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o CH, 
lL Crude prodiict. Oblaitied otily it1 the form o f  cnrde hydrohalide. Reference 22 .  The iiiisatisfact,ory aiialytical data of coiii- 

The filial evidence for these structures is shown by the dat,it of t he  pouiids lc-e are att,ributed to the iiistahility uf these hydrazines. 
stable acetylated derivatives 2c-e in Table 11. 

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. X 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 Since these hydrazines 
were very sensitive to oxygen, some of them were iso- 
lated only in the form of their salts. -1cetylation of the 
hydrochlorides led to the more stable diacetyl deriva- 
tives. In  the same way we \yere able to obtain a series 
of 2,%’-hydrazobis(4-alkylthiazoles) (1) by condensing 
the corresponding halogenomethyl ketones with di- 

R- CO HJ NH:! 
I I I 

2 CH, + C N H N H ~ ,  - 
\ S” S 
X 

S I  
COR’ COR’ 

2 

R N  N R  
O , N T > N - N A F I V O ,  I I 

3 
COR’ COR’ 

thiobiurea in boiling ethanol (Table I). The bischloro- 
incthyl derivative (lg) was obtained by carrying out the 
condensation with 1,3-dichloropropanone in methanol 
a t  room teiiiperature in order to avoid the formation of 
polymers by reaction of the bifunctional halogeno 
lietone with the bifunctional urea. The condensation 
oi’ cliloroacctoiic with 8,1-dimethyldithiobiurea, prc- 
pared from syix-dimethylhydrazine dihydrochloride 

(22) 11. Beyer, Chew..  Be?., 83, 143 (1949). 

and ammonium thiocyanate, afforded 1,2-diniethyl- 
1,2-bis(4-methyl-2-thiazolyl)hydrazine (10). 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.23 The desired 
2,2’-hydrazobis(4-diethylaminomethyIthiazole) (11) was 
prepared by the condensation of dithiobiurea with 
1 - bromo - 3 - diethylaminopropanone hydrobromide. 
Similarly, 2,2’-hydrazobis [4- (VI-sulfamoylphenyl) thia- 
zole] (In) was prepared from a-bromo-in-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 11). In  the case of the 
in-sulfamoylphenyl compound (In), 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 moiety, 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(dich1oro- 
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 coni- 
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 2,2’-hydrozobisthiazoles when they 
treated them with phthalic anhydride at elevated 
t e r n p e r a t ~ r e . ~ ~  In our case, the use of dichloroacetic 
anhydride [the acid being even stronger (pK, = 

(23)  (5) J. A I .  Sprapue, -1. IT. Land, and C. Zierler, J .  A m .  Chum. Sor. ,  
68, 2155 (1846); (b) -4. Silberg, Z .  Frenkel, and L. Cormos. Chem. Ber. ,  96, 
2992 (1963). 

(24) H. Beyer and A. Kreutzberger, ib id . ,  84, 518 (1951). 
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1-ields are based 011 the crude L e s  or dihydrohalides iised i i i  the piepalation.. Reference 22.  T h e  Ac20 solution w:~$ tlecorrr- 
posed and diluted only with an equal volume of wat,er. d ; I ILu/ .  Cslcd: CI, 31.64. Found: C1, 31.61. e Obtained as dihytlrobro- 
niide. 1 -4nal. Calcd: mol wt, 454. Foiiirti: acid equiv, 220. 

1111, 
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241 der 
21.5 der 
1 79-180 
247 drc 
2 lti-9 I 8  
200 drc 
201-20:1 
125 
ItXi 
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l.'ormu lit 
---v~iund, 1 <--- - . 
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3 2 . 2 8  2 . 5 0  22 31 
35 81 :1.29 '21.43 
:19 5 0  4 13 18 97 
.I4 9:4 5 . 3 4  
44.80 3 .06  l i  41 
50.!H 2.90  16 .29  
310.5 2 . 0 7  1 7 . 2 : :  
4 2 . 4 0  4 5 3  
90 37 l i .16  I 1  !KI 
,j8 ,>:I 7 68 12 18 
26 97 1 42 19.88 

1.;3) t h n  phthalic. wid = 2.9)] had : i lho  
lctl to the benzidine rearrangenieiit. The resulting 
',:!'-dianiirio-~,~'-cir~iethyl-~.~'-hithiazole \vas further 
:tcylated to the correspondirig ","'-his(dichloroacet- 
aniide) 4.  'I'hi.; itriictiire 11 a i  eitnbliihed hy thc 

di:imiiie, dchcrihed by Erlciirneyvr aiicl AIcI Iz~ .~~ 111 
order to obtain the required dich1oro:icetyl compound. 
\w had t o  :ipply R different method, avoiding the use of  
t h ( ,  :mhydride or the free wid. Iion\vin ncylatrd :i 

ii[iiiit)er of amiiio acidh by trcwtinciit with acyl chloride, 
i r i  i)oiling ethyl ucetate, t t ic  reiulting mixed anhydriclcb 
1)eiiig tlic active moiety Thii method enabled u i  t o  
j)rq):ire the dehired 1,2-bii(dichloroacetyl)-l,2-bis(l- 
met hyl-"-thiazolyl)hydr:~ziIi[, (2r) ; 110 benzidine rear- 
raiigeniciit occurrcd (leipit e in:ul,edly acidic conditions. 

'I 'hc~ iiitratioii of the :xylittetl 1igtlr:izobiithiazoles to  
I I i (1  1,2-bis(.j-iiii ro-2-t hi:Lsscilyl)liydi'3Ziiieh (3) was pcr- 
Iorincd \)y ii i tr ic :kcid i i i  a c ~ t  I(' :ttiliyclridr ('l':~ble III)." 

Illllr i~)"ctruIn :lIid tjy hydroly o f  4 to the f r r r  
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of the hydrazines with nitrous or nitric acid.22+28 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- 
thiazoly1)piperazine (6) was obtained from piperazine 
hydrate and 2-bromo-5-nitrothiazole. This method 
has been describedlZb for the preparation of l-acyl-4- 
(5-nitro-2-thiazoly1)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.29 2,2’- 
Ethylenediiminobis(4-methylthiazole) (7a), prepared 
by the Hantzsch synthesis as described by Tanaka, 
et u Z . , ~ O  and its diacetyl derivative 7b were nitrated to 
the corresponding %nitrothiasole derivatives 7c and 
7d. 2,2’-Iminobis(4-methy1-5-nitrothia~ole)~~ (8) was 
chosen as an example of a compound in which the 
hydrazine bridge has contracted into a secondary amine. 

CH CH 
c~CI,COE;H-~HCoCHc~, 

4 

;qJNJ-;, 
Sa, R=H; R = N O ,  

b, R =  CH,; R’ =NO, 
c, R=Et,NCHZ; R’= H 

O2N<$-N:C%CHZ >N $ 2 ~ 0 ~  
CH2CHz 

6 

7a, R=R’=H 
b, R=CH,CO R’=H 
c, R = H ;  R=h’02 
d, R = CH,CO; R = NO, 

Biological Results.-The nitrohet erocy clic compounds 
described above were screened against Trypanozoma  
cruzi and Le i shman ia  brasiliensis in vitro (Table IV). 
Two compounds, 1,2-diacetyl-1,2-bis(5-nitro-2-thiazol- 
y1)hydrazine (3a) and the 4-methyl derivative (3b) 
showed very significant activity (MIC bet’ween 0.02 
and 0.05 pg/ml) against T r y p .  cruzi .  Iieplacemeiit, of  
t’he acet,yl groups in 3b by butyl groups (3h) decreased 
the activity markedly, while the iritroduct’ioii 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 
inactivat’ion. KO appreciable activity was shown by 
the parent compound 2b, which did not possess the 

(28) H. Beyer arid G .  Heiirke, Clrern. Ber. ,  83, 118 (1949). 
(29) This is in accordance Hit11 similar negative results described by I. A .  

(30) H. Tanaka, M. Yano, and 11. Machicla, Chem. Pharn .  Bull. (Tokyo), 

(31) H. Heyer and G. Berg. Chem. Ber. ,  89, 1602 (1956). 

I iaye and C. L. Parris, J. Am. Che?n. Soc.,  74, 2921 (1952). 

7 252 ( 1959). 

TABLE IT’ 
In  V z h  A c ~ i n I w  OF NI~ROHETEROCYLIC COMPUUNDS --- JIIC, pg/mla against--- 

CoInpd T r y p .  cruzz L. brasalaensas 

3a 0 02 0 1  
3 b 0 05 0 1 
3 c SO 5 
3d 50 10 
3e 100 10 
3f 50 
3g > 2 b  

3h 10 1 
3i 100 10 
3j 100 10 
3k >lo0 >lo0 
5a >20 
3b 20 
0 >10 
SC >20 
Sdd >20 
2b > 20 
8 100 10 

5 See Biological Xethods (p 1143) for a definition of RIIC. 
b 1Iaximum concentration achieved because of low solubility of 
the compound. c In  olive oil solution. d In DMSO solution. 

T iBLE Lr 
I n  l‘rfro .Iwiiiw)~roz 11, Ac,rIvrn OF 3s ‘LND 3b 

btrltiii Sa, 3b 

I,. brasilaensrs 0 1  0 1 
I,. amzcanthzs 0 1 0 0.5 

7- MIC, pg/mlD of----- 

Y’r ilp. c m z  i 0 oa 0 05 

T. vagznalzsb 0 1 0 1 
E.  histolytacac 0 1  

a See Biological Methods (p  1143) for a definition of MIC.  
* Metronidazole, used as reference compound, had a h l IC of 0.5 
Mg/ml. c Emetine hydrochloride, used as reference compound, 
had a RIIC of 5 pg/ml. 

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

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

I n  vivo experiments met at first with difficulties owing 
to the fact that the compounds to be tested were 
soluble only in dimethylacetamide or in dimethyl 
bulfoxide. rZ high concentration of these solvents was 
found t o  be toxic to mice by all routes of administra- 
tion. Thcrcforc a11 attcmpt was made t o  administer 
thc drugs orally 111 the form of a suspension in mucilage 
of tragacanth. 

Experiments 011 T? y p .  cruzi  were performed u u  
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 1 % mucilage of tragacanth, 
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1,2-Diacetyl-l,2-bis( 4-diethylaminomethyl-24hiazoIyl)hydra- 
zine (21).-A mixture of the crude 11.4HBr (4.0 g)  and AczO 
(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 (777@) of 21.2HBr, mp  240' dec. 

Anal. Calcd for c.~&4Br~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 NaHCO3 solution. I ts  nmr spectrum 
(in CDC13) showed the following absorptions: T 6.85 (1 H 
a t  C-5), 3.65 ( 2  H of the benzylic CH, a t  C-4), 2.1-2.5 
quartet (CH, of Et tN) overlapping 2.33 singlet (CHICO) (total 7 
H), 0.9-1.1 triplet (CH3 of EtZN, 6 H). 

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

Bnal. Calcd for C20H34N808S2: N,  19.37: S, 11.08. Found: 
N, 19.41; S, 11.31. 

1.2-Diacvl-1.2-bis~5-nitro-2-thiazolvl~hvdrazines /3a-i) were 
. I .  > ", 

prepared b i  the general procedure illustrated belon-. 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 111. 

The 1,2-diacy1-1,2-bis(2-thiazolyl)hydrazine (2) (1.00 g) was 
added to a stirred solution of 987, "03 (0.50 ml) in AcpO (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?O), and recrystallized. 

1,2-Bis( dichloroacetyl)-1,2-bis( 4-methyl-5-nitro-2-thiazolyl)- 
hydrazine (3k).-Compound 2k (300 mg) was added a t  0"  to a 
solut,ion of 987, (0.30 ml) in Ac20 (3 ml), and the mixture 
was stirred for 1 hr a t  room temperature. The precipitate was 
filtered, washed (AcOH), and dried in DUCUO (NaOH) to give 205 
mg, mp 207" dec. The product was dissolved in Et,OAc, precipi- 
tated by excess petroleum ether (bp 60-90"), arid left overnight 
a t  0" to give 155 mg, mp 215' dec. This compound is very un- 
stable, iri the solid state or in solution of dimethylacetamide, 
DAIF, or DMSO: it turns dark after a very short' while. Only 
its solution in olive oil, prepared by gentle heating, stays colorless 
at, room temperature for several days. 

2,2'-Azobis(5-nitrothiazole) (%).-A mixture of 3a (300 mg) 
in 70% HN03 (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 
(H,O), dried, arid recrystallized from EtOAc t o  yield 62 mg 
(27Tc), mp 207" dec. 

Anal. Calcd for C&x6O&: c, 25.18; H, 0.70; N, 29.36. 
E'oiitid: C, 23.44; 13, 1.00: X, 29.14. 

2,2'-Azobis(4-methyl-5-nitrothiazole) (5b) was prepared from 
3b by the above procedure in 41% yield, mp 220" dec (from 
AcOH). 

Anal. Calcd for C S H ~ N ~ O ~ S ~ :  C, 30.58: H,  1.93; S, 26.75. 
Found: C, 31.03; H, 1.85: N, 27.48. 
1,4-Bis(5-nitro-2-thiazoyl)piperazine (6).-A mixture of 1.04 g 

(5 mmoles) of 2-bromo-5-1iitrothiazole,41 0.49 g (2.3 mmolea) 
of piperazine hydrate, and 0.46 g (5.5 mmoles) of NaHCO3 in 
10 ml of EtOH was refluxed with stirring on a water bath for 
0.5 hr. The heavy, yellow precipitate was filtered, washed 
(HZO, MeOH), dried, and recrystallized from D M F  to give 0.45 - 
g (.3370), mp 286' dec. 

H, 18.70. Found: C, 35.39: H, 3.27: N,  24.25; S, 18.35. 
,Inal. Calcd for CloHloSeO&: C, 35.09; H, 2.94: N, 24.56; 

2,2'-Ethylenediiminobis( 4-methylthiazole) (7a).-Ethyleiiebia- 
(thiourea) was prepared from silicon isothiocyanate and ethylene- 
diamine, according to the procedure of Seville and ;\IcGee,l2 
mp 148-1.3)' (from 2-PrOH, liL42 202') .  

Anal. Calcd for C4Hl0N&: C, 26.96: H, 3.66: S, 35.92. 
Found: C, 27.21; H, 6.13; S, 35.87. 

Compound 7a was prepared from choloroacetone and ethyleire- 
bis(thiourea), as described by Tanaka, et al.,30 mp 218-220" (llt.30 
214'). 

Anal. Calcd for CloH14NaSz: C, 47.21; H, 5.55; S, 25.21. 
Found: C, 47.24; H, 5.33; S, 24.92. 

(41) K. Ganapathi and A. Venkataraman, Proc. Indian Acad .  Sci . ,  22A, 

(42)  H. G.  Neville and ,J. .J. hIcGee, Cun. .I. Cliem.. 41, 2123 (1963). 
:162 (1946). 

2,2'-Ethylenediiminobis(4-methyl-5-nitrothiazole) (7c).-To a 
stirred solution of 7a (1.0 g) in concentrated H2S04 (5 ml) a t  0" 
was added 95% HNO, (0.35 ml). The mixture was stirred for 2 
hr a t  O", then for 2 hr a t  room temperature, and finally poured 
into ice. The precipitate was filtered, washed (HzO), and re- 
crystallized from AcOH to yield 0.42 g (317,), mp 239". 

ilnal. Calcd for C10H&60&: C, 34.89; H, 3.51. Found: 
C, 34.88; H, 4.11. 

N,N'-DiacetyI-2,2'-ethylenediiminobis(4-methylt~azole) (7b) 
was prepared in 64Oc yield by refluxing 7a with seven parts of 
AczO for 2 hr, mp 284-286'. An analytical sample, from DhlF,  
melted a t  285-286". 

Anal. Calcd for CldtsS40nS, :  C, 49.70; 11, 5.36. Found: 
C, 50.17: II, 5.72. 
N,N'-Diacetyl-2,2'-ethylenediiminobis( 4-methyl-5-nitrothiazole) 

(7d).-To a stirred solutioii of 7b (1.0 g) in Concentrated H,S04 
(5 ml) a t  0" was added TOYe "03 (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 D M F  
to yield 1.1 g (87%),  mp >300'. 

Anal. Calcd for C14H16S606S2: C, 39.26; H,  3.77; S, 19.62. 
Found: C, 39.55; H, 4.05; K, 19.16. 

2,2'-Azobis( 4-diethylaminomethylthiazole) (Sc).-A solution of 
21.2HK03 (0.30 g) in H,SOa (3 ml) was left for 2 hr at  room 
temperature, then poured into ice, treated with excess Na2C03, 
arid finally extracted with CHC13. The residue, obtained by 
evaporation of the dried organic solvent, was dissolved in AcOH 
( 2  ml), treated with TO HSO3 (0.1 ml), aiid precipitated with 
ether, to give after recr tallization from EtOH, 0.11 g (437,) of 
5c.2HN03, mp 190' dec. 

-4nal. Calcd for C1&&80&: C, 39.02; H, 5.73;  r, 22.76. 
Found: C, 39.81; H, 5.86: S,  22.28. 

The free base 5c, liberated by NaHCOa solution and recrystal- 
lized from cyclohexane, melted at 103-104": nmr (CDCla), T 

7.4 (1 H at  C-5), 3.85 ( 2  H of the benzylic CH? at  C-4), 2.43-2.8 
qiiartet, (CH, of Et2N,  4 T I ) ,  0.95-1 .% triplet (CHI of E t P  of EtaH, 
6 H).  

Foiind: C, 33.12: H, 7 . 7 0 :  N, 22.60. 
2,2'-Bis(dichloroacetamido)-4,4'-dimethyl-5,5'-bithiazole (4). 

--A susperisioii of l b .  2HC1 (0.54 g) in dichloroacetic anhydride'3 
(8 ml) was heated for 3 hr at 130' and then poured irito water. 
The oily residue war washed by decantaticin several times with 
H20 aiid then recrystallized twice from l I eOH to give 0.27 g 
(33%), mp 230-231°: nmr (in d-DMSO), siiiglets a t  T 6.68 (1 H 
of CHC12CO) and 2.23  (3 I-I of benzylic CH3 at C-4). 

-4nal. Calcd C1aII,&l4?rT4O,Sn: C, 32.16: H, 2.25:  C1, 31.64; 
K, 12.50. Found: C, 32.38: H, 2.35; C1, 31.73; N, 12.62. 

Hydrolysis of 4 wit,h 30 part,s of coricentrat'ed HCl for 8 days at  
room temperature afforded 2 ,2 '-diamino-4,4 '-dimethy1-5,5 '- 
bithiazole, mp 2i6" (lit.25 275-276'). 

Biological Methods.-Strains of T .  cruz i  Sonia, 2'. crtrzi 125, 
L.  brasiliensis muco-cutaiieous 6, and L.  arvicanthis from Sudan 
were used. The strains were cultivated on Locke agar to  which 
lo$, defibrinated rabbit blood was added, sterile conditions 
being stringently observed throughout. The Compounds tested 
were dissolved i i i  tlinietliyl:ic~r( nrnitle (1 mg/ml). Further dilu- 
tions were made with d i i i e .  

Screening was cai~ied 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 t,o 2 million flagellates) was added to each tube, as well 
as to control tttbes, and incubated at 28". I n  some cases a parallel 
batch of tubes was incubated at  37" for 48 hr and then t,ransferred 
to 28". 

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

;inal. Calcd for C16H16?;&: C, 52.44; H, 7.15; h-, 22.94. 
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(43) J. 31. Tedder, .I. Chenc. Soc.. 2646 (1954). 


