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Brief Communications 

3-( 1,1- Dialkyl- 2-hydroxyethyl)- 5-hydroxyamino- 
5-trifluoromethyl-AZ-isoxazolines: 

the first representatives of 13-dioximes existing in the cyclic form 
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It was dcnlonstr;iicd by X-ray diffraction ~/rinly~,is that the rc:tciion of 3.3-dimethyl-6- 
trit]tioromcth_vl-2,]-dih)dro-4-pyrollo ~',iih hydrox}t:llnilll.' al'l'ord,~d 5-11ydrtixyclmino-3- 
f 2-hyd ro,~y- I. I -dirncthyh:thyli-5-lrilluortmlcihyt-A2-isoxazolinc. 

Key words: 3-1 I. I-diMkyl-2-hydrox)c' lhyl j-5-hydrox.~aMti l t~-5-Ir i i ]uoroulclh)l-A )'- 
iso~,azolilic,,, X-rLly dil"|raciioii cillaly',is. 

The data on thc syllthcscs o f  5-amino-- and 5-hydr-  
azino-A2-isoxazolircs ,  unlike those concerning 5-hydr-  
o•  I-z arc scarce.  In the series of  
non l luo r ina t cd  c o m p o u n d s .  5 - a m i n o ( h y d r a z i n o ) - A  2- 
iboxazolines arc prepared by react ions of  amines or  
hydrazincs with 5-hydroxy-3,5-din~cthyt-  or 3,4,4-tri-  
mcthyl -5-mcthytcnc-A2- isoxazol incs  3-4 and bb reactions 
o1" hydroxylamiric wiill 13-diirnirlcs. 5-e The presence of  
lhc polyf luoroalkyl  subsiitucnt along with the amino 
group at the (5~5) atom of  the A%isoxazolinc s,,stem 
enhances i.hc stability of  these compounds dLtc 1o the 
stabilizing effect of  the f luorinated radical on ketals, 
aminokc t a l s ,  arid gemina l  a m i n o a l c o h o l s .  7 5 - A m i -  

no(met hyl ;mfino)- 5-polyi ' [uoroalkyl-A?qsox;/zolincs wcrc 
prcparcd by lhe reactions of hydro<ylaminc with 
3 - a m i n o - 4 , 4 . 5 , 5 - t c t r a h u o r o -  1 -phcn~ l -2 -pcn tcn-  1 -one g 
or 2-a mino(met lLv lanu n o I - 5 . 5 - d i  met hyl-  2- i  r i f tuoro-  
nlcthyltctra  hydro-4-pyroncs.  ~j 

Up to now, it has been bel ieved 10,11 thai 5-hydroxy- 
an'lino-A2-isoxazotincs, which can be considered as a 
cyclic forn~ o I  dioximc~, ~i" lVdic ' t rbonyl  compounds, can 
cxist or l ly in solution:,. Moreover.  it was noled l i  that 
13-dioximcs, which do not contain the f luoroalkyl group, 
arc cl lamctcr izod by a high tendency to retain the d iox imc 
struciurc and the convcrsion into thc cyclic 5-hydroxy- 
amino-A2-isoxazol ine  form can occur  only if the sizes o f  
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the terminal substitucnts are substantially diflcrent. Thus,  
the ring-chain tautomcric  cquilibriunl is ob,,erved hi 
soit l t iol ls of  d iox imes o f  aroylacctol lcs and arc)ylacetic 
anhydrides. This equi l ibr ium is sensitive to the liLlll.lre o f  
lhc sob, ent. To the contrary,  dioximes of symn+lelrical 
and unsymmetrical  :lliphaiic and aromalic ~}-diketoncs 
collt:.liniilg terminal  groups of similar size.<+ exist only  in 
the dioxime form represented by a series o f c o n f l g u r a -  
tional isomers. 11.12 

Recently, t3 we have demonstrated that 3.3-dialkyl-  
6- t r i f luoromethyl-2 ,3-di lwdro-4-pyroncs  reacl with two 
hydrox,vlamine molecules with el imination of one water 
molecule yielding products It) which one of the lou t  
theoretically possible structures may be assigned: 

R R NOH 

N N OH NHOH 

i t "CF  
OH OH 

l a , b  

R : Me {a). R ',- R = (CH2) 5 (b) 

Based on the IH N M R  spectra, it was established i3 
thai these et}mpouiads in dcu tc roch lo ro fo rm so lu t ions 
exist as 5-hydro,wanlino-5-tri l luoromethyl- .A2-isoxazoli  - 
nr la.b. In this >,olvenl, no other structure>; correspond-  
ing to the ring--chain or  ring-ring tautomcrisn~ were 
observed, unl ike so lut ions t}f d iox imes o f  {~-dicarbonyl 
ct)ntpi}tlllds II and 5-hydroxyalltillO-A2-pyr:.izOtil]eS, 14 
whicl' l do not conta in  ;t t luoroalkv l  substituent. Taking 
into account the tendency  of lS-dioximcs Io retain the 
acyclic form ill the crystalline state and the fact that 
funct ional ized A2-isoxazolines la.h ( con ta i i f i ng  the 
NHOH at position 5 of  the ring; wcrc synthesized in 
such a manner  for the tlrst tinlc, we +,tudicd the crystal 
structures of isoxazolinc la  by X-ray difl'raction analysis. 

X-ray difflaction study demonstrated that there are 
two symmetrically independent  molecules A and B in 
the crystal of compound  la  (Fig. 1). Compour;d la  has 
al] asynlmelrie center. The crystal consists of  a racc- 
mic mixture of both enant iomers .  Except for the 
C.Me,CH~OH fragrncnts, /he conibrmat ions  of the m o l -  

ecules A and B arc ident ical  and the posit ions o f  the 
atom~, coincide to w i t h i n  0.05 .-k. The hctcrocycles are 
planar (the a,,eragc de,, iat ions f rom the mean plaries :ire 
smal ler  than 0.02(2) ,;-~). The C(5) and C(13) atoms lie in 
the planes of the corresponding hcterocycles. 

The nlolecule A is disordered over two positions (A 1 
and A~) with the occupancies  t}f 0.6 and {}.4, rc,,,pcc- 

a b 

C 8 ~.) C{6)AI'{i) k")(.{15t 
C(7)A2 ~ r - - ' ~ O i 1 1 A i  p-.- 

k _  (" 7)At/~1'% 2 . 

((8}AI C!5} ('lift) "i 

7 < c<,-, _ ,,+,3 

Ctl 11{~ O{4} 
C(3) X ~ O ( I ,  

(3,,.._ (.~ 2 } :  J ~  C( i 0 ' ~b"~ / -  
ot2}-  1} , 4m <,) 

"<<:,-o ra> F { < , , .  t-(5i 

Fig. I. O'<olalt vie~ of tl~c .symmclrically hldepol~dcnl nlt)i- 
C'ctll127, ,~ dlld B Of COrllpOLtlid la lit the CIyMdl; a. :\1 :llld A-: 
b. B The hvdi'ogoil atolrl:4 of  the (21t, ;lilt] ~1s gr{}llps :lit.' 
t i l l l l l l cd .  Ft}r siinpliciiy of  12('ffllpafisoll of the COllt'Orlll:ltltlll~,. 
Ihc  ,')" eilantiOliler:~ t)[ bolh lhc B and A iltolcmu[,2,, arc ~,ilo'.L. il. 

tivcly. The molecules A I and A~ dill'or in the orientation 
of the 2-hydroxy-I , I -din~ethyle thyl  group, i.e., {l]c mol- 
ecule A can be considered as tl superposil ion of two 
conformers (A I and A2) in an approximate ratio of I : I. 
The molectllc B represents the third conformat ional  l}pe 
in which Ihe or ienta t ion el ' t i le CMc~CH~OH group with 
respect to the hctcrocyclc differs from those observed in 
the molecules .'\1 and A,. 

The oriclitation:.; o f  the 2-h.vdroxy- I. I -dimc,,hylcthyl 
groups in the molecules ,'\1- A-~, and B arc shown m 

Fig. 2. It+ the molecules A I and A 2. these groups differ in 
the relation about  the C(4) - -CI5)  bond {by approxi- 
mately 76 :'} and in the rotation of the OH groups (by 
37(I)~ The posit ions of the C(5). C16(A2}). C(71A2)). 
:rod CIS(A2}) atoms in the molecule A, and the C113}, 
C(14), C(16). and C(15) atoms in the molecule B arc 
virtually identical, ,,vherca~; the C(61A2)I---O{3(A2)} and 
C{ 14)--O{6) bond,; arc rotated by 114(2) ~ with re.,,pcct m 
each other. In the motccule A i` the Iragnlcnt COlllai l l i t lg 

Table I. Sclcclr bond lengths {U} ill compourEd I;.I 

Boud d.i) ,  B{md J/..\ 

C(I} - -F{2} 1.312{I I) C{5)--C(S(A,)) 1.569fg) 
C(I) - -F(3) 1.316(12} C(5 t-- C{7t.,'x.~ } ) 1.57119) 
C{II--F{Ij 1.365{11} C( {~(.,\ L }}-O( 3(..\ ~ } ) 1.35{2} 
(W I }-C(2) 1.487( 13} CI6(A2})--O(3{A2)) 1.51{3} 
C(2}--N{2) 1.44{}i',}) N ( I } - -O ( I )  141}7(8} 
C(2)--O( I} 1.47{}{9} N~2)--O12) 1.41{}{8) 
C{2)--C(3} 1.526{11} C( 12)--{_'{ 13) 1.4S2{10) 
C(3)--C{-1) 1.515{11) CI 13)--({ 14) 1.503III} 
C{4}--N{I) 1.270110} C( 13)--C{ I{}) 1.546I I{}} 
C(4)-C{5) 1.51)0{11} C(13)--C{15) I 55911{B 
C{5)--C(6(A])} 1.44{2't C{ 14)--O{6`1 1.439{ 10) 
C(5}--C{61A~}) 1.50(3) Nt3)--O{4) 1.422{S} 
C15)-C{7(A2)} 1.530(IU) N(41--O(5} 1.442(8) 
C{S}--C(,S(A~}} 1.54s 
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Table 2. Selected bond anglc~, Io}} and Iorsion angles tq~ in compotmd la 

Bond :ingle (J}//dcg Boud ;.nlgle m/dcg 

F~ 2} - - ( {  I }--F( I} 104.9{S) N{ I } - -C{4)- -C(5}  122.1~7} 
F( It--C( I} -CI2}  111.3(8) N(, I ) - -C(4} . - ( ' (3 )  113.0(7} 
N12)--C(2}--O( I } I I I.bI6) C{5)--C(4}--C(3} 124.8(7} 
NI2}--C{2)--C(I} 1{}53(6} C(41--("(5}--C{6(A~}} 115.5{8} 
Otl}--C!2}--C(I} 1 { ) 5 . 8 { 7 }  C(4}-C(5) - -C(6L\2}}  107.3(12) 
N{2}-C{2}--C(3)  115 1 { 6 }  C{4)- -CI5)- -Ct7tA~D 10X.gtS) 
O{ I ) - -C(2) - -C(3)  105.1(6) C(4)--C(5)---C(7(A,}} i15.8(12~ 
( (  I }--C{2}--C(3} 113.7~7i C{ 6~A~ )) - -C(  5 }--C{-71A ~ }) 107.7{10} 
C~41--C{3}--C(2) 101.5i61 C(6~ A2))--C(5 i--C( 71A :}) 110(2) 

Torsion angle {p/dog Torsion angle {p/deg 

F{ai.-C( I ) - -CI2}--O(  I } -175.3(7) 
F~6}-CI9)--C(10}--O14)  1732{6} 
O( I ) - -C(2}--N(2}--O(2)  66.3(7} 
O~4}--C(10~--N(4}--O{5"} - 8 3 4 ( 7 )  

N( I }--C14}--C(5}--C16~ A i }) 26{I} 
N{ I }--C'(4}--C(51--C!6(A2}} IO8~1) 
N(3) . -C(12}--C(13)--C{14} --11t1.4(71 

I~{)nd angle r 

CI 7{A~}}--C15 }-- CI8(A~}* 101.3(9) 
C(5}--C(61.g i 'll-- ()(3~ A~ 1) 114.9{12) 
( {5}--C(6(A21}~O( 3{A?)I 114(2} 
C'{4}-.-N t 1 )--O~ 1 ) I I 1.4~ 7) 
012}--N~2)--C(2)  110.3(6} 
N( I )--()( I '~--C12) 108.9(51 
C( 12)--C1131--C'r 14) I t0.9(61 
C( I-I)--C113)--C(15) It}8.3{6} 
O{6~-C(14) - -C(  13} 112.4(6) 

Tor~iou angle %dog 

C(4'J--C( 5 F--C(6(A j ) )--O{3(AI )) 65{I) 
CI4}--C{5)--C(6{A2)}--O{3(A_,}I  -57t2~ 
C{ 12~--C113)--C( 14}--O(6~ -67.5{S} 

the C(5) ,  C { 6 ( A t ) ) ,  C(7(A~)},  and  C(8(AL))  a t o m s  is 
ro la tcd  wi th  r e spec t  to the :ma logous  f r agme t l t s  ill ihc 
m o l e c u l e s  A 2 a n d  B, on  the average ,  by 31 ~ Thcrc l \ ) rc .  
the c o s t a l  s t r u c t u r e  of  la  c o n t a i n s  t h r e e  c o n f o r m e r s ,  
vic.. A I, A-,, a n d  B, in a ratio o f  a p p r o x i m a t c l y  I : I : 2. 
1"hose c o n l o r m e r s  di f fer  only by the  o r i e n t a t i o n  of  the 
C M e ~ C H ~ O H  groups .  The  s e l ec t ed  b o n d  l eng ths ,  b o n d  
angles ,  arid t o r s i on  angles  charac tc f i2 ' ing  the COllfO{'llIa- 
[ ions (}1' the  m o l e c u l e s  A I. A-~, and  B arc  given in 
Tables  I and  2. 

The  m o l e c u l a r  pack ing  o f c o n l p o u n d  l a  in tile cr'y, stal 
can bc d e s c r i b e d  as consistin,g o f  bulky n~olccu la r  layers 
paratlc[ to the  c w s t a l l o g r a p h i c  p lanc  (001 }. All po ten t ia l  
a c c c p t o r  and  d o n o r  g roups  (excep t  for  t he  cyc l i c  oxygen 
atoms) are invo lved  i l l 8 b r a n c h e d  s y s t e m  o f  in tcr rno-  
Iccular h y d r o g e n  b o n d s  15 {Table 3). 

C{15} 
I 

C{6c-'Xl )} 

OI 3(g~ }) 

C{8{Aa )) 
_ _  C { 5 }  

,,, ~,, g" C{13) 
('[7~A2)J " "' "., C{6{AO) 
C(16) ~ , - O(3(A_~)) 

/ 
' C{ 14} 

C(7{A!}) ~ 

O{b) 

Fig. 2. Mutual orientation of the CMc2CH2OH groups in the 
symn]ctrR.'ally independent  mo]cctdcs: the projections along 
the C(4)--C(5)  ( fo r thc  molecules AI and A 2) and C{ 121--C(13) 
bonds (for the molecule B} The positions of  tile C(7(A2}} and 
Ci 16} atoms and the positions of  the C(5) and C( 13} atoms 
coincide. The hydrogen atoms an: omiltcd. 

"l'able 3. Param~glers of the hydrogen bond.,, (d/.X and m/dog) in 
I}1'2 ',2fyY, ld] ol" oampound la 

D - -  I-I . . .  A dt t )  - -  ["t ) L' / (  [ ' l .  , \  ) d{ D . . . A  } a)(L) I I A  ) 

O(2)--H(2Ot. . .N(31g I t).q7 2.01 2.83617} 141(11; 
1.){5)-- 11{50}...NI I) {J.{}7 192 2 S01(8} 149(,'4) 
OI6}- -H{60) . . . ( ) I3{ . , \ r ) l :2  0.97 2.01t6} 2.92(11 15":(13} 
( ) (6} - -HI60} . . .OISIA:) )~2 097 1.92(7) 2.S2(I) 154t13} 
N I2 ) - -H(2N L .O{ 51e,3 O90 2 26(,R) 305(11 148t l l }  
NI4)--Ht4N). . .O~2b;4 0.87 2 21(4} 3.0711} t7015} 

/V'old. Synllllr tfilllX1Olll/~ltiC, I1S LlSC(] I}.}f generation {}1" tile 
cqtm, alenl atoms: al I? .v .y .  ::: ~-2 --x. --y, 1 - : .  ,=3 0.5--x. 
0.5+)'. I 5--z: ~4 05--x.  -I}.5-,-.v 1.5--,:. 

To  s u m m a r i z e ,  X-ray  d i f l ' r ac t ion  s tudy  d e m o n s t r a t e d  
tha t  t he  s t r u c t u r e  o ( c o m p o u n d  la  in the  c rys ta l l ine  stale  
is i den t i ca l  to that  in so lu t ions .  A p p a r e n t l y ,  the  p r e s e n c e  
o f  t he  CF'~ g r o u p  at one  o f  t he  o x i m e  c a r b o n  a t o m s  in 
[ '~-dioximes affects  c o n s i d e r a b l y  the  s t ruc tu re s  o f  these  
c o m p o t l t i d s  and ,  as a result ,  t h e y  ,:2:.lll exist only m the  
cyc l i c  i soxazo l inc  f o r m  

E x p e r i m e n t a l  

lsoxazolincs la.b ha~c been dcscrihcd prcviou.-d.~.. 13 
The crvstab, of  compound la (CxI-|I3F3N203) are mono-  

clinic. A! 300 K. a = 10.792t4l, b = 9.654(2). c = 20.743(3} J\. 
l ~, = 95.85(2) ~ . V =  21,.V}9{10} .-k 3, d~..ak: = 1497 g c m  -~. the 
absorption coefficient M = 0.15 mnC l ,  space group U21/n. 
Z = 8. The intensities of  2632 independen t  ref lect ions 
~Rin t = 0.05) v..cru Inca~,ured on all autoln;itcd four-circle 
CAl.)-4 diffractonwtur ( Mo- Kct radiation, ?, 0.71093 A, gr~q:~h- 
itc monochronla lof ,  {-)/(5/z0) scamliflg techlliquc. 2Oma \ = 44~ 

The structure was solved b~, the direct ntclhod with the use 
of the SFIEL, XTL Pt.US 4.2 and SHEI._XTL PLUS 5.1.} pro- 
gram packagc'i. 16,17 "l'he nonhydrogen ;JlO111s wcrc relined ;.llliso- 
tropically by the l'ullwnatrix icast-,;quares method (based on 
t~2} to R I = 0.098, wR} ::: 0.22, G O O F  = 1.119. The atoms of 
the 2-hydroxy-1,  I-dirnetlLvlcthy] fragments me disordered over 
two posit ions will] the ocgtlpallcics of  (}.()(thc C(('*(AI}}. 
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C(7(AI)) ,  C(S(AIIL and O131AI)) atoms) and 0.4 (the CfO(A2)), 
C(71A21), C~8(A2)), and ()t3fA2/) atornsi. In the cotlr~e of the 
rc l incmenl ,  lhc bonds bole, Ceil the (S(J) :.llolll :llld the carbon 
a toms  of  the methyl group,, (C(7(AI)) ,  ('(b;(All). C(7[A:)) ,  atld 
C18(A21)) were lixcd (I.54{ I) .~.). The posiliolls of  lhc hydro-  
g.21l il[OlllS ]3Otllld IO the CLIrboI1 il|Olllh WCl't2 C;llCtlld[cd get)- 
mclrical ly and included in the rel incmenl using lhc riding 
model  wilh fi,,cd C - - H  disl :mccs i0.97 A) and ~ith the isolro- 
pic displaccnlclll parmltCtelS (/i>o = I.SUcq for the methyl  
groups  and L.',, u = 1.2Q.q lor Ihc remaining a loms (I.,eq arc 
cquivalcnl  isofropic d isp laccmcnl  paramclcrs or lhc corre-  
spond ing  C a lomq .  The posi[ions of  tile HINI2}), H(NI4)) .  
1tiO12)). tt(O151), and H(O(61) a toms  were revealed |)ore the 
difference ~--otlricr ~ynlhcsis and refined using rcxlrictiom, im- 
posed on the N--H mid O - - H  bollds t0.90i51 ,~ and 0.9711) A, 
respectively) 

T h i s  work  was f i n a n c i a l l y  s u p p o r t e d  b~ ltlc R u s s i a n  

F o u n d a t i o n  tbr Basic  R e s e a r c h  (Proicct  N o s .  97-03-  
33783,  9 6 - 1 5 - 9 7 3 6 7 .  a n d  9 6 - 0 3 - 3 3 3 7 3 ) .  
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