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22°), [®]wo +1900°, [®]57 +4850, [®)as —890°, [®]ass +1580°,
[®] 22 +890°, [®]es +5450°. Anal. (CoH\;NOy) C, H, N,
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In this laboratory we have been concerned for some
time with 5-trifluoromethyl-2’-deoxyuridine,* which
has powerful tumor inhibitory? and antiviral ac-
tivities.?” 5-Methyl-2’-deoxycytidine has been found
in mammalian and polyoma viral DNA.> Even though
it is known that the methylation of 2’-deoxycytidine
occurs after its incorporation into DNA, we were
interested in preparing the corresponding trifluoro-
methyl derivative and testing it for biological activity.
Because of the alkaline instability of the trifluoro-
methyl group in 3-trifluoromethyluracil®* and its
nucleosides, conventional nucleoside syntheses that
require alkaline deblocking were considered unsuitable,
Consequently, we attempted to prepare 5-trifluoro-
methyl-2’-deoxycytidine enzymatically with the trans-
N-deoxyribosylase® from Lactobacillus helveticus (ATCC
8018) by an exchange between 3-trifluoromethyl-
cytosine, prepared from 2,4-dichloro-3-trifluoromethyl-
pyrimidine, and a suitable deoxyribonucleoside donor.
This enzymatic route has been used successfully in the
syntheses of the analogs, 3-trifluoromethyl-2’-deoxy-
uridine! and 3-nitro-2’-deoxyuridine.!! Although the
synthesis of 5-trifluoromethyl-2’-deoxyuridine could be
accomplished with our enzyme preparation, we were not
able to detect by tle the presence of 5-trifluoromethyl-2’-
deoxycytidine in any attempted enzymatic reaction be-
tween S-trifluoromethyleytosine and either thymidine,
2’-deoxycytidine, 2’-deoxyuridine, 2’-deoxyguanosine,
or 2’-deoxyadenosine. Therefore, although cytosine
was readily converted to 2’-deoxycytidine with this
enzyme, 5-trifluoromethyleytosine apparently had no
affinity for the enzyme.
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For other reasons, 4-benzylamino-2-hydroxy-3-tri-
fluoromethylpyrimidine (VIII) was synthesized from
2,4-dichloro-5-trifluoromethylpyrimidine (I). Two iso-
mers, 4-benzylamino-2-chloro-5-trifluoromethylpyrimi-
dine (IV) and 2-benzylamino-4-chloro-5-trifluoromethyl
pyrimidine (V), were obtained which could only be
separated by tle. On treatment with NaOMe the mix-
ture of IV and V gave the corresponding isomeric
methoxy compounds, VI and VII, which could be
separated by mechanical retrieval of two distinet
crystal forms. The structures of the isomers were
determined as follows. On hydrolysis of IV and V, as
well as VI and VII, with 1 N HC], two of the compounds
were more reactive and should have had the Cl and
OCH; groups in the 2 position. Furthermore, 2-
benzylamino-4-chloro-3-trifluoromethy Ipyrimidine had
a greater bathochromie shift in its spectrum relative to
the 2,4-dichlorocompound than did its isomer, which
is in agreement with analogous studies by Boarland and
MecOmie. 12

Biological Activity—Compounds II and III did not
inhibit the growth of L5178Y cells in culture!® at 104
M. However, compounds VI and VII inhibited these
cells approximately 509, at 10—¢ M,

Experimental Section

All melting points are corrected.  All analyses are by Galbraith
Laboratories, Knoxville, Tenn. All uv spectra were determined
on a Cary Model 15 spectrophotometer.

2,4-Dichloro-5-trifiuoromethylpyrimidine (I) was svuthesized
as described by Shen, et al. 1

4-Amino-2-chloro-5-trifluoromethylpyrimidine (II)..—To 1.0 g
of T in a precooled steel bomb (Parr) was added 20 ml of lignid
NH;. The bomb was closed and gradnally allowed to come
to room temperatire and was then recooled. After evaporation
of the NHj;, the residue was extracted with 150 ml of Et,0O
and filtered, and the solvent was evaporated to dryness in
vacuo. The residue was crystallized from EtOH to give 900
mg (98) of II, mp 146°, Apeo® 239 and 282 nip (e 21,000 and
2500). Amnal. (C;H;F;CIN;) C, H, N.

4-Amino-2-hydroxy-5-trifiuoromethylpyrimidine (III),—Com-
pound II (900 mg) was refluxed in 100 ml of 0.1 N HCI
until it dissolved. The solution was then evaporated in racuo,
and the residue was washed with EtOH and Et,0. It was then
dissolved in 100 ml of 809, EtOH and 4 g of Amberlite IR-48
(OH-) was added. The niixture was stirred for 15 min nutil
the pH reached 6.0. The resin was filtered aud washed with
EtOH, and the combined filtrates were evaporated to dryness
in vacuo. The residne was dissolved in EtOH aud reprecipitated
with Etz0 to give 500 mg (617 ) of a colorlesx solid, which was re-
crystallized from EtOH: mp 230-255° dec, A% 286 mu (e 7700).
Anal. (C;HF;N;0)C, H, F, N.

Isomeric Mixture of 4-Benzylamino-2-chlero-5-trifiuoro-
methylpyrimidine (IV) and 2-Benzylamino-4-chloro-5-tri-
fluoromethylpyrimidine (V)—To a stirred solntion of I (810
mg) in 3 ml of EtOH was added 803 mg of benzvlaniine in 3 ml
of EtOH. The mixture was warmed; it decolorized and was
kept at 40° for 15 min when a crystalline precipitate formed.
The mixture was evaporated to dryness, and the residine was dis-
solved inn 50 ml of Et:0. The ether phase wax washed with three
50-ml portions of HyO, 50 ml of 0.1 N HCI, then 30 ml of H,0, and
was dried (Na,80,). The Et,0 was evaporated n zacuo to give
an oil, which solidified on standing. This material was crystal-
lized from petroleum ether (bp 50-70°) to give 995 mig (795,) of a
mixture of the two isomers IV and V. After recrvstallization, an
analytical sample of the mixtures was obtained, mp 101-104°,
Anal. (CH F,CIN;) C, H, F.

A few milligrams of the mixture of isomers was separated by
tle (Eastman 6060) in PhH to give IV, mp 106°, and V, mp 110°.
The structures of the isomers were assigned as described above.
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4-Benzylamino-2-methoxy-5-trifiuoromethylpyrimidine (VI)
and 2-Benzylamino-4-methoxy-5-trifiuoromethylpyrimidine
(VII).-—The mixture of IV and V (600 mg) and 125 mg of
NaOCHj were dissolved in 10 ml of MeOH and heated i1 a sealed
tube at 100° for 20 hr. The solution was decanted from the
salt and evaporated to dryness. The residie was dissolved i
PhH and concentraved in vacio 1o H ml, and 10 ml of petrolenm
ether was added.  After cooling in a refrigerator two erystal forms
canie ont, which were separated manunally. After recrvstalliza-
tion from 1:2 PhH-petrolenm ether, 213 mg of colorless needles
of VII (36" (1 was obtained, mp 120.5°, MR 9243 and 279 mp
(e 76,000 and 13,000).  Anel (CaHWFaNOYC 1L FL

Similarly, 162 mg (277, 1 of colorless cubes of VI, mp 85 |, was
obtained: AP 239 and 273 mp (e 29,000 and 11,0001 Anal.
(CullFNO) Co M, FoooThe strinetiural  assignment of  the
ixomers was described above,

4-Benzylamino-2-hydroxy-5-trifiuoromethylpyrimidine
Hydrochloride ( VIII).—Componud VI (150 mg) was refluxed for
2 hr with 4 nil of concentrated HCl. The acid was removed on
the rotary evaporator in racio, followed by =nccessive additions
and evaporations of .0, K1OH, aud 1:1 Et.O-petrolenm ether.
The residite wis crvstallized from acetone 1o give 7¢ g (484 ) of
VIIL, mp 175187 dee, AR 200 mip (e 13.000).  Anal. (Cnlli
CIF,NO 5 ¢ 10, 1

Preparation of Enzyme Solution.---/.«clobacillics helveticis
(ATCC S01s) was grown for 24 hrin 7 1 of medinm containing 1)
g of Bact-Trypton (Difco), 5 g of veast extract (Difco), 10 g of
glncose, 2 ¢ of KI,PO,, I ml of Tween 80, and 100 ml of fresh
tomato juice per LV Upon centrifugation, 18 g of cells was ob-
tained.  The cells were washed twice by centrifugation with 1541
ml of 0.0 M potassiam phosphate butfer pll 6.5 aud then passed
twice thrgh a Freuch press in 80 ml of the sanie bndfer. The
honogenate was centrifnged ar 10,000 ¢ for 10 min, the <uper-
natant fraction was dialvzed against the same buffer and stored
at 5°.

Enzymatic Syntheses of Nucleosides.-—The douor nueleoside
(1.0 mg of thymidine or 2'-deoxyadenosine) aud 1.0 mg of the
aceeptor base (O-trifluoromerhyluracil or I11) were dissolved in 0.5
ml of 0.05 M potassinm phosphate buffer, pH 5.8, added 1o 0.5 ml of
the enzynie solution, and inenbated for 3 hratr 37°. Four volimes
of 15O were added to precipitate the protein, the snpernatant
fraction was evaporated 1o 0.1 ml; and an aliguot was spotted on
a thin laver sheet.  After development, the tle was inspectred
under nv light to loeate the bases or nneleosides and spraved
with 1 evsteine-H.20 sohition for derection of deoxyribose and
deoxyriboniclensides.

Chromatography.—-liastmian Chromogram sheets 6060, silica
gel with flnorezcent ndieator, were nsed thronghont.  PhIl-
MeOH 13:1 v/v) was usually used; PhlH wax the =olvent for the
separation of IV from V aund VI from VII. The cnzymatic
svitheses were followed in C11CL=-MeO11 (9: 1 and 3: 1%
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In continuation of our imvestigation on the synthesis
of various substituted 1,2.3.3a.8,8a-hexahydroindeno-
[1.2-¢[pyrroles' =% (I) nx potent amebieidal agents, syn-
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thesis of a series of isomerie compounds like 1,2,3,3:4.8.-
8a-hexahydro-1-alkyl[2,1-b Jindenopyrroles (V) was tn-
dertaken by the route shown in Schenie T which ulri-
mately led to compounds VI (Table 1.
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Interaction of 1l-indanacetyl chloride! and the ap-
propriate alkylamine furnishes the amide IT which was
reduced to the l-alkylaminoethylindan ITI with LAH
in dry Et,0.  Hofmaun-LofHer reaction on this second-
ary amine according to u proeeditve by Coleman, ef al..*
vield o tertiary amine which analyzed for the expected
amitte (V, R = Me). but the umr speetrum® of the
amine shows the ratio of aromatie protons to non-
aromatic protons as 1:4 Tu eompound V the above
ratio ix 1:2.75, whereas the same ratio in compound VI
(R = Me) is 1:4. On this basis the structure of the
tertiary amine has been designated V1.

The in vitro amebicidal activity of the hydrochlorides
of VI ix very poor.  None of these compounds is active
at a concentration of 100 ug/ml, while emetine hydro-
chloride 1= netive at a coneentration of 1 part i 256.000.7

Experimental Section®

1-Alkylacetamidoindans (II) were prepared by the inter-
action of the appropriate alkylamine (1.5 moles) and t-indau-
acetyl chloride? (1 mole} nnder stirring in the presence of 2.5, V
NaOH at 10-15° for 1.5 hr in almost quantitative vield. ‘They
were either eryvstallized from Phll-petrolenm ether (hp 60 -80°;
or distilled.  Phy=ical properties are reported in Table L.

1-Alkylamincethylindans (III).—The appropriate amide ¢}
mole) was redneed with LA (1.2 wmoles) in dry Ei.0 for 12-16
hrin 70-50' vield. ‘Their characteristics are shown i1 Table 11.

1,2,3,3a-Tetrahydro-1-alkylcyclopenta'//e,quinolines (VD).
[ an ice-cold mixture of IIT (R = Me: 5 g, 256 mmolest,
petrolenm ether (hp 60-<0°, 21 nul), aud 3.V NaOIT (21 mhw Cls
was passed with stirring il the white fumes of amine hydro-
chloride disappeared. ‘The greenizh vellow petrolenni ether layver
wis =eparated ont, washed suecessively cenld 3N NaOU, 5 ml;
tee water, 3 mil: eold 2 N 1,203 ml), and stirred in au ice batl
with o mixture of 98, L0, (12 mly and TLO 5 mli for 10 min.
The acid layer was separated ont and the petrolemn echer layer
wis extracied twice (cold 98¢7 HaR80,,4 mll. The (Ha304) extracts
were fiirther admixed with 9875 HaS0y (2.5 mul) and Ha0 (1 ml) aud

(4) & C. Labiri and N. C. De. Jo Vedo Chpm., 11, 800 (10685,

t5) (i. H. Coleman, i, Nichols, and T. I'. Martens, Org. Sy»n., 26, 1
(19451,

(8) Nmr analyses were parried ¢ car a Varian 1TA 100 nmr speciramete)
and were calibrated againsc TMS.

(T) Amebicidal screening of (e eonponnds were carried ont Ly (he Cen-
tral Drug Research Institte, Lucknow, India.

(8) Melting points were determined by the capillary tube medhod in
Ciallenkamp apparaios and are corrected. Doiling paints are uncorreeted.
All compounds were analyzed for C, 1, N. Analytical data were witlin
+0.49 of theoretical values. Uy absorption speetra were measarsl on u
IReckmann spectrophntometer Model D.TU. in absalnte ethanol.
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