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1.~-Valinyl bromide hydrobromide (1lIb) was prepared as above
(vield 78%%, nLp. 195-202° dec.). An analvtical sample was
crystallized fromi methyl alcohol: np. 2D3.5-204° dee.

Anal. Caled. for C;Hp;3BroN: Br, 64.71: N, 5.67.
Br, 64.50; N, 5.71.

p-Valinylithiosulfuric Acid (IVb ). A ixture of 20.6 g. t0.12
mole) of p-valinyl bromide hydrobronude, 41 g, (1L12 mole) of
thallous thiosulfate,?® and 241 ml. of waler was agilated by means
of & magnetic stirrer for 6 hr.  The aqueons phase was reimoved
by filtration, and the filter cake was washed twice with water al
5n° and with 2 vol. of boiling methyl alcohol.  The combined
filtrates were evaporated iu a flaxh evaporalor below 50°, and
the residue was slurried i1 acetone.  The vield of produet was
0.4 g., m.p. 178-182° dec.  Aun additional 3.4 g. (m.p. 175-177°
dec.) of product was recovered from the wash Hquids.  An ana-
Iyvtical sample was crystallized from methyl alecohol; m.p. 188°
dec.

Benzoyl-vr-tyrosine Methyl Ester (VIf).—To a solution of
184 g. (0.66 mole) of henzoyl-vr-1yrosine? in 1500 ml. of dry
nethyl aleohol was added with agitation a stream of dry HCI
to saturation at room temperature. Agitation was continued
overnight, after which the excess solveut was flash evaporated.
The residue was dissolved twice it methyl aleohol and evaporated
to remove the excess HCL  The syrupy product was then dis-
solved in water, made slightly ammuoniacal, and refrigerated
overnight. The ester was removed by filtration, gronnd, washed
free of chloride with wuater, aud dried under vacunm (HaSOL)
at 50° overnight. The vield of product was 156 g. (79¢0),
m.p. 155-159°.  An analytical sample was prepared by recrystal-
lization from a mixture of methvl alecohol aud isopropy1 aleohol;
u.p. 159.5-160.5°.

Anal. Caled. for CyiyHENOg €, 68217 H, 5.72; N, 4.68,
Found: C, 68.54; H, 5.73; N, 4.78,

Dibenzoyl-pL-ornithine methyl ester (VIg) was prepared from
benzoyl-pr-ornithine® by the method described for the prepara~
tion of VIf. The vield of produet was SnC¢, m.p. 144-147°,
An analytical sample was erystallized from isopropyl aleohol;
m.p. 145-146°.

Anal.  Caled. for CyHauNOy: C, 67.758: H, 6.26: N, 7.4,
Found: C, 67.86; H, 6.70; N, 7.34.

Benzoyl-pr-tyrosinol (VIIf).—To a solution of 0 g. (11.25
mole) of VIf in 750 ml. of THF was added 7.1 g. (0.275 nole,
84.69, assay) of LiBHs. The wixrure was agitated and kept
under reflux for 6 hr.  After evaporation of the THF, the boron
wag removed by boiling a methyl aleoholic solution of the residue
in the presence of 10 mi. of concentrated HCI to a rednced volue.
This procedure was repeated twice with the addition of methyl
aleohol.  The c¢rude product, dissolved 1 a small volune of
nmethyl aleohol, was precipitated by addition of water. It was
washed free of lithinm salts with water and dried at 70° overnight.
The yield of VIIf was 9097, m.p. 160-164°  Au analyrical
sample was obtained by recrystallization froun water, m.p.
164-165°.

Anal.  Caled. for CsHisNOy: C, 7T0.57; H, 6.66; N, 5.14.
Found: C,70.83; H, 6.50; N, 5.22.

Dibenzoyl-prL-ornithinol (VIIg) was prepared as above for
VIIf. The vield of product was 365, and an analvtical sainple
was crystallized from a mixture of isopropyl aleohol and iso-
propylether; m.p. 133-154°.

Anal. Caled. for CiyHpeN205: C, 69.92; H, 6.79; N, 8.58,
Fouund: C, 69.46; H, 6.67; N, 8.93.

pL-Tyrosinol Hydrobromide ( VIIIf) —-Sixty grams ((L.21 mole)
of VIIf was heated under reflux with 720 ml. of 249 HBr over-
night. After cooling to 5°, benzoic acid was removed by filtra-
tion, and the filtrate was extracted several times with ether.
The filtrale was evaporated to near dryness under reduced
pressure, and the residue was further dried under vacunm over
H.80, for several days. The yield of product was 53.5 g. (97¢¢),
m.p. 167-172°. An analytical sample could not be prepared.

Benzyl-pr-histidinel Dihydrobromide (XIh)—To 1500 ml.
of THF was added 76.6 g. (0.28 mole) of benzoyi-pr-histidine
methyl ester (VIh)," aud the sulution was cooled to 10°. Lith-
i aluminum hydride (25.2 g., 0.67 1nole) was added in small
portions with agitation and continued cooling. Upon coniple-
tion of addition of the hydride, the mixture was allowed to come
to room temperature and was then heated under reflux for 2 hr.

IFound:

(17) M. Rawitscher, 1. Wadso, anpl J. Sturtevant, J. JAm, Chem. Soe.
88, 3180 (1461).
(18) 15, Fischer, Ber., 34, 454 (1001,
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It wis allowed 1o cool to roomn Temiperatre with stirring over-
night.  The excess hydride was decomposed with water at 1092
and the aqueons THEF was removed by fillration. The fiher
cake wis extracted twice with THE, and the combined filordes
were treated with chareoul and flash evapornwed (o yviekl o
syrupy product. To 31 g o this product was added 4510 ml of
2004 HBr, and the mixtinre was wartned with interiii tent shakig
nntil a elear solition was obtained. 1t was treated several times
with deeolorizing carbon and evaporated 1o dryness mnder re-
dueed pressure. The solid residae was shirrled e eelone,
filtered, and dried at T1° overnight.  The produet was obtained
i Q0Ce vield (78 g3, and an analyiical sample wias preparved by
eryslathzation from isopropylalcohol: m.p. 187-18%°.

Anal. Caled. for CupHieBroN,O: C,30.72; HL 487
Found: (7, 39.52; H,4.80; N, 10.38.

Dibenzyl-v1.-ornithino! dihydrobromide {XIg) wus prepared in
the sae manner as XTh.  The vield of produet was 31¢¢, wm.p.
235.5-2536.5% (analytieal saple ).

dnals Caledl for CpgHeoBraN.O: () 49.406;  H, Lo N,
6.7, Found: O 4045 H, 5.220 N, 5.00.
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2-Trifluoromethyladenosine
G ovan axp M. H. Maguire

Swith Kline and Frenclc Institate, Departient of Phaypuacolegy,
University of Sydney, Sydney, Australia

Kecelved June 5, 1965

A number of 2-substituted adenosines, in particular
2-chloroadenosing, has bheen shown to inhibit the aden-
osine diphosphate induced aggregation of platelets! and
to possess vasodilator propertie<.? 2-Trifluorometh-
vladenosine has been synthesized for evaluation of itz
varodilator and antiagglutination effects,

Iusion®  of  1-O-acetyl-2,3 5-tri-O-benzovl-g-p-ribo-
furanose* with 2-trifluoromethyl-6-rhloropurine® in the
presence of p-toluenesulfonic acid followed by =imul-
taneous removal of ihe blocking groups and amimation
with methanolic ammonia gayve n gel-like erude produet
from which pure 2-trifluoromet hyvladenosine was isolated
by crvstallization first from I-propanol and then from
water.

Prelimincuy  phariacological  evaluntion of - 2-tr1-
fluoromethyladenosine i this departinent® has shown

TapLe 1
RELATIVE PorlNcey
Inbilotion of
ADPY ndueed
arwregation

Contpel, Vasodilatee olfevt

Adenosine ] )
2-Chloroadenosine 4 4
2-Trifluoromethyladencsine 1).025 0.1

» ADP = adenosine diphosphate.

(1 (a) Go V. R Do, Natere, 202, 95 114840 by G V.o Ry Lorp, R
J. Haslam, M. Goldmman, and R. D. Lawe, ibid., 208, 678 (1i165),

(2) (a) D. AL Clarke, J. Davoll, I'. 5. Phillips, and G. I, Brown, /L. Thar-
mavol. Exrptl. Therap., 106, 201 (11152); (b R. M. Thorp and 1.. I3, Coldsn,
Aveb. intevn. pharmacodyn., 118, UH (1459},

(3) Ior the acid-catalyzed fasion reaction of purines with tetra-O-
acetyl-v-rihofuranose to give g-nvclensides see (a) T. Sato. 1. Simadate,
and Y. Ishido, Nippon Kagaku Zasshy, 81, 1440 (1960); (b} T. Simadate,
Y. Ishido, and T. Sato, 7hid., 82, 938 (1461): (c) T. Simadate, thid., 82,
1261 (1961): (d) W. W, Lee, A. P. Martinez, G. T. Tong, and L, Goodman,
Chem. Ind. {London), 2007 (1963).

(4) L. F. Recondo and 1. Rjnderknecht, Hele. Chim. Acta, 42, 1171
(1859).

(5 1. Nagavo, N, lnmiec A, Sagmonyn, snd 12 Nodiff, /. Med. Chem., T,
215 (19641,

16) By eottrtesy of Miss . Rudford and Mo 170 Miebal of this Depart
went.
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that it is much less active than 2-chloroadenosine in
the inhibition of the adenosine diphosphate induced
agglutination of platelets, and that it possesses only
weak vasodilator properties® in the isolated cat hind
limb (Table I).

Experimental Section”

A mixture of 2-trifluoromethyl-6-chloropurine (5.86 g., 0.0263
mole) and 1-O-acetyi-2,3,5-tri-O-benzoyl-g-p-ribofuranose (12.8
g., 0.0254 mole) was heated in vacuo in a rotating flask at 130~
135° until a clear orange melt was obtained. The reaction
flask was cooled to room temperature, anhydrous p-toluene-
suifonic acid (20 mg.) was added, and the flask was again heated
in vacuo with rotation at 133° for 35 min. A vigorous gas
evolution ocenrred, aud a light brown clear melt was obtained.
The flask was cooled to room temperature, and the clear glass
obtained was dissolved in chloroform (100 ml.). The CHCI;
solution was washed with saturated aqueous NaHCO, (50 ml.)
and with two 50-ml. portions of water, then filtered and dried
(Na,80,). Evaporation of CHCI; left an orange glass, which
was tritirated with hexane to give a cream powder (16.2 g.)
[a}22p —54.9 == 0.9° (¢ 1.02, CHCL;). This was dissolved in
absolite methanol and the solntion was cooled to 0° and saturated
with NH;. The ammoniacal solution was kept in an autoclave
at room temperature for 5 days. Evaporation in vacuo left an
oil which triturated repeatedly with chloroform until an amor-
phous brownish solid (7.1 g., 86%,) remained. Reecrystallization
of 6 g. of this from l-propanol gave a white amorphous powder
(3.65 g.) which recrystallized from water as white microcrystals
(2.5 g.), m.p. 193-195°. Two more crystallizations from water
gave pure 2-trifluoromethyladenosine, m.p. 194-195°, [«]22D
—51.8 == 0.4° (¢ 0.922, MeOH), N22! 256 mpu (e 10,400), AL
255 mpu (e 12,600).

Anal. Calcd. for C11H12F3N504Z C, 3942, H, 358, N, 20.89.
Found: C, 39.54; H,3.74; N, 21.05.

(7) Melting points were determined on a Kofler Reichert and are cor-
rected. Ultraviolet spectra were obtained on a Perkin-Elmer Model 350
spectrophotometer, and optical rotations were measured on a Hilger polarim-
eter. Microanalyses were done by tlie Australian Microanalytical Service,
Division of Organic Chemistry, C.8.1.R.0., and Unjversity of Melbourne

XXII.!

Monoalkylaminobenzothioamides

Antituberculous Compounds.

SHICHIRO KARIMOTO AND IKUKO ToNE
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In earlier communications??® the relation of chemi-
cal constitution to antituberculous activity was dis-
cussed, especially in derivatives of benzothioamide, and
it was concluded that a substituent para to the thio-
carbamoyl group was important to activity. One of
the authors in a previous paper suggested* that the
extinction coefficient, Ep,, of the C=N stretching
vibration in the infrared absorption spectrum of the
parent nitrile ultimately parallels the activity of the
benzothioamide.

In order to test this hypothesis, several new mono-
alkyl, phenyl, and benzyl derivativeso f 4-aminobenzo-

(1) Part XX and XXI: in press: part XIX: Ann. Rept. Res. Inst.
Tuberc., Hokkaido Univ. 19, 1 (1963).

(2) 8. Kakimoto, E. Kriiger-Thiemer. and E. Wempe, Arzneimittel-
Forsch.. 10, 963 (1960).

(3) S. Kakimoto, J. Seydel, aud . Wempe, ibid., 12, 127 (1962).

(4) J. Seydel, Z. Natuiforsch., 16B, 419 (1961).
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thioamide and their precursor nitriles were prepared in
a pure state. 4-Monoalkylaminobenzonitriles were
prepared by the direet alkylation of 4-aminobenzoni~
trile (method A) and alkylation of 4-acetylaminobenzo-
nitrile followed by mild hydrolysis (method B).
Phenylaminobenzonitrile was prepared through the
diazo compound of 4-aminodiphenylamine. Thio-
amides were derived by passing HsS into a solution of
the nitrile in pyridine and trimethylamine (see Table I).

TasrLe 1
p—RCaH.zCSNHg
Emax.
R MIC, p M In (Zo/I)
NH, 425 0.387
CH;CONH 500 0.124
CH;NH 425 0 499
(CHy)eN 350 0.465
C.H;NH 425 0.459
n-CsH-NH 425 0.577
-C;H;NH 500 o
n-CsH,NH 350 0.342
-C.H,NH 425 co.
n-C5H11NH 150 0.602
-CsHNH 150 0.453
C¢H:CH.NH 175
CeH:NH 150

Experimental Section

4-Methylaminobenzonitrile (Table II). A.—4-Aminobenzo-
nitrile (2 g.) was added to 3 ml. of methyl iodide and 1 ml. of
piperidine and refluxed for 3 hr. The reaction mixture was

TasLE 11
4-ALRYLAMINOBENZONITRILES: p-RNHCH.CN
N, %

R M.p., °C, Caled. Found
CH;, 86 21.20 21.42
C.H; 74 19.16 19.12
n-CsHy 52 17.49 17.25
n-C,H, 41 16.08 16.16
1-C;Hy 44 14.88 15.00

evaporated to dryness under reduced pressure to yield a syrup,
which was triturated with water. The crude product was col-
lected by filtration. Recrystallization from ethanol did not
give the compound in a pure state. The product was converted
to the salt with HCI and was recrystallized from ethanol; m.p.
175°. 4-Methylaminobenzonitrile was obtained from the salt by
liberation with NH,OH. Recrystallization from ethanol gave
0.2 g. of a colorless product, m.p. 86°. A mixture with p-amino-
benzonitrile (m.p. 86°) melted at 60°. In the case of butyl-,
amyl-, and benzylaminobenzonitrile, the crude nitrile could be
purified in good yield by vacuum distillation,

B —It was reported® that N-methyl-p-anisidine was obtained
in good yield from N-acetyl-p-anisidine by methylation followed
by hydrolysis; the following is an adaptation of this method.

To a well-stirred solution of 3 g. of acetylaminobenzonitrile
in 30 ml. of toluene was added 1.5 g. of NaNH;, and the mix-
ture was refluxed for 2 hr. After cooling, 3 ml. of methyl iodide
was added to the reaction mixture, and it was refluxed for 2 hr.
The resulting mixture was allowed to cool and the crystalline
solid was collected by filtration. The filtrate was evaporated
nnder reduced pressure to obtain a yellow svrup. The solid and
the syrupy product were triturated with ice-water, and the re-
sulting precipitate was recrystallized from ethanol to obtain
colorless needles, m.p. 142°. The N-methylacetvlaminobenzo-
nitrile was hydrolyzed by refluxing with 20 mi. of 0.5 N meth-
anolic KOH solution for 2 hr. The solution was poured into 50

(d) H. Plieninger and C. E. Castro, Ber., 87, 1760 (1954).



