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S0 mlb of MeOHL NaB3Hy (1.20 g) was added vver a period of 45
ntin; then the mixture was stirred al ambient temperatnre For
15 v, Phe nearly clear solution was elarified by filtvation, then
spin=evaporated in racno to about 10 il and dilnted with 70 il of
0. The produet wias rpllected on o filter and washed with
water. Two recrystallizatious from aguenns EtOH gave 340 my
13840 ol light vellow crvstals, mip 178-179° der,  See Tuble T1
for mhlitional data.
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6-( p-Chloroacetylanilinomethyl)-5-( p-chlorophenyl)-2,4-di
aminopyrimidine (10a) Hydrochloride. Method B.  -A mixtun:
af 180 mg (0.4 numote) nf 9a aud 10 ml of 0.1V HCT was refluxed
with =tirring Yor b hir, then vooled 1o 0° for several hr. Pl
prodinet was collected on a filter aml washed with 2 ml ) See
water.  Recryvstalhzation from E1OH by addition of 0.1 .V 11
gave 146 mg (SO of white plales, mp S IS27 diees See
Table IT for additivnad dala.
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A series of 1,2-dincyl-1,2-bis( S-nitro-2-thiazolyl)hydrazines and =everal bis(J-nitro-2-thinzolyl) derivatives

have been prepared and tested for antiprotozoal activity.

bnt o in vive activity.

Tlie heteroeyelic nitro conmpounds belaug to one of
the mast thoraughly investigated, versatile, and useful
=ystems in the services of chematherapy of infectiaus
discases.  The best exanmiples are the nitrafurans, ex-
hibiting pronounced trypanocidal, caceidistatic, and
very straug antibacterial activity.®  Metranidazale [1-
(2-hvdroxyethyl)-2-tuethyl-3-nitroinidazole] is taday
the drug af chaice in the systemic treatment of tri-
chamontasis.®  This fact has led ta the preparation of
i great number of substituted A-nitraimidazales as
patential chemotherapeutic agents.*  2-Amino-s-nitro-
pyridine,”® 2-aniino-S-nitropyrimidine,® and a number
of d-nitrapyrazoles” and nitropyrroles® shaw marked
trichamonacidal activity,  The 2-amino-H-nitrathiazale
nticleus xeems to passess one of the broadest prafiles of
antiparasitie activity. ranging fram trichomonal and
helminthie iufections, especially  schistasomniasis, to
Instamouniasis and  wmebiasis? 2-Acetamida-5-nitro-
thiazole has also a suppressive actian on infeetians with
Trypanasome eruzi 1 miice. ™ These results enconraged

(11 @) Vo whom imgpiries shoald be aldressed. ) Deceased.

i21 Ia) Y. Hawking in *“Lixperitmental ChemaCierapy,” Vol, I, R. I.
Behaiczer and I Hawking, Fd., Academic P’ress Ine., New York, N. Y.,
1963, p 107: (i1 L. 1. Jocaee, 3. F. M, Liavies, and 8. B. Kendal, ihid., p 460;
(e 11 12 Pand and AL F. Paul, bl Vel. 11, 1964, p 307,

¢4 L. M, Rollo in ““The Pharmacological Basis of Therapemics,” L, 8.
Gootlman gml A, Gilman, Ed., 3rd ed, T'he Macmillan Co., New York, N. Y.,
1965, 1 1135,

h ta) Rhone-Pouwlene 8.\, French Parencs 1,379,787 (1084, M 1270
{1065y, AL 3342 (1965 ; <1 Ne(herlands Patenc 6,411,717 (1865); (e) Merck
and Co.. Ne(berlanls Pacents 6,400,117 (1965), 6,409,120 (1965), 6,418,815
«ly Delgian Pacen(s 660,838 (1465, 661,262 (1965): (e) May and
taker Lid,, Belgiau Pacents 639,372 {1064, 630,469 (1964); () U. 8. Patent
1,236,856 ¢ 19486); () Carlo Erba S.p.AL Delgian Pacenc 667,262 (1965).

i3) N Do Nuoag and NP Bna-tlos, Cumpt, Rensd., 283, 3115 (19611,

t6y (a) 1t M. Michaels and R, K. Sirabe, J. Phoerue Phuriacol., 18, 601
161y (1 R. M. Michaels, J. Protozool.. 9, 478 (1962),

(v Go 1) WO Wrighy, UL 8. Parent 3,014,016 ¢19611; () May and Baker
Lud., British Patenc 938,726 (1963).

(8) (a1 G. lsarmas, U, 8. Pacems 3,156,699 {1964), 3,244,726 (19661.
5219624 1B, 5256270 (1966 5 255,295 (1066 11 Rhooe-Pooleas
NoAL Freoeh Pacenes MO3095 (1065), CAMOD (1953 (b Sociela Farmaommti-
cal Ttalin, Belgian Paijent 666,612 (18653,

(0) tal R, .J. Sehniczer, ref 2a, p 298: ihs AL O, Cucklee, A, 13, Kopferbers,
aad N. ADlUman, Antitoot., Chemotherupy, 8, 54U (1955); (¢) ref 2b, p 341,

(10 Refecence 2a, p 205,

Some of the colpounds show a very strong n »ifro

the study of o further pumnber of J-nitrathinzoles with
different substituents at the 2-nmino graup. 12

One cammon feature found in many chenathieri-
peutic agents ix their symmetrical structure. These
wolecules live been deseribed ns “dunib-bell” shaped'
broax “butterfly structures.”’**  Typieal examples are
the avomatie dimnidines used in the treatment of tryp-
sosamiasi=™ and leishmaniasi=* and the derivatives
of 4.4-diaminadiphenyl sulfoue, used in the therapy
of all farms of leprasy.'™  Bis(4,6-diaminaquinaldiue)
derivatives show a very marked antitrypanasomal® and
antibacterial activity.' palymethylenebisquinalinium
and  -loquinolinium  =alts possess a wide  bacterio-
statie?  and  fungistutie peofile.® while  dianinodi-
phenoxyalkanes are  cansidered  potential  selistoso-
uneides.?!

The eambination of these two tmportant features,
nitra heteroeyelie compaunds and syminetrieal male-
ctles, led us ty consider the investigation af a new type

1y 1-A-Noira-2-rlbazosys)-2-hmidazeliilimne ss considered today the hes
schitstosomicide: (. R. Lambere, M, Willhelm, 1. Siriebsel, F. Iradolfer, aml
', Schimid(, Kzrperientic, 20, 452 (19641; C. R. Lambert, Axu. Trop. Med.
Purasitol,, 58, 292 (1964). Many analogs have been prepared by C1BA Ltd.,
Netherlands Patents 6,410,031 (1863), 6,505,225 (1965), 6,511,486 (1¥66).

(12) (a) 15, Piscaro, Il Tefas, .\. Berechi, and C. Chirtta, Frrmaon
13aeliares), T, 513 (1060): Chewm. Abstr., 54, 14163 (1960); (b) Wallace and
Tiernan Inc.. British Pacerrt 867,273 (19611; (¢) J. M. Garcia-Manmniux
Rodrign aad R. F. Graner, Fiorm, Nyeen (Madrids, 27 3 11062): () X,
Hillers, N. Saldabols, aml A, Medne, Zh. Ohsheh, Kbip., 833, 317 (106311 (¢}
NOPCO Chemical Co., Freneh Parem. M 18G4 (1063):3f1 €C'IBA Lad., Frenel:
Patent 1,345,059 i1063): () Delzian Palent 636,256 (1464;; () Chpemic
Gricenemhal G.oub.1l., German Patem 1,188,096 (1964;; i1 N. Sveiger,
T. 8. Patenc 3,188,316 {1863); (j) CIBA Ltd., Netherlands Pacent 6,505,226
(1965); (k) D. 13 Reisner, & Gister, and M. (!, Klein, 17. 8, Patem 3,262,845
(1966); (1) G. L. Dunn, . Acror, and V. .J. Dilasiquo, J. ed, Chene, 9, 751
1916y

¥13) L. P. Walls, (hene Lod. (London), 606 (1851).

(14) F. C. Goble, JJ. Phnrmacol. Exptl. Therap., 98, 49 {1840).

(15) Referenyes 2a, 1 150.

i16) E. Beveridge, ref 2a, p 255,

17) L. Weinstein, ref 3, p 13319,

yIXY Refecenee 2o, b 10l

19 R.GE Selab zer, rel 2o 0 35,

VUL ) Reforence 2, p HO7: (b)) W L Awstiog, ML DL Yoree, and 11
Tavlor, J. Chen. Rpe., 118D (1058); tel R. Srraass, A. MceBarney, 3. Rhom-
isber. and J. M. DBeiler, Antimirrobial Agents Chemotherapy 1863, 538 (1061,

217 O, D, Staaden, cef 2a, 1+ 780,
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TapLe I
2,2'-HYDRAZOBISTHIAZOLES
R I N N | R
P [ P
S [ ] S
R R

Cowapd Yield,* Crystn Caled, 9% Fonad, ¥ e
1 R R’ Yo Mp, °C solvent Formula C H N C H N
a H Hb.e
b CH; He
e C.H; H 61 174 AcOEt C1oH1N4S; 47.24  5.55  22.04 46.89 5.67 21.31
d n-CyHy H 52 181 EtOH CrHa NS, 54.18 7.15 18.05 54.71  7.57  17.56
e t—C4H9 H 68 199 AeOH Cl4H22N4SQ 24.18 7.15 54 .92 7.40
g CICH, e 87
1 Et,NCH, e 77 .
n m-H; NSO, H 93 225-228  None CisHisNeOsSy  42.50 3.17  16.52 42.38 3.29 16.68

équ _

0 CH; CH; 65 296-299 n-PrOH  CoHuNS, 47.25  5.55 22.04 47.14  5.72 21.61

* Crude produet. ? Obtained only in the form of crnde hydrohalide. ¢ Reference 22. 4 The unsatisfactory analytical data of com-

pounds le-e are attributed to the instability of these hydrazines.
stable acetylated derivatives 2¢c-e in Table II.

of potential chemotherapeutic agents, symmetrical
heterocyclic nitro compounds. The first system to be
investigated was the dimer of the versatile 2-amino-5-
nitrothiazole and derivatives of it. A series of 2,2'-
hydrazobis(5-nitrothiazoles) (3) was therefore prepared,
carrying different substituents in the free positions of
the thiazole rings and different acyl groups on the hy-
drazine bridge. Several 2,2’-hydrazobisthiazoles have
been prepared by Beyer using the Hantzsch thiazole
synthesis, namely, the condensation of dithiobiurea with
different a-halogeno letones.?? Since these hydrazines
were very sensitive to oxygen, some of them were iso-
lated only in the form of their salts. Acetylation of the
hydrochlorides led to the more stable diacetyl deriva-
tives. In the same way we were able to obtain a series
of 2,2’-hydrazobis(4-alkylthiazoles) (1) by condensing
the corresponding halogenomethyl ketones with di-

R—- (l:O HN NH,
2 C\Hg + S’CNHNHC\S —_—
X

R N N
—[S_/”—NHNH—“\_S]— -
1

R N N
_H;;ﬂ—§————§—ﬂ;;]—R —

COR' COR
2
R N N——R
ow]%ﬁﬁw——yisl&m
COR'  COR'
3

thiobiurea in boiling ethanol (Table I). The bischloro-
methyl derivative (1g) was obtained by carrying out the
condensation with 1,3-dichloropropanone in methanol
at room temperature in order to avoid the formation of
polymers by reaction of the bifunctional halogeno
ketone with the bifunctional urea. The condensation
of cliloroneetnne with 3, 4-dimethyldithiobiurea, pre-
pared from sym-dimethylhydrazine dihydrochloride

(22) M. Beyer, Chem. Ber., 82, 143 (1949).

The final evidence for these struictures is shown by the data of the

and ammonium thiocyanate, afforded 1,2-dimethyl-
1,2-bis(4-methyl-2-thiazolyl)hydrazine (1e). The in-
troduction of functional groups at the 4 position of the
thiazole nucleus presented many difficulties. All
attempts to exchange the allylic chlorine atom of the
relatively stable acetylated 4-chloromethyl derivative
(2g) by a dialkylamino group or to quaternize it with a
tertiary amine led solely to colored oxidation products.
The same reactions have been performed successfully
with simple 4-chloromethylthiazoles.2? The desired
2,2'-hydrazobis(4-diethylaminomethylthiazole) (11) was
prepared by the condensation of dithiobiurea with
1-bromo - 3 - diethylaminopropanone hydrobromide.
Similarly, 2,2’-hydrazobis[4-(m-sulfamoylphenyl)thia-
zole] (1n) was prepared from a-bromo-m-sulfamoylacet-
ophenone. The hydrazobisthiazoles in the form of the
hydrohalides or the free bases were treated with acetic
anhydride under reflux to yield the corresponding
diacetyl derivatives (2) (Table IT). In the case of the
m-sulfamoylphenyl compound (1n), the sulfonamido
nitrogen atoms were also attacked and the tetraacetyl
derivative (2n) was obtained.

In order to study the influence of the different acyl
groups attached to the hydrazine molety, 2,2’-hydra-
zobis(4-methylthiazole}, which could be isolated as the
free base, was acylated with butyric, octanoic, and
lauric anhydrides to give 2h, 2i, and 2j, respectively.
The reaction with glutaric anhydride afforded the
diacid 2m. Attempts to prepare the bis(dichloro-
acetyl) derivative by the same method, treatment of
the hydrochloride or the free hydrazobisthiazole with
dichloracetic anhydride, yielded a product with the
correct elemental analysis. The failure of this com-
pound to undergo nitration led us to reconsider its
structure. The absence of an aromatic hydrogen
signal in the nmr spectrum indicated the possibility
that a molecular rearrangement had taken place.
Beyer and Kreutzberger observed the benzidine rear-
rangement of 22’-hydrozobisthiazoles when they
treated them with phthalic anhydride at elevated
temperature.2* In our case, the use of dichloroacetic
anhydride [the acid being even stronger (pK, =

(23) (a) J. M. Spragne, A, 11. Land, and C. Ziegler. J. Am. Chem. Soc..
68, 2155 (1946); (b) A. Silberg, Z. Frenkel, and L. Cormos, Chem. Ber., 96,
2992 (1963).

(24) H. Beyer and A. Kreutzberger, ibid., 84, 518 (1951).
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Tanee 1
B2-Dracy -1, 2-B1s (2=THIAZOLY LR Y DR AZINES

EI )—\———\_Lik

( ‘OR

Cowpd Yleld,* Mp, Crysta

2 R R’ L5 o solvent

Pl H CHg

b ClH, CHy

¢ CaH; CH; S0 128-129  EtOH

d n-C,H,y CH; 53 106-108  EtOH

¢ t-CyH,y CH;e 3 123 KtOH

f CeH; CH;, NT 2D9 dee  AcOH

iy CICH., CH; 17 157-159 Cyelohexane

h CH; n-CsH; N3 168 n-PrOH

i CH, n-C7His 73 149-15) 4-PrOH

1 Cl{;] n-CnI'Iza /9 121 EtOEI

k CHy Cl,CH » 133-134 +PrOH

1 Et,NCH. CH; T7e 73 Petr ether

m CH; H,OCC:H, 61 1v3-196 EtOH

n m-Cch()l]VH CHa 51 180-183 MeOH

~CsHS0,

* Yields are based on the crude bases or dihydrohalides used in the preparations.
Caled: Cl, 31.64.

posed and diluted only with an equal volume of water. 4 Anal.

(()R
—Caled, 57— —me——Louad, 4
I'ormula o H N 31

CiHeN O3, .70 5,36 16.56  49.72 5.3+ 16,70
CigsHasN 1005 5481 6.64 14.21 55.06  6.65 1444
CisHasN ,0s8 H4. .81 6.64 53,02 6.73
CZZH18\4O, 60.82 418 12,90 60.5% 440 1306

leuClz\h() : BR.00 3019 14.77 0 3%.47  3.20 14,91
CisH2 N0, 52,43 6.05 5250 622
(/uf{gg’\hOv. N 60.21 X.00 61.45  7.08
(szHa4\4Oz\g 65.04 9.21 O 4N 65.23 DLUINS 0,47
CrzH1ClLN 0,3, 32,16 2.25 32.64 2017
CxHpNO 53.08  ToE3O1S8O58 0 A3 19 Tob4 ISGT
CigH2oN,OgS, 4755 4.8% 1232 47.63 401 12,21
stHz;\'eOsS; 4614 3.57 1242 4611 3.52 12.6Y)

¢ The AcO solutivn was deeni-
¢ Obtained as dihydrobro-

“ Reference 22
Found: Cl, al 61.

mide. 7 Anal. Caled: mol wt, 454, Found: acid equiv, 220.
Tasre [11
! ,L’—DL\CYL—I,'2—B1S(5-NI‘1‘RO-"-Tl-ll AZOLYL Y DRAZINES
R I N
ox—L S ¥— \—L I,\u
L'OR ( "OR’

Compd Renetion Time, Yield, Mp, Crysia - —Caledl, - —Foand, Up-—m =
3 R R’ remp, °C hr A °C solvent Tormula C 11 N C 11 N
a H CHy 26 2 50 226 dec  n-PrOl1l ChullsNsOss : 1722058 32.98 2,50 22.31
L CHs Clls (1 1 o 241 deec  AeOl{ ChraH1aNs060 3.02 21,40 35.84 3.28 21.45
[0 Calis CH, ¢ 1 10 215 dec  AcOH Cry 11N CTp=e L7T 19083 39.50 4.13 18.97
d -Gyl Cls 0 1 73 179-180 AeOll Crsles NS ! 14,93 .34
¢ t-Cylfy  Clis 22 1 34 247 de¢  w-PrOM CislHaNsOsxy LB 17,35 44.80 5.06 17.41
{ Cslls ClI; 0 1 R 216~218 DBenzene or AcOll  CallNsOu=a 3.08 16.03 50,94 2.99 16.29
e CICH: CH3s 22 2 61 200 dee  Toluene or AcO T wCLNOuse 2,15 17.91 31.05 2.07 17.23
i CHs n-CsHrz 22 2 6 201-203  n=PrOIlI ChrisHaoNOpxe 42 42.40 4.33
i ClHo n-Cils 50 (S 35 125 i-PrO1i CnlgsNeOgS 5.38 14,78 50.37 6.16 14,05
j CHz n=-CnHg 22 1 46 103 MeOU CaaH3oNg( L700 12,34 56,53 T.68 12 .48
k CH; CLCH 22 1 +4 215 dee AcOE(-petr ether €M CLNOsR" LA0 15,62 26,97 1,456 15.88

» The crude product was washed with hot 2-propanol before reerystallization.

1.3) than phthalic acid pK, = 2.9)] had also
led to the benzidine rearrangement. The resulting
2,2’-diamina-4,4’-dirnethyl-5,5 -bithiazole was further
acylated to the corresponding 2,2’-bis(dichloroacet-
anmiide) 4. This structure was established by the
e speetrum and by hydralysis of 4 ta the free
dinmine, desceribed by Erlenmeyer and Aenzi® In
order to obtain the required dichloroacetyl compound.
we had to apply a different method, avoiding the use of
the aunhydride ar the free acid. Ronwin acylated a
number of aming acids by treatiment with aeyl chlorides
i boiling ethyl acetate, the resulting mixed anhydride
heing the active moiety.? "I'lis method enabled ux to
prepare the desived 1,2-bis(dichloroacetyl)-1,2-bis(4-
methyl-2-thiazalyl)hydrazine (2r); no benzidine rear-
rangeinent aceurred despite markedly acidie conditions.

The nitratian of the acyvlated hydrazobisthiazoles ta
the 1,2-bis(i-nitro-2-thinzolylhydrazines (3) wus per-
formed hy uitrie weid in acetic anhyvdride (Pable 111).27

25 10L krlenmeyer and Ko Menzi, feds, Chim, deta, 31, 2065 (1918,

26) L. Rowscin, J. Org. Chen., 18, 125 (1953).

(27) Siraciuce 8f is assignel 10 che nitcation product of 1he 4-phenyliii-
azole derivarive 2f, in analogy with the stroequre of (lie nicration proditet of
2-acelanido-t-phenylliiazole [J. 1. Dickey and L5, B. Towne, U. 8, Patoat
2659,710 (1953 1.

Y Anal. Caled: Cl 26055, Found: 26.52
The nitrate nf the diethylaminamethyl compound 21
was not attacked by this nitration mixture, probably
due to the interference of the basic side chain.  Treat-
ment of the mtrate with sulfurie aeid at room tempera-
ture yvielded a produet which was identified as 2,2'-azo-
bis(4-diethvlaminomethylthinzole)  (5¢).  Here the
hydrolysis and the oxidation of the hydrazine moiety
had taken place befare the passible nitration of the
thiazole nueleus.  Tu the cases of 1,2-dimethyl-1,2-bix-
(+-niethyl-2-thinzalyl)hydrazine (1o}, the glutarie acid
derivative 2m, and the sulfamaylphenyl caapound
2n, we were unible to isalate any identifiable praduets
even when viarious nitration conditions were tried.
Attempts ta reumve the acetyl groups in 3b by means
of concentrated hydrachlorie acid at room temperature
atfarded o yellaw substance which darkened in the
absenee of eoncentrated neid and was not further
mvestigited.

T arder (o axeertain the importance of the hydrazine

bridge ennnecting the (wo nitrothinzole nuelei, several
bis(S-nitra-2-thinzolvly  derivatives  were  prepared.

Considering the instability of the Lydrazohisthiazoles,

we assumed an oxidative degradation produet, an
azahisthinzale, t he the aetive chemotherapeutic angent.

Azobisthiazales have been prepared by the oxidation
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of the hydrazines with nitrous or nitric acid.2»® We
prepared 2,2’-azobis(5-nitrothiazole) (5a) and the
4-methyl derivative 5b by oxidation of the correspond-
ing diacetylhydrazines 3a and 3b with nitric acid.
The hydrazine bridge was further replaced by the
piperazine molecule. The desired 1,4-bis(5-nitro-2-
thiazolyl)piperazine (6) was obtained from piperazine
hydrate and 2-bromo-3-nitrothiazole. This method
has been described!?® for the preparation of l-acyl-4-
(5-nitro-2-thiazolyl)piperazines. Attempts to replace
piperazine by ethylenediamine in this reaction or,
conversely, to alkylate 2-aminothiazole with ethylene
dibromide did not lead to any positive result.2? 2 2’-
Ethylenediiminobis(4-methylthiazole) (7a), prepared
by the Hantzsch synthesis as described by Tanuka,
et al.,® and its diacetyl derivative Th were nitrated to
the corresponding 5-nitrothiazole derivatives 7¢ and
7d. 2,2'-Iminobis(4-methyl-5-nitrothiazole)?! (8) was
chosen as an example of a compound in which the
hydrazine bridge has contracted into a secondary amine.

N—-CH, CH, N
CchcONH—lLS—/r—_rS)—NHCOCHch
: 4

R___L—N N R
5a, R=H;R'=NO,

b, R=CH;; R' = NO,
¢, R=E;,NCH;R'=H

N CHCH, N
oL A -l L o,

CH,CH,
6
CH, N N CH, CH; N N CH,
R':[;)—llvcm\g—‘k sIl R ogN—[ S J—g—l SJ~N02
R R

7a, R=R'=H 8

b, R=CH,CO,R'=H
¢, R=H; R'=NO,
d, R=CH,CO; R' = NO,

Biological Results.—The nitroheterocyclic compounds
described above were screened against Trypanozoma
cruzi and Leishmania brasiliensis in vitro (Table IV).
Two compounds, 1,2-diacetyl-1,2-bis(5-nitro-2-thiazol-
ylyhydrazine (3a) and the 4-methyl derivative (3b)
showed very significant activity (MIC between 0.02
and 0.05 ug/ml) against Tryp. cruzi. Replacement of
the acetyl groups in 3b by butyl groups (3h) decreased
the activity markedly, while the introduction of higher
aliphatic acyl or dichloracetyl groups caused inactiva-
tion. The same results were obtained by replacement
of the methyl groups in 3b by phenyl or by various
alkyl radicals. Replacement of the hydrazine bridge
in the molecule by other symmetrical nitrogen-bearing
radicals or by a secondary amine group also caused
inactivation. No appreciable activity was shown by
the parent compound 2b, which did not possess the

(28) H. Beyer and G. Henske, Chem, Ber., 82, 148 (1949).

(29) T'nis is in accordance with similar negative results described by I, A.
Kaye and C. L. Parris, J. Am. Chem. Soc., T4, 2921 (1952).

(30) H. Tanaka, M. Yano, and M. Machida, Chem. Pharm. Bull. (Tokyo).
T 252 ( 1959).

(31) H. Beyer and G. Berg, Chem. Ber., 89, 1602 (1956).
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TasLe IV
In Vitro Acrivery oF NITROHETEROCYLIC COMPOUNDS
MIC, pg/ml® against

Compd Tryp. cruzi L. brasiliensis
3u 0.02 0.1
3b 0.05 0.1
a3e 50 3
3d 50 10
3e 100 10
3f 50
3g >20
sh 10 1
3i 100 10
3] 100 10
3ke >100 >100
5a >20
5b 20
6 >10
Tc >20
Td >20
2b >20
8 100 10

o See Biological Methods (p 1143) for a definition of MIC.
® Maximum concentration achieved because of low solubility of
the compound. ¢ In olive oil solution. ¢ In DMSO solution.

TaBLE V
In Vitro ANTIPROTOZAL ACTIVITY OF 3a AND 3b

—

MIC, pg/ml® of —————r

Straia 3a 3b
Tryp. cruzi 0.02 0.05
L. brasiliensis 0.1 0.1
L. arvicanthis 0.1 0.05
T. vaginalis® 0.1 0.1
E. histolyticac 0.1

o See Biological Methods (p 1143) for a definition of MIC.
& Metronidazole, used as reference compound, had a MIC of 0.5

ug/ml. ¢ Emetine hydrochloride, used as reference compound,
had a MIC of 5 ug/ml.

nitro groups. A number of compounds tested against
L. brasiliensis showed comparable rssults. While 3a
and 3b were the most active ones and 3h occupied an
intermediate position, all other compounds werc only
slightly active (MIC 10 ug/ml).

The high activity of 3a and 3b was also demonstrated
when tested against Lershmania arvicanthis, Tricho-
monas vaginalis, and Entamoeba histolytica (Table V),
as compared to the trichomonacide, metronidazole,
and especially to the amebacide, emetine.

In vivo experiments met at first with difficulties owing
to the fact that the compounds to be tested were
soluble ounly in dimethylacetamide or in dimethyl
sulfoxide. A high cancentration of these solvents was
faund to be toxic to mice by all routes af administra-
tion.  Therefore an attempt was made to administer
the drugs arally in the form of a suspension in mucilage
of tragacanth.

Experiments on Tryp. cruzi were performed on
laboratory mice (approximate weight 20 g) infected
intraperitoneally. Medication was started 5 days
after inoculation. Out of 15 mice, five received 3a,
five received 3b, and five served as controls. Medica-
tion was given by the intramuscular route, 20 mg/kg
of the drug in dimethylacetamide solution being admin-
istered twice daily for 4 days. Oral medication was
given to a similar group of mice, 100 mg/kg of the
drug being given twice daily by gavage in form of a
suspension (20 mg/ml) in 19, mucilage of tragacanth,
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for 12 days.  In both methods of treatment no dif-
ferences were observed between treated and cantrol
mice with respect to number of parasites in the blaod
or to lengeh of survival of the animals. The drugs
proved ta be nontaxic since cantrol mice, given the
same aral dosage, remained unaffected.

The aral administration of 3a or 3b, 200 mg/ kg day
for 14 days, an mice shawed no effect whatever ou the
Trichomonas muris populatian.  The administration of
metranidazale, on the other hand, shawed a complete
disappearance of the flagellates.

Experiments were performed an hansters with faur
different strains of . histolytica, inoculated intraperi-

toneally.  These strains  frequently produee liver
abeess.  The administration of 3a or 3b either intraperi-

taneally ar arally (s1x daily dases of 100 mg/lg, start-
ing 2 days befare inoculation) gave the same results.
A incanstant number of treated hamsters and contral
hamsters developed liver abeess. The administration
af enietine, on the other hand, prevented, in the major-
ity of cases, the formation of liver abscess.

These biological findings demostrate the vast differ-
cnce between in vitro and in rivo effects of the same
drugs. This difference may hie attributed to the in-
salubility of the campaunds.

Experimental Section?®”

Dithiobinrea, 1,2-diacetyl-1,2-bis(2-thiazolyhhydrazine (2a),
2,2 “hydrazobis(4-methylthiazole) (1b), its diacetyl derivative
2b, and 2,2'-hydrazobis(4-phenylthiazole) (1f) were prepared asx
described by Bever.?2 2 2'-Iminobis{4-methyl-j-nitrothiazole)
hax been described by Beyer and Berg.%!

2,2'.-Hydrazobis(4-alkylthiazoles) (1c-e) were obtained from
dithiobiures and the correspouding halomethyl ketones. I-
Chloro-2-butanone®® aud 1-chloro-2-hexanone®* were prepared
from diazomethane and propiouyl chloride or valeroyl chloride,
respectively.  1-Bromo-3,3-dimethyl-2-butauone was obtaiued
by the bromination of pinacolone.?

The dihydrohalides were prepared as follows. A mixture of (0.1
mwole of dithiobiurea and 0.2 mole of the correspondiug halo-
methy! ketone in 200 ml of EtOH was refluxed with stirring for
0.5 hr.  The cooled thick paste was filtered, washed with EtOH,
and dried to yield the crude dihydrohalide, which was acetylated
withont further purification. The free bases (lc-e) were pre-
vipitated from the aqueous =olutions of the hydrohalides by
NaOAcsolution. They are unstable nud turn colored oustanding.
Their physical data and analyses together with the data of the
following hvdrazothiazoles are given in Table 1.

2,2'-Hydrazobis(4-chloromethylthiazole) (1g)—A mixture of
10.5 g (0.07 mole) of dithiobiurea and 17.8 g (11.14 mole) of 1,3~
dichloropropanoue in 150 ml of MeOH wax stirred for 24 hr
at room temperature to give a clear solution. A excess of acetone
precipitated part of the erude produet and evaporation of the
organic solvents afforded a =econd crop, to give tagether 24.0 g of
crude 1g-2HCL  The free base, liberated by NaOAe¢ solution,
turned immediately into a dark gumiuy substance.

2,2'-Hydrazobis(4-diethylaminomethylthiazole) (11).—A mix-
re of 1.5 g (0.61 mole) of dithiobinrea and 3.8 g (0.02 mole) of
t-bromo~3-diethylamino-2-propanone hydrobromide®** (mp 121-
123° from 2-PrOH) in 100 il of MeO was refluxed for 1 hr.
The clear solution was evapurated to dryuess; the residue was
boiled with 25 ml of absolute EtOH, cooled, filtered, and washed

(32) Meling poinis were deterinined in open capillary rubes and are cor-
rected. Elemental analyses were performed by the Microanalytical Labora-
cory of the Weizmann Insticute. Nmr spectra, reeorded on a Varian A-60
spec(rometer with te(ramethylsilane as an internal standard, are reported in
parts per million,

(33 L Grandinana, Chen, Ber,, 82, 227 i1940),

(31) 11. Lrlenmeyer aad J. 1, Jaag, Hele. Chio. Leta, 32, 35 (1910),

135) M. Jaekman, M. Klenk, I3, Fishburn, B. F. Tullac, and 8. Arcler.
J. Am. Chem. Soc., T0, 288+ (1448).

Val. 10

with absblnte EtOH to give 533 g (7791 of crude 11-4HBr, mp
201 -205°. The free base, liberated by NallCO; solntion, tnrned
innmedintely o a dark mass,

«-Bromo-/:-sulfamoylacetophenone. - T'o i xuspension o) 4.1
g (0.03 mole) of m-sulfamoyiacetnphenone® (mp 147-148°1 v
0 ml of E1OAe wax added with <tirring duving 20 min a =nlution
of 4.8 g (0.03 mole) of Brain 10 ml of EtOAe. Phe remtion was
mitinted by gentle heating,  The vlear =olutivn was left for T hr
and then evapornterl ta deyvies<. The oily residne was washed
with hot CHCEL wy obtain a =olid protlinet, which, npan revevstal-
lzation from I=PrOF) gave 5.9 g (TH 30 mp F20-131°.

Anal. Caled Yor CHBrNOG: Br, 25,730 Fouml: Br, 281,

2,2'-Hydrazobis|4-(«/-sulfamoylphenyl)thiazole] (1ni A
wixtire of 1.5 g (0.01 moelel of Wlithiobiuren and 5.6 g (0.02
mole) of whromo=peulfamoyviacetophienomne in 30wt of 1O was
refluxet] for 0.5 hir, cooleid, tiltered, and washed Vb hot Hao,
MeaCO)y to give 4.7 g, =oluble in DN obly.

3,4-Dimethyldithiobiurea.-- A =olution oy 5.3 g (b moled of
sgm=dimethyvlhwlrazine dibvdrocdidoride and 150 g (0.2 wole)
of annnonitun thioevanate in 50 inl of water was refluxed for 4 hir
The precipitate Tormed in the cold =olution was filtered ad re-
rrvstallized from a1 to vield 3.60 ¢ (107, ), myp 234°.

Anal. Caled for CylhoNSer =,035.02, Fonnd: 8, 3588,
1,2-Dimethyl-1,2-bis{4-methyl-2-thiazolyl)hydrazine (lo).
34-Dinethyldithiobinren (3.6 g, 20 mnnoles) and chloroacetone
(4.0 g, 44 nunole<s in H.0 {15 ml) were refluxed for  hir. The

free hvdrnzobisthiazole was precipitated by NaOAe solutior.

1,2-Diacetyl-1,2-bis( 2-thiazolyl Jhydrazines (2¢-g) were pri-
pared by vefluxing the corresponding crnde hydrazobizthinzoles
dihydrohalides or the free hases with ten parts of Aca(t for | ohr.
Additinn of H,O decomposed the pxces< anhydride aml precipi-
tated the dincetyl compoumls.  Their physical properties and
anidyses are given in Table T1.

1,2-Dibutyryl-1,2-bis{ 4-methyl-2-thiazolyl lhydrazine (2h;.
A mixtare of 1b-2HCI in ten parrs of butyrie anhydride wis
heated wirh =tirring for 1.5 hr at 100°. Addition of 11,0 de-
composed the excess aulvilride aml precipitated ap oil. The
acid =0 obtaineil wax neatradizenl with NaHCO, and the prodnet
wis extracted with ether. The vrganie solution wias washed with
NalCOy solution, dried. aml evaporaled to vield the reguired
compoud.,

1,2-Dioctanoyl-1,2-bis(4-methyl-2-thiazelyl )hydrazine (2i) and
1,2-dilauroyl-1,2-bis(4-methyl-2-thiazolyl hydrazine (2j) were
obtained by the same procedure, using 1b base and vetanoie
anhvdride® [hp 125° .2 mm)] or lanric anhyvdride,®® vespec-
tively, benzene being the extracting solvent.

1,2-Bis( 3-carboxypropionyl)-1,2-bis(4-methyl-2-thiazoly!l hy-
drazine (2m).-~A mixture of 1b and cight parts of glutavir an-
hydride® was heated far 1 hir at 100° and then poured into water.
The previpitate was filtered and washied with hot water by tri-
turation.

The acetylation of In wa= performent by retluxing a mixture of
equal parts of In and of KOAe in ten parts of Ae,O for 1.5 hr to
give 2n.

1,2-Bis(dichloroacetyl)-1,2-bis(4-methyl-2-thiazolyl)hydrazine
(2k).~ A suspension of 1b-2HCH (0.60 g) in IEtOAe (20 mil) and
dichloroacetylt chitvride (1.6 ml) was refluxed with =tirring for
12 hr. The clear solution was washed with dilute HCH and
NaHCO; solution and alried (NuaSt)).  The residue, left after
the cvaporation of the solvent, waxs ireated with =everal milli-
liters of boiling 2-PrOl1l, coaled, filtereal, and washed with the
sate solvent o give 0.47 g, mp 131-152°0 Ab analytical sample,
recryxtallized from 2-PrOH, melted at 133-1:34°; pmr (deuterated
DAMRO), singlets at = 7.12 and 7.28 (1 H at aromatie C-5 and
1 11 of CHCLCO, singlet at 2.15 (3 H of benzyhe CHy at C-41.

Hydrobyxis of 2k was perforied with 30 parts of concentratid
HCT for 8 dayvs at voont lemperature.  Darital nentralizuion of
the diluted sohution with NaHCO; and then precipitation with
NaOAe solution yvielded 2,2°-hvdrazobis(4-methylthiazole), mp
171°, mmip 1721747,

(363 This is an appdicaticn of 1e merliod of W, AL Geegory (U, & Patem
2,726,261 (1935)] for 1he Lhalogenation of sulfamoylacetophenones,

(37) C. Troehzsch, J. Prickt. Chem., 4] 23, 192 (1963).,

(38) Prepared by the general procedace for aeid anhydrides, deseribed Ly
. 1% 11, Allen, €. J. Kibler, ). M, MeLacblin, and €. V. Wilsou, “Orgaaic
Ny b leses” Coll, Vol 111 Jabn Wiley aad Seas, e, New York, NooY
1055, p 28,

»305 00 ML Wallace, dr.and 1L L Copeolaver, . o Cho, Sue., 88, 1100
(10415,

(4 1. D, Zook and J. AL Knighy, dawi. T6, 2502 (10545,
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1,2-Diacetyl-1,2-bis(4-diethylaminomethyl-2-thiazolyl)hydra-
zine (21).—A mixture of the crude 11-4HBr (4.0 g) and Ac,0O
(20 ml) was refluxed with stirring for 0.5 hr. The precipitation
was completed by addition of ether to the cold reaction mixture.
The product was filtered, washed with ether, and recrystallized
from 2-PrOH to yield 2.7 g (77%) of 21-2HBr, mp 240° dec.

Anal. Caled for CyHiBroNe0.S,: C, 39.09; H, 5.58; Br,
26.01. Found: C, 39.52; H, 5.46; Br, 26.42.

The base was liberated by NaHCOj3 solution. Its nmr spectrum
(in CDCls) showed the following absorptions: = 6.85 (1 H
at C-3), 3.60 (2 H of the benzylic CH; at C-4), 2.1-2.5
quartet (CH; of Et,N) overlapping 2.33 singlet (CH;CO) (total 7
H), 0.9-1.1 triplet (CH; of Et,N, 6 H).

The dinitrate of 21 was prepared by addition of concentrated
HNO; to the solution of the base in AcOH and was precipitated
with ether, mp 207-209° dec (from PrOH).

Anal. Caled for CpH3aNgOsS:: N, 19.37; 8, 11.08. Found:
N, 19.41; S, 11.31.

1,2-Diacyl-1,2-bis(5-nitro-2-thiazolyl)hydrazines (3a-j) were
prepared by the general procedure illustrated below. The re-
action period and temperature in each case, as well as the physical
data and analyses of the new compounds, are listed in Table III.

The 1,2-diacyl-1,2-bis(2-thiazolyl)hydrazine (2) (1.00 g) was
added to a stirred solution of 98¢, HNO; (0.50 ml) in Ac,O (3
ml) cooled to 0°. The reaction mixture was left for the specified
period of time at the given temperature and then poured into
ice. The product was filtered, washed (H,0), and reerystallized.

1,2-Bis(dichloroacetyl)-1,2-bis(4-methyl-5-nitro-2-thiazoly!)-
hydrazine (3k).—Compound 2k (300 mg) was added at 0° to a
solution of 989, HNO; (0.30 ml) in Ac,O (3 ml), and the mixture
was stirred for 1 hr at room temperature. The precipitate was
filtered, washed (AcOH), and dried in vacuo (NaOH) to give 205
mg, mp 207° dec. The product was dissolved in EtOAe, precipi-
tated by excess petroleum ether (bp 60-90°), and left overnight
at 0° to give 155 mg, mp 215° dec. This compound is very un-
stable, i1 the solid state or in solution of dimethylacetamide,
DMF, or DMSO; it turns dark after a very short while. Ouly
its solution in olive oil, prepared by gentle heating, stays colorless
at room temperature for several days.
2,2'-Azobis(5-nitrothiazole) (5a).—A mixture of 3a (300 mg)
in 709 HNO; (3 ml) was heated in a boiling-water bath for several
minutes, until the evolution of nitrous oxides had ceased, and
then poured into ice. The red precipitate was filtered, washed
(H20), dried, and recrystallized from EtOAc to yield 62 mg
(27¢2), mp 207° dec.

Anal. Caled for CsHoNgO48:: C, 25.18; H, 0.70; N, 29.36.
Found: C, 2544; H, 1.00; N, 29.14.

2,2’-Azobis(4-methyl-5-nitrothiazole) (5b) was prepared from
3b by the above procedure in 419 yield, mp 220° dec (from
AcOH).

Anal. Caled for CsHsNsO:S,: C, 30.58; H, 1.93; N, 26.75.
Found: C, 31.03; H, 1.85; N, 27.48.

1,4-Bis(5-nitro-2-thiazoy!)piperazine (6).—A mixture of 1.04 g
(5 mmoles) of 2-bromo-5-nitrothiazole,t 0.49 g (2.5 mmoles)
of piperazine hydrate, and 0.46 g (5.5 mmoles) of NaHCO; in
10 ml of EtOH was refluxed with stirring on a water bath for
0.5 hr. The heavy, yellow precipitate was filtered, washed
(H:0, MeOH), dried, and recrystallized from DMF to give 0.45
g (339%), mp 286° dec.

Anal. Caled for C,oHiyN¢OS:: C, 35.09; H, 2.94; N, 24.56;
S, 18.70. Found: C, 35.39; H, 3.27; N, 24.25; 5, 18.35.

2,2'-Ethylenediiminobis(4-methylthiazole) (7a).—Ethyleuebis-
(thiourea) was prepared from silicon isothiocyanate and ethylene-
diamine, according to the procedure of Neville and McGee,*?
mp 148-150° (from 2-PrOH, lit.42 202°).

Anal. Caled for C(HwN.S:: C, 26.96; H, 5.66; S, 35.92.
Found: C, 27.21; H, 6.13; S, 35.87.

Compound 7a was prepared from choloroacetone and ethylene-
bis(thiourea), as described by Tanaka, et al., mp 218-220° (lit,3°
214°).

Anal. Caled for CoHiNsSs: C, 47.21; H, 5.55; 8, 25.21.
Found: C, 47.24; H, 5.33; S, 24.92.

(41) K. Ganapathi and A. Venkataraman, Proc. Indian Acad. Sci., 22A,
362 (1945).
(42) R. G, Neville and J. J, McGee, Cun. J. Chen,, 41, 2123 (1963).
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2,2'-Ethylenediiminobis(4-methyl-5-nitrothiazole) (7¢).—To a
stirred solution of 7a (1.0 g) in concentrated H,SO4 (5 ml) at 0°
was added 959, HNOj; (0.35 ml). The mixture was stirred for 2
hr at 0°, then for 2 hr at room temperature, and finally poured
into ice. The precipitate was filtered, washed (H,0), and re-
crystallized from AcOH to yield 0.42 g (319), mp 239°.

Anal. Caled for CiHi:N¢O.S:: C, 34.89; H, 3.51.
C, 34.88; H, 4.11.

N,N'-Diacetyl-2,2'-ethylenediiminobis(4-methylthiazole) (7b)
was prepared in 649 yield by refluxing 7a with seven parts of
AcyO for 2 hr, mp 284-286°. An analytical sample, from DMF,
melted at 285-286°.

Anal. Calcd for 0141113N402S2: C, 4970, II, 5.36.
C, 50.17; H, 5.72.
N,N’-Diacetyl-2,2'-ethylenediiminobis(4-methyl-5-nitrothiazole)
(7d).—To a stirred solution of 7b (1.0 g) in concentrated H,SO,
(5 ml) at 0° was added 709, HNO; (0.5 ml). The mixture was
stirred for 2 hr at 0° and then poured into ice. The precipitate
was filtered, washed with water, and recrystallized from DMF
to yield 1.1 g (875%), mp >300°.

Anal. Caled for CiuHeNeOsS,: C, 39.26; H, 3.77; N, 19.62.
Found: C, 39.55; H, 4.05; N, 19.16.

2,2'-Azobis(4-diethylaminomethylthiazole) (5¢).—A solution of
21-2HNO; (0.30 g) in H,804 (3 ml) was left for 2 hr at room
temperature, then poured into ice, treated with excess Na,COs,
and finally extracted with CHCl;. The residue, obtained by
evaporation of the dried organic solvent, was dissolved in AcOH
(2 ml), treated with 709 HNOj; (0.1 ml), and precipitated with
ether, to give after recrystallization from EtOH, 0.11 g (439) of
5¢-2HNO;, mp 190° dec.

Anal. Caled for CisHasNsO6S,: C, 39.02; H, 5.73; N, 22.76.
Found: C, 39.81; H, 5.86; N, 22.28.

The free base 5c¢, liberated by NaHCOj; solution and reerystal-
lized from ecyeclohexane, melted at 103-104°; nmr (CDCL),
7.4 (1 H at C-5), 3.85 (2 H of the benzylic CH, at C-4), 2.45-2.8
quartet (CH; of Et;N, 4 H), 0.95-1.2 triplet (CHy of Et, of Et,H,
6 H).

Anal. Caled for CisHasNeSy: C, 52.44; H, 7.15; N, 22.94.
Found: C, 53.12; H, 7.70; N, 22.60.

2,2'-Bis(dichloroacetamido)-4,4'-dimethyl-5,5'-bithiazole (4).
—A suspeusion of 1b-2HCH (0.54 g) iu dichloroacetic anhydrides
(8 ml) was heated for 3 hr nt 130° and then poured into water.
The oily residue was washed by decantation several times with
H:0 and then recrystallized twice from MeOH to give 0.27 g
(33%), mp 250-251°; umr (iu d-DMSO0), singlets at r 6.68 (1 H
of CHCL,CO) and 2.23 (3 H of benzylic CH; at C-4).

Anal. Caled C1-31{10014N40282: C, 3216 H, 225 Cl, 3164,
N, 12.50. Fouund: C, 32.538; H, 2.35; C], 31.75; N, 12.62.

Hydrolysis of 4 with 30 parts of concentrated HCl for 8 days at
room temperature afforded 2,2'-diamino-4,4’-dimethyl-5,5'-
bithiazole, mp 276° (lit.? 275-276°).

Biological Methods.—Strains of 7. cruzi Souia, 7. cruzi 125,
L. brasiliensts muco-cutaueous 6, and L. arvicanthis from Sudau
were used. The straius were cultivated on Locke agar to which
109, defibrinated rabbit blood was added, sterile conditious
being stringently observed throughout. The compounds tested
were dissolved in dimethyvlacetamide (1 mg/ml). Further dilu-
tions were niule with saline.

Sereening wax carried out in Kahn tubes. Solutions of the
test material were added to the culture medium to make a total
volume of 2 ml and concentrations of the drug ranging from 10
to 0.02 pg/ml. A culture of the protozoa (0.1 ml) containing
800,000 to 2 million flagellates) was added to each tube, as well
as to control tubes, and incubated at 28°. In some cases a parallel
bateh of tubes was incubated at 37° for 48 hr and then transferred
to 28°.

Compound activity was described as the minimum inhibitory
concentration (MIC), micrograms per milliliter, that completely
inhibited growth of the organism after 4 days of incubation.

Found:

Found:
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(43) J. M. Tedder, J. Chem. Soc., 2646 (1954),



