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Abstract-The occurence of an intramolecular chard-triter interaction has been confirmed by solvent 
eflects and the change of x-base strength in a series of compounds, p-01NC6H&X&,NWAr, where Ar 
groups are pbenyl, Z,~i~thylph~y~ mesityl, panisyl, a-naphtbyl, and ~Mphthyi. When the Ar group 
is phtnyl, the interaction includes the homologs n = 1 h 4. The proocdures to obtain the CT band by 
subtracting a reference spectrum have been discussed, wpecialfy with regard to the choice of reference 
compounds. The cbaage of A_ and E, with n-base strength and n has been discussed from the viewpoint 
of contact charge-transfer interaction. Throughout the series, mesityl and ~-~8p~t~yi groups show ab- 
normal bebaviour, which is explained by steric effects for the mesityt and by #nfo~ationa~ effects for the 
p-naphthyl groups. 

SINCE ~a~-nitro~n~l~ni~~ne (la) shows an abnormal rotamer distribution with 
regard to its CH,-- N bond,2 and since its solution is pale yeiiow even in a concentra- 
tion less than X0’ 2 mote/f., it may Zm: reasonable to expect int~mo~~u~ar electron 
donor-acceptor or charge-transfer (CT’) interaction* in this compound. 

k:n= 1 1d:a = 4 
(CH :>a NHPh Ib:n = 2 I+: n = 5 

lc: n = 3 If: n = 7 

Although extensive theoretical and experimental attention has been given to the 
charge-transfer complex, most of the data are related to intermolecular ~nte~ction 
and not many 5-L2 are concerned with the intramolecular case. The int~rno~~u~ar 
CT interaction is, however, interesting and important, since the structural factors 
governing the characteristics of CT absorption are variable by choosing appropriate 
structures and the resulting effects may useful for the analysis of the interaction. 

* The terms ‘“intramolecular charge-transfer interaction” and “iatramoiecu1Pr donor-aqtor inter- 
action”bave also been used for the ph~nolli~a~~ ~vo~v~g~ly~nn~~ donor and acceptor groups.3*4 
There may be no essential dfl,rrmc in whether donor and acoeptor groups are diily or indirectly 
bonded, since in either case the major process involved is transfer of a charge (i.e. of an electron) from a 
donor to an acceptor. However it is important from the viewpoint of approadr whether the interaction 
occurs directly (‘tbrougb bond”) or indirectly (so to say, “through spsoe’9. Tfie former has attracted the 
attention of the theoretical field, but the latter has been studied most& by organic chemists. We feel it 
naoessary to indicate this difference clearlly in order to avoid misund~tanding. 



1182 M. &I and K. Mum1 

Two representative types of structure have been used for the study of the intra- 
molecular CT interaction. One the cyc~oph~e tyPe,‘-’ has rigidly fmed donor and 
acceptor groups, its spectral characteristics being easily subject to the analysis on the 
basis of established structural parameters. The other is the acycliicg-~2 type in which 
donor and acceptor groups are, in general, bound with a polyethylene chain. The 
anatysis is not easy on accuunt of the mobility ariawed for the two groups, but this 
type has the greater advantage of being easily accessible and rich in variety. 

The compound Ia belongs to the latter type. The objectives of present paper are to 
provide evidence for the existence: of the intramolecular CT interaction and to study, 
compare, and correlate the eflects of various structural alterations on the CT absorp- 
tion in a homologous series of compounds. 

It should be mentioned here that Dewar and Thompson,13 have pointed out “the 
appearance of a charg~tr~sfer spectrum provides no evidence that chargetransfer 
plays a dominant, or even a signifkant, role in the binding.” They have also indicated 
that the only requirement for a CT transition to occur with signifkant intensity is 
that the species involved should be close together. We consi tions are 
also applicable to the present interaction. Therefore the term complex 
formation, is used in this paper. As an approach, our conczm is facud mostly on the 
ektrunic spectrum, i.e. CT band. Therefore the following discussion is mainiy 
concerned with the characteristics of the CT band, but not with the forces b~g~g 
the donor and acxeptor ups in ctose contact. 

In the region of the N-H stretching absorption the compounds la-f show two 
bands, at ca, 3420 and 3450 cm- ‘* The former has ken assigned as due to the intra- 
molecular N-H . . . it interaction and the latter to free N-H.xc* ls The relationship 
between the Iogarithmk ratia of the two band intensities, log (Atowrr/Ahilha)r and the 
number of methyiene groups (n) in i is shown in Fig. f . The gradual increase of the 
ratio with n has been interpreted as a consequence of the increase ofanother free N-H 
rotamer which absorbs at nearly 3420 cm - I. It has been confirmed that the value for 
If (n = 7) is the ratio of the two free rotamers as is observed in Nopropy~anii~e.” 
The values for la, ‘Ib and Xc are abnormally Iow, because, if the N-H . . . R interaction 
is present, the intensity of the lower band (interaction band) should be stronger, and 
if the interaction is absent it should be near to the value of xf, in which the absence of 
the interaction has been confirmed. 

Theanomaly will become clearer if la is taken as an example. Thereare two rotamers 
(2 and 3) in this compound of which 2 is the N-H . . . R ~tera~~g species. Since the 
observed ratio, log (A ~*~~/A~,~~~) or log (A;JA& is negative, the rotamer 3 is favoured 
over 2. This value is unexpectedly low considering the circumstances that the 
N-H.. . R interaction stabilizes 2 and repubive foroe between the two benzene 
rings would destabilize 3. Both effkts should increase the population of 2 and the 
intensity ratio over that of ff. Hence, observed phenomenon must be explained by 
some attractive forces between the aromatic rings. The same conclusion has also been 
drawn from the determination of AH of la. l6 For the eases lb and Ik, the situation 
is nearly the same; the low intensity ratio suggests the high popu~tio~ of the con- 
former 4 in which the possibility of the aromatic rings being in close contact with 



each other is larger than other conformers, It is noteworthy that the N-I-I stretching 
absorption of the higher wavenumber does not show an appreciable change through- 
out the series of the homofogs Ia-4’. This fact may su st that the major force would 
not be the charge-transfer force, since if it were dominant the ff-electron density in the 
aniline group would be reduced and appreciably effkct the dispracement of the band 
position.’ The important thing deduced from these facts is that a great opportunity 
of close contact is provided for the aromatic rings in some homologs of 1. 

ELECTRONiC SPECTROSCOPY 

Electronic spt?crroscupy 
E_treet of the clurin leap. Electronic spectra in a region of 220 w 400 rnp of the 

homologous series of 1 have been measured in 95% ethanol and reproduced in Fig. 2. 
Comparing the absorption Curves with that of If, the lower homologs show some 
extra extinction in the longer wavelength region. The higher homologs, fd and le, 
show nearly the same absorption curves as that of H. 

From these spectra it can be assumed that the pnitropheayl and the aniline groups 
in If are suffkientfy apart from each other to make any ~t~ol~ular interaction 
null, and that its absorption spectrum can be regarded as a reference or standard for 
comparison. Subtraction of this reference spectrum from others shows an absorption 
maximum in the re on longer than 300 mp. The results obtained in several solvents 
are summarized in Table 1. 

As is Seen in Table 1, Ia, Ib, lc and ld show the extra bands, with some differences 
in maximum position and extinction coefficient. Although the band in Id may appear 
uncertain on account of its small intensity, its presence is certain since the values are 
results of several measurements and since it is observed in three of four solvents 
(Table I). It is notable that the extra band is observed in those compuunds which 
have shown an anomalous value, Iog (Alawa/AhllhJr mentioned above. Judging from 
the electronic spectrum, the value for Id (Fig. 1) could also be abnormal. Thus the 
circumstances that the p-nitrophenyl and anilino groups could be close together, 
seems, at least, one reason for the appearance of the extra band. Considering the band 
position and the nature of the two chromophores, it may be reasonable to conclude 
that the band is due to charge-transfer transition, where the p-nitrophenyl group 
plays a role of x-acid and the aniiino group rrbase~ 



95% Ethanol 347 mp {230) 333 mp {%O) 334 mp (185) 345 mp* 140) 
Acetic acid 340 (250) 328 (330) not ObRrned not observed 
CCL 344 (315) 332 (930) 325 (340) 336* (25) 
~~ct~ylfo~jdc 363 (310) 345 (865) 337 (435) 350* (35) 

+ Broad had, with an accuracy of f5 mlr, 

s of ~tram~lecul~ interaction have been reported. Approaches for 
he strength of the interactions are manifold. As a measure of the 

strength, limitation by the chain length, namely a number of atoms involved in the 
chain binding interacting groups may be used. Within the scope of weak interactions 
in acyclic compounds excluding ~-~ndjng. compounds similar to the present case, 
~IO~NC~H,(CH~)~C~H,~H,-~, are known to show the CT band when n is I, 2 and 
3.g In the case of this study n = 2 and 3 correspnd to la and Ib in chain length, 
respectively. In a series of pyridinium salt, [A~CH~~~~+C~H~~] X’, the appearance 
of the CT absorption has been reported in n = 1,2, 3 and 4? x r Unfortunately, in 
both cases the limit of interac has not been reported. in a series of pyridyl diradic- 
als,12 Py$X,),+y where denotes 4-meth~xy~rb~nyl-I-py~dyl, the intra- 
molecular association and at the same time CT band are observed in n = 3 and 4, 
but not in n = 5 which corresponds to Id in chain length. Several kinds of compounds 

I 2 3 rls__li, 7 

Ftc;. 1. Correlation of the number of methplmes (n) with the intcmity ratio, log (At&Aurr,J 
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RG. 2. The absmption of 1 in 95% ctbanal. Curves I, 2,3, and 4 cxmqxmd to the 
spactra of In, lb, le. and ld, respectivcty. The broken iinc xqmmts that of U. The curves 
haye been displaced upward cm the ordhate ti by 011~ loge unit incrtninxts frama the curve 

imxititeiy b&w. 
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have been used for the study of intramolecular interactions,‘7-24 but their structural 
variety is limited in regard to the chain length. In most oases the investigation has not 
been extended to higher homologs in order to detect the limit of the interaction. The 
limited data available su sts that a chain length of four or five atoms is the limit to 
~tr~o~ecu~ar interacti in acyclic compounds, es ly involving two sortie 
rings. The effects of chain length on the characteristics of the absorption are obvious, 
but discussion will be postponed to the later part of this paper. 

Solvent e$eets. Since the influence of solvent on CT absorption is sometimes noted 
in intermolecular CT complex,2s-2p it would be interesting to know the effects in an 
intramolecular case since this may provide evidence for CT interaction. The sub- 
traction bands of Ir in several solvents are shown in Figs 3 and 4, with a summary of 
data in Table 1. Though the choice of solvents is limited by the solubil~ty of the 
compounds and the transmittancy of solvents, from these data it may be said that in 
protic soivents (Fig* 3) the band appears very broad and, in some eases, pro~b~y has 
more than one peak. On the other hand in aprotic sulvents(Fig. 4) the d is relatively 
sharp parently has one peak. The ob difTerence h the type of solvents 
wouid tamed on the basis of solute-solvent interaction. 



lntnrrnolrxulu chptnnlller iatmicriaa ia ~~~~~~~yl~l~l~ 1187 

In aprotic solvents, the effects arc apparent in both maximum position and extinc- 
tion coefficient; as a tendency, the shorter the wavelength, the higher the intensity. 
The band br~de~~ is also observed, but less marked than in protic solvents. The 
broad bands observed in dioxan, bromo nc, and d~e~y~o~a~dc arc ex- 
pfained on the basis of the solute-solvent interaction, in which the W-H group of the 
solute amine is a proton-donor and the oxygen or alelectrons of these sofvents a 
proton-acceptor. Under these ~ndition~ there may be many possible states of the 

30C 

eT interaction ~~ond~~ to various evocations and strength of the interac- 
tion. A~ordin~~y, a broad band should be observed as a composite of the bands due to 
these various states. Only W-bonding is not an &ectivc force. In dimethy~o~~ide 
(Table t), maximum positions are d-shifted by 10 - 20 rnb e-‘s sli 
in Ia and Ib, but rather increased by 30 w WA in Ic and Id in comparison with those 
in CC&. These eff&cts shoulld be considered in connection with dipole moment, 
dielectric constant, po~~b~ty of the solvent, ctc as well as ~~~d~~ 

Even CCib is not an inert solvent in comparislon with n-hexane (F’ig. 4) The slight 
band broadening and reduction in the intensity o in this solvent should also 
be attributed to a weak interaction with the solute aromatic ami.r~.~~~~ 
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In protic solvents, this interaction is mainly intermolecular H-bonding where the 
nitrogen in the solute molecule is a proton-acceptor and a solvent molecule a proton- 
donor. This effect decreases the x-base strength of the anilino group to a greater 
extent than in aprotic solvents, resulting in weaker extinction coeficient as observed 
in Fig. 3. Qf course, the N-H group of the solute can also be a proton-donor and the 
solvent oxygen a proton-acceptor, probably to a lesser extent than the 0-H group 
of the solvents on account of the bonding energy? In addition, O-H.. . rc type, 
Q-H . . e 02N type interactions, etc are also possible depending on the structures of 
the components and the bonding energies. All these effects are probably responsible 
for band broaderiing and two apparent peaks, 

The band observed in acetic acid is blue-shifted with a considerable decrease in 
intensity (Table 1). A dramatic change is observed for fc and M, the band in question 
completely disappearing in this solvent. Considering the fact that acetic acid solvates 
the solute amine far more strongly than the other protic solvents in salt-like mode, the 
observed effect could be explained by the sharp decrease of R-basicity in the aniline 
group. If this is true, the effect of acetic acid is further evidence of the presence of CT 
interaction. 

It is therefore clear that protic solvents are not appropriate for the present study. 
For this reason Ccl4 was chosen as a standard solvent, as it is relatively inert and has 
good dissolving power. 

&$2re~ce cclmpound, In the homologous series of 1, ff has been chosen as a reference 
or standard compound and its absorption spectrum subtracted from the others, and 
the resulting extra bands discussed on the basis of CT’ interaction. For this purpose, 
le is also suitable, since in Ccl,+, there is no differenoe between the spectra of fe and lf. 
Hereafter, this method of setting a reference is called the higher homolog method 
(HH method). In some cases the separate chromophores (SC) method has been 
applied. A compound is divided into two (or more) chromophoric groups, and 
representing these by simple or easily available compounds, the sum of the spectrum 
is taken as a reference. For instance, for the series of 1 the sum of the spectra of 
p-nitrotoluene and N-methylaniline is used instead of lf. 

Before discussing the relative merits of these methods, it must be noted that the 
more important problem to be solved lies in obtaining the extinction of the extra 
band by simple subtraction of a reference spectrum in both methods. Here, we have 
assumed that the molecule in the CT interacting state should only add the extra 
spectrum to that of the non-interacting state. This assumption has not been proved 
yet. Fortunately, the assumption is not quite meaningless,* since the band appears in 
the region where the effect of a change in the original transitions on the absorption 
intensities of the interaction, if it occurs, is expected to be small (in e unit) on account 
of the low extinction. Consequently it may seem of little value to discuss which of the 
two methods is superior so long as the extent of the uncertainties originating in this 
assumption are not known. But it is interesting to compare the reference spectra by 
these methods. By doing this, a criterion may be obtained to decide whether both 
methods are applicable on the same level or either of them should be adopted through- 
out a series of experiments. 

As separate chromophores, N-methylanii~e, N-ethylaniline, N-butylaniline, 
* The same considera?ian should be taken into account in intcrmalcculsr compkx. For instance, see 

Experimental Fart of rcf 38. 
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pnitrotoluenc, and ~anitrobu~~~~~~e were chosen. The data are summarized in 
Table 2. 

TABLE 2. COMPARISON OF REFEREKC-E SPECTRA BY THE SC METNOD AND THE H!i M!THOD [IN ccl,) 

Compounds Absorption Cacient* 
32Omp 330 340 350 3150 370 

MeNHPh 
EtNHPh 
n-BuNHPh 

F=McGH.+N% 
;pn-BuC6H1NQ2 
McNHPh + pMeC6H,NOS 
EtN-HPh + p-a-BuCbH,NO1 
n-BuNHPh +- p-n-BuC6H1NQ1 
pOsNC6H&ZH &NHPh 
(1~ and lf) 

790 220 43 21 8 3 
840 230 65 21 9 5 
950 270 78 25 10 5 
3u7 258 229 181 133 89 
410 322 274 222 160 107 

1097 488 292 202 141 92 
1250 552 339 243 169 112 
i360 592 352 247 170 112 
1290 575 340 244 i70 111 

* All values arc averages of more than three measurements. 

Ro. 5. Tht intramokular CT bands d S in CQ. 
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Intratnalccular chrrgt-rransfer iatemtian in N-r~pnitrophcnyl)rlkylluylamines 1 iw 

Obviously there is a diffemnce, slight but beyond errors, between Me, Et and Bu 
groups as a substitucnt in buth types uf~~~rn~pb~~. Huwever it is 
that the sum of the cxtin N~bu~~~e and pnitrobutyl 
etbylanil.ine and ~~jtr~buty e is nearer to the avcra 
hamologs than the sum of the two chromopbores substituted by a Me group. From 
these data it may be condudod that in the SC method if the methylcne chain is 

310 350 

RG. 7. The intramo!ocuiar cf bands of 7 in ccl,,. 

substituted by a Me group, the resultant rertrence spectrum is very diffkcnt from that 
obtained in the WN method, but if substituted by Et or Bu groups, the resultant 
spectrum is a good reference for the I-Hi method, al~~w~g a f 3% for experimentat 
uncertainty of the observed coeffkient. This difference brought about by ~~~u~g 
Mq Et and Bu groups may be explained by the difference in the subst~t~t~~n of the 
origina’l metbyl~e groups by Me or a rne~y~~e~~up, In this c~M~i~~ ~ed~~~t 
Suzt of the aSky groups on the n-basicity of N~y~~~~ and N,~~~~yi~~rnes 
hasbcta arted in their intcrmokular CT complcxcs with trinitro e 27-34 

in cOnefusion, ia order to compare the data obtainad by these methods, Et or di@bcr 
alkyl groups should be usad instead of a Me group as substitucnt fcllr mcthyltne or a 
~~~~et~y~~G chain in the SC method. 
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EJ$k& of tr-6ast! st~~@h, A more reliable approach to inkramol~lar CT interaction 
is to determine the effects of z-base strength on the spectrum. If the band in cluestion 
is ascribed to CT absorption as defined by Mulliken, 3f the chargeDtransfer transition 
energy should be closely connected with ionization potential or, in a ~uaIi~tive 
sense, el~ron-donating ability of the a-base. Consequently, the spectra of several 
analogous compounds* 5. 6. and 7. were synthesized and their spectra measured. 

d: = pMeOC,H, 
e: = ^r - C,,H? 
f: = BCIOH71 

The extra bands are shown in Figs $6, and 7, and data given in Table 3. . 
The efkcts of aryl groups are obvious. Some quantitative relationships between 

the absorption frequency and ionizzltion potential lip) of trdonox have been proposed 
for the CT absorption of intermolecular CT complex.36~ 3’ In fact, a linear or smooth 
correlation has been reported, 3S -42 as is also the case in ~t~molecul~ intera~ion.l~ 
~nfo~unately the data available for Ip as a comparison is insufficient. For instance* 
even if the value for ~-methy~a~~~ne is used instead of the N-Et or N-Bu deriva- 
tive, only this value for Namethylaniline is known among those required. The values 
for even arylamines are limited, Consequently the presence of the CT interaction 
can only be determined qualitatively. 

If it is assumed that the introduction of an amino group into an aromatic hydro- 
carbon has nearly the same effect on the Ip for all the parent hydrocarbons used in 
this study, the order of the x-basicity of the aryl groups is ex ted to be phenyl- 
< 2~~imethylphenyl~ mcsityl (2.4~6~t~methylphenyl) < p-anisyl c a- and b-naph- 
thyI. Accordingly, the R rrmx’s of5 should be in the order,!3a~S~Sc<5dcSeaSf, 
the same relation being expected for 6 and 7. However the observed order for 5 is 
SC < 5f c !h < !I% e 56 < 5e. If !!k and 311 are considered as exceptions, the order is as 
expected, and it may safely be said that the extra bands are due to the intramolecular 
CT interaction. The abnormal behavior of Se and Sf is considered later in this paper. 

TABLE 3. THE IN~K~~HOLECULAR CHAKGE-?RnNSffR BANDS iv p-O$‘JC&i,ICH&J’WAr IN tC1,. 

Aryl Group 

Cd% f--N 344 rnp 315 332rq.i 930 325 rnp 340 
2$4ME&HJ (=W 364 250 352 560 352 190 
2,4&Me&H 2w I==@ 337 815 321 950 315 250 
p-McOCbH, i=dI 374 30s 362 520 362 120 
=C,,H, 383 220 379 310 380 loo 
~K=,~HT~ 338 280 340 855 - - 

y The sum ot the spectra of p-nctrobutylbcazene and N-ethylmesidine was used as a refcren~. 
a Tbc sum of the spectra of p-nitxobutylbcnrcne and ~~tbyi-~~apbtby~~~e was used as s rcfke:nc~. 



In the series 6 and 7, the order of the d position is almost similar to 5. Indepen- 
dent of the number of methylene groups, the common order of mesityX < phenyl- 
< ~~~ethy~ph~y~ < p-anisyl < ~-naph~yl is observed. Excepting the position of 
mesityl group, this order is as expected from the ic&ation potential of the parent 
hydrocarbons. 

A&~~~ delve of ~si~yl ad &-?rq&thyf group. It is obvious that the effkt of 
a mesityl group would be abnormal. On the basis of Ip of mesitylene (S~~&ZV)~~ and 
the CT’ absorption observed for its inte~olecul~ complexes,3s**4*45 the parent 
hydrocarbon itself is a stronger electron donor than benzene (Ip = 925 eV)43 or 
m-xylcne (Ip = 850 eQ4’ The facts suggest that the abnormal behaviour should 
be explained not by the steric effects of the Me groups in the mesityi on, for instance, 
the accessibility of the aromatic rings, but by some eflFects o~~nat~g in the mesityl- 
amino group. Introduction of an amino or a methylamino group generally reduces 
the Ip of aromatic hydr~r~n by l-5 or l-9 eV, respectively.43 The expected order 
of the aryl groups mentioned above is based on the assumption that an amino (or 
a methy~~o) group would reduce the Ip of the parent hydrocarbon to nearly the 
same degree. I 

The steric effect on the resonance structure is probably the most important of 
possible causes for this anomaly; two Me groups in the 2 and 6 positions hinder the 
resonance interaction of the amino group with a benzene ring. This supposition is 
supported by the fact that the N-H stretching frequency of N-methy~esidine 
(3398 cm- ‘) is unusually low as compared with Nomethy~aniline (3443 cm- 1).2 The 
decrease in frequency is accompanied by a reduction in intensity of ea. l/3. These 
efft=cts are probably due to the N-Me group, since there is no appreciable difference 
between the N-H stret~h~g frequencies of mesidine4” and aniline.” The same 
effects are expected for N-substituted mesidine. The observed effects are not as 
remarkable as in the aliphaticsecondary amines, 48 but their trend suggestsa pyramidal 
structure of the nitrogen. The same conclusion is also obtained by the measurement 
of the dipole moment of mesidine derivatives.“’ Additional evidence is obtained by 
measuring the CT spectra of intermolecular complexes of N-methyl and N-ethyl- 
mesidine with 1,3,Winitrobenzene in CCL. N-Methylmesid~e shows an absorption 
at 440 _t 10 rnp as a broad shoulder, and N~thy~mesid~e at 445 mu (broad) : admit- 
ting the uncertainties of d,,, these values are very close to N-methyl- and N-ethylani- 
lines,2’ and effect of three Me groups becomes pra~t~~~y nil. 

Another notable fact is the different behaviour of a- and ~-naphthyi derivatives. 
considering the Ip of na~hthalene @12eV), O3 the behaviour of a-naphthyl deriva- 
tives is normal. On the other hand, the behaviour of g-naphthyl derivatives is inex- 
plicable. In the ~-naphthyl group, the steric effect is of no account, but it should be 
taken into consideration in the a-isomer. So From the pK, values of naphthylamine8 i 
naphthol$ 2 and naphthoic acids,53 it is apparent that there is a difference in the 
inductive e&c% of an aryl group in different positions. In other words, a substitucnt 
in a- and g-positions should have a different effmt on the x-basieity of naphthalene. 
However, it has been reported that there is only a small. difference between a- and 
~-naphthylamines when they form ~~~oiecular CT complexes with trinitroben- 
zene ; the CT bands in CHc13 are 464 rnp f2+57eV) for tx- and 444 mp (2*79 eV) and 
456 rnp (2*72eV) for @-isomet$” and the Ip’s calculated from their CIT band positions 
arc 7*4eV for a- and 7*5 eV for ~~naphthy~am~e. 3p The difference observed in the 
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present ease is more than expected from the data of ~te~~~ecujar interaction. When 
calculated from band maxima, the energy di~e~n~ of the CI’ transitions in the two 
isomers is nearly 04eV for both 3 and 6, 

A possible explanation may be the dBerence of ~te~ct~g conformations or 
orientation isomers. In the case of inte~olecu~ar interaction, an acceptor and a 
donor have a freedom of choice of ~nfo~at~on to achieve the most stable complex, 
the situation being only somewhat disturbed by external conditions such as tempera- 
ture, medium, etc. In the ~t~o~~ular case, the most favourable confo~tion 
cannot necessarily be assumed on account of restriction due to the pol~ethy~cne 
chain: the most favourable confo~ati~n is de?e~~ by both the chain length 
and relative position of the two aromatic rings in space. In this sense, we can regard 
this interaction as a forced one. The restriction on their contact area may result in 
considerably different conformations contribut~g to the CT bands: A Dreiding 
model shows that, in the bnaphthyf. series, the p-nitrophenyl group c~ul overlap 
with only one ring of the na~htha~~e, but, in the ~onaphthyl series, it overlaps two 
rings almost equally. This e&c-t may be a major cause for the difference of the tx- and 
@naphthyl groups. The possibility of a few or a number of conformations contri- 
buting to the CT band, has also baen discussed in the intermolecular CT complex of 
naphtha~ene with tetra~anoethy~ene,s~ and is probably the ease in the present 
intramolecular interaction. Contribution of varying mixture of ~onfo~tions or 
orientation isomers to the CT band may also be the case in other derivatives to a 
greater or lesser extent, and in this regard the CT band is a typical absorption due 
to contact charge-transfer as has been pointed out by Qrgel and Mul~~en.” Compli- 
cations of the ~te~retation of the diff~nce arise from the symmetry pro 
the molecular orbitals of ground and excited states of the interacting groups, and 
this problem should be postponed till the contributing confo~ations are establish~. 

a mu* %W and n. The position of the CT band is in the longest wavelength when 
n is 1. The position generally blue-shifts as n increases, but in the (x- and e-naphthyf 
series it does not change appreciably. Judging from the &,, the transition energy 
is the smallest in 5, and, in this regard, 5 is the most ~vou~ble homolog for the inter- 
action. 

On the other hand, absorption coefficient (smrr) is in the order 7 < § < 6 in most of 
the homologous series. It may be argued that 6 is the most favourable ho~o~o~ for 
the interaction on account of its highest intensity (here, “the most favourable” 
means “in the highest population”). However, as has been shown by the intensity 
ratio of vN _ n ‘s, this possibility eannot be supported. From the viewpoint of entropy 
of the interaction, addition of a methylene group to the chain makes it more unfavour- 
able for two aromatic rings to come close together. Furthermore, it was found that 
the fluorescence spectrum of !Je is quenched almost completely, but that of tie is not, 
though it is weaker than ~m[?~nnitrophenyl~hepty~]~-naphthy~am~e by a factor of 
ca . 1/50? This effect indicates that the quenching interaction between a pnitro- 
phenyl group and a naphthy~~ino group is greater in !5e than de. Although the 
quenching eflticiency is not necessarily related directly to the strength of the CT 
interaction, this phenomenon could be supporting evidence for the greater degree of 
close contact of the two aromatic groups in Se than in 6e. 

Interacting confo~ations, therefore, probably affect the E- as well as ;Imu. 
Molecular models show that two aromatic rings can be in similar contact eonforma- 
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tions in 6 and 7. The small diffemce ofL observed bttwcen 6 and 
this situation, and a decrease in the intensity in ‘7 would result from the 
allowed for the chain of 7. 

Equation of Table 3 shows that, in general, the shorter the A_, the higher the 
b3 in each series of !5,6, and 7. The mesityl group is also an exception here. A typical 
example is 6. where a plcrt of &mm> against v,_, shows a linear relationship (Fig. 8). A 
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reasonable explanation for this linearity has not bczn found, but it should be pointed 
out that a similar trend, though not linear, has been reported in some intermolecular 
CT complexes.38* tie 4s* ST A n explanation based on contact absorption has been 
advanced for the intermolecular case. ” The present authors are inclined to support 
this explanation for the present case, since a nearly linear re~atjonship is also observed 
in 7 where the long polymethyiene chain allows more variety for the CT interacting 
confo~ations. In 5 the observed deviation from the linearity should be explained by 
limited interacting confo~ations. However, validity of this explanation needs 
further examjnation. 

EXPERIMENTAL 

Unless otherwise specifkd, all m.ps and b.ps are uncorrected. Electronic spectra were measured with a 
Hitachi EPS-2U automatic recordiDg spcctropbotometcr. Quartz cells of 1-O cm in kngth were us&. The 
concentration of CCl, soin was 1O-s * IO-’ mole/l for 220 b 320 rnp and 1 - 3 x IQ- J mole/l for 
above 320 rnCr. The IR spectra were recorded on a Perkin-Elmer Model f 12-G grating infrared spectro- 
meter, provided with a 21) cm quartz cell and a spectral slit width being 14 cm’ ’ in the N-H stretching 
region. The concentration of Ccl, soln was fza. O-01 mole/J. 

Solvents. Spectragrade or guaranteed reagents were used after careful distillation. 
Materi&. The compounds used in the present study were known, uakss otherwise stated, and were 

purified through known methods. Their physical constants agreed well with those reported. The structures 
of some compounds were ccmfmed by NMR and iR spectra. 

N-[ru-(p-Njftrophenyl)alkyfjanilines (1). The syntheses of this series of compounds have been mportcd. I4 
However, mp’s of 1% Id and le were misreported. They should read 74-W for Ic, fO9-110” for Id, and 
74*5-75.5” for le. 

General procedure fir ~~~y~~~~~ of mytamiaes. A mixture of arylamime (003 mote) and a+nitrophenylE_ 
alkyl halide (GO1 mok) was heated to fuse at 90 w 150” and maintained at that tamp for 1 hr. The mixture 
was poured into 10% Na,COjaq and extracted with ether. The solvent was distilled of& and the unrcacfed 
amine removed by distillation undtr reduced press. The residue if solid ahcr cooling was recrystaflized from 

TABLE 4. ELEMENTAL ANALYSES AM) YIELDS OF ?;EW CQMFQUNOS USED ih’ THIS SD.JDY 

p-OrNGH,ICH,I,NHAt. 

n Ar 
Yield, 

% 
mp, “C 

Carbon, % Hydrogen, % Nitrogen, % 
C&d. Found C&d. Found Caicd. Found 

I 2,4-Me&H, 32 
2 2,4-Me&H, 41 
3 2,4-Me&H, 41 

7 2,4-Mt&H4 14 
I 2,4&Me&HI 40 
2 2,4,6-Me&H3 $1 
3 2,4,6-Me&H1 25 
2 pMcOCIH, 52 
3 p-McOC,H, I8 
7 p-MeOC~H, 14 
2 +G,H, 24 
3 a-&H, 8 
’ aGoH, 8 
2 B-GQHI 20 

PO-91 70.29 70.03 6.29 6.33 1093 1077 
Xl-71 71.09 ?@99 6.71 6.71 10.36 1@30 
96-97 31.80 71.55 7@3 6.86 9.85 9.83 
57-58” 74.08 7388 8.29 8*25 8-23 8.29 

100-101 71# 71u9 6.71 48f 10.36 1020 
106-W 7X.80 71.86 7iJ4 7.22 985 968 

(196-20u/25)t 72~45 7254 7.43 7*45 9.39 9.24 
89-W 66.16 66.20 5.92 5.98 f&29 10.47 

101-102 69.11 W87 6.34 6.15 978 954 
57-58+ 74*08 73.88 8.29 8~25 8.23 8.29 

I@-fu9 739s 73.73 552 5.44 9.58 9*46 
S--59* 74.49 7464 592 5~69 9.15 922 

IOf&-8094 76-2 1 76.12 7.23 697 7.73 7.57 
62-63 73.95 73.88 552 3.47 9-58 9.62 

* Purified by distiiIation under reduced pressure with a simple apparatus for sublimation. 
t &ding point. # 15776. 



fnrralnolecntl8r 1197 

EtOH, but if it remained as an oil, it was charged on a cohmsn of alumha. EIution witb a light petroleum 
benzcxx (1: II), benme, or bcnzene-cther (1: 2) gave tbe desired product. The m.ps and tbe results of tle- 
mental analyses of tbc products arc @ven in Table 4. 
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