PN E XYY 3 Drugs & Clinic FEBHE F1H 20207 H + 1289 «

KRB
SR FEIEREE TS S E B IET A S R B AR IMUEE R

AR sl & %2 BEHY, gt
1. REEZER R LRGSR BOREZEMRRT, KiE 300192
2. REPEZG RS, KE 300193

W E: BE Wit AREEEE TG AE A (SREBP) I BF-175 FIATAEYS, 6t ke se R SNTU R i
TR Ak LOKMEENERGIER, @il 6 B RMART — K5I/ SREBP #llfI7], 8 m il ik i
FaEME, IR RT-PCR SLIRIFM HPUMBETE. R &M% 9 MEW/N 7+ SREBP #fil7), Jfidid NMR F1 MS XfH
HHTRAE. HAFEFEMEMMT BF-175, RT-PCR kil Z= 8 H Frib &9 mr LAMIHI A 7 & 9 IR 40 CAN3CA) H SREBP
BRI RE LSS A LAEE-1 (SCD-1) MRS, HPaY 79 MiEtEm T BF-175. 4518 & W/NT SREBP #iiffill7]
BB BUMREET:, SR R T 5558 T At
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Synthesis of boron-containing sterol regulatory element binding protein inhibitors
and their antitumor activities in vitro
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Abstract: Objective To design and synthetize derivatives of sterol regulatory element-binding proteins (SREBP) inhibitor BF-175,
and study their stabilities and antitumor activities in vitro. Methods Taking salicylaldehyde as the starting material, a series of
SREBP inhibitors were synthesized by a six-step reaction. Their stabilities were analyzed by HPLC, and their antitumor activities were
evaluated by RT-PCR. Results Nine SREBP inhibitors were synthesized. Their structures were characterized by NMR and MS, and
their pharmaceutical stabilities were superior to BF-175. RT-PCR results showed that the compounds could inhibit the expression of
SREBP target gene stearoyl-CoA desaturase-1 (SCD-1), and compound 7g had higher activity than BF-175. Conclusion SREBP
inhibitors have good antitumor activity, which laid the foundation for the study of the mechanism of these drugs.

Key words: BF-175; SREBP; inhibitors; stability; antitumor activity

i o AR S IR 2 e 4 e = AR R IE 2 — AN SE R A, TR R R, [
PR A R B TR REL I B A S R g 1Y 2 o4 E (SREBP) &4 Huig i fa A i) - 2
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L EARTT A A M SR R 2 EE T SREBP FifA H
P 5 R i) 7 R AR A %32, BF-175 EL#% T4 SREBP
bHLH S5 MR MBS S 1B, e A4 AR
D] b 52 I G o AHZ A A 47 DRI 1 T 225 A e
PEECZE, BRI T HGE— B R R o W52 =%
A DR E T, TR I B v LT P R V) 7 AR R
R A HME 5 ASHIE 5T PA BF-175 56 S AL &t
BT — RN FE TR E A SREBP
A, Hd it RT-PCR sLE WL VRN H brfb & ) 44
ST
1 UE5HF
1.1 IR

Bruker AV 400 Uiz REILIRIY (400 MHZ) (i
+ Bruker /A %]); Rotarapor R-3 BYjJig#4 78 K AL (Hi
4 Buchi A #]); SHZ-D (IIN{EH /KX EZ HESECOA
X HEIA EARMU AR ) ; DF-101s £ # e 5 A
DTS R XTHT T HRAERA PR STE AR D; ZF-20D
AR SR AN T A (LT THRAGER A IR 5T 2
A]); DZF-6050 AY 50725 TR (UL ST JEud sk
#517); DLSB-5740 AURIEA ZNRIEIA L CGFINK
WA TRHER AT,
1.2 KEI

3, 5-HARHEE (ESE 7%, R
RERAFD; 3-FAHFEE RESE 99%). 3-F
KR REDE97%). 3-HREEFEE JREDH
98%). 3-FHEAIRHEE (JHESE 98%). Kilk
(RS 99%) . AF =5 FER I (i E 704
95%). IR FHETREERIT (i &34 99%) . BRIIRR
SR 7 3 % 9896 [1,1/- X (= 5 L) — /6 K]
TEAER(N) FRES L 98%) CREA BB AR
FAHERARD; WEMAS URESE 98%, FHiT
AR R AR A FD; BF-175 (i 4%k 98%,
RS RARFE R R AR ST 27D AN3CA 4
il CRIEESLI SRR AR A R T AR REH
1 (Macgene); Trizol (Thermo Fisher); PrimeScript™
RT reagent Kit (Takara); Power SYBR Green PCR
Master Mix (Thermo Fisher).
2 FHEEHR
21 &RERY
2.1.1 5-(FEWE)-2-BERXHEE (D Kam #H2
EHEE (24409, 0.20 mol) [ikERER (80 mL) &
T =R N HEEE 10 min, 78 30 min YL Ink#
% (17.959, 0.60 mol). VT %= iR F i+ 24 h,

BEBIUE. I, BIKERIEDE, TR,
= IE Sk (310 mL) EE45E 515 eIk 45 5
(16.80g, 49.4%). 'H-NMR (400 MHz, DMSO-dg)
5: 1091 (s, 1H, -OH), 10.27 (s, 1H, -CHO),
7.72 (d, J=2.4 Hz, 1H, -Ph-H), 7.59 (dd, J=
8.5. 2.4 Hz, 1H, -Ph-H), 7.03 (d, J=8.5Hz, 1H,
-Ph-H), 4.76 (s, 2H, -CH,-).

212 (3-HIMEAEE-4-FR 2L =R (2) MG
R ERARMRY T, B 5-(FRUHAE)-2- R B K iR
(15.50 g, 0.91 mol) A1 PPh; (30.98 g, 0.12 mol)
T 220 mL TR G, ¥ BT 80 CHiH: 3 h.
eRR 20, FIAEE (100 mLX3) T3V FR 4
(1) PPhy, 381 /5158 H kAR (38529, 97.80%).
2.1.3 (E)-5-(3,5- ~ 5K LMdk)-2-F2 Ik H K (4a)
MER EERSARY T, K8 (0.199, 8.26 mmol)
WK LEE (30 mL) EEk NaOEt . #Hibs
)3 (1.20g, 2.78 mmol) Jin A _LiR NaOEt ¥k
B NIRRT, NN 3, 5- S AKX % (0.57 g,
3.26 mmol). &M T 75 CHEHE 3 he &1L,
ARER, KRS EER, FAMSERE pH 2
FRtk, MrifgE ik, pE, TR Bk
I FE I R 22585 PhaPO i FH DY S0k g 2 45 8y
W, B3O A (0.387 g, 44.4%). LC-MS m/z:
291.27 [M—H] > 'H-NMR (400 MHz, DMSO-dg)
5: 10.97 (s, 1H, -OH), 10.31 (s, 1H, -CHO),
7.87 (d, J=2.2 Hz, 1H, -Ph-H), 7.79 (dd, J=
8.7. 2.3 Hz, 1H, -Ph-H), 7.67 (d, J=1.8 Hz, 2H,
-Ph-H), 7.46 (d, J=16.5 Hz, 1H, -CH=CH-),
7.45 (t, J=1.8Hz, 1H, -Ph-H), 7.13 (d, J=165
Hz, 1H, -CH=CH-), 7.06(d, J=8.6 Hz, 1H, -Ph-H).
BC-NMR (101 MHz, DMSO-dg) J: 191.36, 161.36,
141.55,134.83, 134.65, 131.03, 128.44, 127.77,
126.67, 125.12, 124.47, 122.89, 118.31. LLJ1l
(T4 AL A 4b~4.

2.1.4 (E)-4-(3, 5- &K LIIE)-2- F L S OE L =
BB (5a) KA K& 4a (052 g,
1.78 mmol) FLRE (0.71g, 8.90 mmol) ¥ T IE/K
TEERE (25 mL) H, IR RBIE T UK T B
W =% FRERSET (0.76 g, 2.69 mmol) f &
BEIs o K RBLAEVKI FHEFE 40 min LS, 2
il i s, HEREENEFET. REEHRAKK,
PR EEIRIE pH EE 2 /24, WA hKeE 3 &,
A HLAH (CHCly) FH o /K it IR 44 1 TG 7K i 2 B
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(Na,SO/MgSO,) THEfEHET, Fhpimid it (il
S, DA - BEER G (40 1) Yellifs A eE
#4(0.72 g, 96.10%) . 'H-NMR (400 MHz, DMSO-dg)
5: 10.11 (s, 1H, -CHO), 8.28 (s, 1H, -Ph-H),
8.03 (d, J=8.6 Hz, 1H, -Ph-H), 7.71 (s, 2H,
-Ph-H), 7.65 (d, J=8.6 Hz, 1H, -Ph-H), 7.60 (d,
J=16.5Hz, 1H, -CH=CH-), 7.50 (s, 1H, -Ph-H),
7.41 (d, J=165 Hz, 1H, -CH=CH-). “C-NMR
(101 MHz, DMSO-dg) §: 189.15, 147.29, 140.62,
138.38, 134.99, 134.27, 131.74, 129.48, 129.21,
128.85, 127.78, 125.79, 123.84, 123.43, 120.24,
117.06, 113.87. VAL ITi2A Hifk &4 Sb~5j.
2.15 (E)-5-(3,5-dichlorostyryl)benzo[c][1,2]oxaborol-
1(3H)-ol (7a) HI& M FERTHEE T, BN
WEEERE (0.87 g, 3.43 mmol) AIEEERET (0.51 g,
5.19 mmol) HIIAT/K 1, 4- %At (18 mL),
FEBES 10 min. i AfL&% 5a (0.72 g, 1.71 mmol)
A1 Pd(dppf)Cl, €0.14 g, 0.17 mmol), FF MK
BREYT 80 CHEFE 2 h. WIEIER R ~E /N5,
FRARPE I PO sk Al 15 20 6a, A
FEIESER T N R .

B =Y 6a 95T 4 mL HEEFT 3 mL PUS ki
R AR, 150 CAHLInANIE LN (0.28 g,
7.41 mmoD). JREWIHRE 1 h LIS, JER 254
WA, IO 15 mL /K, G SRR pH (E I & 3.
PR QB AEEL, A WA TR RN T4, U
AT, BAYIEES AL, DR - B
FRCHE (401 ¥elii, AEHHFRELS S, 53
0.25 g B fE 4. P Bk 48.20%. "H-NMR (400
MHz, DMSO-dg) d: 9.23 (s, 1H, -B-OH), 7.76
(d, J=7.6Hz, 1H, -Ph-H), 7.72 (d, J=1.7 Hz,
2H, -Ph-H), 7.65~7.57 (m, 2H, -Ph-H), 7.54
(d, J=165Hz, 1H, -CH,=CH,-), 7.50 (s, 1H,
-Ph-H), 7.33 (d, J=16.4 Hz, 1H, -CH=CH-),
5.04(s, 2H, -CH,-). *C-NMR (101 MHz, DMSO-dg)
5: 155.02, 141.25, 139.06, 134.92, 132.22, 131.27,
127.20, 127.15, 126.26, 125.47, 119.81, 70.29.
AR 7 i G B &4 To~Tj.

&Y Th: W% 52.3%. 'H-NMR (400 MHz,
DMSO-dg) d: 9.21 (s, 1H, -B-OH), 7.75 (d, J=
7.3 Hz, 1H, -Ph-H), 7.66~7.56 (m, 2H), 7.50
(d, J=10.6 Hz, 1H, -Ph-H), 7.46~7.32 (m, 4H),
7.12 (s, 1H, -Ph-H), 5.03 (s, 2H, -CH,-).

&Y Te: WK 68.7%. 'H-NMR (400 MHz,
DMSO-dg) d: 9.22 (s, 1H, -B-OH), 7.75 (d, J=
7.6 Hz, 1H, -Ph-H), 7.71 (s, 1H, -Ph-H), 7.59
(dd, J=13.9, 6.6 Hz, 3H), 7.46~7.37 (m, 2H),
7.37~7.30(m, 2H), 5.02 (s, 2H, -CH,-). *C-NMR
(101 MHz, DMSO-dg) J: 155.04, 139.70, 139.40,
134.09, 131.26, 130.97, 130.62, 128.48, 127.92,
126.51, 126.14, 125.77, 119.65, 70.29.

&) 7d: WK 47.6%. 'H-NMR (400 MHz,
DMSO-dg) d: 9.20 (s, 1H, -B-OH), 7.74 (d, J=
7.6 Hz, 1H, -Ph-H), 7.64~754 (m, 2H), 7.47~
7.38 (m, 2H), 7.33~7.22 (m, 3H), 7.10 (d, J=
7.5 Hz, 1H, -Ph-H), 5.02 (s, 2H, -CH,-), 2.33
(s, 3H, -CH3). ®C-NMR (101 MHz, DMSO-ds)
§: 155.07, 139.84, 138.27, 137.25, 131.23, 130.09,
129.08, 128.71, 127.56, 125.95, 124.39, 119.39,
70.30, 21.48.

&) Te: W 38.4%. 'H-NMR (400 MHz,
DMSO-dg) 6: 9.21 (s, 1H, -B-OH), 7.74 (d, J=
7.6 Hz, 1H, -Ph-H), 7.66~7.55 (m, 2H), 7.37~
7.26 (m, 3H), 7.20 (d, J=6.3Hz, 2H, -Ph-H),
6.87 (dd, J=8.0. 1.8Hz, 1H, -Ph-H), 5.02 (s,
2H, -CH,-), 3.80 (s, 3H, -OCH3). *C-NMR (101
MHz, DMSO-ds) 6: 160.08, 155.06, 139.75, 138.80,
131.24, 130.19, 129.97, 129.21, 126.00, 119.67,
119.46, 11411, 112.19, 70.29, 55.53.

& 7F: % 34.8%. 'H-NMR (400 MHz,
DMSO-dg) d: 9.21 (s, 1H, -B-OH), 7.75 (d, J=
7.6 Hz, 1H, -Ph-H), 7.60 (dd, J=12.1. 7.7 Hz,
4H), 7.38 (t, J=7.6 Hz, 2H, -Ph-H), 7.35~7.24
(m, 3H), 5.01(s, 2H, -CH,-). *C-NMR (101 MHz,
DMSO-dg) 6: 155.07, 139.78, 137.33, 131.25,
130.02, 129.21, 128.91, 128.34, 127.09, 125.98,
119.45, 70.31.

WA 79: W% 52.3%. H-NMR (400 MHz,
DMSO-dg) 6: 9.22 (s, 1H, -B-OH), 7.94 (dd,
J=12.7. 8.8 Hz, 2H, -Ph-H), 7.76 (d, J=7.6 Hz,
1H, -Ph-H), 7.62 (dd, J=14.5. 8.9 Hz, 4H, -Ph-H),
7.51 (d, J=16.5Hz, 1H, -CH=CH-), 7.45 (d,
J=16.5Hz, 1H, -CH=CH-), 5.03 (s, 2H, -CH,-).
BC-NMR (101 MHz, DMSO-dg) J: 155.05, 139.36,
138.56, 131.27, 130.99, 130.72, 130.21, 130.11
(q, 2Jcr=31.4Hz), 12842, 126.18, 124.69 (q,
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Yer=273.4Hz), 124.53 (d, *Jcr=3.5Hz), 123.48
(d, 3Jcr=3.7Hz), 119.71, 70.28.

&Y Th: W% 61.5%. 'H-NMR (400 MHz,
DMSO-dg) d: 9.24 (s, 1H, -B-OH), 8.00 (d, J=
7.8 Hz, 1H), 7.74 (dt, J=20.2. 7.7 Hz, 3H), 7.62
(s, 1H, -Ph-H), 7.57 (d, J=7.5Hz, 1H, -Ph-H),
754~7.47 (m, 1H), 741 (t, J=14.1Hz, 2H),
5.03(s, 2H, -CHy-). *C-NMR (101 MHz, DMSO-dg)
J: 155.18, 139.00, 135.91, 133.76, 133.25, 131.44,
128.48, 127.86, 126.39 (q, 2c..=29.7 Hz), 126.36,
125.40 (g, “Jcr=182.7 Hz), 119.74, 70.33.

&Y Ti: W% 62.2%. 'H-NMR (400 MHz,
DMSO-dg) d: 9.24 (s, 1H, -B-OH), 7.95~7.31
(m, 9H), 5.02(s, 2H, -CH,-). *C-NMR (101 MHz,
DMSO-dg) 6: 155.05, 141.43, 139.18, 131.76,
131.28, 128.42, 128.17 (q, 2Jc.r=31.1 Hz), 127.55,

126.28, 126.01, 119.83, 70.28.

Hirtb & 7a~T7j & s 4 WA 1.
22 EPREMMR

S WFEL 1 mg/mL BF-175 Ml 7a Z 5 4 W
20 puL 1 10 mL F&EJHEH, & MA 4 mL 0.1 mol/L
R, 37 CHAKWBLRIE, 4351T 0. 5min & 1. 2.
19h B, Ha e RZ 25, |, i, 2.
i XAqua Ph 100A (250 mm 4.6 mm, 5 pm);
FEIR 35 °Cs BNAH NS - K (70 1 30); AR
& 1.0 mL/min; BF-175 Fl1 7a (R 38 K43 51 315,
313 nm.,

PR R 43 A 285 SR BF-175 - 0.1 mol/L
HCI H% & 5 min BRI LK &%, WK 2. (&
) 7a {£ 0.1 mol/L HCI # 37 “C/KIBRIEIE 19 h
SRR R AR, W 3. Ht, &Y 7a £E pH
2908 1 IERIE A T AR R AR e .

OH
@[OH CH;0, HCI OH PPhs v@ O/ CHO
P —— ———————————> PhP
s .24 @ CHO MeCN, 90 C,3h CHOEtONa EtOH, 75 C, 3h
1 4a~4j
< O
TF,0, Py CHOBz(Pm)z PdCIz(dppf) oNaBHs, MeOH, 0 C,1h g
DCM, 0 c 40 m.n T KOAc, Diox, 80 C HCI, 0 °C, 10 min
5a~5j 6a~6j Ta~Tj
1 k&Y 7a~7] AR
Fig. 1 Synthetic route of compounds 7a — 7j
0 min 5 min 60 min
'A
F T T 1 T 1 [ [
0 25 5.0 75 10.0 5.0 75 10.0
t/min
2 BF-175 B E 0. 5. 60 min (ISR ME G L E
Fig. 2 HPLC of BF-175 placed in acid for 0, 5, and 60 min
0 min 2h 19h
o k
[ | I I I I \ T T \ T T I \ I I \
0 25 50 75 10.0 0 25 5.0 75 10.0 0 25 50 75 10.0
t/min
3 AW 7aEBEBNE 0. 2. 19 h EHRHEEILRE

Fig. 3 HPLC of compound 7a placed in acid for 0, 2, and 19 h
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2.3 FEMIFMNSCIE

2.3.1 ZHffkEsE  AN3CA i 75 K555 (MEM
BrFRk 10%IM7E, 1%EFR), %1248,
2.3.2 RT-PCR fuillsise  FramfutRAS 4 6 1L
W, BN 5X10°ANFL, Barid . R R R
A 10 pmol/L, 2 mUAL. Z5WER 48h J5
AR A A HE LS RNA, ERRIEFRILF LI 0.5 mL
Trizol Z4fRHE, 5 min J5 ARG R BT 5245
fifee F1JE RNA B EP & W, ## 11 5 min. i 200 pl
SN B IRA], 12 000 r/min B0 15 min. BUH B
R R EP B NN EATR B S I RE, MUENRAIHE,
12 000 r/min &> 10 min. 2B EiE, 01 mL ZFF
PEFk 1 1%, 8000 r/min &.0 5 min, 2Bk E3E, =il
JCE 10 min 1k ZFEFE R T, ST AR BT IR
JI1 40 uL DEPC b BH/KEf#. FIH DEPC AbFE /K
W 45— R 100 ng/ul, 1l RNA .

2.3.3 RT-PCR filisz6ss . | RT-PCR SZ36 4%

ST s, AW 7a~T7g AT SREBP ALK SCD-1
22k, Hrh, k&Y 79 7K SCD-1 [ iA B4
il 61%. A FREUARIEE R 7 8] RS0 Ab A 4007 1 () 5%
Mk R RS &4 (Tg) B SREBP
HENE, ARG (7h) FOXNAL (7i) BURIEA IEME.
()AL R -CHs (7d). -CF3 (79) ZEig s, -H
(7). -F (7b) S5 73 (R ARFRE /N 2L A Vs 1 3 22
&) Ta~T7i PIRHZ LS E LA 4, HXT AN3CA
Yl SCD-1 FIA KM HFE 1.

4 EY Ta~Ti HEHRGEE
Fig. 4 Parent nucleus structure diagram of compound 7a—7i

x1 LAY 7a~7i 3f AN3CA 4apEh SCD-1 FKikHIHH
Table 1 Inhibition of Compound 7a — 7i on SCD-1 expression in AN3CA cells

HaEw R; R, Rs R4 Rs SCD-1 #ix ik &
7a H Cl H Cl H 0.46
7b H F H H H 0.72
7c H cl H H H 0.56
7d H CH, H H H 0.52
7e H OCH, H H H 0.62
7f H H H H H 0.71
79 H CF; H H H 0.39
7h CF; H H H H 1.05
7i H H CF; H H 1.07
BF-175 0.45
DMSO 1.00
3 g HEBAR U RS AS R A7 5 s & A2 R R IR 2R RIE IR

KBEBEITERT 9 NMEFKEmNy T
SREBP il 71, AT H bt A1) S ok (el A #id
RSy W F Bt AT G S 8 . B RO i 4y
P, HRMLEMREMERT BF-175. Eit
RT-PCR X SREBP 3L PR [P I A I, 1RG4
A LAHRHISEIE R SCD-1 Rk, HALGY) 79 i1k
& T BF-175. A9tk K 24425 SREBP it
FIIR R 22, SR SREBP #5719 it B
e F1EM

WA R, a8 4 D VR R T R B R
2 Ay B B, H A, SERBP 5 M
FE L AR, TEH%S SREBP ¥ it
iR 25t LA AR AT FEAROR I TR, A
Wit — D4R SREBP I FIRI S5/ 2 FENE, JEXS
DEAAL S VIREAT 1A U 5 AR 7T

SE 3k
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