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Ili peptide Nitrogen Mustards of Glycine and r-Aniinobutyric .icitl' 

In our investigation of dipeptide nitrogen mustards, 
we have synthesized the optical arid position isomers 
of S- [bis (2-chloroethyl) aniinobenzoyl ]glutamic acid. 2 

The biological activities of thew dipeptide nitrogen 
inustards and their benzyl2" and ethyl2 ester., were 
htutlied in niicrobial systems and in KB line cell culture 
in which moderate activities were demonstrated. In 
1 h r  Ehrlich ahcites mouse tunior, tlie antineoplastic. 
xctivitiez :ire largely restricted to the L conil)ounds.2 
i h o n g  the position isomers in both the L and I) vric+. 
I he 01 tho isonirrs exceed the correqponding para arid 

in nrtivity. S- { o- [Ris(2-chloroethyl)- 
:~mino]briizoyl ~-~-glui :miic  :wit1 :uid its ethyl eyt 
c.onsequcritly shometl significant :intiiieoplaiiic. wt iv i ty  
:tg:iin\t, Ehrlirh :witcs inouw rarcirionm Thi\  i y  

c.oniparable to methyl nitrogen niuitard (HS2) arid 
the phenylalanine nitrogen mustard (sarcolysiii) but 
at  higher effective and toxic dow levels.2c 

Further investigation of t he relation of cheinir:il 
ructurc to biological acbtivity s e e m  of iniportancc 
r (>lucidation of i h t ~  niode of action and for future> 

clccign of biologically act i re  peptide nitrogen mustards 
Replaceinerit of parts of the 

i)cy)tidc cahnin i n  tlir n--[hi~(2-(lliIoroethyl)~n~ino- 
~ ~ c ~ ~ ~ z o y l ] g l u ~ ~ ~ ~ i i i c  ~ w i c 1  1,)- liydrogcw at (a) t o  elimi- 
I I : I ~ C  I h c  CH,CHI?COOR. or  :it ( 1 ) )  l o  (4iiniii:itcI lhr1 

mrcinolytic agents. 

t('ICH2CHb)-SD 
\ / CONHCH+CH~CH,COOR 

(b,--]-- I 

COOR 

('OOR fiuictioii:~l groups nould rezult, iespectively, 
111 i)o5ition isoiiiers of S- [bis(2-chloroethyl):imi1io- 
I )el izoyl ]glycine and S- (bii (2-chloroet hyl) aniinoben- 
~oyl]-y-amiiiohutyric ncitl. This article preyenti thc 

of these dipeptitlc iiitrogen miiit:irtls ant1 th r  
c ~ ~ n l u a t i o n  of their biological activitw. 

Experimental Section3 
Ethyl 7-Aminobutyrate Hydrochloride.--The preparation of 

the ester hydrochloride by esterifiration of 7-aminobutyrir acid 

(1) Siipyurted i n  Dart by I'iiblio IIealtli Service Research Grants CY-3335 
iinci C - ~ ~ R I  t i  f rom tlir ISationaI ~ a n i , r r  Inetitute, Piational Institutes of 
Ilealtti.  

( 2 )  (a) S.-C'. J .  I*'II, J .  Mcd .  I '/!Q~?Iz. ( 'hc~m. .  5, 3:3 (1962); (11) S.-C. J. 1711, 
11.  Trrzian, and C.  L. hladdock, Pruc .  Stli I n t e r n .  Cancer C'onyr., Moscow,  6,  
f i i  (1963). Russian r d ;  P.-C. J .  F i t ,  11. Terzian, and  S .  I,. hladdock, Acln 
I 'vio Intern. Contvn Cuncrum, 20, 87 (1064):  (c) 9 .C .  J .  Fii, 11. Trrzian, ancl 
8 C'rnvr,,, .I. .IlPd. ('hr.fr,. ,  7, 759 (19fl4). 

was previously reported." The modified esterification procedure 
below was found practical. It was found that the variation i n  
melting point reported, 65-72"4a and 72",4b,3 was attributable to 
moisture in the compound and the solvent used for recrystal1iz:i- 
tion. 

-i-ilniitiobutyrir acid ( 5  g)  was suspended in 60 ml of absolutr 
ethaiiol which '[vas then sahrated d h  dry HCl in approximately 
0.5 hr. The reaction mixture was heated under reflux for 20 hr, 
at) ilie end of which time a clear solution had resulted. After 
evaporation of the excess ethanol, a semisolid was obtained. This 
was dried over PZOS and soda lime under reduced pressure, and a 
crystalliiie product was formed. After ttTo recrystallizations 
from absolute ethanol-ether (1 : 5 ) ,  the pure hygroscopic ester 
hydrochloride ('75%,) was obtained; mp 7 G 7 2 O  (sealed tube). 
If absolute ethanol was used for recrystallization a melting point 
of 6 - - - 7 2 "  often resnlted. The elemrntal analyses arr c*cmw1 i i i  

Iioth iiistanc 
Ethyl K-[Bis(2-chloroethyl)aminobenzoyl]glycinates. T l i i ~  

i>iinieri(; ethyl hi>( 2-chloroethy1)atiiinobenzoater; were preparetl 
according to t lie procedures previously reported.2 The bis( chlo- 
roethy1)aminobenzoic acid esters were hydrolyzed in concentrated 
lICl to their respective acids which were converted t o  the acid 
chlorides. Condensation of the bis(2-chloroethy1)aminobenzoyl 
chlorides xi th  ethyl glycinate, in NaHC03 solut,ion, was carried 
out by the procedure previously described.2 

N- [Bisi2-~hloroethyl)arninobenzoyl] glycines.--The ecters 011- 

ttrined above were hydrolyzed in 0.5 S NaOH in 50% methanol 
as described in the previous procedure.2 The dipeptide nitrogen 
mustards were purified by recrystallization from various solvent 
systems (see Table I). However, E- (o-[bis(2-chloroethyl)amino]- 
benzoyl} glycine has not been obtained in a pure form by repealed 
recrystallizat,ion. 

Ethyl N- [Bis( 2-chloroethyl)aminobenzoyl] --y-aminobutyrates. 
- The formation, in  SaHC03, and isolation of the immeric ethyl 
N-[bis(21:hloroethyl)aminobenzoyl]-~-aminobutyrat~es were car- 
ried out as described for the Dreparation of the corresponding -~ 
glut amat e analogs.2 

N- f Bis! 2-chloroeth~l)arninobenzo~ll-r-aminobutvric Acids.- 
The hi-drolysis of the ethyl N-[bis(2&hloroethyl)aminobenzoyl]- 
-,-aniinobutyrates in 0.5 A' KaOH in 50% methanol was carried 
out by the procedure previously described.2 The pcwa and mela 
isoniers werr purified by recrystallization from various solver i t  

systems. 
S-/  o-[Bihi L'-~~l~loroetliyl):trriitio]be~i~oyl J-y-ariiiriobiitvl.i(. aci(l 

\vn- first ohtaiiircl ai: R thick oil. On standing at 4' for 7 days, 
The crystals, whicli 

n-ere isolated manually and washed with a small amount of c.oltf 
nieth:iiiol and then a small amount of cold ether, had a dirtiiic,~ 
nieltiiig point, and gave the correct elemental analysis for thr3 
dipeptide e.qter hydrochloride (see Table 11). The oil rerii~~iiit~d 
unchanged on pr~~loriged standing at 4" and gave wrying : i i i t l  

inc~ciiisi~tent elenieiitiil :iri:dy*es. 

als formed in the oil. 

( 3 )  .\I1 melting points are corrected and, unless specified, tlie conqmiiniis 
The yield is given for I lie 

The elemental analyses werp performed l>y D r .  ( * ,  I \ .  

(4) (a) J. Tafel and M. Stern,  Ber. ,  33, 2233'7 (1900); (1)) T. S u r . l i i i s  :tiicl 

f;li \. Xeiiherger, I'ror. Rou. Sir .  ( I rmdon),  A168, 85 (1!1:3i). 

always become a clear liquid at the melting range. 
piirified rompound. 
I>it?,, Needham Heights, Mass. 

\V. IIechtenherg, J. Prakt .  Chem., [ Z ]  105, 321, 326 (1922). 
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TABLE I 
ISOMElE O F  N- [Bib( 2-CHLOROETMTL),\MIh OBENZOYL] GLYCISE' 

CI (-'H~(TL - N  
o C O ~ H C H , C O O K  

Recrystn Yield, Mp, oc Found, - 
Compdh Isomer R solvente % (cor) C H c1 K 
I P C?H5 C 74 74-75 (108 clear) 51 .S 5.9 20. .i 8.1 
I1 m C2H5 C 88 93-94 (103 clear) 52.0 5.6 20.4 8.1 
I11 n CzH, A 75 56-60 51.8 5.6 20.4 8.1 
I V  P 1% A 78 144-146 48.9 4.9 22.4 8.7 
v m H B 80 Oil 49.5 4.9 22.6 8.9 
Formulas for 1-111 arid IV-VI are C15HzoC12N203 and CISH&12N20S, respectively. * N- (0-[Bis( 2-chloroethyl)amino] benzoyl] - 

* Anal .  Calcd glycine (VI) has not been obtained in a pure form. 
for 1-111: 

c A = acetone, B = ethyl acetate, C = ethyl acetate-hexane (1 : 5 ) .  
C, 51.9; H, 5.8; C1. 20.4; N, 8.1. Calcd for IV-VI: C, 48.9: H, 5.1; C1,22.2; N, 8.8. 

TABLE I1 
ISOVERS O F  N-[BIS(2-CHLOROETHYL)AMINOBENZOYL]-~-AYINORUTYRIC .4CIDa 

Recryatn Yield, Mp, oc Found, 70" - 
Compd Isomer R solventb % (cor) C H c1  N 

T'II P CzH5 D 70 Semis o 1 id 54.2 6.2 19.3 7.5 
TI11 m CZHS C 73 71-72.5 (125 clear) 54.3 6.3 19.1 7.4 
IX 0 C& R 73 Oil 54.3 6.1 18.5 7.7 
s P H C 65 124-126 (129 clear) 51.6 5.9 20.5 8.0 
XI m H A 60 Semisolid 52.4 5.8 20.5 8.0 
XIId 0 H A 8 149-157 (164 clear) 47.0 5.5 27.6 7.2 

a Formulas for VII-IX and X-XI are C17H24C12N20S and C15HLoC12Sz03, respectively. * A = acetone, B = ethyl acetate, C = ethyl 
acetate-hexane (1:5), D = benzene. c Anal .  Calcd for VII-IX: C, 54.4; H, 6.4; C1, 18.9; N, 7.5. Calcd for X-XI: C, 51.0; H, 
5.8; C1, 20.4; N, S.1. Isolnted as a hydrochloride. Anal .  Calcd for C15H20N203.HCl: C, 47.0; H, 5.5; C1, 27.7; N, 7.3. 

TABLE I11 
INHIBITORY EFFECT O N  EIGHT MICROBIOLOGICAL SYSTEMS (IDEO in pg/ml)" 

7 1 -  - 2 -  - 3 -  - 4 7  - 5 -  -6- 
Compdb (a) (b) (a) (b) (a) (b) (a) (b) (a) (b) (a) (b) 7 8 

I 46 46 I I 280 65 I I 28 33 100 250 30 160 
I1 45 51 I I 33 60 I I 29 33 160 100 28 30 
IT1 80 80 I I I I I I 43 45 I I I 35 
I\' 45 70 I I I I I I 35 33 60 100 30 35 
v 51 50 I I 300 85 I I 31 33 33 60 25 37 
VI1 55 60 I I I I 80 100 30 27 I I 30 50 
VI11 60 60 I I I I 100 I 34 35 I I 30 50 
IX 60 65 I I I I I I 43 41 I I I 33 
X 45 70 I I I 100 I I 50 33 700 650 30 35 
XI 61 60 I I I 60 I I 35 30 I I 41 52 
XI1 41 70 I I I 100 I I 42 33 I 35 27 40 

a I (inactive) = IDSo 2 1000 pg/ml. System are: 1, Streptococcus faecalis in PG.4, (a) 0.01 pg/ml and (b) 0.001 pg/ml; 2, Lacto- 
bacillus arabinosus in nicotinic acid, (a) 0.1 pg/ml and (b )  0.01 p g / m l ;  3, Lactobacillus arabinosus in pantothenate, (a) 0.1 pg/ml and (b) 
0.01 pg/ml; 4, Pediococcus cervisiae in citrovorum factor, (a) 0.01 pg/ml and (b)  0.001 pg/ml; 5, Lactobacillus fermenti in thiamine, (a) 
0.1 pg/ml and (b)  0.01 pg/ml; 6, Lactobacillus cas& in riboflavin, (a) 0.1 pg/ml and (b) 0.01 pg/ml; 7, Escherichia coli in synthetic 
medium; 8, Canadida albicans in semisynthetic medium. For compound VI, see footnote b in Table I. 

Thin Layer Chromatography.-The compounds synthesized 
were chromatographed on silica gel thin layer on poly(ethy1ene 
terephthalate) (Eastman Chromatogram Sheet, type K301R). 
Each of the dipeptide nitrogen mustards and their ethyl esters 
gave a single yellow spot on the chromatogram when sprayed 
with 0.5% iodine in CHCla. The Rf values are 0.81-0.84 in 2- 
butanol-9Syo formic acid-HpO (75: 13: 12, v/v)Sa and 0.70-0.75 
in 2,6-lutidine-ethanol-H~O-diethylamine (55: 25: 20: 2, v / v ) . ~ ~  
The o-dipeptide nitrogen mustards and their esters also appeared 
as blue fluorescent spots under long-wavelength ultraviolet light. 

Biological Activities. A. Antimicrobial Assay.-The dipep- 
tide nitrogen mustards and their ethyl esters were tested in eight 
microbial systems currently in use for screening in the Labora- 
tories of Microbiology of this institution. The assay methods 

(6) (a) R. J. Block, Anal .  Chem., 22, 1327 (1950); (b) R.  J. Block, E. L. 
Durrum, and G. Zweig, "Paper Chromatography and Paper Electrophore- 
sis," Academic Press Inc., New York, N. Y., 1958, p 113. 

have been reported in detail elsewhere.' The results are summar- 
ized in Table 111. 

B. Inhibitory Activities in Sarcoma 1 8 0 " ~ ~  and KB Cell Cul- 
tures.80-The dipeptide nitrogen mustards and their ethyl 
esters were assayed for inhibitory activities in Sarcoma 180 cell 
culture. Four of the compounds were also tested in KB cell 
culture. The procedures used were prwiouslv reported.*@! 

C. Mouse Tumor Assay against Ehrlich Ascites Carcinoma.- 
The tetraploid Ehrlich ascites (4N) carcinoma was maintained in 
CAF/JAX mice by transplanting 0.1 ml of 1 : i  dilution ascites 

(7)  G. E. Foley, R. E. McCarthy, V. M. Binns, E. E. Snell, B. M. Giursrd, 
G. W. Kidder, V. C. Dewey, and P. S. Thayer. A n n .  N .  Y.  Acad. Sci., 76, 
413 (1958). 

(8) (a) G. E. Foley and B. P. Drolet, Proc. SOC. Ezptl. B i d .  Med., 92, 
347 (1956); (b) G. E .  Foley, B. P. Drolet, R. E. McCsrthy, K. 4. Goulet, 
J. M. Dokos, and D. A. Filler, Cancer Res., 20, 930 (1960); (c) H. Eagle, 
Proc. Soc. Ezptl. B i d .  Med., 89, 362 (1955); (d) H. Eagle and G.  E. Foley, 
Cancer Res., 18, 1017 (1958). 



fluid i r i  .derile I m ~ k e  i)lutiiin :it IO-t lnj-  iiii(>rv:d+. Fiir tmitril 
: i i t t i  cwntrol groups, 5 
A solution of 12yo ethanol--10 T \ V W l l  $1) ( 1 :!I) \\ab USCd 3 Y  1 I l i '  

carrring vehicle. Both i i~ r rn  1 sulitre :tiid the carryitrg veliic.l(~ 
were utilized as controls. The suspensions of the nitrogen m i $ -  
tards in 127, ethanol-Tween 80 solution were given iritraperit,o- 
neally daily, starting 24 hr after irioc.ulatioii of i I r e  tiirnor  cell,^. 
The treatment was contitiued until death o f  the laat a t i i r n d .  
The suspensions of the  nitrogen miistartis rernnilied stable at 4' 
for 1 week, atid suitable for injeciioti. Tlie rcsulis :ire giveti i t t  
Tables IV.  Animals were autopsied at, c l ~ a ~ h  atid grohs i~I)rerva- 
tions, iitcluding weight, of the asvitea Ailid were rnaile. 'l'i-siit. 
samples were taken for microscopic exaiiiiriai i~.iii.~ 

TABLE I\ '  

LIammalian rrll l~: l~r l ic l i  ascites tiiitinl' 

i,iiltiire'l hearers 
IDSO, pg 1111 ,'r (- - I :  nuse. 

C'omiiii" R-180 I<I\ x 100' 111g 'kgd 

1 :;ill1 ;r I - 10 100 
I I  1 ,511 
111 230 (j2 + ( X i  1011 
1 \. -, .) .101) - 2  (i 2,i 
\- :400 

4 1 .i 1011 1'1 I 
\.I11 ) 

IS 1511 100 + s:: .ii I 
s - i 11 +:(A 500 
SI :100 
SI1 I .?(I 

, I -  - 

. - -  

, I -  - 

0 For  compoiind \.I, see'footnote h i i i  Table I. See ref 8. 
T/C = treated niic.e/control mice, based 011 survival time. 

The figiires givri i d Daily effective dose, given iiitraperitoire:tlly. 
:ire t h i w  of the most effec,tive dose iii 4-6 dosage levrls. 

Results and Discussion 
The I)hysicnl data of the c o n ~ ~ ) o u n t l  

shown in Tables I rind 11. ,\Lost of the dipeptides u i i t l  

their esters po\>e\> wide-range ineltirig points 4niilnr 
to thosc in the g1ut:tmic wid series.2 Thin hycr  
rhromatogranis rcwnled only one component for each 
compound. N- [ o- [Ris(2-chloroethyl)aiiiino]benzoyl I - 
glycine has riot been obtained in :t pure form bj7 W- 
pcated recrystallization from variouq solvent -pstetii.. 
and Y- i o -  [bis(2-chloroethyl)ai1iirio]benzoyl] -y-nmiiio- 
hityric acid was obtained in too lair yield to permit 
:tntiiicoplastic tests in mice. 

Data on the inhibitory activity observed in the eight 
mirrobial systciiis are giveii i n  Table 111. Thehc 
indices iridicate that  most compounds are moderately 
:ictive, IDjo = 50-150 ~g, ' inI.  They are rnoqt effectivcl 
I I I  Sirrptococcus faecalis,  Lactobacillus f e i  ment i ,  Eschr- 
richia coli, and Candida albicans. The magnitude atit1 
1);ttterii of inhibition :ire similar to those of S- [hi.(?- 
~~hloroethyl)nmi~iobenzoyl]glutaniic The r(3- 
I)l:wement of the. glutamic acid iii the peptidr c . h a i i i  


