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The Reaction of para-Substituted p-Aminocinnamonitriles with Benzo- 
nitrile Oxides 

By Antonino Corsaro, Ugo Chiacchio, Anna Compagnini, and Giovanni Purrello," Dipartimento d i  
Chimica e Chimica Industriale, Universits di Catania, Viale A. Doria 8, 95125 Catania, Italy 

p-Aminocinnamonitrile para-substituted by electron-withdrawing groups (5a,b) with benzonitrile oxides (2) give 
the expected cycloadducts (6) to the C-N triple bond. The p-methyl derivative (5c) behaves similarly, but the 
yields are smaller. Reactions of (2) with derivatives para-substituted by electron-donating groups (5d,e) give 
two bis-adducts, the structures of which have been elucidated. 

RECENTLY we reported that B-aminocinnamonitrile (1) 
reacts with benzonitrile oxides (2) to give chiefly the 
oxadiazoles (3) together with lesser amounts of the ex- 
pected isoxazoIes (4) . I  

Ph -C = CH-C 3 N 
I 
NH, 

(1 6) + 

with (2a) (2 equiv.) leads to the oxadiazole (6 g) as the 
predominant product together with small amounts of 3- 
(P-chlorophen yl) -5- ($-met hox yphen yl) - 1,2,4-oxadiazole 
(7 g).? On the other hand, (5d) reacts in the same 
ratio with (2b) to give N-{2-[3-($-nitrophenyl)-l,2,4- 
oxadiazol-5-yl] - 1 - (+-met hox yphen yl) vin yl )$-nitro- 
benzamide oxime (8h) as the major component of the re- 
action mixture. In  this case the monoadduct (6h) and 
the bis-adduct 3-(+-nitrophenyl)-5-[3-(+-nitrophenyl)-5- 
(P-methoxyphenyl) -1,2-oxazol-4-yl]-1,2,4-oxadiazole (9h) 
are also isolated together with trace amounts of the 
isoxazole (4h). 

The fact that  oxadiazole (6h) is the only product 

Ar 'CNO I 2 a . b )  H, ,H Ar' -$ - C - CN 
Ar - -C  -CCH,-C=N * A''-:-; a ;  Ar'=p-CIC6Hh 

N, ,C. gc, Ph II KO' t! \ 
NH b; A r ' = p  - O2NC6H4 0 CH Ar 

Some evidence suggested to us that structure (1B) 
rather than (1A) is responsible for the unexpected 
reactivity of the terminal CSN group and that the more 
the Ar-C(=NH)- system is electron-withdrawing, the 
more it must activate the CSN triple bond. On the 
other hand an electron-releasing residue could affect the 
dipolaropliilic activities of the different sites of the 
molecule, the terminal C-N triple bond beconling less 
reactive in comparison with the C=C or C=N double bonds. 
Furthermore in the second case, taking into account the 
greater availability of the nitrogen lone pair, an ex- 
clusive nucleophilic attack of compounds (5) on the 
1,3-dipole could be rationalized. 

In order to \verify these possibilities, compounds 
(Fia--e) were allowed to react with benzonitrile oxides 
(2a,b) under the same conditions used previous1y.l 

RESULTS A N D  DISCUSSION 

Data obtained (Table 1) indicate that $ara-sub- 
stituents in the ylienyl ring of (5) and (2) can notably 

( 5 a - c )  

a ;  A r  = p -  CF,C,H, 
b ;  Ar = p -  C I C ~ H L  
c ; Ar = p -  MeC,Hd 

( 6 a - f )  

/ 

(10 a - f )  

b ;  Ar. = p -  CF, C 6 H ~ I  Ar '= p - 02NC6H4 

d;Ar =p-CIC6H4 , Arf=p-02NC6H4 

f ;  Ar = p -MeC6H 4 Ar' = p  - 02NC6H4 

(6  1, (lo) a; Ar  = p - CF, C 6H4, A r  '= p - C l C 6  H4 

c ; A r  =p-CIC6H4 , Ar'=,u - CI C,Hd 

e;Ar =p-MeC&id , A r ' = p - C L C b H 4  

affect the reaction course qualitatively and/or quan- 
titatively. In particular, according to expectation, 9- 
trifluoromethyl (5a) and $-cliloro (6b) derivatives react 
with (,"a,b) to yield only the corresponding mono- 
atlducts (6a-d) . ~-Amino-fi-methylcirinanionitrile (5c) 
behaves similarly, but the yields are smaller. 

obtained in the reaction of (5d) with an equimolar amount 
of (2b), and that (8h) can also be produced starting from 
(Bh), indicates a possible two-step pathway for the form- 
ation of (8h) (see Experimental section). 

In this case the presence of the nitro-group in the 
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benzonitrile oxide enhances the electrophilic character of 
tlie carbon of the CNO system, making the latter capable 

TABLE 1 

Yields" (yo) of adducts ( G ) ,  (8),  and (9) 

41 57 
42 34 

26 34 
1 5 b  9 51 5 
6 60 1 58 

(5a) 
(5b) 
(54 
( 5 4  
( 5e) 

a Yields arc calculated considering the rccovcrccl amounts of 
1, Yields of hydrolysis products, ob- the starting enamines. 

tained during column chromatography, are also included. 

of undergoing nucleophilic attack by the amino-group of 
(6h), activated by tlie conjugation with the methoxy- 

J.C.S. Perkin I 

amounts of the mono-adduct (Gi), while there is no 
evidence of the production of (8i). In  contrast the 
corresponding (81), with (91) as the major product, is 
isolated from the reaction mixture obtained from (5e) and 
(2b), but formation of compounds (41) and (61) does not 
occur. This suggests to us that compound (Gl), as it is 
formed, reacts with a second equivalent of (2b) to give 
(Sl), since it is more nucleopliilic tlim (611) because of 
con j upt ioi l  with the dinietli ylamino-group. 

With reference to the production of Compounds (9), we 
conclude that they derive from two synchronous cyclo- 
addition processes, since (911) is never isolated among tlie 
reaction products of (611) with (2b), but (811) is. 

The structure of compounds (4) and (6) was sub- 
stantiated on the basis of tlieir clieniical and/or spectral 
data, which are in agreement with those shown by 

Ar -C -CH,-C=N 

(5d ,e)  

I t  
NH 

Ar'-$ - $-CN 
+ 

NxO/C -Ar 
(4) 

group. It is worthy of notc that in no other caw arc 
compounds (8) obtained from the monoadducts (6). 

Reactions of (5e) with $-chlorobenzonitrile oxiclc ( 2 1 )  

carried out in the ratios (1 : 2) and (1 : 1) give thc his- 
adduct (9i) as the prominent product, besides very small 

similar compounds reported prcviously (see Expcri- 
rncvital sc:c.tioir). 

The structiirc: of compounds (8 )  was elucidated by 
mean3 0 1  spectr;il evi(1cnc.c. 1.r. spectra s l ~ o w  a L r c d  
band a t  3 450 ('111 I lor tlw associated OH am1 Imlds at 
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1600, 1578, and 1556 cm-l for both the disubstituted 
phenyl systems and five-membered Zietero-aromatic rings. 
The niass spcctra show the molecular ions a t  m/e 502 and 
515, respectively, for (811) and (81), and the base peaks 
correspond to the loss of water. Further prominent 
fragment-ions correspond to the subsequent cleavage of 
the two lieteroaromatic rings. The scheme indicates the 
fragmentation pattern of tlie most significant fragment- 
ions derived from the fission of (81). Attempts to 
record n.m.r. spectra failed because of the insolubility of 
tlic compounds in common deuteriatecl solvents. How- 
ever, the spectra of solutions in deuteriated trifluoro- 
acetic acid indicate the presence of exchangeable protons. 
Also, attcnipts to effect tlie Reckmann rearrangement 

to the two @ra-substituted benzonitrile ions, in accord- 
ance with the fission of similar  compound^.^ Other 
intense peaks derive from the formation of the ions 
[Ar'CNO]+, [Ar'CN,]+, and [ArCO]+. 

EXPERIMENTAL 

M.p.s were determined on an electrothermal apparatus 
and are uncorrectctl. 1.r. spectra (KBr discs, unless other- 
wise stated) were recorded witli a Perkin-Elmer 137 spectro- 
photometer, U.V. spectra (solutions in 0fio/, ethanol) with a 
Beclrinann DB-GT spectrophotoineter and lH 11. in .r. 
spectra (60 MIIz) with a Varian A-60 spectrometer (solvent, 
unless otherwise stated, CL)Cl,; SiMc, as internal standard). 
Mass spectra were obtained with an I X B  !)OOO S mass- 
spectroiiietcr 'r 1 (-. w a s  carried oat with silica gel F 254 

m/e 333 - H20 

m l e  335 

m/e  185 

m/e 334 

m / e  151 

reaction failed. Iileincntal analyses agree with tlrc 
assigned strut-tures. 

Compounds (9) wcre i(1eiitified on tlie basis of their 
spectroscopic data. The i.r. spectra exliibit only tlrct 
hands of the Iiet~.roaroii~atic systems and the hands of 
disubstitutccl plienyl rings. N .m.r. spectra, 1)csitlcs tlic 
proton signals o f  tlic tliffercnt plwiyl sulxtitucnt groups, 
show only thc sigiinls of  nronintic- protons. In caclr case 
the mass spcbctrrini sliows tlie moleci~lar ion in ]rig11 
abuntlanc*c> ; tlw base peaks occur a t  uilc 118 for both 
( O h )  and (Ol) ,  and a t  m / t j  I37  for ( 9 i ) .  Tlwy rorrespond 

plates jtleveloping solvents light petroleum-bcnzene (20: 80), 
benzene, am1 bcnzciie-ethyl acetate (90 : 1 O)]. Cln-omato- 
grapliy was performed with Merl; silica gel (0.05- 0.2 mm). 

illulevzr~E.~.-Solvei~ts were purified :mcl dried according 
to tlie litt.r,~turc iiiethotls. The benzonitrile axides (2a,b) 
were not isolattAtl, but preparetl tlirwtly in solution (c'€Ic'l,) 
froni equiv;ilcrit ;~ i i io i in ts  o f  piiritietl triethylninine ('1.EA) 
and tlw correspoiitling bciizohydloxaiiio~l chlorides:45 
Enaniincs (6h - v) WCI-c prcpnrecl by reported procetlurcs.6 10 

I fie enrtmiiie (5a) \vas yrcpared by followitig the literature 
procetlure starting froiii ~ - t r i f l u o r o i i i e t l ~ ~ l ~ ~ ~ T i z ( ~ i i i t r i l e  ( 17 g) 
;rii{l awfoiiitrilc ( 5  g) with sotliiiin (2.6 g) in reflusing 

,. 
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benzene. The crude material on crystallization from light 
petroleum-benzene gave P-amino-p-tvi~!uorometJiyZcinnamo- 
nitriZe (5a) (13 g, 40%), m.p. 133-134 "C (Found: C, 56.3; 
H, 3.4; N, 13.1. Cl,&P$2 requires C, 56.1; H ,  3.3; N, 
13.2%)); h,,, (EtOH) 303 nm ( E  1.1 x lo4); vm,+ (KBr) 
3 333 and 3 230 (NH,), 2 176 ( E N ) ,  1638 (enarnine C=C), 
and 1 ti00 and 1 5GG c1n-l (aromatic C=C and C=N) ; 6 (CD- 
Cl,) 4.32 (1 H,  s, CH), 5.05 (2 H, br, NH,), and 7.3-8.05 
(4 H, m, aromatic); m/e 212. 

All compounds were purified until they were observed as 
single spots on t.1.c. (Kieselgel PF 254). 

GenevaZ Proceduve for the Reaction of Compounds (2a,b) 
with Enaunines (Sa-e).-A solution of TEA ( G  niniol) in 
chloroform (10 ml) was added dropwise to a mixture of tlic 
appropriate benzohydroxamoyl chloride (6 mniol) with 
enamine (3  mniol) in chloroform (30 nil) with stirring. The 
mixture was then kept a t  room temperature for 48 h. 
l'rietliylarn~noniuni hydrochloride was filtered off and the 
filtrate was distilled under reduced pressure. The reaction 
products were separated by column chromatography. I n  
every case the henzonitrile oxide dimers and small amounts 
of the starting enariiinc were recovered. Where necessary 
further purification of products was achieved by crystal- 
lization from etlianol or by washing with hot benzene, in  
which impurities were soluble. 

Reactions of p-Chlovobenzonitvfle OJide (2a) .-(i) With F- 
amino-p- tv i j~uovo~ize t l~y lc in lzaunoni l  (5a). EIu tion wi tli 
light petroleum-belizene (20 : 80) gave only 3-(p-cl~Zoro- 
~,heiiyZ)-5-(13-amino-p-tri/i7uoro?~ef/~ylstyvyl)- l12,4-oxadiuzole 
(Ga) (0.448 g, 41y0), 11i.p. 129-130 "C (from EtOH) (Found: 
C, 55.6; H, 3.1; N, 11.3. C,,H11ClF3N,O requires C, 55.8; 
H, 3.0; N, 11.5%); A,,,,,. (EtOH) 332 (E 1.G x lo4) and 
246 mi (E 2.8 x lo4); y,,,,. (KBr) 3 445 and 3 229 (NH,), 
1 G40 (enaminc C=C), and 1587 and 1 550 ctn (aromatic 
C=C and C=N); 8(C13CI3) 5.68 (1  H, s, CH), 6.80 (2 I€,  br, 
NH,), and 7.50-8.30 (8 H, in ,  aromatic); wile 365. 

(ii) With p-aip?ino-p-c/~&orocinna~izon.itriZe (5b). Chroniato- 
grapliy with light petroleum-benzene (20 : 80) as eluant gave 
3- (9-chloroplienyl) -5- ( ~-nmino-p-c/iZovostyryZ) - 1,2,4-oxacliazoZe 
(6c) (0.331 g, 340/), 1n.p. 164-165 "C (froni EtOW) (Found: 
C, 54.3; H, 3.1;  N, 14.8, Cl,HllCl,hT,O requires C, 54.2; 
€I, 2.9; N, 14.9%,); h,,,,,. (EtOH) 335 (E 1.5 x lo4) antl 250 
nni (E 2 . 0  x 104); vnrnu. (I<Hr) 3 412 antl 3 229 (NIX,), 1 63!) 
(enamine C=C), and 1 587 antl 1 662 cm-l (aron)atic G C  am1 
C-N); 8 (CI)Cl,) 5.63 ( 1  H, s, CH), 6.72 (2  M, br, NH,),  a n ~ l  
7.40--8.30 (8 H, m,  ammatic); m/e 331. 

(iii) With ~ - a ~ ~ i n o - p - ~ z e t J i y Z c i ~ ~ ~ , a m o ~ ~ t ~ i l e  (5c) .  EIu tion 
with light petroleurn-benzene (20 : 80) gave as tlre major 
product 3-(p-~~/Zovop/ienyZ)-5- (P-n?izino-p-styryl)- 1,2,4-oxadi- 
moZe (6e) (0.149 g, 16(?&), m.p. 170 "C (from EtOII) (1;ountl: 
C, 57.7; H, 3.4; N, 21.1. C,,H14ClN,0 requires C, 57.8; 
H, 3 .3 ;  N, 12.7yo); (EtOH) 325 (E 2.2 x lo4) ant1 
245 ntii (E 2.4 x lo4) ;  v,,,,,,. (KBr) 3 410 arid 3 31% (NH,), 
1 610 (cnaniine G C ) ,  and 1 5!)0 and 1 570 cin (aromatic 
C=C and G N ) ;  6 (CIXI,) 2.4 (3 H, s, Me), 5.6  (1 13, s, CH), 
6 . 4  (2 13,  br, NET,), and 7.1 -8.2 (8 H, in, aroniatic); m / c  
31 1. 

Elution with benzene gave 3-(p-~Iiloro~/ie??yZ)-5-(p-??zrt/~yZ- 
p~~enacyZ)-1,2,4-oxadiazoZe (IOe) (0.095 g ,  lo?$), 1n.p. 128- 
129 "C (from EtOH) (Found: C, 67.3; H, 3.2; N, 8.4. 
C,,€-I,,CIN,O,requires C, 5 7 . 7 ;  H, 3.0; N, 8.4';<,) ; AIIIJY. (EtOH) 
315 (E 0.6 x lo4) and 255 nni (E 2.9 x lo4) ;  v,ri,l,. (KBr) 3 446 
c1ii-l (associated OH) ; v l l i ; ~ y ~  (CHCl,) 1 695 c1n-l ( G O )  ; 6 
(CJ)C13) 2.41 (3  H, s, Me), 4.62 (2 13, s, CH,  o f  lteto-form), 
6.21 (1 €3, s, C H  of e n d  form), antl  7 12-8.10 (S  11, rii, 

aromatic); m/e 312. The structure (loe) was confirmed by  
comparison with an  authentic sample obtained from hydro- 
lysis of (Ge). Clearly i t  is produced during the column 
chromatography. 

(iv) With p-aivziizo-p-methon.ycinnamonitrile (5d) . The 
first compound eluted with light petroleum was 3-(p-chloro- 
phenyl)-5-(~-metlioxyphenyl)-l,2,4-oxadiazole (7) (0.068 g, 
8%), 1n.p. 158-160 "C (from EtOH) (1it.,l1 m.p. 155-157 
"C). Elution with light petroleum-benzene (20 : 80) gave, 
after dimers, 3- (p-chlorophenyl) -5- (P-amino-p-methoxystyvy Z) - 
1,2,4-oxacizazoEe (Gg) (0.102 g, ll?,), m.p. 162-163 "C (from 
EtOH) (Found: C, 55.8; H, 3.0; N, 16.2. CI,H,,CIN,02 
requires C, 56.0; H, 3.2;  N, 1 6 . 3 % ) ;  (EtOH) 340 (E 

2.1 x lo4) and 250 nni ( E  1.6 x lo4); vlnaxm (KBr) 3 436 and 
3 280 (NH,), 1 624 (enamine C=C), and 1 600 and 1 564 cm-1 
(aromatic C=C and C=N); 6 (CDCl,) 3.80 (3 H, s, OMe), 
5.60 (1 H, s, CH), 6.7  (2 H, br, NH,), and 6.9-8.2 (8 H, ni, 
aromatic) ; wt/e 327. The last compound eluted (with 
benzene) was 3-(p-chlorop/ie~iyZ)-5-(p-met~~oxy~l~enacyZ)-l,2,4- 
oxadiazole (log) (0.045g, a%), "-1). 120-121 "C (fromEtOH) 
(Found: C, 55.6;  H, 3.2; N, 12.3. C17H1,C1N,03 requires 
C, 55.9; €I, 2.9; N, 12.20/,); A,,,,,. (EtOH) 325 ( E  0.4 x lo4) 
and 345 nm (E 2.9 x lo4);  v,,,,,. (KBr) 3 400 cm-l (associ- 
ated OH); v,,,,,. (CHCl,) 1 690 cn- l  ( G O ) ;  m/e 328. I n  
this case the structure (log) was confirmed by comparison 
with an authentic sample obtained froin hydrolysis of (Gg), 
and i t  was pi-oducecl during the column chromatography. 

(v) M/it/z p-nlni ~zo-p-diInet~cyZaminocinnn,rtonitriZe (5e). 
Elution with light petroleum-benzene (20 : 80) gave 
3-(p-~hZorophenyl) -5-[3- (p-chZovopheizyZ) -5- (p-diinethylmnino- 
pl~enyE)isoxazol-4-yZ]-l,3,4-oxndiazoZe ( O i )  (0.7 15 g, 50%),  
m.p. 138 "C (from EtOH) (Found: C, 62.7; H, 3.7; N, 14.7. 
C2,Hl,CI,N,0, requires C, 62.9; H ,  3.8; N, 14.9%); ii,,,,. 
(EtOH) 277 nni ( E  2.5 x lo4); vIIILX, (ECBr) 1616 and 1592 
cin-l (aromatic C=C and C=N) ; 6 (CIDCI,) 3.2 (0  H, s, NMe,), 
and 6.8-8.3 (1% H, m, aromatic); m / e  476. Further 
elution gave 3-(p-chZorop~ienyZ)-6-(p-anzino-p-diunet1zyZ- 
awzinostyryZ)- 1,2,4-oxadiazoZe (Gi) (0.061 g ,  G % ) ,  m .p. 196- 
197 "C (from EtOH) (Found: C, 66.8; EI, 4.7; N, 13.3. 
C,,IIl,C1N40 requires C, 65.5; H ,  4.5; N, 13.50/); Arnnx. 
(EtOH) 315 (E 1.6 x 10') and 235 nni (E 2.3 x lo4);  v,,,,,. 
(KUr) 3 472 and 3 289 (NH2),  1 ($30 (enamine G C ) ,  and 
1 G15 and 1 540 cn -*  (aromatic C-zC and C=N); 6 (CDC1,- 
I>MSO) 3.2 (6 H, s, NMe,), 5.7 (1 H, s, CH), and 6.8-8.3 
(10 H, NH, antl aromatic); m/e 340. 

Reactions of E'-Nitrobcn,-oizitviZe Oxide (2b) .-(i) LC'ith p- 
amino-p-tri,fluovoI.net~iylcinnnmoizitviZe (5a). Elution with 
light petroleum-benzene (20 : 80) gave only the mono- 
adduc t 3- (p-lzitrophcnyl) -5- ( P-amii io-p- tv i~uoro~ct l i~~Zs~yry 2) - 
1 ,2,Co,~ndiuxoZe ((ib) (0.642 g ,  570/:,), m.p. 172-173 "C (from 
EtOH) (Found: C, 63.2; H, 4.4; N, 17.2. C1,J3,,F,N40, 
requires C, 63.3; €1, 4.4; N, 17.40/,); A,,,,,, (EtOI-1) 330 
( E  1.0 x lo4) and 268 nni ( 5  3.0 x 1 0 3 ) ;  v , , , , ~ ~ .  (KBr) 3 508 
and 3 333 (NH,), 1 639 (enaiiiiiic C=C), 1 587 and 1 562 
(aromatic C=C and C=N), 1 515 (asym. NO2), and 1 324 
(sym. NO,) ;  6 (C1)CI.J 5.7G ( 1  fI, s, CH), G.84 (2 €3, br, NH,), 
and 7.7-8.7 (8 II, i n ,  aromatic) ; i/n/e 376. 

As gbove 
the only product isolated was 3-(p-)iifvopJleiz311)-5- (F-amino- 
1' -chZovostyvyZ) - 1,2,4-oxadiazoZe ( Gtl ) ( 0.4 2 3 g , 42 7;) ) , in. p . 
175-176 "C (from EtOI-I) (Found: C, 62.4; H, 4.1; N, 
12.8. C16H11ClN40:I requires C, G 2 . 3 ;  €I,  4.3; I\, 12.!30/); 
l.i,,:,y. (EtOM) 338 (E 1.7 x lo*) and 258 nm (E 2.4 x lo4); 
v,ll~ly. (lilh-) 3 442 and 3 230 (NII,), 1 625 (enamine C=C), 
I 574 antl 1 550 (rtroniatic C=C and C-N),  1 532 (asvm NO,), 

(ii) With P-ai?zi.Mo-p-c~~Zovocinna~~~onitrile (6b). 
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and 1 340 cm-' (syrn. NO,); 8 (CDCl,) 5.7 ( I  H, s ,  CH), 
6.8 (2 H, br, NH,), and 7.4-4.5 (8 H, ni,  aromatic); wi/e 
342. 

(iii) 1YitlL P-amino-p-inethylcinnamonitrile (5c) .  In this 
case also the only product separated was the mono-adduct 
3- (p- tzitvophenyl) -5- (P-ami~~o-p-.M.zathyZ.~ty~yl) - 1 , %,I-oxadiazole 
(6f) (0.33 g, 34'y0), m.p. 181-188 T (froni KtOlI) (Found: 
C ,  60.3; H, 4.4; K, 16.3. C,,H14N403 requires C, 60.3; H, 
4.2; N, 16.50/); lL,l,ax. (EtOH) 325 (c 2.1 x lo4) and 270 nin 
(E 2.2 x lo4);  v,,~,,. (KBr) 3 490 and 3 307 (NIIP), 1 621 
(enaniine G C ) ,  1 610 and 1 5 7 0  (aromatic C'C and C - S ) ,  
1510 (asyni. NO,), and 1 3 5 0  cm-' (sym. NO,); 6 (CDCI,) 
2.4 (2 H ,  s, Me), 5 6 (1 13, s, CH), 6.4 (2 H, br, NET,), 7.2-- 
8.5 (8 H, in, aromatic) ; rw/e 322. 

(iv) With ~-a~t~ino-p-~netko,~ycinnctmonitrife (5~1). By 
treatment of the reaction-misture residue with hot benzene, 
the bis-adduct (8h) (0.768 g, 51%) was separated as a red 
powder, m.p. 322-324 "C (from DMF) (Found: C, 57.1 ; H, 
3.7; N, 16.7. C23H1AN607 requires C. 57.4; H, 3.6; N, 
16.8q/,); (EtOH) 360 (E 3.7 x 10') and 285 nm (E: 

3 2 :* lo4) ; v,,,,. ( KBr) 3 420 br (associated OH), 1 612 and 
1578 (aromatic C=C and GN), 1532 (asyrn. NO,), and 
1 342 cm (sym. KO2); 8 (CF,CO,D) 3.8 (3 H, s, OhIe), and 
8.05-8.64 (12 H ,  ni, aromatic); in/e 508. The benzene 
solution was distilled off and the residue was chromato- 
graphcd. In the first eliiate [light petroleuni-benzene 
(80 : 20)] trace amounts of 3-(p-iiitroplienyl)-4-cyano-5-~~- 
methoxyp1ienyl)isoxazole (4h) were ideiitified on the basis oi 
i.r. and 1i.ni.r. spectra. The second eluate [light petroleum- 
benzene (20 : S O ) ]  gave the mono-adduct 3-(p-nitrop/mzyZ) - 
5 - ( ~ - n ~ ~ z i ~ z o - p - ~ n e t ~ z ~ ~ , r y ~ t ~ ~ ~ y f ) - l . 8 , 4 - o x a d i a z o / e  (Gh) (0.091 g, 
g o ; , ) ,  1ii.p. 183--184 "C (froni EtOH) (Found: C, 63.2; H ,  
5 .2 ;  N ,  16.5. C,,H,,N,O, requires C, 63.3;  H, 5 .0 ;  N, 
1G.4c'0); i,l,,,y~ (EtOH) 33.3 (E 1.9 x 104) and 270 nni (E 

2.9 Y 10'); v ,,,:, y, (KHr) 3 440 and 3 228 (NH,), 1 633 
(enaniine C X ) ,  1 612 and 1 567 (aromatic C=C and C=N), 
I ,515 (asym. NO,), and 1 351  IT^-^ (sym. NO,); 6 (CDCl,) 
3.8 ( 3  H,  s, OMe), 5.7 (1  11, s, CH), 6.8 (2 H, br, NH,), and 
7.0-  -8.5 (8 H, in, aromatic); i i i j e  338. The evaporation of 
the tliirtl eluate jbenzeiw-cthyl wetate (90 : lo)] left 3 
residue wliich was separated into two components by treat- 
ment with pyridine. The pyridine-insoluble compound was 
the bis-atlduct ($ \I ) ,  while the pyridine-soluble one was 
identified as :I-(p-nitro~h~1~yl)-5-i:1-(p-~~.li lropheizyZ)-5-(p- 
I n e t h o x y p l r e n ~ 1 ) i s o ~ a z o f - 4 - y ~ -  1,2,4-oxndinzo!e (911) (0 0 718 g, 
50,), m.p. 284 "C (from EtOH) (Found: C,  60.2; H, 3.4; 
N, 17.0. C24H15X507 requires C, 60.2;  H, 3.6; N, 16.9%); 
i, III.1X. (EtOH) 278 nm (E 2.5  Y lo4); vmS\-. (KBr) 1 604, 1 576, 
and 1 554 (aromatic C=C and G N ) ,  1 524 (asym. NO,), and 
1 348 ci1i-1 (sym. NO,); m / e  485. The n.1ii.r. spectrum 
could not be recorded because of its insolubility. 

(v) Il'itlr ~-a~i i in~~-p-~i i~ ie thy larnninocin~iarn~~ni lr i le  (5e). 
The treatment of the reaction mixture residue with cold 
etlianol gave a mixture of diiners and an orange compound, 
which by further washing with hot ethanol was separated and 
identified as 3- (p- n i t r o p I i ~ ~ y / ) - . ' i -  [ 3 -  (p-nitropheztyl) -5- (p-d? - 
Irict/lylaiiziizopl~L.).2yl)isoxazol-J-yfl- 1,2,4-oxadinzole (91) (0.866 
g,  58c7;,), 1ii.p. 265 -266 T (from THF) (Found: C ,  62.6; H, 
4.0;  N, 11.4. C,,H,,N,O, requires C, (i2.9; H, 3.8; N, 
11.7(~;,); l,ll,d,x. (EtOH) 277 nm (E 2.2 x 104); vmns. (KBr) 
1 620, 1 577, and 1 558 (aromatic C z C  and C=N), 1 530 
(asym. NO,), and I 344 r m i  (syiii. NO,); 8 (CDCl,) 3.2 
( G  H, 3 ,  SA1e2), atlid 7.2-8.5 (12 H, 111, aromatic); in/e  498. 
Coluinn chroniatograpliy of the ethanolic solution residue, 
besides further amounts of (911, gave the his-adduct N-{2- 

[ 3- (p-nilrophenyZ)- 1,2,4-oxadiazoZ-5-y~- 1- (p-dimethylamino- 
phenyl)vinyZ)-p-nitvobenzamide mime (81) (0.015 g, 1 yo), m.p. 
299-301 "C (from DMF) (Found: C, 58.4; H, 4.1; N, 
18.9. C,,H,,N,O, requires C, 58.2; H, 4.1; N, 19.0%); 
Xl,L,x. (EtOH) 340 (E 3.7 x lo4) and 274 nm (E 4.2 x lo4); 
v,,,,,. (KRr) 3 390 br (associated OH), 1 615 and 1 564 (C=C 
and C=N), 1 528 (asym. NO,), and 1 340 cm-' (syrn. NO,) ; 6 
(CF,CO,D) 3.2 (6 H, s, NMe,) and 8.12-8.72 (12, m, 
aromatic) ; m/e 515. 

(vi) With ~-amino-p-methoxycinnamonilri2e (5d) (ratio 
1 : 1). Following the general procedure reported above, 
froni the reaction mixture only the mono-adduct (6h) was 
separated. It was identified by t.l.c., map.,  and mixed m.p. 
with an authentic sample, 

(vii) With p-ainino-p-dimethylaminocinnamonitrile (5e) 
(ratio 1 : 1). The reaction mixture residue gave the same 
products obtained in the case where the ratio of 2 : 1 was 
used. Conipoiinds (81) and (91) were isolated and identified 
by t.l.c., m.p., and niived m.p. with an authentic sample. 

(viii) M/ith monn-adduct (Oh). A solution of TEA (1 
niniol) in cliloroform (2 nil) was added to a mixture of p -  
niti-ohenzoh?.drc,uamoyl chloride (1 nimol) with (6h) ( 1  
iniiiol) in chloroforni (5 in]) with stirring. The mixture was 
kept at  room temperature for 48 h and then treated accord- 
ing to the same procedure followed for the reaction of enamine 
(lid) with (Sb). Besides dimers and the starting mono- 
adduct ( G h ) ,  only the bis-adduct (811) was isolated, and 
identified by t.l.c., ni.p., and niixecl 1n.p. with an authentic 
sa niple. 

Hydrolysis o j  Compound (6)  .-A solution of compounds 
(6) (0.5 mmol) in ethanol (20 nil) containing 157$ hydro- 
chloric acid (3 ml) was refluxed for 4 h [hydrolysis of pura- 
nitro-derivatives required 36% HCl and 12 h]. On dilution 
with water, coinpounds (10) were precipitated. They were 
filtered off and washed repeatedly with water. Crystal- 
liza tion froin ethanol gave nearly quantitative yields. 
ik1.p.s and elemental analyses are given in Table 2. Com- 

TABLE 2 

h1.p.s and elemental analyses of compounds (10) 
Analysis 

J1.p. 
Compound (T) 

(10a) 115-1 16 
(lob) 138-140 
(1%) 141-142 
(10d) 139 

(log) 119-121 

(10e) 128-129 

(lOh) 165 
( 1 Oi) 146-1 48 

(10f) 151-152 

Found 
r - b  c I-I N 
55.6 3.0 7.7 
54.0 2.8 11.0 
57.4 3.0 8.5 
55.6 2.8 12.0 

63.1 4.1 13.1 
62.0 3.9 8.5 
60.0 3.9 12.3 
63.3 4.5 12.2 

65.4 4.4 8.9 

Required 

' C  H N' 
55.7 2.8 7.6 
54.1 2.7 11.1 
57.7 3.0 8.4 
55.9 2.9 12.2 
65.3 4.2 8.9 
63.1 4.0 13.0 
62.1 4.0 8.5 
60.2 3.8 12.4 
63.2 4.7 12.3 

pounds (10) showed (EtOH) in the ranges 320-345 and 
248-276 nm; v , , , ~ ~ .  (ECBr) in the range 3 300-3 350 cm-1 
(associated OH); vms. (CHC1,) in the range 1 680-1 695 
mi-1 ( G O ) ;  6 (CDCI,), besides the signals of aromatic 
protons and those of the substituent groups, 4.7 (2 H, s, CH, 
of lieto-form) and 6.3 (1 H, s, CH of e n d  form). The OH 
signals were broad and were not observed. 
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