% 4”) 4& % DOI: 10.6023/cjoc201410034

R ER

Chinese Journal of Organic Chemistry

NOTE

FRIRIE K H 2R ANIEY & B 73 AR

FRIE  KERW

5L e

(TR ITYE R 2 A T2 e T AR AL 2 i Sk i R R BB 0 8P 2 453007)

WE UL S-FBEME R, e 5URMIRA 15 5-2,2- IR IR e H AU, SRIGAE T IHERR — L1
A= CREHIE TR R AL ARG PN BRSO, e B0 B T IR IR E B HL 2R AL,

KRB mRNE; IR IR RN

New Synthesis of Brivudine and Its Analogs
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Abstract In this paper, a simple and practical method for the preparation of brivudine (BVDU) and its analog nucleoside
derivatives via condensation of the easily obtainable 5-formyl pyrimidine nucleosides with carbon tetrabromide followed by an
efficient and stereoselective debromination promoted by diethyl phosphite and triethylamine is presented.
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7 25 24 W 10 5 B P PO R E BOV6 9T T T kS 3
TR KEIERNA. Horh 5-[(E)-2-V8 24 5L 1-2'- it 48 bR s
WE A% H (EIE, brivudine) A H AL W] 270 2 0 H
EEFOHEAL T HEAT RAUBERR AL, T RIRIRnE = MR fE. IR
WRnE = BEERMS A B FH R DNA AR, o
T2 1 L5 75 A O ROR . IRk f2 32 4 Nk AT R B
FRIHT BA 28 25005 B (HS V-1) B K S~ RIS T5(VZV)
TR AT A 2 —, IR FEEH T HSV-1
M VZV 5120 Rk BORGRER D) H AT, IR 1A %
J7IE AT LUR LR ()& H 5 #1450 5-60 5 BE 1L
(1 R 5 I 5 20 A 10 W T R 5 A A A BBk I 2 4 1) Sk
nE, Hobl SRR R B BRI A o A
PR IRI 23 B8 DA K B2 JE (R R4 R A 251, 207k il T 17
TE R« F AL ARI P24 40 185 40 A TR e LA R 10750 £
RN AR B SR A5 e, TSl KR, QB 5-14
-2 AR A ERL, SAEAL T 5 75 4 R T 0 1 35t
S B ABERF= ) B KRS S-[(E)-2-FR3E 2 )di Jk]-2 -
it S PR R A A, iz TARTE N-SRARTT R R 1
TRABR . BB RREIER, 125 kR T

* E-mail: xuesen.fan@htu.cn; xinyingzhang@htu.cn

—ME RTT IR RS L U BBk L, (EAAEAE IR K 4 A
TEACTI G = P20 3 B i R HE 5 ) B (3) LA 2/t A
JRUEWERZH ONERIEJFR], Jefa it 32 AL . kA
1k .Knoevenagel 44 F1 Hunsdiecker [ N4 BB RIS
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5 VIRALERAE S 15 BIAHRLE 5-(2,2- 1R LI ) N #%
H(2), RG24 M IR R S5 4 BT B STAR G B
IR NAFE 5-[(E)-2-1R LI R nE R T4 3.

0O 0 Br 0 Br
CHO _ —
Hj\ | HN | Br— HN)ﬁ/_/
0" N o%\r‘\l O%\l‘\l
R R R

1 2 3

B 1 (B)-5-Q-IR LI e % T TR 3 et & U 25
Scheme 1 Proposed synthetic pathway toward (£)-5-(2-bromo-
vinyl)pyrimidine nucleosides (3)

1 &ER511R

e, F Gt Sk T iR S R T — R4
5-(2,2- IR ORI ERERL T (2), S5 ILEE 1.

BEJ5, X 2a BIBLR N EAT 755, BFAKIE, DA
2 equiv. FIEBERR — H B8 NI JE A 2 equiv.ifl = 2N
. DMF A, 7E 70 C RG24 R RN 6 h,
AL 69% MWL 45 B B AR WI(E)-5-(2-1R L) 3)-2'- it
A-3L5- X LB RN A% TF (3a, 3 2, Entry 1). ZLLUTE#E
TR — 2B AR R FIET, PEY R T = B 72%((% 2,
Entry 2). VANERERR — B iR 55, 5% T AR B
KL, TR, 2 RBAE N,N- F ok i
(DMF) A7 I 285 SR dp e, DA 0 o B 2 B R Y51
1A DB P A (K 2, Entries 3, 4). B Ja SRS T
AN TRV IR X S B s, 2 AR, 2 S N AE = iR K
50 CHEATIN, F=#pUlt® FF&(3K 2, Entries 5, 6); TR
NARFEM 70 CHEF 90 CHE 120 CH, gt
WA (£ 2, Entries 7, 8). 25 b, A& 3a MIEHE RN

RN WHEIR — 4B8Q equiv) NIBJEF . =22
equiv.) Ak DMF NEF. NEEAN 70 C. Bk
[ 6 h, FEZFMT, 3a WA 72%(3K 2, Entry 2).
TEIRHNZ, BN 2 AR R E-E#E
P, SRR R R AR B L P DR e ) o AN K R
ARk [A] (i i 1 AR ) b T S AV N ARG BE AR, AT
il S B BRI EE A i E-RL A [ HEAT

FIFHER 2 R R B, AT =T — &7
5-(2,2- R 20 Bk W e A% () I LI N, 45 R L3R
3. R 3IHIIEIRRH, ARFEER 2,2- 2R O EHUR
WA A% (2) B BEFE ML B R — R A = Z G HIE - R R
A TR 1R ST AR BRI TR B, A B I PR (E)-5-(2- 1
LIRHE R AL AT AEY) 3.

HE—2B TR I, (E)-5-(2-1R £ 0535 g i H T

A 3 OTHE T B A AR FH T TR AR R 2T R A
FHOU NS EIRIEE da K HREI) db~4de. %N
PR R, SR, BRI 4.
TERE G IR T, AT T LA 3a MRV & s
WE R R E X TR, Bk, BL 3a HRLRJER, 1
Lawesson R[5 H 15 2(E)-5-2-1R LI 55)-4-5iAX
235 - LR R RERZ TR (S, B 2), ARSI AR
FJE A0 A3 B DG HE (AR (E)-5-(2-1R 40 25 )-4- F it 2%
2'- B A-3",5"- B £ T s WE K% H(6). 72 S I BEAT L, 4y
51l A /KR FR K IS TN R AR, v AR R iR
13 B(E)-5-(2-1R L0 45)-2"- Wt S s e A% (7) e L V-H
FAATAEY) 8. EAFERNE, 16 Bl B Z KA
QKA A S & A, i BAT DUE A R
PIRF R R R R ) B3, BESRIRA ).

K1 5-Q2- WKL BT ED@) R
Table 1 Preparation of 5-(2,2-dibromovinyl)pyrimidine nucleosides (2)

0 0 Br
CHO —
H)/'.\'\)g/ CBry, PPhy, Zn H)/"\'\ | Br
o l‘\l CH,Cl,, 0 °C o l‘\l
R
1 2
Compd. R Yield’/% | Compd. Yield’/% | Compd. R Yield®/%
AcO. o AcO o AcO. A
(0] o (0]
2a 70 2b 75 2¢ 68
OAC N3 AcO OAc
AcO o
2d :O: 76 2e n-Bu 67 2f Bn 71
“ Reaction conditions: 2 mmol of 1, 6 mmol of PPh;, 6 mmol of zinc powder, 6 mmol of CBr;. ® Isolated yield.
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2 A 3a PRBKHARAGEEF
Table 2 Optimization study on the preparation of 3a
0 Br % Br
HN T HN
;\WBF Zﬁﬂ
Ao O N conditions Aco_ O N
(0] - (0]
OAc OAc
2a 3a
Entry Base Solvent Phosphite 7/°C t/h Yield”/%
1 Et;N DMF (Me0O),P(O)H 70 6 69
2 Et;N DMF (EtO),P(O)H 70 6 72
3 Et;N CH,Cl, (EtO),P(O)H 70 6 Trace
4 Et;N EtOH (EtO),P(O)H 70 6 Trace
5 Et;N DMF (EtO),P(O)H r.t. 10 32
6 Et;N DMF (EtO),P(O)H 50 10 51
7 Et;N DMF (EtO),P(O)H 90 6 71
8 Et;N DMF (EtO),P(O)H 120 6 63
“ The reactions were run with 0.5 mmol of 2a, 1 mmol of (EtO),P(O)H or (MeO),P(O)H, 1 mmol of Et;N. ® Isolated yield.
R3 (E)-5-QIR LR BEERZ EATAD) 3 B ¢
Table 3 Preparation of (£)-5-(2-bromovinyl)pyrimidine nucleosides (3)
Q Br % Br
m)ﬁ/—%r (Et0),P(O)H/EtsN HN)ﬁ/J
N EOLPOMELN A
\ DMF, 70 °C \
R R
2 3
Compd. R Yield®/% | Compd. R Yield®/% | Compd. R Yield®/%
AcO e AcO A AcO ~Ann
3a Lo 72 3b o) 76 3c ° 66
OAc N3 AcO OAc
AcO AR
3d o 73 3r n-Bu 75 3f Bn 70

“ The reactions were run with 1 mmol of 2, 2 mmol of (EtO),P(O)H, 2 mmol of Et;N in DMF at 70 °C for 6 h. ° Isolated yield.

2 Zhig

AILUUG AR 5-HB R IE R H () VR R, B4
5 IRER G & 13 5-(2,2- I L Bh)mEnE %47 (2), &
JRAE IR — L MR M = CREHIVE T R A SEAR R ## A%
IR BNE, PR R 5-[(E)-2-VR LRI EERZ T (3), ®In4
LB B BV RT A5 BRRIE S 2R 4. 5341, UL 3a
PNERL, Zebi RSN, T R A T IRk
WE M MRMENE R B RTAEN) 7, 8. 5ICHERIIVEMLL, AT5VE
(I R AR R T i & S A HRAL T, S B 2 A
RS AT, T ELI6E G 1 SRR DT i o AN 5 s il (R A B
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SRR, NI ARIRNE KR & R it 7 — &
ey SEHLS AREIHNEAR.

3 SCIOERSY

X5 F
5-(2,2- IR Z0 3 ) A% (2) 1A R SCHRT9,
10]. '"H NMR % "“C NMR i Fi Bruker AC-400 #% 4%
g, TMS AWFR, CDCliw DMSO-dg. CD;OD E{
(CD;),CO NER; B0 #8 i %M & £ Bruker mi-
crOTOF JF 1%

3.1
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R4 (B)-5-Q-IROIHH)BEERZ AT ED ) L BEL
Table 4 Deacetylation of (£)-5-(2-bromovinyl)pyrimidine nucleosides (3)

O
__ Br (0] _Br
fo) ,\‘1 EtOH, reflux O)\N
R R'
3 4
Compd. R Yield/% Compd. R Yield/%| Compd. R Yield®/%| Compd. R Yield®/%
HO o HO o HO o A HO ‘
4a k—; 80 4b 85 4c 78 4d LoJ" 86
OH N3 OHOH
“ Reaction conditions: 0.5 mmol of 3, 0.5 mmol of Bu,SnO, 10 mL of EtOH, reflux. ® Isolated yield.
NH, _ Br
N ‘
SCHs, Py
QB N NHsH,0 HO Oo N
HN)ﬁ/J S g P | i-PrOH, 90 °C k %
O%\ HN ACO 0" N sealed tube
ACO Lawesson reagent 2\ \ CHyl, TEA o OH 7.74%
0 dioxane, reflux 0" N —_—
AcO . CH,Cly, rt. NHCH; g,
OAc OAc . CH3NHzH,0 N
3a OAc 6, 88% i-PrOH, 90 °C P
sealed tube HO_ O N
5,64% (0]
OH 8, 76%

B 2 (B)-5-Q-1R LH0HE)-2 -t AN AZ 1 (7) S 36 N-FRALATAED) 8 5 B
Scheme 2 Synthesis of £-5-(2-bromovinyl)-2'-deoxycytidine (7) and its N-methylation analog (8)

3.2 ZWHE
32.1 (E)-5-(2-i% T Hh #)-2'-BL &.-3',5"- 3 LBt SR E =
A (3a) 89 5 A%,

4 2a (1 mmol) I 2| s S H 3 H DMF (5 mL)¥#%
fif, PN N LR — Z. 5 (2 mmol) Ml = Z % (2
mmol). ¥ RMET 70 CHMBHHEERR, ff TLC
Rl s B 5 4 I, IMNE 2K, T 4R LEREEEL(10
mL X3), &H AN, Ak 2 &k, BHEL
IK B RN T8, e 289K 4, Bk B A A Tk LR L B
(V1 V=1 DIESB A TR Z P4 rs 3a.

(E)-5-(2-1R 2. )i B)-2"- I 53", 5"- WL £ T PR 1o g %
(3a): '"H NMR (400 MHz, CDCl;) 8: 2.08~2.16 (m, 7H,
CH; X2, H2-1), 2.54~2.59 (m, 1H, H2'-2), 4.29~4.44
(m, 3H, H3', H5'), 5.20~5.21 (m, 1H, H4"), 6.27 (t, J=8.0
Hz, 1H, H1"), 6.67 (d, J=14.0 Hz, 1H, vinyl-H1), 7.41 (d,
J=14.0 Hz, 1H, vinyl-H2), 7.50 (s, 1H, H6), 9.27 (br s,
1H, NH); “C NMR (100 MHz, CDCly) J: 20.81, 20.84,
37.9, 63.7, 74.0, 82.6, 85.6, 110.1, 111.7, 128.2, 136.7,

Chin. J. Org. Chem. 2015, 35, 910~916
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149.4, 161.6, 170.3, 170.4. HRMS calcd for CsH;;Br-
N,O-Na [M-+Na]": 439.0117, found 439.0128.
(E)-5-(2-1R )7k )-2"- Wt A -3'- 8 28-5"- T IR 15 g
B @3b): HA 4R H 3a. 'TH NMR (400 MHz, CDCl;)
8: 2.15 (s, 3H, CH3), 2.39~2.42 (m, 1H, H2"-1), 2.55~
2.58 (m, 1H, H2'-2), 4.12~4.13 (m, 1H, H3"), 4.18~4.20
(m, 1H, H5'), 4.30~4.34 (m, 1H, H4'), 4.39~4.44 (m, 1H,
H5'), 6.08 (t, J=6.0 Hz, 1H, HI"), 6.65 (d, J=13.6 Hz,
1H, vinyl-H1), 7.40 (d, J=13.6 Hz, 1H, vinyl-H2), 7.46 (s,
1H, H6), 9.48 (br s, 1H, NH); “C NMR (100 MHz,
CDCly) 6: 20.8, 38.0, 60.2, 63.2, 82.2, 86.2, 110.3, 111.5,
128.1, 137.2, 149.1, 161.6, 170.4. HRMS calcd for
C3H,4BrN;OsNa [M+Na]*: 422.0076, found 422.0085.
(E)-5-(2-18 245 55)-2',3',5'- = 2Tk JR W5 g 4% (3¢):
HoH £ F2 F) 3a. 'H NMR (400 MHz, CDCls) : 2.09 (s,
3H, CH;), 2.12 (s, 3H, CH3), 2.16 (s, 3H, CH3), 4.32~4.42
(m, 3H, H3', H5"), 5.32~5.35 (m, 2H, H2', H4"), 6.03 (d,
J=4.4 Hz, 1H, H1"), 6.64 (d, J=13.6 Hz, 1H, vinyl-H1),
913
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7.38 (s, 1H, H6), 7.40 (d, J=11.6 Hz, 1H, vinyl-H2), 9.35
(br s, 1H, NH); *C NMR (100 MHz, CDCl;) ¢: 20.3, 20.4,
20.7, 63.0, 70.0, 72.8, 79.9, 87.6, 110.5, 112.1, 128.1,
137.0, 149.3, 161.4, 169.69, 169.72, 170.3. HRMS calcd
for C;;H;oBrN,OsNa [M + Na] " : 497.0172, found
497.0186.

(E)-5-(2-18 2 I 55)-2",3"- XUt 48 5'- 2 T bR 1o e %
(3d): HAl#%id A 3a. '"H NMR (400 MHz, CDCl5) o:
1.74~1.79 (m, 1H, H3-1), 2.03~2.11 (m, 2H, H2-1,
H3'-2), 2.13 (s, 1H, CHj), 2.43~2.49 (m, 1H, H2'-2),
427~443 (m, 3H, H4, H5"), 6.01 (q, J=6.4 Hz, 1H,
H1"), 6.69 (d, J=13.2 Hz, 1H, vinyl-H1), 7.39 (d, J=13.2
Hz, 1H, vinyl-H2), 7.66 (s, 1H, H6), 9.84 (br s, 1H, NH);
BC NMR (100 MHz, CDCLy) §: 20.9, 25.3, 32.8, 64.6,
79.4, 87.0, 109.8, 110.7, 128.4, 137.5, 149.3, 161.7, 170.6.
HRMS calcd for C;3H;5BrN,OsNa [M—|—Na]+: 381.0062,
found 381.0071.

1-1E T 2 -(E)-5-(2- 17 £ ) 25~ g -2,4(1 H,3H)-—.
fiil (3e): H: ] % L #£ A 3a. 'H NMR (400 MHz,
DMSO-dg) 6: 0.88 (t, J=7.2 Hz, 3H, CH;), 1.23~1.30 (m,
2H, CH,), 1.53~1.60 (m, 2H, CH,), 3.66 (t, J=7.2 Hz,
2H, CH,), 6.79 (d, J=13.6 Hz, 1H, vinyl-H1), 7.24 (d, J=
14.0 Hz, 1H, vinyl-H2), 11.53 (br s, 1H, NH); *C NMR
(100 MHz, DMSO-dy) 6: 13.9, 19.5, 30.8, 48.0, 106.5,
109.5, 130.0, 145.1, 150.2, 162.5. HRMS caled for
C1oH3BrN,0,Na [M+Na]*: 295.0058, found 295.0052.

1-R 5 -(E)-5-(2-1R &) ik )- W5 Wg -2,4(1 H,3 H)- — i
(3f): Hil#id 2R 3a. 'H NMR (400 MHz, CDCl;) o:
4.94 (s, 2H, CH,), 6.58 (d, J=13.6 Hz, 1H, vinyl-H1),
7.10 (s, 1H, H6), 7.26~7.42 (m, 6H, vinyl-H2, Ph-H),
9.07 (br s, 1H, NH); *C NMR (100 MHz, CDCl;) §: 51.4,
110.3, 111.7, 127.9, 128.1(FE %K), 128.8, 129.2( HHK),
1347, 1414, 150.0, 161.7. HRMS caled for
Cy3H,,BrN,0,Na [M+Na]*: 328.9902, found 328.9918.
322 (E)-5-(2-i% TH 3)-2'- Bt B R "E "R M4 (da) B9
AR

¥ 3a (0.5 mmol)Fl ZEE(10 mL) I E] = M,
FEEEE RN Bu,SnO (0.5 mmol), ZRJ5 IIH AR SN 6
h, fF TLC il M54 fa, Jokik4s, FmH — &
e/ BBV - V=20 : DIESEBAEAT A Z T s s
4a. "H NMR (400 MHz, DMSO-d;) &: 2.09~2.12 (m, 2H,
H2'), 3.52~3.62 (m, 2H, H5'), 3.75 (d, J=3.2 Hz, 1H,
H5'-OH), 4.22 (t, J=3.6 Hz, 1H, H3'-OH), 5.06 (t, J=5.2
Hz, 1H, H4"), 5.22 (d, J=3.6 Hz, 1H, H3'), 6.10 (t, J=6.8
Hz, 1H, H1"), 6.81 (d, J=13.6 Hz, 1H, vinyl-H1), 7.21 (d,

914 http://sioc-journal.cn/
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J=13.6 Hz, 1H, vinyl-H2), 8.05 (s, 1H, H6), 11.53 (br s,
1H, NH); *C NMR (100 MHz, DMSO-d) J: 40.9, 61.4,
70.3, 84.9, 87.9, 106.9, 110.1, 130.3, 139.9, 149.7, 162.1.
HRMS caled for C;H3BrN,OsNa [M+Na]+: 354.9906,
found 354.9908.

(E)-5-(2-1R 2 Jd55)-2"- I 4-3'- B R M WE % (4b):
H & FES 4a 2L, RBIEEY 2 h; '"H NMR (400
MHz, DMSO-d;) d: 2.31~2.47 (m, 2H, H2'), 3.60~3.72
(m, 2H, H5"), 3.84 (d, J=4.8 Hz, 1H, H5'-OH), 4.42 (q,
J=6.0 Hz, 1H, H3"), 5.30 (t, J=4.8 Hz, 1H, H4"), 6.07 (t,
J=6.0 Hz, 1H, H1"), 6.85 (d, J=13.2 Hz, 1H, vinyl-H1),
7.48 (d, 13.2 Hz, 1H, vinyl-H2), 8.06 (s, 1H, H6), 11.61
(br s, 1H, NH); *C NMR (100 MHz, DMSO-d,) d: 37.1,
59.8, 60.8, 84.5, 84.8, 107.0, 110.1, 130.2, 139.8, 149.7,
162.1. HRMS caled for C;H;,BrNsO,Na [M+Na]+:
379.9971, found 379.9988.

(E)-5-Q2-1R 2 )i 55)- REBERZ T (de): il & Id 2L 4a
AL, SONINE] N 48 h. 'TH NMR (400 MHz, CD;0D) o:
3.74~3.91 (m, 2H, H2', H4"), 4.00~4.02 (m, 1H, H3"),
4.15~4.17 (m, 2H, H5"), 5.88 (t, J=6.0 Hz, 1H, H1"), 6.77
(d, J=13.6 Hz, 1H, vinyl-H1), 7.28 (d, 13.6 Hz, 1H, vi-
nyl-H2), 8.21 (s, 1H, H6); *C NMR (100 MHz, CD;0D)
3: 60.3, 69.3, 74.6, 84.7, 89.5, 107.2, 110.5, 128.8, 138.9,
150.0, 162.3. HRMS caled for C;H3BrN,O¢Na [M+
Na]*: 370.9855, found 370.9864.

(E)-5-(2-1R £ )i )-2" 3 - XU S8 PR s W A% 7 (4d): - 1l
#idFE da 240, KB E2A 2 h. 'H NMR (400 MHz,
(CD;),CO) 6: 1.91~1.97 (m, 1H, H3'-1), 2.04~2.09 (m,
1H, H2"-1), 2.12~2.19 (m, 1H, H2'-2), 2.35~2.44 (m, 1H,
H3'-2), 3.74~3.78 (m, 1H, H5'-1), 3.95~3.99 (m, 1H,
H5'-2), 4.15~4.21 (m, 1H, H4"), 4.52 (s, 1H, H5'-OH),
6.01~6.04 (m, 1H, H1"), 6.75 (d, J=13.2 Hz, 1H, vi-
nyl-H1), 7.31 (d, J=13.2 Hz, 1H, vinyl-H2), 8.41 (s, 1H,
H6), 1033 (br s, 1H, NH); *C NMR (100 MHz,
(CD;),CO) &: 23.9, 32.8, 62.0, 82.6, 86.3, 106.2, 109.3,
130.0, 139.8, 149.3, 161.7. HRMS calcd for C;H;;Br-
N,O,Na [M+Na]": 338.9957, found 338.9942.

323 (E)-5-(2-i% T M K )-4-m AR -2'-BL A.-3",5- 3 T
B A v E R AZ T (5) 89 4 A&

3a (1 mmol). % /NFA(5 mL)AT Lawesson iRjf(1.4
mmol)fK NN B R JEEFEH H, HiEIDs), SR n#kEl
WL A TLC il s N 5e 4 fa, IIAIKEER RN, B
RS B B ZEBL(10 mLX3), &GN
1A K,COz AKIEMTR 2 pH AT 7. BHUHATK
Na,SO, TH, HeZERR £, H/= & A ik 28

Chin. J. Org. Chem. 2015, 35, 910~916
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Ba(V 2 V=2 DAEBEBRIBEAT AL ZE 8T 70 54577 5, I
% 64%. "H NMR (400 MHz, CDCl3) 6: 2.07 (s, 3H, CH3),
2.08 (s, 3H, CHj), 2.17~2.24 (m, 1H, H2'-1), 2.56~2.61
(m, 1H, H2'-2), 4.29~4.41 (m, 3H, H3', H5'), 5.18~5.22
(m, 1H, H4'), 6.20 (t, J=6.8 Hz, 1H, H1"), 6.78 (d, J=13.6
Hz, 1H, vinyl-H1), 7.15 (d, J=13.6 Hz, 1H, vinyl-H2),
7.55 (s, 1H, H6), 10.76 (br s, 1H, NH); >C NMR (100
MHz, CDCl;) d: 20.9, 21.0, 38.2, 63.7, 73.9, 83.0, 86.2,
108.0, 120.5, 130.9, 131.4, 147.1, 170.4, 170.5, 187.3.
HRMS calcd for C;sH;7BrN,OsSNa [M+Na]+: 4549889,
found 454.9912.
3.2.4  (E)-5-(2-i% T H K )-4-50 F 3K -2 #.-3",5'- 28
T BB A3 (6) 89 & A%

¥ 5 (1 mmol)F1 & H HE(5 mL)In A 2 B R B,
B MR, SRE A= 24 mmol) il 5% (3 mmol),
FIIFE B, £F TLC Rl [ 45 RS, IR K R
i, PRI NaCl 7K I & 5E(20 mLX3)
L, A HUAHH LK NaySO, T4, WeZERRLiE, =
A TE 2R BV L V=1 DIEBEB TR
Mo B 158774 6, W 88%. '"H NMR (400 MHz, CDCl5)
5:2.01~2.09 (m, 7H, CH; X2, H2'-1), 2.50 (s, 3H, CH;),
2.72~2.77 (m, 1H, H2'-2), 4.25~4.33 (m, 3H, H3', H5"),
5.13~5.18 (m, 1H, H4"), 6.16 (t, J=6.8 Hz, 1H, H1"), 6.59
(d, J=14.4 Hz, 1H, vinyl-H1), 6.86 (d, J=13.6 Hz, 1H,
vinyl-H2), 7.70 (s, 1H, H6); °*C NMR (100 MHz, CDCl5)
5 13.3, 20.8, 20.9, 38.9, 63.5, 73.9, 83.1, 87.2, 108.7,
114.0, 128.1, 135.4, 152.6, 170.3, 170.4, 176.4. HRMS
calcd for C,cH;9BrN,OsSNa [M—|—Na]+: 469.0045, found
469.0028.
3.2.5 (E)-5-(2-i% TH )-2'-BL A QB2 A% 3 (T) 8%
Iy

# 6 (0.2 mmol). (2 mL)FZ7K(26%, 4 mL)
WM B P, FREZSEEEN 90 CligH
PiFE N, £F TLC fll )RS 5e 4 )5, R4, R
SR/ D V=10 : DIEBEIRFATHEN 2
BAS7) 7, I 74%. "H NMR (400 MHz, DMSO-dj) o:
2.03~2.14 (m, 2H, H2"), 3.53~3.64 (m, 2H, H5"), 3.76 (d,
J=2.8 Hz, 1H, H3"), 420 (s, 1H , H3'-OH), 5.12 (s, 1H,
H5'-OH), 5.20 (d, J=3.6 Hz, 1H, H4"), 6.10 (t, J=6.8 Hz,
1H, H1"), 6.71 (d, J=13.6 Hz, 1H, vinyl-H1), 7.03 (d, J=
13.6 Hz, 1H, vinyl-H2), 8.10 (s, 1H, H6); *C NMR (100
MHz, DMSO-ds) d: 41.1, 61.2, 70.2, 85.7, 87.7, 100.9,
106.1, 129.0, 1389, 154.7, 163.0. HRMS calcd for
C1H,4BrN;04Na [M+Na]": 354.0066, found 354.0060.
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3.2.6  (E)-5-(2-i% THi #)-2'-BL A -N-F & e E A3
(8)49 & Ak,

# 6 (0.2 mmol). S REHEQR mL)AT & /KIER (40%,
4 mLRKKMA B ME S, HEEEHEEN 90 C
IR RF TLC Kol R BL5E 4 fa, D4,
VREIR AR/ BV L V=20 : DA AT RE
EMrEAEY 8, W 76%. 'H NMR (400 MHz,
DMSO-dg) 6: 2.04~2.13 (m, 2H, H2'), 2.77 (d, J=4.0 Hz,
3H, CH3), 3.54~3.63 (m, 2H, H5"), 3.77 (d, J=3.2 Hz,
1H, H3"), 4.22 (t, J=4.0 Hz, 1H, H3'-OH), 5.12 (t, J=4.8
Hz, 1H, H4"), 6.13 (t, J=6.4 Hz, 1H, H1"), 6.74 (d, J=
13.2 Hz, 1H, vinyl-H1), 7.00 (d, J=13.2 Hz, 1H, vi-
nyl-H2), 7.54 (d, J=4.0 Hz, 1H, NH), 8.03 (s, 1H, H6);
3C NMR (100 MHz, DMSO-d;) d: 28.1, 41.0, 61.3, 70.2,
85.5, 87.7, 104.1, 106.8, 128.7, 137.7, 154.6, 160.7.
HRMS caled for C;,H;BrN;O4Na [M+Na]+: 368.0222,
found 368.0216.

44 B #1 %} (Supporting Information) 1t &%) 3a~3f,
4a~4d fil 5~8 ] '"H NMR. C NMR &, iXeepihl
AT LA B 5 AT 9 3 (http://sioc-journal.cn/)_F T 3.
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