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Abstract - 2,3,5-Trimethylisoxazolium salts with electron-withdra-
wing groups at C-4 react with aromatic aldehydes to give 3- and/
or 5-arylidene derivatives resulting from the condensation at CH
=3 and/or CH3—5. The differential reactivity of 3= and S-methyl
groups is markedly influenced by the nature of the substituent at
C=4 and varies in the same order as its kinetic acidity which was
estimated from studies on deuteriodepreotonation. The influence of
inductive, rescnance and steric effects due to the 4-substituents

on the course of the reaction is shown.

INTRODUCTION
3,5-Dimethylisoxazcles substituted in the 4-position by electron-withdrawing groups
condense with aromatic aldehydes, in the presence of bases, exclusively at the me-
thyl group in 5=-position to give 5- arylidene derivntlvesl. The strength of the ne-
cessary base depends on the nature of the groups attached at C-4. In the case of
3,5—dimethyl-&-nitroisoxazole, derivatives at the 5-methyl group (never at 3-posi-
tio) have also been obtained not only with aromatic aldehydes but also with their
anils, with N,N-diarylformamidines and p-nitrosodimethylanilina1. It mlso undergoes
Michael-type reactions with benzalacetophenéne and acridinel.
5=Alkylisoxazoliuom salts are deprotonated even more readily than the corrasponding
1soxazoles and can undergo condensation reactions under the influence of comparati-
vely weak bases. In these compounds, however, deprotonation of 3-alkyl and 5-alkyl
compete and the ratio of the deprotonation depends on the nature of the basel. Fur-
thermore, -deprotonation of the N-alkyl and 3-alkyl groups of N-alkylisoxazolium
salts takes place also competitivelyl.
More recentlf wea found2 that 5-unsubstituted 3-alkylisoxazolium salts do not con -
dense with aromatic aldehydes, in the presence of bases, but undergo ring cleavage
leading to B-iminoesters via a ketene intermediate.
Taking this into coensideration, the behavior of 2,3,5=-trimethylisoxazeclium salts
with electron-withdrawing groups at C-4 toward oxec compounds is impossible to pre-
dict, In this paper, the differential reactivity of the methyl groups at C-3 and
C=5 of some iscoxazolium salts (Ia=e) ie studied in function with the inductive, re-

sonance and steric effect of the substituent at C-4,
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RESULTS AND DISCUSSION
f-Substituted 2,3,5-trimethylisoxazolium methosulfates (Ia-d) react with aromatic
aldehydes in the presence of bases and lead to only one product of monocondensation

(IT or TIT} or to a mixture of monocondensated products (IT and IIX) {table 1)}.

Ha R
X V= X CH3
/, g @)kib Fkl /- \(9
H3C 0,N—CH3 Rl N-CHy
K Hp © A9
I1a,X=NO; R=CgHs Illa,X=Cl R=CgHs

b, X=NO2 R=CgH5CH=CH  IlIb,X=Cl R=CgHgCH=CH
Ilc,X=NOz R=p(CH3),NCgH,
ld,X=Q R=CgHg
HE,X:C[ R:CeHsCH:CH

IIIc,X=Cl R=HO

1d, x=Cochy R=Z Y
o

CH30  1j1e,X=COCH3 R=CgH5CH=CH
II#, X=COCH3 R=p(CH3L,NCgHy

Hh,X:CN R=C6H5

11t ,X=C0l R=HO

© ®
&
11d-t, 1lla-g, A'=F,B

Ia=-d do not react with aliphatic aldehydes or ketones. 2,3,5-Trimethyl-4~benzoyl=
isoxazolium (Te) methosulfate or perchlorate was proven to be totally inactive to-
ward oxo compounds in all possible conditions. Ia is also inactive toward p-nitro-
benzaldehyde.,

The nature of the arylidene derivatives obtained in each case, the utilized base
and the conditions of the reactions are listed in table 1.

The high reactivity of the 2,3,5-trimethyl-4-nitroisoxazolium methosulfate (Ia) re-
quires the use of ethanol as the base; pyridine and piperidine cause the cleavage
of the ring and the polymerization of the resulting products. In the remaining ca-

ses pyridine has proven to be the most satisfactory base; secondary amines cause
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Table 1

"™ The reaction of k-substituted 2,3,5-trimethyliso

v

methosulfates with aromatic aldehydes
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xazolium

h-Subst. R-CHO Base (ii:f) 11(§§°duCt;i1 (%)
NO, CgHgCHO C Hg0H 120 IIa {36) -
NO, CGHSCH=CHCHO C Hg0H 60 1Ib (67)°F -
NO, p(CHB)zNCGH!*CHO C2H50H 1 Ire (80) -
c1 CHgCHO CoHN 180 IId (36} IIIa (9)
c1 C gHgCH=CHCHO CeHgN 120 ITe (18) IIIb (18)
c1 Vanillin CgHgN 120 IIf (10) IIIc (5)
COCH5 Furfural C5H5N 60 - I1Id (B5)
COCHy € gH5CH=CHCHO CHgN 120 - IITe (68)
COCHy p(CHg) pNCH,CHO CgHgN 180 - IIIf (11)
CN CgHgCHO CgH N 60 - I1Ig (42)

21Ta=c were 1solated as sulfates; IId-f and ITTa-g
as tetrafluorocborates.

ineld corredponding to the mixture of geometric

and EE-ITb,

the partial degradation of the ring and the final yields decr
havior of Je is remarkable because pyridine does not seem str

reaction to be effective whereas piperidine degrades the ring

were isolated

igsomers ZE-IIb

isoclated in the ratio 1:3 respectively.

ease notably. The be-
ong encugh for the

In the reaction of Ia with cinnamaldehyde, two geometric isomers (EZ-IIb and EE-

IIb) in relative proportions 1:3 have been isolated. EZ-IIb s
form itself into EE-IIb, The conversion is complete after bei

temperature for eigth months.

H CgH
H 675 HOH
O2N (e H H
H3c-<{ N-CH3
o o 0
CH350, CH]3S0y,
EE-11lb ZE-11b
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Since the reactivity of Ja-e toward aromatic aldehydes in the presence of bases
must depend on the ease with which the respective carbanions are generated in CH3-3
or CHB_S' the study of the hydrogen-deuterium exchange of Ia-d when treated wzxth
D20 should shed some light on the relative reactivity of the methyl groups. Ia-d
exchange regioselectively in the methyl groups at C-3 and/or C-5 depending on the
nature of the group attached at C-4 (table 2)}. Reaction of these salts with aldehy-
des occurs only at the methyl group in which the hydrogen-deuterium exchange takes
place., Deuteriodeprotonation reactions have been followed by lH-NMR spectroscopy in
order to determine the influence of the substituent at C-4 upon the kinetic acidity
of the 3- and 5-methyl groups. The expected signal for the N-CH3 protons remains
unchanged and mo evidence for hydrogen exchange was found., However, the 3- and/or
5-methyl groups underwent exchange at rates which depend on the substituent at C-%4.
The varjation of the intensities of the 1H-NMR absorption bands associated with the

3~ and 5-methyl groups, when time and temperature were held constant are shown in

table 2.
Table 2
Hydrogen-deuterium exchange rates for 3- and 5-methyl groups of
4-substituted 2,3,5-trimethylisoxazolium salts®

NMR signals

4-Subst. Time (min.) t (eC} final intensities (%)b
N-CH CH, - CH_, =

3 37> 373
NO, 5° 20° 100 98 o
c1 40 100 100 10 11
COCH3 40 100 100 11 94
CN 40 100 100 3 90
COCsH5 40 100 100 98 100

21n 520. Basic catalized exchange sharply reduces the exposure to

deuterium oxide.
bReferred to the initial intensities.

©The high reactivity of Ja does not permit exchange experiences

to be carried in the same conditions as Ib-e.

The nature of the compounds obtained in the preceding reactions and the results of
the experiments of hydrogen-deuterium exchange suggest that the influence of the

electron-withdrawing substituents at C-4 upon the reactivity of the 3~ and 5-methyl
groups depens on the inductive, resonance and steric effects of these substituents.
With regard to the influence that the resonance effects have on the reactivity of

the 5«methyl group, the steric hindrance of the groups attached at C~-4 is of consi-
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derable impertance. Thus, introduction of a bulky substituent at C-4% (nitro, ben-
zoyl) can result in the non-planarity of the substituent and the isoxazole ring as
well as the non-planarity of the members of the ringj. In the first case, the ac-
tion of the substituent at C-4 upon the 5-methyl group decreases and can be negli-
gible. In the second case, the activation of the 5-methyl group due to the positi-

vely charged nitrogen is also very small or non-existent.

The inductive effect of the nitro group, especially strong (the constants of Taft&
are Op = 0.65, Gh = 0.47) and the steric factors which were mentioned before (-ES=

2.52) determine the preferential increase of the reactivity of the 3-methyl group
of Ta due to the sum of the factor q[ plus the influence of the charged heterocy-
clic nugleus.

On the other hand, the moderate steric exigencies of the chlorine atom (UI = 0,46,
ok = ~0,23, -E5 = 0.97) do not cause an appreciable distorsion of the ring and

both methyl groups of Ib are activated by the positively charged nitrogen and the
inductive effect of the chlorine atom.

The acetyl and cyano groups (0, = 0.28, o9, = 0,47 and Or = 0.56, g, = 0.33, respec-
tively), less bulky, increase the acidity of the j-methyl group because their reso-
nance effect -M is added to the one which originates in the rings. The small hin-
drance of the cyano group (—ES = 0.51) derived from its lineal geometry should cau-
se the acidity of the 5-methyl group of Id to be superior to the acidity of the sa-
me methyl group of Ic (table 2} in spite of their differences in the resonance
constants.

The strong steric distorsion in Te due to the hindrance cof the benzoyl group can be
the origin of the non-reactivity of this compound toward the studied bases. The
lack of planarity between the benzoyl group and the ring in Ie can also be deduced
from its IR carbonylic absorption (1687 em™t) which is higher than the expected for
a diaryl ketone,

Ketones fail to react with Ia-d and do not seem to show enough electrophilic cha -
racter, Nevertheless, the readily condensation of these salts with aromatic aldehy-
des (but not with the aliphatic ones) suggests that these reactions are subjected
to thermodynamic control. Aromatic aldehydes with electron-withdrawing groups as
p-nitrobenzaldehyde seem to unstabilize the positively charged heterocyclic nucleus
and Ia does not condense with the mentioned aldehyde. The absence of dicondensed
compounds in all the studied reactions (even when working with an excess of aldehy-
de) must be attributed to the decrease in the acidity of the remaining methyl group

when an arylidene group is introduced in the 3- or 5-position.

EXPERTIMENTAL
All mp are uncorrected. Diethyl ether, toluene and ethanol were dried. &-Nitroe-3,5-
dimethylisoxazole6, &-chloro-S,5~dimethylisoxazole?, 4-benzoyl-3,5-dimethylisoxazo~

9

1e8, 4_cyano-3,5-dimethylisoxazole’ and Q-acetyl-B,5-dimethy1isoxazolelo were pre-
pared by established procedures. IR spectra were recorded on a Pye-Unicam SP-1100
spectrometer equipped with NaCl optics. A Pye-Unicam SP-1700 was used te obtain UV
spectra. 1H-NMR spectra were determined at 60 MHz on a Varian T-60A spectrometer
using Cl3CD-(CD )250 solutions and TMS as standard referencej; chemical shifts were

measured in the § scale.
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Quaternization of 4-substituted 3,5-dimethylisoxazole derivatives {(general procedu-

53). A mixture of lA-~substituted 3,5-dimethylisoxazole and redistilled dimethyl sul-
fate (molar ratio 1:1.1) in toluene (100 ml} was refluxed for 11 h. On cooling the
product solidified to a vellow-brown glass. This was decanted from the toluene la-
yer, repeatedly extracted with ether and used directly. It could be crystallized by
trituration with ether, but purification was difficult because the methosulfate was
‘exceedlngly hygroscopic} yield, 85-95%., The structure of the isoxazolium salts re-
sulting from the above reaction has heen elucidated througt their 1H NMR spectros-
copic characteristics (table 3)}. Ta-e show IR ring streiching bands in the 1635 -

1615 em™ 1 range.
Table 3

NMR chemical shifts for 4-substituted 2,3,5-trimethylisoxazolium
methosulfates (&, 60 MHz, C1,CD - (cnj)zso)

3

LeSubst. CH3-3 CH3-5 N-CH3 sollCH3
cocansa 2,60 2.75 h.20 3.75

No, 3.00 3.15 4,40 3.80

c1 2,65 2.70 4,30 3.80

cocas" 2,70 2,80 4,20 3.80

CN 2.80 2.%0 4.20 3.80

a b

COCgHg, 7.5-7.9; COCHy, 2.45.

Reaction of Ia~e with aromatic aldehydes in the presence of bases -(general procedu--

re). An ethancl solution of the aldehyde (50 mM) and the required organic base (30
mM) was added tc a strirred solution of Ta-e (25 mM) in 60 ml of ethancl and the
mixture was refluxed during a determinated number of hours (table 1). When the isox-
azolium salt used was the %-nitro derivative (Ia), coloured crystals from the etha-
nol solution were collected by cooling at 02C, recrystallized from water and proven
to be, in each case, Ila-c. After evaporation of the ethanol (reactions im which
Ib-d are involved) the crude product was dissolved in a small amount of water, ex-
tracted with ether and added to a saturated solution of sodium tetrafluoborate in
water to which a little of tetraflucboric acid had been added (pH = 2-3) and the
precipitated fluoborate salt was filtered off, washed with water, dried and recrys-
tallized from water to give, 1in each case, IId-f or IIIa-g. Separation of the mix~
ture of geometric isomers EE-IIb and ZE-IIb could be achieved by fractiomal recrys-
tallization (ethancl). The reaction of Tb with aromatic aldehydes led to a mixture
of 3- and 5~monocondensated preducts (table 1) which could not be seperated due to
the analogy in their chemical properties. Quantitative estimations of these mixtu-
res (ITd-ITIa, ITe-IIIb and IIf-I1Ic) were achieved by lH NMR.

Physical and spectroscopic data of II and III are given below.
2,5-Dimethyl~4-nitro~3-styrylisoxazolium sulfate {(IIla): yellow crystals from water,
mp 1902C (d). Anal. Calecd. for (613H1303N2)2504: C, 53.22; H, 4.43; N, 9.55. Found:
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C, 52.96; H, 4.37; N, 9.71. IR (nujol)}: 1635, 1605, 1570, 1350, 985, 770, 700 em L.
1y nme (613cn-(cn3)250): 2.90 (3H, s, CH3-5), 4.25 (3H, =, N-CH3), 7.10-7.70 (6H,
m, H, and aromatic protons}, 7.90 (1H, d, J=15 Hz, Hy).
2,5=Dimethyl-4-nitro=-3=-(i-phenyl-1,3-butadienyl)isoxazolium sulfate (FE-IIb, trans-
trans): red crystals (water), mp 175-1762 (d}. Anal. Caled. for (ClSHlEOBNE)ZSOQ:
Cc, 56.42; H, L.70; N, 8.77. Found: €, 56.67; H, 4.68; N 8.82. uv: hmax(EtOH-Hzo)
215 (€=20500) and 408 (€=25000). IR (nujol): 1620, 1600, 1560, 995, 770, 700 cm t.
T §MR (C1,CD-(CD4) ,50): 2.85 (3H, s, CHy-5), 4.20 (3H, s, N-CH,), 7.00-7.60 (9H,
m, olefinic and aromatic protons).
2,5-Dimethyl=4-n1iro-3-{4-phenyl-1,3-butadienvl)isoxazolium sulfate (ZE-IIb, cis-
trans)! orange crystals (water), mp 1942 (d). Anal. Calecd. for (015H1503N2)2504:

C, 56.42; H, 4,703 N, 8.77. Found: €, 56.63; H, 4.76; N, 8.88. Uv: Amax(EtOH-H2o)
208 (€=18000) and 401 (€=21000)}. IR (nujol): 1620, 1600, 1560, 1000, 770, 740, 710
em™t. TH NMR (C1,6D~(CD;),50): 2.90 (3H, s, CHy-5), 4.20 (3H, s, N-CHy), 6.90-7.40

(9H, m, olefinic and aromatic protons}.

2,5=Dimethyl=4-nitro-3-(2-p-dimethylaminophenylethenvl)isoxazolium sulfate (IIc):

violet crystals from water, mp 1962 (d}. Anal. Caled. for (C15H1805N2)2504: c,
53.573 H, 5.%53 N, 12.50. Found: C, 53.79; H, 5.41; N, 12.81. IR (nujol): 1610,
1600, 1575, 1365, 995, 825 cm'l. H mMR (C13CD-(CD3)SO): 2.85 (3H, s, CHS-S)’ 3.20
(6H, s, (CHS)ZN), 4.25 (3H, s, N-CHB), 6.80 (2H, d, J=8 Hz, B-aromatic protons),
7.05 (1H, 4, J=15 Hz, Ha), 7.4%5 (2H, 4, J=8 Hz, ®-aromatic protons), 7.75 {1H, d,
J=15 Hz, Hp).

Mixture of 2,5-dimethvl=-4-chloro=3=-styrylisoxazolium tetrafluorcborate (ITd) and

2,3-dimethyli-4-chloro=5=-styrylisoxazolium tetrafluorcborate (IITa) (molar ratio 4:

1}: yellowish crystals from water, mp 156-1632. Anal. Calecd. for C13H130NC1F4B: c,
48,555 H, 4.04; N, 4.36. Found: ¢, 48.49; H, &4.10; N, 4,29, IR (nujol): 1640, 1600,
980, 770, 740, 710 em Y. 1H NMR (CL,CD-(CD),80): 2.50 (3H, s, Lld CHy-5), 2.60
(3H, =, IIla CH3—3), 4,25 (6H, s, ITId and Illa N-CH3), 6.95 {2H, 4, J=15 Hz, TTd
and ITa Ha), 7.20-7.60 (10 H, m, IId and IIIla aromatic protons), 7.85 (2H, d, J=15
Hz, IId and IITa Hy).

Mixture of 2,5«dimethyl=l=chloro=-3-(4=-phenyl-1,3-butadienyl)isoxazolium tetrafloro-
borate (ITa) and 2,3-dimethyl-4-chloro-5-(4-phenyl-l,3-butadienyl)isoxazolium te-
trafluoroborate (IIIb) (molar ratiec 1:1): yellow crystals from water, mp 170-1762,
Anal. Calecd. for 015H150N61F4B: c, 51.82; H, h.32y N, 4.03. Fo:ndi €, 51.59; H,
4,113 N, 3.88. IR (nujol): 1630, 1600, 1000, 780, 740, 710 em ~. ~H NMR (c13cn-
(cns)zso): 2.55 (3H, s, Ile CH3-5), 2,65 (3H, s, IITb CH3-3), 4,30 (6H, s, IIe and
I11h N-CHB), 6.60-7.50 (18H, m, ITe and IIIb aromatic and olefinic protons).

Mixture of 2,5~dimethyl-4-chloro-3- 2=(li-hydroxy-3-methoxyphenyl)ethenyl isoxazo-

lium tetrafluoroborate (Jif) and 2,3-dimethyl-b-chloro-5- 2-(4-hydroxy-3-methoxy=-

phenyl)ethenyl isoxazolium tetrafluorcborate (IITc) {(molar ratio 2:1): yellowish
crystals from water, mp 181-1879. Anal. Caled. for Cqul503NCIFkB: c, 45.73; H,
4,08y N, 53.81. Found: C, 46.053 H, 4.27y N, 3.91. IR {nujol): 3460, 1650, 1615,
985, 820 cm . lu NMR (C1,CD-(CD4),S0) s 2.55 (3H, s, IIf CH,-5), 2.65 (3H, s, ITIc
CH3-3), 3.85 (6H, s,'IIf and IIIc O-CH3)' 4,30 (6H, s, IIf and IIlc N-CH3), 6.60~
7.25 {8H, m, IIf and IIIc aromatic and Ha protans), 7.45 (1H, d, J=15 Hz, IIIc Hp},

7.90 (1H, d, J=14% Hz, IIf Hp).
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2,3-Dimethyl-4-acetyl-5-(2~- -furylethenyl)isoxazolium tetrafluorchorate (IIId): ye-
llow crystals from water, wp 134-1352. Anal. Caled. for Cy5H, 0-NF,B: C, 48.93; H,
k.39; N, 4.39. Found: €, 49.01; H, 4.36; N, 4.54. IR (nujol): 1695, 1625, 1570, 960
e, 1y mMm (c13D—(cns)zso): 2.60 (3H, s cocas), 2.80 (3H, =, CH3-3), 4.25 (3H, s,
N-CHB), 6.50 (1M, dd, J=2 Hz and 3 Hz, 4-furylic proton), 6.95 {1H, d, J=3 Hz, 3-
furylic proton}, 7.10 (1H, d, J=15 Hz, H,), 7.60 (1H, d, J=15 H=z, Hy), 7.65 (1H, d,
J=2 Hz, 5-furylic proton). ’

2,3-Dimethyl-b-acetyl-5-(4-phenvi-1,3-butadienyl)isoxazolium tetrafluoroborate {(III
17H180,NF B €,
57.49; H, 5.07; N, 3.94. Found: C, 57.193 H, 4.78; N, 3.73. IR (nujol): 1695, 1605,
1590, 980, 770, 690 em~l. 'H MR (€15CD-(CD;),50): 2.60 (3H, s, COCHy), 2.80 (31,
s, CH3_3)’ 4.20 (3H, =, N-CH3), 7.00-7.50 (9H, m, aromatic and olefinic protons).
2,2-Dimethyl-d-acetvl-5-(2-p-dimethylaminophenylethenyl}isoxazolium tetrafluorobo=
rate (TIIf): violet crystals from water, mp 148-1502. Anal. Calcd. for C17H2102N2
FuB: C, 54.863 H, 5.65; N, 7.53. Found: C, 54.58; H, 5.603 N, 7.50. IR {nujol):
1690, 1600, 985, 840 em™t. H NMR (ClSCD-(CDB)ZSO): 2,60 (3H, s, COCHj), 2.75 (3H,
5, CH3—3), 3.10 (6H, s, (CH3)2N), 4,20 (3H, s, N-CHB), 6.55 (2H, 4, J=8 Hz, Baroma~
tic protons), 7.05 (1H, d, J=15 Hz, Hap}, 7.40 (2H, d, J=8 Hz, ¢-aromatic protons},
7.60 (1H, d, J=15 Hz, Hy).

2,3-Dimethyl-4-cyano-5-styrylisoxazolium tetrafluoroborate (IIIg): vellow crystals
from water, mp 1712. Anal. Calcd. for Cy4H) s0NF B2 C, 53.87; H, 4.17; N, 8,98, Fo-
und: C, 53.60; H, 3.90; N, 8.68. IR {nujol): 2215, 1635, 1600, 900, 760, 695 cm L.
14 wMR (ClBCD-(CDS)ZSO): 2.80 (3H, s, CH3—3), 4.20 (3H, s, N-CHS), 7.05 (1H, d, J=
i4 Hz, Hy), 7.05-7.60 (5H, m, aromatic protons), 7.80 (1H, d, J=14 Hz, Hy).

El‘ orange crystals from water, mp 173-1752. Anal. Calecd. for C
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