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TaBLE 1
2-(N-ARYLAMINO)-1,3,2-DIAZAPHOSPHORINANE 2-OXIDES
o
HN_ g) _NH
|
NHAr
Yield, Yield, % mnitrogen:

Ar 9, crude M.p., °C. % pure M.p., °C. Caled. Found
VIII Phenyl 33 217-219 24 217-219 19.92 19.94
IX p-Methoxyphenyl® 59 181.5-183 14 190-190.5 17.45 17.51
X p-Chlorophenyl® 53 205-215 17 214-215 17.12 17.13
XI p-Tolvl® 27 . 14 224-225 18.68 18.84
XII m~Tolyl 85 228-233 30 233-234 18.68 18.63
XIII o0-Chlorophenyl# 18 165-166 17.12 17.31

a Recrystallized from absolute ethanol.
4 Recrystallized from water.

interesting that the first compound of this series to
undergo the screening (IX, Table I) exhibited 669,
and 787, inhibition in the first two trials against Car-
cinoma 755 even though this compound does not contain
the nitrogen mustard moiety. However, no activity
was indicated for the compound in further screening
against Carcinoma 755 or the other tumor systems.
The other compounds listed in Table T were also found
to be inactive.

Experimental

1,3-Diaminopropane was obtained from the Union Carbide
Chemicals Company.

N-Arylphosphoramidic Dichlorides.—These intermediates were
prepared by refluxing the arylamine hydrochloride in phosphorus
oxychloride, a method described by Michaelis and Schulze.®

2-(N-Arylamino)-1,3,2-diazaphosphorinane 2-Oxides (Table
I).—The general preparative method was to add approximately
0.1 mole of the phosphoramidie dichloride in 500 ml. of benzene
to a stirred solution of approximately 0.2 mole of the 1,3-diamino-
propane in 500 ml. of benzene. The addition took about 2 hr.,
with the reaction mixture remaining near 35°. The mixture
was stirred for an additional 1 hr, and then the white solids which
had precipitated during the reaction were collected on a Buchner
funnel. This residue was allowed to dry thoroughly in the air.
The separation of the product from the 1,3-diaminopropane di~
hydrochloride was accomplished either by method A or method B.

A.—This method was used in obtaining compounds VIII and
IX. For example, with compound VIII there was 37 g. of dry
solid ¢nllected from the reaction. This was boiled with 400 ml. of
water until almost all of the material had dissolved. The hot
solution was filtered through a fluted filter and then allowed to
cool to room temperature. A total of 20 g. of sodium carbonate
was slowly added to the solution, with stirring, and 3.5 g. of
white solid separated. Cooling the solution overnight furnished
an additional 3.5 g. of this material. A final 4.1-g. portion of
crude product was obtained by distilling one-half of the solvent
and cooling the remaining solution. Three recrystallizations
from methanol gave 5.1 g. (249,) of crystals, m.p. 217-219°,

B.—This general method was used for compounds X-XIII
and is given for compound XII, prepared in a reaction with a
theoretical yield of 0.135 moles of product. The dried solids
from this reaction weighed 51.4 g. They were powdered and
stirred into 300 ml. of water containing 17.5 g. of sodium car-
bonate. The mixture was stirred for 0.5 hr. and then the sus-
pended material was collected and dried in & vacuum desiceator.
It was again powdered and stirred for 0.5 hr. in 1530 ml. of warm
water containing 3.5 g. of sodium carbonate. The suspended
solid, after collecting and drying, weighed 23.5 g. (859%) with a
228-233° m.p. range.

An 8-g. portion of the crude material was stirred in 120 ml. of
refluxing ethanol and 20 ml. of 5%, sodium carbonate solution was
added. Then 40 ml. of ethanol was gradually added to the

(9) A. Michaelis and G. Schulze, Ber., 26, 2937 (1893).

b Recrystallized from benzene-methanol (4:1). ¢ Recrystallized from ethanol-water (2:1).

mixture. The resulting cloudy solution was filtered while hot.
The clear filtrate was cooled and 4.8 g. of colorless erystals, m.p.
230-231°, separated. A final recrystallization was accomplished
from 80 ml. of 909, ethanol which contained 0.15 g. of sodiuni
carbonate. There was obtained 2.9 g. (309 of theory, by pro-
portion) of solid, m.p. 233-234°,

The recrystallization solvents for other compounds are listed
under Table I,
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Company for supplying some of the 1,3-diaminopropane
used in this research.
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The monoamine oxidase (MAQ) inhibitory activity
in an earlier series of acylated and carbalkoxylated
aralkyl hydrazines appeared to be dependent upon
hydrolysis of the blocking groups to the free aralkyl
hydrazines.! Since the relative degree of MAO in-
hibition in the brain and liver caused by some inhibitors
of the hydrazine type depends on the route of drug
administration,? the possibility was considered that
specificity of inhibition, independent of route of ad-
ministration, could be achieved if the hydrolysis of a
blocked hydrazine were catalyzed by an enzyme, es-
terase or amidase, specific to a particular organ, for
example, the brain, Table I shows the results of a
study of brain vs. liver localization of the inhibition with
several new MAOQ inhibitors injected subcutaneously or
given orally.

One of the compounds, VIII in Table I, the least
potent of the group, exhibited greater inhibition in the

(1) F. E. Anderson, D. Kaminsky, B. Dubnick, 8. R. Klutchko, W. A.
Cetenko, J. Gylys, and J. A. Hart, J. Med. Pharm. Chem., §, 221 (1962).
(2) A. Horita, Tozicol. Appl. Pharmacol., 8, 474 (1961).
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AL Leegon. R. Leverett, D). F. Morgan, and G. 15 Phillips, J. Pharmacol. Exptl. Therap., 140, 85 (1063).

Tapre 11
X (FEIZ)TJ
0

RN—-(CHa),,

-0 Carbon-—~ -9 Hydrogen--« .—t7 Nitrogen- -

R AM.p. Ib.p.t, °CL I'orinnlp Caled. Fouand  Caled, Fonnl Calerl. Yonml
A, 3-Aninooxazolidinone Derivatives (n = 0, m = 2, N = )
CyH;CH=N— 43144 CoH N0 63,15 63.03 5.30 5.41
CH,CH:NH--- 1O 5151 CiwH N0, - HCL 52.52 5257 573 5.88 (1a.50 15.18)
CyH:CHsCH==N - 06--08 CuHpNO, 646D 64.82 5.92 6.07 13.72 13.80
CH,CH.CH.NH--- 125-127 CnHL,N.0:-HCL SR 5404 623 648 RIS T N Y]
p-ClCsH CH==N - Fr2-174 CioH yCINLO.
p-CIC;H,CH.NH-- 90-42 CwHLCINGOs H2.04 H2.760 4.R) 4 06 12,36 12,31
CHCH:C(CHy =N~ [04-96 (2.5 nm.))? CHNLO,
CH,CH.CH(CH,)N - 133--134 C;HLN.OL-HCI 3010 42,04 77T T ORTY .30 1425
BB. B-Awinomorphotine Derivatives (n = 1, w = 2, N = Ha)
CeH;CH=N—- 0192 CHHLNLO 60,44 6050 T.o42 T .54 .73 1165
CeH,CH.NH-~ 2312337 CaHiN20-HCl HT.TG A8.02 T THa 0 12025 121
CH;CH.CH==N~ [124 (0.7 mm. ¥ CraldieN-0 .06 708 7.00 815 1372 14.00
CHCHCH.NH— 168170 CoHyN.O - HCI HL3T O H0.54 T.80 T.8G (1461 B4
p-CHCHWCHCH(CH ) NH— 16:2-1G3" CrHau N 05 HCI AT.24 ST 42 T.T6 770 10,27 10,07
C. I-Aminomorpholinone-2 Derivatives (r = I, m = 2, X\ = ())
CH;CH=N-- 132154 CuH N0 64.69 64.81 5.92 6.05 13.72  B3.56
CH:CH.NH--- 67-60 CoHLNLO. G106 64.31 6.8+ 6.83 13.58 13.39
“ Lit.! m.p. 43-145°. * Base, 1it> m.p. 70°, © Chlorine analysis.  n®n LASE2. © Base, b.p. 74-76° (0.2 mm.). * Base, b.p.

FEA-117° (045 mnn). ¥ n%p 1.3555. " Tntermediate hydrazone not isolated.

brain than m the Hver, when given orally. Whether
thig is a result of greater hvdrolysis of the compound
within the brain is a matter of speculation,

With several of the disubstituted hydrazines the per
cent inhibition in the brain and liver was similar by both
routes of administration, a pattern rather different from
that observed with benzylhydrazine and other mono-
substituted hydrazines, but similar to nialamid.*?

The hydrazones were prepared, in most cases, by
condensing an aldehyde or ketone with the appropriate
N-amino compound in an alcoholic solution. Cata-
Ivtic reduetion (Paar hydrogenator, 7-109; Pd/C)
of the intermediate hydrazones vielded the trisub-
stituted hydrazines in 80-90% vields. The physical

o B, Dubniek, nnpablished observations in these laboratories.

properties and analyses are listed in Tables IT and 111,

The N-amino compounds were prepared by pub-
lished procedurest™* with the exception of N-aminomor-
pholine which was commercially available and 1-amino-
3,5-dimethylhydantoin, which was prepared in siiw
by the electrolytic reduction of 1-nitro-3,i-dimethyl-
hydantoin. This method was required since catalytic
and chemical reduction methods caused either cleavage
of the N-N bond (isolation of 9,5-dimethylhydantoin)
or caused no reduction to oceur.

() G, Gever, O, O'Neefe, G. Drake, I,
layes, J, Am. Chem. Soe., TT, 2277 (19507,

(B, Delaby, €0 Warolin, and 10 Beasthein, Croupi. evnd,, 238,
[RMERRN

i3 6, Diels mel 11 Grabe, Beeo, 83, 851 4 11263,

Fbetino, 1. Michels, and N.
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R M.p., °C. Formula Caled. I*omnnl (taleil. Found Caled. I*onnd
A. I-Amino-3,3-dimethylhydantoin Derivatives (Y = (CH;), X = )
CHH,CH::\'— 190-192 CroHis N, O
CH.CH.NH— 132-133 CuHisN0, 61.78 61.55 (.48 6.55 18.02 17.01
B. 4-Aniinourazole Dertvatives (Y = O, X = NH)
CﬁH;CHZX_ 235-257" CQH5N4()Q
CsH,.CH.NH— 240-251 CyHuN 40, 32.42 52.33 +4.89 4.83 2717 27.08

% Lit.'? m.p. 191-192.

Experimental’

The Il-aminonmiorpholine used was a commercial sample ob-
tained fronmt Food Machinery Corp. Published procedures were
used to prepare 3-aminooxazolidinone,® l-amino-2-morpholi-
none,® and 4-aminourazole.” The 3-benzylideneamino-2-ox-
azolidinone and 3-phenethylidineamino-2-oxazolidinone were
also prepared by the method of Gever, et al.,* starting from the
liydrazino aleohol. The I1-benzvlidineamino-3,5-dimethylhy-
dantoin was also prepared by the method of Bailey and Read."
Condensation of p-chlorobenzyl chloride with 3-amino-2-ox-
azolidinone in aleoholic solution resulted in a 109} yield of 3-
{p-chlorobenzylamino)-2-oxazolidinone.

1-Benzylidineamino-5,5-dimethylhydantoin (Electrolytic
Preparation.)—Utilizing the set-up described in “'Organic Syn-
theses,” ? a mixture of 57 g. (0.33 mole) of 1-nitro-3,5-dimethyl-
hydantoin and 1500 ml. of 2097 H.80, was subjected to a current
of 15 &= 1 amp. at ¢a. 6 v./8 hr. The temperature was main-
tained at 5-10° by stirring in an ice-salt bath. At the end of the
8-hr. period, approximately 800 ml. of electrolyte was removed
under vacuuni, and the residue was filtered and neutralized (to
pH 7) with solid sodium hydroxide in an ice bath. A solution of
53 g. (0.5 mole) of benzaldehvde in 500 ml. of 959 ethanol wasg
added, and the miixture was heated to boiling and put aside to
cool. After standing overnight in a refrigerator, filtration yielded
off-white crystals. Recrystallization from 509 aqueous ethanol
resulted in colorless crystals (26.4 g., 56%,), m.p. 190-192°.

(7) All melting points are corrected.

(8) British Patent 735,169 (1955).

(9) J. Shavel, Jr., F. Leonard, F. H. Mc¢Millan, and J. A, King, J. Am.
Pharm. Assoc., 42, 402 (1953).

(10) A. M. Munro and F. J. Wilson, J. Chem. Soc., 1257 (1928).

(11) J. R. Bailey and W. T. Read, J. Am. Chem. Soc., 37, 1884 (19153).

(12) H. Gilman and A. H. Blatt, "'Organic Syntheses,” Coll. Vol. I, 2nd
Ed., John Wiley and Sons, Inc., New York, N. Y., 1941, p. 483.

The Synthesis of 2-Amino-3-triluoromethyl-
butyric Acid!

D. F. Loncrixni®sb anp H. M. WALBORSKY
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The synthesis of amino acids containing a terminal
trifluoromethyl group as possible amino acid antago-
nists has been reported.® Of several amino acids pre-

(1) This investigation was supported by the National Cancer Institute of
the National Institutes of Health, Public Health Service.

(2) (a) Taken froni a portion of the thesis submitted by D. F. Lonerini in
partial fulfillment of the rsquirements for the Ph.,D. degree in Chemistry,
Florida State University, 195G; (b) General Electric Co., Insulating Ma-
terials Department, Schenectady, N. Y.

(3) (a) H. M. Walborsky and M. Schwarz, J. Am. Chkem. Soc., 76, 3241
1953);  (b) H. M. Walborsky, M. Blum, and D. F. Lonerini, 7bid., 77, 3637
{1955y () H. M. Walborsky and M, Banm, J. Org. Chem., 21, 538 (1956).

pared, only 2-amino-5,5,5-trifluorovaleric acid greatly
inhibited the growth of FEscherichia coli. This en-
couraged the synthesis of the corresponding isomeric
acid, 2-amino-3-trifluoromethylbutyric acid, viz., 4,4,4-
trifluorovaline.

Walborsky, et al.,® have shown previously that the
ammonolysis of ethyl 2-bromo-4,4,4-trifluorobutyrate
gave 3-amino-4,4,4-trifluorobutyramide instead of the
expected 2-amino isomer. The mechanism for this
transformation was postulated®® as an initial loss of
hydrogen bromide to give ethyl 4,4,4-trifluorocrotonate
followed by the addition of ammonia into the B-posi-
tion. This was confirmed from the fact that addition
CF;CH,CHBrCOOC,H; —H—i CF;CH=CHCOOC;H; —I\E{—;

CF;CH(NH,)CH,CONH,

of gaseous ammonia to ethyl 4,44-trifluorocrotonate
and ammonolysis of ethyl 3-bromo-4,4,4-trifluoro-
butyrate with concentrated ammonium hydroxide
gave the same 3-amino compound. The desired com-
pound, 2-amino-4,4,4-trifluorobutyramide, was finally
obtained byutilizing the less basic and more nucleophilic
azide ion to decrease the tendency for elimination and
favor the direct displacement of the bromine atom.3¢
Since it was anticipated that ammonolysis of ethyl

2-bromo-3-trifluoromethylbutyrate would yield the
3-amino compound by a similar mechanism, displace-
ment. of the bromine atom with azide ion was chosen as
the best possible path to the desired a-amino acid.*

(1) PCl:-Br.
CF;CH(CH;)CH,COOH

(2) C:H;0H

NaN;

N
CF;CH(CH;)CHBrCOOC,H; ——>

) (1) Pd-H;
CF;CH(CH;)CH(N;)COOC,H; —-—)—HO—>
(2 0

CF;(CH)CH;CH(NH,)COOH

Refluxing 3-trifluoromethylbutyric acid with bromine
and phosphorus trichloride for several hours, followed
by dilution with anhydrous ethyl alecohol, afforded a
329, yield of the a-bromo ester. Treatment of the
bromo ester with a large excess of sodium azide gave the
a-azido ester which was subsequently hydrogenated
with palladium and finally hydrolyzed with concen-
trated hydrochloric acid. This final step afforded a
56.59, yield of practically pure amino acid.

(4) Tt was recently demonstrated [I. L. Knunyantsand Yu, A. Cheburkov,
Bull, Acad. Sci. USSR, Div. Chem. Sei. (English Transl.), 6, 977 (1961);

Chem. Abstr., 88, 27046 (1961)] that nucleophilic reagents add at the 3-
position of 3-trifluoromethiylerotonic acid as we had anticipated.
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