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Preparative constant-current electrolysis of N, N-dimethylaniline (100 mm, DMA) was carried out in dry acetoni-
trile containing Et,NCIO, to give N, N, N, N'—tetra—methylbenzidine (TMB) and 4,4’-methylenebis (N, N-dimethyl-
aniline) (MDMA). In the presence of HCl, DMA was quantitatively oxidized to TMB. Formation mechanism of
MDMA was discussed using the results of semi-empirical calculations that were PM3 and AM1. The proposed mechan-
ism by Hand and coworker was ruled out and an alternative one is suggested as follows. DMA undergoes one-electron
oxidation at the anode and gives the corresponding N, N—-dimethylaniline cation (A). Aydroxy ion, instead of DMA,
abstracts a proton from A and gives H,O and methyl (phenyl) aminomethyl radical (B). B reacts with DMA to give a 1-
dimethylamino—4— (N-methyl-N-phenylamino) methyl-2,5—cyclohexadienyl radical (I). The radical I decomposes to N
—methylaniline and a 1-dimethylamino—4-methylene-2,5—cyclohexadienyl radical (J). The radical J reacts with DMA to
give a 1-dimethylamino—4— (4—dimethylaminobenzyl) —2,5—-cyclohexadienyl radical (K), which is oxidized to MDMA by

the anode.
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Table 1. Results of HPLC of the Electrolyzed? Solutions

Condition DMA? TMB? MDMA®# MMAY
Dry 74.6 mM 2.7 mM 2.9 mM —
Acidic® 37.0mM  32.9mM — —
Wet? 84.6 mM 3.5 mMm — —
Basic® 42.9 mm — — 1.2 mm

1) Constant—current electrolysis of N,N-dimethylaniline (100 mm) was
carried out using a Pt anode and 50 mA current in acetonitrile containing
0.1 M Et4,NCIOy. 2) Recovered N,N-dimethylaniline. 3) N,N,N’,N’-tetra
methylbenzidine. 4) 4,4-methylenebis ( N,N-dimethylaniline) . 5) N-
methylaniline. 6) ¢-HCl (1ml) was added to acetonitrile (19 ml).
7) Water (1 ml) was added to acetonitrile (19 ml). 8) Acetonitrile was
treated with 10% NaOH sol.
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Table 2. Results of Constant Current Electrolysis (50 mA) of
N,N-Dimethylaniline (100 mM) in Acetonitrile Containing
Et,NCIO,4

Condition TMB!? MDMAZ2? NMA#¥
Dry 21% 34% —
Acidic® 104% — —
Wet® 45% — —
Basic? — — 2%

1) N,N,N’,N’-tetra methylbenzidine. 2) Yield based on consumed
N,N-dimethylaniline. 3) 4,4-methylenebis (N,N-dimethylaniline). 4) N-
methylaniline. 5) ¢-HCl (1 ml) was added to acetonitrile (19 ml). 6)
Water (1 ml) was added to acetonitrile (19 ml). 7) Acetonitrile was treat-
ed with 10% NaOH sol.
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Scheme 1. Reaction Pathways for Anodic Oxidation of N,N—-dimethylaniline in Acetonitrile Proposed by Hand et al.
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Table 3. Total Energy of the Compounds and the Intermedi-
ates in the Reaction Pathway Proposed by Hands et al.

Total energy

(kcal/mol)

Compound formula Abbreviation
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Table 4.

Heat of Reaction Proposed by Hand et al.

Sum of total energy (kcal/mol)

Heat of formation

i )
Re;cglon Reactants (E,cac) Products (Ej0q) (AEV, keal/mol)
PM3 AM1 PM3 AM1 PM3 AM1
2 —58839 —63573 — 58828 —63566 11 7
4 —58476 —63251 — 58487 —63263 —11 —12
7 —58500 —63275 — 58473 —63257 —28 —18
8 —19176 —66837 —61939 — 66861 22 24
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Scheme 2. Reaction Pathways for Anodic Oxidation of N,N-

dimethylaniline in Acetonitrile Proposed by Us

Table 5. Results of Chemical Calculation
Total energy
Compound formula Abbreviation (kcal/mol)
PM3 AM1
@-N-CH@_ / I —58641 —63412
| N

/
H2C=<:>—N\ J —32578 —35126
\ /
N CH, N K —62090 —67006
/
H,0 —7493  —8038
OH- —7103 —7678
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Table 6. Heat of Reaction Proposed by Us

' Sum of total energy (kcal/mol) Heat of formation
Reﬁcglon Reactants Products (4E, kcal/mol)
PM3 AM1 PM3 AM1 PM3 AM1
10 —36437 —39381 —36619 —39571 187 190
11 — 58631 —63236 —58641 —63412 10 176
12 — 58641 —63412 — 58639 —63416 -2 —4
13 —62083 — 66996 —62090 — 67006 7 10
-8
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L
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M

/
+ OH- —_ -
m K+ on (e + mo
N

Scheme 3.

Table 7. Total Energy of Anion Radicals

Total energy (kcal/mol)

Anion radical Abbreviation
PM3 AM1
(methylphenylamino) methanolanion L —36240 —39276
4- (dimethylamino) phenylmethanol anion M —39741 —42863
4- (dimethylamino) benzylmethylphenylamine anion N —58311 —63115

Table 8. Heat of Reaction between Anion Radicals and Hydroxy Ion.

Sum of total energy (kcal/mol) Heat of formation

Re;c;ion Reactants Products (4E, kcal/mol)
PM3 AM1 PM3 AM1 PM3 AM1

15 —36229 —39211 —36240 —39276 11 65

16 —39681 —42804 —39741 —42863 60 59

17 —65744 —71090 — 65804 —71153 60 63
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