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Abstract—Chromone and 2-hydroxychromanone react with hydroxylamine to give several products through attack at
Ca2. The aldoxime 2is transformed to dioxime 4 or to isoxazole 3. The dioxime exists as a tautomer mixture; it reacts in
several ways, giving chromoneoxime 8, isoxazole 18 and a new isoxazoline 9.

We carlier reported that chromone § and 2-hydroxy-
cromanone 1a reacted with hydroxylamine to give 2, 3,
10. 13, 14 and 4, the product distribution depending on
the pH and temperature.

Polish authors recently reported™ that 1 or 1a was
transformed to §. The melting point and chemical
behaviour of this compound were the same as described
for 4 from our laboratories. In this report we describe
studies performed to attempt to clanfy this contradic-
tion. They described 1b as 1-(2-hydroxyphenyl)-2-formyl-
acel(‘)ghenonc. but the structure is 2-hydroxychroman-
one.*

1 reacts slowly with hydroxylamine in an acidic water-
cthanol mixture pH 0.5-2. In alkaline solution the in-
crease of pH in initially increases the rate of formation
of 2 and 4. In 2 N NaOH the conversion of 1 to 4 is
quantitative. Since 2-hydroxychromanone is more sen-
sitive to nucleophilic reagents than the corresponding
chromones,” 1a gives 2 and 4 at a higher rate than 1.

The reaction with 0-methylhydroxylamine is slow in
alkaline solution. The oxime-ether formation is acid-
catalysed and especially fast from la. The 'H-NMR
spectra in DMSO-d, and in pynidine-ds clearly shows the
open-chain structure of 2, 4, 1§ and 16 (Table 1). The
double doublets, the double triplets and also the number
of phenolic and oxime-hydroxyl protons of reveal that
these compounds are not homogeneous stereochemically
as was claimed earlier,” but exist as syn/anti isomer
mixture.

In an acetone or methanol solution of 4 another set of
lines appears in addition to the above mentioned signals,
corresponding to the open-chain-ring structure. A double
quartet and a multiplet for the ABX system, an NH and
an OH-group proton appear (Fig. 1). Comparison of the
coupling constants of the ABX system with those of 1a
seems 1o indicate the presence of a five-membered nng
(Table 1)." This ncw set of lines assigned to structure §.
The 'H-NMR spectra also suggest that the product from
1 or 1a in nucleophilic solution is best described as 4,
whilst in protic or polar aprotic solvents an isomenc
mixture of 4=8 is formed. It may be noted that the
3-phenyl-S-hydroxyisoxazoline described by Auwers and
Wunderling® is also a 4§ type isomer mixture.

4 is stable in alkaline aqueous or aprotic solutions at

*Presented in part at the International Bioflavonoid Sym-
posium, Munich, 1981.
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room temperature but in hot solution it forms 10. The
transient formation of 9 and 12 too is observed. In protic
solution 4 decomposes to a mixture of 9 and 12.

In hot acidic ethanol 4 gives 3 and 10. These products
are the results of partial hydrolysis and solvolysis of 4
(giving 2 or 6) and subsequent cyclization.

In cold acidic water-cthanol or acetone mixtures the
main product of decomposition is the known 12.> From
this reaction mixture a new product was also isolated,
which was formed faster than 12. On the evidence of the
analytical data (IR, 'H-NMR) this new product was best
formulated as 7 or 9. Without information on the aniso-
tropy caused by the C=xN-OH group in 7, the differences
in the coupling constants J.x and Jux for this new
compound and 1a which are observed in the case of five-
and six-membered rings® are not sufficient enough to
make a definite assignment to either 7 or 9.

It was possible, however to compare the H-5 and H-6'
signals (the distance between H-S or H-6' atom and the
nearest aromatic proton-in CDCly-are put in brackets as
A8 value) of 1 (0.30), 8 (0.56), chromanone (0.48) and
chromanoneoxime (0.61).

For 12 and the 9 product the H-6' signals are not
separated from those of the other aromatic protons.
These data suggest that the new compound is not 7 but
9. 9 was transformed to the corresponding methyl ether
in high yield. 11 and 9 gave the corresponding acetates 17
and 18. The six-membered la gave no similar stable
denvatives.

There are two plausible mechanisms for the formation
of 9: (i) § is protonated and loses hydroxylamine to give
cation 9a, which is hydrolysed to 9; (i) a more probable
mechanism is that 4 is hydrolysed to 6 and cyclized to 9.
The second reaction route is also favoured by the
observation that 8'''* appeared in these hydrolysis mix-
tures.

The existence of the cation 9a supported by the trans-
formation 9-+11, which takes place in anhydrous
methanol/HCI. Cation 9a and § give 12 as a result of
attack on the cation by the nucleophilic nitrogen of 5.

12 is stable in cold, acidic solution. In alkaline solution
pH 12 however, 12 decomposes to an equimolar mixture
of 4 and 9 at 20°. Hydroxylamine transforms 12 to 4 in
aqueous alkaline ethanol pH 12°.

Hence, it is probable that in aqueous solution a com-
plex equilibrium exists:

(4=8)+9=12+ NH,OH
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Reactions of chromone and 2-hydroxychromanone with hydroxylamine
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Fig. 1 '"H-NMR spectra of 4=8 in acetone-de.

At room temperature 12 crystallizes from the reaction
mixture so the equilibrium moves to the right. In hot
solution 4 is hydrolysed to 2 and 6; these are then cyclized
togive 3,9and possibly 7.9and 7 dehydrated to 10and 8. 12
gives the same hydrolysis products in cold or hot aqueous
ethanol of acetone as 4, but at a lower rate, especially in
cold solution, because of solubility difficulties of 12. The
stable end-products in cold solution are 8, 9 and 10, but 3
and 10 in hot solution.

The above experiments suggest that the result of the
*ox0" reaction of chromones is determined by the reac-
tivity of 2, and also by the reactivity of 4. The reaction
conditions further influence the rate and direction of the
decomposition of the dioxime.

EXPERIMENTAL

M.p.s are uncorrected. 'H-NMR spectra were recorded on a
Bruker WP 200 SY instrument. Merck Kieselgel DC-Alurolle was

used for tk. Solven! systems A: dichlorocthaze: 2-butanone =

95:<; B: diisopropyl ether; C: benzene—ethanol = 9:1.

142-Hvdroxyphenyl)-propane-1,3-dione-1.3-dioxome (4)

(a) From 1. 0.438g (3.0mmole) 1 was dissolved in 6cm’
cthanol and to this a soln of 0.84 g (12.0 mmole ) hydroxylamine
HCl was added. The pH was maintained at pH 12 with 2N
NaOH. After 24 h the solution was acidified with HC) and part of
the cthanol was removed in vacuo. The white precipitate was
washed with water and crystallized from ethyl acetate-
hexane/(0.Sg, 85.3%, m.p. 136-138° apd then at 184-7° (double
melting point)).

(b) From 1a. 0.82g (5.0 mmole) 1a was dissolved in 5.0cm’
ethanol and treated with 2.1g (30.0 mmole) hydrox}vhmim HCI
and 2.0g (50.0 mmole) NaOH dissolved in 5.0cm” water. The
reaction mixture was shaken well, kept at 20-25° for 10 min and
then acidified to pH § with glacial acetic acid. The precipitate
crystallized upon stirring. The crystals were washed with water,
and crystailized from ethyi acetate-hexane (0.92g. 95%). m.p.:
133-135° and 184-186° (5°/min heating rate from 135°). Rya:
0.18; Ren: 0.49; Rec: 0.26. Found: N, 14.00. CoH,eN;0); requires
N, 14.43.

S-Hydroxy-342- hydroxyphenvl)—uoxazohne Q)]

(a) From 4 10g 4 was dlssolvcd in a mixture of 40cm’
acetone, $0.cm’ water and 10 cm’ 10% HCL. The reaction mixture
was left to stand at 25° for 24 h. A crystalline mass separated.
These crystals were filtered off. 0.2 g (27.4%) of 12 was obtained.
From the filtrate 80-90% of the acetone was removed in vacuo,
and the solution was extracted with hexane to remove 8 and 10.
The aqueous layer was then extracted with ether. Evaporation of
the cthereal layer gave an oil (0.414 g). The oil crystallized upon

treatment with hezane, giving 0.3g (3% ¢ mp. 870875

(b) From 12.2.0g 12 and 1.6 g NaOH were dissolved in 75 m’
waler and the solution was left to stand for 25 h at room temp.
The yellow solution was then acidified to pH 6 with acetic acid.
The separated solid (1.02 g) contained 4, 9 and a small amount of
10. Only 4 and 9 were detected in the mother liquor This was
extracted with ether, and the cthereal was added to the crystal-
line mixture of 4, 9 and 10 and scparated by plc (Solvent system
A). The R¢ 0.25 band gave 4, and the R, 0.62 band 9 upon
extraction with cther. Evaporation of the ethereal solution gave
pure 4 and 9. 4: 0.76g (21.9%), m.p. 135-136° and 185-186°. 9
0.70 g (34.6%), m.p. 86-87°, Rya: 0.40, Ren: 0.42, Ryc: 0.40. Found:
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N. 7.98. CsHsNO, requires: N. 7.82. 'H-NMR: (acetone-de)
Ha-d: 3.74 g, Hp4: 361 g “Jap =170, Hx- 5=6.12m, Jax =
6.7, Jax = 1.8, C~OH: 6.3 bs, C, -OH: 9.95 bs.

3-(2-Hvdroxypheny!)-5-methoxyisoxazoline (11)

0.225g 9 was dissolved in 11cm’ 1 N HCI in anhydrous
methanol, and kept at room temp for 24h. The solution was
evaporated to half volume in vacuo. White crystals separated
upon standing in the refrigerator. The crystals were filtered off
and washed with hexane. 0.135g (55.6%) 11 was obtained. m.p.
84-85°. Rea: 0.77, Rp: 064, Rec: 0.78. (Found: N, 7.0l
CiocHiINO; requires: N, 7.25). 'H-NMR: (acetone-de)HA 4:
349q. Hp-4:365q. Jap~ 180Hx-5:568 m Jax =67, Jax =
1.3, C+-OCHy.3.47 5, C3, -OH: 9.68 bs.

S-Acdoxy-342-acetoxyphenvi)-isoxazoline (18)

0.150g 9 was dissolved in 0.5cm’ anhydrous pyridine and
treated with 0.4 cm’ acetic anhydride. This solution was kept at
room temp for 3h and then poured into ice-water mixture. The
separated oil solidificd upon standing, and recrystallized from
cthanol. 0.07 g( 37.8%) 18 was obtained. m.p. 114-115°. Found: N,
5.04. CiyH1NOs requires: N, $.32. 'H-NMR: (acetone-ds) Ha -

4: 350 Hed: 364q. YJap~ 180, Hx-% 680m. Jax- 68,

Jax = 1.4, Co-0OAc: 203 5, C-0Ac: 2.27 5.

S-Methoxy-3-2-acctoxyphenyl)isoxazoline (17)

Upon acetylation as in the previous expenment 0.10g 11 gave
0.04g (33.0%) 17. mp. 119-120°. Found: N. 6.01, C,;H;;NO,
requires: N, 5.95). 'H-NMR (acetone-dg) Ha - 4: 3.29 g, Hp - 4:
343 g Yap 180, Hx-5: 559 m, Jax=66. Jax=15, Cs-
OCHi: 3.38 5, Cr-0Ac: 2.28 .

Methy! ethers of 14{2-hydroxyphenyl)-propanedione-1,3-monox-
ime (15} and (18)

0.492g (3.0 mmole) 1a was dissolved in 25cm’ ethanol and
treated with 0.984} (12.0 mmole) O-methylhydroxyl-amine - HCI
dissolved in 25 cm’ (pH 4) sodium acetate-acetic acid buffer. After
10 min standing half of the cthanol was removed in tacuo at
room lemp. The separated white crystals were filtered after
standing for 0.5h and washed with a small amount of water.

0.36g (62.5%) 18 was ohtaincd.. m.p. 55.5-56°. Found: N, 7.34.
CioHoNO,y requires: N, 7.25. "H-NMR: Tabie 1. The mother
liquor of the above reaction was acidified to pH 3 with dil HCI,
and boiled for 3h. The remaining ethanol was then removed in
vacuo and the acidic aqueous solution was extracted with hex-
anc. The hexane solution was dried over anhyd. MgSO., and
evaporated to give a pale yellow oil. 0.2g (29.4%) 16 was
obtained in this way. The oil was homogenous by tic. Found: N,
12.42. C\H1eN7O4 requires: N, 12.6.

S.S-[HZ‘-Hydmxyphenyl)—ixomzolm;l }-hydroxylamine (12)

228 4 was dissolved in 20cm” 0% aqueous ethanol and
treated dropwisc with 2cm’ concentrated H:SO. The soln was
then left 10 stand at room temp. After 10-20 min white needles
separated from the solution. After 24 h the crystals were filtered,
washed with water and dried. 1.28 g (58%) 12 was obtained. m.p.
206-208°. Rea: 0.48, Rec: 0.56. Found: N, 11.93. CisHN(Os
requires: N, 11.83. 'H.NMR: (DMSO-d¢) Ha - 4: 3.7} q. He- &
3.79 q Jap=18 Hx -5 593 m. Jax-83, Jax= 5.2, N-OH:
795, Cr-OH: 9.85 s.
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