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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 bisimines of tetramethyl-1,3-
cyclobutanedione, were prepared. These are: N,N'-di(o-methoxyphenyl)-
242,4,4-tetramethyl-1,3-cyclobutanediimine (10), N,N'-di(o-ethoxy-
phenyl)-2,2,4,4-tetramethyl-1,3-cyclobutanediimine (11), N,N'-di(o-
chlorophenyl)-2,2,4,4-tetramethyl-1,3-cyclobutanediimine (12), NyN*-
dibenzyl-2,2,4,4-tetramethyl-1,3-cyclobutanediimine (13), N,N'-di(1-
naphthyl)-2,2,4,4-tetramethyl-1,3-cyclobutanediimine (14), N,N'-di(2-
6-dimethylanilino)-2,2,4,4-tetramethyl-1,3-cyclobutanediimine (16),
N,N'-di(o-isopropylphenyl)-2,2,4,4-tetramethyl-1,3-cyclobutnaediimine
(;Z), NyN'-dicycloheptyl-2,2,4,4-tetramethyl-1,3-cyclobutanediimine
(22), N,N'-dicyclooctyl-2,2,4,4-tetramethyl-1,3-cyclobutanediimine (24),
and the mixed bisimine, N-phenyl-N'-cyclohexyl-2,2,4,4-tetramethyl-1,3-
cyclobutanediimine (37). 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

——_geometrical isomerization of the bisimine 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'—cyclohexylvaleramide (_2;)J N-cycloheptyl-2,2,4-
trimethyl-3-oxovaleramide (23), N-cyclooctyl-2,2,4,4-tetramethyl-
trimethyl-3-oxovaleramide Qg;l, 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-1,3-cyclobutanediimine (19), and N,
N'-diphenyl-2,2,4,4-tetramethyl-1,3-cyclobutanediimine (9) 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-
1,3-cyclobutanediimmonium chloride (39), and dicyclohexyl-2,2,4,4-
tetramethyl-1,3-cyclobutanediimmonium chloride (40). The aromatic
bisimine 9 was catalytically reduced to the amine, 2,2,4,4-tetramethyl-
N,N'-diphenyl-1,3-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

spectrometry was used extensively in the identification.



Biological growth of a mold, Penicillium frequentans, was

observed in N-cyclohexyl-2-methylpropionamide (43), and in the
dehydration product, dimethylketene-N-cyclohexylimine (ﬁﬁ)o
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 1 has been well studied.! 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 photochemical) of the

0 IQ//
| (l:l

i Y i

(1) (2)

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 (3). These bisimines are structurally similar to
tetramethyl-1,3-cyclobutanedione (4), a ketone about which much of the

chemistry is known. 2

CHj u'B 3y 0

CH3 . 447 * CHg 4¢?

CH
% e 7

RN CHs



Bisimines of tetramethyl-l,3-cyclobutanedione, should be .somewhat
different in their physical and chemical properties than simpie 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-1,3-cyclobutanedione, to determine the chemical effects of
carbon m-bonded to, nitrogen. Certain of these effects are compared to

carbon mi-bonded to oxygen in a structurally similar environment.



HISTORICAL

Imines have been prepared according to established procedures;:a'5
the addition of primary amines to aldehydes forms aldimines, while the

addition of primary amines to ketones results in the formation of

ketimines as shown below:

0] N~~R
RNH, + R—C—H AH—C—R' + H,0
—
primary amine aldehyde aldimine
0 N~~R
RNH, + R'—C—R" AR'—C—R" + H,0
—
primary amine ketone ketimine

The R groups represent aliphatic or aromatic groups. Imines have also

been produced by other methods. Imines tend to undergo other

s67 with a variety of reagents; water (hydrolysis), hydrogen

reaction
(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-

zation and syn-anti isomerization.©



Preparation and Properties of Bisimines and Related Compounds

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

was first'reported in 1961.8

CHn CH R
3 0 3 ‘/,N’)

47 CHa //

ey ORNH 3
+ 2 4 + 2H,0

y CHsy % 4 Chg

0 CH3 acid catalyst N CHy

reflux in R’)
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 (3). The only reported reaction of a bisimine

is the catalytic reduction of an aromatic bisimine.8

1.4
sy i

N
CHg 4 fo Y cHz
Raney Nickel :
CH heat, pressure ) CH
3 3
o7

N
o Gtend



The reaction of tetramethyl-1,3-cyclobutanedione (3) with
various amine nucleophiles has been demonstrated to be dependent on the
reaction conditions? (presence or absence of water and choice of sol-
vent), steric factors,9 nucleophilicity of the attacking amine,9 and
basicity of the amine.l0

The hydrolysis of monoimines has probably been studied more than
bisimine hydrolysis. Aliphatic monoimines tend to hydrolyze in the

presence of water.9

NHo
Vg
(CHy)3
CHQ ar
CHg 4 HO L o0 T 0
ﬁHQN—(CH2)3 -N—C—Cl: —C-f-f—H

Va “Ha CHy CHg
0 CHj

Rapid removal of water, azeotropicall or with molecular sieves
p s p ’ ’
can give imidazoline compounds, resulting from intramolecular nucleo-

philic attack of a y-amino group upon the imine.?



CH3 g‘clj (|3H3
CHy,— 'cl;;/=c —C—=C

CHj,

Zl:
I

= T O SR
l
Qe—
|
o

G——H
I
H
H H
CHz O CHs N—!;—A—H
A
CH3——-C-—-C-——T-—-C H
l|{ CHy N—C—H
e

imidazoline

Bisimine hydrolysis and other reaction conditions relating to the
preparations and reactions of bisimines is discussed in this thesis.

A basicity study has been described.lo Reactions of 4 with
strongly basic amines, ethyl amine, pKp = 3.25, result in ring

opening reactions. Reactions of 4 with weakly basic amines,



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

of imines. Aziridines, pKp ~ 6.0, also cause ring opening reac-

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 4 to give a ring opened product. Pyr-

rolidine gave similar results. N-benzylazelidine and N-methylmorpholine

3. .0
CHpo—CHo CHg /7 THs C,JH3 CIZH2~CIIH2
CH2-—I!I—H ' . CH3—_-} H_Cl:_ﬁ_(l:—ﬁ‘—'N—CHQ
0 CHs CHz O CHg O
(4)

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 disulfide, using acid or basic
catalyst59 (except KOH which was reported to give diiosopropyl ketone
after hydrolysis).lo It might also be mentioned that sterically
hindered aziridines also failed to react.lo These aziridines included
N-phenylaziridine, N-butylaziridine, and the stronger base, N-

cyclohexyl-3-azetidinol.



Geometrical Isomerization

Geometrical isomerization of aliphatic and aromatic monoazome-
thines, Figure 2, has been studied extensively by nmr.11512,13  The
configuration about the carbon-nitrogen double bond was established by
the use of long range coupling constants and by variable temperature
studies. More recently a report on the nmr conformational analysis of
conjugated bisimines has appeared.8 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, B-diketones, is discussed.

Ultraviolet Absorption Spectroscopy

Extensive ultraviolet studies have been made on tetramethyl-1,3-
cyclobutanedione14’15916 (4), Table 4, and some of its derivatives;1-5316
in order to describe transannular participation between atoms contain-
ing no formal bonds.

An examination of transannular participation in the bisimines of
4 might show involvement of electrons through p atomic orbitals of
nitrogen and carbon in the azomethine linkage. This can perhaps be

represented by Figure 1.



Figure 1. Transannular 1,3-7 Interaction of Bisimines.

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 4.1°

Studies involving cyclobutane rings have been of interest because
of the possibility of transannular participationl6'2o (partial 1,3-1
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.

HoC ==<>.—.—.CH2,15 HoC =Q= " e

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 ﬁl5’22- The band
separation of the lowest energy, n —» m* absorption band of 4, Figure
3, has been attributed to 1,3-m interaction.?? Compound 4, containing
two carbonyl groups in similar chemical environments, would be
expected to undergo only one n = w¥ transition upon ultraviolet
excitation if there were no 1,3-minteraction. The presence of two
absorptions, Tables 6 and 7, is possibly caused by 1,3-minteraction
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 m bonded to oxygen in unconjugated
ketones has been exhaustively studied.?4 The photolysis of tetramethyl-
1,3-cyclobutanedione (4) leads to a Norrish Type 1 cleavage and forms

tetramethylcyclopropanones; further reaction produces tetramethyl

ethene.2°:14
CH
CH, /0 = 3 20
CHy 366 nm - 3 . +'co
isopropyl alcohol’ CH3
CH
Y/ 3 CH
0// CH3 -
o H
N P i
C==_C
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The photochemistry of nitrogen m=bonded to carbon, the imines, has
been studied to a limited extent.

Imines tend to be unreactive photochemically.7 Instead of react-
ing, imines tend to undergo radiationless decay of the excited state. 22
This deactivation of the excited state is believed to result from
rotation about the m-bond in the excited state.’»27 .Syn-anti(cis-
;;gg§) isomerization, Figure 2, is the major result of the deacti-

vation.7

R R
M// 3 3\\N
| |
C h C
———S
Rl/ \R2 . . /7 N\
Ry Ry
syn anti

Figure 2. Imine Syn-anti Isomerization.

This isomerization has been studied since 1891.2857 The rate
of thermal isomerization is dependent on the 'tempera'ture29 and the
nature of the attached substituents.’

Photochemical isomerization can occur rapidly from the excited
triplet state. This isomerization probably involves non-vertical

excitation of the imine acceptor and "twisted" excited states.”’
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Imines will, however, undergo photochemical reduction,26’3o’31

oxidation,32 hydrolysis,33 and rearrangement reactions.34

) H H
C6H5 \ hv I l

C=N~.cyclohexane ———— — 3C¢Hs—C—N-—cyclohexane
e R 95% ethanol 6% l E

CgHyg—C —N—cyclohexane

26,30
H

H H
C H G A5
65
et e ey : 5\0—-032
_ isopropyl alcohol L et
C6H5 Celg

Imines, unlike carbonyl compounds, do not tend to undergo

Norrish cleavages.34

Ketyl radicals, not the excited states of the imines, 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.so

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

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



s

CeHs, CéHa\ CeHs
C==N~vR hv / -—1\|I——'R el /E——T-—R if R'=H, 06H5—(ﬁ—-T—R
R' R' H R H 0 H
0—0 »
CeHs E
c=o0 R ZH, cH—C—oH
9
R!

Cyclobutanonemonoimines, 6, tend to undergo insertion, addition,

and elimination reactions.35 . N
CH
R! 3
CH3z CHy e
CHg o T
b L, I
0= ol i gl : ;Y CHy + C=N~sR'
ROH CH3 OR /
CHy CHg CH3 0 H CH3~——C
CH
(6) L 3 i

R' = CHy, n-GHg, n-CgH s,

cyclo—CéHll5 C6H5

.As the photochemistry of bisimines of tetramethyl-1,3-cyclobutanedione
has not been investigated, photochemical studies of N,N'-dicyclohexyl-
2,2,4,4-tetramethyl-1,3-cyclobutanediimine (19) were undertaken in this

study.

288612 SOUTH DAKOTA STATE UNIVERSITY LIBRARY
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CHgy r’<:>
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CH3 /
CH
3

ey

)
O w

Isopropyl alcohol will donate hydrogen atoms to imines during photo-

hv !
isopropyl alcohol *

chemical reactions.32’36
GgHs CeHs 0
hwv - .\\\
Ce==N~~ CH3 H = /(I:_'N'_CH3 + CH3_C —CH3
Ce'ls cHy—C—cCH, Cefs” H H

OH

It was felt that photochemical reactions of 19 under these conditions

could lead to compounds of the type 7 and 8.

H
cy |/ CHy CH
CHy i U=
. / CH3—(I3—CI:—CH3
rg/ CHa HO OH

ol CHg
<<::> (2) (8)



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 (4) was undertaken.



EXPERIMENTAL

The following experimental work was done at South Dakota State
University located in Brookings, South Dako?a, unless otherwise indi-
cated.

All infrared spectra were obtained on Perkin-Elmer models 700 and
521 grating spectrophotometers except the following:' infrared spectrum
of dicyclohexyl-2,2,4,4-tetramethyl-1,3-cyclobutanediimmonium dichloride
(40), taken on a Beckman IR-12 infrared spectrophotometer at the
University of Wyoming located in Laramie, Wyoming; 2,2,4,4-tetramethyl-
3-n-butyliminocyclobutanone (_§), and 2,2,4,4-tetramethylcyclobutanedione
(ﬂ), taken on a Beckman IR-5 spectrophotometer. Spect&a were obtained
neat or as potassium bromide wafers, using approximately 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
following exceptions: Varian HA 100 nuclear magnetic resonance spec-
trum at 39° of N,N'-di(o-methoxyphenyl)-2,2,4,4-tetramethyl-1,3-
cyclobutanediimine (10), obtained at the University of Wyoming; high
temperature spectra of N,N'-dicyclohexyl-2,2,4,4-tetramethyl-1,3-
cyclobutanediimine (19), 165° and low temperature spectra of N,N'-
di(o-chlorophenyl)-2,2,4,4-tetramethyl-1,3-cyclobutanediimine (12),
10° Chemical shifts were reported as (§) values relative to tetra-
methylsilane (tms), which was used as an external standard. The spectra
were taken as neat samples or as CCl, solutions, unless otherwise

indicated.
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Electronic spectra were obtained in solution, using one centi-
meter silica cells, on a Beckman DK-2A ultraviolet recording spectro-
photometer with the following exceptions: ultraviolet spectrum of
dicyclohexyl-2,2,4,4-tetramethyl-1,3-cyclobutanediimmonium dichloride
(40), obtained on a Beckman DB ultraviolet recording spectrophotometer
at the University of Wyoming; and N,N'-dicycloheptyl-2,2,4,4-tetra-
methyl-1,4-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 following. instruments:

a Finnigan 3000 GC/MS mass spectrometer at South Dakota State Univer-
sity or at Augustana College, located in Sioux Falls, 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(HMDS), 5' x 1/8" 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 pyrex capillary tubes in a
Thomas Hoover Capillary 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 chromasorb 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.



18

Preparation of Aromatic Bisimines

Preparation of N,N'-Diphenyl-2,2,4,4-tetramethyl-1,3-cyclobutanedi-
imine (9)

Into a 500 ml flask fitted with a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 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; over 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, m.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
67.02(m, 10H, aromatic), §1.52(s, cis-CH3), §1.26(s, trans-CHz), and
61.01(s, cis-CH3). The infrared spectrum showed bands at 3025, 2925,
1685, 1585, 1480, 1445, 13%0, 1215, 1050, 840, 750, 710, and 685 e,

Anal. Cal'd fOI‘C2OH22N2: C, 83-72; H, 7-64-

Found: C, 83.07; H, 7.83.
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Preparation of N,N'—Di(o—methoxxghenyl)-2121414—tetramethyl-113:
cyclobutanediimine (10)

Into a 250 ml flask fitted with a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 15.00 g (0.116 mole);
o-methoxyaniline, 28.70 g (0.233 mole); 0.1 g of p-toluenesulfonic
acid monohydrate; 100 ml of toluenesy 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
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 mmr spectrum in CDCl; gave 66.92(m, 8H, aro-
matic), §3.79(s, 3H, cis-OCH;), 63.78(s, 3H, trans-OCH;), §1.55(s,
cis-CHy), 6§1.22(s, trans-CH3), 60.89(s, cis-CHs).

The infrared spectrum showed bands at 3055, 2995, 2960, 2915, 2855,
1670, 1570, 1485, 1440, 1430, 1355, 1300, 1270, 1235, 1170, 1100, 1050,
1015, 915, 740, and 700 cm™1.

Anal. Cal‘'d for C22H26N202: C, 75.403 H, 7.48.

Found: C, 74.74; H, 7.48.

The compound was repeatedly recrystallized from aqueous ethanol

and hexane, dried in a vacuum oven, sealed under nitrogen, and stored
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in the dark 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 4.

Preparation of N,.N'-Di{o-ethoxyphenyl}-2,2.4,4-tetramethyl-1,3-
cyclobutanediimine [;;J

Into a 250 ml flask fitted with a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 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 temperature, 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 washed with n-hexane and
recrystallized from n-hexane or aqueous ethanol giving the product in
various stages of purity. The structure of the compound was shown to
be the bisimine using uv (Table 6), ir, and nmr spectroscopy. The nmr
spectrum gave §7.56(m, 8H, aromatic), §4.70(quartet, 4H, -OCH,),
§2.29(s, cis-CHz), §2.09(t, 6H, CHz of OCoHs), §1.95(s, trans-CH,),
§1.66(s, cis-CH3). The infrared spectrum included bands at 3025,

2980, 1685, 1575, 1435, 1105, 1030, 920, and 730 cm~l.

Found: C, 74.35; H, 7.71.

Preparation of N,N'-Di(o-chlorophenyl)-2,2,4,4-tetramethyl-1,3-
cvclobutanediimine (12)

Into a 250 ml flask fitted with a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 15.00 g (0.116 mole); o-
chloroaniline, 20.73 g (0.233 mole); p-toluenesulfonic acid monohy-
drate, 0.12 g; 100 ml of toluene; and boiling chips. Small amounts of
these reactants had previously been heated in a 25 ml Erlemmeyer flask
and the liberation of water observed as it collected in a beaker con-
taining toluene. This beaker was connected to the Erlenmeyer flask
by means of a rubber stopper and glass tubing.

The mixtiure in the 250 ml flask was refluxed until the liberation
of water ceased. After 46 hours, about 3.7 ml of water was collected
which represented 80.09 percent yield for complete bisimine formation,

Table 3.
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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 giving 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
bisimine compound was confirmed by uv (Table 6), ir, and nmr spec-
troscopy. The nmr spectrum gave §7.07(m, 8H, aromatic), §l.33(broad
sl 12H, —CH3). The infrared spectrum showed bands at 3060, 2960,
2920, 1670, 1580, 1465, 1445, 1430, 1375, 1355, 1255, 1220, 1155,

1115, 1050, 1025, 930, 840, 750, 730, 670, and 540 cm™i.

Found: C, 66.39; H, 5.89.

Preparation of N,N'-Dibenzyl-2,2,4,4-tetramethyl-1,3-cyclobutanedi-
imine (13)

Into a 250 ml flask fitted with a Dean-Stark trap was placed
2,2,4,4 tetramethylcyclobutanedione (4), 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 §7.21(s, 10H, aromatic),
64.62(s, 4H, -CHy-), §1.55(s, cis-CHy), §1.43(s, trans-CH,), and
61.35(s, cis-CHz).

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
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the cis-trans absorption signals were greatly distorted. Because of

the decomposition, chemical analysis was not undertaken.

Preparation of NyN'-Dill-naphthyl]-2,2,4,4-tetramethyl-1,3-
cyclobutanediime {14;

Into a 500 ml flask fitted with a Dean-Stark trap were placed
2,2,4,4-tetramethyl-1,3-cyclobutanedione (4), 50.00 g (0.356 mole);
l-naphthylamine, freshly recrystallized from hexane and aqueous
ethanol, 104.81 g-(0.732 mole); p-toluenesulfonic acid monohydrate,
4,17 g3 toluene, 232 ml; boiling chips; and boiling sticks. A large
amount of l-naphthylamine was used in the reaction since it readily
decomposed on standing.

Refluxing was discontinued after eight hours. Twelve ml of
water were collected in the Dean-Stark trap, which represented over
94 percent yield for complete bisimine formation, Table 3.

The mixture was cooled and filtered with suction, giving a small
amount of white salt residue and a purple filtrate. The filtrate was
cooled overnight to 0°, then filtered with suction to give purple-
white crystals which were recrystallized from hot n-hexane and
aqueous ethanol and filtered with suction, giving a water soluble
salt.

The bisimine compound was obtained by evaporating the toluene
solution and recrystallizing the solid from acetone. The bisimine
was slightly soluble in hot acetone, and only 8.00 g of pure material

were obtained, m.p. 188-191°. No more bisimine was purified because



25

of the difficulty in recrystallization procedures. Black tars were
also observed to be present. The bisimine structure was confirmed

by uv (Table 6), ir, and nmr spectroscopy. The infrared spectrum
showed bands at 1670, 1180, 960, 795, and 775 cm™i. The nmr spectrum
obtained gave §8.05-6.67(m, 14H, aromatic), §2.00-1.72(broad s,
cis-CH,), 61.50-1.17(broad s, trans-CH,), §0.92-0.07(broad s, cis-CHy).
Nmr integration of the broad methyl singlets showed the presence of
approximately 75 percent of the trans isomer and 25 percent of the

cis isomer, at approximately 39°.

Preparation of 2,2,4.4-Tetramethyl-3-(2,6-dimethylanilino)-cyclobutanone

(15) and N.N'—Dii2,6—dimeth?lanilino]—2,2,4.4—tetramethyl:ll3;q1clo-
butanediimine [16)

Into a 500 ml flask fitted with a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 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 yellow liquid
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confirmed the presence of the monoimine structure. Infrared bands
observed were 1900, 1800, approximately 1700, 1595, 1380, 1255, 1205,
1160, 1095, 845, and 760 cm™l.

The residue was washed with toluene, giving bisimine crystals,
8.36 g, m.p. 173-174°, and 3.52 g of less pure bisimine, m.p. 174-
175°. 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 cm~1.

The remaining filtrate slowly solidified into 30.28 g of black
solid, m.p. 55-70°. An infrared spectrum of the impure compound indi-
cated the mixture to be largely monoimine.

Preparation of N,N':Di(o—isoprOpylphenylleQ,2,4,4—tetramethyl—l,3—
cyclobutanediimine (17)

Into a 250 ml flask fitted with a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 20.00 g (0.143 mole); o-
isopropylaniline, 38.95 g (0.287 mole); p-toluenesulfonic acid mono-
hydrate 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 nujol mull included bands at 1675, 1600, 1485, 1365,
1290, 1235, 1170, 1090, 1060, and 770 cm~l.

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.

Preparation of 2.2.4,4—T¢tramethvl-3-{2.6-diisoggpﬁyl}—
anilinocyclobutanone (18!

Into a 500 ml flask fitted with a Dean-Stark trap were -placed
2,2,4,4-tetramethylcyclobutanedione (4), 30.00 g (0.214 mole); 2,6-
diisopropylaniline, 73.38 g (0.431 mole); p-toluenesulfonic acid mono-
hydrate, 0.50 g3 165 ml of toluene; two boiling chipsj; 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.

The 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 mm.

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, 1390, 1370, 1274, 1055, and 750 cm™!.
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No additional purification of product was necessary for this

study.

Preparation of Aliphatic Bisimines and

Aliphatic Open Chain Amides

Preparation of N,N'-Dicyclohexyl-2,2,4,4-tetramethyl-1,3-
cyclobutanediimine (19)

Into a 250 ml flask fitted with a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 15.00 g (0.116 mole); cyclo-
hexylamine, 23.11 g (0.233 mole); p-toluenesulfonic acid, 1.25 g; 100
ml of toluene; and a boiling chip. The mixture was refluxed and
stirred. About 1.2 ml of water were collected after 26 hours.

The slightly yellow solution in the flask contained some white
precipitate which was filtered with suction to give 1.28 g of cyclo-
hexylamine-p-toluenesulfonamide, as confirmed by nmr, m.p. 181-183°.
The nmr spectrum in CDC13 gave §8.07-7.10(m, 6H, aromatic and -NH-),
63.03(s, 1H), §2.38(s, 3H, -CHz), §2.17-0.93(m, 10H, -cyclohexyl). The
infrared spectrum of a nujol mull showed bands at 3040, 1530, 1175,
1115, 1030, 1005, 810, and 675 cm~l.

The solvent was removed under high vacuum, 6.5-7.0 mm; fraction 1,
26-40°. Various other fractions were collected: fraction 2, 41-63,
consisted of the open chain amide as the major product; fraction 3,
78-106°, 9.75 g of crude bisimine as major product; and fraction 4,

142-170°, 2.47 g of crude bisimine as the major product. All solids
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were recrystallized separately from either acetonitrile or aqueous
ethanol until sharp melting points of the bisimine portion were
obtained. A yield of 35 percent of pure bisimine was obtained, 11.37
g, mM.p. 150-151°. The bisimine structure was confirmed by uv (Table
6), ir, nmr, and mass spectroscopy. The nmr spectrum gave §3.50(m,
2H), §2.00-1.50(m, 20H, -C¢Hyg), 61.47(s, cis-CH ), s1.32(s,
trans-CHy), 61.20(s, cis-CH3). The infrared spectrum of a KBr wafer
showed bands at 2915, 2840, 1670, 1435, 1350, 1170, 1060, 1030, 950,

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

Anal. Cal'd for CpgHguNo: C, 78.885 H, 11.26.
Found: C, 78.613 H, 11.14.

The remaining solids did not melt sharply after repeated
recrystallizations from acetonitrile and aqueous ethanol. Broad
melting peint ranges were recorded between 507 HEhd 1 3P T " e it 1e =
red spectrum of a nujol mull showed bands at 3340, 1795, 1705, 1625,
1525, 1065, 1030, and 880 cm™l. 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 bisimine compound was again prepared. Into the 250

ml flask fitted with a Dean-Stark trap were placed
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2,2,4,4-tetramethylcyclobutanedione (4), 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 confirmed by uv, nmr, and ir spectroscopy.

Preparation of N-Cyclohexyl-2,2,4-trimethyl-3-oxovaleramide (20)

The reaction for the preparation of the bisimine compound 19, was
rerun several more times with modifications: 1into a 500 ml flask fitted
with a Dean-Stark trap were placed 2,2,4,4-tetramethylcyclobutanedione
(4), 50.00 g (0.387 mole); cyclohexylamine, 77.03 g (0.776 mole); 250
ml of benzene; and p-toluenesulfonic acid monohydrate catalyst present
only in small amounts, 1 g or less. After 12 hours, only 1.1 ml of
water were 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™Y. The nmr spectrum gave §5.98(d, 1H, -NH), §3.50-4.00

H
(broad s, 1H, —N—c':—), 52.98 (heptet, 1H, isopropyl H), §2.12-1.53
(m, 10H, cyclohexyl), §1.25(s, 6H, -CH), §0.95(d, 6H, -CHz). 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.
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ration of N-Cwclohexylidene-3-(2,2,4-trimethyl }-N' -
EXQluhexylvaleramido (21) o

Into a 1000 ml flask fitted with a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (ﬂ), 225.00 g (1.748 mole); cyclo-
hexylamine, 381.30 g (3.844 mole); p-toluenesulfonic acid monohydrate,
20 g; and 280 ml of toluene.

After refluxing the concentrated mixture for one day, about 23 ml
of water were liberated. Water continued to be slowly azeotroped from
the reaction mixture, and 5-10 additional ml were collected after 28
days. Water was still slowly being formed on termination of the re-
action. Toluene was continually added during the reaction.

The mixture solidified instantly on cooling and was heated over-
night on the sileam bath in attempts to sublime any unreacted ketone.
The mixture was then filtered with suction and the brown crystals
recrystailized twice from aqueous ethanol, giving 73.25 g of wet, white
crystals. The crystals appeared to be less soluble in hot ethanol than
N,N-dicyclohexyl-2,2,4,4-tetramethyl-1,3-cyclobutanediimine (;2).

Water was continuously added to the filtrate until no more crystals
were obtained, giving about 100 g of brown crystals differing in purity.
Unusual bands in the uv spectrum, and an unusual melting point, 232-
233°, indicated the compound was not the expected bisimine. The infra-
red spectrum of a KBr pellet included bands at 3320, 2910, 1620, 1435,
1305, 1265, 1240, 1080, and 890 cm“li The nmr spectrum obtained in

trifluoroacetic acid gave §3.18(m, approx. 4H, -NH-, isopropyl H, and
H
l

N—€—), §1.58-1.37(m, -cyclohexyl), §0.92(m, -CH3). The ultraviolet
|
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spectrum obtained in isopropyl alcohol gave Amax 270nm(e =22.2), Amax

225nm(e =88.9). The mass spectrum gave a molecular ion at 322.

Preparation of N,N'-Dicycloheptyl-2,2,4,4-tetramethyl-1,3-
cyclobutanediimine (22)

Into a 500 ml flask fitted with a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 50.00 g (0.357 mole); cyclo-
heptylamine, 83.60 g (0.738 mole); p-toluenesulfonic acid monohydrate,
4.17 g (0.025 mole); 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 werel
collected. The yellow solution was then allowed to stand for several
days until crystallization ceased. The mixture was filtered with
suction, giving white crystals and a yellow filtrate. The white cry-
stals were recrystallized from aqueous ethanol giving 12.36 g of
solid, m.p. 127—128?. The solid was dried in a vacuum oven and
Abderhalen dryer over toluene and P5,Og. The bisimine structure 22 was
confirmed by uv (Table 6), nmr, and ir spectroscopy. The nmr spectrum
gave §4.62(s, impurity), §3.50(m, 2H), §1.54(s, 24H, -cycloheptyl),
61.39(s, cis-CH;), §1.23(s, trans-CHz), §1.12(s, ¢is-CHz). The infra-
red spectrum of a nujol mull gave bands at 1670, 1360, 1180, and 1065
cm~,

Anal. Cal'd for CooHagNo: C, 79.945 H, 11.59.

Found: C, 78.443; H, 11.23.
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Preparation of N-Cycloheptyl-2,2,4-trimethyl-3-oxovaleramide (23)

After filtering the crystals of 22, the remaining 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; m.p. of purest
fractign, 69—710. The structure of the open chain amide was con-
firmed by ir, nmr, and mass spectrometry. The nmr -spectrum gave
§4.17(m, 2H), §3.33(heptet, 1H, isopropyl H), §2.20, and §1.88(broad
m, 24H, -cycloheptyl), §1.60(s, 6H, -CHg), §1.29(d, 6H, -CH). The
infrared spectrum of a nujol mull gave bands at 3320, 1705, 1625,
1520, and 1025 cm™l. A mass spectrum gave a molecular ion at 253.

Anal: Cal'd for CygHo70oN: C, 71.103 H, 10.74.

Found: JJCm7i<63% K il0.88r

Preparation of N,N'-Dicyclooctyl-2,2,4,4-tetramethyl-1,3-
cyclobutanediimine (24)

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

2,2,4,4-tetramethylcyclobutanedione (4), 50.00 g (0.357 mole);
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cyclooctylamine, 90.76 g (0.713 mole); p-toluenesulfonic 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, 1180, and 1060 cm~l. The nmr spectrum gave §3.50(m, 2H),
$1.50(m, 28H, -cyclooctyl), §1.40(s, %—CH?)), 6§1.25(s, trang—CHs),

B 200 s, gig—CH3). A mass spectrum gave a molecular ion at 338. No

chemical analysis was undertaken.

Preparation of N-Cyclooctyl-2,2,4-trimethyl-3-
oxovaleramide (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 yellow 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™l. No chemical analyses

were made. The mass spectrum gave a molecular ion at 267.

B;egaration of N-Cyclopentyl-2,2,4-trimethyl-3-oxovaleramide (26)

Into a 250 ml flask fitted with a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 16.46 g (0.177 mole);
cyclopentylamine, 20.00 g (0.235 mole)s; p-toluenesulfonic acid mono-
hydrate, 1.37 g; and 89 ml of toluene. The mixture was refluxed for
24 hours and 2.6 ml of water were collected, which represented 61.5
percent yield for complete monoimine formation.

The resulting 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 crystals and a brown

filtrate. These brown crystals were dissolved in 20 ml of ethanol and
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filtered by gravity. Then 25 drops of water were added to the fil-
trate and the mixture was allowed to crystallize at 0°.

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 §(broad s,
1H, -NH), 2.92% (heptet, 1H, isopropyl H), 2.17-1.33s(m, 9H,
-cyclopentyl), 1.66s(s, 6H, -CH3), 0.875(d, 6H, -CHz). 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 m.p. 73-81°, 8.46 g
total. No bisimine compound was observed. Chemical analysis was not

undexntaken.

Preparation of n-Butylaminehydrochloride (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 HC1, 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 hot 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, giving 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, 2050, 1600, 1170, 1080, 1020, 920, 800,

and 745 cm™1.

Attempied preparation of N,N'-Di-n-butyl-2,2.4,4-tetramethyl-1.3-
cyclobutanediimine 128}

Into a 250 ml flask fitted to a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (ﬂ), 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
boiling 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 4 and water.

The black liquid in the reaction vessel contained some white
crystals, 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-butylamine hydrochloride 27 by ir spectro-

scopy. An infrared spectrum was similar to an authentic sample of 27.
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The black liquid was distilled under moderate vacuum, giving
nitrobenzene and a brown liquid as distillates, 60—670, at 2.4 mm.

An infrared spectrum indicated the presence of nitrobenzene, 2,2,4,4-
tetramethylcyclobutanedione (4), 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, 1520, 1470, 1340, 1100, 1060,
1015, 925, 845, 785, 695, and 670 cm™L.

An infrared spectrum of the black, viscous liquid remaining in the
distillation flask indicated the presence of n-butylamine hydrochloride
(27), with a small amount of nitrobenzene. The spectrum of a neat
sample showed bands at 3600-2340, 2975, 2040, 1705, 1630, 1520, 1460,
1340, 1030, 840, and 700 cm~1.

Preparation of N-3-Methylbutyl-2,2,4-trimethylbutyl-2,2,4-
trimethyl-3-oxovaleramide {29)

Into a 250 ml flask fitted with a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 7.50 g (0.058 mole); 3-
methylbutylamine, 10.16 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
orange, viscous open chain amide 29. The infrared spectrum showed
bands at 3340, 2940, 1705, 1630, 1520, 1460, 1375, 1360, 1275, 1075,

1030, and 990 cm~l.



Attemrted Preparation of 2.2.4.4-Tetramethyl-3-tert.
ggﬁyliminocxplobutanone (30

Into a 250 ml flask fitted tc a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 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 sulfate. 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 was evaporated on a Rinco evaporator, giving white
crystals. An infrared spectrum of the crystals was identical 1o an
authentic sample of 2,2,4,4-tetramethylcyclobutanedione (4).

The attempted preparation was rerun with modifications. Into a
large test tube were placed 2,2,4,4-tetramethylcyclobutanedione (4),
7.50 g (0.058 mole); tert.butylamine, 8.50 g (0.116 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 ower 100° 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 spectrum
was taken of the remaining white solid. No evidence of a reaction was
apparent.

The infrared spectrum of a nujol mull showed bands at 3375, 1745,
1655, 1515, 1265, 1220, 1030, 990, and 880 cm~l. 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 (4).

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.

Attempted preparation of 2,234,4—Tetramethy1—3-
isopropyliminocyclobutanone kg;]

Into a 250 ml flask fitted to a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 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 liberated, 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

filtered with suction. No indication of reaction was evident.

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

Into a 250 ml flask fitted to a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 5.00 g (0.21 mole); adamantane
amine, 11.14 g (0.074 mole); p-toluenesulfonic acid monohydrate, 0.46
gs 165 ml of toluene; two boiling chips; and a boiling stick. Water
was liberated very slowly upon refluxing. After about two days,
approximately 0.20-0.25 ml of water were collected, which represented
30-40 percent yield for complete formation of the open chain compound;
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 1610, 1180, 1020, 1000, and 800 cm-l.

The filtrate was evaporated in an evaporating dish on a steam bath
to give about 5.1 g cf white solid. An infrared spectrum of the crude
material as a nujol mull indicated the presence of unreacted amine and
the open chain compound (32). An infrared spectrum gave bands at 3350,

2650, 1660, 1300, 1135, 1085, and 1030 cm~l. 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 impiire open chain amide (§g). An infrared spec-
trum gave bands at 3355, 16£0, 1505, and 1035 cm~l.

The mixture was recrystallized from n-hexane by dissolving it in
cold n-hexane, filtering off the amine residue, and chilling. This gave
0.45 g of the open chain compound 32, m.p. 108-110°. An infrared spec-
trum was consistent with the structure.

Attempted preparation of N,N'-Diltert.octyl)-2.2,4.4-tetramethyl-1,
3-cyclobutanediimine {33)

Into a 1000 ml flask fitted to a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 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 the acid catalyst used. Isolated products

were identical to the starting materials.
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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 (4), 100.00 g (0.71 mole), and
100 ml of warm toluene, ywhich dissolved most of the ketone. To this
was added aniline, 66.30 g (0.71 mole); p—toluenesuffonic acid mono-
hydrate, 1.65 g (0.0087 mole)s; 100 ml more toluene; and boiling chips.
The mixture was refluxed for about five hours and then cooled, result-
ing'in a white precipitate in 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 solution, twice with 100 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 containing 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 mm), followed by distillation of the rest
of the material, 75-115°, (0.2 mm). 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 mm). 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 4. The third fraction contained

a few ml of viscous liquid and some white solid; an infrared spectrum
indicated the presence of monoimine 34, bisimine 9, and less open chain
amide and starting ketone 4 than the first fraction. The remaining
residue consisted of monoimine 34, starting ketone 4, open chain amide,
and bisimine 9.

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 fraction b, 65-135° at
0.25 mm. The material from 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 9, m.p. 137-140° An infrared spectrum of
these crystals was identical to the spectrum of N,N'-diphenyl-2,2,4,4-
tetramethyl-1,3-cyclobutanediimine (9), 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 bisimine 9, 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 §7.2(m, 5H, aromatic), approximately §1(s, 6H, -CH3),
and approximately §0.9(s, 6H, -CHg).

The sample was sealed under nitrogen and wrapped in brown paper.
After standing ovér a year, a darkening of the color was observed with
the deposition of increasing amounts of white solid. A mass spectrum
gave fragmentation ions at 140 and 93, corresponding to the starting
materials, 2,2,4,4-tetramethylcyclobutanedione (4) and aniline,
respectively. Chemical analysis of the monoimine 34 was not under-

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

Preparation of 2,2,4,4-Tetramethyl-3-cyclohexvliminocyclobutanone (35)

Into a 1000 ml- flask fitted with a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 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 water were collected.

The mixture was distilled twice, 81-113° at 1.3-1.5 mm, and then sub-
jected to sublimation in order to remove excess starting ketone 4.

The material was then recrystallized from aqueous ethanol and n-hexane
twice giving the monoimine 35 in various stages of purity, m.p. 73-74°,
about 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~l. A mass spectrum gave
a molecular ion at 221. The nmr spectrum gave §3.50(m, T T oSO . 25
(m, 10H, cyclohexyl), 51.15(s, 6H, CHz's), §1.03(s, 6H, CHa's).

Anal: Cal'd for CjgqHoaN: C, 75.97; H, 10.47.

Found: C, 75.84; H, 10.22.

Also obtained by evaporation of the filtrates were about 65.82 g
of a mixture consisting primarily of the open chain amide 20, with some
monoimine 35 present. An infrared spectrum of a nujol mull showed
pands at 3345, 1800, 1690, 1630, 1535, 1380, 1185, 1075, 1040, 960, and
890 cm~l. About 11.88 g of salt were obtained, indicated by water

solubility.

Preparation of 2,2,4,4-Tetramethyl-3-n-butyliminocyclobutanene (36)

tmm—

Into a 100 ml flask fitted to a Dean-Stark trap were placed
2,2,4,4-tetramethylcyclobutanedione (4), 1.00 g (0.007 mole) in 10 ml
of benzene; n-butylamine, 0.56 g (0.0072 mole); and one drop of concen-

trated sulfuric acid as catalyst, which resulted in the immediate 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. After one hour, only a small amount of liquid had

been distilled. The distillation was completed after aboul four nore

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

lized on standing. The benzene was removed with a Rinco evaporator.
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The resuliing mixture consisted of white crystals in a yellow, viscous
liquid. This mixture was filtered with suction to give 0.21 g of wet
crystals, which appeared to decompose on attempts to determine the
melting point up to 253°. An infrared spectrum indicated the presence
of the monoimine 36 and some open chain amide. The infrared spectrum
showed bands at 3320, 2890, 1820-1750, 1540, 1460, 1375, 1085, 1040,
1015, and 1000 cm~l. The viscous, yellow liquid crystallized in the
suction flask to give 0.43 g of oily, white crystals which appeared to
melt at 103-113° wet (m.p. of starting ketone, 114-116°). It was
concluded that the reaction did not go to completion.

The reaction was rerun on a larger scale. Into a 250 ml flask
fitted to a Dean-Stark trap were placed 2,2,4,4-tetramethylcyclobutane-
dione (4), 10.00 g (0.071 mole); n-butylamine, 5.62 g (0.077 mole);
106 ml of warm benzene; and one drop of concentrated sulfuric acid.

The reaction was stopped after about 30 hours of refluxing and
0.7 ml of water were removed. The resulting light-greenish-yellow
solution contained some waxy solid, so it was filtered with suction,
and the residue was washed twice with small portions of ether, giving-
about 0.15 g of waxy solid. The filtrate was evaporated under reduced
pressure on a Rinco evaporator to give about 17.24 g of viscous, yellow
liquid. The infrared spectrum of this liquid indicated the presence
of starting ketone 4, monoimine 36, open chain amide, and possible

starting amide.
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A 50 microliter sample of the viscous yellow liquid was injected
into an Autoprep Gas Chromatograph Unit: oven temperature-205°;
detector temperature-290°; injector temperature—l20°. The column
used was a 30 percent SE 30 3/5" x 20", flow rate-approximately 4
cq/sec. The following components with their relative abundance were
obtained in this order: n-butylamine (impurity), starting ketone 4
(major), monoimine 36 (considerable), 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—1250, at approximately 12 mm, weighed 7.25 g, and
was shown by gc analysis to contain monoimine 36 as the major 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 precipitated out of the monoimine
solution was then filtered with suction. This solution was then redis-
tilled under high vacuum, and the fractions were analyzed by gc analy-
sis as described above. The following fractions were collected:
fraction 1, 2.83 g, 67-79° at 2.5-2.75 mm, contained considerable
starting ketone 4, but monoimine 36 as the major product; fraction 2,
1.43 g, 67-89°, at 2.4-2.75 mm, contained monoimine 36 as the major
product, and open 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 of open chain amide as major product and monoimine

36 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 §3.38(m, 2H, -CH,N),
§1.61(m, 4H, -CHy-CHp-), §1.31(s, 6H, -ring CHz), §1.21(s, 6H, ring CH3),
§1.04(m, 3H, -CHy of n-butyl). The infrared spectrum showed bands at
2960, 1800, 1695, 1455, 1270, and 1040 cm-1l.

Preparation of N-Phenyl-N'-Cyclohexyl-2.2.:4,4-tetramethyl-1,3-

cyclobutanediimine 137) and 4 Methyl-3-N-Phenylimino-=2,2-dimethyl -
N' -Cyclohexylaminopentanoamide (38)

Into a 250 ml flask fitted to a Dean-Stark trap were placed
2,2,4,4-tetramethyl-3-phenyliminocyclobutanone (34), 10.76 g (0.05
mole); cyclohexylamine, 5.22.g (0.053 mole); p-toluenesulfonic acid
monohydrate, 0.55 g (0.003 mole); and 100 ml of tolueng. The contents
of the flask were shaken and the flask brought to a reflux. 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 yellow 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 crystallized on 'standing
to give 0.80g of solid, m.p. 93-111.5°. No more precipitation occurred
~on attempts to evaporate the remaining liquid, so it was distilled
under moderate vacuum: first cut, 77-101% second cut, 102-115° The
remaining material in the distillation flask solidified in this flask,
condenser, and distillation apparatus. An infrared spectrum of cut 1
indicated the material to be N-phenylmonoimine 34 and the open chain
amide, 4-methyl-3-N-phenylimino-2,2-dimethyl-N'-cyclohexylaminopentano-

amide (38). The white solid was recrystallized from aqueous ethanol,
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0.76 g, m.p. 116-118.5°. The filtrate from this recrystallization
solidified, giving 0.15 g which was recrystallized from n-hexane.
Filtration of the mixture gave 0.10 g of residue, m.p. 117-118.5° and
a filtrate which solidified, 0.05 g, m.p. 83-106°.

The liquids from cuts 1 and 2 were redistilled under a moderate
vacuum, 105—1160, 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. 116-118.5° An infrared spectrum of the white solid
37 gave bands at 2920, 2850, 1680, 1580, 1480, 1440, 1355, 1220, 1065,
1045, 760, and 695 cm~l. The uv spectrum is given in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>