*°F NMR STUDY OF FLUORINATED MONO- AND DIACYLHYDRAZINES
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The problem of the selective acylation of two nonequivalent nitrogen atoms in a substi-
tuted hydrazine is of practical and theoretical interest. The acetylation of methyl- [1] and
other alkylhydrazines [2] has been studied the most. The data on the acylation of substituted
hydrazines using perfluorocarboxylic acid derivatives is both limited and contradictory. For
instance, the product of the acylation of methylhydrazine with ethyl trifluoroacetate has been
erroneously described in {3] as l-trifluorocacetyl-l-methylhydrazine.

We have shown [4] that methylhydrazine reacts with perfluorocarboxylic acid derivatives
mainly at the unsubstituted nitrogen atom to form l-acyl-2-methylhydrazines,.

In the present work the structure and the conformational properties of NMe-, i-~Pr~, and
Ph-perfluoroacylhydrazines as well as of diacylhydrazines have been investigated using *°F
NHMR. These compounds were prepared using the reaction

[ RCONRINH, (1e, g)

RCOX + H,NNHRI—{—> RCONHNHR!  (Ila-p)

_ —> RCONHNRICOR (Illa —c,e — g, i, k,m,n)
R =H, R = CFy(a), CoFs (b), CsF+(c), CoFys (d), RL=Me, R — CFy (e, CoFs (£).
CsF7(g), CeFis ), RE=i-Pr, R =CF; (D), CoF;5(j), GoFo{k)s CeFy5(1), R1=Ph,
R = CF; (m), CoF;(n), CsF7(0), CeFis(p), X = OMe, OCOR, NH,, Cl.

The structure and conformational properties of l-acyl-2-methylhydrazines (IIe, g) have been
investigated in [5]. The l-acyl-l-methylhydrazines (Ile, g) were only successfully detected
in amounts of 1% or less in the products of the acylation of methylhydrazine with anhydrides
of perfluorocarboxylic acids (R = CFs, CsFs) in solvents of the amine type. Attempts to iso-
late them in a pure form were unsuccessful. The *H and '°F NMR parameters of the isomers (I)
were obtained from the spectra of a mixture of (I), (II), and (III) and are shown in Table 1.
The isomers (I) and (II) of the MeN derivatives differ in the position of their MeN signals
by more than 0.5 ppm [5]. However, there are no reliable differences in the *H NMR spectra
of other N-acyl- and N-phenyl-acylhydrazines. 1In this case, the **F NMR spectraturn out to be
the most informative (Table 2). With respect to their *°F chemical shift values, N-isopropyl-
and N-phenylhydrazines are similar to the N-methylhvdrazides for which the structure (II) has
been established. Consequently, these derivatives are also the 1,2-isomers., Additional con-
firmation is provided by an analysis of the *°F chemical shifts of diacylhydrazines (I1I)
(Table 3), where the perfluoroacyl groups at NH and NMe differ in their *°F chemical shifts
by 5-6, 0.7-1.0, and 0.5 ppm in the o, B, and vy positions, respectively. We were unable to
detect the 1,l-isomer (I) in the products of the acylation of isopropyl- and phenylhydrazine.

TABLE 1. *H and *°F NMR Parameters of RCONMeNH, Compounds (10%
solutions in CDCljs)

Com~ [ 4, Ppm a7
pound R Rotamer HE»
Me CF, a-CF, B-CF, Hz
(Ie) CF; E 3,24 70,5 - - 1,2
z 332 70,7 ~ - 14
(Ig) CsF4 E 3,18 81,9 111,14 1247 1,0
zZ 3,25 82,3 1188 127.2 1,2
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TABLE 2. *?F NMR Chemical Shifts of RCONHNHR' Compounds (10%
solutions in DMSO) '

Com-~ R=Cel1s
R! Compound | R=CF
P ’ P ound a-CF, B-CF; y-CF, CF;
H (I12) 75,3 (11d) 120,2 124,2 128,2 83,0
Me (11e) 75,8 (ITh) 119,8 1242 1284 82,9
i-Pr (I11) 75,6 (QER)] 119,6 124,8 128,2 82,9
Ph (ITm 76,2 (I1p) 120,8 1245 1281 82,9
R=C,Fs R=G,F;
R Compound Compound
o-CF; CF, o-CF; | B-CF, CF;
H (IIb) 123,9 84,9 (1o 120,9 128,6 82,4
Me (1If) 123,1 84,6 (112) 120,9 129,2 82,4
i-Pr (113) 123,0 84,6 (ITKY 120,5 1284 82,9
Ph (11 124,0 84,9 (11o) 122,0 128,9 82,5

TABLE 3. '®F NMR Chemical Shifts of RCONHNR'COR Compounds (10%
solutions on CDCls)

Popula~- R=CF - R=C,F
R ti oII)1 % Compound ’ Cornd e
’ CF, poun CF; CF
H 100 (111a) 75,9 &75,9 (111b) 124,0 &124,0 84,2 & 84,2
Me 80 (Il e) 72,7&763 | (111 | 1189 &1243 83,3 &840
20 71,8 &76,1 117,9 &124,4 83,8 %842
i-Pr 90 (111 1) 118,9 &123,5 83,1 &84,1
10 117,6 &123,8 83,3&84,1
Ph 60 (ITTm) | 72,4&759 (I11n) 119,2 &124,3 83,3 &843
40 69,0 & 75,6 1150 &1242 1 83,4 8.84,3
Popula- Com- R=C;Fy
R tion, %
* | pound @-CF, B-CF, CFy
H 100 (Ilk) 124,5 &121,5 128,0 &128,0 82,5 &82,
Me 80 (I11g) 115,8 &121,8 127,0 &128,6 81,7 282,3
20 115,2 &122,1 127,2 &128,4 81,5 &82,3
i-Pr 90 (111k) 115,6 &120,8 126,4 &127,9 81,1 & 84,7
10 1144 &124,2 126,7 &127,9 81,0 &81,7
Ph 60
40

Only a single group of signals is observed in the spectra of l-acyl-2-methylhydrazines
as well as in their isopropyl and phenyl analogs (IIi-p). Apparently, all the compounds (II)
have the Z conformation, which is stabilized by intramolecular hydrogen bonds [6]. The con-
formatioi 1 assignment in (I) (see Table 1) was carried out on the basis of the well-known
regularit s in the PMR spectrum of N,N-dimethyltrifluoroacetamide [7]. The signals due to
MeN ina cisposition to the C = O group lie at stronger field than those for MeN in trans posi-
tion and *Jyp-cis > °JyF-trans-

Four conformers may be proposed for the diacylhydrazines (IIL) whick take account of the

frozen  rotation about the N—CO bond and free rotation about the N-N bond.
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Only a single group of signals (see Table 3) is observed in the *°F NMR spectra of the
diacylhydrazines with R = H (IIIa-c). This means that the EZ and ZE conformations with non-
equivalent RCO groups may be precluded from further consideration. Of the symmetric conforma-
tions, it follows that preference should be given to the ZZ conformation in which the condi-
tions for the intra- and intermolecular hydrogen bonding of the NH...0=C groups are more
favorable. Two conformers are observed from the spectra of the N-substituted diacylhydrazines
(IlTe-g, j, k, m, p). According to [5], the EZ conformer is the more populated and the 7ZZ
conformer, the lesser populated. The population of the ZZ rotamer is reduced in 1,2-diacyl-
l-isopropylhydrazines, while in the N-phenyl analogs it is increased in comparison with 1,2-
diacyl-l-methylhydrazines., This difference is apparently due to the competing steric inter-
actions between the R® groupand the R and C=0 groups.

EXPERIMENTAL

The 'H and *°F NMR spectra were recorded on Tesla BS 487-C and Varian XL-100A spectrom-

eters. '°F Chemical shifts were measured with respect to a PhCF, internal standard and are
cited relative to CFCls.

The purity of the preparations was controlled and the reaction mixtures were analyzed by

means of thin-layer chromatography on Silufol UV-254 plates (chloroform:ethanol = 7:1 or buta-
nol:water:AcOH = 4:5:1).

The compounds (II) were prepared by mixing equimolar amounts of the perfluorocarboxylic
acid ester and the substituted hydrazine in absolute methanol. Compounds IIla-c, e, g were
prepared according to [5, 8] and IIe, h are described in [4}. Compounds ITIf, g, j, k, m, n
were synthesized using the following technique.

Pyridine (0.02 mole) was added to a solution of 0.02 mole of hydrazide (II) in absolute
dioxane or CHCls; followed by the slow dropwise addition of a solution of 0.02 mole of the
corresponding perfluorocacylchloride in the same solvent (the trifluoroacetyl fluoridewas passed
into the solution in the form of a gas). The mixture was boiled for 7 h and then poured out
into ice water. The precipitate was filtered off and washed with water. ’

The properties.of the new compounds are presented in Table 4,

In searching for the optimal conditions for the synthesis of (I), substituted hydrazines
were acylated with esters, amides, and the anhydrides and chloroanhydrides of perfluorocar-
boxylic acids. According to the NMR and gas—liquid chromatographic data, a mixture of (I)
(1%), (I1) (94%), and (III) (5%) was obtained when methylhydrazine was acylated with trifluoro-
acetic anhydride and perfluorobutyric anhydride under the conditions described in [1].

CONCLUSIONS

It has been demonstrated by means of *°F NMR that l-acyl-2-alkyl(phenyl)hydrazines are
the main products of the monoacylation of alkyl- and phenylhydrazine with derivatives of per-
fluorocarboxylic acids. The preferred conformations with respect to the amide bond have been
determined in mono- and di(perfluoroacyl)hydrazines.
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