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Experimental’

dl-exo-3-Dimethylaminoisoborneol was prepared from di-
camphor. Camphorquinone (m.p. 196.5-197.5°) was produced in
869, yield by Riley oxidation® of camphor, converted to 3-methy!-
aminocamphor (919% crude yield, purified via the perchlorate,
m.p. 179-181°),% methylated to 3-dimethylaminocamphor (529
vield of pure perchlorate, m.p. 209-213°),” and then reduced in
quantitative yield, to dl-exo-3-dimethylaminoisoborneo! by
catalytic hvdrozenation in ethanol with Raney nickel catalyst,?
at ca. 40 kg./em.? The product separated from hexane as
needles, m.p. 106.5-108°. Some batches required conversion to
the perchlorate (m.p. 242-243° with sintering at 239°, after
crystallization from ethanol-ether), followed by regeneration of
the base, and crystallization to obtain pure dl-3-dimethylamino-
isoborneol melting at 111-112°. Especially thorough drying was
required to reach this melting point. Duden and Pritzkow?
reported an isomer which melted at ca. 80°.

Anal. Caled. for CuH;NO: C, 73.16; H, 11.77; N, 7.11.
Found: C, 73.05; H, 11.80; N, 7.13.°

dl-3-Dimethylaminoisobornyl Acetate.—A mixture of 5.0 g.
(0.026 mole) of di-3-dimethylaminoisoborneol with 200 ml. of
acetic acid and 50 ml. of acetic anhydride was refluxed for 1 day
and then the acid and anhydride were removed ¢n vacuo. The
residue was fractionated to give 4.4 g. of acetate, b.p. 72-73°
(0.4 Torr.).

Anal. Caled. for CiyHa:NOo: C, 70.35; H, 10.58. Found:
C, 70.05; H, 10 54.

The hydrobromide was prepared in propanol-2, and crystallized
from propanol-2 and hexane as dull white needles, m.p. 239.5-
242° with intumescence.

Anal. Caled. for CH,sNOyo-HBr: C, 52.54; H, 8.19; N,
4.38. Found: C, 52.76; H,8.64; N, 4.60, 4.37.

The methobromide was obtained by treatment of a meth-
anolic solution of the base with methyl bromide at —30°, fol-
lowed by allowing the mixture to reflux for several hours prior to
removal of solvents. A creamy product resulted; it was neces-
sary to crystallize the quaternary salt four times from propanol-2
and hexane to give pure white, fluffy needles, m.p. 183.5-185°
with intumescence.

Anal. Caled. for CisHesBrNOs: C, 53.94; H, 8.45; N, 4.19.
Found: C, 53.80; H, 8.72; N, 4.50.

dl-3-Dimethylaminoisobornyl Diphenylacetate.—FExcess di-
phenylacetic anhydride (30.0 g., made after the method of Hurd,
et al.’*) was added to a solution of 5.0 g. (0.026 mole) of 3-di-
methylaminoisoborneol, and the mixture was refluxed for 36 hr.
The benzene was removed and the residue dissolved in boiling
ether. Chilling caused crystallization of the excess anhydride,
which was removed, and then the filtrates were treated with hy-
drogen chloride. The hydrochloride separated slowly from meth-
anol-ethy! acetate as prismatic crystals, m.p. 220-248° dec.
A yield of 8.6 g. (799) was obtained.

Anal. Caled. for CyHy;NO.-HCL: C, 72.96; H, 8.01; N,
3.27. Found: C,72.66; H,8.14; N, 3.16.

The base was liberated from the hydrochloride and crystal-
lized from methanol by addition of ethylene glycol. A crypto-
crystalline solid resulted, m.p. 63-64°.

Anal. Caled. for CyHpNO.: C, 80.03; H, 8.50; N, 3.58.
Found: C,80.03; H,9.01; N, 3.86.

(5) All melting points were measured on a Fisher—Johns block. Analyses
were carried out by Mr..J. Weinberger.

(6) H. Rupe and A. Tommasi di Vignano. Helv. Chim. Acta, 20, 1078
(1937).

(7) H.Rupe and W. Flatt, ¢b/d., 14, 1016 (1931).

(8) P. Duden and F. Pritzkow, Ber., 32, 1542 (1899).

(9) Basic nitrogen determination by the method of G. Toennies and T. P.
Callan, J. Biol. Chem., 128, 259 (1938).

(10) C. D. Hurd, R. Christ, and C. L. Thomas, J. Am. Chem. Soc., 58,
2589 (1933).
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The methobromide was made in methanol and crystallized,
with some difficulty, froma 1:2:4mixture of methanol, propanol-2,
and hexane. The creamy product melted at 213-250° dec. and
appeared to be a hemihydrate.

Anal. Caled. for CyH3BrNO,-0.5H,0: C, 65.51; H, 7.53;
N,2.83. Found: C,65.56; H,7.43; N, 2.85.

Aromatic Azo Acids as Possible Antineoplastic
Compounds!
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As a part of a program designed to synthesize azo and
hydrazo fatty acids and derivatives as possible anti-
cancer agents,? it appeared to be of interest to prepare
some aromatic azo acids for comparative purposes.
The carboxy substituted 4-alkyl- and 4,4’-dialkylazo-
benzenes described in Table T seemed to afford a simple
approach to the desired structures. They were ob-
tained by a conventional condensation of properly
substituted aromatic amines with aromatic nitroso
compounds, which were prepared by known synthetic
procedures.

Pharmacological Results.—The data which are
available to date indicate that the azo acids listed in
Table I are inactive against Sarcoma 180, Lymphoid
Leukemia L-1210, and Adenocarcinoma 755. The re-
sults were supplied by Dr. Joseoph Leiter, Cancer
Chemotherapy National Service Center, Bethesda,
Maryland. Information in regard to test procedures
may be located in publications from the National Service
Center.?

Experimentalt

Materials,—Nitrosobenzene,® p-carboxy-,® p-ethyl-7 and p-
methylnitrosobenzene® were prepared from the corresponding
nitro compounds. p-Aminobenzoic acid was a commercial
product, and p-aminophenylacetic acid was obtained by the
ammonium polysulfide reduction of p-nitrophenylacetic acid.?
p-Ethylaniline’® was prepared from p-ethylacetophenone,!!
through the corresponding oxime,!? which was rearranged by
means of polyphosphoric acid to p-ethylacetanilide!® which then
was hydrolyzed by alkali to the desired amine. A similar series

(1) Supported in part through Grant CY-4662 from the Cancer Chemo-
therapy National Service Center, National Cancer Institute, U. 8. Public
Health Service.

(2) M. C. Chaco and N. Rabjohn, J. Org. Chem., 27, 2765 (1962).

(3) J. Leiter, A. R. Bourke, D. B, Fitzgerald, S. A. Schepartz, and I.
Wodinsky, Cancer Res. (Supplement), 22, 363 (1962).

(4) Melting points were taken in capillary tubes in a silicone oil bath and
are corrected. Microanalyses by Drs. Weiler and Strauss, Oxford, England.

(5) G. H. Coleman, C. M, McCloskey, and F. A. Stuart, “‘Organic Syn-
theses,'” Coll. Vol. 3, John Wiley and Sons, New York, N. Y., 1935, p. 668.

(6) F. J. Alway, Am. Chem. J., 32, 385 (1904).

(7) Y. Tsudzuki, Bull, Chem. Soc. Japan, 17, 102 (1942); Chem. Abstr.,
41, 4463 (1947).

(8) E. Bamberger, Ber., 28, 245 (1895).

() G. R. Robertson, “Organic Syntheses," Coll. Vol. I, JTohn Wiley and
Sons, New York, N. Y., 1932, p. 52.

(10) E. Schreiner, J. prakt. Chem., 81, 557 (1910).

(11) D. T. Mowry, M, Renoll, and W. F. Huber, J. Am. Chem. Soc., 68,
1105 (19486).

(12) A, Klages, Ber., 35, 2245 (1902).

(13) L. N. Nikotenko and K. K. Babievskil, Zh. Obshch. Khim., 28, 2231
(1955); Chem. Abstr., 50, 9314 (1956).
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Wiley and Sons, New York, N. Y., 1055, p. 711.

of reactions was used to transform n-propylbenzene to n-propyl-
nniline.

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

T'o a hot solution of 25 g. (0.17 nwle) of p-aminophenylacetic
acid in 165 ml. of glacial acetic acid was added 17.8 g. (0.17 mole)
of nitrosobenzene. The reaction mixture was allowed to stand
at room temperature for 20 hr. and the precipitate which had
formed wus 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. (529%) of product, m.p.
103-195°.

(14) Ng. Ph. Bun-Hoy, Ng.
15373 (1943).
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Some Deérivatives of 2,2’~(Phenylimino)diethanol

ALex Conex axn R. Srvart TresoN
National Burean of Standards, 1Washiagton 25, 1. (",
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Because  N,N-bis(2~chlovoethyljaniline (I} and
[,4—Imtan< diol dimethanesulfonate (II) are carcino-
stats,!? it was deemed desirable to prepare and study :
new compound possessing structural features of hoth I
and II, namely, the dimethanesulfonate (IIT) of 2,2'-
(phenylimino)diethanol (IV). Componnd IIT might be
expected to exhibit behavior somewhat analogous to that
of I, hecause a methylsulfonyloxy gronp resembles & halo-
gen atom in some of its chemical properties.® Indeed,its
carcinostatic activity might even prove higher than
that of I because, whereas the p-aldehyde derived from
I is inactive, that velated to II1 is active.’

Interestingly, although the dibenzenesnlionate (V),»"
di-p-toluenesulfonate (VI).”% and his-p-nitrobenzene-
sulfonate” of IV have been prepared, 11T does not appear
to have been deseribed, despite the preparation® of the
dimethanesulfonate of  22-(2 4-dinitrophenylimino)-
diethanol.

1) AL Naddow, G. A, R, Kon, and W. . J. Ross, Natwre, 162, 824 (1U48);
N, Haddow and G, N Tinunds. Acta [nio Intern. Contra Canerum, T, 164
QL8N

(2) A. Loveless and W. C. J. Ross, Nature, 166, 1113 (1950).

(3) R. 8. Tipsou, Advan. Carbn}/ydm(e Chem., 8, 107 {1933).

(1} R. C. Elderfield, R. N. Prasad, and T.-K. Liao, J. Org. Chem., 27, 57"
(1962).

(3) . M. Timmis, British Patent 662,645 {19513,

i) . M. Tiinmis, British Patent 672,691 (1932).

(7) M. lshidate, Y. Sakurai, and 8. Owari, Pharm. Bull. (Tokyot, 5, 203
{1957},
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In 1951, IV (in pyridine) was treated with benzene-
sulfonyl ehloride, and a 269, vield of recrystallized V
was isolated?; similarly, a 359 yield ot pure VI w s
obtained.” In the following wear, an “improvement’”
was patented.® in which I\ was com’erted to its di-
sodium derivative and this, in xylene, was treated with
p-tolnenesnlfonyl chloride to afford pure VI in an even
poorer yield (16.39). Consequently, we  first at-
tempted the preparation of IT1 by a route different from
either of these, namely, by the reaction of T with two
molecular proportions of silver methanesnifonate in
acetonitrile.  Componnd IIT was isolated, in ¢uantita-
tive yield, as a sitnp which was readily converted into
its crystalline hydrochloride.  For the preparation of 1
from IV, an improved method, based on that devised®
for the direet synthesis of  N-(2-chloroethylaniline
hydroehloride from Z2-anilinoethanol, was developed:
this gave the ervstalline hydrochlovide of 1 dircctly.
The preparation and properties of this salt are deseribed
here hecanse, althongh it has been nsed in pharmaco-
logical and lyvdrolysis studies,* its properties have
never, so fur as can be ascertained, been reported
in the literatire.

Althongh [11 was suceesstully prepared in this way.
the method ix glow aid tedions: moreover, it involves
the prior preparation of both I and silver methane-
ailfonate.  We therefore attempted the synthesis of
T directly from IV, by rapid snlfonylation': this
vave a (quantitative vield af 111, isolated ax its erystal-
line hvdrochlovide. A modification of the procednre
afforded pure Voand VI in yvields of 87 and 9097, re-
spectively, ax compared with reported vields?* of 26 and
356,

Sueh compounds ax 1 can nnderga intramoleenlar
transformation.  Hence, in order to verify the strte-
ture of TIT, the componnd was converted into the cor-
responding p-aldelivde (VII).  This was identical with
a  specimen ol p-{bix]2-(methylsulfonyl)-oxyethyl |-
amino thenzaldehyde prepared® from  p-[bis(2-clilovo-
cthylDamino Jbenzaldehyvde (VIIT), showing that T
had the proposed stimeture,

81 RS Tipson . ey Chene, 27, 1449 £1062),
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