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Abstract: Based on a-mangostin as the lead compound, and using the primary methods including
alkylation and hydrolysis reactions for modifying C-3 and C-6 positions, eighteen novel derivatives
with different chain length of carboxylic acid ester, carboxylic acid, and amide substituents in the C-3,
C-6 phenolic hydroxyl group of a-mangostin were designed and synthesized. The in vitro evaluation of

these compounds' ability to inhibit PDE4 was conducted using the [*H] liquid scintillation counting
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technique. The experimental results showed that five compound (2a-6a) had the stronger inhibitory

activity on PDE4 than «-mangostin. Among them, carboxylic acid derivative of seven carbon chain
lengths 5a exhibited the best potential PDE4 inhibitory activity with the ICy, values of 319 nmol/L.
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B AR IABERR IR 1T (cAMP) Z 5{R NI £ Fh
ARG, WP AERS, CME RS, R
5% (Baillie et al.,2019) o HAR 5K fif i
W5 2 — W5 ¥ 4 (PDE4 , phosphodiesterase 4 ) £\ #% iiE
SEELA PR A0 N cAMP R A SCERVE T, DT
5 mAR N £ Fh A= PR AC 5 & 42 (Maurice et al.,
2014) . PDE4 il 57) vl 410 i 22 Fb 5 5E 40 Mg D e
M A 48 P BH ZE ¥ il 55 (COPD) | B s . 4R B
i . HRJE R T R (PsA) . RAETE & (IBD) LA
L W] 2% 15 K5 (AD ) 5548 P 58 i P 5 5 AR 47 1
PR R IEBCR o R HEA B VE T (Gong et
al., 2004; Kawamatawong et al., 2021; Li et al.,
2018; Phillips et al., 2020; Picchianti-Diamanti et
al.,2021),

PDE4 IR AL BT R AR T M & RGEP50% 1Y
RREHTFATE TR Z M 25l 19 e 1E:, DL PDE44E
SRR BT A LT KA R (Liu et al., 2023)
g )3 2 (Rolipram ) 2 55 — B PFAl I R A A 8
(£ PDEA $IHI5A] , H e ) s BA 0 5 1
LI AR VE FH (Wachtel et al., 1986) , J& & BLHAE N
PDE4 #il il 51 Z BLH s R BT A, s 1
RZ 274 % PDEA TE AR AE RN v 2R 30 1 9 24 BRAE ]
A998 (Kumar et al.,2013) . FLLE Rolipram % #1F
Sk BA P XF B8 25 ) (Bagehi et al., 2024; Liu et al.,
2023; Huang et al.,2021)

SR, £45 Rolipram 75 N 1) 22 Ff PDE4 1)1 i 571]
25 i PR 4052 14 T PDE4 75 A M 41 g 2 21
Jrizm ISR, SBOR A WS R PDE4 S
TS A7 TE A A R A, RN IR, R
ST 7 D78 DL RSO0 . X 45 B VE A (Peng et al.,
2020) ., PG, mATFHBAEL SR R R
fCE5: (19 PDE4 #1011 771 2 1l PR 75 5K

AR =) POk 2 BB ) PDE4 9 il 57 1) e 24k
BYRAL T EERR . o-BlIR TR, ENBERME
Y)LAT (Garcinia mangostana L.) B B8R A=A =
Yy, RIW T EIEHUR LR TEN ) IZ Y
25 3% 1k (Suhandi et al., 2024 ) 55020 /if 0 BF 5% %
W a-fE145 5 F X PDE4 JE B — & R dE 1, T
JEXT o-{BEE R BT , B H C-2 07 5 U

FEUU I C3 BRI )E, 1F C-6him| A 74 HkEE
B 1R 32 A 10 K 3R A5 X PDE4 2L AR 5 14 31 il
TEPER P71 (Liang et al.,2020) . HX}T2,3 {7 K
GBIt R, A5 o- BT
% C-3 5 C-6 L5 & i X PDE4 41 ] 335 14 (1 44
RMOKFR, A5 IFHS T 181 a-BliET R AT
AW, PR T ENTARSMIGI PDE4VER, JFRIEE
P ER fT A9 5 PDE4 (45 A8, )R
SO Rt — L sk tidl, RIE R ERER) PDE4
IR B2 o s
1 A4

o~ T R 5 AR (TR RS 280 bt
FACR N G ER MR BE AT 1~6, HF—LHER
AR P T VR R i R K, AR BRI
i 1a~6a(E 1),

A 20 3. 4 52000 W B v v ik 17
A B A5 B A i A R i B AR b &9 1b, DL AR
B 7 5 W BT IR A4 0 2R B A R 8 @1 74 2b
3b. 4b. SR T NGS5 B R S R
Y de, 4d(F2).
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2.1 UBE5ILHA

'"H NMR (400 MHz) #1"°C NMR (100 MHz) 3%
K F i -+ Bruker AV400 1% #2247 S %2 (L TMS
JFR) ;5 HR-MS (EST) % H 4 /8 1290 Infinity
11-6546 BT A I 5 #E A% £E i (200 ~ 300 H) Ky
AL T AR, R RUEE I GF s, ik 78 [
TV R = 2 PR A | B BT B A 7 Y =
SRR S0l REI b g T
2.2 EWIBNEK

B -8 35 1 % (0.49 mmol, 200 mg) T 25 mL
BB, JCOK B S mL % f# , Bl S A
K,CO,(2.92 mmol, 405 mg), N, &4, i &
2R 2 HE(1.25 mmol,0.275 mL) & FiRE W, il
I EIRIE 60 °C N 4 hm, EAsBREWRH,
A 10 mL ZE KB RIRY), LR TR (10 mLx3)
W, BAICHE PN, FHICK B IR M 11T T K Ak Ak
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ot S Ohared oy ot iy ™ Yoo e oty
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a-fﬁ]ﬁ%%ﬁ 1n=1 2n=3 lan=1 2an=3
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Sn=6 6n=7 San=6 6an=7
i) RCOOCH,CH,, K,CO,, acetone, reflux; ii) NaOH, acetone, reflux
Bl L&Y 1~6 Fl 1a~6a 15 AL
Fig. 1 The synthesis of compounds 1-6 and 1a—6a
~_0
(¢}

1 n=1 2 n=3
3 n=4 4 n=5

1b »=1 R=NH, R,=NH,
2b n=3 R;=OCH; R,=OCHj
3b n=4 R;=OCH; R,=OCH,
4b n=5 R,;=OCH; R,=OCH,
4¢ n=5 R;=OCH; R,=NH,

4d n=5 R;=NH, R,=OCH,

i) Ammonia, 7 mol/L in methanol, reflux.

K2 AL 1b~ab ., e Fl4d 194
Fig. 2 The synthesis of compounds 1b—4b . 4c¢ and 4d

L, g, BARREEN . MY SR (5
itk LFR LW : AWk, 5:95—10:90—15: 85 ¥
i, AR CR ) J#5 3] 1(230 mg) MR ¥ A A,
W27 81.0%. 'H NMR (400 MHz, CDCI,) § 13.46
(s,1H,-OH), 6.60 (s, 1H,H-5),6.17 (s, 1H,H-4) ,
5.29 (t,/=7.1 Hz, 1H,H-2"),5.22 (t,J = 6.7 Hz, 1H,
H-2'),4.76 (s,2H) ,4.70 (s,2H),4.30 (dd,J = 7.2,
1.1 Hz,2H),4.28 (dd,J=6.9,1.1 Hz,2H) , 4.14 (d,
J=6.7Hz,2H,H-1'),3.87 (s,3H, 7-OCH,) , 3.43
(d,J=7.2 Hz,2H,H-1"),1.85 (s,3H, H-4") , 1.81
(s,3H,H-5'),1.68 (s,6H,H-5",4'),1.33 (t,/=1.2 Hz,
3H),1.30 (t,J = 1.1 Hz,3H) . *C NMR (100 MHz,
CDCl,) 6 182.2(C-9,—0),168.3(C—0),167.9(C=0),
161.6(C-3),160.4(C-1),156.2(C-4a),155.1(C-10a),
155.0(C-6),144.4(C-7),138.2(C-8),132.1(C-3"),
131.9(C-3'),123.1(C-2"),122.2(C-2"),113.1(C-9a) ,
112.4(C-2),104.7(C-1a),99.1(C-1),89.4(C-4),65.7,
65.6,61.9,61.7,61.2,26.4,26.0,26.0,21.7,18.3,18.0,

14.3(Cx2) .ESI-MS m/z 583.2[M+H ",
2.3 EWI1alERK

Uik 4 47 1(0.18 mmol, 105 mg) T~ 25 mL [& i
P, Jo/KNER 2 mLEf#, JIA 0.29 g/mL 1
NaOH % 0.1 mL, V8815 i E 60 °CI i 4 h
Ja, EASBREWR, A 10 mL 25158 KB 07 4
Yy, W10 mLx3)Z6HL, SIFAHAE, HJC
IR BRAN AT TR AL AL B, o uE, F bR R
R W 22 ik B A 033 2 A0 15 5] 1a (95 mg) o B 7
A, R 25 100%. "HNMR (400 MHz,CDCL,) §
13.46 (s, 1H,-OH) ,6.60 (s, 1H,H-5),6.16 (s, 1H,H-4),
5.23 (t,J=6.8 Hz,1H,H-2"),5.17 (t,J = 6.4 Hz, 1H,
H-2'),4.70 (s,2H) ,4.65 (s,2H) ,4.07 (d,J = 6.6 Hz,
2H,H-1'),3.81 (s,3H,7-OCH,) ,3.37 (d,J = 6.8 Hz,
2H,H-1"),1.80 (s,3H,H-4"),1.76 (s,3H,H-5'),1.63
(s,6H,H-5",4"),*C NMR (100 MHz, CDCI,) § 181.9
(C-9,=0),170.6(C=0),170.1(C=0),161.5(C-3),
159.8(C-1),156.1(C-4a),155.0(C-10a) ,154.8(C-6),



3

BREEAT, 2. a-fElER T3 C3 H1 Co LATA Y AY-5 b HAM i I — P 4 1 1k 29

144.0(C-7),137.8(C-8),131.9(C-3") , 131.8(C-3") ,
123.0(C-2"),122.1(C-2"),112.8(C-9a), 112.0(C-2),
104.4(C-1a),99.0(C-1),89.4(C-4),65.3,65.2,61.1,
26.1, 25.8, 25.7, 21.4, 18.1, 17.7, ESI-HRMS m/z:
525.179 6{M—H ] (525.176 6,calcd for C,;H,,0,, ) -
2.4 UEWMIDWMEH

BAk A9 1(0.09 mmol, 50 mg) T35 mL it 2
PN, A2 mL 2 H B v, s B 1 LR
65 °C/R N 4 h &, TLC Wda s gk (ReIF Lefl . &
PR Z. TG - ATk, 1:10, 78 RAE K 0.1 445 — 75 B BT
RO SOV SRR R R R N R E R, AR DS
W, 453 1b (45 mg) N H @K, WERY
100.0%. 'H NMR (400 MHz, DMSO-d,) ¢ 13.50 (s,
1H,-OH),7.61~7.35 (m,4H,-NH),6.96 (s, 1H,H-5),
6.52 (s,1H,H-4),5.19 (t,J = 6.7 Hz, 1H,H-2") ,5.17
(t,J = 5.4 Hz, 1H,H-2"),4.73 (s,2H) ,4.62 (s,2H),
4.04 (d,J = 5.4 Hz,2H,H-1"),3.77 (s,3H,7-OCH,) ,
3.74 (d,J = 6.7 Hz, 2H, H-1") , 1.79 (s, 3H, H-4"),
1.74 (s, 3H, H-5"), 1.62 (s, 6H, H-5",4") . "C NMR
(100 MHz, DMSO-d,) ¢ 182.0(C-9,C—0), 169.5
(C=0),169.2(C=0),162.3(C-3),159.4(C-1),157.4
(C-4a),155.0(C-10a),154.9(C-6),144.3(C-7),136.5
(C-8),131.3(C-3"),131.2(C-3"), 123.8(C-2") , 122.7
(C-2"),111.7(C-9a) , 111.4(C-2),103.7(C-1a) , 100.4
(C-1),90.8(C-4) , 67.8,67.6, 61.0, 26.1, 26.0, 25.9,
21.5,18.5,18.2, ESI-MS m/z 5252[M+H ",
2.5 wEY2HER

B a-18]#% 7 % (0.24 mmol, 100 mg) T 25 mL
R RS Be i i, JC K N R 3 mL %5 %, Bl S A
K,CO,(1.46 mmol,202.0 mg), ASA-Y. hnid
41 TR 2R (1.22 mmol, 0.17 mL) & iR iF K
L AR IR 60 CCR N 4 h5, EKRE
R, A 10 mL ZE 8K B FI R, LR B
(10 mLx3) %0, SIFAPUAHE, HICKE RN T
TokAab R, Bhuk, EAEREERN . YAk
JE R 0335 4l Ak ( 2R 2016 < A il ik, 50 95—10:90
VEME) 155 2(76 mg) IR B AMR, L) 47.8%.
& IRE K s i 85 2 UL T 1 (2018) .
2.6 WEW2alIERK

Ak 497 2(0.10 mmol, 61 mg) T° 25 mL &g 42
M, JCKTNEA 1 mL % i, A 0.15 g/mL Y
NaOH %% 0.1 mL, IV 85 1500E ifit & 60 °CR ) 4 h
Ja, EASBRZVER, A 10 mL 2818 K 2 77 ) 4

Yy, LB CTE(10 mLx3)Z6HL, GIFAHAE, HIJC
IKERBREN AT TC KA EE , 98, EASFRHE.
FHL =) 2 bl e A e 1S 4 A0 75 31 2a(57.6 mg) MR ¥
A, BCRZ100%, 'HNMR (400 MHz,CDCI,)
513.47 (s, 1H,-OH),6.70 (s,1H,H-5),6.27 (s,1H,H-4)
5.19 (t,J=17.1 Hz, IH,H-2"),5.18 (t,J=6.4 Hz,1H,
H-2'),4.11 (t,J = 6.3 Hz,2H) ,4.06 (t,J = 6.0 Hz,2H),
4.09 (d,J= 6.4 Hz,1H,H-1"),3.76 (s,3H,7-OCH,),3.31
(d,J=17.1Hz,2H,H-1"),2.55 (t,J = 7.2 Hz,2H) ,2.52
(t,J=7.2 Hz,2H),2.15 (m,4H),1.81 (s,3H,H-4"),
1.75 (s,3H,H-5"), 1.59 (s, 6H, H-5",4") ., "C NMR
(100 MHz,CDCl,) 6 181.9(C-9,C=0),175.6(C=0),
175.4(C=0),162.5(C-3),159.4(C-1),157.1(C-4a) ,
155.3(C-10a),155.1(C-6) ,143.9(C-7),137.3(C-8),
131.7(C-3"),131.5(C-3),123.2(C-2"), 122.4(C-2") ,
112.1(C-9a) , 111.4(C-2),103.9(C-1a) ,98.9(C-1),
89.4 (C-4) , 67.6, 67.2, 60.9, 30.3, 30.2, 26.1, 25.8,
25.7,24.4,242,21.4,18.1, 17.7. ESI-MS m/z 583.2
[M+H]",
2.7 WEW2MER

k44 2(0.01 mmol, 6 mg) T 35 mL it & J2
P, A 2 mL 22 FH SR, I 1R L
65 °CR M 4 hJ5, RV ARHNEER, HERE
. 193] 20(45 mg) R AR, 2 87.1%,
'H NMR (400 MHz,CDCl,) 6 13.48 (s, 1H,-OH),6.72
(s,1H,H-5),6.29 (s, 1H,H-4),5.36~5.10 (m, 2H,
H-2",2"),4.13 (q,J = 5.3,4.4 Hz,4H) ,4.08 (d,J =
6.0 Hz,2H,H-1"), 3.79 (s,3H,7-OCH,),3.71 (s,3H),
3.70 (s,3H),3.35 (d,J=7.1 Hz,2H,H-1"),2.58 (m,
4H),2.20 (m,4H),1.84 (s,3H,H-4"),1.79 (s,3H,
H-5") , 1.68 (s, 6H, H-5",4") ,"“C NMR (100 MHz,
CDCl,) 6 182.1(C-9,C—0),173.7(C—=0),173.5
(C=0),162.6(C-3),160.0(C-1),157.3(C-4a),155.4
(C-10a),155.3(C-6),144.2(C-7),137.5(C-8),131.9
(C-3"),131.6(C-3"),123.4(C-2"),122.6(C-2"),112.3
(C-9a),111.7(C-2),104.2(C-1a),99.0(C-1) , 89.4
(C-4),67.7,67.3,61.1,51.9, 51.9, 30.5, 30.4, 26.3,
26.1,25.9,24.6,24.5,21.6,18.3, 18.0, ESI-MS m/z
611.2[M+H]",
2.8 EYINEK

B o- 18] #% 7 % (0.24 mmol, 100 mg) F* 25 mL
B IS Be i, JGoK N 2 mL %5 f% ., Bl S A
K,CO,(1.46 mmol, 202.0 mg) & A% . % it &
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5-M R 2.1 (1.22 mmol,0.19 mL), & FiRIFHK
o, IR BEETRE 60 °)CI VW 4 h)F, EASFRER
., A 10 mL 22 WK BIEFRY, LT
(10 mLx3)Z 0L, SIFAPUAE, FHICKERR NI T
TokAAb R, Bhuk, EAEREEN . HY &k
AT 3k 2l Ak ( 212 16 < A E, 5:95—10:90 Bk
)52 3(77 mg) AR B EAIRIRY, IR 47.4%.
B ARG X s R 2 0L T L (2018) .
2.9 HLEW3IMEH

Bk A7 3(0.01 mmol, 6 mg) T 35 mL ififf & Sz
N, A2 mL 2 W B, Vv B 15 i
65 °CR M 4 hf5, ¥RV ARHNEER, HERE
#ER . 5213b(5 mg) A FHEEA, IR 2 87.1%.
'H NMR (400 MHz, CDCl,) § 13.48 (s, 1H,-OH) ,
6.68 (s, 1H,H-5),6.26 (s, IH,H-4),5.24 (t,J=
6.7 Hz, 1H,H-2"),5.22 (t,J = 6.8 Hz, 1H,H-2") ,4.12
(d,J=6.8 Hz,2H,H-1"),4.08 (t,J = 5.5 Hz,2H) ,4.04
(t,J=5.1 Hz,2H),3.79 (s,3H,7-OCH,),3.69 (s,3H),
3.68 (s,3H),3.35 (d,J=6.7 Hz,2H,H-1") ,2.43 (q,
J=172Hz,4H),2.00~1.85 (m,8H), 1.84 (s, 3H,
H-4"),1.79 (s,3H,H-5'),1.67 (s,6H,H-5",4") .
3C NMR (100 MHz, CDCl,) ¢ 182.0(C-9,C=0),
173.8(C=0),173.7(C—=0),162.6(C-3),159.8(C-1),
157.3(C-4a),155.3(C-10a),155.1(C-6) ,144.0(C-7) ,
137.2(C-8),131.7(C-3"),131.4(C-3"),123.3(C-2"),
122.5(C-2"),112.0(C-9a),111.5(C-2),103.9(C-1a),
98.7(C-1),89.2(C-4),68.3,67.8,60.9,51.6,51.6,
33.6, 33.5, 28.6, 28.4, 26.2, 25.9, 25.8, 21.6, 21.5
(Cx2),18.2,17.8, ESI-MS m/z 639.3[ M+H |*,
2.10 EYW3aWER

AL 49 3b(0.09 mmol, 58 mg) T° 25 mL 5] Ji§
Bei, JCKPSER 1 mL %%, A 0.15 g/mL i
NaOH % 0.1 mL, JHIVA 55152 5E it B 60 °CJ i 4 h
Ja, EASBREER, A 10 mL 2815 KB 0% F 43
Y, CFRCER(10 mLx3)ZEHL, /IFA P, HI
IR RN AT IO KA AL B, 98, B2 BRI
FHL ™ W) 26 e AT €633 201075 3] 32 (49.5 mg) AR
BAR Y, R4 89.3%, 'HNMR (400 MHz,
Acetone-d,) 6 13.60 (s, 1H,-OH),6.91 (s, IH,H-5),
6.45 (s,1H,H-4),5.25 (t,J = 6.7 Hz, IH,H-2") ,5.23
(t,J=7.1Hz,1H,H-2"),4.22 (t,J=6.2 Hz,2H) ,4.16
(t,J=6.0 Hz,2H),4.11 (d,J = 6.8 Hz,2H,H-1'),3.81
(s,3H,7-OCH,),3.33 (d,J = 7.2 Hz,2H,H-1") ,2.43

(dt,J = 11.4,7.2 Hz,4H) ,2.05 (p,J = 2.2 Hz,4H) ,
2.02~1.84 (m, 12H,H-4",5",5",4'),1.64 (dd,J=3.5,
1.5 Hz,4H) .*C NMR (100 MHz, Acetone-d,) J 182.0
(C-9,—0),173.7(C—=0),173.6(C—0),163.0(C-3),
159.6(C-1),157.9(C-4a),155.3(C-10a),155.2(C-6),
144.3(C-7),136.3(C-8) ,130.5(C-3") , 130.4(C-3"),
123.8(C-2"),122.6(C-2"),111.3(C-9a), 111.1(C-2),
103.3 (C-1a) , 99.1 (C-1) , 89.5(C-4) , 68.6, 68.2,
60.1,32.9,32.9, 28.4, 28.3, 25.8, 25.1, 25.0, 21.5,
21.4,21.1,17.4,17.1, ESI-MS m/z 609.271 {M—H |
(609.270 5, caled for C,,H,,0,,) -
2.11 HEHINER

B 181457 2% (0.37 mmol, 150 mg) F- 25 mL
BT, JOKNR 2.5 mL %, RS INA K,CO,
(2.19 mmol,303.0 mg), ALY, W 6-1R
CL % 26 (1.83 mmol, 0.33 mL), V¥4 51 TR
60 °CJ Vi 4 h)m, FASFRAEEA, A 10 mL 2205
IKEERRY, LMRATR(10 mLx3) 40, &9F4A
MUAE, FTCKERRRENIET T IO KL B, ug, B2
BRIV MY S aE A ksl (LR Ol A
Mk, 5:95—10:90—15:85 ¥/ ), 55]4(100 mg)
R IR, WCRZ40.2%. TbA Y RE TR
ARSI TR (2018)
2,12 LEW4aIE

HUAkA 4 4(0.06 mmol, 40 mg) T 25 mL 5 542
A, JGOK I 1 mL & f#, finA 0.12 g/mL [y
NaOH % 0.1 mL, VA58 13 i E 60 °CI i 4 h
G, EABREHER, A 10 mL 28158 /K 2 77 4%
Y1, ZERHE(10 mLx3) AW, SIFAHMN, HX
IKBR RN AT TCK AL AL B, b 98, A BRI
JE A IR AR R Y, 1551 4a(33.3 mg) N BT
kY, 15 % 2 88.7%. 'H NMR (400 MHz,
CDCL,) 6 13.47 (s, 1H,-OH) , 6.66 (s, 1H,H-5) , 6.24
(s,1H,H-4),5.27~5.18 (m,2H,H-2",2"),4.11 (d,J =
6.5 Hz,2H,H-1'),4.04 (m,4H),3.78 (s,3H,7-OCH,),
3.33(d,J=7.2Hz,2H,H-1"),2.41 (td,/=7.3,3.5 Hz,
4H),1.96~1.86 (m,4H),1.84 (s,3H,H-4"),1.78 (s,
3H,H-5'),1.74 (t,J=7.6 Hz,4H) ,1.67 (s,6H,H-5",
4'),1.63~1.52 (m,4H) .,"C NMR (100 MHz, CDCl,)
6 182.1(C-9,C=0),179.7(C=0),179.6 (C=0),
162.8(C-3),159.9(C-1),157.4(C-4a),155.4(C-10a) ,
155.2(C-6),144.1(C-7),137.2(C-8),131.7(C-3"),131.4
(C-39,123.5(C-2"),122.6(C-2"),112.0(C-9a) , 111.6
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(C-2),104.0(C-1a),98.8(C-1),89.3(C-4),77.5,77.4,
77.2,76.8,68.5,68.1,60.9,34.0,34.0,28.9,28.8,26.3,
26.0,26.0,25.7(Cx2) ,24.5,24.4,21.6,18.3,17.9,
ESI-MS m/z 637.300 0[M—H] (637.301 8, calcd for
C,H,0,,)-
2.13 &b, c. dHIEHR

WAk 449 4(0.05 mmol, 40 mg) T35 mL it 2
N, A2 mL 2z H RS R, YA B 1 R
68 °CJZ )i 4 h &, TLC Watss s 2 (I el : &
R TG - A ik, 121, 78 RAE M 0.1 4b7 — 385 Wi 8
R, TERAEF 0.7 &b A —IF MR 80D, RV 58 E
BRMEEHNEER, BRMERHEERE,
HABREBR . M= rE e gk alife (— & H
Pt L, 100:0—10: 1—5: 100, ARRLLL ), 155 4b
(20 mg) A EEOIHIRY), WOR L) 53.3%. YEMLT ok
TR A5 ) 28 > ) 4 e B8O B3 0 s, FRBE K
(100:0,/&F L), 434e(14 mg), 4d(6 mg) A A
R, R HNL37.1%, 15.9%.

4b:. 'HNMR (400 MHz,CDCI,) § 13.49 (s, 1H,
-OH),6.70 (s, 1H,H-5),6.28 (s, 1H,H-4),5.27~5.21
(m,2H,H-2",2"),4.13 (dd,J = 7.0,2.5 Hz,2H,H-1"),
4.10~4.03 (m,4H),3.79 (s,3H,7-OCH,),3.68 (s,6H),
3.35(d,J=7.2Hz,2H,H-1"),2.37 (td,J=7.4,2.9 Hz,
4H),1.94~1.86(m, 4H) , 1.85 (s,3H,H-4"),1.79 (s,
3H,H-5"),1.78~1.69 (m,4H),1.68 (s,6H,H-5",4"),
1.6~1.54 (m,4H).”C NMR (100 MHz,CDC]l,) ¢ 182.1
(C-9,6—0),174.2(C—0),174.1(C—0),162.9(C-3),
160.0(C-1),157.5(C-4a),155.4(C-10a),155.3(C-6),
144.2(C-7),137.4(C-8) ,131.9(C-3"), 131.5(C-3") ,
123.4(C-2"),122.6(C-2"),112.1(C-9a) , 111.6(C-2) ,
104.0(C-1a),98.8(C-1),89.4(C-4) ,68.6,68.2,61.0,
51.7(Cx2),34.1,34.0,29.0,28.8,26.3,26.1,26.0,25.8
(Cx2) , 24.8, 24.7, 21.6, 18.3, 18.0, ESI-MS m/z
665.331 1[M—H]7(665.333 1,calcd for C;iH,,0,,) -

4c:'H NMR (400 MHz, CDCL,) ¢ 13.50 (s, 1H,
-OH),7.74~7.55 (m,1H,-NH),6.70 (s, 1H,H-5),6.28
(s,1H,H-4),5.50~5.28 (m, 1H),5.28~5.20 (m, IH,
H-2",2"),4.13 (d,J = 6.7 Hz,2H,H-1") ,4.08 (t,J =
6.4 Hz,2H) ,4.04 (t,J = 6.3 Hz,2H).3.79 (s, 3H,
7-OCH,),3.68 (s,3H),3.35 (d,J=7.2 Hz,2H,H-1"),
2.37 (t,J=7.4Hz,2H),2.27 (t,J=7.5 Hz,2H) , 1.96~
1.87 (m,4H),1.85 (s,3H,H-4"),1.79 (s,3H,H-5"),
1.74 (dt,J =17.6,3.9 Hz,4H),1.67 (s,6H,H-5",4"),

1.63~1.52 (m, 4H) . “C NMR (100 MHz, CDCl,) ¢
182.1(C-9,C—0),175.1(C=0),174.1(C=0),162.9
(C-3),160.0(C-1),157.5(C-4a),155.4(C-10a),155.3
(C-6),144.2(C-7),137.3(C-8),131.9(C-3"), 131.5
(C-3"),123.4(C-2"),122.7(C-2"),112.1(C-9a) , 111.6
(C-2),104.0(C-1a),98.9(C-1),89.4(C-4) , 68.6,
68.2, 61.0, 51.7, 35.8, 34.0, 29.0, 28.8, 26.3, 26.1,
26.0,25.9,25.8,25.2,24.7,21.6,18.3, 18.0, ESI-MS
m/z 652.3[M+H ",

4d:'H NMR (400 MHz, CDCl,) 6 13.48 (s, 1H,
-OH),6.70 (s, 1H,H-5),6.28 (s, 1H,H-4) ,5.44 (m,
2H,H-2",2"),4.12 (d,J=6.7 Hz,2H,H-1") ,4.08 (t,J =
6.2 Hz,2H),4.03 (t,J = 6.3 Hz,2H),3.79 (s,3H),3.68
(s,3H,7-OCH,),3.35 (d,J = 7.2 Hz,2H,H-1") ,2.36
(t,J=7.4Hz,2H),2.28 (t,J=7.4 Hz,2H) ,1.97~1.86
(m,4H),1.84 (s,3H,H-4"),1.79 (s,3H,H-5"),1.77~
1.70 (m,4H),1.67 (s,6H,H-5",4'),1.59 (m,4H) .,
C NMR (100 MHz, CDCI,) ¢ 182.1(C-9,C=0),
175.2(C—=0),174.2(C—0),162.9(C-3),160.0(C-1),
157.5(C-4a),155.5(C-10a),155.3(C-6),144.1(C-7),
137.4(C-8),131.8(C-3"),131.5(C-3"),123.4(C-2"),
122.6(C-2"),112.1(C-9a) ,111.6(C-2),104.0(C-1a) ,
98.9(C-1),89.4(C-4),68.7,68.2,61.0,51.7,35.7,
34.1, 29.0, 28.8, 26.3, 26.1, 26.0, 26.0, 25.8, 25.2,
24.8,21.6,18.3,18.0. ESI-MS m/z 652.3[M+H]",
2.14 UEWSHER

B a-18]351 % (0.49 mmol, 200 mg), T 25 mL
BB s, JC/K Nl 2 mL % f#, RS A
K,CO,(2.92 mmol,404.0 mg), ESMY. g
T-JR IR £ 185 (2.44 mmol,0.47 mL), IR E IR
FE 60 °CI i 4 hfm, FLASBREWH], MA 10 mL7E
WKBFRRAY, CRROFE(10 mLx3)#H, &3
AHUAH, HTC/K B R eH 34T JoK A 2], ik,
HABREEN . M- aak i aikaifb (2R 4
JiE A7 I BE, 5:95—10:90—12: 88 YL it ), 1535
(185 mg) A E EIMIRYY, WL 52.5%. LAY
il K ST E s 2 LT L (2018) .
2.15 {LEWSalERK

k44 5(0.08 mmol, 58 mg) T~ 25 mL & iE k2
A, JCOK SR 1 mL %A%, A 0.13 g/mL 1Y
NaOH %% 0.1 mL, A5 3 i BE 60 °C v 4 h
Ja, EASBREWF, A 10 mL 28158 KB 17 4
Y, LBROTR(10 mLx3)ZEH, S IFAPUHE, FX
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KB R R AT TE K AL AL B, b 98, LA BRI
J& . B A EEDE S 15 5 Sa (45 mg) 2 # (i
RY), E 2 84.1%. 'H NMR (400 MHz, CDCL,)
513.48 (s,1H,-OH),6.69 (s,1H,H-5),6.27 (s,1H,H-4),
5.24 (t,J=7.1 Hz,1H,H-2",),5.22 (t,/=6.4 Hz,1H,
H-2'),4.12 (d,J=6.4 Hz,2H,H-1"),4.08 (t,J=6.4 Hz,
2H),4.03 (t,J = 6.4 Hz,2H),3.79 (s,3H,7-OCH,) ,
3.35(d,J=7.2 Hz,2H,H-1"),2.38 (t,J=7.3 Hz,4H),
1.97~1.80 (m, 8H) , 1.75~1.62 (m, 12H, H-4", 5", 5",
4'),1.54 (m,4H),1.49~1.40 (m,4H) ."”C NMR (100
MHz,CDCl,) 6 182.0(C-9,C—=0),179.7(C=0),179.6
(C=0) 162.7(C-3),159.8(C-1),157.3(C-4a), 155.2
(C-10a),155.1(C-6),144.0(C-7),137.2(C-8),131.7
(C-3"),131.3(C-39,123.3(C-2"), 122.5(C-2"), 111.9
(C-9a), 111.5(C-2),103.9(C-1a),98.7(C-1) , 89.3
(C-4),68.6,68.2,60.8,33.9,33.8,28.7(Cx2),28.7,
28.6,28.5, 26.2,25.9,25.8,25.6(Cx2),24.5 (Cx2),
21.5,18.2,17.8, ESI-MS m/z 667.3[M+H ",
2.16 HLEWOHIERK

B a- 18]35 1 % (0.49 mmol, 200 mg) T 25 mL
R e i e, JCK B 2 mL i, Bl R A
K,CO,(2.92 mmol,404.0 mg), A AL,
T 8- 1R 2,185 (2.44 mmol, 0.51 mL), JHAHE%
FEIRE 60 °C N 4 hfF, HASFRISAR, A 10 mL
FEKBRIFFAY), CRROHE(10 mLx3) A HL, &
JEA ML, FHIC/KBRRR BNt T oK AAL 3], L0,
HAEBREBR . M-y aak i aikaifk (LR 4
B < A7 Jh Bk L 5:95—10:90—15: 85 ¥E i), 153 6
(140 mg) A e FR ARy, IR 38.3%. G
Wt K it A Hs 2 LT L (2018) .
2.17 LEW6aIERK

B4 6(0.05 mmol, 40 mg) T~ 25 mL & e k2
B, JCOKTNER 1 mL %%, A 0.11 g/mL )
NaOH %% 0.1 mL, #8160 °CI IV 4 h
i, BEABRZER, A 10 mL 2848 /K B 77 4%
Y, CBRTR(10 mLx3)ZEHL, A IFAVLAH, M
KRR AN AT TC K AR AL BE, a8, BLas bR 251
J& A Il T R R A W45 3 6a(23.1 mg) S B
FEER Y, WP 2 62.4%., 'H NMR (400 MHz,
CDCl,) 6 13.49 (s, 1H,-OH), 6.69 (s, IH,H-5),6.27
(s,1H,H-4),5.24 (m,2H,H-2",2"),4.12 (d,J= 6.7 Hz,
2H,H-1'),4.06 (t,J = 6.5 Hz,2H) ,4.01 (t,J = 6.4 Hz,
2H),3.79 (s,3H,7-OCH,),3.41~3.33 (m,2H,H-1"),

236 (d,J =75 Hz,4H) , 1.93~1.85 (m,4H) , 1.84
(s,3H,H-4"),1.79(s,3H,H-5'),1.67 (s,6H,H-5",4"),
1.52 (q,J =7.4 Hz,4H) , 1.40 (q,J = 3.8 Hz,4H) .
3C NMR (100 MHz, CDCI,) ¢ 182.0(C-9,C=0),
179.8(C—0),179.8(C—0),162.8(C-3),159.8(C-1),
157.4(C-4a),155.3(C-10a),155.1(C-6),144.0(C-7),
137.1(C-8),131.6(C-3"), 131.3(C-3"), 123.3(C-2") ,
122.5(C-2"),111.9(C-9a) ,111.5(C-2),103.8(C-1a) ,
98.7(C-1),89.2(C-4),68.7,68.3,60.8,34.0(C%2),29.0
(Cx2),28.9,28.8,28.4,27.9,26.2,25.9,25.9(Cx2) ,
25.8,24.6,24.6,21.5,18.2, 17.8, ESI-MS m/z 695.3
[(M+H]",

3 LS YIRS PDE4 I HITE 1

b B A s A 4l A6 1Y) PDE4 28 1 5 IR T
F14) T D2 AT ) e T ) S 56 20 R 2 B A
O R FIE LB ML, 2022) , B MR
W H 21 JFORE pET15b-PDE4D2 (86-413) 5 4k A K
FFA R SZ S M b, B #F LB B3R 3 F 37 °C
M) FAKE 40,4007, ALK E N
0.1 mmol/L 1 5 1N %k - p-D- B AT it isg 2 2L B 1
(IPTG) FF 7€ 15 °CIJE T #4715 T4 95 24 h, Ffi
JeiE B EFZEHT B SR BT Ay T R AT
PARAS . 4l A F] 95% LU _E ) PDE4D H bR .
T P 52 ) ARRR 30 B 3H-cAMP VE M, IR
1R Z 145 1 mmol/L Tris pH 7.5, 1 mmol/L S AL .
0.5 mmol/L i M s M 14 5 Wk 1 Ak & 4
JNA PDE4D % M J5 T = I ## & i 15 min, FHK
UM 0.2 mol/L it iR 5 e 1 0.2 mol/L & A ALl
VWS 1 SO, e 0 (FE 12 000 t/min) Ji I
B9 (3 A & DAY 3H-cAMP) , il A TH HR
WOIR A 5 PR T BRI B0 7 158, 1H5 i
WAL &R B T R, 207 HEE 3
K, #eJa K FH GraphPad #4147 38 2k [m1 5 4347
HHEIC, H.

SEIRRI ORI I X AR P PDE4 Y
EHEARERERGRD, HPhSEEE(HERM ) |
B A A & 0% PDE4 B HIVE 4822, 1C, (Y
KT 10 pmol/L, RERZEATH:4) 2a~6a X PDE4 i
RGBS PR (1C,,<1 000 nmol/L) , H: ik &
¥ 5a X} PDE4 {1 $ ill % % #% & (1C5,=319 nmol/L),
J o857 2 (1C,=1 310 nmol/L) 1 41 .
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1 ALBEWYIX PDE4 B3I G

Table 1 Inhibitory of the compounds towards PDE4

&Y R, R, IC,/(nmol-L™")
O (o]
1 O SO > 10 000
(o] O
2 \/O\(r)(\/é‘s\ \/O\Cyf\/fi >10 000
O (o]
2b AN A Ao > 10000
O (@]
() (0]
3 g v S vt > 10 000
(@] ()
(0] o
3b - W"é‘ - Wf‘ > 10 000
O (0]
4 ~ Wé‘s‘ ~ Wﬁ > 10 000
_o 3 o 3
4b Wf - Wfs > 10 000
O O
5 SO ~ We’g‘ > 10 000
O
(0] (]
6 ~ Wf‘ o~ Wf‘ > 10 000
(0] H>N
6b - W;‘ ? Wé‘é‘ > 10 000
HoN e
6¢ z TO(\W; Wf‘ > 10000
HoN HoN
1b ? TO(\;{ 2 fsﬁ > 10 000
HO. HO
1a T TO@‘SS‘ > 10 000
(@]
HO HO
2a T;Né{ O 87246
(]
HO HO
3a Wf‘ Wf‘ 452477
HO HO
4a W;‘ Wf‘ 518+72
HO HO
5a Wg‘ Wf‘ 31945
HO HO
6a Wf Ws’ 544+123
a-BSFH H H 1310230
Rolipram / / 590 + 50

1) Rolipram Jg FHPEXT R4, /" FoRLa WA AL a-EI118 T R
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BRI EY T, e REsE KX PDE4 (4 i %
PEA R FE M, 2 B R R 5 AT O 1 1 A1
(>10 pmol/L) , P BEFEBERIE N, FEPERSmM, H
7 AN I 3 4 1R W A 5 W) (5a) X PDE4 (1)
0445 VE R 1 [1C,,=(31945) nmol/L ] (& 3), &
a-BlEEFF (1C,=1 310 nmol/L) (FEHESE,2020) 1) 4
W, 2 JE PRAE R R B 1E PR AR . A ) B O T B 4
B4k ) 5a 5 PDE4 Y 45 G A, AR
AutoDock # 4 (= 1 1E 55,2024 ) (https: //autodock.
scripps. edu/) X fk & ¥ Sa 5 PDE4 /i /& (PID:
1XOQ) #EAT Mk 1 0043+ % 422, s P 1 o
T AL 31 (Morris et al., 1998 ; Morris et al., 2009) 15
B P 9454 HE N —6.76 kJ/mol.,

100

e °
%i 507 o 5a,1C,,=319 nmol/L
=3 - Rolipram, 1C,,=590 nmol/L

0 T T T 1

1 2 3 4 5
log,, //(nmol-L™")
1A

K3 fk4W) 5a %t PDE4D2 A i £k
Fig. 3 Inhibition curves of compound 5a towards PDE4D2

K4y as AR, B iR e SEBE (15 Sa
M) 2 T S 2] 4 & X, 5 4 ) X [ HIS-160 F1
Asn-209 PN LR R FLIE A L7, JF Ho Sa )
= ¥R 7 1 4t 5 45 #) Wk PDE4 & [ 1Y Phe-372 FlI
lle-376 B /K 2 3L R 7R FL AU AR 4, I 5 Phe-372
IR IE I R E W n-n HESVER, Xl
JE1F % PDE4 #5111 — A~ B ZL AR 1E (Liang et al.,
2020) . MAL, thEW 5a i C-3 AL Al L Bk e B A
A PDE4 [ 2 5 Q H A€, 5 Met-273 3R 5L P
USRS W, ARG Sa i A~ R I HE il
5 Tle-336. Asn-321. Tle376 &5 2 31 4% 3 i ik
KA B AR . XS 555 FRAE T g &AL A P Sa Xt

SE

R4 W, BENE , GHEEE 45 2022, o~ B T ZATEW A M
LI B R — e 4 1S PERTIE LT ] Il R i (A 2R
B0 ,61(3):53-61.

P, 2020, a—FEEF R AW A RS A ] 5%
12— FRAG 4 TEVERRSE (D] M R B2 A

| J
Asn-209'%. His-204

) 7 1.9

1 MG V.
Lys:273 Met-273 © /\é
Y b /55, FHis-160"
19 S B
N P ZN
., SN

o=
“ Met-277 P\\S
lle-376? §

" Phe372

AN m-n MEE AR I3 2L (B R NSk (R 2 R

K4 1b5%9 525 PDE4 (PID: 1XOQ) 45 A,
Fig. 4 Binding of 5a to PDE4 (PID: 1X0OQ)

PDE4 #1135 71 %5 e 1 Ji A o
4 1w

HHEr ik, &A% %A 5F (roflumiast) . i
F) R (Apremilast) . 5237 Bl 2 (Crisaborole) . 5 T
] 5 (Tbudilast) 4 4~ PDE4 5 i, #kii, H
B PDE4 W FBAEEVF 2 R, B E .
ARG Xk 55 B A ) @IYE R (Du et al.,
2023) . PN, s ZEAE A BT ) PDE4 i 51 245 4 15
SRR R o AL AE a- 8132 F A C-3 K& C-61i1
T ¥ 5 15 | AAS TR e < B ) o S A 7 45 4 181
WA T 18/ MEE Y, JFWI IR T ke Sk
PAT Ko e 5% 4 B2 %k A & 4 40 | PDE4 15 P 19 44 280 ¢
Fo MREREXVSAEY (2a, 3a, 4a, 5a,
6a) TG IR T a-BliE T %, HPHA3IMEEY
(3a, Sa. 6a) [ 1% M 50 A0 F FHE XS R 259
Rolipram. A< 3 Ay 2 R P 2 R Jic T 288 1) Joe e B
GRS, e B R M B IG PR i, JFE B i
S TANERES, X PDE4 (9 30 1 6 R sk . ARESE T
Ve Ry i B2 e it — 2L iy dh i e dl, & S 1
RE Y PDE4 411 il 51 £2 (AR s

SRR, AL, WeHE, 42024, BEERZRAL A Y I B
F-ACP W JF il 1A ROC R FE [T ). M= k2 5 Tl
44(4): 18-28.

T, 2018. BT R ATEY & B0 I 85 72 — BR T 4
THERFSE D] M . TN R E 2 R
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