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Abstract—Certain alkaloids were observed to undergo N-demethylation processes under photochemical conditions. Tropine, acet-
yltropine, tropinone, and atropine were cleanly N-demethylated upon treatment with tetraphenylporphin, oxygen, and light. Dextro-
methorphan also underwent a N-demethylation reaction, but reacted further to afford an imine. In contrast, 14-acyloxycodeinones
underwent a photochemically induced tandem N-demethylation—acyl migration. © 2001 Elsevier Science Ltd. All rights reserved.

N-Demethylation of tertiary amines was traditionally
achieved using cyanogen bromide in the von Braun
reaction.! Limited yields and the toxicity of cyanogen
bromide have seen this reaction largely replaced by
chloroformate reagents.?> Certain chloroformates, such
as vinyl chloroformate, generally N-demethylate in high
yield and the resultant carbamates are readily cleaved to
afford the corresponding secondary amines. Unfortu-
nately this reagent is very expensive,® limiting its
applicability to larger scale processes. Some photo-
chemical procedures have been developed for the clea-
vage of N-methyl amines,* ¢ but these methods have not
seen widespread use.

We now wish to report a simple, inexpensive, and effi-
cient photochemical method for the N-demethylation of
alkaloids that requires no specialized apparatus. Tro-
pine (1) was dissolved in dichloromethane in the pre-
sence of the photosensitizing catalyst, 5,10,15,20-
tetraphenyl-21H,23 H-porphin (TPP) and oxygen was
bubbled through the reaction mixture while irradiating
with a 300 watt lamp (standard sunlamp).” The desired
N-demethylated product was precipitated as the hydro-
chloride salt in 79% yield (Scheme 1, Table 1). No
chromatography was required as the nortropine hydro-
chloride precipitated in a pure form. Similar high yields
were obtained when Rose Bengal was used instead of
TPP as the photosensitizing agent in a fert-butanol-
water solvent system. These yields are comparable to
those obtained using vinyl chloroformate (77% over
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two steps; carbamate formation and hydrolysis®) and
have the advantage of proceeding in one simple, inex-
pensive step. This procedure is clearly superior to the N-
demethylation using the more common, cheaper
chloroformates such as ethyl chloroformate which gave
a 16% yield® for this transformation.

The N-demethylation of acetyltropine (3), tropinone (5),
and atropine (7) using the TPP procedure also pro-
ceeded in reasonable yield (isolated yields of 57, 54, and
66%, respectively). N-Demethylation of these alkaloids
using simple chloroformate reagents has proven proble-
matic due to difficulty in cleaving the intermediate car-
bamates.'?

When dextromethorphan (9) was irradiated in the pre-
sence of TPP using the reaction conditions described
above, a complex mixture of products resulted. The use
of Rose Bengal in aqueous alcohol gave a cleaner reac-
tion. In this case, the imine 10 was isolated in 55% yield
(Scheme 2). The mechanism of N-demethylation is
believed to involve an electron transfer to produce an
a-amino radical that loses an electron to afford an iminium
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Scheme 1. Photochemical N-demethylations.
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ion. This iminium ion is hydrolyzed upon work-up to
afford the corresponding secondary amine (Scheme 2).3:!!
In this case, the imine 10 presumably resulted from in
situ hydrolysis of the intermediate iminium ion in the
aqueous solvent, followed by further reaction of the
resultant secondary amine. A repeat of this process
would yield another iminium ion that could lose a pro-
ton to give the isolated product 10.

Our initial attempts to N-demethylate 14-hydroxy-
codeinone (11a) using the TPP procedure produced
negligible yields of the desired product (Scheme 3,
Table 2). However, after protecting the 14-hydroxy
group as an acetate, N-demethylation and acetyl trans-
fer occurred giving N-acetyl-14-hydroxycodeinone
(12b). Intramolecular O—N acyl transfers have been
previously observed for opiates of this type when the
secondary amine is present as the free base.!> An
appreciable amount of the byproduct 13b (R =Ac) was
also isolated from this reaction. This compound
presumably resulted from the formation of an iminium
ion at C16, conversion to the corresponding enamine,

Table 1.

Reactant Conditions Purification Yield (%)
1 TPP, O,, light A? 79

1 Rose Bengal, O,, light A 79

3 TPP, O,, light B 57

5 TPP, O,, light B 54

7 TPP, O,, light B 66

4Precipitation of HCl salt from ethanol and diethyl ether.
®Column chromatography using EtOAc/MeOH/NHj (90:10:1—70:30:1).
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Scheme 2. Photolysis of dextromethophan.
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Scheme 3. Photochemical N-demethylation of various opiates.

addition of oxygen and finally fragmentation of the
resultant endoperoxide. A slightly higher yield of the
major product (13b) was obtained when air was used as
the oxygen source. The yields of related photochemical
N-demethylation reactions have been improved by the
addition of salts such as lithium perchlorate.’> These
salts are thought to stabilize the o-amino radical,
favoring the N-demethylation pathway over alternatives
such as recombination with an oxygen centered radical.
In this case, the addition of lithium perchlorate (0.25
mol equiv) had little effect on the outcome of the reac-
tion. It was reasoned that this could be due to the low
solubility of lithium perchlorate in dichloromethane.
However, when the reaction was repeated in acetoni-
trile, the addition of salt failed to improve the yield. In
this case, Rose Bengal gave significantly inferior results
to TPP.

The photochemical N-demethylation reaction of oxy-
codone (14a) and analogues proceeded in similar fash-
ion. Once again, when the 14-hydroxy was unprotected,
a negligible yield was obtained. The acetyl protected
analogue (14b) gave a 34% yield of the N-demethyla-
tion—acyl transfer product 15b. This was accompanied
by the formation of an appreciable amount of the oxi-
dation byproduct 16b (29%). The structure of this com-
pound was initially determined by NMR and confirmed by
X-ray crystallography (Fig. 1).13

It was thought that the introduction of other acyloxy
substituents into the 14-position may offer advantages
in the synthesis of commercially important opiate
antagonists, such as naltrexone and nalbuphine. The use
of a cyclopropyl ester (compound 14c¢) allowed N-
demethylation and N-acylation to be effected in one

Table 2.

Reactant Conditions Yield (%)

11a (R=H) TPP, O, light —

11b (R=Ac) TPP, O,, light 33 (12b):17 (13b)

11b (R=Ac) TPP, air, light 38 (12b)

11b (R=Ac) TPP, Oy, light, LiClO4 32 (12b)

11b (R=Ac) Rose Bengal, O,, light 11 (12b)

14a (R=H) TPP, O, light —

14b (R=Ac) TPP, O,, light 34 (15b):29 (16b)
(@]

14c (R=<) TPP, O, light 38 (15¢):24 (16¢)

Figure 1. Crystal structure of oxidation byproduct 16b.
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step. N-Acyl 14-hydroxycodones of this type have been
elaborated to the corresponding 14-hydroxymorphinan
pharmaceuticals in high yield.'> Unfortunately due to
the low yield of the photolysis step this approach does
not compare favorably with current syntheses where all
steps proceed in high yield.!>!4

In summary, a simple photochemical procedure invol-
ving an inexpensive catalyst and a sunlamp can be used
for the N-demethylation of certain alkaloids. This pro-
cedure works well for simple substrates, but the forma-
tion of byproducts lowers the yield in the case of more
complex structures. The reaction of 14-acyloxy-
codeinones gave rise to a tandem N-demethylation—acyl
transfer to yield the corresponding N-acyl 14-hydroxy
opiates. This process was accompanied by the forma-
tion of an interesting 1,2-dicarbonyl oxidation product.
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