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This dihydrochloride (1 g.) was dissolved with 20 inl. of an- 
hydrous methanol, and the theoretical amount of silver carbon- 
a te  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 ( p H  

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. 

Acknowledgment.-The writers are indebted to  Dr. 
E. Pella for the mirroanalyses, to Dr.  G. Tosoliiii for the 
chromatographic data, aiid to 11r. A Cantaluppi for 
technical collaboration. 
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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 

(1) Supported b y  research Grants CA 02975 and C h  OG927 from the  S a -  
tional Cancer Insti tute,  National Institutes of Health, U. S, Public Health 
Service. 

(2) H. J. Creecli, E. Ureuninger, R. F. Hankai tz ,  ,Jr., 0. Polsky, and M. L. 
Wilson, CQIKP? Res . ,  20, 471 (lUti0). 

(3) R. M. Peck, R. I<. Preston, and IT. .J. Creech, .I.  Am. Ciiem. Soc., 81 ,  
8‘381 (1’339). 
(1) R. XI. Peck, R .  K. Preston, and H.  J. Creech, J .  O r g .  Chem..  26, 340Y 

L lg t i l ) .  
( 5 )  E. A.  Carlson and I .  I. Osier, Genetics,  47, 201 (1902). 

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, 
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q., 1. w r ~  risetl in  t h  chloririatioii procedlirc, tl icl  
piuducth 11 ero found to contaiii a i l  additional nuclcar 
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chlorine substitucnt resulting Eroiii the p i ~ w i i ~ ~  of 
nitrate as oxidizing agent iii the chlorinating iiiediiiiii. 
By degradation to the conwponding &hydroxy cu111- 

pound aiid chlorinatioii to  the known X,A,S-trichloro- 
clui~ioline,~ the position was established, as given in I I .  
Further confirmation was furnished by cliniiiiatioii ot 
the other isoineric -I-,i.~-trichloro(~Liiiioliiie~, all foiir 
of r-iliich arc kiion 11. aiid hy the analogoun :bhalo 
suhstitutioii reactioii of Surrey and 

.I ctifferent side rcactioii eiicouiitercd iii the 2-lcpitlyl 
series lctl to cycllizatioii of the U-chloro caoiiipoiiiid. 
~vliicli  precluded its coiideiisatioii with clictliaiiolaiiiiiic 
aiid necessitated presynthesis of the entire sidr-chaiii 
akelctoii h f o r c  contlen.;atioii v ith the 1ietc.ro~q~rlic~ 
iiuclcus, a5 deacrihcd in the Ikperiiiiental part. ( '~(~11- 

f'H CH, 
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Experimental 
IIelting points were taken in open capillar>- rii1)c~a ili :I Hwsli- 

berg apparatus using total immersion thermometers anti :ire rt'- 
ported as uncorrected values. 

All the 2-chloroethyl compounds in  this paper wcre prepirc4 
by the action o f  excess tliionyl chloride on their hydroxy prc- 
~ u r s o r s . ~  The precursors listed in Table 1 xere, for tlie most p u t .  
prepared Is)- interaction of the corresponding side r l u i n  ant1 
chloroheterocycle by known methods3 and from known react:inls 
except those few whose preparations are given below.. Other  
precursors in Table I include those whose side chains were built 
up in two steps from compounds listed in Table 11. :\. procedure 

:ij -1. R. .Surrey and  R. -1. Cutler. J. A7n. Chem. SUC., 68, 2570 i l V i ( i ' j :  
.\. R. Surrey and H. F. Hammer. ibid. .  68, 1244 (1940); R. I < .  I , u t z ,  (, .  
hal iburn,  J. .\. Freek, R .  H. Jordan, 11'. 13. Leake. T. A. Xart in .  It. .1. R ~ I M -  
lett, and J. W. Wilson, itid., 68, 1285 (104G). 

(8 )  J. XI. Osbond, .I. Chens. Soc.. 1853 (1950). 
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cH30y&3c1 cH3y& & & dl- 
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of general :tpplicat,ion to tliis sequence is included in the synthesis 
of (winpounds 4 aiid 5 in Table I1 and M-2 in Table I. The 
Iiydrochlorides listed in the tables were recrystallized from ethanol 
or  aqueous ethanol, with the addition of acetone and/or ether 
where necessary with the more soluble compounds. The prepa- 
rat ion of  two derivatives of 8-amino-6-methoxyquinoline is given 
below. 
N-Methyl-N-2-hydr0xyethylethyIenediamine.~-The prepara- 

tion of tliis c*i)nipourid from meth? lethanolamine and 2-bromo- 
ethylamine hydrobromide was carried out by the procledure used 
for the corresponding N-ethyl c ~ m p o u n d . ~  A second fractiona- 

Tield of product, b.p. 103-104" (8 mm.).  
for CjH14S20: C, 50.76; H, 11.95; S, 23.71. 

Found: C, 51.18; H ,  12.12: N,24.69. 
N,N'-Dimethyl-N'-2-hydroxyethylethylenediamine and 2- 

[2-(2-Hydroxyethylmethylaminoethyl)methylamino]lepidine Di- 
hydrochloride.--?'he first compound was prepared by an identical 
pri)c:edurr fr(Jl1i iiietb?.lethanolamine and 2-chloroethylmethyi- 
:tinine hydro,*hloride. The redistilled fraction, b.p. 114-117" 
( 9  inin.), w:ts obt:tinecl in 447,  yield. A mixture ot 14 g. each 
r ~ f  this priJdurt and of 2-chlorolepidine was stirred and heated a t  
a n  internal temperature of 130-135" (exothermic), taken up  in 
dilute acetic, wid,  :tnd filtered from a small amount of unreacted 
?-c.!ii~Jrolepidi.,ie. The filtrate was made alkaline, extracted 
with ether, and concentrated. A slight excess of concentrated 
hydrochloric acid was added to the residue, water was removed 
in ~ ~ a c u o ,  and acetone was added to precipitate crystalline 5-2. 
N-Methyl-N',N'-bis(2-hydroxyethyl)ethylenediamine and 

7-Chloro-4- [ 2-bis( 2-hydroxyethy1)amino e thy 1 m e t  h y 1 amino ] - 
quinoline Dihydrochi0ride.-Substitution of diethanolamine in 
the above procedure gave the first compound. The redistilled 
fraction, b.p. 9G100" (10 IJ.), obtained in 25% yield, was con- 
densed with 4,7-dichloroquinoline at 120' for 2 hr. t o  give 
P-8 (Table I). The same compound *vas obtained by the re- 
artion of 7-cliloro-C(2-~hloroethyl)methylaminoquinoline hy- 
drochloride (P-11, Table I)  and diethanolamine in slightly higher 
yield. 

8- [2-(2-Hydroxyethylethylamino)ethylamino] -6-methoxy- 
quinoline Dihydroch1oride.-This compound was prepared by 
t h e  methanolic hydroxyethylation of 30 g. of 8-(2-ethylamino- 
eth)lamino)-6-methosyquinolinelO by methods previously em- 
ployed.* The product was distilled twice in ~ucuo,  and a 21-g. 

(9) I n  an equivocal referenre, 0. Eisleb and G. Ehrhart ,  German Patent  
,5.50,762 (Aug. 22, 1930), lists this compound with a melting point (no de- 
tails,. 

a 
W 

c1 N 
0 

T 

X 

fraction boiling a t  140-160" ( 5 0  p )  was accepted as product. 
A sample was converted to the Iiydrocliloride (H-2, Table I). 

2- [2-( 6-Methoxy-8-quinolylamino)ethylimino]diethanol 
Dihydroch1oride.-A crude mixture containing the necessary 
c.hloro side chain \vas prepared by dropwise addition of a chloro- 
form solution of 0.5 mole of thioriyl chloride into a stirred chloro- 
form solution of C.5 mole of triethanolamine, refiuxing, decanting, 
slurrJ-ing the residue \vith ethanol, removing the crystalline ti i- 
ethanolamine hydrochloride by filtration, and precipitating the 
crude, oilv, chlorinated product by dilution with ether. It 
weighed 14 g. and was condensed with 30 g. of 8-aniino-6-metli- 
oxyquinoline by method I of Drake, et al." The product was 
taken up in ethyl acetate (after 20 g. of excess 8-amino-6-nieth- 
oxyquinoline was recovered), concentrated, and molecularly 
distilled twice a t  160" (0.2 p ) .  It weighed 9.6 g. and formed a 
dihydrochloride (H-4, Table I). 

7-Chloro-4-(2-hydroxyethyl )methylamino-2-methyIquinoline. 
-A mixture of 21 p. (0.10 mole) of 4,7-dichloro-2-niethylyuino- 
line and 37 g. (0.5 mole) of methylethanolamine [vas stirred arid 
heated for 3 hr. a t  110-115" (internal), and taken up in dilute 
acetic acid. A solution of 60 nil. of saturated sodium nitrate 
precipitated 34 g. of crude product. This was dissolved in 
water and made alkaline to give 17.9 g. (71 .55 )  of the free base, 
n1.p. 103-105". 

Anal. Calcd. for C13HlsC1N,0: C, 62.26; H, 6.03; 1, 11.17. 
Found: C, 62.00, 62.21; €I, 6.05, 6.16; S, 11.19. The nitrate 
(5, Table 11) was precipitated from a solution in dilute acetic 
acid with sodium nitrate and recrystallized from water. 
44 2-Chloroethyl)methylamino-3,7-dichloro-2-methylquinoline 

Hydrochloride (4, Table II).-To 30 ml. of stirred thionyl chlo- 
ride was added 5.0 g. of the nitrate salt of 442-hydrosyethy1)- 
methylamino-7-chloro-2-methylquinoline, with cooling. The 
solution was kept for 40 hr. a t  room temperature, excess thionyl 
chloride was removed in vacuo, and the residue decomposed ai t l i  
a small amount of ethanol. Solvent was again removed in, i~acuo 
and the residue was slurried with 1 : 1 ethanol-acetone and filtered. 
The yield was 4.75 g., m.p. 196-200'; it was recrystallized in 
80% recovery to give an analytical sample. 

.4n analytical sample melted a t  102.5-104'. 

(10) R. C.  Elderfield. 11'. J. Gensler, J. D. Head, H. -1. Hageman. C. H. 
Kremer, J. B. Wright. A. D. Holley, B. Williamson, J. Galbreath, L. Wieder- 
hold, R. Froghardt. S. 11. hupchan,  T. A. Williamson, and 0. Birstein, J. 
Am.  Chem. Sac., 68, 1524 (1946~.  

(11) N.  L. Drake. R. A. Hayes, J. A. Garman. R. B. Johnson, G. IT. 
Iielley, S. l le lamed,  and R. 11. Peck, itid., 71, 455 (1949). 
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acridine and ethyl dichloracetate and 3 ml. of ethanol was warmed 
on a steam cone for 3 hr , coded, and filtered. The product 
weighed 2 0 g., recrystallization from ethanol gave 0 9 g., 111 p. 
187-191'. Analyticdresults are given in Table I, U-1. 

N-(7-Chloro-4-quinolyl)-N-methylethanolamine Methane- 
sulfonate.-To 25 ml. of inethanesulfonyl chloride n as added 2 0 
g of S-( 7-(~hloro-4-quinolyl)-T\'-niethylar1iiri~~ethanol. The ro~ii-  
pound dissolved in about 1 hr. The solutioii nas  alloned to 
stand an additional 3 hr., coiiceiitrated in z a c ~ ( o ,  t:tken np 111 

ethanol and wvater. cooled, ~nilde alhaline, and eutr:wted (4 ith 
ether to remove unchanged skirting ninterial The supernatant 
liquid \vas drc anted froiii the heavy oil hich X:LS then 11 ashed 
by decantation. Ewess hydrochloric acid was added (cold), 
water was removed ~n tucim, and the residue taken up in ethanol 
Addition of etlier preLipitated the product, which was recrystal- 
lized from ethanol to give 1 0 g ( 3 4 5 ) ,  ni p 117.5-118.5". Ana- 
lytical results are reported in Table I, V-2. 

Biological Results.-The results of our studies of the 
antitumor activity of the compounds are presented in 
the same summarized form used previously.2 In  the 
present report, however, only the observations with a 
hypotetraploid clone of Ehrlich asrites tumor (EF) in 
albino mice (IC11 Swiss) are given. Mice, n-eighing 
24-27 g.. were inocwlated intraperitoneally w t h  7 
million cells of the EF ascites tumor: 011 the following 
day and for the next 2 days, the test conipound, dis- 
solved in physiological saline, was injected intraperitone- 
ally into the mice. 

The control series of mice for each experinicnt was 
injected with saline on days 1, 2 .  and 3 after tumor 
inoculation ; the mean survival time of the control 
mice was 16 f 1 days over the ?-year period. 
Survival data for each group of iiiice were recorded 
daily and the experiiiients were terniinated between 
days 45 and 51, namely. a t  the end of the period that 
was 3 times the mean survival time of the controls for 
that particular series of tests. hpproximately 300 niice 
were used iii each weekly test; the iesults of the anti- 
tumor tests on each compound were based on 100-200 
niice. 

Dosages are expressed as the nuniber of piiioles of 
compound (injected on each of the 3 days) per kg. of 
body weight Of niouse. The activity range of a coni- 
pound covers the lowest to the highest dosages that 
produced a t  least an 807c increase in survival time over 
that of its control group of mice. Dosages that were 
about 20yc greater than the high level in the raiige 
usually killed 25-40Yc of the niice within :i days of the 
last injection of conipound. 

The degree of activity of a compound was calculatcd 
statistically from the survival graphs. value of :1.0 
mould indicate that  all the niice in thc euperimental 
group had lived until the time of sacrifice at  -2-5-51 
days; with potent conipounds, this level of activity 
was often noted at  one or niore intermediatc levels 
within the dosage range. - in  average value of :!.O, 
however, cannot he attained by ally conipound bccaubc 
of our definition of the activity iange. which iitilizeh 
a degree of 1.8 a t  the low and high cnds of thc dosage 
range. The average degree of activity is determined, 
of course, b y  the sharpness of the rise to, and fall froni, 
the maximum effect and the existence of any plateau a t  
the 5-8 intermediate testing levels between the lowest 
and highest effective dosages. A value between 1.0 
arid 1.4 nieaiib that the compoiind did not causc a 
sigriificaiit increase in the survival t i ino of the niicck over 
that  of the controls under our conditions of test; in  
these instances, the dosage range listcd is simply that 

employed up to  the toxic level for the compound. The 
ratio of the high to the low dosages in the activation 
range is an expression of possible therapeutic useful- 
ness, coinpounds with a relatively wide range obviously 
having definite advantages. 

Considerable variations n-ere noted in the activities 
of the coiupounds. both on a molar basis and on an 
antitmuor basis, dependent on the type of heterocyclic 
nucleus and its substituents. on  the length of the alkyl 
side chain between the nitrogens, and whether the 
nitrogen niustard portion of the molecule was mono- or 
bifunctional. 

For ready comparison of the current observations 
with earlier results,* it may lie iiieiitioned that the po- 
tent monofunctional nitrogen inustard, 6-chloro-2- 
nietlioxy-0- [3-(ethyl-2-chloroethyl)aniiiiopropylaniino 1- 
acridine dihydrochloride, showed an activity range 
of 1.!5-4 pmoles kg. and an activity degree of 2.5 
against the EF tumor. The analog in which ethylene 
replaced propylene between the nitrogens of the side 
chain had a range of  4-l(i piiioles kg. and a degree of 
2 1. The corresponding his nitrogen mustards showed 
values of 0.3-1.5 pmoles, kg. and a degree of 2.3  for 
the propyl derivative, and 4-24 pmoles'kg. and a 
degree of 2.4 for the ethyl derivative. Sitrogen 
niustard, itself, had values of 1.5-8 pnioles kg. and a 
degree of 2.4, and the simple aniinoalkyl half- 
niustard S-(2-chloroethyl)-S-ethyl-l,3-propylenedi- 
amine dihydrochloride had an activity degree of 
2.3 at 2.5-60 pnioles/kg. The importance of the 
alkyl group on the nitrogen containing the 2-chloro- 
ethyl group mis indicated by the fact that 6-chloro- 
2-methoxy-9- [:3-(2-chloroethyl)aiiiinopropylani inolac- 
ridinc displayed only slight activity a t  high dos- 
age levels (45-75 pnioles, kg.) and the ethylamino 
honiolog was inactive. dlthough the his nitrogen 
mustards of 7-chloro- and of 6-niethoxyquinoline 
were highly active, their corresponding ethyl-Zchloro- 
ethyl fornis were devoid of activity against ascites 
tun10 1's. 

From Table I (A-1) it is evident that  activity in the 
6-chloro-2-methoxyacridines was retained when a 
methyl group replaced the ethyl group on the nitrogen 
containing the 2-chloroethyl group, although the dosage 
requirement was about threefold greater than that of 
the S-ethyl analog The honiolog with a methyl- 
butylaniino side chain and an  S-ethyl group (A-3) 
was highly active a t  a range which approximated that  
of the reference ~iioiiofunctional mustard containing 
the propylamino side chain. 

It was of interest to determine the iiiiportaiice of the 
2-niethoxy and the 6-chloro groups on the acridine 
nucleas. Froiii a comparison of the mustards B-1 
and B-3 with their reference compounds, it is clear that  
the niiclear chloro substituent depressed the molar 
activity. The 2-niethoxyacridine derivatives were 
found to be the most potent antitumor compounds so 
far studied in our tests with ascites tumors. The 
ethylamino analog was also highly active a t  a reasonably 
low molar dosage (B-5). Deletion of the iiiethoxy 
group to give C-1 and C-3 showed that the unsubstituted 
acridine nucleus was ,just as potent an activator of the 
nitrogeri niustard grouping as '-iiiethoxy-G-cliloro- 
acridine. Hydrogenation of an eiid ring of acridine 
rc.sulted in  a considerably increased dosage require- 




