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Chemistry of 3-Azabicyclo[3.3.1]nonanes
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I. Introduction

Several 3-azabicyclo[3.3.1]nonanes (1), 3,7-diazabi-
cyclo[3.3.1]nonanes (2), 3,9-diazabicyclo[3.3.1]nonanes
(3), 3-oxa-7-azabicyclo[3.3.1]nonanes (4), and 3-thia-7-
azabicyclo[3.3.1]nonanes (5), designated in this review,
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(3-ABN) (3-0-7- ABN)
2 X:NR, WaCH, § fs$
(3,7-DABN) (3-T-7 -ABN )
3 x.cnz.w;nn
(3,9-DABN)

respectively, as 3-ABN, 3,7-DABN, 3,9-DABN, 3-0-7-
ABN, and 3-T-7-ABN, have been synthesized and
studied widely in view of the various conformational
possibilities and intramolecular interactions. They also
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occur in the skeleton of several diterpene alkaloids.'®

The conformational analysis of azabicyclo[3.3.1]no-
nanes with substituents at the 9-position is complicated
because of the close similarity of steric factors on both
sides of the one-carbon bridge when the two rings adopt
a chair-chair conformation (6). The case is different

R R

when the rings adopt chair-boat (7), boat—chair (8), or
boat-boat (9) conformations, causing different steric
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environments and intramolecular interactions for the
9-substituents. Compared with alicyclic and saturated
heterocyclic six-membered rings which show marked
differences in reactivities and physical properties be-
tween axial and equatorial epimers,®!® the 3-ABNs and
related systems exhibit little difference between the
9-substituted epimeric pairs. However, specific meth-
ods of conformational analysis of these systems have
been developed.

The close resemblence of aza- and diazaadamantanes
(10) in conformation and stereochemistry!®? to the

10 X=CHor N ! Xs8R.NR,0 or §

3-ABNs has caused significant progress in the azabi-
cyclononane studies. The ease of formation of 3-ABNs
from simple ketones and aldehydes through the Man-
nich reaction? without the involvement of complicated
reaction conditions and reagents and the ready availa-
bility of a reactive carbonyl group in most of the ABNs
prepared may also be considered as important reasons
for the widespread studies on ABNs. However, 9-het-
erabicyclo[3.3.1]nonanes (11) have also been prepared
and studied, and some of them (e.g., 9-borabicyclo-
[3.3.1]nonane, 9-BBN) are even being used as synthetic
reagents. 3! The stereochemical studies and confor-
mational effects examined are of greater importance in
3-ABNs than in 9-ABNs. A number of patents on 3-
ABN derivatives exist, indicating their usefulness in
design of drugs.
Reviews on similar systems have appeared.32-44

II. Scope and Limitations

This review is confined to 3-azabicyclo[3.3.1]nonanes
with additional heteroatoms, if any, at positions 7 and
9. Importance has been given to the synthetic methods,
stereochemical investigations, and reactions. The lit-
erature has been reviewed through mid-1980. Probable
mechanisms of reactions have been omitted. A few of
the Chemical Abstracts descriptions of the patented
syntheses and biological activities have been left out if
found repetitive or of minor importance. In addition
to these omissions, a few more could have resulted and,
therefore, we offer our apologies in advance for any such
inadvertent omissions.

HI. Nomenclature

Bicyclic hydrocarbons having two rings with two
common atoms take the name of the hydrocarbon with
the same number of carbon atoms as the total number
of ring atoms in the bicyclic system, irrespective of
whether the ring atoms are carbon or other heteroat-
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oms. For alicyclic systems the prefix bicyclo- is em-
ployed and for saturated heterocyclic systems an ap-
propriate prefix, such as thiabicyclo-, azabicyclo-, etc.,
is employed. The prefix is immediately followed, within
square brackets, by the number of ring atoms in each
of the three rings connecting the two bridgeheads in
descending order. The system is numbered commenc-
ing from one of the bridgeheads, proceeding along the
longest possible ring (irrespective of the presence of any
heteroatom) to the second bridgehead and from there
along the next longer bridgehead to the first, and finally
along the smallest bridge.

If two rings are of equal size, preference is given to
that containing the heteroatom. If two rings of equal
size contain two different heteroatoms, that containing
the heavy heteroatom is numbered first if the hetero-
atoms belong to the same period. If they belong to the
same group the light atom is numbered first.*

1V. Synthetic Methods

A. 3-Azablcyclo[3.3.1]nonanes

Synthesis through the Mannich reaction may be
considered as one of the simple routes to many sub-
stituted 3-ABNs usually containing a carbonyl group
at a suitable position so that many derivatives can be
prepared easily. The 3-ABNs are also synthesized by
a,o’-annelation of cyclic ketones or via enamines which
usually lead to 6-substituted products often containing
the secondary base from which the enamine is prepared.
A less convenient and old method is cyclization of 1,3-
disubstituted cyclohexanes. The last method also serves
as a method of formation of 3-thiabicyclo[3.3.1]Jnonanes.

1. Mannich Reaction

Even though Mannich reaction® is one of the oldest
reactions, most of the earlier literature reports deal with
only acyclic or monocyclic disubstituted Mannich
products. By this reaction, a six-membered cyclic ke-
tone reacts with a primary amine and a suitable al-
dehyde to form 3-ABNs (eq 1). Sometimes instead of

0 R
@  RCHOR!NHy — e )CE«R‘ ()
X R

the azabicyclic ketone disubstituted cyclic ketones are
obtained. This happens mostly in concentrated solu-
tions and when formaldehyde is the aldehyde compo-
nent,

Baliah et al., following their synthetic and stereo-
chemical studies!?!"1846-50 op 2 6-diarylpiperidin-4-ones
(12), synthesized many azabicyclic compounds with

R R R
) ”ﬂ
Ar N Ar RNAr

22 R=H.alkyl or aryl 13

heteroatoms at the 3 and 7 positions. Aromatic al-
dehydes have been employed as the aldehyde compo-
nent.

In both piperidinone series and azabicyclic series the
incorporation of two aryl groups makes the products
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poorly soluble in common organic solvents. However,
the two aryl groups are useful since 2,6-diarylpiperidines
exist in a single chair conformation with the two aryl
groups in 1,3-cis positions acting as conformation-
holding groups (13). The two aryl groups in 3-ABNs
keep the piperidine ring in either chair or boat con-
formation exclusively, the 3-ABNs stand as convenient
models for the study of conformational effects at the
9 position.

With the use of formaldehyde or paraformaldehyde
a large number of 3-ABNs have been prepared. Form-
aldehyde and phenethylamine react with an alcoholic
solution of ethyl 3-methyl-2-oxocyclohexanecarboxylate
(14) to yield ethyl 5-methyl-9-0x0-3-phenethyl-3-ABN-
1-carboxylate (15). This after hydrolysis and decar-

cooR'

’ 1
R COOR
HCHO AW
RZNH;
R

% RCH3.RT=CHCHy 15 R=CH3.R%:CH,Ph

16 R«COOCH;, R=RZaCHy

KU/ Hp0
LU/ Cfi:\g/”z

17 ReChy RE<CH,Ph
18 RaH.RZaCHy

boxylation gives 1-methyl-3-phenethyl-3-ABN-9-one®!
(17). Similarly, dimethyl 2-oxo-cyclohexane-1,3-
decarboxylate condenses with formaldehyde and me-
thylamine to yield the 3-ABN 165252 which on hydrol-
ysis produces the amino ketone 18.34% Instead of me-
thylamine, phenethylamine has also been used.*
The difficulties encountered in the earlier synthesis
of 3-ABN-9-ones employing 2-oxocyclohexane-1,3-di-
carboxylic esters were surmounted in the synthesis of
3-alkyl-3-ABN-9-one (19) directly from cyclohexanone®
(eq 2). Use of ammonium acetate instead of primary

R
RCHO
0 R
19 ReH, R« CH,

R
20 R-Aryl. R'=H

amine and an aromatic aldehyde for formaldehyde re-
sults in the formation of 2,4-diaryl-3-ABNs (20) along
with diarylidenecyclohexanones.’#% Two crystalline
modifications of 20 have been isolated.®! Cyclo-
pentanone fails to condense in a similar way,? while
4-alkyleyclohexanones, 2-alkyleyclohexanones, and 2-
decalone yield substituted 3-ABNs.53

Not only carbonyl compounds but 1,3-dinitrocyclo-
hexanes also have been employed for the synthesis of
3-ABNs. The amide 21 has been synthesized by re-
ducing 3,5-dinitrobenzamide with NaBH, followed im-
mediately by Mannich condensation with methylamine
and formaldehyde.®* A solution of 21 in methanol or
THF, on treatment with sodium hypochlorite and dilute
HC], yields the amino ketone 25. By a similar reduc-
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/@\ NaBH, HCHO
RNH
ON NO 2

NO7 NO,
m@ —= )
NG, N0,
21 R=CHy. R‘ «CONH 25 R=CHy
2 RaCHy.R'=0CH, 26 R=CHyCHy
23 RCHyCHyR1«0CH; 27 RaCHyPh

2 R<CHyPh,R'=0CH,

tion and condensation method 3,5-dinitroanisole forms
the vinyl ether 22 which on hydrolysis gives 25. This
method is also employed for the formation of vinyl
ethers 23 and 24 by use of ethylamine and benzylamine,
respectively.® The amino ketones 26 and 27 are ob-
tained by acid treatment of 23 and 24. The nitro-
naphthol 28 produces a 3-ABN (29) while with 2,4-di-
nitrophenol complicated reactions occur.®

OH
o ;
L NO,
NO, .
Me
28 29

2. By a,a'-Annelation of Cyclic Ketones or through
Enamines

With the development of enamine syntheses, forma-
tion of 3-ABNs has become possible through this route.
The pyrrolidine enamine (30) of N-tosylpiperidin-4-one
reacts with (BrCH,);C(COOEt), in the presence of 1
equiv of Et3N to give 80% 3-ABN-9-0ne®% (31). The

[N J Brity  ADOE!
/ ~N
(%’ 8 CH,”" NCO0E —@—rs
N

Ts
30 3t R=COOEt

X
{CHZ)nR -CH=CH-CHO
x
N

R

32 R=CH3 . CHy Ph 33 R=CH3.CHyPh

X0,CHy 01,2 R pyrrolidinyl
R' = H.Me.Ph morphaliny!
piperidinyl

tetrahydropyridines (32) react with acrolein to give
6-substituted 3-ABN-9-ones®"®® (33). Crotonaldehyde
has been used instead of acrolein. By a similar treat-
ment, cinnamaldehyde forms 6,8-disubstituted 3-
ABNs® (34).

Michael addition of methyl vinyl ketone to 1-
acetyl-2-benzoyl-3-carbethoxy-4-piperidinone (35) in the
presence of triethylamine in methanol produces 1-car-
bethoxy-2-benzoyl-3-acetyl-6-methyl-6-hydroxy-3-



152 Chemical Reviews, 1981, Vol 81, No. 2

ABN-9-0ne™ (36). This reaction has been investigated

Re: e dhs,

!
CocH,
34 35- R=COPh 36 R«COPH
R1=COOE t R« CO0Et

by UV spectrophotometry, and the rate of the reaction
is found to be proportional to the concentration of the
enolate form of 35.

When ethyl a-(bromomethyl)acrylate (37) or 8,8-
dibromoisobutyrate (38) is condensed with the enamine
of N-(arylsulfonyl)piperidinone (30), N-tosyl-3-ABN
derivatives (39, 40) are obtained.” When the reaction

S brlhay A0E!
17 oy Breh,” MK
37 3

0 0
370r 38 R
0
N
Is R Ts

is carried out by adding the bromo ester 37 in ethanol
to a refluxing solution of enamine in acetonitrile, the
yield of 3-tosyl-3-ABN-9-one is about 58%. Alterna-
tively, in the reaction of enamine with bromo ester 38,
in acetonitrile to which 2.2 equiv of triethylamine have
been added, the yield increases to 80%. The lower yield
in the first case may be due to elimination of HBr from
the ester before cyclization.”

3. By Intramolecular Cyclizations

Monocyclic compounds with suitable 1,3-substituents
undergo intramolecular reactions with cyclizing agents
to form 3-ABN derivatives. Cyclohexane-1,3-di-
carboxylic acid and its derivatives have been used for
the formation of both 3-aza- and 3-thiabicyclo[3.3.1]-
nonanes. In most of the earlier work isophthalic acid
was the essential starting material for the formation of
1,3-disubstituted cyclohexanes.

Cyclohexane-1,3-dicarboxylic acid (41) on treatment
with ammonia or a primary amine forms the corre-
sponding N-alkyl-3-ABN-2,4-dione™7® (42).

COOH 0

Ol i (O
N-Me
COOH heat

0
] 42

Hexahydroisophthalic acid (41) reacts with acetyl
chloride and then with an amine to yield 42. The amine
may be alkyl or dimethylaminoalkyl or an arylamine.™
Similarly, hexahydroisophthalic anhydride reacts with
N,N-dimethylcadaverine to form N-(5-dimethylamino-
amyl)-3-ABN.” All the substituted 3-ABN-2,4-diones
have been reduced by using LiAlH,. Another earlier
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route to N-alkyl-3-ABNs is the cyclization of the dito-
sylate of cis- and trans-1,3-bis(hydroxymethyl)cyclo-
hexanes (43) with an amine.’®

Me R
i)LiAIH 1
Q P Q RNy @-N
C00Me R

43 ReCHyOTs

Intramolecular acid-catalyzed cyclization of suitable
1,3-bifunctional cyclohexanes also yields 3-ABNs.”""8
The amide 44 on treatment with CF,COOH gives the
3-ABN-2-one 45 which can be reduced to 2,2-di-
phenyl-3-ABN (46). Alternatively, 44 is reduced with

Ph

O,
AN
C}c \oniﬁf/ \CZ;
’4/4,
/NHN SN-
; Qjo“
HCH,

4 48

LiAlH, and then treated with 30% H,SO, to yield 46.
The amine 47 cyclizes to give 1-aryl-3-ABN-2-one (48).
N-Ethyl-(3,3-dicarbethoxycyclohexyl)methylamine (49)
is formed in 50% yield on heating for 20 h under re-
duced pressure.”™

o

CUUR
47 48
R R
R 0
CHoNHCHy CHy —= N-CHaCH3
49 R-=COOEt 50 R=COOEt

The reaction of 2,3-dimethyl-1,3-butadiene with
acetonitrile in the presence of sulfuric acid gives the
3-azabicyclo[3.3.1]nonene 51.8%8! Enamines react with

Me Me i
CH3 COKN Me
N oMK
Me 0
Me Me

51 52

1,2,2,2-tetrachloroethyl isocyanate, yielding 3-ABN-2,9
dione (52) through an intramolecular substitution.3?

B. 3,7-Dlazablcyclo[3.3.1]nonanes

This is one of the oldest azabicyclic systems syn-
thesized through the Mannich reaction®#%# and from
pyridine derivatives.?® Petrenkokrischenko has ob-
tained 3,7-DABNS (bispidines) as byproducts during the
preparation of piperidin-4-ones from ketones, alde-
hydes, and amines.?® In recent years the bispidines have
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attracted attention for study of their crystal structures,
stereochemistry, intramolecular interactions, formation
from 1,3-diazaadamantanes, and conversion to diazaa-
damantanes. The 3,7-DABN skeleton is present in lu-
pin alkaloids!- (53).

RR RR
53 Sparteine (R=R:H)
Lupanine (RR= = 0,R=H)
Aphylline (R=H.RR = =0)

1. By Ring Fission of Diazaadamantanes

Diazaadamantanes cleave under acidic conditions to
yield 3,7-DABNs. Reaction of 5,7-diphenyl-1,3-dia-
zaadamantan-6-one (54) with acetic anhydride or acetyl
chloride produces 3,7-diacetyl-1,5-diphenyl-3,7-DABN-
9-0ne?286487 (55), Reaction of 5,7-diphenyl-1,3-diazaa-

Ph
— R UR
P

55 R=MeC0 56. R=PhC0
57 R=Tosyl 58 R=ND

62 R=CHO
Ph
Ac,0
Ph
Ph
H™ ph
59 60 R=CHyCO.R'=H

61 RxR=CHyCO

damantan-6-ol (59) with acetic anhydride gives either
1,5-diphenyl-3,7-diacetylbispidin-9-0l (60) or 1,5-di-
phenyl-3,7,9-triacetylbispidine (61) depending upon the
conditions.®’® The diazaadamantanone reacts with
benzoyl chloride also, yielding 3,7-dibenzoyl-3,7-
DABN? (56). Similarly, it reacts with a variety of other
reagents also such as p-toluenesulfonyl chloride and
nitrous acid to give substituted 3,7-DABNs?® (57, 58).
Dichlorocarbene in alkaline medium reacts with 54,
yielding 1,5-diphenyl-3,7-diformyl-3,7-DABN-9-one®
(62).

Diazaadamantanes with sulfur-containing substitu-
ents at 5,7 positions (63-65) are also cleaved by acetic
anhydride®® to yield bispidine derivatives.

% ChoLON %(Ncoch

63 R-PhS (!.)Runey Ni
64 R=PhSO, {ii) Helt

65 R=CHy <S50, N H0§ bk

2. By Intramolecular Cyclizations

N-Tosylpiperidine-3,5-dicarboxylic acid (66) on con-
version to the acid chloride and treatment with am-
monia forms the diamide of 66, which on heating pro-
duces 67.°%93%  The 1-cyano derivative 69 and 1-
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R R L) socl, :Z
{ii}ag: NHy TsN H
N i) heat 0
Ts 67
66 R=COOH Oy

MeNHCO
chj::lt:l’c 59
NHMe
P SN0 ii::j;z:f

methylcarbamoyl derivative 70 could be easily obtained
from 1-methyl-4,6-diphenyl-5-(methylcarbamoyl)-3,5-
dicyanopiperidin-2-one (68) by treatment with tri-
ethylamine and sulfuric acid, respectively.®® Similarly,
the imide 71 forms isomeric diimides 72 and 73 when
treated with H,SO,.%%

0 N 0 0
R :1 —_— R{Z{ﬁﬁ
0 N ¢ 0

7

72 X=R.y=R!
73 x=R%.Y«R

3. Mannich Reaction

A mixture of acetone, a suitable aldehyde, and a
primary amine in the ratio of 1:4:2 yields bispidine
derivatives (74). Acetonedicarboxylic acid and its es-

R R
CH3C0CH3'RCHU'RTNHZ——RWZENRT
R R
7. R=Hor Ph
CH, -COOR 00R
to ~HCHO +RINH, ——R'N  I=OR!
|CH2-C00R Lo
75 R=Me or Et

ters may be employed in the place of acetone. Dimethyl
or diethyl acetonedicarboxylate reacts with form-
aldehyde and primary amine to yield dimethyl or di-
ethyl 3,7-dialkyl-9-ox0-3,7-DABN-1,5-dicarboxylate (75)
at a pH below 6.84%10! The primary amines employed
frequently are ethylamine, methylamine, and benzyl-
amine. Benzylamine is found to react more readily with
HCHO and ketones than do most primary amines,192
The 3,7-DABNS can also be prepared in two steps,
first by synthesizing the piperidin-4-one and then by
condensing it with suitable aldehyde and amine com-
ponents.”® By this stepwise method different pairs of
substituents may be incorporated in the rings.
Dibenzyl ketone has also been used to a larger extent
as the ketone component in the Mannich reaction. In
this way 1,5-diaryl-3,7-DABN-9-ones (76) are ob-
tained.}®® The aryl group may be phenyl, p-chloro-
phenyl, p-anisyl, or o-methoxyphenyl groups.101.104-108
The Mannich reaction between dibenzyl ketone and a



154 Chemical Reviews, 1981, Vol. 81, No. 2

CHy-Ar Ar
| HCHO
EU W—- RN ONR
CHZ -Ar Ar
76

series of ammonium salts indicates that the reaction
does not depend on the type of ammonium salt used.

In the reaction of dibenzyl ketone, paraformaldehyde,
and ammonium acetate 1,5-diphenyl-3-hydroxy-
methyl-9-ethoxy-9-hydroxy-3,7-DABN acetate (77) is

Ph .
®
/ © HCl
HOCHN 10 aHN\oAc ——=7
H
Ph

77

also formed sometimes, along with the normal prod-
uct.10810  However, 77 can be converted to 76 by
treatment with 4 N HCL

Dibenzyl ketone after nitration also undergoes Man-
nich reaction to give the corresponding 3,7-DABNsg, 110

On introduction of methyl substituents in the ortho
positions of the phenyl groups of dibenzyl ketone the
ease of formation of 3,7-DABN decreases. Bispidines
are formed from 1-phenyl-3-(o-tolyl)-propan-2-one al-
most as easily as from 1,3-diphenylpropan-2-one. With
1,3-bis(o-tolyl)propan-2-one the two products, 3,7-
DABN and piperidinone, are formed in a 1:2 ratio. As
the number of 0-methyl groups increases further, even
piperidinones are not formed.!!!

Treatment of 1-methylpiperidin-4-one with form-
aldehyde and methylamine gives a mixture of 78 and
79.12° When acetic acid is employed as the solvent, only

0

HCHO
fNj e, el R%R e

| /!

Me
78 RR==0.R:H
79 R=H,R1=CH2NHMe
0 Ph
Ph\CNJ\A[Ph - :g
————== MeN NMe
MeN
l 0 4 Hz
Me Ph
80 81

78 is obtained, in 10% yield. 3,7-DABN-2,9-dione (81)
is obtained when 80 condenses with formaldehyde and
methylamine.!!3

The mechanism of the Mannich reaction is be-
lieved!#115 g involve electrophilic attack by an iminium
salt (e.g., 82) on the enol (e.g., 83) of the active meth-
ylene compound. This mechanism requires stepwise
reaction, condensation at one « position of the ketone
followed by an intramolecular condensation at the
second « position, in order that 3-ABNs are formed.
However, in the formation of diaryl- and tetraaryl-3-
ABN derivatives, the bulkiness of the substituent (84)
may resist flipping needed for further condensation
from axial side. The formation of ABNs from confor-
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H
O%  thgme,
+CHZ-“ hez g U
82
83 0
0
Ar /NHZ
RN CH
NAr

Ar

H

84

H

Ar © ’
Rﬂ;e/zen o —=Th(ReA)
Ar CH ; AN
/M Ar

85 86

mationally rigid systems suggests a concerted reaction
of the diiminium salt (86) with the dicarbanion (85) of
the ketone. The arylidenecyclohexanones formed®
along with 3-ABNs are due to stepwise reaction.

C. 3,9-Dlazabicyclo[3.3.1]nonanes

The 3,9-DABN skeleton has been built up mostly by
cyclization reactions employing piperidine-2,6-di-
carboxylic acid and its derivatives as starting materials.
The interest in 3,9-DABN is very narrow except that
Nikitskaya et al. have studied the biological effects of
several 3,9-DABN derivatives,116-120

Dimethyl 4-hydroxy-1-methylpiperidine-2,6-di-
carboxylate (87) reacts with benzylamine at high tem-
peratures to yield 3-benzyl-9-methyl-3,9-DABN-2,4-
dione derivatives!?!-12* (90).  Similarly, 1-benzyl-

oR'

PRCHNH
fj\ L o éRNCHZPh
Me00C g C00Me 0
87 Me. R'=H 90 R=Me.R'-H

88 R=CH,Ph. R:H
B9 ReCHPhR = Me

91 R=CH,Ph, R'=H
92 R=CHyPh, R=Me

piperidine 88 gives 91.1% The benzyl group at the 3 and
9 positions is readily removed by treatment with pal-
ladium chloride and hydrogen. The 4-methoxy-
piplezzéidine derivative 89 gives the 7-methoxy-3,9-DABN
92.

Reaction of the dicyanohydrins (93 and 94) of glu-
taraldehyde and methylglutaraldehyde with simple
alkylamines yields 2,6-dicyanopiperidines (95) whereas
with tert-butylamine the 3,9-DABN derivative 96 is also
obtained as a byproduct.!?’

D. 3-Oxa-7-azabicyclo[3.3.1]nonanes

The 3-0-7-ABNs have also been obtained through a
Mannich reaction by condensing a tetrahydropyran-4-
one with an aldehyde and an amine. Condensation of
cis- and trans-2,6-diphenyl-tetrahydropyran-4-ones (97)
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R

QCN

CN AN NC
/ =

|
Uhy=Ch, R!
R-CH O 95
\CH CH/OH .
H8yy,
.
o oy ALY
93 R=H 96 R'-t-8u
94 R=Me

with aromatic aldehydes and ammonium acetate yields
2,4-diphenyl-6,8-diaryl-3-0-7-ABN-9-ones!2512° (98).

0 Ph Ar
ArCHO
A x 0 NH
{ NHLUAC
Ph Ph Ph Ar
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Condensation of 3,5-dicarbethoxy esters (99) with
HCHO and benzylamine gives 100.13%!31

The cyclic anhydride (102) of cis-piperidine-3,5-di-
carboxylic acid (101) may be regarded as a 3-O-7-ABN

derivative.132
HOOC COOH A
[SREEE®)
N 0

H
101 102

The interesting fact in 2,4-diphenyl-3-O-7-ABNs and
3-T-7-ABNs is that both cis and trans derivatives have
been obtained!?®!® and studied whereas in 3-ABNs and
3,7-DABNSs only cis products have been obtained. This
is due to the availability of both cis- and trans-2,6-di-
aryltetrahydropyranones and 2,6-diaryltetrahydrothio-
pyranones for condensation while only cis-2,6-diaryl-
piperidin-4-ones are available. Since the piperidones
are formed by Mannich condensation through fast
equilibrium steps, the more stable 2,6-diequatorial
products are formed. On the other hand, in the for-
mation of either 2,6-diaryltetrahydropyranone or 2,6-
diaryltetrahydrothiopyranone stepwise addition of H,O
or H,S across double bonds conjugated to carbonyl
groups leads to both cis and trans products depending
upon the direction of addition in the second step.

E. 3-Thia-7-azabicyclo[3.3.1]nonanes

Interest on 3-T-7-ABNs is much less than that of
3-ABNs and 3,7-DABNs. Almost all the 3-T-7-ABNs
have been prepared through the Mannich reaction.
2,4-Diphenyl-6,8-diaryl-3-T-7-ABN-9-ones (104) are
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formed when cis- or trans-2,4-diphenyltetrahydrothio-
pyran-4-ones (103) are condensed with aromatic al-
dehydes and ammonium acetate in ethanol.1®13 Sim-
ilarly, condensation of 105 with formaldehyde and
benzylamine in ethanol results in diethyl 2,4-bis(2-
pyridyl)-7-benzyl-9-0x0-3-T-7-ABN-1,5-dicarb-
oxylate!31351% (106). Simple tetrahydrothiopyranone
condenses with an aldehyde and ammonium acetate to
yield 6,8-diaryl-3-T-7-ABN-9-one!® (107).

r
) NH
Ar

107

V. Stereochemistry

A. Introduction

Apart from a few distorted structures, substituted
bicyclo{3.3.1]nonanes exist in any of the three confor-
mations 108-110, all of which are free from bond-angle

alabas

Chair - Chair Chair-boat boat - boat
108 109 110

strain. In most cases the chair—chair conformation with
slight ring flattening is favored.™%0 In the twin-chair
conformation the actual distance between the C-3 and
C-7 carbons is 3.06 A while the ideal value is 2.52 A.
Flattening occurs in order to minimize the transannular
interaction between the endo-axial hydrogen atoms at
the C-3 and C-7 positions. If these hydrogens are re-
placed by bulky groups, one of the rings assumes a boat
form.

In heterocyclic systems the possibility of a six-mem-
bered ring acquiring the boat conformation is higher
due to the decrease in some of the interactions present
in the boat form of cyclohexane and also due to intra-
molecular hydrogen bonding and other attractive in-
teractions between the heteroatoms and the substituent.

Various methods such as IR, 'H NMR, 3C NMR, and
mass spectroscopy, X-ray diffraction, dipole moment
measurements, polarizability, kinetic methods, and pK,
measurements have been employed for the determina-
tion of conformation and configuration of 3-ABN com-
pounds.

The conformations of alkaloids containing the DABN
skeleton have also been studied. The C rings of spar-
teine (111) and «-isosparteine (112) have been shown
to prefer the boat and chair conformations, respec-
tively.}4-145 However, the monoperchlorate (113) of
sparteine adopts the chair-chair conformation, 141,145

B. Determination of Conformatlons and
Conflgurations

1. IR Spectroscopic Method

The IR spectra of 3-ABNs in the region of C-H
stretching vibrations contain additional bands that are
shifted to the low-frequency region relative to the
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normal C-H stretching vibrations.®* These bands were
first detected by Bohlmann!4® and therefore are known
as Bohlmann bands. Bohlmann bands arise because of
interaction of the p electrons of nitrogen with the an-
ticoplanar C-H bonds in piperidine derivatives.1471¥ In
a conformer with an axial p pair of electrons on nitro-
gen, the p pair forms a trans arrangement with axial
C-H bonds, 49150 whereas in the conformer with an
equatorial p pair on nitrogen, the p pair forms only a
gauche arrangement with both the axial and equatorial
C-H bonds.

Crystals of different forms (114, 115) have been iso-
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AN‘ AM
& "~y o

14 15

lated by recrystallizing 2,4-diphenyl-3-ABN-9-one in a
nonpolar solvent and polar solvent, respectively.151-153
The IR spectra of crystalline samples of 114 and 115
differ substantially in the region of C-H stretching
vibrations.®! The IR spectrum of a sample of 114 in this
region contains eight bands, four of which lie in the
Bohlmann region (2750, 2790, 2810, and 2840 cm™),
whereas the IR spectrum of a sample of 115 contains
two bands in the C-H stretching region (2860 and 2927
cm™) but no absorption bands in the Bohlmann region.

The unsubstituted 3-methyl-3-ABN-9-one and
2,4,6,8-tetraphenyl-3-ABN-9-one also exhibit Bohlmann
bands.5"®! The former shows three peaks in the 2600
2800-cm™ region (2800, 2750, 2700 cm™). This indicates
that the favored conformation has at least two hydrogen
atoms trans and coplanar with the unshared electron
pair on the nitrogen atom. The conformation is,
therefore, represented by 116. From the point of view
of the orientation of the p electrons on nitrogen, 3,7-
DABN-9-ones and diazaadamantan-9-ones may be re-
garded as epimers (117, 118).
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A quantitative study of the 2900-2500-cm™ region of
the IR spectra of 15 alkaloids of the sparteine series!®
has confirmed the suggestion that the area under which
“trans bands” (T bands) occur is from just below
28002700 cm™. It has been suggested that the lower
frequency of the T band compared with the normal
C-H region may be due to charge delocalization of the
nitrogen lone pair of electrons to the o axial C-H
bonds.15*

The conformational effect of the p pair in 2,4-di-
phenyl-3-ABN-9-0ls,1% obtained by catalytic hydro-
genation of the ketone, on the IR spectra has been ex-
amined.!®® In the high-melting isomer (119) the lone
pair was expected to be oriented endo to the ring and
thus cause Bohlmann bands.!461%" In the low-melting
isomer, the lone pair was postulated to be equatorial.
The C-O stretching absorption band for the isomer 119
is at low frequency (1031 cm™) and is narrower than the
analogous band (1062 cm™) for isomer 120. This has

% A
phAN\py %Ph
N .
J D

mp 195-196° { 201-202°)
119 R1=0H, RZ:H 120 R'-H.RZ-0H
121 R'=H.RZ: 0K 122 R'-0H.RZ:H

led to the idea that the high-melting isomer has OH to
the side of the piperidine ring (119) and the low-melting
isomer has OH equatorial to the piperidine ring. This
view has been arrived at by two independent groups
who employed IR and 'H NMR spectroscopic
data, 196158159 Byt 13C NMR studies!® conclusively es-
tablish that the configurations are the reverse of those
represented by 119 and 120. The basis for assigning
structures 121 and 122 can be found in the section on
13C NMR spectroscopy.

In the N-methyl derivatives of 2,4-diaryl-3-ABNs,
2,4-diphenyl-6,8-diaryl-3,7-DABNS, and 2,4-diphenyl-
6,8-diaryl-3-T-7-ABNs, the appearance of the Bohl-
mann bands indicates that the lone pair is axial and the

R Rl

mp 158-159°(135-136°)

R™VR Ar\lAr
ARZANS

123 R=H.Ph
X=CHy.NH. S
1230 R'= OH.R%= CH,CO0E !

N-methyl equatorial (123) in all the cases irrespective
of whether the aryl groups possess ortho substitutents
or para substituents.’®! This offers additional support
to chair—chair conformation for these compounds.
Comparison of the IR spectra of N,N’-dialkyl-
bispidines!®? with those of 124, 125, and 126 indicates
considerable similarity in regard to appearance and
intensity of Bohlmann (trans) bands centered at 2778
cm™l. The intensity of these bands is proportional to
the number of C-H bonds anticoplanar to the nitrogen
lone pairs.’® On the basis of the number and intensity
of Bohlmann bands it has been concluded that 124, 125,
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and 126 have the same number of C-H bonds antico-
planar to the nitrogen lone pair and that the 2-alkyl
substituents in these compounds are equatorial.

The IR spectra of 3-alkyl-1,5-dinitro-3-ABN-7-ones
have been examined.® Since the carbonyl stretching
frequencies of the amino ketones 127, 128, and 129 are

N,

ot

N0,

127 R=Me

128 R-Et
129 R=Ph

identical in CHCl; and exhibit a negligible variation in
CCly, it has been suggested that the amine and carbonyl
functions in these compounds exert no interaction on
each other. The values are higher (1732 + 3 cm™) than
simple 3-ABNs (1717 and 1706 cm™)!4 but of the same
order as 1,5-diphenylbicyclo[3.3.1]nonane-3,7-dione.!%

The epimeric pairs of 3-ABN-9-ols (130 and 131) with

130 R1-H.RZ:0H 132 R'-H.RZ-0H
13 RI=04.REH 133 Rl OH.R,=H

phenyl or para-substituted phenyl groups at 2 and 4
positions show broad absorption bands due to bonded
OH. Since each pair shows the same type of absorption,
the conformation of these alcohols is expected to cor-
respond to twin-chair.!%® The isomer ratios of the al-
cohols in the MPV and sodium-alcohol reductions,¢®
relative rates of acetylation!® of alcohols, relative rates
of hydrolysis of the esters,16 dipole moment studies,
and 'H NMR,%® 13C NMR,!® and mass!'®® spectral
studies support this view.

However, the proposed chair-boat conformation for
the 3-ABN-9-0ls with ortho-substituted aryl groups at
the 2 and 4 positions!5815%165166 (132 and 133) are con-
tradictory to 'H NMR,1%8 13C NMR,!® and mass!®®
spectral data. The two hydroxyl bands, one at
3520-3500 cm™ and another at 3570 cm™, interpreted 5
as due to intermolecular and intramolecular hydrogen
bonding, respectively, may actually be due to inter-
molecularly bonded and nonbonded hydroxyls. Since
13C NMR data establish!®® the conformation as twin-
chair as in the case of other 2,4-diaryl-3-ABNs, the
nonbonded OH might have resulted out of hindrance
by the ortho substituents of the aryl groups when they
are oriented toward OH.

The IR spectra of 2,4,6,8-tetraphenyl derivatives of
3-ABN, 3,7-DABN, 3-T-7-ABN, and 3-O-7-ABN have
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been examined and the configurations of the ABN-9-ols
(134 and 135) established. Presence of intramolecular

R R 0
Ar N-R Ph
X Ph
Ph 'y 'Ph
136

134 R'-H,RZ-0H
135 R'-0H.REH

hydrogen bonding, between the 9-OH group and the
nitrogen, in the 3 forms indicates that the newly formed
piperidine ring is in boat conformation and that the OH
in 8 forms is endo to the boat side!® (134).

The « isomers show a free OH, indicating that the
OH is oriented to the chair side (135). However, the
o iscl)sr?ers of 3-T-7-ABN show intermolecular H bond-
ing.13 -

Azerbaev et al. have proposed a twin-boat confor-
mation (136) for 2,4,6,8-tetraphenyl-3,7-DABN-9-one®®
and a twin-chair conformation for the corresponding
alcohols.13513%8 Tt has also been stated that the tetra-
phenylbispidines were converted to tetraphenyl-
diazaadamantanes?137 (137). The fact that two alco-
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137 R:H. R=Ph
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138 R-R'-Me
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hols have been obtained!* from tetraphenylbispidines
supports the chair-boat conformation. The other two
conformations, chair—chair and boat-boat, would give
only one alcohol. Moreover, Dreiding models of
4,8,9,10-tetraphenyl-1,3-diazatricyclo[3.3.1.137]decan-
6-01!% (137) and 4,4,10,10-tetramethyl-8,9-diphenyl-
1,3-diazatricyclo[3.3.1.1>7)decane!™ (138) show severe
interactions. Hence it appears that the chair-boat
conformation is more probable for tetraphenyl-3,7-
DABNSs. The various postulates need to be confirmed.

Epimeric 3-methyl-3-ABN-9-0ls (139, 140) show no

Rl _R?

N Me

139 R-H.RZ-0H
140 R=0H,RZH

evidence of intramolecular hydrogen bonding and
therefore have been assigned the chair—chair confor-
mation,!”!

2. 'H NMR Spectroscopy

Proton magnetic resonance (‘H NMR) spectroscopy
has proved to be very effective in resolving conforma-
tional and configurational features in azabicyclic sys-
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tems.}”?1* More recently carbon-13 nuclear magnetic
resonance (33C NMR) spectroscopy has been shown to
be a powerful tool for such studies,!7%175-185
Equilibrium constants for chair-chair to chair-boat
transformations of 3-methyl-3-ABN hydrochloride (141)
and 3-benzyl-3-ABN hydrochloride (142) have been

R
- H

141 R=Me
142 R=PHCH,

determined from NMR spectral measurements.1% 141
is found to exist in the chair—chair conformation 5 times
as often as in chair-boat while 142 exists in the chair-
boat form at least 33% of the time. The hydriodide of
3-methyl-3-ABN is shown to exist in the chair-boat
conformation exclusively.!®’

IR and NMR spectra and dipole moment data indi-
cate that 1,5-diphenyl-3,7-DABN-9-one exists in the
chair—chair conformation. In the corresponding alcohols
intramolecular H bonding stabilizes the boat form.!3
The corresponding benzyl derivative also exists in the
chair-chair conformation.!%?

3,7-Dimethyl-3,7-DABN forms only a monoper-
chlorate, and this has a symmetrical structure (143)

MeN\\H/®Me 42N NMe
143 145

which shows a sharp singlet for the methyl protons.
The basicity is supported by pK, measurements also.'*®
The greater upfield shift suggests that both N atoms
carry partial but equal positive charges.

The NMR spectrum of 3,7-dimethyl-3,7-DABN sup-
ports!®® the view that this substance exists in the
chair-chair conformation. The close similarity of the
chemical shifts of the y-methylene protons of bispidine
and those of N-methylpiperidine proves the chair con-
formation since the latter shows a marked preference
for cllglair conformation with the methyl group equato-
rial.

On the basis of the Jycoy value, the conformation of
1,5-dinitro-3-methyl-3-ABN-7-endo-ol (144) has been

NO2 NO;

144 ReMe.R1-OH.R&H 143 R=Me
146 R=Me, R'RZ= =0 150 R-Et
147 R=EtRTR% =0 151 R=CH,Ph

148 R=CH,Ph.R'RE =0

determined.’* Jycoy is known!®?-2% to exhibit a de-
pendence on the dihedral angle (3) analogous to the
Karplus rotation,?®! Jycoy = A cos? 8. Large values of
Jucon™ (ca.12 Hz) have been reported for compounds
in which the OH hydrogen is constrained by H bonding
to be anti to the carbinol hydrogen. A similar value of
Jucon (ca.12 Hz) for the amino alcohol 144 indicates

Jeyaraman and Avlla

a transoid arrangement (3 = 180°) of the H-C-OH
bonds in accord with the H-bonded chair—chair struc-
ture (145).

The N-methyl group of the amino ketones 146, 147,
and 148 gives signals at 2.41 (s), 2.64 (q), 1.03 (¢, J =
7 Hz), 7.30 (m), and 3.68 (s, benzylic H).% The close
similarity of these values with those of the corre-
sponding vinyl ethers and 3-ABN-6-enes (149-151) in-
dicates the absence of any interaction between C=0
and nitrogen.

Half-band width?? also establishes the configuration
of 3-ABN-7-0ls.% In the NMR spectrum of 152 the

MeN OH
\.
152

broad multiplet at 6 4.55 due to the carbinol proton has
a half-band width of 20 Hz, indicating diaxial coupling
of this proton with the C-6 and C-8 protons. In the
spectrum of 144 the half-band width of 11 Hz for the
multiplet at § 4.20 due to the C-7 proton provides ad-
ditional support for the intramolecular bonding.

The configurations of 2-alkylbispidines are derived
from the IR and NMR spectra. The appearance of
signals between 6 2.60 and 3.10 (3 H) in the NMR
spectra?® of 153, 154, 155, and 156 indicates an equa-
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153 R'-R%:Me
156 R'=Me,R%i-Pr
155 R1=PhCH2.R2=Me

156 R':Me RZ:Et

torial orientation of the 2-alkyl groups on the basis of
the postulate that protons in this region of the spectrum
are gauche to the nitrogen lone pairs, with other N- and
C-aliphatic protons appearing upfield from these.11520¢

However, it has been shown that the §,, criterion is
inadequate for the determination of lone-pair stereo-
chemistry.? Proof for this is provided by NMR spectra
observations on 3-alkyl-3-ABNs (157, 158). It is pos-
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sible to reverse the NH group in this compound by
adding methanol to the solution. The change is re-
flected in the chemical shift of the 7-endo proton,
whereas no change is observed in §,.. It has also been
shown that substituents on nitrogen have a considerable
effect on the chemical shift of the « protons, the axial
proton being more shielded.?%

The extent of chemical shift nonequivalence of ben-
zylic methylene protons in 'H NMR spectroscopy?® has
been utilized for the determination of relative configu-
rations and conformational analysis of piperidines,?’
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piperazines,?® and 3-ABNs.1%18%:29 Nonequivalence is
observed in cyclic systems if the benzyl group is vicinal
to a single equatorial alkyl substituent, as in 159.2%

e
NR

189 160

However, if the substituent is axial, as in 160, none-
quivalence will not be observed. By examination of the
nonequivalence of the benzylic protons it has been
shown that the 3-benzyl-3,7-DABNs with 2-methyl
(161) or 2-ethyl substituents prefers a flattened chair—

CHyPh
H

R

161 R=Me
162 R=Et
163 R=i-Pr

chair conformation. Introduction of an isopropyl group
(163) causes a change in favor of the chair-boat con-
formation. The 2-methyl and 2-ethyl groups are axial,
as evidenced from the lack of observable nonequiva-
lence of the benzylic protons in the NMR spectrum of
monoperchlorates.!”? Conversion of the salt to the free
base causes the N-benzyl methylene protons to appear
as an AB quartet in the NMR spectrum which indicates
that the 2-methyl group is now equatorial 206-208:210
The 'H NMR spectra of 164, 166, and 168 show an
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164 R=0H 165 R=0H
166 R=0Ac 167 R=0Ac
168 R=0Ms 169 R=(Ms

absorption at & 4.55 (W, = 10 Hz) indicative of an
equtorial proton (H-6). The OH at 6-position, therefore,
occupies an exo position.2!! The spectra of 165, 167, and
169 with various amounts of shift reagent Eu(FOD);
indicate that H-6 is axial (W, = 20 Hz) in all cases.
No evidence is present for the occurrence of an intra-
molecular N--HO interaction.?! The acetate (167) and
mesylate (169) clearly exhibit the pattern for an axial
hydrogen at C-6, & 5.09 (W, = 23 Hz) and 5.05 (W, 5
= 23 Hz), respectively. 166 and 168 show 4 5.46 (W),
= 7 Hz) and 5.44 (W,,, = 7 Hz), respectively.

When N,N’-dimethylbispidine reacts with diiodo-
methane, different products are formed depending upon
the conditions. Equimolar amounts form 1:2 adduct
(170). But addition of dilute solution of diamine in

©
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]®N ol
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Me
170 m
ethanol forms 171. In the NMR spectrum of 171 the
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poorly resolved doublet due to the four N-methylene
groups is similar to those for the corresponding meth-
ylene protons in symmetrically 1,3-substituted ada-
mantanes, 1%

The 220-MHz NMR spectra of 172 (R = 2-pyridyl,
3-pyridyl, 4-pyridyl, or 6-methyl-2-pyridyl; R! = methyl
or ethyl; R? = methyl or benzyl) establish the presence
of coupling between vicinal NH and CH protons in
(8-pyridyl)-2-substituted compounds of this series.?!?
In the spectrum of 172 (R = 3-pyridyl; R! = methyl; R2

R COOR' 0
H 0 §RZ ROOC COOR!
R Coor! R \
2 X )
172 173

= benzyl) the NH absorption appears as a triplet at 6
4.61 and the H(2,4) appears as doublet at § 4.93. The
coupling constant, Jyy/cy is 12.5 Hz. When R! = ethyl
the NH triplet and H(2,4) doublets appear at 6 4.61 and
4.58, respectively. The value of the coupling constant
indicates a chair-chair conformation?'? (173).

The 'H NMR spectra of the two isomers of 2,4-di-
phenyl-3-O-7-ABN-9-one derivatives (174 and 175) have
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been recorded.'® The protons at C-2 and C-4 of the
isomer 174 shows a singlet. For the protons H(6,8) and
H(6’,8’) an AB quartet with geminal coupling constant
of 12 Hz appears. Thus the NMR spectrum indicates
a symmetrical structure. The conformation must,
therefore, be twin-chair, with 2,4-cis-phenyl substitu-
ents.!®! In the 220-MHz NMR spectrum of 175 complex
signals appear between 6 3 and 4, comprising a H(6,8)
doublet and two octets for the methylene protons of
COOCH,CHj; groups at 6 3.72 and 3.39. The octet arises
due to the magnetic nonequivalence of the CH, protons
and can happen only if the phenyl groups are trans, and
not due to chair-boat conformation. Thus the isomers
may be identified as cis and trans isomers, respectively,
and represented by structures 174 and 175. Such cis—
trans isomers in the case of 2,6-diaryltetrahydropyran-
4-ones (97) and 2,6-diaryltetrahydrothiopyran-4-ones
(103) are known. 128134213215

The 3,7-DABN-9-0l 176 has been prepared by NaBH,
reduction of the ketone and its NMR spectrum stud-
ied.2® The signals of the geminal methylene protons
at the 6 and 8 positions form an AB quartet, Jgg (=5
) being 12.0 Hz. The OH portion is found to have
coupled with the geminal C-9 proton (J = 6 Hz).21¢

In the methiodide 177 the downfield and upfield
shifts of the two NCH;* protons and the greater cou-
pling constant for 6,6’ protons indicate that the ring B
has flipped to the boat form. The ring A cannot flip
owing to the presence of bulky aryl groups in 1,3-cis
diequatorial positions. Moreover, irradiation at the
resonance frequency of the signals of the N-methyl
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protons (6 3.10) induces an NOE on H-9, causing an
increase of 10% in the intensity of the signal for H-9,
whereas the intensity of the OH signal is not affected.
This confirms that the ring B has flipped to the boat
form.?6

In the spectrum of 178 long-range couplings are ob-
served for the isolated AB systems for the protons on
C-2, C-4, C-8, and C-9.217 Of these protons the only one
that resonates as a two-line signal is the axial H-43 at
¢ 1.51 which has a 10.0-Hz geminal coupling to the
equatorial H-4o at 6 2.70. The H-4« resonates as a
doublet (10.0 Hz) of triplets (1.5 Hz) as the rigid nature
of the molecule is such that four-bond couplings
through a “W” arrangement of ¢ bonds are observed
to both H-9« and H-20.%" Similar four-bond couplings
are observed for H-2a, H-28, H-88, H-9a, and H-93 also.

The N-methylene protons in the N-tosyl-3-ABN de-
rivative 179 constitute an AA’BB’ system in which the
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179 R=Me.Et H 180 R'-H.R% OH
181 R=0H, RZ-H

low-field A part comprises the equatorial protons and
the high-field B part the axial ones.”* The equatorial
protons which are in the N—S==0 plane are shifted
downfield considerably as a result of the deshielding by
the S=0 functions. Thus equatorial protons are found
between § 3.5 and 4.0 while the axial ones absorb around
6 2.5-3.5, leading to a difference of 6§ 0.5-1.4 for the two
halves of the AA’'BB’ system.

The extremely low-field absorption of H-7 in acids
180 and 181 has been explained by assuming a chair
conformation for the B ring in which H-7 is said to be
situated in the plane of O=8==0 group symmetricaly
with respect to the oxygen atoms.”” However, this
nearness of H-7 to the tosyl group can happen only if
the tosyl group is in the endo position, which seems to
be far less probable. Therefore, the downfield shift for
H-7 should be due to some other reason, such as partial
attraction between H-7 and lone pair on nitrogen and
approach of COOH of another molecule near H-7 to
form OH--N hydrogen bonding.

The NMR spectrum of 1-(o-nitrophenyl)-5-phenyl-
3,7-dimethyl-3,7-DABN-9-one (182a) shows two sets of
quartets for the C-2, C-4, C-6, and C-8 methylene pro-
tons while that of 1,5-diphenyl- or 1,5-bis(p-nitro-
phenyl)-3,7-dimethyl-3,7-DABN-9-one (182a) shows a
symmetrical neat quartet. The o-nitro group causes
nonequivalence amoung the C-2,8-axial protons and
C-4,6-axial protons. In a similar way the equatorial
protons are also differenciated. This clearly shows that
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the nitro group in 182a is oriented to the side of the C-2
and C-8 carbons.!!® The reason appears to be that
dipole—dipole repulsion between C=0 and NO, forces
the nitro group away from the carbonyl. The related
1-phenyl-5-0-tolyl-3,7-dimethyl-3,7-DABN-9-one (182c)
weakly exhibits this differentiation.!}!

The NMR spectrum of 183 shows a doublet at 6 4.92

Ph

HN NCOOR

Ph

183

assigned to the equatorial protons of the C-2 and C-4
attached to N-COOR (Jg = 13.5 Hz). The signal for
the other methylene protons appear at § 8.74.% This
establishes the equatorial nature of the COOR groups
and thereby the chair—chair conformation.

1,5-Diphenyl-3-tosyl-3,7-DABN-9-one also shows
nonequivalence for C-2, C-4, C-6, and C-8 protons, the
absorptions being C-2, C-4 equatorial H at 6 4.51 (Jp
= 11.5 Hz), C-6, C-8 equatorial H at 4.02 (JA;B =14
Hz), C-6, C-8 axial H at 3.58, and C-2, C-4 axial H at
3.28.

1,5-Diphenyl-3-ethyl-7-methyl-3,7-DABN-9-one and
1,5-diphenyl-3-benzyl-7-methyl-3,7-DABN-9-one also
show related NMR spectral behavior.?®

The conformations of 3,9-DABN-7-0l (184a) and 7-
methoxy-3,9-DABN (184b) have been determined by

KR

A M

1840 R=H_R'=0H
184 R=0Me.R:H

NMR data.??® 184a is found to occupy the chair—chair
conformation with axial OH involved in H-bonding to
3-N and with some distortion of the bicyclic ring angles.
184c also exists in a chair—chair conformation, but with
an equatorial OMe group.?1®

'H NMR data of the N-CH, protons and H; of N-
tosyl-3-ABNs (derivatives of 40) indicate the preferred
conformations.” Owing to the deshielding of the tosyl
group the absorption of the endo H-7 in the chair form
of the cyclohexane ring is shifted considerably down-
field compared with the absorption of the exo H-7 in
the boat form. Substitution of the endo C-7 hydrogen
increases the conformational energy of the twin-chair,
thus favoring the chair-boat form.”
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The endo configuration of the C-7 proton in 7-
benzoyl-3-tosyl-3-ABN-9-one is established by its
half-band width (W, = 28 Hz), compatible with the
chair-boat conformation.”? Epimerization with EtO-
Na/EtOH gives the more stable twin-chair isomer in
which the absorption of the axial H-7 (W, = 23 Hz)
is shifted 2 ppm downfield (5.27 ppm) as a result of
deshielding the tosyl group.

From the NMR spectral® of sparteine (185) and its

185 R=H.R'-H

186 R=0H,R'H
187 R =H.R'=0H
188 R=H.R :0Ac

deuterated analogues (17-ds, 2,17-d,, 6,10,17-ds), the
signals for the 4 protons which appear downfield have
been assigned: H, & 2.63, Hg 2.51, H 2.32, Hp, 2.76.
The signal at 6 1.04 has been assigned to the C-8 Hg
proton. The spectra are in accordance with confor-
mation 185. Two 8-hydroxysparteines (186 and 187)
have been isolated and studied.!® The shifts of the C-8
protons are at 6 4.34 and 3.47. This shows that the
proton at C-8 is situated above the free electron pair
at N-16 in 186 whereas in 187 a hydrogen bond exists
between the OH group and the N-16 atom. Similarly
the two 8-acetoxysparteines also show different chem-
ical shifts of the C-8 protons (6 5.28 and 2.53). The
high-field position has been attributed to the interaction
of the acetyl group with the N-16 atom (188).

In 3-isosparteine (189) both tertiary protons at C-6
and C-11 are arranged in the position cis to the free
electron pair, and all NMR signals of the « protons are
downfield. 45

189
3. ®C NMR Spectroscopic Methods

Eliel et al. have examined the 13C NMR spectra of
a series of about 50 2,4-diaryl-3-ABNs and established
the configurations and conformations of several 2,4-
diaryl-3-ABN-9-0ls.1%° Assignment of configurations has
been made on grounds of y-gauche effect!71& of the
OH group on the C-6 and C-8 or C-2 and C-4 carbons.
The upfield shift has been observed for the N-con-
taining ring in endo alcohols (e.g., 190) and for the
carbocyclic ring in exo alcohols (e.g., 191).

The ideal®®15%165 that 2 4-diaryl-3-ABN-9-ols with
ortho substituents on the aryl groups occupy chair-boat
conformations has been dropped because the 3C NMR
studies'® show that not only the 2,4-diaryl-3-ABNs with
para substituents but also those with ortho substituents
(e.g., 192 and 193) occupy chair—chair conformation.
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The 7-tert-butyl-2,4-diphenyl-3-ABNs also adopt
chair-chair conformations.

The configurations of the 3-ABN-9-ols with para-
substituted aryl groups are the reverse of what had been
reported previously,!52158159165 g g the configurations
of the alcohols with ortho-substituted aryl groups are
the same as those predicted.!52158159,165

In the 13C NMR spectra of 161, 162, and 163 the
upfield shift of the benzylic methylene carbons indicates
a steric congestion due to the presence of the 2-alkyl
group. The spectral positions of C-7 and the benzylic
carbon provide unambiguous evidence regarding the
conformation of 161, 162, and 163.17> A 5.0-ppm upfield
shift of C-7 is seen in 163 relative to 3-benzyl-3-ABN.
This difference has been attributed to a gauche rela-
tionship of the endo hydrogen with the endo hydrogens
at C-2 and C-4. This interaction has also been proposed
to account for the ~5-ppm upfield shift of C-7 in the
spectra of chair-boat conformers with respect to those
of chair—chair conformers in the closely related 9-
ABN-3-0ls.17¢

Comparison of the calculated and observed 13C
chemical shifts for the various carbons of about 70 3-
ABNSs and bicyclo[3.3.1]nonanes indicates that for C-7
without alkyl substituents an upfield shift of about 4.9
+ 0.4 ppm is to be included. This additive factor could
not be employed when substituents are present in the
C-7 carbon. This may be due to the resistance to
flattening of the cyclohexane ring when a substituent
is incorporated in the 7 position.!8® The variation could
be related to the bulkiness of the 7-alkyl substituent.

4. Mass Spectrometry

Mass spectrometry has been made use of for the
determination of conformations of 3-ABN systems to
a lesser extent compared with other usual spectroscopic
techniques. A strain-based driving force for loss of a
hydrogen atom from the molecular ions of various ep-
imeric azabicycloalkanes has been proposed.?®

The mass spectra of 3-alkyl-3-ABN-9-ols (194, 195)

Re _OH HO R
N\R1 \RT
194 R=H.RkMe 195 R-H.RlaMe

exhibit [M — 1]* fragmentation. Deuterium labeling at
the bridgehead carbons and at the one-carbon bridge
gives rise to no ion at m/e [M - 2] ruling out the pos-
sibility of H-atom fragmentation from these positions.
However, on the basis of the known behavior for 8
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CHART I
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cleavage of amines?? it has been concluded?® that the
hydrogens on a-carbons (to N) are eliminated. The
intensity of the [M — 1]* peaks are also found to depend
on the bulkiness of the 9-substituents. In the epimers
194 and 195 with differing R groups, those with the
larger group facing the heterocyclic bridge always ex-
hibit significantly more intense [M — 1]* ions. This has
been attributed to a 1,3 interaction.??°

In the 6-substituted-3-ABN series two major frag-
mentations have been observed,?? the first arising from
breakdown of azabicyclononyl ring about C¢—Cg, the
second initiated by loss of electron from N-Me. How-
ever, these also correspond to 3 cleavage of amines.??!

The configurations of some bicyclo[n.3.1]alkanols
have been established?? by using the effect of distance
between abstracted hydrogen and hydroxyl oxygen for
the elimination of H,O. It has been clearly demon-
strated that any one abstractable secondary hydrogen
must be present within 1.8 A from the HO* in order
that H,0 is eliminated.?*%" The proximity effect could
not be made use of for determining configurations of
9-substituents in chair-chair conformations. However,
in boat—chair or chair-boat conformations use of this
technique is possible. The mass spectra of 2,4-diaryl-
3-ABN-9-0ls do not exhibit an [M - 18]* peak, indi-
cating that no secondary hydrogen is close to the OH.1®
This also establishes the chair-chair conformation for
2,4-diaryl-3-ABNs.

The mass spectra of 2,4-diaryl-3-ABN-9-ones with
various aryl groups show that the cleavage between
bridgehead carbons and benzylic carbons for the for-
mation of ditropyliumamine (196) and the imino de-
rivative (197) is the major fragmentation mode.!%® This
arises because of stabilization of the fragments.

@@ ©Q

Mass spectrometry has been employed for establish-
ing the configurations of the C-7 substituents of the
N-tosyl-7-carbethoxy-3-ABNs.?2® The molecular ions
of compounds 198 and 200 eliminate a molecule of
ethanol whereas this decomposition is not observed for
the molecular ions of compounds 199 and 201.

In the ex0-COOR series the transfer of a hydrogen
from C-7 to the charge-localized nitrogen atom occurs
through a six-membered transition state.??® This
transfer is not possible for the endo series (eq 3). In
the spectra of 198 and 200 appropriate diffuse peaks
are also found for the loss of a tosyl radical from [M -
EtOH]" ion. This happens because of an anchimeric
assistance as shown in eq 4.
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The mass spectra of a series of N,N’-disubstituted
bispidine derivatives have been investigated.?”® The
important feature observed in the spectra is the com-
mon base peak (m/e 58) which results from the gen-
eration of N,N’-dimethylformimmonium ion as indi-
cated in Chart I. In 3-ABNs this peak is of lesser
importance. Deuteration of bridge heads in N,N"-di-
methylbispidine causes an increase in the intensity of
the m/e 59 peak, indicating participation of a methy-
lene bridge hydrogen (path a). However, the base peak
remains at m/e 58, indicating also the involvement of
an N-methylene hydrogen as in path b.

5. Kinetic Methods

The kinetic method of conformational analysis is one
of the earliest successful techniques in establishing the
relative conformation and configurations of isomeric
pairs of cyclic systems.5182%0231 However, this technique
could not be employed successfully for establishing the
configurations of ABN-9-0ls!®® or their derivatives!®
since the OH or OR group is axial with respect to either
of the two rings and thus has almost the same steric
environments. The configurations of some of the pairs
of alcohols which were derived by kinetics of acetylation
are in fact the reverse of their actual relative configu-
rations which have been established by 13C NMR
spectral studies.!®

The a and 8 isomers of 3,7-dimethyl-2,4,6,8-tetra-
phenyl-3,7-DABN-9-0l (202 and 203) have almost the
same rates of acetylation.??? In the case of 7-methyl-
cis-2,4-cis-6,8-tetraphenyl-3-T-7-ABN-9-o] (204 and 205)
the « isomer (204) reacts at a much faster rate than the
8 isomer (205). The higher rate of the o isomer has
been explained in terms of longer C-S bond length
which causes greater separation of the axial hydrogens
at C-2 and C-4, facilitating attack by the reagent from
the chair side.??

On the basis of the lower reaction rate of the o isomer
of 7-methyl-trans-2,4-cis-6,8-tetraphenyl-3-T-7-ABN-
9-0l (206) compared with that of 204, a boat-boat con-
formation has been proposed for 206. The corre-
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sponding 8 isomer (207) shows intramolecular hydrogen
bonding.

Epimeric 208 and 209 exhibit a reversal of trend in
the rates of acetylation. The 3 isomer (209) is acety-
lated nearly 3 times as fast as the « isomer (208). It has
been explained in terms of steric hindrance by phenyl
groups and axial hydrogens at C-6 and C-8.

The conformations and configurations of alcohols 202
to 209 need to be confirmed by other techniques.

Second-order rate constants for alkaline hydrolysis
of 9-acetoxy-3-methyl-2,4-diaryl-3-ABNs (210, 211) in
95% ethanol show small rate ratios (1.3-1.9) between
the epimeric pairs.!% This may be due to the absence
of steric factors in the transition state or to similarities
in the conformation on both sides of the one-carbon
bridge. In the light of new ideas on conformation and
configuration of 210 and 211, the lower rate of the trans
isomer (210, Ar = o-tolyl) seems to be due to steric
hindrance caused by the o-methyl groups which are
necessarily oriented to the side of the 9-endo substitu-
ent.

The similar relative rates of solvolysis of each pair of
9-(p-nitrobenzoyloxy)-3-ABNs (212-217) suggest that
in none of the cases does the nonbonded electron pair
on nitrogen provide substantial aid to ionization of the
C-0 bond.?®® Simple ester hydrolysis takes place with
the secondary alcohols 212 and 213 while ionization
followed by fragmentation is the process occurring with
the tertiary phenylcarbinol derivatives 216 and 217,
The tertiary methylcarbinol derivatives 214 and 215 are
intermediate in behavior, giving products expected from
ester hydrolysis and ionization. The ester 215 produces
a substantial amount of an elimination product which
is explained to be formed via a cyclic intermediate (218).

6. X-ray Crystallography

Many X-ray crystal and molecular structure deter-
minations have been performed on 3-ABNs, 3,7-
DABN:Ss, and sparteine-type alkaloids. In many cases
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they have yielded conclusive evidence for conformation
and configuration.

Crystals of 2,4-diphenyl-3-ABN-9-one belonging to
the monoclinic and orthorhombic systems have been
studied by X-ray crystallography.?* The monoclinic
crystals have space group C, or C,, with a = 13.871 £
0.001, b = 35.780 % 0.003, ¢ = 12.856 £ 0.001 A and 8
= 92 + 0.5°; d(exptl) = 1.20 and d(caled) = 1.22 for Z
= 16. The orthorhombic crystals have space group
Cpe21, With a@ = 20.838 % 0.002, b = 10.532 % 0.001, and
¢ = 7.231 £ 0.001 A; d(exptl) = 1.225 and d(caled) =
1.227 for Z = 4.

Two crystalline modifications have been found for
1,5-dinitro-3-methyl-3-ABN-7-0ne.?®® One is mono-
chmc, space group P2,/C with a = 8.018, b = 20.247,
c =8346 A; 3 =123.97°; Z = 4 and d(X-ray) = 1.434.
The other modlflcatlon is orthorhombic, space group
P, witha = 18.877, b = 11.031, ¢ = 10.707 A; Z = 8
and d(X-ray) = 1.446. Both structures show high
thermal motion (or disorder) especially of the nitro
groups. The conformation of the ring is chair-chair
(with equatorial methyl group at nitrogen) for the
monoclinic and orthorhombic modifications.?® In both
forms the NO, group orientation does not conform to
the appropriate mirror symmetry of the substituted
ABN skeleton. One NO, group (N;) closely eclipses
C,—C; in both forms. The other nitro group is nearly
perpendicular to C;-C, in the first but eclipses Cs—Cg
in the second. The molecules of the two forms are thus
conformational isomers. The ring containing the C=0
group is less puckered than the one containing the N
atom. The N..C=0 distances are 2.76 and 2.69 A and
the deviations of the carbonyl from the plane of its
three neighbors are 0.023 and 0.054 A, respectively, in
both cases towards the nucleophile N.

The HBr salt of 3-methyl-3-ABN exists in chair—chair
conformation with slight deformation of bond angle.?¢
It has a tetragonal structure, = 14.01 A, ¢ = 9.43 A,
Z = 8, space group P42,C. The two rings are flattened
to a slight extent (219).
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The molecules of 3,7-diacetyl-1,3,5,7-tetraazabicy-
clo[3.3.1]nonane (220) and 3,7-dinitro-1,3,5,7-tetraaza-
bicyclo[3.3.1]nonane (221) exist in a chair—chair con-
formation.z’

The crystal and molecular structure of 1,2,4,4,5,8-
hexamethyl-8-(N-acetamido)-3-ABN-2-ene (222) has
been studied.®* This compound crystallizes in mono-
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clinic system; space group P2,/n, a = 32.385, b = 6.526,
¢ =1.778 A; 8 = 88.43°, Z = 4. Because of the intro-
duction of the double bond, some interactions with the
endo H atom at C-7 are not present. The conformation
of the cyclohexane ring resembles a slightly flattened
chair. The distance of the atoms C, and Cq4 to the plane
through C,—C5—C¢—Cg, which are 0.604 and —0.719 A,
respectively, confirm this conformation.?® The Nj--C;
nonbonded separation is 3.13 A.

The saturated analogue?® of 222 (223) crystallizes in
the monoclinic form, space group C2/c with Z = 8. The
cell dimensions are @ = 19.409, b = 18.368, ¢ = 10.258
A; 8 = 117.478°.

In this compound the hydrogen of the NH is located
in the exo position. The displacement of the N; atom
from the plane through C,—Cy~C,C;is —0.589 A. The
deviation of the bridge atom Cy from this plane is 0.718
A. Consequently, the piperidine ring presents a slightly
flattened chair conformation. In the other ring the
deviations of the C; and Cy atoms from the plane
through C,—C5s—C¢—Cyg are 0.616 and —0.723 A, respec-
tively. Since there is no severe interaction between the
endo hydrogen atom at C; and the H atom at Nj, the
chair—chair conformation is close to the ideal, the dis-
tance Ng--C; being 2.880 A. However, the angles C,-
Cs—Cq (113.1°) and C,—C,—C; (116.6°) are greater than
the tetrahedral value.?*®

The conformations of sparteine group of alkaloids
have been determined by X-ray crystallographic studies.
Crystals of 7-hydroxy-3-isosparteine perchlorate (224)
are found to be orthorhombic, with space group
P2,2,2,.%0 The unit cell dimensions are a = 13.04, b
=13.19, ¢ = 9.59 A. The number of molecules in unit
cell is 4. The molecule is called by convention?!1,242
trans,trans (while a-isosparteine is called cis,cis and
sparteine is cis,trans), and all four of the six-membered
rings are found to be in chair conformation. The OH
has been shown to be attached to C;, contrary to earlier
reports?*? which indicate that OH is attached to the
bridge atom Cs. The two N atomis are close to each
other (2.68 A). The hydrogen from HCIO, is situated
in a position only 1.04 A from one nitrogen and 1.84 A
from the other. Thus this hydrogen is covalently
bonded to Ny and hydrogen bonded to N,!4% (113).

The structure proposed for sparteine N,g-oxide (225)
sesquiperchlorate on the basis of chemical behavior and
IR spectra has been confirmed by X-ray crystal struc-
ture studies.?*32%* All the rings are in the chair con-
formation. This is analogous to the results obtained
from NMR spectra.?** In sparteine and its derivatives
in solution the inversion of N, can readily take place,
transforming the ring C into a boat form 14345 How-
ever, the chair conformation stabilized by hydrogen
bonding enhances the basicity of the N-oxide.?4 %7

The structure of a-isosparteine monohydrate (112)
has also been determined.**? The space group is C222;,
a =20.18, b =10.61,c = 6.84 A, Z = 4. The four rings
of the molecule have the chair form, with both outer
rings trans to the methylene bridge.

The alkaloid 226, jamine from Ormosia jamaicensis,
belongs to space group P1, with a = 6.79, b = 10.61, ¢
=13.41 A; o = 95°, 8 = 97° 20/, and v = 103° 55’. Of
the six six-membered rings, five exist in chair form and
one in boat form. The 3-ABN part exists in chair-boat
conformation, 248249
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Another alkaloid, podopetaline (227), belonging to
this group has the same relative configuration®® at Cs,
Cy1, and Cy;4 as jamine®® and ormosanine.?®® There is,
however, an important difference between the confor-
mation of podopetaline and that of jamine and ormo-
sanine.

Rings A, C, D, and E in podopetaline are in the chair
conformation and ring B, which contains the C,¢-C;7
double bond, has five carbon atoms essentially coplanar
and C; out of plane (sofa conformation). The chair form
for ring C and cis C/D ring junction contrasts with the
conformation of jamine, which has a boat form for ring
C and the C/D ring junction trans.

Jamine and ormosanine have a trans C/D confor-
mation because steric interaction between C;—H and
the nitrogen lone pair (at N; in the quinolizidine
moiety) makes the cis form less stable. In podopetaline
the chair—chair conformations for rings C and D and
the cis C/D junction represent the more stable con-
formation.2%

7. Other Methods

Dipole moment calculations?! prove that 3-methyl-
3-ABN-9-one exists in the chair—chair conformation and
not in a chair—boat conformation. The observed dipole
moment in benzene solution at 25 °C is 2.89 £ 0.03 D.
This value is close to the value (~2.7 D) expected for
the chair—chair conformation and differs significantly
from the expected value (~3.8 D) for the chair-boat
conformation.

The calculated dipole moments for the chair—chair,
chair-boat, and boat-boat conformations for 3,7-di-
methyl-3,7-DABN are 1.10, 1.10, and 1.84 D, respec-
tively.!® Though the observed value (2.02 D) is closer
to the boat—boat conformation, a flattened chair—chair
conformation also can have a value up to 1.90 D. On
the basis of previous reports, a flattened chair-chair
conformation has been assigned.1®

The nitroxide 228b has a dipole moment of 5.2 D in
benzene at 25 °C, this suggests a chair-chair confor-
mation for the ring, either with an axial-type N-O bond
or a slight distortion of the piperidinoxyl ring.25

\
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2285 R=0 R:H 230 R=NO,

The measured dipole moments for 229 and 230 are
6.8 and 6.9 D, respectively. The high value suggests a
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chair—chair conformation since the calculated values for
229 and 230 are ca. 7 and 8 D, respectively, while those
for the chair—boat conformations are less than 4.6 D8
1,5-Diphenyl-3,7-DABN derivatives have been as-
signed the chair-boat conformation on the basis of
spectral and dipole moment studies.1®
3-Alkyl-7-methyl-3,7-DABNs titrate as monoamines,
and none of them form stable disalts. The stabilizing
factor is the possibility of intramolecular hydrogen
bonding between nitrogens which produces an ada-
mantane-like structure.!® Since the pK, value of N,-
N’-dimethylbispidine is 11.88, it is more basic than
N-methylpiperidine (pK, = 10.08).

The pK, values of epimeric 3-methyl-9-alkyl-3-ABN-
9-0ls?* suggest that the 8 isomer of any stereochemical
pair is the stronger base. Thus 231a is stronger than
232a and 231b is stronger than 232b.

NMe &e
2310 R=Me 2320 R=Me
2318 R=Ph 232h R=Ph

The structures of N,N’-dimethylbispidine and 3-
ABN-HBr have been assigned by calculating the energy
differences by LCAO-MO methods.?® In 3-ABN-HBr
and N,N’-dimethylbispidine, the minimum energies are
present when the distance between 3 and 7 atoms are
2.9 and 2.5 A, respectively, which are close to the dis-
tance in the normal chair—chair conformation. Calcu-
lations for boat—chair and boat-boat conformations
have yielded higher energy values. Therefore, it has
been concluded that these compounds exist in a normal
or near-normal chair-chair form at room temperature.

The high-resolution ESR spectra®? of the nitroxides
228a and 228b have been studied, and the N-O bond
has been shown to occupy an axial (endo) position.

VI. Reactions and Thelr Stereochemistry

A. Reactions at Nitrogen

In most of the 3-ABNs, alkylation at nitrogen has
been carried out easily with alkylating
agents,5878.106.107,165,190218255-258 '3 ABNg are alkylated
with (i) and HCOOH-HCHO mixture, (ii) alkyl halides
with a mild base, and (iii) alkyl sulfates in alkaline
medium.

The stereochemistry of alkylation at nitrogen has
been studied in detail.®® The reactions of 3-ABN-9-one
(19) and 3-ABN-9-ols (139, 140) with trideuteriomethyl
p-toluenesulfonate have been examined to determine
the degree of stereoselectivity with which the tri-
deuteriomethyl group is introduced to form a quater-
nary ammonium salt. Salts of 139 and 140 in NMR give
signals for N-Me protons. The N-methyl signals appear
at two different positions for the two isomers. In the
case of 139 and 140, the salt is oxidized to the ketone
and then the positions of the signals for N-methyl
protons are ascertained and the stereochemistry of al-
kylation determined. In the chair—chair conformation
the peak for an equatorial N-methyl group appears at
lower field and that for an axial N-methyl appears at
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higher field. From the area of the different peaks the
ratio of N-alkylated products is found out. On the basis
of the NMR spectral results it has been concluded that
the direction of alkylating agent is independent of the
nature of steric arrangements of the oxygen function.
The alkylating agent attacks from a direction syn to the
oxygen function. With methyl p-toluenesulfonate and
methyl bromoacetate the same trends have also been
observed 259261

The methiodide 233a on conversion to the hydroxide
and subsequent thermal decomposition forms O-al-
kylated product 234a, among others, by intramolecular
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234a R'=H.RZ- OMe
234b R'=0Me RZ-H
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(i) 130-160°

2330 R'=H.RZ:OH
233 R'=0H, RZ-H

transfer. The methiodide 234b undergoes O-alkylation
by an intermolecular process and at a slow rate.?%®
Alkylation of 3-ABN-9-one with methyl bromoacetate
gives almost equal amounts of the keto esters 235 and
236.280  Alkylation of the endo alcohol 139 gives a

/\
H2C

N— Me cf\cnz
00Me coone
H 0\ =0
SLHy
139 —— \Me
Tce\m
COOMe
237

mixture of the hydroxy ester 237 (ca. 25%) and the
lactone 238 (ca. 75%). Alkylation of the exo alcohol
gives a single quaternary salt (239).%°

HO H

W —

BN I
CHC00Me

239

The difference in protonation and quaternization of
1,5-diphenyl-3,7-dimethylbispidin-9-one (76) and the
corresponding alcohol has been related to their con-
formation.??

The orientation of the lone pair of electrons on ni-
trogen in 3-ABNs has been predicted. The NH hy-
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drogen undergoes inversion depending upon the solvent.
In polar solvents the lone pair is equatorial in a chair-
chair conformation, and in nonpolar solvents it is axi-
al 153,263

On the basis of NMR and IR spectral studies the NH
compound is reported to have an equatorial lone pair
while the N-methyl compound has an axial lone pair.?*

Urea derivatives containing the 3-ABN skeleton (242)
have been obtained®® by treating N-amino-3-ABN-HCl
(240) with NaOMe and the urethane 241 at 110-120 °C.

@ -NH, TsNHCUOMe@

24 242 R=NHCONHS0Ar

The kinetics of N-alkylation of 2,6-diarylpiperidine
derivatives and 2,4-diaryl-3-ABN derivatives has been
studied.?® The alkylation rates in piperidines are found
to depend upon both electronic factors and flattening
effects due to substitutents at the 3- and 5-positions.
In 3-ABNs with different aryl substituents the rate
constants varied widely depending upon the presence
or absence of ortho substituents. It has also been shown
that quaternization is not possible in 2,4-diaryl-3-ABNs
because of steric hindrance caused by the adjacent aryl
groups.2%

13C NMR spectral investigations of N-methyl-2,4-
diaryl-3-ABNs show that in the N-Me compounds the
signals due to the ortho and meta carbons of the aryl
groups are doubled.!®® The doubling disappears on
raising the temperature and is probably due to re-
stricted rotation of the aryl groups. In the NH series
this type of doubling has not been observed.!6

B. Reactions of Carbonyl Groups

The carbonyl group in 3-ABN-9-ones is found to be
less reactive than the carbonyl in other heterocyclic
ketones. One of the reasons given is that the interaction
between C==0 group and the increased electron density
on the nitrogen makes C=0 less reactive.!® The C=0
group of 3-ABNs can be hydrogenated by using
Pt0,!%171,28 or Raney nickel.?® Isomeric alcohols are
formed in each case except simple 3,7-DABNS.

1,5-Diphenyl-3,7-dimethyl-3,7-DABN-9-one (76) on
reduction with LiAlH, or Raney nickel gives the 9-
hydroxy compound.!'3171 Qther 3,7-dialkyl analogues
of 76 also have been reduced to the corresponding
bispidin-9-0ls.%”

2,4-Diaryl-3-ABN-9-ones and 2,4,6,8-tetraaryl-3,7-
DABN-9-ones on reduction by the MPV method, so-
dium-alcohol, NaBH,, or catalytic hydrogenation pro-
duce epimeric pairs of alcohols.!*1%%165 Determination
of the ratio of the pairs of alcohols formed usually
provides sufficient evidence to predict the conforma-
tions and configurations in six-membered heterocyclic
alcohols. The results obtained from isomer ratios in
3-ABN-9-0ls often lead to wrong conclusions.16%165
Caution is needed in correlating isomer ratios with
configurations of alcohols.

It has been reported!5%165266 that 20 gives the endo
alcohol predominantly on reduction with aluminum
isopropoxide and almost exclusively in the reduction
with Pt/H, or Raney nickel, while reduction with so-
dium borohydride or Na {alcohol produces more of the
exo alcohol. However, 1°C NMR investigations of the
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alcohols reveal'® that the actual configurations are the
reverse of those proposed earlier.136:165266 Thys it is
evident that the predominant alcohol in MPV reduction
and catalytic hydrogenation is really the exo isomer and
that formed in reduction with NaBH, or Na/alcohol is
the endo isomer.

Though several workers obtained only one alcohol in
the reductions of 2,4,6,8-tetraphenyl-3,7-DABN-9-one
(243), MPYV reduction gives two isomers of the alcohol.

P Ph Ph Ph
N H W R-R'MH
Ph Ph P Ph

243 R'=Hor OH
RZ= OH or H

The conformation of the two rings should therefore be
chair-boat since neither chair—chair nor boat-boat
forms would give two isomers because of the presence
of C, symmetry. In related tetraphenyl derivatives of
3-0-7-ABN and 3-ABN the newly formed piperidine
ring assumes the boat form during its formation. On
reduction, these ketones give different proportions of
a and B isomers, depending upon the method of re-
duction as in the case of unsubstituted 3-ABN-9-
ones.'™!,

NaBH, reduction of 1,5-dicarbalkoxy-2,4-bis(pyri-
dyl)-3,7-DABN-9-ones (172) yields one alcohol only
(244), with very high stereoselectivity.?1® The stereo-

YNR

chemistry of the methiodide 245 has been determined
by NOE measurements.21®

Difficultly separable mixture of isomeric 3-methyl-
6-cycloalkylamino-3-ABN-9-ones (33) on reduction with
NaBH, gives mixtures of 3-ABN-9-ols (246, 247) which

R _R?

o %
R NMe

246 R'-0H, RZ:H

27 R'-H.RZ-0H

Me0OC (00Me

ve Py NR

24

have been separated by GLC.%! The resistance of 246
to ester formation?? and IR frequency for free OH
absorption at 8610 cm™ point to the OH group being
anti to the N-methyl and syn to the cycloalkylamino
group. 247 shows intramolecular hydrogen-bonding.
The C==0 group at the 9-position of several 3-ABNs
has been reduced to CH, by Wolf-Kishner meth-
0ds!®5%7 or by treating the ketone with BF; and 1,2-
ethanedithiol followed by desulfurization.!®
3-Tosyl-7-carbethoxy-3-ABN-9-one (31) on reduction
with NaBH, gives a mixture of 248 and 249 in a 4:1
ratio. The OH thus prefers to go to the hindered
position. On the other hand, LiAlH, reduction gives
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248 R=COOEt.R'-H.R%:0H
243 R=COOEt,R'-0H,RZ:H
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250. Since 250 undergoes detosylation readily to give

KO M KON H
- A-D
N
CHy s
1
oM

250

an azaadamantanol, the conformation sould be chair-
chair with the OH oriented to the side of the cyclo-
hexane ring.1®

The carbonyl group at the 9-position undergoes ad-
dition reactions with Grignard reagents and alkyl-
lithium to give a mixture of o and § alcohols. The
presence of a nitrogen atom does not have greater in-
fluence on the stereochemistry.?¢ Reaction of 3-
methyl-3-ABN-9-one with organometallic reagents in
THF or ether produces mixtures of tertiary alco-
hols,5%%%27 with exo alcohol upto 61-69% yield and the
rest endo (31-39% yield). The organometallic reagents
employed are CH;Mg Br, (CH;),Mg, CH,;Li, PhMgBr,
and PhLi.

1-Methyl-3-phenethyl-3-ABN-9-one (17) and 3-
benzyl-7-methyl-6-pyrrolidinyl-3-ABN-9-one (251) react
with PhMgBr to give the corresponding tertiary alco-
hols.’467 The stereochemistry of the products is not

Rl g

ArM
3o NG
251 R« . R % e R3: Ar or OH
) R['= OH or Ar
R:Pthz 252=R1=rN] .R2=Me.

R3- p-Toly L, R4=0H

known. p-Tolyllithium has been employed to get the
tertiary alcohol 252.57

Addition of EtOC==CLi to the 3-ABN-9-one 253 gives
41% of the acetylinic tertiary alcohol 254. Hydration
followed by hydrolysis gives the acid 255.2™

OMe OMe
© ©

. iMe —= G HNMe  —==225
Me Me

253 254 R=C=C-0Me
255 R=CH,COO0N

The acetylenic alcohols!®®272-274 256 and 257 are
formed from 2,4-diphenyl-3-ABN-9-one by three
methods: (i) reaction with acetylene in either contain-
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ing KOH, (ii) reaction with acetylene in ammonia con-
taining sodium, and (iii) reaction with HC=CMgBr.
The first two methods give 70-86% of 256 while the
third gives only 26% of 256. Hydrogenation of 256 over
Raney nickel and palladium has been reported to be
five times faster than that of 257.272

LY RO~ Ars_- O
f
NMe

N\;h MeN R

256 R's0H. R%C =CH 258 R=aryl 259

257 R'=C2CH.RZ-0H

When N,N"dimethyl-3,7-DABN-9-one is treated with
ArLi followed by an acid chloride or alkyl halide, the
products are 258.2%6 These compounds are reported to
exist in a chair-boat conformation in which the piper-
idine ring to which the OH is syn is in the boat form.

N-Alkyl-9-aryl-3-ABN-9-0ls (259) have been obtained
by treating 3-methyl-3-ABN-9-one with an aryl-
magnesium halide.?’ The tertiary alcohols have also
been converted to the methyl ethers.

The carbonyl at the 9-position reacts with hydrox-
ylamine to give oximes. 1,5-Diphenyl-3,7-diethyl-3,7-
DABN-9-one (74, R = Et) on treatment with hydrox-
ylamine in acetic acid forms 260 and 261. The extent
of rupture of the 3-ABN skeleton depends upon the
time of reaction.”®1%

Me Me

Ph NOH '
Ph Ph Ph
£t R NE NH
N
Ph £t Chy Ph
260 R NOH 261 262

2,4-Diphenyl-3-ABN-9-one oxime has been convert-
ed,?”2"8 through several steps, to 7-(dimethylamino)-
1-methyl-3-methylene-2,8-diphenyl-1-azacyclooctane
(262). The oxime has also been reduced to amines,!88

N-Tosyl-3-ABN-9-one derivatives (31) have been
converted to amines by reduction of the oximes.!?

1,5-Diaryl-3,7-DABN-9-ones (74) and some simple
3,7-DABN-9-ones fail to react with carbonyl reagents
except hydrazine.%¥162 In the first case the reason seems
to be the steric hindrance caused by the phenyl groups
at bridgehead positions and not due to chair-boat
conformation. In the second case the failure has been
ascribed to an amide-like character.162

The spirohydantoin skeleton (263 and 264) has been
built up at the 9-position from 3-alkyl-3-ABNs and
3-methyl-7-alkyl-3,7-DABNs.27

0
\E—NH
H
0

X MR

263 X=CH,
264 XN
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C. Reactions of OH Groups

O-Alkylation of tertiary 3-ABN alcohols has been
carried out.”%%0:28l 3.Methyl-948-hydroxy-9a-phenyl-3-
ABN (265) reacts with ethanol in the presence of con-
centrated H,SO, to yield the 98-ethoxy derivative. The

(e (e

R=Et.Me

265

corresponding methyl ester can also be produced sim-
ilarly, 70280281

O-Alkylation of 2,4-diphenyl-3-ABN-9-ols fails to take
place with simple aliphatic alcohols and acid, dialkyl
sulfate, or NaH/CH,I.188

However, acetylation occurs with much more ease
with common acylating agents.}® The 3-ABN-9-ol 266
reacts with Ac,0, MeSQO,Cl, (EtCO),0, and C;H,COCl
to yield the corresponding esters."282 Acetylenic al-
cohols also could be benzoylated.?®

! K. OCOR
R 83 e 0. g
s
_ (2R ——
X , R
i # ~
LR
NR! X
266 R'=COPh 267 R-H
RE H R3-0H

269 RZ-0H RLH
270 RZ:H.R3-0H

268 A2~ -}

House et al. carried out a series of investigations and
reported!™ that unsubstituted 3-methyl-3-azabicyclo-
[3.3.1]nonan-9-ols and analogues in which the OH group
is syn to the N-methyl group react with p-nitrobenzoyl
chloride in CHCl; at room temperature to yield the
corresponding p-nitrobenzoates. Their anti isomers,
however, are inert under these conditions. It has been
suggested!” that the facile esterification of the syn-
oriented compounds proceeds by an intramolecular N-
to O-acyl transfer through the intermediacy of an acy-
lammonium complex as shown by structures 267 and
268. When this observation is employed, the configu-
rations of 6-(1-azacycloalkyl)-3-ABN-9-0ls (269 and 270)
have been established.®?%

The solvolysis rates of 3-alkyl-3-ABN-9-methane-
sulfonate and 9-alkyl-9-ABN-3-methane-sulfonate have
been compared and correlated with the electronic and
steric properties of the N-substituents.?%

D. Reactions at Bridgehead Positions

Many synthetic routes for 3-ABNs and 3,7-DABNs
involve the decarboxylation of the carboxyl group
present in the 1- and/or 5-positions. Decarboxylation
has been carried out by heating with dilute acid.

The decarboxylation at bridgehead positions of 3-
ABNs without bulky substituents at 2,4,6,8 position is
comparatively easy. This has been ascribed to the
overlap of the intermediate carbanion orbitals with the
7 orbitals of the adjacent carbonyls. Ease of decar-
boxylation is related to the dihedral angle between the
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carbanion and the carbonyl group.5,7%28

However, results obtained from deuterium exchange
and decarboxylation experiments®” reveal that decar-
boxylation does not proceed through the usual cyclic
mechanism even if one considers 3-ABNs as borderline
cases for the existence of compounds with a bridgehead
double bond.?® The probable course of decarboxylation
seems to involve opening and closing of the 3-ABN
skeleton.?®’

Bromination of 2,4-diaryl-3-ABN-9-one does not give
the 1-bromo derivative but cleaves the ring to give di-
benzylidenecyclohexanone.!68

E. Cyclizations

Compound 271 undergoes detosylation and cycliza-
tion in HCl-AcOH to yield azaadamantane deriva-
tives!®20 (272). Quinine analogues containing azaa-

X H X H
HCI
AcOH
H R N\Ts :

271 R=CH,OH 272 R+H.X=0 or NH
X=0Hor NH, 274 R- QO
H-pioen,
Q)
27

damantane skeleton have been obtained.?® The alcohol
271 (X = H) is oxidized to the aldehyde, condensed with
the phosphonate 273, and cyclized to azaadamantane
derivative 274.

The insertion reaction of the carbene produced at the
C-9 position of 3-methyl-3-ABN proceeds™ exclusively
into the side opposite to the N-methyl group, yielding
3-methyl-3-azatricyclo[6.1.0.05°]nonane (275) while that

NMe e o 7o

275 276 277

of a carbene at bridge carbon C-8 of 3-methyl-3-aza-
bicyclo[3.2.1]octane is to the same side of the N-methyl
group to give 2-methyl-2-azabicyclo[5.1.0.0%%]octane
(276).

3,7-DABN sulfate when treated with HCHO and
HCOOH forms 1,3-diazaadamantane-1-methonium
sulfate? (277). 8,7-DABN when refluxed with benzene
and paraformaldehyde forms®! diazaadamantane (10,
X =N, R = H). Similarly, 1,5-diphenyl-3,7-DABN-9-
one (76) and its N,N-diacetyl derivative (55) when
heated with HCHO yield 100% 5,7-diphenyl-1,3-dia-
zaadamantane, 222388292 9 4 6 8-Tetraphenyl-3,7-
DABN-9-one (74) and the alcohol are also claimed %
to react with paraformaldehyde to give diazaadaman-
tanes (278). A paper chromatography method has been
described for identifying the 1,3-diazaadamantanes and
3,7-DABNg, 23
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The diphenyladamantan-6-one and bis(carbometh-
oxy)adamantan-6-one can, however, be prepared di-
rectly from the ketone, HCHO, and ammonium ace-
tate.?2%

1,3-Dimethyl-3,7-DABN is reported to react with
NaBH4/ Clo, w1th the formation of 1,3-dimethyl-2-
boronia-1,3-diazaadamantane perchlorate294 (279).

A few cases of lactone formation in 3-ABNs are
known. An attempt to cleave the tosyl group in ethyl
N-tosyl-9-exo-hydroxy-3-ABN-7-endo-carboxylate (280)

OH
% R 0\c=0
TsN
R1 TSN

280 RCOOEL.R'H 281 ReH 285
RZH, R3<0H

282 ReH.R'-COOH 283 R=OH
RZR3:0

284 R-H R‘-ou

RZR%:0
R
R O

286 RaMe 287 R=Me

has resulted in the formation of the lactone 281.85 13C
NMR studies at various temperatures indicate that an
equilibrium exists between 282 and 283.% In a similar
way the N-tosyl-7-exo-hydroxy-3-ABN-9-one (284) is
shown to exist in equilibrium with the hemiacetal 285.2%
The unsaturated 3-ABN derivative 286 when heated
with HCHO gives substituted azaadamantanol®” (287).

F. Other Reactions

Several substituted 3-ABNs undergo a novel rear-
rangement involving ring contraction to form 3-azabi-
cyclo[3.2.1]octane derivatives.®* Thus the 1,5-dinitro-
3-ABN derivative 288 on exposure to sodium meta-
periodate in methanol for 18 h under nitrogen is con-
verted into 1,5-dinitro-3-methyl-3-azabicyclo[3.2.1]oc-
tan-6-ol (289). 1-Carbethoxy-2-benzyl-3-acetyl-6-
methyl-6-hydroxy-3-ABN-9-one (290) on treatment with
NaOMe in MeOH yields 1-benzyl-2-acetyl-6-0x0-9-
carbethoxy-10-hydroxydecahydroisoquinoline (291).
This has been shown as a second-order reaction, first
order with respect to the substrate and first order with
respect to NaOMe, and favored at low temperatures.”

3-ABNs with pyridyl substituents at 2- and 4-posi-
tions serve as polydentate ligands and form complex-
es.2® Compound 292 reacts with an equimolar quantity
of transition-metal salts to give complexes of general
formula M(292)X, where X is SCN and M may be Mn,
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N0y N7
Hg Me — Me
Ho—1
HO 07 N0,
ZBBRHorMe 289 R=H or Me
QE NaOMe
\CUCH3
CHzPh
290 R=COCE}

Ni, Co, Fe, and Cd.?® The structures of these com-
plexes have been characterized by IR and NMR spec-
tral data.!®

M2 omaesny

R=C 00Me
R'-Me or CHoPh
292 X=SCN
R _R'
/€H3
— R
Of
NMe
293 R=Ph.R’= OH 295 R=COEt
294 R=0H R=Ph 295 R=Me

Heating the 9a- or 98-hydroxy compound 293 or 294
in propionic anhydride at 100 °C gives the corre-
sponding propionate while treatment of either 293 or
294 in propionic anhydride at 160 °C affords a mixture
of 295 and 296. A possible path for the formation of
295 and 296 may be a kind of fragmentation reaction.3®

3-Methyl-3-ABN-2,4-dione (42) reacts with RMgX
with ring opening®! to yield 297. When the Grignard
reagent is PhMgBr, two more products, 298 and 299,
are also formed along with 297.

) R R
R QMg8r \c<
O
RMgX RMgX
17— Me — Q "
/N\Me
0
ol COCH, Ph

COEt
PhMg8r
] —— 297+

c/"““'-° NHMe
il
0
298 299

E iJMe—-—Meg §®;JM9 —-—Meﬁ % N

Alkyl groups can be introduced at the 2-position of
3-ABNs. Treatment of 3,7-dimethyl-3,7-DABN with
excess mercuric acetate!72203302303 yging 33% acetic
anhydride in acetic acid as solvent furnishes a ald-
immonium ion 300. This on reaction with excess al-
kylmagnesium iodide produces the 2-alkyl derivative
of 3,7-DABN. Alkylation of N-benzylbispidines is
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carried out in a different way by employing N-chloro-
succinimide (eq 5).

. . Me
{i)Meli
: : ) NCS ( E ;(ii)Phcoc
—— Hyrhcoc (5)
H RNuZC03H NR(iii)LAH h@R

R+ CHoPh

Oxidation of N,N-dimethylbispidine with excess
mercuric acetate in 5% aqueous HOAc produces the
3,7-dimethyl-3,7-DABN-2-one.”® Instead oxidation by
the same reagent using 33% acetic anhydride in HOAc
and treating the resulting aldimmonium ion in metha-
nol give 2-methoxy-3,7-dimethyl-8,7-DABN.2%

Rlo_ Ph Ph _OR!

NR NR
301a-R=R'= Me 3020-
301b. R=Me. R'-Ph 302b
301c-R=CHPHR':Me 302c.

3010 R« CH,Ph, R:AF  302¢

OH
R!

303 R:H_Me.n-Pr.-C5H11

CHaCHCHp.-CHy <]
R"=H.Me.CHp ~CH= CMe,
CHyCHoPh

Microbiological oxygenation of 3-benzyl-3-ABN with
Sporotrichum sulfurescens gives 3-benzyl-endo-3-
ABN-6-01.3%43% Tt has been proposed that S. sulfu-
rescens attack at saturated carbon approximately 5.5A
from an electron-rich center such as ketone or amide
carbonyl oxygen. Hydroxylation of 3-benzyl-3-ABN
with Rhizopus arrhizus®® forms a mixture of endo- and
ex0-3-benzyl-3-ABN-6-ols.

The C-7 position in both bicyclo[3.3.1]nonanes and
3-ABNs is inactive toward chemical transforma-
tions?113%6 gg g result of the chair—chair conformation.
3-Tosyl-2-hydroxy-3-ABN-9-ones (164 and 165) are
resistant to dehydration with a variety of reagents.
Derivatives of 164 and 165 (166, 168, 167, 169) also fail
to undergo elimination with various reagents except in
NaOAc/HOAc, in which case along with substitution
elimination also takes place to the tune of about 44% .2

VII. Biological Activity

Many derivatives of 3-ABN are found to possess
useful biological activities.®” In a study involving 26
3-ABN derivatives, the analgesic activity has been de-
termined by employing the Haffner tail pinch method
and compared with those of meperidine hydrochloride
and morphine hydrochloride. Good analgesic activities
are reported to be shown by 9-alkoxy or 9-aryloxy de-
rivatives 301 and 302.3083%° 3.Ally]l-9-a-phenyl-9-8-
methoxy-3-ABN lacks narcotic antagonism while weak
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antagonism is exhibited by the 9-8-phenyl-9-a-methoxy
isomer.310

The citrate salt of 3-methyl-9-phenyl-9-endo-meth-
oxy-9-ABN (302a) has an analgesic potency approxi-
mately 3 times greater than that of meperidine,308-313
The activity has been determined by mechanical,
chemical, and thermal stimulation methods in mice and
rats. Adverse side effects such as mydriasis, hypoten-
sion, and local irritation are reportedly less pronounced
with 302a than in meperidine at equianalgesic dos-
eg,309313

Similar antagonism to analgetic effects by nalorphine,
rapid development of tolerance to analgetic effects,
antitussive effect, potentiation of thiopental anaesthetic,
and slight respiratory depression have been observed
in both the drugs.3%39313314 The gcute toxicity of 302a
is almost similar to that of meperidine.

Introduction of a m-methoxy substituent in the
phenyl group of 302 results in radical potentiation of
analgesic and antitussive activities. 2835313 N.Carba-
mates of these derivatives exhibit appreciable antiin-
flammatory effects with analgesic activities, ?6:230,316
Similarly, 3-methyl-9-exo-benzoyl-3-ABN has local
anaesthetic activity comparable with that of procaine
hydrochloride.®!® The simple 3-ABN is effective against
influenza infection.’’

Replacement of amino hydrogen in 3-ABN by a linear
chain of 2-5 carbon atoms carrying at the end an amino
group disubstituted with Me or Et gives diamines
having powerful ganglioplegic and hypotensive prop-
erties, /475318320

However, the corresponding 3-alkyl-3-dialkylamino-
alkyl-3-ABN hydrochlorides and mono and bis qua-
ternary salts exhibit only a low degree of hypotensive
activity. By comparison with very highly active com-
pounds in the closely related 2-azabicyclo[4.3.0]lnonane
(isoindole) series, it has been concluded that changing
the bridging in the bicyclic ring from the [4.3.0] to
[3.3.1] structure results in marked reduction or almost
complete loss of hypotensive activity.™

Several 6-substituted 3-ABNs are found to be useful
as sedatives, analgesics, antipyretics, and psycholaleptic
and hypoglycemic agents.’%?1  3,7-Dimethyl-6-
pyrrolidino-9-hydroxy-3-ABN was the most effective
hypoglycemic agent and had the least toxicity of the
drugs tested.32

A series of N-substituted 1-(3-hydroxyphenyl)-3-
ABNs (303) has been examined by structure—activity
relationships. In agreement with earlier work3?3% on
N-alkylpiperidines and other similar ring systems it was
concluded that replacement of an N-methyl group of
303 by a propyl or an allyl group would result in an
increase in the antagonist activity.”® None of the 1-
phenyl-3-ABN derivatives shows any analgesic activity.
The N-methyl derivatives of 303 show narcotic analgesic
activity. Replacement of N-methyl by a propyl or allyl
group increase antagonist activity.

The 3,7-DABNs possess good antiarrhythmic poten-
cies,’? but they are also quite toxic, as indicated by
LDg, values.® The 1,5-diphenyl-3,7-DABNs are local
anaesthetics but have negligible analgesic or physio-
logical activities.1%4327 Some of them possess hypoten-
sive activity®® and activity for miocardia.’® N,N’-Di-
benzyl derivatives are found to be antiphlogistic, and
antithrombic.3%
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Quaternary salts of certain «,w-bis(9-methyl-3,9-
DABN-9-yl)alkanes are found to exhibit neuromuscular
blocking activity!2:122331-33¢ which is explained as re-
sulting from depolarization at motor end plate. Some
3,9-DABNSs possess neuroleptic activity.3%

Many 8,9-DABNS are found to possess weak central
cholinolytic action,3® curarelike activity,? a slight local
anesthetic effect,?” and other activities.?*® The qua-
ternary salts obtained from 3,9-DABNs with various
alkyl substituents have been found to possess curari-
form properties which vary directly with the length of
the polymethylene chain and ganglioblocking activity
which varied inversely with the number of carbon atoms
in the chain. The neuromuscular block induced by
these compounds is decreased by proserine and ditilin
and enhanced by diplacin.33

VIII. Summary and Conciusion

In the foregoing sections we have attempted to review
comprehensively the numerous studies on 3-ABNs. The
review establishes that in spite of the simplicity of the
methods available both for the synthesis and deter-
mination of the stereochemistry of 3-ABNs, 3,7-DABNS,
etc., there remains a large number of stereochemical
assignments to be explored. In many cases the sub-
stituents have been incorporated in the skeleton with
a view to examining the biological activities but without
any further attempt to establish the configuration and
conformation of the rings. In this regard *C NMR
spectroscopy, X-ray crystallography, and advanced
methods of 'H NMR spectroscopy may prove to be of
much use over other techniques.

It is surprising that different configurational and
conformational assignments have been made even for
simpler easily obtainable tetraarylbispidines and their
derivatives. Since the tetraaryl derivatives can exist in
a single conformation only and cannot flip to the other,
further study on these systems is required.

Regardless of the above possibilities, probably the
most important area awaiting exploration is the study
of limiting factors which determine the conformation
and the product spread in the case of epimeric pairs of
substituted 3-ABNs. Quantitative studies and theo-
retical calculations are also needed.
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