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Cyvtochrome P450 (P450)Y0O./NADPH engender electron transfer reaction of AN-benzyl-N-substifuted
benzylamines to vield comesponding radical cation 1 that is simultaneously converted into 2 and 3.
Subsequently. expulsion of proton and hydroxylation vielding a-hydroxylamines are followed by formation of

benzaldehydes and benzylamines.
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Introduction

Numerous enzvmes and their man-made mimics catalvze''’
N-demethylation of N.N-dimethylanilines. The axial coordi-
nation site of P430 is thiolate ligation while lustidine ligand
15 emploved with horseradish peroxidase (HRP). Iodosyvl-
benzene (C¢HsIO) catalvzed by tetraphenylporphyrinatoiron
(IID) chloride (Fe™TPPCD'- oxidizes N,N-dimethylbenzyl-
ammes by an iutial electron transfer (ET) process. The
reactions indicate small negative p value (p=-041 for
Fe'TPPCI) and marginal intermolecular kinetic isotope
effect (KIE). Aw/kp = 1.3 with PhCH-NMe- and PhCD-NMe-.
The KIE and Hammett correlations in the oxidative N-
demethylation of MN-Dimethylanilines catalyzed by tetra-
kis(pentafluoropheny porphyrin iron(Ill) chloride'® were
investigated. The intramolecular KIE (4-Y-N-methyl-N-tri-
deuteriomethylanilines) are much larger than intermolecular
ones (4-Y-N.N-dimethylanilines and 4-Y-N.Ndi-trideuteni-
omethylanilines). The Hammett correlations also give rise to
better correlations with ¢ (r= 0.993) than with ¢ (r=
0.993). The KIE profiles (plot of Au/kp vs the pKi of the
aniline radical cations) by lignin peroxidase/H-O~ and
5.10.13.20-tetraphenyl-2 1H 23H-porphine-p.p ‘p " p “-tetra-
sulfonic acid iron(IIl) chloride/H-O- for a munber of ring-
substituted N N-bis(dideuteriomethyl) anilines'’ show bell-
shaped curve.

Experimental Section

Materials and Methods, Benzylamine. substituted benz-
aldehydes (Y = p-OCHs, p-CH;. H. p-ClL m-C1. p-CN. and p-
NO-»). substituted benzonitriles (Y =p-OCHsz and m-Cl).
LiAID; and other reagents were purchased from the major
suppliers. VARIAN GEMINI 2000 NMR spectrometer was
used for the identification of the compounds. Relative
quantities of the aldehydes were obtained with VARIAN
3300 GC with DB-1column and FID.

Preparation of AN-Benzyl-N-4-methoxybenzylamines.
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Benzylamine (0.02 mmol) in benzene solution was added to
benzene solution (13 mL) of p-anisaldehyde (0.02 mmol) in
100 mL flask for 10 min. This solution was stirred for 3 h
and Na-SO, was added to eliminate H-O. The formation of
imine was confirmed when evaporating benzene by rotary
evaporator. To the imine portion dissolved in methanol in ice
bath. 1.3 equivalents of NaBH, was added very slowly. The
reaction mixture was stirred at RT for 1 h. The solvent was
evaporated and the remain was extracted with CH-Clv/H-O.
The CH:Cl- laver was dried with Na-SOy to give the pure
product (4.34 g. 93% vield). '"H NMR (CDCl;. 200 MHz) §
38 (d. 7H. CH50. 2CH>). 6.9 (d. 2H. C¢Hy). 7.2 (d. 2H.
CsHy). 7.3 (. 5H. CsHs).

Other benzylamines were similarly synthesized and their
NMR spectra are listed below.

N-Benzyl-N-4-methylbenzylamines: 'H NMR (CDC);.
200 MHz) 62.4 (s. 3H. CH3). 3.8 (d. 4H. 2CH>). 7.2-7.4 (m.
9H. CsHs. CsHa).

N-Benzyl-N-4-chlorobenzylamines: '"H NMR (CDC);.
200 MHz) 63.8 (d. 4H. 2CH>). 7.2-7.4 (m. 9H. C:Hs. CsH.).

N-Benzyl-N-3-chlorobenzylamines: '"H NMR (CDC);.
200 MHz) 63.8 (d. 4H. 2CH>). 7.2-7.4 (m. 9H. C:Hs. CsHa).

N-Benzyl-N-4-cyanobenzylamines: 'H NMR (CDC)s.
200 MHz) 6 3.8 (d. 4H. 2CH>). 7.2-7.6 (m. 9H. C:Hs. CsH.).

N-Benzyl-N-4-nitrobenzylamines: 'H NMR (CDC);.
200 MHz) 03.8 (d. 4H. 2CH=). 7.2-7.4 (m. 53H. C¢Hs) 7.5 (d.
2H. CsHy). 8.2 (d. 2H. C<Ha).

Preparation of p-CH;OCsH:CD:NHCH;C¢Hs. 4-Meth-
oxybenzonitrile (0.03 mole) in 20 mL THF was added very
slowly to LiAID; (0.043 mole) solution of THF in ice bath.
The reaction mixture was then stirred for one day under
nitrogen at RT. After reaction. 3% HCI solution was added
slowly until the reaction mixture becomes acidic. The
aqueous layer was separated by addition of benzene. To the
aqueous layer. 3 N NaOH solution was added to make basic
solution and the amine layer separated with benzene. 4-
Methoxy (. o~dideuterio) benzylamine(0.023 mole. 77%)
was then obtained by evaporation of benzene. N-Benzyli-
dene-4-methoxy (. o-dideuterio)benzylamine was prepared
by reaction of 4-methoxy(o.a-dideuterio)benzylamine
(0.023 mole) and benzaldehyde(0.023 mole). This was
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reduced with NaBH, to give p-CHsQCHCDyNHCH»CHy
(4.98 g, 72%). '"H NMR (CDCls, 200 MHz) & 3.8 (s. SH,
OCHs, CHy), 6.9 (d. 2H, C¢Hy), 7.2-7.4 (m, 7H, CoHs,
CeHy).

Other deuterated benzylamines were similarly prepared
and their NMR spectra are listed below.

LiAID,

p-OCH,C H,ON
‘ THF

[)—()C H:;C(,H4CD2NH3

p-OCHCHLCDND, | CHCHO

> - OCILCILCD,N=CHC [,

p-OCHC L CDyN=CHC Hs
NaB11[

p-OCTLCLCD--NHCHLC
MeOI o )

m-Cl CH,CH;NHCD,;C¢Hs: 'H NMR (CDCl;, 200
MHz) 3.8 (s. 2H, CH»), 7.2-7.4 (m, 9H, CeHs, CoHy).

m-Cl CH,CD;NHCH;C¢Hs: 'H NMR (CDCl;, 200
MHz) 63.8 (s, 2H, CHa), 7.2-7.4 (m, 9H, C,Hs, CcHy).

Oxidations by P430/Q,/NADPH. To 6350 gl. of distilled
water were added in the order of 200 ul. of potassium
phosphate bufter (pH=7.4), 40 ul. of microsomal P450 (final
concentration: 0.5 mg/l ml.), 10 ul. of a substrate dissolved
in CH:OH (final concentration: | mg/1 ml.) and 25 mM of
100 ¢1. of NADPH so that the total volume becomes 1000
L., The reaction mixture was incubated at 37 °C for 30
minutes with vigorous stirring, The reaction mixture was
then cooled with ice bath and 1 ml. of 3% HCI solution was
added to make the salt of substituted benzylamines. 10 gl. of
0.014 mM of bibenzyl was added to reaction mixture as an
internal standard, CH>Cls (3 ml. x 3) was added to extract
the organic layer. This was dried with anhydrous Na:SO;
and concentrated to 20 gl. tor GL.C analysis

Kinetic Isotope Effects. were determined indirectly as
tollows. kynf"'k\'[) = k\-‘uflkun'k]||1fky|_) was used when Y is -
OCHs and p-Cl. kiw'knw = kindka-ct 1kecr nékuo can be
obtained when Y is H using m-CIC,H4CH: as an internal
basis.

Results and Discussion

The competitive intramolecular N-debenzylation of N-
benzyl-N-substituted benzylamines with P450/0./NADPH
has been studied through Hammett correlations and KIE.
The relative rates caused by substituents (Y = p-OCHa;, p-
CHs, H, p-Cl, m-Cl, p-CN and p-NO,) were obtained from
the ratios of [YCsHsCHOJ[CsHsCHO]. The log Av/ki values
were plotted against o and ¢ to yield better correlation with
o (r=-0.95; r= 0.993) than with o {p = -0.71, r = 0.945).
The intramolecular KIE was calculated in a indirect manner
as follows k\v‘p|f'k\'L)= kY|1:’:J(|1||‘](|1||./;1(YL) when Y is [)-OCH:; and
p-Cl. m-Cl substitution at pheny| ring has been employed for
the KIE of &nknn = krivkmecr ikm-cr vk,

The Hammett correlations for the oxidation of NN-
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C4HeCHy-NH-CD-C H,Y

JRHH
——  CJLCHO 1 YCHLCDLNI,

1Prc'Y =0

sy oy i
L7 e YCJLEDO 1 Gyl CHLNI L
€ HeCHa-NH-CH,C o H, Y

&y
———  C,H.CHO + YC,H,CHsNH,

<PFY =0

k
L s YCH,CHO - CoH:CH-NHs

m-C1 CyH,CHa-NH-CDsC,Hs

km—(‘lll
m-Cl C4H,;CHO + C H:CD>NH,
PR 0
1HI')

L0 e C,H:CDO + m-Cl € H,CH NH-

#-Cl C6H4CH2—NH—C H:’CDHS

Aovcin
———  1-Cl Cl1,CHO + CoHCHLNI S
£PFe'Y =0
A o ot o
LM CICHO + mCl C L CHNE,

dimethylanilines (o™= -0.88)'° may suggest that the electron
transter step for the formation of radical cation is involved
with rate determining step. The negative sign of p'=-0.88 is
also parallel with their oxidation potentials decreasing from
P-NOz to p-OCH;. The better correlation with & of Table |
indicates that positive charge is localized on the nitrogen
atom. o~Deprotonation of 1 yields the two carbon centered
c-amino benzy! radicals, 2 and 3. Thus 1 can be simultane-
ously transformed into either 2 or 3 since both of them are

YL‘(,H_I(:HZ_I\ H- CH3C(}H5

kvh L N
—=  YCJLCHO + CliCILNI,
P50/ Oy / NADPH

kHH N N N N
L CHsCHO + YCGH,CH,NH;

Scheme 1

YC,H,CD;—NH-CH,CH, Y

k\'l)
> YCH, DO + YC HsCH-NH,
P30 7 02/ NADPI

kv
e YCH,CHO + YCH,CDSNH,

Scheme 2
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Table 1. Kinctic Data of (xidative A-Debenzylations of A-Benzyl-
A-substituted benzylamines by P450/0-/NADPH

p-OCH; p-H 2Cl m-Cl p-CN p-NO:
v n/kun 1.69 1 046 038 0225 0.45
p(ry=-0.95(0.993) P {0y=-0.71 (0.945)
hvwkyp 436 £0.2 1.91£0.03 1.61 +0.03

more stable than 1. The intramolecular KIE values for 4-Y-
CoHN(CH)CD;' are quite distinet and increase from p-
NOs (kyikn = 2.0) to p-OCH; (k/kp = 3.0). This increasing
trend parallels with magnitude of pKa of the corresponding
radical cation, 4-Y-CeHy N{CH:); and suggests that there is a
significant reverse electron transfer which competes with the
a-deprotonation. The KIE for p-OCH: kyy'kyp =4.56 in
Table | can be the similar situation for the reversibility, On
the contrary, when electron transfer is the rate determining
step, no such KIE would be observed that is &k = 1. Qur
KIE for m-Cl, kvkn=1.61 may indicate that reverse electron
transfer occurs to a small extent. Our KIT values range from
1.61(m-Cl), 1.91(H) to 4.56(p-OCH;) which are larger than
unity, The increasing trend with electron-donating sub-
stituents may indicate increase of the reversibility.
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Conclusions

The KIT: values are ky/kyp > 1 and increase monotonically
from m-Cl to p-OCH;. N-Debenzylation of A-benyl-V-sub-
stitutedbenzylamines proceed through the revelsiblg formation
of YO HECH-NHCH,C Hs 2 and YCJRLCH-NIL-CILC I 3.
The reversibility should be influenced by the substituent (Y)
and kind of the oxidant. The variation of magnitude of &)/
kyp may tell increasing trend of reversibility when sub-
stituents becoming electron- donating,
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