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It is known that Nornarwedine-type molecules can be converted into crinine-type compounds by areverse
Michael- / Michael addition. Narwedine and bromonarwedine yield, as confirmed by X-ray structure deter-
mination, the known seco-powellaminone as well as the novel seco-isopowellaminone.

J. Heterocyclic Chem, 39, 1265(2002).

Introduction.

In continuation of our current interest in the chemistry of
gdanthamine, a natural product now produced in ton-quan-
tities [1] and approved for the treatment of the symptoms of
Alzheimer's type senile dementia (galantamine, Reminyl®)
[2] we have further investigated [3] the chemistry of
nornarwedine and found that it converts readily to crinan-
type compounds and to a novel ring system as well. Many
crinan derivatives like (+)- [4,5] or (-)-crinine[6,7] ((+)-1;
(-)-1), oxocrinine (2) [8], powelline (3) [9,10], powellamine
(4) [11], and maritidine (5) [12] are known, either by isola
tion from natural products or by total synthesis.

Results and Discussion.

Nornarwedine has been described as an intermediate in
the biosynthesis of galanthamine[14]but no synthesis was
reported so far. We applied an optimized demethylation
protocol [15] to narwedine by treating the narwedine-N-
oxide prepared in-situ with FeSO,47H,0.

Samples of nornarwedines (9; 10) are stable at room
temperature as solid or at 50 °C in acidic buffer (trifluo-
roacetic acid, pH=2.3). However, heating 9 or 10 under
basic conditions (phosphate buffer pH = 7.7 or pH = 10.0)
leads to a mixture of starting material and 10,11-seco-
isopowellamin-3-ones (12; 14), as shown in Scheme 2.

Scheme 1

(+)-crinine, (+)-1

crinan

powelline, 3

These compounds have the common characteristic of a
trans-fusion between the isoquinoline and the cyclohexene
substructure. The only known compound with a cis-fusion
is 6 [13]. Aswill be shown below we found a surprisingly
simple method to obtain such cis-fused systems from
nornarwedine.
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When nornarwedine (9) or 8-bromonornarwedine (10)
were refluxed in ethanol in presence of CaCl, a remark-
able difference between 9 and 10 was observed: While 10
is converted almost instantly to 14 as reported previously
[3], 9 under the same conditions yields a mixture of 11 and
12. This observation prompted us, to extend the reaction
time also with 10 and to trace the reaction products by
HPLC analysis. Indeed, 13 could be isolated after 1 week
(Figures 1 and 2).

Additionally, when 11 (or 13) was subjected to the same
conditions, 9 and 12, (or 10 and 14) could not be detected.
Thisfact can be explained by a more favourable conforma-
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Scheme 2
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Figure 1. Reaction of 9to 11 and 12.

tion for the reverse Michael reaction in 12 or 14 over 11 or
13 and the need for amildly acidic catalyst (CaCl,).

The structures of the four isomeric seco-powellaminones
11, 12, 13, and 14 were established by single crystal X-ray
diffraction. Views of the molecular structures with crystallo-
graphic atom designations of the four compounds are shown
in Figures 3 and 4. Details on the structure determinations
with selected geometric data are given in the experimental
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Figure 2. Reaction of 10 to 13 and 14.

section. All four compounds were found to be racemic and
thus crystallising in non-chiral space groups despite being
derived from (-)-narwedine as the starting material. The
depicted molecules (11, 12, 13, and 14) correspond in config-
uration with the structural formulas of Scheme 1. With
respect to the isoquinoline-cyclohexane fusion they are enan-
tiomers of the powelline (3) and powellamine (4) skeletons
shown in Scheme 1. Disregarding absolute configurations,



Nov-Dec 2002

the basic molecular structure features of 11 and 13 fit well
into the pattern of related compounds that were crystallo-
graphically studied [16] and which were al of naturd origin
(or derivatives thereof), enantiopure, and therefore crys-
tallised in chiral space groups (predominantly space group
P2,2,2,). The structural differences between the seco-
powellaminone type molecules 11 and 13 (type P), and the
novel seco-isopowellaminone type molecules 12 and 14
(typel P) are astonishingly smdl as may be seen from Figures
3 and 4: For P and | P the three-ring systems comprised of the
hydro-isoquinoline and the annulated 5 ring are practically
identica in all conformational aspects. The only differences
stems from the isomerism in the link of C14 with C15 (crys-
tallographic atom designations), which is approximately par-
alld to the phenyl ring for P, and approximately perpendicu-
lar to the phenyl ring for |1 P. This means that the handedness
of the chiral C15 isinverted on stepping from P to IP. The
cyclohexenone ring (C10-C15, O3) retains for both configu-
rations its half-chair form with C15 bent off from the plane
formed by C10-C11=C12-C13(=03)-C14 by about 0.6 A,
but for P it is bent up whereasfor | P it is bent down.

11 = Seco-powellaminone-type
(typeP)
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Conclusion.

To summarize, we have shown that powellaminone type
molecules and the novel isopowellaminoe type molecules
can be readily accessed by conversion of narwedine type
molecules via areverse Michael-/Michael addition.

EXPERIMENTAL

Gerneral.

Meélting Points were measured on a Kofler melting point appa
ratus. 1H and 13C-spectra were recorded on a Bruker AC-200
(200 MHz) pulse Fourier-transform NMR spectrometer in CDCl 3
or DMSO-dg (containing 10% TFA-d,) using tetramethylsilane
as an internal standard. Thin layer chromatography (TLC) was
performed on precoated plates (Merck TLC auminium sheetssil-
ica 60 Fys,4) with detection by UV-light or with phosphomolybdic
acid in EtOH by heating. All reactions were stirred under an
argon atmosphere. MPLC (medium pressure liquid chromatogra-
phy) was performed using SiO, (Baker), a LC-8A pump
(Shimadzu), a SPD-6AV UV -detector (Shimadzu) and Biichi
glass columns. HPL C was performed using a Phenomenex

12 = Seco-isopowellaminone-type
(typeIP)

Figure 3. Comparison of the molecular structures of 11 and 12 in solid state.

13 = Seco-powellaminone-type
(type P)

Figure 4. Comparison of the molecular structures of 13 (as 13*HCl+H,0, for clearity HCl and H,0 omitted) and 14 in solid state.

14 = Seco-isopowellaminone-type
(type IP)



1268

Synergi Polar-RP 4u (4.6 x 150 mm) column, a 600-MS pump
(Waters), a 712 WISP autosampler (Waters) and a 996 photodi-
ode array detector (Waters).

(4aR*,8aR*)-1-Bromo-4a,5,9,10,11,12-hexahydro-3-methoxy-
6H-benzofuro[ 3a,3,2-ef][ 2] benzazepin-6-one, Bromnorn-
arwedine (10) was prepared as previously described [3].

(4aS*,8aS*)-4a,5,9,10,11,12-Hexahydro-3-methoxy-6H-benzo-
furo[ 3a,3,2-€f][ 2] benzazepin-6-one (-)-Nornarwedine (9).

To asolution of (-)-narwedine, 7 (5.00 g, 17.5 mmol) in CH,Cl,
(50 mL) m-CPBA (peroxide content 75% by titration, 3.18 g, 18.4
mmol) was added and the clear solution stirred 1.5 h at ambient
temperature. At this stage the conversion to the N-oxide is quanti-
tative as determined by HPLC. Then a solution of FeSO4+7H,0
(2.44 g, 8.76 mmol) in MeOH (20 mL) was added. The mixture
was stirred for 20 min., treated with Na,HPO4+12H,0 (4.00 g,
11.2 mmol) in water (20 mL) and stirred for 5 min. The precipitate
was collected by filtration, washed with CH,Cl, (2 x 40 mL). The
biphasic mixture was adjusted to pH > 8.5 with conc. ammonia,
separated and the agueous phase was extracted with CH,Cl, (2 x
50 mL). The combined organic layers were washed with 0.25 N
NaOH (1 x 50 mL), and brine (1 x 50 mL), dried (Na,SO,) and
filtered. After concentration in vacuothe residue was dissolved in
MeOH (30 mL) and treated with a solution of oxalic acid dihy-
drate (3.31 g, 26.3 mmol) in MeOH (30 mL). The precipitate of
9+C,H,0, was collected by filtration and washed with MeOH (2 x
10 mL). Yield: colorless crystals, 3.25 g (51%), mp. 200 — 203 °C
(decomp.). Treatment of 9+C,H,O,4 with ammonia and extractive
workup yielded the free base: colorless crystals, 2.38 g (50%),
mp. 168 — 170 °C; IH NMR (CDCly): d 6.91 (dd, J= 10.4 Hz, 1.9
Hz, 1H), 6.73-6. 56 (M, 2H), 6.00 (d, J = 10.4 Hz, 1H), 4.75-4.66
(m, 1H), 3.99 (s, 2H), 3.80 (s, 3H), 3.42 (dt, J = 14.7 Hz, 3.5 Hz,
1H), 3.21-3.08 (m, 1H), 2.72 (dd, J = 17.8 Hz, 3.7 Hz, 1H), 2.19-
1.80 (m, 4H); 13C NMR (CDClj): d 194.3 (s), 144.6 (d), 143.8
(9), 133.3(s), 130.6 (s), 127.7 (s), 127.0 (d), 120.6 (d), 111.7 (d),
87.8 (d), 56.0 (q), 53.9 (1), 49.5 (s), 47.3 (t), 39.7 (1), 37.2 (1).

Anal. Calcd for C;6H17NO3: C, 70.83; H, 6.32; N, 5.16.
Found: C, 70.62; H, 6.42; N, 4.99.

rel-(4aS5R,10bR)-4,4a-Dihydro-10-hydroxy-9-methoxy-3H,6H-
5,10b-ethanophenanthridin-3-one, = rel-(4aS,5R,10bR)-10,11-
Seco-powellamin-3-one (11) and rel-(4aR,5R,10bR)-4,4a-
Dihydro-10-hydroxy-9-methoxy-3H,6H-5,10b-ethanophenan-
thridin-3-one, = rel-(4aR,5R,10bR)-10,11-Seco-isopowel lamin-
3-one (12).

Compound 9 (1.30 g, 4.79 mmol) and CaCl, (0.80 g, 7.19
mmol) in 70 % ethanol (50 mL) were stirred under reflux for 160
h and the reaction progress followed by HPLC (Figures 1 and 2).
The mixture was concentrated in vacuo, and the residue was par-
titioned between 2 N HCI (50 mL) and EtOAc (50 mL). The
agueous layer was basified with conc. ammonia and extracted
with CH,Cl, (3 x 50 mL). The combined organic layers were
washed with brine (1 x 50 mL), dried (Na,SO,) and filtered.
After concentration in vacuo, the residue was purified by flash
chromatography (SiO,, CHCl5:MeOH:NH3 = 95:4:1). Yield: 1L
colorless crystals 0.75 g (58%), mp 200-203 °C, 1H NMR
(CDCly): d 8.72(d, J = 10.6 Hz, 1H), 6.63 (d, J = 8.0 Hz, 1H),
6.40 (d, J = 8.0 Hz, 1H), 5.87 (d, J= 10.6 Hz, 1H), 4.31 (d, J =
16.7 Hz, 1H), 3.76 (s, 3H), 3.64 (d, J = 16.7 Hz, 1H), 3.55-3.39
(m, 1H), 2.92-2.73 (m, 1H), 2.71-2.25 (m, 3H), 2.22-2.01 (m,
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1H); 18C NMR (CDCl3): d 197.9 (s), 152.6 (d), 145.2 (s), 142.4
(9), 127.8 (d), 127.7 (s), 126.5 (s), 117.3 (d), 109.2 (d), 69.2 (d),
61.0 (t), 56.0 (q), 53.6 (t), 45.8 (s), 42.9 (1), 40.2 (t).

Anal. Caled for CigH17NO50.25H,0: C, 69.67; H, 6.39; N,
5.08. Found: C, 69.63; H, 6.56; N, 4.89.

Compound 12 was obtained as colorless crystals 0.12 g (9.3 %
yield), mp 196-199 °C; IH NMR (CDCly3): d 7.93 (d, J = 9.8 Hz,
1H), 6.69 (d, J = 8.1 Hz, 1H), 6.49 (d, J= 8.1 Hz, 1H),5.93(d, J
=9.80 Hz, 1H), 4.21 (d, J = 17.3 Hz, 1H), 3.81 (s, 3H), 3.66 (d, J
=17.3 Hz, 1H), 3.42 (dt, J = 11.4 Hz, 3.1 Hz, 1H), 3.15 (dd, J =
14.0 Hz, 4.1 Hz, 1H), 2.98-2.71 (m, 1H), 2.69-2.21 (m, 3H),
2.06-1.83 (m, 1H); 13C NMR (CDCl3): d 198.7 (s), 155.0 (d),
146.0 (s), 143.0 (s), 127.6 (d), 126.3 (s), 124.7 (s), 116.6 (d),
109.4 (d), 64.9 (d), 56.0 (q), 54.4 (t), 53.3 (t), 43.6 (), 40.1 (t),
38.5 (t).

Anal. Calcd for C16H17NO3-0.33H202 C, 69.31; H, 6.42; N,
5.05. Found: C, 69.02; H, 6.26; N, 4.97.

rel-(4aS,5R,10bR)-1-Bromo-4,4a-dihydro-10-hydroxy-9-
methoxy-3H,6H-5,10b-ethanophenanthridin-3-one, = rel-
(4aS5R,10bR)-1-Bromo-10,11-seco-powel lamin-3-one (13) and
rel-(4aR,5R,10bR)-1-Bromo-4,4a-dihydro-10-hydroxy-9-
methoxy-3H,6H-5,10b-ethanophenanthridin-3-one, = rel-
(4aR 5R,10bR)-1-Bromo-10,11-seco-isopowel lamin-3-one (14).

Compound 10 (2.66 g, 7.60 mmol) and CaCl, (1.26 g, 11.4
mmol) in 70 % ethanol (100 mL) were stirred under reflux for
170 h. The mixture was concentrated in vacuo, and the residue
was partitioned between 2 N HCI (100 mL) and EtOAc (100 mL).
The aqueous layer was basified with conc. ammonia and
extracted with CH,Cl, (3 x 100 mL). The combined organic lay-
ers were washed with brine (1 x 50 mL), dried (Na,S0O,) and fil-
tered. After concentration in vacuo, the residue was purified by
flash chromatography (SiO,, CHCI3:MeOH:NH3 = 95:4:1).
Yield: 13: colorless crystals, 0.74 g, (28%), mp 241 —244 °C, 1H
NMR (DM SO-dg+10% TFA-d;): d 8.65 (d, J = 10.5 Hz, 1H),
8.00 (s, 1H), 6.01 (d,J = 10.5 Hz, 1H), 4.64 (d, J = 15.5 Hz, 1H),
4.39-4.31(m, 1H), 4.26 (d, J = 15.5 Hz, 1H), 4.21 — 4.08 (m, 1H),
3.83 (s, 3H), 3.56 — 3.34 (m, 1H), 2.98 — 2.79 (m, 2H), 2.65 —
2.42 (m, 2H); 13C NMR (DM SO-dg+10% TFA-dy): d 192.7 (9),
148.5 (s), 147.4 (d), 143.7 (s), 129.1 (d), 126.7 (s), 118.4 (s),
115.0 (d), 111.0 (s), 67.0 (d), 58.9 (t), 56.5 (q), 52.9 (t), 46.5 (s),
39.3(t), 36.5 (t).

Anal. Calcd for CigH1gNO3Bre0.33 H,0: C, 53.95; H, 4.72;
N, 3.93. Found: C, 54.01; H, 4.61; N, 3.85. For X-ray work 13
was transformed to the hydrochloride and crystallized from water
as 13+HCl+H,0.

Compouind 14 was obtained as colorless crystals, 0.60 g (23%
yield), mp 219 — 224 °C, Identical 1H and 13C NMR as previ-
ously reported [3].

Anal. Calcd for C16H16N03Br’0.33 Hzo: C, 53.95; H, 4.72;
N, 3.93. Found: C, 53.98; H, 4.53; N, 3.78.

X-Ray Structure Determinations of 11, 12, 13, and 14.
General.

X-ray datawere collected with a Bruker AXS Smart CCD area
detector diffractometer, graphite monochromatized Mo Ka radia-
tion, M(Mo-Ka) = 0.71073 A, and aBruker AXS Kryoflex cooling
unit. Data reductions including corrections for absorption were car-
ried out with Bruker AXS programs [17]. The structures were
solved with direct methods using program SHEL X S97 and were
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refined on F2 using program SHEL XL 97 [18] using anisotropic
temperature factors for non-hydrogen atoms. Most hydrogen atoms
mainly inserted in idealized positions and resided with the atomsto
which they were bonded. Crucial hydrogen atoms (OH, H,O, NH)
were refined in x,y,z Views of the four molecular structures with
crystallographic atom designations are shown in Figures 3 and 4.

Crystal Dataof 11.

C16H17NO3, M, = 498.38, colorless plate of 0.76 x 0.24 x 0.06
mm obtained from methanol/water by solvent evaporation, mono-
clinic, space group P24/c (no. 14), a = 11.539(2) A, b=17.100(3)
A,c=14.971(3) A,p = 104.46(1)°,V = 2860.5(9) A3,Z=8,D, =
1.260 Mg/m-3, u = 0.087 mm-1, T = 297(2) K. 25029 reflections
with 6 < 25° were measured and merged to 5023 unique reflec-
tions, Ry = 0.034. Final refinement: 388 parameters, R1 = S||F|-
[Fll/S|F| = 0.082, wR2 = [S(W(F2-F:2)2)/S(W(F ;2)2)] Y2 = 0.126,
and S= 1.01 for al reflections; R1 = 0.044 for the 3188 observed
data[1>20(1)] [19]. The crystal structure contains two crystallo-
graphically independent molecules of very similar geometry.
There is some solvent in the lattice, namely about 1/, H,O or 1/,
CH30H per formula unit, which has been omitted, however, in
chemical formulaand derived quantities. Selected bond distances
and angles are (in A and ° for first/second molecule, e.s.d.'s
~0.003 A and ~0.2°): 01-C2 1.361/1.355, 02-C3 1.381/1.381,
02-C16 1.406/1.412, O3-C13 1.224/1.218, N-C7 1.470/1.469, N-
C8 1.488/1.495, N-C15 1.464/1.468, C1-C2 1.397/1.402, C1-C6
1.401/1.408, C1-C10 1.538/1.533, C2-C3 1.391/1.396, C3-C4
1.369/1.368, C4-C5 1.382/1.386, C5-C6 1.380/1.382, C6-C7
1.515/1.509, C8-C9 1.548/1.544, C9-C10 1.540/1.547, C10-C11
1.495/1.513, C10-C15 1.542/1.539, C11-C12 1.328/1.327, C12-
C13 1.451/1.459, C13-C14 1.495/1.489, C14-C15 1.522/1.523,
C7-N-C15-C14 161.1/159.5, C1-C10-C11-C12 145.6/145.1, C11-
C10-C15-C14 -48.3/-46.5.

Crystal Data of 12.

C16H17NO3, M, = 498.38, colorless block of 0.35x 0.33 x 0.20
mm obtained from DMF by solvent evaporation, orthorhombic,
space group Pna2; (no. 33), a=13.012(4) A, b =11.480(4) A, ¢
=8.994(3) A, vV =13435(8) A3, z=4, D,= 1341 Mg/m3, u =
0.093 mm-1, T = 297(2) K. 17408 reflections with 6 < 30° were
measured and merged to 3834 unique reflections, Ry = 0.029.
Fina refinement: 185 parameters, R1 = 0.051, wR2 = 0.098, and
S=1.02for al reflections, R1 = 0.037 for the 3146 observed data
[1>20(1)] [13]. Selected bond distances and angles (A, °; e.sd.'s
~0.002 A and ~0.2°): 01-C2 1.351, 02-C3 1.371, 02-C16 1.427,
03-C13 1.217, C1-C2 1.397, C1-C6 1.410, C1-C10 1.536, C2-
C31.411, C3-C4 1.379, C4-C5 1.391, C5-C6 1.375, C6-C7
1.516, C7-N 1.471, N-C15 1.470, N-C8 1.506, C8-C9 1.554, C9-
C10 1.541, C10-C11 1.506, C10-C15 1.537, C11-C12 1.338,
C12-C13 1.468, C13-C14 1.518, C14-C15 1.513, C7-N-C15-
C14 51.4, C1-C10-C11-C12 96.1, C11-C10-C15-C14 57.4;
hydrogen bond O1® N 2.671.

Crystal Data of 13 in the Form of its Hydrochl oride M onohydrate
13+HCl+H,0.

C1gH19BrCINO, = C1gH1BrNO3-HCI-H,0, M, = 404.68, col-
orless plate of 0.30 x 0.20 x 0.05 mm obtained from 13, HCI, and
water by slow evaporation, monoclinic, space group P2;/c (no.
14), a=7.262(1) A, b =21.289(3) A, c =10.845(2) A, p =
95.224(3) °, V = 1669.7(5) A3, Z = 4, D, = 1.610 Mg/m3, u =
2.64 mm-1, T = 153(2) K. 18063 reflections with 6 < 30° were
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measured and merged to 4784 unique reflections, R;x = 0.046.
Fina refinement: 217 parameters, R1 = 0.075, wR2 = 0.103, and
S=1.03for all reflections; R1 = 0.042 for the 3383 observed data
[1>20(1)] [13]. Selected bond distances and angles are (A, °;
e.s.d.'s~0.004 A and ~0.3°): Br-C5 1.907, O1-C2 1.362, 02-C3
1.363, 02-C16 1.434, 03-C13 1.225, N-C7 1.491, N-C8 1.521,
N-C15 1.500, C1-C2 1.397, C1-C6 1.422, C1-C10 1.546, C2-C3
1.412, C3-C4 1.381, C4-C5 1.381, C5-C6 1.393, C6-C7 1.508,
C8-C9 1.539, C9-C10 1.550, C10-C11 1.516, C10-C15 1.537,
C11-C12 1.335, C12-C13 1.475, C13-C14 1.505, C14-C15
1.524; C7-N-C15-C14 156.3, C1-C10-C11-C12 146.0, C11-C10-
C15-C14 -48.5; hydrogen-bonds: O1® O4w 2.650, N® Cl 3.033,
O4w® Cl 3.245, O4w® O3 2.892.

Crystal Data of 14.

C16H16BrNO3, M, = 498.38, colorless plate of 0.80 x 0.30 x
0.06 mm obtained from ethylene glycol by slow evaporation,
monoclinic, space group P2;/n (no. 14), a =8.998(1) A, b =
14.235(2) A, ¢ = 11.751(2) A, p = 93.241(3)°, V = 1502.7(4)
A3,Z =4, D, =1548 Mg/m3, u =2.75 mm-L, T = 173(2) K.
8476 reflections with 6 < 30° were measured and merged to
3836 unique reflections, Ry, = 0.035. Final refinement: 235
parameters, R1 = 0.065, wR2 = 0.110, and S = 1.12 for all
reflections; R1 = 0.046 for the 2998 observed data [|>20(1)]
[13]. The structure is disordered and has the atoms N, C8, C9,
C11-C15, and O3 in complementary positions at both sides of
the phenyl ring plane in aratio of 76/24%. Selected bond dis-
tances and angles for the major part are (A, °; e.s.d.'s ~0.005 A
and ~0.6°): Br-C5 1.908, O1-C2 1.350, 02-C3 1.364, 02-C16
1.424, C1-C2 1.391, C1-C6 1.413, C1-C10 1.562, C2-C3 1.403,
C3-C4 1.387, C4-C5 1.388, C5-C6 1.373, C6-C7 1.509, N-C7
1.478, N-C15 1.464, N-C8 1.498, C8-C9 1.565, C9-C10 1.570,
C10-C11 1.483, C10-C15 1.513, C11-C12 1.338, C12-C13
1.457, C13-03 1.241, C13-C14 1.508, C14-C15 1.508; C7-N-
C15-C14 51.4, C1-C10-C11-C12 101.1, C11-C10-C15-C14
57.5; hydrogen bond O1® N 2.619.
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