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BASICITIES AND STRUCTURES OF 4,4,6-TRIMETHYL-2-
ARYLAMINO-5,6-DIHYDRO-4H-1,3-THIAZINES AND 4,4,6-
TRIMETHYL-2-ARYLAMINO-5,6-DIHYDRO-4H-1,3-OXAZINES

L. A, Ignatova, P. L. Ovechkin, UDC 547.867.869; 541.623: 543.257.1
A. E. Gekhman, and B. V. Unkovskii

The relative basicities-of 4,4,6-trimethyl-2-arylamino-5,6-dihydro~4H~-1,3-thiazines and 4,4, 6-
trimethyl-2-arylamino-5,6-dihydro-4H-1,3-oxazines, which are capable of amine—imine tautom-
erism, and of model compounds with fixed amine and imine structures were determined by poten-
tiometric titration in methanol. Good correlation of the pK, values with the Hammett o constants
in the investigated reaction series was found. The inapplicability of the use of the PKg values of
model compounds for the determination of the tautomeric equilibrium constants in the case of
some N-~heterocyclic amines of nonaromatic character with an aryl substifuent attached to the
exocyclic nitrogen atom of the amidine fragment of the molecule is demonstrated.

We have previously established that 4,4,6-trimethyl-2-arylamino-5,6-dihydro-4H~1, 3-thiazines (I) and
4,4,6—tﬂmethy1—2—ary12m‘1no—4,6-dihydro—4H-1,3-oxazines (II) exist in the crystalline state in the amine form
(A), which also predominates in solvents with different polarities. This conclusion was drawn on the basis ofa
comparison of the spectral characteristies of tautomerie I'and I and model compounds — 4,4,6-trimethyl-2-
(N-methyl-N~aryl)amino-5, 6-dihydro-4H-1,3-thiazines (III) and 4,4, 6-trimethyl-2-(N-methyl-N-arylyamino--
5,6-dihydro-4H-1,3-oxazines (IV), which have a fixed amine structure, and 3,4,4, 6-tetramethyl-2-arylimino-
tetrahydro-1,3~thiazines (V) and 3,4,4, 6-tetramethyl-2-aryliminotetrahydro-1,3-oxazines (VI), which have a
fixed imine structure. In addition, in [2] we demonstrated the inapplicability of the use of the ionization con-
stants of model compounds for the determination of the tautomeric equilibrium constants (K¢) in the 4,4,6-tri-
methyl-2~-arylamino-4H-1,3-thiazine (VII) series because of considerable steric-electronic differences in the
models and the corresponding tautomeric compounds.

TABLE 1. Relative Basicities of Aminothiazines and Aminooxazines
of Reaction Series I-VI

: Basicit tant pK, ¢ 0.04
Reaction | £ ; as1CiTy constant pRy
series = 5 - X= X= =
T 5 ip-)écm' Ep-éz}la l Sp-\cm l c=lm'-\CH.7 ,e-‘(‘H )fX“P‘B"IS X=p-Cl
la,c~g S 7.56 — 7,31 7.07 6,88 6,29 5,90
fla -g 0 8,80 8,74 8,53 8.39 8,30 7,65 7.42
Ma.c-g S 8,11 — 8,02 7.92 7,79 7,25 7.05
Wa-g O 9,35 9.24 9,08 9.10 8,94 8,52 8,36
Va,c,e| S 6,96 — 6,65 — 6,25
Vib~g | O — 8,49 8,28 8,14 7.97

) 7,00
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TABLE 2. Parameters of the Correlation of the pKa Values of Com-
pounds of Series I-IV and VI with the Hammett ¢ Constants

Series PK g, -0 r s Sp
1 6,88 2,54 0,997 0,03 0,09
111 7.66 177 0,989 007 - 013
”{ 8,22 2,18 0,987 0,10 0,16
13Y 8,92 1,15 0,988 0,06 0,11
VI 7,91 2,53 0,9Q4 i 0,08 0,15
Nﬁ/\’ Nty cNY
T i
N X N X X
i, v Lnce v, VI
Kes
”KaB
K[ \ W
Ny Y I HN\n/Y Nx S
AN K N X ?r’ X
O o Y
Lia iub vil

la-C, lL, V Y=8; Na-c,1V,vl y=0

In order to verify and correlate the results, the possibility of the determination of the K values for com-
pounds of the thiazine and oxazine series (I and I} by means of data on the basicities of model compounds III, V
and IV, VI is examined in the present research. Information regarding the basicities of amino derivatives of -
1,3-thiazines and 1,3-oxazines is also of independent interest, since the ionization constants are one of the im-
portant quantitative characteristics of their reactivities.

The amine—imine tautomerism of the investigated compounds (IA==IB and IIA==IIB) is an acid—base pro-
tolytic equilibrium that is realized through a common mesomeric cation; this is confirmed by the identical char-
acter of the electronic spectra of aminothiazines I and aminooxazines II and the spectra of the corresponding
model compounds II, V and IV, VI in 0,1 N hydrochloric acid and in a 0.1 N solution of HC! in methanol. This
makes it possible to use the ionization constants of model compounds [3] to determine K;. -

The relative pKg values of compounds of reaction series I-VI, determined by potentiometric titration in
methanol, are presented in Table 1.

Analysis of the data on the basicities of compounds of series I-VI shows that replacement of the sulfur
atom in the ring by an oxygen atom increases the basicities of the oxazines by 1-1.5 pKg4 units; this is evidently
-explained by the higher degree of interaction of the 2p electrons of the oxygen atom in the oxazines with the 27
.electrons of the C=N bond of the amidine fragment as compared with the analogous interaction of the 3p elec-
trons of the sulfur atom in the thiazines, both in the bases and in the protonated forms [4, 5].

A similar relationship in the basicities of O- and S-heteroanalogs was previously established in the case
of some similarly constructed N-heterocyclic amines of nonaromatic character [6]. At the same time, the op-
posite principle in the basicities of S~ and O-analogs is observed in heterocyclic compounds in which the p elec~
trons of the oxygen or sulfur atoms additionally interact with the 7 electrons of the C=C bond via a scheme of
the mesomeric type to form an aromatic system of bonds (for example, in substituted 2-aminothiazoles, 2-amino-
oxazoles [7], 4,5-tetramethylene~2-aminothiazoles, and 4,5-tetramethylene-2-aminooxazoles [8]). In compounds
of this type the effect of the heteroatom on the electron density of the protonation center of the amidine system
is apparently due to the large contribution of the inductive component.

The pKq valies of compounds of reaction series I-IV and VI correlate well with the Hammett ¢ con-
stants (Table 2). Only three compounds were studied in series V.,

The linear dependence of the pKg values on the Hammett ¢ constants in the series of tautomeric I and II
provides evidence for a shift in the A= B tautomeric equilibrium to favor one of the tautomers [9], which, judg-
ing from the parameters of the IR and UV spectra, is amine form Ia and a.

Since in acid—base tautomeric systems the equilibrium is always shifted to favor the less basic tauto-
meric form [9], whereas transition from tautomeric compounds to their N-methyl-substituted models, as is sup-
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- posed, changes the basicity only slightly (with allowance for the +I effect of the methyl group) [3], one might
have expected lower basicities for amine models IIl and IV as compared with the basicities of imine models
V and VI.

A comparison of the pKg values of the amine and imine models shows that imine models V and VI are
less basic, i.e., there is a "reversal® of the relative basicities of the models similar to that which we previ-
ously established [2] during a study of basicity and tautomerism in the 2-amino-4H-1,3~thiazine series (VIL). -
The same relationships in the pKg values of models has been noted [6] for some similarly constructed nonaro-
matic N-heterocyclic amines, for example, for the tautomerism-capable models -2-phenylamino-2-thiazoline,
2-phenylimino-5,6-dihydro-4H-1,3-thiazine, and 2-phenylamino-5,6-dihydro-4H-1,3-o0xazine, although a shift
in the equilibrium to favor the amine form has been established for tautomeric compounds by means of spectral
data,

The reason for the observed anomaly in the basicities of the model structures for compounds of this type
is evidently, as we have previously discussed in detail [2], the substantial difference in the conformations of the
molecules of the tautomeric forms and the corresponding model compounds, which consists of a different mu-
tual orientation of the aromatic ring of the arylamino group relative to the amidine fragment of the molecule.
This three-dimensional difference results in a change in the character and degree of electronic interaction in
the molecules of the model compounds, and, as a consequence, the amine models become more basic than the
imine models. This circumstance does not justify the use of the ionization constants of model structures for
determination of the tautomeric equilibrium constants in nonaromatic heterocyclic compounds of the I and II
type with an aryl substituent attached to the exocyclic nitrogen atom.

The normal relationship of the pKg values of the model compounds corresponding to that observed for the
individual tautomers evidently holds only in the case of those N-aryl-N-heterocyclic amines in which the tauto-
meric equilibrium is shifted markedly (K¢ > 10°) to favor the form that has an aromatic system of bonds, for -
example, in substituted 2-arylaminooxadiazoles [10, 11]. In this case the absolute values of the ionization con-
stants of the model compounds may change substantially as compared with the ionization constants of the tau-
tomers because of conformational-electronic factors, but no "reversal® of them occurs.

In those cases where hydrogen atoms or an alkyl or aralkyl substituent are attached to the exocyclic nitro-
gen atom of the amidine fragment in place of an aryl group, which interacts directly with the amidine system,
there is no substantial change in the character of the electronic interactions on passing from the tautomeric
forms to their N-methyl-derivative models, and the basicities of the latter change only slightly; this is due pri-
marily only to the inductive effect of the methyl group, and the ratios of the pKg values of the models suffi-
ciently accurately correspond to the ratios of the pKg values of the tautomeric forms. As applied to such com-
pounds, the method of determination of the K¢ values by means of the ionization constants of model compounds
is correct and gives good results, particularly for N-heteroaromatic tautomeric systems with a markedly shifted
equilibrium [3, 8, 12-15].

EXPERIMENTAL

The compounds of series I-VI were synthesized previously in [16-18], and their purity was confirmed by
TLC data and also by the results of potentiometric titration, the error in which did not exceed 2%. The ioniza-
tion constants were determined by potentiometric titration with 0.1 N perchloric acid of (5-7)- 103 M solutions
of the compounds in anhydrous methanol at 20° by means of an LPU-01 pH meter, an ESL-41G-04 glass elec-
trode, and a small calomel electrode filled with a saturated solution of potassium chloride in methanol. The
electrodes were calibrated with respect to a 0.05 N potassium biphthalate solution (pH 4.00), a phosphate buffer
(pH 6.88), and 0.01 M sodium tetraborate solution (pH 9.22). The potentiometer was adjusted according to the -
method in [19]., The error in the determination of the pKg values did not exceed 0.04 pKg units. The correla-
tion parameters were obtained by statistical treatment of the results by the method of least squares.
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SYNTHESIS OF THE 3 ISOMERS OF 2,4,6~-TRISUBSTITUTED
1,3,5-TRITHIANES

E. N, Klimovitskii, L. K. Yuldasheva, UDC 547.871.07:541.63
and B, A, Arbuzov

The condensation of bis(a-hydroxy-8, 8, 8-trichloroethyl) sulfide with aldehydes under acid catal-
ysis conditions gives 2,4, 6-trisubstituted 1,3,5-trithianes. Thelatterare realized only in the ther-
modynamically more favorable S forms.

It is known [1] that the addition of H,S to carbonyl compounds frequently gives 1: 2 adducts. When we car-

ried out the condensation of the CC1;CHO—H,S adduct (D with aldehydes we obtained derivatives of the 1,3,5-tri-
thiane series (Ila-d) instead of the expected 1,3,5~dioxathiane systems (II).

H OH
R R
1 1 1ma-d

a,C SYCCIS RCHO  CLiC SN, CCly  peug RYSYR
T T S-S
OYO
|

11 aR=CH,;; b R=CgHgic R=p-CiCH,; d R=p-NO,CH,

A sufficiently large number of methods for the synthesis of 1,3,5~-trithianes are presented in the literature,

and the most widely used method is the reaction of H,S with aldehydes [2]. The formation of polymeric impuri-
ties should be considered to be the only disadvantage of the "hydrogen sulfide™ method. In accordance with our
synthetic method, the yields of 1,3,5-trithianes in the case of aromatic aldehydes are close to quantitative, and
practically pure substances are obtained. There is a reference in [3] that the introduction of a strong acceptor
group in the aromatic ring does not promote the formation of thioaldehyde in the reaction of aldehydes with ByS;
and SiS,. We were able to obtain trithiane IIId from sulfide I and p-nitrobenzaldehyde, but, because of its ex-
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