Russian Journal of Organic Chemistry, Vol. 40, No. 9, 2004, pp. 1379-1381. Trandated from Zhurnal Organicheskoi Khimii, Vol. 40, No. 9, 2004,

pp. 1426-1428.

Original Russian Text Copyright © 2004 by Andreev, Borodkin, Shakirov, Shubin.

SHO
COMMUNICATIONS

RT

Regioselectivity in the Amination of Azines.
Reaction of 1,10-Phenanthroline Derivatives with
O-Mesitylsulfonylhydroxylamine

R.V.Andreev, G.I|.Borodkin, M. M. Shakirov, and V. G. Shubin

Vorozhtsov Novosibirsk Ingtitute of Organic Chemistry, Sberian Division, Russian Academy of Sciences,
pr. Akademika Lavrent’ eva 9, Novosibirsk, 630090 Russia
e-mail: gibor@nioch.nsc.ru

Received December 9, 2003

N-Amino-substituted azinium salts are widely used
as reagents for amination of arenes [1-5] and synthesis
of imines [6-8] and various heterocyclic and other
compounds [6-10]. In the synthesis of N-amino deriva-
tives of azines having several heteroatoms, the prob-
lem arises as to whether the amination will occur at
one or another nitrogen atom [11]. 1,10-Phenanthroline
derivatives are among promising models for studying
regioselectivity in the amination of azines. As shown
previoudy, the reaction of O-mesitylsulfonylhydroxyl-
amine with 1,10-phenanthroline gives 1-amino-1,10-
phenanthrolinium mesitylenesulfonate [3, 12]. The
structure of this salt was proved by the 'H and **C
NMR spectra [3, 12], as well as by the X-ray diffrac-
tion data [12]. 1-Amino-1,10-phenanthrolinum cation
shows no dynamic properties (on the NMR time scale)
up to 100°C, i.e., neither intramolecular nor intermole-
cular transfer of the amino group occurs. Moreover,
even on heating for 1 h at 150°C in dimethyl sulfoxide
in the presence of 4-methyl-1,10-phenanthroline, the
amino group in 1-amino-1,10-phenanthrolinium mesi-
tylenesulfonate is not transferred to the former [12].
Therefore, such processes should not complicate
studies of regioselectivity in the amination of phenan-
throline derivatives.
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The goa of the present work was to elucidate
electronic factors determining regioselectivity in the
amination of 1,10-phenanthroline derivatives with
O-mesitylsulfonylhydroxylamine. The latter was
selected as the aminating agent due to its wide ap-
plication in the synthesis of N-amino salts [11]. The
reaction of O-mesitylsulfonylhydroxylamine with sub-
stituted 1,10-phenanthrolines la—ld in methylene
chloride afforded the corresponding cations Ila—1d
and Illa, I11e-11g with MesSO; as counterion (Mes
stands for 2,4,6-C¢H,). Their structure was confirmed
by the '"H NMR spectra (see table). The signals were
assigned using various proton—proton shift correlation
techniques, in particular *H-2D NOE spectroscopy
(NOESY) and two-dimensional proton—proton spin
correlation spectroscopy (COSY). The NOESY spectra
of cations|Ib, llc, Il1e, I11f showed NOE for spatially
close protons of the NH; group and 2-H, whereas
cations I1d and I11g were characterized by NOE
between 6-H and 7-H or 4-H and 5-H, respectively. In
the case of cations I1d and I11g, we took into account
that the corresponding Jso values should be lesser
than J, 3 [12].

The ratio of isomeric cations Il and 111 strongly
depends on the nature of the X substituent. Donor
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X =H (a), 4-Me (b), 3-Br (c), 5-NO, (d), 7-Me (e), 8-Br (f), 6-NO, (g).
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"H NMR spectraof ions|1 and |11 in DMSO-dg at ~20°C
Comp. Chemical shifts3,” ppm (J, Hz)
no. 2-H 3-H 4-H 5-H 6-H 7-H 8-H 9-H NH,”
lla® | 9.20d.d | 825dd | 892dd |835°(@89) |830°89) | 883dd | 811dd | 9.25d.d 11.3
(6.3,1.3) | (82,6.3) | (8.2 13) (8.2,17) | (8.2,45) | (45,1.7)
b | 9.07d 8.11d - 8.31%¢(9.2) | 8.33°¢(9.2) | 881dd | 8.08dd | 9.21dd 11.1
(6.4) (6.4) (8.2,1.8) | (8.2,4.4) | (4.4,18)
lle | 9.47d - 9.26d 8.18%¢(9.0) | 8.35%¢(9.0) | 881d.d | 810dd | 9.23d.d 11.4
(1.8) (1.8) (8.3,1.8) | (8.2,45) | (45,1.8)
lld | 9.34dd | 839dd | 9.12dd - 9.29s 9.12dd | 827dd | 9.39dd 11.4
(6.4,1.3) | (82,6.4) | (8.2 13) (8.6,1.7) | (8.6,45) | (45,1.7)
llle | 9.18d.d | 822dd | 889dd |841%¢(9.2)| 8.27*¢(9.2) - 7.92d 9.04d 11.4
(6.3,1.3) | (82,6.3) | (8.2 13) (4.6) (4.6)
lf | 9.22dd | 830dd | 895dd |837%°(9.0) | 8.32%¢(9.0)| 9.20d - 9.28d 11.0
(6.3,1.2) | (82,6.3) | (83,12 (2.3) (2.3)
lllg | 9.32d.d | 838dd | 9.10dd |9.32s - 9.07d.d | 826dd | 9.43dd 11.4
(6.3,1.2) | (87,6.3) | (8.7,1.2) (8.2,1.8) | (8.2,45) | (45,1.8)

@ The chemical shifts are given relativeto TMS (8pmso 2.50 ppm).
® Broadened signal.

¢ Dataof [12].

4 AB pattern.

¢ Alternative assignment is possible.

subgtituents increase the electron density on the neigh-
boring nitrogen atom in the same ring and favor addi-
tion of amino group at that nitrogen atom; therefore,
the fraction of the corresponding isomer is larger.
However, we have found no quantitative correlation
between the ratio of isomers Il and Il and the dif-
ference in the charges on the N* and N*° atoms in the
initial azine, calculated by the AM1 method. This may
be interpreted in terms of the nitrenium—ionic mecha-
nism with alate transition state, according to which the
ratio of isomeric ions is determined by their reative
stabilities. Thus we observed a linear relation between
the logarithms of the ratio of ions Il and 111
([1aj/ral =1, [lib)/[Iel =15, [lic]/[I1f] =1.176,
[I1d]/[l1lIg] = 1.381) and the difference in the en-
thalpies of formation of these ions (AAH; =0, 4.7, 7,
and —2.1 kJ/mol, respectively; AM1):

log([I1]/]111]) = (-0.11+0.06) — (0.084+0.015)AAH;;
r=-0.971,s=0.13.

We can conclude that the direction of amination of
substituted 1,10-phenanthrolines strongly depends on
the relative stability of the resulting cation, which is
determined in turn by the substituent nature.

Amination of 1,10-phenanthroline derivatives
(cf. [3, 12]). A solution of 0.57 mmol of O-mesitylsul-
fonylhydroxylamine in 1.5 ml of methylene chloride
was added under stirring to a solution of 0.54 mmol of
1,10-phenanthroline la—d in 1 ml of the same sovent.
The mixture was stirred for 0.5 h, the resulting salt was
precipitated by adding diethyl ether at ~5°C, and the
oily residue was washed with diethyl ether and dried
under reduced pressure. In the reaction with com-
pounds Ic [13] and Id, 2 equiv of O-mesitylsulfonyl-
hydroxylamine was added; the amination of
1,10-phenanthroline 1d was initially performed at
~5°C (1 h), the mixture was then allowed to gradually
warm up to ~20°C and was stirred for 2 h at that
temperature. The isomer ratio was determined by
"H NMR spectroscopy.

The *H NMR spectra were recorded from solutions
in DMSO-ds using a Bruker DRX-500 spectrometer
(500 MH2z); the chemical shifts were measured relative
to signal from the residual protons in the solvent
(6 2.50 ppm).
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