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SYNTHESIS OF Z—AZABICYCLO[?.S.1]NONANES.
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All methods for the synthesis of 2-azabicyclo[3.3.1]no-
nanes paying special attention to those which lead to functiona-
lized systems are reviewed. This system, present in several alka
loids, 1s synthetically and theoretically interesting., The synthe
tic routes are classified according to the methed used for the fi

nal cyclization to the morphan system.
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1. Introduction.

2-AZABICYCLO[3.31]NONANE

The 2-azabicyc10[3.3.1]nonane system1 is present in many compounds, both

natural and synthetic ones. This grouping occurs in morphinez, the main opium alka-
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loid, as well as in a great number of heterogeneous indele alkaloidss, such as the

sfrychnos alkaloids {strychnine, tubifoline, condyfoline), the picralime alkaloids
(akuammine, akuammicine), the aspidospermum alkaleids (uleine, dasycarpidene),and
the geissospermum alkaloids (geissoschizoline); it is also present in some calabash

curare alkaloids as fluorocurarine.
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Among the synthetic molecules containing the Z-azahicyclo[3.3.1]nonane nu
cleus, morphinans4 (e.g. levorphanol) and 6,7-benzomorphans4’5 (e.g. pentazocine)
are specially interesting since they are strong synthetic analgesics. Heteromor-
phansﬁ, bioisosters of 6,7-benzomorphans, in which the benzene ring is substituted

by an heteroaromatic ring are also included. In the last years, some thieno-ﬁ"g,

0 oyrido-1113 indore- 4018, 16

benza[b]thieno—‘I furo- ', and pyrrolomorphans17 have
been described.

Other compounds including the Z—azabicyclo[3.3.1]nonane system are the
structurally interesting 2-azaadamantan618, some cyclohex[j](and[d]) indolo[Z,S-f]

morphans19-21,

of interest in biogenetic type syntheses of indole analogues of mer
phine alkaleids, and scome methanobenzofuro[3,2-d]azocines prepared as transforma-
tion products of thebaine22

The systems of 2—azabicyclo[3.3.1]nonane, especially the functionalized

ones, are of great interest for the study of some structure-reactivity relationships

and for being intermediates in the synthesis of more complex structures,
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In the field of structural chemistry, 2-azabicyc10[3.3.1]nonanes allow to

extend the studies, now in rapid developing, which are carried out with their car-

23’24. Thus, through these type of bridged

26

bocyclic analogues, bicyc10[5.3.1]nonanes

25

systems, the reach of the Bredt”s rule was studied, the bicyc10[3.3.1]non-1-ene

s . 2 . : A
and its corresponding 2-aza analogue 7 were synthesized and their unusual reactivi

26,27 28,29

ty was examined The conformational analysis and the stability of nonenog

30

lizable 1,3-dicarbonyl derivatives of these systems are further aspects of their

structural interest.

In the field of organic synthesis, functionalized Z-azabicyclo[3.3.1]nong
nes have been used as intermediates in the preparation of model structures related
to natural products, especially of indecle alkaloids31, and as precursors of complex

32. They have also been used as intermediates in the preparaticn

12,33

poelycyclic systems
of potentially active systems from the pharmacolegical standpoint In this as
pect some Z-azabicyclo[ﬁ.S.1]nonane5 are themselves interesting, just as it happens
with S—phenylmorphan534, strong analgesics. Moreover, the study of the structure-
activity relationships in synthetic analgesics has been enlarged through themss.

In this review on the synthesis of Z-azabicyclo[S.S.1]n0nanes we are not
going to take into account those approaches which lead to systems in which this grou

ping is part of a more complex polycyclic structure.

2. First syntheses: cyclization by lactamization.

In 1947 Barltrop36 reported the first reference about Z-azabicyc10[3.3.1]
nonanes, in the context of the syntheésis of cyclic ring systems ocurring in the mor
phine molecule. It describes an approach to this system by alkylation of ethyl 2-
oxocyclohexanecarboxylate with Z-chloroethyldiethylamine and further cyclization
through the 6-bromo derivative, to give the ammonium salt 1 in a yield lower than

1%.

Et Et
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1
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The preparation of 2-azabicyc10[2.2.2]octane by copper chromite37 reduc-
tion of the lactam of cis-4-aminocyclohexanecarboxylic acid suggested to Cronynsg
that the unsubstituted 2-azabicyclo[3.3.1]nonane (5) could be similarly synthesized
by lactamization of cis-3-aminocyclohexaneacetic acid (2, R=H) or of that of its co

rresponding ester (2, R=Et) and subsequent reduction of the resulting lactam 4.

NHy

CO4R

The synthesis was achieved from ethyl m-nitro-0-benzoylmandelate (3) using
different procedures. The best one was the direct hydrogenation over Raney nickel
in tert-butanol at 200°C, since in these conditions cyclization occurs and the lac-

tam 4 was obtained in 35% of overall yield. Finmally, the lactam 4 was hydrogenated

to 2-azabicyc10[§.3.1]n0nane (5) over copper chromite in tert-butancl (46% yield).

0COCeHs
CHO
CH—COqEt
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2EtOH / H* tBuOH
NO2 NG, 200
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N |
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A parallel synthesis of Ginsburg39 introduced some variations in the expe-
rimental aspect. Thus, reduction of ethyl m-nitrophenylacetate in glacial acetic a-
cid using Adam”s catalyst gave the amincester 2 {R=Et) in good yield, and subsequent
lactamization by heating at 150°C afforded 4 in 84% yield. Final reduction to the
morphan system 5 was carried out with lithium aluminum hydride. Later on, an analo-

gous synthesis of 4 from m-nitrophenylacetic acid has been described’?> 40,

N-Methy-
lation with sodium hydride and methyl iodide gave 2-methy1-2—azabicyclo[3.3.1]n0nan-
3-one, and this lactam was reduced to the N-methylmorphan 6 with lithium aluminum

hydride35’40.
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In a study of Z-azabicyclo[3.3.1]non-1—ene systems as reaction intermedia
tes with a bridgehead double bond a new synthesis of the lactam 4 and of some C1—

substituted derivatives were reported27.

The aminoester 2 was obtained from methyl
3-oxeocyclohexaneacetate through O-methyloxime 7 and subsequent reduction and este-
rification. Heating of 2 in the presence of sodium methoxide afforded lactam 4 in

50-60% yield.

o ~OMe
HNOMe, HCI-NaAcO -
c " 1 HoM a, COoH 1Na-EOH
2" 2  KOH-MeOH 2MeQH-HC!
7
H
J
Ha
COyMe NaOMe -MeOH 0
220° 3h
2 4

Treatment of 4 with lead tetraacetate gave l-acetoxy-3-oxc-Z2-azabicyclo
[5.3.f]nonane (9), being 27azabicyclo[§.3.1]nonf1-ene 8.the probable intermediate.
From acetoxylactam 9, some substitution reactions at C1-p05ition were carried out,
and 1-methoxy- and l-cyanoderivataives were obtained, their formation involving

again the presence of an imino intermediate of type 8.
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Similarly, when the alkaloid methyl homosecodaphniphyllate, which contains
the Z-azabicyclo[ﬁ.3.1]nonane system, was treated with lead tetraacetate the forma-
tion of an unusually anti-Bredt”™s -rule imine containing the Z—azabicyc10[3.3.1]
non-1-ene system was described41.

The preparation of Q-hydroxy-z-azablcyclo{3.3.1]nonane42 is one of the few
approaches to Cg-functionalized morphans, and together with the precedent one are
the only ways to morphan systems which involve the formation of an amide bend at
the last step without using aromatic compounds as starting materials.

From 3-carbethoxy-2-oxocyclohexaneacetic acid (10} piperidine ring was for
med. Thus, the replacement of the carbethoxy group by the oximino group gave 11,
which was catalytically hydrogenated affording the hydrochloride of the aminoester
12. Reducticn of this hydrochloride with sodium borchydride yielded {(36%) the iso-
lable c¢rystalline isomer ethyl ¢-3-amino-t-2-hydroxycyclohexaneacetate (13). On hea
ting at 150-760°C and further reduction with lithium aluminum hydride of the resul-
ting lactam, the 9-hydroxymorphan 14 was obtained. When reduction of 12 was carried
ocut by catalytic hydrogenation in the presence of platinum oxide, the Cz-epimer ali-
cohol of 13 was obtained. However, its cyclization afforded the same lactam than

that of 13, thus indicating that an epimerization is produced during the heating

process.

CO,Et - -
NH., CI
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e
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3. Phenylmcrphans.

Once the nucleus of 2-azabicyclo[3.3.7}nonane was synthesized, the interest

was focused on the preparation of Z—methyl-S-phenyl-Z-azabicyclo[3.3.1]n0nanes, sin
ce this type of substances possess the three structural features necessary for a
compound to have an analgesic activity similar to morphine4. They are (a) a phenyl
nucleus, (b) a quaternary carbon attached to this nucleus, and (c) a tertiary ni-

trogen two carbon atoms removed from the quaternary carbon.

The main problem of the first syntheses of morphans 18 (Ar=C6H543 and Ars=

n-OHCH,*") was the low yield (20%) in the formation of 2-dimethylaminoethyl-2-aryl
cyclohexanones 16 owing to the competition of the O-alkylation process (60%)44’45.
The predominance of this process is probably due to steric hindrance to C-alkyla-
tion and to stabilization of the enolate of 15 by the aromatic nucleus. However,
after House”s studies on the factors as favoring C-alkylationaé, the synthesis was
improved and 16b was formed from 15b in 40% yield using dimethylformamide, sodium
hydride and 2-dimethylamincethylchloride hydrochloride at room temperature. Since
15b ceuld be regenerated from enol ether 17b, the process appears then to be more

34
1Etr2 {acoH
2 NH40H

interesting

CHaCHoN Me,
a - Ar = CgHg Ar
b . Ar = m-OCH3zCgHy 17

¢ . Ar = m-OHCgH, A

. 43,44 N . s .
The synthesis goes on 7 converting 16a and 16b into their corresponding
6-bromederivatives, later cyclization in basic media at room temperature, and dry

distillation of the resulting ammonium salts. Finally, Wolff-Kishner reduction of

—511—

1980



ketones 18a and 18b gave the phenylmorphan nucleus 19. Through the m-methoxyphenyl-

derivative 19b, the corresponding phenol 19c and its acetylderivative were obtained44.

In an alternative synthesis of 12234, alkylation of 15b with ethyl bromo-
acetate (sodium amide-ether) gave the C-alkyl product 20 in a 80% yield. Reduction
of 20 with lithium aluminum hydride afforded (98%) a diol that, by oxidation under
controlled conditions {(chromic oxide, pyridine) gave (77%) the ketec aldehyde 21. In
tramolecular aldol condensation of 21 yielded {45%) a mixture of epimeric keto al-
cohols 22, Wolff-Kishner reduction of which (93%) followed by oxidation of the hy-

droxy functien gave (73%) 1—g-methoxyphenylbicyclo[3.2.1]octan-6-one (z3).

OH
OgE t o CHO ———>
(v
Ar Ar Ar
20 21 22
0 Me
/o) N
) N
—_— —_—
Ar Ar Ar
23 24 18b

Ar = m—OCH3CgH,

Formation of its oxime (64%) and subsequent Beckmann rearrangement, criti-
cal step of this synthesis (8%), afforded the morphan nucleus 24. Methylation of 24
followed by reduction with diborane gave quantitatively phenylmorphan 18b.

Due to the strong pharmacologic action of (t)—S-(g-hydroxyphenyl)-Z—methyl
morphan 12544, the activity of both enantiomers, previously resclved with d-mandelic

34,47 s . - - ;
*7", was evaluated. They possess significant enantiomeric stereoselectivity in

acid
their biological actions. Thus, the levo isomer, an analgesic with morphine-like PO
tency, exhibits a weak narcotic antagonist activity and only a very slight physical

7

) . : .
dependence capacity . The dextro isomer, four times more potent analgesic than mor

phine, has no antagonist activity and has a high physical dependence capacity47’48.
The N-propyl, allyl, and cyclopropylmethyl derivatives of (+)-19c and its racemate

were also prepared and their analgesic and antagonist activities 5tudied48. Later

on, the absolute configuration of the analgesic agonist-antagonist (-)-19c was es-
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tabllshed29 to be 1R, 55 by single-crystal X-ray analysis cf its hydrobromide salt.
Both rings of the 2-azab1cyc10[3.3.1]n0nane system exist in chair conformations with
the phenyl and methyl substituents equatorial.

On the other hand, the enantiomer (+}-19c was stereochemically correlated??
with the normorphan (+)-(1R,55,7R)-1-(m-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo
[3.2.l]octane {(25c), compound of interest for its analgesic and antagonist proper-
ties. Thus, the methoxy derivative (-)-2Z5b, a precursor of (+)-25c, gave the olefin
(+)-26b as the sole product on Hofmann degradation. Hydroboration and subsequent
oxidation of (+)-26b afforded the carbinol (+)-27b which through the respective chlp
ride was turned into methochleride of morphan 19b. Dry distillation followed by O-
demethylation gave a product identical im all respects to an authentic sample of
the dextro isomer of phenylmorphan 19c. As in the process the configuration of the
carbon bonded to the aromatic ring was not modified, this series of reactions pro-

vides an additional procf for the absolute configuration of normorphan (+)-25¢.

e Me M
e e
N A4
Me N
/
1 MeBr 1 NaBHy—AcOH
—_—
—_—
2 Agg0 2 H02
Ar 3 A Ar
25 26
Me
I
Me\N/Me N
OH
0,C! )
159~ b= m-OMeCgH,
2 NH40H c= m-0HCgHa
Ar 3 A Ar
27 4 HBr 19

5-Phenylmorphans, with pharmacological interest on their own,have been
used when functionalized as intermediates in the synthesis of more elaborated pro
ducts. Thus, a Knoevenagel reaction on ketone 18 allowed obtention of tetracyclic

43,50
¥

compound 28 a position isomer with respect to nitrogen attachment of N-methyl

morphinan.
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Likewise, 9—Cis-amino-5-(EAmethoxyphenyl)fZ-methyl-Z-azabicyclo[S.3.1]n0—

rnane (29), prepared32 from ketone 18b, leads by Pictet-Spengler cyclization to the
tetracyclic system }Qsz and by photolysis of its chlorcacetamido derivative 31 to

4,11b-pr0pan0pyrido[ﬂ,3-€][3]benzazep1ne systems of type 5351

1. HBr

2. {CICHLOL0

NHCOCH,CI
HO N—~Me

a2 a R1=H. R2=0H
b. R{=0H: Ry=H
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4, N-Chloramines route.

The first synthesis of a C-8 functionalized 2~azabicyc10[3.3.1]nonane was
described in 1970. It concerns the obtention of Z-methyl-s-hydroxy-z-azabicyclo[B.
3.1]nonane (éé)sz, based on the easiness of N-chloramines for intramolecular addi-

tion te clefinic double bond553’54.

To explain such reactions, the formation of ni
trenium ions55 via an heterolytic process in neutral protic media (methanol reflux
or tetrahydrofuran-water in the presence of silver ion catalysis) was postulated.

Functicnalized G-azabicyclo[}.2.1]octan9554

have been prepared in these conditions,
The procedure was not applicable to the synthesis of morphan §§52 and 1t was nece-
ssary to resort to a solvolysis in 1 M sulfuric acid. The mechanism differs in the
sense that chloronium ions formed by ionization of chloramine 34 once protonated
are now involved. Their addition to the double bond implies the formation of the

cyclic chloronium cation 35, which when neutralizing the acidic aqueous reaction

media would suffer a solvolysis with the formation of the diastereomeric epoxides

36.
Cl Me ¢l H HH
A
\N/ +N -—-Me ,C| *N,—Me
[:j:j__/;>> [::;l_~;>>
% 35
M
|I«|/H N
H | “Me N
+ e
33

36a

Intramolecutar opening of the epoxide ring of the trans isomer 36b yielded
(37%) Z-methyl-8-hydroxy~2-azabicyclo[S.3.1]nonane (33), which was converted into
2-methy1-2-azabicycloESASJGrmnane (6) upon oxidation with Jones reagent, thicaceta

lization of the resulting ketone 37, and subsequent Raney nickel desulfurization.
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Alternatively, ketone 37 has bheen synthesized56’57 by intramclecular reac-
tion under acidic conditions of an N-chloramine with the activated doubie bond of
an enol ether, this reaction being already used in similar cyclization558. The re-
quired enol ether 38 was prepared in six steps from p-hydroxyphenylacetic acid in
27% overall yield. The corresponding N-chloramine was obtained by reaction of 3§
with 1T M sodium hypochlorite solution, and by trifluoroacetic acid treatment it
yielded a mixture (96%) of 37 and 40 in 4:1 ratio. The process involved again a
chloronium ion addition to an activated double bond. When cyclization was carried
out in methanol instead of pure trifluoroacetic acid, the formation in high yields
of epimeric chleoro ketals 39 was described. These can be cyclized (73%) by acidic
hydrelysis fellowed by base treatment to a 4:1 mixXture of the elimination-cycliza-
tion product 40 and the ketone 37. Acid hydrolysis of the enol ether 40 afforded
almost quantitatively the same ketonme 37. Finally, morphan 6 was obtained by hydro

6,57 o 37 in acidic conditions with platinum oxide, the procedure having

59

genolysis

been described for some azabicyclic ketones

OMa Me
OCHg H‘N/ME OCH, N Me! Ci N’

P o

The synthesis of ketone 37 has also been reported by cyclizatien of the N-
chloramine corresponding to 38 in the presence of Lewis acids. The best yields (40-
50%]60 were obtained with InX, type agents in methylene chloride at 02 The same ke-
tone 37 was also obtained by cyclization of dioxolane 41 under acid sclvelysis con-

ditions (anhydrous trifluoroacetic acid-methanol solution} through an electrophilic
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chlorination of the enol ether 42 formed from 41 and subsequent intramolecular dis
placement of the halide 43 by the amine group. Thus, ketone 37 was obtained in 50%

yield, together with the enol ether 40 (10-30%)57.

H
H OMe H
Cl\ /Me cl e '/H
\ ~N ‘N‘Me
= — T3 a0

s a2 a3
As it can be deduced from the methods reviewed in this section, the N-chlo
ramines route permits to obtain only C-8 functionalized Z-azabicyclo[S.3.1]nonanes.

3 where the

Contrary to what it occurs in the 2—azabicyc10[3.2.1]octane series5
bridghed carben can be functionalized by this procedure, the application of this

type of reactions as potential way to (-9 functionalized systems has been unsuc-

cessfu161.
Me
Me I
Cc Me t
I\Nf H M
_— * R=OMe
O C!
ONOy
a4 as a8
Te
CI\N,Me
5 5
0
47 48
Thus, the silver nitrate catalyzed methanolysis of the N-chloramine 44
6 . . . - -
took place ! with formation of 7-substituted 1-methyl-cis-ectahydroindole systems

45 and less than 1% of the desired 2-methy1-9-methoxy-z-azabicyclo[5.3.T]nonane (46) .
On the other hand, N-chloramine 47 failed to cyclize to the expected azabicyclic ke

tone 48, giving instead complex reaction mixturesST.

— 517 —




5. Intramolecular Michael-type cyclization.

The synthesis of C-7 functionalized Z-azabicyclo[j.S.1]n0nanes can be
achieved by means of an intramolecular Michael-type cyclization of an amine group

upon an o,f-unsaturated ketone.

R R
H_. _R
0 N7 0, N a CHoCgHg
—_—— b CHgz
¢ H
48 50

62,63

The synthesis of 6-azabicyclo[§.2.1]octan-3-ones through an 1,4 intra

molecular addition suggested two independent but analogous syntheses of Z-methyl-
2-azab1cyclo[3.3ﬁﬂnonan-7—one (50, R=CH3)12’64.

From diethyl 3-oxoglutarate, 3,5-dihydroxyphenylacetic acid 51 was obtai-
ned64, and hydrogenated (77% yield) to the dione 52 with rhodium on alumina in basic
media at high temperature. The formation of amide 53 requires a laborious process.
Treatment of 52 with two equivalents of iscbutyl chloroformate did not enly activa
te the carboxyl group by forming a mixed anhydride but also protect the enolic hy-
droxyl as the carbonate ester. Subsequent treatment with benzylamine or methylamine,

followed by hydrolysis of the intermediate carbonate and neutralization afforded

the amides 53a and 53b, respectively, which were converted into enol ethers 34 with

COgH COoH CONHR
{’é\ “_) — —
H OH 0 OH o OH

51 52 53
CONHR NHR
B
- —> a9 8 CHyCgHs
c OMe HO. OMe b CHy
54 55
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methanol and p-toluenesulfonic acid. Reduction of 54 with lithium aluminum hydride
in tetrahydrofuran gave the unisclated amino alcohols 55 which through acid hydro-
lysis followed by basic treatment yielded the desired 2-a1ky1-2-azabicyc10[3.3.1]

nonan-7-cnes (50) through the conjugated ketones 4§,

COH CONHR CONHR
R
51 ~——» —_— 3 —» 53 b CHgy
MeO' e MeO e Me ¢ A
56 57 58

In the synthesis of Mitsuhashi and co-workers12 from the same acid 51 the
key intermediate 53 was obtained by an alternative way which avoids the formation
of the amide group in the presence of the conjugated enolic system of 52. Thus, 3,5-
dimethoxyphenylacetamides 57b and 57¢ were prepared from 51 by methylation with di-
methyl sulfate, subsequent conversion of the resulting carboxylic acid (56) into
the corresponding acid chloride and treatment with ammonia or methylamine. Reduc-
tien of 57 with sodrum in liquid ammonia gave the dihydro derivatives 58. Hydrolysis
of 58 with diluted hydrochloric acid afforded guantitatively the intermediate 53, from
which the C-7 functionalized morphans 50b and 50c were prepared.

12

Condensation of N-acetyl and N-formyl derivatives of 50 with 3-aminoacro

lein gave the pyrido[?,z-ﬁ]morphans 59 (R=COCH CHO), (systematic name: 8-acyi-5,0,

3
7,8,9,10-hexahydro—5,9-methanopyrido[2,S-d]azocine). This synthesis is the first
approach to an heteromorphan system through a strategy which employed functionalized
morphans. However, the carbonyl group at C-7 position confers ambiguity in the for-
mation of the pyridine ring since the synthesis of 59 is accompanied by that of its

structural isomer 60.

Q
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On the other hand, 2—methy1-2~azab1cyclo[}.3.1]nonan-7-one (50b) was con-
verted35 into a mixture of 2-methyl-2-azabicyc10[3.3.ﬂ nen-6-ene (62) and its posi-
tion isomer 63 through the hydroxyderivative 61. Thus, reduction of 50b with sodium
borchydride gave sterecselectively the endo amino alcohol 61 whose dehydration (me-
thanesulfonyl chloride in pyridine) afforded the olefins 62 and 63, both of which
upon catalytic hydrogenation were converted into Z-methyl~2-azabicyclo[3.3.f]ncnane
(6). The 6,7 double bond in 62 is postulated to provide the N-electron density that
15 usually imparted by the aromatic ring in 6,7-benzomorphans. However this replace
ment of an aromatic ring by a single unsaturation does not result in compounds with

significant analgesic activity.

6. Other syntheses with formation of piperidine ring in the last stage.

/N /N
0 C C--
~COqEt N CONH»
— Oz NHy,
- CONHy
Me e ?H-co2Et Me CI;H,
CN CN
64 85 66
CN OH H
HoN OC—CH r\ll HOOC—CH: 1 2Cn “ I
67 68 69
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The unexpected formation of the azabicyclic system 67 when 3-methyl-Z-cy
clohexen -1-ome (64) is treated with ethyl cyanoacetate and ammonia in alcohol, su
ggested65 the synthesis of 4~cyano-1-hydroxy-5-methy1-3-oxo-2-azabicyc10[3.3.1]nong
ne (70) which is the first approach to Z—azabicyclo[3.3.1]n0nane systems with an
alkyl substituent at C-5 position.

The lactam 67 probably results from an initial Knoevenagel condensation
followed by Michael addition, ammonolysis of the resulting diester 65 and final cy
clization by conjugated addition. Its hydrolysis and decarboxylation afforded 68
which later on was reduced with lithium aluminum hydride to give 5-methyl-Z-azabi-
cyclo|}.3.1]nonane-1—ethanol (69). Likewise, when co,8-unsaturated ketone 64 was

treated with cyancacetamide in the presence of piperidine-water, the azabicyclo 70

H
OH |
(o}
6
Me CN

20

was obtained in 77% vield.

Another approach to C-8 functionalized 2—azabicyc10[3.3.{]nonanes involves
a series of reactions different from the previously mentioned even through based
on the same disconnections., This method consists in the formation of C1-N bond by
intramolecular nucleophilic attack of an amide upon an epoxide in the presence of

potassium tert-butoxide.

QH  COCgHg

Q
NHCOCgHs i NHCOCgHs
_— —
71 72 13
o  $9Hs A

|
St
|
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Thus, in model studies of the synthesis of the alkaloid echitamine, 2-

benzoyl-z-azabicyclo[3.3.1}nonan-8-one (74) was prepared and converted into the
tetracyclic system 75 by Fischer indole synthe51531. Formation of alcohol 73 took
place in 87% yield when the cyclization was achieved with the trans amido epoxide
72, and in 45% yield when the crude epoxide mixture resulting from epoxidation of
the double bond of 71 was directly used. Oxidation to the ketone 74 took place in
moderate yield (29%) with chremic acid in agueous acetic acid.

A similar strategy was used to synthesize N-benzyl-Z-azaadamantan-4-ol
{ZQ)TB which could be formally ceonsidered as a rigid 2-azabicyclo[3.3.1]nonane due

to an additional carbon bridge between the 3 and 7 positions of the morphan nucleus.

NHCOCgHs  H N-—COCgHg
MCPBA %_, 76

Photolysis of A5’6—alkenylnitrosamines66 in acidified methaneol afforded
satisfactorily azabicyclic nucleus of 6-azabicyc10[3.2.1]octan74~one type, either
directly or through the respective oximes by a mechanism which involved aminium ra
dicalséT. Their addition reactions tc internal olefinic bends are highly regiospe
cific, and the procedure was extended, but with moderate yield, to the synthesis
of the C-8 functionalized 2~azabicyc10[§.3.1]n0nane 37. In this case cyclization

was carried out with the crude A6

’?-alkenylnitrosamine 78 prepared from the secon-
dary amine 77 previously used in the synthesis of these systems via chloramines.
From the crude photolysate a 6% yield of morphan 37 together with a mixture of its

E (16% yield) and Z (9% yield) oximes were isolated.

, H\NI,Me NO  Me

\N/
K NoOy LU
2
= 43%
4
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The picrate prepared from ketone 37 revealed hydroxyl absorptions at 3615
and 3345 cm—1 but not carbonyl absorption in its IR spectrum. This suggested that

protonation ocurred at the carbonyl oxygen but not at the amine group as in 37a.

37a

7. Formation of carbocyclic ring in the last step: Dieckmann cyclization.

A new strategy in the synthesis of 2-azabicyclo[3.3.1]nonan—8—0nes was
the formation of the carbocyclic ring from a well substituted piperidine via a
Dieckmann cyclization followed by decarbethoxylation. This way was adopted to pre
ﬁare 5,6,7,8,9,10-hexahydro—6,IU-methanopyrido[g,3—c]azocines [12)33, since the
presence of a R-keto ester moiety in the azabicyclo 83 was suitable for the subse

quent elaboration of a pyridine ring.

R R=C0CgHg
N ﬁ"'zce"'s
N CHO
@
a9
R
I
CO,EL N~ -COoEt
O — .
CHaCHyCOgEL CHyCHyCOREt CHoCHoCOoEL
80 81 82
o ! o  $OCeHs
Et0,C N N
—_— —» 19
R
83 a cHo J4
b COCgHg
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The requisite piperidine 82 was prepared from 4-pyridineacrylic acid by
esterification and hydrogenation to give ethyl 4-pyridinepropicnate (80). Through
the corresponding N-oxide and formation of a methoxy pyridinium salit, a cyano group
was introduced, and in the same reaction media was hydrolyzed and esterified to
ethyl Z-carbethoxy-4-pyridinepropionate (81). Catalytic hydrogenation over platinum
oxide in acetic acid afforded the piperidine derivative 82 (R=H). Acylation of the
secondary amine 82 with formic acetic anhydride or benzoyl chloride and subsequent
Dieckmann cyclization (sedium hydride-toluene) of the resulting acyl derivatives
gave B-keto esters B83a and 83b respectively. Although the compound 83b reacted with
hydrazine to give a pyrazolone derivative, the enolic character of the ketone group
present in 83 prevented this system to react in Knoevenagel and Michael condensa-
tions or in the Reformatsky reaction. However, on hydrolysis with methanclic pota-
ssium hydroxide 83b afforded in 78% yield Z-benzoyl—z-azabicycloES.3.1]nonan-8-0ne
(74). Spectroscopic data of compound 74, specially the multiplicity of N-benzoyl
signal in the nmr spectrum (§7.4, singlet) differs from those reported by Dolby?’1
(67.1-7.8, multiplet) for the same compound. The first agree with the observed mag-
netic equivalence of aromatic protons in dialkylbenzamides68.

Treatment of ketone 74 with ethyl formate in the presence of sodium hydri-
de gave the B-keto aldehyde 84 which was subjected to a condensation with guanidine
to yield the amine pyrimidine derivative 85. Finally, pyridoazocine 78 (R=C0C6HS)
was prepared (57%) by treatment of 74 with 3-aminoacrolein in triethylamine in the
presence of catalytic amount of ammonium acetate at 100-110°C, and from it , N-ben-

zyl, N-formyl, N-H and N-methyl derivatives of 72 were described.

NHq
COCgH
o ?OCSHS | = ; 655
OHG, N L
—
84 85
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Through a Dieckmann cyc¢lization of a suitably polysubstituted piperidine,

o which possesses a quaternary carbon in C-5 was

a 2-azabicyc10[§.3.1]nonan-6-ene6
obtained for the first time. Thus, monoalkylatien of diethyl glutamate (86) with
ethyl 4-breomobutyrate followed by benzoylation gave diethyl N-benzoyl-N-(3-carbe-
thoxypropyl)glutamate (88). Ring closure of this triester was accomplished by the
Dieckmann reaction with sodium ethoxide-benzene as cyclizing agent. The alkylation
of B-keto ester 89 (methyl iodide, potassium carbonate, acetone) led to a diaste-
reomeric mixture 90 which, after conversion into the ethylenedithioketal 91 (horon
trifluoride etherate, 80°C) and subsequent desulfurization (Raney nickel), was con
verted into the diester 82, also in the form of diastereoisomeric mixture (1:1,
glc). On standing, the trans isomer was obtained, and the resulting cis-enriched
mixture was subjected to Dieckmann cyclization (sodium hydride, toluene) to give
the desired functionalized 2—azabicyclo[3.3.1]nonane system 83, which was decarbal

koxylated to 94 by treatment with sodium chloride in wet dimethylsulfoxide (155°C,

3 h).

COCeHs

R
HyN
—— ——ge
j;jl%a @;1% Q}L
OoEt 87 t 88

86

R ? "
|
CO4Et
— > —
COqEt COqEL
Et
Coet CHg O CH3 CoOgEt
8o %0 o1
? ? ?OCSHS
Et N
intean —_—
2Ft o
Cl CO4EL
H3 CH3 CHy
02 93 94

R= COCgH5
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These functionalized morphans are versatile intermediates for the elabora

tion of condensed heterocyclic systems, and provide a new apprecach to the synthesis
of heteromorphans. From B-keto ester 93, the pyrazolo[§,4—ﬁ]morphan 95 was prepared.
From ketone 54, the pyrido[Z,Swf]motph&n 96 by reaction with 3-amincacrolein and

indolo[Z,S—f]morphan 87 by Fischer indole synthesis were prepared70. In this heterc
condensed morphans the heteroaromatic ring is fused unambiguously between the 6 and
7 position of the 2—azabicyc10[3.3‘1]n0nane system, and they possess a methyl subs-

tituent on the carbon atem attached to the aromatic ring.

? :
Q : N
H-— w
CHa CHz
95 26 R=
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