750 T.J. Scuwax, H. TheckeLvaxy, J. 1. Hounaxp, axp B, Bryasr Vol s

2,4-Dimethyl-5-hydroxymethylpyrimidine, a Pyridoxol Antagonist®
Taomas J. Scaway, Howarp TIRCKELMANY,
Departinent of Chemistry. State University of New York «t Biglalo, Buffcdo, New York 14521
James 1. HoLraxp, ANp BravLey Bryasr
Roswell Park Memorial {nstitide, Baffelo, New Yook 15403

Recelced April 22, 1965

2,4-Dimethyl-5-hydroxymethylpyrimidine has been prepared from 2,4-dunethyl-3-carbethoxypyrimidine an:
has been evaluated as an antituor agent and as a pyridoxol antagonist. Insiguificant inhibition of several
rodent tumors was found at maximum tolerated doses. Na growth inhibition of Sarcoma 180 ascites tumor was
observed in Swiss fernale mice on 2 Be-deficient diet.  Intraperitoneal injection of 3 mg./kg. or more produced

lethal convulsions in mice.
doxol in a slightly lurger dose.

As part of a program directed toward the prepara-
tion of “3-uzapyridoxol.” the =ynthesix and biologicnl
activity  of 2 4-dimethyl-5-hydroxymethylpyrimudine
(I) were investigated. The structural similarity of T to
pyridoxol (IT) and to the known antagonizt, 4-deoxy-
pvridoxol (ITT), suggested its syvnthestz.  'urthermore,
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the observations of Pressman and Siegel? have indicated
the hydreation of annular pitrogens in rivo. Hydra-
tion of the 3-nitrogen of I in thix manner would render
i< simtlartty to IT and IIT even more pronounced.

Compound I has been synthesized from 2,4-dimethyl-
S-carbethoxypyrimidine (IV) by two routes (Scheme I).
Condensation of acetamidine with ethyl ethoxymethyl-
cncacetoncetate, by the procedure of Urban and
Schmder,® gave IV, Attempts to effeet the conversion
of IV to I by reduction with lithium aluminum hydride
at room temperatuve led only to a product tentatively
identified ax a tetrahydro derivative of I. The de-
sired conversion was effeeted by the LIAIH, reduction
of IV at —70°.

Due to the early difficulty encountered, the prepava-
tion of 2 4-dimethyl-o-pyrimidinecarbonitrile (V) aud
itx subscquent conversion to the carbinol I was in-
vestigated. Urban and Schinider® reported the prepu-
ration of 2 4-dimethyl-3-pyrimidincearboxamide (V1)
by treating IV with alcoholic ammionta at 100°.  We
have found that this conversion occurs in concentrated
dqueous ammonia at room temperature.

(1) Thix investigation was supported Ly Public Mealtlh Service Grant
No, (CA-02857-08 from the National Caucer Institute. Reported in pre-
liminary form in a previons communication: T. J. Schwan. J. F. Hollamt,
and 1. Tieckelinann, J. Heterocyclic Chem., 1, 204 (1964).

(21 1), Pressman and M. SQiegel, J. Ap. Chera. Sor.. T9, VY1 (18573

«h R Urhan and O, Schnider, Helv, Chim. Anta, 41, 18006 11958).

These seiziires were reversed by pyridoxol in equivalent doses and by 4-deoxypyri-
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The amide VI was converted to the nitvile 'V owith
phospliorus oxychloride i refluxing xylene.  Hydro-
genation of 'V ousing the method of Gould* gave 24-
dimethyl-5-acetamidomethylpyrimidine (VII). Hy-
droly=tx of VIT to the amine with dilute alkali and =ub-
scquent deamination with nitrous acid gave carbinol T

Noteworthy i the fact that the carbinol apparently
wax obtained n two erystalline habits, ux shown by
differences i their vespeetive mineral ol tufrared
speetra in the 9-10-¢ (C~OH) region. A lower melt-
ing material (55-577) exhibited stroug absorption at
9.66 w: the higher melting substance (59.5-61.0°) was
characterized by an intense band at 9.40 . The two
samples, however, gave superimposible spectra in car-
bon tetrachloride ad exhibited tdentical vapor phasc
chromatographic  properties.  Furthermore, trans-
formation of the low-melting sample to the higher
melting material ocamnred on prolonged standing at
roont temperature. inally, recrystallization of the
low-melting sample i one itustance gave the higher
melting material.  Attempts to reverse this truns-

i) I 1. Gonll. G =0 Jobuson, and N YL Fervis, J. Ovg. Chem., 25,
16H& (1BGO1.
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TaBLgE I
Errecr or Vivamn B ANaLogs oN GRowTH 0¥ CULTURES
oF LY29 Mouse FIBROBLASTS®

Compd. 111 Compd. 1
Conen., — Conen., y/inl, —
v./ml, 0 10 100 500
0 0.0 0.4 9.8 G.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 1neasured as protein accumulation expressed in
nultiples of initial tube content. Each value represents mean of
three tubes. Medium contained 1.0 4 of II (pyridoxine)/ml.
Tubes fed daily for 5 days.

formation have not been successful. The realization
of two habits froni 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 polymorphisni,

Materials and Results

Cultures of mouse fibroblasts strain 1929 in Eagle’s
nmedium® and 109, horse serum showed no growth in-
hibition from I, and no potentiation of the growth in-
hibitory activity of III (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. I{rebs 2 carcinoma, Ehrlich car-
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from I on either diet. In contrast, treatment with ITI
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
anials receiving I at 0.1 mg./kg./day, a single dose of
2 mg./kg. of I was given. This led to convulsive death
i 3 of 7 animals on the coniplete 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. Dosesof 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. Siugle 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 tinie dependent. When
given at —60, —15, 0, or +15 min. with respect to I,
II protected against lethality. However, injections
of IT at —24 or 41 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-
nin 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 G days
usually causes no seizures. Thus, 24 hr. between intra-
peritoneal injections is enough to avoid cumulative

TaBnE IT
TREATMENT OF SUBCUTANEOUS SaRcoMA 180 18 Swiss FrMaALE Mickee®

[

Duose, Mean unnor Mean body
Compd. mg./kg./day wt., mg. wt., g.
110 1666 26.5
I 1.0 2555 28
0.3 1541 26.6
0.1 2554 27.5
I1I 50.0

—————==Coinplete diet——

Be-deficient diet—————er——

Mean tumor Mean hody
Deaths wt., mg. wt., g. Deaths
2 1912 33 b
1 2546 24 4
1 1877 26.6 1
Bl o Y
509 20 1

» Ten animals inoculated with 106 S180 ascites tumor cells subceutaneously in each water control group, 7 in ench T treatiment group,

and 10 in III.
ment was 25 £ 2g.

b See text.

cinonia clone 2, and Sarcoma 180 ascites tumors in 28-g.
Swiss female mice, leukemia P815 in 25-g. BDF1 male
mice, and leukemia L1210 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 toxic 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 II (Table II). 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

(%) 1. Okuda and C. C. Price, J. Org. Chem., 23, 1719 (1957).
(6) M. Lagle, Science, 130, 432 (1959).

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

Animal weight at onset of experi-

toxicity. No clear abbreviation of killing time is
apparent fromi increasing the dose above 3 wmg./kg.
(Table III).

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

TasL IIT
CONVULSIONS FROM SINGLE INTRAI'ERITONEAL DUsES
OF 2,4-DIMETHYL~3-HYDROXYMETHYLPYRIMIDINE®

Dose, Mean convulsive deatl tine,
mg./kg. Deaths of 5 mice min.
2 0 .
3 4 106
6 5 70
9 5 82
27 b) 02

o Five Swiss femule mice (25 g. each) at each dosc.
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TaBLe IV

Toxicrry ar 2,4-11IMETHY L -TYDROXYMETHY LY RIMIDINE®
Cowpd. }

Compnl. 11 . Imse, mg. kg,

Dose, my. ke, a = 6 0

27
1 (1.8 1 1 1
0.1 1

.3 1N 1 1
1 0.4 [0 1
3 8] 1) 0.8 0.5
[} 0 0.2
4 ) 0 il

27 ) 0

Campd. 111
Dose, myu. k.

B 0 1 1
(1 0 1 u.»
A i8]

« Five noral female Swiss mice (25 g. ench) were given single
injections of indicated drigs within T min. of each other. * Mor-
tality for groups of five is indicated by 0 ta 1. Deaths occurred
at 60--120 miw. with seizures, or not at all.

At cquivalent IT and I 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 III eliminated acute fatalities.

Protection from seizures by IIT allowed the test of
ordinarily supralethal doses of I ax a tuor inhibitor
without the objections that would attend concomitant
use of the vitamin IT. At 4.5 times an LDjg, signifi-
cant twwor inhibition was not seen (Table V).

TABLE V
TREATMENT 0F SUBCUTANEOLUS SARCOMA 1830 18 Swiss
Femare Mick witH CoMBINATIONS OF B ANaLogw!

Duose, Mean tmmor 4 nean Lly

Compd. m. ke fday Wi., 1, wl., £, Deuths
Water 604 13 0
I (i o o a
111 13 BRI .G 0
30 62 — 11 a
60 Xy 0.2 0
1+ 111 -+ 15 454 1.6 1
0 4 30 622 0.4 0
27 4+ 6o EA —2.K 3

2 Ten anipuls inocnlited with 108 S180 ascites tumor cells sul-
cimaneausly in water countral graup, five in each treatment
granp; sacrifice was on the 7th day.

Discussion

The effects of T are mantfest in the central nervous
system where presumably 1t acts as a convulsant be-
cause of antagonism to vitamin B in pyridoxal phos-
phate requiring enzymatic pathways.  Since there is no
abbreviation of convulsive death time by increase in
the dose, the limiting phenomenon is probably satura-
tion of an active transport mechanisi into brain rather
than passive diffusion.  On dietary deprivation of Bs.
the lethal toxicity of the drug is probably enhanced.

Catalytic doses of Bg ax obtained in complete diet,
or minimum doses, do not protect, whereas pharma-
cologic doses of 1T have graded coffects and can con-
pletely  prevent seizures when, within specific thue
periods, it is given in doses equal to I, This suggests
competition for a single pathway.

52 T.J. Serway, H, Tiwckruvasy, J. o Holrasp, anp B Bryast
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Finally, it 15 probable that 1IT competes for the same
transport mechanism or enzywie receptor site imsofar as
ubconvulsive doses of this drug can reverse the lethal
convulsive toxicity of 1 wlen given in 2- 8 times the
concentration of the convulsant.  Thus, the relative
affinities of the three compounds for the hypothetieal
transport receptor site would be I1, 1, and I, in that
order. Tt s possible that activities on the centrad nerv-
ous =ystenl melude a time Iag for S-phosphorylation
Lo oceny.

Compound I ix meffective in high dose against 1929
cells I culture. Tt was inactive at the maximum toler-
ated do=e n five trapsplanted animal neoplasms during
complete dietary feeding and was meffeetive ngainst
subeutaneous Sarcoma 180 transplants during dietary
deprivation of Bs under conditions when the known
(unior inhibitor TIIT® ¢xercized a 749 arowth inhibi-
tory cffect.  Insiguificant effect on tumor growth was
found when convulsions  expected  with  ordinarily
supralethal doses were avoided by the simultancous
admintstration of 111, Because of 1ts extrentely potent
and rapid cffects upon the central nervous systenn as a
convulaant, the drug may prove a u=eful tool for elucida-
tion of the role of vitamin Bg functions in brain.  Its
similarity to “toxopyrimidine”  (4d-amino-2-methiyl=3-
hydroxymethylpyrimidine)? and other  pyvimidines
which cause convulsions iu rodents,' however, pra-
vides alternative possible interpretations.

Experimental Section!!

2,4-Dimethyl-5-hydroxymethylpyrimidine (1) from IV.—Lith-
ni aluminum hyvdride (2.4 g., 0.064 mole) and 100 ml. of ether
were stirred at room temperature for 30 min.  After the shury
wag cooled ta —70° i n Dry bee-methunal bath, w solution of 4.4
g, (0.05 mole) of IV# in 15 ml. of ether was added slowly.  After
stirring was cantinned at —70° for 301 min., 10 ml of glacinl
neetic acid was ndded slowly, and the mixture was allawed ta
warm to roam temperature. The resction mixinre was con-
centrated to dryness in rarvo, and the residue was then stirved
with 120 mlb of 2.3 N HCI for 17 hr. al roun temperature.  After
nentralization with dilute NaOH, the mixture was cantinnansly
extracted with cthyl acetate far 2 davs. The solvent was re-
moved (n racug, aud the residie was taken np in 100 ml. of water,
The nqueans sulation wus extracted with two A0-mlb partians of
benzene ta remove unreacted ester and (hen cancenfrated to
dryness i cacuo In give 2.2 g (54¢) of the ¢rude carbinol which
solidified upon cooling.  An analyvtical sample wis obtained by
recrystallizalion from ligroin (b.p. 100-115°), m.p. 59.5-61.0°,

Anal, Caled. for Ci:HNLO: C, 60.85: H, 7.30: N, 20025,
Found: ¢, 60.77, 60.8%; H, 7.32, 7.47; N, 20.40, 20.42.

The infrared spectnim of a Nujol mull exhibited absorptian
at 3.17 (OH), 6.33 (C=N), and 9.40 x (C-OH).

2 4-Dimethyl-5-pyrimidinecarboxamide (VI).--A mixture nl
40 g. (0.22 mole) of TV and 200 ml. of concentruted aqueous NH;
was stirred at roam temperature for 24 hr.  The mixture was con-
centrated ta dryvuess in vacwo ta give 33.3 g. (99%7) af the crude
amide, mip. 1A 177°0 An analytical sumple was obtained hy
recrystallization fram ethyl acetate: nnp. ISO0-101.0° HCA wp.
101--102°.

TV Mibieh aned C0 oy Niehol, Cowcer Hes., 2B, 153 (1960,

{8) 11, 1. Skipper, 1. R. Thoneou, and 1. A1, Sehabel, Jr., Caveer Chisous
therapy Rept., 29, 63 (19631,

(9 K. Makino, T. Konoshita, and 1. Sasaki, Nature, 178, 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 1R-HA spectro-
photometer.  Vapor phase chromatograplic analyses were carried ont on
i I & M Model 500 gas cliromatograph with a 0.24-ia. 0.l 3-ft. stuinless
steel column packed with 20% sdiva wun rabler on glass heads. The
chiromatograins were run isothermally a1 165° using helinm as a carvier gas
60 ce/min L. Mierpanalyses were performel by Drso (0 Weiler andd
17 T4 Stranss, Osford, Englawl
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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 POCl; and xylene
were removed in vacuo, the residiue 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 erude
nitrile. An analytical sample was obtained by vacuum sublima-
tion at 35° (0.1 mm.), m.p. 50.5-53.0°.

Anal. Caled. for GH:N;: 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
4,40 (C=N) and 6.34 ux (C=N).

2,4-Dimethyl-5-acetamidomethyipyrimidine (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 filtrates 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.HisN;0:  C, 60.32; H, 7.31; N, 23.45.
Found: C, 539.98; H, 6.98: N, 23.60.

H, 5.30; N, 31.56.

Pyripixe SuLrFur CoMPouNDs AND TUuMOR METABOLISM 753

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 53 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 CCl,. Removal of
the solvent from the combined extracts in vacuo gave 1.4 g.
(399%) 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 disceruible 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 CCly 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 conditious described
above. Each of these solutions contalied 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. Upou analvsis 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. GrassgrTi, M. E. BROKKE, AND 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 ascites 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,),8- (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 ghicose.

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.*

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

(3) (a) H. Holzer, G. Friedrich, and H. Grisebach, Biochim. Biophys.
Acta, 51, 600 (1961); (b) H. Holzer and H. Kroeger, Biochem. Z., 880, 579
(1958).

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



