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2-Isoxazolines may be regarded as cyclic ethers of B-ketol oximes,
although ring I is remarkably stable towards hydrolytic agents, Since
it is known that oxime ethers may undergo the Beckmann rearrangement,

it was considered probable that under suitable conditions 2-isoxazolines

should also give this reaction.

3-Phenyl-2-isoxazolines II, easily ;vailable by addition of ben-
zonitrile oxide on ethylenic derivatives were used for this investigation.
Ia: R=R=H; R"==CgHg
i TIb: R=H; R'=R"=CgHy
[ R Tec: R=H;R’=‘it.‘,l-13',R"=C‘l-(5
IId: R==R'=H; R"=CH,
ITe: R=R'=CGH5;R"=H
I I
Preliminary experiments were carried out on 3,5-diphenyl-2-~
isoxazoline(IIa) for the choice of a suitable catalyst and the proper
experimental conditions, with Phosphorus pentachloride in ether,
phosphorus oxychloride in pyridine, antimony pentachloride in chloroform,
tosyl chloride in pyridine, and boron trifluoride etherate all gave negative
results., In every case after decomposition of the complex that was 3

formed in some cases, the starting material was recovered unchanged .

The desired results were eventually obtained by using a mixture of acetic

1959



1960 Beckmann rearrangement of 3-phenyl-2-isoxazolines No.28

anydride-boron trifluoride etherate, a reagent which is only rarely
employed as the catalyst for the Beckmann rearrangement and which has
recently found interesting applications for the opening of oxygenated

rings in steroids. After leaving a solution of Ila in an excess of the
reagent for three days at room temperature and decomposing the reaction
mixture with ice water, two substances were obtained. The main product,

m,p.150-153° was trans-cinnamanilide ﬁII) together with a compound

m.p.124°-125° which proved to be identical with 3-acetoxy-3-phenyl-

4
propionanilide ﬁV)

Ac,O-BF etherate

2 3 -
Ila — 06H 5NHC(I:H—CH06H5 + C6H SNHCOCH2C|:HC6H5
I1I v OAc

Since cinnamanilide does not give IV on treatment with the reagent, it
may be inferred that III is not the intermediate of IV.

Treatment of 3,5, 5-triphenyl-Z-isoxazoline(llb) with Ac20-BF3

etherate under similar conditions afforded a product m.p.130-131°

together with lesser amounts of a substance m.p.211-212°, The first
5

product proved to be identical with benzoyl-pp-diphenylvinylamine V ;

but the secnnd(Vﬂ was not the expected p-phenylcinnamanilide, and its

formula C23H1902N = CZlHl'?ON + CZHZO indicated that substitution of an

hydrogen by a CHBCO- group had occurred.

lil,c:z(,)-BF3 etherate

11D cmmm——es CéHSCCNHCH =C + C,,H. .O.N

~ 2371972
s
v VI
A compound(VII)m.p.170-172 * corresponding to VI was isolated on

treatment of 3,5-diphenyl-5-methyl-2-isoxazoline Ilcgwith the reagent.

Ac.,0-BF , etherate Ac_O-BF, etherate oH
2 3 ~ 2 3 S N )

——e &~ | =3
Iic ‘“lSHl7OZN & uéHbuONHur{ <

VII VIII
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The same compound, C18H1,702N = 016H15CN was also obtained by treatment

of benzoyl-f-methyl-B-phenylvinylamine (VIII)6 with AcZO-BF3 etherate

under similar conditions; and therefore, VIII may be considered as the
precursor of VII in this reaction. Although the constitutions of VI and
VII have not been established, it may be affirmed that they possess
similar structures and result from a further action of the reagent on
the amides V and VIII respectively.

In experiments carried out with 3-pheny1-5-methy1-Z-isoxazoline(nd)

the starting material was recovered unchanged. In the case of trans-

3,4,5-triphenyl-2-isoxazoline (IIe), under normal conditions, two yellow
crystalline products, m.p.117* and 160-162° respectively, and isomeric
with triphenylisoxazoline, were formed. Both gave, on treatment with

20% hydrochloric acid, ammonium chloride and dibenzoylphenylmethane(X).
This fact would indicate that the two substances are iminoderivatives of
diketone X; actually, the product m.p. 160°~162° was identical with

7
the low~-melting form of the known monoiminodibenzoylphenylmethane (DQ .

Ac O-BF
2 + COCHC, H
Ile e C6H5(I3|-—-CHC6H5 —')CGHS?-C';CGH5 H, Hgo C6H5 l 6Hs
NH - COCHg Ni2 - cocghg COCHs

X1 X
These results show that the behaviour of 3-phenyl-2-isoxazolines towards

‘-\CEO-BF3 etherate is strongly influenced by substitution in the isox-
azoline ring. Depending on the nature and position of the substituents,
the Beckmann rearrangement may occur with migration of the one or
the other of the groups linked to carbon atom 3 or, as in the case of
3,4,5-triphenyl-2-isoxazoline, opening of the ring between the two
heteroatoms may accur without any group migration.

Taking into account the nature of the reagent employed, which
probably possesses structure CHBCO:B—COCHB,8 it may be admitted

BF3

that the attack of the heteroatoms of the isoxazoline ring by the
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strongly electrophilic ion CHBCOG first takes place. From what is known
of the behaviour of the oximes, it appears probable that the N-adduct(xﬂ

formed eventually rearranges to the O-adduct(XI.}}

' CHyc0® ST
T T CHRCON o N\

COCH3

X1 Xt

With the possible exception of 3,4,5-~triphenyl-2-isoxazoline, the O-
adduct is involved in the subsequent transformations. In the case of
3,5-diphenyl—Z-isoxazoline(lla) the experimental evidence is in favour
of the cleavage of the C-0 bond of XII with formation of the carbonium
ion(XI_II). which, in turn, can stabilize: (a) by loss of a proton in 4 giving
the acetatefXIV)of the unsaturated oxime; (b) by capture of an anion
CHBCOOO present in the solution forming the saturated diacetate(XV).

By normal Beckmann rearrangement of these acetylderivatives (migration
of the trang phenyl group) III and IV which are the products isolated,

would be farmed.

U i A P o
NOAc “\R” CgHg—NH R"

X T

o
{ CH,COO CGHWI C0j<il
J " CeHg™NH "
I Gac R Oac
(R'=H; R"=CgHg)
p-ava v
The lack cf reactivity of IId towards 1'\020'BF3 etherate supports this

mechanism; since CHBC}-@ is far less stable than c6H5c[.@ , there is,

in this case, no tendency of the C-O bond of XII to rupture with formation
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of the carbonium ion(_xnﬂ The same mechanism is probably true of the
reaction of Acz()-BF3 etherate with 3,5,5-triphenyl- and 3,5-diphenyl-

5-methy1-2-isoxazoline(11b and Hc) however i these cases a change of

configuration of the intermediate oxime derivativecxnﬂis required

prior to the Beckmann rearrangement:

CgHsCO L

H € "< w

CgHg l I R | ——e CgHs “ I R | —— JGH R
NOAC<R" AcON "

»
L
~
[}
]
X7 h'4 NI @
-
R==R"=CgH CoatiglpN

Examples of isomerization of oximes under the influence of Beckmann
rearrangement catalysts (boron trifluoride included) are numerous in the
1:'lt:erattuz-e.9 Experimental results have shown that dypnone oxime (XVI)
yields with PCl 510 the expected 3-methylcinnamanilide (XVII), but when
treated with AcZO-BF 3 etherate an almost quantitative yield of compound
VII m.p.172° is obtained, and this, as already stated, is formed from
benzoyl-f-methyl-p-phenylvinylamine (XVIII) by action of the same

reagent:

CegH CeH
§'s CH3 Acl0-BR 6% || | :CHs _
CGH HON 5”5
pavy

PCL,
tig-o%oy

cH CGHSTO <((::H:
Cells™ 'l‘“ <c : i o o0
€3 v Ac‘O-"F 'g |7°2
XVIT YT

The fact that only some of the oximes undergo a change of conﬁgm-atiqn
under the influenc. of ACZO'BF3 can be attributed to factors which determine
the stability of the two forms,

The determination of the structure of products VI and VI and the
study of the behaviour of other members of the isoxazoline series are
in progress.
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