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4-Diethylamino-trans-2-butenylamine (VIII, R = H).- 
4Diethylamino-2-butynylamine (VI, It = H )  (20.0 g, 0.143 
mol) was added dropwise to a stirred solution of Na (13.8 g, 
0.60 g-atom) in 500 ml of liquid NHs in 0.5 hr. The reaction was 
allowed to stir for an additional period of 2 hr. KHa was allowed 
to evaporate off. Some HzO was added to the residue and the 
mixture was extracted with Et20 (three 100-ml portions). The 
E t 2 0  extracts were worked up in the usual manner to give an 
oil which distilled at  80" (10 mm), yield 11.0 g (55.0%). The 
amine mas hygroscopic. I t  proved to be 99.0% trans with a trace 
of czs isomer by glpc on a 20(2 Carbowax-firebrick column at  
oven temperature of 160". I t  was used as such for its reaction 
with 4,7-dichloroquinoline. 

3-Hromo-l-butyne (111, R = CHs) was prepared by the method 
of Rogers and Panishs in 31.0y0 yield, bp 44-48' (0.5 mm), 
n Z 0 ~  1.4738. 

l-Methyl-2-propynylamine-N-phthalimide (IV, R = CHz).- 
3-Bromo-l-butyne (27.0 g, 0.15 mol) was slowly added to a mix- 
ture of potassium phthalimide (27.0 g, 0.15 mol) in 100 ml of dry 
DAIF maintained at  70". The mixture was stirred at  this tem- 
perature for 12 hr and then cooled and poured into 5 vol of HLO. 
The precipitated solid mas filtered off, washed (HzO), and crystal- 
lized (MeOH-HnO) to give 20.0 g (65.0%) of product, mp 111- 
112.5". Anal .  (CUH~SO,)  C, H, S. 

4-Dietl~ylamino-l-methyl-2-butynylamine-N-phthalimide (V, 
R = CHa).--A mixture of I V  (R = CHI) (60.0 g, 0.30 mol), 
paraformaldehyde (10.8 g, 0.36 mol), Et&H (24.0 g, 0.37 mol), 
and 50 ml of dioxane was refluxed for 4 hr. It was cooled and 
diluted with 7 vol of HzO. The mixture was acidified to pH 4 
and extracted with Et20 (two 200-ml portions). The aqueous 
layer was neutralized with K&OI to pH 10-11 and extracted 
with CH2C12 (three 250-ml portions). The CHzClz extracts were 
dried (CaC12) and concentrated to an oil which was distilled at  
110-115" (0.2 mm) to give 66.0 g (77.070) of the product. 4 n a l .  

4-Diethylamino-l-methyl-2-butynylamine (VI, R = CH3) 
Dihydroch1oride.--A mixture of V ( R  = CHI) (75.0 g, 0.264 mol), 
hydrazine hydrate (15.3 g, 0.27 mol), and 350 ml of EtOH was 
reHuxed for 4 hr. I t  was cooled, acidified with concentrated HCI, 

(C17H20~202) C, H, N. 

(8) &I. T. Rogers and ill. B. Panish, J .  Amer. Chem. Soc., 77, 3684 (1955). 

and filtered and the solid was washed with 95.0% EtOH (three 
100-ml portions). The filtrate was concentrated to a solid, dis- 
solved in a minimum amount of HzO, basified with 50c/;, KOH 
solution with cooling, and extracted with Et20 (three 100-ml 
portions). The combined Et20 extracts were dried (KzCOa), 
concentrated, and distilled at  90-92" (10 mm) to give 24.5 g 
(60.0y0) of the amine. A portion was converted to a dihydro- 
chloride salt which was crystallized from i-PrOH, mp 167-168.5 '. 
Anal .  (CsH2&&12) N. 

4-Diethvlamino-l-methyl-trans-2-buten~1amine (VIIL. R - 
CHs).-Compound VI (R CHI) (7.0 g, 0.045 mol) was reduced 
with Sa-liquid SH2 in 74.0% yield in the same manner as 
described for VI11 (R = H ) ;  bp 74" (8 mm). Glpc on a 20y0 
Carbowax-firebrick column showed it to be 100% pure irans 
isomer. 

Reaction of the Unsaturated Amines with 4,7-Dichloroquinoline 
(1-4, 6).-The same general procedure was followed for this 
reaction which consisted of heating a mixture of 4,7-dichloro- 
quinoline (0.04 mol) and the unsaturated amine (0.05 mol) in 
40 ml of phenol at 140-145' for about 4 hr. The mixture was 
cooled, poured into 155% SaOH solution, and extracted (CHzCIz 
or EtZO), and the extracts were dried (K&O3) and evaporated 
to give an oil which usually solidified on cooling, standing, or 
scratching. The solid was then crystallized from a suitable 
solvent (see Table I). In one case (6), the oil was distilled at  
155-160' (0.2 mm) in a Kugelrohr apparatus. The distillate 
solidified on standing. 

7-Chloro-4-( 4-diethylamino-l-methyl-n's-2-butenylamino)- 
quinoline (5).-A mixture of 7-chloro-4(4diethylamino-l- 
methyl-2-butyny1amino)quinoline (4) (3.3 g, 0.0105 mol), 
Lindlar catalyst (0.3 g), and 75 ml of EtOAc was hydrogenated 
at  room temperature and atmospheric pressure. Hz uptake WRS 
complete in 3 hr. The catalyst was filtered through Celite and 
the filtrate was evaporated to dryness to give a white solid which 
was crystallized from cyclohexane (see Table I). 
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A series of substituted benzoic acid (5-nitrofurfury1idene)hydrazides has been prepared and screened ex- 
tensively for antibacterial and antiprotozoal activity. One of these compounds, 3,5-dinitrosalicylic acid (5- 
nitrofurfury1idene)hydrazide (I), has shown outstanding antihistomonal activity in poultry. The related com- 
pounds that have been synthesized and their test results in preventing blackhead disease in turkeys are pre- 
sented. Possible reasons for the high degree of activity and specificity of I are discussed. 

In  recent years, a considerable number of reports have 
been published on the biological properties of nitro- 
furans, especially their antibacterial activity. During 
a search for novel nitrofurans which might have anti- 
bacterial or antiprotozoal properties, i t  was noted that 
few benzoic acid (5-nitrofurfurylidene) hydrazide deriva- 
tives had been reported. Numerous nitrofurans of this 
type were subsequently prepared in our laboratory and 
were screened against the blackhead parasite Histomonas 
meleagridis as well as other organisms. One of these 
compounds, 3,5-dinitrosalicylic acid (5nitrofurfuryli- 
dene)hydrazide (I) was found to be exceptionally 
effective in preventing blackhead disease in poultry. 

All of the related compounds in Table I (II-XXI) that 
were prepared had little or no activity against black- 
head. Each of these 21 compounds was screened by 
administering the compound in the feed to turkeys a t  
0.05% or down to the least effective level. These com- 
pounds were prepared, with the exception of XVE, by 
one of three general methods: A, treatment of the 
substituted benzoic acid hydrazide with 5-nitro-2- 
furanmethanediol diacetate and mineral acid catalyst; 
B, treatment of the substituted benzoic acid hydrazide 
with 5-nitro-2-furaldehyde; C, treatment of the sub- 
stituted benzoyl chloride with the appropriate hydra- 
zoiie. 



I 
('ON s =( '13 --% 
I 

11 See Eauerirneiital Sectioit. 

I< 5 

H 
H 
H 
11 
H 
I€ 
H 
11 
14 
H 
H 
H 
H 
H 
H 

The  conipletely acetylated derivative of I (XT'I) was 
,Ittempt% to I)i*cp:rred hy treatment of I \\-ith A l c 2 0 .  

1)rep:ire :i morioacetyl derivative were unsuccessful. 

OCNHN=CH NO, 

O,N &OH NO, 

I 

Discussion 
The fir5t mwi compounds in Table I are nitrofurans 

ii i  nhich Itl n-as varied. 
1-11 approached the activity of I (Rl = OH) in pre- 
venting mortality in tur1,eys from blackhead. Even 
whcrc K1 could posiibly be converted to hydroxy i r i  c i w  
(111, R l  = OCH3; T', R, = Cl), only the chloro deriva- 
tivc (V) had partial activity at the highest test level 

The second group of conipoundi (VIII-XIII) is those 
dcriwtivei nhertx lil = OH but the number of nitro 
groupi :md their positioii i k  \-:tried. The biological test 
r(wilts indicate that the .i-iiitrofuryl moiety is e>seritinl 
for minimum hlachliead activity. This is confirriied 
whei-e 5-nitrothienyl (XXI) i5 bubbtituted for .;-nitro- 
fury1 in I wire  a11 nctivity i. l o b t .  A h o t h e r  requiremetit 

Solie of the compounds I1 

(0.O.iyc) used. 



No. Compound 
1 8,~-l)initroaalicylic acid 

(R-nitrofurfur?lidenej- 
liydrazide (I) 

2 1,2-L)iinetli~l-5-nitroiitiidazule 

S ~-Creidobenacncarsonic acid 
4 Infected controls 
5 Cninfecied controls 

,--Efficacya--- 

used blackhead suryival 
Concn yo without 

0,0075 100 100 
0 . 0 0 5  88 100 
0.0028 50 83 
0 , 0 2  100 100 
0.015 67 83 
0.0375 17 50 

-111 died of blackhead 
50 blackhead infection 

a Six birds in each test group were used. 1Iedicatiori wad 
administered in the feed the day of infection and continued for 
21 days. Tho test was completed after a total of 28 days follow- 
ing infection. 

eliminate all cliriical signs4 of t'he disease when a severe 
challenge is given. Compound I also has given com- 
parable results against' t8he same organism in chickens, 
and appears to be quit'e safe as indicated by toxicity 
data obtained in several animals. Indeed, it' has been 
difficult t'o establish an LDjo in animals. KO t'urkey 
mort,alit,y was caused by a,n oral dose of 5 g 'kg although 
some mortality (less than that required for an LD,,) 
was observed in t'he chicken and rat a t  10 g/kg. Possi- 
bly t'he safet'y of I is due to its insolubilit'y in most' sol- 
vent's and t'he fact t'hat' the hydrazide precursor of I is 
even more insoluble than t'he nitrofuran. Hydrolysis 
of t'he hydrazide gives 3,5-dinitrosalicylic acid, which 
is very mater soluble. 

Compound I has the properties of a typical nit'rofurari 
sirice it is light' sensitive arid rapidly decomposes in 
stmrong bases. As expected for a nitrophenol derivative, 
I is quite acidic and has a pKa of 1.12 (2,4-dinitrophenol, 
pK, = 3.96; picric a,cid, pKa = 0.38j). Alkali metal 
salts of I, such as potassium, sodium, and ammonium, 
have been prepared by dissolving I in DAIS0 and H 2 0  
and then adding an equivalent of base. All of the salts 
prepared are exceedingly insoluble in water. 

Several plausible explanat'ions for t'he remarkable 
specificity and high activity of I against blackhead 
disease can be advanced. 1;rom t'he data presented in 
Table I and t'he knowledge that some simple nitrofuran 
derivatives such as 5-nitro-2-furaldehyde hydrazone6 
and 5-nitro-%furaldehyde 2-et'hylsemicarbazone7 have 
some bhckhead act'ivit'y, whereas derivatives of 3,5- 
dinit,rosalicylic acid, such as the hydrazide, are inactive, 
it seems likely that' t'he activit'y of I resides primarily in 
the riitrofuryl portion of the molecule. However, t,he 
3,5-dinitrosalicyloyl group greatly enhances the activity 
of S-nitro-2-furaldehyde hydrazone in st'ructure I and a 
comparison of t'he blackhead activity of t'he 4-nih-o 
(XIII) ,  5-nitro (XII), and 3-nitro (XI) derivatives with 
I suggests t'hat the act'ivity is directly related to the 
acidity of the phenolic hydrogen. Furthermore, since 
the 4-hydroxy isomer (XVII) of I is inactive, possibly 
interaction of the phenolic hydrogen of I wit'h the 
hydrazide group is important for biological Itctivit'y. 
It has been suggested by E'oye and Turcotte* that some, 
if not, all, of the biological effects of salicylates may be 
due to complexation of met'alloenzymes since the avidit'y 

(4) Cliniral signs of l~lackhrad disease in turkeys include yellow watery 

(;1) C. D. Hodgeman, "Handbook of Chemistry and I'hL-sics," 44th ed, 

(6) Partly effective in preventing turkey mortality a t  0.025%. 
( i j  C .  .\. Johnson, U. 8. Patent 3,253,987 (Ma)- 31, 19GG). 
(8) N'. 0. I.'o)c imd J. G. Turcotte, J .  P h a r m .  Sci.,  51, 32'3 (1'362). 

droppings. a lisiless appearance of the bird, and weight loss. 

Chemical Rubber Publishing Cn.. Cleveland, Ohio, 1962, pp 1734-1756. 

of salicylic acid to complex with iron, copper, and other 
transition metals is well known. Such a complex might 
be stabilized by resonance as described recentlyg for 
2-hydroxynicotinic acid. This explanation alone, how- 
ever, is probably incomplete. Two compounds (XVIII 
andXIX)  that have the structure of I with an additional 
OH group were inactive, suggesting that an additional 
electron-releasing group would decrease their resonance 
stability. Undoubtedly the molecular geometry arid 
the solubility of I are also important for activity. The 
acidity of I may also serve to bind it to protein sites 
where the nitrofuran could disrupt the metabolism of 
H .  meleagridis. 

Additional work is planned for the preparation of 
transition metal salts of I and 5-nitro-2-fury1 ketone 
arialogs of I to study their effect upon blackhead 
activity. 

Experimental Section'" 
3,5-Dinitrosalicylic Acid (5-Nitrofurfury1idene)hydrazide ( I ) .  

Method A.-To a suspension of 17 g (0.07 mole) of 3,j-dinitro- 
salicylic acid hydrazide" in 200 ml of SD3.4 EtOH, 100 ml of 
H20, and 10 ml of concentrated H2S04 was added 17 g (0.07 mole) 
of 5-nitro-2-furanmethanediol diacetate and the mixture wab 
heated just below the boiling point for 0.5 hr. The mixture wvw 
cooled, filtered, then washed with SD3A EtOH and finally H2O. 
Drying at  110' gave 23.5 g (88.7%) of yellow solid, mp 212-219'. 
An analytical sample was prepared by crystallizing i t  twice from 
AcOH (see Table I). 

VI, VII, 
IX, XI,  XII,  XIII,  XVII, and XX. 3IeOH was wed instead of 
EtOH in the preparation of X I  and XII.  

3,5-Dinitroanthranilic Acid Hydrazide.--A mixture of 24.8 g 
(0.1 mole) of methyl 3,5-dinitroanthra1iilate,~~ 330 ml of dry 
JIeOH, and 20.5 ml (0.4 mole) of hydrazine hydrate was refluxed 
for 5 hr. The mixture was cooled, filtered, washed (NeOH), arid 
air dried. We obt,ained 22.8 g (92%), mp 205-207", and purified 
a sample for analysis by crystallizing from A4cOH-lleCK (char- 
coal) and then from SD3A EtOH; yellow solid, mp 208-210". 

The hydrazides corresponding to the following nitrofurans were 
prepared similarly: XI, mp 209-209.5"; XII,  mp 320-326" 
dec.;*3 XVII (monohydrate), mp 200-201.5" dec; XVIII, mp 
237-239" dec; and XIX, mp 242-243" dec. The first two 
hydrazide derivatives were warmed with BcOH and the last two 
were treated with HC1 followed by AcOH to remove the excess 
hydrazine. Acceptable values for C, H, and S were obtained for 
the five hydrazides except in the last case for IC: calcd, 21.70; 
found, 21.15. 

3,5-Dinitroanthranilic Acid (5-Nitrofurfury1idene)hydrazide 
(11). Method B.-The above hydrazide (10 g, 0.041 mole) and 
TOO ml of SD3A Et,OH were heated near boiling and a solution of 
5.8 g (0.041 mole) of 5-nitro-2-furaldehyde in EtOH was added 
with stirring. The mixture was cooled after boiling for 1.5 hr, 
then collected on a filter and washed (EtOH). The yield of air- 
dried yellow solid was 18 g (83%), mp 282-284", from which a 
sample was purified for analysis (see Table I). 

VIII, X, 
XVIII, and XIX. The solvents employed for the reaction> 
were THF-H20 ( 2 : l )  for VIII, AcOH for X, and AcOH-HnO 
(9: 1) for XVIII and XIX. 

2-Methoxy-3,5-dinitrobenzoic Acid (5-Nitrofurfury1idene)hy- 
drazide (111). Method C.--A solution of 22.8 g (0.1 mole) of 
3,5-dinitro-2-methoxybeiizoic acid14 in 60 g (0.5 mole) of HOC12 
was refluxed for 4 hr and then the excess SOCI, was distilled in  
UQCUO. CH2C12 (50 ml) was added and then distilled from the 

The following nitrofurans were prepared similarly: 

Anal. (C7H;X-jOE) C, H, N. 

The following compounds were prepared similarly: 

(9) W. 0. l'oye, 11. D. Baum, and D. A .  Williams, ibid.. 56, 332 (1967). 
(10) Melting points uere obtained on a illel-Temp block or Kofler ail- 

( 1 1 )  C .  N. Haksar and R. D. Wankhadr, V i k i . a m  J .  V ik ram Uniti., 4, 

(12) G. C. A. Van  Dorp, Rec. Tram. Chim., 23, 319 (1904). 
(13) Previously reported containing 1 mole of hIeOH, mp l:4? dec, h,- 

IV. Baker, C. 5 .  Haksar, and J .  1'. \T. LlcOmie, J .  Chem. Soc., l i 0  (1'220). 
(14) F. Ullmann, Ann. Chem.,  366, 85 (1YOY). 

lraratiis and ale uncorrected. 

133 (ISGO), Clrem. Abstr., 58, 6741a (1863). 




