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Novel and Efficient Synthesis of 6-Bromofuro[2,3-d]pyrimidine
Bicyclic Nucleosides

Li, Peiyuan” Li, Kun*’ Zhang, Xinying“ Zhao, Wan"
(“ School of Chemistry and Chemical Engineering, Henan Normal University, Xinxiang 453007)
(® Department of Chemistry, Zhoukou Normal University, Zhoukou 466000)

Fan, Xuesen™®*

Abstract 6-Bromofuro[2,3-d|pyrimidine bicyclic nucleosides are the key intermediates for the preparation of novel
furo[2,3-d]pyrimidine bicyclic nucleoside derivatives with remarkable antiviral potency. The literature protocol for their syn-
thesis involves a multi-step procedure and palladium catalyst. In this paper, an economical and practical method for their
preparation is developed via condensation of the easily obtainable 5-formyl pyrimidine nucleosides with carbon tetrabromide

and subsequent cyclization promoted by copper iodide.

Keywords 6-bromofuro[2,3-d|pyrimidine bicyclic nucleosides; gem-dibromoalkenes; copper iodide
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TEHE— 2D IR AIFSE TAE Y, Robins 253238 L HL KM
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SRIGAETRACEL (OAE TR BB = R Ak 3L Birds b (el A e
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HiLLE
e S TR LR S 1SRN T 5-(2,2- R LM dE) e g
Br
7S Q HN | |
A B )\.N )\N
HO N ~O HO N/go R R
;OD o 1 2
Br
OH OH O\ Br /c?
oK 175 0 0 S IR A% F N
Cf 1368 | Br| — . N7
O)\'.“ O)\N|
R R
3
Scheme 3
AT (2), SR JG AR — IR 8 45 K B o0 5 50T AR B )
A-NEIRIE R LSy F NI N A 3 6-1RARIRIR[2,3-d]V
}j kj WX RE(3).
Cf 1743 1 SR5it1iE
Scheme 1 PAERITL T Pl 5-(2,2- R Z A EE R (2)

PR P AR5 35 B = R e HE AT IRAK 1T 743 21 1Y) (Scheme
2). XA oL R L L i B R AL AT O AL,
FLICA A B N AP AL, 3R e 6-14 Rk
(2,3 W W XU A PRI 3 925 AR SR AT 9 A o A i
Y] .

o g g
R

Reagents and conditions: (a) TMS- acetylene/(Ph3P)4Pd/CuI/Et3N/
DMF; (b) NH,F/MeOH; (c) Cul/EtsN/DMF; (d) Bro/KOAG/CHCI; (or
Bro/DMF) (or pyridinium tribromide/MeCN)

Scheme 2

WAk, & i UG RAIE N — R HE . RN
PERIAR, E 2 MR GG R T 2
Eﬁrfﬂ b, Lautens!" 1 Wang 25U 3GE T 2-2,2-

VR L) PRIy ] A R P A B DY T I AR i ek
ﬁiﬁ?ﬂﬂfﬂtfifiﬁﬁ 2-WRARRIEWRG . 5y — 7 T,
AT AE 3 Jones WG SO0 57 b P 2
it 25 1 BTG 1) R W WE AL AT IS, R I A P 45 PR SIS P 7
RE A1 AT e 47 AR AR N RGN, A R iR
i g e WO A, ST R R, B 1% T
—AA N 6- TR AR [2,3-d ] W E XA A T IR i 2
(Scheme 3), RICAG 1311 5-FF EAEmEmE % 1 (1) 4 5K,
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A% P SRR, A VRARIR I AL A 11 1 46
A DA A JEURL, 7 — SR B v b A 5 DY R A e R
RIS N A 2 R R — e g VR A S- PR
FEWEEAZ AT R A T IR 5-(2,2- 18 LU0 ik W e %
PRI, RIS N TANGE A, PR 40% 78
i bR T4 Corey S5l ik, BITE Bid

S N TR A T TN ON T R A R SR A 3 e I ) E 470
WEFCEs R, BRI AT A P= i R 3 = 2 70%.
FIFHIX— Tk, NG RT — &R 5-2,2- R LI
WEIE AL R 2 (Bq. 1).

BEJE, LA 2a BRSS9 5 % o TR A4 K 207 S ER AL
[N HEAT T VEAIOT IR 1), WEFTRIN, £EDU T R i b
(TBAF)OERE R, TRk s vf BLEAT, 15 H bxr=
Yy 3a FIBRCRAKEALGK 1, Entry 1). 4200 HEm
Bk, Bk R AT (KLCOs) « Tk TR B (Na,COs) « Bk IR 4t
(Cs,CO5)~ Tl IR B (KOAC) ol & 44 £k 8 (NaOH) % 5 X,
TBAF I}, RIF=YBCR LA TBAF A figi s B 5 B A%
(Entries 2~6). AE— g m P, 2l kv
H(Cul) AT, 85K, 76 Cul IAEE N, 3a )
WA ] B (Bntry 7). K5, Xat— 205 7 A
I 7 L {Maiﬂﬂ% it S A A AT
SN[ 50 (Entries 8~21). ilid %%, KN 3a 1)
B I N A A Cul (0.1 equiv.) A EALT]. KOAc(4 24
)Mk DMF N N 80 Cy [ I i)
3 h, AT, 3a CEA 58%(K 1, Entry 9).

h 5% L IRIRAK SN IR Y L, (RIS o 75 81 5
Z 1) 6-IRARI[2,3-d | BE XML AT T D), KT
B 5-2,2- IR O HLERE ALY ()17 T I R Y.
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X
N CHO i Br
| CBry, PPhy, Zn HN ~ g
PN o (1)
0,
o 'T‘ CH,Cl,, 0°C o ,\‘l
R R
1 2 X=0,8
0 Br i Br Q Br o Br
= HN — HN = —
j\%& A S J e T e
Aco O N Ao O N Aco_ O N 0” N
:o: 0 :o: ))
OAc N3 Fo
2a, 70% 2b, 75% 2¢,73% 2d, 78%

0 Br 0 Br S Br S Br
'j\)ﬁ/—%r Hﬁ\ I er j\ 7 e j\ T e
o N AcO. 0" N o N
¢ L
‘ OAc KH
2e. 77% 2f, 75% 29, 66% 2h, 69%

Reaction conditions: 2 mmol of 1, 6 mmol of PPh3;, 6 mmol of zinc powder, 20 mL of CH,Cl,, r.t.; Isolated yield.

R A 3a MR EIHRALHITT
Table 1 Optimization study on the preparation of 3a

Br
o Br 0
— \
HN | Br 2
O)\N )N\ |
AcO Conditions A 0~ N
0 —_— » cO
OAc
OAc
2a 3a
Entry Cat. Base Solvent 7°C Yield"/%
1 — TBAF DMF 80 36
2 K,CO; DMF 80 16
3 Na,CO; DMF 80 13
4 — Cs,CO;5 DMF 80 <5
5 — KOAc DMF 80 18
6 — KOH DMF 80 trace
7 Cul TBAF DMF 80 53
8 Cul K,CO; DMF 80 51
9 Cul KOAc DMF 80 58
10 CuBr KOAc DMF 80 45
11 CuCl KOAc DMF 80 22
12 Cu(OAc), KOAc DMF 80 25

Chin. J. Org. Chem. 2014, 34, 999~1005 © 2014 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 1001



BHLLE R E R

s
Entry Cat. Base Solvent 7'C Yield®/%
13 PdCl, KOAc DMF 80 45
14 AgNO; KOAc DMF 80 27
15 Cul KOAc THF 80 21
16 Cul KOAc DMSO 80 57
17 Cul KOAc DMF 40 trace
18 Cul KOAc DMF 60 28
19 Cul KOAc DMF 100 45
20 Cul KOAc DMF 80 30°
21 Cul KOAc DMF 80 429

 Reaction conditions: 0.25 mmol of 2a, 2 mL of solvent, 0.025 mmol of catalyst, 1 mmol of base; ® Isolated yield; © With 0.01 mmol of Cul; 4 With 0.5 mmol of
KOAc.

X Br X {
HNJ%H/ﬁ<Br Cul, KOAc >
hdebinctll )
PN DMF, 80 °C | @)
| N
R X=0,8 |
2 R
3
o Br o Br Br Br
\ N 0= o)
d*wl &*Nl jfl jjl
o“ N o

OAc N
3a, 58% 3b, 55% 3c, 56% 3d, 72%
o Br Br Br
\ Br IS \ S {
NZ O\
I N N
&*N NT |
o N AcO o N o N
H o)
| OAc
3e, 78% 3f, 65% 3g, 56% 3h, 76%

Reaction conditions: 0.5 mmol of 2, 5 mL of DMF, 0.05 mmol of Cul, 2 mmol of KOAc, 80 °C, 3 h; isolated yield

(Eq. 2). Eq. 2 R, ANFRESEIE R L0
FEEUAR R IE A% HE AEAE Cul/KOAC IIERE R & 2L U1
Ak SN A AR 1 6~V A RIVE IR 2,3 -] e % HF AT
Ay 3a~3f B 6-VRAEEW) I [2,3-d)ME e B AT T AEY)
3g~3h, IR RLF.

2 Zig

AICLL G 13K 5-F IR ENERZ 1 0 Sk, e 5 g
BALTRAT BT 5-2,2- IR OIR AL BEERZ H R, R
JRAERME I AL T R R0 A M RO A A 6-TRAR

1002 http:/sioc-journal.cn/
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WRIR [2,3-d] W e XUAMZ . 5 ORI A0 B, A5
JE AR P IRAD Je i ] & SR AR, T FLgE
G T SCHRT5 ¥ ol AP R IR S D R, R, AT5
97 R 6-TRARIR IR [2,3-d ] WE SO AT R AL 15 MR At
Togev . S HARUIRRTEE.

3 SCISERS
3.1 R

95 BTS2 ] Kofler SR sl s A%, L VHAL
KIE; "H NMR & °C NMR 1 Jf] Bruker AC 400 #% i3t
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YA 5E, TMS kAR, CDCLy s 70 JE s o2
8 ] Bruker micrOTOF JiTit /3.

32 LWHE

32,1 5-(2,2-=if THi 3)-2-BLEA-3,5'- R LBL AR E
A% (2a) 89 B AR,

=R E(6 mmol). FEH(6 mmol) A1 5L H 4520
mL) A A B R JEFEHE Y, KK H), i HEih 2%
&5 I PU R AL R (6 mmol) it — &l He (2 mL). 50
SERUG UK, ERBFE RN, AR 2R AL
JEIBET M 5- LR EREAZ 11 (1a, 2 mmol)) — &
(20 mL), 4ReRiHk s N(TLC W), Vg A,
PR 4k, D PR S BRI s, RIE G
IR T15, WEZ8RAE, WA ZMralifh, Ma
Wk 2R BV D V=1 DIEVEIBFITE 2a.

5-(2,2- YR I HE)-2 - i -3, 51 W £ I DR e e A Y
(2a): '"H NMR (400 MHz, CDCl5) 6: 2.12 (s, 6H, CH; X 2),
2.18~2.22 (m, 1H, H-2"-1), 2.55~2.60 (m, 1H, H2'-2),
4.27~4.35 (m, 3H, H-3', H-5'), 5.23~5.25 (m, 1H, H-4"),
6.30~6.34 (m, 1H, H-1'), 7.35 (s, 1H, vinyl-H), 8.28 (s,
1H, H-6), 8.62 (br s, 1H, NH); C NMR (100 MHz,
CDCly) §: 20.8, 20.9, 38.1, 63.9, 73.9, 82.4, 85.5, 90.2,
110.9, 127.2, 137.7, 149.3, 161.5, 170.3, 170.4. HRMS
caled for C;sH;;Br,N,O;: 494.9402 [M+H]+, found
494.9398.

5-(2,2- YR L -2 I AR -3- B -5 T R e
AF@2b): HAAI4 L FEA 2a; "H NMR (400 MHz, CDCly)
5: 2.13 (s, 3H, CH;), 2.36~2.40 (m, 1H, H-2"-1), 2.55~
2.59 (m, 1H, H-2'-2), 4.11~4.14 (m, 1H, H-3'), 4.19~
421 (m, 1H, H-4"), 4.31~4.33 (m, 2H, H-5"), 6.15 (t, J=
6.4 Hz, 1H, H-1), 7.36 (s, 1H, vinyl-H), 8.24 (s, 1H, H-6),
9.03 (br s, 1H, NH); °C NMR (100 MHz, CDCly) ¢: 20.7,
38.1, 60.4, 63.4, 82.1, 86.1, 90.2, 110.7, 127.1, 138.1,
149.0, 161.6, 170.4. HRMS calcd for C;3H4Br,N;sOs:
477.9361 [M+H]", found 477.9366.

5-(2,2- R O R -2 - A -3 - AR -5 - £ R 1
Fitf(2e): Hi#5 4 FilH 2a; "H NMR (CDCls, 400 MHz)
5: 2.07~2.20 (m, 4H, CH;, H-2"-1), 2.74~2.84 (m, 1H,
H-2'-2), 420 (dd, J=12.0, 4.4 Hz, 1H, H-5'-1), 4.32 (dd,
J=12.4, 44 Hz, 1H, H-5'-2), 4.49 (dt, J=26.0, 3.6 Hz,
1H, H-4"), 5.19 (dd, J=53.2, 4.8 Hz, 1H, H-3'), 6.29~6.32
(m, 1H, H-1"), 7.33 (s, 1H, vinyl-H), 8.26 (s, 1H, H-6),
10.16 (br s, 1H, NH); *C NMR (CDCl;, 100 MHz) 6: 20.8,
38.9 (d, J=21.3 Hz), 63.6 (d, J=9.9 Hz), 82.7 (d, J=26.7
Hz), 86.1, 89.9, 93.4 (d, J=178.3 Hz), 110.8, 127.1, 137.8,
149.2, 161.8, 170.3. HRMS calcd for C;3H;sBr,FN,Os:
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454.9253 [M+H]", found 454.9252.

1-1E ] H-5-(2,2- 3 S0 55 )- W5 e -2,4(1H,3H)- —
fi2d): bl S 2a 2800, HENr Atk =ynt, H
Ak R RV L V=2 DAFVEREF); "TH NMR (400
MHz, CDCl;) d: 0.95 (t, J=7.2 Hz, 3H, CH3), 1.33~1.42
(m, 2H, CH,), 1.65~1.73 (m, 2H, CH,), 3.78 (t, J=7.2
Hz, 2H, CH,), 7.37 (s, 1H, vinyl-H), 8.00 (s, 1H, H-6),
10.00 (br s, 1H, NH); *C NMR (100 MHz, CDCl;) 6: 13.6,
19.6, 31.1, 49.2, 89.2, 110.0, 127.0, 143.1, 149.9, 162.4.
HRMS caled for CioH;3BrN,O,: 3509344 [M+H] ",
found 350.9348.

1-1F 8 H-5-(2,2- L LI B - WE -2,4(1H,3 H)-—
fii(2e): HiHlacid RS 2a 280, HEM Atk =Ynt, H
Fimilk : 2BV V=2 DAESEBF]; 'H NMR
(400 MHz, CDCL3) 8: 0.88 (t, J=7.2 Hz, 3H, CH3), 1.32~
1.35 (m, 4H, CH,X2), 1.71~1.74 (m, 2H, CH,), 3.81 (t,
J=7.2 Hz, 2H, CH,), 7.48 (s, 1H, vinyl-H), 7.67 (s, 1H,
H-6), 11.01 (br s, 1H, NH); *C NMR (100 MHz, CDCl5)
5: 14.0, 22.3, 28.5, 28.7, 50.1, 90.8, 118.7, 130.8, 140.6,
147.9, 187.9. HRMS calcd for C;;H;sBr,N,O,: 364.9500
[M-+H]", found 364.9492.

-4 A -5-(2,2- 3 S0 JR)- W5 e -2,4(1H,3H)- —
fi2f): Ll RS 2a 2800, AR Atk = Ynt,
£k R RV C V=2 DAFYERE); "TH NMR (400
MHz, CDCl;) 6: 4.41 (d, J=6.0 Hz, 2H, CH,), 5.34~5.37
(m, 2H, =CH,), 5.84~5.92 (m, 1H, =CH), 7.37 (s, 1H,
vinyl-H), 8.02 (s, 1H, H-6), 9.96 (br s, |H, NH); *C NMR
(100 MHz, CDCls) d: 50.5, 89.6, 110.5, 120.3, 126.8,
131.2, 142.4, 149.8, 162.2. HRMS calcd for CoHoBr,N,O,:
334.9031 [M+H]", found 334.9028.

5-(2,2- IR OIRHE)-2'- A3, 5 - A LR A R PR I
Etr(2g): Hi 4L FElH 2a; 'TH NMR (400 MHz, CDCly)
5: '"H NMR (400 MHz, CDCLy) &: 2.13 (s, 6H, CH;X2),
2.18~2.23 (m, 1H, H-2"-1), 2.54~2.60 (m, 1H, H-2'-2),
4.28~4.38 (m, 3H, H-3', H-5'), 5.24~5.26 (m, 1H, H-4"),
6.28~6.32 (m, 1H, H-1'), 7.51 (s, 1H, vinyl-H), 8.01 (s,
1H, H-6), 10.02 (br s, 1H, NH); *C NMR (100 MHz,
CDCly) 6: 20.8, 20.9, 38.3, 63.8, 73.8, 82.6, 85.8, 91.3,
119.4, 131.1, 134.7, 146.8, 170.3, 170.4, 187.6. HRMS
caled for C;sH;Br,N,O¢S: 510.9174 [M—|—H]+, found
510.9166.

1-1F 8 HE-5-(2,2- IR O %) -4- B AR W g -2,4 (1 H,
3H)-Z(2h): Hifil i #E s 2a 1fl I AL, 412
Fralitbr=wis, WAk 28 2 v=2: DIFEvk
i #); "H NMR (400 MHz, CDCl3) &: 0.87 (t, J=7.2 Hz,
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3H, CHj), 1.32~1.34 (m, 4H, CH,X?2), 1.70~1.73 (m,
2H, CH,), 3.80 (t, J=7.2 Hz, 2H, CH,), 7.48 (s, 1H,
vinyl-H), 7.67 (s, 1H, H-6), 11.00 (br s, 1H, NH); "*C
NMR (100 MHz, CDCly) d: 14.0, 22.3, 28.5, 28.7, 50.1,
90.8, 118.7, 130.8, 140.6, 147.9, 187.9. HRMS calcd for
CH,sBr,N,0S: 380.9272 [M~+H]", found 380.9279.
3.1.2  6-324K k% F[2,3-d]-2"-BLA-3',5'- 3 LB AR
AL (32) 896 AR,

B 5-(2,2- IR L) -2 - i AA-31, 5 - X L kA SR e
WE 1% 1 (2a, 0.5 mmol)F1 DMF (5 mL) B 2[5 JiE K,
BEFER 2a SE WA, FHINAALIEET(0.05 mmol)FIfH
IR4H (2 mmol). SRJG1E 80 CIIRE 4 T N 3 h. [
RPN 21 ZBEFE A NHL,CLAW, 20 A NI
FHZKWEE, T HIJC KB BB 105, WeZ5 bR 2505500, kR
VAR JZ ATk alifh, M4 CBR CBR(V - V=11 1)
VEVEIRE A, 75 6-1RARMIE IF[2,3-d]-2"- i 463", 5"- XL L 1t
JRWEBERZTE(3a): JIRY; 'TH NMR (400 MHz, CDCl;) 4
2.02~2.10 (m, 7H, CH; X2, H-2"-1), 2.92~2.97 (m, 1H,
H-2'-2), 4.39 (s, 3H, H-3", H-5"), 5.18~5.23 (m, 1H, H-4"),
6.24~6.27 (m, 1H, H-1'), 6.54 (s, 1H, furyl-H), 8.33 (s,
1H, H-6); *C NMR (100 MHz, CDCl;) J: 20.76, 20.83,
39.2, 63.6, 73.9, 83.4, 88.6, 105.9, 107.5, 128.8, 134.7,
153.8, 170.2, 170.4, 171.6. HRMS calcd for C,sH;¢Br-
N,O-: 415.0141 [M+H]", found: 415.0148.

6- ARG I [2,3-d]-2'- I 4-3 - B -5 S PR g
EH3b): Hpl & FEH 3a. 3R, '"H NMR (400
MHz, CDCly) 6: 2.12 (s, 3H, CHj), 2.40~2.46 (m, 1H,
H-2'-1), 2.83~2.90 (m, 1H, H-2'-2), 4.05~4.10 (m, 1H,
H-3'), 4.20~4.24 (m, 1H, H-4"), 4.20 (dd, J=12.0, 3.6 Hz,
1H, H-5"-1), 4.32 (dd, J=12.4, 4.0 Hz, 1H, H-5"-2), 6.15 (t,
J=6.4 Hz, 1H, H-1"), 6.52 (s, 1H, furyl-H), 8.36 (s, 1H,
H-6); “C NMR (100 MHz, CDCl;) §: 20.8, 38.8, 59.5,
62.9, 82.8, 88.4, 105.8, 107.4, 128.8, 135.1, 153.8, 170.2,
171.6. HRMS caled for C;3H3BrNsOs: 398.0100 [M+
H]", found 398.0106.

6-RARIRIG 1 [2,3-d]-2'- W4 -3 -3 A R -5'- £ T PR W
Btr(3e): Ml &t FLl 3a. FORY; '"H NMR (400
MHz, CDCls) 6: 2.01 (s, 3H, CH3), 2.04~2.08 (m, 1H,
H-2'-1), 3.16~3.26 (m, 1H, H-2'-2), 4.35 (d, J=4.0 Hz,
2H H-5"), 4.64 (dt, J=24.8, 4.0 Hz, 1H, H-4), 5.20 (dd,
J=52.8, 4.8 Hz, 1H, H-3"), 6.25~6.29 (m, 1H, H-1'), 6.55
(s, 1H, furyl-H), 8.30 (s, 1H, H-6); *C NMR (100 MHz,
CDCly) §: 20.8, 40.3, 42.6, 60.5, 63.3, 83.9, 89.2, 92.7,
94.5, 105.9, 107.5, 128.9, 134.8, 153.8, 170.2, 171.7.
HRMS caled for C,3H;3BrFN,Os: 374.9992 [M+H] ",

1004 http:/sioc-journal.cn/
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found 374.9988.

6-JRAR-3-1F T MR FE[2,3-d W e -2 (3 H)- i (3d):
RS 3a 50, HENTalitb = Ynt, FA e/
LR TRV - V=2 DIEBEIA. e A 4k, m.p.
166~168 °C; '"H NMR (400 MHz, CDCL) 6: 0.95 (t, J=
7.6 Hz, 3H, CH;), 1.33~1.42 (m, 2H, CH,), 1.74~1.82
(m, 2H, CH,), 4.01 (t, J=7.6 Hz, 2H, CH,), 6.51 (s, 1H,
furyl-H), 7.92 (s, 1H, H-6); *C NMR (100 MHz, CDCl5)
8:13.6,19.7, 31.0, 52.2, 105.6, 107.4, 128.3, 139.7, 154.7,
171.5. HRMS caled for C;,H,BrN,0,: 271.0082 [M-+
H]", found 271.0083.

6- ¥R AR -3- 1F I3 HE W IR I [2,3-d] 1% WE -2(3H)- i (3e):
%SRS 3a 50, HENTalitb=Ynt, FHA e/
LR TRV - V=2 DIEVEBA]. o a4k, mop.
172~174 °C; 'H NMR (400 MHz, CDCL) ¢: 0.87 (t, J=
6.4 Hz, 3H, CH;), 1.30~1.32 (m, 4H, CH,X2), 1.74~
1.82 (m, 2H, CH,), 3.99 (t, J=7.6 Hz, 2H, CH,), 6.53 (s,
1H, furyl-H), 8.01 (s, 1H, H-6); “C NMR (100 MHz,
CDCLy) 6: 13.9, 22.3, 28.6, 28.8, 52.6, 105.7, 107.4, 128.3,
139.8, 154.7, 171.5. HRMS caled for C;;H;sBrN,O,:
285.0238 [M+H]", found 285.0242.

6- R AR -39 TR Fk WG I I [2,3-d] W W A% 1 -2(3 H)- Tl
(3f): Hifilxid s 3a L, FEZraitb =, HAa
Wk 282 BV D V=2 DIEZEBEHL B, mop.
144~146 °C; "H NMR (400 MHz, CDCLy) 6: 4.64 (d, J=
5.6 Hz, 2H, CH,), 5.29~5.38 (m, 2H,=CH,), 5.94~6.04
(m, 1H,=CH), 6.51 (s, 1H, furyl-H), 7.91 (s, 1H, H-6); '*C
NMR (100 MHz, CDCls) d: 53.5, 105.6, 107.8, 120.5,
128.8, 131.5, 139.0, 154.7, 171.6. HRMS calcd for
CoHsBIN,O,: 254.9769 [M+H]", found 254.9761.

6-IRARIEEW) FF[2,3-d]-2'- Wi 48.-3",5'- X L Bt R 1 W A%
H(3g): &L FER 3a. ZR4; 'H NMR (400 MHz,
CDCly) 6: 1.86 (s, 3H, CH;), 2.13 (s, 3H, CH3), 2.52 (d,
J=15.6 Hz, 1H, H-2'-1), 2.89~2.96 (m, 1H, H-2'-2), 4.26
(d, J=4.0 Hz, 2H, H-5'), 4.74 (t, J=4.0 Hz, 1H, H-3"),
5.26 (d, J=6.0 Hz, 1H, H-4"), 6.26 (d, J=5.6 Hz, 1H,
H-1", 7.00 (s, 1H, furyl-H), 8.27 (s, 1H, H-6); *C NMR
(100 MHz, CDCl;) 6: 20.7, 20.8, 38.7, 63.5, 74.3, 85.8,
90.3, 112.7, 118.5, 121.1, 136.0, 152.2, 169.6, 170.3,
179.8. HRMS calcd for CisH;sBrN,O4S: 430.9912 [M+
H]", found 430.9918.

6-VRAR-3-1F R IEBEWY IF[2,3-d W5 e -2(3H)- i (3h):
%SRS 3a 5, HENTalitb = Ynt, FHA e/
LR CER(WV - V=2 DIEBENH. # sk, mp. 185~
187 °C; "H NMR (400 MHz, CDCl;) d: 0.90 (t, J=7.2 Hz,
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3H, CH;), 1.33~1.35 (m, 4H, CH,X2), 1.74~1.82 (m,

2H,

CH,), 3.99 (t, J=7.6 Hz, 2H, CH,), 6.93 (s, 1H,

furyl-H), 8.00 (s, 1H, H-6); >C NMR (100 MHz, CDCl,)
5: 13.8, 22.2, 28.59, 28.64, 52.7, 112.5, 118.9, 120.9,
140.9, 152.9, 179.5. HRMS calcd for C,;H4BrN,-
0S:301.0010 [M~+H]", found 301.0022.
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