INVESTIGATION OF THE Z,E ISOMERISM
OF N-(5-PYRIMIDYL)~- AND
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The processes of Z,E isomerization about the C = N bond and retardation of rotation about
the C— N bond in N-(5-pyrimidyl)- and N-(5-pyridyl)-acetamidines were investigated on the
basis of data on the temperature dependence of the PMR spectra. The effect of the type of
heteroring, the volume of the ortho substituents, and the character of the solvents on the
magnitude of the free energy of activation of Z,E isomerism was analyzed thoroughly. The
possible mechanisms for the isomerization process are discussed.

In an investigation of 6-aminopyrimido[4,5-b]thiazines and 6-aminopyridothiazines it was observed that
the reductive desulfuration of these compounds gives N-(5-pyrimidyl)- (I) and N-(5-pyridyl)acetamidines
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The structure of the latter compounds was confirmed by the PMR and IR spectra: 6Hp ~ 7.68-8.24 ppm,
6CHy ~1.94-2.01 ppm, 6 NH, ~4.5-4.7 ppm (Table 1, recording temperature above room temperature);
VNH, 3405-3533 em™!, -

A peculiarity of the PMR spectra of Ia-e and II is the substantial temperature dependence of the
form of the signals, At high temperatures ( =+ 70°C) the signals corresponding to the individual protons
or proton-containing groups are narrow; as the femperature is lowered, the signals become broader, after
which they are split into doublets (Fig. 1). The intensities of the components of the low-temperature doublet
differ for most of the cases, Thus the change in the form of the signals in the PMR spectra is apparently
due to the existence of investigated compounds in two isomeric forms, and this may be associated with an
equilibrium geometrical isomerism involving the N = C bond (A = B), tautomeric transformations of the
imine-amine type, or rotational isomerism about the C4,— N single bond (A = B).

The doubling of the signals of the CH; groups (Table 2), the NH, group (Table 5), and the H, proton*
in the spectrum of Ia as the temperature is lowered makes it possible to exclude from consideration rota-
tional isomerism about the Car—-N bond (A = C), inasmuch as such isomers are identical for it.

*The A &H, value is 0.09 ppm at—31°in CDC]3 solution,
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TABLE 1. Chemical Shifts for I and II (ppm)

Com- e SCH, Or . 60CH,

pound t, °C | "acH. 8H: | oHs ! 6H, | &Hs | 6N(®él{~,)g ONH: | Solvent
ia +72 2,01 882 ) — 8,24 — 466 CDCly
Ib +74 195 | 840 — — | 799 3,98 468 CDCl;
Ic +74 362 | 841 — — | 808 397 4,50 CDCl,
d +110 194 {8971 — | — | 791 — — CsDsN
e +100 18 | 843 | — — | 782 3.06 — CsDsN
11 +74 1,97 — | 6641 7,10 | 768 3,89 4,54 CDCl.

*The signals of the NH, protons are masked by the signals of the
water in the solvent.
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Fig. 1. Change in the form of the signals of the CH; group
in Ib as the temperature changes (in CDCl; solution).
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These facts also cannot be explained by tautomerism, First of all, it follows from the IR data that
the heterylamidines in both the crystalline state and in solution exist only in a single-amine —tautomeric
form: the intense vg and v,g bands.of NH, groups 3405-3425 and 3510-3533 cm-! in CHCl;) and the 5 NH,
band (1650-1690 cm-! both in the crystal state and in solution in CHCL;) are observed in the spectra. A
further proof against tautomerism as a reason for the observed effects is the retention of the double set
of signals of the compounds in CF;COOH (Table 2), in which the compounds should exist only in the form
of cation D.

The observed dependence of the form of the signals in the PMR spectra on the temperature is in good
agreement only with the concept of equilibrium Z,E isomerism (A = B).* It follows from an analysis of
the spectra that the maximum difference in the chemical shifts (during doubling of the signals) is observed
for the CH, group (Table 2), NH, group (Table 5), and Hg, which is natural for geometrical isomerism.

The signals of the CH; groupof the two isomers are observed at 1,88-1,93 and 2.16-2.24 ppm in
CDCl; solution) and at 1.93-2.01 and 2.31-2.32 ppm (in C;Ds; N solution in the PMR spectra of Ia,b,d,e and
II (Table 2), and the weak-field signal is always more intense, An examination of molecular models of the
amidines shows that the pyrimidine or pyridine ring and the amidine residue in the 5 position cannot exist
in a single plane because of the presence of strong steric hindrance arising between the CH; (or NH,) groups
of the acetamidine chain and the H; and H, (or R) hydrogen atoms of the heteroaromatic ring. Elimination
or weakening of the steric interaction may be achieved through rotation of the aromatic ring about the C..~
N bond. This should cause an increase in the shielding of the cis-CH; group (E isomer) as compared w1th
its shielding in the Z isomer, in which the heteroaramatic ring and the methyl group are trans-oriented
relative to one another. Similar changes will also be observed for the signals of the protons of the NH, group
in the investigated compounds: the cis-NH, group (Z isomer) should be more shielded than the trans-NH,
group (the E isomer).

*Structure A is the syn isomer (E) and B is the anti isomer (7).
¥ The difference in the chemical shifts for H; is 0.05-0.30 ppm for I and II.
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TABLE 2. Data from the PMR Spectra and AG™ Values for Z,E Iso-
merization in I and II

Com Perce?t- AG® .
- T age of' : .
m , .o coait |28 keal Solvent
pound | Isomer [scu, Ppm| , °C 2T | somers, mole/
A
la E 1,93 42 16,4
£ oo —33 +50 | & 182 | coci
E 185 34 155 .
z 2.19 +20 +36 | 66 159 | CsDsd
E 269 . 27 16,0
z 249 | *B | O} 7 166 | CPCOOH
ib E 191 |- 45 14,1
£ 32 —33 +9 5 i+3 | cpcis
E 00 < 15,0
z s -35 +28 7 120 | coN
E 246 7 158
7 270 —22 +36 1 g3 168 | CFsCOOH
lc E 349 _ 25 15.0
E e 33 +% | % 128 | cpch
id E 2,06 _ N % | ~155
E 206 31 +33 B ziRd | coa
le E 1,86 % | >166
z g1 | T3 | >H% | 75 | Sy7p | CPCh
E 2,01 23 1711
7z 2%2 —37 +65 77 17.2 CsDsN
E 2,38 . 13 | >I7, ]
£ s w25 | >+ | 21 20T | crcoon
1 E 1.88 2 13.2 ‘
z 916 | -9 7 139 | CDCh

*This is the temperature for which the chemical shifts of the methyl
groups are given,

+The accuracy in the determination of the Tooq) 2nd AG™ values was
+ 3°and + 0.15 keal/ mole™, respectively.

)\
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210 220 260 300 3%0 A, I
Fig. 2. UV spectra in di-
oxane; 1) N-{4-methoxy-5-
pyrimidyl)acetamidine (Ib);
2) 4-methexy~6-aminopy-
rimido[4,5-b]-1,4-thiazine

(I1I}; 3) 4-methoxy-5-amino-

pyrimidine (IV); 4) 4~methoxy-.

5-amino-6-methylthiopyri-
midine (V).

Thus the strong-field signals of the CHy group (or of CH, in Ic)
can be assigned to the E isomers, and the weak-field signals can be
assigned to the Z isomers.* The assignment of the signals will be just
the opposite for the NH, groups.

It might have been assumed that the higher intensity of the weak-
field signals of the methyl groups is associated with the preferableness
of the Z isomers, inasmuch as the NH, groups are smaller in volume
than the CHy groups. This is confirmed by the fact that when the CHy
group is replaced by the more bulky benzyl group (Ic), the difference
in the intensities of the signals of the protons of the benzyl groups of
the two isomers increases (the ratio of theE and Z forms in Ib and Ic
are 45 :55 and 25: 75, respectively).

The difference in the chemical shifts of the signals of the methyl
and benzyl groups in the E and Z isomers is ~ 0,26-0.32 ppm for the
investigated compounds. Proceeding from these data and using the
Johnson—Bovey Tables [4] we made an approximate evaluation of the
angles of rotation of the aromatic ring relative to the plane of the double
bond of the amidine residue (the ring currents of the pyrimidine ring
were assumed to be equal to those of the benzene ring). If was found
that the angle of rotation should be ~ 60-70°. Close values of the angle
of rotation were also obtained on the basis of the chemical shifts of the
NH, group. The agreement between the angles of rotation calculated
from the chemical shifts of the CH;, CH,C¢H;, and NH, groups makes it
possible to speak of the close values of the ring currents of the pyrimi-
dine and benzene rings.

*This assignment of the strong-field methyl signals to the cis groups
is in agreement with the assignment of the signals made in {2, 3].
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TABLE 3, AG:orr Values* for Ia, b, e and Their Salts and II (in keal/

mole™)) o
Compound AG=T l AG:orr
Base l CDCl, CsDsN | CDCL;, |  CDeN
Ia 16,6 159 166 159
1b 142 156 12,8 ) 149
le >17.2 179 >156 163
1 139 - 13,4 ] =
Salts
Ia i 16.6 16,6
1b . 16,8 154
1e | >19,1 >175

*The AGgorr value is the difference in the free energy of aetivation
without allowance for the electronic effect of the OCH; or N(CHj),
groups (the value of the correction was taken from [3]).

t The AG™values for the Z isomers are presented.

It is natural to expect that an increase in the volume of the ortho
substituent (R) in the heteroriag should lead to an increase in the angle
of rotation of the aromatic ring relative to the plane of the N = C bond,

7 which may lead to an increase in the difference in the chemical shifts of
2,16 1,83 the methyl groups of the isomeric forms. In fact, AOCH; = 5y — 6p = 0.28
2,21 1,93 and 0.20 ppm for Ia and its salt, respectively, while the A5 CH; values are

0.32 and 0,27 ppm for Ie and its salt, respectively. A similar increase in

the A6 CH; values in the spectra of the E and Z isomers was previously
< observed in phenylimines and ketene aminals [2, 3].

G

2 ‘ When the heteroaromatic ring and the amidine system of bonds do

not fit into a single plane, m— 7 conjugation between them is disrupted,
261,05 2z and conjugation of the free pair of electrons of the nitrogen atom of the
amidine system with the 7 electrons of the pyrimidine ring appears; this
should be reflected in the UV spectra. In fact, a comparison of the spectra
of the amidines under investigation with the spectra of pyrimidothiazines
ITI, which are model compounds with planar structures, and with substituted
5-aminopyrimidines IV and V,* in whichthere is only p—r conjugation with
the amino group, confirms this point of view.

Fig. 3. Change in the inten-
sity of the signals of the
methyl group in the spectra
of Ia: 1) in CDCly solution;
2) in solution in CDCl; +
CD;0D; 3) in the sample in R R R
spectrum (2) fo which more NeNH, o, /l NH,
CDCl; has been added; 4) NfI j “C]/ U

in CD,0D solution (recording Sh s N N SCH,
temperature - 33°C). - W v

i, IV R=0CH;, NH,, N(CHy),

The UV spectra of the investigated amidines I and II differ appreciably from the spectra of II-V: only one
broad absorption band, which is of low intensity and is shifted to lower wavelengths as compared with the
longwave absorption of the model compounds (Fig. 2), is observed in them. The fact of the shift of the ab-
sorption bands to lower wavelengths as compared with the spectra of the models can be considered to be
a confirmation of deviation of the amidine system from the plane of the heteroring, and owing to this, the
considerable weakening of each type of conjugation.

It should be noted that solvents affect the ratios of the isomeric forms of the investigated acetam1d1—'
nes. Forllain CDC]3 solution the ratio of the Z and E forms is 58 :42 at —33°, and the percentage of the E
isomer decreases when CD;OD is added; only 6% of the E isomer is present in methanol solution. These
changes in the concentrations of the E and Z isomers are reversible: when the percentage of CDCl; in the
alcohol is increased, the concentration of the E form increases (Fig. 3). The effeet of perdeutero-N,N-
dimethylformamide on the ratio of the E and Z isomers is similar to the effect of alcohol, This pheno-
menon is apparently associated either with the high probability of the formation of a solvent—amidine
complex due to hydrogen bonds for the Z isomer, as compared with the E isomer, or with the fact that a
polar solvent stabilizes the formation of the isomeric form with a large dipole moment,

* substituted 5-amino-6-methylthiopyrimidines V were used for the evaluation of the effect of sulfur in the
pyrimidothiazines on the UV spectra.
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TABLE 4, Dependence of the AG® Values for
Ia on the Polarity of the Solvent

Solvent AGF, keal/
. mole~l*
Dioxane ' 29 168
Chloroform i 4:7 1 6:6
Pyridine | 12,5 15,9
ethanol 326 14,2
Dimethylformamide 36.7 13.7

*The AG™ values are given for the Z isomers.

1,°C
e — +25

_,.\__/k - 24
/\A ~35
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Fig. 4. Change in the form of the
signals of the protons of the NH,
group in the spectrum of Ic (in
CDCI, solution) as the tempera~
.ture changes.

It is known [3] that Z,E isomerization relative
to the N = C bond for systems similar to those under
investigation here may proceed both via a mechanism
of rotational isomerization and by means of inversion
of the imine nitrogen atom. It has been shown [3]
that hindrance of the isomerization process as the
size of the ortho substituents increases is charac-
teristic for the rotational mechanism, while Z,E
isomerization is facilitated in the case of an inver-
sion mechanism. On the other hand, dependence of the
the rate of the isomerization process on the polarity
of the solvent is characteristic for a rotational
mechanism of isomerization {5]; the more polar the
solvent, the more rapidly the isomerization pro-
ceeds, whereas this dependence should not exist
for the inversion mechanism. In this connection,
we found the free energies of activation for the
isomerization process (AG#) as a function of the
presence of substituents in the ortho position of the
pyrimidine ring and on the polarity of the solvent
(Tables 2-4), The AG™ values were calculated from
the formulas in [61,

It follows from an examination of the AG™
values that the pyridine ring facilitates Z,E iso-
merization as compared with the pyrimidine ring
(AAG™ = 3.2 keal/mole~!) (Table 3).

Ortho substituents have a smaller effect, but one must take into account the fact that it is associated
not only with the steric effect but also with the electronic effect of the substituting group. In order to iso-
late the steric effect in pure form we used data on the magnitude of the contribution of the electronic effect
to the AG” value of Z,E isomerization presented by Kessler and co~-workers [3] for p-substituted tetra-
phenylguanidines, The corresponding AAG * values are 1.6 and 1.4 keal/mole™ for N(CH;), and OCH; groups,

respectively.*

*It was assumed that the electronic effects of para and ortho substituents are equal in the systems under

study [31.

TABLE 5. Chemical Shifts of the Protons of the NH, Groups and AG™
Values for Rotation about the C—N Bond in I and II

. R Percentage . AG®, keal
Compound { Isomer 8NH:*, ppm | Tepal, °C isomers, g% TT, C mole';z 1/

20 ~1 12 53 12,5

te z 5.30 35 58 61 12,0
5.50 - 2

" g-gg —11 45 —33 12,6
232 ~35 55 —58 1.7

E s —11 25 —33 124

e 577 35 7 —61 114
4.95 =35 = 3 ‘ : .

le z¥ 38 ~14 74 31 128

i coz¥F L 525 —31 78 -6l 118

; . 518

*In CDCl; solution,

t This is the temperature for which the chemical shifts of the protons

of the NH, group are given,

tWe were unable to estimate the AG™ values for the E isomers of Ie

and 11,
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It follows from the data in Table 3 that a distinct dependence of the AG:orr value on the size of ortho
substituents R is not observed either for salts Ia, b, e or for their bases, in contrast to the data in [3]. This
makes it impossible to unambiguously assign the type of mechanism of the isomerization process in the in-
vestigated compounds, :

The dependence of the AG” values that we found (Ia) on the dielectric constant of the solvent (g) is
presented in Table 4. It follows from the data that the AG™ value decreases as the polarity of the solvent
increases, and the isomerization at the N = C bond proceeds more readily. This sort of dependence is
characteristic for rotational isomerization [5].

In addition to this, a different mechanism that includes a step involving tautomeric conversion can
also be proposed for this class of compounds:

N N\C/ 3 NE \ly"/ CHly
ey == ]
N h NH
"
i
t
NH :
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X - T O :
N N CH

According to the IR spectral data presented above, I and II exist in the amino form. However, for the
realization of isomerizational transition through a step involving tautomeric conversion it is sufficient

to assume the presence in solution of a relatively low percentage of the imine forms (in which rotation also
occurs) that is not detectable by IR spectroscopy.

A change in the form of the signals of the NH, protons, which indicates retardation of rotation of the
NH, group about the C—N single bond, was detected for the investigated compounds when the temperature was
lowered to —60° (Fig. 4). The certain increase in the barrier to rotation about this bond as compared with the
C—N bond of amines is evidently due to the contribution of structure VI to the ground state, which is natural
for amidine systems [7-9].

The differences in the free energies of activation of this process for both isomeric forms of I and II
are presented in Table 5. v
./"‘\c/g‘\ - /;‘\c/’lf\
(|:H3 (]:H:‘
Vi

It follows from these data that retardation of rotation is somewhat more pronounced (the AG™ values are
higher) in the E isomers than in the corresponding Z isomers. This is in agreement with the literature
data for tetramethylphenylguanidines [3].

EXPERIMENTAL METHOD

The PMR spectra were recorded with a JNM 4H-100 spectrometer with tetramethylsilane as the
internal standard, Ihe IR spectra were obtained with a Perkin-Elmer 457 spectrometer. The UV spectra
were recorded with an EPS-3 spectrophotometer,
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