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The hope of finding compounds with clinical anti-
depressant properties of the imipramnine type, led to
the synthesis aund pharmacological investigation of a
new series of compounds, dibenzola.d]-eyeloheptadicue
dervivatives, '3

The mtensive pharmacological study of one of these
compounds, amitriptyline,* and the subsequent clin-
ical verification of itz antidepressant  propertiest-s
has provided some information about the types of
pharmacological effects in animals which are predictive
of antidepressant activity i himans, It should he
made elear, however, that there Is to date no single
test which is indicative of antidepressant uetivity:
rather, it has been the profile of pharmacological ac-
tivity and the similarity of chemical structuve which has
led to the clinical trial of new compounds in this area.

The compounds reported here were synthesized in
this laboratory for pharmacological investigation as
psyvchotropic agents.'  Amitriptyline (compound 3)
and  desmethyl-amitriptyline™ (compound H) are in-
cluded 1 the series. The compounds were studied
by several methods {or both central and peripheral
activities,

Methods.—The compounds were tested for acute toxicily
(11}, effect on rectnl body tempernture, effect on maximal elec-
troshock seizures (MES), potentiation of a subhypnotic dose of
aleohol, effect on a trained runway response, ataxic effect, nnd
elfect on u conditioned avoidance response. A full deseription of
these experimental procedures has been reported previously.”
The mydriatie effect (change in pupil diameter caused by '/,
L.1)5, in mire) was also measured. The results were expressed as
the mean dilference between the pre- and post-treatment score
{arbitrary units measured by menns of « scale mounted within a
stereomicroscope). A score of 40 represented maximal dilation
of the pupil.  All compounds were injected i.p.  When used, the
LDz and EDiy were enleulated by the method of Litehfield and
Wileoxon.

The antispasmodic activity of the compounds in witro (con-
centration which inhibited the contraction hy 509¢) was studied
on isolated strips of guinea pig ileiim using one of two spasmogens
(0.1 pg./ml. of neetyleholine or 0.1 pg./ml. of histamine dihyvdro-
chloride’.

The results nre presented in Table I,
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cated, the compounds were studied as the HCI salt, however,
the results are expressed us the free hase in all cases,

Results and Discussion

The componnds studied were dibenzo  [a.d]-evelo-
heptadiene and -triene derivatives having side chains
which have been applied 0 the phenothiazine, thio-
xanthene and iumodibenzyl series. T general, it enn
be stated that the compounds with those side chains
which had proven active in the other series woere ulso
etfective 1n o =eries. Representative  comrpounds
front caclt ol these =eries, chlerpromazine, chlorpro-
thixeue, Imipramine. asd nmitriptyline have  been
studied and compared and 1t should be ciphasized
that, although the two latter compornds are ealled
“antidepressant="” clinically, they do not possess clas-
steal stinulating propertics i animals. They possess,
rather, depressapt properties, e.g.. they lower body
temperature, potentiate narcosis, depress exploratory
motility and tmpaty learned respouses. It has been
pointed out previously that it might be their relative
effectiveness ou different texts which could best char-
acterize their p=yvchotronic action. 1t was, therefore,
the profile of pharmuacological activity vather than the
offectiveness of a compourl on any particular test
whiell was studied in this scries. It ean be scen from
Table T that most of the componuds had some activity
I every test. but seldom did a partienlar strnetural
nodification lead to unifornt alteration in activity in all
tests. This fact Binits the possibility of drawing precise
structure-activity relationships. There are, however,
a foew generalizations which can be made.

When the three mabnr chemieal classes (tertiary
carbinols, oleiins, and their corvesponding saturated
forms, represented by compounds 1, 3, and 2, respec-
tively) were eompared, the tertiary carbinols, e,
componnds I 19, and 24, were the least potent both
centrally aud peripherally, whereas the correspouding
olefins, e.g.. compounds 3. 21, and 26, were geuerally
the most potetst,

The uroduction of a double-bond 11 the 10,11
position of the ring (R = Cl==CH, compounds 42-47)
cauxed an tnerease in central activity (as indicated by
alcohol potentiation and rminway effect) and a deerease
1 peripheral  activity.  Compounds in which  the
3-position was substitnted by chlovine had pharma-
cological propertiex more similar to the tranquilizer,
chlovpromnzine, thane to the antidepressants.  Two
componnds, 41 and 45, are most striking in this respect.
They caused marked hypothermia, and potentiated
aleohol naveosi= L1 very small doses.'?  Furthermone,
the effective dose mnge of these compounds o a con-
ditioned  avoldancee response was closer to that of
chlorpromazine than to that of cither imipramine or
amitriptyline  Tinally, i was found that compounds
with u chlorine in the 3-position depressed spoiutaneonns
motility 1 doses of 4-8& mg. ke, Lp., whereas, similar
depression was zcldom obtained with doses as high as
'y IDs in the unsubstituted compounds. A char-
acterization of these compounds as tranquilizer-like
15 1 agreement. with the statement of Protiva, et ol

In ecouclision, 1t ean be stated that many of the

£12) In oar experiments ¢hlorpromazine luwered body temperatire 8.0°

at 1/ LDs, i.p., in mice, and the Tlse for alcohul potentiation was D.5 =
0.08 mg./kg.. I.p-
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compounds possessed profiles of pharmacological ac-
tivity similar to that of amitriptyline and, therefore,
they could be expected to possess antidepressant prop-
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1 OH (CH)sN{CHa):

2 H (CH2)sN(CHa):

3  =CHCH:CH:N(CH:

4 =CHCH:CH:N(CHzOC;
5 =CHCH:.CH:NHCH:
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18  =CHCH:CH:NCuHsO:"
19 OH CH:CH(CHs)CH:N(CHs);
20 H  CH:CH(CHs)CH:N(CHae
91  =CHCH(CH:)CH:N(CHj):
24 11 CH.C(CH3)2CHaN(CHay),
23 =CHC(CHg:CH2N(CHy)2
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25 H  CH:CH:N(CHy:

26 =CHCH:N(CHz3):

27 OH CH:CHoN:C;Hu?

28 H  CH;CH:N:CsHi¢
29 =CHCH;N2CsHu?

30 =CHCsH.:N?

31 OH CH.CsHiN?

32 H  CH;C:HuN?
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3¢ OH CH:CHyCsHnNF
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3¢  =CHCH:C¢H:N*

37 H  CHyC:HoN!

38  =ClLCHCH:N(CH;):.
30 H  CH:CH:CH:N(CHi:
40  =CHCH:CH:N(CHzs):(a)™
41  =CHCH:CH:N(CHa:(8)"

R = CH=CH

42 =CHCH:CH:N(Clis):

45 OH (CH:2)sN(CHas):

4t =CHCH:CH:N(CHyz(a)™
45 =CHCH:CH:N(CHg(®"
16  =CHCH(CH:)CH:N(CHs:
47  =CHCH.CH:N(CH:

e NC;H), = piperidine.
¢ N.CH;30 = 1-(2-hvdroxyethvl)piperazino.
= 4-carbethoxy-4-pheaylpiperidino.
2.piperidyl.
§ H,PO,..

piperidyl.

? base.

LCHN =
a HgSOo,.

" oxalate.
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SOt

LDso
approx.
meg./kg.

(mice)
120-130
112 £ 3
83 £ 2
400-450
70-80
60-70
55-63
180-210
80-90
80-90
90-110
90--110
115-125
100-110
130-150
270-320
180-220
210-230
220-270
110-135
80-90
1 5--145
115-125
160-175
&0-90
75-90
60-70
115-125

4555
00-115
70-20
00-110
80-90

90--100
85-93
9n-110
90-110

117 = 3.6
65-75

7N\
X Y
Tem-
pera.
ture
de-
crease
°C Mydri- MES
mice asis EDso
(¥*rats) 1/3 LDsg mg./kg.
17¢LDss (mice) (niice)
3 7 20 = 0.7
5 31 15,56 &£ 1
3.5 19 10 = 0.8
35 >100
N 10 19 &= 3
2.5 .. 17 £ 1
4.1 16.8 16.5 = 1
0.8+ 2 25 =+ 4
0.6 14 22 = 1
4.1 10.8  16.5 0.3
1.6*% 17.4 13.5 & 1.2
2% 24 13.5 &£ 0.9
2.1% 3.8 20053 = 1
5.6 5.4 33 = 1.4
2,3% 0 30 £ 1.2
1.1% 2 106 = 9
2.1% 10.8 38 % 1.8
.. 0 >60
I.4% 3 32 = 0.9
3.2 21 22 + 1
2.1 9.4 20 +# 1
.. 14.4 27.5 £ 1.4
1% 8.1 27 £ 1.4
2.1% 6 23 = 1.8
2, 4% 13 13 £ 0.6
2.3% 19 9.8 = 0.9
0 0 >15
1.0% 2.1 34 % 8
1% 15 22 = 6
1.5 17 17 £ 2.2
0* 4.4 >3
1% 35 21 = 1
0* 257.8 17 £ 2
0* 6 34 = 3
o* 33 27 £ 2
2.3% 24 16.7 = 2
. 0 >15
2.3% 08 37 £ 1
4 8 >15
4.9 15.8 22 £ 1.2
7.4 20 &£ 2.4
6.9 e 19.2 &£ 1.4
1.7% 2.6 22 £ 1.7
7.1 24.6 25 &£ 0.5
11 .. 20 £ 0.8
2. 5% 2.8 29 = 1.5
0% 1.8 >20

erties in depressed patients.
of the psychotropic properties of these compounds
must await clinical studies.

Algohol
potentia~
tion
EDso
meg./kg.
(inice)
33 = 2
10 = 0.2
7.9 £ 0.8
83 £ 7
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¢ NC;H; = 1,2,5,6 tetrahydropyridino.
TN.CsH 50, = 4-(2-acetoxyethyl)piperazino. ¢ NC;HO = morpholino. * NCuH;0,
szH:mt\v = 1-methyl-2—
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The final characterization

Run.
way
effect

approx.

EDs:o

mg./kg.

(rats)

30
11

20

7 C;H )N = l-methyl-3-pyrrolidyl.

Ataxia
apPProx.
EDsg
mg./kg.
(rats)
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40
53
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>90
45
>40
70
435
50
50
45

62
Q0
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22
45
>55
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" lower melting point geometric isomer.

Antihis-
tamine
relative
po-
tency:
pro-
metha-
zine
= 100
4.5
114
&0
0.14
40
27
31
2
33
30
15
22
40

66
3

15
18
3
0.7

¢ N:C;H,, = 4-methylpiperazino.

° 2HCL



