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after varions time Intervals, the reaction was siopped by the
addition of 3.0 ml of 2090 (w/v) agqueous trichloroacetic acid.
Azo componnd remaining was extracted with n-butyl alcohol and
estimated spectrophotometrically.

Biological Test Methods.—Toxicity determinations were per-
formed using male Swiss mice (22-26 g). The componnd, dis-
solved in =aline or suspended in 1119 gum acacia, was adminis-
tered by intraperitoneal injection to groups of -6 miice/dose level,
Deaths within a 21-day period were recorded and approximaie
LiDie values were extimated graphically from per cent mortality,”
log dose plots.

Vol g

Antitumor aefivities of the compounds against the Murphy-
Sturm lymphosarcoms were assessed as follows.  The tumor was
implanted subantanconsly into male Holtzman rats using o trochar
atcd eannnb Five dayvs fater when the inmar had reached
aslze ol abour b og, the compound was injeeted mtraperitonealtly
daily for 5 davs. Conrrel animals received the vehicke only.
On day 12 the volames of the timors were cateidated Fronn micas-
nrements taken by o enliper,® and the mean tumor vohime of
treated rars was compared with the mean tnmor vohine of eon-
irol rats CTAC fe Table o Bats were snbsequenrly observed
to determine whether complete regression of the (nniors oecarred,
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The synthesiz of fluorinated pyrimidines and trinzines as porential tivnidylate svnrhctase inhibitors was ne-
coniplished by (reating the appropriate carbonyl compound with sulfur tewraflnoride in the presence of hydro-
fluorie aecid. The anomers of 3-trifluioromethyl-6-azn-2 -deoxyuridineg were prepared by conventional pro-

cedures from 5-trifluoromethyl-6-azanracil,

One possible approach to the sclective control of
DNA synthesis and mitosis i< by inhibition of the
svhthesis of thymidine 5-phosphate (TAP).  Thymid-
vie synthetase® catalyzes the conversion of 2'-
deoxyuridine 5/-monophosphate (dUMP) to TMD in
the presence of the carbon donor. N7, N'Y-methylenc-
tetrahydrofolic actd (CHyTHIFA). The reaction hax
been studied in several laboratories® and the requive-
ments suggest a sequential reaction of the enzyme with
the cofactor (CH,THIFA) followed by reaction of this
complex with the substrate dUMP,

Since  S-fluoro-2’-deoxyuridine  5’-nmonophosphatae™
(F'dURYP) is known to be o strong iuhibitor of the
enzvie, substitution of fluorine for hydvogen in the
methyl group of thymine might also confer inhibitory
properties. The inerease of clectronegativity associnted
with the trifluoromethyl group might be w desivable
feature, since Baker in 19604 had postulated that an
increased acidity of the N-3 hydrogen could improve
the properties of the analogs and allow them to be
more strongly bound to the enzyme receptor site.

Thus, S-trifluoromethyluracil (2), 3-difluoromethyl-
uracit (4a), and H-trifluoromethyl-6-nzauracil (6) and

(11 This work was generously supported toy grant CA=3639 froca the
National Canecer Institate, National Institictes of Health, T. S0 Uuldie
Heulth Service.

(2) Preliminary communications of poctionz of this work have appeared:
(ay M. T, Mertes and &, E. Saleb, J. Fharm. Sei., 83, 508 (1963); () J.
Med., Chem., 8, 619 (1963); (c) .J. Heteroryclic Chem., 2, 491 (1963Y:  ils
M. P Mertes, 8. E, S8aheb, and U, Miller, ihid., 403 {1963), Portions of th.s
work were presented at the Rymposiam on Newer Concepts nf Stractace
Activity Relationslips, 112t1. Meeting of the Anerican Pharmaceutical As-
soeiatom, Detroit, Mich,, Marel 1965, Abstract A-111. \Wlile this paper
wias in press a sumilar paoblication appreaced: Ao Dipple aad C. Heilel-
berger, J. Wed. Chem., 9, 715 (1466).

¢3) (a) A.J. Wahba and M. Uriedlon, J. Biol. Chem., 287, 3794 (1062,
and references therein; (b)) R. I. Dlakley, y»/d., 238, 2113 (1963}, and refer-
ences thercin: (¢) C. K. Mathews and S, 2. Cohen, +bid., 376 (1963), and
references therein; (1) E. Jenny anil ). M. Greenberg, y&id., 3378 (1963);
{¢) P. Reyes and C. Heidelberger, Mol. Pharmacol., 1, 14 (1965), and refer-
ences therein; () P. M. Frearsan, X0 Kit, and D, R, Dubbs, Caneer Res.. 25,
7AT (1965 G. R. Greenberg, R. l.. Sommerville, and X, DeWolf Peor.
Natl, ctrawd, Ser, (7, N 48, 242 1 ToR2
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Some preliminary biologieal resulis are presented.

itx a- and g-2’-deoxyribosides (7a and b) were synthe-
sized in an offort to study the requircments of an cffce-
tive antimetabolite of the thvmidylate synthetase
scquence of reactions. During the course of this work
Heidelberger and co-workers® reported the synthesis of
s-trifluoromethyluracilt (2) wnd  S-trifluoromethyl-2'-
deoxyvuridine by another route. The =ynthesis of 5-
triffuoromethyl-G-nznuracit (6) and the 2/-deoxyribo-
side anomers (7) was communicated®*®? jointly with
Shen and co-workers.®

The inttial approaches to the synthesis of 2 ria pri-
mary  ring  =svnthesis utilizing  cthyl  3.3.3-trifluoro-
propionat¢’ in analogy to Whitchiend’s® =synthesis of
S-carbethoxyuractl  were unsuccessful. The  sccoml
approdach wax baxed on the aromatic character of €
i urneil.”  Siee the trifluoromethyl radical hins been
reported to add readily to various aromatic systems!”
thix procedure was applicd to wracil.  Photochemicul
attempts were unsuceessful:  thermal decomposition
of triffuoromethyl iodide in the presence of merearie
chlovide! gave nracil-3-earboxylie acid (1) mdienting
that reaction occurred followed by hyvdvolysix.

Sinee sulfur tetrafluoride was introduced as n reagent
for the conversion of the earboxyl group to the tri-
fluoromethyl group. report= have appeared describing
the scleetive nature of thisx reagent,'®  Raoasch noted
the protective offeet and Mavtin, ¢ al..** the enhanee-

(3) O, Heidelbergee, 1, G Parsons, aad D O Reawy, Jo Lo Chew. Sore,
84, 3597 (1082): J. Med. Chemn., T, 1 (1064).

6) T.Y.8hen, W. V. Rayle, and . L. Bhariaaesi, J. Heteeoegeliy Chem, 2,
405 (10651, and ref 2d.

(7) F. Brown and W. IX. I, Muskurave, J. Chem. Soc., 2087 (10533,

(8) C. W. Whitebead, 7. Am. Chem. Spr., T4, 4267 (1952),

) 1. J. Brown, “‘I'le Pyrimidines," Interscience Publishers, Lo, The
Netherlands, 1962,

(105 I. M. Whittemore, A, P. Stefan!, anl M. Szware, J. m. Chem. Sw.,
84, 3799 (1062); . Huyser and B, Bedard, J. Org. Chem., 29, 1588 (1961},

(11} J. Barnys, H. .I. llaeleus, and R. N. Haszeldine, .J. Chene. Sm:.. 3041
71930).

¢(12) W, R. Hasek W. O Xmith, and V. A Engelhart, J. Ani. Chen Sw
82, A4 (1050,
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ment of the yield when un excess of hydrogen fluoride
was used during fluorination.

Uracil-5-carboxylic acid (1) was recovered unchanged
when treated with sulfur tetrafluoride at room tempera-
ture and at 50°, with or without hydrofluoric acid.
At 100° in the presence of hydrofluoric acid, a 77%
yield of H-trifluoromethyluracil (2) was obtained.

e ] b |
\N/UTC\OH \N/H/CF '
O)\N il O%N
I HO I
H
1 2

5-IFormyluracit (3a), the precursor of 5-difluoro-
methyluracil (4a), was prepared by the Reimer—
Tiemann reaction on uracil as reported by Wiley and
Yamamoto.!* The substitution of the carbouy! by a
difluoro function was achieved with sulfur tetrafluoride;
the product 4a proved to be labile in alkaline media.
In neutral media slow decomposition of 3-difluoro-
methylurcuil to the aldehyde 3a was noted.?

5-(1,1-Difluoroethyluracil (4b) was prepared from
5-acetyluracil’® (3b) by the same method to study the
inductive effect of the methyl group o the stabiliza-
tion of the two a-fluorine atoms. Rapid hydrolysis
prevented reliable elemental analysis. The ultraviolet
spectrum (hydrochlorie acid) and the nmr spectrum

0 0
H\ ) R H\ R
N | SF, N |
—
O/)\N’ HO O)\N
I
i H
3a. R=CH=0 4a, R’=CHF,
b, k= COCH, b, R’=CF.,CH,

(trifluoroacetic acid) showed a Ap.. at 272 mu and a
triplet due to coupling with the two « fluorines at 1.0
ppm (J = 20 cps). After several minutes a shift was
observed in both spectra that was identical with the
spectra of the starting material, 5-acetyluracil (3b).

The synthezis of 5-monofluoromethyluracit was un-
successfully attempted by treatment of the alcohol
with sulfur fluoride-hydrogen fluoride, displacement of
the tosylate with potassium fluoride, and halogen ex-
change using either 5-chloromethyl- or 5-bromomethyl-
uracil” with silver fluoride or antimony trifluoride. In
the light of the instability of 5-chloromethyl- and 5-
bromomethyluracil,’” difficulty in isolating 5-fluoro-
methyluracilt would be expected.

The synthesis of 3-carboxy-6-azauracil (5) was ac-
cording to the procedure of Barlow and Welch;!® the
hydrolysis at C, was performed i a one-step reaction

(14) R. H. Wiley and Y. Yamamoto, J. Org. Chem., 25, 1906 (1960).

(15) Heidellserger and co-workers noted in a private communication that
a sample of 5-difluoromethyluracil submitted for testing was shown to be
completely converted to the corresponding aldehyde in 2 min at pH 6.5 in
0.1 M phosphate buffer; at pH 4.0 in distilled water, 509, was converted to
the aldehyde in 150 min with a shift in pH to 4.3; at pH 1 in HC), the com-
pound was unchanged in 3 hr.

(16) L. Claisen, Ann., 297, 1 (1897);
Ber,, 66, 1492 (1933).

(17) W. A, 3kinner, M. G. M. Schelstrate, and B. R. Baker, J. Org. Chem.,
25, 149 (1960); J. IT. Burkhalter, R. J. Seiwald, and TI. (. 8carboroagl,
J. Am. Clhiem. Soc., 82, 991 (1960): J. H. Carbon, J. Org. Chkem., 36, 1731

(1960).
(18) R. B, Durlow aad A, D Welel, J. Ap Chem, Soc.,

W. Bergmann and T. B. Johnson,

78, 1258 (1Y50).

IFLuvoriNaTED PYRIMIDINES AND TRIAZINES

877

ScHEME [

™ JVCF‘

: CHKO

6 8
sils : \N CF,
| Hg CL
O)\N/.\I —
CH; 0
9
toluyl
CbH CH
\
CFl 0 a
N/l .3
10 O-toluyl
GHn o
Gl CH )H/cn
NaOCH
N/\I
0/ o
toluyl
O—toluyl
11
CﬁHa\ o
;—CH
CeH;—C ~ CF, - H_ Y CF,
N I _ N I
\ H,
o)\N’I\ O)\N,N
HO 0 HO
OH OH
12a, dextrorotatory 7a, (@D +76°
b, levorotatory b. @D - 36°

using chloroacetic acid. Conversion of the carboxyl
at Cs to the trifluoromethyl group was successful at
50°, giving 5-trifluoromethyl-6-azauracil (6).

H 0 o
N H\ | .
o o
P! e 1
07 N7

PN
o
5 6

I general, ribosidation and deoxyribosidation of the
natural pyrimidines and purines is performed by the
Hilbert—Johnson procedure.!’® In contrast to the
pyrimidines, azapyrimidines form a mercury complex
at both N; and N; Acetic anhydride, reported® to

(19) J..J. Foxand I, Wempen, ddran. Carhokydrate Chem., 14, 283 (1959);
J. A. Montgomery and H. J. Thomas, ibid., 17, 301 (1962),

(20) M. Prystas and F. Sorin, Collection Czech. Chem. Commun., 30, 81
(1965).
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Compl ph Amexy
et 4.5 200
6-Chloronracil 1.t 202
G-Trifluoromethyhiraetl’ 5.7 250
5-Chloronracil® 3.0 275
3-Bromonracil® BN 277
s-Fluorouracil® S5 26N
A-Trifluoromethyhiructt (2) 4.0 257
6-Azauracits 500 250
S5-Trifluoromethyl-G-azaaacil (6) 1.u 202

o Heference 24. ¢ Reference 25, < Reference 26.
acylate specifically on Ny in the great majority of
pyrimidines, gave l-acetyl-5-trifluoromethyl-6-azaura-
cil (8). The alkylation at N,*' with diphenyldiazo-
nicthanc®? was followed by the displacement of the
accelyl group in 9 to give 10 (Scheme I).
3.5-Di-O-toluyl-n-2'-deoxyribofuranosyt chlorides?
wis added to a toluene solution of 10 which after purifi-
cation on alumina gave the protected deoxynucleoside
(11) ax a pale yellow glas<.  The integration and assign-
ments m the nmr spectrum  verified structure 11.
Methanolysis and chromatography of the product gave
1-(2’-deoxy-p-ribofurano=yl)-3 - diphenyimethyl- 5 - tri-
fluoromethyl-6-azauracil (12). Hydrogenoly=ix of the
diphenylmethyl derivative 12 gave o quantitative
vield of diphenylmethaue, and the product 7 was ixo-
Iated as the mixed calcium and sodium salt.  Con-
version 1o the acid form was effected by washing
through o cation-exchange resin to give 5-trifluoro-
methyl-G-aza-2’-deoxyuridine (7).

A partial separation of the anomers of the diphenyl-
methane derivative 12 was accomplished on siliea.
The first fraction (dextrorotatory) wnsx reduced to
give the () anomer 7a, [o]?'p +76°: the levorotatory
anoner 12b was reduced to give 7h. [a]*'n —36°.
The synthesiz of 7 was concurrently announced®® with
a similar report from Shen and  co-workers,® who
svnthesized the 8 anomer by utilization of the 3.5-
bistrimcthylsilyloxy derivative of 6. Their structural
assignment, based on optical rotatory dispersion and
nmr data, suggests, in accord with Hudson’s isorota-
tion rules, that the levorotatory isomer 7his the g anonier,

Ultraviolet and pK, Studies.--Based on spectro-
photometrie studies (Table T) of =ubstituted uracils il
has been demonstrated that formation of the niono-
anion at Ny (3-methyhuaeil) corresponds to a batho-
chromic shift in contrast to the hyposchromic shift
observed  for  the monoanion ot Ny (I-methyl-
nraeil). The shift< in absorption naxima for uracil,
a bathochromic shift in the monoanion and o hypso-
chromic =<hift in the dianion. suggested initial toniza-
tion of the Ny proton. Wenipen and Fox® observed a
bathochromic shift which indieated that 6-halouracils
formed the monoanion by loss of the proton from Ni.
while the H-halouracils gave mixed dissociation; 5-

t21) M. Dryatas and . Sorm, Collectoon Czech. Chem. Commun., 37, 1578

082
“:(j’;: .. I. 8Smitk and K. L. Howard, *Organic Syntbeses,”” Coll. Vol 111,
Joba Wiley and Sona, Ine., New York, N. Y., 1953, p 351,

23y M, Hoffer, Chem. Ber., 98, 2777 (1960}.

(24) I, Jonas and J. Guat, Collection Czech. Chem. Commun., 26, 2150

(H: KoY. Zee-C'heng awd O, (L Chieag, J. tirg. Chem., 27, 876 (19623,
25 1. Wenapen and T, T, Vox, J. Am. Chen, Soc., 86, 2747 (19G:1).
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chlorouracil gave predominantly tonization at Ny,
while 5-fluorowracil gave mainly ionization at Ny,

Giner-Sorolla and Bendich? noted a 32-mg batho-
chromic <hift in the formatiou of the monoanion of -
trifluoronethyluravil and proposed lonization initially
at N The ultraviolet spectra of 3-trifluoromcthyl-
uracil (2) at varying pH are shown in Figure 1. The
maximun at 257 mu (pH 6 and below) shifts to 281 ng
(pH 9.28 and 10.6) for the monoanion aud, in analogy
with the bathochromic shift in uracil, s proposed (o
jonize initially at Ny At a pH of 13.4 the ultraviolet
spectrum of o fresh solution of 2 displayed a maximum
at 273 myu that rapidly shifted to 289 mu indicating
hydrolysis to s5-carboxyuracit (1).> The initinl batho-
chromie shift followed by a hyposchromic <hift on in-
creasing the pH indicates that S-trifluoromethyvluracil
(2) ionizes initially at Ny followed by loss of the N,
proton to the dianion.

Jonas and Gnt** alvo examined the spectral shift
pattern in =ubstituted G-azauracils,.  They found that
los< of the proton from N; (3-methyl6-azawmncil)
caused o bathochrormie shift, and loss of the Ny proton
(I-methyl-G-azauracil)  gave o hyprochromic  shilt
which corresponds to the shiftx vbserved in 3- and I-
methyluracils.  6-Azawractt is reported to undergo
a hypsochromic shift of 8 mg suggesting, in contrast
to uracil, mitial loss of the Ny proton.  The dianion
showed a bhathochromice shift of 37 mu from the mono-
anion absorption maximiuun,

S-Trifluoromethvi-G-azauracilt (6) showed maxmuum
absorption peakx at 262 (pH 1), 257 (pH 7.5-9.0),
and 292 mp (pH above 1L.7) (Figure 2). Thus, the
pattern of =hift< on procceding from the undissocited
form to the monoanion and finally to the dianion ~ug-
gest=, n analogy to G-nzauracil and S-fluorowracil, oss
of the proton initially from Ny to give the monoanion,
The formation of the Nl-deoxyriboside (7) ix also
supported by the ultraviolet studiex. The elmnge in
the maximnum absorption peak trom 269 mp at pli 1
to 264 my ot pH 12,2 is indicative of tonization of (he
Na proton in ~tructire 7 in formation of the monoantor.

The pA, (7.35)% of H-trifluoromethyluracil (2) repre-
seuts a considerable increase in the acidity of the ring
when compared to thymine (pK, = 9.8). Chang®
has reported the pA, values of substituted 6-azauracils
and has found that substitution of u nitrogen for the 6
carbon of wracil (G-azauraci) increases the acidity of
the ring by 2.5 pKA, units.  The pK, of S-methyl-ti-

268 AL Giner-Saradla nad AL Beadoch, oead,, 80, 5711 {(1008).

227y UKL Chaas, J. vy, Chen,, 26, 1118 {1961),
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Figure 1.—Ultraviolet spectrum of 5-triflnoromethyluracil at
varying pH.

azauracil (azathymine) was found to be 7.3 (by titra-
tion). The pK, of 5-trifluoromethyl-6-azauracil (6)
was determined by plotting the absorbance at 282 my
against pH (Figure 2). The apparent pK, obtained
from the plot is approximately 5.8, whereas titration
showed a half-neutralization point (pK,) at pH 5.4,
a correction of the reported value of 5.9.2¢ The pK,,
of 5-trifluoromethyl-6-azauracil, determined spectro-
photometrically, was found to be about 10.8 (Figure 2).

Biological Studies.—The ¢n vitro studies were carried
out on enzynie preparations. The isolation of thymi-
dylate synthetase?® was according to the method of
Wahba and Friedkin® from E. col B. 5-Trifluoro-
methyluracil (2) was inactive against thymidylate
synthetase at a concentration of 1.7 X 1072 M in the
assay solution.  5-Trifluoronmethyl-6-azauracil  (6)
showed 509, inhibition of thymidylate synthetase at a
concentration of 4 X 10—3% J/. The inhibitor/substrate
(dUMP) ratio in the assay solution at this concentra-
tion was 95. Both anomers of 5-trifluoromethyl-6-
aza-2’-deoxyuridine (7a and 7h) were inactive against
the synthetase preparation at a concentration ratio
(inhibitor/dUMP) of 17. This is not unexpected,
since 5-fluoro and 5-trifluoromethy! analogs of 2'-
deoxyuridine are also inactive against this enzyme un-
less converted to the 5’-phosphate.

Dihydrofolate reductase,?® purified according to the
method of Mathews and Huennekers,?? was insensitive
to 2, 6, 7a, and 7b at the ratio of inhibitor/DHI'A
tested: [7a]/[DHFA] = 1.0, [7b]/[DHFA] = 1.0,
[2]/[DHFA] = 200, and [6]/[DHFA] = 250.

Nucleoside phosphorylase®® (horse serum) was as-
sayed according to the procedure of Friedkin and

(28) M. P. Mertes and N. R. Patel, J. Med. Chem., 9, 868 (1966).

(29) C. K. Mathews and 1", M, Huennekens, J. Biol. Chem., 288, 3436

(1963).
(30) Generously supplied by Professor Friedkin.
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Figure 2.—Ultraviolet spectrum of 5-trifluoromethyl-6-aza-
uracil (6) at varying pH.

Roberts?! and found to be insensitive to 6 at a concen-
tration ratio of [6]/[thymidine] of 1.2 in the assay solu-
tion,

In vivo tests carried out by the Cancer Chemo-
therapy National Service Center for compounds 2
(NSC 73757) and 6 (NSC 91365) revealed little activity
(Table II). The biological activity of 5-trifluoro-
methyl-2’-deoxyuridine and its 5’-monophosphate has
been extensively investigated by Heidelberger and co-
workers. 3 Activity against herpes simplex and
many tumor systems was reported in addition to
strong inhibition of thymidylate synthetase; K, =
2 X 1077 M to 6 X 10— M after preincubation. 5-
Difluoromethyluracil (4a, NSC 78065) was not exani-
ined due to instability in neutral or alkaline media.

Tasre II
In Vivo BrorocicaL Testing By CCNSC
Dose, Tumor wt
Compd NSC no. Test system mg/kg T/C* Survivors
2 73757 Sarcoma 180 500 520/1472 2/6
400 615/1472 3/6
300 1083/1472 5/6
200 939/1472 5/6
6 91365 Lenkemia 250 8.5/8.7 6/6
L1210
KB cells 1 pg/ml b

aI'/C = test/control. ? EDs > 100 ug/ml.

Experimental Section

Nmr spectra were obtained in CDCl;, CCly, or DyO using a
Varian A-60 instrument with tetramethylsilane or sodinm 3-(tri-
methylsilyl)-1-propanesulfonate as an internal standard. A
Cary 14, Bausch and Lomb 505, aud Beckman DB spectro-

(31) M. Triedkin and D. Roberts, J. Biol. Chem., 207, 245, 257 (1954).
(32) C. Heidelberger, Progr. Nucleic Acid Res. Mol. Biol., 4, 1 (1965).
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photometers were msed to determine ultravioler absorption.
The reported welting points were taken ou a Thomas-Hoover
capillary melting-point apparatus and are corrected except when
otherwis¢ mentioned. Microanalyses were performed by A.
Bernhardr, Max Planck Institute, Mutheim, Gernemy, or Hali-
man Laboratories, Wheatridge, Colo., unless otherwise noted.
5-Trifluoromethyl-2,4(1H,3H )-pyrimidinedione (5-Trifluoro-
methyluracil (2).-—Uracil-3-carboxylic acid (1.00 g, 0.016 mole)
wis put in oa 300-ml high-pressure reaction vessel® 0.5 ml of
water was added, mud the vessel was sealed and iminersced i
Dry Tee-acetone for 2 hr,  Approximately 45 g (0.41 moled of
S was admitted (copper utbing), and the vesscl wis sealed, and
allowed 1o come =lowly to roont temperature.  After {6 hr, the
vessel was vented, and the gases were pussed through a stirred
solution of 100, KOIH. The residue was ervarallized from
witer and identified by melting point as the starring material.
When thix reaction was repeated as deseribed above excepr
that the reaction vessel was heated to 1% feathery needles
were obtained by recrystallization of the residue from warer
(O8N g, 7790 mp 247--249° dee, B3 mp 23U-241° dee.
ctuel, Caled for GUGF NGO €, 53560 M, 1.os; 19 0
N, 1556, Found: ) 33.49; TL L6t: I5, 518, N, 15.60.%
The ultraviolet <pectra recorded were tundizsociated; A
257 Mg Ce S1B), N22% (monoanion1 281 mpu te Q20070 A (di-
anjorn), 278 mpu (e 700 HEA A ST O5T e e OB AT
257 mu Ce 6830), N5 2T e 69U,
5-Difluoromethyl-2,4(1H,3H )-pyrimidinedione (5-Difluoro-
methyluracil, 4a).--3-FFormyinracii (.71 g, 0.005 nwle) and
0.5 ml of .0 were placed in a high-pressnre reaction vessel,
and the vessel was sealed.  After eooling for 2 hr in a Dryv lee--
accione bath, 35 g (0.52 mole) of SFy was admitied.  After
warning gradually 1o room temperatire the vessel was hented to
M1, agitared for 15 hr, and finally maintained ar 100° for 10 hr.
After cooling the vessel in air, i was vented and the gasex were
passcd throngh a 207 KOH sohition.  The residue in the bomb
wis removed and protected from moisture.  On sublimation at
FO5-175° (O A-1L0E mnn), (149 g (60771 of o white powder was
obtained, deconiposing at 285-3(10°,
Anal. Caled for CiHLFNLGOL C) 5705 11, 2460 1) 285.40;
No1T2s Found: €, 0754 T, 2.50; F,23.200 N, 1740
Chromatography on Whaiman No. 1 paper showed one spot
with wt K valie of 0.69 (ascending butanol-acetic aeid-water,
S5:4:91 The following values in the ultraviolet spectrum were
recorded: ML 268 mp (e T43U), AT 265 mu (e 7340). The
=hift of the nltraviolet abzorption spectrint in acid and i entral
media indicated a <low decomposition.  The ultraviolet spectrinn
of the baxie solution (pH 8.1 1 wus superimposible on that of rhe
starting sldehyde, and formation of the lutter was confirmed by
paper chiromatography.
6-Trifluoromethyl-¢s-triazine-3,5(2H,4H )-dione (5-Trifluoro-
methyl-6-azauracil, 6).---35-Carboxy-6-azanracil (5)% (31 g, (.2
mole) and 144 ml of water ((LK mole) in a 300-ml bomb were
cooted in Dry Tee-ncetone for 2 hir, the bomb was evacnated, and
10t g (2 molex) of SF; wns admitted. The sealed vessel was
allowed to wirm to room temperature, warnted gradnally, and
kept at 50° overnight.  After cooling, excess SFy, thionyl fluoride,
and HE (lormed He sita) were pussed into a stirred, 5 KOl
~ohttton.  The material at the bottom of the vessel was placed
under vaemum until dry. Washing with CHCLy gave 201 g
(564 o5 Sublimation of a small xample gave a white powder
thar melted at 155°. The B¢ values in butanol-ucetic acid-
witter (3:2:3) o Whatman No. | owere: ascending, (L85 de-
seending, 0,86, as compared (o (L34 and 0.38 for the acid.  The
PIEHCL G qdissociated ) 265 mp (e 6300

nttraviolet showed AL
I rnonomdon 1 235 mg (e 32004 N (i phosphate bnf(er
at plb12.6) (dinnion) 2492 mpu (e G The Ay of 2 solirion of
6 at pH 12,6 did not change over a period of 24 hr, indieating that
6 1= brore stable 1o atkali than 5-trifluoromethyhiracit (213
Al Cated Tor CIILEN;O ), 26.50: H, 111 F, S14s:
N, 232 Found: C;26.62; 1, 1.15; F, 31.28; N, 23.04.
2-Acetyl-6-trifluoromethyl-as-triazine-3,5(2H,4H )-dione (1-
Acetyl-5-trifluoromethyl-6-azauracil, 8).-—-A solution of 6 (2.5 g,
tLU4 mole) in 15 ml of freshly distitled acetic anhydride wus
refluxed for 2 hr. The reaction mixture was concentrated
(o one-fifth its original volume and allowed to cool at room
teniperatnre for 5 hr. When a solid did not forni, the process

AnCoclave Fagiaenes Fav., Lree, Tha
Gl These reralts weee abtaived feoae Dy Moel ML Chiolaecio, Mesel
el Cooy Redvwny, NLTL
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was repedted with another 15 mt o acetic anhydride. The
dirk, crvstalline mass which precipitated was filtered, washed
with CCl, and reerystallized from CCL o give 1.3 g (A8 ) of b
hygroseopic, white =olid which metted ar HS®, The vield wis
imerensed 1o 95, when the reaction mixinre was concentrared
wlnmst to drevness, 1eft to cool, and then washed with «nal
amonnts of CCL.

2-Acetyl-4-diphenylmethyl-6-irifluoromethyl-¢s-triazine-3,5-
{2H,4H)-dione (1-Acetyl-3-diphenylmethyl-5-trifluoromethyl-6-
azauracil, 91.-- Diphenvldiazomethane® (0.75 g, 0.004 moled e
b of dry dioxane wag added portionwise to a stared Hire
sohurion of 11,56 ¢ (D.0025 mole) of 8 in 10 ml of drv dioxune during
6 hr. Afcer anotler 6 he, 1 ml of 5 N HCEHand 6 ml of crbanol
were added, and the <olition was vetluxed for St vnn, Thae
mixtyre was evaporated o vellow gran which wis dissolved in
CHCE. The CHCE solntioa was extracted with 570 NaOtl,
Tle atkaline exirner was washod with CHCL, netditied wirh 5 N
HCL and again extracted with CTICEL. The final CHCL exiraan
wax dried nnd evaporated i roceo 10 yvield o white solid which
was further puvified oa o 15-g <ilien cohunn (Merek AC, <ilien
gel, 005112 gy nsing o mixGree of CHCLeethyl acetate (300010
The sceond band was collected sud dried i 11 GF G e
vield (L35 ¢ (o8 v of o white ~olid, mp 83°, JUCHON m
[t wax rechromatographed to obtain an nwalytienl sample.

el Caled Tor CrITuENL L G, BR.61: HL 5. F, 1LY
N, HLTO. Found:  Coa8.45; T 5530 F, L4330 N, HLALL

Mercury Salt ol 4-Diphenylmethyl-6-trifluoromethyl-as-tri-
azine-3,5(2H,4H )-dione (Mercury Salt of 3-Diphenylmethy!-5-
trifluoromethyl-6-azauracil, 10).- - A sohition of 9 (1.(4 g, (LOOS
mole) in 5 mbof 1.V NaOIT and 5 mil of ethanol was added drop-
wise during St min to o vigorously srirred sohdion of mereuric
chloride (LG9 g, 0.0U25 moler in 2577 cthanol.  Afrer sirring
overnight, the solid was filtered and dried thorounghly over 1,05
1o give o quantitative yvield of pure material

bals Caled (or Cp L NgULTHgs L4571 HL 2448,
Co45.06; H, 262

2-¢3',5'-Di-O-toluyl-n-2'deoxyribofuranosyl)-4-diphenyl-
methyl-6-trifluoromethyl-as-triazine-3,5(2H,4H )-dione (11).—-A
sohition of the nierenrie sult 10 (0.80 g, 0.001 mole) in tolhiene
(170 mly was kept boiling for 5 min, and 70 ml of tohiae wns
slowly distifled to remove wuter.  3,5-Di-O-tohiyl-p-2'-deoxy-
ribofuranoesvl chloride?? ((L62 g, (LMK O niole) in tolnene (4 ml)
wirs ndded (gentle =rirring).  The mixtnre was left overnight at
roont temperatnre, eoneentrated o 30 mb and extraered (hree
times with a toral volpme of 1wl of water. The tohiene =ohi-
tion was dried and evaporated 1o drvness e racno o yield a
vellow zentisolid. Thiz wis chromatographed on 50 g of alumiia
{ Wocelm grade 1111 with benzene us chieat, giving one band which
wirs collected and evapornted to dryness o0 vacio to yield o pale
glass,

al, Caled Tor Cagbln g Nglls O, 55,230 11 407 19, 810
Found: €, 6583 H, 4.72: T, 0.10.

The untr of 11 i CCLy supporrs the assigned stneqre:
doublet at 5 7.55 ¢4 H, octho-protons of the toluyl groups), o
singlet with 1wo shonlders at 7.3 (14 11, diphenyl and seclo
protons »f the rolnyl groups), n =harp singlet at 5.20 (1 H,
benzylie proton}, and w sharp singlet at 2.40 (6 H, p-metbyl
protonsy. The protons on the sugar portion of the moleaule inte-
grate correctly and nre assigned as follows: I, and i oas a mul-
tiplet ut & 6.3, Hyat 5.25, H; at 4.45, and H. as a broad maltiplet
centering at 2.0,

2.(2'-Deoxy-1,-ribofuranosyli )-4-diphenylmethyl-6-trifluoro-
methyl-as-triazine-3,5(2H,4H )-dione (12).--A sohition of 11,
the ontire fraction from the ahmina cohimn, in about 20 ml of
absolrte mertharwol was added in one portion to about 20 ml of
absohite methanol in which a chip of sodium had been dissolved.
After 12 hr, the sohttion was nentralized with Dowex 500W, HH
form, A0-100 mesh, 10 ptl 7.2, The resin was filtered, and the
solntion was evaporated to drvness @ paeo at rooln temperi-
ture and purified by chromatography on 16 g of silien (Merck
AG., siliea gel, 0.05-112 w) nsing ether (15010 mb) a= the ehuient.
The third bl was colleeted, evaporuted, and dried overnight
under vacmm 1o vield o white solid (approximately 120 mg)
melting at 47-60° (over-all vield from the mercmie salt, abont
24601 A0 070 mu (273 i in 106 THICD.

Anal.  Culed Tor CulsFeN;O. CH;01: C
Foorradr N, SIS Founds () Std; ll, AN
NON

The v spectinnn of 12 e CHCLishows mnele the same patien:
w100 Pl nssignments wade Tor the =ngar are as follows,

Fonned:
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The hydroxyl protons appear as a broad band at 6 2.7, H, is a
multiplet at 6.5, Hs at 2.3, Hs at 4.5, Hy at 4.0, and H: at 3.7.

It was fonnd that the « and 8 anomers of 12 could be separated
by repeated chromatography on silica gel using CHCl; and
CHCl;—niethanol as the solvents. The first fraction was 12a,
[a]®D +45° (¢ 10.6, CH;0H), and the second fraction was 12b,
[a]?ip —10° (¢ 4.26, CH;0H).

6-Trifluoromethyl-2-(2’-deoxy-p-ribofuranosyl)-as-triazine-
3,5(2H,4H)-dione (5-Trifluoromethyl-6-aza-2'-deoxyuridine, 7).
—The mixture of anomers 12a and 12b (0.10 g, 0.22 mmole),
10 ml of methanol, and approximately 50 mg of prereduced 5%
palladium on carbon in methanol (20 ml) was hydrogenated at
room temperatire and pressure. After the mixture had taken
11p 10 ml of hydrogen (999 of theory), the reditction was stopped.
The mixture was filtered and the filtrate was evaporated to dry-
ness tn vacuo to yield a transparent, semisolid mass (81 mg)
which was chromatographed on silica (Merck AG., silica gel,
0.05-0.2 u) with CHCl;. The first fraction contained diphenyl-
methane (identified by nmir). Changing to 159 methanol in
CHCl; gave a fraction containing 54 mg (829%) of the anomers of 7
as a clear glass.  After passing an aqueous solntion through a
Dowex 30 W (H* form) column, the fractions absorbing in the
nltraviolet were evaporated, and the residite was redissolved in
methanol, filtered, and evaporated to give 7 as a glass, softening
at 78°. The presence of methanol was confirmed by nmr.

Anal. Caled for CoHpFsN;O:-CH,0H: C, 36.48; H, 4.28;
N, 12.76. Found (two samples): C, 36.83, 36.12; H, 3.86, 4.18;
N, 13.22.

Similar reduction of the anomer 12a gave anomer 7a, purified
on silica, [a]?d +76° (¢ 2.3, CH;0H), Amsx (pH 1.0) 269 mu
(e 5000, (pH 12.4) 264 mu (e 5000).

The anomer 12b gave 7b, [«]?'p —36° (¢ 2.4, CH;OH), Amax
(pH 1.0) 269 mu (e4900), (pH 12.4)264 mu (e4900), after chroma-
tography with methanol. Compound 7b gives the following sig-
nals in the sugar portion of the molecule: H), 5 6.6; Hs, 2.5; H,,
4.5, Hy, 4.0; and H; 3.7, The integral is consistent with the
structure.

Inhibition Studies. Dihydrofolate Reductase Assay.—The
stock solution of NADPH was prepared by dissolving NADPH
(Sigma Chemical Corp.) in 0.02 M Tris buffer at a pH of 8.5 to
give a final concentration of 0.5 umole/ml. Dihydrofolie acid,
prepared by dithionite reduction of folic acid according to Futter-
man, 3 was dissolved in 0.005 M acetate buffer containing 0.01 A/
mercaptoethanol at a pH of 4.5 to give a final concentration of
0.5 wmole/ml. The assay was that of Friedkin and co-workers#®
and contained 0.2 ml of the NADPH stock solution, 0.1 ml of the

(35) S. Futterman, J. Biol. Chem., 228, 1031 (1957).
(36) M. Friedkin, E. J. Crawford, S. R. Hamphreys, and A, Goldin,
Cancer Res., 22, 600 (19621,
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dihydrofolic acid stock solution, 0.75 ml of 0.02 3 mercapto-
ethanol in 0.1 M phosphate buffer at pH of 7.5 and enzyme,
inhibitor, or inhibitor solvent, and water to a total of 1.5 ml.
Dihydrofolic acid was replaced by 0.005 1 acetate buffer eon-
taining 0.01 M mercaptoethanol at a pH of 4.5 in the reference
cell.

The change in absorbance at 340 mu (32°) in a Beckinan DB
spectrophotometer was recorded with 10 X expansion of (he
transmission scale and was linear for 10 min. After conver-
sion to absorbance nuits, 529 of the change in absorbance rep-
resents the utilization of dihydrofolic acid, and this change was
used in determining the specific activity of the enzyme.

Inhibitors were dissolved in water, alcohol, or 0.02 M NaOH
to give stock solntions containing 1 wmole/0.1 ml. When base
or aleohol was 1sed as the solvent the effect of the solveit on the
uninhibited reaction was examined, and the<e rates were com-
pared to the inhibited reaction.

Thymidylate Synthetase.—The assay solution contained 0.05
wmole of deoxyuridine 5’-monophosphate (Sigma Chemical
Corp.), 0.22 umole of tetrahydrofolic acid (General Biochemicals
Corp.), 15 pmoles of formaldehyde, 25 pmoles of MgCls,, 130
wmoles of mercaptoethanol, 0.9 umole of disodinm ethylenedi-
aminetetraacetic acid, 45 umoles of Tris buffered at a pH of 7.4,
and enzyme to a total volume of 1.2 ml. Tetrahydrofolic acid
was added to 1 M mercaptoethanol and adjusted to pH 7.4 and
this solution containing approximately 20 wmoles/ml was di-
vided into small fractions and frozen, Deoxyuridine 5’-mono-
phosphate was dissolved in water to give a stock solution con-
taining approximately 1 umole/ml and was stored, frozen. The
assay stock solution (minus mix) contained 12 mmoles of mer-
captoethanol, 27 umoles of tetrahydrofolic acid, 1.8 mmoles of
formaldehyde, and 3 mmoles of MgCl, in a total volume of 30 ml.
The assay sample cell contained 0.25 ml of the minus mix and
0.05 ml of the deoxywuridine 5'-monophosphate stock solution
and enzyme, inhibitor solition, or inhibitor solvent and bnffer A
were added to a total of 1.2 ml.  Deoxyuridine 5'-monophosphate
was replaced by water in the reference cell.

The change in absorbance at 340 mu was read at 30° in a
Beckman DB spectrophotometer and recorded with 10 X ex-
pansion of the transmission scale and converted to absorbance.
Under these conditions the change in absorbance nsually wasx
linear for the first 10 min.
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- Virdously substitited 1,4,5,6-tetrahiydro-as-triazines were prepared by treating nitriles with hydrazino aleohols
in the presence of concentrated sulfinic acid. The scope and mechanism of this reaction was investigated. The

spectral properties und pharmacological activity of the compounds are discissed.

trans-( — )-3-(o-Chlorophenyl)-

1,6-dimethyl-5-phenyl-1,4,5,6-tetrahydro-as-triazine was fornd to possess analgetic activity as measired by the

inhibition of hydrochloric acid induced writhing aud by a modified hot plate procednre.

Five other compounds

were found to inhibit maximal electroshock seizures in mice indicating anticonvulsant activity.

We observed that N-amino-(—)-ephedrine (I) reacted
with benzonitrile in concentrated sulfuric acid at

(1) Presented in part before the Division of Medicinal Chemistry at
the 152nd National Meeting of the American Chemical Society, New York,
N. Y., Sept 1966,

ambient temperature to give trans-(+)-1,6~-dimethyl-
3,5-diphenyl-1,4,5,6-tetrahydro-as-triazine  (II). A
literature search revcaled the abzence of any reports
on the acid-catalyzed condensation of hydrazino
alcohols and nitriles,  In fact, the only example of o



