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Synthesis and antitumor activity evaluation of glycoconjugates derived from

natural product harmine
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Abstract Based on our previous work, the study herein designed and synthesized eight glycoconjugates of natu-
ral product harmine (14a—14h)by introducing a cyclohexylmethyloxyl group at its C’ position and coupling a
methyl-2-amino-B-D-glucopyranoside to the N’ position through different lengths of alkyl chains. In witro anti-
tumor activity screening and structure-activity relationship studies showed that the antitumor activity of the conju-
gates increased with the lengthening of the alkyl chain in the linker. Compound 14h exhibited significantly better
proliferative inhibitory activity against MDA-MB-231 breast cancer cells than harmine. As compared to harmine,
the introduction of the carbohydrate moiety improved the water solubility of compound 14h and enhanced its
tumor cell selectivity through the Warburg effect. Mechanism of action studies revealed that compound 14h
induced apoptosis and GO/G1 cell cycle arrest in MDA-MB-231 cells, and inhibited tumor cell migration by inter-
fering with epithelial-mesenchymal transition process. This study provides a new approach for the development of

antitumor drugs based on harmine.
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Figure 1 Design of glycoconjugates from harmine and 2-amino-2-deoxy-B-D-glucoside
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Scheme 1  Synthetic route of harmine derivatives 14a—14h

Reagents and conditions: (a) CH,OH, BF,-Et,0, CH,Cl,, 50 °C, 48 h; (b) CH,0Na, CH,0H, r. t. , 2 h; (¢) NaOH (1 mol/L), reflux, 12 h; (d) HBr,
CH,COOH, reflux, 12 h; (e) bromomethylcyclohexane, Cs,CO,, DMF, 40 °C, 12 h; (f) K,CO,, CH,=CHCO,'Bu, DMF, 80 °C, 12 h for 12b, and NaH, Br
(CH,),CO,'Bu, DMF, r. t., 12 h for others; (g) TFA, CH,CL,, r. t., 24 h; (h) 9, HBTU, DIPEA, DMF, r. ., 2 h

2.2 ALFARK

2,21 WREKT @A TER AR, 1 2-
RH-1,2, 3, 4, 6-0-T- L T FHe-B-D-H %l (2. 50 ¢,
6. 43 mmol) FIE LT 1Y 4 A 43 T rh i o A6
K & H BE (30 mL) F1JG K H B (2.6 mL, 64.3
mmol) . 7E 0 CF & I Il A BF,-Et,0 (7.9 mlL,
64. 3 mmol) , HiEF 30 min 5 THE 2 50 “CHEZE [ )
48 ho FHIRLFIARR R SR TR K RN o V5 TR 28 Bk
BT E, DL B R MU K R Ak
BV IR o WU A DILAE 28 TC KB R T 0 U
FEMR AR EVMLEY o KL Rk i AR 4lifh (2 - — 5
e, 1:50) 75 4 4 [F11A 7 (1. 34 g, 3. 73 mmol) , i
K58, 2%,
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0. 44 mmol) ¥ T JC /K H i (3 mL) H, i A H B4
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TS Ag AT R, W46 15 2 a [E 1k 8
(101.2 mg, 0.43 mmol) . ANL4fL HEH T
—%,

2.2.3 PR EG AR a4 8(101. 2 mg,
0. 43 mmol) ¥ T A A AL FI/K W (1 mol/L, 2 mL) ,
120 C N MR N 12 he RN EKE 2 =5 , 1%
TN AERER (1 mol/L) Rl , I8 Hs Wk 4 45 11 (L[4 9

(140.3 mg) , W R E & . AL4ifb HIEHT T
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2.2.4 PR 10 69 A R 2 AU TE B
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2.2.5 k11694 BUhE A& 10(1. 00 ¢,
5.05 mmol) % fi# T DMF (14 mL) /1, Jin A B 2 4
(2.46 ¢, 7.56 mmol) , T Z i T i £ 30 min, fifiJ5
3 A 3 3 2 % (0. 86 mL, 6. 06 mmol) o
28 40 “CRUV 12 he N IR 28 Ak i a0,
LT CBEFR R K Ve M . A MM 4 TR B R
A VR R A A EAEL A o KL 2 R R 4l Ak (Y
fit- A e, 1:25) S ENR B [E K 11(1. 16 g,
3. 94 mmol) , KF 78. 5%

2.2.6 PR 126 4R T R K 122 K&
12¢ ~ 12h: ¥ P a Ak 11 (294 mg, 1 mmol ) I & T
DMF(6 mL)H', 7E0 CA&MF FIMABAZ (36 mg, 1.5
mmol) , K& £ 2= R4 FE 30 min, AT L A9 AT
BT R (1. 2 mmol) I FE W N 12 he HIZ
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M2 < e A B SISV, A HILAH K Wk 6 0T 48 K i
PR AN T H , DB e 4 15 BIMLAG o R 2R R A 2
A (R - — & e, 1:50—1:25) 15 31 HAn a4

] 12b < 8 T ] 44 11 (294 mg, 1 mmol) I
fif# T DMF (6 mL) 1, 7 0 “C A& 4 In A B iR 41
(207 mg, 1.5 mmol) , k& %2 % iR+ 30 min, Ml
A REER AT HE (174 pL, 1.2 mmol) 3T 80 'C'F
JIE12 he F TR TR RSN, A HILAH FH 7K 36
VI A TOK R TR A T4, Vs e 4 75 B KL an o L
i R AR AlA (H - G e, 1:25) FH IR B
[#14 12b(190. 3 mg, 0. 45 mmol) , UL #E 45. 6%,

TR 128 IRECE R IR 52. 2%, mp:
182.2 ~ 183.0 ‘C, 'H NMR(400 MHz, CDCI,) &:
8.28(1H, d, J = 5.3 Hz, Har-3), 7. 95(1H, d, J = 8. 6
Hz, Har-5), 7. 73(1H, d, J = 5.3 Hz, Har-4), 6. 89
(IH, dd, J = 8.6, 2.1 Hz, Har-6), 6. 76(1H, d, J =
2.1 Hz, Har-8), 5. 08(2H, s, NCH,), 3. 86(2H, d, J =
6.3 Hz, OCH,), 2. 95(3H, s, CH,), 1. 97 ~ 1. 70(6H,
m, cyclohexyl), 1. 43(9H, s, CH, x 3), 1.30 ~ 1. 17
(5H, m, cyclohexyl)s "“C NMR(150 MHz, CDCL,) §:
168. 01, 161. 08, 143. 85, 140. 46, 138. 62, 135. 84,
130. 15, 122.59, 115.27, 112.54, 109. 96, 93. 88,
83.03, 74. 12, 47. 64, 37. 95, 30. 11(2C), 28. 10(3C),
26. 65, 25.96(2C), 22. 88, MS(ESI) m/z Caled. for
C,sH,,N,O, [M + H]" 409. 241 3, Found 409. 053 8.

PR Ak 12b TR A 0 45. 4% , mp:
159.5 ~ 160.2 ‘C, 'H NMR(400 MHz, CDCl,) &:
8.31(1H, d, J = 5.2 Hz, Har-3), 7. 97(1H, d, ] = 8.5
Hz, Har-5), 7. 74(1H, d, J = 5. 2 Hz, Har-4), 6. 97 ~
6. 89(2H, m, Har-6 il Har-8), 4.85 ~ 4. 77(2H, m,
NCH,), 3. 92(2H, d, J = 6. 2 Hz, OCH,), 3. 06(3H, s,
CH,), 2. 77 ~ 2. 69(2H, m, COCH,), 1. 99 ~ 1. 63(6H,
m, cyclohexyl), 1. 43(9H, s, CH, X 3), 1.38 ~ 1.09
(5H, m, cyclohexyl), "“C NMR(100 MHz, CDCI,) §:
170. 34, 160. 96, 142.98, 140. 69, 138. 71, 135. 20,
129.99, 122.48, 115.29, 112.41, 109. 81, 94. 27,
81.64, 74.17, 40.77, 38.00, 36.42, 30.14(2C),
28.17(2C), 28. 11,26. 67,25.99(2C), 23. 48. HRMS
(ESI) m/z Caled. for C,,H,,N,O, [M + H]* 423. 256 9,
Found 423. 2707,

PR R 12¢ @ TE K I0F 79, 6%, mp:
127.7 ~ 128.7 ‘C. 'H NMR(600 MHz, CDCl,) §:

8.27(1H. d, J = 5.2 Hz, Har-3), 7. 94(1H, d, J = 8.6
Hz, Har-5), 7.72(1H., d. J = 5.2 Hz, Har-4), 7.01
(1H, d, J = 2.1 Hz, Har-8), 6. 88(1H, dd, J = 8.6,
2.1 Hz, Har-6), 4. 54 ~ 4. 48(2H, m, NCH,), 3. 91(2H,
d, J=6.4Hz,OCH,),3. 03(3H, s, CH,), 2. 33(2H,t, J =
6.8 Hz, COCH,), 2. 11 ~ 2. 03(2H, m, CH,), 1. 95 ~
1. 69(6H, m, cyclohexyl), 1. 47(9H, s, CH, % 3), 1. 36 ~
1. 06(5H, m, cyclohexyl), "“C NMR(150 MHz, CDCI,)
5:172. 16, 160. 98, 143. 44, 140. 39, 138. 10, 135. 25,
129.79, 122.39, 114.96, 112. 37, 109. 78, 94. 20,
80.98, 74.08, 44.11, 37.95, 32.32, 30.12(2C),
28.25(3C), 26. 68, 25.97(2C), 25. 85,23. 32, HRMS
(ESI) m/z Caled. for C,,H,,N,0, [M + H]J* 437. 272 6,
Found 437.2859,

W4k 12d IR A AR, 0% 91, 5%, mp:
112.2 ~ 113.0 ‘C. 'H NMR(400 MHz, CDCl,) §:
8.27(1H, d, J = 5.3 Hz, Har-3), 7.95(1H, d, /] = 8.5
Hz, Har-5), 7. 73(1H, d, J = 5. 2 Hz, Har-4), 6. 91 ~
6. 83(2H, m, Har-6 #1 Har-8), 4. 52 ~ 4. 43(2H, m,
NCH,), 3.89(2H, d, J = 6.2 Hz, OCH,), 3. 02(3H, s,
CH,), 2.28(2H, t, J = 7.1 Hz, COCH,), 1.97 ~ 1. 69
(10H, m, cyclohexyl I CH,x 2), 1. 41(9H, s, CH, X 3),
1.26 ~ 1. 08(5H, m, cyclohexyl), "*C NMR(100 MHz,
CDCL,) 6: 172. 56, 160. 92, 143. 32, 140. 44, 138. 15,
135. 34, 129.76, 122.50, 115. 11, 112. 41, 109. 52,
94.21, 80.61, 74. 14, 44.76, 38.04, 35. 17, 30. 13
(2C), 29. 56, 28.26(2C), 28. 18, 26. 68, 26. 00(2C),
23.37,22.52, HRMS(ESI) m/z Caled. for C,,HN,O,
[M+H] 451.2882,Found451. 301 1.

P AR 12 R v A, WOR 71.3%, mp::
99.8 ~100.5 ‘C, 'H NMR(400 MHz, CDCL,) §:8. 27
(1H, d, J = 5.2 Hz, Har-3), 7. 95(1H.d, J = 8. 5 Hz,
Har-5), 7.72(1H, d, J = 5.2 Hz, Har-4), 6. 87(1H,
dd, J=8.6,2.1Hz, Har-6), 6. 83(1H, d, J = 2. 0 Hz,
Har-8), 4. 49 ~ 4. 41(2H, m, NCH,), 3. 89(2H, d, J =
6.2 Hz, OCH,), 3.013H, s, CH,), 2.22(2H, 1, J =
7.3 Hz, COCH,), 1. 98 ~ 1. 61(10H, m, cyclohexyl FI
CH,x2), 1. 48 ~ 1. 40(11H, m, CH, 1 CH,x 3), 1. 38 ~
1. 05(5H, m, cyclohexyl), "*C NMR(100 MHz, CDCI,)
0:172.91,160. 79, 143. 25, 140. 52, 138. 26, 135. 38,
129. 63, 122.44, 115.15, 112.37, 109. 26, 94. 19,
80. 35, 74. 13, 44. 86, 38. 02, 35. 40, 30. 54, 30. 15
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(2C), 28.23(3C), 26. 67, 26.48, 26.00(2C), 24. 95,
23.50, HRMS(ESI) m/z Caled. for C,,H,,N,0, [M +
H] 465.3039,Found 465. 3179,

A L2f AR, R 74, 2%, mp:76. 8 ~
77.9 ‘C, 'H NMR(400 MHz, CDCl,) 8: 8. 27(1H, d,
J = 5.2 Hz, Har-3), 7.95(1H, d, J = 8. 6 Hz, Har-5),
7.72(1H. d. J = 5.2 Hz, Har-4), 6.91 ~ 6. 82(2H. m,
Har-6 Fl Har-8), 4. 48 ~ 4.40(2H, m, NCH,), 3. 89
(2H, d, J = 6.2 Hz, OCH,), 3. 01(3H, s, CH,), 2. 20
(2H, t, J = 7.4 Hz, COCH,), 1.98 ~ 1.69(8H, m,
cyclohexyl Fl CH,), 1. 59 ~ 1. 53(2H, m, CH,), 1. 48 ~
1.38(11H, m, CH, fil CH, x 3), 1.36 ~ 1. 08(7H, m,
cyclohexyl fll CH,), "“C NMR(100 MHz, CDCI,) §:
173. 15, 160. 77, 143. 26, 140. 58, 138. 30, 135. 43,
129. 60, 122.41, 115.18, 112.37, 109. 26, 94. 30,
80. 25, 74. 15, 44. 97, 38. 02, 35. 49, 30. 65, 30. 16
(2C), 29. 01, 28. 30, 28. 23(2C), 26. 82, 26. 67, 26. 00
(2C), 25.06, 23.52, HRMS(ESI) m/z Caled. for
CuHoN,O, [M + H* 479. 319 5, Found 479. 333 7.

&4 12g @ AR, R 82, 5%, mp:
55.5 ~56.4 °C. 'H NMR(400 MHz, CDCl,) 5: 8. 26
(IH, d, J = 5.2 Hz, Har-3), 7.95(1H, d, J = 8. 5 Hz,
Har-5), 7. 72(1H, d, J = 5. 2 Hz, Har-4), 6. 91 ~ 6. 80
(2H, m, Har-6 1 Har-8), 4. 48 ~ 4. 39(2H, m, NCH,),
3.89(2H, d, J = 6.2 Hz, OCH,), 3. 01(3H, s, CH,),
2.19(2H, t, J = 7.4 Hz, COCH,), 1.98 ~ 1. 70(8H,
m, cyclohexyl F1 CH,), 1.57 ~ 1.49(2H, m, CH,),
1.45 ~ 1.39(11H, m, CH, 1 CH, x 3), 1.34 ~ 1. 06
(9H, m, cyclohexyl #1 CH, X 2), "“C NMR(100 MHz,
CDCl,) 8:173. 29, 160. 75, 143. 27, 140. 59, 138. 25,
135. 44, 129. 59, 122.43, 115. 18, 112. 36, 109. 18,
94. 28, 80. 16, 74. 15, 45. 02, 38. 02, 35. 60, 30. 75,
30. 16(2C), 29. 26, 29. 14, 28. 28, 28. 23(2C), 26. 92,
26. 67, 25.99(2C), 25.09, 23.49. HRMS(ESI) m/z
Caled. for C;H,N,O, [M + H]" 493. 335 2, Found
493,348 7,

P AR 12h R E R Y 72, 6%, mp:
42.0 ~42.8 °C. 'H NMR(400 MHz, CDCl,) 5: 8. 27
(IH, d, J = 5.2 Hz, Har-3), 7.95(1H, d, J = 8. 5 Hz,
Har-5), 7.72(1H, d, J = 5.2 Hz, Har-4), 6. 87(1H,
dd, J=8.6,2.0 Hz, Har-6), 6. 83(1H, d, J = 2. 0 Hz,
Har-8), 4. 43(2H, t, J = 7.9 Hz, NCH,), 3. 89(2H, d,

J=6.2Hz, OCH,), 3. 01(3H, s, CH,), 2. 19(2H, t, ] =
7.5 Hz, COCH,), 1.95 ~ 1. 70(8H, m, cyclohexyl I
CH,), 1.56 ~ 1.47(2H, m, CH,), 1.43 ~ 1.39(11H,
m, CH, 1 CH, X 3), 1. 34 ~ 1. 08(13H, m, cyclohexyl
Fl1 CH, % 4), "C NMR(100 MHz, CDCI,) §: 173. 40,
160. 74, 143. 29, 140. 58, 138. 20, 135. 43, 129. 60,
122.44, 115.16, 112.37, 109.25, 94.31, 80. 06,
74. 14, 45.04, 38.00, 35.70, 30.76, 30.16(2C),
29. 49, 29. 35(2C), 29. 16, 28. 29, 28. 22(2C), 27. 04,
26. 67, 25.99(2C), 25. 19, 23.37. HRMS(ESI) m/z
Caled. for C;;H,N,O, [M + H]*® 521.366 5, Found
521.3802,
2.2.7 PR 13 a9 AR K R A 12 (0. 45
mmol) V&R T Io/K & H k(5 mL) ¥, 7£0 'C T &
TIMA = LPR (5 mL) WKE BEBIT 24 he X
PO R A A R 13, AR aifk HIEH T T
—
2.2.8 BARMeA 146 4% ik 13(0. 53
mmol, 1.2 eq. )T DMF(5 mL) H, & ITA N,
N- "5 3 2 i DIPEA (290 wlL, 1. 76 mmol) Fll
HBTU (217 mg, 0. 57 mmol) , i +F 15 min J5 A
] 9(100 mg, 0. 44 mmol) , % ¥ FAKLESEPE 2 he
J52 VR s e i A IR i, L 28 B JRS A 2 (FR
Wi B, 1:10—1:5) 15 AL &9 14,
&4 14a [ @R, % 35. 7%, mp:
247.6 ~248.6 'C. 'H NMR(400 MHz, DMSO-d;) §:
8.22(1H, d, J = 8.9 Hz, NH), 8. 16(1H, d, J = 5.2
Hz, Har-3), 8. 08(1H, d, J = 8.6 Hz, Har-5), 7. 90
(1H, d, J = 5.2 Hz, Har-4), 7. 09(1H, d, J = 2. 1 Hz,
Har-8), 6. 88(1H, dd, J = 8.6, 2. 1 Hz, Har-6), 5. 25
~ 5.10(2H, m, NCH,), 5. 04 ~ 5.01(1H, m, 4-OH),
4.98(1H, d, J = 5. 1 Hz, 3-OH), 4. 56(1H, t, J = 5.9
Hz, 6-OH), 4. 25(1H, d, J = 8. 3 Hz, 1-H), 3. 91(2H,
dd, J =6.3, 1.9 Hz, OCH,), 3. 68(1H, dd, J = 11. 7,
5.8 Hz, 6-H), 3. 53 ~ 3. 42(3H, m, 6 -H, 2-H #1 3-H),
3.30(3H, s, OCH,), 3. 10 ~ 3. 07(2H, m, 4-H F1 5-H),
2.90(3H, s, CH,), 1.91 ~ 1. 63(6H, m, cyclohexyl),
1. 22 ~ 1. 02(5H, m, cyclohexyl), “C NMR(150 MHz,
DMSO-d,) &: 167.91, 160.21, 143.90, 141.01,
137.55, 135.53, 128. 85, 122.29, 114. 20, 112. 23,
109. 58, 101. 85,94. 42,77. 04,74. 00, 73. 19, 70. 54,
60.97, 55.85, 55.53, 47.64, 37.29, 29.37(2C),
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26. 06, 25.30(2C), 22. 14, HRMS(ESI) m/z Caled.
for CyH, N,O[M + HJ* 528. 263 2, Found 528. 293 7.

&4 14b 1€ [ AR, IR 39. 1%, mp:
224.0 ~224.6 ‘C, '"H NMR(600 MHz, DMSO-d,) &:
8.17(1H, d, J = 5.2 Hz, Har-3), 8. 08(1H, d, /= 8.6
Hz, Har-5), 7.90(1H, d, J = 5.2 Hz, Har-4), 7. 87
(1H, d, J = 8.9 Hz, NH), 7. 20(1H, d, J = 2. 1 Hz,
Har-8), 6. 88(1H, dd, J = 8. 6, 2. 0 Hz, Har-6), 5. 01
(1H,d, J=4.0Hz, 4-OH), 4. 94(1H, d, J = 5. 1 Hz, 3-
OH), 4. 77(2H, t, J = 8. 0 Hz, NCH,), 4. 54(1H, t, ] =
5.9 Hz, 6-OH), 4. 16(1H, d, J = 8.4 Hz, 1-H), 3. 95
(2H,d, J=6.3Hz,OCH,),3. 68(1H,dd, J=11.6,5.5
Hz, 6-H), 3. 48 ~ 3. 37(2H, m, 6'-H #11 2-H), 3. 29 ~
3.26(1H, m, 3-H), 3. 20(3H, s, OCH,), 3. 11 ~ 3. 04
(2H, m, 4-H 1 5-H), 2. 99(3H, s, CH,), 2. 65 ~ 2. 53
(2H, m, COCH,), 1.90 ~ 1. 64(6H, m, cyclohexyl),
1. 35~ 1. 08(5H, m, cyclohexyl), "“C NMR(150 MHz,
DMSO-d,) 8: 169.53, 160.27, 142.73, 140. 49,
137.59, 134.39, 128. 87, 122.42, 114. 16, 112. 31,
109. 65, 101.73, 94.50, 77.00, 74.07, 73.16,
70.51, 61. 01, 55.59, 55. 48, 40. 76, 37.22, 36. 35,
29.37(2C), 26. 06, 25.29(2C), 22.70, HRMS(ESI)
m/z Caled. for C,0H;,N,O,[M + H]" 542. 278 8, Found
542.292 0,

a4 1de H O IER WK 47.3%, mp:
195.4 ~196.2 ‘C, 'H NMR(400 MHz, DMSO-d;) §:
8.28 ~ 8.19(3H, m, Har-3, Har-5 F1 Har-4), 7. 90
(1H, d, J = 9.1 Hz, NH), 7. 34(1H, d, J = 2. 1 Hz,
Har-8), 6. 96(1H, dd, J = 8.7, 2. 0 Hz, Har-6), 5. 10
(IH, s, 4-OH), 5. 04(1H, s, 3-OH), 4. 64 ~ 4. 52(3H,
m, 6-OH 1 NCH,), 4.23(1H, d, J = 8.4 Hz, 1-H),
4.00(2H, d, J = 6.3 Hz, OCH,), 3. 69(1H, d, J = 11. 8
Hz, 6-H), 3. 58 ~ 3. 45(2H, m, 6'-H #12-H), 3. 34 ~
3.28(4H, m, OCH, Fl13-H), 3. 12 ~ 3. 06(5H, m, 4-H,
5-H il CH,), 2. 25(2H, t, J = 6. 9 Hz, COCH,), 2. 04 ~
1. 63(8H, m, cyclohexyl #1 CH,), 1. 36 ~ 1. 06(5H, m,
cyclohexyl),  "“C NMR(150 MHz, DMSO-d,) &:
171. 44, 161. 67, 144.73, 138.52, 133.74, 132.41,
131. 08, 123.53, 113.40, 113.32, 111.57, 101. 84,
94. 18, 77.07, 74. 20, 73. 38, 70. 71, 61. 07, 55. 59,
55.10, 43.67, 37.17, 32.33, 29.35(2C), 26.08,
26. 05, 25.30(2C), 19. 69, HRMS(ESI) m/z Calcd.

for C;)H, N;O,[M + HJ" 556. 294 5, Found 556. 308 8.

&4 14d ¥ £ [ K, 10 52, 5%, mp:
188.2 ~ 189.4 °C. 'H NMR(400 MHz, DMSO-d,) §:
8.17(1H, d, J = 5. 3 Hz, Har-3), 8. 08(1H, d, / = 8.6
Hz, Har-5), 7.93(1H, d, J = 5.3 Hz, Har-4), 7.65
(IH, d, J = 9.0 Hz, NH), 7.22(1H, d, J = 2. 1 Hz,
Har-8), 6. 86(1H, dd, J = 8. 6, 2. 0 Hz, Har-6), 4. 99
(1H, s, 4-OH), 4. 87(1H, s, 3-OH), 4. 54(3H,t, J=7.7
Hz, 6-OH Fll NCH,), 4. 13(1H, d, J = 8.4 Hz, 1-H),
3.95(2H,d, J=6.3 Hz, OCH,), 3. 66(1H, d, J=11.7
Hz, 6-H), 3.51 ~ 3. 41(2H, m, 6'-H Fll 2-H), 3. 31 ~
3. 24(1H, m, 3-H), 3. 10(3H, s, OCH,), 3.07 ~ 2.99
(2H, m, 4-H #1 5-H), 2. 97(3H, s, CH,), 2. 13(2H, t, J =
6.9 Hz, COCH,), 1. 92 ~ 1. 56(10H, m, cyclohexyl #/
CH, X 2), 1. 37 ~ 1. 03(5H, m, cyclohexyl). "“C NMR
(100 MHz, DMSO-d,) 6: 171.79, 160. 46, 143.23,
140. 06, 136. 51, 134. 35, 129. 05, 122. 55, 113. 89,
112. 44, 109.88, 102.80, 94.30, 76.46, 74.98,
73.23, 70.71, 61. 08, 56. 30, 54. 54, 43. 94, 37. 32,
35.41, 30. 05, 29. 60, 29. 40, 26. 09(2C), 25. 35(2C),
22.53, HRMS(ESI) m/z Caled. for C,H,;N,0,[M +
HJ* 570. 310 1, Found 570. 324 8.

A4 14e 1A [E K, 1% 43. 6%, mp:
172.7 ~174.0 °C. 'H NMR(400 MHz, DMSO-d,) §:
8. 18(1H, d, J = 5.3 Hz, Har-3), 8. 09(1H, d, /= 8.6
Hz, Har-5), 7.94(1H, d, J = 5.3 Hz, Har-4), 7. 64
(IH, d, J = 9.0 Hz, NH), 7. 16(1H, d, J = 2. 3 Hz,
Har-8), 6. 87(1H, dd, J = 8. 6, 2. 0 Hz, Har-6), 5. 04
(IH, s, 4-OH), 4.91(1H, s, 3-OH), 4.52(3H, t, J =
7.9 Hz, 6-OH 1 NCH,), 4. 18(1H, d, J = 8.4 Hz, 1-
H), 3.94(2H, d, J = 6.2 Hz, OCH,), 3. 68(1H, d, J =
11.7 Hz, 6-H), 3.49 ~ 3.38(2H, m, 6'-H #11 2-H),
3.33 ~ 3.25(4H, m, OCH, #1 3-H), 3. 13 ~ 3. 01(2H,
m, 4-H #11 5-H), 2. 97(3H, s, CH,), 2. 06(2H, t, J =
7.2 Hz, COCH,), 1.91 ~ 1. 62(8H, m, cyclohexyl #l
CH,), 1. 60 ~ 1. 52(2H, m, CH,), 1. 44 ~ 1. 03(7H, m,
CH, 1 eyclohexyl), "“C NMR(150 MHz, DMSO-d;) &
171. 87, 160. 40, 143. 12, 139.95, 136. 46, 134. 35,
129. 00, 122.53, 113.93, 112.37, 109. 77, 101. 92,
94. 23, 76. 96, 74.25, 73. 17, 70. 72, 61. 02, 55. 53,
55.00, 44.03, 37.24, 35.59, 29.95, 29.32(2C),
26.02, 25.51, 25.29(2C), 24.99, 22.25, HRMS
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(ESI) m/z Caled. for C,,H,sN,O,[M + H]* 584. 325 8,
Found 584. 340 7,

1 & 14F B [ AR, IR 41, 1%, mp:
130.0 ~ 130.7 °C, 'H NMR(400 MHz, DMSO-d,) &:
8. 17(1H, d, J = 5. 3 Hz, Har-3), 8. 08(1H, d, J = 8.6
Hz, Har-5), 7.91(1H, d, J = 5.3 Hz, Har-4), 7.61
(1H, d, J = 9.0 Hz, NH), 7. 17(1H, d, J = 2.1 Hz,
Har-8), 6. 86(1H, dd, J = 8. 6, 2. 0 Hz, Har-6), 5. 00
(IH, s, 4-OH), 4. 87(1H, s, 3-OH), 4.52(3H, t, J =
7.7 Hz, 6-OH F1NCH,), 4. 17(1H, d, J = 8.4 Hz, 1-
H), 3.93(2H, d, J = 6.2 Hz, OCH,), 3. 68(1H, d, J =
11.7 Hz, 6-H), 3.50 ~ 3.44(2H, m, 6'-H F1 2-H),
3.29 ~ 3.23(4H, m, OCH, f13-H), 3. 11 ~ 3. 01(2H,
m, 4-H fl 5-H), 2.95(3H, s, CH,), 2. 042H, t, J =
7.2 Hz, COCH,), 1.93 ~ 1. 62(8H, m, cyclohexyl I
CH,), 1. 51 ~ 1. 43(2H, m, CH,), 1. 42 ~ 1. 03(9H, m,
CH, x 2 1 eyclohexyl), "*C NMR(100 MHz, DMSO-
d) 8: 172.04, 160.36, 143.12, 140.08, 136.71,
134. 42, 128.93, 122. 61, 113.98, 112.42, 109. 75,
102. 00, 94.33, 77.00, 74.28, 73.20, 70.72,
61.04, 55. 64, 55.01, 44. 02, 37. 28, 35. 74, 30. 22,
29. 38(2C), 28. 19, 26. 08, 25. 97, 25. 36(2C), 25. 22,
22.48. HRMS(ESI) m/z Caled. for CyH N,O[M +
HJ" 598. 341 4, Found 598. 356 3,

e & 14g B R Y, IR 35. 8%
'"H NMR(400 MHz, DMSO-d,) §:8. 17(1H, d, J = 5.4
Hz, Har-3), 8.09(1H, d, J = 8.6 Hz, Har-5), 7.93
(1H, d, J = 5.3 Hz, Har-4), 7. 58(1H, d, J = 8. 9 Hz,
NH), 7. 17(1H, d, J = 2. 1 Hz, Har-8), 6. 87(1H, dd,
J =8.7, 2.0 Hz, Har-6), 5. 00(1H, s, 4-OH), 4. 86
(IH, s, 3-OH), 4.53(3H, t, J = 7.6 Hz, 6-OH #0
NCH,), 4. 15(1H, d, J = 8.4 Hz, 1-H), 3. 93(2H, d,
J=6.2Hz, OCH,), 3. 68(1H. d, J = 11.7 Hz, 6-H),
3.46 ~ 3.38(2H, m, 6'-H Fl1 2-H), 3.29 ~ 3. 20(4H,
m, OCH, 1 3-H), 3. 06(2H, d, J = 5. 1 Hz, 4-H #1 5-
H), 2.96(3H, s, CH,), 2.022H, t, J = 7.2 Hz,
COCH,), 1.91 ~ 1.64(8H, m, cyclohexyl FlI CH,),
1.50 ~ 1.412H, m, CH,), 1.35 ~ 1.04(11H, m,
CH, x 3 #ll cyclohexyl). "“C NMR(100 MHz, DMSO-
dg) 6: 172.05, 160. 39, 143.23, 140.01, 136. 46,
134. 39, 129. 05, 122. 61, 113.94, 112.47, 109. 79,
102. 09, 94. 34, 76.99, 74. 28, 73. 19, 70. 71, 61. 04,

55.62, 55.01, 44. 02, 37.27, 35.76, 30. 36, 29. 38
(2C), 28. 69, 28.43, 26. 15(2C), 25.34(3C), 22.41,
HRMS(ESI) m/z Caled. for C,H,N,O, M + H]*
612.357 1, Found 612.372 1.,

&4 14h BEARY) I F 44.3%, 'H
NMR(400 MHz, DMSO-d,) &: 8. 16(1H, d, J = 5.2
Hz, Har-3), 8.06(1H, d, J = 8.6 Hz, Har-5), 7. 88
(1H, d, J = 5.2 Hz, Har-4), 7. 57(1H, d, J = 9. 0 Hz,
NH), 7. 14(1H, d, J = 2.1 Hz, Har-8), 6. 85(1H, dd,
J =8.6,2.0 Hz, Har-6), 4. 98(1H, d, J = 5. 8 Hz, 4-
OH), 4. 86(1H, s, 3-OH), 4. 51(3H, t, J = 7. 6 Hz, 6-
OH F1 NCH,), 4. 18(1H, d, J = 8.4 Hz, 1-H), 3.92
(2H, d, J = 6. 2 Hz, OCH,), 3. 69(1H, d, J = 11. 7 Hz,
6-H), 3.49 ~ 3. 43(2H, m, 6'-H #12-H), 3. 29 ~ 3. 25
(4H, m, OCH, #1 3-H), 3. 10 ~ 3. 03(2H, m, 4-H I 5-
H), 2. 93(3H, s, CH,), 2. 06 ~ 1. 96(2H, m, COCH,),
1.93 ~ 1. 62(8H, m, cyclohexyl #ll CH,), 1. 49 ~ 1. 40
(2H, m, CH,), 1. 38 ~ 1. 02 (15H, m, CH, x 5 Ffl cyclo-
hexyl). "“C NMR(100 MHz, DMSO-d,) &: 172. 11,
160. 17, 142. 97, 140. 29, 137. 30, 134. 50, 128. 70,
122.47, 114.06, 112.30, 109. 62, 102. 07, 94.33,
77.01, 74.33, 73. 16, 70. 72, 61. 08, 55. 66, 55. 05,
43.96, 37.26, 35.86, 30.28, 29.40(2C), 28.98,
28. 82, 28. 81, 28. 50, 26. 11(2C), 25. 34(3C), 22. 80.,
HRMS(ESI) m/z Caled. for C,H;N,0,[M + H]*
640. 388 4, Found 640. 403 4.,

2.3 MTT®

DA 2% G008 i 3% B BH P X B, SR FH MTT L4
20X B Ar ik & 9 % MDA-MB-231., Hela,
OVCAR-3 . HCT-116 . MCF-10A 4 Jif, %) 48 5 417 1] 3%
P B4 LLEEFL 5 000 /4> 41 1) %% 5 $E R T 96
FLBR H, 7E 37 °C, 5% CO, (1950 35 35 46 85 3%
12 he 2040440 DMSO 7 B i -BE 8, 158 7 i
FH B i 1 57 3605 B 22 T 5 MR B2, DMSO Y e & & i
FO0. 1%, KRB FREE, AL S A6 259
FRHT R SR 5L 100 L, QK29 75 48 he BT , 104
FLIMA 5 mg/mL MTT ¥ 20 pL,37 CH&MF T
Big% 4 he /N0 22BR BV W, IF AL A DMSO
100 WL, & 4% 10 min. F 7, H B AR {000 328 H 78
570 nm &b A RISRE , 15 AR I A A IELAE TG 25 S 1C,
2.4 RIS X

KR AMETE R L & 9 14h B K 1
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el 0, 2, 4, 6, 8, 10 pe/mL AY4L 49 14h F125 S 5%
U S5 B %) s v R A TR, e Rl B vE 2R . T Ak
G Wy 14h K S0 0% 56 3% 2 16 RN 9 7K 5 R % pH
7. 4 HBERR R % v (PBS) , il R 18 e R
B0 BT W, P R R S AR R b o 2 D A
HorpAb A ¥ 14h B8 2 S00% 56 3% Bl TR 1A
I

2.5 @A T %%

MDA-MB-231 4 fifg DL 4 FL 2 x 10° 441 ffd i) 2%
AT 6 LB, 555 12 he BEJS DA E N
10,15.20 pmol/L i) 4L 5 ) 14h J 20 pmol/L 1 2%
YK GEEBIALFE 24 ho WA A0 I FH PBS T VR4
L3, B0 EBR FIE W . M Annexin V-FITC
5L K PLEW 10 pl, Z18IRA . e =R
T ROEIFE 20 min, I BD =40 ARSI
2.6 R oA B

MDA-MB-231 4fi fifg DA AL 2 x 10° >4 it i) 25
FERERP T 6o FLA P 55 3% 12 he BEJS AR N
10,1520 pmol/L 14k 5 ) 14h F1 20 pmol/L 1 25
% BT AL B 24 b WSO 40 T B0 Y PBS
TR, B LA LW, m MU TE i A 70% <,
B, 4 Cit [ . PBS I VRN 3 )5 , A 55
B i & (9 PLYS By, R IR A0 . B, Al 7
37 C4AFF BEOCIRIA 30 min, I3 o i 20 40 LAY
K20 DNA 25 .

2.7 Western blot 52 34 EMT 48 % % & 69 k&

FHAS T ¥ B2 4k 25 0 14 0125 055 B 32 1o s
B MDA-MB-231 40/if1 24 h, 18 RIPA 2% 2% vk
(%5 1 mmol/L, PMSF ) b B 20 s 5K B 41 fg 4 26 1 .
B 5 , FII ] SDS-PAGE ¥4 25 [ #4740 B 06 % 2
PVDF I - o ¥ B H 5% WG 4 05 76 = 3R T B4 14
2 h, I FHAH RN A9 — 3T (BT E-cadherin JTAA  $T N-
cadherin LA . $L Twist] PLAK P Bel-2 UK L HL
GADPHHLIK) 4 CHEH S . 7E % I T AR i
FAL Y EERRICH) —PUALFE PVDF 2 he HJo, 7]
JE 1= ECL & Y, R AR R g it 17 & ok
R
2.8 XIJRER

MDA-MB-231 4 fifg DL AL 5 x 10° 441 ffd i) 2%
FEBER T 6 LA P, 5555 12 h, B R A 1 B2 20
M. FH 10 WL IC R Sk i g i e Xl s 4 i, 91 H
PBS/INUNEVE. BJS I # 2% FBS B 5 fif 5 37 3

Be il 10.15.20 pwmol/L £k A ¥ 14h F1 20 pmol/L
1) 2 S 9% B S B i A B0 40 e b JE R R R 12 he
P60 h A1 12 b3 i 5 0 IS S A T A K
THL

3 GRS

3.1 ARSMIRAT I E M R ik

L MTT B35 0058 G i 8 4~ BAnfb &4
14a ~ 14h X 4 B A e 40 A (2L AR 98 40 i MDA -
MB-231 ‘5 2 Ji 40 il HeLa . 5P §158 41 i OVCAR-3
45 9o 240 L HC'T-116) B 38 B# 400 1 3% 1, 71982 1
W 1R, A6E Y 14a ~ 14h TP R (n) Xt
AT T A S R BRI 1C, Bl n 3
KET BB S8 KE RS Y 14a
(n = 1) X} 4 F 41 g 35 7 B S 40 i /E HH (1€, > 100
wmol/L) , At.54) 14b Fl 14e(n = 2, 3) FHT MG 15 1k
A e m B4 T L A8z . MG S K
FEAk LN, Ak &1 14d ~ 14g(n = 4 ~ 7)Y 1C,, 3
— AR, 1) 2 % MDA-MB-231 H1 HeLa 4 Jitd %)
1Cq, 43 91 35 %) 14. 02 ~ 35.30 wmol/L F1 17.40 ~
23.50 pmol/L, 48 RS /LT L A8 e . ir
HEY KRR G Y 14h(n = 9)XF
JIe 9 24T P 184 B 00 ) 3 P A, X OVCAR-3 Al
HCT-116 13 M 5 2 2 9% JEE 0dAH Y | 1M % MDA-
MB-231 Fl HeLa ) 417 il 3% 4 (1C5, = 12. 79 pmol/L
F114.36 pmol/L) i 2 8 T 2 &0 5% B 2% ik (1C,, =
28. 30 wmol/L F134. 38 wmol/L) . AS[a] iy 4 fifd %
G W 14h 1 B5ORAE AN [F) 0T RE 5 b g 240 Af 2 1
GLUT1 MRk A K, Z5F LR R b &

Table 1 1C,, of compounds 14a-14h against cancer cells (¥ + s,n = 3)

1C. /(umol/L.)
Compd.  MDA-MB- . .

. Hel.a OVCAR-3  HCT-116
14a >100 >100 >100 >100
14b >100  77.89+4.55 53.28+3.02 29.61 +2.51
14¢ >100  57.82+3.04 59.63+1.99 28.38+0.97
14d 3530+ 0.98 20.94+227 4854+ 151 32.04+2.16
14e 21.93+047 1740+4.64 4124+3.79 30.54+3.10
14¢ 2047 +0.98 23.50+045 31.10+3.04 11.52+1.09
14g 1402 2,01 22.87+0.13 25.27+3.87 14.08 +0.82
14h 1279098 1436 +0.28 22.04+036 1029+ 1.13

Harmine 28.30+0.47 3438+ 1.71 21.02+0.26 13.86+1.80
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Yy 14h, i — 25 75 SR 40 b 2 2 HL e 0% 1
FEFBLA .

MTT i 55 & 3t , 1k & 9 14h X} MDA-MB-231
21 60 1 34 B B0 AE 2 TE] (24, 48, 72 h) R
J& (10, 15, 20 wmol/L) MR M (] 2-A) ol % %%
1A Wy 14h 4538 43 45 0 e b g 1 1Y T
R, 76 3 A B R (10, 15, 20 wmol/L) I 5E T F Bt

1k 4 ¥ 12h F1 8 X MDA-MB-231 48 Jiu (%) 3 ] 1%
P, I 510G W 14h F1 X S5E 96 2% 0 b 3 (AT 2-
B). 5NN LG 120 A1 8 3 W E A0 i i
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Figure 2 Cytotoxicity of compound 14h in MDA-MB-231 cells (¥ + s,n = 3)

A: Time- and dose-dependent cytotoxicity of compound 14h in MDA-MB-231 cells; B: Comparison of the anticancer activity of compound 14h, 12h, 8,

and harmine

P <0.001 vs compd. 12h group; P < 0. 001 vs compd. 8 group; P < 0. 001 vs harmine group
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Figure 3 Roles of the carbohydrate moiety in compound 14h (¥ + s,n = 3)
A: Solubility of compound 14h and harmine in water and PBS (pH 7. 4), “"P < 0. 001 vs harmine; B: IC,; values of compound 14h and harmine in the
presence or absence of phlorizin (Phl); C and D: Selectivity of compound 14h and harmine between MDA-MB-231 and MCF-10A cells

'P<0.05,"P<0.01,7"P<0.001 vs MCF-10A group
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Figure 4 Apoptosis-inducing effects of compound 14h in MDA-MB-231 cell lines (¥ + s,n = 3)
P <0.01, P <0.001 vs blank group; *P < 0. 01, **P < 0. 001 vs harmine group
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Figure 6 Effects of compound 14h on epithelial-mesenchymal transition (EMT) and migration of MDA-MB-231 cells
A: Western blot analysis of the expression of E-cadherin, N-cadherin, Twistl, and Bel-2 in MDA-MB-231 cells (x + s,n = 3). “P < 0. 05, “P < 0. 01,
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