /018 R, I\ L EREF(6.0 mL, 64
mmol), O°CUKIE &M T HEEEMiH:, il TLC MM BB . 295 h, JFRSTHE K. IEM RPN EA, Bk
75°C 4 T 78 VAR (AT B FR 2R S e HR L) o ECHE ARG BRI A, G K SR B 45, ONVKFRIE R,
AR AN, g TGS 2R AR, B 2,3,5-0-= LB KT (2) 2.79 g, R N 92% (#%
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el 2 Fim).

m. p. 126°C~129°C. *HNMR (500 MHz, DMSO-dg) 6 11.48 (s, 1H, -NH), 7.72 (d, J = 8.0 Hz, 1H, 6-H),
5.89 (d, J = 4.9 Hz, 1H, 1'-H), 5.73 (d, J = 7.9 Hz, 1H, 5-H), 5.45 (t, J = 5.5 Hz, 1H, 2'-H), 5.32 (t, J = 5.5 Hz,
1H, 3"-H), 4.25 (m, 3H, 4-H, 5"-H), 2.07 (d, J = 12.7 Hz, 9H, 3 x -CHa).

2.3.2.5-§-2",3",5-O- = Z Bt HREFHE R

0
HN | HN | cl
NCS )\
N Py

O O~ N
Q OAc OAc
OAc OAc
OAc OAc
2 3

Figure 3. The synthesis of chlorine-2',3',5'-O-three acetyl uridine
B 3. 5-8-2'3 5-O- = Z Bt E R EF AR

¥ 2',3',5-0-= LW R F(2) (1.00 g, 2.70 mmol), 75T 40 mL [JEKuEEH, n#iZ 85°C, Hitfkfd
HFe R, BEJSIMA NCS (0.55 g, 4.12 mmol), it TLC WIS MRS . 29 2 h JFRF S, IEBH [
SEAT. JBUE 75°C 2k T 28 AT A AR RS HELERE) o P S AT AR 2> B (PEIEA = 4:1; 3:1), FEHTEK A
WA AT RV & B 45 4, T T4 5 15 8 4 5-54-2,3'5-0-= Z B3 JR H(3) 0.83 g, YTF N 76% (HLkin
Kl 3 FR)e

m. p. 50°C~52°C. "HNMR (500 MHz, DMSO-ds) 6 12.02 (s, 1H, -NH), 8.16 (s, 1H, 6-H), 5.89 (d, J = 4.7
Hz, 1H, 1-H), 5.48 (t, J = 5.4 Hz, 1H, 2-H), 5.35 (d, J = 5.1 Hz, 1H, 3-H), 4.35 (d, J = 8.8 Hz, 1H, 4-H), 4.25
(m, 2H, 5'-H, 5'-H), 2.07 (d, J = 3.9 Hz, 9H, 3 x -CHy).

2.3.3. 4-F-5-8-2' 3 5-O- S Z B ERERNER

JiiE s AL
oy
41\ sts 4‘\
£ P
3 4

Figure 4. The synthesis of 4-thio-5-chlorine-2',3',5'-O-three acetyl uridine (Route of P,Ss)
& 4. 4-57-5-5-2',3' 5-O- = Z B E R EF M A& R (EF L ZREE)

B 5-5(-2',3',5'-0-= Z. Bt 3 JR 7 (3) (1.05 g, 2.60 mmol) AN = FEEi T, InATE/K 1,4- 4% /53 55 mL
FATRIEMR, N FBL ##%(1.13 g, 5.09 mmol), FHiE % 105°C, @it TLC Ml s BifEdl, 6 h v 5E 4,
A AILIEZE TV, S (PEEA = 4:1; 3:1; 2:1)45 3 3 ([l 14 4-fi-5-3-2",3'5"-0- = LMt FL JR 1 (4) 0.47
g, VRN 43% (B 4 FToR).
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Tk HARRAANE

B, THIES ARRA N AR, S5 B i N 2 Fo L RKVE L, OB
85C. 90°C. 95°C. 100°C. 105°C. 110°C, KRMJEYHEAHER AR R 1:05. 1:1, 1:15, 1:2,
SNSRI A 2he 3hy 35h, 4hy 5h. 6h. ARSI

I 5-50-2',3",5'-0-= 2. Mt 3 R (3) (1.05 g, 2.60 mmol) A = B, IIATE/K 1,4- =4 /53 55 mL
FATREAR, M ARIRA(1.20 g, 2.73 mmol), FHEZE 95°C, it TLC WIS B dL, A4 55 (PEEA =
3:1)75 5B th [l A 4-F-5-50-2",3",5'-0-= Z. B KL SR 15 (4) (B Lkt 5] 5 Fraw).

Cl Jj/Cl
Lawessom'(’,?‘] )\

Figure 5 The synthesis of 4-thio-5-chlorine-2',3',5'-O-three acetyl Uridine (Route of Lawesson reagent)
5. 4-Fi-5-8.-2'3' 5-0- = Z B B R EH & R (HHRAFE)

0

m. p. 48°C~50°C. *HNMR (500 MHz, DMSO-ds) & 13.16 (s, 1H, NH), 8.28 (s, 1H, 6-H), 5.85 (d, 1H, J =
5.86 Hz, 1'-H), 5.48 (s, 1H, J = 5.53 Hz, 2-H), 5.35 (t, 1H, 3-H), 4.35 (m, 3H, 4"-H, 5"-H), 2.06 (m, 9H, 3 x
-CHa).

2.4. 4-TR-5-BRENER

Cl
NH3/CH3OH )\Jj/

?? A

Figure 6. The synthesis of 4-thio-5-chlorine uridine

& 6. 4-3-5-SREFHA R

B (F A 4-AR-5-5-2,3',5'-0- = L Bt #: R (4) (0.50 g, 1.19 mmol), FI A% S F VA 100 mL,
FRPFEE LB @I TLC WM RIES, 29 6 h 4F RN BEZETREER, H95
(CHCI:CH3OH = 20:1), 1533 ([ {4 4-fi-5-F R (5) 0.16 g, N 46% (HL a1 6 FiR).

m. p.54C~57C,

HNMR (500 MHz, DMSO-dg) 6 13.12 (s, 1H, -NH), 8.57 (s, 1H, 6-H), 5.68 (d, J = 3.2 Hz, 1H, 1'-H), 5.52
(d, J = 5.0 Hz, 1H, 2-OH), 5.35 (t, J = 4.3 Hz, 1H, 3-OH), 5.08 (d, J = 5.9 Hz, 1H, 5-OH), 4.08 (m, 1H, 2'-H),
4.01(d, J=5.1Hz, 1H, 3-H), 3.89 (d, J = 2.8 Hz, 1H, 4-H), 3.74 (m, 1H, 5'-H), 3.60 (m, 1H, 5"-H).

BCNMR (125 MHz, DMSO-ds) 6 185.36 (4-C), 147.07(2-C), 134.71 (6-C), 116.81 (5-C), 89.36 (1'-C),
84.57 (4-C), 74.13 (2'-C), 68.72 (3'-C), 59.63 (5'-C).
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3. BRE5VE

B PFAFE R ERI A T 4-B-5-FR T & 3 P &A= 4, o i S i R Iy AR
BB R R 95°C, HIRMIMME SN 1.1, MR 3.5 h (FA%HE L R4 3~5). St
Wi, FLEAT N AR, IR, R R AR A PEYER 'THNMR Il *CNMR #47
TERAE. AR TS N 2R EIRE SRR A 107 1A RIS B
Table 3. The relation between the temperature and the reaction yield of Lawesson reagent in the synthesis of
4-thio-5-chlorine uridine
7 3. HHRMFVEE 4-M-5-8REFHNERFRMIEESWENXR

BE(C) 85 90 95 100 105 110

B (%) 59 66 70 70 70 70

Table 4. The relation between the quantity and the reaction yield of Lawesson reagent in the synthesis of 4-thio-5-chlorine
uridine
4. FRAFVEE 4-W-5-8RBFHERFPIXNFNESHERNXFE
R 5 ) HAE 1:0.5 1:1 1:15 1:2
W& (%) 38 70 70 70

Table 5. The relation between the time and the reaction yield of Lawesson reagent in the synthesis of 4-thio-5-chlorine uri-
dine

5. FARAFATE 4-F-5-FURERI A AP R NAHE SR X R

it 18] (h) 2 3 35 4 5 6
e (%) 45 66 70 70 70 70
HE&mHE
S F A T BI85 A 15 (T A A7) T H (2020CXRC0061) % B
SEHEk
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