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The reactions of 3,3-dialkyl-2,3-dihydro-6-trifluoronmthyl-4-pyrones with hydroxyl- 
amine hydrochloridc afforded regioisomeric 3(5)-(1,1 -dialkyl-2-hydroxyed~yl)-5-hydroxy- 
5(3)-trifluoromethyt-A2-isoxazotines depending on the re,~ction conditions. The titie com- 
pounds were also prepared from 2,2-dialkyl-5-anuno-l-hydroxy-6,6,6-trifluorohcx-4-en- 
3-ones. The above dihydropyrones reacted with hydroxylamine (base) to yield 3-(,1, l-dialkyl- 
2- hydroxyet hyl)-5- hyd roxyamino-5- t ri fhJoromet hyI-A2-isoxazolines. 

Key words: CFj-containing 2.3-dihydro-4-pyrones, hydroxylamine, (hydroxyalkyl)- 
enaminones, regioisomeric AS-isoxazolines: X-ray diffraction analysis. 

The development of new efficient procedures for the 
synthesis of  trifluoromethylated heterocycles is of great 
interest because many of these compounds exhibit high 
biological activity. However, procedures tot regiospecific 
synthesis, which allow one to prepare CF3-containing 
heterocyclic compounds in good yields, are still few in 
number. I / 

Recently, z we reported the reaction of 3,3-dialkyl- 
2,3-dihydro-6-trifluoromethyl-4-pyrones ( la,b) with hy- 
drazine hydrate, which proceeded simultaneously at two R R 
electrophilic centers to fore1 hydrazones of 5,5-diaIkyl- r ' ~  
2 - h y d r a z i n o - 2 - t r i f l u o r o m e t h y l t e t r a h y d r o - 4 - p y r o n e s .  0 1 - ~  OH 
These compounds are stable in storage, but they losc a N O..)<." 
hydrazine molecule upon heating or in an acidic medium CF3 
and arc converted into the corresponding pyrazoles or 2a,b 
azines through dihydropyrone hydrazones la,b. & 

The aim of  the present work is to study the reactions , |  
of dihydropyrones la,b with hydroxylamine and to estab- 

/ 

iish the structures of  the p,oducts obtained. We found that O 
these reactions followed two different pathways depending . ...11... 
on the reaction condit ions,  to yield regioisomcric R 
CF3-containing AS-isoxazolmes. Thus, boiling of corn- R ' ~  ~:~OH 
pounds la,b with hydroxylamine hydrochloride in aqt, e- O "CF 3 
ous alcohol aflbrded 5-triflnororncthyl-,52-isoxazolines 3a,b 
2a,b, which have been prepared previously 3 under analo- 
gotls conditions from 5,5-dialkyl-2-hydroxy-2-trifluoro- 
methyltetrahydro-4-pyrones (3a,b). Treatment of dyhydro-. 
pyroncs la ,b with NIte(')H �9 HCI in lhe presence of Et3N 

0 

l a , b  

\ 
C F 3 ~  

N O OH \ 
OH 

5 a , b  

C 
F3N~---~/O/~ - -  H-. 

R 

4 a , b  

a: R = Me: 

b: R !- R = (OH2) 5 

i. NH2OH'HCI, EtOH, H20, -80 ~ 
ii. NH2OH-HCI, MeOH, Et3N, -20 ~ 
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m methanol at room temperature afforded regioisomeric 
3-trifluoromethyl-A2-isoxazo[ines 4a,b in 48--53% yields. 

Since hydration of dihydropyrones la,b to form 
tetrahydropyrones 3a,b proceeds even upon storage and 
is catalyzed by acids, 4 it can be assumed that the forma- 
tion of compounds 2a,b from la,b in an acidic medium 
proceeds through the addition of water at the double 
bond followed by the attack of hydroxylamine on the 
carbonyl group of tetrahydropyrones 3a,b and recycliza- 
tion of inten-nediate oximes to isoxazolines 2a,b The 
formation of regioisomeric isoxazolines 4a,b in a non- 
aqueous medium in the presence of Et3N is associated 
with a change in the direction of the nucleophilic attack. 
In this case, the bydroxylamine molecule added at the 
double bond of compounds la,b, which was accompa- 
nied by opening of the tetrahydropyrone ring to form 
monooximes 5a,b. The latter compounds underwent 
further cyclization to isoxazolines 4a,b. 

It should be noted that attempts to synthesize two 
regioisomeric 5-hydroxy-A2-isoxazolines based on un- 
symmetrical [3-diketones were unsuccessful. In all cases, 
either a mixture or only one of the possible regioisomers 
were obtained. 5 In this respect, unsymmetrical fluorine- 
containing 13-diketones are no exception. These com- 
pounds reacted with hydroxylamine to form, generally, 
on l y  5-hydroxy-5-trifluoromethyt-A%isoxazolines regard- 
less of the reaction conditions. 6'7 The only exception is 
the 5-trifluoroacetyl derivative of4-homoadamantanone.  
Based on the latter compound, regioisomeric 3- and 
5-trifluoromethylisoxazolones were synthesized. 8 

Acid hydrolysis of 2,2-dialkyl-5-amino-l-hydroxy- 
6,6,6-trifluorohex-4-en-3-ones (6a,b) followed by" de- 
hydration afforded dihydropyrones la,b. 4 We found that 
the reactions of compounds 6a,b with hydroxylamine 
hydrochloride performed under the same conditions also 
gave regioisomeric isoxazolines 2a,b and 4a,b, the latter 
being obtained in higher yields (70--77%). 

N O OH 

6 a , b  

D, [ 3 a , b ]  ~ 2 a , b  

" ~ 5 a , b  ,_ - 4 a , b  

a: R = Me ;  

b: R + R = ( C H 2 )  5 

i. NH2OH'HCl,  EIOH, H 2 0 , - 8 0  r 
ii. NH2OH-HCI, MeOH, Et3N, -20 ~ 

These reactions are the first examples of regiospecific 
synthesis of 5-hydroxy-A%isoxazotines in the series of 
fFaminovinyl ketones, which are aza analogs of the 
corresponding CF3-containing l~,-diketones a~d synthetic 
equivalents of trifluoroacetylacetylenes, based on which 
the regiospecific synthesis of 3- and 5-trifluoromethyl- 
isoxazoles was described, j 

Heating of 5-amino-2.2-dimethyl-6,6,6-trifluorohcx- 
4-en-3-one, which is a compound related to aminoenones 
6a.b. with N H ~ O H - H C I  in aqueous alcohol afIordcd 
3-tert-btntyl-5-hydroxy-5-trilluoromethyt-32-isoxazoline. 

The latter has been prepared previously from pivaloyl- 
trifluoroacetone under the same conditions. 3 However, 
we failed to perform transamination at the double bond 
to obtain regioisomeric 5-ter t-butyl-5-hydroxy-3-tr i -  
fluoromethyI-A2-isoxazoline. 

Unlike cornpounds 2a,b, whose cyclic forms are 
stable due to the CF 3 group at the hemiketal carbon 
atom, 9,1~ regioisomers 4a,b in a CDCI 3 solution exist in 
the cyclic form stabilized via an intramolecular hydro- 
gen bond between the more acidic hydrogen atom of the 
hemiketal hydroxyl group and the more basic oxygen 
atom of the alcohol group. In a DMSO-d 6 solution, 
compounds 4a,b exist as mixtures of the open monooxime 
form 5 and isoxazoline form 4, which agrees with the 
results reported in Refs. 5 and 11 and allows one to 
consider the 4 ~ - 5 conversion as a new example of 
ring-chain tautomerism in the 5-hydroxy-A2-isoxazoline 
series. 12 

In the solid state, the products prepared by the 
reactions of dihydropyrones la ,b  or aminoenones 6a,b 
with NH2OH" HCI in the presence of Et3N exist in the 
cyclic isoxazoline form 4. This is evident from the fact 
that the IR spectra recorded in Nujol mulls do not 
contain a C=O stretching band but have an absorption 
band of the azomethine group at 1630 cm -I and two 
intense bands of the hydroxyl groups in the 3210-- 
3555 cm -I region. 

The above conclusion was confirmed by X-ray dif- 
fraction analysis of isoxazoline 4a. It was demonstrated 
that there are two crystallographicalty independent mol- 
ecules per asymmetric unit. These molecules adopt similar 
conformations, which can be described as envelopes 
with the C(4) and C(12) atoms deviating from the 
planes through the remaining four atoms of the ring by 
0.24 and 0.30 A, respectively (Fig. 1). 

The corresponding bond lengths and bond angles in 
both molecules coincide to within the experimental error 
and have standard values. The F(3) - -C(I ) - -C(2) - -N(I ) ,  
O(1)--C(4)--C(5)--C(8),  and C(4)--C(5)--C(8)--O(3)  
torsion angles differ from the corresponding angles in the 
second molecule by no more than 2 ~ . 

An interesting feature of the crystal packing is the 
formation (in addition to an intramolecular hydrogen 

C(14) 

C(16) .~, 

v{ .~ ,i N(2) "~, ~,~- 

F(6) 

C(8) _ , ~  O(3) 

F(I) F(3) 

Fig. 1. Over'dl view of  ttlc molecules o f  c<mlpound 4a. The t l  
atoms of the C | I ,  and CII~, grmq)s :ire omh.led. 
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Fig. 2. Molecular packing in the c~,stal structure of 4a. 

bond between the hemiketal hydrogen atom and tile 
alcoholic oxygen atom) of chains of weak 0(3)...I-1(2')-- 
O(2)...H(3'A)--O(3A) and O(6)... H(5')--O(5)...H(6'B)-- 
O(6B) intermolecular hydrogen bonds between the alco- 
hol hydrogen atoms and the oxygen atoms of the 
hemiketal hydroxyl groups. The O.. .H--O angles are 
close to 180 ~ The O(2)...O(3), O(3)...O(2A), 0(6).. .0(5), 
and O(5)...O(6B) distances are 2.619, 2.799, 2.619, and 
2.779 A, respectivcly. The O...H distances in the chains 
vary. in the range of 1.78--2.10 A (Fig. 2). 

Based on the tH and 19F NMR spectral data, it was 
established that the 4a : 5a a n d  4 b  : 5b ratios in a 
DMSO-d 6 solution arc approximately 60 : 40 and 
1 0 : 9 0 ,  respectively. Wc believe that, unlike non- 
tluorinatcd analogs, for example, 5-tert-butyl-5-hydroxy- 
3-methyl-,_,X2-isoxazolme, which exists only in the cyclic 
fornl in solutions both in CDCI 3 and pyridine-d5, s ' l l  the 
stability of 5-hydmxy-3-trifh~oromethyl-~2-isoxazolines 
4a,b is substantially affected by intramolecular hydrogen 
bonds because the CF 3 group at the iminc carbon atom 
decreases the nucleophilicit.,, of the oxygen atom of the 
oxime group and hinders the transformation of ol~e~ 

forms 5a,b to tile cyclic forms, while an intramolecular 
hydrogen bond that exists in compounds 4a,b promotes 
this process. Apparently, the formation of open tau- 
tomers 5a,b in a DMSO solution is associated with the 
cleavage of the intramolecular hydrogen bonds in cyclic 
tautomers 4a,b under the action of this solvent, which 
forms with OH groups rather stable associates through 
intermolecular hydrogen bonds. Moreover, monooximes 
5a,b are more efficiently solvated by polar dimethyl 
sulfoxide molecules. This phenomenon is most pro- 
nounced in the case of isoxazoline 4b, in which the 
presence of the spirocyclohexane fragment hinders the 
formation of associates with the cyclic form and leads to 
ahnost complete opening of isoxazoline 4b to form 
monooxime 5b. In this case, the proton exchange slows 
down, which makes it possible to observe the spin-spin 
coupling in the CH2OH group. 

The IH NMR spectrum of isoxazoline 4a recorded 
in CDCI 3 has an ABX 3 system (with the center at 5 3.04, 
JAB = 18.3 Hz, 4JHA.F = 1.6 Hz, and 4JHB.F = 1.4 Hz) 
formed by the protons of the CH 2 group of the isoxazoline 
ring and the fluorine atoms of the trifluoromethyl sub- 
stituent. This is indicative of the symmetrical arrange- 
ment of the CF 3 group with respect to the hydrogen 
atom at position 4 of the ring. This arrangement can be 
realized if the CF 3 group is attached to an unsaturated 
carbon atom and the inequality of the spin-spin cou- 
pling constants (J are 1.6 and 1.4 Hz for the low-field 
and high-field portions, respectively) is associated with 
the nonplanar conformation of the ring. It should be 
noted that in the spectrum of isomer 2a, only the high- 
field doublet of the AB system of the cyclic CH 2 group 
is split into a quartet with 4JI.LF = 1.3 Hz; this doublet 
belongs to the proton in the cis position with respect to 
the CF 3 group (tile proton in the cis position with 
respect to the hydroxyl group is deshielded to a greater 
extentS). The signals of the methyl groups of compound 
4a appear as singlets at ,5 0.86 and 1.20 (in isomer 2a, as 
singlets at ~5 1.19 and 1.22) and the protons of the 
CH2OH group give two doublets of an AX system 
(Jax = 10.2 Hz) at 6 3.50 and 4.18 (in isomer 2a, a 
singlet at 8 3.62). Isomers 2a and 4a can also be readily 
distinguished by tile chemical shift of the signal of tile 
CF 3 group. In the spectra of compounds 2a and 4a, this 
signal is observed at i5 79.15 and 95.22, respectively. 

The diastereotopism of the methylene protons and 
the methyl groups of the alkyl substituent in isoxazoline 
4a is associated with the presence of the adjacent asym- 
metrical carbon atom. The substantial differences in 
their chemical shills are due to the formation of the six- 
membered ring through a rather strong intramolecular 
hydrogen bond between the oxygen atom of the alcohol 
group (a broadened singtet at ~5 2.39) and the hydrogen 
atom of the hemiketal hydroxyl group (a broadened 
singlct at ~3 6.18). :Ls a result of the cleavage of the 
mtramolecular hydrogen bond under the action of 
I)MSO-d 6 molecules, the singlets of tile C1-t 3 group~, 
approach each other (,5 0.90 and 0.93) and the protons 
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of the CH~OH groups give an AB system (JaB = 
10.5 Hz; 6 /-1.~, and H u are 3.45 and 3.27, respectively) 
rather than an AX spectrum, each signal of the AB 
system being split into a doublet due to spin-spin cou- 
pling with the hydroxyl proton, which gives a triplet at 8, 
4.87 (J = 5.2 Hz). In the spectrum in a DMSO-d 6 
solution, tile doublet (dax = t8.9 Hz) of the proton of  
the cyclic CH 2 group, which is in the cis position with 
respect to the hemiketal hydroxyl group, is shifted 
downfield by 0.42 ppm (observed at 6 3.60 instead of 
3.18 in CDCI3). Au analogous situatioq has been ob- 
served previously on going from chloroform to a more 
polar solvent that forms an intermolecular hydrogen 
bond with the hydroxyl group. 5 The chemical shift of 
tile proton ill the cis position with respect to the alkyl 
group changes only slightly (a doublet at 8 2.81 instead 
of 2.90 in CDCI 3) and the hemiketal hydroxyl group 
gives a low-field singlet at 6 7.27. 

As mentioned above, 40% of isoxazolme 4a m a 
DMSO-d 6 solution opened to give monooxime form 5a. 
The tH NMR spectrum of 5a has a singlet of two 
equivalent methyl groups at 3 1.05, a doublet of the 
methylene protons (at 6 3.49, J = 5.0 Hz), and a triplet 
of the hydroxyl group (at 6 4.93) of the CH2OH group as 
well as singlets of the CH 2 group and the oxime hy- 
droxyl group at 8 3.81 and t2.42, respectively. The 
addition of CD3CO2D led to the disappearance of the 
signals of the hydroxyl protons, while the percentage 
composition of the mixture of compounds 4a and 5a 
remaincd virtually unchanged. 

Unlike 5-awI-5-hydT'oxy-A'%isoxazolines, which ex- 
ist in deuterochloroforrn or pyridine-d 5 solutions as 
mixtures of Z/E  isomers of the corresponding mono- 
oximes and the cyclic form, s,tj isoxazoliues 4a,b (judg- 
ing from the presence of one set of signals of the linear 
form) undergo stereospecific opening to monooximes 
5a,b. Based on a comparison of the chemical shifts of 
tile CH 2 groups of monooximes 5a,b and nonfluorinated 
monooximes and taking into account that compounds 
containing an intrarnolecular hydrogen bond between 
tile oxime hydroxyl group and the carbonyl group are 
more stable, tl preference was given to the E form of 
compounds 5a,b. However, the available data do not 
allow definite conclusions about tile configuration of the 
C=N bond in the compounds under consideration_ 

The reactions of dihydropyrones la ,b with an excess 
of free base NH2OH in methanol at room temperature 
(procedure proposed by Wislicenus 13) followed the third 
pathway to yield substituted 5-hydroxyamino-5-trifluoro- 
methyl-A2-isoxazolines 9a,b. 

In this case, due to the high concentration of free 
NH2OH molecules, the reaction proceeded analogously 
to the reaction with hydrazine hydrate / with attack on tile 
double bond and the carbonyl carbon atom but it was not 
terminated in tile stage of formation of oximes 7. The 
latter, apparently, immediately underwent recyclization 
t~ thermodynamically more stable isoxazolines 9a,b 
through tile open dioxime form g. Functionalizcd 

la,b NH20H ~ 
MeOH 

NOH 

0 CF~ 

7 

h 

CF 3 R 

i i  

N N OH l O NHOH 

~I 1 N"O"kQ C F'a OH OH 

9a,b 

I HCI 

2a,b 

a: R = Me; b: R + R = (CH2) 5 

isoxazolines were synthesized accord ing to this procedure 
for the first time. These compounds owe their existence 
to the presence of the electron-withdrawing trifluoro- 
methyl group at the C(5) atom, which is able to stabilize 
not only hemiacetals but also hemiaminals. 14 When 
heated m au aqueous-alcoholic solution in the presence 
of catalytic amounts of hydrochloric acid, 5-hydroxy- 
ami,m-A2-isoxazolines 9a,b were converted into 
5-hydroxy-A2-isoxazoliqes 2a,b, and, consequently, tile 
possibility of formation of these compounds as intermedi- 
ates in the course of conversions of dihydropyroues la,b 
into compounds 2a,b under the action of NH2OH �9 HCI 
in aqueous alcohol must not be ruled out. 

An interesting feature of the IH NMR spectra of 
compounds 9a,b is the fact that the signals of the low- 
field portion of the AB system of the cyclic CH 2 group 
are each split into quartets with 4JII.F = 1.3 Hz. As 
mentioned above, ill the NMR spectra of isoxazoliqes 
2a,b (which differ from compounds 9a,b by the presm~ce 
of the hydroxyl group instead of the NHOH group), the 
high-field doublet, which was assigned to the hydrogen 
atom in the cis position with respect to the CF 3 group, is 
split into a quartet with 4JH. F = 1.4 Hz. According to 
our data, Is iu the NMR spectra of isoxazolines contaiq- 
ing the CF 1 or N[-| 2 group at the C(5) atom, the high- 
field doublet of the AB system is also split into a quartet. 
Tile replacement of the hydroxyl group by the amino 
group has virtually no effect on the chemical shift of the 
proton in the cis position with respect to these groups (at 
6 3.36 and 3.33 for isoxazoline 2a aqd its amiuo analog, 
respectively). Based on these data, it can be concluded 
that the cis-proton (with respect to the CF 3 group) in 
compounds 9a,b is sterically close to the hydroxyl group 
of tile NHOH fragment, which causes an additional 
downfield shift due to the electrostatic deshielding ef- 
fect, t6 as a result of which tile paramaguetic shift of this 
proto~l is larger thau that of tile proton in tile c/s 
position with respect to the nitrogen atom or the NHOIt  
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fragment. The  IR spectra of  compounds  9a,b have a 
broad nonresolved absorption band of the NH and OH 
groups at 3300 cm - j  and a band of  the azomethine  
group at 1630 cm -t.  

To summarize ,  the reactions of dihydropyrones la,b 
and aminoenones  6a,b with hydroxylamine hydrochloridc 
described in the present work allow one to synthesize 
regioisomeric 3- and 5-trifluoromethyl-A2-isoxazolines. 
The reactions of  dihydropyrones la ,b with the base 
N H2OH afforded the previously unknown z52-isoxaz.olines 
containing the N H O H  group at position 5 of  the ring. 

Experimental 

The IH NMRspectrawcre recorded ona  BrukerWM-250 
spectrometer in CDCI 3 and DMSO-d 6 operating at 250 MHz 
with MeaSi as the internal standard. The JgF NMR spectra 
were recorded on a Tesla BS-587A instrument operating at 
75.3 MHzwith  CdF 6 as the internal standard. 

The X-ray diffraction data for compotmd 4a were collected 
on a Siemens P3/PC diffractometer (kMo-Ka radiation, 0/20 
scanning technique, 20ma x = 50 ~ 3525 measured reflections). 
Colorless crystals of 4a are monoclinic, at 293 K, a = 10.539(6). 
b = 20.299(13), c = 9.739(6) A, 13 = 90.05(5) ~ V = 2084(2) ..t3, 
dealt = 1.449 g cm -3, Z = 8 (CsHI2NO3F3). space group P2t/c 
(two crystallographicalty independent molecules per symmetric 
unit). The structure was solved by the direct method and refined 
by the least-squares method based on F 2 with anisotropic 
themaal parameters for nonhydrogen atoms (287 refinable pa- 
rameters). The positions of the H(2'), H(3'), H(5'), and 1-t(6') 
atoms were located from difference electron density syntheses 
and relined anisotropically. The remaining H atoms were placed 
in calculated positions and included in the refinement using the 
riding mcxJel with fixed C--H distances and thermal parameters 
U = 1,5U c and 1.2f.~ 2 (b~ is the equivalent isotropic thermal 
paranaeter of the corresponding C atom) for the methyl groups 
and for the remaining fragments, respectively. The absorption 
coefficient g = 1.42 cm -t. The final values of the R factors were 
as follows: R I = 0.084, wR 2 = 0.134, GOOF = 1.112 based on 
1781 reflections with 1 > 20(/). All calculations ,,,,ere carried out 
on an IBM PC/AT computer with the rise of the SHELXTL 
program packages (versions 4.0 t7 and 5.018). The atomic coordi- 
nates are given in Table I. The bond lengths and bond angles are 
listed in Tables 2 and 3, respectively. 

Compounds 2a,b have been described previously) 
5- ltydroxy-3- (2-hydroxy- 1,1 -dimethylethyl)-5- trifluoro- 

methyl-txZ-isoxazoline (2a). I1-t NMR (CDCI3), 6 :1 .19 (s, 
3 H, Me); 1.22 (s, 3 H, Me); 2_95 (br.s, I H, CH2--OH); 
3.13 (dq, I H, CHH, JAB = 183 Hz, 4./H, F = 1.3 Hz); 3.36 
(dq, I H, CHH_, JAB = t8.3 Hz); 3.62 (s, 2 It, CH?--OIt)  
5.04 (br.s, 1 H, OH). IgF NMR (CDCI3), 6:79.15 (s, CF3). 

5- Hydroxy-5-(2-hydroxy- I, l-dimethylethyl)-3- trifluoro- 
methyI-AZ-isoxazoline (4a). A solution (4 m L) prepared from 
NH2OH-HCI (1.20 g. 17.3 retool), triethylamine (0.8 mL, 
0.58 r, 5.7 retool), and ethanol (20 mL) was added to 
dihydropyrone la (0.45 g, 2.3 retool). The reaction mixture was 
allowed to stand at ~20 ~ for three days. Then the solvent was 
evaporated and tl~c crystalline precipitate that tbrmcd was 
treated with water. Undissolved crystals of compound 4a were 
filtered off, dried, and recrysmllized from ethanol. The yield was 
53%, m.p. 73--74 ~ Isoxazoline 4a was also prepared from 
aminocnone 6a trader analogous conditions in 70% yield. Found 
(%): C. 42.32; H, 5.60: N, 6.28. C~H~?F~NO 3. Calculated (%1: 
C, 42.30: It. 5.32; N, 6.17. tll NMR (CDCI3), 6:086 (s. 3 fl. 
Mc)- 1.20 (s, 3 It, Me): 2.39 (brs, I }1, (?H~--OII): 290 (t]q. 

Table i. Atomic coordinates (x 104) and equivalent isotro- 
pic thermal parameter /Y'eq ( • 103/A2) in the structure of 4a 

Atom x y Z Ueq 

F(I) 7685(6) 4608(2) 5927(6) 103(3) 
F(2) 8059(6) 3663(2) 6676(5) 104(3) 
F(3) 9536(8) 439t(4) 672517) t03(4) 
O(I) 10182(7) 3780(3) 2844(7) 75(3) 
0(2) 9295(8) 2766(3) 2623(6) 91(4) 
0(3) 10173(t0) 2757(3) 107(7) 84(4) 
N(I) 10092(9) 4025(3) 4229(10) 67(5) 
C(I) 8604(12) 4160(6) 6006(11) 67(6) 
C(2) 8921(11) 3920(4) 4567(11) 56(6) 
C(3) 8t)96(11) 3640(4) 3557(I0) 64(5) 
C(4) 9025(12) 3434(4) 2459(11) 72(6) 
C(5) 8754(9) 3620(4) 987(9) 38(4) 
C(6) 8576(11) 4362(4) 855(10) 105(7) 
C(7) 7552(t0) 3261(5) 510(12) 94(5) 
C(8) 9875(9) 3440(4) 70(9) 72(5) 
F(4) 7300(7) 5428(3) -1584(7) 131(4) 
F(5) 5411(7) 5547(4) -977(7) 160(4) 
F(6) 6630(9) 6312(3) -903(6) 137(5) 
0(4) 4818(8) 6109(3) -4904(7) 73(4) 
0(5) 5495(9) 7t78(3) -4923(6) 82(3) 
0(6) 4751(9) 7233(3) -7476(6) 82(3) 
N(2) 4926(11) 5876(4) -3514(15) 90(6) 
C(9) 6377(14) 580815) -1605(13) 99(7) 
C(10) 5973(13) 5998(5) -3112(17) 64(6) 
C(II)  6861(9) 6352(4) -4026(9) 39(4) 
C(12) 5930(10) 6542(4) -5134(10) 49(4) 
C(13) 6315(11) 6425(4) -6647(10) 55(5) 
C(14) 6732(11) 5709(4) -6856(10) 97(6) 
C(15) 7469(8) 6877(4) -6933(9) 74(4) 
C(16) 5257(12) 6578(5) -7577(10) 72(5) 
H(2') 9480(80) 2620(30) 1760(90) 80(20) 
[t(3') 9900(100) 2590(40) -630(80) 60(30) 
H(5') 5500(100) 7350(50) -5500(100) 90(40) 
H(6') 4800(t00) 7370(50) -8100(100) 100(40) 

Table 2. Bond lengths (d) in compound 4a 

Bond d/A Bond d/A 

F(I)--C(I)  1.331(14) F(4)--C(9) 
F (2 ) -C( I )  1.332(11) F(5)--C(9) 
F(3)--C(1) 1.294(13) F(6)--C(9) 
O ( I ) - N ( I )  1.440(13) O(4)--N(2) 
O( 1 )--C(4~ 1.46(2) O(4)--C(I 2) 
O(2)--C(4) 1.394(9) O(5)--C(12) 
O(3)--C(8) 1.423(9) O(6)--C(16) 
N(I)--C(2) 1.294(12) N(2)--C(10) 
C(1)--C(2) 1.522(13) C(9)--C(10) 
C(2)--C(3) 1.43(2) C(10)--C(II)  
C(3)--C(4) 1.511(9) C(11)--C(12). 
C(4)--C(5) 1.51(2) C(12)--C(13) 
C(5)--C(6) 1.522(10) C(13)--C(16) 
C(5)--C(8) 1.526(8) C(13)--C(141 
C(5)--C(7) 1.53(2) C(13)--C(t5) 

1.242(14) 
(.3of(to) 
1.259(13) 

1.44(2) 
1.482(11) 

1.385(8) 
1.436(tl) 

1.20(2) 
1.58(3) 

.479(12) 

.508(14) 

.547(11) 

.469(14) 

.532(10) 

.550(12) 

I It, CLtH, JAU = 18.3 Ha, 4JH, F = 1.4 Hz); 3.18 (dq, l H. 
Clt]J,  JAB = 18.3 Hz, 4Jl.t. F = 1.6 Hz); 3.50 (d, I H, 
CI:tH--OH, JAX = 10.2 Ha);4 18 (d, I H, CHI:I--OH, Jax = 
10.2 Hz); 6.18 (bt.s. l H. OH). Iq[: NMR (CDCI0, ~5:9522 
(~:. CI--0 I11 NM[,?. (l)MSO-ded, d, Ibr 4a (60%): 0.90 ~s. 
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Table 3, Bond angles (r in compound 4a 

Angle c,)/deg Angle ~/deg 

N(I ) -O(I ) - -C(4)  110.6(6) 
C(2)--N(I)--O(I)  104.2(11) 
F(3)--C(1)--F(2) 109.7(11) 
F(3)--C(I)--F(I)  109.6(1(/) 
F (2) - -C( I ) -F( I )  103.4(7) 
F(3)--C(I )--C(2) 116.6(8) 
F(2)--C(I)--C(2) [07.7(9) 
F(I)--C(I)--C(2) 109.0(117 
N(I)--C(2)--C(3) 118_0(8) 
N(1)--C(2)--C(I) 113.1(12) 
C(3)--C(2)--C(1) 128.8(9) 
C(2)--C(3)--C(4) 101.7(9) 
O(2)--C(4)--O(1) 105.7(10) 
O(2)--C(4)--C(5) 113.1(8) 
O(I)--C(4)--C(5) 106.3(7) 
O(2)--C(4)--C(3) 108.7(6) 
O( I )--C(4)--C(3) 103.1 (9) 
C(5)--C(4)--C(3) 118.7(10) 
C(4)--C(5)--C(6) 110.6(8) 
C(4)--C(5)--C(8) 110.4(9) 
C(6)--C(5)--C(8) 106.4(6) 
C(4)--C(5)--C(7) 1089(8) 
C(6)--C(5)--C(7) 110.0(10) 
C(8)--C(5)--C(7) 110.4(7) 
O(3)--C(8)--C(5) 112.9(6) 

N(2)--O(4)--C(12) 106.0(1l) 
C(10)--N(2)--O(4) 108.2(9) 
F(4)--C(9)-  F(6) 109(2) 
F(4)--C(9)--F(5) 110.7(9) 
F(6)--C(9)--F(5) 103.9(7) 
F(4)--C(9)--C(10) 112.2(8) 
F(6)--C(9)--C(10) 111.3(8) 
F(5)--C(9)--C(10) 1091(131 
N(2)--C(10)--C(11) 119(2) 
N(2)--C(10)--C(9) 120.2(12) 
C(I I)--C(10)--C(9) 120.6(14) 
C(IO)--C(I 1)--C(12) 98.2(10) 
0(5)--C(12)--0(4) 105.6(7) 
0(5)--C(12)--C(13) 111.8(7) 
0(4)--C(12)--C(13) 105.1(9) 
0(5)--C(12)--C(11) 110.3(9) 
0(4)--C(12)--C(11) 104.7(6) 
C(13)--C(12)--C(11) 118.1(8) 
C( 12)--C(t 3)--C(14) 110.4(7) 
C(I 2)--C(13)--C(16) 110.8(7) 
C(14)--C(13)--C(16) 109.7( 10} 
C(I 2)--C(13)--C(15) 106.6(9) 
C(14)--C(I 3)--C(15) 108.2(7) 
C(16)--C(13)--C(15) 111.0(7) 
O(6)--C(16)--C(13) 115.9(10) 

3 H, Met: 0.93 (s, 3 H, Me); 2.81 (d, 1 H, C|IH,  J~x = 
18.9 Hz); 3.27 (dd, I H, CHH--OH,  JAB = 10.5 Hz, J = 
5.2 Hz); 3.45 (dd, 1 H, Cl-t_k[--OIt, JAB = 10.5 Hz, J = 
52 Hz); 3.60 (d, I H, CttH., J^x = 18.9 Hz); 4.87 (t, I H, 
CH2--O[-I, J = 5.2 Hz); 7.27 (s, 1 H, OH): for 5a (40%): 1.05 
(s, 6 H, 2 Me); 3.49 (d, 2 H, CFI2--OH, J = 5.0 Hz); 3.81 (s. 
2 H, CH~); 4.93 (t, 1 H, OH, J = 5.0 Itz); 12.42 (s, I H. 
N--OH).-I9F NMR (DMSO-d6), 8, for 4a (61%): 97.36 (s, 
CF3); for 5a (39%): 94.82 (s, CF3). IR, v/cm-t: 3425. 3210 
(OH); 1630 (C=N). 

5-Hydroxy-5- (2-hydroxy- I, 1 -pentamethyleneethyl)- 3- 
trifluoromethyl-AZ-isoxazoline (4b) was prepared analogously 
to compound 4a from dihydropyrone lb and aminoenone 6b 
in 48 and 77% yields, respectively, m. p. 96--97 ~ (ethanol). 
Found (%): C, 49.46; H, 5.99; N, 5.18. CIfHt6F3NO 3. Cal- 
culated (%): C, 49.44; H, 6.03; N, 5.24. IH NMR (CDCI3), 
6:1.1--2.1 (m, 10 H, (CH~)5); 2.16 (s, I It, CH,--OH);  2.87 
(d, 1 H, CHH, JAt~ = 18.3 Hz): 3.30 (d, I H, CHIzt, J,~,B = 
18.3 Hz); 4.11 (s, 2 H, CH2--OH); 6.23 (s, 1 H, OH). 
t~ NMR(CDCI3) ,~:95.31 (s, CF3). IH NMR(DMSO-d6),  
8, for 5b: (93--95%): 1.2--1.9 (m, 10 H, (CH-,)s): 3.49 (d, 
2 H, CtA2--OH, J = 5.2 Hz): 3.81 (s, 2 H, CH2); 4.90 (t. 
1 H, OH, J = 5.2 Hz); 12.40 (s, 1 H, N--OH). 19F NMR 
(CDCI3+DMSO-d6, 1:1), 6, for 4b (59%): 95.63 (s, CFd:  for 
5b (41%): 92.97 (s, CF3). 19F NMR (DIMSO-d~,), 8. for 4b 
(13%): 97.35 (t, CF3, J = 1.37 Hz); for 5b (87%): 94.88 (:;, 
CF]). IR, v/cm-I: 3555, 3240 (OH); 1630 (C=N)  

5- Hydroxyamino-3- (2-hydroxy- 1, l-dimethylethyl)- 5-tri- 
fluoromethyl-AZ-isoxazoline (9a). A sohltion (4.5 mL) prepared 
from hydroxylamine hydrochloride (1.2 g), KOIt (1.4 g), and 
methanol (18 mL) was added to dihydropyrone la (0.45 g. 
2_3 retool). The reaction mixture was allowed to stand at ~20 "'C 
for two days and then the solvent was evaporated. Afte~ trez~t- 
merit with water and recrystallization from aqueous alcohol, 
cJ~,,stals of COml~mnd 9a were isolated in 63% yictd, m.p. 140-- 

141 ~ Found (%): C, 39.76; H, 5.51; N, 11.63. 
C8HI3F3N203 . Calculated (%): C, 39.67; H, 5.41; N, 11.57. 
II-t NMR (CDCI3) , 8:1.20 (s, 3 H, Me); 1.21 (s, 3 H, Me): 
2.19 (br.s, I H, CH2--OH); 3.26 (d, 1 H, CH_H, JAB = 
18.1 Hz); 3.40 (dq, 1 H, CH_H, JAB = 18.1 Hz, 4JH, F = 
[.3 Hz): 3.60 (s, 2 H, CH_2--OH); 4.92 (s, 1 H, NH); 5.72 
(br.s, I H, OH). IR, v/era-t: 3300 (br, NH, Ott); 1630 (C=N). 

5- Hydroxyamino-3-(2-hydroxy- 1, l-pentamethyleneethyl)- 
5-trifluoromethyI-AZ-isoxazoline (9b) was prepared analogously 
to compound 9a from dihydropyrone lb in a 74% yield, m.p. 
109--110 ~ Found (%): C, 46.88; H, 6.25; N, 10.04. 
CIIHtTF3N203. Calculated (%): C, 46.81; H, 6.07; N, 9.92. 
I}l NMR (CDCI3), 6:1.2--2.1 (m, 10 H, (CH2)s); 2.46 (br.s, 
l H, CH2--OH); 3.25 (d, I H, CHH,  JAB = 18.1 Hz); 3.43 
(dq, 1 H, CHIc[, JAB = 18.1 Hz, 4JH, F = 1.0 Hz); 3.59 (s, 
2 tt, CH2--OIt);  5.84 (s, 1 tt, NH); 5.91 (s, 1 H, OH). 
19F NMR (CDCI3), 8:82.45 (s, CF3). IR, v/era-t:  3430, 
3345, 3295, 3155 (NH, OH); 1625 (C=N).  

This work was financially supported by the Russian 
Foundat ion for Basic Research (Project No. 96-03- 
33373). 
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