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of reactions was used to transform #-propylbenzene to »-propyl-
aniline.

p-Phenylazophenylacetic Acid.—The following procednre is
representative of those used to synthesize the azo acids recorded
in Table I.

T'o a hot solution of 25 g. (0.17 mole) of p-aminophenylacetic
acid in 165 ml. of glacial acetic acid was added 17.8 g. (0.17 niole)
of nitrosobenzene. The reaction mixture was allowed to stand
at room temperature for 20 hr. and the precipitate which had
formed was collected by filtration, washed with acetic acid, and
then with water. After two recrystallizations from 95% ethanol
(400 ml.), there was obtained 20.6 g. (52%) of product, m.p.
193-195°.
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Because  N,N-bis(2-chloroethylDaniline  (I)  and
I,4-butanediol dimethanesulfonate (II) are carcino-
stats,'* it was deemed desirable to prepare and study a
new compound possessing structural features of hoth I
and II, namely, the dimethanesulfonate (III) of 2,2'-
(phenylimino)diethanol (IV). Compound IIT might be
expected to exhibitbehavior somewhat analogous to that
of I, because a methylsulfonyloxy group resembles a halo-
gen atoin in some of its chemical properties.® Indeed, its
carcinostatic activity might even prove higher t Inm
that of I because, whereas the p-aldehyde derived from
| is inactive, that related to II1 is active.?

Interestingly, althongh the dibenzenesulfonate (V),**
di-p-toluenesulfonate (VI).»* and his-p-nitrobenzene-
sulfonate” of IV have been prepared, 111 does not appear
to have been desceribed, despite the preparation® of the

dimethanesulfonate of  2,27-(2 4-dinitrophenylimino)-
diethanol.
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In 1951, 1V (in pyridine) was treated with henzene-
sulfonyl ehloride, and a 269, vield of recrystallized V
was isolated?®; similarly, a 359 vield ot pure VI w as
obtamned.” In the following vear, an “improvement’”
was patented.® in whieh IV was converted to its di-
sodium derivative and this, in xylene, was treated with
p-toluenesulfonyl ehloride to afford pure VI in an even
poorer yield (16.3%). Consequently, we  first at-
tempted the preparation of 111 by a route different fron
either of these, namely, by the reaction of T with twa
molecular proportions of =ilver methanesulfonate in
acetonitrile.  Compound 11T was isolated, in quantita-
tive yield, ax a sirup which was readily eonverted into
its erystalline hydrochloride.  For the preparation of 1
from IV, an impraved method, based o that devised
for the direet synthesis of  N-(2-chloroethiylaniline
hydroehloride frony 2-anilinoethanol, was developed:
this gave the ervstalline hydrochlovide of 1 directly.
The preparation and properties of this salt are deseribed
here beeause, although it has been used in pharmaco-
logical and hydrolysis studies,* itz properties have
never, far ax can be aseertained, been reported
in the literatare.

Although [1I was suceesstully prepared in this way,
the method 1= slow aud tedious; morcover, it involves
the prior preparation of both T and silver mcethane-
siulfonate.  We therefore attempted the synthesis of
[T directly from IV, by rapid sulfonvlation™; this
wgave a quantitative vield of TI1, isolated as its erystal-
line hydrochlovide. A modification of the proecdire
afforded pure Voand VI in vields of 87 and 0%, re-
speetively, ax compared with reported yvields? of 26 and
3560,

Such compounds as T ean undergo intramoleenlan
transformation.  Henee, n order to verify the strae-
tare of TIT, the compound was converted into the cor-
responding p-aldebyde (VIL).  This was identical with
a specimen ol p-{bis]2-(methylsulfonyl)-oxyethyti-
amino thenzaldehvde  preparedt from p-[bis(2-chlovo-
cthyDamino Jbenzaldehyvde (VIIT), showing that T
had the proposed struetire.
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As additional evidence regarding the structure of
III, its treatment with sodium iodide in acetone at
room temperature!! gave crystalline N,N-bis(2-iodo-
ethyl)aniline (IX)22; the same product was obtained by
similar treatment of VI.

Finally, VII was treated with sodium iodide in
acetone, giving the corresponding p-aldehyde (X), which
was identical with p-[bis(2-iodoethyl)amino ]benzal-
dehyde, previously prepared’? by the action of sodium
iodide on VIII; this confirmed the structure assigned
to VII and, therefore, to II1.

Occasion was taken to prepare p-[bis(2-p-tolyl-
sulfonyloxyethyl)amino Jbenzaldehyde (XI) by two
methods, namely, from VI and from VIII.

Screening data!* revealed that III is inactive wvs.
Walker carcinoma 256 implanted in rats, whereas I
is active.! In the Dunning IRC-741 leukemia in
rats, IIT produced 30-day survivors at the maximum
tolerated dose of 5 mg./kg./day, negative results being
obtained at lower dosage levels; I produced 30-day
survivors at a dose of 12.5 mg./kg./day. Compound
IX is inactive, at dosage levels covering the range of
20025 mg./kg./day, vs. Walker carcinoma 256 im-
planted in rats.

Experimental s

2,2’-(Phenylimino)diethano! (IV).—Compound IV (practical
grade) was recrystallized from dry ether (10 ml./g.) by adding
pentane (2 ml./g.), giving colorless crystals (649,); m.p. 58°
(lit.?* m.p. 58°). A seond crop (28%) had m.p. 55-57°.

(a) N,N-Bis(2-chloroethyl)aniline (I) and (b) its Hydrochio-
ride.—An improvement on an earlier method!? was used. A
solution of IV (18.1 g., 0.1 mole) in 50 ml. of chloroform was
saturated with dry hydrogen chloride (4 g.) and cooled to —5°.
Phosphoryl chloride (36 ml., 0.4 mole) was added in one portion,
and the mixture was refluxed in the dark, with stirring, for 1.5 hr.,
cooled, and evaporated under diminished pressure (bath temp.,
65°). The resulting sirup was dissolved in 50 ml. of chloroform,
absolute ethanol (50 ml.) was added in portions® with cooling,
and the solution was evaporated to a sirup (A).

(a) Base I.—Sirup A was stirred with 250 ml. of water, giving
light gray crystals which were washed with water and dried;
wt., 20.4 g. (94%); m.p. 42-45°, It was recrystallized from
methanol (1 ml./g.) and washed with cold methanol®; wt.,
17.8 g.; m.p. 45-46°. A second crop (1.6 g.) gave, on recrystal-
lization, 1.3 g.; m.p. 45-46°. Total yield, 19.1 g. (889) (lit.1¢
m.p. 45-47°; lit.\7 yield, 82%,).

(b) Hydrochloride.—Sirup A was re-evaporated several times
with absolute ethanol,® giving a crystalline mass which was
stirred with cold absolute ethanol'® and filtered; colorless crys-
tals; wt., 16.6 g. (659); m.p. 89-94°. It was recrystallized
from absolute ethanol (1 ml./g.) or from acetone (1.7 ml./g.);
m.p. 93-95°.

Anal. Caled. for C,(HCELN: C, 47.2; H, 5.5; Cl, 41.8;
N, 5.5. Found: C,47.1; H,5.8; Cl,41.2; N,5.3.

Protected from moisture, the compound can be kept at room
temperature for several years without appreciable decomposition;
such a sample, slightly darkened in color, was readily purified by

(11) R. 8. Tipson, M. A. Clapp, and L. H. Cretcher, J. Org. Chem., 13,
133 (1947).

(12) Compound IX had only been known, hitherto, asan oil: J. L. Ever-
ett and W. C. J. Ross, J. Chem. Soc., 1972 (1949).

(13) R. H. Wiley and G. Irick, J. Org. Chem., 26, 593 (1961).

(14) The compounds were evaluated by the Cancer Chemotherapy Na-
tional Service Center. Details of the testing procedures employed are given
in Cancer Chemotherapy Rept., 38, 1 (1962).

(15) For recrystallization of alkylating agents, use of hot hydroxylic
solvents was avoided where possible. Melting points were determined in
a modified Hershberg apparatus and were corrected.

(16) G. O. Gabel, Ber., 88, 577 (1925).

(17) R. C. Elderfield, I. 8. Covey. J. B. Geiduschek, W. L. Meyer, A. B,
Ross; and J. H. Ross, J. Org. Chem., 28, 1749 (1958).
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conversion into the free base and reconversion into the hydro-
chloride.

2,2’-(Phenylimino)diethyl Dimethanesulfonate (III) Hydro-
chloride. (a) From I.—The procedure was based on an improved
method? for the synthesis of sulfonic esters. A solution of 10.9
g. (0.05 mole) of I and 30.5 g. (0.15 mole) of silver methane-
sulfonate in 275 ml. of acetonitrile was refluxed in the dark, with
stirring, for 9.5 hr., the suspension was filtered, and the pre-
cipitate was washed with acetonitrile. The combined filtrate
and washings were evaporated to a sirup which was mixed with 25
ml. of dichloromethane; unreacted silver salt was removed and
washed with dichloromethane, and the combined filtrate and
washings were evaporated to dryness, giving 16.9 g. (1009) of
I1T as a red sirup. This was dissolved in chloroform (4 ml./g.),
dry hydrogen chloride was passed in to saturation, and the solu-
tion was refrigerated overnight. The suspension was filtered
with suction, and the crystals were washed with cold chloroform?s
(without exposure to the air) until practically colorless and
pressed dry. The crystals were then suspended in cold acetone,!8
refiltered, and dried; colorless crystals; wt., 13.7 g. (73%).
Recrystallization from hot acetone (7 ml./g.) did not change
the infrared spectrum; m.p. 98-105° (sealed tube; bath pre-
heated to 95°; heating at 2°/min.).

Anal. Caled. for C, . HyCINOS;: C, 38.6; H, 5.4; Cl, 9.5;
N, 3.8; S, 17.2. Found: C, 38.7; H, 5.5; Cl, 9.6; N, 3.6; S,
17.2,

(b) From IV.—Methanesulfony! chloride (19.2 ml., 0.252 mole)
was added in one portion, with stirring, to a solution of 19.0 g.
(0.105 mole) of IV in 120 ml. of dry pyridine at —5°, and the
mixture was stirred at —5° for 30 min. Water (10 ml.) was
added in portions, !¢ with stirring and cooling below 5°, the stirred
mixture was quickly diluted with ice-cold sulfuric acid (70 ml.
of concentrated acid added to 215 ml. of water), the mixture
was immediately extracted with chloroform, and the extract was
processed in the usual way, to give a quantitative yield of sirupy
111 having the same infrared spectrum as that of the specimen
prepared by method a. It was converted into the hydrochloride;
colorless crystals, having the same melting point and infrared
spectrum as the previous specimen.

2,2’«(Phenylimino)diethy! Di-p-toluenesulfonate (VI) from IV.
—A solution of IV (9.5 g., 0.053 mole) in 88 ml. of dry pyridine
was cooled to —5°, and .22 g. (0.115 mole) of p-toluenesulfonyl
chloride was added in one portion. The mixture was stirred
at —5° for 30 min. and kept overnight in a refrigerator. Water
(10 ml.) was added in portions,’® whereupon VI crystallized.
A further 250 ml. of water was added with stirring and the crystals
were filtered off, washed with water, and dried; wt., 24.5 g.
(96%); m.p. 87-89° (lit.? yield of crude material, 72G¢). A solu-
tion of the crude product in chloroform was washed in the usual
way,!® and the dried solution was evaporated to dryness. The
product was dissolved in acetone, the solution re-evaporated to
dryness, the residue dissolved in 200 ml. of acetone, the solution
treated with decolorizing carbon, the filtrate evaporated to 150
ml., and pentane (250 ml.) gradually added; colorless crystals;
wt., 19.8 g.; m.p. 90-91°. A second crop (3.9 g.) gave, on re-
crystallization, 3.2 g.; m.p. 90-91°. Total yield of recrvstal-
lized VI, 23.0 g. (909,) (after recrystallization from methanol,
lit.5 yield, 35%; lit.5 m.p. 91°).

2,2’-(Phenylimino)diethyl Dibenzenesulfonate (V) from IV,—
This was prepared as for VI, except that 14.7 ml. (0.115 mole) of
benzenesulfonyl chloride was used. After portionwise addition
of 10 ml. of water,!0 the solution remained clear, but gradual
addition of 250 ml. of water gave pale tan crystals; wt., 22.9 g.
(95%); m.p. 68-73° (lit.? yield of crude material, 63%). This
was purified as for VI and recrystallized from acetone (1 ml./g.)
by adding absolute ethanol (4 ml./g.) and refrigerating: colorless
crystals; wt., 18.1 g.,; m.p. 72-74°. A second crop (2.8 g.)
had m.p. 72-73°. Total yield of recrystallized V, 20.9 g. (87%;)
(after recrystallization from methanol, lit.5 yield, 26¢%; lit.s
m.p. 64-65°). Because of the higher melting point of our mate-
rial, the compound was analyzed.

Anal. Caled. for CouyHNOeS.: C, 57.3; H, 5.0; N, 3.0; S,
13.9. Found: C,57.3; H,5.1; N,2.9; S, 14.1.

p- {Bis[2-(methylsulfonyl)-oxyethyl|amino} benzaldehyde (VII)
from III.—A solution of 16.9 g. (0.05 mole) of III in 30 ml. of
N,N-dimethylformamide was added dropwise during 1 hr., with

(20) (a) W. D, Emmons and A. F. Ferris, J. Am. Chem. Soc.. 756, 2257
(1953): (b) see also, J. M. Sprague and E. L. Engelhardt, U. S. Patent
2,671,103 (1954).
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stirring, to a solation of 10.0 ml. (0.11 mole) of phosphioryl ¢hlo-
ride in 30 ml, of N,N-dimethylformamide at —5°. The cooling
bath wag then removed, stirring was continuned for 1.75 hr., and
thie mixture was poured onto 1500 g. of ice, giving 2 clear soluticn
which was made hasic by the addition of sodium biearbonate,
The Llue, erystalline product was washed with water and dried;
wt., 15.2 g, (8300): nup. 108-111°  For purification, a zolution
in cold acetone (25 ml/g.) was stirred with activated earbow,
filtered, and evaporated to dryness; the residue was recrystallized
fromtacetone (8.7 ml./g.1 by adding pentane (6.6 mlb./g.); color-
less crystals; m.p. 114-115° (Ht.* mup. 122.5-123.4° 1 Bedmnse
the nielting point was lower than tlat vecorded far VII prepared
from VIII, the preparation of VIIT and, thence, of VII was
repeated.

7-[Bis(2-p-tolylsulfonyloxyethyl)amino|benzaldehyde (XI)
from VI.—Compound VT (6.12 g., 0.0125 nmole) was treated with
the same proportions of reactants as in the preceding seetion.
After campletion of the reaction, the mixture was poared anto
375 g. of ice, with the precipitation of a sirup; the mixture was
made hasic with sodinm bicarbonate and extracted with chloro-
form. The extract was dried and evaporated to dryness, the
residue was mixed with acetone and filtered, and the filtrate
was evaporated to dryness.  The resulting sirup was dissolved
in I ml of acetone and 10 ml. of absolute ethanol wag added,
giving 3.61 g. (a8 ) of erystals: ra.p. 109-113°.  On recryvstal-
lization from acetane--pentane, it kad nep. 1123-115° thatk pre-
heated to 106°; heating at 2°/min. ).

Anal.  Caled. for CoHyNO:S: C, 58,07 H, a5 N, 2.7, S,
12.4. Found: C,;58.0; H,0.3; N, 1.7 S 125,

p-[Bis(2-chloroethyl)amino]|benzaldehyde (VIII) from IV.—
The folliwing is an improvement on an earlier procedure.®
Phaspharyt chloride (45.9 ml., 0.5 inole) was added in ane portion
to 77.4 ml. of N N-dimethvlformamide cooled to —i®: the
temperature rose to 60°. The solition was cooled to 1° wnd
a solation af 30.25 g. (0.167 mole) of IV in 75 mb of N,N-di-
methylformamide was rapidly added with stirring, the tempera-
ture again rising to €0°.  The solution was heated (hath temwp.
100~106°) while stirring for 90 miu., cooled, and processed as
nsual.® The prraduet was tritarated twice with water and dis-
solved in chlarafarm, and the sohition was washed snccessively
with aquems potassinm hydrogen salfate and water, dried, and
evaporated to dryness. It was erystallized frora absolite meth-
anol (1 ml./g.): cream-colored cryvstals; wt., 32,4 g1 noep. 86
88°. The mather Hguor afforded a sccond erop: wt., 1.7 g.;
nep. 85-87° Total vield, 84,1 g (85901 Lt 9 vield, 389 On
recrystallizatian from anethianol, it had mop. 87-8%° (ht. wep.
RI—RNC BT, RG-8T O, 8§51,

VII from VIIL.—-A mixture of (.15 g. (0.025 noley of VIII, 15.5
g. (0.07G mole) of silver methanesalfonate, and 150 ml. of aceto-
nitrile was refluxed in the dark, with stirring, for 67 hr. It was
then processed as in the preparation of ITII fram I, except that
N,N-dimethylformamide was used for removal of unreacted
sitver salt; the condined filtrate and washings (65 ml.) were di-
hnted with 100 mlb of water, and mecleated with VIL.  After
some crystal growth (10 min.), the suspension was diluted withe
500 ml. of water and stirred: pmrple erystals; wt., 7.9 g (80471
m.p. 107-112° {lit.t vield (cradey, 200 ; Lt mog. Cernded T1S-
122°]. On reerystallization frouc cold acetone-pentane (see
VIT from 1), it had w.p. 114-115°, unchanged hy a secand re-
crystallization.  Its infrared spectram was identical with tlat of
VIT preprared from ITI, and a mixture melting point showed vo
depresgion. A specimen of VII, kindly supplied by Dr. R. C.
Flderficld, had an infrared spectrum identical with those of our
two specimens; it lad v T14-116%, and the ndxture melting
point with either of our specinens showed no depiression.

An over-all vield of 477, of VII frowa [V {ria 1 and VIII) kad
carlier been obtained."  Hecavever, for aar preparation of VII
from IV (v THY, whdeke took ouly 1 day, the over-all vield was
N3

The 2,4~dinitrophenylhydrazone of VII was prepared in the
asual way,* exeept that a solution of VIT in N, N-dimethviform-
araide (7 mb/g.) was nsed: »eld, 1004 m.p. 180-182° Tt was
reeryvstallized  frome N, N-dianetlyormamide (55 mb/g.y by

210 AL KL Ren, T. Oledda, CU €L Petee, wod R Ratwoao, Ao U Trteon.
Cootra Canerum, 26, 774 {1960).

©22) R, M. Anker ardd AL H, Cook, /. Chenis Soc., 484 (10444

“2) 1L G Facheniadastyio A-CL, Betishe Patent 456,034 (10306).

fa1e LBy Shemers Ry CL Prsow, apd DY, Cuccio, The Sysceaac
Ideotifieation of Orgapie Coropotaals.” Jolm Wiley and Sois, T, New
York, N, Y., 1956, p. 214
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adding absolnte ethanol (214 ml./g.5: dark red erystids: ep.
[K3-184°,

Anad. Caled. for CHnNOwWS:: (Y 418 L 400 N 12K,

NOTLSD Fennd: C 4180 Hy 44, N 12,7 X116,

| Bis(2-p-tolylsulfonyloxyethyl tamino|benzaldehyde (Xi:
from VYIII.—Silver p-toluenesulfonnte was prepared as previoushy
deseribed,*e except that for its isolation the final concentrate wies
mixed with acetone and filtered.  Compound VIII (246 ¢,
D.0T malel was treated for 3 davs with .57 g 10.03 wmole) of
silver p-tolnenesulfcnate in 60 ml. of ucetonitrite (see VII fraaa
VI Water (20 mb was added to the cooled filtrate to give
4.2 g. {drv) af crystals which were disgolved tn acetoue. The
sohition wag filtered and evaporated to dryness, the sirmp was
dissolved in 1 ml of acetone, and the sohition was diluted witl 6
il of absohite ethanol and refrigerated: 2.21 g. 1627 ) of ervstals;
wpe 109-113°, After a second reerystallization  Geeetone
ethanaly it bad nip. 110--113°; mixed with the prodiret prepared
from V1, there was no depressicn in melting point.  Its infrared
spectruncwas identical with that of the previous specimen.

The 2,4-dinitrophenylhydrazone was prepared and recrysial-
lized ag for that of VIT: red erystals: wp. 153-156% (batlc pre-
beated to 150°; heating at 4°/min. i

Anal. Culed, for CyHp N0 ) 5340 H, 4050 N, 10.0,
X920 Found: C, 535 H, 4.6: N, 0.9 8,02

N,N-Bis(2-iodoethyl;aniline (IX) and its Hydrochloride. 1a;:
From III.-—A sohition of 6.75 g. (0.02 mole) of TIT and 12.0 ¢,
{0.08 molel «f anhydroas sodinm iodide in 120 ml of acetone
wiag kept in o stoppered flask al roons temperature for 72 Lo
The resulting, colorless precipitade {eontuining sodbnne miethare-
sitfonate®s was filtered, washed with acetone, and dried; wi.,
5.4 e {1259 of the theoretical vield®),  The combined fitrde
:md washings were evaporated to dryness at roonc temperalure,
the residuc was dissolved in chloroform and water, and the chloro-
foria lnver was dried and evaporated to dryness, giving 8.0 g. of :n
waaber sirup which ervstallized at 0° and which wis recrystallized
froia % 1al. of acetone phig 160 ml. of absolute ethanol at —70%;
aLp. 30-31°

Anal. Caled. for CiuHeLN: 85000 H, 3050 LGy N,
5.0 Found: C050.1; Ho30a: 1,065.20 N3G,

A solution of TX (S g) in 32k of acetone was siturated with
dry hydrogen chloride and coaled, giving vellow erystuds which
were filtered, wasbed with eold acetone,® and dried; wt., 4.4}
e tp 1IN -T120° dees A seeond erop VhI2 g hed 1o
11S-121° dees; total vield, 8.53 g o8 Tt was reerystudliaed
frooc eold chloroforia (4 mb./g. 3 by adding acetone (2 ral. /g
and refrigerating; colorless eryvstals: rap. 120-121°,

Anal, Caled. Tor CodgCHN ) 27050 H, 3.2 CL s L
AN N, 220 Toand: ) 27.7; H, o0 CL os0; T, 5720 N,

o
D=

(b) From VI.--A solntion of 9.80 g. (0.02 mole; of VIand 12.0
g. (0.08 mole) of sodinm iadide in 120 ml of acetone was (reated
asin a, giving 7.7 . (1004) of sodinm p-toluenesulfonate.  The
combined filtrate and wushings were processed as in a, giving
colorless erystals; wt., 8.0 g, (100€7); mup. 30-31°. "the infri-
red speetrum was identieal with that of IN prepared from 11
The compound was converted into its crystalline hydrochloride
ws i a (vield, 939« After recrystallization, it had mp. 120~
1217, TIis infrared spectrnm was identieal witle that of the
previons specimen.

7-{Bis(2-iodoethyl;amino]benzaldehyde (X: from VH.—A
solutian «f 1.83 g, €0.005 raoler of VIT and 3.0 g. (0.02 1ole) of
sodirar todide in 30 nd. of acetone wus kept at rocaa temperature
for 6 davs, giving 1.55 g. (131901 of eryvstals containing sodie
netlanesulfon:te.®  The filtrate «nd washings were processed
as for IN, giving 2.15 2. (1009 ) of erystals. It was reerysiud-
lzed from chloroforne (2.5 1. /g.) by dropwice addition «f pen-
tane (2.5 mbsg., giving, in three crops, 196 g (W170): s,
UO-106°.  After « sceond sacke recrystallization, it lad nip.
107-108° (lit.® vield, 19%¢ after one recrystallization: it
tLp. 103-107° after three reerystatlizations).  As the material
described in the hterature®® had a poar analysis, the componnd
wis analyvzed.

Anald.  Cuded. for CoHGLNO: €, 808 H,) 8.1 T, 502, N,
3.0, Found:  CU30.9; H 500 150015 N, 8.8,

120 This cotepemad apqaceceotly orvsaltizes s a doable sale witlo sodion.
tohyde.

cune This weetccog poyot was Jdotecaicoed by plactag da cobe vowtaodon the
sutople (bon bath poelicaeed o 115° and coutiacing the buentioy at che cate

ul 27 yin.
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