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Studies on regioselective hydrogenation of thebaine and
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Abstract—Thebaine was subjected to catalytic hydrogenation under a variety of conditions in order to determine the regioselectivity
for C-6/C-7 versus C-8/C-14 olefin saturation.
� 2007 Published by Elsevier Ltd.
The chemistry of thebaine, usually the minor constituent
in crude opium, has been investigated in connection with
the production of C-14 hydroxylated derivatives. The
addition of singlet oxygen provides an endoperoxide,
whose reduction yields 14-hydroxycodeinone 2.1

Similarly the treatment of thebaine 1 with formic acid
and hydrogen peroxide gives 93% yield of 2.2 The dienol
ether unit in thebaine has been transformed to neopi-
none ketal 3 by Rapoport and Barber3 and by Dauben
et al. (Fig. 1).4 As the diene unit in thebaine is polarised,
we reasoned that it may be possible to effect a regioselec-
tive reduction of the C-8/C-14 olefin through a directed
catalytic hydrogenation of thebaine5 under various con-
ditions in order to provide for a direct conversion of the-
baine to hydrocodone 5 via 8,14-dihydrothebaine 4, as
shown in Scheme 1. Although 8,14-dihydrothebaine
can be obtained from thebaine by reduction with di-
imide (generated from hydrazine and oxygen) in 79%
yield without chromatography on a 0.1 mol scale,6 the
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need for an environmentally benign catalytic method
still exists. A regioselective hydrogenation of thebaine
to 4 would provide a more convenient alternative for
the conversion of thebaine to hydrocodone.

The use of Crabtree catalyst 87 led to regioselective
hydrogenation of the C-8/C-14 olefin to produce enol
ether 4 in 45% yield. Improved yields were achieved at
lower pressure, as indicated in Table 1, entry 1–4.

The use of rhodium catalyst 99 provided for an interest-
ing contrast in the regioselectivity of hydrogen addition
as shown in Table 2. Up to 40% yield of allylic ether 6
was obtained in addition to the fully saturated natural
isomer of tetrahydrothebaine 7, which in our hands were
inseparable by column chromatography. Enol ether 6
was isomerised in preliminary experiments using Wilkin-
sons’ catalyst in refluxing ethanol to yield 4 in 20%
yield with 80% recovery of unreacted starting material.
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Scheme 1.

Table 1. Hydrogenation of thebaine with Crabtree catalyst in methanol at room temperature

Entry mol % H2 (psi) Time (h) Conversiona (%) Yield of 4a (%) Yield of 7a (%)

1 5 55 16 19 9 5
2 5 55 96 75 43 25
3 10 55 192 85 44 27
4 15 55 288 95 45 27

5 5 150 16 10 3 2
6 5 400 64 78 24 18

a The conversion and the yields were determined by 1H NMR and HPLC.8

Table 2. Hydrogenation of thebaine over rhodium catalyst 9

Entry H2 (atm) Solvent Time (h) Conversiona (%) Yield of 6a (%) Yield of 7a (%)

1 1 EtOH 18 100 0 60
2 1 DCM 18 100 0 90

3 1 CHCl3 18 80 0 0
4 1 MeOH 18 40 38 0

5 1 MeOH 27 85 33 30
6 1 MeOH 36 100 0 85
7 2 MeOH 5 10 8 0
8 1 MeOH, 30 �C 5 9 7 0
9 1 MeOH, 30 �C 18 100 0 60

10 1 MeOH, 0 �C 5 0 0 0

a The conversion and the yields were determined by 1H NMR.8
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A similar method for the isomerisation of codeine to
hydrocodone has previously been published.10 Hydroly-
sis of 4 using 2 N HCl yielded hydrocodone 5 in 82%
isolated yield after flash column chromatography. Tetr-
ahydrothebaine 7 is a significant by-product produced
by over-reduction of thebaine under most of the condi-
tions that were tried and is likely to be formed in any
process developed in the future that uses catalytic
hydrogenation. Rice described a practical method for
the conversion of tetrahydrothebaine to dihydromor-
phine with HBr in AcOH thereby converting this by-
product into a valuable compound.11
Other catalysts investigated during these studies include
RhCl(PPh3)3 (Wilkinsons’ catalyst), RuCl2(PPh3)3,
Pd2(dba)3, PdCl2(PPh3)2, Lindlars’ catalyst and 5%
Rh/Al. In the case of Wilkinsons’ catalyst and
RuCl2(PPh3)3, no conversion was obtained in methanol
at atmospheric pressure of hydrogen after 18 h. The use
of other catalysts under the same conditions led (after
18 h) to complete consumption of starting materials,
yielding compounds not structurally related to 4, 5 or
7. Tetrahydrothebaine 7 was obtained in 8% yield with
Pd2(dba)3, in 10% yield for PdCl2(PPh3)3 and in 26%
yield with Rh/Al. With Lindlars’ catalyst, dihydrotheba-
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ine 4 was obtained in 8% yield along with 10% of tetra-
hydrothebaine 7.

In conclusion, some level of regioselectivity in hydro-
genation of the C-8/C-14 olefin was demonstrated by
using catalysts capable of coordinating to the nitrogen
atom of thebaine. Further optimisation studies for this
conversion are ongoing.
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