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Abstract: Non-heme manganese(II) complexes [(IndH)MnCl,] (1) and [(N4Py*)MnII (CH3CN)](ClOy),
(2) with tridentate isoindoline and pentadentate polypyridyl ligands (IndH = 1,3-bis(2'-pyridylimino)
isoindoline; N4Py* = N,N-bis(2-pyridylmethyl)-1,2- di(2-pyridyl)ethylamine) proved to be suitable to
catalyze the oxidative demethylation of N,N-dimethylaniline (DMA) with various oxidants such as
tert-butyl hydroperoxide (TBHP), peracetic acid (PAA), and meta-chloroperoxybenzoic acid (mCPBA),
resulting N-methylaniline (MA) as a main product with N-methylformanilide (MFA) as a result of
a free-radical chain process under air. The effect of electron-donating and electron-withdrawing
substituents on the aromatic ring on the relative reactivity of the substrates and on the product compo-
sition (MA/MFA) was also studied and showed a significant impact on the catalytic N-demethylation
reaction. Based on the Hammett correlation with p = —0.38 (PAA), —0.45 (mCPBA), and —0.63 (TBHP)
for 1and p = —0.38 (PAA) and —0.37 (mCPBA) for 2, an electrophilic intermediate is suggested as the
key oxidant. Furthermore, the spectral investigation (UV-Vis) resulted in direct evidence for the for-
mation of a high-valent oxomanganese(IV) and a transient radical cation intermediate, p-Me-DMA**,
suggesting that the initial step in the manganese-catalyzed oxidations is a fast electron-transfer
between the amine and the high valent oxometal species. The mechanisms of the subsequent steps
are discussed.

Keywords: bioinspired oxidation; oxidative N-dealkylation; Mn-based catalysts; electron transfer

mechanism

1. Introduction

Metalloenzymes such as copper proteins, non-heme iron proteins, and hemoproteins
(peroxidases and P450s) catalyze oxidation of N,N-dialkylamines resulting in (usually)
an unstable carbinolamine as hydroxylated product, which decomposes into amine and
a carbonyl derivative [1,2]. N-dealkylation reactions play significant roles in several bi-
ological processes from DNA repair to the detoxification and metabolism of a variety of
xenobiotics, for example, tertiary-amine-containing drugs [3-9]. The mechanistic details
of the N-dealkylation, for example, may provide certain insights into the P450-mediated
metabolism of various toxins such as 1-methyl-4-phenyl- 1,2,3,6-tetrahydropyridine (MPTP)
as a neurotoxic byproduct of heroin synthesis, which is able to induce a Parkinson-like
syndrome in humans [10]. At least four mechanisms are possible for the hemoproteins,
including a single-electron transfer (SET) preceding deprotonation (PT) mechanism and/or
C-H abstraction via direct hydrogen atom transfer (HAT) [11-18]. SET is generally ac-
cepted for peroxidases (e.g., horseradish peroxidase, HRP) [19,20]; however, direct HAT
has been considered for cytochrome P450 enzymes [17,18,21].

Efforts have been made to elucidate and compare the mechanisms of these enzymes
by the use of synthetic biomimics, including both catalytic and stoichiometric systems
as functional models. Iron salts, FeClz, Fe(ClOy4)3, and iron(Il, III) complexes with biden-
tate bipyridine, tetradentate porphyrin, and pentadentate N4Py* ligands have been used
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as catalysts with O, and various oxidants such as iodosobenzene (PhlO), peracids (per-
acetic acid, PAA; meta-chloroperoxybenzoic acid, mCPBA) and H,O, [22-27]. It was
shown that the selectivity and the product composition (the ratio of N-methylaniline
(MA) to N-methylformanilide (MFA)) depends on the electron density on the substrate
and the nature of the oxidants. N-methylformanilide is an important intermediate in
the Vilsmeier synthesis [28,29]. Since high-valent metal-oxo intermediates have been pro-
posed to be key species in heme and non-heme enzymes as well as in their structural
and functional models, efforts have been made to investigate and compare the mecha-
nism of well-defined, fully-characterized oxoiron(IV)- and oxomanganese(IV)-mediated
N-dealkylation reactions. Recent studies, including [(N4Py)Fe!V(0)]?>* (N4Py = N,N-
bis(2-pyridylmethyl)-N-bis(2-pyridyl)methylamine), [(N4Py*)FeIV(O)]2+, [(TMC)Fe!V (0)]?*
(TMC = 1,4,8,11-tetramethyl-1,4,8,11-tetraazacyclotetradecane), and [(TPFPP)FeIV(O)]2+
(TPFPP = meso-tetrakis(pentafluorophenyl)-porphinato dianion) complexes proposed an
electron-transfer/proton-transfer (ET-PT) mechanism, but no direct evidence was found
for the formation of the transient aminium radical cation [27,30,31]. However, thermo-
dynamic and kinetic data of [(Bn-TPEN)Mn!V(O)]?>* (Bn-TPEN = N-benzyl-N,N’ ,N'-tris(2-
pyridylmethyl)-1,2-diaminoethane) have shown that oxomanganese(IV) complex is a much
stronger one-electron oxidant than its oxoiron(IV) analogue, and the transient radical in-
termediate p-Me-DMA®* could be detected in the demethylation reaction of p-Me-DMA,
resulting in only p-Me-MA without formation of 4-Me-MFA [32].

As a continuation of these investigations, our goal is to develop new highly efficient
and highly selective catalytic systems that include manganese-polypyridyl catalysts. Herein,
we are going to explore the catalytic reactivity of the [Mn''(IndH)Cl,] (1) (IndH = 1,3-
bis(2'-pyridylimino)isoindoline) [33] and [(N4Py*)MnH(CH3CN)](CIO4)2 (2) complexes for
N-dealkylation reactions using various co-oxidants such as TBHP, PAA, and mCPBA [34]
(Scheme 1).

H3C\N/CH3 H3
Mn'"; 1 or 2
> + CH,O
Cooxidant: 2
mCPBA, PAA or TBHP
MeCN, Air
R

(CI04)2

Scheme 1. Structural formulae for the complexes used in the catalytic oxidation of N,N-dimethylanilines.

These ligands are strongly electron-donating and resistant to oxidation; furthermore,
the abovementioned systems are accountable for a broad range of oxidative transformations.
Recent advancements established metal-isoindoline complexes as versatile and tunable
catalysts, such as catalase [34-36], catechol oxidase [37], superoxide dismutase [38], and
phenoxazinone synthases [37] for attractive applications in the field of enzyme model-
ing, and they can also be used as cheap and highly efficient bleaching [39] and oxidation
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catalysts for selective oxidation of organic sulfides and benzyl alcohols [40], although the
structure of the active species in these systems is mostly unclear [41]. Previous studies
have shown that iron and manganese polypyridyl complexes are coordinatively stable
both in lower and higher oxidation states, and various types of polypyridyl complexes of
oxoiron(IV) and oxomanganese(IV) can be used as efficient stoichiometric oxidants toward
various organic substrates by oxygen atom transfer (OAT), electron transfer/proton trans-
fer (ET-PT), hydrogen atom transfer (HAT), and electron-transfer (ET) reactions [42-49].
Taking this into account, we chose the [(N4Py*)MnH(CH3CN)](CIO4)2 (2) [34], where the
structure of the active species, [(N4Py*)MnIV(O)](ClO4)2 (3), is already spectroscopically
characterized, which can help in describing a plausible mechanism for Mn-based oxidative
N-dealkylation reactions.

2. Results and Discussion

Based on previous results, it can be said that 1,3-bis(2’-pyridylimino)isoindoline,
as an open-chained phthalocyanine mimic, is a suitable candidate for the synthesis of
efficient and selective oxidative catalysts. Similar to iron- and manganese-containing
porphyrin and phthalocyanine complexes [50-54], iron and manganese isoindoline com-
plexes can also be used for a wide range of oxidation reactions. For example, the 1,3-
bis(2/-pyridylimino)isoindolinato manganese(Il) complex, [Mn!(IndH)Cl,] (1) was found
to efficiently catalyze the mild oxidation of organic sulfides and benzyl alcohols with
mCPBA. In this study we investigated the catalytic activity of [Mn(IndH)Cl,] (1) and
[(N4Py*)MnH(CH3CN)](CIO4)2 (2) complexes, where the possible reactive high-valent in-
termediate (Mn!VO, 3) is known and spectroscopically well characterized for the oxidation
of N,N-dimethylanilines with various oxidants. These results are also compared to the
recently published [(N4Py*)FeH(CH3CN)](CIO4)2—containing system [27].

To obtain insight into the mechanism of the manganese-catalyzed oxidative N-demethy-
lation reaction, the catalytic activity and selectivity of complexes 1 and 2 were investigated
in the oxidation of DMA derivatives (Scheme 1) using TBHP, PAA, and mCPBA oxidants
compared to each other and to the corresponding Mn!!(ClOy), /co-oxidant system (Table 1
and Figure 1). The oxidants were added by syringe to avoid the over-oxidized products.
Based on preliminary measurements, reactions were carried out at 30°C under standard
conditions (1:100:100 for the catalyst:DMA: oxidant). In the first round, it can be established
that the catalytic activity of the manganese salt Mn'/(ClO,), is negligible. Regardless of the
oxidant used, only small amounts of products were observed (overall yields (the sum of
both MA and MFA) are from 0.7 to 2.8%). A somewhat larger but not significant increase in
activity was found for Mn(OAc), with 14% yield. In contrast, much higher activity was
observed for both complexes but without remarkable differences. The complex 1 with
mCPBA oxidizes DMA to MA and MFA, and a turnover number (TON) of 40.0 and 11.2
was obtained with an overall yield of 51.2%, and there was a decrease in the overall yield
when the oxidants employed were mCPBA, PAA, and TBHP (from 51.2% to 30.7%), albeit
with moderate product selectivity based on MA /MFA ratios (3.6, 3.0, and 3.2 for mCPBA,
PAA, and TBHP, respectively). The significant differences between the Mn!!/mCPBA
and Mn!"/TBHP systems can be explained by the different pK, value of the co-oxidants
(The pK, values for mCPBA/mCPBA™ and tBuO~ /tBuOH are 3.8 and 19.2, respectively.),
which correlates with the rate of the Mn!V (O) formation (Mn!" + HO-B — Mn'-O-B + H* —
Mn!V(O) + B~) during the catalytic reaction. Low yields were obtained for H,O,, probably
due to the significant catalase-like activity of 1 and 2 [33,34]. Almost identical trends and
values were observed for complex 2 (from 47.8% to 22.6% with a similar MA to MFA ratio
(2.9, 2.6, and 2.3 for mCPBA, PAA, and TBHP, respectively)). The relatively low MA/MFA
ratio indicates the presence of an autoxidation process, which can be interpreted by the
reaction of the DMA® (PhN(Me)CH,*) radical with dioxygen, resulting in the formation of
equimolar amounts of PhN(Me)CH,;OH and PhN(Me)CHO and finally MA and CH,O via
Russel-type termination mechanism (Scheme 2 and Route 1 in Scheme 3).
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Table 1. Manganese-catalyzed oxidative demethylation of N,N-dimethylanilines with various oxi-
dants under air and argon.

Substrate Yield (%) 3 Yield (%) 3

Catalyst ! Co-Oxidant AR-DMA AR-MA AR-MEA MA/MFA  LYield (%) 3 TON 2
Mn(ClOy), PAA/Air —-H 16 0.6 2.67 22 22
Mn(OAc), PAA/Air —-H 9.9 43 2.30 142 142
1 PAA/Air -H 36.7 12.1 3.03 48.8 48.8
1 PAA/Air —Me 483 117 413 60 60
1 PAA/Air —Br 283 1.7 241 40 40
1 PAA/Air —CN 233 111 2.09 344 34.4
Mn(ClO4); ~ mCBPA/Air —-H 1.9 0.86 221 276 276
1 mCBPA/Air —-H 40 11.2 3.57 51.2 51.2
1 mCBPA/Air —Me 46 11 418 57 57
1 mCBPA/Air —Br 34 11.8 2.88 45.8 45.8
1 mCBPA/Air -CN 20 10 2 30 30
Mn(ClOy),  TBHP/Air -H 0.62 0.09 6.6 0.71 0.71
1 TBHP/ Air -H 233 7.4 3.15 30.7 30.7
1 TBHP/ Air —Me 33 10 3.30 43 43
1 TBHP/ Air —Br 13 7 1.86 20 20
1 TBHP/ Ar —CN 83 6.9 121 15.2 15.2
Mn(ClO4), PAA/Air —-H 1.6 0.6 2.67 22 22
Mn(OAc), PAA/Air -H 9.9 43 2.30 14.2 142
2 PAA/Air —-H 316 12 2.64 436 436
2 PAA/Ar -H 13.6 - - 13.6 13.6
2 PAA/Air —Me 36.6 11.0 3.33 47.6 47.6
2 PAA/Air —Br 27.4 13.0 211 404 404
2 PAA/Air -CN 15.0 11.8 127 26.8 26.8
Mn(ClO4), ~ mCBPA/Air -H 1.9 0.86 221 2.79 28
2 mCBPA/Air —H 35.6 121 2.94 477 477
2 mCBPA/Ar -H 233 - - 235 235
2 mCBPA/Air —Me 383 11.6 3.30 50.0 50.0
2 mCBPA/Air —Br 243 11.9 2.04 362 362
2 mCBPA/Air -CN 17.6 11.2 1.58 28.8 28.8
Mn(ClOy),  TBHP/Air -H 0.62 0.09 6.88 0.71 0.71
2 TBHP/ Air —H 15.8 6.8 2.32 226 226
2 TBHP/Ar —-H 9.9 - - 9.9 9.9

! Reaction conditions: see Experimental Section. 2 TON = mol S/mol Cat. 3 Base on oxidant.

Mn(ll) 1 2 Mn(ll) 1 2 Mn(ll) 1 2
PAA PAA PAA mCPBA mCPBA mCPBA TBHP TBHP TBHP

Figure 1. Manganese-catalyzed (Mn(ClOy4); vs. 1 and 2) oxidative demethylation of N,N-
dimethylaniline (XYield, red) to N-methylaniline (MA, green) and N-methylformanilide (MFA,
purple) with various oxidants in CH3CN at 30 °C under air (Ar).
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Scheme 2. Proposed mechanism for the Russel-type termination mechanism.
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' '

.. e . e L
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p-Me-Ph

Mo p-Me-Ph 0 gy P-Me-Ph Mp!  P-Me-Ph

ET (fast) PT (slow) . l
H,C—N—H + HCHO

p-Me-Ph
Scheme 3. Proposed mechanism for the manganese(II)-catalyzed N-demethylation reaction.

Moreover, the reaction of the cage-escaped radical with dioxygen is also conceivable
and also leads to MFA (Scheme 2 and Route 1 in Scheme 3). Repeating the reaction in the
presence of 2 under argon, we did not observe formation of MFA, which is consistent with
our hypothesis above (Route 2 in Scheme 3). The same behavior has been observed for the
[(N4Py*)FeH(CHgCN)](CIO4)2—catalyzed oxidation of DMAs under similar conditions [27].

The effect of electron-donating and electron-withdrawing substituents on the aromatic
ring on the relative reactivity of the substrates and on the product composition (MA /MFA)
has also been studied and showed a significant impact on the catalytic N-demethylation
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reaction. DM As with electron-donating groups (e. g., Me) on the phenyl ring gave better
yields (60% for 1/PAA (Figure 2a, and Table 1) and 57% for 1/mCPBA (Figure 2b, and
Table 1)) and selectivity than those with electron-withdrawing groups (e. g., CN, 34%
(Figure 2a, and Table 1) and 30%, (Figure 2b, and Table 1), respectively), suggesting an
electrophilic metal-based oxidant. Similar trends but slightly lower yields were observed
for 2/PAA (Figure 3a, and Table 1) and 2/mCPBA (Figure 3b, and Table 1).

1 1/PAA/AR-DMA 80 1 1/mCPBA/4R-DMA
60
i 1l 57
483 475 = 60 46 51.2 158
38.3 < 40 :
i 36.7 344 T 40 34
28.3 23.3 r 30
) - 20
] 11.7 121 10 11.1 20 ~ 11 11.2 11.8 10
T 0 T T T
4Me-DMA  4H-DMA  4Br-DMA 4CN-DMA 4Me-DMA 4H-DMA  4Br-DMA  4CN-DMA
017 0.00 +0.23 +0.66 -0.17 0.00 +0.23 +0.66
a, o,
(a) (b)
Figure 2. Manganese-catalyzed (1) oxidative demethylation of p-substituted N,N-dimethylanilines to
N-methylaniline (MA, green) and N-methylformanilide (MFA, purple) derivatives with PAA (a) and
mCPBA (b) oxidants in CH3CN at 30 °C under air (Table 1).
T 2/IPAA/AR-DMA 807
2/mCPBA/4R-DMA
1 a76 507 50
43.6 40.4 s
] 36.6 31.6 ’ 540 - 38.3
) 274 26.8 @
I15 >
iy 12 11 13 11.8 20 - 11.6
E T T 0 T
4Me-DMA 4H-DMA 4Br-DMA  4CN-DMA 4Me-DMA  4H-DMA 4Br-DMA  4CN-DMA
-0.17 0.00 +0.23 +0.66 -0.17 0.00 +0.23 +0.66
o, %
(a) (b)

Figure 3. Manganese-catalyzed (2) oxidative demethylation of p-substituted N,N-dimethylanilines to
N-methylaniline (MA, green) and N-methylformanilide (MFA, purple) derivatives with PAA (a) and
mCPBA (b) oxidants in CH3CN at 30 °C under air (Table 1).

The reactivities of para-substituted N,N-dimethylanilines (4R-DMA) relative to that of
DMA were also investigated (Figures 4 and 5). It was found that anilines with Hammett
treatments of relative reactivities (ko = log(X¢/X;)/log(Y¢/Y;), where X; and X; are the
initial and final concentration of para-substituted N,N-dimethylanilines, and Y; and Y¢
are the initial and final concentration of DMA) of various substituents against o gave p
values of —0.38 (PAA), —0.45 (mCPBA), and —0.63 (TBHP) for 1 (Figure 4a) and p = —0.38
(PAA), —0.37 (mCPBA) for 2 (Figure 5a), which suggests that the behavior of the oxidants
generated from 1 and 2 is mildly electrophilic. When the logk,.) values were plotted against
the E0, potentials of para-substituted DMAs, the plot gave, a gradient of —0.38 (PAA),
—0.45 mCPBA), and —0.63 (TBHP) for 1 (Figure 4b) and p = —0.67 (PAA), —0.66 (mCPBA)
for 2 (Figure 5b). The magnitude of these values may be consistent with an ET mechanism.
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00 %% TarOMA
0.4 |ARDMA 1/PAA 0.2 - o 1/PAA
-Me p =-0.38 ]
02 4 0.1
0 °]
£ £ 04
e 027 2 02
04 | 1/TBHP ol
p =-0.63 0.3
-0.6 R=0.96 -0.4
-0.8 T . T . . -0.5 . .
-0.4 -0.2 0 0.2 0.4 0.6 0.8 0.6 0.8 1 1.2
Sp E [V vs SCE]
(a) (b)
Figure 4. Manganese-catalyzed (1) oxidation of p-substituted N,N-dimethylanilines with PAA (red),
mCPBA (green), and TBHP (black) oxidants in CH3CN at 30 °C under air (Table 1): (a) Hammett
plots of logk, against the op of para-substituted DMAs; (b) plots of logk,. against the E°ox of
para-substituted DMAs.
0.4 0.4
4R-DMA
0.2 - 0.2 -
Me 2/PAA
- 0 - - 0 -
£ £
2 0.2 2 0.2
0.4 -0.4 4
'0.6 T T T T T '0.6 T T
-0.4 -0.2 0 0.2 0.4 0.6 0.8 0.6 0.8 1 1.2
o, E [V vs SCE]
(a) (b)

Figure 5. Manganese-catalyzed (2) oxidation of p-substituted N,N-dimethylanilines with PAA (black)
and mCPBA (green) oxidants in CH3CN at 30 °C under air (Table 1): (a) Hammett plots of logk
against the o}, of para-substituted DMAs; (b) plots of logk,e| against the E°ox of para-substituted DMAs.

The product composition (MA /MFA) is also significantly influenced by the electron
density on the DMA (from 2.09 to 4.13 for 1/PAA and 2.0 to 4.18 for 2/PAA (Figure 6a);
from 2.0 to 4.18 for 1/mCPBA and 1.58 to 3.3 for 2/mCPBA (Figure 6b); and from 1.21 to
3.3 for 1/TBHP (Figure 7a,b)).

Our previous results, based on spectroscopic measurements, showed that the in-situ-
formed high-valent [(N4Py*)Fe!V (O)]** is capable of mediating the oxidative demethylation
reaction of the substituted DMA derivatives to the corresponding MA products, but no
direct evidence was observed for the formation of transient radical cation intermediate
p-Me-DMA**®, which can be explained by the rate-determining ET step. In order to better
understand the mechanism of the metal-catalyzed oxidative N-dealkylation reaction and
to compare the iron- and manganese-containing systems, we synthesized the analogous
oxomanganese(IV) complex [(NAJch*)MnIV(O)]2+ (3) [34] and investigated its reaction with
p-Me-DMA via UV-Vis measurements. In contrast to the iron-containing system, the reac-
tion of the in-situ-formed oxomanganese(IV) with p-Me-DMA resulted in the immediate
generation of a transient absorption band at Apax = 460 nm (Figure 8a), which can be
assigned to the formation of the transient radical cation intermediate p-Me-DMA**® [32].
This band shows a spontaneous increase for 8-10 s, then merges into a new, intense band
(540 nm). The formation of the characteristic band at 460 nm is accompanied by a decrease
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MA/DMA

Yield (%)

in the absorption band at 944 nm, which can be assigned to the oxomanganese(IV) (3)
species [34,55-59]. The new intense absorption in the range of 544 nm indicates a com-
plexation and charge-transfer (CT)-type interaction between the oxidant and the substrate,
although its nature is not known. Based on these results, the reaction can be described
by a fast electron-transfer (ET) from DMA to 2, followed by slower proton transfer (PT)
step from p-Me-DMA™* to [(N4Py*)Mn!(O)]* (Route 2 in Scheme 3), similar to the [(Bn-
TPEN)Mn'Y (0)]?* /p-Me-DMA system [32].

6 6
4R-DMA 4R-DMA
5 M 5 A M
-Me =Nie
4 - L] 1I_PAA -H 1/mCPBA
-H m=-2.23 g 4 m=-2.58
3 4 e 3|
g -CN
2 A 2
1 1 4
0 T T T T T 0 . . . . .
04 0.2 0 0.2 0.4 0.6 0.8 04 0.2 0 0.2 0.4 0.6 0.8
Gp Gp
(a) (b)
Figure 6. Manganese-catalyzed (1 and 2) oxidation of p-substituted N,N-dimethylanilines with PAA
and mCPBA oxidants in CH3CN at 30 °C under air (Table 1): (a) Plots of MA to MFA ratios against
the o}, of para-substituted DMAs with 1/PAA (black) and 2/PAA (green); (b) plots of MA to MFA
ratios against the o}, of para-substituted DMAs with 1/mCPBA (black) and 2/mCPBA (green).
1/TBHP/4AR-DMA 5
80 - 4R-DMA
4 Me 1ITBHP
60 H m=-2.70
43.6 g 3
307 S
P

40 - 33.6
20 + 10
0 T T

4Me-DMA
-0.17

23.3
201 3 15.2 -CN
74 I 7 I8-36.9 .

4H-DMA  4Br-DMA 4CN-DMA 0 ‘ . . : :
0.00 +0.23 +0.66 -0.4 -0.2 0 0.2 0.4 0.6 0.8
O’P Op
(a) (b)

Figure 7. Manganese-catalyzed (1) oxidative demethylation of N,N-dimethylaniline (XYield, red)
to N-methylaniline (MA, green) and N-methylformanilide (MFA, purple) with various oxidants in
CH3CN at 30 °C under air (Ar) (Table 1): (a) Comparison of the product formation (XYield, red) in
the manganese-catalyzed (1) oxidation of p-substituted N,N-dimethylanilines to N-methylaniline
(MA, green) and N-methylformanilide (MFA, blue) derivatives; (b) plot of MA to MFA ratios against
the op of para-substituted DMAs with 1/ TBHP.

Finally, the UV-Vis experiments in the presence of p-Me-DMA under catalytic condi-
tions (1/m-CPBA /p-Me-DMA = 1:10:30) also confirmed the formation of Mn!V(O) species
(Amax = 764 nm) and that the substrate, DMA, affects its decay (Figure 8b). The Anax value is
similar to that was observed for [(Bn-TPEN)Mn!Y (O)]?* (Amax = 725 nm) [32]. Unfortunately,
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due to the intense absorptions appearing in the range of 400-500 nm, in this case, we did
not find evidence for the formation of the p-Me-DMA™** radical here.

25 0.16 o8
AA‘AA § *
2 A 0.06 -
2 8 ........’“......‘. g 764 nm
2 0.12 1 S .
g °® ) @460 nm 2 0.041
§ 1.5 7 E 1 AAAAA A544nm g < T T T T T
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Figure 8. UV-Vis spectral changes during the oxomanganese(IV)-mediated oxidation of p-Me-DMA:
(a) Stoichiometric oxidation of p-Me-DMA (30 mM) with [(N4Py")Mr1IV(O)]2+ (generated in situ by
the reaction of 2 (3 mM) with 5 equivalents of PhIO in CF3CH,OH-CH3CN (1:1 v/v) at 0 °C [34]);
(b) UV-Vis spectral changes of 1 (0.5 mM) in the presence of p-Me-DMA (15 mM) upon addition of
mCPBA (5 mM) in CH3CN at 10 °C.

3. Materials and Methods
3.1. Materials and Methods

The ligands 1,3-bis(2-pyridylimino)isoindoline (indH), and N,N-bis(2-pyridylmethyl)-
1,2-di(2-pyridyl)ethylamine (N4Py*) and their complexes [Mn'!(indH)(ClOy),] (1) and [(N4Py*)
Mn!l(CH3CN)[(C1Oy); (2) were synthesized according to published procedures [33,34], re-
spectively, under a pure argon atmosphere using standard Schlenk-type inert-gas tech-
niques. Solvents used for the reactions were dried according to published procedures and
stored under argon. All chemicals and starting materials for the ligand synthesis were
obtained from Sigma Aldrich.

UV-visible spectra were recorded on an Agilent 8453 diode-array spectrophotometer
using quartz cells. IR spectra were recorded using a Thermo Nicolet Avatar 330 FI-IR
instrument (Thermo Nicolet Corporation, Madison, WI, USA). Samples were prepared
in the form of KBr pellets. GC analyses were performed on an Agilent 6850 (Budapest,
Hungary) gas chromatograph equipped with a flame ionization detector and a 30 m
HP-5MS column. GC-MS analyses were carried out on Shimadzu QP2010SE (Budapest,
Hungary) equipped with a secondary electron multiplier detector with conversion dynode
and a 30 m HP5MS column. Microanalyses elemental analysis was performed by the
Microanalytical Service of the University of Pannonia.

3.2. Description of the Catalytic Oxidation of N,N-Dimethylaniline under Air (Ar)

Due to the comparison of iron and manganese-containing systems, the reactions were
carried out according to the previously published iron-containing systems [27]. In a typical
reaction, 1 mL of mCPBA (77%), PAA (diluted from 38-40% solution) or TBHP (diluted
from 70% solution) solution in CH3CN was delivered by syringe pump in 20 min un-
der air (or Ar) to a stirred solution (2 mL) of catalyst 1, 2, or salts Mn(ClO4);, Mn(OAc),,
and p-substituted DMAs inside a vial. The final concentrations were 3 mM catalyst, 300 mM
co-oxidant, and 300 mM substrate. Product analysis was performed by injecting the re-
sulting solutions into GC and GC/MS: N-methylaniline (MA), base peak m/z 106 (100%),
79.10 (31.31%), 77 (51.66%), 65 (24.13%), 51 (42.05%), 50 (21.68%), 39 (33.25%), 38 (12.04%); N-
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methylformanilide (MFA), m/z 136 (42.9%), 106 (100%), 77 (65.97%), 66 (31.38%), 65 (24.13%),
51 (38.15%), 39 (35.77%). The HCHO was identified as 2,4-dinitrophenylhydrazone by
GC/MS (M* = 210). The yields were determined by comparison against standard curves
prepared with authentic samples, using bromobenzene as an internal standard.

3.3. Reaction of Oxomanganese(IV) Compex with N,N-Dimethylaniline under Air

Oxomanganese(IV) complex, [(N4Py*)MnIV(O)](ClO4)2 (3) was prepared by reacting
[(N4Py*)Mn!(CH3CN)](ClOy), (2) (3 mM) with 5 equivalents of PhIO in a 1 cm UV cuvette
in CF3CH,OH-CH3CN (2 mL, 1:1 v/v) at 0 °C, [34]. The appropriate amounts of DMA
were added into the UV cuvette, and spectral changes of the oxomanganese(IV) (3) and
the forming p-Me-DMA™*® radical cation at 944 and 460 nm, respectively, were directly
monitored with a UV-Vis spectrophotometer. The p-Me-MA was identified by GC/MS
(M* =125).

4. Conclusions

Based on the obtained results, it can be said that manganese complexes [Mn!(indH)
(ClO4),] (1) and [(N4Py*)MnH(CH3CN)](CIO4)2 (2) with various co-oxidants such as PAA,
mCPBA, and TBHP catalyze the oxidative N-demethylation reaction of N,N-dimethylanilines
with different reactivity and selectivity depending on the conditions used. When the re-
action was carried out under argon, the catalytic activity was moderate, but it proved to
be selective, producing only MA as a product (Route 2 in Scheme 3). However, when the
reaction was carried out under air, in addition to the main product MA, the formation
of MFA was also detected (Scheme 2 and Route 1 in Scheme 3). The ratio of products
depends on the nature of the co-oxidants, and the substituent on the substrate. Based
on Hammett correlation for para-substituted DMA derivatives, electrophilic high-valent
oxomanganese(IV) intermediate formation and the ET-PT mechanism were proposed for
the N-demethylation process. The detection of the p-Me-DMA™*® radical in the stoichio-
metric and catalytic reaction is also consistent with the proposed (one-electron transfer)
mechanism above (Scheme 3). In conclusion, it can be said that the investigated system can
be considered as a functional model of heme-containing peroxidase enzymes.
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