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The synthesis and spectral properties of a new@d@ridinium ion, 1,1-dimethyl-4,4-(dimethylamino)-
2,2-bipyridinium bis(tetrafluoroborate) are reported. Rotation of the dimethylamino group is slow at room
temperature on the 400 MHE and 100 MHZ3C NMR time scales. Complete line shape fit of the dynamically
broadened NMR spectra was used to determine the activation barriers for this process. The first complete set
of UV —vis spectra for a 2;zbipyridinium dication and its one- and two-electron reduced products was reported.
TD—DFT calculations were used to help assign the origin of the long wavelength absorptions in these species.
The effect of substituents on the energies and conformational potential energy surfaces of all three species

were also examined using the B3LYP/6-31G(d) computational method.

Introduction

1,2-Dimethylbipyridinium ions (e.g.1?" and22") have been
known since 1882.The 4, 4 isomer,1%*, was introduced as
an oxidatior-reduction indicator by Michaelis in 1932 and
referred to as methyl viologéh.Intense interest in these
compounds did not develop, however, until the discovery in
the mid-1950s that several derivatives functioned as potent
herbicides® More recently, they have found widespread use as
components of electrochromic display devices and of supramo-
lecular structure$as acceptors in molecular assemblies designed
to store solar energy via long-lived charge separatiand as
relays in electron-transfer everfts.
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These important materials are invariably made by alkylation
of a bipyridine precursor. The wide spectrum of alkylating

agents that successfully react has allowed incorporation of bothPiPyridine NN

4,4- and 2,2-bipyridinium ions in a wide variety of novel
molecular scaffolds. However, with the exception of our earlier
report! derivatives with heteroatom substitutents on the carbon
framework of the bipyridinium ion core of these materials, are
extremely rare. In this previous studywe examined both the
electrochemical and optical properties of a series of-2,2
bipyridinium ions in anticipation that they would function as

electron-transfer sensitizers in charge shift reactions with neutral

substrates to give a repulsive cation-radical/cation-radical pair
whose rapid separation would compete with back electron

transfer. We also reported the first nanosecond transient
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absorption spectra of bypyridinium ions that have been attributed
to the triplet excited state. Consistent with this observation we
also demonstrate the bipyridinium sensitized formation of singlet
oxygen {Ag) and its trapping by 2,3-dimethyl-2-butene to give
an allylic hydroperoxide. We report here the synthesis and
characterization of the new heteroatom substitutetHa®ri-
dinium derivative 1, tdimethyl-4,4-(dimethylamino)-2,2
bipyridinium tetrafluoroborate3?*. We also report new spec-
troscopic data fo62", its radical cation, and neutral analogue,
and a DFT study of the conformational potential energy surface
of bipyridinium ions12*, 22+, 32+, 42+ 52+ 62F and7?" and
both of their redox partners (Figure 1).

Results and Discussion

1,2-Dimethyl-4,4'-(dimethylamino)-2,2-bipyridinium Tet-
rafluoroborate, 32, The synthetic route used to maRé&" is
depicted in Figure 2. 2'Bipyridine N,N'-dioxide, 8, was
formed in 94% vyield by treatment of 2;Bipyridine with 30%
hydrogen peroxide in glacial acetic acid at-—7&D °C.8 This
off white material was then converted in 52% yield to the yellow
powder 4,4dinitro-2,2-bipyridine N,N'-dioxide, 9, by treatment
with a mixture of fuming sulfuric and nitric acidsThe nitro
groups in9 were replaced with chlorine in 80% yield using
acetyl chloride in glacial acetic acid to give 4dichloro-2,2-
-dioxide, 10.1° The chlorines inl0 are subse-
quently readily exchanged with dimethylamino groups by
refluxing in DMF20 This exchange reaction does not occur in
the bipyridine but requires the activation afforded bythexide
groups. The oxygens can be removed from the crude brown
paste containingll by treatment with PGlin a low but
acceptable yield (19%) to given 4.@imethylamino)-2,2
bipyridine, 12.1° Treatment ofL2 with 2 equiv of trimethyloxo-
nium tetrafluoroboraté generated, after three recrystallizations
from acetonitrile/diethyl ether a 75% yield of analytically pure
beige bipyridinium sal8?*.

The!3C and™H NMRs of 32" both exhibited signals for three
magnetically distinct methyl groups. In th&C NMR spectrum
(CDsCN) two peaks for the-N(CHjs), groups were observed
at 41.10 and 41.19 ppm and a peak for the pyridiniumH;

© 2007 American Chemical Society

Published on Web 12/20/2007



13568 J. Phys. Chem. A, Vol. 111, No. 51, 2007 Zhang et al.
A
@ 1,3
'R R® R R . R HR 'R R
/ — —
\ N‘(‘B \ 7/ e \ N/ \ / o \ N o and/or \ N Y /
R R R R R m R)(H
E z
Figure 1.
_HO, @_@ fuming HpSO4/HNOg A
\ / cHcoon N\ \ / 100°C, 8h NS
70-80°C \ \o 9 NO,
CH3COOH | 100°C
CH3COCI | 4h
CH3 CHs
HaC-N He-N O o 9
=\ N= PCl3 N= DMF =\ N=
\ " N7 “Gro, L\ 7/ refuasn N\ \ 7
12 N/CHS reflux, 3 h \O 1 IN/CHa \O 10 Cl
H30 CHg HsC
H3C—N H3C\®
— N=
(CH3)30BF4 N\ ) ZBF“@
CHCl, 48 h NS
CHy  N-CHs
HgC
32+
Figure 2.
CHa @ CHs D,0 above 40C at 400 MHz the two-N(CHj); singlets (3.20
HO-N MG O HETS, B and 3.26 ppm) broaden and finally coalesce at approximately
\_, \_/ .« 2BE0 . \ N \ N o 68 °C to a broad singlet (see Supporting Information).
N® ! 3 These results are consistent with a significant contribution
CH3 N—{:H3 CH3 N_CH3 2 . ..
HyC HaC @ of resonance form3"B to the ground state electronic description
a2+p . 32+g of the bipyridinium dicatior3 leading to restricted rotation at
room temperature around the (gsN—pyridinium bond (Figure
3). A contribution of resonance for®"B is also consistent
. 4 with the B3LYP/6-31G(d) HOMO (Figure 3), which exhibits
P significantrr-electron density between theN(CHs), group and
the ring carbon. A complete line shapeldito the two site
Figure 3. exchange broaden spectra gikel* = 13.23 kcal/molAS =

at 43.76 ppm. In théH NMR spectrum two six hydrogen
singlets for the -N(Ch), groups were observed at 3.19 and 3.25
ppm and a singlet for the pyridinium-NCHjz; at 3.60 ppm. In
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Figure 4. Cyclic voltammograms for bipyridinium iong—6.

0.4

—11.9 cal/(molK), and AG¥(298.16K)= 16.9 kcal/mol. The
Gibbs free energy of activation at 355 K is nearly identical to
that reported (17.6 kcal/mol) for rotation about the nitrogen ring
carbon bond in 1-methyl-4-(methylamino)pyridinium perchlo-
rate’® at the same temperature, suggesting that the pyridinium
ion substituent plays little if any steric or electronic role in
dictating the magnitude of the rotation barrier. The lack of a
steric effect is perhaps not surprising given the nearly perpen-
dicular arrangement (vide infra) of the two pyridinium rings in
the dication.

The cyclic voltammetic behavior & is compared to that
of 22+, 42+, 52F and 62" in Figure 47 As anticipated, on the
basis of the strong electron donating ability of the dimethylamino
group, 2,2-bipyridinium ion 32™ proved the most difficult to
reduce (Figure 1). In fact, a plot of the reduction potentials
versus the appropriate Hammett substituent constghexhibits
a straight line § = 0.98; R2 = 0.9845; see Supporting
Information) with a slope indicative of substantial electronic
interaction of the substituent with the bipyridinium core. A wide
spectrum of electrochemical behavior is observed in these
substitutional isomers. Only the bis(carbomethoxy)-substituted
2,2-bipyridinium ion 6% exhibited two reversible electrochemi-
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overlap

Figure 5. B3LYP/6-31G(d) SOMO'’s of the radical cations &f
and6.

cal CV peaks for the two redox couples depicted in Figure 1.
We attribute the apparent instability of all the radical cations
with the exception o6 to the inability to attain the electroni-

cally preferred planar radical cation geometry (vide infra). The
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Figure 5 that shows significant overlap between the car-
bomethoxy group and the ring carbon in the B3LYP/6-31G(d)
SOMO of 6** but a node between the ring carbon and the
dimethylamino group ir8*".

The unique character of the carbomethoxy group has allowed
the first measurement of the UWis spectra of all three redox
partners in a 1;idimethyl-2,2-bipyridium salt, as shown in
Figure 6. A long wavelength electronic absorption maximum
was observed at 296 nm " and at 645 nm ir6. In 6%,
however, two long-wavelength electronic absorption maxima
were observed at 1225 and 1435 nm. We tentatively assign one
of these near-infrared absorption maxima to a charge-transfer
(CT) band in the synclinalsg) and the second to a CT band in
the anticlinal &¢) conformation of6" (vide infra). Time-

bis(carbomethoxy) substituent, however, provides resonancedependent density functional theory (FIDFT) calculations of

delocalization of th&™ SOMO that is not available with other
substitutents. This resonance stabilization is clearly evident in

the electronic specttafor 62 (266 nm;f = 0.2191) and6
(613 nm;f = 0.3241) reasonably reproduced these absorption
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Figure 6. UV—vis spectra o6?" (top), 6™ (middle), and6 in acetonitrile.
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TABLE 1: Computed Structural Data for Bipyridinium AE d(CCr)  ONiCCrNy  OCH3N:CCoy
Dications compound (kcal/mol) A (deg) (deg)
d(C—Cs)  ON:iCoCoNy AE ciative 2+-ac 0 1.445 140.82 17.24/17.00
compound A (deg) (kcal/mol) 2*-sc 1.56 1.446 44.43 20.85/28.37
" 3*-ac 0 1.441 142.20 19.63/20.37
le, 0 3*sc 0.25 1.441 40.85  29.57/28.44
- 4+-ac 0 1.445 141.35 17.23
B3LYP/6-31G(d) 1.484 136.2 4te-sc 1.63 1.447 4518  22.61/27.72
MP2/6-31G(d) 1.478 127.4 5+-acii 0 1.441 142.25 19.10
2";’2/ 6-31G(d.p) 1.479 125.0 L8 5+-acio 0.41 1.440 142.42  17.809.12
: - 5*-ac-00 0.77 1.440 143.20 18.04
B3LYP/6-31G(d) 1.489 59.4 5*-scii 0.75 1.442 4232 27.34
S o o o3 5*-scio 1.31 1.442 4242  28.4106.52
. : : 5**-sc-00 2.19 1.443 42.50 27.50
4 1.502 97l 6"*-aci 0 1.453 14022 1568
o 6*.-acio 1.03 1.453 139.35 16.405.24
out-oug 1.501 93.4 0 6+*-ac-00 2.01 1.454 138.25 15.78/15.75
in-out 1.502 90.4 2.01 6+*-scii 2.80 1.455 47.54 19.44/26.63
o 1.503 911 4.09 6"-scio 3.13 1.455 4727 27.389.06
t+e_c
A 1499 1008 0 65600 3.73 1.445 47.52 19.15/26.72
in-out 1.500 103.7 1.58 aB2LYP/6-31G(d).? In/on ring with in-methoxy groupt In/on ring
out—out 1.500 99.4 3.02 with out-methoxy group? Carbonyl oxygen pointing in toward the

adjacent pyridinium ring® Carbonyl oxygen pointing out away from

a Alignment of in-plane O-methyl group; out-pointing away from adjacent pyridinium ring.

the adjacent pyridinium ring and in-pointing toward adjacent pyridinium
ring. ® Alignment of in-plane carbonyl-oxygen; out-pointing away from
the adjacent pyridinium ring and in-pointing toward adjacent pyridinium (Figure 7). The anticlinalgc) conformation had a M,CxN;
rng. dihedral angle of 136%2at the B3LYP/6-31G(d) level and was
1.78 kcal/mol more stable than the synclingd)(conformation
maxima. However, as anticipated by the well-established that was characterized by a considerably smallgCJ/8>N;
inability of TD—DFT to yield accurate excitation energies of dihederal angle of 59°4Table 1). The @—C, distance in the
charge-transfer excited stat®gshe calculated long wavelength  ac conformation was nearly identical at all computational levels
absorption maximum of the most stable carbomethoxy rotomers (1.480+ 0.004 A) and slightly shorter than that observed for
(vide infra) of theac (998 nm;f = 0.1275) andsc (1030 nm; the sc conformation (1.489 A; B3LYP/6-31G(d)). (See Sup-
f = 0.1273) conformations ™ did not faithfully reproduce porting Information for more detailed structural parameters.)
the experimental values. Long wavelength absorption was alsoThe greatest structural deviation as a function of computational
detected in the spectrum &f* (see Supporting Information)  level was observed for the 8,C>N; dihedral angle, which
as a weak band without a clear maximum that extended out todecreased from 136220 125.0 in the sequence B3LYP/6-

nearly 1200 nm. 31G(d) > MP2/6-31G(d)> MP2/6-3H-G(d,p).

Computational Studies.Calculations were performed with We suggest that the population of twistet and sc
the Gaussian 03 prografrusing the Becke/Stephérid8three- conformations in72" is a result of a compromise between
parameter LeeYang—Parr correlation hybrid functional B3LYP  electronic effects that prefer a planar structure to maximize
in conjunction with the 6-31G(d) basis set. In the cas@%f delocalization and a steric effect that prefers a bisected
the performance of this model was compared to previously conformation. In pyridinium ion2?*—62*, the steric effect
published STO-3G calculatiotswith partial geometry opti- dominates and only a bisected, nearly perpendicular, conforma-

mization and with MP2 calculations using the 6-31G(d) and tion was located (Table 1). The steric effect could presumably

6-31+G(d,p) basis sets. Frequency calculations were used tobe ameliorated by pyramidalization at nitrogen. However, the

verify location of energy minima. The absence of spin con- cost in lost aromatic resonance energy is clearly too much and

tamination was verified in each calculation by examination of the (CH;)N;1C,C» and (CH)N1C,C, dihedral angles were less

[$[J which showed values acceptably close to 0 for all singlets than 2 in all the dications. In the case of dicatiofs and6%"

and to 0.75 for all doublet¥. a pool of bisected conformations exist as a result of rotational
Dication Redox Partners.Two energy minima were located freedom around the £ (OCHs;) and G—(C=0) bonds, re-

for 2,2-bipyridinium dication, 72", at all computational levels  spectively. In5®" the C;—O—CHs angle is nearly 120and the
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TABLE 3: Computed Structural Parameters for the Neutral Partner in the 2,2'-Bipyridinium Redox Process

AEel d(C—Cy) ON;C,CoNy OCH;N;C,Cy
compound isomer (kcal/mol) A (deg) (deg)
2 Z-anti 0 1.392 17.25 46.34/46.41
E-pp? 2.63 1.392 158.72 66.92/16.63
E-anti 3.24 1.375 179.99 64.12/64.23
3 Z-anti 0 1.384 8.58 53.67/51.64
E-anti 2.93 1.375 180.00 66.03
E-syn 3.34 1.382 160.82 52.78/55.55
E-pp 4.65 1.393 161.30 69.06/14.12
4 Z-anti 0 1.390 15.87 47.35/47.40
E-pp 2.13 1.391 159.77 14.94/67.12
E-anti 2.64 1.374 179.99 63.59/63.72
5 Z(ii)-anti 0 1.380 7.54 53.25
E(ii)-anti 2.00 1.372 180.00 65.70/65.69
E(ii)-pp 2.68 1.384 161.98 68.06/20.99
Z(io)-anti 2.85 1.381 9.07 53.16/51.27
E(ii)-syn 3.52 1.378 161.53 55.22/55.24
E(io)-anti 4.95 1.372 179.86 63.37/65.34
E(oi)-pp 5.21 1.386 162.72 69.22/16.06
E(io)-pp 5.71 1.385 161.79 66.73/20.70
Z(0o)-anti 5.98 1.383 10.37 51.34/51.33
E(io)-syn 6.56 1.379 161.10 53.35/54.78
E(o0)-anti 7.78 1.373 180.00 63.05/62.98
E(00)-pp 8.14 1.387 162.70 67.96/15.4
E(00)-syn 9.49 1.381 159.74 51.49/51.56
6 Z(ii)-anti 0 1.415 25.01 40.78/40.99
E(ii)-syn 1.59 1.414 151.20 28.84/28.66
E(ii)-pp 1.82 1.414 153.71 12.91/59.81
E(ii)-anti 5.65 1.390 180.00 62.49/62.46

a All data were collected at the B3LYP/6-31G(d) levepp = push—pull see text.

C4—0 bond length is 1.309- 0.001 A, indicative of substantial
delocalization of electron density on oxygen into the pyridinium

distance from 1.478 A in thac and 1.489 A in thescdication
to 1.423 and 1.425 A in thexp and sp radical cation,

ring. As a result of the coplanar arrangement of the methoxy respectively, is also consistent with an increase-loond order

group and the pyridium ring, three conformations were located,
one with both G-CH3 bonds pointing “in” toward the adjacent
pyridium ring (i—i), one with both G-CHj3; bonds pointing “out”
away from the adjacent pyridium ring f@), and a third
conformation with one “in” and one “out” methoxy group(i

0). The o-o conformation is the global minimum with the i-o
2.01 kcal/mol and the-i conformation 4.09 kcal/mol higher

in energy. The dihedral angles between the two pyridinium rings
are very similar in the three conformations (9361.8°). The
entire —CO,CH3z group in 62" is also coplanar with the
pyridinium ring with the carbonyl oxygen pointing either “in”
or “out”. In 62%, however, the energies increase in the order
i—i <i—o0 < 0—o with substantially different inter-pyridinium
ring dihedral angles of 1028103.7, and 99.4, respectively
(see Supporting Information).

The sum of the angles around the dimethylamino group in
32" is 360, significantly larger than the 328.%xpected for a
tetrahedral center. An $hwybridized planar nitrogen is consis-
tent with a large contribution of resonance foB#B (Figure
3) and with the significant barrier measured (vide supra) for
rotation around the £-NMe; bond.

Radical Cation Redox Partners.Bipyridinium radical cation
7* like its dication redox partner exists in two rotomeric minima
on the B3LYP/6-31G(d) conformational surface. The anti-
periplanar &p) conformation adopts a{€,C>N; dihedral angle
of 165.57 and the 1.28 kcal/mol less stable synperiplasgy (
conformation a NC,C»yN; dihedral angle of 16.7%' For
comparison, the two rings in the dicatioff,", are significantly
less coplanar with NC,CyN; angles of 136.19in the ac
conformer and 59.45in the sc conformer. We attribute the

greater degree of coplanarity in the radical cation to an electronic

driving force to allow delocalization of the additional electron
throughout thes-system. The decrease in theG3 bond

and greater overlap between the two rings in the radical cation.
The HN,C,C» and HN-C,C, dihedral angles of 17%5in the
sp conformation reveal a subtle out-of-the-plane bend of the
N—H bond. This can be attributed to a combination of a steric
effect and electrostatic repulsion between the significant positive
charges residing on the hydrogens. The greater distance between
the N—H bonds in theap conformation leads to a considerably
smaller out-of-plane bend of 5.95

Radical cation®2™—6"™ also adopt two conformations but
the methyt-methyl or methyt-hydrogen buttressing destabilize
the periplanar structures and dictates formation of the anticlinal
(ac) and synclinal $¢) rotomers (Table 2). The substituents on
the pyridinium ring have little effect the /,C>N; dihedral
angle which is remarkably similar in aic (141.2 + 2.8) and
in all sc (44.4 + 4) conformations. Thec rotomer is more
stable than thecrotomer in every case. The same out-of-plane
bend of the substituent on the pyridinium nitrogen as observed
in 7t was observed in these radical cations. The energetic loss
of aromatic resonance energy as a result of this deformation is
paid for by the increased delocalization afforded by the partial
delocalization over both pyridinium rings that is allowed in the
ac andsc conformations.

Remarkably, the sum of the angles around the dimethylamino
group in3™ is 360 identical to that observed &*. However,
the G—N bond length, which is a better indicator afbond
order, has increased from 1.337 A3#" to 1.363 A inac-3*
and to 1.362 A insc¢-3**. For comparison, typical gas-phase
C=N and C-N bond lengths found in nonstrained compounds
are 1.21 and 1.46 A, respectivéRThis suggests that the;EN
z-bond order is approximately 0.49 8%+ and 0.39 in3™.

Neutral Redox Partners.The two-electron reduction aP*
leads to bothe andZ isomers (Figure 8). The two heterocyclic
rings in theC, symmetric7Z isomer are nearly coplanar. On
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Figure 9. Side-on and end-on views of the isomers6of

the other hand, the two heterocyclic rings are bent inGhe  linkage and the attached atoms. Twisting about the G
symmetric 7E isomer. In both cases, however,;®CxNy olefinic linkage in thez-(anti) isomer leads to {C,C,Ny angles
dihedral anglesaz, 2.8; 7E, 18(°) are as expected forrabond of 7.5° [Z(ii)-(anti)], 8.6°, 15.9, 17.2, and 25.0in 5, 3, 4, 2,
order of 2 between £and G as implied by the resonance and6, respectively (Table 3). The twist angle is a rough function
structure depicted in Figure 1. The presence of an olefinic of the linear free energy substituent constagn(slope= 15.5;
linkage is further confirmed by the€C, bond distances of  intercept= 15.4;R? = 0.8048) oro™" (slope= 9.0; intercept=
1.377 and 1.373 A irvZ and 7E, respectively. Furthermore,  17.5;R%2 = 0.831), suggesting that the substituent atpys
the progressive decrease in this bond distancin> 2 > an important role in stabilizing the twisted olefinic linkafe.
7 is consistent with increasing inter-ring-bond order in the The A3 strain (Figure 1) in théE isomers of2—6 is also
series dication< radical cation < neutral. The increased ameliorated by both pyramidalization at nitrogen and twisting
pyramidalization at nitrogen in this same series is also consistentgpout the olefinic linkage. In thE conformations of3, 5, and
with decreasing aromatic character in the heterocyclic rings. 6 however, the syn isomer was located reflecting the absence
The most stable conformation of tihémethyl derivatives, of the steric interaction which prevents its population in Zhe
2—6, by 2—3 kcal/mol, is theZ-(anti) isomer (Table 3). The isomer. In theE-syn conformations oB and5, the average
destabilizingN-methylN-methyl interaction (Figure 1) in the  CH3N;C,C» dihedral angle is 53.# 2.3° and the average sum
Z isomers of2—6 is relieved by both pyramidalization at of angles around the nitrogen is 35@8L.2°, both reflecting a
nitrogen and twisting about the olefinic linkage. Both deforma- significant degree of pyramidilization. In contrast, in tgn—
tions are clearly visible in both side-on and end-on views of in)-syn conformation 06 the averag€HsN;C,C»/CH3N1C>C>
the Z-(anti) isomer of6 in Figure 9. TheZ-(syn) isomer was angle is only 28.75 0.09 and the average sum of the angles
not found and does not appear to be a local minimum becausearound the two ring nitrogens is 358180.1°. In addition, the
of steric problems associated with placing tienethyl groups C.C» bond length of 1.414 A is substantially longer and the
on the same face (syn) of the pseudoplane defined by the olefinicN;C,C>Ny torsional angle of 151°4s considerably greater than
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in the syn conformers 08 and5 (Table 3). We suggest that  of an N-methylN-methyl steric interaction that prevents com-
this structural deformation reflects a decrease in the@ bond plete flattening of the methoxy bearing heterocyclic ring.
order and can be explained by a significant contribution of the
captodatively* stabilized resonance forn&8 and/or the zwit-
terionic resonance formBC.

A third, very interesting, structure that we refer to as the
push—pull (pp) conformer was also located on tReconfor-
mational energy surface. In this conformation the two ring
nitrogens are pyramidalized to very different extents (Figure 9
and Table 3). For example, B\E(in—in)-pp (Table 3) the two
CH3N;C,Cy angles are 129and 59.8. We suggest that the
population of the pp conformation reflects the contributions of
zwitterionic resonance form®C and in particular the topmost
6C resonance form that can clearly rationalize the tendency
toward planarization of one of the two heterocyclic rings. To Conclusion

explfore th!s mlmor;a de:(a'l’ ‘r’]\’g co(;nzpytatlonallyf er>]<am|ned 'I[he In this study we have examined the effect of 4dbstituents
conformational surface for the andZ isomers of the neutra (H, NMe,, Cl, OMe, and CGMe) on the electrochemical

redox partner of 1;dimethyl-4-(i)-(carbomethoxy)-4o)-meth- behavior of 2,2bipyridinium ions. In addition, we reported the
oxy-2,2-bipyridinium, 13. (See Supporting Information for  fist syccessful attempt to collect a complete set of-¥ié
structural details.) IrL3 only the E-pp conformation with the  gpectra for a 2/2vipyridinium ion and its one- and two-electron-
methoxy group on the ring with the most planar nitrogen was reduced produc® A detailed computational study has revealed
located. All attempts to start with a conformation that placed remarkable substituent effects on the energies and on the
the methoxy group on the ring bearing the more pyramidalized conformational energy surface of all three members of these

nitrogen resulted in minimization to form the more stalipp one- and two-electron redox couples. This information will be
conformation with the methoxy on the more planar ring. This of value to workers who wish to incorporate these species into
is consistent with the importance of resonance fdr@A in devices or supramolecular structures.

which the methoxy group capushelectron density into the

ring with pyridinium ion character and the carbomethoxy group Experimental Section

canpull the electron dgnsity out Qf the less planar negfs\tively 2,2-Bipyridine N,N'-Dioxide, 88 A 15 mL solution of 30%
charged heterocyclic ring. In the isomers of2—6, adopting hydrogen peroxide was added to ‘2h@pyridine (38.5 mmol,

the anti conformations minimizes the destabiliziNgnethyl/ 6.0 g) in 40 mL of glacial acetic acid at a rate that maintained
N-methyl interactions. In13-Z(i—0) increasedN-methyIN- the temperature between 70 and°80 This mixture was stirred
methyl interaction is tolerated to enjoy the electronic advantage gt 75°C for an additional 8 h. The colorless solution was then
of the pUSh‘pU” conformation. All attempts to locate the anti cooled to room temperature, and a Copious amount (500 mL)
conformation of 13-Z(i—o) failed and only 13-Z(i—o0)pp of acetone was added to precipitate the product as a white solid,
characterized by two differef@H3NC,C> angles (56.20and which was collected by filtration and air-dried. The white solid
31.86) was located. However, tHe@H3NC,Cy angle of 31.86 was then recrystallized from hot water to give 6.4 g (36.7 mmol,
in 13-Z(i—o)pp is larger than that observed in th&pp 94% yield) of the productH NMR (400 MHz; D,O; ppm): 6
conformations o2—6 (Table 3; 16.4+ 4.5°) and is indicative 7.76 (4H, m), 7.85 (2H, m), 8.47 (2H, m).
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4,4-Dinitro-2,2'-bipyridine N,N’-Dioxide, 9.° A solution of
2,2-bipyridine N,N'-dioxide, 8, (23.9 mmol, 4.5 g) in 13 mL
of oleum—sulfuric acid was cooled to fC. Fuming nitric acid
(10 mL) was carefully added, and the mixture was stirred at
100°C for 8 h. The solution was then cooled t60 and very
cautiously poured on icewater (100 g). The yellow product
was filtered off and washed with water until neutr@j yellow
powder yield 4.5 g, 10.8 mmol{H NMR (400 MHz; DMSO-
ds; ppm): 6 8.37 (dd,J = 3.3, 7.3 Hz, 2H), 8.60 (dJ = 7.2
Hz, 2H), 8.69 (d,J = 3.3 Hz, 2H).

4,4-Dichloro-2,2-bipyridine N,N’'-Dioxide, 108 A suspen-
sion of 4,4-dinitro-2,2-bipyridine N,N'-dioxide (13.6 mmol, 3.8
g) in glacial acetic acid (60 mL) and acetyl chloride (40 mL)
was stirred fo 4 h at 100°C. The resulting yellow-brown
solution was cooled to OC and poured on ice (125 g) and
neutralized with a concentrated sodium hydroxide solution. An
off-white solid was filtered off, washed with water, and air-
dried (L0 80% vyield 2.8 g 10.5 mmol).

4,4-(Dimethylamino)-2,2-bipyridine N,N’-Dioxide, 11, and
4,4-(Dimethylamino)-2,2-bipyridine, 12.1° A suspension of
996 mg of 4,4dichloro-2,2-bipyridine N,N'-dioxide (3.89
mmol) in 150 mL of DMF was refluxed under nitrogen for 48

Zhang et al.
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