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L and p forms of m- and 0-N-[bis(2-chloroethyl)aminobenzoyl]glutamic acids and their ethyl esters were syn-
thesized. The biological activities of these compounds, together with previously synthesized L and » para
isomers and their ethyl esters, were demonstrated in eight microbial systems, in the KB cell culture, and in the

Ehrlich ascites tumor.

Nitrogen mustards of glycine,? alanine ?* and phen-
ylalanine?® have been shown to possess selective
cytotoxicity toward certain neoplasms. Derivatives
of other naturally occurring amino acids and related
metabolites, serine,? threonine,®* tryptophan,® cys-
teine,? phenylpyruvic acid,* and aminobenzoic acid?®
were subsequently synthesized and most were found
to be active against varying types of experimental
neoplasms in animals. In recent studies on nitrogen
mustards of dipeptides,? tripeptides,?® the tetrapep-
tide?r and pentapeptide? of phenylalanine, and di-
peptides of p-aminobenzoic acid,? their cytotoxicity
observed in microbial and mammalian-cell culture
systems and in experimental tumors seems to substan-
tiate the concept of the “carrying group”? in relation
to selective cytotoxicity. The amino acids and metab-
olites of the natural form (L) or peptides close to the
natural forin as a “carrying group’” for the cytotoxic
constituent enhance the activity and selectivity of the
nitrogen mustards, while their enantiomorphs are less
active. It has been pointed out that the activity of
peptide nitrogen mustards? is often determined by the
optical configuration of the terminal amino acid,
analogous to the enzymic susceptibility of dipeptides.®
L and p forms of N-{p-[bis(2-chloroethyl)amino]-
benzoyl}glutamic acid have been recently synthe-
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The o-N-[bis(2-chloroethyl)aminobenzoyl]-L-glutamic acid and its ester showed sig-
nificant antineoplastic activity in all test systems studied.

sized.2 This report presents the synthesis of the
meta and ortho isomers of the compound and the evalua-
tion of their biological activities, in conjunction with
the previously synthesized para isomer.

Experimental®

N-{m-|Bis(2-chloroethyl Jamino] benzoyl } glutamic acids (L and
D) were synthesized by a procedure similar to that described for
the para isomer.?i Experimental modifications, yields, and
melting points were as follows.

m-Aminobenzoic acid was esterified in 10 molar equiv. of
absolute methanol saturated with dry HCI by the usual procedure.
The ester was recrystallized twice from methanol through Dareo,
m.p. 37-38°.7

The methyl m-aminobenzoate was hydroxyethylated to
methyl m-[bis(2-hydroxyethyl)amino]benzoate in 759, yield as
a yellow oil. The bishydroxyethyl compound was chlorinated
to methyl m-[bis(2-chloroethyl)amino]benzoate, yield 669,
m.p. 54-55°8 and then hydrolyzed to the free acid, yield 55%,
m.p. 177-178°8 The m-~[bis(2-chloroethyl)amino]benzoic acid
was converted, with 3 molar equiv. of thionyl chloride® in dry
benzene, to an acid chloride which was distilled repeatedly with
small portions of benzene under reduced pressure to a yellow
crystalline product. Condensation of the acid chloride with
diethyl glutamate gave diethyl N-{m-~[bis(2-chloroethyl)amino]-
benzoyl}glutamate, yield 84%, m.p. 74-75° (for both L and »
isomers). The diethyl ester was hydrolyzed to the free dipeptide
nitrogen mustard, yield 909, m.p. 22° (25° clear; for both »
and p isomers).

N-{o-[Bis(2-chloroethyl)amino]benzoyl }glutamic Acids.—To a
suspension of methyl anthranilate (131 mmoles) in 45 ml. of
40% acetic acid, ethylene oxide (1310 mmoles) was added at
0°, under vigorous stirring for 30 min., and stirring was continued
for 24 hr. at 25-30°. Two portions of ethylene oxide, 600
mmoles each, were again added at 48- and 72-hr. intervals, and
stirring was continued at room temperature for 24 hr. after the
last addition. The clear solution was then poured into 150 ml.
water and neutralized with NaHCO; to pH 7. The light oil
was separated, and the aqueous layer was extracted with 250
ml. of ethyl acetate in three portions. The oil and the ethyl
acetate extracts were combined and dried (Na,SO4). After
the solvent was evaporated under reduced pressure, a colorless
oil resulted. The oil was converted to a hydrochloride by (a)
dissolving it in 50 ml. of methanol saturated with dry HCI at 0°.
After evaporation of the methanol, a thick oil was obtained which
crystallized in 4 to 7 days at 4° over phosphorus pentoxide.

(6) All melting points are corrected and, unless specified, the compounds
always become clear liquid at the welting range. The yield is given for the
purified compound. The elementary analyses were performed by Dr. C. K.
Fitz, Needham Heights, Mass., and Scandinavian Microanalytical Lab-
oratory, Herlev, Denmark.

{(7) H. Ulrich {Ann., 882, 196 (1904)] and J. Esterman, {Z. physik., Chem..
{B]1, 148 (1928) ] reported m.p. 36—38° and 39°, respectively.

(8) J. L. Everett, J. J. Roberts, and W. C. J. Ross, J. Chem. Soc., 2386
(1953).

(9) Phosphorus pentachloride was used for the para isomer but it failed to
react with the meta and ortho isomers.
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IsomERs OF N-[B1s(2-CHLOROETHYL)AMINOBENZOYL]GLI"T'AMIC ACID
(CICH,CH,),N (OOR
@*‘CONHCH('HJ('H;COOR
T P LT T
Abs. Abs. SFonud, Gy - -
Compd. Isomer R conflgnration ethanol Chlorofoarm & I (@8 N

I P C,H, y —8.1 +12.6 ¢

11 » C.H; i} +8.02 123 ¢

IIT " CyH; L -15.9 4+ 15,06 D37 6.2 159 .5

v M C.H; )] +16.1 —15.3 53.6 G.0 15.8 G.3

v 0 C.H; L —-19.5 -23.7 h3.4 6.3 15.8 6.2

VI C.H; D +19.8 +23.5 33.6 G.3 15.9 G.o

VII H 0 ~1.3 4784 ¢

VIl P H I} +1.5 ~ R (i ¢

IN o H 1. =GN 4 84 49.0 5.0 18.1 7.1

X e H b +6.4 —4 4 49.9 6.0 17.7 .

X1 0 H L —15.2 —10.54 49.1 5.6 18.2 6.9

XII 4] H D +15.0 +10.8 49.0 3.0 18.2 7.0

> Formulas for [-VI and VII-XII are CuoHsCLN:O: and CuHaCLN.O;, respectively. © Anal. Caled. for I-VI: C, 53.7; H,

6.3; Cl, 15.9; N, 6.3; and for VII-XII: C, 49.1; H, 5.2; C, 18.1; N, 7.2, respectively.  Cf.ref. 2j. < Measured in purified dioxane.
Alternatively (b), the oil was digsilved in 50 ml. of anhydrous been described in detail elsewhere,'? and the results nre suni-

ether saturated with dry HCI at 0°.
precipitated after standing for 24 hr. at 4°. The ether was
decanted, and the oil crystallized in 4 to 7 davs at 4°. The
methyl o-[bis(2-hydroxyethylaminolbenzoate hydrochloride can
be recrystallized from acetone-niethanol.™ vield 79, nup.
143-145° dec.8

Anal. Caled. for CpH:NO;-HCI: ¢, 524; H, 6.6; Cl,
12.8; N, 5.1. Found: C,52.5; H,6.8; Cl,13.0; N, 5.1

To the methyl ester hydrochloride (7.0 mmoles), 10 ml. of
benzene and thionyl chloride (21.0 mmoles) were added and
heated under reflux for 1 hr., protected from moisture. After
evaporation of the benzene and excess thionyl chloride, the bis-
chloroethyl ester was obtained as a yellowish oil which formed
a picrate in quantitative yvield, nrp. 105-106°3% recrystallized
from methanol.

dnal.  Caled. for CsHsCLN:Oq: C, 42.8; H, 3.6; Cl, 14.1;
N, 11.1. Found: C,42.7; H,3.7; Cl,14.1; N, 11.0.

The free methyl o-[bis(2-chloroethyDamnino]benzoate was
hydrolyzed in 20 molar equiv. of boiling concentrated HCI
for 1 hr. The brown reaction mixture was evaporated under
reduced pressure and repeatedly distilled with small portions of
benzene. The last trace of water wus removed by benzene ex-
traction in a liquid-liquid extractor. In an anhydrous systeut,
the o-[bis(2-chloroethyl)amino}benzoic acid was extracted ints
the benzene layer and the compound was recovered after evapora-
tion of the solvent. The acid was obtained by recrystallization
from benzene-hexane, yield 3497, m.p. 85-87°.8

Anal. Caled. for C,HyCLNO,: C, 50.4; H, 5.0, Cl, 27.0;
N,5.4. Found: C,50.5; H,5.0; Cl,27.0; N, 5.3.

The ortho acid was converted to an acid chloride with thionyl
chloride® us described for the meta isomer. The formation, in
NaHCO;, and isolation of diethyl N-{o-[bis(2-chloroethyl)-
aminolbenzoylglutamate (750 vield, oil) were ecarried out by
the procedure previously described.®i However, the hydrolysis
of the ester to free ortho dipeptide nitrogen mustard with 2
imolar equiv. of 0.5 N NaOH in 507 methanol required 2.5 hr.
at u strictly controlled temperature of 25°, vield 56¢, m.p.
27-30° (35° clear; for both 1. and o isomers), from chloroforni--
ethanol-hexane (Table I).

Biological Activities.!! Antimicrobial Assay. ~The dipeptide
nitrogen mustards and their ethyl esters were tested in the
eight microbial systems currently in use in Laboratories of
Microbiology of this foundation. The assay methods have

In this case, the thick oil

(10) 1n most of our preparations, u pure eompound was obtained withonr
recrystallization.

(11) The antimicrobial assay and the assay in K13 cell cultnre werce per-
farmed in the Miecrobjological Laboratories, C.C.R.I%., under the direction
of Dr. G. IX. Foley. The mouse vunor assuy was performed in the Rodend
Bioassay Laboratories, C.C.RU. vnder the direction of Dr. CL L. Maddock.

marized in Table IT.

Inhibitory Activity in KB'¢ Cell Culture.—The dipeptide nitro-
gen mustards and their ethyl esters were assayed for inhibitory
activity in KB cell culture as described previously.!* The
results are summarized in Table I11.

Mouse Tumor Assay against Ehrlich Ascites Carcinoma.—
The Ehrlich ascites (tetraploid) carcinoma has been maintained
it CAF/JAX mice by transplanting 0.1 nl. of 1:7 dilution of
ascites fluid in sterile Locke's solntion at 10-day intervals.
For treated and control groups 5 mice and 10 niice were used.
respectively. Tn order to observe niy effect of the vehicle in
which the nitrogen rustirds were suspended, sohitions of 129{
ethanol in 1047 Tween-80% were utilized as diluent controls.

Injections were given intraperitoneally once daily, starting
24 hr. after inoculation of the tunior, and were continued until
death of the last experiinental animal. The solutions were
prepared fresh daily. Tlhe results are shown in Tables ITI aud
[V, Animals were autopsied at death, and gross observations,
inchiding weight of the ascites fluid, were made. Tissue samples
were taken for detailed niicroscopic examination. 18

Results and Discussion'?

In the svuthesis of the N-{p-[bis(2-chloroethyvi)-
amino jbenzoyl]glutamic aeid, two independent routes
were employed.? The esters of N-{p-[bis(2-chloro-
ethyl)amino Jbenzoyl|glutamic acid were obtained by
hydroxyethylation followed by chlorination of the
esters of p-aminobenzoylglutamic aecid, and alterna-
tively by condensation of p-{bis(2-chloroethyl)amino J-
benzoic acid with esters of glutamie acid. The svi-
thesis of the mela and ortho 1somers was made possible
by adaptation of the latter voute. The exhaustive
hydroxyethylation was found to be essential for the

15. AL
Llead,

Snell,
Y.

AMeCuwrthy, V.o M. Binus, 1. L
C. Drewey, and Pos. Thaver, Aro N

(127 G, By Foley, R, .
Giorond, G WL Kidder, V.
Sed., T8, 413 {1458).

A1 11 Kagle, Proe, Seeo Laptl. Biol, Med,, 88, 362 (1955).

i14) H. Eagle and . 12, Yoley, Curncer es., 18, 1017 (19587,

{15) luoculation of 0.1 mlL of 124 ethanol in 104 Tween-80 per AKD2)1
brown ynonse produced intense intoxication of the mice. Tlhe mice went o
sleep 2-3 min. «fter injection and slept for 2--3 hr, witbout other apparent ill
effect. However the CAlJAN mice received the sam# dose of ethanol
and Tween-80 tmixture withoot sign of intoxiention or other effects.

{16) The pathological indines will be reported elsewlhere,

171 A preliminary seconut of the inhibition of the 1 isomers wus pore-
vionsly disenssed. s

VIR SO0 0 Vo ML Verziun, cond O 1
Coage. Sthy Moseow 6, 67 {10633 Royssian Eol.,
Caarmae, 20, 87 10G4

Mosddock, ['roc. Interp. Canecr
Acta Unjo Duters. Coidra
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TasLE II

InHIBITORY EFFECT ON E1GHT MI1CROBIOLOGICAL SYSTEMS, IDj0, 7v/ML.2

—_—r —_— —F—

Compd. () (b) (a) (b) () (b)
I 83 40 I I I I
II 160 240 I I I I
II1 50 100 I I I I
v 61 220 18 28 30 60
v I 1 I I I I
VI 54 90 28 20 18 50
VII 700 600 I I I I
VIII I 225 I I I 400
IX 350 180 I I I 550
X 71 52 35 25 13 45
XI 160 90 18 18 400 38
XII 100 35 27 7 13 53

¢ I (inactive) = IDs = 1000 v/ml.

761
—_— ——— ——f——— 7 8
(a) (b) (a) (b) () (b)
I I 30 30 70 50 125 80
I I 45 35 100 100 45 35
I I 30 7 250 55 40 180
34 29 38 35 I I 38 33
I I 55 42 I I I I
26 32 68 48 I I 31 33
I 900 I I 230 200 I I
I I I I I 700 I I
I 700 550 280 40 I 350 350
29 32 360 430 I I 27 33
I I 210 60 I I 100 300
32 29 45 320 I I 28 31

The numerals in the heading represent a microorganism; the letters represent the culture

medium: 1, Streptococcus faecalis—PGA, (a) 0.01 v/ml. and (b) 0.001 ~/ml.; 2, Lactobacillus arabinosus—nicotinic acid, (a) 0.1 v/ml.
and (b) 0.01 v/ml.; 3, Lactobacillus arabinosus—pantothenate, (a) 0.1 v/ml. and (b) 0.01 ~v/ml.; 4, Pediococcus cervisige—citrovorum
factor, (a) 0.01 v/ml. and (b) 0.001 v/ml.; 5, Lactobacillus fermenti—thiamine, (a) 0.1 v/ml. and (b) 0.01 v/ml.; 6, Lactobacillus casei—
riboflavin, (a) 0.1 v/ml. and (b) 0.01 v/ml.; 7, Escherichia coli—synthetic medium; 8, Candida albicans—semisynthetic medium.

TasLE III

RestrTts oN KB CeELL CULTURE AND EHRLICH ASCITES
Tumor (4N) BeariNnG Mice

KB
mammalian
cell Ehrlich ascites tumor bearers
culture® (T/¢ — 1 Dose,
Compd. IDso. v/ml. X 1007 mg./kg.°
I 45 +35 100
II 550 +13 100
111 65 +40 100
v 38 +43 400
\Y 100 £129 25
VI 34 +99 100
VII 150 +35 100
VIII 100 +17 6.25
IX 65 +86 100
X 48 +39 100
XI 55 +129 100
XII 160 +45 100

@ Cf. ref. 13 and 14. *T/C =
¢ Daily effective dose given i.p.

treated mice/control mice,

synthesis of the ethyl o-[bis(2-hydroxyethyl)amino}-
benzoate. With a low proportion of ethylene oxide to
methyl anthranilate, Everett, et al.,? reported that the
monohydroxyethylaminobenzoate or, under drastic
couditions, a hydroxyethyloxazepine derivative was
obtained. The ethyl esters were converted to the free
dipeptide nitrogen mustards by aqueous alkaline
hydrolysis. The chemicals synthesized, and their
physical properties, are listed in Table I.

The identity and purity of the para isomers were
proven by quantitative ultraviolet and infrared absorp-
tion spectra, rotatory dispersion, and neutralization
titration.¥ During aqueous hydrolysis of the ethyl
esters to the free dipeptides, no cyclization took place,®
while N-methyl-N-bis(2-chloroethyl)amine (HN2) and
other nitrogen mustards give rise to cyclic interme-
diates. The m- and 0-N-[bis(2-chloroethyl)aminoben-
zoyljglutamic acids are likewise of correct identity
and high purity.

Data on the inhibitory activity observed in eight
microbial systems are given in Table II. These
studies indicate that most compounds are moderately
active, IDjs 50-200 ~/ml., in all of the microbial
systems and are most effective in Streptococcus faecalis
and Lactobacillus fermenti. In the pare isomers, the

L compound seems to be slightly more active than the
D. The ethyl esters are more active than the free
dipeptides, and the ethyl ester of the meta L dipeptide
is also more active than the dipeptide. Both the
meta dipeptides and their esters are slightly more
active than the corresponding para compounds. The
ortho isomers, however, show reversed relationship
between the dipeptides and their ethyl esters. The
ortho compounds appear to have the highest activities.
The p compounds and the ethyl esters of meta and ortho
dipeptide nitrogen mustards IV, VI, X, and XII)
showed activities in all testing systems employed,
except in L. casei. Both enantiomorphism and
position isomerism modifications of p-aminobenzoyl-L-
glutamic acid nitrogen mustard appear to effect growth
interference in these microbial systems.

In KB mammalian cell culture, inhibitory activity
appears to be uniform. With the exception of para
p dipeptide ethyl ester, the indices are confined in
a range of IDg 50-100 v/ml., as shown in Table
III. The L compound of the para isomers showed
substantially higher activity than the b compound.
The difference in activity between the L and o forms in
the meta and ortho isomers is less pronounced and with-
out a fixed pattern.

The antineoplastic activity of the 12 compounds
against Ehrlich ascites tumor (tetraploid) in CAF/JAX
niice is also shown in Table III. The ortho L dipeptide
and its ethyl ester showed the highest activity with in-
creases in survival, at 25-100 mg./kg. dose level,
beyond 1009, of the control mice survival. For
comparison, the detailed experimental data for V,
XI, VI, XII, the pareut compounds (nitrogen mustards
of p-, m-, and o-aminobenzoic acids), HN2, and the
phenylalanine nitrogen mustard (Sarcolysin) are shown
in Table IV. The biological activity of the ortho L
isonier compares well with that of HN2 and Sarcolysin,
but at higher effective and toxic dose levels. Coinci-
dentally, the ortho isomer of the phenylalanine nitrogen
mustard also showed higher biological activity than the
para and meta 1somers.”® In contrast to the variation
of activities in microbial and cell-culture systems ob-
served between L and p compounds of meta and ortho

(19) F. R. White, Cancer Chemotherapy Rept.. No. 24, 61 (1962).
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ANTINEQPLASTIC ACTIVITY OF S0ME N-[BIs(2-CHLOROETHY L)AMINOBENZOYL]GLUTAMIC ACIDS, RELATED
CoMPOUNDS, AND SARCOLYSIN AGAINST ExRLICH Ascires Trvor (4N) v CAF/JAX Mice
Avowr, elanee, R a1 VAN ST Gt -
Liose" wLday Meun days Inereuse.
Compd. mg. kg, Tk FA v Lvol”
v 6.25 +0.43/40.2 16.6/13.3 +25 &
25 +0.09/-4+0.20 30.4/13 3 -+ 129 + =
100 —0.27/40.20 27.0/13.38 4103 -
400 —0.46/4+0.20 18.8/13.3 ) +
XI 6.25 40.26/+0.20 16.6,/13.3 +25 4+
25 +0.25/40 20 26.0/13 .5 -+ 05 4
100 +0.04/40.20 J0.4/13 .3 + 129 + 4
400 —0.63/-+0.20 G.0/13.5 w32 Toxie
A7 6.5 +0.04/+0.30 20.2/16. 8 420 =+
25 +0.41/40.30 25 0/16.8 —h7 +
100 +0.22/40.30 3544168 -+ 00 -+
400 —0.14/+0.30 2027165 474 +
XII 6.25 +0.36/40.30 16.6/16.8 - |
25 +0.57/+4-0.30 1S.2/16.8 -+ 5 -
100 +0.11/+D .30 24 47168 +45 +
400 —0.55/40.30 5.G/16.8 - 67 Toxic
p-Bis(2-chloroethyl)- 6.25 +0.44/41).40 15.8/15.8 40 -
aminobenzoic acid 25 +0.67/+0.49 IS 4/15.8 +16
100 +0.35/-+0.49 22 4/15.8 +42 =+
400 ~0.57/40.40 RNV N - 52 Toxi
m-Bis(2-chloroethyl)- (.25 +0.36/40.40 20 07158 4130 +
aminobenzoic acid 25 +0.11/40.49 27471508 + T3 +
100 —0 . 34/+0 .49 RETE VAT TN 01 -+
400 —0.22/410.49 3271508 — N0 Toxie
0-Bis(2-chloroethyl)- 0.156 +0.71/4+0.68 17.8/15.6 414 _
aminobenzoic acid 0.625 +0.41/40.68 23 .8/15.6 + 03 +-
2.5 —0.37/4+0.68 16.6/15.G -+ -
10 —0.71/4-0.6%8 10.2/15 8 —35 Toxic
HN2 0.125 +0.18/40 45 28 0/15.4 + 82 +
0.5 —0.27/40.45 24.6/10 .4 -+ 60 +
2 —~0.97/4+0.4> 0.0/15.4 ~42 Toxic
N —1.02/4-0.45 G.2/10.4 —60) Toxie
Sarcolysin 0.313 +0.16/40 49 56,5103 +X9 4
0.625¢ +0.26, +0.49 40.4.19.3 109 o4
1.25e +0.10/+0.3) 47.4/10.1 4148 + 4
2. 5e —0.03/+0.39 40,9/, 1 4114 +
5 —0.16/+0.39 G54.0/19.1 483 +

“ Administered intraperitoneally 1 12¢; ethanol in 109; T'ween-x0. " Treated mice/control mice. ¢ Survival: +50¢; or less =
+, +51 t0 1009, = +, +101t0 1505, = ++. ¢ Not statistically significant due to wide range spread on the survival time. ¢ Given
every 4th day after the initial injection at 24 hr. after the tumor implantation.

isomers, the L compounds of the position isomers in
all cases showed higher activity against Ehrlich ascites
tumor in mice than their corresponding enantiomorphs.

The stereospecificity observed in this group of di-
peptide nitrogen mustards warrants further investiga-
tion, particularly as to the selective cytotoxicity in
relation to the enzyniic susceptibility of the peptide
“carrying group.” The biological activity of the
ortho L isomer is outstanding. Elucidation is necessary
to determine whether it is due to (1) an effective binding
of the nitrogen mustards to nucleic acids, proteins,
ete., (2) the configuration of the molecule which might
permit slow and continuous reaction of the nitrogen

mustard in rivo, or (3) other reasou(s) presently un-
apparent.
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