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L and D forms of m- and o-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 D para 
isomers and their ethyl esters, were demonstrated in eight microbial systems, in the KB cell culture, and in the 
Ehrlich ascites tumor. The o-N-[bis( 2-chloroethyl)aminobenzoyl]-~-glutamic acid and its ester showed sig- 
nificant antineoplastic activity in all test systems studied. 

Ktrogen mustards of g l y c i n e , 2 a  a 1 a n i n e l Z a  and phen- 
y l a l a n i n e 2 b  have been shown to possess selective 
cytotoxicity toward certain neoplasms. Derivatives 
of other naturally occurring amino acids and related 
metabolites, serine,zc threonine,2c tryptophanlZd cys- 
t e i n e , Z e  phenylpyruvic acid,2f and aminobenzoic a c i d 2 g  

were subsequently synthesized and most mere found 
t'o be active against varying types of experimental 
neoplasms in animals. In recent studies on nitrogen 
mustards of dipeptideslZh tripeptides,zh the tetrapep- 
tidezh and pentapeptidezi of phenylalanine, and di- 
peptides of p-aminobenzoic acid12j their cytotoxicity 
observed in niicrobial and mammalian-cell culture 
systems and in experiniental tumors seems to  substan- 
tiate the concept of the "carrying g r o u p " 3  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 mustards4 is often determined by the 
optical configuration of the terminal amino acid, 
analogous to the enzymic susceptibilit'y of  dipeptide^.^ 
L and D fornis of K-{ p-  [bis(2-chloroethyl)ainino]- 
benzoyl} glutamic acid have been recently synthe- 
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This report presents the synthesis of the 
ineta and ortho isomers of the compound and the evalua- 
t'ion of their biological activities, in conjunction with 
the  previously synt.hesized para isomer. 

Experimental6 
N- { m- [Bis(2-chloroethyl)amino] benzoyl ]glutamic acids ( L and 

D )  were synthesized by a procedure similar to that described for 
the pura isomer.21 Experimental modifications, yields, and 
melting points were as follows. 

m-Aminobenzoic acid was esterified in 10 molar equiv. of 
absolute methanol saturated with dry HC1 by the usual procedure. 
The ester was recrystallized twice from methanol through Darco, 
m.p. 3T-38°.7 

The methyl m-aminobenzoate was hydroxyethylated to  
methyl m-[bis(Z-hydroxyethyl)amino]benzoate in 75% yield as 
a yellow oil. The bishydroxyethyl compound was chlorinated 
t,o methyl m-[bis( 2-chloroethyl)amino]benzoate, yield 66%, 
n1.p. 54-55',8 and then hydrolyzed to the free acid, yield 55%, 
m.p. 177-178O.8 The m-[bis(2-chloroethyl)amino] benzoic acid 
was converted, with 3 molar equiv. of thionyl chlorides 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]- 
henzoyl]glutamate, yield 84%, m.p. 74-75' (for both L and D 
isomers). The diethyl ester was hydrolyzed to the free dipeptide 
nitrogen mustard, yield 90%, m.p. 22' (25' clear; for both L 
and D isomers). 

N-( o-[Bis(2-chloroethyl)amino] benzoyl )glutamic Acids.-To a 
suspension of methyl anthranilate (131 mmoles) io 45 ml. of 
40% acetic acid, ethylene oxide (1310 mmoles) was added a t  
O o ,  under vigorous stirring for 30 min., and stirring was continued 
for 24 hr. a t  25-30". Two portions of ethylene oxide, 600 
mmoles each, were again added a t  48- and 72-hr. intervals, and 
stirring was continued a t  room temperature for 24 hr. after the 
last addition. The clear solution was then poured into 150 ml. 
water and neutralized with NaHC08 to pH 7 .  The light oil 
was separated, and the aqueous layer was extracted with 250 
nil. of ethyl acetate in three portions. The oil and the ethyl 
acetate extracts were combined and dried (NaaSOa). 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 HC1 a t  0'. 
After evaporation of the methanol, a thick oil was obtained which 
crystallized in 4 to 7 days a t  4' over phosphorus pentoxide. 

(6) All melting points are corrected and, unless specified, the  compounds 
a luays  become clear liquid a t  the melting range. T h e  yield is given for the  
purified compound. T h e  elementary analyses were performed b y  Dr. C. K. 
F i t i ,  Needham Heights, Mass., and  Scandinavian BIicroanalytical Lab- 
oratory, Herlev, Denmark. 

17) H. Ulrich [Ann..  SS3, 196 (1904)l and J. Esterman. (2. physik., Chem., 
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.iltern:rt~ively (b) ,  the oil was dissolveti i l l  5(i nil. I J F  aii11ydri)us 
ether saturated nit,h dry HC1 a t  0". In this mse, t.he thick oil 
precipitat,ed after st,aiiding for 24 hr. at' 4'. The ether was 
deranted, atid t,he oil cryst,allized in 4 t o  i days at, 4". Thr 
methyl o- [his( Z-hydrc)xyeth)-l):iniiiii~] benzoa 
be recrystallized from acet,r,iie--iiiethariol. 1 

143-145" dec.8 
ilnnl. Calcd. for C~ l~Hl iX04 .HCI :  C. 52.4: H, 6.6: Cl. 

123 ;  ?;, 5.1. 
To t8he met,hyl ester hydrochloride (7.0 mmoles), 10 nil. ( i f  

benzene and t,hionyl chloride (21.0 nimoles) Tvere added aiid 
heated under reflux for 1 hr., prot,ect,ed from moisture. After 
evaporation of t.he benzene and excess thionyl chloride, t,he bis- 
chloroet'hyl ester Tvas obtsained as a yellowish oil which formed 
a picrate in cluant,it.ative yield, 111.1). 103-106°,9 recrystallized 
from methanol. 

: l r~al .  Calcd. for Cl8Hl8Cl2N4O~: C:, 42.8; H, :3.B: C1, 14.1 : 
S, 11.1. 

Thr free inet,liyi o-[bis(2-chlornethyl)anii1i~i] benzoate wis 
hydrolyzed in 20 molar equiv. of boiling concentmted HCl 
for 1 tir. The brown reaction mixture was evaporat,ed under 
reduced pressure and repeatedly dist,illed with small port,ions of 
benzene. The last. trace of nat'er wts renivved by benzene es- 
tractmion in a liquid-liquid ext,ract,or. In an anhydrous system. 
t.he o- [bis(Z-chloroethyl)amino]henzoic acid was extracted iiit I )  

t.he benzene layer and t.he compound was recovered after evapora- 
tion of the solvent. The acid was obt,aiiied by rec:r)-st,3llizstii)ri 
from benzene-hexane, yield 5457, n1.p. 85-8i0.8 

.Innl. Calcd. for C,,Hl3CI,NO2: C, 50.4; H, 5.0; ( > I ,  2i.O: 
3, 5.4. 

The ortho acid was converted to  an acid chloride witjh rhionyl 
chloride8 tis desrribed for the iireltr isomer. The formation. in 
XaHCOJ, and isolation of et,hyl N-/ o-[bis(%-c~hloroet,hyl)- 
amino] benzoyl 1 glut,amate (75  yieldt oil) rvere carried out, ti I 
the procedure previously desc ed'j Howevrr, t,he hydrolys 
( i f  i tie ester t , i r  free ortho dipeptide iiitrr)gen inust,ard n-it,ti - 
Iiiolar equiv. of 0.5 S NaOH in 50' i1ieth:tnol reyu 
a t  :I strictly controlled teriiperat'ure of 25", yield 
2i- -80a (33" vlear; for I)i)th I. an11 I) isolilers); froin ( 

et,hnnol-hexane (Table 1'1. 
Biological Activities." Antimicrobial Assay. -The dipeptide 

nitrogen mustards and their ethyl esters were tested in thr 
eight microbial systems current1)- in use in Laboratories of 
Microbiology of this fo~indatioii. The assay methods have 

Found: C, 52.3; H, 6.b; C1, 13.0; N, 3.1. 

Found: C,42.7: H,3.i: Cl, 14.1: S, 11.0. 

Found: C, 50.5; H, 5.0; C1, 2i .0;  N, 5.3,  

i w 1 1  described in detail elaedierc~," and the results :ire s11111- 
marized in Table 11. 

Inhibitory Activity in KB'J Cell Culture.-The dipeptide iiit1,o- 
geri iriust.ards and their ethyl esters were assayed for inhibitor). 
activity in KU cell rulture :is dtscribed previoiisly." The 
results are suniniarized in Table Ill. 

iMouse Tumor Assay against Ehrlich Ascites Carcinoma.--- 
The Ehrlich asrites (tetraploid) cawinonia has been maintained 
in  CAF/JAX inire by transplant,ing 0.1 ml. of 1 : 7 dilution o f  
:iscites fluid i n  sterile 1,ocke's strlrition :it, 1O-d:i~. intervals. 
For treated and  c~)ntrol groups 5 nii(,e :md 10 niire were used, 
respectively. .Iri  ordrr to observe :my effect of the vehicle i n  
which the nitrogen iiiustartls were srispendrd. soliiti(7iis of 12r; 
ethanol in 10';; Tween-80'5 were utilized :is diluent ?(JIltrl>lS. 

Injectioiis w r e  given iiit~raperit~iirieall~~ once tliiily, st,cirt,ing 
24 hr. aft.er iiioruliit~ion of the tunii1r. :md were c,ont,inued u i i t , i l  
tlr:ath of the lasl esperirrieiit:rl :uiitii:tl .  The soliltions were 
prepared fresh daily. ?'lie results : i r ~  shown i n  Tahles I11 :inti 
I \ . .  h i n i d s  n.ere aut i ipsi td :tt. death, :itid griiss ~rbservitti~rns. 
iiirlutliiig weiglii, of the :mites fluid, w r e  made. Tissllc sainplrs 
w t w  I:iken fi ir  tictailed niicroscopic: e ~ ~ i i i i i i i : t t ~ i ~ i t i . ~ ~  
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TABLE I1 
INHIBITORY EFFECT ON EIGHT MICROBIOLOGICAL SYSTEMS, IDbO, ~ / M L . "  

-1- -2- -3-7 - 4 7  7 5 - -  __g_- 7 8 
Compd. (a) (b) (a) (b) (a) (b) (a) (b) (a) (b) (a) (b) 

I 83 40 I 1  I I I I 30 30 70 50 125 80 
I 45 35 100 100 45 35 

250 55 40 180 
I1 160 240 I 1  I I I 
I11 50 100 I 1  I I I I 30 
IT' 61 220 18 28 30 60 34 29 38 35 I I 38 33 
v I I I 1  I I I I 55 42 I I I I 
VI 54 90 28 20 18 50 26 32 68 48 I I 31 33 
VI1 700 600 I 1  I I I 900 I I 230 200 I I 
VI11 I 225 I 1  I 400 I I I I I I I 700 
IX 350 180 I 1  I 550 I 700 550 280 40 I 350 350 
X 71 52 35 25 13 45 29 32 360 430 I I 27 33 

210 60 I I 100 300 XI 160 90 18 18 400 38 I I 
XI1 100 35 27 7 13 53 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 y/mL and (b)  0.001 -(/ml. : 2, Lactobacillus arabinosus-nicotinic acid, (a)  0.1 y/mL 
and (b)  0.01 y/ml.; 3, Lactobacillus arabinosus-pantothenate, ( a )  0.1 y/ml. and (b) 0.01 y/ml.; 4, Pediococcus cervisiae-citrovorum 
factor, ( a )  0.01 y/mL and (b) 0.001 y/ml.; 5, Lactobacillusfermenti-thiamine, (a )  0.1 y/ml. and (b)  0.01 y/ml.; 6, Lactobacillus casei- 
riboflavin, (a) 0.1 y/ml. and (b)  0.01 y/ml.; 7,  Escherichia coli-synthetic medium; 8, Candida albicans-semisynthetic medium. 

- 

I (inactive) = IDw L 1000 y/mL 

TABLE I11 

TGMOR (4N) BEARING MICE 
RESCLTS ON KB CELL CULTURE AND EHRLICH A4SCITES 

KB 
mammalian 

cell Ehrlich ascites tumor bearers 

Compd. IDao, -t/ml. x loo* mg./kg.c 
culturea (T/C - 1) Dose, 

I 45 + 35 100 
I1 550 + 13 100 
I11 65 + 40 100 

IT 100 t 129 25 
VI 34 + 99 100 
VI1 150 + 35 100 

IX 65 + 86 100 
X 48 + 39 100 
XI 55 + 129 100 
XI1 160 + 45 100 

IV 38 + 43 400 

VI11 100 + 17 6 25 

a Cf. ref. 13 and 14. ' T / C  = treated mice/control mice. 
e Daily effective dose given i.p. 

synthesis of the ethyl o- [bis(2-hydroxyethyl)aniino ]- 
benzoate. With a low proportion of ethylene oxide to 
methyl anthranilate, Everett, et a l l 8  reported that the 
~uoiiohydroxyethylan~inobenzoate or, under drastic 
conditions, a hydroxyethyloxazepine derivative was 
obtained. The ethyl esters were converted to the free 
dipeptide nitrogen niustards 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. 2j During aqueous hydrolysis of the ethyl 
esters to the free dipeptides, no cyclization took place,18 
while N-methyl-S-bis(Zchloroethyl)an~ine (HX2) and 
other nitrogen mustards give rise to cyclic interme- 
diates. The m- and 0-S- [bis(2-~hloroethyl)aminoben- 
zoyl]glutamic acids are likewise of correct identity 
and high purity. 

Data on the inhibitory activity observed in eight 
microbial systems are given in Table 11. These 
studies indicate that niost compounds are moderately 
active, ID5, 50-200 y/nil., in all of the niicrobial 
systems and are most effective in Streptococcus faecalis 
and Lactobacillus fermenti. I n  the para 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 
ineta dipeptides and their esters are slightly more 
active than the corresponding para compounds. The 
oTtho isomers, however, show reversed relationship 
between the dipeptides and their ethyl esters. The 
ortho compounds appear to have the highest activities. 
The D 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-aminobenzoy1-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 
D dipeptide ethyl ester, the indices are confined in 
a range of ID5, 50-100 y/ml., as shown in Table 
111. The L compound of the para isomers showed 
substantially higher activity than the D compound. 
The difference in activity between the L and D forms in 
the iiieta and wtho isoiiiers is less pronounced and with- 
out a fixed pattern. 

The antineoplastic activity of the 12 compounds 
against Ehrlich ascites tumor (tetraploid) in CAF/JAX 
mice is also shown in Table 111. The ortho L dipeptide 
and its ethyl ester showed the highest activity with in- 
creases in survival, a t  25-100 mg./kg. dose level, 
beyond 1 0 0 ~ o  of the control mice survival. For 
comparison, the detailed experimental data for V, 
X I ,  VI, XII ,  the parent compounds (nitrogen mustards 
of p - ,  in-, and o-aminobenzoic acids), HX2, and the 
phenylalanine nitrogen mustard (Sarcolysin) are shown 
in Table IV. The biological activity of the ortho L 
isoiner coinpares well with that of HK2 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 ineta In  contrast to the variation 
of activities in microbial and cell-culture systems ob- 
served between L and D compounds of meta and ortho 

(I!)) F. R. White, Cancer Chemotherapy R e p t . ,  No. 24, 61 (1962) 



762 

Compd. 

v 

XI 

\'I 

SI1 

puis( 2-chloroethy1)- 
aminobenzoic acid 

?ii-Bis( 8-chloroethy1)- 
aminobenzoic acid 

o-Bis( 2-chloroethy1)- 
aminobenzoic acid 

H N2 

Sarcolysin 

fL Administered intraperitoneally in 12: ethanol in IO','; 'Ytvcwi-Vi ,  Treated i t 1 i i . c  i ( .oii troI rnicse. Survival: +50'  ( iir less = 
(iive11 i, +51 to 100% = f, +IO1 t.0 150,s = + f .  

every 4th day after the initial injection :it 24 hr. after the tuirior '  iiiiplsiitat,iori. 
Not st,atistic.ally signifimnt due to widc rsiige spread on t,lir surviv:tl titnc. 

isomers, the L compounds of the position isomers iii 
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 i t r  
relation to the enzymic susceptibility of thc pc.pticlc. 
"carrying group." The biological activity of thci 
ortho L isonier is outstanding. Elucidation is necessary 
to  determine whether it is due to (1) an effective binding 
of the nitrogen mustards to nucleic acids, proteins, 
ctc., ( 2 )  the configuration of the molecule which might 
perniit slow and continuous reaction of the nitrogen 

inustard in z I L O ,  or (3) other reasoii(s) presciitly u11- 
apparent. 

Acknowledgment.--The authors wish t o  ciprrss 
ih[.ir appreciatiori to Dr. G. E. Foley arid lIiss \-. \ I  
I3iiins for the antimicrobial and mammaliair wII  
culture assajys, and to Dr. C. I,. lladdock for disciissiou 
of tlic 11101ist' tuiiior assay. They ackiio~vlcdge thc, 
support of Dr. Sidney Farber in presenting the hie- 
logical data concerning this group of chemicals 
Acknowledgment is also made to Dr. 1,coiiard 1' 
Capell, the Chemical Abstracts Service, for the ~io~nvii-  
claturc. 


