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sulting clear solutionn evaporated under reduced pressure.
Crude 8 was obtained in about 909{ yield by trituration of the
residue with EO.

Part b.-~The approptate dihalogeno- ar dimetlnesulfonyloxy-
dimethanesulfontamidobutanes (5, 9a, 9b, or 10) (0.1 mol) was
dissolved in 106, NaOH (abont 4350 ml). After a few momernts
the biaziridiue started to separate. Washing with 11,0, EtO1H,
and 0 gave 75-U00; vf crude 8.

1,1-Di(p-toluenesulfonyl)-2,2'-biaziridines (17). Method J.- -
(Table II) Method I, Part b was followed using 16 ax starting
iterinl.  The vield of crude 17 was 60-70¢, .

1,4-Dihalogeno-2,3-dimethanesulfonamidobutanes (9a,b) by
Opening of the Biaziridines 8 with Halo Acids, Method K (Table
HI).—The biaziridine 8 was dizsolved in a large excess of the ap-
propiate haloacid (5 ¥ HClL or 3.¥ HBr). After a few nioments
the reaction product started to separate. Washing with 11,0,
EtOH, and Et;O gave 70-75¢( of crude 9a or 90-95¢7 of crude
9b, respectively. The physical properties were identical with
those of the compounds prepared as in method H.
1,4-Dihalogeno-2,3-di(p-toluenesulfonamido)butanes (18a and
18b). Method L (Table III).-—To a solutian of the biaziridine 17
(7.80 g) in MeCN (20 ml), the appropiate cancentrated haloacid
(20 ml) was rapidly added while ztirring. After a few maments
the reaciton product started to =eparate.  The mixtiure was
dilitted with H,O (20 ml) and kept in a refrigeratar far about 20
hr. Washing with HyO), 126OH, and 15t.0) gave 70-75¢ of erude
18a or 18b, respectively.
1,4-Dimethanesulfonyloxy-2,3-dimethanesulfonamidobutanes
(10) by Opening of the Biaziridines 8 with MeSO;H. Method M
(Table III).—To a solution vf the biaziridine 8 (4.8 g) in MeCN
(20 ml), a mixture of MeSO,IT (6.0 g) and H,O) (1.0 ml) wax
rapidly added while stirring.  After additional seirring far abaut
2 hr the solvent was removerl under rednced pressure. The
residite was washed with Et.0 and triturated with MeCN (10
ml) ta give abaitt 241 g af crude 10, The physical properties were

Semyerren, JiuNsan, Upiy, N HyNsen

tdentical with those of (lie campounds prepared as tu Methal [,

Attenipts to npen  the biaziridine (8,8)-17 with MeSO,11
using methiod M oresulted in (28,3S8)-1-acetamido-4-methane-
sulfonyloxy-2,3-di-( p-toluenesulfonamido)butane, mp 19:3.3-192°
MeCNY [al®p +66.0° (¢ 2, DMFL Anal. (CoyllaNata3)
1IN, = Caled (0 46.06; Tonnd: 4348,

3,4-Disubstituted-2,5-dimethanesulfonyl-1,2,5-thia-
diazolidine-1-oxides (13a,b, and ¢). Method N, Part a
(Table IV). --A niixture of 9a, 9b, nr 10 (0.01 wal), 3OCL 0
), pyridine® (5.0 mly, and CHCL (20 mil1 was refinxed fur 4 hr.
The resultiug sulmibin was evaparated under reduced pressire
anl the residite washed widt 11,0, EcOLL, and Fta) o give 85
050, al rrude 13a,b. ar ¢, respetively.

Part b.--Campound 11 was trested with SOCL as tn Part n
except that na CHCL and only a eatalytical amount of pyridine
was addel.  Thu yield of ernde 13a was about 45,

138,48)-3,4-Diaminotetrahydrofuran Dihydrobromide [(S,S)-
12.2HBr].--A =olution of 18b (2.8 g) in 48, HBr (30 ml) and
AcOH (30 mh) was refhuxed for ahant 48 hr, evaporated under
reduced pressure, and the residue tritnrated with Me.CO to give
0.7 g uf ernde (8.83-12-211Br. After recrystallization fram 1.0
IS0 HBr the material started mn deenmpases at ahaut 270°,
Pl 2o —200° 1 110 Anod, fCALLNO, 2 T1Br1 ¢, 11, Br. N
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110} When 9b or 10 was reacted, pyridine was replaced by pyridine
hyilrobromide 745 2) or pyridine methanesutfonic avid salt (50 o), respee-
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Struenitre—activity corvelations for a series of 9-n-alkyladenines (I1) and 9-(1-hydroxy-2-alkyl)adenines (I11)
a= inhibitors of adenosiite deaminase have shown a high dependence of inhibitory aetivity ou the hydrophobic

character (#) of the 9 substituent.

than the slope derived from compounds related to IL.

tional change in the enzyme.

that the meta isomers are correlated by an equation containing both a = and o ternt.
This variatiott in the binding regiots of adenosinie deaminase

could be found for the para-substituted isonters.

The slope of the equation derived from compounds related to III is greater
This increaze in slope for IIT may reflect a confornia-
A comparisont of some mela and para tzomers of 9-benzyladenines (I) reveals

However, no correlation

for the mete and para tsomers of I is alsa reflected i the dramatic difference in the ability of the pare and micta
isomers of 9-(bromoacetamidobenzylladeniies to cause irreversible iithibition of the enzyme.

In continuing our study*?* of the structure-activity
relationships in adenosine deaminase inhibitors we con-
sider in this report derivatives of 9-benzyvladenines (I).
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Division of Medical Sciences, Bethesda, Md.

(2) H..J. Schaeffer, and R. Vince, J. Med. Chem., 10, 689 (1967).

¢31 I1. 1. Schaeffer, and €. 1. Schwender, J. Fharp. Sei., BT, 1070 (1968).

In the present study a variety of substituents (X) have
been placed i1t the 3 and 4 position of the benzyl moiety
of I in order to assess their hydrophobie, electronie, and
sterie effects o inhibitory action.

In previous studies of the effect of substituents at-
tached to adenine, as in IT and III, a strong dependence
of inhibitory action on hydrophobic binding has been
established. The structure-activity relationship for
the derivatives* in Table I is defined in eq 1 and that
for the congeners® of Table II is contained in eq 2 and
3. The quality of the fit obtained with eq 1 and 2 as

Inhibitors Table I " r 8
—log (1/8)es =
0.462(£0.06)7 — 1.194(==0.15) S

0.992  0.078  11;

81 1T Sehaeffor, andd DL Vogel, S, Med, Chen,, 8, 507 (1947).
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Inhibitors Table II, R = CH; to R = CeHys
—log (1/8)o.5 =

0.932(%+0.21)r — 0.483(=0.41) 6 0.987 0.157 (2)
Iuhibitors Table II, R = C;H,; to R = CyH,,
—log (1/8)ss = 0.197 4+ 1.66 3 0.996 0.012 (3)

judged either by r or s is good to excellent so that we can
make comparisons of the two equations with some con-
fidence. Because of the different stereoelectronic char-
acter of the two parent molecules we cannot compare
intercepts, but we can compare the dependence of
inhibitory activity on hydrophobic character (r). The
difference of slope for the two equations is quite striking
and highlights the point previously made? that the
positioning of hydrophobic groups on this part of the
inhibitor molecule is quite eritical. The slope of essen-
tially 1 of eq 2 indicates that the part of the enzyme into
which these alkyl groups are fitting resembles the octa-
nol-water reference system which defines® x. This
dependence of biochemical activity on = is similar to
the highest found (~1.2) in investigation of many sys-
tems.® The apolar region in which binding character-
ized by eq 2 oceurs must be one of considerable fluid-
ity. The slope of approximately 0.5 for eq 1 is close to
that found for nonspecific binding by a wide variety of
small molecules to various macromolecules.” The
difference in slope of these two equations must result
from the different character of the area in which the R
groups find themselves.

To obtain evidence that the change in the slope of the
two equations was not caused by some unexpected intra-
molecular bonding in the inhibitors which could cause
a change in the partition coefficient of the compounds,
the 1-octanol—water partition coeflicients were measured
for three sets of compounds (Table I and IT). Caleula-
tion of the contribution of the CH; group to log P within
either series of compounds gave results which agreed
well with the expected 7 value of 0.50. Comparison of
series IIT with series II revealed a difference in log P
values near —0.66, the calculated value for CH,OH.
Because no unusual effects are observed in the partition
coefficients in this series of compounds, we suggest that
the difference in the slopes of eq 1 and 2 must be a result
of the difference in the interaction with the enzyme of
compounds of set II compared with compounds of set
II1.

Since the dimension of the hydrophobic region is the
same for compounds of sets IT and III, it is probable that
there is a single, large hydrophobic area on the enzyme
and that both sets of compounds form complexes with
this site. Previously we have compared,* for a series
of compounds generalized by structures II and III, the
changes in free energy resulting from the addition of a
single methylene group to the alkyl chain, and it was
found that in III when R is lengthened from ethyl to
propyl, the AF/CH, was —1.14 keal. The magnitude
of this change in free energy is clearly bevond simple
hydrophobic transfer forces and probably reflects a con-
formational change in the enzyme. We suggest that
the change in the slope of eq 1 and 2 from 0.45 to 0.93
supports the concept that compounds of general struc-
ture IT, where R = propyl through hexyl, induce a con-

(5) C. Hansch, and 8. M. Anderson, J. Org. Chem., 82, 2583 (1967).

(6) C. Hansch in "'Drug Design,”” Vol. I, E. J. Ariéns, Ed., Academic
Press, New York, N. Y. (in press).

(7) F. Helmer, K. Kiehs, and C. Hansch, Biochemistry, T, 2858 (1968).
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TasLe I

INHIBITION OF ADENOSINE DEAMINASE
BY SOME 9-ALKYLADENINES

Alkyl
—log (I1/8)o0.52 ™ group log P?
—0.86 0.50 Me
—0.79 1.00 Et
—0.52 1.50 Pr 0.74
—0.36 2.00 Bu 1.25
—-0.15 2.50 Pent 1.79
0.15 3.00 Hex
0.49 3.30 Hept
0.62 4.00 Oct

@ From ref 4. ®Log P values determined by Dennis Azaro
and H. J. Schaeffer using nv analysis in 1-OctOH-H,O system.

TaBLE IT

INHIBITION OF ADENOSINE DEAMINASE BY
Somt 9-(1-HYDROXY-2-ALKYL)ADENINES

Alkyl
—log (I/8)0.5% T group?° log P4
—0.08 0.50 Me
0.31 1.00 Et 0.14
1.15 1.50 Pr .
1.48 2.00 Bu 1.16
1.82 2.50 Pent
2.21 3.00 Hex
2.33 3.50 Hept
2.41 4.00 Oct
2.52 4.50 Non

@ From ref 3. * A break in activity oceurred starting with
the heptyl group. For this reason the heptyl, octyl, and nonyl
functions are not included in the derivation of eq 2. ¢ Alkyl
group is R in structure ITI. ¢ See Table I, footnote b.

formation change in the enzyme which makes the hy-
drophobic area more accessible to the alkyl residue.
Beginning with the heptyl group in set III, a dramatic
break in the activity occurs. Comparison of eq 2 and 3
shows the great drop in activity compared with = which
starts with the heptyl group. The eritical positioning
role of the OH can be seen from another viewpoint by
comparing inhibitors IV, V, and VI. Comparing IV
and V, we find greater activity in V, presumably be-
cause of better positioning of the methyl group. This
same anchoring by Me and OH yields the highly active
VI. The slope of the line determined by V and VI is
(4.7 —2.0)/(3 — 0) = 0.90, in good agreement with that

}l\d ;l\d }l\d
(|3Hz (|3H CGH,;—(EH
CH CH CH
HO” “cH,  cH? “HO cH? “NHO
D L erythro
v \Y VI
log 1{C 1.0 2.0 4.7
=(relative) 0 0 3.0

of eq 2. Thus it appears that Me and OH attached to
the 2 position of the adenine side chain cooperate to
position the inhibitor and enzyme so that an alkyl
moiety attached to the 1 position of the side chain (VI)
finds a more favorable binding pocket. Exactly how the
OH, the Me, and the alkyl group attached to the 1 posi-
tion of the side chain combine to permit the favorable
binding is not clear. It may be through positioning
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and/or the produetion of a favorable conformational
change in the enzyme.

Because of the quite different behavior of the 3 and 4
derivatives of I we have treated the two sets of isomers
independently.  Using the data in Table TIT, the meta

Tapre 111

INHIBITION OF ADENOSINE DBEAMINASE
ny Bomb D-(X-BENZYLIANENINES

—logz —log
11756 (1./%)0.5
X x? o ohsd caled

3-COOEL 0.49 0.37 0.69 0.51
3-NOs —0.28 0.71 0.H2¢ 1).66
3-CN —0.57 0.56 0.48 0.41
3-COOCII,¢ —0.01 0.37 0.44 0.36
3-CILBr 0.79 0. 167 0.32 0.37
3-N1IAc —0.97 0,21 —0. 16" —10.10
13! 0.00 0.0 —0.20f —0.206
3-CLLOIT —1.03 ), OR8¢ —0.27 —0.04
3-NH, —1.23 —0.16 — (). 48 —0.0H8
3-Ac —0. .58 0.61 0.23
4-N1IA¢ —0.97 .00 0.:32¢
4-COOCH;, —1.01 0.4> 0.08
4-CH;Br 0.79 0.12° —0.15
4-N11, —1.23 —0.06G —0.33/
4-ON —0.57 U.66 —0.45
4-N()y —0.28 0.78 —1).567
4-CIT,OH —1.03 0.08e —0.29)

* From the benzene svstem, T. Fujita, 1. Twasa, and C.
Hansch, J. Amer. Chem. Soc., 86, 5175 (1964). » Except where
indicated, these values are from H. 1. M¢Daniel and H. C.
Brown, J. Org. Chem., 23, 420 (195%). © Data from H. J.
Schaefter, and R. N. Johnson, J. Pharn. Sci., 55, 929 (1966).
@ Prepared by the method of B. IR. Baker, and H. 8. Sachdev,
ibid., 52, 933 (1963). ¢ From M. Charton, J. Org. Chem., 30,
532 (1965). £ H. J. Schaeffer, and 1. Odin, J. Med. Chem., 9,
376 (1966). 7 From (. B. Barlin, and 1), Perrin, Quart. Rev., 20,
75 (19066).

isomers are correlated in eq 4 and 5. Fquation 4 shows
that the meta isomers are only poorly correlated with
" I 8

—log (I/S).: =
0.421(==0.39)7 + 0.278(=£0.29) O

—log (1/8).5 = 0.296(0.17)r +
1.096(=0.43)0 — 0.030(=0.17) 9

0,687 0034 (4

0,963 0.132 (5

the single parameter =. Equation 5, employing both
7 and o, gives a good correlation for nine meta deriva-
tives. The 3-COCH; derivative is not included (see
Table III). Some special intermolecular activity of
this function causes unusually high aectivity when com-
pared to the other 3 isomers. The coeflicient with =
in eq 5 is closer to that in eq 1 than that in eq 2, indi-
cating that substituents in the meta position of the
benzyl moiety do not induce the more favorable bind-
ing site characterized by eq 2.

It i3 of interest to compare the unsubstituted benzyl-
adenine with the derivatives in set II. Thig can be
done by adding 2.13 (7 for C¢Hs) to 0.5 (7w for the NCH;
derivative) and substituting the value of 2.63 into eq
1. This yields a caleculated value of 0.01. The experi-
mental value is 0.20. This indicates that the aromatic
ring of the benzyl moiety finds itself in the same enzymic
environment as the alkyl groups of set II. The slightly
higher-than-caleculated value is probably due to the
greater polarizability of the benzene ring. This impor-
tance of electron deusity on the aromatie ring is evident

SCHARFFER, JouNsoN, Opix, axp Hansen

from a comparison of eq 4 and 5. Lilectron withdrawal
by substituents (indieatud by the positive cocfficient
With o) ereases setivity.

Part of the weight of the ¢ term may be associated
with = since the 7 constants used in this analvsis are
from the benzene system.®  However, this would seem
to be a very gmall portion in view of previous exper-
tenee.”

The substituent in the para position of the benzyl
group finds itself in o different enzymic milieu. All
attempts to obtaint good correlations with 4 isomers nf
Table ITT were unsuceessful.  Not ouly were 7 and o
constants explored in the regression studies, but the
steric parameters £, and molar volume, as well ax
polarizability were all tested alone and in all reasonable
combinations. The best correlation with an evuation
uging less than three variables was the linear relation
with the molar volume of the substituent; however, »
for this ease was ouly 0.716.  Extremely complex iuter-
molecular reactions between inhibitor and enzyme must
oceur in the area where the 4 substituent is positioned.
This great difference in binding areas between areas as
close as those foutd by a meta or para isomer have heen
previously noted.”

Experimental Section!®

Method A. 9- and 7-(m-Cyanobenzyl)-6-chloropurine.—A
mixture of 6.72 g (34.2 mmol) of m-cyatobenzyl bromide, 4.92 ¢
(31.9 mmol) of 6-chloropurine, and 4.72 g (34.2 mmol) of K,CO,
int 50 ml of DMF was stirred for 23 hr at room temperature. To
the cooled mixture was added 500 wl of H,O and the mixture
was kept at 0° for 1 hr. The solvent was decanted, and the
residue dissalved in 250 ml of CHCl;, dried with MgS8Q0,, and
filtered. Ivaporation of the filtrate in vacio gave 6.68 g (78.19),
mp 105-125°.  Addition of 500 ml of H,O to the DMF-H0O
decantate produced an additional 1.18 g of ernde material; total
vield, 7.86 g (91.8%7. A CHCls solution of the crnde material
wax chromatographed on a cohmnnn nf nentral alumina (210 g);
O-(m-cyanobenzyl)-ti-chloropurine was eluted with CHCl; (900
ml); yield, 4.60 g (13.77%); mp 153-154°. One recrystalliza-
tion (PhMe) gave 4.22 g (48.69) of pure material, mp 153-154°.
Anal. (CiHyCIN:) C, 11, Cl, N

7-(m~-Cyanobeuzyl-6-chloropurine was eluted with an addi-
tional 1.2 1. of CHCL; yield, 1.04 g (13.1%); mp 167-170°.
Two recrystallizations of the crirde material (PhMe) gave 790 mg
(6.88'7%) of the analytical material, mp 176-177°.  dnal. (Cu-
H:CINy) C, H, (1, 1.

Method B. 9-(:n-Cyanobenzyl)adenine.—-A mixture of 317
mg (1.14 mmol) of 9-(m-cyanobenzyl)-6-chloropuritte in ce. 14
ml of liquid NH; was heated in a steel bomb at 45° for 21 hr.
The volatile materials were evaporated at room temperature.
Two recrystallizations from MeOH gave 201 mg (72.6%) of the
analytical sample, mp 231-235°.  Anal. (CisHiwoNg) C, H, N.

9-(mm-Carboxybenzyl)adenine Hydrochloride.—4A solution of
250 mg (1.00 mmel) of 9-(m-cyanobenzyl)adenine in § ml of can-
ceuntrated HCl was heated under reflux for 21 hr. The pre-
cipitate was collected by filtration and dried at 100° to give 202
mg (66.29) of the analvtical sample, mp 299-300°. Andl.
(CisHuCIN:() C, H, Cl, N.

Method C. 9-(-Methoxycarbonylbenzyl)adenine.—A mix-
ture of 268 mg (0.875 mmal) of 9-Gn-carboxybenzyl)adenine
hvdrachloride in 15 ml of MeOH saturated with HCI was heated

i8) T. Fujita, J. Iwasa, and C. Hansch, J. Amee. Chem. Soc., 86, 5175
(1964).

(9) €. Hanseli, I, W, Deutsch, and R. N, Smith, .., 87, 2738 (10657.

(101 The melting points, unless noted otherwise, were taken in open
capillary tubes on a Mel-Temp block and are ancorrected. All analytical
samples had ir snecira compatihile with their assigned struetures and moved
as a single spot on tle on Brinkman silica gel. Wlere analyses are indicate:l
only by symbols of the elements, analytical results ohtained for thase
elements were within #0.4% of the theoretical values. The analyses were
pverformed by Gallyraith Microanalytical Laboratories, Knoxville, Tenn.
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nnder reflux for 22 hr. The white precipitate was collected by
filtration; yield, 280 mg (100%), mp 243-244.5° dec. The crude
produet was dissolved in 25 ml of H:O and filtered to remove
insoluble matertal. To the cold filtrate was added 10 ml of 5%,
aqueotts NaHCO; and the white precipitate was collected by
filtration: yield, 169 mg (68.6%); mp 198-199°. Two recrystal-
lizations from MeOH gave the analytical sample, mp 200-201°.
Anal. (C“HlstOz) C, H, N

9-(m-Ethoxycarbonylbenzyl)adenine.—This compound was
prepared by method C except EtOH saturated with HCl was
used, and the proditct was isolated as the HCI salt, mp 246—
247° (EtOH). Anal. (Ci:Hi6CIN;O,) C, H, Cl, N.

Method D. 4-Chloro-5-amino-6-(m-hydroxymethylbenzyl-
amino)pyrimidine.—A solution of 7.45 g (54.4 mmol) of m-
(hydroxymethyl)benzylamine, 9.85 g (60.0 mmol) of 4,6-dichloro-
5-aminopyrimidine, and 6.06 g (60.0 mmol) of (Et);N in 150 ml
of n-PrOH was heated under reflux for 23 hr. After the volatile
materials were removed in vacuo, the residue was triturated with
H,0 to give 13.7 g (95.29) of crude product, mp 145-149°,
Recrystallization from EtOAc gave 8.69 g (60.3%) of pure mate-
rial, mp 152-154°. Anal. (C:H,;CINO) C, H, Cl, N.

Method E. 9-{m-Hydroxymethylbenzyl)-6-chloropurine.—A
solution of 2.65 g (10.0 mmol) of 4-chloro-3-amino-6-(m-hydroxy-
methylbenzylamino)pyrimidine in 27 ml of triethyl ortho-
formate coutaining 22 mg (0.20 mmol) of EtSO;H was stirred
at room temperature for 112 hr. After evaporation of the vola-
tile materials #n vacuo, the residial oil was stirred at room
temperature with 30 ml of MeOH-C¢H,; (1:12) for 2 hr and the
solid collected by filtration; yield, 2.57 g (93.89,); mp 110-118°.
Recrystallization of the crude material from MeOH gave 1.82 g
(66.29%) of material, mp 124-125°. Anal. (C:H,,CIN,O)
C,H, CI, N.

9-(m-Hydroxymethylbenzyl )adenine.—Prepared by method B
from 9-(m-hydroxymethylbenzyl)-6-chloropurine: yield, 71%;
mp 219-220° (MeOH). Anal. (CH,3N;0) C, H, N.

Method F. 9-(m-Bromomethylbenzyl)adenine.—Dry HBr
was bubbled into a cold suspension of 511 mg (2.00 mmol) of
9-(m-hydroxymethylbenzyl)adenine in 25 ml of anhydrous
MeOH over a period of 30 min. Evaporation of the clear
solution n vacuo gave a thick oil. Addition of 5 ml of H:O to
the oil, followed by addition of 25 ml of 59, NaHCO; gave 601
mg (94.49%) of crude material. Recrystallization from MeOH
gave 357 mg (55.8% of pure material which softens with decom-
position at ca. 250°. Anal. (CsH.:BrN;) C, H, Br, N.

m-~(a-Ethylenedioxoethy!)toluene.—A mixture of 23.8 g (17.8
mmol) of m-methylacetophenone in 200 ml of CsHe, 20 ml of
ethylene glycol, and 133 mg (0.638 mmol) of p-toluenesulfonic
acid was heated under reflux for 19 hr, and the H,O formed col-
lected in a Dean—Stark trap. The cooled C¢Hs solution was
washed with 59, aqueous Na,CO; (2 X 50 ml), then with HO
(2 X 50 ml). The organic phase was dried (MgSO,), filtered,
and the filtrate evaporated in vacuo to give 30.5 g (96.59%) of
crude product. Fractional distillation of the product gave 17.4 g
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(70.6%,) of analytically pure material, bp 98-98.5° (7.5 mm).
Anal, (C,H,0:)C, H.

9-(m-a-Ethylenedioxoethylbenzyl)-6-chloropurine.—To a mix-
ture of 21.8 g (123 mmol) of N-bromosuccimide and 528 mg
(2.18 mmol) of benzoyl peroxide in 25 ml of CCl, was added
dropwise 17.8 g (100 mmol) of m-(a-ethylenedioxoethyl)toluene
in 200 ml of CCl;. Upon heating, a vigorous exothermic reaction
took place. After the reaction had subsided, the reaction mixture
was heated under reflux for 0.5 hr. The mixture was filtered
and the filtrate evaporated in vacuo to give 34.4 g of crude m-
(a-ethylenedioxoethyl )benzyl bromide which was used with 6-
chloropurine in a modification of method A: yield, 639%; mp
138-140° (toluene-hexane). Anal. (C,H;;CIN,O,)C, H, C], N.

9-(m-Acetylbenzyl)adenine Hydrochloride.—9-(m-a-Ethylene-
dioxoethylbenzyl)-6-chloropurine was used in a modification of
method B. The crude adenine derivative was heated with 1 ¥
HCl for 1 hr, cooled, and the product was collected by filtration.
One recrystallization from H.,O gave the analytical product,
mp 245-247°. Anal. (CiHuCIN;O) C, H, C], N.

6-Chloro-9- and 7-(p-cyanobenzyl)purines.—These componnds
were prepared from 6-chloropurine and p-cyanobenzyl bromide
by a modification of method A: yield of the 9 isomer, 509, mp
200-201° (MeOH). Anal. (CHsCINs) C, H, Cl, N. Yield of
the 7 isomer, 139, mp 197-199° (MeOH). Anal. (CliHsCIN;)
C, H, C], N.

9-(p-Cyanobenzyl)adenine was prepared from 6-chloro-9-(p-
cyanobenzylpurine by method B: yield, 67%,; mp 235-257°
(@-PrOH). Anal. (Ci3H,00s) C, H, N.

4-Chloro-5-amino-6-(p-hydroxymethylbenzylamino )pyrimidine
was prepared from §-amino-4,6-dichloropyrimidine and p-hy-
droxymethylbenzylamine - HCI'! by a modification of method D:
vield, 799%; mp 211-212° dec (H;0). Anal. (C,,Hi:CIN,O) C,
H, Ci, N.

6-Chloro-9-(p-hydroxymethylbenzyl)purine was prepared by
method E: yield, 599,; mp 142-143° (H;0). Anal. (CHu-
CIN,O) C, H, CI, N.

9-(p-Hydroxymethylbenzyl)adenine was prepared by method B
from 6-chloro-9-(p-hydroxyvmethylbenzyl)purine: yield, 669%;
mp 248-230° dec (H)0). A4nal. (CisHisN;O) C, H, N.

9-(p-Bromomethylbenzyl)adenine hydrobromide was prepared
by a modification of method F from 9-(p-hydroxymethylbenzyl)-
adenine: yield, 37%; mp 247-249° dec (MeOH). Anal. (Cis-
H.:Br:N;) C, H, Br, N.

Reagents and Assay Procedures.—Adetosiie deaminase (Type
I, calf intestinal mneosa) was purchased from the Sigma Chemical
Co. The assay procedure for the study of reversible iuthibitors
has previonsly been described® and is a modification of the pro-
cedure of Kaplan!? based on the work of Kalckar,?
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(12) N. O. Kaplan, Methods Enzymol., 2, 473 (1955).
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