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Abstract: Artemisinin is a sesquiterpene lactone natural product that contains an endoperoxide bond.
Artemisinin has various biological activities including antimalarial, anti-tumor, antiviral and anti-fibrotic activity.
Owing to the poor pharmacokinetic properties of artemisinin, its derivatives are currently used in clinic and
frequently reported in literature. Although numerous derivatives of artemisinin have been reported, no study has
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been carried out yet to study the effect of substituted groups with different acid-base property on the antimalarial

activity. Among these derivatives, the C-10 carbon artemisinin derivatives are often reported, and their corresponding

104 epimer show much better antimalarial activity than 10a epimer with large-sized substitute. However, there is

currently no stereoselective synthesis to efficiently prepare the privileged 104 epimer of C-10 carba artemisinin. To

address these two scientific questions, we herein first report an optimized method to stereoselectively synthesize

the 108 epimer of C-10 carba artemisinin (98:2 d.r.). Second, we employed the optimized method to synthesize a

series of C-10 carba artemisinin derivatives with different acid-base properties. The antimalarial examination

indicated that those derivatives with neutral groups or basic group of short chain showed similar antimalarial

activity as dihydroartemisinin (DHA). The acidic group could dramatically decrease the antimalarial effect and was

more than 22-fold less effective than DHA or the neutral ones. This study will shed light on the development of

new generation of artemisinin derivatives with potent activity.
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Figure 1 Chemical structures of artemisinin and its derivatives
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Figure 2 Chemical structures of dexamethasone, betamethasone, mitragynine, and speciogynine
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Table 1

ture. MS: Molecular sieve

The optimization of Hosomi-Sakurai reaction to obtain the high ratio of 104 epimer. The R group in 2a is allyl. Temp: Tempera-

Entry DHA-1 2a DHA-1:2a Temp/°C DHA-1:ZnCl, 4A MS/mg Yeild/% Ratio of 105/%
1 lg RSiMe, 1:5 0 1:1.2 600 80.5 93.5
2 lg RSiMe, 1:5 0 1:1.2 0 78.0 92.6
3 lg RSiMe, 1:5 -5 1:1.2 600 84.9 92.6
4 lg RSiMe, 1:5 -5 1:1.2 0 85.3 93.5
5 lg RSiMe, 1:5 -10 1:1.2 600 - -
6 lg RSiMe, 1:5 -10 1:1.2 0 90.2 93.5
7 lg RSiMe, 1:5 -15 1:1.2 0 89.5 94.3
8 lg RSiMe, 1:5 =20 1:1.2 0 87.2 95.2
9 lg RSiMe, 1:5 -25 1:1.2 0 17.6 97.1

10 lg RSiMe, 1:2.5 =20 1:1.2 0 77 96.2
11 lg RSiEt, 1:2.5 =20 1:1.2 0 66.8 97.1
12 lg RSiEt, 1:5 =20 1:1.2 0 73.4 97.1
13 1g RSiMe,Ph 1:5 =20 1:1.2 0 46.1 98.1
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Figure 4 The proportion of 8 configuration at C-10 position. A—L: The cropped 'H NMR spectra of proton 12 in DHA-2 for the different

conditions in the table 1. A for entry 1, B for entry 2, C for entry 3, D for entry 4, E for entry 6, F for entry 7, G for entry 8, H for entry 9, I

for entry 10, J for entry 11, K for entry 12, L for entry 13
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Figure 5 The structures of target compounds
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1,2-dichloroethane, —10 °C, recrystallization with n-hexane. (c) 1) BH,-SMe,, anhydrous THF, -20 °C; 2) 3 mol-L" Na,CO,, 30% H,0,, RT.
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Figure 6 The viability of malaria parasite was measured in the presence of different concentrations of compound DHA, DHA-O1, DHA-

Al and DHA-N1 (A); DHA, DHA-O2, DHA-A2 and DHA-N2 (B). (C) The calculated IC,, of the seven compounds (mean + standard devia-

tion). (D) Significant difference between target compound and DHA. Bar indicates the average of IC,;, ™™
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(td, J=14.1, 4.2 Hz, 1H), 2.05 (dt, J = 14.5, 4.3 Hz, 1H),
1.95~1.87 (m,1H), 1.86~1.79 (m, 1H), 1.79~1.72 (m,
1H), 1.72~1.65 (m, 1H), 1.55~1.45 (m, 2H), 1.43 (s,
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I RE AR L CROh D R LB = 411~211) HHAT
afifb, 13 £ 3.488 g [ [ 14 DHA-O1, U %4 61.3%.
'H NMR (500 MHz, CDCL,) 6 5.33 (s, 1H), 4.24 (ddd,
J =103, 6.1, 2.6 Hz, 1H), 3.77~3.64 (m, 2H), 2.71~

2.61 (m, 1H), 2.33 (ddd, J = 14.6, 13.4, 4.0 Hz, 1H),
2.03 (ddd, J = 14.6, 4.9, 3.1 Hz, 1H), 1.95~1.88 (m,
1H), 1.85~1.77 (m, 4H), 1.75~1.69 (m, 1H), 1.68~1.53
(m, 4H), 1.48~1.37 (m, 4H), 1.35~1.30 (m, 1H), 1.30~
1.21 (m, 2H), 1.00~0.92 (m, 4H), 0.87 (d, J = 7.6 Hz,
3H); *C NMR (125 MHz, CDCI,) 6 103.41, 89.41, 81.24,
75.19, 52.39, 44.30, 40.54, 37.45, 36.68, 34.56, 30.49,
27.35,26.92,26.22, 24.88, 24.84, 19.95, 13.01. HR-MS
(ESI) for C,H,,0, m/z [M+H]": caled, 327.216 6; found,
327.215 7,

24 ARDHA-02 TEUOKIZAMET, 100 mL 511
HrFo I = SALET (0.024 g, 0.113 mmol, ¥ #AE 250 uL
K, B S, ERRE RN, KR K (8.3 mL).
Z i (50 mL) 1 DHA-2 (1 g, 3.24 mmol), )& I &
MLRREN (1.4 g, 6.48 mmol), L2 VKK, 105 N B,
1 hJ5 0l 2| DHA-2 )R B 5E 4% fERBAERTIMA L
% 216 (20 mL), A HLAHAK KK (14 mLx2) FIE I £
#h7K (10 mL) B, & HANAE, FHICKERER AT 15, 13 U8
IR, 193] T 1.433 g WO ek Yy, A2tk 78
VKK, B R SAR R TEK 2B (19 mL), £
PEFEAE LR, Z218 M NI A AN (0.349 g, 9.24 mmol),
2 vkoK s, £ =I5 T Y 30 min Ji5, i@ id TLC
Bl B sE 4. B INAIK (15 mL) ¥ K b, F &
FE (20 mLx2) ZHUKAR, & FFA AR, B K
(15 mL) ¥, H G /K Bat R A T 6, ok 08 I 9 R 9Kk 4, 18
IR RE L CRHE D LR OB =411~201) #E4T
41k, 43 £ 430 mg [ i /& DHA-02, Y% H 42.6%.
'H NMR (500 MHz, CDCL,) 6 5.36 (s, 1H), 4.45 (ddd,
J=115,6.2, 2.2 Hz, 1H), 3.93~3.65 (m, 2H), 2.72~
2.61 (m, 1H), 2.38~2.28 (m, 1H), 2.07~2.00 (m, 1H),
1.97~1.87 (m, 2H), 1.84~1.76 (m, 1H), 1.70~1.56 (m,
4H), 1.47~1.37 (m, 4H), 1.36~1.31 (m, 1H), 1.31~1.23
(m, 2H), 1.01~0.92 (m, 4H), 0.87 (d, J = 7.5 Hz, 3H);
CNMR (125 MHz, CDCl,) 6 103.37, 89.34,81.21,74.49,
52.37, 44.24, 40.63, 37.44, 36.63, 34.52, 30.38, 30.19,
26.20, 24.83, 24.82, 20.30, 13.00. HR-MS (ESI) for
C,,H,,0, m/z [M+H]": caled, 313.201 0; found, 313.200 0.
2.5 &M DHA-A1  TEUK/KB 4T, [ 25 mL H 1
NN =&ALET (0.002 8 g, 0.013 mmol), B )5, # K
TN TR 2.1 (2.4 mL). ZJf§ (2.4 mL).7K (3.6 mL) Al
DHA-O1 (0.2 g, 0.613 mmol), &) fEFHEEE LT, TN
T LR 4 (0.397 g, 1.839 mmol), #l 2 VKK, 7 = I
NI, 1 hJE M DHA-O1 N 58 4x, 14 2 il BB ARt
BT . AR OER (15 mL) #ikk N AR &R,
M FEW (12 mL) ZEHL, b5 H 8 288 (6 mL)
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REWOKA, A A WA, HEATE /K (10 mL) ¥, oK
Tt R AN T 58, I 08 R e TR 4, a8 o el SRR i (R
MK O8O = 2:1) #4744k, 15 3] 184 mg FH 4 [#]
ADHA-AL, %} 88.2%. 'HNMR (500 MHz, CDCl,)
5 5.31 (s, 1H), 4.87 (ddd, J = 11.6, 6.2, 2.3 Hz, 1H),
2.75~2.64 (m, 2H), 2.46 (ddd, J = 16.7, 8.6, 6.7 Hz, 1H),
2.32 (ddd, J = 14.6, 13.4, 4.0 Hz, 1H), 2.03 (ddd, J =
14.6, 4.8, 3.0 Hz, 1H), 1.97~1.85 (m, 2H), 1.85~1.71
(m, 2H), 1.69~1.59 (m, 2H), 1.48~1.41 (m, 1H), 1.40
(s, 1H), 1.35~1.31 (m, 1H), 1.31~1.22 (m, 2H), 1.00~
0.92 (m, 4H), 0.89 (d, J = 7.6, 3H); "C NMR (125 MHz,
CDCL,) § 179.49, 103.39, 89.08, 81.23, 74.91, 52.43,
4439, 37.55, 36.65, 34.55, 32.10, 30.28, 26.14, 24.99,
24.82, 24.70, 20.30, 13.04. HR-MS (ESI) for C H,.0,
m/z [M-H]: caled, 339.180 2; found, 339.179 4.

2.6 ARDHA-A2 {EUK/KIBZAE R, 17 10 mL ¥ 1]
P N = &U4LET (0.001 1 g, 0.005 mmol), B 5, KK
TN 218 2.1 (0.9 mL). ZJiE (0.9 mL).7K (1.35 mL) Al
DHA-02 (0.072 g, 0.230 mmol), #% J& fE A5 B0 R,
N s BERE (0.149 g, 0.69 mmol), 2= VKoK, 16 % iR
NN, 1 h 5 Y 5] DHA-02 [ B 584, 14 % i A
OARER TR . H R 4T (5 mL) #fE = AR &R, H
MO AN G ALEE (5 mL) AEHL, B 5 4R 4T (6 mL)
UK, & A HUH, MR Eh/K (6 mL) ¥k, /K
T R A0 T 58, I 08 R R 44, a8 o e A i O
W 2R CBE = 1:1) AT 464k, 1521 58 mg 1 €4 [l 44
DHA-A2, %4 77.1%. 'H NMR (500 MHz, CDCL,)
55.37 (s, 1H), 4.88 (ddd, J=10.6, 6.2, 3.3 Hz, 1H), 2.76~
2.62 (m, 2H), 2.51 (dd, J = 15.8, 3.3 Hz, 1H), 2.33 (ddd,
J = 14.6, 13.3, 4.0 Hz, 1H), 2.04 (ddd, J = 14.5, 4.8,
3.1 Hz, 1H), 1.98~1.90 (m, 1H), 1.83~1.76 (m, 1H),
1.74~1.65 (m, 2H), 1.46~1.37 (m, 4H), 1.32~1.24 (m,
3H), 1.01~0.93 (m, 4H), 0.88 (d, J = 7.6, 3H); "C NMR
(125 MHz, CDCl,) 6 176.15, 103.40, 89.50, 80.97, 71.07,
52.21, 43.99, 37.57, 36.57, 35.99, 34.48, 29.88, 25.95,
24.84, 24.79, 20.22, 12.85. HR-MS (ESI) for C,,H,,0,
m/z [M-H]: calcd, 325.164 6; found, 325.163 9.

2.7 &R{DHA-N1 [5]25 mL & 3 4 in A DHA-O1
(0.1 g, 0.306 mmol). =K (0.161 g, 0.612 mmol)
PUZLMRIR (10 mL), 75 50 °CHi R i\ 4B 2K = H g I
Jf% (0.090 g, 0.612 mmol), fifi 5, W INAEE — HR 5%
g (DIAD) (0.121 mL, 0.612 mmol), 50 °C X6 h
Je, WA R, et B S H QR OB (15 mL) F17K
(10 mL) 258y, BE 5 A& 27K (10 mL) ¥&, A HLAH
TC KB B A T, ot 8 FE IR0 VA 4, 8 o A R A

%A 2B OEE = 15:1~10:1) B Mk K 44
i, 432 T 130 mg FEFE KL . BEE, TIATGK LB
(10 mL), 50 °C NI A K& B (0.5 mL), 2 h 5@ id TLC
I S B 58 4, W EI A EE IR, R A BN E] 1 mol L
AAENE W (50 mL) H, A =& L (25 mLx2)
RHL, B S R AN £ 7K (20 mL) &, A B JE KR
P B0 T 6, 3t 08 el R VAR A, e A R A i (A
B s F Y D 47K = 10:1:0.02), 3 5] 7 55 mg A 4 [#
A, I3 A 55%. "H NMR (500 MHz, CDCl,) J 5.36 (s,
1H), 4.25 (ddd, J = 9.6, 6.1, 2.9 Hz, 1H), 3.16~2.99 (m,
2H), 2.67~2.57 (m, 1H), 2.36~2.26 (m, 1H), 2.03 (dt,
J=14.5,4.1 Hz, 1H), 1.98~1.84 (m, 3H), 1.81~1.74 (m,
1H), 1.70~1.59 (m, 4H), 1.45~1.36 (m, 4H), 1.35~1.20
(m, 5H), 1.00~0.92 (m, 4H), 0.87 (d, J = 7.5 Hz, 3H);
“C NMR (125 MHz, CDCL) J 103.41, 89.41, 81.24,
75.19, 52.39, 44.31, 40.54, 37.44, 36.68, 34.56, 30.49,
27.35,26.91, 26.22, 24.87, 24.84,20.33, 13.01. HR-MS
(ESI) for C,;H, NO, m/z [M+H]": calcd, 326.232 6; found,
326232 1,

2.8 &R DHA-N2 [4]25 mL ¥ i 4 i A DHA-0O2
(0.104 g, 0.335 mmol). — B (0.176 g, 0.67 mmol)
AIPU SRR (10 mL), 78 = i B4 R h0 &8 28 = H
% (0.099 g, 0.67 mmol), Fifi J&, i IN A& — H IR — 5%
PifiE (DIAD) (0.132 mL, 0.67 mmol), = ¥ T &M 6 h
J&, BeT, B 5 FH 8 .18 (15 mL) Fl7K (10 mL) ZEH,
B J5 A A A £ /K (10 mL) ¥, 5 HLAH I JE 7K B R
T4, b 36 R PR 4, O e R A R VR (I T
LR OHE =2001~100 1) Br Bt R0, 58T
129 mg [ A E AR & . B, A TE/K 4B (10 mL),
50 °C T AN K& (1 mL), 2 hJ5 835 TLC W I 3 )2
PisE4, IR R E, BIRAWEIAE 1 mol LA AL
BNV (50 mL) o, IR A & BE (25 mLx2) FHL, Fif
Ji F AT #57K (20 mL) B, A HLAHFH T K B IR AN T
Pk, 3ok 96 O ek T R 4, e R M R R v (A
FHEE 2K =10:1:0.02), 733 T 70 mg = G A, YR
N 67.1%. "H NMR (500 MHz, CDCL,) 6 5.40 (s, 1H),
4.39 (ddd, J=11.4, 6.2, 2.2 Hz, 1H), 4.20 (s, 2H), 3.31~
2.80 (m, 2H), 2.69~2.59 (m, 1H), 2.07~1.97 (m, 2H),
1.97~1.89 (m, 1H), 1.81~1.74 (m, 1H), 1.70~1.58 (m,
3H), 1.48~1.39 (m, 4H), 1.38~1.21 (m, 4H), 0.98~
0.92 (m, 4H), 0.87 (d, J = 7.5, 3H); °C NMR (125 MHz,
CDCl,) §103.37,89.34,81.21, 74.49, 52.37, 44.24, 40.63,
37.44, 36.63, 34.52, 30.38, 30.18, 26.20, 24.82, 20.30,
13.00. HR-MS (ESI) for C,H,)NO, m/z [M+H]": calcd,
312.216 9; found, 312.216 5.
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