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Syntheses of Azasugar Intermediates Containing Aldehyde Group or
Azide Group
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Abstract Protected five and six membered azasugar intermediates containing aldehyde group or azide group were synthe-
sized using D-mannose as starting material via benzyl amine disubstitution or aza-Wittig reaction, then the oxidation and Sy2
substitution reactions, respectively. The studies on the reaction conditions, the protecting groups and the reaction mechanism

were also carried out, providing a protocol to remove trityl (Tr) group selectively.
Keywords azasugar; benzylamine disubstitution; aza-Wittig reaction; trityl; selective deprotection

Rk W (azasugar) & PR _F AR 5T SR U 11 B 2
Tﬁi%, FATPURR G« PUE PUR RGO ) B LL
F U R AL TN, M — 2
R, B2 Glyset Fl Zavesca K% 41
R N-T AT i 2, B DT TR T b
Frn g R 11 BO0E IR bR 25 8L 5 30U Gaucher
BT AN, LS R AR I S AR AT ARt L R
A ST, R *ﬁ*ﬁﬁ%L\%(ImmHl) RUZER
MMl T WRE R Y, A TR R b
(ALK A B! LA G (R I )
(B ). BRIk, R DAL B 0 A By P A R i 24
W= 22 k. BT, f g aehi & iz sea
JE G REUA (T RO 2 K, LR A A,
ORI R T SR A AT ARt — 09T, O T RE R4
(40 B A N, AR EBE 0 T o INEIE T 42

* E-mail: lixl@hbu.cn, hua-todd@hbu.cn

RV E Re ], Wi B RUR ) SE, AT AR
DA B AR P 16 52 2 SR A B AT AR ) R AT E ()
B WE A A, B A ImmH1 A H A AT R
I R B A B b A A4 ) £ dReil, S =R F b
M FEEE IS B AL ORI — A RN AR T
— KRB R P VI ) W -4 I ) A
FUBEABEFT ED( S C D, & DU S F 5 e
FE G TR R AE AR Y, szae sl — D A Rt
BB ED A EFIF, B 1), LR AR B
R ARER e W 7). DR, 705056 % CA B 22 1T
FUEERs BT I T O LS S A T SR R
B H I, AR S0 50 R AR PR aza-Wittig
PO BT BT A R L 1) 4 i RN B R
LI FLIT(Scheme 1)y 7N TCAAHE H ] 44 (Schemes 2, 3).
XA OGS N4 SRS S S LR A EAT T 4R 1T,

Received March 26, 2012; revised May 9, 2012; published online May 16, 2012.

Project supported by the National Natural Science Foundation of China (Nos. 20972039, 21172051), the Medicinal Joint Funds of the Natural Science Founda-
tion of Hebei Province and the Shijiazhuang Pharmaceuitical Group (CSPC) Foundation (Nos. B2011201169, B2012201113), and the Natural Science Foun-
dations of Education Department of Hebei Province (Nos. ZH2011110, Y20111119).

[ % BB H 4 (Nos. 20972039, 21172051) TH[AL48 A ARFE 0 4 40 24 [ e 24004 B4 (Nos. B2011201169, B2012201113) WAL E T HAEL

22 HE 4 (Nos. ZH2011110, Y2011119)%F B H .

1708 http://sioc-journal.cn/

Sioc

- A\ ©2012 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2012, 32, 1708~1714



Chinese Journal of Organic Chemistry

ARTICLE

H R R S P 5 R AT 23 10 2%

//—N
N D—NH,
’ _
N NH
2 HO
HO OH o
HO  OH

N-butyl-1-deoxynojirimycin

HO ©OH
Miglitol

MeQ, o_ ~—N o. ,OMe N, SN
XY .
Iz )n
HO OH HO OH HO OH
D En=1,2
o
s/\f
H
N LN N
) )n
HO OH HO OH
Fn=1,2

Bl 1 BALEYIEER R AT A

Figure 1 Some bioactive azasugars and their derivatives
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(NalO )AL IT AT B AR N 57 R Br) SR R 1
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Reagents and conditions: (a) 80% AcOH, 60 C; (b) H,, 10% Pd/C;
(c) Boc,O, MeOH, Et3N, 51%, 3 steps; (d) NalO4, 80% EtOH, 92%;
(e) NaBH,4, 80% EtOH, H,0, 94%; (f) TsCl, Py, 0 'C, 92%; (g) NaNs,
DMF, 100 C, 94%
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85%; (b) Boc,O, EtzN, MeOH, 80%; (c) BzCl, pyridine, 0 ‘C~r.t.,

90%; (d) FeClz*6H,O, DCM, 0 °C, 72%; (e) Dess-Martin perio-
dinane, DCM, 90%

Scheme 2
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Reagents and conditions: (a) TFAA, Py, DCM, —40 C, 80%; (b) BzCl,
pyridine, 0 ‘C~r.t., 90%; (c) FeCl3*6H,0, DCM, 0 C, 90%; (d) TsCl,
Etz:N, DCM, 0 ‘C~r.t; (e) NaN3, DMF, 100 'C, 75%, 2 steps

Scheme 3
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S E B (NaBH,) I J5L . X RS (Ts) ik, 5 &
HALHI(NaN,) 1) SN2 SRR N, PR IS R T &
B RSN R R A 44 8.
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1.2.1 BB 655 7T RAHE R AR 695 A%,

TS U R R AR AT A R 2k 0 Scheme
2 Jin. NTCESHEE A R 0l S 4 TN aza-
Wittig J W IR B B (] 2), FREE J5 22020
T4 aza-Wittig S 3 ik F v DL DY SRR (THF) A %51, A
PG JE 4R T HAAE THE %55 DA &AL 3 (NaBH,) 5K
T S B (NaBHCN) JEAT 38 J5L, {5 e B 350 AN
(=% 40%). TIEAE 9 TEAEKRIA W5, # THF s
KRR, SOFEEA RN, L NaBH, Wik s, PAR
(P77 2(75%) 13 275 U R B A4 10.

N T RSB GBS N TR AR A, ek
EW 10 L EERIERIE S 5] Boe 2K HIBEEE(BzZ)
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(Tr)JBE B DARR £ ¥ T T4 4k, BT Boc, Tr AR 570
NEERITERR I 25 A N Sy iRk, S5 vhon 1B R I i — 2K
LI SN 4 3047 T PEANER . S8 )5 2 T AN AR I
) e P /K YR VL (80%, 50%A11 30%[K) AcOH). = JlEE R /K
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Figure 2 aza-Wittig Reaction
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PRI SR =28 FIEAR 2 H AL &9 13, 3T IR VR, Y
SR 12 $eBHE /N T 100 mg I, P01k 80%LL F. {H
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FWERT AP sURE. A, 75 FeCls % 5 Wi i /E H
, AT RAA R IR R B B R R, SR T —
FioBEER S L B E DR AP ORN 25 DR 1R 7 Tk
3 KIS
3.1 {UE5KFH

Yt SGW®™ X-4 A0 A (L VF AR 1)
5 HEEH SGW® X-1 ABE AN e, rE IR
BRUKER AC-P600 (600 MHz) & i SLARAIM 2, TMS
KW ER; E PR (ESDHH FTICR-MS (Tonspec 7.0T)
TR E ;M RE RS (200~300 H, 300~400 )
N BT R A ST AR 3 4 B
ali, JoAGRFI I H AR EE, 7K IR ZEEK.
32 AnAAMEHEREREDEENEN
3.2.1  (R)-1-[(3aS,4S,6aR)-2,2- — F # -5-7F F w9 &.-
3aH-[1,3]= &%} [4,5-c]obré-4- 3 ]-1,2- T —BF (2) 49
Y

CL D-H #& Bl A R 50l 22 S0R[18, 19110751,
AR B WA RN A s A2k B )k
(3aS,4S,6aR)-2,2- — H Kk -5-H5 e 4-[(R)-2,2- — FH 3L-13-
AR -4-FE DY A -3aH-[1,3] AR BE[4,5-c ]I (1),
B G 1 (37.4 g, 112.2 mmol)iE T 250 mL 80%VKIE 12
IR, W 50 C M 30 h, AnHLAT NaOH %
FEREYE, VIR =S, H CHCL ZH (200 mL X 3),
IR R /K PE(100 mL X 2), Jo/KARRAI(NaSO,) T
BUAH, o, WRRYE, rERAEENT VA hE) @ (L&
ZER)=5 11 EEE ARy, mR 80%. [alp +
13.3 (¢ 1.0, CHCLy); 'H NMR (600 MHz, CDCl5) d: 1.36
(s, 3H, CH3), 1.64 (s, 3H, CH;), 3.09 (d, J=4.2 Hz, 2H,
CH,), 3.36 (d, J=6.6 Hz, 1H, CH), 3.43~3.49 (m, 1H,
CH), 3.54~3.72 (m, 2H, CH,), 4.11, 4.17 (d, J=12.6 Hz,
2H, PhCH,), 4.68 (d, J=6.0 Hz, 1H, CH), 4.81~4.86 (m,
1H, CH), 7.28~7.36 (m, 5H, ArH); *C NMR (125 MHz,
CDCl3) d: 23.5, 26.7, 57.9, 61.9, 64.3, 69.2, 71.9, 82.7,
84.4,111.7, 127.5, 128.6, 129.3, 139.0; HRMS (ESI) calcd
for C,sH,3NO4Na 316.1525, found 316.1528.
3.2.2 (R)-1-[(3aS,4S,6aR)-2,2-=F 3 v9 &,-3aH-[1,3]=
FAURIE[4,5-c]hrb-4- 3K ]-1,2- T = BE(3) 494 A%,

BLE 2 (5.0 g, 17.0 mmol) ¥ T IE/K ZWE, A
VKEERZ 1.5 ml, 10% ABE%(PA/C) 1.0 g, THEF B AA
R, BIZIBERE NN 40 h, IOANBRIEREHR, Hhig Rl
W, R, EIRAZT VAT C (R E
fig)=3 : 1]/ ka4 3, % 81%. m.p. 73.0~
74.0 °C; [al5 +3.5 (¢ 1.0, CHCLy); '"H NMR (600 MHz,
CDCly) 0: 1.34 (s, 3H, CH3), 1.51 (s, 3H, CH3), 3.24~3.38

http://sioc-journal.cn/ 1711
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(m, 2H, CH,), 3.56 (d, J=5.4 Hz, 1H, CH), 3.67~3.75
(m, 3H, CH,, CH), 4.78 (dd, J=6.0, 1.2 Hz, 1H, CH), 4.88
(t, J=4.8 Hz, 1H, CH); >C NMR (125 MHz, CDCl;) ¢:
23.0,25.2, 51.4, 63.5, 66.6, 69.2, 80.0, 82.8, 111.7; HRMS
(ESI) calcd for CoH sNO, 204.1236, found 204.1245.
323 (3aS45,6aR)-# T #-2,2- =% K -4-[(R)-1,2-=
# A G =A-3aH-[1,3]1 =R /RI[4,5-c]PHE-5(4 H)-
HRBLBS (4) 595 Ak

Kb 3 (2.8 g, 13.7 mmol)¥ T 30 mL HIfE,
I 10 mL = ZJE(EGN), R 4] 5 (Boc,O, 6.1
g, 27.4 mmol), =AHiFE 1 h, [NV 5E4EH CHL.CL A
(200 mL X 3), HAIFrEh7KPE(100 mLX2), Ji/K NaSO,
T HUAR, HhaE, WORWR4E, wE A M [VCH
¥ * M(CIR OB =06 © 1170 B3 A Gk 4, 775 80%.
m.p. 85.6~87.4 C; [a]5 +53.9 (¢ 1.0, CHCL); 'H
NMR (600 MHz, CDCl;) d: 1.32 (d, J=4.2 Hz, 3H, CH3),
1.40 (d, J=6.6 Hz, 3H, CH3), 1.49 (s, 9H, 3CH3), 3.41~
451 (m, 2H, CH,), 3.55~3.63 (m, 1H, CH), 3.73~3.83
(m, 2H, CH,), 4.10~4.17 (m, 1H, CH), 4.76~4.78 (m,
1H, CH); *C NMR (125 MHz, CDCl;) §: 23.6, 23.6, 25.9,
25.9, 27.3, 53.5, 54.2, 62.9, 63.6, 64.7, 65.7, 73.1, 73.4,
79.5, 80.1, 83.1, 83.8, 110.9, 110.9, 155.4, 156.2; HRMS
(ESI) calcd for Ci4H,sNOg 304.1760, found 304.1754.
324 (3aSAR,6aR)-# T 3 -22- =W 3 4-F Bk —
£-3aH-[1,3]= &R I [4,5-c] %5 (4H) -3 BL B (5) 44
B,

BtbEM 4 (3.3 g, 10.9 mmol)% T+ 50 mL 80%(1) 2.
B K W, UKV R I i R 4l (NalOy, 4.7 g, 22.0
mmol), FEEWEGHFE 3 h, RN 5EEE H RS L,
JH CH,CL #6H0(100 mL X 3), HFI£r & /KPE(50 mL X 2),
Ji/K NaSOg TEEAHIAH, g, WK, w20
(VAT @ V(LR ZB8)=8 & 1150 B 15 s R HAR ™
WS, PRE 92%. [aly +35.5 (¢ 1.0, CHCly); 'H NMR
(600 MHz, CDCl3) 0: 1.30~1.50 (m, 15H, 5CH3), 3.34~
3.42 (m, 1H, CH), 3.72~3.95 (m, 2H, CH,), 4.70 (dd, J=
12.0, 6.0 Hz, 1H, CH), 4.70 (dd, J=15.6, 6.0 Hz, 1H, CH),
9.62, 9.66 (s, 1H, CHO); *C NMR (125 MHz, CDCl;) ¢:
24.9, 26.8, 26.9, 28.2, 51.7, 52.2, 58.3, 60.3, 71.3, 71.9,
78.4, 78.8, 79.4, 79.8, 154.0, 154.5, 197.8, 198.1 (CHO);
HRMS (ESI) calcd for C;3H;NOsNa 294.1317, found
294.1329.
3.2.5 (3aSAR,6aR)- T #&-22- =W Hh-4-(FF )=
£-3aH-[1,3]= &R I [4,5-c] %5 (4H) -3 BL B (6) Y
B

K& 5 (2.7 g, 10 mmol)¥ T 50 mL 80%!H 2.1
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IRV, VKIS T AL 8 (NaBH,, 0.8 g, 20 mmol)
KW, RN 1 h JE R AR K, W4E,
CH,Cl, #HX (100 mL X 3), MaF1 HhKPE(50 mLX2), &
K NaSO, THAHAH, ik, WoRagE, fERFEET
(VAL @ (LR CHE)=6 @ 117 343 ik 6, 1=
# 94%. mp. 98.5~1013 C; [a]d +56.0 (¢ 1.0,
CHCl;); "H NMR (600 MHz, CDCl3) 6: 1.32 (s, 3H, CH;),
1.42 (s, 3H, CH3), 1.48 (s, 9H, 3CH3), 3.46~3.53 (m, 1H,
CH), 3.63~3.65 (m, 2H, CH,), 3.69 (t, J=11.4 Hz, 1H,
CH), 3.95~4.00 (m, 1H, CH), 4.71 (t, J=6.0 Hz, 1H,
CH), 4.77 (dd, J=11.4, 6.0 Hz, 1H, CH); °C NMR (125
MHz, CDCly) d: 23.6, 25.9, 27.3, 52.5, 53.1, 60.9, 61.3,
65.0, 65.5, 78.8,79.5, 79.9, 79.9, 82.1, 82.8, 111.1; HRMS
(ESI) calcd for C13H,3NOsNa 296.1474, found 296.1482.
3.2.6 (3aSAR,6aR)-# T HK-22-—F K -4-(FRAF )
—A-3aH-[1,3] = 8UXIE[4,5-c] 55 (4H)- 4 BA BS (8)
ERECSY

BALAE6 (2.0 g, 9.0 mmol)iE T 10 mL 7 ZE AL IE 5
W, VKK R a3 AR RS R U(TsCl, 2.0 g, 10.0
mmol), FFK R E GV, B/ N RN 2
h, BIVKKEE K N, FH A SRR Hh FHIERE, CHLCly A5 HY
(100 mL X 3), HAIE #h/KPE(50 mL X 2), Jo7/K NaSO4 +
AP, Fh9E, DR, RERAEE N V(A k)
ML OEE)=9 110 &/ a0l ELED
(3aS,4R,6aR)-F | H5-2,2-— F He-4-(h} 2 fiff 1 4L FFT 3 )
T 3aH-[1,3] R B [4,5-c] W Mg -5 (4 H)- TR TR BB (7),
PR 92%. ¥k 7 (3.5 g, 8.0 mmol) ¥ T 10 mL
N,N-— 5L i (DMF), 2SR R I & 2408
(NaNj 1.1 g, 16.0 mmol) JfTHli % 100 'C, /% 3 h, fF
RIVAR R AR =G, KYE (50 mL X 5), Ji/K NaSO,
T MU, Bhug, WM gE, R 2 AT V(A
) @ (LR LBR)=10 @ 170 B 5w bl 44 8, 7%
94%. [a]h +38.9 (¢ 1.0, CHCL); 'H NMR (600 MHz,
CDCly) d: 1.33 (s, 3H, CH3), 1.47 (s, 3H, CH;), 1.48 (s,
6H, 2CH3), 1.49 (s, 3H, CH3), 3.40~3.52 (m, 2H, CH,),
3.55~3.88 (m, 2H, CH,), 4.06~4.16 (m, 1H, CH), 4.58
(d, J=16.0 Hz, 1H, CH), 4.76 (s, 1H, CH); *C NMR (125
MHz, CDCly) d: 25.0, 27.0, 28.4, 51.8, 52.4, 52.5, 53.1,
62.9, 63.1, 78.6, 79.2, 80.3, 80.4, 82.6, 83.3, 112.0; HRMS
(ESI) calcd for C;3H,,N404Na 321.1538, found 321.1540.

33 AnAREEREREREPEKHEK

3.3.1 (3aR.,6S,7R,7aS)-2,2-—F K -6-( =R F LA F

H)7< A-[1,3]1 = RURI[4,5-c]P o -7-B3 (10) 49 4 A%,
225 SCHR (20,210 1 77 3%, & b Ak &

(3aS,6R,6a8)-2,2- " H H-6-[(S)-1-B F IH-2-( = K HIHL A,

Chin. J. Org. Chem. 2012, 32, 1708~1714
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) L FEWU S [3,4-d][1,3] 8 ke-4-1(9). Kb &
) 9 (20.0 g, 41.0 mmol)#% T~ 150 mL PYZLHEHE (THF), i
A PPh; 14.0 g, N, P& F 70 C[0l3it 1 h, #82% THF, il
PNV AR, UKW R b8 N NaBH, (4.7 g, 123.0
mmol), SNIERE, IR NH,Cl KWK, 2551
i, ] CH,Cl, 21X (200 mL X 3), 57K Na,SO, T4 Kl
FH, 8, WORERGE, RERAEZHTVCRH M) ¢ (LR S
HE)=10 : 1143 B573 A A 4E 10, 774 85%. m.p. 98.5~
101.3 °C; [a]p +3.0 (¢ 1.0, CHCl;); "H NMR (600 MHz,
CDCly) 6: 1.37 (s, 3H, CH3), 1.53 (s, 3H, CH3), 2.74 (dd,
J=12.0, 5.4 Hz, 1H, CH), 3.10~3.24 (m, 2H, CH,),
3.38~3.42 (m, 2H, CH,), 3.92 (s, 1H, CH), 4.20 (q, J=
2.4 Hz, 1H, CH), 4.30 (dd, J=14.4, 6.0 Hz, 1H, CH),
7.45~7.26 (m, 15H, ArH); “C NMR (125 MHz, CDCl;)
5:26.1,28.1,47.6,55.0, 64.2, 67.2, 70.4, 76.0, 87.2, 109.2,
127.2, 128.0, 128.6, 143.5; HRMS (ESI) calcd for CpgHs:-
NO4Na 468.2151, found 468.2139.
332 (3aR,6S,7R,7aS)- T 3 22-— ¥} 6-(% ¥
HO)-7-CR ¥ BL AR ) m A-[1,3] = AR AR [4,5-¢] e -
5(6H)-HBLB5 (13) 895 A

A A 4 17756 Ak G 9)(3aR,6S,7R, 7aS)-
BT HE-2,2- 7 -6-(— 2K R A 3E)-7-(R ) DY AL -
[1,3] =5 Fi[4,5-cIML e -5 (6 H)- R R iR (11). Kb &)
11 (3.0 g, 5.4 mmol)¥&E T 40 mL FrZ&MtnE, Kik N1
A A S (BZCL, 1.0 mL 8.1 mmol), N, f#4" %
BEFE 4 h, IUKEEK, FadhERHRmEnE, FH CH,Cl, 250X
(200 mLX3), Jo/K NaSO4 A HUAH, HhJE, Bk
a5, HERAEJENT VAR - (SRR LER)=6 : 1157
5 0 [ R 4L 5 (3aR,68, 7R, TaS)- KU T He-2,2- — I k-
6-( =R HH R AR A )-7-(C R AU ) DY - 1,3] —AUNe e
[4,5-c]LBE-5(6H)-RIRBR(12), T=F 90%. ¥HiLEY 12
(3.2 g, 4.9 mmol)¥# T 600 mL CH,CL ', VKi&F FInAK)
HIR FeCly6H,0 (2.0 g, 7.4 mmol), HiFEZ) 20 min Ji5 N0
KPR, JKPEBO mLX3), HJE/K Na,SO, THEA A,
8, R GE, REIRAEENT VA MEY) © (LR &
BiE)=12 © 117> B ks s (iR 13 MR 12.

& 13 2R R 72%, [alh +263 (¢ 1.0,
CHCls); 'H NMR (600 MHz, CDCl3) 6: 1.35 (s, 3H, CH;),
1.46~1.52 (m, 12H, 4CH;), 3.33~3.71 (m, 2H, CH,),
3.87~4.96 (m, 1H, CH), 4.21~4.53 (m, 4H, CH,, 2CH),
5.73 (t, J=4.2 Hz, 1H, CH), 7.48~8.11 (m, 5H, ArH); *C
NMR (125 MHz, CDCly) d: 24.3, 26.3, 28.3, 28.4, 43.0,
53.6, 60.4, 63.1, 68.7, 71.3, 72.3, 80.9, 110.1, 157.8, 1654,
171.2; HRMS (ESI) caled for C,;H30NO5 408.2022, found
408.2008.
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3.3.3 (3aR,6S,7R,7aS)-8 T #-2,2- = F J-6-F Bt A -
7-CRF BLEL )W S[1,3] = & RIR[4,5-c]He2 -5(6H)-
HBABS (14) 895,

LAY 13 (1.8 g, 4.4 mmol)¥& T 40 mL CH,Cl, ',
IO 5 T 5 (Dess-Martin 387, 2.0 g, 4.8 mmol),
N, PR3 N =W 1 h, I8 K,CO 7K, HlE, vk
e 4GE, R AT [VCAME) @ (LR LER)=28 © 1]
SRR EMRY 14, P2l 90%. [ald +51.7 (c
1.0, CHCL;); 'H NMR (600 MHz, CDCl;) §: 1.33~1.51
(m, 15H, 5CH,), 3.45~3.55 (m, 1H, CH), 4.33~4.71 (m,
4H, CH,, 2CH), 5.76~5.87 (m, 1H, CH), 7.40~8.00 (m,
5H, ArH), 9.55~9.61 (m, 1H, CHO); “C NMR (125
MHz, CDCLy) d: 24.1, 24.2, 26.3, 26.4, 28.2, 28.2, 41.2,
42.6, 59.7, 59.9, 68.2, 68.9, 70.6, 70.7, 72.1, 72.2, 81.2,
81.6, 110.1, 110.2, 128.6, 128.7, 129.6, 129.7, 133.8,
133.9, 155.3, 156.2, 164.7, 164.7, 198.5, 199.3; HRMS
(ESI) calcd for C,;H,7;NO;Na 428.1685, found 428.1682.
334 222-= @A H-1-[(3aR,6S,7R,7aS)-2,2- — F -
6-(Z= R FHRATF H)-7-(FA)w &-[1,3] = AR
[4,5-c]PtE -5(6 H)- ] T A BR(15) 694 A%,

FALE 10 (12.0 g, 27.0 mmol)¥% T 200 mL Hr7%
CH,Cly, IANERE 40 mL, #£—40 C RN = LIRETF
(TFAA) 12.6 mL (80.9 mmol), N, 4" N W& 1 h Jq,
KK, R s b Atk sg, - CHLCL, A<HX (200
mL X3), Ji/K NaySO, THANUAH, fhyk, wikds,
AT ZHT VA ) - MR B =10 @ 114 B33 0
WHORFCIR Y 15, PP E N 80%. [alp +18.0 (¢ 1.0,
CHCLy); "H NMR (600 MHz, CDCls) §: 1.32 (s, 3H, CH3),
1.34 (s, 3H, CH3), 3.45~3.55 (m, 2H, CH,), 3.59 (s, 1H,
CH), 3.89~3.92 (m, 2H, CH,), 4.38~4.44 (m, 3H, 3CH),
7.23~7.39 (m, 15H, ArH); *C NMR (125 MHz, CDCl5)
5:24.1,26.1,44.2,52.1,61.5,67.4,71.8,72.5, 87.8, 110.0,
127.5, 128.2, 128.2; HRMS (ESI) calcd for C3oH30F3NOs-
Na 564.1973, found 564.1966.

3.3.5 (3aR,6R,7R,7aR)-2,2- = F 3 -6-( & & F & )-5-
(2,2,2- = 7 T BEE)-[1,3] = AR M[4,5-c] 55 AFog-7-
K F BLBS(19)69 5K

MG & 12 113 (55K G ik &4 (3aR,
6R,7R,7aR)-2,2- — F H-6-( = 2K H HL 48 FT 3)-5-(2,2,2- =
T HL) N E-[1,3] = 28R [4,5-] Mk BE -7- 2K R T
(16) F1(3aR,6R,7R,7aR)-2,2- — M = -6-(F% H %£)-5-(2,2,2-
SR SBEEL) N EA[1,3] =AU [4,5-c T RE - 7- 2K R T
a7, RiaEtb & 17 (7.1 g, 17.6 mmol)¥ T #i 7%
CH,Cl, ', A Et;N 80 mL A1 DMAP (0.3 g, 2.1 mmol),
UK R AN TsCl (6.7 g, 35.0 mmol), A 1 h J5 ik
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MR

K, BT, CHLCL 25H(200 mL X 3), 57K Na,SO,
T HUAH, Hhog, WKWK, fERAEZHT [VCH
) © MCR L) =12 @ 1]70 BRI i ik, % h
90%. F#1k & WI(3aR,6R, TR, TaR)-2,2- " F K -6- X} I 2 ik
Pk 4R T -5-(2,2,2- = Ji 4 R 3R AN A -[1,3] R
[4,5-c]iLmE-7-2K FH R EE(18) (9.8 g, 17.6 mmol)iF T-H1#
() DMF 1, il NaNj (3.4 g, 52.8 mmol), N, £~ 100
CHHE 5 h, FARRAHI R ZEEKYES0 mLX 3), JoK
Na,SO4 T-H, 3k, WRWk4gs, rERAEZENT [Vl
fik) © (LR LTE)=10 © 11 & A a Ak 19, 725N
75%. m.p. 124.0~125.0 C; [a]d +49.2 (¢ 1.0, CHCly);
'H NMR (600 MHz, CDCl3) 0: 1.35 (s, 3H, CH;), 1.42 (s,
3H, CHj), 3.93 (d, J=15.0 Hz, 2H, CH,), 4.44 (d, J=7.8
Hz, 1H, CH), 4.59 (q, J=3.6 Hz, 1H, CH), 4.75~4.82 (m,
1H, CH), 5.84 (t, J=4.2 Hz, 1H, CH), 7.52~8.04 (5H, m,
ArH); C NMR (125 MHz, CDCly) 6: 24.1, 25.9, 44.4,
47.6, 51.2, 67.0, 70.5, 71.4, 110.8, 128.8, 129.7, 133.9,
158.0, 164.9; HRMS (ESI) calcd for C;gH;oF;N4OsNa
451.1205, found 451.1212.
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