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A number of 6-substituted uracils have been synthesized as par t  of a search for inhibitors of nucleic acid nietabolisrn 
6-( 1H-Tetrazol-5-y1)uracil (V), an analog of orotic acid (6-uracilcarboxylic acid), has been ohtained by two routes. The 
ether cleavage of 6-chloro-(VIIId) and 6-hromo-2,4-dimethoxypyrimidine (VIIIe) with dilute mineral acid gives the cor- 
responding 6-halouracils IXa  and b.  6-Chlorouracil, on treatment with sodium iodide in dimethylformamide, affords IXc 
in high yield. 

The interaction of (2,4-dimethoxy-6-pyrimidinyl) trimethylammonium chloride (VIIIa) and sodium azide in aqueous 
solution gives the azidopyrimidine (VIIIb) in good yield while the action of anhydrous potassium fluoride on VIIIa in 
diethylene glycol leads to 2,4-dimethoxy-6-fluoropyrimidine (VIIIc) . Attempts to convert VIIIb and VIIIc to the cor- 
responding uracil derivative were unsuccessful. 

I t  has been shown that 6-uracil~ulfonamide~ aiid 
6-uracil methyl sulfone inhibit the conversion of 
orotic acid (6-uracilcarboxylic acid) to orotidine- 
j'-phosphate by a partially purified pyrophospho- 
rylase of yeast. However, these compounds proved 
ineffective as an inhibitor of a number of micro- 
o r g a n i s m ~ . ~  The present investigation was prompted 
by  the possibility that examination of a wider spec- 
trum of 6-substituted uracils might lead to a more 
potent inhibitor of nucleotide metabolism. 

It has been suggested that analogs of biologically 
active carboxylic acids, in which the oarboxyl 
placed by a 3-tetrazolyl group, might interfere with 
the normal utilization of the respective carboxylic: 
acids.5 This suggestion has prompted syntheses of 
tetrazole analogs of both several alpha-amino 
acids6 and alpha-keto acids.7 Accordingly, it was of 
considerable interest to synthesize the 5-tetrazolyl 
analog of orotic acid. 

Treatment of 2-ethylmercapto-4-hydroxy-6-di- 
ethoxymethylpyrimidine* (I), with hydroxylamine 
hydrochloride 111 aqueous solution gave the cor- 
responding aldoxime (11) in 86% yield. Dehydra- 
tion of the oxime with acetic anhydride and sodium 
acetate afforded 2-ethylmercapto-d-hydroxy-6-py- 
rimidiiiecarbonitrile (111) in 807, yield. The inter- 
action of the nitrile and ammonium azideg in di- 
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methylformamide gave %et hylmercapto-4-hy- 
droxy-&(lH-tetrazol-5-yl)pyrimidine (70%) (IV) 
which, on acid hydrolysis, was converted to 6-(1H- 
tetrazol-5-y1)uracil (1') in 83% yield. 

OH 
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-1 more direct approach to V presented itself 
following the completion of the above work with the 
report of a convenient synthesis of 2,4-dimethoxy- 
6-pyrimidine~arbonitrile'~ (T'I) (uide infra).  The 
conversion of VI to 2,4-dimethoxy-6-(1H-tetrazol-5- 
y1)pyrimidine (VII) was accomplished in high yield 
with ammonium azide in dimethylformamide. 
Cleavage of the dimethyl ether, TrII, with concen- 
trated hydrochloric acid gave a solid with essen- 
tially the same ultraviolet and infrared ahsorptiou 
spectra as T'. 
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Kfforts were next directed toward the possibility 
of preparing the complete series of 6-halouracils 
(IX) of which only 6-chlorouracil (IXa) had pre- 
viously been described.",'? The facile conversion of 
2,4-dimethoxy-G-chloropyrimidine (VIIId) to IXa 
by the action of mineral acid," suggested the pos- 
sibility of obtaining the entire series of 6-halouracil5 
from the corresponding 2,4-dimethoxy-G-halopy- 
rimidiiie (J'lII, c, d ,  e, and f ) .  

e.  X = 13r 
f .  s = 1  

Recently, Z i l O t ~ e r ~ ~  reported that 2- and (i-py- 
rimidiiiyl quaternary ammonium salts, on treatment 
with anionic reagents such as cyanide and phen- 
oxide ions, gave chiefly t'he corresponding pyrimidy- 
lation products. On the other haiid, the iiiteiwtion 
of the quaternary salts a i d  such nucleophiles as 
malonic ester, phthaliniide, and halide ions gal-e 
methylation producks of these nnioiis. 111 accord 
with t8hese observations, it fouiid that (2!4- 
dimethoxy - (i - pyrimidinyl) tr.iniethylaninioiiiiini 
chloride (IYIIa) reacted smoothly with aclueous so- 
dium azide to give ti-aziclo-2,4-dimethosypyriinidint~ 
(VIIIb) iii 7670 yield. However, the reuctioii of 
VIIIa with anhydrous potassium fluoride in di- 
ethylene glycol, contrary to the prior report, af- 
forded 2,1-diniethoxy-f-fluoropyriniidine (Vl l l r )  
in 42% yield. S o  attempt was made to detelmiiie 
the extent of the methylation reaction and the con- 
comitant formation of 2,4-dimethosy-(j-dimethvl- 
aminopyriniidiiie which mould he erpwted to con- 
stitute a competitive path of reuct,ioii. 

2)4 - Dimethory - ti - iodopyrimidine (YIIlf) \vas 
readily obtained by the actioii of sodium iodide on 
VIIId in dimethylformamide while the interaction 
of 2,4,&tribromopyrimidine and tn.o equivalents of 
sodium met hoxide provided G-hi.orno-2,4-dirneth- 
osypyrimidine (T'IIIe) i i i  reasonably good yield. 

'I'he demethylation of ~i-c~hloro-(VIIId) and 6- 
I~i~onio-~,-l--dimethoryp~riiiiicliiie (T'IIIe) with con- 
reiitmrated minei*ul acid led to a replacement of t,he 
h;ilogeii by a hydroxyl group and the formation of  
harhituric acid as the sole product,. h similar ob- 
scrvntion has hccn recorded in the attempted 
ether cleavage of 8,-2-dimet2iuxy-~-pyrirnidiiiesul- 

foiiic acid with mineral acid. l 4  The desired li-chloro- 
(IXa) and &bromouracil (IXb) were obtained in 
reasonably good yield using dilute miiieral acid in 
acetic acid. On the other hand, the demethylation 
of 6-azido-(VlIIb) aiid (i-fluoro-2,l-dimethoxS.- 
pyrimidine (VIIIc) with dilutc niiiieral acid, under 
a variety of conditioiis gave h r l i t u r i c  acid as the 
only isolable product. AIorcv)ver, LL similar course of 
reaction was o b s e r ~ ~ d  in the cther caleavage of 
VlIIf. However, the desired 6-iodouracil (IX-(2) \\;as 
obtained in 70% yield by the action of sodium iodide 
on IXa in dimethylformamide. 

The results of the present study iiitlicatc that a 
halogen or azide function located at the 6-position 
of 2,4-dimethosypyriiiiidine is idatively labile with 
respect to acid catalyzed nucleophilic8 displacmieiit. 
This type of displacement oil the pyrimidiiie nu- 
cleus has been explained by assuming that the iiii- 
tial addition of a proton to  one of the nitrogelis 
stabilizes a positiw rhnrge at the carbon atom in- 
v o l ~ e d ~ 4 , ' ~  and that an appropriate neutral triinsi- 
tioii state is subsequently obtained.I6 

The biological evaluation of the pyrimidines pre- 
pared in the present study is incomplete aiid will 
be reported elsewhere. 
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mole) of ammonium chloride and 1.3 g. (0.02 mole) of sodium 
azide in 25 ml. of dimethylformamide was held a t  80" for 
23 hr. The salts were removed by filtration and the filtrate 
evaporated to  dryness under reduced pressure. The residue 
was dissolvcd in watcr, the solution adjustcd to pH 2 Tvith 
concentrated hydrochloric acid and the yellow solid was 
collected; wt. 2.58 g. (9:3%), 11i.p. 255-258' dec. The product 
\viis next disuo1vt:d in 10 '.,b sodium hydroxide, the solution 
treated with Xorit, and the product reprecipitated n i th  
concentrated hydrochloric acid; m.p. 2tii-270' dec. Two 
recrystallizatioiis from watrr provided an an:dyticid sample; 
n1.p. 2iO-2T1 dec. 

Anal. Calcd. for C7H8N60S: C, 37.5; H, 3.6; K, 37.5. 
Found: C, 37.9; H, 3.9; X, 37.5. 

6-(1H-l'etrazol-~-yl)tlracil (V).  A solut,ioii of 0.45 g. (2 
mnioles) of IV in 10 ml. of coiled. hydrochloric acid was 
refluxed for ti hr. during which time a solid was deposited. 
The amorphous product, wt. 0.3 g. (84y0), darkened a t  290" 
but showed no nielting point up to 335'. The solid was dis- 
solved in 10 O;, sodium hydroxide, the solution treated with 
Norit, and the product reprecipitated with concentrated 
hydrochloric acid. The solid was t,hen collected, washed with 
water, and dried. The purified material darkened a t  290' 
with no definite melting point a t  340', Amar 287 mp (E  X 

Calcd. for CsH4X~0g: C, 33.3; H, 2.7; N, 46.7. 
Found: C, 33.4; H, 2.3; X, 45.37; 4 5 X .  

8,4-Dhethozy-6-( f H-6-tetrazol-5-$ jpyriniidine (VII).  h 
stirred mixture of 1.0 g. ( 6  mmoles) of 2,4-dinietlioxy-G- 
pyriiiiidi~iecarbo~iitrile,lO 5.0 g. of animonium chloride, 
and 6.0 g. of sodium azide in 25 inl. of dimethylforliiamide 
was held a t  80" for 24 hr. The inorganic salts were removed 
by filtration and the filtrate evaporated to dryness under 
diminished pressure. The residue "as dissolved in water, 
the solution adjusted to  pH 2 with concentrated hydrochloric 
acid and the product collected; a t .  0.98 g. (i8C/b), m.p. 195- 
200" dec. .-Z single recrystallization from water gave color- 
lrss needles; m.p. 200-201' dec., A,,,ax 281 mp (E  X = 
9.95 ) . 

Anal. Calcd. for C;llsXti'eO~: C, 40.4; H, 3.9; X, 40.4. 
Found: C, 40.3; H, 3.9; S,  40.0. 

A solution of 0.5 g. (2.4 mmolcs) of \'I1 in 10 ml. of concd. 
hydrochloric acid was refluxed for 1 hr. during which time 
a solid was deposited. The product was collected, washed wit,h 
water, and dried; wt. 0.37 g. (85:);). This mtti,carial darkened 
a t  300" but showed no melting point up to 335". The in- 
frared and ultraviolet sprctra of t,his material were cssen- 
tially superimposable with the correspunding spc,ct'ra of V. 

6-Azido-~,4-dimethoryp~rimit/i,le (VIITb). A stirred sol11- 
tion of 18.7 g. (0.08 mole) of 2~4-dimethox?.-(i-pyrinlidin?.l)- 
trimethylammonium chloride13 (VIIIa) and 20.8 (0.32 inolr) 
of sodium azide in 160 ml. of water \vas held a t  80" for 0.5 hr. 
The oil that, was deposited solidified on storing the re- 
action mixture in a refrigerator overnight. The solid crys- 
tallized from aqueous methanol in the form of a colorless 
mat  of needles; wt. 11.0 g. (i6y0), m.p. 38-39'. A second 
recrystallization from aqueous methanol provided an ana- 
lytical sample; m.p. 41-42", A,,,, 272 n w  (E  X = 13.5), 
A,,, (chloroform) 4 . 2  p (azide). 

Anal. Calcd. for C6H7Y5O2: C, 30.8; H, 4.0. Found: C, 
39.9; H, 3.8. 

2,4-Dimethozy-G;Ruorop~ri~i~~ne (VITIc). A mixture of 
11.7 g. (0.05 mole) of VIIIa and 8.5 g. (0.15 mole) of an- 
hydrous potassium fluoridc in 100 nil. of diethylene glycol 
was heat,ed to 80" under reduced pressure (cn.  400 mm.) for 1 
hr. a t  which tinie the evoluation of trimethylamine had 
ceased. Thc mixtiire was cooled, extractctl (3 X 50 mi.) 
with ether and the dried ext.ract evaporated iinder reduced 
Ilressure. The oily residue crystallized from aylwous inetha- 

10-3 = 12.09). 

(18) All attempts to obtain a satisfactory nitrogen 
analysis wrrc unsuccessful. 

no1 to give 3.2 g. (42%) of product; m.p. 52-54'. ,4 second 
recrystallization from aqueous methanol gave colorlevs 
needles; m.p. 54-56', A,,,, 245.5 mp (E X 10-3 = 6.32). 

Bnal. Calcd. for C ~ H ~ F X T ~ O ~ :  C, 45.6; H, 4.5; X, 17.7. 
Found: C, 45.8; H, 4.4; X, 18.0. 

6-Rronio-l,C-dittiethorypyrimi~itie (VIIIe). The conversion 
of 2,4,6-tribrom0pyrimidine~~ t,o 6-bromo-2,4-diethosypyri- 
niidine, described by LnngleyJZo is the basis of this analogous 
preparation of VIIIe. 
A mixture of 16 g. (0.05 mole) of 2,4,6-tribromopyrimidine 

and 50 nil. of bcnzene was stirred until solution was coni- 
plete. Absolute methanol (50 ml.) was then added and the 
flask cooled. A solihon of sodium methoxide (2.3 g., 0.1 g.- 
atom in 50 nil. absolute methanol) was addrd dropwise with 
stirring and maint.aining the temperature of the reaction 
mixture below 20". After standing ovprnight a t  room tem- 
perature, a few drops of acetic acid were added and the mix- 
ture evaporated to dryncss under diminished pressure. n'trtcsr 
was then added to t8he residue, the solid collected, washed with 
water, and dried; a t .  8.9 g. (SOYc), m . p  75-77'. Several rr- 
cryst'allizations from pet,roleiun ether (b.p. 30-60") gave 
colorless needles; m.p. 90-91", A,,, 261 mp (E  x 10-3 = 
8.47). 

Anal. Calcd. for CtiHiBrN202: C, 32.0; H, 3.2; 5,  12.8. 
Found: C, 33.4, H, 3.1; X, 13.0. 

2,4-Uitt2ethox~-B-iodopyrit/~idine (VIIIf). A mixture of 5.0 
g. (0.0.286 mole) of l r I I Id  and 'LO g. of sodium iodide in  
50 nil. of dinirth~~lforinamide was refluxed for 1 hr. under 
an atmosphtw of nitrogen. The solvent was removed under 
rrdiiced pressure, the residue triturated with water and the 
solid collrcted; wt.  3.2 g. (427,), m.p. 173-175'. A single 
recrystallization from ethaiiol gavr colorless prisms; m.p. 
175-17ci0, X,,, 275 mp ( E  x lW3 = !).18). 

.lnal. Calcd. for C6H71N202: C, 27.1; H, 2.7;  I, 47.;. 
Found: C, 27.5; H, 2.9; I, 47.5. 

6-Chlorouraczl (IXa). .4 solution of 5.25 g. (0.05 mule) of 
6-cliloro-2,4-dimethoxypyri1nidine*~~~~ (VIIId) in a mis- 
ture of 150 ml. of glacial acetic acid aiid 58 ml. of 2N 
hydrochloric acid was refluxed for 1 hr. The mixed acids 
were evaporated under rrduced prrssure and the residue 
twice recrystallized from water to give 2.44 g ( 5 5 % )  of a 
white aniorphoiis solid; ni.p. 298-300" dec. (1it.I' 300" dec.), 
A,,,,, 264 mp.(E X 10 - B  = 8.1i) 

Anal. Calcd. for C,HsCIS20:: C, 32.8; H, 2.2; S, 19.1; 
C1, 34.2. Found: C, 32.0; H, 2.3; N, 19.2; C1, 24.2. 

6-Bromowucil (TXb). .\ solution of 13.2 g. of VIIIe (0.06 
mole) in a mixture of 40 ml. of 4 8 0  hydrobromic acid and 
160 ml. of glacial acetic acid was heated to 80" for ea. 1 
min. and then allowed t,o stand for 20 hr. ut rooin teriipera- 
ture. The product was collected, washed with a c d c  acid, 
and dried; wt. 4.2 g. The tan solid darkened a t  250-270" 
but showed no melting point up to 340". The filtrat,e was 
evaporated to dryness and the residue cryst,allized froin 
niet,hanol to give 1.8 g. of solid. The combined solids, 
6.0 g. (5270) were recrystallized from methanol giving 
colorless prisms which darkenpd a t  270" but Bholved no 
evideiice of melt,ing a t  340", A,,,, 266 nip (E X = 8.8.0. 

.I?~al. Calcd. for C4F13BrN20.: C, 25 .2 ;  H, 1.6; Pi, 14.7; 
Br, 41.8. Found: C, 25.3; H, 1.7, S,  14.4; Br, 41.5. 

6dodouracil. .I mixture of 5.0 g. (0.034 mole) of IS:t 
and 20 g. of sodium iodide in 50 ml. of dimethvlformamiclc 
was refluxed under an atmosphere of nitrogen for 1 hr. The 
solvent was removed under diminished pressure, water 
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added to  the residue, and the solid collected; wt. 5.9 g. 
(7 .<r{ , ) ,  n1.p. 270-271" der. Tlic protliict crystalli~rd from 
c~thniiol as colorless prisms; n1.p 379-280° dec., A,,., 268 
tilp ( E  x 10-3 - 9.98). 

Anal. Calcd. for CaHJXZ02: C, 20.2; TI, 1.3: S, 11.8; 1, 
53.3. Found: C, 20.7; 11, 1.5: X, 13.4; 1, 5 3 . 1 .  
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The synthesis of 5-diazoacetyluracil ( X I )  from 5-acetyluracil (111) was accomplished by treatment of the oximino ketone 
(X)  of I11 with chloramine. In another attempted approach to XI, 5-bromoacetpluracil (V)  was prepared and was converted 
to  a number of interesting 5-substituted uracils. .4 new svnthesis of 6-aeetyluracil (XX) was developed and unsuccessful at- 
tempts were made to convert i t  to 6-diazoacetyluracil. 

Most of the alkylating agents that  hare  interest 
as anticancer compounds possess the bis(2-chloro- 
ethyl) amino moiety as the alkylating group2 
Azaserine (0-diazoacetyl-L-serine) and DON (G- 
diazo-5-oxo-~-norleucine)~ also have interesting 
antitumor properties. It has beeii proposed2 that 
these diazoacetyl compounds and the nitrogen 
mustards might be considered as members of a 
broad class of anticancer agents which consist of 
metabolites bearing an alkylating group that func- 
tion by irreversible inhibition of the corresponding 
enzymes. To test this hypothesis t n  o diazoacetyl 
derivatives of 3-phenylpropionic acid were prepared5 
111 order to compare their antitumor activities with 
1 hose of the analogous nitrogen mustards-e.g., 
chlorambucil GThis manuscript dcscibes the prepara- 
tion of 5-diaimcetyliiracil (XI) in order that its 
ani icancer activity might he compared with that of 
the rorresponding nitrogen mustard, uracil mus- 
tard.' 

The rcnrtion lietween sodium nitrite and the salt 
of an a-amino ketone constitutes one of the common 
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synthetic approaches to a-diazo ketones; this was 
the preparative method for 6-diazo-5-oxo-~-nor- 
leucine.8 Accordingly, the initial sequence visualized 
for the preparation of XI required the prior syn- 
thesis of a salt of 5-glycyluracil (VIII). The use of 
Johnson and Bergmann's9 method to cyclize ureido- 
methylene acetoacetic ester (I1),lo which, in turn, 
was prepared from ethoxyniethylcne acetoacctic 
ester (1),lo gave a reasonable yield of 5-acetyluracil 
(111). Bromination of the ketone (III), suspended 
in methanol, proceeded readily to give 5-bromoacet- 
yluracil (17.) That side-chain bromination to give V 
had occurred rather than ring bromination a t  C-6 
was demonstrated in two ways. First, treatment of 
T' with dimethyl sulfoxide followed by the reaction 
of the product with phenylhydrazine gave the 
osazone (VII) of the glyoxal formed by oxidation of 
T' with dimethyl sulfoxide. l 1  Secondly, the reaction 
of V Kith pyridine gave the pyridinium salt which 
was cleaved with aqueous base to uracil-5-carh- 
oxylic acid (IV),'2 identical with an authentic 
sample of ITT. 

The bromo ketone (V) underwent ready dieplace- 
meiit with azide ion to give the azido ketone (YI) ,  
Hydrogenation of a suspension of T'I in dilute hy- 
drochloric acid solution using a palladium catalyst 
afforded the hydrochloride of T'III which was best 
characterized as the crystalline picrate. Altrr- 
natively, the action of an acetic acid solution of 
hydrogen bromide13 on 1-1 reduced the azide group 
and yielded VIII, isolated as the picrate. Hydro- 
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(9) T. B. Johnson and IT. Bcrgniann, Ber., 66B, 1162 
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80, 3941 (1958). 

(1933). 

(12) L. C. King, J .  Am. Chem. SOC., 66, 894 (1944). 
(13) P. A. S. Smith and R. B. Brown, J .  Am. Chenz. Soc., 

73, 2438 (1951). 


