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activity of a mixture of a- and 4~is(2-chloroethyl) 
derivatives of lysine, prepared by Ginzburg. 

Further ivork by Ginxburgg dealt with the synthesis 
of S~,SSG-bis(2-chloroethyl)-~-lysine. This mas pre- 
pared b y  allowing K2-acetyl-L-lysine to react with ethyl- 
ciic oxide in an alkaline iiiediuiii, followed by direct 
chlorination of the hydroxyethyl groups produced. 
-2tteiiipts to reproduce this riiethod in our laboratories 
did not give the desired products. 

I t  therefore seemed interesting to us to study a new 
synthesis of S"Sfi-bis(2-chloroethyl)-DL-lysirie based 
on classical iiiethods of aiiiino acid preparation. The 
synthesis was to be carried out SO as to preclude fornia- 
tion of the a-isomer in the first stage. 1I7e started 011 
the basis of Rogers' sy~ithesis '~ of lysine froiii 5-(4- 
hydroxybuty1)hydaiitoin. The nitrogen in position 3 
oil the hydantoin ring was protected b y  benzylatioii 
before the amination step. This was done to  avoid uii- 
desired side reactions. 

The hydroxyl group v-as substituted by bromine (11), 
aiid in turn this was substituted by diethaiiolamine (111) 
which, in excess, also acted as an acceptor of hydrogen 
t~-oiiiide duriug the reaction. The hydantoin ring was 
hydrolyzed iri an alkaliiic iiiediuiii according to the 
method of Gaudry" in his synthesis of i)L-a-aniino-e- 
hydroxycaproic acid. .in oily product, XG,Sfi-bis(2- 
hydroxyethy1)-uL-lysine (IV) was obtained. It was 
purified by forming the reineckate using the method of 
Panouse12 applied to  nicotine and pyridine. 

The reineckate of IV was benzoylated in alkaline 
solution, and the reineckate of SG,Sfi-bis(2-chloro- 
ethyl)-x2-benzoyhL-lysine (V) was precipitated on 
acidification. Beiizoylation was also perforiiied di- 
rectly on IV without recourse to its reineckate. Sub- 
sequent chlorination and hydrolysis led to S6,Kfi-bis(2- 
chloroethyl)-DL-lysine (VIII) which was purified as its 
reineckate. The product could be separated from this 
salt by absorption of the amino acid 011 a cation-ex- 

('1) 0 F. Ginzburg and I<. Ju AIar'Janoiskaja. Chrm. A b s t ~ . ,  68, 1266Jb 

(10) .1. 0. Roger> R n Emmick, L W Tbran  L. F3 Phillips, .1. .1. 

(11) R Gaudry, Can. J .  Res., 26B, 387 (1Y48). 
(12) J. J Panouse, Bull. Soc Chim. Fiance, 594 (1949). 
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change resin, followed by elution (as the dihydro- 
chloride), 

The free base VI11 was prepared by a procedure which 
prevented loss of bound chlorine from the labile 2- 
chloroethyl position ; the dihydrochloride of VI11 has 
been shown to be extremely susceptible to such loss. 
,ill the intermediates and final products were subjected 
to thin layer chromatography. Different adsorbents 
and solvents were used as and where suitable. 

The use of cation-exchange resins for conversion of' 
the reineckates to the hydrochlorides has also beeii 
applied to the following amino acids: aspartic acid, 
phenylalanine, valine, and hydroxyproline. I ts  scope 
should be broad. 

Test of the Antitumor Activity on Cells Cultured in 
Vit yo.-The activity of Kfi,KG-bis (2-chloroet hyl) -DL- 
lysine was tested 011 IiB cells maintained in vitro in 
Eagle's medium13 supplemented with 10% of human 
blood serum. The cells, obtained as a suspension by 
trypsinization of the stock cultures, were seeded in a 
suitable number of tubes. For these experiments 1 ml. 
of cell suspension coiitaining approximately IO5 cells 
was placed in each tube. When the cellular sheet had 
developed, the tubes were divided into four groups 
(I, 11, 111, and IV). The niediuni was removed aiid 
substituted with fresh iiiedia containiiig, respectively, 
5y (I), 107 (11), and 20 y (111) of the compound per 
nil; group IV was kept as control. In  each group the 
multiplication of cells was followed over a period of 144 
hr. by enumeration of cell nuclei according to Sanford's 
i1ieth0d.l~ The counts were taken every 48 hr. In  the 
cultures the media containing the products under in- 
vestigation in the doses stated were renewed every 48 hr. 
The culture media in the control group were siniilarly 
renewed. 

Every count was taken on three tubes per group and 
three saniples of cellular suspension were counted from 
each tube. The cytological changes mere recorded a t  
the same tiiiie by microscopic examination of slides 
placed in Leighton's tubes seeded with cells and treated 

(13) €1. Eagle, Science. 130, 432 (1959). 
(11) K. H. Sanford, W. R. Earle, 1'. J. Evans, H. I<, 'Kaltz, and J. E. 

Shannon, Jr., J .  .Vatl. Cancer Inst., 11, 773 (1951). 
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This dihydrochloride (1 g.) was dissolved with 20 inl. of an- 
hydrous methanol, and the theoretical amount of silver carbon- 
ate was added slowly wit’h stirring and cooling. Stirring was 
continued for 15 niin., and the silver chloride was filt,ered. The 
methanol solution was evaporated under reduced pressure. The 
residue (VIII) was a white crystalline powder (0.75 g., 95%). 

Anal. Calcd. for C,oH20Cl~N?02: C, 44.29; H, 7.43; C1,26.15; 
S, 10.32. 
VI11 dihydrochloride was thin layer chromatographed with 

cellulose powder, using 1-butanol-acetic acid-water (60: 20 : 20) 
as a solvent. The chromatogram, developed with a 2(, solution 
of ninhydrin, showed a single orange-red spot (Rf 0.67). The 
base showed a single violet spot ( K r  0.64). 

Precipitation of the Reineckates of Valine, Phenylalanine, 
Ornithine, Hydroxyproline, and Aspartic Acid. Isolation of the 
Amino Acids from their Respective Salts Using a Cation-Exchange 
Resin.-These amino acids were precipitated as their reineckates 
from their respective aqueous solutions, acidified with HCl (pH 

Found: C, 44.2; H, 7.6; C1, 26.2; N, 10.21. 

1-2), by the addition of the theoretical amount of 5% aqueous 
ammonium reineckate solution. These salts were all crystalline 
but without’ definite melting points. 

The amino acids were isolated from their salts almost quanti- 
tatively. First, the salts were dissolved in acetone and diluted 
with a double volume of water. Then these solutions were per- 
colated through 1.5 equiv. of ilmberlite IR 120 (100-200 mesh). 
The resin was washed by percolation with water until the red 
color due to reinecke avid disappeared. The amino acid ad- 
sorbed by the resin was eluted with 5-10SC hydrochloric acid 
recovered as the pure hydrorhloride salt by concentration of the 
eluate. 
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The exceptional antitumor and mutagenic activities displa>-ed by a quinacrine derivative of a monofunctiolial 
nitrogen mustard, 2-methoxy-6-chloro-9- [~-(ethyl-2-chloroethyl)aminopropylamino] acridine, led to the synthesis 
of 50 additional mono- and difunctional analogs of acridine, quinoline, and quinazoline. The acridine nucleus 
was found to exert a pronounced activating influence on the nitrogen mustard moiety. On a molar basis, the 
“half-mustard” 2-methoxy-9- [3-1ethyl-2-c~1loroethyl)aminoprop~lan~ino~ acridine dihydrochloride was consider- 
ably more effective against the Ehrlich ascites tumor than inethylbis( 2-chloroethy1)amine hydrochloride; the 
corresponding bis analog was even more potent. Substit,ution of a 6-chloro group into 2-rnethosvarridine de- 
creased the molar activities of the mono and his mustards. Several riionofunctional nitrogen inust,artis of quinaz- 
oline and quinoline displayed moderate antitumor activity, but only a t  high molw dosages ; other closel>- 
related analogs were inactive. The relationships between the cihemical structures and antitumor activities of 
the compounds are presented. 

From our earlier ~ o r k ~ - ~  it was evident that  the uii- 
usual antitumor activity of certain iiionofurict,ioiial 
nitrogen mustards was deterniined by the chemical 
structure of the heterocyclic nucleus that was attached 
through a side chain to the i1iono-2-chloroethylaiiiino 
group. The first nitrogen ‘(half-niustard” that dis- 
played pronounced activity in prolonging the survival 
time of mice bearing several varieties of ascites tumors2 
and exhibited an extraordinary mutagenic capability 
in Drosoph,ila5 was 2-inethoxy-6-chloro-9- [3-(ethyl-2- 
chloroethyl)aininopropylai~iino]acridine dihydrochlo- 
ride.4 On the other hand, the partial acridine struc- 
tures, 7,-chloro- and 6-inethoxy-4- [3-(ethyl-2-chloro- 
ethyl)aiiiinopropylaiiiirio]quinoline dihydrochloride,? 
and the secondary aiiiine, 2-inethoxy-6-chloro-9- [a- 
(2-chloroethyl)atiiiiioethyla1iiino]acridine dihydrochlo- 
ride, showed no antitunlor activity. Since their cor- 
responding his must’ards were highly effective, it is 
apparent that both t’he heterocyclic nucleus aiid the 
presence of an alkyl group 011 the nitrogen containing 
the 2-chloroethyl group are of critical importance in 
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activating the iiioriofuiictional niustard grouping. 
It appeared worthwhile to  determine whether the 

2-niethoxy or the 6-chloro group on the acridine nucleus 
played a significant role in this activation and whether 
any iiiodifications of simpler heterocyclic nuclei, such 
as quinoline and yuinazoline, would iinpart enhanced 
physiological activity to the “half-mustards.” The 
effects of attachment of the nitrogen-mustard moiety 
a t  the 4-position of variously substituted quinolines, 
a t  the %position of quinoline arid lepidine, at the 4- 
position of quiiiazoline and 6-chloroquiiiazoline, and a t  
the 8-position of 6-iiiethoxyquinoline, as well as the 
presence of an S-alkyl substituent on the 4-quinolyl 
nitrogen, were investigated both in the mono and bis 
foriiis, as sho~vii  in Table I. The letters to X in the 
first coliiiiiii of Tables I aiid I1 represent the hetero- 

/R 
cyclic group ~r in the forniula -\r-( )-S’ 

\CH,CH~X 
at the top of Table I. The heterocyclic structures 
corresponding to these letters are as follon-s. 

Most of the tertiary amino side chains were added 
stepwise to the nucleus by condensing 4-chloroquinoline 
with an alkylaminoethanol, chlorinating, and condens- 
ing with diethanolaniine, or an analog, to give the 
niustard precursor. However, when the readily crystal- 
lized nitrate salts6 of the first hydroxy intermediate, 


