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Proof of Structure of III and IV.—The structures of 1II and
IV were proved by decarboxylation and comparison of the re-
sulting ketones with authentic samples.® Because hath 3-
methyl-1-naphthyl m-tolyl ketone and 3-methyl-1-naphthyl o-
tolyl ketone were liquids, comparison was effected by means of
the 2.4-dinitrophenylhydrazones. The 24-DNPH derivative
of the m-tolyl isomer, prepared by reactiun of 3-methyl-1-
waphthyhuagnesium bromide with m-tolunitrile, nielted (alone
and mived with the 2 4-DNPH derivative of the ketone formed
by decarboxylation of 1) at 234-23G° dec., after recrystalli-
zation Trom benzene—isopropyl alcohol. "T'be infrared spectra of
the two swnpleg were also identical.  Sunilarly the 2,4-DNPH
derivative of the o-tolyl isomer, prepared by reaction of 3-methyl-
t-naphthyhuagnesiuin browide with o-tolunitrile, melted (ulonc
and 1mixed with the ketone formed by decarboxylation of IV)
at 241i-248° dec., after recrystallization from benzene-isopropyl

alcohol.  The infrared spectra of the two samples were also
identical.
Anal. Caled. for CuHe N Oy Q, 6%.2; H, 4.5; N, 12.7.

Found (for m-isomer): C, 68.1; H, 4.5; N, 128,
(foro-isomer): C,68.1; H,4.5: N, 12.9.

2-(3-Methyl-1-naphthy!l)methyl-6 methylbenzoic Acid (V).-
A mixture of 30 g. of zine dust activated with copper sulfate,
29.1 g. of IT1, and 700 ml. of 10% sodium hydroxide salution wasg
refluxed and stirred for 36 hr. The acid fraction, isolated by
the nsnal means, wus crystallized frow tolueune to yield 27.4
g, (99%0) of V, u1.p. 162-163°.

Anal. Caled. for CuH,s0.: €, S2.8: H, 6.2,
R2N: H, 6.2,

Wheu a similar mixture was heated for 20 hr., a 32, yield of
the lactoue of 2-(S$-methyl-l-naphthyl)hydroxymethyl-6-methyl-
benzoie acid, nip. 178-179°, was obtained in addition to 379
of V.

Anal. Caled. {or CypHsOo: C, 83.4; H, 5.6.
N3 H 5.7

4,5-Dimethyl-9,10-dihydro-10-keto-1,2-benzanthracene (VI),
A sohttion of 25.0 g of Vin 200 ml. of anhydrous hydrogen
fluoride was left to evaporate overnight in a1 plastic narrow-niouth
bottle,  After isolation in the usnal way (which included a

Found

Faund: C,

Found: C,

(20 "The decarhoxylaticns and the syutbeses of ketqves were carried eol
ws deserihed for sinadtar cases by M. 3. Newnian aud P, G, Seteearer, J. Am.
Chem. See., T8, 5004 (1956).
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washing with 109, sodium carbonate) there wag obtained 19.7
g. (87%¢) of VI, ni.p. 103-106°.  Recrystallization from beuzene
and wethanol afforded a pure sample, m.p. 107-108°, with Little
losg.  The infrared spectrimn showed o hvdroxyl absorption
and a strong ketouic band at 6.02 x (1660 cu. =%,

Anal, Caled. for CopoHpgO: €, 88.2: H. 5.0
83.2: H, 6.t

4,5-Dimethyl-1,2-benzanthracene (VII).-—A well-stirred mix-
ture of 10 g. of ziue activated with copper sullate solution, 3.0 g.
of VI, mp. 103-106°, 20 ml. of toliene, and 50 ml. of 10¢,
sodimn hydroxide solition was heated at reflux for 86 hr. The
vellow color of the initinl mixture faded towards the cud. After
the usual work-np, the erude product was purified by ebromatog-
raphy over aluming nsing petrolenm ether-beuzenc as developing
solvent.  Finally, recrystatlization from beuzene and c¢thanol
afforded 2.2 g. (7847 ) of colorless necdles, m.p. 138-139°.

dnal. Caled. {or CuHyg: O 0370 H, 6350 Fod: O
0.7 H, 6.8

Phe trinitrofluorenone derivative,* m.p. 227-228°,
pared in benzene and recryvstallized from xylene.

Anal, Caled. for CuHaN,O:: C. 69.4;
Found: (6900 H, 3,70 N, 0.7,

4,5,10-Trimethy!-1,2-benzanthracene (VIII).—Methyllithimmn
prepared from 28 g. of methyl lodide and excess lithium in 75
ul. of ether was forced under nitrogen into a solution af 3.2 g.
of VIiu 75 k. of purc dry- benzene.  After refluxiug for 10 br.
the mixture was poured on dilute hydrochlorie acid and the or-
ganic product was isolated as nsnal,  After chronutograpbe over
aliming as for VII there was igolated a pale ycelow oil which
atforded 1.2 g. 138¢ ) of VIII on ervstallization from ctbanol.
When first obtained a {ornn, mep. S7=88°, was isolated.  This
proved to he a low-meltting polymorphic form, as a torm of VIIL,
bLp. 105-T06°, was Liter obtained.

Anal. Caled. Tor Coybh: C304;
H. 6.8

The trinitrotliorenone derivative, nnp. 232-234° was ob-
tained i and recrystadlized (rom benzene eontaining abont 2¢
exeess VI

dnal. Caled. {or CyghagNyO5:
Formned: 6950 Houos: N, T2

Found:

Wis pro-

H, 5.7 N, 7.4

H, 5.7 Found: € 934,

v

¢, 608 H, 300 N, 2

L0 AL Orebin ol O Wenlfotte, J. L. dhet,, 68, 1747 5 10466

Synthesis of N°,N’-Bis(2-chloroethyl)-DL-lysine

G. Vrrea, Lo Moxtg, axo R AxgrLucer

Carlo Erba T'herapeutic Reseacch Institute, Midan, Luly

Recewved Janwary 28, 196.)

The syuthesis of N&NS-his(2-chlorocthyD)-ni-lysine, using classicad procedures, is described.
material, 5-(4-hydroxybutyl)-3-benzylhyvdantoin, was converted to the 5-(4-bromobutyl) derivative,

The starting
By reac-

tion of this with diethanolamine, hydrolytic ring opening, N*-benzoylation, esterificatian, chlorination, and hy-

drolysis, N8 N®-bis(2-chloroethy!)-pL-lysine was obtained as the hydrochloride.

The free base was obtained from

this. A niethod has been studied (which could be extended to ather amina acids) for the purification of the

intermediate and final products through their precipitation as reineckates.

The free intermediates and ainino

acids were obtained from their reineckates by use of a cation-exchange resin.

As a result of the studies by Larionov! and Bergel? the
investigation of amino acids as precursors of possible
antitumor agents, has attracted the attention of numer-
ous research workers.*> A number of N-substituted

(1) (a) L. t. Larionov, **Malignant Tumors,” Vol. 1, Part 2, N. N.
Petrov, Ed.. Leningrad, 1948, p. 149; (b) L. F. Larionov, A. S. Khokhlov,
T.. N. Shkodinskaia, O. 8. Vasina. V. I. Trusleikina, and A. M. Novikova,
Lancet, 269, 169 (1933).

(2) F. Bergel and J. A. Stock, J. Chem. Soc., 2409 (1954).

(3) J. L. Everett, J. J. Roberts, and W. C. J. Ross, 7bid.. 2386 (1953).

(4) A, P. Martinez, W, A, Skinner, W. W, Lee, L. Goodman, and B. R.
thuker, J. Am. Chem. Soc., 82, 6030 (1960).

() G. L. MeCasland, R. Horvat, J. Korntved, aud A. IFurst, J. Org.
Chem., 28, 1768 (1958).

bis(2-chloroethyl)amino acids were synthesized and
subjected to biological testing. In particular, the syn-
thesis of N€N6-bis(2-chloroethyl)-pL-lysine was sug-
gested,® and a first hint on the preparation of this com-
pound was given by Ishidate.” From Ishidate’s work
it appears that the lysine derivative was isolated as an
impure double salt of picrylsulfonic and hydrochloric
acids. Larionov® then reported on the antitumor

(68) G. E. Lewis, Zept. Brit. #wp. Cancer Campaign, 833, 455 (1955).

(7) M. Istidate, Y. Saknurai, nud I. Aiko, Chem. Pharm. Bull. (Tokyo). 8,
732 (1960).

(8} L. F. Larionovand L. G. Spasskaia, Vopr. Onkol.. T, No. 11, TH
Chewm, Ahsts., 56, 13,512 (1962),
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activity of a mixture of o- and ebis(2-chloroethyl)
derivatives of lysine, prepared by Ginzburg.

Trurther work by Ginzburg® dealt with the synthesis
of N6 Né-bis(2-chloroethyl)-1~-lysine. This was pre-
pared by allowing N2-acetyl-L-lysine to react with ethyl-
enc oxide in an alkaline medium, followed by direct
chlarination of the hydroxyethyl groups produced.
Attempts to reproduce this method in our laboratories
did not give the desired products.

It therefore scemed interesting to us to study a new
synthesis of N4 N®%bis(2-chloroethyl)-pr-lysine based
on classical methods of amino acid preparation. The
synthesis was to be carried out so as to preclude forma-
tion of the a-isomer in the first stage. We started on
the basis of Rogers’ synthesis® of lysine from 5-(4-
hydroxybutyl)hydantoin. The nitrogen in position 3
on the hydantoin ring was protected by benzylation
before the amination step. This was done to avoid un-
desired side reactions.

The hydroxyl group was substituted by bromine (II),
and in turn this was substituted by diethanolamine (IIT)
which, in excess, also acted as an acceptor of hydrogen
bromide during the reaction. The hydantoin ring was
hydrolyzed in an alkaline mediumn according to the
method of Gaudry!! in his synthesis of pL-a-amino-e-
hydroxycaproic acid. An oily product, N8 Neé-bis(2-
hydroxyethyl)-pL-lysine (IV) was obtained. It was
purified by forming the reineckate using the method of
Panouse!? applied to nicotine and pyridine.

The reineckate of IV was benzoylated in alkaline
solution, and the reineckate of N¢N®bis(2-chloro-
ethyl)-N2-benzoyl-prL-lysine (V) was precipitated on
acidification. Benzoylation was also performed di-
rectly on IV without recourse to its reineckate. Sub-
sequent chlorination and hydrolysis led to N8 N6-bis(2-
chloroethyl)-pr-lysine (VIII) which was purified as its
reineckate. The product could be separated from this
salt by absorption of the amino acid on a cation-ex-

(9) O.F. Ginzburg and K. Ju. Mar'Janovskaja, Chem. dbstr.. 68, 126635
(1963).

(10) A. O. Rogers, R. D. Emnniick, L. W. Tyran, L. B. Phitlips, A. A.
Levine, and N. D. Scott, .J. Am. Chem. Soc.. T1, 1837 (1949).

(11) R. Gaudry. Can. J. Res., 26B, 387 (1Y4R).

(12) J. J. Panouse, Bull. Soc. Chim. France. 394 (1949).

change resin, followed by elution (as the dihydro-
chloride).

The free base VIII was prepared by a procedure which
prevented loss of bound chlorine from the labile 2-
chloroethyl position; the dihydrochloride of VIII has
been shown to be extremely susceptible to such loss.
All 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 been
applied to the following amino acids: aspartic acid,
phenylalanine, valine, and hydroxyproline. Its scope
should be broad.

Test of the Antitumor Activity on Cells Cultured in
Vitro—The activity of N¢Né&bis(2-chloroethyl)-p1-
lvsine was tested on KB cells maintained n vitro in
Eagle’s medium!® supplemented with 109, 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 containing approximately 10° cells
was placed in each tube. When the cellular sheet had
developed, the tubes were divided into four groups
(I, II, III, and IV). The medium was removed and
substituted with fresh media containing, respectively,
Sy (1), 10y (II), and 20 v (III) of the compound per
ml; 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
method.'* 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 similarly
renewed.

Every count was taken on three tubes per group and
three samples of cellular suspension were counted from
each tube. The cytological changes were recorded at
the same time by icroscopic examination of slides
placed in Leighton’s tubes seeded with cells and treated

(13) H. Eagle., Science, 130, 432 (1939).
(14) K. K. Sanford, W. R, Earle, V. J. Evans, H, K. Waltz, and J. E.
Shannon, Jr.. J. Nail. Cancer Inst.. 11, 773 (1951).
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as deseribed above.  The slides were fixed and stained
with  hematoxylin.  The experiments carried out
showed a significant reduction in cellular multiplication
in the tubes treated with 10 (3097) and 20 v (479%) of
the compound per ml. (Table T). The reduction oh-
served with 5 v of produet per ml. was within the linits
of experimental aecuraey.  Morphologically, there was
an inerease on mitosis number in metaphase.

TapLe 1
Growrtll oF CrLLs TrREATED wiT the PRobUCr
Tobe, R TSPRNTREY W3V VLI 1) R
Yy, mt. 8 9 144

U (control) 266.000 301,000 405.000
10 136. 000 2(i6. 000 347.000
20 166.000 236.000 266. 000

Experimental®’

3-Benzyl-5-(4-hydroxybuty!)hydantoin (Ib).—5-(4-Hyvdroxy-
butyl)hydantoin (Ia, 10 g., 0.038 mole) and potassiuin carbonate
(9.63 g., 0.07 mole) were dissolved in 46.4 ml. of water and 23.2
ml. of acetone.  Benzyl bromide (12.0 g., 0.07 mole), dissolved in
242 ml of acetone,'® was added dropwise. The solution was re-
fluxed for 8-10 hr. with constant stirring and the acetone was
evaporated. Ib was precipitated in the agueous phase; re-
crystallization from ethanol gave pure Ib (12.8 g., 77%), m.p.
122-123°,
Anal.  Caled. for CisHsNo05: ) 64.1; H, 6.91; N, 10.7.
Found: C, 64.0; H, 6.94; N, 10.6.
3-Benzyl-5-(4-bromobutyl)hydantoin (II).—A suspeusion of
IL (25 g.) in 300 ml. of 489, hydrobroniic acid was warmed to
100° and stirred continuously for 2-$ hr. The compound dis-
solved completely during the reaction. The solution was left to
cool, and the erystalline product (30.5 g.) was filtered and re-
crystallized from 170 mil. of 95¢ ethanol giving IT (23.45 g.,
85%), m.p. 136-137°.
Anal. Caled. for CHi:BrN.Og: €, aL6*; H, 5.26; Br.
24.56; N,8.61. Found: C, 51.63; H, 5.25; Br, 24.56; N, 8.6.
3-Benzyl-5-[4-bis(2-hydroxyethyl )aminobuty!] hydantoin
(ITI).—A solution of IT (10 g., 0.03 mole) and diethanolaniine
(12.6 g., 0.12 mole) in 130 wl. of anhydrous dioxane was heated
to 00° aud stirred continuously for 48 hr.  The two phases which
had formed were separated and the lower, oily layer of diethanol-
amiue hydrobromide and unreacted diethanolamine was washed
with about 10 ml. of anhydrous dioxane. The ¢ombined dioxane
salutions were then evaparated to dryness under reduced pressure
1t 30°.  The crystalline residue was redissolved in about 10 ml. of
hoiling water and the constantly stirred solution was left to cool
to room temperature. After 1.7 hu. the product was filtered aud
dried (10.2 g., m.p. 80-90°). It was dissolved in 15 ml. of warm
2-propanol, charcoal was added, and the whale filtered. Boiling
higroin (20 ml.) was added to the filtrate, the mixture was vigor-
ously stirred, the temperature was reduced to —3°, and TIT (8.0
., 839, mi.p. 95-06°) was filtered.
Anal. Caled. for CisHe N3O, C, 61s; H, 7.7,
Found: C, 61.26; H, 7.74; N, 11.94,
N¢Neé_Bis(2-hydroxyethy!)-nr-lysine (IV).—A mixture of
HT (25 g., 0.07 mnole) and Ba(OH ). 8H-0 (36.5 g., .18 mole) was
placed in an autoclave with 200 ml. of water. The temperature
was brought to 160° and maintained there for 1.5 hr.  The sus-
peusion was cooled and placed in a current of carbon dioxide
until the excess barium was precipitated as carbonate. The
filtered solution was stemn distilled to reniove benzylamine
formed by hydautoin ring opeuing. A dried sample of residue
IV was analyzed.
Anal. Caled. for C HaN:Oy: € 5127
Found: C, 50.63; H, 9.77; N, 11.65.
The solution containing IV, concentrated to 50 ml., was acidi-
fied to pH 1-2 with hydrachloric acid and decolorized with carbon.
A solutian of ammonium reineckate (52 g., 0.15 mole) in 1 1. of

N, 12.05.

H, 0.4; N, HLOS,

(15) Melting poiuts were obtained o 2 NKofler hot stage and are vneor-
rected.  This work was conpteted before the annoniceisent of the regyire-
ments for corrected yeelting puints ky jonrnals of the American (‘hemical
Rueiety.

(16 W, J. Close, U7, S Patent 2,750,002 (Ang. 14, t9i65.
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water was added with stirring; piuk eryvstals of the reincekate of
N N6-bis(2-hydroxyethyl)-vi-lvsine were previpitated (A58 g..
90 ); they soften at 139°, nup. 198° dec.

.II{(I[. C‘Etl(‘(l. I’UI‘ (‘.‘)xH;;ﬁCI'?_NM()45,;'21‘13(): (f, '_)3.7”2 11, Ill
Cr, TR N, 26570 8, 2822, Found: ¢ 23,78 H, 145 (O,
2000 N, 2054 8, 27,04,

Thin layer chronutography was carried out using cellilose pow-
der as adsorbent and a mixture of I-butanol-acetic acid water
(60:20:20) ag the wobile phase.  The chromatogran, developed
with 2¢/ solution of niuhydrin in acetone, showed a single violet-
Huged spot, A (136,

N2-Benzoy!-N% Né-bis(2-hydroxyethyl)-n1-lysine «V .
Finely powdered reineckate of IV (100 g., 0.11 violer was dis-
solved, with stirring, in a sohttion of sodium hydroxide (174 g..
Ut molerin Ca Lol warer: beuzoyt eliforide (15,38 g 0.1 mole
was ddded slowly dropwise.  Vigorous stirring was contimed for
Shreoat 20-25°0 The mixture was then acidified to pH Fwith 10¢,
hydrachlarie aeid and cooled to 10°. The reincekate of Vowas
precipitated, filtered, and washed with water, then henzene; m.p.
R(E-RNC.

Anal.
Cre 7.69; N, 16.58; N, 1809,
O ON, F6.55: R, 1805,

The produet, without previous drying, was digsolved in seetone
(270 mb) and dihuted with 1.V hydrochiloric acid (270 wl). The
solution was extracted with ether until the red color pussed com-
pletely into the ether phase.  The aqueous layer was stivred al
1% and rthe theoretical quantity of silver carbouate was added.
The silver chloride was filtered and the aqueous solition evapo-
rated nnder redineed pressure.  The residuce (V) was an oily
product 633,53 g., Y0, ).

Ethy! Ester of N2-Benzoyl-N?%N°f-bis(2-hydroxyethy!)-v1.-
lysine (VI).-—A solution of V (1t.1 g., 0.016 wole) in anhydrons
ethanol (150 wl.) was stirred in a dry ronnd-bottom task cooled
1o — 10° (protection from wmoisture ). Then thionyvtehloride (11t
mb ) was added slowly dropwise, aud stirring was continued for 4
hr. The solution was allowed to warm to room temperature,
treated with charconl, and evaporated under reduced pressure.
An olly residue of VI hydrochloride remained.  The vield was
quantitative.

Ethy! Ester of N2-Benzoyl-N¢N®-bis(2-chloroethy!)-v1-lysine
(VII).—The hydrochtoride of VI (a0 g., 0.012 mole), dissolved in
anhydrons methylene chloride (30 k), wus stitred at D i a
dried flask (protection from pioisture).  Thiouyt chloride %
wl, 0.1 mole) was added slowly, dropwise.  The internal tem-
perature was brought to 35° and maintained there for 1.5
The sohttion was evaporated to dryness, aud the oily residiie was
dissolved in water (25 mb) and huffered to pH 4 with a saturated
solution of sodium acetate.  The oily produect which separated
was extracted with three 30-ml. portious of chloroform.  The
dried chlorofornn sohition was evaporated 1o dryuess to give .23
g, (8490 of VIL ag an oil.

Anal. Caled. for O HoCLNGOL: C, 56.6: H, 7.2t CL
17.0%: N, 6,94, Found: O, a6.470; H, 7858, CL 17.6: N, G.OL

N8 N%Bis(2-chloroethy!)-vL-lysine (VII[).—A solition of
VIL {40 gy ur 377, hydrochlorie aeid (400 mlb; was refluxed for
1) hr., then cooled and washed with ether to remove benzoic
aeid (95-100¢; «f theory) obtained by hyvdrolysis. It was
treated with decolorizing carbon, filtered, and evaporated to
dryness under reduced pressure. The residue was dissolved v
300 mlb of water and treated with the theoretical mnount of 5¢,
aqguieons summonium reineckate.  The reineckate of VIIT was
filtered and washed with water, redissolved in acetone, aird again
precipitated by dilution with water (S0.7 g, 859 ) 1t softened al
1I8° unp. 183° dec.

nal. Caled. Tor CpHgCLCTN O 2H.0: C, 22870 H,
401 CL 751 Cr, TH N, 20, S, 200 Pound: (220
H,4.85: CL 7.5 Cr, FESS N 20000 =, 270052,

A solution of V11 reineckate (10 g.) in acetone 170 mhb was
dilited with water (150 mb). The solution was percolbiated
through Amberlite TR 120 (100200 meshj. The resin was
washed thoroughly with water and eluted with 7- 104 hydrochlorie
acid. The eluate was evaporated to dryness under reduced pres-
gure and the residue dried nnder high vacnum in the presence of
P.0); for at least 48 hr. (vield 9047 ).

The dihydrochloride was a solid, fowny, extremely hygrascopie
mess, with a slightly greeuish color.

Aual. Caled. for CoHaCLNOy-2HCE €, 34880 Ho Gt
(L4128 N St Poundd: (34420 H, .72 CL 4050 N RO

Caled, {or CoHgCrNOSGHL0: Co 3754 L 522
O

« o :
Found: L a7.20 Hoo24: Oy
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This dihydrochloride (1 g.) was dissolved with 20 ml. of an-
hydrous methanol, and the theoretical amount of silver carbon-
ate was added slowly with stirring and cooling. Stirring was
continued for 13 min., and the silver chloride was filtered. The
methanol solution was evaporated under reduced pressure. The
residue (VIII) was a white crystalline powder (0.75 g., 955%).

Anal. Caled. far CyH CLN:O,: C, 44.29; H, 7.43; Cl, 26.15;
N, 10.32. Found: C,44.2; H, 7.6; C], 26.2; N, 10.21.

VIII dihydrochlaride was thin layer chromatographed with
cellulose powder, using l-butanol-acetic acid-water (60:20:20)
as a solvent. The chromatagram, developed with a 2¢7 solution
of ninhydrin, showed a single orange-red spot (R: 0.67). The
base showed a single violet spot (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 HCI (pH
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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 Amberlite IR 120 (100-200 mesh).
The resin was washed by percolation with water until the red
color due to reinecke acid disappeared. The amino acid ad-
sarbed by the resin was eluted with 5-109¢ hydrochlaric acid
recovered as the pure hydrochloride salt by concentration of the
eluate.

Acknowledgment.—The writers are indebted to Dr.
E. Pella for the microanalyses, to Dr. G. Tosolini for the
chromatographic data, and to Mr. A Cantaluppi for
technical collaboration.
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The exceptional antitumor and mutagenic activities displayed by a quinacrine derivative of a monofunctional
nitrogen mustard, 2-methoxy-6-chloro-9-[3-(ethyl-2-chloroethyl)aminopropylamino]acridine, led to the synthesis

of 50 additional mono- and difunctional analogs of acridine, quinoline, and quinazoline.
was found to exert a pronounced activating influence on the nitrogen mustard moiety.

The acridine nucleus
On a malar bhasis, the

“half-mustard” 2-methoxy-9-[3-(ethyl-2-chloroethyl)aminoprapylaminojacridine dihydrochlaride was consider-
ably more effective against the Ehrlich ascites tumor than methylbis(2-chloroethyl)amine hydrochloride; the

corresponding bis analog was even more potent.

Substitution of a 6-chloro group into 2-methoxyacridine de-
creased the molar activities of the mono and his mustards.

Several monofunctional nitrogen mustards of quinaz-

oline and quinoline displayed moderate antitumor activity, but only at high molar dosages; other closely

related analogs were inactive.
the compounds are presented.

From our earlier work?—* it was evident that the un-
usual antitumor activity of certain monofunctional
nitrogen mustards was determined by the chemical
structure of the heterocyclic nucleus that was attached
through a side chain to the mono-2-chloroethylamino
group. The first nitrogen ‘“half-mustard” that dis-
played pronounced activity in prolonging the survival
time of mice bearing several varieties of ascites tuinors?
and exhibited an extraordinary mutagenic capability
in Drosophila® was 2-methoxy-6-chloro-9-[3-(ethyl-2-
chloroethyl)aminopropylamino Jacridine  dihydrochlo-
ride.* On the other hand, the partial acridine struc-
tures, 7-chloro- and 6-methoxy-4-[3-(ethyl-2-chloro-
ethyl)aminopropylamino Jquinoline  dihydrochloride,?
and the secondary amine, 2-methoxy-6-chloro-9-[2-
(2-chloroethyl)aminoethylamino Jacridine dihydrochlo-~
ride, showed no antitumor activity. Since their cor-
responding bis mustards were highly effective, it is
apparent that both the heterocyelic nucleus and the
presence of an alkyl group on the nitrogen containing
the 2-chloroethyl group are of critical importance in
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The relatianships between the chemical structures and antitumor activities of

activating the monofunctional mustard grouping.

It appeared worthwhile to determine whether the
2-methoxy or the 6-chloro group on the acridine nucleus
played a significant role in this activation and whether
any modifications of simpler heterocyelic nuclei, such
as quinoline and quinazoline, would impart enhanced
physiological activity to the ‘half-inustards.” The
effects of attachment of the nitrogen-mustard moiety
at the 4-position of variously substituted quinolines,
at the 2-position of quinoline and lepidine, at the 4-
position of quinazoline and 6-chloroquinazoline, and at
the 8-position of 6-methoxyquinoline, as well as the
presence of an N-alkyl substituent on the 4-quinolyl
nitrogen, were investigated both in the mono and bis
forms, as shown in Table . The letters A to X in the
first column of Tables T and II represent the hetero-
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CH,CH,X
at the top of Table I. The heterocyclic structures
corresponding to these letters are as follows.

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

cyclic group Ar in the formula Ar-(
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