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<trafed  antitumor .'l(,‘ﬁ\"if)’ against  both leukemin tn 2 Lonf anhydrmns Colta enoled tinnfee harh wis added dropwise

11210 amd Walker 256 svstems, A= expreted, rom-
pound XT was hnaetive 11 KB eell cultare tist systian,
It i of Intere=t that, although compound XTI possesses
two aziridinyl groups, it failel ta <how netivity ngainst
the Walker (ubeutineous) 256 test svstem ilesipned
lor the pvaluation of alkyviating agents.

Attempts to prepare the thionr analogs of phng-
phazine and methylphosphazine were not sueeessful in
our hands.  Phosphochlorination of 2-nmino-s-trinzine
aml 2-nminb-as-triazine with thiophosphoryl chloride
wave onlyv intractable materials,

Experimental Section'*

2-Aminopyrimidine Hydrochloride ( VIL).-—Throngh n suspen-
<ton of 200 g (2.01 molex) of 2-aminopyrimidine' (Eastman) in
1600 ml of absolute ItOIT was passed, without eooling, a generous
strenmn of dry 1ICL The remperature of the reaction mixture
gradunlly roxe almost 1o boiling while the solid <lowly disscolved.
After ¢ca. 30 min the hydrochloride =salt =rarred 1o precipitate
from the hot solution.  The <tream of HCl wax eontinned for
another 15 min, and the rexnlting mixture wax allowed to cool to
room temperatnre. The xolid wax collected by filtration, washed
well with absolute IXtO11, then dried at 70-80° to give 210 g (767
vield) of VII, mp 2'0-202°, pure enough for the next step.

2-Pyrimidinylphosphoramidic Dichloride (VIII).--A mixture
ol 100 g {1,445 moeles) of VII and 1 L of POCl; wax refluxed for
i iy, then cooled tv room remperature.  The resulting sulid
wix collected by filtration and washed well with CuH. to give 204
p (O0°, vield) oI VIIL, mp 171-174°. Thix product wis used as
<nch in the nexr preparation after dreving 7 racvo at room tem-
pernfure for 5 he i a rotary evaporator.  An analytically pure
simple, mp INS=190° (lir.™ mp 190°), can be obtained by ve-
ervstallizarion of rhe ermde produer from o large volume of
(ll'.III'..

P,P-Bis(1-aziridinyl)-N-2-pyrimidinylphosphinic amide (IXa)
was prepared es<entially by the proredure of Kropacheva and
Sazonov:10 AN 292 my (e 17,500), 276 mu (e 2800).

P,P-Bis(2-methyl-1-aziridiny!)-N-2-pyrimidinylphosphinie
Amide (IXb).--To a xiirred mixiure of 100 g (0.9 mnle) of VIII

(14) Al Hpelting points (enrrvected) were taken on a Thomas—loover
melting puinl apparats. The nv absnrption spectra were dlesermined witly a
liorkman D=2 spectrphintmneter,

115 =L Gahriel, Ber., 84, 3354 (1601).

Studies on Antiprotozoans.

125 g (224 mindes) of pmpylenimine (Interchemienl Corp..
Organic Chemicals Depirtnent, Cavlstadt, N. 40 and 226 ¢
2224 molesh of 1N i 200 ml of anhydens Callg an <nel e
that the temperamre of the renction mixire did nor exceed 20°,
The mixtnre was allowed 1o stir for another 30 min in the iee
batl el for an additional 2 hre withont enoling, The =olvent
wis removed g pacre at e, 30°, and the residne was swirled in
INO0 ml of Iint (70°) anhydrous ColTs. The insolnble 1GN - HC
was retnoved by dltratio and washed with 200 ml of hor (11
The combined filtrate and wishings were allowed to ennl, vielding
the first crop of IND. Thix was solated by filipation, and the
volnme ol the filtrare was rednced ro 500 ml when snoiher portion
of IXD precipitated on cooling: total 96 g, mp 142-143° An
andditional 41 g of produet wax isolated when the vohume of rhe
tiltrate was retlnced 1o 250 ml, mnp 140-143°, total yield 6o+,
An analviieal sample was obtained by reerystallization from
Cally; mp H45-147°%; A998 mu (e 17,000), 277 mu (e 2500).
Thix compound i< siable at room temperntnre nnder vrdinnry
stornge eonditions,

Aaals Caled for CplhaNGOP: ) 474,
Found: ¢, 47.2; 11, 6.58; N, 27.4,

N.N'-Bis(2-chloroethyl)-N'‘-2-pyrimidinyphosphoric]Triamide
(X3 —Phosphazine ITXa (20 g) wax ndded portionwise to 400 ml
of metlnnolic HCL Gsatnrmed ot 5°). The resulting mixnme wis
lefr overnight at room remperatire and evaporated nnder ve-
dnced pressure o elemr viscous oil. The oil was dissolved in
150 ml of 11O, and the pll of the <elutim wax adjusted te 4 by
carefnl addirion o T N NaO1l. After 15 hr the precipitate was
ilicred, washed with cold H.0, and dried ar 70° for I8 hr to give
0.2 g el N, mp 103-104° Rerry=iadlization from 1.0 atforded
an analviieal sample: mp 105-106°: A 2238 g (e 16,700),
DT i (e 27000,

dnals Caled Tor CALCLNOP: C, 82,20 H, 4.74; N, 25
CL 235 Fonnd: C, 32.2; H, 4.56; N, 24.6; Cl, 23.5.

P P-Bis( | -aziridinyl)-N-2-pyridylphosphinic amide (XI) was

preparerd by the knowir procedure®™ from 2-nminopyridine;'
A oG g fe 12,3008, 280 mg (e 3000

H, 6.7 N, 277
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Synthesis and Biological Activity
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A series of l-uminoalkyl- and l-aminoalkyl-2-methyl-3(4)-nitro-4(5)-styrylimidazoles were synthesized and

examined for biological activity.
and Candida albicans.

These conipounds were tested on T'richomonas vaginalis, Entamoeba histolytica,
Their in vitro activity against T. vaginalis was found particularly interesting. For the

I-aminoalkyl-53(4)-nitro-4(5)-styrylimidazoles, we have separated isomers and determined their activities. Dif-
ferent niethods nsed to assign positions to the nitro group in the heteroeyelic ring are described.

I'or several years we have been carrying out in our
laboratories research on heternceyelie substances with
trichnmonaecidal aectivity as reported in a previous
publicatimn,!  Continuing our study with other hetern-
evelic compounds, we have investigated some imidazole
derivatives, since this heterocyelic system proved to

(1) F. Lauria, V. Vecehietlh, and 1. de Carneyt, Facnuco (Pavia), Ed. Ser.,
22, 47H 11967,

have a marked trichomonacidal activity in compounds
like azomyeine and metronidazole.?

It is well known that the introduction of a styrvi
group into appropriate molecules gives substances
highly active ngainst trypanosomes; styrvlgquinolines
al styrylbenzothiazoles are also active in the presence

vA) L Cosar oml L. dalaa, an, Inst, Paateur, 96, 238 (1959).
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of serum and exhibit a particular activity in mice®
In the literature, a description of the 4-diethylamino-
alkylamino-2-styrylquinoline derivatives is given in
relation to their broad spectrum of activity against
bacteria, actinomycetes, other fungi, and protozoa.t
Also, in our laboratories during research on the amebici-
dal activity of dichloroacetamido derivatives, we
noticed a remarkable increase in the antiprotozoal
activity with N-cinnamyl-N-methyldichloroacetamide.?®
We deemed it interesting, therefore, to synthesize some
imidazole derivatives containing a styryl group at
position 4 or 5 and some aminoalkyl chains at position
1. Introduction of basic groups into the aromatic or
heterocyelic rings can greatly enhance pharmacological
properties; the polar character of the basic groups
highly affect the chemical and physical properties of
molecules—their solubility, their partition coefficients,
and their ability to react with acid groups of proteins or
enzyme systems.

Chemical Properties and Structure.—Based on the
above considerations, substances of the following
general formulas have been prepared. When a sub-

OCH—CHj\-NJ—RZ <\:>CH Oéﬁf)—

R.
R,=H, CH3

R,= CH.ZCHZN\

. CH,CH;N 0.
2 24N /

CHZCH2N<:|. CH,CH,N(C,H,),

stituent is introduced at position 4 or 5 in the imidazole
ring, the resulting compound must be designated as
either a 4- or 5-substituted imidazole; its tautomeric
character precludes a definite assignment of structures.
A substituent replacing the imino hydrogen eliminates
the possibility of tautomerism and defines the structure.
Owing to this substitution, we obtain the two isomers
chemically defined, with the styryl and the nitro groups
at position 4 or 5. Examples of the preparative
methods employed are shown in Chart I. The com-
pounds described are shown in Table I. Compounds

Cuarr |

=\ A 140°
+ QC\H riperidine
H
CH=CH
< r Y,

H

N
o 1L+,
|

Oy,

R.
R.,=H., CH,

(3) Th. Wagner-Jauregg, '‘Therapeutische Chemje, Medizin,"
Huber, Bern, 1958, pp 151-152.

(4) M. V. Rubstov and G. N. Pershin, J. Med. Pharm. Chem., 2, 113
(1960).

(5) L. Almirante, I. de Carneri, G. Coppi, and W. Logemann, Antibiot.
Chemotherapy, 10, 667 (1959).
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TasLE 1

BrorLoGicaL AcTIVITY OF
1-AMINOALKYL-3(4)-N1TRO-4(3)-STYRYLIMID AZOLES

O,

I

— In vitro act. (pg/ml) vs,———
No. R: Ry T. vaginalis E. histolytira C. albicins
1 I3 CH:2CH:N(CeHs) o 0.9-1.9 8.2 62.5
II H CH;.CH_.N/\EI 0.4-0.9 8.2 250
III H CH,CHN H > 3.9 6 125
IV H CH,CHN H O 1.9 37-24.6 500
v CH; CH:CH:N(C:Hs): 31.2 6 500-250
VI CH CH;CH_..\I/\EI 7.8 4 230
VIl  CHs CHCHN H ) 31.2 8.2 500
VIII CH: CH,CHXN H 0 62.5 8.2-13 500

s

with R; = H have been separated by silica gel, column
chromatography and are shown in Table II.

The positions of the nitro group have been assigned
by various methods. Of each pair of isomers, we
determined the equivalent weight by titration in a
nonaqueous solvent with perchloric acid, using erystal
violet as indicator. It must be pointed out that the
basic nature of imidazole is related to the ability of a
pyridine-like nitrogen to accept a proton. FElectron-at-
tracting substituents, like nitro or halogens, decrease
the basic strength. When the nitro group is located in
close proximity to the electron-releasing system, the
resulting product will be the weaker base. In isomers
with the nitro group at position 4, only nitrogen in the
aminoalkyl chain at position 1 will be practicably
titratable. One of the two isomers gave, constantly,
an equivalent weight equal to the molecular weight.
Therefore, the nitro group of this isomer has been as-
signed to position 4. Consequently, the other isomer
has the nitro group at position 5. For the latter,
however, the strength of the vellow color negatively
affects the toning of the indicator used and makes
titration practically impossible.

The position of the nitro group can be further con-
firmed by ultraviolet spectra. The isomers with the
nitro group at position 4 have one of two maxima, that,
in relation to the imidazole ring, is shifted to lower
wavelengths (Figure 1). This is in accordance with
results obtained by other authors® with nitrostyrylimi-
dazole derivatives, and it is a characteristic capable of
differentiating the position of styryl and nitro groups
on the imidazole ring.  Also, ultraviolet spectra in acid
solution confirm the different basic strengths as well
as the different structure of the compounds under
study. In faet, in 4-nitro the wavelength of the maxi-
mum absorption is not shifted by passing from neutral
to acid medium, while a small but consistent shift is

revealed in 5-nitro under the same conditions (Table
111).

(6) J. Baddiley, J. G. Buchanan, F. E, Hardy, and J. Stewart, J. Chem.
Soc., 2893 (1959),
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¢ Neu=cH —
= O.N X
R,
Dosition oi - - -=Iieitro act, (uir/ml) peo- o e
No. 1: NOs zronn Mol wt Loy wi T oeagiuolis I Listolyticen Callirans
In T A 4 014 i H16 0. -t) 1 4 300
b CHLCHLN{(CLIT;). 5 31408 Lot o 1 a1
IIa an 4 - 300 0.06-0. 05 1 250300
CHOHN H 2000
1 CHA ] 5 M 0.6z 1 123
1IIn 4 RN .06 0 250
UH.CHN H 02400
TII1 : Q 5 s 1.9 it 21
7y N\ ") 94 1} s -
I\,'L CHIHN 11 D ‘} A I 2l 0. 2A-0.48 1 _M)
Ivh \-—v 5 30 HiY) S00
1"anLe I1T
700 4 ULTRAVIOLET AND INFRARED SpPECIRA (>C=C< STRETCHING
OF THE STYryYL GROTP) OF 1-AMINOALKYL-4-NITRO-3-STYRY I~
60D 1 AND OF I-AMINOALKYL~4-8TYRYL-3-NITROIMIDAZOLES
Sryryvlboidazale )\}.\‘ “\E"'. )\l.n‘\r% Lm"- V-f....x-
500 7 derv m ¢ i £ em Ty
i 400 | In 208 21,590 268 21,950 1632
= 207 9,300 3856 10,850
300 1 1h 270 19,070 273 23,390 1622
380 16,450 584 16,040
200 1 I 268 24,280 268 22,170 1627
100 238 10,500 338 10,880
11h 270 18,600 274 23,020 1620
— — . AR0 16,010 384 16,170
220 240 260 280 300 320 340 360 380 400 420 440 111a 268 20,750 268 19,150 1629
A ma. B335 8,020 355 0,188
. . - 111 272 7,640 273 23,15 161¢
Figure 1,—Uv spectra of 1-(2-morpholincethyl)-5-styryl-4- b .,;‘0 111’3(4)0 ,ég 12’(1)‘,)8 1619
nitroimidazole (IVa) (====) and I-@Z-morpholinvethyl)4- = on 00 ome o1 s e
styryl-fi-nitroimidazole (IVh) (—-—--) in 953% EtOH. Vi 200 21,200 267 21,590 1653
$60 9,030 859 10,620
. IVh 7 18,650 274 22,660 1624
Infrared spectra of the two isomers, with regard to the B800 16,210 483 15,800
~C==C-- stretching of the styryl group, reveal rather 1-Methyld-styryl-3-nitro 272 20,800 275 20,795 1625
constant differences of frequency according t whether STHO 13,8100 882 13,800
the group is at position 4 or 5 (Table III). The band I-Methyl-4-nitro-d-styryl U700 27,830 270 22850 1636
367 10,175 365 11,140

of the S-styryvl derivatives regularly appears at a fre-
quency higher by 7-10 em=! than that of the 4-styryl
isomers, This can be explained by the -\ effect
caused by the nitrogen at position 3 vn the ethylenie
bond vf the styryl group.

By observing the nmr spectra of the IVa and IVb i
deuteriochloroform, we note for the methylene at
positinu 1 a shift of 0.22 ppm (4.16 — 4.38) (Figure 2).
In order to ascertain whether such a shift might be
imputed to a different position of the nitro group on the
imidazole ring, we determined the mmr spectra of
1-methyl-4-nitroimidazole and of 1-methyl-3-nitro-
imidazole.” These spectra also revealed a shift of
0.12 ppm (3.80 — 3.92) for the methyl group at position
1. Spectra determined in deuteriobenzene showed a
signal in the aromatic hydrogen range having a coupling
constant J = 16 eps. The large value of this constant
suggests a trans configurativi of the ethylenic hydrogen
in the styryl group (Iligure 3).

In order to ascertain the position of the styryl group
on the imidazole ring, we determined the nmr spectrum,
in DMSO, of the reaction product between 2,4(2,3)-

{7y IS, E. 1azelidine, I', I.. Pyman, and Winchester, J. Clem. Soc., 125,
1431 (1924).

dimethyl-5(4)-nitroimidazole and benzaldehyde (Chart
I). This eompound shows n shuarp singlet due to the
methyl group at 2.29 ppm.

The nmr speetra of 2-methyl-4(3)-nitroimidazole and
uf 4(5)-methyl-3(4)-nitroimilaznle show sharp singlets
at 2.27 and at 248 ppm, respeetively, due to the methyl
group.  We confinmed in this way the presence of the
methyl group at position 2 in the compound under
examination.

Biological Methods and Results.— e substances
under study have been tested on Trichomonas vaginalis,
Entamocba  histolytica, and Candida albicans. Tri-
chomonacidal activity was tested in vifro on a suspen-
sion of 30,000 7. vaginalis for each millimeter of CPLM
medium,? results being read after 3 days at 37°. Irom
the positive test tubes, subecultures were systematically
made and read 5 days later,

In vitro amebicidal activity was determined at 37°
by performing microscopic examination and test-tube
subcultures with + ml of the dilutions i1 Pavlova
medium, 48 hr after sceding with 40,000 E. histolytica

8) I.de Carmeri, Furnuten (Pavia), B, Sei., 11, 926 (1956)



January 1968

STYRYLIMIDAZOLE DERIVATIVES AS ANTIPROTOZOANS 69

5-NITRO
IN €D,
4-STYRYL
‘!f:
;Fil.'
! i Li 4-NITRO
i H | {; IN CDCL,
. J r ) ; il 5-STYRYL
[N BN B NN I ) l ot A I RPN Lol NIV RN | é

Figure 2.—Nmr spectra of 1-(2-morpholinoethyl)-3-styryl-4-nitroimidazole and 1-(2-morpholinoethyl)-4-styryl-3-nitroimidazole.
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Figure 3.—Nnir spectra (aromatic range) of 1-{2-morpholino-
ethyl)-3-styryl-4-nitroimidazole and 1-(2-morpholinoethyl)-4-
styryl-3-nitroimidazole.

trophozoites strain EdM.® Antimycotic activity in
vitro was tested on C. albicans ATCC 2091 by perform-~
ing serial dilutions in Sabouraud’s broth, seeding with
10,000 microorganisms/ml and reading the results after
3 days at 27°. While the antimyecotic activity is

(9) L de Carneri, G. Coppi, L, Almirante, and \W, Logetnann, Antibiot.
Chemotherapy, 10, 626 (1960).

rather low, antiprotozoul activity is more evident and
particularly high against 7. wvaginalis in viiro. The
activity data for a mixture of isomers are shown in
Table I.  Activity is especially remarkable when R =
H. Separation of the isomers has been done in order
to ascertain the relationship between structure and
trichomonacidal activity. Data for the single pairs of
isomers are reported in Table II.

According to the literature,'°!' 5 nitroimidazoles,
where position 4 is free, display a higher trichomon-
acidal activity than corresponding 4 isomers unsub-
stituted at 5. Our isomers show, instead, higher
activity when the nitro group is at position 4. As
regards the influence on activity when the nitro group
is at position 1, we note for both pairs of isomers the
following order: pyrrolidine > piperidine > diethyl-
amine > morpholine,

Comparing our results conceruing activity against
T. vaginalis with those deseribed in the literature, we
obse ve how the introduction of a styryl group in the
appropriate molecule leads to extremely active com-
pounds.

Experimental Section

All melting points (capillary) are uncorrected. The R: values
were obtailed by thin layer chromatography on siliea gel; running
phase, benzeune-cyclohexane-methanol-diethylamine (100:100:
20:5). For the chromatographic separation of the mixture of
tsomers a column of 1-m length and 3-em 1.d. filled with 500 g of
silica gel was used. Ultraviolet spectra were obtained on Optica
CFs:. Infrared spectra were recorded on a Perkin-Elmer 21
spectrophotometer. Nmr spectra were taken with a Varian
spectrophotometer, Model A-110.

(10) G. N. Pershin, P. M. Kochergin, A.M. Tsyganova, N. A. Novotskaja,
L. B. Blinova, and V. Sliklwunova, Med. Prom. SSSK?, 18, 11 (1964),
(11) C Cosar, st al., Arzneimittel-Forsch., 16, 23 {1966).
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1-(2-Diethylaminoethyl)-4(5)-styryl-5(4 )-nitroimidazole (I).
Ta 10,53 g of Na in 20 ml of ethanol was added 3 g of 4(5)-styryl-
StdHr-nitroimidazole' 1 100 1wl of anhydrons 1O (sthringn
solvenr was removed nnder redneed pressure, and the resnltant
orange sodiimm salt wax recrystallized {rom 2-propanol-petrolen
ether (bp 40-60°). A mixtnre of 10 g of thixsodinm salt and 8.4
r of 2-diethylaminoethy! ehiloride in 50 1l of dry N, N-dimethyl-
forntamide (DME) was reflnxed for 90 min, eonled, and ponred
into water.  Thix solid wax collected and recryvsrallized frim
FAOH; mp 93-06°, vield 008 g 1757)).

Anal. Caled for CpllaN Oe O, 6400 H, 7.000 O, 1018,
N, 1782 Tound: €, 64.48; 11, 7.17; O, 10.54; N, 17.45.

Chromarographic separation of the mixtnre on a colinmn gave
Lo, mp 67-68° A 0.52, and Ih, mp 100-101°, A .74, See
Table 1T.

1-(2-Pyrrolidinoethyl)-4(5)-styryl-5(4)-nitroimidazole (II).-
This compound was prepared in the <ame way as I and recrysial-
lized fram 2-propancl; mp 112-113°, vield 11.78 (80.577).

Anal, Caled for O LN :Op CO 060570 H, 641 O, 10.24;
N, 17094, Found: €, 65.20; 11, 6.51: O, 10.45; N, 17.74,

Chromatographic separation of ihe mixtnre on a cohunn gave
Ha, mp 115-116°, 3£ 0.40, and 1Ib, mp 95-96°, It 0.65.

1-(2-Piperidinoethyl)-4(5)-styryl-5(4 )-nitroimidazele (III) wax
prepared n the =ame way as I and reery=tallized (rom EtOH:
mp H10-111°, vield 8.25 g (60¢ ).

Anal. Caled for G N0 €, 6625 1, 6.79; O, 0.80;
N, 17.16. Found: €, 66.07; I, 6.97: O, .70 N, 16.99,

Chromatographic <eparation of rhe mixtnre on a colnmn gave
[11n, mp 88-89°, R¢ 0.43, and I11h, mp 116-117°, 17 0.64.

1-(2-Morpholinoethyl)-4(5)-styryl-5(4 )-nitroimidazole (IV) wux
prepared as deseribed for T and recrys=tallized from FtOH: mp
127-128°, vield $.00 g (65 /).

Anal. Caled for CrHWN,O: C) 62008, H, 6,14 O, 14.62;
N, 17.06. Fonnd: ¢, 61.86: I, 6.24: O, 14.79: N, 16.80.

Chromatographic separation of the mixiire on a colimn gave
IV, mp 138-139°, K¢ 03352, and IVD, mp 140-141°, Ry 0.50.

2-Methyl-4(5)-styryl-5(4)-nitroimidazole.-—A mixture of 15 g
ol 2,425 -dimethyl-a(4-nitroimidazole, ' 30 mi of benzaldehyde,

1 AL Windhans and W. Langenbeck, Ber., 56, H83 (192:4).
(L AL Wimnlhans, iGdd., 42, T8 110001,

Vol. 11

and 2 ml of piperidine was heated (il hath) o 140150 Alier
cooling, the =olid wax collected nnd washed fr<t with 110 10
remove the imencted 2,4(2,5)-dimethyvi-A(4 i-nitroimidazole, then
with 1Ot yemove the colored marerial. Reery=iallization
fronn HHOAe gave 10 g 41477 ) of Z-methvi-4eD-stvevi=Hed -
nitroimidazole, mp 245 2460,

dnal. Caled O CulNG O C 62570 1L 484 O,
N, I Found: O, 62.08: 11 4.95: O, 1407 N, 1800,

1-(2-Diethylaminoethyl)-2-methyl-4(5)-styryl-53(4 )-nitroimid-
azole {V).- To 3 x uf the =odinn salt of 2-methyvl-4(5)-stvryi-
S-ninmimidazole in 20 ml of dry DMFE was added 2.20 g of
2-diethylamineethyl ehloride. The misture was refluxed {or 00
win, cooled, and pmed inta water: the <olid was enllecred.
Recrystallization fron E1OH gave V,omp 94-04°% vield 2.74 ¢
(70

dnal. Caled tor C LGNGO O 600825 1, 7360 0,
N, 10060 Found: € 65.75: 11, 7.53; O, 9980 N, HL.o7.

T'he sodium salt was prepared ns deseribed for 1.

1-(2-Pyrrolidinoethyl)-2-methyl-4(5 )-styryl-5(4)-nitroimid-

azole (VD) wux prepared ax described for I; mp 100-101°, vield
2R84 ¢ (T30,

Aneds Caled Do G0N0 C) G624 1L 6,79 O, 9.800 N,
17.16. Found: €, 63,71 H, 6.71; 0, 9.84: N, (7.7

1-(2-Piperidinoethyl)-2-methyl-4(5 )-styryl-5(4 )-nitroimidazole
P VIIY was prepared as dexcribed for I: mp 122-125°, vield 3.08
TR A

Anal. Caled for CpllaNjO. C, 67.04; 1, 7.11; O, 9.40;
N, 1646, Found: G, 67.04: 11, 7.22; O, 0.81; N, 1028

1-(2-Morpholinoethyl)-2-methyl-4(5)-styryl-5(4 )-nitroimid-

azole (VIII) was prepaved ns described for I1 mp 125-126°, vield
1.76 ¢ (4307).

Anal. Caled O CyHa NGO04 C) 6140 1L 648, O,
N, 1636, Fonnd: ¢, 62,07 I, 6.52; O, 14.20: N, 16.20.
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A number of isothinzolylacetic acids have been synthesized including the three =omeric nusubstituted isothi-
azolylacetic acids, 4-chloro-3-isothiazolylacetic acid, 4-bromo-3-isothiazolyvlacetic ned, 3-methyl-4-isothinzolyl-
acetic aeid, and 3-methyl-3-isothiazolylacetic acid. The penicilling and cephalosporing prepared from these
acetic aeids by the aectivated ester method exhibit good antibacterial activity, particularly the unsnbstituted

derivatives.

The antibacterial activity of the unsubstitnted potassiuni 8-{isothiazolylacetamido)penicillanates

against gram-negative nicroorganisms is considerably higher than that of benzylpenieillin.

Little recent information is reported in the literature
i analogs of benzylpenieillin! (pemeillin (3). Ax part
bl n study on the cffect of the aryl group on the anu-
hacterinl activity  of heteroarvimethylpenicilling  we
syvuthesized several isothiazolylacetic acids® and from
these the corresponding penicilling (I) and cephalo-
=porins (1),

3-Isothiazolvlucetic acids (I1II) were prepared from
the 3-methyvlisothiazoles by a sequence involving
bromination with  N-bromosuceininiide,  evansation,

L1 e rerent rpvipws on pnieillins aml orelacal strnetnres seer )
IO Doyl aml L 1L Co Noater, Addvaw, Drewg Res., 1, (1964 by 13,0
Seepwaprl, CThe Fenjeitlin Grnp ol Dengs" Elsevier Pahishing Cre, Aimsiee-
o, LGS e 190 15 Alraban, Quaret, FRees iLondnn). 21, 23) 1191375,

220 oy oo reeonc review bnoisnllagzole paemisiey ser: R Soack et K,
R Woordvidge, Jtdeva. Hotergryetiv Chien, &, IDT (1067).

methanolyvsis, and hydrolysis.  The required 3-methyl-
1sothiazoles were obtained by reductive deamination
of the corresponding 3-methyl-3-aminoisothiazoles 1
4- and d-isothiazolylacetie ncids (IV and V) were all
successtully prepared from the corresponding carboxylic
acids via the Arndt-Eistert synthesis’. Isothiazole-4-
cirboxylie acid could be prepared either by a permnan-
ganate oxidation of 4+-mmethylisothiazole or by bromina-
tion of isothiazole, followed by eyanation and hydroly-
siz. Table T lists the various isothiazolylacetic acids
prepared and their mur parameters,

i AL Alams aped R Stavk, S Clere, Sory, 3061 11959).

(1 D Mnttinpere, DT dbnes, R. Slack, and K. R. 11, Worddrilge

old., 22 (IVG3Y,
i) WL Haelamann and WS, Strnve, Qg Kewctions, 1, 38 (1092,
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