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Cycloadditions of 2-furannitrile oxide (Ia), 5-nitro-2-furannitrile oxide (Ib), 5-(3-nitrophenyl)-2-
-furannitrile oxide (Ic), 5-(4-nitrophenyl)-2-furannitrile oxide (Id), and 2,5-dimethyl-3-furani-
trile oxide (Ie) with 4- or 2,6-disubstituted N-phenylmaleinimide are described. Investigated
were also cycloadditions of 2,5-dimethyl-3-thiophenenitrile oxide (IVa), 2,4,5-trimethyl-3-thio-
phenenitrile oxide (IVb), 2,3-dimethyl-4-ethyl-3-thiophenenitrile oxide (IVc), 2,5-dimethyl-4-
-(1-methylethyl)-3-thiophenenitrile oxide (IVd), and 3,5-di(1,1-dimethylethyl)-2-thiophenenitrile
oxide (V) with N-(2,6-dimethylphenyl)maleinimide. The steric course of these reactions is dis-
cussed.

The outstanding properties of commercial fungicides Dimetachlon containing a pyr-
rolidine-2,3-dione ringand Hymexazole (3-hydroxy-5-methylisoxazole)1 prompted us
to synthesize compounds characteristic of a fused N-phenylsubstituted pyrrolidine
and isoxazoline rings in connection with our previous interest in heterocyclic sub-
stances with pesticide activity.

The above mentioned compounds were obtained by a 1,3-dipolar cycloaddition
of 2-furannitrile oxide (Ia), 5-nitro-2-furannitrile oxide (Ib), 5-(3-nitrophenyl)-2-
-furanitrile oxide (Ic), 5-(4-nitrophenyl)-2-furannitrile oxide (Id), 2,5-dimethyl-3-
-furannitrile oxide (Ie), 2,5-dimethyl-3-thiophenenitrile oxide (IVa), 2,4,5-trimethyl-
-3-thiophenenitrile oxide (IVb), 2,5-dimethyl-4-ethyl-3-thiophenenitrile oxide (IVc),
2,5-dimethyl-4-(1-methylethyl)-3-thiophenenitrile oxide (IVd), and 3,5-di(1,1-di-
methylethyl)-2-thiophenenitrile oxide (V') to N-(4-X-phenyl)maleinimide (X = H, CI)
or N-(2,6-Y,Z-phenyl)maleinimide (Y, Z = CH;, C,Hj). Nitrile oxides Ia, Id were
generated in situ from the corresponding hydroximic chlorides?'*, Ie, IVa—IVd and
V from the appropriate oxime*~® and sodium hypochlorite in the presence of the
dipolarophile under catalysis of triethylamine. Cycloadditions run smoothly and

* Part XXIV in the series 1,3-Dipolar Cycloadditions to Heterocycles; Part XXIII: Chem.
Papers, in press.
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in good to very good yields (48 —92%) affording 3,5-disubstituted 4,6-dioxo-3a,4,6,6a-
-tetrahydropyrrolo[ 3,4-d Jixosazoles II, III, VI, and VII. Their structure was cor-
roborated by a synthetic approach and spectral (UV, IR, *H and *3C NMR) evidence

(Tables I—

TABLE I

Characteristic data of isoxazolines II and III

VIII).

Com- Formula Calculated/Found M.p., °C W(C—=0) Anax
pound (M.w.) o o Yield, %; (log ¢)
%C %H ¥%N
lla C;5sH (N,O, 63-82 3-57 992 208—210 1725 276
(282-2) 63-86 3-65 10-11 82 (3-20)
1Ib C;sHgN304 55-05 2:77 12-51 238—240 1732 240 333
(327-2) 54-57 2-97 12:56 67 321 @311
IIc C,1H;3N;304 62:53 324 1042 263—265 1728 238 361
(403-3) 62:34 3-:34 10-59 63 (3:27) (3-37)
11d C;7H4N,0, 6516 4:50 894 130—131 1724 238
(313:3) 64:99 471 891 92 (3-09)
IIe C,5sHgCIN,O0,  56:86 2:86 884 215—217 1728 248 281
(316:7) 56-58 2-81 872 53 (3-19) (3-:21)
1y C,;;H;,CIN;Og 5761 2:76  9-59 263—264 1726 248 318
(437-8) 57-68 2:77  9:45 75 (3:31) (3-37)
1ig C;7H;3CIN,0, 5923 3-80 812 140—141 1738 250
(344'7) 5880 342 7-96 65 (3:30)
11k C;sHgFN;3;Og¢ 5218 2:33  12:22 260—262 1725 237 335
(345-2) 52:41 2-53 12-38 65 3:21) (3:12)
i C,1H;,FN;O4 59:86 2:86 977 272—274 1725 240 318
(421-3) 59:60 3:01 9-85 69 (31:3) (3-26)
1y C,7H;3FN,0, 6229 3-98 853 146—147 1728 200
(328:3) 61:98 412 850 71 (3-44)
Illa C17H4N,0, 65-80 4:54  9-02 165—167 1720 279
(310-3) 6599 476  9-12 48 (3:02)
111 C,7H,3N;0q4 57-46 3-97 11-82 233—235 1730 262 333
(355-3) 57-70 3-91 11-52 56 (2:79) (3-08)
1lc C,3H; ;N304 64:03 397 974 266—268 1725 360
(431-4) 64:12 418  9:60 63 (3:30)
111d CioH gN,0, 67-44 536 827 192—193 1730 272
(338:3) 67-29 526 821 74 (2:73)
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TaBLE I
(Continued)
Com- Formula Calculated/ Fourlii‘ M.p., °C (C—0) A max
ound M.w. Yield, ¢ loge
P ( ) %C %H %N A (log ¢)
Ile C;9HgN,0, 6744 536 827 192—194 1724 276
(338:3) 67-73 5-24 819 48 (3-18)
if C,y5H, N3 O4 6535 460 9-14 268—271 1728 359
(459-4) 6532 468 9-11 69 (3-22)
Illg  C,H,,N,0, 6883 605 764 163—165 1742 272
(366-4) 6853 620 7-41 82 (2:69)
1IIh CigH N0, 6665 497 863 188—190 1726 281
(324-3) 66-93 4-91 8:99 76 (3-06)
11Ii C;sH;5N304 5853 4-09 11:37 199—201 1730 334
(369-3) 5843 4-08 11-26 53 (3-11)
111 C,y4HgN;3 04 64-71 429  9-43 252—254 1722 359
(445-4) 64:51 4-33  9-48 75 (3:19)
Ik C,0H,0N,0, 6816 572 794 179—1804 1725 272
(352:9) 6813 5-62 7-93 150—151B (2:68)
76
TABLE I1
Characteristic data of isoxazolines VI and VII
Com- Formula Calculated/Found M.p., °C ) Ao
ound M.w. Yield, ¢ loge
pou M.w.) %C %H %N % (log ©)
Via CigH gN,03;S 6438 5-11 7-90 153—154 1725 266
(354-4) 64:49 5-28 811 87 (2:92)
VIb Cy0H;o0N,03S 6519 537 7-60  229—230 1730 260
(368-4) 6523 554 7-78 62 (2-91)
Vie C,1H;,N;0,5S 6594 579 7-32 179—181 1725 261
(382-4) 66:15 5-87 17-60 71 (2-90)
vId C,,Hy4yN,03S  66:64 610 7-06  230—231 1725 247
(396-5) 66:90 605 7-20 90 (2-88)
vII C,5H3oN,03S  73:53 740 6°86 188— 190 1730 292
(408:3) 73-:05 7-36 7-01 68 (2-84)
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Compound R"

la R R= 2-furyl
ls R’ R’z 5-nitro-2-furyl
le R’ R’= 5-(3-nitrophenyl)-2-furyl
I d R* Rz 5-(4-nitrophenyl)-2-furyl
le R’ R’= 2,5 - dimethyl-3-furyl
0
o} o
N e N
| w N 7 N X I
R" — R’
0
i I
Compound R’ X Compound R’ Y z
Ila R’ H Ma R"  CH, CH,
) R’ H e R CH, CH,
Il'e R* H e R" CH, CH,
Id R® H d R® CH, CH,
e R’ cl e R' CH, C,H,
Iy R’ Cl " s R* C.H. C,H,
g R’ Cl ) R" C,H. C.H.
I R’ F i b R CH, C,H,
i R’ F i R CH, C,H,
Iy R F i R® CH, C,H.
M & R° CH, CH,

CH,

o]
0
N/
) () | j:"(kN— / \
R 3 C=N—0 R 3 — —
X T v
B H,C S CH,

% %
Compound R
IVa,K Via H
Vo, Vi CH,
Ve, Vie C.H,

IVd,Vi¢  (CH,),CH
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Diastereomers A and B, differing in the arrangement (syn and anti forms) of their
methyl and ethyl groups at the phenyl ring and the bridgehead protons H-3a and

C(CH,),

C(CH)),
J res s
H,0C7 s Se=N—0

4 vir

H-6a of the fused isoxazoline were obtained from furannitrile oxides and N-(2-ethyl-
-6-methylphenyl)maleinimide. Analysis of 'H NMR spectra of the crude reaction
mixtures revealed the mutual ration of both isomers to be 1 : 1. Formation of atro-
poisomers could be explained by two various diastereomeric transition states resulting

TaBLE 111

"H NMR chemical shifts (4, ppm) and coupling constants (/, Hz) of compounds IId, Ilg, IIj,
111d, 11lg, 11Tk

CH,

Compound H-3a H-6a CH H-4’ H (arom.)
3
11d 5-39 5-87 2-50 671 7-48—7-81 (m, 5 H)
[Cr)) 2-73
Iig 4-80 5-39 2:14 6:16 7:74 (d, 2 H); 7-26 (d, 2 H)
9-6) 2-34
1 5-03 5:52 2:15 6-35 7-20(d, 2 H); 724 (d, 2 H)
(9:6) 2:40
111d° 5-12 5:68 2:16 6-38 7:04—7-20 (m, 3 H)
95 2:41
IIIgb 5-24 5-80 2:26 6-47 7:19—7-41 (m, 3 H)
(9:3) 2-53
IIkC 5-12 5:68 2:15 6-37 707 (d, 1 H); 7-16 (d, 1 H)
A 9-2) 2:41 7-21 (dd, 1 H)
HIK? 5-27 5-80 2:23 6-42 7-16 (d, 1 H); 7-21 (d, 1 H)
B 9-3) 2:46 7-31 (dd, 1 H)

“ 182 (s, 3 H, CH3); 207 (s, 3 H, CH,); * 95 (t, 3 H, CH,); 112 (1, 3 H, CH,); 2-19 (dd, 2 H,
CH,); 2-48 (dd, 2 H, CH,); € 1-02 (t, 3 H, CHj,); 1:80 (s, 3 H, CH,); 2-28 (dd, 2 H, CH,); ¢ 0-82
(t, 3 H, CH,); 2°11 (s, 3 H, CH,); 2:28 (dd, 2 H, CH,).
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from the rotation hindrance of the bznzene ring in the arylmaleinimide groupig during
the 1,3-dipolar cycloaddition. The nitrile oxide attacked, then, the double bond from
the methyl or ethyl side of the asymmetrically substituted maleinimide.

Only diastereomers 4 and B of 3-(2,5-dimsthyl-3-furyl)-5-(2-ethyl-6-methyl-
phenyl)-2,4-dioxo-3a,4,6,6a-tetrahydropyrrolo[ 3,4-d Jisoxazole (II1k) could be sepa-
rated on a silica gel-packed column (eluent hexane-ethyl acetate 5 : 1); with other
derivatives the separation led to mixtures enriched by one isomer (c. 70%). Diastereo-
mers [I1k markedly differ in some physicochemical constants (m.p., NMR chemical
shift values). Their structure was ascertained from 'H and !3C NMR spectral data
of pure diastereomers of 1Tk and the model compound II1a (3-(2-furyl)-5-(2,6-di-
methylphenyl)-4,6-dioxo-3a,4,6,6a-tetrahydropyrrolo[ 3,4-d Jisoxazole). The stero-
chemical arrangement was proved by the nuclear Overhauser effect between the
bridgehead protons H-3a, H-6a and the methyl group, employing the NOE DIF-
FERENCE modification’. The minimum energy conformation was calculated by

TABLE IV
13C NMR chemical shifts (6, ppm) of compounds I1d, Ilg, 11/, 11ld, Illg, IITk

Compound C-3 C-3a C-6a C-4 C-6
1d° 148-4 566 $0-0 170-9 172-2
1gb 150-5 58:56 829 1681 169-2
1 1481 565 799 170-7 171-9
14’ 149-2 576 809 171-0 172:0
HIg* 149-5 579 811 172:0 1733
i 149-2 57-5 80-8 171-4 172:6
A
HIKS 1487 56-45 801 171:0 172:3
B

@ C(furan): 1066, 109-2, 150-0, 151-3; 12:82 (CH;), 1381 (CH,); C(arom.): 1268, 128-8, 129-5,
131-5; * C(furan): 106-6, 110-45, 151-17, 151:9; 13-7 (CH3), 12'8 (CH;); C(arom.): 122-1, 12915,
137-5; ¢ C(furan): 106+5, 1081, 149:9, 151-2; 12:7 (CHj), 13-6 (CH,); C(arom.); 115-7, 129-0,
1599, 163-2; 4 C(furan): 107-0, 109-9, 151-0, 152-3; 128 (CH,), 13-8 (CH,); C(arom.): 1288,
128:9, 130-7, 136-2; 16:8 (CH3), 17-2 (CH,); © C(furan): 107-3, 1102, 151-3, 1525; 13-1 (CH,),
141 (CH,); C(arom.): 127+6, 127-7, 130-7, 1423, 143-2; 14-8 (CH}), 151 (CH,), 246, 24:9 (CH,);
 C(furan): 107-0, 109-1, 1510, 152-2; 128 (CH;), 13-8 (CH,); Carom.): 127-4, 128-8, 1302,
136°1, 1429; 14:9 (CH,), 168 (CH3), 24:3 (CH,); ¢ C(furan): 1065, 108-96, 150-3, 151-3; 12:91
(CH3), 13-7 (CH,); C(arom).: 126:97, 1285, 128:9, 129-7, 1365, 141-06; 14-4 (CHj), 17-34
(CH,), 239 (CH,).
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TABLE V

'H NMR chemical shifts (5, ppm) and coupling constants (J, Hz) of compounds II and 111

Compound H-3a H-6a H-3' H-4’ H(arom.)

11a° 517 5-79 668 7-25 7-37—7-52 (m, 5 H)
(9-6) (3°6)

1Ib 5-31 59 7-43 7-84 7-31—7-56 (m, 5 H)
9-0) (3-5)

e’ 525 5-80 7-:30—7-54 (m, 7 H)
(9-0) 8:03 (d, 2 H); 832 (d, 2 H)

IIe° 508 572 651 7-15 7-32—7-50 (m, 5 H)
(9-0) (3-5)

I1r 5-26 579 7-32 7-48 7-35 (d, 2 H); 7-58 (d, 2 H)
(9-0) (3'5) 7-75 (dd, 1 H); 819 (d, 2 H)

8-52(d, 1 H)

Ih 5-35 5-95 7-50 7-07 7-27—7-48 (m, 4 H)
o1n (3-9)

Il 524 577 7-31 7-48 7-33—7-38 (m, 4 H); 7°76 (dd, 1 H)
9-9) (3+5) 8-2(d, 2 H); 851 (d, 1 H)

it 53 5-89 671 7-19 7-14 (d, 2 H); 7-26 (d, 1 H)
(9-2) (3:5)

HIb® 5-45 604 7-41 75 7-12—7-32 (m, 3 H)
9-2) (3:5)

nice! 539 5-98 7-37 7-51 8-03 (d, 2 H); 8-32 (d, 2 H)
(9-0) (3'5) 7-13—7-39 (m, 3 H)

HIf? 5:31 5-90 7-30 7-44 7-05—7-32 (m, 3 H); 7-96 (d, 2 H)
(9:0) (3:5) 823 (d, 2 H)

i (/d 4-64 5-54 6-28 7-23 7-04—7-22 (m, 3 H)
(9-0) (3:5)

it 535 595 737 7-7 7-07—7-23 (m, 3 H)

A (7-8) (3:5)

I’ 5-35 5-96 7-39 7-70 7-05—7-24 (m, 3 H)

B (9-3) (3+6)

HI* 54 5-90 7-37 7-52 7-13—17-36 (m, 3 H); 805
(9:0) (3:5) (d, 2 H); 831 (d, 2 H)

“ 7-80 (d, 1 H, H-5', J = 1'2 Hz); % the H-3' and H-4’ signals are overlapped by H(arom.);
¢ the H-5' signal is overlapped by H(arom.); ¢ 794 (d, 1 H, H-5, J = 1-8 Hz); ¢ 1-8 (s, 3 H, CH,);
2:17 (s, 3 H, CH,); ¥ 178 (s, 3 H, CH3); 2-16 (5, 3 H, CH,); ¢ 0-70 (t, 3 H, CH,); 1-0 (t, 3 H,
CH3); 2:40 (m, 4 H, CH,); * 7-55 (d, 1 H, H-5); © 0-74 (1, 3 H, CH;); 099 (t, 3 H, CH;); 169
(s, 3 H, CH3); 2+06 (s, 3 H, CH3); 2:19 (g, 2 H, CH,); 7 0-76 (t, 3 H, CH3); 101 (t, 3 H, CH3);
1-70 (s, 3 H, CHj); 2:07 (s, 3 H, CH3); 2:01 (q, 2 H, CH,); 2:41 (q, 2 H, CH,); k0-80 (t,3H,

CHj); 11 (1,3 H, CH,); 178 (s, 3 H, CH3); 2:17 (s, 3 H, CH3); 2:09 (q, 2 H, CH,).
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means of the MM2 programme®*'° (Fig. 1). The 2D APT technique and 2D hetero-
correlated "H '3C NMR were used to ascribe the correct chemical shift data in the
13C spectra; modification enabling to gain one-bond 'H-!3C correlations and the
HETCOR long-range technique® were applied. The COSY technique® was helpful
with some more complicated molecules offering more information on the '"H NMR
interaction.

TaBLE VI
13C NMR chemical shifts (6, ppm) of compounds II and III

Compound C-3 C-3a C-6a C-4 C-6
11a* 145-75 565 81-9 171-2 172-45
116° 144-7 54-72 82:0 170-0 171-3
IIc* 144-8 55-3 81-2 170-4 171-7
1Iet 141-8 55-8 81-8 171-0 172-3
1fe 144-7 55-75 §1-4 170-2 1716
' 145-3 55-7 83-0 170-8 171-9
1 144-8 55-4 81-13 170-5 171-9
111a" 145-2 55-85 80-9 170-3 171-5
11Ib' 1435 55-15 82-2 1699 170-8
e’ 145-06 55-7 81-3 170-5 171-8
ik 145-3 5614 816 171-13 172-4
41 145-1 55-2 81-4 170-2 172-1
urt 144-7 555 82-55 170-1 171-1
upm 1450 55-8 81-3 170-4 171-6

¢ C(furan): 11275, 116+9, 143-9, 146:6; C(arom.): 127-7, 129-6, 129-8, 133-0; ® C(furan): 113-7,
118-1, 144-1, 152-25; C(arom).: 126-9, 1289, 131-5; € C(furan): 111-9, 118-38, 1435, 146-6; C(arom.),
124-46, 124-8, 1269, 1288, 128:96, 1316, 134-7, 153-2; ¢ C(furan): 109-6, 1187, 142-3, 145-2;
C(arom.): 1290, 129-6; © C(furan): 110-30, 118-5, 142-7, 148-4; C(arom.): 123-1, 129-0, 129-3,
1303, 130-7, 131-0, 133-6, 153-0; /' C(furan): 113-5, 1165, 145-4; C(arom.): 1168, 118:4, 129-9,
129-8, 161-5, 164:-8; ¢ C(furan): 110-43, 116-2, 142-8, 148-5; C(arom).: 123-0, 127-85, 127-89
129-4, 130-18, 1306, 130-9, 153-1, 16017, 163-4; * 164 (CHj3), 17-3 (CHj3); C(furan): 112-2,
1166, 141-8, 146-5; C(arom.): 1282, 12855, 129-4, 129-5, 135-1, 136°4; © 165 (CH3), 17:2 (CH3y);
C(furan): 113-6, 118-4, 1449, 152-5; C(arom.): 128-2, 1285, 129-2, 135-0, 136-4; / 16-45 (CH,),
17:29 (CHj3); C(furan): 111-9, 118-4, 143-2, 146-7, C(arom.): 124-5, 124-9, 126-9, 1282, 128-5,
1288, 129-7 134-6, 1349, 1364, 140-9, 153-4; X 14-7 (CH;), 15:3 (CHj3), 23:7 and 24-2 (CH,);
C(furan): 112:2, 118:75, 143-4, 146-9; C(arom.): 124-7, 125-2, 127-2, 128-4, 130-2, 134-9, 1411,
1425, 153-6; ' 146 (CH3), 152 (CHj3), 16°9 (CHj3), 177 (CHj), 23-2 (CH,), 2366 (CH,);
C(furan): 113-7, 113-8, 118-47, 118-54, 143-5, 152-4; C(arom.): 127-1, 127-2, 128-45, 128-7 130-0,
134-9, 136°3, 140-9, 142:2; ™ 14-4 (CHj3), 15-0 (CH;), 16:6 (CHj). 17-43 (CH;), 23-4 (CH,) 23-9
(CH,); C(furan): 111-9, 118-4, 118-6, 143-1, 146-6; C(arom): 124-4, 124-9, 126-8, 128-1, 1284,
129-7, 134-5, 134-9, 136-4, 140-9, 142-2, 153-3.
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Signals of the model compound I11a were ascribed according to the NOE effect as
follows: the singlet at & 2-14 to the methyl group in a syn arrangement toward the
bridgehead protons H-3a and H-6a, the singlet at § 1-75 to the methyl group in an
anti arrangement. This assignment is in agreement with the shielding effect of H-3a
and H-6a protons on the methyl groups. Repulsion of protons of the syn arranged
methyl group is reflected by the increase of chemical shift values.

TABLE VII
"H NMR chémical shifts (6, ppm) of compounds VI and VII

Compound H-3a H-6a CH;, CH; CH-’:’ CH, H(arom.)
(phenyl) (thienyl)

Vig* 52 5-71 1-81 2-32 7-04—7-20 (m, 4 H)
(9-0) 2:07 250

Vb 5-40 576 1-88 2:20 7-06—7-20 (m, 3 H)
(9-0) 2:02 2:44

VIS 5-35 57 1-88 222 7-05—7-20 (m, 3 H)
on 2:02 2:43

Vid? 521 577 1-98 2:32 7-1—7-22(m, 3 H)
(9-0) 2:02 234

e 514 5-77 1-97 - 7-18—7-22 (m, 3 H)
-1 2:06

¢ The H-4’ signal overlapped by H(arom.); b 212 (s, 3 H, CHjy), €102 (t,3H, CH;); 2:60
(q, 2 H, CH,); 4116 (d, 3 H, CH;,J = 6 Hz); 1:23 (d,3 H, CH;): 2:95—3:05 (m, 1 H, CH);
“1-31 (s, 9 H, t-butyl); 1-35 (s, 9 H, t-butyl); 6:97 (s, 1 H, H-4).

FiG. 1

Minimal energy conformations calculated employing the MM2 programme
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Irradiation of the methyl group in the diastereomer B of IITk at é 2:11 in the NOE
experiment resulted in an intensity change of protons H-3a and H-6a; this is an
evidence for their syn arrangement in respect to the methyl group. This effect could
not be encountered with the reverse arrangement. Analogously, singlet of the methyl
group at ¢ 2-49, due to the observed NOE effect at H-3a proton, could be ascribed
to the methyl group at C-2 of the furan ring. It could further be deduced that the
furan and isoxazoline rings are in an s-trans conformation, because only this plane
arrangement would allow this effect. The H-3a signal of diastereomer A of compound
II1k appears only when the methyl group in position C-2 of the furan ring was irra-
‘diated at 6 2-41. The methyl group signal from the benzene ring of isomer B was
observed at higher J values when compared with signal of the 4 isomer ( 2-11 and
1-80, respectively). The same phenomenon emerged also with triplets of methyl
protons (the A and B isomers & 1-02 and 0-82, respectively). Further minimal dif-
ferences in the 'H and '3C NMR spectra of isomers A and B were found in the
remaining regions of the spectra. Only signals of H-3a and H-6a protons of isomer A
resonated at lower J values in comparison with those of the B isomer (6 0-35).

TaBLE VIII
13C NMR chemical shifts (5, ppm) of compounds VI and VII

C-4
Compound C-3a C-6a C-3 c-6 CH;(thienyl) CH;(phenyl)
Via® 57-88 80-89 150-80 171-05 14-60 16-88
172-10 15:66 17-47
vIb® 57-52 80-83 151:02 170-4 13:66 17-16
1725 14-72 17-39
VIc© 57-67 80-91 151-02 170-47 14-69 17-28
172-2 14-80 17-44
vid? 58-82 81-10 151-39 170-34 14-15 17-28
171:20 14-15 17-46
278 59-89 81-53 150-59 170-26 — 17-44
171-56 — 17-54

9 C(arom.) and C(thiophene): 124-28, 127-50, 128-87, 129-02, 130-04, 130-64, 13619, 136:29,
137-05, 140-53; * 12:55 (CHj3), 124-8, 128:79, 129:0, 129-99, 130-08, 131-5, 13612, 137-05, 138-0;
€ 12:36 (CHj,), 21-18 (CH,), 124-5, 12883, 129-02, 130-01, 130-56, 130-59, 13616, 136-88, 137-94,
139:61; ¢ 21-66, 28:69 (isopropyl) 125-2, 128-85, 129-02, 130-01, 130-68, 136-24, 136-67, 136-85,
142:57; ¢ 30-98, 32-20, 35-03, 35:26 (t-butyl), 119-34, 124-71, 128-90, 129-04, 130-08, 130-60,
136-36, 136:96, 153-54 158-80.
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The H-3a and H-6a protons in compounds II and II] containing a 2,5-dimethyl-3-
-furyl residue appeared at & 4-80—5-39 (H-3a) and § 5:39—5-87 (H-6a), J = 9-2 to
9-6 Hz (Table I1I). Compounds containing a substituted 2-furyl residue had higher
chemical shift values (5 5-08—5-45 for H-3a and 5:72—6-04 for H-6a, Table V);
this is in accordance with the shielding effects of substituents. Similarly, the chemical
shift values of compounds VI and VII, embodying a 2- or 3-thienyl residue are in line
with the shielding effects of substituents. Signals for H-3a and H-6a appeared at
5 5:14—5-40 and 5-71 =577 (J 9:0—9-1 Hz), respectively (Table VII).

The chemical shift values of carbons associated with methyl groups attached to
the furan or benzene rings were estimated from the heterocorrelated '"H and '*C NMR
spectra. The respective quartets at § 12°91 and 137 of isomer B were assigned to
methyl groups at C-5 and C-2 of the furan ring; the methyl group bound to the
benzene ring was downfield shifted (6 17-34 for B and 16-8 for the 4 isomer).

A considerable antifugal in vivo effect displayed only derivatives IIg and IIld,
not exceeding, however, that of preparations commonly used.

EXPERIMENTAL

The melting points are uncorrected, the I'H and '3C NMR spectra of deuteroacetone or deutero-
dimethyl sulfoxide solutions containing tetramethylsilane were recorded with a Varian VXR 300
apparatus and are given in ppm on the ¢ scale. The IR spectra (3, cm ™) of KBr pellets and the
UV spectra of methanolic solutions (4, nm; &, m?2 mol™ ') were measured with a Specord 71 R
(Zeiss, Jena) and M-40 spectrophotometers, respectively; the UV spectra were taken in tempe-
rated cells. The reaction course was monitored by thin-layer chromatography on Silufol sheets
chloroform being the eluent; detection by UV, s, light. The products were chromatographically
purified on a silica gel-packed column with chloroform or hexane-ethyl acetate (5 : 1) as eluents.

3-(2,5-Dimethyl-3-furyl)-5-(X,Y,Z-phenyl)-4,6-dioxo-3a,4,6,6a-tetrahydropyrrolo[3,4-d]
isoxazoles II and 111

A solution of 2,S-dimethyl-3-furancarbaldoxime5 (10 mmol) in dichloromethane (25 ml) was
during 1 h added to a stirred mixture consisting of N-arylmaleinimide (10 mmol) in dichloro-
methane (c. 25 ml), sodium hypochlorite (15 ml, 12%) and triethylamine (0-2 ml) at 0°C. The
mixture was stirred at room temperature overnight, the organic layer was separated and the
aqueous one was repeatedly extracted with dichloromethane. The combined extracts were dried
with sodium sulfate, the solvent was evaporated under reduced pressure and the product was
chromatographically purified and crystallized from ethanol.

Applying this procedure also 3-(2,5-dimethyl-4-R-3-thienyl)-5-(2,6-dimethylphenyl)-4,6-dioxo-
-3a,4,6,6a-tetrahydropyrrolo[3,4-dlisoxazoles VI and 3-(3,5-di-t-butyl-2-thienyl)-5-(2,6-dimethyl-
phenyl)-4,6-dioxo-3a,4,6,6a-tetrahydropyrrolo[3,4-dlisoxazoles VII were obtained.

3-(5-X-2-Furyl)-5-(X,Y,Z-phenyl)-4,6-dioxo-3a,4,6,6a-
-tetrahydropyrrolo[3,4-dlisoxazoles II and 111

Triethylamine (2 ml) in ether (30 ml) was dropped into a stirred solution of the appropriate
furancarbohydroximoyl chloride?*3 (10 mmol) and N-arylmaleinimide (10 mmol) dissolved in
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ether at —15°C. The mixture was then stirred at — 10°C for 1 h, the mixture was left at room
temperature overnight, the product was chromatographically purified through a silica gel column
and crystallized from ethanol.
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