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Abstract: A series of new PDE4 inhibitors were designed with the aid of Discovery Studio 2019. Then
the target compounds were prepared through the etherification, chlorination and ammonification reac-
tion with 3, 4-dihydroxybenzaldehyde as initial material. All of the derivatives were evaluated for their
anti-PDE4 activities. After preliminary screening of the 11 newly synthesized PDE4 inhibitors, the
compounds (Cy01,Cy03,Cy04,Cy06,Cyl0 and Cyll) which showed activity were further tested for
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their IC;, value by kit method. Among them, Cy06 indicated the best activity with the 1C;, (PDE4) =
0.219 pmol/L which needed to be further investigated. The preliminary structure-activity relationship
was summarized.
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Fig.1 Synthetic route of the target compound Cy01—Cyl1
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Table 1 Docking energy of compound Cy01—Cyl1
(A x?] Xtk A g/ (k] » mol™ ) (At x?] Xt s g/ (k] » mol™ D)
Cy01 203.74 Cy07 223.69
Cy02 162.37 Cy08 225.08
Cy03 208.40 Cy09 223.36
Cy04 227.22 Cylo 191.24
Cy05 198.84 Cyll 168.13
Cy06 256.28
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7E 50 mL [B] Ji§ B2 A 4,14 g(30.00 mmol) 3, 4- " FF HE IR I E. 4.2 g B IR B 1 ik 1L R
22.5 mL N, N-—F 5L H it e (DME)AE S ), I E 70 °C BBt +F . 22 125 i 6.30 g(39.10 mmoD) & At
TR 0 (3 4T R ERPED - a CEAR TR ZMPED =1+ 1.3, BIyEE T &Y 3 h, HPLC ¥
21 58 42 JE 45 1k BT o K5 RN IR B A K L 2 mol/L A b MR8 37 pH bl LR CBE AL, 4
B A IR HUAR R K PR FHJCK B R 40 4 . B e TR &l 2 8l B e Bk = (b &9 2)
Wk 3.53 g, HPLC 4lifE -k 96.37 %, k% K 62.19% ,mp 173.5~175.1 ‘C.' H NMR (300 MHz,
DMSO) § 10.980 (s, 1H), 9.886 (s, 1H), 7.434~7.424 (t, ] = 3 Hz, 2H), 7.339~7.318 (d, | =
6.3 Hz, 1H), 7.239~7.053 (m, 1H),
222 4 (ZEHBAEE)--(HNSKH-3-EEE)FTARBRGC)HNER

£ 50 mL BB A 1.35 g(5.58 mmoD) & — H R U T I (DBAD) T A 5 mL & H
Bt VKT TEFE A A A4 7 (DBAD) = n (ZFFE#) =1+ 1.2, (LG 2) * n (3R IEPDEWKI) =1 ¢ 1.3
FEE A =R 1.76 (6.7 mmol) . 3- 256 DU A WK 383.4 L(4.74 mmol) , JKiBHEHE 15 min. il A
744 mg(3.95 mmoD) WAL-G 1 2, TLC W45 S i » ks M AL G ¥ 2 S 58 42 i 45 Ik SO g o 0 s T T %
R AR AR A A E AP (bGP 3R FiE S 876.42 mg, HPLC 4k 98.25 %0, i h 86.28 %
mp 203.7~204.1 °C ,' H NMR (300 MHz, DMSO) § 9.96 (s, 1H), 7.61~7.59 (d, ] = 6.8 Hz.
2H), 7.43~7.41 (d, ] = 6.2 Hz, 1H), 7.24~7.06 (d, 1H), 5.20 (t, 1H), 3.92~3.22(m, 4H),
2.28~2.26 (d, ] = 7.1 Hz, 1H), 2.03~2.02 (d, 1H),
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HAifk 49 Cyol: HPLC 4fi B 94.21% , mp: 145.4~147.1 °C,' H NMR (300 MHz, DMSO)
8 8.70~8.67 (t, J = 9.0 Hz, 1H), 7.54 (d, 1H), 7.50~7.49 (d, J = 3.0 Hz, 1H), 7.36~7.34
(d, 1H), 7.29~7.27 (d, 1H), 6.99~6.92 (m, 3H), 5.15~5.12 (t, 1H), 3.94~3.77 (m , 4H),
3.52~3.48 (t, 2H), 3.09~3.06 (t, 2H), 2.28~2.21 (s, 1H), 2.04~1.99 (m, 1H) , 1.27~1.24
(m, 1H),”C NMR (300 MHz, DMSO) § 164.97 (t, s, 2C), 148.51 (s, 1C), 142.93 (s, 1C),
133.40 (s, 1C), 128.73 (d, 1C), 126.14 (d, 1C), 121.12 (d, 1C), 117.03 (d, 1C), 114.81 (t, 1C),
113.61 (t, 1C), 79.03 (s, 1C), 72.61 (d, 1C), 66.37 (d, 1C), 45.27 (s, 1C), 32.57 (s, 1C),
21.21 (d, 10),

Hixfb &4 Cyo2. HPLC 4 92.47% ,mp: 178.5~181.0 C, '"H NMR (300 MHz, DMSO)
8 8.57 (s, 1H), 8.47~8.46 (d. 1H), 8.00 (s, 1H), 7.77 (t, 1H), 7.35 (dd. 4.8 Hz, 1H), 4.09
(d, 2H), 4.01 (s, 2H), 1.78 (dt, 1H), 1.26~1.08 (m, 4H), 0.83~0.72 (m, 6H),"” C NMR
(300 MHz, DMSO) § 160.65(t, s, 2C), 157.71(s, 1C), 153.11(s, 1C), 150.52 (s, 1C), 136.87
(d, 1C), 134.56 (d, 1C), 131.00 (d, 1C), 123.54 (d. 1C), 103.78 (t,1C), 99.99 (t, 1C), 76.37
(s, 10), 50.34 (d, 1C), 41.21 (d, 1C), 38.75 (s, 1C), 23.25 (s, 1C), 10.51 (d, 10,

HArfb &9 Cy03: HPLC 4fi fiF 94.19% . mp: 186.3~187.0 ‘C.,' H NMR (300 MHz, DMSO)
8 8.63~8.60 (t, 1H), 7.51~7.50 (d, 1H), 7.48~7.45 (d, 1H), 7.33~7.19 (m, 5H), 7.13~6.94
(d, 1H), 5.15~5.12 (t, 1H), 3.94~3.77 (m, 4H), 3.51~3.46 (m, 2H), 2.87~2.83 (t, 2H), 2.29
~2.20 (m, 1H), 2.04~1.98 (d, 1H),"”C NMR (300 MHz, DMSO) ¢ 165.56 (t, s, 2C), 148.51
(s, 10), 142.98 (s, 1C), 141.92 (s, 1C), 132.98 (d, 1C), 127.39 (s, 1C), 125.70 (d, 1C), 124.58
(s, 10), 121.21 (d, 1C), 120.78 (d, 1C), 117.02 (d, 1C), 113.60 (s, 1C), 79.03(d, 1C), 72.60
(d, 10), 66.86 (s, 1C), 32.88 (d, 1C), 29.62 (t, 1C),

HArfb &4 Cyo4. HPLC 4ifiF 91.29% , mp: 271.0~272.0 ‘C.,' H NMR (300 MHz, DMSO)
8 8.28~8.26 (d, 1H), 7.55~7.51 (m, 1H), 7.31~6.94 (m, 5H), 5.17 (s, 1H), 4.04~3.34
(m, 3H), 2.65~2.51 (m, 1H), 2.23 (d, 1H), 2.03~2.00 (m, 1H), 1.89~1.74 (m, 2H), 1.31~
1.07 (m, 3H),”C NMR (300 MHz, DMSO) ¢ 165.56 (t, s, 2C), 148.51 (s, 1C),142.98 (s, 1C),
141.92 (s,1C), 132.98 (d, 1C), 127.39 (s, 1C), 125.70 (d, 1C), 124,58 (s, 1C), 121.21 (d. 1C),
120.78 (d, 1C), 117.02 (d, 1C), 113.60 (s, 1C), 79.03 (d, 1C), 72.60 (d, 1C), 66.86 (s, 1C),
40.25 (t, 1C), 32.88 (d, 1C), 29.62 (t, 1C),
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Hbrfb &4 Cyo5: HPLC 4f & 91.32% . mp: 225.7~231.7 C,' H NMR (300 MHz, DMSO)
8 9.96 (s, 1H), 8.63~8.60 (d, 7H), 8.25~8.16 (d, 2H), 7.65~7.41 (t, 4H), 5.21 (s, 1H), 3.92
~3.76 (m, 4H), 2.51~2.50 (s, 3H), 1.25~1.09 (d, 5H),” C NMR (300 MHz, DMSO)
8 160.55 (t, s, 2C),157.14 (s, 1C), 152.67 (s, 1C), 150.39 (s, 1C), 148.74 (d, 1C), 136.92
(s, 1C), 134.56 (d, 1C), 131.06 (s, 1C), 123.63 (d, 1C), 103.94 (d, 1C), 47.48 (d, 1C), 38.78
(t, 1C), 29.27 (¢, 1C), 22.13 (t, 1C), 13.93 (t, 10),

Hirfb & ¥ Cy06. HPLC 4fi iF 97.33% , mp: 261.0~262.2 ‘C.' H NMR (300 MHz, DMSO)
8 9.96(s, 1H), 8.63~8.60 (d, 7TH), 8.26~8.16 (d, 2H), 7.65~7.25 (m, 5H), 5.21 (d, 1H), 3.92
~3.76 (m, 4H), 2.05 (d, 2H), 1.55~0.99 (m, 5H)."” C NMR (300 MHz, DMSO) § 164.53
(t, s, 20), 157.24 (s, 1C), 152.72 (s, 1C), 150.42 (s, 1C), 148.79 (d, 1C), 141.88 (s, 1C),
136.83(d, 1C), 134.65 (s, 1C), 128.38 (d, 1C), 123.86 (s, 1C), 123.61 (s, 1C), 103.95 (d, 1C),
47.20 (d, 1C), 38.75 (t, 1C), 35.21 (t, 1C), 29.08 (t, 1C), 28.22 (t, 10),

H¥r k4% Cy07. HPLC 4l 94.82% , mp: 213.7~215.9 “C, 'H NMR (300 MHz, DMSO)
8 8.73 (d. 1H), 8.51 (d, J = 4.8, 1.4 Hz, 1H), 8.08 (s, 1H), 7.76 (d, 1H), 7.28 ~7.23
(m, 2H),7.19 (d, 6.1 Hz, 2H), 7.13 (d., 2H), 4.36 (t, 2H), 4.13~4.05 (m, 2H), 2.64 (t, 2H),
2.01~1.88 (m, 2H), 1.66~1.53 (m, 2H),” C NMR (300 MHz, DMSO) & 160.58 (t, s, 2C),
157.20 (s, 1C), 152.63 (s, 1C), 150.51 (s, 1C), 148.83 (d, 1C), 136.86 (s, 1C), 134.93 (d, 10),
130.97 (s, 1C), 123.57 (d, 1C), 103.91 (s, 1C), 45.80 (s, 1C), 38.77 (d, 1C), 25.41 (d, 1C),
22.27 (t, 10,

H¥r k&9 Cy08: HPLC 4 JiF 98.19% ., mp: 236.1~237.5 “C, 'H NMR (300 MHz, DMSO)
8 10.65 (s, 1H),8.78~8.76 (s, 1H), 7.71~7.64 (m, 2H), 7.48~7.35 (m, 1H), 7.24~6.69
(d, 1H), 4.00~3.98 (d, 2H), 1.32~1.23 (m, 1H), 0.63~0.58 (m, 2H), 0.41~0.36 (m, 2H),
¥C NMR (300 MHz, DMSO) § 164.26 (t, s, 2C), 150.14 (s, 1C), 148.81 (s, 1C), 143.46 (s, 1C),
141.57 (d, 1C), 131.17 (s, 1C), 130.81 (d, 1C), 121.33 (s, 1C), 120.89 (d, 1C), 120.37 (s, 10),
116.95 (s, 1C), 114.15 (d, 1C), 72.76 (d, 1C), 40.27 (s, 1C), 10.41 (t, 1C), 3.52 (t, 10,

HArfk &% Cy09: HPLC 4fi fF 92.01% . mp: 231.5~233.0 C.,' H NMR (300 MHz, DMSO)
8 10.41 (s, 1H), 8.06~8.03 (d. 1H), 7.77~7.59 (m, 3H), 7.47~7.34 (m, 2H), 7.18 (s, 1H),
5.22~5.18 (d, 1H),4.07~3.76 (m, 4H), 2.32~2.20 (d, 1H), 2.08~1.99 (m, 1H), 1.31~1.15
(m, 1H).,”C NMR (300 MHz, DMSO) § 165.01 (t, s, 2C), 148.61 (s, 1C), 136.68 (s, 1C),
132.85 (s, 1C), 122.40 (d, 1C), 121.37 (s, 1C), 121.30 (d, 1C), 121.18 (s, 1C), 122.40 (d, 1C),
121.37 (s, 1C), 119.37 (s, 1C), 116.95 (d, 1C), 115.14 (d, 1C), 79.22 (d, 1C), 72.61 (t, 1C),
66.87 (t, 1C), 32.88 (t, 10),

Hrfb &9 Cylo: HPLC 4k 92.57 % ,'H NMR (300 MHz, DMSO) § 8.49~8.46 (t, 1H),
7.55~7.47 (m, 2H), 7.31~7.25 (m, 1H), 7.12~6.94 (d, 1H), 5.16~5.13 (t, 1H), 3.94~3.76
(m, 4H), 3.34~3.23 (t,2H), 2.27~2.20 (m, 1H) , 2.04~1.98 (d, 1H) , 1.55~1.47 (d, 2H) ,
1.37~1.18 (m, 4H) ,0.93~0.85 (m, 4H),” C NMR (300 MHz, DMSO) & 165.34 (t, s, 2C),
148.49 (s, 1C),142.88 (s, 1C), 133.19 (s, 1C), 120.76 (d, 1C), 117.02 (d, 1C), 114.52 (d, 1C),
79.02 (d, 1C), 72.60 (t, 1C), 66.86 (t, 1C), 39.97 (t, 1C), 32.88 (t, 1C), 31.73 (t, 1C), 20.14 (t,
10), 14.19 (q.10),
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Hirfb &9 Cyll. HPLC 4 & 94.16% , mp: 216.5~218.1 *C.' H NMR (300 MHz, DMSO)
0 8.48~8.45 (t, 1H), 7.54~7.47 (m, 2H), 7.30~3.25 (m, 1H), 7.12~6.93 (d, 1H), 5.16~5.13
(t, 1H), 3.94~3.76 (m, 4H), 3.32~3.22 (d, 2H), 2.29~2.13 (m, 1H), 2.05~1.91 (d, 1H),
1.54~1.50 (t, 2H), 1.32~1.14 (m, 12H), 0.90~0.84 (t, 4H).,” C NMR (300 MHz, DMSO)
0 165.31 (t, s, 2C),148.49 (s, 1C), 142.89 (s, 1C), 133.19 (s, 1C), 120.76 (d, 1C), 117.01
(d, 10, 114.52 (d, 1C), 79.02 (d, 1C), 72.60 (t, 1C), 66.85 (t, 1C), 40.26 (t, 1C), 32.88
(t, 2C), 31.71 (t, 1C), 29.57 (t, 1C), 29.22 (t, 1C), 26.98 (t, 1C), 22.56 (t, 1C), 14.41 (q, 1C),

3 7% PDE4 357 59 & ¥ i 1 i

3.1 LEMUFHERELSER

DECH] 1R 2wl - T mL 10 X [ B Z8 Mif . A 29 5 mL 47K ,0.01 g 24 1ML ys H & L i
HAREMCRRER , FHBAAKERE 10 mL, K b

2)BL ] PDE4 W B 1 X RN ZZ v 799 pL WA B O L FEINA 1 pL il 4k PDEA R A), B 5
FE 800 %5

3L AR B v BE Y CyO1 ¥ W« 52 N % b W/ V5 ) i i & B2 24 1,0.5,0.25,0.125,0.062 5,
0.031 25,0.015 625,0.007 812 5,0.003 906 25 mmol/L E‘J‘f{’&?&,éﬁa— C,~Cy;

DB OEMT A ~Au 78 A ~AL 43 FINA 20 pL i PDE4 W A HIMA 20 pL 9 1 X%
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Table 2 Preliminary testing data of compound Cy01

ae ] T%j%{ﬁ ;
FATUL 1 AT 2 AT 3
Ay 97 332 111 433 110 966
A, 74 798 76 331 75 167
As 55 501 53 200 54 963
Ay 43 928 41 981 43 365
As 25 295 24 391 24 754
As 16 810 16 588 17 510
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