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2,4-Dimethyl-5-hvdroxymethylpyrimidine has been prepared from 2,4-dimethyl-3-carbethoxypyrimidine an:l
has been evaluated as an antitumor agent and as a pyridoxol antagonist. Insignificant inhibition of several
rodent tumors was found at maximum tolerated doses. No growth inhibition of Sarcoma 180 ascites tumor was
observed in Swiss female mice on a Be-deficient diet. Intraperitoneal injection of 3 mg./kg. or more produced
lethal convulsions in mice. These seizures were reversed by pyridoxol in equivalent doses and by 4-deoxypyri-
doxol in a slightly larger dose.

As part of a program dirvected toward the prepara- SCHEME |
tion of “3-azapyridoxol,” the synthesix and biological cH CH
activity  of  2,4-dimethyl->-hydroxymethylpyrimidine i i
(I) were investigated. The structural similarity of T to N7 COOCH, LA NZ CH,0H
pyridoxol (IT) and to the known antagonist, 4-deoxy- CHB—J\N | CH l
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the observations of Pressmuan and Siegel? have indicated NZ CN
the hydration of annular nitrogens in rivo. Hydra- CH.~ |
tion of the 3-nitrogen of I in this manner would render
i= similarity 1o IT and IIT even more pronounced. v

Compound I has been synthesized from 2,4-dimethyl-
S-carbethoxypyrimidine (IV) by two routes (Scheme T).
Condensation of acetamidine with ethyl ethoxymethyli-
eneacetoacetate, by the procedure of TUrban and
Schnider,® gave IV, Attempts to effect the conversion
of IV to I by reduction with lithium aluminum hydride
at room temperature led only to a product tentatively
identified ax a tetrahydro derivative of I. The de-
sired conversion wax effected by the LIAIH, reduction
of TV at —70°.

Due to the early difficulty encountered, the prepuara-
tion of 24-dimethyl-5-pyrimidinecarbonitrile (V) and
itx subsequent conversion to the carbinol T was in-
vestigated.,  Urban and Schider® veported the prepa-
ration of 24-dimethyl-5-pyrimidinecarboxamide (V1)
by treating IV with alecholic ammonia at 100°. We
have found that this conversion oceurs in concentrated
aqueous ammonia at room temperature.

The umide VI was converted to the nitrile Vowith
phosphorus oxyehloride in refluxing xylene. Hydro-
genation of 'V ousing the method of Gould* gave 2,4-
dimethyl-3-acetamidomethylpyrimidine (VII). Hy-
drolysix of VII to the amine with dilute alkali and =ub-
sequent deamination with nitrous acid gave carbinol T,

Noteworthy is the fact that the carbinol apparentiy
was obtained in two crystalline habits, ax shown by
differences i their respective mineral oil infrared
speetra in the 9-10-g (C-OH) region. A lower melt-
ing material (35-57°) exhibited strong absorption w
9.66 w: the higher melting substance (59.5-61.0°) wax
characterized by an intense band at 9.40 u.  The two
samples, however, gave superimposible spectra in car-
bon tetrachloride and exhibited identical vapor phasc
chromatographic  properties.  Furthermore,  trans-
formation of the low-melting sample to the higher
melting material occurred on prolonged standing at
roonm temperature.  Finally, recrystallization of the

(1) This investigation was supported by Public Health Service Grant 10“, meh‘mg "‘11111)1(’ il) one ill\'T‘U](‘C gave th(‘ hi(fh(‘t'
- [ SE 2 2 st C € > g

No. (CA-02857-08 from the National Cancer Institute. Reported in pre-

liminary form in a previous communication: 7T, J. Schwan. J. F. Holland, me]ting material. ;\HGXD]HS to reverse this trans-
and H. Tieckelmann, J. Heterocyclic Chem., 1,299 (1964).
(2) D). Pressman and M. Riegel, J. Am. Chem. Soc.. T9, 994 (1Y57). ) oKL Gonld, Goo=0 Johnson, and AL . Yerris, J. Org. Chem., 28,

31 R. Urban and O, Schnider, Helv, Chim. Acta, 41, 1806 (1958). 163& 119600,
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TaBLE I
Errecr or Viramin Bs ANaLogs oN GRowTH 0F CULTURES
or L929 Mouse FiBroBLASTS®

Compd. 111 Compd. I

Conen., — Conen., v/ml e,
v./ml 0 10 100 500
4] 9.0 9.4 9.8 9.1

10 8.8 7.5 9.0 8.8
100 7.9 7.2 5.0 6.7
1000 2.0 3.1 3.0 1.7

e Growth measured as protein accumulation expressed in
multiples of initial tube content. Each value represents mean of
three tubes. Medium contained 1.0 v of II (pyridoxine)/ml.
Tubes fed daily for 5 days.

formation have not been successful. The realization
of two habits from the same solvent was due to varia-
tions in the crystallization procedures. These observa-
tions are similar to those of Okuda and Price? who have
reported that 4-amino-5-hydroxymethyl-2-methylthio-
pyrimidine exhibits a similar polymorphism.

Materials and Results

Cultures of mouse fibroblasts strain 1.929 in Eagle’s
medium® and 109, horse serum showed no growth in-
hibition from I, and no potentiation of the growth in-
hibitory activity of ITI (Table I).

The growth of ascites tumors transplanted into the
subcutaneous tissues was studied after intraperitoneal
injections of I dissolved in water. Treatment was
begun 24 hr. after tumor transplantation and continued
daily for 6 of 7 days. Irebs 2 carcinoma, Ehrlich car-
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from I on either diet. In contrast, treatment with I1I
on the deficient diet led to 749, inhibition of tumor
growth in the presence of substantial weight loss.
On the day before termination of the experiment, since
there was no appreciable alteration in tumor size of
animals receiving I at 0.1 mg./kg./day, a single dose of
2 mg./kg. of T was given. This led to convulsive death
in 3 of 7 animals on the complete diet but all 7 of those
on the deficient regimen. There were no significant
alterations in total leukocyte counts.

Toxicity of I was assessed in female Swiss mice weigh-
ing25g. Doses of 1, 1.5, and 2 mg./kg./day were toler-
ated for 6 days without evident toxicity. A dose of 3
mg./kg./day given to 6 animals killed all by the third
day. Single injections of 6 and 9 mg./kg./day caused
deaths within 2 hr. from seizures.

The acute lethality of I was preventable by equal
doses of II. The reversal was time dependent. When
given at —60, —15, 0, or 415 min. with respect to I,
II protected against lethality. However, injections
of IT at —24 or +1 hr. before or after I administration
did not prevent I deaths. In another group of five
animals treated with 3 mg./kg. of I, rescue with vita-
min IT was attempted when three showed evidence of
intoxication, but this was unsuccessful in two.

Acute deaths from the drug are due to central nerv-
ous system activity of the compound leading to sei-
zures. There is a sharp threshold for convulsant ac-
tivity: 3 mg./kg./day is lethal within 2 hr. in the major-
ity of all animals studied, and 2 mg./kg./day for 6 days
usually causes no seizures. Thus, 24 hr. between intra-
peritoneal injections is enough to avoid cumulative

TaBLE 11
TREATMENT OF SUBCUTANEOUS SARcoMa 180 1N Swiss FemaLe Micee?

————————————Complete diet——
Dose, Mean tumor Mean body
Compd. mg./kg./day wt., mg, wt., 2.
11,0 1666 26.5
I 1.0 2555 28
0.3 1841 26.6
0.1 2554 27.5
I1I 30.0

Be-deficient diet——————— —

S o

Mean tumor Mean hody
Deaths wt., mg. wt., £. Deaths
2 1912 33 3
1 2546 24 4
1 1877 26.6 1
30 o 7
509 20) 1

@ Ten animals inoculated with 108 S180 ascites tumor cells subcutaneously in each water coutrol group, 7 in each T treatinent group,

and 10 in TTIL.
ment was 25 £ 2g.

b See text.

cinoma clone 2, and Sarcoma 180 ascites tumors in 28-g.
Swiss female mice, leukemia P815 in 25-g. BDF1 male
mice, and leukemia 1.1210 in 25-g. DBA2 male mice
were evaluated. Groups of five mice were treated with
0.1, 0.25, 0.5, 1.0, or 2.0 mg./kg./day of I and con-
trasted against 10 control mice receiving water for each
tumor type. No reduction in excised tumor weight by
as much as 409 of control was seen in any of the experi-
ments, and in each tumor type some toxie deaths oc-
curred at the highest dose.

Swiss female mice with subcutaneous Sarcoma 180
ascites tumor cells were studied while on a synthetic
diet devoid of vitamin IT, or the same diet containing 10
mg./kg. of IT (Table I1). Two to five animals in the
control and treated groups had total leukocyte counts
measured the day before tumor inoculation and one
day before sacrifice. No growth inhibition was seen

(5) 'T. Okuda and C. C. Price, J. Ory. Chem., 33, 1719 (1957).
(6) H. Bagle, Science, 130, 432 (1959).

All treatments were intraperitoneal for 6 days weekly; sacrifice was on the 22nd day:.

Animal weight at onset of experi-

toxicity. No clear abbreviation of Kkilling time is
apparent from increasing the dose above 3 mg./kg.
(Table III).

Protection by simultaneous administration of II is
partial at doses of II less than those of I, although no
protection is evident when the ratio of I to IT is 9:1
or greater (Table IV).

TasLe 11
CONVULSIONS FROM SINGLE INTRAPERITONEAL DosEs
OF 2,4-DIMETHYL-5-HYDROXYMETHYLPYRIMIDINE®

Dose, Mean convulsive death time,
mg./kg. Deaths of 5 mice min.
2 0 .
3 4 106
6 5 70
9 5 82
27 5 92

o Pive Swiss female mice (25 g. each) at each dose.
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TapLe IV

Toxterry or 2,4-DIMETHYL-D-HYDROX YMETHY LPYRIMIDINE"
Compd. I

Compd. 11 . -Dose, mg. kg,

Dose, mg. kg, [} i [ 8]

[
~1

0 (I | ! 1
(.1 !
0.3 N 1 !
1 0.4 0.8 1
3 0 0 0.8 0.8
6 0 0.2
Y 0 () 0
27 0 0

-4

Compd. 111
Dose, mg./kg.

3 0 1 |
6 0 ) 0.5
A0 (}

« Pive normal female Swiss mice (25 g. each) were given single
injections of indicated drugs within 1 min. of each other. *» Mor-
tality for groups of five is indicated by 0 to 1. Deaths occurred
at 60-120 min, with seizures, or not at all.

At cquivalent IT and 1 doses over the 9-fold range
from 3 to 27 mg./kg. of each, lethality is prevented.
Similarly, the Bs analog IIT can protect against acute
lethal toxicity of I but not with equivalent potency.
Twice the dose of I1I eliminated acute fatalities.

Protection from seizures hy III allowed the test of
ordinarily supralethal doses of 1 as a tumor inhibitor
without the objections that would attend concomitant
use of the vitamin II. Al 4.5 times an LDy, signifi-
cant tumor inhibition was not seen (Table V).

Tasre V
TREATMENT OF SUBCUTANEOUS SARCOMA 180 IN Swiss
Femarne Mice witH CoMBINATIONS OF Bg ANALOGS®

Dose, Mean tumor A mean body

Compd. myg. ke /day WI., g, Wi, . Deuaths
Water 604 13 0
T 6 . C b}
11 15 390 0.6 0
30 D62 —1.0 0
60 =Y 0.2 0
[ 4 LI 6+ 15 154 1.6 1
G -+ 30 622 0.4 0
27 + 60 380 2.8 3

< Ten animals inoculated with 108 8180 ascites tunior cells sub-
cutaneously o water control group, five in each treatment
group; sacrifice was on the 7th day.

Discussion

The effects of T are manifest in the central nervous
system where presumably it aets as a convulsant be-
cause of antagonism to vitamin Be in pyridoxal phos-
phate requiring enzymatic pathways.  Since there is no
abbreviation of convulsive death time by inecrease in
the dose, the limiting phenomenon isx probably satura-
tion of an active transport mechanism into brain rather
than passive diffusion.  On dietary deprivation of B,
the lethal toxicity of the drug is probably enhanced.

Catalytic doses of Bs ux obtained in complete diet,
or minimum doses, do not protect, whereas pharma-
cologie dosex of 11 have graded effectx and can com-
pletely prevent seizures when, within specific time
periods, it is given in dosex equal to 1. This suggest~
competition for a single pathway.

1. o Honnaxp, asp B Bryaxst
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Finally, it is probable that 1IT competes for the sanw
transport mechanism or enzyme receptor site insofar s
subconvulsive doses of this drug can reverse the lethal
convulsive toxicity of I when given in 2 8 times the
concentration of the convulsant.  Thus, the relative
affinities of the three compounds for the hypothetical
transport receptor site would bhe T1, 1, and 1 in 1hat
order. Tt ix possible that activities on the central nery-
ous system inelude o thime lag for 3-phosphorylation
Lo oceur.

Compound I is ineffective i high dose against 1,929
cells in culture. Tt was inactive at the maximunt toler-
ated dose in five transplanted animal neoplasms during
complete dietary feeding and was neffective against
subcutaneous Sarcoma 180 transplanis during dictary
deprivation of By under conditions when the known
tumor inhibitor IIT7# exercised a 7497 growth inhibi-
tory effect.  Inxignificant effect on tuwmor growth was
found when  convulsions  expected  with ordinurily
supralethual doses were avoided by the simultancous
administration of II1.  Because of its extremely potent
and rapid effects upon the central nervous system as a
convul=ant, the drug may prove a useful tool for elucida-
tion of the role of vitamin Bg funetions in brain.  Its
similarity to “toxopyrimidine” (4-umino-2-methyl-3-
hydroxymethylpyrimidine)® and  other pyrimidines
which cause convulsions in rodents,”® however, pro-
vides alternative possible interpretations.

Experimental Section*!

2,4-Dimethyl-5-hydroxymethylpyrimidine (I) from IV.—Litl-
tum aluminum hydride (2.4 g., 0.064 mole) and 100 ml. of ether
were stirred at room temperature for 30 min.  After the slurry
was cooled to —70% in a Dry Lee-methanol bath, a solution of 5.4
g. (0.03 mole) of IV#in 15 ml. of ether was added slowly.  After
stirring was continued at —70° for 30 min., 10 ml. of glacial
acetic acid was added slowly, und the mixture was allowed 1o
warm to room tfemperature. The reaction mixture was con-
centrated to dryness in racio, und the residue was then stirred
with 120 ml of 2.5 .8 HCI for 15 hr. at room temperature. After
neatralization with dilute NaOH, the mixture was continuously
extracted with ethyl acetate for 2 davs. The solvent was re-
moved /n racuo, and the residue was taken up in 100 ml. of water.
The aqueous solution was extracted with two 50-ml. portions of
benzene to remove unreacted ester and then concentrated to
dryness in vacio to give 2.2 g, (54 ) of the ¢rude curbinol which
solidified upon cooling.  An analytical sample was obtained by
recrystallization from ligroin (b.p. 100-115°), m.p. 59.5-61.0°,

Anal. Caled. for C:HyNO: C, 600850 H, 7.30: N, 20.2%,
Found: €, 60.77, 60.88; H, 7.32, 7.47; N, 20.40, 20.42.

The infrared spectrum of a Nujol mull exhibited absorption
at 3.17 (OH), 6.33 (C=N), and 9.40 ¢ (C-OH).

2,4-Dimethyl-5-pyrimidinecarboxamide (VI).-——A mixture of
40 g. (0.22 mole) of IV and 200 ml. of concentrated aqueous NH;
was stirred at room temperature for 24 hr.  The mixture was con-
centrated to dryness in vacuo to give 33.3 g. (99%;) of the crude
amide, m.p. 165-177°  An analytical sample was obtained by
recrystallization from ethyl acetate; m.p. 180.5-191.0°, H(.% m.p.
191--192°.

(7 L Mibieh and Co AL Nichol, Cancer Kes., 2B, 153 (18657

(8) H. 1 =Skipper, J. R. Thomson, and . M. Schabel, Jr., Caneer Cheno-
therapy Rept., 29, 63 (1963).

() K. Makino, T. Konoshita, and T. Sasaki, Nature, 173, 34 (1954).

(10) F. Rosen, J. I'. Holland, and C. .\, Nichol, Proc. Am. Assoc. Cancer
Res., 2,243 (1957).

(11) Melting points were taken on a Mel-Temp apparatus and are cor-
rected. Infrared spectra were determined using a Beckman IR-5A spectro-
photometer. Vapor phase chromatographic analyses were carried out on
un 17 & M Maodel 500 gas chromatograph with a 0.25-in. o.d. 3-ft. stainless
steel column packed with 209 silica gnm rubber on glass beads. The
chromatograms were run isothermally ar 165° using helium us a carrier gas
650 ce/minyy. Mieroanalyses were performed by Drs. G Weiler and
17 B Strauss, Oxford, England
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Anal.  Caled. for C;HeN;O: C, 55.62; H, 6.00; N, 27.80.
Found: C, 55.82; H, 6.15; N, 27.74.

2,4-Dimethyl-5-pyrimidinecarbonitrile (V),—A mixture of
15.3 g. (0.101 mole) of VI, 50 ml. of POCL;, and 200 ml. of xylene
was stirred and refluxed for 8 hr.  After excess POCI; and xylene
were removed in vacuo, the residue was taken up in 400 g. of ice
water, and the acidic solution was neutralized with dilute NaOH.
Extraction with four 500-ml. portions of chloroform gave, after
removal of the chloroform in vacuo, 6.5 g. (499;) of the crude
nitrile. An analytical sample was obtained by vacuum sublima-
tion at 35° (0.1 mm.), m.p. 50.5-53.0°.

Anal. Caled. for C:H:Ns: C, 63.14;
Found: C, 62.99; H, 5.33; N, 31.17, 31.31.

The infrared spectrum of a Nujol mull exhibited absorption at
4.49 (C=N) and 6.34 u (C==N).

2,4-Dimethyl-5-acetamidomethylpyrimidine (VII).—A mixture
of 8.3 g. (0.067 mole) of V, 200 ml. of acetic anhydride, 3 g. of
anhydrous sodium acetate, and 5 g. of Raney nickel was hydro-
genated at 3-4 atm. for 24 hr. at room temperature on a Parr
apparatus. The mixture was heated to boiling and filtered.
After the catalyst was boiled with 100 ml. of additional acetic
anhydride and the combined filirates were concentrated to dry-
ness in vacuo, the residue was extracted with two 400-ml. por-
tions of boiling CCli. Removal of the solvent from the com-
bined extracts gave 4.8 g. (409) of the crude product. An
analytical sample was obtained by recrystallization from hep-
tanes; m.p. 88.5-90.0°.

Anal, Caled. for C,;Hi3N;0: C, 60.32; H, 7.31; N, 23.45.
Found: C, 59.98; H, 6.98; N, 23.60.

H, 5.30; XN, 31.36.
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The infrared spectrum of a Nujol mull exhibited absorption at
3.05 (NH), 6.13 (amide C=0), and 6.31 u (C=N).

2,4-Dimethyl-5-hydroxymethylpyrimidine (I) from VIL—A
solution of 4.8 g. (0.026 mole) of VII and 50 ml. of 2 N NaOH
was refluxed for 5 hr. The solution was neutralized with con-
centrated HCl and 2.5 ml. of the concentrated acid was added in
excess. A solution of 5 g. (0.07 mole) of sodium nitrite was
added. The mixture was stirred at 60° for 15 hr., neutralized
with dilute NaOH, and continuously extracted with ethyl ace-
tatefor 19 hr. After removal of the ethyl acetate, the residue was
extracted with two 400-ml. portions of boiling CCli. Removal of
the solvent from the combined extracts in vacuo gave 1.4 g.
(39%) of the crude carbinol. The product was recrystallized
from ligroin to give a white crystalline solid, m.p. 55-57°.

The infrared spectra (mineral oil mulls) of various samples of I
showed small but discernible differences in the 9-10-x region and
indicated that two crystalline habits were formed because of
variations in the crystallization temperature. Solution spectra
of the two samples in CCl; were identical. The infrared spectrum
of the 55-57° melting material reported in this experiment ex-
hibited absorption at 3.15 (OH), 6.31 (C=N), and 9.66 x (C-OH ).

Methanolic solutions of the two samples were analyzed by
vapor phase chromatography using the conditions described
above. Each of these solutions contained only one component,
the retention time of which was identical in both cases. When
the components from the two chromatograms were collected,
they exhibited identical infrared spectra. Upon analysis of a
mixture of the two solutions, only peak enhancement was ob-
served.

The Effect of Some Sulfur-Containing Pyridine Derivatives on
the Carbohydrate Metabolism of Ehrlich Ascites Tumor!

D. R. Grasserri, M. E. BRoOkkE, anDp J. F. Murray, Jr.

Institute of Chemical Biology, University of San Francisco, San Francisco, California 94117

Received June 9, 1965

The effect of 22 pyridine derivatives on the carbohydrate metabolism of Ehrlich asecites tumor was studied.
Most of the compounds are pyridinethiols, sulfides, and disulfides; several of them are new compounds, of which
the synthesis is described. 2,2’-Dithiodipyridine was found to inhibit respiration and glycolysis; pyridines
containing the grouping —(CH,),S— (with £ = 1 or 2) in the 4 position inhibited oxygen uptake and increased
lactate accumulation; 5-nitro-2-pyridinethiol and the corresponding disulfide and thioether had the common
property of stimulating oxygen uptake in the presence of added glucose.

In connection with a cancer chemotherapy research
project, we have synthesized a series of pyridinethiols,
sulfides, and disulfides, several of which are new. Al-
though they were prepared primarily as model com-
pounds, we have tested their effect on certain aspects
of the metabolism of Ehrlich ascites tumor.

As is known, some key enzymes of the glycolytic
pathway contain sulfhydryl groups in their active
centers and are thus susceptible to interaction with
other thiols or disulfides. Furthermore, nicotinamide
adenine dinucleotide (NAD) acts as coenzyme for the
dehydrogenases involved in glycolysis. It has been
established? that certain carcinostatic alkylating agents
exert their action by decreasing the availability of NAD
to the cell, thus causing an inhibition of glycolysis.
In addition, there are indications that NAD in ascites
tumor cells may be synthesized by a route different from
that of normal cells.® This may provide a basis for

(1) This investigation was supported by Public Health Service Research
Grant CA 07296, from the National Cancer Institute.

(2) (a) H. Holzer, P. Glogner, and G. Sedlmayr, Biochem. Z., 830, 59
(1958); (b) H. Holzer and H. J. Boltze, Z. Krebsforsch., 64, 113 (1961),

selective inhibition of the energy-yielding metabolism
of tumor cells.

The properties studied are: oxygen uptake in the
absence and presence of added glucose, and aerobic
and anaerobic glycolysis. Among the 22 compounds
reported here, we have found different types of activi-
ties, which can to some extent be correlated to struc-
tural features.

Materials and Methods

Manometric Experiments.—Swiss mice, bearing 5- to 10-day-
old ascites tumors, were sacrificed by cervical fracture. The
fluid was collected, heparinized, and used immediately. Mano-
metric determinations were carried out in a conventional Warburg
apparatus at 37°. Readings were taken every 5 min. for 1 hr.
after introduction of the compound under study. Lactic acid
was determined by the method of Barker and Summerson.4

When oxygen uptake was measured, the gas phase was air.
The main compartment of the flask contained 2.5 ml. of heparin-

(3) (&) H. Holzer, G. Friedrich, and H. Grisebach, Biochim. Biophys.
Acta, 51, 600 (1961); (b) H. Holzer and H. Kroeger, Biochem. Z., 330, 579
(1958).

(4) S. B. Barker and W. H. Summerson, J. Biol. Chem., 188, 535 (1941).



