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3-I’lienyl-5-(3,5-dicl~loro~~lie1~yl)-3a,4,6,6a-tctri1liydropyrrolo[3,3-d]isoxnzoles (111, I< = I I )  and 3-phenyl-5- 
(3,5-dichloro~~henyl-6a-n~c~liyl-3;1,4,6,6a-tctr;1l1ydro~~yrrolo[3,4-3]isox;1zol~s ( / V ,  I< = CtIj) were prepared 
by 1.3-dipolar cycloaddition of subslilutrd bcnzonitrilc oxides 1 l o  N-(3,5-d ic l i loro~~l~c i~y l )mal r imide ( I ,  
R = f l ) ,  or its niethyl derivative /I, (I< Cl13). Cyclonddit ion to compound 11 (It = Cl-13) proceeded 
regiospccifically. Reduction or  lVg with NaB11, was rcgio- and stcrcosclcctivc to yicld the hydroxylaccains 
Vllg, V111g a n d  I X g .  A n t i f u i i p l  :ictivity of scvcr:iI products WBS worsc thi1n that  of coiniiicrcial prepn- 
rations. 

Some roiiipouiids o f  diciirOoxiliiidc type ilrc rcportcd’ - to reveal cfl’cctivc systciiiic 
activity i i g i  iiist Botrytis cincv-en, Coclrliobolris /tiiytrbetr/?ris il nd Pellicirlirritr sirsiici. I n  
continuation of o u r  project to  utilize products o f  1,3-dipol;ir cyc1o;idditions to hcte- 
rocyclic compounds wc described the prcI)iIr;tIioIi ;ind ;iliti~ti~igiil properties of fused 
isoxazolincs bilscd 0 1 1  substituted ~ t i i ~ l ~ i ~ i ~ i d ~ ~ s ~ 6 .  Thc i i i i i i  t o  synthesize isoxazolincs 
fuscd to 3,5-dichlorophcr1yly11i;1lciiiiidc \VitS slitiiul;itcd b y  the I’iiidiiig thzrt the parcnt 
derivative - N- ( 3 3  -d i ch loro p he ny 1)py r r o  I id i lie - 2 3 4  io tic (D i 1111: t;r c h lo 11) - is being 
used ;IS ii protcctive a n d  cumlive fungicide’ iind the cycloildduct o f  N-(3,S-dichlo- 
rop he n y I)nia 1 c i iiiide to fu rii ii7 il iid i I s d c rivii t i  vcs 11;i vc ii Is0 co 11s id c rii blc fu iig icid ii 1 
properties. 

Substituted 3-ph~1iyI-5-(3,5-dichl~~0pl1~11yI)-3i1,4,6,6~1-~~tri1I1yd~~py~~~l0[3,4-d]i~0- 
xazolcs / I /  wcrc obtaincd by a 1,3-dipolur cycloiidditioii of  substituted bcnzonitrilc 
oxides I to N-(3,5-dichlorophc11yl)lualcinlidc ( I / )  (Schcnic 1, Tiiblc I). 

Compounds 111 were assigned the structure according to ;IIiillysis of thcir NMR 
spectral data (Tables I l l  and IV) a n d  conip;irison with ~I~iiilogous dcrivativcs as prcpa- 
red i n  The uiistiiblc bciizoiiitrilc oxides (Schcnic 1) wcrc gelicriitcd i n  situ froin 

* 
* *  To whom correspondence should be addrcsscd. 

l’art XXVIII i n  the scrirs 1.3-DipoIar Cycloadditions to I IctcrocycIcs; I’iirt XXVII: C‘tieni. Papers, i n  press. 
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R' 

the corresponding bciizciichydroxiiiiic chloridcs ;ind tricthylilliiiliC8. Another mcthod9 
for preparation of bcnzoiiitrilc oxides uscd bcnzaldoxi~iics and sodium hypochlorite; 
nonetheless, yiclds are low, bccause opcniny of the pyrrolidiiicdioiic ring took place 
under the givcii rcactioii conditions. This fiiidiiig is in  ayrcciiiciit with that" reporting 
that / I  (R = H) was the most rcactive of substitulcd ai;ilciniidcs on rcactions with a 
nucleophile. We found Ihi i l  I1 (R = H) was UILStiiblC cvcii whcn crystallized froiii elha- 
no1 affording ethyl 3-(3,5-dichl0r0ph~11yl~i1rbi1iii0yI)pr0p~1i0~1t~. This property made it  
diffcrent froiii othcr coiiipounds of typc 111, whcrc 3,5-dirhlorophcnyl grouping was 

a b C d e f 9 h 
H 4-CH3 4-OCH, 2-NOz 3-NOz 4-NOZ 2-F 4-F 

CI 0 

R' 

I ci 0 

i i k 1 m 7L 0 P 
2-CI 3-CI 4-Ci 2,4-diCt 2,6-diCI 3,4-diCI 2-Br 3-Br 

I I I ,  R = H 

IV, R t CH, 

R' 
Q r S 

4-Br 2-OCH3-3,5-diCI 2-CF3 

SCHEME 1 
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substitutcd by another a r y l  group; these coiiipouods wcrc o p c i i ~ d  only by iiicthanolysis 
i n  ultraviolct light or i n  tlic prcsciicc of ii C i ~ I i ~ l y t i ~ i i l  aliio~lit of ~ I I I  ;icid". Coliipoulid 
I I f i  a ffo rd e d 3 -(2-chl o roll hc ny  l)-4-(3,5 -d i cIi I o ro p lie n y I c i ~  rba nioy 1) -5 - iiicthoxyca rbo- 
11 y I i soxa zo 1 i tic (Vi) il lid t hc rc g i o i so iiic r i c 3 - (2 -c h I o ro p 11 c II y I )  -4 - iiic t ho xyci~ rbo ~ i y  1-5 - 
(3,5-dichloroph~iiyleiirbi11110yl)i~0~~~0Ii11~ (V/i)  cvcii oii a short rcllux i n  iiicthaiiol. 
The enhilliccd rcilctivity o f f f l i  011 rcilctio1i with ii iiuclcophilc is i n  linc with tlic already 
mcntioncd finding". The structure of isoxii~oliiics Vi illid V f i  wiis cvidciiccd from the 
NMR data; coiiipouiid liaviiig tlic higher chclilicill shif t  villuc for H-5 W ~ I S  ascribed 
structure Vi. 

V, RZ = 3,5-dichlorophenylcorbornoyl 

R' = CH,OCO 
V I ,  R2 = CH,OCO 

RJ = 3,5-dichlorophenylcorbamoyl 

for  R' see Scheme 1 

Cyc1o;idditioe of nitrilc oxidcs to N-(3,5-dicliloro~~lie1iyl)iiict~iyli11~ilcii1iidc ( I I ,  R = 
CH,) can yield two rcgioisoiiicrs IV iIiid 111 pc~sscssiiig the illethyl group iii position 3a.  
The froiiticr orbitill theory'* - l 4  prcdictcd forliiiitioli of tlic cycloiidduct IV hilviiig the 
oxygcii atoiii of the iiitrilc oxide iittiichcd to ciirboli substilutcd by ii iiicthyl group. 111 

fact, only derivatives IV wcrc foriiicd (Tiiblc 11); tlicir structures - 3-phciiyl-5-(3,5- 
d ichlorop hc iiy I)-6i1 -iiict h y I-4,6-dioxo-3a ,4,6,6i1 -k t r i i  11 yd ropy rrolo[ 3,4-d] ~ S O X ~ I Z O I ~ S  - were 
deduc~d  froiii Ihe prcsciice of ii siiiglct iIt b 4.S7 - 5.32 (H-3i1) illid cspcciiilly from the 
doublet iit 6 59.47 - 63.43 (C-3a) illid tlie singlet ii t  b 88.92-90.46 (C-6i1) i n  their NMR 
spectra (Ti~blcs 111 iliid V). Thc rcgioisoiiicr with the nicthyl group in position 3 a  should 
have the chcliiiriil shift ViilL1CS illid iiiultiplicity q u i k  opposite i n  tlic "C NMR spectra 
(the C-6i1 doublet i i t  b PI 80, tlic C-3i1 siiiglct i i t  b PI GO). Foriiiiltioli of the S C C O I I ~  

rcgioisoiiicr could bc excluded bcciiusc iioiic of the c h i ~ ~ i i ~ t ~ ~ i ~ t i ~  signals could be 
rccognizcd i n  thc NMR spcclra of the crudc reiictioil iiiixturc. Cy~loiidditio~i 10 aceto- 
nitrilc oxide procccdcd siniiliirly; olily product ii1iillogous 10 t h i i t  of thc c y ~ l o i ~ d d ~ c l ~  IV 
was foriiicd. 

Rcccnt 1 y ,  a II i iicrciisi ng i iilcrcst for t hc sy i l l  licsis of hyd  roxylii cIii111~ hiis ciiicrgcd, 
bcciiuse these iirc ViilUiiblc prccursors f o r  obtili1iiiig ~~Iii~r~iii i~ologici~Ily active 
coliipoulids's illid illso for azii iiliiiIogucs of fused lictcrocyclic SYSICI I IS '~ .  Partial  
reductions of iiiiidcs with NiIBH, to the corrcsl)ondiiig l i y d ~ 0 ~ y l i i ~ I i 1 1 1 1 ~  iirc well investi- 
gated1'*'', b u t  rcgio- iiiid chciiiosclcclivitics o f  tlicsc iioiisyiiiiiictric iiiiidcs are rarcly 
e i i c o u n t ~ r c d ' ~ ~ ~ ~ .  Stcrcosclcctivity of these rciictioiis hils ~ i r C t i i ~ l l y  not bccii invcstigntcd2'. 
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TABLE 1 
Characteristic data for 3-phcoyl-5-(3,5-dichloro~,hcnyl)-4,6-dioxo-3a,4,6,6~1-~ctraliydropyrrolo[3,4-d]isoxa- 
zoles I l l ,  R - 1-1 

Calcul;ilrd/Fouiid 
Com- Formula M. p., ' C  ?%I,,* nm 
pound (M. w.) Yicld, % log E 

% C  9% 1-1 % N  

Illa 

11th 

lllc 

Illd 

Illr 

l l l f  

l l l g  

11th 

I l l i  

I l l j  

l l lk  

I l l 1  

Illm 

I l l t l  

Ill0 

171 - 173 
85 

IS5 - I57 
88 

213 - 3-15 

52 

252 - 254 
74 

197 - 199 
79 

209 - 112 
74 

167 - I69 
42 

I94 - 196 
42 

180 - I82 
78 

160 - 162 
55 

124 - 226 
68 

242 - 215 
92 

243 - 245 
67 

191 - lY2  

42 

156 - 185 
65 

56.52 
56.32 

57.61 
57.65 

55.15 
55.18 

50.26 
50.42 

50.16 
50.35 

50.16 
50.14 

53.84 
53.93 

53.84 
54.05 

51.60 
51.52 

5 1.60 
5 I .35 

5 1.60 
51.51 

47.47 
47.42 

47.47 
47.51 

41.47 
47.30 

46.39 
46.31 

2.79 
2.50 

3.22 
3.36 

3.09 
3.01 

1.23 
2.36 

2.23 
2.35 

2.13 
1.60 

2.39 
2.36 

2.39 
2.41 

2.29 
2.45 

2.29 
2.35 

2.29 
2.35 

1.37 
2.05 

1 .87 
2.12 

1 .87 
1.92 

2.06 
2.06 

7.75 
7.71 

7.46 
7.51 

7.16 
7.12 

10.34 
10.44 

10.34 
10.1 I 

10.34 
10.51 

7.38 
7.69 

7.38 
7.39 

7.(W 
7.18 

7.08 
7.01 

7.05 
7.07 

6.51 
6.62 

6.51 
6.65 

6.51 
6.47 

6.36 
6.32 

255 
2.69 

255 
2.70 

273 
2.58 

250 
2.63 

254 
2.81 

297 
2.48 

252 
2.67 

254 
2.62 

25 1 

2.57 

255 
2.66 

258 
2.72 

249 
2.52 

248 
2.56 

259 
2.68 

249 
2.62 
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TABLE I 
(Cotititiucd) 

Calculakd/Found 
Com- Formula M. p., "C hw nm 

log e 
% C  'pi tI % N  

pound (M. w.) Y icld, % 

l l lp  C ~ ~ H ~ B T C I Z N ? ~ ~  
(440.1) 

(440.1) 

(460.1) 

(4792) 

I I I q  C17HsBrClzNz03 

lllr Cid~i0C14Nz04 

Ills Ci 7IisClzF3 N203 

159 - 161 
68 

225 - 226 
75 

185 - 187 
78 

182 - 183 
54 

46.39 2.06 6.36 
46.58 2.20 6.50 

46.39 2.06 6.36 
46.40 2.10 6.17 

46.98 2.19 6.89 
47.01 2.25 6.89 

50.37 2.11 6.52 
50.19 2.25 6.60 

256 
2.70 

263 
2.70 

253 
2.62 

258 
2.58 

As found, reduction chcmoselectivity of iiiiidcs with NiiBH, could be controlled by 
teniperature; thus, at  -20 "C only hydroxyliirtiinw were produced, whilst a t  L 50 "C 
exclusively hydroxyiiiethyl derivi~tivcs '~ wcrc obtained. This is why we turned our 
attention to ilivestigiition of rcgio- and stercosclcctivity of rcduction of imidcs IVg with 
NaBH, as  far as the reaction conditiow and ~ ~ ~ i i p l ~ ~ i ~ t i ~ ~ i  are concerned (Table VI). 
Reduction of coiiipounds Ill, having a little dillerent course, was examined sepa- 
rate I y 22. 

Two regioisoiiieric pairs of diasterconicrs VlIg and VIIIg can originate by reduction 
o f l V g  to the first stcp by reducing the C-6 carbonyl group, or  deriviitivesIXg andXg by 
reducing the C-4 ~ i ~ r b o ~ i y l  group; both differ i n  arriiiigcmciit of the hydroxyl group with 
respect to the anguliir methyl group and H - h ,  respectively. Similar course can also be 
expected with reduction to the secoiid stcp giving rise to two isoxazolines Xlg  and the 
corresponding regioisonicr. 
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X I 9  X I I g  

Reduction of /Vg with NaBH, i n  liicthilliol furnished rcgio- a n d  stcrcoisoiiieric 
hydroxylactanis V/Ig  V// /g  and / X g  a t  -20 "C and 0 "C, respectively; coiiipounds VIIg 
and VIUg were obtained i n  pure foriii. Their structures were ;iscribcd rrom the chciiiical 
shift data and ewltiplicity of signals i n  the 'H and I3C NMR spectra (Tables VII and 
VIII). All hitherto known 1,3-dipolar cycloiidditioris of iiitrile oxides as concerted 
reactions are charactcrizcd by a cis-stcrcospcci~city, which iiiciins tha t  the angular 
iiiethyl group and thc H-3a atoni iii coiiipouiid IV have to be i n  a cis arrangeiiient1z'3. 
Nevertheless, a l l  conipouiids lacked the doublct with a higher coupling coitstant value 
about 8 Hz for the H-3 proton which excluded structure X g .  Reduction i n  the presence 
of tiiagnesiuni perchlorate resukd i i i  a highcr proportion o f  products V/Ig and VI//g 
which indicated the reduction o l  the C-6 carbonyl group. The chelate X / / g  arising 
through coordination of the MgZt ioii with tlic isoxazoliiw oxygen and the C-6 carbo- 
nyl group activated this carbonyl group ia reduction will1 NiiBH4 with respect to the 
non-chelated C-4 carhnyl group15. The cis configuration OC the C-6 hydroxy group in 
VIIg was deduced fmiii appenraiwe of the H-3a singlct a t  b 4.72 and the trans conti- 
guratim of the C-6 hydroxy group i n  V/l/g4'roui thc prcsence of iiIi H-3a doublet at  6 
4.36 a d  couwrg constaiitJ(3a,6) = 3.3 Hz i n  'H NMR spectra. Iiitcraction between 
H-3a and H-6 can take place in a mutual syn rrraiigctnent only, this being evidenced by 
coupling constarrt typical of W-imtcractiou. DilTcrcut chcuiical shin values for H-3a 
proton in Vlfg  (syn rcgarding tbc OH group) and V/ l /g  (illiti with respect to the 6-otI) 
proved the suggestcd stcrcocbciiiical rmngciiicnt. Conipound /Xg cannot be obtained 
i n  a pure forui, only as a uiixture with V//fg. The 'H and 13C NMR spcctra cnablcd us 
to read the relevant sigiuls for t k  H-3r singlet rt 6 4.74, H-4 a i d  OH doublets a t  6 
5.49 and 5.85, respectively, and Joublels associated with C-3a (6 62.26) atid C-4 (6 
89.74) typical of the cis amngeexnt of the C-4 hydroxy gmup in coiiipound /Xg. 

ha lys i s  0t t k  'H NMR spectra of CN& reaction uiixlurcs revealed population of 
individual yrodvcts a t  various coulitions (Taw VI). 

Reductions OCWg with NaBH, were foud to prwwd with r good regiosclcctivity in 
frvow OC the C b  crrboayl (78 : 22 or 91 : 9, nspcctivcly), which ulcans that  they are  
cbeniimekctive, giving rise oaly to bydroxykclrais Wg, V/l/g and fXg, a i d  also ste- 
reosekctive (d. Table VI) this bciwy: irtaiiilistcd by an etihtrccd production of thc C-6 
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cis-hydroxy derivative VlIg when conipiircd with the C-6 trtins-hydroxy dcrivative 
VIIfg. Coiiiplcxiition with magnesium pcrch1or;itc iiiiprovcd :I little the regioselcctivity. 
This phciioiiiciioii can be ratioliilliid by ;ipplicatioii of the complcx;itio~i 11lodel XIIg 
with a prcf'creiitial attack of the hydridc ioii froiii the bolt0111 side of the "bent" arrange- 
iiiciit of the fused system. 

TABLE I1 
Characteristic diiki Tor 3-pl1~nyl-5-(3~dichlompl1~nyl)-6a-n1r1l1yl-1,6-dioxo-3~1,4,6,6a-tetl;1l~ydmpyrrolo[3,4-d]isoxa- 
mles W, R = Me 

Ca Ic u I a ~rd/Fou nd 

YOC 9611 Z N  

Corn- Formula M. p., 'C  &Jw nm 
log E pound (M. w.) Y irld, % 

IVa 

IVb 

IVlI 

IVe 

IVf 

IVS 

IVi 

IVk 

IVI 

IVm 

IVO 

IVS 

231 - 239 
59 

177 - 179 
64 

216 - 218 
14 

210 - 213 
83 

216 - 218 
I 1  

208-211 
95 

205 - 206 
86 

217 - 219 
85 

117 - 179 
13  

'213 - 215 
13  

203 - 3-04 
I 2  

179 - 181 
45 

57.61 
57.79 

58.62 
58.53 

51.41 
51.52 

51.44 
51.54 

51.44 
51.48 

54.91 
55.12 

51.77 
52.89 

52.77 
52.81 

48.67 
48.76 

48.61 
48.72 

47.60 
41.82 

5 I .48 
51.57 

3.22 
3.36 

3.62 
3.12 

2.63 
2.69 

2.63 
2.84 

2.63 
2.72 

2.82 
2.90 

2.70 
2.84 

2.70 
2.85 

2.16 
2.40 

2.26 
2.36 

2.44 
2.56 

2.50 
2.55 

7.46 
1.58 

7.19 
7.29 

10.00 
9.89 

10.00 
10.16 

10.00 
10.01 

7.12 
7.24 

6.83 
6.92 

6.83 
6.86 

6.30 
6.43 

6.30 
6.36 

6.17 
6.21 

6.32 
6.35 

257 
2.54 

267 
2.49 

256 
2.70 

25 6 
2.16 

267,333 
2.15, 2.18 

255 
2.51 

249 
2.11 

264 
2.65 

249 
2.51 

250 
2.08 

249 
2.00 

250 
2.00 
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TABLE 111 
'H NMR data (6, ppm and J ,  Hz) of 3-plienyl-5-(3.5-dichlorophonyl)-4,6-dioxo-3a,4,6,6a-te~ra- 
bydropyrrolo[3,4-d]isoxazoles I I I ,  R = 11 and IV, R = CI.13 

Com- H-6a 
pound J (3a, 6a) H-3a Huom 

Com- H-3a 
pound CH3-6a ~ U O m  

Illa 

IIIb' 

I l l c ~ C  

1112 

I l k b  

IIIg 

l l lh  

IIIi 

lIIj 

lIlkb 

IIIl 

IIIm 

lIIn 

I l l0  

IIIp 

IIIq 

I l IP  

Ills 

5.40 

5.38 

5.37 

5.31 

5.56 

5.48 

5.39 

5.39 

5.43 

5.42 

5.18 

5.15 

5.43 

5.44 

5.43 

5.40 

5.46 

5.28 

5.84 
10.00 
5.80 
9.60 
5.73 
10.00 
5.93 
10.00 
5.89 
10.00 
5.82 
10.00 
5.84 
13.00 
5.71 
9.60 
5.81 
13.00 
5.80 
10.00 
6.06 
9.60 
6.04 
10.00 
5.95 
10.00 
5.90 
10.00 
5.81 
13.00 
5.85 
10.00 
5.88 
10.00 
5.9 1 
9.00 

1.45 - 8.00 

7.30 - 1.92 

7.00 - 1.94 

7.40 - 8.16 

7.51 - 8.19 

7.28 - 1.56 

7.26 - 8.16 

7.25 - 1.54 

7.49 - 8.04 

7.48 - 8.01 

1.44 - 1.63 

1.41 - 7.62 

1.41 - 8.22 

7.43 - 7.59 

1.34 - 8.18 

1.48 - 8.02 

7.41 - 1.70 

1.39 - 7.88 

IVa 

IVb 

IVd 

IVr 

IVg 

IVi 

I Vk 

IVI 

IVm 

IVO 

IVS 

5.15 
1.87 
5.12 
1.86e 
5.32 
1.92 
5.32 
1.91 
5.17 
1.91 
5.15 
1.90 
5.18 
1.88 
5.17 
1.92 
4.87 
1.97 
5.12 
1.91 
4.96 
1.92 

7.50 - 8.02 

7.31 - 7.90 

7.51 - 8.86 

7.52 - 8.82 

7.28 - 7.97 

7.30 - 7.65 

1.53 - 8.03 

1.46 - 7.86 

7.41 - 7.65 

1.41 - 7.85 

1.48 - 1.95 

2.39 s, CH,; in CD3SOCD3; 3.82 s, OCI I,; ,I 3.96 s, OC1 I,; " 2.40 s, OC'I I,. 
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TABLE IV 
C NMR data (6, ppm) of 3-phenyl-5-(3,5-dichlorophenyl)-4,6-dioxo-3a,4,6,6a-tctrahy~ropyrrolo[3,4-~- 13 

isoxazoles I l l ,  R = H 

Com- 
pound 

c-3 C-3a C-4 
C-6 C-6a 

153.73 

153.60 

152.52 

151.58 

152.65 

152.20 

150.66 

152.88 

152.51 

152.83 

152.35 

56.09 

56.24 

55.35 

58.14 

55.89 

54.57 

57.17 

56.24 

56.14 

55.89 

55.12 

170.98 
172.00 

171.06 
112.05 

170.42 
170.95 

169.97 
171.97 

169.93 
170.45 

170.07 
171.18 

170.61 
172.02 

171.08 
171.96 

168.53 
170.21 

170.90 
171.78 

170.25 

82.16 

82.06 

80.62 

81.07 

82.92 

81.97 

8 1.80 

82.39 

79.95 

82.56 

81.38 
171.42 

C d k t  Czech. Cbm. C m n  Wol. 57) (1902) 

126.41 
129.31 
134.86 

125.62 
129.31 
135.46 

114.09 
128.65 
142.40 

121.30 
125.82 
132.12 
134.45 

123.40 
129.43 
135.5 1 

123.74 
133.39 
148.37 

125.39 
129.37 
133.75 

116.03 
126.50 
131.36 

124.52 
129.39 
132.13 
135.53 

126.50 
129.37 
131.30 

126.14 
133.86 

13.31 
129.38 
135.42 

126.47 
130.02 
141.85 

119.47 
129.59 

15.11 
129.01 
134.22 
134.51 

15.86 
131.00 
149.20 

126.08 
133.80 

125.51 
131.59 
134.98 

116.91 
129.43 
135.04 

125.43 
130.76 
132.36 

127.14 
130.54 
134.87 

128.77 
134.09 

128.70 
131.52 

128.73 
135.02 

126.14 
134.09 

125.16 
131.56 
134.27 
148.15 

126.50 
134.46 

129.06 
134.04 

126.44 
133.40 
135.51 

124.98 
131.00 
135.51 

127.38 
131.37 
133.17 

128.49 
131.18 
135.45 

129.59 
135.50 
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TAULE IV 
(Conhurd) 

Com- 
pound 

c -4 
C-6 

c - 3  C-3a C-6.1 

1111 

l l lm 

151.02 

150.32 

58.32 

57.52 

169.90 
172.14 

169.54 
171.65 

81.53 

50.94 

126.00 
133.71 

125.09 
129.07 

134.54 

126.51 
129.44 

112.76 
129.43 
134.22 

122.93 
13-9.43 
134.28 

125.33 
119.37 
134.98 

115.17 
139.91 
134.80 

113.00 
129.56 
133.41 

129.46 
134.65 

125.51 
133.39 

129.59 
135.75 

128.83 
133.45 

152.25 

154.11 

55.55 

58.40 

170.97 
171.77 

170.10 
172.13 

81.80 

81.75 

125.44 
130.56 

126.33 
132.58 
134.51 

126.50 
130.77 
134.95 

13-6.44 
130.54 
135.45 

126.30 
130.12 
135.45 

126.25 
131.64 
134.83 

129.11 

128.66 
132.76 
135.57 

127.61 
131.41 
135.51 

127.73 
132.58 

l l lp 152.77 55.95 170.96 
171.84 

S1.62 

Illq 153.06 56.W 170.06 
17134 

81.5 1 

151.34 57.11 170.50 
171.93 

S1.96 129.35 
132.85 
154.54 

127.65 
132.10 
135.69 

Illsd 152.55 59.85 170.26 
172.13 

81.81 

a 21.32 q, CI 13; ' 45.75 q, OCI 13; 62.22 (1, OCI 1,; ' 46.39 s, CF3. 

The sccond-step rcduction product X f g  Wils fornicd cxclusivcly i n  tlic prcscnce of 
iiiagncsium p~rchlori~te i I t  0 "C. Its struclurc - ~ - I I ~ ~ ~ o x ~ I I ~ ~ I I I ~ ~ ~ s o x ~ I ~ o I ~ I ~ c  (XIg) - W ~ S  

proved from the 'H NMR spectrill diltil showing the H-4 11s :I singlet, whcrcas in its 
regioisoiiicr this proton should iIppc;lr as it triplet. 

Structural siiiiitiirity of tIicsc compounds with soiiic fu1igicidilIIy active dcrivativesl-4 
prompted US to test thcir cffcct on p1iytol)~ithogciiic iiiolds. Dcriviitivcs I f f t i ,  IIIf, IIIg, 
IIIIi, IIIj, IIIn, f I f p  showed activity iigiiillst Alierntrrici spccics a n d  f f f n ,  f f f J ,  I f Ig ,  IIIli, 
IIIj, IIIp and I I f s  :igililist Eofrylis cincwir; 11o11c o f  coiiipouiids tested wiis of practical 
use. 

Collect. Czech. Chem. Commun. (Vol. 57) (1992) 
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TABLE V 
13C NMR data (6 ,  ppni) of 3-plicnyl-5-(3,5-~iclilorophcnyl)-6n-mc~l~yl-4,6-Jioxo-3a,4,6,6a-tetra- 
hydropyrrolo[3,4-d]isoxazoles IV, R = CI13 

Com- 
pound 

c - 3  C-3a 
c-4 
C-6 

C-6a CI I3  

IVa 153.73 

IVbU 153.61 

151.95 

IVr 152.32 

152.81 

152.51 

153.13 

IVk 152.96 

60.01 

60.09 

58.41 

61.61 

59.47 

60.94 

6 1.90 

59.82 

170.35 
173.14 

170.36 
173 .O I 

169.36 
173.35 

169.67 
173.39 

170.20 
173.14 

170.31 
173.21 

169.66 
173.32 

170.31 
173.37 

89.39 

89.15 

80.07 

8Y.28 

Y0.46 

88.91 

SY.10 

S9.69 

18.90 

18.88 

18.3s 

18.83 

18.94 

18.84 

18.80 

18.90 

126.60 128.76 
128.92 129.37 
129.41 131.43 
135.48 

126.07 126.56 
128.72 129.34 
130.01 135.07 
135.46 141.75 

122.38 114.98 
126.17 125.62 
129.29 130.29 
133.69 133.96 
147.76 

126.39 126.75 
128.50 129.48 
130.90 133.65 
134.65 134.82 
135.57 137.37 

124.49 126.54 
129.44 129.79 
134.91 134.96 
135.49 149.69 

117.09 125.36 
126.47 119.35 
131.36 133.41 
134.95 135.46 

126.42 127.87 
128.17 129.45 
131.11 132.62 
132.68 133.62 
134.90 135.55 

126.56 127.76 
129.39 129.59 
130.33 135.00 
135.47 136.88 

Collect. Czech. Chem. Commun. (Vol. 57) (1992) 
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Com- 
pound 

c-3 C-3a C-4 
C-6 

C-6a ct I3 

IVm 

IVP 151.22 60.53 168.81 88.07 18.19 125.38 125.92 
172.50 127.62 128.68 

129.78 133.17 
133.54 134.05 
135.78 

150.92 62.10 169.20 89.44 18.S8 126.15 126.91 
173.46 129.48 129.63 

133.67 134.70 
135.72 135.81 

IVO 150.60 6 1.02 169.91 88.94 18.86 117.40 125.43 
173.44 129.37 131.38 

133.54 134.98 
135.49 

IVSC 152.48 63.43 169.58 89.15 18.78 126.36 127.67 
173.41 129.53 131.57 

132.34 133.33 
134.85 135.63 

a 21.35 q, CH3; b i n  CD3SOCD3; 69.61 s, CF3. 

TABLE v1 
Products of NaBt-14 reduction of (2-fluoroplienyl)-5-(3,5-dicliloroplicnyl)-6a-tn~1hyl-4,6-dioxo-3a,4.6,6a- 
tetrahydropyrrolo[3,4-d]isoxazole (IVg) 

Molar riitio 
Tempera t ure 

'C Regioscl cctivit y" 
W l g  : VIIlg : IXg : Xlg 

Method 

A - 20 45 33 22 0 78 : 22 
A 0 55 36 9 0 Yl : 9 
B - 20 57 29 14 0 86 : 14 
B 0 63 21 5 I 1  95 : 5 

The C-6 : C-4 reduction ratio. 

Collect Czech. Chem. Commun. (Vd. 57) (1882) 
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TABLE VII 
H NMR data (8, ppm and J ,  kL) of the NaBI14 rcduction products of IVg 1 

Compound €1-arorn 

VIIg 1.62 4.72 5.88 6.25 7.24 - 7.98 
0.00 8.40 

VIIlg 1.84 4.36 5.98 6.52 7.25 - 7.89 
3.30 4.50 

XIg" 1.88 - 5.14' 4.29 7.78 - 7.92 
- - 

~ ~~~~ 

" 4.21 dd. CII2; ' C-4. 

TABLE VIlI 
C NMR data (6, ppni) of [he NaBH,, reduction products of IVg 13 

Com pou nd 

W l g  18.93 61.21 91.07 154.74 117.05 117.35 
88.44 168.29 121.32 125.27 

125.31 125.91 
131.40 131.44 
132.98 133.09 
135.55 140.67 

MIIg 20.23 61.93 89.74 153.45 117.32 121.44 
84.51 171.64 122.42 125.81 

125.99 130.35 
133.27 133.38 
135.45 140.36 

18.86 - 60.95' - 117.01 125.35 
- - 125.40 126.46 

129.73 129.58 
131.36 131.39 
133.40 135.46 

" 68.24 I, Cl12, 88.91 s, C-5; * C-4. 

Collect Czech Cbrn. Commun. (Vol. 57) (1982) 
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EX PER I M ENTA L 

Melting points are not corrected. The 'I1 and I3C NMll slicctra of dcutcrioacctone solutions containing 
tetramethylsilaiie as internal reference were nieasurcd \\i l l1 'I'esla US 487 C (80 MIIL) and Varian VXR 
300 (300 and 75 MIlz) instruments, respectively. 'llic UV spectra were recorded with an M 40 (Zeiss, 
Jena) spectropliotonietcr in tenipcratcd cells in nictlianol; tlie E viilucs are given i n  ni' nio1-l. The reaction 
course and purity of conipounds were monitored by thiri-l>iyer chroniatogrtiphy on Silufol sheets. detection 
by UV254 light or with iodine v;ipours. 

N-(3,5-DichloropIienyl)tiialeitiiide (11, R = I I )  was obtained from 3.5-dicliloro~itiiline and maleic 
anhydride according to ref.I3 atid 3-nictliyl-I-(3,5-~icliloro~~lictiyl)ni;1lcin1i~c (11, It = CII,) from the afore- 
-mentioned aniline and itziconic anhydride followed by a trietliyl;iniilie-iliJuccd r c i ~ r r i i i i g c i i i e t i t ~ ~ ~ ~ ~ ,  

Testing conditions were reported in  ref.'. 

General Procedure for I'rcpiratioti of 3-I'liciiyl-5-(3.5-diclilorol,lie1iyl)-4,6-dioso-3~i,4,6,6;i-tctra- 
hydropyrrolo[3,4-d]isox:izolcs 111 and IV 

Triethylaniine (13 niniol) i n  aiiliydrous ctlicr (30 nil) was iidded during I h to ii stirred and cooled (0 'C) 
solution of ni;ileiiiiidc I1 (10 niiiiol) and bcnzcliellydrosiiilir. chloride (10 nil) i n  atihydrous ctlicr (40 ml). 
The product scpariitcd after :I 24 h-stirring a t  rooiii tctiipcriiturc was filtered off iiiid washed thoroughly 
with water and crystallized. C1i:ir:ictcristic datii of products arc listed i n  'I':iblcs I - V. 

. f , 6u -L ) imr ihy l -J - ( .? , .5 -~ ic l r lo ro~~ l ic . i r~ l ) -~ l ,6~~~uxu- .~~ i ,~~ ,6 ,6 t r - i~ i r r r l r~~dr~~~~~~rro lo / .~ ,~ , .0101 .5 , . / - ,  This com- 
pound was synthesized from 11, (It = CII,) and iicctonitrilc oxide prepred i n  s i t u  Ironi nitroethane and 
pheiiyl isocyanate under catalysis of trietliyl~iiiiiiic~6. Yield 75%. ni.p 236 - 237 'C?. For Cl~llt~C12N20~ 
(313.1) calculated: 49.85% C, 3.21% I I ,  8.94% N; found: 49.93% C, 3.2S% I I ,  8.97% N. 'I1 NMR: 1.78 s, 
3 H, CH3; 2.19 s, 3 I I ,  CI13; 4.01 s, 1 I I ,  11-3:i; 7.29 - 7.43 111, 3 I I ,  iironi. I3C NMK: 12.21 q, CII,; 18.95 
q, CH,; 62.33 d, C-3ii; 56.17 s, c-6~; 124.69, 129.35, 132.54, 135.52. C-iirotii; 151.10 s, C-N; 168.72 s, 
172.48 S, C-0. 

Alcoliolysis of Miilciniidcs I1 atid Ill 

Ethyl 3-(3,5-dichloropliriiyl~arh~11ioyl)prope1io~ite was oht:iincd hy crystalliz:ition of I1 ( I<  = 11) i n  hot etha- 
nol in  almost qu;intitativc yield, n1.p. 86 - 88 'C. For C121111Cl~N03 (23 .1)  c;ilcul;itcd: 50.01% C, 3.80% 
H, 4.86'16 N: found: 49.78% c', 3.71% II. 5.01% N. ' I 1  NMIk 1.35 I. 3 I I .  Cl13, J(Cl13,Cl12) = 7.1 HZ; 
4.30 q. 2 11, 0CII2; 6.24 d. 1 I I .  vinyl, J ( 2 . 3 )  = I 2  Ih: 6.39 d, I I I .  viiiyl; 7.08 - 7.61 111. 3 I I ,  arom. 11.29 
s, 1 11, NIL 
3 - (2- Ch/oroplic.i ty 1-4 - (3,5 -die/, lor oph eirylco rbn in oyl). 5- (itiei/io.ryco rboiry I )  iso.wx~liiic. V i w ii s o h I :i i n e d by 
boiling I I I i  i n  nieth;inol and purified by clironi;itogr:ipliy on silicii gel, hcptanc-ethyl iicet:ite (2 : 1) being 
the eluent. Yield 52%, n1.p. 208 - 210 'C. For C111113C13N20.1 (427.7) caI~*ul:itcd: 50.54% C?, 3.06% H, 
6.55% N; found: 50.45% C:, 2.9S% I I ,  6.51% N. ' I 1  NMR: 3.67 s, 3 I I ,  (.)Cll,; 5.36 d. 1 I I ,  11-4, 5(4,5) = 
4.5 llz; 5.74 d, 1 I I ,  11-5: 7.24 - 7.93 111, 7 I I .  arum: 931 s. I 11. NIL I3C NMIC 53.33 d, C-4: 59.32 q, 
OCH,: 83.71 J, C-5: 119.19, 124.58, 128.05, 119.36. 130.95. 132.21, 132.47, 135.4S, 141.11, aroni; 155.13 

3 - ( ~ 1 - C h l o r o p l 1 c . 1 t y l ) - J - ( 3 , . ~ - d i c h I ~ r u p I r c . 1 i ~ l ~ ~ r b ~ 1 1 ~ i o y 1 ) - . ~ - ( 1 ~ i c . 1 I r o . ~ ~ ~ r b ~ 1 1 ~ I ) i ~ u ~ ~ 1 : ~ I i 1 1 e  (Vk) uird 3-(J-  
chloroplt~~t~l)-J-(meilroxyccrrboir~l)-.5-(.~,.5-diz/iloru~~lrr1r~~lcurboni~~vl)isu.rr1~oli1rc. (VI k) were ohtai tied in tlie 
3 : 1 ratio from compounds I I I k  by rclluxitig i n  tiicth:inol: they c;itinot be isolated i n  pure form, only as 
enrichcd mixtures. ' I 1  NMR Vk: 3.75 s, 3 I I ,  0C113: 5.17 d. 1 I I ,  11-4, 44.5) = 4.0 €12: 5.62 d, 1 11, 1-1-5; 
7.18 - 7.89 m. 7 I I ,  aroni. Vlk: 4.08 s, 3 I I ,  OCII,: 4.9s d. 1 I I ,  11-4, 445) = 4.5 IIz: 5.38 d, 1 1-1, 11-5; 
7.18 - 7.87 m, 7 H, arom. 

S, C-N; 168.48 S, 168.61 S, C-0.  
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Reduction of Conipouiid 1Vg with Sodium 1lydridobor;ite 

Method A: Sodium hydridoborate (4  g, 106 mmol) was added to a stirred solution of 1Vg (71 mmol) in  
methanol (50 nil) at -20 or 0 'C. A saturated aqueous iiiiiiiioiiiuiii chloride was introduced after a 2 h-  
stirring which was contiiiucd for 1 11. Methanol was rciiiovcd under rcduccd pressure and the aqueous solu- 
tion was stepwise cxtractcd with chloroform (3 x 20 nil) illid ethyl acetate ( 3  x 20 nil). l l i e  combined 
organic layers were dried with sodium sulfiite and tlie distill;ition rcsidue was separetcd on silica gel 
column using heptane-etliyl iicctate (5  : 1) as eluent. 

Method B :  Magnesium perchlorate (4.46 g, 20 mmol) was added to a stirred solution of compound 1Vg 
(10 mmol) i n  nietlianol-cliloroform (1  : 1, 100 nil)  at either 20 or 0 'C. Stirring was continued at the 
respective temperature for 1 h; sodium hydridoborate (0.57 g, 15 niiiiol) was then introduced and after the 
reaction had finished (TLC) the mixture was acidified with hydrochloric acid to p l l  2 and after 10 min to 
pIl 11 with aqueous sodium hydroxide. The mixture was artcrwiirds worked up iis i n  tlie preceding expe- 
rim ent . 

3-  (2 - Flrioropliriiyl) -5- (.?,.F-dicliloro~~Irc.ii)~/) -6- cis-liydro.ay-6ii -mc.t l i~/-- l -oxo-.~i i ,  .1,6,6ii. tc.irciIi)~dropyrrolo- 
/3,J-d/isox~izo/e (V1Ig) was ohtsiiied i n  50% yield iipplyiiig iiiclliod A iiiid tenipcr;iture 0 'C; m.p. 177 - 
179 'C. For C I 8 H , ~ C I ~ F N O 3  (395.2) calcul:itcd: 54.70% C, 3.31% I I ,  7.08% N; found: 54.81% C, 3.40% 
11, 7.10% N. 

3-(2-F/uoropl1~i iy l ) -S-~.?, .~-dic~i /oropl ic . i1~/ ) -6- tr~i i is- l i~dro~~~i i - i i ic . / l i~ l -~l~oxo-.~~i ,~l ,6 ,6u-tc.~rr i f iydropyrro-  
lo[3,4-d/isoxri:o/e (Vlllg) was preparrd i n  15% yield by iiictliod A ;it 0 "c'; ni.p. 135 - 137 OC. Found: 
54.68% C, 3.43% tl, 7.32% N. 

3-(2-Flrroroplic.t1~/)-5- ( . ? , . ~ - d i c l 1 l o r o ~ l i r i i y l ) - . l - c i s ~ / i ~ d r o ~ y ~ ~ ~ i ~ ~ c . ~ / i ~ ~ / ~ 6 ~ o . ~ o ~ . ~ ~ i , ~ l , 6 , 6 ~ i - ~ c . t r ~ i l 1 ~ d r o p y r r o l o -  
/.?,1-d]isoxazo/e (IXg) wiis synthesized with the admixture ol' Wf/y by niethod A :it -20 'C. ' I 1  NMR: 4.74 
s, 1 I I .  11-3a; 5.49 d. I I I .  11-4. J(4.011) = 10.6 Ib; 5.85 d. 1 11. 0 1 1 .  "c' NMIk 62.26 d, C-3a; 88.01 s. 
C-6a: 89.74 d, C-4. 

3 - ( 2 - F / i r o r o ~ h ~ t 1 ~ / - 1 - ( ~ , . ~ - d i ~ ~ l i / ~ r o p l 1 c . i i ~ / ~ ~ ~ i r ~ c i t ~ 1 ~ ~ ~ / ) ~ . ~ - l i ~ d ~ ~ ~ . ~ ~ 1 ~ 1 c . / / i ~ ~ / - . ~ - i ~ 1 ~ ~ / / i ~ ~ / i ~ u x ~ i ~ ~ l i i 1 c .  (Xlg) ,  m.p. 
180 - 182 'C was produced by method U ;it 0 'C i n  12% yield. 

1. 
2. 
3. 
4. 
5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
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