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Synthesis and Structure-Activity Relationship of Adenine Derivatives with
Interferon-Inducing Activity .-

Kazunori KAZAOKA, Hironao SAJIKI and Kosaku HIROTA

Abstract: Recently, we found that 9-benzyl-8-hydroxyadenine possesses relatively potent interferon (IFN)-inducing activity as a lead
compound. An efficient, general and novel method for the synthesis of 2,9-disubstituted 8-hydroxyadenines was developed to
establish the structure-activity relationship (SAR) for the IFN-inducing activity. Thus, 5-amino-4-cyano-2-hydroxyimidazole (3) was
prepared from aminomalononitrile and isocyanates as key intermediates. The condensation of 3 with imidates, guanidine, and urea
afforded 8-hydroxyadenines (55-59, 60, 79) possessing various substituents at the 2-position. Furthermore, selective alkylation of
2-hydroxy- and 2-aminoadenines (60 and 79) successively proceeded to give the corresponding 2-alkoxy- and 2-alkylaminoadenines
(61-65 and 81-86), respectively. 2-Alkylthioadenines (90-96) were prepared by an analogous reaction of 3 with benzoyl-
isothiocyanate and subsequent S-alkylation. The imidazole is the most useful intermediate for the synthesis of various
8-hydroxyadenine derivatives. 6-Modified 8-hydroxyadenines were prepared by application for the conventional synthetic method.
Remarkable features in the SAR are as follows: 1) An amino group at the 6-position and a hydroxy! (or thiol) group carrying an
acidic proton at the 8-position are required to express excellent IFN-inducing activity. 2) At the 9-position, a benzyl-type substituent
is essential for the activity. 3) The introduction of an appropriate chain substituent at the 2-position resulted in a remarkable increase
in the activity. Optimal IFN-inducing activity is seen when the chain length of the 2-substituent is 46 atoms. As a result of this study,
we successfully found 2-butoxy analogues (8-hydroxy or mercaptoadenines) as the most active compounds, whose potencies were
10*-fold greater than that of the lead compound.
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1. # B

C BAFRIT C BIFR YA VA (HCV) Oz kv 3|
XEZSNBKATHY, Bfetk, BREERNR < B
L, EHREHEOEWEA*BRTNEE. FE~LEE
15, BRABECBIT 5 FEECEILRE 30 REMEM
DO—gELEY, FMHW3 T 4TFA (2000 F) TELT
B, FOBREDK 80%H HCV B TH S, Y HCV i
Tz iR EA, HELSF R ERBOENS 2T
LCHROMICBRET 5,2 ) BAETIX, 1992 FLIRE,
EFEREOT 4 AR—-F T LmERIANI T35 HCV
BREOEAIZLY FLWEBEABEOHBIIEE LS
BoTWB, D LaL, 20024 4 A0 O EARREICE
SLBEZDHCHCVREZEH RO LIRS
Tz ehmdh, BENLRBERHLICAWEZENDZ LT
HCV BEEHITABICHmMTsbos PHEN, HET
12200 FAEL 12725 L bEbRATHS, Y

HEREEZTHTHICIBREOLOETFH T L
NEETH DM, HCV Be# % BN R OB CHEE
EBITEERVEICHERTHAIZELEETHD, V C
BB MR OIEFITRRRE L RRERIEN H 253, BiE
DL A, HCV %HERRT& 2RIGOGEEILZA v 7 —7
zor (FN) B#EIZEBEROATHD, LiL, IFN
BB CRIBIRENMELS . BE, BRPBETHIREDREL A
HBERIAEY VEDOHARERERBENTNEA, #
RHROHR, BLUBIER (EttEm, #FEHE) 28
HHELLOMESAEAELTVS, ¥ i, IFN 3458
Hehdi-omMchs s bbbz, ®REMAL (X7
(PEG)-IFN] I L W B EREIHE2BL EIHDHZ LITITES S
DOORBBOBRHEFICLIBRENLETHLHI 0D,
BE RIS X CIEERORERK RV, —F, BETM
KA IFN (2 X BAIEH TR, PRE (B IFN Hifk)
MNEA XN, IFN OF U A NV ATEENEIET 5 &5 HE
BEHLTWS, ¥ ZhbofEAIL, £ENTO IFN
EARERRETIEY. T4bL FN FEFloKRSICL
NRERTEXDRLOLEZONRD, HIZ, B TED IFN
FEAIROBRENTEL Y  ARERRTHIZ LD
baX bLEL . PIREOKEL 2V L2 H BRHBRR
BREND LI ol, ZTRNETICHLESFE IFN &
EHADORRWRIIITOATEY, %&£ D IFN FEHE
BBEINTVS, @ ZOP T, Imiquimed™® (Fig. 1) 23
Eil IFN FEFEM 2R U, BEKAB T Phase II & THEA
MR EM-CHFEE 2 FORIEA DD ABrEREN T
By, BEOLIABRCAENR IFN FEAXGFELLR
VY,

B, EEOMRBIEBNT, FVF LRI Y —=v T

ZEY 9Ny P8k FeFi7F=r (1) ITHBRY
BV IFN BEEERRWE SR, £2°C, EE LI 1
) —FLa#e Ui IFN FEEEORBELE BRI,

TF=VB20L, 601, SAIBLGINICHE~DBEBRESL
BTHABEEOSREAHBE L, SR LHEED IFN 5
EIEMIC B 2SR AR 2R3 U, RS T
HHEOERBICEAREICI VBRI ONT
wRY 5,

2-1. ERFRAV4—Tz a0 BEFORLAR
ZNRETICH IFN HFEAORBHIZEIIITHONTEY,
BKEL O IFN BEDELABRESL TV 5, O E2ES TR
IFN 8 E % Fig. 1 ([ZF1EE LT, (K5 FEO IFN FHEH)
DRRRBHFRITKAY T 5 Cycloheximide” R Kanamycin'®
IZ IFN BEHEASRED LN R & onT LRV IRE
o7, 1970 FETIESY F B IFN FHHEWE L L T Tilorone'’
DBRAENTUR, TRFETEEEL OERTE IFN #
HPERBREIN DN, £T0EIFEELFRT. &DO
B 5 TIHERABBV., BVWEERDHS (T RICEELE
BECRERLZTTRE bTIREEAEEREZ RS2V
Lo BEAEHELTWE, © FDH T, Bropirimine
[2-amino-5-bromo-6-phenyl-4(3 H)-pyrimidinone; ABPP] '®
FBHBD I FRKRARBPEICZEA TSI, IFN FEIEH T
Wz, phase | IBEOERITBE I TV, i,
XEH 3M - Imiquimod {1-(2-methylpropyl)-1H-imidazo-
[4,5-c]quinolin-4-amine; R-837, S-26308} "* (I Bropirimine
L VIR EEE R L, BB T phase II ¥ Tif
ATED IBHCHFREE 12 K ORWER D OWNRSH 5V T
HEE L TORBIWE I, £D%. Imiquimod & Y
LA REWEET HERETH D R-842, ' $-27609,
%) Resiquimod {4-amino-2-ethoxymethyl-a,a-dimethyl-1H-
imidazo[4,5-c]quinoline-1-ethanol; R-848, S-28463}%*" X
T $-2882872 MAVVH iz, FTH. Resiquimod I
Imiquimod |2~ 100 fEHVVEREXETH 2 LABESN
TWAER, BED L Z 5 Imiquimod & iz —< 7 A
NABRFERFIG & LIEARAAE LTOHBREZRITT
W5, #-oT, TNETERRKE LTHRD BV IiTES
AR (B F & IFN FEFIIFE LRV,
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Fig. 1 Low molecular weight interferon inducers

2-2. SUHLRY Y-

THETICEE X IFN 353840 % C Bropirimine X°
Imiquimod 2 ¥ VY IPVUVRROA IF VXY UREER
BFRICHETSHEELAENT- IFN FEEE LR UBKR
BRICECHEAT, £Z T, HFLWF A 7O IFN FHEF Y
RWET R INETCICHRRZBTER LIALEH T A
T3V =7 CEEEKR A I U REER
L. v AR E BV R 7 ) —= 7 (invitro) 229
EiTol, TOFER, - I8t Faxi7F=r

1) BER SR DNBANVAT I TTF= (2) B8,
FRETCRLBVWEEHEZETHILEME L THLNT
V72 Imiquimod @ 1/10 @ IFN FEEME2HTH L &R
WIZL7- (Table 1), L2>L72d85, 8-ANAM T MMk
21k~ A& AL in vivo RBR 7 CRAEMETH- 2
TeEMb 8-t FeX k1 2 - NMegh e LGB
WU, 8B, 77 =R SMLICKBEL L UFA—1E
st o@E#E (H, Cl, Br, I, CH;, OCH;, SCH;, NHNH, %)
PHTD 9RUODAT T = U EKT IFN FEES R
ol (MEC=>10pM), £2C, V—Fké&®W1 D
IFN F#EEHORKBEILE B, TT7=VR 200, 6 LB
LU ficHx DBEHBRESZFTH 8-k FuF75=V
FEEDT A L L ERICEFE LT,

Table 1. [FN-inducing activity of 8-substituted 9-benzyladenines

NH,
NT N\
ges

]
CH,Ph

Compd R MEC® (uM)  MED® (mg/kg)
1 OH 10 10
2 SH 10 . >30
Imiquimod 1 3

*Minimum effective concentration (mice spleen cells): concentration of
compounds required for more than 1IU/mL induction of IFN.
*Minimum effective dose (mice po): dose of compounds required for
more than 100 IU/mL induction of IFN.

3. Bl S-EFOFLTT-UBRBEDOERES S

— 2z 0 EREN

UHIZ, 9 MBEREORELEBENLE LTRHLYD 9-
B 8-t FoX 77 =vFEHEDER R LT, Z
NETIBEEIN TS 8-t FaX I 7F = FHEKD
BREED R —RIC -BBT T =D 8 LA RF(L
Lictk, Mk HHE 270 B—BHTHB, Lk
L. ThbORERE YD TR 9 It BATE 2 EHEN
BEINAFET TR 2MN~OBBREZEANEHETHY .
SRLBHREXZ LD 8-t KXo 7 F= L Fhilks s
R 5 ETEROTRBPE Thol, 22T, ZhHORE
BRERBRLY BHFHRERELELT.TI/ ~a /= IV
EAVVTR—=FbANIT I/ = U AELGEER
HTD 2-b Faxif I8y LHEEELERL. KW
TTTF=VBR~LART IV AEREREE X7 (Fig. 2).

_R'NCO

Fig. 2 Strategy for synthesis of 2,9-disubstituted 8-hydroxyadenines

39, BIUETHS -k Faxi g IF Y —LFH
EKOBGRIZTI /v /)= b Vep- AT U RNF
WIZNN-A Y T xF A7 Iy (1 Y8) 2z
ENLI®, XL VTR~ (15 4B 2mx
FRTRIGLIEEZA, BBILTD 2-E kXA 14
Y-NFEHEE3 (R=CHPh) IR 19% THDI I LB TE
feo £ 2T, ARISONER L% B ARSI & 35/
B LR p- MU RVR VBB AT 20 %
DHEOHUBEBMARCOETICRELSEETHZ LA
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HAOENERD, 08 YENKBThHoTe, ZORRIL, K
IEERBEEEICES LI Y EROTI ) v /= k

UNBTT AABRBIVCED _BETHZTI /T
JANRAEBICHIBL, LI NLORGEBES
£33 L) Moser HO8E D 2EET S L SBNICH
HEhd, ARSRBHRECERICL > TRRITITS X
BRONDLDO—BREBER I, LirL., FREF,
B0aA4 Y vT7Tx— MRITARMTHY REL LTAFET
ERBEICRYBH D7D, SRR -BRTT=FHFHY
EOERIIIFT|ETH D, TZT. A YT X— bR
insitu THERTHFHEEL LT, PIKRRF 1TV
BErOA VI TR— eRESE, Zh BT &2
KEET7I/vo /= bPIAERIET B HFEERM L,
E9. PUVKRRS Y (183 4E) ¢X_UUATIV (10Y
B) # NN-UA Y uvrrcFLrIiv (08 48) FFE
TRE#, 7I/<va/=rY L (08 YEDHETHEZ
ALELD) EMZIL A, 21% L BNERLRS BRI
IFHETHILNTER, 2T, Kindkt (EEDOY
BECCIRMIER . BOGRE) Z3MICRIM LR, HE
WOWTIE, PO RIRRLF L 2BEOT IV (Y
ANTIVBEGTI/ va/=hYN) EORISIZE Y 5
432 HBOBILAKFEELEFMTIOC 1.6 YBOKEES
MATRE N YED p- MU ANK U BERRITED
IZO08 HUEDEELMZ S, TROLEICHEENYEUT
W23z b, £, RUNBEIZSOWTIE, BIAERTH B
URUPAT LT OERFMHET 520, KR (-80°C)
TEBLILLEZIARGRFEREG 22, TOBRBERET.
EREIRTIVEERANTA IV —LFEE (417 D
BRERFLILE A FERECEFHEREDH S VIIE
FREIBEOWTRABBRLENVIAT IV RT=Y v
FRAWEESIELEMETES IFY-VFEELHBD
ENTE, —F, TLEATIVRAWEEESICEH, I
ROEBETIEBDOLNTLHLOOMIET B4 I ¥/ -LFEHE
BELNT, BlEKE, BohicA IF /- VFHEE 317
BEE ZREWEALT IV UHEBE Y FAVWCHRL.
TTF=VRIMICHEAOBBESHF TS 8-t Fuxi 7
F=EM (1, 18-31) 28R L7 (Scheme 1),

KiZ, GRLICEAD B S-E Fax 77 =8
ko IFN HEESEEZ, ~ U ARz A5 22
viro BIE.2ERE LTz, TORRE, TRETCHELEL
EEZH T2 IFNFEME L L TH 5TV Imiquimod
ZHECRPRIE L LT, Table2 iZ/R L7z, 7236, IFN FHMTE
i3 U/mL LA LD IFN 2 FE T 5 DI LBRERBE D
BE (B/NEDBE : MEC) TRLE, ¥ERICETHt
¥, EFRSIZONTHRRBERLIEXVOAHEE
(18-28) BIWFT7FNAAFAE (26) IZBNTHY —

FEA® 1 ERSOEEER L, LHPLARBL, 7FA
 27), ~TFE 28) Lol TAXLBEREST
== 29), 7 RXFE (30) I EHERER
Moft, —FH., 7R FARELY ELICREHLBITILE
3Tz EAE 31 XY — NMLd® 1 L R%SDOE
HERLE, UEORERMS, IFN FEESERR TS
SVBMIERLEFRLOBOAF LV EZIAL LL
H3ESEY THEZ & PRV INEFFR~DE
BEOHMIEMHIIKEREEBLRIES RN EBHL
heirot,

Scheme 1.
NC ik
(CHCORCO 2o I> OH _ b 'L)I%_(,H
(113 equiv) HNT N N
" !

=97 1,18-3¢

Reagents and conditions: (a) i) RNH, (1 equiv), ‘Pr,NEt (1.6 equiv),
dry THF, —-80 °C; ii) (NC),CHNH,p-TsOH (1 equiv), Pr,NEt (0.8
equiv), dry THF, rt (19-92%); (b) HC(NH)NH,HCl (4-8 equiv),
2-methoxyethanol, reflux (42-87%).

Table 2. IFN-inducing activity of 9-substituted 8-hydroxyadenines

NHp
N/
|\ X—OH
\N ‘T!
R

Compd. R MEC® (uM)
18 2-methoxybenzyl 10
19 3-methoxybenzyl 10
20 4-methoxybenzyl 10
21 3,4-dimethoxybenzyl 10
22 4-methylbenzyl 10
23 4-chlorobenzyl 10
24 4-fluorobenzyl 10
25 2,5-difluorobenzyl 10
26 a-naphthylmethyl 10
27 butyl >10
28 heptyl >10
29 phenyl >10
30 phenethyl >10
31 3-phenylpropyl 10
1 benzyl 10
Imiquimod 1

*Minimum effective concentration (mice spleen cells): concentration of
compounds required for more than 1 TU/mL induction of IFN.
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4 6-BH -RUUNL-B-EFOAXSLTYUBREEDE
R4 84—z 0 EATH

A TR LI, TTF =B IMICR U VA EER
EhHANMI-Tz=ATeo AV ERNE#RLE 8- RKoXx
VT T = HEEENR Y~ FMEAMEREDOEEEZR LT
WheZ b RIZ6HIT I ) BBEHICRIETHREHA
LT HHMT, IMBRELZVULVEIZEELTE
fricfix 0BEBREEZEFETS 8-t Foxo 7Y VHEED
BRERN LT,

6-ANH 7 M (33) X, Taylor 5D FED ZEAL,
AIF-NFEHEK 3 2F AT I FEBEBRIGL 4
N7 ) EETFAT I FECER LG FNVALAT IV
HEBECHRLTARLE, E6IZ, 33 2AF{LLT
6-A FNF Ak (34) %, Raney Ni TR L T 6—EE#H
& (35) #4M L7 (Scheme 2), 6-t Fuxi{k (37)
134 I F - VFEEIOMIL T ) BEMAIR LI,
FNVATIVCTHARLTAR L, LL, 64 b
& (38) 2BHBEMT 37 DAFMLET-T-L T A,
uﬁikX?wm#@ﬁbtwﬂ%6n$ﬁ§<%6n

Scheme 2

== - r:&r

CH,Ph cnzpn
(&w

3
CHzPh

CH,Ph

35

Reagents and conditions: (a) PhCSNH,, neat; (69%) (b)
HC(NH)NH,-HCI, 2-methoxyethanol, reflux (87%); (c) CH;l, K,CO;,
DMEF, rt (20%); (d) Raney Ni, NH,OH, CH;O0H, reflux (36%).

Scheme 3
N HoN H
P S
HN N Y N N
CH,Ph CHzPh (l:HzPh
3 36 3'
HiCS
L0 LjIM
H N 7‘
CHzPh CH,Pn

Reagents and conditions: (a) c. H,SOs, 0 °C— 1t (91%); (b)
HC(NH)NH,-HCl, 2-methoxyethanol, reflux (40%); (c) CH;l, K,CO;,
DMF, rt (41%).

2otz (Scheme 3), % 2 C. 38 i Scheme 4 127”4 & 5
ZEY IPoFEENLER LT, 512, U— F{kEY
1067 EEBTHTAIAMMLT P 67420
Ttk (4449) %, 7, BEABICLY T AL
T3HED 6-7 I Kk (52-54) 24 L7 (Scheme 5-6),

oL
" (‘:HzPh

2

&}j

Reagents and conditions: (a) PhCH.NH,, (C;H;);N, C,H;OH, reflux
(92%); (b) NaOCH3;, CH;0H, reflux; (c) (CLCO),CO, (C;Hs);N THEF,
rt (42: 88%, 38: 11% in 2 steps).

Scheme 4

O &W
&

NHCHzPh

h

Scheme S

f\ﬁ,_o“ . le\HH

cu,Pn
1 44-49
NHCH,OCH;, NHCH,
ﬁ% —— ")I
. H k %—on
CHzF’h CHzPh
50 51

Reagents and conditions: (a) aldehyde, NaBH;CN, CH;0H, 50 °C
(35-78%); (b) (HCHO),, NaBH,, CH;OH, 50 °C (69%); (c) NaBH,,
CF;CO;H, THF, rt (27%).

Scheme 6
)HZI %R
N N
oH [ OH
L Cp-
CHzPh CHaPh
1 52-54

Reagents and conditions: (CH;CO),0, c. H,SO,, rt (R= CH;, 84%);
(CF;C0),0, reflux (R= CF;, 35%); (PhCO),0, neat (R= Ph, 74%).

b A LT 6-BH#R 99— IN-8-k Fux 7Y
WA D IFN FHIEME (in virro) 238 L 72/ E % Table 3
IR L, MY TAFdaTeFak (583) 3V — F{Led®
1 ERIEOFEEEZR LD, Zhit 53 BRAKETHDT-
HEMHOBETHMLT T Itk (1) L2V EMLT
LebdDEBZTWE, ZOMOD 6 fiEREFINTH LS
EOFEICS T 2HBRDEORGRETH S 10 pM T
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REHETH oz, UEDOERMNG, IFN FEFEEHERBRICIE
TYUER 6 PICT I ERUATHH I ENHALNE
27,

Table 3. IFN-inducing activity of 6-substituted 9-benzyl-8-
hydroxypurines

\
KN | FF)—OH
CH,Ph
Compd. R MEC® (uM)
35 H >10
42 Cl >10
37 CH >10
38 OCH; >10
33 SH >10
34 SCH; >10
51 NHCH; >10
44 NHC,H; >10
45 NHC;H; >10
46 NHC,H, >10
47 NHCH;, >10
48 NHC¢H;3 >10
49 NH'C4H, >10
52 NHCOCH; >10
53 NHCOCF,; 10
54 NHCOPh >10-
50 NHCH,OCH; >10
1 NH, 10
Imiquimod 1

"Minimum effective concentration (mice spleen cells): concentration of
compounds required for more than 1 [U/mL induction of IFN.

5. 2-if O-RUUN-8-F FOFSTF=UBEED
EREA V-0V BRAER

INETORFICBNT, BHRBIZIITT=VR 9
LIz PN (BEHR) BN, 6 (LICT I /) ERLEATH
B ENBALME R, KIZ. BHICRIETTF=08
QMOBRENRIRMTIENT, 7T =VR2MICT
NELE TLaxsE TAXATI JEBIUBTLX
NFZEEVOTIRARBREZETS XU UN-8-
L FeX o7 T BEAOSRICET LI,

2-T XA (85-59) 1%, 2-k Fuxi A I & V/-L$H
BE3 LTIV, HhHVRT IVUBTIREN
TWRNWBERMNIETE2= I ALLHARARM LA 2
/) =—7 VE L OBRBRRIGIZ X Y AR L7z (Scheme 7).,

Scheme 7
NH,
e . YN
et H
Ll N
o CH,Ph
3 95-5¢

Reagents and conditions: (a) RC(NH)NH, HCI, NaOC,;H;, C;H;OH,
reflux (R= CH,, Ph; 31-70%); (b) RC(NH)OC,H;s-HCl, NaOC,H:;,
C,HsOH, reflux (R= C,Hs—C,Ho; 32-41%).

Scheme 8

T OJL%EM“ —— )\JI“M

cufn
cu,Pn cnzpn
61-65

Reagents and conditions: (a) H,NCONH,, neat (72%); (b) RX, LiH,
DMF, rt (R= CH;-CsH,;; 6-13%).

Scheme 9
WI> e T Ifi%ﬂ
CH’P" cmpn
ff}ﬂf“w A%Q‘“ )L{I“%
cu,pn CHPh cuan

74-78

Reagents and conditions: (a) NBS, THF, rt (88%); (b) H,NCONH;,
neat (88%); (c) RX, K,CO;, DMF, rt (R= CH;-CsHyy; 23-74%); (d)
1IN NaOH aq., CH;OH, refiux (71-82%); (e) c. HCI, rt (74-87%).

Scheme 10

CH,Ph
79-81

Reagents and conditions: (a) H,NC(NH)NH,-HCIl, NaOC,H;s, C,H;0OH,
reflux (72%); (b) RHNCSNH,, neat (12-72%).

2-T Xk (61-68) X, HIE VI EYLTT
BARL 2-t FerXx 4 (60) IZ L7k, 2 LKBEEZT L
AL LTCAMR LT (Scheme 8), LA>L. AT /¥4
RERBREICZLLERETH DO TEELBHIZ
Scheme ¢ IR T LHIC, RIGIEBEL 230D, 7
NERAMEDBIREICEN - FETAR L, —F. 2-7 2
I (79 X327V CHBRLTARLE, P %
T FAU LT ERIS LEBEIC OIS EE L THRL.,
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79 ABRINAYIZE ST (Scheme 10), EHiZ, FF/
FHOBENTAXNLT I /E (80-81) IX, 3% N-THF/L
FA4 T VTR THR L T (Scheme 10), 7/ FLEHDOEWN

THXNT I /K (81-86) (. 2-T I /K19 D 2{L7 I

JEFMBEROCBIHTAIAMLLTERLE
(Scheme 11), 7z, 2-TAFAF K (90-96) X, 3
RS ANA I FATTR— RIS SER AN
S FFY LT (87) & ThETANYLMEBLT
2-ANT T MK (88) & LTtk 2{0FA—NLEET VX
MELTER L, 28, ARG T, BEH 90-96 DL
BRMETHD 2-T I /6T LI NLFAE (97-103)

Bl4& U7z (Scheme 12), MX T, -7 FNF ik 93 %

mCPBA TELL T 2-7FARNAFFL Mk (104) B&
C2-TFNANF AR (105) bEMR LT,

Scheme 11
NH, NH,
N
ﬁIﬁH — ﬁ >—on
HNT TN ) RHN” N 'I‘
CH,Ph ’ CHPh
9 81-86

Reagents and conditions: (a) aldehyde, NaBH;CN, CH;OH, rt (R=
C,Hs—CeH,3; 53-94%).

Scheme 12

Do P S ="

HN Phc-N—C—N~ N
Euzpn g ”ﬁs? R (':I-tzPh
3 87

1b

NH, ja:
N
Lo - o
Bes et
CHPh CHPh
88 89

|
CHPh CHPh
90-96 97-103

Reagents and conditions: (a) PRCONCS, THF, rt; (b) 2N NaOH, THF,
reflux; (c) RX, K,CO;, DMF, rt or 60 °C (R= CH;-CsH,;, CH,Ph,
CH,CH,OH; 90-96: 21-43%, 97-103: 12-20% in 3 steps).

BlE B L 2-BHB - I8k FrixiTFy=
VRO ¥ — T =0 UEEIEME (invitro) % Table 4
WR LT, 2PRE~DOBHIEEAIC L EHTEEICERL
oo BIZIE, AFNAEK (85). =F K (56) BLUT =
ek (87) 12V — NeaThd 2 MEBERE (D &
HBILT 105, EHICTFalk (58) TiT, #1100 5%
VIEMER R LT, —F., 7= AEEZEALLESICRE
M EIES LN o, BRBEBHREDNBE T &
Koa¥ 4k (60), A h¥ A& (61) BLUT FF 4k (62)

Table 4. [FN-inducing activity in vitro of 2-substituted 9-benzyl-
8-hydroxyadenines

NH,
jees
R N7 TN
CH,Ph
Compd. R MEC? (uM)
55 CH, 1
56 C;H; 1
57 C3H, 1
58 CH, 0.03
59 Ph 10
60 OH 0.1
61 ' OCH; 0.1
62 OC,H; 0.1
63 : OC;H; 0.01
64 OC4H, 0.001
65 OCsH,, 001
79 NH, 10
80 NHCH, 1
81 . NHC,H; 1
82 NHC;H, 0.1
83 NHCH, 0.1
84 NHC;sH,, 0.1
85 NHCgH,3 1
86 NH'C,H, 0.1
88 SH 10
90 SCH; 0.1
91 SC,H; 0.1
92 SC;H; 0.01
93 ‘ SC4Ho 0.01
94 SCsHy, 10
95 SCH,Ph 0.1
9% SCH,CH,OH N
104 S(0)C,4H, 0.01
105 SO,CHs 0.01
1 H 10
Imiquimod 1

*Minimum effective concentration (mice spleen cells): concentration
of compounds required for more than 1 [U/mL induction of IFN.

Y —FEE®1 LY 10045, 72 R¥ 4 (63) 13 1000
EBVEEE R L, &6, 7 hX & (64) 13159
10000 fEEWIEHEZ R L, SEEK LK Tk
bWMAOREREERE LTV, LHLAENL, TAXAVEHY
EHIMHET D LIEMITHES LT, FEOEm N ERE
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Table 5. IFN-inducing activity in vivo of 2-substituted 9-benzyl-

8-hydroxyadenines
NH,
NZ
foss
RN fl\*

CH,Ph

Compd. R MED? (uM)
55 CH; 3
56 C,H; 3
57 Cs;H, 3
58 CHo 0.3
59 Ph >30
60 OH 1
61 OCH; o>l
62 OC,H; 0.3
63 OC;3H, 0.3
64 OC4H, 0.1
65 OC;Hj, 0.3
79 NH, nt®
80 NHCH; nt®
81 NHC,H; nt®
82 NHC;H; 1
83 NHCH, 0.1
84 NHCsH;, 0.3
85 NHCgH 3 nt®
86 NH'C4H, nt®
88 SH nt®
50 SCH; 0.1
91 SC,Hs 0.1
92 SC;H;, 0.1
93 SC4Hy 0.3
94 SCsHy, 1
95 SCH,Ph >1
96 SCH,CH,0H nt®
104 S(O)C4Hy 1
105 SO,C,H, nt®
1 H 30
Imiquimod 3

“Minimum effective dose (mice po): dose of compounds required for
more than 100 TU/mL induction of IFN. Not tested.

BREOBETHLRON, Thbb, TI /& (79) XV
— K81 L REDERZTLEDIH L, AFALT I
JE (80), =FAT I/ K B 10105, FrEN
TIE (82, TFATIE 83) BIUORCFALT
I/ (84) X100 EBVIEHE R L, LA LRSEL,

~AFUAT I KBS X1 ERSOEEERTICEE -
Tro £lo. REDOTAXNEERTTEA Y TFAT I &K

(86) DIEHIIEBEO T FAT I VK LRI%SThHoT,
HREMEBERECBVTHRBRIC, AVD 7 M (88) A1
LIRIEOEEERLIZOICK LT, AFAFAE (90).
TFAFAEE (91) B 1 LHEELTI00E. o ArFF
= (92) BLOGTFAFAE (93) 31000 5@V iEHEE
RUTZM, RUFAFAE (94) TIHEESBERIZIETL
Teo —H. RUPATFAEE (95) BLURMIKBELR
FT596H 1ITH~100{Z8ARTEEEZH LTV e, —H,
TFNANEF Y R (108) BLOTFNLARNR AR

(109) X7 FAF A 93 LFRBOEEELRL, BEKA L
b, LEOLSZ, WTFhoF A4 FTOT A NVEHEE
ALESEBITHLEREOM EBRBD LN, FOHROK
& Xk, BERBRIDRENBRIDERVBERIDT L
AL VS TERBRD i,

EHIT, BLEWENEEEXET b (64) %8R
L. b boORMimEZER (PBMC) # AW T IFN HHE
HEBE L, FORE, £ FRIZBWTY IFN HE
BB L, MEC= 001 pM #5R L7 (MEC {X 1 pg/mL
UED IFN 2B 8T 2LEHOB/NEDBRE), ZhET
I SR IFN BEFIcR~ Y A TIIHERE R+t
FTIRIEREZRERWD, TROLANEERD D LOMF
TN, BIRZDOLIBREERAR R RERDPST,

UEDLSic, S%0 2 BRTF = FEHEN= T R
JRESMIRE & BV T in vitro DEEMIZEB W TENR-TEH AR
LicZ Enb, BlEkE, TRLBEED invivo (77 R
BO&E) TOFNBEEED 2B L, TOKE
% Table 51277 L7z, 723, {&#E1Z 100 [U/mL LA LD IFN
¥BHEHTHIOLEREBHEORER (B/IEHERE
8 : MED) TRL7, in viro iCBWVWTHWEEZRLE
FEEIT in vivo KBWTHOENFEEE R L, 8T,
T RXUEG4) . TFNAT I ) R(S3), AFNF AR (90)
TFNFAE (91) BIOTaCAF44E (92) ZV—F
tEmThHrEBRE (1) LHEBELTI100 S5 EENE
EEER L (MED=0.1mgkg), 7. INHHEED
invivo {231 5 IFN BEBEM I ARKENTH o1 K
Bl LTT X (64) BLXOTFAFAEK (93) Din
vivo I\Z331F 2 A ETEHEMBE % Fig. 3 (2R Lz, WH{k&®HD
BT 3 mg/kg TIRET T b—iZ#E L., 10 mg/kg TIX7 b
F UK 64 135 2500 IU/ML, 7FAF 2 93 1349 3600
TU/mL @ IFN 2%F& L7z, — BRI, C RFRBHF DIFHIC
LB R IFN BE X 50-100 [U/mL TH 5, (LAY
64 B L U93 ITFNEN 0.1 mgke.0.3 mg/kg 123V T 250
IUmL YL LD IFN 2FEHLTW5E, XIRETH S
imiquimod i 3 mg/kg (Z35V VT 67421 IU/mL @ IFN # & ‘
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FTHRZLLLHBTHLE (LEWBLV B ITXVIRBE
TENZEEEZRTEVZ S,

Iz, B OWTHLRMEMX 2, B bENESE
EZRLET MXUAK (64) D invitro TOHKITME MTS
& (R <P o HEaER) CTRIE LR, SEOFMb
B AHEBRHEORGRETHS 10 yM THLL FEHXS
R&TpMoTe, Elz, invivo THL, 64 % MED @ 100 f5#&
RO Les, BEEERIBREIN T,

5000

e W

o [ 7

3000

IFN- a (IU/mL)

1000 -

003 01 03 1 3 10
Dose (mg/kg)

Fig. 3. Dose-dependent ‘effect of compounds 64 and 93 on
[FN-inducing activity in mice by oral administration.

6. 67/ BELUSHNAKREDS S—T0VE

PEFEIHTLEEY

AR & S 1, IFN FEEMRIUIE T T =B 6 LI
T2 SPL TN a— A RIERE KEBRERSFA—L
) BEOINLIERUV O LVBIBBENRKHATSHY . 260~
OBEBIEBEBANEER LR THD Z EBHLE
pof, £Z T, BEHERRICHT D67 I/ EBLUS
NABEOLEMZ & HIZHEMICRANTEMT. 75 =
VB2 MR VERLFBVWENLEZ IBRELE
T5 28-"BH O~ INATF o UEEEB L 2,67
B -~ UN-8-t FaXx 7Y VEEEDARICE
FL7,

TTF=URIMICT bV EERETD B -V
NTF = EEEIRIR D -~ PL-8-TnE2-7 b
FUTTF=2 (72) HHBREHCAWTAMR L, 8 L%
BE#E (106) 1372 D 8 RFELEMB LT LI LIZLY
BRLIZ, 8AFNE (107) X PYAFATAI=DA
EFRAWED Y RGN @R L TER LT, £/,
8-AAHT MK (108) (X Lin HOKEE ZHEVER L.
IHIZ 108 D8LFA—NEEAF AL 8-AFNLFF
& (109) ~FHEE L7 (Scheme 13), &HIZ, 8-7 m ik

Scheme 13

&»m e

QH,O C4HgO'

CHgPh \ - CHzPh
c 'B—-CH,
Qﬁ

HPh

Wﬁ&w —— ﬁi\m

C4HgO

Reagents and conditions: (a) 10% Pd/C, (C;Hs);N, H; (balloon),
CH;0H, rt (94%); (b) AI(CH;);, PdCl,, Ph;P, THF, reflux (96%); (c)
H,NCSNH,, C;Hs;0H, reflux (86%); (d) CH;l, K,CO;, DMF, rt (88%).

Scheme 14
NC
N — )\ >_C| ~L’ )\ }—c
Hy
Cf‘zp" crgpn CHzPh
o[ 1:: L 11 12

Reagents and conditions: (a) NCS, THF, rt (87%); (b) H,NCONH,,
neat (78%); (c) CsHsBr, KoCO;, DMF, rt (66%).

(112) 1% Scheme 9 (/R L7 ik & ICH LrAﬁﬁz Lz

(Scheme 14),

—F 2 TFALT 2 /g%ﬁ’#‘é BT T =5
KT Scheme 15 BL 16 IRTHETAR LIz, T4
bbb, 8 (IEEBRE (118) 132 MEBBROSIF/—1

(66) 277 =V U CHBLTELND -7 3 /-9~
ULTT=y (13) 2007 I/ BEBTHTFAlL
TEHER LT, £, 8-A Xk (117) T 2-7eEA 3
FI— (61) BT =V CHE%. SMERE RS )
YYALT 2-7 I /-8 A PFUTF=FHE (116)
~EX ThEBTATF L L TER L7z (Scheme 15),
Fio, 8-ANAT ME (121) i, miRO 2-& FeFi A
IV - LVFEEOSREFEAL. TI/ vr /=)
NERIONAIFATTR—FERIEL 2D T
IFTY-NEEE (18) L LKk, ST =V TH
BLTELND 2-TI /)8 AND LT F=FlEk

(120) D27 I/ EEBTHTFAAL L TER LT,
723, HRIHE 120 13 Sen HDFE O (2P, FT Y —
FHEE 118 PIEEOB LT 2-AAVD T M IF S —LFH
BENIZRERL-OL STV THRTHZLT
b ST (Scheme 16),

BE, B L7 28-Z BB 9 UNT T = FEEk
DA ¥ —7 xa FHEIEH (in vitro) DFHMI#RER % Table



10 RPN, PIEATLM . ﬁlﬂﬁﬁ’ﬁ:/égl{;'gm?ggD‘/%@%ﬁ%ﬁ?‘é'f?:‘/%i@ﬁi@%ﬁik%i‘é%’fﬁﬁBﬁb:

Scheme 15
. )j:%_x . fj@g
HN ‘]‘ /I\ O
CH,PR
cu,pn
fodonl 143: X H
114: x= Br
{x=B0)
Mmu, b J'ij:%
'i’ CoHghN
CHzPh CI-QPh

Reagents and conditions: (a) HoNC(NH)NH-HCl, NaOC,Hs,
C:HsOH, reflux (113: 99%, 114: 89%); (b) C;H,CHO, NaBH;CN,
CH;0H, rt (113: 84%, 117: 85%); (c) IN NaOH aq., CH;0H, reflux
(70%).

Scheme 16

CH-NH, —2 o |

ne” pTsoH w8 Hi

NH, NH,
mﬂ%—su —a . l SH
T‘ CiHgHN™ N

120 CHFN o O

Reagents and conditions: (a) PhACH,NCS, 'Pr;NEt, THF, 40 °C (86%);
(b) H;NC(NH)NH,-HCI, NaOC,H;, C,H;OH, reflux (76% from 118,
69% from 119); (c) 5% Na,CO; aq., reflux (84%); (d) C;H,CHO,
NaBH;CN, CH;0H, rt (72%).

6 IR LTz, 7T =BT MU ESETIHEE
Tl 8 LICKBEUADBRELZEALZESTH Y —
Fed (1) LRSEL LIIENL EOFEHEE R LT, 8
frEEHRE (106), 7 wufk (112), TuEH (72) BL
CAFAEE (107) iTTFhbY— RES®w 1 1T 10
EEVEME R U, 8-ANH T ME (108) (18-t Fu
¥R (64) LRICL 1 LD 10000 5@V EHEEF LT
7225, 64 DABER L 108 ODF F—NEIZAFLEL
BALEA MR (77) BEVAFAFAHE (109) T
IEERIZTEEDS S L, VU — FMMEea®w 1 L RZOENETH
Dl —FH2MIZTFAT I ) EEZHTHIHHFEETHLR
BrapmEs L, EBEREK (118 TIX1 LY 10EEWE
HERLEDN, A X (17 BEREETH- -, &
BRERWZ T, 8- ANA T ME (121 XENEBREER
L. 8-t Fe®ifk (83) LVBHEILIZI10FEHWEES
AL, UEDBRNL, 7TF =8 S M AKBEIIEER
BRIZHATERVS, BIEEEZBEIDIIRTARTHLZ L
BHALMNE o, B, SHMEFA—NVELKBELF
ZOMREEZBILEBHALTR,

KiZ, TF=VB 6 L7 I /XD IFN FHETEMERRIC

Table 6. [FN-inducing activities of 2,8-disubstituted 9-benzyladenines

CHzPh
Compd. R' R? MEC® (uM)
106 OC,H, H 1
112 OC.H, cl 1
72 OC,H, Br 1
107 OC,H, CH, 1
77 OC,H, OCH; 10
108 OC,H, SH 0.001
109 OC,H, SCH; 10
115 NHC,H, H 1
117 NHCH, OCH; >10
121 NHC,H, SH 0.01
64 OC,4H, OH 0.001
83 NHCH, OH 0.1
1 H OH 10
2 H SH 10
Imiquimod 1

*Minimum effective concentration (mice spleen cells): concentration
of compounds required for more than 1 [U/mL induction of IFN.

BIFA2EEHZRIT BT, 6 MEEREL LT,

ROBS SN0 2 (OBBRELLTTFAT I E2B
KL, 2-7FALT7 I /-8t Fuxs 7Y &K (123)
DEREIT>T, HEER L LT Scheme 12 (/R L7 2-
TAXNFAT T = HEEOGRIZBWTALUIR4E
B THDH -7 /)9 _RUPAFNVF4-8-t F
n¥x> 7Yy (98) RV, 98 O 6 fLFLFAEKE
SRy AT LIEDL, 2627 I ) B2 BIRAIC
BB T F AL L TEMD 123 2187 (Scheme 17), 7,
6T I ) BEA~ADTFNEOEA LS L7, Table 4 T/R
Lk, @OEEETRT XU PN-8-k Fexy
2-TubEAFFTTF=r (92) Z@RL, 6 M7 I/ &
PETHTF AL, M- F ik (124) 2ER LT

(Scheme 18),

Scheme 17

jj[%_w . ):I'%* oI

cn,Pn cu,Pn
CHIPh 123

Reagents and conditions: (a) Raney Ni, NH,OH, CH;OH, reflux (61%);
(b) C;H,CHO, NaBH;CN, CH;0H, rt (40%).
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Scheme 18 ‘
NH, - . NHC2Hs
| X—OH a : ")\L OH
c;u,s)\ N 'j‘ cg—hs)\u
Bn Bn
92 124

Reagents and conditions: (a) CH;CHO, NaBH;CN, CH;0H, 50 °C
(69%).

AR LI2,6-"BHI-N N8t FaxiFY U H
BKD IFN FHEEM (in vitro) OFHMEREE % Table 7 125K
Uize 2-FTFAT I 7F = FiEKk (83) D67 I/
EFRELE 123 OTEMHT 83 L kT 5 L %5 E - Tl
W, U—FNEe®1 K EREEERLE, —T,
-TaAFATT = FEE (93) 6T I Kt
FNEELEA LR 124 i3, 93 L W5 & BRI EEN
WAL, V—FELaP1 LRAZEOFERERTICEE -,
INODOREND, 6017 I/ BIIEEEORBICIINE
ThHDZEBHLNE BT,

Table 7. IFN-inducing activity of 2,6-disubstituted 9-benzyl-8-
hydroxypurines

2

N7 NN
g /KNl T>—OH

CHyPh
Compd. R! R? MEC® (uM)
123 NHC,H, H 1
124 SC;H, NHC,H; 10
83 NHC,Hy NH, 0.1
93 SC;H;, NH, _ 0.01
1 » H NH, 10
Imiquimod ' 1

*Minimum effective concentration (mice spleen cells): concentration of
compounds required for more than 1 JU/mL induction of IFN.

1. & @&

B, 2Z0OWEECRNE AN IFN BEEMEH
F5 9~_UTUAS-E RuxvTTF=r (1) 2)—Fk
AL LT, EHEOE#ELE BMICAHTEE s L7,

I b OWETEHERBICIL, SR ERFEXE L -8 —
ERad 7 TR ERARTALEND Y Bk
TIRARREERI-D, FRERIEEZME LI, TI /<8
Y= hUNEA Y UT = MREDORIED LREPREIET

HBE5—-TI/) 4T /-2~ RFu¥xif3IF/

—JL (3) AL, ThxC—NRETHBRTIEGRE

B LT, KETARLEE.DT Y VFHEEAD IFN
HEEMED S, BEEEHEEICET 5 2, 3SOMRBED
Nz, B2, 77 =2VB 2L MERA~NT o RF 285 4—6
RFOBREOEANEER LICED THRMTH -7,
Bz, -7 FX 8-k FuX i 7F =K (64) 1T
U— K& % 1 & LT 10,000 £&HWEEIRD SN
oo BT, 67 I/ EBIUSNIABRE (/354
—/VER) IIEHRBRICIIMNA TRV, BVWEEEE
WIERFAIR Chofe, o, LRIV UNRIBBRIEHTE

CMRBIIEEChoT,

BOLIEMHOEN-T 2-7 P Xk (64) 1Tt MBRRIZ
BWTH IFN BRIERAZR L, £, 64 IXv 7 AR
ARE LEEEICL I NETOELEN IFN FEAIT
& % Imiquimod L VIEFABECIFN 2#B# L SHERSE L
TOHLEEERIED LR,

728, IFN BEERAO A D = A MIBED & = AHREIC
E o TRV, L. Hemmi 5% Imiquimod X
Resiquimod 2 ¥4 I &Y' % /) U VRLEWH Toll HZHE
K 7 (TLR7) WCEfERBN L2 RWHLTEY
SEEKR LT 7 = 8D TLRT 24t L TIFN ##E1E
FAERB LTI EEEENEEZLND,

INETICERE THEAZRENZ IFN HEFTHS
Bropirimine %° Imiquimod (I{EANTHVY, b D VLR 1E
B POBMERABREST S Lo EHB»CHBAES
Ihic, EFRTCRWVEENTZ M4ITIZNHOMERER
RLTEBY, 5%, INF-a 2 X OMOY A A A A FHDOR
BERLEDTRIIC INN DA R FE T 2L F-8
I L 2EHOETE2MET 272D OB 5E OB
2L BT RERERN O RRENTNS D, CH
FFRERERR~OERIHEFEINS,

8 B =

AEREOERICHTY A V¥ —T7 = v U FFEENEE R
ELTEEFELEy v U—BASHEE- A
R (R, AR REKRXSHHRE TR - B hif L,
B RAE L2 O CNCBMREE RIS E L E T,

El AHRCELTHBAES £ LA RER CEK
MIEFEEROFRICERHHBE LT,
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