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Abstract - The reaction of bH-1-benz~yran-b-one fchromone, 1) 
and its substituted derivatives with hydroxylamine in aqueous 
alcohols gives isoxazoles 5 and 10, as the major products, 
whereas la is transformsd mainly-into Ba with hydroxylomlne 
hydrochloride in anhydrous methanol; compounds Sa, 9a and 10e 
can be also isokated, and the formation of 6a aiiif rhas b= 
detected, as well. Depending on the charact= of t= substi- 
tuent, substituted chronones lb-8 afforded 7,g or 9 as the iso- 
lable major prodyct. Based onThe present experimeTits compound 
5, produced in an acid-catalyzed methanol addition on L is 
regarded the key intermediate of the formation of chromoneoxime 

In previous papers we have reported that nucleophiles (OH-; EtO-l’*; 

NH2NHR3-’ 

NH20H, 

> attack the chromone ring exclusively at C-2 and the initially formed 

aldoximes, produced in the reaction with hydroxylamine, subsequently transform 

in various routes dependent’ on the substitution pattern and on the reaction 

conditions. The preparation of chromone oximes with hydroxylamine in aqueous, or 

anhydrous ethanol earlier ‘, but even more recently*, has been performed by sug- 

gesting a C-b attack of the reagent. Subsequent studies showed, however, that 

the isolated products were fsoxazoles9 (2) or isoxazole-mixtureslOb~ll. 

At the same time, Beugelmans and Morin loe*b isolated chromone oxime (&> 

unambiguously by means of the direct oximation reaction of chromone with dry 

hydroxylamine hydrochloride in anhydrous methanol. They supposed an initial for- 
mation of pyrylium cation 2 from chromone, followed by a C-b attack of NH20H, and 

stabilization of the oxime .&J by the loss of the Cb -OH group from the intermediary 
product. 

The procedure of the above authors gave, indeed, oxime Ba in our hands in - 
yields 2B;bOX, dependent on the reaction time. However, the abs. methanolic reac- 

tion mixture contained products the structure of which were not consistentl’ 
with the chromone oxime formation from a pyrylium cation. 

We now explain that the formation of chromone oxime g proceeds in several 
steps, of which the determinant one fsniither a C-b attack at the 2@2’ cation, 
nor the elimination of the Cb-OH group. 

By comparing the reaction of chromone with hydroxylamine hydrochloride in abs. 

methanol, dioxane, 1,2-dimsthoxyethane and isdpropyl ether it has been recognized 

that 2 is produced only in methanol. In the latter non-protic solvent the sole 
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procudt is compound 2 (proving an exclusive attack at C-P), although the presence 

of pyrylium chloride can be supposed in each of the above mixtures. Accordingly, 

methanol must play a role in the formation of 8 in the sequence ~+2-+~-1+~ 

as proposed” previously (Scheme 1). In the presence of hydrochloric acid, chro- 

mones &-a are transformed into 2-methoxychromanone (6) in anhydrous methanol. 

NMR investigation of the crude reaction mixture showed that the concentration 

of both HCl and MeOH is decreased, resulting in the shift of the L+& equilibrium 

towards 1. by loss of methanol from compound 6. Therefore, the 6/l ratios, given in -- 
f Table 1, are indicative of the relative stability of 5 but not of the degree o 

the conversion in the methanolic reaction mixture. 

lyl’ The protons of the heterocyclic ring of 6 constitute an ABX system similar 

to those of 2-hydroxychromanones, allowing an easy differentiation from the AX 

proton system of chromone (Table 1). 

Table 1. ’ H-NMR data of the product obtained from chromones (1) in HCl-containing 

boiling anhydrous methanol ( 6, acetone-d6, TM’S) 

Starting Vinyl protons 
Chromone of 1 

C2-OCH3 ABX system of a 6” 

H-2 H-3 
of 5 A B X 1 

la - 

lb 

Ic 

Id - 

le - 

lf - 

In 

S.lSd 6.301 3.459 2.769 3.159 5.639 0.06 

B.06cJ 6.21d 3.409 2.70~~ S.lOcJ 5.6Oq 0.03 

e.15cJ 6.311 3.412 2.76q 3.179 5.619 0.04 

8.451 6.54! 3.52~ 2.919 3.309 5.6Oq 5.00 

0.26d 6.3OcJ 3.459 2.709 3.189 5.63~ 0.13 

B.30cJ 6.42d 3.505 2.90~~ 3.319 5.7Bg 5.00 

fJ.23d 6.47d 3.401 2.769 3.169 5.51q 1.00 

x calculated from 'H-NHR signals of H-2 atoms; 2 singulet, i doublet, 9 quartet 

From a reaction mixture containing la, hydroxylamine hydrochloride and methanol, 

at 70% chromone conversion l2 (after reflux for 4 hrs) 34% of & (calculated for 

the transformed &I, 26% of z6 end 13% of p were isolated. A sample of the reac- 

tion mixture, taken for ‘H-NHR measurements, contained 15-18X of 7a and traces of - 
10 and 11 could be.also detected by t.1.c. - 3 hrs at reflux temperature compound 

Eb was obtained from 2 in a 63% yield, - and the additional components were present 

in between 2-10X, as determined by ‘H-NHR spectroscopy. 

At the same time, similar transformation of lc resulted in 5c, 2 and z in - 
almost equel quantities and the other components of the mixture (Sc, a, 6c) - 
were detected by the NMR method. Compound 2 showed the same reactivity as found 

for lc, and the presence of 11 could also be detected in the reaction mixture of - 
both chromone derivatives. 

Compounds 11 and g reacted more readily than the above chromones providing 

i and d in 50% and 60% yield, respectively. Moreover, products 2 and 2 (I(?> 

could also be isolated and identified by’H-NMR spectroscopy (Table 2). 

Compound 8 was detected only in traces, but significant amounts (cca 3-5 X1 of 

llf and lld were found in the mixture by t.1.c. method. - 
The above experimental data demonstrate that chromone and its derivatives, 
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Table 2. lH-NuR data of compounds 1 (6, acetone-d6, IF(S) 

Compound n-2 H-3 2-OCH3 NOH 

7C - 5.179 2.729 ; 3.3sq 3.b2e 10.532 

7e - 5.359 2.699 ; 3.319 3.402 11 .Ofl~ 

71 - 5.399 2.664 ; 3.319 3.312 10.749 

2 slngulet; 9 quartet 

substituted at the aromatic ring, create multi-component reaction mixtures when 

treated with dry hydroxylamine hydrochloride in anhydrous methanol. The observed 

products can be devided into two main groups (see Scheme 1): 

a, products (i,5,z), formed by an initial attack at C-2 of the chronone deri- 

vative 

b, compounds, produced either by the oxo-reaction of the C-4 carbonyl grow Of d 
(such as 11, or by the further conversion of the lntermedlary 1 (!,9,10,11) -- 
(see Table 2). 

The identification of the structure of 1 by NMR l ethod, as well as the detection 

of 5 besides 1 in abs. MeOH-hydrochloric acid prove our supposition given on 

Scheme 1. 

According to this, chromone (1) transforms with hydrexylamine hydrochloride In 

dry methanol into 1 and 6 via cation L@l’ in an acid-catalyzed nucleophyl!t -- 
addition reactron. The process ~*~*~‘)#~ ts a pro-equilibrium system, depend- 

ent upon the proton concentratton, ln which 6 can be regarded, indeed, as a satu- 

rated aralkyl-ketone. Consequently, an attack of the roebent at C-b of this latter 

(just as in the case of chromonone) is considered more probable than that of 1. 

The NMR spectra, representing the conposition of the reaction mixture in the case 
12 

of la has been Shorn and explained ln a previous paper . The present communica- - 
tlon documents the spectrum recorded with the mixture obtained from &. 

Comparison of the two spectra clearly shows the presence ot the same materials, 

and slso, a difference -in quantity- of several components (i.e. 5a-5c, lr-7c -- ,_I 

Ra-Rc). -- 
The reactivity of the two “reactive” compounds produced from chromone, and thus 

the ratio of the effective attacks at C-b and C-2 can be expressed by the ratio of 

the following products, C-A/C-2=(7+8*9*10)/~ is strongly dependent upon the eleC- ---- 
tronic character of the substituents (see Table 3). 

Table 3. Ratio of C-b/C-2 attack after one hundred nlnutes reaction time 

Starting material C-b/C-2 

la - 
lb - 
lc 

G - 
le 

li - 

Is 

32.0 

10.3” 

b.b 

0.5 

1.0 

0.) 

7.0 

x at 20 minutes is 37 

The above results clearly denonstrrte 

that both the primary transforaatlon 

cr* 1; L+d41) and the individual par- 

tial reactlone, shorn on Scheme 1, are dis- 

parately influenced by the substitusnts 

present in the aolecules. The presence of 

a C-7 aethoxy Qroup particularly accelerates 

the conversionof 1 tot. A chloro substi- 

tuent slows down this 18tter transformation, 

moderately stabillres structure 7 and en- 
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Fig.1. 1 
Ii-NMR spectrum 

(a: acetone-d6, 

hances the rate of the 

8 6 (, 2 6. LPPmJ 

of reaction mixture of lc and hydroxylamine hydrochloride - 
TMS) 

reaction 1’2. The presence of a NO2 group (particularly 

at position C-7) inhibits the demethoxylation process 7-5, and 7+9 to a higher 

degree than does a chloro substituent. (For ‘H-NHR data of compound 2 see Table 4). 

It has been observed, in a prolonged reaction, that the ratio of attacks at C-4 

and C-Z is decreased by the time to great extent in the case of an electron attrac- 

ting substituent (E), whereas it does not change when an electron withdrawing 

substituent is present (Table 5). 

According to preliminary data the different behaviour of the two compounds can 

be explained by the formation of llb from Bb, which is present in a high quantity. 

Compound a then can be transformed in anhydrous methanol into 5b to a higher 

extent than into 9b (via lob)“. 
- 

- -- The formation and decomposition of dioxime (2) 

could also be observed with compounds (lc-f) carrying.electron attracting groups. -- 
However, the amount of dioxime is much less than that of either 1 or g (produced 

from 2) and compounds llc-f decompose into lOc-f rather than into 5c As this -- -- -* 
greater amount of isoxazole 10 is compensated by the formation of the isomeric 1 - 
in reaction 1-2 the C-4/C-2 ratio remains unchanged. 

According to the above results it seems that the preparation of oxime 8 via 

compound 6 is more likely possible from chromones containing .hydrogen or ‘electron 

attracting substituents when the reaction is performed in anhydrour methanol with 

hydroxylamine hydrochloride. In dry methanolic solutions of chromoneg substituted 

at C-3 neither the presence of the “basic compound” 5, nor the formation of~hro- 

mine oxime can be detected when treated with hydroxylaaine hydrochloride under acid 

conditions. 
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Table 4. ‘H-NMR data of compounds 2 (6, acetone-d6, 7MG) 

compound H-b H-5 s-OCH, 2’-OH 

9s - 3.499 

3.65~~ 

5.609 3.472 9.68~ 

2!! 3.359 
3.63q 

5.629 I.452 
N 

SC Y.bOCJ 5.709 3.b0° 

3.699 

9d - 3.609 5.83q 3.499 

3.a7q 

9e 3.429 5.659 3.471 
3.719 c 

91 - 3.599 5.809 3.49s 10.779 

3.659 

zn 3.379 5.659 3.472 
N 

3.659 

1 overlaps with the sionel of b’-OCH, group; .W no signal 

because o! the fast exchenping process; g slngulst; 9 quartet 

Table 5. PcrcentaQes of products starting from lb and lc - - 

reaction tine Percentage of products ($1 ratio of 

Cain1 lb 6b 7b Eb 9b lob 5b C-b/C-2 
- - - - - - - 

100 50.0 1.5 8.3 30.4 1.7 2.2 4.3 10.3 
540 2.0 0.6 9.7 63.5 3.3 6.1 16.4 4.9 

3000 1.7 - 10.5 15.8 12.3 23.9 36.0 1.7 

lc 6c - - 7c & 2 & z - 

100 35.5 1.2 20.7 15.8 14.0 1.0 11.8 4.4 

400 4.8 0.3 8.5 5.5 40.0 24.4 16.5 4.7 

3000 20.0 62.0 18.0 4.5 

EXPERIMENTAL SECTION 

Melting points are not corrected. 1 H-NWR spectra uere recorded uith a Bruker 
UP-200 SY instrument. Mass spectra were obtained with a VG 7035 spectroneter. 

Thin layer chroclatography was carried out on pro-coated layers Merck OC- 

::::“!:thFtf?b* 
For the separation of the products preperatlve layer from Merck was 

e following eluent system: 9~1 benzene-ethanol, 95:) OKE-MeCOEt or 
95:5 isopropyl ether-MeCOEt. Compound 5 WI compared with the isoxazole derivative 
prepared by the cyclization of the suitably substituted 2’-hydroxy-d-($I-R-phenyI- 
propanedlone-aldoxlne. 
Investlprtion of tranformatlo Chromone derivatives la-l 10 ng were dls- 
solved in anhydroue rethsnol ) containing 1nM of hydroch oric acid. The ecwi- -P 
llbrlun 126 was found to develop within 5-10 min. at reflux temperature and nlth- 
in 40-60_nin, at room taaperature. After removal of methanol and hydrochloric acid 
at reduced pressure, the resldue was coevaporated with acetone (to make lt free 
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of methanol) and than dissolved in aC8tOfl8-d6 for the NHR measurements. The dsta 

A solution of chromone (1.02g 7.OmM) and dry hydroxylsmine 
g 2RmH) in abs. mathen (56 ml5 we9 raflUX8d for 4h. The 
n’was concentrated to 25 ml and diluted with water (50 ml). The 

produced emulsion uas extracted S8V8S81 time8 with heXan for the removal of 9a. 
From the aqueous aethanolic 18 

I 
BP, Rr was obtained along with small amounts orla 

and 2 by extraction with ethy ac8Gt8 solution and wes concentrated t0 giV8 0.6g 
of yellow syrup with was dissolved in benzen8 (6 ml) and purified by preparative 
layer chromatogrephy using isopropyl ether as the eluent. Pure Ra was obtained by 
dissolving the layer-zone with 8th8r followed by evaporation. TE isolated colour- 
less cr)(stals were washed with heXan end dried on air, to obtain 0.212 g (19x1, 
mp: 130 C (lit.) mp: 127OC). lH-NMR (ppm, 

& 
d, H-3), 7.2 (d, 

H-2). By elution with ethanol cca-50mg of 5a (mp: mp: 184OC) was also 
isolated and compounds g and 9a were alSOT8t8dt8d. 

The heXan extract of the above 
ly solid residue was dissolved in 
ilicagel layer (d8V8lOpm8nt with 

95:5 OKE-MeCOEt) the frflCtiOns were 8lUt8d with 8tp8r. 
z: 0.195 g; mp: 85 C (lit! mp: 84-85 C). The H-NMR data see Table 4. 
8a: 23 mg 
%: 35 ma 

7-Me%oxychromone oxime (Bp) To a solution of chrOmOn8 lb (1.0 g, 5.7 mM) in abs. 
mathenol (50 ml) hydroxylamina hydrochloride (2.3 g, 33.5-iiiM) was added and the 
solution was boiled under reflux for 3h. It was then evaporated and the separated 
crystals were filtered and washed with b8nz8n8,and1wat8r. Crystallization from 1:l 
benzene-ethanol gave 0.68 g (63X), mp: 210-212 C; H-NMR (ppm, 6.60 
(d, H-31, 7.20 (d, H-2). 

acetone-d6): 

Conversion of 6-nitrochromone into Compound lf (0.382 g, 2 mH) and 
dry hydroxylamine hydrochl were dissolved-in abs. methanol 
(16 ml>. After boiling und the homog8n8ous Solution was poured 
onto ice-water (50 mlT and the solution, containin 
frigerator for 16 h. The filtered crystals (0.34 g 

crystals, was kept in the re- 
, containing large quantity of 

5f, were 8XhaUStiV8ly washed with b8nz8nel(16 ml) and then filtered to obtain 
El5 
8.50 ?dofH%j “7; 

abOV8 253 C (charred); H-NHR (ppm, acetone-d 1: 7.00 (d, H-41, 
and the layer chromatographic R value o$ 5f were in good 

agreemeAt with thitm!f isoxazole prepared from l-(2’-hJdroxy-5’-nirophenyl)-pro- 
pandiona-aldoxime. 

The benZen mother-liquor of lf was concentrated to R ml and applied OntO a 
silicagel preparative layer, The layers, d8V8lOp8d with i-propylether and giving 
materials with A 
reaction with F8 i!. 

=g.R5 
13) 

(yellow colour with F8C13) and Rf=0.62 (dark red-violet 
were 8lUt8d with aCtOn8. 

Compound with Rf=0.R5:Zf (40 mg>, mp: 168-169’C, for NMR data see Table 2. Anal. 

Calcd. for C,,H,,N,O, (222,2): N, 12,60; Found: N, 12.2 X 

Compound’ witk”RLrOL6;* 
Calcd. for C,, 

(30 mg). 159-160°C for NHR data see Table 4. Anal. 
F@??%,2: N, i2.6!y’Found: N, i2,40% n 2 5 __ __ _ _ 

Conversion of 7-chlorochromone into 5~. 7~. 
chromone (360 mg, 2 mM3 and hydroxylamine h 
(16 ml) was boiled under reflux for 2h and 

A solution of ‘I-chloro- 
(840 mg) in abs. methanol 

f water was added. The 
solution containing a small quantity of crystals was shaken with a mixture of hex- 
an8 02 ml) and benzene (8 ml> and the crystals Separated at the bound 
of the two layers were filtered to obtain 40 mg of !& mp: 214-215OC, ! 

ry surface 

acetone-d ): 6.92 (d, H-4) and 8.47 (d, H-3). 
H-NMR (ppm, 

The b&nzene-hexane solution was concentrated until the separation of crystals 
and it was applied on a preparative layer. The’ elution and work-up were carried 
out as described at the conversion of 6-nitrochromone. 
9c, Rf=0.65 (eluted with CHC13), gives dark Violet-blU8 reaction with F8C13. For 
l- H-NMR data see Table 4. 
Mixture of 7~ and 
rative layer chrom 

t-8:2, eluted with CHC13), and Separated by repeated prepa- 
graphy with i-prOpyl8th8r. 

7c, Rf=0.90 (y llow colour reaction with FeCl ), for 
fH-NMR data (ppm, aC8ton8-d6) 2.61 (d,l~~~:~ d87!820s;8d,?b3~~ :o.B 

Us%ig’the similar method 18 was converted into 78 and 98 (for ‘H-NMR data see 

I 
able 2 and 4., 
H-NMR (ppm, 

raspectively)and also a very smallamountaf e was also isolated; 
acetone-d6): 6.64 (d, H-31, 7.2 (d, H-2) and 10.60 (s, N-E). 
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