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(845,) of very light tan crystals: mp 200-201° (e in 111
15tOAc-petroleun: ether). Anal. (CH, FN.068) C, H, N.

Methy! «-(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 wml of CCL
wax refluxed with stirring for 25 hr, then eooled inice.  The pptd
<tieeinimide was removed by filtration and washed with CCly.
The combined filtrate and washings were spin-evapd under vic-
m To the residue were added 348 g {200 nimoles) of 2-
cliloro-4-nitrophenol, 27.6 g (200 mmoles) of K,CO;, and 200
mlof DMF.  The mixture was stirred at room temp for 26 hr and
then added to 1500 ml of Hy().  The pptd product was collected
on a filter and washed with a large vol of 1,0, then with petrolenm
ether. Reerystn from DMF-H,O afforded 40.0 g (62¢) of liglht
tan needles: mp 207-208° (tle in 1:1 EtOAc-petrolenm ether:
Anal. (CsHRCINO,) ¢ H, N

Ethyl 2-[(2-Chloro-4-nitrophenyl)thio]acetate (29a) (Method
F)--A mixture of 9.60 g (50 mmoles) of 3,4-dichiloronitrobenzene,
6.0 g (50 nunoles) of ethyl 2-mmercaptoacetate, 6.9 g (50 mmolesi
of K:COy, and 50 ml of DMF was stirred at 75-80° for 45 min,
then cooled, and added 1o 750 ml of H.O. The prodinet was
collected on o filter, washied with .0, and reerystd fron MeOH
L give 10.8 g (7870 of light yellow erystals: mp 72-73° (e
in CeHe). Anal. (CulluCINGSS) €, H, N.

3-{(2-Chloro-4-nitrophenyl)thio| propionic Acid (30c) {Method
G)--A stivred mixtire of 5.50 g (20 mmoles) of 29¢, 100 ml of

JuNak, of ai

UV HCL and 30 ml ol dioxane was relluxed for 5 mnn, then
vooled, and added 1o 500 ml of 1.0, The oil, which sepd, crysud
readdily upon seratehing. The erude solid was dissolved s
completely ax possible e 100 1l of 505 NallCOs The =oln wa-
filtered, waslied with three 1001l portions of CHCL, and finally
acidified with 57, TICL The prodonet was colleeted on g filta
ad washed with 11,00 Reeryvstallization from Ceflg vielded
3.650 g (044, 1of light vellow cry=tals: mp 117-118° tdein MeO11n.
Anal (CHCINOS-0.25C 1) C) T, N
N={w=(4,6-Diamino-1,2-dihydro-2,2-dimethyl-s-triazin-1-y11-

phenoxyacetyl]sulfanilyl Fluoride Ethanesulfonate {6) (Method
H).-- A mixture of 1.06 g (3.0 mmoles) of 20e, 100 mg of P10, and
100 1l of HOH was <haken with H, ut 1-3 atin il the veae-
Uon wix caanplete (21 oy THE wax added to dissolve =ome pre-
cipitated produet aud the ltered <oln was evapd in vacao. To
the residne were added 335 g (3.05 nimoles) of 1StSOyH, 2060
mg (31 nnnoles) of eyanogaanidine, and 30 ml of Me, O, The
niixtare was reflnxed with stivving for 24 hre, then coolad, amd
filtered.  The crnde produei was washed  with MeCO
recryatd twice from ~PrOH-1120 o give 386 wyg (554, of white
erystalss mp 194 196° dee dde o =PrOG. bl (0 s
IPNGON0 COHLF

Method 1 was~ 1the =ane ax method 11 except that Raney \n
wits ised nx entalyst

Method J was (he smmne ax method 11 except that 107, Pd-€C
wis txed s citadvst,
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Preparation of several 2-amino-4=liydroxy-i-{ I-adamantyDpyritnidines 11-4 3 and H-(L-ndamantylinmino juraeil

(5) 1s described.

2-Amino-4-hydroxy-3-(I-adamantiyl)pyrimidine (1) and 2-amino-4-hydroxy=H-( l-adamantyl)-06-

methylpyrimidine (3) were foud to be moderately inhibitory to several lines of monse =arcoma 180 cells (8-180)

and to mouse manimary adenocarcinona (TA3) in caltie.

folate reductase.

Diaminopteridines and pyrimidines play aun impor-
tant role as chiemotherupeutic agents.  Methotrexute
1= widely used in the treatment of acute childhood
leukemia and choriocarcinoma? while pyrimethiamine
ix cffective in the treatment of malaria.?  The chemo-
therapeutic activity of these drugs is due to the iu-
hibition of the enzyme dihydrofolate reductase (also
kiown axs folate reductase and tetrahydrofolate dehy-
drogenase, EC 1.5.1.3).%% Whereas methotrexate, one
of the most potent inhibitors of this elass of compounds,
1= distinguished by its lack of species specificity, di-
aminopyrimidines with 35-phenyl substituents exhibit
highly speeifie inhibitory effects for dihydrofolate re-
duetases from different speeies.  Thus, for instanee,
pyrimethamine is 4000 and 50,000 times more inhibitory
for plasmodial dihydrofolate reductase® than for the
corresponding evzymes from human tissue or [sehe-
richia coliy respeetively.”  Ou the other haud, trimetho-
prim  (2,4-diamino-3-trimethoxyphenylpyrimidine) s

#*T'o wliota correspondeuce sbyuld e addressel,

(1) This work was supported in parc hy Grauts CAD2908, CA-04175,
aud CA-11047 from Ulie National ('ancer Institute of (he UL 8, Pullic 1Tealtl
Service,

() J.F. Nollaml, Clin, Pharmacol, Thernp,, 2, 374 {1961),

i31 Gl 11 Hitelings, ihid., 1, 570 {1960),

14) 8. ¥, Zakrzewski, J. Biol. Chem., 288, 1485 {1903).

i) J.J. Burehall and G. H. Hitehings, Mol. Phurmocal., 1, 120 11965},

15) R. Yerone, J, J. Burchall, and G. 1. itebings, Fed, Proc., Fed. Amer.
Nae, Bep, Biol,, 27, 390 (1968).

Neither of these pyrinidines inhibited the enzyme

(0,000 times more inhibitory for &. coli dihvdrofolate
reductase than for that of humau origin.”

It was of interest to investigate the bioehenieal
and biological activity of pyrimidines having in posi-
tion 5 a highly lipophilie and bulky adamantyl group.
The ultimate aim of this work was to prepare 24-
diaminopyrimidines substituted witlh adamantaue and
its derivatives in position 5. However, preparation
of sueh compounds was muceh more difficult than that
of  corresponding  2-amino-4-hydroxypyrimidiies.”
While the work on 2,4-diaminopyrimidines continues, :
series of 2-amino-4-liydroxypyrimidines was prepared
and tested for their biologieal activity.®

Synthesis.---Pvrimidines 1-3 (Table 1) were pre-
pared by coudeusing the appropriate 8-carbonyl ester
derivatives (9-11) with guanidine (Scheme I). The
ester derivatives were synthesized by adaptation and
modification of the procedures of Luun, et al,' wlo
reported the preparationt of cthyl (I-adamantylymal-
onate (10) by coudeusation of ethyl malonate with
l-adamuntanol as catalyzed by Bl

{73 The terw “hydrosvpycioidiue” will be used tlesughout this paper
for convenience even lough ic is rvealized that tliese compomds aclnally
exist in tle lactam, rather than (be lactim, form.

i8) Recenlly, preparation «f souie 6-(l-adatwantyDpyrimidines as polen-
{ial antiviral agents lias been reported. M. Kuchar, J. S8trof, and J. Vacbek,
Coll. Czech. Chem. Commur., 34,2278 (1969),

(9 W, YL W, Lonn, W, 1), Yodwore, and =, &, Sziwa, J. Chewe Sec. O
1657 (19681



5=(1-ADAMANTYL)PYRIMIDINES

TaBLE 1
Rl
N | K
R/l\N R
No. R Rt R2 Rs
1 NH, OH Ade H
2 NH. OH Ad OH
3 NH, OH Ad CH;
4 NH, OH Ad Cl
b} OH OH NHAd H
6 NH, NH, Br NH,
7t NH, NH; CH; OH
8e NH, OH C.H; OH

¢ Adamantyl (CpHp).
J. Chem. Soc., 3172 (1962).

»D. J. Brown and N. W Jacobsen,
¢ A. V. Merkatz, Ber., 52, 869 (1919).

ScHEME T

NH CH,0,C
+
NH, NH, 0P~k
9, R'=H
10, R* =OCH,
11, R* =CH,

Compound 4 was prepared from 2 by replacing
OH with CIl. 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-adamantyl)-6-hydroxy-
pyrimidine in NH,-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 l-adamantylamine with 5-bromouracil. A similar
approach to the corresponding 2,4,6-triamino-3-amino-
(1-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
inwitro. Of these, 2,5, 6, and 7 had no effect and 4 only
a slight effect on the growth of mouse sarcoma 180
cells (8-180) at 100 ud/ concentration in Eagle’s me-
dium® 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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TasLe 11
Growts InmiBitorY Errect oF Two
5-ADAMANTYLPYRIMIDINES ON MAMMALIAN
CeLLs in Viiro

~—~—50Y% inliibitory concentration, u——

2 Amino-4-
liydroxy-5-ada-~ 2-Amino-4-
Cell mantyl-6-methyl- bydroxy-5-ada-
line pyrint:dine mantylpyrimidine
5-180e
Parent 46 110
ATl /67 40
AT/ 174 48 60
AT /3000 45
TA3 5.0 30 (no effect)

“The sublines of S-180 cells sensitive (parent) and resistant
(AT1/67, AT/174 and AT /3000) to amethopterin have been de-
scribed elsewhere.l! 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.
®TA3 is a mouse mammary adenocarcinoma cell originating
from ascites form grown in female A/I1a mice and generously
supplied by Dr. T. Hauschka of this Institute.

tween TMP synthetase content'! 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 8-180 to several other un-
related antimetabolites such as amethopterin, 6-mer-
captopurine, and vineristine (unpublished data).

Enzymatic Studies.—The two compounds, 1 and 3,
that were active as growth inhibitors of $-180 cells were
tested as inhibitors of the enzyme folate reductase which
was partially purified from the subline AT/3000 of
S-180 cells.!? 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 104 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
aud 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 (8); 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. Tlc 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(1-adamantyl)acetate (9).—Pentane (60 ml),
l-adamantanol (2.5 g, 16.4 mmoles), and Na ethyl formylacetate
(2.5 g, 18.1 mmoles) were mixed. While cooling, BF; was passed
through the mixture at a rate rapid enough to keep the tempera-
ture between 7 and 13°. Addition of BF; was continued 20 min
after fumes were detected at the mouth of the drying tube.
Maintenance of proper temperature and saturation with BF;
are imperative. After stirring at ambient temperatures for 1.5

(11) M. T. Hakala, Proc. Meet. Fed. Eur. Biochem. Soc. 6th, 16, 31 (1969).
(12) S. F. Zakrzewski, M, T. Hakala, and C. A, Nichol, Mol. Pharmacol.,
2,423 (1966).
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Lir, 10 ml of cold KOH (504%) was added eautionsly while the
temperature of the mixture was kept below 5°. The reaction
Iixture was extracted several tiines with cold t,0. The ether
layers were washed twiee with cold HyO and dried (Mg80.)
in a refrigerator for 30 min.,  After filtvation, Et,0 was removed
i racuo to give a mixture of anoil and asolid.  Refluxing with
heptane (75 ml, 1.5 hr) aud removal of the solvent 9 racuo was
performed twice to give ultimately 2.48 g (685.) of oil. The
product was dissolved in a small amount of CHCl-CCly (1:33)
and added to a siliea gel colimnn and the column was washed
with a total of 800 ml of this solvent. The desived produet was
finally eluted from the column with CHClL--CCL (2:1): v in
CDCl; 9.78 d (HCO); 4.16 q (CH.CHy); 2.70 d [COCH(Cy-
H1)CO); 2.30-1.50m (CpH g 120t (CHyCHy). Al (Coam
Ha203) C, H.

2-Amino-4-hydroxy-5-(1-adamantyl)pyrimidine (1).—Free
guanidine was generated from guanidine carbonate (0.97 g.
4.28 mmmoles) by neutralization with NaOkt (0.246 g, 0.0107 g-
atolns of Na) in 30 ml of abs EtOH. Nay,CO; formed after 0.5
I was washed with a small amount of abs EtOH aud the wash
added to the original filirate. The combined filirate and wash-
ings were mixed with a soln of ethyl formyl(1-adamantyl)acetate
(9) (2.13 g, 8.54 mmoles) in 20 nil of [NWOH and refluxed for 18
hr.  After cooling in the refrigerator for 1 hr, addition of Ha.0
o the reaction niixture precipitated the dexired produet (1.36 g,
6397.), which was 809, pure. The crude material was purified by
dissolving in 2 M NaOH, treating with charcoal, and precipitating
by uneutralization with HCL The analytical sample was ob-
tained by dissolving iu ItOH, treatment with charcoal, and pre-
cipitation by H,O; mp >350°; tle with MeOH, B¢ 0.76; N
228, 289 mu (exo 9.8 X 10%); Apiw 250 mp. Arnal. (Clln Ny
C, H, N, caled, 17.13; found, 16.45.

2-Amino-4,6-dihydroxy-5-(1-adamantyl )pyrimidine (2.

lithyl (l-adamantyDmalonate? (10) (1.00 g, 3.38 nimoles),
gnanidine carbonate (0.61 g, 3.39 mmoles), aud abs EtOH (8
ml) were refluxed for 24 hr. The reactionr nixture thickened
considerably dnring this time. After cooling, the produet was
collected, washed (Me.CO, abs EtOH), and suetiou-dried for
8 hir.  The yield was 0.67 g (76%.). The analytical sample was
recrystallized by dissolving in NaOH, filtering, and precipitating
by acidification with HCl: mp >330°: Meax 204 mp, Amiy 231
mu.  Anal. (CH,sN:00) C, H.

Ethyl Aceto(l-adamantyl)acetate (11;.-- l-Adamananol 15.00
g, 33.0 mmoles) and ethyl acetoacetate (4.70 g, 36.2 nimoles)
were stirred in about 60 ml of pentane.  BF; was passed through
the mixture while maintaining the temperatiure below 10°. In
lexs than 5 min the insohible solid had turned into a symp.  The
reaction mixture was then stirved at room temperature for 1 hr,
and neutralized with 15 il of 500 KOH while cooled below 5°.
Alter extraction with cold .0, the combined extractz were
washed with cold ;0 and dried (MgS0,).  After removal of
(he solvent, thie residite was dissolved in ixooctane nnd refluxed
Tor 1.3 hr. The solveut wuas removed in vacuo (o give a thick
white oil (5.1 g); an nmnr spectrum <howed this material 1o be
a mixtare of produet and starting materinl (70:30). The oil
was eluted from a silica gel eolumn with CHCly to give a water
white oil (3.4 g, 44%;). Tle with CHCl; revealed a =ingle spot
when developed in I. at Be 0.85, nmr iu CCly eonfirmied the ax-
signed strueture: 4.12 q (CH.CHy), 3.13 = [COCH(CoH,;)CO],
2.20 s (CHCO), 2.00-1.40 m (CyHy), 1.22 ¢ (CH.CHs). No
euol form of this compound was detected. Anal. (CieHuwu()y)
¢, H.

2-Amino-4-hydroxy-5-(1-adamantyl)-6-methylpyrimidine (31
-~Ethyl aceto(l-adaniantyl)acetate (11) (4.00 g, 15.3 mmoles)
and gnanidine-HCI (1.44 g, 15.1 mmoles) were niixed in 50 1l
of abs EtOH. A white solid formed immediately npon addi-
tion of a =oln of NaOEt prepared by dissolving NaH (144 g
of a 50¢; dispersion, 30.0 mmnioles) in abs ItOH (30 ml).  After
refluxing for 60 hr, the white solid was dissolved by addition of
1 M NaOH, then pptd by addition of H:0O. The iusol prodnet
wuas colleeted (2.16 g, 55%;) (mp 290-300°) and recrystallized
(KtOH). The analytical sample was further purified by double
ehition from a silica gel column with abs EtOH: \uex 230, 292.5

JuNax, of ol

Wge Awin 204 mg; p >300%; Fe 0550 Anal. (T NGO
11.0)13 C, H.

2-Amino-4-hydroxy-6-chioro-5-(1-adamantyl )pyrimidine 4.
2-Amino-4,G-dihyvdroxy-5-(1-adamantyDpyrimidine  (2) (0.50 g,
192 wanoles) was refluxed in POCEH (8 miy containing PCL, 10.50
o, 2041 unnolesy for abont 12 hire  After cooling, the red =ob
wix poured on ice and stirred.  The solid which formed was
callected and weighed 0.41 g (76%): mp 187° (with efferves-
Cenee); Aaax 288, 203 mu.  Anal,  (CHiCIN;O; CL

5-(1-Adamantylamino)uracil (5).—-5-Bromonracilt* (1540 g,
%33 nnnoles) and T-adamantylamine (49.6 g, 0.325 molel were
mixed with 360 ml of pyridine and refluxed Tor 48 e Paving
this time most of the =olid passed into soln. The =u=peusinn
was filtered hot and the filtrate cooled (o give a solid which was
collected and washed with pyridine and Et.0.  The vield of 1he
fine white vryxtalline proditct was 6.5 g, ense 2100 202 mps,
AL 050 mu at pH 7. The aualytical sample wax firther povi-
fied by dissolving 3 M NaOH and pptg by nentralization with 2 M
HCL mp >350°, Anal. (ChaHpN;O0 G, N

2,4,6-Triamino-5-bromopyrimidine (6).- 2,+.6-"Triamnae-

pyrimidine (5.00 g, 40.0 mmoles) wax dissolved i the smallest
pos==ible nmonnt of H,0. By (2.0 ml, 39 nunoles) was added. A
Lirown =olid Tormed which dissolved when the reaction mixtire
was heated on g steam batli, Alter cooling 1.5 he in the re-
frigerator, a sl amomnt of a brown solid Lad =eparated. The
filtrate was nenttalized with L N NaOIll 1o produce o flnlfy,
white <olid which was washed 115,00 and o =<mall amonne of
Me,CO: vield 520 2 (100C0): mp 200-202°0 I 0.60; A2
275 g AN 250 e Aadytieal spmple wias reerystd Trom 93¢,
O dnal. (CHBrN Br.

2,4-Diamino-6-hydroxy-5-methylpyrimidine 7),-24-Di:-
mino-G-hvdraxy-5-methvipyrimidine wax prepared according 1o
the procedure of Browi by alkylation of 24-dinmino-6-ly-
droxypyrimidine: mp 320--324° dit, 308-310%0 M. 2700 257
S Ny 270, 25710.1.8 NaO1l.

2-Amino-4,6-dihydroxy-5-ethylpyrimidine (81 - Thi~ vom-
pound was prepared aceording e a modified procedure of Mer-
katz.¥  Iree gnanidine was generated from its earbonate (1.0
g, 5.6 mmnoles) by nentralization with a =oln of NaOEt prepared
by dissolving Nald (0.75 g of 509 oil dispersion, 15.6 nnnoles;
i abs E1OH (5 ml). After =tirring Tor 30 min, the insol Na,Cty
was separated and the filirate mixed with a solation of diethyl
ethylmalonate (1.0 g, 5.3 nunolesy aud abs 1StOH (5 ml). The
reaction mixture was stirred at roont temperatnre for 15 min
and then refiuxed for s hr. The white solid that formed was
collected and dissplved in HyO and the resnltant basic soln was
acidified with AcO1T. The produet was eollected and washed
with HLO and MeCO (e 268 mp). Recrystallization was
aceonplished by dissolving in NuOH and precipitating wich
glacial AcOH (oogive 045 ¢ of 5507 clarred at 540° it mp
ot reported.

Sodium Ethyl Formylacetate. '\ <oln of HCO 150 (13,5 ml,
0.106 uole) and HiOAe (13.0 ml 0,142 mole) was dropped slowly
with =trring into a ixture of NaH (6,85 g of 509, il dixpersion,
0. 183 mole) 1n abs 1560 (100 mi) until Hy evolution was derected.
I=ter addition was resumed after 15 to 20 min.  The gray sns-
peusion gradnally hecane yellow over the period of 2 hr. The
vellow =olid wax collected and washed several times with 1210
and dried 1 racee ar 50° over NaOH w give 114 g (5501 of u
very powdery prodnoet.
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i13) The adamani ylpyrirwidive 83 may seem unique in (liis series Lecaase
of its H:0 vonteni. We will describe other adamantylpyrimidinés of (bis
uacure at a later datle.  Wocbar, ef ol. iref 8), llave presented a similay sitilia-
(ion witliout comuuent .

(14) S.Y. Waug, J, Urg, Chem., 24, 11 (1950).

t5) DOJ. Browua and N. W, Jacobsen, J. Chem. Soc., 3172 (1962).

116) A, V. Mevkatz, Ber., 52, 869 (19191,

{17) This procedure is a modification of that deseribed by S, Gabriel, ..
37, 3638 (1904,
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