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chloro-j-phenylazopyridine5 was autoclaved with an 
alcoholic solution of dimethylamine. 

Experimental 

Mills Reaction with 2-Dimethylamino-5-aminopyridine.-2- 
Dimethylamino-5-nitropyridine6 was reduced in a Parr apparatus 
with 5c;lc palladium on rarhon in 95c$ et,hanol. The diamine was 
unstable to air and on treatment, with nitrosobenzene in :wet,ic 
acid gave no isolable azo compound. 

2-N,N-Dime thylamino-5-phenylazopyridine.-2-Chloro-5- 
phenylazopyridine, once recrystallized from ethanol, was pre- 
pared in 94Tc yield by the method of lIills.6 Six grams of this 
compound was treated with a solution of 10.2 g. of dimethyl- 
amine in 65 nil. of absolute ethanol in a sealed tube at  150" for 
4 hr. The solvent and excess dimet,hylamine were removed 
in vacuo and the product was recrystallized twice from ethanol; 
m.p. 114.5-115.2°; the yield of yellow plates was 3.4 g. (54.5%). 

.4nal. Calcd. for ClaH14K4: C, 69.03; H, 6.20; X, 24.X. 
Found: 

Biological Testing and Results.--Toung male rats of the 
Sprague-Dawley strain, approsimat,ely X weeks of age and 
weighing 130 to 200 g., were distributed as equally as possible by 
initial body vieight into groups of 10 animals each. Each group 
was fed a diet, patterned after the "low protein, low riboflavine" 
diet of Rliller, et al.,? to which had been added one of the azo 
compounds at a level of 0.06%. The composition of the basal 
diet on a kilogram basis was as follows: crude casein, 120 g.; 
cerelose, i i 0  g.; Osborne and Xendel salt mixture, 40 g.; corn 
oil, 50 g.; Titab (rice bran concentrate, obtained from Charles 
Bowman Co.), 20 g.; riboflavine, 0.5 mg.; vitamin -4 palmit,ate, 
67,500 IU  (we are grateful to Charles Pfizer and Co., Inc., for a 
generous supply). The control group received only the basal 
diet. All the rats were kept individually in screen-bottomed 
cages and were offered food and water ad libitum. Laparotomies 
were performed a t  the indicated times and microscopic examina- 
t,ions were made whenever an animal died or a t  the end of the 
experiment. Feeding 2-~,1"\'-dimethylamino-5-phenylazopyri- 
dine a t  0.06y0 level produced no t,umors in 12 months. The data 
are indicated in Table I. 

C, 68.95; H, 6.32; X, 24.5.5. 

TABLE 1 
CIRCINOGEKICITIES OF THE Azo COMPOUNDS 

-Incidence of liver tumorsa- 
4 7 12 

Code months months monthb 

Control (no dye) 0/10 0/10 0/10 
?;,?;-Dimethyl-p-phenylazo- 7/10 9/10 10/10 

anilineb 

ani 1 in e 

pyridine 

S,Xi-Dimethy1-p-(3-pyridylszo)- 1/S 7/8 8/8 

5-Phenylazo-2-N,X-dime thyl- 0/10 0/10 0/10 

a Number of rats with tumors/number of rats in experiment. 
Commonly All azo compounds were fed a t  the 0.06 level. 

called Butter yellow. 

(7) J. A. 31111er and E. C. JIiller, Adran. Cancer Res. ,  1, 339 (1953) 
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Since the synthesis of 5-fluorouracil by Duschinsky, 
Pleven, and Heidelberger2 this compound has attacted 

( 1 )  (a) Supported largely b y  a Michigan Cancer Foundation Grant.  
(b) Chemistry Department,  Le IIokne College, Syracuse, N. Y. 13214. 

a great deal of attention as an antimetabolite in the 
treatment of ~ a n c e r . ~  Thus, it  was desirable to pre- 
pare several derivatives of 5-fluoropyrimidine. 

In this project the key intermediate was 2,4-dichloro- 
3-fluoropyrimidine (I) . 4  The versatility of 2,4-di- 
chloropyriiiiidines as intermediates in synthetic pyrimi- 
dine chemistry is well k n o m 5  and is due to the reactive 
halogen atoms attached to the electrophilic pyrimidine 
ring. The conversion of I to 2,4-diethoxy-5-fluoro- 
pyrimidine (11) was effected with sodium ethoxide and 
is reported Reaction of I1 with niethyl 
iodide gave 4-ethoxy-3-fluoro-l-niethyl-2( lH)-pyrimi- 
done (111). The assignment of the inethyl group to 
the S-1 position is based on the known reactions of 
2,4-diethoxypyrimidines with alkyl halides and with 
0-acylglycosyl halides (Hilbert-Johnson synthesis of 
nucleosides) to  yield K-1 alkyl derivatives and N-1 
glycosyl nuclrosidrs.7 Hydrolysis and aniininolysis of 
I11 resulted in the forniatiori of 5-fluoro-1-methyl- 
uracil (117) and . i-fluoro-l-inrthylc~t~~irir  (V), respec- 
tively. 

c1 

I 
C H:J 

I 
CHI  VI1 

I V  v 
Reaction of I with alcoholic sodium ethoxide (1 mole) 

or sodium hydroxide result,ed in the formation of 2- 
chloro-4-ethoxy-5-fluoropyriniidine (VIII) and 2-chloro- 
5-fluoro-4-hydroxypyrimidine (IX), respectively.8 At- 
tempts to replace the chlorine at'oni of IX by amino or 
inethoxy groups failed. 

The partial structural relationship between the folic 
acid antagonist, aminopt,erin, and 2,4-diamin0-5- 

(2) R .  Duschinsky, E. Pleven, and C. Heidelberger, J .  Am. C h e m .  Soc., 

(3) J. A .  hlontgomery. Cancer Res., 19, 447 (1959). 
(4) (a) R. Duschinsky, U. S. Patent 3,040,026 (1562); (b) 1\1. G. Biressi, 

AI. Carrissimi, and F. Ravenna, Gazz. chim. ital., 93, 1268 (1963); ( c )  L. D 
Protsenko and T u .  I. Bogodist, Z h .  Ohshch. Khim., 33, 537 (1963). 

(5) D. J. Brown, "The Pyrimidines," Interscience Publishers, Inc. ,  
Neu- York, N.  Y., 1962, pp. 183-208. 

(6) G. J. Durr ,  J .  M e d .  Chem.. 8 ,  140 (1965). 
(7) G. E. Hilbert and T. B. Johnson, J .  Am. C h e m .  Soc. ,  Sa, 2001, 4489 

(1930); J. J. Fox and I. Wempen, Aduan. Carbohydrate Ckem.,  14, 328 
(1955). 

(8) Compound I X  was prepared independently b y  Dr. R. Duschinsky of 
Hofmann-La Roche, Inc.. who has verified t h a t  substitution took place a t  
the 4-position. Dr. Dusohinsky has also prepared and  identified 2-chloro- 
.5-fluoro-4-methoxypyrimidine. Allocation of the ethoxy group to  the  4- 
position of VI11 is based on analogy t o  this u-ork: private communication 
by Dr.  R. Duschinsky. 

79, 45.59 (1557). 
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fluoropyriniidine (VII)g iiiade the synthesis of T'1 I 
particularly attractive. Attempts to prepare VI1 
directly from I failed. Brown prepared 2,4-dianiino- 
pyninidine by the reaction of 2,4-dicliloropyriinidine 
ni th  aiiiinonia in phmol at 190°.10 In  order to avoid 
the u5e of boiling phenol, 2,4 diaiiiiiio-j-fluoropyrimidiii(~ 
(YII) was finally prepared by reaction of 4-aniino-2- 
chloro-3-fluoropyriniidine (VI) with alcoholic alii- 
nionia at 140' in a Parr boiiib, the reaction being acwl 
catalyzed by aiiiiiioniuni chloride. The 4-aniino-2- 
chloro-L5-fluoropyriinidine (VI) \\-a$ prepared by it 

iiiodificatiori of the iriethod described by Duschinsky.4c1 
Table I gives the screening test reports for thcsc 

coinpounds The testing was done under the auspices 
of the Cancw Cheniotherapy Kational Service Center. 
and the testing procedures have been described prc- 

Compounds II--IV and VII-IX were without sigriifi- 
( w i t  effect on L1210 lyniphoid leukemia. The result< 
of preliminary screening against P1798 lymphosar- 
(wiia were as follo\Ts. compounds T'. VII, and VI11 

vlously." 

(0) The product  VI1  was also prepared Independently by  D r  R. Duschin-  

110) U J Brown, J .  Chem Soc Japan, Ind Chem. Sect.,  69, 333 (1950) 
(11) J Leiter, A R Bourke, 5 -4. Schepartz, and I Wodinsky, Camri  

K e s  20, 734 (19601, J Leiter, A R Bourbe, D K Fitzgerald S 4 bclie61 
ar tz .  and I kVndinsk), 7bid , 22, 221 (1962) 

s k i  

Experimenta114 

4-Ethoxy-5-fluoro-l-methyl-2( 1H)-pyrimidone (III).-A YOIU- 
tioii of 700 my. (3.7 mmoles) of I1 in 7 ml. of methyl iodide w : ~  
allowed to  stand for 2 days. The methyl iodide was remmwl 
in P U C I ( O ,  and Llie residue was t.riturated with rtnhydrous ether and 
filt.ered, yielding 200 mg. of produrt, m.p. 129-133". The et'lie- 
rt::d filtrate wiis evaporated t,n :tn oil, and t,he above prixediirc. 
~ i i s  repeat eti twice (the methyl iodide solution now being refluxed j 

yield a11 additional 300 nip. ( m p .  123-131"), giving a t.ot:tl 
yield of 77';;. Recrystallizat~ion from 2-propanol-ether raised 
the 1n.p. to  135-136": 282 I I I ~  (log c 3.90); A:::' 6.01, 6.14, 
6.5,j3 6.73, 7.48, 8.0.3, 8.59, 8.74, 9.09, 9.45, 9.80, 10.40, lO. i l ,  
I 1  11,  12.98, 13.67, 14.54 p. 

A 1 7 ~ ( r 1 .  Calcd. for C7HOFS7O~:  ( I ,  -14.M: H. 3.27, F, 11.04. 
I 

Found: 

riirnoles) of 1x1 :tnd 10 nil. of 30:; niethanolic HCl n-as allowed to 
atitnti ;it, rooin temperature for 3 days. During this time 1 i O  nig. 
r)f  procliicmt (1n.p. 261-263') crystallized and was removed by 
filtration. -411 additional 46 mg. (111.p. 257-259') was obtainrd 

urrrs increasing the yield to  92'7. Rem)-sttil- 
ethanol raised the m.p. to 264- 265' wheii 
,age at 260"; AZxnr pH 7 :  2 i 4  nip (log c :3.84), 

C, 48.71; H, 5 .25;  F, 11.25. 
5-Fluoro-1-methyluracil (IV).---A solution of 

(log E 3.S4), pH 12.1: 271.3 I U ~  (log t 3.70):  
x i 5 . % ,  6.08, 7.59, 8.10, 8.31, 8.711, 9.32, l(l.71, 11.10, 11.55, 

. t n d .  Calcd. for CsH6F?;20,: C, 41.6i;  15, 3.50:  12, l:i .l!j.  

5-Fluoro-1-methylcytosine (V):--.4 solution of 1+2 mg. ( 0 . S 3  
of 111 and 10 ml. of 3";, ethariolic amnioni:~ was 1ie:ttetl i i i  

1 ~ 1 1 i i i b  a1 1 IO" for 21 hr., IIie :ilcohol then being retnovc:tl 
0. iZtidit ioti i)f 1 nil. nf water t o  thtt residue and filtration 

g:ive G nig. of prochict, m.p. 21)5--'799°. .kn additiontil 38 nig. uf 
I)ro(Lu<,t (iii.1). 2ri5.-'3!W0) was obt,:tined from the filtrate raising 
t lie yitlld ~ i i  70f;;. 

-.SO, 1::.3P, 14.31, 15.90 p. 

Found: C', 41.95; €1, 3.42; F, 13.48. 

Itec.rystallization was effected fro 

'393.5 m p  (log e 8.99), pH 12.2: 
9T-20So; pIi  7 :  

5.99> 6.30, 6.62, 7.00, 8.23, S . X  

, l n o / .  (-hlcd. for CjH,FS,O: C.:, 41.!J7; M. 4.2:j: S, 2I.; j7. 
1:ound: 

4-Amino-2-chloro-5-fluoropyrimidine (VI).-2,4-Dichloro-3- 
t-luoropyriniidine (I, 200 mg., 1.2 ninioles) was added to  5 ml. 
of liquid ammonia in a pressure flask and allowed to warm to rooni 
teiiiper:tture. The ammonia was t8hen allowed to escape. On tht, 

(1, 42.10; H, 4.01); 1, 29.31. 

. .... 

( 1 % )  Erich Hirschberg, ibid., 23, 606 (1963 . 
(13)  U. P. Griswold, 'AT. R. Lacter. Jr . Y. Snow, E'. 11. Srhabrl. . J r . .  

and H. E. Shipper, ibid., 23, 343, 351 (19 
114) Llelting points were determined using a Kofler hot Btage. Paper 

cliroriiat,ogranls were carried out on Whatman No. 1 paper and the cliro- 
iliatograms were developed by  a descending technique in the solvent systems 
I -4) saturated aqueous ammonium sulfate-2-propanol-water (2: 28: 70) and 

After developing. 
I ~ I L .  paper was dried and the spots were located by risual examination undrr 
iiltravralet lighr. Ultraviolet absorption sw'ctra were determined (in i~ 

l'>t,i>kiii:ii) I IT  sp"ctrobiliotoinrter 

l i )  "-yropanol-water-concentrated HCl (6.5 : 77:  16.5). 
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addition of water, 170 mg. (97%) of crude product, m.p. 192- 
194", was obtained. Recrystallization from water gave needles, 
m.p. 194-195". The pyrimidine VI traveled as a single spot on 
paper, Rt 0.67, solvent system A. Paper chromatography of 
the mother liquors showed the same spot only, thus indicating 
that the isomeric 2-amino4chloro-5-fluoropyrimidine was not 
formed in the reaction. The ultraviolet and infrared spectra 
were similar to those found by Duschinsky.4" 

Anal .  Calcd. for C4H3C1FN3: C, 32.52; H, 2.05; C1, 24.04; 
S, 28.49. Found: C, 32.46; H, 1.98; C1, 24.28; N, 28.38. 

2,4-Diamino-5-fluoropyrimidine (VII).--4 mixture of 80 mg. 
(0.54 mmole) of VI, 5 ml. 5% ethanolic ammonia, and 200 mg. of 
ammonium chloride was heated at  140" for 19 hr. in a Parr bomb. 
The mixture was filtered, evaporated to dryness in vucuo, dis- 
solved in 2 ml. of water, and brought to  pH 12 with 0.2 inl. of 
10% NaOH. This solution was evaporated to dryness in vucuo, 
and the desired product was separated by sublimation a t  20 mm. 
and 140", yielding 25 mg. (36%) of VI1 (m.p. 156-157' with 
partial recrystallization, remelting a t  161-161.5'). Resublima- 
tion raised the m.p. to 164-165' with partial recrystallization, 
remelting at  166.5-167'; Ai::buffer 289 mp (log E 3.77); Xz:' 
2.98, 3.15, 6.00, 6.23, 6.59, 6.71, 6.95, 8.25, 10.13, 10.65, 10.73, 
12.90 p. 

Anal. Calcd. for C4H6FNa: C, 37.51; H, 3.93; F, 14.83., 
Found: C, 37.65; H, 4.01; F, 15.11. 

2-Chloro-4-ethoxy-5-Auoropyrimidine (VIII).-To a solution 
of 775 mg. (4.64 mmoles) of 2,4-dichloro-5-fluoropyrimidine (I) 
in absolute ethanol was added 2.9 ml. of 1.6 N ethanolic sodium 
ethoxide. The mixture was evaporated to 3 ml. and 7 ml. of 
water was added. An oil formed which solidified on cooling; this 
solid was removed by filtration, giving 800 mg. (96y0) of product, 
m.p. 31-32'; purification by sublimation raised this to m.p. 
35-36'; A",',m. 3.40, 6.35, 6.78, 6.90, 
7.14, 7.45, 8.05, 8.21, 8.68,9.80, 10.32, 10.50, 11.45, 12.45, 1 3 . 0 5 ~ .  

Anal .  Calcd. for CsH6C1FN20: C, 40.80; H, 3.43; C1, 20.05; 
F, 10.76. 

2-Chloro-5-fluoro-4-hydroxypyrimidine (IX).-A mixture of 
1.96 g. (11.7 mmoles) of I and 6.2 nil. (11.8 mmoles) of 1.9 2 V  
NaOH was warmed to 45" and stirred for 45 min. a t  the end of 
which t.ime t,he mixture was neutral. An additional 6.2 nil. of 
1.9 iV XaOH was added, and the mixture was stirred until the 
oil dissolved, requiring 15 niin. After cooling, 1 ml. of concen- 
trated HC1 was added, causing the immediate precipitation of 
1.38 g. of product, m.p. 170-171". An additional 0.1 g. (same 
as above by infrared spectrum) was recovered from the filtrate 
giving a total yield of 85%. Evaporation of the mother liquors 
in vucuo gave a solid material whose infrared spectrum was similar 
to the pure product. Paper chromatography gave single identi- 
cal spots for the pure compound and the residue in the mother 
liquor; solvent system A, Rf 0.76, for pure compound and residue; 
solvent system B, Rf 0.93, for pure compound and residue. 
Recrystallization from absolute ethanol, prolonged heating 
being avoided, raised the melting point to 176-177' with part,ial 
recrystallization and remelting a t  228-243'; A::: 229 mp 
(log e 3.72), 258-259 mp (log E 3.70); A:'$' 6.09, 6.28, 6.48, 
6.65, 7.75, 8.00, 8.60, 10.39, 10.90, 12.78, 14.55 p. The material 
is the same as that prepared and characterized by Duschinsky.8 

A n a l .  Calcd. for C4H2C1FN20: C, 32.34; H, 1.36; F, 12.80. 
Found: C, 32.35; H, 1.42; F, 14.64. 

Acknowledgment.-The author wishes to express his 
gratitude and thanks to  Dr. R. Duschinsky of Hoff- 
man-La Roche, Inc., Kutley, N. J. 

A::: 261.5 mp (log e 3.72); 

Found: C, 40.76; H, 3.40; C1, 19.98; F, 10.52. 
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I n  view of the chemical uniqueness of a four-mem- 
bered ring fused to an aromatic nucleus and the simi- 

larity of this system to the phenethyl chain, several 
amines containing the 1-benaocyclobutenyl group were 
synthesized for pharmacological evaluation. Until 
recently,' only two such compounds, l-aminobenzocyclo- 
butene2 and N,N-diniethyl-l-an1inomethyl-2-phenyl- 
benzocy~lobutene,~ were known. In  addition to the first 
amine, we have prepared four new l-aminomethyl- 
benzocyclobutenes and a related morpholine deriva- 
tive. 

1-Cyanobenzocy~lobutene~ (Ia), obtained by the 
benzyne-mediated cyclization of o-chlorohydrocin- 
nani~nitri le,~ was hydrolyzed to benzocyclobutene-l- 
carboxylic acid (Ib). Trcatinent of the corresponding 
acid chloride IC with sodium azide in toluene provided 
1-aniinobenzocyclobutene (Table I, 111) in 40% yield. 
The direct conversion of the acid Ib  to the aniine I11 
with hydrazoic acid2 proceeded in somewhat higher 
yield. 

Ia, Y = CK IIa, Y = CHZNHCOCHI 
b , Y  = COSH b , Y  = CH20Ts 
c, Y = COCl 

1-Aminomethylbenzocyclobutene (IV) was prepared 
both by hydrolysis of the amide IIa from reductive 
acylation of 1-cyanobenzocyclobutene (Ia) and by 
lithium aluminum hydride reduction of the nitrile Ia. 

The tosylate I Ib  of l-hydroxymethylbenaocyclo- 
butene was obtained with some modifications by the 
niethod of Cava and 1\Iitchel16; aminolysis of this 
material with methylamine, dimethylamine, and mor- 
pholine provided coinpourids V, VI, and VII, respec- 
tively. As reported for the reaction of l-hydroxy- 
methyl-2-phenylbenzocyclobutene tosylate with di- 
meth~lamine ,~  the tosyl group of I Ib  is displaced 
without any apparent ring enlargement.' In  order to 
substantiate the assigned structures, N,K-dimethyl-1- 
aminoniethylbenzocyclobutene maleate (VI) was syn- 
thesized independently by reductive alkylation of 1- 
aminomethylbenzocyclobutene (IV) and was found to 
be identical by melting point and spectral comparison 
with the product obtained from the tosylate IIb. 

Alkylation of ethyl cyanoacetate with 2-bromo-4- 
niethoxybenzyl chloride, followed by hydrolysis of the 
resulting cyano ester and decarboxylation of the in- 
termediate cyano acid, provided 2-bromo-4-methoxy- 
hydrocinnamonitrile (VIII). Treatment of VI11 with 

,fJcH2cHzcN NaNH2 __t 

"a 
CH30 Br CHsO 

VI11 IX  

sodamide in liquid ammonia afforded l-cyano-5- 
methoxybenaocyclobutene (IX) in a 55% yield. 

(1) After completion of this work, reports of amino- and aminoalkyl- 
substituted benzocyclobutenes appeared in the patent literature: (a) K. 
Ley, H. Wals, and W. Redetzky. Belgian Patent 630,171 (1963): (b) C. 
Kaiser and C. L. Zirkle, U. 8. Patent 3,149,158 (1964); (c) Ciba S. A..  French 
Patent 1,369,046 (1964). 

(2) L. Horner, W. Kirmae, and K. Muth, Chem. Bcr.. Si, 430 (1958). 
(3) A. T. Blomquist and C. G. Bottomley, Ann., 683, 67 (1962). 
(4) M. P. Cava, R.  L. Litle, and D. R. Napier, J .  Am. Chem. Soc., 80, 

(5) J. F. Bunnett and J. A. Skoroz, J.  Org. Cham., 97, 3836 (1962). 
(6 )  M. P. Cava and M. J. Mitchell, $bid., 97, 631 (1962). 
(7) The quantitative conversion of 1-hydroxymethylindane toaylrte 

to a 2-hydroxytetralin ester during formolyais ha# been noted by R. Huisgen 
G. Seidl. and I. Wimmer, Tetrohrdron, 90. 623 (1964). 

2257 (1958). 


