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condenser. Approximately 50 ml of THF was added to the ap
paratus and it was heated to a moderate reflux. The solutions of 
dianion 3 and 1,3-dibromopropane were then added to the Soxhlet 
extractor via stainless steel cannulae at such a rate that one drop 
of each solution was added to each cycle of the extractor. After 
the addition was complete, reflux was maintained for several more 
cycles and the apparatus was allowed to cool before the reaction 
was worked up as above to give 1.06 g (68%) of distilled methyl 
2-oxocyclohexanecarboxylate (9, n = 3) which was identical to the 
sample of 9 (« = 3) prepared previously. The residue from the 
distillation was chromatographed on silica gel using chloroform 
eluent to give 0.15 g (11%) of dimethyl 3,9-dioxoundecanedioate 
(10, n = 15). 

Methyl 2-(2'-Carbomethoxy-3'-oxocyclohex-l'-enyl)acetate (12). 
The dianion 3 from 1.16 g (10.0 mmol) of methyl acetoacetate was 
alkylated with 0.87 g (5.0 mmol) of dibromomethane as in section b 
of the previous experiment to yield 0.70 (62%) of distilled 12: 
bp 75-78° (0.2 mm); ir (CHCl3) 3575, 3075, 3010, 2940, 1740, 
1735, 1685, 1640, 1445, 1380, 1360, 1340, 1320, 1180, 1080, 1060, 
1020, 965, 940, 860, 810 cm"1; nmr (CDCl3) o 1.8-2.2 (m, 2 H), 

The conversion of aromatic amines to carbazoles via 
an intramolecular cyclization pathway has been 

effected by a number of chemical methods. Carbazole 
has been generated from 2-aminobiphenyl by both 
thermal cyclization23 and glow discharge4 techniques. 
Photochemical processes involving this same pathway 
have been shown to lead from 7V-arylenamines to 2,3-
dihydroindoles5a and indolines.5b However, most of 
the photochemical studies have been concerned with the 
conversion of di- and triphenylamines to the corre
sponding carbazoles.6-13 These latter investigations, 

(1) (a) University of Idaho; (b) University of Georgia. 
(2) Monsanto Chemical Co., U. S. Patent 2479211 (1949); Chem. 

Abslr., 43,9086 (1949). 
(3) C. Wentrup and M. Gaugaz, HeIv. Chim. Acta, 54, 2108 (1971). 
(4) H. Suhr, U. Schoch, and G. Rosskamp, Chem. Ber., 104, 674 

(1971). 
(5) (a) O. L. Chapman and G. L. Eian, /. Amer. Chem. Soc, 90, 5329 

(1968); (b) O. L. Chapman, G. L. Eian, A. Bloom, and J. Clardy, ibid., 
93,2918(1971). 

(6) C. A. Parker and W. J. Barnes, Analyst, 82, 606 (1957). 
(7) E. J. Bowen and J. H. D. Eland, Proc. Chem. Soc, London, 202 

(1963). 
(8) K. H. Grellmann, G. M. Sherman, and H. Linschitz, /. Amer. 

Chem. Soc, 85,1881 (1963). 
(9) H. Linschitz and K. H. Grellmann, J. Amer. Chem. Soc, 86, 

303(1964). 
(10) W. Carruthers, Chem. Commun., 272 (1966). 
(11) H. Stegmeyer, Naturwissenschaften, 53, 582 (1966). 
(12) G. C. Terry, V. E. Uffindell, and F. W. Witlets, Nature {London), 

223,1050(1969). 
(13) E. W. FSrster, K. H. Grellmann, and H. Linschitz, J. Amer. 

Chem. Soc, 95, 3108 (1973). 

2.3-2.7 (m, 4 H), 3.35 (s, 2 H), 3.75 (s, 3 H), 3.83 (s, 3 H); uv (CH3-
OH) 288 nm (< 1.2 X 104); mass spectrum m/e (rel intensity) 226 
(19), 195 (43), 194 (100), 166 (45), 162 (100), 138 (40), 129 (23), 112 
(24), 107 (28), 101 (21), 82 (38), 79 (48), 70 (46), 59 (51), 43 (57). 

Dimethyl 3,16-Dioxooctadecanedioate (10, n = 10). The dianion 
3 from 1.16 g (10.0 mmol) of methyl acetoacetate was reacted with 
1.50 g (5.0 mmol) of 1,10-dibromodecane to give a crude product 
which solidified on standing overnight and was subsequently re-
crystallized from ether to give 1.52 g (98%) of 10 (« = 10): mp 
80-82°; ir (CHCl8) 3090, 3050, 2970, 2900, 1745, 1720, 1640, 1620, 
1450, 1420, 1335, 1170, 1030, 940 cm'1; nmr (CDCl3) 5 1.2 (m, 
20 H), 2.43 (t, J = 6 Hz, 4 H), 3.27 (s, 4 H), 3.70 (s, 6 H), 4.90 
(s);23 mass spectrum m/e (rel intensity) 370 (10), 339 (13), 338 (12), 
320 (16), 296 (24), 265 (18), 256 (17), 255 (100), 237 (21), 223 (14). 
205 (22), 195 (11), 181 (23), 178 (14), 163 (27), 158 (12), 143 (9), 
129 (71), 116 (90), 101 (51), 69 (58), 59 (95), 43 (65). 
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and some additional reports, have been involved with 
the photochemical mechanism by which this transfor
mation occurs. A good deal of controversy still exists 
over the kinetics of the process and the nature of the 
intermediates involved,11-16 but it is more or less firmly 
established that reaction occurs through the amine 
triplet, which can decay back to the ground state by 
energy transfer to the solvent or oxygen or it can cyclize 
to an 11,12-dihydrocarbazole which eliminates hy
drogen to form a carbazole (e.g., JV-phenylcarbazole 
from triphenylamine). Mass spectrometric data indi
cate that the 11,12 hydrogens are trans to one another 
in the dihydrocarbazole since they are lost stepwise 
rather than as molecular hydrogen. 17>18 

Since some of these reactions have been characterized 
as being photooxidations, we have been concerned with 
analogous cyclizations in the electrochemical oxidations 
of aromatic amines in nonaqueous media. Our pri
mary concern has been with the decomposition path
ways of amine cation radicals, and in studying these 

(14) H. Shizuka, Y. Takayama, I. Tanaka, and T. Morita, /. Amer. 
Chem. Soc, 92,727 (1970). 

(15) H. Shizuka, Y. Takayama, T. Morita, S. Matsumoto, and I. 
Tanaka, J. Amer. Chem. Soc, 93, 5987 (1971). 

(16) E. W. Forster and K. H.Grellmann, J. Amer. Chem. Soc, 94, 634 
(1972). 

(17) R. A. W. Johnstone and S. D. Ward, /. Chem. Soc. C, 1805 
(1968). 

(18) M. J. Bishop and I. Fleming, J. Chem. Soc. C, 1712 (1969). 
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Abstract: It has been found that substituted di- and triphenylamines cyclize to form the corresponding carbazoles 
in acetonitrile upon anodic oxidation at platinum. The reaction occurs through the dication and will take place 
only if the cation radical is stable. This same overall process occurs photochemically, and comparisons are made 
between the two pathways; it was not established that there is common mechanistic ground but some possible 
parallels are explored. A recent report of the same type of reaction for tetraarylethylenes suggests that this may be 
a general anodic oxidation pathway for electrolytically generated aromatic dications. 
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species carbazole formation has not been detected. 
Although cation radicals have not been implicated in 
the photochemical mechanisms forwarded, the nature 
of the intermediates involved in the photooxidations is 
still somewhat speculative and we have pursued these 
systems with the expectation that electrochemical 
studies might shed more light on this remarkable mech
anism. The electrochemical conversion of aromatic 
amines to carbazoles has been accomplished on a 
limited scale and the results are reported herein. 

Experimental Section 

All electrolyses were carried out in acetonitrile (MeCN)-tetra-
ethylammonium perchlorate (TEAP) media at platinum. The 
instrumentation for the electrochemical studies was standard and 
has been reported previously.19 Visible spectra were run on a 
Cary 14 spectrophotometer; solutions of the amines and carbazoles 
were electrolyzed both externally and in situ and similar results 
were obtained by the two methods. The external electrolyses were 
carried to completion by controlled-potential oxidation using a 
Wenking 68 FR.0.5 fast-rise potentiostat, and the solutions were 
transferred to standard curvettes for the recording of spectra. 
Some experiments were conducted where the amine cation radical 
was generated by electrolysis 200 mV past the first anodic wave 
and its spectrum was subsequently recorded. The electrolysis 
potential was then moved out to the second anodic wave and the 
oxidation carried essentially to completion; moderate steady-state 
background currents were always encountered since these electroly
ses were in the region of 1.8-2.0 V. In this way the amine cation 
radical spectrum could not be confused with that due to the corre
sponding electrogenerated carbazole radical ion. 

In addition, separate experiments were conducted on two of the 
carbazoles suspected to be products from the corresponding amines. 
These compounds were electrolyzed at potentials just beyond the 
primary oxidation waves, where the cation radicals would be 
generated, as well as at the potential used to convert the amine 
dications to their respective products. Spectral data on the carba
zole cation radicals were readily obtained, since the half-lives of 
these species are on the order of several minutes. In situ electrolyses 
gave essentially identical results and these experiments clearly 
established that the species absorbing in the 750-850-nm region are 
the carbazole cation radicals; the growth and decay patterns of the 
absorption maxima were also consistent with this assignment. 
This is further substantiated by a recent survey study covering a 
large number of substituted carbazoles; in this work it was estab
lished that these radicals are moderately stable and characteristically 
absorb in the 700-850-nm region.20 

Thin-layer chromatograms were run using "Bakerflex" alumina 
paper and benzene-petroleum ether solvent mixtures. Electrolysis 
mixtures were prepared for chromatography by taking them to 
dryness and extracting the organic products with benzene. The 
solutions were concentrated and each mixture was spotted with 
benzene. The chromatograms were developed with iodine and 
examined under ultraviolet light; it was found that the fluorescence 
of the carbazoles was characteristic in these systems relative to the 
reactants and products present. 

Electrolysis of JV-Ethylbis(/)-/ert-butyIphenyl)amine. The parent 
amine (100 mg) was dissolved in acetonitrile-0.1 F tetraethyl-
ammonium perchlorate (100 ml) and was electrolyzed at a platinum 
gauze anode (carbon auxiliary in a separate compartment, aqueous 
see reference) at a potential of +1.8 V for 20 min; at this point 
the H value for the electrode process was roughly 3 (which would 
correspond to conversion of the amine to the carbazole cation 
radical). Appreciable electrolysis current was still passing, in
dicating that further decomposition reactions were taking place. 
Following rereduction at —0.7 V (to reduce off the protons liberated 
in the coupling reaction), the solvent was stripped off (room tem
perature) and the residue was partitioned with benzene-9 M H2SO4. 
The benzene layer was chromatographed on Woelm neutral alumina 
and the product was recrystallized from benzene-heptane, mp 
149-152°; it was verified as being 3,6-di-ter/-butyl-iV-ethylcarbazole 
by mixture melting point. The yield (15 mg) is quite low but a 

(19) J. F. Ambrose and R. F. Nelson, J. Electrochem. Soc. 115, 1159 
(1968). 

(20) J. F. Ambrose, L. L. Carpenter, and R. F. Nelson, /. Electrochem. 
Soc, submitted for publication. 

concerted effort was not made to maximize electrolysis conditions. 
The yield is higher in light of the fact that roughly half of the parent 
amine is recovered from the aqueous layer (during the oxidation 
process it is protonated and rendered electroinactive), but the pres
ence of considerable side reactions must be acknowledged. From 
a synthesis standpoint, this is not at present a favorable reaction. 

Compound Preparation. Many of the di- and triphenylamines 
studied had been previously synthesized and reported.21.22 Several 
new compounds were prepared as reported below; the structures 
were verified by infrared and nmr spectroscopy, as well as by the 
CHN analyses listed. 

N-EtiylbisOv/err-butylphenyOamine. Bis(/j-ferf-butylphenyl)-
amine was synthesized by the method of Walter.21 Alkylation was 
effected with triethyl phosphate by heating in the presence of K2CO3; 
following extraction with benzene the reaction mixture was chro
matographed on Woelm neutral alumina. The product was then 
recrystallized twice from benzene-heptane, mp 87-88°. 

Anal. Calcd for C22H81N: C, 85.4; H, 10.1; N, 4.53. Found: 
C, 85.4; H, 10.0; N, 4.44. 

3,6-Di-rerr-butyl-A'-ethylcarbazole. Ar-Ethylcarbazole was stirred 
with an excess of tert-butyl chloride and AlCl3 for 6 hr; the reaction 
mass was heated for about 30 min toward the end of this time. 
The mixture was poured on ice and the resulting tar was taken up 
with benzene and chromatographed on neutral alumina. The 
product was recrystallized twice from benzene-heptane, mp 151-
153°. 

Anal. Calcd for C22H29N: C, 85.9; H, 9.53; N, 4.55. Found: 
C, 85.5; H, 9.47; N, 4.56. 

3,6-Dichlcro-7V"-p-chlorophenylcarbazole. 3,6-Dichlorocarbazole 
was heated with p-chloroiodobenzene, copper powder, and potas
sium carbonate for 16 hr at 210°. The hot reaction mass was 
extracted twice with benzene and the extract was chromatographed 
on neutral alumina. The product was then recrystallized twice from 
benzene-ethanol, mp 175-176°. 

Anal. Calcd for C18Hi0NCl3: C, 62.4; H, 2.91; N, 4.04. 
Found: C, 62.8; H, 2.97; N, 3.98. 

Results and Discussion 

In the photochemical studies previously mentioned, it 
was found that not all di- and triphenylamines cyclized 
to generate substituted carbazoles. Appreciable yields 
were obtained from compounds such as triphenylamine 
(TPA), tris(/?-tolyl)amine, and JV-methyldiphenylamine, 
but for diphenylamine (DPA) the carbazole yield is rela
tively low and considerable side reaction occurs.8,16 Tris-
(p-carbomethoxyphenyl)amine and N-methylbis^-carbo-
methoxyphenyl)amine, however, have triplet states that 
do not undergo cyclization but instead phosphoresce back 
to the ground state.23 Unfortunately, more molecules 
have not been studied, but from the available data it 
appears that only amines with electron-withdrawing 
substituents will not form carbazoles photochemically. 

The electrochemistry of these same molecules is con
siderably different in that none show the formation of 
carbazole in the primary oxidation process. In non
aqueous media (acetonitrile), molecules such as TPA, 
DPA, and ./V-CH3DPA form the corresponding p,p-
benzidines in almost quantitative yields upon electro
chemical oxidation via an intermolecular coupling reac
tion that has been thoroughly characterized.2224 The 
electrolysis solutions were vigorously examined for 
traces of the corresponding carbazoles, but none could 
be found. 

It has been shown that this electrochemical coupling 
reaction proceeds through a cation radical intermediate 
formed by removal of one electron from the parent 
molecule; two of these then couple to form the ben-

(21) R. I. Walter, U. S. Dep. Commer., Off. Tech. Serv., PB Rep., No. 
154, 498 (1960); Chem. Abstr., 59,416f (1963). 

(22) R. F. Nelson, Ph.D. Thesis, Kansas University, 1966. 
(23) K. H. Grellmann, Ber. Bunsenges. Phys. Chem., 73, 827 (1969). 
(24) E. T. Seo, R. F. Nelson, J. M. Fritsch, L. S. Marcoux, D. W. 

Leedy, and R. N. Adams, J. Amer. Chem. Soc, 88, 3498 (1966). 
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Compd 

Tris(p-anisyl)amine 
Tris(p-tolyl)amine 
Tris(p-ter/-butylphenyl)amine 
Tris(p-fluorophenyl)amine 
Tris(p-chlorophenyl)amine 
Tris(/>-bromophenyl)amine 
Tris(/>-iodophenyl)amine 
Tris(/?-carbomethoxyphenyl)amine 
Tris(p-acetylphenyl)amine 
Tris(/>-benzoylphenyl)amine 
Tris(/?-cyanophenyl)amine 
JV-Ethylbis(/7-tolyl)amine 
./V-Ethylbis(/>anisyl)amine 
Af-Ethylbis(/?-/erf-butylphenyl)amine 
N-Ethylbis(i>chlorophenyl)amine 

Efii" 

0.52 
0.75 
0.76 
0.95 
1.04 
1.05 
1.01 
1.26 
1.26 
1.25 
1.44 
0.74 
0.64 
0.76 
0.98 

/p/K'Ac* 

28.0 
29.4 
28.7 
28.5 
30.5 
30.0 
28.2 
26.5 
27.6 
26.4 
27.1 
29.2 
28,1 
28.8 
30.8 

n value" 

1.01 
0.98 
0.98 
1.03 
1.02 
0.99 
0.98 
1.02 
1.04 
1.01 
1.05 
1.03 
1.00 
1.01 
1.05 

Evii"-" 

1.21 
1.54 
1.56 
1.69 
1.76 
1.79 
1.67" 
2.02" 
2.00« 
2.00« 
2.2" 
1.61 
1.24 
1.59 
1.60" 

-Second anodic wa 

29.3 
53.3 
51.8 
23.8 
56.8 
52.6 
55.2 
56.2 
61.4 
57.3 

39.6 
19.7 
51.1 
50.6 

n value' 

1.17 
1.83 
1.81 
0.84 
1.87 
1.75 
1.96 
2.12 
2.23 

1.37 
0.70 
1.78 
1.65 

" I n V vs. see. b Average value from linear scan voltammograms taken at scan rates from 33.0 to 500 mV/sec. c Coulometric n values 
from exhaustive electrolyses of approximately 10~3 M solutions. d Waves are irreversible, £p/2 shifts anodic with increasing scan rate. 
« Waves are obscure, data for these systems are highly imprecise. ' Coulometric n values could not be obtained due to large steady-state 
currents at the end of the electrolyses; these values are from peak current data and are only for the second waves. 

E | v o l t s v s . S .C.E. 

Figure 1. (A) Cyclic voltammogram of Af-ethylbisC/Molytyamine in acetonitrile-O.l F tetraethylammonium perchlorate, platinum working 
electrode, sweep rate = 150 mV/sec. (B) Cyclic voltammogram of 3,6-dimethyl-7V-ethylcarbazole, same conditions. 

zidine. This would seem to indicate that the photo
chemical mechanism does not involve the cation radical 
(however, an excited state of the cation radical cannot 
be excluded) since intermolecular coupling products 
such as benzidines have not been detected in the irra
diation studies. Thus, there appears to be little or no 
connection between the photochemical and electro
chemical mechanisms involving cation radicals for these 
compounds. 

Many other substituted di- and triphenylamines have 
been studied electrochemically and again no traces of 
carbazoles have been detected from chemical decom
position of the amine cation radicals.2626 Almost 

(25) R. F. Nelson and R. N. Adams, J. Amer. Chem. Soc, 90, 3925 
(1968). 

without exception the presence of an open ring position 
para to the amine nitrogen leads to intermolecular cou
pling to form a substituted benzidine. However, tri-
para-substituted TPA's and di-para-substituted N-
alkyl DPA's have very stable cation radicals that can 
readily be generated electrochemically; these neither 
cyclize nor couple at detectable rates. Electroana
lytical data are shown for the various amines studied in 
Table I. The data for the first oxidation waves are all 
consistent with what would be expected for a reversible 
one-electron process. When these molecules are ox
idized on to the dications, however, rapid decomposition 
was found to occur by a number of different pathways. 

(26) P. Berkenkotter and R. F. Nelson, unpublished data. 
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WAVELENGTH, ntn. 

Figure 2. Visible absorption spectra of externally electrolyzed solutions in acetonitrile: (A) tris(p-chlorophenyl)amine solution oxidized 
at the potential of the second anodic wave; (B) 3,6-dichloro-iV-p-chlorophenylcarbazole solution oxidized past its first anodic wave. 

Primary among these decomposition reactions in most 
systems was formation of a reversible redox couple 
somewhat anodic of the primary amine system, as 
shown in Figure IA for A-ethylbisO?-tolyl)amine. On 
the first scan the voltage sweep was reversed at 1.3 V 
and the dotted line shows the reverse peak current ob
tained for reduction of the cation radical (wave B). 
Subsequent scans to more anodic potentials show a 
second oxidation process at about 1.7 V (wave C) which 
gives rise to a reversible couple around 1.2 V (waves 
D and E). Since on the first scan this latter couple was 
absent, the species responsible is clearly being gen
erated by the second anodic process which is seen to be 
irreversible. A cyclic voltammogram for the corre
sponding carbazole is shown in Figure IB; the match-up 
with waves C and D in the amine system is striking. 
The carbazole formation was verified in several amine 
systems using thin-layer chromatography on electrolysis 
solutions, as well as by matching of cyclic voltammo-
grams and visible absorption spectra of electrolyzed 
solutions, as shown in Figure 2 for tris(p-chlorophenyl)-
amine and the corresponding carbazole. This system 
is somewhat complicated, but not atypical, in that the 
carbazole is not the only decomposition product of the 
amine dication; in the tris(/?-chlorophenyi)amine system 
there is also some halogen elimination and subsequent 
coupling to form A^N5N',Ar'-tetrakis(p-chlorophenyl)-
benzidine. The broad band at 400-500 nm is due to 
the oxidized form of the benzidine. The carbazole 
visible absorption spectra are particularly characteristic 
in that the peaks are in a wavelength region that is un
usual for organic cation radicals; thus, the match-up is 
more compelling. Further confirmation was obtained 
by product isolation from controlled-potential elec
trolyses, as described in the Experimental Section for A-
ethylbis(/>-?m-butylphenyl)amine. 

The electroanalytical data for the second anodic 

waves, as shown in Table I, show very little in the way of 
consistent trends. The precision of the data is very 
poor due to the proximity of many of the waves to the 
anodic background of the MeCN-TEAP system. The 
data are further obscured by the presence of other de
composition pathways competing with the intramo
lecular cyclizations; primary among these are hydrolysis 
and substituent elimination. For conversion of the 
amine parent all the way to the carbazole cation radical 
three electrons per molecule is required; this is clearly 
not the case in many of the systems. Nevertheless, 
there is a general correlation of carbazole yield with n 
value, as seen by a comparison of the electroanalytical 
data in Table I with the product yield data shown in 
Table II. The carbazole yields are high (as determined 
by cyclic voltammetry of roughly millimolar solutions) 
for those systems not susceptible to hydrolysis or sub
stituent elimination, and the carbazole cation radicals 
are more stable for those derived from triphenylamines 
than those from diphenylamines; this latter fact is con
sistent with data obtained for a number of similarly sub
stituted carbazoles.20 

Product isolation was rendered difficult by the pre
viously mentioned parallel decomposition pathways 
(plus some others not yet delineated) for the amine di-
cations as well as by slow decompositions of the sub
stituted carbazolium radicals. Whereas these latter 
decomposition reactions are relatively slow on the time 
scales of the cyclic voltammetric and spectroscopic ex
periments, they become significant during controlled-
potential electrolyses which may take up to an hour to 
carry out. In addition, at the oxidation potentials 
used to convert the amines to the corresponding car
bazoles these latter species are partially oxidized on to 
their dications, as shown by the dotted line in Figure 1, 
curve B. 

Thus, yields from preparative-scale electrolyses are 
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Table n. Product Distributions for 
Arylamine Dications in Acetonitrile 

Amine 

Tris(p-anisyl)amine 
Tris(p-tolyl)amine 
Tris(p-?e«-butylphenyl)arnine 
Tris(/?-fluorophenyl)amine 
Tris(p-chlorophenyl)amine 

Tris(p-bromophenyl)amine 

Tris(p-carbomethoxyphenyl)-
amine 

Tris(/vacetylphenyl)amine 
Tris(p-benzoylphenyl)amine 
Tris(p-cyanophenyl)amine 
A^-EthylbisC^-tolyUamine 
AT-Ethylbis(/>-?e«-butylphenyl)-

amine 
N-Ethylbis(p-anisyl)amine 

iV-Ethylbis(/?-chlorophenyl)-
amine 

Carbazole 
formed1 

+" 
+ + 
+ + 
+» 
+ 

+ 

++ 
+ + 
+ + 
+ + 
+ + 
+ + 

+ + 

Other products 

Some hydrolysis occurs 

AWW.JV'-Tetrakis-
(/j-chlorophenyl)-
benzidine 

AWiV'.Ar'-Tetrakis-
(p-bromophenyl)-
benzidine 

Dication decomposes ex
clusively by hydrol
ysis 

" Small amounts (10% or less) of carbazole detected. b A 
" + + " represents a relatively higher yield compared to a " + " ; 
a " —" indicates that the corresponding carbazole was not observed 
on the cyclic voltammogram. 

very low as noted in the Experimental Section for TV-
ethylbis(/?-te7-/-butylphenyl)amine. Better electrosyn-
thesis conditions may raise these yields to an acceptable 
level but at this time it appears that the photochemical 
process is far superior in terms of product yields. 
However, as noted earlier, when the amine molecule 
contains electron-withdrawing groups, the photocycliza-
tion does not occur. In some cases these amines can be 
cyclized electrochemically; note in particular the tris(p-
carbomethoxyphenyl)amine which does not cyclize 
photochemically23 but does show carbazole formation 
under electrolysis conditions. In a preparative sense, 
both methods have advantages and limitations which 
appear to be generally complementary. 

It would be adventuresome to suggest a direct par
allel between the photochemical and electrochemical 
mechanisms since the experimental conditions are so 
different. The photolyses are usually run in nonpolar 
solvents and the mechanism involves excited-state 
species, the key intermediate apparently being the 
amine triplet. The electrochemical processes are car
ried out in polar organic solvents containing relatively 
large amounts of organic salts as supporting electrolytes. 
The reactive species appears to be the dication of the 
parent molecule which is generated by discrete removal 
of two electrons in a stepwise fashion. Thus, a dis
cussion of the electrochemical process will be presented 
but meaningful comparisons with the photochemical 
mechanism are not, we feel, warranted at this time. 

Due to the fact that the second oxidation steps of the 
amines are at far anodic potentials (1.7-2.2 V) and the 
cyclization reactions are extremely rapid, precise quan
titative data could not be acquired on these systems. 
However, it can be ascertained that the oxidation of the 
amines involves the loss of two electrons. The amine 
dication is a An electron system and according to orbital 
symmetry rules for electrocyclic reactions ring closure 

u#^ 
R 

R = P-C6H4X or alkyl 

^u^ 
R 

(1) 

"xTkXrx' N 
I 
R 

* fast 

hydrolysis, 

substituent elimination 

I 
H H 

^ x ^ "C«rx 
(2) 

^03®**. ̂ CCT' 
I 
R 

(3) 

must occur in a conrotatory fashion to achieve proper 
bonding in the product.27 In the intermediate dihy-
drocarbazole the hydrogens would be trans to one 

(4) 

(5) 

(27) R. B. Woodward and R. Hoffmann, "The Conservation of 
Orbital Symmetry," Academic Press, New York, N. Y., 1970. 
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another and their elimination would lead to the corre
sponding carbazole. At the applied electrolysis poten
tial the carbazole would be oxidized on to its cation 
radical, so the overall process has an n value of 3. 

It is interesting to note that this type of reaction may 
be fairly general in organic electrooxidations. It has 
recently been shown that the electrochemical oxidation 
of tetraarylethylenes leads to the formation of sub
stituted phenanthrenes.28'29 Since the arylethylene di-
cations are isoelectronic with the arylamine dications, 
the same mechanism may be operative, i.e., a con
certed electrocyclic ring closure (eq 4 and 5). 

In summary, then, it would appear that these electro
chemical data can do relatively little to further clarify 
the photolytic mechanism. However, the following 
points can be forwarded. 

(1) The photochemical process cannot go through the 
amine cation radical; according to the electrochemical 
studies if the cation radical were implicated some ben
zidines should be found (unless there is a tremendous 
solvent effect between polar and nonpolar media). 

(2) The photochemical process may go through the 
amine dication, but again the role of solvent has not 
been clarified. 

(3) The cyclization reaction is general for di- and tri-

(28) J. D. Stuart and W. E. Ohnesorge, / . Electroanal. Chem., 30, 
App. 11(1971). 

(29) J. D. Stuart and W. E. Ohnesorge, / . Amer. Chem. Soc, 93, 
4531(1971). 

I n our attempts to deal with the problem of the rates 
at which intermediates in activated nucleophilic 

aromatic substitution reactions expel various mobile 
groups from their sp3 hybridized carbon, we have fre-

(1) (a) Part X: C. F. Bernasconi, R. H. deRossi, and C. L. Gehriger, 
J. Org. Chem., 38, 2838 (1973). (b) Presented at 12th Pacific Confer
ence on Chemistry and Spectroscopy, San Diego, Calif., Nov 1973. 

(2) Alfred P. Sloan Fellow, 1971-1973. 

arylamines and is not limited to molecules containing 
roughly neutral or electron-donating substituents as 
implied in the collected photochemical studies. How
ever, this is not to say that all the molecules converted 
electrochemically could also be cyclized photochem-
ically with higher energy radiation. 

Extensive electrochemical studies in our laboratory 
and by others have shown that the following conditions 
are necessary for the electrochemical cyclization reac
tion. 

(1) Only tertiary aromatic amines can be cyclized 
where at most one alkyl group can be present and all 
aromatic rings must be substituted in the positions para 
to the amine nitrogen. In addition, these substituents 
must not be susceptible to substitution or elimination. 

(2) The reactions must be carried out in nonaqueous 
media since only here can oxidation potentials be ap
plied such that the amines can be oxidized to the dica
tions. 

Further studies are now in progress to achieve better 
yields in the electrochemical oxidations. 
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quently chosen the reversible interaction of 1,3,5-tri-
nitrobenzene (TNB) with various nucleophiles as a 
model reaction.3 

The choice of TNB as a model substrate offers both 

(3) (a) C. F. Bernasconi, J. Amer. Chem. Soc, 92, 129 (1970); (b) 
C. F. Bernasconi, ibid., 92, 4682 (1970); (c) C. F. Bernasconi and R. G. 
Bergstrom, / . Org. Chem., 36, 1326 (1971); (d) C. F. Bernasconi and 
R. G. Bergstrom, / . Amer. Chem. Soc., 95, 3603 (1973). 

Intermediates in Nucleophilic Aromatic Substitution. XI. 
Spiro Meisenheimer Complex of 
JVjJV'-Dimethyl-JV-picrylethylenediamine. Partially 
Rate-Limiting Proton Transfer of Complex Formation. 
A Temperature-Jump Study 
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Abstraet: N,N'-Dimethyl-AT-picrylethylenediamine (AH) is in equilibrium with the spiro Meisenheimer complex 
(XH and X-) formed by intramolecular nucleophilic attack on the 1 position of the picryl moiety (eq 1). The rate 
of equilibration between the starting material and the two forms of the complex, as determined by the temperature-
jump technique, not only shows the expected pH dependence but also increases with buffer concentration. The 
buffer dependence is curvilinear and reaches a plateau at high concentration. This indicates a change from rate-
limiting proton transfer at a low concentration to rate-determining nucleophilic attack at high concentration and is 
a consequence of the unexpectedly high rate constant of 2 X 105 sec-1 for the reversion of the zwitterion (XH) to 
N,A -̂dimethyl-AT-picrylethylenecUamine. These results suggest that in some cases general base catalysis in nucleo
philic aromatic substitutions by amines is a manifestation of slow proton transfer rather than of sluggish leaving 
group departure. 
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