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Development and Structural Activity Relationship of New Local
Anti-inflammatory Steroid, Prednisolone Derivatives

Hyun Pyo Kim, Jong Wook Lee*, Wang Kee Jhoo and Sean Hyang Lee

Dept. of Pharmacy, Kang Weon National Univ., Chuncheon, 200
*Yuhan Research Center, Yuhan Corp., Seoul, 151 Korea

Abstract—New prednisolone derivatives including methyl 20£-acetoxy-prednisolonate have
been synthesized and evaluated for local anti-inflammatory agents with reduced systemic side
effect. Methyl 20p-dihydroprednisolonate and methyl 20¢~acetoxyprednisolonate showed comparable
anti-inflammtory activity iz vive with significantly reduced systemic side effects.
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cortol pivalate,® budesonide® o] ¢l&=u), 53]
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Lewbart 59 .2. 1963 hydrocortisone-g- cupric
acetateZ A}-£3}o oxidative rearrangementE-
E3 A methyl 206-dihydrocortisolonated 4]
34 };. o] EA.2 cotton pellet granuloma bio-
assayo] A 4] A& Rolu, dA8 H A
A B.Ae.e w3 319 o} (unpublished result), o]

A#H}E vlgo 2 Lee§%"0] 1982 prednisolone
(Deo.z X methyl 205-dihydroprednisolonate
Il a,b)E F43ted &4 & A4 A, v

%% A8E d9od 53 o fEAE AF
9% (skin atrophy)® Holz Lyt o]EL
o] £4eo] F&A L HHdAE J1EY F=A

S v AR 2 29 FEE Rolv, 248 &
95 wa] AWl 2 Eolrbdd esteraseo] 93
g Sz sgid Hel £349) 2086-dihy-
droprednisolonic acid (III a,b)Z W3} A4l
FAgel oA oA detn FE}EL, ol &
£ prodruge] b Afdel ol gt
g9g3lgeh® o] EAL methyl 17, 20&-iso-

“antedrug”



FaA 8
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recke A Uskeho

B A ¢ o] 2] gt A 7o
wEbA, 2 Ades o FEAEY Ao
AEHEHYEY, d84% 275 2 side chain

4 z+& alkyl (or aryl) 20&-dihydroprednisolo-
namided P4z £QF4L AAE A
methyl ester f %A 9}% 28, 20a-isomers}
208-isomer ¥t} ] % ZYshd, o] FERAE
< 72 A4 RAEE 2ged, g9%9
amidaseo] ©]3} 7P'r::°ﬂ4 FE7t whz= o7
Eoletm AEHch 0 =g deisix 35}
Y& side chaing 2zt alkyl (or aryl) 20&-
dihydroprednisolonate=- 4 3}ol, glucocorticoid
TEAN A FE4A 1532 A ste] amide
FEAMEI wastgd, A3 side chainoj
W} A5k o] Aolg moln AL B (me:
thy)e} & 287 (benzy) & 239l R |
7t %‘7& i719] A #7] (ethyls} propyl) & 2=
ST FEARD 22 AFHE ngon, 20a-
1somer7} 208-isomern o} A 3}8 o] &gk} v

ole] B QFo] AL, methyl 20&-dihydropre-
dnisolonate¥® u} ofuiz}, methyl 20&-acetoxy-
prednisolonate, 206-dihydroprednisolone 8%
F F45 olg9) 4A% g, oF &
E=X el glolAl 178-side chaing FH o2 &4
243 T2 B F B,

3 8 9 o9

HEME Y J|IJ|—Prednisolones} predniso-
lone-2]1-acetatel= Upjohn Co. (Kalamazoo, MI)
ol Al T3t .z, “Delta-triol acetate” (21-ace-
toxy-118, 17, 20a-trihydroxy-3-oxo-1, 4-pregna-
diene) = Robert J. Krum(Upjohn Co.) oz 3
B 7 %ukgkon], [PH)-dexamethasoned NEN
o A}, cotton pelletg- Richmond Dental Co.
(Charlatte, NC)oj) A] F-9]3}9 ). »E L4
technical graded FA4 W oz A ZF3}o
Agsigen, AUEECae FFAET I
A Qe et
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Melting point:= Thomas capillary melting
point apparatus® 43ty 3z, 'H-NMRE Va-
rian FT-80¢ 218314 & value® XA 3tg ).
IRe Perkin-ElmerE, UV Beckman Co. 9]
double-beam spectrophotometerZ- A}-8-31 4o
234 YA EH7)E Beckman Co. AL, LSC
= HP scintillation counter& A}-4-3}41 ¢}, Optical
Rotation&- Rudolph Autopol I & MeOH9] <
1% Ao A 243143, elemental analysis:
KAIST $-440] %8¢k

sc#Hel a4 (Fig. 1)—Methyl 20&-dihydro-
prednisolonate £3589 Lewbart 599 Wi ej
w}e} prednisolone o 238 cupric acetate A}§-

gte] A st rh. AAe] isomerd] -2 semi-

preparative HPLCZ A}-&-3}o] 2] 314 ot (Fig.

2).
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Fig. 1—Derivatives of 204-dihydroprednisolonic acid
(a denotes 20a~isomer and b for 20-isomer.)
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Fig. 2—Semipreparative HPLC separation of methyl
20&-dihydroprednisolonate
HPLC (Waters Associates), column; p-bon-
dapak C-18 semipreparative steel column
(C-18 cariridge column for analytical sepa-
ration), detector; UV 254nm, mobile phase;
MeOH/water (6:4), flow rate; 6ml/min.
Fraction 1 for 20a-isomer, fraction 2 for
20p-isomer, peak just prior to fraction 1 for
prednisolone ’

29" zZzte] isomer, ITa (methyl 20a-dihy-
droprednisolonate=methyl 118, 17, 20a-trihy-
droxy- 3 -oxo-1, 4-pregnadien- 2] -oate)<} IIb
(methyl 208-dihydroprednisolonate=methyl 118,
17, 20B-trihydroxy- 3 ~oxo-1, 4-pregnadien-2]1-
oate) 2 HE| acetylationg 3} 224 methyl
‘20&-acetoxyprednisolonateE- 1¢l =4, Ila (100
mg)o]| pyridine (Iml)¢} Ac,0 (ImDE 73tz
15°CAA 247 AR F iced-watero] o]
2447 e d3d = B AASR
Filter cake® 7123 % ethyl acetateo] o]
T NaySO'2 Azetgth. §718W2e #¢
53l A& gL & acetone/hexane T g
Sdoz HAAL A9k, 2 F acetoneof A t}
A AZAE 39 £4+F methyl 20a-acetoxy-
prednisolonate (IVa, methyl 20a-acetoxy-118,
17-dihydroxy-3-oxo-1, 4-pregnadien-21-ocate),
.52mg (needles) €& A%t m.p. = 218~220°C
(197°C decomp.), Rf=(, 54 (acetone/CH,Cl,/
hexane = 3:2:5), RT (HPLC) = 23.1 min,
[a)®=+61.0°, UV 2max 245nm (e=16, 800),
IR 3, 460cm™! (OH), H-NMR (CDCl) & 1,23
(s, 3H, 13-CHy), 1.45 (s, 3H, 10-CH,), 2. 15 (5,
3H, 20-OCOCH,), 3.75 (s, 3H, 21-OCHy), 4. 40
(m, 1H, 11-H), 5.10 (s, 1H, 20-H), 5.95(s, 1H,

4-H), 6.20 (dd,1H,]J=10 and 2 Hz, 2-H),
7.25 (d,1H, J=10 Hz, 1-H), Anal. Calcd for
CxH3,0;: C,66.65; H,7.46, Found C,66.5;
H,7.42.

Zeony oz [la (100mg)eE ¥ acetone
A4 AARL stel 4% methyl 20p-acetoxy-
prednisolonate (IVb, methyl 208-acetoxy-1185,
17-dihydroxy-3-oxo-1, 4-pregnadien-21-oate),
64mg (colorless platelets)Z 343t vt m.p.=
167~171°C, Rf=0. 46 (acetone/CH,Cl,/hexane
=3:2:5), RT (HPLC)=24. 4min, [a]®¥ =+
40, 4°, UV Imax 245nm (¢=14,900), IR 3,460
cm-1(OH), H-NMR (CDCly) & 1.12 (s, 3H, 13
~CHy), 1.52 (s,3H, 10-CHy), 2.22 (s, 3H, 20~
OCOCH,), 3.86 (s, 3H, 21-OCH;), 4.52 (m,
1H, 11-H), 5.16 (s, 1H,20-H), 6.05 (s, 1H, 4~
H), 6.27 (dd, 1H, J=10 and 2 Hz,2-H), 7.25
(d, 1H, J=10Hz, 1-H), Anal. Calcd for C,Ha,
0, :C, 66.65; H,7.46, Found C, 66.6; H,7.42.

202&-Dihydroprednisolone(Va, b)& 27+ “Del-
ta-triol acetate” 9} prednisolone-2]1-acetate® -
g #4389k ol E =A% mp., [a)f, H-
NMR o] 4] Kim 5964 7]&q wtet FL43}
et ‘ ;

Glucocorticoid receptor binding affinity—
(®H)-Dexamethasone-2- labeled ligand2 A}4-3}
& competition binding assayZ- 3 3}3lt}. Rece-
ptor source® = rat liver cytosol-g& 2|3}
Kim 519 #lo] wle} g3}, Nonspecific
binding2- A} &5 [3H]-dexamethasone® ©} 1, 0600
] excessZ unlabeled dexamethasoned oA
235tz ZE AL BAR A

Ade] A (Cotton pellet granuloma assay)
~—Sprague-Dawley Rat (&, 100~200g)< ether
2 A R AAANL, A A E lom AFA
Atz 3R AMen ¢F Axgeld |
7A 9stE F9& wEI cotton pelletg 17
4 ol dskgeh 2 ¥ AAEAE A 23
= medi-spray® ¥ ¢ o F 154
B¢ Agstgeh oW A8 cotton pellete
cotton dental roll¢ wjg 35-+1mge s AZI
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A7le] FEAE AFE SNo) FAA F9
F (0.2ml) AZxAZ}t. 2 & 7E pelleto]
A A &9 (80mg penicillin G&} 104mg dihydro-
40mle] Ff<rel] FelZ) & 0. 2ml
A FAS AL 197 AL A AzAZA}. F44
S F44 E o+ A== pellet(treated
side) 2 rat®] ¢ 8% AxZole] Sz FAA
"l A 2= control pellet (untreated side)2 rat
o AF Aol VYA Fae A4 FE&&
24}t 159 * rat2 cervical dislocationo
2 kA A 7] 2 pelletd Aol 60°Col A 2
2k Az F FTFE A3, 7 pelloto] A
35mgH & A8 7S granulomas) F oz I
A olsh B FAT HAL wWol vl
A9 FHEE FAstd A4 AL £EE

tAskgl et

g
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2 AR glucocorticoid?] Fzo] QolA &9
%/‘jv‘l 727 §18ted =, 17B-ketol side chaine

AgAol g A 7‘ﬂ°1 gk ot methyl 206-dihy-
drocortlsolonate«] Ao &Aorm ¥ I
o o Agsge AL ok o £AL AA
FALE AAE A9s. ® AT 97 F
o}s}o] prednisoloned T o 2 ol v &F &
A& @A43sldr}. Prednisolonec 2 HE Cu
(OAc),Z methanol &-Ho Al W& A7 147k
W) aldehydez At3s} ol vtzm, = 3 A
8] rearrangement7} ¢ oj1}A] methyl 20&-dihy-
droprednisolonate®. = &=d o] W84 AL
Lewbart F-o] wzagch.® ofjhdA A7 EI
B8 semipreparative HPLC® 20a$} 208-isomer
2 22 B8 dtg e, 2 #73 chromatogram
% Fig. 29} zrh o] £AE ¥ 20&-acetoxy
compound®] 4L EA9 acetylation W&
Agdtded Hlad F& FeE 2 Urx
for 20a, 58% for 20B). o1& GEAES 44
% Eo|3l 71-& Table I3 7o) optical rotation
o gleiA] 552 Aol 20a-isomer
7} 208-isomer® v} v dextrorotation(+) & A&

L=
2
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Table I—Optical totation of the derivatives.

Compounds* 20a~-isomer 20p-isomer
IIa, b +38.4° +17.7°
Illa, b +34.7° +18.2°
IVa,b +61.0° 40, 4°
Va,b + 7.6° — 2.0°
Vla, b +58.1° —20.1°

a. All compounds were dissolved in MeOH.
b. Data from ref. 10.

Table II—H-NMR Peak of CC-20 Hydrogen of the

derivatives.
~ Compounds 20a~isomer 20p~isomer
ITa, b 4.06* 4, 36°
IIia, b 3.94* 4.07*
IVa,b 5.10" 5.16°
VlIa, b¢ 3.78* 3.93*

Aa in Me;SO-ds, b in CDCls, c. Data from ref. 10.

Table III-—Glucocorticoid receptor binding affinity.

Compounds 1G5

dexamethasone 80.3 nM

prednisolone 170,0 nM
Ila 32.3 4M
1Ib 52.2 M
IIla —b
11Ib —b
IVa ' 2.0 M
IVb 4.8 yM

a. Concentratlon requlred for 50% inhibition of
the specific ginding of 28nM [*H]-dexamethasone
to recetor. b. Vitually no binding affinity.

B, ol e ol FH FE=AE (steroid
20&-dihydro compounds)e] ¢lelA C-20% con-
figuration 4 A A}L5E  acetylationo] 23
tro] dextrorotationo] WejubE %ol 20azt
Lewbart -9 nzuc® © z1H o 2
20&-dihydroprednisolonic acid f-=A¢] AL
% 9dE ¢ Wyolastz Asdr}. 'H-NMR
At C-209] H peak Table Io]A 9t Z3tE
¥, dubd oz 20ar} 208-isomerxct HE §
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Table IV—Anti-inflammatory activity of the derivatives.

Treated side Untreated side Thymus wt. Adrenal wt.
Comp’ds (mg)/ (mg)/

granuloma wt. 9% inhibition granuloma wt. % inhibition 100g b.wt. 100g b.wt.

control 55,543, 8mg 220, 4452, 1 22.9+4.7
pred. 18. 00, 8** 68% 30.3+3. 2% 45% 102.1+10. 1% 14. 343, 2*

1Ia 37,743, 2% 32% 57.0+4.3 0% 240.8+18.2 23.9+2.3

iIb 26,541, §+* 54% 54,0+3.8 0% 232.1412.8 21.5+3.4

IVa 29,246, 6%* 47% 36.6+8.7* 34% 249.8+22.2 23.143.5

ivb 27,245, 5%* 51% 33. 346, 5** 40% 214.0+20.4 22,713.2

Va 56.8+4.3 0% 60.116.9 0% 232.1%18.6 24.3%6.0

Vb 53.1+8.8 0% 59.417.2 0% 212,0+12.8 22.1£2.3

Table values are the mean+SE for six animals. Treated pellets received 2.5mg steroid derivatives. The
Student’'s T test was used to determine significant differences from the control values at p<{0.01 (*),

p<<0.001 (++).

valuesl 2old o]E fxdol 93 T
shielding effect& 1.4t}

ol Zele]l A HFE=AEQ glucocorticoid
receptor affinity & u|zdle e RE S5}
23 ¢l prednisoloned) w3 affinity’}] HeAL
o 4 99w, 20a-configurationS zZ+igl =
isomer>} 208-isomer B.t} receptor affinitys} &
L AL ¢ F A H(Table ). Methyl 20¢-
dihydroprednisolonates] ¢}el4 C-209 %47
£ acetylation3} i receptor binding affinitys} Z
Aegch 28, C-209 o o] #¢) 279 2
7b(tosylation) & 49 #49 74as Rojmz
(unpublished observation), C-20%] =.7] % acetyl
717t Agsctm JAd e,

o] FEAEY £9%L cotton pellet assay
2 AA89 4, Table VojAst 22 AsE
el ¢}, Prednisoloneg] 4 #FAo] 713 &
grom . t}8& methyl 20&-acetoxypredni-
solonate-=methyl 208-dihydroprednisolonates .
methyl 20a-dihydroprednisolonates} <Fglt -4
£ Bold, Yyrx =3 2. 5mg/pelletd] &
Foll A F4& el A gyt o SFdAE
prednisoloned] ¢} ¢} 4] thymus atrophy Z-¢] A
A FZgo] wE=g o, A FEAE
thymus$} adrenal atrophy: v} 9.x @9t =
2]}, methyl 20§-acetoxyprednisolonatel un-

treated sideo] = 424 F4 & 2o AAAL 2L
o] A& ¢tk oY Az 2w, {44
453 % methyl 208-dihydroprednisolonate(II
b), methyl 20&-acetoxyprednisolonate (IVa,b)
Fol £9BAE ol A FAEE Ropd,
ol FEAd AT AS5H A7 Do
s AE g,

ZAbe] ar

2% Af3Hl Fed
o gerz o
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