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N-KFEEERZIE 11-BR TS ZITEMNE A M FRMR

FmEC FHW® R EC O EBWS gk
A HEFC 4 B RAR

(“ILBHZARI RS TIESERE ILBH 110016)
CILBAZRI R 25258 RBE 110016)

WE AR NKBBEEBN -EREERLEAUY. RHEI. R EREILR R 5 FIREBER ARG
T ZRAE(3R,5aS,6R,8aS,9R,128,12aR)-11-(((E)-2- 5 3 -5-(4- ¥2 H-3-((E)-(((3R,5aS,6R,8aS,9R, 12R,12aR)-3,6,9- = H % -10-
AR A3, 12- TR [1,2] 24 [4,3-1] T ME R - 1 1(12H)-28) 0 0 38 ) FF 36 5 36 ) W7 5 38 ) & 35)-3,6,9- = F B+ 50-3, 12- R &
[1,2] =4 44 [4,3-i] 7 EMR- 103 H)-FR) L A%, KRR T e 5 M RAIERTN; R T ©5M4ERPIZE S R
FAEsaiEERe. SRR, FAMBEREEN OH S5/ K N & FZ M 145 FREEEH, 3 ZITabRI M Hm1E,
EHAG LML Z, Hhoh, 3 AT AR (4R MR K 25 st 2, L4 &1 FI SR (45 & 8 8 K,=2.8 X 10° Lemol "), A1
KM LR, XA TG A s PRI e T SR,

Kegial  KIN, A TFUUN M5 MR

Syntheses and Property Evaluation of N-Salicylaldehyde Hydrazone
Modified 11-Azaartemisinins and Their Derivatives

Li, Sicong” Ji, Shaocong” Zhao, Liang” Liao, Xiaoyu” Liu, Chuanfeng®
Tang, Haodong* Shu, Zhengning* Yang, Peng** Pei, Yuehu®”

(“ Wuya College of Innovation, Shenyang Pharmaceutical University, Shenyang 110016)
(® School of Traditional Chinese Materia Medica, Shenyang Pharmaceutical University, Shenyang 110016)

Abstract N-Salicylaldehyde hydrazone modified 11-azaartemisinins and their deoxy analogues were designed and synthe-
sized. By using various techniques including UV-vis, fluorescence, NMR as well as molecular modeling, the conformations of
(3R,5a8,6R,8aS,9R,128S,12aR)-11-(((E)-2-hydroxy-5-(4-hydroxy-3-((E)-(((3R,5aS,6R,8aS,9R,12R,12aR)-3,6,9-trimethyl-10-
oxodecahydro-3,12-epoxy[1,2]dioxepino[4,3-i]isoquinolin-11(12H)-yl)imino)methyl)benzyl)benzylidene)amino)-3,6,9-
trimethyldecahydro-3,12-epoxy[1,2]dioxepino[4,3-i]isoquinolin-10(3H)-one (3) was analyzed, the binding behavior between 3
and hemin was measured, and the solubility-enhancing property of 3 by calix[4]carbazole was evaluated. The results show that
the intramolecular hydrogen binding between the N atom of Schiff base in N-salicylaldehyde hydrazone bond and the OH fa-
vors the formation of tweezer-like conformation of 3, which enables it to interact with hemin in 1 : 1 ratio. Moreover, the poor
solubility of 3 in water could be enhanced due to its interaction with calix[4]carbazole, which pave the way for the further
evaluation of the bioactivities of 3 in the future.

Keywords macrocycle; molecular recognition; carbazole; artemisinin
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Scheme 1 Synthetic routes of the target compounds 1~4
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Figure 4 Molecular structure of hemin
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Figure 5 UV-vis spectra (a) and the fitted curve (b) of hemin
(10 pmol/L) upon addition of 3
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Figure 8 Structure of calix[4]carbazole
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Figure 11 Enhanced solubility of 3 by calix[4]carbazole (left:
calix[4]carbazole/3 complexes; right: 3 alone)

R4 25 S PERE. SRR 3 W TR
ZiEMZLE. SeAh, M[4RMERES RIS & 3, JFHE
REHOKHEE, RILATE N 784K, NSRRI
TR RIS TR BUE TR,

3 IS
3.1 UES5HF

Bruker AVIII 600 MHz #%#Z3t3E4¢, Bruker micro
TOF_Q Fiif%, Tu-1810 %7717 W53 oG EE i, RF5301
WHIEIEE T, H BRI EHTAE(200~300 H). ATH
R A E = pral, AT RS AR,

32 &M%

3.2.1 (3R,5aS,6R,8aS,9R,128,12aR)-11-(((E)-2- & # -
5-(4-# % -3-((E)-(((3R,5aS,6R,8aS,9R,12R,12aR)-3,6,9-
=P HE-10- AR+ A-3,12-FF A [1,2] = & 4 [4,3-1] 7%
H-11(12H)-A) B A H) F A)F )T F )& H)-3,6,9-
=R+ A-3,12-3F A [1,2] = £ 2 [4,3-1] F o5 k-
10(3H)-BR(1) 49 & Ak,

14 290 mg (0.98 mmol) &A% T i 2 (44 a) I A F
3mL VA, FIN 300 mg (2.45 mmol) /KA 30
mg Amberlyst-15, #iHt, RN 4 h, SNEE RS A
REEHIA 10 mL & ke, B, B EIBR, )
FETEFE 750, BRIDIERN, RERKE 2 2 (PR A/
LR T, VIV=15/1), 135] 298 mg 7=, WEN 76%.
[a]Z —31.1 (¢ 0.11, CHCl;), m.p. 52.0~543 C; 'H
NMR (600 MHz, Chloroform-d) §: 11.29 (s, 1H), 8.37 (s,
1H), 7.30 (dt, J=27.2, 5.7 Hz, 2H), 6.99 (d, J=8.1 Hz,
1H), 6.91 (t, J=7.4 Hz, 1H), 5.67 (s, 1H), 3.55 (p, J=7.0
Hz, 1H), 2.44 (t, J=12.3 Hz, 1H), 2.03 (d, J=10.2 Hz,
2H), 1.85 (d, J=11.9 Hz, 1H), 1.82~1.71 (m, 2H), 1.60~
1.48 (m, 2H), 1.42 (td, J=11.3, 6.3 Hz, 1H), 1.34 (s, 3H),
1.20 (d, J=7.1 Hz, 3H), 1.11~0.99 (m, 5H); *C NMR
(151 MHz, Chloroform-d) J: 169.6, 162.5, 159.4, 132.2,
131.9, 119.1, 117.8, 117.2, 105.2, 81.1, 80.8, 51.4, 46.1,
37.5, 36.5, 34.3, 33.6, 25.4, 25.0, 22.9, 19.7, 12.5. HRMS
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(ESI/TOF-Q) caled for CyH,oN,Os [M+H]™ 401.2076,
found 401.2072.

3.2.2 (2S4aS,4alR 5R,7aS.8R,10aR)-10-(((E)-2- # #
AP A)AK)258- =7 A+ A -24al-3F A %
[4,3,2-i] 5% &k -9(2H)-BA(2) 89 & A&

# 280 mg (1.00 mmol)Z 4% 2 i = (P IAMA b)

IIAE] 3 mL R fE, FINA 300 mg (2.45 mmol)7K#
M F1 30 mg Amberlyst-15, Hii#k, EiRRMN 4 h, K45
FF AN 10 mL 5 H ke, EHEO, Bk
TEW, RN 280, BR BT, R RORE 7 s (OB )
M 2 288, VIV=15/1), 13 190 mg F= i, WE RN
49%. [a]® +27.8 (¢ 0.10, CHCly), m.p. 53.0~55.1 C;
'H NMR (600 MHz, Chloroform-d) J: 8.50 (s, 1H), 7.29
(d, J=8.4 Hz, 1H), 7.00 (d, J=8.2 Hz, 1H), 6.91~6.85
(m, 1H), 5.44 (s, 1H), 3.32~3.28 (m, 1H), 2.06 (dt, J=
13.3, 43 Hz, 1H), 2.01~1.96 (m, 1H), 1.91~1.87 (m,
1H), 1.80~1.85 (m, 1H), 1.78~1.67 (m, 2H), 1.47 (s,
3H), 1.40~1.33 (m, 2H), 1.23 (d, J=7.2 Hz, 3H), 1.14~
1.07 (m, 1H), 0.96~0.90 (m, 5H); *C NMR (151 MHz,
CDCly) 6: 168.3, 158.9, 151.3, 131.5, 131.3, 118.8, 118.0,
117.3, 108.6, 85.1, 83.1, 45.9, 42.7, 35.2, 34.5, 33.9, 33.3,
24.2,23.0,22.2, 18.4, 12.2; HRMS (ESI/TOF-Q) calcd for
CHoN,0, [M+H]" 385.2127, found 385.2130.
3.2.3  (3R,5aS,6R,8aS,9R,12S,12aR)-11-(((E)-2- # 4 -
5-(4-# # -3-((E)-(((3R,5aS,6R,8aS.9R,12R,12aR)-3,6,9-
=W A-10- A A -3,12-30 A [1,2] = R A [4.3-]] 75
H-11(12H)- ) £ H) F 5)F &) 2% 5) 7 4)-3,6,9-
= ¥R A-3,12-3F A [1,2] = & 2= [4,3-1] F 5 k-
10(3H)-ER(3) 49 & Ak

#1.20 g (4.04 mmol) & 24475 H & (P Ak a) o A1 3
mL KPR, EINA 260 mg 5,5'-3F F & — (2-$2 FE K H
fi%) (1.01 mmol)F1 30 mg Amberlyst-15, $iiH:, =i v
4h. MR RPN 10 mL & Bk, £
B, WCEIEWR, R TER AR, BRI, REIRAE
B A R LR, VIV=10/1), 3 95 mg ¥
i, W 12%. [a]? —32.0 (¢ 0.09, CHCl;), m.p. 42.2~
443 °C; '"H NMR (600 MHz, Chloroform-d) J: 8.68 (s,
1H), 7.13 (dd, J=8.4, 2.2 Hz, 1H), 7.05 (d, J=2.2 Hz,
1H), 6.92 (d, J=8.4 Hz, 1H), 5.67 (s, 1H), 3.86 (s, 1H),
3.54 (qd, J=7.2, 4.5 Hz, 1H), 2.46~2.41 (m, 1H), 2.05~
2.00 (m, 2H), 1.83 (dt, J=13.3, 3.5 Hz, 1H), 1.78~1.73
(m, 2H), 1.57~1.50 (m, 2H), 1.44~1.40 (m, 1H), 1.33 (s,
3H), 1.19 (d, J=7.2 Hz, 3H), 1.08~0.98 (m, 5H); "*C
NMR (151 MHz, CDCly) 6: 169.4, 161.2, 157.6, 132.7,
131.7, 117.6, 117.2, 105.1, 80.8, 80.7, 51.3, 45.9, 39.7,
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37.3, 36.4, 34.1, 33.5, 29.6, 25.3, 24.9, 22.7, 19.6, 12.3;
HRMS (ESI/TOF-Q) calcd for C4Hs,N,0;, [M+COOH]™
857.3973, found 857.3991.
3.2.4 (2S,4aS,4alR,5R,7aS,8R,10aR)-10-(((E)-2-¥% # -
5-(4- # & -3-((E)-(((2R.4aS,4alS,5R, 7aS,8R,10aS5)-2,5,
8-= 7 H-9- A K+ A.-2,4al-3F & 7= [4,3,2-1j] F & k-
10(10aH)-25) I £ A5 ) F 25 )F 25 ) 2 F &) 7 £ )-2,5,8-
=¥ R+ A-2,4al-3F £ 44[4,3,2-1j] B - 9(2H)-ER
(4)89 &A%,

¥ 1.13 g (4.04 mmol) & 44 LA FH B & (FF IRk b)Y
ANE| 3 mL FHEME, BN 260 mg 5,5'-F F 5 —(2-#
FEIEFEE) (1.01 mmol)Fl 30 mg Amberlyst-15, #itk, =
W 4 hy, [RG5S A SO 10 mL 5
b, ML, W EIEW, TR 2R, BB, E
AL Sy B (W7 A TR/ /R 28, VIV=10/1), 15
105 mg 7=, WCEN 13%. [a]? +25.5 (c 0.09, CHCI;),
m.p. 44.3~46.0 ‘C; '"H NMR (600 MHz, Chloroform-d)
J: 8.40 (s, 1H), 7.12 (d, J=10.6 Hz, 1H), 7.05 (s, 1H), 6.95
(d, J=8.4 Hz, 1H), 5.42 (s, 1H), 3.86 (s, 1H), 3.31~3.27
(m, 1H), 2.07~2.03 (m, 1H), 1.99~1.95 (m, 1H), 1.90~
1.87 (m, 1H), 1.83 (dd, J=13.9, 5.1 Hz, 1H), 1.75 (dd, J=
13.4, 3.4 Hz, 1H), 1.72~1.67 (m, 1H), 1.46 (s, 3H),
1.38~1.32 (m, 2H), 1.23 (d, J=7.2 Hz, 3H), 1.13~1.06
(m, 1H), 0.96~0.90 (m, 5H); “C NMR (151 MHz,
CDCly) 6: 168.3, 157.3, 150.6, 132.2, 131.6, 131.3, 117.9,
117.3, 108.6, 84.8, 83.2, 45.9, 42.7, 39.7, 35.2, 34.5, 33.9,
33.3, 24.1, 23.0, 22.2, 18.4, 12.2; HRMS (ESI/TOF-Q)
caled for C4HsN4Os [M + H] ©  781.4176, found

781.4136.
3.3 TRBREINUATTE

SRR I Y N 10 mmol/L PBS ZZ M AT,
pH=7.35, tk& P& 5% HEIH(DMSO) LA L&
W3¢ A VR IR
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4Bl (Supporting Information) {54 1~4 (1) 'H
NMR. “C NMR Fl HRMS %3 &, Jxstpf kvl L4 2%
AT 354 (http://sioc-journal.cn/)_E %K.
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