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A STUDY OF BISIMINES OF TETRA­

METHYL-1,3-CYCLOBUTANEDIONE 

Abstract 

EDWARD ALBERT SCHMIDT 

Under the supervision of Dr. James J. Worman 

Ten new aromatic and aliphatic bisirnines of tetramethyl-1,3-

cyclobutanedione, were prepared. These are: N,N'-di(o-methoxyphenyl)-

2,2,4,4-tetramethyl-l,3-cyclobutanediirnine (10), N,N'-di(o-ethoxy­

phenyl)-2,2,4,4-tetramethyl-l,3-cyclobutanediimine (ll), N,N'-di(o­

chlorophenyl)-2,2,4,4-tetramethyl-l,3-cyclobutanediimine (12), N,N'­

dibenzyl-2,2,4,4-tetramethyl-l,3-cyclobutanediimine (Ll), N,N' -di( l­

naphthyl )-2,2,4,4-tetramethyl-l ,3-cyclobutanediimine (14), N,N'-di(2-

6-dimethylanilino)-2,2,4,4-tetramethyl-l,3-cyclobutanediimine (16), 

N,N'-di(o-isopropylphenyl)-2,2,4,4-tetramethyl-l,3-cyclobutnaediimine 

(17), N,N'-dicycl.oheptyl-2,2,4,4-tetramethyl-l,3-cyclobutanediimine 

(22), N,N'-dicyclooctyl-2,2,4,4-tetramethyl-l,3-cyclobutanediimine (24), 

and the mixed bisimine, N-phenyl-N'-cyclohexyl-2,2,4,4-tetramethyl-l,3-

cyclobutanediimine (n). The various kinds of spectral data from mass, 

infrared, nuclear magnetic resonance, and ultraviolet spectroscopy are 

examined and their bearing on the structure of the bisimines is dis­

cussed: specifically, discussions of transannular participation and 

________ .9e9metrical isomerization of the bisirnine compounds are presented. 

Steric considerations as well as the effect of the basicity of the 

primary amine on the extent of bisimine formation are shown. Eight 



new open chain amides were prepared. These are: 4-methyl-3-N­

'phenylimino-2,2-dimethyl-N'-cyclohexylaminopentanoamide (38), 

N-cyclohexyl-2,2,4-trimethyl-3-oxovaleramide (20), N-cyclohexylidene-

3·-( 2, 2,4-trimethyl )-N' -cyclohexyl valeramide ( 21), N-cycloheptyl-2, 2,4-

trimethyl-3-oxova leramide (23)-, N-cyclooctyl-2,2,4,4-tetramethyl­

trimethyl-3-oxovaleramide (25), N-cyclopentyl-2,2,4,4-trimethyl-3-

oxovaleramide (26), N-3-methylbutyl-2,2,4-trimethylbutyl-2,2,4-

trimethyl-3-oxovaleramide (29), and N-adamantyl-2,2,4-trimethyl-3-

oxovaleramide (32). 

Attempts were made to react the bisimine compounds, N,N'­

dicyclohexyl-2,2,4,4-tetramethyl-l,3-cyclobutanediimine (19), and N, 

N'-diphenyl-2,2,4,4-tetramethyl-l,3-cyclobutanediimine (2) with ionic 

nucleophiles, and these compounds were found to be essentially inert 

under the described experimental conditions. The addition of hydrogen 

chloride gas resulted in the formation of diphenyl-2,2,4,4-tetramethyl­

l,3-cyclobutanediimmonium chloride (39), and dicyclohexyl-2,2,4,4-

tetramethyl-l,3-cyclobutanediimmonium chloride (40). The aromatic 

bisimine 2 was catalytically reduced to the amine, 2,2,4,4-tetramethyl­

N,N'-diphenyl-l,3-cyclobutanediamine (41), while the cyclohexyl 

bisimine 19 failed to react. The cyclohexylbisimine 19 did undergo 

a carbene reaction. 

Photochemical studies of the cyclohexylbisimine 19 under an 

atmosphere of nitrogen, resulted in the formation of cyclohexyliso­

cyanide (46), and dimethylketene-N-cyclohexylimine (44). Mass 

spec·trometry was used extensive! y in the identification. 



Biological growth of a mold, Penicillium freguentans, was 

observed in N-cyclohexyl-2-methylpropionamide (43), and in the 

dehydration product, dimethylketene-N-cyclohexylimine (44). 

New monoimines produced were: 2,2,4,4-tetramethyl-3-cyclohexy­

liminocyclobutanone (35), and 2,2,4,4-tetramethyl-3-n-butyliminocyclo­

butanone (36). 
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INTRODUCTION 

The ·chemistry of compounds containing the carbonyl functional 

group l has been well studied.1 On the other hand, less investigative 

work has been carried out on compounds containing the azomethine link­

age 2· Previous work has centered around the preparation, physical 

properties, and reaction properties (thermal and photochemic�l) of the 

simple monoimines. Because of the instability of the simple imines, a 

study, in this thesis, is directed mainly toward the more stable 

bisimines of a nonconjugated nature; namely, bisimines of tetramethyl-

1,3-cyclobutanedione (1). These bisirnines are structurally similar to 

tetramethyl-1,3-cyclobutanedione (_�), a ketone about which much of the 

chemistry is known.2 



2 

Bisimines of tetramethyl-1,3-cyclobutanedione, should be.somewhat 

different in their physical and chemical properties than simple imines . 

The second imine group may interact with the first imine linkage, 

across the ring . This phenomenon is discussed on pages 8-10 and 110-118 . 

It was the purpose, therefore, of this work, · to investigate the 

preparation, properties, and reactions of bisimines .of 2,2,4, 4-

tetramethyl-l,3-cyclobutanedione, to determine the chemical effects of 

carbon n-bonded to. nitrogen. Certain of these effects are compared to 

carbon n-bonded to oxygen in a structural! y similar environment . 



HISTORICAL 

Imines have been prepared according to established procedures; 3-5 

the addition of primary amines to aldehydes forms aldimines, while the 

addition of primary amines to �etones results in the formation of 

ketimines as shown below: 

0 N""'R 

II II 
RNH2 + R-C-H LH-C-R' + H20 

primary amine aldehyde aldimine 

0 N,vR 

II II 
RNH2 + R'-C-R" \ R'-C- R" + H20 

primary amine ketone ketimine 

The R groups represent aliphatic, or aroma tic groups . Imines have also· 

been produced by other methods .6,7 Imines tend to undergo other 

reactions6,7 with a variety of reagents; water (hydrolysis), hydrogen 

(catalytically and chemically),  primary amines, active hydrogen com­

pounds, organometallic compounds, and other reagents . See reference 7 

and pages 51-65 of this thesis for additional details and for other 

reactions. Imines are also characterized by imine-enamine tautomeri­

za tion and syn-anti isorneriz·a tion . 6 



4 

Preparation and Properties of Bisimines and Related Compounds 

The preparation of bisimines of tetramethyl-1,3-cyclobutanedione, 

was first· reported in 1961. 8 

+ 

acid catalyst 
reflux in 

toluene 
(3) R=phenyl or 

cyclohexyl 

Knowledge of bisimine chemistry was virtually nonexistant prior 

to this work, especially knowledge relating to properties and reaction 

chemistry of bisimines (�). The only reported reaction of a bisimine 

is the catalytic reduction of an aroma tic bisimine. 8 



5 

The reaction of tetramethyl-1 ,3-cyclobutanedione (1) with 

various amine nucleophiles has been demonstrated to be dependent on the 

reaction conditions9 (presence or absence of water and choice of sol­

vent),  steric factors,9 nucleophilicity of the attacking amine,9 and 

basicity of the amine. 10 

The hydrolysis of monoimines has probably been studied more than 

bisimine hydrolysis. Aliphatic monoimines tend to hydro�yze in the 

presence of water . 9 

Rapid removal of water, azeotropically, or with molecular sieves, 

can give imidazoline compounds, resulting from intramolecular nucleo­

philic attack of a y-amino group upon the irnine.9 



H H 

r11 r 9-1-1-H 

CH -C=C-C-C H 3 ,__,,. I 
CH3 H 

I 
N-C-H _____ I I 

H 

H H 
. I I 

r II r /
N-,

-
_
c-H 

CH -C-C-C-C H 3
- I I � H CH3 N-C-H 

I I 
H H 

imidazoline 

6 

Bisimine hydrolys is and other- reaction conditions relating to the 

preparations and reactions of bisimin�s is discussed �n this thesis . 

A basicity study has been described.10 Reactions of 1 with 

s trongly basic amines , ethyl amine, pKb = 3.25, res ult in ring 

opening reactions . Reactions of 1 with weakly basic amines , 



aniline, pKb = 9.4, result in condensation reactions; the formation 

of imines. Aziridines, pKb � 6.0, also cause ring opening reac-

7 

tions. The aziridine reaction conditions were also studied. The 

presence of acid catalysts was ineffective, or produced aziridine 

polymerization . _ Steric factors, in the formation of open chain amides, 

have been demonstrated somewhat using secondary and tertiary amines.9 

Azetidine reacted with 1 to give a ring opened prod�ct. Pyr­

rol idine gave similar results. N-benzylazelidine and N-methyl morpholine 

+ 

failed to react. A more comprehensive study of steric effects, in the 

formation of bisimines, is presented in this thesis. 

Nucleophilicity factors have been demonstrated in the reactions of. 

4. No reaction was observed with poor nucleophiles, potassium 

xanthate, 9 thietane, 9 and carbon disul fide, using acid or basic 

catal ysts9 (except KOH which was reported to give diiosopropyl ketone 

after hydrolysis).l O It might also be mentioned that sterically 

hindered aziridines also failed to r�act.10 These aziridines included 

N-phenylaziridine, N-butylaziridine, and the stronger base, N­

cyclohexyl-3-azetidinol . 
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Geometrical Isomerization 

Geometrical isomerization of aliphatic and aromatic monoazorne­

thines, Figure 2, has been studied extensively by nrnr .11 , 12, 13 The 

configuration about the carbon-nitrogen double bond was established ·by 

the use of long range coupl ing constants and by variable temperature 

studies. More recently a report on the nrnr conformational analysis of 

conjugated bisimines has appeared. a The factors influencing isomeri­

zation about the azomethine grouping are still only vaguely understood . 

In this thesis the first example of geometrical isomerization of 

bisimines of cyclic, �-diketones, is discussed. 

Ultraviolet Absorption Spectroscopy 

Extensive ultraviolet studies have been made on tetramethyl-l, 3-

cyclobutanedionel4, 15,l6 (1), Table 4, and some of its derivatives;15, l6 

in order to describe transannular participation between atoms contain­

ing no formal bonds. 

An examination of transannular participation in the bisimines of 

.1, might show involvement of electrons through p atomic orbitals of 

nitrogen and carbon in the azornethine linkage . This can perhaps be 

represented by Figure 1. 



Figure 1. Transannular 1,3-n Interaction of Bisimines. 

9 

The dotted lines indicate interaction between p orbitals with resultant 

"partial" bond character. The amount of interaction is also believed 

to be influenced by the nature of the groups attached to carbon atoms 

2 and 4.15 

Studies involving cyclobutane rings have been of interest because 

f h . b. l. t f t 1 t. . t. 16-20 ( t. 1 1 3 o t e possi 1 1 y o  ransannu ar par 1c1pa ion par 1a , -n 

bonding or overlap across the ring). This interaction has been 

measured by noting the presence, magnitude, and splitting of transi­

tions in the ultraviolet absorption spectra. No such interaction was 

observed in 1,3-dimethylenecyclobutane, and 3-methylenecyclobutanone. 

In addition, no splitting of the ultraviolet absorption spectra of 

tetramethyl-1,3-cyclobutanedithione (48) was observed.22 
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There is believed to be a certain amount of transannular partici­

pation in tetrasubstituted 1,3-cyclobutanediones 115,22 • The band 

separation of the lowest energy, n ➔ TT* absorption· band of 1, Figure 

3, has been attributed to 1,3-11 interaction . 22 Compound 1, containing 

two carbonyl groups in similar chemi�al environments, would be 

expected to undergo only one n ➔ TI* transition upon ultraviolet 

excitation if there were no 1,3- TT interaction. The presence of two 

absorptions, Tables 6 and 7, is possibly caused by 1,3- 11 interaction 

across the cyclobutane ring . 

Recent studies in photoelectron spectroscopy add a new dimension 

to the transannular participation concept. 22 This is presented in 

detail in the Discussion of Results section . 

Photochemistry 

The photochemistry of carbon TI bonded to oxygen in unconjugated 

ketones has been exhaustively studied . 24 The photolysis of tetramethyl-

1,3-cyclobutanedione (�J leads to a Norrish Type 1 cleavage and forms 

tetramethylcyclopropanone; further reaction produces tetramethyl 

ethene . 25,14 

366 run ) 
is�propyl alcohol 

CH 3 �o 
CH3 

CH3 
CH3 

+ co 
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The photochemistry of nitrogen n-bonded to carbon, the imines, has 

been studied to a limited extent. 

Imines tend to be unreactive photochemically.7 Instead of react­

ing, imines tehd to undergo radiationless decay of the excited state. 25 

This deactivation of the excited state is believed to result from 

rotation about the n-bond in the excited state.7,27 
◄ Syn-anti(cis­

trans) isomerization, Figure 2, is the major result of the deacti­

vation.7 

/R3 R3 
'N 

II 11 
/c

'. hv ( /c "-. 
Rl R2 Rl R2 

syn anti 

Figure 2. !mine Syn-anti Isomerization. 

This isomerization has been studied since 1891.28, 7 The rate 

of thermal isomerization is dependent on the temperature29 and the 

�ature of the attached substituents. 7 

Photochemical isomerization can occur.rapidly from the excited 

triplet state. _This isornerization probably inv�lves non-vertical 

excitation of the imine acceptor and "twisted" excited states. 7 



Imines will, however, undergo photochemical reduction,26,30,31 

oxidation,3 2 hydrolysis,33 and rearrangement reactions. 34 

H H 

12 

C6H5 "-. 
/ C= N""'cyclohexane h v I I 26 30 -

9
:.....
5

0/---�➔C6%-C-N-cyclohexane ' 
H' 10 ethanol 

I 
C6H5-c-�-cyclohexane 

I I 

isopropyl alcohol 

H H 

Irnines, unlike carbonyl compounds, do not tend to undergo 

Norrish cleavages.34 

· Ketyl radicals, not the excited states of the irnines, are impli­

cated as the active reducing agents . These ketyl radicals are derived 

·from carbonyl compounds present as impurities in the reaction mixture, 

as added sensitizers, or as photogenerated species .30 

The photo-oxidation of imines is believed to proceed via a 

reaction path similar to that of the photo-reduction.32 



0-0• 

1 3 

if R' = H C H -G-N-R ) 6 5 � \ 
0 H 

if R' =H � 
----➔ c6H5-C-OH 

02 

Cyclobutanonemonoimines , _§_, tend to undergo ins ertion, addition, 

and elimination reactions.35 

+ 

(_§_) 

.As the photochemistry of bis imines of tetramethyl-1 ,3-cyclobutanedione 

has not been investigated, photochemical s tudies of N,N'-dicyclohexyl-

2,2,4,4-tetramethyl-l,3-cyclobutanediimine (1 9) were undertaken.in this 

study. 

288612' SOUTH DAKOTA STATE UNIVERSITY LIBRARY 



hv 
isopropyl alcohol 

Isopropyl alcohol will donate hydrogen atoms to irnines during photo­

chemical reactions. 32, 36 

hv 
, 

CH -C-CH 3 
I 

3 

OH 

14 

It was f elt that photochemical reactions of 19 under these conditions 

could lead to compounds of the type 1 and§_. 

CH3 CH3 
I I · 

CH3-
,

-
,

-CH3 

HO OH 
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One of the purposes of this investigation was to test the above 

hypothesis . Other reactions were investigated as they became evident . 

A search for photochemical similarities to those occurring in the 

photolysis of tetramethyl-1,3-cyclobutanedione (1) was undertaken . 



EXPERIMENTAL 

The fol lowing experimental work was done at South Dakota State 

University located in Brookings, South Dakota, unless otherwise indi­

cated. 

All infrared spectra were obtained on Perkin-Elmer models 700 and 

521 grating spectrophotometers except the fol lowing : infrared spectrum 

of dicyclohexyl -2,2,4,4 -tetramethyl -l,3-cyclobutanedi immonium dichloride 

( 40) , taken on a Beckman IR-12  infrared spectrophotometer at the 

University of Wyoming located in Laramie, Wyoming; 2,2,4,4-tetrarnethyl - · 

3-n- butyl iminocyclobutanone (36 ) ,  and 2,2,4,4-tetramethylcyclobutanedione 

(1) , taken on a Beckman IR-5  spectrophotometer. Spectra were obtained 

neat or as potassium bromide wafers, using approxima tely 3. 5 mg of 

sample in 97 mg of potassium bromide, unless otherwise indicated. 

Nuclear magnetic resonance data were obtained on a Varian Model 

A60-A spectrometer at the normal operating temperature of 39 °, with the 

fol lowing exceptions : Varian HA 100 nuclear magnet ic resonance spec­

trum at 39 ° of N,N ' -di (o-methoxyphenyl)-2,2,4,4-tetramethyl- l,3-

cyclobutanediimine (10 ) ,  obtained at the University of Wyoming ; . high 

temperature spectra of N,N ' -dicyclohexyl -2,2,4,4-tetramethyl - l,3-

cyclobutanedi imin·e ( 19), 165 °, and low temperatu_re spectra of N,N '  -

di (o-chlorophenyl ) -2,2,4,4-tetramethyl - l,3-cyclobutanedi imine (12), 

10 °. Chemical shi fts were reported as (0) values relative to tetra­

methyl si l ane (tms), which was used as an external standard. The spectra 

were taken as neat samples or as CC14 solutions, unless otherwise 

indicated. 
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Electronic spectra were obtained in solution , using one centi­

meter silica cel ls , on a Beckman DK-2A ultraviolet recording spectro­

photometer with the fol lowing exceptions: ultraviolet spectrum of 

dicyclohexyl-2, 2 , 4 , 4-tetramethyl -l , 3-cyclobutanediimmonium dichloride 

(40) , obtained on a Beckman DB ultraviolet recording spectrophotometer 

at the University of Wyoming; and N,N ' -dicyclohepty1◄-2,2 , 4,4-tetra­

methyl -l ,4-cyclobutanediimine (22 ) ,  obtained on a Beckman DB ultra­

violet recording spectrophometer. Spectral data including absorption 

maxima , molar absorptivity , and solvent used , are listed in Table 6 ,  

unless otherwise noted . 

Mass spectral data were obtained on the fol lowing. instruments :  

a Finnigan 3000 GC/MS mass spectrometer at South Dakota State Univer­

sity or at Augustana College , located in Sioux Fal ls, South Dakota, and 

on a Varian CH-5 mass spectrometer at the University of  Wyoming . G.C. 

columns used consisted of 3 percent OV-1 on ·60/80 mesh chromosorb 

W (HMJS ) , 5 '  x l/81 1  i.d . ,  operated at about 180 °. 

Elemental CH analyses were performed by a departmental technician 

at South Dakota State University. 

Melting points were obtained using py�ex capillary tubes in a 

Thomas Hoover Capil lary Melting Point apparatus and are in degrees 

Centigrade, uncorrected , as are boiling points. 

Gas chromatography analyses were carried out on a Beckman GC-2A 

using a 30 percent SE 30 column on chrornasorb P ( 20 '  x 3/5" ) 60-80 

mesh packed with 30 g of Dow-Corning fluid , type 550 silicone, on 100 

g of 42/60 C-2  firebrick . 



Preparation of Aromatic Bisirnines 

Preparation of N, N ' -Diphenyl-2222424-tetramethyl-l,3-cyclobutanedi­
imine C<t) 
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Into a 500 ml flask fitted with a Dean-Stark trap were placed 

2 , 2, 4 ,4-tetramethylcyclobutanedione (1), 50 . 00 g (0. 388 mole ) ; aniline, 

72 . 32 g (0 . 777 mole) ; 4 . 17 g of p-toluenesulfonic acid monohydrate ; 

200 ml of toluene ; and two boiling chips . Water was readily liberated 

upon refluxing; oyer 13 ml were collected in a few hours , which repre­

sented 93 percent yield for complete bisimine formation . The sample, 

which precipitated on cooling, was filtered with suction . The 

precipitate was recrystallized twice from ethanol . The filtrates 

solidified and were recrystallized from ethanol , aqueous ethanol, and 

hexane, giving 49 . 50 g of pure material, rn . p . 141-142° . There was 

more impure solid remaining . 

The structure of the bisimine compound was confirmed by uv 

(Table 6) , ir , and nmr spectroscopy . The nmr spectrum in CDCl3 gave 

07 . 02 (m , lOH , aromatic ), 0 1. 52(.s ,  cis-CH3),  0 1 . 26(s ,  trans-CH3) , and 

0 1 . 0l (s ,  cis-CH3) .  The infrared spectrum showed bands at 3025, 2925, 

1685, 1585, 1480, 1445, 1350, 1215, 1050 ,  840, 750, 710, and 685 crn-1 • 

Found: c ,  83 . 07; H ,  7 . 83 . 



Preparation of  N,N'-Di(o-methoxyphenyl)-2,2,4,4-tetrarnethyl-l,3-
cyclobutanediimine (10) 

Into a 250 ml flask fitted with a Dean-Stark trap were placed 

2, 2,4,4-tetramethylcyclobutanedione (1), 15. 00 g (0 . 11 6  mole) ;  

o-methoxyaniline, 28 . 70 g ( 0.233 mole) ; 0 . 1  g of p-toluenesulfonic 

acid monohydrate ; 100 ml of toluene; · and two boiling chips. The · 

mixture was refluxed for 24 hours ; 3. 5 ml of water were collected, 

which represented 83. 3 percent yield for complete bisimine for- · 

mation. The resulting brown viscous liquid was evaporated under 

reduced pressure on a Rinco evaporator . The mixture crystallized 
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on standing . Cold n-hexane was added, and the resulting mixture was 

filtered with suction, giving a brown residue which was recrystallized 

three times from n-hexane. White crystals were formed, m. p .  117 . 5-120 °
., 

decomposed. The viscous, dark-red filtrate was evaporated in the hood 

and recrystallized from n-hexane and identified by uv (Table 6) , ir, 

and nmr spectroscopy. The nmr spectrum in CDC13 gave o 6 . 92(m, 8H, aro­

matic), 0 3. 79 (s, 3H, cis-OCH3), o 3 . 78 (s, 3H, trans-OCH3 ) ,  o l . 55(s, 

cis-CH3), 0 � . 22 (s, trans-CH3 ) ,  5 0 .89 (s, cis-CH3) .  

The i nfrared spectrum showed bands at 3055, 2995, 2960, 2915, 2855, 

1670, 1570, 1485, 1440, 1430, 1355, 1300, 1270, 1 235, 1 170, llOO, 1050, 

1015,  915, 740, and 700 cm-1 • 

Found : C, 74 . 74 ;  H, 7. 48 . 

The compound was repeatedly recrystallized from aqueous ethanol 

and he_xane, dried in a vacuum oven, sealed under nitrogen, and stored 
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in the derk at about 0 °C. (Analyses ' results tended to be  low because 

of decomposition. ) After being sealed for several months, the compound 

gradually became a black liquid mixture. The decomposition mixture 

consisted of the hydrolysis products, o-methoxyaniline and 2,2, 4, 4-

tetramethylcyclobutanedione . The mass spectrum gave molecular ions at 

123 and 140, respectively . The cleavage pattern of the latter compound 

was identical to an authentic sample of ,1. 

Pre aration of N N'-Di o-ethox 
cyclobutanediirnine 11 

2 4 4-tetrameth 1-1 3-

Into a 250 ml flask fitted with a Dean-Stark trap were placed 

2 , 2, 4,4-tetramethylcyc°lobutanedione (.�-) , 15.00 g ( 0 . 117 mole); o­

phenetidine ( o-ethoxyaniline) , 31. 96 g ( 0.233 mole) ; 100 ml of toluene; 

0. 10 g p-toluenesulfonic acid monohydrate; and a boiling stick. The 

mixture turned dark red immediately upon heating . 

About 3. 5 ml of water were collected after refluxing for over nine 

hours, which represented 94.6 percent yield for complete bisimine for­

mation. The toluene was evaporated under reduced pressure on a Rinco 

evaporator . The remaining dark, viscous liquid crystallized to give 

white crystals in the liquid; total weight, 47. 24 g. 

The contents of the flask were crushed, rinsed with n-heptane at 

room te perature, and the mixture filtered with suction, resulting in 

·a brown filtrate and a brown residue . This residue was washed with n­

heptane, giving 22 . 77 g of blue solid, which was recrystallized from 

n-heptane to give 5.99 g of pure white crystals, m . p . 127-130 °. · The 
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filtrates continued to solidify and were wa shed with n-hexa ne and 

recrystallized from n-hexane or a queous ethanol giving the product in 

various stages of purity . The structure of the compound wa s shown to 

be the bisimine using uv (Table 6) , ir, and nmr spectroscopy . The nmr 

spectrum gave 6 7 . 56(m , SH, aromatic), 5 4 .  7O (quartet, 4H, -OCH2),  

o 2 - 29 (s , cis-CH3) ,  o2.O9 (t, 6H, CH3 of OC2H5) ,  o l - 95 (s, tra ns-CH3), 

0 1 . 66(s, cis-CH3) .  The infrared spectrum included bands. at 3025, 

2980, 1 685, 1 575, 1435, 1 105, 1030, 920, and 730 cm-1 . 

Found: c ,  74 . 35 ;  H, 7 . 71 .  

Preparation of N,N' -Di�o-chlorophenyl)-2,2,4,4-tetramethyl-l,3-
cvc l  oh1 1 trr neci i j ndne (}2) 

Into a 250 ml fla sk fitted with a Dean-Stark trap were placed 

2,2,4,4-tetramethylcyclobuta nedione (1 ) ,  15 . 00 g (0 . 11 6  mole) i o­

chloroa niline, 20 . 73 g (0 . 233 mole) ; p-toluenesulfonic acid monohy­

drate, 0 . 1 2  g ;  100 ml of toluene ; a nd boiling chips . Small amounts of 

these reactants had previously been heated in a 25 ml Erlenmeyer flask 

a nd the liberation of w?ter observed a s  it collected in a beaker con­

taining toluene . This bea ker wa s connected to the Erlenmeyer flask 

by means of a rubber stopper and gla ss tubing . 

The mixture in the 250 ml flask was refluxed until the liberation 

of water cea sed . After 46 hours, about 3 . 7  ml of water was collected 

vrhich represented 80 . 09 percent yield for complete bis in ine formation, 
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The light yellow solution crystallized on standing to give white 

crystals in a brown solution . The mixture was filtered with suction, 

leaving a white residue which was recrystallized from n-hexane. The 

crystals were · dried overnight in a vacuum oven at 46 °, giving 14. 94 g 

of white crystals . The compound was then . taken up in a limited amount 

of hot n-hexane, 60 ml, and filtered with suction gtving white crystals 

which appeared to melt all at once, m. p. 160-162 °. The residue, on 

the other hand, appeared to melt more slowly from the bottom of the 

capillary tube to the top, m. p. 135-162° . The structure of the 

bisirnine compound was confirmed by uv (Table 6), ir, and nmr spec­

troscopy. The nmr spectrum gave 67  . 07 (m, SH, aromatic-), <51 . 33(broad 

s, 12H, -CH3) .  The infrared spectrum showed bands at 3060, 2960, 

2920, 1670, 1580, 1465, 1445, 1430, 1375, 1355, 1255, 1220, 1155, 

1115, 10 50, 1025, 930, 840, 750, 730, 670, and 540 cm-1• 

Found : c ,  66. 39 ; H ;  5. 89. 

Preparation of N,N'-Dibenzyl-2,2,4,4-tetramethyl-l,3-cyclobutanedi­
imine (13) 

Into a 250 ml flask fitted with a Dean-Stark trap was placed 

2,2,4,4 tetramethylcyclobutanedione (j) , 15. 00 g (0 . 116 mole ) ;  

benzylamine, 24. 97 g (0.233 mole) ; 0 . 08 g p-toluenesulfonic acid 

monohydrate; 100 ml of benzene ;  and boiling chips . About 2 . 4  ml of 
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water were collected after about 48 hours, which represented about 57 

percent yield for complete bisimine formation . 

The clear, yellow solution was evaporated under reduced pressure 

with a Rinco evaporator, resulting in a white solid . Hot n-hexane was 

added to the solid, and the small amount of salt was filtered by 

gravity . The filtrate slowly crystallized over a day; a small amount 

of cold n-hexane was added to make up for evaporation loss. The 

resulting white solid was filtered with suction . 

The structure was confirmed by uv (Table 6) , ir, and nmr 

spectroscopy . The nmr spectrum gave o 7. 2l(s, lOH, aromatic) ,  

o 4 . 62 ( s, 4H, -CH2-) , o l. 5 5 ( s, �-CH3) , ol . 43 ( s, trans-CH3) ,  and 

o l . 35 (s , cis-CH3) .  

Recrystallizing the product from hot n-hexane resulted in the 

formation of crystals . A large amount of cold solvent was added on 

top of the crystals ; upon filtration a day later, some decomposition 

may have occurred since 3 . 25 g of yellow crystals were obtained 

instead of white crystals . 

Filtration of the yellow crystals resulted in a yellow filtrate . 

This filtrate was heated, diluted to about 50 ml, and allowed to 

stand . After a day there was observed some yellow precipitate, a 

yellow layer of n-hexane, and an orange oily layer . The orange , vis­

cous layer was separated with a Pasteur pipette . The nmr spectrum of 

this layer showed that unidentified rearrangements had occurred, since 



the c is-tr ans absorption signals were greatly distorted. Because of 

the decomposition, chemic al analysis was not undertaken. 

Pre ar ation of N N ' -D i  1-na 
cycl obutanedi ime 14 

-2 2 4 4-tetr ameth 1-1 3-

I nto  a 500 ml flask fitted with a Dean-Stark trap were placed 

2,2,4,4-tetramethyl-l, 3-cyc lobutanedione (1) , 50. oo · g ( 0. 356 mole) ; 

1-naphthylamine, freshly recrystallized from hexane and aqueous 

ethanol, · 104. 81 g · ( 0 . 7 32 mole) ; p-toluenesulf onic ac id monohydr ate, 

4 . 17 g;  t oluene, 232 ml; boiling chips; and - boiling sticks. A large 

amount of 1-naphthylamine was used in the reaction since it readily 

dec omposed on stan ding. 

Refluxing was disc ontinued after eight hour s. Twelve ml of 

water were c ollected in the Dean-Stark trap, which represented over 

94  percent yield f or c omplete bisimine for mation, Table 3. 
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The mixture was c ooled and filtered with suction, giving a small 

amount of white salt residue and a purple f iltrate. The f iltra te was 

c ooled overnight to 0 °, then filtered with suction to give purple­

white cryst als which were recrystallized from hot n-hexane and 

aqueou s ethanol and f iltered with suction,· giving a water soluble 

sa lt . 

The b isimine compound was obtained by evaporating the toluene 

solut ion and recrystallizing the solid from acetone. The bisimine 

was slightly soluble in hot acetone, and only 8.00 g of pure material 

were obt ained, m.p. 188-191°. No more bisimine was purif ied bec ause 



of the difficulty in recrystallization procedures . Black tars were 

also observed to be present . The bisimine structure was confirmed 
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by uv (Table 6) , ir, and nrnr spectroscopy. The infrared spectrum 

showed bands at 1670, llBO, 960, 795, and 775 cm-1• The nmr spectrum 

obtained gave 5 8 . 05-6 .67 (m, 14H, aromatic) ,  02 .00-l . 72 (broad s, 

cis-CH3 ) ,  ol . 50-l . 17(broad s, trans-CH3) ,  0 0 . 92-0 . 07(broad s, cis-CH3) .  

Nmr integration of the broad methyl singlets showed the presence of 

approximately 75 percent of the trans iso1-r"1er and 25 percent of the 

cis isomer, at approximately 39° . 

Preparation of 2,2,4,4-Tetramethyl-3-(2,6-d imethylanilino)-cyclobutanone 
(15 ) and N N'-Di 2 6-d imeth lanilino -2 2 4 4-tetrameth 1 -1 3-c clo­
butanediimine 16 

Into a 500 ml flask fitted with a Dean-Stark trap were placed 

2,2,4, 4-tetramethylcyclobutanedione (1) , 50 . 00 g (0 . 214 mole) ;  2, 6-

dimethylaniline, 52 . 36 g (0 . 431 mole) ; 0 . 50 g p-toluenesulfonic acid 

monohydrate; about 120 ml of toluene; two boiling chips; and two boil­

ing sticks . Toluene, 45 ml, was added to the attached Dean-Stark trap · 

and the mixture refluxed, with water being very slowly collected in 

the trap . After 13 days, about 4 . 5  ml of water were collected, 

which represented about 100 percent yield for complete monoimine 

formation. 

The resulting mixture, containing a precipitate, was filtered with 

suction, giving a filtrate which was evaporated in an evaporating dish 

over a steam bath . An infrared spectrum of the resulting yello_w liquid 
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confirmed the presence of the monoimine structu�e . Infrared bands 

observed were 1900 , 1800 , approximately 1700 , 1595 , 1380 , 1255 , 1205 , 

1160 , 1095 , 845 , and 760 cm-1 . 

The residue was washed with toluene , giving bisirnine crystals , 

8 . 36 g ,  rn . p .  173-174° , and 3 . 52 g of less pure bisimine , m .p. 174-

1750 . The total amount of bisimine collected corresponded to about 

15 percent yield for complete bisimine formation. An infrared 

spectrum in nujol included bands at 1680 , .1585 , 1350 , 1250 , 1210 , 1155 , 

1085 , 1050 , 840 , 760 , and 730 crn-1 . 

The remaining filtrate slowly solidified into 30. 28 g of black 

solid , rn . p .  55-70 ° . An infrared spectrum of the impure compound indi­

cated the mixture to be largely monoimine . 

Pre aration of N N ' -Di 
cyclobutanediimine 17 

Into a 250 ml flask fitted with a Dean-Stark trap were placed 

2 , 2 , 4 , 4-tetramethylcyclobutanedione (1) , 20 . 00 g (0 .143 mole) ; o­

isopropylaniline , 38 . 95 g (0 . 287 mole) ; p-toluenesulfonic acid mono­

hydra:te catalyst, 0 . 33 g (0. 0018 mole) ; 120 ml of toluene ; two boiling 

chips; and two boiling sticks. After 28 hours of refluxing , 4-4 .5 

ml of water were - collected , which represented 80-90 percent yield for 

complete bisimine formation . The solvent in the mixture was evapor-

· ated from an evaporating dish with no heat . A moist � red solid was 

obtained , 55 .01 g of wet crystals. 
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The structure was confirmed by infrared spectroscopy. An infrared 

spectrum of a nuj ol mull included bands at 1675, 1600, 1485, 1365, 

1290, 1235, 1170, 1090, 1060, and 770 cm-1. 

Water was added to the filtrate, forming a few grams of crystals, 

which were recrystallized from aqueous ethanol and n-hexane, giving 

13 . 84 g of pure white solid. Chemical analysis was not needed for 

this study. 

Pre aration of 2 2 4 4-Tetrameth 1-3- 2 6 - diiso 
anil inocyclobutanone 18 

1 -

Into a 500 ml flask fitted with a Dean-Stark trap were -placed 

2, 2, 4, 4-tetramethylcyclobutanedione (j), 30.00 g (0. 214 mole); 2,6-

diisopropylaniline, 73. 38 g (0. 431 mole); p-toluenesulfonic acid mono­

hydrate, 0. 50 g; 165 ml of toluene; two boiling chips; and two boiling 

sticks. The mixture was refluxed. After five hours, 0. 6-0. 7 of 

water was collected, which represented 15-18 percent yield for complete 

monoimine formation. No more water was collected after 16 hours of 

additional heating. 

�he salt was filtered off with suction, and the filtrate was dis­

tilled  to remove toluene, unreacted amine, and some unreacted ketone, 

26-42 °, at 1. 5 mni. 

The residue consisted of unreacted ketone suspended in a yellow 

liquid. The ketone was filtered with suction and the liquid distilled, 

87-106°, at reduced pressure. An infrared spectrum confirmed the yellow 

liquid to be the monoimine. Various bands included 3470, 3400, 2975, 

2900, 1800, 1755, 1700, 1620, 1465, 1·390, 1370, 1274, 1055, and 750 cm-1. 



No additiona l purification o f  product wa s nec essary for this 

study. 

Prepara tion of  Ali pha tic Bisimines a nd 

Alipha tic Open Chain Amides 

Prepara ti o n  o f  N,N' -Dicycl ohexyl-2,2,424-tetra methyl-l, 3-
cyclobuta nedi i mine ( 1 9 )  
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Into a 250 ml fla sk fitted with a Dea n-Sta rk tra p  wer e  pla c ed 

2, 2 , 4, 4-te tra methylc yclobutanedione (1) , 1 5. 00 g (0.116  mole); c yclo ­

hexyla mi ne ,  23.11 g ( 0 . 233 mole) ;  p-toluenes ulfonic  a cid, 1 . 25 g ;  100 

ml of toluene; a nd a boili ng chip. T he mix tur e wa s r efluxed a nd 

stirred.  A bout 1 . 2 ml of  wa ter were collected a fter 26 hour s. 

The sl i ghtly yel low solution in the fla sk conta ined some whi te 

prec i pita te which wa s f iltered with suction to give  1 . 28 g o f  c yclo­

hexyla min e-p-toluenesulfonamide ,  a s conf irmed by nmr , m. p. 181 -183°. 

The nrnr s pectrum i n  CDC1 3 gave  58 . 07-7 . lO ( m, 6H, aroma tic a nd -NH-), 

0 3. 03( s, lH), 0 2. 38 ( s, 3H, -CH3), 5 2. 17-0.9 3( m,  lOH, -c yclohexyl). The 

i nfrared spec tr um of a nujol  mull showed - ba nds a t  3040, 1 530, 117 5 ,  

1 11 5,  1030, 100 5, 810,  and 67 5 c m-1 . 

The solvent wa s r emoved under high vac uum, 6. 5-7 .0 mm; fra c tion 1 ,  

26-40 °. Vari ous· other fra ctions wer e collec ted : fra ction 2, 41-63, 

c o nsisted of the open c ha in amide a s  the ma j or produc t; fra c tion 3, 

78-106 ° , 9.75  g of  crude bisimine as maj or pr oduct; a nd fra c tion 4, 

142-170° , 2. 47 g of crude  bisi mine a s  the ma j or product. All solids 
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were recrystallized separately from either acetonitrile or aqueous 

ethanol until sharp melting points of the bisirnine portion were 

obtained. A yield of 35 percent of pure bisimine was obtained, 11 . 37 

g, m. p .  1 50-151 °. The bisimine structure was confirmed by uv (Table 

6) , ir, nmr, and mass spectroscopy. The nmr spectrum gave 03. 5O (m, 

2H) , c,2. OO-l. 5O (m, 2OH, -C6H1O), o l. 47 (s, cis-CH ) , J> l. 32 (s, 

trans -CH3) ,  o l  .2O (s, cis-CH3) .  The infrared spectrum of a KBr wafer 

showed bands at 2�15, 2840, 1 670, 1435, 1 350, 1 170, 1060, 1030, 950, 

and 890 cm-1• A mass spectrum gave a molecular ion at 302. 

Anal. Cal'd for c2OH34N2: C, 78. 88; H, 1 1.26. 

Found: C, 78. 61; H, 11. 14. 

The remaining solids did not melt sharply after repeated 

recrystallizations fiom acetonitrile and aqueous ethanol. Broad 

melting pGint ranges were recorded between 52° and 132° . The infra­

red spectrum of a nujol mull showed bands at 3340, 1795, 1705, 1625, 

1525, 1 065, 1030, and 880 cm-1• This spectrum indicated the presence 

of the open chain amide as the major . product. A yield of 65 percent 

was obtained, 21 . 42 g. 

The bisirnine compound was again prepared. Into the 250 

ml flask fitted with a Dean-Stark trap were pla�ed 
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2, 2, 4, 4-tetramethylcyclobutanedione (1) , 75 . 00 g (0. 582 mole) ; cyclo­

hexylamine, 115 . 54 g (1 . 165 mole) ; p-toluenesulfonic acid monohydrate, 

over 6 . 25 g ;  135 ml toluene; and five boiling chips. After refluxing 

for 23 hours, 9 . 2 ml of water were distilled from the solution . The 

yellow solution contained some white precipitate . The precipitate was 

filtered with suction, recrystallized from aqueous ethanol, and the 

bisimine structure con.firmed by uv, nmr, and ir spectroscopy .  

Preparation of N-Cyclohexyl-22224-trimethyl-3-oxovaleramide (20) 

The reaction for the preparation of the bisimine compound 19, was 

rerun several more times with modifications:  into a 500 ml flask fitted 

with a Dean-Stark trap were placed 2,2, 4, 4-tetramethylcyclobutanedione 

(.1) , 50 . 00 g (0. 387 mole) ; cyclohexylamine, 77. 03 g (0 . 77 6  mole) ; 250 

ml of benzene ; and p-toluenesulfonic acid monohydrate ca talyst present 

only in small amounts, 1 g or less . After 12 hours, only 1 . 1  ml of 

water we¾e given off. The yellow solution contained a solid which was 

recrystallized from aqueous ethanol. The solid was determined to be 

the open chain compound 20 by nmr, ir, uv, and mass spectroscopy . A 

mass spectrum gave a molecular ion at 239 . An infrared spectrum of a 

KBr pellet showed bands at 3320 , 2960, 2920, 1702, 1630, 1625, 1525, 

and 1025 cm-1 • The nmr spectrum gave 0 5 . 98 ( d, lH, -NH) , 5 3 . 50-4 . 00 

. I 
. 

( broad s, lH, -N-C-) ,  02 . 98 (heptet, lH, isopropyl H) , 62 - 12-1 .53 

(m, lOH, cyclohexyl) ,  51.25 (s, 6H, -CH3) ,  o 0 - 95 (d, 6H, -CH3) .  The uv 

spectrum showed no absorption . No trace of the bisimine compound was 

observable .  Chemical analysis was not undertaken . Differing amounts 

of the open chain amide were produced in minor amounts during each 

preparation of the bisimine. 



P l idene-3- 2 2 4-trimeth 1 -N' -

Into a 1000 ml  flask  fitted with a Dean-Stark .trap were placed 

2 , 2 , 4 , 4-tetramethyl cyc lobutanedione (1) ,  225. 00 g ( L  748 mol e ) ;  cyc lo­

hexylarnine , 381 . 30 g (3 . 844 mole ) ;  p-toluenesul fonic acid monohydrate , 

20 g; and 280 ml  o f  toluene. 

A fter re fluxing the concentrated mixture for one day , ab�ut 23 ml 

of water were liberated. Water continued to be �lowly  azeotroped from 

the reaction mixture ,  and 5-10 additiona l ml were col l ected after 28 

days. Water was s till  slowly being formed on termination of the re­

action. Toluene was continual ly  added during the reaction. 

The mixture solidified instantl y on cooling and was heated over-

nigh {. on Lhe steam bath in attempts to subl irne any unreacted ketone. 

The mixture was then filtered with suction and the brown crys tal s 

recrys tailized twice  from aqueous ethanol , giving 73. 25 g of wet , white 

crystals . The crystal s appeared to be les s  soluble in hot e thanol than 

N ,N-dicyclohexyl-2 , 2 , 4 , 4-tetramethyl-l , 3-cyclo}?utanediimine (19). 

Water was continuous ly added to the fil trat� until no more crystal s 

were obta ined , giving about 100 g of brown crystal s differing in purity. 

Unusual bands in the uv spectrum , and an unusual mel ting point , 232-

233 0 , indicated the compound was not the expected bisirnine. The infra­

red spectrum o f  a KBr · pel l et included bands at 3320 , 2910 , 1620 , 1435 , 

1305 , 1265 , 1240 , 1080 , and 890 cm-I
°
. The nmr spectrum obtained in 

trifluoroaceti c  acid gave o 3 - 18 (m ,  approx. 4H , -NH- , isopropyl H ,  and 
H 
I 

N- C -) ol. 58 -l . 37 (m , -cyc lohexyl ) ,  5 0 . 92(rn , -CH3 ) . The ul traviolet 
I ' 
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spectrum obtained in isopropyl alcohol gave Amax 270nm ( e  = 22.2 ) ,  A.max 

225nm ( e = 88. 9 ) .  The mass  spectrum gave a molecular ion at 322. 

Preparation of  N,N ' -Dicyc loheptyl-2,2,4,4-tetramethyl-l,3-
cyclobutanediimine (22 ) 

Into  a 500 ml flask fitted with a Dean-Stark trap were placed 

2,2,4,4-tetramethylcyclobutanedione (1) , 50.00 g ( 0. 357 mole ) ; cyclo­

heptylamine, 83. 60 g ( 0. 738 mole); p-toluenesulfonic acid monohydrate, 

4. 17 g (0. 025 rriole ) ; and 200 ml of toluene·. The mixture was allowed to 

reflux for several days  until it appeared no more water was being col­

lected in the Dean-Stark trap. Between 6.2 ml and 7.2 ml of water were 

collected. The yellow solution was then allowed to stand for several 

days until crystallization ceased . The mixture was f iltered with 

suction, giving white crystals and a yellow f iltrate. The white cry­

stal s were recrystallized from aqueous ethanol giving 12. 36 g of . . 

solid, m. p. 127-128 _
0

._ The solid was dr ied in a vacuum oven and 

Abderhalen dryer over toluene and P2o5 • The bisimine structure 22 was 

confirmed by uv (Table 6), nmr, and ir spectroscopy. The nmr spectrum 

gave E, 4. 62 ( s, impYrity), 5 3.50 (m, 2H ) ,  ol. 54 ( s, 24H, -cycloheptyl ),  

o l. 39 ( s, c i s -CH3 ) ,  o l - 23 ( s, trans-CH3 ),  ol. 12 ( s, Q.S.-CH3 ) .  The infra­

red spectrum of a nujol mull gave bands at 1670, 1360, 1180, and 1065 

Found : c ,  78. 44 ; H, 11. 23. 



Preparation of N-Cycl oheptyl-2, 2, 4-triniethyl-3-oxova leramide · ( 23) 
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After filtering the crystals of 22, the reri1aining yellow filtrate 

was evaporated in an open flask for two days to enhance precipitation. 

The resulting dark brown solution containing dirty precipitate was 

filtered with suction . White crystals of starting ketone were 

obtained which were removed by sublimation at 110-134°, using water 

aspirator pressure. 

The brown filtrate was evaporated with a Rinco evaporator and 

filtered. Evaporation of the filtrate resulted in a solid which was 

recrystallized from acetonitrile, then purified by sublimation for 

45 minutes. After solidification, the mixture was recrystallized 

from aqueous ethanol and dried in a vacuum oven at 41 °, giving the 

open · chain amide 23 in differing degrees of purity; rn.p. of purest 

fracti�n, 69-71 °. The structure of the open chain amide was con­

firmed by ir, nmr, and mass spectrometry . The nrnr · spectrum gave 

04.17 (m, 2H) , 5 3.33(heptet, lH, isopropyl H) , 5 2.20, and & l - 88 (broad 

m, 24H, -cycloheptyl) , & l.60 (s, 6H, -CH3) ,  o L 29 (d, _6H, -CH3) .  The 

infrared spectrum of a nujol mull gave bands at 3320, 1705, 1 625, 

1520, and 1025 cm-1• A mass spectrum gave a molecular ion at 253. 

Found: c ,  71.63; H, 10 . 38. 

Preparation of N,N'-Dicyclooctyl-2,2,4,4-tetramethyl-l ,3-
cyclobutanediimine (24) 

Into a 250 ml flask fitted with a Dean-Stark trap were placed 

2, 2,4,4-tetr�rne�hylcyclobutanedione (1) , 50.00 g ( 0 .357 mole) ; 
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cyclooctylamine, 90 . 76 g (0. 713 mole) ; p-·toluenesul fonic acid mono­

hydrate, slightly over 4. 17 g ( slightly over 0 . 022 mole) ; 150 ml of 

toluene; and two boiling chips . The pale-yellow mixture was stirred 

and refluxed for 24 hours . When liberation of water ceased, 5.0 ml · 

were collected. 

The mixture, after crystallizing upon cooling, was filtered with 

suction . Fifteen to 20 grams of collected crystals were recrystallized 

from aqueous ethanol and hexane with no heat, m. p .  99 . 5-102. 5 ° . The 

bisimine structure was confirmed by uv ( Table 6) , ir, and mass. spectro­

metry. The infrared spectrum of a nujol mull showed bands at 1670, 

1365, ll80, and 1060 cm-1• The nmr spectrum gave 0 3 .  50 (rn, 2H) ,  

6 L 50 (m, 28H, -cyclooctyl) ,  o l . 40(s, cis-CH3 ) ,  0 1 . 25 ( s, trans-CH3), 

0 1 . lO (s, £!,§-CH3 ) .  A mass spectrum gave a molecular ion at 338 . No 

chemiGal analysis was undertaken . 

Preparation of N-Cyclooctyl-2,2,� -trimethyl-3-
oxovalerarnide (25) 

After filtering the crystals of 24, the remaining yellow fil-

trate was evaporated on a Rinco evaporator forming about 100 g of 

solid which was dissolved in cold ethanol and crystallized by the 

addition of two volumes of water . The mixture was filtered with 

suction giving crystals of 25, m . p. 74-85°. The filtrate was 

dissolved in warm hexane, filtered by gravity, and crystallized by 

cooling in ice . Suction filtration gave 60 . 36 g of pale yellow crystals 

and a yel l ow filtrate . These crystals were recrystallized from aqueous 
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ethanol ( 145 ml ethanol, 55 ml water) in an ice bath. White crystals 

were obtained, 43. 46 g, m. p. 81-83 °. The structure was confirmed by 

ir and mass spectrometry. The infrared spectrum of a nujol  mull 

showed bands at 3295, 1695, 1520, and 1030 cm-1 • No chemical analyses 

were made . The mass spectrum gave a mol ecular ion at 267. 

Preparation of  N-Cyc lopentyl -2,224 -trirnethyl -3-oxoval eramide ( 26 ) 

Into a 250 ml f lask fitted with a Dean-Stark trap were pla�ed 

2,2, 4, 4-tetrarnethyl cyclobutanedione (.�), 16. 46 g (0 . 177 mol e ) ;  

cyc lopentylamine, 20. 00 g (0. 235 mol e ) ; p-toluenesul fonic acid mono­

hydrate, 1 . 37 g; and 89 ml of toluene. The mixture was re fluxed for 

24 hours and 2.6 ml of water were collected, which represented 61. 5 

percent yield for compl ete monoimine forma tion. 

The resul ting yellow solution contained no precipitate after 

standing at 0 ° for several days. The solution was evaporated in a 

crucible on the steam bath until about 30-40 ml of dark liquid 

remained, which crystallized to a dark brown, moist solid, 26 . 67 g, 

after standing at 0 ° . 

The mixture was dissolved in warm n-hexane, filtered by gravity, 

and the filtrate crystallized upon cooling with ice. The mixture was 

filtered with suction, giving 8 . 46 g of brown cryst.als and a brown 

filtrate. These brown crystals were dissolved in 20 ml of ethanol and 



filtered by gravity. Then 25 drops of water were added to the fil­

trate and the mixture was allowed to crystallize at 0 0
• 
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Needle-shaped white crystals were obtained, 5. 28 g, m . p .  56-58 ° . 

The structure was confirmed to be the open chain amide (26) by nmr, · 

ir, and mass spectroscopy . The nmr spectrum gave 5 . 97-5 .64 o (broad s, 

lH , -NH) , 2 . 92& (heptet, lH, isopropyl H) , 2 . 17-l . 330 (m, 9H , 

-cyclopentyl) ,  l . 66& ( s, 6H, -CH3), 0 . 870 (d, 6H, -CH3) .  A mass spec­

trum gave a molecular ion at 225 . The presence of NH stretching 

frequencies and the absence of imine stretching frequencies were noted 

in the infrared spectrum . 

Addition of water to the filtrate resulted in more crystals of 

differing purity, m . p .  54 .5-56°, m . p .  55-74 °, and i. p .  73-81° , 8 . 46 g 

total . No bisimine compound was observed . Chemical analysis was not 

undentaken . 

Preparation of n-Butylarninehydrochloride (27 ) 

Into a 100 ml round bottom 19/22 ST flask � cooled by an ice bath, 

was placed n-butylamine, 14 . 63 g ( 0 . 20 mole ) .  A 19/22 ST separatory 

funnel was fitted to the flask . Into the separatory funnel was placed 

12 M HCl, 11 . 90 g .  The HCl was added dropwise to the flask with cool­

ing and shaking . This resulted in the evolution of · a  large amount of 

white gas . After the white smoke had disappeared, more HCl, 0 . 44 g, 

was added until the solution was neutral to litmus. The mixture did 

not crystallize even ·upon the addition of ether . Heating the mixture 

,over a ho·t plate led to solidification and slight decomposition of 
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the salt . The salt was dissolved in hot chloroform, filtered hot, and 

carbon tetrachloride added, resulting in the formation of white crys­

tals. The crystals were filtered with suction, giiing 8. 28 g of white, 

very wet appearing solid which was dried in a vacuum oven at low 

temperatures. An infrared spectrum of the solid as a nujol mull 

showed bands at 3600-2500, 20 50, 1600, 1 170, 1080, 1 020, 920, 800, 

and 745 cm-1 • 

Attem re aration of N N'-Di-n-but 1-2 2 4 4-tetrameth 1-1 3-
cyclobutanediimine 28 

Into a 250 ml flask fitted to a Dean-Stark trap were placed 

2, 2,4, 4-tetramethylcyclobutanedione (. �) , 2 .97 g (0 .021 mole) ; n­

butylamine hydrochloride (27) , 6 . 97 g (0 .064 mole, ·equivalent to 

0. 042 mole n-butylamine); 90 ml of nitrobenzene as solvent ; and two 

boi�ing chips. The mixture was heated for about four hours, at which 

time two immiscible liquids distilled into the Dean-Stark trap. The 

contents of the reaction flask gradually darkened in color from light 

greenish-yellow to black . The contents of the - trap contained a lower 

layer of about 1 ml consisting mainly of clear nitrobenzene and a two 

ml top layer. This top layer was slightly yellow and contained a few 

white crystals of starting ketone 1 and water. 

The black liquid in the reaction vessel contained some white 

c�ystals, which were filtered with suction and washed with cold 

nitrobenzene . About 2 .59 g of waxy, hygroscopic crystals were formed 

which were shown to be n;..butylarnine hydrochloride 27 by ir spectro­

scopy . An infrared spectrum was similar to an authentic sample of 27 . 



The black liquid was distilled under moderate vacuum, giving 

nitrobenzene and a brown liquid as distillates, 60-67 ° � at 2 . 4  mm. 
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An infrared spectrum indicated the presence of nitrobenzene, 2, 2, 4,4-

tetramethylcyclobutanedione ( �) ,  and the possibility of a small amount 

of open chain amide. The infrared spectrum showed bands at 3420, 3035, 

2930, 2855, 2425 ,  1705, 1700, 1615, 1600, 1 520, 1470, 1340, 1100, 1060, 

1015, 925, 845, 785, 695, and 670 cm-1 • 

A n  infrared spectrum of the black, viscous liquid remaining in the 

distillation flask indicated the presence of n-butylamine hydrochloride 

(�) , with a small amount of ni trobenzene . The spectrum of a neat 

sample showed bands a i  3600-2340, 2975, 2040, 1705, 1630, 1520, 1460, 

1340, 1030, 840, and 700 cm-1 . 

trimethyl-3-oxovaleramide 29 )  

Into a 250 ml flask fitted with a Dean-Stark trap were placed 

2,2,4,4-tetramethylcyclobutanedione (1) , 7.50 g ( 0. 058 mole) ; 3-

methylbutylamine, 10 .1 6  g ( 0 . 116  mole) ;  p-toluenesulfonic acid mono­

hydrate, 0 . 06 g; 92 ml of toluene; and a boiling chip. The mixture 

was refluxed until water ceased to distill into the Dean-Stark trap. 

After one day, 0 . 8 ml of water was collected. 

The mixture was evaporated on a Rinco evaporator to give an 

o.range, viscous open cha in amide 29 . The infrared spectrum showed 

bands at 3340, 2940, 1705, 1630, 1520, 1460, 1375, 1360, 1275, 1075, 

1030, and 990 cm-1. 



Attem arGti on of 2 2 4 4-Tetrameth 1-3-tert. 
butyliminocyclobutanone 30 
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Into a 250 ml flask fitted to a Dean-Stark trap were placed 

2 ,2,4, 4-tetramethylcyclobutanedione (�), 15 .00 g (0.116 mole) ;  50 ml 

of warm benzene, tert. butylamine, 17 .00 g (0.233 mole) ; and two small 

drops of concentrated sulfuric acid, which resulted in the formation 

of a small amount of white, water soluble amine sul fate . The pre­

cipitate was filtered with suction, which resulted in 0 .04 g of . 

material being obtained. The mixture was refluxed for 27.5 hours 

with no water being collected, indicating the lack of imine formation. 

The resulting clear liquid had a ketone and amine odor . A portion of 

the solution �s evaporated on a Rinco evaporator, giving white 

crystals .  An infrared spectrum of the crysta ls wa s .iuentical to an 

authentic sample of 2,2, 4, 4-tetramethylcyclobutanedione (_�) . 

· The attempted preparation was rerun with modifications . Into a 

large test tube were placed 2, 2, 4, 4-tetramethylcyclobutanedione (1) , 

7 .50 g (0 . 058 mole) ; tert .butylarnine, 8.50 g (q .116 mole) ; a large 

pinch of potassium carbonate catalyst; and 40 ml of_ benzene . The 

total volume of the solution was about 56.5 ml . The contents of the 

tube were frozen with liquid nitrogen, a vacuum was pulled on the tube 

using a water aspirator, and the tip of the tube was sealed . The tube 

was allowed to cool slowly and then placed in a sealed pipe in an oven 

at slightly o er 1 00 ° for 6 . 5 hours . Upon cooling, the contents of the 

tube appeared to have slightly darkened in color. 
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A portion of the mixture was evaporated, and an infrared spectr�1 

was taken of the remaining white solid. No evidence of a reaction was 

apparent. 

The infrared s pectrum of a nujol mull showed bands at 3375, 1745, 

1655, 1515, 1265, 1220, 1030, 990, and 880 cm-1 . This residue was 

extracted with hot ethanol and filtered . An infrared spectrum taken 

of the residue was identical to an authentic sample of 2, 2,4, 4-

tetramethylcyclobutanedione (�) . 

The reaction was attempted several more times using sealed tubes. 

These attempts were unsuccessful due to the tendency of sealed tubes 

to explode while being heated. 

isopropyliminocyclobutanone 31 

Into a 250 ml flask fitted to a Dean-Stark trap were placed 

2,2, 4 , 4-tetramethylcyclobutanedione (1) , 15. 00 g (0. 116 mole) ; 150 

ml of warm benzene; isopropylamine, 13 .77 g (0 .233 mole) ; and one 

small drop of concentrated sulfuric acid, which resulted in a very 

small amount of white precipitate. A couple of small crystals of 

p-toluenesulfonic acid were added, and the mixture was refluxed 

for about 13 hours . No water was liberated, so 30 ml of the 

mixture was set aside . and four drops of concentrated sulfuric acid 

-added to the remainder with continued refluxing for three more hours . 

No water was l iberated, so several drops of water, one ml of con­

centrated sulfuric acid, and 0. 50 g of p-toluenesulfonic acid were 

added along with two boiling chips . The solution turned cloudy upon 
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the addition of sulfuric acid but was still slightly basic to litmus. 

Refluxing was discontinued after two hours. The resulting solution con­

tained a large amount of white precipitate, amine sulfate, which was 

f iltered with suction. No indication of reaction was evident. 

Preparation of N-Adamantyl-2,2,4-trimethyl-3-oxovaleramide (32) 

Into a 250 ml flask fitted to a Dean-Stark trap were placed 

2,2,4,4-tetramethylcyclobutanedione · (.�) , 5. 00 g (0. 21 mole) ; adamantane 

amine, 11. 14 g (0. 074 mole) ; p-toluenesulfonic acid monohydrate, 0 . 46 

g ;  165 ml of toluene ; two boiling chips ; and a boiling stick. Water 

was liberated very slowly upon reflux ing. After about two da ys, 

approximately 0.20-0. 25 ml of water were collected, which represented 

30-40 percent yield for complete formation of the open chain c ompound ; 

60-70 percent of the amine did not react. 

, The resulting yellow solution contained a white precipitate which 

was filtered with suction, giving 0.84 g of white crystals and a yellow 

filtrate. An infrared spectrum of the white solid after washing with 

toluene indicated the presence of salt. An infrared spectrum gave 

bands at 1 610, ll80, 1020, 1000, and 800 cm-1. 

The filtrate was evaporated in an evaporating dish on a steam bath 

to give about 5. 1 g of white solid. An infrared spectrum of the crude 

material as a nujol mull indicated the presence of unreacted amine and 

the open chain compound (�) . An infrared spectrum g ave bands at 3350, 

2650, 1 660, 1300, 1 135, 1085, and 1030 crn-1. The mixture was recry­

stallized from aqueous ethanol over a period of several days, giving 
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0 . 75 g of material, m.p. 99-150 ° . An infrared spectrum of a nujol mull 

showed the presence of imp e open chain amide (32) . An infrared spec­

trum gave bands at 3355, 1 O, 1505, and 1035 cm-1 . · 

The mixture was recrystallized from n-hexane by dissolving it in 

cold n-hexane, filtering of the amine residue, and chilling. This gave 

0 .45 g of the open chain compound 32, m . p .  108-110 ° . An infrared spec­

trwn was consistent with the structure . 

re aration of N N'-Di tert . oct 1 -2 2 4 4-tetrameth 1-1 
3-cyclobutanediimine 33 

Into a 1000 ml flask fitted to a Dean-Stark trap were placed 

2, 2,4,4-tetramethylcyclobutanedione (.�) , 56. 07 g (0 .40 mole) ;  

tert . octyl amine, 103 .40 g ( 0 . 80 mole) ; p-toluenesulfonic acid mono­

hydrate, 5. 16 g; 300 ml of toluene, two boiling chips ; ·and two boiling 

sticks . The mixture was stirred and brought to a reflux. After about 

one day, about 0 . 5  ml of water were collected, an amount which corre­

sponded to the water content of the acid catalyst used . About 5. 16 g 

of the acid catalyst were again added . After two days, no more water 

was being liberated, so the heating was discontinued . The total 

amount of water liberated was about 1 ml, an amount which corresponded 

to the amount of water in e acid catalyst used . Isolated products 

were identical to the starting materials . 



Preparation of Monoimines and Mixed Bisimines 

Preparation of 2,2,4,4-Tetramethyl-3-phenyliminocyclobutanone ( 34 )  

Into a 500 ml flask fitted to a Dean-Stark trap were added 

2,2,4, 4-tetramethylcyclobutanedione (_�), 100 .00 g (0 . 71 mole ),  and 
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100 ml of warm toluene, Jhich dissolved most of the ketone . To this 

was added aniline, 66 .30 g ( 0 .71 mole) ; p-toluenesulfonic ac id mono­

hydrate, 1 .65 g (0 .0087 mole); 100 ml more toluene; and boiling chips . 

The mixture was refluxed for about five hours and then c ooled, result­

ing , in a white precipitate �n a dark red solution. Over 12.5 ml of 

water were collected during this period .  

The mixture was washed twice with 100 ml portions of  saturated 

sodium bicarbonate s olution, twice with iOO ml portions of  distilled 

water, and dried one to two days over magnesium sulfate. It was then 

filtered, and the residue washed three times with toluene. The 

extract c ontaining 86 .5 ml of toluene was then distilled under high 

vacuum . Some ketone started subliming at 43 ° (0 .2 mm) . The . toluene 

was distilled, 26-29° (0 . 2 nm), followed by distillation of the rest 

of the material, 75-115°, (0 .2 nm) .  This fraction was redistilled ; 

the ketone started subliming about 38 °. The first fraction was 

distilled at 61-98 ° (1  mm), the second fraction . at 98-110 ° ( 1  mm ) ,  

and the third fraction at 110-160 ° (1 nm) . An infrared spectrum of 

the first fraction showed the presence of starting material, 

monoimine 34 , and open chain amide, the color darkening to red 
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upon standing for a couple of days . The second fraction contained 

about 50 ml total volume and was slightly green in color, with some 

solid material present. An infrared spectrum showed the presence of 

the monoimine 34 and starting ketone 1· The third fraction contained 

a few ml of viscous liquid and some white solid; an infrared spectrum 

indicated the presence of monoimine 34, bisimine .2 , and less open chain 

amide and starting ketone 1 than the first fraction. The remaining 

resi due consisted of rnonoimine 34, starting ketone ,1, open cha in amide, 

and bisimine .2.• 
Attempts were made to sublime the ketone material from the second 

fraction using water aspirator pressure, 94-113 °. The mixture was cooled, 

filtered with suction and redistilled. The following fractions were 

obtained: fraction a, 84-89 ° at 0 . 36 mm, and f raction b, 65-135 ° at 

0 . 25 mm. The material frqm fraction a was sublimed at 2 mm. The 

material then darkened in color and solidification occurred. Re­

crystallization of the 10. 21 g of white crystals from aqueous 

ethanol gave pure bisimine .2, m. p .  137-140 °. An infrared spectrum of 

these crystals was identi cal to the spectrum of N , N'-diphenyl-2, 2, 4, 4- · 

tetramethyl-1, 3-cyclobutanediimine (_2), previously prepared. Other 

impure crystals were present in lesser amounts. 

The material from fraction b, about 50 ml, was pure monoimine 34, 

containing only a negligible trace of bisirnine .2,  as determined by ir, 

nmr, and uv spectroscopy (Table 6). An infrared spectrum gave bands at 

3060 ( weak), 2960, 2925, 2860, 1800, 1695, 1580, 1480, 1450, 1375, 1355, 
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1265, 1215, 1040, 835, 760, 735, and 690 cm-1. The nmr spectrum gave 

approximately o 7. 2(m, 5H, aromatic ) ,  approximately 0 l (s, 6H, -CH3 ) ,  

and a pproxima tely · 5 0. 9 ( s, 6H, -CH3 ).  

The sample was sealed under nitrogen and wrapped in brown paper. 

A f ter standing over a year, a darkening of the color was observed with 

the deposition of increasing amounts of white solid ; A mass spectrum 

gave fragmentation ions a t  140 and 93, corresponding to the starting 

materials, 2,2,4,4-tetramethylcyclobutanedione (1) and aniline, 

respectively. Chemical a nalysis of the monoimine 34 was not under­

taken because of the tendency of this compound to undergo hydrolysis . 

Prepa ration of 2,2,4,4-Tetramethyl-3-cyclohexyliminocyclobutanone (35) 

Into a 1000 ml- flask fitted with a Dean-Stark trap were placed 

2, 2, 4, 4-tetramethylcyclobutanedione (1) , 100. 00 g (0 . 712 mole ) ;  cyclo­

hexylamine, 77 . 66 g (0. 783 mole ) ;  p-toluenesulfonic acid monohydrate, 

8. 67 g (0 . 046 mole ) ;  300 ml toluene ; three boiling chips, and a boiling 

stick. The mixture was refluxed for about 28 hours, at which time the 

removal of water was complete when 5. 2 ml of wa ter were collected. 

The mixture was distilled twice, 8 1-113° at 1. 3-1 . 5  mm, and then sub­

j ected  to sublimation in order to remove excess starting ketone 1 ·  

The material was then recrystallized from a queous e thanol and n-hexane 

twice giving the monoimine 35 in various stages of purity, m. p. 73-74 °, 

a bout 37. 59 g. The monoimine structure was confirmed by ir, uv 

(Table 6 ) , and mass spectrometry. 
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An infrared spectrum of a nujol mull gave bands at 1800, 1690, 

1265, 1190-1170, 1120, 1040, 960, and 885 cm-1 . A mass spectrum gave 

a molecular ion at 221 . The nmr spectrum gave [> 3 . 50 (m, lH ),  [>1 . 80- 1 . 25 

(m, l0H, cyclohexyl ) ,  5 1 . 15 ( s , 6H, CH3
1 s ) ,  5 1 . 03 (s, 6H, CH3' s ) .  

�: Cal'd for C14H23N :  c ,  75 . 97 ;  H, 10 . 47 .  

Found: c ,  75 . 84 ;  H, 10 . 22 .  

A l so obtained by evaporation of the filtrates were about 65 .. 82 g 

of a mixture consisting primarily of the open chain amide 20, with some 

monoirnine 35 present . An infrared spe ctrum of a nujol mul l showed 

bands at 3345, 1800, 1690, 1630, 1535, 1380, 1185, 1075, 1040, 960, and 

890 cm-1 • About 11 . 88 g of sal t were obtained, indicated by water 

so lubility . 

Preparation of 2 2224,4-Tetramethyl -3-n-butyliminocyc l obuta n o ne (36 )  

I nto a 100 ml flask fitted to a Dean-Stark trap were pl a c ed 

2,2,4,4-tetramethyl cyclobutanedione (�J , 1 . 00 g ( 0 . 007 mol e )  in 10 ml 

of benzene ; n-butylarnine, 0 . 56 g ( 0 . 0072 mole ) ; and one drop of concen­

trated sulfuric acid as catalyst, which resul ted in the inmlediate for­

mation of a greyish-white precipitate of amine sulfate . The mixture 

was stirred and heated slowly with a heating mantle in order to achieve 

gentle refluxing .  A fter one hour, on ly a smal l amount of liquid had 

been distilled . The distil lation was completed after about four more 

hours . The mixture in the flask had a slight amine odor and crystal­

l ized on standing . The benzene wa s removed with a Rinc o eva por�tor. 
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The resul ting mixture cons isted of white crysta l s  in a yel low, viscous 

l iquid . This  mixture ra s filtered with suction to give 0 - 21  g of wet 

crysta l s, which a ppeared to decompose on attempts to determine the 

melting po int up to 253 °. An  infrared spectrum indicated the presence 

of the monoimine 36 and s ome open cha in amide. The infrared s pectrum 

showed bands at  3320, 2890, 1820-1750, 1540, 1460, 1◄375, 1 085, 1040, 

1015, and 1000 cm-1. The viscous, yel l ow liquid crysta llized in the 

suction  f l a sk to g�ve 0.43 g of oily, white crystals whi ch a ppeared to 

melt at 1 03-1 13 °, wet (m. p . of  starting ketone, 1 14-1 1 6 ° ) .  It wa s 

concluded that the rea ction did not go to completion. 

The rea ction  wa s rerun on a larger scale. Into a- 250 ml flask  

fitted to  a Dean-Stark trap  were placed 2,2,4,4-tetramethyl cyc l obutane­

dione (�), 10. 00 g ( 0. 07 1 mo le ) ; n-butylamine, 5. 62 g ( 0 .  077 mo le) ; 

106 ml o f  warm benzene ; and one drop of concentrated sulfur ic  a c id. 

The rea ction wa s stopped a fter about 30 hours of refluxing and 

0 .7 m l  o f  water were removed . The resulting light-greenish-yellow 

solution conta ined some waxy solid, so it wa s filtered with suction, 

and the res idue wa s wa shed twice with small portions of ether, giving · 

about 0. 1 5  g o f  waxy solid . The filtrate wa s evaporated under reduced 

pres sure on a Rinco evaporator to give about 17.24 g of viscous, yellow 

liqu id . The infrared spectrum o f this liquid indicated the presence 

o f  starting ketone _1 ,  monoimine 36, open cha in amide, and pos s ible 

starting amide. 
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A 50 microliter sample  of  the viscous yellow liquid was injected 

into an Autoprep Gas Chromatograph Unit:  0 oven temperature-205 _; 

detector temperature-290°; injector temperature-120 ° . The column 

used was a 30 percent SE 30 3/5" x 20" , flow rate-approximately 4 

cc/sec . The following components with their relative abundance were 

obtained in this order : n-butylamine (impurity) ,  starting ketone _1 

(ma j or ) ,  monoimine 36 (cons iderable ) ,  and open chain amide ( slight ) . 

The remaining viscous liquid was distilled under moderate vacuum, 

using water aspirator pressure, in order to isolate the monoimine . 

The distillate, 80-125°, at approximately 12 mm, weighed 7 . 25 g, and 

was shown by gc  analysis to contain monoimine 36 as the maj or product 

and starting ketone 4 as the minor product. There · remained about 3 . 59 

g of orange, viscous liquid and starting ketone in the distillation 

flask. A large amount of ketone which prec ipitated out of  the monoimine 

solution wa s  then filtered with sucti on . This soluti on was then redis­

tilled under high vacuum, and the fractions were analyzed by gc analy­

sis as described above . The following fractions were collected : 

fra ction 1,  2 . 83 g, 67-79 ° at 2 . 5-2 . 75 mm, contained c onsiderable 

starting ketone ,1 ,  but monoimine 36 as the maj or product; fraction 2, 

1 . 43 g, 67-89°, at 2 . 4-2 .75 mm, c ontained monoimine 36 as the maj or 

product, and o pen chain amide, n-butylamine, and starting ketone 4 as 

minor products ;  and fraction 3, approximately 0 . 1  g, 90-113 ° � at 2 . 5-

2. 75  mm, consisted o f  open chain amide as maj or product and monoimine 

� as minor product . The structure of 36 was confirmed by ur ( Table 6 ) ,  
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ir , and nmr spectroscopy. The nmr spectrum gave O 3 . 38 (m , 2H , -CH2N ) , 

0 1. 6l(m ,  4H , -CH2-CH2- ) , o l - 3l (s ,  6H , -ring CH3 ) ,  0 1 . 2l (s , 6H , ring CH3 ) ,  

& l . 04(m , 3H, -CH3 of n-butyl ).  The infrared spectrum showed bands at 

2960 , 1800 , 1695 , 1455 , 1270 , and 1040 cm-1 . 

Pre aration of N-Phen 1-2 2 4 4-tetrameth 1 -1 3-
c clobutanediimine 3 1-3-N-Phen limino-=2 2-dimeth 1-

Into a 250 ml flask fitted to a Dean-Stark trap were placed 

2 , 2 ,4 , 4-tetramethyl-3-phenylirninocyc lobutanone (34 ) , 1 0. 76 g (0. 05 

mole ) ; cyclohexylamine ,  5. 22 . g ( 0. 053 mole) ; p-toluenesul fonic acid 

monohydrate , 0 . 55 g (0 . 003 mole ) ;  and 100 ml of toluene. The contents 

of the flask were shaken and the flask brought to a ref lux. After 

reacting for 24-30 hours , 0.45 ml of water were collected in the Dean­

Stark trap . 

The mixture turned a different shade of yel low on cooling , fol­

lowed by precipitation. The mixture was filtered to give about 0. 75 g 

of white solid , m. p. 182-183°. The filtrate crystal lized on ·standing 

to give 0 . 80 g  of  solid , m. p. 93-111. 5 °. No more precipitation occurred 

on attempts to evaporate the remaining liquid , so it wa s distilled 

under moderate vacuum : first cut ,  77-101� second cut ,  102-115 °. The 

remaining materia l in the distillation flask sol -idified in this f lask , 

condenser , and distillation apparatup . An infrared spectrum of cut 1 

indicated the material to be N-phenylrnonoimine 34 and the open chain 

amide , 4-methyl-3-N-phenylirnino-2 , 2-dirnethyl-N ' -cyclohexylarninopentano­

amide (38 ) . The white solid . was recrystallized from aqueous ethanol , 
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0 
0 . 76 g, m . p. 1 16-llS.5 • The _ filtrate from this recrystall ization 

solidified, givi ng 0 . 15 g ihich was recrystallized from n-hexane. 

Filtration of the mixture gave 0. 10  g of residue, m.p. 1 17-118. 5 ° and 

a filtrate which solidified, 0. 05 g, m . p. 83-106 °. 

The l iquids from cuts 1 and 2 were redistilled under a moderate 

vacuun\, 105 - 1 16 °, 4 . 60 g, corresponding to about 42. 75 percent of unre­

acted material . An infrared spectrum showed the distillate consisted 

of the N-phenylmonoimine 34 as the major product and the imino open 

chain amide 38 as the minor product. 

The white solid was recrystallized twice from aqueous ethanol, 

0. 53 g, m . p. 1 16- 1 18. 5 °. An infrared spectrum of the white solid 

37 gave bands at 2920, 2850, 1680, 1580, 1480, 1440, 1355, 1220, 1065, 

1045, 760, and 695 crn- 1. The uv spectrum is given in Table 6. A mass 

spectrum gave a molecular ion at 296, and fragmentation ions at 151, 
I 

145, and other fragments . 

Found : C, 80.67 ; H, 9.25. 

Summary of product formation :  

Compound 

Unreacted rnonoimine 36 
Salt 
Bisimine 37 
Irnino open chain amide 38 

Estimated Percent Yield for Complete 
Compound Forma tion 

50 · 
3 

20 
20 



51 

The brown solid residue remaining after the second distillation 

consisted mainly of the open chain amide 38 with some monoimine 35. 

The monoimine was distilled off under moderate vacuum, giving 0.70 g of 

4-methyl-3-N-phenylimino-2,2-dimethyl-N ' -cyclohexylaminopentanoamide 

(38), as determined by infrared spectroscopy . The infrared spectrum 

gave bands at 3300, 3050 (weak), 2910, 1660, 1585, �525, 1440, 1215, 

1065, 1045, 880, 760, and 690 cm-1. 

An unidentified compound, residue after the first d istillation, 

was redistilled, 105-116 °, at moderate vacuum . An infrared spectrum 

showed the presence of an unusual band at 2000 cm-1 • Other bands 

present were 3250-3300, 3050 (weak) , 2960-2900, 1795, 1695-1620, 

1540-1520, 1460-1435, 1375, 1365, 1040, 835, and 760 cm-1 • 

Preparation of Imrnonium Salts 

Preparation of Diphenyl-2,2,4,4-tetrarnethyl-l,3-
cyclobutanediimrnonium Dichloride (.;12) 

Into a 500 ml flaik were placed N,N ' -diphenyl-2,2,4,4-tetramethyl­

l,3-cyclobutanediirnine (2) , 4 . 54 g (0 . 015 mole); and 100 ml of ether . 

Solid sodium chloride, 5 . 94 g ( 0.10 mole), . was placed in a 250 ml gas 

generating flask � and concentrated sulfuric acid, 9 . 80 g ( 0 . 10 mole ) ,  

· 37 was added dropwise . The resulting HCl gas was introduc ed into the 

ether solution . A white precipitate formed immediately in the ether 

solution. A fter about one hour, the large, white precipitate was 

filtered with suction giving 4 . 08 g of white flakes  which dried 
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on crushing. The filtrate was evaporated over the steam bath, result­

ing in the same white solid. The crystals were combined and recrystal­

lized by dissolving them in 45 ml of warm ethanol, filtering by 

gravity, adding about 35-40 ml of n-hexane, and storing them in a 

refrigerator, 10 °. The resulting crystals precipitated after one day 

and were filtered with suction, giving light blue crystals, 2. 20 

0 g, m. p. 191 .5-194.5 . 

Gravimetric chloride determination38 .indicated the presence of 

two moles of chloride ion per mole of salt . The calculations are 

shown below: 

weight AgCl obta{ned = 0 . 1574 g 

moles AgCl obtained = 0. 1574 g/143 .337 g mole-l 

= 1. 091 x 10-3 moles 

moles c1- originally present = 1 .091 x 10-3 moles 

weight of sample used = 0 .1696 g 

moles of sample used = 0 .1696 g/363 .31 g mole-1 

= 4. 67 x 10-4 moles 

1 Cl- t 1 .09 X 1 0-3 _ mo es presen = ________ 2 .33 � 2 
moles sample used 4. 67 x 10-4 

The sample was titrated to determine the equivalent weight . The 

sample was added to 50 ml water, the mixture boiled, and then titrated 

with dilute sodium hydroxide solution. The data a nd calculations are 

shown below: 



Experimental Equivalent Weight 

Normality of base = 0. 1 00 N 

Volume of base at pH 8 = 10. 7 ml 

Equivalents of base = (10. 70 ml) (l l) (0 1lOON) 
( 103 ml) 

= Q. 00107 equivalents 

Weight of sample used = 0. 18068 g 

Equivalent weight = _o_. l_B_0_6_B_g _____ = 168. 86 9 
0. 00107 equivalents equivalent 

Actual Equivalent Weight 

Equivalent weight = formula weight 
equivalents of hydrogen ion 

= 359 = 1 79. 5  2 
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Partial hydrolysis could account for the low analytical and experi­

mental values . In addition, a blank was needed so 2,2,4,4-tetramethyl­

cyclobutanedione (1) and aniline hydrochloride were also titrated. 

Titration of 2,2,4,4-tetramethylcyclobutanedione required a negligible 

amount of base. The aniline hydrochloride was recrystallized several 

times by dissolving the sample in warm ethanol, filtering by gravity, 

adding n-hexane to the filtrate, and filtering the precipitate with 

suction . Data and calculations for the titration of aniline hydro­

chloride are shown below: 



Experimental Equivalent Weight 

Normality of base = 0 . 1012 N 

Volume of base at pH 8 . 1  = 14 . 04 ml 

54 

E qu i va 1 en ts of ba s e = ( 14 · o4 rn 1 ) ( i 1 ) ( O • 1O12N ) = 0 . 0014 21 
(103 ml ) equivalents 

Weight of sample used = 0 . 18270 g 

Equivalent weight = 0 · 18270 9 
0 . 001421 equivalents 

Actual Experimental t✓eight 

= 128 . 60 g 
equi valent-1 

Equivalent weight = formula weight 

equivalents of hydrogen ion 

129 . 5  

An infrared spectrum of ]9 as a nujol mull gave bands at 3300-

2700 , 2650, 2020, 1920, 1760, 1730, 1 600, 1 575, 1560, 1 500, 1275, 1205, 

1060, 745, and 690 crn-1 . The ultraviolet spectrum obtained in ethanol 

gave )\.max 344 nm (e: = 13. 5), broad, and )\.max 294. 5 nm (e: =48 . 2) at a con­

centration of 6 . 54 x 10-3 M, and ;\ max 233 nm(e = 447 . 6) at a concen­

tration of 2 . 61 x 10-4 M .  Additional absorptions were believed to be 

present in the vtsible region. The nmr spectra also indicated 

hydrolysis was evident . The spectrum in trifluoroacetic acid gave 

0 8 . 68-8 . 0l (broad s, 2H, = N-), o 6 - 83 (s, lOH, -C6H5), 0 0 . 84 (s, -CH3 ) .  
1 
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The spectrum in CH30H was similar, also indicating hydrolysis . Ele­

mental analyses were inconsistent because of imcomplete combustion of 

salt-like compounds . 

Preparation of Dicyclohexyl-2,2,4,4-tetramethyl-l ,3-
cyclobutanediirnmoniurn Dichloride ( 40) 

Into a 500 ml reaction flask were placed N,N ' -dicyclohexyl-2,2,4,4-

tetramethyl -l,3-cyclobutanediimine (19), 8 . 71 g (0 . 029 mole) , and 150 

ml of ether. Solid sodium chloride, 11 . 89 g (0 . 20 mole) , was placed in 

a 250 ml generating f lask, and excess concentrated sulfuric acid, 25 

ml, was added dropwise . The resulting HCl gas was introduced into the 

ether solution. The reaction was terminated after 15 minutes, yielding 

a large , white precipitate. 

The precipitate was recrystal lized from col d  aqueous ethanol, 

filtered with suction, and the filtrate evaporated in an evaporating 

dish on a steam bath, m . p. 205-206 . 5 ° . The addition of 2M silver 

nitrate solution to an aqueous solution of 19 resulted in a white 

precipitate indicating the presence of chloride ion . Gravimetric 

chloride determination38 indicated the presence of two moles of 

chloride ion per mole of salt . The calculations are shown below : 

weight of AgC l obtained = 0 . 1743 g 

moles AgCl obtained = 0 . 1745 g/143 . 337 g mole-1 

= 1.216 x 10-3 moles 

moles c1- originally present = 1 - 216 x 10-3 mole  



weight of sample used = 0. 2084 g 

moles of sample used = 0 . 2084 g/375. 41 g mole-1 

0 . 5551 x 10-3 mole 

moles Cl- present = 1 . 216 x 10-3 _ 
10-3 - 2 . 19 � 2 

moles sample used O . 555 x 
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Chemical analysis was not undertaken because of the difficulty in 

obta ining accurate results with hydrochloride sa lts . 39 
I 

The uv  spectrum showed the absence of absorption from 360 to 205 

nm . In addition, hydrochloric acid was added to solutions of N,N'­

dicyclohexyl-2, 2, 4, 4-tetramethyl-l,3-cyclobutanediimine (19) in etha nol . 

Addition of  onl y  2 x 10-3 ml of 50 percent HCl to a silica cell 

containing a 5 . 85 x 10-3 M solution of 19 in ethanol resulted in the 

disappea rance of the imine n � n* absorption bands and the forma tion 

of new bands : Amax 265 nm (shoulder) ( e = 67 . 0) , A.max 305 nm (broad), 

(e = 5. 6) . Addition of more HCl resulted in the disappearance of the 

shoulder, but still gave the low energy band, probably due to the 

hydrolysis product, 2, 2, 4, 4-tetramethylcyclobutanedione . 

Attempts to take the nmr spectrum using trifluoromaleic anhydride 

and tetra rnethylsilane were unsuccessful due to the extreme volatility 

of the mixture . The infrared spectrum of a nuj ol mull showed bands at  

3230, 2910 (broad ) ,  2730, 2680, 2620 , 2575, 2520, 2055, 1965, 1680 , 

1605, 1550, 1230, 1175, 1125, 1070, and 1020 cm-1 . 



Catalytic Reduction of Bisimines 

Preparation and Purification of Raney Nickel Catalyst40 

Into a 2 1 beaker was placed a solution of sodium hydroxide , 380 

g, in 1.51 distilled water. Ni-Al alloy, 306.77 g ,  was add€d over a 

period of several hours ,  keeping the temperatu e under 25°. Cooling 

was achieved by means of an ice bath and stirring by an efficient 

sparkless stirrer . The mixture was warmed to room temperature after 

the rate of hydrogen gas evolution markedly decreased . ·The mixture 
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was then heated on the steam bath for several hours ; no violent gas 

evolution was observed. After the catalyst settled , the supernatant 

was decanted; the solid slurry was transferred into a 2 1 beaker and 

washed thoroughly three to four times with distilled water; and the 

mixture was allowed to stand in water for six days . Sodium hydroxide 

solution was added , 50 g in 500 ml distilled water, and the mixture 

decanted after thorough mixing. The mixture was rinsed , then 

thoroughly mixed and decanted five times with distilled water, so that 

the final solution was neutral to litmus paper. The mixture was 

washed , mixed , and decanted five to ten times more with distilled water, 

three times with ethanol, and three times with 95-100 percent ethanol 

and stored in brown bottles , completely immersed in · dry ethanol . The 

yield was about 1 50 g · of activated catalyst .  Density of settled 

material was about 0.6 g/rnl. Note: the activated catalyst is highly 

pyrophoric and must be completely immersed in the solvent at all times . 



Preparation of 2,2,4,4-Tetramethyl-N,N ' -diphenyl-l,3-
cyclobutanediamine (41) 

Procedure similar to that of Hasek, Elam, and Martin8 with 

modifications : 
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Into the rocking autoclave was placed 2,2, 4, 4-tetramet_hyl-N, N' -

diphenyl-1 ,3-cyclobutanediimine (2) , 10. 00 g ( 0. 035 mole ) ,  dissolved 

in 97 ml benzene . Activated Raney Nickel catalyst, 3. 50 g, was added 

to this solution. The mixture was then hydrogenated; 90-1 08 ° at 

1 300-1550 pounds per square inch for about four hours . The mixture 

was cooled to room temperature and filtered with suction . This 

resulted in a gray solid of Raney Nickel and a filtrate, which was 

filtered by gravity several times through glass, wool-packed-funnels . 

This liquid wc1 s then evaporated in evaporating dishes on a steam bath 

to give a l ight yellow, clear, viscous liquid with an amine odor. 

The evaporation was watched carefully to avoid the possibility of fire 

being caused by any remaining activated catalyst present. 

The weight of liquid product obtained was 8 . 95 g. The structure 

of the diamine was confirmed by ir spectroscopy . 8 An infrared spectrum 

gave bands at 3435, 3045, 2950, 2870, 1605, 1505, 1320, 1260, 1125, 

and 750 cm-1, identical to an authentic sample. 8 A mass spectrum gave a 

molecular ion at 294 . The crude liquid began to crystallize slowly 

after about one year . · 
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3-cyclobutanediamine 42 

Into a rocking autoclave were placed 2,2,4,4-tetramethyl-N,N'­

dicyclohexyl -l,3-cyclobutanediimine ( 19), 10 . 00 g ( 0. 034 mole), 

dis sol ved in 97 ml benzene, and 3. 50 g of activated Raney Nickel 

catalyst .  The mixture wa s hydrogenated; 94-128° at 1450-1850 pound s 

per square inch for three hours . Filtration of the mixture, evapor­

ation of the filtrate, and an infrared spectrum of the resulting solid 

a s a nujol mull, �hewed the presence of starting bisimine . The 

s pectrum showed ma j or bands at 1675, 1 275, 1245, ll80, 1070, 1045, 960 ,  

890, 840, and 790 cm-1 . 

The recovered Raney Nickel had  not lost its activity a s it 

ren�ined highly pyrophoric .  

Attempted Pyrolysis 

Attempted Pyrolysis of N,N'-Dicyclohexyl-2,2,4,4-tetramethyl-12 
3-cyclobutanediimine (1,2) 

Into a 50 ml Erlenmeyer flask was placed N,N'-dicyclohexyl-2,2,4,4-

tetramethyl-l,3-cyclobutanediimine ( 19), 0. 10 g ( 0. 031 mole) . Glass 

tubing wa s  inserted into the Erlenmeyer fl ask by means of a rubber 

stopper. Right ·angle bends were made in the glass tubing to all ow the 

other end of the glass tubing to protrude into a beaker of water. The 
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Erlenmeyer flask was heated by means of a variac and oil bath of 

vegetable oil . The temperature was then raised slowly up to a maximum 

of 223 ° a·fter three hours and 20 minutes. Only a few bubbles of gas 

were collected in the water, the bubbles consisting of air and water 

vapor. An  infrared spectrum of the brown material remaining in the 

Erlenmeyer flask indicated the brown material to be Jargely unchanged 

starting material with possibly a small amount of open chain amide 

present . Very weak, new bands were present at 3500-3240, 1720, 1560, 

and 1 595 cm-1• The experiment could ·be repeated using larger quan­

tities of 19  and heating at higher temperatures for a longer period 

of time . 

Carbene Reaction 

Reaction of N N ' -Die 1-2 2 4 4-tetrameth 1-1 
3-cyclobutanedi imine 

The reaction was carried out in a manner similar to that reported 

by Fieser and Fieser . 48 Into a lOO · ml round bottom, one-necked flask 

were placed N, N'-dicyclohexyl-2,2,4,4-tetramethyl-l, 3-cyclobutane­

diimine ( 19) , 6.20 g ( 0 .04 mole); sodium trichloroacetate, 7 . 54 g 

( 0 . 081 mole );  perchloroethylene, 32 .45 g (0 . 352 mole) ; and diglyme, 

three to four ml . The sodium trichloroacetate had previously been 

prepared according to the method of Fieser and Fieser .48 The flask 

was fitted to a water condenser and refluxed by means of a heating 

mantl e attached to a variac . 
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The mixture turned orange after five minut�s of refluxing, but 

refluxing was continued for an additional 25 minutes, heating was then 

discontinued for 15 minutes, then continued for an additional 35 

minutes ; total reaction time, 65 minutes . 

The resulting dark brown solution containing white particles was 

filtered with suction to give a brown residue and a dark brown fil­

trate . The residue was washed twice with a few ml of perchlroethylene 

until the color turned nearly white, m . p . over 240°, indicating the 

presence of unreacted sodium trichloroacetate . An infrared spectrum 

of the filtrate, indicating the probable presence of open chain amide 

and diglyrne, showed bands at 3500-3400 ( broad) , 2960, 1715 (weak) ,  

1680 ( broad) ,  1520, 1460 , 1125, 1045, 920, and 790 cm-1• 

The filtrate was evaporated from an evaporating dish on a 

steam bath .  The resulting brown crystals were filtered with suction, 

0 . 12 g, m . p .  165-186° . Evaporation of the brown filtrate gave a brown, 

viscous liquid. An infrared spectrum showed bands at 3345, 2945, 2070 

( weak) , 1785, 1720-1620 ( broad), 1530, 1460, 1385, 1190, 1040, 1005, 

900, and 840 cm-1 . 

An infrared spectrum of the brown crystals , as a nujol mull, 

showed bands at 3145, 2070, 1680 ( weak ) ,  1635, 1580, 1320, 1250, and 

900 cm-1 . 

Extraction of the viscous liquid with hot hexane gave 0 . 12 g of 

brown solid, m . p .  191-199 °, and a brown, viscous liquid which solidified 

upon drying .  The solid was extracted with . ethanol and dried on ·the 
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steam bath. A mass spectrum at 320 ° gave peaks at 374 , 239 ,  224 , 196, 

195 ,  169, 1 64 ,  and other ions . The parent peak was not discernible . 

The impure compounds were not identified due t6 difficulty in 

purif ication. 

Ionic Reactions 

Attem ted Reaction between N 2 4 4-tetrameth 1-1 
3-cyclobutanediimine (2 a nd Sodium Amide 

Into a one-necked 250 ml round bottom flask was placed a�out 135 

ml liqu id ammonia. To this was added , slowly and with stirring , 

crushed sodium amide , 2 . 00 g (0.051 mole) , resulting in the deposition 

of a large amount of solid on the bottom of the flask. The bisimine 

2, 1. 70 g (0.0056 mole ) , was slowly added to the mixture with stirring . 

The mixture was stirred for about three to four hours until all the 

anmtonia had evaporated . To the resulting solid was added cold hexane , 

and the mixture was shaken , then filtered with suction , giving a white 

solid and clear filtrate. The white solid was ·washed several times 

with hexane . The filtrate was evaporated in a hood to yield white, 

glossy crystals. An infrared spectrum .of these unreacted crystals was 

superimposable with the infrared spectrum of N, N'-diphenyl-2 , 2 , 4 , 4-

tetramethyl - 1,  3-cyc lobutanediimine (2) ta ken previous 1 y .  

Attem te� Reaction between N N'-Die clohex 1 -2 2 4 4-tetrameth 1- 1 
3-cycl obutanediimine 19 and Sodium Amide 

Into a 250 ml Erlenmeyer flask was placed about 1 00 ml liquid 

ammonia. To this was added, slowly with stirring , crushed sodium 
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amide, 2. 00 g ( 0. 051 mole) . The bisimine (19), 0. 55 g (0 .0018 mole) , 

was added slowly with stirring. The mixture was stirred for two to 

three hours until the ammonia evaporated. 

Cold hexane was added to the solid, and the mixture was filtered 

by gravity after shaking . The white residue of water soluble sodium 

amide was washed several times with cold hexane and stored . The fil­

trate was evaporated in a hood to yield a yellow, viscous liquid 

which slowly crystallized. An infrared spectrum of this white solid 

indicated it was essentially unreacted bisimine 19 . There were very 

weak bands, characteristic of open chain amides, present at 3390, 

1720, and 1565 cm-1. 

Attempted Rea ction between N,N'-Diphenvl-2,2,4,4-tetramethyl -l,  
3-cyclobutanediimine (.2_) and Sodium Methoxide4 1  

Into a dropping funnel was placed sodium methoxide, 0 . 28 g (0 .052 

mole), in 20 ml dry methyl alcohol. On top of the dropping funnel was 

attached a calcium chloride drying tube . The dropping funnel was 

attached to a 250 ml round bottom flask cooled by an ice bath ; the 

contents were stirred by a magnetic stirrer. 

The flask contained N, N'-diphenyl-2,2,4,4-tetramethyl-l,3-

cyclobutanediimine (.2_), 1 . 50 g (0.0052 mole) , in 20 ml dry methanol . 

The contents of ·the dropping funnel were added slowly with stirring to 

the round bottom flask. No change was observed upon the addition, but 

the mixture was stirred overnight. 
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About 100 more drops of sodium rnethoxide were added with stirring 

over a period of more than 15 minutes . No temperature elevation was 

noted. The mixture was heated with a heating mantle . The temperature 

appeared to fall in the neighborhood of 52-66 °. Refluxing was then 

initiated at 65 ° and continued for 3.5 hours . White crystals appeared 

on cooling . The contents of the flask were filtered with suction, 

giving a small amount of white solid residue. An infrared spectrum of 

the solid was superirnposable with the spectrum of the unreacted 

bisimine .2, taken previously . 

The filtrate was evaporated under low heat and reduced pressure 

on a Rinco evaporator, resulting in a sticky, white solid . An infrared 

. spectrum was very similar to the infrar€d spectrum of the unreacted 

bisimine 2 ,  taken previously. The differences included a broad, weak 

band at 3400 cm-1, ·a broadening of the bands at 1480, 1445, and 1435 

cm-1, and a new band at 855 cm-1 . The slight spectral differences 

were likely due to a trace of sodium methoxide present. 

Attempted Reaction between N,N'-Diphenyl-2,2,4,4-tetramethyl-l, 
3-cyclobutanediimine (2) and Sodium Hydride41  

Into a two-necked 250 ml round bottom flask was placed N,N'­

diphenyl-2, 2, 4,4�tetramethyl-l,3-cyclobutanediimine (2) , 0 . 85 g ( 0 .0029 

mole),  in 95 ml of benzene . To this mixture was added about 1 g of 

a 50 percent oil, and 50 percent NaH mixture . One neck of the flask 

was then stoppered , and the other neck was attached to a CaC12 drying 
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tube. The flask was cooled with an ice bath and stirred by means of a 

magnetic stirrer . The temperature rose slowly during the addition of . 

the NaH . 

The contents of the flask were refluxed for over s ix hours. The 

resulting yellow solution contained a gray precipitate . This was fil­

tered with suction and the gray residue washed sever9 1 times with 

benzene, 0 .55 g. 

The filtrate �as evaporated , and an infrared spectrum taken of 

the resultant white solid indicated the material to be unreacted 

bisimine 2·  

Attem ted Reaction between N N ' -Die clohex 1-2 2 4 4-tetrameth 1-1 
3-cyclo.butanediimine (19 and Sodium Methoxide41  

Attem ted Reaction between N N'-Die clohex 1-2 2 4 4-tetrameth 1-1 
3-cyclobut_anediimine (19 and Sodium Hydride4 

Photochemical Reactions of 4-tetrameth 1-1 
3-cyclobutanediimine 19) 

One gram of N,N' -dicyclohexyl-2,2, 4 ,4-tetramethyl-l,3-cyclobutane­

diimine ( 19) in 50 ml of isopropyl alcohol, wa.s irradiated under 

varying conditions , Table 1 .  The solution . was placed in a quartz test 

tube equipped wi�h a needle valve to allow for gas escape during the 

course of a reaction. Two types of photochemical lamps were employed. 

One lamp was a complete spectrum Hanovia 450 watt medium pressure 

mercury lamp, and the .second lamp was a modification of the Srinivasan­

Rayonet-Griffin chamber reactor , wavelength 2537A0 or 3500A0
• 



Table 1 .  

Compound 
phot.ol yzed 

( 19 ) 

( 1 9) 

( 1 9) 

( 1 9 ) 

Photochemical Rea ctions of N,N ' -Dicyc lohexyl-2,2,4 , 4-tetramethy l -l,3-cyclobutanediimine ( 1 9 ) . 

Grams ( 1 9 )  in 50 ml Excitation Duration of Rea ction Product description 
iropropyl a l cohol wavel ength photolysis probability a nd comments 

1 . 00 Complete 48 hours Rea ction Uniden- No uv ab-
spectrum tif ied sorption . 

products .. Ir band_yt 
1720 cm • 

1 . 00 2537A 0 20 hours No Impure 
Rea ction starting 

materia l 
( 1 9) . 

1. 00 2537A 0 1 18  hours Rea ction Uniden-
tified oi l 
a nd solid . 
Unreacted Weak ir ( 1 9 ) .. band at  

2537A 0 218 hours Uniden- 2150 
cm-1 . 

tified de -
composition 
products . 

1 . 00 Complete 18½ hours No Impure Weak ir 
spectrum Rea ction ( 1 9 ) .  band at  

1700 cm-1 . 

(j\ 
(j\ 



Tabl e 1. (Continued ) • 
--

Compound Grams ( 1 9 )  in 50 ml Excitation Duration of Reaction Product description 
phot_ol yzed iropropyl al cohol wavel ength photolysis probability and comme!1ts 

( 1 9 ) 0. 60 Complete 12½ hours No Impure 
spectrum Reaction ( 1 9 ) .  

( 1 9 )  0 - 60 Complete 12 hours Reaction Unidentified 
spectrum and compound and 

35 minutes starting 
bisimine ( 1 9 ) .  

( 1 9 )  1. 00 Complete 18 hours React ion Unidentified 
spectrum and compound . 

57 minutes Starting 
bisimine ( 1 9 )  
and pinacol 
detected. 

( 1 9 )  1. 00 Complete 204 hours Reaction Unidentified. 
spectrum Pinacol de-

tected by ir . 

( 1 9 )  1 . 00 Complete 40 hours Reaction Unidentified . 
spectrum and Pinacol de-

2 minutes tected by ir. 



Table 1. (Continued ) .  

Compound Grams ( 1 9 )  in 50 ml Excitation 
photolyzed iropropyl alcohol wavel ength 

( 1 9 )  1 . 00 g in 60 ml 3500A 0 

isopropyl alcohol 
2537A 0 

( 1 9 )  0 . 001 6 mol e  benz- 3500A 0 

ophenone sens itizer 
added 

( 1 9 )  1 6 . 00 g ( 1 9 )  in Complete 
800 ml isopropyl spectr:urn 
alcohol 

(2) 1. 00 g (2) 2537A0 

( 9 ' _ )  1. 00 g (_2) 2537A 0 

( 1 2 )  1. 00 g ( 1 2 )  2537A 0 

Duration of  Reaction 
photolys i s  probabil ity 

1 1 5  hours No 
and Reaction 

51 minutes Reaction 

3 hours No 
Reaction 

213 hours Reaction 

20 hours No 
Reaction 

1 18 hours No 
Reacti on 

1 18 hours  No 
Reaction 

Product description 
and comments 

Unidenti f ied. 

Unidentified. 
Pinacol and 
acetone de-
tected . 

Impure (2 ) .  

Impure (2) . 

Impure ( 12 ) .  

°' 
o::> 
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After irradiation , the resulting solut�ons were evaporated with 

suction on a Rinco evaporator , giving brown liquids and , oc casionally,  

white solids . Product separation was attempted using recrystalli­

zation , suction filtration , vapor phase chromatography , and thin layer 

chromatography . Nmr ,  ir , uv , and mass spectrometry were utilized in 

product identification . Irradiation conditions and .product description 

are sunmarized in Table 1 .  

In  another experiment , Table 1 ,  the bisimine 19 ,  16 . 00 g ,  was 

dissolved in 800 ml isopropyl alcohol and placed in the chamber using 

a Hanovia 450 watt medium pressure mercury lamp . The mixture was 

irradiated for nine days . The mixture was stirred fo� 166 hours , 20 

minutes , and not stirred the last 46 hours and 40 minutes . The fra­

gra nt mixture was evaporated on a Rinco evaporator with little heat , 

resulting in a yel low-orange , slightly viscous liquid . About one-half 

of this mixture was subjected to distillation procedures . Mass spec­

tral and infrared spectral data showed the presence of a large amount 

of pinacol . The infrared spectrum showed bands at 3400-3350 ( very 

strong ) ,  2975 , 1650 , 1540 (weak ) ,  1465 , 1375 , 1160 , 955 , 885 , and 835 -

cm-1 . The pinacol was distil led , 47-65° at approximate ly  1 . 5 nm . 

The infrared spectrum showed bands at 3400 , 2980 , 2925 ,  1460 , 1360 , 

1150 , HOO , 940 , 875 ,  and 820 cm-1 . The spectrum was identical to an 

infrared spectrum of pinacol . The mass spectrum gave a molecular ion 

at 118 . The second fraction, containing isdpropyl alcohol , and pos­

sibl y some open chain amide , was distilled from 49 . 5 -84° . An  infrared 
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spectrum showed bands nt 3410 , 2980 , 2920 , 1750 (weak ) , 1 660 , 1 565 , 

1460 ,  1365-1367 , 1 150 , 1 100 , 1000 (weak ) , 940 , 870 , and 820 cm-1 . Nmr 

and ir spe ctra o f the third fraction, 85-1 27 ° at approximate ly 105 mm , 

showed the pos sible presence of an unusual open chain amide . An infra ­

red spectrum o f the residue showed bands at 3320 , 2980-2960 , 1 650 , 

1 540-1 530 (weak ) , 1460-1440 , 1370-1 360 , 1 140 , and 940 cm-1 . 

The third fraction was redistil led , 48 . 5-89 . 5 ° at 0 . 45-0. 26 mm; 

the distill ate came off  quite s l owly at times . The residue became 

more polymeric with increased distillation .  Infrared and nmr spectra 

were somewhat inc onclusive . Mass spectral data indicated a mol e cular 

ion at 233 . 

A portion of the original material (before distil l ation ) , showed 

the presence o f seven components when introduc ed into a three  percent 

OV -1  glas s co lumn of a gas chromatography unit o f a Finnigan Quadrapole 

Ma ss Spectrometer . The peaks were not identified . 

An attempt was made to separate a porti on of the original material 

before distil lation ,  using column chromatography . The c o lumn consisted 

of silicic acid . Increasing the so lvent po larity, n-hexane ,  50 perc ent 

ethanol-hexane , ether , 50 percent ether-methanol ,  methanol ,  50 per cent 

methanol -50 perc ent water , and water , gave upon evapora tion pina c o l  and 

unidentified liquids . Infrared stretching fre quencies c orresponding 

to ketone and open chain amide compounds were  detected . 

The presence o f acetone was detec ted in other photolyses.42 

N , N 1 -dicycl ohexyl-2 , 2 , 4 ,4-tetramethy l cyclobuta nediimine ( 19 )  in 



isopropyl a lcohol (0.0662M) was irradiated at 2537A0 for 96 hours and 

144 hours. Oxygen gas was bubbled through the solution during the 

irradiation.42 
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The cyclohexylbisimine 19  was irradiated under pure, dry nitrogen. 

Information regarding irradiation is given in Table 2. Ultraviolet 

spectra were taken of aliquots at time intervals other than those 

listed in Table 2: 9 minutes, 24 minutes, 54 minutes, 1 hour and 54 

minutes, 3 hours a�d 57 minutes, and 8 hours and 57 minutes. A sig­

nificant change appeared in the uv spectrum after 24 minutes , \ max 

246 nm. A mass spectrum of this aliquot, after standing for one day, 

showed no new significant molecular ions. The uv spectrum of the 54 

minute aliquot had no absorption maxima . A mass spectrum of this ali­

quot after standing for one showed no new significant molecular ions, 

except possibly 109. Mass spectra l  patterns of proceeding aliquots 

showed the presence of many new compounds. The photolysis had gone 

too far to interpret accurately . 

Additiona l  samp _les of 19, of differing concentrations, were also 

photolyzed under pure , dry nitrogen, with no successful interpretation· 

of results. 

Preparation of N-Cyclohexyl-2-methylpropionamide ( 43 ) 

Into a 500 ml round bottom, one-necked flask were placed isobuty­

ronitrile, 20.36 g (0.44 mole) ;  a solution of KOH, 42.00 g (0.75 mole) , 

and N aOH , 18.00 g (0.45 mole) in 220 ml water; a few boiling chips ; and 

a boil ing stick. The flask was attached to a reflux condenser and 

heated by means of a heating mantle connected to · a  variac. 
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Table 2 .  Photolysis of N, N'-Dicyclohexyl-2, 2,4, 4-tetramethylcyclo­
butanediimine (19) Under a Dry Nitrogen Atmosphere . 

Total 
irradiation 

time 

15 seconds 
28 minutes 

41 minutes 

1 hour 

1� hours 

2½ hours 

4 hours, 
44 minutes 

Mass of 
molecular 

ions present 

109 

273 
109 
109 
386 
151 

273 
109 
259 
354 
341 
128 
193 

109, 353, 151, 
155, 127, 263, 
280, 265, 354, 
341, 126, and 
others 

Structure 
corresponding to 

molecular ions 

(46) 
(46 )  

Dimer of mass 193? 
+ .  

/
CH

3 
�- N =c = c "--/ . \ 

CH 
( 44 )  3 

Comments 

Observed only 
solvent and 
starting mater­
ial, ( 19 ) .  
Mass spectrum and 
gas chromato­
traphy pattern 
identical to 
authentic sample 
of 46 ( 0 .25 g 46 
in 200 ml iso­
propyl alcohol ) .  

Mass spectrum 
identical to 
authentic sample 
of 4 4 (about 0 . 2 
g 44in 175 ml 
isopropyl alcohol ) .  

? 
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The mixture was brought to reflux . The solution turned deep 

yellow and anITTtonia gas was evolved . Refluxing was discontinued after 

about 30 hours as the evolution of anmonia gas ceased . 

About 75 · ml of water were added to the· resultant orange solution, 

which was allowed to cool to about 40 -50 ° . 

A mixture of 50 ml concentrated sulfuric acid �nd 80 ml of water 

was added slowly in small portions through the condenser . A white 

precipitate formed in a white solution, with a brown aqueous layer on 

top . The mixture was very acidic ( pH of two or less as measured with 

pH Hydrion paper) . An additional solution of 10 ml concentrated sul­

furic acid in 20 ml water was added, and the mixture was shaken . 

The acid solution was then trans ferred to a 500 ml separatory 

funnel . The round bottom flask was rinsed with three 25 ml portions 

of benzene, and the rinsings were poured into the separatory funnel . 

The mixture was shaken vigorously and the bottom aqueous layer re­

moved . The aqueous layer was extracted with 50 ml, _40 ml, and 30 ml 

portions of benzene, which were combined with the previous benzene 

extractions . The benzene extracts and the inside of the separatory 

funnel were washed with 30 and 25 ml portions of water, and the water 

was drawn off . The benzene solutions were dried over anhydrous mag­

nesium sulfate overnight in a 500 ml flask . 

The mixture of benzene and magnesium sulfate was filtered by 

gravity through glass wool . The magnesium sulfate was washed twice 

with 20 and 15 ml portions of benzene, and these benzene solutions 

were combined with the original .  



74 

The crude isobutyric acid in benzene was placed in a 500 ml round 

bottom one-necked flask . A reflux condenser containing a dropping fun­

nel was attached to the flask . Into the dropping funnel was placed 

thionyl chloride, 59. 50 g ( 0 .50 mole). Th� thionyl chloride was added 

slowly and then the mixture was brought to a reflux by means of a 

heating mantle. The solution turned orange, and a trace of sharp, 

penetrating odor of S0Cl2 was still present after 25 hours , when 

refluxing was discontinued. 

About 100 g of cyclohexylamine was dried for one day over anhydrous 

magnesium sulfate and filtered by gravity. Into a 1000 ml Erlenmeyer 

flask was placed anhydrous cyclohexylamine, 43 .00 g (0 . 43 mole), dis­

solved in 40 ml benzene. The crude isobutyric acid chloride reagent 

was added slowly to the cyclohexylamine by means of a separatory fun­

nel . White smoke was evolved and the mixture heated , but not 

excessively. The addition was complete after 15 minutes. More cyclo­

hexylamine, 30 . 00 g ( 0.30 mole), in 65 ml benzene was added. The 

reaction was assumed to be complete, even though white smoke · was still 

being evolved. 

The mixture was heated on a steam bath for about 15 minutes to 

ensure a complete reaction. The mixture was cooled and filtered with 

suction .· The white crystals of crude N-cyclohexylchlorosulfuramide 

were washed several times with benzene. The brown filtrate was fil­

tered, giving more white crystals. These crystals, after washing with 

ben zene, were combined with the other white crystals . 
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The white crystal s were di ssolved in hot ethanol and f i l te red ; 

cryst al s  appeared after fi l trati on. The se long,  whi te ,  ne edl e-sh aped 

cryst al s, i n  a yel l ow l iqu id ,  were al l owed to stand i n  the refrigerator 

f or several d ays  to ensure maximum precipitation. 

The mixtu re was f i ltered wi th suction, giving 38.29 g of whi te, 

need l e- sh aped cryst al s, whi ch were washed with h exanfa , m.p. 208-209 °. 

A s  the crystal s were water soluble ,  they were assumed to be the sal t, 

N- cycl ohexyl chl orosulfu ramide. An infrared spectrum of a nuj ol mul l ,  

showed band s at 3700 ( weak ) , 2780 ( we ak ) , 2740 ( we ak ) , 2685 ( weak ) , 

2630 ( we ak ) , 2585 ( weak ) , 2530 ( we ak ) , 2070 ( we ak ) , 161 5 ( we ak ) , 1 500, 

1 1 25 ( weak ) , and 1 025 ( we ak )  cm-1 • 

Hex anes were added to the yel low f i l trate , giving 1 5.23 g of 

crystal s of water soluble  N- cycl oh exyl chlorosul furamid e. Ev aporation 

0 of the f i l trate g ave 9.61 g of brown cryst al s, m.p. 199- 203 ; N-cycl o-

hexylchl orosul fu ramid e, with some brown impuri ty. 

The brown f i ltrate wa s evaporated in  ev aporating d ishes over a 

steam b ath. A brown, . viscou s sol id with a goat- l ik e  odor was obtained,  

48.80 g.  

The brown sol id was di ssolved in  hot eth anol , f i l tered hot,  water 

added ,  and the mixture was al lowed to st and overnigh t. The two l iqu id 

l ayers sol i di f i ed and were fil tered wi th sucti on. The add ition of 

w ater to the f i l trate resul ted i n  the formation of more brown cryst al s  

which were f i l tered with su ction. The crystal s were d i ssolved i n  hot 
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n-hexane and crystalli zed at ice bath temperatures. The purest cry­

stals were recrystalli zed from n-hexane, 3. 03 g, m. p. 115-116° . A uv 

spectrum showed only end absorption. An infrared spectrum of the 

crude N- cyclohexyl-2-methylpropionamide (43 ) , as a nuj ol mull gave 

bands at 3300, 3080, 1635, 1550, 1310, 1265, 1250, 1240, 1180, 1105, 

980, 900, and 705 cm-1• The remaining crystals of 43 were recrystal-

li zed from aqueous ethanol, then n-hexane. 

Preparation of Dimethylketene-N-cyclohexylimine (44 ) 

About 500 g of alumina were activated by heating in a muffle 

furnace for many hours at 360
°
c.45 About 1050 ml of triethylamine was 

di stilled twice. In the f irst di stillation, the amine was distilled 

from a mixture of P205 and activated alumina, 88-93°
. In  the second 

0 
distillation, the amine in P205 was di stilled onto P205, 89-95 . The 

disti lling apparatus had been flamed and flushed with pure, dry nitro­

gen before each  disti l lation. 

The nitrogen had oxygen impurities, which were removed by bubbling 

it  through a mixture of 16. 8 g pyrogallol in  about 130 ml of a 50 per­

cent mixture ( by volume) of KOH and H20. The nitrogen gas was then 

dried by pas s ing . it  through a drying tube cons i sting of glass  wool, 

drierite ( magnes ium sulfate) , calc ium chloride, and diphosphorus pen-

toxide. 
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A 2000 ml thre e-necked flask was flamed out and flushed with 

pure, dry nitrogen. Triethylamine, 300 ml, was added, and the mixture 

stirred with slight warming . 

Into a 2000 ml round bottom thre e-necked flas·k was placed N-

cyclohexyl-2-methylpropionamide (43) , 20 . 00 g ( 0 . 1 18 mole ) . Pre­

v ious to the addition, the flask was flamed out and � flushed with pure, 

dry nitrogen .  Triethylamine, 300 ml, was added, and the mixture was 

stirred with slight warming . Some of the amide appeared to settle at 

the bottom . Diphosphorus pentoxide, 75 . 0  g (0 .54 mole ) , was added, 

along with 300 ml triethylamine . The mixture was shaken, warmed, and 

stirred. Alumina, 150 g (0 .15 mole ) ,  along with 400 ml more amine, 

was added, and the system was flushed with pure, dry nitrogen. 

The center neck of the flask was attached to two r eflux· condens­

ers ; one neck was equipped with a deiivery tube to allow pure, dry 

nitrogen to be bubbled through the solution . The other neck was stop­

pered, but should �ve been equipped with a mechanical stirrer .44 

The solution in the flask was brought to a reflux by means of a 

heating mantle attached to a variac. Pure, dry nitrogen was bubbled -

continuously through the solution at first, then occasionally. After 

refluxing for s even and one-half hours, attempts were made to stir 

the viscous solid on the bottom of the flask . Refluxing was started 

again and continued for another seven and one-fourth hours. Total 

refluxing time, 14  and three-fourths hours . 
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A 50 ml aliquot was removed from the solution. An infrared spec ­

trwn of the aliquot showed the probable presence of dimethylketene-N­

cyclohexylimine ( 44) ,  as an a bsor.ption wa s noted at 2030 crn-1.46 The 

solvent wa s evaporated several times on a salt plate to obtain a larger 

concentration of keteneimine 44. An infrared spectrum showed a 

stronger ba nd at 2030 crn-1. The spectrum also showed bands at 3275 , 

2920 , 2850 , 1635 , 1540 , 1445 , and 1370 cm-1• Exposure of the sample 

to a ir resulted in evaporation of the keteneimine 44 , the disappearance 

of the ba nd at 2030 cm-1 , as well as the formation of a distinct 

keteneimine odor; the infrared spectrum resembled the spectrum of the 

starting N-c yclohexyl-2-methylpropionamide ( 43) taken · previously . 

A mass spectrum of the aliquot showed the keteneimine 44 to be present 

in la rge quantities. The following molecular ions were observed : 101 ,  

151 ,  and 169 ; correspond to triethylamine ,  dirnethylketene-N-cyclo­

hexylimine (44) , and N-cyclohexyl-2-rnethylpropionamide (43) , 

respectively. 0 A three percent OV-1 glass column was used at 115 , 

injector 88 ° ,  flow rate 10 cc/per minute, pressure = 10-6 torr, and 

0 .3 µl  injection. 

The contents of the 2 1 flask were deca nted into a 1 1 flask. 

The triethyla mine was distilled into a 1000 ml flask a tta ched to the 

distilling column by means of a vacuum adapter. The adapter was 

atta ched by means of tygon tubing to a large coldfinger in a Dewar 

flask filled with liquid nitrogen. The distillation appara tus was 
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flushed with pure, dry nitrogen, flamed out, and flushed again with 

· pure, dry nitrogen. The amine was distilled, 54-28 ° at 0 . 7 mm . No 

infrared band at 2030 cm- l was observed in the spectru m of the distil-

late . A yellow liquid remained in the distillation flask as residue . 

The contents of the 2 1 flask were rinsed three times with 75 ml 

portions of triethylamine and the amine was again distilled as previ­

ously described, 25-28° 
at 0 . 8-0 . 9 mm . After one-half hour, the 

contents of the distilling flask suddenly cooled and a white precipi­

tate formed . The flasks were flushed with pure, dry nitrogen and 

stored in a refrigerator . 

The keteneimine 44 was distilled, 53-100° at abou·t 4 mm .  About 

0 . 5  g was obtained, which corresponded to abou t 2 . 1 8 percent yield. 

The struc ture was confirmed by ir, uv, nmr, and mass spectrometry . 

The infrared spectrum showed bands at 3400 (weak, amide impurity), 

2950, 2880 (weak), 2050, 1670 (weak, amide impurity) , 1455, 1380, 

1300 (weak), 1260, 1 100, 895, and 800 cm-1• Although keteneimines 

· · t · 44 th � f t ·  f 44 lt 1 t are air-sensi ive, - e ra L,e o evapora ion o _ on a sa p a e 

was observed to be much greater than the rate of reaction with air . 

The nmr spectrum gave o3 . 1 7-2 . 67(broad s, lH) , approximately 

62 . 00- 0 . 83(m, 17H, -CH3 ' s  and cyclohexyl ring) .  The uv spectrum in 

ethanol· gave 11.max 287. 5 nm ( e = 145 . 8) . The mass spectrum gave 169 

(amide impurity) and a molecular ion at 151 . 
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Preparation of N-Cyclohexylformamide (.§) 

The procedure was a dapted from L.  F. Fieser , e t  .§1._.47 Into a 

2 50 ml fl ask, fitted with a Dea n-Stark trap, were placed c yc lohexyla­

mine,  24.7 5 g (O .25 mol e) , and 200 ml toluene. To this were added 

formic a cid ,  23.01 g ( O . 5O mole), and two boiling chips. An additi onal 

35 ml toluene were placed in the Dean-Stark trap. The mixture was 

refluxed for four and one-fourth hours. Then more c yclohexylamine, 

12 .40 g ( O . 125O mole) , was added and refluxing was c ontinued. Appa r­

e ntly there was c onsiderable wate r present in the formic acid, and 

possibly cyclohexylamine, since over 14  ml wa ter wer e  collected in the 

Dean-Stark tr ap, 7.25 ml over the calculated yield. 

The toluene and excess cyclohexylamine were distilled; then the 

N-cyclohexylforrnarnide ( 45 ) was distilled as three fractions ,  a t eight 

rrm1 or l ess: the first fraction , 7 1 - 5-1 12 ° ; the second fraction, 1 17-

144 0 ;  a nd the third fraction , 147-153  °. About 36. 67 g of the formamide 

46 were obtained, which corresponded to approximately 57 percent calcu­

lated yield. An infrared spectrum of the purer first two fractions 

showed bands at 3280 , 3055 , 2950 , 2870 , 1660 , 1 540 , 1 460 , 1 390 , 1260 

(wea k), 1080 (weak), 1 160 (weak), and 900 (wea k) cm-1 . An infrared 

spectrum of the distilled formamide was similar to the spectrum taken 

before distill ation. 

Preparati on of Cyclohexylisocyanide (46) 

The procedure was adapted from tha t given by J.  Casanova, et 

al . 49 
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Into a 250 ml round bottom one-necked flas k was placed N­

cyclohexyl formamide (45 ) ,  10 . 56 g (0 . 063 mole ) ,  which was then frozen 

by immersing the flask in liquid nitrogen . A mixture of p-toluene­

sulphonyl chloride , 26 .00 g (0 .136 mole) , and qu i n o l i ne , 46 .0 g 

(0 .357 mol e ) ,  was added to the flask and the contents immediately 

frozen to avoid the formation of large amounts of the isocyan ide 46 

which has an unpleasant odor . 

The m ixture was then warmed slowly and 46 was distilled as it 

formed into flasks in�ersed in liquid nitrogen . Severa l grams were 

obtai ned ,  90-94° at about 1 . 5  mm. The structure was confirmed by ir ,  

nmr, uv, and mass spectrometry . The uv spectrum showed the absence of 

absorption even up to a concentration of 0. 0479 M. The mass spectrum 

gave 129 (quinoline impurity)  and a molecular ion at 109. The infra­

red spectrum showed bands at 3355 (broad ) ,  2995, 2900 , 2150 (weak) , 

1465, 1 380 , 1 340 (weak) , 1310 (weak ) ,  1 1 60 ,  1 135 ,  955 , and 820 cm-1 . 



DI SCUSSI ON OF RESULTS 

General Synthetic Scheme for Experimental Work 

The bis irrlines (].) were prepared by rea· cting 2, 2, 4, 4-tetramethyl­

c ycl obutanedi one (1) with primary amines . 

CH3 

CH3 /N,J R 

CH3 

R,JN CH3 

cis and trans 
bis imine 

(2_) 

0 H 

monoimine 

II I 
+ CH3-o� -S- N- R  

- · II 
0 

paratoluenesulfonamide 

Paratol uenesulfonic acid catalyst> 
Reflux 

r II I 
CH3- c -c-N--R 

l _/CH3 
c-c 
II l'-cH

3 0 H 
open chain amide 

imino open chain amide 
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P roduct di stribution is  dependent upon a number of factors. One 

such fac tor i s  the basicity of the amine: weakly basi c amines such as 

aroma tic amines, favor the formation of monoirn ines and bisimines, Table 

3. The forrna tion of open cha in amides and ·imi no open cha in  ami des i s  

increased when more basic amines, such  as ali phatic amines, are u sed. 

Basi ci ty Stu dies 

Table 3 shows there may be a limiti ng basi city toward b i simine 

formation. The use of weakly basic primary ami nes, such as aromati c 

ami nes, faci litates bi s imi ne formation rapidly, and g enera 1 1  y results 

i n  quanti tative yields. The fastest rate of bisimi ne formation was 

observed whe n highly conjugated 1 -naphthylaniine was used. Little 

dif ferenc e i n  the rate and yield of bisimi ne formation was no ticed 

among the other aromatic amines. Benzylarnine may be the ami ne of 

highest basic ity value that forms bisimi nes i n  quanti tative yi elds. 

No ami ne used with a higher basicity value ( lower pKb valu e) gave 

quanti tative yields of bi simines. The limiti ng fac tor toward 

bisimine formation may be an ami ne with a pKb value of 3. 4 or less 

( cyc lohexylamine) . Small bisimi ne yields were formed when cyclo­

hexylamine was used. Amines havi ng pKb' s slighp y less than that of 

cyclohexylami ne failed to form bi simines when reacted with 2, 2, 4,4-

tetramethylcyclobutanedione (1) . 

The g enerally accepted mechanism for imine formation involves 

attack . of the nuc leophi lic primary amine a t  the carbonyl carbon with 



Table 3. Bisic ity Relationships . 

Amine used 

Q
NH2 

Cl 

ro NH2 

o-OCH3 
· NH2 

< ) 
NH2 

�NH2 "=L...
oc21t, 

pKb at 250 5 1  

1 1 . 4  

10 . 1  

9.5 

9.4 

8. 8 

Approximate 
yield of 
bisimine 
percent 

quantitative 

quantitative 

quantitative 

c;:una ti ta ti ve 

quantitative 

Approximate 
yield of 

open chain amide 
percent 

0 

0 

0 

0 

0 

Approximate 
yie ld of 
monoimine 

percent 

0 

0 

0 

0 

0 

00 � 



Table 3. Continued . 

Amine used 

O- cH2- NH2 

CH3 ( a ) 

I 
CH3- C-NH2 

CH 3 

0-
�2. 

pKb at 250 51 

4 . 6 

3.5 

unreported 

unreported 
" quite basic" 

Approximate 
yield of 
bisimine 
percent 

quantitative 

5 

0 

Approximate 
yield of 

open cha in amide 
perc ent 

0 

95 

30-40 

Approximate 
yield of 
monoimine 

percent 

0 

negligible 

negligibl e  

0) 
(JI 



Tabl e 3 .  Continued. 

Amine used 

o-
NH2 

CH3 - (CH2) 3 - NH2 ( c ) 

CH3 - (CH2 ) 3 - NH2 
( b ) 

H 
CH3"- I (a ) 

c - NH2 / 
CH3 

CH3 CH3 ( a )  
I I 

CH -C -C -CH - NH 3 
I l 2 2 

CH3 CH3 

pKb at 25 0 51 

3. 4 

3. 3 

3. 3 

3. 3 

3 . 3  

Approximate 
yie ld  of 
bisimine 
percent 

20 

0 

0 

Approximate 
yield of 

open chain amide 
perc ent  

50 

85 

20 

Approximate 
yield of 

monoimine 
perc ent 

negligibl e  

10 

65 

CX) °' 



Table 3. Continued. 

Amine used 

o- NH2 

o-
NH2 

aAmine failed to react 
b No acid catalyst used 

c Acid catalyst used 

Approximate 
0 51 yield of pKb at 25 bisimine 

percent 

unreported 0 

unreported 1 5  

Approximate 
yield of 

open chain amide 
percent 

over 
60 

over 
40 

Approximate 
yield of 
monoimine 

percent 

negl igibl e 

negl igibl e  

(X) 
':"-l 



subsequent lo s s  o f water, page 102 .  This would imply that the more 

basic amines would react fa ster. 
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It is  also known that the cyclobutane ring o f ·2, 2,4,4-tetramethyl-

cyclobutanedione opens with strong base . l0, 9 As  the pKb gets smaller, 

open cha in amide formation should predominate over bisimine f ormation, 

and this is observed. 

One additional factor to consider in bisimine formation, would 

be the steric ef fects of the attacking amine. 

Steric Studies 

The presence of one ortho substituent on primary aromatic amines 

does not appear to influence bisimine formati on to any extent, Tabl e 

4, unles s  the substituent is  rather large. U se o f o-isopropylaniline 

resulted in a quantitative yield of bisimine formatio n  11,  but the 

formati on occurred at a slower rate than when aniline, o -chloroaniline, 

o-methoxyaniline, and o-ethoxyaniline were used . 

An  even more s ignificant effect was observed when prima ry aromatic 

amines containing two ortho substituents were used . When 2,6-

dimethylaniline was the amine used, the monoimine compound � was 

formed in a l most quantitative amounts. Only 15 percent of the 

yield corresponding to complete bisimine formation 16 was observed . 

When 2,6-diisopropylaniline was the amine used, only about 15-18 per-

cent yield for complete monoimine formation 18  was obtained . No 

bisimi ne compound was formed . 



Table 4 .  Steric 

Amine used 

o- NH2 

i
NH2 

-

Q- NH2 

OR 

Relationships. 

Amount of 
bisimine 

formed 

quantitative 

quantitative 
but fastest 

rate of 
formation 

quantitative 

R = CH3, c2H5 

quantitative 

slow but 
quantitative 

Amine used 

Q
H3 

NH2 
CH3 

CH3 H � /  
c, 

ct�i; /CH3 
/ c\ 

H CH3 

CH3 /cH3 

cfCH3 
NH2 

/CH3 

/
c " 

CH3 CH3 

89 

Amount of 
bisimine 

formed 

Small . yield of 
bisimine formed 
extremely slow-
ly; almost 
quantitative 
for monoimine 
formation 

Signif �cant 
monoimine 
formation 

Reaction 
not 

attempted 

0 

0 
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It is suggested that the presence of one ortho substituent, larger 

than the isopropyl group , in primary aromatic amines, is one of the 

limiting factors toward quantitative bisimine formation. It is also 

suggested that there is a limiting factor toward complete monoimine 

formation. This limiting factor in primary aromatic amines apparently 

lies between two methyl groups ortho to the amino group ( 2,6-dimethy­

laniline) , and two isopropyl groups ortho to the amino group ( 2, 6 -

diisopropylaniline) . The isopropyl groups of the formed monoimine 18 

may repel the methyl groups of the cyclobutane ring sufficiently to 

prevent further attack by the amine; hence, no bisimine product was 

formed. Another striking steric effect was noted when aliphatic, car­

bocycl ic ,  primary amines were used . 

Attempts to prepare bisimines using other bulky amines were unsuc­

cessful . The use of tertiaryoctylamine resulted in no reaction. 

Adamantaneamine formed about 30-40 percent of the open chain compound 

32 ; the rest did not react. Basicity arguments other than steric argu­

ments may be more appropriate in the case of adamantaneamine . 

Bisirnine Identification Studies 

The bisimines of 2,2 , 4,4-tetramethylcyclobutanedione , were readily 

identifiable from their spectral properties when compared to those of 

the starting ketone. The starting ketone 1 is characterized by the 

following spectral data: the infrared spectrum shows carbonyl stretch­

ing fre.quencies of 1750 and 1715 cm-l ( doublet) . The nuclear magnetic 



resonance spectrum exhibits a single sharp reso�ance at 1 . 29 5. The 

ultraviolet spectrum shows absorptions at J...max:::::: 350 and 390 run, in 

cyclohexane. 
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Bisimines were characterized by the following spectral data (see 

Appendix, Table of Spectra) . The ir spectra showed imine stretching 

frequencies at 1690 cm-1 . The M� spectra showed proton resonances 

at three distinct field positions, Table 5 (a pproximately 0. 8 to 

1. 4 5) .  The u v  absorption spectra, Table 6, showed two n ➔ n* 

transitions at approximately 11. rnax == 260 and 275 Mt in cyclohexane for 

cyclic, aliphatic bisirnines . Other tools used in identification 

included the ma ss  spe6trometer and carbon , hydrogen analysis. 

Table 5. Methyl Resonances of Bisimines of 2, 2, 4, 4-Tetramethyl­
cyclobutanedione52 

Compound 6 '  ppm * tra ns ill 

9 1. 26 1 . 01, 

19 1. 32 1. 20, 

10 1. 22 o_ . 89 ,  

12 1 . 33 6 
(broad singlet ) 

* 6 values are reported in CC14 at a probe temperature of 35
° 

using tetramethylsilane as the internal standard. 

1 . 52 

1 . 47 

1 . 55 



Table 6 .  Ultraviolet Absorption Spectra l Data. 

Compound 

H 

CH J-o 
CH3 H �

N I 
-

H CH3 

0-
j N 
c rJ  CH3 (13 ) 
I 

-

CH3 N''-0 
CH3

)+ 
-

/ 
CH3 0/VN CH ( 9 ) 3 -

OCH3 

J=+

N�
b CH3 _ 

CH3 
�

N 
CH 3 (10 ) 

OCH3 
-

Molar Absorptivity (8 ) 
( 1 i ters rno l e-1 cm -1 ) 

855 

220 

2 , 857 

3 , 729 

5 , 273 

1 , 222 

Amax in Amax in 
cycl ohexane 95% Ethanol 

( nm )  (nrn ) 

259 258 

282 280 

275 274 

296 289 

279 277 

315  313 



Table 6 .  (Continued ) • 

Compound 

C l  

CH3 b CH
J+

N ~ \ 

Q�N/ CH3
CH3 

Cl ( 12 ) 

CH3 
0 CH3

t+

N"' 

� 
CH3 o.lV'"N CH3 ( 1 9 ) 

CH3 0 
CH3

4 

/ 
CH3 

0 CH3 
(�) 

Mol ar Absorptivity ( e )  
( l iters mole-1  cm-1) 

3, 564 

1,550 

157 

146 

25 
20 
57 
40 

11.max in 
cyclohexane 95% Ethanol 

( run )  ( nm )  

278 276 

313 312 

263 249 

273 265 

350 343 
348 344 
309 306 
308 304 



Table 6. (Continued ) . 

Compound 

CH 

CH3 
#

N
-v n-butyl 

CH 
0 

3 (36 ) 
CH -

CH3 

N �o 
CH

;+ 

o
�

� CH3 

CH3 
(22 ) 

. CH3 
f+

N
�o 

CH3 

0
1'-'N 

CH3 ( 24) 
CH3 0 

CH3
;+

N rv  

✓ CH3 
0 CH3 

(35 ) 

Amax in Amax in 
Molar Absorptivity (e ) cyclohexane 95% Ethanol 

(liters mole-1 cm-1) (nm ) (nm ) 

133 258 

53 316 
49 318 

142 260 247 

144 274 262 

128 260 248 
134 272 264 

112 268 259 
24 208 805 
27 322 318 
20 336 333 



Table 6 .  (Continued ) .  

Compound 

CH3 
CHr+�

.f 

Ntv 0 
0/4CH3 

CH3 
( 34 )  

CH3 
CH3�./'N rv o 

o,1v N./'
4CH3 

CH3 
( 37 )  

CH3 r

3 

r N �cP 

v-N/ . 

-\ 
CH 

\ /; 

3 ( 14 )  

Mol ar Abs orptivity ( e )  
( l iters mole -1 cm-1 ) 

1 , 463 
1 , 600 

476 
3 59 

1 , 367 

968 

8 , 930 

7 , 1 90 

5 , 870 

,,max in 
cyc l ohex ane 

( run ) 

273 
302 
326 
341 

272 

302 

298 
3 16  

322 

Amax in 
95% Ethanol 

( run ) 

274 

294 
328 
339 

268 

295 

29� 

323 

'° =================================================== oi 
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Open c hain amides were characterized by th'e following spectral 

data: the i r spectra showed amide stre tching and bending fre quenc i e s  

at about 3320, 1705, 1 625, and 1 520 cm-1 . The nmr spectra showed 

about 5 6 . 0 (d, lH, -NH) , about 53. 0 (heptet, lH, isopropyl H) ,  about 

5 1 . 25 (s, 6H ,  -CH3's adjacent to carbonyl groups) , and about 5 0 . 95 (d, 

6H, -CH3
1 s on is opropyl groups) . The uv spec tra showed the abse nce 

of absorption . Mass spectra gave the molecular weights .and appr opri­

ate fragmentation pattern� . Chemical analyse s  were cons i s tent with 

the structures .  

The monoimines were characterized by  the follow ing s pe ctral 

data: ir spectra showed imine stretching frequenci es at 1800 cm-1 . 

The nrnr spectra showed proton re s o nances at two dis tinct field 

po sitions, about  5 0 . 9  to 1 . 15, due to different shielding of methyl 

groups on the. cyclobutane ring. The uv s pectra of 35 showed -several 

absorption maxima due to n --+  n* trans itions , Table 6 .  The mass 

spec trum of 35 was consistent with the structure . 

For the spectral data of other c ompounds, s_ee experimental 

sec tion.  



NMR S tudi es 

Bisimine g eometri cal i somers were prepared a s _  shown : 

O = ◊

H3 

0 

CH3 CH3 

( _�) 

ci-I3 CH3 

( 3a) ( ci s )  

.CH3 CH3 
R

\ 

◊ .. , .. , .  N =  . . = ,R 
CH3 CH3 

( 3b )  ( trans ) 

F i gure 3. Bisimine Geometri cal Isomers. 

2, R =  phenyl 
1 9, R =  cycl ohexyl 

10, R =  o- methoxyphenyl 
1 2, R =  o-chlorophenyl 

A l l  spectral prop erti es and element al ana lys i s_ of .2., 1 9 ,  1 0 ,  and 1 2  

were consistent with the s tructures . 

A t  the probe tempera ture of 35° in CC14 t_he protons of the methyl 

g roups of 2 , 2 , 4 , 4-tetramethylcycl obutanedione (1) exhibit  a s ingl e, 

sharp reson anc e at 1 - 29 6 ■ Und er the s ame conditions ,  the methyl groups 

of the bi si mine  d eri vatives  show proton resona nce at thr ee d i s tinct 

f i eld  positions , Table  5 . 

The obs erved res ona nces are attributed to mixtures of cis 3a and 

trans 3b i somers . There are two nonequi va l ent methyl s f or 3a, and the 

combined high  and l ow fi eld si nglets are attributed to this i somer . 
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The proton resonance of the equivalent methyl groups of the trans 

isomer 3a is assigned to the intermediate field singlet, which is the 

most intense. The high and low field singlets of the cis isomer are 

of equal area and represent 33 percent of the product mixture . To 

verify the isomerization, the nmr spectra of 2.,  19, and 1 0  were 

observed at different ternperatures. 52 When the temperature was 

raised, the three separate singlets of compound 19  coalesced to one 

broad singlet at a temperature of 165° . A. similar phenomenon was 

observed for compound 2· In  the latter case, however, the coalescence 

temperature was 105° . This lower coalescence temperature in 2. may 

be due to resonance effects imparting more single bond character to 

the azomethine linkage . On cooling the samples to room temperature, 

the proton resonance of the methyl groups gradually returned to the 

original spectrum taken at 35 ° and possessed the same cis to trans 

ratio . That isomerization was being observed and that it was not 

simply restricted rotation about the R group attached to the nitrogen 

is demonstrated. Compound 12 at 35° shows a broad singlet for the 

proton resonance of the methyl groups , whereas three distinct singlets 

are observed at 10 ° . I f  simple rotation barriers were being observed, 

one would expect . 19  to require a lower coalescence temperature than 

12, and this is not observed. On the other hand, if cis-trans 

- isomerization is being observed, 12 would be expected to have a lower 

coalescence temperature than 2. or 19, due to contribution of the 

resonance structure � which imparts less double bond character 



to the a zornethi ne linka ge. Si mila r resonance structures a re less 

predominant in 2 a n d absent in 1 9 .  

It is impos sible on the 60 f'.1H2 ins trument to detect two sepa ra te 

-OCH3 res onances for the cis a nd tra ns i somers of 1 0 . The 100 MH2 

spectrum s hows two disti nct sin glets with a sepa ra tion of 2Hz. The 

more intense l ow f ield sing let represents the o-methyl resona nce of 

the trans i somer. 
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The free energy difference between isomers wa s ca lcula ted by the 

expression ,  �G0= -RTlnK; where �G0 is the f ree energy a t  298° K; R is 

the ideal ga s consta n t; i. e. , 1 . 987 x 1 0-3 Kca l/mole° K; T is the 

a bsol ute tempe ra ture of 298 °K; and  K is the value of the equilibrium 

c onsta nt obta i ned from the percenta ge of c is isomer divi ded by the 

percentage of tra ns  isomer. The percen ta ges were determined by nmr 

integra tion. The free energy difference f rom the tra ns to the cis  

isomer wa s found to be a bout 0 . 76 Kca l/mole for 19  a nd 0 . 50 Kca l/mole 
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from trans .2. to cis 2.· The bisirnines exist predominately in the trans 

configuration.52 The fre e  energy difference between the trans and 

ili_ isomers would be expected to be lower for 2. than. for 19 . The 

free energy d ifference between isomers was alos calculated for 1 0. A 

value of 0 .41 Kcal/mole at 298° K was obtained. Resonance structures, 

imparting some single bond character to the azomethtne linkage, would 

be expected to decrease the energy difference . 

Attempts were made to calculate the Arrhenius activation energy 

for N,N'-dicyclohexyl-2,2,4,4-tetramethyl-l,3-cycl obutanediimine ( 1 9) ,  

and N,N ' -diphenyl-2,2,4,4-tetramethyl-1,3-cyclobutanediimine (2) at 

their coalescence temperatures using the method of Isaacs , 53 

EA ( slope of plot) x ( 2,303) x ( R) 

EA Arrhenius activation energy ( Kcal/°K mole) 

R = Ideal gas constant ( 1 .987 cal° K-1mole-1) 

Slope of plot = Derived from Arrhenius plo] of l og of rate 

constant, k, versus 1 x 10  /temperature in °K .  

k = 211 6 second-1 

k = Rate constant (see above) 

t,, = Separation between runr signals of ili_ and trans isomers in 

cycles per second . 

The following values were obtained for N,N'-dicyc l ohexyl-2,2,4,4-

tetramethyl-l,3-cyclobutanediimine ( 19) : EA = 4 , 58 x l0-3Kcal/° K mole, 

EAT coalescence = 2 .01  Kcal/mole . 



The following values were obtained for N ,NJ -diphenyl-2 , 2 ,4 ,4-

tetramethyl-l ,3-cyclobutanediimine (2) : 

EA (Kcal; K mole) 

3. 92 X 10-3 

2 . 29 X 10-3 

EAT coalescence (Kcal/mole) 

1 . 46 

0.85 

Average EAT =  1 .46 + 0 • 85 (Kcal/mole) = 1 . 1 6  Kcal/mole 
2 

101 

The phenyl bisimine .2 being more conj ugated, has less double bond 

character between carbon and nitrogen than the cyclohexylbisimine 19 . 

The lower Arrhenius energy of activation value for 2 compared to 19 , 

agrees with the lower coalescence energy value of .2 , compared to 19 . 

The calculated values of EAT are somewhat inaccurate due to the dif­

ficulty in determining the exact coalescence temperature , T ( °K) , and 

the exact separation C�� ) between cis and trans nmr signals on· the 

A-60-A nmr spectrometer. More precise measurements can be made with 

a 100 MH2 nrnr spectrometer. 

The use of cyclohexylamine , cycloheptylarnine , and cyclooctylamine 

gave significant amounts of bisimines 1 9 ,  22 , and 24 , respectively. 

The nmr spectra of 19 and 22 in cc14 , showed the presence of approxi­

mately 33 percent of the cis ison�er and 67 percent of the trans isomer. 

The nmr spectrum of the octylbisimine 24 in CC14 showed less than one 

percent of the cis isomer and over 99 percent of the trans isomer . 

Apparently cyclooctylamine is the limiting factor toward formation of 

the _£i§. isomer. No attempts were made to isolate the trans isomer 



as a pure product . The preparation of cyclononylbisimine, using 

cyclononylamine, was not attempted . 
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A slight increase in the trans ratio was noted when N,N ' -di (l­

naphthyl) -2, 2, 4, 4-tetramethyl-l, 3-cyclobutanediimine (14) was prepared. 

Nmr integration showed the presence of approximately 75 percent of the 

trans isomer and approximately 25 percent of the cis isomer. 

Ground State Reactions of Bisimines 

The reaction chemistry of bisimines of 2, 2, 4, 4-tetramethylcyclo­

butanedione varies considerably from the reaction chemistry of simple 

imines. 50 

The mechanism for irnine formation from ketones and primary amines 

is believed to proceed in the following manner: 50 

o- I 

rr, -
R

, -_.1 H 

) 

H 
OH 

I 
r-+-N . .  -

R LJ 
d ehydra tion 

Since all steps in the mechanism are reversible, hydrolysis of 

imines to starting materials is possible. 
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Inspection of the mechanism indicates that: hydrolysis could be 

accelerated when the R grou p increases the partial positive charge on 

C and the pa rtial negative charge - on N .  The indu ctive effect of the 

methoxy group increases the polarization of the carbon n itrogen double 

bond, which increases the rate of hydrolysis. This is illu strated 

with  structure lO a, showing inductive effects. 

Bisirnines of 2 , 2 , 4 , 4-tetramethylcyc lobutanedione a re susceptible 

to hydrolysis. The methoxyphenyl bisimine 10 decomposed to startin g 

material during storage, even thou gh elaborate precau tion s  were 

taken to prevent hydrolysis ( see experimental section ) . The ethoxy­

phenyl bisimine l.l appeared to darken and decompose slightly slower 

than 10 . The o-chlorophenyl bisimine 12 appeared to hydrolyze less 

rapidly. In  addition, the benzyl bisi mine 13  hydrolyzed readily .  

A lso of interest is the fact that the liqu id phenyl monoimine 34 

hydrolyzed after standin g for several mon ths in a sealed v i al, while 

the solid, ali phatic, cyclohexyl monoimine 35 is  inert to hydrolysis 

u pon standing. 
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The mixed bisimine 37 darkened slightly in color after standing 

for several months .  Other cyclic aliphatic bisirnines, 1 9, 22, and 24, 

are also resistant to hydrolysis after standing for several months . 

On the basis of hydrolysis observations, it appears that bisimines 

are susceptible to hydrolysis in the following order: aromatic 

bisimines with electron-donating substituents, 10, 11, > aromatic 

bisimines, .2,  > cyclic aliphatic bisimines, 19 ,  22, and 24 . These 

results tend to agree with the hydrolysis of simple imines . 50 The 

protonated intermediate is stabilized to a lesser extent in N, N'­

diphenyl-2, 2,4,4-tetramethyl-l, 3-cyclobutanediimine (2) . The role of 

steric factors upon hydrolysis was not investigated .  

Just as aromatic bisimines are more susceptible toward hydrolysis 

than aliphatic bisimines, they are also more susceptible to catalytic 

hydrogenation which involves free radicals . 

Phenyl bisimine 9 was reduced to the corresponding amine (see 

experimental section) , while cyclohexyl bisimine l.2 was not. 

Simple imines, both aliphatic and aromatic , have been reduced 

catalytically and chemically,50 , 36 with slightly better yield s some­

times reported with aromatic imines. 50 The chemical reduction of 

bisimines 2 and 19  was not undertaken .  Although amines will undergo 

dehydrogenation . reactions , 50 no attempt was made to dehydrogenate the 

diamine 41 to the starting bisimine 2• 

Bisimines will react as bases and form immonium salts, with hydro­

gen chloride gas . The phenyl bisimine 2 as well as the cyclohexyl 

bisimine 19  readily formed the ionic salts 39 and 40 . 
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Although bisimines � and 19 reacted readily to form ionic salts 

with hydrogen chloride gas ,  they appear to be inert toward nucleo­

philic attack by the ionic reagents sodium hydride ,  sodium methoxide, 

and sodium amide. In  each case quantitative recovery of starting 

material was accomplished. No ring opened products were obtained . 

The only variable appeared to be the pre sence of very weak open chain 

amide stretching frequencies in the infrared spectrum after reactions 

of 19 with sodium amide. Thes e bands appeared at 3390, 1720 , and 

6 -1 15  5 cm . • Any amide present may have been formed as a result of 

hydrolysis, or it may have been an impurity present in 19 . 

The overall equilibrium of formation and hydrolysis of simple 

imine compounds chang es little with the nature of the nucleophile. The 

rates of  addition , unlike equilibria, however, are highly dependent on 

the basic nature of the attacking nucleophile (the rate of addition of 

the hydroxyl ion should be greater than that of the water molecule in 

the hydrolysis of simple imines) • 36 An equilibriurri may exist which 

favors ring closure . It is shown below: 

CH3 
01 ,1 R  I �� c�c-c e-- + -ocH3 

I I 
C-C-CH 

I I · 
3 

N CH3 
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No attempts were made to prove the existence of the ionic inter­

med iate. Varying the reaction conditions could prove to be useful 

also . 

Although bisimines do not appear to undergo all types of ionic 

reactions, they may undergo el ectrophilic addition reactions , such as 

with carbenes. The cyclohexyl bis imine 19 reacted with a carbene 

(see experimenta l section).  Product identification was no t made due 

to diff iculty in purifying the product ( s ) . The reaction should be 

rerun on a l arger scale .  Carbenes generated in several dif ferent 

ways50 , 36 will directly add to simple imines as shown. 36 

ll 
+ : cc1 2 > 

/· " 

0 0  
Some simple imines wil l  thermal ly decompose at 120 to 210 ° , giving 

ni triles •50 No decomposition was observed upon the attempted pyro lysis 

of N , N ' -dicyclohexyl-2 , 2 , 4 , 4-tetramethyl-l , 3 -cyclobutanediimine (1 9 ) .  

Photochemical Reactions of Bisimines 

Although pinacol was readily formed during the pho t o lysis of 19 

in the presence of oxygen , Table 1 , no bicyclic compound I was observed . 

Compounds resembling open chain amides were observed , but not completely 



identified . It was found that the number of products obtained 

increased with the length of photol ysis . In addition , acetone was 

detected.42 
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To simplify product identification, the photochemical reactions 

of the bisimine 19 were carried out under nitrogen, Table 2, instead 

of oxygen. This procedure eliminated the formation �of pinacol and 

amide-like compounds , which were difficult to identify. 

Infrared speqtra after photolyses,46 Table 1,  gave bands at 

2080 and 2095 cm-1 indicating the possible presence of a keteneimine,46 

or an isonitrile .54 Dimethylketene-N-cyclohexylimine ( 44) and cyc l o­

hexylisoc yanide (4.§) were synthesized independently to see if 46 and 1.4, 

were products formed in the photolys is of 19 . 

Dirnethyl ketene-N-cycl ohexylimine (44 ) was prepared by the dehy-

dration43,44 of N-cyclohexyl-2-methylpropionamide ( 43 ) . 

H O H 
CH3 I I I  1

-0 

triethylamine > C - C - N _P_2o_J_A_l_2_0
3
�) 

cH3 distil 

Cyclohexylisocyanide (46) was synthes i zed by the dehydration of N-
. . 49 

c yclohexyl formarnide (12.,) • 

H 0 0 - I � 0- N - C - H  
If 

+ CH3 -0 u - Cl + 

0 

�1 / � -H20 o·· 2 
� N) disti� 

N = C: 
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Gas chromatographic and mass spectral p atterns of cyc lohexyl iso­

cyanide ( 46 )  and mass spectral p atte rns of dimethylketene-N-cyc lohexy­

l imine ( 44) were simil ar to a ppropriate p atterns f ound in the 

photolysis of N ,N ' -dicyclohexyl-2, 2,4 , 4-tetramethyl cycl obutanediimine 

( 19 )  c arried out under pure dry nitroge n, T able 2. I t  wou l d  appear 

that cyc lohexylisocy anide ( 46 )  and dimethylketene-N-cycl ohexylimine 

( 44 ) are the first and second formed produc ts , respec tively , of the 

photoly�is of the p arent compound 19 . The· p resenc e  of ma ny additional 

photoprodu c ts with time is be lieved to resu l t  from fu rther photolyses 

and re actions of these c ompounds. 

The f orm ation of · the f irst two photoproducts may resu l t  f rom 

N orrish Type I c le av age , in a manner analogou s  to Type I c l e av age 

observ e d  in ketone photolysis.2 As previou sly  mentioned, p age of 

this thesis , �yc l ic imines tend to undergo syn-anti isomeriz ation 

rather th an photochemic al re actions. N, N ' -Dicyc lohexyl-2 , 2 ,4 , 4-

tetramethy lcyc lobutanediimine ( 19 )  may be the first imi ne c ompound 

reported to u ndergo extensive Norrish c l e av age photochemic al ly . The 

inherent strain present in the cyc lobut ane ring may m ake  the molecu l e  

more su sc epti bl e to Norrish c le avage th an simpl e  acyc lic imines. 

Mechanisms of Type I Norrish cleavage , which may resu l t  in cyc lo­

hexyl isocy anide ( 46 )  and dimethylketene-N-cyc lohexylimine ( 44 ) are 

presented bel ow : Additional studies are needed to further e lucidate 

the mech anisms involved. 
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Ultraviolet Absorption Spectroscopy55 

The n ➔ n* transition in the ultraviol et absorption spe ctra of non­

conjugated bisimine s  of 2, 2,4,4-tetramethylcycl obutanedione, is spl �t 

into two components, Tables 6 and 7 .  Both absorptions underwent a 

hypsochromic or blue shift upon the a ddition of more po l a r  solvents, 55 

Tables 6 and 7. The low molar absorptivity va l ues were also indicative 

of n --)rr* transitions . 55 The absorption maxima a nd mola r absorptivity 

values were , in fact, simila r to those of s imple azomethines 47, Tabl e  

7 .  

Both transitions of the bisimines, however, occurred a t l ower 

energy than the simple azomethin e  47, with only on� n ➔ n* tra nsition. 

The lower absorption energy for the bis imines, when compa r e d  to 47, 

ca n  be explaine d  by increased conj ugation, which could re sult from p -n 

type overla p between p-orbi tals on the one a nd thre e  ca rbon a toms. 

Du e to recent experime nts in photoe l ectron spectroscopy, the non­

bonding orbita l s  on the oxygens of the diketon� 1 have been shown to 

have different e nergy leve l s. 23 This is probably due to i nteraction of 

the non-bonding el ectrons with the sigma orbitals in the ring skeleton . 

This suggests that tra nsannular par ticipation in the system under 

investigation must be interpreted a·t the very most 'a s a combination 

of 1, 3- n and non-bonding sigma orbital in t e ract ion . 

The energy l evel diagram in Figure 4 would  suggest the pr e s e n c e  of 

four n ➔n* transitions when only  two a re observed for both the 
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2P 2 
( 2P ) 2 

Figure 4 . Energy l eve l d ia gram for 2 , 2 , 4 , 4-tetrarnethyl ­
cycl obutaned ione ( �J ,  or the bis irnine 1,  using TT 
and non-bond ing orbita l s  a nd a ssuming 1 , 3 - n type 
over la p ,  and non-bond ing-s i gma orbita l intera cti on , 
but el imina ting the very sma l l  non-bond ing- n 
intera ction . 
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diketone 1 and the bis imines, 19, 22, and 24 in Table 6. This  i s  

reasonable, provided the difference in energy between n3* and n4* i s  

not s igni ficant when compared t o  the energy dif ference between n2 and 

nl. 

One alternate view that would explain the observed splitting of  

the n ➔ rr* transition in the ultraviolet spectra of  the compounds in  

question i s  to  assume no  1,  3- n interact ion. This would result in  an 

energy level diagram as shown in F igure 5, which necess itates the 

presence o f  two non-bonding trans itions in the diketone 1 and in the 

bis imines 19 , 22, and 24, and this  is observed. This  explanation, 

however, cannot account for the observed trans ition energies. Us ing 

only non-boncl i ng-s j gma orbital interactions, one n -hr* transition 

would be expected at lower energy and one at higher energy than that 

observed for the non-bonding trans ition of  the s imple imine 47 . Exper­

imentally, this i s  not observed, Table 7. It would appear from exist- · 

ing e xper imental data that Figure 4 would best represent the compounds 

under examination . 

In addition, no splitting o f  the n ➔ n* trans ition for 1,3-

dimethylenecyclobutane was observed, 1 5  indicating that n* orbitals 

are not as readily split as orbitals containing non-bonding electrons . 

The suggestion i s  made that the splitting o f  n ➔ n* trans itions in 1 
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F ig ure 5. 
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Tl-

( 2P ) 2 

Energ y level di agram for 2,2, 4,4- tetramethyl­
cyclobutanedion e ( .�) and the bisimi nes 1.2, 22, 
and 24,  usi ng TT a nd non-bonding orbitals and 
assuming non-bonding -sigma orbital interaction, 
but no 1 , 3- TT type overlap. 
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and l2 is caused  mainly by splitting of the orbitals c ontaining non­

bond ing el e ctrons, rather than by splitting of the TT* orbitals. 

The possibility of geometrical isomerism as a cause of  the two 

n ➔n* absorption bands may be eliminated. Molar absorptivity values 

are very similar for both transitions of  19, Tables 6 and 7. The 

equilibrium solution is about 67 percent trans and only about 33 per­

cent c is. 52 Molar absorptivity values should be about the same for 

each isomer, since the trans isomer bel ongs to the c2v point group, 

while the c is is C2h · The presence of  two n � TT* transitions . with 

similar absorption max ima eliminates geometrical isomerization as a 

cause of  the two absorption bands. In additi on, the d istribution of 

n electrons does not change in  going from c is to trans. The transi­

tion energy for both isomers should be the same. Since two transi ­

tions of  d ifferent energy are observed, the transiti ons are not due to 

geometrical isomerization . 

An even more convincing argument exists against geometrical iso-

merism causing the two n ➔ n* absorption hrnds � The nmr spectrum of 

N ,N'-dicyclooctyl-2, 2 , 4,4-tetramethyl-l ,3-cyclobutanedimine ( 24 ) shows 

less than one percent of the cis isomer ; the remainder is trans . The 

ultraviolet absorption spectrum shows two transitions of the same 

intensity (same molar _ absorptivity values, Table  6 ) , and very similar 

to the molar absorptivity values of N,N ' -d icycl ohexyl- 2 , 2 , 4 , 4-

tetramethyl-l,3-cyclobutanedi imine ( 1 9 ) , T ables 6 and 7 .  I f  c is-trans 

is omerization were responsible for the two absorptions, then only one 
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ma j or a bsorpt ion ba nd corresponding to the tra ns isomer should a ppear 

in  the uv a bsorption spectrum of 24. This is distinctly not the ca se . 

Compar ison of the ul tra violet spectra of 2,2,4 , 4- tetra methylcyclo­

butanedione .1, the bisimines, 19, 22, a nd 24, a nd the dithione 48 ,  · 

sh ows tha t  the n ➔ n* tra nsitions of the b is imines a bsorb a t  highest 

en erg y, those of the diketone 1 next, a nd those of the dithione 1§.. 

a t  lowest energy. This is consistent with earlier studies in which 

arguments  ba sed on hybridiza tion a nd symmetry expla in the observed da ta 

quite sa tis fa ctor ily. 56 In a ddition to the energy  differences, the 

n -i n* transitions of the diketone 4 show a separa tion of 0 . 47 ev, 

those of the bisimine 1 9, 0 . 17 ev, a nd those of the dith ione 48 , 0 . 00 

ev, Ta ble 8. Self- consistent f ield molecular orbita l ca lcu la ti ons to 

determine the n energy levels f or the compounds in question ga ve con­

sis tent trends, a l  though t he a bsolute rnagni tude of the ca lcula ted 

splitting in the n �n* reg ion is different from tha t  observed in the 

n --) n* regi on. This is a s  expected, since the config ura tiona l inter­

a ction wou ld be different for ea ch sta te. A Par iser , Parr , a nd Pople 

self consistent f ield computer program containing a conf ig ura tional 

intera ction subroutine was used. 57 , 58 This P3-cr SCF program suggested 

tha t  two n -+ n* tra nsitions should be observed f or the diketone 1 ;  the 

d ifference in energy was calculated to be 0.50 ev . The bisimine 1 9  a nd 

the dithione 48 gave ca lculated differences of 0 . 30 ev a nd 0 . 24 ev, 

r espectivel y. 57 As a final attempt to verif y  1 , 3-n type interaction, 

the far ul traviolet spectrum of the cyclohexylbisimine 19 was examined. 

A tra nsition was observed a t  1 97 run which, via molar absorptivity val ues  
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and solvent studies, was assigned as a n  --i TT* transition. There was no 

evidence for two electronic transitions down to the limit o f the instru­

ment, 185 nm. 57 If two transitions were present , they were too close to 

observe. It is apparent from these data, however, that the TT -+ TT * 

transitions are not split to the same degree as are the n -hr*• This 

means that the main feature in the energy differenc.e o f the n ➔ TT-� 

transitions is due to the nondegenerate non-bonding orbitals interacting 

with the sigma el�ctrons of the cyclobutane ring , and not mainly due to 

1 ,3- TT type transannular interaction, which was a long held concept . 

It has been reported that the extent of transannular participation 

is enhanced by large R groups,15 where R is CH3, C2H5, or n-C3H7, in 

diketone systems of the type shown below .  In the bisimin es, 

relationships between the size of R and the extent of transannular 

participation a.re not obvious. In  the a licyclic bisimine compound s, 

however, the amount of splitting appears to be independent of the 

ring of the cyclic imine. Bisimines where R is a  six, seven, or 

eight membered cyclic ring, Table 7, have similar absorption maxima 

and molar absorptivity values . An attempt to prepare the bisimine 

where n is a five membered cyclic ring was unsl!ccessful . 



Tabl e 7 .  Ultraviol et Abs orption Spectra l  Data . 

Compound Cycl ohexa ne 
Amax ( nm) 

( 1 9 ) 273 
263 

(22) 274 
260 

(24 ) 274 
260 

Q
.-, Nrv n - butyl 250 

(47 ) 

CH3# 

� CH3 
O CH 3 

(�) 

CH3 �s 

CH3 . 

� 
CH3 

H3 
(48 ) 

3 50 
309 

500 

95% Etha n ol 
11.max ( nm ) 

265 
249 

268 
247 

264 
248 

240 

343 
306 

490 
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Molar 
Abs orptivity ( e) 

( l iters rnole-1 
crn-1 ) 

145 
157 

144 
142 

134 
128 

290 

25 
57 

22 



Table  8. Amount of 1 ,3- rr Intera ction Indicated by the Magnitude of the n � rr* Ultraviolet Band 
Separa tion in Electron Volts*. 

Compound 

C H3 0 . 
CH :t! 

3 

(' CH
3 O CH 3 (1) 

CH3 N,Jo 
%;+ 

/ CH3 
N CH3 d { 1 9 )  

CH3 S 
CH

)+ 

31' 
CH3 

S CH3 . ( 48) 

Absorption max 
in cyclohexane 

( nm ) 

350 

309 

273 

263 

0 

.,. 

Absorption max 
in cyclohexa ne 

( ev )  

3 . 54 

4 . 01 

4. 54 

4. 72 

0 

Energy difference 
· between n � rr* 

transitions ( ev )  

0 . 47 .. 

.0 . 17 

0 

..... 
I-' 

-- - �- - -- co 
*va lues  ca l cula ted using the conversion fa ctor 1.24 x 10-4 ·ev cm-l . 5B 
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Biological Activity of Dirnethylketene-N-Cyclohexylirnine (44) and the 

Corresponding Amide, N-Cyclohexyl-2-methylpropionarnide (43) 

After a period of several weeks , the presence of mold was ob­

served growing in glassware used in the preparation of dimethylketene­

N-cyclohexylimine ( �) and N-cyclohexyl-2-methylpropionarnide ( 43) · . 

It  is suggested here that these compounds serve as a media for 

this mold . The mold was found growing in unsealed and sealed · 

containers containing a limited amount of air .  Growth wa s observed 

in containers kept in the light at room temperature which contained 

various amounts of the amide and certain impurities such as isobutyric 

acid , triethylamine, aluminum oxide , possible trac�s of keteneimine , 

and diphosphorus pentoxide and various decomposition products . 

It is noteworthy that growth was observed after about five weeks 

in a sealed vial of the pure amide compound. The amide had been 

recrystallized twice from aqueous ethanol, and once from n-hexane , but 

had not been dried . If moisture was required _for growth, the most 

likely sources would be: water vapor in the limited air supply; a 

possible trace of moisture in the compound itself; or dehydration of 

the amide by the organism itself , resulting in the formation of the 

keteneimine . Keteneimine formation was not readily observed; if 

formed, its presence may have been too small to have been detected. 

In addition, the keteneimine may have served as a food source . 

Growth wa s also observed in a distillation apparatus and the 

attached small flasks into which the keteneimine was distilled . The 



keteneimine wa s removed, a nd the ves sel wa s sealed and stored in a 

refrigerator for about six weeks a t  a tempera ture of a bout 50 °C, under 

a very limited amount of light . The vessel a ppeared to contain only a 

tra ce of keteneirnine, with a poss ible slight contamina tion of a mide · 

and air .  

The growth appeared to be both somewha t round, white colonies or 

long, filamentous, white colonies . The growth wa s streaked onto agar 

slants and in petri dishes containing agar blocks consisting of BHI 

(Brain Heart Infusion) agar . The blocks were supported a bove .the 

bottom wa ter level by means of gla ss  tubing . As growth wa s poor on 

BHI agar blocks,  growth wa s transferred to Sabourds Dextrose agar  which 

resulted in much better growth, a s  well as s porula tion , fo:r:- pu:rposes of 

· ct  t " f · t ·  59 
1 en 1 ica i on . Gross morphological characteris tics ind icating the 

probable identity of the organism, Pencillium frequentans, are given 

in Table 9 . 60 

I t  is s ignificant tha t  no growth had been observed in  other com­

pounds mentioned in this thes is . No growth ha d been observed in very 

dilute solutions of the keteneimine in isopropyl alcohol before and 

after photolysis . Also of interest is the observat ion tha t the dimer 

of dimethylketene-N-cyclohexylimine, the bisimine 19, was sent to the 

National Institute of _ Health for screening a s  a pos s ible cancer chemo­

therapeutic agent and showed limited activity . Results have not been 

correla ted with the chemotherapeutic value of the keteneimine 44 . 



Table 9. Morphology of Penicillium freguentans. 

Gross morphologic trait 

Growth rate 

Topography 

Texture 

Surface pigment 

Reverse pigment 

Microscopic morphology 

Conidiophore 

Penicillium frequentans 

Rapid 

Flat 

Powdery 

Green to blue-green 

Yellow-brown 

Penicillium frequentans 
( see Figure 6) . 

Simple 
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60 Penicil l ium f reguentans. 
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The org anism was stai ned with lactophenol cotton blu e and 

exami ned u nder a mi croscope. The mi cro scopic appe ar ance of the 

org ani sm ( lOOOX) w as s imilar to the mi cros copi c  appe ar ance of Peni­

cillium frequ e nt ans60 ( see  F igure 6 ) . Fewer conid i a were obs erved. 

Absolute identity of the org anism would requ ir e  further test i ng . 61 

Future Topics for Investig ation : 

1 .  What chemi cal degr adations does the mold do to the 

su bstr ate ( s ) ?  

2. U nder wh at conditions wil l  the org anism degr ade the su b­

s tr ate? For ex ample , wi l l  the mo ld dehydr ate the amide 

whe n  i nsufficient water i s  availabl e? 

3. Wi l l  the mold df'hydrate other su bstrates? For ex ample ,  

what wou ld be the resu lt of substituting "normally toxic" 

phenyl r i ngs59 for cyclohexyl r i ngs in N-cyclohexyl-2-

methylpropio namide ( 43 )  and dimethylketene-N- cyclohexyli-

mine ( 44) ? 

4. Pos itive identifi cation of  the org ani sm. 
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CONCLUSIONS 

The p repa ration ,  spectra l properties , a nd reactions of bi s imines 

of 2, 2, 4,4-tetramethyl cycl obutanedione were examined. 

The forma tion of monoimi nes a nd open cha i n  amides was observed 

i n  the p reparati on of the bis imines . Two moles of sta rting ami ne 

favor the f ormation of bis imines ,  }; one mole of strongly bas ic al i­

phatic  ami ne . favors the formation of the monoimine a nd open cha i n  

amide; a nd when one mole of weakly  bas ic a romatic  amine is used, 

mon oimi nes a re the maj or p rodu ct and bis imines t he mi n or product. 

F ormati on of mon oimines is  not observed when two mol es  of amine a re 

u sed. 

B� s i city s tudios  i ndicate that the use of weakly bas i c  primary 

ami nes ,  such a s  a romatic  amines , facil itates bis imine formation , a nd 

the product is f ormed quantitatively. In genera l ,  decrea s i ng the 

bas icity of the ami nes results  i n  faster a nd more complete -reactions 

( see pKb values ,  Table 3 ) . 

Anothe r  factor i n  product distribution is steric  cons iderations , 

Table 4 .  The use  of o- i s opropyl ani line resul ted i n  the bis imi ne 17, 

whil e  the u se  of the larger, bulkier amine, 2,6-diiospropyl a n i l i ne gave 

t he monoimi ne 1 8. The is opropyl groups of the f ormed monoimine may 

repel the methyl groups of the cycl obuta ne rin g  sufficiently to prevent 

fu rther atta ck by the amine; hence, no  bis imi ne was f ormed. 

The effect b f  reactant concentration wa s a l s o  inves t igated. Less 

concentrated s oluti on s ,  u sin g  two moles of bas i c  amine, result  in  the 
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formation of bisimines  and open chain  amides.  More concen tra ted solu­

tions result in the forma tion of imino open cha in amides a nd bisimine s. 

The amount of availa ble  the rmal energy a lso a f fec ts produc t  for­

ma tion. The diketone 1 does  not reac t  u s ing solvents a nd amines  wi th 

low boil ing points . 

The bisimines a ppea r to be inert unde r  reac tion conditions u sing 

s trong nuc l eophiles . They do, however, reac t  wi th hyd rogen chloride 

gas to form immonium sal ts.  Aroma tic bisimines  can  be c ata lytically 

reduc ed u nd er high pre ssure to give amines .  Aroma tic  bisimines  con­

taining e le c tron dona ting groups tend to hydrolyze  on s tanding to the 

s ta rting amine and diketone j .  The c yc lohexylbi simine  1 9 a ppea rs to 

u ndergo e l ec trophj l ic addition reac tions with carberies , also o 

Two new photochemical  reactions of bisimines  were obs erved . Com­

plete spec trum irradiation of the cyc lohexyl bis imine 1 9  in the presence 

of oxygen ,  gave pinacol, a c e tone ,  and unidenti fied produc ts resembling 

open chain amides .  Comple te spec trum irradia tion in the pres ence of 

nitrogen gave dime thylke tene-N-cyc lohexylimine - ( 44 )  and cyc lohexyl­

isocyanide ( 46 ) . The Norrish cleavage re sul ting in the formation of 

44 and 46 has not been exten sively observed before in the simpl e 

a zomethines.  

The pre sence  of  c is-trans i somerism in  the bisimines was e stab­

l ished by nmr s pec troscopy. The equilibrium consisted of a pproxima tely 

67 perc ent  of the trans isomer and 33 pe rcent  of the c is isomer. When 

cyc looc tylamine wa s u s ed as the primary amine , les s  than one perc ent of 
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the ci s i somer was obtained and over 99 perc ent of the bi simine com­

pound was trans. 

U l trav iolet studie s indi c ated the presence of three transitions 

between 185 and 360 nm. These two n ➔n* tr ansition s  and one TT --)TT* 

transition have been i nterpreted as resulting  f rom a combination of , 

mai nly , interac tion of non- bonding elec trons on nit�ogen with the 

si gma orbit als of the c yclobutane ring, and 1 , 3-n transannular partici­

pation across the � ing. 

Bi ologic al activity was observed i n  d imethylketene-N- cyclohexyl­

imine ( 44)  and N-c yclohexyl-2-methylpropionamide ( 43 ) . These com­

pounds appe ar to act as substrates for P en i c i lli um freguent an s . 
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