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A serieE of 2- [ l-acy1-2-( 5-nitrofurfurylidene)hydrazino]acetariiides hits been syntliesi/;ed and tested for anti- 
bacterial activity in mice. Structure-artivity relationships are developed. 

111 a continuing program on the synthesis of potential 
chemotherapeutic nitrofurans, it was of interest to pre- 
pare 2-(S-nitrofurfurylidenehydrazino)acetamide (1) 
and some derivatives of this compound. 

111ethyl hydrazinoacetate hydrochloride was readily 
converted to the corresponding amide in coilcentrated 
aiiimoiiium hydroxide solution, and the amide was 
reacted without isolation with 5-nitro-2-furaldehyde to 
give a 7<5y0 yield of the hydrazone 1. 

O,N A A  0 CHO NH OH 
NH-NHCH2COOCH3.HC1 [NH2NHCH2CONH,! . 

02N 0 CH=NNCH,CONH, 
1 2 

Treatment of 1 with potassium cyanate iii glacial 
acetic acid did not produce the expected seniicarbazone, 
h i t  gave a compound with an  empirical formula of 
(’YH10?;406. This substance showed S H  absorption 
hands a t  2.9 and 3 1 p aiid C=O bands a t  5.90 and 
.5 97 i.t in the infrared, and an absorption maximum at 
368 inp in the ultraviolet, indicating that  1 had been 
acetylated. The same conipouiid was also obtained by 
acetylating 1 with acetic anhydride. 

To determine the position of the acetyl group, the 
iiltraviolet absorption maxima of several iiitrofurans 
were compared. Thus, the monoalkylated hydrazone 
1 absorbs a t  404 nip, \thereas the acetylated mono- 

COCH, 
O J  0 CH=N&CH3 

40 37 

alkylated hydrazone 40 absorbs a t  373 Further 
evidence for the acetylhydrazone structure 2 is derived 
from the fact that the diacetylated derivative 37, 
prepared from 1 or 2, shons typical -COKHCO- ab- 
sorption3 in the infrared a t  5 76 and 6.0 p which is not 
exhibited by 2. Compound 37 also absorbs at  368 
n i ~  ~vliich is in agreement with the acetylhydrazone 
structure 

The antibacterial screening of 1 and 2 indicated that 
2 was highly active i n  vivo against Staphylococcus a w e u s  
and Xalinonella typhosa, whereas 1 was inactive. 

Because of these results a synthetic program devoted 
to the synthesis of analogs of 2 !vas initiated and the 
compounds listed in Table I were prepared. 

(1) Foi the preceding paper in this series, see J G. Rlichels, G. Ge\er ,  
dnd P. H L \Vel, J .  &fed Pharm. Chem , 5 ,  1042 (1962) 

( 2 )  F F Ebetino, J J Carroll, and G Gexer, ibid , 5, 513 (1962) 
(3) L J. Bellamy, “The Infrared Spectra of Complex Molecules.” John 

\Viley B bons Inc , Nen York, N Y ,  1958, p. 221. 

The general iiiethods for the preparatioii of these 
compounds are as follows and examples of these ineth- 
ods are given in the Experimental section. (1) -+la- 
tion of 1 and other carbonyl derivatives of 2-hydrazino- 
acetamide with anhydrides or with acid chlorides in di- 
methylfornianiide or iii pyridine. ( 2 )  Reaction of 
methyl hydrazinoacetate hydrochloride with amines, 
followed by reaction with a nitrofuran carbonyl reagent 
and acylation. (3) Coildelisation of 5-nitro-’-fur- 
aldehyde with hydraziiioacetic acid followed by acyla- 

?CH3 3 F°CHJ 
0 2 N  0 CH=NNCH,COOH 0,N 0 CH=NNCH,COCI 

39 

tion, chlorination, and reaction with amines. (4) 
Nonoacetylatioii of 2 or diacetylation of 1 with acetic 
anhydride and sulfuric acid. 

Compound 2 has been isolated ill two crystal forins. 
The CY form melts a t  234’ and is obtained as voluiiiiiious 
pale yellow needles, while the p form melts a t  238-239’ 
and exists usually as much more dense, granular, yellow 
rhomboids. The polymorphs were identical by ele- 
mental analysis and solution spectra in the infrared 
and ultraviolet. However, they differed when ex- 
amined in the solid state in the infrared. The CY form, 
which is the less stable modification, was converted to 
fl  by grinding in a mortar, shaking in water, or 
recrystallizing from various solvents with rapid cool- 
ing. The p form was converted to 01 by pouring a hot 
dimethylformamide, acetic acid, or dimethyl sulfoxide 
solution of the compound into cold water. Conversion 
of p to a also takes place a t  the melting point of p or 
recrystallizing froin nitromethalie with slow cooliiig to 
room temperature and then rapid cooliiig in an ice bath. 
The CY form is more soluble in water than the p form. 

Other members of this series (12, 16, 18, 34) also 
exhibit polymorphism but they have not been studied 
as extensively. 

Structure-Activity Relationships.-A tabulation of 
the structural variations of the compounds prepared 
aiid their in vitro and in vivo antibacterial activities are 
shown in Table 11. Minimum inhibitory concentra- 
tions (MIC) were determined by twofold dilutions in 
nutrient broth inoculated with 1 X lo4 viable cells and 
incubated a t  37’ for 24 hr. The in vivo biologicai data 
were obtained in male CFW mice weighing 18-20 g. 
Groups of 10 or 20 mice were inoculated intraperi- 
toneally with a lethal challenge of Staphylococcus a w e u s  
or Salmonella fyphosa in 5y0 mucin, which produced 
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TABLE I1 
BIOLOG~CAL ACTIW I I 

RI 
I. Variations of Ri 

R. Hydrogen or alkanoyl 

H S H ?  
COCHI SHZ 
COCHy "2 

H "2 

COCHI "2 

H S H ?  
COCHI SH2 
H S H ,  
COCH3 XH, 
CHO XH? 
COCzHb SH2 
COCsH, S H ,  
COCH,CH( CHa), XH2 
COCH( CHI), "2 

1 
C O C H ( C H ~ ) ~ C H ~  S H ?  

COCHCI, S H ,  

COCHzCsHj "2 

COCH=CHCHs "2 

COCsH5 "2 

COCsHaNOz-p S H, 

b. Chloroalkanoyl 

C .  Arylalkanoj-l 

d. Alkenoyl 

e. Aroyl 

f .  Sulfonyl 

SO&sHj SH2 
g. Alkoxycarbonyl 

COOCHa S Ha 
COOCzH6 "2 

COOC3Hi S H ,  
COOC,H, SH1 
COOCH,CH( CH3)2 NH, 
COOCHzCHZCH,Cl 9 H I  

11. Variations of Rs 
a .  Monoalkplaiiiino 

Kr 

H 
COCHa 
H 
COCHI 
COCH3 

COCHI 

SHCHs 
SHCH3 
SHCZH. 
XHC2Ha 
SHCH'OH 

b. Dialkylattiino 

S( C~HO):! 

COCH3 

COCH3 

COCHI 

COCH3 

COCH3 

H 
COCHi 

SCHz( CH2)aCHz 
E. . i r>lat i i ino 

"CsH6 
d. .icylarnino 

NHCOCH, 
e .  Hydroxyl 

OH 
OH 

685 

S nureus 

>1120/>4 
20/1 

120/1 
>600/5 

93/0 2 
>330/>12 

43/1 
>160/>20 
>240/10 

5 5 / l  
33/1 
48/0.6 

105/0 5 
45/0 4 

>s40/1 

> 1680/- 

280/0 2 

>840/0.6 

28/0 6 
>s40/- 

840/0 4 

>210/0 8 
75/1 

780/1 

>420/1 
590/1 

> 1680/- 

165/>20 
921 1 

>280/>20 
82/3 

210/1 

13615 

3G7/3 

sT / 3  

168/3 

>840/- 

113/0 6 

> 120/>20 
>1020/>20 

> 1120/>4 
22/2 

12012 
>600/3 
> iSO/O 6 
>330/>12 
>S40/5 
>160/>20 
>240/10 

2s/o 3 
>360/10 
> 132/20 
>420/ > 15 
>420/>20 

>s40/>s 

>1680 - 

> 1320/> 13 

>s40/5 

>4SO/lO 
%lo/-- 

>840/4 

0410 3 
118/1 

>840/1 
M0/- 
420/10 

> 1680/4 

16b/L'O 
>280/%0 
> 280/> 20 

>1020/10 
>210/6 

>s40/>20 

>840/>20 

> 840/>20 

>600/>1O 

>840/- 

> 1320/5 

>l20/>20 
>1020/>20 

100yo mortality in 2 to 3 days in the control groups. methylcellulose and administered orally 30 min. after 
Varying amounts of each compound (limited by toxic infection. The criteria for activity adopted here 
considerations) were suspended in 0.757, carboxy- includes graded dose-survival relationships. The 





ring and cooling until just basiv. The solid w s  filtered and 
wished with benzene and water. 
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N-Mono- and N,N-Dialliyl-N'-1-naphthylalkylenediamines 
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Ai series of S-mono- and S,N-di:illi~~l-S'-l-~iaphthylalk~lrnedianiirles were prepared by: ( 1  ) alk!.lation of 
1-naphthylamine lyitli an alkylaniinoalkyl halide : (2)  reducstive alkylation of 1-naphthylamine with an amino 
aldehyde or ketone; ( 4 )  reaction of 1- 
naphthol Fith an slkylenediamine: ( 5 )  tlie action of ethylene oxide, aldehydes, or alkyl halides on a X-(l- 
naphthy1)ethylenediamine. The use o f  sodium hydrosulfite in the Bucherer reartion with l-naphth,)l is descrihrd. 
1-( 1-Saphthy1)aziridine was prrparcd l)y tile action of strong base on S-(~-hromorthyl~-l-na~~hth~laniitir, 

( 3 )  treatnwnt of  a S-(o-haloaI~yl)-I-naphthylamine with an amine: 

During the course of coiitiiiuiiig effort.; ill thede 
Laboratories to develop nen- schistosoinicidal agents, it 
was discovered that various 4-(aminoalkj lainiiio)-l- 
naphthylazo heterocyclic compound5 ot <ti ucture I 
exhibit strond therapeutic activity againyt Sclzistosomn 
nlansoni infections ill experimental aiiiiiials I The 
iynthesis of niaiiy of these azo conipoiind\ reqiiired the 
p i  eparatioii of the cori-r-ponding S-moiio- aiid S ,S-d i -  

p; 

I '' N=N-Het 

I 

alkyl-3'-1-iiaphthylalkyleiiediamines (TI): where R1 
and II2 represent hydrogen, alkyl, or aralkyl groups, Y 
an alkyleiie radical, and X a hydrogen or halogen atom 
or alkoxy group. This paper describes in detail the 
methods used for the synthesis of these intermediat'es. 

Chart A outlines the major synt'hetic routes used in 
the present) ivork. The classic technique for the attach- 
nieiit8 of an alkylaminoalkyl side chain t'o an aromatic 
ainiiie involves alkylation of the amine n-ith an alkyl- 
aniinoalkyl halide in ethanol3 or in a hydrocarbon sol- 
vent in t'he presence of an acid acceptor such as potas- 
sium carbonat'e.4 Where the alkylaminoalkyl halides 
are readily available,j the latter method affords a con- 
venient route since the salts can be used directly 
(method I, Tables I and 11). When the carbonate pro- 

(1) E. F. Elslager, D. 13. Capvs. L .  31. Werbel, D. F. Wortli, J. E. Neisen- 

(2) E. F. Elslager, D. €3. Capps, D. H. Kurtz, L .  h1. Werbel, and D. F. 

(3) D. A.  Peak and  T. I .  T a t k i n s ,  J .  Chem. Soc., 445 (1950). 
Stahmann and  4 .  C. Cope, J .  Am.  Chem. Soc., 68, 2494 (1946). 

(a) The hydrochloride salts of N,N-dimethyl-2-chloroethylamine, 2- 
clilurotriethylamine, ~-(2-chloroethyl)diisopropylamine, N,N-diethyl-3- 
cliloropropylamine, N, N-diniethyl-2-chloropropylamine, and 3-chloro-N,N,2- 
tl.iiiiethylpropylamine aere  purchased from the  Michigan Chemical Co., St. 
I.ouis, Mich.; 2-bromotriethylamine hydrobromide from Columbia Organic 
('lleiiiical Co., Columbia, So. Carolina: N-2-chloroethylpyrrolidine hydro- 
<,liloride from the Alrlricii Clirinical Co., Milwaukee, T i s .  

Iielder, H. Najarian, and P. E. Thompson, J .  Meled. Chem.,  6, 217 (1963). 

Worth, ibid., 6, 646 (1963). 

NH-Y-Hal \ NH-Y--NR,R2 & H h R R  ~ 1 

X X 
I1 

H \--Y-\R R 

/ t  
TH-Y-NH2 

X 

cedure gave poor yields or where i t  \\-a3 necessary to 
prepare the intermediate amiuoalkyl halides6-'* from 
the corresponding amino alcohols, it n-as often ad- 
vantageous to pre-form the more reactive anion of the 
aromatic amine, utilizing sodium hydride (method 11, 
Tables I and 11) or sodamide. dlthough no extensive 
coniparisons of these methods n-ere niadr. the sensi- 
tivity of t'he reaction to temperature and hasp is il- 
lustrated by the condensation of l-naphthylamiiir with 

(6) FY. 13. Wright, J r . ,  H. J. Ilrtihandei, and K.  A H i i n i ~ ,  . T I . . ,  . I .  0i.y. 

(7) J. B. Wright, E. H. Lincoln, R. V. Hpinzeliii&iiii, aiirl . J .  H. Hiinter, J .  

(8) F. Blicke, U. 9. Patent 2,922,795 (1960). 
(9) R. B. Moffett and R.  D. Aspergren, J .  .4m C'! fc t r i .  Soc . .  79 ,  & > I  

(1957). 
(10). J. P. Mason and H. W. Block, ibid., 62, 1443 (lS401. 
(11) S. Gabriel and J. Colman, Ber., 39, 2879 (1906). 
(12) 0. Magidson and I. T h .  Strukor,  d r c h .  Pharm.. 271, 569 (1938). 
(13) S.-T. Lu, C.-K. Liu, C.-S. Yang, T.-H. Chu, and C.-C. Cliaiie, 

Chem. Abstr . ,  62, 12866a (19%1. 

Chem., 26, 2120 (1961). 

Am. Chem. SOC., 72, 3536 (1950). 

Hua Hsueh Hsueh Pao, 22, 589 (1956); 
Kaye, .I. dm. Chem. S o r , . .  70, 128:3 (19481. 


