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0.1 m1/10 g of body weight. 
from "eye-fit" linear plots on probit paper. 
sults of these tests are listed in Table I. 

The ED~O'S were derived 
The re- 

T m L x  I 
PHARMACOLOGIC.~L SCREENING RI,:SULTS~ 

OH OH 
l i  

C13c-cI-I-c-l~I 
I 
I 
11 2 

'rest EUx. LDx,  
com- -mg/kg- .-mp/kg- 

pounds H I  Rr Isomer I p  Po Ip Po 
Chloral 
hydrate 317 510 1050 1500 

1 Clls I 1  Threo 280 310 >640 1180 
2 CHI  H Erythro 250 480 >640 1400 
8 CHI CH, 480 >640 
4 CZII, €I  450 >610 

a Oiie of the more sigiiificaiit fiiidiiigs was that the thrco-l,l,l- 
t richlorob~itaiie-2,S-diol (1 ) was as potent orally as ip. 

Experimental Section 
11elting poiritr, obtained on a Thoinas-Hoover capillary iiielt- 

irig poiiit apparatus, are uncorrected. I r  spectra were recorded 
on a Perkin-Elmer 137 ir spectrometer. The dipole moriieiit s 
were determined iii PhH using a Sargeiit oscillometer. Where 
aiielyses are indicated only by symbols of the elemeiits, aiialyti- 
cal results obtained for those elemeiits were within 10.47;  of t.110 

theoretical values. 
threo- and erythro-1,l ,l-Triehlorobutane-2,3-diols (1 and 2).---~To 

a suspeirsiori of LAII (43.5 g, 1.14 moles) ii i  Et20 (2.5 1) was added 
a s o h  of l,l,l-trichloro-3-acetoxybutaii-2-oiie (296.85 g, 1.27 
moles) in Et20 (500 ml). After the complet,ed additioii thc 
reactioii mist was st,irred a t  reflux temp for 24 hr. Usual work-rip 

yielded 232.0 g of dark oil. Vpc analysis indicated the preseiice 
of 2 major components, present to the extent of 61.2Yc arid 28.7'x. 
These components were separated by fractional dist 11 using :i 
12.5-cm coliirnii filled with glass helices followed by fraot.ioiial 

111 this way the threo isomer 1 was isolated from CIIC1, 
purity [bp 72.5" (1.45 mm), mp 62-63'] :~iid the 

oiner 2 iii 98.271 purity [bp 76" (1.2 mni), mp 85.5- 
S i" ]  measured by vpc analysis: t,hreo isomer 1, a71al. (C41I7-  
C'l&s) C, 13, C1; erythro isomer 2, anal. (CaIJ7C130e) C, 11, C1. 

1,l ,l-Triehloro-3-methylbutane-2,3-diol (3).--To a srispeiisioii 
of LA11 (slight, excess) in Et20 (400 ml) was added a s o h  of l , l , l -  
trich1oro-3-acetoxy-3-methylbutaii-2-oiie1 (90 g, 0.037 mole) 
i n  Et20 (100 ml), and the reactioii mixt was stirred at room temp 
fur  40 hr.  The oil ohtaiiied from the work-up was purified first 
by distil, hp 63-72" (0.1 rnm),  the11 hy recrystii of the solidified 
disti1l:tte from CCla-heptaiie (1: I ) .  The diol 3 melted a t  57-58" 
:uid weighed 5.2  g (68(;j0 yield). 

l,l,l-Trichlorohexane-2,3-diol (4).-To a suspeirsioii of I A I I  
(slight excess) in  Et20 (400 ml) was added a solii of l ; l , l - t r i -  
chlor~i-3-acetoxy~iexaii-2-oiie [prepd from hex-l-yii-3-ol by the 
same method as reported by Bowmall and coworkers, bp 48.5" 
(0.035 nirn)] (15.0 g, 0.0575 mole) i n  Et20 (100 ml). After the 
completed :idditioii (20 rniri), the reactioii mix1 was stirred at  
rooiri teiiip for :tu additioiial 30 miii aiid acidified with IICI, tlrt: 
urg layer was sepd, (AIg8Or), cuiicd, distd, :d, whet1 the 
tiistillnte solidified, from CCla giving 1.2 g of 4, kip 94- 
105" iO.5--O.(i nini), nip 75-77.5". 
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Anal.  ~CG~IIIC~lsOz)  C', I l j  ('1. 

Synthesis and Antimicrobial Evaluation of Some 
5-(5-Nitrofurylidene)rhodanines, 

5-(5-Nitrofurylidene)thiazolidine-2,4-diones, and Their Vinylogsl 

This paper describes the s>-ri~ hesis and a i i t  imicrokiial eva1ii:il ioii of 5-i5-riit rofiir~lideiie)i~li~~daiiiiie~. arid >-(.j- 
iiitrofuryliderie)thiazolidirie-L',4-dioiies siibstit,uted i i i  the 3 posit ion with the object of modifyiiig the soliibilit y, 
physical properties, atid niicrobial reduct ion pat tent i i i  the sei,ie-. Srinie viiiylogs of t hese conip(ii~iids were also 
prepared. The antibacterial, aritiprotuzoal, tirid ariiifiiiigal iLctivi1 ieq of t hese c*ompowids were conip:ired wit I i  

those of some comiiieruially :tvailitble drrigs and currelatioil.; o f  .ti,ii(.I lire with (he  :iciivit y i i i  Ihis series of c o i n -  
poiuids are discussed. 

The synthesis of 5-(5-nitrofuryliderie)rhodariirie (1) 
ivab reported by Sasaki2 in 1934. Owing to  its poor 
water solubility 1 appeared to lack promise as an anti- 
bacterial agent. J,ater, however, Koschucharoff found 
it to be the most active of a series of 5-nitrofurylidene 
derivatives tested against a variety of fungi, including 
Candida albicaizs, Trichophyto?i, E 'piclemophyton,  arid 
Micvospom. ,4ntibacterial activity of 1 against 13s- 

(1) Abstracted in par t  from the 1'Ii.U. Thesis of S. K .  Mallick, Clielsea 

(2) T. Sasaki, Chem.  Pharm.  Bull., 2, 104 (1954). 
( 3 )  (a) P. Koschucl~aroff,  Phurmnzie ,  15,  492 (1960) ; (11) 1'. lioscliucliar- 

College of Science, University of London, London, England, 1966. 

off and T. liarisanova, {bid. ,  17, 134 (1962). 

ciierichia coli atid S'taphylococcus aureus with dilutioiis 
of 1 :4000 to 1 :8000 \vas also observed. This paper 
describes the synthe arid microbiologicnl ev:tluatioii 
of 5-(5-nitro-L'-furylidene)rhodanities substituted in t ht, 
3 position with the object, of modifying the solubility, 
physical properties, and microbial reduction of thr. 
S O 2  group of l .4  Yurt,her modificatioti in the sta- 

(4) Sulmeijiient to tlie completion 01 tliis work, 13. .Teney and  'T. %. S d i i a i ,  
Arch.  E r p .  I'eturinaermed., 21, 259 (1967), reported 2, 3, 7 ,  8,  and 12 (Tai)le 
I )  to possess no appreciable activity against Stnph.  ciureus, S t rep .  pyoyene . .  
, S t i ~ p h ,  nlhus. Sk. dysenteriae, Snl. t y p h o s a ,  13. coli ,  A .  ~ r r r o y e n e i .  and 1'. i v 1 ~ 1 -  

u u i q .  Tlie yields of tliew compounds were lorn and  tiome of tlie melting 
points did not agree t o  tliose made in  our  lalioratory. 'Tile eoinliarntive 
da ta  are presented in footnote h,  Table I .  



ANTIMICROBIAL NITRO HETEROCYCLES J o u m l  of Medicinal Chemistry, 1971, Vol. l& No. 6 529 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

TABLE I 
5-(5-NITRO-2-FURYLIDENE)- AND 5-(5-NITROFURYLACRYLIDENE)RHODANINES AND -TEIAZOLIDINE-2,4-DIONES 

0 

Y 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
0 
0 
0 
0 
0 
0 
0 
0 
S 
S 
0 
0 
S 
0 
0 

n 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
1 
1 
0 
0 
0 
1 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 

MP, 'C 
201-2025 
192-193b 
1516 
167-168 
145-146 
197-198 
193-194b 
223-224b 
165 
135 
212-213 

241-242 

219-220 
210 dec 

210 dec 
230 dec 
225-2268 
210 
200-201 
212-215 dec 
230 
151 

203 
232f 

233g 

205-206 

187-188 

142-143 

144-145 
248-24gh 
2 1 7-2 18 
145-146 

% yield 

90-98 
90 
55-66 
81 
86 
73 
52 
89 
77-93 
87 
85 

91 

67 
76 
87 
64 
52 
80 
52 
45 
55 
68 
57 
32 
36 
84 
95 

58 
68 
71 
77 

Formula 

CsH7N03S 

F. C. Brown, C. K. Bradsher, S. 31. Bond, and M. Potter, J. Amer. Chem. Soc., 73, 2357 (1951), reported mp 201-201.5". * E. 
Jeney and T. Z. Solnai, Arch. Exp. Vekrinaermed., 21,259 (1967), reported 2, mp 190°, yield 20%,3, mp 154", yield IS%, 7, mp 145", 
yield 17%, 8, mp 208O, yield 367,, 12, mp 242O, yield 32%. G. Sanchez and J. Fernadez- 
Bolanas, An. Real. SOC. Espan. Pis. Quim., 496, 51 (1953), reported mp 225-226'. f Julian and Sturgis, J. Amer. Chem. SOC., 57, 1126 
(1935), reported mp 229-231". Brown, et d.," mp 2.31'. 

c HBr salt. d C, calcd 37.8; found 37.0. 

0 M. I. Ganitkevitch, Trudy L'vov. M e d .  Znst., 12,64 (1957), reported mp 232". 

bility of microbial reduction product was sought by 
increasing the extent of conjugation in the system by 
the introduction of a vinyl group in the molecule. The 
corresponding 2-oxocompounds, the 5-(5-nitro-2-furyl- 
idene) thiazolidine-2,4-diones, and their vinylogs were 
prepared for comparative purposes. 

Reports of antifungal properties of some simple 
rhodanines5 and thiazolidene-2,4-dionesE and their 
corresponding alkylidene derivatives' caused doubt 
about the need of the &nitro group to  confer antifungal 
activity. The activities of furan analogs of some of the 
most active 5-nitrofuran derivatives were therefore 
compared. 

(5) (a) G .  Kerk, Meded. Landbouwhogesch. Opeoekingssta Staat Gent, 18, 
402 (1953); (b) F.  C. Brown. C. K .  Rradsher. E. C. Morgan, M. Tetenbaum, 
and P. Wilder, J .  A m e r .  Chem. Soc., 78, 384 (1956); ( c )  W. Weiniawaski. J. 
Sniderski, and P. Kubikowski, Rocz. Chem. ,  32, 545 (1958). 

(6) N. K. Sundholm and J. B .  Skaptason, U. S. Patent 2,510,725 (1950). 
(7) (a) F. C. Brown, C. K.  Bradsher, S. hl. Bond, and M .  Potter, J. A m e r .  

Chem.  Soc. ,  73, 2357 (1951); (b) G .  Hagelloch and K .  Liebermeister, Z .  
Nalurlorsch. B ,  6, 147 (1951); (c) E. Schraufstratter, ibid., 56, 190 (1950); 
(d) H. Taniyama, Y a k u g a k u  Zasshi ,  77, 1236 (1957); (e) N. hf. Turkevitch 
and E. V.  Vladzimirskaya, Z h .  Obsch. K h i m . ,  27, 2566 (1957); ( f )  C. Lapiere, 
J .  P h a r m .  Belg., 11, 3 (1956); ( 9 )  L. Musial and J.  Staniec, Rocz. Chem. ,  38, 
1105 (1964); ibid.,39, 839 (1965). 

Rhodanine and thiazolidine-2,4-dione both possess 
active CH2 groups and will thus condense with alde- 
hydes, especially in the presence of basic catalysts. I n  
the present study, a basic catalyst, piperidine, could be 
employed to  promote condensations with furfural, but  
had to be avoided with 5-nitrofurfural because of the 
instability of this compound to alkaline conditions. 
The substituted rhodanines and thiazolidine-2,4-diones 
were prepared by procedures reported in the literature 
and condensed with 5-nitrofurfural or 5-nitrofurylidene- 
acrolein by two principal routes: (a) some of the 
simpler rhodanine derivatives condensed in good yield 
with 5-nitrofurfural when heated together in EtOH 
under reflux for 1 to several hr;  and (b) the 2 compounds 
to be condensed were dissolved in AcOH, anhyd KaOAc 
was then added, and the mixt was refluxed from 1 to 
several hr. The analogs prepared are listed in Ta- 
ble I. 

Antimicrobial Screening.-The compounds prepared 
in this study were tested for antibacterial, antipro- 
tozoal, and antifungal activity in vitro, using the 
serial dilution and agar diffusion techniques. The 
results are shown in Tables I1 and 111. With selected 
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TABLE I1 
In v'it?'O AKTIB.ICTERIAL ACTIVITY O F  &(5-xITRO-2-FURYLIDENE)- A S D  

5-(~-NITRQ-2-FCRYLACRYLIDENE)RHOD.IKINES A N D  -THIhZOLIDIK~-2,4-DIONl~:S 

_____ Minimal inhibitory concentration, figiml------------------. 
h- 0 Staphylococcus aureus Streptococcus pyogenes  

1 0 . 1  1 .5  
2 0 .8  3 . 1  
3 1 ..j 6.3  
4 Inactive" Inactivea 
-5 Inactivea Inactivea 
6 0 4  0 1  
7 Inactivea Inactivea 
S Inactivea Inactivea 
0 25 > 100 

1 r, > 100 > 100 
16 0 . 4  1 . 5 
17 2 3 2.5 
18 0.15 0.15 
19 1 5  1 5  
21 1.5 3 .1  
22 50 100 
26 > 100 > 100 
27 > 100 > lo0  
2 s  > 100 > 100 
29 > lo0  > 100 
3 0 Inactive4 Inactivea 
:;1 > 100 >I00  
32 >loo > lo0  

The minimal inhibitory concn is greater than a satd ? o h .  

TAI~LIC I11 
I n  Vl'trO .&NTIPROTOZO.LL . I N 0  .4NTIFUNGlL -4CTIVITY O F  

5 - ( 5 - ~ I T R O - 2 - F C R Y L I D E S E ) -  A N D  

~ - ~ ~ - ~ \ T I T I ~ O - ~ - F ~ R Y L . I C R Y L I D I ~ ~ ~ ) R H O D . ~ S I ~ ' I . ~ S  A N D  

-THI.lZOLIDINi;-2,4-DIONES 

-Minimal inhibitory concentration, pg/ml- 

NO 

1 
2 
3 
4 

6 
7 

10 
1G 
17 
I h  
19 
20 
21 
22 
23 
23 
26 
27 
28 
2(1 
3 0 
.:I 
3 2 

1 

Trichomonas 
iapinal i ,?  

1 . 3  
1 . 5  

> 0 . 6  

100 
Inactiven 

0 . 6  
r, . 0 

1 . 5  
> 100 

25 

100 
> lo0  
> lo0  
>I00 
> loo  
Iiiact ivea 
>I00  
> loo  

0 . 3  

3 let 1 oiiidamle 
.imphoterrin B 
X p t a t i n  

> O  6 

C .  
albicans 

3 . 9  
0 . 8  

12 .5  
1 . 5 
1 . L5 
0 . 8  

0 . 8  
3 . 1  

100 

> 100 
1 3 b  
0 . 7  
0 . 1 5  
3 .1  

> 100 
Inactivea 
>loo 
> I 0 0  
> loo  
>200 
> 100 
Inac t ivea 
>loo 
> 100 

1 . 5  
12 .3  

Trichophyton 
mentagrophytes 

50 
>loo 
> 100 

440 
50 

Inactivea 

Inactiven 

> 100 
> loo  
>I00 
>loo 

Inactivea 
>lo0 
> 100 

The minimal idiibitory concn i.; greater than a natd soln. 
Agai. diffusion techniqne. 

compounds, activities in the presence and absence of up 
to 20% serum and 10% whole blood, were compared. 
Urinarj. excretion tests in rats were also performed with 

Escherichia coli 

0 .:3 
>loo 

100 
Inactivea 
Inact'ive' 
> 100 
Inactive. 
Inact'ivea 
> 100 
> 100 

> 100 
6 . 3  

1.25 
3 . O  
3 . 1  

100 
> 100 
> 100 
> loo  
>loo 
Inactivea 
> 100 
> 100 

.Salmonella i i j p l  7 

3 1 
>loo 

100 
Inactivea 
Inactiven 
< 100 
Inactive" 
Inact ivea 

3 0 
> 100 

> 100 
G 3 

J 0 
G : :  

100 
>I00  
> 100 
> lo0  
>I00 
Inartivea 
> lo0  
> 100 

Pseudomonaq aerugznosii 

>100 
> 100 

100 
Inactive' 
Iiiactivea 
> lo0  
Inactive" 
Inactiven 
> 100 
> 100 

.> j 
> 100 

100 
>I00 

> 100 
> 100 
> 100 
> 100 
Inactive 1 

> 100 
>I00 

some of the more i t i  vitro active compounds. T h t ~  
urine, collected overnight after an  oral dose of 100 mg 
kg, TTas sterilized by filtration through a S o .  5 porocitj 
sintered glass plate for activity against Candida albicam 
and Trichomonas myinalas. Some of the compounds 
were subjected to  urinary excretion tests in mice and 
compared with chloramphenicol and benzylpenicillin. 
The urine, pooled 5 hr following oral administration of 
500 mg/kg to mice, was tested against 8 organisms by 
the agar diffusion technique. Selected compounds n-er? 
evaluated for in vivo activity in mice infected v i th  
C. albicam and T .  foetus. 

As can be seen from Tables I1 and 111, the parent 
rhodanine derivative 1 Ivas one of the more active com- 
pounds tested, exhibiting good antibacterial anti- 
fungal, and antiprotozoal activit3 . K-Xlliylation ap- 
peared to decrease antibacterial activity progressivelj. 
in the rhodanine series as the aize of the alkyl group wah 
increased, vix., 2, 3, 4,  and 5. Introduction of hydro- 
philic groups in the N-alkyl substituent, i.e., 9, 13, 14, 
and 15 also resulted in greatly decreased activity, wg- 
gesting that solubility and aq-lipid partitioning are not 
the only factors responsible for reduction of activitj 
resulting from 5-substitution. This view is further 
supported by the high bacteriostatic activity observed 
for the N-phenyl derivative 6. Thiol tautomerism, 
quite likely in 1 but imposaible in 6, is also excluded as 
an important factor. The role of S-substitution in 
determining antifungal activit) in the rhodanine serie- 
failed to demonstrate a clear relationship. The rela- 
tively nonpolar derivative. 2, 4, 5,  and 6, a s  well as the 
more polar compoundh 9 and 13 exhibited very high 
activity against C. albicans. The vinylogs 16 and 17 
also exhibited significant antibacterial and antifungal 
activities, with S-methylation decreasing activity 
against the bacteria and fungi tested. 

The replacement of the thiocarbonyl group of the 
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rhodanine by the CO of the thiazolidine-2,4-diones also 
gave rise to  significantly active antibacterial and anti- 
fungal compounds in  vztro. The parent compound 18 
exhibited broad spectrum antibacterial activity, being 
more active than benzylpenicillin against Staph. aureus, 
Strep. pyogenes, and E .  coli and having the same order 
of activity as chloramphenicol against Staph. aureus, 
E .  coli, and Ps. aeruginosa. I t s  activity against C. 
albicans was much less than that of amphotericin B. 
However, the N-methyl and the N-p-chlorobenzyl 
derivatives] 19 and 20, respectively, are significantly 
more active against C. albzcans than amphotericin B. 
I t  is interesting to  note that the N-p-chlorophenyl ana- 
logs in the rhodanine series, 8, were not sufficiently 
soluble for MICs against bacteria to  be obtained, illus- 
trating the increased water solubility achieved by re- 
placing S with 0. The vinylogs 21 and 22 were some- 
what less active than the parent compounds 19 and 20. 
High in vitro antitrichomonal activity was observed in 
both series, 3, 16, and 23 being comparable to metroni- 
dazole in activity. 

I n  the light of reported antimicrobial activity of sub- 
stituted rhodanines, it was decided to  prepare and test 
some corresponding 5-(2-furylidene)rhodanines (20, 
29) and -thiazolidine-2,4-diones (28, 29) to determine 
the contribution of the SO2 substituent. As expected 
the 5-(2-furylidene) derivatives were inactive. 

Minimum effective concentrations of some selected 
compounds were determined in vitro in the presence of 
serum and whole blood. The activity of 1 against S. 
aureus was not markedly reduced by 10% whole blood. 
However, the anti-Candida activity of 2 was reduced by 
a factor of 2 in the presence of 20% serum and by a 
factor of 10 in the presence of whole blood. The results 
for 21, listed in Table IV, show a marked decrease in 

TABLE IV 
In Vitro ASTIBACTERIAL ACTIVITY OF 

~ - ( ~ ~ - ~ I T R O - 2 - F U R Y L - . ~ C R Y L I D E N E ) T H I . ~ Z O L I D I S ~ - ~ , ~ - D I O N E  I N  

THE P R E S E N C E  O F  207, SERUM AND 1 0 7 ~  ~ H O L I ~ :  BLOOD 
7-Rl in imum inhibitory concentration, pg/ml- 

S taph .  S t r e p .  E .  S. 
aureus pyogenes coli t y p h i  

21 1 . 5  3 . 1  3 . 1  6 . 3  
21 + 20yc 3 12.5 7100 100 
21 + 107, whole blood 12 .5  1 2 . 5  7100 100 

potency in the presence of either serum or n-hole blood. 
In vitro tests on the pooled urine of mice each given a 

single oral dose of 500 mg/kg of 18 gave an inhibition 
zone of 13 mm for Staph. aui'eus compared to 21 mm for 
benzylpenicillin and 28 mm for chloramphenicol mea- 
sured by the agar diffusion method. KO inhibition 
against E.  coli, Ps. aeruyinosa, Klebsiella pneumoniae, 
P.  vulgaris, C. albicans, or T .  mentagrophytes was ob- 
served. Compound 2 was active against T .  foetus 
(14 mm), but inactive against Staph. aureus, E. coli, 
Ps. aeruginosa, K .  pneumoniae, and P.  vulgaris. Pooled 
urine from 3 rats, each given oral doses of 100 mg/kg 
of selected compounds, collected overnight and steri- 
lized by filtration, was diluted and tested for activity 
against C. albicans and T .  vaginalis. Compound 2 was 
active at  1 : 10 dilution against T .  vaginalzs. The same 
dilution was inactive against C. albicans. Compound 
16 was active at  1 : 10 dilution against both T .  vaginalis 
and C. albicans. Compound 6 was inactive against 

both organisms at  1 : 10 dilution. Fm comparison, the 
pooled urine obtains from 3 rats given 10 mg/kg of 
metronidazole orally was active against Trichomonas 
vaginalis at 1 : 80 dilution. 

Compounds 1, 2, 3, 6, 16, and 17 were examined for 
in vivo activity in rats infected with C. albicans. Ad- 
ministration of 0.04% (ca. 100 mg/kg) of 2 by weight in 
the diet gave significant protection in 3 tests. Two 
tests indicated marginal activity for 6. The other 
compounds were inactive when administered in daily 
doses of 50 mg/kg sc for 3 days to rats infected with C. 
albicans. Amphotericin B (0.7 mg/kg) and nystatin 
(25  mg/kg) injected sc gave considerable extension of 
survival time. Sc administration of daily doses up to  
50 mg/kg of 20 to mice infected with T .  foetus failed to  
demonstrate activity. For comparison, metronida- 
zole was active at 12.5 mg/kg. 

Experimental Section 
3-Substituted Rhodanines.-The 3-sitbstituted rhodanines 

used were prepared by heating the amines, in excess or in the 
presence of NI%] with CSZ in EtOH to form the dithiocarbamates, 
which were then treated with ClCH*COZH, its Na salt or E t  
ester, to form the S-carboxymethyldithiocarbamate. The 
latter was poured into 6 AY HCl and heated at  (30-95" for 30-GO 
min. 
3-(2-Diethylaminoethyl)rhodanine.-To a s o h  of 10 g (0.1 

mole) of 2-diethylaminoethylamine in  20 ml of EtOH cooled to 
0-5' was added dropwise 7.6 g (0.1 mole) of CS? in 25 ml of EtzO. 
After the addition was complete] stirring was continued for 1 hr. 
The pptd diethylaminoethyl dithiocarbamate (16.1 g, mp 139- 
140') was collected, air-dried, and immediately used in the next 
step. I t  (3.1 g, 0.01 mole) was dissolved in 20 ml (30 g, 0.2 mole) 
of ethyl bromoacetate and the mixt was heated at  SO" for 1 hr. 
On cooling, 3-(2-diethylaminoethyl)rhodanine. HBr was ob- 
tained as short yellow needles, nip 147-148" from EtOH-Et20 
Anal. C, H, N,  S. 

3-Substituted Thiazolidine-2,4-diones.-The 3-benzyl-, 3-p- 
chlorobenzyl-, and 3-ethoxycarbonylmethylthiaeolidine-2,4- 
diones were prepared by alkylation of potassium thiazolidine- 
2,4-dione with the appropriate alkyl halide.s 

3-~Iethylthiazolidine-2,4-dione was prepared by treatment of 
thiaxolidine-2,4-dione with CH2X2 according to the procedure 
of Klein and Prijs.9 
3-Methyl-5-(5-nitro-2-furylidene)rhodanine (2).-A mixt of 

5.0 g (0.03 mole) of 3-methylrhodanine and 5.0 g (0.03 mole) of 
5-nitro-2-furaldehyde was refluxed in 100 ml of 95% EtOH for 
2 hr. The mixt was allowed to cool and the solid which sepd was 
collected and recrystd from EtOH and dioxane to give 1.5 g 
(55%)  of 2 as red needles, mp 192-193". 

The 3-substituted 5-(5-nitro-2-furylidene)rhodanines 1, 3, 
9, and 14 (Table I )  were also prepared by this general procedure. 
3-Methyl-5-(5-nitro-2-furylidene)thiazolidene-2,4-dione (19). 

--A mixt of 2.6 g (0.02 mole) of 3-methylthiazolidine-2,4-dione, 
2.8 g of 5-nitro-2-furaldehyde (0.02 mole), and 1.4 g of anhyd 
NaOAc was refluxed in 40 ml of gl AcOH for 2 hr. The mixt 
was poiired onto crushed ice and allowed to stand overnight. 
The pptd solid was collected and recrystd from EtOH and dioxane 
to give 2.0 g (52%) of 19 as short greenish yellow needles, mp 
210". 

The 3-substituted 5-(5-nitro-2-furylidene)rhodanines 1, 3-13, 
and 15 and the 3-subs t i t u  t ed 5-( 5-nitro-2-f urylidene ) t hiazoli- 
dine-2,4-diones 18-20 (Table I)  were also prepared by this general 
procedure. 

5-(5-Nitro-2-furylacrylidene)rhodanine (16).-A s o h  of 1.3 
g (0.01 mole) of rhodanine, 1.7 g (0.01 mole) of 5-nitro-2-furyl- 
acrolein (prepd by the procedure of ltyuzo Ueno),Io and 0.8 g of 
NaOAc in 20 ml of AcOH was refluxed for 2 hr. The solid 
which pptd on cooling the s o h  was collected, dried, and crystd 

(8) Chien-pen-lo and E. Y. Shropshire, J .  Amer.  Chem. Soc. ,  76, 4853 
(1953). 

(9) G .  Klein and B. P r J s ,  Helc .  Chtm. Acta, 37, 2057 (1954). 
(10) Rsuzo Ueno, Japanese Patent  15,633 (1962). 



from EtOH aiid dioxane to  give 1.8 g (64I:i) of 16 as reddkh gray 
needles, mp 210” de(-. 

The 3-1Ie :inalog 17 and the 5-(S-i i i t ro-2-f~ir~l~~cryl idei ie-  
t hiazolideiie-2,4-diorie-: 21-25 were prepd ~iniilnrly . 

5-i2-Furylidenej-2-methylrhodanine (27~1.--:1 h ~ l i i  of :1.0 K 
(0.02 mole) of 3-niethylrhodaiiiiie, 2.0 g (0.02 niolei of furfiir:il> 
aiid 0.5 nil of piperidiiie was heated uiider reflris iii 30 rnl of 
$157; EtOH for 30 mill. T 1 which formed o i i  cwlirig 
were collected, dried, aiid re( on1 Et011 to give 4.25 
g ( $ 5 5 ;  ) (Jf 27 !IS loiig golden yellow needles, nip 142-143”. 

5-(2-F’iir~lide1ie)I.hodsliii,e (26 )  mid the thinzolidirie-”,l-di~)ii~, 
28 and 29 were prepd similarly. 

S-f2-Furglacrylidene)thiazolidene-2,4-dione (31). -1 m i i t  of 
1 ~ 2  g (0.01 mole) of thiazolidirie-2,4-tliolle, 1.2 g (0.01 inolej of 

2-fiir)-lacroleiii, a i d  0.5 nil of piperidine in 30 nil uf !)5(  EtOIT 
was reflused for 1 hr. The mixt ivac allowed t o  vool overnight 
carisiiig the pptii of 8 yellow solid which was collected, dried, nntl 
recrys1 d from EtOII arid dioxane to give t .5  g (71 1 20 :I. rdt l i ih  
Lirowii needles, rnp 217-218”. 
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Antimalarials. “Distal” Hydrazine Derivatives of 7-Chloroquinoline 
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ROBERI G. STEIN, AXD DEANNA R. CRUZ 

Rtscui ch 1,uboratoi i f  E, ditir  i t h  C‘hcnltcal C‘ompany, Inc., .117lirvuX~c~, Il’zbconszn c j l Z 5 j  

h‘ecezvotl Jnnirai y 14, i()ii 

Tweiily-xix derivai iveh of i-chlorucluiiioliiie have been prepared which iiicorporate a hydrazine feature in the 
The>- were tejted for their antimalarial activity against PIusritodirrm b o g h p r ’  4de chain attached at piisition 4. 

i n  mice. The>- ranged i i i  activity from extremely toxic to highly curative. 

111 :i previou- publicnt~oii~ c reported quinoline 
derivativez \\ ith :I “proxind” h j  drazitie feature ai 

ihovri in the generic htructure I. We are lion report- 
ing -ome derivative, \\ i th  :i ‘Ld i i t J ”  h? drazirie feature 
:I\ reprevnted by the generic itructiire TI. Compound. 

CH 
I QNHCH(CH,),NN, I I /  

QNHN- 
I I1 

CH 
I 

CH i 

QNHCH(CHJ,Br 
I 

QNHCHCHZCH(OCH3 
111 IV 

21-26 (Table I) contain both the proximal and the distal 
hydrazine moietie-. Conipo~iidh 12-14 and 16 iricorpor- 
ate a h! drxziriium bromide feature. The-e compound<. 
although found active or curative. 11 ere alqo quite toxic. 

Chemistry.- Thix intermediate 111 \\ :I- prepared bj  
tlic rcaction of -l-,i-dichlorocliiirioliiie arid (3-amino- 
but! raldeh? (l(, tlirnc~thyl acctnl. It \I :i\ hydrqlyzed 
? t i  situ to the aldehyde arid reacted ~ i t h  the appropriate 
hydrnzirie for the prqxir:itioii of 11) drnzones 1-4. 
Thehe hydrazones I\ e i e  intended for reduction to the 
corresponding hydrazine derivative&. But our eff ort- 
to reduce them cata1ytic:tlly or cheinically did not prove 
successful. Fragmenttit ioii of the tnolecule generall! 
took place :iccoinpanied. -omrtinies, bj- the reduction 
of the. quinoline ring or removnl of the  ring C1. The Br 
intermediate II-, / /  = 2.  ihe piepnr:ition of TI hich \I:\? 

( I J  ‘1 Singh, K G Stem and T I1  13:el I U r d  Chcm 12, 801 ilQ69) 

reported by UY betore,? proved to be very uieful aiid 
gave riie to 5. and 7-14. Similarly the Br iiitermedintc 
IV, ti = 1, \$a> made arid used for the prep:irntion of 
15 and 16. For 17-20 mid 21-26, piperazine :tiid 1,4- 
dinrniiiopiperazirie w r e  uced to react n ith .2,’7-dichloro- 
quinoline. The intermediate>, thus formed, led to firin1 
compounds through 1 or 2 -teps nithout much tl if i-  

Biological Tests.- -All compound> cxcept 20 11 w e  
t c-tctl for tlitxir niitimnlnrinl tictivitj againit Plasmo- 
t i i i c t n  brtqliei in micc by Dr. L. Rane accordiiig t o  t l i ~  

pi (lctdure :~lready publihhed. ? The result z arc> given 1 t i  
T,ibltb I1 

In gener:il, the hydrazonez 1-4 \T ere extremely toxic. 
Te-t results of h? dritzine derivatives n i th  :in unsub- 
i t i tutetl  end S H ?  \\ere mixed, shonirig activit? ~i- vel1 
:ih t osicity except for 15 \\ hich qhowed excellent curative 
actikit! uithout being toxic Toxicity ieenird to  clis- 
:ipp<>:ir n i th  substitution on tlw end SH2 .  C‘ompd 22 
appear- to be the be-t, in Ivhich the end S H 2  i i  >lib- 

st ituted b\- :i \ecoricl molecule of i-clilorocluitiolint. 
It -honed curative :ictivit\ n i th  a q  lo\\ A ( h e  A- 40 

, a r i d  110 toxicit1 e v m  up  to  the maximum (lo-r ot 
640 mg l,g 

culty. 

Experimental Section 
7-Chloro-4-(2-dimethylacetal-l-methylethylamino)quinoline 

(III).--A mixt of .l,7-dichlorociiiiiioliiie (50.0 g, 0.25 mole), 13- 
amiiiobutyraldehyde dimethyl acetal (67.0 g, 0.5 mole), IC1 (0.a g 1, 
and 200 ml of ethosgethanol was heated under reflus far 24 hr. 
Ethosyethanol was then removed under reduced pressure, the 
residue was basified with 30‘ TaOH and estd n i th  EtrO, :%lid 
the ext was dried (&Cod), fil d, and concd. The 
distd at, 123-135’ (5 >< lo-‘ in) ti, give 34.0 g (46 
product which wa. t d  twice f r o m  EtiO, nip 138-1 
(c,511:9clx?O?) c, 11, s .  
General Preparation of 1-4.--.1 s o h  of TI1 (0.02 mole) i n  100 

nil of EtOH \\-a” added t o  an ice-cold soln of the reqiiired hydraziiie 

(2 )  T. Singli, i t ,  G Stein, . I .  1‘. IIoops, J .  I T .  13iel, \V. l<. Hoya. and I ) .  R .  

( 3 )  1’. S. Osdene, P. 14. Riiwell. and  L. Kane, i b i d . ,  10, ,431 ( 1 U 6 i ) .  
C‘riiL, i b i d . ,  14,  283 (1971). 


