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Abstract - A short route to the 2Z-azabicyclo[3.3.1] nonan-7-one

system

is described. Condensation of 4-piperidones with di-

ethyl 2-oxopropylphosphonate, followed by catalytic hydrogena-

tion furnished the corresponding piperidylpropanones §

which

were cyclized with mercuric acetate in acetic acid to the tar-

get bicyclic ketones

The Fischer indole_synthesis from ]

afforded regioselectively the indolo ﬁ,z-ﬂ]morphan 2, a new

heteromorphan type.

In the synthesis of indole alkaloids,
the use of bridged azacyclic ketoderi-
vatives in order to elaborate the in-
dole nucleus in the last synthetic
steps has been limited.3 Functionali-
zed Z-azabicyclo[S.S.1]nonanes possess
synthetic interest in this context
since the Z-azabicyclo[:3.3.1]nonane4
(morphan) moiety is present in Staych-
nos alkaloids. Furthermore, they can
be utilized as intermediates in the
synthesis of polycyclic systems rela-
ted to morphine, such as heteromor-
phans.5 The latter compounds come from
isosteric substitution of the benzene
ring in 6,7-benzomorphans6 by an hete-
roaromatic system, and they are inte-
resting because of their potential
pharmacological activity as analge-

sics.

1

7 1]

1a 2

This paper describes a successful
synthetic route to the 2-azabicyclo
[3.3.1]nonan-7-one system ] and the
synthesis of the indolo[3,2-6]morphan
%, a new heteromorphan type.

Heteromorphan synthesis generally
involves the acid-induced cyclization
of a 2-(heteroarylmethyl)tetrahydropy-
ridine8 (Grewe”s method). Nevertheless,
this procedure is not applicable to
heterocyclic systems sensitive to the
strong acid medium required in the cy-
clization step. This is the case of
2-(fury1methy1)-9 and 2-(2-indolylme-
thyl)tetrahydropyridines10 which would
lead to furo- and indolo[S,Z-ﬂ]mor—
phans, respectively.

In order to overcome these limita-
tions, we have recently developed5 a
new methodology for the synthesis of
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heteromorphans consisting in the ela-

boration of the heterocyclic ring in
the last stage of the synthesis from

a conveniently functionalized 2-azabi-
cyclo[}.3.1]nonane. By this procedure
we have prepared pyrazolo[3,4—5]-, Py -
rido[Z,K—é]—, and indolo[Z,S-é]mor-

phans™ from a single 6-functionalized

Z-azabicyclo[S.S.1]nonane.11

According
to the same planning we describe here
the first synthesis of an indolo[S,Z-
5]morphan system.

The azabicyclononanones | were ob-
tained by oxidative cyclization of an
appropriate 1-(1-alkyl-4-piperidyl)-
Z-propanone, - This ring closure im-
plies the formation of the C1—C8 bond
in the last synthetic step1 by intra-
molecular cyclization between an imi-
nium salt, generated by mercuric ace-
tate oxidation, and the o-position of
a ketone carbonyl group.13

We have obtained 4-piperidylpropano-
nes 6 in good yields by Wadsworth-Em-
mons condensation1 between the appro-
priate N-alkyl-4-piperidone and diethyl
15,16 followed
by catalytic hydrogenation of the re-

2-oxopropylphosphonate,

sulting mixture of enones 4 and 5. The

17 was determined from

ratio of isomers
the integrated intensity of the sig-

nals due to the vinylic protons in the
NMR spectra, at 85.9 (W=3Hz) for QQ,Q

and at &5.4 (W=7Hz) for é%,k. The par-

Q’_/

CH2COCH;,

a.R =CH3
b, R=CH2ch5

tial isomerization of the initially
formed o,g-unsaturated ketones i to
tetrahydropyridines 5 under the basic
reaction conditions is a process simi-
lar to the one previously observed in
related condensations.18 Alternatively,
Q% was obtained by quaternization of
4-pyridylpropanone Z with methyl iodide
followed by catalytic hydrogenation of
the resulting pyridinium salt. This
last procedure is less convenient sin-
ce preparation of ketone 7 by acylation
of 4-picoline with ethyl acetate in the
presence of lithium diisopropylamide
takes place in 1low yield.1

Treatment of ketones pa or ph with
mercuric acetate in refluxing aqueous
acetic acid led, respectively, to the
cyclized products Jla or lhb, as expec-
ted. In spite of the moderate yield
for the cyclization step, the synthe-
tic way that we have developed for Ja
and 1b seems to be better than those

prev1ou51y descrlbed20 21

(seven steps
from diethyl 3-oxoglutarate), because
of the simplicity of the method, the
low number of steps, and the satisfac-
tory overall yield.

Finally, the Fischer indole synthe-
sis from l% took place regioselective-
ly when working with ethanol saturated
with hydrogen chloride,22 to give the
desired indolo B,Z-é]morphan 2 in 62%
yield. On the contrary, when using
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acetic or formic acid as catalyst we
obtained complex reaction mixtures. The
formation of indolo[?,s—g]morphan 3 was
never detected.

The structural assignment of 2 was
Thus,
the angular

made from its spectroscopic data.
in the 1H NMR spectrum,
C,-H methine proton resonates at a
field higher than §3.4, as in 6,7-ben-
zomorphans and heterocaromatic analo-

gues.23

Instead, when the aromatic nu-
cleus is condensed with the g side
(C7—C8) of the morphan system, the me-
thine proton o to the aromatic ring
and to the piperidine nitrogen atom is
characterized by a downfield signal be-
low 63.4.24 Furthermore, the 13C NMR
chemical shifts of C-1 (820.56,t) and
C-6 (624.38,d) confirm clearly this
structure. Thus, the relatively low-
field value of the former is due to the
vy-effect of the N-methyl group,25 whe -
reas the chemical shift of the latter
is the one expected from 1,2,3,4-tetra-
hydrocarbazole data.26
The regioselective formation of indo-
lomorphan % can be interpreted by con-
sidering that the phenylhydrazone of
the unsymmetrically substituted keto-
ne la leads preferentially to the ene-
double
bond, which undergoes the rearraggement
7 Ho-

wever, this result could simply reflect

hydrazine tautomer with a C6-C7
process of the Fischer reaction.

the instability of the regioisomer in-
dolo[?,S-g]morphan 2 under the acidic
reaction conditions, as has been repor-
ted for deethyluleine.28
The preparation of the indolo[S,Z—ﬁ]
morphan 2 makes evident the synthetic

usefulness of functionalized 2-azabi-

s
N

Om

én,

3

Indolo [ 2,3 -fJmorphan

I-2Z

Indolo [ 2,3=g)morphan
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cyclo[3.3.1]nonanes and completes the
series of the four possible indolomor-
phans in which varies the mode of fu-

sion of the morphan carbocyclic ring

with the indole nucleus,2? 3!
The application of 2-azabicyclo[§.3.ﬂ

nonan-7-one systems to the synthesis

of Strychnos indole alkaloids is in

progress.

EXPERIMENTAL

Genenal., NMR spectra were recorded in
CDClz with TMS as internal standard
(PMR: Perkin-Elmer R-24B; CMR: Varian
XL-200). Chemical shifts ‘are reported
in ppm downfield (§) from TMS. IR spec-
tra were taken with a Perkin-Elmer 577
spectrophotometer, and only noteworthy
absorptions (reciprocal centimeters)
are listed. Melting points were deter-
mined with a Biichi capillary melting
point apparatus and are uncorrected.
Distillations were carried out on a
Fischer Spaltrohr MMS-152 microcolumn.
Aluminium Oxide 90 (Merck) was used for
column chromatography. Prior to concen-
tration, under reduced pressure, all
organic extracts were dried over anhy-
drous MgS04 powder. Mlcroanalyses were
performed by the Instituto de Quimica
Bio-Orgdnica, Barcelona.

1-(1-Methyl-4-pipernidylidene)-2-pro-
panone (4a). 1-Methyl-4-piperidone
(5.45 ml, 46 mmol) was added to a sti-
rred solutlon of diethyl Z2-oxopropyl-
phosphonatels (10 g, 50 mmol) and pota-
ssium hydroxide (2.88 g, 50 mmol) in
4:1 ethanol-water (37.5 ml) cooled at
5°C. The resulting mixture was stirred
at room temperature for 3 hr. Ethanol
was evaporated and the residue was ex-
tracted with ether. The ethereal ex-
tracts were evaporated to give a crude

and 5 m1xture After vacuum disti-
T%atlon 42-43°C/0.1 mm Hg), 5.6 g
(78% yleld) of a mixture of 4a and
were obtained. Although the a,B-unsatu-
rated ketone 4 partially isomerizes to
the B,y-unsaturated one R during its
purification by column chromatography,
a pure sample of 4a could be isolated
on elution with benzene; NMR 2.01 (s,

Ena EH:;

Z—I

Indolo[3.2-g)morphan

(Deethyldasycarpidone)

ref. 29

ref. 30 ref.31
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3H,COCH3), 2.11 (s,3H,NCHz), 1 9-2.6
(m, 6H) , 52765.3.00 (m, 2H,N He 5.95
(s, tH,C=CH); IR (NaCl) 1710 ?ketone)
The picrate melted at 138-139°C (etha-
nol).(Found: C, 47.36; H, 4.71; N,
14.33. Calcd.for CqgHqgNsOg: C, 47.12;
H, 4.78; N, 14.65).

1-Methyl-4-(2-0oxopropyl) pyridindum
Lodide (8). A solution of 1-(4-pyri-
dyl)-2-propanone (7)'® (2.33 g, 17.25
mmol) in 5 ml of anhydrous acetone was
added dropwise to a cooled (0°C) solu-
tion of methyl iodide (1.16 ml, 18.7
mmol) in 6 ml of anhydrous benzene.
The resulting mixture was stirred over-
night at room temperature. The preci-
pitate was filtered, dried, and crys-
tallized from anhydrous acetone to gi-
ve 3.15 g (66% yield) of % NMR 2.34
(s,3H,COCHz), 4.37 (s,2H,CHy), 4.54
(s,3H NCH3§ 7.99 (d, 2H HB pyr), 9.12
(d,2H,Hy-pyTr). (Found C, 38.72; H,
4.33; I, 45.91; N, 5.37. Calcd.for
CgH ZINO c, 38.98; H, 4.33; I, 45.84;
N, g 05).

1-{1-Methyl-4-pipernidyl)-2-propanone

(Qs)-

ethod A. A mixture of 4a and

(4.3 g, 28 mmol) in 100 mI of ethanol
was hydrogenated at room temperature
and atmospheric pressure over 10% pa-
1ladium on charcoal (215 mg). When the
absorption ceased, the catalyst was
filtered off and the filtrate was eva-
porated to give piperidylpropanone fa
(4.27 g, 98%). An analytical sample
was obtained by column chromatography
using benzene as eluent; NMR 1.0-2.4
(m,9H), 2.08 (s,3H,COCH3), 2. 20 (s,3H,
NCH=z), 2.60-2.95 (m 2H NCHe ); IR
(CH813) 1710 (ketone) The picrate mel-
ted at 166-167°C (ethanol). (Found:

C, 46.79; H, 5.22; N, 14.22. Calcd.for
CqgH N40Og: C, 46.87; H, 5.20; N,
14.5%9.

Method B. A solution of pyridinium
iodide (2.78 g, 10 mmol} in 40 ml of
methanol was hydrogenated at room tem-
perature and atmospheric pressure over
platinum oxide (278 mg). When the ab-
sorption ceased, the catalyst was fil-
tered off and the filtrate was evapo-
rated. The residue was dissolved in wa-
ter, basified with 4N sodium hydroxide,
and extracted with ether to give 1.48
g (96%) of amino ketone ba-

2-Methyt-2-azabicyclo[3.3.1]nonan-7-
one (i%). A mixture of (3 g, 19.35
mmol), yellow mercuric oxide (42 g,
193 mmol), and 40% acetic acid (185 ml)
was refluxed for 5 hr 30 min. The pre-
cipitate of mercurous acetate formed
during the reaction was filtered off
and washed with 40% acetic acid. The
combined filtrates were saturated with
hydrogen sulfide for 45 min. Mercuric
sulfide was removed by filtration
through "Hyflo Super-Cel" and washed
with 40% acetic acid. The resulting so-
lution was refluxed overnight. After
cooling, the reaction mixture was ba-
sified with 20% sodium hydroxide and
extracted with methylene chloride. Eva-
poration of the dried organic extracts
gave a reddish oil which, by vacuum
distillation, afforded morphan % (0.95
g, 32%) as a yellow oii, b.p. g—

110°C/0.1 mm Hg; !H{ NMR 1.4-3.0 (m,
11H) 2.30 (s,3H,NCHz), 3.05-3.35 (m,
1H,C1-H); IR (CHCl ) 1700 (ketone);
"c NMR 212.2 (s,C- 7) 55.88 (d4,C-1),
47.00 (t,C-6), 46.47 (t C-3), 43.10
(q,NCHz), 39.18 (t,C-8), 33.09 (t,C- 9),
31.12 (t,C-4), 28. 02 (d,C-5). The p1—
crate melted at 220-222°C dec. (Lit.?
224-226°C dec.). (Found: C, 47.08; H,
4.74; N, 14.37. Calcd.for C15H18N408:
Cc, 47.12; H, 4.71; N, 14.65)

1-(1-Benzyl-4-pipenidyl}-2-propanone
(6b) 1-Benzyl-4-piperidone (8 ml, 46
m%ol) was added to a stirred solutlon
of diethyl 2- oxopropylphosphonate1
(10 g, 50 mmol) and potassium hydroxi-
de (2.88 g, 50 mmol) in 4:1 ethanol-
water (37.5 ml) cooled at 5°C. The re-
sulting mixture was stirred at room
temperature for 2 hr. Ethanol was eva-
porated and the residue was extracted
with benzene. The organic extracts we-
re dried and evaporated to give a mix-
ture of ketones 4b and SR (10.4 g).
This mixture was dissolved in 150 ml
of ethanol and hydrogenated at room
temperature and atmospheric pressure
over 10% palladium on charcoal (520 mg).
When the absorption ceased, the cata-
lyst was filtered off and the filtrate
was evaporated to give piperidylpropa-
none fh (9.44 g, 90% overall yield);
NMR 1.0-2.4 (m,9H), 2.05 (s,3H,COCHz),
2.5-3.0 (m,2H,NCHgq), 3.40 (s,2H,CH2AT),
7.15 (s,5H,ArH); Iﬁ (CHC13) 1710 (ke-

tone). The picrate melted at 137-138°C
(ethanol). (Found: C, 54.69; H, 5.26;
N, 11.98. Calc.for CyqHysNgOg: C, 54.78

H, 5.21; N, 12.17).

?2-Benzyl-2-azabicyclo[3.3.1] nonan-7-
one (]R). A mixture of amine %g (4 g,
17.3 mmol), mercuric acetate 5.

173.1 mmol) and 5% acetic acid (200 ml)
was refluxed for 5 hr. After removal
of mercurial derivatives as above, the
resulting solution was refluxed over-
night. The oily residue obtained after
usual work-up was filtered through Alu-
minium Oxide (benzene as eluent) to gi-
ve morphan ]k (0.79 g, 20%). When the
reaction times were shortened (45 min
and 6 hr, respectively) the yield of
morphan ]b increases {(32.5%) but it is
accompanied by the starting piperidine
This mixture proved to be difficult
to separate by column chromatography or
by vacuum distillation; 'H NMR 1.4-3.0
(m,11H), 3.05-3.35 (m,m,c1 H), 3.50
(s,2H,CHyAT), 7.15 (s,5H,ATH); IR
(CHC1,;) 1690 (ketone); !'°C NMR 128.80
(d), 128.34 (d), 127.17 (s), 59.41 (t,
CH,Ar), 53.81 (d,C-1), 47.08 (t,C-6),
44782 (t,C-3), 40.02 (t,C-8), 32.82
(t,C-9), 30.94 (t,C-4), 28.58 (d4,C-5).
The picrate melted at 179-180°C (etha-
nol). (Found: C, 55.07; H, 4.80; N,
12.22. Calc.for C,1H N o] C, 55.02;
H, 4.80; N, 12.22 %1 227478 "

3-Methyt-1,2,3,4,5,6-hexahydro-2,6-
methanoazocino[4,5-b] indoLe (2). Phe-
nylhydrazine hydrochloride (930 mg,
6.49 mmol) and anhydrous sodium carbo-
nate (350 mg) were added to a stirred
solution of ketone (910 mg, 5.9
mmol) in 70 ml of absolute ethanol.
The resulting mixture was refluxed un-
der nitrogen for 8 hr. After cooling,
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the solvent was evaporated and the re-
sulting residue was diluted with water
and extracted with methylene chloride.
Drying and evaporation of the organic
extracts followed by distillation of
excess phenylhydrazine afforded 1.3 g
of the correspondlng phenylhydrazone.

A solution of this hydrazone in 10 ml
of absolute ethanol saturated with dry
hydrogen chloride was refluxed for 3 hr.
The resulting solution was cooled over-
night and evaporated. The residue was
dissolved in aqueous ammonia and ex-
tracted with ether. The ethereal ex-
tracts were dried and evaporated to gi—
ve 770 mg of (overall yield 58%).
sample recrystallized from anhydrous
ether melted at 156-157°C; *H NMR 1.55-
3.40 (m,10H), 2.38 (s,SH,NCH ), 6.8-
7.5 (m,4H,ATH), 7.88 (br s, 1& LNH); !
NMR 20.56 (t,C-1), 24.38 (d c-6), 30.16
(t,c-5), 33.24 (t,C-12), 43.11 (q,NCHy,
46.49 (t,C-4), 53.50 (d4,C-2), 110.54
(4,c- 10), 112.94 (s,C- 6a), 117,44 (d,
c-7), 119.12 (d,C-8), 120.86 (d,C-9),
126.33 (s,C-6b), 133.93 (s,C-11a),

135.96 (s,C-10a). (Found: C, 77. 81 H,
8.44; N, 11.32. Calcd.for C15H 1/3
C4Hyg0: C, 76.15; H, 8.56; N, 14. %5
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