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A heterogeneous catalyst system Is described for N-dealkvlation of tertiary amloes. 
A lar~re number of tertiary amines includiag some important svnthetlc drugs were 
N-dealkylated to pive the ('Orresponding se<"ondary amines In 50-65% yields, Tbe 
reaction was carried out at room temperature by stirring a solution of a tertiary amine 
in metbanol containing 10% palladium-on·dtarcoal catalyst. The reaction had absolute 
requirement for molecular oxygen like the enzymatic dealkylatioa reaction. It also 
needed methanol to act as the reductant of molecular oxygen like the NADPH in the 
enzymatic reaction. A catalytic cycle similar to cvtochrome P-450-catalysed oxygeoa­
tion cycle is proposed for activation and transfer of oxygen to the a-carbon of tertiary 
amloes to give unstable carblnolamines which on dissociation yield secondary amines. 

ENZYMATIC N-dealkylation of tertiary amines 
particularly those which are lipid-soluble is a 
ubiquitous reaction In xenobiotic metabolism. 

A large number of synthetic drugs, insecticides and 
carcinogenic amines are known to metabolise by 
this pathway. In vitro experiments have shown 
that this is an oxidative proce~s catalysed by 
cytochrome P-450 enzvme system1 and it has an 
absolute requirement for both molecular oxygen 
and NADPH (nicotinamide adenine dinucleotide 
phosphate in the reduetd form), the latter acting 
as a reductant. Various other types of xenobiotic 
oxidations, like aromatic hydrox)lation, epoxida­
tion, S-oxldation and N-oxidation are also catalysed 
by this enzyme system. It is now generally 
believed• that the primary chemical event in aU 
these oxidations including N-dealkylation is the 
incorporation of one atom of oxygen into the 
substrate. The other atom of molecular oxygen 
is reduced to form water (equation 1). 

of 'csrbenes' and 'nitrenes' (examples in Table 1) 
and suggested that the active ox' gen species was 
structurally similar to 'carbrnes' and 'nitrenes'. 
It was, therefore, called •oxene•. 

TABLa 1 

C:arbenotd reaction• OJepqld Reagtlgpa 

OOB 
Aro .. t1c 8Ydrozrlat1aa 

(> :J,f· 
Arell8 Oz14e 

(po 
lpozfde 

I-CB20R 
Allpbat1c Oz!dat1oG 

X+01 +NADPH+H+-+XO+NADP+H1 0 (1) 
Molecular oxygen becomes activated by binding 
to the active center of the enzyme in the presence 
of the substrate to form a ternary complex. The 
bound oxygen being catalyticaUy active, interacts ------------------­
with the substrate in the complex to form the 
product. 

Oxygenation of a tertiary amine at the ac.-carbon 
atom would result in an unstable carbinolamine 
which on dissociation wonld give a secondary 
amine (equation 2). 

B-N-CH1 [R-N-OH10H] B-N-H 
I + I + I +OH.o (2) 
OH1 OH1 OH, 

The nature of the so-called 'active' or bound 
form of oxygen in the above-mentioned complex 
has been studied extensively. In 1964, Hamilton• 
observed the remarkable similarity of many of 
these enzymatic reactions to the addition reactions 

JICS-14 

A number of non-enzymatic catalytic systems 
for aromatic hydroxylation 6 , aliphatic oxidation• 
and epoxidation• was shown as evidence for the 
'oxenoid' mechanism of these reactions. However, 
no such biomimetic oxidation of teniary amines 
with molecular oxygen has been described, although 
they have been oxidatively dealkylated by a variety 
of chemical oxidants under different experimental 
conditions. We now report in thts paper that we 
have discovered a heterogeneous catalyst system 
for N-dealkylation of tertiary amines by oxygena­
tion at room temperature. 

The catalytic reaction was carried out at room 
temperature by stirring a solution of a tertiary 
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amine in a large volume of methanol containing 
10% palladium-on-charcoal catalyr,t. The :course 
of the reaction was monitored by thin •layer 
chromatography (tlc) and hi&h pcrfoun~nc.e liquio 
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chromatography {hplc). The hplc profiles of the 
reactions ot some of the tertiary amines at different 
time intervals are shown in Fig. 1. In most of the 
cases, tho r~action was complete in 24 h. The 
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Fig. 1. Bplo profiles of : (A) amitriptyline, (B) imipramine, (C) tripelennamine and (D) chlorpromazine. 
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dealkylated products were isolated in pure form, 
either by column chromatography or by crystallisa­
tion of the oxalate salts, in 50-65% yields. The 
reaction was found to have an absolute requirement 
for oxygen. However. bubbling of oxygen was 
not necessary. The reaction was conveniently 
carried out in the presence of air. When air was 
excluded or replaced by nitrogen, no reaction 
occurred. If methanol was replaced by ethanol, 
the reaction became very slow and it took 3-4 days 
before any dealkylation could be detected by 
chromatography. If methanol was substituted by 
other solvents, like ethyl acetate, dimethylfor­
mamide or dioxan, no reaction occurred. Palladium 
could, however, be substituted by platinum. 

Experiments were carried out with a large 
number of tertiary amioes including some very 
important synthetic drugs which arc known to 
undergo dealkylation on metabolism. Dealkyla­
tion occurred with all the compounds in the list 
except compounds 16, 19, 22, 23 and 24. Com­
pounds 1 to 9, each having two methyl groups, and 
compounds 10 to 14, each having one methyl group 
and another alkyl group, underwent demetbylation 
in good yields. Compound 2, having two ethyl 
groups, underwent deethylation, but no dcalkyla­
tion occurred with compounds :z:z, 23 and 24, each 
having two alkyl groups containing more than two 
carbon atoms. These results show that oxidation 
of methyl group was most facile and oxidation of 
alkyl groups containing more than two carbon 
atoms did not occur at all. However, the methyl 
group in compounds 15, 17, 18 and 20 was not 
oxidised. Instead, the allyl or the substituted allyl 

group was oxidised in preference to the methyl 
group. Cinnamaldehyde was isolated in good 
yields from reactions of 17 and :zo. This result 
provided direct evidence to support that our 
catalytic reaction was an oxidative process, and 
during the oxidation, one alkyl group is lost as 
the corre~ponding aldehyde as shown in equation 
(2). No reaction occurred with compound 16, 
which is a monoamine oxidase inhibitor, and 
compound 19. Both these compounds contained 
a N-propargyl group. Neither the methyl nor the 
propargyl group underwent oxidation. Catalytic 
oxidation was inhibited by the presence of the 
N-propargyl group. 

In all the cases studied, no tertiary amine oxide 
was detected by chromatography at any time 
during the reaction, nor did any N-oxide undergo 
dealkylation under t!te experimental condition. 
This showed that the active oxygen was not 
transferred to the nitrogen atom to form an 
N-oxide. It was inserted directly into the C-H 
bond, like a 'carbene'. 

In no instance, the reaction proceeded beyond 
secondary amines to form primary amines. Separate 
studies with some secondary amines showed that 
no dealkylation occurred under the reaction condi· 
tion. Instead, a neutral compound was formed In 
a small yield after long hours, and considerable 
amount of polymeric material was formed. Forma­
tion of polymers and small amounts of neutral 
compounds was also observed with tertJary amines 
(peak No. 1 and peak No. 3 in Fig. 1). The 
neutral compounds were isolated in several ins· 
tances and identified by nmr spectroscopy to be 

coo R,C()) ~s~ 
Co~N~ 

~H ~H, 
CH~-CH, -N-CH, 

!. Amolfoptylone 

o-7-CH,-C.H• 
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Structures of tertiary aminea studied. 
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N-formyl compounds which could be reduced back 
to the N-CH8 compounds by treatment with lithium 
aluminium hydride (equation 3}. 

R-N-OH1 R-N-H R-N-OHO R-N-OH 
I -+ l -+ l -+ l I (S} 
OH1 OH1 OH1 OH1 

The origin of the formyl group was traced to 
methanol by carrying out some of these reactions 
in uc.Jabeled methanol. For example, when 
the dealkylation of imipramine was carried out 
in 16CH8 0H, both the N·formyl compound pro­
duced, and the tertiary amine prepared from it were 
radioactive (Scheme 1). The specific activity of 

Scheme 1. Neutral product from oxygenation of imipramine 
and desipramine in 140H10H. 

the pure hydrochloride salt of the tertiary amine 
thus prepared was same as that of the starting 
radioactive methanol. These resultsi show tbat 
methanol was not only acting as a solvent for 
the tertiary amine and molecular oxygen, but it 
was also taking part in the reaction acting as a 
reductant of one atom of oxygen like NADPH in 
the enzymatic reaction. Separate blank experiments 
showed that methanol undergoes catalytic oxidation 
under the experimental condition to form consider­
able amount of water, small amount of formaldehyde 
(detected as the 2,4-dinitrophenylhydrazone 
derivative) and possibly other one carbon com­
pounds which were, however, not identified. The 
N·formyl compounds were formed by the conden­
sation of the secondary amines with one of the 
oxidation products of methanol. The only other 
solvent in which the dealkylation reaction occurred, 
although to a very small extent, was benzyl 
alcohol, possibly because it can also act as a 
reductant like methanol. 

AU the above results can be explained by 
assuming a catalytic cycle (Scheme 2}, similar 
to the cytochrome P-450-catalysedrcaction. As in 
the enzymatic reaction, a ternary complex may be 
formed between palladium, oxygen and a tertiary 
amine through chemJsorption. The ternary complex 
may then be reduced by methanol to produce 
an oxenoid intermediate, water, formaldehyde 
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Boheme 2. Oalalytio oycle for oxygenation of tertiary amines. 

and other oxidation products of methanol. An 
oxygen atom is then transferred to the alkyl group 
which undergoes oxidation. 

One further evidence showing the formation of 
active oxygen under the experimental condition 
was obtained when it was follDd that triphenyl­
phosphine was quantitatively oxidised in a few 
hours to give triphenylphosphine oxide and water. 

Experimental 

Tic was carried out on silica 'gel 60 F-254 (E. 
Merck) plates of 0.25 mm thickness, and reversed­
phase hple, on a u·Bondapak C18 column with uv 
detection at 254 nm, using a mixture of methanol 
and 0.01 M pentane sulphonic acid sodium salt 
solution in water (75: 25, v/v} as the mobile phase. 

A typical experiment was carried out in the 
following way. To a solution of a tertiary amine 
(3 g) in methanol (300 ml), cooled to o·,~was added 
palladium-on-charcoal (3 g). The mixture was 
stirred in presence of air at room temperature 
until the reaction was over. The progress of the 
reaction was monitored by tic in methanol-NH60H 
(98 : 2, v/v) and by hplc. The amount of the 
catalyst was increased by 50% when amines of low 
molecular weight were used. After the reaction 
was over, the catalyst was removed by filtration 
and methanol by distillation. The residue was 
dissolved io ether. The basic material was 
separated from the neutral material by extracting 
the ether solution with 6N HCI solution. The 
ether solution was used for investigation of the 
neutral material. The acidic solution was basified 
and extracted with ether. The ether solution was 
dried and evaporated to dryness. The residue was 
then puified either by chromatography on a column 
of silica gel or by salt formation with oxalic 



CHAUDHURI, SERVANDO, MARKUS, GALYNKER & SUNG: CATALYTIC N·DBALKYLATION OF TERTIARY BTC. 

acid. The oxalate salts of secondary amlnes were 
found to be less soluble than those of tertiary 
amines. Salts were purified by crystallisation 
from methanol or ether-mehanol, and pure amines 
were generated by basifying. The amines were 
examined by nmr and mass spectrometry and 
characterised by comparison with authentic 
samples. The nmr signals of the alkyl groups of 
secondary amines usually appeared at a lower field 
than those of tertiary amines. 

The neutral material was purified by chromato­
graphy on a column of silica gel and examined by 
nmr and mass spectroscopy. TheN-formyl com­
pounds showed the characteristic aldehydic porton 
peak as a doublet. 

The N-formyl compounds were reduced by 
reftuxing a solution of the compound in tetra­
hydrofuran with lithium aluminium hydride. The 

reaction products were isolated in the usual way 
and characterised by tic, hplc and derivatisatlon. 
Radioactive compounds were counted in a liquid 
scintillation counter, and specific activities per 
mmol were determined. 
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