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K.COy (855 g, 64.0 mmoles), and dimethylformamide (20 ml,
was lieated to 115°, and 1,2-dibromoethane (3.00 g, 16.0 nunoles)
wns added dropwise. The resultant mixtire was lieated ai
115-120° for 5 hir, allowed to cool somewhat, and panred inte
water (100 ml). The preeipitare thar formed was vollected,
washied with water, and dried @n zacvo.  Heerysiallization ol thix
material (0.01 g, mp 132--134°) from otlizmol gave D67 2 (170 7 of
VI ax white needles, mp 144-146°,

B. From 2-Aminoethanol.- -A solution of p-taluenesulfonvl
chloride (860 g, 4.52 moles) in dimethylforimmnide (300 ml) was
added from a dropping fmmel to o mechanieally stirred mixtare
of 2-aminoethanol (276 g, 4.52 moles), :inhydrous K.CO; (624 o,
4.52 moles), and dimethylformamule (1.6 1.). Thranghout
the addition period the temperature of the reaction mixture
was maintained at 30-35°, moderate external cooling being
necessary.  IMfteen winutes after the nddition had been com-
pleted, the continuously stirred mistre was gradually heated io
115-120°, More KCO; (1.26 kg, 9.03 moles) was addal fallawed
by the dropwize addition dnring abont 45 min of 1,2-dibramo-
cthane (424 g, 2.26 woles).  The resultant wixinre was stirred
and heated at 115-120° for 5 hy, allowed o ¢ool, and ponred
ito water (25 1.).  The aqacaas mixture wax allowed to stand
avernight at room temperature, and the white ervstalline pre-
cipitate that sepmrated was collected and washed thoronghly
with water. The produet, dried du vaciro (122031, was obtained
m 157% crude yield (81.0 g) and melted at 130-141°, Recrysial-
lization from ethanol raised the melting puint (o 144-146°.
Iurther recrystallization from  benzene~ligroin  (Lp  50-G01°)
gave a saple of VII with iup 146-147°,

XXXIII.

Nucleosides.

Vol g

. From Morpholine.--A freshly juepioed sohutione of -
toluenesulfonyl ehloride (2.86 g, 15.0 unnoles) in dinaerhyhinrne-
amide (5 ml) was added dropwise o i magnetically stirred <ol
tion of porpholine (2,61 g, 30 nunoles) in the snue <olvewe 05
mlt e sneh corare that the reaction terapera e did not exeeed
4070 "The mintnre was stivred U e longer at rocnn tempersdare
nnd was thercdiluted with witer (S0l The white precipitiae
rhiant fornaed was eolleeted, washed with water, and dried o
e al roonm temperature {vield 2074 g (76740, wap 1441407
Reervstudlization 1mone henzene-ligroin raised ihe melting poin
o 147148 (hie M mp 147°50 Melting points of mixtures of this
authentiv VII with the produets deseribed above (A and B) were
vot depressed, and their infrared specira were identical.

Detosylation of VIIL---When VI1 (14.1 g) jerrancously identi-
fied 2t the tiiae as IIL (v = 2) om0 the basis of melting point} was
sabjected (v reentmient with boiling 48¢, HBr (150 ml mitially)
i the mavuer descevibed above for conversione of 111 G = 565
to IV cw - 2306, the only praduel isolited was morpholine hy-
drobronide V02T g, 1270 vield), mp 210-212° (eevrvatallized
(e etlmots Nooelfort was nude (o sobde suy produets
that might hve resalued from ether eleavage.

ed o Cuded Tor CiTNO-TBr: €, 25.60; 1, oo, B,
47500 NoSsh Dowad: C) 28000 11, 5.88; B, 47.0; N, 98,

Ap anthentie sample of morpholine hydrobromide, prepared
lrora the free baese and ethasalie HBr salnGon, is identieal with
the abave-deseribed smaple with vespect (o melting poim,
wisture melting paa, prar, and infrared speetr
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N*-Acylated 53-Fluorocytosines and a

Direct Synthesis of 5-Fluoro-2"-deoxyeytidine'

R. Duscmxsky, T, Gapwern, M, Horrer, J. Bercer, L Treswonrrn, T GRUNBERG,

Rescarch Division, Hoffman-La Roche Tac., Nidley, Now Jovsey

J. H. BureneNar, axn J. . Fox

Division of Biological Chemistry, Sloan-Ketteeing Dnstibde for Cawneee Reseweely, Sloa-Ketterowy Diesion of
Cornell Unrversity Medical Colleyge, Neiv Yorl, New Yol

Recetved Nebewary 245, 1tk

A series of Ntaeylated 5-flaaraeytosines wis prepared as starting material tor nacleoside synthesis and for
chemotherapentic sereening. A direct synthesis af 5-flnore-2’-deoxyveytidine (ZFCD1R, V) and its e-anomer (V1)
from the monownercury salt of Ni-toluoyl-H-fliorocytosine (I1) was achieved whereby Nl-toluoyl-5-fluoro-2'-

deaxyeytidine (VIII) was isalated as an intermediate.

(FU) and 5-fluoro-2’-deoxyaridine (FUDI, I1X), respectively, by trenttuent with 0.5 N HCl at 37°.

Campowds IT and VIIT are converted into 5-fluorouracil

The la-

bilization of the exocyelic mmnno group by nroylation suggested utility af [T and VIIT as releasers of FU and

FUDR (IX) in biological systems.

some activity against systemic Candida albicans infections in mice.
The chemotherapeatic data indicate that in vive the acylated

agent against experimental tamorz in mice.

The acylated 5-fluorocytosines are relatively nountoxic compounds exhibiting

The nueleoside (VIII) is a potent and toxie

5-fluorocytosines act as releasers of FC (I) and not of FUT, while the micleoside (VIIT) acts ns releaser of FCDI

(V) and/or FUDR (IX).

S-IFlnoro-2’-deoxyeytidine (FCDR)? was Hrst ob-
tained from S-fluoro-2'-deoxyuridine (IF'UDR) by «
thintion procedure® and its biological nnd  chemo-
therapeutic properties have been reviewed.® Tt may be

(1) A preliminary accounc of this work was presence:l before (hie Medicinal
Chemistry Section at the 145th National Meecing of thie American Cliemical
Rociety, New York, N. Y., Sept 1963, p 18-0O. This investigation was sup-
ported in part (to Sloan-Kettering lnstitute) by funds from the National
Cancer Institute, National Institutes of Health, U. 8. Public Healclt Service
(Grant No. CA-08748).

(2) The designations for compounds used in tlis paper (f.e., I'U, FC,
FCDR, and FUDR) conform to widely prevalent usage in the clhiemical amt
biologlecal literature.

(3) (a) J..I. Fox, I. Wempen, and R. Duschinsky, Abstraets {(supjdemenl?
of (e 4ch International Congress of Biochiemis(ry, Vienna, 1658, p 6; (b}
I. Weinpen, R. Duschinsky, I,. IKaplan and J. T, T'ox, J. Aw. Cheal. Sov., 83,
4755 (1961).

added that, as an inhibitor of the incorporation of
fortmate into DNA thyiine in o suspension of Ehrlich
ascites carcinon cells, I'CDR was found to be the only
finorinuted pyrimidine among 35 screened which was
more potent than FUDR.# I'CDR showed a rclatively
high chemotherapeutic index against mouse leukenia
B82.4%  In comparative studies with FUDR, I'CDR
exhibited a different spectrum of activity against a wide

(4) (a) K. L. Mukberjee and C. lleidelberger, Cancer Res., 32, 815 (1962);
1b) J. H. Burclienal, .. A. D. Holmberg, J. J. Fox, 8. C. Hempnill, and J. A,
Reppert, bid., 19, 404 (1979): (¢) K. Sugiura, *'Progress in Experimencal
‘I'nwor Researcl,' Vol, 2, Verlag 8, Karger, Basel, 1961, p 357; (d) J. W.
Cramer, W. H. Prusoff, and A. D). Welch, Biochem. Pharmacol., 8, 331 (1961);
M. Y. Chn and G AL Fiseler, 1bid., 11, 423 (1962); (e} B. Clarkson, C.
Young, W, Dierick, P. Kuehn, M. Kim, A, Derret, P. Clanp, and W. Lawr-
enee, Jr., Cancer, 18, 472 (1062).
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TaBLE 1
Prysical PROPERTIES oF N4ACYLATED 5-FLCOROCYTOSINES
— Caled, % Found, 9, Spectrophotometric data———

ILR = Formula ¢ H N F ¢ H N F Amax, My e X 1078
Acetyl ColHaFN;02 42,11 3.53 24.56 42,34 3.42 24,52 216,240,305 14,55, 10.41,6.21¢
Propiony! CrHslN;02 45.41  4.36 22,70 10.26 45.66 4.6 214,242,306  12.55,90.4,4.8°
Pivaloyl CoHeFN;0: 50.70 5.67 19.71 8.0l 50.45 5.81 214,242,313  12.05,6.8,5.6
Benzoyl CuHslN;0: 56.65 3.46 18,02 8.15 57.29  3.21 18.02 8.36 259, 327 11.29, 14,17°
p-Toluoyl C12H1oF N:Os 58.30 4.08 17,00 7.68 58.43 4.41 17.10 7.5l 265, 325 12.7,17.0
p-Methoxybenzoyl C12HwFN;:0; 11.79¢ 15.96  7.22 11.78¢ 15.82 7.23 286, 332 10.95,17.10°
p-Chlorobenzoyl CuH:CIFN:0: 13,234 15.70  7.10 13459 15.70 6.60 265, 332 12,50, 15.30°
p-Nirobenzoyl CuH/TN:Os 47.49 2,54 20,14 47.35 2.37 19.86 270, 344 18.45, 17.78"
p-Carboxybenzoyl C12HsF N304 51.99 2.91 15.16 6.85 51.84 2.93 15.16 7.03 267, 332 2250, 26 50

@ Spectrum taken in water at pH 7.05. ° Spectrum taken in ethanol. ¢ Methoxyl. < Chlorine.

variety of mouse tumors.*® Moreover, FCDR proved NCOCgH; NCOCgH;
to be effective against leukemias P815Y and P815 which N F F

were resistant to TUDR.4d

T'CDR had also been prepared® enzymatically by a
process involving deoxyribose transfer from thymidine
to 5-fluorocytosine (I'C). This method was not suitable
for large-scale preparations. In view of its potential
as a useful drug,* a less elaborate synthesis of F'CDR
was undertaken.

A direct chemical synthesis of FCDR starting from
5-fluorocytosinemercury and a suitably protected 2-
deoxy-p-ribofuranosyl chloride was reported in a pre-
liminary communication® and a patent.” This method
gave mixtures of anomers which were difficult to
separate. The present paper describes an improved
procedure which, like the method described by Tox,
et al., for the synthesis of cytidine®* and 2’-deoxy-
cytidine®® uses an N*acylated cytosine as starting
material. Whereas the former studies® were limited
to N*acetyleytosine, in the fluorinated series described
herein, we investigated the utility of higher aliphatic
acyl groups and aroyl groups as blocking agents for
the exocyclic amino function of 5-fluorocytosine, This
was undertaken not only for the purpose of obtaining
more stable and well-crystallized intermediates suitable
for the separation of nucleoside anomers, but also for a
study of N*-acyl-5-fluorocytosines themselves (Table )
as potential antimicrobial and ecancerostatic agents
(vide infra).

Brown, Todd, and Varadarajan® have described
various acylated cytosines, In general agreement with
their findings, 5-fluorocytosine reacted with acid
chlorides or anhydrides in the presence of pyridine to
yield mainly mono-N*acylated FC. The only excep-
tion was the action of benzoyl chloride on I'C which
produced (depending on the amount of benzoyl chloride
used and the duration of the reaction) a dibenzoyl-
and/or a tribenzoyl-FC and practically no mnono-
benzoyl-FC. Monobenzoyl-FC may be obtained by
partial debenzoylation of tribenzoyl-FC with sodium
methoxide in methanol. This tribenzoyl-FC derivative
probably contains one of its benzoyl groups in ester
linkage on the 2 position since its infrared spectrum
shows bands at 1746 (C==0) and 1235 (COC) em™1.
Plausible structures for tribenzoyl-FC are shown. Of

(5) J. Malbica, L. Sello, B. Tabenkin, J. Berger, E. Grunberg, J. H.

Burchenal, J. J. Fox, I, Wempen, T. Gabriel, and R. Duschinsky, Federation
Proc., 21, 384 (1962).

(6) M. Hoffer, R. Duschinsky, J. J. Fox, and N. Yung, J. Am. Chem. Soc.,
81, 4112 (1959).

(7} R. Duschinsky, U. 8. Patent 3,040,026 (1962).

(8) (a) J. J. Fox, N. C. Yung, I. Wempen, and I. L. Doerr, J. 4m. Chem.
Soc., 79, 5060 (1957); (b) J. J. Fox, N. C. Yung, I, Wempen, and M. Hoffer,
ibid., 83, 4066 (1961).

(9) D. M. Brown, A. Todd, and S. Varadarajan, J. Chem. Soc., 2384
(1956).

| CsH;OCN }
CeHsCO0™ N

A

CsH;COO”™ N
COC¢Hs

the Nt-acyl-5-fluorocytosines prepared (Table 1), the
N4p-toluoyl derivative (II, see Scheme I) gave the
more easily reproducible results in the subsequent con-
densation reaction to FCDR. When 5-FC (I) was
refluxed with a 109, excess of p-toluoyl chloride, an
809, vield of IT was obtained. When a 339, excess of
acyl halide was used in this reaction, a small aniount of
a di-p-toluoyl-5-fluorocytosine was obtained as a by-
product along with II. Conversion of II to N*p-
toluoyl-5-fluorocytosinemercury (I1T) was accomplished
in excellent yield. It had been demonstrated that
mercury pyrimidines in which the pyrimidine: mercury
ratio is 1:1 are relatively more reactive in condensation
reactions with halogenoses than monochloromercuri-
pyrimidines or dipyrimidylmercury derivatives.$!9

Condensation of IIT with 2-deoxy-3,5-di-O-p-toluoyl-
p-ribofuranosyl chloride in hot toluene yielded an ano-
meric mixture of nucleosides from which the g-anomer
(IV) was isolated in 409, yield. Treatment of IV with
hot alcoholic ammonia or with hot sodium methoxide in
methanol afforded a good yield of TCDR (V) which was
identical with that obtained previously®® via the thiation
procedure.

The a-anomer (VI) formed from the condensation of
IIT with halogenose seems to remain largely in a
mercury—iodide complex. Isolation of this anomer was
accomplished only after repeated and exhaustive wash-
ing of the toluene layer with aqueous potassium icdide.
“a-FCDR” (VII) was obtained as a levorotatory
crystalline product by alcoholysis of VI or of the
mercury complex.

It is noteworthy that the 1-(2-deoxy-p-ribofuranosyl)-
5-fluorocytosines (V and VII) do not obey Hudson's
rules of isorotation, a phenomenon previously observed
with other pyrimidine nucleoside anomers,88b:11

When the tri-p-toluoyl derivative (IV) was treated
in the cold with sodium methoxide in methanol, only
the sugar-blocking groups were removed and N*
p-toluoyl-FCDR  (VIII) was obtained. This N-
aroylated nucleoside was converted to FUDR (IX) in
939, yield after treatment with 0.5 N hydrochloric
acid at 37° for 60 hr, Similarly N*g-toluoyl-5-fluoro-
eytosine (II) was converted in 639, yield to 5-fluoro-
uracil (FU) under these reaction conditions. Under
identical conditions, 5-fluorocytosine (I) was found to

(10) M. Hoffer, Ber., 93, 2777 (1960).

(11} J. J. Fox and I. Wempen, Advan. Carbohydrate Chem., 14, 283
(1959); J. Farka$, L. Kaplan, and J. J. Fox, J. Org. Chem., 29, 1469 (1964).
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be stable while N-acctyl-5-Huoroeytosine was  con-
verted to FFC in 929 vield and only 89 to i-fluoro-
uracil.!?

Biological Aspects.-—The chemical data suggested
that the labilization of the exocyclic amino group by
acylailon, and especially aroylation, may have utility
in biological systems where p-toluoyl-FC (II) or p-
toluoyl-’'CDR (VIII) may act as releasers of FU or
FUDR, respectively. On the other hand, biological
deacylation would make the N4*acylated 5-fluoro-
cytosines or N4-p-toluoyl-I'CDR act as releasers of
FCor IFCDR, respectively.

A. Antimicrobial Activity in 1itro.—In accord with
previous observations,® I'C, in contrast to FU, FUDR,

(12) These resules appear (o parallel tliose of Brown, ¢t al.? ‘They found
that treacment of Né-acetyleycosine with 809 aeetic acid for 1 hr at 100°
yielded 1raeil and cytosine in approximately equal amounts. N+.Benzoyl-

eytosine yielded uracil and eylosine in a rado of ca. 33: 1 when heated in 807
acece aeid at 100° for 2 hr.

and FCDR, was mmactive in eilro against bacteria, bul
it was very effective against the four fungi listed in
Table IT. When Ni-p-toluoyl-I'C was tested agninst
the same organisms, it likewise showed 1o antibacterial
activity but it did exhibit moderate antifungal setivity.
On the other hand, the nucleoside, N4p-toluoyl-1'CDR
(VITI). exhibited antibacterial activity of the same
order as FCDR or FUDR, but compound VII[ wus
essentially inactive against yeasts and fungl. «-1I"CDR
(VII), when tested ot 0.4 gmole/ml, was completely
inactive against all the organisms listed in Table IT.
It is noteworthy that o-I"CDR is neither cleaved nor
deaminated by extracts of Escherichia coli??

B. Antimicrobial Activity in Viro.—The resulis of
intraperitoneal, oral, or subcutancous treatment with
'C and its N*acylated derivatives in mice infected

(L ‘Phe aullwrs are indebtell oL Madbiea of HoffmaiLa Riebe Gy
Lhese resolls.
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Tasre II
THE in Vitro ANTIMICROBIAL ACTIVITY OF SOME FLUORINATED PYRIMIDINES®
Diameter of inhibition zones¢, mm
Ni- N 4.
FC (H)——— Toluoyl- Toluoyl-
FU FUDR (1X) 0.88 0.034 FCé (I FCDR (V) FCDR (VII])
Test organism? 0.77 umole/ml 0.4 pmole/ml pmole/ml  umole/ml 0.4 pmole/ml 0.4 pmole/ml 0.4 uymole/ml
Escherichia coly 21 11 0 0 0 16 0
Aerobacter aerogenes 1623 0 0 0 0 16 0
Bodenheimer's bacillus 23 ha 0 0 0 0 0 0
Proteus vulgaris 1328 19 0 0 0 1624 16
Pseudomonas aeruginosa 42 ha 0 0 0 0 0 0
Mycobacterium phlei 30 12 0 0 0 0 27
Streptomyces cellulosae 34 ha 0 0 0 0 0 0
Bacillus simplex 28 21 0 0 0 16% 25
Sarcing lutea >50 (32) >50 (25)¢ 0 0 0 2450 (26)e/ 172
Bacillus E 17 ha 20 0 0 0 0 0
Bacillus subtilis 24 0 0 0 0 1926 161
Staphylococcus aureis 434 15% 0 0 0 1940 193
Paecilomyces varioti 40 ha 35 34 19 23 27 14
Penicillium digitatum 0 36 39 18 26 37 0
Candida albicans 0 18 30 13 0 0 0
Saccharomyces cerevisiae 203t 0 37 23 12 0 0

¢ The familiar penicillin-type cup-plate agar diffusion assay (D. C. Grove and W. A. Randall, ""Assay Methods of Antibiotics. A
Laboratory Manual,” Medical Encyclopedia Inc., New York, N. Y., 1955, pp 7-16) was employed, the upper 4-ml layer of agar being
seeded with various microorganisms. ? The bacteria (the first five gram-negative and the next seven gram-positive organisms listed)
were grown at 35° (except Bacillus E at 42°) on a pH 6.2 nutrient agar containing 0.159, beef extract, 0.39% yeast autolysate, 0.4%
casein hydrolysate (N-Z-Amine A), 0.6%, peptone, and 0.19, glucose. The yeasts and fungi were grown on a semisynthetic vitamin-
salts—amino acid hydrolysate medium, pH 5.5; P. digitatum at 26°, the others at 35°. ¢ The superscript numbers indicate the
diameters of secondary faint but definite zones of growth inhibition which extend beyond the primary clearer inhibition zone; the sym-
bol "*ha’’ refers to definite but hazy inhibition zones. ¢ Other N4acyl-FC derivatives (Table I) were screened against these bacteria;
noute of them showed any significant activity. ¢ Values in parentheses are for 0.0077 unwole of FU and 0.004 umole of FCDR and

FUDR. [ Refers to secondary zone only; the primary zone had disappeared.
TasBLE III
TrearMENT OF SystEMIC Candida albicans INFECTION oF MICE®
Therapeutic response
Dose, Dose,
~——Toxicity, LDso, mg/kg— mg/kg Kidney——— mg/kg Kidney —
Drug sc ip po ip Lesions®  Cultures® DO Lesions? Culcures®
FC >2000 >500 >2000 100 14/20 10/20¢ 500 14/19 10/19¢
50 6/9 3/9 200 5/9 4/9
100 1/9 4/9
Né-Acetyl-FC 200 8/8 3/8
N4-Propionyl-FC >500 >500 >500 200¢ 5/9 2/9 200 1/8 0/8
N¢-Pivaloyl-FC >500 >1000 50 6/10 1/10
N¢Benzoyl-FC 200 8/9 3/10
N4p-Toluoyl-FC >2000 >500 >2000 100 4/10 0/10 500 7/9 2/9
N4.p-Methoxybenzoyl-FC >2000 >500 >2000 100 7/14 1/14
50 2/7 0/7
N4-p-Chlorobenzoyl-FC >500 >500 100 5/5 1/5
N4-p-Nitrobenzoyl-FC >2000 >500 >2000 100 0/7 0/7
N4Di-p-toluoyl-FC >2000 >2000 200 9/10 2/10
Tribenzoyl-FC >500 >500 200 8/8 2/8 500 6/10 2/10
100 0/7 0/7

@ Swiss albino mice weighing 18-20 g were conditioned with cortisone by the intramuscular administration of 100 mg/kg daily in two

divided doses on the day before, the day of, and the day after infection.

ml of a suspension of C. albicans containing 100,000 cells/ml.

¢ CDso

87 mg/kg ip. ¢ CD; = 302 mg/kg po.

intravenously with Candida albicans according to a
technique similar to that described by Grunberg,
et al.,'*® are shown in Table III. FC exerted an ap-
preciable activity when treatment was administered

(14) (a) E. Grunberg, E. Titsworth, and M. Bennet, Anfimicrobial Agenis
Chemotherapy, 566 (1963). (b) Using the average survival time of mice in-
fected with Candida albicans as the criterion for the evaluations of chemo-
therapeutic activity, Dr. H. Scholer, Hoffmann-La Roche, Basel, obtained
essentially the same results as those described in the present paper: the
acylated 5-fluorocytosines tested were found to be 10-20 times less effective
than fluorocytosine itself. We thank Dr. Scholer for permission to use this
summary of his data which will be published in detail elsewhere.

Infection was accomplished by the intravenous injection of 0.5

Treatment was begun on the day of infection and continued daily for 28
days or until the animals succumbed. Upon the death of the mice, the kidneys were examined for the presence of gross lesions.
addition, contact cultures of the bisected kidneys were made on Sabouraud’s agar plates.
¢ Drug administered subcutaneously.

In
® Number negative/total animals treated,

intraperitoneally or orally and when effectiveness was
evaluated by the criteria of negative cultures and nega-
tive kidney lesions, The remaining compounds were
less effective than FC when evaluated by the same
criteria, but these results indicated the presence of some
anticandida activity with the N4*acylated-FC deriva-
tives.1*d FU, TTUDR, and FCDR showed little or no
effect against the systemic candida infection when
evaluated by the same technique. In addition, FC and
the majority of its acylated derivatives were found to be
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IN#p-Tolaoyl-1°¢r 200 X S =Isu [ I AN
|N#+p-Chlorobenzoyl-1C: 20X N SIS PG4T Iin
N*t-p-Nitrobeuzovl-1°( 200 X N RIsn [ O N 120
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TFCDI MK T Cuton TSN (3,524
IN+Lp-Toloyl- DR S X T CATHH R e T I 0ot
TFUDR 24.5 X 1u BR2Y A 12 T
"FCDHR 245 X 1 BsUT N 0o
INLp-Talnoyl-FCDR” 44 X 10 B=2p : 1nonG
INtpTolnoy FCDR- 2.4 X 1o BT w1y
‘1,N"-p-Tnlmr.\'l-l“(‘,l)l{f .6 X I BT 1A
(VU 15,0 X 10 B=27 a2
| PU .o X U Bs2T 015
CNSAcetyvl-FC L£300X 10 Bs27 0oy
; Ntp-Taluoyl-I'C 10010 X 10 B2 IS
IECDR 12,2 X in =2 =220 0o
FCDR .1 X 1In RS2t 2.0 1

' Np-Tolnoy-FCDR 6.7 X 10 Bs2T 20 "
ENEp-Talnoyl-FCDR 535 X 10 BR2T 20 0.2
{ Ntp-Tolanyl-FCDI? 1.7 X 1o Bs2T D0 05

1 Bracketed compouuds were tested simuftaneously, ¢ SI80 = Savcomm IS0; G755 = Adenocarcinuma 755; B82'T = leukemin

B&2T (solid form).

mg/kg. ' 9/10 mice died early from taxicity.

Inactive against the following experimental infeetions
i mice: (1) systemic Streplococcus pyogenes. Staphylo-
coccus  aureus, Proteus wvulgaris, and Pseudomonas
aeruginosa; (2) systemic Histoplasina capsulatum,; (3)
Col SK and inflnenza A viruses; (4) loeal Tvichomonas
vaginalis;  (5) Syphacta obvelata wnd  Hiinenolepis
[fraterna.

C. Antitumor Activity—Table IV sunnnarizes re-
sults  obtained with various transplantable mousc
tumors, lLike FC, and in contrast to U, I'UDIL,
and I'CDR, the acylated 5-fluorocytosines are csseuti-
ally inactive against tumors.'™  N4p-Toluoyl-1'CDIR}
(VIII) however proved to be o very potent and toxic
cancerostatic agent with o narrow therapeutic range.
On o molar basis, VIIT was found to be more effeetive
against most tumors butl also more toxie toward the
host than 'UDR and FCDR. Componnd VIIT ex-
hibited teratogentie activity in the chick embryo i the
I.Ds range of FUDR and FCDR. ™

Discussion

S-Flnoroeytosine, in contrast to UL FUDR, or
FCDR, is not active aguinst baeterin and it is neither
toxic nor canecrostatic in mice.”  In fact, luorocytosine
(I'C) is not metabolized in the rat or in man.™  How-
ever, 1'C is effective against fungi (e.g.. Candida
albicans) n vitro and in vive.»* The screening data
showed that N4-p-toluoyl-TC (as well as the other N*-
acylated-I'C derivatives) were not bacterlostatic but
they did exhibit moderate antifungal activity in vitro

{15) Occasional pusitive resulcs obcained willi a hiigh dosage of vomnpounds
could be explained by (he presence of FU as canlaminanl.

(16) The auchors are indebced tu Dr. David A. Warnofsky of Sl
Kectering Tnstitute for thiese daca.

(17) 1. A, Koeclhdin, F. Rubio, 8. Palawer, T, Cibriel, a) R, Dusebiu-
sky, Bioclem. Pharmacol., 15, 435 (10611,

¢ The nuthors are indebted to Dr. (!, Heidelberger of the University of Wiseonsin for these results,
survival time (days) of mice was 24,5 (FCDR), 31 (1olioyl-FCDR), 23.8 {ecandyols).

CAverage
» 1D (single intrapertaneal injeeticaty = 130

(Table 1) and iw eive (Table T, The N4aeylted-17C
derivatives were essentially nontoxie in miee and showed
no antitiwnor activity.  These data indieate that the
N4nevlated-s-fluorocviosines function as releasers of
I°C but not of I'TC,

It is difficult to nuike a definitive statentent concen-
ing nucleoside VITE. Componnd VIIT exhibited genernl
antibacterial activity o eibo ns did FUDR and FCDR,
On 2 molay basis the toxieity and antitimmor aetivity
miee was higher than FUDR and FCDR. One ean
asswne  that ke N4p-toluoyl-I'Ct the  nneleoside
(VITD undergoes deacylation to become hiologieally
aetive.™  Accordingly, VIIT would act as a releaser of
FCDR, bat, the latter compound could undergo con-
comitant demnination to FUDR.  Sinee it 12 known
that FUDR ix considerably more potent when ad-
mbistered to nem'™ and to mice'™ by slow infusion
rather than by quick injection, the high poteney of
toluoyl-I'CDR (VIIT) could be explained by the slow
release of FUDR 7w eivo. Howevery too little is known
about the behavior of FCDR on slow administration,
and insufficient data hiave been collected thus far on
the biological properties of VIIT to decide whether this
Nacylited nneleoside funetions as a releaser of FCDR

or of 'UDR.
Experimental Section®

5-Fluorocytosine.”:2! - j-Flucrocyviosine was prepared in al-
mest quantitative vield Dby the method previonsly deseribed

(18) The covpountt wax neither cleaved nor eaminated by exirdets af
Lscherichia col], 13

(19 la) R. D, Sajvan, C. W, Young, W, Miller, N Glalslein, 1), Clark-
sou, and 1. H. Burclienal. Cancer Chemotherapy Rept., 8. 77 (1950): 1b
1)r. Margarel &, Lyman. Sloan-RKetlering Inslitute, personal ropiruovica-
tisan.

120; Melting points were lakelt ol Thomas=1Toaver appacalus and ace
uprorreeled,

20 R Dusebinsky. 0 Plever, o ¢ Detdelberger, . . Chra Sis
79, 15510 1 18AT).
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involving hydrolysis with hot concentrated HCl of 2-chloro-4-
amino-5-fluoropyrimidine.”??  To avoid further hydrolysis of
FC to FU the reaction was monitored spectrophotometrically.
Ultraviolet absorption data are for 2-chloro-4-amino-5-fluoro-
pyrimidine, A%YHC 235 269-270 mpu (e 7410, 6100), for 5-
fluorocytosine, Ay = 286 mu (e 9100), ALANR 292 myu (e 7600).
The progress of the reaction was followed by the change from
0.1 to 0.85 in the 300/270 extinection ratio determined in 0.1 &V
HClL. When the higher rativ was reached, the reaction was
stopped.

N+-Acetyl-5-fluorocytosine.—5-Fluorocytosine (12,9 g) was
heated to 110-115° with 60 nil of acetic acid and 12 ml of acetie
anhydride until solution was complete (5 min). The produet
erystallized from the cooled solution and was separated by filtra-
tion aud dried to constant weight at 80°. The yield was quan-
titative (17.1 g), mp 235-237° dec.

N<4-Propionyl-5-fluorocytosine.—A mixture of 5-fluorocyto-
sine (12.9 g) in dimethylformaniide (50 ml) and propionic anhy-
dride (13 g) was heated with stirring at 130-140° for ca. 15 min,
whereupon a clear solution resulted. The product which erystal-
lized from the cooled solution was collected by filtration and
washed successively with a small volume of water and alcohol,
mp 237-238° dee, 16.5 g (9077 yield).

N¢-Pivaloyl-5-fluorocytosine.—A mixture containing 13 g
of 5-fluorocytosine, 26 ml of dimethylformamide, and 19 g of
pivalic anhydride was heated with stirring at 110-120° for 15
min. The reaction was cooled and the crystalline product was
filtered and recrystallized from methanol to afford a 569, yield
of pure product, mp 227-229° dec.

Tribenzoyl-5-fluorocytosine.—To a suspension of 13 g (0.1
mole) of FC in 100 ml of pyridine, 100 ml of benzoyl chloride
(0.87 mole) was added dropwise with vigorous stirring over 45
min. The temperature rose spontaneously to 50° and a clear
purple =olution was obtained which gradually deposited crystals.
After stirring overnight, the crystals of pyridinium chloride were
separated by filtration and the filtrate was evaporated in vacuo
to a syrup which became crystalline upon cooling. The purple
solid was collected by filtration, washed with pyridine, and
slurried with 100 ml of 6 N HCI, whereupon it became colorless.
After slurrying with 100 ml of ether, the precipitate was collected
by filtration and washed with water. After drying in vacuo, 20
g of product melting at 127-129° was obtained. [The mother
liquor (A) was kept for further work-up]. After two recrystal-
lizations from 100 to 200 ml of ethanol, 12.44 g of a compound
melting at 140°, ALo® 240 mu (e 35,700), was obtained. The
infrared spectrum in chloroform showed bands at 1746 (ester),
1704 (amide), 1235 (COC=0) em ..

Anal. Caled for CsHFN3Oy; C, 67.87; H, 3.87; F, 4.29;
N, 9.50. Found: C, 68.33; H, 3.64; F, 3.84; N, 9.44.

Treatment of the original pyridine-containing mother liguor
with 100 ml of concentrated HCl produced an oil which was
washed with 100 ml of water and extracted four times with 100
ml of ether. The ether extract was washed with NaHCO; solution
and water and dried (NasSO,). Upon addition of 500 ml of
petroleum ether (bp 30-60°), 15.0 g of prodnct, mp 131-133°,
was obtained. This material gave upon erystallization from 250
ml of ethanol 12.9 g of product, mp 139.5-140.5°.

Mother liquor (A) (vide supra) was extracted three times with
300 ml of ether, the ether extract was washed with NaHCO,
solution, and the product was precipitated from the ether with
petroleum ether. The yield of product was 3.8 g, mp 138-139.5°.
An additional 4.9 g of product melting at 139.5-140.5° was re-
covered from the alcoholic recrystallization mother lignors.
The total yield of tribenzoyl-FC was ca. 75%.

N+Benzoyl-5-fluorocytosine.—To an ice-cooled stirred suspen-
sion of 2.21 g of tribenzoyl-FC (0.005 mole) in 50 ml of methanol
was added 2.25 ml of 4.44 N sodium methoxide solution. A
clear solution was obtained in about 10 min and was allowed to
stand at 2° for 16 hr. After neutralization with alcoholic HCI
the solution was evaporated in wacuo and the resulting white
solid was slurried with 20 ml of water and 20 ml of ether, filtered,
and washed with water and ether (until disappearance of methyl-
benzoate odor and chloride ions). The air-dried material was
recrystallized from 85 ml of ethano, yield 0.52 g (449%), mp
256-257°. For analysis, the product was recrystallized from 6.5
ml of hot DMF to which was added gradually 10 ml of water.

(22) G, G. Durr, J. Med. Chem., 8, 253 (1965).
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After filtration and washing with methanol and ether, 0.45 g of
product, mp 256-257°, was obtained.

Dikenzoyl-5-fluorocytosine—To a suspension of 2.58 g (0.02
mole) of FC in 100 ml of pyridine, 28.1 g (0.2 mole) of benzoyl
chloride was added within 5 min. The mixture became warm
spontaneously and was maintained at room temperature for
45 min with stirring. Crystallized pyridinium chloride was
filtered off. The filtrate formed two phases upon addition of
120 m] of concentrated HCl. The mixture was extracted twice
with 100 ml of ether and the ether layer was washed five times
with 100 ml of 56 NaHCO, solution and then dried (Na,SOs).
The ether solution was treated with 500 ml of petroleum ether
and cooled, whereupon 1.3 g of prodiet (199%) was obtained.
After reerystallization from 20 ml of ethanol, the melting point
was 138-160°. It resolidified and melted again at 203° with gas
evolition; AROH 230, 275-276, 331 mu (e 21,600, 13,000, 2850);
ASO® 255, 305 mu (e 7400, 2590).

Anal. Caled for CsH.FN;O5: C, 64.09; H, 3.39; F, 5.63;
N, 12.46. Found: C, 64.23; H, 3.69; F, 5.54; N, 12.66.

Acid hydrolysis of dibenzoyl-5-fluorocytosine gave, in addition
to nnchanged starting material, 149 of FC and 36%, of FU.

Np-Toluoyl-5-fluorocytesine (II).—To a suspension of 12.9
g (0.1 mole) of FC in 100 ml of pyridine was added 17.0 g (14 ml],
0.11 niole) of p-toluoyl chloride. The temperature rose spon-
taneously to 45° and complete solution occurred. After re-
fluxing for 5 hr, the mixture was allowed to crystallize. Excess
toluoyl chloride was destroyed by stirring the suspension for 20
min with 50 ml of ethanol. The crystals were filtered and washed
free of Cl- with ethanol, then with ether, and dried #n wvacuo
at 60°, The yield wa¢ 18.3 g, mp 250-251° dec. After evapora-
tion of the mother liguor tu dryness, trituration of the residue
with ethanol, and reevaporation and final suspension in 20 ml
of ether and 20 ml of water, a second crop, 1.6 g, was obtained.
The total yield was 20 g (809 ). For analysis, a sample was
recrystallized from ca. 300 vol of 90¢7 ethanol, mp 257-258° dec.

Di-p-toluoyl-5-fluorocytosine.—In a similar run with 9.85 g
of 5-fluorocytosine, a 339, excess of p-toluoyl chloride (15.74 g)
was added in the course of 1.5-hr reflux period. The yield of
1I was 14.7 g (789;). The alcoholic mother liquor gave, upon
evaporation, a residue which was extracted with 250 ml of boiling
2-propanol. Upon addition of 140 ml of water to the extract,
the ditoluoyl derivative (2.25 g) crystallized as needles. After
recrystallization from 2-propanol-water (2:1) it melted at 165—
166°; AZCOH 244 278, 320 mp (e 20,800, 22,100, 5210); AE®
221, 262, 307 mu (e 13,540, 16,510, 4400).

Anal. Caled for CooHieFN;05: C, 65.75; H, 4.41; N, 11.50;
F, 5.20. Found: C, 65.52; H, 4.45; N, 11.60; F, 5.63.

The following compounds were obtained as described for the
preparation of N4p-toluoyl-FC using a 109, excess of aroyl
chloride: N4p-methoxybenzoyl-FC, mp 260-261° dec, yield
719, N4-p-chlorobenzoyl-FC, mp 238-239° dec, yield 609;
N4-p-nitrobenzoyl-FC, mp 280° dec, yield 809.

N¢(p-Carboxykenzoyl)-5-fluorocytosine.—A suspension of
1.29 g (0.01 mole) of 5-fluorocytosine and 2.03 g (0.011 mole) of
p-chloroformylbenzoic acid in 20 ml of anhydrous pyridine was
heated to reflux. The initial suspension cleared rapidly. After
5 hr of refluxing the solution was cooled to room temperature,
75 ml of methanol was added, and the solid was filtered and
washed with methanol. The filtrate was concentrated to dry-
ness, and the residue was slurried with 20 ml of water and
filtered. Crystals separated from the filtrate after several days
at rooni temperature, and the solid was filtered and washed with
water, methanol, and ether. The erude N~(4-p-carboxybenzoyl)-
FC (0.50 g, 189 yield) melted at 270° dec. For recrystallization,
the material was dissolved in 7 ml of hot DMF, and 16 ml of
methanol and 20 ml of water were added to the hot solution.
The resulting suspension was cooled to room temperature, and
the solid was filtered and washed with water, methanol, and
ether. After drying at 110° in vacuo to constant weight, the
crystalline N-(p-carboxybenzoyl)-5-flucrocytosine melted at 271-
272° dec.

N-p-Toluoyl-5-fluorocytosinemercury (III).—A solution of
8.97 g (0.028 mole) of mercuric acetate in 75 ml of boiling ethanol
was added to a solution of 6.95 g of IT in 75 ml of hot (100°)
DMF. The resulting milky solid was completely precipitated
by the addition of 800 ml of ether. It was centrifuged, washed
with ether, and dried at 35° in vacuo to give 11.8 g (949;) of
almost white mercury salt.

Anal. Caled for CHsN;O.Hg: F, 4.26; N, 9.43.
F, 4.07; N, 9.13.

Found:
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In further experiments the mercury salt was precipitated
quantitatively with cyclohexane and used (without being
analyzed) for the next step.

1-[2-Deoxy-3,5-di-(O-p-toluoyl)-3-p-ribofuranosyl] -N4-p-
toluoyl-5-fluorocytosine (IV).—A suspension of 36.7 g (0.081
nmwle) of monomercury N-p-toluoyl-5-fluorocytosine (IIT) in
850 ml of toliene was dried azeotropically by distillation of 100
ml of toluene. The suspension was cooled to room tempera-
ture and 62.6 g (0.161 mole) of 3,5-di~(O-p-toluoyl)-2-deoxy -n-
ribofuranosyl chloride (959% pure) was added with stirring.
The temperature rose slightly and before the suspended materinl
dissolvell completely, erystallization began. After 45 min of
stirring, 200 ml of 3097 aqueous K1 solution was added and
stirring was cantinued for 12 min.  The resulting dense crystalx
were waslied snbsequently with 50 ml of water, 80 ml of ether,
twice with a mixture of 50 ml of 3097 KI solution and 50 ml of
ethanal, and finally with ethanol and ether. The yield was 14.9
g, mp 212--215°. The toluene layer was washed once with 300
wl and twice with 75 ml of 309, KI solution and finally with
eight 250-1ml portions of water. [If these repeated washings wiil
KIzolution areomitted, a merenry iodide nncleoside coinplex whicl
consists of mostly the e-anamer (VI) remains intacr. Though
prodact { VIT) can be obtained from this eomplex, the procedure i-
very laborious.]  After standing overnight, a sccond crop (3.1 g5
of TV, mp 213-216° wus obtained f{rom the tolaene mother
liquor.  Additional crops of IV were abiained by repented wash-
ing of the tolnene mother liquors with KI solution and coneentra-~
tion of the toluene layver to a syrup which was ervstallized {rom
boiling methanol. The total yield of ernde IV was ca. 20 g (4457.).
Reerystallization of the erude material from 70 to 100 vol of
butyl acetate nfforded 17 g of pure IV: mp 233-234°: AL
244, 332-333 mu (e 37,500, 26,500); xfl’f?" 200 1mp e N4003;
lai?®p +5.5° (¢ 1.0, DMF).

Anal. Caled for CaHyFNO5: €, 66,10 I3, 5.04; F, 317
N, 7.01. Found: C, 66.16; H, 5.03; F, 3.01; N, 6.90.

1-[2-Deoxy-3,5-di{ O-p-toluoyl)-a-p-ribofuranosyl] -N*-p-
toluoyl-5-fluorocytosine (VI).—The methanolic mother liquor
remaining from the isolation of IV (vide supra) was evaporated
to dryness and the residue was dissolved in 80 ml of CCl.. The
waxy crystals which formed were triturated with 75 1l of ether
and filtered. The product was purified by boiling with 75 ml
of ether, decantation of the cooled mixture, and finally by treal
ment with 225 ml of boiling methanol. Clustered needles (7
g) were obtained, which melted at 152-153°.  After a recrystal-
lization fram 80 vol of ethanol, the product melted at 152-
153°; Tl —133° (¢ 0.5, D’\IF\ ACHICR 043 334 iy (e 37,500,
28,200); AZHECT 991 my (e 9200).

Anal. Caled far Ca3HeFN;Or: C, 66.10; 19, 5.04; F, 3.17: N,
7.01. Found: C, 66.54; H, 5.33; F, 8.27; N, 6.42.

N4-p-Toluoyl-5-fluoro-2’-deoxycytidine (VIII).—To a suspen-
ston of 5.61 g (0.01 mole) of TV in 125 ml of methanol was added
gradually 17.3 ml of 1 & sodium methaxide. Solution occurred
after 30 min of shaking. The solution was stored in the refriger-
ator for 1 hr. Neutralization with methanolic HCl produced
crystals, which were filtered and washed with ether, vield 1.55 g.
T'he motlher liquor and washings were evaporated to dryness, and
the residue was triturated with 50 ml of ether and 10 ml of water.
The resulting crystals were filtered and washed first with a nix-
ture of 100 ml of water and 20 ml of ethanol, then with ethanol,
and finally with ether. A second erop of 0.82 g was thus obrained.
Both products melted at 193-195°, resolidified, and then melted
with decomposition around 215°. The crude product was dis-
salved in a boiling mixiure of 230 ml of water and 46 ml of ethanol,
the solution was clarified by filtration and cooled. Pure prodner,
2.17 g (609), crystallized as long needles: mp 214-216° dec;

AEOH 2@4 -265, 320-330 mp (e 15,670, 18,400); A0oM 234, 202
(e 811() 8690); [«]%p 4+90.3° (¢ 0.4, DAMF).

Anal. Caled fur Ci:HisFN305: €, 56.19; H, 4.99;
N, 11.56. Found: C, 56.11; H, 4.74; F, 4.84; N, 11.32.

5-Fluoro-2’-deoxycytidine (FCDR, V). A. Ammonia Method.
-Compound IV (10.71 g, 19.2 mmoles) was suspended in 170
ml of ethunol containing 15% NH; and stirred at room temperu-
ture for 16 hir. Since this treatment resulted in incomplete re-
aetion, 330 ml of methanol was added. The stirred mixture was
cooled, saturated with NH;, and allowed to stand 20 hr longer.

F, 5.23;

’
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The rvesulting solution was clarified with Celite and Norit and
evaparited (o dryness.  The resulting ervstalline powder, after
iriturating wirh 80 ml of beiling ethanel, cooling, and adding
of S0 vl ol ether, vielded 233 g of FCDR, ngp 1035 -197°.
Addition of ether 10 the mother liqaor lollowed Ly evaporation
fa drvness and einadion of the vesidue with 100 ml of boiling
byl acernte 1ﬁ'nnlml sdditicaal lower mehing crops of FCD1IY:
tatal vield 421 £ 1897w

[ar analysis, puule«l samples were slurried with ca.
boiling ethanol, the mixture was coaled,

10 val ol
and the erystals were

filtered: [a}®p +71.7° (¢ 1, water), mp 196.5-197°.
Anal, Caled Tor C (111\1‘ VO C) 4408 1 493 B 7Th
NI Found: 44330 H) 502 T, 7520 N, 16,73,

B. Sodium Methoxide ‘Method. A saspension of 224 ¢
of IV 10,004 moele) in 25 ml af methanol (containing some phenal-
phthaleins was refluxed.  Dropwize addidon of 2.7 ml of 0.85
V' =adim methoxide within 15 min maintained the alkaliniiy
and produced complete solutian.  Refluxing was continued and
the progress ol the detolnoylation was monitored by the disap-
pearance of the absorpiion maxinmm at 320 ng i 0.0V NaOFL
Aller | hr of tatal refluxing time, the sohitian was neutralized with
2.7 wh ol 083 N alealinlie HCE and evaporated yn vaerio 1o @
svrap which vrvstallized. The ervstals were dissolved in 1~
haranol smd reevaporated nnd dried (e cecwo nt 60°. The vellow-
=l =alid was taken up in 80 ml of boiling butand and the resulting
cloudy =olution was filtered through Celite and Norit Ao Alter
couling and filtration, 0.43 g of ervstals melving av 194-1967 was
obained.  ‘T'he mother liquar was evaporated, and the residue
wis tres(ed with (oluene, evaporaied in eacico, and eryvstallized
from bitanal:  vield 123 g, mp 196-197° Gotal vield, 666, 1
T'he produet was chromatographically and spectrophotomeirieally
pure and showed no melting point depressian when adwixed with
H-tluore-27-deoxyevtidine prepared by the thintion proeedure,®
The mother liquar vielded 0.12 g of less pure product.

l-{2-Deoxy~-«w~n-ribofuranesyl)-5-fluorocytosine (a-FCDR,
Vil - A solution of 539 mg of V1 in 25 ml of 6 .V methanolie
NH; was allowed to stand at room temperature far 24 hr after
which time the «bsorpiion ag 320 mu had praciieally disappeared.
The salirion wis evaporated (o devness @ cacwo, nud the residue
wis refluxed in 30 el of chloroform For a few minutes and allowed
ta <tond at romm temperature vvernight. The produer was
filtered: vield 214 mg (5401, mp IS2-I83°% Afier vecrystalliza-
tioe from 5wl of bntanol, followed by (1il111':1lio11 with hot
ethanol, it melied al 186-187°, [a)5n —02° (o1, 1.0, Al
20T g (e 12,0005, A5 247 g e 1330).

Anol. Caled lm CJOHLEN O G 4408 1,
Found: ¢, $4.51: 1, 5.26: F, 7.57.

Hydrolysis of Ni-Acylated 5-Fluorocytosines.-—A suspension
ol 50 pneles of the N4-aevlated 5-fluoroeytasines in o mixture of
0.5 mil ol etlinnd and 005 il of 1A HCL was shaken for 60 hr in
a thermastat held v 37°0 A elenr =olution was obtained, 20 ul
(I pmoler of whielo was submitted to descending paper ( What-
mann No. |, previausly washed by extraetion with bailing metha-
uol) chiromatography in L-butanol--water (88:14).  The spois
wore loeated by inspection with uliraviolei light, exeisell, nnd
oxiracted with 5 ml of 0,1 A 11CL Neference samples with
values MU G0sTs, 0C (0125, acetvFC (0.25 fluoreseent ), p-
yoluovl-17C* (Huorescent <treak from 0.06 10 0.63), FUDR (0.30),
FCDR 100155, p-toliayl-FCHR (0.63, Huoreseent), p-toluie acid
(0,781 were ran vaneomitantly. The extracted producis were
idrntified and evalwared quantitatively hy ultraviolet spectro-
photametry in 0.8 N HCTand e 0.8 N oor N alkali solmiion (see
Table 1), The ultraviolet data of FU and FUDR are as follows:
I AT GG i (e 73309, ALIVEOU oy, N3 mu Le 4207,
MR e TR0 FUDR, Ay 268-269 mu (e NSO,
x“““““ 268264 11 e BOGO), AYEOT 60 1 Le TOOD).
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