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The energy of the “principal” electronic transition has been determined for the conjugatc acids of p-alkylnitrobenzenes, 
the conjugate acids and acylonium ions of 4-slkyl-2,6-dimethylbenzoic acids, the conjugate acids of p-alkylacetophenones, 
4-alkylpyridinium ions, and 4-alkyl-1-hydroxypyridinium ions. The excitation energies of the latter three series of com- 
pounds were measured in a number of solvents. For all the series and in all solvents, stabilization of the excited state relative 
to the ground state was in the inductive order, indicating that C--If hyperconjugation is not the most important mode of 
elertron release by alkyl groups in these highly electron-demanding transitions. In keeping with the nature of the transi- 
tions, solvent effects in shifting the spectra or changing the excitation energy spreads between members of a series were 
small. 

This paper deals with the effect of changing alkyl 
substituent and changing solvent upon the “prin- 
cipal” electronic transition of a number of positive 
ions, including 4-alkylpyridinium and 4-alkyl-l- 
hydroxypyridinium ions, conjugate acids of p -  
alkylacetophenones and p-alkylnitrobenzenes, and 
conjugate acids and acylonium ions of 4alkyl- 
2,6dimethylbenxoic acids. The “principal” tran- 
sition involves a redistribution of charge, with the 
transition moment lying in the long axis of the 
molecule, and is represented approximately by 
Equations 1 and 2. 
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In  a previous study of the principal electronic 
transition of neutral p-alkylnitrobenzenes and p- 
nlkylacetophenones (Equation 3) it was found that: 
(1) in the gas phase the order of excitation energies 
is H (greatest)>>Me>Et>iPr>tBu3 and (2) 
basic solvents tended to invert the gas phase order, 
giving a resultant jumbled order of excitation ener- 
gies. It was concluded that the order of inherent 
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electron release by alkyl, in such electron demand- 
ing transitions a t  least, is the inductive one; i.e., 
that C-H hyperconjugation is not a predominant 
mode of electron release. The Baker-Nathan Ef- 
fect4 on the excitation energies in basic solvents 
was ascribed to steric hindrance to solvation 
near the alkyl substituent. This factor would tend 
to invert the inductive order of excitation energies 
since solvent stabilization of the excited state rela- 
tive to the ground state would be decreased with 
increasing bulk of the substituent.3 

It appeared of interest to determine, if possible, 
whether the inductive order of inherent electron 
release also would prevail in principal electronic 
transitions of the types of Equations 1 and 2, 
since these are presumably even more demanding 
of electron release by the substituent. It also was 
considered necessary to study the effect of changing 
solvent on the excitation energies of a number of 
the positive ions, since previous experience has 
shown that the order of inherent substituent effects 
may be masked by solvent.3 

EXPERIMENTAL 

Materials. The preparation and purification of the p-  
alkylacetophenone~,~ p-alkylnitrobenzenes,s 4-alkyl-2,tLdi- 
methylbenaoic acids,6 and of pyridine, 4-methylpyridineJ 
4ethylpyridine, arid their perchloric acid salts2 has been 
described. Fractional distillation through a 40-plate spinning 
band column was used to purify 4-isopropylpyridineJ7 b.p. 
12’2’ (127 mm.), n:: 1.4941, and 4-t-butylpyridine,’ b.p. 
135’ (131 mm.), n:;.‘ 1.4934. The perchloric acid salts were 
prepared m d  purified by the method used previously.2 
The 4-isopropylpyridinium perchlorate melted a t  60.1- 
80.8”. 

(4) The term “Baker-Nathan Effect” is defined as an 
order of experimental quantities that either corresponds with 
or tends to correspond with the number of a-hydrogens on 
the alkyl sribstititent.5 

(5) W. M. Schubert and W. A. Sweeney, J. Org. Chem., 
21, 119 (1956). 
(6) W. M. Schubert, J. Donohue, and J. D. Gnrdner, 

J .  Am, Chem. SOC., 76,9 (1954). 
(7) H. C. Brown and W. A.  Mrlrphey, J .  Am. Chem. Soc., 

73, 3308 (1951). 
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TABLE I 
VALUES OF vrnnx (Cm. -1) FOR THE PRINCIPAL BAND OF 4-ALKYLPYRIDINIUM PERCHLORATES IN VARIOUS SOLVESTS'~,''~ 

Group His04 HC104 HClOd HClO4 HCIOdC MeOHe lStOHe 
98% 70 % 50 % 36 % 1% 

1-I +3820 +3760 +3720 $3650 +3620 +3100 + 2:320 
Me 45660 45620 45790 45980 46080d 45980 4 6020 
E t  - 430 - 380 - 340 - 430 - 400 -320 -340 
i-Pr - 650 - 520 - 540 - 650 - r30 - 480 - 480 
t-Bu - 900 - 720 - 720 - 790 - 770 - 630 -610 

~~ 

a The absolute value of vmax is given for the 4-methyl compound; the vmax values of the other compounds are relative to 
the methyl compound. Average of 2 runs, duplicable to 1 2 0  cm.-' Negligible m o u n t  of free pyridine in any of the sol- 
vents (H. C. Brown and X. R. Mihm, J .  Am. Chem. Soc., 77, 1725 (1955). d Has Amax = 217.0 mp, emax = 5400. e Contain 
1% by volume of H2S04. 

TABLE I1 
VALL-ES 01" vmRX (Cm. -1) IFOR THE PRINCIPAL BAND OF ~-ALKYL-~-HYDROXYPYRIDINIUM IONS IN ACIDIC MEI)IA~S*,~ 

I1 +2010 + 1830 +2130 +1680 +1420 $1290 

E t  -410 - 340 - 250 - 230 - 230 
i-Pr - 620 - 480 - 350 - 320 -330 
t-BU - 750 - 630 - 480 - 380 - 370 

Me 44400 44250 44400 44000* 43670 43560 

a Protonation to the l-hydroxypyridinium ion greater than 90% complete in 9% HClO4 (H. H. Jaff6 and G. 0. Doak, 
The absolute value of vmax is given for the 4-methyl compound; the vmRx values of 

Has Amax = 
J .  Am. Chem. Soc., 77, 4441 (1955). 
the other compounds are relative to the methyl compound. 
227.3 mp, emnx = 8500. e Contain 10% by weight of HtSOi. 

Average of 2 runs, duplicable to 1 2 0  cm.-' 

Anal. Calcd. for CeH12N04CI: C, 43.67: H, 5.46. Found: , .  
C, 43.41; HI 5.35. 

The 4-t-butylpyridinium perchlorate melted a t  100.8- 
101.2O. 

Anal. Calcd. for C~HlrNO~Cl: C, 46.20; HI 5.99. Found: 
C, 46.44; H, 5.97. 

Preparation and purification of pyridine-l-oxide and 
4-methylpyridine-l-oxide were described previously.* The 
same procedure was used to prepare the other pyridine 
oxides. The 4-ethylpyridine oxide melted a t  111.0-111.5°. 

Anal. Calcd. for C,H,NO: C, 68.26; H, 7.36. Found: 
C, 68.21; 13, 7.20. 

The 4isopropylpyridine oxide melted a t  78-79'. 
Anal. Calcd. for CaHI~NO: C, 70.04; H, 8.08. Found: . .  

C, 69.40; H, 7.83. 
The 4-t-butvl~vridine oxide melted ut 103.9-104.3°. 
Anal. Calcj. ';or CsH,3NO: C, 71.48; 11, 8.66. Found: 

C, 70.86; HI 8.26. 
Spectral determinations. Spectral rneasuremcnts were made 

ut room temperature aa previously described. The instru- 
ment used was a Beckman DU spectrophotometer, equipped 
with a photomultiplier and a special fused quartz prism 
that extended the wavelength range to 185 mr. Values of 
vmax were detcrmined in the graphical manner previously 
described.* 

RESULTS 

Plotted in Fig. 1 are the spectra of 4-methyl- 
pyridinium perchlorate in 1% perchloric acid, 4- 
methyl-l-hydroxypyridinium ion in 9% perchloric 
acid, and p-methylacetophenone conjugate-acid 
in 92.1y0 sulfuric acid. These spectra are representa- 
tive of each class of compound and display 
well defined symmetrical bands. On variation of 
the 4-substituent of each class of compound the 
position of the band was shifted but did not change 
in shape. Values of vlnax in various solvents are 

A(mp) 220 250 280 310 340 
Fig. 1. Spectra of 4 methylpyridinium perchlorate in 1 yo 

HC104, 4-methyl-l-hydroxypyridinium perchlorate in 9% 
HC1O4 and pmethylacetophenone conjugate acid in 92.1 % 
H2S04 (reading from left to right). 

given for 4-alkylpyridinium ions in Table I, for 
4-alkyl-l-hydroxypyridinium ions in Table 11, and 
for p-alkylacetophenone conjugate acids in Table 
111. Table IV lists vmnx and emax values for palkyl- 
nitrobenzene conjugate acids in 101.5% sulfuric 
acid. Table V lists vm.. and erns. values for the 
conjugate acids (in 88% HzS04) and acylonium 
ions (101% H2SO4) of 4-alkyl-2,6-dimethylbenzoic 
acids. 

DISCUSSION 

Solvent efects.  A main feature of the results of 
Tables I, 11, and I11 is the fact that changing sol- 
vent has very little effect on thc principal h i i d  
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TABLE I11 
VALUES OF vmsx (Cm.-l) FOR THE PRINCIPAL BAND OF 

p-ALKYLACETOPHENONES IN CONCENTRATED H z S O ~ " ~ ~ ~ ~  

H + 1840 + 1900 + 1940 
Me 32030 32110d 32270 
t-BU - 380 -330 -310 

" Protonation to conjugate acid practically complete in 
all solvents (M. A. Paul and F. A. Long, Chem. Rev., 57, 1 
(1957). The absolute value of wmax is given for the p-methyl 
compound; the vmDX of the other compounds are relative 
to the meth 1 compound. Average of 2 runs, duplicable to 
f20 cm.-' 'Has Arne. = 311.4 mp, emax = 22100. 

TABLE IV 
V u m s  OF Y~~~ (Cm.-l) AND e,,, FOR THE PRINCIPAL 

BAND  ALKYLN NITROBENZENES IN 101.5?T0 HzSOI~ 

emax X 
p-Group vmnxb*c 1 0 - ' d #  

1Me 26610d 15.3 
Et - 210 16.8 
i-Pr - 240 16.0 
t-BU - 370 17.7 

a The nitrobenzenes are 97-99Y0 in the form of their 
conjugate acids (J. C. D. Brand, J. Chem. SOC., 997 (1950)). 

Absolute value given for methyl compound; the others 
are relative to methyl. Average of two or more determina- 
tions, duplicable to f30 cm.-l Amsr = 375.8 mp. e Esti- 
mated accuracy, 15%. Spectra determined quickly due to 
slow sulfonation. 

TABLE V 
VALUES OF vmax (Cm.-1) A N D  emax FOR THE PRINCIPAL BAND 
OF 4-ALKYL-2,6-DIMETHYLBENZOIC ACIDS I N  STRONQ HzS0, 

88% HzSOP 101% HzSO? 
P- emex X emax X 

Group vmaxC 10-3d YmaxC 10-3d 

Me 35460e 7.2 35520 20.0 
E t  35340 8.2 35270 21.7 
i-Pr 35270 7.9 35150 22.2 

a Substrate primarily in the form of the conjugate acid, 
ArCOz+Hz.s Substrate practically completely in the form 
of the acylonium ion, ArCO+.' Determined to f60 cm.-l 

Estimated accuracy, f3%. e XmX = 282 mp. 

position of each compound; i.e., the diference be- 
tween solvent stabilization of ground and ex- 
cited states is not very sensitive to a change in 
medium.* This is not surprising since the transitions 
involve a redistribution of positive charge (Equa- 
tions l and 2). The Franck-Condon Principle ap- 
plies, of course, which means that there is practically 
no movement of the solvent atomic nuclei in the 
short time of the electronic excitation. Solvent 
stabilization a t  the functional group (e.g., H- 
bonding to the acidic proton) is less in the excited 

(8) By contrast, the principal band of p-nitrotoluene, 
e.g., changes by 2080 crn.-', or 5.9 Kcal., from water to 
70% perchloric acid as the solvent.' 

state than in the ground state, siiice tlie positivc 
charge a t  the functional group is decreased in the 
excitation. This factor a& to raise the excitation 
energy (relative to the gas phase). However, sol- 
vent stabilization of the ring is greater in the ex- 
cited than in the ground state, since the positive 
charge in the ring is increased in the excitation, and 
this would act to lower the excitation energy. These 
two solvation forces appear to be approximately 
balanced. 

There are only slight differences in the solvent 
shifts for the three series of compounds. For ex- 
ample, compare the effect of decreasing strength 
of aqueous mineral acid. As aqueous solvent basi- 
city is increased, the excitation energies of the 1- 
hydroxypyridinium ions decrease slightly (Table 
11) , those of the pyridinum ions increase slightly 
(Table I) and those of the acetophenone conjugate 
acids increase somewhat more rapidly (Table 111). 
In  other words, the quantity, solvent stabilization 
of the excited state minus solvent stabilization of 
the ground state, increases slightly for the hydroxy- 
pyridinium ions, decreases slightly for the pyridi- 
nium ions and decreases to greater degree for the 
acetophenone conjugate acids. Since the Franck- 
Condon Principle applies, which means that the 
orientation of solvent molecules in the excited state 
is that fixed by the ground state, interpretation of 
these small differences in behavior between the 
three series of compounds is difficult. However, the 
results imply that as one proceeds from the hydroxy- 
pyridinium ions to the pyridinium ions to the aceto- 
phenone conjugate acids, there is a reduction in 
the importance of solvation of the ground state 
a t  sites that increase in positivity in the excita- 
tion relative to solvation a t  sites that decrease in 
positivity. This may mean that the positive charge 
in the ground state of the ions is dispersed to the 
greatest extent in the hydroxypyridinium ions and 
to  the least extent in the acetophenone conjugate 
acids. Such a conclusion is perhaps an oversimplifi- 
cation, however. 

Substituent egects. For each series of positive ions 
(some of them incomplete) the principal band ex- 
citation energies follow the inductive order (Tables 
I-V). Furthermore, in those instances in which the 
solvent was varied (Tables I-111), this order is 
maintained and solvent shifts on the spectrum of a 
particular compound are small. Therefore, it is safe 
to conclude that the order of inherent electron rc- 
lease in these highly electron demanding transitions 
is the inductive one. Thus, as in the principal elec- 
tronic transitions of neutral p-alkyl-nitrobenzenes 
and acetophenonesla C-H hyperconjugation is 
not the most important factor in the total electron 
release effects of the alkyl groups. 

As the solvent is changed there are no dramatic 
changes in the spreads between excitation energies 
of the compounds of Tables I, 11, and I11 such as 
were found for the neutral nitrobenzenes and aceto- 
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phenones.3 Since the total difference between sol- 
vent stabilization of the excited and ground states 

factor may be discernible, although speculation 
seems unwarranted. 

is changed very little with solvent, o ie  would not 
expect the factor of steric hindrance to solvation 

tation energy smeads from solvent to solvent. for their support* 
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Synthesis of Deuterated Biphenyls‘ 
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The preparation of four deuterated analogs of biphenyl, biphenyl-4,4’-ds, biphenyl-3,3’,5,5’-d+ biphenyl-2,2’,4,4’,6,6‘-da, 
and biphenyl-dlo is described. The first compound was synthesized from 4,bdibromobiphenyl, and the other three were 
formed by coupling the (Xrignard reagent of the appropriate deuterated bromobcnzene. 

Deuterium labeling has proved of great value for 
studies of substitution reactions in organic com- 
pounds.2 Examination of the fragmentation of 
organic compounds by ionizing radiations14 and 
the determination of molecular configuration by 
infrared spectrometryb have also been facilitated 
by deuterium labeling. Furthermore, the use of 
properly deuterated molecules greatly simplifies the 
interpretation of mass spectra of organic mole- 
c u l e ~ ~ ~ ~  by enabling identification of the ionized 
fragments produced and analysis of the processes 
taking place. 

In  this laboratory we are studying aromatic 
hydrocarbons of the polyphenyl type by several 
of the above methods-irradiation, vibrational 
analysis, and mass spectrometry. Biphenyl, which 
is the simplest member of the polyphenyl series, 
is the simplest aromatic compound containing 
only benzene rings which has nonequivalent carbon- 
hydrogen bonds. This nonequivalence has been 
demonstrated in the substitution reactions of 
biphenyl, since t,he ratcs of reaction differ a t  the 
positions ortho, meta,  and para to the bond joining 

(1) This work was performed under AEC Contract 

(2) J. G. Burr, Jr., Tracer Applications for the Study of 
Organic Reactions, Interscience Publishers, Inc., New York, 
1057; L. C. S. Melander, The Use of Nuclides in  the Deter- 
mination of Organic Mechanisms, University of Notre Dame 
Press, Notre Dame, Ind., 1955. 

(3) S. Gordon and M. Burton, Discussions Faraday SOC., 
To. 12, 88 (195’2): P. V. Phunp and M. Burton, Radiation 

AT( 11-1)-GES-8. 

liesearch, 7,. 199 (1957). 

( 1  0.57) 

- 
(4) J .  G. Burr, J .  Phys. Chem., 61, 1477, 1481, 1483 

\_”_.,. 
(5) W. R. Angus, C. R. Bailey, C. K. Ingold, and C .  L. 

Kilson, J .  Chem. Soc., 912 (1936); C. It. Bailey, C. K. 
Ingold, H. G. l’oolr, and C .  I,. Wilson, J .  Chem Soc., 222 
(1946). 

(6) P. K. Rylander, S. Meyerson, and H. hf. Grubb, 
J .  Am. Chem. Soc., 79, 842 (1957); G. A. Ropp and C. E. 
Melton, J .  Am. Gem,  Soc., 80, 3509 (1958). 

the two rings.’ Replacing hydrogen atoms by 
deuterium atoms a t  various sites in the biphenyl 
molecule allows the techniques mentioned above 
to furnish more information about the molecule. 
Consequently we have prepared four deuterium- 
substituted biphenyls: biphenyl4,4’-dz (I), which 
has deuterium atoms in the two para positions; 
biphenyl-3,3’,5,5’-d4 (11), which has deuterium 
atoms in the four meta positions; biphenyl-2,2‘,- 
4,4’,6,G’-ds (111), which has deuterium atoms in the 
four ortho and two para positions; and biphenyl- 
dlo (IV), which is completely deuterated. It can 
be seen that no molecular symmetry is lost in these 
deuterated biphenyls (in contrast to the case of 
the partially deuterated benzenesb), and therefore 
there is no increase in complexity of the vibrational 
spectra of the deuterated biphenyls over that of 
biphenyl itself. 
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Synthetic procedures. Deuterated benzenes and 
toluenes have been prepared by treatment of 
Grignard reagents* and organolithium compounds9 

(7) G. W. Wheland, Resonance in Organic Chemistry, 
J. Wiley & Sons, Inc., New York, 1955, pp. 493-494. 

(8) I,. H. P. Weldon and C. L. Wilson, J .  Chem. SOC., 235 
(1946); J. Tllrkevich, H. A. McKenzie, L. Friedman, and 
R. Spurr, J.  Am. Chem. Soc., 71, 4045 (1949); T. J. Prosser 
and E. L. Eliel, J .  Am. Chem. Soe., 79, 2544 (1957). 

(9) W. M. Lauer and W. E. Noland, J .  Am. Chem. Soc., 
75, 3689 (1953). 


