
July 1967 ANTIARRHYTHMIC IMIDAZOLISES 575 

Parke, Davis and Company, for providing the estrogen 
assays. We are grateful to Mrs. Kay W. Berrodin, RIiss 
Teresa H. Dittrich, Mrs. Lorraine Scheinman, A h .  
Joyce Holmes, and AIiss Carol J. Stefanac for preparing 
some of the compounds. Microanalyses were by Rlr. 

C. E. Childs and his associates and spectra were by 
Dr. J .  11. Vandenbelt, A h .  R. B. Scott, and Mr. E. J .  
Schoeb and their associates. We also wish to thank 
Nr .  Paul D. Uhlendorf and A h .  Claude H. Spencer for 
their able assistance in the biochemical studies. 

Imidazoline Derivatives with Antiarrhythmic Activity' 

L. H. WERNER, S. RICCA, A. ROSSI, AND GEORGE DESTEVEKS 

Chemical Research Division, CIBA Pharmaceutical Company, Division of CIBA Corporation, Summit, 11-ew Jersey 

Received February 8, 1967 

Imidazolinylmethyl derivatives of a number of bicyclic and tricyclic ring systems were prepared and studied 
for their effect on experimental cardiac arrhythmias. One of the bicyclic compounds, 3-phenyl-ZI3,4,5-tetra- 
hydro-1-benzazepine, obtained by means of a Schmidt reaction on Z-pheny1-3,4-dihydro-l-naphthalenone fol- 
lowed by reduction with LiAlHh, yielded imidazoline derivatives of particular interest and was studied in 
greater detail. Numerous analogs were prepared. 

It has been found that many chemical drug groups 
have the ability t o  suppress cardiac arrhythmias. 
In  general these drugs belong to the group of local 
anesthetics, antispasmodics, antihistamines, and p- 
adrenergic receptor blockers, e.g., quinidine, quinacrin 
(I), procainamide (11), antazoline2 (111), and pro- 
pranolol (IT7).3 iill have in common the property of 
depressing the physiological functions of the cardiac 
muscle in such a way as to affect favorably the course 
of an arrhythmia. Sone, however, are uniformly 
succe~sful.~ 

CH3 
I 

IV NJ 
H 

v 
In a previous paper5 me had reported that 5-(2- 

imidazolinylmethyl)-5,G-dihydromorphanthridine (V) 
( 1 )  Presented in part before the Division of Medicinal Chemistry a t  the 

150th National Meeting of the Bme~ican  Chemical Society, Atlantic City, 
N. J., Sept 1965. 

(2) L. D. Dreifus, T. F. McGarry. Y .  Watanrtbe, S. R. Kline, M. Wald- 
man, and W. Likoff, A m .  Heart. J . ,  66, 607 (1963). 

(3) W. M. Ginn, Jr., G. V. Irons, Jr.,  and E. S. Orgain, Circulation, 33, 
Supp. 11, 97 (1965); J .  P. Payne and R. M. Senfield, Brit. M r d .  J . .  1, 603 
(1964). See also Symposium on ,+Adrenergic Receptor Blockade, A m .  J .  
Cardiol..  18. 303 (1966). 

(4) J .  R. DiPalma in "Drill's Pharmacology in Medicine," J. R. DiPalma. 
Ed,,  3rd ed, McGraw-Hill Book Co., Inc., New York, N. Y., 1965, p 624. 

(5) L. H. Werner, S. Ricca, E.  Mohacsi, A. Rossi, and V. P. Arya, J .  Med. 
Chew.  8 .  74 (1965). 

had shown interesting antifibrillatory effects on aco- 
nitine-induced cardiac arrhythmias. The present re- 
port is an extension of our previous work and describes 
a number of bicyclic and tricyclic ring systems to which 
a 2-imidazolinylmethyl group has been attached in an 
attempt to find compounds with improved antifibril- 
latory activity. Derivatives of 3-phenyl-2,3,4,5-tetra- 
hydro-1-benzazepine were of particular interest and 
were studied in greater detail. I n  Tables I and I1 
are shown a variety of tricyclic ring systems attached 
to a 2-imidazolinylmethyl group. The ring systems 
employed as starting materials in this part of the study 
are 10,ll-dihydrodibenz [ b , f ]  [ 1,4]thia~epine,~ 10,l l-di- 
hydrodibenz [b,f] [ 1,4 Ioxazepine,' 5,6,11,12-tetrahydro- 
dibenz [b,f]azocine,8 10,ll-dihydrodibenz [b,f]azepine 
(iminodibenzyl), phenoxazine, phenothiazine, acridan, 
dihydrophenanthridine, carbazole, tetrahydrocarba- 
zole, 6,7-dihydrobenz [~,e]azepine,~ thioxanthene, an- 
throne, and 10,ll-di hydrodibenz [a,d]cyclohepten- 
&one. lo The resulting imidazoline derivatives and 
their relative activity are shown in Tables I and 11. 
A number of previously reported compounds have 
been included in these tables for comparative purposes. 
Four procedures were used to attach the imidazolinyl- 
methyl group to the above described bicyclic and tri- 
cyclic ring systems. As shown in Chart I, the nature 
of the ring system determined the method employed. 

Derivatives of the bicyclic 3-, 4-, and 5-phenyl-2,3,4,- 
5-tetrahydrobenzazepines were included in the second 
part of this study. It is possible to visualize these 
compounds as being formed from a tricyclic structure 
merely by separating one of the benzene rings and 
attaching it to the remaining bicyclic ring system by a 
single bond. The 3-, 4-, and 5-phenyl-3,4-dihydro- 
benzazepinones were obtained by means of a Schmidt 
reaction on the corresponding 2-, 3-, or 4-phenyl- 
3,4-dihydro-l-naphthalenone (VIa-d). This reaction 
can lead to the isomeric benzazepinones VI1 and VIII, 

(6) R. Jaques, -4. Rossi, E. Urech, H. J .  Bein, and K. Hoffmann. Helu  
C h i n .  Acta, 43, 1265 (1959). 

(7) J .  0. Jilek, J. Pomikacek, and M. Protiva, Czechoslovakian Patent  
111,215 (June 15, 1964); Chem. Abet?., 63, 14707 (1965). 

(8) A. M. Monro, R R l .  Quinton, and T. I. Wrigley, J .  Med.  Chem., 6 ,  
255 (1963). 

(9) W. Wenner, J .  0 7 8 .  Chem., 16, 1475 (1951). 
(10) A. C. Cope and S. 1%. Fenton, J .  A m .  Chem. Soc., 7 3 ,  1673 (1951). 
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a TI.'. S. Wadswotth, ,Ji , and JV. D Rmmoiis, .I - 1 t i i  Ciic~ni Soc , 
83. 1738 (1961 ). 

VIa, R - 2-C, H 

c ,  R-/l-C,H, 
d , R - 2 - p  C,H,CI 

b. R- 3.CIH 

YIIa. R = 3-C, H 
b R = 4 - C , H r  
c. R = .?C,H, 
rl R - i-p-C,H,CI 

Ki t -d  9 a- rl 

:is shown in ('hart 11 .  In the case of the 2-phc~lyl- 
3,4-dihydro-l-n~~p~ithalenolies (TIa and VIcl) only otic 
isomer, VIIa arid TIId, respevtively, was isolated. 
Thc structure of JTId was proven hy hydrolytic. c*lc:tr.- 
age of the lactum followed by dinzotization a i d  climi- 
iiatiori of the diazonium group leading to  2-(p-chloro- 
~~henyl)-4-phenylhutyri~ acid (XI) which was idcnt ical 
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TABLE I1 
TRICYCLIC DERIVATIVES 

N 
R-cH,-( 1 .HC1 

NJ 
H 
__-_ Calcd, 70--- ___- Found, YG----- 

h-0.C 

13 
14 
15 

16” 

17 

18* 

19 

20 

21 

R 

CfD N Y  

1 
8-CH3 
4-CH3 
i-Cl-2-CII3 a 

I 

p 
otp 
@b>Q 
a p  

o- 

c H 4 v 3  N 

H 

MP, OC 

247-249 
265 dec 
270 

278 

260 dec 

229 -230 

223-225 

260 

258-260 

Formula 

CisHtoNn * HC1 

C 

62 5 

56.8 

61.7 

69.1 

72.9 

73.4 

H 

5 8  

5 0  

6 0  

5 .5  

6 . 8  

6 2  

N 

12 .1  

11 0 

12.0 

8 . 9  

8 . 9  

9 . 0  

C 

62.8 
62.7 
56 6 

61.7 

68.7 

72.4 

73 .2  

H 

5 . 8  
5 . 9  
5 . 1  

6 . 4  

5 . 6  

6 . 8  

6 . 4  

N 

11.6 
12 .0  
11 .1  

11.9 

8 . 4  

8 . 5  

8 . 6  

Activity 

+2 
0 
0 

0 

+1 

+2 

$1 to +2 

+2 

+ I  

a See ref d, Table I. * J. A. Faust and M. Sahyun, U. S. Patent 3,042,674 (July 3, 1962). Compounds 13-15 were prepared by 
I n  the case of 18 and 20, procedure C, 16 and 19 by procedure A, 17 by procedure B, and 18, 20, and 21 by procedure D, Chart I. 

the intermediate unsaturated nitrile was hydrogenated using Pd-C in ethanol. 

with an authentic sample prepared according to  Ansell, 
et al.“ 

Reduction of VI1 and VIIIa-d with LiA1H4 gave the 
tetrahydrobenzazepines IX and X .  Compounds 
IXa-d, in which the nitrogen atom is adjacent to the 
benzene ring showed a typical aniline-type absorption 
in the ultraviolet which was reduced to a benzene-type 
absorption on addition of HC1. The other isomer, 
X, showed only benzene-type absorption as expected. 
These criteria were used to assign structures to the 
various tetrahydrobenzazepines obtained via the 
Schmidt reaction. It was also noted that the lactams 
VI1 and VI11 could be differentiated on the basis of the 
infrared absorption band of the lactam. 

The Schmidt reaction on 3- and 4-phenyl-3,4- 
dihydro-1-naphthalenone (VIb and VIc) yielded mix- 
tures of the two possible isomeric benzazepinones 
VIIb and c and VIIIb and c, respectively. In  the case 
of the 4-phenyl derivatives VIIb and VIIIb the isomers 
could be separated quite readily by crystallization. 
However, the 5-phenyl derivatives VIIc and VIIIc 
could be separated only with difficulty, VIIc was ob- 
tained by direct crystallization from the mixture of the 

(11) hl.  F. .4nsell, G. T. Brooks, and B. A. Knights, J .  Chem. SOC.. 212 
(1961). 

isomers, and VIIIc was isolated from the mother 
liquors following acid hydrolysis which resulted in 
cleavage of the “anilide”-type lactam VIIc but did not 
affect the “benzamide” lactam VIIIc. In  both in- 
stances the anilide-type lactam VIIb and c represented 
the major product. 

The 2-phenyl-3,4-dihydro-l-naphthalenones used as 
starting materials were prepared according to Xewman12 
and Ansell, et al.;ll 3-phenyl- and 4-phenyl-3,4-dihydro- 
1-naphthalenone have been described by Spring13 
and Wawzonek and K o z i k o w ~ k i , ~ ~  respectively. Var- 
ious substituted 2-phenyl-3,4-dihydro-l-naphthalenones 
have also been reported by Bencze, et a1.15 The in- 
termediate dihydrobenzazepinones and tetrahydro- 
benzazepines employed are listed in Table 111. S- 
Substituted derivatives of the phenyltetrahydrobcnz- 
azepines and phenyldihydrobenzazepinones were pre- 
pared using procedures A or C, Chart I, and are 
shown in Table IV. 

(12) M. S. Neaman,  J .  A m .  Chem. SOC., 60, 2947 (1938): 62, 870 (1940). 
(13) F. S. Spring, J .  Chem. Soc. 1332 (1934). 
(14) S. Wawzonek and J. Kozikowski, J .  A m .  C h e m .  Soc., 76, 1641 

(1964). 
(15) W. L. Bencze, L. I. Barsky, R. IT. J. Carney, A.  A.  Renzi, and 

G .  destevens. J .  M e d .  Chem., 10, 138 (196i). 
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T o  further extend the study of the relationship 
betu een chemical structure and antifibrillatory activ- 
ity, the imidazolinylmethyl group 11 as also attached 
to  a number of other bicyclic structures, P.Y., Z-phenyl-IG 
aiid 3-pheriyl-l,2,3,4-tetrahydroqui1ioline.'~ 2-phenyl- 
2,3.3,,j-tetrahydro-l,j-benzthiazepine,19 l-phenyl-1,2,- 
:3,~-tetrahydroisorluiri(11iiie,~9 -I-phenSl-l,.j(lH)-beiizo- 
diazepin-2-one,2" and mther structures as shoa 11 in 
Table V. It is worthy of note that alkylation of 2- 
phenylindole with 2-chloromethyhmidazol~ne did not 
rewlt in the S-alkylated derivative as indicated by 
Schindler. et a / .  , 2 1  but yielded iiiitead 3-(2-iniidazol1riyl- 
methyl)-~-pheiiyhridole (Table T', 621, n hich 11 a 4  con- 
filmed by nmr spectroscopy. 

Pharmacological Evaluation.-The compoundi tle- 
.cribecl :hove were te5ted for antifibrillatory activity 
t)y our Divi.ion of YIacrobiology. The :irtivity M :L\ 
graded from 0 to  +4  deperiding on the doie, thera- 
)mitic ixrige, arid toxicity of the compound studied. 
The 5ubtance was given orally by capsule to unane+ 
thetized cats. .lfter several houri the hearts were 
renioved arid perfused with Iiingers solution containing 
0.022 pg/ml of aconitine nitrate. In untreated 
:iriimals this resulted in ventricular fibrillation after 
1 4  rriiri The effectlverless of the rompound 
judged by the length of time the onset of fibrillation was 
delayed after startirig perfusion m ith aconitine nitrate. 
These results were compared in a11 cases to untreated 
:iriimals 

111 Tahle I, compounds incorporating a lactam group 
(1 :itid 9) were only slightly active and the same result 
~ : i \  observed for 10-12 in which the two benzene rings 

( I O )  \\ Oldhain and I I3 Jones, J A m  C i r m  & o r ,  61, 3289 (1939) 
( l i )  J \ Braun, Ciiem Ber 56, J7iY (1922) 
(18) J krapcho and C F Turk J W e d  Chem 9 ,  101 (1900) 
! 1 C J \  \\ Leltbe, Sfonutsh , 03-54, 956 111>LYI 
2 0 )  \\ Ried and P Stahlllofen C i c m  Be,  90, 828 ( I ' l i i )  
2 1 )  \\ Jcliindler and 1 Hafliger ( to  I R GeigL) U S Y'atent 2 7 5 1  

are connected hy a direct bond. The dibenzoazcicinc 
derivative (4) and the iminodibenzyl derivative ( 5 )  
showed moderate and good activity, respectively. Tlic> 
phenoxazine and phenothiazine derivatives, 6 :md 7, 
were inactive. In Table I1 it i i  of interest to note that 
the dibenzoazepine derivative, 17, was only slight 1y 
active in contrast to the isomeric cvmpounds 5 (Table I )  
and the morphaiithridine derivative V. The imidazo- 
liiiylmethyl derivatives of 3-phenyltetrahydro-1-beriz- 
nzepine listed in Table IV were of p:irticaular interc\\t. 
Here again 39 with a lactsm grouping \\-a5 only slightly 
active. The tctrnhydrobeiizazcpine derivative 42 
5hon ed moderate to good activity whirh 71 as enharicd 
c*ori+krnhly by substitution with chlorine in the phcriyl 
ring, e.(/., 47-49. This activity TWS retained when 1 1 1 ~  

imidazoline ring w:is 5ubstituted by  a methyl group i i i  

position 4 (44) or enlarged t o  :1 tctrnhydropyrirnit~iii(~ 
ring (45). 

The imidazctliii3ilmethSrl derivativc.5 of 4- a i d  .i- 
pheiiyltetrahyctrt)-l-),enzazepiiie 52 m c l  53 v ere vo l t -  
iiderably 1es.i active than the $phenyl derivutivci 42. 
Noderate antiarrhythmic activity was f(JUl1d for the 
tctrahydroquinoliiie and isoyuiriolirie a~ialogs (58-61 ). 

interesting substance in this rerie.. (1uc 
t o  i tb high activity arid relatively broad therapcut ic. 
range, was 47. In the above described test, 47, at :L 
dose of 4.5-22 mg/kg, delayed the onset of vetitricu1:~r 
fibrillation significantly longer than a maximal effective 
dose of quinidine or procainamide. Compounds 48 
and 49 delayed the onset of ventricular fibrillation t o  
a comparable degree, however, orily over a narrower 
dose range as compared to 47. 

The pharmacology of 47 has been reported by Barret t , 
et aZ.,*? arid a more detailed paper by the same author> 
ih in preparation. 

( 2 2 )  \\ , I:. 13arrett, T. Carces, 11. Rutledge, and -1. .I. I ' !~~rnint~r.  PI I IL I . I I I ( I -  
c o l o g i s f .  7, 229 (1965). ('nmliomin<I 47 has aino t w n  drsignnteil Sii-13l1J7. 
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TABLE Is': BICYCLIC DERIVATIVES 

R3 

--Calcd. %- --Found, yo- 
v0.a Rl Rz RS hlp ,  O C  Formula, C H N C H N Activity 

BY CH,CH2N(C,H,), 0 3-CsH5 60-62 C22HmS20 78.5 8 4 8 . 3  78.3 8 . 4  8 3 

3 0 C H 2 2 ]  O 3-CsH: >265 C~H2iN30. 64.3 6 . 2  11.2 64.7 6 . 6  11 .5  + I  
N HC1. H2O H 

40 CII3 

41 CIT3 

0 3-CG136 113-114 CnH1iNO 81.2  6 . 8  5 .6  81.1 7 . 1  5 . 6  . . .  

11, 3-CsIIj 64-66 CI.II-T,,PJ 86 .0  8.1 5 . 9  8 5 . 3  8 .1  ,5.6 . . .  

42 CH$1 Hr 3-Ce.HJ 280-283 C2oH13N3,HCl 70.3 7 . 1  1 2 . 3  70.7 7 . 3  11.9 + 2 t o  + 3  
N 
H. 

CH2$] Hz 3-CsH5 145dec Cr1H2jN3.H1 56.4 5 . 9  9 . 4  56.2 6 . 1  9.2 + I  
N 

I 
CH3 

43 

70.8 7 . 5  11.8 +3 

C21H2jNa.HCI 70.9 7 . 4  11.8 

44 CH2k]  H? 3-CS115 218-220 
N CHs 
H 

45 

I 
H, 3-CeH6 256-259 J 70.3 7 . 5  1-3 

46 C%?] H, 3-p-CeH4CH3 190dec C&jN3'HC1 70.9 7 . 4  11.8 70.3 7 . 5  11 .3  1-2 
N 
H 

N 

N- 
H 

47 --CH?( 1 H, 3-p-CeHaC1 239-2411 63.6 6 . 1  11 .5  +4 
C2oHnClN3. 63.8 6 . 2  11.2 1 HC1 

4s CH??] H, 3-m-CeH4C1 241-242) 6 .40 6 . 3  11.0 +4 
N 
H 

40 C$] H, 3-o-CijHaCl 231-233 63.7 6.2 11.1 $4 

N H 1 C,f;ClKa. 63.8 6 . 2  11.2 

5 0 CHI?] H, 3-CsH,,8-C1 238 dec 1 
N 
H 

63.7 6 . 4  11.0 +1 

0 4-CeH3 100dec C20H21P;30. 65 8 6 3 11 5 65 9 6 3 11 3 $2 
HC1.0 5H,O 

51 CH9f] 
N 
H 

52 CH2? 3 H, 4-CsH5 >270 de?) 7 0 7  7 1 12 6 +I 
N 
H 1 C20H21K;1 HC1 70 3 7 .1  12 3 

HB ~ - C G H ~  230-232 1 70.1 7 . 2  12 .1  + l  

54 C H , C H , N ~  0 5-CeH5 230-231 '&H&'aO. 71.8 7 . 6  7 . 3  71.6 7 . 5  7 . 6  0 
HC1 

5 5 C H , C H , N ~  Hz 5-CsH5 208-209 C23H30N2.HC1 74 .5  8 . 4  7 . 6  74 .4  8 . 4  7 . 6  0 

5 6 (CH,LN(CH3), 0 5-CsH5 230-2311 C21H,e?;y0. 70.3 7 . 6  7 . 8  70.2 7 . 7  7 . 6  0 
5 7 CH,CH(CHa)S(CH3)2 0 5-CaHj 248-249 HCl 70.6 7 . 8  7 . 6  0 

4 1  was obtained by Li41H4 reduction of the formyl derivative of 30. 
Chart I. 
duction in T H F  of 54, 

a Compounds 38-40, 51, 54, 56, and 57 were prepared according to procedure A using the appropriate alkyl halide and sodamide. 
42, 44-50, 52, and 53 were prepared according to procedure CI 

55 was obtained by LiA1H4 re- 43 was obtained by treating the free base of 42 a t  25' with excess Me1 in ethanol solution. 



.i! J 

(ill 

li I 

.-I \ 

I i  4 

1 1  (i 

I 1 ,-I 

li I 1  

(i !I 

1-5 h ti4 (i 1.52 0 231 tsrc 

(i.5 a,q \ S -  > 
I 

ii I 

li .i 

I1 7 

\ (i 

ci I) 

ii (i 

i. 

(i)(.;), mp 268-2710. 
Procedure C. 3-~u-Chloro~hen~l)-l-~2-imidazolin-2-ylmeth- 

yl)-2,3,4,5-tetrahydro~il -benzaiepine Hydrochloride (47)i-To :I 
iohitiori of 20.0 g (0.10 mole) of 3-( p-chloropheii?l)-2,:~,4,~~-ttrtr.:r- 
h?ldro-l-beiiz:~zrpiiie i i i  52 nil of ScOI-I 3.03 g (0.10 mole) o f  
praformaldehyde w-ah added. The reaction mixture was st,irrcd 
arid cooled lo  1.;' while adding a solution of 5.93 g (0.12 mole) i i f  
NaCN j i i  15 rill of water dropwise. The temper:it>iire w:is 
raised to 45' (ivcr :I :Ki-min period ~ i i d  maintained :tt, 4J-dOC 
for 3 hr. After c~iciliiig to Y5', 4.4 nil of 37 
diit,ioii was added: after 20 niiii, 0 ml of a R t r r  v 
:;-!~i-chlornphci~i~li- 1 - cyariiimcthyl- 2,:3,4,5 - tct1.Rhy(iroheiizazc'- 
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TABLE VI 
INTERMEDIATE COMPOUNDS 

Calcd, % Found, 
RI R2 Alp, "C Formula C H C H 

2-C1 II 69-70 \, 74.7 5 . 0  
3-Cl H 93-94 1 '75.1 5.0  

4-Cla H 108-109! 
H" 7 - ~ 1  88-89 J 

} C16H,,C10 74.9 5 . 1  

b e  CH~CH? CH - COOH 

70.1 5 . 9  
6 R l  

CieHijC102 69.9 5 . 5  
69.9 5 . 6  
70.0 5 . 5  

* W. A. JVali, A. K. Khalil, R. L. Bhatia, 
and S. S. hhmad, Proc. Indian Acad. Sci., 14A, 139 (1941); 
Chem. Abstr., 36, 1598 (1942), report mp 150' for this compound 
prepared by reduction of 3-benzoyl-2-p-chlorophenylpropionic 
acid. 

H 4-C1 78-79 1 2-C1 H Oil 
3-C1 H Oil 

4-CP H 81-83 

a Reference 15. 

pine was filtered off. One recrystallization of this material from 
ethanol yielded 21.4 g (TOOo) of product whichmelted a t  101-102'. 

Anat. Calcd for C18H17ClNI: C, 72.8; H, 5.8; K, 9.4. Found: 
C, 73.0, H, 5.8) N, 9.4. 

A mixture of 21.3 g (0.07 mole) of the above nitrile, 5.17 g 
(0.086 mole) of anhydrous et,hylenediamine, and 0.16 ml of CSa 
was heated for 6 hr to 120-123". After cooling, the reaction 
mixture was triturated with 90 ml of warm water which was de- 
canted. The residue was dissolved in 380 ml of ethyl acetate, 
and the solution was dried (NaIS04) and concentrated. The 
residue was redissolved in 250 ml of ethyl acetate and converted 
to the hydrochloride by adding a solution of anhydrous HC1 in 
ethyl acetate. The hydrochloride salt was filtered off and re- 
crystallized from a mixture of 2-propanol and ethyl acetate to 
afford 17.8 g (737,) of product 47, mp 239-241". 

This procedure was used in the preparation of related com- 
pounds as shown in Tables I, 11, IT-, and V. I n  some instances 
the intermediate cyanomethyl intermediates were obtained in 
crystalline form; however, they were converted directly to the 
imidazolinylmethyl derivatives without further purification. 

Procedure D. 2-( 10,11-Dihydrodibenzo[a,d]cycloheptenyl- 
iden-5-ylmethyl)-2-imidazoline Hydrochloride (21).-A suspen- 
sion of NaOCHg, prepared by adding 4.32 g (0.09 mole) of 507, 
NaII to 22 ml of methanol and 7.5 ml of DRIF, was added drop- 
wise with stirring at 50" to a mixture of 15.6 g (0.075 mole) of 
10,ll-dihydrodibenzo[a,cl] cyclohepten-5-one,l0 13.2 g (0.07 mole) 
of 0,O-diethyl cyanomet'hylphosphonate, and 12 ml of DMF. 
The reaction was exothermic and required cooling. The tem- 
perature was maintained for 5 .5  hr a t  50"; after cooling to 25O, 
4.2 ml of AcOH was added. The reaction mixture was concen- 
trated in vacuo arid extracted with water and ether. The 
ether extract was dried (Fa804)  and concentrated, and the resi- 
due was distilled in vacuo. The fraction boiling between 170- 
190" (0.1 mm) crystallized on triturating with pentane. Re- 
crystallization from 2-propanol gave 4.5 g (267,) of (10,l l  di- 
hydrodibenzo [a,d] cycloheptyliden-.5-yl)acetonitrile, mp 105-106". 

Anal. Calcd for C17H13N: C, 88.3; H, 5.7;  E', 6.1. Found: 
C, 88.2; H ,  5.8; X, 5.9. 

A mixture of 4.3 g (0.0193 mole) of the dihydrodibenzocyclo- 
heptylidenylacetonitrile, 3.0 g (0.05 mole) of anhydrous ethylene- 
diamine, and 3 drops of CSI was heated for 17 hr in an oil bath 
(bath temperature 160-165'). The reaction mixture was worked 
up as described under procedure C. The hydrochloride of the 
product (21) melted a t  2.53-255', after recrystallization from a 
mixture of 2-propanol and ether; yield 1.8 g (30%). 

3-p-Chlorophenyl-4,5-dihydro-l-benzazepin-2-one (VIId). 
General Procedure.--NaN3 (22.9 g, 0.35 mole) was gradually 

added to a solution of 69 g (0.27 mole) of 2-p-chlorophenyl-3,4- 
dihydro-1-naphthalenone (Table VI)  in 345 ml of acetic acid. 
With stirring, 69 ml of concentrated H2SO4 was added dropwise 
over 100 min. The temperature was kept below 38'. Stirring 
was continued for 2 hr a t  room temperature and a t  50" for 1 hr 
and again 1 hr a t  room temperature. The reaction mixture was 
poured into 1.7 1. of water, and the benzazepinone separated 
as a solid which slowly crystallized. It was filtered off, washed 
with water, and recrystallized from ethanol. The yield of 3-p- 
chlorophenyl-4,5-dihydro-l-benzazepin-2-oneJ mp 193-193", was 
34.8 g ( 4 7 5 )  (TlId). The identical procedure was used in the 
preparation of the other 3-phenyl-dihydrobenzazepin-2-ones in 
Table 111. 

3-p-Chlorophenyl-2,3,4,5-tetrahydro-l-benzazepine (IXd). 
General Procedure.-To 500 ml of anhydrous THF,  16.3 g 
(0.43 mole) of LiAlHd was added gradually. After stirring for 
0.5 hr, 39 g (0.14 mole) of 3-p-chlorophenyldihydrobenzaze- 
pinone (VIId) was added. The reaction mixture was stirred at 
room temperature for 1 hr, refluxed for 5 hr and then allowed t o  
stand a t  room temperature overnight. It was worked up by 
adding in sequence 49 ml of ethyl acetate, 16.3 ml of water, 33 ml 
of 15y0 aqueoiis NaOH, and 49 ml of water with stirring for 2 hr 
and filtering. The filtered residue was washed thoroughly 
wit'h CHC13 and the washings were combined wit'h the filtrate. 
The filtrate was conceutrated in vac?m to afford a crystalline 
residue which was dissolved in 500 ml of ethyl acetate and filtered 
through Korit, and the solution was concentrated to a small 
volume. On addit'ion of 200 ml of hexane, the tetrahydrobenza- 
zepine IXd crystallized; yield 26.7 g (737,), mp 100-102". 

4-Phenyl-4,5-dihydro-l-benzazepin-2-one (VIIb) and 4- 
Phenyl-4,5-dihydro-2-benzazepin-l-one (VIIIb).-A solution of 
6.0 g (0.027 mole) of 3-phenyl-2,3-dihydro-l-naphthalei10iie and 
2.2 g (0.034 mole) of NaXg in 33 ml of AcOH was treated with 6.4 
ml of concentrated H2S04 as described for t'he 2-p-chlorophenyl- 
dihydronaphthalenone. The reaction mixture was quenched 
with water and the product was extracted with a mixture of 
ethyl acetate and CHICII (1: 1). The extract was washed with 
water and l0yc aqueous NaICO3, dried (?ia?SO4), and concen- 
trated. The residue crystallized on trituration with hexane. 
After two recrystallizations from 2-propanol, 2.5 g of T-IIb, nip 
142-144', was obtained, Y",' 1667 cm.-' 

The mother liquors from the recrystallization were concentrated 
to a small volume which yielded additional crystalline material. 
Recrystallization of this substance from 2-propanol gave 1.5 g 
of the isomeric VIIIb: mp 103-105"; v:::' 1631 and a much 
weaker band a t  1667 cm-', indicat,ing that separation was not 
complete as was confirmed by thin laver chromatoarauhr. 

Anal. Calcd for ClGHljNd: C, Si.0; H ,  6.4; g, 5:9." Found: 
C, 81.2: H ,  6.7: X. 6.3. 
5-Phenyl-4,5-dihydro-l-benzazepin-2-one (VIIc) and 5-Phenyl- 

4,5-dihydro-2-benzazepin-l-one (VIIIc).-Reaction of 12.0 g 
(0.054 mole) of 4-phengl-2,3-dihydro-l-naphthalenone with 4.4 g 
(0.068 mole) of Piax, in 65 ml of AcOH acid and 13 ml of H,S04 
as described for the 2-phenyl-dihydronaphthalenone, gave 8.0 g 
(63%) of a mixture of t'he 5-pheriyldihydrobeiizazepiilones 
VIIc and YIIIc, mp 161-163". Repeated recrystallization from 
ethanol gave almost pure YIIc, mp 180-182", vE:fi 1671 cm-1. 
A much weaker infrared band a t  1636 cm-I indicated the pres- 
ence of a small amount of the isomeric dihydro-2-henzazepin-l- 
one. 

The ethanol mother liquors from the recrystallization of the 
5-phenyl-4,5-dihydro-l-benzazepin-2-one were evaporated to 
dryness; 2.3 g of the residue (mp 165-190') was refluxed for 2 
hr with 57 ml of concentrated HCI and 12.5 ml of AcOH. After 
the reaction mixture was concentrated in uacuo, 50 ml of wat,er 
and 4.6 g of NaOBc were added to the residue which was then 
extracted with ethyl acetate. A small amount of material 
(0.3 g) did not dissolve and was filtered off. The ethyl acetate 
solution was washed with water and SaICOs solution, dried 
(XalS04), and concentrated. On addition of &her to the con- 
centrate, crystals (0.3 g) were obtained. These were combined 
with the material previously filtered off and recrystallized from 
aqueous ethanol, yielding VIIIc, mp 226-228'. 

Anal. Calcd for CieHijKO: C, 81.0, H, 6.4; N, 5.9. Found: 
C, 81.0; H, 6.7; N, 5.7.  

Spectral Data.-Infrared absorption of the lactam group of 
3,4-dihydro-l-benzazepin-2-ones (VII), 122;' 1660-1680 cm-1: 
3,4-dihydro-2-benzazepin-l-ones (YIII), Y;:'' 1630-1646 cm-: 
(Table 111). Ultraviolet absorption of 2,3,4,5-tetrahydro-l- 
benzazepines: Amax 237-240 mp ( E  7700-83.50) due to anilino 




