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Synthesis and imm unosuppressive activity of new artem isinin
derivatives containing polyethylene glycol group
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Abstract: Aim To search for new artemisinin derivatives with higher inmunosupprressive activity.
Methods Two kinds of new artem isinin derivatives containing polyethylene glycol group were synthesized
from dihydroartemisinin via condensation and esterification. These compounds were assayed for their
inhibitory activity on ConA-induced T cell proliferation and LPS-induced B cell proliferation. Results
Twenty three new compounds (2a - 2f, 3a - 3d, 4a - 4f, 6a, 6b and 7a - 7g) wer synthesized and
identified by ' H NMR and elemental analysis. Conclusion These compounds had immunosuppressive
activity in vitro. Among them, the symmetrical substituted compound 2 and 6 had higher activity than
mono-substituted compound 3, 4 and 7. Especially, compounds 2a - 2f remarkably exhibited higher
inhibition in comparison with artem isinin and artesunate.
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Scheme 3 Synthesis of compounds 6 and 7a- 7e
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Scheme 4 Synthesis of compounds 7f and 7g

; : TLC, GE,, , UV
23 T - ;
(ConA) B ( LPS) T ,200 ~300
B , 2 3 (1b, 2.84
, g, 10 mmol) (30 mL)
(2,6) , 1 x10°~1x10" (n=1,2 3,10 mmol),
mols L' , 80% ~90% , , 5 BFE* EtO, ,
24 h.
) . 2 3,
2a 0.35 g 17%."' H NMR ( 400 MHz,
CDCL) 6&5.41(s,2H),4.81(d, ] =3.30 Hz,2H),
IR Perkin-Elmer 599B ;' H NMR 3.92(m,2H),3.63 ~3.67(m, 6H),1.42(s, 6H),
Brucker AM-400 , CDCJ,

, 0.94(d, ] =5.86 Hz, 6H), 0.90(d, ] =7.32 Hz
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6H). Anal caled for G, H;, O,: C 63.93, H 8.52,
found: C 63.97, H 8.36.

2b 0.25 g 13%.' H NMR ( 400 MHz,
CDCL) &5.42(s,1H),5.33(s,1H),4.82(d, ] =
3.29 Hz,1H), 4.49(d, ] =9.15 Hz, 1H), 3.62(m,
8H), 1.42(s, 6H), 0.88 ~1.00( m, 6H). Anal
caled for C,, Hy, O,,: C 63.93, H 8.52, found: C
63.97, H 8.75.

2e 0.98 g, 22%." H NMR ( 400 MHz,
CDCL) &5.37(s,2H),4.77(d, ] =3.29 Hz 2H),
3.53(m,16H),1.37(s,6H),0.89(d, ] =6.17 Hz,
6H),0.83(d, J] =5.86 Hz, 6H). Anal calcd for
CysHy, O5: C 62.79, H 8.60, found: C 62.85, H
8.65.

2f 0.62 g, 14%." H NMR ( 400 MHz,
CDCL) &5.41(s,1H),5.31(s,1H),4.81(d, ] =
3.29 Hz,1H), 4.48(d, ] =9.52 Hz, 1H), 3.61 (m,
16H),1.41(s, 6H),0.97 ~0.86(m, 12H). Anal
caled for C, Hy, O;: C 62.79, H 8.60, found: C
62.78, H 8.68.

3a 0.83 g 35%." H NMR ( 400 MHz,
CDCL) &5.47(s,1H),4.81(d, ] =3.67 Hz 1H),
3.61(m,8H),2.26(brs, 1H),1.42(s,3H), 0.89
(d, ] =7.68 Hz, 3H), 0.84(d, ] =4.76 Hz, 3H).
Anal. caled for C,H;, O,: C 61.27, H 8.66, found:
C61.72, H9.28.

3b 0.28 g 12%.' H NMR ( 400 MHz,
CDCL) &5.33(s,1H),4.49(d, ] =9.52 Hz, 1H),
3.62(m,8H),2.37(brs, 1H),1.42(s,3H), 0.96
(d, ] =6.60 Hz, 3H), 0.89(d, ] =6.96 Hz, 3H).
Anal. caled for C,H;, O,: C 61.27, H 8.66, found:
C61.73, H8.15.

3¢ 0.57 g 18% . H NMR ( 400 MHz,
CDCL) &5.44(s,1H),4.82(d, ] =3.29 Hz 1H),
3.65(m,12H),2.17(brs, 1H),1.42(s,3H), 0.94
(d, ] =6.23 Hz, 3H), 0.90(d, ] =7.32 Hz, 3H).
Anal. caled for G, H;, O;: C 60.56, H 8.71, found:
C 60.62, H 8.48.

3d 'H NMR(400 MHz CDCL) &5.43(s,1H),
4.83(d, ] =2.93 Hz,1H),3.64(m,16H),2.24( brs,
1H),1.43(s,3H),0.97(d, ] =5.85 Hz, 3H), 0.90
(d,] =7.32 Hz,3H). Anal caled for C; H,, O,: C
59.98, H 8.75, found: C 59.65, H 8.82.

4a 3a(l1.56 g, 4.2 mmol)

30 mL (0.79 g,4.2 mmol),
DCC(1.03 g,5.0 mmol), DMAP(51 mg,0.4 mmol),
24 h,
) 2 mL 0.5 h, ,
3, )

s s

0.84 g, 37%. 'H NMR( 400 MHz CDCL) &
5.42(s,1H),4.83(d, ] =3.16 Hz, 1H),4.20(t J =
4.66 Hz,2H),3.94(m,1H),3.66(s,3H),3.64(m,
7H),2.34(m,2H),1.32 ~1.61 (m,8H),1.43(s,
3H),0.95(d, ] =6.31 Hz,3H),0.91(d, ] =7.42
Hz,3H). Anal caled for C4H,,O,: C 61.97, H
8.54, found: C 61.85, H 8.72,

4b 4a ,3c(1.62 3.9
mm ol) (0.56 g,3.9 mmol) ,

0.53 g, 26%.' H NMR( 400 MHz, CDCL) &
10.7(1H,s),7.89(1H,d, ] =6.18 Hz),7.46(1H,
t ] =7.76 Hz), 6.98 (1H, d, ] =8.38 Hz), 6.89
(1H,t J=7.62 Hz),5.43(1H,s),4.82(1H,d, ] =
3.92 Hz), 3.63(12H, m),1.43(3H, s), 0.96 ( 3H,
d,]=8.56 Hz),0.90(3H, d, ] =7.42 Hz). Anal
caled for C4H, OQ,: C 62.67 H 7.51, found: C
62.94, H 7.43,

4c 4a ,3¢(0.79 g,1.9
mmol) 2, 2- (0.28 g,1.9 mmol)
, 0.45 g, 44%.'H NMR( 400 MHz,

CDCL) &5.41(s,1H),4.82(d, ] =2.88 Hz,1H),
4.21(m, 1H),3.63 ~3.70(m, 10H), 2.60(d, | =
12.91 Hz,2H),1.41(s,3H),1.29(s,3H),1.27(s,
3H),0.94(d, ] =6.32 Hz, 3H), 0.90(d, ] =7.28
Hz, 3H). Anal caled for C,H,,0,: C 59.54 H
8.14, found: C 59.21, H 8.19.

4d 3c(2.5 g, 6 mmol)
50 mL (2.2 g,10 mmol)
DMAP(74 mg,0.6 mmol), ,

5

s i

0.48 g, 16%. 'H NMR
(400 MHz, CDCL) &5.42(s,1H),4.82(d, ] =3.30
Hz,1H),4.20(t ] =4.95 Hz, 2H),3.91(m,1H),
3.70(t ] =4.94 Hz, 2H), 3.64(m, 7H), 1.47(s,
9H),1.43(s,3H),0.94(d, ] =6.18 Hz, 3H), 0.90
(d, ] =7.28 Hz,3H). Anal caled for C4H,, O,: C
60.45 H 8.58, found: C 60.53, H 8. 49.
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4e , 3¢ (12 a
) , 0.21 g,

7%.'H NMR (400 MHz, CDCL) & 5.33(s, 1H),
4.50(d, ] =9.20 Hz, 1H), 4.20( t, ] = 4.80 Hz
2H),4.02(m,1H),3.71(t ] =4.81 Hz 2H),3.70
(m,7H),1.47(s, 9H),1.43(s,3H),0.95(d, | =
6.05 Hz, 3H), 0.89(d, ] =7.15 Hz, 3H). Anal
caled for C H,, O,: C 60.45, H 8.58, found: C
60.42, H 8.57.

4f 3c(0.24 g, 0.56 mmol)
1.5 mL, -1- (0.11
2,0.56 mmol) 2 mL,
, 0.5h ,
150 mL 3, 10

mL, s

, 0.22 g, 68% . H NMR( 400
MHz, CDCL) & 5.43(s,1H),4.83(d, ] =3.29 Hz,
1H),4.20(t, ] =4.94 Hz,2H),3.94(m,1H),3.68
(t]=4.94 Hz,2H),3.62(m,7H), 2.0l (m, 3H),
1.89(d, ] =2.29 Hz, 6H),1.71 (m, 6H), 1.43(s,
3H),0.95(d, ] =6.33 Hz, 3H), 0.91(d, ] =7.28
Hz,3H). Anal caled for C, Hy, O,: C 66.41, H
8.71, found: C 66.43, H 8.77.

6a 5a(1.50 g,3.7 mmol)

30 mL (0.48 g, 2.5
mmol) , DCC(0.76 g,3.8 mmol), DMAP(30 mg, 0. 25
mmol) , 24 h, >

, 0.63 g, 35%.

"H NMR( 400 MHz, CDCL) & 7.71 (s, 2H), 7.67
(m,2H),7.35(m, 4H),5.55(d, ] =2.75 Hz, 2H),
4.46(t, ] =4.94 Hz, 4H),3.81(t, ] =4.94 Hz, 4H),
3.67(m,8H),1.43(s,6H),1.02(d, ] =7.42 Hz,
6H),0.96(d, ] =6.04 Hz, 6H). Anal calcd for
C,H,,0,: C 64.58, H 7.30, found: C 64.49, H
7.26.
6b ,5b(0.89 g 2.2 mmol)
(0.21 g, 1.1 mmol) ,

0.44 g, 41%." H NMR (400 MHz, CDCL) &:
8.00(d, ] =9.07 Hz, 4H), 7.13(d, ] =8.79 Hz
4H),5.57(d, ] =3.30 Hz, 2H),5.47(s, 2H), 4. 44
(t,]=3.30 Hz,4H),3.81(t, ] =4.95 Hz,4H),3.70
(m,8H),1.43(s, 6H),1.01(d, ] =7.42 Hz, 6H),
0.96(d,] =6.04 Hz,6H). Anal calcd for C, H,, O, :

C64.58, H 7.30, found: C 64.96, H 7.31,

7a 5b(1.60 g,3.9 mmol)

50 mL (0.42 g 3.9
mmol), DCC(0.98 g, 4.7 mmol), DMAP(5 mg, 0.4
mmol), 10h

, 0.67 g, 35%.' H NMR

(400 MHz, CDCL) & 7.79(d, ] =8.03 Hz, 2H),
7.12(d, ] =8.03 Hz 2H), 5.58(d, ] =3.43 Hz
2H),5.44(s,1H),4.46(m,2H),3.83(t | =4.81
Hz 2H),3.75(t ] =3.44 Hz, 2H),3.65(t ] =3.30
Hz 2H),1.44(s,3H),1.02(d, ] =7.41 Hz 3H),
0.96(d, ] =3.58 Hz,3H). Anal calcd for C,, H;s O, :
C 63.40, H 7.36, found: C 63.18, H 7.37.

7b 7a ,5a(1.99 g, 4.9
mm ol) ) (0.35 g,3.2 mmol) R
0.46 g, 19%." H NMR ( 400

MHz, CDCL) & 7.83,7.74(s,1H),7.70(d, ] =7.01
Hz 2H),7.35(m, 2H),5.85(d, ] =6.59 Hz, 1H),
5.56(d, ] =3.02 Hz, 1H), 5.48 (s, 1H), 4.49( m,
2H),3.84(td, ], =4.81 Hz, ], =1.60 Hz,2H),3.75
(dd, ], =4.26 Hz, ], =8.94 Hz,2H),3.64(m,2H),
1.42(s,3H),1.04(d,]=7.28 Hz,3H),0.96(d, ] =
6.18 Hz,3H). Anal calcd for G H,O,: C 63.40, H
7.36, found: C 63.59, H 7.55,
7c ,5b(1.8 g, 4.5 mmol)
(0.71 g, 4.7 mmol) R
0.84 g, 35%.' H NMR( 400 MHz, CDCL) &
8.00(d, ] =8.62 Hz, 2H), 7.13(d, ] =8.62 Hz
2H),5.56(d, ] =3.30 Hz, 2H),5.43 (s, 1H), 4. 46
(m,2H),3.83(t ] =4.77 Hz,2H),3.70( m, 6H),
3.60(m,2H),1.42(s,3H),1.02(d, ] =7.52 Hz,
3H),0.96(d, ] =6.05 Hz, 3H). Anal calcd for
CyH,O,: C 62.67, H 7.51, found: C 62.64, H
7.50.
7d ,5a(1.44 g,3.5 mmol)
(0.53 g,3.5 mmol) ,

0.80 g, 42%.'H NMR( 400 MHz, CDCL) &:
7.79,7.72(s, 1H), 7.71 (m, 1H), 7.33(m, 2H),
5.83(d, ] =6.70 Hz,1H), 5.55(d, ] =5.22 Hz,
1H),5.46 (s, 1H), 4.45(m, 2H), 3.80(m, 2H),
3.66(m,6H),3.59(m,2H),1.42(s,3H),1.01(d,
J=7.41 Hz,3H),0.96(d, ] =7.55 Hz,3H). Anal
caled for C4H, O,: C 62.67, H 7.51, found: C
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62.68, H 7.48,
e ,5b(3.00 g, 7.4 mmol)
(1.59 g,8.2 mmol) ,

1.73 g, 40% .' H NMR( 400 MHz, CDCl) &
8.00(d, ] =8.93 Hz, 2H), 7.13(d, | =8.94 Hz,
2H),5.57(d, ] =3.17 Hz, 2H),5.43(s, 1H), 4. 44
(m,2H),3.82(t ] =5.41 Hz,2H),3.64 ~3.74(m,
10H),3.59(t, ] =4.30 Hz, 2H), 1.42(s, 3H),1.01
(d,] =7.29 Hz,3H), 0.95(d, ] =6.04 Hz, 3H).
Anal caled for C,,H,, O,: C 62.05, H 7.64, found:
C61.96, H 7.75,

7f 4f
mm ol) -1- (0.34 g,1.7 mmol)
0.75 g, 73%." H NMR ( 400 MHz,
CDCL) 6:8.00(d, ] =8.79 Hz,2H), 7.13(d, | =
8.79 Hz,2H), 5.57(d, ] =3.27 Hz, 1H), 5. 44( s,
1H),4.47(t ] =5.08 Hz,2H),4.20(t, | =4.95 Hz,
2H),3.83(t ] =4.95 Hz, 2H),3.66(m, 6H),1.99
(m,3H),1.88(m,6H),1.43(s,3H),1.01(d, ] =
7.42 Hz, 3H), 0.96 (d, ] =6.05 Hz, 3H). Anal
caled for C,,H,,0,: C 67.03, H 7.78, found: C
67.01, H 7.76.

,7¢(0.84 g 1.6

g 7f ,7€(0.46 g, 0.79
mm ol) -1- (0.18 g, 0.88 mmol)
, 0.36 g, 60%. 'H NMR( 400

MHz, CDCL) & 8.00(d, ] =9.06 Hz, 2H),7.12( d,
] =9.07 Hz, 2H), 5.57(d, ] =2.57 Hz, 1H), 5.44
(s,1H),4.44(t ] =3.30 Hz, 2H),4.19( t, ] =4.95
Hz,2H),3.82(t ] =4.95 Hz,2H),3.64(m,10H),
1.99(m,3H),1.88(m, 6H),1.43(s,3H),1.01(d,
J=7.14 Hz,3H),0.96(d, ] =6.05 Hz,3H) . Anal
caled for C, Hi3O,: C 66.29, H 7.87, found: C
66.48, H 7.82.
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