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(3:97) to get the octa~O-benzyl-sucrose (XIV) (6.05g.), [aJ¥ +38.6°(c=1.62, CHCly): lit. (a3 +31.6°
(c=1.65, CHCl5).» Anal. Caled. for CesHnOn: C, 76.81; H, 6.63. Found: C, 77.11; H, 6.79.

The authors thank Dr. G. Sunagawa for permission to publish this paper. The authors also thank Dr.
1. Iwai, H. Okazaki, H. Watanabe for their helpful suggestions and encouragement, and also Mr. Y. Shimada
for his technical assistance.
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In our previous paper,*® the synthesis of 3-(5-nitro-2-furyl)-4*-isoxazolines and
-isoxazoles which involved the 1,3-dipolar cycloaddition reactions of 5-nitro-2-furonitrile
oxide (V) with various enamines was reported. The excellent antibacterial activities of
these nitrofuran derivatives prompted us further study on the synthesis of this class of
the compounds. The present paper deals with the synthesis from 5-nitro-2-furhydrox-
amoyl chloride® (I) and compounds containing active methylene groups.

As one of the methods for the preparation of isoxazoles, Quilico® has studied a
reaction of hydroxamoyl chlorides with active methylene compounds. Application of
this reaction to the hydroxamoyl chloride (I) using g-keto esters, S-diketones and g-keto
nitriles led to the formation of a series of 4,5-di-substituted 3-(5-nitro-2-furyl)isoxazoles
(V). The reaction was carried out effectively by mixing equimolar amounts of the
hydroxamoyl chloride (I) and the sodium salt (I or II) of the active methylene compound
at low temperature.

The hydroxamoyl chloride (I) reacted readily with sodioacetoacetates and sodiobenzoyl-
acetate to give 5-methyl-3-(5-nitro-2-furyl)-4-isoxazolecarboxylates (Va and NVb)and ethyl
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5-phenyl-3-(5-nitro-2-furyl)-4-isoxazolecarboxylate (Vc), respectively. With sodioacetyl-
acetone, the hydroxamoyl chloride (I) afforded 4-acetyl-5-methyl-3-(5-nitro-2-furyl)iso-
xazole (Nd).

The reaction with sodiobenzoylacetone produced an isoxazolyl ketone as a sole product
which showed an absorption band at 1655cm™ in its infrared spectrum (KBr). In this
case either of the two structures, 4-acetyl-5-phenyl (Ne) and 4-benzoyl-5-methyl-3-(5-
nitro-2-furyl)isoxazole (V’e), was expected for the product since the reaction would
proceed through either course (i) or (ii) involving resonance-stabilized carbanions and the
nitrile oxide (V) derived from I, as shown in Chart 2. The infrared datum, however,
was not conclusive for a choice between the two structures. If the methyl ketone
structure (Ne) were correct, the product should react with the reagents for active me-
thylene groups. With the several reagents (i.e., sodium nitroprusside,” p-dimethylamino-
benzaldehyde,? picric acid-sodium hydroxide® and sodium hypoiodite (the iodoform
test®)) the product was positive for all the reactions as shown in Table I involving the
control tests carried out at the same time. Thus the results clearly demonstrated for
the product to be formulated as Ve, excluding the possibility of N'e.

Similarly, 5-amino-3-(5-nitro-2-furyl)-4-isoxazolecarboxylates (Nf and Ng) and 5-
amino-3-(5-nitro-2-furyl)-4-isoxazolecarbonitrile (Vh) were obtained from sodiocyano-
acetates and sodiomalononitrile, respectively. However, the reaction of sodioben-
zoylacetonitrile with I gave a product showing an absorption band at 2250 cm™

Tasre I. Results of the Tests by the Reagents for Active Methylene Groups

Tested samples . %
Reagents AN Ve Vd Vi v
Sodium nitroprusside + (red) + (reddish violet) — —
p-Dimethylaminobenzaldehyde + (yellow) + (yellow) - -
Picric acid-sodium hydroxide + (red) + (red) - -
Sodium hypoiodite + @ @) — -

a) The resulted CHIz was isolated.
b) 5-Ethyl-4-methyl-3-(5-nitro-2-furyl)isoxazole*2

3) F. Feigle: ¢ Spot Tests,” English ed., Vol. 2, 160 (1954), Elsevier Publ. Co., London.

4) T. Momose : ¢ Yuki-Teisei-Bunseki,”” 85 (1957), Hirokawa Publ. Co., Tokyo.

5) R.L. Shriner, R.C. Fuson, D.Y. Curtin : * The Systematic Identification of Organic Compounds,” 156
(1956), John Wiley & Sons, Inc., New York.
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in its infrared spectrum, which was in good agreement with the formulation of 5-phenyl-
3-(5-nitro-2-furyl)-4-isoxazolecarbonitrile (Vi) rather than alternatively possible 5-amino-
4-benzoyl-3-(5-nitro-2-furyl)isoxazole.

All attempts to hydrolize the 4-isoxazolecarboxylates (Na and Ng) to the corresponding
carboxylic acids under a variety of acidic conditions were unsuccessful, always resulting
in a recovery of the starting ester.

In general, most of the compounds herein reported possess an excellent in vitro
activity against both gram-positive and gram-negative bacteria and also against T¥icomonas
vaginalis. It is noteworthy that the presence of the amino group at position 5 on the
isoxazole ring such as in Vf, Vg or Vh causes an increase in the activity and that Vh,
in particular, is effective in controlling experimental infections in mice against both
Salmonella typhimurium and Staphylococcus aureus.

Further details of the antimicrobial activity will be published elsewhere.

Experimental*3

General Method for Preparation of 4,5-Di-substituted-3-(5-Nitro-2-furyl)isoxazoles (IV)—A solu-
tion or suspension of sodium salt of the active methylene compound [prepared from sodium 0.23 g.,
10 mmoles), abs. EtOH (10ml.) and the active methylene compound (10 mmoles)] was added slowly to
a stirred solution of 5-nitro-2-furhydroxamoyl chloride® (I) (1.9 g., 10 mmoles) in abs. EtOH (5ml.) at
0~5° and the mixture was allowed to warm to room temperature for 1~2 hr. The resulting crystals were
collected by filtration, washed with water and then cold MeOH, and recrystallized from an appropriate solvent.
For the preparation of Wa and WVf, abs. MeOH was used as a solvent in place of EtOH.

The compounds (V) thus prepared were shown in Table II.

Tasie II. 4,5-Di-substituted-3-(5-nitro-2—furyl)isoxazoles (V);

NF-”—”—R
1\io/“R'

Analysis (%)
ggg{d R R’ ?},C% %iozl)d R;egll:ZSt' Appearrance Formula Caled. Found

T o Y

C H N C H N

a COCH; CHs; 121~123 51 EtOH Pa}feggfégw CuHsOeN; 47.62 3.20 11.11 47.84 3.16 11.30

b COsCsHs CH; 81~82 45 MeOH Ye}llgglles C11H10OsN; 49.63 3.79 10.52 49.82 3.69 10.71

¢ COCoHs CeHs 99~100 32 Megtcgﬁ Cofgégizs CioHisOoNs 58.54 3.68 8.53 58.44 3.65 8.62

d COCH; CH; 111~113 58 MeOH Yeﬂggﬂes C1oHsOsN2  50.85 3.41 11.86 50.87 3.29 12.09
e COCH; CoH; 131~132 40 EtOH Pag;izféls"w CisH1oOsN; 60.40 3.38 9.39 60.59 3.60 9.55
f CO.CHs NH; %Bgnzg) 37 MesCO paifrgfflls"w CoH,ON;  42.69 279 16.60 42.82 2.83 16.72
g COC:Hs NH; 204~206 41 EtOH yeﬂggﬂes C1oHsONs 44.95 3.40 15.73 44.89 3.17 15.93
h CN NH; (dff(?mp_) 50 MeCO Pagfrgffsow CoHLO:N, 43.64 1.83 25.45 43.76 1.99 25.69
i CN CeHls 178~180 56 MeCO- pale pink ¢ 0N, 59.79 2.51 14.94 50.51 2.56 15.09

The authors wish to express their gratitude to Dr. S. Ose, Director of this laboratory, for his interest
and encouragement throughout this work. Thanks are also due to the members of the Analytical Center of
this laboratory for elemental analyses.

*3 All melting points were taken on a micro hot-stage apparatus and are uncorrected.
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