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Brief Communications

3-(1,1-Dialkyl-2-hydroxyethyl)-5-hydroxyamino-
5-trifluoromethyl-A2-isoxazolines:
the first representatives of $-dioximes existing in the cyclic form
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It was demonstrited by Xeray diffriuction analysis that the reaction of 3.3-dimethyl-6-
trifftoromethyl-2.3-dihydro-4-pyrone with hydroxviamine attorded 3-hydroxyamino-3-
(2-hydroxy-1.1 ~dimethylethyly-3-trifluorometinvl-a2-isoxazoline.

Key words: 3-(1.I-dialkvi-2-hvdroxycthvly-3-hydroxvammo-3-trifluoromethyl-a--

isoxazolines, X-ray ditfraction analysis.

The data on the svintheses of S~-amino- and 3-hvdr-
azinu-A°-isoxazolines. unlike those concerning 3-iydr-
oxy-A2-isoxazolines. 2 are scarce. In the series of
nonfluorinated compounds. 3-aminothydrazino)-A?-
isoxazolines arc preparcd by rcactions of amines or
hvdrazines with 3-hvdroxy-3.5-dimethyl- or 3.4.4-tri-
methyl-3-methyiene-a2-isoxazolines3-4 and by reactions
of hvdroxvlamine with B-diunmcs.“ The presence of
the polvtluoroalkyl substitucnt along with the amino
group at the Ci5) atom of the ai-isoxazoline system
enhances the stabitity of these compounds due to the
stabilizing cffect of the fuorinated radical on ketals,
aminoketals, and geminal aminoalcohols.” 5-Ami-

no(methvlamino)-3-polviluoroalkyl-aZ-isoxazolines were
prepared by the reactions of hydroxylamine with
3-amino-+4.4.5.5-tetrafiuoro- L -phenvi-2-penten-1-onc®
or 2-amino(methylamino)-5.5-dimethyl-2-trifluoro-
methyltetrahydro-4-pyrones.?

Up to now. it has been believed !9 that 5-hydroxy-
amino-A-isoxazolines, which can be considered as a
cvelie form of dioximes of B-dicarbonyl compounds. can
exist only in solutions. Morcover. it was noted!! that
B-dioximes, which do not contain the fluoroaikyl group.
are characterized by a high teadency to retain the dioxime
structure and the conversion into the cyclic 3-hvdroxy-
amino-AZ-isoxazoline form can occur only if the sizes of
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the rerminal substitucnts are substantially different. Thus,
the ring-chain tautomeric cquilibrium 15 observed in
solutions of dioximes of aroviacctones and aroviacetic

anhydrides. This equilibriuny is sensitive to the nature of

the solvent. To the comtrary, dioximes of symmetrical
and unsymmetrical atiphatic and aromatic B-diketonces
containing terminal groups ol similar sizes exist only in
the dioxime form represented by a series of configura-
tional isomers. H-12

Recently. 13 we have demonstrated that 3.3-dialkyl-
6-trifluoromethyl-2,3-dihvdro-4-pyroncs rcact with two
hydroxviamine molcecules with climination of onc water
molecule yiclding products 10 which onc of the four
theoretically possible structures mayv be assigned:
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Based on the 'H NMR spectra, it was established!3
that these compounds in deuterochloroform solutions
exist as 3-hydroxyamino-3-trifluoromcthyl-A7-isoxazoli-
nes tah. In this solvent, no other structures correspond-
ing to the ring-chain or ring-ring tautomersm were
obscrved, uniike solutions of dioximes of f-dicarbonyl
compounds' and  S-hydroxvamino- AZ-pyrazolines, H
which do not contain a fluoroalkyl substitucnt. Taking
into account the tendency of B-dioximes to retain the
acvelic form in the crystalline state and the fact that
functionalized a2-isoxazolines lab (containing the
NHOH at position 5 of the ring) were syathesized in
such a manner for the first time, we studicd the crystal
structures of isoxazoline la by X-ray diffraction analysis.

X-ray diffracnion study demonstrated that there are
two symmetrically independent molccules A and B in
the crystal of compound 1a (Fig. 1). Compound la has
an asymmetric center. The crystal consists of a race-
mic mixture of both cnantiomers. Except for the
CMe, CHASOH fragments. the conformations of the mol-
ccules A and B arc identical and the positions of the
atoms coincide to within 0.05 A The heteroeyeles are
planar (the average deviations from the mean planes are
smaller than 0.02(2) A). The C(3) and C(13) atoms lic in
the plancs of the corresponding heterocyeles.

The molecule A is disordered over two positions (A
and A») with the occupancics of 0.6 and 0.4, respee-

a b

Fig. 1. Overall view of the symmetrically independent moi-
ceules A and B of compound Fa i the crystal a0 Ay and A<l
h. B. The hydrogen atoms of the CH, and Me groups e
omtted. For stmplicity of’ comparison of the conforimations.,
the S enantiomers of both the B and A inolecules are shown.

nivelv. The molecules Ay and A, differ in the orientation
of the 2-hydroay- 1 I-dimcethylethyl group., ie.. the mol-
ceule A can be considered as o superposition of two
conformers (A; and As) in an approximate ratio of 1@ 1.
The molecule B represents the third conformational type
in which the orientation of tie CMe CHAOH group with
respect to the heterocyele ditfers from those observed in
the molecufes Ay and As.

The orientations of the 2-hvdroay~1.1-dimcthylethyl
groups in the molecules Ay A, and B are shown
Fig. 2. In the molccules A and A,. these groups ditfer in
the rotation about the C(4)—C(3) bond (bv approxi-
mately 76%) and in the rotation of the OH groups (by
37¢1y®). The positions of the C(3). CL6(A~)). C(T(AN).
and C8(A,)) atoms in the molecule A, and the C(13),
C1d), C16), and C(13) atoms in the molecule B are
virtually identical, whereas the C(6(A>)--O(3(A5)) and
C(14)~-0O(06) bonds arc rotated by [14(2)° with respect to
cach other. In the molecule AL the fragment contaming

Table 1. Sclected bond lengths () in compound 1a

Boud diA Bond diA
Cth—F L31201) Ci3)--CeSiA)) 1.50909)
C{hH—F(3) 1316012y CiH-C{TvAy ) L37hy
Cih—Feb 136301 CoA =003 ) 135D
Cih—=C(2) LAR7(13) CletA p—0O(3(A) 1.5313)
C(23—N(2) 1.440(9) N =00h 1.407(8H
C(H-0¢1) 1.470(9) Ne2)y—0O) 1.410(%)
C(H—Cid L2601 Ca)—Cad 1.482010)
Ci31--Cishy L3ty Cel3)y-—~-Cold 1.303¢1H
Cih—=N(h 1.270010)  CU3)-—Cie) L.34601)
Ci4)—C(3) ooty Co3)—Coth £.3300H)
COH—COtA)) 1442 C14)—-0b) 1.439010)
Ci3—=CoeA-)  1.30(3) Ni3H)—0h 1.422(8)
CtH—CI7A)Y 133001 N —00) 1.442(8)
CH-CAD)  1.346(9)
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Table 2. Sclected bond angles (o and torsion angles (@) in compound 1a

Bond angle m/deg Bond angle w/dcy Bond angle w/deg

fi)—Cih—F(h 104.9(8) NiH—C(4)—C(% 12207 CTAN—=CH)—=C8A 101.3(9)
FIOh—Ci1y—-Ct2y 111.308) NDH—Ct(4)--Ci3y H3.0¢7y COH—=CoeA =03 tA ) F13.912)
N2i—=C(2—0(h i Loee) CH—ChH—CH 124.8(7) CH—COA M =0(3(A-)) (RETRA
NIDH—Ci2H)—C(h 103.3(6) Ci—CO—Ciota 1S58 Ctdy—-N(h—=0(1h 4T
O —=Ci2y—C( 103.8(7) Cth—CH—=CrotAn 107.3(12) Oy =N 2)—C() 110.3(6)
Ny -C(2)—C(3) 113006) CihH—=C35)—-Ct7tA 108.8¢8) NiD—O(h—-C(2y 108.9(3%)
O-—-C(2)—C(3) 103,16} Cih—Ci3H--C(7(A A3 CUN—Cit3—Ce14) 110.906)
Cih—Ci2y—=C(3) T35 COAD)-CH—=C7A 107.7¢1)) Cil-h—Cui3)—C(13) 136.3(6)
Cth—C(3H—C(2) 101.5¢6) C6tA)—C3)—Ci7A 110(2) O16)~C(14H—C(13) 112.446)
Torsion angle p/deg Torsion angle o/deg Torsion angle @, deg
FOI—CeN—=C)—=00h —173.3(%) N()—=C(H—=C5H—-CioeA 2600 ClH=-CH—=COA D) —O3(AD)  65(1)
Fior—C-—-C1h—0wdy  173.2(6) N(H—CH—Ci3)--Cibias) NN CH—Cr3)—CBAN —-OA ) —37(2)

O —C(2)—=N(2)—0O(2) 66.3(7)
Otd)—-CH)—-N(H—O(3 ~63.47)

N()—CU)=CitH—-Coldhy ~110.47

Celr=Cei3)—C14) =006 ~67.58)

the C(3). C6(A ). C(7tA)), and C(8{A,)) atoms is
rotated with respect to the analogous fragments in the
molccules A, and B, on the average, by 31°. Therefore.
the crystal structure of Ia contains three conformers,
viz.. Aps Aacand Booin a ratio of approximately F o1 2
These conformers differ only by the orientation of the
CMe-CHLOH groups. The selected bond lengths, bond
angles, and torsion angles characterizing the conforma-
vnons of the molecules AL A5, and B are given in
Tables | and 2.

The molecutar packing of compound fa in the crystal
can be described as consisting ot bulky molecular favers
paratlel to the crystaliographic planc (001). All potenual
aceeptor and donor groups (except for the cyclic oxygen
atoms) are involved 1n o branched svstem of intermo-
fecular hydrogen bonds!3 (Tabic 3).

C{8(A, R
A Ce1d)
Cioia )
Lo O13(A))
CIS(A '
A S CS)
-—-—--_' - -~
. C(13)
CUTHAS)) - N C
2 ; . (O1AN)
C(16) ‘\ - - O(3(AD)
S G
Craam *
Q(6)

Fig. 2. Murtual orientation of the CMe>CH,OH groups in the
symmetrically independent molecules: the projections along
the C(3)~C(5) (for the molecules Ay and A;) and CO0—C(13)
bouds (for the molecule By, The positions of the C(7(Ay)) and
Ci16) atoms and the positions of the C(3) and C(13) atoms
coincide. The hydrogen atoms are omitted.

‘Table 3. Paramcters of the hyvdrogen bonds (/A and w/deg) in
the crystal of compound ta

D—H._A dtD—H) dH A deDCAY o DHA)Y

O(2y—H(20). . .N(3#=l 097 2.01 2.836(7) 131011
O~ H30). .. N¢hH 0.97 1.92 28008y 1498y
QoY= HO6O0)...Ot3A =2 097 200i6) 29201 13715
O{0)~H60)...003(AE2 097 1.92¢7)  2.82(1) 133013
NE2)—H2N) O(3)a3 .90 220(8) 3050 14ScHh
N —HAN). O 2124 0.87 2208 3070y TS

Nore. Symmcetry transformatons used for generation of the
cquivident atoms: #1 brx, po 0 #2 ~x0 —po 1= 83 0.3y,
0.3+y, 1.3~z 24 03—y, -0.3+y 1.5—2

To summarize. X-rayv ditfraction study demonstrated
that the structure of compound 1a in the crystalline state
1s tdentical to that in solutions. Apparently, the presence
of the CF, group at one of the oxime carbon atoms in
B-dioximes affects considerably the structures of these
compounds and, as a result, they can exist only in the
cyclic isoxazoline form.

Experimental

Isoxazolines tab have been described previously. 3

The crvstals of compound 1a (CyH 3F3N-05) are mono-
clinic. At 300 K. o = 10.792(4), b = 9.654(2). ¢ = 20.743(3) A.
B = 93.85(2)°. ¥V = 2149.9010) A3, dy = 1497 ¢ em™. the
absorption coctficient p = 0.13 mm™! space group P2,/n.
Z = 8. The intensities of 2632 independent reflections
(R = 0.05) were measured on an automated  tour-circle
CAD-4 diffractometer (Mo-Ka radiation. 2 0.71093 A, graph-
ite monochromator, 8/(7/:8) scanning technigue. 28, = 44°),

The structure was sobved by the direct method with the use
of the SHELXTL PLUS 4.2 und SHELXTL PLUS 3.0 pro-
gram packages. 1017 The nonhyvdrogen atoms were refined aniso-
vopically by the full-matrix feast-squares method (based on
£y to Ry = 0.098, wky = 0.22. GOOF = 1.119. The atoms of
the 2-hvdroxy-1, t-dimethylethy! fragments are disordered over
two positions with the occupancies of (1.6 (the ClO(A ).
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CITA. CSIA, and O13(A ) moms) and 0.4 (the Cle(A»)).
C(7(AM), CiB(A), and OC3tA)) atoms). In the course of the
retinement. the bonds between the Co3) atom and the carbon
atoms of the methyl zroups (CETEA D CEAY). CLTAD). and
C(8(A>1) were fixed (15341 A). The positions af the hyvdro-
gen atoms bound 1o the carbon atoms were calculated geo-
metrically and included in the refinement using the riding
model with fived C—H distances (0.97 A) and with the isotro-
pic displacement parameters Ui, = 153U, tor the methyl
groups and Uy, = .28, for the remaining atoms ({y are
cquivatent isofropic displacemient paranmcters of the cofrre-
sponding C atoms). The positions of the HIN(2Y). H(Ntd)).
HIOR2N. HON. and HEOW6)) atoms were revealed from the
ditference Fourrer synthesis and refined using restrictions im-
posed on the N—H and O—H bonds (0.90(3) A and 0.97¢1) A,
respectively).

This work was tfinancially supported by the Russian
Foundation for Basic Rescarch (Project Nos. 97-03-
33783, 96-13-97367. and 96-03-33373).
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