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analogs—a direct effect and an indirect effect mediated 
through inhibition of messenger RNA synthesis. 

General Discussion 

The experimental results presented in this paper 
show that the derivatives of 5-fluoroorotic aldehyde 
have biochemical inhibitory properties which are quite 
different from FU in Ehrlich ascites carcinoma cells. 

Compound VI inhibits incorporation of orotic acid 
into RXA by blocking the conversion of orotic acid to 
OMP in contrast to the weak inhibitory effect of FU on 
incorporation of orotic acid into RNA, but the inhibi
tion of DXA synthesis was greater with FU than VI. 
On the basis of the results obtained with the structural 
analogs of VI it is concluded that, in addition to the 6-
carboxaldehyde, the 2-ethylmercapto group and the 5-
fluoro group of VI are important for the inhibition of 
orotic acid incorporation. Compound VII shows even 
stronger inhibition of incorporation of orotic acid into 
RXA and DNA, and again the primary site of inhibi
tion seems to be the conversion of orotic acid to OMP. 
The unsubstituted phenyl group on the azlactone ring 
and the intact hydrogen atom at C-5 of VII are neces
sary for the inhibition. Although VI and VII are much 
inferior to AzUR as inhibitors of orotic acid metabolism, 
they are much superior to AzU. 

The analogs having a 5-fluoro and 6-carboxaldehyde 
group, III-VI, inhibit incorporation of formate-14C 
into purines of RXA and thymine of DXA in contrast 
to the lack of inhibition of purine biosynthesis by FU. 
The structural requirements for the inhibition of purine 
biosynthesis are a C-6 carboxaldehyde and a C-5 
fluorine. The inhibition seems to occur at a step pre
ceding IMP. Compound III (and possibly IV-VI) 
do not inhibit N10-formyl-THFA synthetase and cyclo-
hydrolase activity. 

It has been shown that 2'-deoxyadenosine inhibits 
ihe steroid-induced synthesis of A6-3-keto steroid iso-
merase in Pseudomonas testosteroni, whereas adenosine 
was completely inactive.3 A subsequent study of struc
ture-activity relationships, in which analogs of 2'-
deoxyadenosine were tested as inhibitors of the forma
tion of induced enzyme, indicated that inhibitory ac-
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The incorporation of formate-14C and thymidine-3!! 
into DXA-thymine is inhibited by the 5-fluoroorotic 
aldehydes III-VI, but FU inhibits formate incorpora
tion only. By comparison of III with FU, the alde
hyde group of III seems to play an important role in 
the inhibition of thymidine incorporation into DN'A-
thymine. This inhibition is obtained at a concentra
tion somewhat higher than that used for the experi
ments with orotic acid-14C and uracil-14C. The 
double-isotope labeling experiments with 14C- and 3H-
thymidine have shown46 that the kinase reaction for 
conversion of TdR to TMP and the DXA polymerase 
reaction are the primary sites of inhibition by these 
analogs. The introduction of an aldehyde group into 
position C-6 of FU, however, seems to reduce markedly 
the activity as an inhibitor of thymidylate synthetase. 

Protein biosynthesis also is affected by the deriva
tives of 5-fluoroorotic aldehydes as shown by inhibition 
of formate-14C, glycine-l-14C, and phenylalanine-l-14C 
into proteins. By contrast, FU showed no inhibitory 
activity for protein synthesis at the concentrations 
tested. The inhibition of RXA-purine biosynthesis by 
these analogs seems not to be responsible for the in
hibition of protein synthesis since the restoration of 
purine synthesis by the addition of AICAr did not re
verse the inhibition of phenylalanine incorporation into 
proteins. However, Caffery and Irvin47 have made 
observations which support the conclusion that the in
hibition of protein synthesis by VI may occur at the 
messenger RXA level: VI inhibits the hydrocortisone 
induction but not the substrate induction of tryptophan 
pyrrolase in liver of the adrenalectomized mouse. 
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tivity was enhanced when (a) the 6-amino group of 
adenine was substituted by chlorine, and (b) the 8-
carbon in the purine ring was replaced by nitrogen. 
The presence of a 2'-hydroxy substituent on the pen
tose moiety or a deviation from the natural 0,D con
figuration of 2'-deoxyribose caused the loss of activity 
as an inhibitor of the synthesis of induced enzyme, 
whereas analogs deficient in 2'-hydroxy-containing 
substituents, such as 2',3',5'-trideoxyadenosine and 
9-cyclopentyladenine, retained activity. These ob
servations led to the design and synthesis of 6-chloro-
8-aza-9-cyclopentylpurine (3-cyclopentyl-7-chloro-y-
triazolo^jS-rflpyrimidine, 1). This compound, as pre
dicted from structure-activity considerations, proved to 
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be the most potent inhibitor tested of the formation of 
induced enzyme.4 

Investigation of the metabolic effects produced by 1 
indicated that , at low levels, marked inhibition of the 
synthesis of both DXA and protein occurred; under 
these conditions, the formation of RXA was rela
tively insensitive to this agent.;' The cyclopentyl 
moiety of 1. though lacking in stereospecificity, would 
appear to be the analogous counterpart of the 2'-
deoxyribosyl group in purine 2'-deoxyribonucleosides, 
especially in those situations where direct phosphoryla
tion of the pentose ring is not a prerequisite for in
hibitory activity. To facilitate studies of the effect of 
the (j-substituent on biological activity, a number of (i-
substituted derivatives of 1. as well as its I4C-labeled 
form, were synthesized. 

4 - Chloro - 5 - amino - (i-cyclopentylaminopyrimidino" 
reacted with nitrous acid to give 1 in excellent yield. 
The (i-chloro substituent was readily displaced by a 
variety of nucleophilic reagents to yield the (i-amino. 
(i-X.X-dimethylamino, (S-hydrazino, (i-X-hydroxyla-
mino, (S-mercapto, (i-hydroxy. 6-fluoro, 6-bromo, and (>-
iodo derivatives of 1 using established procedures. The 
parent compound, S-aza-9-cyclopentylpurine, was 
obtained in good yield by the catalytic reduction of 1. 
Methylation of the (i-mercapto derivative gave the ti
met hylmercapto-subst it uted compound. 

A mixture of 4- , 4C and ()- i40-]abcled 1 was prepared 
from ethyl malonate-l-1 4C in a six-step synthesis as 
shown in Scheme I. The procedures7 -" for the syn
thesis of the pyrimidine intermediates were; methods of 
choice for millimolar-scale preparations. 
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Biological Activity. The compounds were tested as 
inhibitors of the T2osr bacteriophage induced lysis of 
Escherichia cull B, a process involving the induction of 
several enzymes. At the concentrations employed in 
this study, the (j-halo and the (i-mercapto derivatives 
were found to be most active (Table I ) . The G-fluoro 
compound could not be tested because of its extreme 
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" E. coli B cells were m a i n t a i n e d on C m e d i u m - a g a r p l a t e s a n d 
grown at 37° in C m e d i u m []) . B . Cowie, ( i . N . Cohen , I-;. T . 
Bol ton , and It . de Rob iehon-Szu lma j s t e r , liiochim. liiophija. 
Aiia, 34, 39 (195!))], except t h a t 0 . 2 f ; g lucose was tised ins tead 
of ma l tose . T h e test c o m p o u n d s , dissolved in D.MSO, were 
a d d e d to the bac te r i a l suspens ion s imu l t aneous ly wi th the bac te r io 
phage ( T 2 o s r ) at a ra t io of two b a c t e r i o p h a g e p a r t i c l e s / b a c t e 
r ium. Lysis of the cells was followed by m e a s u r i n g tlie decrease 
in a b s o r b a n c y of the bac te r i a l suspens ion using a modified pro
cedure of A. II. D o e r m a n n [./. Bacleriol., 55 , 257 ( 194S, j . 

h\-groscopicity which results in the formation of the 
analogous hydroxy compound. The mechanism by 
which these agents inhibit the lysis of E. coll induced 
by the bacteriophage particles is currently under 
investigation. 

The 6-halo derivatives were also assayed for their 
potential as anticancer agents according to previously 
described methods.10 The effect of these compounds 
on the survival time of mice bearing L1210 lymphoma 
cells is shown in Table II . A slight but nevertheless 

T A B L E II 

K E K E C T OF G - I 1 A L O - S - A Z A - 9 - ( YCI.OPEXTYLPl UIXES OX THE 

S U R V I V A L T I M E O F M I C E - B E A R I N G U 2 1 0 L Y M P H O M A C E L L S 

Daily Av survival No, 
dosage, Av A lime, of 

Compd .nig 'kg)" K\.'",'' days r: SP mice 

N o n e , .- + 1 2 , 2 .S.I) - 0 . 2 2.", 
0-Chloro-S-aza-9- 2 . . . + 1 0 . 0 S.O ± ().:j 10 

cyc lopenty lp i i r ine .") + 11.:> S.O ± ().:> Ill 
10 + 7 , 2 S .7 ± 0 . 2 10 
1.") 0 7 . S :•_: 0 . 2 ill 

20 + 0 . 2 S.2 ± I),:; 10 
10 - 0 . 2 S.O :r. II 2 :> 

(>-Bromo-,S-aza-9- 5 + 15 .5 0 . 0 ± 0 . 4 10 
cyc lopenly lp i i r inc 10 + 1 0 . : ! 0 . 2 - 0 . 1 10 

20 + 4 , 4 S.2 -JZ 0 . 7 10 
40 . . 4 . 2 3= 0 . 0 .") 

G-Iodo-S-aza-9- 5 + 1 7 . 6 ().:! i - 0 . 2 10 

cyc lopen ty lp i i r i ne 10 + 1 1 . 4 0 . 1 ± 0 . 4 10 
20 + 1 0 . 5 S .7 :i- ().;> 10 
40 + 1 . 2 O.S ± 1 .<> 5 

" Admin i s t e r ed as a suspens ion i n t r a p e r i t o n e a l l y once dai ly for 
0 consecu t ive days , beg inn ing 24 hr af te r t u m o r i m p l a n t a t i o n . 
'• Average weigh I change from onset to t e r m i n a t i o n of d r u g t r e a t 
ment . 

.10) \ . C. Sartorel l i and li. A. Hoolh, Cancer lie,.. 27, 1614 (1967). 
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significant prolongation of the life span of the tumor-
bearing mice was produced by these agents. Weight 
loss, which is indicative of host toxicity, did not ac
company the weak antineoplastic activity that was 
demonstrated by these compounds. In an analogous 
experiment, the 6-mercapto derivative was found to be 
inactive against this neoplasm. 

Experimental Section11 

6-Chloro-8-aza-9-cyclopentyIpurine (1).—To a suspension of 
4-chloro-5-amino-6-cyclopentylaminopyrimidine6 (1.13 g, 5.3 
mmoles) in 2 N AcOH (12.5 ml) was added a solution of NaN0 2 

(5%, 20 ml) dropwise at 0° with stirring over a period of 20 min. 
The mixture was stirred for an additional 30 min during which 
time it achieved room temperature. The solid (1.12 g, 93%) 
which separated was collected by nitration and washed with cold 
H 2 0 . The analytical sample was recrystallized (H 20), mp 
66-69°. Anal. (C9H10C1N5) C, H, CI, N. 

6-Amino-8-aza-9-cyc]opentylpurine.—A solution of 1 (0.45 g, 
2 mmoles) in 6 N NH4OH (15 ml) was heated on a steam bath 
for 40 min. The 6-amino derivative (0.36 g, 86%) separated as 
a white solid after standing overnight at 0°. The analytical 
sample was recrystallized (C6H6), mp 216°. Anal. (C9Hi2N6) 
C, H, N. 

6-N,N-Dimethylamino-8-aza-9-cyclopentylpurine.—A suspen
sion of 1 (0.45 g, 2 mmoles) in 25% aqueous NHMe 2 (15 ml) was 
stirred at room temperature for 1 hr. The mixture, after dilution 
with H 2 0 (15 ml), was extracted three times (30-ml portions) 
with petroleum ether (bp 35-52°). The combined extracts were 
concentrated in vacuo to give the dimethylamino derivative 
(0.37 g, 79%). The analytical sample was recrystallized (H20), 
mp 34-37°. Anal. (CnHi"6N6) C, H, N. 

6-Hydrazino-8-aza-9-cyclopentyIpurine.—A mixture of 1 (0.45 
g, 2 mmoles) and N 2H 4 -H 20 (2 ml) was stirred at room tempera
ture for 2 hr. The mixture was treated with H 2 0 and the aqueous 
layer was extracted with CHCI3. The hydrazino derivative 
precipitated after the removal of the organic solvent in vacuo at 
40°. The analytical sample was recrystallized (H 20), mp 154-
159°. Anal. (C9H13N7) C, H, N. 

6-N-Hydroxylamino-8-aza-9-cycIopentylpurine.—To a solution 
of NH 2 OH'HCl (0.35 g, 5 mmoles) in boiling EtOH (10 ml) was 
added a solution of KOH (0.28 g, 5 mmoles) in EtOH (3 ml). 
The precipitated KC1 was removed by filtration and 1 (0.23 g, 
1 mmole) was added to the solution. The mixture was refluxed 
for 30 min with stirring and then concentrated in vacuo at 40°. 
The residue was recrystallized from EtOH to yield the 6-N-
hydroxylamino derivative (0.17 g, 75%). The analytical sample 
was recrystallized (EtOH), mp 172-176°. Anal. (C9Hi2N60) 
C, H, X. 

6-Mercapto-8-aza-9-cycIopentylpurine.—A mixture of 1 (0.45 
g, 2 mmoles), thiourea (0.15 g, 2 mmoles), and absolute EtOH 
(5 ml) was refluxed for 10 min. The solvent was removed in 

(11) Melting points were determined in a capillary tube in a copper block 
and are corrected. Where analyses are indicated only by symbols of the 
elements, analytical results obtained for those elements were within ±0 .4% 
of the theoretical values. 

vacuo. The residue was dissolved in 2 A* NaOH (5 ml) and the 
solution was adjusted to pH 5 with AcOH. The mercapto com
pound separated as a yellow crystalline solid (0.41 g, 93%). 
The analytical sample was prepared by dissolving the crude 
product in 0.2 N NaOH, treating the solution with Norit and 
adjusting to pH 5 with AcOH; mp 158°. Anal. (C9H11N3S) 
C, H, N, S. 

6-Methylmercapto-8-aza-9-cycIopentylpurine.—To a solution 
of 6-mercapto-8-aza-9-cyclopentylpurine (0.44 g, 2 mmoles) in 
MeOH (10 ml) was added K2CO"3 (0.3 g, 2 mmoles), followed by 
Mel (0.31 g, 2 mmoles). The mixture was refluxed with stirring 
for 1 hr. The nitrate was concentrated to dryness in vacuo at 40°. 
The resultant residue was dissolved in H 2 0 (10 ml) and the solu
tion was adjusted to pH 5 with AcOH to yield the methylated 
derivative (0.45 g, 92%). The analytical sample was recrystal
lized (H20), mp 70-72°. Anal. (C10H13N5S) C, H, N, S. 

6-Hydroxy-8-aza-9-cyclopentylpurine.—A solution of 1 (0.45 g, 
2 mmoles) in 2 N AcOH (10 ml) was refluxed for 30 min. The 
6-hydroxy derivative (0.33 g, 80%) separated on cooling to 0°. 
The analytical sample, after treatment with Norit, was recrystal
lized (10% AcOH), mp 209-211°. Anal. (C9HnN.-,0) C, H, N. 

6-Fluoro-8-aza-9-cycIopentylpurine.—A mixture of 1 (1.12 g, 5 
mmoles), AgF (6 g), and C6HoMe (20 ml) was refluxed for 90 
min. After cooling, the silver salts were removed by centrifliga
tion and the clear solution was concentrated in vacuo at 40°. 
The oily residue (0.98 g, 94%) was distilled in vacuo to yield the 
analytically pure 6-fluoro derivative, bp 100-112° (0.3 mm). 
Anal. (C9H10FN3) C, H, F, N. 

6-Bromo-8-aza-9-cyclopentylpurine.—A mixture of 1 (2 g, 9 
mmoles), BaBr2 (10 g), and dry MeOC2H4OMe (250 ml) was 
lefluxed with stirring for 3 days. The barium salts were removed 
by filtration and were washed with MeOC2H4OMe. The filtrates 
were combined and concentrated in vacuo at 25° to yield the 
crude bromo derivative (2.27 g, 94%). Concentration of its 
EtOAc solution, which was extracted with H 2 0 and treated with 
Norit, gave the pure product. The Norit treatment was re
peated to give the analytical sample, mp 69-74°. Anal. (Cs-
HI0BrN5) C, H, Br, N. 

6-Iodo-8-aza-9-cyclopentylpurine.—A mixture of 1 (0.23 g, 1 
mmole), Na l (1 g), and dry MeOC2H4OMe (20 ml) was refluxed 
with stirring for 3 days. The sodium salts were removed by 
filtration and the filtrate was concentrated in vacuo at 40°. 
The salts and the residue were repeatedly extracted with petro
leum ether (bp 35-52°) and the combined extracts were concen
trated in vacuo at 40° to yield the crude iodo derivative (0.19 g, 
61%). The analytical sample was recrystallized (aqueous 
MeOH), mp 73-75°. Anal, (C9H10IN5) C, H, I, N. 

8-Aza-9-cyclopentylpurine.—A solution of 1 (0.9 g, 4 mmoles) 
in 50% EtOH (50 ml) was hydrogenated over 10% Pd-C (0.5 
g) in the presence of MgO (0.5 g) until the theoretical amount of 
H2 had been absorbed. The excess MgO and catalyst were re
moved by filtration and washed with EtOH. To the combined 
filtrates was added a 5 % Na2C03 solution (12.3 ml) and the 
mixture was evaporated to dryness in vacuo. The residue was 
dissolved in H 2 0 and the solution was extracted with CHCI3. 
The combined extracts were dried (MgS04) and evaporated 
in vacuo at 25° to yield the crude product as an oil (0.56 g, 74%). 
Recrystallization from petroleum ether (bp 37-48°) rendered it 
solid. The analytical sample was recrystallized from the same 
solvent, mp 4 3 ^ 6 ° . Anal. (C9HUN5) C, H, N. 


