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Cationic complexes formed by nitrogen-containingrearrangement (Scheme 1; Tables 1, 2). The formation
heterocyclic compounds attract close attention foof complexll follows from the downfield shift of the
a long time [1]. However, available information on averaged signals from aromatic protons and upfield
such complexes with nitrosonium cation is veryshift of the & C%, C° and G signals (cf. [7]).
limited [2-4], although studies of the structure andCharacteristically, thé>C chemical shifts of dynamic
reactivity of complexes formed by N-heterocycles anccomplex!l (A = B) are similar to the corresponding
nitrosonium ion have become very urgent since thgalues found for 1-methyl-1,10-phenanthrolinium
unique role of NO molecule in processes occurringodide (VI) (Table 2).
in vivo has been discovered [S]. It is assumed that The transformatio’A == B could be simulated by
NO molecule is involved in these processes in thgormation of structurdll . However, the IR data con-
form of nitrosonium cation [6]. The goal of the travert this assumption: the NO frequency of complex
present study was to examine the structure anfl (tetrafluoroborate) in CKCN is very close to that
dynamics of the complex formed by 1,10-phenanthrophserved foiN-nitrosopyridinium tetrafluoroborate [2]

line and nitrosonium ion.

According to the'H and ®C NMR spectra, the
reaction of 1,10-phenanthroling)(with NO'BF; in
acetonitrile or DMSCOdg gives n-complex Il with
tetrafluoroborate as counterion (cf.{4]), which

(1857 and 1858 cm, respectively; cf. [2, 4]). Raising
the ratiol -NO'BF, to 1:2 and then to 1:3 produces
variation of the carbon chemical shifts; the change
observed in going from the 1:2 ratio to 1:3 is con-
siderably smaller than that occurring in going from

undergoes fast (on the NMR time scale) degeneratthe 1:1 ratio to 1:2 (Table 2). These data may be
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STRUCTURE AND DYNAMICS OF THE 1,10-PHENANTHROLINE COMPLEX

Table 1. 'H NMR spectra of 1,10-phenanthrolind) (and n-complexes!l and IV at 25C

145

Chemical shifts8,® ppm @y y, Hz)
Compound | soivent Ratio | :NO*BF;

’ 2-H, 9-H 3-H, 8-H 4-H, 7-H 5-H, 6-H

| CH,;CN - 9.05 d.d 7.63 d.d 8.30 d.d 7.82 s
(1.7, 43) | (4.3, 81) | (1.7, 8.1)

I (CD5),SO - 9.09 dd 7.73 d.d 8.45 d.d 7.93 s
(1.8, 4.4) | (4.4, 82) | (1.8, 82)

I CH,CN 1:1 9.07 d.d 7.79 d.d 8.47 d.d 7.89 s
(1.2, 48) | (48 82 | (1.2 82)

Il (CD5),SO 1:1 9.16 d.d 8.09 d.d 8.87 d.d 8.13 s
(1.4, 48) | (4.8 82) | (1.4, 82)

=1V (CD5),SO 1:2 9.06 d.d 8.05 d.d 8.82 d.d 8.05 s
(1.6, 49) | (4.9, 82) | (1.6 82)

=1V (CD5),SO 1:3 9.00 d.d 7.98 d.d 8.75 d.d 8.00 s
(1.4, 49) | (4.9, 83) | (1.4, 83)

& The chemical shifts were measured relative to the solvent signalsQigH 1.93 ppm, or DMSQd,, 8 2.50 ppm) and were
recalculated to TMS. For complexd$ and IV, averaged chemical shifts are given for the pairs 2-H/9-H, 3-H/8-H,
4-H/7-H, and 5-H/6-H.

Table 2. 13C NMR spectra of 1,10-phenanthroling) (and n-complexesll, IV, and VI at 25C

Chemical shifts3,2 ppm (y n, Hz)
Compound | goent | Ratio |:NOBF; nr
no. 2 2|3 8|t 7|5 8| cta coa| cloa clob
| CH,CN - 150.8 124.0 137.0 127.6 129.7 146.9
| (CD53),SO - 149.8 123.2 136.1 126.5 128.4 145.4
] CH;CN 1:1 147.2 1254 139.6 128.0 131.1 136.9
1 (CD53),SO 1:1 147.3 1254 141.4 127.1 129.0 136.8
I =1V (CD5),SO 1:2 147.7 126.0 142.1 127.6 129.6 137.0
=1V (CD5),SO 1:3 147.8 126.1 142.2 127.7 129.7 137.1
vIP (CD5),SO - 148.7 124.5 143.3 128.2 131.5 138.5

& The chemical shifts were measured relative to the solvent signalgd8H. 118.2 ppm (CN), or DMSQl, 3. 39.5 ppm] and
were recalculated to TMS. For complexiésandV, averaged chemical shifts are given for the paif&ct; C¥/C8, C*/C’, C*C®?
and C%C'®,

P Averaged (in pairs) chemical shifts are given.

explained by shift of the equilibrium toward formation is by 51.5 kJ/mol greater than the energy of initial
of dication IV. complex II'.

The results of AM1 quantum-chemical calculations Solution of 1-nitroso-1,10-phenanthrolinium
are consistent with the experimental data. Additiortetrafluoroborate in (CD 3),SO. A solution of 59 mg
of one or two NO cations to moleculé with forma-  of 1,10-phenanthroline in 0.6 ml of (GBSO was
tion of n-complexes!l and IV is an exothermic added with stirring under argon to 41 mg of K&F,.
process accompanied by liberation of 214.2 and\n additional amount of NGBF, was then added to
49.8 kJ/mol, respectively. The formation of symmetricattain the I-NO'BF, ratio 1:2 and 1:3.
structurelll is less exothermicAAH; = -45.6 kJ/mol). Solution of 1-nitroso-1,10-phenanthrolinium
The energy of structur® in which the N-O bond tetrafluoroborate in CH ;CN. A solution of 109 mg
is oriented orthogonally to the phenanthroline systerof 1,10-phenanthroline in 2 ml of Cf&N was added
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under argon to a suspension of 73 mg of 188 in
2 ml of CH,CN.

1-Methyl-1,10-phenanthrolinium iodide (VI) was

synthesized by the procedure reported in [8], mp-210

211°C (published data [8]: mp 26Q03C).

The NMR spectra were recorded on a Bruker AC-

200 spectrometer at 200.13 MHz fid and 50.3 MHz

for 13C. The IR spectra were obtained on Bruker
Vector 22 and Specord M-80 instruments from solub.

tions in CHCN.
REFERENCES

1. Comprehensive Heterocyclic ChemistryKatritz-

ky, A.R. and Rees, C.W., Eds., Oxford: Pergamon,

1984, vols. 17.

2. Olah, G.A., Olah, J.A., and Overchuk, N.Al, Org.
Chem.,1965, vol. 30, no. 10, pp. 33#3376.

Makhova, N.N., Karpov, G.A., Mikhailyuk, A.N.,
Bova, A.E., Khmel'nitskii, L.l., and Novikov, S.S.,
Izv. Akad. Nauk SSSR, Ser. Khim978, no. 1,
pp. 226-227.

Lee, K.Y. and Kochi, J.K.J. Chem. Soc., Perkin
Trans. 2,1994, no. 2, pp. 23245.

Murad, F., Angew. Chem., Int. Ed. Engl.1999,
vol. 38, no. 13/14, pp. 18571868.

Stamler, J.S., Singel, D.J., and Loscalzo,Stience,
1992, vol. 258, no. 5090, pp. 189B902.

Levy, G.C. and Nelson, G.L.Carbon-13 Nuclear
Magnetic Resonance for Organic Chemistdew
York: Wiley, 1972. Translated under the titRRuko-
vodstvo po yadernomu magnithomu rezonansu ugle-
roda-13 dlya khimikov-organikgv Moscow: Mir,
1975, pp. 172173.

Benfey, O.T. and Mills, J.W.J. Am. Chem. Soc.,
1971, vol. 93, no. 4, pp. 92823.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 1 2001



