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The reaction of methyl vinyl ketone with N-Phenyl-hydroxylamine leads to a tauto-
meric mixture of 5-hydroxy-2-phenyl-5-methylisoxazolidine and its linear form,
while the reaction with benzohydroxamic acid leads to linear products of addition
to the oxygen or nitrogen atoms, depending on the reaction conditions. The first
representatives of 5-hydroxyisoxazolidines with the residue of an aliphatic car-
boxylic acid attached to the nitrogen atom -were obtained by acylation of 5-hydro-
xy-3,3,5-trimethylisoxazolidine.

The direction of the addition of N-substituted hydroxylamines to alkenals is completely
determined by the nature of the substituent: if alkyl- [1] and arylhydroxylamines [2] give
products of addition at the nitrogen atom, which then undergo cyclization to the corresponding
5-hydroxyisoxazolidines, arylhydroxamic acids attack the double bond with both the nitrogen
and oxygen atoms [2] with the formation of the corresponding 5- or 3-hydroxyisoxazolidines.

In order to further investigate the preparative properties of this reaction we examined the
addition of phenylhydroxylamine and benzohydroxamic acid to methyl vinyl ketone.

As in the case of alkenals, the attack of phenylhydroxylamine at the double bond of
methyl vinyl ketone takes place with the nitrogen atom to give IIa, regardless of the conditions.
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In the crystal state ITa exists completely in cyclic form A; this is confirmed by the
absence in its IR spectrum of a band of carbonyl group vibrations. 1In solutions IIa exists
in the form of a tautomeric mixture of cyclic and linear isomers: absorption at 1700 cm-!
appears in its IR spectrum, while signals of linear form B [2.10 (CHs3), 8.79 ppm (OH)] appear
in the 'H NMR spectrum along with signals of cyclic isomer A [1.50 (CHz), 6.18 ppm (OH)I.
Signals of both a cyclic form [103.0 (C(s)), 24.5 (CHs), 53.3 ppm (C(2))] and a linear form"
[208.6 (CcO), 29.7 (CHs), 53.9 ppm (C(R2):)] are also present in the 13C NMR spectrum of IIa.
In addition, in conformity with the data for 5-hydroxyisoxazolidines [97-98.5 (C(s)), 45-62
ppm (C(3)) [2] such chemical shifts of the C(s) and C(s) atoms of form A and the carbon
atom of the NCH» group of form B confirm the structures of these compounds as products
of attack by the nitrogen atom at the C=C bond. The amount of the cyclic isomer decreases
as the polarity of the solvent increases (50% in CCls, 30% in DMSO).
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684 0009-3122/89/2506-0684$12.50 © 1989 Plenum Pﬁblishing Corporation



s 81 ] (€1 'ay)
(*HO) b g'Iz *(0D) s 8'691)8'¥s ‘§'gg| 00E 6201 3’48 | §°6'89 ‘0a0 | (HOY& Aq31'¢ SI6'1] B o'l | SL'T ‘08 151 10aup v | eAl
(g1 ‘gv)
(0D) s 8'F¢1 H(OD) 5 6'85116'F3 "0'02{€83 "0'0g] 1°901 &'y ‘€'9¢| sS'%9 | A0®AD s *xq 08'¢|s 86°L5 9z'8] s6EY | 81C ‘03z [99°1 64y oA v 4Al
! — - - - - - - (HNB Q92| woo'8™" " 03'L] s ¥l g 09 £0'3 Goao) g | sl
(*HO) b €'81 (0D) s ¢'691] 0% o'le Z'¥81 96F 1¢'99 hleltle) (HN) 292 S §6'1| s 20l s ¥9'g 003 ool oq | elll
(0O=DN) 2 1991 :{"0*¥ D) (9) . .
STRUSIS G ‘/'|1¢l " 6931 —_ 0'0¢ 1206 81y 21804 00 | (HN)S 3qOL'G{™ 062 " 03| 306t | (9)3 08F 01's tas € I
(0=DN) 1891 ("**®0) . . . . ; . . .
steudis ¥ .fo '8gl — 0'0¢ 2203 Gob a5y | S0ad | (HO)s *aq 0'6 w 092} (9) 06'e | (9)3 062 01'g soaal 4 | oll
SOI'T | (£l 'ay) ,
— vyl g'qa| 213 0'801 9'FG sH19 f0ad | (HOYs"aq96' 06'| “s 91'f 23 9pl fodny Voo all
)] $'v2 0801 |go ggp] FEES | (HO) s 81'9) wopts - o] w gp wrgz | 990 | oswa-sl V| en
steusts 8 '0'GS1° " I'SII 1'63 ggog |76 T aees | PR (yo) s ere| O . e 01 q
Cy) b b w0 | s'cron| 3D ‘D | queatos sTeudrs eV o DEHDID S | queatos|  wro
’ bicliel) punod
-~woH

wdd ‘o ‘umaroeds WN De 1

(zg ‘r) wdd ‘9 unajyoads yuy H,

AI-I J©o soT3stasjloeaey) Tealoadg

‘T 3T4VL

685



Just as in the case of the reaction with alkenals, the direction of the reaction of
benzohydroxamic acid with methyl vinyl ketone depends on the reaction conditions. 4-(Benz-
amidoxy)-2-butanone (I), which, according to spectral data ('H and *3C NMR and IR spectros-
copy), exists only in linear form B, is formed in methanol solution in the presence of a
basic heterogeneous catalyst — trimethylaminocethylcellulose.

When the reaction was carried out without a solvent (both reagents were applied to
diethylaminoethylcellulose), N-isomer IIc, which also exists completely in the linear form,
was obtained in high yield. In its 'H NMR spectrum the signal of the NCH» group is found
at stronger field (3.9 ppm) than in the case of I (4.2 ppm). In the 13C NMR spectrum of
IIc the signal of the carbon atom bonded to the heteroatom also lies at stronger field.

The direct acylation of unsubstituted ITb may be another method for the synthesis of
N-acyloxyisoxazolidines. Its reaction with benzoic anhydride leads to the formation of
only a product of O acylation with linear structure IIIb in low yield. However, the acety-
lation of IIb proceeds ambiguously: a mixture of products with cyelic (IVa) and linear (IIIa)
structures with substantial preponderance of the latter is formed; in the isolation of the
product by column chromatography and fractional distillation the equilibrium is shifted to
favor IIIa. A product with a cyelic structure (IVb) is formed in high yield in the reaction
of ITb with formylacetic anhydride. The criteria for the proof of structures III and IV are
similar to those presented above (Table 1). Doubling of some of the signals, which may be
due to either retarded rotation about the amide bond or inversion of nitrogen, is observed
in the 'H and '°C NMR spectra of solutions of IVb. Another piece of evidence for the formation
of precisely an N-acyl grouping is the development of a violet-red coloration, which is charac-
teristic for hydroxamic acids and their N-alkyl derivatives, when IVa and IVb are treated with
FeCls solution [3, 4] — in contrast to the colorless solutions of IIIa,b.

Thus the IVa and IVb that we obtained are the first representatives of 5-hydroxyisoxazo-
lidines with a saturated carboxylic acid residue in the 2 position.*®

Since biologically active substances have been detected among 3(5)-hydroxy-2-aroyliso-
xazolidines [5], IVb, being a representative of 5-hydroxy-2-acylisoxazolidines, was presented
for biological testing.** This substance has low toxicity (LDso 700 mg/kg) and displays
pronounced antiphlogistic activity in a dose of 50 mg/kg in models involving "quilted granu-
loma" and adrenalin emphysema; however, its activity is inferior to that of model compounds —
butadione and voltaren.

EXPERIMENTAL

The IR spectra of suspensions in mineral oil and solutions in choroform were obtained with
UR-20 and Specord 75 IR spectrometers. The 'H NMR spectra were recorded with a Tesla RBS-497
spectrometer (100 MHz), while the '3C NMR spectra were obtained with Bruker HX-90 (22.63
MHz) and Bruker H-250 spectrometers under pulse conditions with Fourier transformation and
hexamethyldisiloxane (HMDS) as the internal standard (Table 1). Chromatographic separation
was carried out with a column packed with L 40/100 silica gel in a chlorofom—methnol system
(100:3) (for IIa and IIIa) or an ether—petroleum ether system (1:1) (for IITb). The
purity of the compounds obtained and the course of the reaction were monitored on Silufol
UV-254 plates in the following systems: chloroform~methanol (100:3) (1), benzene-acetone
(1:1) (2), and ether—petroleum ether (1:1) (3). The chromatograms were developed with iodine
vapors*** and UV light.

5-Hydroxy-3,3,5-trimethylisoxazolidine (IIb) was obtained by the method in [6]. The
results of elementary analysis for C, H, and N were in agreement with the calculated values.

Reaction of Methyl Vinyl Ketone with N-Phenylhydroxylamine. A 5.0-g (0.071 mole) sample
of frehly distilled methyl vinyl ketone was added with stirring at 20°C to a suspension of
7.8 g (0.07 mole) of N-phenylhydroxylamine in 50 ml of benzene. After 24 h, the solvent and
excess ketone were evaporated in vacuo, and the residual orange oil (12 g) was chromatographed
with collection of the fraction with Rf 0.65 (system 1). A 1.4-g sample of the reaction mass
yielded 0.8 g (55%) of a yellow oil — IIa (C1¢H1sNOz2), which darkened and decomposed on
storage. IR spectrum (CHCls): 1700 (CO), 3580, 3304 ecm~! (OH).

*A previous attempt to subject acetoxyhydroxamic acid to reaction with acrolein was unsucces-
sful [2].

**The testing was carried out by docent E. G. Gromova in the department of pharmacology of the
Leningrad Institute of Pharmaceutical Chemistry (department head Professor L. V. Pastushenkov).
#¥**Compounds III and IV are poorly developed by iodine vapors; however, fast development is
observed when the chromatographic plate is heated to 120-156°C.
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4-(N-Benzoyl-N-hydroxyamino)-2-butanone (IIc, C1:H1aNQa). A saturated methanol solution
of 0.6 g (5 mmole) of benzohydroxamic acid was applied to thoroughly dried diethylaminoethyl-
cellulose (6 g), after which the support was dried in vacuo to remove the solvent. A 0.5-ml
(5 mmole) sample of methyl vinyl ketone (a 107 charge) was applied to another portion of the
support (6 g), and both portions were shaken and allowed to stand overnight at 20°C. The
reaction product was washed out with chloroform (three 10-ml portions) and passed through a
thin layer of Al20s and activated charcoal. The solvent was removed in vacuo, and the residue
was recrystallized from ether to give 1.04 g (857%) of a product with mp 94-97°C,

4-(Benzamidoxy)-2-butanol (I, C13iH13NOs). A 1-ml (0.0l mole) sample of methyl vinyl
ketone and 20 mg of triethylaminoethylcellulose were added to a solution of 1.37 g (0.01
mole) of benzohydroxamic acid in 100 ml of methanol, and the mixture was allowed to stand for
a week at 0°C. The catalyst was removed by filtration, and the solvent was evaporated in
vacuo. The residue was dissolved in chloroform, and the solution was passed through a thin
layer of Al203 and activated charcoal. The solvent was removed, and the residue was recry-
stallized from hexane to give 1.53 g (74%) of a product with mp 48-51°C. IR spectrum (mineral
o0il): 3200 (NH), 1720 (CO), 1647 cm-! (NCO).

5-Hydroxy-2-formyl-3,3,5-trimethylisoxazolidine (IVb, CsH13NOz). A 12.2-g (0.15 mole)
sample of formylacetic anhydride was added to a cooled (with ice water) solution of 13.1 g
(0.1 mole) of 5-hydroxy-3,3,5-trimethylisoxazolidine (IIb) in 50 ml of ether, and the resulting
precipitate [12 g, Rf 0.45 (2)] was separated. The ether solution was washed with a saturated
solution of NaHCOs and dried with MgSOs. According to the TLC data, the solution contained a
substance with Rf 0.45 and a small amount of a product with Rf 0.69.% The solvent was evapo-
rated, and the combined product was recrystallized from ethyl acetate—ethanol (100:1) to
give 10.9 g (68%) of IVb in the form of colorless crystals with mp 121-122°C. IR spectrum
(CHC1s): 1637 (CO); 3580, 3300 cm-! (OH).

Acetylation of 5-Hydroxy-3,3,5-trimethylisoxazolidine. A 13.3-g (0.129 mole) sample of
acetic anhydride was added dropwise to a cooled (to 0°C) solution of 15.2 g (0.116 mole) of
isoxazolidine IIb and 13.1 g (0.129 mole) of triethylamine in 50 ml of benzene, after which
the reaction mixture was stirred for 2 h at 20°C. It was then treated with 20 ml of ice water,
the benzene layer was separated, and the aqueous layer was extracted with benzene. The ex-
tracts were dried with MgSO4, the solvent was removed by distillation in vacuo, and the re-
sidue was chromatographed with a column. A 2-g sample of the residue yielded 1.5 g of 4-
(acetoxyamino)-4,4-dimethyl-2-butanone (IIIa) [Rf 0.79 (2)] and 0.3 g of 5-hydroxy-2-acetyl-
3,3,5-trimethylisoxazolidine (IVa) (Rf 0.54). The overall yield was 60%, and the III:IV
ratio was 83:17. From 1l g of the reaction mixture we removed 0.8 g of IVa (CsH1sNOs), with
mp 98-99°C (from ethyl acetate), by filtration, and the residue was fractionated in vacuo
to give 8.7 g of IIIa (CsH1sNOs) with bp 111-112°C (5 mm Hg).

4-(Benzoxyamino)-4,4~-dimethyl-2-butanone (IIIb, Ci13H17NOs). A 2.26-g (0.01 mole) sample
of benzoic anhydride was added to a solution of 1.31 g (0.01 mole) of IIb in 10 ml of ether
at 20°C. After 24 h, the solvent was evaporated, and the crystalline precipitate (according
to TLC data, the starting compounds and benzoic acid) was removed by filtration. Column
chromatography of the oily filtrate (0.8 g) gave 0.6 g (25%) of IIIb with Rf 0.29 (3).

*We were unable to isolate this product by column chromatography.
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