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TABLE 1 
DIBENZO [a,d] [ 1,'1]CYCI~OOCT.~DIENES 

HO CH2R 

A 

R Cpd. Salt hI.p., "C. 
1.1 Base 129-131' 

CHzCHzN(CHs)? 1B HC1 175-177* 

CH(Ch3)CHzN(CH3)z 

KCH3 
/-\ 
\-/ 

CHzCHzN 

7% 
I 

ij 
CHI 
I 

1C 
2 -1 
2B 
2c 
3 A 
3B 
3c 
3 c  
4 h 
4B 
4B 
4C 
4C 
5 -4 
5B 
5 c  
5C 

HC1 
Base 
H Cl 
HCI 
Base 
2HC1 
Base 
2HC1 
Base 
Base 
HC1 
Base 
HCl 
Base 
HC1 
Base 
H CI 

177-180b 
135-140' 

231-232' 
162-163'' 
215-220 decb 
89-90e 

244-24tiJ 
134-136' 

U 

80-100h 

200-202b 

z 

222-224b 
154-15G3 
lG1-lGZd 

k 

200-202 de? 

Yield, 
70 
62  
52 
29 
81 
84 
66 
19E 
27' 
64 

67 
32 

53 

73 
:I 
34 

. .  

. .  

. .  

. .  

CHR 
B 

CHzR 
C 

Carbon, 70 Hydrogen, '2 Kitrogen, % Chlorine, 70 
Found Calcd. Found Calcd. Found Calcd. Found 
82.37 8.80 8.82 4 .53  4.56 

4 . 2 7  4 .42  10 .81  10.69 
4 .24  4 . 0 8  10.75 10.54 

4 .10  3.80 10.37 10.17 
4 . 0 7  3 .95  10.31 10.07 

G.68 G.57 16.92 16.70 

6 . G S  t i .52 16 .83  1G.39 

8 1 . 2 7  9 .04  8 90 4.33 4 . 3 1  

78.84 8 . 8 4  8 .88 7.69 7 . 5 2  

82 47 9.26 9 . 4 8  8 . 0 4  7.89 

81.55 8.47 8 A0 4.3G 4 . 2 3  
8G.42 8.24 8.5 f i  4.62 4 . 5 3  

8G.60 8 . 9 1  8 . 9 7  4 .59  4.G7 

82.43 8 .94  8.85 4.01 4 . 0 3  

86 .00  9 . 3 7  9 . 1 8  4 .29  4 .41  

4 . 1 2  4 . 0 3  1 0 . 4 4  10.09 

4 . 0 9  3.80 10.88 9 . g 1  

3.91 3.86 9.92 9 . 9 1  

3.79 3.39 9 . 5 7  9 .55  
From acetone. * From isopropyl alcohol-ether. From 2-propanol. From ethyl acctate. e From petroleum ether (b.p. below 

40'). f From methanol-ether. Q B.p. 152-154' (0.13 mm.). Amorphous; purified by repeated reprecipitations from methanol- 
ether. The olefin was isolated as the major product 
in the synthesis of 3A. 

B.p. 158-160" (0.13 mm.). ? From methanol. ' B.p. l66-17Oo (0.1 nim.). 

I11 

n 

VI V 

temperatures did not give any of the desired ketones. 
Other methods of cyclodehydration such as the use of 
liquid hydrofluoric acid or the action of aluminum chlo- 
ride on the corresponding acid chlorides employing the 
infinite dilution technique of Huisgeiij were equally un- 
successful. 

The treatment of ketone TI n-ith basically substituted 
Grignard reagents gave the desired tertiary carbinols in 
good yields (a, Table I) .  Treatment of the tertiary 
carbinols 11-ith ethanolic hydrogen chloride gave the 
corresponding olefins (B, Table I) while reduction of the 
carbinols with hydriodic acid and red phosphorus 
yielded the desired 3-dialkylaminoalkyldibenzo [a,d ]- 
[ I  ,4]cyclooctadienes (C, Table I). The ketone VI was 
also reduced to 3-hydroxydibenzo [a,d ] [ 1,4]cycloocta- 
dieiic by treatment with lithium alumiiium hydride in 
tetrahydrofuran. The use of sodium borohydride in 
methanol ga1-e the 3-hydroxy compound but in this 
case it could not be purified satisfactorily by repeated 
recrj,stallizatioiis. Since this manuscript was submitted 
some of the compounds described above were reported 
by K. Stach and H. Spingler, X o n a t s h . ,  93. 896 (1962). 

Pharmacological Activity.-The wmpouiids were 
studied in the series of phsrmac.ologica1 tests used in 

these laboratories to screen for antidepressant and other 
central nervous system and peripheral activities. The 
tests included were : determination of acute toxicity 
(LDS,,), potentiation of a sub-hypnotic dose of ethanol, 
protectionagainst maximal electroshock seizures (NES) , 
mydriatic action, depression of orientational hyper- 
motility, ataxic effect and influence on a conditioned 
response (runway test). A detailed description of these 
methods has been reported previously.6 The com- 
pounds were tested further for their ability to inhibit 
contractions induced by acetylcholine and histamine in 
isolated guinea pig ileum. The results are presented in 
Table 11. For comparative purposes the data obtained 
for amitriptyline are also included. The doses for the 
in viuo tests and the concentrations for the in vitro tests 
are expressed in terms of the base in all cases. 

S o  single test result is sufficient to indicate specific 
psychotropic activity; rather, one must consider the 
profile of test results and the relative potency of a 
compound on different testsS6 Because no one struc- 
tural modification resulted in a regular increase in the 
potency of a compound in all tests it was not possible to 
draw any clear structure-activity relationships. Sev- 
eral of the compounds did have central and peripheral 
effects similar to those of amitriptyline and other di- 
beiizo [a,d ] [1,4]cycloheptadiene and cycloheptatriene 
compounds studied in these laboratories.2 In  general, 
it can be said that on the basis of an absolute dose, the 
compounds in the present series have less potent 
central efiects aiid, with thc exception of 3B aiid 3C, 
less pronounced mydriatic effects than amitriptyline. 
Compounds of this general structure having potent 
central effects (on conditioned responses, potentiation 
of narcosis) accompanied by high ratios of the ataxic 
doses to those eliciting tkiesc effects as well as low 

(b) I?. l Ie i r  J s t c u d i t  r L u ( I  A I  1' Cl ia iLbt ,  . I I L / L .  Ii t tG!ii .  l ' l i u ~ m a c o d ~ u .  
134, 328 ( 1 t ) O l )  
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L I k  (approx.) 
nia./ks. 
mice i.p. 

1 -1 200-250 
11% 133-160 
I C  78-89 
2B 70-90 
2C 110 i 4 . . i  
3 c 104-1 23 
4B 67-77 
4c 58-64 
r, I3 00-110 
,ic 72-81 

Amitriptyline 83 rfr 3 . 5  

Potentiation 
of narcosis 

EDao mg./kg. 
mice i.p. 

1 1 . 2  i 4 
1 2 . 5  i 2 . 9  

>22c 
13.6 i 2.0 
18 i 3 
2 . 5 . 2  i 4 
11 = : j . , j  

2tj.5 -1 3 . 5  
1 2 . 6  i 2 . 3  
26 rir 2 i 
7 . 9  * 0 . 8  

,\ICs 
EDsc me./kg. 

mice i . p  
2 6 . 5  i 1 . 4  
2 5 . 8  i 1 . 5  

> 33c 
31 i 5 . 6  
39 f 1 . 1  

>83C 
> 18C 
> 1 4 c  

31 3t 1.8 
>18C 

10 i 0 . 8  

Mydriasis 
caused by  
0.2.5 LDao 
mice i.p." 

- 8 . 1  
-1- 7 . !4 
i - 4 . 0  

+ 2  l i  
n 

+:i 8 
+".i 

n 

+ 17 
+2:i 
-t 10 

, 
Difference 

in 
i i io t i l i t )  

0 .23 I.Dao 
rats 1.1). 

- -  
-, , ., 
-- , .> 

.\., -- .,- 
- -  

-. ",j 

-- il; 
.- 

- . j ,  

-.> 
- 1 s 
- .;7 
- 2 0  
- :ii 

Alitiacetyl- 
choline 

E C ~ ~  ,g./rnl.b 

0 . 1 6  i 0 Olj 
0 08 3z 0 018 
0.16 r 0.045 
0 08 32 0.018 

0 O l J  Z t  0.001 
0.02:i  L 0.003 
0.011 i 0.008 

0.038 i 0.00:J 

n 174 -f 0 . 0 : ~  

n 00 t 17.027 

\'d. t; 

Anti- 
histamine 

E C ~ ~  sg./ml.h 

The numbors represent unit increases over control pupil diameter. +a0 is the approxiniate maximal dilation. '' ECW is the coli- 
> mean8 that the com- centration which inhibited the normal response to 0.1 pg./ml. of either acetylcholine or histamine by 507,. 

pound was inactive up to the dose indicated. 

mydriatic actions are being iii\-cstigated further as psy- 
chotropic drugs of the antideprcssaiit typc. 

Experimental 
Melting points are uncorrected. 
3- (3-Phenylpropyl)phthalide.-This compound was prepared 

by the procedure described in the literature' for its lower homo- 
log, 3-phenethylphthalide. 3-Phenylpropyl bromide (200 g., 1 
mole) and magnesium (24 g., 1 mole) in 800 ml. of ether were 
allowed to  form the Grignard reagent. o-Phthaldehydic acid (60 
g., 0.4 mole) was then added portionwise and the reaction car- 
ried through in the usual manner to yield 83 g. (837,) of product, 
m.p. 66-70". Two recrystallizations from hexane-ethanol mix- 
ture gave an analytical sample, m.p. 70-71". 

Anal. Calcd. for C ~ ~ H I ~ O ? :  C, 80.93; H, 6.39. Found: (.', 
S1.30; H, 6.40. 

3-(2-p-Chlorophenethyl)phthalide.-In the same manner as 
described for the preceding compoiind, 2-(p-chlorophenethylj 
chloride (22.6 g., 0.13 mole), magnesium (3.15 g., 0.13 mole) and 
o-phthalaldehydic acid (8.3 g., 0.055 mole) gave 10.6 g. (707,) of 
product, m.p. 103-105". Two recrystallizations from isopropyl 
alcohol gave an analytical sample, m.p. 103-104". 

Anal. Calcd. for C1eH13C102: C, 70.46; H, 4.80. Fountl: 

2- (4-Phenylbuty1)benzoic Acid.-This compound was prepared 
by the procedure of Cope and Fentons for the reduction of 3- 
benzalphthalide. 3-(3-Phen>-Ipropyl)phthalide (61.5 g., 0.24 
mole), 280 ml. of 57% hydriodic acid and 35 g. of red phosphorus 
gave 33 g. (54yo) of product, 11i.p. 68-72'. Two recrystalliza- 
tions from 70% ethanol gave an analytical sample, m.p. 70-72". 

Anal. Calcd. for C1?Hl8O2: C, 80.30; H, 7.13. Found: Ci, 
80.23; H, 7.14. 

2-(3-p-Chlorophenylpropyl) benzoic Acid.-In a manner similar 
t o  that described for the preceding compound, 3-(p-chlorophen- 
ethy1)phthalide (10 g., 0.037 mole), 40 ml. of 57% hydriodic acid 
and 5 g. of red phosphorus gave 6 g. of product (60% yield), 
m.D. 86-88'. Two recrystallizations from 70% ethanol gave an  

C, 70.66; H, 5.0;. 

analytical sample, m.p. 90-91 a .  
- 

Anal. Calcd. for CIRH,,C1O?: C. 69.94: H. 5.50: C1. 12.90. 
I i  I ,  

Found: C, 70.03; H, 5 k ~ ; - C l ,  i3.Oi. 
Dibenzo[a,d] [ 1,4]cyclooctadien-5-one (VI).-2-(3-Phenyl- 

propy1)beneoic acid (70 g., 0.28 mole) and 700 g. of polyphosphoric 
acid were heated together a t  170" for 2.5 hr. The  reaction mix- 
ture then was poured onto ice and the aqueous mixture extracted 
with ether. The ether extract was washed with a solution of 5% 
sodium carbonate, dried and evaporated in D ~ C U O  leaving 40 g. 
of crude material which crystallized from benzene-hexane mix- 
ture to  give 35 g. (547,) of product, m.p. 147-149'. One re- 
crystallization gave an  analytical sample, m.p. 148-149"; A,;,, 
(ethanol), 264; e 18,700. 

Anal. Calcd. for ClsHIPO: C, 86.45; H, 6.34. Found: C, 
86.46; €I, 6.47. 

( 7 )  N. ,J. Leonard, A. J. Rresge, and h l .  Oki, J. Am. Ciiem. SOC., 77, 0078 
( 1 <JZ.j).  

(8) .I. C. Cope and J. \V. Fentom, i b i d . ,  73, 1673 (1951). 

5-Hydroxydibenzo[a,d] [1,4]cyclooctadiene.-A solution of V I  
(9.3 g., 0.042 niole) in dry tetrahydrofuran (100 ml.) was addctl 
dropwise to  u stirred suspension of lithium ahminum hydridt, 
(6.4 g., 0.17 mole) in t,etrahydrofuran. The react,ion mixture x i s  
heated under reflux for 4 hr.. cooled and hyd 
cessive addition of water (6.4 g.)> 20L;5. sodium 
(4.8 ml.) and water (22 nil.). The precipitate 
washed with benzene. The combined filtrates were dried and 
evaporated and the residue was recrystallized from 2-prop:tnol- 
hexane to give 6.0 g. (64%) of product, m.p. 117-118'. 

Anal. Calcd. for ClsHiaO: C, 85.68: H, 7.19. Found: <' ,  

S5.46; H, 7.07. 
5-Hydroxy-5-(3-dimethylaminopropyljdibenzo~a,d~ [ 1,4] cyclo- 

0ctadiene.-1Iagnesiuni tLirnings (3.6 g., 0.15 mole) Tvere covered 
with 20 ml. of tetrahydrofuran. A crystal of iodine anti :i f w  
drops of ethyl broniide irere added t o  initiate the formation of tho 
Grignard reagent. niineth!.lnrninoI,rop.l chloride (18. 1 g., 
0.15 mole) dissolved in 30 ml. of tetrahydrofuran then WLS atltlccl 
dropwise while heat,ing iinder reflux. ;\fter a few Inin. thc CY- 
othermic reaction coninienrcd. 'l'lie :itidition was completed i n  
20 min. and heat,ing w:ts c,ontinued for an  additional Iir. I ) i -  

1oiict:idieri-K-orie ( 16.6 g., 0.075 mole j t l w i i  

was added dropwise ovi'r 'LO niiri. 01' :it n rate sufficient. to tri:\iii- 

t#ain refluxing. The reaction niirt,ure then was heated under rtt- 

flux for an itdditional 16 hr. T h e  (:rignard complex was deco~tl- 
posed by adding tht? re:tction niixture to 500 i d .  of an  ice and n t l t -  

inonium chloride niisture with stirring. The product prec:ipitatcbtl 
as an oil and TWS takrn up in chloroform. On evaporating tlic 
chloroform extract, I - &  8 .  of  solid product resulted nitli n1.1). 110- 
I 15". Two rerryBtit1liZ:ttioris froni ~ce tone  gave an :inalyticxl 
sample, m.p. L%-l31" :we Tulile 1 i .  

5- (3-Dimethylaminopropylidene) dibenzo [a,d] [ 1,4] cycloocta- 
diene.--5-Hydrox~-5(3-dimeth\..larriino~tropyl)dibenzo [ i d ]  I I ,4] - 
cyclooctadiene (8 g.)  was dissolved in 150 ml. of absolute eth:inol 
which then WRS saturated with hydrogen chloride. The solution 
was heated under reflux for 4 hr. The ethanol was then RV:II)- 
orated in z'acuo and the residue crystallized from isopropyl alco- 
holkther mixture to yield 4.3 g., ni.p. 175-177' of product a s  the 
hydrochloride salt. A second recrystallization did not change t,lit! 
melting point (see Table 1); A,,ax (ethanol) 216; E 8360. 

5- (3-Dimethylaminopropyl) dibenzo [a,d] [1,4] cycloijctadiene. -- 
The appropriate aIcoho1 (9 g.) ~ ~ a s  redllced in the usual manner 
with 45 ml. of hydriodic. acid (57y0) and 9 g. of red phosphorus i n  
180 tn1. of acetic acid t.o ?-ield 4.8 g. of crude product as an oil. 
This WLS converted to a hydrochloride salt, (2.7 g . )  1n.p. 172-1 77". 
Three recrvst,alliz:ttic-i~~ Eroni isopropyl alcohol-ethcr inis1,urr~ 
gave an analytical s:tniI)lc, 1n.p 177-180" (see Table I). 
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