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remaining portion was pipetted into a new tube, and the process 
was repeated, with samples being taken a t  the intervals shown 
in Table 111. 

The samples so obtained were analyzed by HPLC using 10-pL 
injections, with peak areas or peak heights being used to obtain 
the ratios. 

Determination of the Solubilities of Compounds 5a-d. The 
indicated amount (Table 11) for each drug, 5a-d, was mixed with 
1 mL of phosphate-buffered saline (9.195 g of sodium dihydrogen 
phosphate hydrate, 5.20 g of sodium chloride in 1 L water, adjusted 
to pH 7.3) and agitated a t  37 "C (Eppendorf Model 5432 mixer 
and Model 5320 thermostat). At the specified times, the samples 
were centrifuged at 14 OOO f 500 rpm for 5 min, and 25-pL samples 
were taken, diluted with 0.975 mL of HPLC mobile phase, and 
assayed by HPLC against known standard concentrations of the 
drugs. The results are tabulated in Table 11. 
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Structural analogues of erythro-9-(2-hydroxy-3-nonyl)adenine (EHNA), in which the adenine moiety of the molecule 
was modified, were prepared in order to investigate the structural requirement of EHNA as an inhibitor of adenosine 
deaminase (ADA). Thus, 1- and 3-deaza-EHNA and their 6-deamino analogues were synthesized and evaluated 
as inhibitors of ADA from calf intestine. Inhibition studies indicated that isosteric substitution of pyrimidine nitrogens 
by carbons could be tolerated at the enzymatic binding site. In fact, 3-deaza-EHNA was found to have an inhibitory 
activity comparable to EHNA itself, and 1-deaza-EHNA, though less potent, is a good inhibitor. The 6-amino group 
gives an important contribution to the enzymatic binding if the N' nitrogen is also present, conferring on the compound 
the characteristic of a semitight inhibitor. 

The ubiquitous enzyme adenosine demainase (ADA) 
catalyzes the hydrolytic N6-deamination of adenine nu- 
cleoside analogues of chemotherapeutic interest to inactive 
or considerably less active hypoxanthine derivative5.l It 
was demonstrated that ADA inhibitors are able to enhance 
the cytotoxic activity of a variety of adenosine analgoues, 
such adenosine arabinoside (ara- A), 8-azaadenosine1 and 
formycin.2 Among these ADA inhibitors, p e n t ~ s t a t i n ~ , ~  
and coformycin,6 two naturally occurring nucleoside an- 
tibiotics, are extremely potent (Ki = 1O-I' to M).6p7 
Interest has been generated in tight-binding inhibitors of 
ADA because, in addition to potentiating the effect on 
nucleoside-type antitumor or antiviral agents, they may 
induce cellular deficiency of ADA and allow one to study 
of the effect of genetic deficiency of the enzyme and to 
clarify its function in severe combined immunodeficiency 
syndrome.8 Among the synthetic compounds, the most 
active inhibitor is the erythro-9-(2-hydroxy-3-nonyl)- 
adenine (EHNA, 1): which has been classified as a sem- 
itight-binding inhibitor with a Ki = 1.6 X M.7 As a 
result of the much faster reactivation of inhibited ADA 
observed in the case of inhibition by EHNA than that by 
pentostatin and coformycin, EHNA is advocated as a 
possible inhibitor of choice for use in viral chemotherapy.1° 

The tight binding of EHNA and of a previous series of 
9-hydroxyalkylpurines might occur in an auxiliary site near 
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that which normally binds the ribose moiety of adenosine. 
In the course of their research on nonnucleosidic adenine 

(1) Cohen, S. S. Med. Biol. 1976, 54, 299. 
(2) Agarwal, R. P.; Cha, S.; Crabtree, G .  W.; Parks, R. E., Jr. 

"Chemistry and Biology of Nucleosides and Nucleotides"; 
Harmon, R. E.; Robins, R. K.; Townsend, L. B., Eds.; Aca- 
demic Press: New York, 1978; pp 159-197. 

(3) Woo, P. W. K.; Dion, H. W.; Lange, S. M.; Dahl, L. F.; Dur- 
ham, L. J. J .  Heterocycl. Chem. 1974, 11, 641. 

(4) Baker, D. C.; Putt, S. R. J.  Am. Chem. SOC. 1979, 101, 6127. 
(5) Nakamura, H.; Koyama, G.; Iitaka, Y.; Ohno, M.; Yagisawa, N.; 

Kondo, S.; Maeda, K.; Umezawa, H. J .  Am. Chem. SOC. 1974, 
96, 4327. 

0022-2623/84/1827-0274$01.50/0 0 1984 American Chemical Society 



Deaza Analogues of erythro-9-(2-Hydroxy-3-nonyl)adenine 

Scheme I1 

N&I: RNH2 '&: pbl12 '&"" N H  

I I 
11 12 13 

H2 Pd/C 1 t 
C,' 

"2 

16 3 k  

derivatives that led to discovery of EHNA, Schaeffer and 
Schwender have extensively studied and specified several 
factors that are important in complexation of the 9-sub- 
stituent to the e n ~ y m e . ~  Until now, little attention has 
been paid to the heterocyclic moiety of EHNA, except for 
the work of Woo and Baker, which has provided some 
insight into ita geometric orientation and the contribution 
of the 6-amino group to binding.'l 

To examine which structural parameters in the hetero- 
cyclic moiety are critical for inhibitory potency, we initi- 
ated a program to prepare EHNA analogues in which 
purine nitrogens are substituted in turn by carbons. In 
this paper, we report the synthesis and the ADA inhibitory 
activity of two deaza analogues of EHNA: the erythro- 
9-(2-hydroxy-3-nonyl)-l-deazaadenine (1-deaza-EHNA, 2) 
and the erythro-9-(2-hydroxy-3-nonyl)-3-deazaadenine 
(3-deaza-EHNA, 3). In addition, we have prepared and 
tested the corresponding deazapurine derivatives eryth- 
ro-9-(2-hydroxy-3-nonyl)-l-deazapurine (10) and erythro- 
9- (2-hydroxy-3-nonyl)-3-deazapurine (1 6). 

Chemistry. The synthesis of 1-deaza-EHNA (2) was 
accomplished by the method outlined in the Scheme I. 
4-Amino-2-chloro-3-nitropyridine (4)12 was condensed with 
erythro-3-amino-2-nonanolg to give compound 5,  which, 
after catalytic reduction to  erythro-2- [ (2-hydroxy-3- 
nonyl)amino]-3,4-diaminopyridine (6), was cyclized to 
1-deaza-EHNA (2) by means of formamidine acetate. The 
structure of compound 2 was assigned on the basis of the 
lH NMR data in deuteriochloroform, which showed the 
presence of a NH2 singlet a t  6 5.33 exchangeable with D20 
and the absence of signals corresponding to the NH 
doublet in 5 (6 8.88) and 6 (6 4.74). 

The synthesis of erythro-9-(2-hydroxy-3-nonyl)-l-de- 
azapurine (10) was performed by the same method as 
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wissen, H. J. Lancet 1972,2, 1067. 
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Woo, P. W. K.; Baker, D. C. J.  Med. Chem. 1982, 25, 603. 
Jain, P. C.; Chatterjee, S. K.; Anand, N. Indian J.  Chem. 1966, 
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Table I. Inhibition Constants of Calf Intestinal 
Adenosine Deaminase (ADA) 

L 

3' CHC6H13 

I 
I 

2' CHOH 

CH3 

no. X Y Z Ki, M K,, M 
i a  N N NH, 7.0 x 10-9 
2a N CH NH, 1.6 x 10-7 
3 a  CH N NH, 1.0 x 

l o a  N CH H 5.5 x 10-7 
16a CH N H 1.2 x 
17a  N N H 8.4 x lo-'  
18 (1-deazaadenosine) 6.6 x 
19 (3-deazaadenosine) 3.6 x 
20 (purine riboside) 
21 (1-deazapurine 4.2 x 

1.5 x 1 0 - ~ b  

riboside) 

riboside) 
22 (3-deazapurine not activeb 

adenosine 3.3 x 10-5 
a Mixture of two isomers: 2'S,3'R and 2'R,3'S. 
Reference 17. 

above (Scheme I), starting from 2-chloro-3-nitropyridine 
(7). The substituted diaminopyridine 9 was cyclized with 
triethyl orthoformate, in the presence of a catalytic amount 
of ethanesulfonic acid, to the desired compound 10. 

The syntheses of 3-deaza-EHNA (3) and erythro-9-(2- 
hydroxy-3-nony1)-3-deazapurine (16) were carried out by 
the sequence shown in Scheme 11. 2,4-Dichloro-3-nitro- 
pyridine (1 1)13 was condensed with erythro-3-amino-2- 
nonanol to obtain the monoamination product 12. The 
structure proof of 12 was obtained by catalytic hydro- 
genolysis of the chloro group and simultaneous reduction 
of the nitro group to give 3-amino-4-(2-hydroxy-3- 
nony1)aminopyridine (15), an intermediate in the synthesis 
of 16. The 'H NMR spectrum of 15 showed the presence 
of a doublet a t  6 6.45 (H-5) and a doublet and a singlet a t  
6 7.63 (H-6 and H-2); this excludes the possibility that the 
product might be the other isomer 9. In fact, the latter 
IH NMR data included a double doublet a t  6 6.49 (13-5) 
and two doublets a t  6 7.57 (H-4 and H-6, respectively). 
Catalytic reduction of 12 gave erythro-3-amino-4- [ (2- 
hydroxy-3-nonyl)amino]-2-chloropyridine (13), which was 
cyclized by means of diethoxymethyl acetate to erythro- 
4-chloro-l-(2-hydroxy-3-nonyl)-1H-imidazo[4,5-c]pyridine 
(14). Treatment of 14 with hydrazine hydrate, followed 
directly by reduction of the resulting 4-hvdrazino com- 
pound with Raney nickel, afforded the desired 3-deaza- 
EHNA (3). 

Ring closure of 15 with triethyl orthoformate in the 
presence of ethanesulfonic acid gave the 3-deazapurine 
derivative 16. 
Results and Discussion 

The inhibitory action of EHNA primarily results from 
the strong binding of the erythro-nonyl moiety at an 
auxiliary region that normally might bind the ribose moiety 
of a d e n o ~ i n e . ~ J ~ J ~  However, Woo and Baker have dem- 

(13) Montgomery, J. A.; Hewson, K. J.  Med. Chem. 1966, 9, 105. 
(14) Baker, D. C.; Hanvey, J. C.; Hawkins, L. D.; Murphy, J. Bio- 

chern. Pharmacol. 1981,30, 1159. 
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Figure 1. Spectrophotometric tracing of the reaction of calf intestine adenosine deaminase in the presence of 1-deaza-EHNA (frame 
A) and 3-deaza-EHNA (frame B) with (+) and without (-) preincubation. The reaction mixture is a total volume of 2.0 mL contained 
phosphate buffer (0.05 M, pH 7.6), adenosine (3.12 X lod M), calf intestine adenosine deaminase (0.033 U), and inhibitors (concentration 
as indicated in the figure). 

onstrated that the auxiliary region, which they term the 
"EHNA-specific region", has, in fact, a low correspondence 
in binding geometry with the ribose binding region, or- 
ienting the purine moiety and the C-6 amino group of 
EHNA away from the enzyme site where deamination 
occurs.11 On the basis of these considerations, we deduced 
that the heterocyclic moiety of EHNA might be partially 
modified without considerably compromising the inhibi- 
tory activity. 
As shown by our results in Table I, the 3-deaza analogue 

of EHNA (3) is a potent inhibitor of ADA with a Ki value 
close to that of EHNA, and the 1-deaza analogue (2), 
though less potent, is a good inhibitor. Therefore, sub- 
stitution of the pyrimidine ring of EHNA with a pyridine 
indeed causes no considerable loss of inhibitory potency. 
The results also indicate, in general, increased affinity for 
EHNA analogues when compared to the corresponding 
ribofuranosyl derivatives, with the noteworthy exception 
of the 1-deaza derivative. 

Different times were required to reach the steady state 
between the enzyme and the inhibitors 2 and 3, respec- 
tively. In fact, whereas in the case of compound 2 the 
steady state is attained almost instantaneously, compound 
3 requires 2-3 min (Figure l), behaving analogously to the 
semitight inhibitor EHNA.' The other compounds re- 
ported in Table I behave as readily reversible inhibitors, 
analogously to 2. 

With regard to the influence of the 6-amino group on 
the inhibitory activity of EHNA and its deaza analogues 
2 and 3, our data on the activity of the deaminate ana- 

logues 10,16, and 17 suggest that this group gives an im- 
portant contribution to the binding in the case of EHNA 
and 3-deaza-EHNA, whereas such a contribution is less 
important in the case of 1-deaza-EHNA. 

The 6-amino group could exert its influence on ADA 
binding either through its unshared electron pair to the 
enzyme, possibly by a hydrogen bond from the enzyme to 
the amino group, or by means of the inductive effect that 
the group at  the 6-position has on the purine nucleus.16 
Substitution of CH for the N' nitrogen, as in the l-de- 
azaribofuranosyl derivative 18, might tighten the ADA 
binding of the adjacent 6-amino group, as compared with 
adenosine. Such tight binding may interfere with the 
binding of the erythro-nonyl hydrophobic chain by forcing 
it to an unfavorable environment. Alternatively, the 1- 
modified purine moiety itself could be forced, because of 
the binding by the hydrophobic chain, to find a new re- 
arrangement in the purine binding site, thus preventing 
the 6-amino group from possible interaction with the 
protein. This last hypothesis is supported by the small 
change in affinity recorded for 1-deaza-EHNA (2) vs. its 
deaminated derivative 10. 

Conversely, it was observed that substitution of CH for 
the N3 nitrogen weakens the interaction at the active site 
of ADA by 3-deazaadenosine (19), compared to the sub- 
strate aden0sine.l' Since N3 is possibly involved in sta- 
bilization of ribofuranosyl binding with ADA, presumably 
through hydrogen bonding with the 5'-OH, rather than in 
recognition of the substrate,18 its absence should not in- 

(15) Frieden, C.; Kurz, L. C.; Gilbert, H. R. Biochemistry 1980,19, 
5303. 

(16) Schaeffer, H. J.; Bhorgava, P. S. Biochemistry 1965, 4, 71. 
(17) Lupidi, G.; Riva, F.; Cristalli, G.; Grifantini, M. Ital. J.  Bio- 

chem. 1982, 31, 396. 
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fluence the mode of binding of the EHNA derivative 
through the 6-amino group. The binding of the 6-amino 
group, combined with that of the erythro-nonyl side chain, 
may then explain the high affinity of 3-deaza-EHNA (3). 
In fact, the 6-amino group importantly contributes to the 
interaction in 3, as demonstrated by the drop in affinity 
by two order of magnitudes as compared with 16, where 
it is absent. 

In conclusion it may be affirmed that the isosteric 
substitution of the pyrimidine nitrogens by carbons in the 
purine system of EHNA leads to compounds that are still 
powerful ADA inhibitors. In particular, the substitution 
of CH for the N3 nitrogen involves no significant change 
in activity, whereas a similar substitution of the N1 ni- 
trogen gives a compound that is 23 times less active than 
EHNA. The 6-amino group of this type of inhibitor gives 
an important contribution to the binding to the enzyme, 
particularly when the N1 nitrogen is also present. 

Experimental Section 
The melting points were determined with a Btichi apparatus 

and are uncorrected. The 'H NMR spectra were obtained with 
a Varian EM-390 90-MHz spectrometer, using Me4Si (tetra- 
methylshe) as internal standard. The UV spectra were recorded 
on a Cary 219 spectrophotometer. TLC were carried out on silica 
gel 60 F-254 (Merck) precoated TLC plates. For column chro- 
matography, silica gel 60 (Merck) was used. Microanalytical 
results are indicated by atomic symbols and are within 10.4% 
of theoretical values. 
erytbro -4-Amino-2-[ (2- hydroxy-3-nonyl)amino]-3-nitro- 

pyridine (5). A mixture of 2.4 g (13.8 mmol) of 4-amino-2- 
chloro-3-nitropyridine (4),12 2.42 g (15.2 mmol) erythro-3- 
amino-2-nonanol: 2.2 g of dry triethylamine, and44 mL of ni- 
tromethane was refluxed for 3 h. The reaction mixture was 
concentrated in vacuo, and the residue was dissolved in water and 
extracted several times with CHC1,. The organic phase was dried 
(Na2S04) and evaporated, and the residue was chromatographed 
on a silica gel column. Elution with CHC13-MeOH-NH3 (85132) 
gave 3 g of 5 as a yellow oil: yield 73.3%; 'H NMR (CDCl,) 6 3.98 
(m, 1, CH-21, 4.32 (m, 1, CH-31, 5.47 (8, 1, OH), 6.02 (d, 1, J5.6 
= 6 Hz, H-5), 7.00-7.73 (br 8, 2, NH2-4), 7.61 (d, 1, J6,6 = 6Hz, 

erythro -2-[ (2-Hydroxy-3-nonyl)amino]-3,4-diamino- 
pyridine (6). To a solution of 3 g (10.1 mmol) of 6 in 150 mL 
of ethanol was added 3 g of Raney nickel (washed with water), 
and the mixture was shaken with hydrogen at 30 psi for 2 h. After 
the catalyst was removed, the filtrate was evaporated, and the 
residue was chromatographed on a silica gel column. Elution with 
MeOH-CHC13 (70:30) yielded 1.61 g (60%) of 6 as a pure solid: 
mp 104.111 "C; 'H NMR (CDCl,) 6 3.70-4.40 (m, 6, CH-2, CH-3, 
NH2-3, and NH2-4), 4.74 (d, 1, J = 5 Hz, NH-2), 6.04 (d, 1, J6,6 
= 6 Hz, H-51, 7.44 (d, 1, J5,6 = 6 Hz, H-6). Anal. (C14H26N40) 
C, H, N. 
erythro -9-(2-Hydroxy-3-nonyl)-l-deazaadenine (2). An 

intimate mixture of 1.6 g (6.0 m o l )  of 6 and 1.2 g of formamidine 
acetate was heated at  150 "C with stirring for 20 min. The 
resulting solid was chromatographed on a silica gel column eluting 
with EtOAc-MeOH-NH, (95:41) to give 2 as a chromatograph- 
ically homogeneous oil: yield 1 g (60.3%); 'H NMR (CDC13) 6 
0.8 (t, 3, Jw = 6 Hz, CH3-9), 0.93-1.60 (m, 11, CH3-I, CH2-5, CH2-6, 
CH2-7,and CH,-8),2.03 (m,2,CH2-4),4.27 (m,2,CH-2 andCH-3), 
5.33 (8,  3, "2-6 and OH), 6.41 (d, 1, Jl,2 = 6 Hz, H-l) ,  7.81 (s, 
1, H-81, 7.94 (d, 1, JI ,~ = 6 Hz, H-2); UV (pH 7.6) A,, 262 nm 
(e 10900). Anal. (C15H24N40) C, H, N. 

The base was converted to the oxalate salt by mixing equimolar 
amounts of 2 and oxalic acid in i-PrOH. The solution was left 
overnight at 0 "C, and the solid that precipitated was recrystallized 
from i-PrOH containing 1% oxalic acid to give the analytically 
pure sample, mp 152-154 "C. Anal. (C16H24N40.C2H204) C, H, 
N. 

H-6), 8.88 (d, 1, J = 6 Hz, "-2). Anal. (CyH24N403).C, H, N. 

(18) Kitano, S.; Mizuno, Y.; Ueyama, M.; Tori, K.; Kamisaku, M.; 
Ajisaka, K. Biochem. Biophys. Res. Commun. 197.564, 996. 
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erythm -24 (2-Hydroxy-3-nonyl)amino]-3-nitropyridine (8). 
A mixture of 1 g (6.3 mmol) of 2-chloro-3-nitropyridine (71,l.l 
g (6.9 mmol) of erythro-3-amino-2-nonanol: 1 g of dry tri- 
ethylamine, and 20 mL of nitromethane was refluxed for 2 h. The 
reaction mixture was concentrated in vacuo, and the residue was 
dissolved in water and extracted several times with CHCl,. The 
combined extracts were dried (Na2S04) and evaporated in vacuo 
to an oily residue, which was chromatographed on a silica gel 
column. Elution with CHC13-MeOH (501) yielded 1.53 g (70%) 
of 8 as a yellow oil: 'H NMR (CDCld 6 3.93 (m, 2, CH-2 and OH), 
4.43 (m, 1, CH-3), 6.67 (dd, 1, H-5), 8.19 (d, 1, J = 8 Hz, NH-2), 
8.35 (d, 1, J5,6 = 5 Hz, H-6), 8.45 (d, 1, J4,6 = 8 Hz, H-4). Anal. 
(C14H2~8303) C, H, N. 
erythro -2-[ (2-Hydroxy-3-nonyl)amino]-3-aminopyridine 

(9). To a solution of 1.5 g (5.65 mmol) of 8 in 75 mL of ethanol 
was added 1 g of Raney nickel (washed with water), and the 
mixture was shaken with hydrogen at  30 psi for 2 h. After the 
catalyst was removed by filtration, the filtrate was evaporated 
to give 9 as a chromatographically homogeneous oil: yield 1.3 g 
(94.8%); 'H NMR (CDC1,) 6 3.70 (m, 1, CH-2), 4.00 (m, 1, CH-3), 
4.00-4.90 (br s, 6, "-2, NH2-3 and OH), 6.49 (dd, 1, H-5), 6.88 
(d, 1, 54,6 = 7 Hz, H-4), 7.57 (d, 1, J5,6 = 5 Hz, H-6). Anal. 
(CiJ5d"O)  C, H, N. 
erythro-9-(2-Hydroxy-3-nonyl)-l-deazapurine (10). To a 

stirred solution of 0.7 g (2.78 mmol) of 9, 15 mL of triethyl 
orthoformate, and 5 mL of CHCl3 was added 0.1 g of ethane- 
sulfonic acid. The mixture was stirred at  room temperature for 
45 min and then neutralized with saturated Na2C03 solution and 
extracted several times with CHC13. The residue was chroma- 
tographed on a silica gel column eluting with CHC13-MeOH-NH3 
(91:81) to give 0.51 g (70 %) of 10 as a chromatographically pure 
oil: 'H NMR (CDC13) 6 0.8 (t, 3, J8,9 = 6 Hz, CH3-9), 0.95-1.53 
(m, 11, CH3-1, CH2-5, CH2-6, CH2-7, and CH2-8), 2.03 (m, 2, 
CH2-4), 4.30 (m, 2, CH-2 and CH-3), 5.30-5.46 (br s, 1, OH), 7.22 

1, J1,2 = 5 Hz, H-2); UV (pH 7.6) A,, 284 nm (e 9700). Anal. 
(Ci~H23N30) C, H, N. 

The base was converted to the oxalate salt, which melted after 
recrystallization from methanol-water at 124-125 "C. Anal. 
( C ~ S H Z ~ N ~ O * C ~ H ~ O ~ )  C, H, N. 
erythro-4-[ (2-Hydroxy-3-nonyl)amino]-2-chloro-3-nitro- 

pyridine (12). A solution of 4 g (20.7 mmol) of 2,4-dichloro-3- 
nitropyridine (11)13 in 100 mL of nitromethane, 3.6 g (22.6 mmol) 
of erythro-3-amino-2-nonano1,g and 3.4 g of dry triethylamine was 
refluxed for 1 h. After concentration in vacuo, the residue was 
dissolved in water and extracted several times with CHC1,. The 
combined organic layers were dried (Na2S04) and evaporated to 
a residue, which was chromatographed on a silica gel column. 
Elution with EtOAen-C6H14-C6& (50:4010) yielded 2.69 g (40%) 
of 12 as a yellow pure oil: 'H NMR (CDC13) 6 2.76 (br a, 1, OH), 
3.64 (m, 1, CH-2), 4.02 (m, 1, CH-3), 6.56 (d, 1, J = 8 Hz, NH-4), 
6.82 (d, 1, J = 6 Hz, H-5), 7.92 (d, 1, 55,6 = 6 Hz, H-6). Anal. 
( C I ~ H Z ~ C ~ N ~ O ~ )  C, H, N. 
erythro -3-Amino-4-[ (2-hydroxy-3-nonyl)amino]-2-chloro- 

pyridine (13). A solution of 2.1 g (6.65 mmol) of 12 in 250 mL 
of ethanol was hydrogenated at 1 atm of pressure in the presence 
of Pt02 for 1 h. The catalyst was removed by filtration, and the 
filtrate was evaporated to dryness in vacuo. The residue was 
chromatographed on a silica gel column eluting with EtOAc-c6H6 
(5050) to eliminate same impurities and then with ethyl acetate 
in increasing concentration to give 1.5 g (79 %) of 13 as chro- 
matographically pure material: 'H NMR (CDC13) 6 3.40 (m, 1, 
CH-2), 3.70 (8,  3, "2-3 and OH), 3.95 (m, 1, CH-3), 4.54 (d, 1, 

5 Hz, H-6). Anal. (Cl4HZ4ClN3O) C, H, N. 
erythro -4-Chloro-l-(2-hydroxy-3-nonyl)-lH-imidazo[4,& 

clpyridine (14). A mixture of 1.5 g (5.24 mmol) of 13 and 20 
mL of diethoxymethyl acetate was allowed to stand at  room 
temperature for 7 h before it was evaporated to dryness. The 
residue was dissolved in 2 N HC1 and, 1 h later, neutralized with 
saturated Na2C03 solution and then extracted several times with 
CHC13. The chloroform extracts were dried with anhydrous 
Na2S04 and evaporated in vacuo to a residue, which was chro- 
matographed on a silica gel column. Elution with EtOAc gave 
1.32 g (85 %) of 14 as a white pure solid mp 90-92 "C; 'H NMR 
(CDCl,) 6 4.23 (m, 2, CH-2 and CH-3), 7.39 (d, 1, J6.7 = 5 Hz, H-7). 

(dd, 1, H-1), 8.04 ( ~ , 1 ,  H-8), 8.06 (d, 1, J1,e = 8 Hz, H-6),8.32 (d, 

J = 9 Hz, "-41, 6.41 (d, 1, J5,6 = 5 Hz, H-5), 7.60 (d, 1 , J 5 , 6  = 
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8.12 (s and d partially overlapped, 2, H-2 and H-6). Anal. 

erytbro -9- (2-Hydroxy-3-nonyl)-3-deazaadenine (3). A 
mixture of 0.9 g (3.04 mmol) of 14 and 18 mL of hydrazine hydrate 
was refluxed for 2 h in a nitrogen atmosphere. After the reaction 
mixture was evaporated to dryness, 40 mL of oxygen-free water 
and 3.7 g of b e y  nickel catalyst were added to the residue, and 
the mixture was refluxed for 1 h. After the catalyst was removed 
by filtration and washed with boiling water, the aqueous layer 
was extracted several times with CHC13. The combined extracts 
were dried (Na2S04) and evaporated in vacuo to a residue, which 
was chromatographed on a silica gel column. Elution with Et- 
OAc-MeOH (65:35) yielded 0.3 g (35 %) of 3 as a viscous pure 
solid 'H NMR (CDC13) 6 0.82 (t, 3, Jss = 6 Hz, CH3-9), 0.96-1.50 
(m, 11, CH3-l, CHz-5, CH2-6, CHz-7, and CH2-8), 2.06 (m, 2, 
CH2-4), 4.13 (m, 2, CH-2 and CH-3), 4.66-5.73 (br s, 3, NHz-4 and 

7.80 (8 ,  1, H-8); UV (pH 7.6) A,, 262 nm (e 10500). Anal. 
(CISHZ~N~O) C, H, N. 

The product was converted to the oxalate salt, which was 
recrystallized from i-PrOH containing 1% oxalic acid mp 213-215 
"C. Anal. (Cl5HZ4N40C2H2O4) C, H, N. 

erytbro -3-Amino-4-[ (2- hydroxy-3-nonyl)amino]pyridine 
(15). To a solution of 1 g (3.2 mmol) of 12 in 250 mL of methanol 
was added 3 g of 10% Pd/C, and the mixture was shaken with 
hydrogen at  30 psi for 3 h. The catdyst was removed by filtration, 
the filtrate was evaporated, and the residue was made basic with 
saturated NaZCO3 solution. The aqueous phase was extracted 
several times with EtOAc and then the combined extracts were 
dried (Na2S04) and concentrated to dryness. The residue was 
chromatographed on a silica gel column eluting with EtOAc- 
MeOH-NH3 (8019:l) to give 15 as a chromatographically pure 
oil: yield 0.64 g (80%); 'H NMR (Me2SO-d6) 6 3.32 (m, 1, CH-2), 
3.70 (m, 1, CH-3), 4.54 (s, 3, NH2-3 and OH), 5.05 (d, 1, J = 9 
Hz, NH-4), 6.45 (d, 1, J5,s = 5 Hz, H-51, 7.63 ( 8 ,  and d partially 
overlapped, 2, H-2 and H-6). Anal. (C14N25N30) C, H, N. 
erytbro-9-(2-Hydroxy-3-nonyl)-3-deazapurine (16). A 

mixture of 0.6 g (2.38 mmol) of 15,13 mL of triethyl orthoformate, 
and 0.1 g of ethanesulfonic acid was refluxed for 2 h. The cooled 
solution was neutralized with saturated Na2C03 solution and 
extracted several times with EtOAc. The organic layer was dried 
(Na2S04) and evaporated in vacuo, and the residue was chro- 
matographed on a silica gel column. Elution with EtOAc-MeOH 
(7030) yielded 0.45 g (73%) of 16 as a pure oil: 'H NMR (CDC13) 
6 0.82 (t, 3, Js,g = 6 Hz, CH3-9), 0.96-1.50 (m, 11, CH3-l, CH2-5, 
CH2-6, CH2-7, and CH2-8),2.10 (m, 2, CH2-4), 3.36-3.80 (br s, 1, 
OH), 4.22 (m, 2, CH-2 and CH-31, 7.38 (d, 1, J 2 , 3  = 6 Hz, H-31, 

(pH 7.6) A,, 256 nm (e 6200). Anal. (C15HZ3N30) C, H, N. 

(C15HzzClN30) C, H, N. 

OH), 6.72 (d, 1, Jz,3 = 6 Hz, H-3), 7.72 (d, 1, J2,3 = 6 Hz, H-2), 

8.09 (8,  1, H-8), 8.31 (d, 1, J2 ,3  = 6 Hz, H-2), 8.96 (9, 1, H-6); UV 

Antonini et al. 

The base was converted to the oxalate salt, which was purified 
by recrystallization from i-PrOH containing 1 % oxalic acid, mp 
136-138 "C. Anal. (CI6H2,N30-C2H20,) C, H, N. 

Reagents and Enzyme Assay. Calf intestine adenosine de- 
aminase was purchased from Boehringer Mannheim (specific 
activity 200 U/mg at  25 "C); adenosine was obtained from Sigma 
Chemical Co. The rate of deamination was determined at 25 "C, 
unless specified otherwise, by following the decrease in absorbance 
for the transformation of adenosine into inosine at 265 nm, with 
a Cary 219 spectrophotometer using cells with 1-cm path-length 
cuvettes. The reaction mixture contained 0.05 M potassium 
phosphate buffer, pH 7.6, from 0.62 X M 
adenosine, 0.033 U of adenosine deaminase, and a fixed concen- 
tration of the inhibitor (from 200 to 300% of the eventually 
determined Ki value) to a final volume of 2 mL. 

All the inhibitors were assayed to determine the time course 
of the enzymic reaction with and without preincubation in the 
presence of inhibitor at  30 "C in order to establish the class of 
inhibitor: readily reversible, semitight binding, or tight binding.2 

When the enzyme was preincubated with a fixed concentration 
of inhibitor (+) for the time indicated, the reaction was started 
by the addition of substrate (adenosine); without preincubation 
(-), the reaction was started by the addition of ADA. The 
deamination rates for EHNA and 3-deaza-EHNA were determined 
at 30 "C after a 3-min preincubation period of enzyme with various 
inhibitor concentrations. 

Ki was obtained from eq 1 by the method of Lineweaver and 
Burk.lg Under our experimental conditions, the K ,  obtained 
for adenosine was 33 pM. 

to 3.12 X 

K , = K , ( l + k )  
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