equilibrium mixtures of two conformers with predominance of the less polar rotamers, in which
the plane of the aromatic ring eclipses the C—H bond.

2. Graphical methods for the conformational analysis of spin—spin coupling constants on
the basis of JiHH—JjHH data and of the electric and magnetic birefringence constants (pK—4C)
have been proposed.
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STERIC STRUCTURE AND ORBITAL INTERACTIONS IN a~CHLOROVINYL ETHERS

A, A, Bredikhin, V. L. Polushina, UDC 541.67:541,63:547,.,431.4
As I, Andreeva, I. A. Safin,
and A, N. Vereshchagin

a~Chlorovinyl ethers, first obtained in 1945 [1], have been studied insufficiently. At
the same time, the combination of different functional groups in these molecules makes their
investigation promising [2]. In o-chlorovinyl ethers, there is the possibility of mn inter-
action of the unshared electron pair of oxygen with the T system of the vinyl fragment, sig-
nificantly determining the properties of vinyl ethers [3], and w0 interaction of the un-
shared electron pair of oxygen with orbitals of the G—Cl bond, characteristic of a-chloro
ethers [4]. The orbital interactions of both types are stereospecific: m—n interactions are
.optimal when the dihedral angle of C=COC (1) is equal to 0 or 180°, and the o interaction
is maximum when the angle of ClCOC (¢) is equal to 90°,

In haloalkyl vinyl and haloalkyl aryl ethers [3, 5, 6], in which the competition of n—
and mo interactions is also possible, the angles T and ¢ could change independently, which
made it possible for both types of orbital interactions to occur simultaneously, although to
different degrees., If the vinyl fragment in a=-chlorovinyl alkyl ethers is planar, the dihe-
dral angles are related by the correlation T = ¢ -180°, In practice this means that the ef~
fective 10 interaction weakens to a minimum of m-m interaction involving the same unshared
electron pair and vice versa.

A, E, Arbuzov Institute of Organic and Physical Chemistry, Kazan Branch, Academy of Sci-
ences of the USSR, Physicotechnical Institute, Kazan Branch, Academy of Sciences of the USSR,
Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 1, pp. 106109, Janu~-
ary, 1987. Original article submitted June 10, 1985,

90 0568-5230/87/3601-0090$12.50 © 1987 Plenum Publishing Corporation



To elucidate the priority of the orbital interactions, in the present paper we investi-~
gated the steric structure and >°Cl NQR spectra of l-chlorovinyl alkyl ethers CH,=CCl—0-R with
R=Me (1), Et (II), i~Pr (III).

Experimental Part

1-Chlorovinyl Methyl Ether (I). We placed 7.3 g (0.13 mole) of methoxyacetylene stabil=-
ized with a small amount of hydroquinone into a carefully dried flask purged beforehand with
dry Ar. The flask was equipped with a gas—delivery tube reaching to the bottom of the flask
and with a reflux condenser cooled with a mixture of solid CO, and butanocl. The flask was
cooled with ice, and a mixture of dry Ar and HCl was passed for 2 h; the HCl was cbtained from
8,6 g (0.16 mole) of NH,Cl and conc. H2SO,. Careful distillation in a dry inert atmosphere
gave 6.48 g of a fraction with bp 64-68°C, n;*® 1.4060, d.*® 1.0367, containing >80% (I). Pro-
ton NMR spectrum (8, ppm): 3,64 singlet (3H, CHs0), 4.23 singlet (2H,=CH3z).

1-Chlorovinyl Ethyl Ether (II). According to [1], from 5,45 g of ethoxyacetylene we ob-
tained 3,2 g of a fraction with bp 93°C, np®® 1.4131, d,%° 0.9961 (bp 88-90°C [1], np*® 1.4163
[71, d42® 1.,0037 [1]), containing >80% (II).

1-Chlorovinyl Isopropyl Ether (III), Similarly, from 11 g of isopropoxyacetylene we ob=-
tained 9.02 g of a fraction with bp 98-99°C, np®® 1.4150, d,*° 0.9551, containing >95% (III).
Proton NMR spectrum (8§, ppm): 1.25 doublet (6H, CHs), 4.35 multiplet (1H, HCO), 4.33 singlet
(2H9=CH2) .

The samples of (I)~(III) contained as impurities alkyl acetates ROC(0)CHs; and alkyl di-
chloroethyl ethers ROCCl;CHs; the amounts of which were determined. according te the integrated
intensities of the singlet signals in the proton NMR spectra of the protons of CHsC{(0)0 in
acetates (1.90~1,93 ppm), CH3CCl, in dichloro ethers (2.33-2.35 ppm), and H,C=CCl in vinyl
ethers, In all the cases, the ratioc of the chloro ether and the acetate was 1:3,

An impurity of ethyl acetate and dichloroethyl ethyl ether in specimens of (II) was also

noted previously [7], Just as we, Heslinga et al. [7] could not purify the chlorovinyl alkyl
ethers further,

The proton NMR spectra were recorded on a Varian T-60 instrument (60 MHz), and the IR
spectra of the pure liquids and solutions in CS; were recorded on a UR-20 spectrophotometer.
The dipole moments and molar Kerr constants were determined for dilute solutioms in CCl, at
25°C. The ®°Cl NQR spectra were recorded on an IS~3 pulsed spectrometer at 77 K. The ob-
tained characteristics are given in Table 1.

Discussion of the Obtained Results

Steric Structure of 1-Chlorovinyl Alkyl Ethers. Compounds (I}-(III) were analyzed first
by the dipole-moments method, The presence of impurities in the samples changed insignifi-
cantly the values of the experimentally determined dipole moments, which can be illustrated
by (I). The orientation polarization (Po) determined experimentally for solutioms of (I) is
86.80 (P, cm®). Using the additivity of the polarization and determining P, (81.84) of methyl
acetate, the main impurity in (I), we can find Po = 90.76 and dipole moment = 2,11 D for 1=
chlorovinyl methyl ether. Thus, the presence of the impurities distorts insignificantly the
results of the dipole~moment measurements.

The conformation of (I) is determined only by the rotation about the Cgp, = O bond because
the rotation about the cspi—o bond leads to degenerate structures. In the Ig spectra of (I)
from +30 to —80°C there is no disappearance or redistribution of the band intensities, which
suggests conformational homogeneity for it. (The second possibility, the coexistence of

TABLE 1, Physical Characteristics of 1=Chlorovinyl
Alkyl Ethers CH,=CClOR

7 .
Ether K102, esu v #ClL, MHz
R l w. D I " (signal/noise)
(1) Me 2.09+0,08 69=+13 34.810(15)
an Et 2.090,10 5112 34,925 (15)
oy i-Pr 24720,08 1311 34.812(15)
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several conformers with close enthalpies, contradicts, for example, the data of the dipole-
moments method given below.)

In compounds (II) and (III), the rotation about the C_,,~0 bond can lead to different
conformers, but in a first approximation the dipole moment In this case is also determined by
the rotation about the Cgp,—0 bond. In calculating the theoretical relation of the dipole
moments of (I)-(III) to the dihedral angle T (Tt = 0° with shielding of the C—0 and C=C bonds)
we used group dipole moments and molar Kerr comstants m of (Alk—0) determined from data for
ethers [8] and dipole moments of the bonds Cspz—Cl = 0,36 and cspz—o = ~0.13 D determined from
the data for compounds of 1,4-dioxene derivatives which are close in nature [9]. The theoret-
ical dipole moments increase monotonically from the minimum values of 0,47 D for (I) and (II)
and 0,62 D for (III) at T = 180°, reaching a maximum of 2.09 D for (I) and (II) and 2,20 D
for (III) at v = 0°, The good agreement of the latter values with the experimental data in-
dicates that the main conformation for o-chlorovinyl alkyl ethers is the s—cis conformation
or one close to it,

The data on the polarizability of molecules (I)-(III) do not contradict this conclusion,

In the calculation of the theoretical Kerr constants, the following values (A®) were used as
the semiaxes of the polarizability ellipsoids of the bonds: C=C by = 2,80, by = 0,73, by =
0,773 GCl by, = 3.99, by = by = 1.85 (a given polarizability ellipsoid for C—Cl was used in
the determination of the polarizability ellipsoid of C=C in the 1,l-~dichloroethylene molecule
[10]); Cgps—0 by, = 0.89, by ='by = 0.46; Cgp,—0 By, = 1.78, by = —0.97, by = 0.87 (from the
data for anisole [9])., The theoretical Kerr comstants for the s-cis conformation were 39, 28,
and 20¢107*? esu for (I), (II), and (III), respectively; the average values of the Kerr con-
stants for all the possible alternate conformations of the Alk—0 fragment are given for the
latter two compounds, The calculation conveys correctly the general tendency of the decrease
-of the Kerr comstants in the series and, on the whole, agrees satisfactorily with the experi-
mental data. In [11] and [12], it was ascertained experimentally and theoretically [12-14]
that the planar s—cis and nonplanar gauche conformations with dihedral angle t ~ 140-170° cor-
respond to the energy minimums for methyl vinyl ether, The nonplanar conformation is less fa-
vorable with respect to enthalpy (AH = 2 kcal/mole), but has a doubled statistical weight. In
the gas phase, the fraction of the gauche conformer is 1% [12]., The planar s-cis conformer
also predominates in the case of other alkyl vinyl ethers, except for ethers with tertiary
alkyl radicals [3, 15, 16], The effective participation of the G—Cl bond in l-chlorovinyl
alkyl ethers in n—o orbital interaction should lead to stabilization of the gauche conformer,
which is characteristic of saturated a-chloro ethers, On the other hand, the experimentally
observed preponderant predominance of the s~cis conformation for o-—chlorovinyl ethers makes
it possible to consider the Cl atom in these compounds as a relatively neutral bulky substitu-
ent additionally destabilizing the gauche conformer so much that even in compound (III) the
fraction of the gauche conformer is insignificant,

Thus, the steric structure of compounds (I)-=(III) can serve as an argument in favor of
the predominance of m—r interaction in them.

Chlorine~>®NQR Spectra. An anomalous decrease of the 25¢1 NQR frequencies is character-
istic of a—-chloro ethers in which there is mo electron transfer [4, 17]. The NQR frequen-
cies of compounds (I)=(III) (see Table 1) should be compared with the frequency in CH,=CHCI,
33.411 MHz [17]. As is evident, under the effect of the alkoxy group in (I)-(III), there is
not a decrease, but an increase of the frequency, on the average, of l.4 Mz,

In [6], Bredikhin et al, give a correlation equation relating the >°Cl NQR frequencies

of RCH,Cl compounds to the o constants of the R substituent: v?%Cl (MHz) = 9.3507 + 32.77.
The frequency for alkyl chloromethyl ethers calculated according to thisequation (o1 (0-Alk) =
0.3) in 35.5 Mz, which is 1.5 MHz higher than v 3501 in CHsCl (34.029 MHz). Thus, the purely
inductive effect of the alkoxy group should lead to an increase of the frequency in the NQR
of the geminal Cl1 atom by 1.5 MHz, on the average. The close correspondence of this evalua-
tion to the value observed for l-chlorovinyl ethers suggests that the interaction of the OCCl
triad in these compounds has a predominantly inductive nature, and specific n—o transfer is
absent. The conclusion concerning the absence of mo interaction was also drawn previously
in an investigation of structurally close cyclic a=chlorovinyl ethers [18].

It is interesting to note that also in the case of cyclic molecules the appearance of a
geminal 0 atom leads to an increase of v 35¢1 by ~l.4 MHz: let us compare the NQR frequen-
cies of 34.464 MHz in 5-chloro-2,3~dihydropyran, 35.833 MHz in 2-chloro-l,4-dioxene, 35.506
MHz in 5,6~dichloro=2,3-dihydropyran, and 37,0 MHz (average) in 2,3-dichloro-1,4-dioxene [18].
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Taking into account the above-mentioned stereospecificity of the orbital interactions,
we can assume that the closeness of such characteristics, sensitive to them, as the NQR fre-
quencies in cyclic and acyclic o~chloro vinyl ethers, serves as an indication of the close~
ness of their steric structure. The half-chair conformation, occurring for derivatives of
2,3-dihydropyran and 1,4-dioxene, is close to the s~cis conformation of acyclic vinyl ethers,
Thus, the conclusion concerning the predominance of the s-cis conformation for compounds ()~
(II1) can also be drawn on the basis of NQR data,

Conclusions
1. 1-Chlorovinyl alkyl ethers exist predominantly in the s-cis conformation.

2. In l-chlorovinyl alkyl ethers there is no specific n—o interaction of the unshared
electron pair of the oxygen atom and the antibonding orbital of the C—Cl bond.
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