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Further derivatives of 10,l l-dihydro-,5H-dibenzo [a,d] cycloheptene were prepared as potential antidepressant 
agents. 5H-Dibenzo [a,d] cyclohepten-5-one and the corresponding 10,ll-dihydro ketone were allowed to react 
with a variety of organometallic reagents to  give tertiary carbinols, from which additional compounds were pre- 
pared by dehydration and reduction procedures. 

I n  the first paper of this series,' the synthesis and 
pharmacological properties of a series of dialkylamino- 
alkyl and dialkylaminoalkylidene derivatives of 5H- 
dibenzo [a,d]cycloheptene and the corresponding 10,ll- 
dihydro derivatives were reported. We nom describe 
soiiie further derivatives of this tricyclic system, pre- 
pared as potential antidepressant agents. 

The tertiary carbinols (11; Table I, 5-14, 17-19, 21, 
and 22) were prepared by the Grignard addition of a 
magnesium or lithium derivative to  the tricyclic ketone 
I. In addition, sodium acetylide and the sodium 
derivative of 3-dimethyl-amino-1-propyne were added 
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Ia,  Y = CH&H,; X = H 
b , Y  = CH=CH; 9 = H 

d , Y  = CH=CH; S = C1 
C, Y CH?CH,; S C1 
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to  I a  to  give the expected tertiary carbinols in 89 and 
64% yields, respectively. 

5H-Dibenzo [a,d]cyclohepten-5-one (Ib) and the 3- 
chloro derivative (Id) readily underwent a normal 
Reforniatsky condensation with ethyl bromoacetate. 
However, in several attempts to  effect this condensa- 
tion with the saturated ketones Ia and IC under siini- 
lar reaction conditions, only starting ketones were 
recovered.2 The attempted condensation of Ia with 
ethyl acetate and sodamide in liquid ammonia3 gave 
the diol I11 in 33y0 yield. The same compound was 
isolated in an  attempt to  prepare S,S-diniethyl-2- 
(5-hydroxy-l0,1 l-dihydro-,5H-dibenzo [a,d]cyclohepten- 
S-y1)acetamide by a similar alkylation reaction of Ia  
with S, K-dimet hylacetani ide. Q& \ / 
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(i) F. J. Villani, C. A. Ellis, C. Teichman, and C. Bipos, J .  M e d .  Pharm. 
Chem., 5, 373 (1962). 

( 2 )  S. G. Winthrop, hf. A. Davis, G .  S. Xyers,  J .  G. Gar in ,  R. Thomas, 
and R. Barber [J. O r g .  Chem., 27, 230 (196211 reported the  preparation of 
ethyl (10,1I-dihydro-~H-dibenao[a,d]cyclohepten-T,-yliden)acetate under 
rigorous reaction conditions and of the corresponding &hydroxy compound 
by the procedure of K. hisido, H. Nozaki, and 0. Kurihara [ J .  Am.  Chem. 
Soc., 74, 6254 (1952)l. 

( 3 )  C. R. Hauser and W. R. Dunnavant,  J. Org. Chem., a6, 1296 (1960). 

The piperidylcarbinols listed in Table I were pre- 
pared by the catalytic hydrogenation of the correspond- 
ing pyridine carbinols. 1 hese reductions were carried 
out a t  room temperature in ethanol solution containing 
an equivalent aniount of concentrated hydrochloric 
acid using platinum oxide catalyst. 1 his procedure 
has been successful in our laboratory even when the 
hydrogenation of alcoholic solutions of substituted 
pyridine hydrochloride salts has failed.4 

Catalytic hydrogenation of 3-hydroxy-5-(p-dimethyl- 
aminopheiiyl)-l0,1l-dihydro-5H-dibenz o [ a ,  d 3 -c  yclo- 
heptenc (11') under these coiiditions gave a inix- 
ture of ~-(p-dimcthylamiiiopheiiyl)-lO,1l-dihydro-SH- 
dibenzo [a,d]cycloheptene (V) and 5-(4-dimethylaniino- 
cyclohexyl)-lO,ll-dihydro-5H-dibenzo [a,d] -c y cl o hep-  
tene (VI). Compound T7 codistilled with VI and 
the mixture formed a hydrochloride salt, n1.p. 

V VI I V  

225-227'. The ultraviolet absorption spectrum showed 
a maximum of low intensity at 25.7 n i w  (log e 3.8G). 
Chromatography on alumina resulted in the isolation 
of V and the separation of the two stereoisoiners of 
YI, designated as isomers X and B. Suclear magnetic 
resonance spectra5 show that isomer B is the cis form 
and isomer A the trans form. Compound T' isolated 
from the chroniatograrn was identical with an authentic 
sample prepared by the phosphorus-and-iodine re- 
duction of IV. When the catalytic hydrogenation of 
IV was carried out at 50-60°, only VI was obtained 
as indicated by the absence of any absorption in the 
ultraviolet spectrum of the product. The hydrogena- 
tion of IV in acetic acid gave VI and a small amount 
of the deaminated compound, 5-cyclohexyl-l0,11- 
dihydro-5H-dibenzo [a,d]cycloheptene. 

Representative tertiary carbinols (Table I) on heating 
with a mixture of glacial acetic acid and hydrochloric 

(4) The reason for this apparent anomaly IS not known. For further ex- 
amples of this procedure see F. J. Villani, &I. b. King, and I: J. Villani, J .  
Med.  Chem.. 6, 142 (19G3). 

( 5 )  We are indebted to Dr. Leon hIandell of the Department of Chemis- 
try,  Emory Unirersity. for the n.1n.r. data and interpretation. The spectra 
of these compounds differ only In tlie region of 8 2.65. Isomer A shows a 
complex multiplet centered a t  6 2.68. Isomer B shows a sharp doublet ( J  - 1 c.p 8 . )  a t  6 2.63. These are assigned to the  axial and equatorial protons, 
respectively. 



acid \ w r ( ~  coiivertcd into t hcl uiisaturated coiiipouiitls 
VI1 aitd \?III .  

I ' lla, I t  = 2-pipericiyi \ ' I 1 1  IS 
11, I t  = p-c~lil~lropliPn~'i 
1 8 ,  I t  = 2-1)yridyl 

111 ag~~ceiiieiit~ with data prrviously i,cported for coiii- 

pouiids iu this scries, I ?-(lo, 1 1-dihydro-5H-dibeiizo- 
[a , / /  ]c.vclohepteii-,i-ylideilcnict hy1)pipcridiiie (TTIa) 
s1ion.s a11 ulti*aviolet absorptioii ~ i i ax i i~ i~~ i i i  at 240 
iiip. C'oiiipouiids YI Ih  aiid \711c sliow iiiaxiiiia at  
280 aiid 295 inp, iwpectivclly. 'I he exocyclic double 
t ~ o i i c l  i i t  t'hese coiiipouiids is conjugated with two aro- 
iiiatic rings as is the double bond ji i  .iH-dibeiizo[a,d]- 
cyclohepteiie (IX) (A,,,,, 285 nip) ~ cis-stilbene (A,,,,, 
2880 Iiipj,6x aiid iii 2-stilbazole (A,,,, 310 iiipj.fib 2- 
(pj€T-I~i tmzo [a,d]cyclohept~eii-T,-ylideneiiiet h y 1 ) -py r i -  
d i iw  (T'ITI) shon-s absorptioii iiiaxima at  225 ,  23.5. 
aiitl 290 nip. 

(11) is) "Organic 1,;lei-tronic Spertrsl I ) n t s , "  Yul.  I ,  11.  1,:. Vngnade,  E c I ,  
1ntrrwienr:e Puh l i s l i~ r s  inr,.. Sea- Tork,  N. I-., 19ii0, 1'. .i38: ( t i )  i h 7 d  
\',>I. 2 .  1). :394. 
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TABLE I1 

CH-R 
Found, % Ultraviolet Yield, 31.p. or h.p. Calcd., % 

T R 54 ( l l l l l l . ~ ,  "C .  Formula C H N  C H N Lax n u  lor  e 

CH?-CH? 2-CjHaS 66 89-$IOa C21Hi;T 89.01 6.05 4 .94  88.78 6.12 5 , 0 2  295 4.24 
CHy-CHZ 2-CjHIuS t 5 3  21)S-211) (1) C ~ I H ~  S 7 , l 5  8 .01  4 .84  86.55 8.65 4.81 240 4.01 

CH2-CHr p-C1-C6H, 81 225-226 (1)  C2jHi;Cl 83.39  5 .41  83.11 5.30 2% 4.34 

("5 1 . 4 1  

a Recrystallized from hexane. b Isolated as hydrochloride salt. Recrystallized from absolute ethanol-ether. 

Experimental* 
The ketones reynired for this TJ-ork were prepared as described 

previously. 
A. Ethyl (3-Chloro-5-hydroxy-5H-dibenzo [a,d]cyclohepten- 

5-yl)acetate.-To 24.4 g. (0.1 mole) of Id  in 300 ml. of anhydrous 
benzene and 10 g. of zinc (20 mesh) a solution of 16.7 g. (0.1 mole) 
of ethyl bromoacetate in 200 ml. each of anhydrous benzene and 
toluene was added portionwise. An additional 10-g. portion 
of zinc was added after one-half of the bromoester was added, 
again after the completion of the addition of the bromoester and 
a final portion after 1 hr. on the steam bath. The mixture was 
heated under reflux with stirring for 4 hr. and allowed to cool to 
room temperature. Dilute acetic acid was added and the mix- 
ture was extracted with benzene and finally with chloroform. 
The conibined extracts were washed with water and with dilute 
sodium carbonate (1051) solution and concentrated to dryness. 
The product was recarystallized from methanol, yielding 20 g. 
(63s;); m.p. 104-105°. 

Anal. Calrd. for CiyHliC1O,: C, 69.22; H, 5.18; C1, 10.76. 
Found: C, 68.5!); H, .5.29; C1, 10.66. 

5-Hydroxy-5-( 5-hydroxy-l0,ll -dihydro-5H-dibenzo [a,d] - 
cyclohepten-5-yl)-l0,ll-dihydro-5H-dibenzo [a,d] cycl o h e  p t e n e  
(III).-To a suspension of sodamide prepared from 2.4 g. of 
sodium in 400 nil. of anhydrous ammonia in the presence of 
ferric nitrate was added 8.8 g. (0.1 mole) of ethyl acetate fol- 
lowed immediately by 20.8 g. of I a  in 40 ml. of ether. The red 
solution was stirred for 1 hr. and poured into a slurry of ammo- 
nium chloride. The ammonia was allowed to evaporate, ice-water 
was added tn the residue, and the product was extracted with 
chloroform. The product, after removal of the solvent, was 
recrystallized from ethanol, yielding 14 g. (335~2): n1.p. 206- 
208 O. 

Anal.  Calcd. for C31,H2~02: C, S6.09; H,  6.26. Found: C, 
86.25; H ,  6.03. 

B. 5-Hydroxy-5-(3-dimethylamino-l-propynyl)-lO,ll-dihy- 
dro-5H-dibenzo [a ,d ]  cyc1oheptene.-To a suspension of sodaniide, 
from 5.3 g. (0.23 g.-atom) of sodium in 1 1. of anhydrous ammonia, 
it. solution of 16.4 g. (0.1 mole) of 2-bromo-3-dimethylaniino-l- 
propene10 in an equal volume of ether was added droplvise and 
the mixture was stirred for 1.5 hr. A solution of 21 g. of I a  in an 
equal volume of ether was added dropa.ise and the mixture was 
stirred for 2 hr. Ether (500 nil.) was added and the niixture 
was allowed to stand overnight. After addition of water the 
organic material was extracted with chloroform. 

C. 5-Hydroxy-5-(p-dimethylaminophenyl)-lO,ll-dihydro- 
5H-dibenzo[n,d]cycloheptene (IV).-To 2.75 g. (0.4 mole) of 
lithium and 150 nil. of anhydrous ether was added a solution 
of 40.0 g. (0.2 mole) of y-broniodiniethylaniline in 200 nil. of 
ether. The mixture n-as refluxed with stirring for about 4 hr. 

( 8 )  . ill  melting points are corrected. .\licroanalyses a e r e  performed by 
l f r .  Edwin Conner of these laboratories. The authors gratefully acknoul- 
edge the help of the Physical and Analytical Chemistry Department of 
Schering Corporation for the ultraviolet absorption spectra determinations. 
\\-e also wish to express our gratitude to Drs. S. Irwin and F. Roth of the 
13iological Division of Schering Corporation for the biological da ta  re- 
ported herein. 

(9) Special care should be taken in the preparation of the phenethyl- 
benzoic acids by the reduction of the henzalphthalides with phosphorus and 
iodine. During the processing of these reactions in our laboratory a violent 
explosion, the cause of which is not understood, occurred on two occasions. 

(10) I. hIarzak, ,J. P. Guermont, and P. Epsztein. M 4 n .  Sera. C h i n .  Efat 
(Paris), 36, 301 (19Rlj; Chem. Abstr.,  48, 8724 (1954). 

until the lithium had reacted. To the hot solution 20.8 g. 
(0.1 mole) of I a  was added and the mixture was stirred and 
heated for an additional 4 hr. The mixture was decomposed 
with ice-water and extracted with ether. The ether extracts 
were taken through dilute (10%) hydrochloric. acid and the acid 
solution was made basic with ammonium hydroxide and ex- 
tracted with chloroform. The solvent was removed and the 
residue was triturated with petroleum ether (h.p. 80-60") and 
recrystallized. 

D. 2-i5-Hvdroxv-lO.ll-dihvdro-5H-dibenzola.dlcvclohe~ten- ~. ~ I , . .  

5-y1)piperidine Hydrochloride.-Five grams of 2-(5-hydroxy- 
l0,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-yl)pyridine in 100 
ml. of anhydrous ethanol containing 3 ml. of concentrated hydro- 
chloric acid was hydrogenated in a Parr hydrogenator a t  room 
temperature in the presence of 0.5 g. of platinum oxide catalyst 
a t  4.2 kg./cm.* pressure. The reaction was permitted to run 
overnight, the catalyst was filtered, and the solvent was removed 
in wcuo on a steam bath. The residue was recrystallized several 
times from a mixture of absolute ethanol and absolute ether, 
yielding 2.5 g., m.p. 297-298". 

Anal .  Calcd. for C ~ O H ? J O . H C ~ :  C, 72.94; H,  7.28.  Found: 
C, 73.17; H, 7.54. 

If the hydrochloride salt did not crystallize readily, it was 
dissolved in water, neutralized with ammonium hydroxide, 
the free base was extracted with chloroform, the solvent was re- 
moved, and the residue was recrystallized. 

E. 2[~-(5-Hydroxy-lO,ll-dihydro-5H-dibenzo[a,d]cyclo- 
hepten-5-yl)benzyl]pyridine.-To a refluxing ethereal solution 
of phenyllithium prepared from 2.8 g. of lithium and 31.4 g. 
of bromobenzene was added 33.8 g. (0.2 mole) of P-benzylpyri- 
dine. After an additional 0.5-hr. reflux, 20.8 g. of I a  was added 
and heating was continued for 2 hr. The mixture was decom- 
posed with water and the product was isolated in the usual 
manner. 

F. General Dehydration Procedure.-A solution of 10 g. of 
carbinol, 20 ml. of concentrated hydrochloric acid, and 60 ml. 
of glacial acetic acid was heated under reflux for 4 hr. After 
removal of the solvents in z'ucuo, the residue was dissolved in 
water, neutralized with ammonium hydroxide, and extracted 
with chloroform. 

5 4  p-DimethylaminophenyI)-lO,ll-dihydro-5H-dibenzo- 
[a,d]cycloheptene (V).-A mixture of 25 g. (0.076 mole) of IV, 
78 g. of iodine, 39 g. of red phosphorus, 280 nil. of acetic acid, and 
280 ml. of water was heat,ed under reflux for 3 hr. with stirring. 
The hot solution was filtered through a sintered glass funnel 
and poured onto ice. The yellow precipitate was filtered, sus- 
pended in water, made strongly basic with sodium hydroxide 
solution, and extracted with chloroform. The c<hloroform was 
removed and the solid was recrystallized from petroleum ether, 
yielding 18 g. (767;), m.p. 100-102", A,,, 260 mp (log e 4.23). 

Anal .  Calcd. for C,rH&: C, 88.13; H,  7.40. Found: C, 
87.89; H, 7.18. 

The hydrochloride salt after recryst,allization from ethanol- 
ether melted a t  247-248". 

Anal .  Calcd. for C:3H?jS.HCl: C, 78.84; H,  6.73. Found: 
C, 78.74; H, 7.02. 

Reduction of I V  in Ethanol.-A solution of 33 g. (0.1 mole) 
of IV in 350 ml. of ethanol containing 8 nil. of concentrated 
hydrochloric acid was hydrogenated a t  4.2 kg./cm.2 pressure in 
the presence of 1 g. of platinum oxide catalyst for 20 hr. a t  room 
temperature. The catalyst was filtered and the solvent was 
removed. The residue was dissolved in water and made basic 

These compounds are listed in Table 11. 



. .  

Reduction of IV in Acetic Acid.-Tiyenty-four grains (0.073 
mole) of I V  in 200 ml. of glacial acetic arid was hydrogenated in 
:i Parr hydrogenator in the presenre of 2 g. of p1:ttinurn ouitit. 
catalyst :it 4.2 kg./cm.2 pressure :it, 33--60° for 20 hr. T h e  
cxtalyst \vas filtered and the solvenl wits reinoved nn  a steaiii 
bath in riccico. I )illite (10%) Iiyilroc*hloric acid (300 1111.) \+-:is 
:ttlded and the solution WVBJ extracted with ether. The avid solti- 
tion !vas niatle basic: with :ininioniuni liydroside, extr:ic.teti with 
c~hlorofornr, :tiid the rrsidue aft>er rernov:tl of the solvent \vas 
distilled, I).p. 145-200" (1 mm.), IS.6 g. is1 
lion of the ether solution ga\ 
10,l I-dihydro-6H-dibenzo [u,rl] 
petroleum ether. 

91.20: 13, S.90. 
.4nnl. C:~lcti. I ' o ~  C~lH2. j :  C1, 91 2 5 :  11, 8.73. F O U I I ~ :  c ' ,  

A Viscometric Study of Hydrogen-Bonding Properties of 
Carcinogenic Nitrosamines and Related Compounds' 

l'lie viscmity of tlie hepatic, carhogens ,  dirnetiiylnitrosaniine and  dioxanr, in binary mixture with eitiier 
nat,er or propionic a c d :  shows a very large increase a h o w  the v:ilurs of idral mixing. So sucsli inrarease is oh- 
served in the absence of a proton donor, as with mixtures of tiimetliylnitrosaniine-diosane, dimethylnittosariiinc. 
propionic anhydride, or ditnetliylnitrosanirie-benaene. The nonrarcinogenic: 1,l-dinlethylhydrazine is c.onsici- 
erably more potent in forming hydrogen bonds wit,ti water or propiiinir acid as measured by tlie extent. of imixi- 

i i i i i i i i  viscosity increase. However, while the viscosity of dimetli~-lnitrosarriirie-~~ater is independent of tlie pH, 
rieutralization of  bot,h basic, groups in the hydrazine coinpound, as shown by its titration cqrve, causes c-onsiderablr 
decrease in the  viscosity of its water solutions. Hydrogen bonding with propionic acid approximat,elj- parallele 
rarcainogenic activity of :L small series of nitrosamines and dioxane. 1 group of proteins appears 10 
be the niairi participant' i n  the hydrogen bonding of nitrosamines in the priicess of protein denaturation by these 
compounds. Hydrogen bonding with nit'rosamines is through t,lie nitroso oxygen and involves displarenient of 
tlie amino electron doublet, resulting in lack of basicity of the amino nitrogen. .Aryl subst,ituents decrrase 1ij.- 

tlrogen bonding by rrdirrcting tlie dkplacement of  t,he doublet.. 

The varbi 


