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pouuds. The chromatographic properties of the ortho,
ineta, and para isomeric pairs, together with their melt-
ing points and ninhydrin assays, are presented in Table
IT1.

In conclusion, all the compounds described i the
previous paper!® should be corrected to read as a-glu-
tamyl derivatives rather than as the corresponding -
tsonters.  The condensation products with phenyliso-
cvanate are (N-phenylearbamyl)-ce-r-glutamylamino-
benzoic acids. The authentic y-v-glutamylaminoben-
zoi¢c acids have now been prepared by the mixed an-
hydride coupling of N-carbobenzoxy-r-glutante acid
a-benzyl ester with the appropriate methyl aminoben-
zoate followed by removal of the protecting groups.

Experimental?®

Stuee all the s-glutamylaminobenzoic acid derivatives herein
dexcribed were prepared by similar procedures, complete experi-
mental data are given only for the para isomer, and the data on
the remaining analogs are presented in Table I. Comparative
dictn for the «- and y-ghitamyl derivatives are presented in
T'uble 1I.

p-|(N-Carbobenzoxy-a-benzyl-y-L-glutamyl)amino]benzoic
Acid Methyl Ester (p-IV).—-A 12.6-g. sample of N-carbobenzoxy-
L-zlutamic acid a-benzyl ester” and 8 ml. of tri-n-butylamine were
dissolved in 80 ml. of dimethyiformamide-tetrahydrofiran (1:1).
the mixture was cooled in an ice bath, and 3.3 ml. of ethyl c¢hloro-
formate wns added dropwise to form the mixed anhydride.s
After stirring for about 30 miu. in the cold, 5.13 g. of methyl
p-iminobenzoate in 43 ml. of the dimethylformamide~tetrahydro-
firan solvent mixture was added dropwise, and the reaction
wixture was allowed to come to room temperatire. Stirring
wis continned overnight.  The solvent was evaporated in vacuo,
and the residie was dissolved in 100 ml. of ethyl acetate and
extineted with three 50-ml portions of 2 N HCL The ethyl
acetate phase was then evaporated in racwo to a pale vellow oil
which was erystallized from ethanol-water to vield 11.4 g. of
solid.  Reerystallization of this material from tolhiene produced
6.3 g. of product, n.p. 150-154°.  The meta isomer crystallized
with diffienlty, and erystallization of the ortho isomer was sufli-
ciently difficult that it was isolated only for elemental analysis,
The reaction niixture of the ortho derivative was used directly
without purifieation in the subsequent hydrogenolysis step.
p-(v-L-Glutamylamine )benzoic Acid Methy! Ester (p-V).,--A
3.53-g. sample of p-IV was dissolved in 90 ml. of 90% ethanol
snd hyvdrogenolyzed at atmospheric pressare and room tempeta-
ture in the presence of 0.25 g. of palladium black catalyst for
about 5 hr.  The reaction product precipitated on the catalyst,
which was collected and extracted with 300 ml. of boiling water.
Upon cooling, the aqueovs filtrate yielded 0.87 g. of prodnet,
which wnas recrystallized from water- ethanol, in.p. 206-207°.
p-(v-L-Glutamylamine)benzoic Acid (p-I).-—A 0.5-g. gample of
p~V wag dissolved in 175 ml. of saturated Ba(OH): solution,
and after nbout 15 min. the resulting crystalline precipitate was
filtere:]l, wushed with water, and dried to yield 0.64 g. of crde
barimm salt.  This was suspended in 30 ml. of water, adjusted to
pH 2.5 with 0.6 M H:80. to precipitate the barium ions as
the insohible sulfate, taken to pH 8 with 5 & NaOH to solubilize
the reaction product, and finally filtered. The filtrate was
then adjusted to pH 5 with 0.6 3/ H.80, to precipitate 0.4 g. of
produet, nup. 227-228° dec.  After two  recrystallizations
from water, which had been adjusted to pH 3 by the addition of
dihite Hy804, a white solid was obtained, m.p. 258-259°.  This
material was chromatographically homogeneous in two different
solvent systerus and gave the anticipated yield of COs by the
quantitative ninhydrin technique.®* The alkaline hydrolysis of
each of these methyl esters was extremely rapid, and the crude
barinm =alt was isolated only during the hydrolysis of p-V;
for the ineta and ortho isomers, the reaction mixture was processed
directly withont any intermedinte sepuration of the barium salt.

‘43 All melcing points are corrected, aml were determined by the capillary
techinique using a well-scirred Yiqwid bath.  The paper chromatograms were
prepared by the ascending procedure using the indicated solvent systerus
on Whaomnan Na. 1| paper, and were snhiseguendy leveloped with nin-
boyslrn reagent.
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With the purpose of contributing to the series of the
N,N-bis(2-chloroethyl) aliphatic amides! with poten-
tial cytotoxic activity, four amides were prepared by
acylation of bis(2-chloroethyhamine with acid chlorides
m pyridine--chlovoform solution (Table I).

In order to obtain the iodo analogs by means of the
corresponding methanesulfonates (inesylates),2 N, N-bis-
(2-hydroxycthyl)propionamide was obtained by ester
aminolysis with dicthanolamine, and this compound
was mesylated with methanesulfony! chloride in pyvi-
dine-chloroforn solntion at 3-5°. Methanesulfonyl
chloride, besides csterifving the hydroxyl groups, dis-
placed the acvl by the sulfonvl group.  The same vesnlts

C:H.CON(CHL.CHLOS80.CHy 3

7 expected
7

€ Ha
CoH,CON(CHLCHLOH by oo eem

ihserved

CH80: N1 CH.CHLOS80.CH,

were obtaimed at different temperature and with or
without a solvent. The N, N-bis(2-hydroxyethyl)-
acetamide behaved hke the propionamide,

The N,N-bis(2-mesylethyl)methanesulfonamide was
also synthesized fromn diethanolamine. The diiodo
derivative was obtained from the mesylate by displace-
ment with zodium todide. The structure of the com-
pounds was confirmed by their infrared spectra.

Nal
(‘I{SS();NK(:H)(‘H)( ‘IS()_-()H;)_- ————— (}}{3.\7()9.\v(( (:H_-(‘}{_-I Y

Biological Results.—The drugs were tested in rats
with {ransplanted Sarcoma 180 and Ehrlich ascitic
carcinoma. The results are shown Table I1.

Experimental

N,N-Bisg(2-chloroethyl)amides.--The acid chloride (0.04 mole:
in dry chloroform was added slowly to a stirred solution of bis-
(2-chloroethyl)amine prepared from the hydrochloride (0.045
mole) and pyridine (0.05 mole) in ehloroform.  Stirring was con-
tinued for 1 hr. and the mixture then was poured into water.
Distillation of the solvent from the dried solution yielded thick
oils which solidified by cooling in the case of caproamide (see
Table I).

N,N-Bis(2-hydroxyethyl)propionamide.---Liquimolar quantities
of ethyl propionate and diethanolamine were mixed and reflnxed
for 10 hr. Excess solvent was removed by vacuum distillation
and the produet distilled at less than 1 mun.; vield 609: color-
less oil, b.p. 134-135° (0.35 mum.).

Anal. Caled. for C:Hi:NO3: C, 92.1;
Found: C, 31.8; H, 9.42; N, 8.92,

Attempt to Obtain N ,N-Bis(2-mesylethyl)propionamide. -
Methanesulfonyl chloride (0.18 mole) in chloroform (10 ml.)

H, 951, N, ».750.

(1) (a) D. H. Yeaconk, J. Chem. Suc., 1303 11834); (I A. 1. Childs,
ibid., 2174 (1948); (¢) T, R. H. Jones, ibd., 547 (1949); (d) 1. J. Buckle,
ibid., 912 (1949): (e} H. Brintzinger., Chem. Ber., 82, 28y (194%); (f» €.
Drefalil, v&rd., 87, 1628 (1954);: () 1. Ailso. J. Pharm. Soc. Japan, 78,
418 (1955); iy W. C.J. Ross, J. Chem. Soc., 3616 (1858); (0 Y. Knwanda,
Chem, Pharm. B+l fTokyo), 8, 77 11960,

(2 V. Kagan., J. Am. Chene Soc.. 81, 3006 (19645,
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TaBLE 1
AMIDES
RCON(CH.CH,Cl).
Yield, C. % H. %

R B.p. (mm.,), °C. Form % Formula Caled. Found Caled. Found
C.H; 124-126 (3) il 65 CH,;CLNO 42 .4 421 6.57 6.61
C:H; 136-138 (3} il 60 CsH,sC1,NO 45.2 44 .6 7.07 7.10
CH, 147-146 (3) Oil 58 C¢H;CLNO 47.8 47.3 7.52 7.55
C:Hn M.p. 60-62 Wax 58 CioH;sCLNO 49.9 49.6 7.91 7.93

Table 11
BioLogical ResuLTs
Dose/day. LDso,
Drugs mg./kg. Days mg. /kg. Ascitic carcinoma Sarcoma 180
C;H,;,CON(CH.CH,C1). 100 6 Only reduction No effect
of aseitic fluid
CH;S0.N(CH,CH.0S0.CH;)y 5 6 300 No effect Some inhibition,
life extension
10 days
CH;SO0.N(CH.CH,I ). 100 8 27004 Some inhibition, Inhibition,
life extension life extension
7 days 25 days

@ By oral administration.

was added slowly to a stirred solution of N,N-bis(2-hydroxvethyl)-
propionamide (0.06 mole) and pyridine (30 ml.) in chloroform
(30 ml.) in an ice bath. After 2 hr., addition of 200 ml of 1 ¥
HCI gave 2.4 g. (129) of N,N-bis(mesylethyl)methanesulfon-
amide as a crvstalline solid, m.p. 112-114°. A mixture melting
point with N,N-bis(mesvlethyl)methanesulfonamide synthesized
from diethanolamine gave no depression.

N,N-Bis(2-mesylethyl )methanesulfonamide.— Methanesul-
fonyl chloride (0.45 mole) in chloroform (10 ml.) was added slowly
to a stirred solution of diethanolamine (0.20 mole), pyridine
(70 ml.), and chloroform (40 ml.) in an ice bath. Stirring was
continued for 2 hr. and the product was crystallized by addition
0f 200 ml. of 1 & HCI and recrystallized from water; yield 259%;;
white needles, m.p. 112-114°. The infrared spectrum showed
maxima at the following fequencies: 3000, 2980, 1430, 1340,
1260, 1180, 1150, 1120, 1020, 1000, 975, 950, 930, 900, 807, 775,
735, and 725 em. "%,

Anal. Caled. for C:HrNOsS;,: N 4.13; 8, 28.39. Found:
N, 3.08; §, 28.05.

N,N-Bis(2-iodethyl)methanesulfonamide.—Sodium iodide
(0.02 mole) was added to a solution of N,N-bis(2-mesvlethyl)-
methanesulfonamide (0.008 mole) in acetone (60 ml.) and stirred
at 37° for 45 hr. The solid was removed by filtration, half of
the acetone was evaporated, and the crude product crystallized
by adding water. Recrystallization from petroleum ether (b.p.
70-80°) gave white needles, m.p. 96-98°, yield 66%,. The infra-
red spectrum showed maxima at the following frequencies:
3000, 2980, 1430, 1340, 1230, 1180, 1150, 1110, 1050, 1020,
970, 930, 800, 780, 735, and 715 cm. 1,

Anal. Caled. for C:HI,NO:S: 1, 62.90; N, 3.47.
I, 62.73; YN, 3.50.

Found:
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Previous reports from this laboratory? have described the
effects of trans-1,4-bis(2-chlorobenzylaminomethyl)evelohexane
on various aspects of lipid metabolism. The synthesis of this
compound and of a series of related compounds containing the
evelohexane-1,4-bis(methylamine) molety has recently been
described.? In this communication, the synthesis of a series

(1) For Part XV of this series see M. L. Givner and D. Dvornik, Biochem.
Plaarmacol., in press.

(2) (a) C. Chappel, J. Dubue, D, Dvornik, M. Givner, L. Humber, M.
Kraml!, K. Voith, and R. Gaadry, Nature, 201, 497 (1964); (b) M. Kraml,
1. F. Bagli, and D. Dvornik, Biochem. Biophys. Res. Commun., 18, 455
(19643; (¢) M. L. Givner, M. Kraml, D. Dvornik, and R. Gaudry, Nature,
203, 317 {1964).

of related compounds is reported, wherein the cyclohexane-
1,4-bis(methylamine) moiety is replaced by others of different
electron density, bulk, shape, and inter-nitrogen distance.
They are shown in Table I and some of the intermediates used in
their preparation are in Table II.

Experimental

Melting points were taken on a Thomas-Hoover apparatus
and are corrected. Analyses were done by Mr. W. Turnbull and
Staff of our laboratories. The compounds described in Table 1
were prepared, as indicated, by methods A or B.? Some of
the required starting materials were obtained from commercial
sources and others by published procedures, viz., trans-2,5-bis-
(aminomethyl)-1,4-dioxane,*  trans-1,4-bis(2-aminoethyl)eyclo-
hexane,’ 2,5-bis(aminomethyl)spiro[3.3]heptane,® d-cis-1,3-bis-
(aminomethyl)camphocean,? irans-cvelohexane-1,4-diacetic acid,?

(3) L. G. Humber, J. Med. Chem., 7, 826 (1964). The code number of
the parent compound is AY-9944,

(4) R. K. Summerbell and J. R. Stephens, J. Am. Chem. Soc., 76,
6401 (1954).

(5) P. P. Garcia and J. H. Wood, J. Org, Chem., 26, 4167 (1961),

(6) L. M. Rice and C. H. Grogan, tbid,, 26, 54 (1961).

(7) J. Bredt and M. de Souza, J. prakt, Chem., 188, 84 (1932).



