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Substituted pyridines and 2,2’-bipyridines with NO2 and (C2H5),P+ groups para to the ring nitrogens have been prepared 
and were used as ligands in complexes with Fe(II), Ru(II), and Co(I1). The pK values and reduction potentials of the 
free ligands were measured and the results discussed in terms of the nature of the electron-withdrawing effect of the two 
substituents. The information on the free ligands was then used to help interpret the metal - ligand charge-transfer data 
as well as the redox potentials for the complexes. The results obtained in this study were compared with previous attempts 
to evaluate substituent constants for the NO2 and R3P+ groups. 

Introduction 
Our interest in the effect of cationic substituents (and 

electron-withdrawing substituents as a whole) on the behavior 
of pyridyl ligands in complexes’ has been further stimulated 
by the possibility that these substituents could be useful in 
adjusting the behavior of the ligands in the photochemistry 
of their complexes.” This paper therefore concerns the effect 
of the substituents on the properties of the free and complexed 
ligands. We have prepared some substituted pyridines and 
2,2’-bipyridines with NO2 and (C2H5)3P+ groups para to the 
ring nitrogen and have investigated the p k s  and reduction 
potentials of these ligands. We have then incorporated the 
ligands into complexes with Co(II), Fe(II), and Ru(I1) and 
have investigated the electronic spectra and redox potentials 
of the complexes. The effects of the cationic substituent and 
the neutral electron-withdrawing substituent are then com- 
pared. 
Experimental Section 

Materials. 4-Nitropyridine was obtained by heating 4-nitropyridine 
N-oxide with a mixture of concentrated H2S04 and H N 0 3  at  240 
OC for 20 min. The mixture was then poured into ice, neutralized 
with a saturated NaOH solution, and extracted with CHC13. The 
product (mp 48-49 “C) was obtained from the extract after evapo- 
ration of the solvent and crystallization from hexane. 4-Nitro- 
2,2’-bipyridine and 4,4’-dinitro-2,2’-bipyridine were prepared by 
standard literature r n e t h o d ~ . ~ , ~  4-Bromopyridine was obtained by 
adding aqueous KOH to a chilled aqueous solution of the hydrochloride 
and extracting with ether. The ether was removed just before use. 
4-Bromo-2,2’-bipyridine and 4,4’-dibromo-2,2’-bipyridine were pre- 
pared from the corresponding nitro compounds by standard literature 
methods. 596  

Triethyl-4-pyridylphosphonium Bromide, (P+py)Br. Triethyl- 
phosphine (4.0 g, 34 mmol) was added to 3.5 g of 4-bromopyridine 
(22.4 mmol) and the reaction mixture was left in a sealed tube under 
N 2  for 74 h a t  85 OC. After the excess phosphine was washed out 
with ether, 2.8 g of a solid was obtained. It gave, on crystallization 
from an acetone-ether mixture, 1.8 g of the product, mp 157-158 
OC. NMR (D20):’ 6 8.1-8.3 (m, 2, pyridyl He), 7.3-7.5 (m, 2, pyridyl 
H&, 2.7-2.8 (m, 6, CH2), 1.1-1.3 (m, 9, CH3). Anal. Calcd for 
C11H19PNBr: C, 47.84; H, 6.93. Found: C, 47.74; H, 7.08. 

Triethyl-4-bipyridylphosphonium Bromide, (P+bpy)Br. Triethyl- 
phosphine (1.0 g, 8.5 mmol) was added to 0.35 g of 4-bromo-2,2’- 
bipyridine (1.5 mmol), and the reaction mixture was left in a sealed 
tube under N, for 120 h at  120 OC. After the excess phosphine was 
washed out with ether, 0.45 g of a white solid was obtained. Crys- 
tallization from acetone-ether yielded 0.35 g of the product, mp 

(1) Weiner, M. A.; Schwartz, P. Inorg. Chem. 1975, 14, 1714. 
(2) Lin, C.-T.; Buttcher, W.; Chou, M.; Creutz, C.; Sutin, N. J.  Am. Chem. 

SOC. 1976, 98, 6536. 
( 3 ) h  Durante, V. A.; Ford, P. C. Inorg. Chem. 1979, 18, 588. 
(4) Sutin, N.; Creutz, C. Adu. Chem. Ser 1978, No. 168, 1. 
(5) Jones. R. A,; Roney, B. D.; Sasse, W. H. F.; Wade, K. 0. J.  Chem. SOC. 

B 1967, 106. 
(6) Maerker, G.; Case, F. H. J .  Am. Chem. Sac 1958,80, 2745 
(7) Chemical shifts in D 2 0  are reported downfield from sodium 2,2-di- 

methyl-2-silacyclopentane-5-sulfonate as internal standard. 

179-180 OC. NMR (DzO):7 6 7.5-8.9 (m, 7, bpy H),  2.5-2.8 (m, 
6, CH,), 1.0-1.3 (m, 9, CH,). Anal. Calcd for C16H22N2PBr: C, 
54.40; H, 6.28. Found: C, 54.43; H, 6.39. 
{[4,4’-(C2Hs)sPI2bpyJBr2, (Pz+bpy)Brz. Triethylphosphine (2.0 g, 

17 mmol) was added to 0.43 g of 4,4’-dibromo-2,2’-bipyridine (1.4 
mmol), and the reaction mixture was left a t  120 OC for 100 h in a 
sealed tube under Nj?. Only the monophosphonium product was 
isolated. This product (0.40 g) was mixed with 1.0 g of triethyl- 
phosphine and heated for 5 h a t  190 OC in a sealed tube. After the 
excess phosphine was washed out with ether, the isolated solid (0.44 
g) was crystallized from ether-acetone to give 0.40 g of the product, 
mp 320-322 OC. N M R  (DzO): 6 8.0-9.1 (m, 6, bpy H),  2.6-3.0 
(m, 12, CHz), 1.2-1.5 (m, 18, CH3). Anal. Calcd for C22H36P2NZBr: 
C, 48.02; H, 6.59. Found: C, 47.98; H, 6.66. 

Preparation of the Complexes. The Co(I1) complexes of 4-nitro- 
pyridine and (P+py)Br were prepared according to the previously 
reported procedure.’ The Fe(I1) and Ru(I1) complexes of the sub- 
stituted bipyridines were isolated as the perchlorate salts by the 
procedure described in the 

Determination of pK,. The pK, values were determined spectro- 
photometrically. All spectra were taken on a Cary Model 15 spec- 
trophotometer, using matched 1-cm cells. The aqueous (or aqueous 
alcoholic) solutions were approximately M. The spectra were 
obtained in the temperature range 24-28 OC and showed no variation 
within the limits of this range. The values were calculated by using 
the formula 

d - d ,  
dl - d pK = pH + log - 

where d ,  is the optical density for the acid form, d, is the OD for the 
base form, and d is the OD at any intermediate pH. All values of 
d apply to the same analytical wavelength in each case. Excited-state 
pK, values were estimated by using Forster cycle calculations.’0 

Cyclic Voltammetry. A Princeton Applied Research Corp. system 
consisting of a Model 173 potentiostat and a Model 175 universal 
programmer was employed in the cyclic voltammetry measurements. 
Millimolar solutions of Fe(I1) and Ru(1I) complexes (as C10, salts) 
were prepared in a 0.1 M acetonitrile solution of tetraethylammonium 
perchlorate. The acetonitrile was dried before use by stirring over 
CaH2 and distilling over P205. The working electrode was platinium, 
and the auxiliary electrode was platinum gauze. The working electrode 
in the reduction of the free ligands was a hanging-drop electrode (Hg). 
All solutions were handled under nitrogen. The scan rate in all the 
cyclic voltammetric experiments was 100 mV/s. The reference was 
a saturated aqueous calomel electrode (SCE). 

Results and Discussion 
Ligand Preparation and Properties. The nitro compounds 

were synthesized by using modifications of literature meth- 
o d ~ . ~ , ~  The nitrobipyridine compounds were also used in the 
synthesis of bromo derivatives which could be treated with 
triethylphosphine to produce the desired phosphonium-sub- 
stituted species. 

(8) Burstall, F. H.; Nyholm, R. S. J .  Chem. Sac. 1952, 3570. 
(9) Palmer, R. A,; Piper, T. S. Inorg. Chem. 1966, 5, 864. 

(10) Ireland, J. F.; Wyatt, P. A. H. Adu. Phys. Org. Chem. 1976, 12, 131. 
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Table I. EK Valuesa of the Free Ligands in Aqueous or Aqueous 
Alcoholic Solution 

excited-state 
compd PKac pKad 

Weiner and Basu 

PY 5.17 
~-NO,PY 1.48 
(4-P+py)Bre 1.61 
bPY 4.27 9.2f 
4-NO, bpy 3.25 5.1: 
(4-Pbpy)Brh 2.82 6.4' 

(4,4'-P+,bpy)Br,' 0.03 5.6' 
4,4'-cNO, ) , ~ P Y  0.06 3.9j 

a Determined by spectrophotometry. No real differences in 
pK values were observed between aqueous and 20% EtOH solu- 
tions, with the phosphonium aompounds soluble in both media. 

Calculated from A ~ K ,  = 
0.00209(;~ -vgp),  where ApK is the difference between excit- 
ed-state and ground-state values,TB is the frequency in wave- 
numbers of the lowest energy n + n* absorption maximum for 
the unprotonated form, and Tig~+ is the same for the protonated 
form. The pK values are listed to within + O . l  unit. e Pyridine 
substituted with Et,F'+. f , ~ - v ~ ~ +  = 2300 cm-'. g ' ; s - V B ~ +  = 
900 cm-'. h,BipyrEine substituted with Et,pf. i V B  - uBH+ = 
1700 cm-' . 
Et,P+ substituents. lTg--VBH+ = 2600 cm-'. 

Obtained to within 10.03 unit. 

7, - U B ~  = 1800 cm-' . Bipyridine with two 

The pK data on the ligands is shown in Table I. The 
standard pK, measurements show that the NO2- and 
Et,P+-substituted bases have approximately equal base 
strengths, both of course diminished considerably from those 
of the unsubstituted compounds. (In the monosubstituted 
bipyridines, the values clearly show that protonation occurs 
on the unsubstituted ring.) Thus no real difference appears 
here between the effects of the NO2 and the cationic Et,P+ 
substituents. In addition, excited-state pK values (Table I)  
were estimated by using the difference in energy between the 
T - T* transition in the acid and base forms of the molecules 
(Forster cycle calculation).1° No direct evaluation of these 
data was possible since the NO2 compounds did not luminesce 
in water and luminescence in the other compounds is attributed 
to the formation of hydrates." The enhancement of basicity 
(pK* - pK) in the excited state of the parent bipyridine is 
attributable to charge migration toward the nitrogen upon 
excitation. Although the (pK* - pK) values overall contain 
some difficulties in interpretation, one observation seems clear. 
The NOz group shows less basicity enhancement than Et,P+, 
or apparently less charge migration to the donor nitrogen in 
the excited state. It therefore exhibits here its greater T -  

electron-withdrawing nature. The greater basicity enhance- 
ment for the disubstituted compounds compared to that of the 
monosubstituted compounds could be due to a different con- 
figuration for the monoprotonated acid of the disubstituted 
derivative (e.g., instead of the cis or transoid structure,I2 a trans 
form is possible here). 

The reduction potentials listed in Table I1 support the same 
suggestion about the relative effects of the substituents. Al- 
though both electron-withdrawing groups lower the potential 
necessary for the reduction of the r system, the NO2 group 
shows a stronger effect in both the monosubstituted and di- 
substituted compounds (previous studies have shown that the 
first and second reductions are into the T system).13 The 
reductions were observed to be irreversible, with the exception 
of that of the dinitro derivative. This is probably due to 
chemical reaction of the radical anions produced by the first 
reduction, and the suggestion is supported by the observed 
second waves, which are otherwise inconsistent with reasonable 

(11) Hoffman, M. Z.; Henry, M. S. J .  Am. Chem. Soc. 1977, 99, 5201. 
(12) Castellano, S.; Gunther, H.; Ebersole, S. J.  Phys. Chem. 1965,69,4166. 
(13) Saji, T.; Aoyagui, S. J .  Electroanal. Chem. Interfacial Electrochem. 

1975, 58, 401. 

Table 11. Reduction Potentialsa (in Volts) for the Free Ligands in 
Acetonitrile Solutions of 0.1 M Tetraethylammonium Perchlorate 
(via Cyclic Voltammetry) 

~~ ~~ 

compd 1st wave 2nd wave 

bPY -2.21 -2.46 
4-NO,bpy -1.55 -2.38 
(4-P+bpy)Br -1.67 -2.22 
4,4'-(N02),bpy -0.80 -0.91 
(4,4'-P+,bpy)Br, -1.43 -2.23 

a Reductions are electrochemically irreversible, except for that 
of the dinitro derivative. 

interpretation, except for the case of the dinitro derivative. If 
the reaction which follows reduction is rate determining, the 
irreversible potentials are dependent on the rate constants for 
that chemical reaction, and the interpretation of the potential 
values should be treated with caution. 

From the above evidence it is assumed that although the 
NO2 and Et3P+ substituents may affect the a-donor ligancy 
of the pyridyl systems in a nearly equivalent manner, phe- 
nomena which directly involve the ring T system of the com- 
plexes formed with these ligands will show a greater effect by 
the NO2 group. 

Properties of the Complexes. The NOz- and Et3P+-sub- 
stituted bipyridines showed similar complexing tendencies. The 
tris complexes were readily obtained from the monosubstituted 
ligands, by using the same method employed for the corre- 
sponding unsubstituted bipyridine c o r n p l e x e ~ . ~ ~ ~  Repeated 
attempts to complex Ru(I1) with either of the disubstituted 
ligands produced only the bis complexes. The tris complex 
of Fe(I1) with the disubstituted Et,P+ ligand was formed, but 
the dinitro ligand failed to yield a definable complex. The 
Co(I1) complexes formed were of the CoBr3L type. The 
complexes obtained are listed, with their analyses, in Table 
111. 

Table IV gives the energies of the common metal - ligand 
charge-transfer transitions. The lowest energy or most familiar 
transition occurs around 20000 cm-' and is assigned to T*( 1) - t2.I4 It is characterized by log e values in the range of 
3.7-4.0 for the (bpy),Fe" complexes and 4.0-4.3 for the 
(bpy),Ru" c~mplexes. '~  Moreover the high-energy shoulder 
which is observed for the unsubstituted bipyridyl c~mplexes '~  
is present in the other tris(bipyridy1) spectra as well, though 
barely discernible in some cases. The transition energies in 
the tris(bipyridy1) spectra show little effect of changing solvent, 
while the spectra of the bis(bipyridyl)ruthenium(II) complexes 
show a substantial solvent shift, in agreement with previous 
o b s e r ~ a t i o n s . ' ~ ~ ' ~  The tris complexes of Ru(1I) show larger 
transition energies than the corresponding Fe(I1) complexes, 
which is accounted for by the lower energy of the Ru(I1) t2 
orbitals, presumably due to more substantial metal-ligand T 
i n t e r a ~ t i o n ' ~ ~ ~ ' ~  (vide infra). 

A second, less familiar transition is observed in the 
27 000-cm-' region of the spectra of some Fe(I1) complexes 
(some structure is discernible here in the other Fe(I1) spectra, 
but at a much lower intensity). The inconsistency in ap- 
pearance of this band, plus the inability to observe it in the 
tris(bipyridy1)ruthenium spectra, makes the origin of the 
transition ambiguous, but it has been assigned to a charge 
transfer from the metal t2 orbital into the second ring T* 

0rbita1.l~ The bis complexes show both bands clearly,I5 and 

(14) (a) Bryant, G. M.; Fergusson, J. E.; Powell, H K. J. Aust. J .  Chem. 
1971, 24, 257. (b) Lytle, F. E.; Hercules, D. M .  J .  Am. Chem. SOC. 
1969, 91, 253. 

(15) (a) Weaver, T. R.; Meyer, T. J.; Adeyemi, S. A,; Brown, G. M.; Eck- 
berg, R. P.; Hatfield, W. E.; Johnson, E. C. J .  Am. Chem. SOC. 1975, 
97, 3039. (b) Fergusson, J .  E.; Harris, G. M. J .  Chem. SOC. A 1966, 
1293. 

(16) Tokel-Takvoryan, N. E.; Hemingway, R. E.; Bard, A. J. J .  Am. Chem. 
Soc. 1973, 95, 6582. 
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- Table 111. List of Complexes and Their Elemental Analyses 
% C  % H  % c1 

complex CalCd found calcd found calcd found 
Et,N+[Co(NO2p~)Br, 1 28.23 
[Co(P+py)Br, 1 26.69 

39.49 
[Fe(P+bpy), lClO,),~4H,O 39.89 
[Fe(P+, ~ P Y ) ,  1 (C10,),.2H, 0 38.50 

[ Ru(P +bpy 1, I (C10,) e 5  H, 0 38.22 
[ Ru [(NO, 1 , bpy ] , C1, *H, 0' 35.19 
[ Ru(P+,bpy) , c1, I (C10, 1, -5 H, 0 36.66 

' Bis(4,4'dinitrobipyridine)dichlororuthenium complex. 

[ F ~ ( N O , ~ P Y ) ,  1 (C104),*3H, 0 

[ Ru(NO,bpy), 1 (ClO,), 39.87 

Table IV. Charge-Transfer Absorption Bands of the Complexesa 

28.05 4.34 
26.5 2 3.84 
39.29 2.96 
39.71 5.12 
38.58 5.44 
39.75 2.32 
38.04 5.04 
35.02 2.05 
36.32 5.69 

4.38 
3.65 
2.64 
4.84 
5.88 13.80 13.94 
2.72 7.85 8.35 
4.18 11.75 11.25 
2.07 10.41 10.61 
5.12 14.79 14.66 

CH,CN complex H,O 

19 120 (9.0) 
17 605 
18 484 (10.5) 
18 450 (7.0) 
22 321 (13.2) 
20 576 (15.0) 
21 459 (18.2) 
20 492 (3.1) 
17 452 (5.3) 
18 182 (15.5) 

28 571 (8.0) 

26 316 (6.5) 

29 439 (2.9) 
21 978 (4.8) 
25 125 (14.7) 

26 315 
28 653 

19 267 (9.0) 
17 762 (9.4) 
18 518 (8.0) 
18 382 (5.5) 
22 272 (12.1) 
20 661 (16.4) 
21 505 (18.0) 
18 116 (5.8) 
16 234 (7.6) 
16 806 (17.1) 

28 571 (8.2) 

26 316 (6.2) 

26 666 (6.4) 
20 618 (6.4) 
23 529 (14.6) 

a Measured with a Carv Model 14 spectrophotometer. Bis(4,4'-dinitrobipyridine)dichloromthenium complex. ' Measured on Nujol 
mulls spread on filter paper. 

this observation was useful in the present work as evidence for 
the formulation of these complexes as bis(bipyridy1s). 

Most importantly, the effect of the various substituents is 
noted. In the tris complexes of both metals, the NO, sub- 
stituent shows twice the effect of the Et3P+ in lowering the 
energy of the charge transfer, despite the positive charge on 
the latter. (This effect is smaller in the bis complex.) Thus 
the NOz exhibits the greater withdrawing effect on the ring 
i~ system, resulting in a lowering of the P* orbital energy 
beyond that shown by Et3P+. 

As noted in the previous study on the [CoBr,L] system,' 
the Et,P+-substituted pyridine complex showed an absorption 
at  28 650 cm-', which was assigned as before to a metal - 
pyridine charge-transfer transition. This band was missing 
in Et4N+[Co(CSHsN)Br3)- and was assumed to be obscured 
by the Br - Co transitions at 34000-37 000 cm-l. In the 
present work, the NO,-substituted pyridine complex clearly 
showed this transition, at 26 315 cm-I. Thus in this pyridyl 
ring system, the NO2 group again is more effective in lowering 
the metal-ligand charge-transfer (MLCT) energy. 

Previous workers have measured substituent effects on 
MLCT energies in systems such as R u " ( N H ~ ) S L ' ~  and 
Fe"(CN),L,'* where the ligands L were various cationic 
pyridine and pyrazine systems (Le., the pyrazinium ion, pyH+, 
the N-methylpyrazinium ion, and the 4-pyridylpyridinium ion). 
The lowering in MLCT energy for these complexes from the 
MLCT energy for the complexes of the corresponding un- 
substituted ligands appears to be somewhat greater than the 
shifts found in the present study. This may be attributable 
to the pentaammine and pentacyano moieties, wherein a 
greater amount of charge is donated to the central metal, 
raising the metal donor orbital energy and making the MLCT 
energy more susceptible to changes at  the acceptor pyridyl 
ligand. A recent measurement of the MLCT energy for the 

(17) Malouf, G.; Ford, P. C. J .  Am. Chem. SOC. 1977, 99, 7213 
(18) Figard, J. E.; Petersen, J. D. Inorg. Chem. 1978, 17, 1059. 

Table V. Oxidation Potentials via Cyclic Voltammetry for the 
Complexes in Acetonitrile Solutions of 0.1 M 
Tetraethylammonium Perchlorate 

complex E,~,,"v mV 
[Fe(bpy), I(C10,), 1.06 60 
[Fe(NO,bpy), 1 (C10, 1, 1.33 70 

[ Fe (p+, ~ P Y ) ,  1 (ClO,), 1.52 80 
[Ru(bpy), I(ClO,), 1.29 70 
[Ru(NO,bpy), I(C10,), 1.54 80 
[ RMP'bpy), 1 (C10,) 1.52 60 
[Ru(bpy),C1,1 0.35 70 
Ru [ (NO,), ~ P Y  1 , a,' 0.85 70 

a Values (VS. SCE) were obtained by taking the average of the 
anodic and cathodic peak potentials; +0.01 V. Separation be- 
tween anodic and cathodic waves. ' Bis(4,4'-dinitrobipyridine)- 
dichlororuthenium complex. 

R ~ ( p y ) ~ , +  ion (29 300 cm-l)Ig allows a comparison with the 
lower value20 of 24 500 cm-' for R U ( N H ~ ) ~ ~ ~ ~ + ,  indicating the 
raised donor orbital energy in the latter complex. 

The effect of ligand substituents and varying central metal 
on the MLCT energies is further explained by considering the 
redox energies of the complexes (Tables V and VI). Previous 
studies have clearly shown that oxidation of these complexes 
takes place at the metal, while the two lowest energy reductions 
take place into T* orbitals largely centered on the  ring^.^^,^' 
Our results are entirely consistent with this. The reduction 
potentials listed are substituent dependent but independent of 
whether the central ion is Fe(I1) or Ru(I1). Most importantly, 
the order of the first-wave reduction potentials parallels the 
order of the charge-transfer energies for the complexes of a 

(19) Templeton, J .  L. J Am. Chem. SOC. 1979, 101, 4906 
(20) Ford, P C ,  Petersen, J D ;  Hintze, R E Coord Chem Reo 1974, 14, 

67 
(21) Anderson, C P.; Salmon, D. J ,  Meyer, T J ,  Young, R C J Am 

Chem. Soc 1977, 99, 1980 

[ Fe(P+bpy), I(C10,) 1.31 100 

[Ru(P+,bpy),C12 l(ClO,), 0.75 120 
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Table VI. Reduction Potentials via Cyclic Voltammetry for the Complexes in Acetonitrile Solutions of 0.1 M Tetraethylammonium 
Perchlorate 

Weiner and Basu 

1st wave 2nd wave 3rd wave 
El /la A E , ~  El ha M P  A E , ~  

-1.40 65 -1.59 60 - 1.89 80 
-0.64' -0.93' 
-0.96 80 -1.07 65 -1.25 65 
-0.74 70 -0.84 70 -0.98 60 
-1.40 70 -1.58 60 -1.83 70 

-0.96 70 -1.07 70 - 1.27 60 
-0.6 3' -1.33' 

a Values (in V vs. SCE) were obtained by taking the average of the anodic and cathodic peak potentials; kO.01 V. Separation, in mV, be- 
tween the anodic and cathodic waves. ' Reductions are electrochemically irreversible. A desorption spike was observed in the first anodic 
wave. 

given metal. Thus, while both electron-withdrawing substit- 
uents lower the potential for reduction of the rings (lower the 
energy of the LUMO), the nearly doubled effect of the NO2 
group is observed. On the other hand, while both substituents 
raise the potential necessary for oxidation because of their 
electron-withdrawing effect on the metal, there is no difference 
between the two substituents. This relates to the comparable 
pK's of the bipyridine bases containing the two substituents. 
The nature of the central metal does affect the oxidation 
potential however, since the differing metal - ligand ir- 
bonding tendencies result in the lowering of the energy of the 
Ru(I1) filled d orbitals more than the energy of the Fe(I1) 
orbitals, and if oxidation takes place a t  the metal, then this 
serves to raise the potential necessary for oxidation of the 
Ru(I1). Note that the bis complexes have substantially lower 
oxidation potentials, showing the effect of reducing the positive 
charge on the metal by replacing a neutral bipyridyl ligand 
with C1-. (Although direct comparisons of the charge-transfer 
energies for bis- and tris(bipyridy1) complexes are difficult, 
the former seem to have generally lower MLCT energy values 
as a consequence of the reduced positive charge on the metal.) 

Conclusions 
The total picture presented in this work is quite self-con- 

sistent and provides an  insight into the effect of cationic 
substituents that has been puzzling us for some time.' The 
cationic phosphonium substituent reduces the ligancy of the 
pyridyl bases, but not to any greater extent than electron- 
withdrawing neutral substituents. Therefore it shows no 
greater influence on those characteristics of the complex which 
depend on the ligancy of the base. On the other hand, the 
neutral NOz substituent, which exerts a greater withdrawing 
effect on the ring K system, lowers the LUMO of the com- 
plexes more than R3P+ and therefore has a greater influence 
on those properties which depend on the energy of the LUMO. 

Eaborn has suggested2z that the difference between the 
electron-withdrawing effect of the two substituents on an 
attached aryl system becomes more exaggerated in favor of 
NOz as the availability of negative charge to the aryl system 
is increased. For example, in the acid desilylation of p -  
XC6H4SiMe3, the Me3P+ substituent is more deactivating than 
NOz (more electron withdrawing), while in the cleavage of 
p-XC6H4CHzSiMe3 with base, the NOz group shows a sub- 
stantially greater effect. The latter reaction involves the 
formation of the benzyl carbanion, p-XCsH4CH2-, which can 
be stabilized to a greater extent by the NOz substituent. In 
the MLCT and reduction potential measurements obtained 
in the present study, negative charge is introduced directly into 
the ring, perhaps providing a situation with an even greater 
ir-electron availability than is found in the usual experiments 
on substituent effects. 

(22) Bott, R. W.; Dowden, B. F.; Eaborn, C. J .  Chem. SOC. 1965, 4994. 

A real comparison of substituent u values is difficult to 
obtain in this case because of the differing reaction conditions 
used in their measurement, and different values are often 
quoted from different sources. From I9F N M R  measurements 
on substitued fluorobenzenes in dimethyl sulfoxide,z3 uI (in- 
ductive) constants were obtained as 0.43 and 0.53 for Me3P+ 
and NO2, respectively. Values of uR (conjugative) were ob- 
tained as 0.20 and 0.24 for Me,P+ and NOz, respectively. 
Summing these values yields up constants of 0.63 and 0.77 for 
the two substituents. From measurements of the ionization 
constants of substituted phenols or anilines, values of u- 
(substituent constant in the presence of enhanced electron 
availability) were obtainedz4 as 1.02 (phenol) or 0.95 (di- 
methylaniline) for the Me3P+ substituent and 1.27 for NOz. 
Thus, the small difference in up values between the two sub- 
stituents (0.14) is increased to 0.28 (average) when (r- is used 
as the criterion for electron-withdrawing behavior. It is 
therefore suggested that this difference is even further exag- 
gerated when the MLCT energies and reduction potentials 
presented in this paper are considered. 

The use of ligands with substituents remote from the co- 
ordination site allows one to examine a series of complexes 
displaying variations in ligand properties, yet with the same 
stereochemical environment a t  the coordination site. Such 
perturbations of ligand properties not only may lead to sys- 
tematic variations of metal-ligand bonding in the ground state 
but in some cases may also be used to tune excited-state en- 
ergiesZ5 
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