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Synthesis of Lipophilic Berberine Derivatives and Determination of
Their Apparent Oil/Water Partition Coefficient

TENG Qiaogiao, ZHU Xinhui, HUA Jia, JIANG Weihua, MENG Qi

(School of Petrochemical Engineering, Changzhou University, Changzhou 213164, China)

Abstract; Using 3/4-hydroxybenzaldehyde as the initial raw material, the 9-methoxy-10-alkoxy-(6f—
6h) and 10-methoxy-11-alkoxy substituted berberines (5a—5e) were synthesized by successive alkyla-
tion, condensation, reduction and cyclization, etc. New compounds 5¢—35e were characterized by 'H
NMR, "C NMR, ESI-MS and melting point analysis. The apparent oil/water distribution coefficient
(logP) of these two types of derivatives in n-octanol/aqueous system was investigated by using Shaker
method combined with ultraviolet spectrophotometry. The results showed that introducing carbon
long chains at the C10 and C11 positions is effective in enhancing the lipophilicity of berberines. A-
mong the long chains, the C,; H,; substituents always lead to the maximum increase of the log P val-

ues from —0. 62 (berberine) to 1. 04 (5¢) and 1. 40 (6h), respectively. They will thus be better for in-
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testinal absorption,
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/NEE (Berberine , BBR) J& — Pl A7 7E T 3 7% Hh i) S ndis Wbl 2 W 0, 76 1% 48 vh B2 25 v R B HI R IR 97 e 4
SRR B BRI S R BN BERRGA B B R B 2 AR B R AT
O L SR AR o SR TGS S A5 G5 0 TR 16 1 R TR A A B e R i e S DR LA B A I s A ok
VT A2 2 T BRI . P X /0N BE B A R R AT B M L 3 A 1 o HL R A K I ok e S /N B 24 ) A R
P A3 A 38 B AR R Y e D B AE R I TR

22 MR Twasa BRI 23 590 FE A% FCIRR X /N BE Bl C =N HEAT 25 00 A . P 22 W IR A AL S B
T—F5 8-Be B /NEERAT AR . MIREE K /T 8 I, T A5 AT A= 9 B9 Bt BTG 1k 45 A K B A E A
5, 8- H /N BB A 24 [ BH 1 B AN BA 1 R 38 A v B e G e AT B A B B T T LD B
PEE T 128 A% W BRAE K B KT 8 BRI PR P IR ot Wa R /N BE LT B RN 1 AR b R
JR A T — Z2 81 9-O -8 3 Vit 45 55 AR 1) /N B Bl A7 A 40 0 Vi 0 P 0F 5 28 B, 12 J2 35 Ak /DN B2 el xoF
AN HepG2 4 i 22 2 B 5wk i) 40 M 20 . RV E DU 259 . Hu R84 & T 9-F1 13-%¢
FEBCAC I /N BT A= W ORI E T TS B A G W AE LE S B KR R P Tl K g e R R, A5 R R A
CY & C13 I A AR BE (12 N0 14 B B 15 1 /)N BE 1 1) 53 B 75 30 ok 8 O T B2 0, 3 ok < {1 T 15
ANBERS AT AE WX C6 A UST 1 Al IR A Ik TG PR 4R R T 7~ 13 A5, L BRE 1 /N BE B AT AR T K 43
Bt 22 %k 5 L 25 0 B A W 10 e 1 R Db

DA AE C8 v . CO AT C13 A 5] ABEFE A H T /N BERR AR 5, 249 7R Hh R 19 I V5 o R e e
M A as e L BRI, BRTXE C10 I CLY A5 2R 47 ot 3648 i 1) /0N BE BATT 24 400 114 45 B B 4 G 22 0000 2 A fif
AHE . ARETF C8,C9,CL3 MABMIAT A ¥ 1 8 A 1, C10 A1 C11 A7 Joe & B A7 A= 4 7 23 5f L
HIR BB P22 22 25 A OIS BT R T K DL 3/4- 38 S0 2K Y S Ry 400 4R JEORE L 3 o 22 45 I 7
C10 F1 C11 5| A e 3k , 3-8 55 Jr 45 /1N BE BT A= W 78 1F 3 BE- K AR & b i 2 DRI /K 2 e R 40, et o8 —
5 T 2 X /N BE ST A ) 45 A R 0 5 53— TR 3 3 JIT AR AT AR 0 A IE 2 B KA R R I K g TS R B
B A, of i — 20 B UE i i M 5 S5 A0 0 DG 3R L DA S5 /0N BEGRATT A W 1 2B W TR IR L T Z 2
2y W R S %

1 SCIGE 4y

1.1 =5

A4 : SGW X4 AU I G sS4 C L v A 25 A A BR 22 W) T BE R A 1ED s UVI800PC 46 41 w] I 43t O
BE T v AT R A B A BR A 7D s AVANCE # 300 MHz #8648 Y (Bruker 2 7] . CDCL #l d s-DM-
SO REEF LARAR IR 09 5% 43 1 70 i S N AR 5 LCMS-2020v 0% J57 36 FHAY ( H 48 B HE A /) s THZ-82
AU [a] i K s TE IR R T A (VL 98  3A T A i A FR S 7)) s TG16-W'S AU B0 L G e LAY 8250 ILAL 2 A
FRAHRD,

TR+ 39 -2 AR R DR R 2 BROSCR (16 ] -6 B s A% )2 17 7 300 A M 20, At i 13500 324 o 4
Mrédi

1.2 SSBRHE

1.21 BRFEHE2HEK
£ 100 mL B B B om A 4-38 FE-3-FF E K I af s-R -2-F H K H R (3.0 g,
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20.0 mmol) , R HF (5.5 g,40.0 mmol) MZNE (50 mL), ZTEE R T HFE 1 h J5 I A AH B 89 AT ke
(50. 0 mmoD) , ITFREI i 10~12 h(TLC WE ) , 1 JFURE 838 28 J5 0 FR B 25 05 300 o B 7= ) 28 ik IS A J2 A0
BRI .V (A B / V(2R 215 = 30/1~10/1) &lifk , 15 2] 7= 4, 4y BEAL 2 % 0 5 SCik [ 17-18 4R i
—H,

1.2.2 ZZREEHEE 4 EK

16 100 mL &Y B JE B b i A2 B BEf5 4B 97 (15. 0 mmol) Al 3, 4-F ! & KK 2 e (2 mL,
15. 0 mmoD) , #£ 110 ‘C N 1~2 h(TLC Y , 75 B w i v8 4 28 il 5 i A H B (30 mL) - 76 7K 5%
PER A4 A NaBH, (1. 7 g,45. 0 mmoD J&, T 70 “C I 1 h(TLC Wil , 75 Uk i 268 5, 0 14 2=
7 MA 100 mL /K 3R . LR LR (50 mL) AL 3 W, & I WA TC/K G B T4 2o 8 Wk 45
ZAE RN R AL Oy BEBEH .V CHIMEE /V (LR L) =30/1~10/1) 18 5] 2% iz v [l 1k 4.,

fbA Y 4f. B AR W% 76 % ; "H NMR (300 MHz, CDCL,): 6 6.95 (t, J =7.8 Hz, 1H, Ar-
H), 6.83~6.79 (m, 2H, Ar-H), 6.71~6.61 (m, 3H, Ar-H), 5.87 (s, 2H, CH,), 3.97 (t, J =
6.6 Hz, 2H, CH,), 3.80~3.78 (m, 5H, CH, & OCH,), 2.84~2.69 (m, 4H, CH,), 1.85~1. 76
(m, 2H, CH,), 1.58~1.45 (m, 3H, NH & CH,), 1.24 (t, ] =7.2 Hz, 3H, CH,); MS (+ESD
m/z: [M+H]" 358,

&Y 4g: B AW % 65% ; 'H NMR (300 MHz, CDCl,): & 6.96 (t, J =7.8 Hz, 1H, Ar-
H). 6.83~6.79 (m, 2H, Ar-H), 6.72~6.62 (m, 3H, Ar-H), 5.88 (s, 2H, CH,), 3.96 (t, J =
6.3 Hz, 2H, CH,), 3.81 (ps-d. 5H, CH, & OCH;), 2.84~2.69 (m, 4H, CH,), 1. 87~1.77 (m,
2H., CH,), 1.51~1.24 (m, 11H, NH & CH,), 0.91~0.85 (m., 3H, CH;); MS (+ESD m/z:
[M+H]" 414,

EE Y 4h . 8 @WK 0K 69%; 'H NMR (300 MHz, CDCLy): 6 6.96 (t, J=8.1 Hz, 1H, Ar-
H), 6.83~6.80 (m, 2H, Ar-H), 6.73~6.62 (m, 3H, Ar-H), 5.90 (s, 2H, CH,), 3.97 (t, J =
6.6 Hz, 2H, CH,), 3.80 (ps-d. 5H, CH, & OCH,), 2.84~2.69 (m, 4H, CH,), 1. 87~1.78 (m,
2H, CH,), 1.53~1.27 (m, 19H, NH & CH,), 0. 88 (t, J =6.3 Hz, 3H, CH;); MS (+ESD m/
z: [M+H]" 470,

1.2.3 &% (4 - HC)BE K

AR 1.2.2, 2 BUG TFAEZ M08, S 2 30 B BR-Z BEE Y pH 2 3~4. 5 8 7 i &
A, F Bk DRV 5 T B0 A5 22 B 56 vp [l 44 4 « HCLY
1.2.4 /IMNEWRITEW(5,6)EK

£ 100 mL B RSB P A B R (8 mL,88%) . fi# F I A JC/K B2 4 (1. 5 ¢, 9. 4 mmol) ,50~
55 CARIRAE K 0.5 h, BEE M AALEY 4 « HCI(5. 0 mmoD) Ml 2 —EE/KE W (2. 2 g,15. 0 mmol,40%),
FHEZ 100 °C 7 4 h AL A SRR (0. 6 mL) G 4k 82 HGE  . E 45 o5 8 20 & 2= I L i vk A6
VoS A AR T g IE ] 2 BRI IR DR . OB BB BRI T KRN Y BEIR A WL 7E 80 CHERE 1 h, A ALES
AW W pH 2 9~10, AT IE  WCAR IR 0 10 0 SRR IE 15 pH & 3~4 W4, Ik, Yk . 8
EF IS BIAS E =4 5 Fn 6l Hoh BN /NBERR AT AE ) 68 —6h (14 AL 2k R B SCEk (12,21 14k
5.

AW Se. WA AR L 64% . m.p. 245~246 °C; 'H NMR (300 MHz, ds-DMSO): 8 9. 60 (s,
1H, H-8), 8.74 (s, 1H, H-13), 7.69 (d, J =6.3 Hz, 2H, H-11 & H-1), 7.58 (s, 1H, H-12),
7.09 (s, 1H, H-4), 6.17 (s, 2H, OCH,O), 4.77 (t, J =6.0 Hz, 2H, H-6), 4. 25 (t, ] =6. 6 Hz,
2H, OCH,), 3.99 (s, 3H, OCH;), 3.19 (t, J =6.0 Hz, 2H, H-5), 1.88~1.78 (m, 2H., CH,),
1.56~1.43 (m, 2H, CH,), 0.98 (t, J =7.2 Hz, 3H, CH;), “C NMR (75 MHz, d,-DMSO);
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8 157.2, 152.7, 150. 3, 148.1, 145.9, 138.4, 137.0, 131.1, 122.4, 120.9, 118.6, 108.9, 107.0,
106. 2, 105.7, 102.6 (OCH,0), 69.6 (OCH;), 56.8 (OCH,), 54.9 (C-6), 30.7 (CH,), 26.9 (C-
5), 19.1 (CH,), 14.1 (CH;); MS (+ESD m/z: [M—Cl]" 378,

6E 1 5d . B A A % 54 %, m.p. 230~231 °C; 'H NMR (300 MHz, ds-DMSO); & 9. 57 (s,
1H, H-8), 8.76 (s, 1H, H-13), 7.72 (d, J =1.8 Hz, 2H, H-11 & H-1), 7.59 (s, 1H, H-12),
7.10 (s, 1H, H-4), 6.18 (s, 2H, OCH,O), 4.78 (t, J =5.7 Hz, 2H, H-6), 4. 26 (1, ] =6. 6 Hz,
2H, OCH,,), 4.00 (s, 3H, OCH;), 3.20 (t, J =5.7 Hz, 2H, H-5), 1. 90~1.81 (m, 2H, CH,),
1.46~1.25(m, 10H, CH;), 0.85 (t, J =6.3 Hz, 3H, CH;), "C NMR (75 MHz, d,-DMSO) :
8 157.2, 152.7, 150.3, 148.1, 145.9, 138.5, 137.1, 131.1, 122.4, 121.0, 118.6, 109.0, 107. 1,
106.3, 105.7, 102.6 (OCH, O), 69.8 (OCH,), 56.8 (OCH,), 56.1 (C-6), 31.8 (CH,), 29.5
(CH,), 29.2 (CH,), 28.6 (CH,), 25.9 (C-5), 22.6 (CH,), 14.4 (CH;); MS (+ESD m/z: [M—
Cl]" 434,

L&Y Se. B0 FE R, IE 58%, m.p. 228~229 °C; 'H NMR (300 MHz, d,-DMSO): 8 9. 57 (s,
1H, H-8), 8.76 (s, 1H, H-13), 7.72 (d, J =1.8 Hz, 2H, H-11 & H-1), 7.59 (s, 1H, H-12),
7.10 (s, 1H, H-4), 6.18 (s, 2H, OCH,O), 4.78 (t, J =5.7 Hz, 2H, H-6), 4. 26 (t, ] =6. 6 Hz,
2H, OCH,), 4.00 (s, 3H, OCH;), 3.20 (t, J=5.7 Hz, 2H, H-5), 1.90~1.81 (m, 2H., CH,),
1.46~1.25(m, 18H, CH,), 0.85 (t, J =6.3 Hz, 3H, CH,), “C NMR (75 MHz, d;-DMSO):
8 157.2, 152.7, 150.3, 148.1, 145.9, 138.5, 137.1, 131.1, 122.4, 121.0, 118.6, 109.0, 107. 1,
106. 3, 105.7, 102.6 (OCH, O), 69.8 (OCH,), 56.8 (OCH,), 56.1 (C-6), 31.8 (CH,), 29.5
(CH,), 29.2 (CH,), 28.6 (CH,), 25.9 (C-5), 22.6 (CH,), 14.4 (CH;); MS (+ESD m/z: [M—
Cl]* 490,

1AW 6f . B (A A A, 1 50 % ; 'H NMR (300 MHz, d,-DMSO): 8 9.89 (s, 1H, H-8), 8.91
(s, 1H, H-13), 8.20 (d, J =9.0 Hz, 1H, H-11), 7. 96 (d, J =9.0 Hz, 1H, H-12), 7. 78 (s, 1H,
H-1), 7.09 (s, 1H, H4), 6.18 (s, 2H, OCH,0), 4.94 (s, 2H, H-6), 4.30 (t, J =7.5 Hz, 2H,
OCH,), 4.18 (s, 3H, OCH,), 3.21 (s, 2H, H-5), 1.87~1.77 (m, 2H, CH,), 1.59~1.46 (m,
2H, CH,), 0.99 (t, J =7.5 Hz, 3H, CH;).

& 6g: ¥ @A R 57%; 'H NMR (300 MHz, d,-DMSO): § 9.88 (s, 1H, H-8), 8.91
(s, 1H, H-13), 8.18 (d, J =9.0 Hz, 1H, H-11), 7. 96 (d, J =9.0 Hz, 1H, H-12), 7. 77 (s, 1H,
H-1), 7.09 (s, 1H, H-4), 6.17 (s, 2H, OCH, ), 4. 94 (s, 2H, H-6), 4. 28 (s, 2H, CH,), 4. 11
(s, 1H, OCH,), 3.21 (s, 2H, H-5), 1.82 (s, 2H, CH,), 1.49~1.28 (m, 10H, CH,), 0. 87 (s,
3H. CH,),

bE Y 6h: i A, 3% 50% ; 'H NMR (300 MHz, ds-DMSO): & 9.88 (s, 1H, H-8), 8.92
(s, 1H, H-13), 8.19 (d, J =9.0 Hz, 1H, H-11), 7. 96 (d, J =9.0 Hz, 1H, H-12), 7.79 (s, 1H,
H-1), 7.09 (s, 1H, H-4), 6.18 (s, 2H, OCH,0), 4.93 (t, J =5.7 Hz, 2H, H-6), 4.29 (1, ] =
6.0 Hz, 2H, CH,), 4.11 (s, 3H, OCH,), 3.21 (t, J=5.7 Hz, 2H, H-5), 1.85~1.80 (m, 2H,
CH,), 1.49~1.25 (m, 18H, CH,), 0.85 (t, J =6.6 Hz, 3H, CH,),

1.3 MRS ERZHHNE

1.3.1 REREE
B IE 2 BE A58 7 KAE 37 “C NAEIRYR Y 24 h, (d A HUAH AT K AH 78 50 100 F, Bl e K TR A S O Ak B
A IS AE )2 25 B 1 KA RD ) LE S AR A 2 1E 7 B RN Y K AR A5
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1.3.2 MERABROE &

K25 B IBCER T2 /N BE /N BE B AT 2E 1 (5.6) 4% 5. 0 mg BITA 50 mL 28 v o ] — & 5 1 0 E 2 i
KW 22 HUR 0. 1 mg/ml 0 1E 3 FE 1A W, SIS PR v (R A7 %5 .
1.3.3 ZMEE

B 132 IR N R ERE R F1 HBNEEREMTEYHEZERIIFARE
0.002,0.004,0.008,0.016,0.020 mg/mL Y IF gy LR A1y AR R?
SEREVAE , 7E 300~700 nm 3 Fi N F 22 50435t ot BBR A=0.022 1p—0.001 4 0.997 0
FETFIEAT 4 LAk & 90 09 B B VR B (oo mg/mL) sa A=0.038 5p—0.007 2 0.995 4

. . . . o sb A=0.038 2p—0.017 2 0.998 6
VE R AL A, 43 01 26 B B KW I % K 317 nm )
sc A=0.036 9—0.009 1 0.998 5

(Sa—5e) Ml 351 nm (6f—62) AL R A 1Dy 5d A=0.027 0p—0.011 0 0.997 8
DA AR A2 [ 05 5 FR (GR D, & mHE )y Se A=0.019 1p—0.003 1 0.993 4
FETE 0.002~0.020 mg/mL JLE N A R* > 6f A=0.035 50—0.036 2 0.998 1
0.99(3% 1) 6g A=0.032 9p—0.006 9 0.998 3

T 6h A=0.025 6p—0.006 0 0.998 6
1.3.4 BEEMBTH £

W 10302 TP S A R L AL R O
0.005,0.010,0. 020 mg/mL Y IF B » 7% L i O FE 5 Uk, AH X BRI 22 7E 0. 0126 ~1. 59 %, 5%
WA A 8 By . Do b, ek 3 d MW B 1 VR, AR K % o e 22 76 0. 07 %6 ~ 1. 66 %0 » 2% WA Jiir il £ 1)
fEEWATE 72 h NRE .
1.3.5 RMHKSEREBHNE

B 1.3.2 PB4 MR RS 0. 020 me/mL K% E 5 mL BT HZEHEE T L B2 B A E ¥ B2
TR KW 5 mL, & THEERG .37 C M HEESRS 24 h.5 000 r/min &0 10 min, 78 5CE ©
AR R JZ KA 0 SR AH R K A B TG BE A L AR R R 2 TR A AR B A VAR R AR e 2 0L S
KB R BT R AT

P =0/p.=p/(po—p)
AP P oAb A WA TE 3 BEAR RN 7K AR s Atk )57 B %) R MR R 2 s o R 0 ST A R AR 9 T OE o B
A H A S5 TR 5 o, 2 A T Y- B A A5 R KR HR B B S VR T 5 o0 S AR B W TR DE S B A HP A 5 R R

2 #R5T

21 & K

FE C8 37 . CO v A C13 v 51 A KA Jor 3 22 2% 30 3 /)N B2 5 4 iz pi £ 068 749 52 oy S B (2 LG SO0 5 T AR
SCHLA B TF C10 A CLT B 4 /0N B2 Bl A1 A= 9 W) 5 85 R 17 AR R R R 3 3k 22 28 & kAR,
AR R R 2 plg A by % R O P A 1 2 1 RN AR B g il 48 (B D L FE R IR R L BT R Z A B E
B IR AA L DB R A X e Ak A W AE R A FLE R an CHLCL, , THE,CH,CNLEL O AR A
B 1 I i

FAFHUR IR Y 3,40 1 SR S A TR R A5 T . 7 110 °C R AE K4 & 45 21 5 ]
& 3, I 2 S AN A AL A B e 4. FEAL G W) 4, 4g. 4h (1 E0E T, 55 B XRRAE 0 1k 22 0 S (1 6 AR
— 0 NH B LA GEWE B 20 0 IF BAL2E 0 B (B BRAE 1.6 X 107 ° BiFIfT , Bl & e 64 1 35 4 NHL I 5 1
F L 11 0 6 % 1 ST Y R 19 R XS 1 IR0 (AR o B 0. 2 e R Ak R S L TP R A 4 T DS 22
FEEM B alifl BT A 45 I\ B2 U3E M 1 DR T 28 £7 B G /K 2 ik o % o {8 ] 25 31 1 €0 AR [ ik &
Yy 4« HCL, JRZL R M8 IS 5 T AW A R Wi R K #16 T b & Wi ai el f2 .
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0
CHO CHO <
B RBr B o NH, NaBH,
X K,COs, MeCN X z | MeOH
OH OR o
OR
1 2 3
A SO G
o
o HN o HN.JHCT - cHo o NS X" ica0,H,0
CHO | MeOH
—_— / —_—
=~ | HCMEtOH Z | HCOOH | iHC
\\ \\ CUSO4 \\
OR OR HCl OR
4 4 HCl

6
R= Et (5a), "Pr(5b), "Bu (5¢), R="Bu (6f), "(CH,),CH; (6g),
(CH,); CH3 (5d), "(CH,);1 CH; (5€) "(CH,),,CH; (6h)

1 NEWEATEME A ML

e R R ER TR AR AL A N AR h Ik 4 « HCL 5 & 2 kAR XU IR SO g o G0 44 422 1 /0N B Ak 1)
FEARLER . o, CuSO 2B AT, W25 R S AR ZE R W], CuSO, X 4 s i {2 #E/E T, LA Sa Ry 4],
25 AN RSE A, PR ALK 590 5 X BRSZ G i — 25 B, CuSO, b MgSO, » Na, SO, it 5 &4 42 #F 52 1 1 i
FFG=R A3V 15%,20%) . BLAh, 43 b A ue 5 2 v DA i 1 k5 75 BB i, 7= R ik — A 4 5
F67%.

FRFE R NG AR PR CL LSO, JHCOO ™ 3 R E 7l i i A CaO — 75 1 n] LA fdi A [7]
FH B Bl OH ™ 55 —Jy it o] DA 2 B HPA7FAE 1Y Ca™ " DAUTTE B X B 25 J5 28 10 %03 R 1Y pH
FERM RS T2 ER N Cl B8 T 9-F & 3E-10-%¢ & 3L B (6f—6h) Al 10-F & JE-11-4¢ 4
SEAR/NBERL AT AE W) (Sa—Se) .

2.2 HIKSTERH

7K 73 BE 250 log P37 AL 5 W 7 Tl AR RIZACRT A9 73 B0 28 50 HE (B A 0 800 L 2 B Ak 5 W 2 K R IR
P A B 2R, T LR B2y W 7 A v 648 G L PR R BT 25 W b D7 T WE 5 25 WD AE R N B
fifp RS BB S R S -, —
AN logP WIHTE 0~3 I 2B 5 1 i 18

x2 RURBMASERFBUNERITHE

&Y  o/(mg+mL™!) p./(mge+ mL™1) P logP

LI T logP B9 /N T 0 B A ME e 3.82 16.18 0.24  —0.62
M, sa 3.17 16.83 019  —0.72
2 2 T LT Hh o /N B T s 6 e o i - A 3 sb 1.54 15.46 0.29  —0.54
NTAET AN A R R Ry e e e
BOHC R T SRR T 4 e
I, B A4 A 4 DU B Ay S, L i oK 23 e 2R BB o 5.61 14.39 039 —o0.4l
BRAE G T 386 R, YAk Ak 3] 12 i, logP 6g 15.79 1.21 3.75 0.57
GBI E] 1. 04(5e) F1 1. 40(6h) L 41 L T/ BE R 6h 10.23 0.77 24.97 140

BB, O\ S\ N R MRA\1906\F M K2 1906.PS 5 £ HERR - 5 2% 2019/11/27
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(—0.62) R THCREETT.

3 & it
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