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Abstract: Derivatives of Norathyriol were designed and synthesized in this study, and their phosphodi-
esterase4 (PDE4) inhibitory activities were evaluated in vitro. Mangiferin was used as the startingna-

terial for structural modification, and sixteen derivatives were prepared through 2-deglycosylation ,
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2, 3-cyclic synthesis, and 6, 7-substitution reactions and other methods. The PDE4 inhibitory activities

of these compounds were evaluated in vitro by [*H] liquid scintillation counting method. Among these

compounds, derivative 4 has the highest inhibitory activity (IC,,=358 nmol/L). The docking display

structure showed that the pyran ring could form hydrogen bonds with GIn-369, and the 6-methyl cyclo-

propane could form hydrophobic interactions with surrounding hydrophobic amino acids.

Key words: norathyriol; derivatives; phosphodiesterase 4; inhibitor
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BRI . PRI RS cAMP 5 cGMP [ 1
FePE, PDERI N LI DAFBIZE, Hrh, BER
—Tia -4 (PDE 4, phosphodiesterase 4 ) #& PDE % ji%
i e K H i B2 KR, HAERZE04
Ji b KR 2 3K (Li et al., 2023) . PDE4 J& cAMP 4
SR i, HA 08 R cAMP K2 54
S RANER N s PR R, AT 0 P B ZE P Al
(COPD, chronic obstructive pulmonary disease) .
JER . T RESR . BER . RN S G A
Z PR IAIT (Pages et al.,2009) . IL4h, PDE4
TEFIE © A B e PR LA R I RN v Al b 22
PRI 1) 4 Jee vt e 3 B A /E ] (Du et al., 2023) .
Ye4 A1k, TATZ R PDE4IIHI 52598 FDA it if
TR, 4300& T COPD AR JB K T6 YT 1Y
B al R . T AR E e G 48 0y BT R w R L
TR I B 9% B v S B G T AR Y S T Al R
(Jin et al.,2023) . 4R, BLA (4 PDE4 I i 5% ik
FEAE T | E I 45 W i 18 @A P A5 07 T 0] A, X
BT HAENG ARG TT i T sZ2 B BR . Ptk B
R TR R I FIRE S 1Y) PDE4 410 1 5045 98 02 B
PUAR AN G2 W] 9 245 W ) B AT s

IAER, R | B2 R AR 25 i
o3 e B KL 4F £ PDE4 # i 35 #5 (Du et al., 2023),
KR =W B2 Rk PDE4 i U0 il 551 S S 4y 1) B L
kP . A I (norathyriol) &2 75 B (Mangifera
indica L.) 1% M 553 1 SR 4T (mangiferin) 19 25 905 14
X3} 7= ¥ (Jyotshna et al., 2016; Wang et al., 2007;
Sanugul et al., 2005; Liu et al., 2011), J&—FHA
ZRIE RG22 REY T,
4n ¥ 1€ Jv M0 (Gentiana flavomaculata) (Lin et al.,
1982) . PB4 I 2% (Swertia atroviolacea) (Xing et
al.,2017) . 4T (Garcinia mangostana) (Jiang et al.,
2010;Gontijo et al.,2012)%% . s £, R HIC
HA 04 5 (Wang et al., 1994; Hsu et al., 2004) |

Hidm (Hsu et al., 1997; Fu et al.,2012; Li et al., 2012;
Guo et al.,2015) . H1% 4L (Meechai et al.,2016T;ran
et al.,2021) . P ML #E (Teng et al., 1989; Teng et al.,
1991;Lin et al., 1992) . [ [fil ## (Wang et al., 2013) |
F%1fil H (Chen et al., 1992; Wang et al.,2002) UL X657
i X (Noro et al., 1984; Niu et al., 2016; Lin et al.,
2019) M2y BE M, HA B R ERE 1. R
G AL, R oA TS5 3 i PDE4 41 i 15 1
(IC5=103 pmol/L) , A {ER b & Wt 451
i, PETFHAMHIEYE . AR oI R A
A% U B 2R DR ik e 2 S B RIS PR (E B
(Liu et al.,2022), fFEFRHAIC2, 3- MM EDFA L
WIS, MG R 6, 7-0 BRI T S B . AT
FEATE T 16 T4, BRATAEY 3 Mk E
Wk, HA 15 MGG, ok aw
R RAFE) PDEAIIHRITEYE, 012043 Hr Hoxf PDE4
IHRIEAROC R, I e — DA A5 T 4
PDE4 il & PR A A= PP R

1 Yt
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Jiirm o BEE, W R A Tk R A ) R R Y 3R
BN C-ARE R R R T, miEiET R
TCTEBR R M 0 /E R 5 A Re & 2B SR A% UG, il
#EW1~2, Tk, BibaY1~2 755 3-H
FE-2- T M ETE LR 51 S 4R 6 A 3] C-2 5 C-3
RIS LRI EY 4~5. Zha, thaWa~5%
S5 AT B IR AT SR A O R R, A5 31 AR
N E BT AE)

TR IO AR 6 A BUBS AN E 3 TR, R
HAA B 7 kA 2] (MG €4, 2018) .
2.2.1 ERFadse s TRETCHAEES L

\OH
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16 Ry=
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Design of the derivatives

Ahn et al.(2018) .
2.2.2 ALadh 1~19 696 %,

B 6-CRNIEHHHL)-1,3,7-—F2HL-9H-
AL TE-9-F . B s SR AT T (500.0 mg, 1.92 mmol)
% T 5 mL DMF, RN A JC /KB B2 40 (407.3 mg,
3.84 mmol), RHILIRNEE(337.2 mg, 2.50 mmol),
50 °CHiE LRV 12 he BHIE =, H 1 mol/L £5R
VR WE Y B W pH & 5~6, JA 10 mL /K I 2.2
CERFEHL (15 mLx3), AIFANM, LICKERRE
FHE G IR AGAFHA = . KL= 2o ik RS 2T 00
A/ R TR (773 KB, R RDAR R Ve, 15

O OH

O OH
a HO b HO
A ‘ TR L
HO o OH Rivo e} OH

TRHET 1-2

O OH
Rivg o e}

7-19
A~ N
Br 8 Rp= o) 9 Rp= gt
o)
2
HZNK/H 11 Ry= I\Il/\)‘/\/ 12 Ry= \’\Il’\)z
%, - 5 %
S F
HsC 17 Ry= 18 R= Y
3 2 A/% E
HO/\/L%

(a) resorcinol, HCI, H,0, 120 °C; (b) RX, Na,CO,, DMF, 50 °C;
(c¢) 3-methylbut-2-enal, Ca(OH),, CaCl,, MeOH, rt; (d) R,X, K,CO,, DMF, 60 °C,

K2 PR ITATA Y 4.5 1 7~19 16 A i 2k
Fig. 2 The Synthesis of Compounds 4, 5 and 7-19
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(a) NaOH, EtOH, 80 °C; (b) potassium peroxydisulfate, NaOH, H,O, rt—100°C;
(c) benzene-1,3,5-triol, ZnCl,, PO,Cl, 80 °C; (d) 3-methylbut-2-enal, Ca(OH),, CaCl,, MeOH, rt.,

K3 R ITRTAEY) 6 15 KL
Fig.3 The Synthesis of Compounds 6

A1 B AR (340.2 mg, 23.06 mmol), R
4 52.99%. 'HNMR (400 MHz, Methanol-d,) 6 7.41
(s, 1H, H-8), 6.91 (s, 1H, H-5), 6.26 (s, 1H, H-4),
6.13 (s, 1H, H-2), 3.99 (d, J = 6.9 Hz, 2H, -OCH,-
6), 1.43~1.34 (m, 1H, -CH-6), 0.75~0.62 (m, 2H,
-CH,-6), 0.53~0.40 (m, 2H, -CH,-6), *C NMR (100
MHz, Methanol-d,) 6 181.1(C-9), 166.4(C-3), 164.4
(C-1),159.4(C-4a), 155.7(C-6), 152.9(C-5a), 145.5
(C-7), 114.4(C-8a), 109.0(C-8), 103.4(C-5), 101.3
(C-9a), 98.8(C-2), 94.7(C-4), 75.4(-OCH,-6), 10.8
(-CH-6), 3.9(2xC, -CH,-CH,-6), ESI-HRMS m/z [M+
H]" caled for C,,H,,0,315.082 4, found 315.082 3,

AW 2: 6-((4-FFRH)HIKE)-1,3,7- =%
H -OH- S A% B -9- B o ¥ 5 R OT (100.0 mg,
0.38 mmol) % T 2 mL DMF, & K A ik iR & 40
(38.8 mg,0.46 mmol), ML{LF(31.9 mg, 0.19 mmol)
F11-P-4- (5P 3£ ) £ (69.4 pL, 0.58 mmol), 60 °C
PEFERNE 12 he WHIZEZER, A 1 mol/L £ R %
WH Y KL pH 2= 5~6, HITA 10 mL /K 3 2.z
CLPRAEH(15 mLx3), GIFANAE, Z2ICKERR
TG W AT A= . R W R A JE BT o3
AR B/ LY/ AR LG, R R AR R e, A5
{44 2 S # £6 [E 14 (51.0 mg, 0.14 mmol) , YLK
4 36.03%., 'HNMR (400 MHz, DMSO-d,) 6 13.05
(s, 1H, OH-1), 7.57 (dd, J=8.5, 5.7 Hz, 2H, Ar-6),
7.42 (s, 1H, H-8), 7.27 (d, J= 8.9 Hz, 2H, Ar-6),
7.24 (s, 1H, H-5), 6.35 (d, J=2.1 Hz, 1H, H-4), 6.18
(d, J=2.1 Hz, 1H, H-2), 5.27 (s, 2H, -OCH,-6) .
C NMR (100 MHz, DMSO-d,) 6 179.4(C-9), 165.4
(C-3), 163.6(Ar-6), 163.1(C-1), 161.2(Ar-6), 157.9
(C-4a), 154.3(C-6), 151.1(C-5a), 145.0(C-7), 132.8
(Ar-6) , 132.8 (Ar-6) , 130.8 (Ar-6) , 130.8 (Ar-6) ,
115.9(Ar-6), 115.7(Ar-6), 113.3(C-8a), 108.3(C-8),
102.2(C-5), 101.8(C-9a), 98.3(C-2), 94.1(C-4),
70.1 ( -OCH,-6) ., ESI-HRMS m/z [M+H] ‘calcd for
C,,H,;FO, 369.076 9, found 369.077 2.,

B 3: 6-IAEHE-1,3,7-= - 9H-4A 24 -9-
i, AW 30E NS UM 55 (2018)

EY4: 9-CGRNIEEHAIL)-5,8- " F -2, 2-
TR OH, 6H-A I [3, 2-b | A J B -6-F . #i4k
A¥71(340.0 mg, 1.08 mmol) % T 10 mL Jo/K H i,
WU A 3-F J-2- T J1# (207.0 uL, 2.16 mmol) ,
AEALES(40.1 mg, 0.54 mmol), FALF5(60.0 mg,
0.54 mmol), ZRWFER N 48 he 45 5 i BEUTE
Y, FWEER PR CTRAS 30 mL YRR UTTE, WUEENE
WIF MR 4GS AL =W o ML W) RE AR I T 3 5
Ak 2 TR O TR (/DR RVENE, LGP 4 &
6, [ 44 (305.0 mg, 0.80 mmol) , W FE N 74.12%.,
'H NMR (400 MHz, CDCI,)6 13.31 (s, 1H, OH-1),
7.64 (s, 1H, H-8), 6.80 (s, 1H, H-5), 6.73 (d, J =
10.0 Hz, 1H, H-14), 6.28 (s, 1H, H-4), 5.74 (s, 1H,
H-2), 5.58 (d, J=10.0 Hz, 1H, H-13), 3.99 (d, J =
7.1 Hz, 2H, -OCH,-6) , 1.47 (s, 6H, H-12a, 12b),
1.38~1.33 (m, 1H, -CH-6), 0.73 (m, 2H, -CH,-6) ,
0.43~0.40 (m, 2H, -CH,-6) ., *C NMR (100 MHz,
CDCI,) 6 180.1(C-9), 160.2(C-1), 157.7(C-3), 157.3
(C-4a), 152.4(C-6), 151.7(C-5a), 143.2(C-7), 127.5
(C-13), 115.7(C-14), 114.2(C-8a), 108.4(C-8), 104.6
(C-2), 103.5(C-9a), 99.7(C-5), 94.8(C-4), 78.2(C-12),
74.8(-OCH,-6), 28.5(2xC, C-12a, 12b), 10.0(-CH-6),
3.7(2xC, -CH,-CH,-6) . ESI-HRMS m/z [M+H] calcd
for C,,H,,0, 381.133 2, found 381.133 6.

HEWS: 9-((4-FUFIH)HHL)-5,8- 52,
2- T HBL2H, 6H-MELI [ 3,2-b | A 2L B -6-F . Kifk
41 2(50.0 mg, 0.14 mmol) & F 2 mL JG /K F
WM A 3-H JE-2- T 4 5 (26.0 pL, 0.27 mmol) ,
SR 55 (5.0 mg, 67.88 umol) , S AL45 (7.5 mg,
67.88 umol) , Z il FF SNV 48 ho 45 N I i
UEUTTEY, FHH LA 4R £, 1R 45 30 mL YRR UTTE ,
WS UE WO W Aa 15 KL = ) o ML W 26k A R AT
B, AN LR RO DIRRTEN, S EY
5 Jy {0 [A 14 (13.0 mg, 29.92 umol) , W &K N
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22.04%, 'H NMR (400 MHz, Acetone-d,) § 13.50
(s, 1H, OH-1), 8.51 (s, 1H, OH-7), 7.63 (dd, J =
8.5, 5.6 Hz, 2H, Ar-6), 7.52 (s, 1H, H-8), 7.21 (d,
J=8.9 Hz, 2H, Ar-6), 7.18 (s, 1H, H-5), 6.67 (d,
J=10.1Hz, 1H, H-14), 6.29 (s, 1H, H-4), 5.73 (d,
J=10.0Hz, 1H, H-13), 5.36 (s, 2H, -OCH,-6), 1.47
(s, 6H, H-12a, 12b)."*C NMR (100 MHz, Acetone-d,)
4179.8(C-9), 163.9(Ar-6), 161.5(Ar-6), 160.0(C-1),
157.5(C-3), 157.1(C-4a), 153.7(C-6), 151.3(C-5a),
144.6(C-7), 132.2(Ar-6), 130.4(Ar-6), 130.3(Ar-6),
127.8(C-13), 115.4(C-14), 115.1(Ar-6), 114.9(Ar-6),
113.6(H-8a), 108.3(C-8), 104.2(C-2), 102.9(C-9a),
100.9(C-5), 94.4(C-4), 78.0(C-12), 70.3(-OCH,-6),
27.6 (2xC, C-12a, 12b) ., ESI-HRMS m/z [M+H] "
caled for C,;H,,FO,435.116 6, found 435.116 3,

&Y 6: 9- A IL-5,8- K2, 2- " HI S
2H, 6H-ME IR I [ 3, 2-b ] A A B -6-F . Kb &4 3
(90.0 mg, 0.33 mmol)¥% T 2 mL JC/K s, ARy
A 3-F L 2- T (63.0 uL,0.66 mmol) , E A ALES
(12.2 mg,0.16 mmol), FHfLF5(18.2 mg,0.16 mmol),
FIRPEFER N 48 he S5 IETIEY) . FHH BRI
LR O R4S 30 mL YRS TIVE , AR U WO ke 46 15
=8, M= YA JZ o3 8, Ak O g
MR (/DR R VENL, 15466 6 iR o o [E 1K
(52.0 mg, 0.15 mmol) , WK 46.56%. 'H NMR
(400 MHz, Acetone-d,) 6 7.49 (s, 1H, H-8), 7.07 (s,
1H, H-5), 6.67 (d, J=10.8 Hz, 1H, H-14), 6.29 (s,
1H, H-4), 5.73 (d, J=10.1 Hz, 1H, H-13), 4.05 (s,
3H, -OCH,-6), 1.47 (s, 6H, H-12a, 12b) ,"°C NMR
(100 MHz, Acetone-d,) 5 179.8(C-9), 159.9(C-1), 157.6
(C-3), 157.1(C-4a), 154.9(C-6), 151.5(C-5a), 144.4
(C-7), 127.8(C-13), 114.9(C-14), 113.4(C-8a), 107.8
(C-8), 104.1(C-2), 102.9(C-9a), 99.6(C-5), 94.4(C-4),
78.0(C-12), 56.1(-OCH;-6), 27.6(2xC, C-12a, 12b),
ESI-HRMS m/z [M+H]" calcd for C,,H,,0, 341.102 0,
found 341.102 3, H:'H-'H NOESY i %] 3¢ iH H 48 K&
FHIES, 4.05) 57K EH-5(5, 7.07)F K, 7T
& HAE 0 6~ B

A T: 8-(2-TR LI )-9- (FRTN I H A 0L )
S5-fR A2, 2- L 2H, 6H-ME R I [ 3, 2-b | A A A
-6-i . K5 fkE ) 4(180.0 mg, 0.47 mmol)¥% T 1 mL
DMF, KA B 2 4 (196.0 mg, 1.42 mmol) Fll
1,2- "R 2.%%(355.0 mg, 1.89 mmol), 60 °CHIFAHi
FES 6 he AR ZE, 1 molVL hFRIF WY
W pH 2 5~6, A S mL 7K I H £ & £ 186 %< B

(10 mLx3), &AW, ZTCKGRIREN TSk
GIFH =Y . B Y SRR E 5, A
Bik/ IR TR (95/SRRBENL, 136G 7 B el 4
(102.0 mg, 0.21 mmol) , W# H 44.23%, 'H NMR
(400 MHz, CDCL,) 6 13.25 (s, 1H, H-1), 7.57 (s, 1H,
H-8), 6.82 (s, 1H, H-5), 6.72 (d, J=10.0 Hz, 1H,
H-14), 6.29 (s, 1H, H-4), 5.59 (d, J=10.0 Hz, 1H,
H-13), 4.40 (t, J= 6.5 Hz, 2H, -OCH,-7), 3.97 (d,
J=6.9 Hz, 2H, -OCH,-6), 3.71 (t, J= 6.5 Hz, 2H,
Br-CH,-7), 1.47 (s, 6H, H-12a, 12b), 1.42~1.34 (m,
1H, -CH-6), 0.74~ 0.66 (m, 2H,-CH,-6 ), 0.43 (dt,
J=6.2, 47 Hz, 2H, -CH,-6) ."C NMR (100 MHz,
CDCl,) 6 179.7(C-9), 160.1(C-1), 157.5(C-3), 157.1
(C-4a), 155.7(C-6), 152.8(C-5a), 145.4(C-7), 127.5
(C-13), 115.5(C-14), 113.1(C-8a), 108.1 (C-8) ,
104.6(C-2), 103.3(C-9a), 101.0(C-5), 94.8(C-4),
78.1(C-12), 74.2(-OCH,-6) , 69.5(-OCH,-7), 28.7
(Br-CH,-7) , 28.4(2xC, C-12a, 12b), 9.9(-CH-6) ,
4.0 (2xC, -CH,-CH,-6) . ESI-HRMS m/z [M+K] *
caled for C,,H,,BrO, 525.031 0, found 525.030 6,
EY8: 9-CRPNIE I )-5- 832, 2-— I
H-8-(2-N b 2, 48 KL ) -2H , 6H-MH IR [ 3, 2-b | 4 24
W -6-1 . B 1ba ¥ 7(20.0 mg,41.04 pmol) ¥ T 2
mL SR, AR (17.0 mg,0.12 mmol), %=
U SRR 12 ho 5 o0 VR 4 S 0 W A R
Yo B e BT B, U b/
(DR BEME, 669 8 Jy i A 14 (19.0 mg,
38.50 pmol) , Wk 93.80%. 'H NMR (400 MHz,
CDCl,) ¢ 13.30 (s, 1H, H-1), 7.55 (s, 1H, H-8),
6.79 (s, 1H, H-5), 6.72 (d, J=10.0 Hz, 1H, H-14),
6.29 (s, 1H, H-4), 5.59 (d, J=10.0Hz, 1H, H-13), 4.24
(t, J= 5.6 Hz, 2H, -OCH,-7), 3.94 (d, J = 6.9 Hz,
2H, -OCH,-6), 3.76~3.73 (m, 4H,0 (CH,CH,),N-6),
2.88 (d, J=5.6 Hz, 2H, -CH,-7), 2.67~2.64 (m, 4H,
O (CH,CH,),N-6), 1.47 (s, 6H, H-12a, 12b), 1.37~1.33
(m, 1H, -CH-6), 0.68 (m, 2H,-CH,-6), 0.41 (m, 2H,
-CH,-6) ,"*C NMR (100 MHz, CDC]l,) ¢ 180.0(C-9),
160.1(C-1), 157.6(C-3), 157.2(C-4a), 155.6(C-6), 152.6
(C-5a), 146.2(C-7), 127.6(C-13), 115.7(C-14) ,
113.2(C-8a), 106.7(C-8), 104.7(C-2), 103.5(C-9a),
100.6(C-5), 94.9(C-4), 78.2(C-12), 74.1(-OCH,-6),
67.7(-OCH,-7) , 67.1(2xC, O (CH,CH,),N-6), 57.5
(-CH,-7), 54.3(2xC, O (CH,CH,),N-6), 28.5(2xC,
C-12a, 12b), 10.0(-CH-6), 3.5(2xC, -CH,-CH,-6) .
ESI-HRMS m/z [M+H]" caled for C,;H,,NO, 494.213 4,
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found 494.213 9,

AW 9: 9- (R4 IL)-5-F2 8- (2-H
EH AR -2,2- T W E-2H, 6H-ME R I[3,2-b &
ZR TE-6-F . KA 4(20.0 mg, 52.58 pumol) i T
1.5 mL [y DMF, ARUINAGKIRE (8.7 mg,63.09 pmol)
A1 2-18 2 FE FJE ik (6.4 L, 68.35 pumol), 60 °CHill
WA PER N 4.5 he AR, H 1 mol/L EhRYs
WO T W pH 2 5~6, A 5 mL /K £ 1R 2T
(5 mLx3), AIFAPUE, SITCKERRREN T4,
WATTHL ) . MR Y EERAE E e, A
ML/ TR TR (82K RVEME, kG 9 hiE
[ A (17.4 mg, 39.68 umol) , W H N 75.48%. 'H
NMR (400 MHz, CDCl,) § 13.322 (s, 1H, H-1),
7.58 (s, 1H, H-8), 6.82 (s, 1H, H-5), 6.73 (d, J =
10.0 Hz, 1H, H-14), 6.30 (s, 1H, H-4), 5.59 (d, J =
10.0 Hz, 1H, H-13), 4.29~4.22 (m, 2H, -OCH,-7) ,
3.96 (d, J= 6.9 Hz, 2H, -OCH,-6) , 3.87~3.80 (m,
2H, CH,-OCH,-7), 3.49 (s, 3H, CH,-OCH,-7), 1.47
(s, 6H, H-12a, 12b), 1.42~1.32 (m, 1H, -CH-6) ,
0.74~0.62 (m, 2H, -CH,-6), 0.42 (q, J=5.3, 4.7 Hz,
2H, -CH,-6) , “C NMR (100 MHz, CDCl,) 6 180.0
(C-9), 160.1(C-1), 157.6(C-3), 157.2(C-4a), 155.7
(C-6), 152.6(C-5a), 146.4(C-7), 127.6(C-13), 115.7
(C-14), 113.2(C-8a), 106.9(C-8), 104.7(C-2), 103.5
(C-9a), 100.8(C-5), 94.9(C-4), 78.2(C-12), 74.2
(-OCH,-6), 70.9(CH,-OCH,-7), 69.1(-OCH,-7), 59.5
(CH,-7), 28.5(2xC, C-12a, 12b), 10.0(-CH-6), 3.6
(2xC, -CH,-CH,-6) . ESI-HRMS m/z [M+H] ‘calcd
for C,;H,,0,439.171 2, found 439.171 3.,

HAEW10: 2-((9-CGRNIEH AHL)-5-F83E-2,2-
T HIBE-6-5UR-2H, 6H-MEM I3, 2-b |5 44 -8~ ) 4R
) Ll . KA A 4(60.0 mg, 0.16 mmol) IE T
1.5 mL DMF 7, JIABEZ#H (26.1 mg, 0.19 mmol),
IR 2 Tk e (28.3 mg, 0.25 mmol), 60 °C i di
RN 12 he BRHIEER, A1 mol/L Eh R i W i 17
WU pH 2 5~6, JA 5 mL /K I 2 1 215 2 B
(5mLx3), GIFAVAH, STKEREN T, W
A1) o B S RERAE E T B, A
fit/ 2 TR TR (9/1>8/2) IR R LML, 15 24kA %10
B o [E 4K (28.3 mg, 0.06 mmol) , W K K
41.02%, 'H NMR (400 MHz, CDCI,) ¢ 13.17 (s,
1H, H-1), 7.63 (s, 1H, H-8), 6.83 (s, 1H, H-5),
6.73 (d, J=10.0 Hz, 1H, H-14), 6.30 (s, 1H, H-4),
5.60 (d, J=10.0Hz, 1H, H-13), 4.61 (s, 2H, -OCH,-7),
3.96 (d, J=7.0Hz, 2H, -OCH,-6), 1.48 (s, 6H, H-12a,

12b), 1.39~1.35 (m, 1H, -CH-6),0.74~0.71 (m, 2H,
-CH,-6), 0.42 (m, 2H, -CH,-6),"*C NMR (100 MHz,
CDCl,) 6 174.1(C-9), 171.2(NH,CO-7), 158.8(C-1),
158.7(C-3), 155.0(C-4a), 154.7(C-6), 152.1(C-5a),
144.9(C-7), 130.3(C-13), 116.4(C-14), 115.7(C-8a),
112.6(C-8), 111.0(C-2), 110.4(C-9a), 100.7(C-5), 100.5
(C-4), 78.0(C-12), 74.1(-OCH,-6) , 69.7 (NH,CO-
OCH,-7), 28.5(2xC, C-12a, 12b), 10.0(-CH-6), 3.5
(2xC, -CH,-CH,-6) . ESI-HRMS m/z [M+H] *calcd
for C,,H,;NO, 438.1508, found 438.1511,

A1 9-(FRN L H E Ik )-5- 232, 2-—
3-8 (2-(4-HH MR MR -1-3% ) 2583 ) -2H , 6H- L I
JF[3,2-b] A 24 B -6-1 . ¥ 1k & ¥ 7(25.0 mg,
51.30 umol)¥& T 2 mL DMF, JNABRERA (21.3 mg,
0.15 mmol) 1 H! B UK % (11.4 uL, 0.10 mmol) ,
80 °C T HEFE RN S he RHIZZE, 1 mol/L £h1R
VORI pH & 5~6, A S mL/KIEH R4
BEAEH(10 mLx3), SIHAHAH, ZTKBRET
P, Wit . B Y AR A BT A0 B
TAWBHEEO/DIRRBENL, A 11 A
4(19.0 mg, 19.74 pmol), Yk 73.11%. 'HNMR
(400 MHz, CDCl,) 612.99 (s, 1H, H-1), 7.26 (s, 1H,
H-8), 6.50 (s, 1H, H-5), 6.44 (d, J=9.8 Hz, 1H, H-14),
6.01 (s, 1H, H-4), 5.30 (d, J=10.0Hz, 1H, H-13), 3.95
(s, 2H, -OCH,-7), 3.65 (d, J= 6.9 Hz, 2H, -OCH,-6),
2.62 (s, 2H, -CH,-7), 2.46 (s, 4H, -C,H,N,-7), 2.22
(s, 4H, -C,H\N,-7), 2.02 (s, 3H, CH,-C,H\N,-7) ,
1.18 (s, 6H, H-12a, 12b), 1.07 (s, 1H, -CH-6), 0.40
(d, J=9.6 Hz, 2H, -CH,-6), 0.12 (d, J=6.0 Hz, 2H,
-CH,-6) ,*C NMR (100 MHz, CDCl,) 6 179.8(C-9),
160.0(C-1), 157.5(C-3), 157.1(C-4a), 155.5(C-6),
152.4(C-5a), 146.2(C-7), 127.4(C-13), 115.6(C-14),
113.1(C-8a), 106.5(C-8), 104.5(C-2), 103.3(C-9a),
100.5(C-5), 94.8(C-4), 78.1(C-12), 73.9(-OCH,-6),
67.7(-OCH,-7), 56.9(-CH,-7), 55.1(2xC,-C,H\N,-7),
53.6(2xC, -C,HN,-7) , 46.0 (CH,-C,H,N,-7) , 28.4
(2xC, C-12a, 12b), 9.9(-CH-6), 3.42xC, -CH,-CH,-6).,
ESI-HRMS m/z [M+K]* caled for C,H,N,O,
545.204 8, found 545.203 3,

EW12: 9-CGRAH I AI)-8-(2-(—HH
) LK) S-F R 2, 2- — B 3L 2H, 6H- i g
IF [3,2-b] A 28 B -6-T . ¥4k A ¥ 7(50.0 mg,
0.10 mmol) % F 5 mL N ER, il ABRERH (42.5 mg,
0.30 mmol) Al - H {4 (9.3 mg,0.20 mmol), Z i
TFREFERN 6 ho 25 HE MR AE ROVIRAT EVRL . 8
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M-SR 2N e, A 99/ DR R
Ve, LAY 12 0 € 4(38.0 mg, 0.08 mmol),
WK H 82.03%. 'HNMR (400 MHz, CDCI,) & 7.49
(s, 1H, H-8), 6.75 (d, J=2.9 Hz, 1H, H-5), 6.69
(dd, J=10.1, 1.9 Hz, 1H, H-14), 6.25 (d, J=2.4 Hz,
1H, H-4), 5.55 (dd, J=10.0, 1.6 Hz, 1H, H-13),
4.16 (td, J=5.7, 1.8 Hz, 2H, -OCH,-7), 3.91 (dd,
J=6.9, 2.0 Hz, 2H, -OCH,-6) , 2.82~2.77 (m, 2H,
-CH,-7), 2.35(d, J=1.4Hz, 6H, C,HN-7), 1.44 (d, J=
1.5Hz, 6H, H-12a, 12b), 1.35 (td, /=8.0, 7.4, 3.6 Hz,
1H, -CH-6), 0.67 (qd, J=6.1, 2.9 Hz, 2H, -CH,-6),
0.42~0.35 (m, 2H, -CH,-6) ."°C NMR (100 MHz,
CDCl,) 6 179.9(C-9), 160.0(C-1), 157.5(C-3), 157.1
(C-4a), 155.5(C-6), 152.4(C-5a), 146.2(C-7), 127.5
(C-13), 115.6(C-14), 113.1(C-8a), 106.3(C-8), 104.6
(C-2), 103.4(C-9a), 100.5(C-5), 94.8(C-4), 78.1(C-12),
74.1(-OCH,-6) , 67.6(-OCH,-7), 58.0(-CH,-7), 45.9
(2xC, C,H\N-7), 28.4(2xC, C-12a, 12b), 9.9(-CH-6),
3.5 (2xC, -CH,-CH,-6) . ESI-HRMS m/z [M+H] *
calcd for C, H,,NO,452.206 8, found 452.206 4.
A3 9-CRAF &) -5-538-2,2-—
-8~ (2- (M i e -1-3% ) 2 4603 ) -2H , 6H- M Mg Jf:
[3,2-b] A 22 B -6-l . #1b G 7(25.0 mg,
51.30 pmol) & T 2 mL JC/K &I, A B iR 2
(14.2 mg, 0.10 mmol) A% AE(36.5 mg,0.51 mmol) ,
FIR RN 12 he 2595 i3 98 I N 5T
20 mL HIBEZ IR PR, WRARIEAS 2R . FHHE ™
W ARERAEZ e, A be/H B (10/1) IR R vk
i, fHEA 13 A [E {4 (20.0 mg, 41.88 pumol),
W3y 81.64%. 'H NMR (400 MHz, CDCL,) 6 7.54
(s, 1H, H-8), 6.80 (s, 1H, H-5), 6.72 (d, J=10.0
Hz, 1H, H-14), 6.29 (s, 1H, H-4), 5.58 (d, J=10.0
Hz, 1H, H-13), 4.24 (t, J=5.6 Hz, 2H, -OCH,-7) ,
3.94 (d, J=7.0 Hz, 2H, -OCH,-6), 3.01 (t, J=5.6 Hz,
2H, -CH,-7), 2.71 (s, 4H, C,HN-7), 1.83 (s, 4H,
C,HN-7), 1.47 (s, 6H, H-12a, 12b), 1.43~1.31 (m,
1H, -CH-6), 0.75~0.66 (m, 2H,-CH,-6), 0.41 (q, J =
4.9 Hz, 2H, -CH,-6) . "C NMR (100 MHz, CDCl,)
4179.9(C-9), 160.0(C-1), 157.5(C-3), 157.1(C-4a),
155.3(C-6), 152.4(C-5a), 146.1(C-7), 127.4(C-13),
115.6(C-14), 113.1(C-8a), 106.2(C-8), 104.5(C-2),
103.4(C-9a), 100.4(C-5), 94.8(C-4), 78.1(C-12),
74.2(-OCH,-6), 68.1(-OCH,-7), 54.6(-CH,-7), 54.6
(2xC, C,HN-7), 28.4(2xC, C-12a, 12b), 23.5(2xC,
CHN-7), 9.8(-CH-6), 3.5(2xC, -CH,-CH,-6) , ESI-

HRMS m/z [M+H] “caled for C,,H,NO,478.222 4,
found 478.222 &,

AW 14: 9-(FRN I E L) -5-54L-2,2-—
3-8 (2- (MR WR-1-3% ) 58 3K ) -2H, 6H-ME IR I [ 3,
2-b JE SR E-6-H . Kk 59 7(25.0 mg,51.30 umol)
W2 mLIK NG, IARRIZER(14.2 mg, 0.10 mmol)
FITC K WE 2 (22.1 mg, 0.20 mmol) , 27 FHEHE
12 he G5 CSS 3k i S i 0 20 mL YR s 52 15k
W, WRATIEWRAS BRI Y . RO ) R R R
Mroves, AW B/MEEo/DIRRER, Hks
P14 Jg B0 [E K (17.0 mg, 34.51 pmol) , Y& Ny
67.28%. 'H NMR (400 MHz, CDCl,) ¢ 13.26 (s,
1H, H-1), 7.51 (s, 1H, H-8), 6.76 (s, 1H, H-5),
6.71 (d, J=11.1 Hz, 1H, H-14), 6.28 (s, 1H, H-4),
5.58 (d, J=10.0Hz, 1H, H-13), 4.20 (s, 2H, -OCH,-7),
3.92 (s, 2H, -OCH,-6), 3.72 (s, 2H, -CH,-7), 3.29
(s, 4H, C,H,N,-7), 3.02 (s, 4H, C,H,N,-7), 1.46 (s,
6H, H-12a, 12b), 1.36~1.31 (m, 1H, -CH-6), 0.73~
0.62 (m, 2H, -CH,-6), 0.45~0.32 (m, 2H, -CH,-6),
“C NMR (100 MHz, CDCI,) 6 179.8(C-9), 160.0
(C-1), 157.4(C-3), 157.1(C-4a), 155.4(C-6), 152.6
(C-5a), 145.8(C-7), 127.5(C-13), 115.5(C-14), 113.0
(C-8a), 106.6(C-8), 104.6(C-2), 103.3(C-9a), 100.4
(C-5), 94.8(C-4), 78.1(C-12), 73.9(-OCH,-6) , 68.0
(-OCH,-7), 56.5(C,H,N,-7), 50.3(C,HN,-7), 43.8
(C,HN,-7) , 29.7 (C,HN,-7) , 28.4 (2xC, C-12a,
12b) , 9.9 (-CH-6) , 3.4 (2xC, -CH,-CH,-6) . ESI-
HRMS m/z [M+H] " aled for C,,H;,N,0,493.233 3,
found 493.233 &,

AEWI15: 9-CANFEH EHL)-5-F3E-2,2-— I
FH-8-(2-(WRME-1-FE ) £ 55 L) -2H, 6H-ML I I 3, 2-b ]
AR -6 . K5 1 mL 1Y 1-Boc-WRIEE T 5.0 mL —-
SAHLET, T 0°CTZIEi%M0.9 mL 1) TFA J5
BRIP4 h, A JEHRAE NS .
1A% 7(15.0 mg, 30.78 pmol) ¥ T2 mL Y JC K 2
&, A TC/KERBRER (17.0 mg,0.12 mmol) A1 ik
45 (30.4 uL,0.31 mmol), =i FHEFE Y 48 h,
5 I S mL K R LR AEH(10 mLx3) ,
HIAPME, STCKGRRREN T 185 W45 15 4
B - A hE At 2o B, A Le/ M EE(98/2)
RV, 3165 15 M % {4 [E 1K (10.0 mg,
20.34 pmol) , UFE K 66.09%. 'HNMR (400 MHz,
CDCl,) ¢ 13.18 (s, 1H, H-1), 7.56 (s, 1H, H-8),
6.79 (s, 1H, H-5), 6.72 (d, J=10.0 Hz, 1H, H-14),
6.29 (s, 1H, H-4), 5.59 (d, J=10.0 Hz, 1H, H-13),
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4.50~4.45 (m, 2H, -OCH.-7), 3.91 (d, J = 7.0 Hz,
2H, -OCH,-6), 3.58~3.52 (m, 2H, -CH,-7), 3.10 (t,
J=5.7Hz, 4H, C;H,N-7), 1.84 (t, J=5.9 Hz, 4H,
C.H,N-7), 1.69~1.64 (m, 2H, C;H,,N-7), 1.47 (s,
6H, H-12a, 12b), 1.33 (d, J=7.6 Hz, 1H, -CH-6),
0.73~0.63 (m, 2H, -CH,-6), 0.40 (t, J=5.1 Hz, 2H,
-CH,-6) ."*C NMR (100 MHz, CDCl,) 6 179.7(C-9),
160.3(C-1), 157.6(C-3), 157.2(C-4a), 155.5(C-6),
153.3(C-5a), 144.6(C-7), 127.7(C-13), 115.6(C-14),
113.2(C-8a), 108.5(C-8), 104.8(C-2), 103.4(C-9a),
100.7(C-5), 95.0(C-4), 78.3(C-12), 74.1(-OCH,-6),
64.8 (-OCH,-7) , 55.7(2xC, CH,,N-7), 53.9(2xC,
C,H,N-7), 28.5(2xC, C-12a, 12b), 23.2(C,H,,N-7),
10.0 (-CH-6) , 3.4(2xC, -CH,-CH,-6) , ESI-HRMS
miz [M+H] "caled for C,,H,;NO,492.238 1, found
492.237 4,

AW 16: 9-CGR NI I )-5-53L-8-H AL
-2,2- "W BE-2H, 6H-MEM [ 3, 2-b ) 4 BE-6-H . f
1b4&474(20.0 mg,52.58 pmol)¥% T2 mL DMF, fillA
TJCIK B FR B (8.7 mg, 63.09 pumol) 1A B %5 (3.9 uL,
63.09 umol) , 60 °C T #ii+ i 20 ho fil A 10 mL
KIFH R O TRAEHL(15 mLx3), &IFAHLH, &
ToKBRIR AN T8 5 R4 15 = W) o FL = W) 2 ik I
MENT 8, A/ TR R (95/5) IR R Ve,
LG W16 AR ¥ (4 184K (11.0 mg, 27.89 umol) ,
W3k 53.04%, 'HNMR (400 MHz,CDCL,) d 13.32
(s, 1H, H-1), 7.51 (d, J=1.3 Hz, 1H, H-8), 6.80 (d,
J=1.4Hz, 1H, H-5), 6.72 (d, J=10.0 Hz, 1H, H-14),
6.28 (d, J=1.6 Hz, 1H, H-4), 5.58 (d, J=10.1 Hz,
1H, H-13), 3.95 (d, J =7.7 Hz, 5H, CH,-OCH,-7) ,
1.47 (s, 6H, H-12a, 12b), 1.45~1.36 (m, 1H, -CH-6),
0.77~0.67 (m, 2H, -CH,-6), 0.42 (dt, J=6.3, 4.8 Hz,
2H, -CH,-6).*C NMR (100 MHz, CDCl,) 6 179.8(C-9),
160.0(C-1), 157.4(C-3), 157.1(C-4a), 155.0(C-6),
152.3(C-5a), 146.9(C-7), 127.4(C-13), 115.6(C-14),
113.0(C-8a), 104.5(C-8), 104.5(C-2), 103.3(C-9a),
100.3(C-5), 94.8(C-4), 78.1(C-12), 74.4(-OCH,-6),
56.3(CH,0-7), 28.4(2xC, C-12a, 12b), 10.9(-CH-6),
3.6 (2xC, -CH,-CH,-6) . ESI-HRMS m/z [M+H] *
calcd for C,;H,,0,397.160 6, found 397.161 0,

A7 8,9- (AR HAIL)-5-F23E-2,
2- T HHE-2H, 6H-MEA I [ 3, 2-b U BE-6-1 . K
HAFI6(500.0 mg, 1.92 mmol)iF T 5 mL DMF, filA
TEKBKIREN(407.3 mg, 3.84 mmol), Fl5HNAJRH 3L
HAKE(337.2 mg, 2.50 mmol), 50 °CHEFERY 12 h.

AHIEZEE, 1 mol/L EhERIE AT KN i pH 2
5~6, A 10 mL/KIFH 4R L FRAE (15 mLx3),
HIANIAE, STKERRREN TR AR ).
P AR E T, AT R CBR (8/2) 1K &
VEWG, 15 EMACATR 5 € [E 1A (50.5 mg, 0.14 mmol),
R 7.06%. K H ETA (50.0 mg, 0.14 mmol) %
T 5 mL oK B, AR 3-HT 5L -2- T 4
(26.0 uL,0.27 mmol), Z A fLF5(5.0 mg,67.86 umol)
AGEALES (7.5 mg,67.86 umol) , ZIRIEFE S 48 he
SRR AR IIREY), FH 20 mL B BN 2R 2 TR e 2
VRV, R IE WO IR AT . B Y S Rk IR
FEENT B, AIhEs R CR (9D IR RV, 15
A8 17 M6 K (6.0 mg, 13.81 pmol), R
R 10.17% (U341 A it A AT B 2 VR P BE B N o i 42
B ). 'HNMR (400 MHz, CDCL,) 6 13.34 (s,
1H, H-1), 7.54 (s, 1H, H-8), 6.83 (s, 1H, H-5),
6.73 (d, J=10.0 Hz, 1H, H-14), 6.30 (s, 1H, H-4),
5.59 (d, J=10.1 Hz, 1H, H-13), 3.98 (d, J=6.9 Hz,
2H, -OCH,-6), 3.95 (d, J= 6.8 Hz, 2H, -OCH,-7) ,
1.47 (s, 6H, C-12a, 12b), 1.44~1.32 (m, 2H, -CH-6,
-CH-7), 0.76~0.60 (m, 4H, -CH,-6, -CH,-7), 0.48~0.34
(m, 4H, -CH,-6, -CH,-7) .”"C NMR (100 MHz,
CDCI,) 6 178.9(C-9), 158.9(C-1), 156.5(C-3), 156.1
(C-4a), 154.7(C-6), 151.3(C-5a), 145.4(C-7), 126.4
(C-13), 114.5(C-14), 112.1(C-8a), 106.1(C-8), 103.5
(C-2), 102.3(C-9a), 99.7(C-5), 93.7(C-4), 77.0(C-12),
73.4(-OCH,-7), 73.1(-OCH,-6) , 27.3(2xC, C-12a,
12b), 9.1(-CH-7), 8.9(-CH-6), 2.5(2xC, -CH,-CH,-7),
2.4 (2xC, -CH,-CH,-6) . ESI-HRMS m/z [M+H] "
calcd for C,H,,0, 435.180 2, found 435.179 5,

G 18: 9-(FAPT 3L H 403 ) -8- ( R H A 3
(1))-5-5838-2,2-— HI 3E-2H, 6H-NE IR I [ 3,2-b S8 4% TE
-6-Fil . ¥1kE ¥ 4(15.0 mg,39.43 pmol) % T2 mL
TG, IAZEA A (44.3 mg,0.79 pmol) FITR
ST L IRk R — 2015 (14.0 pL, 78.87 umol), 60 °C
PEPERN 4 ho Z5HE A 2 mL /K3 4R £ R %
B(5 mLx3), GIFANAE, SLTCKGREE T,
WARF R . MR E =, A
M/ IR TR (/DR RV, bGP 18 1M
[ 44 (2.0 mg, 4.65 umol) , Y%K 11.78% (R K
R 1 Ji DR T B 6~ S5 AT B 7 BHSZ W ) . 'H NMR
(400 MHz, CDCl,) ¢ 13.10 (s, 1H, H-1), 7.96 (s,
1H, H-8), 6.87 (s, 1H, H-5), 6.72 (d, J=10.1 Hz,
1H, H-14), 6.30 (s, 1H, H-4), 5.60 (d, J=10.0 Hz,
1H, H-13), 3.98 (d, J = 6.9 Hz, 2H, -OCH,-6), 3.49
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(d, J=5.0Hz, 1H, F,-CHO-7), 1.48 (s, 6H, C-12a, 12b),
1.36 (s, 1H, -CH-6), 0.77~0.67 (m, 2H, -CH,-6), 0.42
(q, J = 4.8 Hz, 2H, -CH,-6) . "C NMR (100 MHz,
CDCl,) § 179.6(C-9), 160.6(C-1), 157.7(C-3), 157.2
(C-4a), 156.7(C-6), 155.2(C-5a), 137.4(C-7), 127.8
(C-13), 118.3(C-14), 116.0(C-8a), 115.5(F,CHO-7),
113.6(C-8), 105.0(C-2), 103.4(C-5), 101.4(C-9a),
95.1(C-4), 78.5(C-12), 74.5(-OCH,-6) , 28.6(2xC,
C-12a, 12b), 9.9(-CH-6), 3.5(2xC, -CH,-CH,-6), ESI-
HRMS m/z [M+H] " calcd for C,H,,F,0,431.130 1,
found 431.129 &,

EW19: 9-(ANILH E L) -5-F2 5L -8-(2-3%
Fe A HE)-2,2- T B 2H, 6H-ME I [3,2-b ] A 4%
J-6-T o K1k A ¥ 4(20.0 mg, 0.05 mmol) i& T
1 mL DMF, MAJC/KELH (15.0 mg,0.11 mmol)
1 2-98 2 1% (4.7 pL, 0.06 mmol) , 60 °C T JZ Jif
24h, R FEMA 2 mL K IFH 2 8 2 g 26 B
(5mLx3), FIHAVAHM, STKGERM T, W
GE1F ML . MY S RERCAE JZ T 0 B, AT e/
LR TR (9182 R R VEME, LAY 19 MR
@ [# 1A (10.0 mg, 0.02 mmol) , U & Ky 44.81%.
'HNMR (400 MHz, CDCl,) 6 13.24 (s, 1H, H-1),
7.58 (s, 1H, H-8), 6.78 (s, 1H, H-5), 6.72 (d, J =
10.0 Hz, 1H, H-14), 6.28 (s, 1H, H-4), 5.59 (d, J =
10.0 Hz, 1H, H-13), 4.25~4.17 (m, 2H, -OCH,-7) ,
4.01~3.96 (m, 2H, -OCH,-6) , 3.94 (d, J=17.0 Hz,
2H, OH-CH,-7), 1.47 (s, 6H, C-12a, 12b), 1.40~1.33
(m, 1H, -CH-6), 0.76~0.66(m, 2H, -CH,-6), 0.47~0.37
(m, 2H, -CH,-6)., "C NMR (100 MHz, CDCl,) §179.9
(C-9), 160.2(C-1), 157.6(C-3), 157.2(C-4a), 155.7
(C-6), 152.8(C-5a), 145.9(C-7), 127.6(C-13), 115.7
(C-14), 113.3(C-8a), 108.3(C-8), 104.7(C-2), 103.4
(C-9a), 100.7(C-5), 94.9(C-4), 78.3(C-12), 74.4
(-OCH,-6), 71.9(-OCH,-7), 61.3(OH-CH,-7), 28.5
(2xC, C-12a, 12b), 10.0(-CH-6), 3.6(2xC, -CH,-
CH,-6) . ESI-HRMS m/z [M+H]" calcd for C,,H,,0,
425.159 5, found 425.159 3,

3 PDE4 Il 7% M A5 o3y

UL 2K 1 PDE4 By 33K | 4l Ak K 3 i 76 1
FE SR C S 1 7k (B 4 ME 4, 2022) o fRTITT 7
2, KA I 4 UK pET15b-PDE4D2 (86-413) iy
KIGHF A2 S 400 BL21 7E 37 °CHY LB 15 373k bk
K& 4,290 0.7, HIA 0.1 mmol/L Y 5N H-p-D-
TR AT I 2 P (IPTG) R A7 S £k 24 h, 1R

BE R 15 °C o #f — 20 ] Ni-NTA 2% 1 )2 #r #F
(Qiagen) . & F 3¢ 4t )2 #r £ (GE Healthcare) Fl
Superdex 100 43 F i J2 H1 #% (GE Health) 17 & 21
EEAMSE S, RGLEKXTIS% M
PDE4D2 WV 8 (f AL 2544 380 HAREE H . PDEA4 [ i
P T A VAR DA R T B I L 2 R A R Al
f *H-cAMP (GE Healthcare) fE N JEY), AR &
A 20 mmol/L {9 Tris-HCI(pH 7.5) . 10 mmol/L ]
MgCL Fl 1 mmol/L f DTT #) 2% thiit& Z v, fnA
MR AL & W 05 6 = 8 T #4715 min J5,
0.2 mol/L ) ZnSO, ¥ M £ 1k ) N, 7= A= 1R FF 34 °H-
AMP H 0.2 mol/L Y Ba (OH) , UL J& , i & & S
) *H-cAMP & B 76 i W b o B B3 A
Ultima Gold & & N R G IR A1, B T PerkinElmer
4910 VAR TN 46 11 B0 A S AT 1 35 W5 1 D
o W IC, B, Z /DI E 8 Uk FEA Bl a3k
AR T 1C, .

TN EE R 1 s, XFE 10 pmol/L ik
2R BT B R R 1C (MR ZE R T IAy , FriRAT
A= 9 3 ) PDE4D2 VB ) 36 4 240 T 12 SR 45 0T,
=¥ 4 1% M f v (1C,,=358 nmol/L) . 8l 4 fir 7 Hy
=4 4 F1 6 X PDE4D2 M th £k

S5 LAY 4~6 IR PEVEA TR RO R AT 1
RAF 02, 3B R PRG3R 5, 7E 6-f 5] A3
IR BE(4) FH L F 5T F BRI GRUR R I 254 (51 6)
BEACH, R IRATEE— AR 6 ARG | AP BLER
WGEa, AkEEbAT 7-0i e ik 1B 1

Xt AT A=) 4 T 7~19 1) 1 umol/L Al R, &%
R, FAd 7-RBAT AR LA 1 4 16 PR
ik XEH 7SN KIEBMBIA, ARTFHREDS
PDE4 & M4 Ao T-1idE AW AL (16) B, JHXT
PDE4 (14 3 P 7= A e B2 R A1, 47 Il % 45 el
I 2 7 T M A1 ) 35 2

M7 2 A R R R M A
R (8,10~15) B, 3X 2L 47 45 4 1) PDE4 17 i
T PEWAT B FEAR . Ak, X FE M S x2S A
(7,18) 223k, AT & B H AL 5 B PDE4 1)1 il 75
PEREAR, HX F s 1< B 0 5 75 iF — 2L 5 .

X il Auto-Dock #% 1} 1 Lamarckian 5. 32 %} 1k
A% 45 PDE4 & [ 6kjz ¥E4T 0 T X%, 1A H
454 fE M -30.21 kl/mol. iz JH pymol ¥ 47 X £ 45
Rk, ZRMES s AW s Ll
Wi A ) B /K 148 Q2 X, Hi3f E 4R T 5 Gin-
369 JE WL S HEAE T 4R 2% U B 42 4 Phe-372.
Ile-336 Fl Phe-340 ) i /K #f S A bl , T8 Wl m-n HE
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Tablel Inhibitory rates of the Norathyriol Derivatives towards PDE4D2
0 OH
Rivo (o} 0
R/ IC,,/
wEY R, R, ° 50 }
100 pmol-L™" 10 pmol-L™" 1 pmol-L™' (nmol-L™")
TR IT - - 90. 28 2.19 - 103 000+300
4 A/HL H - - 67. 41 358423
F
5 \©\/‘% H - 86. 70 91. 98 63342
6 G H - 101. 67 65. 49 52845
7 A/w?l B - 23.81 23. 44 -
/\/‘32.
8 % [N - 46. 44 23. 44 -
o
N — _
9 A/w?l o 47. 46 63. 42
(0]
10 A/\LLI_ HZNJ\/‘% - 75.85 7.37 -
1 A/ (\N/\/a - 97. 67 41. 60 -
SO N
12 A/%z \’Tl/\/ii - 87.96 28.80 -
K
13 A/@l @l/\/ - 95.89 34.73 -
14 A/ (\N/\/%&L - 48. 87 2.91 -
% HN\) ' '
A
15 A/\LLI_ N - 76. 67 13.78 -
16 A/‘Ii HyC™ - 40.15 3.37 -
17 A/‘Ii A/i& - 64. 16 43.54 -
F_ %
18 A/ii hd - 89. 88 43. 54 -
F
19
111329
% Ho - 90.28 55.10
Rolipram 90. 55 61.88 590

1) Rolipram (MFI 2% ) S FHHXT IR 254, “ - AR IICEUE .



5 4 1 BB, S PR IUHT AR BTG R A R B R R 4 T 89
(a) tb&" 4 o) HE 6
1 100 1
100 80 -
X X
0 g 60
= 50 £ 40
IC,,=(358+5) nmol/L
20
0 T T T T 0 : ? T T 1
1 2 3 4 1 2 3 4
log, Z/(nmol-L™") log, Z/(nmol-L™")
TP E o
K4 LG9 416 % PDE4D2 i il £k
Fig. 4 Inhibition curves of compounds 4 and 6 toward PDE4D2
4 45 i
PHE-372 e B bt — S 8 .
- TR U AT S 1) PDE4 I RITE R, RIAE N
{g— kLB Yt — LI A A . AR SCx R 2, 3-
> s (31 AT TR A IR, TP 6, 7-{00 9 I8 e Bl
-336 n N . e .
> E Wl B IRA M T 16 MR TR . 1K
Ty 3 Sh PDEA i 5 M 45 5 o5« A1 77 ) %S PDE4
g | e RO T 2R IC(2.19% @10 pmol/L), 1k
PRO-356

K5 {544 5 PDE4REZE(PDB code: 6kjz) 1455158 &l
Fig. 5 Binding pattern of compound 4 with

PDE4 target protein( PDB code: 6kjz)
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