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The rate constants ( k l )  for the formation of the methoxyl complex of l-methoxy-2,4,5-trinitronaphthalene 
(3) in methanol a t  13.45,25.00, and 35.00' have been determined spectroscopically by following the increase in ab- 
sorbance at  495 nm as a function of time in 3.35 X M solutions of l-methoxy-2,4,5-trinitronaphthalene 
( 5 )  in the presence of methoxide ions [(3.3 - 82.7)10-4 MI. The rate constants (k2) for the decomposition of 
3 have been determined directly a t  the same three temperatures by following the decrease in the absorbances of 
dilute methanolic solutions of the isolated complex 3. From these values the equilibrium constant for the 
formation of 3 (Kzj o p  = 2.93 X lo4 1. mol-') and the enthalpies and entropies of activation both for the formation 
and decomposition of 3 have been obtained. These data indicate 3 to be more stable than 1,l-dimethoxy-2,4,6- 
trinitrocyclohexadieriylide ion (Kzj.oo0 = 1.7 X 104 1. mol-') or the methoxyl complex of l-rnethoxy-2,4-dinitro- 
naphthalene (Z(U,.~~O = 230 1. mol-'). The rate of decomposi- 
tion of crystalline 3 has also been examined in aqueous buffers in the pH range of 5.63-10.96; the decomposition 
is acid catalyzed. The structure of 3 has been established from pmr spectra of both the isolated and the in situ 
generated complex. 

The stabilities of these complexes are discussed. 

il comparative discussion of the pmr parameters is offered. 

I n  a previous part of this series we have reported that 
the equilibrium constant for the formation of the 
methoxyl complex of l-methoxy-2,4-dinitronapthalene 
(1)4 is several orders of magnitude greater than that 
obtained for the corresponding complex of 2,4-dini- 
troanisole5 (2). This result is a reflection of the greater 

resonance energy required for the stabilization of 
structure 2 than that for l .5  

Although studies of nucleophilic aromatic substitu- 
tion in polyaromatic systems are potentially important, 
there have been relatively few mechanistic investiga- 
tions concerning the transmission of electronic effects 
from one ring to the other in substituted naphthalenes 
and other polyaromatic systems. Ellias and Parker 
have found that the rate constant for the reaction of 
aniline with l-chloro-2,4,5-trinitronaphthalene is only 
greater than that with l-chloro-2,4-dinitrobenxene by a 
factor of 14 in ethanol a t  25.0", whereas the corre- 
sponding difference in reactivity between 2,4-dinitro- 
and 2,4,6-trinitrochlorobenzene is 16,100.' The effects 

(1) Part  VII :  E. J. Fendler, J. H. Fendler, C. E .  Griffin, and J. W. 
Larsen, J. 078.  Chem., 85, 287 (1970). 

(2) For recent reviews on Meisenheimer complexes and their relevance 
in nucleophilic aromatic substitution, see (a) R .  Foster and C. 8. Fyfe, 
Rev. Pure A p p l .  Chem., 16, 61 (1966); (b) E. Buneel, A .  R .  Norris, and K. E. 
Russell, Quart. Rev. (London), 22, 123 (1968); (0) P. Buck, Angew.  Chem.,  
Int. E d .  Engl. ,  8 ,  120 (1969); (d) J. Miller, "Aromatic Nucleophilic Sub- 
stitutions," Elsevier, Amsterdam, 1968; ( e )  M. R .  Crampton, Aduan. 
Phys. Urg. Chem., 7, 211 (1969); (f) F. Pietra, Quart. Rev. (London),  28, 504 
(1969). 

(3) Department of Chemistry, Texas A & M University, College Station, 
Texas 77843. 

(4) J. H. Fendler, E. J. Fendler, W. E. Byrne, and C. E .  Griffin, J .  
O w .  Chem., 88, 977 (1968). 

(5) C. F. Bernasconi, J .  Amer. Chem. Soc., BO, 4982 (1968). 
(6) M. J. S. Dewar, "The Electronic Theory of Organic Chemistry." 

(7) D. H. D .  Ellias and R .  E. Parker, ,T. Chem. Soc., 2616 (1962). 
Oxford University Press, London, 1949, p 177. 

of nitro groups in the 2,4,58 and in the 2,4,79 positions of 
1-methoxy-substituted naphthalenes on the rates of 
symmetrical methoxyl exchange reactions have been 
investigated. The nature of these experiments did not 
allow, however, quantitative information to be ob- 
tained for all of the processes involved.st9 As a part of 
our systematic studies on the structures and reactivities 
of Meisenheimer complexes we have determined kinetic 
and thermodynamic parameters for the formation and 
decomposition of the methoxyl complex of l-methoxy- 
2,4,5-trinitronaphthalene (3) in methanol and have 
obtained protons magnetic resonance parameters both 
for the isolated and for the in situ generated complex 3. 

Experimental Section 
The solvents and reagents were prepared, purified, and stand- 

ardized as previously described.lo N,N-Dimethylacetamide, 
DMA (Baker analyzed reagent grade) was stored over Linde 
Type 5A molecular sieve and its purity was verified by its pmr 
spectrum. 
l-Chloro-2,4,5-trinitronaphthalene (4) was prepared by the 

method of Rindl." After recrystallization from benzene-acetic 
acid (50:50, v/v)  using decolorizing charcoal, 4 melted at  143- 
144' (lit.'' mp 143-144'). 
l-Methoxy-2,4,A-trinitronaphthalene ( 5 )  was prepared by the 

dropwise addition of 1.30 ml of 5.05 M (6.54 mmol) potassium 
methoxide in methanol to a hot solution of 4 in 75 ml of anhydrous 
methanol. The reaction mixture was refluxed for 30 min, allowed 
to cool slowly to room temperature, cooled to -0' with an ice 
bath, and filtered. The yellow crystals were recrystallized from 
acetic acid, mp 151.5-132' (1it.I' mp 150.5-151.5"). 

The methoxy complex (3) of I-methoxy-2,4,5-trinitronaphtha- 
lene was prepared by the addition of 0.421 ml of 5.05 ,M (2.125 
mmol) potassium methoxide in methanol to a solution of 0.6325 
g (2.16 mmol) of 5 in 1.5 ml of dry dioxane. After evaporation 
of some solvent with dry nitrogen and cooling, the red crystals 
were filtered under nitrogen and washed with dry benzene (three 
times) and anhydrous ether (twice). Pulverization of the crys- 
tals in a dry nitrogen atmosphere and drying in vacuo over PzO 6 

gave a red solid, mp 180' dec. 

(8) N. A.  Katsanos, 2. Phys. Chern. (Frankjurt  a m  Main) ,  63, 168 

(9) D.  8.  Gilbert, Thesis, Leicester College of Technology, Leicester, 

(10) W. E. Byrne, E. J. Fendler, J. H. Fendler, and C. E. Griffin, J. OW. 

(11) M .  Rindl, J .  Chem. Snc. ,  1911 (1913). 

(1969). 

England, 1963. 

Chem., 33, 2506 (1967). 
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Anc~Z.1~ Called for Cl2HloKN8O8: C, 39.7; H, 2.76; K, 10.8; 
N, 11.6. Found: C, 38.3; H ,  2.7; K, 10.8; N, ll.O.la 

The attainment of the equilibrium for the formation of complex 
3 from 5 in methanol was followed a t  500 nm in the thermostated 
cell compartment of a Beckman DU-2 spectrophotometer. The 
temperature was measured inside the cells and was maintained 
within d~0.02'. The mixing techniques for fast reactions have 
been described previously.16 

The rate constants for the decomposition of the solid complex 
3 in methanol and in aqueous buffers were obtained by following 
the rates of decrease in absorbance at  500 nm in appropriate 
solutions of 3 in the thermostated cell compartment of the spec- 
trophotometer The pH of the buffer solutions was measured a t  
25.00' with an Orion-801 digital pH meter. Since the concentra- 
tion of 5 was kept a t  least tenfold smaller than that of the sodium 
methoxide and since the concentration of the complexes were in 
the order of 5 >: M, pseudo-first-order kinetics were observed 
for both the attainment of the equilibrium for 3 and for the 
decomposition of complex 3.  Such first-order plots for typical 
runs are given in Figure 1. 

Pmr spectra (60 MHz) were obtained with a Varian Associates 
A-60 spectrometer a t  ambient probe temperature (31') or at 25" 
(probe temperature maintained with a V6040 variable tempera- 
ture controller). All spectra were determined on solutions in 
DMSO-& or in DMA using tetramethysilane (TMS) as an in- 
ternal standard; chemical shifts are given on the r scale in pprn 
relative to TMS (7 = 10.00 ppm) and are accurate to 10.03 
ppm. Chemical shift data were taken from spectra determined 
at sweep widths of 500 Hz or were calculated from the average 
resonance frequencies observed at  50-Hz sweep widths (at least 
three determinations) using the computer program LAOCOON 
111 .16 The reported coupling constants were calculated simul- 
taneously with LAOCOON 111 and are accurate to 10.2 Hz. 

Results 
Upon the addition of sodium methoxide to dilute 

methanolic solutions of 5 the development of a red color 
is observed. The intensity of this color above lo-' f1/1 
KaOCH8 rem.ains constant over a large range of alkoxide 
ion concentration indicating that the equilibrium (eq 1) 

5 + NaOCH8 3 (1) 

is complete. In the concentration range of 3.3-82.7 X 
M methanolic sodium methoxide and 3.34 X 

M 5 ,  it was possible to follow the attainment of the 
equilibrium by measuring the increase in absorbance a t  
495 nm [qQ5 of 3 = (1.9 0.1)104 cm-l 1. mol-1]. 
Under the experimental conditions, the observed first- 
order rate constant for equilibrium attainment, kobsd, 

is given by1 
kobsd = kl[NaOCH8] + kz (2) 

where is the second-order rate constant for the forma- 
tion of the complex and k z  is the first-order rate constant 
for its decomposition. Table I contains the data for 
the attainment of equilibrium 1 for complex 3 at  13.45, 
25.00, and 35.00' as a function of sodium methoxide 
concentration. From the slopes of plots of kobsd vs. 
[NaOCH8], 114, values for kl have been obtained and are 
given in Table I. The value for ICz is very small and 

izl 

kz 

(12) The analyiiis was performed by Galbraith Laboratories, Inc., Knox- 
ville, Tenn. 

(13) The carbon content of Meisenheimer complexes has been found t o  
be low in several other cases.1~14 Since complex 8 is spectroscopicslly pure, 
the low carbon analyses may be due to  the loss of methanol or the presence 
of carbonate in the ash. 

(14) E. Bergman, N. R. McFarlane, and J. J. K. Boulton, Chem. Commun., 
511 (1970). 

(15) J. F. Fendler, E. J. Fendler, and C. E. Griffin, J. Org.  Chem., 84 ,  
689 (1969). 

(16) S. Castellano and A .  A .  Bothner-By, J .  Chem. Phys . ,  41, 3863 (1964). 
The program is available from Quantum Chemistry Program Exchange, 
University of Indiana, Bloomington, Ind. 

Tirne,rnin(o),or sec ( o a )  

Figure 1.-(A) Plot of log (ODt - OD,) against time for the 
decomposition of 3 in methanol a t  25.00'. (B and C) Plots of log 
(OD, - ODt) against time for the attainment of equilibrium for 
3 in methanol a t  25.00', [3] = 3.34 X M ,  for (B) [NaOCHa] 
= 1.32 X lW3M and for (C) [NaOCH8] = 2.64 X 10-sM. 

interpolation from the intercepts of the plots is im- 
possible. We have obtained kz values, however, 
directly from decomposition of solid 3 in methanol a t  
the appropriate temperatures. The obtained k z ,  and 
hence K ,  values are also given in Table I. 

TABLE I 
I N T E R A C T I O N  O F  l-METHOXY-2,4,5-TRINITRONAPHTHALENE 
(3.34 X 10-5 M )  WITH METHANOLIC SODIUM METHOXIDE 

Temp, 
O C  

13.45 

25.00 

35.00 

LO4 [NaOCHal, 
M 
0.00 
16.5 
33.0 
41.3 
57.9 
66.0 
74.4 
82.7 
0.00 
3.31 
4.13 
4.96 
6.62 
8.27 
9.91 
13.2 
16.5 
19.8 
26.4 
33.1 
41.3 
0.00 
3.31 
4.14 
6.61 
8.27 
9.93 
13.2 
19.8 
26.4 

lo'kobsd, ?%I, M- l  
aec-1 sec-la 

13.75 
2.24 
5.11 
5.19 
7.59 
8.74 
10.1 
11.1 

32.8 
0.805 
1.27 
1.72 
2.02 
2.42 
2.87 
4.30 
5.52 
6.80 
8.51 
10.8 
13.9 

59.7 
1.40 
2.44 
3.90 
4.37 
5.89 
7.80 
11.5 
15.9 

104k,, 
sec-1 b 

2.88 

11.2 

27.2 

10-'K, 
I. mol-lc 

4.77 

2.93 

2.19 

E1 = 12.2 + 0.8 kcal mol-1, E? = 18.6 i 0.8 kcal mol-', 
A&* = -12.5 rt 2.0 eu,dA&* = -11.7 & 2.0 eud 

Mean 
of six runs (each within 13%) obtained by following the decompo- 
sition of the solid complex 3 in methanol. At 
25.00'. 

a Obtained from the slope of kobsd us. [NaOCHal, M. 

c K = kl/k2. 
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Data for the decomposition of 3 in aqueous solutions 
a t  different pH values are given in Table 11. 

TABLE I1 
DECOMPOSITION OF THE METHOXYL COMPLEX OF 

IN WATER AT 25.00' 
1-METHOXY-2,4,5-TRINITRONAPHTHALENE (3) 

lO'kz, 10-akzH ', 
pHa sec-1 M-1 sec-lb 

5.38 5.63 1.32 
5.44 5.06 1.35 
5.46 4.68 1.32 
5.49 4.54 1.36 
5.58 4.21 1.54 
5.64 3.28 1.36 
5.75 2.49 1.31 
6.07 1.32 1.37 
6.30 0.90 1.48 
8. 07c 0.22 
10. 44d 0.157 
10. 55d 0.163 
10. 96d 0.157 

a 0.01 M KHtPO4 buffer, except where stated otherwise. 
kZH+ = kpbnd - kt"/[H+], where kt" = 1.59 X sec-l. 

0 0.01 M NazHP04 buffer. d0.005 M Na2HP04 buffer. 

In  methanol 5 undergoes solvolysis to give the corre- 
sponding naphthol; the half-life for this "solvolysis" is, 
however, several orders of magnitude less than the time 
scale used in the present work.8 The slow decomposi- 
tion of 3 also produces naphthol, but its extinction 
coefficient a t  500 nm is negligible compared to that of 3 
and therefore does not interfere with the rate measure- 
ments. 

The pmr parameters for 1-me t hoxy-2,4,5-trini t ro- 
naphthalene (5 )  and for the 1,l complex of 3 in DMSO- 
d6 and DhlA solutions are given in Table 111. 

Discussion 

The order of stability of Meisenheimer complexes 
parallels the extent of electron delocalization caused by 
substituents. It is instructive to compare the kinetic 
and thermodynamic parameters for the formation and 
decomposition of the 2,4-dinitro- (Z)j>'7 and 2,4,6-tri- 
nitro- (7) l7 substituted 1,1-dimethoxycyclohexadienylide 
ions with those of their 2,4-dinitronaphthalene (1) and 
2,4,5-trinitronaphthalene (3) analogs. The equilibrium 
constants for the formation of the complexes increase in 
the order 3 > 7 >> 1 >> 218 (at 25.00°, K z  = lov4; 
K1 = 230; K7 = 17,000; and KS = 29,300 
1. mol-'). More significantly, however, the in- 
troduction of a third nitro group in the 6 position of 
2,4-dinitroanisole enhances the complex stability by a 
factor of 108 (K7/Kz) whereas the corresponding in- 
crease in the equilibrium constant resulting from an 
additional nitro group in the 5 position of l-methoxy- 
2,4-dinitronaphthalene is only 127 (Ka/K1). These 
results are not unexpected7 and can be rationalized in 
terms of the differences between the position of the 
nitro groups in the parent ethers of 3 and 1. The 5-ni- 
tro group in l-methoxy-2,4,5-trinitronaphthalene (5 )  is 
further removed from the seat of substitution than the 
&nitro group in 2,4,6-trinitroanisole and hence its 

(17) J. H. Fendler, J. Arne?. Chem. Soc., 88, 1237 (1966). 
(18) The value reported by Katsanos for Ks (1.76 X 108 1. mol-1 a t  34.9') 

is clearly too low and probably in error due to  the experimental uncertainties 
involved in its estimation.8 

TABLE I11 
PMR PARAMETERS FOR 

ITS METHOXYL MEISENHEIMER  COMPLEX^ 
I-~ETHOXY-2,4,5-TRINITRONAPHTHALENE AND 

i402 ho, 
5 3b 

Solvent DMSO-da DMA DMSO-da DMA 

7 a  1.08O 0.93O 0.92c 0.73" 
(0.92)o (0.74)c 

7 6  1.18 1.02 2.07 1.96 
(2.05) (1.95) 

7 7  1.92 1.81 2.62 2.58 
(2.63) (2.57) 

78 1.36 1.24 2.14 2.09 
(2.15) (2.10) 

71-OCHs 5.81" 5.63" 7.20c 7. 12c 
(7.17)O (7.10)C 

J61 8.7 8.6 8.1 8.0 
(8.1) (8.0) 

Je.3 1.2 1.1 1.4 1.4 
(1.4) (1.5) 

J18 7.8 7.8 7.9 7.7 
(7.7) (7.7) 

a Calculated from the resonance frequencies observed a t  50-Hz 
sweep widths using LAOCOON 111 (see Experimental Section) 
unless specified otherwise. b Values in parentheses have been 
obtained in the in situ formation of 3 by the dropwise addition of 
5.05 M potassium methoxide in methanol to a solution of 5 in the 
indicated solvent. 0 Taken from spectra determined at  500-Hz 
sweep widths. 

inductive effect results in a substantially smaller 
decrease in the electron density a t  C-1. Additionally, 
the proximity of the 4- and 5-nitro groups in 5 most 
probably decreases the extent of conjugation by steric 
hindrance,'g and thus the activating power of both 
groups, as well as resulting in lesser resonance stabiliza- 
tion of complex 3.20 In  the case of 2,4,6-trinitroanisole 
and its complex 7, on the other hand, the nitro group in 
the 6 position activates C-1 inductively, and all three 
nitro groups delocalize the negative charge of the cyclo- 
hexadienylide ion by resonance effects. The sig- 
nificant electron delocalizing influence of the second 
aromatic ring in 3 results, however, in an overall 
increase in the equilibrium constant for the formation 
of 3 compared to that for 7. The full extent of this 
effect can easily be appreciated by comparison of the 
stabilities of 1 and 2 ( K I / K 2  2 X lo6). 

The higher equilibrium constant for 3 conipared to 
that for 1 is a consequence of a significant increase in 
the rate constant for the formation of 3 (ICl for 3 / h  for 1 
= 35.6) which is paralleled by a smaller decrease in the 
rate constant for its decomposition (k2 for l / k n  for 3 = 
3.5).  Changes in the equilibrium constant8 for the 
complexes derived from the isomeric 2,4,6-cyanodinitro 
and dicyanonitroanisoles, on the other hand, are 
dependent to a greater extent on changes in k z  than 
those in k1.l Although the available data are not 

(19) V. Balasubramaniyan, Chem. Rev. ,  66 ,  567 (1966). 
(20) We are currently studying the rates and equilibrium constants for 

the formation of tri- and tetranitro-substituted naphthalene Meisenheimer 
complexes to  substantiate quantitatively this postulate.21 
(21) E. J. Fendler and J. H. Fendler, unpublished work. 
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sufficiently extensive to justify generalizations, it 
appears that substituents with different electron- 
withdrawing ability exert a greater effect on kz than on 
kl, whereas the reverse is the case if the extentof electron- 
delocalization is altered by the introduction of the same 
functional group. 

The greater stability of 3 compared to 1 is a con- 
sequence of a decrease in the energy and an increase in 
the entropy of activation for the formation of the 
complex. Similarly, decomposition of 3 requires some- 
what more energy and has a higher entropy of activation 
than 1.4 In  many instances i t  has been found that the 
driving force for the formation and decomposition of 
complexes is both enthalpy and entropy dependent. 

The greater stability of 3 relative to 1 is further 
demonstrated by the rate constant for its decomposition 
in water ( I ceo  in Table 11) which is a factor of 11-fold 
smaller than that for 1 (keo for 1 at  25.0' = 1.76 X 

This reaction like the analogous de- 
composition of l 4  and 72z is catalyzed by hydronium 
ions, although this catalysis is smaller (kz" = 1.38 X 
lo3 M-l sec--I for 3) than that observed for l4 (kZHC = 
1.73 X lo4 M-l sec-l) or for 7z1 (kzHt = 4.0 X loa 
M-l sec-I). 

We continue to use proton magnetic resonance 
spectroscopic techniques to confirm the postulated 
structure of the intermediate 3 and to observe its 
formation in situ by the addition of methoxide ions to 
solutions of 5 in DMSO-d6 and in DMA. The only 
previous reports of pmr data for naphthalene Meisen- 
heimer complexes are those on 14,za and other l-alkoxy- 
2,4-dinitronaphthalene~.~~~~ No pmr data has pre- 
viously been reported, however, for Meisenheimer 
complexes of trinitronaphthalenes. 

The pmr parameters for the complex 3 and its parent 
ether 5 as well as those observed previouslya for complex 
1 and the parent are given in Table 111. The spectra of 
3 are completely consistent with the postulated struc- 
ture ( L e . ,  the 1 , l  complex) and eliminate the possibility 
of alternative complexes such as those resulting from 
attack of methoxide ion at C-3, C-6, or C-8. Pmr 
criteria for the structure of Meisenheimer complexes 
have been discussed previously1~2~4~10~15~z4 and therefore 
are not reiterated here in detail. Rehybridization of 
C-1 from sp2 in the parent ethers to sp3 in the 1,l 
complexes has been found to result in an upfield shift of 
the methoxy proton resonances in dinitro-, trinitro-, and 
cyanonitroanisoles (A8 1.00-1.50 ppm)1~z~10+15 and in 
l-methoxy-2,4-dinitronaphthalene (A8 1.33-1.35 ppm). 
A comparable upfield shift of the methoxyl resonance 
(A8 1.39 ppm in DRIISO-ds and 1.49 ppm in DMA) is 
observed for 5 .  It has also been observed previously 
that the aromatic proton resonances of Meisenheimer 
complexes are relatively strongly shielded as compared 
to the parent, e t h e r ~ ~ ~ ~ ~ ~ l ~ ~ ~ ~ ~ ~ ~ ~  and that the magnitude 
of the upfield shift (A@ for l,l-dialkoxy-2,4-dinitro- 
cyclohexadienylideslO reflects the relative charge den- 
sities a t  the various positions, i.e., H-3, 0.04-0.07; H-5, 
1.26-1.40; H-6, 2.50-2.57 ppm. The aromatic proton 
resonances of the second ring of 3 and 5 comprise an 
ABX system whereas those of the dinitronaphthalenes 1 
and 6 compose a less readily interpretable ABCD 

sec-l 

(22) J. Murto and J. Vainioupaa, Suomen. Kemistilehti, B89, 133 (1966). 
(23) R. Foster and C.  A .  Fyfe, Tetrahedron, 21, 3363 (1966). 
(24) E. J. FendXer, J. H. Fendler, W. E. Byrne, and C. E. Griffin, J .  Ow. 

Chem., 88 ,  4141 (1968). 

~ y s t e m . ~  The aromatic proton resonances of the ether 
5 consist of a one-proton singlet (H-3) at r 1.08 and 
three one-proton doublets of doublets centered at  T 1.16 
(H-6), 1.36 (H-8), and 1.95 (H-7) in DMSO-da solution 
(see Table 111 for the calculated chemical shifts of H-6, 
H-7, and H-8). The aromatic resonances of complex 3 
resemble those of 5 in terms of multiplicity but the 
chemical shifts are altered markedly. The H-6, H-7, 
and H-8 resonances show the expected upfield shifts: 
H-6, T 2.07 (A8 0.89); H-7, 2.62 (A8 0.70); and H-8, 2.14 
ppm (A6 0.78); but the magnitude of the upfield shifts 
are considerably smaller than those cited previously for 
the three ring protons of benzene complexes. These 
smaller shifts are explicable in terms of delocalization of 
the negative charge over more atoms in 3 than in the 
benzene complexes. The H-3 resonance, however, is 
shifted downfield to T 0.92 ppm (A8 -0.16 ppm). 
The shifts of the aromatic protons of 3 indicate a 
significant increase in electron density a t  the 6, 7, and 
8 positions of the complex relative to the parent ether 5 
but a decrease in electron density a t  the 3 position. 
The increase in electron density is expected but the 
similarity in the increase at H-6, H-7, and H-8 is not 
readily explicable in terms of canonical contributions 
and anisotropic deshielding of H-8 by the methoxyl 
groups of the complex. HMO calculations of n-elec- 
tron densities of 6 and its methoxyl complex 1 indicate 
that there is a slight increase in electron density in the 
second ring, and that the negative charge is primarily 
localized in the nitro gro~ps .~5  The electron density in 
the first ring, therefore, should be markedly decreased, 
i.e., at  11-3, in the complex relative to the parent ether. 
Our observed A6 values are in qualitative agreement 
with the results of these HMO calculations. 

The proton chemical shifts of 3 and 5 show only a 
slight dependence on the dipolar aprotic solvent used, 
i.e., DMSO-dB and DMA (Table 111). In general, the 
proton resonances are observed at  lower fields in DMA 
than in DMSO-de for both the parent ether 5 and its 
complex 3; consequently the magnitude of the chemical 
shift differences (A8) between 5 and 3 are quite similar 
in these two solvents. 

In  several activated aromatic systems, i.e., 2,4,6- 
trinitr~anisole,~~~~~~~~ isomeric ~yanodinitroanisoles,~5 
2,4-dicyan0-6-nitroanisole,~ and 3,5-dinitro-2-methoxy- 
pyridinejZ8 initial attack of the nucleophile has been ob- 
served by pmr1~15*z6-e8 and calorimetriczY techniques to 
occur a t  C-3 resulting in the formation of a transient 
1,3 complex. However, on a considerably shorter time 
scale, the presence of other transient species and the 
formation of the 1,3-methoxyl complex of l-methoxy- 
2,4-dinitronaphthalene (6 )  has been inferred from 
kinetic data obtained by the use of stopped-flow 
techniques.a0 In order to observe any fairly stable 
transient species in the interaction of methoxide ions 
with 5 ,  we examined the generation of 3 in situ in 

(25) P. Caveng, P. B. Fisoher, E. Heilbronner, A. L. Miller, and H. 

(26) K. L, Servis, J .  Amer. Chem. Soc,, 87, 6495 (1966); X. L. Servis, 

(27) M. R. Crampton and V. Gold, J .  Chem. Soc. B ,  893 (1966). 
(28) C. A. Fyfe, Tetrahedron Latt., 659 (lQ68); G. Illuminati and F. 

Steqel, ibid., 4189 (1968); C. Abbolito, C. Isvarone, G. Illuminati, F. Stegel, 
and A .  Vazzoler, J .  Amer. Chem. Soc,, 91, 6746 (1969). 

(29) J. W. Larsen, J. H. Fendler, and E. J. Fendler, ibid., 91, 5903 
(1969). 
(30) F. Millot and F. Terrier, Ball. Soc. Chim. Fr. ,  2692 (1969). 

Zollinger, X e h .  Chzm.. Acta, 60, 848 (1967). 

ibid., 89, 1508 (1967). 
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DM80-ds and in DnlA.al In  these experiments, no 
additional resonances could be observed and, hence, on 
the time scale necessitated by pmr techniques at  25” 
(-2.5 min),’3l5 the 1,3 complex of 5 is either not formed 
or is not detectable. 

(31) DMA has been found to  considerably enhance the stability of the 
1,3-dimethoxy-2,4,6-trinitrocyclohexadienylide ion as  compared to  that in 
DMSO.a2 However, no 1,3-complex formation could be detected in the 
zn situ formation of complex 1 from 6 either in DMSO-da4 or in DMA. 

Registry N0.-3,25734-07-0; 5,25599-63-7. 
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The reaction of KCN with N-methylacridinium chloride in 90% dimethyl sulfoxide100/, water produces 
In the 

The reaction 
N-methyl-9-cyanoacridan. With excess cyanide the red N-methyl-9-cyanoacridanide anion is produced. 
presence of oxygen N-methylacridone and potassium cyanate are produced with light emission. 
stoichiometry is shown to be 

CH, CY, 

The initial rate of oxygen uptake shows the same dependence on the potassium cyanide concentration as the maxi- 
mum light emission intensity on this variable and the time required t o  reach the light emission maximum is about 
the same as the time required for the major portion oE the oxygen to be absorbed in the same experiment. The 
significance of these observations is discussed. A 
carbanion electron transfer oxidation mechanism involving this radical as an intermediate is suggested. 

In these experiments N-methyl-9-cyanoacridanyl is detected. 

I n  a previous report2 we described the detection of 
N-methyl-9-cyanoacridanyl radical in the cyanide ion 
addition to oxygen free solutions of lucigenin (N ,N’ -  
dimethyl-9,9’-biacridinium dinitrate) or to air-saturated 
solutions of N-methylacridinium chloride. The struc- 
ture of the radical was verified by electrolytic reduction 
of N-methyl-9-cyanoacridinium chloride. The esr 

I 
CH3 

DBA2+ 

ACN. 

I 
CH3 

AHCN 

CH3 
AH+ 
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J.  W. Happ and E. G. Janzen, J .  0 r g .  Chem., 95, 96 (1970). 

spectrum was analyzed and coupling constants assigned 
on the basis of molecular orbital calculations and by 
analogy to radicals of similar structure. 

The unusual reaction between cyanide ion and N -  
methylacridinium chloride to produce N-methyl-9-cy- 
anoacridanyl radicals (ACK .)a in air-saturated solutions 
has been investigated in more detail. Reactions of N -  
methyl-9-cyanoacridan (AHCN) and the chemilumi- 
nescent production of N-methylacridone have also been 
studied. 

Experimental Section 
Equipment.-The esr and light detection equipment was the 

same as used for a previous study.4 Relative chemiluminescence 
light emission was monitored using a Firefly photometer with a 
IP21 photomultiplier tube. Solutions of N-methylacridinium 
chloride were placed in the sample compartment of the photom- 
eter and an appropriate amount of potassium cyanide in the 
same solvent was injected by syringe into the solution so that 
the final volume of the reaction mixture was 5 ml. Oxygen was 
continuously bubbled through the reaction mixture and the in- 
tensity of chemiluminescence was recorded. Chemiluminescence 
spectra were obtained with an Aminco spectrophotofluorometer 
equipped with a xenon arc light and a IP28 photomultiplier 
tube. A typical solution contained 0.04 M N-methylacridinium 
chloride and 0.06 M potassium cyanide in 90% dimethyl sulfoxide 
-10% water (by volume) saturated with oxygen. 

(3) For abbreviation,”h” is used as the symbol for the N-methylacridanyl 
“A” is followed by symbols representing the substituent(s) in the  

(4) E. G. Janzen, J. B. Pickett, J. W. Happ, and W. DeAngelis, J .  Org. 

moeity. 
9 position of the acridine ring. 

Chem., 86 ,  88 (1970). 


