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from water (with charcoal treatment); yield, 0.3 g., m.p. 239-
240° dec.

Anal.  Caled. for C;HCIN;O;: C, 38.63; H, 3.71; Cl, 16.29;
N, 19.31. Found: C, 38.47; H, 3.67; C], 16.33; N, 19.13.

N-(1H-2-Oxo0-5-bromo-4-pyrimidinyl)-p,L-alanine (IVh).—

The mixture of IVb (p,i-form, 1.0 g.) and N-bromosuccinimide
(1.1 g.) in acetic acid (30 ml.) was kept for 20 min. at 80-100°
and treated as above. The product (1.0 g.) was recrystallized
from water (0.85 g.), m.p. 225-227° dec.

Anal. Caled. for C:HBrN;O5: C, 32.08; H, 3.08; Br, 30.49;
N, 16.03. Found: C,32.00; H, 3.19; Br, 30.43; N, 15.85.

1-( 3-n-Ribofuranosyl)-4-methylthio-2-pyrimidinone (XIa).
—2'3',5’-Tri-O-benzoyl-4-thiouridine!® (X, R = OBz, R, =
H, 11.5 g.) was dissolved in N sodium hydroxide (60 ml),
water (40 ml.), and ethanol (100 ml.) and stirred for 1 hr. Methyl
iodide (14.2 g.) and more N sodium hydroxide (20 ml.) were
added, and the mixture stirred for 30 min. After neutralization
with acetic acid, the solution was evaporated in vacuo, and the
residue dissolved in ethanol. The insoluble material was removed
by filtration and discarded, and the filtrate concentrated to a
sirup. This sirup was treated with ethanol and the solids which
formed were discarded. The filtrate was again concentrated to a
sirup and the treatment with alcohol was repeated. The final
filtrate was concentrated to a sirup and triturated repeatedly
with acetone. The acetone-insoluble sirup (4.5 g., crude XIa)
was used in the following reactions.

N-(1-8-p-Ribofuranosyl-2-oxo-4-pyrimidinyl)-L-phenylala«
nine (XIIa).—The solution of Xla (2.7 g.), L-phenyl-
alanine (2.0 g.), and sodium carbonate (0.56 g.) in water (12.5
ml.) was refluxed for 15 hr. After acidification with acetic acid,
the solution was concentrated ¢n vacuo and the residue dissolved
in ethanol. The insoluble material was removed by filtration and
the filtrate evaporated to dryness. The residue was dissolved
in water, adjusted to pH 7.5, and applied to a column (Dowex I,
formate, 2.5 X 16 cm. long). The column was washed with
water which removed uridine and unchanged XIa. Formic
acid (0.2 M) was used for elution. The eluate was collected in
100-ml. fractions. The ultraviolet absorbing fractions (measured
at 290 mu) containing product were combined and evaporated to
dryness in vacuo, and the residue was dissolved in ethanol from
which crystals were obtained (1.2 g.), m.p. 165-170° slow dec.

Anal. Caled. for CisHyN;0-1.5HO: C, 51.67; H, 5.77;
N,10.04. Found: C,51.90; H, 5.74; N, 10.26.

N-(1-8-p-Ribofuranesyl-2-ox0-4-pyrimidinyl)-L-tryptophan
(XIIb),—The solution of XIa (3.2 g.), L-tryptophan (2.05 g.),
and sodium carbonate (0.56 g.) in water (15 ml) was
refluxed for 6 hr. The solution was diluted with water, adjusted
to pH 9, and applied to a column (Dowex I, formate, 2.5 X 16
¢m.).  After washing the column with water, the product was
eluted with N formic acid. The combined eluate was evaporated
in vacuo to a sirup which was treated with ether to remove formic
acid. The residue was taken up in a small amount of water
from which the precipitate separated (yield 2.0 g.) and recrystal-
lized from water, m.p. 176-178° dec.
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Anal. Calcd. for CgoH22174O7'H20: C, 5357, H, 539, N,
12.49. Found: C, 53.37; H, 5.22; N, 12.36.
N-(1-B8-p-Ribofuranosyl-2-0x0-4-pyrimidinyl)-p-aminoben-
zoic Acid (XIH).—A mixture of XlIa (5 g.), p-amino-
benzoic acid (4.1 g.), and sodium carbonate (1.6 g.) in water
(30 ml.) was refluxed for 3.5 hr. The solution was acidified with
formic acid and the precipitate (p-aminobenzoic acid) was re-
moved. Extensive hydrolysis of XIa to uridine was observed.
The solution was adjusted to pH 9, applied to a column (Dowex I,
formate 2.5 X 16 ¢m.), washed with water and 0.1 N formic acid,
and eluted with N formic acid. The combined fractions contain-
ing the product were evaporated to a sirup and washed with ether.
An amorphous solid was obtained from the residue which could
not be crystallized; yield 1.4 g., m.p. 156-165° dec.
Anal.  Caled. for CisHizN;04: C, 52.88; H, 4.72; N, 11.57.
Found: C, 52.48; H,4.75; N, 11.25.
1-(2-Deoxy-g3-p-ribofuranosyl)-4-methylthio-5-methyl-2-
pyrimidinone (XIb).—Compound X (R. = Me, R = H,
9.32 g)? in N sodium hydroxide (40 ml.), ethanol (100 ml.},
and water (70 ml.) was stirred for 1 hr. Methyl iodide
(12 g.) and more N sodium hydroxide (20 ml.) were added and the
mixture stirred for 30 min. After storage in the refrigerator
overnight, needles separated and were collected. The filtrate
was concentrated to a sirup and the sirup triturated with water
from which additional needle crystals were obtained; total yield
4.9 g. (909%). One recrystallization from water afforded pure
material, m.p. 176-178°.
Anal.  Caled. for CyHieN,Os8: C, 48.52; H, 5.92; N, 10.29;
S,11.78. Found: C,48.49; H, 5.64; N, 10.22; S, 11.99.
N-[1-(2-Deoxy-g3-p-ribofuranosyl)-5-fluoro-2-0x0-4-pyrim-
idinyl]-L-alanine (XII¢),—4-Thio-5-fluoro-2’-deoxyuridine (1.2
g.)? in N sodium hydroxide (6 ml.), water (20 ml.), and
methyl iodide (1.5 g.) were stirred for 20 min. The solution was
neutralized and evaporated to dryness. The residue was taken
up in water (15 ml.), r-alanine (1 g.) and sodium carbonate
(0.58 g.) were added, and the solution was refluxed for 2 hr.
The reaction solution was applied to a column (Dowex I, formate,
2.5 X 16 c¢m.), washed with water, and eluted with 0.1 N formic
acid. The fractions containing the product were combined and
concentrated to a sirup, washed with ether, and the resulting
crystalline residue was recrystallized from water; yield 0.7 g.,
m.p. 151-152° dee., [«]®p —40° (¢ 0.54, N HCI).
Anal. Caled. for Ci;HisFN;Oq: C, 45.43; H, 5.08; F, 5.99;
N, 13.24. Found: C, 45.14; H, 5.52; F, 6.16; N, 13.11.
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Iris Wempen of this Institute for the 4-thio-5-fluoro-2’-
deoxyuridine used in this study. The authors are
indebted to Dr. George B. Brown of this Institute for
helpful suggestions and continued interest.
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N,N’-Bis-(o-hydroxybenzyl)-ethylenediamine (I) undergoes an equimolecular condensation with aldehydes

and aqueous formaldehyde in alecohol solution to form imidazolidine derivatives.
reacts with I in benzene to form 1,2-bis-[3-(3,4-dihydro-1,3,2H-benzoxazino)]-ethane.

imidazolidine derivative of I.

Our interest to investigate the condensation reactions
of N,N’-bis-(o-hydroxybenzyl)-ethylenediamine (I) was
(1} (a) J. H. Billman, J. Y. C. Ho, and L. R. Caswell, J. Org. Chem., 22,

538 (1957). (b) Dow Research Fellow, 1959-1960. Taken from the Ph.D.
thesis of L.C.D., Indiana University, 1961.

In contrast, paraformaldehyde
Acetone forms a stable

¢ Reactions of I with other ketones are discussed. None of the compounds showed
appreciable antibacterial, antifungal, or antiviral activity.

essentially twofold. Other similarly substituted ethyl-
enediamines, N,N’-bis-(p-methoxybenzyl)-,2 N,N’-bis-
(2) (a) J. H. Billman, J. Y. C. Ho, and L. R. Caswell, J. Org. Chem., 17,

1375 (1952); (b) L. Veibel and I. B. Anderson, Anal. Chim. Acta, 18, 15
(1956).
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(p-chlorobenzyl)-,** and N,N "~bis-(phenyl)-cthylene-
dianmine,® have heen found to be onciﬁc reagents for the

deteetion and characterization of aldehydes as their
corresponding  solid imidazolidine derivatives.  Of

these, N, N’-bis-(p-methoxybenzyl)-ethyl mwdiamim»
was the only one that formed a stable derivative with ¢
ketone (acetone.)?* Prom this \tandpomt it was l)f

interest to determine the applicability of N, N'-bis-
(o-hydroxybenzyl)-ethylenediamine as an aldehyde

reagent and its reactivity toward ketones.

Sinee 1,3-disubstituted imidazolidines of the general
structures IT% and IIT% have heen found to possess anti-
fungal, antiviral, and antibacterial properties, it was of

R\ I /R'
/N_(CHg)m‘—N\ _N—(CHgo}m—N
R CH, \R
11
O N-—(CH,) > ,QN—'(CHZ)m—N 0

I11

interest to determine if 1,2,3-trisubstituted imidazoli-
dine derivatives of N, N’-bis-(o-hydroxybenzyl)-ethyl-
enediamine would also possess similar antimierobial
properties.

A variety of aldehydes, aqueous formaldehyde, and
acetone were found to condense equimolecularly with
N, N’-his-{o-hydroxybenzyl)-ethylenediamine (I) in al-
cohol solution to form solid derivatives in yields ranging
from 41-919,. Although the imidazolidine structure
I'V was originally anticipated, it was also conceivable
that derivatives might be 3,4-dihydro-1,3,2H-benzox-
azines (V). Inorder to determine with certainty which
pr()(iu(.t was formed, a study of the derivatives was

made.  First of all the coudensation products were
hydrolyzed with dilute mineral acids. Regenecration
7 N—CH,N e
Q-(JHZB\C/I\CHQ + H0
N
OH R H(R)HO
v t
CH:NHCH,— RCHO
) or
OH . RCOR’ l
I
©f\j__—CHZCH2NHCH2
HER")
0 R H—-0
v

R = H (aq.), alkyl
= ('H; (when R = CHy)

of the diamiue I and the corresponding carbonyl com-
|

| N e

pound confirmed the presence of N-C-N or —O-C-N

SN N

03] Il W, Wanzel and W, Lachel, Chem, Ber,, 86, 1163 (1953},

1) 1,2-Bis-tbenzyl)-ethylenediamine will rea(‘t with acetone, but the
sru]m nf t]ns reaction with other ketones was not established: W, I'. Minor.
1. lohnson, and L. C. Cheney, J. Org. Chem., 21, 528 (1456).

3y 4. 0. Van Hook and W, E. Craig, U, S, Patent 2,675,387 (1954):
Cheme. Abstr,, 49, 47295 (1435).

(6) W . Craig and J. O, Van oek., U = Patent 2.675381 (195341
Chem, Abstr,. 50, $11d (10567,
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linkages as found in IV and V. vespectively. Tt was
hoped that differentiation of the two proposed strue-
tures might he accomplished by chemical conversions,
Presutnably, il the condensation products were nmid-
azolidines of structure IV, then methvlation of the
phenolic functions should have given the same coni-
pound ax would have heen obtained from N N'-bix-

(o-methoxybenzylj-ethylenediamine  and  the  corre-
spouding carbouyl compound.  Attempts to methylate
the condensation products were unsuceessful. How-

ever, some chemical evidenee was found i =support of
the imidazolidines structure IV.  p-Dimethylamino-
henzaldehyde failed to condense with N-to-hydroxy-
benzvl)-phenethylamine (VI as it did with [ unda
comparable reaetion  conditions,  Also. even when
identical experimental eonditions were used with excess
quantities ol carbonyl componund and extended reaction
times, the same derivatives with 1T owere obtained as
when equimolar quantities were cmploved.  Presum-
Wbly, benzoxazine of strueture Vowould have veacted
with a sceond mole of aldehvde to Torm a bishenzox-
azine.

Attention was next direeted to the use of infrarved spee-
troscopy in conjunction with a model compound.  The
use of infrared in the absence of a model compound was
not feasible since both hypothetical structures, TV
and V, have Ol and or NH funetions which may be
indistinguishable iu the infrared.  In the preseut study.
it was possible to identify the N-I1 absorption band in
N-alkyvl substituted o-hydroxybenzylamine-type com-
pounds (provided there were no other OH or N func-
tions elsewhere in the molecule).  The model ecom-
pound selected wax  N-(o-hydroxybenzyl)-phenethyl-
amine, o-HOCH,CHNH(CHajoCdt; (VI When the
infrared spectra of N, N'-bis-(o-hydroxybenzyh-cthyl-
encdiamine (1), N, N'-bis-(0- m(tlm\\b( nzyly-ethylenc-
diamine (VII), and the model compound V1 were com-
pared, all three (‘,(Jlllp()lllld\‘ showed a distinet absorp-
tion band in the region of 2.9-3.05 w. Sinee NN’
l)i»(u-ln(*thoxyl;(*112)’})-vthylon(dlammv. (o-CHLOCH -
C'H,NHCHy): (VI has no OH function, this absorp-
tion band could be assigned to the N H funetion which
ix present i all three compounds. The O -H absorp-
tion of I and VI were apparently shifted to hiigher wave-
lengths it or near the O H absorption region and 1o
definite assignment of this band was attempted.

The infrared speetra of the condensation produets in
question showed @ broad absorption band beginning
at 2.8 x and extending throughout the € H absorption
FeZion, Ay ¢ 35w These speetra failed to show a
diserete absorption band at 2.9 g thereby showing that
these moleeules did not possess an N-substituted o-
hydroxybenzylamine grouping as « part of their struce-
ture, and therefore. were not 3. 4-dihydre-1.3.2H-benz-
oxazines (V. These speetra were, however. conststent
with the alternate bnidazolidine structure V. the
phenolie groups being responsible for that portion of
the broad absorption baud oecurring in the O 1T absorp-
tion region. Thix analysis was not appli(‘ul) e for the
phenolie aldehyde devivatives of NN -bis-(o-hydroxy-
henzyh-ethylenediamine,  However, it was  reason-
able to assume that these ale 1(\11\(10\ reacted i the
samne manuer as other aromatie aldehydes sinee reaction
conditions were essentially the same.  The imiduzoli-
dine derivatives are summarized in Table |
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1,3-B1s-(0-HYDROXYBENZYL)-IMIDAZOLIDINES 1V

™\
Q CH:N NCH2©
R™ "H

OH

R M.p., °C.
3-Methoxy-4-hydroxyphenyl 151.2-152.5
3,4-Methylenedioxyplenyl 131-132
p-Methoxyphenyl 151-151. 5"
p-Nitrophenyl 143-144.5
3,4-Dimethoxyphenyl 151.5-152.5
p-Hydroxyphenyl 155~-157.5
H 110.5-111
o-Hvdroxyphenyl 149-150.5 dec
2-Phenylethenyl 131.5-132.5%
p-Dimethylaminophenyl 152.3-152.5
2-Propyl 107.5-108.5
3-Furyl 166-168 dec.
m~Hydroxyphenyl 165-167 dec.
Phenyl 169-170

HO

Purified product
% Nitrogen

% Yield Formula Caled. Found
71 CoyHeN20s 6.89 7.19
7-1 C24H24N2()4 6. 93 6 . 80
72 CoHae N0y 7.18 7.00
64 CaHN;O, 10.37 10.27
76 CasHas N0, 6.66 6.91
43 C3HaN2O;5 7.45 7.26
92 CiHyN:0, 9.85 9.49°
60 CuHa N3O 7.45 7.49
58 CosHagN 20 7.31 7.26
73 CasHaaN30: 10.40 10.26
78 CoHoeH.O: 8.5% 8.67
91 CyHp N0, 7.99 7.99
67 CyHo N0, 7.45 7.36
90 C23H24N202 7 77 7 B 99

“ Purified material melted lower than crude product. ° Per cent recovery from methanol. ¢ Caled.: C, 71.82; H, 7.09. Found: C,

71.46; H, 7.33.

Unlike aqueous formaldehyde and other aldehydes,
paraformaldehyde underwent a bimolecular condensa-
tion with N,N’-bis-(o-hydroxybenzyl)-ethylenediamine
in benzene to form 1,2-bis-[3-(3,4-dihydro-1,3,2H-
benzoxazino) ]-ethane (VIII) in a 469, yield. The
structure of this derivative was based on its elemental
analysis, its infrared and ultraviolet spectra, and its

Q—CHZNHCHZ— NCHzCHzN/jQ
— P L
. o) 0

OH
+ VIII
(CHO),, +
2H,0

acid hydrolysis products. This derivative possessed
no NH or OH absorption in the infrared and its ultra-
violet spectrum was similar to that of homologous
methylene-bis-(3,4-dihydro-1,3,2H-benzoxazine), which
is the condensation product of aqueous formaldehyde
and o-hydroxybenzylamine,” both having Ap.. 275
my (log € 3.7). When VIII was hydrolyzed with dilute
sulfuric acid the regenerated formaldehyde was re-
covered (as its methone derivative) in 889, yield, along
with N, N’-bis-(o-hydroxybenzyl)-ethylenediamine in
859 yield based on the assigned structure VIII.

N,N’-Bis-(o-hydroxybenzyl)-ethylenediamine (I) re-
acted with pure acetone or with acetone in ethanol to
form a stable imidazolidine in high yield. Methyl
ethyl ketone, acetophenone, and benzophenone failed
to condense under similar conditions. Cyclohexanone
forms a solid derivative in methanol and in benzene
under water removal conditions. However, the mate-
rial could not be purified by recrystallization from sev-
eral solvents or solvent mixtures. The imidazolidine
derivative of methyl ethyl ketone was prepared by re-
fluxing I with the preceding ketone for 5 hr. At-
tempted recrystallization of this derivative from 959,
alcohol resulted in complete hydrolysis; however,
purification was achieved by recrystallization from
methyl ethyl ketone.

(7) F. W. Holly and A. C. Cope, J. Am. Chem. Soc., 66, 1875 (1944).

Construction of molecular models of actual and hypo-
thetical ketone imidazolidine derivatives of I disclosed
considerable steric interactions between the benzyl
groups situated in the 1- and 3-positions and the sub-
stituents in the 2-position. These steric interactions
increase on going from the acetone condensation prod-
uct (2,2-dimethyl derivative) to those of higher ketones.
As a consequence, the ketone derivatives of 1 probably
have higher energies which may be related to some of
the difficulties of preparation and purification.

In view of the anomalous reaction of N,N’-bis-(o-
hydroxybenzyl)-ethylenediamine with paraformalde-
hyde and its facile condensation reaction with acetone,
this diamine reagent does not appear to be as practical
or as specific an aldehyde reagent as some previously
studied diamines,1a.2:3

Table II1 summarizes the bacteriostatic and fungi-
static activities of the compounds tested. None of the
compounds showed appreciable activity as anti-
bacterial, antifungal, or antiviral agents.

The compounds in Table II were tested in tissue
culture systems (roller tube) against the viruses indi-
cated. Nomne showed any protective activity at con-
centrations up to the levels where host cell toxicity was
encountered.

Experimental

Melting points were taken in open capillaries and are corrected.
Boiling points are uncorrected. Infrared spectra were recorded
on a Perkin—Elmer Infracord as potassium bromide disks. Micro-
analyses were performed by Miss J. Dickey of the Chemistry
Department of Indiana University and/or Midwest Microlab,
Inc., Indianapolis, Indiana.

Materials. (A) Aldehydes.—Either reagent grades of alde-
hydes were used or they were purified by distillation or by reerys-
tallization from appropriate solvents. Exceptions were vera-
traldehyde and cinnamaldehyde for which practical grades were
used.

(B) Ketones.—Acetone and methyl ethyl ketone were purified
by distilling from potassium permanganate, drying with anhy-
drous potassium carbonate, and redistilling, b.p. 56° and 78.5-
79°, respectively. Commercial grades of other ketones were used.
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Tasre 11
NUMMARY OF ANTIVIRAL ACTIVITY

yaS H2\><\( ‘He \

R Tnactive i1 TC Test!
3-Methoxy-4-hydroxyphenyl i, 2, i 1
3,4-Methylenedioxyphenyl 1,2,2,4
1-Nitrophenyl 1,2, ,i 4
34-Dimethoxypheny | 12,3
2-Phenyletheny] 1.2.3
2-Furyl 1,2,3,4
3-Hydroxypheny] bo2,03, 4

Virus and all combinations used: (1) Adenovirus 4, HeLa:
(2} Herpes stmplex, Hela: (3) Mumps, Hela: ) Influenza
PRS, dog kidney.

TasLe

SUMMARY 01 BACPERIOSTATIC AND FUNGESTATIC ACTIVITIES BY Auak Dirrrsiox Merion (o 0dro ANTIBACTERIANL S

(HZI\

OH

Pseudn-
monaes

Conen. aerugi-

R mg. ik nosa ooli
3-Methoxy-4-hydroxyphenyl 20 0 (22)
3,4-Methylenedioxypheny | 20 0 0
p-Methoxypheny| 20 0 (187

2 9] b
0.4 0 ¥
p-Nitrophenyl 20) 0 0
3,4-Dimethoxyphenyl 20 0 (e
p-Hydroxyphenyl 20) 0 0
2 () ()
o-Hydroxypheny) 20 13 0
2 0 0
2-Phenyletheny! 20) 0 (21)
p-Dimethylaminopheny] 20 0 0
2-Furyi 20 0 0
For comparison, chlorampheniceol
shows the following zones 20 2] 30
2 H 24
0.4 0 0

Parentheses () indicate zone of partial inhibition.

(") Amine Reagents.—N N'-Iis-(o-hy droxybenzyl)-ethylene-
<|mnmw wasg provided by the Dow Chemicul Comp my.  The
other reagents were prep ared s described later,

N,N’-Bis-(o-methoxybenzyl-ethylenediamine (VID,—To u
stirred reflusing solution of 30 g (0.22) of o-methoxvhenzal-
debyde in 45 ml. of methanol was Adri(d a solntion of 6.8 g
(011 moley of ()\" ethylenediamine over a period of 40 min.
Suecessive concentrations of the reaction mixture, and subsequent
cooling, provided crops of 10,2 and 4.1 g. of crude 1,2-his-(o-
methoxybenzylideneamino -ethane.  These when combined and
recry, smlh/od from motlmnul vielded 11.9 g. (377), m.p. 114.5-
11522 (1it.% 115.5-116.5°

el Caled., for ¢ aHm\' Our N, U5 Pound: N, 9.53.

A mixture of 11 g. (0.037 mole) <)f 1,2-bis-( o~ metlm\\ benzyli-
deneamino -ethane, 1 g. of platmum oxide, and 70 ml. of absolute
ethunol was redue (,(l at room temperature in a low-pressure
Pare hydrogenator.  The catalyst was removed by fltration
and the filtrate was treated with a solution of 11 ml. of concen-
trated hydrochloric acid in 60 ml. of ethanol.  When the solution
was cooled  the N N'-bis-(o-methoxybenzyl)-ethylenediamine
dibiydroe hlnrld('puwl}m tted us white plates, vield 109 g. (7907,
top. 1795 E82°0 "The free amine was recovered from its aqueous
salt solution by precipitation with 107, sodiam hydroxide and
-

'S LL Fereuson and Lo Rellew, . o, Clicme, oo T3, 3707 119510,

schierichia
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puritied by successive reervstallization from 307, methanol snd
putrnl(*mnothnr bop. #0-60°), np. 349 -60°

eals Caled. for ChHu NGO O ;l.‘. oML N0 N e
Found: (V720040 H, 823 N, 942,

N ()-H)droxxbennll-phenethylamine i VI N-o-Hvdroxy-
henevlidenei-phenethylimine was prepared in a 90¢; vield fron:
salievldddehvde and p}wnerh\l'umnv following prmulmv sty
to that of Shepard and Ticknor?®: lemon vellow erystals, mop
£2 437 trom ethanel st g, —l.x.)“

The Sehiff's hase was reduced in the same manner as deseribed
in the preceding experiment.  After removal of the eatadvst, the

wetion mixture was acidified and  concentrated. N-{n-Hy-
(lr‘()\\])l‘lll\lr phenethyvlanine was then precipitated with 157,
sodium hydroxide as un oil which solidified on cooling. The
vield of crude product was quantitative, light tan solid, ..
17-49%0 Reervstulliz m(:n from d lute methanol (Darco) I»rnvuiwl
light tan plates, mop. 51-52°. The hw{m( hlcni(lv salt was pre-
wipil;mvdfrmn«*thm‘snlmiun“’ nep. 129 130° i . 13090

Il
ANTUFUNG AL

\’CHw
s
Zone size in
Priihin-
Stophylo- moray
Proteus cocens Diplocoreus  Kiebsicllua e Cearddida

rulgaris aureuns prewmoniae  puewmaniae  grophyics albivans

0 0 15 IBLN! I~ 0
0 0 0 () 121 4!
9 { 24 (1) (20 (
0 0 (21 (14 () Il
0 0 (17 1-h) 0 0
0 {) 13 0 15 0
(1% 16 17 ! 1N 0
0 0 25 1 22 )
3] t {H RS & 8]
3] 0 20 e 124 3l
0 3] 17 () \] 0
6 ( IS [y 30 I
0 0 (1Y) (1 1N ()
0 (1 () 0 0 0
31 28 42 Hi
21 22 35 54
15 it 23 24

Aldehyde Imidazolidine Derivatives IV of N,N'-Bis-io-hy-
droxybenzyl)-ethylenediamine (I).-—To o hot saturated solution
of 6.0 g. (0.022 mole) of Tin 75 inl. of methanol was added 1n
equimolar quantity of the aromatic aldehyde (or aqueous formal-
dehyde) dissolved in a minimum wmount of warm methanol
{liquid aldehydes were added directly). 'l‘h(‘ reaction mixture
was refluxed for 1 hr. The derivatives of benzaldehvde and
furfural precipituted shortly after refluxing was commeneed:
the derivatives crystallized on cooling to room temperature or
after variable periods of tine in a refrigerator and were purificd
by recrystallization from methanol or absolute ethanol.

The isobutyraldehyde derivative of T was prepared by slowly
adding the aldehyde to & saturated solution of T in absolute
ethanol at 55°. The product crystallized after concentration and
subsequent, couling of the reaction mixture.

1,2-Bis-[3,-(3,4~dihydro-1,3,2H-benzoxazino) |-ethane ( VI,
VVVV To a hot saturated solution of 10 g. (0,087 niole) of N,N'-his-
(o-hydroxybenzyl)-ethylenediamine in 50 ml. of thiophene-frec
benzene was added 2.0 g. (0.067 mole) of paraformaldehyde and
the reaction mixture was refluxed for 8 min., filtered while hot,
and the filtrate evaporated.  The resulting viscous residue
solidified and was completely freed of solvent in o vacuum desic

) NoAL Shepard and A AL Tiekuor, ohid. 38, 385 (1v1h
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cator, then recrystallized from methanol to provide 4.6 g. (46%)
of white needles, m.p. 111.5-112°.

Angl. Caled. for CisHoN:0p: C, 72.88; H, 6.80; X, 9.45.
Found: C,72.78; H,7.18; N, 9.42.

Acid Hydrolysis of VIII.—To a solution of 1 ml. of concentrated
sulfuric in 40 ml. of water was added 0.20 g. of 1,2-bis-[3-(3,4-
dihydro-1,3,2H-benzoxazino)]-ethane. The solution which re-
sulted on warming was distilled into a slightly saturated dilute
alcohol solution of excess methone. The distillation was stopped
when the distilland was about 3-5 ml. The yield of the formal-
dehyde methone derivative was 0.35 g. (889), m.p. 188-189°
(lit. m.p. 189°). The distillation residue was treated with 109,
sodium hydroxide to pH 6-7 and filtered free of resinous-like
material. Treatment of the filtrate with 2 ml. of 109 sodium
carbonate followed by seeding and cooling produced a pale tan
solid product of m.p. 117-122°. A mixture melting point with
N,N’-bis-(o-hydroxybenzyl)-ethylenediamine was not depressed;
the yield of recovered N,N’-bis-(¢0-hydroxybenzyl)-ethylenedi-
amine was 0.16 g. (85%).

Reaction of N,N’-Bis-(o-hydroxybenzyl)-etkylenediamine I
with Ketones. (A) Acetone.—A mixture of 1.0 g. (3.7 mmoles)
of T and 15 ml. of acetone was refluxed for 1 hr. The reaction
mixture was refrigerated and the crystalline product (0.8 g.)
which formed was removed by filtration. A second crop of 0.3 g.
was obtained after concentration of the mother liquor. Both
crops were combined and recrystallized from absolute ethanol.
The yield of 2,2-dimethyl-1,3-bis-(o-hydroxybenzyl)-imidazoli-
dine was 0.9 g. (849;), white needles, m.p. 146.5°.

Anal. Caled. for C;sH2:N20:: N, 8.94. Found: N, 8.88.

This derivative was also prepared, in 909 yield (m.p. of erude
product was 145.5°), at 50° in absolute ethanol in the same way
as described previously for the isobutyraldehyde reaction in which
a 1.6 M excess of acetone was used.

(B) Methyl Ethyl Ketone.—A solution of 6 g. (22 mmoles) of
I in 50 ml. of methyl ethyl ketone was refluxed for 5 hr. The
condenser used had a drying tube containing Drierite in its open

(10) E. H. Huntress and S. P. Mulliken, “Identification of Pure Organic
Compounds,” John Wiley and Sons, Inc., New York, N. Y., 1941, p. 50.
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end. The reaction mixture was refrigerated and the resulting
precipitate was filtered, rinsed with methyl ethyl ketone, and
dried; 5.2 g., m.p. 129.5-135°. The crude product was purified
by refluxing it in 30 ml. of fresh methyl ethyl ketone on a hot
plate for 2.5 hr. The hot solution was filtered and crystallization
was induced by cooling. The yield of 2-methyl-2-ethyl-1,3-bis-
(0-hydroxybenzyl)-imidazolidine was 3.8 g. (539); white prisms
melting at 133-134°.

Anal. Caled. for CoHzN:0:: N, 8.58. Found: N, 8.62.

(C) Other Ketones.—Condensation reactions of acetophenone,
benzophenone, methyl ethyl ketone, and cyelohexanone with 1
were conducted in the same general manner as described for
aromatic aldehydes. In the first three cases, the diamine reagent
was recovered essentially unchanged. In the cyclohexanone
reaction a solid product was obtained which melted slowly at
107-111°; a mixture melting point with I (m.p. 124°) was de-
pressed. Recrystallization of this solid from anhydrous tetra-
hydrofuran gave a material of m.p. 103-107°. The cyclohex-
anone reaction was repeated using a benzene solution in which
water formed in the reaction was removed as its benzene-water
azeotrope. The product resulting when the theoretical amount
of water was removed melted at 105.5-109.5°. Recrystallization
from benzene-petroleum ether (b.p. 40-60°) or carbon tetra-
chloride gave products of lower melting points without improve-
ment in the ranges (e.g., 99.5-105.5°).
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2-(2,6-Xylyloxy Jethylguanidine sulfate is a potent hypotensive agent which acts by blocking the sympathetic
nervous system. Related compounds have been synthesized and structure-activity relationships in the series

have been investigated.

Treatment of hypertensive disorders has been revolu-
tionized in recent years by the discovery and use of
agents which inhibit the release of neurohormones from
the postganglionic sympathetic nerve endings. The
first compound discovered to have this effect was cho-
line 2,6-xylyl ether bromide? (I), which effectively
blocks transmission at peripheral sympathetic nerve
terminals but suffers from muscarinic side-effects.
Subsequently, bretylium (II) was developed and in-
tensive investigation showed it to be selectively ac-
cumulated in postganglionic sympathetic nerve fibers3
and to prevent the release of neurohormones from the
sympathetic nerve endings following neural stimula-
tion.** More recently guanethidine (III) was intro-
duced for the treatment of hypertension. This com-

(1) To whom inquiries should be addressed.

(2) P. Hey and G. L. Willey, Brit. J. Pharmacol., 9, 471 (1054).,

(3) (a) A. L. A, Bours, F. C. Copp, W. G. Duncombe, A. F. Green, and
A, McCoubrey, ibid., 17, 265 (1960); (b) A. L. A. Boura and A, F. Green,
ibid., 14, 536 (1959).

CH, . Br
QOCH;CI’IQN(CHB)BBT_ QCHzN(CHB)2C2H5TOS_
CHg

I I

pound has been shown to exert its effect on the sympa-
thetic nervous system by depleting the norepinephrine
stores at the postganglionic sympathetic nerve endings.*

(CH2)7NCH20Hﬁ\iHC(NH2)=NH

I, II, and III have certain eommon structural fea-
tures. Each contains a strongly basic terminal group
connected »7a a side chain to a carbocyclic or hetero-
cyclic ring. These factors suggested that replacement
of the poorly absorbed quaternary group of I by the
guanidine residue might lead to compounds acting at the
postganglionic sympathetie nerve fibers. 2-(2,6-Xylyl-
oxy)ethylguanidine (IV) which is the guanidine analog

(4) R. Cass, R, Kuntzmman, and B. B. Brodie, Proc. Soc. Eaptl. Biol. Med.,
103, 871 (1960).



