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3-Phenyl-5-(3,5-dichlorophenyl)-3a,4,6,6a-tctrahydropyrrolo|3,4-d]isoxazoles ({1, R = 11} and 3-phenyl-5-
(3.5-dichlorophenyl-6a-methyl-3a,4,6,6a-tctrahydropyrrolo[3,4-d)isoxazoles (/V, R = CH;) were prepared
by 1.3-dipolar cycloaddition of substituted benzouitrile oxides / to N-(3,5-dichlorophenyl)maleimide (7,
R = H), or its methyl derivative 11, (R & Cll). Cycloaddition to compound /I (R = CHj) proceeded
regiospecifically. Reduction of /Vg with NaBII, was regio- and stercoselective to yield the hydroxylactams
Vilg, Villg and 1Xg. Antifungal activity of several products was worse than that of commercial prepa-
rations.

Some compounds of dicarboximide type are reported! =4 1o reveal effective systemic
activity against Botrytis cinerea, Cochliobolus miyabeanus and Pellicularia sasaci. In
coutinuation of our project 1o utilize products of 1,3-dipolar cycloadditions to hete-
rocyclic compounds we described the preparation and antifungal propertics of fused
isoxazolines based on substituted maleinmides®®. The aim to synthesize isoxazolines
fused to 3,5-dichlorophenylmaleimide was stimulated by the finding that the parcnt
derivative — N-(3,5-dichlorophenyl)pyrrolidine-2,5-dione (Dimetachlon) — is being
used as a protective and curative fungicide? and the cycloadduct of N-(3,5-dichlo-
rophenyl)maleimide to furan” and its derivatives have also considerable fungicidal
properties.

Substituted 3-phenyl-5-(3,5-dichlorophenyl)-3a,4,6,6a-tetrahydropyrrolo[3,4-d]iso-
xazoles /Il were obtained by a 1,3-dipolar cycloaddition of substituted benzonitrile
oxides [ to N-(3,5-dichlorophenylymaleimide (/1) (Scheme 1, Table I).

Compounds /Il were assigned the structure according to analysis of their NMR
spectral data (Tables I and IV) and comparison with analogous derivatives as prepa-
red in ref.30, The unstable benzonitrile oxides (Scheme 1) were generated in situ from

* Part XXV in the series 1,3-Dipolar Cycloadditions 1o leterocycles; Part XXVII: Chem. Papers, in press.
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1522 Konopikovi, Fisera, Prénayovi:

the corresponding benzenchydroximic chlorides and tricthylamine®. Another method®
for preparation of benzonitrile oxides used benzaldoximes and sodium hypochlorite;
nonetheless, yiclds are low, because opening of the pyrrolidinedione ring took place
under the given reaction conditions. This finding is in agrecment with that!® reporting
that /I (R = H) was the most reactive of substituted malcimides on reactions with a
nucleophile. We found that IJ (R = H) was unstable even when crystallized from etha-
nol affording ethyl 3-(3,5-dichlorophenylcarbamoyl)propenoate. This property made it
different from other compounds of type /I, where 3,5-dichlorophenyl grouping was
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1,3-Dipolar Cycloadditions to Heterocycles 1523

substituted by another aryl group; these compounds were opened only by methanolysis
in ultraviolet light or in the presence of a catalytical amount of an acid!!. Compound
Hli afforded 3-(2-chlorophenyl)-4-(3,5-dichlorophenylcarbamoyl)-5-methoxycarbo-
nylisoxazoline (Vi) and the regioisomeric 3-(2-chlorophenyl)-4-methoxycarbonyl-5-
(3,5-dichlorophenylcarbamoyl)isoxazoline (V/i) even on a short reflux in methanol.
The enhanced reactivity of I1li on reaction with a nucleophile is in line with the already
mentioned finding!®. The structure of isoxazolines Vi and VIi was evidenced from the
NMR data; compound having the higher chemical shift value for H-5 was ascribed
structure Vi,

RS O\N
/ V., R? = 35-dichlcrophenylcarbamoyl
2 . R® = CH,0CO
VI, R? = CH;0CO
R® = 3,5~dichlorophenylcarbamoyl

for R' see Scheme 1

Cycloaddition of nitrile oxides to N-(3,5-dichlorophenylymethylmaleimide (/7, R =
CHj;) can yield two regioisomers [V and [/ possessing the methyl group in position 3a.
The frontier orbital theory!? = 14 predicted formation of the cycloadduct /V having the
oxygen atom of the nitrile oxide attached to carbon substituted by a methyl group. In
fact, only derivatives IV were formed (Table II); their structures — 3-phenyl-5-(3,5-
dichlorophenyl)-6a-methyl-4,6-dioxo-3a,4,6,6a-lctrahydropyrrolo|3,4-d]isoxazoles — were
deduced from the presence of a singlet at 8 4.87 — 5.32 (H-3a) and cspecially from the
doublet at 8 59.47 — 63.43 (C-3a) and the singlet at 6 88.92-90.46 (C-6a) in thcir NMR
spectra (Tables IIT and V). The regioisomer with the methyl group in position 3a should
have the chemical shift values and multiplicity quite opposite in the '*C NMR spectra
(the C-6a doublet at & « 80, the C-3a singlet at & = 60). Formation of the sccond
regioisomer could be excluded because none of the characteristic signals could be
recognized in the NMR spectra of the crude reaction mixture. Cycloaddition to aceto-
nitrile oxide proceeded similarly; only product analogous to that of the cycloadducts [V
was formed.

Recently, an increasing interest for the synthesis of hydroxylactams has cmerged,
because these are valuable precursors for obtaining pharmacologically active
compounds’ and also for aza analogucs of fused heterocyclic systems!®, Partial
reductions of imides with NaBH, to the corresponding hydroxylactams are well investi-
gated ™18 but regio- and chemosclectivities of these nonsymmetric imides are rarely
encountered! %20, Stercoselectivity of these reactions has virtually not been investigated?!,

Collect. Czech. Chem. Commun. (Vol. 57} (1992}



1524 Konopikov4, Fisera, Prénayova:

TABLE |
Characteristic data for 3-phenyl-5-(3,5-dichlorophenyl)-4,6-dioxo-3a,4,6,6a-tctrahydropyrrolo[3,4-d]isoxa-
zoles I, R = H

Calculated/Found

Com- Formula M.p, °C Muaxe DM
d M. w. Yield, % |
poun (M. w.) ic lo % C % H % N oge

llla C17Hi0C12N203 171 - 173 56.52 2.79 7.75 255
(361.2) 85 56.32 2.80 7.71 2.69
b Ci1sH12C12N;203 185 - 187 57.61 3.22 7.46 255
(375.2) 88 57.65 3.36 7.54 2.70
Hic CiH12C12N204 213215 55.25 3.09 7.16 273
(391.2) 52 55.18 3.0t 7.12 2.58
nd C17HaCl2N30s 252 - 254 50.26 2.23 10.34 250
(406.2) 74 50.42 2.36 10.44 2.63
llle C17HeCl12N30s 197 - 199 50.26 2.23 10.34 254
(406.2) 79 50.35 2.35 10.11 2.81
Hif C17HeCl12N30s5 209 - 212 50.26 2.23 10.34 297
(406.2) 74 50.14 2.60 10.51 2.48
lig C17HoCl2FN203 167 - 169 53.84 2.39 7.38 252
(379.2) 42 53.93 2.36 7.69 2.67
1th C17HoCl2FN203 194 - 196 53.84 2.39 7.38 254
(379.2) 42 54,05 2.41 7.39 2.62
i C17HeCI3N:03 180 - 182 51.60 2.29 7.08 251
(395.6) 78 51.82 245 7.18 2.57
1y C17HeC13N203 160 - 162 51.60 2.29 7.08 255
(395.6) 55 51.35 2.35 7.01 2.66
ik C17HsCI13N203 224 - 226 51.60 2.29 7.08 258
(395.6) 68 51.51 2.38 7.07 2.72
u Ci17HsClsN203 242 - 245 47.47 1.87 6.51 249
(430.1) 92 47.42 2.05 6.62 2.52
Him C17HsClsN203 243 - 245 47.47 1.87 6.51 248
(430.1) 67 47.52 2.12 6.65 2.56
Hin C17HsCl3N203 191 - 192 47.47 1.87 6.51 259
(430.1) 42 47.30 1.92 6.47 2.68
1o C17HoBrClaN203 186 - 188 46.39 2.06 6.36 249
(440.1) 65 46.32 2.06 6.32 2.62

Collect. Czech. Chem. Commun. (Vol. 57) (1992)
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TaBLE |
(Continued)
Calculated/Found
Com- Formula M. p., °C Anaxs N
. W, ield, !
pound (M. w) Yield, % % C % H % N og e
lip C17HgBrCl2N203 159 - 161 46.39 2.06 6.36 256
(440.1) 68 46.58 2.20 6.50 2.70
lilq C17HeBrCl2N203 225 - 226 46.39 2.06 6.36 263
(440.1) 75 46.40 2.10 6.17 2.70
1 Ci18H10ClaN204 185 - 187 46.98 2.19 6.89 253
(460.1) 78 47.02 2.25 6.89 2.62
s C17HoCl2F3N203 182 - 183 50.37 2.11 6.52 258
(429.2) 54 50.19 225 6.60 2.58

As found, reduction chemoselectivity of imides with NaBH, could be controlled by
temperature; thus, at =20 °C ounly hydroxylactams were produced, whilst at = 50 °C
exclusively hydroxymethy! derivatives'> were obtained. This is why we turned our
attention to investigation of regio- and stercosclectivity of reduction of imides /Vg with
NaBH, as far as the rcaction conditions and complexation are concerned (Table VI).
Reduction of compounds I/, having a little diffcrent course, was examined sepa-
rately®2,

Two regioisomeric pairs of diastereomers VIg and VIIig can originate by reduction
of IVg to the first step by reducing the C-6 carbonyl group, or derivatives IXg and Xg by
reducing the C-4 carbonyl group; both differ in arrangement of the hydroxyl group with
respect to the angular methyl group and H-3a, respectively. Similar course can also be
expected with reduction to the sccond step giving risc to two isoxazolines X/g and the
corresponding regioisomer.

cl cl
cl cl

Vilg, R* = 0OH; R® = H IXg, R* = OH; R® = H
VIIIg, R* = H; R® = OH Xg, R*'=H; R® = OH

Collect. Czech. Chem. Commun. {Vol. 57) (1992)
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HC_ oL HE e Mg®*
Cl HOH,C N cl 0" !
2 / F \ CHSOI
AY
NHCO N N
cl cl o H ar
XIg Xilg

Reduction of /Vg with NaBH, in mecthanol furnished regio- and stercoisomeric
hydroxylactams Viig, VIIig and IXg at =20 °C and 0 °C, respectively; compounds Viig
and VIIIg were obtained in pure form. Their structures were ascribed from the chemical
shift data and multiplicity of signals in the 'H and '*C NMR spectra (Tables VII and
VIII). AN hitherto known 1,3-dipolar cycloadditions of nitrile oxides as concerted
reactions are characterized by a cis-stereospecificity, which means that the angular
methyl group and the H-3a atom in compound /V have to be in a cis arrangement'>13,
Nevertheless, all compounds lacked the doublct with a higher coupling constant value
about 8 Hz for the H-3 proton which excluded structure Xg. Reduction in the presence
of magnesium perchlorate resulted in a higher proportion of products Viig and Vilig
which indicated the reduction of the C-6 carbonyl group. The chelate Xiig arising
through coordination of the Mg?* ion with the isoxazoline oxygen and the C-6 carbo-
nyl group activated this carbonyl group in reduction with NaBH, with respect to the
non-chelated C-4 carbony! group'®. The cis configuration of the C-6 hydroxy group in
Viig was deduced from appearance of the H-3a singlet at 0 4.72 and the trans confi-
guration of the C-6 hydroxy group in Vilig:trom the presence of an H-3a doublet at
4.36 and coupling comstant J(32,6) = 3.3 Hz in '"H NMR spectra. Intcraction between
H-3a and H-6 can take place in a mutual syn arrangemert only, this being evidenced by
coupling constast typical of W-intcraction. Ditfereat chemical shift values for H-3a
proton in VIlg (syn regarding the OH group) and VIilg (anti with respect to the 6-OH)
proved the suggested stcreochemical arrangement. Compound IXg cannot be obtained
in a pure form, only as a mixture with V///g. The 'H and '*C NMR spectra cnabled us
to read the relevant signals for the H-3a singlet at & 4.74, H-4 and OH doublets at &
5.49 and 5.8, respectively, and doublets associated with C-3a (8 62.26) and C-4 (d
89.74) typical of the cis arrangemcnt of the C-4 hydroxy group in compound /Xg.

Analysis of the '"H NMR spectra of crude reaction mixtures revealed population of
individual products at various coaditions (Tablc VI).

Reductions of /Vg with NaBH, were found to procecd with a good regiosclectivity in
favour of the C-6 carbonyl (78 : 22 or 91 : 9, respectively), which means that they are
chemoselective, giving rise only to hydroxylactams VIig, Vilig and IXg, and also ste-
reoselective (cf. Table VI) this being manifested by an enhanced production of the C-6
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1,3-Dipolar Cycloadditions to Heterocycles 1527

cis-hydroxy derivative VIlg when compared with the C-6 trans-hydroxy derivative
VIiIg. Complexation with magnesium perchlorate improved a little the regioselectivity.
This phenomenon can be rationalized by application of the complexation model XI/g
with a preferential attack of the hydride ion from the bottom side of the “bent” arrange-
ment of the fused system.

TaBLE 1]
Characteristic data for 3-phenyl-5-3,5-dichloropheny!)-6a-methyl-4,6-dioxo-3a,4,6,6a-tetrahydropyrrolo(3,4-d)isoxa-
2oles IV, R = Me

Calculated/Found

Com- Formula M. p., °C Nuaxr DM
pound (M. w) Yicld, % e % 11 % N log €
1Va CigH12C12N203 237 - 239 57.61 3.22 7.46 257
(375.2) 59 57.79 3.36 7.58 2.54
Vb Ci19H14C12N203 177-179 58.62 3.62 7.19 267
(389.2) 64 58.53 3.72 7.29 2.49
1vd Ci18H11C12N305 216 -218 51.44 2.63 10.00 256
(420.2) 74 51.52 2.69 9.89 2.70
Ve Ci18H11CI2N30s 210-213 51.44 2.63 10.00 256
(420.2) 83 51.54 2.84 10.16 2.76
1Vf C18H11CI2N30s 216 -218 51.44 2.63 10.00 267, 333
(420.2) 71 51.48 2.72 10.01 2.15, 2.18
1vg Ci1s8H1:1CI2FN203 208 - 211 54.97 2.82 7.12 255
(393.2) 95 55.12 2.90 7.24 2.51
Vi CigH11Ci3N203 205 - 206 52.77 2.70 6.83 249
(409.6) 86 52.89 2.84 6.92 2.11
1Vk CisHn1ClsN203 217 -1219 52.77 2.70 6.83 264
(409.6) 8s 52.81 2.85 6.86 2.65
1vi CisH10ClaN203 177 - 179 48.67 2.26 6.30 249
(444.1) 73 48.76 2.40 6.43 2.57
IVm CisH10ClaN203 213 =215 48.67 2.26 6.30 250
(444.1) 73 48.72 2.36 6.36 2.08
Vo CisH11BrC12N203 203 -204 47.60 2.44 6.17 249
(454.1) 72 47.82 2.56 6.21 2.00
1Vs C19H11ClF3N203 179 - 181 51.48 2.50 6.32 250
(443.2) 45 51.57 2.55 6.35 2.00
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TabLE 111
'H NMR data (3, ppm and J, Hz) of 3-phenyl-5-(3,5-dichlorophenyl)-4,6-dioxo-3a,4,6,6a-tetra-
hydropyrrolo[3,4-d]isoxazoles ///, R = H and IV, R = CH4

Com- H-6a Com- H-3a
pound H-3a J (3a, 6a) Huron pound CH;-6a Huron
Illa 5.40 5.84 7.45 - 8.00 1Va 5.15 7.50 - 8.02
10.00 1.87
il 5.38 5.80 7.30-1792 Vb 512 7.31 - 7.90
9.60 1.86°
ic%¢ 537 573 7.00 - 7.94 wvd 5.32 7.51 - 8.86
10.00 1.92
md 531 5.93 7.40 - 8.16 Ve 5.32 7.52 - 8.82
10.00 1.91
e 5.56 5.89 7.51 -8.79 Vg 5.17 7.28 -7.97
10.00 1.91
Ilg 5.48 5.82 7.28 - 7.56 Vi 5.15 7.30 - 7.65
10.00 1.90
1HIh 5.39 5.84 7.26 - 8,16 1Vk 5.18 7.53 - 8.03
13.00 1.88
i 5.39 571 7.25-7.54 il 5.17 7.46 - 7.86
9.60 1.92
1 5.43 587 7.49 - 8.04 IVm 487 7.47 - 7.65
13.00 1.97
e 5.42 5.80 7.48 - 8.01 Vo 5.12 7.47-1.85
10.00 1.91
it 5.18 6.06 7.44 - 7.63 1Vs 4.96 7.48 - 7.95
9.60 1.92
lim 5.15 6.04 741 -17.62
10.00
Un 5.43 5.95 7.47 - 8.22
10.00
o 5.44 5.90 7.43 - 7.59
10.00
ip 5.43 5.87 734 - 8.18
13.00
lig 5.40 5.85 7.48 - 8.02
10.00
e 5.46 5.88 7.41 -7.70
10.00
Ils 5.28 591 7.39 - 7.88
9.00

2.39 s, CHy; ®in CD;SOCD;; ©3.82 s, OCHy; 3.96 s, OClly; € 2.40 s, OCH;.
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TABLE [V

3C NMR data (5, ppm) of 3-phenyl-5-(3,5-dichlorophenyl)-4,6-dioxo-3a,4,6,6a-tctrahydropyrrolo[3,4-d]-
isoxazoles /Ill, R = H

Com- C-4
pound C-3 C-3a c-6 C-6a Corom
llla 153.73 56.09 170.98 82.16 126.41 12831 128.70
172.00 129.31 12938 131.52
134.86 135.42
' 153.60 56.24 171.06 82.06 125.62 126.47 128,73
172.05 129.31  130.02 135.02
13546  141.85
i 152.52 55.35 17042 80.62 114.09 119.47 126.14
170.95 128.65 129.59 134.09
142.40
nid 151.58 58.14 169.97 81.07 121.30  125.11  125.16
171.97 12582 129.01 131.56
13212 134.22  134.27
13445 13451 148.15
1le 152.65 55.89 169.93 82.92 123.40 125.86 126.50
170.45 129.43  131.00 134.46
135.51 149.20
if 152.20 54.57 170.07 81.97 123.74 126.08 129.06
171.18 13339 133.80 134.04
148.37
llg 150.66 57.17 170.61 81.80 12539 12551 126.44
172.02 120.37  131.59 133.40
133.75 13498 135.51
1k 152.88 56.24 171.08 82.39 116.03 11691 124.98
171.96 126.50  129.43 131.00
131.36  135.04 135.51
i 152.51 56.14 168.53 79.95 12452 12543 12738
170.21 12939  130.76 131.37
132.13  132.36 133.17
135.53
ij 152.83 55.89 170.90 82.56 126.50 127.14 128.49
171.78 120.37 130.54 131.18
131.30  134.87 13545
Hik 15235 55.12 170.25 81.38 126.14 128.77 129.59
171.42 133.86 134.09 135.50

Collect. Czech. Chem. Commun. (Vol. 57) (1992)



1530 Konopikovd, Fiscra, Prénayovi:

TasLe IV
(Continued)
Com- C-4 .
pound C-3 C-3a C6 C-6a Ciarom
un 151.02 58.32 169.90 81.83 126.00 129.46  129.59
172.14 133.71 13465 135.75
Him 150.32 57.52 169.54 80.94 125.09  125.51 128.83
171.65 129.07 13339 13348
134.54
in 152,28 55.85 170.97 82.80 126.51 12844  129.11
171.77 129.44  130.56
o 154.11 58.40 170.20 81.75 12276 12632 128.66
172.13 129.43 13258 132,76
13422 13481 13557
1lp 152.77 55.95 170.96 82.62 12293 126.50 127.61
171.84 12943 130,77 13141
13428 13498 135.51
lilq 153.06 56.00 170.96 82.51 12533 12644 127.73
171.84 12937 130.54 132.58
13498 135.45
e 151.34 57.21 170.50 81.96 12547 12630  129.35
171.93 129.91 130.12  132.85
134.80 13548 154.54
uis® 152.55 59.85 170.26 81.81 123.00 12625  127.65
172.13 129.56  131.64 132.10

133.41 134.83 135.69

921.32 q, CHy; 2 45.75 q, OCH;; ©62.22 ¢, OCIly; Y 46.39 s, CF,.

The second-step reduction product X/g was formed exclusively in the presence of
magnesium perchlorate at 0 °C. Its structure ~ 5-hydroxymethylisoxazoline (X/g) — was
proved from the 'H NMR spectral data showing the H-4 as a singlet, whereas in its
regioisomer this proton should appear as a triplet.

Structural similarity of these compounds with some fungicidally active derivatives!
prompted us to test their clfect on phytopathogenic molds. Derivatives Illa, IIf, 1ilg,
Iih, HIj, HIn, HHp showed activity against Alternaria species and Hla, 111f, Hlg, HIh,
I, Hip and Ills against Botrytis cinerea; none of compounds tested was of practical
use.

-4
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TABLE V
Bc NMR data (8, ppm) of 3-phenyl-5-(3,5-dichlorophenyl)-6a-methyl-4,6-dioxo-3a,4,6,6a-tetra-
hydropyrrolo[3,4-d]isoxazoles IV, R = CH;

Su‘:; c3 C-3a gz C-6a Clly Caromn
Va 153.73 60.01 170.35 89.39 18.90 126.60  128.76
173.14 12892 12937
12041 131.43
135.48
b 153.61 60.09 170.36 89.15 18.88 12607 126.56
173.01 12872 129.34
13001 135.07
13546 141.75
wd 151.95 58.41 169.36 89.07 18.38 12238 124.98
173.35 126,17 128.62
12929 130.29
13369 133.96
14776
Ve 15232 6161 169.67 $9.28 18.83 12639 126.75
173.39 12850  129.48
13090  133.65
13468 134.82
13557 137.37
vy 15281 59.47 170.20 90.46 18.94 12449 126.54
173.14 129.44  129.79
13491 134.96
13549 149.69
Vg 152.51 60.94 170.31 $3.92 13.84 11709 12536
173.21 12647 129.35
13136 133.41
13495  135.46
Vi 153.13 61.90 169.66 $9.10 18.80 12642 127.87
173.32 128.17  120.45
13111 13262
13268 133.62
13490 135.55
Vi 152.96 59.82 170.31 $9.69 18.90 12656 127.76
173.37 12939 129.59

13033  135.00
13547  136.88

Collect. Czech. Chem. Commun. {Vol. 57) (1982)
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TABLE V
(Continued)
Com- C4
pound Cc3 C-3a c6 C-6a CH, Cirom
we 151.22 60.53 168.81 88.07 18.19 12538  125.92
172.50 127.62 128.68
129.78 133.17
133.54 134.05
135.78
IVm 150.92 62.10 169.20 89.44 18.88 126.15 126.91
173.46 12948 129.63
133.67 134.70
135.72  135.81
Vo 150.60 61.02 169.91 88.94 18.86 117.40 125.43
173.44 129.37 131.38
133.54 13498
135.49
IVs© 152.48 63.43 169.58 89.15 18.78 126.36  127.67
173.41 129.53  131.57

13234 133.33
134.85 135.63

©21.35 q, CHy; ®in CD;SOCD;; € 69.61 s, CFs,

TABLE VI
Products of NaBH, reduction of (2-fluorophenyl)-5-(3,5-dichlorophenyl)-6a-methyl-4,6-dioxo-3a,4,6,6a-
tetrahydropyrrolo[3,4-d]isoxazole (/Vg)

Molar ratio
Method Tcm|:cc|;alurc Regioselectivity”
Vilg : Vlllg . IXg : Xlg
A -20 45 33 22 0 78 : 22
A 0 55 36 9 0 91 : 9
B -20 57 29 14 0 86 : 14
B 0 63 21 5 11 95 : 5§

“The C-6 : C-4 reduction ratio.
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TABLE VII

'H NMR data (5, ppm and J, Hz) of the NaBli, reduction products of /Vg

H-3a

-6

Compound CH, J(3a, 6) 6, O OH H-arom
Vilg 1.62 4.72 5.88 6.25 7.24 - 7.98
0.00 8.40
Vilig 1.84 4.36 598 6.52 7.25 - 7.89
3.30 4.50
Xig® 1.88 - 5.14° 4.29 7.28 -7.92
“4.21 dd, CHy; °C-4.
TaBLE VIII
13C NMR data (8, ppm) of the NaBHy reduction products of /Vg
C-3a . C=N .
Compound CHj C-6a C-6 €0 Curom
Vilg 18.93 61.21 92.07 154.74 117.05  117.3§
88.44 168.29 121.32 12527
125.31 12591
13140 131.44
13298 133.09
135.55 140.67
Viilg 20.23 61.93 89.74 153.45 11732 12144
84.51 171.64 12242 12581
12599 13035
133.27 133.38
13545 14036
Xig 18.86 - 60.95° - 11701 12535

12540 126.46
12973 129.58
131.36  131.39
133.40 135.46

68.24 1, CH,, 88.91 s, C-5; ® C-4,
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EXPERIMENTAL

Melting points are not corrected. The 11 and 3C NMR speetra of deuterioacetone solutions containing
tetramethylsilane as internal reference were measured with Tesla BS 487 C (80 Mlle) and Varian VXR
300 (300 and 75 Mllz) instruments, respectively. The UV spectra were recorded with an M 40 (Zeiss,
Jena) spectrophotometer in temperated cells in methanol; the € values are given in m? mol™" The reaction
course and purity of compounds were monitored by thin-tayer chromatography on Silufol sheets, detection
by UVssy light or with iodine vapours.

N-(3,5-Dichlorophenyl)malcimide (//, R = ) was obtained from 3,5-dichloroaniline and maleic
anhydride according to ref.? and 3-methyl-1-(3,5-dichlorophenymaleimide (M, R = Cll3) from the afore-
-mentioned aniline and itaconic anhydride folowed by a tricthylamine-induced rearrangement>425,
Testing conditions were reported in ref.,

General Procedure for Preparation of 3-Phenyl-5-(3,5-dichlorophenyl)-4,6-dioxo-34.4,6,6a-tetra-
hydropyrrolo[3.4-d}isoxazoles 1] and 1V

Triethylamine (13 mmol) in anhydrous ether (30 ml) was added during | h 1o a stirred and cooled (0 °C)
solution of maleimide /7 (10 mmol) and benzenchydroximic chloride (10 ml) in anhydrous cther (40 ml).
The product separated after a 24 h-stirring at room temperature was filtered off and washed thoroughly
with water and crystallized. Characteristic data of products are listed in Tables 1 - V.

3,6a-Dimethyl-5-(3,5-dichlorophenyl)-4,6-dioxo-3a,4,6,6a-tetrahydropyrrolof 3,4-dJisoxazole. This com-
pound was synthesized from /7, (R = Cll;) and acetonitrile oxide prepared in situ from nitrocthane and
phenyl isocyanale under catalysis of tricthylamine®. Yicld 75%, m.p. 236 = 237 °C. For Cy3H,4CI;N,0;
(313.1) calculated: 49.85% C, 3.21% 11, 8.94% N; found: 49.93% C, 3.28% 11, 8.97% N. 'l NMR: 1.78 s,
3 H, CHy; 2.19 s, 3 1, CH3; 4.01 s, 110, [1-3a; 7.29 = 7.43 m, 3 11, arom. >C NMR: 12.21 q, Cll;; 18.95
q, CHj; 62.33 d, C-3a; 86.17 s, C-6a; 124.69, 129.35, 132.54, 135.52, C-arom; 151.10 s, C=N; 168.72 s,
172.48 s, C=0.

Alcoholysis of Maleimides /7 and 11/

Ethyl 3-(3,5-dichlorophenylcarbamoyl)propenoate was obtained by crystallization of I/ (R = H) in hot etha-
nol in almost quantitative yield, m.p. 86 — 88 °C. For C,,1;;CIsNO; (288.1) caleulated: 50.01% C, 3.80%
H, 4.86% N: found: 49.78% C, 3.71% H, 5.01% N. ‘Il NMR: 1.35 1, 3 11, Cll;, J(CI,,Cl,) = 7.2 Hz
4.30 q, 2 H, OCH2; 6.24 d, 1 I, vinyl, J(2,3) = 12 Hz: 6.39 d, 1 I, vinyl; 7.08 = 7.61 m, 3 H, arom. 11.29
s, 1 H, NIL
3-(2-Chlorophenyl-4-(3,5-dichlorophenylcarbamoyl)-5-(methoxycarbonyl)isoxazoline Vi was obtained by
boiling I1Ii in methanol and purified by chromatography on silica gel, heptane—cthyl acetate (2 : 1) being
the eluent. Yield 52%, m.p. 208 - 210 °C. For Cgl3CI3N50, (427.7) caleulated: 50.54% C, 3.06% H,
6.55% N; found: 50.45% C, 2.98% H, 6.51% N. 'II NMR: 3.67 5, 3 11, OClly: 5.36 d. 1 11, H-4, J(4,5) =
4.5 Hz; 5.74 d, 1 11, 11-5; 7.24 = 7.93 m, 7 I1, arom; 9.81 s, | Il NIL 13¢: NMR: 53.33 d, C-4: 59.32 q,
OCHj; 83.71 d, C-5: 119.19, 124.58, 128.05, 129.36, 130.95, 132.21, 132.47, 135.48, 141.11, arom; 155.13
s, C=N; 168.48 s, 168.61 s, C=0.
3-(4-Chlorophenyl)-4-(3,5-dichlorophenylcarbamoyl)-5-(methoxycarbonyl)isoxazoline (Vk) and  3-(4-
chlorophenyl)-4-(methoxycarbonyl)-5-(3,5-dichlorophenylcarbamoyl)isoxazoline (V1k) were obtained in the
3 : 1 ratio from compounds J//k by refluxing in methanol: they cannot be isolated in pure form, only as
enriched mixtures. 'H NMR Vk: 3.75 s, 3 H, OCH3; 5.17 d, 1 11, 14, J(4.5) = 4.0 Hz; 562 d, 1 H, H-5;
7.18 - 7.89 m, 7 H, arom. VIk: 4.08 s, 3 11, OCH;; 4.98 d, 1 11, 11-4, J(4,5) = 4.5 11z; 5.38 d, 1 H, H-5;
7.18 = 7.87 m, 7 H, arom.
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Reduction of Compound /Vg with Sodium Hydridoborate

Method A: Sodium hydridoborate (4 g, 106 mmol) was added to a stirred solution of /Vg (71 mmol) in
methanol (50 ml) at =20 or 0 °C. A saturated aqucous ammonium chloride was introduced after a 2 h-
stirring which was continued for 1 h. Mcthanol was removed under reduced pressure and the aqucous solu-
tion was stepwise extracted with chloroform (3 x 20 ml) and ethyl acetate (3 x 20 ml). The combined
organic layers were dried with sodium sulfate and the distillation residue was scparated on silica gel
column using heptane—cthyl acetate (5 : 1) as cluent.

Method B: Magnesium perchlorate (4.46 g, 20 mmol) was added 10 a stirred solution of compound /Vg
(10 mmol) in methanol-chloroform (1 : 1, 100 ml) at either 20 or O °C. Suirring was continued at the
respective temperature for 1 h; sodium hydridoborate (0.57 g, 15 mmol) was then introduced and after the
reaction had finished (TLC) the mixture was acidified with hydrochloric acid to pH 2 and after 10 min to
pH 11 with aqucous sodium hydroxide. The mixture was altcrwards worked up as in the preceding expe-
riment.

3-(2-Fluorophenyl)-5-(3,5-dichlorophenyl)-6-cis-hydroxy-6a-methyl-1-oxo-3a,4,6,6a-tetrahydropyrrolo-
[3,4-d]isoxazole (V1lg) was obtained in 50% yield applying method A and temperature 0 °C; m.p. 177 -
179 °C. For C 4H|3Cl,IFNO; (395.2) calculated: 54.70% C, 3.31% 11, 7.08% N, found: 54.81% C, 3.40%
H, 7.10% N.

3-(2-Fluorophenyl)-5-(3,5-dichlorophenyl)-6-trans-liydroxy-Ga-methyl-1-oxo-3a,:1,6,6a-tetrahydropyrro-
lof3,4-d}isoxazole (V1llg) was prepared in 15% yield by method A at 0 °C m.p. 135 - 137 °C. Found:
54.68% C, 3.43% H, 7.32% N.

3-(2-Fluorophenyl)-5-(3,5-dichlorophenyl)-1-cis-hydroxy-6a-methyl-6-oxo-3a,1,6,6a-tctrahydropyrrolo-
[3,4-d]isoxazole (IXg) was synthesized with the admixture of VIIg by method A at =20 °C. 'H NMR: 4.74
s, 11, H-3a; 5.49 d, 1 11, 114, J(A,0H) = 10.6 llz; 5.85 d, 1 11, O 13C NMR: 62.26 d, C-3a; 88.01 s,
C-6a: 89.74 d, C-4.

3-(2-Fluorophenyl-4-(3,5-dichlorophenylcarbamoyl)-S-hydroxymethyl-5-methylisoxazoline (Xlg), m.p.
180 - 182 °C was produced by method B at 0 °C in 12% yield.
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