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ABSTRACT

Perchloro=l,2-dimethylene cyclobutane was
reacted with primary amines forming cyclic
amidinium salts. Thelr structures were
elucidated by the performance of various

spectral analyses.
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INTRODUCTION

' The study of the syntheses and reactlons of chloro-
carbons 1s & relatively new and unexplored area of organic
chemical research. One reason for the existence of this
unexplored frontier is the great investigative interest
levied on the syntheses and reactions of the hydrocarbons
because of both their greater availabillity and applica-
bility to modern laboratory technigues, such as nmr and
mass spectroscopy. Reactions of organic compounds which
contain few heteroatoms, such as chlorines, yield simple,
readily characterized compounds when reacted with mono-
‘functional reagents. By contrast, the reactions of poly-
halo compounds may yield polyfunctional molecules produced
by a variety of substitutions, additions and eliminations

which may occur simultaneously.

Reactlions of small ring chlorocarbons may have three
results., First, the reaction may result in ring closure
creating various bicyclic compounds. Second, the reaction
may result in ring expansion whereby a small ring chloro-
carbon may increase in size and at the same time become
more stable by relieving angle strain within the ring.
Third, the reaction may result in ring opening creating

a host of acyclic products., However, reactions involving
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chlorocarbons may effect significant changes in the func-
tional groups attached to the compounds because of the great

abundance of reactive sitese.

Reactions involVing chlorocarbons usually occur under
milder conditiohs than their sister hydrocarbons because
of the more polarized carbon-chlorine bond as opposed to
the carbon-hydrogen bond. It is for this reason that a
greater variety of reactions occur with chlorocarbons than
with hydrocarbons. For instance, substitution and eliming-
tion reactions occur more readily with chlorocarbons than

with thelr corresponding hydrocarbons.

Up to recent times, reactions with chlorocarbons have
generally been limited to reactions with Lewis Acids or to
free radical reactions. Very little work has been done on
nucleophilic substitutions of chlorocarbons which 1is the

topic of my thesis.

Syntheses of Small Ring Chlorocarbons

The availability of small ring chlorocarbons have
significantly increased because of recent developments
in organic chemical research. For example, dichlorocar-

bene (produced by thermal decarboxylation of sodium tri-



chloroacetate) and trichloroethylene reacted together to
producevpentachlorocyclopropane, Dehydrohalogenation of

the latter afforded tetrachlorocyclopropene. (1)

Hexachloropropane was prepared in a similar manner

from tetrachloroethylene. (2)
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Perchlorocyclobutene was synthesized by treatment of
the more readlly accessible perfluorocyclobutene with alum-

inum chloride and gaseous hydrogen chloride. (3)

Small amounts of trichloroacetic anhydride, carbon
tetrachloride, perchloroisopropenylacetate and perchloro-
1,2-dimethylene cyclobutane were extracted from the de-
carboxylation reaction of sodium trichloroacetate run with-

out the presence of a species which would react with either
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:CCl, or 0013-° (4) The following mechanism was proposed to

account for the products:




Although the reaction of dichlorocarbene with trlichloro-
acetate ion to yleld carbon monoxide and trichloroacetyl
chlofide is an unusual step, Wagner believed this step was
the most likely one for the generation of the carbon monoxide
observed., He noted that Hine (5) had pointed out that the
electrophilic nature of :0012 would make g reaction with
an anion unlikely. Hine postulated the following reaction
to explain the formation of carbon monoxide and an olefin .

in the alkaline alcoholysis of chloroform. (6)

)+ & mii» Orepin

Perchloro-l,2-dimethylene cyclobutane, which is the
chlorocarbon that is reacted with amines in my thesis, was
synthesized in much higher yield from 1,1,2,3,3-pentachloro-
propene by treatment with sodium hydride (7), calcium oxide (8),
potassium hydroxide (9), or sodium trichloroacetate in re-
fluxing l,2-dimethoxyethane. (10) Perchloro-l,2-dimethylene
cyclobutane may be prepared from pentaéhlorocrotonoyl chloride
and sodium carbonate (11), 1,1,3,3,3-pentachloropropene and
potassium hydroxide (12), or sodium tricloroacrylate and

hexachloropropene. (13)



Reactions of Perchloro-l,2-Dimethylene Cyclobutane

Only a few reactions of perchloro-l,2-dimethylene
cyclobutane have been reportéd. It has been reacted with
elther sulfuric acid or potassium hydroxide to ylield I,
with fuming nitriec acid to yield II, and with a mixture of
aluninum chloride to yield III. (14) |

ce, H




Roedig postulated that the oxidatlon and rearrangement
of perchloro-l,2-dimethylene cyclobutane to II may have
proceeded via a trichloromethyl substituted intermediate
because he isolated chloropicrin(trichloronitromethane)
from the reaction mixture. This emphaslzed the complexity

of the reaction, but did not explain its exact dourse.

When perchloro-l,2-dimethylene cyclobutane was treated
with an ethereal solution of diazomethane, only one double
bond was found to react, and the spiro compound IV was pro=-

duced. (15)

o
At 230, perchloro-l,2-dimethylene cyclobutane was

reported to rearrange to V. (16)

< ﬁvﬁ%’
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Other Related'SyntheSes and Reactions

VI, which 1s closely related to perchloro-l,2-dimethylene
cyclobutane, has been reported to . undergo dimerization, nucleo-

philic substitution and oxidation.

[

Under the influence of ultraviolet irradiétion, VI dimerized
to VII. (17) Upon treatment'with methanolic potassium hydro-
xide, VI was converted to the methyl ether VIII, which in
turn could be oxidized to IX, X, and XI. (18) VI itself was
‘oxidized to IX, X, XI and XII by molecular oxygen in the

presence of carbon tetrachloride, (19)







10

Through a detailed study of 1ts pyrolysis, VI yilelded
o @ , ®
XIII at 160, XIV and XV at 190, and XVI at 250, (20)

/

XIV and XV differ in their ring conformatlions even though
they have identical bonding arrangements. Since these con-
formatiohs are not readily interconvertidble, XIV and XV are
distinet compounds at room temperature. At 256? however,

XV is converted to XIV.
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XViI3 XVIII and XIX were each prepared by dimerization

of the appropriate allene or cumulene. €f

with aluminum to yield XXI. Upon vigorous heating, XIX
yielded XXII. (21)
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Dimerization of the appropriate chloroallene ylelded
XXIII (22), XXIV (22), and XXV (23).

CHC =C=CCfy =

Che=c=CCrco,

XXV was found to undergo oxidation and hydrolysis. The
hydrolysis product was decarboxylated in two steps, the first
of which presumably proceeded with allylic rearrangement via
a "Vilsmeier complex" (24) that upon hydrolysis ylelded the
aldehydo acid. The experimental conditions for thils decar-

boxylatlon were not reported,

{ém gmg;:ﬁ mﬁ i é’é?a
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Tetrachloro ethylene reacted with methanol to yileld

the unusual substitution product XXVI. (25)

¢§,5° <t

£y, C=CCY # CH0H —

G

Tobey reported XXVII as end product of a reaction

" using tetrachlorocyclopropane. (26)

@&f

Reactions of Halocarbons with Nuecleophiles

Reactions of polycarbons with nuceophillc reagents,
although infrequent, have yielded some very unusual pro-
ductse. Squaric acid was syntheslzed via two different paths

involving nucleophilic substitution of a polyhalogen compound. (27
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Perchlorocyclobutenes have been reacted with methylamine
or hydroxylamine (28) to yleld simple substitution products,
and with substituted pyridines to yield betaines. (29)

Perhalocyclopentenes also reacted with nucleophiles
giving substitution produets XXVIII, XXIX and XXX when reacted

with di-n-butylamine, methanol and n;butyl mercapten, resg-

pectively. (30)
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In the nucleophilic subsﬁitution of a halogen compound,
the attéck by a nucleophile is not necessarily limited to
the carbon béaring the halogen which is being dlsplaced.

The following reaction evidenced attack at the carbon not
attached to the leaving group by the nucleophile hydroxide

ion and resulted in ring opening. (31)

3

\v\l( o

-

-

Numerous examples of substitution with various nucleo-

philes resulting in simultaneous ring opening were observed

in the reactions of tetrachlorocyclopropene, Acyclic products
were produced when reacting alcoholic ammonia, water and
alcohols with tetrachlorocyclopropane. Although the mechanlsms
were not reported, the suggestion was that the first svtep in
each reaction was the addition to the double bond to give

a cyclopropane, which then underwent ring opening to give

the observed products. (32)

Nucleophilic substitutions of polyhalogenated molecules
occur readily when other functional groups are present. The
reactions of amines with chlorinated cyclic ketones have

been observed to occur under milder conditionse. (33)
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Even chlorocarbons that are generally consldered unreactive
toward nucleophilic substitution have been reported to react
with amines, Carbon tetrachloride has long been known to
react with anoline to yield pararosaniline and amidines. (34)
This reaction was run in a sealed tube at l?O@for thirty hourse.
- It 1s possible that the reaction involved a homolytic processe.
Many reactions of carbon tetrachloride with amines have sub-

sequently been shown to be initiated by free radicalse.

Cells NI + Kﬁé@?& — N
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Perchloro-1l,2-dimethylene cyclobutane was readily reacted
with ammonia to yield 2-amine-3,3-dichloro-4-dichloromethylene-
’l~cyanocyclobutene (XXXI) and with primary or secondary ali-
phatic or aromatilic amines to yield N-substituted 2-alkyl
(or aryl) amine-3,3-dichloro=-4-dichloromethylenecyclobutenyl-
carboxamidinium chlorides. (X¥XII) - The reaction of perchloro-
1,2=-dimethylene cyclobutane with phenylhydrazine proceeded
with cyclization to give a cyclobutenopyrazole. (XXXIII)
Kristol and Shapiro studied the spectroscopic properties
of these products and of the transformation products derived

from them. Amechanism was also proposed for the reaction,. (35)

i
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EXPERIMENTAL PROCEDURE

Approximately twelve fold excesses of t-butylamine,
cyclopentylamine, cyclohexylamine, cycloheptylamine, and
cyclooctylamine were separately reacted with perchloro-l,2-
dimethylene cyclobutane. An experimental method and a
statement of results are fully outlined in the following

discussion for ezch of the above reactants.

In the reaction of t~butylamine and perchloro-l,2-
dimethylene cyclobutane, a twenty fold excess of t-butyl-
amine (40,90 gms, 58.6 mls) was added to a 1000 ml separatory
funnel containing 200 ml of anhydrous ethyl ether, Similarily,
0,0281 mole of perchloro-l,2-dimethylene cyclobutane(l0.0 gms)
was prepared in a 500 ml erlenmeyer flask containing 200 mls
6f anhydrous ethyl ether. While stirring magnetically the
contents in the erlenmeyer flask, the contents in the separa-
tory funnel were added drop wise at first. After a couple
of minutes, a cloudy precipitate started to appear in the
erlenmeyer flask. The addition of the solution in the
separatory funnel was quickened after ten minutes until
about one-half hour later the entire solution had been
added. A% this point the contents in the erlenmeyer flask

had turned a deep yellow color and was kept stirred overnight.

The contents in the flask were then suction filtered
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to yield a solid weighing 12.3%4 gms. This solld consisted of
't-butylamine hydrochloride and t-butylamine adduct. In order
to remove the t-butylamine hydrochloride, this solid was placed
in a 250 ml erlenmeyer flask containing an excess of chloro=-
form. The contents in the flask were suctlon filtered to
vyield a2 solid weighing 12.27~gms. This solid was ldentified
as the t-butylamine hydrochloride because it was. nmot .soluble
in chloroform, The filtrate from the second suction filtering
was rotary evaporated to dryness. The sollid recovered was
then placed in a 250 ml erlenmeyer flask contalning an excess
of hexane. The contents of this flask were suction filtered
to yleld a solid weighing 0.40 gm and identified as the
t-butylamine adduct. The remaining t-butylamine adduct was
recovered from rotary evaporating the filtrate from the first
éuction filtering., A tan greasy sludge resulted at drynesse
To this sludge was added 60 ml of chloroform and a few boiling
stones. The contents were then brought to reflux and hexane
was added slowly at first and later more quickly until about
500 ml had been added. The contents were then allowed to re-
flux for approximately one hour. After the hour the flask
was stoppered and refrigersted. After three days a solid
precipitated and the contents of the flask were suction fil=-
tered to yleld a solid weighing 5.91 gmse. An exact operation
was performed on the filtrate as described above to recover

a solid welghing 1.82 gms. This solld was identified as

the t-butylamine adduct and the total amount recovered was 8.13 gms
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To isolate the product, dimethoxy-t-butyl adduct,

13.4 gms of t-butyl adduct were placed 1in a 250 ml erlenmeyer
flask containing 50 ml of methanol. To the contents of this
flask were added 6.4 gms of sodium methoxide(four fold excess)
prepared in 50 ml of methanol., The contents of the flask

were then allowed to stand for two weeks., After such tlme

the contents were suction filtered to yield a solid welghing
1.665 gms. This solid was identified as the dimethoxy-t-butiyl

adduct,.

In the reaction of dimethoxy-t-butyl adduect and dilute
hydrochloric acid, 2 new amidinium salt was produced, Into
a 1000 ml erlenmeyer flask containing 350 ml of dimethoXxye
ethane was added 6.24 gms of dimethoxy-t-butyl adducte. To
this solution was added 150 ml of methanol and then 150 ml
of distilled water., Next was added 30 ml of 6M hydrochleric
aclid which immedlately turned the solution yellow. The con=-
 tents of the flask were then allowed to stand. ILater suction

filtering yielded a solid weighing 2.849 gms.

The prbduct, t=-butylamine hydrochloride, was also iso=
lated by adding 2.6 gms of the amidinium salt as described
above to a 125 ml erlenmeyer flask containing 100 ml of
6M hydrochloric acid and 25 ml of concentrated hydrochloric
acld. The contents were stirred constantly and the solution

at first was a ligh yellow and then progressively deepened
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in color until it reached an intense yellow. It was then
stoppered and kept stirred overnight. The contents were

then transferred from the flask to a 500 ml round bottom
flask and rotary evaporated initially at 3§°G and gradually
up to a constant temperature of 4d90. The collecting vessel
was placed in an ice bath to help forward the stripping of
‘the acid solution. A greasy yellowish solid remeined. Small
traces of hydrochloric acid were evaporated from the flask

by blowing nitrogen gas through the flask., A small amount

of methanol was added to the flask which dilssolved the greasy
solid. Then a small amount of hexane was poured into the
flaskes The entire contents of the flask were.then transferred
to a 125 ml erlenmeyer flask containing a few boiling stones.
The solution was allowed to reflux and small quantities of
chloroform were added to the mix until a precipltate occurred.
The solution was still kept refluxing while small quantities

were added
of hexane, to further knock out any product. Afterwards the

AN

sélution was suction filtered to yield a yellowish solid
weighing 0.1 gms The filtrate was rotary evaporated at

a constant temperature of BBOC,to yield a slightly reddish
liquide To this liquid was added 50 ml of methanol turning
the resulting solution slightly yellow. The contents were
then placed in a 25 ml erlenmeyer flask containing some
boiling stones and brought to reflux., At reflux small amounts

of chloroform were added until a precipitate started to

form., At this point refluxing was stopped and the flask



was placed in an ice-bath for a few minutes. The contents
were then suction filtered to yleld a solid welghing O.37 gme

. This solid was placed in a 125 ml erlenmeyer flask contalining
25 ml of methanol and the contents were then brought to

reflux after adding a few boiling stones. At reflux small
quantities of chloroform were added until a precipitate occcur-

the flask
red, At this point_was placed in a water bath to cool. The

N
contents were then gravity filtered to yield a white crystal-
o
line solid weighing 0.19gm. Its melting point was 290-295 C,.

This solid was identified as t-butylamine hydrochloride..

In the reaction of cyclopentylamine and perchloro-l,2-
dimethylene cyclobutane, a twelve fold excess of cyclopentyl-
amine(0.118 mole, 10 gms, 6.9 mls, 85 MW) was added to a 1000
ml separatory funnel containing 200 ml of freshly distilled
ethyl ether from LiAlH, o At the same time a solution of
rerchloro=-l,2~-dimethylene cyclobutane(0.0Ll mole, 3,56 gms,
356 MW) and 200 ml of freshly distilled ethyl ether were
prepared in a 500 ml erlenmeyer flask. While the contents
of the erlenmeyer flask were magnetically stirred, the solu-
tion in the separatory funnel was added drop by drop at first.
After about a couple of minutes, a cloudy precipitate started
to appear in the erlenmeyer flaske The ad&ition of the solu-

tion in the separatory funnel was quickened after ten minutes
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until about one~half hour later the entire solution had been
added., At this point the contents in the erlenmeyer flask

had turned a deep yellow color and was kept stirred overnight,

The contents in the flask were then suction filtered to
yield a white precipitate weighing 8.0 gms and approximately
250 ml of filtrate(reddish in color). This white precipitate
was placed in a 250 ml erlenmeyer flask containing 100 ml of
distilled water. The contents were stirred and then suction
filtered to yield a solid weighing 6.088 gmse. This procedure
of washing with distilled water was repeated until two con-
secutive wéighings occurreds, At this point the solld weighed
4,785 gmnse This process removed cyclopentylamine hydrochloride.
This solid was then placed in a 250 ml bezker along with a
few bolling stones. Approximately 50 ml of chloroform was
added to the beaker at which time the contents dissolved com-
pletely. This beaker was placed on a hot plate and the con=-
tents were brought to reflux. At reflux small amounts of
hexane were added as the volume of the contents in the beaker
diminished because of the refluxing operation. Hexane was
continually added (150 ml) until a cloudy precipitate appeared.
The beaker was removed from the hot plate and allowed to cool
to room temperature. When cooled the contents in the beaker
were suction filtered and washed with hexane to yield a white
solid welghing 3.577 gms. Its melting point range was 246~2500G@

It was ldentified as cyclopentylamine adduct.
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In the reaction of cyolohexylémine and perchloro=-l,2-
dimethylene cyclobutane, a ten fold excess of cyclohexylamine
(0,10 mole, 9.9 gms, 12.3 ml, 99 MW) was added to a 1000 ml
separatory funnel containing 200 ml of freshly distilled ethyl
ether. Simllarily 3.56 gms of perchloro-l,2-~dimethylene cyclo=-
butane were added to a 500 ml erlenmeyer flask containing
200 ml of freshly distilled ethyl ether from LiAlHye. Then
while the contents in the flask were stirred, the contents
in the separatory funnel were added drop by drop at first,
Shortly the contents in the flask became a little cloudy.

Then the contents in the separatory funnel were added more
éuickly until about one~half hour later the entire contents
in the separatory funnel were added. By this time the solution
in the flask was a deep yellow. It was then kept stirred
6vernight. Upon coming back the next day the solution had
evaporated leaving a solid welghing 6.15 gmse. This solid
was placed In a 250 ml erlenmeyer flask containing 150 ml

of chloroform. The contents of the flask were then gravity
filtered to yield a solid weighing 0.131l gmse. Supposedly
this solid should have been the cyclohexylamine hydrochloride
because of its insolubility in chloroform. The resuliting
filtrate was then brought to reflux along with a few boiling
stones. At reflux small amounts of hexane were added at
first and gradually increased until a cloudy precipitate

started to appear. At this point heating was disconitinued
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and the flask was allowed to éool to room temperature., When
cool the solution was suction filtered and washed with small
amounts of hexane to yield a crystalline solid weighing 2,994
gms. Supposedly this solid should have been the cyclohexyl-
amine adduct. The melting polnt range of this crystalline
white solid was 208-210°C.

In the reaction of cycloheptylamine and perchloro=l,2-
dimethylene cyclobutane, a twelve fold excess of cycloheptyl-
emine({0.,12 mole, 13.584 gms, 9.2 ml, 113.2 MW) was placed in
a. separatory funnel containing 200 ml of freshly distilled
ethyl ether. Similarily 3.56 gms of perchloro~-l,2-dimethylene.
cyclobutane (0,01l mole, 356 MW) was added to a 500 ml erlen-
meyer flask containing 200 ml of freshly distilled ethyl
ether from LiAlH,. Theh while the contents of the flask
were being magnevically stirred, the contents in the separa-
tory funnel were added drop by drop at first and gradually
more quickly until about forty-five minutes later the entire
contents of the separatory funnel were added. Initially the
contents in the flask became cloudy and later turned a deep
yellow. It was kept stirred for two days. This solution
- was then gravity filtered to yield a white so0lid weighing
9.42 gmse, This s0l1id was washed with 50 ml of distilled
water and the resulting solution was suction filtered to
vyield a solid weighing 10,0 gms (wet with water). This

solid was then placed in a 250 ml erlenmeyer flask containing
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50 ml of chloroform and a few boiling stones. Thils solution
ﬁas then brought to reflux. At reflux small amounts of hexane
were added until a precipitate appeared. At this point heating
was stopped and the flask was allowed to cool to room tempera-
ture, When cool the solution was gravity filtered to yleld

2 white solid welghing 4.43 gms, This so0lid was identified

as cycloheptylamine adduct. The melting point range was

070-275°¢.

In the reaction of cyclooectylamine and perchloro-l,2-
dimethylene cyclobutane, twelve fold excess of cyclooctyl-~
amine (15 gms, 10.13 ml, 127.23 MW) was added to a 1000 ml
separatory funnel containing 200 ml of freshly distilled
ethyl ether from LiAlH4. Similarily 3.56 gms of perchloro-
1l,2-dimethylene cyclobutane(0,01 mole, 356 MW) was placed
in a 500 ml erlenmeyer flask containing 200 ml of freshly
distilled ethyl ether, Then while the contents of the flask
were belng magnetically stirred, the contents in the separa=-
tory funnel were added drop by drop at first and gradually
more quickly until about one-half hour later the entire
contents of the separatory funnel were addede. Initially
the contents in the flask became cloudy and later turned
a deep yellow. It was kept stirred for two dayse. This
solution was then suction filtered to yield a solid welghing
7T«322 gms. The solid was next placed into a 250 ml beaker
along with about 100 ml of distilled water, The resulting
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solution was suction filtered to yield a2 wetted solid weigh-
ing 6,407 gmse. Again the solid was placed into the beaker
containing 100 ml of distilled water. This solution was
suction filtered to yield a wetted solid wetted weighing
5739 gmse This operation was repeated until two consecu-
tive welghings resulted., This occurred at a weighing of
4,600 gms, To this solid was then added about 25-30 ml

of chloroform. The resulting solutlon was gravity filtered.
to remove dirt particles., Thils solution was then brought

to refluxe At reflux small quantities of hexane were added
gntil a precipliltate appeared. Heating was stopped and the
flask was allowed to cool to room temperature. When cool

the solution was suction filtered to yield a white granular
solid weilghing 2.275 gmse. This solid was identified as
éyclooctylamine adduct. Its melting point range was 280-
28570,
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DISCUSSICON OF RESULTS

Samples of ecyclopentylamine adduct, cycloheptyl=-
amine adduct and cyclooctylamine adduct were sent outd
for elemental analyses to PCR, Inc., Gainesville, Florida.
For cyclopentylamine adduct, the calculated percentages
were: C 50.24%, H 6,02%, N 8,37%, Cl 35.36%. The actual
vercentages found were: C 50.27%. H 6.11%, N 8.33%, CL 36.63%.
For cycloheptylamine adduct the calculated percenﬁages were:
C 55432%, H Te22%, N Tol7%, Cl1 30.28%. The actual percentages
found were: C 55e28%, H To24%, N 7.09%, CL 30634%. For
cyclooctylamine adduct the calculated percentages were: |
C 57e¢35%s H 7e70%, N 6,69%, C1 28.25%, The actual percentages
found were: C 57.45%, H To71%, N 6.,62%, Cl 28.03%.

FIGURE VIII is a nmr spectrum of cyclopentylamine

adduct whose structure is depicted below.
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On inspectlon there appears to be one large peak centered
around 8.2 7 and three smaller peaks centered around 6.2 7,
5.8 T, and 1.2 7, respectively. The large peak represents.
the aliphatic hydrogens contained in the rings and deslgnated
as circled hydrogens. The areas under the three smaller
curves are in a ratio of 2:1:2, Each area represents the
nunber of hydrogens, The peak at 6.2 P represents the
hydrogen which 1s attached to a carbon that is attached

to a positive nitrogen and designated as H%o The peak at
5;8 7 represents a hydrogen attached to a non=-positive
nitrogen and designated as H ", The peak at l.2 7 repre-
sents the hydrogen that is attached to a positive nitrogen
and designated as H*%%o Although the hydrogen designated

g* appears to resemble H*, it is attacned to a carbon which
is attached to 2 non-positive nitrogen and it falls at 8.2 7
and not 6,2 T o The peak at 2,6 P represents a trace amount
of deutero chloroform which is used as the solvent in the
nmr spectrum. FIGURES IX and X represent nmr spectra of
cycloheptylamine adduect and cyclooctylamine adduct, respec=-
tively. Although not as definitive as FIGURE VIII., they do
show the large peak centered at 8.4 T and 8,5 7 representing
the aliphatic ring hydrogens. They also both show a slight
rise in the curves centered between 6 and 7 7 representing

amine hydrogens. However, what these spectrz do not show



are any peaks centered around 2-3 7P and 3-5 7° which repre-

sent aromatic and vinylic species,

FIGURES IV, VI and VII show infrared spectra for cyclo-
pentylamine adduct, cycloheptylamine adduct and cyeclooctyl-
amine adduct, respectively., All three have very broad bard
absorption around 3000 cm’l which is a combination of C=H
absorption, C=-N absorption, and the very diffuse absorption
of the amidiniume. All have a sharp peak at 1700 cm-l and a
broad pezak a2t 1600 c:m"l which represent the three double
bonds in the molecules, The sharp peak probably represents
‘the double bond within the four-membered ring. The broad
peak 1s a combination of the double bond attached to the two
chlorines and the amidinium partial double bonde Around
1400 em™" there is heavy absorption of the C-H bond. At
830 cm"l G=C bond absorbs, All three spectra show an Iintense

peak at 820-830 cm ™+

which is characteristic of C-Cl bond,
These three compounds as shown by their spectra are closely

related and belong to one family.

FIGURES III and V show infrared spectra for t-butyl-
amine hydrochloride and cyclohexylamine hydrochloride, res-
pectively., Both show very broad absorption centered around
3000 em™ wnich reflects the C-H and ¥H5  absorption. They

also show a very intense pezk at 2050 cm"l which 1s character—
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1

i1stic ammonium chloride absorption., At 1400 em” — there is

strong absorption of C-H. However, in both spectra there

is no absorption at 820-830 cm"l which signifies no C=-Cl
bondse There is an ionic chlorine but it is not attached

to any carbon atom in the molecule, By comparison of these
two spectra, it can be seen that t-butylamine hydrochloride
is much simpler than cycldheéxylamine hydrochloride because

of fewer peaks. This results by the fact that in cyclohexyle
amine hydrochloride there are different types of C-H bonds
around the molecule and in t-butylamine hydrochloride there

i1s only one C~H bond,.

PIGURE I shows the infrared spectrum of dimethoxy-
t-butyl adduct. There appears no broad absorption centered

about 3000 em~t

as in the previous spectra. This results
from the fact that this compound has no positively charged

nitrogen. Instead this compound shows two peaks in this

1 1

range. At 3250 ecm — C=N absorption occurs and at 2900 em”
C~H absorption occurs. Similarlly around 1700 em™L there
are three peaks for the three double bonds in the molecule.
Between 1200-13%50 cm™* numerous peaks forming a slight
parabolic shape appear  which characterizes a C-0~C bonde
The. triple peak at 1400 om"l for C-H absorption is also
characteristic for ester compounds. Since there appears

-1
no intense peak around 820 cm , chlorines were knock off’
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the ring by OCH3, Dimethoxy-t=-butyl adduct is an example

of an amidine.

FIGURE II is an infrared spectrum of an amidinium salt
resulting from reacting the amidine, dimethoxy-t-butyl adduct,
with dilute hydrochloric acid. The spectrum shows the reap-
pearance of the broad absorption band centered about 3000 cm_l
which is a blend of C-H, C-N, and positively charged nitrogen
absorption. Again the two peaks that were characterized in
‘the infrared specira of cyclopentylamine adduct, cycloheptyl-

amine adduct, and cyclooctylamine adduct to signify the three

double bonds in the moiecule reappeared.

FIGURE XI 1s the mass spectrum for cyclopentylamine
adductes The mass number calculated for this compound was
463 (3 Ne 29 H, 21 C, 4 0135)9 Shrader stated that isotopic
clusters of four chlorines had a certain pattern. HKe showed
the first peak to be smaller than the second peak, the third
peak to be smaller than the first and second peaks, the fourth
peak to be smaller than the third peak, and the fifth peak
to be smaller than the fourth peak. (36) On one end of the
spectrum two chlorines in succession are kicked out from the
compound as can be evidenced by peaks at mass numbers 429 and
394, On the other end of the spectrum there are peaks at

mass numbers 69 and 84 which signify expulsion of a cyclopentyl
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group and a cyclopehtyl amine group, respectivelye. Not much
can be said about what occurs'in the intermediate range because
fhe mechanism of disintegration becomes unclear., However, the
expulsion of two chlorines from one end of the spectrum and

the formation of cyélopentyl and cyclopentylamine groups
ccecurring at calculated mass numbers clearly points to the

structure assigned as being correct.
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CONCLUSION

This thesis helped to further advance the findings
of many researchers who reacted polyhalogenated cyclic .
carbon compounds with cyclic amines to form various amidine
ium salts. Even though the primary ecyclic amines used in
my thesis were bulky, steric effects did not inhibit forma-
tion of the saltse In fact these products were relatively

stable as evidenced by their elevated melting points,.
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