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Rational Design and Synthesis of a Fluorinated Butyric
Adenosine Derivative

Yao, Houzong" Yin, Wei*? Chen, Jinglei™* Qiao, Chunhua™*
(“ College of Pharmaceutical Science, Soochow University, Suzhou 215123)
(® Center for Drug Discovery, China Pharmaceutical University, Nanjing 210009)

Abstract Pantothenate synthetase (PS), the key enzyme in the biosynthesis of the pantothenate acid, is considered to be a
new target for anti-tuberculosis drug development. Based on the structure of the enzyme catalyzed reaction intermediate and
bioisosterism principle, 5'-O-{[(R)-4-fluoro-2-hydroxy-3,3-dimethylbutanoyl]sulfamoyl}adenosine (1) was designed with the
sulfamate isoster to replace the unstable phosphate moiety. The synthesis of this compound was achieved using pantolactone
and adenosine as the starting materials through 9 steps of reaction. All the compounds were characterized by 'H NMR, "*C

NMR and MS techniques.

Keywords adenosine derivative; pantothenate synthetase; anti-tuberculosis
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Figure 1 The structure of compounds a, b and 1
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Ja— By, S ROCHERE ] 80%(1 = L1
KIS, 2 0 C BRI AR B B 2, H
MEM JEPIE A N A%, TRITEF R,
SN 24 h P4 i TR e D, 7 A R L

2 Zig

ARSCH IS A A HE B R T — R AR
(AR RAT AW, FFLAZ B A 4 S5Ok, i
i 9 RN I A K. A YIS 4 TH NMR, PC NMR
FI HRMS KAk, H 572 186 Rl i) 45 G 0 B 45
AP S 1 L A
3 LEEH
3.1 UEHIKF

UNITY INOVA BA%#EILHRAY; 6220 Accurate-Mass
TOF LC/MS AR €335 i 156 FH A

BT ARG 0 T A5 22 gl o al, Horh — S e
(DCM). PYE WG (THF) AN FR . NN- H 5
Ji(DMF) I HT 3 2 Bk Ab 21
3.2 ZWHE
320 (R)3-[2-FAA AL FAL44-—F A=
Ak H-2(3H)-BR(2) 894 A%,

# NaH (0.92 g, 23.05 mmol, 1.5 equiv.)fll 18-7&-6
(0.65 g, 2.46 mmol, 0.16 equiv.)% 1847 25 mL UL
W IK) 150 mL B, Ny fR$FFIDE A R Iz IR N
fi&(2.0 g, 15.37 mmol, 1 equiv.), 20 min J5 I\ MEMCI
(2.3 g, 18.44 mmol, 1.2 equiv.), EimIMEEL . MK
KN, Wedi, ZMRMBEQ00 mL X 3)FUKAE. HHZ
2 T0K U R B T, TR A AR i A 43 s A4k [ V(A
k) - (LR LTg)=5 2 1), L EMRY 2 2.82 g, 7=
K 84%). [a]p? —42.4 (¢ 0.58, CH;OH); '"H NMR (400
MHz, CDCl3) 6: 5.07 (d, J=6.8 Hz, 1H, OCH,0), 4.83 (d,
J=6.8 Hz, 1H, OCH,0), 4.13 (s, 1H, H-3), 3.98 (d, J/=9.2
Hz, 1H, CH,-5), 3.91 (d, J=9.2 Hz, 1H, CH,-5), 3.80 (t,
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J=4.8 Hz, 2H, OCH,CH,0), 3.57 (dd, J=8.6, 4.0 Hz, 2H,
OCH,CH,0), 3.38 (s, 3H, OCH3), 1.20 (s, 3H, CH3), 1.09
(s, 3H, CH;); *C NMR (100 MHz, CDCl;) 6: 175.0, 95.1,
78.4,71.6,70,6, 67.5, 59.0, 40.2, 23.1, 19.4; ESI-MS calcd
for C;oH;30sNa ([M+Na]+) 241.1, found 241.2.

322 2-(RS)-3-(R)-[(2-F AR AL T AIL]-44-—
T w9 Sk v -2-B5(3) 69 6 A%,

BALEY 2 (189 mg, 0.87 mmol, 1 equiv.)iE T A
9 mL S HHEH 50 mL XWHEH, N, R, —78 CK
fii i DIBAL(H) (1.3 mL, 1.3 mmol, 1.5 equiv.), 2 h ;¥
564, H1 2 mol/L H,SO, 3 pH # 2, —%(H (30 mL X
INFI. HHUZETCKER RN T8, W45 ARE A4 25
b [V @ MR CER)=S5 @ 1], I ErRkY 3
(152 mg, 7% 80%). '"H NMR (400 MHz, CDCl;) : 5.41
(s, 1H, H-2), 5.26 (s, 1H, H-2), 4.82 (t, J=6.4 Hz, 2H,
OCH,0), 4.75 (dd, J=19.6, 6.4 Hz, 2H, OCH,0), 4.07 (d,
J=8.8 Hz, 1H, H-3), 4.01 (s, 1H, H-3), 3.81 (d, J=8.0 Hz,
2H, CH,-5), 3.72 (d, J=8.0 Hz, 2H, CH,-5), 3.61 (s, 4H,
OCH,CH,0), 3.54 (d, J=4.8 Hz, 4H, OCH,CH,0), 3.37
(s, 6H, OCHj3), 1.08 (s, 6H, 2XCH;), 1.07 (s, 6H,
2X CH3); *C NMR (75 MHz, CDCl3) 6: 102.7, 97.6, 96.5,
95.7, 90.9, 84.3, 78.4, 77.1, 71.8, 71,7, 67.9, 66.9, 59.1,
59.0, 41.8, 41.2, 25.9, 23.8, 20.4, 20.3; ESI-MS calcd for
C10Hy00sNa ([M+Na]") 243.1, found 243.2.

323 (9)-3-[2-FTRATEI)FAK]-2,2-=F R
JR-4-Hi-1-B5(4) 89 & A&,

W F I = 2R RAL R (4.46 g, 12.5 mmol, 5 equiv.)i#
T4 25 mL POEWH 100 mL [, N, AR F1
UK A i I n-BuLi (4.5 mL,11.25 mmol,4.5 equiv.),
SR 30 min 5 IAALEY) 3 (0.55 g, 2.5 mmol, 1 equiv.),
3 h RMSEA. IR NH,Cl 3R KON, W4 b
LR OTE(100 mLX )AL, fHHLZE T KBERE T4,
WA FRE RS K 43 B 2lidb [ VA k) @ V(LR LB8) =
10 1], BLEGHIRY 4 (028 g, 77K 52%). [aly’
+20.0 (¢ 0.25, CH;0H); 'H NMR (400 MHz, CDCL) §:
5.75~5.60 (m, 1H, CH-4), 525 (d, J=10.4 Hz, 1H,
CH,-5), 5.19 (d, J=17.2 Hz, 1H, CH,-5), 4.69 (d, J=7.2
Hz, 1H, OCH,0), 4.56 (d, J=7.2 Hz, 1H, OCH,0), 3.96
(d, J=8.0 Hz, 1H, CH,-1), 3.85 (d, J=8.0 Hz, 1H,
CH,-1), 3.63 (d, J=10.4 Hz, 1H, H-3), 3.58~3.45 (m, 3H,
OCH,CH,0), 3.36 (s, 3H, OCH3), 3.16 (d, J=11.2 Hz,
1H, OCH,CH,0), 0.87 (s, 3H, CH3), 0.77 (s, 3H, CH;); "*C
NMR (100 MHz, CDCl;) d: 134.4, 119.4, 92.5, 82.0, 71.7,
69.3, 67.3, 58.9, 38.7, 222, 19.0; ESI-MS calcd for
C11H»O0,Na ([M+Na]") 241.2, found 241.2.
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3.2.4 (9)-3-[Q-FTRAAZEI)FAK]-2,2-=F A
R-4-Hi-1- 25 = 50 F BB BE (5) 896 A%,

Bk A1) 4 (160 mg, 0.73 mmol, 1 equiv. )i T84 5
mL SFER) 50 mL B, Ny PR RIS 0F T
JNNERE(0.12 mL, 1.46 mmol, 2 equiv.), 5 min /5 ¥ N =%
FRE AR T (0.25 mL, 1.46 mmol, 2 equiv.), ZZ19 T4 =i,
1 h [ 5e4s. HAT NaHCOs SR K N, 5 e
(30 mLX3)AH, AHZLIC/KE RN T4, %8Rk
WA Ay B Ak [ VA ) - V(LR LHg)=50 1 1], £
PR 5 (225 mg, 77F 87%). [ali® —55.6 (¢ 0.68,
CH;0H); 'H NMR (400 MHz, CDCl;) 0: 5.70~5.57 (m,
1H, CH-4), 5.35 (d, J=10.4 Hz, 1H, CH»-5), 5.27 (d, J=
17.2 Hz, 1H, CH»-5), 4.73 (d, J=7.2 Hz, 1H, OCH,0),
4.60 (d, J=7.2 Hz, 1H, OCH,0), 4.44 (d, J=9.2 Hz, 1H,
CH,-1), 4.30 (d, J=9.2 Hz, 1H, CH,-1), 3.88 (d, J=38.4
Hz, 1H, H-3), 5.79~5.72 (m, 1H, OCH,CH,0), 3.63~
3.55 (m, 1H, OCH,CH,0), 3.54~3.47 (m, 2H, OCH,-
CH,0), 3.36 (s, 3H, OCH;), 0.98 (d, J=3.6 Hz, 6H,
2XCHs); “C NMR (100 MHz, CDCly) 6: 133.2, 121.4,
92.8, 82.7, 80.5, 71.8, 67.5, 59.1, 38.6, 21.3, 21.0, 19.3,
19.1; ESI-MS calcd for Cj,H, F30sSNa ([M+Na] ") 273.1,
found 373.2.

325 (8)-5-#A-3-[2-FAA AL F AHK]-44-—F
AR 1-Hi(6) 89 B A%,

Btk 5 (3.81 g, 10.87 mmol, 1 equiv.)fil TBAF
(11.37 g, 43.48 mmol, 4 equiv.)% T8 50 mL PYE{EIH
(1) 100 mL [EJEHEH, Ny &5 R Y 2 h, e MRS H]
LR ZBEBO0 mL X 3)AE, ALK R 45,
WRARRRE AL 4> S AL [ VA EE) @ V(LR L Tg)=
50 1 1], AEEMRY 6 (1.77 g, /7% 74%). [alb”
+10.0 (¢ 0.20, CH;0H); 'H NMR (400 MHz, CDCl5) &:
5.73~5.63 (m, 1H, CH-2), 5.31 (dd, J=10.4, 1.2 Hz, 1H,
CH,-1), 5.24 (dd, J=17.2, 1.2 Hz, 1H, CH,-1), 4.75 (d,
J=6.8 Hz, 1H, OCH,0), 4.62 (d, J=6.8 Hz, 1H, OCH,0),
436 (d, J=8.8 Hz, 0.5H, FCH,), 4.24 (d, J=8.8 Hz, 0.5H,
FCH,), 421 (d, J=8.8 Hz, 0.5H, FCH,), 4.09 (d, J=8.8
Hz, 0.5H, FCH,), 3.93 (d, J=8.4 Hz, 1H, H-3), 3.83~3.76
(m, 1H, OCH,CH,0), 3.64~3.50 (m, 3H, OCH,CH,0),
3.39 (s, 3H, OCHj3), 0.92 (d, J=2.0 Hz, 6H, 2 X CH3); "*C
NMR (100 MHz, CDCL3) 8: 134.1, 119.9, 92.6, 89.5, 87.8,
80.2 (d, J=3.6 Hz), 71.7, 67.0, 58.8, 38.6 (d, J=16.3 Hz),
20.6 (d, J=4.9 Hz), 18.7 (d, J=5.7 Hz); ESI-MS calcd for
C1H» FO;Na ([M+Na]") 243.1, found 243.2.
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326 (R)-4-A-2-[2-F AL AL FAK-]-33-=
LT B (T) 698 A%

Bt EY 6 (1.72 g, 7.81 mmol, 1 equiv.)% T /&
40 mL A FHE 100 mL FEEF, —78 C Rl O;
30 min, JIIA PhsP (2.15 g, 8.2 mmol, 1.05 equiv.), 0 C
SRR SN VR B ) T A RO E IR AT oy s Al A [V
MEE) © M(CRCER)=5 1 1], ARy 7 (113 g,
FER 65%). [alh? +47.6 (¢ 0.63, CH;OH); '"H NMR
(400 MHz, CDCly) 6: 9.69 (s, 1H, CHO), 4.83 (d, J=7.2
Hz, 1H, OCH,0), 4.76 (d, J=7.2 Hz, 1H, OCH,0), 4.30
(s, 1H, FCH,), 4.18 (s, 1H, FCH,), 3.82~3.77 (m, 1H,
H-2), 3.76~3.67 (m, 2H, OCH,CH,0), 3.52 (t, J=4.4 Hz,
2H, OCH,CH,0), 3.37 (s, 3H, OCH3), 1.05 (s, 3H, CH3),
1.01 (s, 3H, CH;); *C NMR (100 MHz, CDCL3) d: 202.4,
95.9, 88.3, 86.6, 85.3, 71.4, 67.6, 58.8, 39.5 (d, J=16.7
Hz), 20.5 (d, J=6.1 Hz), 19.1 (d, J=5.2 Hz); ESI-MS
caled for C1oH;sFO4Na ([M+Na] ") 245.1, found 245.2.
327 (R)-2,5-=—Fmtriiz-1- 2 -4-F-2-[Q-F AL T
FR)F AIL]-3,3-= F A T B TES(8)49 4%

Bk & 7 (1.11 g, 5.0 mmol, 1 equiv. )& T84 50
mL AR VONED) © (A FHE)=3 : 11/ 150 mL
B+, # 20 mL NaClO, (2.26 g, 25.0 mmol, 5
equiv.)F1 NaH,PO, (7.8 g, 50.0 mmol, 10 equiv.)HI 7K %R
FEVKIE RN OV, 8 min [V S5E4Y. RIVIE S
Wi 5, TN Na,SO; 4.27 g, J1 1 mol/L HCI i /&1,
LIR LTE(100 mL X 3) AL, AL To/K i B4k 115,
WA TCEMRY) 0.93 g KPR T4 40
mL PUZUER 1) 100 mL [ T, Ny (R FI vk 4040
B DCC (1.44 g, 7.0 mmol, 1.4 equiv.)fI NHS (1.15 g,
10.0 mmol, 2 equiv.), EiRHELER. "NIEEGY S
IR, WRAEFNEIRAT 4 S Al [ V(A i) ¢ (LR
LHR)=3 1], FAMHEK 8(1 g /% 60%). [alp'
+88.3 (¢ 0.60, CH;0H); 'H NMR (400 MHz, CDCL) §:
4.86 (d, J=7.2 Hz, 1H, OCH,0), 4.80 (d, J/=7.2 Hz, 1H,
OCH,0), 4.46 (d, J=8.8 Hz, 0.5H, FCH,), 4.42 (s, 1H,
H-2), 4.34 (d, J=8.8 Hz, 0.5H, FCH,), 4.25 (d, J=8.8 Hz,
0.5H, FCH,), 4.13 (d, J=8.8 Hz, 0.5H, FCH,), 3.78~3.67
(m, 2H, OCH,CH,0), 3.61~3.49 (m, 2H, OCH,CH,0),
3.38 (s, 3H, OCH3), 2.84 (s, 4H, CH,CH,), 1.17 (s, 3H,
CH,), 1.05 (s, 3H, CH3); °C NMR (75 MHz, CDCLy) ¢:
169.0, 168.9, 166.8, 95.8, 88.9, 86.6, 77.0 (d, J=4.0 Hz),
71.5, 68.0, 58.9, 39.1 (d, J=16.6 Hz), 25.6, 20.2 (d, J=3.7
Hz), 18.2 (d, J/=5.8 Hz); ESI-MS calcd for C;4H,,FNO;Na
(IM-+Na]") 358.1, found 358.0.
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328 5-O0-{{(R)-4- A -2-[2-F AL T AX)T A
H1-3,3- W AR T B AR B ) -2 3-0-F T R R AR
H = TR (10)695 %

B A5 9 (455 mg, 1.18 mmol, 1 equiv.), L& 8
(791.4 mg, 2.36 mmol, 2 equiv.)fl Cs,CO; (768.9 mg,
2.36 mmol, 2 equiv.)¥# T #4510 mL DMF [#) 50 mL #ifi &
e, Ny IRy RSB, R NIRA WS Wi T
JAE Sy B A V(AT EE) - V(B @ V(=)=
500 : 8 © 1.5], fHRF AR 10 (278 mg, 7% 39%).
[a]2® +55.9 (¢ 0.29, CH;0H); 'H NMR (400 MHz,
CDCly) d: 8.35 (s, 1H, H-2), 8.24 (d, J=9.6 Hz, 1H, H-8),
6.22 (s, 1H, H-1"), 5.93 (s, 2H, NH,), 5.25 (s, 1H, H-2'),
5.14 (s, 1H, H-3"), 4.74 (d, J=6.8 Hz, 1H, OCH,0), 4.69
(d, J=6.8 Hz, 1H, OCH,0), 4.58 (s, 1H, H-4), 4.39 (d,
J=8.4 Hz, 1H, FCH,), 4.32 (s, 2H, CH,-5"4.27 (d, J=8.4
Hz, 1H, FCH,), 3.92 (s, 1H, H-2"), 3.67 (d, J=4.4 Hz, 1H,
OCH,CH,0), 3.50 (d, J=18.4 Hz, 3H, OCH,CH,0), 3.35
(s, 3H, OCHj), 3.07 [q, J=7.2 Hz, 6H, (CH;CH,);N], 1.62
[s, 3H, O(CHs),], 1.37 [s, 3H, O(CHs),], 1.29 [t, J=7.2
Hz, 9H, (CH;CH,);N], 1.05 (s, 3H, CHj), 1.00 (s, 3H,
CH,); “C NMR (100 MHz, CDCl;) §: 177.0, 155.6, 152.8,
149.1, 139.1, 119.0, 113.8, 94.0, 90.3, 89.6, 87.9, 84.3,
84.2, 81.4, 71.3, 66.9, 63.3, 58.5, 49.5, 38.4 (d, J=16.7
Hz), 26.8, 24.9, 20.9, 19.3; ESI-MS calcd for Cp3H34FNg-
0408 (IM—H]") 605.2, found 605.5.

32.9 5-O-{[(R)-4-#A-2-%F 3 -33-—F A T B 5%
Bl A} B3 (1) 896 %,

FALEH 10 (80 mg, 0.13 mmol, 1 equiv.)iE T #A
1.8 mL 80% TFA /K¥¥R (1) 25 mL i+, 0 C Y 4
h, HARERKN 24 h. KNG YIE R FIRE R A
SrEAL( A TR C V(TR =10 : 1], 193 AFEE
1 (5 mg, "% 8%). [a]s® +86.8 (¢ 0.47, CH;OH); 'H
NMR (400 MHz, CD;0D) d: 8.45 (s, 1H, H-2), 8.20 (s,
1H, H-8), 6.08 (d, J=4.8 Hz, 1H, H-1"), 4.67 (s, 1H, H-2"),
4.63 (s, 1H, H-3"), 4.43 (s, 0.5H, FCH,), 4.41 (s, 2H,
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CH,-5"), 4.38 (s, 0.5H, FCH,), 4.31 (s, 1H, H-4"), 4.26 (s,
0.5H, FCH,), 4.19 (s, 0.5H, FCH,), 3.90 (s, 1H, H-2"),
1.03 (s, 3H, CH3), 0.95 (s, 3H, CH;); *C NMR (100 MHz,
CD;0D) d: 173.7, 158.6, 150.4, 140.9, 140.6, 121.2, 95.2,
90.6, 88.9, 85.2, 77.2, 75.4, 75.4, 71.6, 59.7, 40.6 (d, J=
16.6 Hz), 20.6 (d, J=4.5 Hz), 19.3 (d, J=5.8 Hz);
ESI-MS calcd for CsH23FNOgS ([IM—H] ) 477.1, found
477.0.
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