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dioxanie over a period of abont & min.  After being stirred for
15 min in the ice bath and 20 min at ambient. tenmperature, the
solutiou was diluted with 5 ml of petroleum ether. An oil sepa-
rated which solidified on tritnration with fresh petrolenm ether.
Recrystallization from EtOH-H,0 gave 220 mg (81%;) of white
crystals, mp 150-152 dec. See Table II for additional data.
2,4-Diamino-5-(3,4-dichlorophenyl)-6-| p~(m-fluorosulfonyl-
phenylureldo )phenoxymethyl]pyrimidine (8) Hemisulfate (Meth-
od B).—To astirred solution of 113 ing (0.3 mimole) of 20b in 1 ml
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aof DMFE cooled in an ice bath was added a solution of 60 g
(0.3 mmole) of m-finorosulfonylphenyl ixocyanate in 0.5 wl of
DM After 15 min at 0° and 15 min ac ambient temperatire,
the solntion was treated with 3 ml of 0.5 N ;804 The prodnct
was collected on a filter and washed with 11:0. Recrysealliza-
tion from MeOEtOH-.0 gave 100 mg (52°7) of white pawder,
mp 217-219° dee.  Sce Table IT for additioual data.

Method C wux tlie sume as iethod B3 except that 1.1 nunoles of
ITOA¢ was added to the DMF for each millimole of pyrimidine.
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The synthesis of the title compounds is described.  Physical and biological data are presented.

3-1N.N-Bis-

(2-chloroethyl)amino}-4-methylbenzoic acid exhibited the highest antitumor activity, together with a low hemna-

topoietic toxicity and was submitted to therapeutic trials.

The relationship between the hydrolysis rate of the

nitrogen mustards and the basicity of the respective unsubstitited amines was studied and the effects of substit-
uents ortho to the nitrogen mustard group are pointed out.

One of the main limiting factors in cancer cheno-
therapy with alkylating agents is their great hemato-
poietic toxicity. Our investigations started from the
hypothesis! that one of the structural features that may
contribute to improve the therapeutic index of the aro-
matic nitrogen mustards, is the presence in the mole-
cule of a “biologically compatible” chemical function,
which could exert a strong —M and/or —1I effect.
Enhancing of the selectivity would then result both
from reducing the reactivity of the nitrogen mustard
group and from increasing the possibilities of interac-
tion between drug and receptors.

The choice of the carboxyl group as such a funetion
was based on the following pharmaecological considera-
tions: (a) the nitrogen mustards of arylearboxylic acids?
and aralkylearboxylic acids® (e.g., 4-[p-bis(2-chloro-
ethyl)aminophenyl Jbutyric acid) displayed strong ac-
tivity against a series of experimental tumors and in
therapeutic trials;* (b) the ecarboxyl group econfers
to 4-[p-N,N-bis(2-chloroethyl)aminophenyl]butyric
acid an inereased selectivity for proteins;® (¢) diffusion
through cellular membranes seems to be promoted by
un-ionized ecarboxyl;® benzoic acids (pK, ranges 5-6)
partially fulfill this requirement at physiological pH.

The isomeric nitrogen mustards of benzoic acid.®
compounds with low chemical reactivity [497 hydrol-
ysis in 0.5 hr in 509, acetone at 66° for the mela iso-
mer (ref 6b, p 133)], showed moderate inhibitions
against Walker 236 carcinosarcoma (ref 6b, p 123).
However, testing against Jensen sarcoma gave inhibi-
tions exceeding 859,7 an unusually high activity for
the low chemiecal reactivity of the compounds. which
prompted us to aseribe special “ecarrier” properties to

(1) O. Costichel, private comimunication, 1938,

(2) J. L. Everett, J. J. Roberts, and W. C. J. Ross, J. Chem, Soc., 238
(1953).

(3) (a) W. A. Skinner, H. F. Gram, and B. R. Baker, J. Org. Chem., 25,
777,953 (1960): (b) W. A, 8kinner, M. G. M. Schelstraete, and B. R. Baker,
ibid., 26, 1674 (1961).

4) L. A. llson, Ann. N. Y. Acad. Sci., 68, 826 (1958).

(5) J. H. Linford, Can. J. Biockem. Physiol., 40, 137 (1962).

(6) (a) W. C.J. Roes and G. P. Warwick, Nature, 176, 298 (1933);: (1
W, C.J. Ross, ""Biological Alkylating Agents," Butterworth and Co. Lid.,
Lomdon, 1962, 1» 124,

(7) V. Dobre, private eommuinication, 1965,

the N-substituted aminobenzoic acids and to continue
the investigations in this structural area.

Since carboxyl groups induce too strong a decrease
in the chemical reactivity of the nitrogen mustard
funection (pK, of aniline, 4.57; pK, of methyl o-, n-,
and p-aminobenzoates, 2.32, 3.57. and 2.49, respec-
tively®), we tried to restore it partially by introducing
ol the benzene nucleus a third, electron-repelling group.
which could increase the basicity of the nitrogen atom
(pK , of methyl aminotoluic esters, 2.03-4.06; see Table
I1). Thus, the ten isomeric unitrogen mustards of
methylbenzoic acids were synthesized.

The cancerostatic screening revealed strong anti-
tunmor properties for all ten isomers, the best results
being obtained with 3-[N, N-bis(2-chloroethylyamino |-
4-methylbenzoic acid (IVj) whose pharmacological be-
havior was sufficiently promising for clinical trials.
The preliminary results are in s0me respects superior to
those of some alkylating drugs in use in cancer chemo-
therapy (melphalan, thioTEPA), mainly in view of the
low leukopenie effect nt therapeutic doses.

It is of interest to note, that in IV, the nitrogen
mustard group is meta to carboxyl. The advantage of
1Vj over the other isomers is in accord with some new
data on the isomeric nitrogen mustards of benzoic
acids,”? the best therapeutic ratio being obtained with
the mefa isomer; u similar observation was made in the
case of the meta and para isomers of melphalun®a and
of the isomeric nitrogen mustards of S-phenylalanine!®™¢
and of phenylglycine.10?

Synthesis.~—The general procedure (Scheme I)
starts from the aminomethylbenzoic esters (I) which
are hydroxyethylated with ethylene oxide in glacial ace-
tic acid and then chlorinated by means of thionyl chlo-
ride or phosphorus oxychloride. Acid hydrolysis
(concentrated HCI, reflux) of the esters (III) gave the

(8) A. Courville, Compt. Renud., 262, 1169 (1966).

(9) 8. C.J. Fu, H. Terzian, and 8. Craven, J. Med. Chem., T, 759 (1964).

10) (a) J. M. bLuck, Cancer Res., 21, 262 (1961); (b) W. A. Skinner, V.
A. Uyde, H, F. Gramn, and I3, R, Baker, J. Org. Chem., 25, 1756 (1960);
(¢) J. M. Johnson, Chem. I'nd. (London), 966 (1960); (d4) T. A, Connors,
W, CLJL Ross, and J, (5. Wilson, J. Chem. Sox., 2994 (1960).
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Tasre I
NITROGEN MirsTarps OF METHYLRENZOIC ACIDS
COOH
R, R,
Yield.c
Compd® Ri R % Mp, °C
IVa 2-CH, 3-NM 81 89-90
Ivb 2-CH; 4-NM 67 171-173
IVe 2-CH;, 5-NM 62 128
IVe 3-CH; 2-NM 23 79-80
vt 3-CH; 4-N )M 31 126-127
IVg 3-CH;, 5-NM 64 179-181
IVh 3-CH; 6-NM 78 T7-78
IVi 4-CH,; 2-NDM 48 120-122
1Vvj 4-CH;, 3-NM 92 118-119

e Anal. (C,Hi;:CLNO,;) C, H, N, CL
Cl);. ¢ From dihydroxyethyl derivatives.

8NM = N(CH.CH,-

desired nitrogen mustards (IV), which are listed in
Table I.

Intermediates II and III are, in most cases, ob-
tained as difficultly crystallizable oils. Their purifica-
tion (by alumina column chromatography, conversion
to hydrochlorides, etc.) greatly enhances the yield in the
final hydrolysis.

Isomers IVb and IVd could not be obtained by the
general procedure. In the case of IVb, the compound
underwent decarboxylation during the hydrolysis,
yielding the nitrogen mustard of m-toluidine (V)
(Seheme IT), whose structure was proved by comparison

ScuemE 11
CO.CH;,
CH, CHa
HC
N(CH,CH2Cl)e N(CH.CH.Cl,
IIIb v
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Figure 1.

with an authentic sample of V.1 A similar decar-
boxylation reaction was reported in an attempted syn-
thesis of 5-[N,N-bis(2-chloroethyl)amino Jindole-3-car-
boxylic acid.!?

Physical-Chemical Data.—The per cent hydrolysis of
the nitrogen mustards IV, determined by the standard
procedure!! at 37 and 66°, and basicity constants of
the amines I, determined spectrophotometrically,'® are
listed in Table II.

TasLeE II
Prysican—CHEMICAL AND Biroroaical Data oF THE NEwW
NITROGEN MUSTARDS

== inhibt-——

pK,? Walker
of LDsg, 256

% hydrolysis® amines mg/kg Jensen carcino-

Compd 37° 66° 1 in rats sarcoma sarcoma
IVa 8.9 68.7 3.50 15 98 65

Ivb 2.3 3.0 2.81

IVe 1.8 12.0 4.06 62 96 75
Ivdd . e 2.90 300 99 54
IVe 6.7 33.0 2.03 20.8 90 50
vt 4.8 37.3 2.18 16.6 90 70
Vg 2.1 6.4 3.90 1.8 59 40
IVh 2.7 10.2 2.54 25 98
Vi 2.6 13.8 2.98 20 100 42
v 9.2 38.0 3.34 17.4 100 84

¢ Determined according to Ross:11 0.5 hr, H;0-Me,CO (1:1),
at ~10~% M by potentiometric titration of free Cl=. ¢ Basieity
was determined in aleoholic solution with a CF, Optica Milano
spectrophotometer; pH measurements made with a Radiometer
pH meter. ¢ Treatment began 7 days after tumor transplanta-
tion. ¢ Methyl ester.

In Figure 1, the hydrolysis rate constant ke, calcu-
lated according to unimolecular kineties (hydrolysis
under standard conditions at 66° was assumed to pro-
ceed through an Sx1 mechanism), was plotted against
the basicity constants mentioned above. Only a com-
parison of the basicity of the unsubstituted amines
(whose protonation is less sensitive to the steric effect of
ortho substituents) and the hydrolysis rate of the nitro-

(11) W. C.J. Ross. J. Chem. Soc., 183 (1949).
(12) J. deGraw and L. Goodman, J. Med. Chem., 7, 213 (1964).
(13) 1. Niculescu-Duviz, G. Botez,and A. Serban, private communication.
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gen mustards permits a distinetion between the meso-
merie and/or inductive cffects and the sterie hindrance.
Thus, the shift of plots 1 and 2 as against plot 3 (re-
flecting only 1 and — N effects) may be assigned to
the sterie effects.

This comparison pointed out a series of interesting
ortho effects. (1) The first is an abnormal inerease of
the hydrolysis rate of s-methyl-substituted nitrogen
mustards.  This effect may partly be accounted for
by a sterie hindranee of mesomerisn.'!  This explana-
tion ix supported by the faet that N.N-diethyl-o-tolui-
dine hax an abnormally increased basicity (pA, =
7.18) as compared with that of the unsubstituted amine
(pK, = 4.39) (in the case of aniline, pK, increases by
diethylation only from 4.57 to 6.56).1'  Nevertheless, a
methyl group, owing to its relatively small volume, can
generate only a moderate sterie repulsion which cannot
explain the unusual inercase in hydrolysis rate, even if
one takes ito account the 41 effect of the group (sce
Figure 1. plot 1).

(b) A similar, but weaker, effect is obtained by o-
carboxyl substitution of the nitrogen mustards. A
similar explanation may be advanced, but in thix case,
enthaneing of the basieity of the nitrogen atom by the
decrease in the p- 7 conjugation due to the steric repul-
sion of the two groups is partially counteracted by the
strong — M effeet of the carboxyl function (see Iigure 1,
plot 2). This observation is also interesting from =
practical point of view, because it shows that attempts
to deactivate arolnatic nitrogen mustards by introduc-
ing bulky. electron-attracting artho substituents may
result in an opposite effect, and because it may be ex-
ploited in a more aceurate control of the rate ot hydrol-
vsix of aromatic nitrogen mustards by an appropriate
substitution.

Using plots in Figure 1, the rates of hydrolysis of
nitrogen mustards may be predicted from amine struc-
ture and basicity.

Biological Results.--The ten isomeric nitrogenn mus-
tards have been screened against Jensen sarcoma and
Walker 256 carcinosarcoma. Treatment in all of the
cases began 7 days after tumor transplantation and
Lasted 14 days.  Doses (0.2-0.1LD;,) were adnministered
datly.  Tumor growth inhibition was calculated
according to the formula 91 = [(C — T)/C] X 100,
where C and T are the average weights of tumors in
the control group and in treated animals, respectively
(sec Table II).

Testing was extended for I'V] against a broader spec-
trum of experimental animal tumors (Table III). At
therapeutic doses, the leukopenic effect of this deriva-
tive ix very low.® In elinical trials against various
forms of neoplastic disease in humans, preliminary data
on 65 cases'® have confirmed the high eytostatic ac-
tivity and the absence of leucopenic effect at therapeu-
tic doses,

Experimental Section

Amino Esters.—)\lethyl esters of aminonethylbenzoic acids
(la-j) weve prepared by cutalylic hydrogenation (5¢; Pd-C,

(14) B. M. Wepster, e T'rav. Chim., T6, 357 (1957).

(13) V. Dobre, Farvmaria (Bucharest), 15, 103 (1967).

(16) (a) O. Costachel and 1. Mogos, dth Scientific Symposium, 1L.C.C ),
(Chemical-Pharmaceutical Research lustitute), Bucharest, 1967: (1) 1.
Mogos and O. Costéichel, 5th lnternational Congress of Chemotherapy.
Vienna, 1967; (¢} O. Costdchel and I. Mogos, Chemotheraptia, in press.
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Tasne 111
.\,\‘l'[ FeMal ACTIVITY G
A= NUN-BIsC2C1LOROETUY L) AMINO | ~5=METIY LBEN ZO1C
Ao (V)

Cann-
plele
Tuhih, TSN
Trmnor Tumor we, 2 T e Ao
Jeusen sarcom 05355 47 100 10 10
Sarceoi 40 0274 4 2.5 100 10 10
Lyvmphosareown 30 0.6 = 0.6 47.0 5= 2.1 ax %l
Walter 230 car-
CLIORATCO1D B0 N6 L4526 =24 NG 110
Ginérin Ts
CaAreinong Ao 4l LD 205 =209 K86 210
Sarcoma 180 B0 L7 0648 £ 0.8 G4 010
Lchrlich
Careinom A 2.0 = 0.06/6.2 404 (7 a 10

7 Reference 13, * LDy = 17.4 mg/kg inrats. T = Geated,
¢ = control. 4 Afcer (he end of the treatinent, lencogram wis
narimal i all eases.

IO soluon, room wemperatie, atmgspheric pressarve) of the
correspouding nitro exters, ohtained by conventional procedires.
The physical constants of the componnds nxed s starting nia-
terials in the hydraxvethylating reaction are <liown in Table 1V,

TasLe 1V
AMiNa Faregps”

COOCH,,
R, R.

. Ir
Comnpd? R R: Mp, ¢ oN1, e !
La 2-C1, 5-N11, 0il 1621
1h REGIIN -K—NH-; 68 1631
Ie 2-Cl, AN, 20-40 1630
1d 2-CH. 6-NT11. 15-106 1615
le A-CH, 2-N11. 01l 1620
If ACH; 4-N'11. 120121 1636
lg 2-CH, 3-N11, 67 1630
1h 3-CHy (G-N11, R 1634
Ti 1-CH, 2-N11, 30 1652
1j 4-C 11, 3-N11L 116 1632

“Anal. (CadlnaNO.0 No 2 In the following tables the wame
lecter will designate the smne position of (he =ubs(itnents. * 1n
CCl..

To avoid the drastic couditions of the final acid hydrolysis,
benzyl esters of izomers b and d were prepared {0 he cleaved
by final catalytic hydrogenolysis.

Benzy! 6-Nitro-2-methylbenzoate (VId).—6-Nitro-2-metbyvl-
benzoic acid (22.2 g, 0.12 mole) (inp 155-156°, lic.!” mp 1H73°)
was dissolved in 400 ml of dry CyHg.  After the addition of 26.0
ml (0.13 mole) of SOCL:, the mixtnre was refluxed for 10 hr. The
solvent and the excess of SOClL. were removed under reduced
pressure, (hemn, after addition of 200 ml of benzyl alcohol, the
solution was heated for 4 hr at 95-100° under Na. 1t was cooled,
diluted with H.O (500 ml), newtralized with Na.CO;, and ex-
(racted (CeHg). After drying (he C¢Hg solution (Na,SO.).
remtoval of solveut in vacuo gave 18 g (54.2¢7) of VId, mp 86-87°
(from petrolenm ether (bp 90~120°)). Anal. (Ci:H;3NO,) N.

Benzyl 4-nitro-2-methylbenzoate (VIb) wax similarly pre-
pared, but was no( ixolatced, the residue from the beuzene solution
being redaced as sich.

Benzyl 6-Amino-2-methylbenzoate (Id, R = Bz).--To u
warm (45°) solution of | g (0.0037 mole) of YId in 10 wml of
MeOH-ACOH (1:1), a =olution of 5 g (0.022 mole) of =uClL-
210 in 5 ml of concentrated HCl was added iu small portions
with stirring. The temperatire rose (0 47-48°. The mixaire

(17) 1. Peltier, Théses présentées 4 la Faculté des Sciences de 1'Universivé
de Rennes, 1956, p 22.
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was then allowed to cool at room temperature and after 2-3 hr
was made strongly alkaline with excess NaOII. The precipitated
amine was filtered and couverted to 0.8 g (90%;) of a hydro-
chloride, mp 127-129° (from MeOH-H.0). Anal. (C:Hi:NO,-
HCl) N.

Benzyl 4-amino-2-methylbenzoate (1b, R = Bz), was similarly
prepared, nip 88-90° (from petrolenm ether). Anal. (Ci;Hi NO»)
N.

Esters of x-[N,N-Bis(2-hydroxyethyl)amino}-y-methylbenzoic
Aclds (IIa—j).—Ethylene oxide (0.06 mole) was added to a cooled
solution of 0.02 mole of I in 50 ml of AcOH. After 24 hr at room
temperatnre, the solntion was evaporated under rediiced pressire
below 70°, and the residue was triturated two to three times with
20 ml of anhydrons toluene and concentrated to dryness in vacuo.
The resultivg oilx were purified by the following methods:
(A) washing with 109, aqneons Na,CO;, triturating with C¢He,
drying the CsHs solution (Na,80,), treating with active charcoal,
and evaporating to dryness under reduced pressure: (B) chro-
matography on an alumina colimn in anhydrous CgHe: (C)
conversion to hydrochlorides (in ethanolic HCL), recrystalliza-
tion, aud recovery of the free base. The hydroxyethyl deriva-
tives are listed in Table V.

TasLe V
HyYDROXYETHYL IDERIVATIVES®
1r
Mp. YOH. Purifen Recrystn
Compdl7 °C Formula” em 1 method solvent
11a 0il CisHisNOs 3390 A+B+C
11b 82-83 CisHisNO;4 3410, A Petr ether?
3450°
11b/ 84-85 CisHxuNO, 3336 A+ B Petr ether—
CsHs
1le 0oil CisHisNOs 3350 A+ B C
114 98— CisHisN Oy 3460 A Petr ether
100
114/ 0Oil CisHasNO4 3510 A+ B N
Ile? 155 CisHxCINOs 3290 A+ B+ C EtOAe
11f 71-73 CupHisNOy 3430 A+ B Et.0
11g 0il CisH 1N Oy 3412 A+B+C .
11h Oit CisHisNOs 3470°¢ A+ B AN
11i¢ 157 CisHyCINO: 3210 A+ C EtOAec

11j 66-68 CisHisNO, 3420 A 4+ B + C Petr ether

» Methyl esters, except where otherwise noted. * See Table
IV, footuote b. ¢ All compounds were analyzed for N. ¢ Pe-
troleum ether, bp 90-120°. ¢ In CCl.. 7 Benzyl exters. ¢ Hy-
drochloride.

Esters of x-[N,N-Bis(2-chloroethyl)amino]-y-methylbenzoic Acids
(Illa-j). Method D.—II (0.02 mole) was added under stirring
to ~0.4 mole of POCl;, previously cooled at 0°. After the addi-
tion, the mixture was heated for 0.5-2 hr on a steam bath (intense
evolution of HCl). Excess POCl; was removed in vacuo and
traces of POCl; were decomposed by adding small pieces of ice
to the viscous residiie. The mixture was extracted (CsHg) and
the compound was obtained from the benzene solution after
drying (Na»S0,), chromatography on an alumina columi, and
concentration under reduced pressure.

Method E.—SOCI; (0.1-0.13 mole) was added to a solution of
0.02 mole of IT in 50 ml of anhydrous C¢Hs or CHCl;s and the
mixture was refluxed for 0.5-1.5 hr. Solvent and excess SOCL.
were removed tn vacuo with the aid of CgHs. The residue was
worked up as in method D. Physical constants and analytical
data for compounds III are given in Table VI.
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TasLE VI
Estenrs oF THE NITROGEN Mtsrirbss

1r

Prepn =0

Compdb method Mp, °C Formula® em ™1
I1Ia D Oil Ci3H,;;CLNOs 1721
IIIb E 85)-87 C1sHi5ClLoNOs 1709
I1Ibd E 61-63 CisHaCLNO. 1716¢
IIIC D 011 CmHnClgNOg 1722
ITId D E 01l C13H17012N02 1740¢
I11d¢ E 0il C1eHuCLNO, 1732¢
IIIe DE 0Oil CiHiCLNOs 1735
IIIf D Oil C13H1;ClLNO, 1730¢
IITh D 0Oil C1:H1;CLIN O, 1730
IITi D Oi1l C1eH1zClNOs 1730
I11; D 0Oil CisH:Cl,NO, 1730¢

b See Table
¢ All componndx were analvzed for C, H, N, ClL.
e In CCl..

@ Methyl esters, except where otherwise noted.
IV, footnote b.
4 Benzyl ester.

x~[N,N-Bis(2-chloroethyl )amino}-y-methylbenzoic Acids (IVa-j).

Hydrolysis.—A mixture of 0.01 mole of IIT and 50 ml of con-
centrated HCl was refluxed for 0.3-2 hr. The solution was
treated with activated charcoal and diluted with H.O (300 ml)
when the nitrogen mustard precipitated. It was filtered and
recrystallized from the appropriate solvent.

Hydrogenolysis.—Concentrated HCI (3 ml) and PtO, (0.4 g)
were added to a solution of 1 g (0.0027 mole) of IIIb (R = Bz)in
THF (40 ml). After consumption of the theoretical amonnt of
H. (room tempeature, atmospheric pressure), the catalyst was
removed by filtration and the sohition was evaporated to dryness
under reduced pressiure. The solid residie was washed (H:0)
and extracted (Et.O). Evaporation of the dried (Na.8SO,)
ethereal solntion gave 0.5 g (679%) of IVb, mp 171-173° (from
petroleum ether).

Compound IVd eould be obtained neither by acid hydrolysis
of the methyl ester (nuerystallizable oils) nor by hydrogenolysis
(recovery of the beuzyl ester).

Ir Spectra.—The compounds were also characterized by means
of their ir spectra, determined on a UR 10 Zeiss Jena spectro-
photometer in KBr disks, except where otherwise uoted. The
carbonyl band (<1700 em~!) must probably be assigned to the
dimeric carboxyl form,1® except in those isomers in which the
nitrogen mustard gronp is ortho to the carboxyl groap (IIId,
1740: IVe, 1715; IVh, 1710: IVi, 1715 ecm~1). In these caxex
the acid could exixt as a mounomer, becaize of the steric inter-
actions.
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