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POLYFLUORINATED NITRILE OXIDES

N. V. Vasil'ev, V. S. Savostin, UDC 547.412'239.07
A. F. Kolomiets, and G. A. Sokol'skii

(2+3)-Cycloaddition of polyfluorinated aliphatic nitrile oxides, generated in situ,
to donor dipolarophiles takes place regioselectively to give the 5-substituted iso-
xazolines, and is limited by the donor and steric properties of the dipolarophiles.

The polyfluorinated nitrile oxides which have so far been obtained in situ and character-
ized by (2+3)~-cycloaddition are trifluorcacetonitrile [1-3], 2-hydrotetrafluoropionitrile [4],
and perfluorobenzonitrile oxides [5]. The properties of these compounds differ in many re-
spects from their nonfluorinated analogs, benzonitrile and acetonitrile oxides [6].

We have now examined (2+3)-cycloadditions of 2,2-dihydrotrifluoropropionitrile oxide
(I), 2~hydrotetrafluoropropionitrile oxide (I1) (for preliminary communication, see [4]),
and 2-hydrohexafluoroisobutyronitrile oxide (III).

Oxides (I-III) are usually generated by dehydrohalogenation of the appropriate hydroxy-
amoyl fluorides (IVa-c), chlorides (IVd, e), or bromides (IVf-h).

fr LA
CF,CHCX =NOH CF,CHC=N-»0
134 I-m

I1Va R=H, X=F;b R=F. X=F;c R=CF;, X=F: ¢ R=F, X=Cl; e R=CF3, X=Cl; f R=H,
X=Br;g R=F, X=Br; 1iR=CF;, X=Br

In this case, the hydroxamoyl fluorides (IVa-c) could not be converted into the oxides
(I-I1I) or their concerted cycloaddition products [7].

However, dehydrochlorination of the hydroamoyl chlorides (IVd, e) takes place even under
mild conditions (at —40 to —55°C with triethylamine in ether or other inert solvents). In
the presence of vinyl butyl ether at —20°C, 5-butoxy-3-polyfluorcalkyl-1l,2-oxazolines (Va)
(40%) and (Vb) (23%) were obtained, showing that the oxides (II) and (III) were generated in
situ. The spectral data and chromatography showed that the 5-butoxy derivatives (Va) and
(Vb) were formed exclusively.

The structures of the oxazolines (Va) and (Vb) were also confirmed by their conversion
into the isoxazoles (VIa) and (VIb) by heating in sulfuric acid, as in the case of other 5-
alkoxy-1l,2-oxazolines [1, 6].

CH,=CHOBu —==N H,S0, —
I-111 o i - |
. 0

OBu
va-c Via,b

Va R=F; b R=CF;; ¢ R=H; VI a R=F; b R=CF;

Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 5, 663-667, May, 1989. Ori-
ginal article submitted July 20, 1987; revision submitted, June 29, 1988.
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The.most convenient precursors for the nitrile oxides (I-III) are the hydroxamoyl brom-
ides (IVf-h), which react with triethylamine at —78°C, and in the presence of vinyl butyl
ether at 20 to 0°C afford high yields of the 1,2-oxazolines (Va) (70%), (Vb), and (Ve).
Subsequently, (2+3)-cycloadditions of the oxides (I-III) were carried out under conditions
which were optimal in most cases, namely, the oxides were generated from the hydroxamoyl
bromides (IVf-h) in ether at =15 to —10°C in the presence of the dipolarophiles.

Reactions of the oxides (I~III) with unconjugated alkenes are governed by the dipolar
properties of the latter, and the yields of cycloadducts, greatest with vinyl butyl ether,
are substantially lower with allyl bromide and vinyl acetate.

i
CF,CH

—rnin?
rm  SHSCRE =N

VII, VIII, XII aR=H,b R=F, ¢ R=CF,;, IX—XI R=F; Vila~c R!=CH,Br, Villa—c
Ri=0Ac, 1X R!=CH; X R!'=Ph, XI R'=C(0)CH;, Xllac R!'=C(0O)OCyH; IX
R2?=CHjy, when not given:R" =H

Steric hindrance in the transition state has a considerable adverse effect on ring
formation in these systems. For example, the yield of the isoxazoline (IX) from the door
isobutylene is lower than from monosubstituted alkenes with lower donor properties,

Reactions with conjugated dipolarophiles were examined for the most part with the oxide
(11), and usually proceeded more smoothly than with unconjugated dipolarophiles. Reaction
of the oxide (II) with styrene proceeds regioselectively to give the 5-~substituted cyclo-
adduct (X), corresponding to the minimum steric hindrance in the transition state. Satis-
factory yields are also obtained with weak donors (methyl vinyl ketone and ethyl acrylate).

It is noteworthy that the yields of adducts decrease as the electron-acceptor properties
of the polyfluoroalkyl groups in (I-III) increase, the cycloadducts (XI) and (XIIa-c) being
formed as a single regioisomer, whereas the reactions of nonfluorinated nitrile oxides with
such dipolarophiles are nonregiospecific.

The adverse effect of steric factors manifests itself in the low yield of the adduct
(XII1) from the oxide (II) and N-methylbenzaldimine, although the latter is one of the most
reactive dipolarophiles in its reactions with unfluorinated nitrile oxides.

The weak donor properties of acetylenes, and the low propensity to conjugation, are re-
flected in their extremely low reactivity towards the oxides (I-III). The reactions with
allene, vinylacetylene, and perfluoro-2-butyne do not give identifiable products, as in the
reactions with other electrophilic dipolarophiles, polyfluoroalkenes, polyfluoroketones and
their imines, and derivatives of fumaric and maleic acids. The formation of the cyclo-
adduct (XIV) has been detected in low yield in the case of phenylacetylene only.

CF,CHF : CFyCHF_
==N _HC=CPh " CH,N=CHPh l—_—_rr
0 _N_ O
ci
Ph Ph
xv X1

(2+3)-Cycloadditions of the polyfluorinated nitrile oxides (I-III) differ considerably
from those of their hydrocarbon analogs, in the following ways: 1) the reactivity of the
polyfluorinated nitrile oxides is determined by the donmor properties of the dipolarophile,
decreasing as the latter is reduced, showing the preferred binding effect of the LUMO of the
1,3-dipole and the HOMO of the dipolarophile. This is confirmed by the total regioselectivity
of the (243)-cycloadditions of the oxides (I~III), as in the case of electrophilic hydro-
carbon nitriles [6], 2) steric hindrance in the transition state has been found to have a
marked effect on the outcome of the reaction, 3) the yields of the products of cycloaddition
of nitrile oxides (I-III) are in all instances reduced as the electron-acceptor properties
of the polyfluoroalkyl group in the 1,3-dipolarophile fragment is increased. This may be
rationalized by, on the one hand a decrease in reactivity as the steric effect of the
substituent increases, with a proportional decrease in the energies of the HOMO and LUMO in
the series (I-I1I). On the other hand, the electrophilic properties of the 1,3-dipoles and
their affinity for halide jon increase in the same series, i.e., there is an increasing
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TABLE 1. '°F and H NMR Spectra of Products Obtained
Com~- : . .
pound Chemical shift, ppm Coupling const., Hz
IVf 6141 (3F, t, CF3); 3.4 (2H, q, CHy); 7,3 (1H,s, | /Jru=9,8
H
Vg —13 (3F, d.d . CFy); 1201 (IF, d.q, a-F); 53| Jrp=14,0; J =55:
(H, d-q.aH): 80 (IH.s, OH) Irn—dds
Ivh | —12,8 (6F,d, CFy); 4,2 (1H,sept, a-H); 103 (IH, | /ru=74
br.
Vb —129(6F,d,CFﬂ;4B (1H,sept, 3-H); 3,0 (2H, [Jre=80; J;5=50; Jyg=
m, 4-H); 56 (1H, d.d, 5-H); 36 (2H, m, OCH,); | =2,8; Jchcn, =
1.4 (4H, m, CH,CH,); 08 (3H, &, 5-CHjy) Rtk
Ve ~140 BF t. CFs): 30 (2H, q, 3-CHy): 26 (2H, |/rn=11,0; J5=65; Jys=
m, 4-H); 33 (1H, d. d 5-H); 3,5 (2H. m, OCHy); | =3,0; /iy oy, =5.0
1,3 (4H, m, CH,CH,); 0.6 (3H, t, 5-CHj;) s
Via |16 (3F, d.d. CFs); 1218 m (IF, m, &-F); 58 (1H, | /pr=143; Jri=6.0;
d.q.. 3-H); 6.4 (1H, d 4-H): 84 (I{H. d. 5-H) Jrn=445; Jyg=1,0
Vib | —113 (6F, 4, CF3); 45 (1H, sept, 3-CH); 64 | Jpy;=80; Jys=2.0
(IH, 4, 4-H); 8,5 (1H, 4, 5-H)
Vila | —144 (3F t, CFs); 31 (2H, q, 3-CHy): 29 (2H, | Jru=15,0; J oy p, =54
m, 4-H): 47 (1H, m 5-H); 3,3 (2H, d, CH,Br)
VIiIb* | —1.0 (3F, d. dCFs); —09 (3F, d. d, CF3); 1259 | /rr=14,2; Jru=6,2;
(1F, m, a-F); 55 (IH, d. q 3-H):; 3.1 (2H, m,|/ru=440; Jenen,s:r=5.0
4-H); 49 (1H, m, 5-H); 3,4 (2H, 4, CH,Br) :
Viie —12,8 (6F, 4, CF3); 4.2 (1H, sept.3-H); 3.1=(2H, | Jru=87; JCHCH Br =5,0
m, 4-H); 49 (IH, m, 5-H): 3.4 (2H, d, CH:Br)
Villa | —137 (3F. t, CFy); 3,1 (2H, ¢ 3-H): 30 (2H, m, |/ru=115; T5=6,1;
4-H); 63 (1H, d.d. 5-H); 1.7 (3H, s, CHs) Jis=2,
Viilbs | —03 (3F, d.d, CFs); —0.2 (3F, d. d CFs); 127,0 Jpp—x47,!pn—6p,
(IH, m «F); 31 (2H, m 4-H); 66 (IH, d.d .|/ru=44,0; J;5=57;
5-H); 1,8 (3H, 5, CHy): 5,5 (1H,d, q. 3-H) Ts=2,
Ville | —122 (6F. d. CFs); 43 (1H, sept. S-H): 3.0 (2H, | Tru=B.5; Ji=7.2:
m, 4-H); 6,5 (1H,d.4. 5-H); 1,7 (3H. s, CHy) Jy5=2,
IX 0.3 (3F.d d, CFy); 1260 (IF.d.q, a-F); 56 (1H, [/rr=155; Jru=6,0;
d.q 3-H); 28 (2H,m, 4-H); 1.3 (6H. s, CH;) SoemFy =450
NG —09 (3F,d.d.. CF3); —08 (3F,d.. d, CF3); 1260 | Jrr=155; Jru=64;
(IF. d.q, a-F): 56 (IH.d. q 3-H): 32 (2H. m | benpy =450; Js=40;
4-H): 56 (1H, d.d. 5-H); 7.2...74 (SH.m. Ph) | [ =15
X1# -05 GF,d.d.CFﬂ:-—O6(3F d d CFQ 1264 | Jrr=145; Jru=62;
(1F, m, a-F); 54 (I1H, . (2H, m, | /gem ppy =45,0
4-Hj; 49 (IH, m 5-H); 21 %H s, CHﬂ
Xlla | —135 (3F, t. Cl‘s); .o (2H,d | Jru=10,3; J;5=95:
4-H); 4,7 (IH, t, 5-H); &H q. OCH2~03 J cHacn, =70
(3H, t. 5-CH,) -
X1y | —05 (3F, d.d. CFs); —06 (3F, d.d, CFy); 1261 hw—152 Jra=60;
(IF, m, a-F); 56 (d-q. 3-H); 34 (2H, m, 4-H); om Fu =445
51 (1H, m, 5-H); 4.1 (2H, q OCH); 12 (2H, t F 79
5-CHj) CH3CH:
Xlle | —125 (3F.d, CFs): 4.2 1}ise t.3-H): 3.1 (2H, | Jeu=85; J;s=9.7;
d, 4-H); 49 (1H, t 5-H); EH q OCH2~10 J e, =80
(3H. t 5-CHj) :
X111 —~929 (3F, m, CF3); 127.2 (IF. m, a-F); 56 (IH. m —
3-H): 2.5 (3H,br.s, NCHi); 59 (IH, m, 5-H); 7.4
(5H, m, Ph)
X1V 0,0 (3F, d.d, CF3); 1200 (IF, m. a-F): 58 (IH, |Jep=15,0; Jrr=64;
d,q , 3-H); 66 (IH, s, 4H); 73...77 (5H,m_ fen Fu=
h)

*The two sets of signals in the °F NMR spectra correspond to
diastereoisomers.

tendency to undergo oligomeric Sy2 reactioms.
determined by these two factors, and 4) the cycloaddition of the polyfluorinated nitrile
oxides (I-III), like nonfluorinated oxides, takes place via an aromatic transition state.
This is shown by the enhanced reactivity of these 1,3-dipoles towards conjugated dipolarophiles.

EXPERIMENTAL

The outcome of these reactions is apparently

NMR spectra were obtained in CDCl; on a Hitachi R-20 instrument ('H 60 MHz, °®F 56.46
MHz), from an internal standard (TMS) and an external standard (CF3;COOH) respectively. IR
spectra were obtained on a Perkin-Elmer R-225 in thin layers on KBr.

The properties of the products obtained are given in Tables 1 and 2. The elemental
analyses of all the compounds for C, H, F, and N were in agreement with the calculated
Compounds (Va), (IX), (X), and (XIIb) have been reported previously in [4], (IVb-e)
in [7], and (IVa~c) in [8].
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TABLE 2. Properties of Compounds Obtained

T fos

Com- irical formula °c np® »  [Rspectrum, cm- field,
pound Emp ?gﬁa) ? o C=N , others %

1V £ | C:H3;BrFsNO 64 (24) | 1,4233 1,8071 1615 2900(.}..3500

(CH)

IV g [CsH:BrF,NO]4(C:Hs),0f 64 (60) 1,4040 1,7425 1610 QQOOOH 3450

1IVh | [CiHaBrFsNO], (CeHs)0f 67 (50) 1,3802 1,7034 1615 205(()6H)3500

Vb |CioH3FeNO, 70 (8) 1,3772 1,3118 | 1605 58

V e |CoH4FsNO, 84 (5) 1,4027 1,1813 1610 88

V1a|CsH3sF,NO 110 1,3621 1,3602 1650 {1750 (C=C){ 78
VIib |CsHsF{NO 118 1,3489 14830 | 16551760 (C=C)| 58
VII a {CsH:BrFsNO 60 (2,7)] 14410 1,6606 | 1610 56
VIl g |CsHsBrF.NO 49 (2,7}] 14200 16826 | 1610 38
Vil ¢ |C;HgBrFeNO 84 (13) | 1,3980 1,7429 1610 31
VIII g |C7HgFaNO; 82 (2,7)| 1,4100 1,3096 | 1615 1750 (C=0)} 49
VI b [C;HFNO; 60 (2,7)| 1,3890 1,4282 | 1615 {1745 (C=0)] 32
VIl c {CsH7FeNOs 88 (16) | 13750 1,4944 1610 1740 (C=0)] 30

IX |C;H,F,NO 60 (33) | 1,3694 1,3050 1610 28

X |Ci HeF{NO . 84 (1,3){ 1,4670 1,3381 1615 {1650...1710] 33

(Ph)

X! |C;H:F.NO, 84 (20) | 1,3920 | 14511 | 16151715 (C=0)| 50
X1l a {CsH}oFaNO; 82 (2,7)] 1,4100 1,3096 | 161511730 (C=0)| 63
XIIb {CsHoFNO; 84 {2,7)| 1,4004 1,3908 1615 11735 (C=0)| 57
X11c {CoHsFaNO4 82 (19) { 1,3843 1,4430 | 1610|1730 (C=0)} 37
XIT 1CyHioFuNzO 80 (2.7)| 1.4700 1,3251 | —* 24
XIv |CHHENG 70 (27)] 14680 | 13058 | —+ |1730 (C=C)| 14

%1580~1660 cm—=* (C=N), (Ph).
+1620-1700 cm~* (C=N), (Ph).

Hydroxamoyl Bromides (IVf, g, h).* Hydrogen bromide was bubbled through a solution of
0.1 mole of the appropriate hydroxamoyl fluoride (IVa, b, or ¢) in 15 ml of dry ether at —60°C
to saturation, the mixture kept for two days at —78°C, then warmed to ~20°C and fractionated
in vacuo. The hydroxamoyl bromides (IVg, h) were isolated as their 4:1 complexes with ether.

5-Butoxy-3-polyfluorcalkyl-1,2-oxazolines (Va, b). To a mixture of 20 mmole of tri-
ethylamine and 20 mmole of binyl butyl ether in 30 ml of dry ether was added dropwise with
stirring at —20°C 20 mmole of the appropriate hydroxamoyl chloride (IVd, e), and the mixture
kept for 16 h at —20 to 10°C, warmed to 20°C, filtered, and the filtrate fractionated in

vacuo.

3-Polyfluoroalkyl-1,2-oxazoles (VIa, b). To 15 mmole of the oxazoline (Va or b) was
added at 0°C 5.0 ml of 96% sulfuric acid, and the mixture kept for 24 h at ~20°C. It was
then evaporated under reduced pressure, and fractionated at atmospheric pressure.

Oxazolines (Va-c), (VIZa-c), (VIIIa-c), (IX-XI), (XITIa-c), {XIII), and (XIV). To a mixture of
20 mmole of the appropriate hydroxamoyl bromide (IVf-h) and 20 mmole of the dipolarophile in
30 ml of dry ether was added slowly with stirring at —15°C 20 mmole of triethylamine. The
mixture was kept for 10-20 h at this temperature, then warmed to 20°C, filtered, and the
filtrate fractionated in vacuo.
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*Synthesized here by the method described in [8].
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