
T&,&e&~ Vol. 44. No. 4, PP. 1255 to 1265,198Il 
Printed inCkmtBrilais. 

-/88 s3.oo+.lm 
Q 1988 Peqamon Rms pk 

REARRANGEMENTS OF REGIOISOMERIC 4-ISOXAZOLINES: 

THE NOVEL FORMFITION OF ENAMINODERIVCITIVES 

a b b a a 

A. L1guor1, R. Ottana', G. Romeo, 0. Sindana and N. Uccella 

a 
Dlpart1mento di Chimica, Un1vers1ta , 07036 kcavacata di Rende, Italy 

b 
Dipartlmento Farmaco-Chimico, Univers1ta , 98100 Messina, Italy 

(Recebedin UK 3ONosemkrl9l37) 

Summary: Regioisomeric 4-icoxazolinec are formed by 1,3-dipolar 
rr,r,~sAAi*i~n L,L*YaYYA &.“I oi C_b=niO.~:_N=pheny:n::r+na to os~&rfJg-de;icieni 
al kynes. The 4- and S-substituted cycloadducts react in diffe- 
rent modes under the same conditions yielding enaminoderivatlves, 
v1a a novel rearrangement process, and amines, aziridlnes and 
l,l-oxazolinee according to the substitution pattern. 

1 
1,3-D1polar cycloadd1tion of nitrones to triple bonds, acti vated by 

electron-withdrawing groups, yields N,O-heterocycllc systems with the endo- 
2-R 

N,O-vinyl moiety which produces a variety of intramolecular rearrangements . 
9-11 12 

Similarly, the exocycllc and the acyclic N,G-vinyl funct?ona! groups g?ve 

rise to easily accessible molecules v1a deepseated chemical conversions. 

The most general feature of the 4-isoxazol1nes (11, obtained from 

nitrones and alkynes reported in Scheme 1, is the thermal 1somer1:ation to 
2-1.3 

2-acylazir1dines (2) , following the migration of the nitrogen atom from 

posrt1on 1 to 4. However, a number of additional chemical transformations have 

shown to involve the C-C and the C-H bonds at position 3 of N,O-heterocyclic 

nucleus. Recently, there have been found rearrangement reactions with the 
5,14,15 

2,3-mlgratlon of several groups 9 together with some N-O bond cleavages 

induced by prototropic processes when an hydrogen atom 1s present at the 
2,6,16 

position 3 of the 4-isoxazoline ring system (Scheme 1). 

2,3 migration Produc ta 

1 

SCHEME 1 

The N,O-heterocyclic regioisomerlc derivatives (9-151, generated from the 

1,3-dipolar cycloaddition of C-bmtoyl-N-phcnylnitrone (3) to substituted 

1255 
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alkynes (4-E), I” competition with the formation of adducts (14-18) (Scheme 2). 

. . 
3 4-8 9 - 13 14 - 18 

4,9,14 : R=H;R'=OMs 
5,10,15: R=H;R'=OEt 

6,11,X: R=H;R'=Me 

7,12,17: R=Ph;R'=OEt 

8,13,18: R=Ph;R'=Me 
SCHEME 2 

reveal a novel reaction process which leads to the formation of enam no- 

aldehydes, and letones (19-Z?), according to the substituent groups at C-5, as 

shown II-I Scheme 3. 

Ph 

19) R=H;R'=OMe 

20) R=H;R'=OEt 

21) R=H;R'=He 

22) R=Ph;R'=OEt 

23) R=Ph;R'=Me 

24) R=Ph;R'=OEt 

2s) R=Ph;R'=Me 

24 - 25 

SCHEME 3 

On the other hand, the 4-lsoxarolines (14-17) undergo intramolecular rearrao- 

gements to 4-o::azol ines (36-29) and to amlnes (XI-.X3), reported I" Scheme 4, 

according ta the reactlon conditions. 

14 - 18 

R 
Ftl’ 

0 I v P 
'R' 

A 
/ 

Ph R 

26 - 29 

PhNH 

x-J4 
i 

R 

30 - 33 

SCHEME 4 

26) R=H;R'=Ok 

27) R=H;R'=OEt 

26) R=H;R'=Me 

29) R=Ph;R'=OEt 

30) R=H;R'=OMe 

31) R=H;R'=OEt 

32) R=H;R'=Me 
33) R=Ph:R'=OEt 

Results and D~scussxon 

The reactlon of C-benzoyl-N-phenylnltrone with alkynes (4-6) was rdt-rled 

out in anhydrous THF at room temperature, using a 1:3 relative rat10 cl+ 
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dipole-dlpolarophile at dxfferent times, from 5 to 24 h, according to the 

subs.tl tuents. The react&on mixture gave the 4-lsoca:ollnlc adducts 19-11) and 

(14-16) in very good yields with a relative ratio 40/&I. When R was the phenyl 

group, derxvatlvee (2325) were isolated as stable products, together with 

(171 and (lf3), since the regxoisomerlc 4-xsoxa:olane prerursors (12) and (l:), 

al tough present tn the crude reactton m1:cture, underwent further 

transfwrmatlon during the reaction time and the usual war&-up, beI rig abtax ned 

an poor yrelds. In fact, the cycloadducts (12) and (17) were found to react at 

r3om temperature (e.g. 10 h I” THF) to afford the azlrldrne derlvattves (24) 

t\nct (“5) _ . Accordingly compounds (24) and (3) were shown to be absent at an 

early stage of the cycloaddxtion reactzon. 

The loss of regioselection In thus 1,3-dxpolar cycloaddltlon process 

requires a careful FM0 treatment, because the large amounts of 4-substl tuted 
17-20 

reglow eomers (9-13) 7 experimented In the reaction stud1 ed can be 
21 

contralled by HOMO dipole stablllz1ng interactians . 

The 4-isoxa-olxne . structures (9-l;) and (14-tS) were asslgoed on the 
1 

basin of analytical and spectral data. Roth ‘IR and H NMR spectra compare well 
2 

with the literature data far 4-isoxazollnes . In particular, the regiochemical 
1 

assignments are based on the chemltal shift of the vinyl proton II-I the H NMf? 

spectra: for compounds (14-16) the S-H and 4-3-i resonances appear as doubf eta 

(J=?,45-2.65 Hz) in the range 4.50-4.30 ppm, while in derivatives (9-111 bath 

protons are strongly deshielded and resonate In the regxon 7.10-8.10 ppm. The 

downfield shift of the vinyl hydrogen at C-S, linted to the deshielding effect 
2 

of the adJacent oxygen, agrees wxth the r%parted data , while the anal ogour, 

shift of 3-H ar i se5 a5 a consequence of its involvement In a I eto-enol 

equz I I br I urn stabalkzed by the COR’ group at posltxon 4 of the heterocycll c 

ring. Mass spectra support the assxgned structures: the 4-subst 1 tuted 
4 

regloisomers (9-li) show the dxagnostxc fragmentatxon at M -29 due to the loss 

of CHO radical from the molecular Ion, while the S-ones gave rx5e to an 

Intense peak at m/z Z2, from the molecular Ion by loss of the COCOR’ fragment. 

In the case of derivatives (12-l:) and (17-18), the ass1 gnment of 

regIolsomerlc structures is unequivocal an the basts of the fol low1nq 

evtdences.Resonances of T--X appear at 7 .;8 and 7.35ppm In t12-17) respectlveiy 

and are shifted at 4.86 and 5.00 ppm In (17-18). Irradlatxon to the resonances 

of the COFi’groups Induces positive NOE enhancements (15%) of the 3-H resonance 

only tn compounds (12-13): these results are indxcatzve of the close proxlmxty 

of f-t-i to ethyl and acetyl groups present at the posltlon 4 of the heter o- 
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22 
cyclac ring. NOE difference spectroscopy allows also the assignment of 3-H 

chemical shift, hidden by the aromatic resonances. Moreover, the mass spectra 

of derivatives (17-181 show peaks at m/z 298 due to the loss of COCOR' 

fragments from the molecular ions; this finding is only consistent with the 

ethoxycarbonyl or acetyl groups located at the positlon 5 of the heterocycilc 

rxng. 

When regioisomeric 4-isoxazolines (9-13) were refluxed in THF under acid 

catalysis for 2-4 h, the enamino-derivatives (19-23) were obtalned almost 

quantltatlvely, while (22)and(23) were also directly formed durxng the wori-up 

of the crude cycloaddition mixture together with the azrridine derivatives 

(24) and (25). The structure of the isolated enamines has been asslgned on the 
1 

basis of spectroscopic data, as reported In the experimental section: both H 
13 

and C NMR spectra are avazlable for compounds (19-21). In particular, 

derivatives (19-23) in CDCl solution exist 1" the chelated structure (34) 
; 

as indicated by the spllttlng of the vinylic proton into a doublet (J=12.8- 
1 

13.6 Hz) as a consequence of its coupling with the NH. Moreover, H NMR 

spectra of enamlnes (19-21) show further splitting of the olefinlc proton 

(J=3.50-3.80 Hz) for the coupling with the aldehydlc proton at 9.95-9.98 ppm. 

IR and MS measurements, as well as analytical data for derzvattves (19-21), 

are consxstent with the assigned structures. Compounds fl9-21) show 

Z-conflguratlon, as demonstrated by NMR analysis, while (22) and (37) are 

nearly equlmolar mtxtures of Z- and E-isomers. Conflquratxonal assignments 

rely upon NOE experiments: by irradiation of the vinylic proton, the positive 

enhancements 120%) occurring in the aldehydic proton resonance are fully 

consistent with the proposed stereochemlstry. 

The isolated a:iridxnes (24) and (251, obtalned from 4-xsoxacolznes (12) 
I 

and (13) respectively, have their structure assigned according to the H NW? 

spectra, where H-2 resonates at 8.63 and 8.92 ppm respectively, and to the 

mass spectra, where M -1 peaks are dlagnostlc for the azirxdxne mojety. 

The novel reaction process of the 4-isoxazollnes (9-IS), under acldxc 

media, can evolve through a sequence of steps where the addltlon of water to 

the carbonyl group at position 3 of the N,O-heterocycllc nucleus provides the 

benzcic acid as good leaving group via a I,7 proton shift I" the 

IntermedIate (351, as shown In Scheme 5. That the benzolc acid is a by-product 

of the react&on process studied has been confirmed by Its identification from 

the reactaon mixture. Furthermore, the relevant function of the carbonyl group 

at position 3 of the five-membered N,O-heterocycles examined 1s also demon- 
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/NH. 
R 

/ -R’ 
Ph 

=\ ,R 

d 
35 19 - 23 - 

SCHEME 5 

strated by the different reactxon channel which is populated when a phcnyl 

ring is at the same position of the nucleus. In this case, amine5 (36) are 

3,S 
formed after benzaldehyde elimination . 

34 36 

When regioisomers (14-17) were reacted in similar conditions as described 

above, they gave rise to amine products (30-33) quantitatively, even if the 
23 

IFsubstituted regioisomsrs are reported to be unreactive . The thermal 

treatment of the same 4-isoxazolines generated also the aziridine-oxazoline 
13 

rearrangement , yielding the corresponding 4-oxazolines (26-29) (Scheme 4). 

Structures were assigned to these products on the basis of analytical and 

spectroscopic data. In particular, the location in 126-291 of the methinc 

proton signal at magnetic fields as high as 4.48-6.72 ppm is indicative for 
24 

the presence of the protan between nitrogen and oxygen atoms and confirms 
3 

the 4-oxazoiine structure . The resonance of the vinylic proton in (26-Z) 

appears in the range of 7 ppm. 

In the case of amines (30-331, IR spectra revealed absorption maxima for 
-1 

amino and carbonyl groups at 3450 and 16X+1710 cm respectively. flS spectra 

evidently confirmed the structures. Besides the molecular ion, the interested 

fragmentation was observed from the molecular ion by loss of the radical 

COCOR' : moreover the presence of fragments at m/z 104 and 92, for the F'h-&CH 

and Ph&f ions, further supports the structure. 

The marked difference in the chemistry of 4- and S-regiotsomeric 4-~soxa- 

tolines can be explained by the extended conjugation which is experienced in 

the case of substitution at position 4: this stabilizes the heterolytic hrtnd 

ruptures with 1.7 H-migration, &s reported to Scheme 6 for (37). The cross 

conjugation in the N,O-vinyl system of (39) cause* a lower electron density 
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on c-4 of 

suppresses 
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the S-substituted regioisomers than in the 4-substituted ones; this 

the reaction channel to the enamines found through the intermediate 

(15). Similar effect can be invoked to operate for 4-isoxazolines (12) and 

(13), where a phenyl group is also at position 9 of the N,O-heterocyclic ring. 

The well known rearrangement to azirrdine-oxazoline with different reaction 
25,26 

mecnanisms . therefore, becomes 

case of J-substituted 4-isoxazolines. 

Q" 

competing with the enamine route in the 

- 
37 

38 
b- 

ii 
PhNH 1/ 

R 

'l'R 

phJ 0 O\_R 

Y-2' phHN 

/ 

R 
SCHEME 6 

Experimental 

r1.p.s. were 
Elemental 

determined on a Kofler hot-stage apparatus and are uncorrected. 
analyses were performed with a Perkin Elmer 

Infrared 
elemental analyzer. 

'H and 
spectra were recorded on a Perkin Elmer 225 
"C NMH spectra on Bruker WP 200 SY instrument8 

spectrophotometer and 
chemical shifts are 

reported in ppm from internal MetSi and refer to CDC13 solutions. NOE 
measurements were performed by the FT difference method on carefully 
CDC13 solutions: the data were obtained by the PAP8 sequence. 

deqassed 
Mass spectra 

were determined on a Varian Mat CH-5 DF and SC-MB HP 5890 A intruments. 
Peactlon mixtures were analyzed by t.1.c. on silica gel OF 254 (Merck) and the 
spots were detected under UV light (254 nm). 
out 

Flash-chromatography was carried 
with I ieselqel Ii (Merck). 

!&ac&iQQ af nitrsne 131 art4 rlk~naa 14z0Le - General fmmdn-e. 
A solution of nitrone (IO mmol) and alkyne (30 mmol) in anhydrous THF (50 ml) 
was maintained, under stirring, at room temperature until t.1.c. showed the 
disappearance of the starting nitrone. The solvent was removed at room 
temperature with rotary evaporator and the residue subjected to 
flash-cromatoqraphy on silica gel column with hexanelether 60:40 as eluent. 

Bn~rUm nt nifrnnn f.iLfb mrf;huA 12cwLnAa~r 14Lr Reaction time 5 h. First 
fractions 
yield); 

gave Z=~~~~YL=~=~~Q~QY~=S=~~~~Q~Y~~~~~~X~~~=~%Q~~~~~~~~ lS_L (39 X 
yellow 011; Y max 3350, 1385, 1310, 1280, 1200 cm-' I 'H 1735, 1650, 1610, 1585, NMR 6 3.78 1500, CH 1470, 7.56 1443, 1420, 

5-H). 7.18-8.20 (m, llH, (CDClRI 
(s, 3H, 1, (s, 

aromatic protons and J-HlI m/z 3 a 9 
lH, 
281 

( 1 0 ) ,280 (231, 
fM+ ,S1, 

279 (151, 249 222 221 
(151, 

(91, 240 (61, 247 (2!!Il, 
219 (30) , 205 (151, 204 

(51, (lO), 220 
(1001, (41, 891, 193 189 188 171 

(41, 149 (IO), 146 (71, 145 
(SO), (61, 167 

(I?), 119 (3), 118 (8I, 117 
(61, (81, (51, 144 143 130 128 (8), (18), 124 
(131, (9), 105 (lo), 116 104 103 (ZO), (3), 102 
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(3). 93 (8). 91 (6). 90 (8). 89 (8). 78 (6). 77 (65). 
Further elution 9a;e Z=QhnaYl=3=k,nrQYA=~~~~~~Q~YS~CkQQY~=~=~~Q~~~Q~~0Q Llfl; 
(59 % yield); 1iQht 

1260, 1220 cm" yeflow ; 
oil; V max 1760, 1670, 1600, 1580, 1500, 1460, 

1385, 
4-H. Ja2.65 Hz), 

H NMR b (CDC13) 3.75 (0, 3H, CH3), 4.43 (d, II-I, 3-H or 
4.47 (d, IH, 3-H or 4-H. J-2.65 Hz), 6.8-8.2 (m. IOH. 

aromatic protons); m/z 309 ttl ,I +- 5). 278 (3); 250 (IS), 223 (4). 222 (25), 207 
(S), 206 (3), 205 (IO), 204 (IOO), 194 (S), 193 (51, 167 (7), 16s (9), 152 
(6), 151 (4), 146 (7). 145 (20). 144 (SO), 133 (3). 131 (3), 121 (20), 119 
(ES), 118 (25),117 (461, 116 (14), 106 (13), 105 (SO), 104 (IS), 103 (ll), 102 
(9). 101 (9), 96 (71, 93 (B), 91 (28), 90 (25), E9 (20),78 (30), 77 (70). 

Bnrcti~n nf nifrwr aL%b rfh~l QCQQ~QA~~S 13.L. Reaction time 5 h. First eluted 
product wa= Z~QhmY~~3_kQnzQYb=4~~~~Q~Y~~~kQ~Y~~~=~~Q~~~Q~~~~ LLQ1, (38.5% 
yield)1 light yellow solTd, m.p. 66-a' C (from ether); Ymax 3360, 1740, 1655, 
1625, 1600, 

h (CDCl3) 
1580, 1500, 1465, 1450, 1415, 1380, 1320, 1275, 1200 cm-’ ;‘H NMR 
1.30 (t, 3H, CH3, 5=7.20 Hz), 4. IS (q, 2H, CH2, Ja7.20 Hz), 7.44 

(5. IH. 
294 (2Oj, 

S-H). 7.03-8.20 (m. 
278.(4), 

IIH. aromatic orotons and 3-H): m/z 323 (Mf.14). 
250 (8,; 233 (3), 225 '(5), 222 (lo), 220 (IS), 219 i40); 

218 (loo), 209 (3). 205 (7). 202 (S), 199 (5). 198 (12). 197 (IO). 193 (5). 
190 (IO). 174 (13):173 (7). i72 (20). i69 (3). i62 (6). 149 (6). 147 (6). 146 
(18), 145 (19), Ii4 (28), i22 (IO), i21 (13);120 (8),=119 (6),'118 (1%; 117 
(28). 106 (20), 105 (80). 104 (22). 93 (25). 92 (5). 91 90 88 
86 (50), 04 (70), 77 (90). (Found: C, 70.3( H; 

(IO). (IO). (8). 

requires C, 70.57; H, 5.30; N, 4.33 %). 
5.5; N,.4.3 x . C,g~,,~04 

Further elution 9a"e Z=QhenYl=3=kEnrQYl~P=~~~Q~Y~~CkQQY~=~=~~Q~~~Q~~~~ LLsL 
(60 X yield); white solid. m.o. 
1580, '1500,. 1450, 

98-90 (from ether): V max 1750. 1675. 1600. 
1375,' 1265, 1230 cm4 : 

J==7.10 Hz), 
‘H NMR6iCDC13) 1.40 (t, 3H, CH3, 

4.30 (q, 2H, CH2, J-7.10 Hz), 4.40 (d, IH, 3-H or 4-H, J=2.45 Hz), 
4.54 (d, lH, 3-H or 4-H, 5=2.45 Hz), 6.60-8.20 (m, 
332 (M+ ,60) , 

IOH, aromatic protons)g m/z 
278 (7). 250 (13), 223 (28), 222 (93)) 219 (41)) 218 (100)) 194 

(8) ) 193 (6), 192 (51, 191 (27), 190 (WI), 167 (7), 165 (5), 146 (9), 145 (9), 
144 (13), 118 (12), 117 (46), 116 (23), 106 (12)) 105 (70), 104 (25), 102 (61, 
92 (4)) 91 (45), 90 (15), 89 (14), 78 (20). 77 (90). (Found: C, 70.6: H, 5.4; 
N, 4.4 X). 

%S4sfi~Q Qf QifCQQ4 131 b!fith 3=kQ~YQ=2=ear 16L. Reaction time 8 h. First 
eluted product was Z=QhgQYhr3=kmlQYl~4=~~~~Y~=~~~~Q~~~Q~~Q~ ILL2. (37% yield); 
pale yellow oil; 
1380 cC 

Vmax 3340, 1730, 1660, 1605, 1580, 1520, 1490, 1460, 1430, 
; 'H NMR b (CDC13 B 2.30 (s, 3H, CH ), 7.38 (s, IH, 5-H)) 7.15-E. 10 (m, 

IlH, aromatic protons and 3-H); m/r 293 (M B ,22), 265 (IB), 264 (23), 251 (IO), 
250 (28). 216 (3), 209 (4), 206 (12), 205 (a), 204 (IO), 203 (IO), 194 (19), 
109 (12), 180 (75), 100 (8), 175 (S), 172 (12), 165 (IO), 149 (31, 146 (9), 
144 (9), 130 (3), 129 (IO), 121 (3), 118 (12), 117 (a), 116 (ll), 115 (7), 106 
(14), 105 (loo), 104 (12), 95 (4), 94 (S), 93 (12), 91 (24), 90 (a), 89 (9), 
83 (4), 78 (S), 77 ,164). 
Subsequent fractions contained 2=Qhmyl-3-ben?QyL=~~~s~~y~=~=~~Qxazoline U4,, 
(60 % yield), light yellow oil; V max 
1380 cm-l ; 

1760, 
‘H NMR b (CDC13) 2.40 (s,3H,CH3), 

1675, 1603, 1575, 1510, 1460, 
4.38 (d,lH, 3-H or 4-H, J=2.5 Hz), 

4.44 (d, lH, 3-H or 4-H, J-2.5 Hz), 6.70-8.10 (m, IOH, aromatic protons); 
m/z 293 (M+,7), 250 (34), 222 (22), 221 (31, 193 (4), 189 (16), 188 (IOO), 180 
(lo), 167 (4), 165 (6), 152 (3), 149 (3), 147 (4), 146 (22), 144 (3),130 (3), 
122 (3), 118 (lo), 117 (9), 116 '32, 115 (3), 106 (5), 105 (351, 104 (la), 103 
(4), 102 (5), 94 (9). 92 (4), 91 (34), 90 (IO), 89 (6), 78 (91, 77 (98). 

%S~S~~QQ of oifmnr alh ~HIYA RIIMYARCQR~QA~~S 1Z.L. Reaction time 22 h. First 
fractions gave QfhYl 2=keQzQYl=~=QhnQYlr~inn=pmpmnrte 12219 In a nearly 
equimolar and not separable mixture of E- and Z-isomers, (30 % yield); yellow 
oil; Vmax 3300,1710,1670,1640, 1605, 1570, 1500, 1400. 1420. 1370. 1300 cm-': 
‘H NMR b (CDCli) 0;01 and Oi83 (t; 3H, CH3, Jk7.3 Hi), 3.94 l nd.3.93 (q, 2H; 

CH2. J=7.3 Hz), 6.74-7.67 (m, IOH, aromatic protons), 8.12 and 0.37 (d, lH, 
vlnylic proton, Jml2.8 Hz), 

295 (M+,El), 294 
10.83 and 11.47 (d,lH, exchangeable NH,J=l2.8 Hz); 

m/r (13). 248 (IO), 225 (S), 220 (3j.219 (3),197 (7), 180 (4), 
179 (19), 174 (13), 173 (3), 144 (3), 130 (12), 129 (47). 118 (4), 117 (4), 
107 (8). 106 (85). 10s 104 

.93 (loo), 92 
(53). 
91'O3), 

(6). 103 (4). 102 (36). 101 9E 
94(33), (48), 88 (iO), 86 (95,, 

(6). (86). 
85 (6); 84 (lOOj, 83 (5); 

79 (S), 79 (12), 77 (53). 
Further elution 9a"e Zz~=~1LQhmYL=3=kWlQY~=~~~~~Q~Y~~~kQQY~=~=~~Q~~~QA~~~ 
tr21. (5 % yield); white crystals, m.p. 92-4 C”(from ether); rmax 3400, 1745, 
1690, 1670, 1600, 1585, 1495, 1490, 1470, 1450, 1370 cm-’ f ‘H NMR b (CDC13) 
1.13 (s, 3H, CH3, 517.20 Hz), 4.29 (q, 2H, CH2, J-7.20 Hz), 7.38 (s, IH, 3-H). 
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6.8-8.10 (m, 15H, aromatic protons)1 m/t 399 (M+,lZ), 370 (4), 354 (a), 326 
(7), 309 (a), 301 (6), 296 (4), 29s (151, 294 (loo), 291 (S), 285 (31, 283 
(6), 281 (is), 278 (6), 266 (61, 249 (3), 248 (a), 225 (S), 221 (S), 209 (6), 
205 (7), 198 (S), 197 (lS), 193 (lo), 190 (3), la4 (3), 179 (S), 178 (151, 174 
(13), 173 (6), 172 (lo), 162 (3). 146 (a), 145 (lo), 144 (20), 129 (8), 122 
(20), 118 (S), 117 (S), 116 (55), 106 (20), 105 (70), 104 (13), 93 (a), 91 
(30), 90 (S), 86 (14), 85 (35), 77 (90). (Found: C, 74.8; H, 5.5; N, 3.6 % . 
C2iH2.l NO4 N, 3.50 %). 
Su sequent 

req~:==~,~~,'S;~,':a~~e~.30; 

LxwKQL~@~ lAZL (25 X yield); 
Z~4=rliQhrnY1_3=~~j~~~~=~~~~hQ~YS~C~Q~Y~=~= 

white solid, m.p. (from ether) ; v max 
1740, 1690, 1600, 1580, 149s, 1450, 1390, 1370, 1320, 12SO ck ;'H NMR b 
(CDC13) 0.99 (t, 3H, CH3, 517.15 Hz), 4.10 (q, 2H, CHZ,J=7.15 Hz), 4.86 (s,lH, 
3-H), 6.87-8.17 (m, 15H, aromatic protons); m/z 399 (M+,4), 354 (6). 326 (3), 
298 (lo), 296 (S), 295 (20), 294 (100). 283 (30), 267 (8), 266 (25), 241 (201, 
220 (3), 219 (3), 194 (61, 193 (14), 192 (6), 191 (31, 190 (3), 178 (3), 171 
(30), 167 (S), 166 (41, 165 (17). 152 (4). 144 (3), 129 (41, 117 (4), 116 
(lo), 115 (51, 107 (S), 106 (8). 105 (77), 104 (lo), 103 (f), 102 (4). 91 (8), 
90 (7), 89 (16), 78 (7), 77 (IS), (Found: C, 74.9; H, 5.4; N, 3.6 X). 
The last eluted product was 2~?=~LkmQzQY1=2=r~hnKumr$enuh=h=phm_y~ 
cZ4_L (40 % yield); white crystals, m.p. 132-4OC (from ether);vmax 1740, 1710, 
1675, 1620, 1605, 1595, 1495, 1450, 1395, 1370, 1335, 1320, 1300, 1240 cm” ; 

k NtlRb (CDC13) 1.10 (t, 3H, CH3, 517.3 Hz), 4,20 (q, ZH, CH2, Jt7.3 Hz), 6.67- 
7.74 (m. 
(48), 354 

1SH. 
(8i, 

aromatic orotons). 
295 (18)', 

8.63 (s. 1H. CH): m/z 399 (II+. 37). 398 
294 (38), 278 t5i, 271, (3);249 (7), 248'(35); 222 

(3). 221 (9). 220 (71, 205 (7). 193 (5). 180 (3). 172 (3). 144 
117. (3), 116. (3), 106 (35), ios ciao,; 

(6). 122 (12). 
104 (7j, 97 (3); 9s (3),.91 (3), 90 

(3), 89 (4), 78 (7), 77 (57). (Found: C, 75.0; H, 5.21 N, 3.4 X). 

fractions 9a"e ethyl Z=~nQzQYl=lzQhSQYlr~~QQ~A=k~~~Q~~=QQS 1231 (30 % 
yield) in an equimolar mixture of E- and Z-isomers; light yellow oil; v max 
1720, 1685, 1630, 1600, 1580, iSlO, 1470, 1420,138S,1310 cb' 3 ‘H NHRb (CDCl3) 
2.42 and 2.38 (m, 3H, CH3), 6.80- 7.70 tm, lOH, aromatic protons), 8,18 and 
a.30 (d, lH, vinylic proton, Jp13.0 Hz), 10.90 and 11.25 (d, lH, exchangeable 
NH, J=13.0 Hz)1 m/z 265 (Mf, 29), 264 (loo), 246 (9), 236 (lo), 222 (lo), 220 
(a), 219 (4), 218 (4), 194 (ll), 193 (S), 188 (S), 174 (7), 173 (S), 172 (8), 
170 (B), 147 (4). 146 (18), 144 (111, 128 (4), 118 (S), 117 (S), 116 (7), 115 
(3)) 111 (S), 106 (6). 105 (70), 93 (12), 91 (ll), 90 (a), 89 (5). 78 (9), 77 
(72). 

Succe=ivelY ZrS=~LPhmYl~3=kmzQY~=~~~~~~Y~~~~~~Q~a~QA~Q~ lAX w== obtafned 
(4 % yield)! light yellow oil! vmax 3390, 
1470, 1385 cm* ; 'H NMR6 (CDC13) 

1720, 1680, 1650, 1600, 1590, 1500, 
2.66 (5, fH, CH3), 7.35 (a, lH, S-H), 

6.84-7.85 (m, 15H, aromatic protons); m/z 369 (M+,lS), 326 (lo), 295 (15), 292 
(15). 
(3); 

279 (8). 278 (10). 264 (100). 261 (5). 251 (20). 249 (6). 225 (4). 179 
173 (81,' 167 (15); 160 (3), '145 (10,; 144 (18); 129 (3); 122 (8); 118 

(28). 10s (70). 104 (10). 93 (3). 91 (30). 90 (5). 89 (3). 88 (3). 86 (5). 85 
(2s); 77 (90). . 
Further elution afforded Zr4=~hQhSQYL=3=~nQlQYA~~=~S~~Y~=~~~3Q~~~QA~Q~ ll@l 
(24 % yield): white crvstals. m.o. 68-7OoC 
1610, .1590; 1500, 1480, i430,' 

(from ether )I v max 1720. 1690. 
1385, 1350, 1320, 1270 cm;' ; 'H NMR b iCDClgj 

2.58 (5, 3H, 5.00 (IS, lH, 3-H), 6.87-8.27 (m, 15H, aromatic protons); 
m/z 369 (Mf. 

CH3). 
6). 326 (7). 298 (15). 292 (4). 268 (3) 1 266 (4). 265 (8). 264 

(loo), 251.(30); 250 (8);246 (lo), 237 (3), 236 (13);222 (9);194 (11); 193 
(5). 188 (5). 174 155 
128. (4), 

(5). 170 
11e (35). 

172 (8). (8). (4). 147 (4), 146 (la), 144 (lS), 
ii7 (s), ii6 (7), ill (3), io6 es), ios (70), 104 (3), 93 

(ll), 91 (la), 90 (S), a9 (3), 78 (5), 77 (80). (Found: C, 78.3; H, 4.9: N, 
3.9 x . C~~HW,NO? reauires C. 78.031 H, 5.181 N, 3.79 X). 
Last fracF;o& give ~=~rctyltZla=~LheQzQyA=A~Q~~Qy~~ziridin, IZsL (42% yield); 
white solid, m.p. 12S-7OC) v max 
1389;. 1350. 1310. 1250 cm-' I 'H 

1730,1710, 1670, 1610, 1600, 1580, 1500, 1460, 
NMR b (CDC13) 2.27 (s, 3H. CHn). 6.87-7.20 (m, 

15H;aromatic protons), 8.02. (s, lH, CH); m/z 369 tM ,20); 368 i29), 326 (lo), 
322 (S), 298 (35). 265 (4), 264 (2S), 116 (4), 115 (3), 106 (lo), 105 (100). 
94 (3), 91 (4). 89 (3), 78 (6), 77 (48). (Found: C, 77.9; H, 5.3; N.3.9 %). 

BSWXEQQQEWQ& crrrfinnr of LIQK~~QUQ~S lf=A3L- 
To a solution of isoxazoline (1 mmol) in 15 cc of THF, a catalytic amount of 
HCl 1x1 was added. The mixture was heated at reflux (6SDC) for 2 h. After the 
evaporation of the solvent, SQ~E~Q~E 12Q=Z31. were obtained in 95-98 % yield. 

~=~lthQKY~~CkeQY~~?=PhmYLsmLne=ar-eaao~~~ Ll?L (96 % yield); Yellow oil; v max 
3380. 2810. 2750. 1710. 1690. 1630. 1605, 

'H NilR d(CDC13) 3:80 (s; fH, CH3), 
1570, 1500, 1480, 1410, 1385, 1300 

cm-’ J 7.15-7;70 (ml SH, aromatic protons), 
8.47 (dd, 'lH, vinylic proton, 5113.60 and 3.80 Hz), 9.96 (d, lH, aldehydic 



proton, 3~3.80 Hz) ,12.50 (s, IH, NH, Jr13.6 Hz); 13C NMR 48.10 !qI , 103.10 (s) , 
117.12 fd), 124.02 (df, 129.69 (d), 139.02 ts), 191.02 fd), 167.02 (91, 191.10 
(dt 5 m/z 2pS tn’, 68), 204 f&Z), 188 (6) ( 177 (31, 176 (19) * 174 (13). 173 
(8) ) 172 (461, 
(41, 128 (6)) 

161 (31, 151 (3)) 146 (121, 14s (28)) 144 11001, 132 (51, 130 
119 (3), 

(4) ( 
118 (36), 117 (91), 116 (161, 113 (3), 104 (151, 102 

94 (3), 93 (17)) 92 (41, 91 (161, 90 (32). 89 (17). 83 (5). 77 (40). 
~~E~~Q~_~~,~~C~Q~_Y~~~=Q~~Y~~~~QQ=QCQQ~Q~~~ LZQL (98 ;82$sld)i pale ye1 low 
crystals, m.p. 56-8.C if ram &her) ; Y max 3360, 
1605, 1580, 1490, 1470, 1429, 1380, 1300 cm-’ ; ‘H NRR’b $:::*I ~~:~y~t16$? 

CR?, Jr7.17 Hz), 
protons), 

4.30 fq, 2H. CHP. J=7.17 Hz). 
.vinyiic p&on, 

7.20-7.45 (3,. SH. aro:ati: 
8.47 (dd, lH, Jp13.43 and 3.91 Hz); 919s (d, lH, 

aldehydic proton, J-3.51 Hz), 12.48 (d, lH, NH, 5013.43 Hz); 13C NMR 14.34 (q), 
59.98 (t), 102.59 (a), 117.67 td), 
(d),166.76 (s),191.06 fd)g 

125.96 (d), 129.79 (d), 138.37~s),lSO.77 

(23), 
m/z 219 ftl+, 100) q 218 (42) , 202 (3), 190 (14), 174 

f4f, 
173 (lo), 172 Ril), 161 (lo), 149 (61, 146 f20), 145 (411, 144 (921, 135 
130), 

99 (221, 
119 (6>, 118 (42f, 117 (93),116 (lo), 104 (17f, 93 (211, 91 (181, 

p8 fl3), 78 (81, 77 (58). (Found: C, 65.6; H, 5.8; N, 6.5 % . 
C12HI3NO3 requires C, 65.741 H, 5.90; N, 6.39 %). 

~-ncetvl-3=ehaaylam~~~~e~~Q~~~~~ 1211 (97 % yield); aily product; vmaw 32913, 
28X, 2?9Q, 
(s* 3H, 

1700, 1660, 1605, 1560, 1480, 1410, 1385 cm-’ ;'H NMRb (CDC13) 2.35 
Cf43). 7.25-7.75 fm, Sti, aromatic protons), 8.50 (dd, lH, vinylic 

proton, Jml3.50 and 3.70 Hz), 
(d, 

9.98 (d, IH, l ldehydic proton, J-3.70 Hz), 12.50 
lH, NH, J=l3.50 Hz); 13C NMR 23.05 (q), 103.50 (s), 118.05 (d), 

120.90 cd), lfB.SO (5) ( 
125.90 (dl, 

150.70 (d), 163.20 (51, 192.10 (d); m/r 189 (tl+,JS), 
188 (70) 1 171 (2S), 161 (lo), 16Q (S2), 146 (SO), 144 (21), 128 (9)) 119 (lb), 
118 (loo), 117 (28), 116 (IO), 109 (101, 104 f18), 101 t6), 93 (11)‘ 92 (7), 
91 (30), 90 (16). 89 tlOf, 79 (7). 78 (91, 77 f70f. 

Efhyl Prkmnr~~A=3=~hla~AamFnn=srnerngata 1231. BY refluxfw for 2 h a THF 
solution af isoxazolina (12) .containing a catalytic amount of HC1 l:l, enamine 
(22) was obtained with a yiild of 97 
isomers. 

%, as an equimolar mixture of E- and Z- 

_(aai. In similar conditions, from isoxa- 
E- and Z-isomers was obtained, with a 

Z=BnnrQ~l=L=Qhe~~inmtoa31=Bvteo=3=nnn 
201 ine (13) an cquimolar mixtur8 of 
yield of 96 %, after 2 h of reflux. 

A solution of lsoxaroline (14) (0.31 g; lmmol) in 15 cc of anhydrous THF was 
refluxed IcIS*C) for 4.30 h. After the removal of the solvent, the residue was 
crystallized from ether to afford ~=~~~~QY~=~=E~Q~YLIS=~S~&Q~~~~~~QQY~~~~ 
axazqljgg .(2&l (98 X yield) as W.-SC cdlorless crystals; 
1690, 

m.p.77-00 ‘C f y max 1715, 
1645, 1695, lSW3, 1510,14!55,1400, 1300, 1270, 1240 cm-’ f’H NMRb CCDCl3) 

3.65 (s, SH, cH3), 6.70 (s, lH, 2-H). 6.97 k.. lH, 4-H), 6.40-8.10 (m, lOH, 
aromatic protons)& m/s 
(341, 204 (601, 

309 (M+,lO), 294 (RI, 293 (SO), 266 t8,, 265 (34), 264 

103 f17), 
194 (16). 150 (12), 131 (411, 106 (16), 105 tlOOf, 104 (76), 

101 (13) * 91 139). 
4.7; N, 4.7 % 

89 (IO), 78 (18), 77 (42). (Found: C, 70.0; H, 
. Cl8H13N04 requires C, 69.891 H, 4.09; N, 4.53 X). 

When a solution of (14) in the same solvent was treated in similar conditions 
with a catalytic amount of HCl I:1 for 1 h, 
Q!ZQQaQQ&k 

QQfhYL 3~nrQ2kehQDYlamLnQ- 

yellow oil; 
(301. was obtained in.a nearly quantitative yield (99 Y.1 as a pale 

max 3450, 1705, 
(CD0 ) 3.50 (s, 

1670, 1593, lS60, 1400, 1420, 1385 cm4 #'H NMR 

(m, s 
3H, CH3). 4.20 (s, 2H, CH ), 3.95 (broad, lH, NH), 6.50-8.10 

(16), 
H, aromatic protons)f m/z 193 @I+, 21 , 192 (101, 191 (51, 133 (12), 106 P 
10s (37), 104 (loo), 92 (17), 78 tlS), 77 (65). 

fl~%CCa!lQW3Wl$ Qf hQ&aZQ~ifN ‘--’ I UQL= 
Isoxazoline’ (IS) was converi 
4.30 h a THF solution. 

_. ted in oxazoline (27) (98 X yield) by refluxing for 
3rk8DhQYlz3=QhsDYlz~=efhoxyc,aTSlonyr__4 123,, 

white crystals, m.p. 91-3 OCg V max 1710, 
1420, 1370, 

1670, 1640, 1600, 1580, 1500, 1470, 

4.20 (q, 
1300, 1250 cm" ; 'H NMR d (CDC13) I.27 tt, 3H, CH3, J=6.90 Hz), 

(m, 
ZH, CHz,J=6.90 Hz), 6.72 (s, lH, Z-H), 7.04 (a, lH, 4-H), 6.40-8.20 

19H, aromatic protons); m/z 323 
(30). 

(M+,4), 250 (7), 222 (14), 220 (41, 219 
218 (loo), 191 (14), 190 (70), 165 146 144 118 117 

(27), 
(3). (4). (6), (6), 

116 (91, 105 (251, 104 (121, 91 (231, 90 89 78 77 (701. 
(Found: C, 70.71 H, s.3; W, 4.2 % 

(6), (7)‘ (S1, 

N.4.33 X>. 
. C19H17N04 rcouires C. 70.572 H.S.SOr 

A'similar sOIutiOn, containinq a catalytic amount of HCl 111, was refluxed for 
I h to GTlve the QfhYL ZrQxQ=3=UhlDYArmlDQ=R~QR~~Q~~ .!$U (93 % yield) as an 
oil; v max 3450, 1695, 1670, lS90, 1300, 1300 cm. 1 
3H, CH3, Jw6.90 Hz) 4.27 (q, ZH, CH2, 5~6.90 Hz), 

H NtlR d(CDCl3) 1.27 (t, 
4.50 (s, ZH, CH2),6.54-El.07 
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