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Introduction

Recently a large number of papers have been published
on the chemical and biological studies of synthetic diaza-
and aza-bicyclic systems with non-bridgehead nitrogen
atoms. According to their chemical structure, these bi-
cyclic systems may be divided into the following groups:
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Aza- and diaza-bicyclic compounds are very interesting
pharmacologically, since many of them exhibit biological
activity and may be used for the investigation and prepara-
tion of new drugs. In this connection it appeared useful
to give a systematic account of work dealing with the methods
of synthesis of the above bicyclic systems, their chemical
properties, and pharmacological activity. The present
article does not include natural compounds of the tropane
series and their synthetic derivatives, since a number of
reviews dealing with them already exist!-4.

3,7-Diazabicyclo[3,3,1 Jnonane (I)

The derivatives of 3,7-diazabicyclo[3,3,1] nonane can be
divided into two subgroups: 9-oxo-3,7-diazabicyclo[3,3,1]-
nonanes or bispidones and the 3,7-diazabicyclo[3,3,1]nonanes
themselves or bispidines. The methods available for the
preparation of the two subgroups are different; bispidines
cannot be obtained from bispidones.

Bispidones. Derivativesof9-oxo-3,7-diazabicyclo-
[3.3,1]nonane were first synthesised by Mannich and Mohs?®

by the condensation of substituted piperidonedicarboxylic
ester (XIV) with formaldehyde and primary amines:

HsCq OOCH, Hs COOCH;,
CH;0
R—% + + NHR' ——> R‘%_R'.
CH20
HsC OOCH,3 H! OOCH;
(Xtv)

Compound (XIV) was obtained by the reaction of acetone-
dicarboxylic ester with the appropriate aldehyde and alkyl-
amines®-8. The bicyclic system forms very readily at
room temperature in aqueous alcoholic medium with a
yield of 60-"70%. By choosing appropriate derivatives of
piperidine and alkylamines, it is possible to obtain easily
various bispidones®f. Under these conditions the dimethyl
ester of tropinonedicarboxylic acid yields a tricyclic sys-
tem — the dimethyl ester of 6,8-ethylene-3,7-dimethyl-9-
-o0xo0-3,7-diazabicyclo[3,3,1]nonane-1,5-dicarboxvlic acid:

00CHj3 0OCH;
CH, CH3N
[ JiCr=o TS, 0 N,
O0CH- 0OCH;

When an attempt was made to prepare a substituted
y-piperidone by the condensation of diphenylacetone, for-
maldehyde, and ammonia, the sole product isolated was
9-0x0-1,5-diphenyl-3,7-diazabicyclo[3,3,1 nonane 12,

By using various alkylamines in the reaction with di-
phenylacetone, the authors of these investigations obtained
a nunber of bispidone derivatives with the general formula
(XV), where R = CH,CO, CH,, n-C,H,, C,H,CH,, HOCH,CH,,

and CICH,CH,.
Hs

R—N, ;qu N—R.
(Xv) «Hs

Similar results were obtained also by other workers!3,
who allowed y-phenylacetoacetic ester to react with methyl-
amine and formaldehyde and instead of the expected pro-
duct (3,5-dialkoxycarbonylphenyl- N- methylpiperidone),
obtained bispidone derivatives, which are the products of
the further interaction of the piperidone with formalde-
hyde and the amine:

O00R
?H, COOR OOR
CH,0 NH,CHy . CH,0
CH3NH, + +C0 —= CHy— LLLECTACL Y —CH; .
CH,0
H, CeHs 6Hg

sHs
Numerous bispidone derivatives with the general for-
mula (XVI) have been obtained by Chiavarelli and cowor-
kers 4,15 by the condensation of diphenylacetone with for-
maldehyde and alkylamines followed by reduction of the
ketones to alcohols with lithium aluminium hydride:
sHs

OH
H

(xvn) sHs

where R = R’ = C,H,, iso-C,H,, n-CH,, CH,, H, CICH,CO,
R,NCH,CO, etc.

R— N—-R’,

1 A similar reaction'® has been carried out with pyran deriva-

tives 11

R 00C,H, R 00C,Hs
CH,0

Q + + NH,CH; ——— O N—CH,,
CH;0

R 0C,H, R 00C;Hs
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2,4,6,8-Tetraarylbispidones have been prepared by the
reaction of acetone and ammonium acetate with benzalde-
hyde and p-methylbenzaldehyde :

At Ar
NH H.
Ar Ar

These were then reduced to the corresponding 9-bispidols.

Certain diphenyl derivatives of diazaadamantane exhibit
strychninelike activity!7-!®. This led to increased inter-
est in bispidone, which is an intermediate in the synthesis
of diazaadamantane:

Hy
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e
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Substituted bispidones are readily obtained by the cleavage
of diazaadamantane derivatives. Thus reaction of 9-oxodi-
azaadamantane with lithium alkyls yields tertiary alcohols,
which on reaction with acetic hydride are cleaved with the
formation of the NN-diazetyl derivative of 9-bispidol !8:

Hs

n-C4HL1 {CH3C0)20
———

N, 0

&/

(CHyCO),0
~—CH3CO~—

When acetyl chloride acts upon compound (XVII), a
molecule of water is split off and the ring is cleaved at
the same time with the formation of an unsaturated com-
pound!8:

sHs

CH;CO +Hy NCOCH,.

sHs

In a non-aqueous medium bispidones form dihydrochlor-
ides, but one molecule of hydrogen chloride is easily lost (the
hydrochloride “fumes”). The monohydrochloride is stable
and almost insoluble in water. The carbonyl group does not
undergo the characteristic reactions, andis not reduced inthe
presence of palladium or platinum black; onhydrogenationin
methanol in the presence of palladiumblack, the molecule is
cleaved with formation of an alkylamine and analdehyde. Bis-
pidones are readily hydrolysedtothe corresponding piperi-
dones, alkylamines, andaldehydes. Hydrolysistakes place
even on boiling in water but the reaction is faster in the pre-
sence of acids, the substituted ring being cleavedas a rule®+°:

Rf OORVI ODR”
R— N—R H0.HCl_ —R + RNH; + R'CHO.
R OOR”

COOR"”
The pharmacological activity of bispidones has not been
adequately investigated. Compounds with the general for-
mula (XV) are weak anaesthetics and analgesics!2. Among
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derivatives with the structure (XVI), compounds with anti-
arrhythmic activity have been found !4,

Bispidines. As stated above bispidone derivatives
do not undergo reactions characteristic of the carbonyl
group and are not reduced to bispidine derivatives. For
this reason, the latter must be synthesised by different
methods.

In an attempt to synthesise cytisine, the molecule of
which incorporates bispidine, Bohlman and coworkers 20
obtained the latter from pyridine-3,5-dicarboxylic acid:

HOOC\ N\ COOH NH,0C COCt ClOC\ /CONH,
| socl, ‘ NH, ‘ i
N N- N/ —

NeG AN

QN) B .

The yield of bispidine was 15%. When pyridine-3,5-di-
carboxylic acid was replaced by 5-alkoxycarbonyl-3-
-cyano pyridine, compound (I) was again obtained?!:

X
ROOG N
(jc Hy/Ni p LiAtH, .
H

Galinovsky and Langer 22 obtained bispidine in 40% yield
by heating 3,5-dibromomethylpiperidine with an alcoholic
solution of ammonia in a sealed tube.

POCl,
—_—lt

Bispidine may be synthesised from the diester of piperi-
dine-3,5-dicarboxylic acid?2s:

HOOG, COOH CH300CU(OOCHS
YY CH;0H NHj
- —
N N

)
(xXvin 1'»5

C150CeH4CH3
NaOH
Ts

H
O N

ONH.
NH3 N HzCO(r\Y 2 A

{x1x) st (Xx) 14

LiAlH,
i

Reaction of the ester (XVIII) with boiling benzylamine
gave a 95% yield of the extremely stable dibenzylamide
which could not be cyclised into bispidine derivatives: for
this reason the lrans-configuration was attributed to this
compound.

The ease of cyclisation of compound (XIX), which is ob-
tained at low temperatures, and the impossibility of cyclis-
ing the dibenzylamide of N-tosylpiperidine-3,5-dicarboxylic
acid, which is obtained at a high temperature, suggests
that in the first case the formation of the diamide is pre-
ceded by the conversion of the ¢rans-form of the ester
(XVII) into the cis-form and, conversely, in the prepara-
tion of the dibenzylamide at a high temperature the cis-
-form of the ester (XVIII) is converted into the frans-form.
In subsequent papers the possibility of obtaining the cyclic
imide (XX) directly from the ammonium 'salt of N-tosyl-
piperidine-3,5-dicarboxylic acid was indicated?¢.

Bispidine consists of colourless crystals which avidly
attract moisture and can be distilled in the form of a
liquid hydrate. It is a strong diacidic base with an od-
our resembling that of piperidine. There are no data in
the literature on the pharmacology of bispidine derivatives.
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3,9-Diazabicyelo[3,3,1 Jnonane(I1)

This bicyclic system was first obtained by Blount and
Robinson?% from methylaminodiacetaldehyde 28, methyl-
amine, and the calcium salt of acetonedicarboxylic acid,
the yield being 7.5%:

cngcoo

N/CH,CHO
CH;—. 4+ NH,CH;
\CH,CHO i
H,COf
COOH
— et —= o Jcmy-o.
COOH {(XX1)

The reaction was continued to prepare the ketone (XXI).

Barnes and Fales synthesised 9- methyl-3,9-diazabicy-
clo[3,3,1]nonane from 2,6-lutidine *':

| N KMnO, ]\ 1150Cly | A Hy/Ni
PSRRIV INE =Y —— e
P p 7 CH,0H y
H,¢” N N\cH, HOOC 00H CH, ooc/\ COOCH;
H,/Ni CH;1 NHoCH,CsHg
e ——— ———
CH,ooc 0OCH, CHQOOC 00CH;
NH,CH;CGHS LiAlH H, Hy/Pd H;
& | @ - - ’
HCI .
Hzcsﬂs (XXID) CHzceH (xxm)

They established that the benzyl derivative (XXII) forms
only the monomethiodide and the monopicrate, while

9- methyl-3,9-diazabicyclo[3,3,1 nonane (XXII) yields both
the dihydrochloride and the dipicrate. They explain this
difference in behaviour by steric factors, and suggest that
these compounds are most likely to have the configuration
(xXxXIv):

H

N\R
E—cn, E—cn, /CH’

(Xxiv? (XXV) H (Xxvi) H

There is no steric hindrance in the formation of the
mono-salt both when R = H and when R = CH,C.H; as in
compound (XXV). However, the formation of the di-salt
(XXVI) is impossible in the latter case because of steric
hindrance, which occurs when methyl and benzyl groups
approach one another. The steric hindrance is eliminated
when the benzyl group in position 3 is replaced by hydro-
gen.

In order to prove the suggested configuration, Fales and
Barnes synthesised 9-methyl-3,9-diazabicyclo[3,3,1,23-9]-
undecane %8:

~NH N Hy
BrCH;CH,Br —>
2CH,Br +/éH, R
“N—CH, | Br~

and demonstrated its structure by chemical reactions and
by infrared spectroscopy.

The non-equivalence of the two nitrogen atoms in the
bicyclic system (II) was noted also by other workers?, and
it has been shown that the formation of the mono-quater-
nary salt occurs at the nitrogen in position 9.3° To form
this salt, 9-methyl-3,9-diazabicyclo[3,3,1]nonane was
acetylated, the acetyl derivative was converted into the

quaternary salt, and the latter was then deacetylated and
methylated with a mixture of formic acid and formalde-

hyde:
CHy C+HCOOH

HyC CHs H:G CH
CH;3COC! 3 3 3
XD ——> @ @ /A
+

COCH: OCH, H
CH,0 +HCOOH H°C\ > KRG
—_— e
+
} !
(XXVID  CH, CH,

The resulting quaternary salt (XXVII) proved to be identical
with the methiodide of 3,9-dimethyl-3,9-diazabicyclo[3,3,1]-
nonane prepared by the direct reaction of 3,9-dimethyl-3,9-
-diazabicyclo[3,3,1]nonane with methyl jodide. Derivatives
of 9-methyl-3,9- dxazablcyclo[a 3,1]nonane containing acyl,
alkyl, hydroxyalkyl carboxyalkyl, alkylaminoalkyl, and
other groups at the nitrogen atom in position 3 have been
synthesised recently for the purpose of pharmacological
study?®. The synthesis started with compound (XXII)and
the acid chlorides:

CH,
CICOR LIAH,
(XX1I) iﬂ’ : '

N

(l,OR éH,R

The amides thus obtained were then reduced with lithium
aluminium hydride to the corresponding amines. The
synthesis of 3-alkylaminoalkyl derivatives was achieved
by the reaction of compound (XXIII) with the acid chlorides
of halogeno-acids with subsequent substitution of the halo-
gen in compound (XXVII) by the dialkylamino-group and
the reduction of the carbamoyl group with lithium alumin-
ium hydride:

(XXIID CJ CO(CHa)n X @ NH (R) @ LlAIH, @
N

(XX VIII) CO(CH,),‘X

CO(CHz)nN(R); (CHQ)muN(R),

The dihydrochloride (XXIII) exhibits nicotine like acti-
vity, i.e.it stimulates gangliast. Any substituent in posi-
tion 3, starting with the methyl group, converts the com-
pound into a ganglion-blocking agent. Apart from the
ganglion-blocking effect, curarelike activity also appears.
The greatest interest attaches to the dihydrochloride of
3,9-dimethyl-3,9-diazabicyclo[3,3,1]nonane which has
approximately one twentieth of the ganglion-blocking acti-
vity of hexamethonium and is only 50% less active than
the curarelike preparation diplacin which is used in the
Soviet Union. When these compounds are converted into
quaternary salts the ganglion-blocking and curarelike acti-
vities are intensified.

The series of symmetrical bis-quaternary salts with
the general formula

“_ ’ )
(CHa)n
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is interesting. The tertiarybases were obtained by reducing
the amides prepared by the reaction of compound (XXIII)
with acid dichlorides?® or the acid chlorides of halogeno-
-substituted acids32, The most active preparation, with
the experimentally most pronounced curarelike activity,
proved to be the symmetrical bis-quaternary salt with n =

4.31 It is somewhat more active than decamethonium
and twenty times more active than diplacin.

Unsubstituted 3,9-diazabicyclo[3,3,1]nonane (II) was ob-
tained as follows 39:

Q( _CeHiCHar /Q( _CoHCHaNHy
CH,00C 00CH, cHy00c 0OCH

H,c,Hs

CoHgCHNH, K"’C‘"‘ _uAm, @*“ﬁs”s LTI

hcate duica

The reaction is carried out with benzyl iodide, benzyl chlor-
ide not reacting under similar conditions. The subsequent
stages of the synthesis are similar to those in the synthesis
of compound (XXIII).

Compound (II) is a homologue of piperazine and like the
latter exhibits antihelminthic activity, which, however, is
much weaker than in that of piperazine.

The synthesis of 3,9-diazabicyclo[3,3,1]nonane deriva-
tives with substituents in position 2 does not take place
smoothly33. The use for this purpose of the reaction be-
tween alkylmagnesium halides and cyclic imides® with
subsequent reduction of the reaction products with lithium
aluminium chloride yields mainly piperidine derivatives;
unsaturated bicyclic compounds with a substituent in posi-
tion 2 are obtained in only a very small yield:

+
Q—CH,NHCH,C.H;

u
dy,
CH,CGH_.,

Their reduction and debenzylation and subsequent methyl-
ation at the nitrogen atom yields the compounds

nRMzX
T

l!H,QHs

du,
where R = CH, and C,H,.
3-Oxa(thia, selena)-9-azabicyclo[3,3,1]nonane (II)
The bicyclic system of 3-oxa-9-azabicyclo[3,3,1]nonane

was obtained for the first time as 9-(p-methylbenzyl)-3-
-oxa-9-azabicyclo[3,3,1 Jnonane 3:

OOCH,
@H,CHB:COOC& + HaCaHACH CoHsOH
t] NH,CHyCeH,CHy-p —> C P T
HaCHBrCOOCH, 1CHCoHyCHs-p ST TN
OOCH3

HyOH
HsOH 70% Hy 50
%_—— CHiCsHCHyop ——— CHaCeHCHs=p D

HyOH
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The study of 3-oxa-9-azabicyclo[3,3,1]nonane (XXIX)
and its derivatives was begun in 1959 36s37;

H
(XX1X)

The starting material for its synthesis was the diethyl
ester of piperidine-2,6-dicarboxylic acid3®, whose reduc-
tion with lithium aluminium hydride yielded 2,6-dihydroxy-
methylpiperidine, which was cyclised to compound (XXIX)
with 70% sulphuric acid. The cyclisation takes place with
50% yield and is accompanied by extensive charring.

A number of derivatives of compound (XXIX) have been
obtained with alkyl, acyl, alkylaminoacyl, and alkylamino-
alkyl substituents at the nitrogen atom, including com-
pounds whose acyl and alkyl substituents incorporated
pharmacologically active systems such as phenothiazine,
quinazolone, morpholine, and others. Ethers and esters
of 9-(y-hydroxypropyl)- and 9-(6-hydroxybutyl)-3-oxa-9-
-azabicyclo[3,3,1]nonane and the symmetrical bis-quater-
nary salts with the general formula

have also been prepared.

Some of these compounds exhibit nicotinelike activity
and in large doses also traces of curarelike activity; none
of these compounds are of practical interest.

The 7-hydroxy-derivatives of this bicyclic compound
(XXX) and its thia-analogue (XXXI) proved to be more
interesting %°.

e X"

(XXX)

H
N—CH3><0 .
H

(XXX1)

Starting from w-carboxyallyl ether, 9- methyl-3-oxa-9-
-azabicyclo[3,3,1]nonan-"7-one (XXXII) was obtained as

follows:
Hy,COOCH;
CHyNH, /—< Na
0 N—CH; ———
an

CaHzOH I 00° \_<c xylene
HeCOOC ;Hs

HyCH=CHCOOH HyCHCICH,COOCHs
4N HaS04 LiAIH
=0 — = ¢ E'—cm =0 ————= (XXX!.

OOC:Hs
(XXX11)

}H,CH:CHCOOB TH,CHCICH:COOCQH(,

xy lena

The overall yield of compound (XXXII) with respect to the
w-carboxyallyl ether was 21%. The yield is lowbecause
the diethyl ester of 1-methylmorpholine-2,6-diacetic acid
is formed as a mixture of the cis- and frans-isomers and
only the cis-isomer cyclises into the bicyclic compound.
Reduction of compound (XXXII) yielded compound (XXX).

Compound (XXXI) was synthesised by the method of
Blount and Robinson® (see p.441). Best results were
obtained when the reaction was carried out in a weakly
acid medium (pH 4). The ketone (XXXIII) was reduced
to the alcohol with lithium aluminium hydride, only one
isomer being isolated.

—CHs 0.
(XXX111)
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The cis-configuration (XXXIV) has been wrongly attributed
to compounds (XXX) and (XXXI) obtained by the reduction
of the ketones (XXXII) and (XXXII):

(XXX}V)

(XXXIVa, X = 0), (XXXIVb, X =S).
Zirkle and coworkers4? studied the reduction of the ketones
(XXXII) and (XXXIII) and the isolation in a pure form of the
cis- and trans-isomers (XXX) and (XXXI). They reduced
the ketones (XXXII) and (XXXIH) in different ways. When
compound (XXXII) was reduced by means of a nickel cata-
lyst in alcohol or ruthenium oxide in acetic acid, the main
product was the axial (frans-)isomer (XXXVb, R = CH,).
The other isomer was obtained on reduction of compound
(XXX1I) with sodium in pentanol and on epimerisation of the
axial isomer in the presence of aluminium isopropoxide.
The isomer formed on epimerisation (XXXVIb, R = CH,) is
probably more stable and therefore its hydroxyl should be
in the equatorial position.

N—R N—R
f! =H,CH, f%
X
H H H OH

(XXXV) {XXXVD
(XXXVa, X =), (XXXVIa, X =8),
(XXXVb, X = 0), (XXX VIb, X =0).

The configuration of the epimers was demonstrated by
the method of acyl migration which has been used in simi-
lar cases to study the steric structure of compounds of the
tropane series4:-43, PBoth epimeric alcohols (XXXVb,
R = CH,) and (XXXVIb, R = CH,), were demethylated, and
the nor-compounds were benzoylated and then heated in an
acid medium. In this reaction the N-benzoyl derivative
of the equatorial (cis)isomer (XXXVIb, R = H) isomerised
to the O-benzoyl derivative while the axial (frans-)isomer
(XXXVb, R = H) remained unchanged. In addition, the
equatorial isomer formed a cyclic compound with p-nitro-
benzaldehyde #:

H\ /CaH.NO,

g}:{% _P=NOsCeHiCHO M

while the axial isomer charred under these conditions.

Because of the presence of sulphur, the thia-bicyclic
ketone (XXXIII) does not undergo catalytic hydrogenation,
but it is reduced with sodium in pentanol, the product be-
ing the equatorial (cis-)isomer (XXXVIa, R = CH,). Reduc-
tion of the ketones (XXXII) and (XXXII) with lithium alu-
minium hydride yields the axial (frans-)isomers (XXXVa,
R = CH,) and (XXXVb, R = CH,).

A number of esters of compounds (XXX) and (XXXI)
with diphenylacetic, benzilic, and other acids have been
obtained®®,4°. Among these compounds the benzylic acid
ester of compound (XXX), which exhibits considerable
spasmolytic and high anaesthetic activity, is the most
interesting. In addition, it proved effective in the treat-
ment of gastric ulcers and Parkinson's disease 49145,

The synthesis of 9-methyl-3-selena-9-azabicyclo[3,3,1]-
nonan-T-one has been described?2:

No data concerning its biological properties have been
given.

3,8-Diazabicyclo[3,2,1]octane (IV)

Bicyclic systems containing the pyrrolidine and piperi-
dine rings are biologically very interesting, since theyare
similar to tropane and contain the piperazine ring, which
is a component of many physiologically active substances.
Numerous attempts to synthesise compounds of this series
remained unsuccessful for a long time. It was not
until 1961 that 8- methyl-3,8-diazabicyclo[3,2,1]octane was
obtained4s:

C.H,CE
X:/LC Ha/Pd cm( 2,0 mc ococl
—— D ——
HeC:00¢” W c00CyHy HsC:00¢” N \C00CsHs HOOC 00H
CHsCeHs

i
CoHyCHy0COC! ocmc
Stwahocodt
HO OOH

(XXXViL)

(CH3COKLO | gocn,c.u, RNH,
-OCHaCsHl
RNHg mm (CHCO)0 OCHiCeHs __ LIAIM,
~hooc

g—ocu,c.u, N o]

(xxxvnn (XXX 1X) (xu

The acid (XXXVI) could be obtained from the ester only
by using water as the hydrolytic agent In acid and alka-
line media the pyrrolidine ring is cleaved. Since the acid
(XXXVII) is very soluble in water and virtually insoluble
in alcohol, it was isolated as the 1-benzyloxycarbonyl deri-
vative, which was then converted into the anhydride using
acetic anhydride. Reaction of the anhydride with alkyl-
amines yielded monoamides, which on boiling with acetic
anhydride were converted into the cyclic imides (XXXVIII).
The imides were reduced with lithium aluminium hydride,
the benzyloxycarbonyl group being converted into the methyl
group.

Benzylamine was used to prepare 8-methyl-3,8-diaza-
bicyelo[3,2,1]Joctane (XL). In this case reduction with
lithium aluminium hydride gave 3-benzyl-8-methyl-3,8-
-diazabicyclo[3,2,1]octane (XXXIX, R = CH,C,H;), which
was debenzylated in the presence of palladium.

Later a simpler synthesis was developed for compound
(XL), which permitted also the preparation of the unsubsti-
tuted bicyclic compound (IV) 47:

I}c CsHsCHoNH, cm\c 200°
—
HsC;00C” N \cO0C,Hy xylene 4,00 ONHCH,CgHs

H

(XL1)
200° LIAIH, Hy /Pd
L
N
N HCOOH N
H CeH e éH CeH, H
2lgHis s
xciy (V)
Ho/Pd

e o xL).

N

)

CH,€6Hs

While in the first procedure, involving seven stages, the
yield of compound (XL) was 16%, in the second procedure,
consisting of five stages, the yield increased to 256%.48 A
more detailed study of the thermal cyclisation of the ester-
-amide (XLI) led to the isolation from the reaction mixture
of two other substances*®. One of these was the benzyl-
imide of 1-ethylpyrrolidine-2,5-dicarboxylic acid and the
other proved to be the ¢{rans-form of the ester-amide (XLI).

443
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Derivatives of compound (XL) containing alkyl, aralkyl,
and acyl groups in position 3 have been obtained. Like the
derivatives of 3,9-diazabicyclo[3,3,1]nonane, the 3-alkyl
derivatives of compound (XL) give only mono-quaternary
salts, the quaternary nitrogen being in position 8.

Pharmacological study has established that 3-substi-
tuted derivatives of compound (XL) are antagonists of
acetylcholine, 8-methyl-3-(¢-methyltropoyl)-3,8-diaza-
bicyclo[3,2,1]octane showing the greatest activity5e:

eHs
' N—CHs N—COQO—
H,OH

To compare the pharmacological activity of the 3-sub-
stituted derivatives of compound (XL) with their 8-isomers,
a number of compounds having the following general for-
mula were obtained5i:

Here R is an acyl or an alkyl group. It was found that,
in contrast to the 3-isomers, the 8-acyl derivatives exhi-
bit analgesic activity, 3-methyl-8-propionyl-3,8-diaza-
bicyclo[3,2,1]octane being the most effective.

Investigation of the properties of the 3- and 8-acyl deri-
vatives of 3,8-diazabicyclo[3,2,1]octane showed that the
acyl residue in position 8 migrates to position 3 under the
influence of temperature or alkaline reagents®2. The
opposite migration has not been observed.

The 3- and 8-acyl derivatives required for this purpose
can be obtained as follows:

CgHsCO | L1ATH,
| E : Lt I Ecocm, ::H <

(Rcm,o H2/pPd
CH;CgHs N—COR =————— [EN—COR
(RCO)20 Ma/pd
—COR NH.

(2) XLI) ———=
In the synthesis of the derivatives of 3,8-diazabicyclo[3,2,1]-
octane a special study was made of the pyrrolidine ring
closure reaction5s:

(RCO)20

CH,C5H5 H——

—COR N—CH,CcHs

CH,—CHBrCOOCH,
+NHR — —R
,—CHBrCOOCH,3 |
COOCH,

(XLIID

aa’-Dibromoadipic acid is shown to be a mixture of
isomers54-%6, In order to obtain from this acid 1-substi-
tuted cis-pyrrolidine-2,5-dicarboxylic ester (XLII), the
meso-form must be used in the reaction, the racemate
being less suitable. In the reaction of the meso-form of
aa’-dibromoadipic acid with aniline in a mixture of ben-
zene and nitromethane 1-phenylpyrrolidine-2,5-dicarboxy-
lic ester forms in 70% yield. The cis- and trans-isomers,
in the proportions of three to one, can be separated by
fractional crystallisation and by chromatography. Under
the same condition the racemate of o a’-dibromoadipate
gives compound (XLIII) in 10% yield, which can be sepa-
rated into equal amounts of the cis- and frans-isomers.
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Study of the synthesis of the imide (XLV) showed®3 that
not only cyclisation but also the formation of the ester-
-amide (XLIV) proceeds with considerable difficulty:

ONHCH,CsHs
CgH5CHoNHy
XLHI) —— > -R _— N—R —CHCgHs .
¢ )ethylne glycol *CaHs
(XL1V) CCOCH, (XLV)

The product required can be obtained only when the reac-
tion with benzylamine is carried out in boiling ethylene
glycol in the presence of metallic sodium, followed by dis-
tillation of the reaction mixture without prior removal of
the catalyst. During the distillation the cyclisation with
the formation of compound (XLV) goes to completion, the
yield of (XLV) being 40% from cis- (XLIII) and 12% from
trans- (XLII).

Schipper and Boehme ®” published interesting observa-
tion= in 1961. They showed that in the reaction of dimethvl
aao’-dibromoadipate with methylamine in the ratiol : 3 three
products are tormed:

',V COOCH;  HsCOO CONHCH; q’_w’
CHy (XLVI) H;

(XLVID

H3COOC

Compound (XLVII) can also be obtained in 50% yield on
heating the ester-amide (XLVI) to 180°. Reduction of com-
pound (XLVII) with lithium aluminium hydride yields, 3,8-
-dimethyl-3,8-diazabicyclo[3,2,1]octane.

The reaction of a¢a’-dibromoadipate proceeds in differ-
ent ways with different alkylamines. For example, when
B-diethylaminoethylamine is used, a mixture of the bicy-
clic compound and the diamide is formed:

| Ecnzcmmc,m;, NCH2CH;N(CaHs)a,
(CanhNCH:CHzNHOC/(?\mNHCHzCHzN(CzHHh

Ha
He
N{CaHo)y

whereas with benzylamine or n-butylamine the reaction
products are the ester and the ester-amide:

L] ]

H,C:00C” \N-"\COOG,H, H.C,OOC/\E/\(‘DNHR,
where R = n-C H, or C;H,CH,.

3-Oxa-8-azabicyclo[3,2,1]octane (V)

3-Oxa-8-azabicyclo[3,2,1]octane was obtained by Braun
and Leistner s, who synthesised a number of bicyclic deri-
vatives of morpholine having the general formula

Hy, H Hg
(CHz)n —R
HyCmmeCH—CH,

The simplest representative of this series, morpholino-
pyrrolidine or 3-oxa-8-azabicyclo[3,2,1]octane, was syn-
thesised from diethyl meso-aa’-dibromoadipate and
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p-methylbenzylamine viathe 1-( p- methylbenzyl)pyrrolidine-
-2,5-dicarboxylic ester:

/COOCH,
CHy—CHBrCOOCH, gy i c 1t \NCH’_ CHeCHyp.
CH,—CHBrCOOC,Hg o
COOCyH,

The latter was reduced with sodium in alcohol to the cor-
responding diol which was cyclised with 70% sulphuric acid
at 175° into 8-(p-methylbenzyl)-3-oxa-8-azabicyclo[3,2,1]-
octane (XL VIII):

CH,0H
H804 BrCN '~ H250.
I é:!:CHzcsH‘CHa-p—F I E'CHaCsHACH;-p o AL, N—CN vm
a-
"H,0H (Xrviugn tion

To prepare the nor-compound, the p-methylbenzyl deriva-
tive (XLVII) was allowed to react with cyanogen bromide,
the cyano-derivative being subsequently saponified with
25% sulphuric acid.

Like morpholinopiperidine (XXIX), morpholinopyrroli-
dine (V) shows little pharmacological activity 3.

3,9-Diazabicyclo[4,2,1 Jnonane (VI)

In 1960 a short note was published concerning the syn-
thesis of 9-methyl-3,9-diazabicyclo[4,2,1]nonane (XLIX) as
the starting material for the preparation of pharmacologi-
cally active substances®. The synthesis was achieved by
treating tropinone with sodium azide in sulphuric acid with
subsequent reduction of the cyclic amide formed with lith-
ium aluminium hydride. The yield of compound (XLIX)
was 51% with respect to tropinone.

NaNy
N—CH, Ha50,

3-Azabicyclo[3,3,1]nonane (VII)

f 0
: f LiAtHy
N—CH, W ——

—CHs iy,

(XL1X)

Compound (VII) was first prepared by the dry distilla-
tion of ammonium hexahydroisophthalate, the imide formed
being subsequently reduced at a lead cathode in 65% sul-
phuric acidse:

OONH, (o]
A H*
—_— H o™ (VID.
COONH,

The yield of compound (VII) was only 17%, probably as a
result of the hydrolysis of the imide during the reduction
process.

In recent years a number of papers have been published
on the synthesis of derivatives of compound (VII). Com-
pounds having the general formula (I.) have been obtained %:

(L)

where R = CH,, C,H;, CH(CH,),, CH,CH=CH,, NO, etc.,
and also the mono- and bis-quaternary salts (LI) 8:

@v?mcn,)mm"),

R/ n

(CHp) p—CH—GH2 (CHq)n H Hy
LiAIH | (‘\ 4 \
_.‘I NCH,CH; NH, M (CHe)m NCH1CH,NHC<NH

wheren=1, 2, and3, R’ = Hand CH,, andN(R"), = N(CH,),,
N(C,H,),, pyrrolidyl, morpholinyl, etc. These compounds
were synthesised by the reaction of compound (VII) with
alkyl halides®°® or by the reaction of hexahydroisophthalic
acid or its anhydride with the corresponding amines and
subsequent reduction of the resulting imides with lithium
aluminium hydride 61,62:

ng + NH,CH(CH;),,N(R”),——D Cﬁ&n(cannmnﬂh

Later it was shown that substituted derivatives of (VII) can
form from the di(p-toluenesulphonate) ester of 1,3-dihyd-
roxymethylcyclohexane and the corresponding aminess.

Compounds (LI) in which » =1 and R’ = CH, do notform
bis-quaternary salts because of steric hindrance. The
other compounds form mono-quaternary salts at 20°and
bis-quaternary salts at 80~90°. Compounds (LI) in which
n =1or 2 and R’ = H can be obtained by the reaction of
compound (VII) with epoxyethylene and epoxypropene fol-
lowed by treatment of the resulting alcohols with thionyl
chloride and secondary amines 8':

N
(CHa)a0H —39C12,. CEN(CH,),.CI——“&
NH(R)?
—_— CZ)(CH:MN(RH .

The compounds obtained® exhibit considerable ganglion-
-blocking activity, the most interesting being 3-(y-dimethyl-
aminopropyl)-3-azabicyclo[3,3,1 Jnonane methiodide ! and
3-(w-dimethylaminopentyl)-3-azabicyclo[3,3,1 Jnonane 84.

It is noteworthy that similar compounds containing aneven
number of methylene groups have been found by Rice and
Grogan to have little activity®s,

LiAIH,

(LD,

(CHT)

(VI —2="»

Later studies showed®-%8 that certain derivatives of
compound (VII) and also of its structural isomer 3-azabi-
cyclo[3,2,2]nonane exhibit hypotensive properties. Among
these 3-(B-guanidinoethyl) derivatives proved to be espe-
cially active, preliminary data showing that in the intensity
and duration of the activity they are not inferior to guane-
thidine 6. The synthesis of 3-(3-guanidinoethyl)-3-azabi-
cyclo[3,3,1]nonane and its analogues were achieved as
follows:

( H;)u——iﬂ—w, o {CHla—CH——CH,
CI1CH2CN
(CHpm NH —CN (CHadm  INCH,CN  —tAlH
Hy—CH—(F1,)s CH H—(CH,)s

NH,

(in)m
Hy~——CH—CHa)a Hy——CH—{(CHa)r

The azabicycloalkanes were converted into N-cyanomethyl
derivatives and the latter were reduced with lithium alu-
minium hydride and then allowed to react with S-methyliso-
thiourea.

Derivatives of compound (VII) may be synthesised also
by the Mannich reaction’-75, 9-Hydroxy-3-azabicyclo-

I Among the derivatives of 3-azabicyclo[3,2,2]nonane, a struc-
tural isomer of compound (VII), compounds have been obtained
recently capable of giving rise to hypotonia, sahvatlon and con-
vulsions %7,
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[3,3,1]nonane was obtained by this method from cyclohexa-
none derivatives7!:

OR OR
CHy0
+ o + NH;CHy ——se
CH
OR (L COR
OR OR
CH,0
+ + NHyCH; ——=
CH;0

—CHs
* (LTID

R'Mno. NIBH(
—CHy -—— ~—CH,,
(Livy

Condensation of diethyl cyclohexanone-2,6-dicarboxylate
and ethyl cyclohexanone-2-carboxylate with formaldehyde
and methylamine yields the diethyl ester (LII) and the
ethyl ester (LII). The amides of the acids can be used
in the reaction instead of the esters. Hydrolysis and
decarboxylation of compounds (LII) and (LII) give com-
pound (LIV); this can be reduced with sodium borohydride
to the corresponding alcohol, which can be demethylated
with an alkaline solution of potassium permanganate to
9-hydroxy-3-azabicyclo[3,3,1]nonane or isopseudogranato-
line, the latter compound probably having the frans-con-
figuration (LV), since it does not form a cyclic product
with p-nitrobenzaldehyde 44:

—CHy ——

H H

(Lv)

Study of the formation of compound (LII) by the Mannich
reaction2s7 showed that, depending on the temperature
(25° or100°), one of two compounds, differing in their
boiling points but identical in all other properties and hav-
ing the composition of compound (LII), is obtained. They
are probably the cis- and trans-isomers with respect to
the ethoxycarbonyl groups§. Compounds of this type must
have the chair-chair structure:

H-C:OOCE Z CO0C,Hs

R—N

Their carbonyl groups do not give the characteristic reac-
tions, which is evidently due to steric hindrance’s. Hydro-
lysis and decarboxylation of both isomers yield the same
ketone (LIV), which forms an oxime and can be reduced by
the Wolff-Kishner method to compound (L, R = CHj,).

Other derivatives of 3-azabicyclo[3,3,1]nonane which
have been synthesised are the 7- and 2-dimethylaminoethyl

compounds 76:
@_(HiN(CHI,Im

N
é (LVID)
Hy

HsN(CHs),

éw(LVI)

Compound (LVI) was obtained from cyclohexane-1,3,5-tri-
carboxylic acid, which was converted by dry ammonia at

§ This does not appear to be possible (Ed. of Translation).
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200-220° into its monoamide, monoimide. The latter was
reduced with lithium aluminium hydride and methylated
with a mixture of formic acid and formaldehyde to give
compound (LVI). Compound (LVII) was synthesised as
follows:

(CH3COO)zHg HC10, LIATH, HCOOHLHO
HaNHp
éH C|04

3 : Hj

(LVID.

3-Methyl-3-azabicyclo[3,3,1 Jnonane was dehydrogenated at
80° with a solution of mercury acetate in 5% acetic acid;
the unsaturated compound, isolated as the perchlorate, was
converted by the action of an aqueous solution of potassium
cyanide into 2-cyano-3-methyl-3-azabicyclo[3,3,1 Jnonane.
The latter was reduced with lithium aluminium hydride and
methylated with a mixture of formic acid and formaldehyde
to give compound (LVII), No data on the pharmacological
activity of thesecompounds have been published.

Schneider and G6tz"" found that, on being acted upon by
sodium hydroxide, perchlorates of the type of (LVIN) do
not form the hydroxy-derivative (LIX) but the dimeric com-
pound (LX):

2 OH™ ~H,0
+/ H
I cior { | iy
g €104 R R R
(LVII) (LIX) (LX)

Reaction of compound (LVIII) with various nucleophilic
agents gives 2-substituted derivatives of 3-alkyl-3-azabi-
cyclo[3,3,1]nonane: 2-ethoxy-derivative with potassium
ethoxide, 2-cyano-derivative with potassium cyanide, and
2-benzyl derivative with benzylmagnesium chloride. Re-
duction of compound (LVII) with sodium borohydride gives
compound (L).

HgOK
KCN LV CoHg

N OC;Hy
NuBH./ CIMgCH,CgHs |
|
R R

L)

—CH,CeHy.

The dimer (LX) also reacts with nucleophilic agents,
forming monomeric 2-substituted derivatives: reaction
with hydroxylamine in absolute alcohol gives 3-alkyl-2-
-hydroxyamino-3-azabicyclo[3,3,1]nonane and the reaction
with acetone gives a ketone which on being acted upon by
hydroxylamine does not give an oxime but the hydroxyl-

amino-derivative:
E NHOH .,

CH\COCH. OH |
@kCH,COCH,

]
R

NH,0H
(LX) —————
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3-Azabicyclo[3,2,1]octane (VII)

Derivatives of compound (VIII) can be obtained by the
Mannich reaction from the cyclopentanone-1,5-dicarboxy-
lic ester?s:78;

OOCH3
—CHs.

Ncooc

4+ NH:CHy—%

Another synthetic pathway for compound (VIII) is based on
theuse of the anhydride of cis-1,3-cyclopentanedicarboxylic
acid® or the camphoric anhydride, which is converted
into bicyclic amines via the corresponding imides 80-%2,
Depending on the initial anhydride and amine, compounds
having the structures (LXI) and (LXII) are formed:

Nl
Z N—R Hy Hy N—R,
(LXDN {LXII)
where R = alkyl,
HC LN
e /NCH.CH, He NCH:CH:CHi,
Hﬁcz\ HyCy
NCH,CHa, \NCHyCHyCHz, 0 SNCH,CH;CHy, (ete.
sC‘/ 2CHg H,C./ aCHyCH,, O ) 3CHyCHg, (ete.)

Reaction of 3-alkyl-1,8,8-trimethyl-3-azabicyclo[3,3,1]-
nonane with aw-dihalogenoalkanes gave symmetrical bis-
-quaternary salts 8°:

CH,y CHy CH,
+ +
2| HC CH3 N=R + X(CHga)aX —> CH, ?I‘l—(CHg)n ) H;C -2X
R R

Pharmacological investigation of the compounds synthe-
sised showed that the tertiary bases are inactive, while the
quaternary salts show hypotensive activity 3,8, No differ-
ences were observed between the (+)- and ()-forms.
3-(y-Diethylaminopropyl)-1,8,8-trimethyl-3-azabicyclo-
[3,2,1]octane was found to have the greatest activity %:

Hs
+ + R
CH3 ECH:CH;CH:N(CH;); -2CI,

Ha

This substance exhibits pronounced hypotensive activity
and also depressive activity on the central nervous system.

3-Azabicyclo[4,3,0]nonane (IX)

3-Azabicyclo[4,3,0]nonanes or isoindolines have been
synthesised in different ways. Thus Tiffeneau and co-
workers 8 obtained N-isopentylisoindoline by the reaction
of o-bromomethylbenzyl bromide with diisopentylamine.
In a similar way Braun and coworkers 88,8 obtained isoindo-
line and a number of its derivatives.

Substituted isoindolines are most simply obtained by the
reduction of the imides of 1,2-dicarboxylic acids88-9! which

in turn are synthesised from the anhydrides of the corres-
ponding dicarboxylic acids and alkylamines®. The follow-
ing derivatives of isoindoline have been synthesised:

e 0o (oo

(LXIV) CH3 (XLV) (XLVI)

I
E]

The amines used were dimethylamino-, diethylamino-,
morpholino-, and piperidino-ethylamines, and others.
The resulting bicyclic amines were converted into asym-
metric and symmetric bis-quaternary salts (LXVII) °s
by standard methods 8°;

D+ +
é T—(CHz)n—'r i.
R x-

R x-
(LXVID

The quaternary salts are readily obtained when n = 3
and more; when n =2 only one end of the dihalogenoalkane
reacts with the amine. In this case, in order to obtain
symmetric bis-quaternary salts, the corresponding anhyd-
ride of the dicarboxylic acid is allowed to react with ethyl-
enediamine, the condensation product being reduced with
lithium aluminium hydride and converted into the quater-
nary salt by means of methyl iodide:

0
NH,CHyCHa NH, LiAIH,
O ————— NCHyCH, N ———
<o
LiAIH.
; vcHCHaNT | l :NCH,CH,N: I ;
CH
x 3 -

Substituted acid imides and their methiodides are phar-
macologically inactive. The isoindoline bases are only
weakly active, but their conversion into bis-quaternary
salts yields compounds with pronounced hypotensive acti-
vity and low toxicity. Compounds (LXVII) and (LXVII),
withn = 2 or 3 and R = CH, or C,H;, and compounds with
an oxygen bridge (LXIII- LXVI) exhibit very powerful
hypotensive properties.

+ + _R
riucHu.‘ril\R R
Ryx- Ry-

(LXvumn

CH;;)(

Among all the compounds of this series which have been
investigated, preparation H-2 proved to be the most effec-

tive 94595;
+ +
NCHeCHN(CH.
CHs o o

CH,

It is much more active and less toxic than hexamethonium.
From their study of the structure of preparation H-2 (as
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the dimethiodide), Rice and Grogan concluded that this
compound can exist in one of two forms%e:

CH,
CH, —CH,CH,N(CH:)J.

endo-fom
exo-form

They synthesised both isomers and investigated their
pharmacological properties. The synthesis was based on
phthalic anhydride derivatives of different configurations.
Condensation of maleic anhydride and 2-methylfuran gave
the addition product (LXIX) 97 with the exo-configuration?s:

e R

"
(XX} (LXX)

Its reduction yields exo-perhydrophthalic anhydride (LXX).
The condensation of diethyl acetylene-1,2-dicarboxylate

acid with 2- methylfuran gives the addition product (LXXT) 89s100;

H':/Pd
COOH

CHy
COOCHs  H,/P¢ COOC:Hs Rom
——
'COOC,Hs COOC2H,

(LXXD (LXXI {LXX111)
Hs
Ha2/Pa COOH  (cH;CO0
————- ——iy
COOH H,
WxxIv LXXV)

On catalytic hydrogenation of compounds (LXXI), one
mole of hydrogen adds on to give compound (LXXII), which
can be hydrolysed to the acid (LXXIII). Reduction of com-
pound (LXXIII) yields endo-cis-perhydrophthalic acid
(LXX1IV), which can be converted into the anhydride (LXXV)
by treatment with acetic anhydride and acetyl chloride.

The acid obtained from the anhydride (LXX) is not identi-
cal with the acid (LXXIV), just as the anhydride (LXX) is
not identical with the anhydride (LXXV). Taking into
account the work of Woodward and Baer®®, it may be
assumed that the anhydride (LXXV) has the endo-form.

The anhydrides (LXX) and (LXXV) were allowed to
react with dimethylaminoethylamine, the resulting imides
being reduced with lithium aluminium hydride and con-
verted into bis-quaternary salts. The pharmacological
activity of the two compounds proved to be equally high®4,

In 1962 Poos and coworkers!% gynthesised the endo-
and exo-isomers of 8-diphenylmethylene-2-methyltetra-
hydro-4,7- methanoisoindoline (LXXVI) and (LXXVI) and
a number of its derivatives, starting from the correspond-
ing fulvenes, by a method similar to that described above.
Condensation of diphenylfulvene and maleic anhydride at
80° gives predominantly the endo-form of the addition pro-
duct (LXXVII), and at 140° the exo-form (LXXIX).!® Con-
densation of diphenylfulvene with N-methylmaleimide at
80° gave only one addition product (LXXX), which proved
to be identical with the compound formed on reaction of
compound (LXXVII) with methylamine, i.e. it has the endo-
-configuration. Subsequent reduction of compound (LXXX)
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with lithium aluminium hydride gave erndo-8-diphenylmethyl-
ene-2-methyltetrahydro-4,7- methanoisoindoline (LXXVI):

HsCo\ H.C‘\c/CgHg
]
sHs CH; NH
S s [é; ot M-c.u.
Hy
+
80 (1XX1X) (LXXX1)
LIALH,
Cen )
H,Q\ /Can HsCe\ /CeHs HeCo CiHs
< CHsNHa % b—c&
(LXXX) —CHa (LXXVII) {Lxxviy

Hy c‘Yc oHs

l.mu.

(LXXVI) N=CH,

The exo-derivative (LXXVII) was synthesised in a simi-
lar way via the exo-form of the addition product (LXXIX),
by the reaction of the latter with methylamine followed by
the reduction of exo-8-diphenylmethylene-2-methyltetra-
hydro-4,7- methanoisoindoline-1,3-dione (LXXXI), with
lithium aluminium hydride to give compound (LXXVII).

The unusual features of the reactions of compounds
(LXXX) and (LXXXI) with perbenzoic acid are also note-
worthy!%, Compound (LXXX) forms an oxygen bridge at
the double bond outside the ring to give compound (LXXXII),
while compound (LXXXI) forms only the ring epoxide
(LXXXIII):

HcC'\ /‘4"- HsCon /C‘H'
{Lxxxin (LXXXIU ) éOCsHs éoc.H;

However, the reaction of endo-8-diphenylmethylene-2-ben-
zoyltetrahydro-4,7-methanoisoindoline with perbenzoic acid
yields a mixture of epoxides (LXXXIV). Selective epoxide
formation is probably due to the configuration of the mole-

cule and the presence of the amide group.

Compound (LXXVI) exhibits pronounced peripheral and
central anticholinergic activity. Compound (LXXVII) is
somewhat less active.

The authors also prepared a number of compounds,
predominantly of the endo-series, using different fulvenes
having the general formula

/K
o=
Nk
CH,(1), R’ = C.H; and R” = CHy(2),
= C,H, and R” = p-C,H,C1(3), R’ = C;H, and R” m—CF cs
H,(4); R’ = C,H, and R” = 0-CH,C,H,(5), and R’ = C,H,
and R” = 2-C, H4N(6) The compounds obtained included

some with antlcholmerglc activity, but much weaker than
that of compound (LXXVT).

where R’ = R” =
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Introduction of an ethylene group across positions 4 and
7 of the isoindoline system somewhat alters the mode
of action of the substances. For example, among com-
pounds with the general formula (LXXXV), which were ob-
tained by Japanese investigators!04-1o6

(LXXXV)

Some were found to have ganglion-blocking activity, for
example the dimethiodide of 2-(y-dimethylaminopropyl)-
-4,7-ethanotetrahydroisoindoline:

+ +
Icn—x,cmcmmcmn_
CH3 I7 1~

and the dimethiodide of 2-(8-pyrrolidin-1-ylethyl)-4,7-
-ethanotetrahydroisoindoline:

+ +
@Tca,w,@ :
Chy~ CHs 1~

3-Azabicyclo[3,3,0]octane (X)

Hypotensive activity, ranging from moderate to high,
is shown by the following systems: 3-azabicyclo[3,2,1]-
octane, 1,8,8-trimethyl-3-azabicyclo[3,2,1]octane, 3-aza-
bicyclo[3,2,0]heptane, and also various modifications of
the cyclic systems of isoindoline — 3-azabicyclo[4,3,0]-
nonane 89,81,92,93,9,107,  However, the derivatives of 3-aza-
bicyelo[3,3,1 ]nonane proved to have little or noactivity®s.
The sharp difference in activity between compounds (IX)
and (VII) led investigators to synthesise derivatives of
compound (X) 1% to compare their pharmacological activity
with that of 3-azabicyelo[3,2,1]octane.

The starting material was the anhydride of cis-cyclo-
pentane-1,2-dicarboxylic acid!®, which was converted
into the corresponding derivative of compound (X) in the
usual way — by reaction with amines followed by reduc-
tion with lithium aluminium hydride. The bis-quaternary
amines obtained in this way were readily converted into
bis-quaternary salts:

+ +
api z <R')){..
¢ X- ’ -

with marked hypotensive activity. Thus there is no differ-
ence in the mode of action and activity of 3-azabicyclo-
[3,2,1]octanes and 3-azabicyclo[3,3,0]octanes.

3-Azabicyclo[3,2,0]heptane (XI)

Derivatives of this bicyclic compound were first ob-
tained in 1957 197 from the anhydride of cyclobutane-1,2-
-dicarboxylic acid!!?, which was converted in the usual
way, by reaction with appropriate amines, into a substi-
tuted imide and then the corresponding amine. The bis-
-quaternary salts of this series of compounds exhibit
hypotensive activity, the most active among them being,
as in the case of isoindolines, substances with the general
formula

+ +
| | >lf (CHs),J"l (R)s»
CH, I CH, I

where z = 2 or 3 and R = CH, or C,H,.

3-Azabicyclo[3,1,1]heptane (XII) and 3-Azabicyclo[3,1,0]-
hexane (XIII)

The pharmacologically active bicyclic monoaza-sys-
tems which have been described above, can be classified
as polymethylenepiperidines and polymethylenepyrroli-
dines with bridges consisting of 2, 3, and 4 methylene
groups. Rice and coworkers synthesised the piperidine
(LXXXVI) and pyrrolidine (LXXXVII) derivatives with a
bridge containing one methylene group only?!!!:

HaC H,C

—R —R c>®~—k .
Hs

C Ha
{LXXXVI) (LXXxvi}

The derivative (LXXXVI) was obtained in the usual way
from the norpinic anhydride (LXXXVIII). 112

(LXXX VIID)

The synthesis of compound (LXXXVII) was based on the
anhydrides 118,114

o] o]
7 7
ZO and H.C\/ \O .
<]__ o H'CHO
A recent paper describes a new synthesis of cyclopro-
pane-1,2-dicarboximides !5, which consistedin the reaction

of substituted N- methylmaleimides with trimethylsulphoxon-
ium ylid16:

R o R L
[ >N—CHyt (CHy) ;§< — | ON—cH, HAM , xxxVID.
R/ <o CHy N\ o

The 3-substituted derivatives of compound (LXXXVII)
readily yield bis-quaternary salts, in contrast to the
3-substituted derivatives of compound (LXXXVI) which form
bis-quaternary salts only at high temperatures and pres-
sures. A similar difference in behaviour as regards
quaternisation was noted earlier for other bicyclic sys-
tems containing pyrrolidine and piperidine rings 8!,65,81,83,

Among the derivatives of the bicyclic compounds con-
sidered here, only the quaternary ammonium salts proved
to be active. The dimethiodide of 3-(y-dimethylamino-
propyl)-3-azabicyclo[3,1,0Jhexane shows no activity, that
of its 6,6-dimethyl homologue is higher, but the highest
activity is shown by derivatives of compound (LXXXVT).

The synthesis of 3-butyl-6,6-ditolyl-3-azabicyclo[3,1,0]-
hexane (LXXXIX), involving the reaction of diaryldiazo-
methane, with N-substituted maleimide followed by reduc-
tion with lithium aluminium hydride to compound (LXXXIX),
was described in 1962, 117

CHyCeHa /-—<:JC.H. LIAIH,

CH,CH N _<o
cu.c.n:>c<}!| + L—<:_C‘H' CHCH ;<0

CH,C,H, —\
CH’C.H‘XI_ ON—CH.

(LXXXIX)

LiAIH,

Similar compounds can be obtained as quaternary salts by
the cyclisation of 3-aminoalkyl-1,1-diaryl-2-hydroxy-
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methylcyclopropane in the presence of p-toluenesulphonyl
chloride:

Ar_ —CH,—N Ry) Ar + R
N TNR) AN fi R x-
A/ <,r_crx,—ors A/ NN
If the tertiary amino-group consists of a piperidine or
morpholine residue, spiro-quaternary salts are formed.

Pharmacological study of these compounds showed that
the bicyclic imides are inactive; their reduction to the
amines results in the appearance of some local anaesthe-
tic and analgesic activity. The quaternary salts are
somewhat more active than the tertiary bases, but they
are not of practical interest either.
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POLYMERISATION CONCEPTS IN THE
CHEMISTRY OF CEMENTS

Yu. S. Cherkinskii

1, INTRODUCTION

The chief chemical elements present in cements are
silicon, aluminium, oxygen, and calcium. In the inor-
ganic world, silicon exhibits a remarkable ability to form
polymeric chains®. These include the homochain polymer
formed by elementary silicon, and a large number of
heterochain polymers, of which the silicic acids and their
salts — the silicates — are most widely encountered in
nature and also in practical applications?~8,

Aluminium is a metallic element but the great majority
of its oxygen compounds, e.g. compounds such as corundum
and hydrargillite, are heterochain polymers 2913,

Oxygen in the polymeric chains formed by various ele-
ments acts as a bridge, and only in the peroxides is it
capable of forming a homochain, consisting of two atoms .

Calcium on the other hand behaves as a cation.

Since the chief elements present in cements are capable
of forming inorganic polymer chains, there is every justi-
fication for assuming that polymerisation and depolymeri-
sation processes will also take place in the preparation and
hardening of cement.

The ideas of Le Chitelier, subsequently developed by
many workers, made it possible to understand the basis of
the mechanism of the hardening of inorganic binding agents.
In most work devoted to this question, the substance taken
as standard model was gypsum — a compound which is not
polymeric in character. In some cases, macromolecular
compounds were also used as models. While drawing the
analogy between the mechanisms of the hardening of cement
and joiners' glue or silica gel, however, the supporters of
the colloid theory (Michaelis and Kiihl) saw in these sub-
stances only the high degree of dispersion, the high specific
surface, and the ability to take part in sorption pro-
cesses 1915,

Modern theoretical views on the mechanism of the
hydration hardening of cement are based on the concepts of
physicochemical mechanics, whose basis principles were
developed by Rebinder 16517,

Work by Bernal ', Belov and coworkers 1920, and others
established that the products of the hydration hardening of
Portland cement contain isolated units of calcium hydro-
silicates and compounds containing chains of condensed
silicon-oxygen tetrahedra, i.e. polysiloxane chains. The
periodicity of the manifestation of binding properties,
related to Mendeleev's Table, was established by Zhurav-
lev?! and confirmed by Moshchanskii 22,

In an examination of cement and concrete from the view-
point of the chemistry of macromolecular compounds,
Korshak and Mozgova 2 put forward the idea that “cement
and concrete contain inorganic silicate polymers”., The
suggestion that silicate cements be regarded as three-
-dimensional polymers had been put forward earlier, in
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