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analogs—a direct effect and an indirect effect mediated
through inhibition of messenger RINA 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 RNA by blocking the conversion of orotic acid to
OMP in contrast to the weak inhibitory effect of I'U on
incorporation of orotic acid into RNA, but the inhibi-
tion of DNA 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 3-fluoro and 6-carboxaldehyde
group, III-VI, inhibit incorporation of formate-4C
into purines of RNA and thymine of DNA 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 oecur at a step pre-
ceding IMP., Compound III (and possibly IV-VI)
do not inhibit N-formyl-THFA synthetase and cyclo-
hydrolase activity.
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The incorporation of formate-*C and thymidine-*H
into DNA-thymine is inhibited by the 3-fluoroorotic
aldehydes III-VI, but FU inhibits formate incorpora-
tion only, By comparison of IIT with FU, the alde-
hyde group of III seems to play an important role in
the inhibition of thymidine incorporation into DNA-
thymine. This inhibition is obtained at a concentra-
tion somewhat higher than that used for the experi-
ments with orotic acid-*C and uracil-*C. The
double-isotope labeling experiments with 14C- and *H-
thymidine have shown*® that the kinase reaction for
conversion of TdR to TMP and the DNA 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 3-fluoroorotic aldehydes as shown by inhibition
of formate-¢C, glycine-1-14C, and phenylalanine-1-¢C
into proteins. By contrast, F'U showed no inhibitory
activity for protein syuthesis at the concentrations
tested. The inhibition of RNA-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 Irvin¥ have made
observations which support the conclusion that the in-
hibition of protein synthesis by VI may occur at the
messenger RNA level: VI inhibits the hydrocortisone
induction but not the substrate induction of tryptophan
pyrrolase in liver of the adrenalectomized mouse.

Acknowledgment.—We thank Dr. R. E. Hand-
schumacher of the Department of Pharmacology,
Yale University School of Medicine, for a sample of
orotidylic acid.

Synthesis and Biological Activity of Some 8-Aza-9-cyclopentylpurines'?

Paviuine K. Craxg, Louts J. SciariNi, ALaN C. SARTORELLI, AND MORRIS S, ZEDECK

Departinent of Pharmacology, Yale University School of Medicine, New Haven, Connecticut 06510

Recetved December 28, 1967

The preparation of a number of 6-substituted 8-aza-9-cyclopentylpurines is described. Using ethyl malo-
nate-1-14C, a mixture of 4-14C- aund 6-1*C-labeled 6-chloro-8-aza-9-cyclopentylpurine has been synthesized. The
results of the biological evaluation of these compounds as antineoplastic agents and as inhibitors of T2osr bac-
teriophage induced lysis of Escherichia coli B are reported.

It has been shown that 2’-deoxyadenosine inhibits
the steroid-induced synthesis of A-3-keto steroid iso-
merase in Pseudomonas testosteront, whereas adenosine
was completely inactive.> 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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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 8,0 cou-
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-v-
triazolo[4,5-dpyrimidine, 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 enzynie.*

[nvestigation of the metabolic effeets produced by 1
idicated that, at low levels, marked inhibition of the
synthesis of both DNA and protein ocenrred; wunder
these conditions, the formation of RNA wax rela-
tively iusensitive to thix agent.” The cyelopentyl
moiety of 1. though lacking in stercospeeificity. would
appear to be the analogous counterpart of the 2'-
deoxyribosyl group in purine 2’'-deoxvribonucleosides,
especially in those situations where direct phosphoryta-
tion of the pentose ring is not a prerequixite for in-
hibitory activity. To facilitate studies of the effect of
the G-substituent on biological activity, a number of 6-
substituted derivatives of 1. as well as its #C-labeled
form, were synthesized.

4 - Chloro - 5 - aunino - 6-¢yclopentylaminopyrimidine®
reacted with nitrous acid to give 1 in excellent yieled.
The G-chloro substituent wasx readily displaced by a
variety of nuelcophilic reagents to yield the G-amino.
(-N.N-dimethylamino,  6-hydrazino,  6-N-hydroxyla-
mino, G-mereapto, 6-hydroxy, 6-fluoro, 6-bromo, and 6-
lodo derivatives of 1 using established procedures.  The
parent  compound,  S-aza-9-cvelopentylpurine,  was
obtained i1 good vield by the catalytie reduetion of 1.
Methylation of the G-mercapto derivative gave the 6-
nicthylmereapto-substituted compound.

A mixture of 4-4C and 6-"*C-labeled 1 was prepared
from ethyl malonate-1-1*C in o six-step synthesis as
showi i Scheme I The procedures’=" for the syn-
thesix of the pyrimidine intermediates were methods of
choice tor millimolar-scale preparations.

ScneMe 1

o
— N < HNO,
EtOOCCH,C 00k -HN=CHNH, @OH _98% BNy,
N
OoH Cl
A\'ﬂNOz POL], :‘\I/ ).\IO;: NiHj
KN OH CyH:NMy, \\\N Cl
Cl @

Cl
N ‘ s NN

(and the 6- Y isomert (and the 4- 7'C isomer)

Biological Activity. - The compounds were tested as
inhibitors of the T2o0sr bacteriophage induced lysis of
Escherichia coli B, a process involving the induction of
several enzymes. At the concentrations employed in
this study, the 6-halo and the G-mercapto derivatives
were found to be most active (Table I).  The 6-fluoro
compound could not be tested because of ity extreme

(4) M. 8. Zedeck, A. C. Sartorelli, . K. Chang, K. Raska, Jr., R. K.
Robing, and . D. Weleh, Mol. Pharmacol., 8, 386 (1967).

(5) M. 8. Zedeck, A, (' Sartorelli, . K. Cbang, and A. D). Welcl, Fed.
FPrar., 26, 202 (1967).

(6) (a) J. \. Montgomery and C. Temple, Jr., J. Am. Chem. Soc., 80, 409
(1958); (L) . Temple, Jr.. €. L. Kussper, and J. A, Montgomery, J. Wed.
Phamn. Chene., B, 866 (1962).

(73 \W, G, Kenner, 13. Lytligoe, \. R, Todd, and A. Topbam, J. Chent
Nor., 388 (1043).

(8) W, 1. Boon, W. G, Jones, and G, R. Ramage, ibid., Y6 (1951).

9y U, I Roking, I Lo Dslle, and 1. 1. Cleiscensen, J. Org. Chen., 19,
Q30 (1951,

Vol. 11

T 1
T Lrrect o1 G=SIBRIITUTED SAZA U0y CLOFENTY LI'URIN KS
1oy T2osu Bacremornacy Ixprerp Lysis or B, coli 13+
Coomlple ol g
deeregse iy
S-Aza-l-¢yveio- wlisorbuniey

peniylpurine Cunen, om Y 660 THut

6-Cliloro 0.3 Loa

0.1 20
6-Bromo 0 100

0.1 10
6-lodo 0.3 100

0.1 i
G-Aino 0.3 0
6-1lvdrazine 0.3 ¢
t-11ydroxylamine 0.3 n
G-Dimethylamino 0.3 0
B=-Mereapto 0.3 100

01 20
G-Methivldiio 0. 0
6-1{vdrogen 0.3 0
G-1Tvdroxy 0.3 0

K. coli B eells were maintained on ¢ medinm-agar plates and
grown at 37° in C medinm [D. B. Cowie, G. N. Cohen, L. T.
Bolton, and 1. de Robichou-Nzulmajster, Biochim. Biophys.
Aleta, 34, 39 (1959)], except that 0.2¢0; glucose was nsed instead
of maltoxe. The test componnds, dissolved i1 DMSO, were
added to the bacterial su=pension <imnltaneonsly with the bacterio-
phage (T20sr) at u ratio of two bacteriophage particles/bacte-
rinnt. Ly=ix of the cells wax followed by measuring the decrcaxc
in absorhaney of the bacterial <uspeusion using a modified pro-
cednre of A1 Doermaun [J. Bactoriol., 55, 257 (1948)1.

hygroscopicity which results i the formation of the
analogous hydroxy compound.  The mechanisnt by
which these agents inhibit the lysis of E. coll induced
by the buacteriophage particles is currently under
mvestigation.

The 6-halo derivatives were also assayed for their
potential ax auticancer agents according to previously
deseribed methods.'*  The effect of these compounds
on the survival time of mice bearing [.1210 lymphoima
cell< i< shown in Table 11, A slight but nevertheless
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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 Section!!

6-Chloro-8-aza-9-cyclopentylpurine (1).—To a suspension of
4-chloro-53-amino-6-cyclopentylaminopyrimidine® (1.13 g, 5.3
mmoles) in 2 N AcOH (12.5 ml) was added a solution of NaNO,
(3%, 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, 939,)
which separated was collected by filtration and washed with cold
H:;0. The analytical saniple was recrystallized (H.0), mp
66-69°. Anal. (CsHCIN;) C, H, Cl, N.

6-Amino-8-aza-9-cyclopentylpurine.—A solution of 1 (0.43 g,
2 mmoles) in 6 ¥ NH.OH (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 (CeHe), mp 216°. Anal. (CyHiNs)
C, H, N.

6-N,N-Dimethylamino-8-aza-9-cyclopentylpurine.—A suspen-
sion of 1 (0.43 g, 2 mmoles) in 259 aqueous NHMe; (15 ml) was
stirred at room temperature for 1 hr. The mixture, after dilution
with H,O (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, 799%). The analytical sample was recrystallized (H.0),
mp 34-37°. Anal. (CqueNe) C, H, N.

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

6-N-Hydroxylamino-8-aza-9-cyclopentylpurine.—To a solution
of NH,OH -HCI (0.35 g, 3 mmoles) in boiling EtOH (10 ml) was
added a solution of KOH (0.28 g, 3 mmoles) in EtOH (3 ml).
The precipitated KCl 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, 759;). The analytical sample
was recrystallized (EtOH), mp 172-176°. Anal. (CyHi:N¢O)
C, H, N.

6-Mercapto-8-aza-9-cyclopentylpurine.—A mixture of 1 (0.43
g, 2 mmoles), thiourea (0.15 g, 2 mmoles), and absolute EtOH
(5 ml) was refluxed for 10 min. The solvent was removed in

(1) Melting points were determined In a capillary tube in a copper bloek
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.
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vacuo. The residue was dissolved in 2 ¥ 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, 939%).
The analytical sample was prepared by dissolving the crude
product in 0.2 & NaOH, treating the solution with Norit and
adjusting to pH 5 with AcOH; mp 158°. Anal. (CoHuN;S)
C, H, N, 8.

6-Methylmercapto-8-aza-9-cyclopentylpurine.—To a solution
of 6-mercapto-8-aza-9-cyclopentylpurine (0.44 g, 2 mmoles) in
MeOH (10 ml) was added K,CO; (0.3 g, 2 mmoles), followed by
Mel (0.31 g, 2 mmoles). The mixture was refluxed with stirring
for 1 hr. The filtrate was conceutrated to dryness in vacuo at 40°.
The resultant residue was dissolved inn H,O (10 ml) and the solu-
tion was adjusted to pH 5 with AcOH to yield the methylated
derivative (0.45 g, 929). The analytical sample was recrystal-
lized (H:0), mp 70-72°. Anal. (C,eHiN:S) C, H, N, S.

6-Hydroxy-8-aza-9-cyclopentylpurine.—A solution of 1 (0.43 g,
2 mmoles) in 2 ¥ AcOH (10 ml) was refluxed for 30 min. The
6-hydroxy derivative (0.33 g, 809;) separated on cooling to 0°.
The analytical sample, after treatment with Norit, was recrystal-
lized (109; AcOH), mp 209-211°. Anal. (CoHuN,0) C, H, N.

6-Fluoro-8-aza-9-cyclopentylpurine.—A mixture of 1 (1.12 g, 3
mmoles), AgF (6 g), and CeH:Me (20 ml) was refluxed for 90
min. After cooling, the silver salts were removed by centrifuga-
tion and the clear solution was concentrated in vacuo at 40°.
The oily residue (0.98 g, 949) was distilled in vacuo to yield the
analytically pure 6-fluoro derivative, bp 100-112° (0.3 mm).
Anal. (CsHWFN;) C, H, F, N.

6-Bromo-8-aza-9-cyclopentylpurine.—A mixture of 1 (2. g 9
mmoles), BaBr, (10 g), and dry MeOC.H.OMe (250 ml) was
refluxed with stirring for 3 days. The barium salts were removed
by filtration and were washed with MeOC,H,OMe. The filtrates
were combined and concentrated in vacuo at 23° to yield the
crude bromo derivative (2.27 g, 949,). Concentration of its
EtOAc solution, which was extracted with H:O and treated with
Norit, gave the pure product. The Norit treatment was re-
peated to give the analytical sample, mp 69-74°. .Anal. (Cy-
H,BrN;) C, H, Br, N.

6-lodo-8-aza-9-cyclopentylpurine.—A mixture of 1 (0.23 g, 1
mmole), Nal (1 g), and dry MeOC,H,OMe (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 35-532°) and the combined extracts were concen-
trated in vacuo at 40° to yield the crude iodo derivative (0.19 g,
619;). The analytical sample was recrystallized (aqueous
MeOH), mp 73-75°. Anal. (CsHIN;) C, H, I, N.

8-Aza-9-cyclopentylpurine.—A solution of 1 (0.9 g, 4 mmoles)
in 309 EtOH (50 ml) was hydrogenated over 109; Pd-C (0.5
g) in the presence of MgO (0.5 g) until the theoretical amount of
H, had been absorbed. The excess MgO and catalyst were re-
moved by filtration and washed with EtOH. To the combined
filtrates was added a 39, Na,CO; solution (12.3 ml) and the
mixture was evaporated to dryness in vacuo. The residue was
dissolved in H;O and the solution was extracted with CHClL.
The combined extracts were dried (MgSO,) and evaporated
in vacuo at 23° to yield the crude product as an oil (0.56 g, 749;).
Recrystallization from petroleum ether (bp 37-48°) rendered it
solid. The analytical sample was recrystallized from the same
solvent, mp 43-46°. Anal. (CsH,N;) C, H, N.



