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Silyl isoxazolines-2: synthesis, structure and properties '
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Abstract

Silyl isoxazolines have been synthesized by [2 + 3] cycloaddition reaction of nitrile oxides and silylnitronates to vinyl- and
allylsilanes. The direction of the cycloaddition reaction of nitrile oxides to trialkoxyvinylsilanes has been shown to depend on the nature
of the substituents on silicon and on the method used to generate the nitrile oxides. The addition of silyl esters of aci-nitromethane to
triethoxyvinylsilane gives both 5-silyl and 4-silyl isomers. The structures of silyl isoxazolines are discussed.
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1. Introduction

Isoxazolines are widely used in the synthesis of
functionally substituted compounds such as B-hydroxy-
ketones and acids, y-amino alcohols, «, B-cyanohydrins,
amino sugars and complicated heterocycles [1-4]. Fur-
thermore, many silicon-containing N-heterocycles pos-
sess biological activity [S). Therefore, synthesis of silyl
isoxazolines is important both for organic syntheses and
for medicinal chemistry.

The method generally used for their preparation in-
volves [2 + 3] cycloaddition of nitile oxides [6,7] or
silylnitronates [8.9] to alkenes. This method can be also
used for the obtaining silicon-containing isoxazolines
[10-15]. Thus, reaction with vinylsilanes of benzonitrile
oxide generated from benzhydroxamic acid chloride in
the presence of triethylamine, afforded 3-phenyl-5-trial-
kylsilylisoxazolines [10-12]. Reaction of trimethylallyl-
silane with benzhydroxamic acid chloride in the pres-
ence of hexabutyldistannoxane as a hydrogen chloride
acceptor is of some interest [13]; it takes place without
cleavage of the trimethylsilyl group. 3-Alkyl-5-trial-
kylsilyl-substituted isoxazolines were obtained by the
treatment of vinylsilanes with nitrile oxides gencrated
by the dehydration of the primary nitroalkanes with
phenylisocyanate in the presence of the catalytic
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amounts of triethylamine [15]. The reaction of trimeth-
ylsilylnitrile oxide with methylmetacrylate leads to the
substituted isoxazoline having the silicon atom at 3
position [14].

To study the influence of the silyl substituent on the
reactivity of C=C double bond in the cycloaddition
reaction, we have investigated the reaction of vinyl- and
allylsilanes with nitrile oxides and silylnitronates.

2. Reaction of silylaltkenes with nitrile oxides

We first studied the influence of the silyl substituent
on the geometry of the isoxazoline ring and on the
regioselectivity of the [2 + 3] cycloaddition reaction of
alkenylsilanes and nitrile oxides. For this purpose we
used two methods to generate the nitrile oxides: (1)
dehydration of the primary nitroalkanes with phenyliso-
cyanate in the presence of a catalytic amount of trieth-
ylamine (method A) [16]; (2) dehydrohalogenation of
hydroxamic acid chlorides or dibromoformaldoxime
with base (method B).

Vinyl- and allylsilanes la-c¢ react with nitroethane
(2a) or with 1-nitropropane (2b) in the presence of two
equivalents of phenylisocyanate and of the catalytic
amount of triethylamine in benzene to afford the corre-
sponding 3-alkyl-5-trialkylsilylisoxazolines 3a-f.

The yields of 3a—f are from moderate to good (64—
88%). The carbon analogue of trimethylvinylsilane,
3,3-dimethylbutene (4), reacts with acetonitrile and pro-
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pionitrile oxides to give the corresponding 3-methyl-5-
t-butylisoxazoline (§) and 3-ethyl-5-r-butylisoxazoline
(6).

The corresponding nitrile oxides were also formed by
dehydrohalogenation of benzhydroxamic acid chlorides
(7a), chloroximinoethylacetate (7b) and dibromoformal-
doxime (7¢) with bases. The subsequent cycloaddition
reaction with silylalkenes gave the silicon-containing
isoxazolines 8a-f.

Compound 4 reacts with the benzonitrile oxide pre-
cursor 7a in the presence of triethylamine in ether to
give the product of cycloaddition 3-phenyl-5-r-buty-
lisoxazoline (9), while the reaction with the nitrile oxide
precursor b under the same conditions gives the corre-
sponding 3-ethoxycarbonyl-5-r-butylisoxazoline-2 (10).

It is known, that the reaction between dibromo-
formaldoxime with alkenes can be carried out under
phase transfer catalysis conditions. This shortens the
time of reaction and increases the yields [17,18). The
reaction of the bromonitrile oxide precursor 7¢ with
trimethylvinyl- and trimethylallylsilanes or with the car-
bon analogue 4 was carried out in a two-phase liquid-
liquid system (a mixture of aqueous potassium carbon-
ate and ethylacetate) in the presence of a phase transfer
(PT) catalyst (triethylbenzylammonium chloride) [19).
In this way, the silicon-containing isoxazolines-2 8e and
8f with the bromine atom at 3 position of the isoxazo-
line ring were obtained. Reaction of the carbon ana-
logue 4 gave 3-bromo-5-t-butylisoxazoline-2 (11) [19].

The reaction with monosubstituted silylalkenes con-
taining a trialkyl(aryDsilyl group proceeds regiospecifi-

R‘R’R’Si(CH:)“FH-({llz

[Rican—0) RYSICH-CH,
O\N&C\Rz

RISICH-CH,

RZ’C\N )
14a-g

R1SiICH=CH,
123-d

+

13a-g

cally, and always affords one isomer in which the
oxygen atom is attached to the more-substituted carbon
atom. The addition of nitrile oxides to triethoxyvinylsi-
lane and to vinylsilatrane is somewhat different [20].

Along with the main product, 5-cilylsubstituted isox-
azoline-2 13, the second regioisomer, 4-siiylsubstituted
isoxazoline-2 14, is formed (see Table 1). The amount
of the latter depends both on the nature of substituents
on silicon and on the mode of generation of the nitrile
oxide.

The introduction in 12b of the triethoxysilyl group in
place of the trimethoxysilyl group in 12a increases the
proportion of 4-isomer 14a (up to 20%), while the
introduction of the tris(trimethylsiloxy)silyl group (12¢)
lowers the proportion of the regioisomer 14d to 9%.
The mode of generation of the acetonitrile oxide also
influences the ratio of products 13 and 14. Thus, the
reaction of triethoxyvinylsilane (12b) with acetonitrile
oxide generated by method A gives 13b and 14b in 6: 1
ratio, but if the generation is by method B the ratio is
only 2.3: 1. Again, when acetonitrile oxide was gener-
ated by method A, vinylsilatrane (12d) gave predomi-
nantly isomer 13e, but generation by method B resulted
in the other mode of addition to give 14e as the main
product (13e: 14e = 1:2) [20].

The reaction with nitrile oxides of vinylsilanes hav-
ing bromine in « to the silicon atom proceeds by the
splitting of hydrogen bromide from the intermediate
J-ethyl(phenyl)-5-trimethylsilyl-5-bromoisoxazoline-2,
and the formation of the corresponding isoxazoles. Thus,
we obtained 3-cthyl-S-trimethylsilylisoxazole (15), 3-
phenyl-5-trimethylsilylisoxazole (16) and 3-methyl-S-
triethoxysilylisoxazole (17).

The reaction of trimethyl(triethy)(e-
bromovinyl)silanes with dibromoformaldoxime ‘was car-
ried out in the two-phase liquid-liquid system (aqueous
potassium carbonate and ethylacetate) in the presence of
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Table |
Ratio of S- and 4-silylisoxazolines-2

R! R’ 13 14 Conditions
a MeO CH, 4 1 A’
b Et0 CH, 6 1 Al
b EO CH, 2.3 1 B?
c EO C,H, 6 1 A?
d Me; SiO CH, 10 1 Al
¢ N(CH,CH,0) CH, 23 1 A®
[ N(CH,CH,0) CH, 1 2 B®
f EtO0 CeHy 6 1 B®
g N(CH,CH,00 C.H; 3 1 B®
a

GLC control. ® 'H NMR control.
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a PT catalyst (triethylbenzylammonium chloride) to af-
ford the corresponding 3-bromo-5-trimethylsilylisoxa-
zole (18) and 3-bromo-5-triethylsilylisoxazole (19).
Isoxazole 18 was obtained by the counter synthesis
from trimethylsilylacetylene and dibromoformaldoxime
under the same conditions.

It is known that the trimethylsilyl group in sily-
lacetylenes readily cleaved off in alkaline media [21],
but the conditions of this PT reaction are evidently so
mild that there is no such cleavage from the initial
acetylene.

To study the regioselectivity and stereoselectivity in
the reaction of [2 + 3] cycloaddition of acetonitrile ox-
ide to 1,2-disubstituted ethylenes in which one of the
substituents is the silyl group, we chose methyl ( E-)-3-
triethylsilylacrylate (20) as a model substrate.

The reaction proceeds regiospecifically to give only
one adduct, 3-methyl-4-triethylsilyl-5-methoxycarbony-
lisoxazoline-2 (21) and stercospecifically with retention
of the configuration of the initial silylalkene 20 in the
silylisoxazoline 21 obtained (syn-addition).

The cycloaddition of acetonitrile oxide to trimethyl-
(2-bromovinyDsilane proceeds differently.

It is known that 4- and S-halogenoisoxazolines can
only rarely be obtained owing to their thermal instabil-
ity or to dehydrohalogenation by base [22). We found
that the products of cycloaddition, 3-methyl-4-trimeth-
ylsilyl-5-bromoisoxazoline (22) and 3-methyl-4-bromo-
5-trimethylsilylisoxazoline (23), also cannot be isolated
because of dehydrobromination resulting from the pres-
ence of triethylamine. Instead, 3-methyl-4-trimethyl-
silylisoxazole (24) and 3-methyl-5-trimethylsilylisoxa-
zole (25) were isolated, the former predominating.

The ability of organotriethoxysilanes to undergo con-
densation with triethanolamine was utilized in the syn-
thesis of 1-substituted silatranes. The condensation reac-
tion of triethanolamine with the mixture of 3-sub-
stituted-5-triethoxysilylisoxazolines-2 (26) and 3-sub-

BtSin, M
BlySin o M [Hy,CCmN—e- 0] S coome
H” “COOMe H,c’C§N’

2t 21

(oY -

MeSiCH-CHBr  Me,Si CH-CHBr
H,COmN - )] €3 3
Me,SiCH=CHBy V0] o+ 4k
; Ko Vg “N? CH,
2 2
l - HBr
Me,Si C=CH Me,SiC==CH
H3C’C\N/O O\Nfc\crg
major minor
2% 25

stituted 4-triethoxysilylisoxazolines-2 (27) in boiling
toluene in the presence of catalytic amounts of sodium
hydroxide with simultaneous distillation of the formed
ethanol gave a mixture of silatranes 28 and 29.

By crystallization we have isolated 5-silatranyl iso-
mers 28a,b from the polar solutions, whereas 4-silatranyl
isomers 29a,b separated first from chloroform. The
corresponding 3-methyl-5-silatranylisoxazole (30) was
obtained by the condensation of 3-methyl-5-triethoxysi-
lylisoxazole (17) with triethanolamine.

3. Addition of silylnitronates to alkenylsilanes

Since the first silylnitronates were prepared [23), this
series of compounds have been widely used in the
synthesis of isoxazolines-2 [24). The silyl esters of
nitronic acid do not add to alkenes with a non-activated
double bond [7]. As the double bond in vinylsilanes is
polarized [25] an interaction with silylnitronates can be
expected. We did, indeed, find that icaction of tri-
alkylvinylsilanes with the primary nitroalkanes in the
trimethylchlorosilane ~tricthylamine  system in CCl,
gives S-trialkylsilylisoxazolines-2 (32a,b) [26].

The intermediate 1-trimethylsiloxy-5-trialkylsilyli-
soxazolidine (31a, b) could not be isolated because of
spontaneous elimination of trimethylsilanol  during
work-up. Silylisoxazolines-2 32 (if R* = H) were pre-
pared by the counter synthesis from the primary ni-
troalkanes 2a,b and vinylsilanes 1a-c in the presence of
phenylisocyanate and a catalytic amount of trieth-
ylamine in benzene.

Trimethylvinylsilane (1a) interacts with 2-nitro-
ethanol in the presence of two equivalents of trimeth-
ylchlorosilane and two equivalents of triethylaminc as

(EIOLSICH-GH,  (BIO)SICH-CHy ycucnom, NICHLCHO)SICH-GH,

O\Nﬁ("\kl * RV INT toluene O‘N’C‘R'
26u, b 27, b 28:. b
N(LI‘IZCI'IZO)JSI(C""(KIIZ
R|/("‘"¢N/0
293, b

)R e CHy, DR = Gl
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an HCI acceptor to afford 3-trimethylsiloxymethyl-5-tri-
methylsilylisoxazoline-2 (33). Methanolysis of 33 leads
to 3-hydroxymethyl-5-trimethylsilylisoxazoline-2 (34).

Trimethylallylsilane reacts readily with nitrile oxides
(yield ca. 42-77%). but in the subsequent reaction with
the O-silyl ester of aci-nitromethane the outcome is
similar to that for an alkene with a nonactivated double
bond, and 5-trimethylsilylmethylisoxazoline-2 (35) was
obtained in very low yield (ca. 10%).

The cycloaddition reaction with trialkylvinylsilanes
proceeds regiospecifically and always affords S-trial-
kylsilylisoxazoline, while the addition of silyl ether of
nitromethane to triethoxyvinylsilane proceeds differ-
ently.

Along with the expected product, 5-triethoxysily-
lisoxazoline-2 (38), there is its isomer, 4-triethoxysily-
lisoxazoline-2 (39). The intermediate isoxazolidines 36
and 37 could not be isolated because of the case of
elimination of trimethylsilanol.

GLC analysis showed that the reaction of vinyltri-
ethoxysilane with nitromethane in the wimethylchlorosi-
lane=triethylamine system in CCl, at room temperature
for 2 days gave two products in 3.7: 1 ratio. The ratio of
the 5-silyl to 4=snlyl isomers in indicated by the respec-
tive integrals in the 'H NMR spectrum agreed with that
indicated by GLC.

The protons at C-4 and C-5 in the obtained isoxazo-
lines 38 and 39 were analyzed as ABM spectra. The
group of signals of isoxazoline 38 in the 'H NMR
spectrum corresponding to the methylene protons at C-4
appears at higher field than the double doublet of the
methine proton at C-5. The methylene protons at C-4
also show spin-spin coupling with the proton at the 3
position of the isoxazoline ring (/= 1.8 Hz). The
triplet multiplicity of the proton on the C-3-triplet addi-
tionally indicates the proximity of the methylene group.

Me Si=CH-CH,
0,70~ CHOSMe,
3
3 + MeOH
Me,Si—CH-CH,
O\N@C - CH,0OH
M

MeSICYELN
Rait AU
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] 1
OSiMe; 0OSiMe;
36 37
1 ~ Me,SiOH

(E10);SiCH-CH,
O #H
38 39

(E10);SiCH-CH,
+ H 0
C§N/

In the 'H-coupled “C spectrum of isomer 38 the
signal from the C-4 atom in the isoxazoline ring (37.78
ppm) appears to be a double double triplet (tdd, J =
133.8 Hz, J = 11.7 Hz, J = 4.1 Hz) but the signal from
the carbon in the 5 position (65.76 ppm) is a doublet
(J=136.3 Hz). The sn§nal of the silicon atom appears
at —59.6 ppm in the NMR spectrum. Analysis of
all NMR data demonstrates that the triethoxysilyl group
is on the carbon atom at the 5 position in the isoxazo-
line ring in isomer 38.

The group of signals of isomer 39 in the '"H NMR
spectrum corresponding to the methylene protons at C-5
(4.20 ppm and 4.42 ppm) lies at lower field than the
methine proton at C-4 (2.71 ppm). The latter has the
form of double double doublet (*J = 1.8 Hz) due to
interaction with the proton at C-3 of the isoxazoline
ring. The appearance of a doublet for proton at C-3 also
indicates the proximity of the methine proton. The
methylene protons in isomer 39 at C-5 have J, Jgem = 10
Hz. confirming that the substituent is on C-4 position of
the :\oxumlme ving [27].

In the "'C NMR spectrum of isomer 39, owing to the
anisotropic effect of the silyl group, the C-4 signal is
shifted to higher field (34.24 ppm), while deshielding
by the nearby oxygen atom shifts the C-5 signal towards
lower field (67.70 ppm) compared with that for isomer
38 The silicon signal appears at —58.58 ppm in the
Si NMR spectrum. The analysis of all the NMR data
reveals that the triethoxysilyl group is on C-4 of the
isoxazoline ring.

To study the regio- and stereoselectivity of the addi-
tion of silylnitronate to 1,2-disubstituted ethylenes, in
which one of the substituents is a silyl group, we have
chosen methyl 3-( E)-triethylsilylacrylate as a model
compound.

The [2 + 3] cycloaddition of the silyl ester of aci-
nitromethane to silylacrylate 20 occurs regio- and stere-
ospecifically to afford one isomer, 4-( E)-triethylsilyl-
S-methoxycarbonylisoxazoline-2, in which the positions

[( gne EtSin,__ M
EtySin oM _osiMe, HT  \CoOCH,
H™™  “COOCH, H™ SN

20 @
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of the substituents of the initial silylalkene 20 are
unchanged. Desilylation of 4,5-substituted isoxazoline
40 in weakly acidic media gives 5-methoxycarbony-
lisoxazoline-2, which was also obtained by the counter
synthesis from methyl acrylate and the silyl ether of
aci-nitromethane. Its 'H NMR data agree with those
previously reported [8].

It is known, that 3-unsubstituted isoxazoline-2 having
the methoxycarbonyl group in the 5-position undergoes
ring opening to generate the corresponding cyanohy-
drins [28). 5-Trimethyl(triethyl)silylisoxazoline-2 (32a
and 32b) in acetonitrile in the presence of triethylamine
at 80°C are converted within 4 h into the silylcyanohy-
drins 41a and 41b.

The reaction of isoxazoline 32a in the two-phase
liquid—solid system (hexane-NaOH) proceeds differ-
ently. After 15 min the reaction is complete, but instead
of the expected cyanohydrin 41a, 3-(E)-trimethylsily-
lacrylonitrile (42) is formed, along with a small amount
of the Z-isomer (43) (ca. 5%). Under the same condi-

Table 2

"H NMR chemical shifts and spin-spin coupling constants of isoxazoline
HAS
RYMT

tions, S-triethylsilylisoxazoline-2 is almost quantita-
tively converted into triethylsilylcyanohydrin 41b, ac-
companied by 3-(E)-triethylsilylacrylonitrile in 3%
yield.

5-Silatranylisoxazoline-2 and 4-silatranylisoxazoline-
2 were prepared by treatment of a mixture of 5-tri-
ethoxysilylisoxazoline-2 (38) and 4-triethoxysilyliso-
xazoline-2 (39) with triethanolamine.

4. Structures of the silicon-containing isoxazolines

The reactions of monosubstituted trialkylsilylalkenes
with nitrile oxides proceed regiospecifically. This is
confirmed by the 'H NMR spectra of the silicon-con-
taining isoxazolines (Table 2), in which the chemical
shifts H, (3.6~4.7 ppm) are below those for the methy-
lene protons Hy and H.. This means that the silyl
substituent is on the carbon atom at the 5-position in the
isoxazoline ring.

The range of gerninal coupling constants for the
spin—spin interaction in the sterically unhindered methy-
lene groups is from —12 Hz to +2.5 Hz [29], the Jy
constant thus being negative. Comparison of ZJ,,C val-
ues for the isoxazoline derivatives shows that the sub-
stituent R' has a significant influence in the order:

No. R' R? Chemical shifts, & (ppm) Coupling constamts J (Hz)
Hy H, He Hy Hy: AC AB BC Long range
K Et,Si Me 387 300 275  0.6%CH,) 205 109 160 ~-154
‘ 1.03(CH,)
3 Me,Si Me 388 300 271 0.8 2.07 107 152 =188
292  (NCH,CH,0),S$i Me 368 294 284 290(CH,N) 198 109 166  -15.6
3.86(CH,0)
13b  (E10),Si Me 385 307 291 1.29%CH,) 2.03 113 150 =159
3.93(OCH,)
3b  Me,SiCH, Me 468 293 244  0.0%CH,) 1.96 89 92 =160 6080
' 0.88, 1.20 (SiCH, - H,)
(CH,Si) 14.0(2JSiCH )
5 (CH,),C Me 422 284 262 091 1.93 90 104 =172
f Et,Si Et 38 295 273 LIXCH,) 0.62CH,) 108 159 =155 02CH,-Hy)
’ 2.45(CH,) 0.95(CH ) 0.5(CH,-H,)
14802 g0 ,)
3c Me,Si Er 367 281 253 007 LOMCH,) 105 150  —157  O06(CH,-Hy)
' 2.21(CH,) LICH, - H)
13¢  (E0)Si Et 387 305 299 12XCHy LICHY) 114 150 =160  05(CH,-Hy)
’ 391(0CH,)  2.92(CH,) 0.9(CH, - H¢)
3 Me,SiCH, Et 463 295 248 007CH,) LIACH) 90 93  —162 04(CH,-Hy)
’ 0.96; 1.20 2.35(CH,) 0.5(CH, - H.)
(CH, SV 6.0; 8.3
Si(CH,-H,)
140 g0 )
: 91 115(CH,) 89 105  —173  06(CH, Hy)
6 (CH,LC Et 424 280 268 09 2.34((:“;) oo
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Et,Si > Me;Si > N(CH,CH,0),%i > (Et0);Si >
Me;SiCH, > Me;C. This agrees with MO model for
the influence of S-substituents [30]. An increase in the
electronegativity of the substituent group leads to a shift
of 2J towards the more negative values.

Compared with J,,,, interpretation of the vicinal
constants of the spin—spin interaction is more compli-
cated, as four nuclei participate in the interaction and
the values are influenced by a greater number of param-
eters (three lengths of bond, two interbond angles and a
dihedral angle).

Comparison of the influence of R' and R? on *J
reveals that the coupling constant value is determined
mainly by R', the influence of R? being insignificant.
*J.c falls from 11.3 Hz to 8.9 Hz in the order (EtO),Si
> N(CH,CH,0),Si ~ Et,Si > Me,Si > Me,C > Me;-
SiCH,. The value of *J can be expected to be lowered
by an electronegative substituent in the a-position [31].
It is found that owing to the lower electronegativity of
the silicon atom the vicinal constant for the silicon-con-
taining isoxazolines is always higher than that of the
derivatives with ters-butyl or trimethylsilylmethyl sub-
stituents.

The vicinal constants for the spin=spin interaction
Jap and Jy vary over the ranges 9.3-16.6 Hz and
8.9=11.3 Hz respectively. In terms of the Karplus equa-
tion [32), the dihedral angles for protons H, and H..
(6,) should be ca. 0° and the angles H, and H, (0,)
should be ca. 120°. Going from the silyl-substituted
isoxazolines to the carbon analogues leads to a decrease
in both *J,5 and */,.. and thus a decrease in ©®, and
increase in ©,,

Fig. 1. Molecular structure of 9.

Fig. 2. Molecular structure of 28a.

To establish the dependence of the geometry of the
isoxazoline ring on the nature of the substituent in the
5-position (the silyl or rert-butyl group) an X-ray
diffraction study of 3-phenyl-5-tert-butylisoxazoline-2
(9) was carried out. The results can be compared with
the data for the 3-methyl-5-silatranylisoxazoline-2 (28a)
[20]. In compound 9, the isoxazoline ring has an almost
planar structure and the bond angles in the rert-butyl
substituent are: C6-C5-O1 109.65° and C6-C5-C4
118.08° (Fig. 1). The C6-0l distance is 2.437 A and
the C6~-C4 distance is 2.601 A. The five-membered
ring in 3-methyl-5-silatranylisoxazoline (28a) has an
envelope form; the C5-C4-01 plane deviates from the
O1-N2-C3-C4 plane by 25.6° (Fig. 2). The angles of
Si-C5-01 and Si-C5-C4 bonds are 114° and 117°, re-
spectively.

On the basis of the X-ray data for compounds 9 and
28a, values of @, and @, were also calculated for
tert-butyl and silatranyl substituents in the 5-position of
the isoxazoline ring. The results confirm the assumption
that changing from the silyl group to the rerr-butyl
group should result in a decrease of @, and an increase
in @,. Values of ©, =8.0° and O, = 113.4° are found
for 3-methyl-5-silatranylisoxazoline-2; @, = 1.8° and
0, = 122.7° for 3-phenyl-5-tert-butylisoxazoline (9).

5. Experimental

'H, "C, ¥Si NMR spectra were recorded on a
WH-360/DS (Bruker) instrument at 360.1 MHz, 90.56
MHz and 71.50 MHz respectively. Mass spectra were
recorded on a Kratos MS-25 apparatus (70 eV).

X-ray reflections from compound 9 were measured
on the Syntex P2, single-crystal diffractometer. The
detailed crystal data and the conditions used are shown
in Table 3. The structure was determined by the direct
method (program SHELX-86) [33] and refined by full-ma-
trix least squares using SHELXL-93 [34] with the unit
weight scheme. The nonhydrogen atoms were refined
anisotropically and the hydrogen isotropically. The frac-
tional coordinates and the equivalent isotropic displace-



Table 3
Crystal data and intensity collection parameters for 9
Empirical formula C,;H;NO
Formula weight 203.28
Temperature 293(2°K
Wavelength (A) 0.71069
Crystal system orthorhombic
Space group Pbca (no. 61)
Unit cell dimensions (A)

a 10.484(3)

b 19.723(8)

¢ 11.590(4)
Volume (A*) 2396.5(14)
Z 8
Density (calculated) (g cm™?) 1.127
Absorption coefficient (mm™") 0.071
F(000) 880

Theta range for data collection (deg) 2.07 to 21.02

Index ranges

0<h<10,0<4<19,

Table 4

Atomic coordinates (X 10*) and equivalent isotropic displacement
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parameters (A2 x 10°) for 9

X

y

<

U,

eq

o) 284%3) 5792) 1832(2) 84(1)
N(2) 2034(3) 624%2) 1256(3) 70(1)
C@3) 1805(3) 6752(2) 1898(3) 54(1)
C(4) 2445(5) 6719%(2) 3042(4) 70(1)
Cc(s5) 3099(5) 6039%(2) 2993(4) 66(1)
C(6) 2705(4) 5504(2) 3863(3) 64(1)
c(7) 965(4) 729%(2) 1493(3) 55(1)
C(8) 745(5) 7863(2) 2177(4) 73(1)
C(9) - 78(5) 3867(3) 1808(5) 86(2)
c(10) —68%(5) 8319(3) 761(5) 83(1)
cQ) —-457(4) 7768(3) 7148 76(1)
c(12) 358(4) 7262(2) 436(4) 66(1)
c(13) 3058(8) 5758(4) 5058(5) 102(2)
C(14) 344%7) 4850(3) 3611(6) 94(2)
C(15) 1288(5) 5353(4) 3785(7) 99%(2)

0<ligll

Reflections collected 975

Refinement method Full-matrix least squares
on F?

Data/restraints /parameters 975/0/205

Goodness-of-fit on F? 0.975
Final R indices (/> 20(1)) R1 = 0.0475, wR2 = 0.1204

(for 833 refl.)
R indices (all data) R1 =0.0591, wR2 =0.1304
Extinction coefficient 0.007(2)

Largest diff. peak and hole (eff %) 0.132 and - 0.140

ment parameters for 9 are listed in Table 4. Selected
intramolecular distances and angles are listed in Table
5. (Hydrogen atom coordinates, anisotropic thermal pa-
rameters, and a complete list of bond lengths and angles
have been deposited at the Cambridge Crystallographic
Data Centre.) Figs. 1 and 2 show perspective views of
molecules 9 and 28a.

GLC analysis was performed with a Varian 3700

Table 5

U, is defined as one-third of the trace of the orthogonalized U,,
tensor.

instrument equipped with a flame-ionization detector
and a capillary column Sm X 0.53mm, df =2.65 p,
HP-1, nitrogen, as with carrier gas.

Melting points were determined on a digital melting
point analyzer (Fisher).

Vinylsilanes, nitroalkanes, nitroethanol were from
Fluka. The syntheses of (1-bromovinyDtriethoxysilane
[35], and the precursors of nitrile oxides 7a [36], 7b
[37), 7¢ [38), the vinylsilatrane [39], 8e, f, 11 [19]. 9
[10], 13a, 14a [20], 13¢, 14e [20] were carried out using
published methods.

5.1, Synthesis of silvlisoxazelines

5.1.1. Method A
A solution of the nitroalkane (0.02 mol) and tricth-
ylamine (2 drops) in dry benzene (30 ml) was added

Selected bond lengths (A) and angles (deg) for 9

O(1)-N(2) 1.405(4) C(6)-C(15) 1.518(7)
O(1)-C(5) 1.452(5) C(6)-C(14) 1.536(7)
N(2)-C(3) 1.264(5) C(N)-C(8) 1.384(6)
C(3)-C(n 1.469(5) C(N-C12) 1.383(5)
C(3)-C(4) 1.488(5) C(8)-C(9) 1.384(6)
C(4)-C(5) 1.507(6) C(9)-C(10) 1.376(7)
C(5)-C(6) 1.517(6) C(10)-C(11) 1.367(6)
C(6)-C(13) 1.519(7) c(1-C(12) 1.378(6)
N(2)-O(1)-C(5) 109.%3) C(5)-C(6)-C(14) 108.7(4)
C(3)-N(2)-0(1) 109.6(3) C(13)-C(6)-C(14) 109.1(5)
N(2)-C(3)-C(7N) 120.2(3) C(15)-C(6)-C(14) 108.7(5)
N(2)-C(3)-C(4) 113.9(4) C(8)-C(7)-C(12) 118.2(4)
C(7-C(3)-C(4) 125.%(4) C(8)-C(7)-C(3) 120.5(4)
C(3)-C(4)-C(5) 102.2(4) C(12)-C(7)-C(3) 121.3(4)
Oo(-C(5)-C(4 104.3(3) C(7)-C(8)-C(9) 120.3(5)
o(1)-C(5)-C(6) 109.7(3) C(10)-C(9)-C(8) 120.9(5)
C(4)-C(5)-C(6) 118.1(4) C(11)-C0)-C(9) 119.0(5)
C(5)-C(6)-C(13) 108.1(4) C(10)-C(11)-C(12) 120.6(5)
C(5)-C(6)-C(15) 111.3(4) C(n-Cc(12)-Cc(11) 121.0(5)
C(13)-C(6)-C(15) 110.%5)
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dropwise over 4 h to a mixture of the vinylsilane (0.02
mol), phenylisocyanate (0.04 mol) and triethylamine (1
ml) in dry benzene (20 ml) at room temperature. After
some minutes, evolution of CO, began and dipheny-
lurea separated out. The mixture was heated for 4 h at
70-80°C, then allowed to cool to room temperature.
The diphenylurea was filtered off the solvent removed
by rotating evaporation, and the residue distilled in
vacuum.

3a, b.p. = 47°C /2.5 mm (yield 88%). '"H NMR (see
Table 2). MS (70 eV, m/z) 158(IM]* + 1X0.1),
157(M]* X(0.5), 156([M]* — 1X0.2), 116(8), 101(63),
75(14), 74(10), 73(100), 5%(56), 45(37), 43(32), 42(10),
41(12).

3b, bp. =61-62°C/3 mm (yield 42%). 'H NMR
(see Table 2). MS (70 eV, m/z) 171([M]*)(16),
156([M]* = 15X21), 115(12), 85(19), 82(59), 75(58),
74(20), 73(100), 61(11), 59(68), 55(20), 45(43), 44(11).
43(59), 42(20), 41(91).

3¢, b.p.=68-69°C/3 mm (yield 50%). '"H NMR
(see Table 2). "'C NMR (90.56 MHz, CDCl,) & ppm:
~3.93 (CH,-Si), 11.03 (CH,CH,), 21.17 (CH,CH,),
39,77 (C-4), 72.88 (C-5), 159.71 (C-3). Si NMR
(71.50 MHz, CDCl,) & ppm: —=0.41. MS (70 eV,
m/2) 171((M]*)0.5), 1700 +]* = 1X0.3), 101(69),
75(12), 73(100), 59%(40), 45(21), 43(20).

3d, b.p. = 78°C/2.5 mm (yield 78%). 'H NMR (sce
Table 2). ''C NMR (90.56 MHz, CDCl,) &, ppm:
—1.16 (CH ,=Si), 10.76 (CH ,CH,), 21.47 (CH ,CH,),
24,06 (CH, Si), 44.20 (C-4), 78.66 (C-5), 160.02 (C-3).
“§i NMR (71.50 MHz, CDC1,) &, ppm: —0.45. MS
(70 eV, m/DI85(IM]T)16), 170([M]* = 15X10),
115(12), 101(13), 96(28), 85(10), 75(49), 74(14),
73(100), 68(65), 67(27), 59(54), 43(22), 42(13), 41(70).

3¢, bp. = 78-79°C/3 mm (yield 54%). 'H NMR
(see Table 2). MS (70 eV. m/2) 19%[M]*)0.5),
130(10), 129(100), 115(10), 103(12), 101(79), 87(67),
73(32), 71(14), 59(60), 58(10), 57(18), 47(10), 45(30),
43(10), 41(28).

3f, b.p. = 109-110°C /3 mm (yield 70%;. 'H NMR
(see Table 2). C NMR (90.56 MHz, CDCl,) &, ppm:
1.75 (CH,CH,Si), 7.04 (CH ,CH, Si), 10.84 (CH ,CH,).
21.00 (CH\CH,), 40.06 (C-4), 71.10 (C-5). 159.44
(C-3). ¥Si NMR (71.50 MHz, CDCl,) §, ppm: —4.27.

5. b.p. = 93°C/20 mm (yield 71%). '"H NMR (sce
Table 2). MS (70 eV. m/z) 142(M]* + 1)X2),
141([M]* )(9), 84(12), 58(10), 57(100), 56(32). 55(10),
43(37). 42020), 41(59),

6. b.p. = 66-67°C /2 mm (yield 529%). 'H NMR (see
Table 2). "'C NMR (90.56 MHz, CDC1,) &, ppm: 10.87
(CH,CH,), 21.25 (CH,CH,). 2499 ((CH,),C). 33.86
(=C-), 37.39 (C-4), 87.95 (C-5), 159.31 (C-3).

5.1.2. Method B
A solution of triethylamine (0.03 mol) in dry ether
(50 ml) was dropped into a solution of vir; Isilane (0.03

mol) and precursor of nitrile oxide 7a-c in dry ether
(100 ml) over 4 h. Then the triethylamine hydrochloride
formed was filtered off. The ether layer was washed
with water and dried over Na,SO,. After distillation of
the solvent the residue was distilled or recrystallized.

8a, m.p. = 71°C (yield 72%). '"H NMR (90.1 MHz,
CDCl,/TMS) §, ppm: 0.44 (s, 3H, CH;Si), 0.46 (s,
3H, CH,Si), 3.07 (dd, 1H, J=15.6 Hz, J=15.8 Hz,
CH), 3.41 (dd, 1H, J=11.0 Hz, J = 15.8 Hz, CH), 4.3
(dd, tH, J=11.0 Hz, J = 15.6 Hz, SiCH), 7.31-7.74
(m, 10H, H ).

8b, m.p. = 83°C (from hexane) (yield 40%). 'H NMR
(90.1 MHz, CDCl,/TMS) &, ppm: 0.78 (s, 3H, CH,Si),
3.22(dd, 1H, J = 16.0 Hz, J = 16.2 Hz, CH), 3.60 (dd,
IH, J=119 Hz, J=16.0 Hz, CH), 473 (dd, IH,
J =119 Hz, J =162 Hz, SiCH), 7.24-7.89 (m, |5H,
H_.). “C NMR (90.56 MHz, CDCI,) §, ppm: —6.35
(CH,Si), 38.59 (C-4), 73.30 (C-5), 126.89 (C§,,,, C-3),
128.08 (C™,, Si), 128.11 (Ch,, Si), 128.59 (Cj,n
C-3), 129.60 (C} . C-3), 129.89 (CE . C-3), 12991
(C2,m Si), 133.63 (C},,, Si), 133.87 (Clom Si), 13496
(CP,. Si), 135.04 (C?,, Si), 156.67 (C-3). ¥Si NMR
(71.50 MHz, CDCl,), 8, ppm: —10.69.

8¢, b.p. = 112°C/4 mm (yield 30%). 'H NMR (90.1
MHz, CDCl,/TMS) &, ppm: 0.13 (s, 9H, (CH,),Si),
1.38 (t, 3H, J=638 Hz, CH,CH,0), 3.00 (dd, IH,
J =15.6 Hz, J=16.5 Hz, CH), 3.42 (dd, 1H, /=119
Hz, J=16.5 Hz, CH), 429 (dd. |H, J=11.9 Hz,
J =156 Hz, SiCH), 447 (q. 2H, J =638 Hz,
CH,CH,0).

8d, b.p. = 123°C/4 mm (yield 50%). 'H NMR (90.1
MHz, CDCl,/TMS) &, ppm: 0.1 (s, 9H, (CH,),Si),
1.02 (dd, 1H, J =89 Hz, J = 12.7 Hz, CH,Si), 1.32
(dd, TH, J =6 Hz, J = 12.7 Hz, CH,Si), 1.33 (1, 3H,
J =69 Hz, CH,CI,0), 280 (dd, IH, J=9.06 He,
J = 16.9 He, CH), 3.36 (dd, 1H, J = 10.1 Hz, J = 16,9
Hz, CH), 4.44 (g, 2H. J = 6.9 Hz, CH,CH,0), 5.00
(m, 1H, CH-0).

10, b.p. = 116°C /8 mm (yield 43%). 'H NMR (90.1
MHz, CDCl,/TMS) &, ppm: 0.96 (s, 9H, (CH,),C),
1.38 (t, 3H, J=6.5 Hz, CH,CH,0), 2.89 (dd, 1H,
J=96 Hz, J=175 Hz, CH), 3.11 (dd. IH, J=9.6
Hz, J=17.5 Hz, CH), 433 (q. 2H, J=6.5 He,
CH,CH,0). 451 (dd, IH, J=9.6 Hz, J=96 Hz,
CHD.

13a.14a, b.p. = 85°C /1.5 mm (yicld 33%) (13a: 142
=41,

3-Methyl-5-trimethoxysilylisoxazoline-2  (13a). 'H
NMR (360.1 MHz, CDC1,/TMS) 8. ppm: 2.01 (s, 3H,
CH,), 297 (ddq. IH, J =09 Hz, J = 143 Hz, J = 16.5
Hz. CH), 3.00 (ddq, IH, /=09 Hz, J=11.7 Hz,
J =165 Hz. CH), 3.61 (d. 9H, J =04 Hz, CH,0),
3.88 (dd, 1H, J=11.7 Hz, J = 14.3 Hz, SiCH). MS
(70 eV. m/z) 205((M]*)XO0.1). 149(48), 122(11),
121(100). 91(74), 90(14), 61(20), 59(18).

3-Methyl-4-trimethoxysilylisoxazoline-2  (14a). 'H



E. Lukevics et al. / Journal of Organometallic Chemistry 521 (1996) 235-244 243

NMR (360.1 MHz, CDCl,/TMS) &, ppm: 2.02 (S. 3H,
CH,), 2.6 (ddq, J =09 Hz, J=9.2 Hz, J=11.7 Hz,
SiCH), 3.58 (s, 9H, CH,0), 4.32 (dd, 1H. J = 7.5 Hz,
J =92 Hz, CH), 442 (dd, J=17.5 Hz, J=11.7 Hz.
CH). MS (70 eV, m/z) 205 (IM]*X12), 204 ((M*—
1X(32), 149(18), 122(10), 121(100), 107(32), 91(87).
90(12), 77(20), 68(12), 61(25), 5SK31), 45(10), 41(10).

13d, 14d, b.p.= 122°C/1 mm (yield 35%)
(13d:14d = 10: 1).

3- Methyl -5-tris(trimethylsiloxy)silylisoxazoline-2
(13d). 'H NMR (360.1 MHz, CDCl,/TMS) &, ppm:
0.1 (s, 27H, Me,Si), 1.98 (t, 3H, J=0.7 Hz, CH,),
2.77 (ddq, 1H, J=0.7 Hz, J=15.0 Hz, J=15.9 Hz,
CH), 2.86 (ddq, 1H, J=0.7 Hz, J=12.7 Hz, J =159
Hz, CH), 3.68 (dd, 1H, J=11.3 Hz, J=15.0 Hz,
SiCH). MS (70 eV, m/z) 364 (IM]* — 15)(0.1), 323(8),
208(10), 207(53), 73(100).

3-Methyl-4-tris(trimethylsiloxy)silylisoxazoline-2
(14d). '"H NMR (360.1 MHz, CDCl,/TMS) &, ppm:
0.08 (s, 27H, Me,Si), 1.95 (d, 3H, J=0.7 Hz, CH,),
2.43 (ddq, 1H, J=0.7 Hz, J =104 Hz, J=11.9 Hz,
SiCH), 4.16 (dd, 1H, J=17.3 Hz, J= 104 Hz, CH),
4.42 (dd, 1H, J =73 Hz, J=11.9 Hz, CH). MS (70
eV, m/z2) 379 (IM*)(16), 208(10), 207(46), 193(11),

191(10), 74(10), 73(100), 69(84) 55(10), 45(13), 41(11).
13g. m.p. = 204°C (from abs. ethanol) (yield 60%).
'"H NMR (360.1 MHz, DMSO-d,/TMS) &, ppm: 2.87
(t, 6H, J = 5.6 Hz, CH,N), 3.29 (dd, 1H, J = 15.6 Hz,
J =159 Hz, CH), 3.35 (dd, 1H, J=11.1 Hz, J = 15.6
Hz, CH), 3.80 (1, 6H, J = 5.6 Hz, CH,0), 3.89 (dd. 1H,

J= 111 Hz, J =159 Hz, SiCH), 7. 3 (m, 3H, H,om )
7.8 (m, 2H, "umm)
14g. m.p. = 230°C (from chloroform). 'H NMR (36.1

MHz, DMSO-d,/TMS) &, ppm: 2.73 (1, 6H, J = 5.0
Hz, CH,LN), 291 (dd, 1H, /=75 Hz, J= 118 He,
SiCH), 3.65 (1, 6H, J = 5.6 Hz, CH,0), 4.55 (dd. 1H,
J=70 Hz, J=118 Hz, CH), 470 (dd, 10, J=7.0
Hz, J = 7.5 Hz, CH), 7.30 (m, 3H, H ). 7.7 (m, 2H,
H arom ).

15, b.p. = 43°C/2 mm (yield 60%). "H NMR (90.1
MHz. CdCl,/TMS) &, ppm: 0.35 (S, 9H, Me,Si), 1.31
(t, 3H, J = 6.8 Hz, CH,CH,), 2.73 (q. 2H, J = 6.8 Hz,
CH,CH,), 6.28 (S, 1H, =CH).

16: bp = 116~117°C /2 mm (yield 51%). '"H NMR
(90.1 MHz, CdCl,/TMS) 6. ppm: 0.4 (s, 9H,
((‘ll ),8i), 6.73 (S, 1H, =CH), 7.37-7.50 (m. 3H,
), 7.72-7.90 (m, 24, H_,,,.). MS (70 eV, m/z)

II om

217 (IM]*)(36). 216(18), 174(51), 99(31), 77(18),
74(10), 73(100), 51(10), 45(20), 43(18).
17, b.p. = 83-84°C/1.5 mm (yield 25%). 'H NMR

(90.1 MHz, CDCl,/¥MS) &, ppm: 1.13 (t, 9H, J = 6.8
Hz, CH,CH,0), 2.6 (s, 3H. CH,), 4.00 (g, 6H, J = 6.8
Hz, CH,CH,0). 6.6 (s. IH, =CH).

18, b.p. = 38°C/1 mm (yield 60%). 'H NMR (90.1
MHz, CDCI,/TMS) 8, ppm: 0.2 (s, 9H, CH,Si), 6.46
(s. 1, =CH). C NMR (90.56 MHz, CDCI,) 8, ppm:

—1.74 (CH,Si), 116.54 (C-4), 139.61 (C-3). 181.73
(C-5). *Si NMR (71.50 MHz, CdCl,) 8, ppm: =0.70.

19, b.p. = 82°C/1 mm (yield 55%) 'H NMR (90.1
MHz, CDCI,/TMS) 8. ppm: 046-104 (m. ISH.
Et,Si), 6.46 (s, 1H, =CH). “C NMR (90.56 MHz,
CDCI ) &, ppm: 3.33 (CH,CH,), 7.36 (CH;CH )
11732 (C-4), 139.55 (C-3), 180.10 (C-5). ¥Si NMR
(71.50 MHz, CDCl,) &, ppm: —7.64.

3-Methyl-4- triethylsilyl 5-methoxycarbonylisoxazo-
line-2 (21), b.p. =110°C/2 mm (SiO, hexane-2-pro-
panol R;=0.3) (yield 25%). '"H NMR (90.1 MHz,
CDCl,/TMS) &, ppm: 0.69-1.00 (m, 15H, Et,Si), 1.99
(s, 3H, CH;), 2.89 (ddq, 1H, J=0.8 Hz, J 244 Hz,
SiCH), 3.73 (s, 3H, OCH,), 4.82 (d, 1H, J= 4.4 Hz,
CH).

24, 25 b.p. = 1.22°C/10 mm (yield 30%) (24:25 =
9:1).

3-Methyl-4-trimethylsilylisoxazole (24). 'H NMR
(90.1 MHz, CDCl,/TMS) &, ppm 0.19 (s, 9H, Me,Si),
2.24 (s, 3H. CH,), 7.98 (. =CH). MS (70 ev,
m/2) 155 ((M]*)(7), 141(11), 140(100), 83(12), 73(10).
66(96), 59(13), 45(17), 43(35).

3-Methyl-S-trimethylsilylisoxazole (25). 'H NMR
(90.1 MHz, CDCl,/TMS) 8, ppm: 0.26 (s, 9H, MeSi).
2.23 (s, 3H, CH,), 6.19 (s, 1H, =CH). MS (70 eV,
m/2) 155 ((M]1*)(10), 140(30), 112(42), 9%(45). 74(10),
73(100), 55(10), 53(10), 45(39), 44(10). 43(50).

3-Methyl-5-silatranylisoxazole (30), m.p.= 198°C
(from ethylacetate) (yield 70%). '"H NMR (90.1 MHz,
CDC1,/TMS) 8. ppm: 2.26 (s, 3H, CH,), 2.99 (1, 6H.
J = 6Hz, CH,N), 3.93 (t, 6H, J =6 HL CH,0). 6.24
(s. 1H, =CH). "'C NMR (90.56 MHz, CDC1,) &, ppm:
11.26 (CH,), 51.65 (CN), 57.92 (CO), l” 74 (C-4),
157.52 (C-3), 181.40 (C-5). *’Si NMR (71.50 MHz,
CnCL) 8, ppm: - 74.35.

3. ]1nnuhylslloxymuhyl 5- umu,lhyIsnlyhxox.uolmc

2 (33), b.p.-80°C/1mm (yield 25%). 'H NMR (90.1
Mllz CDC,/TMS) 8, ppm: 0.09 (s, 9H, Me, Si), O.18
(s, 9H, Me,Si0), 2.73 (dd. 1H, J =149 Hz, J = 16.0
Hz, CH), 3.13 (dd, 1H, J = 10.5 Hz, J = 16.0 Hz, CH),
3.89 (dd, 1H, J =105 Hz, J =149 Hz, SiCH), 4.5}
(s, 2H, CH,0).

3- Hydloxymcthyl -5- u|mulhyls|th\ox.molmu2 (34)
m.p. = 69°C (from ethylacetate) (yield 87%). 'H NMR
(90.1 MHz, CDC1,/TMS) 8. ppm: 0.1 (s, 91, Me,Si).
2.3 (bs, IH, OH), 2.83 (dd, 1H, J=15.6 Hz, J = l6.l
Hz, CHD). 3.19 (dd, 1M, J = 11.2 Hz, J = 16.1 Hz, CH),
3.99 (dd. 1H, J=11.2 Hz, J=15.6 Hz, SiCH), 4.34
(s, 2H, CH,0).

38, 39d. b.p.=
3.7: .

5-Triethoxysilylisoxazoline-2 (38).

'"H NMR (360.1 MHz, CDC!,/TMS) &, ppm: 1.23
(1, 9H, J = 6.6 Hz, CH,CH,0), 2.95 (ddd, IH, J = 1.8
Hz, J=15.4 Hz, J=16.4 Hz, CH), 3.17 (ddd. TH.
J=1.8 Hz, J=11.4 Hz, J=16.4 Hz, CH), 3.69 (dd.

94°C/3 mm (yield 29%) (38:39 =
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IH, J=11.4 Hz, J=15.4 Hz, CHSi), 3.88 (g, 6H,
J = 6.6 Hz, CH,CH,0), 7.21 (, IH J=1 8Hz, =CH).
3C NMR (90.56 MHz, CDCl,, 'H-coupled "C spec-
trum) 8, ppm: 17.38 (q, J=125.6 Hz, CH;) 37.78
(tdd, J=41.1 Hz, J=11.7 Hz, J=1338 Hz, C-4),
52.27 (tm, J=3.6 Hz, J=143.4 Hz, CO), 65.76 (d,
J=136.3 Hz, C-5), 144.75 (dt, J=6.1 Hz, J=17.12
Hz, J = 188.7 Hz, C-3). ’Si NMR (71.50 MHz, CDCl,)
8, ppm: —58.58.

4-Triethoxysilyloxazoline-2 (39). 'H NMR (360.1
MHz, CDCl,/TMS) 8, ppm: 1.23 (t, 9H, J = 6.6 Hz,
CH,CH,0), 2.71 (ddd, 1H, J=1.8 Hz, J=10.3 Hz,
J=123 Hz, SiCH), 385 (q, 6H, J=6.6 Hz,
CH,CH,0), 4.20 (dd, 1H, J=6.9 Hz, J=10.3 Hz,
CH), 4.42 (dd, 1H, J = 6.9 Hz, J = 12.3 Hz, CH), 7.07
@, IH, J=18 Hz, =CH). “C NMR (90.56 MHz,
CDCl,, 'H-coupled "°C spectrum) 8, ppm: 17.25 (q,
J = 125.6 Hz, CH,), 34.24 (dd, J=15.3 Hz, J = 125.1
Hz, C-4), 58.15 (tm, J = 3.6 Hz, J=143.4 Hz, CO),
67.70 (t, J=151.6 Hz, C-5), i45.8 (dd, J=8.7 Hz,
J = 189.7 Hz, C-3). Si NMR (71.50 MHz, CDCl,) &,
ppm: —=56.77.

4-Triethylsilyl-5-methoxycarbonylisoxazoline-2 (40)
(Si0,, hexane-ethylacetate = 19:1 R;=0.15). 'H
NMR (90.1 MHz, CDCl,/TMS) 8, ppm: 0.69-1.00
(m, 15H, ET,Si), 3.02 (dd, 1H, J = 1.6 Hz, J = 5.2 Hz,
SiCH), 3.71 (‘:. 3H, OCH,), 4.84 (d, IH, J=5.2 Hz,
CH). 7.04 (d, 1H, .Iml6Hz =CH).

3-Trimethylsilyl-3-hydroxypropionitrile (41a), b.p. =
85°C/3 mm (yield 85%). 'H NMR (90.1 MHz,
CDCl,/TMS) 8, ppm: 0.02 (s, 9H, Me,Si), 1.75 (bs,
IH, OH), 244(dd 2H, J = 5.4 Hz, J = 7.4 Hz, CH,),
‘855 (dd 'H, J = 5.4 Hz, J = 7.4 Hz, SiCH). JR 3460

(7@") 2258 em™! (‘YC!N)
3-Triethylsilyl=3=hydroxypro?ionitrile (41b), bp. =
118°C/3 mm (yield 83%). 'H NMR (%0.1 MHz,
CDCl,/TMS) 8, ppm: 0.62-0.99 (m, 15H, Et,Si), 2.11
(bs, 1H, OH), 2.56 (d, 2H, J = 6.7 Hz, CH,), 3.76 (t,
1H, J = 6.7 Hz, CH).

( E)-3-Trimethylsilylacrylonitrile (42). 'H NMR (90.1
MHz, CDCl,/TMS) 8, ppm: 0.01 (s, 9H, Me,Si), 5.55
(d, 1H, J=1938 Hz, SiCH=), 693 (d, |H, J=19.8
Hz, =CH). MS (70 eV, m/z) 125(M]*)(218), 111(12),
110(100), 84(17), 73(16), 59(49), 59(19), 43(16).

(Z)-3-Trimethylsilylacrylonitrile (43). 'H NMR (90.1
MHz, CDCl,/TMS) &, ppm: 0.01 (s, 9H, Me,Si), 5.90
(d, 1H, J =144 Hz, SiCH=), 6.75 (d, IH, J= 144
Hz, CH=). MS (70 eV, m/2) 125(IM]*)(30), 111(10),
110(80), 85(10), 84(100), 73(20), 59(10). 58(10), 43(10).
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