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To reverse the adverse reaction of alkylxanthines and to develop novel inhibitors of cyclic
AMP phoshodiesterase 4 (PDE4), a series of heterocycle [1,2-a}-, [2,1-b]-, [1,2,3-c¢d]-,
[1,2,3-g,h]- and [2,1-i]-condensed purines were designed and synthesized. Among them,
imidazo[2,1-ipurine exhibited most effective PDE4 inhibitory activities. The electronic
properties obtained by semi-empirical molecular orbital calculation for [2,1-i-condensed
purines showed that their electronic parameters were similar to those cAMP. A common
pharmacophore model constructed by [2,1-i]-condensed purines and known selective PDE4
inhibitors (denbufylline, XT-44, arofylline) exhibited the existence of three hydrogen bond
acceptors and two hydrophobic areas. From electronic parameters and a common
pharmacophore model, 4-phenyl|2,1-ijpurines and (S)- and (R)-isomers of tetrahydro-
imidazo|2,1-ipurines having alkyl groups at 7- or 8-position were designed and synthesized.
Both designed compounds exhibited potent PDE4 inhibitory activities. Among 7- and
8-alkyltetrahydroimidazo[2,1-i{purines, PDE4 inhibitory activities of (S)-isomers showed
more potent than that of (R)-isomers, and 3,4-dipropyl derivatives showed high PDE4

selectivity compared with 1,4-dipropyl derivatives. Actually, (S)-18c¢c showed potent PDE4
inhibitory activity compared with rolipram and XT-44.
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HRBMICKEXRMEDOBRER R BEHIIE 4 BIMERCH 5., DNRETIE. FEHLAEHRAET
DEEFRRRIIN 4.5%. BELETOEZEIT 500 FANS 600 FAEWVDR
TWd. BRI, [SEXTERERBIUHAEEREET 2547 41) L %nE Fig.1
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Trho, BEOMTBEEE-V—THIEAREEINTNS, o)y N
TA 7 4 1) 272 ED xanthine FHEAIR T KEZIRER OBFIL. PDE(1— Me

1)DF7AYVHTA LDHD PDE4 71V FA1 LOBREEAICET ZENH ST Theophyliine
SNTND. TITHESF, BN PDE4 HEFZLEEXHWEREEICL LS LT 2MENBAICTD
NBZIEIRXA>TETND. INETIE rolipram B & U nitraquazone DEFEAED L > 713k
xanthine ##k O PDE4 HEEEICEIT 3 M 138% 17", xanthine F:5/6 T3, denbufylline.
arofylline. XT-44 2H 5N TN 2IZT E/2 W (Fig. 2).

Fig. 2 Selective PDE4 Inhibitors (Xanthine Derivertives)
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TIT, FE, BEAIO xanthine &4 LT TEINK PDE4 FHER2BR T2 22 HY
IZL T, xanthine HHEAEORIEFEEMBIOME 2 HIT N1, N3, N7ALE 247, 640, O ERLT
NFNVETHEEIEIRWERATY > #E4F : [1,2-a]-condensed purine (1), [2,1-b]-condensed
purine (2). [1,2,3-cd]-condensed purine (3). [1,2,3-g,h]-condensed purine (4). 2,1-1-
condensed purine FEH(5) & TV > L. INSWMARA T > OHZIEHHBE 2R L 7= (Fig. 3).
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1. #WEER Purine FE4& DS & PDE4 BBEE N

FHALLE 5 EOHSERATY > FHEK(1—5)0 PDE4 HEFSHEZHML &R, [2,1-1]-
condensed purine (5)4' PDE4 IZ LA TH D, TOH T Se AW EREZRLZ,

#% 1 T[2,1-1-condensed purine FEAKIZ DN THER ORI LU propyl EOEALLE 2R
THEHKT6—8 %%Eﬁbfco. 6a. 713. Sc L V¥ PDE4 EEMEERL . 6a. 7 DERERH
SFYEESEIC L 2BETHE L PDE4 AEEEOBRICDVTRIF LR, BF D PDE4 BE
&l (XT-44. denbufylhne):b LN cAMP IZEBL TWB Z &b ok, 72, rolipram ®
denbufylline 7% & DB D PDE4 EFIOBWER & L TH SN TWALHATUEER. TBHERA.
6a IZ1IZD S 2N Ta, ThIZIIRD N,

PEO#RED., BATEIRN PDE4 HEESEREOKGELL T, HMEROMED purine RO i
fi, #2813 dihydroimidazole 5. propyl i N3 & N4 NDEANEL TWAHZ Ehbh o7,

F|g 4
nPr R ,,
(Qn
;\ e ;\ S
nbr nﬂ’r nPr ni’r Ra ni’r ﬁa
5¢ 6a: n=1 7a: R'=nPr 8a: R'=nPr
b: n=2 b: R%=nPr b: R®=nPr

2. BFHEEEIEEL L9 T & PDE4 HEEM

& 07172 PDE4 HEFENEYEE BT &2 HIMIC, (LAWOETFHIES PDE4 HEFEEORE
BRICEBLTED 3EEDILEWE TY 1 > L7z (Fig. 5). 1) [2;1-]-condensed purine ® HOMO
I3 ) ¥ —I3 xanthine FEAB LN cAMP XDBEWEERLZZD, BTERIIEDOEALL
[2,1-]-condensed purine #% & {§(9, 10). 2) arofylline ® N3 {Z @ phenyl EIZEFHL
3-phenylxanthine FH#{k(11)8 & X 4-phenyl-[2,1-]-condensed purine FEF(12, 13). 3)
xanthine ® N7 (4 ZEETFICEM L 7= 7-deazaxanthine HEk(14), TH5DTHA > Lk 29
L&D > 5, cAMP LU =B FHEEEZRT 14 LEaWERVEGHK L. PDE4 HEFEMEZMEL
7. TO#ERE. imidazo[2,1-ipurine NOEBFEIIEDE A, xanthine ND phenyl EDEABX
I} xanthine M5 7-deazaxanthine NOZE#II, {EHE DK T ZRL 7245, 4-phenyl-tetrahydro-
pyrimido[2,1-jpurine (13a)ld 6a @ 1.2 %3 \y PDE4 [HEEEZ/RL 2.

Fig 5 |
0 2 N 1 1
~ N |
| 3\> % 2 D ﬁ 5
;\ A\ MRS SIS T kS
nbr R R k2
SCOM b: CO ;o 12 13
& e b COEt 1 2 - R'=nP ,
. { R= 11a: R'=H, R*=H a: nPr
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§: R=CH2002E1 c: R1 nBu, R2 H
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o]

R a: R'=H, R?=nPr, R®=nPr b: R'=H, R2=nPr, R®=nBu
A I e R'=H, R®=nBu, R*=nBu d: R'=H, R%=Ph, R%H
o N e:R'=H, R?=Ph, R%=nPr f: R'=H, R2=Ph R%=nBu

& R g:R'=nPr, R2=nPr, R%nPr h: R'=nPr, R%=nPr, R®=nBu
14 i: R'=nPr, R%=nBu, R*=nBu
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3. Tetrahydroimidazo[2,1-]purine F5E &N 45> Fax 5+ & PDE4 FBEEY

EE%[]O) PDE4 fHE{E £ 2" J xanthine F#Ek L EHF N A U722, 1-i-condensed purine &k

ZXRTMIZERADE. EEREBICKE L BN S B (pharmacophore) 2REE L 7z, =Dkt

%\ 3 DDKFEEAETAE 2 DORRIAHEEMIA fEI. B EE)NEET A L2 BB L. A ERD
EEMIT. 13a THENO TN DO T, B EMOIEEY & OBEZEHA % 5 BT, dihydroimidazole

KT NVFNEEZEA LT 7-B XU 8-alkyl-imidazo[2, 1-{purine ik (15—18)% TH1 > L 7=,
TOBRTHBEN 8 DT INFNEBHREDIIA#EE L PDE4 ICH T 2K ERE2LELEDICE
NODIKEREETTAL 2 L. 2. INS5DILAYWDETFHEEIL CAMP ITERL TWiz, &5
L7zt &¥ D PDE4 EEE 2 51l L 72 #5 R, (S)-16b 1L 6a D 2.7 %, (S)-17c 13 6a @ 2 1. (S)-18¢
id 6a O 8 {53\ PDE4 HEEMEZ R L. 28IZ. 1,4-dipropyl k& D 3,4-dipropyl 12
dihydroimidazole RD 7 )V FIVE DI AEEIX REB L U SEEEN PDE4 FBEEME B L UGRIREIZ
BENTnwasZ EZ2RHL /- (Fig. 6).

Fig. 6
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LI EDOBFT, MERAT VU > FEEDOH N5, tetrahydroimidazo[2, 1-jpurine &A% PDE4

KH LA THD I EZ2HR Lz, TOBEETREENZ(9-18¢ 13, #E3kD 58\ PDE4 FIEEH

ZRY ZETHSN TN S rolipram ® XT-44 LD BRWERE RTZ ENRIN-, 7. EHLEE

YIORFER TIER LI RB D THEERRGEIC L 2 ETHiE/2 500 pharmacophore B%
X, HHi72 PDE4 HEME O FRENCIERATER Z bR AN,
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SEXMEBRICE, TAT U VHAEEINATVSH, ENOHBEERSIE, PREER A
BER HEBRLZEPAORERERT, —H. 7474V ¥ ORKE/ERHIZERED cyclic nucleotide
phosphodiesterase (PDE) 74 VYA LERET BT LILLBLENTVS, £T T, AP, ERY
RELTIBHMEEAPRY LIV —EAN A TE 52587 PDE4 SR ORIMZENE LTREET N
o T, FYUFUEED SBEOHASENATY VEEMAE 7Y > L. imidazo [2,14] purine 73 PDE4
FREERICBN TR T L ERB L, LT, ERBRNSFHERIEIC K > TLEMORE T ETHEE
%5 U7 & T 5. PDE4 DEE TH B cAMPITERIT 5 T Lhvbibr o fz, Ric, BEHIOD PDE4 FREH] & [2,1]
_condensed purine FEHAD = RTAEE & B A DY, EEREICAE L Bbh 3HiEHS (pharmacophore)
ERBUIER. 3 DOKEREABALL 2 DOBBMIMAEET S L 2RH Lk, ThbDHMREZERIC
O PDE4 PEERI & LT (S) -8-isopropy 1-3,4-dipropylimidazo [2,1-] -purine Z55& & L 7.
COX 3 LTHRICSR LAY, PDE4 X V3V BEOMIE =y P cAMP &Ry MET 1 v
M BATREM R U Tz.

DLE. AR, HRBRIS FHEEEEE R pharmacophore 3R & BX i U TH# 7z PDE4 FHEHIZ 5F
L, SR DD BHREISHROMBBBEESHT LIVF—ROMRBCBD TERZEREZE25E
DTHh, EE EP) RXIMETHEDLHELIZ,
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