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Synthesis and antiangiogenic activity of berberine derivatives
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Abstract: Objective Structural combination is an effective way to obtain leading compounds. Under the guidance of this, a series of new
berberine derivatives were synthesized, and their activity and safety were evaluated by type 1V collagenase and chick chorioallantoic
membrane (CAM) model. Methods Using berberine as the mother nucleus, combined with the common active components of traditional
Chinese medicine, a series of berberine derivatives were designed and synthesized by using "combination principle”, and the models of
type IV collagenase and CAM established by preliminary research were used. The inhibitory effect of berberine derivatives on type IV
collagenase and the effect of berberine derivatives on angiogenesis of newborn embryos were evaluated rapidly. Results Four
compounds were synthesized in the article, and their chemical structures were confirmed by *H-NMR, *C-NMR, and HRMS, in which
compounds CYQ-44, CYQ-48, and CYQ-50 had a dose-dependent inhibitory effect on type IV collagenase, which was higher than that of
tetracycline hydrochloride. Meanwhile, compounds CYQ-48 and CY Q-50 had certain inhibitory effects on neovascularization of newborn
embryos. Conclusion Four new berberine derivatives have been successfully synthesized, which not only inhibit type IV collagenase and
neovascularization, but also have high safety index. It is further shown that the lead compounds with the characteristics of traditional
Chinese medicine can be obtained efficiently and easily under the guidance of structural combination.
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2.1 INEERARIITTEYINE R

211 /NEERS - FIEER (CYQ-40) FTAEMINI & ¥
FHR (19, 5.95mmol) & 50 mL R,
I 30 mL & HHE/E, A 18 mmol ZERRF. /b
BAEnE, 80 CHIEHEE 3 h, A1k - BEEL 2.0
(10 1 7) NREFFF], TLC Wil sy JFURHE A 2%,

f2IE N, SN 1% HCI W, PEk 3 1k,

FEFKERFERE M, K NaSO, BrK, 14
BB AR PIA (D; Kk 1 i &I
A 10 mmol. —&(H %% 10 mL, 70 ClEIFisEsE 2 h,
FIAR 2T, CBERREREEE T A (2); B
(e a4 2 X 0.62 mmol 5 /NBELTHE 0.62 mmol &
F 50 mL [R eI+, I &, =IRHEE 1 h,
eI LA EE . BERR LB M. S5kl
W, BREOMAK CYQ-40, FPFE 92.15%, mp
139.2~140.2 ‘C. *H-NMR (400 MHz, DMSO-dg)
5: 7.89 (s, 1H), 6.19 (s, 2H, O-CH,-0), 7.10
(s, 1H), 3.21 (brs, 2H), 2.51 (brs, 2H), 10.05
(s, 1H), 8.29 (d, 1H, J=9.0Hz), 8.36 (d, 1H,
J=9.0Hz), 9.12 (s, 1H), 4.01 (s, 3H, OCHjy),
745 (dd, 1H, J=85. 2.0 Hz), 7.94 (d, 1H, J=
85Hz), 7.85 (d, 1H, J=2.0Hz), 3.93 (s, 3H,
OCH3); C-NMR (100 MHz, DMSO-dg) &5: M
RER: 111.1, 148.6, 151.2, 111.3, 130.7, 26.6,

59.0, 143.6, 115.3, 133.8, 1159, 112.2, 126.2,

135.8, 132.0, 151.0, 120.7, 102.3, 56.467, 161.7,
J5EF: 139.0, 151.4, 1139, 127.0, 125.6, 123.9,
56.0, 170.1, 19.6. HR-ESI-MS m/z: 514.949 3[M]".
A2 WL 1

2.1.2 /NEBERE - KR (CYQ-44) fiTAEMIRIA R
KR (19, 7.25 mmol) T 50 mL &L+,
AN 30 mL —&H&E)E, A 22 mmol ZREF. /b
e, 80 CHYLHHFE 3 h, fiimEt - BERR Lk
(10 : 7) NREIFF, TLC Wi Sz o JFREE A 2%,

b RN, NI 1% HCI W, Phi 3 1K,

EETFKEREBEBETYE, ToK NaSO, Fr/K, #321K
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BRI (3); ¥Hrlalfk 3 Ii A & IEAN 10 mmol,
ZEMHEE 10 mL, 70 ClEIAEHERE 2 h, BRI
T, LK RBEE AR (4 FrRRaE 4
HY 0.62 mmol 5/NEEZTHH 0.62 mmol & T 50 mL
JEREFEH, I EEE, SRS Lh, dhiE L
Ak, BERR OB AER. ETikoie, SR
MR CYQ-44, 7% 90.08%, mp 151.1~
151.9 C. 'H-NMR (400 MHz, DMSO-dg) d: 7.10
(s, 1H), 6.99 (s, 1H), 3.26 (d, 2H), 1.89 (d,
2H), 9.66 (s, 1H), 7.15 (d, 1H), 7.24 (d, 1H),

ﬁOH CH.Cl,, Z.EEKF O :Q)kOH
e e

HHR 1

SOCl;
CHCl,

8.88 (s, 1H), 6.19 (s, 2H, O-CH,-0), 4.06 (s,
3H, OCH3), 8.44 (dd, 1H), 7.57 (m, 1H), 7.85
(m, 1H), 7.36 (dd, 1H), 2.266 (s, 3H, COCHs);
BC-NMR (100 MHz, DMSO-dg) J: 5k 105.2,
148.6, 151.0, 108.0, 127.0, 26.6, 56.4, 143.6,
120.3, 135.3, 155.3, 111.9, 126.2, 139.0, 130.7,
149.2, 120.7, 102.3, 56.0, 162.2, 75¥: 151.2,
121.8, 132.0, 125.6, 133.8, 123., 170.1, 19.6.
HR-ESI-MS m/z: 485.000 1 [M+H]". &Lk W,
K2,

(6] /\O

OH
O AL i 3
F——————
OCH,

INBELLfi

@* ?

CYQ-40

1 CYQ-40 K& m gLk
Fig. 1 Synthetic route of CYQ-40
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Fig. 2 Synthetic route of CYQ-44

2.1.3 /NEERE - BTEERR (CYQ-48) fiTdEMm &k ¥
F[ZEfR (19, 5.15 mmol) T 50 mL &L+,
A 30 mL —& e/, A 16 mmol ZERHF. /b
EtnE, 80 CEHIHEHE 3 h, fillk - BEER L1
(10 : 7D NREIFAI, TLC WEill s b i Ak 3 Ay 2%
(IR N, OSBRI 1% HCl AR, ek 3 1%,

FETIKVEEBBEAPE, K NagSO, KK, 73EI6
R AA (5); a5 AR SR 10 mmol.

THEFHE 10 mL, 70 CHIHEE 2 h, FIEFIE
T, LWEBTBLERIE S AR (6); BRI A 6
HY 0.62 mmol 5EE41 7% 0.62 mmol & T 50 mL [&]JE
B, InAEne, =EAEE Lh, MDA
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k. FERR S TAER. EATPRRTIE, SRR
B R CYQ-48, 77 89.4%, mp 155.7~156.5 C.
'H-NMR (400 MHz, DMSO-dg) d: 7.85 (s, 1H),
6.19 (s, 2H, O-CH,-0), 7.23 (s, 1H), 3.23 (brs,
2H), 2.51 (brs, 2H), 10.01 (s, 1H), 8.34 (d,

1H), 8.26 (d, 1H), 9.11 (s, 1H), 4.06 (s, 3H,
OCH3), 7.17 (d, 1H, J=16.0Hz), 8.01 (d, 1H,
J=16.0Hz), 7.72 (d, 1H, J=8.5Hz), 7.48 (dd,
1H, J=85. 2.0 Hz), 7.24 (d, 1H, J=J=2.0 H2),
2.30(s, 3H, COCH3), 3.89(s, 3H, OCH3); *C-NMR
(100 MHz, DMSO-dg) 6: SMEMk¥f: 108.9, 148.1,
150.9, 112.8, 131.3, 26.6, 57.7, 147.4, 1211,

138.6, 151.9, 117.0, 127.2, 144.8, 133.2, 148.2,
123.9, 102.6, 55.7, 164.1, 120.8, 150.4, J5¥f:

142.0, 151.7, 106.0, 134.0, 121.7, 126.3, 55.4,
168.8, 20.9. HR-ESI-MS m/z: 540.0352 [M]". &
BRERZE LI 3.

2.1.4 /NEERY - FIERRG (CYQ-48) fiTEMINI G 4
JII = 10 g 3T CCly (60 mL) 1, F¥ )18 -
NBS (1:0.7) # A NBS (9.17 g), 7£FHKIT a5
T, BN 10~12 h, %4H, #4E, T 60~70 C

KRR DL T HE T E RSB, R
FEPEE . PR EHRY (T, BUhiafgk 7
(0.62 mmol) 5/NEEZTH% 0.62 mmol & T 50 mL [&
JRBEH T, D EEE, RS 1h, dhiEH L
FimmE . BERR CER. AER. SRR UTIE, 581%
R R, IMAKER: 0.2 g #64F, HRERE, PIRRBEDL,
R A E AR R CYQ-50, F7% 68.2%, mp
137.6~138.3 ‘C. 'H-NMR (400 MHz, DMSO-dg)
5: 7.83 (s, 1H), 6.18 (s, 2H, O-CH,-0), 7.10
(s, 1H), 3.22 (t, 2H), 250 (t, 2H), 9.99 (s,
1H), 833 (d, 1H, J=95Hz), 825 (d, 1H, J=
9.5Hz), 9.90 (s, 1H), 4.05 (s, 3H, OCH3), 4.94
(s, 2H, OCH,), 2.36 (s, 9H, MEHEIR L),
BC-NMR (100 MHz, DMSO-dg) J: ¥Rk f: 108.9,
145.8, 149.3, 120.7, 131.1, 26.8, 57.5, 1426,
122.1, 151.0, 1515, 120.9, 127.0, 138.0, 133.5,
145.8, 124.3, 102.5, 55.9, 74.1, WtEE¥f. 150.3,
148.968, 148.1, 148.1, 21.4, 20.7, 21.7. HR-ESI-MS
miz: 456.122 3 [M]". & HELE WK 4.
2.2 INERFEGTHEADNT IV B R ESROHIHEE R
2> N8 A S 6 =5 i 30T TV 78 e 3t i A 7R 1) 4 7 )y

O/\O

Y
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Fig. 3 Synthetic route of CYQ-48
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EM, 7 96 FLAnfb e, LI 100 uL pH {H
7.4 1] 50 mmol/L Tris Z&4# (% 10 mmol/L CaCl,+
10 pmol/L ZnCl,. 0.05% F FEEE R A LMk ), PRk
PINNIV B 5 B 30 uL, 1. 10. 100. 1 000 mg/mL
CYQ-40, CYQ-44, CYQ-48, CYQ-50 Zi{ 20 pL,
PRIBR A, FIRBCE 10 min, FIINJEYBEH
FEEARE 20 L, RIBVEAIIE], 37 CKBHEED)
30 min. X BRZH DUID AR A 3R VS I AR B B AR 1
it FE LSRR BUA IS 259 . AR S5 B AL 10 uL
0.2 mol/L HCI £ LBV N, FLA 10 ul 0.2 mol/L
NaOH 51k & pH {4 % 8.0, il \id & 0.01% TNBS
S5 30 uL, PRIE, 40 C/KIB &4 30 min fd H &
T, AEE=ERE, HAEEAXE 360 nm
AN T P AR o 2T ) A 5 2 R DU B AR R
PEXTHR . SIS AR — M B AL 8 S, SEERItE
5 3 K. CYQ-44. CYQ-48. CYQ-50 %IV iz
R AR AR I A, HL38 T BH PR 24 ER R DY
WE, WA VIR EL PR, 0 ZRE T %,
CYQ-40 X IVAL IR SR B E AT &2, W 1.

&1 CYQ-XXfIV AR REEHYHIHI{E M
Table 1 Effect of CYQ-X ontype IV collagenase

H & /(mg-mL ™) i #/%
of e — 0
IWEZN-§ 1000 19.39
100 14.24
10 9.50
1 6.21
CYQ-40 1 000 3.82
100 0.59
10 —2.12
1 —-1.76
CYQ-44 1 000 38.96
100 23.13
10 16.70
1 9.53
CYQ-48 1 000 67.78
100 52.63
10 46.29
1 40.86
CYQ-50 1 000 22.10
100 17.61
10 9.42
1 6.22

2.3 INEERITEII GRS ERERMEMESE
KA

PLIG TR BRI 4 N RE R, TCR R RN
HIEMIF NI R Y E, IRIERA2YE T
WEAFMFIEH, B 10, 40 pg/ Bt XA
BRI, AR IMT SRS RO 1~
2 d WSZFEMELL T0%IFSHHEHEE, A& M Bk
BT 37 CHHbAE, W2 7 RETHEUE, FPRE
HERESLRIN, EEMTmES— /N L, 8 5
SET, TERBERLZAN L.2ecm KAMETEH O, 1E
MERAFEFL BT ER B, S 28R
1~2 SRR, 25 DA S Sk B i 7k B A7 1)
RER, FREMEYS CAM AT, SRjE e 1#
= FEMAER, JEREAN 1.5~2.0 cm F75H,
FERHE T CAM I, IIAZNE, {FHA T
PLE, (H N R R S B B RO B 1
SRIG K RE RS O, k4205 E 72 h 2 Bl ds
ide WESNE, BrIiOIh< =m0 2E 1% R,
I BN B S A PR AW 1~2 mL, iR [EE
15 min, FIEER MK CAM B, EBAIE R
RHE TEI L, B3 W%, R Image-Pro
Plus5.0 -4 a8 AR S BT A L (B2 <100
H#) IEH, N SAS 8.2 45t #1147 one-way
ANOVA 5 Z 530, 4HIAIELEER T t 1656 .

TEMARF e NSRS 220 5 X IBZH CAM T
AR AR AL, 0 R ZEL T AR B A i AR AR
ZAERAPIR R, SR A Y R — e M|
ER, (BEGH%2 R, CAM L& 4&E Ik 2.

#2 CAMMEHE ( x=xs)
Table 2 Number of CAM vascular ( X s )

2H 5] FIE/(ug IR MRS CAM IMEHUE
S 1 10 9 13.4+43
40 8 13.4+4.3
CYQ-40 10 9 12.6+2.4
40 8 11.8+3.3
CYQ-44 10 7 141425
40 7 13.6+3.3
i 2 10 6 117437
40 7 117437
CYQ-48 10 6 9.7+47
40 7 103+1.4
CYQ-50 10 7 11.6+5.4
40 6 10.1+4.4
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ARBHETHEEHE, KRS T/NEE S
Hofth—Lerp 255 W2 RNy TREATIE S, 13303
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BC-NMR Fl HR-MS HfiilF . #5447 58 R 12 iy
ST ) IV TR D Bl A 61 75 ) e A T, 2 T
FRAAVEA SGYIIE, VONZERERA —E A
FEVE, T DMy — R 25 W T AR R T ik
e 45 R AR W/ NEE R FIAT A CYQ-44. CYQ-48
AN CYQ-50 5 FHPEZy h BRI ZAHLL, X IV IR
A W AR, b CYQ-48 R &t IF
LI EAH KRR . MBCR AR T NG
SRR VA, O0F IV BRI SR Bl ' v % P e e ik
WREHIVER, AR CBEER CYQ-44. #HH &
BESLRIFF AL CYQ-40. 48, HFFT4E SRR/ NEERK
FATEY) -l et v] LS A RAT AVt & BOFT
M ESE, HRTSRAFAT YR D, (B5 R
AEAAT, AR LUSREA BN 2K RIS
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DA S s A MR AR 0 T RO R A 24540
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500 HEZE IS 2 H L, 45 24 A L AR 32 B R
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RO RN B 2 R AT DL 2 B TR
2SR R S AR o

LR LRIk, ARTFCRINE R T 4 DR NEERS
WA, AO IV 2 52 S i A0 26 1 B A 1
AR NS e o = TP i 2 A DS oY AE = WK
TR TR RO T R 2y RS I S
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