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The solvents were removed by vacuun distitlavion,  The residnal
vellow salid was dissolved in 110 1l of hot water, coaled by
adding 100 g. of ice, and acidified with 30 mlb of concentrated
HCL  The white solid product was filtered, washed well with
water, and dried to constant weight; vield 16.1 g. (R87), nnp.
318-320°, sealed tube (copper block, corrected). 'This material
was switable for nitration. For purification for analysis the
product was dissolved in dilute ammonium hydroxide, treated
with charcoal, and reprecipitated with acid.  The melting poini
was unrhanged.
Anal.  Caled. for CiHsN;O. C. 46.93; H, 251 N, 25.46.
Tound: C, 46.95,46.95; H, 2.84,2.86; N, 23.60, 25.63.
6-(5-Nitro-2-furyl)-qs-triazine-3,5(2H,4H )-dione (II).-—A
nitration miixture was prepared by slowly mixing 8.4 ml. of 70¢,
nitrie acid containing 2 drops of concentrated snlfuric aeid and
38 mb of acetic anhydride with cooling below 25°. Solid,
powdered 6-(2-furvl)-as-triazine-3,52H 4 )-dione (7.2 g.) was
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added insmallinerenents with stirring and conling v keep the teme-
peratnre at 25-50°0  After | hr., I8 g, of Tused potassinn weetate
wus added and the temperature held at 45-30° for | he. The
thick nitration misture was poured into 250 mb ol jee water.
The bright vellow solid was filtered, washed with water, and
dried at THP, The yield was 6.4 g (717000, nnp. 33023317
(sealed tube, copper block, carrected:.  For analysis it wus
recrystallized frem a 135 mixture of dimethylformanide wid
nitromethane and from acetonitrile: 1m.p. 532-335° (as ubove,

dnal. Caleds for C:HON(E: () 375100 HL RO N, 250
Tomnd: C, 3771 H, 1020 N, 2480, 2485,

IT is weakly acidic: nltraviolet absorpiion (in water; showed
N BB5 N Lo 1N 105 solubility in water ot 25° pH 5.5, i
45 mg. L

Acknowledgment.-—Analvtical determinations were
made by G, Ginther, M Pefft, and (. Gustin,
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The unnatural, wmnetabolizable amino acid, e-aminoisobutyrie
acid, is a useful niodel far the study of biological trausport »f
neutral aniino acids.?  We have synthesized two new tripeptides
of this amino acid, glyeyl-e-aminoisobutyryl-r-alanine and
glyevl-a-aminoisobutyryl-L-valine, for use as niodel substrates
in the study of peptide transport. The uptake of glyeyl-a-
aminoisobutyryl-1-C'%-L-alanine by Lactobacillus casei 7469
has been reported elsewhere.?

The synthesis of carbobenzoxyglycyl-a~aminoisobutyric acid
ethyl ester and the eorresponding acylated dipeptide by the acid
chloride coupling method has been reported by Bergmuanmn,
¢t al.* We have used the carbodiimide coupling niethod® ta
ke the sante compounds, precursars of our tripeptides.

Experimental¢

Carbobenzoxyglycyl-a-aminoisobutyric Acid Ethyl Ester.---
T'o a solution of 10.46 g. (0.05 mwole) of carbobenzoxyglycine pre-
pared by the usual method, 8.38 g. (0.05 mole) of e-aminoiso-
butyric acid ethyl ester hydrochloride, and 8 ml. (0.055 mole)
of triethylamine in 200 ml. of methylene chloride was added
20.64 g. (0.10 mole) of dicyclohexylearbodiimide. The mixture
was stirred for 13 hr. at rooin temperature, then allowed to stand
for 17 hr. at room temperature. After the addition of 1.0 ml.
of glacial acetic acid, the mixture was allowed to stand in ice for
i hr. and the dieyelohexylurea was removed by filtration. The
filtrate was washed with 1 .V HCl, 1 N NaHCO; and water,
and dried (Na,S0s). Removal of methylene chloride in wvacuo

(1) (a) From the Ph.D, Thesis of Ellen A. Young, University of Arkansas,
1963, This work was carried out while Ellen A, Young was a fellow sup-
ported by Training Grant 53T1-GM-551-03 from the United States Public
Health Service. (b) Department of Radiology, University of Arkansas
Medijcal Center, Little Rock, Ark.

(2) H.N. Christensen and J. C. Jones, J. Bjol. Chem. 287, 1203 (1962).

(3) E. A. Young, D. O. Bowen, and J. I'. Diebl, Biochem. Biophys. Res.
Cimmun., 14, 250 (1964).

(4) M. Bergmann, L. Zervas, J. 8. I'ruton, F. Schneider, and H. Schleich,
J. Biol, Chem., 109, 325 (1935).

(5) J. C. Sheehan and G. P. Hess, J. 4m. Chem. Soc., 7T, 1067 (1955).

(6) Melting points were determined on a Fisher-Johns block and are cor-
rected. Specific rotation was determnined with the aid of a 0.01° Zejss
pnlarimeter, using the » line of sodium. Flewentary analyses were per-
formed by Schwarzkopf Microanalytical Laboratory, Woodsiide, N. Y., and
by Clark Microanalytical Laboratory, Urbana, 11l

vielded (4.45 g of armnde product, nep. 72.53-75.5°. Recrystad-
lization from ethyl acetate-petroleum ether (b.p. 40-56°) gave
TERO g (73,17 vieldy, unp. 80.5-83°, lit.t m.p. 84° The
radioactive, protected dipeptide, labeled with C'* in the carboxyl
group of e~atinoisobutyric acid,” was prepared by a virtually
ldentical procedure, as described in detail in the dissertation.’»

Carbobenzoxyglycyl-«-aminoisobutyric Acid.—To a solution
of 4.84 g. (0.015 mole) of the above protected dipeptide in a
mixture of 20 wl. of water and 40 1l of dioxane was added
2.25 il (L0225 mole) of 10 ¥ NaOH. The solution was stirred
at 4° for 5 ey 4.5 mil of 5 .V HCY was added, giving pH 4.5;
the reaction mixture was stored at 4° for 15 hr., concentrated
i racio, and the erude product was recrvstallized from hot
wuter, 3.67-g. vield (R3.397, urp. 155-158.5° lit.* m.p. 155.5°.
The Ctilabeled aeviated dipeptide was prepared by a sinilar
procedure. '

Carbobenzoxyglyveyl-a-aminoisobutyryl-L-alanine Benzyl
Ester. Azide Method —A wmodification of the procedure of
lirlanger and Brand® was emploved. To 12.89 g. (0.04 mole) of
carbobenzaxyglyevl-a-aminoisobutyric acid ethyl ester dissalved
in 80 k. of hot absolute ethanol was added 5.01 g. (0.1 mole) of
hyvdrazine livdrate. The mixture was refluxed for 2 hr. No
crvstuls appeared on eoaling to room temperature.  An addi-
tional 10.0 g. ((1.2 mole) of hydrazine hydrate was added; the
mixture was refluxed far 2 hr. longer and left in the cold over-
night.  The solvent was removed tn vacuo; the residue was re-
suspended in ethyl ether and the solvent was removed in vacuo
three mare tines to vield 12.87 g. of crude product. Recrystal-
lization from absolute ethanol-ethyl ether yielded 7.41 g. (64.01%/ )
of the hvdrazide, m.p. 119-121.5°,

The protected tripeptide was prepared from 3.09 g. {(L{]
mole) of the above hydrazide [converted to the azide by treat-
nient with 0.759 g. {0.11 mole) of sodium nitrite] and an ethereal
solution of r-alanine benzyl ester |freshly prepared from 4.72 g.
{0.014 mole} of g-alanine benzyl ester beuzenesulfonate and 2.3
ml. (0.016 mole) of triethylamine]. After 55 hr. standing
room teniperature, a white fibrous product was collected by fil-
tration, washed, dried in the usual niauner, and chilled to —12° 1o
vield a second crop.  Recrystallization from hat absolute ethanol
yielded 2.36 g. (51.7¢,1 of protected tripeptide, n.p. 159.5-16:3°,
Ta)2n —22.9° (¢ |, ethanol).

dnal. Caled. for CuHypNyQg: C, 63.28; H, 6.42; N, 4.23.
Found: C, 63.09; H, 6.10; N, 9.31.

Carbodiimide Method.—T« a solution of 1.47 g. (0.005 mle) of
carbobenzoxyvglyevi-a-aninoisabutyric acid and 0.005 mole of 1~
alanine benzyl ester benzenesulfouate and 0.8 mlb. (0.0035 niole)
of triethylamine in 150 ml. of acetonitrile was added 2.06 g.
£0.01 mole) of dievelohexylearbodiimide. The reaction mixtire
was stirred for 10 hr. at mou temperature and allowed to stail
al room teuperatire for 21 hr.; 1.0 ml of glacial acetic acid was
added and the product was worked up as usual, after replacement

(7) Carbexyl-labeled a-uminoisobutyric acid, 1.238 e immole. was ob-
twined from Tracerlab, Ine., Waltharn, Mass,
18y B, 10 Erlaager sl B Brand, J. Awm. Chem, Snel, T8, 3508 (1R,
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of the acetonitrile by ethyl acetate; 1.22-g. yield (53.5%),
nip. 158.5-160.5°. The C'labeled protected tripeptide was
prepared by the carbodiimide method also.'®

Glycyl-a-aminoisobutyryl-L-alanine.—Hydrogen was passed
through a solution of 1.37 g. (0.03 mole) of the protected tripep-
tide in 50 ml. of absolute ethanol containing 2.0 ml. of glacial
acetic acid for 4 hr. in the presence of 0.5 g. of fresh palladium
black with agitation by means of a Vibro-Mixer.® The product
was obtained as shiny plates and reerystallized from water—
acetone; 0.66-g. yield (959%), m.p. 238.5-240° dec., [«]%D
—26.3° (¢ 0.457, 1 N HCl); R; 0.34 in 2-butanol-formic acid-
water (75:15:10) and 0.70 in phenol-water (80:20), descending
15 hr., Whatman No. 1 paper.

Anal. Caled. for C;H;; N304 C, 46.74; H, 7.41;
Found: C,46.78; H, 7.56; N, 17.57.1

The C“ labeled free tnpeptlde was prepared by a similar pro-
redure; specific activity was 16.8 ue./mmole.'»

Carbobenzoxyglycyl-a-aminoisobutyryl-L-valine Benzyl Ester.
—To a solution of 1.47 g. (0.005 mole) of carbobenzoxyglyeyl-a-
aminoisobutyrie acid in 100 ml. of acetonitrile was added 1.03
g. (0.005 mole) of dicyclohexylearbodiimide; the mixture was
stirred at room temperature for 1 hr. A fresh filtered solution of
L-valine benzvl ester in acetonitrile [from 1.83 g. (0.005 mole) of
L-valine benzyl ester benzenesulfonate and 0.75 ml. (0.005 mole)
of triethylamine] was added; stirring was continued for 20 hr.
at room temperature. The acetonitrile was removed in vacuo,
and the residue was taken up in ethyl acetate and worked up as
usual. Recrystallization from hot absolute ethanol and ethanol-
ether yielded 1.60 g. (669) of protected tripeptide, m.p.
114-116.5°, [«]®D —26.7° (¢ 0.457, ethanol). A portion was
recrystallized from ethanol-ether for analysis, m.p. 115.5-118°.

Anal. Caled. for C?sHsstOa! C, 6458, H, 688, N, 8.69.
Found: C,64.66; H, 6.98; N, 8.59.

Glycyl-a-aminoisobutyryl-L-valine,—Catalytic hydrogenolysis
was carried out as described above on 0.97 g. (0.002 mole) of
the protected tripeptide. To remove any acetate associated
with the free tripeptide obtained, the product was dissolved
in 20 ml. of water containing a sixfold molar excess of ammonia,
lyophilized, redissolved in water, and lyophilized three more

N, 18.17.

times. Recrystallization from water—-alcohol-acetone yielded
0.50 g. (969%) of shiny plates, m.p. 240.5-241.5°, [«a]%®D

—11.0° (¢ 1486, 1 N HCl); R; 049 in 2-butanol-formic
acid-water (75:15:10) and 0.86 in phenol-water (80:20), de-
seending 15 hr.

Anal.  Caled. for C,\HyN30:: C, 50.95; H, 8.94;
Found: C, 50.99; H, 8.70; N, 16.02.

N, 16.21.

(9) The Vibro-Mixer was obtained from Fisher Scientific Co.

(10) A second portion of the carbobenzoxytripeptide benzyl ester was dis-
solved in methanol and subjected to hydrogenolysis as above, but in the
absence of acetic acid. The melting point of the free tripeptide obtained
was identical with that of the analytical saniple and with that of an equal
niixture of the two preparations.

3,6-Bis-p-dimethylaminobenzylidene-2,5-
diketopiperazine!

CARL T'ABB BAHNER AND WiLLIAM LONGMIRE
Carson~-Newman College, Jeflerson Ctiu, Tennessee
Received August 19, 1964

In preparing compounds containing systems of conjugated
dauble bonds by reaction of dialkylaminobenzaldehyde with
suitable ring compounds,? we attempted unsucecessfully to con-
dense p-dimethylaminobenzaldehyde with 2,5-diketopiperazine,
The desired componund was obtained, however, by nse of the
methiodide salt of this aldehyde. A mixture of 11.6 g. of the
quaternary salt, 2.2 g. of 2,5-diketopiperazine, 4.0 g. of sodium
acetate, and 12.0 g. of acetic anhydride was heated 3 hr. in an
oil bath at 170°, The resulting insoluble product was washed

(1) This research was supported by a United States I'nblic Health Service
Grant CA-03717-5 from the National Cancer Institute.

(2) C. Y. Bahner, J. Wilson, M. West, G. Browiler, J, G. Goan, C. Cook,
J. Fain, E, Franklin, and A. Myers, J. Org. Chem., 22, 683 (1957).

New CoMPOUNDS 821

with hot water and with hot methanol, then recryvstallized twice
from dimethylformamide. The tan crystals nielted at 340° 3;
they formed an orange solution in acetic acid which became
colorless on addition of a little concentrated HCl.

Anal. C.’Llcd. for C?QH21N402: C, 7020) H, 6.41.
C,69.98; H,6.18.4

Walker 256 tunior screening test showed C/T 0.85 at 400 mg./
kg.®; tissue culture screening test against KB cells in witro:
ED;y, 43 v/mlt

Found:

(3) Corrected for stem exposure; determined by use of Thiele tube.

(4) Average of two analyses by Weiler and Strauss, Oxford, England,

(5} We are grateful to Professor Alexander Haddow, Mr. J. E, Everett,
and Mr. B. C. V. Mitchley of the Chester Beatty Research Institute for data
on toxicity and activity against the Walker 256 tumor in rats weighing 200~
250 g. Each compound was administered as a single i.p. injection in arachis
oil on the day following tumor implantation or on the first day of the toxicity
observation. Tumor bearing animals were sacrificed approximately 8 days
later and the average weights of tumors in treated and untreated hosts re-
ported as the ratio C/T.

(6) Results of the standard KB tumor cell inhibition tests carried out
under sponsorship of the Cancer Chemotherapy National Service Center,

The Preparation of 4-Substituted
Benzothiadiazines

. MagyieyN,! W. Tom, aANpD W. OROSHNIK

U. S. Vitamin & Pharmaceutical C'orporation,
Yonkers, New York 10701

Recetved June 29, 1964
During our attempts to prepare cyclic analogs (I) of talbut-
amide, a publication? appeared setting forth the synthesis of Ia.

We have prepared Ia and twelve other 4-substituted analogs by
an alternate route according to Scheme I.

\qN—CHR ! redn.
SO.NH.

(IZHzR’

"L
NH
SO,

ScHEME 1

R NH.
\©i + R'CHO —
S0O;NH,

R NHCH:R’
\@ ures
~S0,NH;
Ia, R=CH;; R'=(CH,).CH;

In only one instance (15), when using 109 palladium on car-
bon in acetic acid solution, was catalytic reductlon of a Sehiff
base successful. When the Schiff bases were refluxed in acetic
acid with either di- or trimethylamine borane for 0.5 hr., pure
reduction products were obtained in yields ranging from 84—
99%. Schiff bases (12-14) prepared from para-substituted
benzaldehydes did not give pure products by this procedure.

The 4-pyridylethyl compound (21) was prepared by addition of
4-vinylpyridine to o-aminobenzenesulfonamide. All eyclizations
were carried out by heating the N-substituted sulfonamides with
urea at 200-205°.2 The N-pyridylethylsulfonamide was heated
at lower temperatures (ca. 170°) since at 200° deconiposition oc-
curred with loss of 4-vinylpyridine.

Experimental*

Schiff Bases.—These were prepared by mixing equimolar
amounts of the appropriate aniline and aldehyde in ethanol.
The mixtures were allowed to staud from 7-24 hr. at room tem-
perature, and the solvent was removed. Yields, analyses,
recrystallization solvents, and melting points are indicated in
Table I.

(1) Author to whom inquiries should be acdressed.

(2) D. L. 8ivinons, J. M. Dodsworth, amd . L. Chabb, Cus. J. Chem.,
41, 804 (1963).

(3) D. V. Park aud R. T Willinws, J. Chem. Soc., 1760 (1950).

(4) Melting points were determined on Iisher-Johns block with a cali-
brated thermometer. Analyses were perforiied by Midwest Microlab, Inc.



