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GENERAL INTRODUCTION 

The tirst objective of this work was to synthesize 

certain substituted cyclohe:x:anespiropiperidines (3-azaspiro­

(5.5)hendecanes). A survey of the literature indicates that 

this is a relatively neglected field despite the systematic 

work on piperidine derivatives which has been stimulated 

by their potentiali ties 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-l-carboxylic and -1,5-

dioarboxylic aoids (XXII, XXI) and 3-azaspiro(5.5)hendecane 

(V). The corresponding 3-azaspiro(5.5)hendecane-2,4-diones 

were used exclusively as starting materiels; their prepara­

tion was not in all cases previously reported. 

The second objective was to study the intrared absorp­

tion spectre of 3-azaspiro(5.5}hendecanes in an effort to 

oorrelate the prominent absorption maxima with structural 

elements. The study disclosed that in unstrained 3-azaspiro­

(5.5)hendecane-2,4-d1ones the N-H stretching absorption ocours 

at 3200 and 3100 am.-l and the carbonyl stretching absorption 

at 1720 and 1680 -1 cm. • The latter is shitted to higher 



trequencies in strained rings. Strain was apparent in all 

the disubstituted diones with substituents (COOH, a&) vicinal 

to the quaternary oarbon. 3-Azaspiro(5.5)hendecane-2-1m1no-

4-oxo-compounds could be distinguished tram 2,4-diones by 

their different absorption in both the N~H and 0=0 stretching 

region. The intrared spe ct ra of cyclohexanespiropiperidine 

carboxylic acids indicated that these compounds possess 

zwi tterion structure. 

The intrared investigation required the preparation 

ot certain other closely related compounds for comparison. 

They included the known ~,4-dimethylpiperidine-2,6-diones 

and two new spiranes, 3-oxa- and 3-thiaspiro(5.5)hendecanes. 

Attempts to synthesize the known spiro(5.5)hendecane by a 

new method tailed in the final stage. 

2 



HISTORICAL INTRODUCTI~ 

The spiranes are polycyclic campounds in which the 

rings are joined at one point only, the linking atam 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 zinc. All these 

atams display tetravalency because of their ability to co­

ordinats. The tetrahedral configuration of the spiro atom 

determines the mutually perpend icular 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 tw o s uch linkages are rare and 

no compounds cantaining more than tour spiro atams have been 

synthes ized. 

Until recently no spirocyclic campounds have been 

found to oocur in nature. 

3 



HOMENCLA.i'UR:S 

Tba ter.m •spiro", at present senerally aoeepted, waa 

tirst proposed by Baeyer (1) in 1900 to designate ooapounds 

haTing a carbon atam cammon to two rings (in Latin, spira, 

meaning "Brezel•, an article ot bakery). 

Originally the term •spiro" was placed between the 

names ot the constituent rings. Jbr example, I was named 

cyclopropanespirooyclopropane and II cyolopentanespirooyclo­

butane. 

I II 

SUch a system may be ambiguous espeeially in the more 

complex, substi tuted spiro compounds. According to ourrent 

nomenclature, the simple spiro systems are named by placing 

the prefix spiro- betore the name of the normal aliphatic 

hydrocarbon ot the s~e number ot carbon atoms. Immediately 

atter the pret1x 1s a bracket containing the number ot atoms 

tound in each ring. lbr example, I would be called apiro(2.2)­

pentane, and II spiro(4.3)octane. The numbering starts trom 

the ring member vicinal to the spiro atom. 

It hetero atams are present these are indicated by 



pretixing oxa-, oza-, thia-, etc. to the name. For exaœple 

III is oalled 2,7-diazaspiro(4.4)nonane. 

In complex spiro systems the n~es ot constituent rings 

III 

are retained along with their individual numbering system. 

5 

The position ot spiro ring fusion is indicated by non-braeketed 

numbers. For example, IV is oalled sp1ro(cyclohexane-1,9'-

(3,7)-d1azabicyclo(3.3.l)nonane) 

5' ------CH 

S1m1lar nomenclature is preterred tor compounds in 

whieh the spiro atom is nitrogen, as in v, whioh is oalled 

1,1 1-spirobipiperidinium rather than 6-azaapiro(5.5)hendecane. 



v 

EARLY HISTORY 

The tirst compound (VI) proved to oontain spiro link­

ase was synthesized by 1bllens and Bave in 1~92 by the action 

ot torma1dehyde·on levulinic aoid (2). 

VI 

Meiser reported in 1~99 the synthesis ot spiroC;.4)­

decane-;-one (VII) by rearrangement ot dicyclopentenyl 

pinaool (3). 

OH 

---->~;< ........ ____. 
VII 

6 



Tbe campounds were tirst recognized as a distinct 

group by Baeyer (l) who suggested for them the name 11sp1ro11 • 

In 1907 FeCht synthesized sp1ro(3.J)heptane-2, 6-di­

carboxylic acid (VIII); he 1s a1so credited with the tirst 

study or the stabi1ity ot spiranea and their ease ot cycl1-

zat1on (5). A conclusion interred from this work was that 

VIII 

the stability ot the constituent rings is not attected when 

the two tor.m a sp1ro-11nked sys~em. His f1aa1 work on so­

oalled "vieyl methylene• (ibid.) at the time presumed to be 

Vinylcyc1opropane (IX) supported the sp1rocyol1c structure 

(X). 1'h1s structure rema1ned und1sputed until 1923 when 

Ingold (6) proved that the compound was aotually methyloyolo­

butene (XI) • 

H2f -~r-e~ 
H2C -CH. 

IX n 

7 



PIPERIDINE SPIRANES 

In 1900 Guaresehi (7) showed that derivatives o~ 

piperidine can be readily obtained in good yields by reac­

ting ketones wi th e.thyl cyanoacetate in the presence of an 

e:z:cess o~ ammonia. J.Por e:z:ample, acetone treated in this 

way produoed· 3 1 ;- d.icyano-41 4-dimethylpiperidine-2 1 6-dione. 

CH 
1 //0 

C~, /OR-O............_ 
,...c, /BR 

aK3 œ-c~ 
1 0 arr 

a) The structura o~ the Condensation Product or Cyolohexanona 

with Cyanoaoetamide 

It oyclic ketones ware used in such a condensation 

reaction, one would e:z:pect the formation ot spiropiperidine 

derivatives, but the reaction was never attempted by Guaresohi. 

It remained ~or Thorpe to demonstrate the applicability ot 

the modi~ied Guaresch1 condensation to the synthesis ot 

p1peridine spiranes. Be showed in 1909 (g) that a ohain 

compound carrying a cyano group on eaoh end readily oyolizes 

to torm an tmino compound. For e:z:ample, ad1ponitr1le when 

bo1led in alcoholio solution wi th a trace ot sodium ethoxide 

tor.med 1-cyano-2-imino-oyelopentane (ibid.). !horpe coneluded 



9 

that by using oyanoacetamide instead ot cyanoacetate it would 

be possible under suitable conditions to oycltze the con­

densation product in a s1milar mannar. The reason1ng proved 

0 
OQRH 
1 2 IŒ 
Œ-0~ 

\mt 
1 

OB-a~ 
1 0 
atf 

• 

XII 

correct, as a condensation of cyanoacetamide with cyclohexa-

none in the presence of a little piperidine produoed an 

excellent yield or 3-azaapiro(5.5)-hendecane-5-cyano-2-

imino-4-oxo-l-carboxamide (III) a derivative of cyclohexane-



spiropiperidtne (9). Benoetorth, this compound will be 

reterred to as "imino imide". 

!horpe presented the tollowing extensive evidence to 

prove that 1m1no imide was a tauto.meric compound reacting 

in two tor.ms, the amino tautœaer predominating at normal 

temperatures. 

1. The substance 1s a m.ono-acidic base; i ts salt 

with chloroplatinic aoid ahowed the expected analysis. It 

tormed a clear solution with dilute hydrochloric aoid, whioh 

it immediately treated with sodium acetate precipitated the 

imino imide (XII) practioally unchanged, but it allowed to 

stand precipitated 3-azeap1ro(5.5)hendecane-5-cyano-21 4-

dio:xo-1 carboxamide (XIII) tormed by hydrolysis or the amino 

torm ot the tautomeric compound (XII). 

· XIII 

10 



The 1mino imide was completely transtormed 1nto }-azaap1ro­

(5.5)hendecane-5-oyano-2, 4-dioxo-1-carboxamide (XIII) when 

the solution ot the former in dilute hydroohlorio ao1d waa 

boiled tor a short time. 

2. When the base (XII) waa treated w1th an exoess 

ot sodium hydroxide, 1t tormed a clear, yellow solution, 

the oolor ot whioh disappeared on boil1ng. Evolution ot 

11 

ammon1a acoompan1ed the procesa. When the boiling waa con­

tinued until all the ammon1a had been el1minated, the solution, 

atter aciditioat1on, y1elded a d1bas1c ao1d (XIV) wh1oh was 

readily decarboxylated to produoe }-azasp1ro(5.5)hendecane-2, 

4-diODe (XV) • 

COOH 
1 ~0 

O<
œ-o 

'NH 
/ 

œ-o~ 
1 0 
ooœ 

XIV 

.. 

!he y1eld ot dione (XV) by this last prooesa was not very 

satistactory, as the action ot alkal1 on the base also pro­

oeeded in another direction, w1th the tormation ot some c:rclo­

hexanone and malonie ac1d. 

3· When 1m1no 1m1de (XII) waa heated w1 th 70~ sul­

phuric ac1d tor three hours, tt was quantitatively converted 



into oyclohexane-1, 1-diaoetio aoid (XVI). 

4. I:t' a similarly constttuted condensation produot 

ot oyanoacetamide and acetone (XVII) was boiled tor a long 

ttme with water, ammonia was evolved and it this was oon­

tinued until all the ammonia was eliminated, the product 

was tound to be oyanoacid (XVIII). 

COOH 
1 0 œ3 œ-c~ _ ____,._ x )e 

œ3 OH-C~ 
t 0 
OR' 

XVII XVIII 

It was evident that an intermediate produet, the 

ammonium salt ot the aoid, waa :t'or.med tirst, but that it 

dissooiated on boiling with water, yielding the tree acid. 

;. When the oyano aoid (XVIII) was heated, carbon 

d1ox14e was ellminated, and the nitrile (XIX) was :t'orm.ed. 

12 



T.hia substance waa alao produeed upon prolonged boiling ot 

a solution or 4, 4-dimethylpiper1dine-;-oyano-2-1mino-6-oxo-

3-carboxam1de (XVII) in dilute hydrochlor1c acid. B8at1ns 

the oyanoacid w1th aqueoua alkali hydroxides oonverted it 

to the salt of the oarboxylic acid (XX). ~· latter can 

13 

be deoarboxylated by heat1ng; the product waa 4, 4-dimethyl­

piperidine-2, 6-dione (XXI) (ibid.) 

40 

Me. xmrr-o, 
---~•~ BR 

1 
Me œ-o~ 

1 0 
COOH 

!bis ev1denee enablad !horpe to establiah the structure 

ot the oondenaat1oa product ot cyanoaoetamide with oyolohexa-

none. 

b) Baaotions ot the Imino Imide (XII) 

Experimenta with 3-azasp1ro(5.5)hendecoe-5-oyano-2-

tmino-4-oxo-l-carboxamide (XII) revealed that under certain 

conditions it undergoea a turther imino eondensatioa with 

the tor.mation ot a second imino imide ring having three 

carbon at oms in oœunon wi th t~e tirst (9). Thua when i t was 

treated with sodium ethoxide in alcohol a sparingly soluble 



aodium salt was tormed; the addition or aoetic acid pro­

duoed a orystalline substance the reactions of llhich showed 

it to be 2' é•-diimino-4•,~•-dioxo-apiro(oyclohe:z:ane-1 1 9'-
' (3, 7)-diazabicyolo(3.J.l)nonane) or "diimino diimide" (XIII) 

BN 

XXII a XIIIb 

!ba structure ot this substance waa deduced trom tbe 

tollowing experimental data. 

1. It is a diacid, tautomeric compound reacting in 

the two forma (XJIIa, b) ot whioh the "vinylamiœ" torm. pre­

dominatea under ordinary conditions. !his is shown ~ its 

behaTiour with dilute hydrochloric acid in which it torms 

a clear solution when oold, but tram whioh the original 

substance is precipitated practicallY unchanged on the ad­

dition ot sodium acetate. When the solution in dilute hydro-

ohlorio acid is warmed, both imino groups are at once elimi­

nated and the diimide (XXIII) is prec1pitated. 

lXIII 

14-



2. When boiled with potassium hydroxide, one tmido 

ring is broken, and if this treatment is oontinued until 

all the ammonia has been evolved, the dibasie aoid (XIV) 

is formed. The tact that the second ring is so readily 

broken by alkali hydro:rl.de, when i t ia well known that the 

imides ot the glutario series are very stable toward this 

reagent, shows that i t ia under a grea ter strain than the 

single ring. 

15 

3· When boiled with 70~ aulphuric acid the diimino 

diimide is oompletely converted into cyolohexanel, 1-diacetic ·./ 
t' 

acid (XVI). 
- ... • " ! • • • • . ~ 

!ba double ring is also produced by other reagents 

than sodium ethoxide; tor example, it ia the tirst produot 

tormed by the action of aqueous alkali hydroxides on the 

imino imide. T.he latter compound dissolves in the reagent 

giving a yellow solution; the color rapidly disappeared 

on war.ming. It the solution is oooled as soon as the color 

has disappeared, and is then aoiditied with aoetic acid, 

the pure d11mino diimide (XXII) is preoipitated. 

o) Oondensed P1per1dine Rings: 

!be diim!no diimide (XIII) and the di1m1de (Xliii) 

may be regarded as derivatives of oyclohexanespirob1sp1dine. 

The b1ap1d1ne (XXIV} whieh has been synthesized only recently 



(10, 11) representa a condensed ring system involving two 

piperidine rings and is cor~ectlT named J, 7-d1azab1cyc1o­

(3.3·1)nonane. ~e starting compound tor the aynthesis waa 

d1nicot1n1c aoid whiCh in the tirst method ot preparation 

waa conTerte4 to ~, 5-d1cyanopyr1d1ne by way ot d1acy1 

chloride and amide. !be d1nitr11e y1e14a b1sp1d1ne upon 

hydrogenation with Baney n1clœ1 (10). 

In the second method (11) the ester ot the acid ia 

t1rst hydrogenated to produce the p1per1d1ne ring, then 

reduced to 3, 5-dihydro::eymethy1p1per1d1na. Treatment 111 th 

hydrobromic acid tol1owed by ammonia y1e1ds bispidine. 

. NO-O-mr ~ ~c 
HOOC 1f7 

1 
COOH / N CH 

H 

H 
!r 

N 
H 

XXIV 

d) Thorpe •a llechanism. ot Condenaation ot Irstonea with 

Cyanoacetamide and Cyanoacetate 

In the condensation or cyanoacetamide With cyc1ohexa­

none a •ma11 quantity ot another product ia tor.me4 beaidea 

16 



the imino imid~ (XII) (9). With piperidine as a condensing 

agent this substance separates rrom 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 hydrochloric 

acid. If condensation is effected by treatment with alkali 

hydroxide, the same substance separates on acidification 

of the alkaline filtrate with acetic acid. The yield ot 

this material, which ardinarily 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)hendecane-1,5-dicyano-2,4-dione (XXV) and 

is found as the sole product of the condensation of ethyl 

cyanoacetate with cyclohexanone under Guareschi conditions. 

CN 

Jm_cfJ 
\ 

NH 
1 

r-e\> 
CN 

xxv 

Kon and Thorpe (13) sugge~ted a mechanism to explain 

17 

the formation of the two condensation products. They assumed 

the formation of the unsaturated intennediate (XXVI} to be 



the initial step. Tbe mode ot addition ot a second molecule 

or cyanoacetamide to this unaaturated intermediate is dit­

tarent in the two reactions. For a catalytic reaction 

addition is "trana" sin.ce this, according to Thorpe, is a 

more stable configuration. 

œ 
1 

~c : o + œ2 - co~ 

NO - RC - CH - C(OIŒ4) 
1 1 

Rt!C li 
1 1 

mo- œ -co 

XXVII 

ID the Guareschi re act ion the presence ot an excea• 

ot ammon1a causea the 11c1s" derivative to be produced, be­

cause ot tha tendenoy ot the compound to torm the ammon1 Ull 

salt (XXVII). 'flle latter is the :ret ore an. "entoroed n reaction 

and can be made to yield condensation produots in cases where 

a ~rue catalytio prooess auch as the eyanoac'etamide reaction 

tails through the inability ot the ketone to undergo eonden­

satioa {ibid.). It is tound, tor example, that tbe oyano-

aoetamide reaction oan be ettected with all ketones having 

1~ 



~wo aecondary carbon atoms next to the carbonyl group. I~ 

one of thesa ia tertiary, as in 2-methylcyclohexanone, the 

cyanoacetamide condensation rails, but produeta can be ob­

tained by the Guaresehi method, althougb. in diminished yield. 

I~ both carbon atams are tertiary, both the cyanoacetami4e 

and Guareachi reactions tail; this also ocours i~ one carboa 

atom ia qua~ernary, as in camphor and pinacolane (ibid.). 

Tbe sugsestion that the tirst atep in condensation 

involves the formation of an unsaturated compound ia auppor­

ted by the reaction of oyclopentanone with eyanoaoetamide. 

Here the main produot is cyclopentylidena-cyanoacetamide 

(XXVIII), which is capable ot condensing with another mole­

cule of cyanoaoetamide to tor.m the "diimino compound" (XXIX). 

This proTides strong evidence in taTour of the two-step 

mechanism concluded by cyolization (ibid.). 

D= 
XXVIII 
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~e precipitation of the unsaturated compound is due 

entirely to its insolubility in the aqueous medium uaed, 

because if a aufticient quantity o~ alcohol is added, the 

reaction tollows the normal course with the direct produc­

tion ot the diimino derivative (ibid.). 1hat the cycliza-

tian step neoessarily follows the condensation is apparent 

t'rom the reaction of cyanoaoetamide wtth aldehydes (14}, 

whioh produoas open ohain structures. 

R-CH:O+ --~~ R-

œ 
1 
CH -

CH/ 
'œ-

1 
CN 

!be yields of these products are very high, but there 

is also a small quantity ot a oyclic imino compound for.med. 

The extremely low solubility of these produots again appears 

to be the reason for their separation from the solution 

betore cyolization could ocaur (ibid.). 

Reoently, derivatives o~ 3-azasp1ro(5.5)hendeoane-

l, 4-diene have been prepared by condensation of oyclohexanone 

.with 2-aminocrotononitrile. in alooholio solution in 

20 



0= 
ar 
1 Q'Ff., 

HO=C/ J 
'NH 

0 ~ 2 

HC=C)Œ2 

1 'œ œ 3 

the presenca of phosphorus pentoxide (15). 3-Methyl- and 

4-methyl•yolohexanonea also produced condensation products, 

while, as in the cyanoacetamide condensation, the reaction 

tailed with 2-meth~lcyolohexanone. 

SPIR0(5.5)HENDECANE (rm!) 

T.be original synthesis by Norris and Thorpe (16, 17) 

was carried out in the course of a study of the ettect ot 

substitution in aliphatic chains on their tendency towards 

ring closure. ~eir msthod ot preparation is ot little 

praotical value because of the number of steps involved and 

the low yields. The tirst step was the condensation ot 

cyolohexanone with acetone to produoe cyclohexylideneaoetone 

(XXX) with a yield or 23j ot the theoret1cal. This was 

ne%t reacted with malonie ester in a Michael condensation; 

the product, atter saponification, acidification and decar­

boxylation y1elded sp1ro(5.5)-hendeeane-2, 4-dione (XXXI). 

In a series of steps the latter was subsequently oonverted 

into a mixture of spiro(5.5)hendecane (XXXII) and ap1ro(5.5)-

21 



hendeoane; the mixture upon hydrogenation yielded pure 

spiro{5.5)hendeoane {XXXII) 

0 
CH- C~ 

0 ; \ 
CH3 

aCH2-l.KOH 

2.Hra04 
3.- 02 CH2 -

c(/0 
\ 

CH3 ~ 

C-OH 
~ 

0 

2. Zn/AoOH 
3. Pd/H2 

0 
CH -d' 

2 ' 
CH2 

1 
CH2- C 

û 
XXXI 

XXXII 
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An elegant synthesis of sp1ro(5.5}hendecane has 

been developed recently by Zelinsky and Elagina (18} 

starting with tetrohydrofurfuryl alcohol. 

pyridine 

1. Mg/ethe:r-
2. HOH 

H2r-ra2 1. Grignard 

H2C\ CH=CH2 with cyclohexanone 
·2. HOH 

Br 

The overall yield was 9.6% of the theoretical. 

THE FORMATION OF CYCLIC ETHERS FROM DIOLS 

Pt/C 
;.. 

For the diols which do not readily form cyclic ethers 

23 

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



advantase. It consista ot treatment ot diols with acyl 

ohlorides in the presence ot pyridine bases. Fbr example, 

with benzenesulphonyl chloride in pyridine, the tirst step 

involves esterification or the diol to ror.m benzenesulphonate 

(XXXIII) tollowed by the formation ot the desired produc~. 

Depending upon the conditions, at least three sida reactions 

are possible: 

l. lbrmation or the quaternary compound between the 

ester and tertiary amine 

(CH2)n- œ- \ 
1 + 
OH 

XXXIII 

2. Baplaèement or the benzene-sulphonyloxy group 

by halogen tram the amino hydrochloride to ror.m an organic 

ohloride 

------•• Rl -~- (CH2)n- ~- ~ 
Cl OH 

+ yo3e 

3· Splitting or the initially rormed ester into an 

unsaturated compound and sulphonio aeid 

24 



.lXXIII + 0 
N 

+ ~o+y~e 

According to Reynolds and RSnyon (ibid.) reactioDB 

2 and 3 play a negligible part in the synthesis of five-

and six-membered ethers. ~uaternization, however, inter­

tares critioally in the formation of tetrahydropyran. The 

yield of this compound with pyridine as a base was only 5~, · 

the bulk ot the material torming a quaternary salt as indi­

oated in the first reaction. !be yield was raised to 4o~ 

when 2, 6-lutidine was used instead of pyridine. 2, 6-Lu­

tidine is known to possess a very low rate of quaternization. 

Ho mechanism for these reactions was given; its discussion 

tollows on page 83. 

CERTAIN ASPECTS OF THE STERB:OCimMISTRY 01!' TBl!: SPIIWŒS 

~e mutually perpendicular orientation of the rings · 

in spiro molecules is an essential tactor in the stereochem­

istry of these compounds. In this respect a formal analogy 

can be drawn between spiranes and allenes. In allene, 

CB2: 0 : ca2, tor example, because ot the trigonal (ap2) 

hybridization ot the terminal carbon atoms and the diagonal 

(sp) hybridization ot the central carbon the two planes 

25 



containing the terminal carbons and the hydrogens attached 

to them are mutually perpendioular. Such a system has muoh 

26 

lower sy.mmetry than the corresponding, hypo~hetical, planar 

system and beoomes nonauperimposab1e upon a single substitu­

tion at each end irrespect! ve o-r the nature ot the substi tuents. 

Hence 1, 3-disubstituted a1lenes always represent a d, 1-

mi:rture. HoweTer, in the case of 1, l-subst1tut1on eTen the 

non-1dentity ot the substituents is not sutt1o1ent to produce 

the asymmetry. 

Similarly, in the case o~ spiro(3.3)heptane (XXXIV), 

% 

H 

lXXIV 

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

does not produce 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 oarbon is not a necessary condition 

for optical activity. The experimental verification of this 

hypothesis with the same compounds was not demonstrated 

until 1928 when Backer and Schwink (21) resolved spiro(3.3)­

heptane-2,6-dicarboxylic acid by means of brucine into opti-

cally active camponents. The specifie rotation was found 

to be rather low. Ienchs and Gieseler (22), however, had 

noted as early as 1912 that the occurrence of three inactive 

stereoisameric for.ms of 2,7-dioxaspiro(4.4)nonane-3,8-

dibramomethyl-1,6-dione (XXXV) cannot be reconciled with 

the presence of only two asymmetric carbon atams in the 

molecule. Because the two asymmetric carbon atoms are 

0 

CH2 "'. 
__ cl 

~0 

0 

// c _____ o 
/ 1 

/ 1 

C ~CH2--•CH-CH2Br 



equiTalent, the tormula predicta only two tor.ms, one meao 

and the other a d, 1-mixture. U, however, the molecular 

asymmetry is taken into aoeount, it is apparent that three 

:tacemie mixtures should exist {23). 

PIPERIDINE DERIVATIVES ..AND .ANALŒSIC ACTIVITY 

In 1939 Eisleb (24, 25) discoverad a method tor the 

preparation ot 4-phenylpiperidine derivatives tram phenyl­

acetonitrile and Sohamn•nn (26) tested them tor analgesie 

action. ~ resulta ot the test1ng lett no doubts that a 

long searoh tor a potent synthetio analgesie was at last 

auooesstul. A turther progress resulted t'rom the recognition 

ot the structural elements ot morphine molecule assooiated 

with anal~sie aotivity. This aspect will be discussed in 

more detail later, attention be1ng given f'irst to a surYey 

ot important piperidine analgesies. 

~iperidine derivatives ot greatest pharmaoologioal 

interest belong to two olosely related groupa: 

a} 1-alkyl-4-arylpiperidine-4-carbox;ylatea and 

b) 1-al.kyl-4-arylpipel'idine-4-acylo:xy compound a. 

a) 

N 
1 
1\ 

b) 

Rt
2

........._ / O.OOR• 3 ' c -

N 
1 
Rt 

1 



'!he most important compound in the tirst group 1a 

ethyl l-methyl-4-phenylpiperidine-4-carboxylate or meper1d1ne. 

It combines the ant1apasmod1c properties ot atropine with 

the analgesie action ot papaverine (24). Its neurospasmolytic 

action on muscle and a central analgesie action resembles 

morphine (26). 'Dle hydrochloride produoea pronounced corne al 

anesthas1a when applied direotly to the eye (27). 

!he etteot ot varying the substituent attached to the 

nitrogen atam was studied by Sohaumann (26) and Thorp and 

Walton (~) 1n a series ot N-substituted ethyl 4-phenyl­

piperidine-4-oarboxylates. The methyl, ethyl and butyl 

4erivat1Tes axhibited analgesie activity, whereas phenyl, 

benzyl, oyclohexyl and carbethoxy.methyl were not active. 

Variation ot aryl substitution in a series ethyl 1-msthyl-4-

arylpiperidine-4-carboxylates showed m-hydroxyphenyl and 

o-tolyl to be more ettective than phenyl, whereas p-amino-, 

p-hydroxy-, m-methoxy-, p-methoxyphenyl, and Ol •naphthyl 

were inactive (26, 29). Replacement ot aryl by oc. -thio­

phene produced an active series although its most active 

members were interior to meperidine (30}. 

In a group of 1-methyl-4-phenyl-4-acylox:rpiperidines 

the opttmal aotivity was tound with the propionoxy group 

and was reported to be lQ-30 times that ot m.eperidine (31, 

32). Aotivities ot aoetoxy and butyroxy co.mpounds ••re l/30 
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and one-ha~ respectively or propionoxy derivatives (ibid.). 

SUbstitution or the phenyl residus by heterooyolic rings, 

alkyls or aralkyls generall.y produced compounds ot low or 

no activity. Replacement by oyclohexyl residue (R•1 : cu3 , 

R' 
3 

: o~5) caused a deorease in acti vi ty to about one­

third (33, 34). The compound, however, still retains a 

remarkable activity being about one-halt that ot morphine. 

J. a tudy ot 4-arylpiperidyl ketones by Schaumann (25) showed 

that this series is comparable ia analgesie action to the 

esters and actually oontains co.mpounds much more potent than 

any ot the esters. For instance, ethyl 1-methyl-4-(3-hydroxy­

phenyl)piperidyl ketone had activity 10 times that ot me­

peridine (35) • 

.l num.ber ot active compounds was tound in a series 

ot 1-a1kyl-3-arylpiperidine-3-carboxylatea (29) none of them, 

however, hav1ng outstanding properties. Generally lower 

aotivity was exhibited by 1-alkyl-2-pheny1- and 1-alky1-2-

arylalkylp1perid1nes {32, 33). ~· analgesie act1v1ty 

1/35 - 1/50 or morphine was reported wi th certain 1-alkyl-

4-arylpiperidinea (ibid.). 

MacDonald {29) tested spirocyclic piperidine-benzo­

t'uran de ri va ti Tes of the type shown below but :round them to 

1 
N 
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possesa little or no anal88sic activity. 

Aooumulated synthetio data indicate that substantiel 

portion ot morphine nucleus must be retained or simulated 

in order to obtain analgesie activity resembling that ot 

morphine. Whereas the presence or simulation ot rings A., 

E and C appears to be neoesaary, ringa B and D do not aeem 

N N 
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morphine nuoleua Tary active 
l~methyl-4-phenyl-4-propionoxy­

pipe.ridine 

to be es:sential. .Uthougb., tor instance, in 4-phenyl-4-

aoyloxypiperidine series the carbonyl oxygen atom simulates 

the ether brid~ in morphine it is not a neoessary taotor 

in the aotivity. The tunction ot carbonyl group here is 

probably to assure the tavourable spatial arrangement ot 

the propionoxy ohain which thus resembles more closely the 

ring C ot morphine (36). 



INli'RA.Rlm ABSORPTIOB SRCTRA. 

1.) Ring Vi brationa 

Ho attempt has yet been made to oorrelate structural 

:teatures specifie to spi ranes 1f1 th intrared absorption. 

The teature distinguishing spiranes from other oompounds 
1 

is the presence o:t C - C - bonda associated with the quate-
1 

mary carbon atom. It absorption tre•uenciea could be as-

signed to the stretcbing vibrations or suoh bonds it would 

be .or great value in identif'ying spirocyclic compounds. 

However, as the energy or such vibrations is necessarily 

low, it would be ditticult to distinguish them rrœn -o-o­
atretching vibrations particularly in the oomplax absorption 

pattern or the low trequency region. Koreover -c-c- stret­

ching "'ibrations are usually not localized in 1ndividual 

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

and are thus very sensitive to changes in the immediate 

environment of the vibrating groups. 

Appreciable trequency shitts may be cauaed by sub­

stitution (37). Even in simple cyolie systems such as oyclo­

hexane unambiguous assigmnent bas not yet been made. 
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Morrison (3t) ana1yaed the published speotra ot tirty cyclo­

hexane derivatives and tentatively assigned the skeletal 

vibrations to two regions, 1055-1000 cm.-1 and 1005 -952 cm.-1 • 

These assignments, however, do not apply to cyclohexanone 



derivatives in wbioh the introduction ot the aarbonyl group 

might be expeoted to alter any oharaoter1st1o ring deforma­

tion trequenoies (39). 

Vetter and Tchaml.er (4o) oaloulated the vibration 

trequenoies of such six-membered saturated ring systems as 

cyclohexane, piperidine, pentamethylene oxide and penta­

methylene sulphide. !heoretioal vibration trequenoies were 

computed by assuming the rings to have "chair• conformation 

and by treating methylene groups as point masses. Cyclo­

hexane i tself has a spa ce group symmetry ~d, whereas the 

presence ot one hetero atom in the ring lowers the symmetry 

to c~. 
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The assignment of trequencies to the tour six-membered 

ring oompounds according to Vetter and Tchamler 1s as tollows: 

Cyclohexane Pi peri- Pentamethyl- Pentamethylene 
dina ene OXide SUlphide 

Slœletal ~62 • ~5~ s 61~ m 65! a 
Vibra- 901 8 937 mb ~7 • 101 m. 
tiona 1050 m 1007 Dl 

1117 TS 1041 a 
1093 Ta 

Rooking ( CH2) 

901 8 7~2 m 756. ~26 • 
1015 m. 791 m ~35 • 933. 

855 a ~55 m 
971 m 



Cyctlohexane Pipe ri- Pentamethyl- Pentamethylene 
di ne ens Oxide SUlphide 

'!Wisting ( CH2) 

1039 m. 1193 Bl 1033 m 1064 m. 
1153 m 1129 • 
1199 TS 

Ylagging ( CH2) 

1259 • 132, 8 1263 Dl 1219 Il 
13g • 121I m 1240 .. 

129 • 1264 a 
1352. 1306. 
13~5 • 1302 • 

Bending {Scissoring)(CH2) 

145o V8 144â a 
1 

In condensed cyclohexane and cyclopentane systems, 

the mode ot ring tusion makes a very considerable dit't'erence 

to the intrared spectrum. Even in spiranes, where the problem 

is simplitied by the tact that the rings are joined at one 

point only and the nature ot the spirane linkage ensures 

that the two rings lie in mutual1y perpendicular planes so 

that their interactions Will be minimized, the interaction 

ot skeletal vibrations introduoes serious dit'ticulties ot' 

interpretation. 

Batuev (41), who studied Raman speotra ot spiro(4.4)­

nonane (XXXvi) and spiro(4.5)decane (XXXvii), has shawn that 

in the tormer the skeleta1 vibration oharacterist1c ot' the 



cyclopentane ring is observed undisturbed at g90 -1 cm. • 

CH2- CH\ œ - œ2 œ2- Cll2 ~- œ2 1 2 

1 1 1 

,; ' le\ /c\ CR 
/ 2 

œ2- œ2 ~-~ ~- CH2 CH2- CH2 

mvi mvir 

!he spectrun ot apiro(~.5}decane {XXXvii) ia more 

complex. Batuev seleeted six bands which he considered to 

be tbree sets of doublets: a) 7~3~ ~22, b} 796, ~46, e) 

~7g, 900. ~e averaged trequencies of each doublet, ~02, 

821 and gg9 represent the chair cyclohexane, boat cyclohexane 

and cyclopentane ring vibrations respectively. Batuev•a 

conclusion was that spiro(4.5)decane exista as a mixture 

ot chair and boat conformation. In both tor.ms the vibrations 

ot the two ring$ couple through the quaternary carbon to 

split the original trequency into a doublet. 

Batuevts treatment can be criticized tor its unhesi-

tant postulation of boat conformation, which is not at pres-

ent generally accepted. However, though possibly incorrect, 

it illustrates clearly the spectral oomplexities resulting 

trom ring coupling in spiranes. 

The 1ntrared speotrum or spiro(5.6)dodeeane has been 

re.corded by Laber (42) but no interpretation was ottered. 
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The absorption maxima ocourred at the rollowing rrequenoiea: 

29;0 (vs), 2~60 (s), 1455 (n}, 1375 (s), 1300 (m), 1275 (m), 

1245 (m) , 1225 (w}, 1190 (m) , 1175 (m) , 1150 (w) , 1100 (w) , 

logo (w) , 1060 (m) , 10llo (w} , 990 (s), 970 (m), 945 Cs) , 

935 (a) , ~~5 (a), ~65 (s) , ~50 (s), ~4o (s), ~15 (a), 770 (w), 

765 (w, b), 700 (m). 

2.) Secondary .Amides and Lactams 

The group 0 : o-NH- may be present in ei ther open 

ohain structures (secondary amides) or in cyclic compounds 

(laotams). There is a significant difference between the 

speotra ot the two types ot compounds whioh is principally 

due to the presence ot the so-oalled amide II band in seoon­

dary amides. The nature of this rather controversia1 band 

is disoussad on page 40. The 1ndi vidua1 vibrations of the 

group oan be d1fterentiated in the tol1owing way: 

Vibration Absorption Region 

1. N-H stretohing 3500 - 3050 om. -1 

2. c = 0 stretching 1750- 1650 cm.-1 

;. c-:s stretching } 
) lack ot agreeme~t 

4. N- H detormation ) 

lhile N - H and C : 0 stretching vibrations in secon­

dary amides have been satistactor11y acoounted for, no 



unambiguous assignment of trequenoies tor K - H deformation 

and C - N stretohing bas yet been made despite extensive 

work in this tield. 

a) N - H Stre.tohing Vibration 

Primary and seoondary amides exhibit absorption bands 

between 3500 and 3050 mn.-1 , resembling those tor 0- H 

atretching vibrations, in that they are shifted to lower 

wave numbers in the solid state where. extensive hydrogen 

bonding may ooour. Sutherland (43) assigned the tollowing 

absorption ranges to two types of hydrogen bonding: 

-H-H 0 :: c- 3320 - 324o -1 
•••• cm. • 

-N-H •••• N- 3300 - 3150 om.-1 

n-ee N - H stretohing 3500 - 3380 om.-1 

The intrared spectra ot N-monosubsti tuted amides in 

the s olid state show two bands of 3330 - }~0 cm. -l and 

3100 - 3060 cm. -l (44). S1nce the trequenoies of the asso­

ciation bands of amides ditfer from those of amines, it is 

oonoluded that- N- H •••• 0: C- rather than-N- H • • • • 

N - linkages are ohietly involved. This conclusion ia 

turther supported by the observation ot Richards and Thompson 

that mixad solutions of diphenylamine and acetodiethylamide 

in carbon tetrachloride show an absorption band at 3320 cm.-1 

similar to that ot N-monosubstituted amides and distinct 
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fraœ the 34JO om.-1 band shown by diphenylamine alone. This 

ia attributed to the - K- H •••• 0 : C linkage in the 

assooiated oomplex (45} 

1 
•••• 0 = c\ 

Me 

NEt 2 

Attempts have been made to relate the three frequency 

ran~~ in the spectra of secondary amides to three hydrogen­

bonded structures, as ahown below. 

mvrrr 

' / ?e-N 
0 \ 

H 
-.. H 
0~ 1 

C-N 

" / 1c-N 
0 \ 

H ·. 

Absorption region 3200- 316o em.-1 
Ois linkages present in cyclic amides only 

XXX IX 

Absorption region 3100 - 306o 
Cis linkages present in both 
cyclio and noncyclio amides 

cm.. -1 



" / N- H·· · · ·· O=C 

/ ' O=C N- H···· ' / 

XL 

Absorption region 3330 -
32EJ0 cm. -1 

Trans linkages absent in 
oyolic amides 

Dar.man and sutherland (46) and, independently, TSuloi, 

Mizushima and collaborators (~7) studied the ois linked 

complexes in cyclic amides, where trans association was 

excluded. In these compounds they tailed to observe the 

3330 - 32~0 om.-1 band, but noted instead bands at 3200 -

316o om.-l and 3100- 3060 em.-1 • These experimenta sug­

~st that the 3300- 32~0 om.-1 band oan be assigned to a 

trans linked aggregate (XL) and the 3200 - 316o cm. - 1 band 

to a ois linked structure (XXXVIII) but provide no exp1ana­

t1on tor the band at 3100 - 3060 om. -l • 

Edwards and Singh (48) reported absorption at 3220 

and 3090 om.-1 tor 2-piperidone, indioating ois linkages 

ot the type (mviii) and (XXXIX) but additional work 1s 

necessary betore a more satistactory assignment ean be estab-

li shed tor all three bands. 

b) Amide 1 and .Amide II Banda 

Both primary and aoyclic N-monosubstituted amides 

show two strong bands between 1710 and 1~70 cm.-1 , commonly 

known as amide I and amide II bands. The amide 1 band arises 
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from what is essentially a C : 0 stretching vibration, but 

although the amide II band shows some behartour suggestive 

or a N- H deformation its assignment is atill a matter ot 

oontroversy, e.specially in non-cyclic N-monosubstituted 

amides. The "amide I band" ot N-:m.onosubstituted amides in 

the so1id state appears in the range 1710 - 1630 cm. - 1 , 

whi1e the "amide II band" ia observed between 15~0 and 

1475 cm. - 1 , and is usually wealœr than the former (49). 

Richards and Thompson C45) reported an absorption band at 

154o - 1520 cm.-1 in a variety ot N-alkyl and N-benzyl 

mono-substituted amides in dioxane solution, whioh shifted 

6o ·-1 to 15 cm. in the solid state. The amide I band in lao-

tams shows the normal behaviour of a C : 0 stretching vibra­

tion, but there is no absorption above 1500 cm.-l which 

cou1d be identified as the amide II band. Yor example, 

Edwards and Singh (~) observed the C = 0 stretohing absorp­

tion tor 2-piperidone at 176o cm. -l. In the saturated tive­

membered rings the 0 : 0 stretching trequency is slightly 

raised as a consequence of ring strain. 

While the assignment of the amide II band ot primary 

amides to a N- H deformation vibration is consistent with 

the most of the known tacts, none of the attempta to assign 

the amide II band of N-monosubsti tuted amides can be con-

sidered satisfactory. Some of the evidence supporting the 

view that the absorption is due to N~ H deformation is aa 
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:t"ollows: 

1. The band is absent inN, N~ disubstituted amides 

(4-5). 

2. The extent and direction of the trequency shiftB 

whioh occur with chan~s of state agree with those expeoted 

torN- H deformation (ibid.). 

3. Polarization etudies indicate an out-of-plane 

N- H vibration (50). 

4. Deuteration weakens the amide II band and gives 

rise to a new absorption near 1130 om.-1 where the~- D de­

:t"ormation band might be expeeted (51). 

T.be objections to this interpretation may be summar-

ized: 

1. No explanation is ottered for the absence ot the 

amide II band :from cyolio laotams. (52, 53). 

2. The absorption due to N - H deformation in seoon­

dary amines is extremely weak (53). 

4-1 

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

4. T.be resulta of deuteration are ambiguous; the new 

absorption in the 1130 om.-1 region iD deuterated oompounda 

is too waak to aocount wholly for the reduction in the intan­

sity ot the amide II band (ibid.). 



Tba most generally tavoured alternative explanation 

is that the band arises tram a C - N stretching vibration 

in which the C - N bond shows considerable double bond 

charaoter due to resonance with the oarbonyl group (54, 55) • 

1 
~ c ... ~:...,..______,,.~ 

0 "-··/ li 
1 
H 

1 e c 
0/ '\(±)/ 

N 
1 
H 

T.be main objection to this is the absence ot the amide II 

band in the tertiary amides. The idea that the amide I and 

II bands are due to the co-existence of two distinct com-

pounds, such as would be re qUi red in a keto-enol equili brium 

has now been generally 
1 
c 

~"/ 0 N 

1 
H 

discarded. Although the amide 
1 

/c 
HO \_ / 

li 

II band 

oould thus be attributed to a C : N stretching vibration, 

X-ray diffraction studies rule out such a possibility (56). 

Miyazawa et al. (57) have reeent1y proposed what may 

be the most satistactory explanation ot the origin of amide 

II band in secondary amides. They oonsider the three ab­

sorption regions in seoondary amddes (amide I: 1710 - 1630 

cm.-1 ; amide II: 15~0- 1475 œn.-1 ; amide III: 1300- 1200 

œn.-1 ) to be due not to a vibration of a specifie bond but 



to coupled vibrations of several vibrating units. The prin­

cipal vibrations involved in the coupling are y (C=O) 

(carbonyl stretching), ~ (C-N) (carbon-ni trogen stretching), 

and / (N-H) (ni trogen-hydrogen deformation). The amide 

I, II and.III bands are related to these vibrations but not 

in a simple mannar. The contribution of ~ (C=O) is greatest 

to -the amide I band, whereas that of ~(N-H) is very small 

since the amide I band hardly chan@Bs in frequency on deutera­

tion. However, there will be a considerable contribution 

of ~ (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 Y (C=O). For 

the simplest unsubstituted amide, Miyazawa was able to cal­

culate the contribution of ..J (C-N) to that of Y (C=O) 

in the amide I and amide III bands and designated these 

coupled vibrations V a and ~ 
5 

respectively. The amide I 

band of the monosubstituted amide is also considered to be 

a ~a band since the frequency and its shift on deuteration 

are almost the same as those of the Y a band in formamide. 

The determination of the vibration type corresponding to 

amide II and III bands in monosubstituted amides is more 

involved. N~thematical treatment, however, is still possible 

in the case of difor.mylhydrazine, spectroscopically the sim­

plest monosubstituted amide. Calculations indicate that 

the II and III bands may be considered as arising from the 
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coupling or v a and C(H - N"} f'requencies. However, mono­

aubstituted amides will generally have additional contri­

butions or Y (C - B) and y (If - R') to the amide II and 

III bands, and hence the mathematica1 treatment is no longer 

.t'easi ble. 

Miyazawa•s interpretation readily accounts f'or the 

absence ot the amide II band in disubstituted amides and 

1n the cis f'orm or monosubstituted amides, as well as other 

controTers1al tacts. 

3· Speotra or Imidea 

The group -co - NH - 00 - does not cammonly occur in 

open chain co.mpounds, but ie round in many cyclio substances 

auch as hydantoin or succinimide. The H- H 3tretching vi-

bration of auch oampounds does not appear to be associated 

with a specifie trequency and the available data are too 

limi ted to parmi t any generalizations. For example, succini­

mide shows two bands at 3145 and 3049 cm.-1 , hydanto1n and 

1 -1 a1loxan each show one band at 3125 «m.- and 32g0 cm. , re-

apectively, whereas 5-methyl hydantoin gives two bands at v- --

3333 and 3125 cm.-1 (53). 

ibe carbonyl absorption of these compounds appears 

as two Wide1y separated bands in the regiona 1790 - 1720 

cm.-1 aDd 1710 - 1670 œn.-1 (ibid.). The tirst ot these is 



assigned to the 4- position carbonyl group, as it persists 

in compounds in which the C=O in the 2-position is replaced 

by C=S. The second could arise fram 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-Cff
3 

(ibid.). The 

chan@S from NH to N-CE) 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 

1 

o~,e ""- / '\'N -H 

N 
1 

H 
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have been investigated by infrared spectroscopy. The individ­

ual C=N stretching vibrations lie between 1680 and 1630 om.-1 • 

They are appreciably stron@Sr than C=C stretching vibrations 

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

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

frequency in conjugated and aramatic systems (59). 

The =N-H stretching frequency of imines is in the 
.. -1 

ran~ 34oO- 3300 cm. , according to Colthup (60}, in essen-

tially the sama region as the N-H vibration in trans-bonded 



~ -1 ami de linkages (3330 - 32o0 cm. ) • 

5. Spectra or Jm1no Acids 

T.he inrrared spectra of amino aeids present strong 

evidence in ravour ot the zwitterion structure or these 

compounds. 

Monoearboxylic monoamino acids show no absorption 

due ei ther to N - H or C : 0 stretching vibrations, be cause 

no such structural units are present in the zwitterion tor.m 

or amino acid molecule. 

R-œ-coo 9 

~' NH3 

+' 
T.ha bands actually observed are due to K - H and ionized 

carbonyl stretching vibrations, the latter arising trom 

the resonanceAor the carboxylate anion. 

oe 0 
~0 / ,y 

- c :E ')o 

- ~0 or -a e 
" e ~ 

0 'llo 

The absorption ot the ionized group is shitted to a 

lowar rrequency than that of the oorresponding neutral units. 

In amino dicarboxylic aoids, absorption bands are 

observed tor the stretching vibrations of both the ionized 
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and unionized oarboxylie groups (6~). 

HYdrochlorides of amino aoids should give rise to 
@ 

the aame absorption in the I - H stretohing region although 

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

hawever, complete agreement that the ionized oarbonyl ab-

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

studies of B - H absorption iD amino acids have been done 

with the primary amino group; suoh absorption was reponed 

to oecur in 3130-3030 cm.-1 region (62, 63, 64). Oompounds 
Œ> 

incapable o~ assuming & 3 structures suoh as If - mono- or 
<±) @ 

disubstituted amino acids, which contain NB2 or NH groups, 

might be expected to absorb at dif'~erent trequeneies, but 

no data are available. 

Neutra! amino acids and their salta all sho• absorp­

tion at 16oa - , 1560 om.-1 whioh has been attributed to the 

ionie carboxyl group (64). T.he absorption vanishes on the . 
formation of' the quaternary hydroohloride in whioh the 

ionization of' the oarboxyl group is suppreased (53, 65). 

~1s behaviour is observed in a11 types of' amino aeids, 
(±) <±> 

whether the amino group has the NH2 or the NK3 structure. 

Por most amino aoids, the carbonyl absorption oocurs 

norma1ly in the 1730 - 1710 om.-1 range (53, 65) except for 

~ -amino acids, which absorb at an abnorma1l.y high tre-

4o -1 quenay (1750- 17 cm. ). From the 11mited data available, 
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it appears that nor.mal carbonyl absorption is also shown 

by the hydroohlorides of acids oarrying secondary amino 

group. There are no data available for tertiary amine 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 hydroohloride shows no absorption in the 

usual N-H stretching frequency region (66) but there is 

a very strong band centered at 254o œn.-1 which must be the 

N-H frequency. The band is a well-defined doublet with 

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

intense; the re are also two weaker satellites at 2630 cm. -l 
-1 

and 274o om. • '!he large dis placement of the band from i ts 

normal spectral location is attributed to the formation ot 

a strong N-H ••• Cl- bond (ibid.). 

6. Inf'rared Spectra of' ;J -diketones 
1 

The infrared spectra of such jl -diketones as acetyl­

acetone or dibenzoylm.ethane are consistent w1 th the normally 

rormulated enolic structure 

However, the absorption pattern shows same unusual features 

which require f'urther elaboration. The band near 3330 cm.-1 
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where the simple hydrogan-bonded aff absorption ooeurs is 

absent, and a.weak extremely broad band appears near 2700 

cm. -l. 1he absorption is similar in this respect to the 

very broad OH band of fatty aoid dimers. The latter band 

is also s~itted oonsiderably beyond the normal hydrosen­

bonded OH position to about 294o c.m.-1. !he greater strength 

of the hydrogen bonds in fatty acid dimers has been attri­

buted to the presence of an ionie structure in resonance with 

the usual covalent one. 

e œ 
0 •••• H-0'\ 0 •••• H-0 

/ . / ~ 
R- c c- R~R- c c -\ ; \. 1 

O-H • • • • 0 0-H •••• 0 
® e 

!he ionie contribution is inoreased in the dtmer be-

cause of the stabilization arising from the tavourable posi-

tion ot the eleetropositiye proton with respect to the negative 

oarbonyl o::r:ygen. The greater shitt of the OH band in tatty 

a cid dimers as oompared, for example, wi th hydrogen-bonded 

aloohols, thus arises from the additional weakening of the 

0 ~ H bond in the ionie structure (67). It is ole ar that a 

similar explanation oan be applied to the enolized )S-diketones, 

where again ionie resonance forma may contribute largely to 

the structure. 

@ ae O- H ••••• 0 O- H ••••• 
1 Il -4~-~... Il 1 

R1 - C : C.R2 - C - a3 R
1 

- C - C.R2 :. C - R3 

R 



Thus the 2700 cm. -l band might be identitied wi th 

the 0 - H Tibration, ·greatly shifted and broadened as •a• 

observed with the tatty acid dtmer (ibid.}. 

ED.olized J3 -diketones also exhi bit unusual behaviour 

in the carbonyl absorption region. They show a moderate 

band at 1709 cm. -l which is attributable to the keto- t'orm. 

No band is observed in the usual conjugated ketone region 

(1695- 1672 cm.-1), but a very strong band appears around 

1639- 153é om.-1• Sine& C: C banda are usually not very 

intense, these bands must be assigned to C = o. Both the 

extrema shit't trom the usual ketone C = 0 position and the 

abnormally hign intensity may be reasonably explained again 

in ter.ms of the resonance structures shown above. The en-

hanoed participation ot the ionie structure leads to a 

greater decrease in double bond character ot the C = 0 bond 

than would ooour with simple oonjugation, resulting in a 

shitt to a longer wave-length, while the inoreased charge 

on the carbonyl oxygen oould account tor the h1gh 1ntens1ty. 

It this interpretation is correct the tailure to obsarve a 

50 

C = C band must be attributed either to masking by the very 

strong C = 0 band or to a shift out ot the double bond region 

oaused by the losa ot double bond charaeter (ibid.). 

Rasmussen et al. (ibid.) investigated the intrared 

absorption ot 5, 5-dimethyl-1, 3-oyclohexane dione (XIX). 



This compound shows a strong band at 1702 cm.-1 which indi­

cates that a large proportion ot the molecules exist in the 

XLI 

keto-tom. The bands at 2632 cm. -l and 1605 cm. - 1 , however, 

indicate a conjugated chelate type ot enolization. Sinee 

the ring makes it sterieally impossible tor the OH ot the 

enol torm to approaeh closely anough to the carbonyl oxygen 

ot the seme molecule to interact with it, the necessary 

stabilization ot the ionie structure must be accomplished 

through formation ot a dtmer auch as 

H2C -O. OH •••• 0 = C -CH2 
Me,/ Il 1 "-,...Ma 

C CH CH C 
Me/ " 1 Il / 'Me 

~e-c-o .... Ho.o-~ 
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DISCUSSION 

SYN1flESIS AND MECHANISM OF FORMATION 0~ J-AZASPIR0(5.5)HEN­

DEOANE-5-CYANo-2-IMINo-4-0XO-l-CARBOXAMIDE (I) 

With a tew exceptions, 3~azaspiro(5.5)hendeeane-5-

oyano-2-imino-4-o:m-l-oarboxamide (I) was uaed as the star­

ting material tor the preparation of all the compounds with 

which this investigation was conoerned. For oonvenience 

the compound will ba re:terred to as "imino imide n. It was 

prepared by the condensation ot .cyclohexanone with cyano­

aeetamide in the presence of piperidine, as described by 

Thorpe (9), but althougb. m.eticulous care was taken to repro­

duce the experimental details, it was not possible to attain 

the sam.e yield. The average yield of the product was about 

30~, whereas 'lhorpe reported a 90~ yield. In agreement wi th 

Thorpe it was :tound that 3-azaspiro(5.5)hendecane-l, 5-

dicyano-2, 4-dione (II, "dinitrile") was always a byproduct 

ot the reaction. 

All attempts to inorease the yield of imino imide 

(I) by varying the reaction conditions tailed. Thus care­

tully puritied cyanoacetamide and cyclohexanone gave about 

the sams yields as the commercial grades. Concentrations 

ot the reactants in aqueous solution were al.so varied to 

no avail. Condensations pertormed at higher temperatures, 
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up to 4o0 , gave an increased rate ot reaction and yield 

ot "dinitrile" (II) but the recovery or imino imide was in-

variably leas. T.he purity ot the latterwas also reduoed 

by the increased tor.mation of resinous material. On the 

other hand, belaw room temperature both the rate and yield 

ot the produot were depressed • 
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.AJJ: a preliminary step in the meohanism ot this conden-

aation, it is assumed that the base abstracts a proton from 

the cyanoaoetamide. SUch a transter should occur readily 

because ot the strong activation ot methylene group by ad-

jacent oarbonyl and nitrile groups. 

@ 
+BH 

The resulting carbanion will be essentially planar 

beoause ot the high degree ot double bond character aoquired 

by the bonds linking the methylene carbon, or in other terms, 

because ot the large contribu:tion ot the resonance struc-

tures b and c to the resonance hybrid. The latter may beat 

be des cri bed in term.s ot the mesomeric anion structure, d, 
·e 

~ /0 
d' - :NH2 C - NH2 
1 ... ~!---....... ~ Il ~-~ 

1 e 
CH - C::N CH - C::N' CH::C::N 
e 

a) b) c) 



H 

\ -o c ~c:?.N 

-~ ;· 
o~c 

\ 

d) 

The attack of the carbanion on the molecule or cyclo-

hexanone then proceeds by a mechanism similar to the Perkin 

or Knoevenagel reactions. The anion attaches itselt to the 

positively charged carbonyl carbon, while the negatively 

charged oxygen attracts a proton. 

CONH2 
1 

0 
~ 

=a+ 
0 

cf/- NH 
1 2 
CH-CN 

@ 
œ CH 

C)<OH + B 

e 

In the next step a mo1ecule of water is eliminated 

and the un.saturated compound 1s tormed. 

the substituted ring carbon will aequire 

oe 

0 
)-NH2 )-HH2 : c'\ "" ~ a-c( -. .,. 

c~ ~ 
~N "'N 

Due to resonance, 

a positive charge. 
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It thus becomes a target for attack by another molecule of 

oyanoaoetamide (in the for.m of carbanion} with a mechanism 

essentially that of the Michael reaction. Because the car­

banian is planar, either sida of the plane is equally exposed 

to attack and hence from the ensuing reaction one would 

expect two products in equal quantities. Inspection of the 

corresponding molecular modela dœs not reveal any steric 

preference for ei thar of the two isomers 

0 

~ 

N 
N fil 
Il C 
c 

H~- C --+--t·---H 

H~- C ----&.. 

Il 
0 

N =c--+----~o -- .... 
H~-C 

~ 
0 

H 

In the actual reaction, the yield of the dinitrile 

(II) was very much lesa than that of the imino imide (I) 

suggesting that they are formed by dif'fe rent mechanisms. 

This ia aupported by the observation that dinitrile (II) 

is the only product formed under Guareschi conditions or 

condensation, i.e., with a large excess or ammonia and at 

elevated temperature (12). Further evidence in faveur of 

different mechanisms is the fact that the Guareschi reac-

tion has lower steric requirements than the catalytic 



reaction which occurs only when both carbans adjoining the 

ketonic carbonyl are at least secondary. If one of them is 

tertiary the catalytic reaction fails, although the product 

(dinitrile II} ean still be obtained under Guareschi con-

ditions. 

Alkyl substitut ion of the carbonyl group has no affect 

on either the rate or yield of the condensation reaction. 

Acetone, acetaldehyde and cyclohexanone each for.ms the product 

with approximately the same yield and with equal facility. 

!neoretically, one would expect acetone to condense lesa 

readily than the other two ketones because of the decreased 

positive charge on the carbonyl carbon due to hyperconju-

gat ion. 

The final step of the reaction involves the inter­

action of the terminal groups and leads to cyclization. 

The process may be regarded as a nucleophilic bimolecular 

substitution (SK2) 
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œ- c~ 
1 0 
CN 

CN 
1 cl- NH3 CH-\Cf) -NH3--o :NH2 

/ 
c~ CH-

0 

Cff 
1 

1 
CN 

CX
CH-

CH­
I 

~0 
c 
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PREPARATION OF 3-AZASPIR0(5.5)HENDECANE-2, 4-DIOX0-1,5-

DICARBOXYLIC ACID (III) 

Preparation of this acid was of prime importance 

because of its expected, ready conversion to either 3-aza-

sp1ro(5.5)hendecane-l, 5-dicarboxylic aoid (VI) or 3-aza-

sp1ro(5.5)hendecane (V). 
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COOH 
1 ~0 
CH- c CH2 

\. \.NH NH .. 
/ 1 

CH- c~ CH- CH2 

! 
1 0 1 
COOH COOH 

III VI 

llo 
CH2- c ~- CH2 

\ \.NH NH ~ 

/ / 
œ2 - c~ 

0 
CH2 - CH2 

IV v 

Initial attempts to synthesize the acid involved 

the alkallne hydrolysis or 3-azaspiro(5.5)hsndeoane-5-cyano-

2-imino-4-oxo-l-oarboxamide (I, '1im1no imide") rollowing 

the method or Thorpe (9). The yield was found to be very 

law and the product highly contaminated with resinous mate-

rial. An improvement was sough t by varying the concentration 

of potassium hydroxide between 5 and 4o~. The time or hy-

drolys1s was also varied but despite prolon~d efforts no 

improvement was achieved.- The only by-product identified 

was 3-azaspiro (5. 5)hendeoane-2, 4-dione (IV), apparently 

tormed by decarboxylation or the acid. 

A satisfactory synthesis or the aoid (III) was tinally 

developed, starting with a different material. It was tound 

that a mild aoid hydrolysis of 1mino imide (I) yielded a 



mixture o~ 3-azaspiro(5.5)hendecane-5-oyano-2, 4-dioxo-1-

oarboxamide (VII, "imido amide") and 2', 4•, 6•, ~'-tetroxo­
spiro(oyclohe:xane-1, 9'-(2,7)-diazabicyolo(3.3.l)nonene) 

or "di imide" (VIII) • This is in d isagreement wi th Thorpe 

(9), who under similar conditions reported the f'o:rmation of 

CONH2 1 0 O<ai- czNB 
CONH2 CH- c( 
~ - c;m 

1 '\10 
CN VII 

\ HCl 
NH ~ 

/ ~c qO 
- c~ CH c 

0 m(q \ 
NH 

I 1 
0;; CH c~ 

0 VIII 

"imido amide", (VII) only. Formation of the diimide, (VIII) 

oould not be avoided, as it was subsequently tound that 
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imino imide (!) oyclizes with remarkable ease under a variety 

of' conditions. Sinoe both imido amide and diimide yield 

3-azaspiro(5.5)hendeoane-2, 4-dioxo-1, 5-dioarboxYlio aoid 

(III) on alkaline hydrolysis the reaction was oarried out 

without separating the two materials. The yield of' the aoid 

thus obtained was invariably good averaging 50i based on 



imino imide (I). 

COOK 

VII, VIII 

1 1/0 

__ K_œ,.. /\/ - c~NR 
~· -c 

1 ~0 
COOH III 

It would appear th at the low yie ld of the a cid (III} 

tram the alkaline hydrolysis of imino imide (I) was due to 

the instability of the imino imide ring; it was attaoked 

before the imino group oould be hydrolyzed, to produce the 

glutarimide ring. The stability of the latter ri~g·towards 

HOH ,. 

I VII 

alkali hydroxides, even on prolongad boiling in aqueous 

solution, is probably responsible tor the good yield of aoid 

(III} in the new method. 
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TEE HYDROLYSIS OF "IMINO IMIDE" {I} IN NEUTRAL SOLUTION 

In the present work a new type ot hydrolysis ot 3-

azaspiro(5.5)hendeoane-5-eyano-2-1mino-4-oxo-l-carbox-

amide (I, "imino tmide") was investigated as a method tor 

the preparation of the monosubsti tuted 3-azaspiro (5.5)hende­

cane-2, 4-dione. This oom~ound was subsequently used in 

the synthesis ot 3-azasp1ro(5.5)hendecane-l-oarboxyl1c acid 

(XII). 

r~p COOH 
1 "0 

CH- C OCJ:I-\NH \ 
NH ... 

1 
CH- c~ CH- c~ 
1 0 1 0 

I CN IX CN 

qO 
~-

qO 
c c, 
\ 

NH ,.. NH ,.. 
1 1 

- c~ CH - c~ ~a 1 0 
x XI COOH 

XII 
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As mentioned previously (pa@B 12), Thorpe (9) ob­

tained 4,4-dimethylpiperidine-5-cyano-2,6-dione by either 

mild acid or neutral aqueous hydrolysis of 4,4-dimethyl­

piperidine-5-cyano-2-imino-6-oxo-3-carboxamide. Similar 

methods were employed in the present investigation, wi th 

entirely different resulta. 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-1,1-diacetic acid and 3-aza­

spiro(5.5)hendecane-2,4-dioxo-l-carboxamide (XIV). 

On the other hand, 11neutral'' 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-oxo-3-carboxamide used by Thorpe. 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-4•,8•-dioxo-spiro(cyclohexane-1,9'-(2,7)-diazabi­

cyclo(3·3·l)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 

ac id. 
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CONH2 o'b CH c~ 1 p 
CH- C 1 \ ' NH ..... HN NH 

/ \ 1 CH- c~ 
f 0 mf CR CH c~ 

0 

I XIII 

Since the imino group is known to hydrolyze readily 

to the carbonyl group, it seemed doubtful tbat both imino 

groups were unarrected by prolonged boiling in water. 

1 
c 

/ ~NH 

.Ample evidence was theretore sou€):1. t to contirm the structure. 

The melting point (29~ - 300°d) coincided with the value 

given by Thorpe (303°d). The starting material (imino imide, 

I) also melts in the sam.e region (30~d), but it difters rrom 

the diimino diimide (XIII) in its higber solubility and the 

presence of cyano group absorption band in its inf'rared 

speotrum. The substance was readily soluble in dilute hydro-

chloric acid, suggesting the presenca or an imino group, 

known to possess mildly basic character. A crystalline solid 

which separated fran the acid solution on prolon~d standing 



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

hydrolysis of the imino groups. 

0~ NH 0~ ~0 c c c~ c c c 

HN( q \ 
HN( d \ 

NH ..... NB 

1 1 
,p c c~ ~c c c~ 

HN 0 0 

XIII VIII 

The diimide (VIII) was f'ormed immediately, when the 

solution of diimino diimide (XIII) in dilute hydroohlorio 

aeid was heated to the boiling point. The absence of the 

' 1 imide group, -o = C - Nil - C = 0, in the molecule of diimino 

imide was indicated by infrared spectrum. The charaeteristic 

NH stretching absorption of imides at 3200 and 3100 cm.-1 , 

and the carbonyl absorption at 1725 cm.-1, were absent. The 

two bands observed at 1675 and l64o cm. -l correspond to C : 0 

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: C- NH group, although its 

nature is not clearly understood. 

The final proof of the structure of the diimino imide 

(XIII) was secured by i ts inde pendent preparation using the 



method ot Thorpe (9). The i~rared spectra of the two 

compounds proved to be identical. 

Knowledge of the structure of diim1no diimide (XIII) 

tacilitated the selection of conditions ~avouring 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 

expe cted th at p rolonged boi ling would hydrolyze the imino 

groups to torm the diimide (VIII). 

It was mentioned previously (page 15) that the eon­

densed diglutarimide system is lesa stable than a monooyclio 

imide. Thus, the alkaline hydrolysis of d11m1de (VIII) 

opens one glutarimide ring, producing a d1oarboxyl1c aoid 

(VI, page 15). Similar ring opening was e :XJX' cted in the 

present hydrolysis, and atter boiling tor 24 hours a product 

which proved to be 3-azaspiro(5.5)hendecane-2,4-dio:xo-l­

carboxam1de (XIV) was isolated. Its structure was confir.med 

by converting 1t to the oorresponding acid (XI) by alkaline 

hydrolysis; the acid farmed was not identical with the 

know.n 3-azasp1ro(5.5)hendeoane-2, 4-dio:xo-1, 5-dicarboxYlic 

aoid (VI) but both formed the smœ product, 3-azaspiro(5.5)­

hendeoane-2, 4-diane (IV) on decarboxylation. T.reatment 

of the carbo:xamide (XIV) with thionyl ohloride yielded the 
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nitrile (X), the identity of whioh was oonfirmed by its 

infrared absorption whioh showed bands oharacteristic of the 

glutarimide ring and the cyano group. 

XIV XI 

The final stage of the hydrolysis apparently prooeeds 

through the formation of an intermediate (XV) which readily 

loses a carboxy group to for.m 3-azaapiro{5.5}hendeoane-2, 4-

dioxo-1-carboxamide (XIV). The failure to isolate this inter-

mediate confirma 1ts instab111ty; this behaviour is similar 

0 rf;m 0~ 0 
~0 CH c CH c// 

1 q \ 
ROH HN 

1 q \ 
HN NH ... /NB \ 1 \ 

c CH 0~ 0 CH c~ HHq "10:0 0~ 

~HOH 
0 

XIII VIII 

OONH2 CONH2 
1 0 1 0 u-cq cx-C;NH 'NH c 

1 
-co2 

XIV CH2- C~o CH- c~ 
1 0 
COOH x:v 



to that of related 3-azaspiro(5.5)hendecane-2,4-dioxo­

mono- and dicarboxylic acids which decarboxylate with great 

facili ty. 

The ultimate proof that the aqueous hydrolysis of 

3-azaspiro(5.5)hendecane-5-cyano-2-imino-4-oxo-l-carboxamide 

(I, imino imide) involves the format ion of diimino di imide 

(XIII) and diimide (VIII) as inter.mediates 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-azasp1ro(5.5)hendecane-l-carboxamide (XIV) can 

now be explained. Unlike the ac ti on of water, the effe ct of 

boiling dilute mineral acid is to produce a rapid cyclization 

wi th hydrolysis of the imino groups, causing pre ci pi tati on of 

the insoluble diimide (VIII) in bulk. Small quantities of 

3-azaspiro(5.5)hendecane-2-4-dioxo-l-carboxamide (XIV), 

3-azaspiro(5.5)hendecane-2,4-dione (IV), and cyclohexane-

1,1-diacetic acid (page 62) are formed only from the hydro-



lysis of minute amounts of diimide (VIII) present in the 

solution. 

In the aqueous hydrolysis ot imino tmide, cyclization, 

hydrolysis of imino groups, and ring reopening are all slow 

prooesses; if the rates of cyclization 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 inter.mediates. 

THE SYNTHESIS OF 3-AZASPIR0{5.5)BENDECANE-2, 4-DIOXQ-1-

CARBOXYLIC ACID (XI) 

The synthesis was ~irst tried with 3-azasp1ro(5.5)­

hendeoane-2, 4-dioxo-l, 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 oorresponding monocarboxylic acid (XI). 

Experimenta showed, however, that the salt loses both oar­

bo:x:yl groups, even under very mild treatment such as heating 

the dry substance at 90°. 

A simple synthesis of the monocarboxylic acid (XI) 

seemed possible following the successtul preparation or 

J-azaspiro{5.5)hendecane-2, 4-dioxo-1-carboxamide (XIV). 

For re·asons unknown, however, dire ct alkaline hydrolysis or 
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this compound yielded a mixture of products from which only 

minute amounts of 3-azaspiro(5.5)hendecane-2, 4-dioxo-1-

carboxylic acid (XI) could be isolated. Initially, aqueous 

alkali hydroxides were used, and the concentration 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 obtained upon acidi­

fication of the solution was invariably an extremely viscous 

oil. Upon digesting with acetone a small quantity of solid 

acid could be isolated but its purification proved difficult 

as it readily decarboxylated in the solution 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(5.5)hendecane-2, 

4-dioxo-1-carboxylic acid (XI) was first obtained by the 

action of sodium nitrite on a solution of 3-azaspiro(5.5)­

hendecane-2, 4-dioxo-1-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

sumed to proceed by the following steps: 



R-'k.NH + 0 - N-Q-N - 0 ...,. 
2 - -

H@ 

R-~~-N: 0 
1 
H 

Since in aliphatic compounds the diazonium cation 

is not stabilized by resonance it decomposes immediately 

into nitrogen and carbonium cation 

@ 
--i~~ R-C : 0 + N2 

The carbonium cation forms the oarboxylic acid by 

reaction with an hydroxyl anion 

@ e 9H 
R-C : 0 + OH --+- R-C : 0 

The success of the reaction was prtmarily due to the 

low temperature employed which minimized degradation or 

undesirable side reactions. 
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THE ESTERIFICATION OF 3-AZASPIR0(5.5}HENDECANE-2, 4-

DIOXO-CARBOXYLIC ACIDS 

Conversion of 3-azaspiro(5.5)hendecane-2, 4-dioxo­

carboxylic acids into the corresponding 3-azaspiro(5.5)­

hendecane acids involved the reduction of imide oarbonyl 

groups. Initial attempts of reduction with lithium aluminum 

hydride were un.sucoessful, for severa! reasona. First, 

there was some evidence that the starting materials decom­

posed during the ref'luxi.ng in ether solution; this was not 

entirely unexpected as the acids are known to be unstable. 

Second, both ac ids (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 generally not recommsnded in the 

literature (70)· beoause of the formation of insoluble inter­

mediates. 

The problem was finally solved by converting the 

aoids to esters which were both stable and readily soluble 

in organic solvants. The usual esterification methods proved 

ineffective. Treatment of an ethanolic solution ot the acid 

with dry hydrogen chloride gave no reaction, While refluxing 

in the presence of concentrated sulphuric acid resulted in 

the complete decarboxylation of the acid. Esterification or 
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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 
1 /.0 
CH- c"' 

\ CH~2 
NH 

1 
CH- c~ 
1 0 
COOH 

COOH 
1 1'0 
CH- C 

\ CH~2 
NH--~ 

1 
CH2 - c~ 

0 

COOCH3 
1 0 
CH- c~ 

\ 
~-~ 

1 
c~ 

0 
COO~ XVI 

This behaviour parallels that of phthalimide and suc­

cinimide when methylated with diazomethane (70, 71). The 

meühanism of the methylation can be explained by assuming 

an increased importance of the resonance structures of 

glutarimide in which ni trogen carrie s a positive charge. 

This is a reasonable assumption in the presence of nucleo-

phi lie re agents. A tt ack by diazomethane would then proceed 
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through the formation of an ionie quaternary complex which 

could revert to covalency by an appropriate electron shift 

and the migration of a proton. 

REDUCTION OF 3-AZASPIR0(5.5)HENDECANE-2,4-DIONES WITH 

LITHIUM ALUMINUM HYDRIDE 

Lithium aluminum. hydride was used wi thout exception 

in ail reductions involving the imide group. The reagent 

proved to be very convenient and ~ve consistently good 

yie lds. This result was san.ewhat surprising as imides are 

usually considered very difficult to reduce. (72). In no 

oase could any sida products be detected. For sparingly 

soluble tmides tetrahydrofuran proved to be a more satis­

tactory solvant than ether. The only difficulty was en-

countered in the isolation of the products. The aluminum 

hydroxide formed by the hydrolysis of the hydride was round 

to ooclude appreciable quantities of the pro~uct. Initially 

i t was hoped that a good recovery ot the product could be 

attained by dissolving the aluminum hydroxide in coneentrated 

73 



aqueous sodium hydroxide and extraoting the solution with 

organic solvant. This treatment, however, produoed a mixture 

oontaining large quantities of undissolved solid and bence 

the intended extraction with organic solvant could not be 

pertorœd. An alternative method consisting of repeated 

di~stion of aluminum hydroxide with ether and tiltering 

was rather involved and failed to extract the product com-

pletely. The procedure tinally adoptea, which gave excellent 

recovery, was the extraction of the solids in a Soxhlet 

apparatus. 

The mechanism of lithium aluminum hydride reduction 

can be regarded as a nucleophilic bimolecular substitution 

(73). The attacking nucleophilic agent is the aluminum 

hydride anion. In the case of imides the reduction probably 

involves the tollowing sequence of displacement reactions. 
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The final product is f'ormed by hydrolysis. 

• • · ~ e 
Al(O-H~) 3 + 4H2o -. 3H2~-+: Al02 + 50H 

T.he f'ollowing reductions were ef'f'ected by lithium 

aluminum hydride: 
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3-AZASPIR0(5.5)HENDECANE-CARBOXYLIC ACIDS 

Reduction of the esters or 3-azaspiro(5.5)hendecane-

2,4-dioxo-carboxylic acids (XVI, XVII) resulted in the 

:formation of 3-azaspiro(5.5)hendecane-hydroxy-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 

XVIII 

(0) .. 

XXII 

corresponding carboxylic acids most of them could not be 

used because they attack the piperidine ring. For example, 

ring opening oecurs readily with neutral or alkaline 



permanganate yie lding a variety of products (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); prolon@Sd action produces 

cf -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 same degradation of 3-methyl-3-azaspiro(5.5)hendecane-

1,5-dihydroxyra.ethyl (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 1-alkyl-4--arylpiperidine-4--carboxylates the high 

activity of certain members is maintained when the aryl is 

substituted by a cyclohexyl group. 3-Methyl-3-azaspiro(5.5}-

hendecane-carboxylic acids bear same structural resemblance 

to this series and it seemed possible that they might possess 

some activi ty. 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-dicarbo:x:ylic 

acid (XXI) was not converted to the corresponding anhydride 
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CO ON a 
1 
CH-CH2 

\ N;..CH 
/ 3 

œ:-~ 
1 
COCHa 

by prolon~d treatment with aoetio anhydride. A orystalline 

material isolated frœ the reaction mixture showed infrared 

absorption in the region 1825- 1775 om.-l associated with 

the oarbonyl 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 specifie rotation of the optical isomers. 

Attempts to resolve 3-methyl-3-azaspiro(5.5)hendecane-l car­

boxylic acid (XXII} were also unsuooesstul. In the first 

attempts d-tartaric acid was used but was soon abandoned in 

favour of d-camphorsulphonic acid. 



AN ATTEMP'mD SYNTHESIS OF SPIRO (5.5)HENDECANE (XXIV) 

rn the investigation of the oharaoteristio int'rared 

absorption of spiranes it seemed desirable to compare the 

speotra of compounds as s~ple as possible to avoid oom­

plexi ties aris ing fran su ba ti tut ion. The synthesis of one 

suoh simple spirane, 3-azaspiro(5.5)hendecane has already 

been descri bed (page 75). The synthe sis of several other 

simple related spiranes was undertaken. These were 3-o::r:a­

and 3-thiaspiro(5.5)hendecanes (XXV, XXVI) and spiro (5.5)­

hendeoane (XXIV). The latter, the simplest of the series, is 

ot particular interest. 

NH 

v XXIV 

0 s 
XXVI 

'!!le first attempts to synthesize spiro(5.5)hendecane 

(XXIV) started with the preparation of spiro(5.5)hendeoane-

2,4-dione (XXVII) by the method or Norris and Tborpe (page 

21). The conversion of dione (XXVII) to spiro(5.5)hendeoane 

as des cri ted by tœ two authors involved a number of iner­

ficient reactions and tedious purification. If the dione 
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oould be reduoed to the oorresponding saturated diol (XXVIII) 

the synthesis of spiro(5.5)hendecane would be greatly sim­

plitied as shown below. 

XXIV 

The dione waa reduoed with lithium aluminum hydride; 

the intrared SJ;S ctrum of the product in di ca ted tha t i t was 

> 

~0 

an unsaturated diol (XXIX). T.he reaction apparently proceeded 

in the tollowing manner: 

Sinoe no canvenient method to convert the unsaturated 

diol into sp1ro(5.5)hendecane was available, the synthesis 



Tia the dione {XXVII) was abondoned. 

A more promising method was subsequently developed. 

Although a relatively large number or steps was involved it 

had the advantage ot being adaptable to the synthesis ot 

related spiranes auch as 3-oxa- and 3-thiasp1ro(5.5)hende-

canes. T.be reaction soheme is illustrated below. 

CONH2 
1 ~NH 

0<. CH-C~ CH- ct 
1 ~0 

CN I 

CH2 ( COOEt) ~ 

EtON a 

Na! .... 

KOH 
~ 



O<
OH2 -Œ20H .. 
œ2-~oH 

!socl2 

All the reactions proceeded With good yields and 

purification of the products presented no difticulties. In 

the malonie ester condensation cyclohexane-l,l-di(2-ethyl 

ohloride) (XXXVII) was used originally but the yield was low. 

The recovery ot the ccndensation pr oduct using the carres-

ponding diiodide (XXXII) averaged 6o~. Direct conversion 

ot spiro(5.5)hendecane-3-carboxylic acid (XXXV) to spiro­

(5.5)hendecane (XXIV) was unsuccesstul, as the compound 

proved rather resistant to decarboxylation. Atter several 

hours ot 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 suocess. 

The cause of the failure could not be determined due to the 

limitations of time. 



1RE MECHANISM OF THE FORMATION o:r·. 3-0XASPIR0(5.5)HENDECANE (XXV) 

In the eyclization of cyclohe:z:ane-1,1-di (2-ethanol) 

(XXXI) by treatment with benzenesul:phonyl chloride the 

initial step is probably the attack of the benzenesulphonium 

cation on the hydroxyl oxygen, forming an oxonium compound. 

C,.'R SO Cl , C/Jf~0®2 + Cl e . tr5 2 " o-::r 

XXXI 

In a subsequent step the unshared pair of electrons ot 

the second hydro:z:yl oxygen interacts with the carbon atom on 

the aide remote fran the carbon oxygen bond. 

@ 
Stmultaneously there is the loosening of c-o bond, leading to 

1 ts rupture, wi th the formation of the new 6-0 bond in a single 



oonoerted prooess. This may be regarded as nucleophilio 

aliphatio substitution proceeding by an 3N2 meohanism. 

The origin ot s1 de produots su oh as a quaternary oomplex 

or an organio halide mant ioned by Reynolds and Kenyon (page 

24) now beoomes clear. They are formed by the reactions of 

other nucleophilio agents auch as pyridine or ohloride ion 

whioh oompete for the electrophilio center 

_____. quaternary oomplex 

CH2 -œ2 -OH 
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+ C6Hrj303H 

œ2 -œ2 -c1 

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

tormed b,y an oletinio elimination reaction with an E2 meohanism . 



The yield o~ 3-oxaspiro(5.5)hendeoane in the present 

synthesis was muoh higher (75~) than that ot the struoturally 

similar tetrahydropyran reported by Reynolds and Kenyon 

(page 25). Ther& is little doubt that the yield or the 

former oould be oonsiderably improved sinoe the reaction 

was only tried once. The greater ease of' ring olosure must 

be attributed to ohain substitution 

0 

It was shown by Ingold (~1) that gem-dimethyl substitution or 
ohains is particularly effective in tacilitating ring closure. 

Another e:x:ample ot this, the ccndensation products ot acetone 

(XXVII) and acetaldehyde (XXVIII) with cyanoacetamide has 

already been discussed (page 20). 

mvii 

CONH2 
1 NH 

CH œ-c~ 
3\ 1 \ 

C NH 
1\ . 1 

aa3 CH- C~ 
1 0 

CN 

CN 
1 
ar-c~ 

1 
CH-CH 

3 '\ 
CH-CONH2 
1 
CN 

mVIII 



Ingold showed that it the band angle, ex., external 

to two groups R1 and R2 was a tunotion of the si ze of those 

groups it was possible to acoount for the behaviour observed 

in certain ring olosure reactions. 

Ring closure also appears to be intluenoed by a steric 
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factor. It the rotation about bonds a and b is restrioted 

by the R groups. the statistical probability of ring closu~ 

is inoreased by the entorced orientation or the ohain ends 

(~2). 

CERTAIN ASPECTS OF THE STEREOCHEMISTRY OF 3-AZASPIR0(5.5) 

HENDECANES 

!he two constituent rings of 3-azasp1ro{5.5)hendeoanes 

are mutually perpend1oular. According t o m~dern ide as, the 

oyolohexane ring exista in a chair f~. T.he same torm is 

also assumed by piperidine, pentamethylene oxide and penta-

methylene sulphide in 3-aza-, 3-oxa- and 3-th1aspiro(5.5)-

hendeoanes. On the other hand, tba glutartmide and glutari­

mino imide rings present in 3-azaspiro(5.5)hendeoane-2,4-

diones (XXXIX) and -2-imino-4-oxo- compounds (XL) are · 



essentially planar due to the trigonal (sp 2) hybridization 

ot the bonds adjoining C=O or C=R groups. 

HN 

XXXIX 

·• 
Because the two rings are joined at one point only, there 

is complete :rreedom ~ ring convers ion, i.e. changing from 

one chair conformation to the opposite one. But, as the 

molecular modela show, suoh conversion will produce only 

two non-superimposable structures irrespective ot the pras-

ence ota heteroatom in positi~ 3· 

HN 

Because the activation energy ot ring conversion is very low 

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

formations. On the other band, there is seme evidence 



sugg$sting that 1,5-disubstitution in J-azaspiro(5.5)hen­

decane-2,4-dionea tends to stabi1ize diaxia1 rather than 

diequatoria1 contor.matian. 1,5-Disubstituted J-azaspiro­

(5.5)hendecane-2,4-diones obtained b,r either the T.horpe or 

Guareschi reaction have cis configuration, which is indi-

cated by the great ease o't 1,5-ring closure. 

H2N 0 

N'a' 
~ 

HN 
> 

The ois isaner can exist in two conformations, diaxial and 

diequat orial. 

x 
x 

0 0 

cis, diaxial cis , diequatori al 



Inspection of the mole cul ar mode ls shows th at both con:t"or­

mations are sterically hindered, althougn the steric com­

pression in the diaxial conformation appears to be consi­

derably greater than the hindrance caused by the single 

group approaching the cyclohexane ring in the diequatorial 

conformation. However, another factor may a:t"tect the 

stability of the diequatorial conformation (ois). ~e 

carbanyl groups in positions 2 and 4 have their dipole mo­

ments in the same plane and point 1ng approximate'ly in the 

same direction as, for example, the 1,5-diequatorial cyano 

groups. '!he strength ot this interaction is largely a matter 

ot speculation, but there is soma evidence suggesting that 

it may be significant. The reduction ot 3-azaspiro(5.5)­

hendecane-2,4-dioxo-1,5-dicarboxylic acid yields the cor-

~sponding J-azaspiro(5.5)hendecane acid which, unlike the 

former, does not tom an anhydride and bence must have 

trans-contigurati~;since none ot the reactions involved 

could reasonably produoe inversion, it may be interred that 

the inversion at one asymmetric center was a direct conse­

quence of the reduction of' the imide carbonyl groups. The 

latte~ are probably enforcing ois configuration in 1,5-

disubstituted 3-azaspiro(5.5)hendecane-2,4-diones, preau­

mably due to polar affects which oppose the diequatorial 

conformation. More conclusive evidence for the diaxial 



conformation ot cis-1,5-disubstituted 3-azaspiro(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)hendecane-l,5-

dioarboxylic acid, since spontaneous inversion to tor.m the 

trans iscmer occurs upon the reduction of the corresponding 

2,4-dioxo-acid (ois). A.lthough in unsubstituted 3 ,5-piperi-

dinedicarboxylic acids cis (diequatorial) is the more stable 

configuration, it would be hindered in the corresponding 

~,4-dialkyl derivatives which are sterically equivalent 

to 3-azaspiro(5.5)hendecane-l,5-dicarboxylio acids. How­

ever, it is interesting to note that trans-oyclohexane-1,3-

dioarboxYlic acid was tound to be more stable than the ois 

isamer (diequatorial) although this representa a conforma­

tional anomaly (~3). 

!N]IRARED SPECTRA 

a) The Spectre of Glutarimidea 

In the course ot present investi~tion, the intrared 

spectra or 13 oompounds oantaining the glutarimide ring, 

including that of unsubstituted glutarimide, have been re­

corded. The compounds and the relevant absorption bands 

are listed in !able I. For the purpose ot discussing the 
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TABLE I 

N-H and C=O Stretching Frequencies of G1utarimides 

"Unsubstituted and monosubstituted" g1utarimides 

Piperidine-2,6-dione (g1utarimide) 
4,4-Dimethy1piperidine-2,6-dione 
3-Azaspiro(5.5}hendecane-2,4-dione (IV) 
3-Azaspiro(5.5)hendecane-1-cyano-2,4-dione (X} 
3-Azaspiro(5.5}hendecane-2,4-dioxo-1-carboxamide (XIV} 
3-Azaspiro(5.5}hendecane-2,4-dioxo-1-carboxy1ic acid (XI) 
Methy1 3-methy1-3-azaspiro(5.5)hendecane-2,4-dioxo-1-

carboxy1ate (XVII) 

3220 vb 
3200 b 
3190 vb 
3180 vb 
3200 vb 
3180 b 

"Disubstituted" g1utarimides 

3120 
3090 
3090 
3080 
3110 
3080 b 

4,4-Dimethy1piperidine-3,5-dicyano-2,6-dione 3220 3120 
2, 4, 6, 8-Tetroxo-9,9-dimethy1-3,7-diazabicyc1o(3.3·1}-

nonane (XLX} 3210 vb 3100 
3-Azaspiro(5.5)hendecane-1,5-dicyano-2,4-dione (II) 3205 3110 
J-Azaspiro(5.5)hendecane-2,4-dioxo-1,5-dicarboxy1ic 

acid (III) 3200 vb 3100 
3-Azaspiro(5.5)hendecane-2,4-dioxo-1,5-dicarboxy1ic 

acid anhydride (XLII) 3200 b 3100 
2•,4•,6•,8•-Tetroxo-spiro(cyc1ohexane-1,9'-(2,7)-

diazabicyc1o(3.3·1)nonane) ("diimide") VIII) 3220 b 3100 

succinimide (53) 314o 3050 

1700 vb 
1720 
1720 
1720 
1720 
1725 vb 

1730 

1665 vb 
1685 
1685 
1685 vb 
1675 
1680 vb 

1670 

174o 1715 

1720 vb 1700 vb 
1725 vb 

1705 vb 

1737 1705 

1750 1710 

1 

1770 1690 

\.0 
~ 
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i~red spectra, they have been di vided into two groups: 

a) "unsubstituted and monosubstituted" and b) "disubstitute4" 

glutarimides (R represented the t"o11owing groupa: CN, OONH
2

, 

OOOH, 000~) • . 1he bicyc1ic eompounds (VIII, XLI, XLII) 

are, of course, considered as "disubstituted" g1utarimides. 

R R 
0 1 0 1 0 

CH -c* œ:-c* CH-e'' >(2)œ >( )m ><ca-? ~-0 ~-o~ ~0 0 1 ~0 

(a) 
R 

(b) 

o'è 0 ~0 ! CH 0~ CH 

<q " / ca,~ \ 
NH Bff NH 

/ \ œ3 / 
cfa CH ~ · 1 CH c~ 

0 0 

VIII XLI 

0~ c CH 
//0 

0 

1 q \ 
0 NH 

\ 1 
0;; œ c 

~0 XLII 

T.he spectra estab1ished c1ear1y that N~ stretching vibrations 

-1 
occur in two trequency regions, 3200 and 3100 cm. • !he two 
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fig. 1 

Intrared Absorption Speotra of: 

3-Azasp1ro(5.5)hendeoane-l-oyano~2,4-dione (X) 

3-Azaspiro(5.5)hendeoane-2,~-d1oxo-l-oarboxam1de (XIV) 
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Fig. 2 

Intrared Absorption Spectra of: 

3-Azaspiro{5.5)hendecane-2,4-dioxo-l-carboxylic acid (XI) 

Metbyl 3-methyl-3-azaspiro{5.5)hendecane-2,4-dioxo-l­

carboxylate (XVII) 
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bands provide an excellent means ot identif"ying glutarimide 

rings. 'lhey are clsarly separated tram the N-H streteh1ng 

bands ot primary amides as shawn in the s-ptctrum o-r 3"-aza­

apiro c;.;)hendecane-2,4-dioxo-1-carboxamide env, n.g. 1). 

S1milarly the stretching band ot aoyclie seoondary amides 

at 34oO - 3300 cm. -l ean be readily distinguished. The 

proot that the bands at 3200 and 3100 cm. - 1 represent H-H 

stretching vibrations was provided by the s~ctrum ot methy1 

3-methy1-J:-azaspiro(5.5)hendeee.ne-2,4-d1oxo-l-oarbo:xylate 

(XVII, Fig. 2). Due to the introduction o-r a methyl group, 

the nitrogen in this compound is tertiary, and the ~-H 

absorption should be eliminated. No absœption was· obser­

Ted in the region 3"300 - 3000 cm. -1. 'l'he two weak bands 

at 344o and 3370 cm. -l are C=O overtoœs. 

The C=O stretching Vibrations ot "unsubstituted and 

monosubstituted" glutarimides (group a) leads to absorption 

in two regions, 16~0 and 1720 cm.-1, with the exception ot 

glutarimide Which shows bands at 1700 and 1665 om.-1 • The 

somewhat lower position ot these bands in the latter com­

pound may be associated with the absence ot 4,4-disubsti­

tution, a eommon f'eature in all the remaining glutarimides. 

T.he 0=0 stretching vibration of' "disubstituted" glutarimides 

(group b) was tound to occur in a higher trequency region. 

The 1ower absorption band was at about 1710 cm.-1 • The 

exact position ot the second band could not be determined 
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fig. 3 

Intrared Absorption Speotra ot: 

3-Azaspiro(5.5)hendeoane-2,4-dioxo-1,5-dioarboxylio 

aoid (III) 

3-Azaspiro(5.5)hendeoane-2,4-dioxo-1,5-dioarboxylio 

aoid anhydride (XLII) 
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wtth any aoouraoy beoause of a strong over1apping of the 

two bands, but whenever the separation was more satisfaotory 

the shift to a higher t'requenoy of about 25 cm. - 1 was ap­

parent. In 3-azaspiro(5.5)hendeoane-2,4-dioxo-oarboxy1ic 

acids the presence of oarboxy1 oarbony1 groups oannot be 

detected in the spectrum because their absorption ooincides 

with that of imide carbony1. On the otber hand, the car­

bony1 stretching vibrations of anhydrides (8~) are quite 

distinct (bands at 1820 and 1785 em.-1), as in the speotrum 

of 3-azaspiro(5.5)hendecane-2,4-dioxo-1,5-dicarboxylic acid 

anhydride (XLII, Fig. 3). The spe otrum of me thyl 3-methyl-

3-azaspiro(5.5)hendecane-2,4-dioxo-l-oarboxylate (XVII, 

F1g. 2) shows th at methyllation of the imide ni trogen has 

no etf'ect on carbony1 absorption. 

'!he higher trequency ot the C=O stretching vibration 

in "disubstituted" glutarimides is probablY due to one or 
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two causes. If the substituents were diequatorial, the shift 

oould be due to electrostatic interaction similar to that 

in equatorial 0( -haloketones (~5). If, however, the sub­

stituents were diaxial, the resulting high steric compres­

sion would almost oertainly introduoe strain into the glu­

tarimide ring which would be manifested in a shift ot the 

carbonyl bands to higher trequency. In the discussion ot 

stereochemistry (page 89 ) , s om.e evide noe opposing the 

diequatorial conformation of "disubstituted" glutarimides 



Intrared Absorption Spectra of: 

4,4-Dimethylpiperidine-3,5-dicyano-2,6-dione (XLV} 

3-Azasp1ro(5.5)hendecane-1,5-dicyano-2,4-dione (II) 
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was presented. Intrared spectra provide a more convincing 
rt 

argument in favour of the diaxial contor.mation of oiS-di-

substi tuted '' glutarimides. It seems probable that the 

trequency shitts caused by steric and electrostatic ettects 

would be of a different order of magnitude. This tmplies 

that the frequency shitt in bicycl1c glutarimides (VIII, 

XLI, XLII), in which the diaxial conf~ation of the sub-

stituents is ensured by their incorporation in the ring, 

would be ditferent tram that in the "disubstituted" glutari-

midas if the latter were in the diequatorial contormation. 

T.hat this is not the case is clearly demonstrated by the 

spectra of ~,4-dimethylpiperidine-3,5-dicyano-2,6-dione 

(Fig. 4) and 3-azaspiro(5.5)hendecane-2,4-dioxo-1,5-dioar­

boxylic acid anhydride (Fig. 3 ) , which show almost identical 

frequency shitts. 

T.he absorption of succinimide in the carbonyl region 

is reported (53) to ooour at a higher trequenoy than that 

of glutarimide. The shift is attributed to the strain in 

the five-membered ring. Similar shitts have been observed 

in the carbonyl stretching trequencies of cyclopentanone 

(~6) and butyro1actam (~, 53) campared with those ot cyclo­

hexanone and valerolactam respective1y. Like lactams (4~), 

a11 glutarimides show no absorption in the amide II region 

(15~0- 1475 cm.-1 ) of their infrared spectra. The stability 
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Fig. 5 

Intrared Absorption Spectra of: 

4,4-Dimethylpiperidine-2,6-dione (XLIV) 

3-Azaspiro(5.5)hendecane-2,4-dione (IV) 

lOO 
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Fig. 6 

Infrared Absorption Spectra of: 

2,4,6,8-Tetroxo-9,9-dtmethyl-3,7-diazabicyclo­

(3.3·1)nonane (XLI} 

2•,4•,6•,8•-Tetroxo-spiro(cyclohexane-1,9'-(3,7)­

diazabicyclo(3.3·1)nonane (VIII) 
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ot imides is sometimes attributed to the large contribution 

ot ionie structures to the resonance hybrid. 

1 1 
C C E<~•~ C C <IIIIII!C~,.. 0· C 

o~ '\ .. / ~o o~ '\ ; 'o 9 9 / ' / ~o 
N ~ 0 ~ 
1 1 1 
H H H 

While auch structures may be important in the transition 

states ot imide reactions, there is no indication ot reso-

nance under ordinary candit ions. The intrared spectre ot 

imides clearly support the olassical covalent structure. 

The ettect ot resonance would be to decrease the double bond 

character ot earbonyl groups and to increase that of single 

C-N bonds, so that the system O=C-N-C=O would be partially 

oon,jugated. This etteot would be manifested by a consider-

able downwards shitt ot the carbanyl stretching trequency, 

which was not observed. 

b) Glutar1m1no Imides 

These are eampounds which contain the following 

structure. 

J ;;NH 
CH-C x )u 
CH-C 
1 ~0 
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Fig. 7 

Intrared Absorption Spectra o:f: 

Piperidine-2,6-dione (XLVI) 

3-Azaspiro(5.5)hendecane-5-cyano-

2-imino-4-oxo-l-carboxamide (I) 
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They may be regarded as derivatives of glutarimides in whioh 

one oarboD,yl is replaoed by a C=NH group. '!he spe ct ra of 

three oompounds of this type have been reoorded. These 

wers 3-azaspiro(5.5)hendeoane-5-oyano-2-im1no-4-oxo-l­

oarboxamide (I, Fig. 7), 2',6'-d11mino-4t,8t-dioxo-spiro­

(oyolohexane-1,9'-(2,7)-d1azabioyolo(3.3.1)nonane) or 
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"diimino d11mide 11 (XIII, Fig. 8) and 2,6-diimino-:9,9-dimethyl-

3,7-diazabioyolo(3.3·1)nonane-4,8-dione (XLXII, Fig. 8) 

XLIII 

The intrared absorption of these oompounds shows little 

similarity to that of glutarimides. The bands at 3200 and 

3100 om.-1 , oharaoteristio or N-H stretohing in glutarimides, 

are replaoed by a single broad band at 3300 om.-1 • In 

3-azaspiro(5.5)hendeoane-5-oyano-2-imino-4-oxo-l-oarboxamide 

(I), this band is obsoured by the overlapping of the primary 

amide N-H stretching absorption. It should be noted that 

due to the presence of two NH groups dif'f'ering in environment 

(one nitrogen is cyolic, the other exocyc11c} two bands 

rather than a single one would be expected. The presence 

of' the single band also cantradicts Thorpe 's view that auch 



Fig. 8 

Infrared Absorption Spectre ot: 

2,6-Diimino-9,9-dimethy1-3,7-diazabicyc1o{3.3·1)­

nonane-4,8-dione (XLIII) 

2', 6 '-Diimino-l.P, 8 '-di o:x:o-spiro ( cyc1ohe:x:ane-1, 9 '­

(3,7)diazabicyc1o(3.3.1)nonane) (XIII) 
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compounds exist in a tautomeric equilibrium with the ~inyl 

amine" structure in whioh the latter predomina tes (page 14-). 

It this were true, additional bands should be observed in 

the region 34oO - 3300 cm. -l due to the asymmetrical and 

symmetrical modes of vibration of the NH2 group. 

The two bands at 1690 and 1660 cm. -l may be assigned 

to 0=0 and C=N stretching vibrations respectively. Comparison 

wi th the seme region in the glutarimide SIS otra reveals that 

the higher trequenoy band assigœd to one of the two earbonyl 

groups (1720 am.-1 ) in the latter has been replaoed in the 

tmino imide spectra by the 0~ stretching absorption at 

1660 cm. -l. A strong, broad band at 1525 cm. -l is very 

significant, as i t is entirely absent from the s~otra ot 

all the glutarimides investigated. The only strong band 

reported in this region is assooiated with the amide II 

absorption due to the O=C-NH group, which is observed in 

" -1 acyclic secondary amides in the range 1580 - 1~75 cm. • 

The 0=0-NH and HN=C-NH groups are somawhat similar, and it 

is possible that the latter could also give rise to an 

amide II band. Confirmation of this beliet is round in 

the recently reported spectrum (87) of the condensation pro­

duct of trichloroacetonitrile with primary amines, which 

proved to have the following structure (R is an alkyl group) 



Fig. 9 

Intrared Absorption Spectra of: 

3-Methyl-3-azaspiro(5.5)hendecane-l-carboxylic 

acid (XXIIa) 

3-Methyl-3-azaspiro(5.5)hendecane-l-carboxylic 

acid hydrochloride (XXIIb) 
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These campounds showed, in addition to the absorption at 

166o- 1630 ~.-1 due to the C=N stretching vibration, a 

very strong, broad band at 1520 cm.-1 which could be the 

amide II band of the HN=C-NH group. 

o) 3-Methyl-3-azaspiro(5.5)hendecane-oarboxylio Acids and 

their Hydrochlorides 

The intrared speotra of 3-methyl-3-azaspiro(5.5)-

hendeoane-oarboxylic acids are in complete accord with the 

zwitterion structure proposed for amino acids. The mono­

oarboxylio aoid (XXII, F1g.9,a} shows no absorption in the 

region (2800 om.-1 ) characteristic of ordinary oarboxylio 

acids which is due to a strongly bonded hydroxyl group (88). 

A broad band with a maximum at 24oo cm.-l is probably due to 
+ the N-H stretching vibration, by analogy to the spectra of 
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tertiary amine hydrochlorides (66). The unusually low rra­
quenay of this absorption may be attributed to a particularly 

® 
strong association, with a consequent loosening or N-H bond, 

(ibid.) of the following type: 



Fig. 10 

Infrared Absorption Spectra of: 

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

boxylic acid (XXIa) 

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

boxylic acid hydrochloride (XXIb) 
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No absorption near the normal oarbanyl stretohing trequenoy 

(1700 a.m.-1 ) of carboxy1ic groups was observed. A broad, 

strong band at 1590 cm.-1 may ba assigned to the mesomeric 

oarboxy1ate anion (page 46). 

llO 

The hydroch1oride ot 3-methy1-3-azaspiro(5.5)hendecane-

1-carboxy1io (Fig. 9b) acid exhibits a very strong, broad 

band between 2~00 and 2300 ~.-1 with a series of absorption 

maxima. This absorption is due to the strongly bonded oar­
~ 

boxylic hydroxyl partly superimposed on the N-H stretching 

absorption. The latter canstitutes the lower part of the 

band; its large shift from the nor.mal trequency is probab1y 

due to strong bonding wi th the chloride anion 

COOH 

··cl 9 

The carbonyl absorption is represented by a single strong 

band at 1700 am.-1 as in ordinary carboxylic acids. 

The sP3ctrum of 3-methyl-3-azaspiro (5.5)hendecane-l,5-

dicarboxylic acid {XXI, Fig. 1~ has a broad band at 2800 -

24oO om. - 1 which may be assigned to tbe combinat ion ot 

associated 0-H and R-H stretching vibrations. The former 



Fig. 11 

Infrared Absorption Spectra of: 

3-Methy1-3-azaspiro(5.5}hendecane-1,5-dihydroxy­

methy1 (XVIII) 

2-Dimethylaminoethy1 3-methyl-3-azaspiro(5.5)­

hendecane-1,5-dicarboxylate hydrochloride (XXIII) 
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is responsi ble for the absorption in the 2800 - 2600 -1 cm. 

region, and the latter for that in the lower portion of the 

band. The two strong, broad bands at 1700 and 1580 cm. - 1 

correspond to neutral and ionie carbanyl stretching vibrations 

res~otive1y. The origin of the 3060 om. - 1 band is unknown. 

In the speotrum of the hydroohloride of 3-methyl-3-

azaspiro(5•5)hendeoane-1,5-dioarbaxylic aoid (Fig. lOb) e. 

strong, broad band at 2~00 - 2500 om. - 1 arises trcm the stret­

ohing vibrations of the strongly assooiated o-H and N-H bonds. 

Both oarbony1 groups absorb at the identica1 trequenoy of 

1700 cm.-1 , coincident with the oarbonyl absorption ot or­

dinary acids. 

The speotrŒm of 2-dimethylaminoethy1 3-methyl-3-

azaspiro(5.5)hendeoane-1,5-dicarboxylate hydrochloride 

( XXIII, Fig. 11) is similar to that of the oorresponding 

hydroohloride of the tree acid (XXI). The oarbony1 absorp­

tion, however, ocours at 1725 cm.-1 instead of 1700 om.-1 

due t o the affect of esterification on the carbonyl stretching 

vibration (~9). 

d) Spectre of Spiro(5.5)hendecanes 

An examination ot the s~ctra of the thrae close1y 

re1ated spiranes, 3-azaspiro(5.5)hendeoane (V, Fig.12 ), 



Fig. 12 

Infrared Absorpbion Spectra of: 

3-Azaspiro(5.5)hendecane (V) 

3-0xasp1ro(5.5)hendecane (XXV) 
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Fig. 13 

Infrared Absorption Spectra of: 

Spiro(cyclohexane-1,9'-(3,7)diaza­

bicyclo(3.3·l}nonane) (XX) 

3-Thiaspiro(5.5}hendecane (XXVI) 

11~ 
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TABLE II 

Stretohing and Deformation Frequenoies in Spiro(5.5)hendeoane! 

Twisting 
(CH2} 

Waggin~ 
(CH2 

Bending 
(CH2) 

Stretohing 
CH 

Stretohing 
NH 

Stretohing 
c-o-c 

Stretohing 
e-s-c 

3-Azaspiro(5.5)- 3-0xaspiro(5.5)- J-Thiaspiro-
hendeoane hendeoane (5.5)-

775 vs (b) 
805 s (b) 

1190 m 

1325 vs 

14-50 vs 

2860 VS 

294o VS 

3300 m 

1022 s 
114-5 m 
1202 m 

1295 m 
1390 

14-52 VS 
14-72 s 

28~ vs 
29 vs 

1100 vs 

hendeoane 

1270 s 

1~2 vs 
1 3 vs 
1453 vs 

284-5 vs 
2910 vs 

652 m (90) 



3-oxaspiro(5.5)hendecane (XXV, F1g. 12) and 3-thiaspiro­

(5.5)hendecane ( XXVI, F1g. 13) revealed a complex pattern 
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ot absorption.T.here was no comman feature in the three spectra 
1 

which could be identitied with the c-c- stretching trequeney, 
1 

typical of spiranes. The only bands identified were those 

arising tram the stretching and deformation Tibrational 

modes of CH bonds which were deter.mined by comparison with 

the known spectra (4o) of such cyolic compounds as piperidine, 

tetrahydropyran, pentamethylene sulphide and cyolohexane. 

T.nese absorption maxima are listed in Table II. 

e) Spectrum or Spiro(5.5)hendecane-2,4-dione (XXVII) 

1he infrared s~otrum of spiro(5.5)hendecane-2,4-

dione (XXVII, Fig. 14) was determined both in the solid 

phase and in ohloroform solution. The latter was essentia1ly 

simi1ar to the speotrum or 5,5-dimethylcyo1ohexane-1,3-d1one 

reported by Rasmussen et al (page 50). The strongly perturbed 

O-H stretching absorption reported to ocour at 2663 cm.-1 was 

round at 2675 ~.-1 • The oarbony1 absorption of the non-

eno11zed ketone was represented by bands at 1730 and 1707 

em. - 1 canpared to 1724 and 1702 om. - 1 found by Rasmussen 

(ibid.). A strong, broad band at 1611 em.-l is due to the 

carbonyl stretohing vibration of the assooiated, ionie 
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Fig. 14 

Intrared Absorption Spectra of: 

Spiro(5.5)hendecane-2,4-dione (XXVII) 

a) Chloroform solution 

b) Solid 
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structure; in the speotrum o~ 5,5-dimethy1cyc1ohexane-1,3-

dione it was reported ·at 1605 om.-1 (ibid.). 

The spectrum of the so11d di ffers considerably from 

that of the ch1orofor.m solution. The 0-H band is more in-

tense, oonsiderab1y broadened and shifted to a 1ower fre­

quency (2800-24oa cm.-1 ). Absorption due to ketonio carbonyl 

is entire1y absent. The band at 1611 om. -l persists but 

additional bands, at 1585 and 1510 cm.-1, absent trom the 

solution spectrwm, and of unoertain origin, are observed. 

1~e absence of keto group absorption suggests that the dione 

exist entire1y as an eno1io dimer stabilized by resonance 

(page 51). The presence of the new bands may indioate 

several degrees of association in the solid state, each 

with a different resonance structure. The result would be 
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the presence of· carbonyl groups having different degrees of 

double bond character and hence absorbing in different regions. 

The tarmal structure of spiro(5.5)hendecane appears to 

be related to 3-azaspiro(5.5)hendecane-2,4-dione. The spec­

tral evidence shows that the similari ty is on1y superticial. 

While glutarimides are adequately described in terms ot con­

ventional structural formulas, (3 -diketones exist 1argely 

in the form ot associated, eno1ic complexes to which there 

is a large contribution by ionie resonance tarms. 



Fig. 15 

Infrared Absorption Spectra of: 

Spiro(5.5)hendecane-3-carboxylic acid (XXXV) 

The product of the reduction of spiro(5.5)­

hendecane-2,4-dione (XXIX} 
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EXPERIMENTAL 

All carbon, hydrogen and nitrogen analyses were oarried 

out in the laboratory o~ W. Manser in Zurich, SWitzerland. 

Chlorine in amine hydroohlorides and equivalent weights of 

aoids were determined by the author. 

All melting points reported in this work have been 

oorreoted using the set of melting point standards prepared 

by Baeyer Company, Leverkusen, Germa.ny. 

Intrared Absorption Speotra 

The infrared absorption SJBOtra were reoorded on a 

Perkin-Elmer model 21 double beam speotrophotometer equipped 

with a sodium ohloride prism. The settings or the instrument 

during the soanning or speotra were as follows: response 1:1, 

gain 5.5, speed 5-6, resolution 927 and suppression O. The 

soale was 100 om.-1/œn. in the absorption range 3800- 2000 

am.-l and lOO om.-1/4 cm. in the ran@B of 2000- 600 om.-1 • 

Potassium bromide technique was exolusively used with solid 

oompounds. The former was o~ infrared quali ty and was ob­

tained fran the Harshaw Chemi oal Co., Cleveland, Ohio_. Pre-

paration of potassium bramide dises was oarried out under 
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standardized conditions. 1~e quantity used in a single 

dise was about 4oo mg. The weight of the sample amounted 

to 1 - 2 mg. The mi::x:ing was dona in a stoppered ampule 

containing four small steel balls, which was shaken in a 

Perkin-Elmer vibrator for three minutes. Potassium bromide 

was compres sed in to a dise by applying a pressure of 20,000 

lbs./sq. in. for two minutes. 

In tabulating the absorption maxima the following 

symbols were used to desi~ate the intensity and appearanoe 

of bands: vw (very weak, w (weak), m {medium), a (strong), 

vs (very strong), vb (very broad), b (broad), eh (shoulder). 

Preparation of 3-Azaspiro(5.5}hendecane-5-oyano-2-imino-

4-o::x:o-l-carboxamide (I, 1mino imide} 

The compound was pre p)red by the method of Thorpe (9) • 

Cyclohe::x:anone (25.5 ml;0.2~6 mole) was added to the solution 

of cyanoacetamide (4o gm.; 0.~75 mole} in water (250 ml.} 
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and the solution treated with a small quantity of piperidine. 

After 2~ hours the condensation product (37 gm.) was filtered, 

dried and used without purification for the ne::x:t step. The 

pure material was obtained by dissolving the crude imino 

imide in cold, dilute hydrochloric acid and immediately pre­

cipitating with sodium acetate solution. The filtrate from 
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the original condensation product yielded a small quantity 

of a solid on long standing. When recrystallized from etha­

nol it melted at 206°. According to Thorpe (9) this com­

pound is 3-azasp1ro(5.5)hendecane-1,5-dicyano-2,4-dione (II). 

3-AZaspiro(5.5)hendecane-5-cyano-2,4-dioxo-l-carboxamide (VII) 

The imino imide (I, 37 gm.; 0.149 mole) was dissolved 

in dilute hydroch.loric acid and the solution boiled tor a 

short time. There was an immediate precipitation of a white, 

crystalline material which atter the solution cooled to 

room temperature was filtered, washed with water and dried. 

The product thus obtained (25 gm.) was a mixture of appro­

ximately equal quantities of (VII) and diimide (VIII). Pure 

(VII) was obtained by extracting the mixture with hot ethanol 

in which (VIII) is insoluble. By recrystallization tram 

dilute ethanol pure (VII) was obtained melting at 265°. 

Thorpe (9) reported a melting point of 260°. 

3-Azaspiro(5.5}hendecane-2,4-dioxo-1,5-dioarboxylio Acid (III) 

The mixture of campounds (25 gm.) obtained by acid 

hydrolysis of imino imide (I) was dissolved in 15~ aqueous 

solution of potassium hydroxide (250 ml.) and the solution 



boiled for four hours. Hot water was added oocasionally 

to maintain the volume or the solution constant. Atter the 

evolution of' ammonia had ceased, the boiling was continued 

for a short time and the solution oooled on ice. It was 
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then made strongly acidic by the gradual addition of 20~ 

hydroohloric aoid with vigorous agitation, and was 1eft in 

the refri~rator overnight. Next day the precipitated acid 

was f11tered and washed on fil ter wi th i œ-cold water. The 

product was purif'ied by repeated dissolving in aqueous sodium 

bicarbonate and reprecipitating with dilute hydroch1oric 

acid. After a thorough drying in vacuum the acid (18 gm.) 

melted at 117° with decarboxylation. The same me1ting point 

was reported bY Thorpe (ibid.). 

3-Azaspiro(5.5)hendecane-2,4-dioxo-1,5-dicarboxylic Acid 

Anhydride (~I) 

3-Azaspiro(5.5)hendecane-2,4-dioxo-1,5-dicarboxylio 

acid (1 gm.} was treated with acetic anhydride (5 ml.) in 

a smal1, stoppered flask. Atter 24 hours of standing at 

room temperature· with occasional agitation the acid dissolved. 

The solution was al1owed to stand tor two more days, tollow­

ing which the aoetic anhydride was removed under vacuum at 

room. temperature. Higher temperatures were avoided throughout 
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the operation because of the instability of the acid. The 

solid residue was di~sted with hot benzene and the insoluble 

residue filtered ott. It proved to be the unreacted acid 

(0.27 gm.). T.he benzens solution yielded on cooling white 

needles (0.63 gm.} which after two recrystallizations tram 

the same. solvant melted at 213 - 214° to a oolorless liquid. 

The compound was insoluble in sodium bicarbonate but dis-

solved readily in the cold, dilute sodium hydroxide. The 

solution after a few hours of standing was acidified w1 th 

dilute hydroohloric acid. A white, crystalline compound 

which separated was round to be readily soluble in sodium 

bicarbonate with a vigorous gasing. It melted at 117° with 

decarboxylation and henoe proved to be 3-azaspiro(5.5)­

hendecane-2,4-dioxo-1,5-dicarboxyl1c acid (III). This proves 

that the original product was the oorresponding aoid anhy-

dride. The infrared s~ ctrum showed two strong bands at 

1820 and 1785 cm.-1 due to the anhydride oarbony1 {91) and 
-1 two other bands at 1735 and 1705 cm. assooiated with the 

imide carbonyl stretching vibration. In addition bands at 

3200 and 3100 cm.-1 associated with the N-H stretching vibra-

tion of glutarimides were also observed. 

3-Azasp1ro(5.5)hendeoane-2,4-dione {IV) 

This canpound was pre J&red by the method ot Thorpe (9). 

- - - - --- --- - ---- ---- --



Pure dioarboxylio aoid (III, 12 gm.; 0.0~55 mole) was heated 

in large test tube on an oil bath at 130 - 1~0 until evolu­

tion of carbon dioxide had slowed. The tem,I:e rature was then 

raised to 180° and kept tn this region for one hour. The 

tube was then oooled, the solid digssted with hot benzene, 

boiled with oharcoal and filtered hot. On cooling the til­

trate yielded white needles (7.0 gm.) which atter reorystal­

lization from benzene melted at 168°, in agreement with the 

literature {ibid.). 

3-Azaspiro(5.5)hendeoane {V) 
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Lithium aluminum hydride (~ gm.; 0.105 mole) was 

dissolved in anhydrous, pure tetrahydroturan (200 ml.) by 

refluxing for tour hours with stirring. Pure, dry 3-aza­

spiro(5.5)hendeoane-2,~ione (IV, 6 gm.; 0.0331 mole) was 

plaoed in the extraction thnnble of a Soxhlet apparatus 

whi ch was then fi tted to the t'las k. The solution was re­

f'lu::x:ed until all the dione was extracted whioh required 48 

hours. The refluxing was oantinued for another 24 hours, 

the solution then oooled on ioe and exoess hydride deoom­

posed by the oareful addition of water with efficient stir­

ring. The solid material was then tiltered ott and extracted 

four times with lOO ml. portions of ether. Tetrahydrofuran 

tram the original filtrate was removed by distillation, the 
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residual oil cambined with the condensed ethereal extract 

and dried over solid potassium hydroxide. Ether was then 

removed and the oil distilled under reduœd pressure. The 

distillats (3.5 gm.) was collected at 11~- 116°/2~ mm.; 

i t was a colorless, mobile liquid having a strong, unpleasant 

smell resembling piperidine. On standing in the air it was 

slowly converted to a white solid, mel ting at 70 - 80° which 

is probably a hydrated carbonate formed b,r the reaction of 

the base with atmospheric carbon dioxide and moisture. The 

base was readily soluble in alcohol, ether and benzene but 

insoluble in water. Hydrochloric acid reacted vigorously 

with the compound; the product after three recrystallizations 

tram chloroform melted at 2~ - 2~1°. Calculated for c10H2QNC1: 

Cl, 18, 61. Found: Cl, 18.71. Reaction with p-nitrobenzoyl 

chloride yielded a solid derivative which after recrystal-

lization from dilute ethanol formed pale yellow scales 

melting at 118°. Calculated for c17H22N2o3 :c, 67.50; H, ~3~; 

N, 9.26. Found: C, 67.25; H, 6.91; N, 9.~7. 

Esterification of 3-Azaspiro(5.5)hendecane-2,~dioxo-1,5-

dioarboxylic Acid (III) 

To the ethereal solution of diazomethane obtained by 

decompesition of N-methylnitrosothiourea (80 gm.; 0.667 mole) 

with 50% aquaous potassium hydroxide (92} the acid (33-5 gm.; 
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0.125 mole) was added in small portions with occasional 

agitation. After 12 hours all the acid dissolved and there 

was no evolution of gas. The solution was left to stand for 

24 hours following which most of the ether was removed by 

distillation, the remainder being eliminated under reduced 

pressure. Vacuum distillation of the residue yielded a heavy, 

extremely viscous, colorless oil (31 gm.) boiling at 195-

201°/2 mm. Since diazomethane has been reported (70) to 

methylate smoothly the imide nitrogen, the product is 

methyl 3-methyl-3-azaspiro(5.5)hendecane-2,4-dioxo-1,5-

dicarboxylate (XVI). A small quantity of the ester was 

kept in a vacuum desiccator for several weeks, after which 

time it partly crystallized but attempts failed to recrys­

tallize i t. 

3-Methyl-3-azaspiro (5. 5)hende cane-1, 5-dihydro:x:ymethyl {XVIII) 

Lithium aluminum hydride (16 gm.; 0.422 mole) was dis­

solved in absolute ether (250 ml.) by refluxing with stirring 

for three hours. A two-necked flask equipped with a condenser 

and separatory funnel containing the solution of ester (XVI) 

(30.5 gm.; 0.098 mole) in absolute ether (lOO ml.) was used 

for the reaction. Agitation was effected by means of a 

magnetic stirrer. The solution of ester was added at such a 
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rate that a mild retluxing was maintained. Atter all the 

solution had been added, the mixture was retluxed ror 12 

hours and then cooled on ioe. The excess hydride was decom-

posed by the careful addition of water, ether solution fil-

tered and the solid material extracted wi th ether in a Soxhlet 

apparatus. The extract was combined with the original ether 

filtrate, the cambined solutions reduced to a small volume 

and dried over solid potassium hydroxide. The ether was 

next removed, first by ordinary distillation, later under 

vacuum. The oily re~idue was kept under vacuum until 1t 

solidified. The yield of a crude material was 17 gm. A 

small quantity recrystallized three times from chlorotorm­

petroleum ether mixture yielded white, granular crystals, 

melting at 147- 148°. Calculated tor c13H25N02:C, 6~.~9; 

H, 11.01; N, 6.16. Found: C, 6~.~; H, 10.91; N, 6.15. 

The compound is readily soluble in ethanol and chlorotorm, 

sparingly soluble in ether and etbyl acetate and insoluble 

in petroleum ether, benzene and water. A hydrochloride was 

formed by dissolving the substance in dry ether and passing 

hydrogen chloride gas through the solution. It melted .at 

245 - 247° atter recrystallization tram ethanol-ethyl acetate. 

Caloulated for C13H26N02Cl: N, 5.31; 61, 13.50. Found: N, 5.20; 

Cl, 13.48. 
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)~ethyl-3-azaspiro(5.5)hendecane-1,5-dicarboxylic Acid (XXI) 

A solution of 3-methyl-3-azaspiro(5.5)hendecane-1,5-

dihydroxylmethyl (XVIII, 17 gm.; 0.075 mole) in 25~ sul­

phuric acid (70 ml.) was added slowly to the solution of 

chromic oxide (35 gm.; 0.35 mole) in water (70 ml.) with 

stirring. There was a strong evolution of heat. When all 

the solution had been added, it was heated on the steam 

bath for three hours. The reaction mixture was then cooled 

and the excess of chromic oxide reduced by passing sulp~ur 

dioxide for three hours. The removal of chromium and sulphate 

ions was aocomplished by introducing an excess of boiling 

solution of barium hydroxide (150 gm. in 500 ml. of water)." 

The solution was heated on the steam bath and the excess 

barium hydroxide removed as barium carbonate by adding dry 

ice with an efficient stirring. The precipitated solids 

were tiltered off and extracted tive times with large quan­

tities of hot water, the slurry being filtered each time. 

The oambined filtrates (about two liters) were treated care­

fully with dilute sulphuric acid until the addition caused 

no further precipitation of barium sulphate. This ocourred 

at pH 2.7. The preoipitated barium sulphate was filtered, 

the filtrate evaporated on a steam bath to a small volume, 

boiled with charcoal and filtered hot. A large crop of cry­

etals was obtained on cooling. The filtrate was evaporated 

further and it yielded an additional quantity of crystals. 



The oambined yield was 5.2 gm. A small quantity of the 

substance was recrystallized three times fram water. It 

melted at 293 - 29~0 with decomposition. The compound is 

strongly hygroscopie. When thoroughly dried it gained 7i 
weight in 15 minutes, which is equivalent to one mole of 

water. There was same indication that drying at 100° in a 

vacuum did not remove all the water from the compound. It 

was apparently due to this reason that analyses did not give 

a good agreement. Calculated for c13H21NO~ : C, 61.22; H, 

~.23; N, 5.~9. !Pound: C, 59.24-; H, 8.4-7; N, 5.17. Calou­

lated for c13H21No~.ifl20: C, 59.21; H, 8.3~; N, 5.31. 

Since dicarboxylic monoamino acids behave as mono-

oarboxylic acids when titrated with alkali hydroxides in 

presence of phenolphthale~ (93, 94-) it was possible to 

determine equivalent weight. Calculated: 255.3. Found: 257. 

The acid was insoluble in all common organic solvants, in­

cluding ethanol. When treated with 20~ hydroohloric acid 

and evaporated to dryness it fonned a hydrochloride which 

after recrystallization from aqueous acetone melted at 273-

2750 with decomposition. Calculated for c13H2~0!J.Cl : Cl, 

12.18. Found: Cl, 11.8~. The aoid failed to yield an ester 

when its solution in absolute ethanol was treated with dry 

hydrogen chloride. The product isolated after the removal 
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ot ethanol was hydrochloride of the free aoid. Esterification 

wi th diazomethane was also unsuccesstul. Most of the aoid 
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remained undissolved atter standing tor four days in the 

ethereal solution of diazomethane. Evaporation of ether 

solution yielded a very small quantity of oil having strong 

amine smell. It was dissolved in dry ether and treated with 

dry hydrogen chloride. A white solid precipitated immedi­

ately but arter s ome time 1 t reconverted to oil. The insol­

uble solid from the diazomethane solution melted considerably 

lower (180 - 190°) than the starting material. It probably 

represented a mixture of monoester and the unreacted acid. 

The infrared spectrum is in complete agreement with the main 

structural features and in addition it supports the zwitterion 

structure of the compound. 

Synthe sis ot Spiro(cyclohe:x:ane-1, 9 •-(3, 7}-diazabicyclo 

(3.3.1}nonane (XX) 

The starting material tor this preparation was 2', lp, 

6•, 8•-tetroxo-spiro(cyclohexane-1,9'-{3.7)-diazabicyclo­

(3.3.l)nonane) or "diimide" (VIII). It was prepared by the 

method described by Thorpe (9). 

The "diimide" (4-.3 gm..; 0.172 mole) was reduced by 

lithium aluminum hydride (5 gm.; 0.132 mole) using tetrahydro­

turan as a solvant {250 ml.). Soxhlet extraction apparatus 

was employed; the solution was stirred mechanically. It took 
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f'i ve days ot ref'luxing to extract all the di imide. :EUrther 

treatment was very similar to the one employed in the prepara­

tion of' 3-azaspiro(5.5)hendecane (V). Af'ter the removal of 

sol vent, an oil having strong amine s~ll was obtained. On 

long standing in a vacuum desiocator it partly crystallized 

in the f'or.m of large prisms, but attempts to isolate them 

f'ailed, the material reconverting to oil on being exposed 

to air. Because of this, the substance was converted to 

hydroohloride and purified by recrystallization tram ethanol. 

It melted at 277- 279° with decomposition. Caloulated tor 

C~24N2Cl2 : C, 53.~3; H, 9.03; N, 10.47; Cl, 26.52. Yound: 

C, 53.76; H, ~.90; N, 9.92; Cl, 26.58. The hydrochloride 

(0.52 gm.} was treated with 25~ solution of aqueous potassium 

hydroxide, the liberated oil extracted with ether and ether 

extract dried over solid potassium hydroxide. The ether 

solution was then decanted and ether removed in a vacuum 

desicoator. A white, crystalline material was left; it 

melted sharply at 73°. The infrared absorption spectrum 

showed a broad band of high intensity at 334o œn.-l oorres­

ponding to a bonded NH stretching vibration and no absorption 

in the carbonyl region. 

Attempted Selective Acid Hydrolysis of the Imino Imide (I} 

The purpose of this reaction was to hydrolyze the oar­

boxamide group of the imino imide (I) to carboxyl without 



artecting the nitrile group. It was expected that in this 

way the monosubstituted 3-azaspiro(5.5)hendecane-2,4-dione 
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would be obtained by removing the unstable carboxylic group. 

The method employed was based on the procedure of' Thorpe (9) 

for the hydrolysis of 4,4-dimethylpiperidine-5-cyano-2-imino-

6-o:x:o-3-carbo:x:amide (XXXVII). 

lst. Attempt 

The imino imide (10 gm.; 0.04o3 mole) was dissolved in 

10% hydrochloric acid (750 ml.) and the solution refluxed with 

stirring for 30 hours. A large quantity of a solid material 

separated from the solution in the initial stage of the hydro­

lysis. The material (5.1 gm.) was filtered orf; it melted 

at 4oo0 and hence proved to be the "diimide" (VIII). The 

filtrats was evaporated to lOO ml. and cooled. The deposited 

crystalline product was filtered and treated with sodium bi­

carbonate solution. The extract yielded on acidification an 

acid (0.43 gm.) which after recrystallization tram dilute 

ethanol melted at 180°. Calculated for cyclohexane-1,1-

diacetic acid, C1QH16o4, equivalent weignt: 100. Found: 101. 

The melting point reported by Thor~ (9) was 181°. The bicar­

bonate insoluble material (0.27 gm.) was found to be diimide 

(VIII). The filtrate was taken to dryness, washed with a 

large quantity of water to remove 8IIIDlonium chloride and treated 

with sodium bicarbonate solution. There was no reaction and 



acidification of the filtered solution yielded no precipi­

tate. The solid was next extracted with boiling benzene and 

the extract filtered, evaporated to a small volume, and 

cooled. A crystalline material was obtained. It melted 

at 167° after recrystallization from benzene and showed 

no depression with 3-azaspiro(5.5}hendecane-2,4-dione (IV}. 

The yield was 0.65 gm. The benzene insoluble material (0.60 

gm.} melted at 212- 230°. It was insoluble in all common 

organic solvents with the exception of hot glacial acetic 

acid. 

2nd. Attempt 

The imino imide (I, 10 gm.; o.o4o2 mole) was dissolved 

in 10% hydroohloric acid (750 ml.) and the solution refluxed 

with stirring for 12 hours. The yie ld of the insoluble 

diimide (VIII} was 5.9 gm. The filtrats was prooessed as 

in the previous attempt. The following compounds were iso­

lated: 

cyclohexane-1,1-diacetic acid 

3-azasp1ro(5.5}hendecane-2,4-dione (IV) 

substance melting at 207 - 225° 

0.1 gm. 

o. 3 gm. 

1.4- gm. 

The last product resembled closely the material melting at 

212 - 230° isolated in a previous attempt. It was readily 

soluble in cold, dilute potassium hydroxide; a viscous oil 
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which precipitated upon acidification could not be crystal­

lized despite numerous attempts. An attempt was made to 

hydrolyze the compound with 15% potassium hydroxide. The 

solution in potassium hydroxide was boiled for two hours; 

there was a continuous evolution or ammonia. After it was 

oooled and aoidified with 20% hydrochloric acid, an oil 

preoipitated which again could not be crystallized. Since 

the bulk of imino imide reacted to produce the diimide and 

the prospects of obtaining a satisfactory yield or a mono­

substituted spiro{5.5)hendecane-2,4-dione appeared remote, 

rurther attempts or acid hydrolysis or imino imide were dis­

continued. 

Aqueous Hydrolysis of the Imino Imide 

lst. Attempt 

The imino imide {10 gm.; 0.0403 mole} was dissolved 

in water {1500 ml.} by heating to boiling with agitation. 

After a period or five hours, a solid material began to 

separate in the form or fine needles. The solution was then 

cooled down to room temperature and the crystals filtered 

ott. The substance (5. 2 gm.) melted at 275° and was insoluble 

in all common organic solvants. It also did not dissolve in 

dilute sodium hydroxide but readily dissolved in dilute 



hydroohloric acid. The solution yielded on long standing 

at room temperature a solid proved to be diimide (VIII). 

The original tiltrate yielded on evaporation a small quan-
o 

tity of orystalline material (1.2 gm.) melting at 213- 225 • 

It was insoluble in common organic solvants but dissolved 

easily in cold, dilute sodium hydroxide. The compound was 

not soluble in hydrochloric acid even on bo111ng. The sub-

stance was purified by recrystallization from a large volume 

ot boiling water; it separated from this solvant in large, 

thiok needles melting at 228 - 235°. Six crystallizations 

from boiling water brought the melting point to 252 - 253°. 

The compound proved to be identioal with materials melting 

0 0 at 212 - 230 and 207 - 225 obtained in a previous acid 

hydrolysis of imino imide atter they had been similarly 

purified. 

2nd. Attempt 

The imino imide (10 gm.) was dissolved in boiling 

water (3 liters) and the boiling continued until no more 

ammonia was evolved; the prooess required tour days. No 

separation ot solid material was observed. The solution 

was next evaporated to 500 ml., boiled with charcoal and 

tiltered hot. The tiltrate yielded on cooling a crystalline 



substance which was filtered, washed with water and dried. 

It melted at 225- 233°. The substance (3.1 gm.) was ex-

tracted with hot benzene; on evaporation to a small volume 

the extracts yielded a compound (0.9 gm.) melting at 155 -

160°, which after purification proved to be the dione (IV). 

The benzene extracted substance melted at 23~ - 242° and 

after a few recrystallizations fran boiling water, 1 t melted 

0 
at 252 showing no depression with the stmilar product of 
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the previous hydrolysis. The original filtrats was evaporated 

to about lOO ml. and yielded on cooling an additional quan­

tity of the pr oduct. The yield of the benzene extracted 

material was 1.5 gm. The infrared spectrum of the compound 

melting at 252° showed strong absorption bands at 3430, 3200 

and 3100 cm.-1 indicating N-H stretching vibration of the 

primary amide and the glutarimide ring. Calculated for 3-

azaspiro(5.5)hendecane-2,4-dioxo-l-carboxamide (XIV), c11H16N2o3 : 

C, 58.96; H, 7.19; N, 12.50. Found: C, 59·35; H, 7.02; N, 12.36. 

The best conditions t: or the preparation of t his compound were 

found when the dur at ion of hydrolys is was limi ted to 24 hours. 

For optimum conditions the yield of the product was 5.25 gm. 

from 10 gm. of crude imino imide. The yield of dione (IV) was 

0.5 gm. Certain quantity of the product was present in the 

residue obtained by the evaporation to dryness of the final 



filtrate but it was strongly cantaminated with dark, amor-

phous products whioh were difficult to separate. 

Hydrolysis of the Diimino Diimide (XIII) and the Diimide 

(VIII) by Water 

Pure diimino diimide {1.1 gm.; 0.0045 mole} was intro-

duoed into one liter of boiling water. After six hours of 

boiling with stirring, it dissolved oampletely. The solu-

tion was then evaporated to 150 ml. and oooled. The separated 

crystals were filtered, washed with water and dried. They 

melted at 246- 249°, and when recrystallized tram water 

showed no depression with the previous product of aqueous 

0 hydrolysis, melting at 252 • An additional quantity of the 

product was obtained on evaporation of the filtrats, bringing 

the total yield to 0.~3 gm. 

The results of aqueous hydrolysis of the diimide {VIII) 

oarried out under similar conditions were almost identioal. 

Synthesis of 3-Azaspiro(5.5)hendecane-l-oyano-2,4-dione (X) 

}-Azaspiro(5.5}hendeoane-2,4-dioxo-l-oarboxamide 

(XIV, 0.2 gm.) was treated with thionyl chloride. T.he in1-

tially vigorous reaction soon subsided; the mixture was then 

refluxed on the steam bath for 30 minutes and cooled on ice. 



Water was next added very carefully to decompose unreacted 

thionyl chloride. The solution was then filtered, washed 

with water and the dark solid recrystallized from a large 

volume of hot water. The product melted at 192 - 194°. 

The infrared spectrum showed characteristic N-H stretching 

bands of glutarimides at 3200 and 3100 œn.-l and a sharp 

band at 2245 om.-1 associated with the absorption of the 

nitrile group. The carbonyl stretching absorption was also 

observed in the region characteristic of glutarimides (1730 -

1670 cm. -l) 

Attempted Partial Decarboxylation of 3-Azaspiro(5.5)hendecane-

2,4-dio:x:o-1,5-dicarboxylic .Acid (III) 

3-Azaspiro (5. 5) hendecane-·2, 4-di oxo-1, 5-dicarbo:x:yli c 

acid (III, 0.5 gm.) was dissolved in 0.1 N potassium hydroxide 

(16.2 ml.; titre, 0.8687). The amount of hydroxide was cal­

culated so as to neutralize exactly half of t he quantity of 

aoid. T.he solution was evaporated to dryness under the re­

duced pressure at roam temperature. The dry residue was 

next heated on the oil bath at 100° for 20 minutes. The 

materiel thus treated was insoluble in water. Atter washing 

with water and recrystallization from benzene, it melted at 

165° and proved to be 3-azaspiro(5.5)hende cane-2,4-dione. 

Similar experimenta showed that partial decarboxylation of 



the acid by routa or monosodium salt was not feasibla as 

a simultaneous elimination of both carboxylic groups occurred 

even on mild heating. 

Alkaline Hydrolysis of 3-Azaspiro(5.5)hendecane-2,4-dioxo­

l-carboxamide (XIV) 

The amide (XIV, 3 gm.) was dissolved in 15% potassium 

hydroxide (12 ml.) and boiled for two hours in an open beaker. 

Water was added occasionally to maintain the original volume. 

The solution was cooled on ice and acidiried with 20% hydro­

chloric acid. There was an immediate separation of a vis­

cous oil. The aqueous solution was decanted. The oil reacted 

vigorously with sodium bicarbonate. It was dissolved in 

acetone and the solution lert to evaporate slowly. The crys­

talline solid which separated on standing was filtered and 

washed on rilter with a little acetone. The material (0.33 

gm.) melted at 132° with a vigorous evolution of gas. Several 

attempts to recrystallize it, using either ethanol-benzene 

or acetone-carbon tetrachloride mixtures failed because the 

compound decarboxylated even at temperatures below the boiling 

point or these solvants. Attempts to puriry the crude acid 

by dissolving in sodium bicarbonate solution and reprecipi­

tating with dilute hydrochloric acid also failed since on 

acidification of the solution the acid precipitated as an oil. 

The bicarbonate insoluble material represented on the average 



15~ of the starting material and consisted of appro::rtmately 

equal quantities of the starting material and diane (IV). 

Preparation of 3-Azaspiro (5. 5)hende .cane-2 ,4-dio:x:o-1-

carbo:x:ylic acid (XI) 

14-1 

The method employed has been described by Thorpe (9). 

3-Azaspiro(5.5)hendecane-2,4-dio:x:o-l-carbo:x:amide (XIV, 4 gm.; 

0.0178 mole) was dissolved in concentrated sulphuric acid 

(11 ml.) and the solution cooled below 0°. 20~ Sadi~ ni­

trite solution (20 ml.) was added drop by drop with a vigo­

rous agitation. Atter 30% of sodium nitrite had been added, 

a solid material began to separate. The solution after the 

addition was left for a few hours at room temperature. It 

was then cooled to 0° and diluted to twice the original 

volume by adding ice. The solid was filtered and washed 

on filter with cold water. The material (2.5 gm.) was dried 

under vacuum; it melted at 134° with foaming and subsequent 

resolidification. The new solid melted at 161°. A small 

quantity of acid was decarboxylated and the product recrys­

tallized from benzene. It melted at 167° and showed no de­

pression with 3-azaspiro(5.5)hendecane-2,4-dione (IV). 

The product was found to be completely soluble in 

aqueous sodium bicarbonate. When reprecipitated with dilute 



0 hydrochloric acid, tiltered and dried it melted at 135 • 

The melting point could not be raised by repeating the pro-

cess. The infrared spectrum showed two bands at 3200 and 
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3100 cm.-1 , characteristic of glutarimides and no absorption 

above this region. A very broad band near 2600 cm.-1 , similar 

to that found in carboxylic acids (strongly bonded o-H stret-

ching vibration) was also present. Calculated equivalent 

Cyclohexane-1,1-diacetic Acid Anhydride (XXX) 

The preparation was based on the method of Thorpe (9). 

Crude imino imide (I, 33 gm.; 0.133 mole) was dissolved in 

conce~trated sulphuric acid (~5 ml.), some water (13 ml.) 

added and the solution heated on a sand bath until a Vigorous 

evolution of carbon dioxide took place. The solution was 

then kept at this temperature (130 - 14o0
} until no more 

gas evolved which required sevan hours. It was then cooled, 

diluted with equal volume of water and gradually heated to 

the boiling point. After a few hours ot boiling the solution 

was cooled again and a large volume of water added. The pre-

oipitated crude cyclohexane-1,1-diacetic acid was filtered 

and washed with ice cold water. It was next dissolved in 



sodium bicarbonate solution, boiled with charcoal, filtered 

and acidified with dilute sulphuric acid. Finally it was 

recrystallized fram dilute ethanol. The material (24 gm.} 
0 0 

malted at 179 - 180 • Literature melting point (9) was 181 • 

The acid (24 gm.; 0.12 mole} was refluxed tor four hours with 

acetic anhydride (70 ml.; 0.63 mole}. Acetic anhydride was 

then distilled off and the product distilled under reduced 

pressure, collecting at 143 - 152°/2 mm. The yield was 20.5 

gm. A small quantity after two recrystallizations melted 

at 73°. The same melting point was reported by Thorpe (ibid.). 

Cyclohexane-1,1-di (2-ethanol} '(XXXI) 

Cyclohexane-1,1-diacetic acid anhydride (XXX, 19.5 

gm.; 0.107 mole) was placed in the extraction thimble of 

Soxhlet apparatus which was fitted into a flask containing 

the solution of lithium aluminum hydride (10 gm.; 0.266 mole} 

in absolute ether (250 ml.). After the solution had been 

refluxed for 12 hours all the anhydride dissolved. The solu-

tion was refluxed for another 6 hours following which the 

excess hydride was decomposed with water. The solution was 

filtered and the solid material extracted with ether, using 

Soxhlet extractor. Ether was then removed and the residual 

oil distilled under vacuum. 
0 

It was collected at 152 - 157 /2 mm. 



The intrared spectrum showed no bands in the carbonyl absorp­

tion region and a broad, high intensity band at 34o0 cm.-1 

oorresponding to bonded O-H stretching vibration. Prominent 

absorption was also observed in the region 1065- 1000 om.-1 

associated with 0-H deformation vibrations. 

The oily materiel crystallized when kept in the refri­

gerator for a few hours. The solid (17.5 gm.) melted at 

45 - 49°. After two recrystallizations from carbon tetra­

chloride the compound melted at 55°. It was insoluble in 

water and ligroin sparingly soluble in benzene, ether and 

carbon tetrachloride, and readily soluble in ethyl and methyl 

alcohol. Calculated for c10H20o2 : C, 69.70; H, 11.70. 

Found: C, 69.35; H, 11.83. 

3-0xaspiro(5.5)hendecane (XXV) 

Cyclization of cyolohexane-l,l-di(2-ethanol) was first 

attempted following the method of Newman and Whitehouse 

(95). Dry hydrogen chloride was passed into the solution 

ot diol in benzene at room temperature. Some evolution of 

heat was observed at the beginning. After three hours the 

solution was shaken with water and sodium bicarbonate solu-

tion and finally dried over the anhydrous sodium sulphate. 

Benzene was removed by distillation and the residual oil 



distilled under reduced pressure. A small quantity or a 

mobile, colorless liquid was collected at 90 - 120°/28 mm. 

It had a pleasant smell resembling that of essentiel oils. 

The bulk of liquid distilled at 150- 160°/2 mm.; it repres­

ented the unreacted material. 

A successful synthesis of 3-oxaspiro(5.5)hendecane 

was accomplished using the method of Reynolds and Kenyon 

(19). The diol (16.7 gm.; 0.097 mole) was dissolved in 

2,6-lutidine (45 ml.; 0.445 mole) which had been previously 

purified by fractionation and dried by refluxing over barium 

oxide with the subsequent distillation. The solution was 

placed in a lOO ml. three-necked flask equipped with a 

stirrer, condenser and the separatory tunnel containing 

benzenesulphonyl chloride (12 ml.; 0.0492 mole). The stir­

ring was started, the solution heated to boiling and ben­

zenesulphonyl chloride added dropwise to the solution. 

After the addition refluxing was continued for another hour 

and the solution cooled to room temperature. Suffioient 

water was added to dissolve the solids and the solution 

extracted three times with 150 ml. portions of ether. The 

combined ether extracts w·ere shaken with dilute sulphuric 

acid (200 ml.) in the separatory tunnel, the aoid layer 

removed and the extraction with aoid repeated twice. Atter 

the removal of lutidine the ether solution was shaken three 
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times with water and then oondensed to about· 50 ml. It 

was then dried over the anhydrous potassium carbonate. The 

ether was removed by distillation and the residuel oil 

fraotionated under reduoed pressure. Most of the liquid 

(11 ~.) distilled at 102- 103°/23 mm. The intrared speo-

trum showed no absorption due to either hydroxyl or oarbonyl 

-1 groups. A very intense band at 1100 cm. was very likely 

due to antisymmetrio c-o-c stretohing vibration (96, 97), 

oharaoteristio of strainless oyolio ethers. Caloulated tor 

Spiro(5.5)hendeoane-2,4-dione (XXVII) 

'!he starting materiel for this preparation, oyolo-

hexylideneaoetone was synthesized by the method of Wallach 

(9g). To the solution of pure, dry oyolohexanone (~9.25 gm.; 

0.5 mole) in dry acetone (29 gm.; 0.5 mole) a 5i solution 

of sodium ethoxide in absolute ethanol (245 ml.) was added 

over a period of two hours with stirring. The mixture was 

oooled on ioe. After the addition fresh ioe was paoked 

and the solution left "to stand overnight. A large quan­

tity of water was then added to the solution, the separated 

oil extracted with ether and ether removed from the combined 

extraots by distillation. The residue was steam distilled 

and the distillate extraoted a few times with ether. The 
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ether solution was reduced to a small volume and dried over 

the anhydrous sodium sulphate. Ether was then removed and 

the residuel liquid fractionated under the reduced pressure. 

A traction distilling at 90- 105°/2~ mm. (11 gm.} was co1-

1ected. 

Preparation of dione from cyclohexylideneacetone 

tollowed the procedure of Norris and Thorpe (16). Cyclo­

hexylideneacetone (11 gm.; 0.086 mole) and dry, freshly 

disti11ed ethyl malonate (13 ml.; 0.0768 mole) were refluxed 

tor two hours in a 5~ solution of sodium ethoxide in absolute 

ethanol (30 ml.). The hot reaction mixture was then poured 

into the boiling solution of barium oxide (6~.5 gm.) in 

water (615 ml.). The solution was refluxed tor twenty hours. 

It was then cooled, the unsaponified malonie ester extracted 

with ether, the solution acidified with concentrated hydro­

chloric acid and boiled for 15 minutes; the separated oil 

was extracted with chloroform. The combined chloroform 

extracts were evaporated to a small volume, dried over the 

anhydrous sodium sulphate and the solvant removed by distil­

lation. The residuel oil solidified on cooling. It was 

purified by four recrystallizations from benzene. The com­

pound (2.1 gm.) formed white needles melting at 169°. The 

malting point reported by Norris and Thorpe (ibid.) was 

170-5° 



Haduction of 8piro(5.5)hendecane-2,4-dione (XXVII) 

The dione (1.3 gm.) was introduced directly into 

the ethereal solution of lithium aluminum hydride (1.5 gm. 

in 100 ml. of dry ether) in small portions. A moderate 

reaction accompanied the addition. Originally extraction 

wi th ether using Soxhlet assembly was attempted but the 

compound turned out to be completely insoluble in ether. 

After the addition refluxing with stirring was continued 

for 24 hours. The solution was processed in a usual way, 

the solids filtered ott and e::x:tracted with ether using 

Soxhlet apparatus. The oombined ethereal solutions were 

evaporated to a small volume, dried over the anhydrous so-

dium sulphate and the ether distilled off. The quantity 

of the residual oil was not sufficient to permit fractiona-

tion. The infrared spectrum showed a very strong, bread 

band in the Q-H stretching region (3350 cm.-1 ) its intensity 

indicating more than one hydroxyl group. The presence of a 

very bread and strong band in the region 1100- 1000 cm.-1 

(o-H deformation vibrations) confirmed this opinion. A 

sharp, medium intensity.band at 3020 cm.-1 together with 

weak, broad bands at 1700 and 1650 cm.-l indicated the un-

saturation. The product was next refluxed for three hours 

in benzene over phosphorus pentoxide in order to eliminate 



hydroxyl groups by dehydration. Benzene was subsequently 

removed leaving a small quantity of a semisolid, brown 

materiel. Its infrared spectrum showed a complete absence 

of OH absorption but there was also no indication of un­

saturation. The spectrum resembled closely that of a 

saturated hydrocarbon, suggesting the polymerization of 

the dehydrated product. 

Methyl 3-Methyl-3-azaspiro(5.5)hendecane-2,4-dioxo-l­

carboxylate (XVII) 

3-Azaspiro(5.5)hendecane-2,4-dioxo-l-carboxylic acid 

(XI, 6 gm.; 0.0266 mole) was treated with the ethereal solu­

tion of diazomethane produoed by the decomposition of N­

methylnitrosothiourea (12 gm.; 0.1 mole) with 50% potassium 

hydroxide. After six hours all the acid dissolved. The 

solution was left to stand overnight and the ether subse­

quently removed by distillation. The oily residue solidified 

on long standing in vacuum. The crude material (6.75 gm.) 

was recrystallized three times from methanol. It melted at 

82°. The infrared spectrum showed the absence of N-H stret­

ching bands proving the methylation of the imide nitrogen. 

The presence of glutarimide ring was apparent tram the two 

strong bands at 1728 and 1670 cm.-1 and their overtones at 
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344o and 3370 cm.-1 • The ester carbonyl stretching absorp-

tion was apparently superimposed on the imide carbonyl 

stretching frequency at 1728 

C, 61.64; H, 7.56; N, 5.53. 

-1 cm. • Calculated for c
13

H19o4N: 

Found: C, 61.54; H, 7.60; N, 5.55. 

3-Methyl-3-azaspiro(5.5)hendecane-l-hydroxylmethyl (XIX) 

Lithium aluminum hydride (3 gm.; 0.079 mole) was dis­

solved in ether (150 ml.) by refLuxing for three hours. 

Methyl 3-methyl-3-azaspiro(5.5)hendecane-2,4-dioxo-l-car­

boxylate (XVII, 4.3 gm.; 0.017 mole) was placed in the ex-

traction thimble of the Soxhlet apparatus and the solution 

refluxed until all the ester had been transferred into the 

reaction flask. The refluxing and stirring continued for 

six hours following which the solution was cooled on ice, 

the excess hydride decomposed in a usual way and the solids 

filtered. They were next- extracted with ether using Soxhlet 

apparatus and the ether extract cambined with the original 

filtrate. The ether solution was reduced to a small volume 

by distillation and treated with equal volume of petroleum 

ether. Atter several hours the product crystallized. The 

filtrate of these crystals was evaporated to dryness yielding 

an additional quantity of the solid materiel. The total yield 

of the orude product was 3.0 gm. A small quantity was recrys-

tallized twice from ether-petroleum ether mixture. It melted 



0 at 92 • The compound was readi1y soluble in ether, chloro-

form, benzene, a1cohol and mineral acids but insoluble in 

water and ligroin. Calculated for c12H230N: C, 73.05; H, 

11.75; N, 7.14. Found: C, 72.53; H, 11.45; N, 7.06. 

3-Methyl-3-azaspiro(5.5)hendecane-l-carboxylic Acid (XXII) 

The modified procedure of Karrer and Widmer (99) 

used for exhaustive oxidation of piperidine was employed. 

Crude 3-methyl-3-azaspiro(5.5)hendecane-l-hydroxymethyl 

(XIX, 1 gm.) was dissolved in 25% sulphuric acid (6 ml.) 

and the solution added drop by drop to a solution of chromic 

oxide {2 gm.} in water (5 ml.) with stirring. A considerable 

evolution of heat was observed. After the addition the solu-
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tion was heated on the steam bath for two hours with stirring. 

Certain amount of tarry material formed at this stage. The 

solution was cooled and sulphur dioxide passed for three 

hours to reduce the exoess of chromic oxide. It was next 

boiled to expel the sulphur dioxide and subsequently treated 

with a solution of barium hydroxide {15 gm.) in boiling 

water (15 ml.}. The slurry was heated for s ome time on the 

steam bath and the excess of barium hydroxide removed by 

adding dry ice with good agitation. 'rhe precipitation was 

completed at pH 5.5 of the solution. The mixture was fi l tered 



hot and the solids treated three times with 200 ml. portions 

of boiling water, the resulting slurry being filtered each 

time after an efficient stirring. The combined filtrates 

were heated to boiling and treated very carefully with dilute 

sulphuric acid exactly to the point when the addition did 

not cause any further precipitation of barium sulphate. 

The precipitate was filtered and the solution evaporated 

to dryness on the steam bath. The solid residue was dis-

solved in a small quantity of hot water, boiled with char-

coal, filtered and the filtrate condensed to a small volume. 

A crystalline material in a for.m of shiny scales separated 

on cooling. It melted at 301°; the recrystallization failed 

to raise the melting point above this value. The filtrate 

after evaporation to a small volume and cooling, yielded 

an additional portion of crystals. The cambined yield was 

0.68 gm. Part of the acid was converted to hydrochloride. 

The salt was purified by two recrystallizations from ethanol-

ethyl acetate. 
0 

It melted at 267 - 269 • Found: Cl, 14.12%. 

Calculated for C12H22No2c1: Cl, 14.32%. The infrared speotrum 

showed a bread band at 2800- 24oo cm.-l representing the 
+ 

strongly perturbed o-H and N-H stretching vibrations and a 

-1 strong band at 1700 om. due to oarbonyl stretching vibra-

tion. The spectrum of the tree amine acid showed a bread 
,,~ -1 + band at 2~0 cm. due to N-H stretching vibration and a 
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-1 
strong band at 1592 cm. assigned to carbonyl stretching 

absorption of the carboxylate anion. Calculated for c12H21No2 : 

C, 68.21; H, 10.02. Found: C, 67.93; H, 10.07. 

Cyclohexane-l,l-di(2-ethyl chloride) (XXXvi) 

The preparation was based on the procedure of Ahmed 

and Strong (lOO) for the conversion of 1,9-nonane diol to 

1,9-dichlorononane. Cyclohe:x:ane-l,l-di(2-ethanol) (XXXI, 

14.5 gm.; 0.0843 mole) was treated with pyridine (4 ml.) 

in a three-necked flask equipped with stirrer, condenser and 

a separatory tunnel containing thionyl chloride (38.6 gm.; 

0.324 mole). The mixture could not be cooled on ice as re­

quired because the diol solidified at this temperature pre­

venting the stirring. The addition of thionyl chloride 

therefore was carried out at room temperature. No evolu-

tian of heat was observed. After the addition the solution 

was left to stand for 24 hours. It was next refluxed for 

three hours, cooled on ice and treated carefully with cold 

water while an efficient sttrring was maintained. rrhe solu-

tian was then extracted with ether, the ether extract shaken 

successively with 50% sulphuric acid, water and aqueous 

solution of sodium bicarbonate and then dried over the anhy-

drous sodium sulphate. Vacuum fractionation of the oil left 



arter the removal of ether yielded a mobile liquid (1.5 gm.) 

distilling at 60 - 70°/3 mm. It had a pleasant smell re­

sembling camphor. The boiling point and the absence of 

chlorine indicated that it was 3-oxaspiro(5.5)hendecane. 

The bulk of the materiel distilled at 115 - 119°/2 mm. The 

distillate (12.2 gm.} was a medium heavy liquid containing 

chlorine. It was refractionated collecting the product at 

115 - 116°/2 mm. 

3-Thiaspiro(5.5}hendecane (XXVI) 

A method of Whitehead and oollaborators (101) for 

the preparation of cyclic sulphides was employed. Cyclo­

hexane-l,l-di(2~ethyl chloride) (XXXVI, 11 gm.; 0.0525 mole) 

was added drop by drop to the boiling solution of sodium 

sulphide nonahydrate. (19 ·gm..; O. 079 mole} in di lute ethanol 

(20 ml. of ethanol in 16 ml. of water). Atter addition, the 

refluxing was continued for five hours and subsequently left 

to stand overnight. The following day most of the solvant 

was removed under vacuum, the residue treated with water 

and steam distilled. The distillate was extracted with 

ether. The residuel oil left after the removal of ether 

was dissolved in little ethanol and the solution added drop 

by drop to a boiling solution of mercurio chloride (77 gm.; 

0.283 mole) in ethanol (220 ml.) with an efficient stirring. 
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After the addition the solution was refluxed for one hour 

and allowed to cool to room temperature. It was then filtered 

and the crystalline addition product recrystallized three 

times from ethanol. The last crystallization failed to 

raise the melting point (166°). The compound (19.5 gm.) 

was next treated with 15% hydrochloric acid and the solution 

steam distilled. The distillats was extracted with ether, 

ether solution shaken with dilute sodium bicarbonate solu-

tion and dried over the anhydrous sodium sulphate. Vacuum 

distillation of the oil lef't after the removal of ether 

yielded a mobile, colorless liquid (7.1 gm.) boiling at 

lOO- 106°/5 mm. The material was f'ractionated twice; the 

main traction co1lected at 100 - 102°/5 mm. The product 

contained sulphur; it had a penetrating, characteristic 

sme11. The inf'rared spectrum did not show any absorption 

in the O-H and carbonyl stretching region. The band due to 

e-s-c stretching vibration was found at 654 cm.-1 in àgree­

ment with the literature (102). Calcu1ated for c10H1sS : 
C, 70.52; H, 10.6lt.. Found: C, 69.79; H, 10.57. 

Preparation of G1utarimide 

The compound was prepared by the method of Sircar 

(103). G1utaric acid was treated with concentrated ammonia 

and the solution evaporated to dryness under vacuum. The 



dry diammonium salt was heated to 200° in a sublimator. The 

imide deposi ted on the w alls of the condenser was purif'ie-d 

by re-sublimation. 0 'lile melting point (154- ) showed agree-

ment wi th the li te rature (ibid.) 

Synthesis of 4-,4-dimethylpiperidine-5-cyano-2-imino-6-

oxo-3-carboxamide (XXXVII) 

The compound was synthesized by condensing acetone 

with cyanoacetamide in presence of little piperidine. The 

preparation was entirely analogous to that of the imino 

imide (I) described on page 121. The yield was 32%. As in 

the condensation of cyclohexanone with cyanoacetamide a small 

quantity of "dinitrile" (4,4-dimethylpiperidine-3,5-dicyano­

-2,6-dione} was also produced. 

2,4,6,8-Tetroxo-9,9-dimethyl-3,7-diazabicyclo(3.3·1) nonane 

(XLI) 

The preparation followed a method of Thorpe (9). 4,4-­

Dimethylpiperidine-5-cyano-2-imino-6-oxo-3-oarboxamide (XXXVII) 

was dissolved in cold, dilute potassium hydrorlde and the 

solution warmed until the yellow color was discharged. It 

was then rapidly cooled to 0° and treated with a large quan-

tity of glacial acetic acid. The precipitated compound was 

purified by dissolving in dilute hydrochloric acid and 



reprecipitating with sodium acetate. The solution in hydro­

ohloric aoid yielded on boiling the product purified by 

sublimation. It volatilizes at elevated temperatures wi th­

out melting. 

4,4-Dimethylpiperidine-2,6-dione 

The preparation was based on a modified procedure 

of Thorpe (9). 4,4-Dimethylpiperidine-5-cyano-2-imino-6-

oxo-1-carboxamide was dissolved in lü% potassium hydroxide 

and the solution boiled for several hours. Hot water was 

added occasionally to compensate for the evaporation. The 

solution was cooled, acidified with 20% hydrochlorio acid 

and evaporated to dryness on the steam bath. T.he solid 

residue was heated in a sublimator to about 200°. The sub­

limate was collected and resublimed. The melting point 

(146°} coincided with the value reported by Thorpe (ibid.). 

Synthesis of 2-Dimethylaminoethyl 3-Methyl-3-azaspiro(5.5)­

hendecane-1,5-dicarboxylate Hydroohloride {XXIII) 

A method of Tiltord et al. (104, 105) was amployed. 

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

(0.255 gm.; 0.001 mole} was added to a solution of sodium 

(0.115 gm.; 0.005 mole) in absolute 2-propanol (8 ml.) The 
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solution was refluxed for a short time and 2-chlorodimethyl­

aminoethyl hydrochloride (0.725 gm.; 0.005 mole) was added. 

The reaction mixture was reflu:x:ed for 24 hours. After the 

evaporation to dryness under vacuum at room temperature the 

residue was treated with a solution of sodium bicarbonate, 

taken to dryness again and the residue redissolved in water. 

The aqueous solution was e:x:tracted with two 25 ml. portions 

of ether and the cambined ether extracts dried over the 

anhydrous sodium sulphate. Dry hydrogen chloride was ne:x:t 

passed through the solution, the precipitated solid washed 

on filter with ether and dried in vacuum at 100°. It melted 

at 229° with decomposition. The infrared spectrum showed 

a strang, bread band with peaks at 2550 and 2420 cm.-1 due 

to strongly perturbed N-H vibration and a single, strong 

band at 1720 cm.-1 corresponding to the ester carbonyl 

stretching frequency. Calculated for c21H420~3c13 : C, 49.76; 

H, 8.34; N, 8.29; Cl, 20.98. Found: C, 49.65; H, 8.37; N, 

~.07; Cl, 21.13. 

Attempted Resolution of 3-Methyl-3-azaspiro(5.5)hendecane-

1,5-dicarboxylic Acid (XXI) 

3-Methyl-3-azaspiro(5.5)hendecane-l,5-dicarbo:x:ylic 

acid (.255 gm.; 0.001 mole) was dissolved in fifty ml. 

of boiling ethanol and treated with the solution ot 
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strychnine (.334 gm.; 0.001 mole) in chloroform (5 ml.). 

The solution was evaporated to a smaller volume, some ethyl 

acetate added and i t was then 1s ft to stand for 24- hours at 

room temperature. The separated crystals were filtered and 

recrystallized twice from ethanol-ethyl acetate mixture. 

The compound was subsequently treated with a dilute solu­

tion of sodium hydroxide and the solution extracted a few 

times wi th a large volume of chloroform to remove the free 

strychnine. The alkaline solution containing the salt of 

the amine acid was treated with dilute sulphuric acid to 

pR 9, filtered, condensed to a very small volume and in­

spected in the polarimeter. No optical activity could be 

detected. 

A.ttempted Resolution of 3-Methyl-3-azaspiro(5.5)hendecane-

1,5-dihydroxymethyl (XVIII) 

The solution of 3-methyl-3-azaspiro(5.5)hendecane-1,5-

dihydroxymethyl (.227 gm.; 0.001 mole) in ethanol (10 ml.} 

was treated with the solution of d-camphorsulphonic acid 

{.23 gm.; 0.001 mole) in ethyl acetate (10 ml.). The solu­

tion was evaporated to a small volume, same ethyl acetate 

added, the volume reduced again by evaporation and the solu­

tion allowed to cool. The crystals separating after a long 

period of standing were filtered and recrystallized four times 
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from ethanol-ethyl acetate mixture. They were next treated 

with little dilute sodium hydroxide and the mixture extracted 

with ether. The ether solution was filtered, condensed to 

a small volume and inspected in the polarimeter. The com­

pound proved to be inactive. 

Attempted Resolution of 3-Methyl-3-azaspiro(5.5}hendecane-l­

oarboxylic Acid (XXII) 
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The procedure was identical with the one employed in 

the resolution of 3-methyl-3-azaspiro(5.5)hendecane-l-hydroxy­

methyl (XIX) by means of d-camphorsulphonic acid. The pro­

duct showed no optical activity. 

Preparation o:t Cyclohexana-l,l-di(2-ethyl iodide) {XXXII) 

Preparation followed a method described by Wood, Stone 

and Shechter (106, 107). Cyclohexane-l,l-di(2-ethanol) (XXXI, 

26 gm.; 0.15 mole) was treated with 95% phosphoric acid (90 gm.) 

and powdered, dry sodium iodide (lOO gm.; 0.67 mole). 95% 

Phosphoric acid was prepared by adding a calculated quantity 

of phosphorus pentoxide to the commercial (85~) phosphoric 

acid. Care had to be exercised because of a strong evolution 

of heat accompanying the process. The reaction mixture was 

heated on the oil bath for eight hours at 120° with :frequent 

manuel agitation. It was then cooled, treated with a large 



quantity of water and filtered. The solid material was 

washed on filter with water and then dissolved in ether; 

the ether solution was shaken with 10% solution of sodium 

thiosulphate, dried and ether removed under vacuum. The 

material was purified by recrystallization from methanol. 
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It melted at 59°. The yield of the pure material was 53.6 gm. 

Synthesis of Spiro(5.5)hendecane-3,3~dicarboxylic Acid (XXXIV) 

Cyclization with malonie ester was based on the pro­

cedure descri bed by Birch et al. (lOS). Sodium (6.83 gm.; 

.296 mole) was added to the absolute ethanol (lOO ml.) con­

tained in a 250 ml. three-necked flask equipped with a reflux 

condenser, magnetic stirrer and a separatory funnel contain­

ing the solution of cyclohexane-l,l-di(2-ethyl iodide) (29.14 

gm.; 0.0743 mole) in 50 ml. of absolute ethanol. Atter all 

the sodium dissolved the solution was allowed to cool to 60° 

and was then treated with ethyl malonate (23.8 gm.; 0.1485 

mole}. While a good stirring v.as maintained the alcoholic 

solution of diiodide was added in a slow, steady stream; 

the addition was completed in three minutes. The solution 

was next refluxed for eight hours and left to stand overnight. 

It was then diluted with 700 ml. of water and extraoted four 

times with 200 ml. portions of ether. The combined ether 

extracts were washed successively with water , 5% hydrochlorio 



acid, sodium bicarbonate and water. The solution was finally 

condensed to about 50 ml. volume, dried over the anhydrous 

sodium sulphate and ether removed by distillation. The 

residus was distilled under vacuum and a heavy, colorless 

oil (1~ gm.) collected at 133- 137°/2 mm. The product 

was refluxed in the solution of ethanolic potassium hydroxide 

(10 gm. in 20 ml. of 50% ethanol) for four hours. The solu-

tion was evaporated to a very small volume under vacuum at 

roam temperature and the residus treated with water. A 

olear, yellow solution was produced. It was extraoted twioe 

with ether to remove the unsaponified ester. The solution 

was next acidified with 20% hydroohloric acid while efficient 

stirring and oooling was maintained. A very fine, white 
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solid was precipitated; it was filtered, washed on filter 

with cold water and finally recrystallized from dilute ethanol. 

The yield was 8. 75 gm. It melted at 191° with decarboxyla­

tion. Calculated equivalent weight for c13H20o4 : 120. 

Found: 121. 

Synthesis of Spiro(5.5)hendeoane-3-carboxylic Acid (XXXV) 

Spiro(5.5)hendecane-3,3-dicarboxylic acid (8.7 gm.) 

was heated in a large test tube on the oil bath at 200 - 210° 

until the evolution of carbon dioxide had ceased. The materiel 

solidified on cooling. It was dissolved in n-hexane, boiled 



with charcoal, filtered and condensed to a small volume. 

The solution yielded white scales {6.4 gm.) on long standing 

in the refrigerator; after recrystallization from dilute 

ethanol they melted at 79°. The infrared spectrum showed 

a weak broad band at 2600- 2700 cm.-1 characteristic of 

o-H stretching vibration of acids and a single strong band 

in the carbonyl stretching region at 1710 cm.-1 • Found 

equivalent weight: 197. Calculated for spiro{5.5)hendecane-

3-carboxylic acid: 196. Calculated for c12H20o2 : C, 73.3; 

H, 10.25. Found: C, 73.22; H, 10.14. 

Attempted Synthesis of Spiro(5.5)hendecane (XXIV) 

T.he first attempt involved a direct decarboxylation 

of spiro(5.5)hendecane-3-carboxylic acid (XXXV). The acid 

(1 gm.) was boiled for 10 hours in quinaldine (20 ml.; 

boiling point 247°) in presence of 0.2 gm. of copper powder 

as a catalyst. After a few hours a fresh catalyst was added. 

No evolution of gas could be observed. After the solution 

oooled to room temperature it was treated with a large excess 

of 20% sulphuric aoid, cooled, filtered and extracted with 

ether. The extracts were washed with water and shaken with 

10% sodium hydroxide in a separatory tunnel. 1he alkaline 

extract yielded on acidification a solid (0.65 gm.) which 

after recrystallization from dilute ethanol melted at 78° 

and proved to be the starting material. The original ether 



solution was shaken with dilute sulphuric acid and water 

and finally dried over the anhydrous potassium carbonate. 

Evaporation of ether left no residue. 

In a second attempt the Hunsdiecker reaction (80) 

was employed. The silver salt of the acid was first pre­

pared following the method of Allen and Wilson (109). 

The acid (5.95 gm.; 0.0303 mole) was exactly neutra­

lized with potassium hydroxide solution in the presence of 

phenolphthalein; the solution was made to 75 ml. and was 

subsequently treated with 10% solution of silver nitrate 

until the addition failed to produce any further precipita­

tion. Vigorous stirring was maintained during the addition. 

The precipitated silver salt of the acid was filtered, washed 

with methanol and dried in vacuum. The yield was 8.55 gm. 

It was next placed in a lOO ml. three-necked flask and con­

nected to the vacuum pump keeping the two necks stoppered. 

The flask was heated on the oil bath to 100° for 48 hours. 

The heating was then discontinued, 50 ml. of dry carbon 

tetrachloride added, the stirring started and the mixture 

refluxed while the solution of bromine in dry carbon tetra­

chloride was be ing added slowly until the permanent brown 

coloration resulted. The mixture was filtered, the solid 

material washed on fil ter w ith li tt le carbon tetrachloride 

and the cambined filtrates shaken with a dilute sol ution 

of sodium bisulphite in a separatory funne l. The sol ution 
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was next dried over the anhydrous sodium sulphate, the solvant 

removed and the residus distilled under vacuum. A yellow oil 

was colle cted at 14o - 160/3 mm.; i t soon solidified. The 

compound (4.45 gm.) gave a positive halogen test. The high 

boiling point made it doubtful that the product was the ex­

pected 3-bromo-spiro(5.5)hendecane. 

In an attempted reduction of the bramide to the corres­

ponding hydrocarbon, the procedure of Hirschbaum and Daus 

(llO) was employed. The bramide (4.45 gm.) was dissolved 

in 50 ml. of absolute 1-propanol and finely sliced sodium 

(3 gm.) added to the solution which was stirred mechanically. 

After all the sodium had dissolved the solution was refluxed 

for one hour and cooled. A large quantity of water was then 

added and the solution extracted twice with light petroleum 

ether. The cambined extracts were evaporated to about 30 ml., 

dried over anhydrous sodium sulphate and the ether removed 

by distillation. Soma 1-propanol was also extracted; the 

residus was fractionated, but after all the propanol had been 

removed the residual oil could not be distilled because of a 

very high boiling point. It was obvious that the materiel 

was not the expected spiro{5.5)hendecane which boils at 

210°/730 mm. (17). 

Because of the shortage of time it was not possible 

to account for the failure of the reaction. 



TABLE III 

Inrrared Absorption Maxima 

ot 
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4,4-Dimethylpiperidine-2,6-dione (XLIV) 

3-Azaspiro(5.5)hendeoane-2,4-dione (IV) 

3-Azaspiro(5.5)hendeoane-2,4-dioxo-l-oarboxamide (XIV) 

3-Azaspiro(5.5)hendeoane-l-oyano-2,4-dione (X) 

3-Azaspiro{5.5)hendeoane-2,4-dioxo-l-oarboxylio Aoid (XI). 



III 

XLIV IV XIV x XI 

3420 m 3200 s b 3430 vs 31~0 vs 3195 s 
3200 s b 30~0 s 3200 vs vb 30~0 vs 30~0 s 
3090 m 294o s 3100 vs ah 2925 vs 2910 s b 
2~70 w 2900 s 2935 vs 2~60 vs 2600 m b 
1725 vs 2~60 s 2~b0 s 2250 m 1722 vs 
14.~2 VS 1715 vs 1720 VS 1695 vs b 16~0 vs b 
1 70 11 1678 vs 1677 vs b 1457 vs 1452 m 
1450 11 1470 w 1455 s 1411 a 1415 m 
1427 w 1~m 1405 VS b 13~5 vs 1375 a 
1412 w 1 m 13{5 vs b 1357 vs 1365 a 
1390 s 14-25 m 13 8 m 1335 vs 1310 s 
1377 s 14-10 m 1335 m 1318 vs 1275 vs 
1332 'tl 1317 m 1330 m 1295 vs 1265 vs b 
12~7 vs 1360 m 1300 vs 1260 vs 1227 vs 
1255 s 1337 w 1285 vs vb 1245 va 1205 vs 
1195 vw 1322 m sh 1257 vs sh 1215 vs 1145 m 
1175 w 1284- vs 1190 w 1117 m 11 5 w 
11l.j.7 s 1270 VS 1167 m 1165 m 1137 m 
1130 m 1198 m 1137 w b 1137 m 1090 .. 
1025 vw 1169 m 1090 vw 1045 s 1070 w 

923 vw 1150 s 1075 vw b 10 5 w 1002 w 
862 w 1095 w 1043 vw 1032 w 977 m 
822 m 1065 w 1005 vw 977 w 9~ m b 
610 vw 1040 w 980 w b 955 vw 8 s 

1005 w 930 " 935 w 805 m 
975 w 895 vw 920 w 750 m 
9agvw 860 a 852 s ~a~: 9 vw 830 w sh 790 vw 
927 w 817 w 763 11 
915 m BOO vw 697 s 
875 m 74-5 vw 
847 w 702 vw 
84-o w 630 m b 
832 w 
765 w 
632 .. 



TABLE IV 

Infrared Absorption Maxima 

of 

Methyl 3-methyl-3-azaspiro(5.5)hendecane-2,4-dioxo-l­
earboxylate (XVII) 

4,4-Dimethylpiperidine-3,5-dicyano-2,6-dione (XLV) 

3-Azaspiro{5.5)hendecane-l,5-dicyano-2,4-dione (II) 
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3-Azaspiro(5.5)hendecane-2,4-dioxo-l,5-dicarboxylic Acid (III) 

3-Azaspiro(5.5)hendecane-2,4-dioxo-1,5-dicarboxylic Aoid 
Anhydride (XLXI) 



IV 

XVII na v II III XLII 

344o vw 3450 w b 3460 w b 3200 s 3200 s 
3375 vw 3220 s 3205 vs b 3100 s 3100 s 
2930 s 3120 s 3110 vs 294-o s 3000 w 
2850 m 2990 w 294-o vs 2860 s 2930 s 
1728 vs 2890 m 2865 vs 2600 m b 2850 s 
1673 vs 2280 w 2260 .. 1700 vs b 1820 vs 
14-95 s 1735 vs 1720 vs vb 1455 m 1782 vs 
14-78 s 1717 VS 1464 vs 1417 m b 1735 vs 
1413 s 1465 11 1450 VS 1377 s 1705 vs 
1360 s 1435 m b 1410 w sh 1280 vs 1460 w 
1348 s 1412 m 1372 vs vb 1230 s 1450 w 
1328 VS 14o5 s 1360 vs vb 1207 s 1430 m 
1305 vs 1383 s 134-o VS sh 11~0 m 1375 m 
1293 vs 1362 vs b 1330 vs sh 11 0 m 1353 S 

1255 m 1313 vs b 1323 VS 1097 vw 1335 m 
1230 m 1240 VS b 1295 vs 1007 vw 1287 vs 
1200 s 1225 vs 1265 vs b 9a0 • b 1260 s 
1175 s 1165 m b 1242 VS Vb 8 5 m 1245 s 
1160 s 11~ w 1182 m 747 vw 1230 m 
114-o vs 10 vw b 11~8 m 707 vw 1215 vs 
1105 m 1018 w 11 7 s 644 w 1185 s 
1075 .. 993 s 1096 s 1177 s 
104-o vw 877 V1l 1087 s 114-o s 
993 s 847 VR b 1070 vw 1100 vw 
965 m 802 a b 104-o s 1080 s 
945 s 785 s 982 w 1065 vs 
915 m 740 s 965 vw 1000 m 
860 • 650 vw b 937 V1l 960 s 
853 w 928 w 935 s 
820 .. 910 11 890 " 
792 w sro m 850 .. 
750 vw 8 5 vs vb 827 s 
720 w 793 w 815 s 
643 .. 777 • 6l5 vw 
625 m 740 s 6 0 vw 

689 s 
679 s 



TABLE V 

2,4,6,8-Tetroxo-9,9-dimethy1-3,7-diazabicyc1o(3.3.1)­

nonane {XLI) 

2' ,4• ,6• ,8•-Te.troxo-spiro(cyc1ohexane-1,9'-(3, 7)diaza­

bioyc1o(3.3.1)nonane} (VIII) 

2,6-Di1mino-9,9-dimethy1-3,7-d1azabicyc1o(3.3.1)nonane-

4,8-dione (XLJII) 

2 1 ,6•-Diim1no-4 1 ,8 1-dioxo-spiro(oyc1ohexane-1,9'­

(3,7)-diazabioyc1o(3.3.1)nonane) (XIII} 

3-Azaspiro(5.5)hendecane-5-cyano-2-iwino-4-oxo-1-

carboxamide (I) 
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v 

XLI VIII XLIII XIII I 

3210 vs 3220 vs 3300 vs 3300 vs 34oO s b 
3100 vs 3100 s 3200 s sh 3000 m sh 3150 s b 
3000 m 291+a m 2960 s b 2930 s 2930 s 
2850 m 284o m 2870 s b 2850 m 2850 m sh 
1720 vs 1750 s 2700 m b 1690 vs 2250 w 
1705 vs 1710 VS 1685 vs b 1660 vs 16{g vs 
1473 m 1~05 w 1635 VS b 1525 vs b 16 vs 

1 62 m 
1435 s 1430 s 1605 vs b 1468 m 1555 s b 
1409 m 13b6 m 1~20 vs b 1448 s 1~25 s 
13~7 m 1337 s 1 50 s sh 1350 s sh 1 6o m b 
1357 s 1295 vs 1437 s b 1312 VS 1395 s 
1337 vs 1215 vs 1310 vs 1262 m 1320 s b 
1317 vs 1195 m 1255 s 1220 s 1285 m 
129é vs 11Ü) m 1220 w 1175 m 1255 m 
1196 vs 1093 w 1190 m 1130 m 1212 • 
11b4 m vb 1006 w 11b3 m 1090 w 1182 vw 
990 w vb 975 w 1130 s 1075 vw 1165 w 
968 w 960 w 960 w 1040 vw 1125 w 
912 m sh 945 vw 930 w. 965 w 1110 w 
903 s 935 vw 845 w 890 w 1075 VVI 

845 s b 897 m 8 5 vw 805 m 1020 vw 
805 s 860 m 800 vw 765 w b 960 vw· 
698 w 84o s 745 m 725 w b 850 11 

670 w 820 s 660 vw 620 w 815 w 
64ow 805 m 630 w 705 w 

112 w 675 w b 
108 w b 
642 .. 



TABLE VI 

Inf'rared Absorption Maxima 

of 

Glutarimide (XLVI) 

Spiro(5.5)hendecane-2,4-dione {XXVII) 

.. 
Product of the Reduction of 3piro(5.5)hendecane-2,4-

dione (XXIX) 

Spiro(5.5)hendecane-3-carboxylic Acid (XXXV) 



VI 

XLVI XXVII XXIX 

Solution #= Sol id 

34oO w b 3020 w 34-20 vs 3330 vs b 2935 vs 
3200 s 2930 s 294-o s 3020 m 2850 s 
3100 s 2860 m 28~ m b 2920 vs 1707 vs 
2990 m 1730 m 27 m b 284-o vs 1462 m 
2915 m 1707 vs 2670 m 2650 vw 14-4-5 m 
2840 m 1610 m b 2620 m 1700 w 1325 w 
1817 m b 1~60 w 1620 vs 1650 " 1312 w 
1702 vs b l~m 1587 s 14-50 vw 1300 m 
1663 vs b 1 vw 1~12 vs b 1362 m b 1247 w 
14-70 w 14-17 vw b 1 75 s 1320 m 12 ~ m 
14-25 s 134-5 vw 14-60 s 1290 m 1230 m 
14-10 m 1330 w 14-4-o m 1270 m 1212 w 
1370 vs 1311 w 14-20 m 1250 m 1180 V1l 

1355 vs 1263 m 13~3 s 1205 w 1168 w 
1387 vs 1207 s 13 3 s 1195 w 1155 w 
1350 s 1162 vw 1330 s 114_0 w 995 vw 
1255 vs 114-5 vw 1317 m 11 8 w 930 • 
1180 VS 1090 vw 1300 VS 1130 m 913 w 
114-5 vs 975 vw 1282 m 1107 m 8~5 w 
1055 s 925 11 1260 s 1085 m 7 3 vw 

920 m 84-2 w 1247 s 1065 s 
830 s b 720 m b 1235 vs 1030 vs 
757 m 665 w 1200 s 1007 vs 
670 w 1175 w 985 w 

1150 vs 960 w 
1095 m 945 m 
10~ w 925 w 
10 vw 912 m 

987 .. 900 w 
970 w 880 vw 
945 vw 865 vw 
935 m 845 m 
897 w 825 vw 
863 w BOO vw 
8~ .. 785 m 
8 m 768 m 
825 11 713 a 
615 11 670 m 

if: 3% Ch1orof'orm. solution, 0.1 mm. ce11. 



170 

TABLE VII 

Inf'rared Absorption Maxima 

0~ 

3-Methyl-3-azaspiro(5.5)hendecane-1,5-dihydroxymethyl (XVIII) 

2-Dimethylaminoethyl 3-methyl-3-azaspiro(5.5)hendecane-1,5-
dicarboxylate hydrochloride (XXIII) 

3-Azaspiro(5.5)hendecane (V} 

3-0xaspiro(5.5)hendecane (XXV) 

3-Thiaspiro(5.5}hendecane (XXVI) 



VII 

XVIII XXIII v xxv XXVI 

3420 vs 34ao w 3290 m 29a0 vs 2910 vs 
3080 s 29 5· s 2920 vs 28 5 vs 2845 VS 
2930 vs 2860 m 2860 vs 2765 w 2665 vw 
28tio vs 2a45 VS b 27_60 s 2700 11 14~5 vs 
2800 VS b 2 10 VS b 2680 w 164o vw 14 5 vs 
1670 vw 1725 vs 1448 VS 1473 s 1430 vs 
1635 vw 1482 vs 1427 m 1452 va 1355 vw 
14-85 vs 1468 VS 1390 w 1390 m 1315 w 
147_5 vs 1390 a 1370 w 1350 " 1283 m 
14-65 VS 1377 s 13a7 " 1325 w 1270 vs 
14-30 m 1315 a 13 3 w 1307 m 1242 w 
1390 a 1287 w 1320 vs 1295 m 1205 w 
1375 m 1270 w 1307 m 1275 vw 1162 m 
1365 s 1235 m 1280 w 125a " 1150 w 
134-b s 1212 s 1250 vw 123 VS 1135 w 
1330 a 1210 vs 1225 w 1202 m 1113 w 
1325 s 1198 VS 1208 11 1177 s 1088 w 
1305 s 1170 vs 1185 m 1147 m 1068 vw 
1283 s 1155 vs 1163 m 1115 vs 104o w 
1277 m 1137 s 114-3 s 1100 vs 1022 vw 
1250 m 1107 s 1132 vs 104-5 w 1012 w 
1227 s 1085 w 1106 s 1020 vs 960 m 
1195 vw 1050 w 1078 vw 990 m 937 a 
1167 vw 1032 m 1050 w 915 m 917 w 
1150 s 1015 m 1020 s 908 s 835 m 
1132 s 987 s 1002 m 8~ w 825 m 
1123 s 950 w 988 m 8 vs 84-5 m 
1095 a 935 m 927 " 817 w 650 .. 
1062 vs 895 m 907 m 805 w 
1050 vs 875 m 895 a 
1035 vs 865 w 869 w 

852 \Y 
841 w 1023 vs 820 vw 

lOOb vs 801 vw 820 a 
9ij.O m 765 w 803 s 
9 3 w 735 w 762 vs 
928 w 7_15 w 680 vw 
920 m 665 w 
900 VS 
885 m 
8a7 vs 
8 5. m 
82b m 
823 m 
812 m 
784 w 
757 w 
723 w 
690 vw 
655 m 



T.ABLE VIII 

Infrared Absorption Maxima 

of 

3-Methyl-3-azasp1ro(5.5)hendeoane-l-oarboxyl1o Aoid 

(XXIIa) 

3-Methyl-3-azasp1ro(5.5)hendeoane-l-oarboxyl1o Aoid 

Hydrochloride (XXIIb) 

3-Methyl-3-azaspiro(5.5)hendeoane-1,5-d1carboxylic Acid 

(XXla) 

3-Methyl-3-azaspiro(5.5}hendeoane-1,5-dioarboxylic Acid 

Hydroohloride (XXIb) 

Spiro(oyolohexane-1,9'-(3,7}-diazabicyolo(3.3.1)-nonane) 

(XX) 
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VIII 

XXII XXI 
a b a b 

3430 w b 3390 w 34-4o w b 3420 w 3330 vs 
2920 vs 29~ vs 3050 w 2830 vs b 2930 VS 

2845 m 28 vs 2935 vs 2570 s 2è6o va b 
21!-oo m b 2810 vs 2860 vs 2350 m 1~65.. b 
1~9.2 vs b 2680 vs 169.5 vs b 1700 VS 1 85 a b 
1 6o s 2460 vs 1580 vs b 1470 s 1465 vs 
1435 w 244o vs 1~00 w 1460 s 1455 vs 
1367 vs b 1700 vs 1 70 s 1412 vs 1367 m 
1325 s 1~35 vw 1460 vs 1375 vs 13~ s 
1303 s 1 82 vs 139.5 vs 1360 vs 13 s 
129.0 s 1455 vs 1360 vs 1307 vw 1330 m 
1280 s 1425 s 1300 s 129.5 w 1320 m 
124-5 m 1385 vs 1290 s 1265 w 1314 m 
1212 m 134-b w 1277 s 1255 m 1295 m 
1186 m 1330 w 1266 m 1205 VS 1272 m 
1150 m 1317 w 1252 m 114,g vs 12~5 s 
1127 s 1305 vw 1230 vs 11 vs 12 0 s 
1102 m 1280 w 1210 a 1100 m 1205 m 
10~7 m 1235 vs 1185 m 1065 w 1191 m 
10 5 w 1185 m 1172 a 1035 w 1170 m 
1013 vw 1150 m 1153 m 1010 w 1135 m 

995 m 1127 s 1130 vs 995 m 1127 m 
982 w 1105 m 1107 m 970 w 1105 s 
970 m 1080 w 1070 m 957 m 1092 s 
935 vw 1060 m 1057 m 923 vw 1055 s 
897 w 104-5 m 1032 m 900 w 1030 w 

84_3 w 1010 w 1012 m 870 s 1017 m 
8 2 w 995 m. 993 m 853 vs 983 m 
820 vw 980 a · 9BO m 805 m 962 w 
788 m 946 m 920 m 775 w 930 s 
723 vs 9 vw 893 w 765 w 903 a 
673 m 9.33 w 870 w 732 m 867 VS b 

897 m 852 m 675 w 84-5 s 
875 VS 795 m 650 s 828 vs 
855 s 770 m 798 m 
820 w 69.5 " 770 vs b 

795 w 6t>o m 742 VS b 
785 vw 665 m b 
767 w 64-5m b 
685 m 
6lt7m 



172 

SUM1IARY AND CLAI!Ii~ TO ORIGINAL RESE.ARCH 

1. The f'ollowing substituted 3-azaspiro{5.5)hendecanes have 

been synthesized starting from the corresponding diones: 

3-methyl-3-azaspiro(5.5)hendecane-l-hydroxymethyl {XIX) 

3-methyl-3-azaspiro{5.5)hendecane-1,5-dihydroxymethyl (XVIII) 

3-methyl-3-azaspiro{5. 5 )he nde cane-1-carboxylic a cid {XXII) 

3-methyl-3-azaspiro(5.5)hendecane-1,5-dicarboxylic acid (XXI). 

Examples of' unsubstituted cyclohexanespiropiperidine rings 

were provided by the synthesis of 3-azaspiro(5.5)hendecane 

(V) and spiro(cyclohexan~-1,9'-(3,7)-diazabicyclo{3.3.1)­

nonane) or cyclohexanespirodipiperidine {XX). 

2. The synthesis of 3-azaspiro{5.5)hendecane-2,4-dioxo-l­

carboxylic acid (XI), the starting material f'or the pre­

paration of 3-methyl-3-azaspiro(5.5)hendecane-l-carboxylic 

acid (XXII), was accomplished by aqueous hydrolysis o~ 

3-azaspiro(5.5)hendecane-5-cyano-2-imino-4-oxo-l-carboxa­

miâe {I) followed by deamination of the resulting amide 

(XIV). A study of this hydrolysis disclosed that it in­

volved cyclization in the preliminary stage, producing 

the "diimino diimide 11 (XIII). On prolonged boiling in 

water the ring reopened, yielding af'ter de carboxylat ion 

3-azaspiro(5.5}hendecane-2,4-dioxo-l-carboxamide (XIV). 

The hydrolysis conf'irmed the labile character of diglutari­

mide rings in contrast to the high s tability of monoglutari­

mides. 



3. 3-Methyl-3-azaspiro(5.5)hendecane-1,5-dioarboxylio acid 

(XXI) was obtained by the reduction of a diester of the 

corresponding dioxo-acid (III). The original synthesis 

of the latter by Thorpe was modified to produce consis­

tently good yields. 

4. The conversion of 3-azaspiro(5.5)hendecane-2,4-dioxo-1,5-

dicarboxylic acid (III) to the corresponding 3-azaspiro­

(5.5)hendecane acid (XXI) involved a change from the 

original ois to trans configuration. Since the reactions 

involved should not by themselves lead to inversion, this 

suggests that trans is the more stable configuration of 

3~ethyl-3-azaspiro(5.5)hendecane-1,5-dicarboxylic acid 

(XXI). 

5. The 2-dimethylaminoethyl ester of 3-methyl-3-azaspiro(5.5)­

hendecane-1,5-dicarbo:x:ylic acid hydrochloride (XXIII) was 

synthesized, but preliminary testing indicated no local 

anesthetic activity. 

6. The infrared spectra support the diaxial conformation of 

ois 1,5-disubstituted 3-azaspiro(5.5)hendecane-2,4-diones. 

7. Lithium aluminum hydride was used in the reduction of 

3-azaspiro(5.5)hendecane-2,4-diones to produce the corres­

ponding 3-azaspiro(5.5)hendecanes. It was found an excel­

lent reducing agent for these compounds. 
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8. The infrared spectra of 3-methy1-3-azasp1ro(5.5)hendecane 

oarboxy1ic acids cou1d be readi1y corre1ated with the 

gw1tterion structure of these compounds. The spectra 

of their hydroch1orides showed absorption typica1 of the 

ordinary acids, together with strong1y bonded N~H stret­

ching absorption characteristic of tertiary amine hydro­

ch1orides. 

9. The infrared spectra of 3-azaspiro(5.5)hendecane-2,4-

diones showed NH stretching absorption oocurring at 3200 

and 3100 ± 20 cm. - 1 • 'l'he two imide carbony1 groups ab­

sorbed at 1720 and 1680 om.-1 respective1y. The carbony1 

absorption was shifted to higher frequenoy by 1,5-disub­

stitution, indicating that such substitution introduces 

strain into the g1utarimide ring. This evidence was 

substantiated by comparison with the spectre of certain 

4,4-dimethy1piperidine-2,6-diones and g1utarimide. 

10. The spectra of 3-azaspiro(5.5)hendecanes containing the 

O=C-NH-C=NH group showed absorption entire1y different 

from those containing the 0=0-NH-C=O group (g1utarimides) 

both in the N-H and C=O stretching regions. A new band 

at 1520 cm. - 1 in the former compounds was probab1y "amide 

II absorption" of the HN-C=NH group. 

11. Despite a formel resemblance to 3-azaspiro(5.5)hendecane-

2,4-dione (IV), spiro(5.5)hendeoane-2,4-dione (XXVII) showed 
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an essentially different pattern of infrared absorption. 

The speotrum of the former oan be correlated with the 

for.mal structure of the compound, whereas the absorption 

of the latter indicates a strongly associated enolic struc-

ture with an appreciable contribution by ionie resonance 

form.s. 

12. A method for the preparation of 3-oxa- and 3-thiaspiro(5.5)-

hendecanes (XXV, XXVI) has been developed and their spectra 

compared with that of a closely related 3-azaspiro(5.5)­

hende cane (V). 

13. Spiro(5.5)hendecane-3-carboxylic acid (XXXV) has been 

prepared; the method suggests a new route for the prepara-

tion of the known spiro(5.5)hendecane (XXIV). 

14-. Basides the compounds already mentioned, V, XI, XIV, XVIII, 

XIX, XX, XXI, XXII, XXIII, m, XXVI and X:XX:V, the f'ollowing 

new compounds have been prepared and characterized; the 

asterisk indicates a measurement of the infrared spectrum. 

3-Azasp1ro(5.5)hendecane-2,4--dioxo-1,5-dicarboxylic acid 
anhydride (XLII)* 

Methyl 3-methyl-3-azasp1ro(5.5)hendecane-2,4-dioxo-l­
carboxylate (XVII)* 

Methyl 3-methyl-3-azasp1ro(5.5)hendecane-2,4-d1oxo-1,5-
dicarboxylate (XVI) 

3-Azasp1ro(5.5)hendecane-l-cyano-2,4-dione (X)* 
Cyclohexane-l,l-d1(2-ethanol) (XXXI)* 
Cyolohexane-l,l-d1(2-ethyl chloride ) (XXXVI) 
Cyclohexane-l,l-d1(2-ethyl iodide) (XXXII) 
Ethyl spiro(5.5)hendecane-3,3-dicarboxylate (XXXIII) 
Spiro(5.5}hendecane-3,3-dioarboxylic acid (XXXIV) 
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15. The infrared spectra of the following known compounds 

have been recorded for the first time. 

3-Azaspiro(5.5}hendecane-2,4-dione (IV) 
3-Azaspiro(5.5)hendecane-1,5-dicyano-2,4-dione (II) 
3-Azaspiro(5.5)hendecane-2,4-dioxo-1,5-dicarboxylio acid (III) 
2t,4t,6t,8t-Tetroxo-spiro(cyclohexane-l,9'-(3,7)-d1aza-

bicyclo(3.3·1)nonane} (VIII) 
Glutarimide (XLVI) 
4,4-Dimethylpiperidine-2,6-dione (XLIV) 
2,4,6,8-Tetroxo-9,9-dimethyl-3,7-diazabicyclo(3.3.l)nonane 

(XLI) 
2,6-Diimino-9,9-dimethyl-3,7-diazabicyclo(3.3.l)nonane-

4,8-dione (XLIII) 
2•,6t-Diimino-4',S'-dioxo-spiro(cyclohexane-1,9'-(3,7)­

diazabicyclo(3.3·l)nonane {XIII) 
4,4-Dimethylpiperidine-3,5-dicyano-2,6-dione {XLV) 
3-Azaspiro(5.5)hendecane-5-cyano-2-imino-4-oxo-l-carboxa­

mide (I) 
Spiro{5.5)hendecane-2,4-dione (XXVII) 
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