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SYNTHESIS AND AMINOMETHYLATION OF
3-SUBSTITUTED 6-HYDROXY-1,2-BENZISOXAZOLES

M. S. Frasinyuk'*

Oximes of 2,4-dihydroxybenzophenones, 1-(2,4-dihydroxyphenyl)-2-phenylethanones, and 1-(2,4-di-
hydroxyphenyl)-2-phenoxyethanones were dehydrated with 1,1'-carbonyldiimidazole, yielding 3-substi-
tuted 6-hydroxy-1,2-benzisoxazoles, aminomethylation reactions of which were studied with various
reagents.

Keywords: 7-aminomethyl-1,2-benzisoxazole, 1,2-benzisoxazole, Mannich reaction.

The recent interest towards synthesis of 1,2-benzisoxazole derivatives has been motivated by the
biological activity of these compounds. For example, N-alkyl derivatives of 6-fluoro-3-(piperidin-4-yl)-1,2-benz-
isoxazole exhibit strong neuroleptic activity. The best known atypical neuroleptic agents of this category are
iloperidone [1], approved for clinical use in the USA, and abaperidone [2], currently undergoing clinical studies.

One of the most convenient methods for the synthesis of 1,2-benzisoxazoles is the cyclization of
aldehyde or ketone oxime derivatives containing a 2-hydroxyphenyl fragment by employing various reagents.
In the majority of cases, Beckmann rearrangement leading to 1,3-benzoxazole derivatives [3-5] was prevented
by performing the reaction in two stages: formation of acyl derivatives of oximes followed by intramolecular
substitution of acyl group at the nitrogen atom by phenol group in the presence of bases. This was achieved by
using pyridine [6-9], sodium acetate [10-12], potassium carbonate [13-15], or potassium hydroxide [16], as well
as sodium hydride [10, 13, 17-19]. Besides that, 1,2-benzisoxazole derivatives were obtained from 2-hydroxy-
phenyl ketoximes by the action of thionyl chloride, methanesulfonyl chloride, or toluenesulfonyl chloride in the
presence of an organic base [20-22]. At the same time, direct dehydration of 2-hydroxyphenyl ketoximes
(without isolation of acyl derivatives) has found only limited application. There are reports of using
azodicarboxylic acid esters [5, 23, 24] or 5,6-dichloro-2,3-dicyano-1,4-benzoquinone [25, 26] in the presence of
triphenylphosphine. In some cases, 3-hydroxy-1,2-benzisoxazole derivatives were prepared by dehydration of
2-hydroxyphenylhydroxamic acids [20, 27]. Synthesis of 3-amino-1,2-benzisoxazoles through intramolecular
cyclization of O-(2-cyanophenyl)acetone oxime in the presence of aqueous alcohol solution of hydrochloric
acid has been reported [28].

The goal of this study was development of a single-stage synthesis for the preparation of hydroxy
derivatives of 1,2-benzisoxazole as well as synthesis of their aminomethyl derivatives, which are important
synthons for obtaining various compounds [29].
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The reaction of resorcin with benzonitrile or its 4-fluoro derivative in boron trifluoride etherate in the
presence of anhydrous HCI, followed by hydrolysis of ketimines gave 2,4-dihydroxybenzophenones 1a,b.
Substituted phenylacetonitriles under analogous conditions were converted to 2',4'-dihydroxy-2-deoxybenzoins
1c-e, while 4-ethoxycarbonylphenoxyacetonitrile was converted to a-phenoxyacetophenone 1f. Heating of the
synthesized ketones 1a-f with hydroxylamine in pyridine gave their oximes 2a-f (Table 1).

1) RCN, BF;-Et,0 R
HCI (gas), room temp.

/@\ 20-22h 0  NH,OH-HCI
2)H,0.A, 152h Py, 110-120°C
HO OH ) H,0, 4, HO OH Y

46h
la—f
- CDI, THF LN
N’VOH room temp.,2-3 h R 0
— —h> “ —
40-50°C, 1-4
HO OH ( N0
2a—f B
HO 0
a R=Ph,
. R b R =4-FCH,,
5 N ¢ R =PhCH,,
> N d R =4-CIC,H,CH,,
HO™ T 0 e R=2-MeOC,H,CH,,
3af f R = 4-(Et0,C)C,H,CH,

The most convenient dehydrating agent for the synthesis of 6-hydroxy-1,2-benzisoxazoles 3a-f from
oximes 2a-f was 1,1'-carbonyldiimidazole (CDI) in tetrahydrofuran. The use of this reagent allowed to perform
the synthesis of derivatives 3a-f in a single stage, bypassing the preparation of acyl oximes and protection of
phenolic hydroxyl group. Apparently, O-acyl derivative of oxime was formed in the first stage and was
subsequently converted to 3-substituted 6-hydroxy-1,2-benzisoxazoles by intramolecular substitution at the
nitrogen atom in the presence of imidazole as base, by analogy to the methods of 1,2-benzisoxazole synthesis
described above.

In order to obtain Mannich bases from 6-hydroxy-1,2-benzisoxazoles 3a-f, their aminomethylation was
studied in the presence of amines and formaldehyde. The interaction of compounds 3a-f with amine hydro-
chlorides or free amines and formalin in alcohol solution did not give the desired results. Opening of 1,2-benz-
isoxazole ring was observed in this case with the formation of starting oximes 2a-f. The most convenient
reagents for aminomethylation of 3-substituted 6-hydroxy-1,2-benzisoxazoles 3a-f were aminals, also identified
as intermediates of Mannich reaction in alkaline or neutral medium. The use of aminals allowed to synthesize
Mannich bases 4a-h in 54-75% yield (Table 1). In those cases when the synthesis of aminals from amines was
difficult or impossible (high-boiling or solid amines, amino acids), the best results were obtained by using these
amines in the presence of paraform, allowing to minimize the evolution of water during the reaction. The use of
3- and 4-piperidinecarboxylic acids in the aminomethylation reaction under the described conditions allowed to
obtain not only 7-[4-(pyridin-2-yl)piperazin-1-ylJmethyl derivatives 4i,j, but also 1,2-benzisoxazole amino acid
derivatives 4k-m.
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TABLE 1. Physicochemical Characteristics of the Obtained Compounds

Com- Empirical __Found, % _
pound formula Calculated, % Mp, °C Yield, %
C H N

1b Ci3HoFO; 67.43 4.12 — 152-154 68
67.24 391

1f C7H,604 64.37 5.29 o 162-164 82
64.55 5.10

2b Cy3H,(FNO; 63.39 4.17 5.55 205-207 77
63.16 4.08 5.67

2e CisHsNO, 66.18 5.39 4.97 203-205 63
65.93 5.53 5.13 (decomp.)

2f C7H7NO¢ 61.49 5.22 4.34 152-154 81
61.63 5.17 423

3b C3HsFNO, 68.33 3.27 6.27 229-231 67
68.12 3.52 6.11

3¢ Cy4H;1NO, . 5.13 6.04 152-154 58
74.65 4.92 6.22

3d C14H;oCINO, 64.58 3.62 5.51 173-175 64
64.75 3.88 5.39

3e CsH3NO; 70.46 5.00 5.68 136-138 51
70.58 5.13 5.49 (decomp.)

3f C7HsNOs 65.46 5.15 4.73 167-169 47
65.17 4.83 4.47

4a CyH»N,Os 65.03 6.17 7.38 115-117 54
64.85 5.99 7.56

4b CoHoFN,O, 70.18 5.60 8.31 138-139 62
69.92 5.87 8.58

4c CyH,,CIN,O, 67.17 5.78 7.99 112-113 73
67.32 5.93 7.85

4d C,1H4N,05 71.69 7.04 7.93 141-142 58
71.57 6.86 7.95

4e CisH17FN,O5 65.66 5.05 8.68 185-187 75
65.85 5.22 8.53

4f CoH;9CIN,O; 63.82 5.12 8.02 170-172 66
63.60 5.34 7.81

4g C0H2,N,04 67.92 6.01 8.12 125-127 57
67.78 6.26 7.90

4h C,0H,,CIN;0, 64.35 6.01 11.22 152-153 71
64.60 5.96 11.30

4i C,3H2N4,O, 71.22 5.58 14. 194-196 63
71.48 5.74 14.50

4j C,4H24N,O, 72.12 6.23 13.71 128-130 57
71.98 6.04 13.99

4k C,H,,CIN,O4 62.83 5.04 7.14 233-235 63
62.92 5.28 6.99

41 C,4H6N,O4 63.18 5.49 6.37 182-184 55
63.43 5.77 6.16 (decomp.)

4m C,4H6N,O4 63.57 5.51 6.03 201-203 48
63.43 5.77 6.16

The formation of 7-aminomethyl derivatives 4a-m was confirmed by the changes in "H NMR signal
multiplicity of H-4,5 protons belonging to the 1,2-benzisoxazole ring. In contrast to the characteristic spin-spin
coupling of 1,2,4-trisubstituted aromatic system in compounds 3a-f, the signals of H-4,5 protons in 1,2-benz-
isoxazole fragment existed as doublets with spin-spin coupling constant equal to 7.9-8.9 Hz (Table 2).

Thus, we have developed a method for the synthesis of 6-hydroxy-1,2-benzisoxazole derivatives,
containing an aryl, benzyl, or phenoxymethyl substituent at position 3, and studied aminomethylation of these
compounds with various reagents.
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A\ anhydr. EtOH, A, 3-5 h A\
/N -< T > /N
HO o CO.Et (from 3f): (from 3b,d,e): HO o
> CH)(NMe,), [ }
X  N{CH,
X 4b—g
(from 3d): 3a—f
Me—N/_\N cH, anhydr. EtOH
\__/ R A,3-5h
(from 3a,c): (from 3d,f):
N NH NH
— A\
\/N - n > /N
1o o (CH,0),, anhydr. EtOH HO o
A, 6-8h
(\N 1 N
N R
R 4h-j 4k-m
Compound R X Compound R R
4b 4-FC¢H, CH, 4h 4-CIC¢H4CH, Me
4c 4-C1C(,H4CH2 CHZ 4i Ph 2-Py
4d 2-MeOC¢H4CH, CH, 4j PhCH, 2-Py
4e 4-FCeH, (6] 4k 4-CIC¢H,4CH, 4-COOH
4f 4-CIC¢H4CH, (o) 41 4-(EtO,C)C¢H,OCH,|  4-COOH
4g 2-MCOC(,H4CH2 (6] 4m 4-(Et02C)C6H4OCH2 3-COOH

EXPERIMENTAL

IR spectra were recorded on a Nicolet 380 FT-IR spectrometer in KBr pellets. '"H NMR spectra were
acquired on a Varian M 400 spectrometer (400 MHz) in CDCI; (compounds 4a-j) and in DMSO-dg (the rest of
compounds), with TMS as internal standard. Mass spectra were recorded on an Agilent 1100 instrument
(chemical ionization). Elemental analysis was performed on a vario Micro cube automated CHNS-analyzer.
Melting points were determined with a Buchi B-535 apparatus. The reaction progress and purity of the obtained
compounds were controlled by TLC on Merck silica gel 60 F,s4 plates, compounds 1-3 a-f were eluted with 9:1
and 19:1 mixtures of CHCl;-MeOH, while Mannich bases 4a-m — with EtOAc.

The physicochemical constants and spectral characteristics of the obtained compounds 1a [30], 1¢ [31],
1d, 2¢,d [32], 1e [33], 2a [34] and 3a [10] matched the literature values.

Synthesis of 2,4-Dihydroxyphenyl Ketones 1a-f (General Method). Gaseous HCI stream was passed
for 4-6 h through a stirred mixture of resorcin (11.0 g, 0.1 mol) and the corresponding nitrile (0.1 mol) in
BF;-Et,0 (50 ml). The reaction mixture was left overnight at room temperature, then poured while stirring into
hot (80°C) water (500 ml), refluxed for 1.5-2 h, and cooled. The precipitate formed was filtered off, washed
with cold water, and recrystallized from MeOH.

Synthesis of Oximes 2a-f (General Method). A solution of 2,4-dihydroxyphenyl ketone 1a-f (10 mmol)
and NH,OH-HCI (2.08 g, 30 mmol) in pyridine (25 ml) was stirred for 4-6 h at 110-120°C, the solvent was removed
by evaporation under vacuum, the residue was transferred into cold water (100 ml), the precipitate that formed was
filtered off and recrystallized from MeOH.
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Synthesis of 6-Hydroxy-1,2-benzisoxazoles 3a-f (General Method). A stirred solution of oxime 2a-f
(10 mmol) in anhydrous THF (20 ml) was cooled (20-25°C) and treated by addition of 1,1'-carbonyldiimidazole
(3.24 g, 20 mmol). The reaction mixture was stirred for 2-3 h at room temperature, then for 1-4 h at 40-50°C,
the solvent was evaporated under vacuum; the residue was transferred into cold water (100 ml), the precipitate
formed was filtered off and recrystallized from MeOH.

6-Hydroxy-3-phenyl-1,2-benzisoxazole (3a). Yield 1.50 g (71%). Colorless crystals, mp 217-219°C
(mp 218-219°C [10]).

Synthesis of 7-(Aminomethyl)-6-hydroxy-1,2-benzisoxazoles 4a-h (General Method). A hot solution
of 6-hydroxy-1,2-benzisoxazole 3b,d-f (1.0 mmol) in anhydrous EtOH (10 ml) was treated by addition of the
corresponding aminal (1.2 mmol); the mixture was refluxed for 3-5 h, then cooled. The solvent was removed by
evaporation under vacuum, the residue was recrystallized from hexane.

Synthesis of 7-(Aminomethyl)-6-hydroxy-1,2-benzisoxazoles 4i-m (General Method). A hot solution
of 6-hydroxy-1,2-benzisoxazole 3a,c,d,f (1.0 mmol) in anhydrous EtOH (10 ml) was treated by addition of
paraform (36 mg, 1.2 mmol) and 1-(2-pyridyl)piperazine (1.1 mmol) or the corresponding piperidinecarboxylic
acid. The reaction mixture was refluxed for 6-8 h, then cooled, solvent was evaporated under vacuum, the
residue was recrystallized from hexane or 1:2 mixture of 2-PrOH-hexane.
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