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A&et--The availability of a new synthesis of fulminic acid by hydrolysis of trimethylsilanecarbonitrilc 
oxide allowed a reinvestigation of the chemistry of the tide compound. Thus, cycloadditions lo olelinic and 
acetylenic dipolarophiles are improved with respect lo previous results and the oligomerisation is proved to 
occur via the reactive species hydroxyiminoacetonitrile oxide 7 and hydroxyiminomethyl-hydroxyimino- 
acetonitrile oxide 8. The Z-configuration, found for the oxime groups in these intermediates, is maintained in 
their derivatives, under kinetic control. 

Quilico and Speroni first pointed out that some 
isoxazole derivatives can be generated by reaction of 
fulminic acid with acetylene derivatives.’ The same 
authors later emphasised the role of nitrile oxides in the 
synthesis of isoxazole derivatives2 Since then, the 
cycloaddition of nitrile oxides to unsaturated 
compounds has become one of the most convenient 
routes to several heterocycles ? thus, fuhninic acid (to 
be regarded as the simplest term, formonitrile oxide) 
leads to isoxazole derivatives without substituents in 
the 3-position. This method has been successfully 
employed by Huisgen and Christl, who generated the 
dipole 2 from a convenient precursor, formohydro- 
xamoyl iodide.4 However either this precursor and the 
one employed previously (sodium fulminate) appear 
now to be superseded by trimethylsilanecarbonitrile 
oxide 1, a material easy to prepare and remarkably 
stable,s which on hydrolysis in organic solvents 
immediately generates fulminic acid.6 

1 : 1 Cycloadditions 
The dipole 2 was generated in situ by slowly adding a 

solution of 1 in anhydrous THF to a solution of the 
dipolarophile 3 or 5 and water in THF : the expected 
cycloadducts 4 or 6 (Scheme 1) were obtained in good 
yields even with no excess of dipolarophile. The results 
are summarized in the table of ref. 6. By this procedure, 
the dimerisation of fulminic acid 2 to 7 was largely 
reduced and only with the less reactive dipolarophiles 
(54 5e) minor amounts of the 2 : 1 adducts were found. 
Such 2 : 1 adducts have been known for a long time to 
arise from fulminic acid and considered as an indirect 
evidence of the reactive dimer 7.4 

The regioselectivity in the 1: 1 addition has been 
discussed previously, as well as the exo approach 
observed in the cycloaddition to norbomene 3e. The 
last ascription rests on the very low coupling constants 
between each bridgehead proton and the adjacent 
isoxazoline H-atoms. 

The technique reported here is particularly 
recommended for the preparation of deuteriated 
fuhninic acid and of 3-deuteroisoxazole derivatives 
therefrom, as illustrated by the synthesis of the adduct 
4&d,. 

t Dedicated to the memory of Professor Giovanni Speroni 
who died on 14 March 1984. 
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l , R’ = 2 = H, I?3 = Ph: 6‘ R’ = p) = “‘: 

5, R’ = H, R’ = Ye. R3 = COMC. ., R’ = H, 25 = P”. 

Scheme 1. 

Polymerisation 
References to the wide earlier literature concerning 

the polymerisation offulminic acid can be found in ref. 3 
(pp. 69-75), where the subject was reviewed. The main 
productofthespontaneousexotherrnicpolymerisation 
in solution is a trixner (“metafulminuric acid”, m.p. 85- 
86”. dec.),’ whose structure was established’ as 4,5- 
dihydro-4,5-bis(hydroxyimino)isoxazole 9. Other oli- 
gomers. isolated as minor by-products, are: a tetramer 
(“a-isocyanilic acid”, m.p. 170-172”, dec.)’ identified as 
3,4 - bis(hydroxyiminomethy1) - 1,2,5 - oxadiazole 2- 
oxides (I$!? configuration, 11~)~ and another trimer, 
m.p. 152”,” identified” with a material formerly 
described as nitrocyanacetaldoxime12 (a-isomer).” 
The structure of 3 - (hydroxyiminomethyl) - 1,2,5 - 
oxadiazole 2-oxide 10 was assigned to this trimer, on 
spectral (IR, MS) and chemical grounds.” 

As early as in 1925, Wieland postulated the 
illustrated formation mechanism for the oligomers 9 
and 11 via the unstable intermediates 7 and 8” (Scheme 
2). This view is fully confirmed by our ‘H-NMR 
observations on a 2 M solution of fulminic acid in THF : 
the unstable intermediates 7 and 8 are detected during a 
short period, their signals being gradually replaced by 
those of metafulminuric acid 9 and of the tetramers 11 
(Experimental). In addition,asharpsinglet at 6 8.75 and 
two equivalent broad singlets at 6 7.40 and 8.40 are 
detected : however, these signals cannot be ascribed to 
the trimer 10, as either the a- or the /?-isomer, prepared 
as reported,” exhibit ditrerent spectra. 
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Scheme 2. 

The reactive intermediates 7 and 8 have been trapped 
by cycloaddition, as reported in the next section : not 
only was their identity thus confirmed, but their 
configurations established, too. The dimer 7 is 
produced as Z-oxime, therefore we expect this 
configuration to be maintained, under kinetic control, 
in the tetramer 1 la. Conversion of this tetramer into the 
thermodynamic isomer llc, with E,E configuration, 
occurs via the intermediate lib isomer. The “C-NMR 
signals of the isomers 11 b and 1 lc are identified on the 
basis of previous assignments of furoxan deriva- 
tives.‘4*15 A comparison of their chemical shifts shows 
that the C-CH pair apart from the N-oxide group 
does not change significantly, whereas the other pair 
does, thus indicating that the configuration is opposite 
in the hydroxyiminomethyl group adjacent to the N- 
oxide, i.e. Z in llb, E in llc. 

In the unstable trimer 8, both oxime groups are in the 
Z configuration, as shown in the next section: the 
stereochemistry is therefore suitable for intramolecular 
cyclisation, which indeed occurs very rapidly. 

The observed stereochemistry of the polymerisation 
of fulminic acid is reminiscent of the analogous results 
reported for the nucleophilic attack to nitrile 
oxides.r6*” 

Oligomers cycloaddition ; 2 : 1 and 3 : 1 adducts 
Further insight into the polymerisation mechanism 

and the structure of the intermediates 7 and 8 has been 
obtained by adding an excess of a strong dipolarophile 
(namely norbomene 3c) to the solution during the 
polymerisation process: quenching of the reactive 
species (those containing a CNO group), i.e. 2,7 and 8, 
at different times was thus achieved by converting them 
into the corresponding cycloadducts 4e, 12 and 16 
respectively (Scheme 3). 

At ca 30”, the monomer 2 is no longer detected (as 4c, 
by 1 H-NMR) if the dipolarophilek is added 5 min after 
the preparation of 2; the cycloadducts 12 and 16 are 
detected, besides some metafulminuric acid 9. These 
cycloadducts can be isolated but, if the solution is set 
aside at room temp, they convert into the thermo- 
dynamically more stable stereoisomers 13 and 17 in 
a few hours. 

The actual configuration of the two isomer& oximes 
12 and 13 has been established by treatment with 0.1 
equiv. of aqueous NaOH at room temp: the stable 
oxime 13 is unatTected, whereas the oxime 12 is 
converted immediately into the isomeric substituted 
1,2,5oxadiazole 14, according to a well-known 

heterocyclic rearrangement.1a*19 On prolonged treat- 
ment with the base (stoichiometric amount), the 
oxadiazole 14 undergoes ring-opening, recyclisation 
and hydrolysis to the lactone 15 (Scheme 3). 

As to the conversion 16 + 17, the considerable 
downfield shift of the H-C=N proton (A6: 0.5) 
indicates an isomerisation Z + E analogous to that 
observed on the 2: 1 adduct 12 (As : 0.6). The 
configuration of the adjacent ketoxime in the stable 
isomer 17 was established on the basis of its conversion 
into the aldoxime 18: this heterccyclic rearrangement 
requires a Z configuration for the ketoxime group.” 
Thus, all oxime groups in the intermediates 7 and 8 
are Z. 

In all compounds 12 to 18 no appreciablecoupling is 
observed between the bridgehead protons and those of 
the adjacent CH groups. As for the 1: 1 adduct 4c,4 this 
finding is assumed as a proof of the exo-structure for 
these compounds. 

EXPERIMENTAL 

M.ps were observed with a microscope RCH Kofler 
apparatus. Vacuum distillations were carried out by a Btichi 
GKR-50 Kugelrohr distillator : the oven temp is reported. 
Chromatographic separations were performed under pres- 
sure, using the “flash-column” technique” (silica gel). IR 
spectra were recorded with a Perkin-Elmer 283 spectrophoto- 
meter, NMR spectra (CDCI, solutions, unless otherwise 
stated)withPerkin-ElmerR 32(‘H,9OMH~CW)andVarian 
FT-80 A (’ sC, 20 MHz) spectrometers : the chemical shifts are 
given in ppm from TMS; coupling constants J (in Hz) refer to 
“J”” or to ‘J cn. Mass spectra were recorded at 70 eV by CC 
inlet on a 579OA-5970A Hewlett-Packard instrument, but for 
compound 18 by direct inlet on a Perk&Elmer 270 mass 
spectrometer. Microanalyses were carried out with a Perkin- 
Elmer 240 C elemental anafyser. 

Trimethylsilanecarbonitrile oxide was prepared as pre- 
viously reported.’ 

1: 1 Cycloadditions : isoxazolines 4 and isoxazoles 6 
General procedure. A solution of trimethylsilanecarbonitrile 

oxide 1 (10 mmol), in anhydrous tetrahydrofuran (THF, 10 
ml), was added dropwise to a stirred solution ofdipolarophile 
(10 mmol) in THF containing 5% water (10 ml). The solution 
was then dried over Na,SO,, the solvent removed, and the 
product distilled. 

S-Phenyl+-dihydroisoxazole 4. Addition time : 3 hr at 
room temp; crude, 1.36 g (92%). B.p. 100”/0.07 mmHg, yield 
l.l2g(760/,).‘H-NMRinagreementwiththelit.;4’3C-NMR: 
6 145.3 d (J = 189), 140 s, 128.5 d, 127.9 d, 125.5 d, 79.6 d (J 
= 152),43.4t(J = 136);MS:m/zl47(200/,,M’),l46(12),130 
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Scheme 3. 

(7). 129(15), 115(15),107(20), 106(45), 105(68), 104(100), 103 
(21$,91(20), 79 (25), 78 (55), 77 (89), 69 (25). 51(66), 44 (Sl), 41 
(38). 

5 - Carbomethoxy - 5 - methyl - 4,5 - dihydroisoxaxole 4b. 
Addition time: 1 hr. reflux; crude, 1.27 g (89”/.). B.p. 70- 
80”/0.06 mmHg, yield 1.15 g (80%). IR (neat), cm-’ 1745 vs 
(vc.o),1610m(v,,);‘H-NMR:67.13s(1H),3.72s(3H),3.62- 
2.73 AB system (J,, = 18;&3.47,6,289), 1.55s(3H); ‘“C- 
NMR:6171.8q145.5d(J = 190),83.09,523q(J = 148),45.01 
(J = 136),226q(J = 130); MS:m/z 143(0.6”/ M+), 128(0.2), 
113(0.2),112(0.2),103(1.2),85(4~84(63~83(10~69(3.~~(3), 
59(6),43(100),42(35),4i(10),40(3). ” 

3a4.5.6.7.7a- Hexahvdro-4.7-methanobenzrdlisoxazole4e 
and&-d,: Addition time: 30 min at room tempfcrude, 1.2 g 
(88%). B.p. 80-w/0.1 mmHg. yield 0.94 g (68%). ‘H-NMR 
and IRinaareementwiththelit.;’ 13C-NMR:6 146.5684.1 d. 
57.3 d, 41.<d, 38.3 d, 31.6 t, 26.7 t, 22.6 t; MS: m/z 137 (45%; 
M’),120(6),110(1~109(8),107(3),106(10),83(7),82(10),80 
(17),79(32~77(15A70(34~68(60),67(100),53(30),43(17),41 
(52). 

The 3deutero analogue, 4ed,, was prepared similarly, but 
usingD,OinsteadofH,Oandanexcessofdipohuophile3c(5 
equiv.):yield8O%,withrespect to I ;isotopicpurity,$~(from 
‘H-NMR). 85% (from MSI. MS: m/z 138 (42%. M?. 137 (6). 
121(8), llij(6);id9(12),108(4A 107(6),108(2j,“&(6),83(5),‘82 
(15),81(33),80(18),79(25),77(10),71(32),68(67),67(100),53 
(29), 43 (1 I), 41(49). 

Isoxazole 6rI. A solution of trimethylsilanecarbonitrile 
oxide 1 (10 mmol) in anhydrous THF (10 ml) was added 
dropwiseat room temptoastirredsolutionofTHFcontaining 
water 5% (50 ml), constantly saturated with acetylene Sd (atm. 
pressure). When the addition wascomplete( 1.5 hr), theadduct 
6d was prevalent, besides some 2 : 1 adduct derived from the 
dimer 7 (ratio 6: 1, by ‘H-NMR). The solution was 
concentrated in part; powdered CdCIs.2.5 H,O (4 g) was 
added and the mixture stirred for 20 hr. The precipitated 
complex salt was collected, washed with water and with THF, 
then dried in rucuo at room temp and decomposed at 150”/0.6 
mmHg : a 1: 1 mixture of isoxazole 6d and THF was collected 
(28%). 

5Phenylisoxazole 6e. A solution of trimethylsilane- 
carbonitrileoxide I(15 mmol) in anhydrousTHF(lOmI) was 
added dropwise at room temp to a stirred solution of 
phenylacetyleneSe(U)mmol)inTHFcontainingwater 100/,(5 
ml). After the addition was complete (1.5 hr), the solution was 
dried and concentrated, and the residue column chromate 

graphed (silica gel, eluant CH,Cl,) to give the isoxaxole 6e 
(1.1 g, yield 50.6%). and the 2: 1 addwt derived from 7 - _ 
(0.31 g, yield 22%; m.p. 151”, from benzene; reported2’ m.p. 
150-151”). 

5-Phenylisoxazofe 6e. ‘H-NMR : 6 8.23 d (J = 3), 7.8-7.25 
m,6.42d(J=3);‘sC-NMR:6168.8s,150.3dd(J= 186,2J, 
= 5.6). 129.7.128.5.126.8and 125.3(phenyl),98.3dd(J = 173, 
2Jc- = 9.4);MS:m/z 145(610/M”+),105(100),77(81),51(38), 
50(20),43(15),39(13). 

3 - Hydroxyiminomethyl - 5 - phenylisoxazole (2: 1 udduct). 
‘H-NMR: 6 8.52 br s, 8.3 s, 7.2-7.9 m (phenyl), 6.8 s; t3C 
NMR:6 170.4s, 158.4s. 141.5d(J = 174j 13&4;129.0;126.8 
and 125.8IphenyR.96.4dIJ = 187): MS: m/z 188 128%. M?. 
172(12), 1?0(23j,161 (S), i45(6), li6(6), 105(100);77&6),5,i 
(30), 50 (lo), 45 (7), 40 (8). 

4,5-Dicurbomethoxyisoxuzok 6f. Addition time: 30 min at 
room temp. By distillation, after a 0.1 g head at 60-80”/0.1 
mmHg (starting ester SC), a fraction was collected at f+ 
100”/0.07 mmHg, containing the same ester (10%) and the 
adduct U(900/.)~1.41 g, nearyield 68%; ‘H-NMR\ b 8.65 s, 
4.02s.3.91 s: ‘“CNMR:6 160.1 s. 159.5s. 156.3s. 150.5dIJ 
= 194),114.8.s,533q(J = 149),52.4q(J =‘148);MS:m/z 185 
(17.5”/,M+), 155(15), 154(%), 126(36),99(10),96(9),94(21), 
82 (32), 69 (23), 68 (23). 67 (19). 59 (lOO), 58 (30). 

Polymerisation offulminic acid 
TrimethylsiIanecarbonitrile oxide 1 (1.15 g, 10 mmol) was 

treated with imId THF containina 5% water (5 mIl the _ .- 
solution temperature being initially maintained dthid’l5”. 
The reaction was monitored by ‘H-NMR (6.5 to 9 6 in THF, 
probe temp) : after 3 min. the main components were the dimer 
7(66.72),therrimer8(67.03),andmem$dminuricccid9(~8.21); 
minor components were detected at 6 8.75(unidentified), 6 7.40 
and 8.40 (possibly another trimer) and at 6 7.24 and 7.49 (the 
kinetic tetramcr lla). Later, the trimer 8 was converted 
completely (within 6 mitt at the probe temp) into 9, which then 
evolved in a few hours; the dimer 7 afforded more slowly 
(completelyin 3 to4hr)thementionedtetramerlla,whichwas 
isomerised(t,,, ca3 hr) to llb(a7.28 and 8.13)and thisin turn 
tollc(68.19and8.22,t,,,ccl1d).ThesolutionexhibitedanlR 
absorption at 2280 cm- ‘, gradually decreasinn and ascribed 
to tlidimer 7. 

After concentration, most metafulminuric acid 9 (insoluble 
in CHCl,) was removed from the residue. Attempted 
separation of the minor products by column chromatography 
(eluant: CHCI,-MeOH, 10: 1) allowed only the stable 
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