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TABLE I 
~-(.>-~ITKO-~-FURI~L)-A~-CYCLO.\LKYLNITKONES 

I n  vi00 
antibacterial 

Compd Prepn method Alp. Q C  Recrystn solvent Yield." '% Formulab act. re1 t o  15" 

1 A 105- 106 E t,z0 69 CiuHinNzOh 0 .50  
2 A 1.i0-1~~ 1 Et20-C& 76 CiiHirNn04 0.83 

4 A 1 2 8- 1 30 Et20 79 Ci3Hi~NnO4 <O. 50 
3 A 1.3-1 ,5.5 Etn0-CtjHe 87 Cii&IL'zOa <0 .30 
6 A 128-129 EtzO 71 CnuH3zNnO4 < O .  30 
7 C 1.72-153 EtOH 76 CiiHiiNa04 <o. so 
8 B 101-103 E tn0-hexane 20 CizHleN204 <0 .40 
9 B 147-148 MeOH 6 CiiHi4IL'zOz <0.40  

10 B 154 EtzO 61 Ci1Hi6Nz04 <0.40 
11 B 136-138 MeOH 48 ClrHl4x2O4 0.42 
12 A 16:3-164 lleOH-CH3SOa 79 C14HizSz04S I d  

13 A 177-178 EtnO :I: 8 CIIHILV~O~S 1 
14 C 212-213 dec CHsSOz 89 CiaHi2?1'206f? 1 

3 A 133-135 Et20 74 CnHi6NzO4 0 .63  

Yield is of purified product. -111 compounds were analyzed for C, H ,  S, and where applicable S; analytical re-ults obtaiiied were 
mrithin k0.45 of the calciilated values. Sctivitg, 1.00. I = inact'ive. 

TABLE I1 
CY-(S-SITRO-~-FTJKYL)-N-.~LKI-LXITKONES 

0 2 N  CH=N-CH- (CHJn-RZ 
i I  
0 Rj 

I n  i i r o  
Prepn antibacterial 

Compd n R? R3 method Alp, o c  Recrystn solvent 70 Formulah act. re1 t o  15 

1 5 0 H H C 163-1 64d CH3NOZ 78 CsHsN204 1 , I)O 

16 1 H H c 173-174e CH2iOn 71 CiH&nOa 0. .ill 
17 2 H H C 83-84f EtnO 36 CsHioSnO, 0.67 
18 3 H H B 62-63 Et& 3 7 CQHi?N?O( < 0 . 3 )  
19 6 H H B 7&77 Et20 39 CirHiaSs04 <0.81) 
20 9 H H C 86 Et& 71 Ci:Hr,SsO, <0.31)  
21 1 3 H H C 95-96 CaH6 68 C,gH,,N204 <o .:io 
22 1 H C HI C 106-107Y Et20 93 CsHluNrO4 0 ,  :3s 
2 3 2 H C H3 B 68-69 MeOH 90 C<jHi,S,O, 0 .  ,711 
24 1 CsHii' CHI A 9.5-97 Cyclohexane 5 7 CiaH?&sO, <o , :30 
2 .i 1 H CF3 B 144-147 Cs&-hexane 6.5 C~H;FI?;,OI <0 .40  
26 1 C1 CHnCl B 114-116 C6Hs-cyclohexane 34 CxH8ClrSPO4 <0.40 
27 3 II CY C 102-104 C6H6-petl' ether 76 CiuHiiS304 <0 .4 I l  

28 3 H C&Na D 153' EtOH-CsH, 48 CioHiiSaSyO, <0,:311 
(bp  60-70") 

Yield is of purified product. h h l l  compounds were analyzed for C, H, N, and where applicable halogen; aiialytical results o b -  
' Lit. mp s2-9°.3 tained were within =to..$$ of the calclilated values. 

Q Lit. mp 103-104".3 
See ref 3. Lit. mp 165-166O.I < Lit. mp 175-177O.j 

h Cyclohex!-l. I t  detonated at  this temperature. 

oxime reduction of See1al;antnn. et al.,3 e.y., l-hydroxyl- 
aminocyclopentanecarbonitrile (37), 2-(hydroxylami- 
no)pentanonitrile (38). and 2-(h\-droxylamino)pentan- 
oic acid (39). N-(2->leth\ 1cyclohexyl)-, N-(2-hydroxy- 
cyclohexyl) -, N -  (2-nor- 
borny1)-, and N-2-( 1,3-clichloropropyl) hydroxylamines 
obtained by the former method were not isolated16 
but were converted into their HC1 halts and used without 
purification. The structure- of these new S-sub- 
stituted hydroxylamine- were confirmed by their ir 
and nmr spectra. The compound* also gave a positive 
Tollens test. Diborane reduction of l,l,l-trifluoro- 
acetone oxime and 1.3-dichloroacetone oxime to the 
corresponding N-alk\-lhydroxylamines illustrates the 

N -  (2-bic ylo [?I. 2.1 ]oct yl) -, 

( 5 )  L. Neelakantanand IT-. H. Hartnng, J .  Ore. Chem.. 28,964 (1958). 
(6) Attempts t o  purify them by salllimation under reduced pressure were 

unsuccessful. 

telectivitj shown by this reagent when both oxime 
and halogen groups are present in the Yame molecule. 

The ir spectra of all the nitrone- Yhowed nitroiie 
(CH=S+O), nitro, and furan ether group bnndq, 
and the nmr spectra were consi*tent with the iiitrone 
structure. 

Structure-Activity Relationships.-TheYe nitrones 
tho\\ ed slight to moderate z n  1 ' 7 f i  o antibacterial and 
antifungal activity against repreieiitative bacteria and 
fungi, as shown in Table IV. 

It was interesting to find that -aturation of the 
phenyl moiety in ar-(5-nitro-2-fur\-l)-.l;-pheiiylnitrone1 
enhanced antibacterial activity. 

The  antibacterial activity of the nitrolies againqt a 
Salmonella choleraesuzs infection in mice relative to 15 
(assigned activity of 1.00) is shown in Tables I and 

(7) H C Bronn,  "Hgdroboration." W. I Benjamin Inc \ e n  lark, 
A*. 1 , 1962, p 249. 
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creased. I n  general, the antibacterial activity de- 
creased with increasing chain length or substitution. 

Compound 15 also demonstrated anticoccidial ac- 
tivity against Eimeria tenella in chickens at a dose 
of 63 mg/Bg, but was considerably less active than 
nitrofurazone. lo However, none of the cycloalkylni- 
trones displayed anticoccidial activity. 

Experimental Section' 
Starting Materials.-The 1 l l L  borane in tetrahydrofuran 

(THF) soliitioii was employed as received from Metal Hydrides 
Divi>ion, Ventron Corporatioii, Beverly, Mass. T H F  was puri- 
fied by known methods.lz All oximes were prepared by methods 
described in the literatiire. Cyclohexylacetone oxime (40) was ob- 
tained in typical faqhion and distilled throiigh a 15.2 cm T'igreaux 
coliimri to yield a viscous oil; yield, 87'5, bp 82-84" (0.03 mm), 
vlnar '3173 (=?uT-OH) aiid 1667 cm-l (C=pJ). =inal. (CsHli- 
NO) C, H. 

Diborane Reduction of Oximes to the Corresponding N-Sub- 
stituted Hydroxylamines (29-36) (Table III).-A 1 JI solution 
of borane in T H F  was introduced, dropl+-ise, to a cooled solution 
of the correspondiiig oxime in anhydrous T H F  (200-800 ml), at 
siich a rate that the temperature did not exceed 5'. The reac- 
tion mixtiire was >tirred overnight a t  room temperature, the 
temperature aa:: lowered to O", and SOYc S a O H  (33 ml) was 
added at  siich a rate that the temperat,ure did iiot exceed 5".  
After refluxing for 1 hr, t,he reaction mixture was dried (LIgSOd), 
and the solvent was removed to give an oily residue, which was 
tritiirated with petroleum ether (bp 60-70") t,o give crude prod- 
ucts which were purified by recrystallization. Results are shown 
i n  Table 111. 

Similarlj- *Y-('L-methylcyclohexyl)-, ~Y-(2-hydroxycyclohexyl)-, 
I7-(2-hicyclo [3 .2 .l] oct ~ l ) - ~  and S- (2-norborny1)hydrosylamine 
HCI were obtained by reducing the corresponding osimes fol- 
lowed by treatment wit,h HC1. In the caGe of -Y-(2-(1,3-di- 
chloropropyl)hydroxylamine, HC1 was used for hydrolysis. 

The N-subhtituted hydroxylamines iiot li-ted in Table I11 were 

Preparation of ~-(5-Nitro-2-furyl)-S-cyclaaIkyl- and -S- 
alkylnitrones. Method A.--I mixture of 5-nitrofiirfural (0.01 
mol) and the corresp,)nding S-c3-clloalkylhydroxyl~miiip13 or X- 
alkylhydroxylamine (0.01 mol) in dry CsH, [4.5-.50 ml) was re- 
fliixed 43 min, usiiig a Ileati-Stark water separator. The holveiit 
was removed and the residue tritiirated with petroleum ether 
(bp 60-70') aiid recrystallized to yield the corresponding nitrone. 
Results are shown in  Tables I and 11. 

Method B.-The correspoiidiiig AY-cycloalkyl- or LY-alkyl- 
hydroxylamiiie .HC1 (0.01 mcil) in absolute EtOH (10 ml) iT-as 

ibed previously in  the literature. 

(10) P. 1). Harivood and D. I. Stunz, J .  Paraai to l . .  36, 1 i 3  (1949). 
( 1 1 )  Melting points were taken in open capillary tubes using a Thomas- 

Hoover melting point apparatus, and are uncorrected. Elemental analyses 
were performed h y  Spang lIicroanalytical Laboratory. Ann Arbor, l l i ch .  I r  
spectra were olitained with a Reckman IR-5 spectrophotometer (KRr ) .  
S m r  spectra were obtained with a Varian A-60 spectrometer (Me&). 
Evaporation of solvents was done under reduced pressure using a rotary 
evaporator. 

(13) L. F. Fieser and hl.  Fieser, "Reagents for Organic Synthesis." John 
\Yiley Q Sons. I n c . .  S e w ' i o r k ,  K. T., 1967, p 1140. 

(13) (a) S-Cyclopentylhydrosylamine: E. Perotti, DI. Lanzoni, G. Daniel, 
and AI, Dellaide.  A n n .  Chim. (Rome),  56 (51, 185 (1965); Chem. Abscr., 64, 
9607 (1966); (17) .V-cycloliesylhydrosylarnine, see ref 4: (e) S-cycloheptyl- 
and S-cyclooctylhydroxylamine: E. Mliller. D. Fries, and H.  Metzger, 
Chem. Ber.. 88, 1891 (1955); (d j  K-cyclododecyihydroxylamine: H. Dleister, 
AniL .  Chrm., 679, 83 (1964). 

stirred with 5-nitrofurfural (0.01 mol) in absolute EtOH (10 nil) 
containing S a H C 0 3  (1.26 g, 0.015 mol). Stirring was continued 
for 3-16 hr and the mixture was filtered. The filter cake was 
thoroughly washed with Et20 in the case of 8, 10, 15-19, 22-23, 
and 25-26, warm MeOH in the cabe of 9, aiid CHC13 in the case of 
11 until no yelloiv color remained. Evaporation of the combined 
filtrate and washings gave a reaidiie n-hich was recrystallized 
from the appropriate solvents. Reqiilts are .howl in Table. I 
and 11. 

Method C.-A mixture of 5-nitrofurfr1ral 10.01 mol) and 3 7  
or the corresponding S-heterocycloalkyl- or -.Y-alkylhydrosyI- 
amine (0.01 mol) in xvarm EtOH (30-50 ml) x a s  stirred for 0.2-2 
hr a t  room temperatiire. .ifter cooling at  ea. O", filtration gave 
the correspondiiig iiitroiie which was purified hy re 
Results are shown iii Tables I aiid 11. 

Method D.--.4 mixture of hitrofurfl iral  (5.30 g,  0.03i6 mol), 
3S5 (5.01 g, 0.0376 mol), aiid SaHCOj (3.60 g, 0.03i6 mol) in 
H 2 0  (50 ml) was heated on the steam bath for 10 min. The 
mixtiire \vas stirred overnight' at  room temperature and then 
evaporated to dryness. The residue wa- recrystallized from 
EtOH-C,H, to obtain the sodium salt of cu-l.?-liitro-2-frvyl)-.~-( 1- 
earboxybut,yl)nit rune (28). 

I n  vitro Antibacterial and Antifungal Test Procedure.-Each 
compoirnd to be tested (10 mg) was placed in 10 ml of O . l C b  
Trypticaqe Soy Agar (TSA). This ,solution coiitained lo3 pg nil 
of compound. Five test tubes containing 0.9 nil of Trypticase 
Soy Broth (TSB) were arranged t o  make teiifold dilution> of each 
compound tested against each orgaiii-m iii the tejt spectrum. 
A 0.1-ml sample was removed from the roliitioii containing IO3 
pg 'ml and placed into the first tube in eacth 5eries. Tenfold 
diliitions were made to give final colicelitration, ranging from 
100 to 0.01 pg ml and differing by factor-: of 10. The test solu- 
tions were inoculated with 0.1 ml of a 1 : 1000 dilution of a 24-hr 
TSB cultrire of the respective orgaiiimi. *il l  tubes were incii- 
bated for 34 hr at 37" and observed vi.iially fiir  turbidity. 

In  cico Antibacterial Screening Procedure.-Random bred, 
male albino mice weighing 1+21 g ivere placed in cages 15 mice/ 
cage) aiid were allon-ed free access to a preneighed quantity of 
feed coiitairiing the test driig at 0.1 to 0.0016S levels;. In each 
test there were three control group>, iioninfected control. in- 
fected control, and infected coittrol, receiving 0.0125$ furazoli- 
done* in feed. The feed remaining after 48 hr  was v-eighed to 
determine the amoiint of feed consiimed. .ill mice designated 
t>o be infected were then injected iiitraperitolieally with 0." ml of a 
1 : 100,000 dillition of a 3-hr Salmone/ia cholernesui's variety Kun- 
zendorf (ATCC +13011) brain heart infiisioti broth cdtiire. 
Llortality records were maintained for 14 days po-tinfection 
with the mice receiving their designated teht feeds throughout 
t,his period. At. t,he complet,ion of an evalaation, per cent *iir- 
viva1 and milligrams per kilogram dwe corre>ponding to each 
level were plotted on logarithmic probability paper in order to 
determine EIIjU valiiei. The methods descyihed by Litchfield and 
Wilcosong were used to fit the curve. 

Anticoccidial Screening Procedure.-.lliticoccidial screeiiiiig 
in chickens agairiht a strain of Eimeria tetzeIla \vaG carried out as 
deicribed by Johnson and O ' C o i ~ i i o r . ~ ~  
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(11) C. A. .Johnson and J. O'Connor, Poultry SCI  44,  5 i 8  (1Y63) 


