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Fluorinated Pyrimidines. XXVIII. The Synthesis of 
5-Trifluoromethyl-6-azauracil and 5-Trifluoromethyl-6-aza-2'-deoxyuridine1 

ANTHONY DIPPLE? ASD CHARLES HEIDELBERGER~ 

J l c d  rdle X e m o r i u l  Loboratoru, Cnimi.sity of TT'zsconszn, Matlzson, 1C'zsconsin 

Received X a y  25, 1966 

a-Trifluoromethacrylic acid has been converted with hydrogen peroxide to a,p-dihydroxy-a-trifluoroniethyl- 
propionic acid, which on treatment with periodate gave the hydrate of perfluoropyruvic acid. The semicarba- 
zone of this keto acid was cyclized with thionyl chloride to 5-trifluoromethyl-6-azauracil. This was converted 
to the corresponding p-D-deoxyribonucleoside and nucleotide. The nucleoside was bacteriocidal t o  Escherichia 
coli B iri minimal medium but no other significant' biological activity could be attributed to any of the compounds 
described. 

The tumor-inhibit'ory compounds, 5-fluorouracil, 
5-fluoro-2'-deoxyuridine, and 5-trifluoromet'hyl-2'-de- 
oxyuridine4 have been the subject of a recent review.j 
Tumor growth is inhibited as a result of the metabolic 
conversion of these compounds to the corresponding 
deoxyriboriucleoside 5 '-phosphates which are potent 
inhibitors of t,he enzyme, thymidylate synt'het,ase.6s7 
These compounds are detoxified to a lesser extent by 
tunlor cells than by normal cells arid thus, some degree 
of selective action is obtained.8 

Tumor-inhibitory properties have also been at- 
tributed to 6-azauracil and it's ribonucleoside, and 
nieta,bolic conversion to the nu~leot ide ,~  6-azauri- 
dine 5'-phosphate, which inhibit,s orot,idylate de- 
carboxylase, is a necessary step for tumor inhibition.l0 
6-Azathymirie arid its deoxyribonucleoside both ex- 
hibit antibacterial activit8y10 but' to  date no tunior- 
inhibitory activity has been ascribed to these analogs." 

Although the most' active pyrimidine analogs have 
involved only one minor structural change from t'he 
naturally occurring compound, the biological activity 
of t,he t8xo groups of analogs described above prompt,ed 
an invest'igation of compounds containing two changes, 
i e . ,  "fluorinat'ed azapyrimidines." This report de- 
scribes one such compound, 5-trifluoromet'hyl-6-asa- 
uracil (V), its deoxyriboriucleoside (VIII), and deoxy- 
ribonucleotide (IX). Concurrent with our work, t,wo 
other laboratories have prepared V 1 2 1 1 3  and V I I 1 1 2 $ 1 4  b y  
different' rout'es, arid recently a second nieniber of t,liis 
series, 5-fluoromethyl-6-azauraci1, has been prepared, 
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by the method described here, both in our laboratory15 
and else~vhere.~~ 

Our route to t'he azapyrimidirie (V)I7 was less direct 
t'hari that of llertes, et al.,I4 and Shen, et a1.,12 but in- 
volves t'he preparat'ion of t,hree new compounds. The 
synt'hesis was based on that of Bougault and Daniel18 
for azathymine, which mas ba'sically the cyclization of 
the semicarbazone of pyruvic acid. Only brief mention 
of t'he silver salt of trifluoropyruvic acid was found in 
t'he l i t ' e ra t~re '~  and a new synthesis was thus devised. 
a-Trifluoroniethacrylic acid (I)*O was treated with hy- 
drogen peroxide and a catalyt'ic amount' of osmium 
tet'roxide, and the resulting a,P-dihydroxy-a-trifluoro- 
methylpropionic acid (11) was oxidized with periodate 
to give the required perfluoropyruvic acid [isolat8ed as 
t'he hydrate (III)] in good yield (Scheme I). The 
cyclization of the semicarbaxone (IT') was effect,ed by 
refluxing in thionyl chloride. rather than mit,h slltali 
as used by Bougault.'S 

The procedure followed for t'he preparation of t'he 
nucleoside was based 011 the method of Ryan, Act,on, 
arid Goodmanz1 to whom we are indebt'ed for a brief 
descript'iori of their work prior to publication. The 
bis(triniethylsily1) ether of T: was condensed with 2- 
deoxy-3,5-di-O-p-1iit~robe1izoyl-~-ribofurariosyl chlo- 
ridez2 in t'he presence of mercuric acetate at room tem- 
perature. Aft'er filtration and coricent'ratiori of t,he 
filtrat'e, a solid precipitated, and various fractions thus 
obtained had melting points in the range 140-170". 
This solid was very soluble in cold ethyl acetate and 
could be precipit,ated with ethanol, but was not crys- 
t,alline. If the solid was treated wit'h hot 80% acet,ic 
acid, however, higher melting material was obt,ained. 
This was no longer soluble in cold ethyl acetate but 
required heat'ing for solution and also crystallized 
readily from et'hyl acetateethanol mixtures. This 
material was charact,erized as the protected nucleoside 
(171) arid it is suggested that, the initial product from 
the condensation perhaps still retained some of the 4- 
trimethylsiloxy group, which was removed by the 
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At a concentration of 111, VI11 caused no signifi- 
cant inhibition of DSA synthesis in Physa~um poly- 
cephaluw as determined by incorporation experimerits 
with 3H-~ytidine.3~ The growth of HeLa cells was not 
significantly affected by concentrations of V up to 

JI (Figure l), arid only a very slight cffect (about 
157, inhibition) was found with VI11 at the same con- 
centration.3i The in vitro incorporation of I4C-formate 
into the DSA4-thymine of Ehrlich ascites cells mas not 
affected by VI11 at  the level of ;C1,38 whereas 
azathyniidine at about the same level causes a 787, 
i~ihibit iori~~ arid trifluorothyniidirie effects a 90% in- 
hibition at only M .  38 9lthough many nucleosides 
have been obtained by the enzymic transfer of the 
deoxyribose moiety from another n u ~ l e o s i d e ~ ~ ~ ~ ~  to a 
pyrimidine or purine or to analogs of such bases, no 
transfer of the deoxyribose moiety from thymidine to I' 
could be detected in either a suspension of E. coli B 
or in a crude extract of Ehrlich ascites cells. h crude 
extract of nucleoside phosphorylase from Ehrlich 
ascites cells was without effect on the nucleoside (VIII) 
at pH 5.9, 6.4, or 7.2,*l whereas 5-fluoro-2'-deoxyuridine 
was converted to 5-fluorouracil (52%) a t  pH 5.9 and 
3370 at pH 6.4 or 7 . 2  as determined by the assay proce- 
dure of Heidelberger, et ~ 1 . 4 ~  The procedure of Reyes 
and Heidelberger7 was used to assay TTII as an in- 
hibitor of thymidylate synthetase in the presence of 
ATP, but no inhibition could be det,ected even at levels 
a thousandfold higher than those necessary for 100% 
inhibition with 5-fluor0-2'-deoxyuridine.~~ Since the 
actual inhibitor of this enzyme in the latter case is the 
nucleoside 5'-phosphate, which is formed enzymically 
in the incubation mixture, VI11 was converted to the 
corresponding nucleotide (IX) chemically and this was 
also assayed against thymidylate synthetase. Again, 
no inhibition was observed. The nucleoside (YIII\ 
was also tested against Adenocarcinoma 775 in female 
BDFl mice at a dose of 400 nig/kg given intraperi- 
toneally on each of 7 days, c.onimeIicing 1 day after 
transplantation (Table I ) ,  S o  tumor inhibition was 
observed. 

TABLE I 
--Controls (6 mice)- --Treated (2  mice)- 

Days after \ V t  Tumor vol ,  W't Tumor 1-01, 
transplantation cllange, 6 mm3 change, 6 m m a  Tj'C 

11 $0.9 4709 $1.8 4150 0.88 
15 1-43  9350 1-5.4 9240 0.98 

In general, T' and its derivatives exhibit a distinct 
lack of biolcgical effects. The differences between Tr 
and its naturally occurring analog, thymine, are 
probably so great that  enzymes norinally involved in 
t hymirie metabolism no longer recognize this grossly 
altered base (V). Possibly one of the most drastic 
differences lies in the pKa, values of the two compounds, 
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Figure 1. 

9.5 for thymineI4 arid 3.4 for V. Thus, at physiological 
pH, V exists almost completely as an anion, whereas 
thymine exists as the neutral molecule. 

Experimental Section 
Melt,ing points are corrected and analyses were performed by 

Spang Microanalytical Laboratories, Ann Arbor, Mich. 
a,p-Dihydroxy-a-trifluoromethylpropionic Acid (II).--cu-Tri- 

fluoromethacrylic acid (I, 6.30 9 ) s  in water ( 5  ml) was treated 
with a 2cG aqueous solution of Os04 (1  ml), and 307, H202 solu- 
tion (9 ml) was added in portions over a period of 24 hr a t  room 
temperature. A curreut of air was passed over the solut,ion to 
remove the Os04 aiid the solution was theii diluted with water 
( 5  ml) and extracted with ether. After drying aiid evaporation 
of the ethereal solution an oil was obtained which crystallized to a 
white solid (5.54 g, 71%, mp 85-92') on trituration witli di- 
chloromet,hane. This solid could be recrystallized from ethyl 
acetate-chloroform and an  analytical sampIe so obtained had 
mp 97-98.5". 

Anal. Calcd for C4H5F304: C, 27.59; H, 2.90. Found: C, 
27.49, H, 2.91. 

Trifluoropyruvic Acid Hydrate (III).-Crude I1 (8.7 g) in 
water (50 ml) was treat,ed with sodium metaperiodate (10.2 g) 
in water (90 ml) a t  room temperature for 40 min. The solution 
was then saturated with NaCl and extracted with ether. After 
drying and evaporation of the ethereal solution, the resulting oil 
was crystallized by trituration with diohloromethane. Crude 
product (6.15 g, mp 103-111") correspoiiding to 7 i R  of theory 
was thus obtained. Recrystallization from ethyl acetate- 
chloroform gave very hygroscopic crystals, mp 119.5-122.5'. 

Anal. Calcd for C3H3F304: C, 22.51; H, 1.89. Found: C, 
22.65; H, 2.06. 

Trifluoropyruvic Acid Semicarbazone (IV).-A solutioii of 111 
( 5  g) and seniicarbazide hydrochloride (3.7 g) in water (10 nil) 
was heated under reflux for 25 min. After cooling the crystalliiie 
product was collected by filtration and further product was 
obtained by evaporation of the filtrate. The total yield was 4.56 
g (737, ,  mp 216-218"). An analytical sample recrystallized 
from water had nip 217-219' ; ultraviolet absorption spectra, i n  
2 A' HC1 A,,,, 260 mu. in 1 S NaOH Amax 261 mu, in water A,,, 
250 mp (E 16,500). 

Anal. Calcd for C4H4F,N,0q. C. 24.13: H. 2.03: N. 21.11. 
, I  , I  

Found: C, 24.20; H,Z.l3;  fi,"ZI.li,  
5-Trifluoromethyl-6-azauracil (V).-Compound I V  (3.76 g) in 

P0Cl2 (100 ml) was heated under reflux for 24 hr. The SOClz was 
then distilled and the semisolid rebidue was dibaolved in water 



71s 

3.02i 

xiid eVai)[JI'ate,l t o  dryiiess. The reddue was sublimed iu U I C U O  

: i t  100-120" and the white .iiiblim:tte was cr>-stallized from ethyl 
:tc*ct:tte-Skelly I3 and/or ethyl acetate-chloroform, yielding 2.S" 

lline product, mp 156-158'. .hi  analyticid 
7.5-158.5": t,he infrared spectrum in dioxane 

.;bowed a t\vin peak iir ihe ~ a r b ~ i i y l  region at 17,50 and I720 
1 . i i i - l :  iiltraviolet absorption spectra, in 0.1 S €IC1 A,,, 262 nip 
i e 6OOOj,  i n  1 .V NaOH A,,, 292 m p  ( e  7100); the pK,, as de- 
~c!rrniiiecl hy the  spectrophotonietric method of  Phugar atit1 

Fox26 was 5.4. 

~~' IJI I I I~:  C, 26.48; H, 1.2;; S, 23.12. 
1 -( 2'-Deoxy-3',5'-di-0-p-nitrobenzoyl-~-~-ribofuranosy~)-5-tri- 

fluoromethyl-6-azauracil (VII).-Compound V7 (2.31 g )  was dried 
:riid then heated under reflux iii hexamethyldisilazane (30 mi) 
u~iiler nitrogen for 3 . 5  hr. The hexamethyldisilazane %-as re- 
incived k~y vacuum distillation in an atmosphere of riitrogeii 
lwviiig a light yellow oil of the bistrimethylsilosy derivativc 
( V I ) .  Thi> was added to 2-deox~--3,5-di-O-p-nitrobenzoyl-n- 
i~itiofiiranosyl chloride (6.6 g)22 i n  benzene (325  ml). Mercuric 
aretate (4.15 g )  was added, and the flask was closed and stirred 
:it room temperature for 3 days. The siispeiision was filtered anti 
the pad was washed with benzeiie. The filtrate and n-ashings 
\\ere evaporated t o  a pale yellow foamed glass (8.8 g).  This \vas 
tiwted inider reflux in 80"; acetic arid (75 ml) for 30 min to  
winovc the 4-trimet h?-lsiloxy groiip a11d filtered, aiid water way 

Three crops of crystals viere obtained 
allized agaiii from aqlieous acetic wid 
te-ethaiiol. A total of 2.76 g of prndui7t 

(36,4'.; j ,  mli 202-206', \\-as obtaiiied iii this experiment although 
yirlds as high as 52(!'; I obtaiiietl on rmaller scale riitix. 
.I I I mialyt ical specinie ized from ethyl acet,ate-ethnncil 
11: it1 nip 206.5-20;. 5 O ,  2.G' ( r  0.2, ethyl acetate). 

. I n u l .  Citlcd for C ~ , X , ~ F & ~ O I ~ :  c: 46.30: TI, 2.71; x,  11.77 .  
1;oiiiid: C, 46.48; €1, 2.90; hTj 11.62. 

3-Trifluoromethyl-6-aza-2'-deoxyuridine ( VII1j.-Compoui i d  
1'11 ( 1  g)  i n  rnethanol (50 ml) was treated with 0.3 S sodiurn 
nrethoxide iii methanol ( I 5  ml) and heated t:i reflux for 10 miii 

:iiltl then left overnight at room temperature. The solution WI- 

tiiliitralixd with I)o\vex 50 (W+), evaporated t o  dryness, and 
Ii:trtitioticcl I~etween chloroform and water. The aqueous phaw 
I\ :IS c:v;tporated 1 0  tlrynens, redihsolved ii i  water, filt,ered, :tnd 
: i g t i i i  evapor'ited. The residue was tritiirated v i th  CHEL and 

The resiil tiiig crystals were collect et1 
dlized from ethyl wetat e-dichloromethane yielding 

; i t ) ( )  nig ( 6 0 7 ; )  of protlwt, nip 152-1333", [a]% -64.9" ( C  0.3, 

.Intr/. C:tlcd for C4H2F,N,Or: c:, '6.53: 11, 1.1 I j N, 23.21,. 

ternperit t lire. 

i------ 
3 3.5 ' 

PPM (7) 

A 

B 

C 

k- 
i 

11ip ( B .5850). 
5-Trifluoromethsl-6-aza-2'-deoxvuridine 5'-Phosphate [ 1X ). 


