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Minimal basis set ab initio calculations are performed on naphthalenes and naphthalenecarbinyl cations 
substituted by CHS, F, CF3, CN, CH30, NHz, and NO% Suitable substitution reverses the inherent stability of 
a 1-naphthylcarbinyl cation over a 2-naphthylcarbinyl cation. Homodesmotic stabilization energies are correlated 
according to a modified DewwGrisdale equation as well as Taft's dual substituent parameter (DSP) equation, 
and the results are compared with published experimental data and corresponding treatments for benzyl cations. 

Naphthylcarbinyl cations 1 and 2 are intriguing subjects 

CH2' 

3 1 2 

for study since they offer ten sterically unencumbered 
substitution sites instead of only two as in benzyl cation. 
Furthermore, they furnish a link between the much- 
studied benzyl cations and higher polycyclic aromatic 
carbinyl cations such as 1-pyrenylcarbinyl cation (3) for 
which there are considerably fewer data.1-4 One reason 
for interest in species such as 3 is their relevance to the 
bay-region theory for carcinogenicity of polycyclic aromatic 
hydrocarbons ( P A H S ) . ~ ~ ~  In fact, 1-naphthylcarbinyl 
cation (1) can be regarded as the simplest bay-region 
carbonium ion. Although the actual intermediacy of 
carbonium ions in PAH metabolism is not established and 
subtle stereochemical details are beginning to emerge: the 
theory rests in part upon relative carbonium ion stabili- 
zation energies. 

Simple Huckel molecular orbital theory has long fur- 
nished understanding of benzylic reactivity and forms part 
of the framework for the bay-region theory. However, in 
order to quantitatively analyze the effects of diverse sub- 
stituents on reactivity, more complex theoretical proce- 
dures are required. Minimal basis set ab initio molecular 
orbital calculations have been employed to obtain gas- 
phase proton affinities of substituted ben~enes ,~  benz- 
aldehydes: and a-methylstyrenes: to calculate the sta- 
bilities of benzyl cations and the energetics of various 
proton-transfer reactions? and to understand interactions 
between two or more substituents on a benzene ring.1° 
Such theoretical studies allow separation of solvent effects 
and dissection of substituent interactions into components 
and disclose other features. Examples include the pre- 
diction that a p-nitro substituent on a benzyl cation is 
perpendicular to the ring while a m-nitro substituent is 
coplanar and that a p-amino group on the benzyl cation 
is planar while a m-amino substituent as well as amino 
substituents on aniline are pyramidal.8J1 Indeed, corre- 
lation of calculated and experimental gas-phase proton 
affinities permitted the assignment of protonation sites 
(ring vs. substituent) in a series of substituted benzenes.12 
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Correlation of substituent effects is based upon the 
pioneering research of Hammett and o ther~ . l~  Brown and 
Okamoto recognized that certain substituents exhibited 
enhanced interactions on benzylic cations due to direct 
resonance interactions with the reaction center. Thus, a 
new set of substituent constants, a+, was deve10ped.l~ The 
correlation treatment of systems such as naphthylcarbinyl 
is considerably more complex than benzyl. Two general 
approaches are employed. One method, proposed by 
Dewar and Grisdale2 and subsequently modified,15 obtains 
a different substituent constant for each ring position (aij 
or ajj+), and the slope, p,  is assumed to be constant for a 
given reaction type. An advantage of this approach is that 
it allows one to neatly dissect the substituent effect into 
electrostatic and resonance effects predictable from pa- 
rameters derived from the parent ion. A disadvantage is 
the large number of parameters so obtained. Forsyth has 
introduced a simple modification to the basic Dewar- 
Grisdale approach as well as two slightly more complex 
modifications termed SUMCHINl and SUMCHIN2.16 An al- 
ternative approach involves multiparameter extensions of 
the Hammett equation17 such as Taft's dual substituent 
parameter (DSP) equation18 which assumes a universal set 
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of substituent parameters (q, uR; q, uR+, etc.) and obtains 
reaction sensitivities (PI,  pR+, etc.) which depend upon 
substitution site. 

In the present study, minimal basis set ab initio calcu- 
lations have been carried out on derivatives of 1 and 2 at 
their ten sterically unencumbered positions. A uniform 
treatment of substituents including HI CHa, F, CF3, CN, 
CH30, NHz, and NOz has been employed to obtain sta- 
bilization energies. These stabilization energies are cor- 
related by using Forsyth's modified Dewar-Grisdale 
treatmenP as well as the Taft DSP equation.l8 (It is not 
the purpose of the present study to attempt to identify the 
best correlation method. Rather, a simple illustration of 
each of the two general correlation procedures has been 
chosen.) The results are compared with analogous treat- 
menta of published experimental data and also compared 
with correlations for benzyl derivatives. 
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Met hod 
and the STO-3G basis setm 

have been employed throughout the preient investigation. 
A standard idealized geometry has been maintained 
throughout for naphthalenes and naphthylcarbinyl cat- 
ions,2l and a standard set of substituent geometrieszz has 
also been utilized. HomodesmoticB stabilization energies 
are calculated according to equations such as eq 1 (1- 

The GAUSSIAN 70 

CH; 
I 

CH; 
I 

naphthylcarbinyl or 2-naphthylcarbinyl cation as well as 
1-substituted or 2-substituted naphthalene is employed as 
appropriate for the substituted ion examined). This ap- 
proach tends to cancel errors due to basis set deficiencies 
and lack of electron correlation and also tends to cancel 
differential steric effects, thus allowing derivatives of 1- 
naphthylcarbinyl and 2-naphthylcarbinyl cations to be 
compared directly. A positive value for AEd,, corresponds 
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other species such as benzotropylium are generated under 
these ~ond i t ions .~~  Under solvolytic conditions which 
favor development of a high degree of carbonium ion 
character: the free energy of activation for acetolysis (40 
“C, p = -5.71) of 1-naphthylcarbinyl tosylate is 1.25 
kcal/mol lower than that for the 2-naphthyl i ~ o m e r , ~  and 
hydrolysis (45 “C, 80% aqueous acetone) of 1-(1- 
naphthy1)ethyl chloride has a free energy of activation 
difference of 0.59 kcal/mol favoring its solvolysis over that 
of 1-(2-naphthyl)ethyl chloride.2G28 Although smaller 
energy differences, compared to calculated values, are 
consistent with (a) reactions in solution as opposed to gas 
phase and (b) partial charge development in the transition 
state, it is not readily apparent how to assess solution 
entropy contributions. 

It is fairly obvious, yet worth remarking, that substitu- 
ents can cause bay-region carbonium ions to be less stable 
than their non-bay-region isomers. For example, in the 
fluoro series, both the 68 and 80 isomers are calculated to 
be more stable than the 3a and 6a isomers. The 4a-tri- 
fluoromethyl derivative is calculated to be the least stable 
of ten isomers. Other patterns also emerge. The quinoid 
structures for 4-amino-1-naphthylcarbinyl cation (4A) and 

Table 11. Homodesmotic Stabilization Energies 
(kcal/mol) Obtained from Data in Table I through Use 
of Equations such as 1 Where Appropriate Changes Are 

Made for a- or p-Naphthylcarbinyl Cations and 
Positions of Substitution a 

cation posi- 
tion CH, F CF, CN CH,O NH, NO, 
301 1.09 -6.29 -6.21 
401 5.86 2.40 -6.83 
501 2.14 -1.25 -2.70 
601 1.31 -3.51 -4.94 
701 2.87 -0.65 -5.33 
4P 1.52 -3.65 -4.41 
50 1.05 -3.81 -3.36 
6P 3.38 -0.15 -5.65 
70 1.33 -3.54 -4.95 
8P 2.15 -0.88 -2.13 

-10.86 
-11.99 

-6.82 
-8.68 
-9.04 
-9.39 
-8.23 
-9.26 
-8.66 
-8.14 

-1.61 -0.80 -14.21 
15.26 19.73 -17.20 

6.36 5.66 -11.29 
0.67 1.81 -11.46 
6.80 8.39 -12.35 
1.30 1.91 -12.65 
0.47 0.49 -11.34 
7.64 10.38 -13.26 
0.72 1.85 -11.43 
7.41 6.03 -9.55 

a A positive value corresponds to stabilization; a nega- 
tive value connotes destabilization. For NH, and NO,, 
comparisons are made by using only the most stable sub- 
stituent geometries for the neutral molecule and the 
cation. 

to stabilization while a negative value indicates destabi- 
lization. Although the results calculated are of the A A E  
type (roughly equivalent to AAH results), they are relevant 
to Hammetbtype relationships which are linear free-energy 
relationships (AAG). One would anticipate that, for a given 
reaction series, gas-phase entropy changes should remain 
essentially constant and that AAS will be about zero. In 
fact, in a study of gas-phase basicities of substituted 
benzenes, Lau and Kebarle12 showed that A S  for proton- 
ation of both fluorobenzene and chlorobenzene was -3.5 
f 0.1 eu, in excellent agreement with the entropy change 
expected solely from the change in rotational symmetry 
number (ASrot = -3.56 eu), and this assumption was em- 
ployed in the analyses of the protonations of other sub- 
stituted benzenes. 

Results 
Table I lists the total energies of neutral naphthalene 

derivatives (1-N and 2-N) as well as naphthylcarbinyl 
cations (3a, 40, etc. where a refers to the l-naphthyl- 
carbinyl series, 8 refers to the 2-naphthylcarbinyl series, 
and the numbers refer to substituent positions). Table I1 
lists homodesmotic stabilization energies for the substi- 
tuted cations calculated according to equations such as eq 
1; for the NH2 and NO2 groups, the most stable substituent 
structure (pyramidal conjugated, planar conjugated, or 
planar perpendicular for NH2; planar conjugated or planar 
perpendicular for NOJ was chosen for the neutral molecule 
and the cation, and the results were employed homodes- 
motically. 

In accord with expectation, 1-naphthylcarbinyl cation 
(l), a “bay-region” cation, is calculated to be 2.05 kcal/mol 
more stable than 2-naphthylcarbinyl cation (2) despite the 
presence of peri interactions in the former that have not 
been relaxed calculationally. An optimization study could 
be expected to increase this energy difference. Mass 
spectrometric studies of the ionization energies of 1- 
naphthylcarbinyl and 2-naphthylcarbinyl radicals appear 
to indicate a 4.8 f 0.3 kcal/mol enthalpy difference fa- 
voring 1 over ZZ4 However, the possibility remains that 

(24) (a) Harrison, A. G.; Lossing, F. P. J. Am. Chem. SOC. 1960, 82, 
1052-1055. (b) Comparison of “methyl cation stabilization” energies 
according to A S H 2 +  + CHI - ArCH3 + CH3+ indicates 74 kcaljmol of 
stabilization for benzyl cation, 83 kcal/mol of stabilization for 2- 
naphthylcarbinyl cation, and 89 kcal/mol of stabilization for the 1- 
naphthylcarbinyl cation. 

U U 

H 
5A 4A 

6-amino-2-naphthylcarbinyl cation (5A) cause these two 
species to have planar amino groups in contrast to all of 
the remaining ions and neutrals, calculated here, which are 
predicted to have pyramidal amino groups. 

Discussion 
One means for analyzing the results reported here is 

through application of the Dewar-Grisdale method2 
whereby a different substituent constant is specified for 
each position. For this purpose, Forsyth’s modified Dewar 
approach16 has been employed where Aq corresponds to 
the regional charge (carbon plus attached hydrogen)29 
difference upon changing from Ar to ArCH2+. Results have 
been calculated by using STO-3G data rather than 
CNDO/2 data as in the original work. Furthermore, the 
appropriate substituent constants have been chosen from 
a recent critical c~mpi l a t ion .~~  In the present study and 
in previous work8 we have found better correlations of 
these calculations with this recent compilation of sub- 
stituent constants than with those of Brown and Okamo- 
to,14 particularly for CN and CF3 substituents. In Table 
I11 are found the CJ+ values employed in this study and 
corresponding values for M+ and P. In Table IV are listed 
reciprocals of the distance, in units of benzene bond length, 

(25) Schwarz, H.; Bohlmann, F. Org. Maps Spectrom. 1973,7,395-399. 
(26) Tsuno, Y.; Sawada, M.; Fujii, T.; Yukawa, Y. Bull. Chem. SOC. 

Jpn. 1975,48,3347-3355. 
(27) Tsuno, Y.; Sawada, M.; Fujii, T.; Tairaka, Y.; Yukawa, Y. Bull. 

Chem. SOC. Jpn. 1975,48,3356-3366. 
(28) Tsuno, Y.; Sawada, M.; Fujii, T.; Yukawa, Y. Bull Chem. SOC. 

Jpn. 1979,52,3033-3042. 
(29) Streitwieser, A., Jr.; Jesaitis, R. G .  In “Sigma Molecular Orbital 

Theory”; Sinanoglu, O., Wiberg, K. B., Eds.; Yale University Press: New 
Haven, CN, 1970; p 197. 

(30) Exner, 0. In “Correlation Analysis in Chemistry-Recent 
Advances”; Chapman, N. B., Shorter, J., Eds.; Plenum: New York, 1978; 
Chapter 10. 
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Table 111. Values of Substituent Constants" and 
Associated Values of Parameters for 

the Dewar-Gnsdale Equation a 
20. 

18 

STAB. 16. 

C koal/mol I 14- 
ENERG. 

I2 

10. 
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. 

om+ UP+ M +  F+ 
CH,O 0.10 -0.78 -6.41 0.882 

-0.09 -1.3 -9.04 0.844 
0.34 -0.07 -2.70 0.889 F 

CH3 -0.06 -0.31 -1.91 0.108 
CF3 0.46 0.53 -0.97 0.690 
CN 0.62 0.70 1.20 0.943 

0.71 0.81 1.44 1.071 
0.37 0.11 -1.56 0.814 

NO1 cl 
Br 0.37 0.15 -1.26 0.781 
Cl H, -0.08 -0.30 -1.71 0.050 
CH3S 0.14 -0.60 -5.34 0.833 

NHl 

a u..+ = F+/rij t A q i j M + ,  where A q i j  is that defined in 
ref 18. 

*, 
-1.4 4.2 -1.0 -0.8 -0.6 -0.4 -0.2 ' ' 

- 2 .  

Table IV. Reciprocals of Distances between 
the Reaction Center and Substituent Site, Calculated 

Changes in Regional Charge, and Experimental 
I3C Chemical Shift Response Slopes 

re1 I3C 
chem shift 

1 lri j  a Aq i j  response slope 
meta 0.577 0.0638 0.197 
Para 0.500 0.1905 1.000 
3a 0.577 0.0425 0.112 
4LY 0.500 0.1998 1.052 
5LY 0.378 0.0859 0.152 
6a 0.333 0.0558 0.081 
7LY 0.378 0.1066 0.301 
4P 0.577 0.0721 0.144 
50 0.333 0.0436 0.075 
6P 0.277 0.1156 0.605 
7P 0.289 0.0577 0.150 
80 0.378 0.0827 0.339 

a Values are reciprocals of units of benzene bond length 
lengths. 
to ArCH,'. 

between the reaction center and substituent site, Aq, and 
the relative response slopes of 13C chemical shifts for the 
relevant positions in benzyl and naphthylcarbinyl cations 
(selected from Table IV of ref 31). For the 12 substitution 
sites, the chemical shift response slopes plotted vs. 
CND0/2-calculated changes in regional charge31 has a 
slope (m) of 4.86, an intercept (b)  of -0.071, and a corre- 
lation coefficient (r)  of 0.9490, while a 12-point plot vs. 
STO-3G-calculated changes in regional charge (Table IV) 
indicates a slope of 6.40, an intercept of -0.25, and a 
correlation coefficient of 0.9715. 

The 72 tabulated stabilization energies [see Table 11; 
there are only two values for H-substituted (parent) cations 
1 and 21 have been correlated with ai,+ from the data in 
Table I11 and plotted in Figure 1. The slope is calculated 
to be -16.78, the intercept to be -0.46, and the correlation 
coefficient to be -0.9599. It is clear that the nitro-sub- 
stituted species almost all differ from the expected value 
by 2-5 kcal/mol. The slope corresponds to a p value of 
-12.3. The naphthylcarbinyl correlation can be compared 
to that of benzyl cation by using publishedg STO-3G sta- 
bilization energies for the latter along with the same uij+ 
values employed in this study (see data in Table 111). The 
resulting values are as follows: slope, -19.72; intercept, 
0.56; correlation coefficient, -0.9826 (n  = 17). This cor- 
responds to a p value of -14.5. In principle, the two values 
for p should be the same. The discrepancy results from 

Changes in regional charge in change from Ar 
Values taken from Table IV in ref 31. 

, 
-?a2 0.4 O k  0.8 1.0 

\ :  dc 

(31) Forsyth, D. A.; Spear, R. J.; Olah, G. A. J. Am. Chem. SOC. 1976, 
98, 2512-2518. 

-3.0 / 

-I "Y. 

-20 - I 8 ]  

Figure 1. Calculated stabilization energies of naphthylcarbinyl 
cations (Table 11) vs. uij+. Correlation analysis: n = 72, m = 
-16.78, b = -0.46, r = -0.9599. 

\ =.O t 

lot 

I 4 
-4.01 

Figure 2. Plot of log ( k / k o )  (solvolysis) for substituted na- 
phthylcarbinyl vs. qj+. Correlation analysis: n = 
24, m = -4.53, b = -0.14, r = -0.9879. 

difierences in molecular structure assumptions, choice of 
substituent sets, and inadequacies in calculational and 
correlational methods. If one uses the same set of uij+ (as 
well as data for C1, Br, C2H5, and CH3S, based on the same 
assumptions; see Table 111) and uses it to correlate ex- 
perimental values of log (K/ko)  (solvolysis) for the na- 
phthylcarbinyl series [n = 24, actually 1-( 1-naphthy1)ethyl 
chlorides and 1-(2-naphthyl)ethyl chlorides], the results 
are as follows: slope (identical with p ) ,  -4.53; intercept, 
-0.14; correlation coefficient, -0.9879. These data are 
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Table V. Correlations of Calculated Stabilization 
Energies a of Benzyl Cations vs. a+,= Calculated 

Stabilization Energies of Naphthylcarbinyl Cations 
(Table 11), and Experimental log&/kOx’” vs. uij+ a 

n m  b r P 

3.0. 

Greenberg and Silverman 

4.0r 

benzyl calcd 17 -19.72 0.56 -0.9826 -14.5 
naphthyl- 72 -16.78 -0.46 -0.9599 -12.3 

naphthyl- 24 -4.53 -0.14 -0.9879 -4.53 
carbinyl calcd 

carbinyl expt 

Gee Table 111. 

plotted in Figure 2. The summary of these three data seta 
is in Table V. Direct comparison of experimental log 
(k/lzo) (solvolysis) and calculated stabilization energies 
affords comparable correlations (Figure 3) .  

The second general means for examining correlations 
in the naphthalene series is through dual-parameter 
treatments.” As an example of this approach, the Taft 
dual substituent parameter (DSP) equation18 (eq 2) has 

been investigated for correlations of experimental and 
calculated data. One instructive aspect of this equation 
is its apparent ability to separate inductive and resonance 
effects. The factor X (=pR+/pI)  is a measure of the relative 
importance of these effects at each position.18 The 
dual-parameter equation for changes in stabilization en- 
ergies is given by eq 3. Assumption of negligible differ- 

AAE = UImI + flR+mR+ + 6 (3)  

ential entropy effects allows one to determine approximate 
values for pI and pR+ by dividing mI and mR+, respectively, 
by the factor 2.303RT. 

Theoretically calculated values of pI and pR+ as well as 
X (=pR+/p I )  and relative pR+ [pR+ (p-benzyl) = 1.000 (as- 

1 .o 1 , /  

. 
I . ’ : : :  ! ‘ : : : : I  

-12-10 -8 -6 -4 - 4 6 8 10 I 2  14 16 

Estab C koal/mol I 

/ . 
- 4.0 

Figure 3. Plots of experimental values of log (klk,) for solvolysis 
of 1-(1-naphthy1)ethyl chlorides (denoted by 0 )  and 142- 
naphthy1)ethyl chlorides (denoted by X), taken from Table V of 
ref 27, w. calculated isodeamic stabilization energies of substituted 
1- and 2-naphthylcarbinyl cations. The correlation with 1- 
naphthylcarbinyl cations (n = 12, m = 0.248, b = -0.16, r = 0.982) 
is comparable to that involving 2-naphthylcarbinyl cations (n = 
6, m = 0.255, b = 0.03, r = 0.994). Taking the two data sets 
together, one obtains n = 17, m = 0.250, b = -0.10, and r = 0.983. 

sumed)] values are listed in Table VI. Corresponding 
experimental values are listed in Table VII. (Similar 
correlations were made by Forsyth and see note 

Table VI. Theoretically Derived DSP Parameters (See Eq 2 and 3) Based on Values of p~ and p ~ +  from Table V of Ref 18, 
Stabilization Energies for Naphthylcarbinyl Cations from Table I1 and Stabilization Energies for Benzyl Cations from Ref 9 

position 

meta of benzyl 
para of benzyl 
3ff 
4a 
5ff 
601 
7 f f  
40 
50 
6p 
70 
8P 

“1 

-21.15 
-20.78 
-18.12 
-18.71 
-11.78 
-13.98 
-14.06 
-15.09 
-13.40 
-14.89 
-13.99 
-10.88 

mR+ 
-2.84 

-18.34 
-1.74 

-15.31 
-5.63 
-3.03 
-7.58 
-3.29 
-2.14 
-8.76 
-3.05 
-6.00 

Y 

0.36 
0.84 
0.15 
0.86 
0.53 
0.12 
0.32 
0.29 
0.29 
0.42 
0.13 
0.46 

R 
0.9645 
0.9875 
0.9604 
0.9780 
0.9268 
0.9610 
0.9687 
0.9438 
0.9253 
0.9742 
0.9618 
0.9235 

P I  

-15.51 
-15,24 
-1 3.29 
-13.72 

-8.64 
-10.25 
-10.31 
-11.07 

-9.83 
-10.92 
-10.26 

-7.98 

p R +  

-2.08 
-13.45 

-1.28 
-11.23 

-4.13 
-2.22 
-5.56 
-2.41 
-1.57 
-6.42 
-2.24 
-4.40 

h re1 p R i  

0.134 
0.883 
0.096 
0.818 
0.478 
0.217 
0.539 
0.218 
0.160 
0.588 
0.218 
0.551 

0.1 55 
1.000 
0.095 
0.836 
0.307 
0.165 
0.413 
0.179 
0.117 
0.478 
0.166 
0.327 

1.018 
1.000 
0.872 
0.900 
0.567 
0.673 
0.677 
0.726 
0.645 
0.717 
0.673 
0.524 

Selected same substituents as for naphthylcarbinyl species; eight data points for each correlation. 

Table VII. DSP Parameters Derived from Experimental Data 
position n P I  PR’ s R h P I  P R’ 

meta of benzyl 4 -5.06 -1.12 0.00 0.9991 0.221 0.894 0.180 
para of benzyl 5 -5.66 -6.21 -0.07 0.9996 1.097 1.000 1.000 
3ff 5 -5.20 -0.72 0.00 0.9969 0.138 0.919 0.116 
4ff 6 -5.21 -5.22 0.02 0.9994 1.002 0.920 0.841 
5ff 5 -3.37 -1.21 0.00 0.9946 0.359 0.595 0.195 
601 4 -2.48 -0.79 -0.03 0.9986 0.320 0.438 0.128 
7cr 5 -3.06 -2.16 0.00 0.9948 0.706 0.541 0.348 
6p 5 -3.25 -3.03 -0.02 0.9995 0.932 0.574 0.488 
7P 4 -3.27 -0.97 -0.07 0.9964 0.296 0.578 0.156 

See ref 26-28; “meta of benzyl” and “para of benzyl” actually correspond to  meta and para derivatives of l-phenyl- 
ethyl chlorides. 
4~4, etc.) or substituted 1-(2-naphthyl)ethyl chlorides (e.g., 40, 5p, etc.). Only substituents whose uI and OR+ values are 
found in Table V of ref 18 are included in these correlations (thus accounting for slight discrepancies with correlations in 
Table I of ref 32). 

Likewise, “naphthylcarbinyl” derivatives are actually substituted 1-( 1-naphthy1)ethyl chlorides (e.g., 3~2, 
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Table VIII. Linear Correlations between Theoretical 
and Experimental p R+ Values and Two Predictors of 

Resonance Effects, A q u  (Ar to ArCH,+, Regional, 
STO-3G) and "C Chemical Shift Response Slope 

correlation n m  b r 
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theor PR+ vs. Aqij 
theor p ~ +  vs. 

exptl PR+ VS. Aqi j  
exptl PR+ VS. 

13C response slope 

theor P I  vs. A q Q  
theor P I  vs. 

exptl P I  vs. A q u  
exptl P I  vs. 

13C response slope 

13C response slope 

vs. Aqi j  

I3C response slope 

I3C response slope 

1 2  
1 2  

9 
9 

1 2  

1 2  
1 2  

9 
9 

-72.99 
-10.87 

-34.36 
-5.22 

6.40 

-19.67 
-3.45 

-9.33 
-1.67 

2.04 -0.9831 
-0.94 -0.9653 

1.12 -0.9756 
-0.27 -0.9825 

-0.25 0.9715 

-9.59 -0.4223 
-10.21 -0.4884 

-3.11 -0.4530 
-3.38 -0.5836 

The relationship between these two predictors is also 
examined (see also Figure 3). For comparison, the same 
four correlations are made with the inductive parameter 
pI; it is clear that the resulting correlations are very poor. 

in Table VII). A plot of theoretically derived pR+ values 
vs. the corresponding experimental values (n = 9) gives 
the following: slope, 2.10; intercept, -0.41; correlation 
coefficient, 0.9904. Even more to the point, the slope of 
the theoretically derived relative pR+ vs. the corresponding 
experimental value is 0.968 with an intercept of 0.03. Thus, 
there is good correspondence between resonance effects 
in the two data sets. However, the correspondence be- 
tween theoretical and experimental inductive effects is not 
as good. A plot of theoretical vs. experimental pI has a 
slope of 1.851, an intercept of -4.50, and a correlation 
coefficient of 0.8956. A plot of theoretical vs. experimental 
relative pI has a slope of 0.689 and an intercept of 0.296. 
A plot of the theoretical vs. the experimental X value ex- 
hibits a slope of 0.750, an intercept of 0.02, and a corre- 
lation coefficient of 0.9531. It is clear that the theoretical 
treatment is only about 75% as sensitive to inductive ef- 
fects as it is to resonance effects, the latter being ade- 
quately calculated. Finally, one should note that dou- 
ble-linear correlation coefficients for experimental and 
theoretical data cited in this work cannot be strictly com- 
pared. The reason is that the number of experimental data 
points (n = 4-6) is much closer to the smallest number (n 
= 4) employable for a meaningful correlation coefficient 
than is the number of theoretical data points (n = 8). 
Furthermore, measures of goodness of fit such as SD/rms 
exaggerate these differences. 

Correlations of pR+ with experimental and theoretical 
parameters have been investigated by Forsyth and San- 
del.32 They find their best correlation between pR+ and 
the 13C response slope, both experimentally derived data 
sets. In Table VI11 are summarized similar correlations 
arising from the present study. In this limited study the 
best correlations are between a pair of theoretically derived 
parameters, pR+(theor) and Aqii(Ar to ArCH2+, regional, 
STO-SG), and a pair of experimentally derived parameters, 
pR+(exptl) vs. '3c response slope. Values of theoretical and 
experimental pR+ as well as 13C response slopes vs. Aqij are 
plotted in Figure 4. 

Conclusions 
STO-3G calculations treat resonance effects in na- 

phthylcarbinyl cations quite well but appear to underes- 

(32) Forsyth, D. A.; Sandel, B. B. J. Oig. Chemr1980,45,2391-2394. 
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Figure 4. Plots of theoretical and experimental pf+ and 13C 
chemical shift response slopes vs. Aqij (Ar to ArCHz , regional, 
STO-3G). The correlation values for the theoretical pR+ vs. Aqij 
are n = 12, m = -72.99, b = 2.04, and r = -0,9831. The correlation 
values for the experimental p ~ +  vs. Aqij are n = 9, m = -34.36, 
b = 1.12, and r = -0.9756. The correlation values for the 13C 
response slope vs. Aqij are n = 12, m = 6.40, b = -0.25, and r = 
0.9715. 

timate differential inductive effects. The calculations 
predict significant substituent effects in altering relative 
cation stabilities even when these substituents are fairly 
remote from the reaction center. This calculational ap- 
proach may aid in the understanding of bioreactivities of 
polycyclic aromatic hydrocarbons (PAHs). Additional 
calculations can be performed on higher homologues such 
as anthracylcarbinyl and phenanthrylcarbinyl cations. 
Combining these data with calculational data on benzyl 
and naphthylcarbinyl cations should allow one to generate 
a gas-phase p value corresponding to Streitwieser's 6 scale3 
for various substituted PAHs (e.g., 3-phenanthryl, 4-py- 
renyl, etc.). This will allow the placement of substituted 
PAHs on the same scale. 
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