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tetrafluoro-1-propene (111, Ar = C&), b.p. 147-149' (30 
mm.). n y  1.5180; dig 1.235; RIR calcd., 65.10; MR found, 
65.30. 

Anal. Calcd. for ClnHloF4: C, 67.7; H, 3.8. Found: C, 
67.5; 11, 4.2. 

Oxidation of I11 (Ar = CeI-16) with chromic anhydride in 
boiling acetic acid gave benzophenone (identified as  its dini- 
trophenylhydrazone, m.p. 236-238'). 

p-Chlorophmill pentajlzioroethyl ketone. This ketone was 
prepared by the above drscribed procedure using 288 g. of 
p-chlorobromohenzenc, 38.4 g. of magnesium and 82 g. of 
pentafiuoropropionir acid. Yield, 54.9 g. (42%), b.p. 186- 
188'. 

Anal. Calcd. for CgH4C1F60: C, 41.8; H, 1.6. Found: C, 
41.6; H, 1.7. The dinztrophenylhydrazone melts at 180-182" 
(from methanol). 

Anal. Culcd. for Cl5HBC1F5N4O4: C, 41.1; H, 1.8. Found: 
C, 41.0; H, 2.1. 

(pChbrophay1 )pentajuoroethyl-carbinol. Reduction of the 
foregoing ketone (25.9 g.) with lithium aluminum hydride 
(3.0 9.) as described above, afforded 20.3 g. (i8%) of thc 
carbinol, b.p. 115-125" (30 mm.). It solidified and was re- 
crystallized from petroleum ether (4040'); m.p. 41-42'. 

Anol. Calcd. for C&ClF,O: c, 41.5; H, 2.3. Found: c, 
40.8; H, 2.6. 

~,I-Di(p-chlorophenyl)-2,2,3,3,3-patajuoropropane (I, Ar 
= p-C&C]). A solution of 19.7 g. (0.075 mole) of (p-chloro- 
pheny1)pentafluoroethylcarbinol and 5 ml. of chlorobenzene 
was added to  a mixture of 11 ml. of chlorobenzene, 37 ml. of 
957, sulfuric acid and 3.7 ml. of 60% oleum, in the manner 
described before. After the usual procedure, 22 g. (83%) of 
the propane was obtained, b.p. 148-152" (5-6 mm.), m.p. 
46-50" (from methanol). An analytical sample was ohtained 
by recrystallization from petroleum ether (40-60"), b.p. 

Anal. Calcd. for ClaHoC12F5: C, 50.7; H, 2.5. Found: C, 
51.0; H, 2.8. 

The same compound was obtained in 48% yield by re- 
fluxing for 250 hr. 7.4 g. of di-(p-chlorophenyl)pntafluoro- 
ethylcarbinole with 2 g. of red phosphorus and 0.8 g. of 
iodine in 20 ml. of glacial acetic acid and 0.5 ml. of water. 

Alkaline alcohol@ of 1 ,I-di-(p-chlorophenyl)-b,2,3,3,3- 
p&a$uoropropane (I, Ar = p-C6B4Cl). (a). A mixture of 
14.2 g. (0.04 mole) of 1 (Ar = p-c~H&l) and 24.2 ml. of 
1.65M sodium methoxide was refluxed for 2 hr., cooled, and 
filtered. The white precipitate of sodium fluoride weighed 
1.55 g. Titration of the filtrate showed that 470 of the sodium 
methoxide had not reacted. After removal of the solvent, 
the residue was distilled under reduced pressure to yield 
10.2 g. (76%) of l,l-di-(p-chlorophenyl)-2,3,3,3-tetrafluoro- 
1-propene (111, Ar = p-C&cl), b.p. 130-132" (4  mm.). 
It solidified slowly and was recrystallized from methanol or 
petroleum ether; m.p. 40-41'. 

Anal. Calcd. for CIbH8C12F4: C, 53.8; H, 2.4. Found: C, 
53.9; H, 2.2. 

Oxidation with chromic anhydride in hot arctic acid 
yielded 4,4'-dichlorobenzophenone, m.p. and mixed m.p. 
with an authentic sample 146147'. 

(b) The same operation was repeated, using a five-fold 
excess of sodium methoxide solution and a reflux period of 
4 hr. Thus, 6.9 g. (50%) of the well crystallized l.l-di-(p- 
chlorophenyl)-2-methoxy-3,3,3-trifluoro-l-propene (IV, Ar = 
p-C&Cl) was obtained; m.p. 58-59' (from petroleum ether). 

Anal. Calcd. for C ~ B H I ~ C ~ ~ F ~ O :  C, 55.3; H, 3.2; F, 16.4; 
OCHa, 8.9. Found: C, 55.3; H, 2.9; F, 16.8; OCH1, 9.0. 

(c) A mixture of 6.7 g. (0.02 mole) of di-(p-chloropheny1)- 
2,3,3,%tetrafluoro-l-propene (111, Ar = p-C.&C1) and 30.4 
ml. of 1.65N sodium methoxide solution was refluxed for 
2 hr. After cooling, the solution was filtered from sodium 
fluoride (0.80 g.); titration of the filtrate showed that 38% 
of the sodium methoxide employed had reacted. Upon dilu- 
tion with water, 1,I-di-(pchlorophenyl)-2-methoxy-3,3,3- 
trifluoro-1-propene (IV, Ar = p-c6H4C1) precipitated; it 

52-53'. 

solidified quickly and was recrystallized from methanol. 
Yield, 5.9 g. (85%), m.p. 56-58". 

Oxidation of IV (Ar = p-C&Cl) by chromic anhydride 
in hot acetic acid yielded 4,4'-dichlorobenzophenone. It may 
he noted that I (Ar = pCaHpC1) is refractory to this treat- 
ment and is recovered unchanged. 

1 ,I-Di(p-chEorophayl)-2,2,3,3,~,~,~-heptajluorobulane (11). 
A quantity of 10.5 g. (0.025 mole) of di-(p-chloropheny1)- 
heptafluoropropylcarbinol6 was reduced with red phosphorus 
and iodine in aqueous acetic acid as described above. Thus, 
6.6 g. (65%) of IT was obtained; 1x1). 155-160" (4 mm.). 
The distillate solidified on standing and was rerrystallized 
from methanol; m.p. 58-51)'. 

Anal. Calcd. for ClsHgC121?,: C. 47.4: H, 2.2. Found: C, 
, I  

47.0; 11, 2.5. 
Alkaline aEcohol@s of TI. When 2.1 g. of I1 was refluxed 

for 2 hr. with 3 ml. of 1.6513~ sodium methoxide solution, 
0.12 g. (58% of theory) of sodium fluoride was obtained 
and 33y0 of the methoxide had not reacted. The oily product 
which was precipitated by addition of water, was refluxed 
again for 4 hr. with 10 ml. of 1.65N sodium methoside solu- 
tion; the solvent was evaporated after neutralization and 
the residue extracted with ether and fractionated. The frac- 
tion (0.7 g.), boiling a t  172-175' ( 5  mm.), n y  1.5312, was 
mainly the methoxy olefin V. 

Anal. Calcd. for CliHl&12F50: C, 51.5; H, 2.5; F, 24.0. 
Found: C, 51.2; H, 2.6; F, 25.8. 
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A facile synthesis of 2-substituted adenines has 
recently been described3 which involves the isom- 
erization of an amidine salt of isonitrosomalono- 
nitrile (I) in an appropriate basic solvent to a 2- 
substituted 4,6-diamino-5-nitrosopyrimidine (11), 
followed by reduction to 111, formylation to  IV and 
dehydration to V in a single operation by treat- 
ment with a mixture of formamide, formic acid, 
and sodium hydrosulfite. The conversion of I to 
V may he carried out in one step by employing 
formamide as the solvent for the initial isomeriza- 
tion of I to 11. Since 4,5-diaminopyrimidines (111) 
may be converted to pteridines by reaction with 
a-dik~tones,~ it was apparent that the above re- 
action sequence leading to purines might be adapted 
to the synthesis of pteridines by employing a sol- 
vent for the isomerization which could not react 

(1) This investigation was supported by a research grant 
((2-2551) to Princeton University from the Kational Cancer 
Institute of the National Institutes of Health, Public 
Health Service. 

(2) For the previous paper in this series, see E. C. Taylor, 
0. Vogl and P. K. Loeffler, J. Am. Chem. SOC., 81, 2479 
(1959). 

(3) E. C. Taylor, 0. Vogl, and C. C. Cheng, J. Am. Chem. 
Soc., 81, 2442 (1959). 
(4) A. Albert, Quart. Rev., 6 ,  197 (1952). 
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with any subsequent intermediates, and by adding 
an a-diketone to the reaction mixture after I11 had 
been formed. In  accordance with this expectation, 
it has been found that 4-amiriopteridines (VI) may 
conveniently bc prepared by heating amidine 
salts of isoriitrosomalononitrile (I) in an appro- 
priate solvent until isomerization t o  I1 is complete, 

K+-ON=C(CN)z + 

VI 

NH, 
IV J 111 J 

adding water and sodium hydrosulfite (thus giving 
111), and finally adding an a-diketone. The pteri- 
dines thus formed generally crystallize directly 
from the reaction mixture and are chromatographi- 
cally pure (see Table I) without further purific a t '  ion 
except as indicated in the Experimental. Prior 
formation of the amidine salt I is not necessary in 
every instance. Thus, 2,4-diaminopteridines (VI. It 
= -NH,) may be prepared directly from guanidine 
carbonate and the potassium salt of isonitroso- 
malononitrile by a reaction sequence analogous to 
the previously described one-step synthesis of 2,6- 
diaminopurine (V. R = -NI-12).3 

TABLE I 
R, VALVES, DESCENDING METWID (22")n 

n- n- 
BuOH/ PrOH/ 

4% 5N 1% 
Sodium 3L'b HOAc ",OH 

Pteridine citrate Zr",Cl (2:1) (211) 

2,4-Diamino-6,7- 0 25 0.54 0 43 0.65 
dimethyl- 

'2.4-Diamino-6.7- 0.08 0.17 0 . 7 3  0 88 
diphenyl- 

2.4Diamino- 0.27 0.54 0.28 0.51 
2;4-l>iamino-5,7- 0.23 -0 -0 -0 

dihydroxypy- 
rimido( 5,4-g )- 

4-Amino-2,6,7-tri- -0 0.88 -1 
Dhenvl- 

a All spots are fluorescent. 

EXPERIMEYTAL5 

2,4-Diamin~6,7-dimethylpteridine. A mixture of 1.0 g. of 
the potassium salt of isonitrosomalononitrile and 1.1 g. of 

( 5 )  We are indebted for the microanalyses to Dr. Joseph 
F. Alicino, Metuchen, N. J. 

guanidine carbonate in 10 ml. of cthylcnc glycol was warmed 
gently for 3 min. to give a clear, deep red solution. The mix- 
ture W ~ R  diluted with 10 ml. of water, 0.6 g. of sodium hydro- 
sulfite dihydrate added, arid the mixture heatcd on a water 
bath for 20 min. until a clear, light yellow solutiori resulted. 
I t  was acidified to  pH 6 wit,h hydrochloric acid, 1 ml. of 
biacctyl was added, and the mixture was u-armed on a water 
bath for 15 min. 1)ilution with 20 ml. of ethanol and chilling 
yielded 1.07 g. (75Yb) of a yellow crystalline solid which was 
identical wit,h an aut.hent,ic sample of 2,Pdiamino-6,7- 
dimethylpteridine formed by the method of Mallett,e, 
Taylor, and Cain.6 
2,4-Diamino-6,7-diphenylpteridine. A mixture of 1.5 g. of 

t.he potassium salt of isonitrosomalononitrile, 1.5 g. of 
guanidine carbonate and 12 ml. of ethylene glycol was 
heated for 3 min. and then reduced with 1.0 g. of sodium 
hydrosulfite dihydrate as described above. To the alkaline 
solution was added 2.2 g. of benzil dissolved in ,a mixture 
of 10 ml. of ethyl methyl ketone and 5 ml. of ethanol, and 
the mixture was heatcd under reflux for 1 hr. Filtration 
yielded a small amount of impurity, and the filtrate was 
chilled to give 1.02 g. (29%) of a yellow crystalline solid 
which was identical with an authentic sample of 2,4-diamino- 
6,7-diphenyIpteridine.o 
2,.$-Diamimpteridine. A' mixt.ure of 3 g. of the potassium 

salt of isonitrosomalononitrile, 3.3 g. of guanidine carbonate 
and 20 ml. of ethylene glycol was heated for a few minutes 
and then rcduced with 1..8 g. of sodium hydrosulfite dihy- 
drate, as described above. The light. yellow solution was 
acidified to pH 3 with hydrochloric acid and thcn treated 
with a solution of 7.5 g. of glyoxal bisulfite in 50 ml. of 
water. After 40 min. of stirring at l l O o ,  the reaction mixture 
was allowed to stand a t  room temperature overnight, made 
alkaline with ammonium hydroxide, acidified again with 
glacial acetic acid and filtered. The collected light yellow 
solid (3.55 g., 97%) was purified by sublimation a t  240°/ 
0.05 mm. The product was shown to be 2,Miaminopteridine 
by comparison with an aut,hentic sample.8 

2,4-Diamino-5,7-dihydroxypyrimido(6,4-g)pteridine. A mix- 
t,tire of 2.0 g. of the potassium salt of isonitrosomalononitrile 
and 2.2 g. of guanidine carbonat,e was isomerized and then 
reduced as described above. To the light yellow reduction 
solut,ion was added 20 ml. of 1N hydrochloric acid followed 
by 2.0 g. of alloxan. The reaction mixture immediately 
became decp purple, but on shaking it gradually t,urned 
orange with the simultaneoufi separation of an orange solid. 
The reaction mixture was adjusted to  pH 9 n-ith pot'assium 
hydroxide, heated at 110' for 10 min., reacidified to pH 6 
with hydrochloric acid and chilled to  give 2.8 g. (76%) of 
an orange solid, m.p. >350". The product was shown to be 
identical with an authentic sample of 2,4-diamino-5,7- 
dihydroxypyrimido(5,4-g.)pteridine prepared by t,he method 
of Taylor, Cain, and Loux.7 
4-Amino-b,6,Y-triphen~lpteridine. A mixture of 2.0 g. of 

the benzamidine salt of isonitrosomalononitrilea and 10 ml. 
of 2-picoline was heated a t  135' for 30 min. The reaction 
mixture was diluted with 20 ml. of water and the bluish 
green suspension was evaporated to dryness under reduced 
prcssure. The rcsidue was treated with 25 ml. of water, 
heated to 90-100" and treated portionwise 1vit.h 1.6 g. of 
sodium hydrosulfite dihydrate. The rcsulting light brownish- 
yellow solution was stirred for 20 min., treated with 2 g. 
of bcnzil dissolved in a mixturc of 15 ml. of ethyl methyl 
ketone and 15 ml. of ethanol and heated under reflux for 
2 hr. Cooling of the reaction mixture yielded a yellow solid 
which was recrystallized from aqueous ethanol to give 1.9 g. 
(54.5%) of light yellow, fluffy needles, m.p. 255". 

(6) F. hi. Mallette, E. C. Taylor, and C .  K. Cain, J .  Am. 

(7) E. C. Taylor, C. K. Cain, and H. M. LOUX, J. Am. 
Chem. Soc., 69, 1814 (1947). 

Chem. SOC., 76, 1874 (1954). 



xELOH 
m.r 290, 377 mp; log e 4.53, 4.23. 

Anal. Calcd. for ClaHI?N5: C, 76.8; €1, 4.6; N, 18.7 

FRICK CHEMICAL LABORATORY 
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Found: C, 76.7; 11, 4.4; N, 19.0. 

Phenyl and Chlorophenyl Derivatives of 

1,4-Dihydro-Z-pyrimidinethiol 

Keceiued December 22, 18(i8 

In  order to facilitate continued studies' on the po- 
tential anticancer activity of mercaptopyrimidines,2 
we have prepared and characterized five new mono- 
and dichloro-derivatives (formulas I-l-) of 1,4di- 
hydro-4,6-diphenyl-2-pyrimidinethiol, and one new 
dichlorochalcone (X) , Such dihydropyrimidinethiols 
are conveniently prepared by the general procedures 
of Mathes et aL3e4 and of rob bin^,^ the latter being 
suitable for derivatives such as I with no substit- 
uent on nitrogen. The iieeded mono and dichloro 
chalcone intermediates were prepared by alkaline 
condensation of appropriate acetophenone and 
benzaldehyde derivatives. 

The effect of these five new thiols (and of eighteen 
similar but previously known thiols) on the mean 

8' 2' 

Y 4 , 0 7 0  

R ; C T H  

FI iii  

I R4 = o-CI-Phenyl, Rs = Phenyl 
11. It4 = m-CI-Phcnyl, Re = Phenyl 

111. R4 = p-CI-Phenyl, Ita = Phenyl 
IV.  R, = Phenyl, Re = p-C1-Phenyl 
V. Rc = o-C1-Phenyl, It6 = p-C1-Phenyl 

VI. ZChloro 
VII. 3-Chloro 

VIII. PChloro 
I X  4'-Chloro 
X. 2,4'-Dichloro 

(1) For reports of previoas tests, scc A. Fnrst, W. Cutting, 
and Hudi Cross, Proc. Ani. Assn. Cancer Res., Vol. 2, April, 
1956. 

(2) For anticancer studies on certain 2- and 6-pyrimi- 
dinethiols (not dihydro) sce: (a )  A. di AMarco and M. Gaetani, 
Eslratto da  I'umori, 42, 531 (1956); (b)  E. J. Modest and H. 
X. Schlcin, Abstracts of P a p m ,  April 1955 Meeting Ameri- 
can Chemical Socicty, pngr 7-11.2; (c)  J. F. Holland el al. 
Cancer Research, 18, 776 (1958). 

( 3 )  R. A. Mathes, J .  Ana. Chrm. SOC., 75, 1747 (1953). 
(4) R. A. Mathes, F. Stewart, and F. Swedish, J .  Am. 

Chem. SOC., 70, 1452 (19-28). (Notr:  The '' . . . 4,6,6-trimeth- 
vlpyrimidines" mentioned in this puhlicatioii should appur- 
ently have been designated ". . . 1,4-dzhydro-4,4,6trimethyl- 
pyrimidines." 

(5) T. IC. Rohhins, U. S. Patrnt 2,539,480, January 30, 
1951. 

(6) R. M. Fink, R. E. Clinr, and H. M. Koch, Federation 
Proc., Vol. 13, March, 1954. 

survival time of Webster-Swiss mice inoculated 
with the Ehrlich ascites tumor is now being exam- 
ined, and the results will be reported elsewhere. In  
previously reported tests' in our laboratory on 
thirty other dihydropyrimidinethiols, marginal 
activity was found in several cases. 

These compounds are of interest not only because 
of their structural similarity to the well known anti- 
leukemic agent, 6-mercaptopurine, but also because 
of the recent finding6 that dihydropyrimidines may 
be intermediates in the catabolism of pyrimidines. 

EXPERIMENTAL 

All melting and boiling points have been corrected. Melt- 
ing points were determined with a Monoscop micro hot stage. 
Microanalyses by the Micro-Tech Laboratories, Skokie, Ill., 
and by Weilcr and Strauss, Oxford, England. 

2,4'-Dichlorochalcone (X). To a solut,ion of 5.7 g. of sodium 
hydroxide in 60 ml. of methanol a t  25" was added gradually 
with stirring a solution of 18 g. of o-chlorobenzaldehyde and 
20 g. of p-chloroacetophenone in 100 ml. of methanol. The 
precipitate which separated almost immediately was col- 
lected hy filtration, washed wit.h ice cold methanol, and 
dricd, giving 32 g. (90%) of crude product, m.p. not deter- 
mined. A sample recrystallized from ethanol for analysis 
(pale yellow needles) melted sharply a t  85-86". 

Anal. Calcd. for ClaH&l?O: C, 65.00; H, 3.64: CI, 25.51). 
li'ound: C, 64.54; H, 3.58: C1, 26.00. 

/t-o-~hlorophen~jl-l,4-dihydrofi-phrnyG2-pyrimidinelhiol 
(I). To 36.4 g. of 2-chlorochalcone (VI, m.p. 46-52', re- 
ported' m.p. 50-52') was added 15.2 g. of anhydrous am- 
monium thiocyanate, 80 ml. of anhydrous commercial 
xylene (isomcr mixture) and 15 ml. of cyclohexanol, and 
t,hc mixture boiled under reflux until (24 hr.) the formation 
of water had almost ceased. The liberated water was col- 
lected and measured by means of a Stark and Dean trap. 
After cooling, the liquid phase was decanted from the crys- 
talline residue of unreactcd ammonium thiocyanate, and 
vaciiuni distilled. The viscous, syrupy residue was stirred 
with 100 ml. of acetone, and the mixture chilled overnight. 
The cryRtalline product which separrtkd was collected by 
filtration, and dricd, giving 14.0 g. @IT0) of material 
mclting a t  182-184'. A sample recrystallized for analysis 
(colorless necdles) melted at 184-184.5'. 

Anal. Calcd. for C16H1&1N2S: C, 63.88: H, 4.36; C1, 11.79, 
Found: C, 63.81: H, 4.45; C1, 11.47. 

The infrared spectra were recordcd for t,his compound 
and for the other pyrimidinethiols described below. The 
spcctra were very complex, and showcd only slight changes 
from one isomer, or analog, to another. 

~-m-Chloropheny1-1,~-dihydro~-phenyl-~-pyrimidinclhiol 
(11). FYom 16.0 g. of 3-chlorochalcone (VII, m.p. 74-76', 
reported' m.p. 75') by a similar procedure (reflux time 40 
hr.) there was obtained 7.2 g. (36uh) of crude 11, m.p. 196- 
199'. A sample recrystallized from ethanol (colorless 
needles) melted a t  202-204". 

11.79. Found: C, 64.11: HI 4.43: C1, 11.82. 
4-p-Chbrophen yl-l,4-dih~jdro-6-phenyl-6-p~rim~dinethiol 

(111). From 20.2 g. of Pchlorochalcone (VIII, m.p. 113- 
1 1 5 O ,  reported8 m.p. 114.5') by a similar procedure (reflux 
time 20 hr.) there was obtained 6.2 g. of 111. 

In order to improve thc yield, the syrupy residue ob- 
tained by evaporation of the mother liquor was recycled 
with additional ammonium t,hiocyanate (7.6 g.), xylene 
and cyclohexanol, giving 4.0 g. of additional crude product, 

And. CaICd. for CieHiaClX2S: C, 63.88: H, 4.36: CI, 

(7) C. L. Bickel, J .  Am. Chem. SOC., 68,865 (1946). 
( 8 )  J. F. J. Dippy and R. H. Lewis, Rec. Irav. chim., 56, 

IO00 (1937). 


