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A series of 5-dialkylaminoalkyl-5-cyano and -3-carboxamidodibenzo(a,d]cycloheptadienes has been prepared.
The nitriles were derived by alkylation of 5-cyanodibenzo[a,d]eycloheptadiene; hydrolysis of some of them

by sulfuric acid furnished the corresponding carboxamides.

A tertiary carboxamide was prepared from pyrroli-

dine via dibenzo[a,d]cycloheptadiene-3-carboxylic acid and its acid chloride; this was then alkylated in the

usual manner,

Various routes to the carboxylic acid were investigated. Certain of the compounds possessed

moderate spasmolytic activity while the 5-(3-aminopropyl)-5-carbonitriles had actions on the central nervous
system characteristic of the antidepressant agent amitriptyline.

In our continuing search for new structures with use-
ful psychotropic activities! it was considered of interest
to introduce additional groupings into the 5-position of
certain 5-dialkylaminoalkyldibenzo [a,d Jeyclohepta-
dienes.? The cyano and carboxamido groups were
chosen because of their ease of introduction. Closely
related benzhydryl compounds, <.e., basically sub-
stituted diphenylacetonitriles, and the corresponding
amides, have been studied extensively as pharmaco-
dynamic agents, particularly as spasmolytics and anal-
gesics.® Other workers4® have reported investigations
on 5-dialkylaminoalkoxydibenzo[a,d ]Jeycloheptadienes.
These may be regarded as ring analogs of the corre-
sponding benzhydryl ethers in which the phenyl groups
are linked by an o,0’-ethylene bridge.

The nitriles, listed in Table I, could be prepared con-
veniently by alkylation of 5-cyanodibenzola,d]eyclo-
heptadiene (II) in toluene with the appropriate amino-
alkyl chloride, using sodium hydride as the condensing
agent. An exception was the preparation of VI; here
the nitrile was first alkylated with 1,2-dibromoethane
employing conditions similar to those used with di-
phenylacetonitrile,® and the partially purified 5-(2-
bromoethyl)-3-carbonitrile (III) was then treated with
4-carbethoxy-4-phenylpiperidine.

The preparation of IT could be effected in good yield
from the interaction of the 5-chloro compound (I) with
silver ecyvanide in anhydrous acetonitrile or, more con-
veniently, benzene.  Attempted preparations with
cuprous cyanide in either pyridine’ or dimethylsulf-
oxide® gave little or none of the desired product.
Attempted displacement of the p-toluenesulfonate ester
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Chem.. 4, 335 (1961).

(5) V. Mychajlyszyn and M. Protiva, Collection Czech. Chem. Commun..
24, 3955 (1959).
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of dibenzo [a,d Jeycloheptadiene-3-0l with potassium cy-
anide or heating the free alcohol with a mixture of
sodium cyanide, glacial acetic acid, and sulfuric acid®
was also unsuccessful.

The cyano group in compound V could be readily
removed by treating with sodium amide in boiling xy-
lene® to furnish IX. This provides an alternative route
to the 2-aminoethyl compounds which cannot be pre-
pared via a Grignard reaction.?

Hydrolysis of certain of the basic nitriles to the coire-
sponding carboxamides (Table II) was effected by heat-
ing with 909 sulfuric acid at about 100°. In this man-
ner V was converted to VIII. This procedure, used
for the preparation of the related diphenylacetamides,!
gave compounds from which it was somewhat difficult
to obtain pure salts. Compound VII was obtained
from the pyrrolidide, 2-morpholinoethyl chloride and
sodium hydride in toluene in 389, yield. Similar
alkylations of tertiary diphenylacetamides have been
reportedil1? to give only fair yields of products. The
intermediate pyrrolidide was obtained from pyriolidine
and  dibenzo[a,d]eycloheptadiene-3-carboxylic  acid
(IV) via the acid chloride.

The carboxylic acid could be prepared by the acid
hydrolysis of the nitrile (II) or, more simply, by the
interaction of the chloride (I) with lithium in tetra-
hydrofuran with subsequent carbonation following a
procedure developed for the synthesis of diphenyl-
aeetic acid from benzhydryl chloride.’* The dimeric
hydrocarbon 3,5’-bisdibenzo [a,d Jeycloheptadiene® was,
however, not cleaved to the 5-lithio compound when
treated with lithium in tetrahydrofuran under a variety
of conditions. sym-Tetraphenylethane is known to
give diphenylmethyllithium under mild conditions.!?
Metalation of dibenzo[a,d]cycloheptadiene by potassium
amide in liquid ammonia and by sodium-naphthalene
in tetrahydrofuran followed by carbonation gave the
acid in yields of 32 and 109, respectively. Similar
metalations of diphenylmethane gave diphenylacetic
acid in yields of 9094 and 709, respectively. The
low acidity of this hydrocarbon was further demon-
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TasrLe |
D1BENZO [4,]] CYCLOHEPTADIENE-)-ARBONITRILES
CN R
Re-
eryst. Yield, ——Analyses: Caled. over foamd——
R Nu. Salt Mo, 2C solv. " I'oeyoal & n N 1
(CH2):N(CuH ), 1A HU IN5-180 dec. o CuHyrCING 7,90 (.90
795 10.07
{CHu)N(CaHy)e 1B CH,I 229-230 dec. 4 CyHuu NI 6.0y 2757
508 2760
(CHe)e N[CH(CHa )]s 24 HCI 179-180 dec. ¢ 73 CeqHy CIN, 7527 816 0,26
G SO1S 09 34
(CH.):N[CH(CH. s 213 CH,I 195-196 dec. CeHinl N 574 20,000
5730 20,90
374 Base 127128 dec. CieH gy NSO, RO30 0 TU16 H.8H
.86 723 5.7Y
CeHs . o . . . .
<CH2)2NC>< 3B HCI 160~161 dec. @ 31 o CING O, R (.88
CO0,C.H; S )
). (1) . S0
3C HPO, 195 CaHg Nl 6.0+ 647 1,86
6677 6.a7 486
(CH. i N(CHa)s + H(l 232-233 dec. «d 69 Co HuCIN S22 10,40
NS035 10,09
CH,CH(CH)CH.N(CH: ). 5 Fumarate 215216 dee. ¢ 36 CysHpeNaO TLSG 696 6.4
N T80 71T (.33
(CHaN,  N=CH 6 Base " Sl CaHaeN, SOU18 0 8130 11,69
. -CH, SOU19 803 11,66
(CHs N - . B )
; Benzilate 118-119 dec. i 30 CanHaNu, THY 704 480
Tty 722 a.08
CH, 8 HCl 213-215 dec. 30 CeHoCIN TIRN T4 10.05
Thoa3 T2 002

e
o)

Y Bp. 206-210° (1-2 nun.).
# Methanal. 7 Acetane.

o Acctamitrile. ¢ lither.

" Tadine.

¢ Lthanol. ¢ 2-Prapanol.

fPetrolenm ether (boge 100-120°5 ¢ Water,

TaBLe 11

ID1BENZO]1,d] € YCLOHEPTADIEN E-3-CARBON AMID IS

J

®

ZCO R
Re-
ervsls Yield, ~—Analyses: Culed. ovee Tonpel—
7z I No. Rall ALy, °C solv. 7 Foroola ¢ H N 1
\—H_ ((‘Hg);_\’(CgH,L 0 (Oxalate 161-162 dec. o tih (,‘-_v;H:((»_\"zU:, [Frghy 708 6,07
67.35  T.17T  G.A0
N H. (CHy):N{CH(CHj)s» 10A Base 112-113 dec. b5 CyaHga NGO 7008 N8 T.69
TR0 NAY TN
NH: (CHuN[CH(CHs)s) 10B CH,I 158-163 dec. i Cundd5IN0 00030 244N
~ a1l 244
NC] (CHmN\_/O 1A Base 145-149 38 Cap N0y TTOIO TaT 603
— TT.03 T4 6.NT
N/j (CHguN  © 113 HO 244-246 dec. " CaeHCIN O, TON T4 635 S04
~ A TOTH TT2 6.6y 8.04
N (CH N (CHu)s 12 Oxalate  176-177 dec. 67 CagH N0y 66.97 6.8+  6.79

“ lithanal.  * Bther, ¢ Petrolemn ether (b.p. 80-100°).

strated by its inability to be metalated by sodium Ly-
dride,* phenylsodium or butyllithium.'® In contrast,
dibenzola,eleyeloheptatriene may be easily meta-
lated. V713

(LG Thae wetion of propyllithBiie on diplhienylinetltave gives diplienyl-
ac Lyl in sood yields: Fl. Gilman, aud B.J, Caj, J. dm. Chem. Soc..
82, 1306 (1860).

7 I Villgnd, €L AL Blls, CL Tesehnraa, atd €L Bigos, J. Med. Pharm.
Chene, B, 5798 (TG,

A8y CoLoddd, A Lo Denkker amd J0 1 Biglo Ui Pateal 2,485, 6«0
SLUGT S,

¢ Acetone.
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Pharmacological Activity.—Six compouuds (4-8, 12}
were screened for their effects in a series of tests for
antidepressant and certain otlier central actions. The
tests ineluded were: the determination of acute toxicity
(1.Ds), potentiation of a sub-narcotiec dose of cthanol,
protection against maximal electroshock seizures (MES)
mydriatic action, ataxic cffect, and wfluenee on u
conditioned respouse (runway test). .\ detailed de-
scription of these methods lLax been reported pre-
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0.0 AgCN 0.0 CH,Br; /\
NaH )
Cl CN CN  CH:CH:Br
I I III
1,Li CeH
lz, CO, Jg:gHz)aN(CHa)z @< 5
CO,C,Hy
LD
CN  (CHy)sN(CHaj), CH.CH:N
CO:H
W v VI C0.C,H;
1, SOCl, 90% H,S0, NaNH;
2, C,H,N

3. CICH,CH,NC,HsO; NaH

LD

™\
(130 CHzCHzN\_/O

Eb VIII
VII
TasLE 111
PHARMACOLOGICAL ACTIVITY in vivo

Run-

way

Mydria- Ataxia EDso

Narcosis sis® EDso ap-
Com- LDs potentiation caused approx., prox.,
pound approx.. EDs = S.E..  MES, by /s mg./ mg/
no. mg./kg.® me./kg® mg/ke? LDso® kg.b ka.?
4 120 32 +£95 38 =1 7.6 >67 9

3 240 24 £ 2 21 =1 10 90 22

6 90 8 £ 1 >20 1.9 >70 20

7 135 13 =2 >36 7.8 >105 21

8 110 8 +£1 >27 26.6 49 8
12 150 40 £ 4 >40 4.6 .. 30

Amitrip-
tyline 8 T7.9=%+08 1008 19 53 8
® Mice, i.p. ? Rats, i.p. ¢ The numbers represent unit in-

creases over control pupil diameter; 40 is approximately the
maximal dilation. > means that the compound was inactive
up to the dose indicated in the table.

viously.?® The results are presented and compared to
those of amitriptyline in Table III. In all cases the
doses are expressed in terms of the free base.

The profile of activity of these compounds was similar
to that of amitriptyline, and, therefore, they might be
expected to possess antidepressant properties. In gen-
eral, however, the compounds were less potent and less
toxic. In the runway test, compounds 4 and 8 compare
favorably to amitriptyline, whereas the others are much
less active. It is interesting to note that compound 12,
in which the carbonitrile group of compound 4 is re-
placed by a carboxamido group, was the least effective.
While there were some compounds which were as potent
as amitriptyline in other tests, e.g., narcosis potentia-
tion, all of the compounds were inferior to it against
MES.

It may be noted that one of the compounds, 11B,
which is a ring-analog of a compound reported to have

(19) F. Herr, J. Stewart, and M. P, Charest, Arch. Intern. Pharmacodyn.,
134, 328 (1961).

H,NCO (CHj3)sN(CHs),

D

(CH3)sN(CHs).
IX

analgesic action in the range of meperidine,??! did not
have any analgesic effect in doses up to 80 mg./kg., s.c.,
when tested by the radiant heat method in mice.

The water-soluble compounds were also tested against
acetylcholine- and histamine-induced contraction in iso-
lated guina pig by the method of Magnus. The per
cent inhibition was calculated from contractions ob-
tained before (control) and after the ileum had been in
contact with the test compound for 2 min. The
average value from a minimum of 3 strips of each of 3
or more concentrations was plotted and the median
effective concentration (ECs) was calculated. The
ECy values are expressed in terms of the free base.
The results are found in Table IV,

In our series the tertiary amines had antiacetyl-
choline activity which was less than 49, of that of atro-
pine. These compounds are less active than the

TasLE IV
AxTIsPasMopIC AcTIviTY IN IsoraTep GuiNea Pig ILEuM

Antiacetylcholine activity ~——Antihistamine activity—

Relative Relative
potency potency
ECso Atropine = ECso Prometha-
Contpound no. (ug./ml.) 100 (ug./ml) zine = 100
1A 0.1 4.0 0.4 1.0
1B .01 40.0 .36 1.1
2A .23 1.7 .35 1.2
2B .02 20.0 12 3.3
4 .13 3.1 .11 3.6
6 1.2 0.33 .45 0.9
8 0.31 1.3 Vi .52
9 4.3 .03 8.0 .05
10B 0.9 .44 >20 > .02
11B 10.0 .04 0.9 45
12 9.3 .04 5.0 .08
Aniitriptyline 0.038 9.5 0.005 80
Atropine .004 100
Promethazine .004 100

(20) P. A, ). Janssen awd A, 11, Jageneau. J. 'haym. harmacol.. 9, 381
(19a7).

121) FE. (i, van Proosdii-Hartzema and D, K. de Jongh. Acia Physiol.
Pharmacol. Neer., 8, 398 11937): cited frot ref. 3, p. 75.
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analogous benghydryl compounds deseribed by de
Jongh.”* Replacement of the carbonitrile group in
compounds IA and 4 by the carboxamido group to give
compounds= 9 and 12 decreased both autiacetylcholine
and antihistamine activity, whereas a similar replace-
mcut in de Jongh’s series increased the antiacetyl-
chioline activity.  Quaternarization of the amines to
give compounds= 1B and 2B increased the antiacety)-
choliie activity, a result in agreement with de Jongh's
findings.

Wlhen the peripheral activities of our compounds arc
compared to those of amitriptyline it ix secu that ouly
two compounds (iB and ?B) are more active against
acetyleholine, whereas they all have markedly di-
minmshed antihistamine activity (less than 490 of
promethazine compared to 809 for amitriptyline),

Experimental::

5-Cyanodibenzo[a,djcycloheptadiene (II'.—A salution of 3-
chlaradibienzala,d]cyeloheptadiene (1)* (315 g., 1.4 male) in dry
henzene (800 ml.) was added to a stirred suspension of silver
cyanide (234 g., 1.9 male) in benzene (500 ml.) and the mixture
was heated under reflux for 12 hr.  The inarganic material was
filtered otf, waslhied with fresh solvent, aired the cambined salutions
were treated with charcoal and evaporated. TRecrystallization
fram 955 ethanal or carban tetrachlaride-hexane gave 267 g.
(8947 vield) of the nitrile as white needles, m.p. 91-92°.

Anal. Caled. far CreHl:g.\—Z C, .\\7.1]—1; H. 208 N, 6.34.
Found: €, 87.34; H, 2.92: N, (AN

Dibenzo[a,d]cycloheptadiene.-~-A mixture of dilienzofa.d]-
cyeluheptadiene-s-ane (99.0 g., 0.47 mole?, absalute ethanal (50
ml) and Raney nickel (no. 28; 1 teaspoonful) was hydrogenated
at 102 kg./em? at 150° until the thearetical amount of hydrogen
wag consiumed (5 hir.y. The imixture was diluted with ethyl ace-
tate, filtered, evaporated, and distilled to give 61.4 g. (67¢; vield:
of the hydracarbon, Tup. 122-128° (0.4-0.5 m), mep. 74-76°
(lt.5mep. 75°).

Dibenzo[a,d|cycloheptadiene-5-carboxylic Acid (IV). A.-—-A
well stirred suspensian of the nitrile (IT) (26.2 g., 0.12 mole) in
A57'%, sulfurie acid (160 ml.)y was heated under reflux for 5.4 hr.
I'he mixture was caaled, diluted with water, the cullected pre-
cipitate was stirred with dilute sudinm hydroxide salution and the
snspension was filtered.  Acidification of the filtrate gave 20.1
g. (709 vield) of needles from ethylene dichloride, nige 220 -
22]e.

Anal, Caled. far CyH 04 € Fennd: )
R0.17; 1, 985,

Irom the alkali-insolitble material there was isalated 4.0 g
(14¢,, vield) of dibenzala.d]cyelaheptadiene-s-carhaxamide, lang
needles fram acetunitrile, inp. 193-104°.

dnal. Caled. for CuHENO: €, 800080 11 6.37: N, 1090,
Fanrd: C, 8004 H, 6.60: N, 6.10.

B.—Lithimn (fraan a 40¢, dispersion in oil; 32,4 g, 1.86 g.
alin) wag suspended in dry tetrahydrafuran (300 ml ) and the
mixture was stirred nunder nitrogen.  Alwat 30wl of a solution
of 10100 g.. 041 maley in tetrahydrafuran (250 1wl was added
and the mixture was stirred aned Leated under reflux far 3 hr.,
during which time a deep red culor developed. Heating was
cumtinned and the remainder of the solntion was added dropwise
over a period of 4 ir. The reaction was campleted by heating
for a further 2 hr., and keeping avernight at ramn temperature.
The mixture was ponred onta an excess of Dry Iee and when it
e ecime ta room temperatnre the mnsed lithimn was destroyved
by the addition of ethanal. It was then ponred inta dilute hydro-
ehlorie neid and the ehloroform extract of the aqueaus layver was
extracted with 1047 sadimn hydraxide salntion. The alkaline
laver was washed with hexane and acidified ta furnish 76.2 g.
(730 vield)y of the aeid, m.p. 217°.

(.—Patassinm {1.1 g., 0.028 g. :tand was added in small
partions to liquid sumnonia (150 ml) containing a few erystals of
forrie nitrate. - When the Llue colar had heen discharged, o solu-
tiom of dibenzala,d]eyelaheptadiene (4.9 g 0.025 male) in dry

SOG4 L 002,

22 DI de Jonade 1 Goovan Uroosdip-llarizeost, and DL Junssen, Ared,
Interv Phivrpasendyre., 103, 100 1145351,
2 Melting points wiere read orc a Thoaas -Jloover Uniouell appacatas.

A SvNanaea, axp K Ilegrr Vil G

ether « 100 md y was added drapwise. A cliaucteristic ved-vellow
color develaprd at onee. The mixtinre was stirred ot roone
temperature nntil all of the annionia had evaporsted rea 2 T
Tresh ether heing added Tram tme to thne to maintain the cariginad
volime, N\ lavge excess of finely divided Dry Tee wes added and
the mixtire was stred overnight. The suspension was ponred
into cold water (100 ul. 5, the ether Luver separated, washed witle
dilnte sodinmy hiyvdroxide salntion and dried. Ivapesation left
3.2 g 60 recoveryt of hydracarban, nep. 73-77°0 0 Aciditicn-
tion af the camlined alkaline layers gave 1.9 g0 0327 ¢ vield vof the
acid, np. 2417

D.--Nodinn (0.6 ., 0.025 g atom: was added to naphthalenc
23 g (025 moled dissolved in drey tetrahivdrafnean 020 ml.
The mixture was stirred at raom temperature tor t hre., and «
salution of dibenzada.dlevelaheptadiene (4.9 g, 0.025 maled in
tetrahydrafnran (15 mlwas added, emsing a slightly exathermie
rescetion. Ttowas stivved Tor «cfnvether 2l cavlwnated with Dry
[ee nud processed in the nsnal wmanner ta give 1.0 @ of aeidie
werterial, mep. 190-210°, One recrystallization Trom aeetie aeid
ailorded 0.G g 1070 viekd ol the desired acid, negr 2202229,

Dibenzo{a,d|cycloheptadiene-5-carbony! Chloride, ~A salntion
ol thicnyt chloride (3160 .0 026 malet in dey henzene 130 1wl
wirs added dropwise 1o stivred suspension of the carboxylic
weld $31.0 0, 013 medes i benzene, The mistire was heated
mder reflnx Tor 3 Ly codled, and evaporated o racio. The
resichive was teitrated with a little edd petralenm ether (Do
bhelaw 40% 1 aul dried toofurnish 249 ¢ (730 0 vield + of the weid
chloride, nupe 67 06070 A puritie] sianple, needles from hexane,
had nep. 71 727

Anal, Caled. Tor CoH,ClO €0 T0s60 L 5100 CLo1ssg.
IFonnd: C,74.56G:; H, 3.02; Cl, 1254,

Dibenzo|a,d!cycloheptadiene-5-pyrrolidide.—A salution ol tie
acid chlarvide 7120 g, 0.047 mole) in dry benzene (50 ml) was
added dropwise and with stirring to pyrealidine (7.8 g, 0,11 inole;
digsalved in benzene £50 mlo) and the mixtinre was heated nnder
reflux for i hr. The cooled solntion was extraeted with dilute
livdrochlorie weid, wuter and then dried and evaparated.  Tri-
turation of the residnal oil with a little 2-propanal affarded the
amlde as a osolid; prisms from Z-propanol=hexane, w1170
TIT2 02 g, 67, vield n

el Caled. for Cully N ()
Fomud: Co8200: L 741 N, 4.606.

5-Cyano-53-i2-diethylaminoethyl:dibenzo|a,d|{cycloheptadi-
ene, —Sodimn hvdride (53.89, disprersion in ail: 244 ¢, 0.055
mole) was added ta dry tolnene (50 ml. ¢ fallawed Ty a galution of
LLi11.0 g, 005 moler in tadinene (0wl The stirred snspension
wis warned to the boiling point aver o period of 0.5 hr., at which
time o vigorons resction set in with the development of a lirawn
calaration. 1t wis hented nnder refinx for 2.5 hr. caaled amd
treated drapwise with « solntion of 2-diethylaminaethvl chlaride
1905 g, 0.07 woley in tabiene (20 ml o« Heating wis cantinned
for s turther 5 L and themixture wes filtered and extracted with
N hivdrochlorieaeid, The acidie extracts were combined, washed
with ether, and rewlered alkaline with sodimn hydroxide. Tl
liberated ol was taken up i benzene, and the sulntion dried and
evaparated T rarea to constant weight. The produet (142 ¢
was converted tocthe hvdrochloride salt whielr was reerystallized
{rann sectanitrile ether giving 140 g (79 vield i nep. IS5 1867
dee. tsee Talde Toncc 1AL
5-{2-i4-Carbethoxy-4-phenylpiperidine’ethyl| -5-cyanodibenzo-
la,dicycloheptadiene (VIi T the sadinm salt derived fron the
nitrile ¢11.0 g, 0,030 male; and sodimn hyvedride €338 dispersion
i oil; 2o g, 0055 wmoler in dry talnene (100 mly was added
dropwise and with stirring a solntion of 1.2-dilromocthane (0.4
w., 010 moles in tanene (10 ml o« The reaction mixture was
then heated nnder refinx for 4 Ll filtered, and the solntion
concentrated 7o recico. Distillation gave a feaction by, IN6°
(0.3 L (67 g s veflaw-cotored ail containing 5-¢2-lnaima-
ethyld-evunodibenzoia Develaheptadiene (1113,

A solntion of 111067 ¢, 0.02 male), 4-carbethoxy=1-phenyl-
piperidine® (1.6 g, .02 moles in dry xvlene (77 ml) was stirred
annd hesded nuder veiine Tor I8 hieo The mixture was cacled,
dilnted with ether (200 o, and filtered.  The solution was
extracted withe N hyvdrochlorie weld ¢ ml) giving o salt (3.7 @
which eryvstatlized from the waneons layer.  This was calleeted,
washed with o fittle water wmd ether, and rveervstallized from
squeons ethanal ro urnisl 3.2 g (314 vield of the hydroehloride
as white needles, uegr 1G0-161° dec. (see Table T, no. 3B 1.

¢
(

N2obE M, T NS

2y RO Teary o wnd 1L Wadcon, . Claone Soeo 5700 1018 ¢
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5-(2-Diethylaminoethyl)dibenzo[a,d]cycloheptadiene-5-car-
boxamide.—A mixtire of the carbonitrile (no. 1A) (150 g.,
0.042 mole) and 909 sulfuric acid (30 ml.) was heated on the
steam bath with stirring for 3 hr. It was cooled, poured into ice
and water, and the mixture made alkaline with sodium hydroxide.
The product was collected in chloroform and the organic layer was
dried and evaporated. The residue was converted to the cxalate
salt which was recrystallized from ethanol-ether, m.p. 161-162°
dec. (12.2 g., 699 yield) (see Table II, no. 9).
5-(2-Morpholinoethyl)dibenzo[a,d]cycloheptadiene-5-pyrroli-
dide (VII).—A solution of the pyrrolidide (8.3 g., 0.028 mole)
in dry toluene (50 ml.) was added to sodium hydride (53.89 dis-
persion; 1.45 g., 0.032 mole) suspended in toluene (50 ml.).
The mixture was stirred and heated under reflux for 4 hr., during
which time a precipitate formed and an orange color developed.
A solution of 2-chloroethylmorpholine (6.7 g., 0.045 mole) in
toluene (50 ml.) was added dropwise and heating was continued
for an additional 1 hr. The mixture was filtered while hot and the
solution was extracted with dilute hydrochloric acid. The
aqueous layer was extracted with ether, made alkaline and the
oil was taken up in benzene. Ivaporation of the solvent left the

ANALOGS OF IMIPRAMINE 255

product as a solid; needles from petrolemn ether (b.p. 80-
100°) or ethyl acetate-hexane, m.p. 148-149° (4.4 g., 389, vield)
(see Table II, na. 11A),

Removal of the Cyano Group.—A suspension of sodiuin amide
(2.3 g., 0.06 mole) in xylene (100 nil.) was treated with the free
base V (5.1 g., 0.015 mole) and the mixture was stirred and heated
under reflux for 16 hr. It was cooled, treated with water, and
the organic layer was extracted with dilute hydrochloric acid.
The acidic layer was made alkaline and the product was col-
lected in benzene. KEvaporation of the solvent gave 1.1 g. (87¢%
vield) of IX; the hydrochloride, m.p. 185-187°, was identical
with an authentic sample.?

Acknowledgment.—The authors wish to thank Dr.
G. Papineau-Couture, Mrs. J. Jachner, and Mr. M,
Boulerice for spectral data and Mr. W. J. Turnbull for
the microanalyses. Dr. G. S. Myers and his staff
prepared several of the intermediates. The capable
technical assistance of Mr. R. A. Thomas and Miss
Marie-Paule Charest is acknowledged.

Some Analogs of Imipramine

A. M. Moxro, R. M. Quintox, aNp T. I. WriGLEY

Research Division, Pfizer Limated, Sandwich, Kent, England

Recetved September 28, 1962

As part of a search for compounds possessing antidepressant properties, some dialkylaminoalkyl derivatives
af 5,6,11,12-tetrahydrodibenz(b,f]azocine, 5-amino-10,11-dihydro-5H-dibenza[a,d]eycloheptene and 10,11-di-
hydro-5H-dibenzo{b,e]{1,4]diazepine have been synthesized. A summary of the pharmacological results is

given.

In various tests for autonomic activity and for antagonism of reserpine effects the N-(3-dimethylamino-

propyl) derivatives of the first two ring systems possessed negligible activity, whereas 5-(3-dimethylaminopro-
py1)-10,11-dihydrodibenzo[b,e] [1,4] diazepine showed activity comparable to that of imipramine.

In 1957 it was shown! in the Swiss clinies that 3-(3-
dimethylaminopropyl)-10,11-dihydrodibenz [b,f Jazepine
(imipramine) (I) was a useful drug in the treatment of
depressive syndromes, and it has since achieved an
established position in therapy. It was synthesized?
initially as an antihistamine, and was tested for tran-
quillizing properties in view of its close chemical simi-
larity to the phenothiazines. The structural resem-
blance between imipramine and 10-(3-dimethylamino-
propyl)-phenothiazine (proimnazine) (II), contrasted
with their remarkable pharmacological and elinical
differences, stimulated speculation on the changes in
activity that might be encountered by further changes
inthe ring system. Héfliger has pointed out® that both
molecules have similar volume and shape, but that

L0

N
1
((|:H2)3N(CH3)2 (CH2)sN(CHj),

I I

whereas promazine is a symmetrical molecule, the ring
structure of imipramine is asymmetrical, the two aro-
matic rings being markedly twisted relative to each
other. Moreover, with promazine the sulfur atom en-
ables the conjugation of the benzene rings to extend over

(1) L. Kuhn, Schweiz. Med. Wochschr., 87, 1135 (1957).
(2) W. Scliindler and F. Hafliger, Helv. Chim. Acta. 37, 472 (1954).
(5) F. Hifliger, Can. Psych. Assoc. J.. 4, 869 (1959).

this bridge, whereas the two-carbon bridge of imipra-
mine acts as a barrier to conjugation.

With physicochemical points such as these in mind,
and with the aim of discovering agents which show
modified pharmacological properties compared to imi
pramine, we have synthesized various derivatives of
5,6,11,12-tetrahydrodibenz [b,f]azocine (V), 3-amino-
10,11-dihydro-5H-dibenzo [a,d Jeveloheptene (XI), and
10,11-dihydro-5H-dibenzo [b,e}[1,4]diazepine  (XXI).
Recently, other groups of workers with presumably the
same approach i mind, have described several similar
tricyeclic systems carrying dialkylaiminoalkyl side chains,
which are variations of the imipramine and promazine
structures. Iixainples of such compounds arve the drug
5- (3-dimethylaminopropylidene)-10,11-dihydrodibenzo-
[a,d]eycloheptenie (amitriptyline),* and N-(w-dialkyl-
aminoalkyl) derivatives of 3,6 dihydro-11H-dibenz-
[b,elazepine,? 5,10,11,12 tetrahydrodibenz [b,g]azocine,?
6,11-dihydrodibenzo[b,e][1,4]thiazepine,” and 10,11-
dihydrodibenzo [b,f][1,4 ]thiazepine.?

(4) M. Protiva, V. Hn&vsové-Seidlovd, Z. J. Vejd&lek. I. Jirkovsky, Z.
Votava, and J. Mety3sovd., J. Med. Pharm. Chem., 4, 411 (1961);: F. J.
Villani. C. A. Ellis, C. Teichman. and C. Bigos. itd., 5, 373 (1962): S. O.
Winthrop, M. A. Davis, G. 8. Myers, J. G. Gavin, R. Thomas. and R. Barber,
J. Org. Chem., 27, 230 (1962).

(5) M. Protiva and M. Borovicka, Czech, Patent 86640 (September 15,
1958). Chem. Abstr., B4, 2382 (1960); H. Martin and E. Habicht, U, S.
Patent 2,861,987 (November 25, 1978). Chem. Abstr., 53, 7217 (1959): 8. O.
Winthrop, M. A. Davis. F. Herr, J. Stewart, and R. Gaudry. J. Med. Pkarm.
Chem., 8, 1199 (1962).

(6) Rhone-Poulenc Soc.. 8. Afr. Patent T61,/526 (July 5. 1960).

(7) Rhone-Poulenc Soc.. 8. Afr. Patent T62/2034 (May 15, 1961).

(8) R. Jaques. A. Rossi, E. Urech, H. J. Bein, and K. Hoffitnann, Hel».
Chim. Acta, 43, 1265 (1959).



