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(S4 <;<'.) of very light tan crystals: nip 200-201° (lie in 1:1 
KtOAc-petroleum ether). Anal. (C^HuFNAiS) C, H, N. 

Methyl a-(2-Chloro-4-nitrophenoxy)-p-toluate (24a) (Method 
E).—A mixture of 30.0 g (200 mmoles) of methyl p-toluate, 35.6 
g (200 mmoles) of NBS, 300 mg of BzO,, and 200 ml of CC'U 
was refluxed with stirring for 25 hr, then cooled in ice. The pptd 
succinimide was removed by filtration and washed with CCU. 
The combined filtrate and washings were spin-evapd under vac
uum. To the residue were added 34.S g (200 mmoles) of 2-
chloro-4-riitrophenol, 27.0 g (200 mmoles) of K>0O3, and 200 
nil of DMF. The mixture was stirred at room temp for 26 hr and 
then added to 1500 ml of H2(). The pptd product was collected 
on a filter and washed with a large vol of H2(), then with petroleum 
ether. Recrystn from I) . \ IF-H 20 afforded 40.0 g (62''< ) of light 
tan needles: nip 207-208° (tic in 1:1 FtOAc-petroleum ether:. 
Anal. (CI5lfi2ClN06) C, H, X. 

Ethyl 2- [(2-Chloro-4-nitrophenyl)thioj acetate (29a) (Method 
F).—A mixture of 0.60 g (50 mmoles) of 3,4-dichloronitrobenzene. 
6.0 g (50 mmoles) of ethyl 2-mercaptoacetate, 6.0 g (50 mmoles 1 
of K2CO3, and 50 ml of DMF was stirred at 75-80° for 45 inin. 
then cooled, and added to 750 ml of II-.O. The product was 
collected on a filter, washed with 1F<), and recrystd from MeOII 
to give 10.8 g (78r,'.i of light vellow crystals: mp 72-73° (tic 
in CSH6). Anal. (CiaIIi»ClX05sf) C, II, X. 

3-[(2-ChIoro-4-nitrophenyl)thio] propionic Acid (30c) (Method 
G).~ A stirred mixture of 5.50 g (20 mmoles) of 29c, 100 ml of 

Diaminopteridines unci pyrimidines play ;m impor
tant role as chemotherapeutic agents. Methotrexate 
is widely used in the treatment of acute childhood 
leukemia and choriocarcinoma2 while pyrimethamine 
is effective in the treatment of malaria.3 The chemo
therapeutic activity of these drugs is due to the in
hibition of the enzyme dihydrofolate reductase (also 
known as folate reductase and tetrahydrofolate dehy
drogenase, EC 1.5.1.3).4-5 Whereas methotrexate, one 
of the most potent inhibitors of this class of compounds, 
is distinguished by its lack of species specificity, di-
aminopyrimidines with 5-phenyl substituents exhibit 
highly specific inhibitory effects for dihydrofolate re
ductases from different species. Thus, for instance, 
pyrimethamine is 4000 and 50,000 times more inhibitory 
for plasmodial dihydrofolate reductase" than for the 
corresponding enzymes from human tissue or Esche
richia cull, respectively.'' On the other hand, trimetho
prim (2,4-diamino-5-trimethoxyplienylpyrimidine) is 
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0 A IIC1, and 50 ml of dioxane was reiluxed for 75 iniu, then 
cooled, and added to 500 ml of fLO. The oil, which sepd, crystd 
readily upon scratching. The crude solid was dissolved as 
completely as possible in 100 ml of 5 ( 0 XaHC0 3 . The sola wa-
filtered, washed with three 100-ml portions of CIK'lj, and finally 
acidified with W', H('i. The product was collected on a fillet 
and washed with 1I..U. Kecrystallization from (. 'JI6 yielded 
3.60 g (64 r

( lot'light yellow crystals; mp 117 11S° (tic in MeOHi. 
Anal. iCTI6('l.\()4S-b.25C6H6 ') C, II, X. 

A-1 in -(4,6-Diamino-l ,2-dihydro-2,2-dimethyl-s-triazin-l -> I >-
phenoxyacetyl] sulfanilyl Fluoride Ethanesulfonate (6) (Method 
H).--A mixture of 1.06 g (3.0 mmolesi of 20e, lOOmgof I'tO,, and 
100 ml of KtOH was shaken with II, at 1-3 aim until the reac
tion was complete (21 hri. T H F was added to dissolve some pre
cipitated product and the filtered soln was evapd in radio. To 
the residue were added 335 mg (3.05 mmoles) of LtSOJI, 260 
mg (3.1 mmoles) of cyanoguanidiite, and 30 ml of Ale.CO. The 
mixture was refluxed with stirring for 24 hr. then cooled, and 
filtered. The crude product was washed with Mc;CO and 
recrystd twice from r'-PrOH II.O to give 5S6 mg (35 ' , I of while 
crystals: mp 104 l!>rj° dec Mlc in /-PrOIli. Anal. tV>A\:.-
FX 6 0 ; S,! ('. H, F, 

Method I was the same as method II except that Kaney Nt 
was used as catalyst, 

Method J was the same as method II except thai 10'',. I'd-C 
was used as catulysi. 

00,000 times more inhibitory for E. coll dihydrofolate 
reductase than for that of human origin.5 

It was of interest to investigate the biochemical 
and biological activity of pyrimidincs having in posi
tion "» a highly- lipophilic and bulky adamautyl group. 
The ultimate aim of this work was to prepare 2,4-
diaminopyrimidines substituted with adamantane and 
its derivatives in position .">. However, preparation 
of such compounds was much more difficult than that 
of corresponding 2-amino-4-hydroxypyrimidines.7 

While the work on 2,4-diaminopyrimidines continues, a 
series of 2-amino-4-hydroxypyrimidines was prepared 
and tested for their biological activity/ 

Synthesis.-- Pyrimidines 1-3 (Table 1) were pre
pared by condensing the appropriate ^-carbonyl ester 
derivatives (9-11) with guanidine (Scheme I). The 
ester derivatives were synthesized by adaptation and 
modification of the, procedures of Lunn, el al..'' who 
reported the preparation of ethyl (l-adamantyl)mal-
onate (10) by condensation of ethyl malonate with 
1-adamantanol as catalyzed by BF». 

(7) T h e t e rm " i n d r o x y p y r i m i d i n e " will be used t h r o u g h o u t th is paper 
for convenience even though it is realized t h a t these c o m p o u n d s ac tua l ly 
exist in t he l ac tam, r a the r t h a n the laet im, form. 

i'8) Recent ly , p r e p a r a t i o n of some 6 - ( l - adaman t .y l )py r imid ines as po t en 
tial an t iv i ra ! agen ts has been repor ted . M. Kuchar , J . Strof. and J . Vachek, 
Coll. Czech. Clam. Commuu.,34, 2278 (1969). 
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Preparation of several 2-ainiiio-4-hydi'oxy-")-( l-adamaniyllpyriinitlines (1-4) and .">-( I-adainantylamitLo)uracil 
(5) is described. 2-Aimno-4-hydroxy-5-(l-adamanfyl)pyrimidine (1 ) and 2-amino-4-hydroxy-r>-(T-adamantyl)-0-
methylpyrimidine (3) were found to be moderately inhibitory to several lines of mouse sarcoma ISO cells (S-1S0) 
and to mouse mammary adenocarcinoma (TA3) in culture. Neither of these pyrimidines inhibited the enzyme 
folate reductase. 
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Compound 4 was prepared from 2 by replacing 
OH with CI. Dichlorination could not be accom
plished even under strenuous conditions. Attempts 
to aminate the chloro compound 4 to the biologically 
interesting 2,4- diamino - 5 - (1 - adamanty 1) - 6 - hy droxy-
pyrimidine in NH3-MeOH (150°) resulted in recovery 
of starting material while at higher temperature (200°), 
a mixture of unidentified products was obtained. 

Compound 5 was made by a simple condensation 
of 1-adamantylamine with 5-bromouracil. A similar 
approach to the corresponding 2,4,6-triamino-5-amino-
(l-adamantyl)pyrimidine was attempted but only the 
starting materials, 6 and 1-adamantylamine, were iso
lated from the reaction mixture. 

Compounds 7 and 8 were prepared according to 
published procedures and were used as model com
pounds for biological testing and for chemical and 
physical properties. 

Biological Data.—The growth inhibitory effect of 1-7 
listed in Table I was tested in mammalian cell cultures 
in vitro. Of these, 2, 5, 6, and 7 had no effect and 4 only 
a slight effect on the growth of mouse sarcoma 180 
cells (S-180) at 100 pM concentration in Eagle's me
dium10 when the controls grew 8- to 16-fold. Two 
of the compounds, 1 and 3, were moderately inhibitory 
as shown in Table II. It is interesting to note that 1 
was significantly more potent against sublines of S-180 
cells resistant to amethopterin (AH/67, AT/174, and 
AT/3000). However, a clear relationship between the 
degree of resistance to amethopterin (increased folate 
reductase content) and the sensitivity to 1 is missing. 
Likewise, there seems to be a lack of correlation be-

(10) H. Eagle, Science, 130, 432 (1959 
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TABLE I I 

GROWTH INHIBITORY EFFECT OF T W O 

5-ADAMANTYLPYRIMIDINES ON MAMMALIAN 

CELLS in Vitro 

> 50% inhibitory concentration, 
2 Amino-4-

h 
Cell 
line 

S-180" 
Parent 
All/07 
AT/174 
AT/3000 

TA3" 
" The sublines of S-180 cells sensitive (parent) and resistant 

(AH/67, AT/174 and AT/3000) to amethopterin have been de
scribed elsewhere.11 The letters, A, H, and T indicate amethop
terin, hypoxanthine, and thymidine, respectively, which were 
present in the medium during the development and maintenance 
of the sublines. The numbers indicate the degree of resistance. 
6 TA3 is a mouse mammary adenocarcinoma cell originating 
from ascites form grown in female A/Ha mice and generously 
supplied by Dr. T. Hauschka of this Institute. 

tween TMP synthetase content11 of the various sublines 
(high in AH cells and very low in AT cells) and their 
sensitivity to 1. Mouse mammary adenocarcinoma 
cells (TA3) were significantly more sensitive than S-180 
cells to compound 3. This cell line has been found 
to be more sensitive than S-180 to several other un
related antimetabolites such as amethopterin, 6-mer-
captopurine, and vincristine (unpublished data). 

Enzymatic Studies.—The two compounds, 1 and 3, 
that were active as growth inhibitors of S-180 cells were 
tested as inhibitors of the enzyme folate reductase which 
was partially purified from the subline AT/3000 of 
S-180 cells.12 As may be expected for 2-amino-4-hy-
droxypyrimidines, there was no inhibition of the re
duction of folic acid at pH 5.3 and at the inhibitor 
concentration of 3.8 X 10~4 M. The enzymatic site 
of action of these two analogs remains to be determined 
in future studies. 

Experimental Section 

All melting points were taken on a Fisher-Johns apparatus 
and are uncorrected. Nmr spectra were run with TMS as an 
internal standard on a Varian A-60A instrument. Chemical 
shifts are in parts per million (5); spectral designations are as 
follows: s (singlet), d (doublet), t (triplet), q (quartet), and m 
(multiplet). 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 sym
bols for these elements. Tic was carried out on Brinkman 
silica gel (F-254) plates on aluminum with abs EtOH as the 
eluent unless stated otherwise. Ir spectra confirmed the as
signed structure of all compounds discussed. Uv spectra were 
obtained on a Cary 14 spectrophotometer and were run in abs 
EtOH unless stated otherwise. No attempt was made to opti
mize yields in the reactions described below. 

Ethyl Formyl(l-adamantyl)acetate (9).—Pentane (60 ml), 
1-adamantanol (2.5 g, 16.4 mmoles), and Ma ethyl formylacetate 
(2.5 g, 18.1 mmoles) were mixed. While cooling, BF3 was passed 
through the mixture at a rate rapid enough to keep the tempera
ture between 7 and 13°. Addition of BF3 was continued 20 min 
after fumes were detected at the mouth of the drying tube. 
Maintenance of proper temperature and saturation with BF3 
are imperative. After stirring at ambient temperatures for 1.5 

(11) M. T. Hakala, Proc. Meet. Fed. Eur. Biochem. Soc. 5th. 16, 31 (1969). 
(12) S. F. Zakrzewski, M. T. Hakala, and C. A. Nichol, Mol. Pharmacol., 

2,423 (1966). 
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hr, 10 ml of cold KOH (50%) was added cautiously while the 
temperature of the mixture was kept below 5°. The reaction 
mixture was extracted several times with cold E t 2 0 . The ether 
layers were washed twice with cold H 2 0 and dried (\lgSO4) 
in a refrigerator for 30 min. After filtration, E l 2 0 was removed 
in vacuo to give a mixture of an oil and a solid. Refluxing with 
heptane (75 ml, 1.5 hi) and removal of the solvent in vacuo was 
performed twice to give ultimately 2.48 g (68%) of oil. The 
product was dissolved in a small amount of CHC13-C014 (1:3) 
and added to a silica gel column and the column was washed 
with a total of 800 ml of this solvent. The desired product was 
finallv eluted from the column with CHCI3--CCI4 (2:1): nmr in 
CDCI3 9.78 d (HCO); 4.16 q (CH2CH3): 2.70 d [COCHfCV 
Hi5)CO]; 2 .304 .50m iC,„H,:,i; 1.25 t <CH,CH3). Anal. (C,,-
H2 203)C, H. 

2-Amino-4-hydroxy-5-tl-adamantyl)pyrimidine il).—Free 
guanidine was generated from guanidine carbonate (0.77 g, 
4.28 mmoles) by neutralization with NaOEt (0.240 g, 0.0107 g-
atoms of Na) in 30 ml of abs EtOH. Na2C03 formed after 0.5 
hr was washed with a small amount of abs EtOH and the wash 
added to the original filtrate. The combined filtrate and wash
ings were mixed with a soln of ethyl formylt l-adamantyl)acetate 
(9) (2.13 g, 8.54 mmoles) in 20 ml of EtOH and remixed for IS 
hr. After cooling in the refrigerator for 1 hr, addition of II2O 
to the reaction mixture precipitated the desired product (1.36 g, 
63%), which was 80%; pure. The crude material was purified by 
dissolving in 2 M NaOH, treating with charcoal, and precipitating 
by neutralization with HOI. The analytical sample was ob
tained by dissolving in EtOH, treatment with charcoal, and pre
cipitation by H2O: mp >350°; tic with MeOH, lit 0.76; X,„,,< 
228, 289 mM (e289 9.8 X 103); Xmil, 251 mM. Anal. (CuIi,:,NT

30) 
C, H, N, calcd, 17.13; found, 16.45. 

2-Amino-4,6-dihydroxy-5-(l-adamantyl)pyrimidine (2). 
Ethyl (l-adamantyl)malonate9 (10) (1.00 g, 3.38 mmoles), 
guanidine carbonate (0.61 g, 3.39 mmoles), and abs EtOH (8 
ml) were refluxed for 24 hr. The reaction mixture thickened 
considerably during this time. After cooling, the product was 
collected, washed (Me2CO, abs EtOH), and suction-dried for 
S hr. The yield was 0.67 g (76%,). The analytical sample was 
recrystallized by dissolving in NaOH, filtering, and precipitating 
by acidification with HC1: mp >350°: Xm:ll 254 mji, Xmi„ 231 
m/j. Anal. (Ci4H,9N302) C, H. 

Ethyl Aceto(l-adamantyl)acetate (11;.- - 1-Adamantanol (5.00 
g, 33.0 mmoles) and ethyl acetoacetate (4.70 g, 36.2 mmoles) 
were stirred in about 60 ml of pentane. BF3 was passed through 
the mixture w;hile maintaining the temperature below 10°. In 
less than 5 min the insoluble solid had turned into a syrup. The 
reaction mixture was then stirred at room temperature for 1 hr, 
and neutralized with 15 ml of 50%. KOH while cooled below 5°. 
After extraction with cold Et 20, the combined extracts were 
washed with cold H20 and dried (MgSOj). After removal of 
the solvent, the residue was dissolved in isooclane and refluxed 
for 1.5 hr. The solvent was removed in vacuo to give a thick 
white oil (5.1 g); an nmr spectrum showed this material to be 
a mixture of product and starting material (70:30). The oil 
was eluted from a silica gel column with CHClj to give a, water 
white oil (3.4 g, 44%). Tie with CHC13 revealed a single spot 
when developed in I2 at lit 0.85. nmr in CCL, confirmed the as
signed structure: 4.12 q (CH2CH3), 3.13 s [COCH(C,(,H l i)CO], 
2.20 s (CHsCO), 2.00-1.40 m (CioHic), 1.22 t (CH2CH3). No 
enol form of this compound was detected. Anal. fCisHitOa) 
C, H. 

2-Amino-4-hydroxy-5-(l-adamantyl)-6-methylpyrimidine (31. 
-E thy l aceto(l-adamantyl)acetate (11) (4.00 g, 15.3 mmoles) 

and guanidine-HC1 (1.44 g, 15.1 mmoles) were mixed in 50 ml 
of abs EtOH. A w-hite solid formed immediately upon addi
tion of a soln of NaOEt prepared by dissolving NaH (1.44 g 
of a 50% dispersion, 30.0 mmoles) in abs EtOH (30 ml). After 
refluxing for 60 hr, the white solid was dissolved by addition of 
1 .1/ NaOH, then pptd by addition of H 2 0. The insol product 
was collected (2.16 g, 55%) (mp 290-300°) and recryst alii zed 
(EtOH). The analytical sample was further purified by double 
elution from a silica gel column with abs EtOH; Xm»i 230, 292.5 

ni/i, \mi„ 254 iu,u; mp >300°; lis 0.55. Anal. K V,n21N2( )-
H20)1 3 C, H. 

2-Amino-4-hydroxy-6-chloro-5-(l-adamantyljpyrimidine (4). 
2-Amino-4,6-dihydroxy-5-(l-adamantyl)pyrimidine (2) (0.50 g, 
1.92 mmoles) \\ as refluxed in POCU (8 ml") containing l'Cl., (0.50 
g, 2.41 mmoles; for about 12 hr. After cooling, the red soln 
was poured on ice and stirred. The solid which formed was 
collected and weighed 0.41 g (70%): mp 187° iwith efferves
cence); Xm„ 235, 293 m/x. Anal. (CuHisClNsO.i CI. 

5-(l-Adamantylamino)uracil (5).—5-Broinoiiracil" il5.'.i g, 
S3.3 mmoles) and 1-adamantylamine (49.6 g. 0.32S mole) were 
mixed with 360 ml of pyridine and refluxed for 4s hr. During 
this time most of the solid passed into soln. The suspension 
was filtered hot and the filtrate cooled to give a solid which was 
collected and washed with pyridine and El2<>. The yield of the 
fine white crystalline product was 6.8 g, <,",(" 5100 (292 IHM'. 
N"i" 259 m/u at pH 7. The analytical sample was further puri
fied by dissolving5 M NaOH and pptgbv neutralization witli 2 ,1/ 
HCI, mp >350°. Anal. (CMH13N302 )C, H, N. 

2,4,6-Triamino-5-bromopyrimidine (6). 2,4,0-Trianuno-
pyrimidine (5.00 g. 10.0 mmoles) was dissolved in (he smallest 
possible amount of II2(). Br2 (2.0 ml, 39 mmoles) was added. A 
brown solid formed which dissolved when the reaction mixture 
was heated on a steam hath. After cooling 1.5 hr in the re
frigerator, a small amount of a brown solid had separated. The 
filtrate was neutralized with 1 .Y NaOH to produce a Huffy, 
white solid which was washed ilMM and a small amount ot 
Me2CO: yield s.20 g ! l00%); mp 200 202°. lit 0.60; A":" 
275 in/*; \";','255 m/j. Analytical sample was recrvstd from 05' , 
EtOH. Anal. (C,ll6BrN,)Br. 

2,4-Diamino-6-hydroxy-5-methylpyrimidine i7.).- 2,4-1 )ia-
miuo-6-hydroxy-5-inethylpyrimidine was prepared according to 
the procedure of Brown1''' by alkylation of 2,4-diamino-0-hy-
droxvpvrimidine: mp 320 -324° (lit. 308-310° i; X,„IIV 270. 237 
'lit.Xm«x 270, 237)0.1 A NaOH. 

2-Amino-4,6-dihydroxy-5-ethylpyrimidine (8). -•This com
pound was prepared according to a modified procedure of Mer-
katz."5 Free guanidine was generated from its carbonate (1.0 
g, 5.6 mmoles) by neutralization with a soln of NaOEt prepared 
by dissolving NaH (0.75 g of 50% oil dispersion, 15.0 mmoles; 
in abs EtOH (8 nil). After stirring for 30 min, the insol Na2C<>;i 

was separated and the filtrate mixed with a solution of diethyl 
ethylmalonate (1.0 g, 5.3 mmoles) and abs EtOH (5 ml). The 
reaction mixture was stirred at room temperature for 15 min 
and then refluxed for s hr. The white solid that formed was 
collected and dissolved in H20 and the resultant basic soln was 
acidified with AcOH. The product was collected and washed 
with II20 and Mc2('(i (X„mv 268 ni/i). Hecrystallization was 
accomplished by dissolving in NaOH and precipitating with 
glacial AcOH lo give 0.45 g of 55') ; charred at 340° (lit. mp 
not reported. 1 

Sodium Ethyl Formylacetate.17 A soln of 110O2Et (13.5 ml. 
0.166 mole) and EtOAc (13.0 ml, 0.142 mole) was dropped slowly 
with stirring into a mixture of Na i l (6.85 g of 50%, oil dispersion, 
0.1-13 mole) in abs Et ,0 (100 ml) until H2 evolution was detected. 
Ester addition was resumed after 15 to 20 min. The gray sus
pension gradually became yellow over the period of 2 hr. The 
yellow solid was collected and washed several times with EM) 
and dried in vacuo at 50° over NaOH to give 11.4 g (58 ' , ) of a 
very powdery product. 
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<13) T h e a d a m a n l y !p\ r imidine 3 m a y seem un ique in this series because 
of ils I b O con t en t . We will descr ibe o the r a d a m a n t y l p y r i m i d i n e s of this 
n a t u r e a t a la ter d a l e . Kuchar , r.t a t . (ref 8), have p resen ted a simitar s i tua
t ion wi thou t c o m m e n t . 

(14) S. Y. W a n e , •'• Org. Chem.. 24, 11 (19.59). 
ilfl) D . J. Brown and X. W. Jacobsen , ./. Chem. Soc, 3172 (1962), 
(Hi) A. V. M e r k a t z , Ber.,92,869 (1919). 
(17) Th i s p rocedure is a modification of t h a t described by S. Gabrie l , ihi<i,. 

37, 3638 (1904). 
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