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The following new 2,4-diamino-6-methylpyrimidines, 5-cyclohexylmethyl, 5-cyclohexylethyl, and 5-(2-naphthyl), as 
well as 2,6-diaminopurines, 8-adamantyl and 8-adamantylmethyl, were synthesized as potential antifolates. These, as 
well as three known compounds, 2,4-diamino-5-cyclohexyl-6-methylpyrimidine, 2,4-diamino-5-(l-naphthyl)-6-
methylpyrimidine, and 2,6-diaminopurine, were compared with respect to the inhibition of growth of mammalian 
cells in culture (TA 3) and with respect to the inhibition of partially purified dihydrofolate reductase. All of the pyri-
midines except for the 5-(l-naphthyl) derivative were competitive inhibitors of dihydrofolate reductase, with Kx 

values ranging from 0.07 to 0.4 nM. They were 2-5 times better as inhibitors of the isolated dihydrofolate reductase 
than of the cell growth. 2,4-Diamino-5-(l-naphthyl)-6-methylpyrimidine was a noncompetitive inhibitor of the en­
zyme with a K\ value of 56 fiM. This compound was more potent in inhibiting cell growth than the isolated enzyme, 
indicating that its biological activity was not related to the inhibition of dihydrofolate reductase. All of the purine de­
rivatives were poor growth inhibitors and although some of them inhibited isolated dihydrofolate reductase, their 
mode of action in cellular system did not seem to concern folate metabolism, as judged by the inability of hypoxan-
thine, thymidine, and glycine to provide protection. The implication of these findings as to the structural require­
ments for inhibition of dihydrofolate reductase is discussed. The pitfalls of the determination of IDr,o values instead 
of a complete kinetic analysis in structure-activity studies are emphasized. 

Earlier work from this laboratory indicated that the af­
finity of 2,4-diaminopyrimidines to the enzyme dihydrofol­
ate reductase increased with the size of the hydrocarbon 
substituent at C-5.1 Furthermore, hydrocarbon substitu-
ents with a bulky and rigid conformation, such as cyclohex-
ane or adamantane, imparted a much stronger affinity to 
the enzyme than straight-chain hydrocarbons of similar 
size. The exploration of the biological activity of 2,4-diami­
nopyrimidines having at C-5 either a combination of cyclo-
hexane with a short straight hydrocarbon or a bulky sub­
stituent other than adamantane or cyclohexane was under­
taken to learn more about the structural requirements for 
inhibition of dihydrofolate reductase. Also, since in the 
case of diaminopyrimidines1'2 and diaminopteridines3 the 
presence of a lipophilic group adjacent to the heterocyclic 
ring increased considerably their biological activity, it was 
of interest to see if a similar effect would be observed in the 
case of lipophilic substituents at C-8 of 2,6-diaminopurines. 
The parent compound 2,6-diaminopurine has been re­
ported to be a weak competitive inhibitor of dihydrofolate 
reductase from chicken liver4 and was shown to protect this 
enzyme from mouse sarcoma cells against proteolytic inac-
tivation.5 A preliminary report on this work has been pub­
lished.6 

Syntheses. Two synthetic approaches were used for the 
preparation of diaminopyrimidines. 2,4-Diamino-5-cyclo-
hexylmethyl-6-methylpyrimidine (2) and 2,4-diamino-5-
cyclohexylethyl-6-methyipyrimidine (4) were synthesized 
by the condensation of guanidine with the appropriately 
substituted ethylacetoacetate to form the 2-amino-4-hy-
droxy-5-substituted 6-methylpyrimidines. These com­
pounds were converted to the corresponding 2,4-diami­
nopyrimidines by chlorination followed by amination. 2,4-
Diamino-5-(2-naphthyl)-6-methylpyrimidine (5) was pre­
pared essentially as described for the preparation of the 
corresponding 5-(l-naphthyl) derivative l l . 7 2,5-Diamino-
8-adamantylpurine (8) and 2,6-diamino-8-adamantyl-
methylpurine (10) were synthesized as described for other 
8-substituted purines8 by reacting 2,4,6-triamino-5-nitroso-
pyrimidine with either 1-adamantanecarboxylic acid chlo­
ride or 1 -adamantaneacetic acid chloride to form corre­
sponding 4,6-adamantoylamino or adamantylacetylamino 
pyrimidines, respectively (Scheme I). Reduction of the ni-
troso group led to closure of the purine ring and desired 
compounds were obtained after hydrolysis of 6-acyl groups. 
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Inhibition of Dihydrofolate Reductase. All of the five 

newly synthesized compounds were tested as inhibitors of 
partially purified dihydrofolate reductase from an am-
ethopterin-resistant subline (AT/3000) of sarcoma 180 
cells. The purification of the enzyme, the assay procedure, 
and the use and advantages of a transformed Lineweaver-
Burk equation at substrate concentrations much above the 
Km value were reported and discussed previously.10 The ef­
fects of the newly synthesized compounds on the dihydro­
folate reductase are presented in Figure 1. 2,4-Diamino-5-
(l-naphthyl)-6-methylpyrimidine (11) is a compound de­
scribed previously7 but it has not been tested for inhibition 
of dihydrofolate reductase and therefore was included for 
comparison in Figure 1. 

Growth Inhibition of Mammalian Cells in Culture. 
The culture medium, conditions, and assay procedures 
used for mouse mammary adenocarcinoma cells (TA 3) 
were as described elsewhere.11 

In order to determine whether the site of action of the in­
hibitors was related to folate metabolism, the TA 3 cells 
were grown under conditions in which folate metabolism 
was blocked, i.e., in a medium supplemented with 1 nM 
amethopterin, 30 p.M thymidine, 100 \i.M hypoxanthine. 
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Table I 
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"Cells grown in the normal medium supplemented with folic acid. "Cells grown in the medium supplemented with 1 y.M amethopterin, 
100 MM hypoxanthine, 30 \i.M thymidine, and 100 fiM glycine. ^Dihydrofolate reductase. dOnly 20% of growth inhibition was obtained at 
this concentration. eCompetitive inhibitors. ''Noncompetitive inhibitors. 

and 30 \iM glycine (HTG-medium).12 If compounds are in­
hibitory under such conditions, their mode of action must 
be unrelated to folate metabolism. Table I summarizes the 
results of the biological testing. For comparison with the 
newly synthesized compounds three known compounds 
were included: 2,4-diamino-5-cyclohexyl-6-methylpyrimi-
dine (12),13 2,4-diamino-5-(l-naphthyl)-6-methylpyrimi-
dine ( l l ) , 7 and 2,6-diaminopurine (13). 

Discussion 

The purines included in this study were poor inhibitors 
of cell growth and although 8 and 10 inhibited dihydrofol-
ate reductase to a certain extent, their mode of action in 
cellular system did not seem to concern folate metabolism. 
Thus in the case of 8 and 13 the hypoxanthine-thymidine-
glycine mixture did not prevent the growth inhibition. In 
the case of 13 this was not surprising since 2,6-diamino­
purine is known to be an analog of adenine. As such it is 
converted to nucleotides through phosphoribosyltransfer-
ase and thus it acts as an inhibitor in that form.14 Whether 
8 and 10 can be converted to nucleotides is not known. 

In the pyrimidine series all compounds except 11 were 
moderately strong growth inhibitors. Their growth inhibi­
tory potency was decreased by one to two orders of magni­
tude under conditions where folate metabolism is inopera­
tive, indicating that their primary mode of action involves 
interference with folate metabolism. Indeed, all of these 
pyrimidines were even more potent (2-5 times) in inhibit­
ing the enzyme than the cell growth. In each case the inhi­
bition was competitive with dihydrofolate. Since in the case 
of amethopterin about 100-1000 times higher concentra­
tion is needed to inhibit the cell growth than the enzyme, it 
appears that the transport of these pyrimidines through 
the cell membrane is less hindered than that of amethopt­
erin. The insertion of one or two methyl groups between cy­
clohexyl group and the pyrimidine ring decreased the bio­
logical activity relatively little. This is in contrast to the in­
sertion of the NHCO group between adamantyl and the py­
rimidine ring which lowered the biological activity of the 
analogs by three orders of magnitude.10 The latter observa­
tion was originally interpreted that only lipophilic substit-
uents adjacent to the pyrimidine ring fit into the hydro­
phobic area of the enzyme. The length of the -CH 2 • CH 2 -
linkage is not much different from that of -NHCO- link­
age; however, the latter may impose specific conformations 
not necessarily encountered with the -CH 2 • CH 2 - bridge. 
Thus it appears that the hydrophobic area of this dihydro­
folate reductase is not limited to a strictly confined region, 
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Figure 1. Inhibition of dihydrofolate reductase of sarcoma 180 
AT/3000 cells by 2,4-diaminopyrimidines and 2,6-diaminopurines. 
Numbers refer to compounds designated in the text. For competi­
tive inhibition V/n = 1 + Km/K\ X [I]/[S], where V is maximal ve­
locity; a is initial velocity; Km and K\ are Michaelis and inhibition 
constants, respectively; and [I] and [S] are molar concentration of 
inhibitor and substrate, respectively. For noncompetitive inhibi­
tion V/n = 1 + [S]/Ki X [I]/[S]. For calculation of Ki's the pub­
lished Km value was used, i.e., 6 ^M.9 O, substrate (dihydrofolate) 
concentration 1 X 10~4 M; • . substrate concentration 2 X 10~4 M. 

directly adjacent to the pyrimidine binding site. The loca­
tion of hydrophobic area with respect to the active site of 
dihydrofolate reductase has been discussed at length by 
Baker.2 

In agreement with the results of an earlier study,1 re­
placement of the cyclohexyl group by 2-naphthyl increased 
the inhibitory activity of diaminopyrimidine only slightly. 
That study showed that a linear relationship existed be­
tween the molar volume of the 5-substituent of 2,4-diami­
nopyrimidines and the hydrophobicity, as determined from 
the water-heptane partition coefficient. Further, the affini­
ty of the pyrimidines to dihydrofolate reductase increased 
with the hydrophobicity of the 5-substituent. Consequent­
ly, the larger the molar volume of the substituent the great­
er should be the affinity to the enzyme. The estimated 
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molar volumes of cyclohexane and n a p h t h a l e n e are very 
similar, namely 108 and 112 ml, respectively, and the free 
dissociation energies of enzyme- inh ib i to r complex as calcu­
lated from the K{ values were also found to be similar, +9 .8 
kcal for 12 and +10 kcal for 5. 

It is of interest t h a t the 1-naphthyl derivat ive 11 differs 
from the 2-naphthyl isomer 5 by being a weak, noncompet ­
itive inhibi tor of dihydrofolate reductase . This suggests 
t h a t the compound does not fit in the active site of the en­
zyme. Compar ison of the molecular models of the two iso­
mers reveals str iking differences. In bo th cases the naph -
thyl residue can ne i ther ro ta te freely nor assume a p lanar 
conformation with the pyr imidine ring. However, whereas 
the bulk of the n a p h t h y l residue in t he case of 2-naphthyl 
isomer deviates from the longi tudinal axis of the molecule 
only by 30° or less, depend ing on conformation, this devia­
tion reaches 90° in t he case of 1-naphthyl isomer. I t ap ­
pears t h a t such deviat ion does not allow a proper fit of t he 
inhibi tor into the subs t ra t e binding site of the enzyme. T h e 
fact t ha t the 1-naphthyl isomer inhibi ts cell growth a t sub­
stant ial ly lower concent ra t ion t h a n it does dihydrofolate 
reductase suggests t h a t th is enzyme is not the target of ac­
t ion of this compound . 

T h e observat ion t h a t one of two compounds , chemically 
as similar as 1-naphthyl and 2 -naph thy l derivat ives of di-
aminopyr imidines , is a noncompet i t ive whereas the o ther a 
compet i t ive inhibi tor of an enzyme poin ts to the general 
necessity for de te rmina t ion of actual K\ values and of t he 
type of inhibi t ion, when s t ruc tu re -ac t iv i ty re la t ionship is 
s tudied. T h e de te rmina t ion of ID-,n values alone for enzyme 
inhibi t ion in such s tudies is highly inadequa te and can eas­
ily lead to erroneous conclusions. T h e other pitfalls in t he 
use of ID-,,, values in enzyme inhibi tor s tudies have been 
discussed. 1,','lh 

E x p e r i m e n t a l S e c t i o n 

All melting points were taken on a Fisher-Johns apparatus and 
are uncorrected. Elemental analyses were performed by G. I. Rob­
ertson, Florham Park, N.J. Those analyses in which the results are 
within 0.4% of the calculated values are denoted by the symbols for 
these elements. Tic was carried out on Brinkman silica gel (F-254) 
plates on aluminum. Ir confirmed the assigned structure of all 
compounds discussed. Uv spectra were recorded on Cary 14 spec­
trophotometer and were performed in absolute ethanol unless stat­
ed otherwise. No attempt was made to optimize yields in the reac­
tions described below. 

2-Amino-4-hydroxy-5-cyclohexylmethyl-6-methylpyrimi-
dine (1). A solution of sodium ethoxide (0.79 g of Na, 0.0034 g-
atom) in 50 ml of absolute ethanol was cooled in an ice bath and 
guanidine hydrochloride (1.65 g, 17.2 mmol) was added. Ethyl 2-
cyclohexylmethylacetoacetate17 (3.89 g, 17.2 mmol) was added and 
the mixture was refluxed for 72 hr. The mixture was flash evapo­
rated to a paste and neutralized with 5 M HC1 to give a glassy tan 
precipitate, which melted on the filter as filtration was attempted. 
The gum was treated with ether and dissolved in hot ethanol. 
Upon cooling a white solid precipitated. This was collected by fil­
tration and recrystallized from absolute ethanol to give the prod­
uct (1.5 g, 39%): mp 272-273°. Anal. (C12H19N30) C, H, N. 

2,4-Diamino-5-cyelohexylmethyl-6-methylpyrimidine (2). 1 
(1.0 g, 4.5 mmol) was refluxed for 2 hr in a solution of 10 ml of 
PO(T:i and 1.0 g of PCI,-,. The mixture was poured on crushed ice. 
The resulting white solid was filtered off and dried in vacuo over 
P20,-, for 4 days. The resulting gum was dissolved in 125 ml of ab­
solute ethanol which was saturated with ammonia at 0° and heated 
in a bomb at 160° for 24 hr. After evaporation of the solvent the 
residue was stirred for 1 hr with 0.5 M NaOH. The solid was filtered 
off. washed with ether, and recrystallized twice from hot absolute 
ethanol: yield 1.0 g (100%); mp 209-210°. Anal. (C12H20N4) C, H. 
N. 

2-Amino-4-hydroxy-5-cyclohexylethyl-6-methylpyrimi-
dine (3). Guanidine hydrochloride (10.1 g, 105 mmol) in a solution 
of sodium ethoxide-absolute ethanol (4.86 g, 0.211 g-atom of Na) 
and ethyl 2-cyclohexylethylacetoacetate12 (23.9 g, 992 mM) were 
refluxed for 48 hr. The reaction mixture was cooled and evapo­

rated to give a solid residue which was crystallized from aqueous 
ethanol; 10.9 g (46%, needles) was obtained, mp 226-229°, Anal 
(Ci3H2iN30)C, H, N. 

2,4-Diamino-5-cyclohexylethyl-6-methylpyrimidine (4). 
This compound was prepared by chlorination and animation of 3 
(2.0 g, 8.5 mmol) essentially as described for 2 except for the work­
up of the final product which was as follows. After evaporation of 
ethanol-ammonia the solid was taken up in small amount of 0.5 M 
ethanolic sodium hydroxide, stirred for 1 hr, and filtered. The 
solid was dissolved in acetone and filtered. Evaporation of acetone 
gave 1.6 g of crude product which was recrystallized three times 
from absolute ethanol: yield 0.52 g (26%) of white needles; mp 
157-159°; Xmax 232, 288 Uroai 6.79). Anal. (C;,;H22N4) C, H, N. 

2,4-Diamino-5-(2-naphthyl)-6-methylpyrimidine (5). This 
compound was prepared as described for the 1-naphthyl derivative 
U 7 except that rJ-(2-naphthyl)acetonitrile was the starting materi­
al. The yield was 57%: mp 223-224°; tic in absolute ethanol. R, 
0.35. Anal. (C15H14N4) C, H, N. 

2-Amino-4,6-bis[(l-adamantoyl)arnino]-5-nitrosopyrimi-
dine (6). 2,4,6-Triamino-5-nitrosopyrimidine (6.16 g, 40 mmol) 
was added to a solution of 1-adamantanecarboxylic acid chloride 
(17.0 g, 85 mmol) in 600 ml of dry DMF at 0°. After the starting 
material dissolved the solution turned blue and a blue solid precip­
itated. This was filtered and washed with anhydrous ether, yield 
10.4 g (54%), and recrystallized from hot mixture of absolute etha­
nol and chloroform. Anal. (C^H^Ne • 2H20l C, H, N, CI. 

2-Amino-6-(l-adamantoyl)amino-8-(l-adamantyl) purine 
(7). 6 (1 mmol, 478 mg) was placed in a mixture of 14 ml of etha­
nol, 2.3 ml of acetic acid, and 2.3 ml of water. To this was added 
portionwise 0.69 g of zinc dust while the mixture was heated at 
60°. Thereafter the mixture was refluxed for 90 min. After filtering 
the remaining zinc the volume of the solution was reduced to 5 ml. 
A white solid crystallized: yield 500 mg (99%); mp 216-217°: tic 
(ethoxyethanol-ethvl acetate-4% formic acid. 1:12:2) fh 0.60: uv 
X,nax 320. Anal. ( C ^ H M N H O • AcOH) C, H. N. 

2,6-Diamino-8-(l-adamantyl)purine (8). 7 i20t.) mg, 0.395 
mmol) was refluxed in 40 ml of ethanol while HC1 gas was allowed 
to pass through the reaction mixture for 3 hr. The precipitate 
which formed was filtered and washed with acetone and ether. The 
cream-colored solid (150 mg) was dissolved in boiling water, fil­
tered, and precipitated with concentrated ammonium hydroxide: 
yield of dry material, 60 mg (54%). A sample for analysis was oh 
tained by recrystallization from aqueous ethanol: mp 359-361; tic 
(ethoxvethanol-ethyl acetate-4%. formic acid. 1:12:2) /t, 0.25; uv 
\max 253, 285, 321 Umax 33.5. 29.8, 23.6 X 10 Y Anal. (Cir,H„,N„) C. 
H, N. 

2-Amino-4,6-bis(adamantaneacetylamino)-5-nHrosopyrim-
idine (9). To 15.5 g (73 mmol) of 1-adamantylacetic acid chloride 
in 70 ml of dry DMF at 0° was added quickly 5.6 g (36.6 mmol) of 
2, 4, 6-triamino-5-nitrosopyrimidine. The mixture was stirred for -t 
hr at 0° and for 2 hr at room temperature. A blue solid which 
formed was collected, washed with anhydrous ether, and dried: 
vield 10.3 g (86%); mp 263-264°. Anal. (C2sH:i,N,;0:; • 0.5HCI) C 
H, N. 

2,6-Diamino-8-(l-adamantylmethyl)purine (10). 9 tl mmol. 
525 mg) was placed in a mixture of 14 ml of ethanol. 2.3 ml of ace­
tic acid, and 2.3 ml of water, and 690 mg of zinc dust was added 
portionwise. The mixture was refluxed for 3 hr. After removal of 
the remaining zinc the solution was flash evaporated to a glassy 
mass. This was dissolved in 50 ml of absolute ethanol and refluxed 
for 3 hr while HC1 gas was slowly bubbled through. The crystalline 
solid which formed was filtered: yield 260 mg (87%); mp ;-iU0 -303° 
An analytical sample was obtained by recrystallization from 50".. 
ethanol. Anal. (Ci,;H22N„ • 0.5H2O) H, N; (': caled. 62.51; found. 
63.03. 
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Since Fujino and coworkers found1'2 that desGly10-LH-
RH ethylamide «Glu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-
NHCH2CH3) and propylamide, nonapeptides in which the 
glycinamide moiety of LH-RH is replaced by ethylamide 
and propylamide groups, exhibited greatly enhanced gona-
dotropin-releasing and ovulation-inducing activities, much 
attention has been focused on the synthesis and biological 
evaluation of C terminally modified analogs. This has now 
led to the preparation of even more potent, related pep­
tides such as desGly10-LH-RH 2,2,2-trifluoroethylamide,3 

analogs containing the ethylamide modification in conjunc­
tion with D-alanine3,4 and D-leucine5 in position 6 of the 
chain which induce massive and prolonged release of gona­
dotropins, as well as peptides with improved antagonism 
toward LH-RH. 3 6 

In a continuing study of those structural requirements at 
the C terminus necessary for maintaining very high biologi­
cal activity, we have synthesized four peptides containing 
new replacements, similar in size to the original ethyl and 
propyl groups, for the glycinamide residue in LH-RH. Two 
octapeptides were also prepared in which Pro-Gly-NH2 was 
replaced by an ethylamide and a butylamide group in order 
to examine the effects that removal of proline would have 
on biological potency. 

Synthesis. The automated procedure used for assem­
bling the protected peptide intermediates, beginning with 
either an arginine or proline 1% divinylbenzene-cross-
linked polystyrene resin, has been described in detail else­
where.7 The protected peptide intermediates for the eth­
ylamide, butylamide, 2-aminoethylamide, and hydrazide 
analogs were removed from the resin by direct treatment 
(0°, 6 hr) with ethylamine, butylamine, ethylenediamine, 
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and hydrazine, respectively. All these reactions were ac­
companied by simultaneous removal8 of the dinitrophenyl 
group protecting the imidazole ring of histidine. The re­
maining protecting groups were then eliminated in the 
usual fashion with anhydrous hydrogen fluoride in anisole 
(20%). The free peptides were purified by gel filtration on 
Sephadex G-25 followed by partition chromatography on 
Sephadex G-25. 

DesGly10-LH-RH allylamide and propargylamide were 
made by a novel route from desGly10-LH-RH hydrazide by 
its conversion to the azide followed by reaction with allyla-
mine and propargylamine in good yield. In this manner, 
undesirable side reactions between HF and the olefinic and 
acetylenic groups were avoided. The two peptides were 
readily purified by partition chromatography alone. 

Homogeneity of all peptides was demonstrated in several 
tic solvent systems and by amino acid analysis. 

Biological Assays. The LH-releasing activities of des-
(Pro9,Gly10)-LH-RH ethylamide and butylamide and 
desGly10-LH-RH 2-aminoethylamide and hydrazide (Table 
I) were determined by stimulation of LH release at two ap­
propriate dose levels after administration to ovariecto-
mized, estrogen-progesterone pretreated rats. Serum LH 
levels were measured 30 min after injection by radioimmu­
noassay.9 The LH levels were compared to those found 
after administration of two doses of natural LH-RH, allow­
ing relative activities to be calculated with 95% confidence 
limits. 

In view of the delayed peak gonadotropin responses10 of 
desGly10-LH-RH propylamide, it was considered advisable 
to test desGly I0-LH-RH allylamide and propargylamide in 
greater depth. An immature male rat system10 was chosen 
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Des(Pro9,Gly10)-LH-RH ethylamide, des(Pro9,Gly10)-LH-RH butylamide, desGly10-LH-RH 2-aminoethylamide, 
and desGly10-LH-RH hydrazide were synthesized by a solid-phase method involving cleavage of protected peptide 
intermediates from their resin support by reaction with ethylamine, butylamine, ethylenediamine, and hydrazine, re­
spectively. In the assay utilizing steroid pretreated, ovariectomized rats, the peptides were found to have the fol­
lowing LH-releasing activities when compared with natural LH-RH: ethylamide, 0.2%; butylamide, 0.1%; 2-ami­
noethylamide, 2.4%; hydrazide, 12%. DesGly10-LH-RH hydrazide was used as a precursor in the synthesis of desGly10-
LH-RH allylamide and desGly10-LH-RH propargylamide by conversion to the azide and reaction with allylamine 
and propargylamine, respectively. LH and FSH levels were measured over a 4-hr period after subcutaneous injection 
of these two peptides into immature male rats in order to detect any prolongation of activity. The allylamide analog 
was quite active, releasing 1.7 times more LH and 1.3 times more FSH than the same dose of LH-RH. The propargyl­
amide analog was considerably less active, exhibiting 50% LH-releasing activity and 64% FSH-releasing activity. 
Neither peptide appeared to be longer acting than LH-RH. 


