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abscess weights more than 20% in this test were 2-[a-  
(nit roimino)-1 (2H)-pyridyl lacetophenone (8 )  and its 
reduction product clZ-2-(1iitroimino)-cu-phenyl-l(2H)- 
pyridinethanol (11) which caused changes of -31 and 
-32% resp, in abscess wt.  Removal of the 0 from 
the benzylic position (20) resulted in loss of activity. 
Acetophenones with substituents on the benzene and 
pyridine rings all showed changes in abscess vit of 
less than -20%. 

Experimental Section 

A.-2-Sitramiiiopvridiiie (122 g, 0.87 mole) was added to 
EaOEt [from Xa (20 g, 0.87 g-atom) in EtOH ( 2  I.)], and the 
mixt was heated under reflux for 2 hr. Ethyl bromoacetate 
(145 g, 0.87 mole) was added dropwise over a period of 30 min 
and the mixt was heated for an addnl 5 hr. The mixt was 
cooled and the liqiior was decanted. The residue was stirred 
with H 2 0  ( 2  l.), and the solid was filtered off to give 118 g (59.87,) 
yield of crude ethyl 2-nitroimino-l(2H)-pyridylacetate (1 ), 
which was piirified by crystn. 

B.-The alkyl halide (0.1 mole) was added to a mixt of the 
iiitraniino compd (0.1 mole) and Et3X (0.2 mole) in refluxing 
EtOH (200 ml). The mixt was heated iiiider reflux for 3 hr, 
cooled, and filtered. The filter cake was nabhed with EtOH 
arid prirified by crystri. 

C.-The ester 1 (11.25 g, 0.05 mole) and the appropriate 
secondary amine (50 ml) Tvere heated under reflux for 1.5 hr. 
The excess amine \vas removed by evapii in cacuo. The residue 
w:is triturated with C&6, and the resiilting solid was filtered off 
and pllrified by crystii. 

D.-SaBH4 (1.5 g, 0.04 mole) was added in 2 portioris, 5 
niin apart, to 8 (5.4 g, 0.02 mole) iii MeOH (100 ml). The 
mixt wab stirred for an addnl 15 min, and the solvent was re- 
moved bv evapn in i 'acuo. The residue was tritiirated with HsO, .~ 
filtered. and crystii. 

E.-A niixt of the ester 1 i:O E )  and G S HCl (100 ml) n a s  ~~ ~ 

heated o i i  a steam bath for '10 min. The resulting mixt was 
concd t o  0.25 vol tinder reduced pressiire, cooled, and filtered. 
The product  vas piirified by crystn. 

F.-This is a modificatioii of the procediire employed by 

Bader, et a[.," for the prep of 4-piperidinoacetophenone. The 
only differences are the use of 3 times their reported vol of DMSO 
and a heating time of only 90 min. 

G.-The ester 1 (11.3 g, 0.01 mole), 95+% H2?;NH2 (1.7 g), 
and anhyd EtOH mere heat'ed under reflux for 6 hr. The mixt 
was cooled, and the resulting hydrazide 5 was filtered off and 
purified by crystn. 

Rearrangement of 2-[2-(Nitroimino)-l(2H)-pyridyl]acetophe- 
none (8) in H2SOa.--Concd HzSO4 was cooled to -15" in a 
Dry Ice-i-PrOH bath and 8 (IO g)  was added over a period of 1 
min during which time the temp rose to 0" then quickly dropped 
to -15'. The cooling bath was removed and the temp was 
allowed to  rise to +15". The mixt' was poured onto ice, the 
resulting solid was filtered off and washed with H 2 0  and crystd 
(DIZIF) giving 3.74 g (38.1%) of yellow material, mp 265-267" 
(lit. 2 i 2 ° ) . 6  This material was identical (mmp undepressed, 
and the ir spectra were superimpoaible) with a sample of 2- 
(4-nitrophenyl)imidaxo[ 1,2-a]pyridirie (10) prepd according to 
Buu-Hoi and Xuong.* Anal. ( C I ~ H ~ N ~ O Z )  H, S ;  C: ralcd, 
65.27; found, 64.40. 

Base Hydrolysis of Ethyl 2-(Nitroimino)-l(2H)-pyridylacetate 
( l ) . -SaOH (2 S, 100 ml) was added to the ester (1)  (11.3 g, 
0.05 mole) in EtOH (100 nil). The mixt was heated tinder 
reflux for 2 hr. The EtOH was removed by evapn in mruo.  
The residue was triturated with HzO and extd with C6H6. The 
aq phase was chilled and made acid to pH 2 with HCl. A solid 
formed which was filtered off and crystd (i-PrOH) to give 4.52 g 
(53% yield) of 2-pyridone-l(2H)-acetic acid (3),  mp 225-228" 
(lit. 222').7 Anal. (C7H7N03) C, H, X. 

Catalytic Reduction of the Nitrimino Ester (l).-The ester 1 i i i  
80yo EtOH (250 ml) \vas shaken wider 3.1 kg of H2/cm2 using 
5% Pd/C catalyst (1.5 9) .  \\'hen iiptake stopped, the mixt was 
filtered throiigh a (:elite pad and the solvent was removed from 
the filtrate. The residue (G.0 g)  crystd (i-Pr0H-H2O) as \\bile 
needles, nip 24(5-251 (lit. 248-250).5 This material was iden- 
tical (mmp undepressed, and the ir hpectra were superimposible) 
with a sample of 2-imino-1 (2H)pyridineacetic acid (2) prepd by 
the method of Chichibabin.4 Anal. (C7HsN) C, H, N .  

Acknowledgment.-The authors n.ish to tharili A h .  
Frank P. Palopoli for his help and encouragement. 

(11) 11. Bader ,  .I. I<. Ilansen, and F. . J .  RIcCarty, J .  Org.  Chetn . ,  31, 2319 
(1 966). 

Notes 

Antibacterial Nitrofuran Derivatives. 4. 
5-Nitro-2-furaldehyde 

Hydrazoniumace thydrazones 

We have recently described the synt'liesis of a series of 
5-nitro-2-furaldeliyde amin~acethydrazones'-~ with 
antibacterial activity. In  this paper we have reported 
a new series of 5-nitro-2-furaldehyde hydrazonium- 
ncethydrazones 4. 

Chemistry.-Compds 4 were synthesized by the 
route outlined in Scheme I. In several cases compds 

(1) E. JIassarani. D. Sardi ,  A .  Tajana. and 1.. Degen, J .  'Wed. Chem.,  14, 

( 2 )  D. Kardi, E. JIassarani, S. Rossi, .I. Tajana, and L. Degen, ibid., 14 ,  

(:3) L. Degen, hI. Salraterra, S. Vella, D. Kardi, and E. hlassarani, 

633  (1971) .  

635 (1971). 

Chemotherapy ,  in press. 

2 and 3 could not be isolated because of their de- 
liquescence. The structure of these compds \\ ab 
deduced by the follou irig observations. 

\ HCHzCOOCzH, I\ as excluded be- 
cause it wa. not possible to obtain a base by making 2 
al ldine.  Treatment of 2 with Ag20 or a strong anionic- 
exchange resin gave a compd with neither Br- nor 
C2H60-identified as betaine 6. 
proved by subjecting the products t o  reductive cleavage 
with 10% Pd/C, u hereupon NH, and the corresponding 
amino acids 7 where obtained. Similar results were 
obtained by Pollak, et ~ 1 . ~  

By reaction of 1,l-disubstituted hydrazines (1) with 
bromoacetic acid we obtained the double salts 5. 
These products by reductive cleavage of 9 - N  bonds 
with 1Oyo Pd/C yielded 7,  NHs, and the corresponding 
secondary amines. 

By passing 5 over a strong cationic exchanger arid 
eluting with XH,OH n-e obtained 6 arid the corre- 
sponding products 1. 

The structure 

The structure of 6 u 

(4) G Pollak, H Iellln and 1 Carrnl, J .  .lied Chem , 7 ,  220 (1964) 
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TABLE I 
RTINIMAL IKHIBITORY COSClcNTR \TION (/.4g/ml) OF 5-NITR0-2-FURALDEHYDE HYDRAZONIUMACETHYDRAZONES~ 

S. typhz- P .  M .  
huo E colr murium vulgaras pyogenes 

1 40 40 80 10 
2 40 40 160 20 
3 80 40 80 5 
4 20 40 80 1 

3 160 160 80 10 
Nitr(~fura~itoiii > 40 80 10 

All compd\ weie inactive agaiiist Ps. acruginosa and C. albicans. 

1 5 

1 
NH2 *Br- "2 - GtLCH,COO- 
CH$ONHNH, 

2 6 

1 
.Br- 

.Br- -D a, NMe2 
b, NEt2 
c, pyrrolidino 
d, piperidino 

NO, e, morpholino 
-I& 

4 

Biological Results.--The acute toxicity was deter- 
mined ip on NAIRI albino mice (1s-20 g). All compds 
were tested for bacteriostatic activity in vitizo as 
described5 previously on the following microorganisms: 
Escheyichia coli 100, Salmoiiella t yph imur iun i  1090, 
Pseurlonzonas aerugivosa H2, Pvoteus vulgaris OX, 
Al ic~~ococcus  pyoyenes SG 51 1, Streptococcus pyogeiies 
A SS, Bacil lus  subtilis ATCC 9466, Alycobacteyiuni 
tuberculosis Ha, Ra ,  Trichophytoii me i~ tay -ophy te s  1236, 
and Candida albicaiis 25. The results are summarized 
in Table I. 

The products were also tested in mice on subacute 
im A!. pyogenes infection of the mouse leg as previously 
described.'j Only 1 was significantly active at  70 mg/kg 
(0.2 11D50), whereas nitrofurantoin a t  EO mg/l<g (0.2 
LDSO) was inactive. Compd 2, which was the most 
active compd on Myco .  tubeyculosis in vitro, was tested 
i?i viuo in mice.' It exhibited significant activity a t  
9.1 mg/kg. Compds 1,  3, and 4 were not active when 
tested topically in the guinea pig against T .  meiita- 

S. B .  Myco.  T .  LDsQ, m d k g  
pilogenes subtilis tuberculosis mentaorophytes ip (mice) 

20 10 40 
40 40 10 
80 10 40 
80 5 40 

160 40 > 160 
5 10 > 160 

gyophytes 1236 according to  
et aL8 

<5 350 
80 230 
10 130 

<5 200 
80 560 

96 

the method of Arnold, 

Experimental SectionD 

.Y,LY-Dimethyl-S-carbethoxymethylhydrazonium Bromide ( 2a). 
--To a bolii of 3 g (0.03 mole) of S,K-dimethylhydrazine in 100 
nil of aiihyd Et20, were added 8.3 g (0.05 mole) of ethyl bromo- 
acetate aiid the mixt was stirred at 0-5" for 24 hr. The crystals 
were collected and reciystd from EtOlI-Et20; yield 9.8 g (87%), 
mp 97-99". Anal .  (C6HleBrN20,) C, H, X, Br. 

.\',.Y-Pentamethylene-,\--carbethoxymethylhydrazonium bro- 
mide (2d) wa\ obtd from S-amiiropiperidine in a similar way; 
yield 457,, nip 130-132'. 

S,S-Dimethyl-S-acethydrazidehydrazonium Bromide (3a). 
Method A.-A mixt of 11.3 (0.05 mole) of 2a, 60 ml of EtOH, 
aiid 2 3 g (0.03 mole) of hydrazine hydrate was refluxed for 2 hr. 
After cooling the cr j  stalr were collected and reclystd (Table 11). 

Anal .  (C9H19BrN202) C, H, N, Br. 

\CH~CONHNH* 
Yield, Crystn hfp. 0 Rletliod Yo solvent OC Formulaa 

A 78 95% EtOH 132-134 C4HI3BrNaO 
Pyrrolidiiio A 42b FXOH 122-124 CeH15BrN40 
Piperidiiio A 83b EtOH 160-161 C,H1,BrNIO 
RIorpholiiio A 26 9<5% EtOH 164-166 CBH15BrN402 

The corre- 
sponding 2 esters were not isolated. 

All compds were analyzed for C, H, N, Br. 

5-Nitro-2-furaldehyde ,Y,S-Dimethyl-N-acethydrazone Hy- 
drazonium Bromide (4a). Method B.-A mixt of 1.02 g 
(0.003 mole) of 3a, 0.7 g (0.005 mole) of 5-iiitro-2-fiiraldehyde, 
and 25 ml of EtOII wab refluxed for 30 mill. After cooling, the 
rrystali weie collected and recrystd (Table 111). 

S-Amino-S-carboxymethylmorpholinium Bromide h'-Amino- 
morpholine Salt. (Se).-To a soln of 2.04 g (0.02 mole) of N -  
amiiiomorpholine in 10 ml of anhyd E t 2 0  cooled to O", 1.39 g 
(0.01 mole) of bromoacetic acid in  10 ml of Et20 was added, arid 
the mixt was kept at  0" for 12 hr The crystals were collected 
and recrystd from EtOH,  yield 3 g (8Yc/), mp 172-174'. Anal .  
(CloH23BrN404) C, H ,  N, Br. 
S- Amino-S-carboxymethylmorpholine Betaine (6e). Method 

C.-A 2% aq sohi of 2e was passed through a strong aiiionic ex- 
changer Relite 2A column. The eluate was evapd to dryness zn 
vacuo, and the residue wa5 crystd. 

Method D.-A 3% aq soln of 5e was passed through a strong 
catioiiic exchanger Rehte CFS column. Then the column was 
eluted with 1 X NH40H. The s o h  was evapd to  dryness zn 

( 5 )  %. Massarani, D. Nardi, L. Degen, and RI. J. Rfagistretti, J .  Med .  
Chem.,  9, 617 (1966). 

(6) D. h'ardi, E. Massarani, 4. Tajana, L. Degen, and M. J. Magistretti, 
ibid. ,  10, 530 (1967). 

(7)  E. Massarani, I). Nardi, R .  Pozzi, L. Degen, and If. J. Magistretti, 
ibid. ,  13, 380 (1970). 

( 8 )  H. Arnold, L. Degen, J. Potel, and R. Rebling, Arzneim.-Forsch., 14, 
68 (1964). 

(9) Melting points are uncor and were determined in open glass capil- 
laries on a Buchi apparatus.  JVlien analyses are indicated only by symbols 
of the elements, the anal. results obtained for those elements were within 
f0.47, of the theor values. 
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TABLE I11 
5-NITRO-2-FC RALDEHYDE HYDRAZONIUVACETHYDRAZONISS 

+ "2 

Yield, Crystn Alp, 
N o .  0 Method '% solvent O C  I'orrnula'' 
1 NMe? I3 9.5 EtOH-1-120 2 1 i  C~FI1~13rSjO~ 
2 N E t i  I3 30b 95% EtOH 184-1813 C11H:a13rK~O~C 
3 Pyrrolidino I3 86 Me011 217 CiiIt~cllrN~Oa 
4 Piperidino I< 87 E;tO€I 199 dec C1?HisI3rK5Oa 
5 Morpholino I? 69 EtO€I-H20 228 dec CiiHiaBrNsOa 

The corre- 
sponding ester 2b aiid hydrazide 3b were not isolated because of 
their hygroscopicity. Anal .  C ,  H, X, 0. 

oacuo. The dist,ii also removed the .~-Ltniiiioriiorpholiiie. The 
residue was crystd (Table I V ) .  

0 All compds were analyzed for C, H, 1, Br. 

TABLI.: I V  
B E T.II N E s 

Yield, Crystn A l p  c. AI?~Il<>d 5% solvent " C  
Pyrrolidino ( '  i5 l<tOlI-Et.O 158-161 

Morpliolino C 37 
Piperidino C 50 EtO€I-Et?O 200-202 

1) 87 Y5:& EtO€I-Et20 236-238 

Q All compds were analyzed for C, H, N.  

,V-Pyrrolidinoacetic Acid (7c).'O-A solti of 1.44 g (0.01 niolc) 
of 6c in  20 nil of 31eOH was hydrogeiiat,ed i i i  presence of 0.3 g 
of 10%;; Pd/C at atmospheric pressure aiid at room temp. U'heii 
the absorption of H2 ceased, the catalyst was filtered and the 
solii was evapd. The residiie was crystd from i-PrOII-Et20; 
yield 1 g (78%), mp 138-140". 

This compd was obtd also by hydro1 f ethyl ,T-pyrrolidiiio- 
acetate with 1 N HC1. After hydr the so111 was paised 
through a strong cationic exchanger Relite CFS aiid 7c was 
elnted with 1 YH,OH. The solii was evapd t o  dry1ie.s i/( 
vacuo aiid the rwidue was crystd; yield SSr', . 

Anal. (CJ~iiYCh) C, 11, X.  

(10) By this procedure xere  obtained 7b, 7d, and 70 [ I t .  1,;. Ijoivrnan. 
J .  Chem. Soc., 1346 (1950): C.  .I. Jlischoff, Chem. B e r . ,  31 ,  2839 (1888): 
A. L. Remison, Z h .  Obshch. Khim.,  34,  3187 11961); Cheni.  Ab.qtr., 62, 1106 
(196511. 
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Some New Antibacterial Quinoxaline 
N,A7-Dioxide Derivatives 

PLTII:R H. GVND .\NU G I':R.\I,D B i ~ : l ~ ~ ~ i ~ ; ~ , ~ ~ . \ ~ ~ ~ ~ ~ : ~ ~ *  

Chcniical Research & Deoelopnimt Laboratoric s, 
Agricultural U ivision, Amt r ican Cyanamid Company,  

Princeton, .Yew Jc r s q  

Ifeccicetl Apri l  1 ,  1971 

Several relatively simple derivatives of quinoxaline- 
2-carboxaldehyde 1,4-dioxide, notably the carbome- 
thoxyhydrazone derivative' ( la ) ,  exhibit iriteresting 
antibacterial activity.' 

We have no\v prepared the aminothiadiazole l b  and 
the thiadiazolone IC from the corresponding thiosemi- 
carbazone. The oxadiazole Id could be obtained from 

(1) Chas Pfizer & Co , G S. Patents 3,371,090, 3,433,871 (1968) 
( 2 )  Research Corporation, L' S Patent 3,398,141 (1968) 

brominative oxidation of the corresponding semicar- 
bazorie, but resisted purification efforts. 

The compounds were generall! p o d >  w i t  thlv ,i11(1 

difficult to purify. The thiadinzolorie \\ a5 not obtniiictl 
analyticall> pure, but the structure I\ ;L\ confirmed b.r 
the  exact ni:i+ of the parent i o n  mcl  :L ieawii:iblc 
fragmeiitatioii pattern in the 111~55 yectruni  

N--?J N-N 

la lb  IC 

0 
t 

Q =  QJy 
+ 
0 

Biological Results.-l'\\-o of the derivatives, IC and 
Id,  \\.ere active against, a Sal~noi~cllu y a l l i r m w n  iiifcc- 
tioii i i i  chicks \\-hen fed in  the diet at the O.lyc level, 
and the latter \\-as partially effective at 0.0257,; l a  
\vas highly active at the 0.0257$ lcvcl. Similarly l b  
\\-as highly active ngairist Esclie,.ichia coli irifwtions in  
chicks a t  40 ing 'I;g ,+ingle oral close, but this \I.:W 0111!. 

ca. 0.2.5 the activity of la ,  and the othw cl(,rivativ(v 
\\-ere inactive. l b  \\.as inactive 2's. E .  coli and S2apicylo- 
coccus Smith infections in rnicc at levels at \\.hich la  \\:I< 
cxfficacious. 

Experimental Section" 

2-(5-Amino-1,3,4-thiadiazol-2-yl)quinoxaline 1,4-Dioxide ( lb) .  
~ -.\ mix1 [Jf 1 3 . i  g (0.052 mole) of ~ i i i i ioxa l i i i e -2-car~~~xaldeh~de  
1,4-dioxide thiosemicarhazolie arid 42.0 g (0.156 mole) of FeC13. 
GH20 i i i  1250 ml of 1120 was refliixed 1 hi,, theii filtered hot to 

yield) of yelloiv ponder,  mp 2i8-42'  der. 
arge amt of ICtOll gave a r i d .  piire material, 

mp 291-293" dec. A n a / .  (CIOIj7X;,O2S) C, 11, N, S. 
2-(2-Quinoxalinyl)-~*-1,3,4-thiadiazolin-5-one, Quinoxaline 

1,4-Dioxide (IC).-Compd l b  (11.0 g, 0.042 mole) i i i  45 ml of 
H 2 0  aiid 230 ml of roiird HsSOi was diazotized at 10" with 10.8 g 
(0.15 mole) of ?;aSOL i i i  15 nil of 1 1 2 0  and stirred overtiight a t  
room temp. The reactioii niixt \vas cwoled belocv 0" as R total of 
130 nil of 10 .V NaOH solri \vas added dropwise with the addii of 
criished iw to facilitate c*ooliiig. The resiiliiiig prodrlct was 
filtered and washed thororlghly with HrO t o  give 0 . 7  g (88% 

Aiiother i'riii  gave 
.ield of w ide  pi"l11ct as a y e h v  powder, mp 277-280" 

dec. Itecrystn finm %(;i 151 OH, glac IIOAC~ l\le2C03, or I)MF 
was possible biit i i i  each case the mp was lower or  the same and 
microanal. was worse than for the crude product,. A n a l .  Calcd 
for C,oHeN403S: Found: 
C, 43.46; H, 2.24; Y, 20.4.;; S, 11.29. The mass spectrum 
exhibited a weak but correct molecular ion ( C I O H ~ N ~ ~ S  Calcd : 
260.0161. Found: 262.0152). 

bro\vti p o ~ . d e r ,  nip 270-273" dec. 

C, 43.80; H,  2.31; N ,  21.36; 8, 12.23. 

Acknowledgment.---The antibacterial testing \+ as 
conducted under the direction of Dr. G. Kemp, I'rince- 
ton, X. J., and A h .  G .  Redin of Lederle Laboratories. 
The mass spectrum 11 as run by T. L. Chang, American 
Cyanamid Cornpan) , Stamford Laboratories 

(3)  Melting points \yere determined on a Thomas-Hoover apparatus and 
are uncorrected. Xficroanalyses nere performed by Galhraith Labors- 
tories, Inc., Knoxville, Tenn. \Vtiere analyses are indicated only by sym- 
bols of the elements, anal. results obtained for  these elements were within 
~ k 0 . 4 7 ~  of the theor values. 


