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Abstract—A new rearrangement byproduct, 3-methyl-1,2,3,4,4a,4b,9a,15,15a,15b-decahydro-(4,5);(4a,15)-dimethanotricyclo-
(4,3,1,02,7)deca[8,9,1,10-a,b,c]pyrido[4,3-a]-acridin-6-en-9-ol-8-one, has been isolated from the acid-catalyzed O-demethylation of
7�-o-aminophenyl-6,14-endo-ethenotetrahydrothebaine. The mechanism of its formation involving a novel annulation of the
6,14-endo-ethenylene moiety with the A ring aromatic carbons is discussed. © 2002 Elsevier Science Ltd. All rights reserved.

During our investigation of the O-demethylation of
7�-o-aminophenyl-6,14-endo-ethenotetrahydrothebaine
(1)1,2 using hydrobromic acid it was found that at room
temperature, after 10 h, a 6-demethylated compound
(2) could be isolated, but a considerable amount of
starting material remained; when the temperature was
raised above 100°C (120–130°C, oil bath) and the reac-
tion time prolonged (20 h), the 3,6-didemethylated
compound (3) became the major product (Scheme 1).
This is consistent with Bentley’s previous studies on the
O-demethylation of 7-substituted 6,14-endo-ethenotetra-
hydrothebaines using hydrobromic acid.3–5

It is interesting to note that in the later process with
increased reaction temperature and time, we also iso-
lated a new compound (4) (18%)6 with a molecular
weight of 384 (M+) whose structure could not be char-
acterized according to the previously known acid-cata-
lyzed rearrangements of 6,14-endo-ethenotetrahydro-

thebaines. There were twenty five carbon signals in the
13C NMR (DMSO-d6) spectrum: (198.51, 174.70,
158.32, 143.45, 130.69, 127.66, 127.58, 126.22, 125.36,
123.91, 84.66, 66.55, 65.18, 61.17, 59.49, 56.59, 51.84,
47.65, 46.13, 44.04, 40.13, 38.44, 31.07, 28.07, 27.08).
Among them, 15 were sp3 carbons: four quaternary, six
tertiary, four secondary and one primary (which were
identified by DEPT); and ten were sp2 carbons, two of
which were connected with a heteroatom (O or N). C8
(C�O) and C9b (C�N) were correlated with the two
most downfield signals (198.51, 174.70). IR also indi-
cated the presence of a C�O absorption at 1660 cm−1

and an OH absorption at 3440 cm−1.

It was decided to obtain crystals for X-ray crystallo-
graphic analysis. A crystal with dimension of 0.3×0.4×
0.5 mm of compound 4 was obtained after 24 h
crystallization from anhydrous ethanol and mounted
on an Enraf-Nonius CAD4 diffractometer with

Scheme 1.
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graphite-monochromatized Mo K� radiation (�=
0.71073 A� ) for collection of intensity data by using the
�/2� scan technique (0�2��52°). A total of 2166
reflections were measured and 1428 observed reflections
with I>3�(I) were used for structure determination.
The data were corrected for LP factors and for empiri-
cal absorption. The crystal structure was determined by
direct methods (MULTAN-82). The refinement of posi-
tional anisotropic thermal parameters was carried out
by the full-matrix least-squares method to final struc-
tural refinement converged with unweighted and
weighted (�=1) R factors of 0.048 and 0.051, respec-
tively. The maximum peak in the final difference
Fourier map is 0.23 e A� −3. S=1.18, (�/�)max=0.01.
The structure of compound 4 was determined as: 3-
methyl-1,2,3,4,4a,4b,9a,15,15a,15b-decahydro-(4,5);(4a,
15) - dimethanotricyclo(4,3,1,02,7)deca[8,9,1,10 - a,b,c]-
pyrido[4,3-a]-acridin-6-en-9-ol-8-one (Fig. 1), which cor-
related well with its 1H NMR spectrum (DMSO-d6)
10.95 (br, 1 H, C9-OH), 7.52–7.15 (m, 5 H, C11-H,
C12-H, C13-H, C14-H, C6-H), 6.35 (d, 1 H, C7-H,
J6,7=9.6 Hz), 4.15 (d, 1 H, C9a-H, J=10.6 Hz), 3.65
(m, 1 H, C15a-H), 3.52–3.35 (m, 3 H, C15-H, C4-H,
C2eq-H), 3.32–3.15 (m, 2 H, C2ax-H, C18�-H), 3.05 (s,
1 H, C16-H), 2.90 (dd, 1 H, C17�-H, J17�,17�=14.5 Hz,
J17�,15�=9.7 Hz), 2.70 (s, 3 H, N-CH3), 2.55–2.20 (m, 3
H, C4b-H, C18a-H, C1ax-H), 1.80 (d, 1 H, C1eq-H),

1.45 (dd, 1 H, C17�-H, J17�,17�=14.5 Hz, J17�,15�=7
Hz) and the 13C NMR data as well.

To our knowledge annulation of the 6,14-endo-
ethenylene moiety of a 6,14-endo-ethenotetra-
hydrothebaine with A ring aromatic carbons has not
been observed in previous studies of acid-catalyzed
rearrangements.

Regarding the possible pathway of formation of this
novel product, it can be rationalized on the basis of the
following mechanism (Scheme 2): in the acidic medium,
the 6-demethylated intermediate 2 could undergo rear-
rangement by opening the C5-bridge-dihydrofuran ring
with migration of C7 to give the C6-one 5.4,5 A second
demethylation at C3 and annulation of the 6,14-endo-
ethenylene moiety of the intermediate 6 with the A ring
cation generated under the acidic conditions would
then give the bridged ketone intermediate 7. Final
condensation of the C6-carbonyl and the adjacent
ortho-aminophenyl group would afford the imine 4.

During monitoring the reaction by TLC, we noticed
that there was another spot before the appearance of
compound 4, which diminished with the production of
4. We thought that it could be due to the intermediate

Figure 1. (a) X-Ray crystal structure of compound 4. (b) 3-Methyl-1,2,3,4,4a,4b,9a,15,15a,15b-decahydro-(4,5);(4a,15)-
dimethylenotricyclo(4,3,1,02,7)deca[8,9,1,10-a,b,c]pyrido[4,3-d]-acridin-6-en-9-ol-8-one.

Scheme 2.
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Scheme 3.

7. We were interested in isolating this intermediate from
the reaction mixture and hoped to confirm that it was
the ketone 7.

As we anticipated, the mass spectrum of this intermedi-
ate indicated that it had a molecular weight of 402
(M+). However, there was only one C�O absorption
(1680 cm−1) detected in its IR, and in the 13C NMR
(DMSO-d6) spectrum (192.76, 151.38, 136.9, 132.29,
129.98, 128.46, 127.92, 127.29, 122.86, 97.75, 87.93,
79.18, 66.36, 63.00, 56.05, 54.55, 50.31, 47.14, 44.69,
44.24, 41.36, 34.47, 28.08, 27.39, 23.36), there were only
nine sp2 carbon signals along with 16 sp3 carbons.
Compared to 4, the C6-imine carbon at 174 ppm had
disappeared, while a new quaternary carbon signal
showed up at 97 ppm which was absent in 4 (DEPT).
All this information suggested that this intermediate
was the hydroxyamine (8) rather than the ketone 7. The
1H NMR spectrum (DMSO-d6) 11.14 (br, 1 H, C9-
OH), 7.62–7.22 (m, 4 H, C11-H, C12-H, C13-H, C14-
H), 7.18 (d, 1 H, C6-H, J6,7=9.8 Hz), 6.05 (d, 1 H,
C7-H, J6,7=9.8 Hz), 4.18 (d, 1 H, C9a-H), 4.05–3.95 (t,
1 H, C15a-H), 3.90–3.20 (m, 4 H, C15-H, C2eq-H,
C2�-OH, N10-NH), 3.20–2.85 (m, 3 H, C16-H, C4-H,
C18�-H), 2.78 (dd, 1 H, C17�-H), 2.60 (s, 3 H, N-CH3),
2.40–2.00 (m, 4 H, C4b-H, C18a-H, C2ax-H, C1ax-H),
1.85 (d, 1 H, C1eq-H), 1.70 (dd, 1 H, C17�-H, J17�,17�=
14.5 Hz, J17�,15�=7 Hz) also supported the structure 8.
Incubation of the crystals of 8 for X-ray crystallogra-
phy analysis was unsuccessful.

At this point, we are not certain whether 8 was formed
through 7 or a secondary pathway (Scheme 3), which
involves the initial formation of the hydroxyamine 8
followed by annulation of the 6,14-endo-ethenylene
moiety of intermediate 7 with the A ring aromatic
carbons. Since the 7�-aminophenyl nitrogen of 2 is a
relatively strong nucleophile, the nucleophilic attack
might be concerted with the migration of the carbon
cation to form 8.6 Final dehydration of 8 would give
compound 4.

Since the imine formation (from 7 to 4) needs to go
through intermediate 8 and in the reaction medium
(acidic) most of the amine would be protonated and
thus diminish its nucleophilicity, we prefer the former
pathway in which formation of the ketone 7 precedes 8.

In summary, a new rearrangement product, 3-methyl-
l,2,3,4,4a,4b,9a,15,15a,15b-decahydro-(4,5);(4a,15)-

dimethanotricyclo(4,3,1,02,7)deca[8,9,1,10-a,b,c]pyrido[4,
3-a]-acridin-6-en-9-ol-8-one (4), has been isolated from
the acid-catalyzed O-demethylation of 7�-o-
aminophenyl-6,14-endo-ethenotetrahydrothebaine. In
addition, the possible mechanism for its formation
involving an initial opening of the bridged dihydro-
furan of 2 followed by a novel annulation of the
6,14-endo-ethenylene moiety of the intermediate 6 with
the A ring aromatic carbons is discussed.
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desired product were collected. After evaporation of the
solvent under reduced pressure, the residue was recrystal-
lized from ethanol to give 0.8 g (18%) 4 as a colorless
crystal: mp 242–245°C (dec.) IR cm−1: 3440 (� OH), 1660
(� C�O), 1630 (� N�C); MS 384 (M+); 700 mg of 4 was
converted to its hydrochloride salt by bubbling HCl gas
into a solution of 4 in ethanol/ether. mp 306–310°C (dec.);

Anal. (C, H, N). C25H24N2O2·2HCl·0.5H2O. A similar
process and work-up of the reaction after 15 h afforded
150 mg (3%) of 8 as a gummy residue which was converted
to its hydrochloride salt by bubbling HCl gas into a
solution of 8 in ethanol/ether; mp 316–324°C (dec.); Anal.
(C, H, N), C25H26N2O3·2HCl·0.5H2O; IR 3400 (br, � OH)
1680 (� C�O); MS 402 (M+).
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