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GENERAL INTRODUCTION

The first objective of this work was to synthesize
certain substituted cyclohexanespiropiperidines (3-~azaspiro-
(5.5)hendecanes). A survey of the liferature indicates that
this 1s a relatively neglected field desplte the systematic
work on piperidine derivatives which has been stimulated
by their potentialities in pharmacology. The compounds
synthesized included: 3-methyl-3-azaspiro(5.5)hendecane-
l-hydroxymethyl (XIX) and -1,5-dihydroxymethyl (XVIII),
3-methyl-3-azaspiro(5.5)hendecane-1-carboxylic and -1,5-
dicarboxylic acids (XXII, XXI) end 3-azaspiro(5.5)hendecane
(V). The corresponding 3~azaspiro(5.5)hendecane~2,4~d1iones
were used exclusively as starting materials; +their prepara-
tion was not in all cases previously reported.

The second objective was to study the infrared absorp-
tion spectra of 3-azaspiro(5.5)hendecanes in an effort to
correlate the prominent absorption maxima with structural
elements. The study disclosed that in unstrained 3-azaspiro-
(5.5)hendecans-2,4—diones the N-H stretching absorption occurs

1

at 3200 and 3100 em. — and the carbonyl stretching absorption

at 1720 and 1680 om.” . The latter is shifted to higher




frequencies in strained rings. Strain was apparent in all
the disubstituted diones with substituents (COOH, CN) vicinal
to the quaternary carbon. 3-Azaspiro(5.5)hendecanse-2-imino-
Y4-oxo-compounds could bs distinguished from 2,4-diones by
their different absorption in both the N-H and C=0 stretching
region. The infrared spsctra of cyclohexanespiropiperidine
carboxylic aclds indicated that these compounds possess
zwitterion structure.

The infrared investigation required the preparation
of certain other closely related compounds for comparison.
They included the known 4,4~dimethylpiperidine-2,6-diones
and two new spiranes, 3-oxa- and 3-thiaspiro(5.5)hendecanes.
Attempts to synthesize the known spiro(H.5)hendecane by a

new method failed in the final stage.




HISTORICAL INTRODUCTION

The spiranes are polycyeclic campounds in which the
rings are Joined at one point only, the linking atom thus
being common to both ring systems. If the rings are strain-
less the bonds of this "spiro atom" will assume undistorted
tetrahedral configuration. Carbon is the most common spiro
atom but numerous spiranes are known containing in place of
carbon such atoms as nitrogen, phosphorus, and boron, or
even metals such as beryllium, copper or zine. All these
atoms display tetravalency because of their ability to co-
ordinate. The tetrahedral configuration of the spiro atom
determines the mutually perpendicular orientation of the
rings. Such orientation lowers the symmetry of the system
which may be further reduced by appropriate substitution
giving rise to non-superimposable and hence optically active
structures despite the lack of an asymmetric carbon atom.

The most common spiranes contain one spiro linkage.
Compounds having more than two such linkages are rare and
no compounds containing more than four spiro atoms have been
synthesized.

Until recently no spirocyclic campounds have been

found to occur in nature.




NOMENCLATURE

The term "spiro®", at present generally accepted, was
first proposed by Baeyér (1) in 1900 to designate compounds
having a carbon atom common to two rings (in Latin, spira,
meaning "Brezel®", an article of bakery).

Originally the term "spiro® was placed between the
names of the constituent rings. For example, I was named

cyélopropanespirocyclopropane and IT eyclopentanespirocyeclo-

butane.
HoC(  _CH HoC— CHo~ _~CHp
l /G\ | I ~ G\ ~ GHQ
HoC CH, HoC — CHy CH,
I IT

Such a system may be ambiguous especially in the more
eomplex, substituted spiro compounds. Aecording to current
ncmenclature, the simple spiro systems are named by placing
the prefix spiro- before the name of the normal aliphatic
hydrocarbon of the same number of carbon atoms., Immediately
after the prefix is a bracket containing the number of atoms
found in each ring. For example, I would be called spiro(2,2)-
pentene, and II spiro(4.3)octane. The numbering starts from
the ring member vicinal to the spiro atom.

If hetero atoms are present these are indicated by




prefixing oxa-, oza-, thia~-, etc, to the name, For example
III is called 2,7-diazaspiro(l.4)nonane.

In complex spiro systems the names of constituent rings

g o9 1 2
Hz‘f—ma\c/‘ma }m
o SN
BN —CHy” 5 CH,— CH,
7 6 4 3
III

are retained along with their individusl numbering system.
The position of spiro ring fusion is indicated by non-braeketed
numbers. For example, IV is called spiro(eyclohexane-1,9!'~

(3,7)-diazabicyclo(3.3.1}nonane}

G CH
e TR
I N N
s g - /
CH,— CH
6t 2 2 5 He
HoC CE — CHy
Iv

Simjilar nomenclature is preferred for eompounds in
which the spiro atom is nitrogen, as in V, which is called
1,1'-spirobipiperidinium rather than 6-azaspiro(5.5)hendecane.




—CH —CH

AL NS R RN

2\3' 20‘ 7 \6 5 /
Gﬂa*—-dﬂa Gﬁa-—‘cﬁ2

EARLY HISTORY

The first compound (VI) proved to contain spiro link-
age was synthesized by Tollens and Rave in 1892 by the action
of formaldehyde on levulinie acid (2). '

% /Slcmp0m);

/c—c
Q\CH{—G/CHQ\Q
N/
CHy
VI

Meiser reported in 1899 the synthesis of spiro(5.4)-
decane-5-one (VII) by rearrangement of dieyelopentenyl

pinacol (3).

CH

AT — X D

N4

VIiI




The compounds were first recognized as a distinet
group by Baeyer (1) who suggested for them the name "spiro".

In 1907 FPeeht synthesized spiro(3.3)heptane~-2, 6-di-
carboxylic acid (VIII); he is also credited with the first
study of the stability of spiranes and their ease of cyeli-

zation (5). A oconclusion inferred from this work was that

CHy
HOOC-HC< > < >ca-coo&
CHy
VIII

the stability of the constituent rings is not affected when
the two form a spiro-linked system. His final work on so-
called "vinyl methylene® (ibid.) at the time presumed to be
vinyleyclopropane (IX) éupported the spirocyclic structure
(X). This structure remained undisputed until 1923 when
Ingold (6) proved that the compound was actually methyloyclo-
butene (XI). -

CHo\ ' Hzc\ Hog —C-C
CHp : 8 c&2 HoC —CH

IX X XI




PIPERIDINE SPIRANES

In 1900 Guaresehi (7) showed that derivatives of
piperidine can be readily obtained in good yields by resac-
ting ketones with ethyl eyanoacetate in the presence of an
excess of ammonia. For example, acetone treated in this

way produced. 3, 5- dicyano-4%, H-dimethylpiperidine-2, 6~dione.

N CN
HB\C: 3] 2. 8& ——l’m :C\ R
. HoG — C cHs” CH—C
3 2| X0 | Qb
~ CN

a) The Structure of the Condensation Product of Cyclohexanone

with cyanoaoefémide

If cyclic ketones were used in such a condensation
reaction, one would expect the formation of spiropiperidine
derivatives, but the reaction was never attempted by Guareschi.
It remained for Thorpe to demonstrate the applicability of
the modified Guareschi condensation to the synthesis of
piperidine spiranes. He showed in 1909 (&) that a chain
compound carrying a cyano group on each end readily cyclizes
to form an imino eompound. For example, adiponitrile when
boiled in aleoholic solution with & traes of sodium ethoxide

formed l-cyano-2-imino-eyclopentane (ibdid.). Thorpe concluded




3 3
CH, — CH — CH
| 2 2/0N —_— (I;Ha >C - NH

that by using cyanocacetamide instead of cyanoacetate it would
ba possible under suitable conditions to eyclize the eon-

densation product in a similar manner. The reasoning proved

?nw
av
| e cgE—c?
CHg - €
CHo - G
| \\N OH—G\\
CONHp l X
CONH,
CONH )
P
cH—C¢”
?H— c\‘o
ox XII

correct, as a condensation of eyanoacetamide with cyclohexa-
none in the presence of a little piperidine produced an
excellent yield of 3-azaspiro(5.5)-hendecane~5-cyano-2-
imino-4-oxo-l-carboxamide (XII) a derivative of cyclohexane-




spiropiperidine (9). Henceforth, this compound will be
referred to as "imino imide®,
Thorpe presented the following extensive evidence to

prove that imino imide was a tautomeric compound reacting

in two forms, the amino tautomer predominating at normal

temperatures.

CONH, oMEH
| Cmm | 2mE,
eE—07 C==¢"

N —— i

/ ~ /

CH—C H_C
I . So
CN CN

1. The substence is a mono-acidie base; its salt
with chloroplatinic acid showed the expected analysis., It
formed a clear solution with dilute hydrochlo£ic acid, whioch
if immediately treated with sodium acetate precipitated the
imino imide (XII) practically unchanged, but if allowed to
stand precipitaeted 3-azespiro(5.5)hendecane-5-cyano-2, p_
dioxo-1 carboxamide (XIII) formed by hydrolysis of the amino

form of the tautomeric compound (XII).

CONHg

l c¢o

G —C
X

| 0

cN IIII

10
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The imino imide was completely transformed into 3-azéspiro-
(5.5)hendecane-5-cyano=-2, 4~-dioxo-l-carboxamide (XIII) when
the solution of the former in dilute hydrochloric acid was

boiled for a short time.

2, When the base (XII) was treated with an excess
of sodium hydroxide, it formed a clear, yellow solutiom,
the color of which disappeared on boiling. Evolution of
emmonia accompanied the proecess. When the boiling was con-
tinued until a&ll the ammonia had been eliminated, the solutionm,
after acidification, yielded a dibasic aeid (XIV) which was
readily decarboxylated to produce 3-azaspiro(5.5)hendecane-2,
Y-dione (XV).

oo
0 0
m— o7 —c?
XK K™
_ /
@m0y, CEy—C,
COCH
an's XV

™e yield of dione (XV) by this last process was not very
satisfactory, as the action of alkali on the base also pro-

ceeded in another direotion, with the formation of some eyclo-

hexanone and malonie aecid.

3. When imino imide (XII) was heated with 70% sul-

phuric acid for three hours, it was quantitatively converted
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into cyclohexane~l, l-diacetic acid (XVI).

v

4, If a similarly constituted condensation produect
of cyanoacetamide and acetone (XVII) was boiled for a long
time with water, ammonia was evolved and if this was con-
tinued until all the ammonia was eliminated, the product
was found to be cyanocacid (XVIII).

?oma CooR
CH; oH—C? 3 GE—-C’\
3><m pm — /"
CH —c CH; CH—C
3> \) 3 Yo
CN oN

XVil XVIII

It was evident that an intermediate produet, the
ammonium salt of the acid, was formed first, but that it

dissociated on boiling with water, yielding the free acid.

5. When the cyano acid (XVIII) was heated, carbom
dioxide was eliminated, and the nitrile (XIX) was formed.
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This substanece was also produeed upon prolonged boiling of

a solution of 4, 4-dimethylpiperidine-5-cyano-2-imino-6-oxo-
3-earboxamide (XVII) in dilute hydrochloric acid. Heating
the ceyanoacid with aqueous alkali hydroxides converted it

to the salt of the earboxylie acid (XX). The latter can

be decarboxylated by heating; the product was 4, 4-dimethyl-
piperidine-2, 6-diome (XXI) (ibid.)

0 e
o —¢
Me  CHy c\m 0< Ms><0112 4
K™ ™ R e
/N o,
b boor
XIX xx xxx

This evidence enabled Thorpe to establish the structure
of the condensation product of cyanoscetamide with eyclohexa-

none,

b) BResctions of the Imino Imide (XII)

Experiments with 3-azespiro(5.5)hendecane-5-cyano-2-
imino-Y-oxo-l-carboxamide (XII) revealed that under certain
conditions it undergoes a further imino eondensation with
the formation of a second imino imide ring having three
carbon atoms in common with the first (9). Thus when it was

treated with sodium ethoxide in &leohol a sparingly soluble
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sodium salt was rormed; the addition of acetic acid pro-
duced a crystalline substance the reactions of which showed
it to be 2' 6'-diimino-Ut,&1-dioxo-spiro(eyclohexane-1, 9*-
(3, 7)-diazabicyelo(3.3.1)nonene) or "diimino diimide® (XXII)

Y —cn e & e
m/CcL \nn:: HN<Cf:J \m;

/

OH - .
% =00y

IXIla | IXIIb

The structure of this substance was deduced from the
following experimental data. |

l. IV is a dlacid, tautomeric compound reacting in
the two forms (XXIIa, b) of which the “vinylamine®™ form pre-
dominates under ordinary conditions, This is shown by 1its
bshaviour with dilute hydrochloric acid in which it forms
a clear solution when cold, but from which the original
substance is precipitated practically unchanged on the ad-
dition of sodium acetate. When the solution in dilute hydro-
chloric acid is warmed, both imino groups are at once elimi-

nated and the diimide (XXIII) is precipitated.

o, O
0——¢H—0
{ D' >
HN NH
\ /
o?° N

IXIII
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2. When boiled with potassium hydroxide, one imido
ring is broken, and if this treatment is continued until
all the ammonia hes been evolved, the dibasiec acid (XIV)
is formed. The faet that the second ring is so readily
broken by alkeali hydroxide, when it is well known that the
imides of the glutaric series are very stable toward this
reagent, shows that it is under a gieater strain than the
single ring. |

3. When boiled with 70% sulphuric acid the diimino
diimide is odmpletely converted into oyclohexané}, l1-diacetie
acid (XVI). e

The double ring is also produced by other reagents
then scdium ethoxide; <for example, it ias the first product
formed by the aetion of aqueous alkeli hydroxides on the
imino imide. The latter compound dissolves in the reagent
giving a yellow solution; the color rapidly disappeared
on warming. If the solution is cooled as soon as the color
has disappeared, and is then aeidified with acetic aciad,
the pure diimino diimide (XXII) is preecipitated.

e¢) Condensed Piperidine Rings

The diimino diimide (XXII) and the diimide (XXIII)

may be regarded as derivatives of eyeclohexanespirobispidine.

The bispidine (XXIV) which has been synthesized only recently
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(10, 11) represents a condensed ring system involving two
piperidine rings and is correctly named 3, 7-diazabieyelo-
(3.3.1)nonane. The starting compound for the synthesis was
dinicotinic acid which in the first method of prepsration
was converted to 3, H-dicyanopyridine by way of diaeyl
chloride and amide. The dinitrile yields bispidine upon
hydrogenation with Reney nickal (10).

In the second method (11) the ester of the acid is
first hydrogenated to produce the piperidine ring, themn
reduced to 3, H5-dihydroxymethylpiperidine. Treatment with
hydrobromic acid followed by ammonia yields bispidine.

N
' No-~
H00C ~ Icoon / CH{—CHs~ CH
N N
N BOHgC~ -0320H H,C CHp
\,/
H
XXIV

a) Thorge's Mechanism of Condensation of Ketones with

Cyanoacetamide and Cyanoacetate

In the condensation of eyanoacetamide with cyclohexa-

none a small quantity of another product is formed besides
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the imino imide (XII) (9). With piperidine as a condensing
agent this substance separates from the mother liquor on
standing, after the imino imide has been filtered off, and
can be readily separated from the main product of the reac-
tion by virtue of its insolubility in dilute hydrochloriec
acid. If condensation is effected by treatment with alkali
hydroxide, the same substance separates on acidification

of the alkaline filtrate with acetic acid. The yleld of
this material, which ordinarily does not exceed 5%, can be
considerably increased by carrying out the condensation at
higher temperatures. The compound was proved (12) to be
3-azaspiro(5.5)hendecans~1,5-dicyano-2,4~dione (XXV) and

is found as the sole producet of the condensation of ethyl

cyanoacetate with cyclohexanone under Guareschi conditions.

CN CN

P
\

|
CH5—C CH——C</0
NH NH
_o 4 - - THp NH3 O< NH
NH /
2
CHs—CY CH—C
CN CN

XV

Kon and Thorpe (13) suggested a mechanism to explain
the formation of the two condensation products. They assumed

the formation of the unsaturated intermediate (XXVI) to be
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the initial step. The mode of addition of a second molscule
of cyancacetamide to this unsaturated intermediate is 4if-
ferent in the two reactions. For a ecatalytic¢ reaction
addition is "trans" since this, aceording to Thorpe, is a
nmore stable configuration.

N NC - € - COMH,
T HoNGOCH QN

I
R,C = O + CHp - CONH; —*= RoC —>

VI
c —_— c N
Ral R2| I
HoNOC - CH - CN NC - € —CO
XXVII

In the Guareschi reaction the presence of an excess
of ammonia causes the "cis" derivative to be produced, be-
ecause of the tendenocy of the compound to form the ammonium
salt (XXVII). The latter is therefore an "enforced" reaction
and can be made to yield condensation products in oases where
a true catelytic process such as the cyanocacetamide reaction
fails through the inability of the ketone to undergo econden-
sation (ibid.). It is found, for example, that the cyanmo-

acetamide reaction can be effeeted with all ketones having
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two secondary carbon atoms next to the earbonyl group. If
one of these is tertiary, as in 2-methylcyclohexanone, the
ecyanoacetamide condensation fails, but produets can be ob-
tained by the Guaresehi method, although in diminished yield.
If both earbon atoms are tertiary, both the ceyanocacetamide
and Guareschi reactions fail; this also occurs if one carbom
atom is quaternary; as in camphor and pinacolons (ibid.).

The suggestion that the first step in condensation
involves the formation of an unsaturated compound is suppor-
ted by the reaction of cyclopentanone with eyanoacetamide.
Here the main product 1s cyclopentylidene-~cyanoacetamide
(XXVIII), which is capable of condensing with another mole-
cule of eyanoacetamide to form the "diimino compound™ (XXIX).
This provides strong evidence in faiour of the two-step

mechanism concluded by cyclization (ibid.).

?ONHQ
> o En.oc.cna.cm’ > _ ¢ Hgn.oc.cﬂa.cn_
|
oN
XXVIII
CONHo :
I Q NH
CH — CN C CH ¢?
> < / e EN/ \NH
TN N\ /
XXIX
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T™e precipitation of the unsaturated compound is due
entirely to its insolubility in the aqueous medium used,
because if a sufficient quantity of alcohol is added, the
reaction follows the normal course with the direet produc-
tion of the diimino derivative (ibid.). That the cycliza-
tion step necessarily follows the condensation is apparent
from the reaction of cyanoacetamide with aldehydes (14),

which produeces open chain structures.

T "
CH, - CORH CH - C

R-cE-0+ 2 2 ___» R-CE<
clzﬂa--com2 ?H-cmg
o CN

The ylelds of these pro§ucts are very high, but there
is also a small quantity of a cyélic imino compound formed.
The extremely low solubility of these products again appears
to be the reason for their separation from the solution

before cyclization could occur (ibvid.).
Recently, derivatives of 3-azaspire(5.5)hendecane-

1, lU-diene have been prepared by condensation of eyclohexanone

with 2-am1ndcrotononitrile, in alecoholiec solution in




o1

| c oy CH
HO == ¢{ K So==c{ >
NHo \
=0+ —> //HH
NH
ge==c{ * J0==C

the presence of phosphorus pentoxide (15). 3-Methyl- and
h-methyleyelohexanones also produced eondensation products,
while, as in the cyanoacetamide condensation, the reaction

failed with 2-methyleyelohexanone.

SPIRO(5.5)HENDECANE (xXXTIE)

The original synthesis by Norris and Thorpe (16, 17)
was carried out in the course of a study of the effect of
substitution in aliphatiec¢ chains on their tendency towards
ring elosure. Their method of preparation is of little
practical value because of the number of steps involved and
the low yields. The first step was the eondensation of
eyclohexanone with acetone to produce cyclohexylideneacetone
(XXX) with a yield of 23% of the theoretical. This was
next reacted with malonic ester in a Michael condensation;
the product, after saponification, acidification and decar-
boxylation yielded spiro(5.5)-hendecanse-2, 4-dione (XXXI).
In a series of steps the latter was subsequently converted

into a mixture of spiro(5.5)hendecane (XXXII) and spiro(5.5)-
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hendecane; the mixture upon hydrogenation yielded pure

spiro(5.5)hendecane (XXXII)

0 0
CH - ¢ CHo~C”
V4 \ EtONa \CH3
CH; + CH [COOEt]2——>
| ca [CooEt],
XXX
0 0
CHg - < CHo~ €
1.KOH \
> PClz
2.HoS0Y i /e
3._532 CHy - C3OH CHp ~ G
0 0
XXXT
0 0
\CH zn \CH Na
) 2 moist
% A00H - / e%her
CHy = c\ CHp ™ CHp
cl
OH
CHp— CH\/
1. HB
e
2., Zn/AcOH
CHp— CHp 3. PA/H,

XXXIT



An elegant synthesis of spiro(5.5)hendecane has
been developed recently by Zelinsky and Elagina (18)

starting with tetrohydrofurfuryl alcohol.

HoC—CH, HoC—CH,
| PBry in |
HoC CH-CH,0H ———2—> HoC CH-CH,Br
\ / pyridine . %\ /
0
| H,C—CH i
1. Mg/ether : 2| | 2 PBrz in
2. HoE  HpC CH=CH, pyridine

.CH

E,C—CH; 1, Grignard OH CHy=CH
HoC CH=GH2 with cyclohexanone GH2 GH2

\ 2, HOH

Br
HzPOY, Pt/C
—— —

The overall yield was 9.6% of the theoretical.

THE FORMATION OF CYCLIC ETHERS FROM DIOLS

23

g

For the diols which do not readily form cyclic ethers

2

the recent method of Reynolds and Kenyon (19) offers a distinct




ok

advantage. It consists of treatment of diols with acyl
chlorides in the presence of pyridine bases. For example,
with benzenesulphonyl chloride in pyridine, the first step
involves esterification of the diol to form benzenesulphonate
(XXXIII) followed by the formation of the desired product.
Depending upon the conditions, at least three side reactions

are possible:

1. PFormation of the quaternary compound between the

ester and tertiary amine

~ ' N _
Ry - CH - (CGHp), - CH - R . I _y By=CH=(CHp),~CH-R)
| | oy \ oH o
RyS0p. 0 OH X G\1.><r L + RoSO5

XXXIII

2. BReplaéement of the benzene—sulphonyloxy group
by halogen from the amino hydrochloridq to form an organie
chloride

R, -CH - (CH,),, - CH -
xxarr + 6® ——» 1 2’m E
Cl OH

@
+ RByS03

3. Splitting of the initially formed ester into an

unsaturated compound and sulphonie acid
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4

7
XXIIT  + O—»nl-m:cﬂ-(cﬂg)n_l-clzﬂ-al
N OH

+ H%©+32303@

Aecording to Reynolds and Kenyon (ibid.) reactionms
2 and 3 play a negligible part in the synthesis of five-
and six-membered ethers. Quaternization, however, inter-
feres ceritiecally in the formation of tetrahydropyran. The
yield of this compound with pyridine as a base was only 5%,'
the bulk of the material forming & quaternary salt as indi-
cated in the first reaction. The yield was raised to 4ok
when 2, 6-lutidine was used instead of pyridine. 2, 6-Lu-
tidine is known to possess a very low rate of quaternization.

No mechanism for these reaotions was given; its discussion

follows on page &3.

CERTAIN ASPECTS OF THE STEREOCHEMISTRY OF THE SPIRANES

The mutually perpendicular orientation of the rings:
in spiro molecules is an essential factor in the stereochenm-
istry of these eompounds. In this respect a formal analogy
can be drawn between spiranes and allenes. In allene,

CHp, = C = CHy, for example, because of the trigonal (spz)

hybridization of the terminal carbon atoms and the diagonal

(sp) hybridization of the central carbon the two planes
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containing the terminal carbons and the hydrogens attached

to them are mutually perpendicular. Such a system has much

7

lower symmetry than the corresponding, hypothetical, planar
system and becomes nonsuparimposable upon a single sudbstitu-
tion at each end irrespective of the nature of the substituents.
Henoe 1, 3-.disubstituted allenes always represent a 4, l-
mixture. However, in the case of 1, 1-subst1tntion even the
non-identity of the substituents is not sufficient to produce

the asymmetry.
Similarly, in the case of spiro(3.3}heptane (XXXIV),

IXxv
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the symmetrical disubstitution (i.e. in positions 2,6)

does not producse any asymmetric centers but the molecule can-
not be superimposed on its mirror image and hence should exist
in two optically active forms.

As early as 1902 Aschan (20), using spiro(3.3)heptane
and spiro(5.5)hendecane, then unknown, pointed out that the
presence of asymmetric carbon is not a necessary condition
for optical activity. The exberimental verification of this
hypothesis with the same compounds was not demonstrated
untik 1928 when Backer and Schwink (21) resolved spiro(3.3)-
heptane—2,6-dicarboxylic acid by means of brucine into opti-
cally active components. The specific rotation was found
to be rather low. Ienchs and Gieseler (22), however, had
noted as early as 1912 that the occurrence of three inactive
stereoisomeric forms of 2,7-dioxaspiro(4.4)nonane-3,8-
dibromomethyl-l,6-dione (XXXV) cannot be reconciled with
the presence of only two asymmetric carbon atoms in the

molecule. DBecause the two asymmetric carbon atoms are

BrHoC-CH— CH2 c 0
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equivalent, the formula prediects only two forms, one meso
and the other a 4, l-mixture., If, howsver, the molecular
asymmetry is taken into account, it is apparent that three
racemie mixtures should exisf (23).

PIPERIDINE DERIVATIVES AND ANALGESIC ACTIVITY

In 1939 Eisled (24, 25) discovered a method for the
preparation of 4-phenylpiperidine derivatives from phenyl-
acetonitrile and Sehaumenn (26) tested them for analgesiec
action. The results of the testing left ne doubts that a
long search for a potent aynthetic analgesic was at last
suecessful. 'A further progress resulted from the recognition
of the structural elements of morphine molecule associated
with analgesie activitj. This aspeet will be discussed in
more detail later, attention being given first to a survey
of important piperidine ansalgesics.

Piperidine derivatives of greatest pharmacological
intarest belong to two closely related groups:

a) l-alkyl-4-arylpiperidine-4-carboxylates and
b) l-alkyl-d-arylpiperidine-l-acyloxy eompounds.

AN Rt~ 0:00R's

00033
a) Hgg j ) Hag JHE

Rl 2

1
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The most important compound in the first group is
ethyl l-methyl-4=phenylpiperidine-l-carboxylate or meperidine.
It combines the antispasmodic properties of atropine with
the analgesic action of papaverine (24). Its neurospasmolytic
action on muscle and a central analgesic action resembles
morphine (26). The hydrochloride produces pronounced corneal
anesthesia when applied directly to the eye (27).

The effect of varying the substituent attached to the
nitrogen atom was studied by Schaumann (26) and Thorp and
Walton (28) in a series of N-substituted ethyl UY-phenyl-
piperidine-l=carboxylates. The methyl, ethyl and butyl
derivatives exhibited analgesic activity, whereas phenyl,
benzyl, eyclohexyl and carbethoxymethyl were not active.
Veriation of aryl substitution in a series ethyl l-methyl-l-
arylpiperidine-4-carboxylates showed m-hydroxyphenyl and
o-tolyl to be more effeetive than phenyl, whereas p-amino-,
p-hydroxy-, m-methoxy-, p-methoxyphenyl, and ©¢ -naphthyl
were inactive (26, 29). Replacement of aryl by oc¢-thio-
phene produced an active series aithough its most active
members were inferior to meperidine (30).

In a group of l-methyl-d-phenyl-l-aeyloxypiperidines
the optimal activity was found with the propionoxy group
and was reported to be 10-30 times that of meperidine (31,

32). Activities of acetoxy and butyroxy compounds were 1/30
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and one-half respectively of propionoxy derivatives (ibid.).
Substitution of the phenyl residue by heteroeyelie rings,
alkyls or aralkyls generally produced compounds of low or
no activity. Replacement by cyeclohexyl residue (R' - 033,
3 - 02H5) caused a decrease in activity to about one-

third (33, 34). The compound, however, still retains a
remarkable activity being about one-half that of morphine.
A study of U-arylpiperidyl ketones by Schsumann (25) showed
that this series is comparable im analgesioc action to the
esters and actually contains compounds much more potent than
any of the esters, For instance, ethyl l-methyl-l-(3-hydroxy-
phenyl ) piperidyl ketone had activity 10 times that of me-
peridine (35).

A number of active compounds was found in a series
of l-alkyl-3-arylpiperidine-3-carboxylates (29) none of them,
however, having oﬁtstanding properties. Generally lower
activity was exhivited by l-alkyl-2-phenyl- and l-alkyl-2-
~ arylalkylpiperidines (32, 33). The analgesic activity
| 1/35 - 1/50 of morphine was reported with certain 1-alkyl-
h-arylpiperidinea (1bid.).

MacDonaeld (29) tested spirocyclic piperidine-benzo-

furan derivatives of the type shown below but found them to
|
N

4
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possess little or no analgesie activity.
Acoumulated synthetic data indicate that substantial
portion of morphine nucleus must be retained or simulated

in order to obtain analgesiec aetivity resembling that of

morphine, Wherses the presence or simulation of rings A,

E and C appears to be necessary, rings B and D do not seem

0

morphine nucleus very active
1-methyl-i-phenyl-i#-propionoxy-
piperidine

to be essential. Although, for instance, in 4-phenyl-l-
acyloxypiperidine series the ecarbonyl oxygen atom simulates

the ether bridge in morphine it is not a necessary factor
in the activity. The function of carbonyl group here is

probably to assure the favourable spatial arrangement of

the propionoxy chain which thus resembles mors closely the

ring ¢ of morphine (36).
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INFRARED ABSORPTICN SPECTRA

1) Ring Vibrations

No attempt has yet been made to correlate structural

features specific to spiranes with infrared abaorption.

The feature distinguishing spirsnes from other eompounds

is the presence of C - é - bonds assoqiated with the gquate-

rnery carbon atom. If absorption frequencies could be as-

signed to the stretching vibrations of such bpnds it would

be Of great velue in identifying spiroeyclic compounds.

However, as the energy of such vibrations is necessarily

low, it would be difficult to distinguish them from -C-C-

stretching vibrations particularly in the complex absorption

pattern of the low frequency region. Moreover ~C-C- stret-

eching vibrations are usually not localized in individual

bonds but involve the vibrations of the ring as a unit,

and are thus very sensitive to changes in the immediate

environment of the vibrating groups. '
Appreciable frequency shifts may be caused by éﬁb-

stitution (37). Even in simple cyclie systems such as cyelo-

hexane unambiguous assignment has not yet been pade.

Morrison (34) analysed the published spsctra of fifty eyelo~

hexane derivatives and tentatively assigned the skeletal

vibrations to two regionsz, 1055-1000 em, "1 and 1005 -952 cm.-l,

These assignments, however, do not apply to cyclohexanonse



derivatives in which the introduction of the earbonyl group
might be expected to alter'any characteristic ring deforma-

tion frequencies (39). |
Vetter and Tehamler (40) calculated the vibration

frequencies of such six-membered saturated ring systems as
eéyeclohexane, piperidine, pentamethylene oxide and penta-
methylene sulphide. Theoretical vibration frequencies were
computed by assuming the rings to have "chair® conformation
and by treating methylene groups as point masses. Cyclo-
hexane itself has & space group symmetry D}d’ whereas the
presence of one hetero atom in the ring 1owers the symmetry
to Gg.

The essignment of frequencies to the four six-membered
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ring compounds aecording to Vetter and Tchamler is as follows:

Cyoclohexane | Piperi- | Pentamethyl-| Pentamethylene
dine ene Oxide Sulphide
Skeletal 862 a 854 s 813 m 659 s
Vidra- 901 s 937 mb 874 = 10k m
tiona 1050 n 1007 m
1117 vs 1041 s
1093 vs
Rocking (CHp)
901 = 742 m 756 w 426 s
101F m 791 m 435 w ' 933 w
855 s 855 m :

971 m




Cyclohexane | Piperi~ |Pentamsthyl- |Pentemethylene
dine ene Oxide Sulphide
Twisting (CHp)
1039 m 1193 m 1033 m 1064 m
1153 m 1129 w
1199 vs
Wagging (CHp)
1259 s 1323 s 1263 m 1219 m
1384 w 127 m 1240 m
1296 m 1264 s
1352 w 1306 m
1385 w 1302 w
Bending (Seissoring) (CHs)
1450 v | 1444 =

In condensed cyclohexane amnd eyclopentane systems,

the mode of ring fusion mekes a véry considerable difference
to the infrared spectrum.

is simplified by the faet that the rings are Jjoined at one

point only and the nature of the spirane linkage ensures

that the two rings lie in mutually perpendieular planes so

that their interactions will be minimized, the interaetion

of skeletal vibrations introduces serious difficulties of

interpretation.

Batuev (41), who studied Rsman spectra of spiro(i.4)-
nonane (XXXVI) and spiro(4.5)decane (XXXVII), has shown that

in the former the skeletal vibration characteristic¢ of the

34

Bven in spirenes, where the problem
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eyelopentene ring is observed undisturbed at 890 em.-l.

2 N/ \
I l/c\\ | I | /5 /2
cﬁa-fma CH2-CH2 632-032 CHQ-'OHQ
XXXVI XXVIT

The spectrum of spiro(4.5)decane (XXXVII) is more
complex., Batiev seleeted six bands which he considered to
be three sets of doublets: a) 783, 822, b) 796, 886, e)
874, 900. The averaged frequencies of each doublet, 802,

821 and 449 represent the echair 6yclohexane, boat eyclohexane
and eyclopentane ring vibrations respectively. Batuev's
conclusion was that spiro(k4.5)decane exists as a mixture

of chair and boat conformetion. In both forms the vibrations
of the two rings couple through the quaternary carbon to
split the original frequency intd a doublet.

Batilevts treatment can be ceriticized for its unhesi-
tant postulation of boat conformation, which is not at pres-
ent generally accepted. However, though possibly incorrect,
it illustrates clearly the spectral complexities resulting
from ring coupling 1n'spiranes.

The infrared spectrum of spiro(5.6)dodecane has been

recorded by Laber (42) but no interpretation was offered.
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The absorption maxima ococurred at the following frequencies:
2930 (vs), 2860 (s), 1455 (vs), 1375 (s), 1300 (m), 1275 (m),
1245 (m), 1225 (w}, 1190 (m), 1175 (m), 1150 (w), 1100 (w),
1080 (w), 1060 (m), 1040 (w), 990 (s), 970 (m), 945 (s),

935 (s), 885 (s), 865 (s), 850 (s), d40 (s), &15 (s), 770 (w),
765 (w, b), 700 (m).

2.) Secondary Amides and Lactams

The group O = C-NH- may be present in either open
chain structures (secondary amides) or in cyclic compounds
(lactams). There is a significant difference between the
spectra of the two types of compounds which is principally
due to the presence of the so-called amide II band in secon-
dary amides. The nature of this rather controversial band
is discussed on page U40. The individual vibrations of the

group can he differentiated in the following way:

Vibration Absorption Region
1. N - H stretching 3500 - 3050 om.”T
2. €= 0 stretching 1750 - 1650 om.”1
3. C- N stretching )
lack of agreement
4, N - H deformation ) '

While N - H and C = O stretching vibrations in secon-

dary amides have been satisfactorily accounted for, no



unambi guous assignment of frequencies for N - H deformation
and C - N stretching has yet been made despite extensive

work in this field.

a) N - H Stretching Vibretion

Primary and secondary amides exhiblt absorption bands
between 3500 and 3050 om. L, resembling those for O - H
stretching vibrations, in that they are shifted to lower
wave numbers in the solid state where extensive hydrogen
bonding may occur. Sutherland (43) assigned the following
absorption ranges to two types of hydrogen bonding:

~-N-H....0=2¢C= 3320 - 3240 ——
~-N-H, 000 N - 3300 - 3150 oem,~1
free N - H stretoching %2500 - 3380 em.-1

The infrared spectra of N-monosubstituted amides in

1 ang

the solid state show two bands of 3330 - 3280 cm.
3100 -~ 3060 em.”l (44). Since the frequencies of the asso-
ciation bands of amides differ from those of samines, it is
concluded that - N-H .... 0 = C - rather them - N-H ,...
N - 1linkages are chiefly involved. This conclusion is
further supported by the observation of Richards and Thompson

that mixed solutions of diphenylamine and acetodiethylamide

in carbon tetrachloride show an absorption band at 3320 cm.'l

similar to that of N-monosubstituted amides and distinet

37
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from the 3430 om.” L

band shown by diphenylamine alone. This
is attributed to the - N - H ...e O = C linkage in the

associated complex (45)

Attenpts have been made to relate the three frequency
ranges in the spectra of secondary amides to three hydrogen-

bonded structures, as shown below.

>E'_‘N /C'—-N//
4] \ 0 \
H H
... /H
0
§U'—-N
XXXVIII
Absorption region 3200 -~ 3160 cm.-l
Cis linkages present in cyclic amides only
0 ...... H -l
4 \ Absorption region 3100 - 3060 cm.
C N Cis linkages present in both
| | y eyclic and nomcyclic amides
N Cc
N\ 7\
Hee--r -0
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AN /
N—H------ Q0=C Absorption region 3330 -
/ \ 3280 cm.-1 .
0=C N— H---- Trans linkages absent in
AN / cyelic amides
XL

Darman and Sutherland (ﬁé) and, independently, Tsuloi,
Mizushima and collaborators (47) studied the eis linked
complexes in cyclic amides, where trans association was
aexcluded. In these compounds they failed to observe the
3330 - 3280 om.~! band, but noted insteasd bands at 3200 -

1 and 3100 -~ 3060 em.”t. These experiments sug-

3160 em.
gest that the 3300 - 3280 cm.”l band can be assigned to a
trans linked aggregate (XL) and the 3200 - 3160 cm.”l band
to a cis linked structure (XXXVIII) but provide no explana-
tion for the band at 3100 -~ 3060 em.”t,

Edwards and Singh (48) reported absorption at 3220
and 3090 om.‘l for 2-piperidone, indicating c¢is linkages
of the type (XXXVIII) and (XXXIX) but additional work is

necessary before & more satisfactory assignment ean be estab-

lished for all three bands.

k) Amide I and Amide II Bands

Both primary and acyclic N-monosubstituted amides

1

show two strong bands between 1710 and 1470 em.” ™, commonly

known as amide I and amide II bands. The amide I band arises




from what is essentially a C = O stretehing vibration, dbut
although the amide II band shows some behaviour suggestive
of a N - H deformation its assignment is still a matter of
controversy, especially in non-cyclie N-monosubstituted
amides. The "amide I band" of N-monosubstituted amides in
the solid state appears in the range 1710 - 1630 om.”t,
while the "emide II band® is observed between 1580 and

l, and is usually weaker than the former (49).

1475 em.”
Richards and Thompson (45) reported an ebsorption band at
1540 - 1520 om.”! in & variety of N-alkyl and N-benzyl

mono-substituted amides in dioxane solution, which shifted

1 40 the solid state. The amide I band in lae-

to 1560 em.
tams shows the normel behaviour of a C = O stretching vibra-
tion, but there is no absorption above 1500 em.” ! which

could be identified as the amide II band. For example,
Edwards and Singh (48) observed the C = O stretching absorp-
tion for 2-piperidone at 1760 em.”). In the saturated five-
membered rings the C = Q streteching frequency is slightly
raised as a consequence of ring strain.

While the assignment of the amide II band of primery

anides to a N - H deformation vibration is consistent with

the most of the known facts, none of the attempts to assign
the amide II band of N-monosubstituted amides can be con-
gidered satisfactory. Some of the evidence supporting the

view that the absorption is due to N— H deformsation is as

4o
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follows:

l. The band is absent in N, N- disubstituted amides

(45).

2. The extent and direction of the frequency shifts
which occur with changes of state agree with those expected
for N - H deformation (ibid.).

3. Polarization studies indicate an out-of-plane

N - H vibration (50).

4, Deuteration weakens the emide II band and gives

1l

rise to a new absorption near 1130 cm. — where the N - D de-

formation band might be expected (Hl).

The objections to this interpretation may be summar-

ized:
1. No explanation is offered for the absence of the

amide II band from cyeliec lactams (52, 53).

2. The absorption dque to N - H deformation in secon-

dary amines is extremely weak (H3).

3. The amide II band is absent from Raman spectra (52).

4, fThe results of deuteration are smbiguous; the new
absorption in the 1130 cm.‘l region in deuterated compounds
is too weak to account wholly for the reduction in the inten-

sity of the amide II band (ibid.).
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The most generally favoured alternative explanation
is that the band arises from a C -~ N stretching vibration
in which the C - N bond shows considerable double bond

character dus to resonance with the carbonyl group (54, 55).

c -—3 ©_C
P 7
7 \/ 0 \%}/

S B
The main objection to this 1s the absence of the amide II
band in the tertiary amides. The 1dea_that the amide I and
II bands are due to the éo-existence of two distinct com-
pounds, such as would be required in a keto-enol equilibrium

has now been generally discarded. Although the amide II band

| |
Vs /S
7\ /S = \ /
0 N HO
| N
H
could thus be attributed to a C = N stretching vibration,
X-ray diffraction studies rule out such a possibility (56).
Miyezawa et al. (57) have reecently proposed what may
be the most satisfactory explanation of the origin of amide

II band in secondary amides. They consider the three sab-

sorption regions in secondary amides (amide I: 1710 - 1630

1 1

om. —; amide II: 1580 - 1475 em. —; amide III: 1300 - 1200

cm.'l) to be due not to a vibration of a specific bond but
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to coupled vibrations of several vibrating units. The prin-
cipal vibrations involved in the coupling are Y (C=0)
(carbonyl stretching), *Q (C-N) (carbon-nitrogen stretching),
and JP(NLH) (nitrogen-hydrogen deformation). The amide

I, IT and III bands are related to these vibrations but not
in a simple manner. The contribution of Y (C=0) is greatest
to the amide I band, whereas that of d[(N-H) is very small
since the amide I band hardly changes in frequency on deutera-
tion. However, there will be & considerable contribution -
of V (C-N) to this band if it is assumed that the C-N

bond acquires partial double bond character, since its fre-
quency is not much different from that of 'Q (C=0). For

the simplest unsubstituted amide, Miyazawa was able to cal-
culate the contribution of ‘J (C-N) to that of ‘Q (C=0)

in the amide I and amide ITI bands and designated these
coupled vibrations ‘Qa and Qs réspectively. The amide I
band of the monosubstituted amide is also considered to be

a ‘Q g pand since the frequency and its shift on deuteration
are almost the same as those of the \Qa band in formamide.
The determination of the vibration type corresponding to
amide II and III bands in monosubstituted amides is more
involved. Mathematical treatment, however, is still possible
in the case of diformylhydrazine, spesctroscopically the sim-
plest monosubstituted amide. Calculations indicate that

the II and III bands may be considered as arising from the




coupling of Vs and J (N - N) frequencies. However, mono-
substituted amides will generally have additional contri-
butions of ¥ (C - R) end V¥ (N - R') to the amide II and
III bands, and hence the mathematical treatment is no longer

feasible, /
Miyazawa's interpretation readily accounts for the\

absence of the emide II band in disubstituted amides and

in the cis form of monosubstituted amides, as well as other

controversial faects.

3. Spectra of Imides

The group -€0 - NH - CO - does not commonly occur in
open chain compounds, but is found in many eyclie substances
such as hydantoin or succinimide. The N - H stretching vi-
bration of such compounds does not appear to be associated
with a specific frequency and the available data are too
limited to permit any generalizations. For example, suceini-

1, hydantoin and

alloxan each show one band at 3125 em.~l and 3240 am.-l, re-

mide shows two bands at 3145 and 3049 em.~

spectively, whereas H-methyl hydantoin gives two bands at
3333 and 3125 em.” (53).

The cearbonyl absorption of these compounds appears
as two widely separated bands in the regions 1790 - 1720 .
em.”! and 1710 - 1670 om.”! (1bid.). The first of these is
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assigned to the 4~ position ecarbonyl group, as it persists

in compounds in which the C=0 in the 2-position is replaced
by C=S. The sscond could arise from C=N vibration but is
assigned to the 2-position carbonyl, as it persists in com-
pounds in which NH group is replaced by N‘-GH3 (ivid.). The
change from NH to N-CH3 compounds does not cause any appre-~
ciable carbonyl shifts, and as the solid and solution spectra
are closely parallel, it is concluded that there is little

hydrogen bonding in the solid state (58).

4, Imino-imides

No compounds containing the group

| |
40\ "
N .

H

0

have been investigated by infrared spectroscopy. The individ-
ual C=N stretching vibrations lie between 1680 and 1630 om.-l.
They are appreciably stronger than C=C stretching vibrations

but weaker than C=0 bands. In aliphatic imines the C=N band

1

is usually found near 1670 cm. - and is displaced to a lower

frequency in conjugated and aromatic systems (59).
The =N-H stretching frequency of imines is in the

range 3400 - 3300 cm.-l, according to Colthup (60), in essen-

tially the same region as the N-H vibration in trans-bonded
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amide linkages (3330 - 3280 cm."l)

5. Speetra of Amino Acids

The infrared spectra of emino acids present strong
evidence in favour of the zwitterion structure of these

compounds.
Monocarboxylic monoamino acids show no absorption

due either to N - Hor €C = O stretching vibrations, because
no such structural units are present in the zwitterion form

of amino acid molecule.

The bands actually observed are due to ﬁ’- H and ionized
carbonyl stretching vibrations, the latter arising from

the resonanceﬂpf the carboxylate anion.

/0(9 /;0

0 P

- c” > - C\\ or -G\ @
\b<9 ° \\0

The absorption of the ionized group is shifted to a

lower fraequency than that of the corresponding neutral units.

In amino dicarboxylic acids, absorption bands are

observed for the stretching vibrations of both the ionized



and unionized earboxylie groups (61).

Hydroehlorides of amino acids should give rise to

®
the same absorption in the N - H stretching region although

this has only been established in a few cases. There is,

however, complete agreement that the ionized carbonyl ab-

sorption is replaced by that of the unionized group. Most
®

studies of N - H absorption in emino aeids have been done

with the primary amino group; such absorption was rebprted
to oeceur in 3130 - 3030 em.~l region (62, 63, 64). Compounds
incapable of assuming %ﬁ3 structures suc%aas N'jsrono- or
disubstituted amino acids, which contain N32 or NH groups,

might be expected to absorb at different frequeneies, but

no data are available.

Neutral amino acids and their salts all show absorp-

tion at 1600 - 1560 om,™*

which has been attributed to the
fonie ecarboxyl group (64). The absorption vanishes on the
formation of the quaternary hydrochloride in which the
ionization of the carboxyl group is suppressed (53, 65).
This behaviour is observed in all types of amino aeids,
whether the amino group has the %%2 or the %ﬁj structura.

For most amino acids, the carbonyl absorption occurs

1l

normally in the 1730 - 1710 cm. — range (53, 65) except for

o< -gmino acids, which absorb at an abnormally high fre-

quency (1750 - 1740 om.'l). From the limited data availabls,
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it appears that normal carbonyl absorption is also shown

by the hydrochlorides of acids carrying secondary amino
group. There are no data available for tertiary amino acids.
However, it is interesting to note that infrared spectra

of tertiary amine hydrochlorides show features indicating
the presence of strong N-H .... X ~ bonds. The spectrum

of triethylamine hydrochloride shows no absorptionlin the
usual H;H'stretching frequency region (66) but there is

a very strong band centered at 2540 Gm.'l which must be the
N-H frequency. The band is a ﬁell—defined doublet with

1l

maxima at 2500 and 2610 cm. -, the latter being the more

intense; there are also two weaker satellites at 2630 em.”t
and 2740 cm.-l. The large displacement of the band from its
normal spectral location is attributed to the formatioh of

a strong N-H ...Gl  bond (ibid.).

6. Infrared Spectra of /6)—diketones

The infrared spectra of such /é? ~-diketones as acetyl-
acetone or dibenzoylmethane are consistent with the normally

formulated enolic structure

?H

R1-0=C.R2-CO-R3

However, the absorption pattern shows some unusual features

which require further elaboration. The band near 3330 em.”+
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uhere.the simple hydrogen-bonded OH absorption occurs is
absent, and a weak extremely broad band appears near 2700
om.~L., The absorption is similar in this respect to the
very Broad OH band of fatty acid dimers. The latter band
is also shifted considerably beyond the normal hydrogen- .

bonded OH position to about 29%0 em.~l., The greater strength

of the hydrogen bonds in fatty acid dimers has besen attri-
buted to the presence of an ionic structure in resonance with

the usual covalent one.

0 3 H 3
cs o H—O ss oo —0
/. \ / \
R-C C-R=>R-C ¢ - R
4 A /
O—H LI 0 O—H csco o0 0
® C/

The ionic contribution is inereased in the dimer be-
cause of the stabilization arising from the favourable posi-
tion of the electropositive proton with‘respact to the negative
carbonyl oxygen. The greater shift of the OH band in fatty
acid dimers as compared, for sxample, with hydrogen-bonded
alecohols, thus arises from the additional weakening of the
O - H bond in the ionic structure (67). It is elear that a
similar explanation can be applied to the enolized /B-diketones,
where again ionic resonance forms may contribute largely to

the structure.

O—H eseee 0 @O—H evsees 0@
l I < I |
R ~C=zC.Rp~C~ 33 31 - C~-CRp=C-~- 33
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1

Thus the 2700 cm, — band might be identified with

the 0 - H vibration, greatly shifted and broadened as was
observed with the fatty acid dimer (ibdid.).

Enolized _/3-d1ketones &lso exhibit unusual bshaviour
in the ecarbonyl absorption region. ihey show a moderate

1 which is attributable to the keto~ form.

band at 1709 em.
No band is‘observed in the usual conjugated ketone region
(1695 - 1672 em.” 1), but a very strong band appears around
1639 - 1534 cm.~l. Sinee G = C bands are usually not very
intense, these bands must be assigned to C = 0. Both the |
extreme shift from the usual ketone C = Q position and the
abnormally high intensity may be reasonably explained again
in terms of the resonanee structures shown above. The en-
hanced partiéipation of the ionic structure leads to a
greater decresse inr double bond charaeter of the C = O bond
than would occur with simple conjugation, resulting in a
shift to a longer wave-length, while the increased charge
on the carbonyl oxygen could account for the high intensity.
If this interpretation is correct the failure to observe a
C = C band must be attributed either to masking by the very
strong € = O band or to a shift out of the double dond region
caused by the loss of double bond charaeter (ibid.).
Rasmussen et al. (ibid.) investigated the infrared

absorption of 5, 5-dimethyl-l, 3-cyclohexane dione (XLI).




This compound shows a strong band at 1702 om.~l whieh inai-

cates that a large proportion of the molecules exist in the

By GHy— ¢’
Ny N =,
/ \ /
iy’ ey —— oy
XLI

keto-forn, The bands at 2632 om.~l and 1605 —_— howsver,
indicate a conjugated chelate type of enolization. Sinee
the ring makes it sterically impossible for the OH of the
enol form to approach closely enough to the carbonyl oxygen
of the same molecule to interact with 1t, the necessary
stabilization of the ionic strueture must be accomplished
through formation of & dimer sueh as

Hp_c—c.OH X 0=C—M2

Me. / ] [ \\ Me
e CH cH c

Me” \\ | I / Me
HoC— C==0 .... HO.C —CH,
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DISCUSSION

SYNTHESIS AND MECHANISM OF FORMATION OF 3-AZASPIRO(5.5)HEN-

DECANE-5=CYAN O~ 2=IMINO=i=0X0~1~CARBOXAMIDE (I)

With a few exceptions, 3-azaspiro(5.5)hendecane-5-
cyasno-2-imino~4-oxo-l-carboxamide (I) was used as the star-
ting material for the preparation of all the compounds with
which this investigation was concerned. For convenience
the eompound will be referred to as Mimino imide". It was
prepared by the condensation of .eyclohexanone with cyano-
acetamide in the presence of piperidine, as described by
Thorpe (9), but although meticulous care was taken to repro-
duce the experimental details, it was not possible to attain
the same yield. The average yileld of the product was about
30%, whereas Thorpe reported a 90% yield. In agreement with
Thorpe it was found that 3-azaspiro(5.5)hendecane-1, 5=
dicyano-2, H~dione (II, "dinitrile") was always a byproduct
of the reaction.

All attempts to increase the yield of imino imide
(L) by varying the reaction conditions failed. Thus care-
fully purified cyanoacetamide and cyclohexanone gave about
the same yields as the commercial gredes. Coneentrations

of the reactants in aqueous solution were also varied to

no avail., Condensations performed at higher temperatures,
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up to 40°, gave an increased rate of reaction and yield
of "dinitrile" (II) but the recovery of imino imide was in-
variably less. The purity of the latter was also reduced
by the inereased formation of resinous material. On the
other hand, below room temperature both the rate and yield
of the product were depressad. |

As a preliminary step in the mechanism of this conden-
sation, it is assumed that the base abstracts & proton from
the cyanoacetamide. Such a transfer should occur readily
because of the strong activation of methylene group by ad-

jacant carbonyl and nitrile groups.

0 0
o/~ §E, ¢’- mH, ®
| + B —» | + BH
CHp - CN CH - CN

e

The resulting carbanion will be essentially plenar
because of the high degree of double bond character acquired
by the bonds linking the methylene carbon, or in other terms,
because of the large contribution of the resonance struc-
tures b and ¢ to the resonance hybrid. The latter may best

be described in terms of the mesomeric anion structure, d.

C)
0]
v / g
- NH, ¢ - NHo - NH,
[ - | - | e
CH - C=N CH - C=N g CH=C=N

@
a) b) c)




Cr=C=N -4
s A
O0~—=¢C
N\
e,
d)

The attack of the carbanion on the molecule of cyeclo-
hexanone then proceeds by & mechanism similar to the Perkin
or Knoevenagel reactions. The anion attaches itself to the
positively charged carbonyl carbon, while the negatively

charged oxygen attracts a proton.

?OﬂHa

Q

(=0t (K *+°3
CH - CN OH

In the next step a molecule of water is eliminated
and the unsaturated compound is formed. Due to resonanca,

the substituted ring carbon will acquire a positive charge.

0® 0
| Il

8 - NH C-HRH C -
/ 2 y Al / NHy
<:::> = C\\ -—> <:::>ELC<: - <::>;2-C§\

Ny N Cog®
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It thus becomes a target for attack by another molecule of
cyanoacetamide (in the form of carbanion) with a mechanism
assentially that of the Michael reaction. Because the car-
banion is planar, either side of the plane is equally exposed
to attack and hence from the ensuing reaction one would
expect two products in equal gquantities. Inspesction of the
corresponding molecular moﬁels doss not reveal any steric

preference for eithexr of the two isomers

N
N
0 i C
\ c
HoN — € -~ = —_—
HoN — C — HolN — C
2N —_—
V4 ( N\
0 ( o)
H

In the actual reaction, the yield of the dinitrile
(II) was very much less than that of the imino imide (I)
suggesting that they are formed by different mechanisms.
This is supported by the observation that dinitrile (II)

is the only product formed under Guareschi conditions of
condensation, 1.e., with a large excess of ammonia and at
elevated temperature (12). PFurther evidence in favour of
different mechanisms is the fact that the Guareschi reac-

tion has lower steric requirements than the catalytie
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'reaotion which occurs only when both carbons adjoining the

ketonic carbonyi are at least secondary. If one of them is
tertiary the catalytic reaction fails, although the product
(dinitrile II) can still be obtained under Guareschi con-
ditions.

Alkyl substitution of the carbonyl group has no effect
on either the rate or yield of the condensation reasction.
Acetone, acetaldehyde and cyclohexanone each forms the product
with approximately the same yield and with equal facility.
Theoretically, one would expect acetone to condense less
readily than the other two ketones because of the decreased
positive charge on the carbonyl carbon due to hyperconju-
gation.

The final step of the reaction involves the inter-
action of the terminal groups and leads to coyclization.,

The process may he regarded as a nucleophilic bimolecular

substitution (SNo)

CONH,, CONH, ©
| ~ | N
CH - C=N CH - c\@-
/ /
CH - C CH - Cy
| o | 0
oN N
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CONH,
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PREPARATION OF 3-AZASPIRO(5.5)HENDECANE-2, 4-DIOX0-1,5-
DI CARBOXYLIC ACID (III)

Preparation of this acid was of prime importance
because of 1ts expected, ready conversion to either 3-aza-
spiro(5.5)hendecane-1, H5-dicarboxylic acid (VI) or 3-aza-

spiro(5.5)hendecane (V).
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COOH COOH
| e |
cH - c\ CH - CHp
NH ——> / NH
/ |
<I:H - c\) - CH - CH,
COOH COOH
IIT VI
0
V)
CHo - c\ _ CHy - cn2\
v v

Initial attempts to synthesize the acid involved
the alkaline hydrolysis of 3-azaspiro(5.5)hendecane-5-cyano-
2-imino~Y=~oxo-l-carboxamide (I, "imino imide") following
the method of Thorpe (9). The yield was found to be very
low and the product highly contaminated with resinous mate-
rial. An improvement was sought by varying the concentration
of potassium hydroxide betwsen 5 and 40%. The time of hy-
drolysis was also varied buf despite prolonged efforts no
improvement was achieved. Ihe only by-product identified
was 3-azaspiro(5.5)hendecane~2, 4-dione (IV), apparently
fqrmed by decarboxylation of the acid.

A satisfactory synthesis of the acid (III) was finally
developed, starting with a different material. It was found

that a mild acid hydrolysis of imino imide (I) yielded a
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mixture of 3-azasp1ro(5.5)hendecane-5—cyano—2, j-3ioxo-1~
carboxamide (VII, "imido amide") and 2!, 4!, 6!, g'-tetroxo-
spiro(eyelohexans-1, 9'-(2,7)-diazabicyclo(3.3;l)nonane)

or "diimide" (VIII). This is in disagreement with Thorpe

(9), who under similar conditions reported the formation of

4
CONE,
| ¢0
CH - C
CONH2 CH - Cy
l Pi: S [ 0
CH - c\ CN VII
/NH HCL
0
IGH - c\\o 3 CH o’
- / \
L HN NH
Y CH Ca
L i Yo  vIII

"imido amide", (VII) only. Formation of the diimide, (VIII)
could not be avoided, as it was subsequently found that

imino imide (I) cyeclizes with remarkable ease under a variety
of conditions. Since both imido amide and diimide yield
3-azaspiro(5.5)hendecane-2, 4-dioxo~1l, 5-dicarboxylic acid

(III) on alkaline hydrolysis the reaction was ocarried out

without separating the two materials. The yleld of the acid

thus obtained was invariably good averaging 50% based on
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imino imide (I).

COOH
o - o

ViI, VIII -5 NH
T %N
COOH ITI

It would appear that the low yield of the acid (III)
from the alkaline hydrolysis of imino imide (I) was due to
the instability of the imino imide ring; it was attacked
before the imino group could be hydrolyzed, to produce the

glutarimide ring. The stability of the latter ring towards

CONH,  CONHo
l NH ! P
ca - CH - C
A\ HOH \
NHE —> NH + NH
/ - 3
(|;H T Y L Y%
CN CN'
I ' VII

alkali hydroxides, even on prolonged boiling in aqueous

solution, is probably responsible for the good yield of acid

(III) in the new method.
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THE HYDROLYSIS OF "IMINO IMIDEY (I) IN NEUTRAL SOLUTION

In the present work a new type of hydrolysis of 3-
azaspiro(5.5)hende cane~h-eyano-2-imino~-4-o0xo~l-earbox-
amide (I, "imino imide") was investigated as a method for
the preparation of the monosubstituted 3-azaspiro(5.5)hénde-

cane-2, 4-dions. This compound was subsequently used in

the synthesis of 3-azaspiro(5.5)hendecane-l-carboxyliec acid

(X1I1).
CONH,, COOH
| NE | /0
CH - C CH -~ C
\ \
NH —— ‘/NH —_—
CH - C CH - C
! Y l o
I N Ix CN
0 . 0
v /4
CH, - C - C
2
\ AN
‘/NH-——%P NH —>
CH - C CH =~ Gy
| Yo I Yo
x o XT COOH
CHp - CHp
—_— NH
T e
COOH




As mentioned previously (page 12), Thorpe (9) ob-
tained 4,4~dimethylpiperidine-5-cyano~2,6~dione by either
mild acid or nmeutral aqueous hydrolysis of 4,4=dimethyl-
piperidine-5-cyano~2~imino-6~o0xo-3-carboxamide. Similar
methods were employed in the present investigation, with
entirely different results. The acid hydrolysis had to be
abandoned because it yielded largely diimide (VIII). Other
minor products identified included 3-azaspiro(5.5)hendecane-~
2,4-dione (IV), cyclohexane—l,l-diacetic.acid and 3-aza-
spiro(5.5)hendecane~2,4-dioxo~1-carboxamide (XIV).

On the other hand, '"meutral®" hydrolysis of imino
imide (I) was hampered by the much lower solubility of the
compound compared to that of the 4,4-dimethylpiperidine-
5-cyano-2-~imino=-6-o0oxo-3=-carboxamide used by Thorps. Neutral
hydrolysis was finally carried out in a very large volume
of water; +the product, which separated from the solution
after several hours of boiling, was found to be 2',6'-di—
imino-lt,81-dioxo~spiro(eyclohexane-1,9t-(2,7)-diazabi-
eyclo(3.3.1)nonane), or "diimino diimide", (XIII) obtained
in 60-70% yield. Thus the first step in the hydrolysis of
imino imide (I) was cyclization, whereas in the similarly
constituted "dimethyl derivative" the amide and imino groups
were converted to carboxyl and carbonyl respectively, form-
ing 4,4-dimethylpiperidine-5-cyano-2,6-dioxo-3~-carboxylic

acid.
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Since the imino group is known to hydrolyze readily
to the carbonyl group, it seemed doubtful that both imino

groups were unaffected by prolonged bolling in water.

| l
HOH
/C\\ = . /C§0 + NE5

Ample evidence was therefore sought to confirm the structure.
The melting point (298 - 300°d) coincided with the value
given by Thorpe (303°d). The starting material (imino imide,

I) also melts in the same regiom (305°d}, bﬁt it differs from
the diimino diimide (XIII) in its higher solubility and the
presence of cyano group absorption band in its infrared
spectrum, The substance was readily soluble in dilute hydro-
chloric acid, suggesting the presence of an imino group,
known to possess mildly basic charaoter; A orystalline solid

which separated from the acid solution on prolonged standing



proved to be the diimide (VIII), apparently formed by the

hydrolysis of the imino groups.

0‘0 c c*NH 0‘0 c c”o
/ / \
AN NH — HN NH
/ \ /
Hﬁp c c\\D 0¢c c c\\0
XIIT VIII

The diimide (VIII)was formed immediately, when th§
solution of diimino diimide (XIII) in dilute hydrochloriec
acid was heated to the boiling point. The absence of the
imide group, O = é - KH - é = 0, in the molécule of diimino
imide was indicated by infrared spectrum., The characteristiec

NH stretching absorption of imides at 3200 and 3100 cm.~rt,

and the carbonyl absorption at 1725 cm.'l, wers absent. The
two bands observed at 1675 and 1640 cm.”1 correspond to C = ©
and C = N stretching vibrations. A strong, broad band at
1525 cm.'l not found in the spectra of glutarimides appears
to be characteristic of the HN = é - NH group, although its
nature is not clsarly understood.

The final proof of the structure of the diimino imide

(XIII) was secured by its independent preparation using the
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method of Thorpe (9). The infrared spectra of the two
compounds proved to be identical.

Knowledge of the structure of diimino diimide (XIII)
facilitated the selection of conditions favouring the con-
tinuation of the hydrolysis. The aqueous solution of imino
imide (I) was kept highly dilute to prevent the precipitation
of the sparingly soluble diimino diimide (XIII). It was
expected that prolonged boiling would hydrolyze the imino
groups to form the diimide (VIII).

It was mentioned previously (page 15) that the con-
densed diglutarimide system is less stable than a monoecyclie
imide. Thus, the alkaline hydrolysis of diimide (VIII)
opens one glutarimide ring, producing a dicarboxylic acid
(VI, page 15). Similar ring opening was expected in the
present hydrolysis, and after boiling for 24 hours a product
which proved to be 3-azaspiro(5.5)hendecane-2,4-dioxo-1-
carboxamide (XIV) was isolated. Its structure was confirmed
by converting it to the corresponding acid (XI) by.alkaline
hydrolysis; the acid formed was not identical with the
known 3-azaspiro(5.5)hendecane-2, 4-dioxo-1l, H-dicarboxyliec
acid (VI) but both formed the sams product, 3-azaspiro(5.5)-

hendecene-2, 4-dione (IV) on decarboxylation. Treatment

of the carboxamide (XIV) with thionyl chloride yielded the
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nitrile (X), the identity of which was confirmed by its
infrared absorption which showsd bands characteristic of the

glutarimide ring and the cyano group.

CN CONH, ?OOH
| 0 [ 0 /9
cE - ¢/ cH - ¢’ CH - Q\
S0CL \
>Jma o2 ;e NH
CH, -C CH, -Gy CHo -Cy
X xv pas

The final stage of the hydrolysis apparently proceeds
through the formation of an intermediate (XV)} which readily

loses a carboxy group to form 3-azaspiro(5.5)hendecane-2, 4=
dioxo-l~carboxamide {(XIV). The failure to isolate this inter-

mediate confirms its instability; this behaviour is similar

0 0 )
Yo CH G¢NH ;jc CH c{\\
HN\ m EN\ O’ /NH
EN49 CH c§0 pr CH ch
XITI VIII
HOH
CONHp ?GNHQ
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to that of related 3-azaspiro(5.5)hendecane-2,4-dioxo-
mono- and dicarboxylic aecids whiqh decarboxylate with great
facility.

The ultimate proof that the aqueous hydrolysis of
3-azaspiro(5.5)hendecane-h-cyano-2-imino-4-oxo-1-carboxamide
(I, imino imide) involves the formation of diimino diimide
(XIII) and diimide (VIII) as intermediates was furnished by
starting with either of these compounds and conducting the
hydrolysis under the conditions originally chosen for the
imino imide (I). A yield of about 60% of 3-azaspiro(5.5)-
hendecane-2,4-dioxo-l-carboxamide (XIV) was found in both
cases.,

Since the amide (XIV) is also converted by prolonged
hydrolysis to 3-azaspiro(5.5)hendecane-2,4-dione (IV) the
optimal yields are secured with the minimum hydrolysis time.

The failure of the acid hydrolysis of imino imide (I)
to produce 3-azaspiro(5.5)hendecane-l-carboxamide (XIV) can
now be explained. Unlike the action of water, the effect of
boiling dilute mineral acid is to produce a rapid cyeclization
with hydrolysis of the imino groups, causing precipitation of
the insoluble diimide (VIII) in bulk. Small quantitiss of
3-gzaspiro(5.5)hendecane-2-4-dioxo~1-carboxamide (XIV),
3-gzaspiro(5.5)hendecane~2,4-dione (IV), and cyclohexane-

1l,1-diacetic acid (page 62) are formed only from the hydro-
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lysis of minute amounts of diimide (VIII) present in the

solution.

In the aqueous hyd:olysis of imino imide, cyclization,
hydrolysis of imino groups, and ring reopening are all slow
processes; 1if the rates of cyelization and formation of
diimide (VIII) are slower than the rate of ring reopening,
the reaction will proceed to completion without precipita-

tion of the slightly soluble intermediates.

THE SYNTHESIS OF 3-AZASPIRO(5.5)HENDECANE-2, 4-DIOX0-1-

CARBOXYLIC ACID (XI)

The synthesis was first tried with 3-azaspiro(5.5)-
hendecane-2, 4-dioxo-1, 5-dicarboxyiic acid (III) as a
starting material. It was converted to the monosodium salt,
with the expectation that decarboxylation would yield the
sodium salt of the corresponding monocarboxylic acid (XI).
Experiments showed, however, that the salt loses both car-
boxyl groups, even under very mild treatment such as heating
the dry substance at 90°.

A simple synthesis of the monocarboxylic acid (XI)
seemsd possible following the successful preparation of
3-azaspiro(5.5)hendecane~2, 4-dioxo-l-carboxamide (XIV).

For reasons unknown, however, direct alkaline hydrolysis of
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this compound yielded a mixture of products from which only
minute amounts of 3-azaspiro(5.5)hendecane~2, UY-dioxo-1-
carboxylic acid (XI) could be isolated. Initially, aqueous
alkali hydroxides were used, and the concemtration and
hydrolysis time were varied over a considerable range. Other
modifications of the experimental conditions included the
replacement of water by methanol or ethanol in an attempt

to moderate the reaction. The product obﬁained upon acidi-
fication of the solution was invariably an extremely viscous
oil. TUpon digesting with acetone a small quantity of solid
acid could be isolated but 1ts purification proved difficult
aé it readily decarboxylated in the solutidn at slightly
elevated temperatures. When dissolved in aqueous alkali
hydroxide and precipitated with mineral acid the compound
reverted to an oil.

A satisfactory yield of 3-azaspiro(H.5)hendecane-2,
4-3ioxo-l-carboxylic acid (XI) was first obtained by the
action of sodium nitrite on a solution of 3-azaspiro(5.5)-
hendecane-2, 4-dioxo-l-carboxamide (XIV) in concentrated
sulphuric acid at 0°. The mechanism of the reaction is

clearly one of aqueous deamination (68, 69) and may be pre-

gumed to proceed by the following steps:

2HNOp === 2H,0 + Ny03
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Hg
3 s e
R-C-NH, + 0 z N-0-N 20 — R-C-N-N = 0 + N0y~ :
(
H
Hg H H®

% [ -g® [ g® |
R-C-N=-N = 0 — R-C~N=-N = 0 —» R-(U-N = N-CH

J
H

® g®

% 5P
—>» R-C-N = N-0H — R-C-N = N-OH —>
[R-8-N = N =« R-C-N=N] + Hy0

Since in saliphatic compounds the diazonium cation
is not stabilized by resonance it decomposes immediately

into nitrogen and carbonium cation

® ®
R-C-N=N — R-C = 0+Np

The carbonium cation forms the carboxylic acid by

reaction with an hydroxyl anion

® © SH
R-C =0+ 0H —>R-C=z=0

The success of the reaction was primarily due to the
low temperature employed which minimized degradation or

undesirable side reactions.
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THE ESTERIFICATION OF 3-AZASPIRO(5.5)HENDECANE-2, UY-—

DIOX0~-CARBOXYLIC ACIDS

Conversion of 3-azaspiro(5.5)hendecane-2, Y-dioxo-
carboxylic acids into the corresponding 3-azaspiro(5.5)-
hendecane acids involved the reduction of imide carbonyl
groups. Initial attempts of reductior with lithium aluminum
hydride were unsuccassful, for several reasons. First,
there was some evidence that the starting materials decom=-
posed during the refluxing in ether solution; this was not

ehtirely unexpected as the acids are known to be unstable.

Second, both acids (III, XI) were rather sparingly soluble

in ether; the Soxhlet extraction which had to be used re-
quired unusually long periods of refluxing. Finally, the
reduction of free acids was genefaliy not recommended in the‘
literature (70) because of the formation of insoluble inter-

mediates.

The problem was finally solved by converting the
acids to esters which were both stable and readily soluble
in organic¢ solvents., The usual esterification methods proved
ineffective. Treatment of an ethanolie solution of the acid
with dry hydrogen chloride gave no reaction, while refluxing
in the presence of concentrated sulphuric ascid resulted in

the complete decarboxylation of the acid. Esterification of
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the acids was finally accomplished by treatment with diazo-
methane in ether solution, despite their insolubility in
the solvent. Analysis of the product and its infrared
spectrum indicated that a methyl group was also added to

the imide nitrogen.

COOH COOCH;
| 0 I e
CH - C CH -

\ CHoNg \

N —— - CH

/ c/
CH - C CH -
| Yo | Yo
COOH coocH3 XVI
COOH COOCHs
CH - C CH - C

\NH CHgNg \N

/ / CH:"

This behaviour parallels that of phthalimide and suc-
cinimide when methylated with diazomethane (70, 71). The
meghanism of the methylation can be explained by assuming
an inereased importance of the resoneance structures of
glutarimide in which nitrogen carries a positive charge.
This is a reasonable assumption in the presence of nucleo-

philic reagents. Attack by diazomethane would then proceed
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through the formation of an ionic.quaternary complex which
could revert to covalency by an appropriate electron shift

and the migration of a proton.

P I S A N
0”0\, /C\cga CHo=NER o”c /C"Bé—» 0,/0\ /%o—»o//c\ / g
@g / N® ®N N
%h RAEEAN / |
NeNIgH, H @ | CH,

REDUCTION OF 3-AZASPIRO(5.5)HENDECANE-2,4~DIONES WITH

LITHIUM ALUMINUM HYDRIDE

Iithium aluminum hydride was used without exception
in all reductions involving the imide group. The reagent
proved to be very cénvenient and gave consistently good
yields. This resuit was samewhat surprising as imides are
usually considered very.difficult to reduce (72). In ﬁo
case could any side products be detected. For sparingly
soluble imides tetrahydrofuran proved to be a more satis-
factory solvent than ether. The only difficulty was en-
countered in the isoiation of the products. The aluminum
hydroxide formed by the hydrolysis of the hydridé was found
to occlude appreciable quantities of the product. TInitially
it was hoped that a good recovery of the product could be

attained by dissolving the aluminum hydroxide in concentrated
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aqueous sodium hydroxide and extracting ths solution with
organic solvent. This treatment, however, produced a mixture
containing large quantities of undissolved solid and hence
the intended extraction with organic solvent could not be
performed. An alternative method cdnsisting of repeated
digestion of aluminum hydroxide with ether and filtering

was rather involved and falled to extract the product com-
plefely. The procedure finally adopted, which gave excellent
recovery, was the extraction of the solids in a Soxhlet
apparatus.

The mechanism of lithium &luminum hydride reduction
can ba regarded as a nucleophilic bimolecular substitution
(73). The attacking nucleophilic agent 1s the aluminum
hydride anion. In the case of imides the reduction probably

involves the following sequence of displacement reactions.

‘ ® C
LiAlHy = Ii + AlH)

e+ amd S —me +
olg + amy — 0 -—EHQ + ME, — >

e | 0= 1 o |
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Hpdl (0~HQ) 5 0=C HAL(0-HC)p + 0 ~HG ————>
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A1 (0-EG) i A1(0-HQ)5 + 0 ~HC,
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The final product is formed by hydrolysis.

i ) -
A1(0-HC)5 + HHp0 —> 3HoC + .uoc?2 + 508 ©

The following reductions were effected by lithiuﬁ

aluminum hydride:
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3=AZASPIRO(5.5 )HENDECANE-CARBOXYLIC ACIDS

Reduction of the esters of 3-azaspiro(5.5)hendecane-
2,4~dioxo-carboxylic acids (XVI, XVII) resulted in the
formation of 3-azaspiro(5.5)hendecane-hyéroxy—methyls (XVIII,
XIX). To obtain the corresponding acids (XXI, XXII) it was
necessary to reoxidize the hydroxymethyl groups. Although

~a variety of reagents will oxidize primary alcohols to the

CHo0H ?00
{
CH— CH, CH—CH,
\ N-cu ( \ e
/3 / 3

CH,0H CocH

XVIII X1
CHo0H | oo ©
|

N\ (0) \®
0.52—CH2 CH2—CH2
XIX p.o AN

corresponding carboxylic acids most of them could not be
used because they attack the piperidine ring. Por example,

ring opening oecurs readily with neutral or alkaline
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permaenganate yielding a variety of produects (74, 75). The
action of bromine at elevated temperatures leads to partial
bromination and aramatization (76). With hydrogen peroxide
piperidine-N-oxide is formed (77); prolonged action produces
J--aminovaleraldehyde (78).

The oxidizing agent finally chosen was chromic oxide
in dilute sulphuric acid solution. Although it is said to
be inert to the piperidine ring (79), it apparently did
cause sdaue degfadation of 3-methyl-3-azaspiro(5.5)hendecane-
1,5-dihydroxyuethyl (XVIII), since the yield of the dicar-
boxylic acid never exceeded 50%.

The relation between the structure of certain piperi-
dine derivatives and their physiological activity has been
already discussed (page 28). It was pointed out that in
a‘series of l-alkyl-U-arylpiperidine-lY-carboxylates the high
activiﬁy of certain members is maintained when the aryl is
substituted by a eyclohexyl group. B—Methyl-ﬁ-azaspiro(5;5)-
hendecane-~carboxylic acids bear some structural resemblance
t0o this series and it seemed possible that they might possess
some activity. 2-Dimethylaminoethyl 3-methyl-3-azaspiro(5.5)-
hendecane-1,5-dicarboxylate (XXIII) was prepared but pre-
liminary testing of the hydrochloride indicated no activity.

3-Methyl-3-azaspiro(5.5)hendecane-1,5-dicarboxylic

acid (XXI) was not converted to the corresponding anhydride
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by prolonged treatment with acetic anhydride. A crystalline
material isolated fram the reaction mixture showed infrared
absorption in the region 1825 - 1775 cm.‘l associated with
the carbonyl stretching vibration of anhydrides. The product
appeared to be an amine salt of acetic acid. The failure to
form anhydride indicates that the acid has trans-configura-
tion and hence should be capable of resolution into optical
isomers., Attempts to resolve it via strychnine salt, however,
were not successful. It is possible that this failure was
due to a very low specific rotation of the optical isomers.
Attempts to resolve 3-methyl-3-azaspiro(5.5)hendecans-1 car-
boxylic acid (XXII) were also unsuccessful. In the first
attempts d-tartaric acid was used but was soon abandoned in

favour of d-camphorsulphonic acid.
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AN ATTEMPTED SYNTHESIS OF SPIRO(5.5)HENDECANE (XXIV)

In the investigation of the characteristiec infrared
absorption of spiranes it seemed desirable to compare the
spectra of compounds as simple as possible to avoid com-
plexities arising fram substitution. The synthesis of one
such simple spirans, 3-azaspiro(5.5)hendecane has already
been described (page 75). The synthesis of several other
simple related spiranes was undertaken. These were 3-oxa-
and 3~thiaspiro(5.5)hendecanes (XXxv, XXvI) and spiro (5.5)-
hendecane (XXIV). The latter, the simplest of the series, is

of particular interest.

NIV <>D§>
A X O

The first attempts to synthesize spiro(5.5)hendecane

(XXIV) started w;th the preparation of spiro(5.5)hendecane-
2,4-dione (XXVII) by the method of Norris and Thorpe (page
21). The conversion of dions (XXVII) to spiro(5.5)hendecane
as described by the two authors involved a number of inef-

ficient reactions and tedious purification. If the dione




could be reduced to the corresponding saturated diol (XXVIII)
the synthesis of spiro(5.5)hendecane would be greatly sim-

plified as shown below.
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The dione was reduced with lithium aluminum hydride;

the infrared spectrum of the product indicated that it was

an unsaturated diol (XXIX). The reaction apparently proceeded

in the following manner:

CHy— c’< ° . CHy— c’\\0 ? CHy— c<\ o
>< CHy ——— >< /@ L1ALHL )
CHo— (0 Gﬂz—c\\o CHo— o
XXIX

Since no convenient method to convert the unsaturated

diol into spiro(5.5)hendecane was available, the synthesis
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via the dione (XXVII) was abondoned.

A more promising method was subsequently developed.
Although a relatively large number of steps was involved it
had the advantage of being adaptable to the synthesis of
related spiranes such as 3~oxa- and 3-thiaspiro(5.5)hende-

canes, The reaction scheme is illustrated below,
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All the reactions proceeded with good yields and
purification of the products presented no difficulties. In
the malonic ester condensation cyclohexane-l,1-di(2-ethyl
chloride) (XXXVII) was used originally but the yield was low.
The recovery of the condensation product using the corres-
ponding diiodide (XXXII) averaged 60%. Direct conversion
of spiro(5.5)hendecane-3-carboxylic acid (XXXV) to spiro-
(5.5)hendecane (XXIV) was unsuceessful, as the compound
proved rather resistant to decarboxylation. After several
hours of boiling in quinaldine in the presence of copper
powder as a catalyst the compound was recovered unchanged.
The Hunsdiecker reaction (80) was also tried, without success.
The cause of the failure could not be determined due to the

limitations of time.,
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THE MECHANISM OF THE FORMATION OF)3-0XASPIRO(5.5)HENDECANE (XXV)

In the cyclization of cyclohexane-l,l1-di(2-ethanol)
(XXXI) by treatment with benzenesulphonyl chloride the
initial step is probably the attack of the benzenesulphonium

cation on the hydroxyl oxygen, forming an oxonium compound.

CeHRS0o0l =—= 06553062 + a®

CHp — CHg ~ OH ® CHo— "32\
- CgHRSO
S6153%2 o-H
CHo— CHp — OH | CHé‘CHg-Eg\-O2306H5
XXT H

In a subsequent step the unshared pair of electrons of
the second hydroxyl oxygen interacts with the carbon atom on

the side remote from the carbon oxygen bond.

CHp _032
S <:>< A

CHo — GH2

t;%502306H5

H XV

®
Simultaneously there is the loosening of C-0 bond, leading to

its rupture, with the formation of the new 6-0 bond in a single
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concerted process. This may be regarded as nucleophilie
aliphatic substitution proeceeding by an SNZ mechanism,

The origin of side products such as a quaternary complex

or an organic halide mentioned by Reynolds and Kenyon (page
24) now becomes clear. They are formed by the reactions of
other nucleophilic agents such as pyridine or chloride ion

which compete for the electrophilic center

CH,, — CHp — OH
Ve N \ —> quaternary complex
CHy— CGHp
H
CH, — CHp —@on CH, — CHy —OH
0 — + CgHgS0-H
oH, — CH, o, ~ CHp — C1
®
O ossc,H :
[ 65
H

On the other hand, an unsaturated product (ibid.) may be

formed by an olefinic elimination reaction with an E2 mechanism.

— + CgH5SO0zH

CH - CHQ-o-ozs . CgHy CH = CH,,

</:\/NWH H



The yield of 3-oxasp1ro(5.5)hendecane in the present
synthesis was much higher (‘75%) than that of the structurally
similar tetrshydropyran reported by Reynolds and Kenyon
(page 25). There is little doubt that the yield of the
former could be considerably improved since the reaction
was only tried once. The greater ease of ring closure must

be attributed to c¢hain substitution

CH,— CH,—OH
| / 2 2
\

CH, — CHy — OH
CH,, — CHy, — OH

It was shown by Ingold (81) that gem-dimethyl substitution of

chains is particularly effective in facilitating ring closure.

Another example of this, the cmdensation products of acetone
(XXVII) and acetaldehyde (XXVIII) with cyanoacetamide has

already been discussed (page 20).

CONHp CN
CH cl:a c”NH cI:H c
N /58 T OONH,
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Ingold showed that if the bond angle, o, external
to two groups Rl and Ro was a function of the size of those
groups it was possible to account for the behaviour observed

in certain ring closure reactions.

Rl c—¢C
N\ &
C ol
a
Ro c—¢C

Ring closure also appears to be influenced by a steric

fector., If the rotation about bonds & and b 1is restricted
by the R groups, the statistical probability of ring closure
is increased by the enforced orlentation of the chain ends
(82).

CERTAIN ASPECTS OF THE STEREOCHEMISTRY OF 3-AZASPIR0O(5.5)

HENDECANES

The two constituent rings of 3-azaspiro(5.5)hendecanes
are mutually perpemdicular. According to modern ideas, the
cyclohexane ring exists in a chair form. ihe same form is
also assumed by piperidine, pentamethylene oxide and penta-

methylene sulphide in 3-aza=-, 3~oxa~- and 3-thiaspire(5.5)-
hendecanes. On the other hand, ths glutarimide and glutari-

mino imide rings present in 3-azaspiro(5.5)hendecane-2,4-
diones (XXXIX) and ~2-imino-lU-oxo- compounds (XI) are
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essentially planar due to the trigomal (sp2) hybridization

of the bonds adjoining C=0 or C=N groups.

H
0 ~ N HN
\ \
_ N HI
0 0
XXXIX XL v

Because the two rings are Jjoined at one point only, there
is complete freedom of :ing conversion, 1.e. changing from
one chair conformation to the opposite one. But, as the
molecular models show, such conversion will produce only
two non-superimposable structures irrespective of the pres-

ence of a heteroatom in position 3.
m% ”Q}
Because the activation energy of ring conversion is very low

(2 -~ 3 kcal./mole) it is impossible to separate the two con-

formations., On the other hand, there is same evidence
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suggesting that 1,5-disubstitution in 3-azaspiro(5.5)hen-
decane-2,4~diones tends to stabilize diaxial rather than
diequatorial conformation. 1,5-Disubstituted 3-azaspiro-
(5.5)hendecane-2,4~3iones obtained by either the Thorps or
Guareschi reaction have cis configuration, which is indi-

cated by the great ease of 1,5-ring closure.

HoN H
N\C//O N 0
H H v
N % N HN\
N\ 3
HN HN

o 0

The cis isomer can exist in two éonformations, diaxial and

diequatorisl.

cis, diaxial cis, diequatorial
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Inspection of the molecﬁlar models shows that both confor-
mations are sterically hindered, although the sterie oom-
pression in the diaxial qonformation appears to be consi-
derably greater than the hindrance caused by the single
group approaching the cycldhexane ring in the diequatorial
conformation, However, another factor may affect the
stability of the diequatorial conformation (cis). The
carbonyl groups in positions 2 and 4 have their dipole mo-
ments in the same plene and pointing approximatély in the
same direction as, for example, the 1l,5-diequatorial cyano
groups. The strength of this interaction is largely a matter
of speculation, but there is some evidence suggesting that
it may be significant. The reduction of 3-azaspiro(5.5)-
hendecane~-2,4-d10x0~1,5-dicarboxylic acid yields the cor-
‘.l‘espc;nding 3-azaspiro(5.5)hendecane acid which, unlike the
former, does not form an anhydride and hence must have
trans-configuration;since none of the reactions involved
could ressonably produce inversion, it mgy be inferred that
the inversion at one asymmetric center was & direct conse-
quence of the reduction of the imide cﬁrbonyl groups. The
latter are probably enforcing cis configuration in 1,5-
disubstituted 3-azaspiro(5.5)hendecane-2,4-diones, presu-
mably due to polar effects which oppose the diequatorial

conformation., More conclusive evidence for the diaxial
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conformation of cis-1,5-disubstituted 3-azasp1ro(5.5)hende-
cane-2,4-diones is provided by infrared spectra (page 99).
The trans configuration (axial, equatorial) is appar-
ently the more stable one in 3-azaspiro(5.5)hendecans-1,5-
dicaiboxylic acid, since spontaneous inversion to form the
trans isamer occurs upon the reduction of the corresponding
2,4-dioxo-acid (eis). Although in unsubstituted 3,5-piperi-
dinedicarboxylic acids cis (diequatorial) is the more stable
configuration, it would be hindered in the cofresponding
4, Y4-dialkyl derivatives which are sterically equivalent
to 3-azaspiro(5.5)hendecanse-1,5-dicarboxylic acids. How-
ever, it 1s interesting to note that trans-cyelohexane-1,3-
dicarboxylic acid was found to be more stable than the cis
isomer (diequatorial) although this represents a conforma-

tional anomaly (83).

INFRARED SPECTRA

a) The Spectra of Glutarimides

In the course of present investigation, the infrared
spectra of 13 compounds containing the glutarimide ring,
including that of unsubstituted glutarimide, have heen re-
corded. The compounds and the relevant absorption bands

are listed in Table I. For the purpose of discussing the



TABLE I

N-H and C=0 Stretching Frequencies of Glutarimides

"Wnsubstituted and monosubstituted" glutarimides

Piperidine-2,6-dione (glutarimide)

4 Y-Dimethylpiperidine-2,6~dione
3-Azaspiro(5.5)hendecane-2,4~dione (IV)
3-Azaspiro(5.5)hendecane-l-cyano-2,4-dione (X)

3-Azaspiro(5.5)hendecane-2,u-dioxo-l-carboxamide (XIVv
ioxo-l-carboxﬁiic acid
y4=dioxo-1-

3-Azaspiro(5.5)hendecane-2, 4~4
Methyl 3-methyl-3-azaspiro(5.5)hendecane~2
carboxylate (XVII)

3220 vb
3200 b
3190 vb
3180 vb
3200 vb

(XI) 3180 b

"Disubstituted" glutarimides

4, 4~Dimethylpiperidine-3,5-dicyano-2,6~dione

2, 4, 6, 8-Tetroxo~9,9-dimethyl-3,7-diazabicyclo(3.3.1)~

nonane (XLI)
3-Azaspiro(5.5)hendecane—l,Z:dicyano-2,4~dione (11)
3-Azaspiro(5.5)hendecane~2,4~dioxo-1,5~dicarboxylic

acid (III)
3-Azaspiro(5.5)hendecane-2,4-dioxo~1,5~-dicarboxylic

acid anhydride (XLII)
21,4t 61 g1-Tetroxo-spiro(cyclohexane-1,9'-(2,7)~

diazabicyclo(3.3.1l)nonane) ("diimide") VIII)

Succinimide (53)

3220

3210 vb
3205

3200 vb
3200 b

%220 b

3140

3120
3090
3090
3080
3110
3080

3120

3100
3110

3100

3100

3100

3050

1700 vb
1720
1720
1720
1720
1725 vb

1730

1740

1720 vb
1725 vb

1705 vb
1737

1750

1770

1665 vb

167
1688 vb

1670

1715
1700 vb

1705

1710

\
1690

16
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infrared spectra, they have been divided into two groups:

a) "unsubstituted and monosubstituted" and b) "disubstituted®
glutarimides (R represented the following groups: CN, GQNH2,
COOH, GOOCHB). _The bieyelic ecompounds (VIII, XLI, XLII)

are, of course, considered as "disubstituted" glutarimides.

Elt R
0 o I 0
CHy— c” cH—¢”? CH— 07
\ \ \

NE NH KH
/ /
CH,— c\\o CH- c\\0 l —c*o

%%
ﬁ/

cH <, CH oy
VIII XLI
%% cH o
/ \
0 NH
\ /
& & %o XLII

The spectra established clearly that N-H stretching vibrations

oceur in two frequency regions, 3200 and 3100 cm.-l. The two
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Fig. 1

Infrared Absorption Spectra of:

3-Azaspiro(5.5)hendecane~1~cyano-2,4=dione (X)

3-Azaspiro(5.5)hendecane-2,4-di oxo-1l~carboxamide (XIV)
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Fig. 2

Infrared Absorption Spectra of:

3-Azaspiro(5.5)hendecane-2,4~dioxo~1~carboxylic acid (XI)

Methyl 3-methyl-3-azaspiro(5.5)hendecane-2,4-dioxo-1~
carboxylate (XVII)
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bands provide an excellent means of ldentifying glutarimide
rings. They are clearly separated from the N-H stretching
bands of primary amides as shown in the speetrum of 3-gza-
apiro(5.5)hendecane-2,4~d1ioxo~1l~carboxamide (XIV, Fig. 1).
Similarly the stretching band of acyelie secondary amides
at 3400 - 3300 om.”' can be readily distinguished. The

proof that the bands at 3200 and 3100 cm.~1

represent N-H
stretching vibrations was provided by the spectrum of methyl
3-methyl-3-azaspiro(5.5)hendecane-2,4-dioxo-1-carboxylate
(XVII, Pig. 2). Due to the introduction of a methyl group,
the nitrogen in this compound is tertiary,'and the N-H
absorption should be eliminated. No absarption was obser-
ved in the region 3300 - 3000 cm.”l. fThe two weak bands

at 3440 end 3370 em.~l are C=0 overtones.

The C=0 stretching vibrations of ™unsubstituted and
monosubstituted® glutarimides (group a) leads to absorption
in two regions, 1680 and 1720 em.~!, with the exceptiom of
glutarimide which shows bands at 1700 and 1665 om.~ L. The
somewhat lower position of these hands in the latter com-
pound may be associated with the absence of 4,4-disubsti-
tution, a coomon feature in all the remaining glutarimides.
The C=0 stretching vibration of "disubstituted" glutarimides
(group b) was found to occur in a higher frequency region.
The lower absorption band was at about 1710 em,”L, The

exact position of the second band could not be dstermined



. Pig. 3

Infrared Absorption Spectra of:

3-Azaspiro(5.5)hendecane-2,l4=-dioxo-1,5-dicarboxylic
acid (III)

5—Azaspird(5.5)hendecane-2,4—dioxo—l,5-dicarboxylic
acid anhydride (XLII)
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