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5.10; N, 8.86; S, 10.14; mol wt, 316.3. Found: C, 45.55; H, 5.13; N, 
8.78; S, 10.21; mol wt, 323 (determined in DMF by vapor phase os- 
mometry). 
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The potassium salts of phenyldinitromethane, 1,l-dinitroethane, and 1,l-dinitropropane decompose at 80' in 
DMF and other polar solvents in the presence of alkenes to yield A2-isoxazolines and potassium nitrate. When the 
alkene bears carboalkoxy groups, cis and trans isomeric alkenes yield only trans A2-isoxazolines. The cis isomer, 
3-phenyl-4,5-dicarbethoxy-A2-isoxazoline, was found to isomerize to the more stable trans isomer under the con- 
ditions of the original thermal decomposition. 

Torssell and Ryhagel have reported the thermal decom- 
position products of the potassium salts of polynitroal- 
kanes to be mainly potassium nitrate and varying ratios of 
nitrous oxide and carbon dioxide with traces of other gases 
and potassium nitrite. They also reported ketene and a ke- 
tene dimer from the decomposition of potassium ni- 
troethylnitronate in the mass spectrometer. 

We report that in the presence of polar solvents such as 
dimethylformamide (DMF), dimethyl sulfoxide (MeZSO), 
and dimethoxyethane the potassium salts of dinitroal- 
kanes, 1, decompose at  80% to yield carboxylic acids (more 
than 75%) and potassium nitrite (at least 95%). When an 
alkene intervenes under the same conditions, an isoxazo- 
line and potassium nitrate are Eormed. We propose the ni- 
trile oxide 4 as the immediate precursor of the isoxazoline 
5. Intermediate 2 (or an electronically equivalent "nitrocar- 

RN0zK DMF 
R-C, 80" 

NO* 

- 
1 
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Table I 
Formation of A, -1soxazolines by Thermal Decomposition of Potassium Salts of Dinitroalkanes with Various Dipolarophiles 

Compd Yield, 
5 R R, R, % 
- 

a Ph 
b Ph 
C Ph 
d Ph 
e Ph 
f Ph 
B Ph 
h Et 

CO, Et 
CO, Me 

H 
H 
H 

CO, Et 
H 
H 

CO, Et 52a 

OAc 70b 

OC,H, (n) 66 

CO, Me 53alb 

CO, Et 39 

CH, OEt 47 
Ph 40"~e 

OC, H, (n) 50f 

i Et CO, Et CO, Et 
j Et H Ph 
k Et H CO, Et 
1 Et H OAc 

n Me CO,Et CO, Et 
0 Me H CH,OAc 
P Me H OAc 
q Me H Ph 
r 3-Methyl-4,5-diphenyl-Az-oxa- 

m Me H OC, H, (n) 

22a 
40f 
55 
52f 
60f 
26f 
50f 
55f 
5 l f  
1 Of 

Mp or bp, C 

__- (mm) 
158-160 (0.2) 
50-51 
98-100 
150 (5) 
125-127 (1) 
170-172 (0.8) 
38-40 
75 (1) 

75-77 (0.2) 
135-137 (5) 
125-127 (1) 
36-38 
80-82 (3)  
141-143 (3) 
116-118 (3.5) 
76-78 
123-125 (3) 
74-76 

6, PPm 
.C4H C5H J, Hz 

5.0 4.68 5.28 
5.0 4.75 5.35 
6.0C, 2.0d 3.45 6.76 
8.5C, 1.Od 3.5 5.01 

6.62 4.41 5.95 

6.0C, 2.0d 2.78 5.12 

3.3 5.5 

3.4 4.7 

2.51 
6 .O 
6.2 
8.5 
6.0C, 2.0d 
6.0C, 3.0d 
6.9 

6.0C, 2.5d 
5.5 

4.4 5.18 
3.2 5.3 
3.79 5.46 
2.9 5.75 
3.82 5.2 
4.28 5.27 
3.2 4.6 
2.9 6.4 
3.1 5.2 

diazoline 
a Trans isomer. b Reference 17. C Trans C4H. d Cis C4H. e F. Monforte and G. LoVecchio, Gazz. Chim. Ital.,  82, 130 

(1952); P. Grunanger, C. Gandini, and A. Quilico, Rend. 1st. Lomb. Sei. Lett., CI. Sei. Mat. Nat . ,  93A, 467 (1959). f Ref- 
erence 6. g Satisfactory analytical values (*0.3% for C, H, N )  were reported for new compounds 5a-d,g-h. Ed. 

bene") should add an alkene to give an isoxazoline N-oxide 
but the known compound 3,4,5-triphenylisoxazoline N- 
oxide2 (6) did not lose oxygen to potassium nitrite in DMF 

PhwPh 
%APh 

0'+ 

6 

at 80' after 12 hr. Other reducing reagents, phosphorus tri- 
~hlor ide ,~  sodium dithionite? and zinc in acetic acid? are 
known to remove such oxygens. We, therefore, exclude an 
isooxazoline Id-oxide as the immediate precursor of 5. 

Benzhydroxamoyl chloride forms benzonitrile oxide in 
the presence of base a t  room temperature which dimerizes 
to diphenylfuroxane.6 However, in DMF at 80' we ob- 
tained only benzoic acid from benzhydroxamoyl chloride. 
Diphenylfuroxane cannot have been the precursor of ben- 
zoic acid in this case because diphenylfuroxane is stable in 
DMF at 80'. No furoxanes were detected in the reactions 
in polar solvents at  80'. We conclude that 4 is the interme- 
diate but 1,3-dipolar addition of the nitrile oxide to the al- 
kene occurs faster than dimerization at  the elevated tem- 
perature. 

In related work, McKillop and KobyleckP proposed the 
1,3-dipolar intermediate, 7, in the reaction of phenylnitro- 
methane with acetic anhydride and sodium acetate.8 Their 

7 

Ph-CH-N-OAc 

'0' 

dipolar intermediate was highly selective, added only 
acetylenedicarboxylate to give an isoxazole, and did not 
lose acetic acid to give a nitrile oxide. Our proposed inter- 
mediate, 4, was much less selective, as is known, and gave 
addition products with a number of less reactive dipolaro- 
philes (Table 1). 

Since the results of the work of McKillop and Kobylecki 
differ from the present work, along with the stereochemical 
results (below), mutually exclusive intermediates, 4 and 7, 
are warranted, as is suggested. 

When the decomposition of the potassium salt of phenyl- 
dinitromethane was carried out at  80' in dimethylformam- 
ide in the presence of diethyl fumarate, a 52% yield of the 
A2-isoxazoline 5a was obtained. The NMR spectrum of the 
isoxazoline had peaks for protons at  C4 (6 4.68) and C5 (6  
5.28) corresponding to those reportedg at  C4 (6 4.88) and 
C5 (6 5.51) for the methyl ester 5b.I0 The coupling constant 
for the trans protons (J = 5.0 Hz) was exactly .that re- 
p ~ r t e d . ~  

When diethyl maleate was used as the trapping agent 
under the same conditions the more stable trans 'form 5a 
was again obtained. To substantiate the isomerization, the 
cis 3-phenyl-A2-isoxazoline was prepa?ed by releasing ben- 
zonitrile oxide from benzhydroxamoyl chloride (Quilico's 
method1') a t  room temperature. Upon heating to 80' or 
within a few minutes upon standing a t  room temperature 
with a few drops of triethylamine the cis isoxazoline isom- 
erized to the more stable trans form, 5a. 

By a similar procedure 3-phenyl-5-acetoxy-A2-isoxazo- 
line (5c) was obtained in 70% yield, mp 98-100' (lit.lOJ2 
88-89'). The NMR spectrum for protons at  C4 (6 3.35, J = 
2.0 Hz, and 3.45, J = 6.0 Hz) and at  C5 (6 6.75, doublet of 
doublets, J = 2.0 and 6.0 Hz) corresponded well with those 
calculated (6 3.35, 3.38, and 6.81, respectively) for 3- 
phenylisoxazolines by Huisgen.13 We obtained the lower 
melting point (as reportedlo) by Quilico's synthesis but re- 
crystallization from carbon tetrachloride gave a higher 
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melting point. The melting point phenomenon appears to 
be a case of isomorphic crystals, since a third author has re- 
ported14 the melting point 90-9lo, remelting at  107-108'. 
Acetic acid was lost from 5c at 160' to give 3-phenylisoxa- 

Thermal decomposition of potassium 1 -nitropropylnitro- 
nate in diethyl maleate in the presence of MezSO resulted 
in the isolation of trans-3-ethyl-4,5-dicarbethoxy-A2-isoxa- 
zoline (Si). An identical product was obtained when pro- 
pionitrile oxide, generated by Mukaiyama's method: was 
added to diethyl maleate. The trans stereochemistry was 
assigned from the following, argument on coupling con- 
stants. The coupling constants of C4 and C5 protons of a 
number of 3-phenyl-A2-isoxazolines were reported6 and it 
was shown that trans protons had J values in the range 
4.4-6.6 Hz, whereas the cis protons had J values in the 
range 9.5-11.37 Hz. The coupling constant of C4 and C5 
protons shown in the NMR spectrum of 5i was 6.0 Hz, 
suggesting trans stereochemistry. 

With vinyl acetate as the dipolarophile 3-ethyl-5-ace- 
toxy-A2-isoxazohe was prepared. On heating to 160' it 
also lost a molecule of acetic acid and was converted to 3- 
ethylisoxazole, a known compound.6 

The 3-methyl-A2-isoxazolines 5m-q and the 1,2,4-oxadi- 
azoline 5r (Table I) were also obtained by the thermal de- 
composition of potassium nitroethylnitronate in vinyl n-  
butyl ether, diethyl maleate, allyl acetate, vinyl acetate, 
styrene, and benzalaniline, respectively, in the presence of 
DMF. The characterization of these compounds was made 
by their NMR and ir spectra and by synthesis of each from 
nitroethane. The compound 3-methyl-5-acetoxy-A2-isoxa- 
zoline (5p) was also converted on heating (in 80% yield) to 
3-methylisoxazole, a known compound.14 

Thermal decomposition of potassium phenylnitrometh- 
ylnitronate in DMF alone gave benzoic acid, polymeric ma- 
terial, and potassium nitrite, the latter identified through 
quantitative liberation of nitrogen gas from sulfamic acid.15 
The potassium salts of 1,l-dinitropropane and 1,l-dini- 
troethane gave propionic and acetic acids, respectively, 
under the same conditions. Whether the hydrogen came 
from the solvent, DMF, was not determined. Liu and Tori- 
yama16 reported that thermal decomposition of 3-chloro- 
3-phenylazirine in MezSO or dimethoxyethane gave benzo- 
ic acid. 

z0ie.14 

Experimental Section 

Melting points are corrected; boiling points are not corrected. 
N,N-Dimethylformamide (DMF) and dimethyl sulfoxide (Me2SO) 
were dried over a molecular sieve, Linde type 3A in,), before 
use. Instruments used were a Perkin-Elmer Model 257 infrared 
spectrophotometer and a Varian A-60A proton magnetic resonance 
spectrometer. 
trans-3-Phenyl-4.5-dicarbethoxy-Az-isoxazoline (5a). A. 

From Diethyl Fumarate. Potassium phenylnitromethylnitronate 
(4.4 g, 0.02 mol) and 40 ml of diethyl fumarate was stirred with a 
magnetic stirrer in a 250-ml round-bottomed flask connected with 
a water condenser, protected from moisture with a calcium chlo- 
ride guard tube and heated to 80". N,N-Dimethylformamide was 
then added slowly until a clear solution was obtained (about 40 
ml). After 2 hr a white precipitate of potassium nitrate started set- 
tling out but the stirring was continued for another 20 hr. The so- 
lution was filtered under suction and the precipitate of potassium 
nitrate (1.9 g, 94%) was washed with 10 ml of ether. The potassium 
nitrate gave the old brown ring test and failed to liberate nitrogen 
gas from sulfamic acid.15 Washings and the filtrate were trans- 
ferred to a separatory funnel and treated with 60 ml more of ether. 
The DMF was removed by washing three times with 30-ml por- 
tions of water. The ethereal layer was dried over anhydrous sodi- 
um sulfate and the ether evaporated on a rotary evaporator. The 
yellow solution was distilled under reduced pressure to remove di- 
ethyl fumarate and traces of DMF. trans- 3-Phenyl-4,5-dicarbeth- 

oxy-A2-isoxazoline was then collected at 158-160O (0.2 mm), yield 
3.0 g (52%). 

B. From Diethyl Maleate. A mixture of 2.2 g (0.01 mol) of PO- 
tassium phenylnitromethylnitronate, 20 ml of diethyl maleate, and 
20 ml of N,N-dimethylformamide was stirred at 80' in a 250-ml 
round-bottomed flask for 24 hr. A precipitate of potassium nitrate 
was obtained which was filtered. The solution was transferred to a 
separatory funnel and treated with 30 ml of ether, washed three 
times with 20-ml portions of water. The ethereal layer was dried 
over anhydrous sodium sulfate. Ether and diethyl maleate were re- 
moved by distillation under reduced pressure and the trans-3-phe- 
nyl-4,5-dicarbethoxy-A2-isoxazoline was collected at  158-160° (0.2 
mm). The NMR and ir spectra of the compound obtained using di- 
ethyl fumarate and diethyl maleate were identical, yield 1.48 g 
(50%). 

C. By Isomerization of cis-3-Phenyl-4,5-dicarbethoxy-Az- 
isoxazoline. Benzonitrile oxide was generated by Quilico's meth- 
odl' in the presence of diethyl maleate to give cis-3-phenyl-4,5- 
dicarbethoxy-A2-isoxazoline. A sample of the reaction mixture was 
removed and its NMR spectrum verified the cis configuration for 
this method of synthesis: NMR (CDC13) C4 H 6 4.5, d, 1, J = 11.0 
Hz; C5 H, 5.2, d, 1, J = 11.0 Hz. 

The isolated cis isoxazoline was warmed on a hot plate until it 
changed color from light yellow to orange-yellow (15 min). The cis 
form was totally isomerized to the trans compound as determined 
by an NMR spectrum (Table I). The same result was obtained by 
treating the cis isoxazoline with a few drops of triethylamine at 
room temperature.17 

3-Phenyl 5-Substituted A2-Isoxazolines. Potassium phenyl- 
nitromethylnitronate (0.015 mol) was mixed with 40 ml of the mo- 
nosubstituted volatile olefin (for 5c-e) and stirred magnetically in 
a 150-ml round-bottomed flask at 70'. After 0.5 hr, 30 ml of DMF 
was slowly added through the condenser, and the stirring was con- 
tinued for 24 hr. A white precipitate of potassium nitrate settled 
out during this time. A condenser set downward for distillation 
was connected and the olefin was stripped from the solution at  re- 
duced pressure. The residue was transferred to a separatory fun- 
nel, 50 ml of ether was added, and the solution was washed with 
three 30-ml portions of water. The ethereal layer was dried over 
anhydrous sodium sulfate. The yellow oil remaining after removal 
of the ether was distilled at reduced pressure. 

The solid isoxazolines, 5b and 5f, were prepared in the same way 
and recrystallized from absolute methanol. 

The 3-methyl-A2-isoxazolines 5m-r were prepared in an analo- 
gous manner. However, the reactions to prepare 3-ethyl-A2-isoxa- 
zolines 5h-1 were carried out in Me2SO because of the better solu- 
bility of potassium nitroethylnitronate in this solvent. 

Attempted Deoxygenation of 3,4,5-Triphenyl-d-isoxazo- 
line N-Oxide. One gram of 3,4,5-triphenyl-A2-isoxazoline N -  
oxide2 in 15 ml of dry DMF was allowed to react with 1 g of potas- 
sium nitrite a t  80' with constant stirring for 12 hr. The potassium 
nitrite and DMF were washed out with water and the unreacted 
N-oxide was recovered quantitatively.'* 

Warning: It is unwise to use more than 0.02 mol of the potassi- 
um salts of dinitroalkanes in any new experiment as they are ex- 
plosive. However, 1,l-dinitroethane and 1,l-dinitropropane were 
distilled as colorless liquids that have remained colorless in our 
laboratory for 22 years. Potassium 1-nitropropylnitronate was also 
stable in the bottle over the same period but potassium l-ni- 
troethylnitronate should only be prepared before use. The salts 
were prepared by the ter Meer reac t i~n . '~  
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5b, 17669-31-7; 5c, 7064-07-5; 5d, 50899-14-4; 5e, 50899-19-9; 5f, 
17669-34-0; 5g, 57065-95-9; 5h, 57065-96-0; 5i, 57065-97-1; 5j, 
55134-83-3; 5k, 57065-98-2; 51, 57065-99-3; 5m, 57066-00-9; 5n, 
57066-01-0; 50, 57066-02-1; 5p, 7063-89-0; 5q, 7064-06-4; Sr, 
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When phenyldimedonyliodone (1) was allowed to react with phenyl isothiocyanate, the products were iodoben- 
zene, 7 (8%), 8 (36%), and 9 (14%). Similar reaction of 1 with methyl isothiocyanate gave 7 (35%) and 9 (26%). The 
intermediacy of sulfur ylide 11, an analogous sulfur ylide from 1 and methyl isothiocyanate, and thiotrione 12 in 
those reactions seems to be indicated. An attempt to synthesize authentic 12 by treatment of 1 with hydrogen sul- 
fide failed. However, compound 9 was isolated in 40% yield. Finally, when 1 was allowed to react with thiourea, 
the delocalized sulfur ylide 13 waa obtained (67%). 

The formation of halonium ylides as reactive intermedi- 
ates when certain carbenes are generated in the presence of 
organic halides is now a matter of record.l-' However, be- 
cause of their instability, the halonium ylides have largely 
eluded isolation and study. Partially for that reason, we 
began an investigation of the chemical properties of phen- 
yldimedonyliodone (l), a stable iodonium ylide which can 
be prepared by the condensation of dimedone with iodoso- 
benzene diacetate.8 Our first objective was to characterize 
the reactivity of 1 toward several electrophilic heterocumu- 
lenes, and we have already reported that 1 reacts with di- 
phenylketene to afford ketene acetal 2 and lactone 3, pre- 

X 
+:I: Ph 

m Ph 
Ph 

1 2 3 

markedly different course, and, while we fully expected to 
obtain adduct 6, that compound was not isolated. In con- 
nection with this, the reactions of 1 with methyl isothiocya- 
nate, hydrogen sulfide, and thiourea were also studied. 

Results and Discussion 
When phenyldimedonyliodone (1) and phenyl isothiocy- 

anate were allowed to react in dichloromethane at  room 
temperature, three products were obtained. One of these, 
isolated in 8% yield, was identified as phenyl 2-iododime- 
donyl ether (7), a known rearrangement product.lO A sec- 

0 QOPh I 

7 

HQ 

0 ,  
8 

K 

ond compound, isolated in 36% yield, was 2-(2-benzthiazo- 
1yl)dimedone (S), the structure of which was confirmed by 
its comparison with authentic material prepared by the ac- 
tion of bromine on dimedone-2-thiocarboxanilide (lo)." 

4 5 6 

sumably through the betaine 4, while phenyl isocyanate 
reacts with 1 to afford azalactone 5.9 We now wish to report 
that the reaction of 1 with phenyl isothiocyanate takes a 


