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TABLE I 

OF L92Y AIOUSE FIBROBLASLY 
EFPXCT 01' \:I,l.A.\lIN Bs ANALOGS ON G H o w r H  O F  CULTURES 

Co111yd. 111 Compd. I 
Conon., -- Concn., y/inl.---- 
-y./ ml. 0 10 100 500 

0 !) , o  0 . 4  9 . S  0 . 1  
10 8 . 8  7 . 5  9 . 0 S . 8  

100 7 . 9  7 . 2  5 . 0  6 . 7  
1000 2 . 0  3 . 1  3 . 0  1 . 7  

a Growth measured as protein accuiiiulation expressed in 
Each value represents mean of 

Medium contained 1.0 y of I1 (pyridoxine)/ml. 
multiples of initial tube content. 
three tubes. 
Tubes fed daily for 5 days. 

formation have not beeti successful. The realization 
of two habits from the same solvent was due to varia- 
t ions in the crystallization procedures. These observa- 
tions are similar to those of Okuda and Price5 who have 
reported that 4-amino-5-hydroxyiiiethyl-2-methylthio- 
pyrimidine exhibits a similar polymorphism. 

Materials and Results 

Cultures of mouse fibroblasts strain L929 in Eagle's 
niedium6 and 10% horse serum showed no growth in- 
hibition from I, and no potentiation of the growth in- 
hibitory activity of I11 (Table I). 

The growth of ascites tumors transplanted into the 
hubcutaneous tissues was studied after intraperitoneal 
injections of I dissolved in water. Treatment was 
begun 24 hr. after tumor traiisplantation arid continued 
daily for 6 of 7 days. Krebs 2 carcinoma, Ehrlich car- 

from I on either diet. In  contrast, treatment with I11 
on the deficient diet led to 74% inhibition of t'umor 
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 
:inimals receiving I at 0.1 mg./lig./day, a single dose of 
2 mg./kg. of I 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  significaiit 
alterat'ions in total leukocyte counts. 

Toxicity of I was assessed in female Swiss mice weigh- 
ing 25 g. Doses of 1 , 1.5, arid 2 mg./kg./day were toler- 
ated for 6 days without evident toxicity. A dose of 3 
nig./kg./day given to 6 animals killed all by the third 
day. Single injections of 6 arid 9 mg./kg./day caused 
deaths within 2 hr. from seizures. 

The acute lethality of I was preventable by equal 
doses of 11. The reversal was time dependent. When 
given at  -60, -15, 0, or $15 min. with respect to I, 
I1 protected against lethality. However, injections 
of I1 at -24 or fl hr. before or after I administration 
did not prevent I deaths. In  another group of five 
animals treat,ed wit'h 3 nig./kg. of I, rescue with vita- 
min I1 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 letha,l withiti 2 hr. in the major- 
ity of all animals studied, arid 2 iiig./kg./day for 6 days 
usually causes 110 seizures. Thus, 24 hr. between intra- 
peritoneal injections is eiiough to avoid curiiulat'ivc 
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0 .  1 2554 27.5 

111 30.0 

-- 7--- 13c-dr.ticient iiiet------.- 
Mean tumor Mean hods  

Ueatlis wt . ,  rng. wt., g .  
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(L Teri aiiirrials iiioculated with 106 SlSO asritcs t uiiior d l s  subvut;tiicouslv ill earh wnler routrol group, 7 111 eavh I treatrneiit group, 
Anirnal weight a t  oiiset of experi- :tiid 10 in 111. 

nient mas 25 i 2 g. 
All treatmerits were iutraperitoneal for 6 days weekly; sacrifice was 011 the 22nd day. 

* See text. 

cirionia clone 2, and Sarcoma 180 ascites tumors in 28-g. 
Swiss female mice, leukemia P815 in 25-g. BDFl 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 40% of control was seen in any of the experi- 
ment,s, arid in each t,umor type some t'oxic 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 vit'amin 11, or the same diet containing 10 
mg./kg. of I1 (Table 11). Two to five animals in the 
control and treated groups had total leukocyte count's 
measured the day before tumor inoculation and one 
day before sacrifice. Yo growth inhibition was seen 

( 5 )  'l'. Okuila and C .  C. I'rice, J .  O r y .  Cliem., l a ,  171% (1Y57). 
(ti) 11. Eagle, Science ,  130, 432 (195Y). 

toxicity. KO clear abbreviation of killing time is 
apparent from increasing the dose above 3 mg./kg. 
(Table 111). 

Protection by simultaneous administration of I1 is 
partial a t  doses of I1 less than those of I, although no 
protection is evident wheii the ratio of I to I1 is 9 :  1 
or greater (Table IV). 

TABLE I11 
CONVULSIONS FROhl SINGLE IiYTHAI'ERI'I.OSEAL DUSES 

O F  2,4-DIMETHYL-fl-HYDROXYhlETHYLPYRIhlIDISEa 
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 

11 Pivc Swiss fciiiulc iiiice ( 2 5  g. each)  it1 eucli closc. 
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A n a l .  Calcd. for GHgS30: 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 P0C13, and 200 ml. of xylene 
was stirred and refluxed for 8 hr. After excess POC18 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 z'acuo, 6.5 g. (49%) of the rrude 
nitrile. An analytical sample was obtained by vacuum sublima- 
tion at 35' (0.1 mm.), m.p. 50.5-53.0'. 

Anal. Calcd. for C7H7N3: C, 63.14: H, 5.30; N, 31.56. 
Found: C, 62.99; H ,  5.33; N, 31.17, 31.31. 

The infrared spect,rnm of a Nujol mull exhibited absorption at  
4.49 (C=?j) and 6.34 p (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 a t  3-4 atm. for 24 hr. a t  room temperature on a Parr 
apparat,iis. The mixture was heated t o  boiling and filtered. 
After the catalyst was boiled u-ith 100 ml. of additional acetic 
anhydride and the combined filtrates were concentrated to dry- 
ness in z'acuo, the residLie was extracted with two 400-ml. por- 
tions of boiling CCL. Removal of the solvent from the com- 
bined extracts gave 4.8 g. (40%) of the crude product. h i  
analytical sample was obtained by recrystallization from hep- 
tanes; m.p. 88.5-9O.OO. 

d n a l .  Calcd. for CgH&-,O: C, 60.32; H, 7.31; 3, 23.45. 
Found: C, 59.98; H, 6.98; S, 23.60. 

The infrared spect>rum of a Xiijol mull exhibited absorption a t  
3.05 (NH), 6.13 (amide C=O), and 6.31 p (C=N). 
2,4-Dimethyl-5-hydroxymethylpyrimidine (I) from VU.-A 

solution of 4.8 g. (0.026 mole) of VI1 and 50 ml. of 2 iV 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 a t  60" for 15 hr., neutralized 
with dilute NaOH, and continuously extracted with ethyl ace- 
tate for 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 .  
(397,) of the crude carbinol. The prodiict was recrystallized 
from ligroin to give a whit,e 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-p region and 
indicated that two crystalline habits were formed because of 
variat,ions in the crystallization temperature. Solution spectra 
of the two samples in CCld were identical. The infrared spectrum 
of the 55-57' melting material reported in this experiment ex- 
hibited absorption a t  3.15 (OH), 6.31 (C=N), and 9.66 1 (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 identicaI infrared spectra. Upon analysis of a 
mixture of the two solutions, only peak enhancement' was ob- 
served. 
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The effect of 22 pyridine derivatives on the carbohydrate metabolism of Ehrlich ascites tumor was studied. 
;\lost 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 z = 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. 

I n  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 diriucleotide (NAD) acts as coenzynie for the 
dehydrogenases involved in glycolysis. I t  has been 
established* that certain carcinostatic alkylating agents 
exert their action by decreasing the availability of S A D  
to the cell, thus causing an inhibition of glycolysis. 
In  addition, there are indications that XAD in ascites 
tumor cells may be synthesized by a route different from 
that of normal c e h 3  This may provide a basis for 

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

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. 

The properties studied are: 

Materials and Methods 
Manometric Experiments.-swiss mice, bearing 5- to IO-day- 

old ascites tumors, were sacrificed by cervical fracture. The 
fluid was collected, heparinized, and used immediately. hlano- 
metric determinations were carried out in a conventional Warburg 
apparatus a t  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 S ~ m m e r s o n . ~  

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