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Compound a/e(rel.intensity) - 

2s 246(5), 265125), 264(IOO,M+f. 263(21), 

249(12), 237(S), 236(22), 223(93,222(3l), 

221(g), 220(6), 209(S), 208(7), 207(6), 

zo6(5), 1%7C5), 159(S), 118(S), 106(39), 

105(51), 102(12>, 771361, 76(g), 63(S), 

s2(5), Sl(24). 

4s 218(9), 217Ml,U+), 202(11), 201(41), 

187(23), 175(22), 160(16), 159(40), 

146(29), i45(55), 128(21), 1l7(11), 

105( 581, 104(42), 103t tOOI, 98(41), 

77(69), 60(17), S6(221, 52(16), 51(31), 

50(13), 43(64). 

Table 2, ‘H NMR (9oMHz) ckcn~icnl shifts’ of lab 

so 1 vent -CH 
(en01 1 3 k&o) -CH(enoll -CH2~L*t0) -SH(enol) -NMfwtol) -NH[kot.o) ArH 

c4D6 1.12(r) - S+tli[sI - l5.%7(bs) -= 7.3-3.3gr 

(CD3)2SOd 2.20(8) 2.13(s) 8.18(s) 5.03C8) 15.73tbm) ll.ffj(ba) -= 7.2-8.3(+ 

CfD5N 
2.28(s)* - 8.78(s) - l4.33(bs) 12.27(brja - 7.3-8.3ta 

l Cheric.l l hiftm in ports par million (6) from intwwal Me4Si. 
Multiplicity:r,ruttiplet;s,sina~et;bs,broad singlet. 
b 

Concwtrotiono of 7%1,/w uere used. 

‘Masksd by l rometic protonm. 

dKsto/fnol rrtio:l/5. 
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(a) 

h II 

(b) 

Fii. 1. 90 MHz ‘H NMR spectra, at 35”, of lr, in pyridimd5, before (a) and 15 min after the addition (b) of one 
cquivaknt of NH&JH+Kl. The lab&d siebpls arc due to the CH2 and CHI protons of monoxime 6 (a. f), adduct 7 

(b, d, e, h, i) ml tInal product 4m (c, g). 

hydroxylamine hydrochloride to the soh~tion of la in 
pyridinedJ. 

Surprisingly, several intermediates have a mean life 
long enough with respect to the NMR time scak. As can 
be seen from Fii l(b), the peaks of the starting material, 
in the enol form, disappeared immediately ami were 
replaced by an AB quartet (labeled d and e), centered at 
64.20 (J = 19.1 Hz), and a singkt at S4.74 (labeled b), in 
the region of the methykne protons, and two Me signals 
at 62.17 and 62.33 (labeled h aml i). These signals 
retained an integration ratio 2:2:3:3 during the whole 
time of the reaction. Such a spectral feature can be 
ascribed to an adduct between the starting compound in 

the keto form and the tetrahedral carbinolamine inter- 
mediate 6, in which the methylene protons resonate as an 
AB-type multiplet, being diastereotopic. A tentative 
structure of such an adduct is represented by 7. No 
relative con@uration of the chiral ccntcrs has been 
attempted. 

Little amounts of the tU-oxadiax& 4a were also 
observed (singkts at 63.72 and 62.41, lahekd c and g), 

Resonances at 64.88 and 62.38 (signals a ami f), are 
attriitabte to the monoxime 8. In fact, after that tbe 
equilii was reached with only 0~ equivalent of 
hydroxyla&u hydrochloride at 35”. upon increasiq~ the 
probe temperature from 35 to W, the intensity of the 
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Tabk3.'3CNMRchmic.d shiftsin pyridined; 

Compound C-1 c-z C-3 c-4 c-5 

4a *Y 

ey be interchanged; 

177.2 100.7 195.1 169.5 25.0 

176.3 89.3 170.9 

195.8 47.6 170.1 

,c 42.2b 195.0 168.1 23.1 

192.8 49.7b 195.0 168.1 23.1 

c 23.4 168.0 177.3 12.0 

c 
23.9 169.0 177.1 

d 
‘bto/enol ratio: 2/J. 

c-2 JhiL._h C-S 

c-4 C-S 

(c) 

(bl 

(a) 

Fii 2. "C NMR spectra (20.1 MHz). in pyridinedS, at 35”, of lr 
before(a)amlafkr(b)thcadditionofoneequivakntofNH20H~HCI 
and of 4c (c). The latxlling corresponds to that given in Table 3. 

signals labeled a and f increases at the expense of the 
adduct 7, the signals due to 4a remaining unchanged. In 
the alternative assignments of a and f signals to 9 and 10 
intermediates, an increase of the cyclization product 
signals would be expected. 

In the presence of an excess of hydroxylamine hydro- 
chloride (1: 3 molar ratio), the reaction rate increased and 
nearly quantitative formation of 4n was observed in 4 hr 
at 35”. A small amount (5%) of the anti-isomer also could 
be detected. 

In order to co&m the initial addition of hydroxy- 
lamine to the C=O and the formation of the car- 
binolamine intermediate, “C NMR spectrum of la also 
have been recorded, in pyridine& after the addition of 
one equivalent of hydroxylamine hydrochloride. The 
resulting spectrum is shown in Fig. 2(b). The signals at 
100.7 and 177.2ppm disappeared and were replaced by 
two signals at 42.2 and 49.8 ppm, which are triplets in the 
fully coupled spectrum, attributable to the methylene 
carbons of the dimeric complex between la in the keto 
form (CO signal at 192.8ppm) and the carbiiolamine 
intermediate 6. No signals of 40 were present. All ‘?Z 
NMR data are summarized in Table 3. Resonances of 4s 
were assigned on the basis of their characteristic them- 
ical shifts. The signal at 177.3 ppm was assigned to Gl 
on the basis of the expected oxygen deshielding, BS 
observed in similar pentatomic heterocycles.’ 

The following conclusions can be drawn from the 
above results: (1) the C=O group is more reactive, if 
pyridine, than the C=S and the addition of hydroxy 
lamine to C=!S follows the dehydration of 6 to product 



Scheme 2. 

(a) 
loo 

8. mm 

Fig. 3. 

the oxime 8, unable to cycfizc to the isoxazole 3; (ii) the 
starting tbiamide, by forming a dimcric structure with the 
carbiiolamine intermediate 6, probably plays an im- 
portant role in promoting hydrogen transfer from N to 
the O-atom in the dehydration step (several authors 
attribute this role to water in a number of reaction in 
such mediumlo); (ii) although no intermediate was 
observable, by Nh4R spectroscopy, during the reaction 
of la with hydroxylamine hydrochloride in ethanol, we 
can hypothesize, on account of the sensitivity of 4a to 

the acidic hydrolysis, that the formation of the isoxazole 
nucleus in such medium, is attriiutable to a higher reac- 
tivity of the thiocarbonyl group in the presence of acid. 

Proton NMR spectra were recorded on a P&in-Elmer R-32 
spectrometer operating at 9OMHz, with TMS as an internal 
standard. The CMR spectra were rccol7kd as Poulse Fourier 
transformed NMR (20.1 MHz; Bruker WP-tUt) spectra with broad 
band decoupling using dcutcrium signal lock. Typical conditions 
were: 5 kHz width; 8 K data; pulse width I psec (lro). Mass 
spectra were obtainrd at 7OcV by direct insertion into tbc ion 
source of a LKB 9#S instrument. Ekmental analyses were 
cbccLtd with a C. Erba Elemental Analyzer. M.ps are uncor- 
rected. 

Preparation of the solution for NhUheasmmtnts 

150 mg (0.72 mmol) of la were dissolved in 1.5 ml of pyridinc- 
dj, containing 1% TMS. 5Omg (0.72 mmol) of NHsOH*HCl were 
then added. 

Materials. Com~uuds la, b and &, b were prepared as des- 
cribed previously, whereas bcnzoylacetamidc was prepared by 
Haufer method.” 

3-Pihcnacyloximc-5-~ubs~~-1f.Cox~~wlu Ir, b 
(a) To a mixture of 5OmmoI NHsOH*HCI in 100ml EtOH 

containing 2g NaOAc were added 10 mm01 of la. The mixture 
was stirred for 2hr at 50”. The resulting ppt was removed by 
hhration, washed with water and crystallized from LItOH, yield 
85%. 

(b) To a soln of 10 mmol of la in 25 ml pyridine were added 
SOmmol NHaOH.HCl. The mixture was stirred for 2 hr at W. 
After pour& into water (200 ml), the result& ppm was removed 
by tiltration and crystallized from EtOH. yield 8096. Mp. 151-r 
(pound: C, 60.6& H, 4Jg; N. 19.5’7. Cak. for CI,H,,N& C, 
60.81; H, 5.10; N, 19.34%). &Pyds) 2.2’g (3 H, s, CHs), 44 (2 H. 
s, CH2), 7.W.2 (5 H, m, ArH). 14.0 (1 H, broad sin&t, NOHI. 
Simitar results were obtaiucd for 4h. M.p. &P. (Found: C, 
68.85; H, 4.69; N. 15.23. Cak. for CI&NJ&: C. a8.80, H. 4.69; 
N, 15.05%). d(Pyds) 4.76 (2 H, s, CHJ, 7.fs.4 (10 H, q , ArH), 
14.0 (I H, broad sir&et, NOH). 



1420 CL RONSISVU et al. 

Hydrolysis of &, b to k, b. A so111 of 1Ommol of Ir, b in 
20 ml EtOH and 1 ml cone HCI was refluxed for I hr. The mixhtre 
was cooled to room temp and the resulting white crystals were 
fIltered off and crystallid from EtOH. These products were 
identical in all rcspccts with Za, b, prepared from la, b with 
hydroxylaminc hydrochloride in EtOH.’ 
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