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Rational Design and Synthesis of a Fluorinated
Adenosine Derivative

Xu, Zhixiang Yin, Wei Chen, Jinglei Qiao, Chunhua™
(College of Pharmacy, Soochow University, Suzhou 215123)

Abstract Pantothenate synthetase (PS), a member of adenosine acylation enzyme family, was the new target of
anti-tuberculosis drug development. Employing bioisostere principle, 5'-O-{[(R)-2-hydroxy-3,3-dimethylbutanoyl]sulfamoyl}-
2'-deoxy-2'-fluoroadenosine (1), a mimic of the PS catalyzed reaction intermediate, was rational designed by substituting the
2'-hydroxyl group of intermediate sugar ring with fluorine. This compound was synthesized using D-tertiary leucine and vida-
rabine as the starting materials by 9 steps of reaction, and its structure was fully characterized by 'H NMR, *C NMR and
HR-MS techniques.
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F RTS8 2 bRk A 2.
32 IWAHE
32.1 (R)2-FK33-=ZF R TERQ)HEMR

¥ D-BUEEIR(1.0 g, 7.62 mmol, 1.0 equiv. )i+
30.5 mL 0.5 molsL ™" H,SO, ", vkt F, Hl HBhdkF:%s
Ify) HLR 0 0 NaNO, (7K #(3.15 g %1 10 mL 7K ),
3 20 mL/h, 22127 2 =, HiPbd R N30 mL KH
B, T W30 mL X 3) KA, A HLZ I o KB 1 8
T4 GHUZHET, 13 806 mg B MRIAE 2, 7%
80%. [a]lp' —4.68 (¢ 1.11, HLO)[ZCHRE": [a]p —
4.3 (¢ 4.0, H,0)]; '"H NMR (400 MHz, CDCl;) d: 3.90 (s,
1H, CH), 1.02 [s, 9H, (CH3);].
322 (R)-2-O-RT =W a3k -33-— W & TE(3)49
B AR

¥ 2 (2.06 g, 15.6 mmol, 1.0 equiv.)i# T 15 mL DMF
o INBKIRE(5.09 g, 74.88 mmol, 4.8 equiv.) M4 T
FAEE(TBSCI) (5.64 g, 37.44 mmol, 2.4 equiv.), ZLH
P, SR CBR/ATMBE(Y - V=1 @ DRUKEE,
UK 10%F TR« 7K HaF1 NaHCO, HUFI
K IKBES. AHUZ KR T8, T, M 100
mL FEEAE, I KoCOs ZKIEH(5.6 g KoCOs % T 45
mL KA, $EHE 4 he JETHEE, T 10%F7 BRI 1Y pH
2| 4, H MR OERA. AHZ TR RS T4, T
T+, FERSHE B4l VO ) @ (LR LlR)=10 : 1],
HIF, W45 3.1 g Wk 3, 77 E 81%. [ald’ +8.1(c
0.16, MeOH); '"H NMR (400 MHz, CDCl;) 6: 9.64 (br s,
1H, COOH), 3.83 (s, 1H, CH), 0.97 [s, 9H, (CH;);], 0.93
[s, 9H, (CH;);CSi], 0.08 (s, 3H, SiCHs), 0.06 (s, 3H,
SiCH3); “C NMR (400 MHz, CDCl;) §: 176.01, 79.95,
3542, 26.01, 25.81, 18.26, —5.17; ESI-MS m/z: 245.2
[M—H] .
323 (R)-2-O-RT =¥ etk 33-=F I THIEN
Bk, 0 2 B (4) 49 - A%,

# 3 (2.0 g, 8.11 mmol, 1.0 equiv.)% T 50 mL DME
W, VKB R, IO NHS (1.87 g, 16.2 mmol, 2.0 equiv.) %
IRE LR W% (DCC) (2.34 g, 11.3 mmol, 1.4 equiv.),
SRRV 24 ho REEE LR, BET, fERCHE > B alifh
(VA ) - &P =1 1], A3 1.6 g MRy
4, “F 60%. [alp' +12.7 (¢ 1.02, MeOH); 'H NMR
(400 MHz, CDCls) &: 4.07 (s, 1H, CH), 2.80 (s, 4H,
CH,CH,), 1.03 [s, 9H, (CH;);], 0.90 [s, 9H, (CH;);CSi],
0.10 (s, 3H, SiCH3), 0.07 (s, 3H, SiCH3); *C NMR (400
MHz, CDCly) 6: 169.07, 168.09, 78.50, 35.97, 25.69,
18.17, —5.23, —5.45; ESI-MS m/z: 342.8 [M—H] .
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324 3.5-0-= (3T = F & a5 ) 48 % 3 (5) 49 &
P,

BT R R (2.0 g, 7.48 mmol, 1.0 equiv.)% T 40 mL
DMF 1, A= ZJ#(5.2 mL, 37.42 mmol, 5.0 equiv.),
TN TBSCI (2.82 g, 18.71 mmol, 2.5 equiv.), #& N
PP, TLC M s Bioe 4. F7K R 1R Z R (100
mL X 3)F L, FERAE 2 S Al (& ) -
BH)=80 : 1], 1% 2.4 g HEAME 5, %K 65%. m.p.
176 ~ 177 C[XHAME®: mp. 176 ~178 C; [aly"
+4.4 (¢ 1.00, MeOH); 'H NMR (400 MHz, CDCl;) o:
8.35 (s, 1H, H-2), 8.27 (s, 1H, H-8), 6.33 (s, 1H, H-1"),
5.64 (br s, 2H, NH,), 4.88 (d, J=10.1 Hz, 1H, H-2'), 4.35
(s, 1H, OH), 4.14 (d, J=9.9 Hz, 1H, H-3'), 4.07 (s, 1H,
H-4"), 3.96 (d, J=11.2 Hz, 1H, CH,-5"), 3.81 (d, J=11.1
Hz, 1H, CH,-5"), 0.93 [s, 18H, 2X (CHs);], 0.15 [d, J=5.6
Hz, 12H, 2 X Si(CHs),]; ESI-MS m/z: 496.4 [M+H]".
325 2-KA2-A-35-0- (BT =W AL )IRH
(6)89 5~ 1%,

FAERE(0.2 mL, 10.00 mmol, 10.0 equiv.)¥% -2 mL
T SR, ZURYT RN DAST (0.13 mL, 1.00
mmol, 5.0 equiv.), FFF 5 (100 mg, 0.20 mmol, 1.0 equiv.)
BT 1.0 mL SR IMAE] R, il
PRI 6 h. N 1.5 mL 5%k RN A0 K N,
THEMEE(10 mL X 3)MIZKAI, 2K PE— IR, IR
FEAF B Al [ A T E) - V(T ) =50 : 1], 1§ 20.1
mg FIER 6, 775K 31%. mp. 148~150 C; [a]p”
+5.8 (¢ 0.66, MeOH); 'H NMR (400 MHz, CDCl;) o:
8.32 (s, 1H, H-2), 8.16 (s, 1H, H-8), 6.25 (d, J=15.1 Hz,
1H, H-1'), 6.05 (br s, 2H, NH,), 5.31 (d, J=51.5 Hz, 1H,
H-2'), 4.68 (d, J=16.0 Hz, 1H, H-3'), 4.14 (d, J=8.2 Hz,
1H, H-4"), 4.02 (d, J=9.5 Hz, 1H, CH,-5"), 3.79 (d, J=
12.1 Hz, 1H, CH,-5"), 0.93 [s, 9H, SiC(CH3);], 0.89 [s, 9H,
SiC(CH;);], 0.13 [d, J=4.4 Hz, 6H, Si(CHs),], 0.07 [d,
J=10.4 Hz, 6H, Si(CH;),]; °C NMR (300 MHz, CDCl;)
J: 155.83, 153.25, 149.43, 139.25, 120.08, 92.98 (d, J=
192.2 Hz), 86.90 (d, J=32.9 Hz), 84.04, 69.36 (d, J=15.8
Hz), 6129, 26.02, 25.77, 18.52, 18.23, —4.75, —5.34;
ESI-MS m/z: 498.3 [M+H]", 520.3 [M+Na]".

326 2-FEH2-F-3-0-T W R AL
AR

¥ 6 (100 mg, 0.2 mmol)#+ 0.5 mL THF 1, A
25% —F LRV 2 mL, i F BN 20 min 5,
IR R S, ERIC IR, H 4 s
(30 mLX3)FIKALL, FIMEAEERAKYE—IK, FHK
TR IRAN T4, REIEE 2 B aitb [ & ) - V(T =
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50 : 1], 4 71 mg FAAEE 7, 77% K 92%. mp. 246~
248 C; [aly” —25.5 (¢ 0.11, MeOH); 'H NMR (400
MHz, CD;0D) ¢: 8.35 (s, 1H, H-2), 8.17 (s, 1H, H-8), 6.25
(d, J=19.0 Hz, 1H, H-1'), 5.49 (dt, J=52.6, 4.2 Hz, 1H,
H-2'), 4.74 (d, J=11.2 Hz, 1H, H-3"), 4.13 (s, 1H, H-4"),
3.88 (d, J=12.4 Hz, 1H, CH,-5'), 3.69 (d, J=15.0 Hz, 1H,
CH,-5"), 0.94 [s, 9H, SiC(CHs);], 0.16 [d, J=3.6 Hz, 6H,
Si(CHj),]; *C NMR (300 MHz, DMSO-ds) 6: 156.20,
152.62, 148.84, 139.59, 119.17, 92.25 (d, J=189.7 Hz),
85.69 (d, J=32.4 Hz), 84.71, 69.99 (d, J=15.0 Hz), 60.29,
25.61,17.85, —4.99; ESI-MS m/z: 384.2 [M+H]".

327 5-O-#EBEIE I -2-F A -2-A-3-0- T = F &
B IR IR (8) 894 A%,

# 7 (100 mg, 0.26 mmol, 1.0 equiv.)iF T 5 mL T/
THEONTR, BALRY, NN NaH (32 mg, 60%, 0.78
mmol, 3.0 equiv.), i XM 1 h 5, MA NH,SO,Cl
(75 mg, 0.65 mmol, 2.5 equiv.), #ih NN 5h 5, HH
VAR K, A 43 B Al [ (U ) © V(R i) =
30 : 1114 72 mg (1A 8, P& N 60%. m.p.>236 C
(dec.); [alh? +2.8 (¢ 1.16, MeOH); 'H NMR (300
MHz, CD;0D) 6: 8.27 (s, 1H, H-2), 8.22 (s, 1H, H-8), 6.32
(dd, J=17.1, 2.6 Hz, 1H, H-1'), 5.55 (dd, J=44.8, 9.6 Hz,
1H, H-2"), 4.93 (s, 1H, H-4'), 4.44 (d, J=8.1 Hz, 1H, H-3"),
431 (d, J=4.6 Hz, 1H, CH,-5'), 428 (d, J=3.9 Hz, 1H,
CH,-5", 0.97 [s, 9H, SiC(CHs);], 0.21 [d, J=4.1 Hz, 6H,
Si(CH3),]; C NMR (300 MHz, DMSO-dy) d: 156.20,
152.77, 148.84, 139.73, 119.13, 92.20 (d, J=188.4 Hz),
86.07 (d, J=33.7 Hz), 80.28, 70.15 (d, J=15.6 Hz), 67.70,
25.62, 17.80, —4.89, —5.09; ESI-MS m/z: 463.2 [M+
H]".

32.8 5-0-{[(R)-2-O-&T =¥ HA##-33-—F ATk
R BB )2 A2 A-3-0-R T = A R
H = T (98K

¥ 8 (70 mg, 0.15 mmol, 1.0 equiv.)¥%& T+ 5 mL T4
DMF ', ZA MY R, A Cs,CO; (98 mg, 0.30 mmol,
2.0 equiv.)F1 4 (103 mg, 0.30 mmol, 2.0 equiv.), Hif
BV 20 h. JEBREE R, ERAE > S Al & AT
VIR @ M(Z48)=500 : 6 : 1.5), 348 mg [ {[F {4
9, FEN 40%. mp.>195 C (dec); [alp” —1.3 (c
0.60, MeOH); 'H NMR (300 MHz, CDCL3) 6: 8.33 (s, 1H,
H-2), 8.30 (s, 1H, H-8), 6.30 (dd, J=14.2, 4.0 Hz, 1H,
H-1"), 5.82 (br s, 2H, NH,), 5.40 (dd, J=52.4, 8.7 Hz, 1H,
H-2'), 4.70 (d, J=10.9 Hz, 1H, H-3'), 4.42 (d, J=8.5 Hz,
1H, H-4"), 4.29 (d, J=8.6 Hz, 2H, CH,-5'), 3.73 [s, 1H,
(CH5);CCH], 3.08 [q, J=7.3 Hz, 6H, (CH;CH,);N], 1.37

http://sioc-journal.cn/ 1581
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[t, J=7.3 Hz, 9H, (CH;CH,);N], 0.93 [s, 9H, (CH;)s], 0.92
[s, 9H, (CHs);], 0.88 [s, 9H, (CH5)sC], 0.14 [d, J=2.1 Hz,
6H, Si(CH;),], 0.03 [d, J=0.8 Hz, 6H, Si(CHs),]; "*C
NMR (400 MHz, CDCly) &: 179.18, 155.57, 153.01,
149.42, 139.33, 119.34, 92.40 (d, J=175.1 Hz), 85.65 (d,
J=32.2 Hz), 83.04, 82.20, 70.84 (d, J=15.0 Hz), 66.83,
45.81, 35.06, 26.33, 25.65, 25.47, 18.07, 17.88, 8.59, —
3.95, —4.84; ESI-MS m/z: 689.2 [M—H] .
329 5-0-{[(R)-2-##-3,3-—F 3 T Bt | AR Bt
-2 B2 B (1) 896K

# 9 (30 mg, 0.038 mmol, 1.0 equiv.) & T 10 mL [JiK
B, A 1.0 mL 80% = LRI, 20 ‘C Rtk
48 h. JET, RERH B A& TR © V(P =
10 : 1], 43 3.0 mg HAMEAK 1, %K 15%. mp.>231
C (dec.); [al®® +2.0 (¢ 0.40, MeOH); '"H NMR (400
MHz, CD;0D) ¢: 8.56 (s, 1H, H-2), 8.30 (s, 1H, H-8), 6.68
(d, J=6.7 Hz, 1H, H-1"), 5.00 (dt, J=30.1 Hz, 1H, H-2"),
4.90 (s, 1H, H-3'), 4.84 (s, 1H, H-4"), 4.76 (dd, J=14.2, 2.6
Hz, 1H, CH»-5"), 4.50 (dd, J=18.9, 4.5 Hz, 1H, CH,-5"),
3.63 [s, 1H, (CH3);CCH], 0.98 [s, 9H, (CH;);C]; *C NMR
(400 MHz, CD;OD) d: 179.05, 158.72, 150.36, 141.00,
140.52, 121.25, 94.30 (d, J=193.9 Hz), 92.38 (d, J=31.4
Hz), 84.79, 80.23 (d, J=7.8 Hz), 71.50 (d, J=15.9 Hz),
59.49, 36.17, 26.51; HRMS (ESI) calcd for C;¢H,3FN4OS
[M—H] : 461.1260, found 461.1281.
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