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9-(0- and p-bromoacetamidobenz?-l)adeiiineJ irreversibly inactivated calf intestinal mucosa adenosine deanii- 
nase rapidly, whereas the corresponding meta isomer irreversibly inactivated the enzyme very slowly. In order 
to study the effect of stractiire on the reversible and irreversible inhibition of adenosine deaminase, a variety of 
6-sitbstituted purines were synthesized that were sitbstitiited at the 9 position by a phenethyl, a @-hydroxy- 
phenethyl, or a meta-subst,itttted pheriethyl group. The phenethyl derivatives were generally weaker reversible 
inhibitors than the corresponding benzyl analogs. However, 9-(m-bromoacetamidophenethy1)adeniiie (24) 
was found to cause a rapid irreversible inactivat,ion of adenosine deaminase. Evidence is presentled that t,he 
irreversible inactivation of adenosine deaminase by 24 is not a random bimolecltlar proceqs bitt' prweeds by a 
first-order reaction ( k 2 )  in aii initial reversible enzyme-inhibitor complex. .4 kinetic analysis of the irreversible 
iriactivatioii by 24 of this enzyme revealed that the ICi of 24 = 72 X JI and that the apparent, fkjt-order 
rate constant (k , )  for the alkylation of the enzyme is 28 X mi1i-l. 

Several recent publications have suggested that 
adenosine deaminase has a hydrophobic region and a 
hydroxyl binding site that are involved when certain 
inhibitors bind to this enzyme.283 In an attempt to 
prepare compounds which could bind to the hydro- 
phobic region or to both the hydrophobic and hydroxyl 
binding regions, we decided to  prepare some 9-phen- 
ethyl-, 9-(wnitrophenethyl)-, and g-(p-hydroxyphen- 
ethyl)&substituted purines and evaluate them as in- 
hibitors of adenosine deaminase. Furthermore, it 
has been reported previously, that g-(in-bromoacet- 
amidobenzy1)adenine mas an irreversible inhibitor of 
adenosine deaminase but the rate of irreversible in- 
activation was very low when compared with the rates 
of irreversible inactivation of this enzyme by 9-(0- 
or p-bromoacetamidobenzyI)adenines.* Therefore, we 
were interested in the preparation of some 9-(?neta- 
substituted phenethy1)-6-substituted purines and in 
particular 9-(iiz-bronioacetamidophenethyl)adenine t o  
determine if the longer chain length would allow the 
compound to bridge more easily to a nucleophilic site 
on the enzyme with the result that the irreversible 
inhibition of adenosine deaminase mould occur at  a 
much higher rate of reaction. This paper describes 
the synthesis and biological evaluation of this series of 
compounds (Table I). 

Chemistry.-The synthesis of these compounds was 
accomplished by modification of procedures which have 
Ireviously been employed for the preparation of some 
9 -substituted- 6 -substituted purines.jS6 Thus, con- 
derisation of 6-chloropurine (1) with 2-bromoethyl- 
bcnzcne (2) in the presence of triethylamine gave a 
mixture of 9-phenethyl-6-chloropurine (3) and 7- 
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Cancer Society. hy a Pulllie fiealth Bervire research grant (5-ROl-G>I- 
09775-05), by a research career program award (5-K3-C\-18718-05) from 
the Kational Canrer Inntitlite, anti a traininr prant 16-T1-C.31-55-05) 
froin the  l ) iv i* io i i  < > f  h l ~ d i c u l  Srien,.?.;, IT. S. I 'u l>i iv  Ilriiltli Services, I<e- 
theuda. .\Id. 

(2) H. J. dchaetrer and L). Vogel, J .  .Wed. Chem., 8, 507 (1965). 
(3) H. J. Schaeffer, D. Vogel, and R. Vince, i b i d . ,  8, 502 (1965). 
(4) If. ,J. Sciineffer, h l .  .I. Schwartz, arid E. Odin. J .  .Wed. Chem..  10, 

088 ( 1 V t i i ) .  
( 5 )  J. A. Montgomery and C. Temple,  Jr., J .  An. Chen. Soc., 83, 630 

(1961). 
( 6 )  C. Tctnl>le, Jr . .  C. L. liusaner, and d .  .A. \ Iontgouicry,  J .  ) l e d .  Pharrn .  

Chem. .  6,866 (1862). 
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phenethyl-6-chloropurine (4) (Chart I). Treatment 
of 3 with methanolic ammonia at  83" for 19 hr gave 
9-(2-phenethyl)adenine (5). 

The synthesis of the 9-(p-hydroxyphenethyl)puriiies 
wa5 accomplished as outlined in Chart 11. 3-,4mino- 
~,fi-dichlorop?rrimidiiie (6) on condensation with a- 
(aminomethy1)beiizyl alcohol (7) gave the desired 
pyrimidine (8) which on reaction with triethyl ortho- 
formate and hydrochloric acid formed 9-(p-hydroxy- 
phenethy1)-6-chloropurine (9). The 6-substituted 
derivatives (10-14) were prepared by allowing 9 t o  
react with ammonia, methylamine, dimethylamiuc, 
aqueous formic acid, and thiourea. 

E'inally, the 9-(metu-substituted phenethy1)purines 
were prepared by the condensation of 6 with 2 - ( ~ -  
tiitropheiiyl)eth?.lamirie (15) which resulted in the 
formation of 16. Treatment of 16 with triethyl ortho- 
form:itc :MI HCI gave 17 which waq converted into 
18-22 iii the usual maiiiier. Catalytic hjdrugenation 
of 9-(Iwnitrophenethyl)adenine (18) with Pd-C 
gave 23 in good yield. When 23 was allowed to react 
with hromoacetic :inliydridr, :Icetic :diydride,  or 
phenyl chloroformate, the corresponding acylated 
derivatives (24-26) were obtained in moderate yields 
(Chart 111). 
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Experimental Section' 
9- and 7-(Phenethyl)-6-~hloropurines 13 and 4).--4 solntioii o f  

?.:;I g ( I,;.(l mmciles) of 1 ,  3.10 g (16.7 rnmoles) of 2, a i d  1.68 g 
(16.6 nimoles) of triethylamiiie i t i  .iO nil of  I ) > [  F was  stirred at 
i'oom temperrttiire fur  98 hi. The rebiilliilg niixliire \VRS filtered, 
i i i i d  the filtrate was evaporated in I ' U C I I O  to give :t semisolid. A 
CHCI3 wliitioii of the critde material was chromatographed on a 
c.oliimri of  r i r i i t i d  aliirniiin (61 .O g ) ,  : t i i d  3 was eliited with CHCI:, 
123) ml i, 
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hftei, the 0 isoriicr hac1 tieeii i,emovecf from the ( Y ) ~ I I I I I I I ,  4 ~v i i -  
eliited fi~om the n1iimiii:i c*oliirnii with 200 1111 of >('( 3IoOIl- 
< ~ I l < ~ I : j ,  After rer1i~JVd of the Yolvcrit in @uriio, 71!1 riig (IS.:(', I 

of the crude 4 was ohtairied: nip 130-152°. 
Preparation of 5, 10-12, 18-20.--;1 mix- 

i lire of  0.500-1 .OO mmole of S-(siibstitiit,ed pheriethyl)-6-c.hloro- 
pwiiie i11 20:; l I e O l l  -N1I3, 4 0 5  aytieoua IiiethSlamitie-~t 0 ~ 1  
( 2 :  I), (11' 257; ayiieow di~iiethylamiiieEtOH ( 2 :  1 )  mas heated i i i  

a stainless steel bomb at 31-92" for 19-25 hr. The mixture 
was evaporated in m c u o  to give 5, 10, 11, 12, and 19. 111 
the rase of 18 a i d  20, the wlid which prec4pitated from the wac- 
t ion inistiire w i s  i~)llec~trd by filtratioii. of 10, liqiiiti 

f 1.; mi) was ernploycd iii place of ~reOrI-XIl~l .  
Preparation of 8 and 16.- A ,*oliiTioii of 

2O.O-IXjX ninio1cs o f  6,  2S..i-:i(i.B mniole~ of 7 C I ~  15, :~ i id  22.0- 37,s 

General Method 1. 

111 the 

General Method 2. 
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mmoles of triethylamine in 70-125 ml of 1-propanol was heated 
under reflux for 21-22 hr. Evaporation of the volatile materials 
in vacuo followed by trit'uration of the residue with water gave 
crude 8 and 16, respectively. 

Preparation of 13 and 21.-A solution of 
0.660-0.750 mmole of the chloropurine in 10 ml of 88y0 aqueous 
formic acid w-as heated under reflux for 20 min. Evaporation 
of the volatile materials in uacuo gave crude 13 and 21, respec- 
t ively . 

Preparation of 14 and 22.-A mixture of 
0.660-0.750 mmole of the 9-(substituted phenethyl)-6-chloro- 
purine and 0.660-0.840 mmole of thiourea in 4-5 ml of 1-propanol 
was heated under refliix for 0.75-1 hr. The mixture was cooled, 
and the product was collected by filtration to give 1 4  and 22, 
respec tivelj-. 

4-Chloro-5-amino-6-( p-hydroxyphenethy1amino)pyrimidine 
(8).-A solution of 3.28 g (20.0 mmoles) of 6,3.91 g (28.5 mmoles) 
of 7, and 2.23 g (22.0 mmoles) of triethylamine in 70 ml of 1- 
propanol was heated under reflux for 21 hr. Evaporation of the 
volatile materials in vacuo followed by tritiiration of the residual 
oil with 1120 prodiiced 5.36 g of crude solid, mp 167-170". Re- 
crystallization of the crude product from EtOH gave 4.43 g 
(83.6(,;) of the analytical sample: mp liO-172°; Amnr [in mp 

EtOH) 289 (0.975) and 262 (0.933), (0.1 a\ NaOH-l0% EtOH) 
2X!) (0.945) and 262 (0.902): v [in cm-1) (KBr) 3400 (OH), 32.70, 
3100, aiid 1690 (XH),  1370 and 1350 (sh) (C=X and C=C). 

9-( p-Hydroxyphenethyl)-6-chloropurine (9).-To a suspension 
of 3.94 g (14.9 mmoleu) of 8 in 100 ml of triethyl orthoformate was 
added 1.37 ml (16.4 mmoles) of concentrated HC1. After stirring 
the mixtiire for 48 hr, the volatile materials were evaporated 
in z'acuo. Recrystallization of the residue from benzene-hexane 
gave 728 mg of pure product, mp  141-142'. The filtrate was 
evaporated in uucuo, and the residlie was dissolved in CHCL and 
chromat,ographed on a coliimn of neutral alumina (1.70.0 g). 
The contaminating mat,erials were eluted with CHCh (1 1.); 
9 was eliited with CHCh containing 3%, MeOH (400 ml). 

p-vi-Nitrophenethylamine Hydrochloride (15).-To a mixture 
of 4.8.5 g (30.0 mmoles) of m-nitrobenzyl cyanide and 2.27 g (60.0 
mmoles) of NaRHa in 100 ml of cold redistilled diglyme was 
added 12.iLj ml (80.0 mmoles) of BFI.O(CIHj):, over a period of 
:3.j min. The reaction mixture was stirred at, room temperature 
for 1.5 hr before the excess B2H6 was destroyed. Bfter filtration, 
dry HC1 was bubbled into the soliition to prodiice the HC1 salt. 
The volat,ile materials were removed in vacuo, and the residue was 
dissolved in 50 ml of H20 .  The pH of this solution was adjusted 
to 13 with 10co aqueous NaOH. The amine was extracted with 
CHClr (three 50-ml portions), and the ext,ract was dried (JIgSOd). 
Addition of dry HC1 to  the extract produced 4.8 g (79%) of the 
product, mp 197-206'. Two recrystallizations of the crude 
material from absolute EtOH gave the analytical sample:8 yield 
1.66 g ( 2 7 . 2 5 ) ;  mp 209-2111'; A,,, [in mp ( e  x (pH 1) 
268 (7.34), (pH 7)  269 (7.08), (pH 13) 272 (7.00); v (in cm-l) 
(KBr) 2950 and 1600 (SH,+),  1530 and 1350 (NO?). Anal. 

4-Chloro-5-amino-6-( p-nitrophenethy1amino)pyrimidine (16) 
was prepared in the same manner as 8. Recrystallization of the 
critde product from bIeOH gave 7.62 g (71.8yG) of pure material: 
mp 174-175'; A,,, [in m p  ( e  X l O - 4 ) ]  (0.1 S HC14% EtOH) 
282 (1.46), (H20-4% EtOH) 267 (1.50), (0.1 S NaOH-4% 
EtOH) 267 (1.50); Y (in cm-l) (KBr) 3500, 3400, 3290, and 1630 
( S H ) ,  1.580 (C=N and C=C), 1520 and 1340 ( S O ? ) .  Anal. 

9-(m-Nitrophenethyl)-6-chloropurine (17).-To a suspension 
of 7.18 g (24.4 mmoles) of 16 in 130 ml of triethyl orthoformate 
was added 2.24 nil (27.9 mmoleb) of concentrated HC1 over it 

period of 5 miri. This mixture was stirred at  room temperature 
for 162 hr. The precipitated product was collected by filtration; 
yield 6.90 g (93.45,) ,  mp 210-212". 

9-( p-vi-Aminophenethy1)adenine (23).-A solution of 284 mg 
(1.00 mmole) of 18 in  50 ml of HOAc containing 66 mg of 57G 
Pd-C was hydrogenated for 1 hr a t  ail initial pressure of 4.2 
kg/cm2. The catalyst was removed by filtration through a Celite 
pad, and the filtrate was evaporated I'n ~ " Y U O .  The crude product 

General Method 3. 

General Method 4. 

( e  X (0.1 -\ HCl-107; EtOH) 302 (l .29),  (HpO-lOC,; 

.-lnai. ( c l2 r i1 :x ix4o)  C, H, ci ,  N. 

(CsHiiClN202) C, H, N. 

(C12H,,Cl?;jO?) C, H, C1, X. 

(8) J. 11. Gulland. R. 1). l laworth,  C. J. Virden, and K. I<. Callow, J .  
Chem. S o c . ,  1666 (1929), prepared this c o m w u n d  Iiy a different procedure 
an(1 reported mi, 2Oi-209'. 

was dissolved in 10 ml of 1 9  HCl aiid filtered, and the filtrate 
was adjusted t,o pH 13 with 1 S NaOH. The precipitated solid 
was collect,ed by filtrat,ion to give 23. 
9-(p-m-Bromoacetamidophenethyl)adenine Oxalate (24).- 

To a cold solution of 169 mg (0.659 mmole) of 23 in 5 ml of T H F  
and 0.6 ml of 10% aqueous HOAc was added dropwise 256 mg 
(0.983 mmole) of bromoacetic anhydride in 1 ml of THF.  After 
stirring the solution at  0" for 30 min, 20 ml of 5yG aqueous 
NaHC03 was added portionwise. The off-white precipitate 
was collected by filtration and dried in vacuo at room temperature 
to give 131 mg (61.257) of material. The precipitated material 
was dissolved in 10 ml of T H F  and filtered, and 2.3 ml of 1 .II 
oxalic acid in T H F  was added to t,he chilled filtrate. The white 
precipitate (24) was collected by filtrat'ion. 

9-( p-mAcetamidophenethy1)adenine (25).-To a cold solu- 
tion of 254 mg (1.00 mmole) of 23 in 0.50 mi of HOAc and 5.0 ml 
of T H F  was added 158 mg (134  mmoles) of O(Ac), in 2.0 ml of 
THF.  The solution was stirred at 0" for 0.5 hr and the precipi- 
tate was collected by filtrat,ion to give 25. 

9-( p-m-Phenoxycarbonylaminophenethy1)adenine Oxalate 
(26).-To a solution of 103 mg (0.403 mmole) of 23 ill 20 nil of 
p-dioxane was added 72.9 mg ((J.720 mmole) of triethylamine 
followed by 86.3 mg (0.35'2 mmole) of phenyl chloroformate. 
The mixture was stirred a t  room temperature for 1 hr and filt'ered, 
aiid the filtrate was concentrated to ca. 2 ml. To the chilled 
filtrate was added 15 ml of H20, and the crude product was 
collected by centrifligation. Precipitation of the crude material 
in 11eOH R-ith H 2 0  gave 64.0 mg (42.3%) of material. Oxalic 
acid ( 2  ml of 1 X in THF)  was added to a chilled solution of the 
precipit,ated makrial  in THF.  The precipitate was collected by 
centrifugation to give 26. 

Reagents and Assay Procedure.-Adenosine deaminase (Type 
I, calf intestinal mucosa) was purchased from the Sigma Chem- 
ical Co. The assay procedure for the reversible inhibitors has 
been described previously and is a modification of the procedure 
of Kaplang based on t>he work of Kalckar.lo The method used to 
study the irreversible inactivation of adenosine deaminase at  37" 
has been described earlier'," and is a modification of a published 
procediire.'* Since 24 was isolated and purified as it's oxalate 
salt, it was necessary t,o determine that oxalic acid w-as not the 
active agent which caused the irreversible inactivation of adeno- 
sine deaminase. When oxalic acid was incubated with adenosine 
deaminase at  37") it was found that oxalic acid did not cause an 
irreversible inactivation of this enzyme. 

Chemical Reactivity of Iodoacetamide and 24.-These experi- 
ments were performed by a modification of the procedures de- 
scribed in t,he l i terat~ire", '~ except that  DMSO was employed iii 
place of 2-methoxyethanol. 

Results and Discussion 

When this series of compounds was evaluated as re- 
versible inhibitors of adenosine deaminase, it was 
found that those compounds with a 6-chloro, 6-di- 
methylamino, 6-hydroxy, or G-mercapto group were 
essentially noninhibitory when tested a t  0.12 m X  
concentrations. The 6-methylamino derivatives (11 
and 19) are very weakly inhibitory but even those 
compounds with a 6-amino group are weaker reversible 
inhibitors of this enzyme than is 9-benzyladenine 
whose ([I]/[S]), = 1.5 (see Table 11). The weaker 
reversible inhibition of these 9-substituted adenines 
relative to 9-berizyladeriine suggests that the hydro- 
phobic region on adenosine deaminase has limited bulk 
tolerance for the phenyl group attached to C-2 of the 
ethyl chain. Furthermore, since 10 is a weaker in- 
hibitor of this enzyme than is 5, it is clear that it is not 

(9) N. 0. Kaplan, M e t h o d s  Eniymol., 2, 473 (1955). 
(10) H. 31. Kalckar, J .  Biol. Chem.,  167, 461 (1947). 
(11) H. J. Schaeffer and E. Odin, J .  .\fed. Chem. .  9, 576 (1966). 
112) 13. R .  I'mker, Biurhem.  f'hnrmacol.. 11, 1155 (1962). 
(13)ia) J .  Evstein, R.  I\-. Itosentlial. and R. J. Em. Anal. Chem., 27, 

1435 (195.5): (I,) T. J. I3ardos, X. Datta-Gupta, P. Hebborn, and D. J. 
Triggle, . I .  M e d .  C h e m . ,  8 ,  16T (1965); ( c )  13. R. Baker and J. 11. Jordaan, 
J .  HelerucUclic  C i ~ n . ,  2, 21 (1965). 
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Figure 2.-Half-life periods for the irrever Able inactivation of 
:tdeiiosiiie by 9-(m-bromoacetamidophenethyljaderiiiie: 0, 0.015 
n d T ;  A, 0.015 mM; 0, 0.050 mJ1. 

is a residual enzyme activity of 2OY0.l5 The observa- 
tion of residual activity in the alkylated enzyme has a 
bearing on the mechanism of inhibition. One could 
argue that the formation of a covalent bond between 
the inhibitor and the enzyme would cause a conforma- 
tional change in the enzyme with the result that there 
no longer exists an attaction of the substrate to the 
active site of the enzyme. However, at  the present 
time, we believe that our results are better rationalized 
in the follotving way. In the initial reversible enzyme- 
inhibitor complex, a covalent bond is formed between 
the inhibitor and the enzyme. In  the case where the 
enzyme has been alkylated by 28 or 29, the adenine 
moiety of the inhibitor is either juxtapositioned over 
the active site of the enzyme or the adenine moiety 
still forms a reversible complex with the active site. 
In  either cabe, for steric reasons the substrate can no 
longer approach the active site of the enzyme. Hom- 
ever, when adenosine deaminase has been irreversibly 
inactivated by 24, the additional CHz group in the 
9 substituent of the inhibitor doe3 not allow the 
adenine moietj- t o  be ideally juxtapositioned over the 
active site of the enzyme. Therefore, there remains a 
residual enzyme activity of 20%. 

In order to evaluate the half-life period for the 
irreversible inactivation of adenosine deaminase by 24, 
the velocity of the enzymic reaction at  infinite time 
was subtracted from the observed velocity of the en- 
zymic reactions for the variouq timed intervals. These 
data were replotted as shown in Figure 2 arid give a 
reasonably linear relationship from which the half-life 
period was evaluated. The apparent first-order rate 
constants (kobs(j) for the irreversible inactivation of 
this enzyme were calculated from the half-life periods, 
and a complete listing of these data are given in Table 

(1 5 )  Other in\ estiyators ha\ e oliserved residual ena\me activity upon 
lation See, for example, \V. E. Lanson and H. J. Sohramm, 

t r y ,  2, 252 (1Y63), and I'. J. E;&dy, J. leder ,  and AI. L. Bender, 
J .  dm.  Chem S o c  89, 1009 (1967). 
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Figure 3.-Plot of ~/?GM for irreversible iiiactivatioii of 
adenosine deamiiiaie us. 1/[1] : A, O-(o-bromoacetamidobeiisy1)- 
adeniiie; E, Y-(m-bromoacetamidopheiiethyl)adenilie; 0, 9- 
(p-bromoace tamidobeiizy1)adenine. 
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Figlire 4.-Comparative chemical reactivity of some alkylating 
agent5 with 4-(p-riitrobenzyl)pyrid1ne: 0, Y-(m-bromoacetamido- 
phenethy1)adenine (0.133 mJ1); 0, iodoacetamide (0 133 m.21). 

111. Finally, a plot of 1/li,bsd us. 1/[I] for 24 is shown 
in Figure 3.  By regression analysis, it was found that 
for 24 the slope of the line was 2.54 and the intercept 
on the l/liobs(i axis was 3.52. A t test on the intercept 
was significant at better than 95yo level. For com- 
parison, a plot of some related data for 28 and 29 is 
included on Figure 3. From these data it can be calcu- 
lated that for 24 the K ,  = 7 2  X 10-b -11 and l i ~  = 
2s X lop2 min-1. We have previously reported that 
for 28 the Ki = 43 X 10-b Jf and l i 2  = 7.7 X lo-' 
min-' and for 29 the K ,  = 1.4 x 10-b Jf and kz = 
1.1 X min-'. It is clear that the alkylation 
reaction ( k 2 )  between 24 arid the enzyme is 25 times 
faster than in the case of 29 arid the enzyme and ap- 

m.V concn 
of 24 

0.100 
0,080 
0.060 
0.050 
0.040 
0.030 
0.015 

a lZobsd is in min-1. 

kobsda x io3 

35.8 
2 6 . 6  
22 .0  
1 7 . 3  
13.8 
11 .1  
5 . 7 3  




