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for the subsequent reaction without purification: characteristic 
lH NMR resonances (CDC13) 7a 6 2.80 (12 H, s, NCHis), 3.57 
(6 H, s, OCHis), 7.27 (2 H, s, olefinic H's); 6a 6 3.0 (6 H, s, 
NCHis), 3.53 (3 H, s, OCH3), 3.70 (3 H, s, OCH3), 4.2 (2 H, m, 
CH,), 7.40 (1 H, s, olefinic H). 

N ,N -Bis (  3-amino- 1 -methoxy- 1 -0xo-2-propen-2-yl)- 
phenylamine (sa). To 3 g of crude adduct 7a in 10 mL of DMF 
was added 6 g of ammonium acetate, and the reaction mixture 
was heated on a steam bath for 4 h. Water and ether were then 
added to the cooled solution, and the layers were separated. The 
aqueous phase was extracted with two additional portions of ether, 
and the combined extracts were washed with a saturated salt 
solution and dried (Na2S04). Solvent removal gave about 2 g of 
sticky solid. Trituration with ether afforded 1.2 g (-60% yield, 
based on the bisadduct present in crude product) of 8a. Re- 
crystallization from MeOH produced light salmon colored crystals: 
mp 183-195 "C; W (MeOH) 248-9 (t 45500); NMR (CDC13) 3.70 
(6 H, s, OCHis), 7.70 (2 H, t, J = 6 Hz, olefinic H's); MS, m / e  
291 (M+, 100). Anal. Calcd for C14H17N30d C, 57.67; H, 5.84; 
N, 14.42. Found: C, 57.69; H, 5.78; N, 14.07. 

l-Phenyl-2,6-bis(met hoxycarbony1)- l,4-dihydropyrazine 
(9a). A solution of 230 mg (0.79 mmol) of 8a in 1 mL of glacial 
HOAc was heated on a steam bath for 20 min. The solvent was 
then swept away with a stream of nitrogen, and the residue was 
triturated with MeOH. The solid was collected, washed with ether, 
and air-dried to give 160 mg (74%) of 9a as yellow crystals: mp 
198-200 "C dec; UV (MeOH) 245 ( t  9100), 277 ( t  7300); NMR 
(CDC13 + 1 drop CD30D) 6 3.75 (6 H, s, OCH3's), 6.70-7.30 (5 
H, m, phenyl H's), 7.48 (2 H, s, dihydropyrazine H's); MS, m / e  
274 (M+, 67), 215 (60), 197 (100). Anal. Calcd for C14H14N204: 
C, 61.38; H, 5.14; N, 10.21. Found: C, 61.27; H, 4.99; N, 10.16. 

NJV-Bis( 2-et hoxy -2-oxo- 1 -et hyl)-3-nitrop henylamine (5b). 
To 6.9 g (50 mmol) of 3-nitroaniline (4b) in 100 mL of benzene 
containing 15 mg of rhodium(I1) acetate dimer was added about 
half of a solution of 12.5 g (110 "01) of ethyl diazoacetate (EDA) 
in 25 mL of benzene. Upon warming the solution nitrogen evo- 
lution commenced with an accompanying exotherm. After the 
mixture was maintained a t  45-50 "C for 30 min, the remaining 
EDA solution was added dropwise over a 15-min period and the 
reaction mixture was then refluxed for 1 h. Another 5-g (44-"01) 
portion of EDA and 15 mg of rhodium catalyst were again added, 
and refluxing was continued for a 1-h period. The solvent was 
then removed in vacuo, and the residue, which showed ca. 2 1  ratio 
of bis/monoalkylated anilines (10% ethyl acetate/toluene-silica 
gel) was chromatographed on silica gel with ethyl acetate/toluene 
as the solvent to provide 9.15 g (61%) of 5b. Recrystallization 
from ether/Skelly B gave chunky crystals: mp 62-63 OC; NMR 
(CDCIS) 6 4.18 (4 H, a, NCHis). Anal. Calcd for Cl4Hl~N2o6: 
C, 54.19; H, 5.85; N, 9:03. Found: C, 53.98; H, 5.68; N, 9:03. 
N-[ l-Ethoxy-3-(dimet hylamino)-l-oxo-2-propen-2-yl]- 

N-(2-ethoxy-2-oxo-l-ethyl)-3-nitrophenylamine (6b) and 
N,N-Bis[ l-ethoxy-3-( dimethylamino)-l-oxo-2-propen-2- 
yl]-3-nitrophenylamine (7b). To 2.5 g (8 mmol) of diester 5b 
in 6 mL of DMF was added 3.0 g (20 mmol) of tris(dimethy1- 
mino)methane, and the reaction mixture waa heated in a nitrogen 
atmosphere a t  ca. 95 "C for 18 h. After that time another 1-g 
(7-"01) portion of reagent was added, and the heating continued 
for an additional 24 h. The solvent was then removed, and the 
residue was chromatographed over silica gel with ethyl ace- 
tateltoluene as the eluent, affording 1.7 g (58%) of the mono- 
adduct 6b as the main product (CH2 resonance a t  4.2 ppm) and 
0.64 g (19%) of bisadduct 7b as an oil: NMR (CDCIS) 6 2.83 (12 
H, s, NCHis), 7.35 (2 H, s, olefinic H's). 

1-(3-Nitropheny1)-2,6-bis(ethoxycarbony1)-1,4-dihydro- 
pyrazine (9b). To 0.5 g (1.19 mmol) of bisadduct 7b in 2 mL 
of DMF waa added 1.5 g of ammonium acetate, and the reaction 
mixture was heated on a steam bath for 16 h. After cooling, water 
was added and the aqueous solution was extracted three times 
with CHC13. The combined extracts were washed with a saturated 
salt solution and dried (Na2S04). Solvent removal gave an oil, 
which was taken up into 2 mL of HOAc and heated on a steam 
bath for 30 min. About 1 mL of MeOH was then added, and upon 
cooling, needles formed in the solution and were collected, af- 
fording 197 mg (48%) of 9b. Recrystallization from aqueous 
MeOH gave long yellow needles: mp 201-202 "C dec; NMR 
( D M s 0 - d ~ )  6 1.27 (6 H, t, J = 6 Hz, C H ~ S ) ,  4.27 (4 H, q, J = 6 
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Hz, CHis), 6.90-7.15 (1 H, m, phenyl H), 7.27-7.67 (3 H, m, phenyl 
H's), 7.76 (2 H, s, dihydropyrazine Hs); MS, m / e  347 (M+, 100). 
Anal. Calcd for Cl6HI7N3o6: C, 55.33; H, 4.93; N, 12.10. Found: 
C, 55.10; H, 4.88; N, 12.35. 

Supplementary Material Available: Tables of final atomic 
coordinates for the non-hydrogen atoms, bond distances and 
angles, thermal parameters and final hydrogen coordinates for 
9a, X = H, R = CH3 (3 pages). Ordering information is given 
on any current masthead page. 
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The electrochemistry of azo and hydrazo compounds in 
aqueous solvents has been extensively studied.' Fewer 
studies are concerned with the electrochemical behavior 
of these compounds in aprotic media.2*3 Recently, Cheng 
and Hawley3 have examined the influence of proton donors 
of different acidities in the case of azobenzene. 

We report in this note some new aspects of the elec- 
trochemical mechanism of the reduction of azo compounds, 
taking benzo[c]cinnoline (1) and its hydrazo derivative 6 
as an example., This work was carried out in tetra- 
hydrofuran with n-Bu4N+PF6- as supporting electrolyte. 

N =N HN-NH 
1 6 

Compound 1 exhibits two one-electron waves A and B 
(Figure la)  (A, El = -1.55 V; B, Ellz  = -2.16 V vs the 
SCE electrode). dlectrolysis a t  the potential of wave A 
leads quantitatively to the anion radical ARNNAR'- 2, 
characterized by ESR spectroscopy;6 it gives one oxidation 
wave A' and one reduction wave B (Figure lb).  A con- 
trolled potential electrolysis a t  the potential of wave A' 
gives back quantitatively 1. 

Addition of 1 equiv of a proton donor (benzoic acid) to 
the solution of the anion radical 2 causes an important 
modification of the voltammogram. Wave A' and B dis- 
appears; two oxidation waves At3 and A', and two reduction 
waves A and B appear (Figure IC). 

(1) Thomas, F. G.; Boto, K. G. The Chemistry of the Hydrazo, azo 
and azolcy groups; Wiley: New York, 1975; p 452 and references therein. 
Laviron, E.; Mugnier, Y. J. Electroanal, Chem. 1980, 111, 337. 

(2) Sadler, J. L.; Bard, A. J. J. Am. Chem. SOC. 1979,90,968. Ayluard, 
G. H.; Garnett, J. L.; Sharp, J. H. Chem. Commun. 1966, 137. Ayluard, 
G. H.; Garnett, J. L.; Sharp, J. H. Anal. Chem. 1967,39,457. Boto, K. 
G.; Thomas, F. G. Aust. J. Chem. 1971,24,475; 1973,26,1251. Lipsztajn, 
M.; Krygowski, T. M.; Galus, 2. J. Electroanal. Chem. Interfacial Elec- 
trochem. 1977,81,347. Herlem, M.; Van Amgrongen, G. Anal. Lett. 1980, 
13, 549. Mugnier, Y.; Laviron, E. J. Electroanal. Chem. 1978, 93, 69. 
Millefiori, S. J. Heterocycl. Chem. 1980, 17, 1541. 
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(4) Etienne, A.; Piat, R. Bull. SOC. Chim. Fr. 1962, 292. 
(5) The ESR spectra of anion radical ARNNAY has been previously 

reported: Geske, D. H.; Padmanabhan, G. R. J.  Am. Chem. SOC. 1965, 
87, 1651. Chaudhuri, J.; Kume, S.; Jagur-Grodzinski, J.; Szwarc, M. J. 
Am. Chem. SOC. 1968, 90, 6421. 
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Scheme I 

ARNNAR F== ARNNAR*- ARNNAR 
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Figure 1. Voltammograms on a platinum rotating disk electrode: 
(a) Benzo[c]cinnoline; (b) after one-electron reduction at  -1.8 V; 
(c) after addition of 1 equiv of benzoic acid. 
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Figure 2. Voltammograms on a platinum rotating disk electrode: 
(a) benzo[c]cinnoline; (b) after two-electron reduction a t  2.7 V; 
(c) after one-electron oxidation a t  -1 V. 

The electrolysis of 1 at the potential of wave B consumes 
two electrons, and the voltammogram shows two oxidation 
waves A', and A', (A',, 

After reoxidation on the plateau of wave Arl with con- 
sumption of 1 F, the solution obtained shows two reduction 
waves A and B and the oxidation wave A', (Figure 2c). 

= +0.05 V) is due to the oxidation of 
dihydrobenzo[c{cinnoline (6) as shown by examining the 
behavior of this compound (6 also exhibits a reduction 
wave at  -2.48 V). The results can be rationalized on the 
basis of Scheme I. 

The dianion ARNNAR2- generated by the two-electron 
reduction of 1 a t  the potential of wave B is a strong base 
and a protonation reaction by residual water or by the 
supporting electrolyte occurs,6 affording the mono- 
protonated dianion ARNHNAR- 4, which exhibits wave 
A',. The dianion 3 is relatively stable on the time scale 
of cyclic voltammetry. The species 4 is stable in tetra- 
hydrofuran under argon. The oxidation of 4 a t  the po- 
tential of wave A'1 gives, with consumption of l F, the 
radical ARNHNAR' 5, which rapidly disproportionates to 
the azo (waves A and B) and hydrazo (wave A',) deriva- 
tives. 

The radical 5 is also obtained when 1 equiv of proton 
donor (benzoic acid) is added to the solution of the anion 
radical 2; it immediately disproportionates to 1 and 6. 

The disproportionation reaction can a priori follow two 
routes: 

= -1.53 V) (Figure 2b). 

Wave A', (E, 

5 + 5 + 2 + 7  (1) 

2 + 7 - 1 + 6  (2) (1) 

5 + 5 + 4 + 8  (3) 

8 + 4 - 1 + 6  (4) (11) 

or 

(6) Baizer, M. M.; Lund, H. Organic Electrochemistry; Marcel Dekker: 
New York, 1983. Borhani, K. J.; Hawley, D. J.  Electroanal. Chem. 1979, 
101, 407. Peover, M. E. Electroanalytical Chemistry; Bard, A. J., Ed.; 
Marcel Dekker: New York, 1970; Vol. 2, pp 1-51. 

ARNHNAR. e ARNHNAR- 

A'i I 1 4  

ti \ 11 
ARNHNHAR+ ARNHNHAR 1 j7  A $  ' 6 j  

A )4 

Along route I, reaction 1 is thermodynamically unfa- 
vorable since 5 is more acidic than 2 and less than 7. 
However, reaction 2 must be very fast, since the difference 
of the redox potentials of system 112 and 617 is very large 
(AE = 1.6 V). 

The reverse is true along route 11. It seems thus difficult 
to chose a priori which of the two routes if followed. 
However, if the reaction took place via 11, only 1 would be 
obtained during the oxidation of 4, since the latter would 
be oxidized as soon as it is formed by reaction 3. 

Wave At4 is due to the oxidation of 6 according to an EC 
mechanism. The chemical step corresponds to a depro- 
tonation of 7 by the nucleophilic species C6H,COO- ob- 
tained during the protonation of 2: 

(1') 
2 5 

ZARNHNAR' ARNHNHAR+ ARNNAR (2') 

ARNHNHAR ARNHNHAR+ (3') 1 CGHSCOzH (4') 

ARNNAR'- + C6H&OzH + ARNHNAR' + C~H~COZ-  

5 6 1 

6 7 
wave A'4 ARNHNHAR+ + C6H5CO2- + ARNHNAR' + 

7 5 

followed by reaction 2'. 
This was verified by adding 1 equiv of C6H,0Na to the 

solution of 6; wave A'4 is observed by voltammetry. 
The disproportionation of 5, the existence of which we 

have proved by direct experiments, has never been men- 
tioned as a possible intermediate reaction during the re- 
duction of azo although it also takes place 
in the case of azobenzene itself, phenazine, etc.7 

Experimental Section 
The electrochemical procedures were carried out under argon. 

Tetrahydrofuran was purified by distillation from sodium ben- 
zophenone ketyl under argon. The supporting electrolyte was 
tetrabutylammonium hexafluorophosphate (0.2 M) in all cases; 
the salt (Fluka) was twice recrystallized from ethanol, dried, and 
deoxygenated before use. 

The voltammetric experiments were carried out on a platinum 
disc electrode (6 1.2 mm). For the controlled potential electrolysis, 
a platinum grid was used. The reference electrode was a saturated 
calomel electrode separated from the solution by a sintered-glass 
disk. The auxiliary electrode was a platinum wire electrode. A 
Tacussel UAP 4 Unit connected to a Tektronix oscilloscope (linear 
potential sweep experiments), a three electrode Tacussel Tipol 
polarograph, an Amel 552 potentiostat, and a Tacussel IG 5 
integrator were used. 

Benzo[c]cinnoline is commercially available. 

(7) Mugnier, Y.; Laviron, E.; Rabinovitz, M., to be published. 
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Dihydro-Fi,B-benzo[ clcinnoline. This derivative is prepared 
by electrolysis of benzo[c]cinnoline at -1.1 V in aqueous medium 
(ethanol-water, 112, NaC10.2 M). After a two-electron redudion, 
the solution is cooled, and the dihydro derivative is separated by 
Titration under argon and characterized by ita melting point (122 
"C)  and its 'H NMR data. This derivative has been previously 
prepared by catalytic hydrogenation of ben~o[c]cinnoline.~ 
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Recently, on finding that homogeneous quaternary am- 
monium halide catalyzed alkyl halide exchange' never had 
been systematically explored, we used this process to de- 
velop a rapid, simple, solvent-free method for bromide- 
chloride, chloride-iodide, and bromide-iodide exchange 
and applied it to high-yield syntheses of certain a,w-hetero 
dihalides.2 The ability to achieve, in particular, reversible 
chloride-iodide exchange encouraged us to attempt the 
unprecedented homogeneous conversion of alkyl halides 
to alkyl sulfonates; some initial successes are reported 
herein. 

Although, historically, the major role of sulfonate ions 
has been as leaving groups in s N 1  or s N 2  type processes, 
Zefirov noted recently3 that nucleophilicity scales such as 
the Swain-Scott scale "completely ignore the nucleophilic 
properties of ... such a typical nucleofuge as the p -  
toluenesulfonate ion". Indeed, Kevil14 has demonstrated 
the ability of arenesulfonate ions (as tetrabutylammonium 
salts) to react in s N 2  fashion with trimethyl- and tri- 
ethyloxonium ion, methyl triflate, and methyl perchlorate, 
and MacDonald has reported oxidatively assisted dis- 
placement of iodide by to~ylate.~ However, unassisted SN2 
type displacement of halide ions by sulfonate ions has not 
been previously demonstrated. Synthetically, alkyl sul- 
fonates usually are made from the corresponding alcohols 
or from halides through the agency of silver sulfonates.6 

In our approach to halide-sulfonate exchange, two ob- 
servations from C1-I exchange were used: High temper- 
atures were needed to achieve practical rates (>160 "C for 
Cl-I), and R'X in eq 1 had to be selectively distilled out 
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(1) (a) Schwesinger, R.; Fritz, H.; Prinzbach, H. Chem. Ber. 1979,112, 
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catalyst 
RX + R'OTs 7 ROTS + R'X (1) 

X = C1, Br, I 
to drive the reaction forward. Cheaply available methyl 
tosylate allowed both of these conditions to be met. In the 
first experiment (eq 2), we were pleased to find that the 
reaction could be pushed essentially to completion (dis- 
appearance of CH30Ts) in 2 h. Also, high chemoselec- 

Bu,N+Br- 
C1CH2CH2Br + CH OTs - 

bp 106 OC 144 "8 (5 mm) 135 

ClCH CH20Ts + CH3Br (2) 

tivity was indicated by the near absence of bromoethyl 
tosylate and dimethylene ditosylate; 97 % pure 2-chloro- 
ethyl tosylate was isolated in 68% yield (not optimized). 
Rough thermal comparison with C1-I exchange conditions 
suggests that displacement of bromide by tosylate is rel- 
atively facile. 

The above success led us to attempt benzenesulfonate- 
chloride exchange (eq 3); 'H NMR analysis indicated ca. 
30% conversion under the conditions shown, but reaction 
mixture darkening and deceleration of gas evolution made 
it appear likely that catalyst decomposition was occurring. 

bp 153 (0.3 mm) bp 4 "C 

Workup gave a 23% isolated yield of 6-(chlorohexy1)-1- 
benzenesulfonate. A simple primary alkyl chloride thus 
can be replaced, but more severe conditions (and possibly 
more catalyst) are required, as expected. 

On the other hand, sulfonate-iodide exchange was an- 
ticipated to occur readily, and we were particularly in- 
terested in selective conversion of the now economically 
available chloroiodomethane2 to chloromethyl tosylate, this 
simple compound has not been reported previously. The 
reaction indicated in eq 4 therefore was attempted. 

Bu,N+Br- 
ClCHJ + CH30Ts 7 C1CH20Ts + CH31 (4) 

10% excess 
However, it was found that, under the conditions used, 
C1CH20Ts was transformed into CH2(0Ts)2 faster than 
it was being formed (eq 5). Because C1CH20Ts is the first 
known example of an a-tosyloxy halide, this behavior was 
not entirely predictable, but it is consistent with reports 
that a-alkoxy and a-acyloxy substituents greatly increase 
halide nu~leofugality.~ I t  is known also that a-halides 

Bu,N+OTs- 
ClCH2OTs + CH~OTS heat 

TsOCHzOTs + CH3C1 (5) 
greatly decrease leaving-group nucleofugality;8 the iodide 
in ClCH21 therefore is less reactive than is an ordinary 
primary alkyl iodide. 

The known, stable CH2(OTs)p readily crystallizes out 
of the reaction mixture; originally made by reaction of 
CH212 and AgOTs, and rarely studied since,g i t  now can 

(7) Streitwieser, A., Jr. Chem. Reu. 1956, 56, 571. 
(8) Hine, J.; Thomas, C. H.; Ehrenson, S. J. J. Am. Chem. SOC. 1955, 

77, 3886. 
(9) Since 1953, the literature citations for CH2(OTs)* are (a) Gerdil, 

R. Helu. Chim. Acta 1973,56, 1859. (b) Berke, H.; Weiler, G. Angew. 
Chem., Znt. Ed. Engl. 1982, 21, 150. (c) Motyl, K. M.; Norton, J. R.; 
Schauer, C. K.; Anderson, 0. P. J. Am. Chem. SOC. 1982,104,7325. (d) 
Yang, L. S.; Engler, T. A.; Shechter, H. J. Chem. SOC., Chem. Commun. 
1983, 866. (e) Krakowiak, K.; Kotelko, B. Pol. J.  Chem. 1983,57, 597; 
Chem. Abstr. 1984, 101, 130675. 
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