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N-Aralkylsalicylamides
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The N-benzylsalieylamides described in T'able T were prepared
for evaluation as autheliintics.  The compounds were synthe-
sized by the general methods which have been described for the
preparation of N-arylsalicylamides,’=3 with oceasional minor
modifications.

Experimental Section®

Method A.'~*—Phosphorus trichloride (1 equiv) was added
dropwise to a mixture of salicylic acid (3 equiv) and the amine
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yielded a residue which was treated with dilute alcohol; yield
11.0 g (85.5%,), mp 115-116°. The analytical sample (mp 116~
117°) was crystallized from CCl,.

Anal. Caled for CisHisNO;: C, 70.02; H, 5.88; N, 5.45.
Found: C, 70.32; H, 5.81; N, 5.63.

N-Furfurylsalicylamide.—A mixture of furfurylamine (9.7 g,
0.1 mole) and phenyl salicylate (21.4 g, 0.1 mole) was shaken
for 10 min at room temperature. An exothermic reaction oc-
curred. The mixture was then heated on the steam bath for 15
min and poured into water. Acidification with HCI gave the
product, 21.0 g (97%), mp 110-111°.

Anal. Caled for Ci.HuNO;: C, 66.34; H, 5.11;
Found: C, 66.19; H, 5.14; N, 6.80.

N-Furfuryl-2-mercaptobenzamide.—Reaction of phenyl thio-
salicylate” (10 g, 0.06 mole) and furfurylamine (4.9 g, 0.05 mole)
by the above method gave the product which melted at 182-183°
after one crystallization from ethanol; yield 5.0 g (439%).

Anal. Caled for ClI,NO.S: C, 61.76: H, 4.75: N, 6.00;
8§, 13.75. Found: C, 61.86; H, 4.61; N, 6.18; S, 13.99.

N, 6.45.

TapLE I

SUBSTITUTED BENZYLSALICY LAMIDES
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Method Yield, Carbon, % Hydrogen, % Nitrogen,'% Chlorine., %%
R R used DA Mp, °C Formula Caled Found Caled Found Caled Found Caled Found
H Br A 73 154-156" CisH1:BrNOy» 54.91 55.01 3.95 4.02 4.38 4.76
I Cl A 74 145-146¢ C1H1.CINO, 64.27 64.57 4.62 4.70 5.3¢ 5.18 13.54 13.29
I 1 A 54 134-135+ CraH 2 INOyr 47.61 47.65 3.43 3.30 3.98 4.16
I NO A 87 221-2234 C1eH12N:0, 61.75 61.62 4.44 445 10.30 10.14
4-C1 Br A 33 158-159¢ Ci1H,, BrCIN Oe® 49.36 49.20 3.26 3.26 4.11 4.07 10.41 10.3%
4-Cl Cl B 63 156-158¢ C1HiClNO, 56.78 57.00 35.74 3.79 4.73 4.84 23.04 24.24
4-C1 11 B S6 133-134« CiaH12CINO: 64.27 64.41 4.62 4.42 5.34 5.18 13.54 13.33
4-C1 I A 70 161-162¢ CuH;, CIINOy/ 43.40 43.60 2.85 2.78 3.62 3.51 9.15 9.33
3,4-Clp Br A 67 160-161= C1sH,pBrCLN Oy? 44.83 44.83 2.71 2.68 3.74 3.71 18.91 18.96
5,4-Cl, 1 A 75 154-156" C1sH1,oCl;NO; 50.86 50.83 3.05 3.20 4.24 4.30 32.19 32.63
3,4-Cly H A 62 136-137 CuHuClNO: 56.78 56.50 3.74 3.46 4.73 4.71 23.94 23.02
3,4-Cl, 1 A 50 174-175% C1H3,,CLIN O 39.84 40.07 2.39 2.56 3.32 3.44 16.80 16.95
« Recrystallized from aqueous ethanol. ? Anal. Caled: Br, 26.11. Fouud: Br, 26.29. ¢ 4Anal. Caled: I, 35.93. Found: I,
35.790. ¢ Recrystallized from acetone—-water. ¢ Anal. Caled: Br, 23.76. Found: Br, 23.81. 7 Anagl. Caled: I, 32.74. Found:
I, 32.51. 9 Anal. Caled: Br, 21.31. Found: Br, 21.59. * Anal. Caled: 1,30.07. Found: I,20.61.

(3 equiv) without external cooling. After the addition was com-
plete, the reaction mixture was heated at 180° until the evolution
of HCl ceased. The product was isolated by stirring the reaction
mixture in aqueous Na;CO; solution.

N-Benzyl-2-mercaptobenzamide.—Phosphorus trichloride (9.2
g, 0.06 mole) was added dropwise to a mixture of thiosalicylic
acid (30.8 g, 0.20 mole) and benzylamine (21.4 g, 0.20 mole).
The reaction mixture was heated at 180° for 45 min aud the
product was isolated as previously described; yield 30.0 g
(62% ), mp 208-209°.

Anal. Caled for CHH,NOS: C, 69.11;, H, 5.38; N, 5.76;
S, 13.18. Found: C, 68.91; H, 5.18; N, 5.89; §, 13.16.

Method B.*—Pheuyl salicylate and the amine (1:1) were heated
at 180-200° for 2 hr. The product was isolated by treatment
with dilute ethanol.

N-(4-Chlorobenzyl)salicylamide was obtained by a modifica-
tion® of method B in which 1,2,4-trichlorobenzene was used as
solvent.

N-(8-Phenoxyethyl)salicylamide.—A solution of g-phenoxy-
ethylamine (6.88 g, 0.05 mole) and phenyl salicylate (10.71 g,
0.05 mole) in 10 m! of 1,2,4-trichlorobenzene was heated at 190-
200° for 30 min. Removal of solvent and phenol under vacuum

(1) R. Wanstrat, Ber., 6, 336 (1873).

(2) H. Kupferberg, J. Prakt. Chem., [2] 16, 424 (1877).

(3) H. Hibner and Mensching, Ann.. 210, 328 (1881).

(4) G. Cohn, J. Prakt. Ckem., [2] 61, 544 (1900).

(3) C. F. H. Allen aml J. Vart Allan, “Organic Syntlieses," Coll. Val. 111,
John Wiley anil Sons, Inc., New York, N. Y., 1955, p 765.

(6) All melting points were taken with a Thomas—Hoover apparatus.
Elementary analyses were performed by the Microanalytical Laboratory of
Abbott Laboratories, North Chicago, Ill.

N-3,4-Dichlorobenzyl-2-mercaptobenzamide.— Thiosalicyloyl
chloride® (14.3 g, 0.08 mole) was dissolved in 150 ml of benzene
and 3,4-dichlorobenzylamine (35.2 g, 0.2 mole) was added. The
exothermic reaction was moderated by cooling and then allowed
to stand overnight at room temperature. The solid formed was
filtered, washed with ethanol, and triturated with hot water;
vield 22.8 g (73.09%), mp 218-220°. One crystallization from
methyl ethyl ketone raised the melting poiut to 224-225°,

Anal. Caled for Cyl1 CLNOS: C, 53.86; H, 3.55; Cl, 22.72;
N, 447; S, 10.26. Found: C, 54.12; H, 3.74; Cl, 23.01; X,
4.35; S, 10.54.

(7) F. Mayer, Ber., 42, 1134 (1909).
(8) 8. M. McElvain and T. P. Carney, J.
(1946).
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The enzymatic synthesis of the glycopeptides involved in
bacterial cell wall formation by the stepwise addition of amino
acids to uridine-3'-diphospho-N-acetylmuramic acid! offers a
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" ‘T'he compounds were crystallized from methanol-ethyl acetate or methancl-ether, were in general hydroscopie, did not <hiow a sharp

melting point, aud sintered, darkeued, and gradually decomposed above 150°,
c¢ 1, HL.0 at 20° within 30 min after making the solution.

=olntion.

new approach 1o the design of substances whiell might interfere
i cell wall Tormation.  As s first step in thix direction, we re-
poried the synthesix of 1-alanyl-v-a~ (and ) glutamyl-1-
Ivsvl-p-alanyl-p-alanine and s partially protected v-gluramyl
i=omer.?  Lauzilotti, ¢ al.,* have reported the synthesix of Ne-
12-12-cetamido-i=-O-p-glicosyD-v-propionyli-i-alanyl-n-e- - (and
-1 glutamylj-i-lysyl-v-abayl-p-slanine  and  they have also
identified the =-ghitamyl isomer with the glycopeptide of a
bacterial  cell wall precursor. The present communication
records the syuthesix of varions N-ncetylmuoramylamino acids
and peptides and their analogs.

Experimental Section®

The method of <vuthesis described below for 2-(2-acetanido-
2-deoxy~s-O-b-glucopyranosyDacetvl-r~alanine is typical of the
general method followed, and the wvarions compounds  thus
~vitthesized are described in Tables T and 11,

Benzyl 2-Acetamido-2-deoxy-w-v-glucopyranoside.--1'he
method ol Kuhu, ef al., wax used except that the reaction niixture
wax haeinted at 110° for 3.5 hr, instead of refluxing it for 30 nin.
The produet was obtained in 557 vield (Ht.# vield 44¢ ) and had
the same nielting puint and rotatian as reporter] in the liternture,
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Benzyl 2-Acetamido-4,6-O-benzylidene-3-0O-carboxymethyl-2-
deoxy-w=D-g ucopyranoside (I).-—A solution of 1 g of beunzyl
2-acetamido-4,6-O-benzylidene-2-deoxy-a-p-glucopyranoside® in
30 ml of dry dioxane was treated uuder stirring with 400 mg of
ST Nall dispersion in oil. The stirred mixture was brought
to juxt below the boiliug poiut (95°), 1.5 g of chloroacetii acid iy
S0l of dioxane was added, and the tenperature was allowed t
come dowtt to 60°, The mixture was stirred for an additional
30 min and treated ngain with 1
continued overnight at 60°.  ‘T'he mixture was then cooled t, 117
and treated with excess ethianol mntil the effervescence waxs over.
Solvents were removed sn racuo, the residiie was dissolved in o
large excess ol water aud extracted with chloroform, and the
aquieons phase was acidified with cold 6 v HCL  The produe
which precipitated was taken up in ethyl acetate, and the ox-
tract was washed with witer, dried (Mg80,), and evaporated.
The residue was taken np in excess methanol and kept overniglit
at 0° and a =mall quantity of a componud thus precipitated,
which appeared to be the 8 anowmer |[a]%n +37° (¢ 1.6, 11CO-
NMes). Anel. Caled for CullaNOs €, 63010 11, 597 N
506, Found: L6330 H, 6.18; N, 3.10.], wax disearded siner
the qnantity was ton sniall 19 be pursiied. The methanolic
<olution o concentration gave the dexired product, mp 216
218°.

L-Alanyl-p-Glutamic Acid Dibenzyl Ester.—-"I'n a <tirred =olu-
tion of 2.2 g of benzyvloxyearbouvl-r-slanine and 3.2 g ol v-
glutamic acid dibenzy] ester in 100 ml of acetonitrile wax added
2.06 g of dieyelohexylearbodiimide in 10 ml of acetonitrile at —5°.
The mixture was stirred for 2 hr at —5° and overnight at room
temperature, and lie precipitated dicyclohexylurea was filtered
and washed with cold acetonitrile. The combined filtrates were
evaporated in vacuo, the residue was extracted with ethyl ace-
tate, and the extract was washed with 1 N NaHCO;, H,O, and
1 ¥ HCL, dried (Na.80y), and evaporated. The residue wax
crvstallized fromn alevhol to give 3.3 g (737) of benzyloxyear-
bonvl-t=alyvlo-ghicunie aeid  dibeuzyl  ester, mp T4

33 g of Nall, aud the stirring was

o137,

divs (L Saelis a0 Dol L Ll Pavee Sary, T8, 1508 11150
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[e]®Dp —3.5° (¢ 2, acetic acid) [lit.5 mp 112-113°, [a]*"p —3.7°
(2, acetic acid)].

A solution of 1.5 g of this ester in 7.5 ml of glacial acetic acid
was treated with 7.5 ml of 4 N HBr-acetic acid and the mixture
was kept at room temperature for 1 hr. Excess HBr and acetic
acid were removed 1n vacuo at 20° and the residue, after washing
with dry ether, was dissolved in water, treated with triethyl-
amine to pH 8, and extracted with ethyl acetate, and the extract
was worked up to give 0.8 g of r-alanyl-p-glutamic acid dibenzyl
exter ax all oil (R (A) 0.82) which was used for condensation
without any further purification.

2-(1-0-Benzyl-2-acetamido-4,6-0O-benzylidene-2-deoxy-3-
0-p-glucopyranosyl)acetyl-L-alanine Benzyl Ester (III).—To a
stirred suspension of 100 mg of N-ethyl-3-phenylisoxazolium
3sulfonate (Woodward’s reagent K)7in 10 ml of dry acetonitrile
at 0°, a solution of 200 mg of I aud 0.6 ml of triethylamine in
20 ml of acetonitrile was added. The niixture was stirred at
0° until a clear solution was obtained (40 min). A cold solution
of benzyl alaninate (obtained by treating 155 mg of the p-
{oluenesulfonic acid salt of benzyl alaninate in 15 ml of aceto-
nitrile with 0.05 ml of triethylamine) was added, and the mixture
was stirred for an additional 1 hr at 0° and kept overnight at
room temperature. The solvent was removed in vacuo and the
residue was washed with 0.59, NaHCO; solution. The precipi-
{ate was extracted with ethyl acetate, the extract was washed
successively with 0.56% Na.COq, 5% citric acid, water, and satu-
rated NaCl solution. The organic phase was dried (MgSOy)
aund evaporated, and the residue was washed with ether and
crystallized from ethyl acetate-petroleum ether or ethanol,
mp 172-173°.
2-Acetamido-3-O-carboxymethyl-2-deoxy-n-glucose.—Unex-
pected difficulty was experienced in the hydrogenolytic splitting
of the blocking groups and an aqueous medium seemed to be
favorable for this step. In view of the insolubility of the blocked
compounds in water removal of the blocking groups had to be
carried out either stepwise, i.e., first acid cleavage to remove the
benzylidene group followed by hydrogenation in aqueous meth-
anol, or in one step by carrying out the hydrogenation in a
vigorously stirved mixture of ethyl acetate and water.

Method A. Stepwise Removal of Blocking Groups.—A
solution of 340 mg of I in a mixture of 12 ml of glacial acetic acid
and 8 ml of witer was shaken in a closed flask for 2.5 hr at room
temperature. The solvents were removed n vacuo at 60-70°,
the residue was evaporated to dryness after adding water to
remove the last traces of acetic acid, dissolved in glass-distilled
water, and filtered. A part of the aqueous solution was lyo-
philized to give presumably beuzyl 2-acetamido-3-O-carboxy-
methyl-2-deoxy-a-n-glucoside, mp 155-157° (from ethyl acetate);
vield 709%.

Anal. Caled for CiHaNOs: C, 55.20; I, 6.23; N, 5.97.
Found: C, 54.98; H,6.20; N, 3.70.

The above aqueoux solution was then hydrogenated using
106 Pd-C for 5-6 hr at ordinary temperature and pressure, the
catalyst was filtered, and the agneous phase was lyophilized to
give the desired componnd as a colorless hygroscopic powder.

In the case of compounds containing a benzyl ester as well,
the compoundx were first hydrogenated in methanol and sub-
sequently in water.

Method B. One-Step Removal of Protecting Groups.—
Compound I (300 mg) wax dissolved i1 excess moist ethyl acetate
(approx 200 ml), by warming if necessary, aud 50 ml of distilled
water and 0.3 g of 10% Pd-C were added. The mixture was
vigorously stirred and hydrogenated at ordinary temperature
and pressure until 110 more hydrogen was absorbed (5-6 hr). The
catalyst was filtered and the aqueous phase was extracted twice
with ethyl acetate. The aquecus extract was now stirred for
30 min with 4 g of Dowex 50 (H* form), the vesin was filtered,
the filtrate was lyophilized, and the residue was crystallized from
a mixtire of methanol-ethyl acetate.  The compound was iden-
tical in all rexpects with that obtained by method A.

2-(2-Acetamido-2-deoxy-3-0-n-glucopyranosyl)acetyl-L-ala-
nine (X) was prepared from III according to method B de-
scribed above for the hydrogeolysis.
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Myelographic Agents III.
Glycol Iodobenzoates'®
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In continnation of our study of contrast agents for N-ray
visualization of the spinal cord, we have prepared some reverse
esters (Table 1) analogous to the series previously reported.?
We were able to realize our hope that this small molecular
modification would permit rapid elimination from the spinal
canal. After cisternal administration into cats and dogs, the
esters enabled details of the spinal canal to be visnalized and were
eliminated from the animals in periods rangiung from a few
weeks to a few months.

Experimental Section®

o-lodobenzoyl cliloride and sodium p-iodobenzoate were pre-
pared as previously described? from commercially available iodo-
benzoic acids. Aliphatic acid chlorides, ethylene chlorohydrin,
and trimethylene chlorohydrin were commercial products used
as obtained. Tetramethylene chlorohydrin (Matheson Coleman
and Bell) was distilled before use, bp 82-84° (11 mm), n%Dp
1.4511.

2-Hydroxyethyl acetate (Eastman Kodak Co., practical)
was stirred with ice-cold 259 aqueous K.CO; and the mixture
was extracted with chloroform. Washing with water, drying
(NasS0,), removal of solvent, aud distillation gave 2-hydroxy-
ethyl acetate satisfactory for our purposes, bp 98° (23 mm), n%p
1.4190.

Chloroalky]l Alkanoates.—The standard reaction between an
acid chloride and an alcochol was used to prepare these coni-
pounds, with the exception of 3-chloropropy! 2-methoxyacetate.*
The latter was prepared by the toluenesulfonic acid catalyzed
reaction between methoxyacetic acid and trimethylene chloro-
hydrin.

The reaction of hexanoyl chloride with trimethylene chloro-
hydrin in hexane gave a 749 yield of 3-chloropropy! hexanoate,
bp 134° (23 mm), n%D 1.4373.

Anal. Caled for CgHi:Cl0,: C, 56.10; H, 8.89; Cl, 18.40.
Found: C, 56.42; H, 9.07; Cl, 18.78.

1-Chloro-2-propy!l Valerate.—Commercial 1-chloro-2-propanol
(Matheson Coleman and Bell) was fractionally distilled through
a 15-cm Vigreux column to give a forerun, bp 49-51° (28 mm),
which was discarded and a colorless fraction, bp 51° (28 mm),
n%p 1.4355. Forty-seven grams (0.5 mole) of this alcohol was
added dropwise to a stirred solution of 39 ml (0.5 mole) of butyryl
chloride in hexane. After evolution of HCl had subsided,
the mixture was heated under reflux for 2 hr, cooled, washed with
5% NaHCOQ,, and dried (Na.SO;). The solvent was removed
and the oil was fractionally dixtilled through a 15-em Vigreux
column to give 54.8 g (809%) of the ester, bp 110° (30 mm),
np 1.4290.

Anal. Caled for C:Hi;ClOy: C, 53.77; 11, 8.46; Cl, 19.84.
Fouund: C, 53.54: H, 8.56; Cl, 19.80.

Method A. 2-Acetoxyethy! p-Iodobenzoate (1).—To a solu-
tion of 62.0 g (0.250 mole) of p-iodobenzoi¢ acid in 360 ml of
dimethylformamide was added 35 ml (0.25 mole) of triethyl-
amine, followed by 30.8 g (0.252 mole) of 2-chloroethyl acetate.
The brown mixture was stirred 24 hr at 115°.  After cooling aud
removal of Et;N.HCI by filtration, the mixture was poured into
water and the aqueous phase was extracted with CHCl;. The
combined organic extract was washed successively with cold
5%, KoCOs, Ha), cold 34; HCl, H:0, and saturated NaCl
Drying over Drierite, decolorizing with charcoal, and removal of
solvent gave an oil which amounted to 42.8 g (51¢¢) of 1 after
distillation. This product solidified after cooling in Dry Ice.

(1) Paper II: J. H. Ackerman, V., Akullian, C. Moore, and A. A. Larsen,
J. Med, Chem., 9, 165 (1966).

(2) J. E. Siggins, J. H. Ackerman, and A. A. Larsen, {bid., 8, 728 (1965).

(3) Melting points were takeun in a modified Hershberg apparatns and are
nneorrecterl.

(4) Einar J. Salmi awl R. Leimu, Swovsec« Kemdistilehty, 20B, 45 (1947,
Chem. Abstr., 42, 4031¢g (1948).



