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Ahstr~-Partial rate factors with respect to benzene have been obtained for the nitration of naphthalene, 
2,6dimethylnaphthalene and 2-methoxy4methylnaphthalene. These results together with previously 
published data for Zsubstituted methyl- and methoxy-naphthalene are discussed in terms of cation 
localization energies, calculated within the Parisher-Parr-Pople framework. For both Me and OMc 
substituents it is shown that a good account of the reactivity of these molecules, which cover a range of lo6 
in partial rate factors, can be given by the simple SCF-MO treatment if due allowance is taken of sigma and 
pi inductive, and meson&c effects. 

INTRODUCTION 

IT HAS been shown’ that for Me substituted benzenes an adequate account of the 
electronic influence of the Me group on various physical and chemical properties 
can be given within the Parise-Par-Pople formalism if both inductive and meso- 
merit substituent effects are included. 

In the light of the encouraging results obtained in accounting for the reactivity of 
Me substituted benxenes in electrophilic substitution (in particular partial rate 
factors for nitration)’ it is of considerable interest to investigate perhaps a more 
stringent test of the model for the electronic effect of the Me group; the reactivity 
of substituted bicyclic aromatic systems. By contrast to the relatively weak interactions 
for the Me group, the OMe group attached to a conjugated system exerts a strong 
inductive rmd mesomeric effect. It has been shown2 that an adequate account of the 
OMe groups electronic influence on electronic spectra and charge distribution requires 
that both sigma and pi inductive effects be taken into account. It is therefore of interest 
to investigate the application of this model to the reactivities of OMe substituted 
compounds. 

Partial rate factors for nitration of mono substituted Me’ and 0Me4 substituted 
naphthalenes have been obtained by Wells et al. and the 2-substituted compounds 
are of particular interest since for the OMe compounds the large rate enhancement 
at the 6 position provides a good test of any calculated reactivity parameters. A 
further test of the theory is provided by investigating the effect of a further substituent 
in the unsubstituted ring on the reactivities of various sites in the substituted ring. 

We have therefore investigated the nitration of 2,6dimethyl and 2-methoxyb 
methylnaphthalene and naphthalene itself to obtain partial rate factors with respect 
to benzene for these and the mono substituted compounds. 
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METHOD OF CALCULATION 

The sigma and pi inductive effects have been incorporated into the standard 
PPPSCF-MO method as previously described.‘* ’ The aromatic C-C bond lengths 
and angles were taken to be 1.39 A and 120” respectively and the substituents located 
along the bisectors of the internal angles. The C-O bond length was taken to be 
1.37 A as in phenol.s Integral values and inductive parameters for the Me group have 
previously been given.’ For the OMe group the relevant values are’ H, = -3151 
eV (unmodified for sigma and pi inductive effects) Ilc_ oMe = - 1.680 eV, yrr = 1927 
eV. 

The inductive parameters using the moenclature of Ref (2) are arc(x), 1.70 eV, 
arc(x), 00 eV, c&(C), 1.70 eV, aK(C,) 140 eV, aC(X) 1.70 eV, aX(C) 2.70 eV. 

RESULTS 

Experimental. The nitration (HNO&H&OOH media 25”) of the 2-substituted 
methyl and methoxy-naphthalenes has been investigated in detail by Wells et a1.,3* 4 
and partial rate factors determined with respect to naphthalene. To enable partial 
rate factors to be calculated with respect to benzene, competitive nitrations have been 
carried out between naphthalene and benzene. For 2,6dimethyl naphthalene 
competitive nitrations were carried out with respect to 2-methylnaphthalene and for 
2-methoxyd-methylnaphthalene with respect to 2Jidimethylnaphthalene. In the 
particular cases of naphthalene and 2,6dimethylnaphthalene isomer distributions 
have been investigated in the range 25-loo”, in order to obtain information on the 
relative importance of enthalpy and entropy e&&s in sites of varying steric require- 
ment. In the nitration of 2,6dimethylnaphthalene alI of the three possible isomers 
were obtained and Table 1 shows the variation of isomer distribution with temp 
together with the results for naphthalene. 

TABIJZ 1. VAlllATION OF I!+OMEll DlSlllI8UTW)N WITH rwPmATuREloRllm 

NlTRAIlON OF NApNlluLBNB AND 2,6-DIMElWLWWL4LENE IN 

HNO,/CH,COOH mu 

Naphthalene 2&dimethylnaphthdene 

‘“’ [l-NO,]/CZ-NO,] [I-NO,]/[4-NO*] [4-NO,]/PNO,] 

0 - 4.82 f 07 39.5 f 1.7 
25 18.6 f 0.6 4.36 f 009 27.4 f 1.1 
50 150 f 1.0 3.87 f 007 18.8 f 3.1 
70 13.5 f 0.3 3.57 f 004 7.1 f 3-l 

100 11.2 f 0.8 3.25 f Ml 8.80 f C-28 

The activation energy differences are calculated to be A&, _ 4j - @83 f 010 
Kcal/mole and AEf4- 3j - 2.92 f 050 Kcal/mole, and this indicates that entropy 
differences must also be quite small. As we have indicated, competitive nitrations 
weir. carried out at 25” between 26dimethyhraphthalene and 2-methylnaphthalene, 
2-methylnaphthalene and naphthalene and naphthalene and benzene. The competitive 
nitration between 2-methylnaphthalene and naphthakne reproduced within experi- 
mental error, those results previously reported by Alcom and Wells3 The pre- 
dominance of the 2-nitro isomer in the nitration of naphthalene is largely due to the 
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lower activation energy A&,_,, - 1.49 f 028 Kcal/mole, and although the sub- 
stantial error in the latter does not justify any fum conclusions it would appear that 
the entropy difference must be quite small. The results are in good agreement with 
those previously reported by Alcom and Wells (at 25”)j, and Streitweiser and Fahey 
(SO’, 100”).6 Competitive nitrations between naphthalene and benzene at 25” gave 
anoverallrateratioof149 f 15,givingpartialratefactorsof212 f 22and 11.4 f 1.2 
for the 1 and 2 position in naphthalene respectively. For 2,6dimethyhraphthalene and 
2-methylnaphthakne the overall rate ratio was calculated to be 99 f 03 ; and from 
the partial rate factors of the latter and the isomer distributions, partial rate factors 
for 2,6dimethylnaphthalene were calculated to be 92,400 f 32,800,1680 f 820 and 
21,200 f 8070 for the 1,3 and 4 positions respectively. 

In the nitration of 2-methoxy+methylnaphthalene 3-mono nitro isomers were 
isolated and from their ‘H NMR spectra, with the aid of INDOR experiments, these 
were identified as the 1,5 and 8 nitro 2-methoxy-6methylnaphthalenes. Competitive 
nitrations with 2,6dimethylnaphthalene and then extrapolation to benzene gave 
partial rate factors with respect to the latter of 3,050,000 f 1,O4O,ooO, 114,000 f 40,000 
and 348,000 +_ 129,000. 

The rather large experimental errors arise from extrapolation from 3 sets of 
experimental data. The experimental results are collected in Table 2. 
Theoretical. In applying the inductive mesomeric model to the localized inter- 

mediate cations, the inductive parameters for the Me and OMe groups and attached 

TAU 2. PARTIAL RATE FACIXXS RIR NlTRATKlN HNO,/CH,COOH MDIA (25”). 

Compound position partial rate factor(r) Rd. 

R4xlmlc (1) 

Naphthalent 1 2.12 f 022 x lo2 This work 
2 1.14 f 012 x 10 This work 

2-h4ethyhlaphthalenc 1 1.57 f 075 x 10’ Ref. (3) 
3 7a7 f 3.4 x 10 Ref. (3) 
4 1.89 f 090 x 10” Ref. (3) 
5 1.63 f 0.78 x 10” Ref. (3) 
6 6-04 f 2.9 x 10’ Ref. (3) 
8 3.50 f 1.67 x IO3 Ref. (3) 

2-Mcthoxynaphthalenc 1 2.12 f 031 x lo6 Ref. (4) 
6 3.61 f 086 x 10’ Ref. (4) 
8 3.51 f 1.23 x 10’ Ref. (4) 

2$-DimuhylnaphthalcIle 

2-h4cthoxy-&mcthylnaphthalene 

1 9241 f 4.42 x 10’ This work 
3 169 f 107 x 10” This work 
4 2.12 f 1.08 x lo* This work 

1 305 f 104 x 106 This work 
5 1.14 f 040 x 1v This work 
8 348 f 1.29 x 10’ This work 
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C atoms were modified as previously described.’ Table 3 shows the cation localization 
energies A&,, (as defined in Ref. 7) for the substituted naphthalenes and also the 
differences with respect to benzene taken as standard. 

TABLE ~.CATION LLXXLIZATIONENERGIISOPSUBSTIWED NAPHTHALENIB. 

Compound Position A&b (ev) &bO - ME,, (ev) 

Benzene 22512 (0) 

Naphthalcne 1 21.760 @752 
2 22.095 0417 

2-MethyInaphthaIene 1 21.047 1465 
3 21.673 0.839 
4 21682 O-830 
5 21.633 0.879 
6 21.656 0856 
7 21960 @552 
8 21.378 1.134 

2Mcthoxynaphthalene 1 19768 2.744 

3 20.921 1.591 
4 21.620 0.892 

5 21.410 1.102 

6 20.829 1683 
7 21.806 @706 

8 20.657 1.855 

2,6-Dimethylnaphthalene 1 20.918 1.594 
3 21.536 0976 
4 21.299 1.2j3 

2-Methoxybmethylnaphthalcne 1 19.621 2891 

3 20.765 1.747 

4 21.228 1.284 

5 20684 1.828 
7 21.297 1.215 

8 20571 1.941 

DISCUSSION 

Qualitative discussion of the experimental results. The introduction of a Me sub- 
stituent into the 2 position in naphthalene activates the adjacent sites the effect being 
much larger at the 1 than at the 3 position and this is consistent with the localiration 
energy changes. The 1 and 8 positions are the most reactive sites and this is also clearly 
shown from the calculated localization energies. The 7 position in 2-methylnaphthal- 
ene is clearly the least reactive site by a substantial margin and this is consistent with 
the fact that the corresponding nitro isomer has not been detected experimentally.’ 
In the nitration of 2-methoxynaphthalene only the 1, 6 and 8 nitro isomers were 

detected. This is consistent with the localization energies, however the latter suggest 
that the 3 nitro isomer should also be formed in detectable amounts. A striking feature 
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of the results in Tables 2 and 3 is the large activation both observed and calculated 
for the 6 position. That this is due to some extent to the strong cross ring interaction 
in the Wheland intermediate cation can be inferred from the calculated electron 
population of the OMe substituent. The electron density transferred from the sub- 
stituent to the ring system of the cations is 0114, O-099 and OG88 for the highly 
activated 1,6 and 8 positions respectively and this is to he compared with 0058 for 
the site of lowest reactivity, the 7 position. 

However the situation is by no means clear cut and the corresponding results for 
2-methylnaphthalene are illuminating. For the 1, 6, 8 and 7 positions respectively 
the electron densities transferred from the pseudo pi system of the Me substituent are 
0089,0-064,0059 and OWI. This emphasizes the subtle interplay of the inductive 

“01 , 
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FIO. 1 Plot of AE”bO - AE, (in cV) vs logf (part&d rate factors for nitration (25°C HNO&H,COOH 
media). 

1. Benzene. 
2. Naphthalcne 1 position. 
3. Naphthalent 2 position. 
4. 2-Mcthylnaphthaknc 1 position. 
5. 2-MethylmIphth&m 3 position. 
6. 2-Methylnaphthaknc 4 position. 
7. 2-Methylnaphthalsne 5 position. 
8. 2-Mcthylnaphthalene 6 position. 
9. 2-Mcthylnaphthakne 8 position. 

Key. 
10. 2-Mcthoxynaphthalcne 1 position. 
11. 2-McthoxynapMhalcne 6 position. 
12 2-Mcthoxy~phthalene 8 position. 
13. ZfSDimcthylnaphthalcne 1 position. 
14. Z~Dimcthyl~phthalcne 3 position. 
15. 2$-Dimethyl~phthalcne 4 position. 
16. 2-Mcthoxy-fbmcthylnaphthalene 1 position. 
17. 2-Mcthoxy&ncthytnaphthalene 5 position. 
18. 2-Mcthoxy&ncthylnaphthalcne 8 position. 
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and mesomeric contributions to the electronic effect of the substituent, since the 
theoretical model has the “built in” feature of increasing the importance of the 
mesomeric, relative to the inductive contributions in the charged species with respect 
to the neutral molecules. For 2,6dimethyl naphthalene the order of reactivity 
1 > 4 > 3 is in agreement with the calculated localization energies. In the case of 
2-methoxy-6-methylnaphthalene the reactivity indices are again in good agreement 
with the experimental order of reactivity 1 > 8 > 5. It is of interest to compare the 
rate enhancements produced in one ring by a Me substituent in the other. For 
2-methylnaphthalene with respect to naphthalene the rate enhancements at the 5 
and 8 positions are 7.7 and 165 respectively. Unfortunately no figures are available 
for the 7 position. For 2Jklimethyl naphthalene with respect to Zmethylnaphthalene 
the rate enhancements are 5*89,11*25 and 2.38 respectively and this forms a consistent 
picture of the activating effect of the methyl substituent. 

Quantitative discussion of the partial rate factor data. The partial rate factors cover 
a range of lo6 and hence provide an exacting test of the theoretical model for the 
effect of the Me and OMe substituents. Fig. 1 shows a plot of (A&, - AE,,) versus 
log f (partial rate factors for nitration HNO,/HOAc, 25”). As we have pointed out, in 
obtaining partial rate factors with respect to benzene, extrapolation over several sets 
of experimental data is required so that the errors are rather large. With the noted 
exception of the 1 positions in the OMe substituted naphthalenes the correlation is 
amazingly good and confirms our previous results’* 2 that an adequate account of 
physical properties and chemical reactivities of Me and OMe substituted aromatics 
can be obtained within the PPP formalism if correct cognixance is taken of the sigma 
and pi inductive and mesomeric effects of the substituents. The 1 positions in the 
methoxynaphthalenes fall furthest from a linear correlation and are much less reactive 
than suggested by the cation localization energies. However the calculations take no 
account of the interaction of the substituent with the entering electrophile in the 
intermediate cations, and in the case of the polar C-OMe bond in the OMe com- 
pounds such interaction will become important particularly in the close vicinity of 
the OMe group, i.e. at the 1 and 3 positions. This accounts for the lower than expected 
reactivity at these sites. 

EXPERIMENTAL 

Analytical and preparative scale nitration and the preparation of samples for analysis were as previously 
described.’ 

Moterick. HNOs was purilkd as previously described_’ British Drug Houses ANALAR acetic acid and 
benxene were used without further purification. Naphthalene m.p. 805-811)“, 2-methylnaphthalcne 
m.p. 315” and 2.6diiethylnaphthalene m.p. 110-l 11” were vacuum sublimed before use and were 
chromatographically pure (GLC and TLC) 2-Methoxybmethyhtaphthalene was prepared from 2- 
methyhu@halene,* by sulphonation, fusion with KOH, and methylation of the 2-hydroxybmethyl- 
naphthalene, (m.p. 77+78”) and was chromatographically pure (GLC and TLC). 

kfenti~&n of pducts 
NItro 2-methyfnqM&nes. 144ethylnaphthalene was nitrated by the method of F&-David and 

h4anhaut.9 The 1 nitro Zmethylnaphthalene obtained crystaked from EtOH as orange needles m.p. 
80-81” (lit. 80-81”). The product from the preparative nitration of 2methyhiaphthalene carried out under 
theconditionsoftheanalyticalruns,waseluteddownan18in x $ncolumnpackedwithalumina(‘Camag”, 
Brc&marm activity l), using CCl, as eluant. One fraction was obtained pure with the same GLC retention 
time and IR qectrum as authentic sample of 1 nitro-2-methylnapht prepamd as above. The major 
peak on the GLC trace from the analytical nitration of 2-methylnaphthalene had the same retention time. 
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The peak areas for the other isomers agreed within experimental error, with the isomer proportions pub- 
lished by Alcom and Wells3 (although we did not characterixe these peakr). 

Nitro 2,Cdimethyhphthulenes. The product from the nitration of 26dimethylnaphthalene was eluted 
from an 18 in x 3 in column packed with alumina (“Camag”, Brockmatm activity 1). using petroleum 
ether (b.p. 40-6@). Two fractions were obtained which were shown by GLC to be incompletely resolved. 
The two fractions were put-i&l further by TLC using Kiselgel as stationary phase and cyclohexane as 
eluent. After recrystallization from EtOH, the two fractions had m.p’s 66066~5” and 78-79” (lit.” 1 nitro 
2,6dimcthylnaphthalene 68”. Found C, 71.5; II, 54; 4 nitro 26dimethylnaphthalene m.p. 84-85”.” 
Found C, 71.5; H, 5.4. Calc. for t&H1 tN0, : C, 71.6; H, 5.5%). GLC analysis ofthe fraction m.p. 66-5” 
showed about 1% of a second isomer which had also been detected in the analytical runs. It seems reasonable 
to assign this as the 3 nitro 2,6dimethylnaphthalene, although it did not prove possible to obtain a sample 
for identification. The identities of the other two isomers were established unambiguously by means of 
their ‘H NMR spectra. The ‘H 100 MHz NMR spectra of the two nitro isomers showed the Me resonances 
split by tMk4 ppm for the lower melting isomer (T 7.72 and 768) and a single peak at T 750 for the supposed 
4 nitro isomer. The aromatic regions for both isomers consisted of overlapping ABC and AB systems, at 
T 240-3.20 for the supposed 1 nitro isomer and T 160-290 for the supposed 4 nitro compound. With the 
aid of INDOR experiments the lines associated with each AB system were unambiguously assigned to give 
J, = 8.1 Hz vodm = O-43 ppm and J, = 1.6 Hz v,6, = @22 ppm for the supposed 1 and 4 nitro isomers 
respectively. The magnitude of the chemical shift differences of the methyl resonances and coupling con- 
stants of the AB systems allow unambiguous assignments of these structures. 

Nifro 2-met/my-6methylnuphthkme. The preparative scale nitration of2-methoxy-6methylnaphthalene 
gave three mono nitro isomers (with an isomer distribution of87.2 f 020/,(l) 9-6 f @lx (2) and 3.2 f @l% 
(3)). On elution from an 18 in x 3 in column packed with alumina (“Camag”, Brockman activity l), using 
C!Cll as eluent, two fractions were collected, one of these was shown by GLC analysis to contain z:90”/0 of 
the major isomer (I), whilst the second fraction contained zwk of isomer (2) and 10% each of the other 
isomers. The first fraction was eluted on a thick layer plate (Kieselgel) using a 1: 10 v/v mixture of CHCl, 
and CCl, as cluent. From this a pure sample of the major isomer (1) was obtained (m.p. 106107”, Found C, 
66.2; H, 50 Calc. for C,,H,,NO,:C, 66.3; H, 5.1%). The ‘H(100 MHx)NMR spectrumofthiscompound 
(10% soln in CC&) consisted of overlapping AB and ABC systems in the region T 2.30-2.82. With the aid of 
INDOR experiments the AB and ABC systems were analysed to give v,b, = 052 ppm JAI) = 92 Hx for 
the AB system and v,b* = 732.8 Hz, v,d, = 748.8 Hz, voSc = 748.3 Hx w r t TMS) with corresponding 
coupling constants J, = 9.25 Hq I,, = 1.5 Hz, J, c 0.2 Hx for the ABC system. The magnitude of the 
coupling constant for the AB system identifies the isomer as either the 1 or 5 nitro compound. The partial 
rate factors for the mono methoxy- and methyl-naphthalenes make it virtually certain that the major isomer 
is the 1 nitro isomer as do the localization energy calculations. This is strengthened by a consideration of 
the chemical shifts. The ‘H NMR spectra of 2&dimethylnaphthalene, and its 1 and 4 nitro derivatives and 
2-methoxy&methylnaphthalene have been analysed in detail and a comparison of the chemical shifts of 
the ring protons are shown in Table 4. Unfortunately the chemical shifts of the 4 and 8 protons in 2-methoxy- 
dmethylnaphthalene are almost identical so that distinction between the 1 and 5 nitro?somers cannot be 
made on the basis of the effect of the peri nitro groups. However the close similarity in chemical shift of the 
B and C protons of the ABC system for the nitro derivative is best accommodated by assignment as the 1 
nitro isomer. 

Elution of the second fraction (thick layer, Kieselgel) enabled a separation of isomers (2) and (3) from(l), 
but none of the many eluents used would completely separate (2) and (3). GLC analysis showed the ratio 
of the isomers in the final fraction obtained to be 6 : 1 (Found C, 66.1; H, 5a. Calc. for CisH, ,N03 : C, 663 ; 
H, 5.1%). The ‘H 100 MHz NMR (10% solution in CCl,) was complex, however with the aid of MDOR 
experiments the overlapping AB and ABC systems of the major component were identified. The only clear 
cut part of the spectrum attributable to the minor isomer was one half of an AB system J, 8.7 Hz centred 
at T 2.97. The minor isomer is therefore identified as the 5 nitro compound The analysis for the other 
component gave voS4x = 0.19 ppm, J, = 2.2 Hz for the AB system and voS,, = 712.6 H& vo6, = 763.0 
H& v,6, = 804.8 Hz., JAB = 975 Hz, J,, = 2.2 Hz, JBc c 02 Hx for the ABC system (shifts w r t TMS). 
The magnitude of the coupling constant for the AB system identifies the isomer as the 4 or 8 nitro compound. 
From Table 4 it may be noted that for the 4 nitro isomer of 2$dimethylnaphthalene the pert hydrogen 
sandwiched between the Me and NO1 groups exhibits a large downfield shift with respect to 2,6dimethyI- 
naphthalene. The high uplield shift (712.6 Hz) for the A proton and relatively small downfield shil? (804~ 
Hz) of the C proton in the ABC system is only compatible with assignment as the 8 nitro isomer, 
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