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which reduces the effect of dose 2x of the agonist to that of a dose
x.

In the antagonistic experiments we used subthreshold doses
for those analogues exhibiting agonism. Regarding analogues
lacking agonism, maximal doses of 100 nmol/kg were tested.
Arginine-vasopressin (408 IU/mg) was used as the standard when
agonism was estimated as well as the agonist in the antagonistic
experiments.
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6-(Alkylamino)-9-benzyl-9H -purines. A New Class of Anticonvulsant Agents
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Several 9-alkyl-6-substituted-purines were synthesized and tested for anticonvulsant activity against maximal
electroshock-induced seizures (MES) in rats. Most compounds were prepared in three steps from 5-amino-4,6-
dichloropyrimidine or in two steps via alkylation of 6-chloropurine. Potent anticonvulsant activity against MES
resided in compounds that contain a benzyl substituent at the 9-position of 6-(methylamino)- or 6-(dimethyl-
amino)purine. Among commonly used agents for control of seizures, this type of structure represents a new class

of potent anticonvulsant agents.

Several drugs are available for treatment of epilepsy, but
many patients fail to experience satisfactory seizure control
with them, or they do so at the expense of significant side
effects.! Despite the many side effects associated with
phenytoin, it is still the drug of choice for the treatment
of many epileptic seizures.? Due to the need for new,
improved antiepileptic drugs, a program was initiated to
discover and develop candidate antiepileptic agents with
improved properties.>* From this program emerged 9-
(2-fluorobenzyl)-6-(methylamino)-9H-purine [BW A78U
(1)1, a novel, orally active anticonvulsant with potent ac-

HaC M

b
LD

BWA78U (1)

tivity against maximal electroshock-induced seizures
(MES) in rats and mice.>® Compound 1 has activity
against MES in the rat with an oral EDy, = 2.5 mg/kg.
The oral LDy is greater than 1000 mg/kg. Compound 1
did not produce tolerance to its anticonvulsant effect in
mice under conditions where phenytoin was ineffective
against MES. Compared to commonly used anticonvul-
sants, the structure of 1 is unique.”

A variety of biological activities have been reported for
9-benzylpurines. Certain derivatives have antianginal ®
bronchodilating,? or antiinflammatory® activity, and 9-(2-
chloro-6-fluorobenzyl)adenine is a potent anticoccidial
agent.l® Other 9-benzylpurines have activity as inhibitors
of purine nucleoside phosphorylases!!'2 or adenosine de-
aminase.!®'® Some of the earliest research on 9-benzyl-
purines was targeted to anticancer activity.l”

*Organic Chemistry Department.
! Pharmacology Department.
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We recently reported the weak antiviral activity of some
9-[(aminoacylamido)benzyl]purines.’® This class of com-

(1) Krall, R. L.; Penry, J. K.; White, B. G.; Kupferberg, H. J.;
Swinyard, E. A, Epilepsia (N.Y.) 1978, 19, 409.
(2) Krall, R. L; Penry, J. K.; Kupferberg, H. J.; Swinyard, E. A.
Epilepsia (N.Y.) 1978, 19, 393.
(3) Soroko, F. E.; Grivsky, E.; Maxwell, R. A. J. Pharm. Pharma-
col. 1981, 33, 741.
(4) Mehta, N. B.; Diuguid, C. A. R.; Soroko, F. E. J. Med. Chem.
1981, 24, 465.
(5) Kelley, J. L.; Soroko, F. E. J. Med. Chem. 1986, 29, 1133.
(6) Kelley, J. L.; McLean, E. W. J. Heterocycl. Chem. 1986, 23,
1189.
(7) AMA Division of Drugs In AMA Drug Evaluation, 5th ed.;
American Medical Association: Chicago, 1983; p 295.
(8) Warner-Lambert Co., U.S. Patent 3862189, 1975.
(9) Wojnar, R. J; Brittain, R. J.; Bernstein, J.; Losee, K. A. U.S.
Patent 3930005, 1975.
(10) Lire, E. P.; Barker, W. M.; McCrae, R. C. U.S. Patent 3 846 426,
1974.
(11) Baker, B. R.; Schaeffer, J. C. J. Med. Chem. 1971, 14, 809.
(12) Shewach, D. S.; Chern, J.-W.; Pillote, K. E.; Townsend, L. B.;
Daddona, P. E. Cancer Res. 1986, 46, 519.
(13) Schaeffer, H. J.; Odin, E. J. Med. Chem. 1966, 9, 576.
(14) Schaeffer, H. J.; Johnson, R. N. J. Pharm. Sci. 1966, 55, 929.
(15) Schaeffer, H. J.; Odin, E. J. Med. Chem. 1966, 10, 181.
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6-(Alkylamino)-9-benzyl-9H-purines

Table 1. Physical Properties of 4-Chloro-5,6-diaminopyrimidines
|
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= NH 2
Nk l .
N NH—X@
no. X R method yield, % mp, °C formula®
2 CH(CH,)-R H A? 85 168-171¢ CH,5sCIN,
3 CH(CH,)-S H Ad 65 170-172¢ CoHsCIN,
4 CH, 4-F A 84 240-242 CyHyCIFN,
5 CH, 3-Cl Ab 85 197-2002 C;1H;,CLLN,
6 CH, 3,4-Cl, A? 23¢ 195-197* C;;Ho,CL;N,
7 CH, 3-CH, Ab 83 184-186F . Cy.H5CIN,
8 CH, 3-F A 75 197-200° C; H CIFN,
9 CH, 3-0CH;, AP 84 131-133¢ CpH,5CIN,O
10 CH, 2-Cl A 79 197.5-199¢ CuHoCLN,
11 CH, 2-CH, A 72 199-200.5¢ CoHCIN,
12 CH, 2-F A g2 990-228 C,H,,CIFN,
13 CH, " 2-OCHj, A 87 147-148¢ C2H;sCIN,O

¢ All compounds were analyzed for C, H, N. ?The cooled reaction solution was spin evaporated in vacuo to give the crude product.
*Recrystallized from EtOAc. ¢The cooled reaction solution was spin evaporated in vacuo. The residual solid was dissolved in CH,Cl,,
washed with H,0, and evaporated to give the crude product. °Recrystallized from EtOAc-cyclohexane. ’Recrystallized from EtOH.
8Recrystallized from MeOH. »Mp 198-200 °C reported for this compound in ref 22. iRecrystallized from MeOH-H,0.

Table II. Physical Properties of 6-Chloropurines

no. R isomer method yield, % mp, °C formula®
14 H 9 B 54 84-860¢ C.HgCIN,
15 4-Cl 9 B 59 133-135 CsHCLN,
16 4-Cl 7 C 19 168-170° C1oHsCLN,
17 4-CH, 9 B 45 132-134¢ CsH,; CIN,
18 4-CH, 7 C 25 148-149¢ CysH,;CIN,
19 4-F 9 D 92 118-120/ C.H,CIFN,
20 4-OCH, 9 B¢ 28 122-124° CsH,;,CIN,O
21 4-OCH, 7 c# 9 134-136" CsH CIN,O
22 3-CF, 9 B 48 116-117 C,sHiCIF,N,
23 3-CF, 7 c 13 185-186 C,sHCIF,N,
24 3.1 9 B 26 156-156.5! CHLCIIN,
25 3.1 7 C 10 170.5-171¢ C,oH,CIIN,
26 3-Br 9 B 49 109-110¢ C,2HgBICIN,
27 3-Br 7 C 19 151.5-153 C,1,HBrCIN,
28 3-Cl 9 D 0 90-92 C1sHgCLN,
29 3,5-Cl, 9 B 927 164-165 C1oH,CLN,
30 3,5-Cly 7 . C 4 168-170¢ CsH,CLN,
31 3,4-Cl,y 9 D 57 151-153%* C,o.H,CI;N,
32 3-CH;, 9 D 81 90-91/ Cy3H;,CIN,
33 3-F 9 D 93 103-105° C HgCIFN,
34 3-OCH; 9 D 92 103-104! C,sH,,CIN,O
35 3-OCH,CH, 9 exp 41 79-83m CyoH,:CIN,O
36 2-F 9 D 95 97-99/ Cy,H,CIFN,

¢ All compounds were analyzed for C, H, N. °Recrystallized from CgHg—petroleum ether (30-60 °C). °Mp 86-87 °C reported for this
compound in ref 17, ¢Recrystallized from MeOH. ¢Recrystallized from 2-PrOH. /Recrystallized from cyclohexane. For the starting’
4-methoxybenzyl bromide, see: Woodward, R. B. J. Am. Chem. Soc. 1940, 62, 1478, *Recrystallized from EtOAc. ‘Recrystallized from
EtOAc-cyclohexane. /Recrystallized from toluene—petroleum ether (30-60 °C). *Mp 149-151 °C reported for this compound in ref 29.

!Recrystallized from heptane. ™Recrystallized from pentane.

pound also binds to the benzodiazepine receptor.!® Be-
cause some agents that bind to this receptor are used in
the treatment of epilepsy,”? we tested a variety of purines
for anticonvulsant activity. The chemistry and struc-

(16) Schaeffer, H. J.; Johnson, R. N.; Odin, E.; Hansch, C. J. Med.
Chem. 1970, 13, 452.

(17) Montgomery, J. A.; Temple, C., Jr. J. Am. Chem. Soc. 1961,
83, 630.

(18) Kelley, J. L.; Miller, C. A.; Schaeffer, H. J.; Selway, J. W. T.
Eur. J. Med. Chem., in press.

(19) Kelley, J. L.; Ferris, R., unpublished results.

(20) Haefely, W.; Kyburz, E.; Gereche, M.; Méhler, H. In Advances
in Drug Research; Testa, B., Ed.; Academic: London, 1985;
Vol. 14, p 165.

ture—activity relationships associated with the development
of 9-benzylpurines with anticonvulsant activity are re-
ported.

Chemistry. Most of the 9-substituted purines were
prepared by one of two methods (Scheme I). Amination
of 5-amino-4,6-dichloropyrimidine (I) with the appropriate
amine by modification of a general literature method?\-22
gave the 4-substituted pyrimidines II (Table I). Con-
densation of II with triethyl orthoformate?® and ethane-

(21) Montgomery, J. A.; Temple, C., Jr. J. Am. Chem. Soc. 1958,
80, 409,

(22) Greenberg, S. M.; Ross, L. O.; Robins, R. K. J. Org. Chem.
1959, 24, 1314.
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Table III. Physical Properties of 6,9-Disubstituted Purines

RG
NF l N\>
Sy A
e
no. RS R? method yield, % mp, °C formula®
37 N(CH3)2 CH206H5 E 87b 126‘1280 CI4H15N5
38 - N(CH,), CH, exp 264 113-114¢ CeH, N,
39 N(CH,), CoH, B 89 161-1636% C1-H,N;
40 N(CH,), CH,CH,CH, B 82t 70-72 CyHN,
41 N(CH,), CH(CH,)CeHy R/ E 48" 104-105 Cy:HyN;
42 N(CHy,), CH(CHy)CgHp-S' E 59* 104-105.5 CisH7N;
43 N(CH,), CH,CeH,,™ F, exp 81" 78-80 Cp.H,N,
44 N(CHy), CH,C,H,0° D, E? exp 57 118-119 CroH N0
45 N(CH,), © CH,C,H,S B E 80t 128-129 C1H,:N;S
46 NHCH, CH,C.H, o 810 130-132° Cy:Hy:N,
47 NH, CH,C.H; t 34# 231-234 C12H;i N
48 H CH206H5 u 69 96-98 012H10N4
49 N(CH,)CH,CH, CH,CH, B 62¢ 55.5-57 CoHN,
50 N(CH,)CH(CH,), CH,C.H, B 43w 52-55.5 CyHyN;
51 N(CH,)CHy CH,CH, B 29 58-60 CoHyN;
52 N(CH,), CH.C.H, B 3700 168-170 CrHLsN,s
53 NHC,H, CH,C.H, E* 61 158-159 Cy:H N,
54 NHC6H5 CH206H5 F 77g 187_189 ClsH15N5
55 NHCH,CH,OH CH,C.H, Fed 89ee 118-120 C1H,N,0
56 N(CH,)CHO CH,CH, exp 58" 162-164 CHuN.O
57 OH# CH,C.H, e 54 295-298¢ C1:HN,0
58 OCH, CH,C.H; ii 714 114-116 CpaHN,0
59 SCH, CH,C.H; exp’ 64/ 115-116H C1sH NS

¢ All compounds were analyzed for C, H, N. ?Recrystallized from toluene-petroleum ether (30-60 °C). ¢ Mp 131-132 °C reported for this
compound in ref 17. ¢Recrystallized from heptane. *Mp 114-115 °C reported for this compound in ref 28 by a different method. /For the
starting purine see ref 22. £Recrystallized from EtOH. *Mp 168-169 °C reported for this compound in ref 22. ‘For the starting purine, see:
Schaeffer, H. J.; Johnson, R. N. J. Med. Chem. 1968, 11, 21. /[«]?%; -9.2° (c 1.0, MeOH). *Recrystallized from cyclohexane. ‘[«]?%, +8.6°
(c 1.0, MeOH). ™Cyclohexylmethyl substituent. "Recrystallized from pentane. °Furfuryl substituent. »The crude product was purified by
flash chromatography as in method B. 92-Thienyl substituent. "The aqueous alkylamine was formed by dissolving a 3-fold excess of
alkylamine hydrochloride in 2 molar equiv of 1 N NaOH. *Mp 133-134 °C reported for this compound by Fuji, T.; Saito, T. Chem. Pharm.
Bull. 1985, 33, 3635. ‘Prepared by the method of Carraway, K. L.; Huang, P. C.; Scott, T. G. In Synthetic Procedures in Nucleic Acid
Chemistry; Zorbach, W. W., Tipson, R. 8., Eds.; Interscience: New York, 1968; Vol. 1, p 3; mp 233.5-235.5 °C. “Prepared by the method of
ref 17, mp 100-101 °C. °Recrystallized from CCl,~pentane. “Recrystallized from petroleum ether (30-60 °C). * A 3-fold excess of the amine
was used in the reaction. *Cyclopentyl substituent. ?An equimolar amount of triethylamine and trimethyleneimine was used, and the
product was purified by flash chromatography. % Recrystallized from cyclohexane-toluene. % Cyclopropyl substituent. °Recrystallized
from EtOAc. 99A 2-fold excess of triethylamine was used in the reaction. ¢ Recrystallized from toluene. /'Recrystallized from cyclo-
hexane-EtOAc. % Present as the oxo tautomer. * Prepared by the method of ref 17, mp >260 °C. *Prepared by the method of ref 17, mp
128 °C. #For the starting 6-thionopurine see ref 29. **Mp 117-118 °C reported for this compound in ref 30 by a different method.

sulfonic acid?* afforded the intermediate 6-chloro-9-sub- aldehyde as described in the Experimental Section. The
stituted-purines III. Alternativély, 6-chloropurine (IV) was 3-benzyloxy compound 81, available in four steps from
alkylated with the appropriate benzyl halide to give a 3-hydroxybenzyl alcohol, was cleaved with HBr in AcOH
mixture of the 7-benzyl-6-chloropurines (V) and 9- to give 80.

benzyl-6-chloropurines (III).}” Isomers were easily sepa- Biological Results and Discussion

rated by flash chromatography® to give the 9-isomers III
in 26-59% yields (Table II). The 6-chloro-9-substitut-
ed-purines III were reacted with the appropriate amine to
give most of the 6-(alkylamino)-9-benzylpurines (VI) in
Tables ITII and IV. The UV spectra of the 6-(dimethyl-
amino)purines were compatible with 9-substitution.?
The 6-(N-methylformamido)purine 56 (Table III) was
prepared from 46 and acetic—formic anhydride.?” The
9-(aminobenzyl)purines 68 and 87 (Table IV) were pre-
pared from 64 and 86, respectively, by catalytic hydro-
genation. The 4-hydroxy compound 66 was prepared from
67 by catalytic hydrogenolysis of the O-benzyl moiety.
Compound 67 was prepared from 4-(benzyloxy)benz-

Compounds in Tables V-VII were evaluated for anti-
convulsant activity in the maximal electroshock-induced
seizure (MES) screen in Sprague-Dawley male rats.* The
compounds were tested initially at 25 mg/kg ip, and if
activity was high, an EDy; was determined. The most
active compounds were also tested orally.

The parent 9-benzylpurine 37 (Table V) protected rats
against MES with an oral ED;, = 12 mg/kg and an ip EDs,
= 6 mg/kg. Variation of the purine 9-substituent had a
substantial effect on anticonvulsant activity. The 9-methyl
substituent (see 38) gave a compound with about one-fifth
the activity of 37. The 9-phenyl compound 39 was not
active as it gave no protection at 12.5 mg/kg. Substitution
of the one-carbon bridge with a two-carbon bridge between

(23) Temple, C., Jr.; Kussner, C. L.; Montgomery, J. A. J. Med. the phenyl and purine rings {see 40) resulted in about a

Pharm. Chem. 1962, 5, 866. 5-fold loss in activity. Substitution of a methyl group on
(24) thaeffer, H. J.; Vince, R J. Med. Chem. 1968, 11, 15. the methylene bridge (see 41 and 42) gave compounds that
(25) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923. were less active than 37. The 9-cyclohexylmethyl com-

. B.; Robinsg, R. K,; , R.N,; L , N. L, s
) }_oyn:f:db}:e,ﬁ gzbar;ssf 8?, 5I§§§Ppky R.N.; Leonard, N pound 43 was completely inactive at 25 mg/kg ip. How-

(27) Fieser, L. F.; Fieser, M. Reagents for Organic Synthesis, Wiley: ever, the furfuryl and thenyl analogqes} 44 and 45 _Showed
New York, 1967; Vol. 1, p 4. one-third and about one-half the activity, respectively, of



6-(Alkylamino)-9-benzyl-9H-purines

Table IV. Physical Properties of 9-Benzyl-6-(dimethylamino)purines
HzC N /CHg

%

N
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e

no. R methods yield, % mp, °C formula®
60 4-Cl B 48° 134-136 Cy.H,,CIN,
61 4-CH;, E? 614 116-118 CysH;7N5
62 4F E 78¢ 131-133 C,H,FN;
63 4-0CH, E? 774 123-124 C;sH7N;0
64 4-N02 Eb’f 93 211-213%¢ 14 14N6 2
65 4-CN Ebh 79¢ 188-190 CysH .. N,
66 4-0H exp 61/ 214-217 CHsN:O
67 4-OCH,CgH; exp 63k 87-89} CyHy; N0
68 4-NH, G 61° 193-196 C1aHi6Ne
69 3-CF, E 73 111-112 CysH, FsN;
70 31 E 79k 143-144 CyH,,IN;
71 3-Br E 77¢ 108-109 C,H,,BrN;
72 3-Cl E 77 109-111 C1H,CIN;
73 3,5-Cl, E 87 124-126 . CpHsCLN;
74 3,4-Cl, E? 68" 153-155 C1HysCLN,
75 3-CH, B 67 126-129 CysH;»N;
76 3-F E 70° 90-92 Cy.H,FN,
77 3-OCH, E 59¢ 107-109 CysH, N0
78 3-NO, E° 79¢ 166-1677 C1H NeO,
79 3-CN E: 85 134-134.5¢ C1sH1Ne
80 3-0H exp 79¢ 260-262 C,H,;N;0-HBr
81 3-OCH,CgH; E 68¢ 97-98 Co:Ho N0
82 2.Cl E 77 134,5-135 CyH,CIN;
83 9-CH, E 80° 111-111.5 CsHpN;
84 o.F E 84° 137-139 Cy.H,,FN,
85 2-0CH, E 68t 157.5-158 C1sH17N;O
86 2-NO, E’ 66° 164-167" Cy.H1N:Os
87 9.NH, G 84¢ 196-198 CyHeNe

¢ All compounds were analyzed for C, H, N. ?A solution of 2.2 M dimethylamine and ethanol was used instead of 40% aqueous di-
methylamine. ©Recrystallized from EtOH. ¢Recrystallized from toluene-petroleum ether (30-60 °C). °Recrystallized from cyclohexane.
For the starting purine see ref 13. ¢Mp 211 °C reported for this compound in ref 13. *For the starting purine see ref 16. ‘ Recrystallized
from CHCl;-EtOH. /Recrystallized from EtOAc. *Recrystallized from cyclohexane-EtOAc. Melts with resolidification and remelts 93-95
°C. ™Recrystallized from heptane. "Recrystallized from MeOH. °For the starting purine see ref 14. ?Mp 156-157 °C reported for this
compound in ref 14. 9Recrystallized from toluene. "Mp 169-171 °C reported in ref 15.

the parent 9-benzylpurine 37. Compounds that contain
a flat, aromatic ring bonded to the 9-substituted purine
by a methylene group possessed good anticonvulsant ac-
tivity.

Variation of the 6-substituent of 37 had a substantial
effect on the relative potency of 9-benzylpurines in pro-
tecting rats against MES (Table VI). Removal of a single
methyl group (see 46) had no effect on activity; however,
the 6-aminopurine 47 and 6-hydrogen purine 48 were about
5-fold less active. Of eight other 6-substituted amino-
purines, only 49 (N(CH,)CH,CH,), 53 (NHC,H;), and 55
(NHCH,CH,0H) retained significant anticonvulsant ac-
tivity. Although the hypoxanthine defivative 57 was es-
sentially inactive, the 6-methoxypurine 58 had activity
comparable to that of phenytoin.

Analogues of 37 that contain substitutions in the phenyl
moiety are listed in Table VII. Analogues that contain a
substituent in the para position were almost uniformly
inactive at 25 mg/kg ip. Only the small fluoro (62) and
hydrophilic amino (68) substituents gave compounds with
detectable anticonvulsant activity at 25 mg/kg. Thus, with
the exception of the amino and fluoro, substituents in the
para position of 37 did not impart anticonvulsant activity
to the compounds.

Several meta-substituted analogues of 37 had good an-
ticonvulsant activity. The 3-chloro analogue 72 was slightly
more active than 37 when administered ip. Addition of
a second chlorine in the para position (see 74) resulted in
complete loss of activity. This result further substantiated

the lack of tolerance for substituents in the para position.
Substitution of trifluoromethyl (69), iodo (70), bromo (71),
fluoro (76), or methoxy (77) for the chloro in 72 resulted
in only a 2- to 3-fold loss in anticonvulsant activity. The
less lipophilic nitro (78), cyano (79), and hydroxy (80)
meta-substituted analogues of 37 had little or no anti-
convulsant activity at 25 mg/kg. In general, meta-sub-
stituted analogues of 37 retained good anticonvulsant ac-
tivity when the substituent was electron withdrawing and
lipophilic.

Introduction of a second meta chloro group gave 73,
which had good anticonvulsant activity with an ip EDj,
=7 mg/kg. However, 73 was extremely toxic to mice. Its
ip LD, was less than 0.5 mg/kg. The monochloro ana-
logue 72 was 100-fold less toxic with an ip LDg, = 54
mg/kg, whereas the parent 9-benzylpurine 37 was rela-
tively innocuous with an ip LDy, > 500 mg/kg.

Several ortho-substituted analogues of 37 retained good
anticonvulsant activity. There was no apparent correlation
of activity with electronic, lipophilic, or size parameters
of the ortho substituents. The fluoro- and methyl-sub-
stituted analogues (84 and 83, respectively) were only about
50% less active than the parent 37.

Potent anticonvulsant activity resided in compounds
that contained a benzyl group at the 9-position of 6-(me-
thylamino)- or 6-(dimethylamino)purine. There was little
or no tolerance for para substitution, whereas analogues
with electron-withdrawing, lipophilic, meta substituents
retained substantial anticonvulsant activity.
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Table V. Anticonvulsant Activity of 9-Substituted
6-(Dimethylamino)purines?

Kelley et al.
Table VII. Anticonvulsant Activity of

9-Benzyl-6-(dimethylamino) purines®
HaCy, /CHs

I
|

R
AL

MES EDj, mg/kg>™

HaCy,, /CHs
N
e
Y N
k
MES ED;,,
mg/kg"
no. R ip po
37 CH,CeH, 6+ 1 12 %3
38 3 (33)
39 CgH; (09)
40 CH,CH,C¢H; (33)
41 CH(CH,)CH;-R (33)
42 CH(CH;)CgH;-S (33)
43 CH,C¢H,,/ (0)
44 CH,C,H,0¢ 18
45 CH,C,H,S" 10 £ 25
phenytoin 9.6 £ 2.0 20+ 3

¢The compounds were tested for their ability to protect
Sprague-Dawley male rats against maximal electroshock-induced
seizures (MES) as described in ref 4. The EDj, was the dose
needed to protect 50% of the animals against the hind-limb ex-
tensor component and were calculated by the method of Miller, L.
C.; Tainter, M. L. Proc. Soc. Exp. Biol. Med. 1944, 57, 261. ®*The
compounds were administered as solutions or fine dispersions in
water or 5% methylcellulose. °Values in parentheses are percent
inhibition at 256 mg/kg. ¢ Where ED;, values are presented with a
standard error a minimum of 12 animals were used per dose level
with four doses per compound. EDj, values without standard error
were determined by using three doses of compound with six ani-
mals per point. °Inhibition at 12.5 mg/kg. ’Cyclohexyl substitu-
ent. §Furfuryl substituent. *2-Thenyl substituent.

Table VI. Anticonvulsant Activity of 6-Substituted
9-Benzylpurines?®

R
N
NF l \>
.
CHpCsHs
MES EDj,, mg/kg"*

no. R ip po
37 N(CH,), 6+ 1 12 %3
46 NHCH;, 541 12 + 2
47 NH, (33)
48 H (33)
49 N(CH;)CH,CH;, 8 30
50 N(CH;)CH(CH,), amn
51 N(CHy)C;Hy* an
52 N(CHy), (17
53 NHC;H/ 8.6 + 0.7
54 NHCH; (©)
55 NHCH,CH,0H (84) an
56 N(CH;)CHO (V)
57 OH (oxo0) amn
58 OCH;, 10+ 1.6 21 + 3.6
59 SCH; (30)

4=dSee footnotes a—d in Table V. ¢Cyclopentyl substituent.
fCyclopropyl substituent.

Experimental Section

Melting points were taken in capillary tubes on a Mel-Temp
block or a Thomas-Hoover Unimelt and were uncorrected. UV
spectra were measured on a Unicam SP 800 or a Cary 118 UV-vis
spectrophotometer. NMR data were recorded on a Varian XL-
100-15-FT, a Varian FT-80A, a Varian T-60, or a Hitachi Per-
kin-Elmer R-24 spectrometer with Me,Si as an internal standard.
Each analytical sample had spectral data compatible with its
assigned structure and moved as a single spot on TLC. TLC's

no. R ip po
37 H 6+1 12+ 3
60 4-Cl )
61 4-CHj, ()
62 4-F (33)
63 4-OCH;, 0
64 4-NO, ()]
65 4-CN ()]
66 4-OH (0)
68 4-NH, 25
69 3-CFy 12
70 31 11
71 3-Br 13
72 3-Cl 45 + 0.6 18 + 2
73 3,5-Cly 7
74 3,4-Cly 0
75 3-CH, 25
76 3-F 8.4
77 3-OCHj, 12.5
78 3-NO, amn
79 3-CN (17
80 3-OH )
81 3-OCH,C¢Hj, (33)
82 2-Cl1 (84)
83 2-CH, 9
84 2-F 8.8 + 1.7
85 2-OCHj, ()]
86 2-NO, 25
87 2-NH, 20+ 2
phenytoin 9.6 + 2.0 20+ 3

a4 See footnotes a—d in Table V.

were developed on Whatman 200 ¢ MKG6F plates of silica gel with
fluorescent indicator. Preparative flash chromatography® was
performed on silica gel 60 (40-63 uM, E.Merck, no. 9385). All
compounds were analyzed for C, H, and N and gave values within
0.4% of theoretical values. Elemental analyses were performed
by Atlantic Microlab, Inc.

Method A. 5-Amino-4-chloro-6-[(3-fluorobenzyl)amino]-
pyrimidine (8). A mixture of 5-amino-4,6-dichloropyrimidine
(10.0 g, 61.0 mmol), (3-fluorobenzyl)amine (97%) (7.9 g, 61.2
mmol), 1-BuOH (150 mL), and Et;N (6.5 g, 64.2 mmol) was
refluxed with stirring for 21 h, The dark solution was cooled to
give a solid that was collected on a Biichner funnel and washed
with cyclohexane. The white solid was dispersed in H,O (100 mL),
collected, and dried to give 11.5 g (75%) of 8, mp 196-200 °C.
Recrystallization of a portion from EtOAc—-cyclohexane gave the
analytical sample: mp 197-200 °C; UV (0.1 N HC! + 10% EtOH)
Amax 304 nm (e 12500); UV (0.1 N NaOH + 10% EtOH) A, 263
nm (e 9200), 269 (8900), 291 (8900); NMR (Me,S0-dg) § 7.73 (s,
1 H, pyrimidine H), 7.5-7.0 (complex m, 5 H, aromatic H + NH),
5.05 (br s, 2 H, NH,), 4.65 (d, collapsed to s with D,0, 2 H, CH,).

Method B. 9-(3-Bromobenzyl)-6-chloro-9H-purine (26).
A mixture of 6-chloropurine (3.09 g, 20 mmol), DMSO (50 mL),
anhydrous K,CO, (3.45 g, 25 mmol), and 3-bromobenzyl bromide
(5.0 g, 20 mmol) was stirred at ambient temperature for 33 h. The
reaction solution was decanted from the solids, poured into ice
water, and acidified to pH 5 with HOAc (0.5 mL). The mixture
was extracted with EtOAc (4 X 200 mL). The combined extracts
were washed with an equal volume of H,0, dried (MgS0,), and
spin evaporated in vacuo. The residue was dissolved in CH,Cl,
(50 mL) and added to silica gel 60 (5 g). This mixture was spin
evaporated in vacuo, and the residual solid was introduced on
a column of silica gel 60 wetted with EtOAc—cyclohexane, 1:2. The
column was eluted with EtOAc-cyclohexane, 1:2, by using the
flash chromatography technique. The fractions containing the
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higher Ry, major component were combined and spin evaporated
in vacuo to give 3.20 g (49%) of 26, which was a single spot on
TLC. Recrystallization from EtOAc-cyclohexane gave the ana-
lytical sample: mp 109-110 °C; UV (pH 7 + 10% EtOH) A,
265.5 nm (e 10 200); NMR (Me,SO-dg) ¢ 8.86 (s, 1 H, purine H),
8.80 (s, 1 H, purine H), 7.7-7.2 (m, 4 H, Ar H), 5.55 (s, 2 H, CH,).

Method C. 7-(3-Bromobenzyl)-6-chloro-7H -purine (27).
After elution of the 9-isomer 26, the 7-isomer was isolated by
changing the elution solvent to EtOAc—cyclohexane, 1:1. Fractions
containing the lower Ry, 7-isomer were collected, combined, and
spin evaporated in vacuo to give 1.24 g (19%) of 27. Recrys-
tallization from EtOAc—cyclohexane gave the analytical sample:
mp 151.5-158 °C; UV (pH 7 + 10% EtOH) Ay 268.5 nm (e 8500);
NMR (Me,S0-dg) 8 9.02 (s, 1 H, purine H), 8.84 (s, 1 H, purine
H), 7.7-7.0 (m, 4 H, Ar H), 5.79 (s, 2 H, CH,).

Method D. 6-Chloro-9-(3-fluorobenzyl)-9H-purine (33).
A mixture of 8 (10.0 g, 39.6 mmol), HC(OEt); (100 mL), and
EtSOzH (100 mg) was stirred at ambient temperature for 41 h.
The solution was spin evaporated in vacuo. The residual solid
was dissolved in EtOAc (200 mL), washed with 5% aqueous
NaHCO; (50 mL), HyO (3 X 50 mL), and brine (50 mL), and then
dried (MgS0O,). The solution was spin evaporated in vacuo to
a residue that was collected and washed with cyclohexane to give
9.77 g (94%) of 33, mp 100-103 °C. Recrystallization from cy-
clohexane-ethyl acetate gave the analytical sample; mp 103-105
°C; UV (pH 7 + 10% EtOH) A, 265 nm (e 11 500), 269 (sh)
(11300); NMR (Me,SO-d;) 6 8.87 (s, 1 H, purine H), 8.82 (s, 1
H, purine H), 7.6-7.0 (complex m, 4 H, Ar), 5.59 (s, 2 H, CH,).

Method E. 9-(4-Fluorobenzyl)-6-(dimethylamino)-9H-
purine (62). A solution of 19/(4.01 g, 15.2 mmol), EtOH (20 mL),
and 40% aqueous Me,NH (10 mL) was stirred at ambient tem-
perature for 15 h. The reaction mixture was spin evaporated in
vacuo to remove the volatiles. The residue was dispersed in H,O
(50 mL) and stirred for several minutes. The solids were collected,
washed with H,0, and sucked dry to give 3.90 g (94%) of 62, mp
130-132 °C. Recrystallization from cyclohexane gave 3.25 g (78%)
of 62: mp 131-133 °C; UV (0.1 N HCl1 + 10% EtOH) A, 270
nm (e 19200); UV (0.1 N NaOH + 10% EtOH) A, 277 nm (e
19100); NMR (Me,S0-dg) é 8.28 (s, 2 H, purine Hs), 7.55-7.0 (m,
4 H, Ar), 5.40 (s, 2 H, CH,), 3.47 (s, 6 H, N(CHy),).

Method F. 9-(Cyclohexylmethyl)-6-(dimethylamino)-9H-
purine (43). A mixture of 89 (4.96 g, 19.8 mmol) and 125 mL
of a solution of Me,NH in EtOH (100 g/L) was heated on a steam
bath to effect dissolution. The reaction was left at ambient
temperature for 17 h and spin evaporated in vacuo to remove the
volatiles. The residue was dissolved in EtOAc and filtered to
remove the insolubles. The EtOAc was evaporated to an oil that
was dissolved in petroleum ether (30-60 °C), filtered through
Celite (Preiser Scientific, Inc.) and spin evaporated in vacuo. The
residual solid was recrystallized from pentane to give 4.19 g (81%)
of 43: mp 78-80 °C; UV (0.1 N HC1 + 10% EtOH) A, 270 nm
(€17900); UV (0.1 N NaOH + 10% EtOH) A, 278 nm (e 18500).

Method G. 9-(4-Aminobenzyl)-6-(dimethylamino)-9H -
purine (68). A mixture of 64 (5.00 g, 16.7 mmol), HOAc¢ (200
mL), and 10% Pd/C (0.20 g) was shaken in the presence of
hydrogen at 2-3 atm for 1 h. The reaction mixture was filtered
through Celite and concentrated under reduced pressure. The
residue was dispersed in a minimum of EtOH and collected to
give 4.14 g (92%) of 68, mp 190-192 °C. Recrystallization of a
portion from EtOH gave the analytical sample: mp 193-196 °C;
UV (0.1 N HCl + 10% EtOH) Ay, 268 nm (e 19300); UV (0.1
N NaOH + 10% EtOH) A, 277 nm (¢ 21000); NMR (Me,SO-dy)
6 8.25 (s, 1 H, purine H), 8.15 (s, 1 H, purine H), 7.07 (d, 2 H,
J =8Hz, Ar), 6.52 (4, 2 H, J = 8 Hz, Ar), 5.18 (s, 2 H, CH,), 5.07
(br s, 2 H, NH,), 3.45 (s, 6 H, N(CH,),).

9-[3-(Benzyloxy)benzyl]-6-chloro-9H -purine (35). A
mixture of 3-hydroxybenzy! aleohol (9.30 g, 75 mmol), powdered
anhydrous K,CO; (10.5 g, 76 mmol), benzyltrimethylammonium
hydroxide (1.5 mL, 40% solution in MeOH), and DMF (90 mL)
was stirred under nitrogen at ambient temperature. After 30 min,
benzyl chloride (97%) (8.3 mL, 70 mmol) was added, and the
reaction was heated to 70 °C for 18 h. The volatiles were removed
by spin evaporation in vacuo, and the residual oil was dissolved
in Et,0 and washed with H,0, 1 N NaOH, and again with H,0.
The solution was dried (MgSO,) and spin evaporated in vacuo
to give 13.7 g (85%) of 3-(benzyloxy)benzy! alcohol as an oil, which
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was used without further purification. The benzyl alcohol
(combined product from two reactions) was converted to the
benzyl chloride and reacted with 6-chloropurine as described for
the para isomer 67 to give 14.5 g (30%) of 35, mp 70-80 °C.
Recrystallization of a portion from petroleum ether (60-68
°C)-ethyl acetate gave the analytical sample: mp 79-83 °C; UV
(pH 7 + 10% EtOH) A, 268 nm (e 9800); NMR (Me,SO-dg) &
8.77 (s, 1 H, purine H), 8.74 (s, 1 H, purine H), 7.34 (s, 5 H, Ar),
7.02 (br m, 4 H, Ar), 5.48 (s, 2 H, CH,), 5.05 (s, 2 H, CHp).
6-(Dimethylamino)-9-methyl-9H-purine (38). A solution
of 6-(dimethylamino)purine (6.00 g, 36.8 mmol), NaOMe (2.08
g, 38.5 mmol), and DMSO (13 mL) was stirred at ambient tem-
perature under a blanket of nitrogen for 1 h. Methyl iodide (2.30
mL, 3.0 mmol) was added, and the resultant mixture was stirred
for 1 h. The reaction was diluted with HyO (50 mL) and extracted
with CH,Cl, (2 X 700 mL). The combined extracts were dried
(CaCly) and spin evaporated in vacuo to give 5.06 g (78%) of crude
38. This material was introduced on a column of silica gel (55
g, 70-325 mesh) and eluted with CH,Cl,-MeOH, 1:1. The ap-
propriate fractions were combined and spin evaporated in vacuo
to give 2.40 g (36%) of 38, which was a single spot on TLC.
Recrystallization from heptane gave 1.75 g (26%) of analytically
pure material: mp 113-114 °C (1it.?8 mp 114-115 °C); UV (0.1
N HCl + 10% EtOH) Ap,e 269.5 nm (e 17600); UV (0.1 N NaOH
+ 10% EtOH) Ap,, 276 nm (e 18500).
9-Benzyl-6-(N-methylformamido)-9H -purine (56). Toa
stirred, ice-bath cooled solution of 46 (3.50 g, 14.6 mmol), 4-
(dimethylamino)pyridine (1.80 g, 14.7 mmol), and CH,Cl, (50 mL)
was added the acetic—formic anhydride?” prepared from 10 mL
of Ac,O and 5 mL of 100% HCO,H. The reaction was stirred
at ambient temperature for 16 h and then spin evaporated in
vacuo. The residue was dissolved in CH,Cl, (200 mL), washed
with water (3 X 50 mL), and filtered through glass wool. The
solution was spin evaporated in vacuo, and the residue was re-
crystallized from cyclohexane-EtOAc to give 2.30 g (58%) of 56:
mp 162-164 °C; NMR (Me,SO-dg) 8 10.32 (s, 1 H, CHO), 8.72
(s, 1 H, purine H), 8.70 (s, 1 H, purine H), 7.34 (s, 5 H, Ar), 5.53
(s, 2H, CHy), 3.44 (s, 3 H, CHjy).
9-Benzyl-6-(methylthio)-9H-purine (59). To a vigorously
stirred solution of 9-benzyl-6-mercaptopurine® (9.70 g, 40.0 mmol)
in 1 N sodium hydroxide (42 mL) was added methyl iodide (10
mL) dropwise. A thick precipitate formed, and Hy,O (40 mL) and
EtOH (20 mL) were added to facilitate stirring. After 1 h, the
solids were collected, washed with H,0, and recrystallized from
cyclohexane-EtOAc to give 6.58 g (64%) of 59: mp 115-116 °C
(lit.3* mp 117-118 °C); UV (0.1 N HCl + 10% EtOH) Ay, 294.5
nm (e 18800), 286 (sh) (16 200), 305 (sh) (11000); UV (pH 7 +
10% EtOH) A, 287 nm (e 20 300), 293 (20200); NMR (Me,SO-dg)
6 8.68 (s, 1 H, purine H), 8.55 (s, 1 H, purine H), 7.32 (s, 5 H, Ar),
5.48 (s, 2 H, CH,), 2.68 (s, 3 H, CH,).
6-(Dimethylamino)-9-(4-hydroxybenzyl)-9H-purine (66).
A mixture of 67 (3.15 g, 8.77 mmol), HOAc (200 mL), and 5%
Pd/C (0.6 g) was shaken in the presence of hydrogen at 2-3 atm
for 20 h. An additional 200 mg of catalyst was added, and the
reaction was shaken for an additional 60 h. The reaction mixture
was filtered through Celite, and the filtrate was spin evaporated
in vacuo. The residue was slurried with EtOH and reevaporated.
The crystalline solid was collected and washed with EtOH to give
1.83 g (77%) of 66, mp 215218 °C. Recrystallization from EtOAc
gave 1.44 g (61%) of analytically pure 66: mp 214-217 °C; NMR
(Me,S0-dg) 6 9.38 (br s, 1 H, OH), 8.22 (s, 1 H, purine H), 8.17
(s, 1 H, purine H), 7.17 (d, 2H, J = 8 Hz, Ar), 6.70 (d, 2 H, J =
8 Hz, Ar), 5.23 (s, 2 H, CHy), 3.43 (s, 6 H, N(CHjy),).
9-[4-(Benzyloxy)benzyl]-6-(dimethylamino)-9H -purine
(67). A solution of 4-(benzyloxy)benzaldehyde (10.61 g, 50.0
mmol), EtOH (100 mL), and NaBH, (1.00 g) was stirred at am-
bient temperature for 16 h. The dark solution was spin evaporated
in vacuo to give a solid residue that was dissolved in CH,Cl, (50
mL) and spin evaporated to dryness. This procedure was repeated

(28) Baker, B. R.; Schaub, R. E.; Joseph, J. P. J. Org. Chem. 1954,
19, 638.

(29) Montgomery, J. A.; Temple, C., Jr. In Synthetic Procedures
in Nucleic Acid Chemistry; Zorbach, W. W., Tipson, R. S.,
Eds.; Interscience: New York, 1968; Vol. 1, p 47.

(30) Neiman, Z.; Bergman, F. Isr. J. Chem. 1967, 5, 243.
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twice to give crude 4-(benzyloxy)benzy! alcohol. To an ice-
bath-cooled solution of this benzyl alcohol in CH,CL, (200 mL)
was added SOCl, (56 mL) dropwise. After 0.5 h, the reaction
solution was spin evaporated in vacuo. The residue was covered
twice with CH,Cl, and evaporated to give crude 4-(benzyloxy)-
benzyl chloride. A mixture of this benzyl chloride, 6-chloropurine
(7.72 g, 50.0 mmol), anhydrous K,COj3 (8.20 g, 59.3 mmol), and
DMTF (50 mL) was stirred at ambient temperature for 16 h. The
reaction mixture was poured over 200 g of crushed ice and ex-
tracted twice with dichloromethane (200, 100 mL). The combined
extracts were washed with H,0, filtered through glass wool, and
spin evaporated in vacuo. Ethanol was added to the residue, and
the mixture was spin evaporated at 90 °C. This procedure was
repeated several times to remove residual DMF. The mixture
was purified by the flash chromatography technique as described
in method B to give 4.00 g (22%) of 9-[4-(benzyloxy)benzyl]-6-
chloro-9H-purine, mp 121-125 °C, which was a single spot on TLC.
This 6-chloropurine was reacted with 40% aqueous Me,NH as
in method E to give 3.70 g (99%) of 67, mp 87-89 °C. Recrys-
tallization of a sample from cyclohexane—-EtOAc gave analytically
pure material in 63% yield and an unchanged melting point: UV
(0.1 N HC1 + 10% EtOH) A, 270 nm (e 21000); UV (pH 7 +
10% EtOH) A, 277 nm (e 21 000); NMR (Me,SO-dg) 6 8.18 (s,
2 H, purine H’s), 7.33 (s, 5 H, C¢H;), 7.27 (d, 2 H, J = 8.5 Hz,
Ar), 8.92 (d, 2 H, J = 8.5 Hz, Ar), 5.28 (s, 2 H, CH,N), 5.03 (s,
2 H, CH,0), 3.40 (s, 6 H, N(CHy),). ‘
6-(Dimethylamino)-9-(3-hydroxybenzyl)-9H-purine Hy-
drobromide (80). A solution of 81 (5.50 g, 15.3 mmol) in 30%
HBr in HOAc (50 mL) was stirred at ambient temperature for
30 min. The volatiles were removed by spin evaporation in vacuo.
The residue was recrystallized from EtOH to give 4.23 g (79%)
of 80, mp 260-262 °C. This impure solid was dissolved in 1 N
NaOH and extracted with CH,Cl,. The aqueous layer was ad-
justed to pH 7 with HOAc, and the white precipitate was collected.
Recrystallization from a dilute solution of 30% HBr in HOAc-
EtOH gave 2.75 g (51%) of analytically pure 80: mp 260-262 °C;
UV (pH 7 + 10% MeOH) A, 276.5 nm (e 21900); NMR
(Me,SO-dg) 6 10.45 (br s, 2 H, ArOH + HBr), 8.64 (s, 1 H, purine
H), 8.45 (s, 1 H, purine H), 7.2-6.6 (br m, 4 H, Ar), 5.42 (s, 2 H,
CH,), 3.58 (s, 6 H, N(CH,),).
5-Amino-4-chloro-6-[ (cyclohexylmethyl)amino]pyrimidine
(88). A mixture of 5-amino-4,6-dichloropyrimidine (7.00 g, 42.7
mmol), Et;N (4.34 g, 42.9 mmol), (cyclohexylmethyl)amine (4.84
g, 42.8 mmol), and 1-BuOH (70 mL) was heated at reflux with
stirring for 18 h. The cooled reaction was spin evaporated in vacuo
to a dark residue. The residue was dissolved in EtOAc and filtered
to remove the insoluble hydrochloride. The filtrate was evaporated
to give a solid that was dispersed in CCl, and collected. The
filtrate was diluted with hexane to give a second crop of crystals
for a total yield of 9.0 g (88%) of 88, mp 136-142 °C. Recrys-
tallization from MeOH-H,0 gave the analytical sample: mp
143-145 °C; UV (0.1 N HC1 + 10% EtOH) A, 306 nm (e 12000);
UV (0.1 N NaOH + 10% EtOH) A, 266 nm (e 9300), 292 (9100);
NMR (MeySO-dg) 8§ 7.70 (s, 1 H, pyrimidine H), 6.70 (br t, 1 H,
NH), 4.99 (br s, 2 H, NH,), 3.25 (t, 2 H, NCHj,), 1.9-0.9 (br, 11
H, CHH,;). Anal. (C;;H,;CIN,) C, H, N.
'6-Chloro-9-(cyclohexylmethyl)-9H-purine (89). This com-
pound was prepared from 88 and HC(OEt); by method D to give
5.09 g (77%) of 89: mp 75-76 °C; UV (pH 7 + 10% EtOH) A
266.5 nm (e 8600); NMR (Me,SO-d¢) 8 8.75 (s, 1 H, purine H),
8.68 (s, 1 H, purine H), 4.18 (d, 2 H, NCH,), 1.9-0.9 (br, 11 H,
C¢H,;). Anal. (C;,H;;CIN,) C, H, N.
5-Amino-4-chloro-6-(furfurylamino)pyrimidine (90). A
mixture of 5-amino-4,6-dichloropyrimidine (10.0 g, 61.0 mmol),
furfurylamine (8.00 g, 82.4 mmol), 1-BuOH (100 mL), and Et;N
(10 mL, 71.4 mmol) was refluxed with stirring for 21 h. The dark
solution was cooled and spin evaporated in vacuo. The residue
was dissolved in CH,Cl, (250 mL) and washed with water (3 X
50 mL). The solution was filtered through glass wool and spin
evaporated to dryness. The dark residue was recrystallized from
cyclohexane-EtOAc to give 7.50 g (54 %) of crude 90, mp 116-121
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°C. The analytical sample was prepared by purification of 1.88
g of crude 90 by flash chromatography as described in method
B. Evaporation of the appropriate fractions and recrystallization
from EtOH-cyclohexane gave 1.48 g (78%) of 90: mp 136-138
°C; NMR (Me,SO-dg) 6 7.78 (s, 1 H, pyrimidine H),-7.57 (d, 1 H,
J =2 Hz, OCH), 7.23 (t, 1 H, NH), 6.35 (m, 2 H, furan Hs), 5.07
g)r s, 2 H, NH,), 4.63 (d, 2 H, CH,). Anal. (C;H,CIN,O) C, H,
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benzyl bromide, 104-81-4; 4-methoxybenzy! bromide, 2748-25-0;
3-(trifluoromethyl) benzyl chloride, 402-23-3; 3-iodobenzyl bromide,
49617-83-6; 3,5-dichlorobenzyl bromide, 7778-01-0; (1R)-6-
chloro-9-(1-phenylethyl)-9H-purine, 112083-30-2; (1S)-6-chloro-
9-(1-phenylethyl)-9H-purine, 112089-31-3; 6-chloro-9-phenyl-9H-
purine, 5470-24-6; 6-chloro-9-(2-phenylethyl)-9H-purine, 16833-
25-3; 2-(bromomethyl)thiophene, 45438-73-1; N-methylcyclo-
pentanamine, 2439-56-7; trimethyleneimine, 503-29-7; cyclo-
propanamine, 765-30-0; 6-chloro-9-(4-nitrobenzyl)-9H-purine,
6952-15-4; 6-chloro-9-(4-cyanobenzyl)-9H-purine, 112089-32-4;
6-chloro-9-(2-chlorobenzyl)-9H-purine, 112089-33-5; 6-chloro-9-
(2-methylbenzyl)-9H-purine, 112089-34-6; 6-chloro-9-(2-meth-
oxybenzyl)-9H-purine, 112089-35-7; 6-chloro-9-(2-nitrobenzyl)-
9H-purine, 15813-53-3; 6-chloro-9-(4-nitrobenzyl)-9H-purine,
4230-26-6; 6-chloro-9-(4-cyanobenzyl)-9H-purine, 112089-36-8.



