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Synthesis and anti-inflammatory activity of novel isobutyl
benzophenone derivatives
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Abstract: Twenty target compounds were synthesized by the reduction reaction of HUANG Minglong and
Friedel-Crafts acylation reaction in this study. The inhibitory effects of the new compounds were tested on
NO production in LPS-induced mouse macrophage RAW264.7 cells, a cellular inflammation model. The
structure-activity relationships were discussed.  The structures of target compounds were confirmed by ESI-MS,
'HNMR and *CNMR. In vitro activity experiments showed that 18 compounds had certain anti-inflammatory
effects at the concentration of 40 pmol L™, of which 9a, 8b, 7c and 9c showed strong anti-inflammatory
activities, and 1Cx, of 7c and 9c were comparable to the positive control drug ibuprofen.
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Figurel Molecular design of target compounds
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Reagents and conditions: (a) AICls, CH.Cl,, rt, 6 h; (b) 80% hydrazine hydrate (4 eq), diethylene glycol, DM SO, NaOH (10%), 165 -175C,

10 h; (c) AlCl3, CH.Cly, 45 °C under reflux 24 h.
Scheme 1l Synthetic route of compounds 4a—9a
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Reagents and conditions: (a) AICl3, CH.Cly, rt, 2 h; (b) 80% hydrazine hydrate (4 eq), diethylene glycol, DM SO, NaOH (10%), 165 —-175C,

10 h; (c) AICl3, CH.Cly, 45 °C under reflux 24 h.
Scheme?2 Synthetic route of compounds 4b—11b
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Reagents and conditions: (a) AICl3, CH.Cly, rt, 2 h; (b) 80% hydrazine hydrate (4 eq), diethylene glycol, DM SO, NaOH (10%), 165 —-175C,

10 h; (c) AICl3, CH.Cl5, 45 °C under reflux 24 h.
Scheme 3 Synthetic route of compounds 4c—9c
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Tablel Thephysical and ESI-MS data of target compounds
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Compd. Formula Property log P Yield/% mp/C ['\'\//II +SI-E]E+Sr:')Vz
4a CigH27NOs White solid 3.18 21 145-147 338
5a C1gH2205 Light yellow solid 3.36 12 103-105 319
6a CigH27NO4 White solid 3.57 44 136-138 322
7a C17H2406 White solid 251 34 121-123 325
8a C15H2204 Colorlessail 4.37 65 - 267
9a Ci6H25NO4 White solid 293 29 78-80 296
4b C17H25NOs White solid 2.60 12 147-149 324
5b C17H25NOs White solid 3.05 12 68-70 324
6b C17H200s Light yellow solid 2.87 63 87-89 305
7b C17H25NO4 White solid 3.01 1 113-115 308
8b C16H2206 White solid 0.58 25 199-201 311
9b C14H2004 Light yellow ail 3.87 6 - 253
10b Ci5H23NO4 White solid 243 11 95-97 282
11b Ci5H23NO4 Colorlessail 313 10 - 282
4c C17H25NO4 White solid 312 15 47-49 308
5¢ C17H2004 White solid 3.48 24 122-124 289
6C C17H25NO3 Colorless ail 3.59 46 - 292
7c C16H2205 White solid 111 13 79-81 295
8c Ci5H2,03 Light yellow oail 4,28 8 - 251
9c Ci5H23sNO3 Colorlessail 229 453 - 266
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Table2 HNMR and *C NMR data of target compounds. “CDCl; as deuterated solvent; “DMSO-ds as deuterated solvent

Compd. 1H NMR (400 MHz, CDCl5 or DMSO-dg)

3C NMR (100 MHz, CDCl3 or DMSO-dg) &

4a 9654 (s, 1H), 3.81 (s, 3H), 3.79 (s, 3H), 3.68—3.37 (m, 8H), 2.41 (dd, J = 12.8, 6.7 Hz, 156.57, 156.43, 153.00, 149.12, 115.33, 111.61, 93.25,
1H), 2.04 (dd, J = 12.5, 7.9 Hz, 1H), 1.84 (s, 3H), 1.79-1.66 (m, 1H), 0.82 (t, J=6.9  66.89, 55.77, 55.72, 45.01, 44.29, 32.98, 28.89, 22.84,

Hz, 6H).

22.61, 8.95.

5a  "7.88(s, 1H), 6.98 (d, J = 3.6 Hz, 1H), 6.63 (dd, J = 3.5, 1.5 Hz, 1H), 5.97 (s, 1H), 4.00 193.93, 180.83, 170.29, 170.12, 149.85, 147.73, 117.69,
(s, 3H), 3.69 (s, 3H), 2.10 (qd, J = 12.7, 7.2 Hz, 2H), 1.73-1.61 (m, 1H), 1.41 (s, 3H), 112.63, 108.27, 87.26, 62.08, 56.60, 56.51, 30.31,

0.79 (d, J = 6.6 Hz, 3H), 0.76 (d, J = 6.6 Hz, 3H).

27.37,23.73, 22.38, 22.29.

6a ©6.53 (s, 1H), 3.81 (s, 3H), 3.79 (s, 3H), 3.51 (s, 2H), 3.36 —3.29 (m, 2H), 2.40 (s, 1H), 156.10, 155.97, 151.60, 148.93, 114.15, 110.50, 93.05,
2.07 (s, 1H), 1.95-1.89 (m, 2H), 1.88 (d, J = 6.8 Hz, 2H), 1.85 (s, 3H), 1.80-1.67 (m,  55.66, 55.58, 46.19, 46.00, 32.50, 28.26, 25.39, 24.48,

1H), 0.82 (s, 3H), 0.80 (s, 3H).

22.47, 8.96.

7a  “6.36(s 1H), 382 (s 3H), 380 (s, 3H), 291 (t, J=6.5Hz, 2H), 282 (t, J=6.5Hz,  177.98, 170.01, 156.65, 156.47, 148.94, 114.82, 111.03,
2H), 2.27-2.18 (m, 1H), 2.14-2.04 (m, 1H), 1.92 (s, 3H), L79 (tt, J=135,6.7Hz, ~ 93.43,55.79, 55.73, 32.90, 28.84, 28.73, 28.66, 22.60,

1H), 0.87 (s, 3H), 0.85 (s, 3H).

8.94.

8a  ©7.26 (s, 1H), 6.37 (s, 1H), 3.83 (s, 3H), 3.80 (s, 3H), 2.32 (5, 3H), 2.24 —2.20 (m, 1H), 168.95, 156.61, 156.43, 149.04, 114.69, 110.89, 93.23,
2.05(d, J = 11.8 Hz, 1H), 1.94 (s, 3H), 1.81 (tq, J = 13,5, 6.8 Hz, 1H), 0.87 (s, 3H),  55.71, 55.68, 33.04, 28.72, 22.66, 20.63, 9.02.

0.86 (s, 3H).

9a ©6.35 (s, 1H), 3.82 (s, 3H), 3.79 (s, 3H), 3.14 (s, 3H), 3.02 (5, 3H), 2.54 (dd, J=12.9, 156.48, 156.34, 154.27, 149.41, 115.50, 111.70, 93.11,
6.7 Hz, 1H), 2.16-2.08 (m, 1H), 1.97 (s, 3H), 1.81 (dp, J = 13.7, 6.8 Hz, 1H), 0.87 (s,  55.76, 55.70, 36.81, 36.37, 32.94, 28.88, 22.80, 22.56,

6H).

8.93.

4 ©8.80 (s, 1H), 5.99 (s, 1H), 3.82 (s, 6H), 3.77-3.53 (m, 8H), 2.45 (d, J= 7.3 Hz, 2H), 168.22, 161.05, 157.36, 155.23, 110.98, 101.74, 86.65,

1.88 (dp, J = 13.7, 6.8 Hz, 1H), 0.89 (s, 3H), 0.87 (s, 3H).
5b

©6.33 (d, J= 2.3 Hz, 1H), 6.27 (d, J = 2.3 Hz, 1H), 3.77 (s, 6H), 3.77-3.52 (m, 8H),
2.34(d, J=7.2 Hz, 2H), 1.80 (ct, J = 13.6, 6.8 Hz, 1H), 0.87 (s, 3H), 0.86 (s, 3H).

67.04, 55,51, 55.41, 31.50, 29.72, 28.30, 22.57.
159.12, 158.51, 153.46, 150.50, 115.36, 99.10, 96.36,
66.78, 66.64, 55.55, 55.38, 44.89, 44.16, 32.53, 28.77,
22.68.

6b  ©11.09 (s, 1H), 7.56 (d, J= 0.9 Hz, 1H), 7.11 (d, J= 3.6 Hz, 1H), 6.52 (dd, J= 3.5, 1.7 183.43, 162.74, 160.13, 158.88, 152.82, 144.47, 116.73,
Hz, 1H), 6.02 (s, 1H), 3.88 (s, 3H), 3.73 (s, 3H), 2.47 (d, J=7.3 Hz, 2H), 1.90 (dp, J= 110.82, 109.14, 104.51, 85.82, 54.50, 54.43, 30.13,

13.7, 6.8 Hz, 1H), 0.90 (s, 3H), 0.88 (s, 3H).

27.15, 21.53.

70 ©9.64 (s, 1H), 5.99 (s, 1H), 3.83 (s, 3H), 3.82 (s, 3H), 3.63 (5, 2H), 3.42 (s, 2H), 245  168.35, 160.87, 157.27, 156.02, 110.30, 103.52, 86.52,
(d, 3 =7.3 Hz, 2H), 2.05-1.97 (m, 1H), 1.97-1.77 (m, 4H), 0.89 (s, 3H), 0.87 (s, 3H).  55.37, 31.51, 29.71, 28.27, 22.58, 14.13.

8b  ?13.82(s, 1H), 12.09 (s, 1H), 6.25 (s, 1H), 3.94 (s, 3H), 3.89 (5, 3H), 3.22 (t, J=6.2
Hz, 2H), 2.52 (d, J = 6.4 Hz, 2H), 2.35 (d, J = 7.3 Hz, 2H), 1.81 (dt, J = 13.6, 6.8 Hz,

1H), 0.82 (s, 3H), 0.81 (s, 3H).

203.81, 174.01, 163.74, 162.76, 161.67, 108.10, 104.58,
87.15, 55.92, 55.79, 30.57, 28.03, 27.51, 22.39.

9b  ©6.20(s, 1H), 3.76 (s, 3H), 3.70 (s, 3H), 2.51 (s, 3H), 2.41 (d, J=7.4Hz, 2H), 1.89  202.64, 157.64, 156.48, 155.83, 118.26, 113.48, 95.25,

(dp, J=13.8, 6.8 Hz, 1H), 0.93 (s, 3H), 0.92 (s, 3H).

62.84, 55.73, 32.55, 32.22, 28.90, 22.64.

10b  ©8.96 (s, 1H), 5.99 (s, 1H), 3.82 (s, 3H), 3.82 (s, 3H), 3.02 (s, 6H), 2.45 (d, J=7.3Hz, 169.67, 160.82, 157.03, 155.59, 110.57, 102.46, 86.52,

2H), 1.89 (dp, J = 13.7, 6.8 Hz, 1H), 0.89 (s, 3H), 0.87 (s, 3H).

55.42, 55.38, 31.49, 29.71, 28.27, 22.55.

11b  ©6.31(d, J= 2.3 Hz, 1H), 6.29 (d, J= 2.3 Hz, 1H), 3.7 (s, 6H), 3.11 (s, 3H), 3.02(s,  159.10, 158.44, 154.72, 150.85, 115.45, 99.24, 96.20,
3H), 2.35(d, J = 7.2 Hz, 2H), 1.81 (dp, J = 13.6, 6.8 Hz, 1H), 0.87 (s, 3H), 0.86 (s, 3H). 55.55, 55.37, 36.77, 36.38, 32.50, 28.78, 22.64.

4c 96.96 (d, J= 8.4 Hz, 1H), 6.68 (d, J = 8.4 Hz, 1H), 3.81 (s, 3H), 3.73 (m, J=12.4Hz, 156.58, 153.04, 148.49, 127.76, 125.98, 119.67, 107.54,
6H), 3.61 (M, J = 14.2 Hz, 2H), 2.31 (dd, J=13.1, 7.1 Hz, 2H), 2.04 (s, 3H), 1.79 (dp,  66.82, 55.67, 44.97, 44.27, 39.73, 29.28, 22.60, 9.41.

J =135, 6.8 Hz, 1H), 0.90 (s, 3H), 0.88 (s, 3H).

5c  ©7.66 (s, 1H), 7.12 (s, 1H), 7.05 (s, 1H), 6.54 (s, 1H), 5.06 (s, 1H), 3.70 (s, 3H), 2.45  182.70, 156.42, 155.66, 152.92, 147.11, 129.60, 123.92,
(d, J=6.7 Hz, 2H), 2.21 (s, 3H), 1.97-1.79 (m, 1H), 0.94 (s, 3H), 0.93 (s, 3H). 122,05, 120.51, 117.35, 112.13, 62.54, 39.10, 28.70,

22.53, 8.90.

6c  “6.95(d, J= 8.4 Hz, 1H), 6.66 (d, J = 8.4 Hz, 1H), 3.80 (s, 3H), 3.60 (t, J = 6.4 Hz, 156.54, 152.68, 148.75, 127.58, 126.28, 119.84, 107.32,
2H), 3.50 (t, J=6.6 Hz, 2H), 2.33 (s, 2H), 2.05 (s, 3H), 1.96 (ddt, J=19.7, 13.3, 6.7 55.67, 46.45, 46.36, 39.74, 29.21, 25.93, 25.07, 22.61,

Hz, 4H), 1.82 (m, 1H), 0.89 (s, 3H), 0.88 (s, 3H).

9.51.

7c  96.97 (d, J=8.4Hz, 1H), 6.69 (d, J= 8.4 Hz, 1H), 3.81 (s, 3H), 2.93 (t, J= 6.6 Hz, 177.90, 170.12, 156.59, 148.32, 127.83, 125.55, 119.17,
2H), 2.83 (t, J=6.6 Hz, 2H), 2.28 (d, J = 7.1 Hz, 2H), 1.99 (s, 3H), 1.80 (dt, J=13.4, 107.85, 55.71, 39.55, 29.03, 28.86, 28.64, 22.51, 9.42.

6.8 Hz, 1H), 0.88 (s, 3H), 0.87 (s, 3H).

8c  ©7.34(s, 1H), 3.75 (s, 3H), 3.73 (s, 3H), 2.62 (s, 3H), 2.46 (d, J=7.3Hz, 2H), 2.25(s, 200.04, 161.37, 157.51, 130.66, 129.27, 128.61, 125.12,

3H), 1.91 (dp, J = 13.6, 6.9 Hz, 1H), 0.91 (s, 3H), 0.90 (s, 3H).

61.90, 60.45, 38.86, 30.45, 29.27, 22.57, 9.80.

9c  “6.95(d, J=8.4Hz, 1H), 666 (d, J= 8.4 Hz, 1H), 3.80 (s, 3H), 3.15 (s, 3H), 3.03 (5, 3H), 156.54, 154.31, 148.83, 127.60, 126.19, 119.75, 107.37,
2.30 (d, J = 21.5 Hz, 2H), 2.03 (s, 3H), 1.82 (dp, J=13.5, 6.8 Hz, 1H), 0.90 (s, 3H).  55.67, 39.65, 36.82, 36.39, 29.27, 22.58, 9.40.
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Table 3 The survival rate of target compounds (40 pmol-L™?).
Ibuprofen was positive reference compound; LM49 was a lead
compound

Compd. Survival rate/% Compd. Survival rate/%
4a 98.72 8b 98.32
5a 91.09 9b 99.97
6a 99.14 10b 97.21
7a 97.12 11b 100.08
8a 100.63 4c 97.70
9a 96.82 5c 100.16
4b 100.34 6C 97.93
5b 98.02 7c 98.65
6b 99.39 8c 96.03
7b 98.40 9c 98.76

Ibuprofen 95.32 LM49 19.92
LPS 78.44

Table 4 The inhibition rate of target compounds. [buprofen

was a positive reference compound; LM49 was a lead compound,;

@Average value by three independent experimental measurements; "Mean:+
SD (n=2); N.D.: Not detection™

Inhibition ICoof Inhibition ICoof
Compd.  rate/% (40 _1p| Compd.  rate/% (40 “1b
umol L 12 umol-L umol L 12 pmol-L
4a 7.68 N.D.° 8b 50.91 41.8+0.3
5a - N.D. 9b 14.86 N.D.
6a 10.35 N.D. 10b 20.23 N.D.
Ta 4.92 N.D. 11b 43.05 N.D.
8a - N.D. 4c 39.89 N.D.
9a 50.09 N.D. 5c 39.64 N.D.
4b 14.83 N.D. 6c 30.20 N.D.
5b 15.98 N.D. 7c 72.00 332+ 0.6
6b 20.42 N.D. 8c 43.10 N.D.
7b 27.83 N.D. 9c 53.45 35.8+0.7
Ibuprofen 54.08 37.6+6.9
LM49 N.D. 8.6+25
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Figure 2 The docking surface of 7c with COX-2 and hydrogen
bonding with key amino acids

Figure 3 The docking surface of 7c with iINOS and hydrogen
bonding with key amino acids

6 h, TLC A&l s B 58 45, IS B vk/K K 1.0 mol-L ™t
Bt R &k e 2 8 kR 2R 20 mL &
FEAEEL 3 K, GIFANE, KRR TRSR,
JERERRIE A, MO S (RB-LiR OlE=16: 1,
Vi V) BIFR S B HR A 4.5 g, U 65%.
&Y 2o, 2c 1% B8 I A B
12 2-RTH-135-=ZRFHE-4BEFK (3a) WFl&
B —45 — 2 1% 30 mL 1 DMSO 15 mL - 100 mL
BRI, 284 115°C, 748 05 h Rk, 5%
BRI PSR &Y 28, FREMRIEZIEIMA
I & 80% /K & i, 120°C R A EERIR 2 he 525 )5 1
TR ERF 2 70°C, I NaOH 4.5g, £ NaOH 5
AIERSETHRZE 130 CAATHBR/K, SRJG LR HE,
MO EIA S B, A 165 °C M 10 h, TLC Wil 2
MR, fERMEER G, WEIESE, kR
pH BERMEM S, FI B 3 %k, BIFENLE, &
IR RN TR I A, D e RRA TR, ARl B (A
WMEE- 2 2 E=60: 1, V: V) B4 8 (iR Ak,
R 43%.
& 3o, 3c 1% BRI A B

13 -BEIRTEA-_HFESREFRH)-I
Wh-4-FRER (4a) AYHIE  HU 300 mg bib AR 3a T
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50 mL [F keI, A =S H Bt 15 mL, B
W, BB TLK AIC; (1.3 eq), VK 10 min,
SRIGTEVKI 5 AF T, GRS 0 I v ik R R 50 (1.3 eq),
LM THE A 45°C, [R13N 24 h, TLC Wil s w7 k2,
RIEEFE, INE VKKK 1.0 mol-L~" il th R &
1B, R EER 20mL S PRI 3Kk, &
HANZE, KRBT ISR, HUETERRVE R, +
Bk o8 CAMiE-4R OFE=10: 1, V:V) BIffH
[l 428 77 K210 14%.

&) 5a~9a ¥4 IR I 77
14 (-BEIFTE-46-_HFEFEE)-MH-4-F
il (4b) BIFIE WK TTVES 4adl, MU 24,6-—
HAR R RO JEORE, S e iR, At g5 it
R (AMB-ZRAEE=8: 1, V: V), 53 A6 HE
& 4b, F=EFL1H 17%.

&) 6b~100 $544 HE L 75 15 B A
15 MUk-4-#588-2- 5 T &-3,5- —HEE X ERE (5b)
BIHIE  5b 2l 4b i FEH AR B (f R
LR TE=8: 1, V V) BEIME=Y, AGREd, 5
LK 9%,
16 NN-ZHEFERR-2-FTH-35-—_HEEXK
EEE (Ub) BFIE b 2% 10b b FE AR @il o
B (AMEE-Z R 2E=10: 1, Vi V) BRI,
TR AR, 7222108 10%.
17 (2-B&-55TH-4BFE-3-BE-FE)-IDM-
4-FATE (4c) BOHIE  HI&TTET 4da R, BH 2,6-
TREIE R RO E R, A& EONIER, Atk iR
FEANESE (AMEE-4R ARE=10:1, V V), 152
A 4e, LN 15%.

& 5c~9c ¥tk B 7 VA i
2 YHAEEIEEIAE

BT 0 A= A 1 ) 4 e A T 96 FLAR Y, 5% CO,s
37 CWHAH B IR 24 h, SRJE 4 BIINNEE (BB
N 40 pmol-L™h) FIfig £ HE (LPS) (&M EIKEN
1mg-L™") 4FE 24 h J5 R AN ERUE, ESALE
TN 5 g-L 7t FFEmEMEEL DU (MTT) 10 ul K I
THEREFRAL 100 pb, 4kEEE iR 4 h G, BRI
WA, &EFLINA 100 pb —HIEIHK (DMSO),
Vil A0 M P 45 A VR, T REARAX 490 nm K b
ME S FLOLEE A . BELLFARIFE R &4
FIEEARR BT (%) =A woal A 20ax100%.
3 MRIEMVMTHR

T A= K A 1) 4t 422 T 96 FLAR 1, 5% CO,s

7 CHFFREFE 24 h, WL MG & 7R &, FE
NFES (ZKFE )y 40 pmol-L™h) Al LPS (&5 &K
FEN 1 mg-L™Y) JE, FIEE 24 h, ARG AN -
50 uL, H GriessykillE g+ NO & &, % “H0
HZ (%) = (A rna—A poa)l (A wqa—A goa)x100%” 11
SRS LPS 531/ B BRI NO AR i ) 4171 1
EH
4 HFIEFEXR

gy 1%t B AE R GRS R 4 R R TR
http://www.rcsb.org/pdb/PDB %145 /%2, 4w 5y 3LN1
(COX-2). 4CX7 (iNOS), F|H Sybyl-X 2.0 %A+
Applications 15t F ] Dock-ligands 27 it 47 4+ Xt
Bz, BREFERULH, FTESHIN RAEERIE.
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