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This thesis is concerned with the design and preparation
of certain organic compounds which are expected to have medicinal
properties, A discussion will be given which has essentially a
two-fold purpose. The first is to discuss somewhat briefly the
currently accepted method of drug design,and the second to showb
to what extent this method has been followed in the design of
the compounds prepared.

In thé design of potential drugs there is in some measure
a system which the designef should follow. This system, known
as the method of variation, enables the designer to reduce to a
minimp the degree of randomness or chance in searching for new
medicinals. The usefulness of this method has increased through
the years as scientific knowledge in general and the knowledge
of medicinal chemistry and pharmacology in particular has increased.
We must acknowledge, however, that until the fundamental chemical
phenomena proceeding in living things,and the mode of drug
action are fully understood, this method will not attain to that
perfection which is desired.

The mathod of variation consists first in the selection of
a compound which is known through previous investigation to elicit
a certain response. This prototype as it will be referred to, may
or may not:be a clinically useful drug, or it may be a molecular
~group which is a portion of a molecule known to have medicinal
properties.

Once the prototype has been selected the designer should
familiarize himself with the compound. He should seek to know:
"(1) the nature of the chief chemical classes to wﬁich the product



belongs, as determined by the main stem nuclei or hydrocarbon
skeleton from which it derives its' name; (2) the nature and number
of various functional groups that may be present, their positions,
and the proximities of such groups with respect to one another;
(3) the various possible degrees of rotation and extension of the
structure fnto various spacial configurations; (4) the likelihood
of steric hindrance between various portions of the molecule

in different configuratfons in space; (5) the likelihood of
electronic interactions between various portions of the molecule
including such matters as inductive and mesomeric effects,
hyperconjugation, ionizability, polarity, the presence of regions
of relatively high or low electron density, the possibility of
chalation, zwitterion formation, etc. The designer should then
begin to consider the afore mentioned attributes in the 1ight of
the substance's known pharmacological properties. A knowledge

of the structures and pharmacologic effects of other substances

. having essentially the same, or even remotely similar, sites or
types of actic;n as the prototype will also be invaluable."'

After the designer has familiarized himself with the properties
of the prototype, he then proceeds to make variations on the
prototype. Tha methods of approach and the variations to be
made are actually peculiar to each situtatfon and no clear cut rules
can be laid out which must be followed exactly by every designer
of drugs. Rather it is important at this point to discuss
orientations of approach in drug design. This approach may involve
aﬁy one or mors of three general main streams of thought, the
mathod of isosteric replacement, the method of conjunction aad
the method of disjunction. Again, there are actually no clear cut

tines of demarcation between these three methods, but by such



classification discussion of drug design is facilitated.
Langnmirzdefined isosteric molecules as molecules having

the same number and arrangement of electrons. Based upon simitar

considerations the concept was extended by Huckel and Grimm to

certain chemical groups. It was found that chemical groups having

the same number and arrangement of electrons show great similaritfes

in physical and chemical propertios. Examples of some of these

isosteres are gliven below:

{2) Ny0 and COZ
(3) CHp=CO and CH,=N,
(lb) organic compounds which possess one
or the other of the isosteric pairs below
and which are otherwise identicat,
| exhibit strﬂdngly simﬂar phys'lcal propertiess
a) -N= and -CHz
b) ~0-, -NH- and ~CHy-
c) F-, HO-, HHZ- and CH3-
d) Ne, W, H,0 an& NH3
Thus in’designing drugs the method of isosteric replacement
involves substituting isosteres inte the prototype. In doing this
thé propertiés of the molecule are modified so as to enhance or
dimfni#h the desirable medicinal properties of the molecule, but
_not radically. Frequently, however, in practice; while émpluying
the general approach of {sosteric rep!acement,.@rkers substitute
groups which do not fulfill the definition of isostere as set
forth by Huckel and Grimm. For exmple, they may substitute a
cyclohexyl group for a phenyl group,or even a naphthyl group for

a methyl group. Obvious}y, in such cases the term isostere loses



CH3 OH



its meaning, but the approach is still good. The greater the
deviation of the isosteres from true isosterism the greater the
expected variation in mediciaal properties of the prbducts. Wide
variation ¢ould lead to interesting compounds having dew properties.
In this thesis compounds have been prepared in ﬁhich large
groups of wide diversity of structure have been substituted into
the parent nucleus. In some cases these large groups'themselves
have desirable medicinal properties.

“The method of disjunction in drug design might be considered
as thé formulation of analogues of a prototype, toward structurally
sihp!erfproducts which may be viewed as partial replicas of the
prototype i3 This method of variation is clearly demonstrated
"by the investigations of Dodds, Cook, Robinson, and others in thefr
Nork on estradiol. This compoqnd is known to elicit certain estrogenic
responses. It consists of a 1§rge and relatively planar ducleus,
a phenolic hydroxyi grouﬁ and the secondary alcohol goup. These
investigators screened a large number of phenols, ketones, hydrocarbons,
etc. and came up with diethylstilbestrol ss ‘the main grouping |

for estrogenic activity.

CH || OH
2
* ‘cﬁ |

The approach which these investigatorae followed in this classic
example of the method of disjunction is very interesting and worthy
of consfderation. Consider the structures given on the next page.
Bearfng in mind that these {nvestigators were seeking the simpliest
structure which possessed optimum estrogenic activities, they

procceded to disjoin or open the rings Brand C, to substitute



aromatic rings for saturated cyclic rings and decreased the size
of the hydrocarbon portfons of the molecule. All of this {s
evidenced in structures II, III, and IV. At this point it was
observed that the estrogenic activity progressively decreased in
compounds II, III, and IV. Their next course of action was,
however, not to reform rings B and C, but to prepareog,ﬂ--di-

alky! derivatives of stilbestradiol. B8y plotting activity versus
structure they found that maximum activity was reached in di-
ethylstilbestriol (VI). It is interesting to note that the
distance of separation of the hydroxyl groups in diethylstilbestriol
is ihe same as in estradiol. This distance, 14.5 R, is apparently‘

the optimum distance for estrogenic activity.

OH
. 4 —
\ q
HO- CIH32

_ “0rug design through conjunction is defined as the systematic
formulation of analogues of a prototype, in general, toward
structurally more complex products, which may be viewed as structures
embodying, in a general or specific way, certain or all of the
feature# of the prototype."h An example of this method, given
below, involves an approach which migﬁt'be termed the principle
of mixed mofeties. A moiety is regarded as a molecular grouping
which elicits a certain response. Frequently it is desirable
to design a compound which has the medicinal properties possessed by
two or more individual moieties. Such a compound Qould be prepared
by uniting in a very specific way the moieties whose properties

are desired.



‘Future success in the use of the principle of mixed moieties
depends fundamentally on how successfully pharmacologists
and medicinal chemists will be able to pin down, in a relatively
certain fashion, various indiﬁdual mofeties that activate given
molecular-level processes. Thus the primary problem at present
is rather like t.he problem that faced organic chemistry ’when
it first became endowed with the concept of specifically charact-
erizable functional groups. As such groups became more firmly
established as a basis for classifying the reactions of organic
compounds, the possibilities of predicting the character of
Ws embodying two or more such groups became more and
more feasible. An analogous type of development in the field
of medicinal chemistry involves formalization in a specific
way of the much more compliex individual pharmacophoric |
moieties, and this would presumably lead to the possibility
of predicting, with a fair degree of certainty, the effects
of Qrugs embodying two or more moieties."6 o

The example of this method involves the preparation of a
compound which has effective attion¢yn ﬁqstgangiionic
parasympathetic p'euroeff'gctor cells and also is a vganglionic
blocking agent. Most ganglionic blocking agents are bis-
quateméry sal t}.,‘ and it seems that in the most effective
gangﬂonic blocking agents the nitrogen atoms are separated |
by the i#éme distance as in hexamethonium. HNow, while compounds
producing ganglionic blockade are effective in lowering the ’
blood pressure in hypertension, they also} have their undesirable
side;éffects, for instance, decreased fntestinal tone leading

to constipation] uSince these undesirable effects are the

result of a lack of a sigdiﬁcant degree of specificity for



sympathetic ganglia in comparison with parasympathetic ganglia,

one way of increasing parasympathetic tone without*decreasing
ganglionic blocking activity on the.sympathetic side must be
sought, Fortunately, the requirements for effective action

on postgangliionic parasympathetic neuroeffector calls are largely
independent of the requirements for ganglionic blockade, For
example, acetyl-p -methylicholine is an effective postganglionic
parasympathetic stimulant in doses which effect no sugnificant
alteration in ganglionic function, while hexamethonium has

ocnly a slight action at postganglionic parasympthetic endings
in doses that produce & high degree of gangiionic blockade,

The mofety requirements for psstganglionic parasympathetic
stimulant action (muscarinic mofety) are summarized as

shown below, referred for convenience to the structure of

:

cH
BPANPL N ’+g "
ey 0’ Zeuy cH,

Acetylcholine

-acetylcholine..

CHy

(CHy ),/~N* CHp~CHy~CHp~CH,~CH, ~CH, H-(CH, ),
Hexamethonium
"The above generalization of the muscarinic mofety when
reviewed in relation to the bisquaternary type of structure
in hexamethonium, suggests the following design, embodying both
the ganglionic active mofety and the muscarinic moiety.

Muscarinic Moiety

+ +
(CH3)3~?-CHZ-CH2-0-@-CH2~CH2-q-(CH3)3
Ganglionic Active Moiety

YActual synthesis and test of this product reveals it to
be, unfortunately, both a muscarinic stimulant and a gdnglianic

stimuiant, A close homolgue,



(c,zn;)3i’n-cﬁz-.cuz-c}-g-cﬁz-cnz_ui(o:zng)3
however, is a produwt having desired type of mixed action.
It is both a ganglionic blocking agent and a weak muscarinic
stimulant, "8 |
Since the compounds prepared inthe present paper are all
derivatives of [/ -amincethylpiperazine this compound will be
cbnsidered the prototype and a discussion of its chemical and
stereochemical properties will be given. It should be pointed
out howaver, that frequently large groups have been attached
toﬁ-amfnoethy!pfperazine, and that these large groups might
just as well be considered the prototype, Therefore, following
the discussion of £ -amincethylpiperazine there will be a
somewhat briefer discussion on each of the compounds prepared.
The following is the structure for [3-aminoethylpiperazfne:
NHy~CH,y-CH, -
It is easily seen that this compound contains both inside and
outside the ring, the -H-CHz-Cﬂz-Ni grouping. This grouping
and its isosteric analogue (-O-CRZ-CHZ-NC ) are frequently in
many different types of pharmaccutical agents, for example,

local anesthetics such as procaine,

NH, -g-o-caz-caz-n-(czﬁslz

adrenergic blocking agents such as piperoxan,

0
| “ -C‘*z'O |
parasympathomimetic agents such as acaetylcholine,

cn3-8-o-cr!2-cuz-ni(ca3)3 cr-



10 .

antispasmodics such as adiphenine,

0
( )5-CH-C-0-CH,~CH,~N-(C,H,),

and antihistaminic.agénts such as diphenhydramine,

()2--cn-o-cﬂz-(:nz.u--(t:zns)2

and tripelennamine.

--cn,‘,-i-cnz-r.nz-x«a(CH3)2
: ! 9

Most of the more active antihistaminic agents contain this grouping.
Chlorpheninaming fs an interesting example of a powerful ant{histomine
drug in which the isostic mofety is -C-Cﬂz-éhz-ﬂi . This evidence
a!aae is very striking and therefore strongly éuggests}that
the /i-aminoefhytpiperazine groupfng wou!d‘be‘expectdd to have
favorable properties in its écmpounds. |

Piperazine itself is relatively non-toxic and is now used
in the form: of §ts citrate astthe agent of chofice in the
treatment of pinworm infestation."s

 The nature ofAdfug action 1s:by no means fully understood.

There is some evidence, however, that drugs co@bfne with
reception by coulombic forces at some stage during their actions
and most receptors are proteins. The polypeptide nature of
proteins fs well understood, the bonding being explained in terms
of the Tinking together of amino acids through their o~ amino
and carboxgl groups. The spacing between these polypeptide
bonds is regular and this spacing {s known as the identity
distance, This distance {s equal to 3.61 R. a diagram {1lustrating

this is given below:



v oY
ﬁz

&y
[ RA W
3.613 |

In compounds of known pharmachological activity the
distance separating the functional.grcups frequently is found
to be éqﬁai to the {deﬁt!ty distance or some whole number
muitiple thereof. In a given series of cémpounds {n which all
features are the same except the distances separating the
functional groups,optimum activity is frequently observed in
the member of the seriés in which this identity distance or some
whole number multiple therecof {s observed. This indicates that
if there is an attraction of certain groups in a drug for the
nitrogen or oxygen atoms or both {n a protein, the drug becomes
more ffrmly attached if the functional groups in the dirug are
separated by somes whole number multipie ofl3.61 R.‘l

"Many parasypathomimetic (acety! choline like) and
parasympatholytic {cholinergic blocking) agents have a peparation
of 7.2 K beyween the ester éarboxyi group and the nitrogen. This
distance is doubled between quaternary nitrogens of curarelike

drugs; 14.5R . The preferred separation of hydrogen bonding

groups in estrogenic compounds is Ek.S‘R. 12
Novel calculations of interatomic distances inp-aminoethyl-

piperazine show th#t In the ethylendiamine molety, planarity

of H,8,C,N and lack of bond strain make the distance between
nitrogens 3.75 K. Also, celculations show that the distance
betwaen nitrogens in the piperazine mofety is 2.87 X and the
distance between terminal nitrogens is 6.60 X.‘ The calculations

follow:

11
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According to Aroney and Le Fevre,

piperfdine and
cyclchexane exist predominately in the ‘chair conformation. An
ary! group attached to the nitrogen atom in piperidine lies in

an equatorial posttion. This apparently {s due to the size

of the group.rather than to any electronic interactions with

the ring. Stated differently, the aryl group lies in the
equational position because this position {s sterically favored
over the axial position, These authors also found that piperazine
exists as a mixture of the '‘chair' and 'boat" conformations.

The positions of the nitrogen atoms in the rings in their two

conformations are fndicated by the following diagrams:

A

"chm“ "Boat"
Unsubstituted piperazine exists as a mixture of four structures,

three of which have the chair conformation and one the boat,

as indicated balow:

4 . H
H’ H H
A B - C D

With regard to the relative abundance of each species, there

is more B than A or C, and D is present in about double the
amount of B, When pheny! groups are attached to the nitrogen

atoms to form 1,4-dipheny! piperazine the compound consists of

a mixture of the following two conformations with F predominating.
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In order to determine the stereochemical structure of
p -aminoethylpiperazine, certain conclusions,based on the evidence
given above, must be made at this point., First, it seems
reasonable that the compound must exfst as a mixture of the
Ychair' and “boat' conformations with the latter predominating,
since this is the case with unsubstituted and disubstfituted
piperazines. Secondly, from steric considerations, ghe
aminoethy! group most probably assumes an gquatorfa! posftion,
even thoﬁgh according to Aroney and LeFevre the 1,k~dimethylpiper-
azine has a small amount of the axial {chair'form in the mixture.
The axial metﬁyi dérivative is not nearly as sterically hindered
as would be the case with th§ ethylenediamine with a large group
attached iﬁ the g-position.

In conclusion, the g -aminoethylpiperazine grouping in
the compounds prepared in this thesis {s to be regarded
as consistfng of a mixture of the chair and boat forms.with the

ﬁ3-aminoethy! group attached in equatorial positions as indicated

below,
2 3
CH, CH,
1 CHy ° v CH,
MRy ~ | T,

It remains to determine the distances separating the nitrogen

atoms,fe,, the shortest distances from 1 to 2, from 2 4¢3 4ng

from 1 to 3.



A diagram of (> -aminoethylpiperazine §s given below:

The C-N and C-C bond distancés are 1.47 g and !.ﬁb X resper:t:hm!y.‘6
The NCC and CNC bond angles in the ring are tetrahedrat, 109. 5°'5;ﬁe
CNC bond angles outside the ring are 1082

Since the piperazine ring is symmetrical, a straight line
connecting N and N*' must pass through the center of plane ABCD,
Therefore, the distance NO, whore 0 is the center of the plane,
must equal ﬁatf the disiance separating the nitrogen atoms in the
ring. In determinihg NO, NE énd EO must be known., NE is given by

the following equation:

, 2
* cos L NAE = 2, 2.
: Z(HA)(AE)

o | 2 2
" cos 109.5 = (b)% (077"~ (nE)
2(1.&/)(0 77)

(us) (1. fm + (o 77) “+ cos. 70 5°(2m 47)(0.77)
‘NE=1.878 |

*Aroney and LeFevre assume angle CNC to be tetrahedral in their .
“Work on piperazine. .

14
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The length of EO is determined as follows: Since lines AC and BD

are parallel, line AB = EF, both being perpendicular to the same
1ines. A line drawn perpendicular from AB to N bisects ANB,
Since ANB = 109.5; ANJ = 5k.750.

sin 54.8° = AJ
NA
= Ad _
157
AJ = {.817)(1.47) = 1.20

Since AJ = EO, EO is also 1.20 R.

Therefore, (NU}Z = (38)2- (EO)2
NO = Jn.snz - (1.20)2
NO = 1.437 R

The distance,ofAseparaiion of the nitrogen atoms in piperazine is,.
the}eforg, 2(1.437) = 2;87 b

The distance between the nitrogen atoms in the ethylenediamine.
portion of the molecule will now be determined.

Since the carbon»énd,nitrogen atoms are all considered to lie
in the same plane in the ethylenediamine portion, and this portion
is also symmetrical, the distance NO' is equal to haff the NNt?!
distance. ’Therefbre,

cos/ NIO' = (m)z * 5:10*)2 - (ﬂaﬂz
2(NI1){10')

2
cos 109.5%= (1.47)2 + (0.77)% - (N0

2(1.47:(0.77)
No'=1.87 R
NNTr= 3.74 A



16

It vemains now to determine angle N''NN', This angle will be
the sum of angles N*'NI, INJ, and JNN'. Angle INJ ;s determined
as follows: Angles INB and INA are 108°. For the sake of more
convenient calculations, rather than determining angle INJ directly,
its? supplément 'v‘vilt be deterﬁsined which is angle HNJ, where angles
HNB and HNA are thé supplements of angles INB and iNA, and equal to
72° (180-108°). Angle INJ will then simply ba the supplement of
angle HNJ. - |

By dropping lines from H to points K and L on the planc NAB
where Iine HL is perpendicular to the plane and HK s perpendicular
to line NA, angle HNJ can be determined as follows: In the right
triangle HNK, line NH is equal to the nitrogen~carbon bond distance,
since in this case Tine NH is formed by rotating line NI. Therefore:

cos L.HNA = NK

NH
. cos 72 = r;z_xﬁ
NK = (1.47)(.309)
NK = .15543

Since angle ANB is bisected by NJ, angle ANJ is equal to %(!09.50),
or 5‘4.750, and since HK is perpehdicutar to NA, KL is also perpen-

dicular to NA. Therefore:

cas LANJ = RK
NL
cos 54.75 = Lsh
HL
L= ._l;_S_l!
577

NL = 786 R
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NL is also the base of triangle HNL, therefore,

cos LHNJ = NL = .786~= »535
NH .lﬂ

| z_mu = 57, P°
Ang!e nu is therefore (380-57 3%) = tzz 7 |
In trsangle ruo, line JO s equal to ${1.54) or .77 &, and 1ine
ﬁD is 1.#37 K> Since triangte JHA is a right triang\a,and angle ANJ
is su.ys" and line NA is 1.47 &, it follows that:

cos L ANJ = NJ
: : NA

cos 54,75 = NJ -
1.47

o
, J = {.577)(1.47) = 848 A
Therefore:

cos £ INO = (8)°+ (80)>- (u0)?
2(nJ43(no)

(.848)% (1.437)%- (.77)°
20 BB (1.437)

= .899
"L NN =LJINO = 26°

Since in triang!e INO' the lines NO!, HI and 10! are 1.87,

I k? and .77 ﬂ respective!y, it fo!lows thatz

2
cos £ wor = (no*)%s (nr)2- (100

z NOV)(NI)
2 2 2
+ -
2(1.87)(1.47)
+923

22.7°

n

8

]

L INN®t=LINO®

i

Therefore, angle N!'!'NN' is !7!.49wbich is the sum of angles N!''NI,
INJ, and JNN'. |
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The distance separating the terminal nitrogen atoms in 2 -amino-

ethylpiperazine, (N''N'), §s determined below:

cos £ NUR® = (N0 ) 2e (Nt ) 2o (ne )2
2(NT'N) (NN T)

cos 171.4° = (3.76)%+ (2.87)2-(n+ N1)2
2(3.74)(2.87
[+]

NUINY = 6.60 A

This distance is a little short of double the identity distance
(7.2 R). |

In proteins there {s hydrogen bonding between adjacent chains

17
of polypeptides as indicated below:
HR i H R
\Np o~ c\ 7 g\ -~ N\ /c,\ 7
ﬁ i & c N
‘ Ho A 0 H
| !
B é H f i
/N N ”~ ~

It should be pointed out that if medicfnals combine with protéin’
réceptors in pari through hydrogen bénding in a similar manner,

tben the distance separating the hydrogen atoms attached to the
functional groups is also of some concern. In open chain medicinals
and polypeptides the hydrogen atoms are, as indfcated above, séparated
by tﬁe same distance as fhe functioﬁal grdubs. In ‘éminoethyl-
‘pipérazine, houever; the hydrogen atoms attached to N' and Nt

are not exactly perpendicular to 1ine Nt Ne, but rather are in-

clined at angles approximating 100°, as shown below:

LJ

The distance separating the hydrogen atoms is, therefore, somewhat

greater than 6.60 A. The hydrogen atom at N' is here considered as axial.
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There are many compounds having medicinal properties
which contain thej -aminoethypiperazine moiety or some grouping
very ciose to it. Several of these éompounds will now be
‘mentioned.

(1) The following series of compounds are known to be

effective as vasodilators and adrenergic blocking agents. 18

(A) -n-cnz-cﬂg-é >-R R
C2H5 , :

0

-CH3
Do,

i

~Cglig
~CsHN

~CoHg

0 @m0
R
-H
' g ) . / '
{c) R-g-CHz-Cﬁz- - R :CH3 R = ’CGNS

- -gHZ-C6H5 = 3
= -C-CHB = -C6HS

i

n
¥

'
&

In all of tﬁese compounds the maximum activity was
obtained when n=2 as represénted in the formula below
R-N-(CH2) N -R
R .

42) The compound It,h-d{(Z-pyrazyl)piperazine was prepared

as a potential anticonvulsant and is a very active ema!gesit:.19

(3) Prochlorperazine is an excellent antiemetic in man

‘and has been of value in mild neurotic disturi:ances.zo




089"

CHy-CH,~CH,- ~CHgy
(4) Hydroxyzine has been recommended for non-hypnotic
sedation of psychoneurotic individuals and for treatment of
tensi;:n; anxiety, insomnia, and senile excitation.” k_ It might be
~well to point out that, as mentioned previously, -0- and -NH-
are i{sosteric groups and,. compounds containing either of them
and which are otherwise identical are expected to possess.

. similar properties.

ct-g:a- N N-CHy-CHy-0 -CHp-CHp-OH

(5) The compound, 1-[N, N-dimethyl-n-(6-cyano-6,6-diphenyl-
hex&%monium)étham-Z-(M-méthylmrplnlino) dichloride, has beeli..
used with good results in the treatment of hypertensfon. ''The
spacié! receptor protei:ﬁng effect of the large groups méy be
so overpowering that the strongly polar propert!és of the qua-
\ternary nitrogen atom can e abandoned in favor of tertiary
amino groups. This is seén in many typical antispasmodics
whcih cause only a barely detectable paras)mpathetic ganghonic

blockade." 22

Nc-i-(crtz)s-é-cuz-cnz-@ e2c1”

{6) The compound, 3-'|23-(dimethylamino)ethyﬂ -lo-phenylp‘iperazine,

is a ~verjr effective antihistamine.23

20



CHy- £ HZ-CHz-Q B )

{7) Linadryl is an effective antibistamine.

-cn-c-cnz-cuz-O

Therefore, with regard to the prototype, f ~aminoethyl-
piperazine, it might be stated by way of summary that: (1) the
compﬁund contains the -X-CHy-CHp-N grouping which is present in
a wide variety of medicinals; local anesthetics, adrenergic _
blocking agents, parasympathomimetic agents, antispasmodics and
nearly all of the antihistomines; (2) the distance of the terminal
nitrogen atoms is close to twice the identity distance; (3) ‘there
are a number of compounds having a wide variety of medicinal
proéerties which contain a grouping close to,if not identical to,

-aminoethylpiperazine; (4) piperazine is a relatively non-toxic
substance., An additional fact of significance which has not
been mentianed pfev!ous!y is that in many antispasmodics,:groups
wich as pyrrolidine, piperidine and éiperazine behave as anchoring
groups.25 o

Rarely is a drug found which has only one action on the
organism as a whole. For instance, antihistamines exhibit in
some degree the properties of the local anesthetics, sympatholytic
agents, antispasmodics, sympathomimetic agents, analgesics aﬁd
: anticho!inefgfcs.zs. This indicates tha; the tﬁoda of drug action
for all these ‘type'.f» of compounds is probably similar. Therefore,
when a compound {s designated ‘a.s an analgesic, antihistamine, |
anticholinergic, etc., this probably meas that the groups attached

21
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to the main stem nuclei enhance its' properties as an analgesic,
antthistamine, anticholinergic, etc.

The derivatives of £ -aminoethy!piperazine can be expected,
therefore, to Eave medicinal proparties, and the mode of drug
action can be expected to be the same as in the analgesics,
antihfstamfnes, anticholinergics, etc.

A brief discussion will now be given uu each compound prepared
in this thesis. In some cases large groups which themselves
have certain specifically characterizable pharmacological properties
have been added to the 2 -aminoethylpiperazine nucleus. In those
instances the prepared compounds should be viewed as having
properties characteristic of all their moieties. In most cases
the properties of these groups added to the parent compound are
harmonious with the properties expected of 3 -aminoethylpiperazine.
In other cases where the properties of the groups added to the
parent molecule are less specifically characterizable, the
products should be regarded as having the same properties expected
of 6-a-nimethyt§iperazine with relatively mild variations. The
compounds prepared in this study are given below and are assigned
Arabic nunerals. The compounds from the literature are indicated
by capital fetters. _

(1) O-ggguz-cnz-O-caB

1- [B-(Cyciohexylmethylamino)athyl]-k-methylpiperazine

This compound can be regarded as the product resulting from
the replacement of compound‘(!)—(A) on page |9, and, therefore,is
expected to have properties as a vasodilator and an adrenergic

blocking agent.



23

(2) Due to the close structural similarities of camphor and
norcamphor, the following two compounds are discussed together

and are expected to have nearly the same properties.

= -H

| @-.uu-caz-cnz-é N-R R ~CHy

1- §8-[1,7,7-trimethy1-2-(bicyclo [2.2.1] hepty!)aming)
' ethyB--lt-methylpi perazine

@ -uu-caz-cuz-é ?m

i- 58{2-(Bicyc 1o[2.2.1] heptyt)ami nojethyB piperazine
Camphor has many interesting pharmacological properties. It
is an anaieptic?it is used as a circulatory Aand respiratory _
stimulantfaand locally as a mild antiseptﬁ:, énalgesic and antipyreticg9
Compounds containing the i-phenyl-2-aminoethane moiety are
regarded _a# sympathomimetic amines and are classified broadly as

analeptics::’O In view of the fact that this structure resembles -

-CHz-cnz-an

éninoethylpiperazina in certain features and that compounds of this

structure an@ camphor are both analeptics, the camphor derfivative

of P -amihoethylpiperazine is expected to have analeptic properties.
One of the ﬁndesirable properties of camphor is its!' water in-

Msolubi!ity and, consequently, attempts have been made to prepare water

soluble de}fvatives? The camphor derivative of AB-aminoethylpiperazine

has incrgased water solubility over camphor.



| CcH
L) -N-EHZ-CHZ- -CHy

1-[# ~(Methyl-1,2,3,4-tetrahydro--naphthylamino
ethyl| -4-methylpiperazine

PN -uﬂ-cuz-cnz'-On

1-[ p-(1,2, 3,13-Tetraﬁydro- o{ ~naphthylami no)ethyl]
piperazine

- 5)

The following compound has been prepared as an antihistamine.

N , E‘ : ‘ ’ . ) .
0 | - 0

1,4-Bis(2-methyl-1,4-benzodioxane)piperazine
. It 1s a property of the benzodioxanec antihistamine drugs to cause
adrenergjic blockade. This compound also has considerable central
narvous ‘system delprassing properties.nlt can easily be seen that
in this compound the oxygen and nitrogen atoms are separated by two
carbon atoms as in most antinistamines and that this compound con-
_ tains the piperazine ring. Also, the groups -CHz- and -0-, it will
be recalled, are isosteres. The tetrahydronaphthyl derivatives of
[ -aminoethylpiperazine and the benzodioxane derivative of piperazine
all contain the flat planar benzene ring attached to a non-flat,
- non-planar ring. This indicates that the two compounds, (4} and
{5), will have antihistaminic properties.

Methylation of the amino groups of a compound tends to decrease

toxicity, but also tends to decrease activity.”
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6) > -gﬂ-nu-cnz-cu,_-@n
AN

1-[8 -({Dicyclopropyimethylamino)ethyl|piperazine

7) |> -fH-NH-cuz-cuz-On

1-[}3-(o(-Cyclopropylbenzylamino)ethyi]piperazine

8) > -g:;m-cuz-cnz-On

1- [R-(cL -Cyclopropylethylamino)ethy]]piperazine

Few compounds related to the above structures have been prepared

in which cyclopropane is used in place of a straight chain hydro-
carbon. Therefore, although these compounds are expected to have
properties as vasodilators and adrenergic blocking agents similar

to those of the derivatives of S -amnioethylpiperazine mentioned on
page 19, a prediction of any p;operty modifications is not possible.
The following two compounds are similar in some features to the above

compounds, but the analogy is not too good.

..@- -g-o-cn p=CHy=N-(CoHc)

/3 -Diethylaminoethyl-1-benzoylcyclopropanecarboxtlate
This compound is an antispasmodic and contains the -0~CH2-CH2-N

grouping characteristic of the antihistamines.BhIe also contains

~ a phenyl and a cyclopropyl group as in compound (7).

oo ()

2-Phenylcyclopropylamine
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Compound (D) has been used as a mood elevating drug.35
It can be seen that this compound closely resembles the /3 -
cyclopropylbenzylamino moiety fn compound (7).

An addftional fact of interast is that, cyclopropane is

well known as an anesthetic of low toxicity and high therapeutic

' index.36
Hy
. §:0 g
9) -N-CHz-CHp -C-CHg
1~ [B-(Acetylcyclohexylamino)ethyi]-b-acetyl
pi perazine
. H3
S g
10) -~ _LcHy-N-CHa-CH,- -C-CH3

i~[,€-(Acety!benzylami et l]-h-acetylpiperazine
These compounds are also expected to possess priperties as
vasodilators and adrenergic blocking agents, but again, it is difficult
to assess the property modifications resulting from acetyla‘tionb
of the nitrogen atoms. Some compounds’containing the grouping,

RCONR2, have anticonvulsant pm‘.u:verties..37

11) (CH3)p-C= cn-CHz-caz-c=gu-caz-ﬂn-cuz-cnz-ﬂi::>Nn
!- [ B-(3,7-Dimethyi-2,6-octadienylamino)ethyl piperazine

Citral, (CH3)ZC~CHCHZCHZC(CH3)-CHCH0, is known to possess
anti-inflammatory, antial!ergic, antispasmodfc and analgesic
properties.38’39

tAccording to the modern mediator theory, pain arises as a result
of the chemical mediators histamine and acetylcholine. Solutions
of citral possess antihistanine and aniicho‘linergic activity, The

double bond in the 6-7 position does not play an important role in
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antihistaminic activity. The aldehyde group is not essentiai for
-antihistminic 'activity. Thus the alcohol, geraniol, is just as
effective as the aldehyde, citral. The antihistaminic activity of
citral and its' derivatives is not produced by a certain moiecular
group, but is a property of the molecule as a whole, wherein con-
siderable changes in structure may be made withouf greatly affecting
the activity‘m)c{tral also reduces blood pressure in concentraiions ~
of 1:100,000.%!

The same properties are thus possessed by citral as those
expected of A -aminocethylpiperazine and the union of these two moieties
should give a compound having antihistaminic, anticholinergic, and
vasod{ lator properties.

Although this thesis is not concerned with drugs of possible

use in the treatment of cancer, it is interesting that citral has
inhi‘bitory action on tumors (sarcomata) in mice,“zand it liquefies
spontaneous tumors {carcinoma of the mammary gland) in mice.’
Citral is non-toxic to normal cells in doses which cause regression

in malignant tunm's.l‘3

H3C fH3 H /T \
12) an:su—gagnﬁ-caz-cuz-un

CH3

{- §B- 3-(2,6,6-Trimethy1-2-cyclohexy!) -1-methy1-
2-propenylaming)ethyl}piperazine

A-Ionone §s a substance of very low toxicity. When injected
- {nto an animal, 2 g./kg. body weight, it is eleminated through the
fungs without accident.m‘ln clinical tests, £ -ionone, also of low

toxicity, had neurotropic, antisympathicomimetic, and'antispasmodic



H4C, CH, i3
E) 7 -CH=CH-C=0

H3
£ -lonone

activity."5ﬂ -Ionone also has high anticholinergic activity.hsin
very dilute solutions, 6 x !0"6 ‘
of histamine by 50 - 70% in sections of guinea pig tntestine. 7

Little work has been done on the pharmacology of o -ionone
however, but, due to the close structural similarities, the pro-
perties of «- fonone are at least somewhat predictable from the
properties of A-ionone. If this is true, then the properties of
A -ionone are harmonius with those expected of A& -aminoethyl-

piperazine.

T
13) uu-csz-caz-Ow

1- [B-(2-Isopropyl-5-methylcyclohexylamino)
ethyl]piperazine

In one experiment, menthol depressed the isolated heart
of both the frogcand rabbit by dilating the coronary vesseh;.l'8
In another experiment menthol caused a fall i{n blood pressure
{n cats and rabbits; and it blocked the vasoconstrictive action
of nicotfne when administered in the ratfo of 1 part menthol to
2 pafts nicotine.l*9ln still another experiment, menthol produced
vasodilation in the anesthetized dog.?0Thus compound (13) shsuld

have strong vasod{lator prépertiés.

to 6 x 10°7, it reduces the activity

28
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14) | cH. H-NH- CH,-CH. Oﬂ
cuz—3 oo Hy-CHy- :

1-[B=( 3-Tropylamim}athyﬂpi perazine
The following compounds have been prepared and were found to

have ganglionic blocking propert'ies similar to hexamethonium.>!

These compounds also reduce ths blood pres:mre&s2
CHz— CH— CH, CH
F) ! CH3ENCH3CH-R R = -NH-CH,-CHp- 217
| Chp- CH-tH,
H
= --!‘ﬂ'l--(:l*lz-ﬁl-lz3 217

n

c /
-Nu-mz-cu:?.n{ 217

Compound (14) is not a quaternary salt, but it,alse,is expected
to have vasodilator and ganglionic blocking activity. It will prob-

ably be less active than compounds (F).

W-WZ-CHZ-OH

1 [ﬂ-(z-ﬂydmxy-l 2~dipheny!ethylamim)ethyﬂ
piperazine

The following two compounds which are structurally related

to compound (15), and are used as antispasmodics.




H . .
~CH,- “(cHz), . CH3sOy

54

Hexocyclium

Barger and Dalessreported that certain compounds containing
the moiety shown below act as vasopressors, and are terme& sympatho-
mimetic‘mﬁnes. They cause a rise in blood pressure coupled with
vasoconstriction.

I) | Q EH-LH-NC

Compound (15) is, therefore, expected to have properties as

an antispasmodic, and might be a vasodilator or a vasoconstrictor.

1 16 TON-CHp-NH-CHy—CHp-f  BH
| ) @ 2-NH-CHp-CHy

1= [p~( B ~Pyridylmethylamino)ethyl|piperazine

The following compound has been found to be an effective vaso-

dilator, and is useful in overcoming cold-induced vascular spasm.56

@Cﬂzﬁﬂ
)

g ~-Pyridylmethanol

J)

This compound can be regarded as being isosteric with the
B -pyridylmethylamino grouping in compound (16). Since the two
mofeties in (16) have properties as vasodilators, it is expected

that this compound will be a vasodilator.
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The following preparations involve the condensation of a
primary amine, G -aminoethylpiperazine, with aldehydes and ketones

53

to form Schiff bases.”” The equation for this reaction is given

below:

Ry R
R,c.-.o + NH-CH,~CH,- H—> R:c.en-cuz-cuz- H

The Schiff base is then reduced using sodium borohydride (NaBHy)

To form the 5eoondary amine as indicated below:

R,
“CH-NH-CH,-CH,,- H
R 27772



EXPERIMENTAL
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1-[ A -(Cyclohexylamino)ethyl] piperazine

Opmaeelr

To 64.5 g. (0.5 mole} of B -aminoethylpiperazine dissolved
in 100 ml. of absolute methanol was added 50 g. {0.5 mole) of
cyclohexanone with shaking. The reaction took place rapidly. The
resultixig mixture was alfowed to stand for three days. To the mixture
was added 20 g. of NaBH; dissolved in absolute methanol. The methanol
was evaporated and to the resulting viscous liquid was added 10 g.
of NaOH dissclved in 50 ml. of water. The mixture ﬁas extracted
with two 150 ml. portions of ether. The ether portions were combined
and the ether evaporated. The resulting liquid was distilled.

Yield: 35.4 g. (33.5%), b.p. 148-150° @ .6mm.

Calculated for Cuﬁz 5R33 }titrable N, 19.90%. Found 19,62%.

1-[#-{Acetylcyclohexylamino)ethyl]-4-acetylpiperazine

P '
(O By e,

To 35.4 g. (0.17 mole) of 1-[ B -(cyclohexylanino)ethyil-
piperazine, from above, dissoived in 75 ml. of anhydrous pyridine
was added 32 ml. {0.34 mole) of acetic anhydride with shaking and
cooling. The volatile material was distilled off under a vacuum
using a water evaporator. The resulting viscous liquid was distiiled.

Yields 20.1 g. (40.0%), b.p.228-232° @ .2mm.

Calculated for °16“29“3°z‘ titrable N, 4.74%. Found 5.04%.
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1- -(Benzylamino)ethyl piperazine

’CHz'-NH-Cﬂz-CHz-OH

To 64.5 g. (0.5 ﬁwote) of A-aminoethylpiperazine dissolved in

100 ml. of methanol was added 53.0 g. (0.5 mole) of benzaldehyde
with shaking. The resulting mixture was allowed to stand for three
days. To the mixture was added 20 g. of HaBHk dissolved in 50 ml.
of methanol. The methano] was evaporated using an evaporator. To
the resulting viscous liquid was added 10 é. of NaOH dissolved in
a minimum amount of water.  This basic solution was extracted with
three 100 ml. portions of ether. The ether extracts were combined
and the ether evaporated. The resulting viscous liquid was distilled.

Yield: 43.2 g. (39.4%), b.p. 145-150° @ ,5mm.

Calculated for CIBHZl 3° titrable N, 19.17%. Found 18.98%.

1= (Acetylbenzylamino)ethyl -L-acetylpiperazine

™y

£=0 f
<:uz.‘u-cn2-cﬁ2-<—_—_>-c.cu3

To 43.2 g. (0.2 mole) of 1-[ A-(benzylamino)ethyi|piperazine,
from above, dissolved in 75 ml. of pyridine was added 37.5 ml.
(0.4) of acetic anhydride with shaking and cooling. The volatile
material was distilled off under a vacuum using a water aspirator.
The resulting viscous liquid was distilled.
Yield: 19.9 g. (32.8%), b.p. 225-230° € .2mm.
Calculated for CI7H25H30 : titrable N, L4.62%. Found 5.07%.
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MZ? -[1,7,7-Trimethy1-2-(bfcycio[2.2. T) hepty! Jaming] ethyT} piperazine

i3

To a solution of 64.5 g. (0.50 mole) of # -aminocethylpiperazine
dissolved in 100 ml, of absolute methanol was added 76 g. (0.50 mole)
of camphor dissolved in 100 ml, of absolute methanol, Fifty drops
of phosphorus oxychloride was added and the resulting mixture was
refluxed for 48 hours. A |

The éixture was allowed to cool to room temperature and 20 g,
of NaBHl‘ dissolved in 200 ml, of absolute methanol was added in
small portions. After hydrogen evolution had ceased the mixture
was evaporated to dryness {n an evaporator., The resulting viscous
gum was cooled and 300 ml. of 6} HCI was added witﬁ cooling. A
solid precipitate formed, The combined solid mass and solution
was extracted four times with 150 ml, portions of ether. The ether
portions were discarded. The acidic layer was cooled and was made
basic with excess solid NaOH. A yellow ofl rose to the surface.
The conbined ofl and solutfon was extracted with three 150 ml.
portionﬁ of ether. The ether was evaporated and the resulting of!
was combined with another portion of the same ofl cbtained from
a precedure fdentical to the one above. The combined portions of
of 1 were distilled.

Yield: 52.0 g. (18.3%), b.p. 143-148° @ ,3mm,
Calculated for 516}132&3: titrable R, 15,85%. Found 15,64%,
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1- &6{! s7s7-Trimethyl-2-(bicycio[2.2. u hepty1)amt nﬂethyg wljm
methylpiperazine ‘

Hs
@m-cuz-cnz-@-cfg

In a three-neck flask was placed 66.5 g.(0.25 mole) of 1- {,B-[!,
7s7-trimethyl-2-(bicyclo[2.2.1] heptyl)amino] ethyl} piperazine dissolved
in 200 ml. of absolute methanol. A solutfon of 35.5 g. of methyl fodide
in 150 m}. of absolute methanol was prepared. Half of this solution
was placed in the refrigerator and the remaining ha!_f was placed in
a separatory funnel attached to the three-neck flask. A reflux |
condenser was attached to the flask and a power stirrer was included,
The methyl {odide was introduced at a slow rate into the solution
being stirred. When the first portion of methyl {odide had been
added the remainder from the refrigerator was placed in the separatory

- . funnel and added slowly. The time required to introduce all of the

methyl {odide was about six hours. The reaction mixture was allowed
to stand overnight. The methanol ua# evaporated and the resulting
viscous gun was dissolved fn 200 mi. of 6} HCl. The acid solution was
extracted with several portions of ether. The acid layer was made
basic with excess solid NaOH. An oil rose to the surface. The
Hixture was extracted with several portions of ether, ths ether
layers combined and evaporated and the reé!due was distilled.

Yields 9.0 g. (12.9%), b.p. 214-218° @ 30mm.

Calculated for !Z"HB3 33 titrable N, 15.04%. Found 14.97%.
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I-{)_S-EZ-(Bicyc!o 2.2.1 heptyl)aming] ethyi} piperazine

GO

To 27.6 g. (0.25 mole) of norcamphor dissolved in approx-
imately 75 ml. of absolute methanol was added 25.8 g. (0.2 mole)
of /£ -aminoethylpiperazine. The mixture was allowed to stand
for a faﬁ hours and then 6 g. of NaBHj, was added. After
the evolution of hydrogen ceased the methanol was evaporated.
To the residue was added 6§ HC1 until the solution was acidic.
The acid solution was extracted with ether and was then made
basic with excess solid NaOH. This basic solution was extracted
with ether. The ether extracts were combined and the ether evaporated.
The resulting residue was distilled.

Yields 10.95 g. {24.7%),
Calculated for 613825113: titrable N, 18.81%. Found 18.31%.
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1-[ 8-(1,2,3,4-Tetrahydro-p-naphthyami no)ethyl]piperazine

( j"‘"‘“‘f‘"f@‘

To a solution of 12.9 g. (0.10 mole) of A -aminoethylpiperazine
dissolved in 100 ml. of absolute methanol cooled to 10°C was added
145.6 g. (0.10 mole) of 2,3,4-trihydronaphthone in small portions.
The resu!ting mixture was allowed tc; reflux for 24 hours after 15
drops of phosphorﬁs oxychloride had been added.

Following the réﬂuxing the mixture was cooled in fce and 3 g.
of ﬁaBHQ dissolved in 100 mi. of absolute methano! was added. After
the evoltion of hydrogen ceased the methanol was evaporated in an
evaporator. To this mixture was added 100 mi. of 6N HCI. and all
the material went into solutfon. The acld solution-wascextracted
with four 100 ml. portions of ether. The acid layer was made basic
. with excess solfd NaOH, and afroil rose to the surface. The solutfon
was extracted with three 100 ml. portions of ether. The ether layers
were combined and evaporated, and the residue was di stﬂled.

Yield: 31.0 g. (12.0%), b.p. 180-185° @ imm.

Calculated for C HZSNB. titrable N, 16.22%. Found 16.11%.
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- 1-[8Methy1-1,2,3,l-tetrahydro-o-naphthylamino)ethyl] -4-
methylpiperazine

CH
{3

<N-CH,,=CH,,-N }l-cn3 |

A mixture of 25.9 g. (0.1 mole) of 1-[B~( 1,2,3,4-tetrahydro-
e(-naphthylamino)ethyi]piperazine, 19.5 g. of formaldehyde (37%)
and 12.0 g. of formic acid (98+ %) was placed in a round bottom
flask and heated on a steam bath for three hours. The mixture
was then refluxed overnight, Concentrated hydrochloric acid (13¢g.)
was added and the excess formaldehyde and formic acid were removed.
by distillation at feduced pressure, The residue was dissolved in
water and made alkaline by the additionfof L4O0% NaOH, The oil
which separated was extracted with three 50 ml. portions of ether,
The ether extracts were combined and the ether evaporated, The
liquid.residue was distilled. |

Yield: 19.9 g. (69.3%), b.p. 166-170° @ ,6mm,

Calculated for C18H29N3: titrable N, 14,62%. Found 14,36%,
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l-[]B-(Dicyc!opropylmethylamino)ethyi]piperdzine

> prmnond

To 12.4 g. (0.13 mole) of dicyclopropy! ketone dissolved in
75 ml. of toluene was added 14,6 g, (0.11 mole) of ;2-aminoethyl;
piperazine with shaking. An additional 50 ml. of toluene was added
and the mixture was allowed to reflux with a water trap attached,
Approximately 2 ml. of water was collected overnight., Most of the
toluene was distilled off under reduced pressure and to the resulting
residue was added a large excess of NaBHh (approximately 7:9.)
dissolved in 100 ml. of methanol. The reduction took place in about
fbur hours, The resulting solution was made more basic by the
eddition of 15 g. of NaOH dissolved in 50 ml, of 820. After cooling,
thékso!ution was extracted three times with 50 ml. portions of
ether, The ether iafers were combined, The remaining water-methanol
layer was concentrated by evaporation and extractéd with 50 ml,
of ether. This ether extract was comﬁined with the three previous
ether extracts and the ether evaporéted. The resulting’!iquid
was distilled,

Yield: 3.0 g. (12.2%), b.p. 163-168° @ 8mm.

Calculated for C‘BBZSNB: ‘titrable N, 18.81%. Found 18,764,
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1-[ 8 -(Cyclopropylethylamino)ethyl] piperazine

[>-ca-rm.cn “CH -
| 2 2

C
"y

To 64.5 g. (0.5 mole) of S-aminoethylpiperazine dissolved in
50 ml of ‘methano! was added 3L g. (0‘.10 mole) of methyl cyclopropy!
ketone with shaﬁing. The mixture was then allowed to reflux for one
week. The mixture was treated with 15 g of NaBHh in 50 ml, of methanol.
The methanol as evaporated. The resulting viscous gum was dissolved
slowly with mechanical stirring and cooling in 300 ml, of 6N HCI.
The resulting acid solﬁticn was extracted three times with 50 ml,
portions of ether, The ether extracts were discarded., The acid
layer was then made basic with excess solid NaOH. During this ‘process
the mixture was cooled fn ice. An ofl rose to the surface, This
mixture was then <riracted three times with 100 ml. portions of
ether. The ether extracts were combined and the ather eyaporéted.
The resulting liquid was distilled,

Yield: 25.5g. (32.3%), b.p. 153-158° @ 19.2mm.

Calculated for C”H23N3: titrable N, 21,28%, Found 21,03%.



Ly
1-[A -{3,7-ﬂimethy!-2,6-octadienylanino)ethyl]:(i&r;a\zim
CH

(CHB} 2~C’CH-CHZ-WZ-C=2H-CH2-NH-CH2~CHZ- yH

To 30.4 g. (0.2 mole) of citral dissolved in 100 ml. of
toluene was added 25.8 g. (0.2 mole) of A -aminoethylpiperazine
with swir%ing. Heat was evolved. The mixture was refluxed using a
water trap. A quantitative ylield of water was obtained in about
2 hours. To the mixture was added 6 g. of NaBH,. No reaction was
observed until a sample of methanol was added. Complete solution
took place after 50 ml. of methanol had been added in small portions.
The mixture was left standing overnight and a solid separated out
of solutioni The methanol and toluene were evaporated. The viscous
gun which resulted was dissolved, with cooling, in 120 ml. of
6N HCl. This acid solution was extracted with two 100 mi. portions
of ether. The ether extracts were discarded. To the acid layer
was added excess solid NaOH with cooling and an oil rose to the
_ surface, This basic solution was extracted with two 100 ml. portions
’and three 50 ml. portions of ether. The ether extracts were combined .
and the ether evaporated. The _resulting viscous liquid Qas distilled.

Yields 10.9 g. {(20.5%), b.p. 168-172° € ,1mm,

Calculated for C‘ 6”3‘N3! titrable N, 15.83%. Found 15.36%.
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1-[ 3 -(2-1sopropyl-5-methylcyciohexylami no)ethyﬂ piperazine

H3C\9ﬁCH3 «
ONH-CHZ-CHZ-OH

CHs | |
To 15.k g. (0.1 mole} of menthone dizsolved in 50 mi. of abs-
olute methanol was added 12.9 g. (0.1 mole) of B -aminoethylpiperazine
with shal;fng. The mixture was allowed to standrove‘might' To the
mixture was added 3 g. of NaBHk. The mixtu(e wzs allowed to stand
until the evolution of hydrogen ceased, which r‘equit"ed about 11 hours.
The methanol was avaporated and to the resulting viscous liquid was
added 100 ml. of water. The liquid did not dissolve completely in
the water, This mixture was then extracted with 100 ml. of ether. i
To the water layer was added 20 g. of solid NaOH. After cooling, this
basic layer was extracted with a mixture of 100 mi. of ether and 25 ml.
of butanol. The ether-butano! layer was removed and to the basic layer
was added an additional 20 g. of solid NaOM. After cooling, this
basic layer was extracted with 100 ml. of ether. The two ether extracts
and the ether-butanol extract were combined and the volatile matarial
was evaporated. The residue was distilled.
Yield: 4.54 g. (17.0%), b.p. 160-164° @ .02mn.
Calculated for CygHiqNa: titrable N, 15.71%. Found 15.23%.



L3

i- {_p-B-(Z,é, 6-Trimethyl-2-cyclohexeny!)-1-methy1-2-propenylamino]
ethyl} piperazine

H3
CH=CH-CH-NH-CH,~CHy~ H
CHj

To 19.2 g. {u.1 mole) of X -ionone dissolved in 50 mi. of abs-
olute methanol was added 12,9 g. (0.1 mole) of A-aminoethylpiperazine
with shaking. The mixture was allowed to s%and for about 3 hours
and then 3 g. of NaBHj, was added. The mixture was allowed to stand
until the evolution of h}drogen ceased. The methanol was evaporated
and 100 ml, of water was added to the residue. The residue was not
completely soluble in the water. This mixture was extracted with two
100 mi. portions and one 50 ml. portion of ether. To the water layer was
added 20 g. of solid NaOH. The resulting mixture was cooled and ex-
tracted with 75 ml. of ether. The ether extracts were combined and
the ether evaporated. The liquid residue was distilled,

Yield: 7.3 g. (23.9%), b.p. 180-185° @ .05mn.
Caleulated for CygHagNat  titrable N, 15.71%. Found 15.23%,



1- [#~(2-Hydroxy-1,2-diphenylethylamino)ethy{] piperazine

]

|
NH-CHZ-CHZ-OH

To 21.2 g. (0.1 mole) of benzoin diseolved in 100 ml, of
hot toluens uas‘ added 12.9 'g.’ (0.1 mole) of A -aminoethy?pfperaz{m
with shaking, | The mixture was Fefluxed with a water trap attached.
A quanti tafivé yield of water was obtained within ten minutes,
The refluxing was stopped and three 3 g. of NaBH, was added. Then
70 mi. of meihano! was added. The addition of the methanol tock
the NaBH, into solution resulting in the evolution of hydrogen.
Following reduction, about 1} hours, the methanol and toluene were
_evaporated and the resulting viscous guw was dissolved in 70 ml,
of 6K HCY with cooling in ice. The acid solution was extracted-
with 100 ml, and two 50ml, 9nrfions of ether, The acid layer
vas ’tﬁen‘ made basic with excess solfd NaOH while cooling. A
viscous gum then rose to the surface., The 5&8*16 solution and gum
were extracted' with one 100 ml, and two 50 ml. porticons of ether,
The ether w&s evaporated and the lresidua distilled,

Yield: 13.0 g. (ko.d%),' b.p. 233-237° @ .15mm,

Calculated for c20527u3o= "titrable N, 12.91%. Found 12.3%%.



L5
1- [4-(3Tropylamino)ethyl]piperazine

CH -Fi-gnz Q"
iIc H-NH-CH,,~CH, -
Cﬂzg H-gﬂz 272

To 10 g. (0.07 mole) ofltropinone dissolved in appofx‘imately
75 ml. of absolute methanol.was added 9 g. (0.07 mole) of A -an*no-
ethylpiprerazine‘.. The mixture was al lo& to stand overnight. To’
the mixture was added 2.8 g. of ‘ﬁaBHk and Qhen ‘thek evolution of
hydrogen ceased the methanol was e\)aporated. The resulting viscous
gun was dissolved in water and solid NaOH was added until two |
distinct layers were formed. An attempt was made to extract the |
mixture with ether but the upper organic layer did not dissolve
to any appreciable extent in the ether, thus fbrming three layers.
The upper and middle layers wera separated from the lower layer.
The lower layer was extracted with approximately 75ml. of ether. This
ether layer was added to the upper and middle layers. The lower
layer was treated with solid N_aDH and the upper Jayer thus formed was
added to the ether layers already obtained. The ether was evaporated
and the resulting viscous liquid was distilled.

Yields 3.8 g. (21.5%), b.p. 160-164%% @ -Imm.

Calculated for Cy M titrable N, 22.20%. Found 22.05%



L6

1{2 - &4Cyc1opropyibenzylamino)ethyl |piperazine

{‘iii'tggrﬂH—CHZ-CH2—<z:::>m

To 64.5 g. (0.5 mole) of p-amfnoethyi piéerazine'dissolved in
50 ml. of methanol! was added 73 g. (0.5 mﬁ!e) of 'phenylcy‘c!opropy!
ketone wfth Qhaking. The mixture was allowed fo reflux for one
Iw;sak. Part of the methanél was evapor;ated and 100 uil."vof toluene
was added and the toluene distilled. During this distillation
about 5 ml. of H,0 was removed from the distilled toluene. To |
| fhg resulting mixture was added 15 g. of NaBHl' fn absolute mathanol .
and the methanol ‘e'vaporafed. The resulting viscous gém was taken
up with cooling and stirring fn 300 mi, of 'sg‘nc:.‘ The acid solution
was extracted three times with 50 ml. portions of ethér.x The
ether extracts were discarded. The acid layer was then made basic
thh §xces; sol{d NaOH and eitra;:ted three times with 100 ml.
portions of ether.. The etfnerjeitrécts were»couhined and the ether
| evaporated. The resu‘l't'frv:g'liqdid‘uas distiiled,
 Yeld:  18.35g. (15.8%), b.p. 178-182° @ .5m.
Caxcuigted for c:h"z-,'“s* tit(rable’N, 16.20%, Found 16.37%.



1-[ A -(B-Pyridyimethylamino)ethyi]piperazine

CHZ-NH-CHZ-CHZ-OH

To a solution of 38.7 g. {0.30 mole) of 2 -aminoethylpiperazine
dissolved in 25 ml. of absolute methanol was added 32.1 g. (0.30 mole)}
of 3-pyridine§arboxaldehyde with shaking. The mixture was allowed
to stand for 15 minutes, after which 7.6 g. (0.2 mole) of NaBHh
in 100 ml. of methanol was added with shaking. Upon completion of
reduction the methanol wé; evaporated using an evaporator. Two
layers appeareéd. To this mixture was added 200 mi. of 6N NaOH
and the basic mixture was extracted with 250 mi. of ether. To
the ether layer was added 100 ml. of 12N HC! and the mixture was
cooled in an ice bath. An additional 200 ml. of ether was added
and the entire upper layer was separated and discarded. To the lower
acid solution was added 6N NaOH until it became strongly basic. All
the product remained in solution. The solution was saturated with
solid K2C03.
The upper layer was dissolved in 300 ml, of ether and 200 ml. of

Two layers formed and the lower layer was discarded.

athanol. A White solid came out of solution and was filtered. The
precipitate was discarded and the filtrate was dried over solid
K2603. The mixture was ffltered and most of the ether evaporated.
The remainder of the ethanél were distilled off using the water
aspirator and the resulting viscous lfquid was distilled using a
vacuum pump. |

Yield: 32.0 g. {14.5%), b.p. 176-180° @ .3m.

Calcutated for CIZHZONQS titrab%e N, 25.43%. Found 25.57%.

Ly



Unsuccessful attempts were made to obtain the reduced conden-

sation products of B -aminoethylpiperazine with the following ketones:

Xanthene-B-one 1,2, B,Q-Tetrahydroacridone Anthrone
-Chlorothioxanthom Fluorenone

These compounds were refluxéd, in some cases for a week or more,
with ﬁ-animcthy!pi‘paéazine in such so)vénts as xylene, tolueng,
methanol and butanol, but in all caﬁe’s following addition of NaBHj
and standard purification procedures, no analyzable product was

obtained.



L9
METHOD OF ANALYSIS

The;compdunds prepared in this thesis were analyzed by titrating
the basic nitrejen atoms. The compound shown, for example, has three

titrable nitrogen atoms.

CHy -N-CHp~CHp-
Yowy < OM

A small sample {0.05-0.15 g.) of each compound was weighed,
dissolved in glacial acetic acid and tif.rated with standardized
perchloric acid in glacial acetic acid. During the titration, the
solution was stirred with a magnetic stirrer and the progress of
the titration was followed using a Beckman Glass Electrode pH meter,
Model H-2, The end point of the titration was determined as the
point of maximun change in potential per mitliliter increment of
titrant added. \

The method of calculation is shown below, where B is the number
of titrable nitrogen atoms.

B X Wt. of Sample X 1000 .
mi. of Acid X N of Acid - Molecular Weight

B X 14.03 X 100 _
Molecular Weight = ZN




- TABLE of RESULTS

] 73
a-n-c&z-cnz-O-a'
‘R . :

[ it

R R R™ ¥ Yield B.P. CO Pressure N%
. : : o, Calc. . Found
O- . 'H “H o , 3305 “&8-!50 006 ‘9-90 '{‘9‘1962 "
' 0 0 | |
- -C-CH; -C-CH3  40.0 228-232 0.2  b74 S
~CHy~ -H. _ ’_H _ 39.4 145-150 0.5 19.17 ‘8.98
o -Qiz— ~C-CH3 ~C—CH3 32.8 2257230 0.2 4,62 5.07
CHy : - | |
B @ | -H | -H | 18.3 143-148 0.3 15.85 15.64
@ - -H -Cﬂ3 o 12.9 214.218 30. 15.04 14.97
-H -H 24,7 192-196 38-- 18.81 18.31

H  -H 12,0  180-189 1.0 16.22 16.11

-

69.3  166-170 0.6 14,62 14.36

: |
l“
]

- -

’ '
=

-H -H 12,2 163-168 8.0 18.41 18.76

>y



TABLE of RESULTS (Cont.)

R-H-CHa~CH, K N-R
R R R % Yield B.P. C° Pressure N%
' mm., Calc. Found
-'CH- . ~-H ]5.& 178-182 0.5 16.20 16,37
(>-g- H M 32.3  153-158  19.2  21.28 21.03
H3
{CH) BC=CHCHZCH26( CH3) =CHCHy~
"ﬂ 'H 2065 !68"'72 0‘1 ‘5-83 ;5.36
H3
~H <H 17.0 160-164 0.02 15.71 15.23
I\H
H3C CHs
HaC CH
3\/ 3 CH3
CH=CH.CH- -H -H 23.9 180-185 0.05 15.71 15.23
-CH3
OH
-H -H’ 40.0 233-237 0.15 12.91 12.39
VRSN CHZ- . .
./ -H ~H 14.5 176-180 0.3 25.43 25.57
CH,-CH-CH,
CH3N CH- ~H ~H ‘ 21.5 160-164 0.1 22,20 22.05

CH,~CH-~CHp
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SUMMARY

A series of potential pharmaceutigal derivatives of g-amino-
ethylpiperazine was prepared by condensing aldehydes and ketones
with the primary amino group of‘}g-éminoethy!piperazine to form the
Schiff bases. The Schiff bases were reduced to secondary amines
using sodium borohydride. |

In»néarly all of the compounds prepared, the groups attached
to fhe S -aminoethylpiperazine nucleus are known to have medicinal
Vpropertiés which are the same as those expected of the AS-amino-
ethylpiperazine ﬁoiety. The compounds are expected’to have one
or more of the following activities: antispasmodic, anticholinergic,
antihistaminic, vasodilator, ganglioni: blocking, analgesic, sympatho-
mimetic and sympatholytic. The actual activities are pending the

results of pharmacological testing by the A. H. Robins Co. Inc,
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