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266. An ESR. and ENDOR. Study of the Radical Anions of Cyano- and 
Nitro -Monosubstituted Naphthalenes 

by Peter Fiirderer and Fabian Gerson 
Physilralisch-Chemisches Institut der Universitat Basel, CH-4056 Basel, I<lingelbergstrasse 80 

(8. IX. 76) 

Simmary. 1H- and 14N-couphng constants have been determined by ESR. and ENDOR. 
spectroscopy for the radical anions of 1- and 2-cyano-, and 1- and 2-nitronaphthalene. 

To our knowledge, no hyperfine data have yet been reported for the radical anions 
of Such simple n-systems as naphthalenes monosubstituted by c-l-ano and nitro 
groups, presumably because of the relative complexity of their ESR. spectra which 
makes reliable analysis rather difficult. A brief communication on these spectra seems 
therefore appropriate, the more so as the acquisition of the pertinent data provides a 
further example of an application of the ENDOR. method to radicals of low sym- 
metry [l]. 

X 

X = C N  : lc 2c 
X = NO2 : In 2n 

Results. - The radical anions of 1- and 2-cyano- ( l c  resp. 2c) ,  and of 1- and 
2-nitronaphthalene (1 n resp. 2n) were prepared from the corresponding neutral com- 
pounds both by reaction with potassium in 1,2-dimetlioxyethane (DME) and by 
electrolytic reduction in N, N-dimethylformamide (DMF) with tetraethylammonium 
perclilorate as the supporting salt. For technical reasons, ENDOR. studies could be 
performed only on the radical anions produced by the former, ‘cheinical’ method. In 
such studies (DME/K@ as the solventlcounterion), a temperature of -90” proved to 
be the most convenient for an optimal ENDOR. enhancement [2j. It is noteworthy 
that the proton ENDOR. signals of the nitro substituted radical anions were broader 
than those in the spectra of the cyano analogues, the widths a t  the half-heights being 
ca. 0.15, 0.20, 0.30 and 0.30 MHz for 1 c * 0, 2c * @, I n  . 0 and 2n . 0, respectively. 
This beliaviour reflected to a certain degree the strikingly different appearance of the 
ESR. spectra taken under the same conditions. Whereas the hyperfine patterns of 
1 c . 0 and 2c * 8 were highly resolved (peak-to-peak widths of 0.06 resp. 0.07 Gaussl)) 

1) 1 Gauss = 10-4 Tesla. 
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Fig. 1. ESR.  and  ENDOR. spectra of the radical a n i o n  l c  . 0. Top: ESR. spectrum. Solvent: 
DME; counterion : KO; temp. : - 90". Bottom: ENDOK. spcctrum taken under the same condi- 
tions. Middle: Computer simulated ESK. spectrum. Coupling constants as given in the Table; 
line-shape: Lorentzian; line-width: 0.06 Gauss. 
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Fig. 2. ESR.  aud BiVDOR. spectvrc of the vudicrcl anion In * El. Top: ESR. spectrum. Solvcnt: 
1 )ME; counterion: I@; temp. : -- 90". 13ottom: ENDOR.  spcctrnm taken undcr the same condi- 
tions. Middlc : Computer simulated ESR. spectrum. Coupling constants as given in the Table; 
iinc-shnpc: J,orentzian; linc-width: 0.50 Gauss. Thc simulation does not allow for the sfierlific 
broadening (duc to  the effects of g and 1dN anisotropies), in particular for the larger line-width 
at the high-field as compared t o  the low-field side of the spectrum. 
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those of In . and 2n * 0 consisted of broad components (widths of 0.50 resp. 0.40 
Gauss2)). An illustration of this difference is provided by Fig. 1 and '2 which show the 
ESR. and ENDOR. spectra observed a t  -90" for tlie chemically produced radical 
anions l c  . @  and I n .  @. 

Noderately good, and in all cases comparable resolution (peak-to-peak widths of 
0.08 Gauss for l c  . 0 and 2c * @, and of 0.10 Gauss for In  . @  and 2n .@)  was ex- 
hibited by the ESR. spectra taken a t  the ambient tempcrature (+25") of the elec- 
trolytically generated radical anions (DMF/Et4N@ as the solvent/counterion). 

'The procedure adopted in the analysis of the hyperfine structures of 1 c .o, 2 c .  @, 1 n . @  and 
2 n . 0 was as follows : 

1. The coupling constants, U H ~ ,  of the seven non-equivalent protons in each of the four radical 
anions were derived from the positions of the ENDOR. signals. For 1 c . Q, all protons displaycd 
well separated absorptions (Fig. 1) so that a niere inspection of the ENDOR. spectrum yielded 
the required data. In other cases, where sonic of the signals coincided (see Fig. 2 for 1 n . e), the 
number of protons involved had to be determined by a careful examination of the corresponding 
ESR. spectra, since the ENDOR. intensities alone are not a reliable guide in this respect [l] [3]. 

2. Together with the additional 14N-coupling constant (uN),  which mas readily obtained from 
each ESR. spectrum, the U H ~  values afforded by the ENDOR. studies served for computer sini- 
ulation of the ESR. hyperfine patterns found under the same conditions (solvent/counterion : 
DME/K@; temp. : - 90'). These values were employed in a straightforward way for protons giving 
rise to  separate ENDOR. signals (see above), while, in the cases of an accidental coincidence of 
such signals, the apparent equivalence of the protons was removed by adopting slightly differing 
coupling constants n~,,. The agreement achieved in the simulation is demonstrated in Fig. 1 and 2 
where the derivative curves computed for 1 c * @ and 1 n . @ are reproduced below the respective 
ESR. spectra. 

3. The hyperfine data, U H ~  and UN, thus established for the chemically prepared radical anions 
were subsequently used as starting parameters in the unravelling of the ESR. splitting patterns 
for their electrolytically generated analogucs (solvent/counterion : DMF/Et4N@; temp. : f25"). 
Systematic variation of these values gave in all cases an excellent fit to the spectra by means of 
computer simulated derivative curves. 

The proton and 14N-coupling constants ( a ~ ~  and a ~ )  for the four radical anions 
and both choices of experimcntal conditions (solvent/counterion and temperature) 
are listed in the Table. The assignment of the aH,L values to the seven protons in the 
non-equivalent positions p will be justified later in this paper. 

Discussion. - Li?ze-widths. The conspicuous broadening observed at  - 90" in the 
ESR. spectra of the nitro substituted radical anions I n - @  and 211.0 with DME/K@ 
as tlie solvent/counterion is certainly due to tlie effect of g and 14N hyperfine aniso- 
tropies combined with that of ion pairing (through unresolved splitting from the 39IL 
nucleus of the cation). Under these conditions, large line-widths are usually found for 
radical anions sucli as 1 n 0 and 2 n . 3 in which the nitro substituent accomodates 
a considerable portion of the n-spin population [4]. The narrower lines displayed by 
tlie ESR. spectra of 1 n * 0 and 2n.  0 taken a t  + 25" with DME/EtdW as the solvent/ 
counterion are also conforming to the previous experience (see e.g. [5]), since the 
effects of anisotropies and ion pairing are alleviated a t  higher temperature and in 

~ ~~~~. 

2) Measured at  the low-field side of thc spectra. 
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polar solvents, respectively. The factors which affect the resolution of the ESR. 
hyperfine components for tlie two radical anions are thus rather well understood. A 
problem deserving iurther systematic studies is the extent to which the effects 
considered above also contribute to the increased width of the ENDOK. signals 
observed for 1 n . 0 and 2n . 0 under the same conditions as the broadening of the 
ESR. lines. 

Assigizmeizt of the pyoton  cozipliitg coizstants. Since tlie a H i L  values for the radical 
anions 1 c . @, 2c . @, 1 n . and 2 n .  0 are not stroiigly altered by a change in the 
experimental conditions (Table) 3 ) ,  their discussion will bc restricted to the data 
acquired a t  ~ 90° with DME/I<@ as the solvent/counterion. For ;in assignment of 
these data, it is tempting to recur to some qualitative arguments, prior to the use of 
more quantitative methods, such as the calculations of z-spin populations Q,[ by 

rable. l H -  and 141\’-coziplzng coizstants (in Gauss = 10-4 Teslaj for  the i a d i ~ a l  aizio?zs oj cymzo- 
and nitro-monosztbstztzted naphthakizes 
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a) Assignment uncertain. 

means of standard MO models. Two approaclies suggest theniselve.;. The first one is 
applicable only to the cyano derivatives l c  * 8 and 2c * 0 in which the substituent 
effect is not as pronounced as in their nitro counterparts In  . 3 and 2n . Q. By ana- 
logy to the proton coupling constants for the radical anion of naphtlialene (aH1 ,4 ,5 ,8  = 

4.95 Gauss a11t13,3,6,7 = 1.85 Gauss), those for 1c * (? and 2c . c-) can be divided 
into two sets. In  tlie case of l c  * e, the first set (p  = 4,5,S) comprises the three larger 

values of 7.66, 4.3s and 3.20 Gauss, whilst the second (p = 2,3,5,7) consists of the 

3) Such alterations are even less in the case of I n  . 0 and 2x1 . 0 than in that  of 1 c . e and 2 c  . s. 
The pronounced decrease in the 14N-coupling constants iound for the tn.o formcr radical 
anions on going from JIME/K@ a t  - 90” to L)MF/Et4N@ a t  +25’ is presuinahly caused by a 
z-spin redistribution xvithin the nitro group itself rather than by a shift o f  spin population 
irorn the substituent into the naphthalrnc n-system. 
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four remaining ones. The corresponding sets for 2c . 8 are formed by the four cou- 
pling constants a~~ of 6.92, 4.54, 4.34 and 3.57 Gauss (p = 1,4,5,8), on one hand, 
and by the three residual values (p = 3,6,7),  on the other. 

The second approach makes use of mesomeric structures (Mp) in which tlie neg-a- 
tive charge is localized on the substituent (X) and the odd electron is distributed over 
the carbon centres (p) of the naphthalene n-system. According to this simple picture, 
presented in Fig. 3, the radical anions such as 1 c . @ and 1 n . e,  which are substituted 

M5 M7 M8a 

0 0 

0 0 0 0 

M3 M6 M8 M4a 
Fig. 3. J!!eromerzc struciirres ,!fp f o r  the radical aiizons of naphthalene substatuted by a n  electrolz 

wzthdvawing group X (cf. text), 

in the I-position by an electron withdrawing group X, should exhibit appreciable 
n-spin populations ep a t  the centres p = 2,4,5,7 and 8a.  Moreover, the ratios of the 
e ,  values a t  the proton bearing centers ,LC and of tlie coupling constants a~~ are 
predicted to be @ 2 : ~ 4 : , 0 5 : ~ 7  = nH2:a114:aH5:437 = 22:22:12:12.  Analogously, for the 
radical anions such as 2c * @ and 2n * 0 with the substituent X in the 2-position, 
essential n-spin populations Q , ~  sliould occur a t  the centres p == 1,3,6,8 and 4a, 
whereby the expected ratios are @1:Q3:ps:ps = aFrl:aH3:aIx6:aH8 == Z2:12:12:12. 

The inesomeric structures Mp work surprisingly well in the case of the nitro 
substituted radical anions I n  . 0 and 2n . @. As predicted by these structures, two 
large proton coupling constants of 5.58 and 5.47 Gauss were found for In . 0; they 
are easily identified with aH2 % ~ ~ € 1 4 .  Two out of the three next largest L L H ~ ~  values of 
1.62, 1.46 and 1.41 Gauss, which are b57 a factor 3.5 to 4.0 smaller than a112 and aH4, 

can consequently be assigned to p = 5,7, whereas the third one, not accounted for by 
the structures Mp, certainly arises from a substantial negative n-spin population ~3 at 
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the centre p 2.- 3. (Sucli a population is brought about by the liigli positive z-spin 
populations p2 and ~4 a t  the neiglibouring centres 2 and 4 via the n-n spin polarization 
nieclianisni.) Also in accord with the prediction of the structures MIL is the occurrence 
for 2n . 9 of a single large proton coupling constant ( J f  5.49 Gauss; its identification 
with a111 is obvious. The subsequent, three middle-sized a~~ values of 2.28, 1.79 and 
1.58 Gauss are here readily assigned to p = 3,6,8.  

The wciglit of the inesonieric structures M p  is considerably less in the case of the 
cyano substituted radical anions than in that ol tlieir nitro counterparts. Nevertheless, 
these structures mag’ be used to refine the overall assignment niade previously for 
l c  * arid 2c - 0 by analogy with tlie data for the radical anion of naphthalene. 
Ilius, within the set of the larger L Z H , ~  values for. l c  . ~3 (p  -:: 4,5,8), the coupling 
constant of 7.66 Gauss can be identifiecl with 6~~31, since the latter should notably 
exceed 6~1.15 and U H ~  in magnitude. I,iltewise, in v i m  o f  the inequality aH2 > 6 ~ ~ 7  > 
aH3,6LrI6, expected ~ i t h i i i  the second set oi the remaining L Z H ! ~  values ( p  = 2,3,6,7),  
the coupling constants of 2.22 and 1.95 Gauss are n n w  igiicd to p = 2 and 7, 
respectively. I:i tlie case of 2 c .  @, the structures Np lead to tlic relationships 
nT+l i aH8 > a ~ 4 ,  aH5 and aT13, >‘all7 within the two corresponding sets 
(p = 1,4,5,8 and p = 3,6,7).  These relationships require that tlic largest a ~ ~ ‘  values 
of G.92 and 4.54 Gauss sliould be assigned to p =z 1 and 8, rcspcctively, whereas the 
smallest one (0.51 Gauss) lias t o  be identified with ~ H T .  

The assignnients of the proton coupling constants, as suggehtcd by the arguinents 
presented above, were confirmed and completed by correlating tlic L Z H ~ ~  values with 
tlic n-spin populations Q , ~  computed by the procedure of Mclachlan  LG]. These calcula- 
tions utilized the HMO parameters proposed by liieger & Fracdzed for the cyano [71 
and nitro substituted 151 radical anions (CN group: X N  = CI + p ;  JIC-N = 2p  and 
J ~ C - C N  == 0.9,8. NO2 group: C(N :=- x + 2.21; xo == M - 1- 1.4p; p‘~=o = 1.67P and 
(Ic.-x = 1.21). \&’it11 the exception of a few cases iiivolving the sniallest a~~~ values 
(Table), xll coupling constants could be reliably igned to tlir: protons in the indivi- 
dual positions p. 
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