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ABSTRACT

Jloz KOH/Br, J‘fz TBSCINEt, Z R2 R~ O -0
R! R! Br ' !
TBSCI = t-BuMe,SiCl R

A strategy for the synthesis of isoxazoline-N-oxides (cyclic five-membered nitronates) from primary nitro compounds and olefins is described.
The key step of the process involves 1,3-dipolar cycloaddition of corresponding 1-bromosilyl nitronates with alkenes.

In recent years cyclic six-membered alkyl nitronatks A [4 + 2] cycloaddition between conjugate nitro alkenes
(oxazineN-oxides) have been extensively investigatdthis and olefins represents a more advanced and efficient way to
is primarily associated with their employment as intermedi- access oxazinbloxides1 (Scheme 1, eq b).

ates in natural product synthesisAt the same time, five-
membered nitronate? (isoxazolineN-oxides), though dis- _
covered much earlier than six-membered analogues, are

seldom used.The conventional strategy for the preparation
of cyclic five- and six-membered nitronates implies intramo-
lecular O-alkylation of properly functionalized aliphatic nitro
compounds (Scheme 1, eg®@jowever, no general method

for the synthesis of such starting nitro compounds is
available, and each particular substrate requires special

approach.
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Scheme 1. Synthesis of Cyclic Nitronates
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Similarly, isoxazolineN-oxides2 could be retrosyntheti-
cally disconnected by means of 1,3-dipolar cycloaddition.
The forward reaction would require nitrocarbenes as 1,3-
dipoles (Scheme 1, eq c).

Along these lines, 40 years ago several isoxazdiine-
oxides were obtained (Scheme“2{lowever, mechanistic
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s nitrocarbene8. Under the reaction conditions the silyl

Scheme 2. Formation of 3-Nitroisoxazoliné-oxides nitronates6 are initially produced and undergo 1,3-dipolar
- N ROvtom gyploaddition with t.he. alkene to forrN—s_inonyisoxazo.-
0N NO, > \(_/Z\l‘ lidines 7.2 Rapid elimination otert-butyldimethylbromosi-
NO, lane from7 finally affords nitronate<.
Ag C(N02)3/ ‘ The cycloaddition of silyl nitronates to alkenes is the
‘. -ONOSiMe; rate-determining step of the process. Thus, monitoring the
Me,S(Cl \ 0.+ .0SiMe reaction between 1-bromonitroethane and methyl acrylate,
j“]\’ PR > R O*N—OSiMea the intermediate isoxasolidirg (R* = Me, R2 = COMe,
0,N” “NO, \<—{\N02 R® = H) was not detected at any time.
3 NO, The main results of the synthesis of isoxazolk®xides

are collected in Table 1.

studies demonstrated that reaction proceeded not via dini-

trocarbene but through the intermediacy of silyl nitronate _

and isoxazolidine$, which underwent elimination of silyl ~ Table 1. Synthesis of IsoxazolinBl-oxides

nitrite.> ) entry 4 R! 5 R2 R3 2 time, days yield®2, %
Because of the low yields of the products, the approach

shown in Scheme 2 does not have preparative value, and no

4a Me 5a COOMe H 2a 4 67

h . fi l id b 4a Me 5b COOMe Me 2b 8 78
other report_s on construction of isoxazo iNeaxides by 3 4a Me 5c COMe H  2c 4 774
means of nitrocarbenes (or their equivalents) have been 4 43 Me 5d Ph H 2d 7 73
publishec? 5 4a Me 5e 2-Py H 2e 3 91
Herein we present a new convenient method for the 6 4a Me 5f OEt H 2f 14 78
synthesis of nitronate® from primary aliphatic nitro 7 4b Et 5b COOMe Me 2g 8 7
compounds (Scheme 3). The starting nitro compounds are 8 4P Et 5d Ph H 2h 7 67
9 4b Et 5e 2-Py H 2i 3 81
I . . o o coome we ok s o
11 4d Bn 5b COOMe Me 2k 8 62
Scheme 3. Synthesis of IsoxazolinBoxides 12 4d Bn 5e 2-Py H 2l 3 79
1. TBSCI/NEt3, r.t. 13 4d Bn 5g Me(CHz)s H 2m 30 40
R? 14 4d Bn 5h SiEts H 2n 14 56
2. =< 5 rt 15¢ 4e H 5d Ph H 20 3 17
) Oz _KOH/Br, NO, R® _ _ , _ _
R 1 a All reactions were carried out in Gi&l, with reagent ratict: TBSCI:
R NEt; = 1:1.1:1.1. The rati@:5 = 1:5 unless mentioned otherwiddsolated
4 yield unless mentioned otherwiseThe ratio4:5 = 1:1.05.9 The yield was
determined by*H NMR spectrum with internal standartrgns-stilbene)
silylation fast becausec partially decomposes upon isolation.
-TBSBr
O.+.0OTBS R® o . . _ o
)"J‘\ 5 R2—Y" "N-OTBS A wide variety of 3,5-substituted cyclic nitronat@scan
slow Br be readily obtained. Starting bromonitro compouddsay
1 . .
6 7 R contain alkyl, benzyl, or phenyl groups. Terminal alkenes

TBS = t-BuMe,Si with either donor or acceptor substituents, as well as with

alkyl and phenyl groups, are suitable substrates for the
reaction. The successful utilization of ethyl vinyl ether is of
special interest, because the cycloaddition of electron-rich
olefins is not typical for silyl nitronate®.Even an example

first brominated according to literature procedut@seat-
ment of 1-bromonitroalkanesin dichloromethane witlert-
butyldimethylchlorosilane and triethylamine followed by

addition of alkenes gives rise to the desired prOdU(ﬁs (8) Attempts to generate and trap nitrocarbene fdaby deprotonation

Apparently, the formation of nitronateésfrom 4 occurs an((i g)rorlnide abstraction Witt)h silvler saalts Lailf]d. .
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of selective trapping of another intermediate on ethyl vinyl

ether in the presence of silyl nitronate was descriBed. Scheme 4. Double Cycloaddition Process
Surprisingly, internal alkenes such as dimethyl maleate, o
transstilbene, indene, and norbornene do not react with silyl NO2 4 TBSCINEL, o g
nitronatest, presumably owing to steric reasons. Me B T Meow

For complete conversion of silyl nitronate& to the 2. CH,=CHCO:Me Me
products reaction time from several days to 1 month at room 4a 2a
temperature is required. At elevated temperature the yield o O-N-Q 0P
of isoxazolineN-oxides decreases, which can be associated Wom
with their thermal instability. MeO o Me

1,3-Dipoles isoxazoliné¥-oxides could also cycloadd to
the alkenes. However, the diminished reactivity of five-
membered nitronates in 1,3-dipolar cycloaddition was noted
in earlier reportd3 As a result, even when active dipolaro-
philes are employed, the contribution of double addition does
not exceed 10%. Nevertheless, using 50 equiv of methyl
acrylate in reaction witia during 5 days allows isolation
of bicyclic adduct8a (Scheme 4).

In summary, we developed a convenient method for the
construction of 3,5-substituted isoxazoliNeaxides?2 from
simple precursors, primary nitro compounds and terminal
alkenes. We believe that 1,3-cycloaddition strategy will
broaden the scope of available nitronates. Our further efforts Supporting Information Available: Experimental pro-

52 %, 1 : 1 mixture of isomers

will involve elaboration of this new methodology, as well
as investigation of transformations of obtained isoxazoline-
N-oxides.
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