


TABLE I 
ISHIBITION OF GUASINE DEAMINASE BY 

Rg 
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[I]/ [Slo.sh 1Z inhih" N O .  Rs Rs RO /J IIf 

I1 =O Cs&C H 250 50 19 
I11 - -0 C6Hs(CHz)& H 250 0 >looc 
IV =O CsHd CHZ)P H 175 11 -110 
v =O CH CHa 2 7 3  50 21 
VI =O CH n-C& 450 50 34 
TI1 =O CH GCsHii 210 50 16 
VI11 =O CH CH2CH( CHI)CPHS 200 50 15 
I S  =O CH Cyclohexyl 125 5 0 9 . 4  
X =O CH CsHsCH2 370 50 28 
XI =O CH p-ClCsHdCH? 350 50 26 
XI1 =O CH 2-Furfuryl 320 50 24 
XI11 -0 CH CsHb 10 50 0.75 

XV =O S P-CICsH4 1s 50 1 .4  
XT? =S CH Cs& 83 50 6 . 2  

Guanine deaminase (guanase) from rabbit liver was piirchased 
from Sigma Chemical Co. and assayed with 13.3 p M  guanine in 0.05 .I1 Tris buffer (pH 7.4) diluted with 10% DMSO as previously 
described.* I, Ratio of concentration of inhibitor to 13.3 p X  guanine giving 50% inhibition, 

Since 15% inhibition is readily detectable, the concentration for 50yo inhibition is a t  least 5.5 times greater than that measlired. 
d S o  substrate properties were observed at  this concentration. 

- 

XIV =O CH p-ClCsH4 3 . 8  50 0.29 

The technical assistance of Mrs. Gail Salomon is acknowledged. 

Inhibitors were dissolved in DMSO. 

such an aryl-aryl interaction could also have some 
charge-transfer character which could be influenced by 
an inductive effect of a p-chloro substituent. Further 
studies are underway to substantiate direct binding 
by the in-plane 9-phenyl group of XI11 to the enzyme 
and perhaps shed light on the mode of binding. 

9-Phenyl-6-thioguanine (XVI) is also an inhibitor of 
guanine deaminase, being complexed about one-eighth 
as effectively as 9-phenylguanine (XIII) ; similarly, 9- 
(p-chlorophenyl)-8-azaguanine (XV) complexes about 
one-fifth as well as 9-(p-chlorophenyl)guanine (XIV) 
and almost as well as guanine. These results with XV 
and XVI agree with the fact that thioguanine and 8- 
azaguanine are substrates2 

The fact that guanosine and guanylic acid are not 
substrates'O can now be rationalized on the basis that 
neither can complex effectively to the enzyme since 
the 9-hydrogen is a direct binding point; furthermore, 
the loss of the 9-hydrogen also causes a loss of substrate 
properties. 

Placement of additional substituents terminating 
in a bronioacetamido group on the 9-phenyl substituent 
of 9-phenylguanine (XIII) or 9-phenyl-8-azaguanine 
could afford candidate active-site-directed irreversible 
inhibitors3 of guanine deaminase; such studies are 
underway. 

Experimental Sectionllf l2 
2,6-Diamino-5-phenylbutyramido-4-pyrimidinol.-To a vigor- 

ously stirred solution of 4.8 g (20 mmoles) of 2,5,6-triamino-4- 
pyrimidinol sulfate in 120 ml of 2 A' aqueous NaOH cooled in an 
ice bath was added 1.8 g (20 mmoles) of phenylbutyryl chloride: 

(10) A. Roush and  E. R .  Norris, Arch. Biockem., 29, 124 (1950). 
(11) A more detailed description of the  development of these methods for 

111 and related compounds will be desrribed in a forthcoming paper on in- 
hibition of dihydrofolic reductase hy ~ubsr i tu ted  2,6-diaminopurines. 

15 min later a second 1.8-g (20 mmoles) portion of acid chloride 
was added. After being stirred an additional 1 hr in the ice 
bath, the solution was adjwted to about pH 8 with acetic acid. 
The product. was collected on a filter and washed with water. 
One recrystallization from 10% aqueous acetic acid and one re- 
crystallization from 90% 2-methoxyethanol with the aid of de- 
colorizing carbon gave 2.7 g (47%) of analytically pure white 
crystals: mp 269-271" dec; A,,,, (pH 1) 269 mp, OD ratio 
280/260 = 2.10: (pH 13) 264 mr, OD ratio 2801260 = 4.40. 
The compound moved as a single spot in chloroform-ethanol 
(5: 3) on tlc. 

Anal. Calcd for C14H17Xj0?.0.67H20: C, 56.2; H, 6.15; 
E, 23.4. Found: C, 56.5; H, 6.31; N, 23.2. 
2,6-Diamino-5-phenylpropionamido-4-pyrimidinol was pre- 

pared in the same fashion as the above higher homolog; yield, 477, 
of analytically pure material: mp 298-300'; Am,, (pH 1) 267 m p  
OD ratio 280/260 = 2.11; (pH 13) 264 mr, OD ratio 2801260 = 
4.06. 

Anal. Calcd for C13Hi~S6O2: C, 5 i . l ;  H, 5.53; N, 25.6. 
Found: C, .56.9; H, 5.52; 5, 25.4. 

8-Phenethylguanine IIV).-A suspension of 1.40 g (5.1 mmoles) 
of 2,6-diamino-5-phenylpropionamido-4pyrimidinol in 30 ml 
POCl, was refluxed until solution was complete (about 4 hr). 
The excess reagent was removed by spin evaporation in vacuo. 
Trituration of the residue with about 100 g of criished ice gave 
a yellow solid that was collected on a filter and washed with 
water; yield, 1.15 g of crude 2-amino-6-chloro-8-phenethylpurine: 
A,,, (pH 1) 241, 314 mr ;  (pH 13) 228, 311 m p .  

The criide chloropurine was refluxed with 90 ml of 2 S HC1 
for 3.5 hr. Aft,er clarification by filtration, the solution was 
brought to neutrality wit'h SH4OH. The product was collected 
on a filter and washed with water; yield, 0.65 g (50%) of an 
off-white powder, mp >300', that moved as a single spot, in chloro- 
form-ethanol (5: 3). Recrystallization from aqueoiis 2-methoxy- 
ethanol with the aid of decolorizing carbon gave white rrystals: 
Amax (pH 1) 253, 283 m r ;  (pH 13) 2i8 m p .  

Anal. Calcd for C13H13N&O: C, 61.2; H, 5.13; N, 27.4. 
Found: C, 61.4; H, 5.30; N, 27.3. 

(12) Melting points mere determined in capillary tubes on a Yel-Temp 
block and those helow 230° are corrected. Ultraviolet spectra were deter- 
mined in water with a Perkin-Elmer 202 spectrophotometer. Thin layer 
chromatography (tlc) was done on Brinkmann silica gel G F  and spots were 
located by viqual examination under ultraviolet light. 




