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Design and Synthesis of Gem-Difluoromethylenated Analogues of Swainonine

ZHANG Minhua', LI Xuehui’, CHEN Chen', JIANG Xinyi', ZUO Lingling®, XU Jun"
1. ABA Chemicals Corporation, Taicang 215433, China;
2. Dermatological department, Hudong hospital, Shanghai 201363, China

Abstract: The gem-difluoromethylenated Swainonine analogues No.l1 and No.2 were designed via a introduction

of difluoromethylene group into the structure of Swainonine. The piperidine ring was synthesized through

Reformatskii reaction between zinc bromodifluoroacetate with (R) -t-butyl sulfonimide and intermolecular

Sx2-amine replacement in the presence of potassium t-butylate. Then, the mother structure of the target

molecules was constructed via ring-closing metathesis reaction of the resulting diene catalyzed by Grubbs' II

catalyst. The synthetic route had the characteristics of controllable fluorine modified-sites, relatively high

diastereoselectivity and efficient construction of double rings. The designed molecule has potential anti-tumor

activity and could be helpful for the research of study structure-activity relationship of swainonine.

Keywords:swainonine; gem-difluoromethylene; reformatskii addition; ring-closing metathesis (RCM)
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OLF) SERG B A R AT KRR R G E o T
YE o 1Z/INHTE 1995 1997 4F 43 5 % TG i ) C-8"
C-1 1 C-7 {3 " 2 I AT B4 5 & B0« TEKS B 7 1
SEA [P 1 (b) JHr A C-1 407 35 3 % HL g 7R 2t 5% g L
A T T T G R e G O R X U TR
S OCEE R AR BR S R EOE R e . T
C-7 A3 1 C-8 7 B 358 35 Xof 74 B3 P 1) 52 i A
AR, X AT i3t B2 0 43 1) 2 0 T M A
WA, AEL 0 R 0% 5 55 43 —F 6 AN [ il ) 90 11 32
PEVE . PRI, 0 SRS e C-7 7 F1 C-8 A7 1Y) 35 L il
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Fig. 1 Structures of (a) swainsonine, (b) castanospermine

XoF KR 7= W) AT 5 A R T T R AR
MRRMEEFBZ— 85U 7 8055 )
B A e PR VR ML 5| AT L 1 R o AR )R O T
(14 25 B P , AT AR AT B 2 A T A AR A 1k Y
?[11—12]

BT, X B SR IEAT S R YT I O 3
TR T B S RERY L2, Kb L&Y 145r
THR R OR B T AN, TEA g Ll BE IR

H T1(01Pr)4 9

>rS\NH /\f DCM >r N

6

THFNEt;
HF F

/

1.MsCl NEt; DCM

>r NWOH 2.t-BuOK,DCM

9

[0}
NI\I\Q Grubbs' ILtolune
—_—

X
FF

3

o #0
1
S. -
>r Ph,PCHCO,EBr

B 0 T TTER AR B0 2 o AU X X 5
LR BRI R I (8 2) .

OH F_ F F_F
H gOH 1. CF;Modification at C-8 é-““\ + é
CI\D"'“OH 2.Ring-Expending N N
(0}

B2 BiEaFEigit

Fig. 2 Design of target molecules
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Fig. 3 Retrosynthestic analysis of target molecules
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1 SRIEES

L1 XA 5 S

B 50 34 o B b gl ok
Grubbs' ITHE AL ( 1 28 B ey A FR S A ) 5
LR Mg = AR R R e % H .

Bruker AM-400 #% % 291X ; Perkin-Elmer 241
B A A IR BT AR IE
1.2 HEMTHER

W5 43.2 g R-BUT At 96 e 775 T 120 mL %
e v, K U AT O T 20.4 ¢ BR TR DY S g
336.4 g, FiIE R o K L I N R A 200 mL oK
K B FE SO A AR e, &
BEVRUEDE . W, B IFA DM, ToK R AN T4
JiE B 1), A E M2 B [m (PE) :m(EA) = 6:1]4%
A 748 ¢ (J7% 85%) ",

1.3 HEWSHERK

W5 38.4 o T Ak 1 B9 B By BV T TR 9 THE
(145 mL) AR E m . S22 i 30 g b &9 7
F176.8 mL — iR £ R L T A9 THF (48 mL) ¥
(RN L 20, i 208 ) o 3% 58 J5 AR 1 h,
BEFER AR S E WEEK, , A L
AR G0 B VR %, JIC K B R B T T R i R
FEEMT 438 [m (PE) :m(EA) =2: 1] 2L 5 )
638.0 g(dr. =2.4:1, P*F71%)",

'H NMR (400 MHz, CDCl;) & 5.97-5.89 (m,
0.35H),5.81-5.72(m,0.65H) ,4.42-4.26(m, 3H),
3.79 (d, J = 6.0 Hz, 0.65H), 3.48(d, J = 9.6 Hz,
0.35H), 1.33 (t, J = 6.8 Hz, 3H) 1.20 (s, 6H),
1.18 (s, 3H);"”C NMR (100 MHz, CDCl;) & 162.9
(t, J =31.1 Hz), 162.6 (1, J = 31.9 Hz), 130.2
(dd, J =3.1 Hz, 1.5 Hz), 129.3 (t, J = 3.8 Hz),
123.0, 122.0, 113.9 (1, J = 255.8 Hz), 113.8 (1,
J =255.8 Hz), 63.4, 63.1, 61.5 (dd, J = 27.3 Hz,
24.3 Hz), 60.6 (1, J =24.1 Hz), 56.8, 56.4, 22.4,
223, 13.9, 13.8; “F NMR (376 MHz, CDCL)
5 -110.7 (dd, J = 262.8 Hz, 7.9F, 0.3F) , -113.5
(dd, J =261.7 Hz,12.4Hz, 0.7F), -114.9 (dd, J =
260.2 Hz, 12.4 Hz, 0.7F), -118.5 (dd, J = 261.3
Hz, 16.2 Hz, 0.3F),

14 HLEMIHERK

¥ 24 gtk 59 7% F 360 mL — & H b
i, =78 °C F i S 225 mL DIBAL-H (1.0 M in hex-
ane) . JHEE L ARIE 2 ho 2N AU R, B ILIE A 5
JECRE, T DIBAL-H 40 mL, 52 % 1 ho i fine gy

BERR VS W KR o 53 W, A BILAH FH AR A3k 7K vk
B TOKBRRR AN T8 . BRI KR B YiE T
360 mL PUE KM T, A 23.4 mL = Z [ 12 36.8 ¢
Ph:P"CH,COEtBr, i 2 WV i 1 o I I 468 ik 3
+ g e MR AR E N B [ m (PE) -
m(EA) =6:1], 4L A9 812.6 g (J= 3 :48% (W
).

'H NMR (400 MHz, CDCl;) 8 6.79-6.69 (m,
IH) , 6.27-6.22 (m, 1H) , 5.65-5.40 (m, 1H) ,
4.20-4.10 (m, 3H), 3.66 (d, J = 4.0 Hz, 1H),
1.24 (t, J=7.2 Hz, 3H), 1.16 (s, 9H) ; "F NMR
(376 MHz, CDCl;) 8 -105.8 (dm, J=247.8 Hz,
1F) , -108.1 (dt, J=151.2 Hz, 11.3 Hz, 0.8F) ,
-108.5 (dt, J =249.3 Hz, 12.0 Hz, 0.2F)

1.5 HEMINERK

14 2.5 g LIATHLE TR T T4 A9 DU 20 (25 mL)
T AEO CR AN 10 g A5 % 8 1Y U S Wk (75 mL)
W 5 IE BRI 2 he KR RFER
0 C, 22 M AWML . K™ &t E AT
P8 [m(PE) :m(EA) =3: 1], 1454 96.27 ¢ (77
F.12%)

'H NMR (400 MHz, CDCl;) & 5.81-5.72 (m,
1H) , 5.47-5.40 (m, 2H), 4.11-4.07 (m, 1H),
3.73-3.72 (m,1H),3.70-3.62 (m, 2H), 2.14-1.94
(m, 2H) , 1.80-1.73 (m, 2H), 1.22 (s, 9H) ;
“F NMR (376 MHz, CDCL) & -101.5 (dm, J =
246.7 Hz, 1F), -109.0 (dm, J =245.2 Hz, 1F),
1.6 WEWIOMERK

HegtbaWorm T 60ml —AHF ki ,0C
THIA 8.7 mL = Z % . 130 mg DMAP, i fill 2.4 mL
P st ot S, K O 2 % SO 3 h JS I K P K
TR BE AR, A LA AR RN ER K VR TC K B R AN
T iUk KRR 2 N BRI ZE 0 CL i
A 375 g BUT BERR , ORI SN 3 he IR P K RN,
AP ZE 1 mol/L HCL, 11 FER /K e % , TC/K i R 44
THE . M A EN B [m(PE) :m(EA) =
8:1], 15L& 103.7 g (FH.66%)

'H NMR (400 MHz, CDCL) & 5.91-5.73 (m,
1H) , 5.57-5.38 (m, 2H), 3.96-3.88 (m, 1H),
3.24-3.20 (m, 0.4H) , 3.14-3.11 (m, 1.2H) ,
2.91-2.84 (m, 0.4H), 2.05-1.62 (m, 4H), 1.15
(s, 3H), 1.13 (s, 6H) ; "C NMR (100 MHz, CD-
Cly) 8 129.9 (dd, J = 6.1 Hz, 2.3 Hz), 128.6 (1,
J =45 Hz), 121.6, 121.2, 120.3 (1, J = 2459
Hz), 119.9 (dd, J = 248.8 Hz, 242.9 Hz) , 66.6
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(dd, J=28.1 Hz, 25.0 Hz),65.6 (t, J =27.3 Hz),
59.2, 58.7, 39.5, 37.7, 30.1 (dd, J = 46.3 Hg,
23.6 Hz), 29.9 (dd, J = 82.7 Hz, 36.4 Hz), 23.1
(t, J=4.5Hz), 22.9, 22.7, 222 (t, J = 4.6 Hz) ;
“F NMR (376 MHz, CDCI;) 8 -110.1 (m, 0.75F) ,
-100.9 (dm, J =239.9 Hz, 0.64F), -105.9 (d, J =
239.5 Hz, 0.61F),

1.7 HEWM3INER

B2 gAY 107 T 20 mL HEEH ,fE0 CF
FIA 28 mL 1 1 HCI/MeOH ¥ i , 7R 5 2 5 i S i
2 h, BRI . K TR Y% T 150 mL DMF
HLEQ CRIERR P INIA 6.7 ¢ =2 3.9 g ik
BEMR — ORI 2.1 ¢ 3- T MR . R 2 % Il I j it
o NNB 388 10% NaHCO, 7K V5 WV R g, —
S BE A3 W, A HLAR IR R 3R 7K PR, TCK B R
BT, B SR ET B [m(PE) :m(EA) =
8: 1], 3 bE W 31.12 g(F=H . 65% (W),

'H NMR (400 MHz, CDCl;) & 5.98-5.88 (m,
1H), 5.84-5.73 (m, 1H), 5.55 (s, 0.5H), 5.39
(dd, J = 34.0 Hz, 10.0 Hz, 1H), 5.27-5.10 (m,
3H), 4.57 (1, J =152 Hz, 1H), 3.67 (d, J=13.2
Hz, 0.4 H), 3.19-3.06 (m, 2.5H), 2.70-2.67 (m,
0.6H),2.06 (s, 1H), 1.80-1.71 (m, 3H);"”C NMR
(100 MHz, CDCl;) & 171.0, 170.3, 131.0, 128.8,
128.7, 119.9, 119.4, 118.2, 118.1, 121.7 (d, J =
244.4 Hz), 121.6 (d, J =243.7 Hz), 61.1 (1, J =
28.8 Hz), 56.1 (t, J=28.9 Hz), 40.5, 39.0, 38.2,
36.0, 29.6, 29.4, 29.1, 22.6, 21.6(d,J = 7.8 Hz) ,
17.7, 14.1; “F NMR (376 MHz, CDCl;) & -100.3
(dm, J = 241.0 Hz, 0.54F) , -101.2 (0.46F) ,
-101.4 (0.46F), -101.6 (d, J =177.1 Hz, 0.54F),
1.8 UEWMINER

#4260 mg fb5 ) 3% T 60 mL H R 1, A
130 mg Grubbs' IT #EALF , A 13 S B 7% o 4
2R ET, HEEEN B [n(PE) :m(EA) =
11,5389 1170 mg (GZF75%)",

[a] ™, =-115.4° (¢ 0.51, CHCL) ; 'H NMR
(400 MHz, CDCl;) & 5.99-5.94 (m, 1H),5.84-5.81
(m,1H),4.89-4.84 (m,1H), 4.13-4.04 (m, 1H),
2.98-2.95 (m, 2H),2.54-2.47 (m,1H), 2.31-2.23
(m,1H), 1.96-1.70 (m, 3H);"C NMR (100 MHz,
CDCL) & 166.5, 126.4, 118.9 (dd, J = 248.3 Hz,
2452 Hz), 116.6 (1, J = 2.3 Hz), 61.7 (dd, J =
30.4 Hz, 26.6 Hz) , 32.8 (dd, J = 25.1 Hz, 21.3
Hz), 31.5, 31.1, 21.6 (d, J = 79.1 Hz) ; “F NMR

(376 MHz, CDCl;) & -104.4(d, J = 238.0 Hz, 1F),
-106.2 (dm,J = 239.9 Hz, IF) ;m/z 210.1(M+Na®) ,
188.1(M+H") ; HRMS (high resolution mass spec-
trum, 75 43 PET % ), CoHFoNO 158 187.080 95 il
i .187.081 9,

1.9 EW2ER

¥ 50 mg (LA 11T 8 mL FHEEH INA 0.8 ¢
m(Pd/C) (Ji 43 B 10% , 40 3 B 4 0 50 50% 1
AK) R 2 mL, B P 48 ik B iE T R R
EH [m(MeOH) :m(DCM) = 1:15], 18468542 K
36 mg (7 70%) .

[a] *y =-354° (¢ 0.35, CHCL) ; 'H NMR
(400 MHz, CDCI;) 3 4.81-4.76 (m, 1H), 3.44 (dt,
J =232 Hz, 7.2 Hz, IH) , 2.45-2.19 (m, 4H) ,
2.01-1.58 (m, 7H) ; “F NMR (376 MHz, CDCL)
8 -104.9 (d, J =2384 Hz, 1F), -116.9 (dm, J =
239.5 Hz, 1F) ; m/z 190.3 (M + H* ) ; HRMS,
CoHsFNO : HH5 189.096 55 42 : 189.103 9,

2 @REIR
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