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B=(1-Azirdiinyl)ethyl Propionate (XX).—When methyl pro-
pionate was used in place of ethyl acetate in the procedure as de-
scribed under XIX, XX was obtained.

g-(1-Aziridinyl)ethyl n-Butyrate (XXI).—Methyl n-butyrate
was used instead of ethyl acetate in the synthesis of XIX; the
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butyrate was obtained as a colorless oil.
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The conversion of methyl pi-phenylalanate (IV) to the a-mustard (III) of pi-phenylalanine is described.
Reaction of methyl pL-phenylalanate with ethylene oxide gave 3-benzyl-4-(2-hydroxyethyl)morpholin-2-one.

This reacted with ammonia to give 2-{bis(2-hydroxyethyl)amino]-3-phenylpropionamide.
Neither the a-mustard nor the morpholine mustard (VII)

lowed by acid hydrolysis gave the a-mustard (III).

Chlorination fol-

exhibited significant antitumor activity against Walker 256 Sarcoma, Sarcoma 180, Adenocarcinoma 755, and
Leukemia 1-1210. 2-[Bis(2-chloroethyl)]amino-3-phenylpropionamide was inactive against Walker 256 Sarcoma.

A biological rationale has been proposed? to account
for the differences in antitumor activity of the clinically
interesting nitrogen mustards, p-phenylalanine mustard
(I)® and chlorambucil (II), against a variety of trans-
planted tumors in mice. Briefly, it was suggested?
that, in those systems where I was active and II was
inactive, the mustard (I) fit an enzyme site normally
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N(CH,CH,Cl),
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occupled by i1-phenylalanine primarily by attach-
ment through its amino and its carboxyl groups; on
the other hand, in the Walker 256 sarcoma, which is
affected by both I and II, only attachment of the alkyl-
ating agent through its carboxyl group was required.
It was of interest to prepare the related compound III
and to compare its antitumor activity with that of I
and II as a test of the above hypothesis. However, it
is possible that the difference in bulk and basicity of
the bis (2-chloroethyl)amino group may obscure these
comparisons. The a-mustard III is also of interest for
comparison with the «-mustards of glycine and pr-
alanine which Izumi® prepared and found to be more
hydrophilic and less toxic than the simple nitrogen
mustards like HN2, The synthesis of III, the first
reported a-bis(2-chloroethyl)amino type of mustard of

(1) This work was carried out under the auspices of the Cancer Chemo-
therapy National Service Center, Natlonal Cancer Institute, National In-
stitutes of Healtl, Public Health Service, Contract No. SA-43-ph-1892.
The opinions expressed in this paper are those of the authors and are not
necessarily those of the Cancer Chemotherapy National Service Center.

(2) H. F. Gram, C. W, Mosher, and B. R. Baker, J. Am. Chem. Soc., 81,
3103 (1939).

(3) F. Bergel, V. C. E. Burnop. and J. A. Stock, J. Chem. Soc., 1223
(1955): F. Bergel and J. A. Stock, ¢bid.. 2409 (1954): L. F. Larinov, Lancet,
269, 169 (1955).

(4) J. L. Everett, J. J. Roberts, and W. C. J. Ross. J. Ckem. Soc., 2386
(1953).

(5) M. Izumi, Chem. Pharm. Bull. (Tokyo), 3, 275 (1954).

an aromatic amino acid, is the subject of this manu-
script.

Reaction of ethylene oxide with methyl pr-phenyl-
alanate (IV) in methanol gave the morpholone (VI)
as a liquid that was characterized as the crystalline p-
nitrobenzoate. Treatment of VI with aleoholic po-
tassium hydroxide afforded the crystalline potassium
salt (VIII) that recyclized to the morpholone (VI) on
acidification. Ammonolysis of VI in liquid ammonia
gave an excellent yield of the crystalline amide IX,
which could also be obtained by the reaction of the
amide V with ethylene oxide. The action of thionyl
chloride on IX afforded the crystalline mustard amide
(X) as the hydrochloride. Hydrolysis of X with 6 ¥
hydrochloric acid at 85° for 4 hr. gave the hydrochlo-
ride of the a-aminomustard (III), which melts over
a broad range, in a state of analytical purity. All at-
tempts to recrystallize III failed, perhaps because of
its tendency to lose hydrogen chloride. Thus, at-
tempts to dry the hydrochloride of III ¢n vacuwo at 56°
for 45 hours yielded essentially the morpholone (VII)
hydrochloride. The free base III could apparently be
formed by washing a chloroform solution of the hydro-
chloride of ITI with water but it slowly cyclized to the
hydrochloride of VII in the chloroform solution. For
comparison, the N-hydroxyethyl morpholone (VI) was
converted to the morpholone (VII) hydrochloride with
thionyl chloride.

A number of unsuccessful routes to IIT were explored.
Thus, the Strecker synthesis utilizing bis(2-chloro-
ethyl)amine, cyanide ion, and the bisulfite addition
product of phenylacetaldehyde failed to give the nitrile
precursor of III. This. method, successful in the gly-
cine and alanine mustard synthesis of Izumi,’ was un-
successful when applied to the synthesis of higher homo-
logs here and elsewhere.

Izumi® also successfully condensed chloroacetic acid
with diethanolamine to yield N,N-bis(2-hydroxyethyl)-
glycine, the precursor of glycine mustard. In our
hands, the condensation of diethanolamine with the

(8) The work of M. Ishidate, Y, Sakurai. and I, Aiko, 4bid., 8, 732 (1960),
became available to us after we had tried the same reaction.



410 LEE, Toxg, MarTiNEzZ, WEINSTEIN, SCHELSTRAET, BAKEN, aND (GOODMAN Vol 6

)
i
&

VAN ; i

CoH,CH-CHCOR CeH,CHHC 0 CsH;CHoCHCO, 210

— ! L= ‘
NH. RCH,CH,N CH, N(CH:CHOH).
IV, R = OCH; ~N VI

V, R = \.H: (‘H’l
/ VI, R = OH
VI R = €l

CyH,CH.CHCONH. —>  CeH;CH-GHCONH. ~> CoH;CHCHCOLH

N(CH.CH.OH ) N(CHLCHACL N{CHCH.Chy,
X X 171

a-haloanilides (XTI and XII) was unsuccessful. How-
ever, the a-bromopropionanilide (XVII), under the

NO,
RCHz(IZHCOI\'H
NI X = ClL, R = CgH,
XIL, X = Br, R = CsH,
XII, X = NHCO.CH.CiH;, R = CiH,
XIV, X = NHy, R = CH,
XV, X = N(CH.CH:OH ), R = CH,
XVILX = Br,R = H
XVII X = N(CH.CH,0H),, R = H
XIX, X = N(CH.CH,Cl)»-HCl, R =H

conditions that led to the dehydrohalogenation of XII
to N-(m-nitrophenyl)cinnamide (XVI), afforded the
¢rystalline bis(2-hydroxyethyl)amine (XVIII). This
gave the crystalline mustard (XIX), but hydrolysis of
XIX did not yield the crystalline w-alanine mustard.®

The bis(hydroxyethyl)amine (XV) was not obtained
by the reaction of ethylene oxide with the amine (XIV)
under a variety of conditions. The amine (XIV)
was prepared by hydrogen bromide cleavage of the
carbobenzoxy derivative (XIII). The m-nitroanilide
group was employved in the above synthetic efforts as a
potentially hydrolyvzable group that gave distinetive
infrared absorption bands and permitted paper chro-
matographic identification of derivatives by examina-
tion with ultraviolet light.

The mustards ITI, VII, and X7 all as the hydrochlo-
rides, were found to have insignificant activity against
Walker Sarcoma 256 in the rat. The first two, IIT and
VII, also showed insignificant activity against the three
mouse tumors, Sarcoma 180, Adenocarcinoma 753, and
Leukemia L-1210. Compounds IIT and VII were quite
toxic; for example in the S-180 testing, the non-toxic
but inactive doses were of the order of 5-10 mg. ‘kg.,
day.

The inactivity of IIT ag compared with I and IT does
not permit a satisfactory test of the biological rationale?*
proposed for the preparation of III. Possibly the bulky
a-mustard group of IIT interferes with enzyme bind-
mg. In comparison with glycine and alanine mustards
which are active against S-180 and 1.-1210,® the a-
phenylalanine mustard (III) is inactive.

(7) Cowpounds I1I, VII, and X were screened under the awspices of the
Cancer Chemotherapy National Service Center according to its protoeols.
(8) Cancer Chemotherapy Rept., T, 99 (1960).

Experimental®

3-Benzyl-4-(2-hydroxyethyl)morpholin-2-one  {VI).—A  s0-
lution of 15.0 g. (0.083 mole) of methyl pL-phenylalanate (1V3,
100 ml. of methanol, and 15 ml. of ethylene oxide (0.30 mole) in s
stoppered flask was stirred at 25° for 64 ir. Evaporation of the
solvent in vacuo left 21.1 g. (1089%) of product as a light oil suf-
ficiently pure for preparation of the aniide (IX) and the morph-
lone mustard (VII): A%, 2.95, 9.4-9.7 (OH), 5.75 (carbonyl).
The morpholone (VI) appeared to contain essentially no mono-
hydroxylation product since the acetylation product showed no
amide carbouyl absorption in the infrared.

Reaction of 1.50 g. (5.60 muoles) of tlie morpholone (V1
with 2.15 g. (11.6 mnioles) of p-nitrobenzoyl chiluride in pyridine
gave 1.33 g. (629) of the mono-p-nitrobenzoste, ni.p. 125-128°.
Trituration with boiling ether gave an analytical sample, m.p.
133-184°; ANnet. 5.74, 5.82 (C=0 of benzoate and morpholore),
6.51,7.39, (NO»); R:0.88in A, 0.06in B.*

Anal. Caled. for CoHeN:0s: C, 62.5; H, 5.24; N, 7.29.
Found: C, 62.5; H, 5.58; N, 7.20.

Potassium 2-[Bis(2-hydroxyethyliamino]-3-phenylpropionate
(VI .——A solution of 0.62 g. {2.30 mnioles) of the morpholone
(VIv and 4.7 ml. of 0.5 N ethanolic potassium lhyvdroxide was
heated at reflux for 15 min., the solution was evaporated to dry-
ness, and the residne was triturated with acetoue to leave 0.70 g.
(1039%) of white crystals, m.p. 183-188°.  Recrystallization frora
absolute ethanol gave 0.61 g. (8977) of the potassium salt (VIII)
as white crystals, nup. 192-103°: \¥¥% . 3.15, 9.30, 9.70 (OH),
6.24, 7.12 (COO~7); R¢ 0.24 in A, 0.75 in C,’ using mercuric
chiloride—~potassium iodide spray for detection.

Anal. Caled. for CpHRKNO:: C, 53.6; H, 6.23; K, 13.4;
N,4.82. Found: C, 32.8; H, 6.10; K, 13.5; N, 5.06.

2-[Bis(2-Hydroxyethyl)amino]-3-phenylpropionamide (IX:.
A, From the Morpholone VI.-—A precooled stainless steel bomb
was charged with 0.72 g. (3.1 mniwoles) of the morpholone (V1)
and 3 ml of liquid ammonta, sealed, and allowed to stand ar
room temperature for 66 hr.  The bomb was cooled and the
contents were dissolved in 200 ml. of absolute ethuunol.  Fvap-
aration in racwo of this solution left 0.75 g, (9771 of au oil that
crystallized. Two recrystallizations from methylene chloride
gave 0.60 g. (787) of the produet, m.p. 100-101.3°, A5
3.01, 3.09, 3.19 (OH. NH), 3.95 (amide C==0)), 9.39, .50 {C~OH):
R;0.67in A, and 0.66 in D.*

Anal.  Caled. for CeHypN:Oy: C, 61.9; H, 798 N, 115,
Found: C,61.8; H,S.24; N, 11.2.

The same reaction run in methanol at raom teraperature for
for 72 hr. gave a 359, yield of IX.

B. From Phenylalanamide (V:.—The reaction of 50 nd. of
ethylene oxide and 0.65 g. (3.96 nuuoles) of phenylalanamide
(V) for 72 hr. by the procedure used for preparing V1 gave 0.35 g.
(35%) of IX, m.p. 97.5-98.5°, identical in all respects with IX
prepared by pracedure A.  Optimnm reaction conditions were
not established.

3-Benzyl-4-{2-chloroethyl ;morpholin-2-one (VII; Hydrechlo-
ride.—To a stirred suspension of 28.7 g (0.113 aole) of the

79) Melting points weee ohiained  with s Fisher -Jolias  aopacatus.
Paper ¢hromatograms weee o by cle descending teelnique on Whatwan
No. 1 paper and tlre sypacs were Cletected visually ander alivavioleo ligle,
unless otlierwise aoted.  Wlhern aa K value is given, the waterwd is howo-
geaeous unless otlerwise indicated. Tle solvent systewys dsed were: A,
water-saturated 1-batanol: B, herzee-watec-niethandal (2,1,'6) Sebleiclier
and Seclell No. 2496 papec; €. benzene-water—aethanol (2,'1,6) Whatraan
No. 1 papec: D, 1-butanol-acetie soid —water (5./8,/2): E, 5% lisodium Ly~
drogea phosphate.
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hydroxymorpholone (VI), in 120 ml. of methylene chloride cooled
in an ice bath was added dropwise 72.6 g. (0.610 mole) of thionyl
chloride. The clear amber solution was stirred at room tem-
perature for 60 min., then at reflux temperature for 30 min., and
was finally evaporated in vacuo to a dark oil. The evaporation
was repeated after each of three additions of 200-ml. portions of
methylene chloride. The residue was refluxed in ether, de-
canted, and the gummy residue taken up in 150 ml. of methylene
chloride. After 1 day at 5°, the white crystals were collected,
washed with cold solvent, and dried to afford 14.8 g. (45.2%)
of VII-HC], m.p. 114-119° (softening at 100°); ANe. 4.4 (NH™),
5.72 (C=0).

Anal. Caled. for 959, Ci:H;sCINOHCI (the salt) and 5%
CuHsCINO; (the free base): C, 54.2; H, 5.93; C], 23.9; Cl-,
11.6; N, 4.86. Found: C, 54.5; H, 5.83; (I, 23.8; Cl—, 12.2;
N, 4.69.

2-[Bis(2-Chloroethyl)amino)-3-phenylpropionamide (X) Hy-
drochloride.—To 1¢ ml. of thionyl chloride, stirred and cooled
in an acetone-Dry Ice bath, was added 1.0 g. (3.96 mmoles)
of the bis(2-hydroxyethyl)amide IX. The mixture, protected
from moisture, was removed from the cooling bath and allowed to
stir for 0.5 hr. at room temperature. During this time some
precipitate appeared and redissolved. The solution was diluted
with methylene chloride, stirred for 1 hr. more, and evaporated
to dryness ¢n vacuo (25°, 15 mm. ), the evaporation being repeated
after the addition of 25 ml. of 1,2-dichloroethane. The dark resi-
due was triturated with 25 ml. of 1,2-dichloroethane to afford
0.87 g. (689%) of a white, crystalline material, m.p. 123-128°.
Trituration with ethyl acetate left 0.70 g. (55%) of solid, m.p.
136-139°; ANuel 3,00, 3.16 (N—H), 4.15 (NH*), 5.90 (amide
C=0); R: 0.85 in A, 0.93 in D, detected with the mercuric
chloride—potassium iodide spray.

Anal. Caled. for C;HisCLN.O-HCI: C, 147.9; H, 5.88; C],
32.6; Cl—, 10.9; X, 864. Found: C, 47.4; H, 5.87; CI, 32.0,
Cl—, 10.9; N, 8.64.

This mustard amide appears to be a potent skin irritant and
should be handled with proper precautions.

2-[Bis(2-Chloroethyl)amino}-3-phenylpropionic Acid (III) Hy-
drochloride.—A mixture of 15.0 g. (0.046 mole) of the mustard
amide (X) hydrochloride and 75 ml. of 6 N hvdrochloric acid
was heated at 85° for 4 hr. The resultant solution was evap-
orated in racuo 1o give a tan gnm which was extracted with ten
150-ml. portions of methylene chloride. The combined extracts
were dried, evaporated to 75 ml. in vacuo at 30-40°, and cooled
to 5°. The precipitate was collected, washed with cold methylene
chloride, and dried at room temperature in vacuo to afford 9.22 g.
(615%) of crystalline produet, ni.p. 98-110°; Ay, 3.4-4 (NH™
and COOH), 5.75 (acid C==0); R: 0.77 in E,? detected by mer-
curic chloride-potassium iodide spray.

Anal. Caled. for CeHeCLNO,HCl: C, 47.9; H, 5.55; Cl,
32.6; Cl—, 109; X, 4.29. Found: C, 47.7; H, 5.32; Cl], 32.7;
Cl1-, 11.0; N, 4.50.

No suitable solvent for recrystallization was found, and no
crystalline derivative was obtained, using picric, pierolonic, and
styplhnic acids. Optimum hydrolysis conditions were determined
by following the disappearance of the amide band in the infrared
spectrum. A sample of III heated at 56° (0.1 mm.) for 45 hr.
afforded a gum whose infrared spectrum was similar to that of the
morpholone hydrochloride (VII-HCI).

Anal. Caled. for VII.HCL: Cl, 24.4;
Cl,23.0; Cl—,12.4.

2-Chloro-m/-nitro-3-phenylpropionanilide (XI).—A suspension
of 5.36 g. (0.039 mole) of m-nitroaniline in 50 ml. of methvlene
chloride was slowly added to a stirred solution of 3.94 g. (0.019
mole) of 2-chloro-3-phenylpropiony! chloride® in 25 ml. of
methyvlene chloride. The mixture solidified within a few minutes
and the cake was collected and washed with three 50-ml. portions
of methylene chloride. Hydrogen chloride was bubbled through
the combined filtrates for a few min., the mixture was filtered,
and the filtrate evaporated to dryness in vacuo. The residue was
recrystallized from benzene to afford 3.87 g. (65%) of product,
m.p. 98-99°; AVl 307 (NH), 5.93 (amide C=0), 6.44, 6.50
(amide IT, NOg), 740 (NOs). R:0.19in B. This failed to react
with diethanolamine under a variety of conditions.

Anal.  Caled. for CisHeCIN:O;: C, 39.1; H, 4.30; Cl, 11.6;
N, 9.20. Found: C,59.0;, H,4.12; Cl, 11.5, N, 9.47.

Cl—, 12.2. Found:

(10) L. Knunyants and N. P. Gambaryan, Izv. Akad. Nauk: SSSR, Otd,
Khim. Nauk, 1037 (1955); Chem. Abstr., 50, 11277 (19386).
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2.Bromo-m’-nitro-3-phenylpropionanilide (XII).—From 21.2 g.
(0.086 mole) of 2-bromo-3-phenylpropionyl chloride!! and 27.6 g.
(0.20 mole) of m-nitroaniline was obtained 23.9 g. (809%) of
crude product by the procedure used to prepare XI. This was
suitable for use in the next experiment.

Three crystallizations from benzene gave an analytical sample,
m.p. 137-139°; Ao, 3.09 (N—H), 5.94 (amide C=0), 7.35
(NO2); R:0.17in B.

Anel. Caled. for CsH,;;BrN.0;: C, 51.6; H, 3.75; Br, 22.9;
N,8.02. Found: C, 51.4; H,3.39; Br, 22.8; N, 8.03.

N-(m-Nitrophenyl)cinnamamide (XVI). A. From XII.—A
solution of 1.75 g. (5 mmoles) of the bromoanilide XII and 1.16 g.
(11 mmoles) of diethanolanine in 50 ml. of ethanol was heated
at reflux for 3.5 hr., the solvent was removed in sacuo, and the
gummy residue was digested with a small volume of boiling
benzene to give 0.73 g. (549%) of XVI, m.p. 160-163°. Two
recrystallizations from benzene gave the analytical sample of
XVI, m.p. 170-171°; @7 500 222 (e 22,400), 227 (e 20,800)
shoulder, and 296 (e 39,500); Ak, 3.01 (N—H) 5.94 (amide),
7.38 (NOz); R;0.21in B,

Anal. Caled. for CsHpN,O5: C, 67.2; H, 4.51; N, 10.4.
Found: C,67.3; H,4.24; N, 10.4.

B. From Cinnamoy] Chloride.—From 1.67 g. (10 mmoles) of
cinnamoy! chloride and 3.04 g. (22 mmuoles) of m-nitroaniline
there was obtained, by the procedure used for preparing XI,
0.22 g. (8.2%,) of XII, identical in all respects with that prepared
above.

2.Bromo-m-nitropropionanilide (XVII).—From 14.5 g. (0.105
mole) of m-nitroaniline and 9.80 g. (0.052 mole) of 2-bromo-
propiony! chloride,!? using the procedure for preparing XI, there
was obtained 11.5 g. (81%) of product, m.p. 99-100°, and a second
crop of 1.15 g. (8%), m.p. 92-95°. The analytical sample, m.p.
104-105°, was obtained by sublimation in vacuo; AL,
3.16 (NH), 6.01 (amide), 7.41 (NO;) and 13.5 (phenyl); R
0.301n B.

Anal. Caled. for C.HBrN:Os: C, 39.6; H, 3.32; N, 10.3.
Found: C, 39.5; H,3.38; N, 10.6.

2.-[Bis(2-Hydroxyethyl)amino]-m-nitropropionanilide (XVIII).
—A solution of 7.79 g. (0.029 mole) of the bromoanilide
(XVII) and 5.68 g. (0.054 mole) of diethanolamine in 50 ml.
of ethanol wag heated at reflux for 4 hr., evaporated to dryness,
and the residue partitioned between 50 ml. each of benzene and
water. The water layer was repeatedly extracted with benzene
and ether. From the total organic extracts was obtained 4.14 g.
(499%,) of product, m.p. 90-93°. Recrystallization from ethyl
acetate gave an analytical sample, m.p. 95-98°; R;0.55in B.

Anal. Caled. for CpHpN:0:: C, 52.5; H, 6.44; N, 14.2.
Found: C,52.8; H,6.70; N, 13.9.

2.{Bis(2-Chloroethyl)amino) -m-nitropropionanilide (XIX) Hy-
drochloride.—To an ice-cooled, stirred portion of 1.45 g. (4.90
mmoles) of the bis(2-hydroxyvethyl)anilide XVIII was added
dropwise 5.0 ml. (69 mmoles) of thionyl chloride. The mixture
was allowed to warm to room temperature (during which time
XVIIT dissolved), refluxed for 30 min., and evaporated in vacuo
to leave an amber gum. The evaporation was repeated each
time after the addition of two 15-ml. portions of chloroform and
three 15-ml. portions of methylene chloride. The residue was
triturated witl: 5 ml. of methylene chloride, collected, and washed
with methylene chloride to afford after drying, 1.19 g. (66%) of
XIX as a tan powder, m.p. 144.5-150.5° (softens at 140°). Re-
crystallization from acetone gave white crystals, m.p. 140.5~
153.5°; ANviel) 4.1-4.2 (NH*), 5.88 (amide), 6.4, 6.5 (amide,
NO,) 7.36 (NO:); no absorption at 9-10 (OH); R: 0.89 in A,
0.14in B.

Anal. Caled. for 959 CHi:CL,N;O0»HCI (the salt) and 59,
C(3H17012N303 (the free base): C, 423, H, 491, Cl, 283, CI—,
9.07. Found: C,42.1; H,4.61; C1,27.9; Cl—,9.32.

Longer chlorination times gave a darker product whose infrared
spectrum indicated a decrease in amide absorption; shorter
times gave incomplete reaction. Chlorination with thionyl
chloride in refluxing methylene chloride was incomplete after
2.5 hr.

The free base from XIX had m.p. 93-95°, but was unstable and
could not be recrystallized to analytical purity.

The hydrolysis of XIX could be followed by paper chroma-
tography. Because of the insolubility of XIX, a mixture of
hydrochloric acid—acetic acid (4:1) was required and hydrolysis

(11) E. Fischer, Ber., 87, 3062 (1804).
(12) K. Freudenberg and L. Markert, ibid., 60, 2447 (1927).
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uppeared to be more than 957, complete after 16 Iir. at reflux
tewnperature.  Without recourse to alkaline conditions, most of
the m-nitroaniline hydrochloride could be extracted fron nmost of
thie mustard acid hydrochloride with ucetonitrile followed by
extraction with etlier.  Although paper chromatography indi-
cated the presence of tlie prL-alanine a-mustard in the residuc, it
was not possible to obtain the crystalline mustard ov the crystul-
line picrylsulfonate reported by lzumni’

2-Benzyloxycarbonylamino-: -nitro-3-phenvlpropionanilide
XIID).—To a stirred and cooled (0°) suspension of 2.99 g. (10
mroles) of N-benzyloxyearbonyl-pr-phenylalanine in 20 ml. of
freshly distilled tetrahydrofuran was added 0.95 ml. 110 mmoles}
of vthyl c¢hloroformate followed by 1.39 wml (10 mmoles) of
triethylamine and finally after 15 min. by 1.38 g. (10 nunoles) of
w-nitroaniline. After being stirred for 15 min., the cooling batlh
was removed and tle reaction mixture stirred for 2.5 hir. at room
temperature. The precipitate of 1.25 g. (91%) of triethylamine
hiydrochloride was c¢ollected and the filtrate was evaporated in
vacuo to leave 4.31 g. (1089;) of crude product. Extruction with
two 30-ml. portions of liot ethyl acctate gave, on chilling, 2.28 g.
(55%) of product, m.p. 179-182°, Recrystallization from ben-
zene—cycloliexane gave an analytical sample, m.p. 183-183.5°;
At 3,05 (N—H), 5.8, 5.95 (C=0), 6.44, 6.50 (amide 11,
NOz), 7.37 (NO.
dnals Caled. for CuHaNzOs: C, 63.9; H, 5.05; N, 10.0.
Found: C, 66.2, 66.3, H, 5.33,5.35; N, 9.47, Y4.54.
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2-Amino- -nitro-3-phenylpropionanilide (XIV) Hydro-
bromide.-—A solution of 0.50 g. (1.20 mmole) of the carbo-
henzyloxy anilide XIIT in 25 ml. of saturated hiydrogen bronide
81 glaeial acetic acid was allowed to stand at room temperatire
lor 2 ha., then was poured into ethier, and the precipitute cal-
fected 1o give 0,41 g0 (9393 of the product as the hvdrobromide,
oLp. 270-273° dec., A, 311 (N--H3, 3.83-40 (-~ NH.,
3.85 (Ca==0), 6.52 ( ~ NHg ¥, NO,), 7.40 (N O, ).

Anal. Caled. for CeHpN3OxHBr: (, 49.2; 11, 4.40; Br,
21.8; N, 115, Found: C,49.0; H, 463 Br,22.0; N, 10.9.

To u solution of 0.80 g. (20 mmoles) of sodinmn hyvdroxide in 50
ml. of methanol was added 7.33 g. (20 mmoles) of the above liv-
drobromide.  The mixture was stirred at room teuperature for
15 min., filtered, and the filtrate evaporated 4 vucwo to give 5.08
g (89%) of prodiet ag an oil.  Digestion of this oil with cther
and evaporation 7n racuo of the ether sohition left 3.34 g. of prod.
uct us an ail; ANa2 2.94, 3.03 (NHa), 5.90 (amide Co=0;, 602
(amide IT, NO.), 7.40 (NOy); B¢ 0.34 insolvent B.

Anul, Caled. for CeHpsN;Og: C, 63.2; H, 5.30; N, 14.7.
Found: C,63.3; H,5.49; N, 13.6.
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8-{3,5-Diiodo-4-(3,5-diiodo-4-hydroxyphenoxy phenylJserine,

8-13,5-diiodo-4-(4-hydroxyphenoxy Jphenyl]-

serine, B-[3,5-dilodo-4-(4-methoxyphenoxy)phenyl]serine, the isomeric B-(4-hydroxy-3,5-diiodophenyl)serines,
and the hydrochloride of 8-(4-benzoyloxyphenyliserine ethyl ester have been prepared for testing as possible

antithyroids.
induced goiter.

The report that 3-phenylserine is an antagonist for
the utilization of phenylalanine in microorganisms®
suggested the synthesis of the serine analog (IV) of
thyroxine and simpler g-(4-hydroxyphenyl)serine de-
rivatives for testing as possible antithyroids.

The analog of thyroxine was prepared from 3,5-
diiodo-4-(4-methoxyphenoxy)benzaldehyde (I) by the
following sequence of reactions.

The condensation of 3,5-diiodo-4-(4-methoxyphen-
oxy)benzaldehyde (I) with glycine was carried out by
an adaptation of the method of Erhart and Ott® for
various g-(hydroxyphenyl)serines and involved the
reaction of two moles of the aldehyde (I) with one mole
of glyeine in the presence of sodium hydroxide. The
precipitate which appeared upon standing was presum-
ably the Schiff’s base and was not characterized fur-
ther but was hydrolyzed to the serine (II) with dilute
hydrochloric acid. The product differed in melting
point from the serine (II) obtained by Friedenberg and
Nobles* by the coudensation of equimolar amounts of
the organic reactants with dilute alkali. The latter

(1) Abstracted ine pact froa the PL.D. thesis, Febeuary, 1963, of W, (v
Gatlield. )
(2) E. Beecsteeber, Jr., and W. Shive, /. Biol. Chem., 164, 53 (19463,

(3) G. Elirhart aud H. Ott, U. & Patent 2,737,326 (1956): Clem. Abste.,
50, 15387¢ 11056).

4y R. Tricdewbecg wedl W. L, Nobles, J. Am. Pharm, Assic,
46, 387 (1957).

(Ser. Ed.y,

None of the compounds was able to inhibit the activity of i-trilodothyronine on a thiouracil-
The first compound, however, did show sonme thyroniinietic activity.

1
ol Yol eso
1

1
1
CHSOQO«QCHOHCHI\'HMOH —
I
11
1
H OQO—Q CHOHCHNH;COOH —
1
111

I I
HO @»O@ CHOHCHNH,COOH
1 1

v

reaction, which may produce a different diastereoiso-
mer, could not be repeated in this Laboratory; only
starting materials were obtained.

The structure of the serine (1I) obtained in this study

was In agreement with its infrared spectrum.
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