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Esters of the Furan Series CH3QCH!CHQCOR
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EXPERIMENTAL 2. V. G. Glukhovtsev and S, V. Zakharova, Izv.

AN SSSR, ser. khim., 1096, 1965.

The furan esters obtained by the method described [1, 2] are .
3. R. Elderfield and T. Dodd, Heterocyclic Com-

colorless or pale yellow liquids with a characteristic odor, Their

physical constants and analytical results are given in the table. pounds [Russian translation], IL, Moscow, Vol. 1,
95, 1953.
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The values of the dipole moments of 15 substituted, 1, 3-oxazolesare dipole moments (i) of a number of substituted 1, 3-

given. The electron density distribution in the molecules of 2,5-, oxazoles in benzene as solvent. For some of them
,4-, and 4, 5~-diph -1, 3- .

2 and 4, 5-dipheny! oxazoles has been calculated by the (2,5-, 2,4-, and 4, 5-diphenyloxazoles) the molecular

LCAO MO method. Their heterocycle does not contain a single - .
electron system with the participation in conjugation of the m-electrons diagrams and ™ moments (ur) have been calculated

of the C=N and C=C bonds and the p-electron pair of the oxygen. A by the LCAO MO method in Hiickel's approximation;
vector calculation permits the detection of a considerable conjugation for the compounds with para substituents in the phenyl
between substituents and the 7-electrons of the heterocycle through rings, the observed moment has been compared with
phenyl. that calculated by simple vector combination of the

moments of the individual functional groups of the
molecule. Calculation of the electron density distri-
clusion that the aromaticity of the isoxazole ring is bution by the MO method was carried out using Orgel's
low and its interaction with the m-electron system of parameters [3], namely: ¢ n—y=0c+5; _o)=ct
the phenyl rings is very weak [1]. It was desirable to + 3'23;'3(0—0) = 1’4'833(0--N) =128 BN—N) = 8.
confirm this for phenyl-substituted 1, 3-oxazoles. The inductive influence of the heteroatoms on the car-
Table 1 gives the results of measurements of the bon atom connected to them was taken into account by

An analysis of various properties of the molecules
of phenyl-substituted isoxazoles has led to the con~
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Table 1

Dipole Moments of Oxazoles

Ap=p 5ps,
Compound o B Py | PEta | Pexpt. e OBS. r czblc. o,
2,5-Diphenyl-1,3-0xazole 43510404 112332 71381 51.96| 1.55 — —
2,4-Diphenyl-1,3-0xazole 3410644 {10590 | 71.38 | 3452 | 1.29 — —
4,5-Diphenyl-1,3-0xazole 595) 068814192 71.381 7054 1.85 — —
5-Biphenylyi-1-phenyl-1,3- 6.53 ] 0.7131 17558 96.94| 78.64| 1.95 1.84 +0.11
oxazole
2-Biphenylyl-5-phenyi-1,3- 5251 0.819 | 1563.49| 96.94 | 56.55| 1.65 1.70 —0.05
oxazole
2-p-methoxyphenyl-5- 5.86 | 0.573 | 154.29| 71.95 | 76.34| 1.92 2.12 —0.20
phenyl-1,3.0xazole
2-p-Nitrophenyl-5-phenyl- 37.70| 1.080 | 616.46| 76.80 1539.66| 5.11 4.62 +0.49
1,3-oxazole
5.p-Nitrophenyi-2-phenyl- 1856 | 0.832 | 344.26| 76.80 | 267.46| 3.56 2.99 +0.57
1,3-0xazole
2-p-Bromo phenyl-5-phenyk 457 1 0.593 | 15229 | 7954 | 72.75| 1.87 | 241 —0.54
1,3-0xazole
2-p-Methoxyphenyl-5-p- 36.53 1 1.300 | 602.79 | 83.37 {519.42| 4.96 — —
nitrophenyl-1,3-oxazole
2-Bromomethyl-S-phenyl 10.86 | 1.060 {208.06 | 57.92 | 150.14| 2.68 — —
1,3-0xazole
2-a-Bromoethyl-5-phenyl- 0341 1.003]194.78 | 62.77 | 132.01 | 2.52 — —
1,3-0xazole
4-Jodo-2,5-diphenyl-1,3- 8.60 | 1.803 | 186.78 | 84.60 | 102.18| 2.22 —_ ———
oxazole
4-Bromo-2,5-diphenyl-i, 7.43 1 1.083 | 178.49 | 79.54 | 98.95| 2.15 — —
3-o0xazole
5-lodo-2,4-diphenyl-1, 402 | 1.6101126.32 | 84.60 | 41.72| 1.42 — _
3-oxazole
Table 2
Total Charges and Moments of the Diphenyloxazoles
Total charges on the
Position of the M "
substituents in phenylin | phenylin T o Wiotals Hobs:
1,3-diphenyl- hetero- position - | position b b D D
oxazole cycle 2(4) 5(4)
2.5 —0.0280 0.0320 —0.0039 3.36 0.94 1.35 1.55
-2.4 -~0.0303 0.0331 —0.0021 3.63 0.79 1.69 1.29
l =(° Q= 1330
-4.5 0.0055| —0.0023 -0.0028 3.32 0.64 1.43 1.85
| | } 9=8 | ¢=133°
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Fig. 1. Molecular diagrams of the diphenyloxazoles: 1) 2, 5-diphenyl-
1, 3-oxazole; 2) 4, 5-diphenyl-1, 3-oxazole; 3) 2, 4-diphenyl-1, 3-oxazole.

the auxiliary induction parameter 6X =0,1Z (ax~ ag).

The molecular diagrams obtained are given in Fig. 1,

am

294 YY)

Fig. 2. Ap as a function AEI/‘I for compounds of type
I« with X = 1) NO,; 2) CgHj; 3) OCHy; 4) Br.

and the values of the total charges on the phenyl rings
and the heterocycle, ur, yg, and ptotal, €qual to the
vector sum of u, and uw/l. 6 [3] are given in Table 2.
Ag can be seen, the introduction of phenyl groups
into the oxazole molecule causes a considerable change
in the charge distribution on the various atoms of the
heterocycle (Fig. 1). As compared with unsubstituted
oxazoles [3], for which the electron density distri-
bution has been calculated by means of the same
parameters of the Coulomb and resonance integrals,

particularly for the 2, 4-diphenyl derivative, a negative .

charge arises on the nitrogen and the positive charge
on the oxygen falls somewhat.

The excess charge (total over all the atoms) of the
heterocycle in the case of 2,4~ and 2, 5-diphenyloxa-~
zoles|proves to be negative with a considerable absolute

value, while in the case of 4, 5-diphenyloxazole, con-
versely, it is positive and extremely small. It is
evident that in the first two the heterocycle is an
electron acceptor with respect to the phenyl groups.
At the same time, in their electronic effect the phenyl
groups differ considerably according to whether they
are connected with the carbon atoms of the C=N or
C=C bonds of the heterocycle. The former exhibit a
considerable positive total charge and the latter an
extremely negative total charge. Apparently, phenyl
groups attached to the carbon atom of a C=N bond
react appreciably, and phenyl groups attached to a
C==C bond react extremely feebly, with the r-electrons
of the heterocycle. In neither case does the effect of
one of the phenyl groups extend over all the atoms of
the heterocycle and through the heterocycle to the
atoms of the other phenyl group but it is limited to the
atoms adjacent to the atoms of the corresponding car-
bon atom (mainly the nitrogen in the case where the
phenyl groups are attached to C==N and C—N bonds or
carbon in the case of the C=C bond). This means that
in the oxazoles considered, as in the isoxazoles and
oxadiazoles [2], the heterocycle does not contain a
single T-system with the participation in conjugation
of the n-electrons of the C=N and C=<C bonds and the
pair of p-electrons of the oxygen.

The values of utgta] calculated from the charges on
the atoms at j, are fairly close to the observed figures
(Table 2). The deviation does not exceed +0.4 D and is
only slightly higher than 1, 3-oxazole itself [3]. As in
the case of the diphenyloxadiazoles [2], because of the
existence of a steric effect, 4, 5-diphenyl-1, 3-oxazole
exhibits the greatest deviation of ugtq1 from popg.

The observed dipole moment of the isoxazole mole-
cule is almost twice that of the oxazole molecule [3].
Apparently, the resultant moment of the molecules of
these compounds is determined mainly, as in the case

‘ of ‘th’eu andi?zole [2] by the value and direction of the
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C=N and C—O~—C (in the oxazoles) or C—O—N (in the
isoxazoles) group moments. In oxazole, the moments
of these groups have opposite directions and in iso-
xazole they are in the same direction. If a moment of
2.47 D is assumed for the C==N bond [2] and moments
of 0.8, 0.45, 0.5, and 0.4 D, respectively, for the
C—0, C—N, N—0O, and C—H bonds, then for oxazole
and isoxazole by vector addition we obtain, respective-
ly, 1. 35 and 3. 90 as compared with the observed values
of 1.4 and 2.8 D.

The moment of 2, 5-diphenyl-1, 3-oxazole was cal-
culated vectorially from the moments of the pc_n, pe—o,
BCH, BC 5 5T per A0 HC,; sZope,,bonds equal, respec-
tively, to 2,47, 0.8, 0.4, 0.4, and 0.4 D; the angles be-
tween all the bonds in the heterocycle were taken as the
same and equalto the angle in a regular pentagon. The
calculated moment provedtobe 1. 29 D (as comparedwith
the observed 1. 55 D) with an angle of inclination of the
vector of this moment to the nominal axis of symmetry
of the molecule passing through the oxygen atom and
the center of the C;—N bond of 32°. The calculated
values of the moments of the derivatives with para
substituents in the phenyl group are given in Table 1.
In the calculation, values of the moments of substituted
benzenes CgH X with X =NO,, C;H;, Br, and OCH,
equal, respectively, to 4.00, 0.4, 1.52, and 1.31 D
were used and the angle of inclination at X = OCHg was
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taken as 67°. As can be seen from Fig. 2, the values
of Ay = pghg — Heale correlate satisfactorily, except
for X = Br, with AEyf — the increase in the polaro-
graphic reduction potential of a nitro or carbonyl
group under the influence of X [4, 5], which shows the
existence of appreciable conjugation between the elec-
trons of the substituent X through the phenyl group with
the m-electrons of the heterocycle.

The authors express their thanks toYu. A. Kruglyak
for cooperation and help in carrying out the caiculations
onthe EVM-20 computer inthe Institute of Cybernetics
of the Academy of Sciences of the Ukrainian SSR.
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Amidines of carboxylic acids react with thionyl chloride to form thi-
onylamidines which are converted spontaneously into 2H-1, 2, 4-ben-
zothiadiazine 1-oxides. Carbimidic esters react with thionyl chloride
to give thionylamides as final products.

In preceding communications [1, 2] we have shown
that isocyanates of carbimidic acids are converted
into 4-quinazolones at the moment of their formation.

(ﬁ [}
L,
N//d-R - N//c—n

It was of interest to study the properties of the
thionylamidines, the sulfur analogs of the isocyanates
of carbimidic acids. The thionylamidines were ob-
tained with quantitative yields by the reaction of ami-

dines of carboxylic acid with thionyl chloride in carbon
tetrachloride at 50° C.

#NR
QCCI5C\N - HCI

N
1ca,c?
NN H,

R NR
+50CH, — CCLEL
H, b * A=S-0

i
R CH,. C.H CHy-p

Compounds I consist of orange-colored crystalline
substances with low melting points, readily soluble in
organic solvents and readily hydrolyzed by atmospheric
moisture to the initial amidines. The IR absorption
spectra of compounds I have a strong band in the 1260
cm™! region which is ascribed to the —N=8=0 group
[3, 4]. On being stored in a closed vessel at room
temperature, compound I (R = C¢Hy) is converted
spontaneously after 2—4 days into 2H-1, 2, 4-benzothia-
diazine-1-oxide {cf. 5, 6]).



