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analogues as CD36 antagonists
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Abstract: Scavenger receptor CD36 could bind and endocytose oxLDL into macrophages which were then
differentiated into foam cells that constitute the atherosclerotic lesion core, and was considered to be a potential
target to treat atherosclerosis. In the establishment of the compound library of berberine (BBR, 1) analogues,
we discovered that 13-hexylberberine (2) showed an antagonistic activity against CD36. Taking 2 as the lead
compound, 21 derivatives were synthesized and their antagonistic activities were evaluated via an ELISA-like
high-throughput screening (HTS) model. The primary structure-activity relationships were studied. It was
indicated that the introduction of suitable groups at the 2- and 3-position of the aromatic ring A or at the
9-position of the aromatic ring D could enhance the activity. Among the 21 studied compounds, 79 bearing
a benzyloxyl group at the 9-position provided a highest CD36 antagonistic activity with the ICsy value of 7.7
pumol-L™'.  Besides, its antagonistic activity was further verified with S9 insect cell HTS model. So berberine
analogues are a new family of CD36 receptor antagonists and worthy to be studied further.
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Figure 1 Chemical structures of compounds 1 and 2
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Table 1 CD36 receptor antagonistic activities of 2 and its
analogues. “Activities of compounds at 10.0 pgrmL™', values
are means of three experiments

CD36
Compd. R R? R’ R* X antagonism
rate/%"
1 38.5+7.1
2 -OCH,0- OCH; OCH; Cl 372+5.1
4 OH OH OCH; OCH; Cl 25.0+3.7
5a OH OCH3; OCH; OCH; I 225+1.8
5b OCH3; OCH; OCH; OCH; I 36.2 +£14.6

5c OC,H; OC;Hs OCH3; OCH3; Br 450+1.0
5d OC;H; OC;3H; OCH; OCH3 I 43.5+3.1
5e OC4Hy OC4Hy OCH3 OCH3; Br 502+6.1
5f OCH,Ph OCH,Ph  OCH; OCH3; Br 463+75

6 -OCH,0O- OH OCH3; Cl 52+09
7a -OCH,0O- OC;,Hs OCH; Br 53.0+1.0
7b -OCH,0- OC3H; OCH3 I 35.8+4.7
7c -OCH,0O- OC4Hy OCH; Br 28.0+5.7
7d -OCH,0- OCsHy; OCH3; Br 31.6+24
Te -OCH,0O- OCgH i3 OCH3; Cl 239+23
7f -OCH,0- OCsH; s OCH3; Br 253+04
79 -OCH,0- OCH,Ph  OCHj; Br 60.5+5.4
8 OH OH OH OH Cl 2.8+1.8
9a -OCH,CH,0- -OCH,CH,0- Br 40.0+7.1
9b OC,H;s OC;,H; OC,Hs OC,H;s Br 28+1.8
9c OC;H; OC;3H; OC;H; OCsH; I 345+1.8

9d OC4Hy OC4Hy OC4Hy OC4Hy Br 21.0+1.6
9e OCH,Ph  OCH,Ph  OCH,Ph OCH,Ph Br 10.7+3.0
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Reagents and conditions: (a) NaBHy4, K,COs3;, MeOH, r. t.; (b) 80% EtOH, HOAc, n-CsH;;CHO, 85-95 C; (c) Phloroglucinol, 60%
H,S04, 90-95 C; (d) RX, KOH, 60 C; (e) 30—40 mmHg, 195-210 C; (f) AlICls, toluene, reflux.

Scheme 1  Synthetic routes of target compounds
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Figure 2 The dose-response curve of compound 7g
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Table 2 Physical properties of target compounds
HR-ESI-MS
Compd.  Yield/% Mp/C '"H NMR (400 MHz, DMSO-dg) [M=X]*
(calc.) (found)
4 51 174-176  0.87 (t, J = 7.2 Hz, 3H), 1.29 (m, 4H), 1.45 (m, 2H), 1.78 (m, 2H), 2.97 (t, J = 6.0 Hz, 2H), 3.28  CasH3,NO,CI
(t, J = 7.6 Hz, 2H), 4.07 (s, 6H), 4.75 (m, 2H), 6.86 (s, 1H), 7.18 (s, 1H), 8.13 (d, J = 9.2 Hz, 1H), 408.217 8
8.18 (d, J=9.2 Hz, 1H), 9.35 (br, 1H), 9.83 (s, 1H), 9.94 (br, 1H) 408.217 5
5a 36 165-168  0.87 (t, J= 7.2 Hz, 3H), 1.22 (m, 4H), 1.49 (m, 2H), 1.77 (m, 2H), 3.05 (m, 2H), 3.30 (m, 2H),  CasH:;:NO,I
3.89 (s, 3H), 4.07 (s, 6H), 4.75 (m, 2H), 6.79 (s, 1H), 7.10 (s, 1H), 8.11 (d, J= 9.2 Hz, 1H), 8.15 4222353
(d, J=9.2 Hz, 1H), 9.80 (br, 1H), 9.85 (s, 1H) 422233 1
5h 40 178-180  0.86 (t, J = 7.2 Hz, 3H), 1.22 (m, 4H), 1.47 (m, 2H), 1.82 (m, 2H), 3.10 (t, J= 6.0 Hz, 2H), 3.35  CayH3NO,I
(t, J = 7.6 Hz, 2H), 3.86 (s, 3H), 3.88 (s, 3H), 4.27 (s, 6H), 4.81 (m, 2H), 7.18 (s, 1H), 7.30 (s, 436.252 0
1H), 8.19 (d, J=9.2 Hz, 1H), 8.22 (d, /= 9.2 Hz, 1H), 9.90 (s, 1H) 436.254 7
5¢ 31 172-174  0.86 (t, J=7.2 Hz, 3H), 1.26 (m, 4H), 1.35-1.47 (m, 8H), 1.81 (m, 2H), 3.08 (t, /= 6.0 Hz, 2H),  C1oH:sNO,Br
3.35 (m, 2H), 4.08 (s, 6H), 4.15 (q, J= 9.2 Hz, 2H), 4.19 (q, J = 6.8 Hz, 2H), 4.80 (m, 2H), 7.16 464.279 4
(s, 1H), 7.29 (s, 1H), 8.19 (s, 2H), 9.88 (s, 1H) 464.280 1
5d 35 176-178  0.86 (t, J = 7.2 Hz, 3H), 0.98-1.08 (m, 6H), 1.26 (m, 4H), 1.28 (m, 2H), 1.74-1.81 (m, 6H), 2.67  Cy;H;zNO4I
(t, J = 6.0 Hz, 2H), 3.35 (m, 2H), 4.02—4.06 (m, 4H), 4.08 (s, 6H), 4.80 (m, 2H), 7.17 (s, 1H), 4923152
7.30 (s, 1H), 8.19 (s, 2H), 9.88 (s, 1H) 492317 3
5e 65 174-176  0.86 (t, J= 7.2 Hz, 3H), 0.98-1.08 (m, 6H), 1.28 (m, 4H), 1.44—1.48 (m, 6H), 1.50-1.81 (m, 6H),  C3;HsNO,Br
3.06 (t, J = 6.0 Hz, 2H), 3.30 (m, 2H), 4.02-4.06 (m, 4H), 4.11 (s, 6H), 4.80 (m, 2H), 7.17 (s, 520.341 4
1H), 7.30 (s, 1H), 8.17 (s, 2H), 9.88 (s, 1H) 520.342 7
5f 24 186-188  0.78 (t, J = 7.2 Hz, 3H), 1.08 (m, 4H), 1.32 (m, 2H), 1.69 (m, 2H), 3.07 (m, 2H), 3.24 (m, 2H),  CssH4NO,Br
4.08 (s, 6H), 4.80 (m, 2H), 5.21 (s, 2H), 5.28 (s, 2H), 6.86 (s, 1H), 7.18 (s, 1H), 7.33-7.53 (m, 588.309 1
10H), 8.18 (s, 2H), 9.83 (s, 1H) 588.311 4
6 60 138-140  0.84 (t, J = 7.2 Hz, 3H), 1.37 (m, 4H), 1.41 (m, 2H), 1.75 (m, 2H), 3.05 (t, J = 5.6 Hz, 2H), 3.28  CasHyNO,CI
(t, J = 7.6 Hz, 2H), 4.02 (s, 3H), 4.75 (m, 2H), 6.17 (s, 2H), 7.13 (s, 1H), 7.38 (s, 1H), 7.86 (d, 406.203 2
J=9.2 Hz, 1H), 8.08 (d, /= 9.2 Hz, 1H), 9.93 (s, 1H), 11.29 (br, 1H) 406.201 8
7a 32 126-128  0.85 (t, J = 7.2 Hz, 3H), 1.25 (m, 4H), 1.39 (m, 2H), 1.44 (t, J = 7.2 Hz, 3H),1.75 (m, 2H), 3.19  C»H3;;NO,Br
(t, J = 6.0 Hz, 2H), 3.30 (m, 2H), 4.08 (s, 3H), 4.35 (q, J = 6.8 Hz, 2H ), 4.80 (m, 2H), 6.18 (s, 434.233 6
2H), 7.16 (s, 1H), 7.29 (s, 1H), 8.18 (s, 2H), 9.80 (s, 1H) 434233 1
7b 38 138-140  0.85 (t, J= 7.2 Hz, 3H), 1.44 (t, J = 7.2 Hz, 3H), 1.66 (m, 4H), 1.79 (m, 2H), 2.16 (m, 2H), 2.28  CasHssNO,I
(q, J = 7.2 Hz, 2H), 3.48 (t, J = 6.0 Hz, 2H), 3.71 (m, 2H), 4.45 (s, 3H), 4.66 (s, 2H), 5.20 (m, 4482470
2H), 6.59 (s, 2H), 7.57 (s, 1H), 7.69 (s, 1H), 8.59 (s, 2H), 10.16 (s, 1H) 448.248 8
7c 35 138-140  0.84 (t, J = 7.2 Hz, 3H), 0.97 (t, J = 7.2 Hz, 3H), 1.25 (m, 4H), 1.38 (m, 2H), 1.48 (q, 2H), 1.75  CysH3NO,Br
(m, 2H), 2.48 (q, J = 7.2 Hz, 2H), 3.07 (t, J = 6.0 Hz, 2H), 3.45 (m, 2H), 4.45 (s, 3H), 4.28 (t, J = 462.264 1
7.2 Hz, 2H), 4.80 (m, 2H), 6.18 (s, 2H), 7.16 (s, 1H), 7.28 (s, 1H), 8.18 (s, 2H), 9.74 (s, 1H) 462.264 4
7d 32 164-166 0.84 (t,J=7.2 Hz,3H ), 0.86 (t, J = 7.2 Hz, 3H), 1.25 (m, 4H), 1.35-1.48 (m, 6H), 1.75 (m, 2H), C30H3sNO4Br
1.89 (m, 2H), 3.07 (t, J = 6.0 Hz, 2H), 3.15 (m, 2H), 4.04 (s, 3H), 4.27 (t, J = 7.2 Hz, 2H), 4.80 476.281 7
(m, 2H), 6.18 (s, 2H), 7.16 (s, 1H), 7.28 (s, 1H), 8.18 (s, 2H), 9.75 (s, 1H) 476.280 1
Te 30 168-170  0.84 (t, J=7.2 Hz, 3H), 0.89 (t, /= 7.2 Hz, 3H), 1.25 (m, 4H), 1.35-1.47 (m, 8H), 1.75 (m, 2H), C31H4NO4Br
1.86 (m, 2H), 3.06 (t, J = 6.0 Hz, 2H), 3.29 (m, 2H), 4.06 (s, 3H), 4.27 (t, J = 7.2 Hz, 2H), 4.80 490.299 0
(m, 2H), 6.18 (s, 2H), 7.16 (s, 1H), 7.30 (s, 1H), 8.18 (5, 2H), 9.74 (s, 1H) 490.295 7
7f 36 170-172  0.84—0.86 (m, 6H), 1.26-1.47 (m, 16H), 1.75 (m, 2H), 1.86 (m, 2H), 3.07 (t, J = 6.0 Hz, 2H),  C3;HyNO,Br
3.30 (m, 2H), 4.06 (s, 3H), 4.27 (t, J = 7.2 Hz, 2H), 4.80 (m, 2H), 6.18 (s, 2H), 7.16 (s, 1H), 7.30 518.328 8
(s, 1H), 8.18 (s, 2H), 9.74 (s, 1H) 518.3270
79 48 118-120  0.84 (t,J = 7.2 Hz, 3H), 1.25 (m, 4H), 1.36 (m, 2H), 1.74 (m, 2H), 3.05 (t, J = 5.6 Hz, 2H), 3.30  C3,H3;NO,Br
(m, 2H), 4.10 (s, 3H), 4.77 (m, 2H), 5.35 (s, 2H), 6.18 (s, 2H), 7.28 (s, 1H), 7.35-7.42 (m, SH), 496.244 9
7.58 (s, 1H), 7.60 (s, 1H), 8.20 (s, 1H), 9.74 (s, 1H) 496.248 8
8 94 194-196  0.78 (t, J = 7.2 Hz, 3H), 1.16 (m, 4H), 1.30 (m, 2H), 1.78 (m, 2H), 2.93 (t, J = 6.0 Hz, 2H), 3.17  Ca3HyNO,CI
(t, J = 7.6 Hz, 2H), 4.70 (m, 2H,), 6.85 (s, 1H), 7.18 (s, 1H), 7.71 (d, J = 9.2 Hz, 1H), 7.86 (d, J = 380.184 9
9.2 Hz, 1H), 9.34 (br, 1H), 9.85 (s, 1H), 9.91 (br, 1H), 10.80 (br, 1H), 10.84 (br, 1H) 380.186 2
9%a 25 162-164  0.87 (t, J = 7.2 Hz, 3H), 1.22-1.29 (m, 4H), 1.45 (m, 2H), 1.79 (m, 2H), 3.03 (m, 2H), 3.30 (m,  C»,H3yNO,Br
2H), 4.08 (s, 6H), 4.33-4.60 (m, 8H), 4.78 (m, 2H), 7.05 (s, 1H), 7.25 (s, 1H), 7.93 (d, J = 9.2 4322193
Hz, 1H), 7.87 (d, J= 9.2 Hz, 1H), 9.82 (s, 1 H) 4322175
9b 26 182-184  0.86 (t, J = 7.2 Hz, 3H), 1.27 (m, 4H), 1.35-1.47 (m, 14H), 1.82 (m, 2H), 3.07 (t, /= 6.0 Hz,  C5;HsxNO,Br
2H), 3.28 (m, 2H), 4.09 (q, J = 9.2 Hz, 2H), 4.16 (q, J = 9.2 Hz, 2H), 4.35 (q, J = 9.2 Hz, 2H), 4923110
438 (g, J = 9.2 Hz, 2H), 4.82 (m, 2H), 7.16 (s, 1H), 7.29 (s, 1H), 8.19 (s, 2H), 9.80 (s, 1H) 492.311 4
9c 35 189-190  0.86 (t, J = 7.2 Hz, 3H), 0.98—1.08 (m, 12H), 1.29 (m, 4H), 1.49 (m, 2H), 1.74-1.94 (m, 10H),  C3sHsoNO,I
3.08 (t, J = 6.0 Hz, 2H), 3.33 (m, 2H), 4.00-4.28 (m, 8H), 4.82 (m, 2H), 7.17 (s, 1H), 7.30 (s, 548.376 0
1H), 7.98 (d, J=9.2 Hz, 1H), 8.13 (d, /= 9.2 Hz, 1H), 9.75 (s, 1H) 548.374 0
9d 29 181-183  0.86 (t, J = 7.2 Hz, 3H), 0.92-1.06 (m, 12H), 1.27 (m, 4H), 1.30—1.56 (m, 12H), 1.69-1.90 (m, C39HsgNO4Br
8H), 3.08 (t, J = 6.0 Hz, 2H), 3.33 (m, 2H), 4.00-4.28 (m, 8H), 4.82 (m, 2H), 7.18 (s, 1H), 7.30 604.435 2
(s, 1H), 8.13 (d, J= 9.2 Hz, 1H), 8.18 (d, /= 9.2 Hz, 1H), 9.74 (s, 1H) 604.436 6
% 35 165-167  0.77 (t, J= 7.2 Hz, 3H), 1.17 (m, 4H), 1.30 (m, 2H), 1.68 (m, 2H), 3.07 (m, 2H), 3.25 (m, 2H),  Cs;HsyNO,Br
4.78 (m, 2H), 5.21 (s, 2H), 5.28 (s, 2H), 5.33 (s, 2H), 5.50 (s, 2H), 6.86 (s, 1H), 7.18 (s, 1H), 740.373 3
7.33-7.53 (m, 20H), 8.18 (s, 2H), 9.83 (s, 1H) 740.374 0
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Table 3 CD36 antagonistic effects of compounds 2 and 7g on
insect Sf9 cells. “Activities of compounds at 10.0 pg-mL ™',
values are means of three experiments

Compd. CD36 antagonism rate/%"
2 409 +4.7
79 53.0+7.7
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INEETR S (6) K+ 2 (245 g, 5.38 mmol) BT
250 mL [FJEkef, RFEFEAEA 30~40 mmHg,
IN#E 195~210 CJ M 10~15 min, FEAZG 1 H)
TRUR B AR N L0, BMWINYR, a4 AR iR
Zifh, DL - HEE (20 0 1) imshAH, ok

FEICAEPOE 4 25 4lifh, 13214 g4, 2RIk L KF
A3 2 O R4 6 1.40 go
22 2, 3-TH-ZSE-9-ZEE-10-HEE-13-2&
[R/NEERURILS (Ta) # 6 (230.0 mg, 0.52 mmol)
%1 DMF (10 mL), 2R/ I ABF4N ¥ KOH (60.0 mg,
1.04 mmol) AR ZHE (39 pL, 0.52 mmol), JI#AE
60 C/MY 5 h, JHs WA BR 25055, SRR ) I R 1R
W pH 2= 3, IEWCER T Hh R Ak, DL S0 b i
(40 1 1) AURSIAH, FHIRERE AL PRI 4> 2 aifh, T
K L PEFE L i, 19315 ([ 44 7a 85.2 mg.

e EH) To~T7g & BTV Ta, S s WAk 2.
3 A. DIRERRRTTEM (8, 9a~%) HIEHK
31 2,3 9 10-MESE-13-SEF/NERINLY
(8) IHVRAETT 2 (2.81 g, 6.15 mmol) [1] FF 2K (140 mL)
WWH NN AICL; (2.00 g, 15.0 mmol), RJGTHEE
80~85 C XM 7 h, JkEHnfR LA, ARG M40
EEAYH I 4 mol-L™' #h/R (140 mL) % 3 h,
AR TN BRI B Ak, g —IK
FAE AR, 1338 A 14 8 2.42 g.
32 2,3-MZ-FH%E-9, 10-TZ_8&-13-EC &R
INEERRRALA) (9a) FF 8 (220.0 mg, 0.53 mmol) %
+ DMF (10 mL), 25 AW KOH (153.0 mg,
2.65 mmol) F1 1, 2-Z3& T %E (100 pL, 1.14 mmol),
In#AE 60 C Y. 5 ho I A bR L35, TR
Wik IR pH 2= 3 Aoy, HhaEWc T v 4k, L=
AL FEE (40 0 1) NUiahAH, FHRH e AT s
S, oK ClEE L, 19 BIRLCE GE R 9a
68.0 mg.

G 9b~9e A BT AR 9a, 45K H WK 2.
4 BETZHEEERFMHL SR CD36 ik
ﬁ[ll]

¥ oxLDL (5 pg'mL™") 14T 96 FLEFFRIR, 1%
BSA B, RGN KA R #RIE %A His-tag b5
SR HEAE CD36 (sCD36 , 50 pgrmL™Y) AL &
Y (10 pgmL ™) JEFEFFE 2 h, DORIMARNL S
YE X (Veh), M#i His-tag ik (1:1 250) K
HRP Frid i —Ft (1:5 000) HEATHII, ] H,O,
TMB &4 5 FIEE AR OO 2 2 ODyso . ZikLEY)
T AR LN AT R (%) =1 -3
IRYIIH) ODyso fl/Veh (1] ODyso ) x 100%, 2 1 1
i w3 RS R .
5 CD36 Pk M i) B de 4 s A1)

HEH N CD36 MR 531K GL Spodoptera frugiperda
(S19) EEH40HE 72 h J&, IOAFFIARE S (ZREEHR 10



LG 13- AN I 75 1S CD36 fEPLik PEII R O R 5T - 1133 -

ngmL ™), UL oxLDL (ZKFEH 40 pgrmL ™) K%t
M. 27 CHE 1 h 5, IMAZIEACHE Dil-acLDL (%
W 2 pgmL™), 440 S ho KM Z 1T, SEk
H RIS IH R, R TP, K5, H 4%%
I8 F S [ 52 40 0 15 min, PBS ¥eR 3 Wk, ®JEH£T)
RET AT (Aex 520 + 10 nm; Aem 590 nm). 5%
(%) =[1— (Kt — X)) / (SFO[CD36] — ¥} )] * 100%,
3 HPIEEE N E R 3 LT ME .

Bt oS A A IS R 0 b [ B AR e 25 T A

P it e g .
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