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A SYDNONEIMINE BASE

V. V. Ogorodnikova, L. E. Kholodov, UDC 547.793.1.07:541.621.2:
and V. G. Yashunskii 543,422.6'257.1

It was shown by means of the UV spectra that a sydnoneiminebase is formed from
3-cyclohexyl sydnoneimine hydrochloride by the action:of an equivalent amownt of
sodium hydroxide in solutions of absolute alcohols. The sydnoneimine base is
also formed in the case of solvolysis of Neg-trimethylsilyl-3-cyclohexylsydnone-
imine in methanol. The sydnoneimine base in solutions exists in equilibrium
with the chain isomer, viz., the nitrile. The fraction of the cyclic isomer in-

creases as the electron-donor properties of the substituent in the 3 position be-
come more pronounced.

Sydnoneimines — nitrogen analogs of sydnones — are known only in the form of salts I or
N-exocyclic derivatives II [1]. Assumptions involving the hypothetical intermediate of these
products, viz., sydnoneimine base IV, have been expressed in studies of alkaline ring clos-
ing [2] and the polarographic reduction of salts I:;[3], as well as in the formation of deriva-
tives II from N-nitrosoaminoacetonitriles III in the presence of bases [4]; however, no con-
firmation whatsoever of its existence has yet been obtained.

R
.
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R
N——CH ;5§;¢; v R
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. N—CH
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Fig. 1. UV spectra of Neg-trimethylsilyl-3-
cyclohexylsydnoneimine in absolute metha-
nol (At = 10 min).
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Fig. 2. UV spectra in isopropyl alcohol: 1) 3-cyclohexylsyd-
noneimine hydrochloride; 2) the same with added KOH; 3) the
same with phenyl isocyanate,

Fig. 3. Kinetics of opening of the ring of 3-cyclohexylsydnone-
imine hydrochloride at 27°C in a buffer at pH 9.18 (At = 2 min).

In the present research we used a spectrophotometric method to attempt to confirm the
actual existence of base IV and to study some of its properties. We initially proposed to
isolate base IV by solvolysis by methanol of the specially prepared unstable Neg—-trimethyl-
silyl-3~cyclohexylsydnoneimineII[a R=CeH;,, R' = (CH3)3S1] in an anhydrous medium. In the
UV spectrum (Fig. 1) of imine ITa in methanol, as compared with its spectrum in ether (Apax
340 nm) one observes a significant broadening of the absorption band (plateau at 305-340 nm),
the intensity of which increases relatively slowly with time. One also cbserves a simulta-
neous increase in the absorption band with Apgx 235 nm, viz. ring-opening product IIla, i.e.,
N-nitrosomethylamincacetonitrile ITIa. In all likelihood, the plateau observed in the spec-
trum can be assigned to the overall absorption of starting imine IIa and the resulting base
IVa, the absorption maxima of which were found to be close. A similar pattern occurred in
the case of 3-cyclohexyl- and 3-phenylisopropyl analogs of imine IIa. Although in these ex-
periments we were unable to identify distinctly base IV, we did demonstrate the fundamental
possibility of the detection of base IV during a period of time that is sufficient for record-
ing with a spectrophotometer,

More unambiguous results were obtained in the treatment of 3—cyclohéxylsydnoneiminehydro—
chloride (Ia, R = Ce¢ll;;) with an equivalent amount of sodium hydroxide in solutions of abso-
lute methanol or isopropyl alcohol., In addition to the absorption band with Apgx 300 nm, in
the spectra (Fig. 2) one clearly observes an absorption band with Apgx 335 nm, which can be
assigned to base IVa., To confirm the validity of this assignment, phenyl isocyanate was added
to the solution in the cuvette, as a result of which we observed the virtually instantaneous
formation of N(e)~phenylcarbamoyl derivative (II, R = CeHii, R' = C¢HsHNCO) with Amax 345 nm,
The intensities of the absorption bands of salt Ia and base IVa decreased with time.

From the spectra recorded immediately after the addition of a solution of potassium hy-
droxide we were able to calculate the molar extinction coefficient of the base (£~8000). The
observed ~35-nm shift of the absorption band of the base to the visible region as compared
with the cation is similar to the shift that occurs in the neutralization of salts of Neg-acyl-
sydnoneimines II (cation Amax 280 nm, base Apax 320 nm) [4].

Taking into account the fact that the alkaline opening of the sydnoneimine cation Ia at
low pH values takes place rather slowly [5], we, with the use of aqueous buffer solutions
with pH 8,2-9,.60, again observed in the UV spectra, in addition to bands of the starting
cation (Amax 300 nm) and the final N-nitroso derivative {(imax 235 nm), a band with Apgx 335
nm, which belongs to base IIa (Fig. 3).

Just as for other sydnoneimines, for salt Ia one observes that, along with a decrease
in the intensities of I and IV with time, their ratio remains unchanged., This makesit pos-
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TABLE 1. Effect of Substituents in the 3 Position of the Ring
on the Basicities of Sydnoneimines and on the Position of the
Tautomeric Equilibrium IV T III*

% IV in
R pK, pKr equilibrium o, T i EgC
Te== 111+ He

lil==1V
CHs 9,%4 3,29 0,05 6,65 0,00
iso-Cgly 10,19 2,59 0,26 7,60 —1,08
n-CyHy 9,96 2,66 0,22 7,30 —0,70
iso-C4Hy 10,04 2,30 0,50 7,74 —1,74
cyclo-CgHy, 110,13 2,43 0,37 7,70 —1,40
CeHsCH.CH (CHa) 9,89 2,76 0,17 7,13 —1,20

*Standard error (average) *0.04 logarithmic units.
fcalculated from the correlation equation kPeq=6.63—2.440% —
0.46EGC (r = 0.98).

TABLE, 2. Effect of Substituents in the 3 Position of the Ring
on its Basicities of Sydnoneimine Bases

Kg5s Corrections} Av, pK
K V. a
R pH min~* Pha to pKa valge
CHa 8,08 0,0102 9,71 9,94
8,68 9,87
8,96 10,04
9,03 9,98
9,24 10,06
9,38 10,08 0,020
9,45 9,91 0,036
9,53 10,01 0,073
is0-C3H; 8,58 0,0060 10,18 10,19
18,82 10,09
9,03 10,19
9,45 10,25 0,024
9,53 10,27 0,035
n-CsHy 8,58 0,0101 9,96 9,96
8,82 9,93
9,03 10,06
9,45 9,99 0,064
9,53 10,05 0,100
is0-C4H, 8,58 2,1472 9,99 10,04
8,82 9,99 .
9,03 10,10 0,030
9,45 10,10 0,030
9,53 10,11 0,042
cyclo-CgHy, 8,28 0,0038 — 10,13
8,58 9,96
8,82 9,95
8,96 10,30
9,03 10,13
9,24 10,09
9,38 10,10 0,020
9,45 10,27 0,025
9,53 10,17 0,025
9,56 10,30 0,025
CeHsCH,CH (CHa) 8,28 90,0935 9.84 9,89
8,58 9,96
8,82 9,78
9,03 9,91 0,020
9,45 9,91 0,020
9,53 9,98 0,025

sible to calculate the pK; values of the acids that are the conjugates of bases IV. The cal-
culation was made from the formula

(1 D;

pKe=pH+Ig=i—=pH+ g

[IVT ~P2 78Dy
(where D is the optical density) with allowance for the fact that ey % eyy, and disregarding
the absorption of salt I at 335 nm and the absorption of base IV at 300 nm. In calculations
on the speed of the recorded spectra, we made a correction of —0.37 min. We found that the
pKg values of the bases (Table 1) do not change at various pH values. This constitutes rather
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strong evidence that we are actually observing a sydnoneimine base. It follows from the data
in Table 1 that the sydnoneimines are strong bases (pKg v 10) with strength close to those
of aliphatic amines.

An analysis of the effect of the substituents in the 3 position on the basicities of
sydnoneimines IV showed that the latter increases as the electron-donor properties of the
substituents increase and that the pKy; values correlate satisfactorily with the Taft induc-
tion constants (r = 0.976).

pKa=9.9Q-—1.300'+ ° (l)

By means of the previously determined equilibrium constants for the conversiom of cation
I to the corresponding nitrosonitrile III (Keq = Cr11Cyt+/Cr [5] and the established K, values,
which can be expressed in the form K5 = CyyCy+/Cp, we foundthat it was possible to determine
the constants for the conversion of base IV to nitrile III, i.e., the constants of the ring-
chain tautomeric equilibrium

CIV Ka
Kr= A% 28 pKr=pKo—pKeq «
"7 Cir Keq pAr=pfa=PReq (2)

The pKp values presented in Table 1 for a number of sydnoneimines make it possible to conclude
that in the case of achieving the III Z IV equilibrium the fraction of the cyclic form, viz.,
the base, amoynts to only 0.05-0.5%.

By combining the previously found correlation equation [5] pKeq = 6.63—2.440%—0.46EgC
with Egs. (1) and (2) one can obtain the correlation equation pKy = 3.28 + 1.250% + 0.46EgC,
which links the effect of the substituent in the 3 position on the position of the tautomeric
equilibrium, Xt is apparent that the fraction of the cyclic tautomer in the equilibrium mix-
ture increases as the electron-donor properties and size of the substituent increase.

Thus one may regard it as an established fact that the sydnoneimine base, previously
assumed to be a hypothetical substance, does indeed exist, which fact makes more convinc-
ing the conclusion regarding the mechanisms of the reactions involved in the formation of
sydnoneimines and expands our knowledge in the area of mesoionic compounds.

EXPERIMENTAL

N(e)-Trimethylsilyl-3-cvclohexylsydnoneimine (IIa). A 5-ml sample of diethylaminotri-
methylsilane was added to 4.06 g (0.02 mole) of 3-methylsydnoneimine hydrochloride in 10 ml
of dry ether, after which the mixture was maintained at room temperature for 30 min. It was
then evaporated im vacuo at 40°C to give a white crystalline precipitate that decomposed
rapidly in air (Qpax 340 nm in ether).

Basicity Constants of the Sydnoneimine Bases. A l-ml sample of an aqueous solution of
the sydnoneimine hydrochloride was mixed with 19 ml of a buffer solution with a known pH
value. The test solution was placed in a thermostated cuvette, and the optical densitjes
at Apax 300 and 335 nm were determined. The starting concentration of the sydnoneimine salt
in the cuvette was 1+107" mole/liter. The UV spectra were recorded immediately after mixing
and at definite time intervals.

The buffer solutions were prepared by the addition of a 0.2 molar solution of potas-
sium hydroxide to a mixture of boric, phosphoric, and acetic acids (¢ = 0.08 mole/liter).
Potassium chloride (0.2 mole/liter) was added to the buffer solutions to maintain a constant
ionic strength. The pH values of the solutions were determined with an LPM~-60 M pH meter
using glass and silver chloride electrodes at 20°C. The corrections to the pKy; values as-—
sociated with the difference in the times involved in the recording of the maxima of cation
I (A 300 nm) and base IV () 335 nm) were calculated from the formula

pK}rue= pKoCXP —0,16kss5 - 102(PH-8.75)

where kg, 7s are the rate constants for alkaline opening of sydnoneimines I at pH 8.75 and 20°C
and were calculated from the formula k = (D{-— D})/(tzw ty) (D is the optical density and t
is the time). The error in the determination of the constants was 2%, whereas the error for
the pK, values did not exceed 0.04 of a logarithmic unit,
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HOMOGENEOUS H—D EXCHANGE OF HETEROCYCLES AND SOME HYDROCARBONS WITH D,0O
IN THE PRESENCE OF Pt(II) COMPLEXES

£. A. Karakhanov, A. G. Dedov, UDC 541.128.12:546,212.02.2:
A. S. Loktev, L. V, Popov, 547.52'722'728"'7327 752" :543,42'51
P. A. Sharbatyan, and I. V. Arkhangel'skii

The homogeneous isotope exchange of O-, N-, and S-containing heterocyclic com-
pounds and a number of hydrocarbons with D;0 in the presence of platinum(II) com-
plexes, viz,, potassium tetrachloroplatinite, platinum(II) monochlorodiethylene-
triaminepentaacetate, chlorodiethylenediamineplatinum(II), dichloroethylenedia~
mineplatinum(II), dichloroethylenediaminetetraacetatoplatinum(II) and, in the case
of hydrocarbons, potassium tetrachloroplatinite, was investigated. The M factors
were calculated for the H-D exchange of the hydrocarbons. It was shown that the
H—D exchange of benzene has multiple character, whereas it has stepwise character
in the case of cyclohexane.

The elucidation of the nature of the intermediate particles and the character of the
substrate—catalyst interaction is a key problem in the investigation of the mechanisms of
catalytic reactions. A study of H-D exchange reactions may be extremely effective for
the solution of this problem [1-3]. Of particular interest is the study of the homogeneous
H—D exchange of heterocycles that is catalyzed by complexes of group VIII metals, since many
compounds that contain a heteroatom are catalyst poisons for heterogeneous metals or lead to
reduction to the metal in the case of homogeneous catalysts. For these reasons, despite the
fact that homogeneous-catalytic reactions of hydrocarbons, particularly H-D exchange reac-
tions [2, 3], in the presence of complexes of group VIII metals have been studied in depth,
there have been very few such studies devoted to heterocycles.

The homogeneous isotope exchange of heterocycles has been previously investigated [4]
in the case of benzofurans in the presence of potassium tetrachloroplatinite.

In the present research we studied the homogeneous-catalytic H—D exchange of a number
of heterocycles and hydrocarbons with D,0 in the presence of Pt(II) complexes, viz., potas-—
sium tetrachloroplatinite (complex 1), dichloroethylenediamineplatinum(II) (complex II),

TABLE 1. Homogeneous-Catalytic Isotope Exchange of Hydrocar-
bons with D,0 at 120°C

. Deuterium distribution, %
No. Substance ;I‘lme, S, % Catalyst
E]
wlalelalala]a

1 . [Benzene 69 | 18114 |16 17 |16 |12 | 7 82 I
9 [Cyclohexane 8,0 72 | 26 2 28 1
3 |Toluene 6,7 21 [ 20 [ 24 | 20 8 6 1 79 I
4 {Naphthalene 7,0 6| 18 | 31 | 30 | 13 2 94 I
5 [Benzene 50 | 98| 2 2 11
6 [Cyclohexane 7,0 98 2 2 111
7 |Toluene 7,0 100 0 11
8 [Naphthalene 7,0 90 | 10 10 I11
9 |[Tetralin 70 | 97| 3 3 I
10 [Benzene 6,9 97 3 3 —
11 Cyclohexane 7,3 97 3 3 —
12 [Toluene 7,0 97 3 3 —
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