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Abstract: Derivatives of a-mangostin were designed and synthesized in this study, and their phospho-
diesterase 4(PDE4) inhibitory activities were evaluated in vitro. The initial substrate a-mangostin was
converted into the cyclized compound 1, followed by eleven desired compounds were prepared by alkyla-
tion, hydrolysis, acylation reaction and other methods. The structures of the desired compounds
were confirmed by 'H NMR, "C NMR and ESI-(HR)MS. The PDE4 inhibitory activities of these com-
pounds were evaluated in vitro by [*H] liquid scintillation counting method. Among the desired com-
pounds, compounds 4a, 4b, 5, 6, 8, 11 and 13 showed stronger PDE4 inhibition activity than a-man-
gostin. Compound 5 exhibited potential PDE4 inhibitory activity with the IC,, values of 247 nmol/L.
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WEfR —lEfE (PDEs, phosphodiesterase ) 42 7K i
2 L PN 575 AR O R BR T PR (cAMP) 5 ORI 35 55 7 iR
(cGMP) 1Y M 90 B 7 5, A48 11 A i K %
(PDE1~11) "', 1T cAMP Fll cGMP 1E 4= 3 5 5 o
ME AR, B EREFC BN Z R, a0
W CERJEE M S ke I L DA R A A Y
JRITHEN 2, SRR _IEME 4 (PDE4s, phosphodiester-
ase 4) J& PDE K& 10— FF [F] T/, A PDE4A .
PDE4B .PDE4C Fl PDE4D PUFHE A, 7] F5 5 P K i
cAMP ', T2 A A TRV . G sis 40 R K P RiK
MAERGHL T, KA cAMP W BE K H R A
S T B A EE AN . PDE4 R ] )
YO 2R T 2R IEIT . Rolipram fF
T — A PDEA SN, B ) 2 W58 1 T 17 i 457 956
WIAIT , H DT HA I R e PRk 25, R SR
S WA S EIVE A, PR I /R PDE4
TR FRAIE T A BHAE X FR 254 7. Roflumilast J& 1 4
i & PDE4 #1177 (PDE4B IC,,: 0. 84 nmol/L;
PDE4D IC,,: 0. 68 nmol/L) , 2010 4 F1 2011 4F %% J5
BRI ZG A )5 (EMA) FIFDA b T/ &
P2k B ZEEMTR (COPD) JRY7F, LI/D oK K AE
B Uk b7 1 COPD JEAR &AL
Tl 11 B 4 35 £ ¥ PDE4 #1157 (1C,,: 74 nmol/L) ,
2014 4E 4 FDA it 1] 7 v 2 o J3 6 B A4 S 5
BRE AT REIAIT 7 20164F, FDALHE T8
M40 PDE4 #1115 Crisaborole (1C,,: 490 nmol/L) F
TRENLPE R R BIGIT . BRI, PDE4 55138 5
eI | RO SR RAER], IRRFEEE FRHAS T
R o BRI, SR PDE4 55 B A &
BENX,

o—fH4ET 3R, —FoRk A kSR R AR L
T Garcinia mangostana L. " 1) 57 )3 M5 Fk 750 480 4% &
M B EA G, BAVR . MafipELmmey
HEVEME L RUIBF SRS, a—{ElER T R — R
rp S50 P 9 PDE4D2 41 i 5] (1C,,=1 310 nmol/L) ,
Xof G 27 5 S0 B SR A IR S T A R gk — 2P
B, RINAE 60 1 2 5 15| A Jot 56 2 i i Jo ik
MRS o 5 A i v ik 35 8 e LA ) PDE4IEPE 70 Ry
HE— 20 H A 6~ & BRI % K HA BE A X PDE4
HREE VR, ARG T 11 a1
TEREAAEY, IEWIP RTINS PDE4FROC R .

Apremilast J&—

1 A8

AR RGEN G R, ol T
W2 DDQ AL A58 a— B I F AT AEY 1,
SRIGTE 6- LBy 23 Faoledifb . B . KA . Bk
ST EA B EY . Birb GG k2
LI 1~ 4,

B, bGP 1 5 ARRSE K 0 IR
12 alA 2a Fl 2b, 55 A AN A5 24k
AW13af13b, ¥ 3af3b 5 = A ILPHA RS ) H Az
165 W) 4a F14b, 4b 5 1H- ML ws—1— Pk ER 52 46 2
N il A5 I BARE B4 5.

K2, (k&5 CERNFEl6, 65 4-
TR SR S ER RS2 7, )5 7KMAS R H iR
518,

B3, fbaW 1 S5 R RIS YTE DCC
FIDMAP [ 454 2k &9, 10F111, kG
Y1 5 AR R B W & AR e e R AR B AL &
Y112 F113,

P4 rp i B 4L 30 4 A A R
B AREW LS TR L PR AL . KR
KR AFEEA Y14, 14 5 50 31| 208 ) N 15
F HIMEA W15,

2 BRELE

'"H NMR (400 MHz) 11 °C NMR (100 MHz) i %
FH i+ Bruker AVA400 2 B 3L PR A 2 (DL TMS
WHR) 5 ESI-MS 3R H] 2 #EAE B A R 7] 1260-
6460 — T DU FF IR BT AL ; HR-MS (ESI) RH
% [E AB SCIEX TripleTOF® 5600+ i i {3l & ;
ke e (200 ~300 H) B B iFL AR ™
b, RS GF254 Mt (20 em X 20 em) Sk fE [E 2R
SO E] 5 BRI )1 5 R AN A A 2 R
TR RN R4 ol A VRS 1 B 7 VO
2.1 HEW1.2a2bE K

G .2a 2b A LS % 3CHK [17],

2.2 EW3a3bHIAEK

DL 3a G WM. K 2a(300 mg, 0.57 mmol)
A ZE 3 mL T DMF 1, RUIA S Zfbah (111
mg, 1.70 mmol) Fl fll £k 4 (9 mg, 0.06 mmol) .
60 C TR 5hf&E, JA 10 mLykK, & HkE
(10 mLx3) #H, HIF AW LA, JoKu R
T, obug, WOURZEBRIE N . MY SRR )2
Pralifh (218 B -k, AR BU 1:19), 5
[f 14 3a(268.2 mg) , YLFH 96%. 'H NMR (400
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3a n=2 3b n=4

d4a n=2 4b n=4 5

a: DDQ, PhH, reflux; b: K,CO,, acetone, reflux; c¢: NaN,, Nal, DMF, 60 C;
d: Ph,P, THF, 60 °C; e: 1H-Pyrazole—1-carboxamidinehydro—chloride, DIPEA, DMF, rt.

K1 & 4a, 4bHI 5 G R
Fig. 1 The synthesis of compounds 4a, 4b and 5

a: CH,COCl, Et,N, CH,CI,, ice bath; b: Ethyl 4-bromocrotonate, K,CO,, acetone, reflux;
c: NaOH, NH,OH - HCl, acetone, reflux.

El2 a6 m8mEm
Fig.2 The synthesis of compounds 6 and 8

MHz, CDCL,) § 13.73 (s, 1H), 6.74 (s, 1H), 6.73
(d, J=10.0Hz, 1H), 6.23 (s, 1H), 5.57 (d, J =
10.0 Hz, 1H), 5.26~5.20 (m, 1H), 4.17 (¢, J =
6.0 Hz, 2H), 4. 11 (d, J = 6.6 Hz, 2H), 3.79 (s,
3H), 3.59 (1, J=6.5Hz, 2H), 2. 16 (p, J = 6.2
Hz, 2H), 1.85 (s, 3H), 1.68 (s, 3H), 1.47 (s,
6H) . °C NMR (100 MHz, CDCl,) & 182.1, 159.9,
158.1, 157.2, 156.3, 155.4, 144.2, 137.5,
132.0, 127.3, 123.2, 115.9, 112.2, 104.6,
104.0, 99.2, 94.1, 78.1, 65.6, 61.1, 48.2,
28.7, 28.5, 26.3, 26.1, 18.3_ ESI-MS m/z 514. 1

[M+Nal*

[, k& 2b 5 AN, 15 ik
G491 3b: BEAREK, WK 90%, 'H NMR (400
MHz, CDCL,) 6 13.76 (s, 1H), 6.73 (d, J = 10.1
Hz, 1H), 6.71 (s, 1H), 6.22 (s, 1H), 5.56 (d,
J=10.0 Hz, 1H), 5.27~5.20 (m, 1H), 4.11 (d,
J=6.7Hz, 2H), 4.08 (t, J=6.4 Hz, 2H), 3.79
(s, 3H), 3.33 (t, /= 6.6 Hz, 2H), 1.97~1.89
(m, 2H), 1.85 (s, 3H), 1.75~1.69 (m, 2H) ,
1.68 (s, 3H), 1.66~1.60 (m, 2H), 1.46 (s, 6H).
“C NMR (100 MHz, CDCl) & 182.2, 159.8,
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a: R,COOH, DCC, DMAP, CH,CL, rt; b: R,Br,K,CO,, acetone, reflux or rt.

B3 LB 9~13 14k
Fig. 3 The synthesis of compounds 9-13

a: Ethyl 7-bromoheptanoate, K,CO,, acetone, reflux; b: NaOH, NH,OH-HClI, acetone, reflux;

c: K,CO,, 2-(bromomethyl)-3,5,6-trimethylpyrazine acetone, rt.

K4 faWIsiam
Fig. 4 The synthesis of compound 15

158.1, 157.6, 156.3, 155.4, 144.2, 137.3,
132.0, 127.2, 123.3, 115.9, 111.9, 104.6,
104.0, 99.0, 94.1, 78.0, 68.6, 61.0, 51.4,
28.7, 28.7, 28.4, 26.3, 26.1, 23.5, 18.3, ESI-
MS m/z520.3 [M+H]*,
2.3 B EY4a b HIER

Phda & o Bil . = 2RFEBE (174 mg, 0.66
mmol) ZZ1E M AZE 3a (251 mg, 0.51 mmol) AYPY
AR (3mL) R, 60 CEIFRZM 2 h5E,
AL 5mLZERIK, RS/ 7.5 he TERE,
FEZEIR DO S em, A 20 mLZEMK, 2R BE#E
B (20 mLx2) . BIF LR TR, TCKBR R T
M, LU, WURZEBRES N MY S Rk A g4k
(H - b, R 1:9), 1538 @ [E K 4a
(163.8 mg) , W R K 69%. 'H NMR (400 MHz,
CDCl,) 8 6.72 (s, 1H), 6.71 (d, J = 10.0 Hz,
1H), 6.21 (s, 1H), 5.55 (d, J =10.0 Hz, 1H),
5.29~5.19 (m, 1H), 4.16 (t, J = 6.1 Hz, 2H) ,

4.10 (d, J=6.6 Hz, 2H), 3.78 (s, 3H), 2.98 (1,
J=6.8Hz, 2H), 2.04 (p, J=6.4 Hz, 2H) , 1. 84
(s, 3H), 1.67 (s, 3H), 1.46 (s, 6H) . "C NMR
(100 MHz, CDCl,) 6 182.1, 159.8, 158.1, 157.6,
156.3, 155.4, 144.2, 137.2, 131.9, 127.2,
123.3, 115.9, 111.9, 104.6, 104.0, 99.1, 94.1,
78.0, 67.0, 61.0, 39.2, 32.6, 28.4, 26.3,
26.0, 18.3, ESI-HRMS m/z: 488.203 4 [M+Na]"
(488.204 4, caled for C,,H, NNaO,) .

[, &9 3b M = 2RERE R N, 15 Hbrfk
AW ab: wEAREK, RN 69%. 'H NMR (400
MHz, CDCl,) 6 6.72 (d, J =10.2 Hz, 1H), 6.70
(s, 1H), 6.21 (s, 1H), 5.55 (d, J = 10.0 Hz,
1H), 5.26 ~5.20 (m, 1H), 4.10 (d, J = 6.5 Hg,
2H), 4.07 (t, J = 6.4 Hz, 2H), 3.78 (s, 3H),
2.76 (t, J = 6.4 Hz, 2H), 1.95~1.87 (m, 2H),
1.84 (s, 3H), 1.67 (s, 3H), 1.60~1.57 (m, 2H),
1.57~1.54 (m, 2H), 1.46 (s, 6H) ."”C NMR (100
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MHz, CDCl,)) & 182.2, 159.8, 158.1, 157.7,
156.3, 155.4, 144.2, 137.2, 131.9, 127.2,

123.3, 115.9, 111.8, 104.6, 104.0, 99.0, 94.1,
78.0, 68.8, 61.0, 41.9, 32.8, 28.9, 28.4,
26.3, 26.1, 23.5, 18.3, ESI-HRMS m/z: 494.252
7 [M+H]" (494.253 7, caled for C,,H,,NO,) .
2.4 BIHRLEWSHERK

4k &4 4b (110 mg, 0. 22 mmol) () T4 DMF
(1.2 mL) AR A TH-ME e —1- B kR R
(96.7 mg, 0.66 mmol) N, N'- — 5 N 3 2 I
(DIPEA, 110 pL, 0. 66 mmol) , % LK 15 ho K2
SEHE ] BN FPINA 20 mL ZEREK , D VRRR IR S AN
il pH AR, o U 5k B ) ek A B A Ak (TR
M- B ARG 19— g K - B (R L
1:1), 45 %) 8% @[5 K 5(55.0 mg) , RN 47% .
'H NMR (400 MHz, CDCL,) 6 6. 54 (d, J =10.0 Hz,
IH), 6.45 (s, 1H), 6.06 (s, 1H), 5.43 (d, J =
10.0 Hz, 1H), 5.25~5.14 (m, 1H), 4.09~3.92
(m, 2H) , 3.88~3.73 (m, 2H), 3.69 (s, 3H),
3.19~2.94 (m, 2H), 1.78 (s, 3H), 1.75~1.67
(m, 2H), 1.64 (s, 3H), 1.62~1.53 (m, 2H) ,
1.46~1.33 (m, 2H), 1.39(s, 6H) . "”C NMR (100
MHz, CDCl,) & 181.5, 168.8, 159.7, 157.7,
157.0, 156.1, 155.1, 143.6, 137.0, 131.6,
127.0, 123.4, 115.7, 111.8, 104.6, 103.8, 98.9,
94.0, 78.0, 68.7, 60.9, 41.2, 29.8, 28.9, 28.4,
26.2, 26.0, 23.6, 18.3, ESI-MS m/z: 536.275 8
[M+H]" (536.275 5, caled for C,,H,,N,0,) .
2.5 LEWeREM

64 1(700 mg, 1. 71 mmol) Fl = Z, iz (1. 36
mL, 10. 28 mmol) K YN A % 20 mL 8 — & H &
e, SRIGTEVKIB R N B IEA S (0.73
mL, 10.28 mmol). VKIGZMF RIS hf5, #ik
FW10. 5 he JETETHR, M= mE it )28
aifh, (ZMRCBE—AmEE, (AL 1:19), 15308
k6 (538.5mg), WK 70%. 'HNMR (400
MHz, CDCL,) 6 13.49 (s, 1H), 7. 10 (s, 1H), 6.72
(d, J=10.0Hz, 1H), 6.25 (s, 1H), 5.58 (d, J =
10.0 Hz, 1H), 5.27~5.18 (m, 1H), 4. 13 (d, J =
6.2 Hz, 2H), 3.77 (s, 3H), 2.39 (s, 3H), 1.83
(s, 3H), 1.68 (s, 3H), 1.47 (s, 6H) . "C NMR
(100 MHz, CDCI,) 6 182.2, 168.2, 160.5, 158.1,
156.4, 153.9, 149.0, 146.7, 139.0, 132.3,
127.4, 123.0, 117.0, 115.7, 110.7, 104.7,

104.1, 94.4, 78.3, 61.8, 28.5, 26.5, 26.0,
21.0, 18.3, ESI-HRMS m/z: 451.175 5 [M+H] "
(451.175 1, caled for C,.H,,0,) .
2.6 LEMTHER

&9 6 (500 mg, 1.22 mmol) JIAZE 20 mL
TR b, SRR AR YO AR R # (230 mg,
1. 66 mmol) Fl4-7REL G R L BE (0. 18 mL, 1.33
mmol) , 55 “CHIHA [B] 3t K2 i 12 ho 98 Fe 78 B 135 57
Ji, K (10mL) -ZFRZEE (10 mLx3) #H, &
JFCR TR, TOKBRRR AN T, ik, WRZE
PRIEH . M= aaE At 2 aife (LR OBR-A
WEE, AL 1:19), 1528 A A 7(56.3 mg) ,
Wi %k 10%. '"H NMR (400 MHz, CDCL,) & 13.70
(s, 1H), 7.11 (dt, J=15.8, 4.1 Hz, 1H), 6.73
(d, J=10.1Hz, 1H), 6.71 (s, 1H), 6.27 ~ 6.20
(m, 2H), 5.57 (d, J=10.0 Hz, 1H), 5.28 ~ 5.20
(m, 1H), 4.84 (dd, J=4.0, 1.9 Hz, 2H), 4.24
(q, J=7.1Hz, 2H), 4.14 (d, J = 6.5 Hz, 2H),
3.83 (s, 3H), 1.85 (s, 3H), 1.69 (s, 3H), 1.47
(s, 6H), 1.31 (1, J=7.1Hz, 3H), "C NMR (100
MHz, CDCl,) & 182.1, 165.9, 160.0, 158.1,
156.5, 156.4, 155.3, 144.3, 140.8, 138.0,
132.2, 127.3, 123.1, 122.9, 115.9, 112.6,
104.7, 104.1, 99.6, 94.2, 78.1, 67.4, 61.2,
60.9, 28.5, 26.4, 26. 1, 18.3, 14. 4. ESI-MS m/z:
521.2[M+H ]*,
2.7 BHRULEYISHERK

PR R 2 (13 mg, 0.19 mmol) FIEH Ak
B (19 mg, 0.48 mmol) MKIKHNA 5 mL 145 P i
o FRBEPE 10 minJ5, B EWT (50 mg,
0. 10 mmol) ANA SR HY, 550 CH N 7 he
N SEEE R ZEBRE A, K 10 mL, ¢=5% i fii
MRBEWRIHpHE 1, LFROHR (10 mLx3) #H. &
JECTR CHRAH, JOKBRREN T8, ik, WiEZE
bRl . MY LAt gt (LR TR -
fi, PRFRLL1:4), 1320EAEAKS (20. 1 mg), UL
KA 41%., 'H NMR (400 MHz, CDCL,) 6 13.62 (s,
1H), 6.86 (s, 1H), 6.73 (d, J =10.0 Hz, 1H),
6.62 (dt, J=5.9, 1.5 Hz, 1H), 6.23 (s, 1H),
5.57 (d, J=10.0Hz, 1H), 5.32 ~5.25 (m, 1H),
5.24~5.19 (m, 1H), 4.14 (d, J = 6.5 Hz, 2H),
3.83 (s, 3H), 3.40 (dd, J=7.1, 1.4 Hz, 2H) ,
1.85 (s, 3H), 1.69 (s, 3H), 1.46 (s, 6H) .
“C NMR (100 MHz, CDCl,) & 182.2, 175.9,
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160.2, 158.1, 156.4, 154.9, 154.8, 144.4,
141.4, 138.6, 132.3, 127.4, 123.0, 115.8,
114.0, 106.4, 104.7, 104. 1, 102.3, 94.2, 78.2,
61.5, 29.6, 28.5, 26.4, 26.1, 18.3,ESI-HRMS
mlz: 493.186 7 [M+H] * (493.186 7, caled for
C,H,,0,) -
2.8 BIRLEWI~NEHIERK
DMLY 9 & BN B . #16E 9 1(100 mg,
0. 24 mmol) \ A< J 2 ¥ H fig (54 mg, 0. 38 mmol) Fl
DMAP (6 mg, 0. 05 mmol) KK NN A 5 mL T4 — &
HEEw ., R AC I W (68 mg,
0.33 mmol) M —E W& (1 mL) BT A, Hik
JONE21.5 he W SERE, WERZEBREE A, K (10
mL) - EH L (10 mLx3) ZEHL, AIF &k
AH, JCKBRRREN T, Uk, WURZERRE R . M
FE AR Z AT Al (LR O lE-A g, R
Fb1:19), 15308 EE 1A 9(65. 4 mg) , KA 51%.
'H NMR (400 MHz, CDCl,) § 13.49 (s, 1H), 7.16
(s, 1H), 6.72 (d, J =10.0 Hz, 1H), 6.64 (s,
1H), 6.24 (s, 1H), 6.00 (s, 1H), 5.57 (d, J =
10.0 Hz, 1H), 5.23 (d, J=6.7 Hz, 1H), 4. 14
(d, J = 6.5 Hz, 2H), 3.75 (s, 3H), 3.74 (s,
3H), 3.49 (s, 2H), 1.83 (s, 3H), 1.68 (s, 3H),
1.46 (s, 6H)."”C NMR (100 MHz, CDCl,) 6 182.2,

170.8, 163.7, 160.5, 158.1, 156.4, 153.9,
148.9, 146.8, 139.0, 133.0, 132.3, 131.2,
127.4, 123.0, 117.0, 115.7, 110.7, 104.7,

104.1, 94.4, 78.3, 62.0, 52.4, 37.5, 28.5,
26.5, 26.0, 18.3,ESI-HRMS m/z: 557.178 6 [M+
Na]*(557. 178 2, caled for C,H,)NaO,) .

[, AbE W1 SEmR R, 15 Hisfk &9
10: ¥ (@ [# A& , i K N 23%. 'H NMR (400 MHz,
CDCL,) 6 13.48 (s, 1H), 7.08 (s, 1H), 6.71 (d,
J=10.0 Hz, 1H), 6.23 (s, 1H), 5.57 (d, J =
10.0 Hz, 1H), 5.21 (d, J =6.8 Hz, 1H), 4.12
(d, J=6.7 Hz, 2H), 3.74 (s, 3H), 3.60 (p, J =
7.7 Hz, 1H), 3.25~3.15 (m, 1H), 3.15~3.07
(m, 1H), 2.66 (t, J =7.1 Hz, 2H), 2.54~2.42
(m, 1H), 1.99~1.88 (m, 1H), 1.82 (s, 3H),
1.78~1.71 (m, 2H) , 1.68 (s, 3H), 1.64~1.57
(m, 2H) , 1.46 (s, 6H) . "C NMR (100 MHz,
CDCl,) & 182.2, 170.8, 160.4, 158.0, 156.4,
153.9, 149.0, 146.7, 138.9, 132.2, 127.4,
123.0, 116.9, 115.6, 110.7, 104.7, 104.1,

94.3, 78.2, 61.8, 56.4, 40.4, 38.6, 34.7,
34.1, 28.8, 28.5, 26.5, 26.0, 24.6, 18.3, ESI-
HRMS m/z: 597.197 0 [M + H]*(597.197 5, caled
for C,H,,0.S,)

[, fb&9 1 F2-nb e R ik /2 1, 19 H brk
G W11 A E R, R 32%. 'H NMR (400
MHz, CDCI,) & 13.47 (s, 1H), 9.50 (d, J = 1.4
Hz, 1H), 8.89 (d, J=2.4Hz, 1H), 8.85 (dd, J =
2.3, 1.5 Hz, 1H), 7.29 (s, 1H), 6.74 (d, J =
10.1 Hz, 1H), 6.28 (s, 1H), 5.59 (d, J =10.1
Hz, 1H), 5.29~5.21 (m, 1H), 4.17 (d, J=6.3
Hz, 2H), 3.79 (s, 3H), 1.83 (s, 3H), 1.69 (s,
3H), 1.47 (s, 6H) . “C NMR (100 MHz, CDCl,) §

182.2, 161.6, 160.6, 158.1, 156.4, 154.0,
148.8, 148.7, 147.1, 146.6, 144.9, 142.4,
139.4, 132.6, 127.5, 122.8, 117.6, 115.7,

110.6, 104.8, 104.2, 94.4, 78.4, 62.2, 28.5,
26.6, 26.0,18. 4, ESI-HRMS m/z: 515.182 6 [M +
H]*(515. 181 3, caled for C,,H,,N,0,)
2.9 BRULEW12-1389E8MK

Db & 12005 o, ¥isdmwl
(100 mg, 0.24 mmol) . f% B # (39.8 mg,
0.29 mmol) A1 2-78 H 3£ -3, 5, 6- = FI KLt
(51.6 mg, 0.24 mmol) MKIMAZES mL TP
o, EIRN 15 he W SEER, IHZEBRIEN, K
(10 mL) —~Z MR (10 mLx3) #H, &7 2%
CTRAH, ToKBRIREA T1E, U8, WUEZEREEH .
M=y it 2 et (OMROHE-AmEE, 1A
B 1:9), B aEig12 (65.0mg), WFER
50%. 'H NMR (400 MHz, CDCl,) & 13.73 (s,
1H), 7.00 (s, 1H), 6.73 (d, J =10.0 Hz, 1H),
6.25 (s, 1H), 5.57 (d, J =10.0 Hz, 1H), 5.28
(s, 2H), 5.22 (t, J=6.5 Hz, 1H), 4.11 (d, J =
6.5 Hz, 2H), 3.75 (s, 3H), 2.63 (s, 3H), 2.54
(s, 3H), 2.53 (s, 3H), 1.83 (s, 3H), 1.67 (s,
3H), 1.47 (s, 6H)."”C NMR (100 MHz, CDCL,) &

182.2, 159.9, 158.1, 157.2, 156.4, 155.3,
151.9, 150.0, 149.1, 144.6, 144.4, 137.6,
132.1, 127.2, 123.2, 115.9, 112.4, 104.6,

104.0, 100.0, 94.2, 78.1, 70.7, 61.2, 28.5,
26.3, 26.1, 21.9, 21.5, 20.7, 18.3, ESI-HRMS
mlz: 543.248 7 [M + H]*(543.249 0, caled for
C,,H,N,0,) o

[k, Ew152- (ZHEHE) RObER
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fREb ey, 15 Bbrfb A9 13: Bk, WeEh
56%.'H NMR (400 MHz, CDCL,) 6 13.72 (s, 1H),
6.71 (d, J =10.0 Hz, 1H), 6.69 (s, 1H), 6.20
(s, 1H), 5.55 (d, J =10.0 Hz, 1H), 5.25~5.18
(m, 1H), 4.17 (1, J=5.8 Hz, 2H), 4.09 (d, J =
6.5 Hz, 2H), 3.78 (s, 3H), 2.84 (t, /] = 5.8 Hz,
2H), 2.36 (s, 6H), 1.83 (s, 3H), 1.67 (s, 3H),
1.45 (s, 6H)."C NMR (100 MHz, CDCl,) 6 182. 1,
159.8, 158.0, 157.3, 156.3, 155.3, 144.2,
137.3, 131.9, 127.2, 123.3, 115.8, 112.0,
104.5, 103.9, 99.1, 94.1, 78.0, 67.3, 61.0,
57.8, 46.0, 28.4, 26.3, 26.0, 18.3., ESI-HRMS
mlz: 502.220 7 [M + Na]* (502.220 0, caled for
C,,H,NNaO,) .
2.10 HEWI4HWERK

G140 EMS% 3k [17].
2.11 BHRUEWISHER

# 14 (100 mg, 0.19 mmol) ., 2-75 H %3,
5, 6-=H M (40 mg, 0.19 mmol) FHIEK MR
B (26.3 mg, 0.19 mmol) KK MNA Z SmL T
WEAH, WIRN 6.5 h, N 5EHE, K28 B
A, K (10 mL) -Z R (10 mLx3) #
B, BIFCmOlERM, TTKMBRM T, Sk,
R ZEBRE N . MY aEERE RN ik (&
TR BR—f ik, R 3:17), 75205 @tk
P15 (29.6 mg), W N 23%. 'H NMR (400
MHz, CDCl,) & 13.77 (s, 1H), 6.72 (d, J =
10.1 Hz, 1H), 6.70 (s, 1H), 6.21 (s, 1H),
5.56 (d, J = 10.0 Hz, 1H) , 5.26-5.20 (m,
1H), 5.19 (s, 2H), 4.10 (d, J = 6.5 Hz, 2H),
4.05 (t, J=6.4 Hz, 2H), 3.78 (s, 3H), 2.52
(s, 3H), 2.50 (s, 3H), 2.49 (s, 3H), 2.40 (t,
J=7.4Hz, 2H), 1.92~1.86 (m, 2H), 1.84 (s,
3H), 1.74~1.68 (m, 2H), 1.67 (s, 3H), 1.57~
1.49 (m, 2H), 1.46 (s, 6H), 1.45~1.39 (m,
2H) ., “C NMR (100 MHz, CDClL) & 182.2,

173.4, 159.8, 158.1, 157.7, 156.3, 155.4,
151.4, 149.1, 149.0, 144.9, 144.2, 137.2,
131.9, 127.2, 123.3, 115.9, 111.8, 104.6,

104.0, 99.0, 94.1, 78.0, 68.8, 65.1, 61.0,
34.1, 29.8, 28.9, 28.9, 28.4, 26.3, 26.1,
25.9,24.9, 21.8, 21.6, 20.6, 18.3, ESI-MS m/
z: 671.4 [M+H]".

3 HirbEYIE PDE4 TE M

B AL (Sigma, 6K15) , i HEAX (Vortexgenie) .
BioPhotomer 43 )t Y B 11 ( f& Eppendorf NEEIDIP
Ni—NTA (Qiagen, Valencia, CA ) 3% Fl 8 3% ¥ | 85 (T
H #h 41k 2 4t (GEAkta Purifier 100) , AR A k3%
#% (PerkinElmerTricarb2910) . fiF FR 5 25 4 43 #r 4l o

HUFREE 1 PDE4 B IA | alifh Kad v e 2 1]
ARPBAC KETIEX" ., TAMLEGHIHH
DMSO %5fiff, ALEPIRERRRE, 85 240 SO AR
FHr, PRIUEDMSO A BE Y L 19 TEAIG

S FRIB BB pET15b-PDEAD2 (it 25 #4458,
86~413) AL AKIGFF IR E. coli T fK BL21 454
ZH Ji KL Y CodonPlus H1 o E. coli 4l HEFE & 100 e/
mL Z R HEE . 20 ng/mL 5 E Mlw=0. 4% #%]
PR LB 55955 b 72 37 C R AEK £ A,=0.7, J5hN
A 0.1 mmol/L 57 N 3 —B-D— i A% ik mrg f= L ¥ 7
(IPTG) FESFH ik, FFAE15 CHi 3£ 20~40 h, H 4
() PDEAD2 {8 Ak 45 #4 35k 38 3 Ni-NTA 35 FiAE 4l fk .
26 bk AR R AN - RN A IR R BE R L K
(SDS-PAGE) lli& 7] 41 PDE4D2 (fiEfb&EHR) &
F BT R 20 B 3R 51 95% LA L

[*H] —cAMP (20 000~30 000 cpm, GE Health-
care) W TN A 22 M (50 mmol/L Tris pH8. 0,
10 mmol/L 58 AL EE, 0.5 mmol/L Wi 754l ), 1
WAL I, RAT . SRJE A E I Mk BE 1
WAl AR B AW, 7625 CR##E N 15 min
JA 0. 2 mol/L. ZnSO, #10. 2 mol/L. Ba (OH) ,% |-
B, [CHI-AMPULVENTH, i L3 i b O B R
R CH ] -cAMP. B EVEW, A 2.5 mLINMR,
%1% 1R 45 5 JH PerkinElmer 2910 Y44 R 6k 345 s I
o BRKINEZELERZ IR, B2O08MKIE. RH
LM BIE T R IC M. bW XT PDE4D2 /Y
TSR L 1,

GERFW, LAY 4a.4b.5.6.8 11 Al 13 X
PDE4 A # i (16 ¥ (IC,,<1 000 nmol/L), H.
BT o T HAp B S W30 d G M s
(1C4,=247 nmol/L) , N o — 8] £& ¥ Z 4 il 35 P
545 .

TE a— B 3& 1 2 2, 3 17 JE Al i g 25 A0 6 1
551 K BE ot FE 0k s B A AR T, 51 BE B e
(4a.4b 13) W (5) [FFE AT 42 55 PDES #0461 76 7
Fb A5 i Wi e Ak &9 (4a . 4b  13) Y PDE4 31451 1 1 7T
A, — 22 K B Y e LB X I P ) PR A T Y
AT T B 0 N 107 e A A5 400 v LA e 36 R oo~ {5425
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F£1 BFRESPIXT PDE4D2 0] 1
Table 1 Inhibitory rates of the target compounds towards PDE4D2

Compound R IC,/(nmol - L") Compound R IC,,/(nmol - L")
o)
4a A 608 + 22 1 NS 021+
.
N
%, "
4b HQN/\W3 32342 12 :[ I}( > 10 000
N
j‘f I
5 . H% 247 + 4 13 N~ 710 70
(0] 0o
[17]
6 )L(é 980 = 40 14 Ho)% 16+3
(]
o N
8 oA 281 +29 15 I j/\ﬂok%\g > 1 000
N
9 /OMO > 1000 a-BIETE 1310 + 230
(6]
10 SMO > 1000 Rolipram" 590 + 50

1) Rolipram (MFIE22) Sy BHM:XT IR 254

100
- 5
50 = o TR
—* Rolipram
D
0

T T T 1
1 2 3 E 5
log,, (inhibitor)/(nmol-L"")
s Ak % 5% PDEAD2 fd il i £
Fig. 5 Inhibition curves of compound 5 towards PDE4D2

Inhibition rate /%

TR BN 505 G PR . SR EEAR I
JEAR L, AEEHAC ) 5 A Bk — 20 32 iR % PDE4 (410
HE e o X L RTIESE  R BRI A B W TR
EY 14, HEHEIEA S P AL AL 5 W3 T4
59 (RN HBE AR R A —4F, S M R BUUEERIA
[F] i &80 5 dt— 22

6 (LRI R (6.9.10.11) 1, HEEE

BRIREES LAY (11,1C,=421 nmol/L) B E
JECRERIEE Y (6) MW, mifka9o. 100
XFPDE4 TCTGHE . SAY 1M H, 4R R IR R
AR o I B RS (12) BF, X} PDE4 JGTE
P, X ATRES F LA

M6 5] ARIRILANT, 0] PDE4 6 2 3%
R (B 8), B AR I R Ak F e S U3 M 2%
TEE (9. 15), WEEh FREMHRMALAY S
PDE4 & (HE AL b 4 i B A AR E. fhd
Y18 (1C,,=281 nmol/L) 5 Hij MM 5T v H A AH [ 4%
K fbe R m (T BREEY (1C,=44
nmol/L) FLEZ "7, TEE R 765, BRI RUEASF
TN PDE4 &M . 58K R 7 A LE Y 14
(IC,,=16 nmol/L) LH, fbA&H 8 TH M HEAL, Ui
TR MREREE, AR TR™EE PDE4 LI 4 )8 X
AR EAE R il v, X 5k [17] 458 —2.
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