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Abstmct  - The cycloadducts from w-thylsilanecarbnitTile oxide and ethylenic 

or acetylenlc compounds easily rearrange to open-chain interrrediates, which, in 

t m ,  are hydrolysed respectively to 8-hydroxynitriles and b-oxonltriles. 

The cycloadducts of the same nitrile oxrde with sulfur dioxide and sulfinyl- 

mines are unstable, too, leading respectively to trimethyls~lylisocyanate 

and trimethylsilylcarbodiim~des. All these reactions are of preparative in- 

terest, in comparison wlth prevlous methods. 

Trimethylsilanecarbon~trile oxzde (11, unlike common aliphatic and aromatic ni- 

trile oxides, does not dimerize to the corresponding furaxan, therefore is remarkably 

stable. However, the nitrile oxide 11) resembles the parent compounds in their 1.3- 
1 

dipolar behaviour, as shown by two preliminary examples. Cycloadd~trons are now ex- 

tended to a wider range of ethylenic and acetylenic compounds and to other unsatu- 

rated substrates, namely sulfur d~oxlde and N-sulfinylarnlnes. The observed regiose- 

lectivities, illustrated in the Scheme, are the same as found for the cycloadducts 
2 

of fulminic aczd or of other nitrile oxides to the same substrates. 3 

A common feature in the behaviourof all the primary cycloadducts is their ther- 

mal instability: only the 4.5-d~hydroisoxazoles ( 3 )  can be evidenced l3c) or isolated 

[13d uld (3b)], but on heating they undergo ring-opening with cleavage of the N-O bond. 

The other cycloadducts (7) and (11) cannot even be evidenced during the reactlon and 

directly the rearranged products, respectively (81  and (121, are obtained. 

CYCLOADDITIONS TO ETHYLENIC BONDS 

Only one regioisorner is evidenced ( m . 1  in the reactions of the nitrlle oxide 

(1 ) with styrene (23) and with methyl methacrylate (2b) : the structures of the adducts 
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2 through 5 6 through 9 10 through 12 

a: R1= RZ= H ;  R3= Ph d: R4= R5= COOMe f :  X = O  

b: R1= H ;  RZ= Me; R ~ =  COOMe e: R4= H; R5= Ph g: X = N-Ph 

h: X = N-(4-MeC H ) c: R1-~2= ; R3= H 6 4 

i: X = N-(4-NO C H I 
2 6 4 

(3a) and (3b) are established on the basis of their n.m.r. spectral data and of the 

loss of the fragment CH2CN, observed in the mass spectra of the nitrlles (4al and (4b). 

In the cycloaddition to norbornene ( 2 ~ 1 ,  the sole eso-approach 1s observed, as in- 

dlcated by the coupling of each isoxazollne H-atom with the adlacent br~dge-head H- 

atoms, undetectable in the adduct (3cland lower than 2 Hz in the evolution products 

(4cI and (5~). 

The rearrangement of the cycloadducts (3) to the silylethers (41 is slowed down 

by dilution: thus, almost pure adducts (3a) and (3b) could be obtained from the re- 

actions in boxllng benzene, and the adduct (3c) was detected if the preparation was 

carried out in 0.4 M solution, not in 1 M solution. Attempted klnetlc measurements 
1 

I H n.m.r., 80•‹c in benzene) of the rearrangement of the adduct (3.3) to the silyl- 
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ether 14a) dld not give clean results; however, slowing down of the process by dl- 

lution was confirmed. 

CYCLORDDITIONS TO ACETYLENIC BONDS 

3-Tr~methylsilylisoxazoles (7) are apparently less stable than 3-trimethylsilyl- 

4,5-dihydrolsoxazoles (31, slnce, from the reactions of the nitrile oxide (1) wlth 
1 

acetylenlc compounds (G), dlrectly the rearranged products ( 8 )  are evidenced by H 

n.m.r. spectroscopy. In addition, these are handled with difficulty, owing to their 

lmmedlate hydrolysis even with atmospheric moisture. With a monosubstituted acety- 

lene, lrke phenylacetylene (Gel, a considerable amount of the adduct with f u l m m ~ c  

acid is produced, due to the reactlon Me SiCNO + Ph-C=CH -HCNO + Ph-CrC-S2Me 3 3 
(cycloadditlons on the last compound are slower, so they do not occur s~gnificantly). 

CYCLOADDITIONS TO S=O AND S=N BONDS 

Aromatlc nrtrlle oxides are known to react with sulfur d~oxlde to grve lsolable 
4.5 cy~loadducts, which in turn decompose thermally to sulfur dioxide and aryllsocyanates. 

The same reaction sequence, carried out on trimethylsilanecarbon1tr11e oxide (l), 

afforded quantitatively tr~methylsilylisocyanate (l2f), but the intermediate 5-trl= 

methylsilyl-1,3,2,4-dioxath1azole S-oxide (Ilf) was not detected. 

Similarly, the nitrile o x ~ d e  (11 reacts with N-sulfinylamines (10g-1), as other 
6 

nitrile oxides do, but again the cycloadducts lllg-i) are unstable, yleldrng spon- 

taneously the carbodllmldes (129-i) and sulfur dioxide. T h e  last compound converts 

part of the nitrlle oxide (1) Into the isocyanate (12f), as reported above, thus mix- 

tures of the products (12f) and (129-i) are in general obtained. However, yields of 

the carbodiimides 112 g-i) are ~ncreased to acceptable values (12q. 79%; 12h. 30%; 

121, about 608, impure) by adding very slowly an excess of nitrile oxide (I). 

DISCUSSION 

The intermediate cycloadducts (3), (71, and (11) appear to be much less stable 

than known analogous heterocycles bearing various substituents instead of the trim= 

thylsilyl group. 

Isoxacole derivatives are in general thermally stable, and only 3-unsubstituted 

compounds are isomerized by bases in the cold (isoxazales) or on heating (4,5-dlhydro= 

~soxazoles). Kinetic studies on 4-aryl and 5-aryl~soxazoles have shown that isomerl- 

zatlon occurs by a second-order concerted process;7 similarly, the isomerlzatlon of 

the cycloadduct (33) to the nitrile (4a) is not a flrst-order reaction, though its 

mechanism is not yet fully understood. Possibly, more than one path is operating, 

involving an addrtlonal molecule of either the adduct (3.31, or the product ( 4 5 ) .  or 

some impurity, like (5a). 

The reaction sequence converting an olefinlc compound into the corresponding 



b-hydroxynitrile upon nitrile oxide cycloaddition, followed by rlng-opening of the 

intermediate 4.5-dihydroisoxazole derivative, has been employed on preparative pur- 

poses. As a consequence of the stereospeclficity of the cycloaddition, the cyanohy- 

droxylation is expected to occur cis-stereospecifically. Removal of the 3-substituent, 
8 

such as H,2 COOEt, or PhS02,' was achieved in rather drastic conditions (strong ba- 

ses and heating). The analogous process, starting from trimethylsilanecarbonitrile 

oxide (I), is carried out under milder conditions (gentle warming, rf any; no base 

requ~red) with improvement of both yield and purlty of the products (5). For Instance, 

the cyanohydroxynorbornane (5c) prepared via fulmrn~c acid has been descr~bed as a 
2 

law-melting solid (m.p. 35-38'~) and later, uio benzenesulfonylcarbonitrile oxide, 
9 

as an oil "whlch refused to crystallize". By the present method, the same compound 

(5c) IS obtained as a solld, m.p. 84-85'~; however, the spectra (i.r., 'H and I3c 

n.m.r.1 of the three samples are identical, thus indicating that the difference in 

the melting points is a matter of purity. 

EXPERIMENTAL 

Melting points were determined on a RCH Kofler apparatus. Vacuum distillations 

were carried out by a Btlchi GKR-50 Kugelrohr distillator: the oven temperature is 

reported. 1.r. spectra were recorded with a Perkin-Elmer 283 spectrophotameter, 'H 

n.m.r. spectra with a Perkin-Elmer R 32 spectrometer (90 MHz), I3c and 2 9 ~ i  n.m.r. 

spectra with a Varian FT-80 A spectrometer (respectively 20 and 15.801 MHz). N.m.r. 

shlfts (deuteriochloroform solutions) are given in p.p.m. from TMS and were evalu- 
1 

ated uslng chloroform as i.s. for H (unless otherwise stated) and deuteriochloroform 

as a secondary reference for I3c; coupling constants (J) are in hertz. Mass spectra 

Were recorded with a LKB-2091 spectrometer by gas-chromatographic inlet (3% OV 17 

2m glass column, electron energy 20 eV),unless otherwise stated. Microanalyses were 

carrled out wrth a Perkln-Elmer 240 C elemental analyzer. 

1 
TrimethyZsiZanecarbmit~iZe oside (1) was prepared as previously reported. 

3-TrimethyZsiZyZ-4.5-dihydro-5-phenyZisozazoZe (3a). 

A solution of the nitrile oxide (1) (0.01 moll and styrene (23) (0.01 moll in 

anhydrous benzene (I0 ml) was refluxed 24 h, then concentratedin vncuo to afford the 
1 crude adduct (3a) , over 90% pure ( H n.m.r. control) . 'H n.m.r. (i.5. cyclohexane) 

0.27 ( 5 ,  9H); AXY system: 2.95 (Hy), 3.41 (H,, J,, 17.11, 5.38 (HA, JAY 8, JAx 11.5); 
1 1 

7.3 to 7.4 lararnatlc). 13cn.m.r. -2.4 (q,Jm120), 49.1 (t, J,, 1351, 78.3 (d,'~,.. 150),125.4, 
127.5, and 128.3 (all d, Ar-C), 141.7 ( s ,  Ar-C), and 159.6 ( s ) .  2 9 ~ i  n.m.r. -6.3 . 

3- [(l'rimethy~si~~t)ozy] -3-phenyZpropionitrile (4a) . 
The crude adduct (3a), prepared as above, was heated at IOO'C for 24 h (yield 
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crude 8081, then distilled at 1 3 0 ~ ~  and 0.2 torr: yield 58%. Found: C,66.53; H,7.64; N,6.81. 
+ 

CI2Hl7NOSi requires C.65.70; H.7.81; N,6.38 %. m/z 204 (SO%, M. - Me), 179 (100 , 
+ 

M'- CH2CN), 163(13), 149(3), 135(5), 130(4), 105(4), 104(4), 103(5), 102(5), 98(32), 
+ 

82(11), 77(11), 75(64, Me2SiOH ) .  73(52, Me3~i+), JO(4). 61 (2.5), 51t3.51, 47(4), 

45(8.5), 43(6). 1.1. (liquid film) v 2255 cm-I. 'H n.m.r. (i.s. cyclohexane) 0.1 C ?N 
( s ,  9H), 2.64 (d, 3 6, 2H), 4.98 (t, J 6, lH), 7.35 to 7.5 (m, 5H). 13c n.m.r. - 0.4 

2 
(q, l ~ ~ ~ l 1 9 ) .  29.2 (t, ' ~ ~ ~ 1 3 6 ) .  70.5 (d, ' ~ ~ ~ 1 4 3 ) .  117.2 (m, JCH9.0, 3 ~ C w  4.6, CIN), 

125.2, 128.0, and 128.3 (all d, Ar-C), 141.6 ( s ,  Ar-C). 2 9 ~ i  n.m.r. 20.5 . 

3-Hydrozy-3-phenylp~opionitriZe (5a). 

A solutlon of the crude cycloadduct (3a) in methanol containing 10% water (10 ml) 

was refluxed 15 minutes. After concentration in vncuo the product (96%, crude1 was 

distilled at 1 8 0 ~ ~  and 0.5 torr (lit.'' not reported), yield 65%. Found: C, 72.54; 

H, 6.00; N.9.90. CgHgNO requires C,73.45; H, 6.16; N.9.528. 1 . r .  (liquid film) vOH3450 

broad , vCzN 2250 cm-l. 'H n.m.r. (i.5. cyclohexane) 2.64 (d, J 6.5). 3.53(br s), 4.93 
1 

(t, J6.5), 7.36 ( s ) .  13cn.m.r. 27.4 (t, ' ~ ~ ~ 1 3 6 . 5 ) ,  69.25 (d, J 148). 117.3 
CH 

3 
(m, 2~ 9.3, JCH 4.9, CZN), 125.3, 128.2,and 128.4 (all d, Ar-C), 140.9 ( s ,  Ar-C). 

CH 

5-MethozycarbonyZ-5-methyl-3-trimrimthYZsiZyl-4,5-dihgdroisozazole (3b) . 
Thrs cycloadduct was prepared by the same procedure described for the adduct 

1 
(3a), as previously reported. 

3-Methozycarbonyl-3 [L trinethylsilyZ)ory] butyronitrile (4b) . 
The adduct (3b) was heated at 100'~ for 4h and the silylether collected by 

distillation at 90•‹c and 0.1 torr: yield 70%. Found: C, 50.00; H, 7.76; N, 6.77 . 
+ 

C H NO Si requires C.50.20; H,7.96; N.6.50 %. m / z  200(378, M'- Me), 172(35), 160 
9 17+ 3 + 
(6, M-- Me - CH2CN), 156(80, M'- COOMe), 148 (metastable ion, 200-172). 145(8), 

+ 
l40(7), ll4(7), lO5(8), 98(15), 89(100, Me3Si0+), 75(31, M ~ ~ s ~ o H + ) ,  73(93, Me3Sl 1 ,  

t + 
59(32, COOMe or Me2SiH 1, 47 (8). 45 (34). 43 (40). 29 (6). 1.r. (liquid film) v 2250 &I. CiN 
'~n.rn.r. 0.04 ( s ,  9H), 1.44 ( s ,  3H), 2.62 ( s ,  2H), 3.64 ( s ,  3H). I3c n.m.r. 1.35 

1 1 1 1 
(q. JcH 119, Me3),25.7 (q, J 129, Me), 30.4 (t, J 137, CH2), 52.35 (q, JCH 148, CH CH 

2 
OMe), 74.6 ( s ,  quaternary C), 116.2 (t, J 9.7, C:N) ,  172.5 (s,  O=C-0). "si n.m.r. 15.8 . CH 

3-Hydror~-3-methozyc~1~bonyZbuty~onitriZ (5b). 

The adduct (3b) was hydrolyzed by the procedure described above for thehydroly- 
1 

SlS of 3a, or as reported previously. 

3a,4,5.6,7,7a-Hez~hy&0-4,7-methano-3-tthZiZlb [dl isosazoZe (3c) . 
The adduct (3c) was only evidenced in solutmn, as complete rearrangement to the 

s~lylether (4c) occurred during removal of the solvent. 



A solution of the nitrlle oxide (1) (4 moll and of norbornene (2cl (4 -01) in 

deuteriochloroform (10 mll, after 24 h reflux, contained the adduct (3cl as the 

main product. 'H n.m.r. 0.20 I s ,  9H), multiplets between 0.8 and 1.6 (three CH2), 

2.22 and 2.44 (both broad s, bridgehead CH), 3.13 (d, J 9, 3a-HI, 4.18 (d, J 9, 7a-HI. 
1 

13c n.m.r. ( H decoupled) - 1.7 (Me3), 23.6, 27.8, 31.9, 38.9, 42.5, 64.3, and 83.4 

(norbornane system), 135.2 (3-Cl. "$1 n.m.r. - 6.5 . 

3-exocyano-2-ex-[ ItrimethyLsilyZlozyl bicyc~0[2.2.1] heptane (4c) . 
A solution of the nitrile oxide (1) (0.01 mol) and norbornene (2c) (0.01 mol) 

in anhydrous benzene (10mlI w a s  refluxed 12 h, then fractionated to give the silyl- 

ether (4c), b.p. 120~: at 0.2 torr, yield 83%. Found: C.63.23; H,9.01 ;N, 6.64. C IH19NOSi 
+ 

requrres C,63.10; H,9.15; N.6.698. m / z  209(6%, M.), 194(100, Mf-Me), 181 (ll), 180 ( 3 ) ,  

167(51, 166(51, 15315). 15218). 139(51, 115(6), 113(51, 100(4), 93(7), 89(4), 75(14), 
+ - 1 

73119, Me3Si 1. l.r. (liquid film) vCSN 2245 cm . 'H n.m.r. 0.02 ( s ,  Me3), multlplets 

between 0.8 and 1.5 (CH2-CH21, multiplet centered at 1.84 (bridge CH2), 2.02 (br s, 

CH-CH-0). 2.42 (d, J 2, CH-CH-CN), 2.50 (dd, J 2, J 7, CH-CN), 3.67 ( br d, J 7) . 
1 I3c n.m.r. - 0.55 (q, JCH 118.51, 23.3, 27.5, and 33.5 (all t), 41.1, 42.1, 43.8, 

2 
and 73.8 (all d), 118.6 (d, JCH 8.1, CNl. "si n.m.r. 18.0 . 

3-exwC~mo-2-exo-hyd~ozybicy~lo[2.2.1] heptane (5c) . 
The crude silylether ( 4 ~ 1 ,  obtained as above after removal of the volatiles, was 

refluxed 15 minutes in methanol contalnlng 10% water (10 mll. After concentration 

in vacuo, the residue solidified on coalrng, yield 92% with respect to the starting 

materials (1) and (2~). Crystallised from d~ethyl ether and llqht petroleum (b.p.30- 
2 

~o'c), the product (5c) had m.p. 84-85Oc (reported, 35-38'~) ; yield 54%. Faund:C,70.18; 
+ 

H,8.11;N,10.57. C H  NO requires C,70.04; H,8.08; N,lO.21%. m / z  136(1.5%, M'- H), 118 
+ 8 11 

(4, M.-H-H20),109(15, Mf - H - HCN), 108(21), 104(41, 94(13), 92l17),91l161, 82171. 

81 (271, 80(37), 79(12), 77(5), 70(16), 68(36), 67(100, C5H7'), 60(21),56(11), 55(9), 

54(131, 53(191, 43(87), 41135). 1.r. (nu201 mull) ~ ~ ~ 3 4 3 0 ,  vCSN 2250 cm-I. 'H n.m.r. 

multiplet between 0.9 and 1 .6 lCH2-CH2), multiplet centered at 1.88 (bridge CHZ), 

2.25 lbr s, brzdgehead CH-CHOH), 2.53 (d, 3 2, bridgehead CH-CHCN1, 2.63 ldd, J 2, 
13 

J 7, CH-CNl, 2.95 (br s, OH), 3.87 (d, J 7, CH-0). C n.m.1. 23.5, 27.3, and 33.6 

(all tl, 41 .2, 41.4, and 43.1 (all d), 73.0 (d, CHOH), 119.0 ( s ,  CN). 

Dimethyl C y a o  [ ( t r i m e t h y Z s i i y Z l o ~ ] m a Z e a t e  (8d) . 
A mixture of the nltrrle oxide (11 and dimethyl acetylenedicarboxylate (6d). 

1:l molar ratio, was set asrde under nitrogen for 3 days. The s~lylether (8d) was 

collected at 1 2 0 ~ ~  and 0.06 torr; y~eld 86 % .  1.r. (liqu~d film protected from 

atmosphere1 v 2230 cm-'. 'H n.m.r. 0.28 ( s ,  9H). 3.73 and 3.82(both s ,  3H each). 
C5N 

1 1 
I3C n.m.r. - 0.43 (q, JCH 121), 52.3 (q, JCH 1481, 52.8 1 q . l ~ ~ ~  149). 90.8, 112.1, 
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161.7, 162.3, and 166.8 (all s ) .  '%i n.m.r. 34.7 . 

Dimethyl cyanoosaZacetate (9d), or tautamer, was obtained by hydrolysis of the silyl- 

ether (ad) on exposure to atmospherrc moisture, as already reported. 
1 

3- [(TrimethylsilyZ)ozy]CinnmnonitriZe (8e). 

A solution of the nitrile o x ~ d e  (1) (0.01 moll and phenylacetylene (6e) ( 0.01 

mol) in anhydrous benzene (10 ml) was refluxed 40 h, then concentrated in vocuo. The 
1 

silylether (8e) was evidenced by H n.m.r. as the major product, besldes.5-phenyl= 

Isoxazole, benzoylacetonitrile (Ye), and residual phenylacetylene (respectively 30, 

23, and 708 of the silylether). On distrllation in vacuo, a fractmn containing mainly 

the silylether ( 8 e )  was collected at 1 0 0 ~ ~  and 0.03 torr. 'H n.m.r. 1i.s. cyclohex- 

ane) 0.43 Is, %I), 5.19 Is, lH), and 7.3 to 7.7 la, 5H). I3c n.m.r. 0.38 (q,'~~~120), 

78.2 (drl.JCR 173). 117.2 Is, CN) , 168.3 I s ,  C-0) ; the aromatic carbon signals were not 

identified with certitude, owing to the impurities. "si n,m.r. 27.6 . 

BcnzoyLaceLonitiile (9e) . 
The impure silylether ( B e ) ,  obtained by dist~llat~on, solidified on exposure to 

the atmosphere. The crude product (Ye) was washed throughly with light petroleum 

(b.p. 40-7ooc) and dried: m.p. 68-77'~, yield 608. Recrystallised twice from benzin 

(b.p. 80-100~~), m.p. 78-80•‹c (reported1' 83Oc), yield 25%. 'H n.m.r. 4.09 I s ,  2H). 

7.35 to 8.05 (m, 5H). 13c n.m.r. 29.3 (CI12), 113.8 (CN), 128.3, 128.9,and 134.5 (Ar-CHI, 

134.1 (Ar-C), 187.1 (CO). 

Trimethylsilylisocymte (1 2f) . 
Dry sulfur dioxide was bubbled 3 min. Into an ice-cold solutmn of trrmethyl= 

sllanecarbonitrile oxide (1) I1 .I5 g, 0.01 mol) in anhydrous diphenylether (5 ml) . 
1.r. and 'H n.m.r. spectra indicated that the reaction was complete. The isocyanate 

(12f) was collected by distillation at atmospherlc pressure (bath, 220~c),yield 73%. 

N-2%imcthylsilyl-NN-2%imctlzylsilyl-N'arylcarbodiimides-aql~a~bodiimide~ I1 2g-i) . 
A solution of trlmethylsilanecarbonitrile oxide (1) in anhydrous benzene (0.01 

mol rn 5 ml) was added dropwlse, durrng 6 h, to a refluxing solution of !>-sulflnyl= 

amine (109-i) in the same solvent (5mmol in 3 ml). After removal of the volatlles 

in vacuo, the carbodiimide 1129-i) was collected. 

N-Tri7lethyl~il~Z-N~-~hen~Zca~bodiimid (129) : b.p. 100-110'~ at 2.5 torr, yzeld 79%. 1.r. 

(benzene) w ~ = ~ = ~  2170 an-'. The 13c n.m.r. shifts were identical to the reported 

values. 
12 

N-TimethylsiZyl-N'-4-tolyZcaliIiodiimide (12h): b.p. 140'~ at 2 torr, yield 30 8. m / z  204 
+ + 

l87%, M.), 189l100, M?- Me), 73(30, Me3Si ) .  I.r.1benzene) 2'N,C,N 2170 cm-I. 'H n.m.r. 



0.32 I s ,  9H), 2.32 ( s ,  3H), 7.03 (m, 4H). I3c n.m.r. 0.77 and 20.66 (both q) ,122.6 

and 129.8 (both d), 130.1, 132.6, and 138.0 (all s ) .  

N-TrimezhyZsiZyZ-N'-4-nit~ophenyZ~a~bodiide (12i) : b.p. I 50'~ at 0.5 torr, yield 0.87 g, 

containing about 25% of the starting sulfinylamine O i  1 .  Ibenzene)~ N=C=N 
2160 cil 

'H n.m.r. 0.26 ( s ,  9H). 6.94and 8.05 (both d, J 10). The product was rapidly hydrolysed 

with atmospheric rnolsture' to 4-nitrophenylcyanamide,identical to a sample prepared 
13 

as described. 
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