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214. 1 -Aralkylated Tetrahydro-2-benzazepinesl). 
Part 111. Synthesis from ,!?-tetralones 

by Daniel Berney and Karlheinz Schuh 

Research Institute Wander Ltd., a Sandoz rescarch Unit, Berne, Switzerland 

(29. IV. 76) 

.5kmmary. l-Benzyl-tetrahydro-2-benzazcpin-3-ones 4 were prepared by submitting the cor- 
responding 1-benzyl-/3-tetralones 3 to the Schmidt reaction. On the other hand, the rearrangement 
of the tetralones 3 by the Beckmann procedure gave l-benzyl-tetrahydro-3-benzazepin-2-ones 5 .  
The syntheses of somc hexahydrophenanthro-azcpines of types 10 and 15 arc also described. 

Introduction. - In parts I and I1 of this study the synthesis of tetrahydro-2- 
benzazepines carrying rnethoxy groups in the aromatic nucleus was described. In 
part I [l], methoxyphenyl-propionamides were used as starting materials, the methoxy 
groups being necessary to direct the subsequent acylation to the ortho position of the 
propionamide side-chain. Also in part I1 [Z], a t  least one methoxy group was needed 
to promote the Bischler-Nafiieralski ring-closure of the intermediate amides. The 
present synthesis was designed to obtain tetrahydro-2-benzazepines which do not 
carry methoxy groups in the aromatic ring. 

Results. - P-Tetralone (1) was aralkylated with substituted benzyl chlorides via 
tlie enamine 2, giving conipounds of type 3. In a few cases, aralkylated enamine 
hydrochlorides could be easily separated in crystalline form. 

Treatment of the benzylated 0-tetralones 3, usually as crude oils, with sodium 
azide i n  concentrated acids (Schmidt reaction) gave mainly the readily isolable 
tetrahydro-2-benzazepin-3-ones 4, together with some of the isomeric tetrahydro- 
3-benzazepin-2-ones 5. When the Bcckrnann rearrangement was used instead, com- 
pounds 5 were obtained as the main products. 

For dissolving tlie 1-benzyl-0-tetralones 3 without side reactions, different 
acidic media were used in the Schmidt reaction. For example, the tetralone 3e was 
not soluble in polyphosphoric acid (PPA) or in phosphoric acid; concentrated sulfuric 
acid giving mainly by-products was also found to be unsuitable. A mixture of acetic 
acid and sulfuric acid gave the best yields. When the tetralone 3d was dissolved in 
warm PPA prior to treatment with sodium azide, the compound readily cyclized to 
8,9-dimethoxy-6,ll-dihydro-5H- benzo[a]fluorene (m. p. 180-185") identified by 
NTMR. This cyclodeliydration did not occur in 85% phosphoric acid. 

In the NMK. spectra of compounds 4, the proton at  the 1-position appeared a t  
about S 4.8 ppm as an indistinct multiplet which collapsed to a clear double doublet 

I )  20th Communication on seven-membered hetcrocyclcs; 19th Communication : [l] 
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when the sample was treated with DzO. The corresponding proton in the isomeric 
products 5 appeared at  about S 4.4 ppm as a clear double doublet which was not 
affected by the deuterium exchange technique. 

Lactams of type 4 were reduced with LiA1H4, or with diborane when nitro or chloro 
substituents were present. The resulting 1-benzyl-tetrahydro-2-benzazepines 6 were 
methylated by the Clarke-Eschweiler method to  compounds of type 7 or, in the case 
of 6 d,  by NaBH4 reduction of its adduct with formaldehyde, thui avoiding the for- 
mation of the tetracyclic compound 8. The latter could be prepared by treating 6d 
with formaldehyde and HCI. 

4a-e 

CHIO OCH, 
8 

R’ p3 
R’ 

7a-e 

The nitro group of the methylated products 7c and 7e  was catalytically hydro- 
genated to give the amino compounds 9f and 9 g .  These were submitted to a modified 
Pschorr reaction (31 to yield small amounts of the hexaliydronaphtho-benzazepines 
10f and log. The product 10f was obtained in 35% yield together with the phenolic 
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by-product 11. Compound log was obtained in only 20% yield together with the 
deaminated compound 7 d  as the major product but could be easily separated by 
crystallization from this mixture. 

In analogy to the aporphines the signals for the protons H a  and Hb of compound 
10f appear on the NMR. spectrum significantly more downfield (multiplet centered 
at  6 7.8 ppm) than the other aromatic protons (multiplet centered a t  6 7.25 ppm). 

7c. 7 e  
Hb H a p  CHI + 

10f 

9 

R 9 CHs (’. 
R 

Pschorr  

react ion 

R = CH30 
R = H  9f 

R=CH30 99 

CH, 

11 

With compound log, the deshielding effect on the proton H a  is even bigger (double 
doublet centered a t  6 8.5 ppm), due mainly to the presence of the methoxy groups. 

The ‘Homoapomorphine’ 10h2) was obtained on treatment of log with BBr3. 
Conversion of tetralones 3 to their oximes and subsequent treatment with con- 

centrated acids gave the lactams 5 together with small amounts of lactams 4. In 
practice, the lactams 5 were prepared in one step from the tetralones 3 by dissolving 
the tetralones in PPA, by adding hydroxylamine sulfate and by heating the mixture 
to approximately 100”. The lactam 5d could be prepared neither by this one-step 
procedure nor from the oxime3), the above mentioned benzo[a]fluorene being the only 
product that could be isolated. Compound 5e could be obtained only from the isolated 
3e oxime in PPA, but 5e and its by-product 4e could not be separated. 

Lactams 5 were successively reduced with LiAIH4 or diborane to 12 and methyl- 
ated to give compounds 13. In analogy to the corresponding nitro-2-benzazepines 

2) 

3) 

Concerning the conformation and biological properties of compound 10h, see D. Berney 
et al. [4]. 
The tetralone 3d treated with NH2OH . HCI and Na2C03 in methanol gave the  oxime of 3d, 
m.p. 138-140’. 
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already discussed, the nitro group of the 3-benzazepine 13c was hydrogenated, 
yielding the amine 14. The Pschorr reaction on 14 gave the expected tetracyclic 
compound 154). 

Experimental Part 

Geizerul. For general remarks on NMR. spectra and microanalyses see par t  I [ I ] .  
l-BenzyZ-3,4-dihydro-7 H-2-naphthalevzone (3a). /3-Tetralone (1) [5j (73 g, 0.5 mol) was dissolved 

in benzene (200 ml) and refluxed in an  apparatus equipped with a Dealt-Stark water-trap. Pyr- 
rolidine (42.7 g, 0.6 mol) was added dropwise and the reaction mixture heated for 1 11 under 
reflux. Benzyl chloride (170 g, 1.35 mol) was then added and the  solutiou was heated for 4 h 
under reflux. After the addition of water (680 nil) the mixture was heated at reflux for a 
further 3 h. Thc organic layer was separated, washed with a saturated aqueous NaHSOs-solu- 
tion, then with water, dried over NazS04 and evaporated to  dryness. The crude 011 was distilled 
undcr reduced pressure to  give 95.5 g (81%) of 3a as a yellowish product, b.p. 140-145"/ 
0.02 Torr. I'or preparations, the crude oil could be uscd. ~- NMR.: 3.2 (d ,  J = 6, ZH, CHz 
bcnzylj ; 3.7 (t ,  J = 6, 1 H, ArCHCO). 

~-(4 ' -C~~lo~Obel~Z3~2)-3,4-dihydvo-I  1%-2-naphthahone (3b). A s  for 3a; /I-tetralone (29.2 g,  
0.2 mol), benzene (80 ml), pyrrolidine (17.1 g, 0.24 mol) heated for 2 h uridcr reflux. p-Chloro- 
benzyl chloride ( F l u k a )  (57.8 g, 0.34 mol) was added and heated for a further 2.5 h.  The solution 
was then cooled, and the crystalline alkylated enaminc hydrochloride w'as filtered of€. Aftcr 
being washed with bcnzenc, it was heated with benzene (80 nil) and water (100 nil) for 3 h under 
rcflux. After work-up as for 3a, the crude oil 3b (32.5 g) was uscd for thc next steps. 

~-(2'-.\'~trobenzyl)-3,4-dilz~vdvo-I H-2-naphthnlenolze (3c). As for 3 a;  p-tetralone (14.6 g, 0.1 mol), 
benzene (40 ml), pyrrolidine (8.9 g, 0.125 mol) heated €or 2 11 under reflux. o-Nitrobenzyl chloride 
(Fluka)  (25.6 g, 0.15 mol) was added, and further heated for 4 h. hfter cooling, the crystalline 
cnarninc salt mas filtered off, washed with benzenc and rcfluxed with be~izenc (40 ml) and water 
(135 ml) for 3 h, yielding after work-up 20.8 g of a dark hrown viscous oil which; for analysis was 
crystallized twice from ether/pctrol ether, yielding 13.6 (48%) of 3c, 111. p. X.5-90". C17H15ICO3: 
c, 1-1, N. 

/-(3', ~I'-Dirnetlzo~~berz~~vl)-3,4-dzl?ydvo-l H-2-naplatlzaleno~ze (3 d). As for 3 a; p-tctralone (146 g, 
1 niol), benzene (500 ml), pyrrolidine (85.3 g, 1 .2  mol) refluxed for 2 h.  3,4-Dimethoxpbenzyl 
chloridc 161 (260 g, 1.39 mol) was added and the mixture heated for 6 h undcr reflux. IVater 
(1500 nil) was added and heating was continued for 3 h. After work-up 301 g of crude 3d as an  
orange oil were collected. 

4 j  
-. ~- ~- 

The mixture of t h r  isomeric lactams 5 e  and 4e was reduced with RzHs and methylated. The 
nitro group was hydrogenated and the  mixture of the  isomers was submittrd to  the Pschorr 
reaction, which gave a small amount of the  11,12-diniethoxyplienantIiro~10, 1-b,  clazepine log 
(obtained from the by-product 4e) but  none of the desired phcnanthro[l0, 3 -6 ,  d]azcpinc, of 
the type exemplified by  15 (expected frorii the major product 5 e ) .  
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1-(3', 4'-Dimethoxy-2-nitrobenzyl)-3,4-dihydro-l H-2-naphthalenone (3e). As for 3 a;  p-tetralone 
(438 g, 3 mol), benzene (1200 ml), pyrrolidine (256.5 g, 3.6 mol) heated for 2 h under reflux. 
2-Nitro-3,4-dimethoxybenzyl chloride [7] (1042.5 g ,  4.5 mol) was added and heating was continued 
for 4 h .  After cooling, the crystalline enamine salt was filtered off, washed with benzene and 
heated for 3 h with water (4000 ml) and benzene (1200 ml) under reflux. After work-up, 729 g 
(71%) of crude 3 e  were collected as a brownish oil. 7 g of this oil were crystallized twice from 
ether/petroleum ether yielding 6.25 g of 3e, m.p .  76-84", The crude oil was used for the next 
steps. 

1-Benzyl-lI2,4,5-tetrahydro-3H-2-benzazepzn-3-one (4a) (Caution : This and all subsequent 
reactions using sodium azidc should be carried out behind a heavy safety screen in the fume 
hood). During the whole reaction time, the reaction vessel was flushed with nitrogen in order to 
keep down the concentration of hydrazoic acid. 1-Benzyl-P-tetralone (3a) (67 g, 0.28 mol) was 
added to  P P A  (700 g) a t  40" with mechanical stirring. Sodium azide (22.7 g, 0.35 mol) was added 
portionwise during a period of 2 h. The reaction mixture was stirred for a further 3 h at 40", 
then poured into ice/water and extracted three times with CHC13. The extract was washed with 
2~ KHC03, dried over NazS04 and evaporated to dryness. The residue was dissolved in a small 
amount of CHC13, ether was added and the product was allowed to  crystallize, giving 40.8 g 
(m.p. 115-135") of a mixture of 4a and 5a. 4a could be easily obtained by slow recrystalliza- 
tion of the mixture in ethanol (300 ml), giving 14.2 g (20%) of pure lactam 4a,  m.p.  153-155". - 
NMR. : 4.8 (br. m, collapses to  a sharp d x d after deuterium exchange, 1 H ,  ArCHN) ; 6.0 (br. 
d ,  disappears after deuterium exchange, l H ,  NH). - C17H17NO:C, H, N. 

7-(4'-Chlorobenzyl)-I, 2,4,5-tetrahydvo-3H-2-benzazepin-3-one (4 b). Flushing with nitrogen as 
for 4a.  Crude 3b (16 g), was dissolved in stirred glacial acetic acid (160 g) a t  room temperature. 
After the slow addition of sodium azide (9.6 g), conc. HzSO4 (24 ml) was added dropwise. The 
temperature rosc slowly to  around 50". i\fter a further 30 min the reaction mixture was poured 
into &/water, and extracted with CHC13. The extract was washed with 2~ KHC03, dried over 
NazS04 and evaporated to dryness. The residual oil was crystallized from CHCls/ether yielding 
12.2 g (72%). This product was a mixture of 4 b  and 5b, from which 4b could be separated by 
slow recrystallization from CHCI~/cther, yielding 8 g (47%) of pure material, m.p.  156-158". - 

7-(2'-~~iitrobenzyl)-1.2,4,5-tetrahydro-3H-2-benzazepin-3-one (4c). Flushing with nitrogen as 
for 4a.  The crudc ketonc 3 c  (16 g) was dissolvcd in 85% H3P04 (150 g) with stirring. Sodium azide 
(7.5 g) was added in small portions a t  room temperaturc, during a period of 45 min. The tempera- 
ture was then raised to  60" for 1 h. After the work-up as for 4a,  the residue was recrystallized 
slowly from CHC13/ether yielding 5.2 g (30%) of pure 4c, m.p. 200-209". - C17H16N203:C. H ,  N. 

I-(?,  4'-Dimethoxy-7,2,4,5-tetrahydro-3H-2-benzazepin-3-one (4d). Flushing with nitrogen as 
for 4a. Sodium azide (8.3 g, 0.13 inol) was added to H3P04 (250 ml, 85%) with stirring a t  10" 
(Caution: Explosion danger!). After the slow addition of the crudc ketone 3d (25 g) the reaction 
mixture was brought slowly to  room temperature and heated to 80" until no more gas cvolution 
could be observed. After a work-up as for 4a. the residuc was rccrystallized from CHCls/cther 
yielding 6.7 g (25%) of 4d. m.p. 207-210". - (:19H21NO3: C, H, N. 

I -(3', 4'-uinzethoxy-2'-nitrobenz~~l)-7, 2,4,5-tetrahydro-3€~-2-benzazepin-3-one (re) .  As for 4 b. 
The crude ketone 3e (20 g) was diluted at room temperature with glacial acetic acid (200 g). 
After the slow addition of sodium azidc (9.7 g), conc. HzS04 (30 ml) was added dropwise during 
a period of 30 min. Stirring was continued for 2 h at 50", then the reaction mixture was worked up 
and thc residue recrystallized from CHC13/ether yielding 9.0 g (42% from 3e) of pure 4e, m.p. 

I-Benzyl-2,3,4,5-tetrahydro-l H-2-benzazepine (6a) hydrogen maleate.  Compound 4 a  (10 g, 
0.04 mol) was suspended in tctrahyclrofuran (THF) (100 ml). LiAlH4 (3.8 g, 0.1 mol) was added 
portionwise. The mixture was heated for 2 h under reflux and cooled; watcr (6 ml) was then added 
dropwisc. Aftcr the addition of CHC13 thc mixture was filtcred, dried and evaporated. The crude 
oily aniine was converted to its hydrogen maleate by dissolving in a small amount of ethanol and 
by adding a solution of nialeic acid in ethanol; ether was then added and thc compound was 
allowed to  crystallize. I t  was recrystallizcd from ethanol/cther, yielding 3.9 g (27%) of 6a hydrogen 
maleate, m.p. 106-110". - NMK.: 3.2 (br. s, 1 H .  NH) ;  4.2 ( d x  d,  l H ,  ArCHN). - C21H231\TO4: 
C, H ,  N. 

C17€11&1NO: C, H ,  N. 

153--158 '. -- C1~H2oN20~:C. H, N .  
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I -  (4'-Chlorobenzyl) -2,3,4,5-tetrahydro-l  H-2-benzazepine (6 b) hydrochloride. The entire reaction 
was made under nitrogen. The lactam 4 b  (25 g, 0.0875 mol) was suspended in dry T H F  (100 ml), 
and the reaction flask was cooled in icelwater. 1~ solution of &&j/TIIF (A ldr i ch )  (175 ml) was 
added slowly with stirring. The mixture was kept for 30 min a t  0-5". then 2.5 h a t  room tempera- 
turc. Thcn water was added w r y  slowly t o  destroy the excess of diborane. Thc solution was then 
evaporated almost to  dryness, 2~ HC1 (700 ml) was added, and thc mixture was heated for 
30 min under reflux. The crystalline chlorhydrate which separated was filtrated off from the hot 
solution and recrystallized from ethanol/water, yielding 20.2 g (75%) of 6 b  hydrochloride, in. p. 

I-(2'-~~ritrohenzyl)-2,3, 4,5-tetrahydro-I H-2-benzazepine (6c).  As for the reduction of 4b. The 
lactam 4 c  (10 g,  0.034 mol), T H F  (100 ml) and 1~ B z H 6 / T H f ;  solution (100 ml) were kept for 
30 min at  0-5", thcn 2 h a t  room temperature. Water was added and thc reaction mixture evapo- 
rated. 2~ HC1 (250 ml) was added and the mixture heated for 30 min under rcflux, made alkaline 
with 5~ NaOH and cxtractcd with CHC13. The organic phase was dried and evaporated. The 
residue was recrystallized from petroleum/cthcr, yielding 5 g (53%) of 6c,  m.p.  62-67". - 

1-(3',4'-Dimethoxybenzyl)-2,3,4,5-tetrahydro-l H-2-benzazepine (6d) naphthalene-l,5-disulfo- 
nate.  As for the reduction of 4a.  Compound 4 d  (5 g, 16 mmol), T H F  (100 ml), LiAlH4 (1.5 g, 
40 mmol), heated for 2 h under reflux. After work-up thc oily crude arninc was converted to  its 
naphthalcne-1.5-disulfonate by dissolving it in a small amount of ethanol and adding a warm 
solution of the calculatcd amount of naphthalene-l,5-disulfonic acid (NIIS) [8] in ethanol. The 
salt which crystallized after the addition of ether was recrystallizcd from dimethylformamide/HzO 
on addition of ethanol/ether, yielding 3.8 g (54%) of 6 d  NDS salt, 1n.p. 29.5-297". - C24H27N05S: 
C, H, N. 

1-(.3',4'-Dirnethoxy-2'-nitrobenzyl)-2.3,4,5-tetrahydro-7 H-2-henzazepine (6e) .  As for the re- 
duction of 4b, but  using dry dimethoxyethane (DME) instead of THF. Lactam 4e  (17.8 g, 
0.05 mol), DME (150 rnl), 1 M B ~ H G / T H F  solution (150 ml) werc kept a t  0-5' for 30 min, followed 
by 2 h at room tcmperature. Water was added. After evaporation the residue was heated with 
2~ HC1 (250 1111) for 30 min under rcflux and filtered to  rcmovc some insoluble impurities. The 
filtratc was made alkalinc and was extracted with CHC13. The organic laycr was dried, evaporated 
to  dryness, and the residue was recrystallized from petrolcum/cthcr, yielding 10 g (58%) of 6e,  
m.p.  107-110". - Cl9HzzNz04:C ,  H ,  N. 

l-Berzz~~l-Z-methyl-2,3,4,5-tetrahydro-l H-2-benzazepine (7 a) hydrochloride. The amine 6 a (5 g, 
21 mmol) was heated for 2 h with formic acid (15 nil) and with 35% aqueous formaldehyde solu- 
tion (10 nil) under rcflux. The solution was then poured into water, made alkaline with 5~ NaOH 
and extracted with CHC13. The organic layer was dried and evaporated to  dryness. The oil was 
diluted with ethanol, and a slight excess of a solution of HC1 gas in ether was added; more ether 
was then added, and the solution was allowed to  crystallize. The salt was recrystallized from 
rthanol/ether yielding 4.5 g (74%) of 7 a  hydrochloride, m .p .  233-240". - NMR.: 2.2 (s, 3H.  
NCHs); 3.2 ( d ,  ,I = 6, 2 H ,  CH2 benzyl); 4.1 ( t ,  ,I = 6, l H ,  ArCHN). - C1aH22ClN:C, H,  N. 

I-(4'-Chlorohenzyl)-2-methyl-2,3,4,5-fetrahydro-l H-2-benzazepine (7 b) hydidrochloride. As for the 
methylation of 6a.  T h e  aminc 6 b  (10 g, 0.033 mol), formic acid (15 nil), and 38% formaldehyde 
solution (10 ml) wcrc hcated for 1 h under reflux. After work-up, the crude ainine was converted 
to its HC1 salt which was rccrystallized from HzO/ethanol/ether, yirlding 7.5 g (71%) of 7 b  
hydrochloride, 111.p. 224-231". - CI8H21C12N: C, H ,  N. 

1 -(2'-NitrobenzyZ)-2-methyl-2,3,4,5-tetrahydro-l H-2-benzazepine (7 c) hydrochloride. As for the 
inethylation of 6a.  The amine 6 c  (14.2 g, 0.05 mol), formic acid (25 nil), 3504 formaldehyde 
solution (15 ml) werc heated for 1 h under reflux. Aftcr work-up, thc crude aniine was converted 
to  its HCI salt, yielding after recrystallization from ethanol/ether 12.5 g (7576) of 7 c  hydrochloride, 

7-63", 4'-Uimethoxyhenzyl)-2-methyl-2,3,4,5-tetrahydro-I H-2-benzazepine (7 d) naphthalene-I,  5- 
disirlfonatr. The arnine 6 d  (29.7 g, 0.1 mol) was dissolvccl in ethanol (100 ml) and a 35% aqucous 
solution of formaldehyde (150 ml) was added. The solution was then hcated for 1 h undcr reflux 
and cooled to  0--5". N a B H 4  (39.5 g, 1.05 mol) was addcd portion and thc reaction mixture 

268-272". - C17H19C12N:CI H ,  N. 

C17HlsN~Oz: C, H ,  N. 

111.1). 236&240". - CisHziClNzOz: C, H, N. 



HELVETICA CHIMICA -4a.4 - Vol. 59, Fasc. 6 (1976) - Kr. 214 2065 

was brought slowly to  room temperature. After work-up, the amine was converted to its NDS 
salt (see preparation of 6 d  NDS salt) yielding 20 g (44%) of 7 d  salt, m.p. 180-185". - Cz5Hz9NOsS: 
C, H ,  N. 

11,72-Dimethoxy-6,7,14,14a-tetrahydro-isoquano[3, %a] [2]benzazepine (8). The amine 6 d  (12 g,  
0.041 mol) mas dissolved in 2~ HCI (75 ml) and 35% aqueous formaldehyde solution (24 ml) was 
added. The solution was heated for 1 h under reflux, cooled, made alkaline with 5~ NaOH and 
cxtracted with CHC13. The organic extract was dried and cvaporatcd to  dryness. The residue was 
recrystallized from methanol, yielding 8.4 g (67%) of 8 ,  m.p. 156-158". - NMR.: 3.6 (s, 2H,  
ArCHZN); 3.75 (s, 3 H ,  OCH3); 3.85 (s, 3 H ,  OCH3); 4.4 ( t ,  1 H .  ArCHN); 6.5 (s, l H ,  ArH);  6.75 
( s ,  l H ,  ArH). - CzoHISNOZ:C, H, N. 

t-(3', 4'-Dimethoxy-2'-nitrobenzyl)-2-methyl-2. 3,4,5-tetrahydro-l H-2-benzazepine (7e).  As for 
the methylation of 6a. Amine 6e (80 g, 0.23 mol), formic acid (120 ml), 35% formaldehyde solu- 
tion (80 ml), heated for 1 h under reflux. After work-up the product was recrystallizcd from 
cther/petroleum ether, yielding 78 g (94%) of 7e,  m.p. 112-115". - C ~ ~ H Z ~ N ~ O ~ : C ,  H ,  N. 

1-(2'-Aminobenzyl)-2-methyl-2,3,4,5-tetrahydro-l H-2-benzazepine (9f) hydrochloridz. The nitro 
compound 7 c  HC1 salt (14 g, 0.04 mol) was dissolved in acetic acid (300 ml) and Pd/C 5.4% (3 g)  
was added. The solution was hydrogenated at normal pressure and temperature. After filtration, 
ether was added (250 ml) and the product was allowed to crystallize, yielding 12 g (95%) of 9f 
hydrochloride, m.p. 263-270". - C18H23ClN2:C, H, N. 

I-(?, 4'-Dimethoxy-2'-aminobenzyl)-2-methyl-2,3,4,5-tetrahydro-l H-2-benzazepine (9 g). The 
nitro compound 7 e  (133 g, 0.373 mol) was dissolved in ethanol (1000 ml), Pd/C 5.4% (10 g) was 
added, and the mixture was hydrogenated for about 24 h a t  normal prcssurc and temperature, 
yielding after work-up 125 g of crude oily 9 g  which was used without purification. - NMR.: 
2.1 (s, 3 H ,  NCH3); 3.8 (s, 6 H ,  2OCH3); 4.2 (t, 1 H .  ArCHN); 4.4 (br., l H ,  NHz); 6.2 (d ,  J = 8, 
1H,  ArH);  6.6 (d ,  J = 8, 1 H ,  ArH). 

7-(2'-Hydroxybenzyl)-2-methyl-2, 3,4,5-tetrahydro-I H-2-benzazepine (11) and 7-methyl-4,5,6,7,- 
7a ,  8-hexahydro-phenanthro[lO, I-b, clazepzne (10f) naphthalene-I, 5-disulfonate. A solution of 
sodium nitritc (3.3 g) in water (30 ml) was added dropwisc to a cold, stirred solution of amino 
compound 9f hydrochloride (12 g) in acetic acid (190 ml) and conc. sulfuric acid (14 ml). The mix- 
ture was kept at 5-10" for 15 min, sulfamic acid (0.8 g )  and cold 3~ sulfuric acid (270 ml) were 
added. The mixture was stirred at 90" for 30 min. Zinc-dust (15.5 g)  was addcd and the stirring and 
warming continued for an additional 30 min. Thc hot solution was filtered, cooled with ice, madc 
alkaline with ammonia and extracted with chloroform. The cxtract was washed with saturated 
sodium chloride solution, dried over sodium sulfate and taken to  dryness in vacuo. The dark, oily 
residue (13 g) was dissolved in ether, treated with charcoal and filtered. On cooling, 11 
crystallized(4.7 g,  45%). Recrystallization from ether yielded an analytical sample, ni. p. 147--149". - 
C18Hz1NO: C, H ,  N. 

Thc filtrate, after collecting 9h was taken to drpncss and the rcsiduc (4,s g)  was dissolved 
in warm ethanol. On adding a conccntratcd cthanolic solution of naphthalene-1,S-disuIfonic 
acid (2.6 g),  the NUS salt of 10f was obtained; rccrystallized from a mixture of dimethylformamid, 
water and cthanol by adding ether. Yield: 3.7 g (24%) of 10f NDS salt ,  1n.p. 263-266". - NMR.:  
1.85 ( s ,  3H,  NCH3);4.45 ( d x  d ,  lH, ArCHN); 7.25 (m, 5H,aroin) ;  7.8 (m, 2H, arom).-C~3H~3NSO3: 
C, H ,  N. 

I / ,  12-Dimethoxy-7-methyl-4,5,6,7,7a, A-hexahydro-phenanthro[lO, 7-b, clazepine (log) and I -  
(3',4'-dimethoxybenzyl) -2-methyl-2,3,4,5-tetrahydro-l H-2-brnzuzepine (7d) naphthalene-7, .5-disul- 
fonate. -4s for 10f. A solution of sodium nitrite (14 g) in water (130 nil) was addcd dropwisc to a 
cold, stirred solution of amino compound 9 g  (60 g) in glacial acctic acid (790 ml) and conc. sulfuric 
acid (60 ml). Thc mixture was kept at 5-10' for 15 min. Sulfamic acid (3.3 g) and cold 3N sulfuric 
acid (1150 ml) were added. The mixturc was stirred at 90" for 1 h. Zinc-dust (66 g) was added, and 
the stirring and heating continued for an additional 30 min. 

The hot solution was filtercd, the filtrate cooled and madc alkalinc with ammonia. The 
mixturc was cxtracted with chloroform, the extract was washed with saturated sodium chloride 
solution, dried and evaporated. The dark oil was dissolved in ether (500 ml), treated with charcoal 
and filtered. The filtrate was conccntratcd to  a volume of 150 ml. On cooling, log (11.6 g, 20 
crystallized. Recrystallization from chloroform/ether yielded an analytical sample, ni. p. 138-140 
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NMR.of log: 1.85 (s, 3H.  NCH3); 3.65 (s, 3H, OCH3); 3.85 (s, 3H, OCH3); 4.3 ( t ,  l H ,  ArCHN); 
7.0 (m, 4 H ,  arom) ; 8.5 (d  x d ,  J = 2 and 7, 1 H, arom). - CzoH23N02 : C, H ,  N. 

The mother liquor was evaporated, the residue (22 g) dissolved in warm ethanol (220 ml), 
and a solution of naphthalene-l,5-disulfonic acid (9,7 g) in ethanol (100 ml) was added. On 
cooling the NDS salt of 7 d  crystallized giving 8.4 g, m.p. 183-188". - C ~ S H ~ ~ N O ~ S : C ,  H, N. 
Identical with the product obtained from 6d (superimposable XMR. spectra). 

I I ,  /2-Dihydroxy-7-methyl-4,5,6,7,7a, 8-hexahydro-phenaizthro[lO, 7-b, cjazepzne (10 h) hydro- 
chloride. A solution of log (16 g, 0.05 ml) in methylene chloride (500 nil) was added to a cold 
stirred solution of boron tribromide (38.8 g, 0.15 mol) in methylene chloride (500 ml). Stirring 
was continued for 2 h at 5" and for 20 h a t  room temperaturc. The reaction mixturc was evaporated 
to dryness, and the residue boiled for a short time with 2~ HC1 (250 ml). After the addition of 
ethanol (250 ml) the hot solution was filtered. On cooling 10h hydrochloride crystallized (10.3 g, 
62%). Recrystallization from ethanol/water yielded an analytical sample, 111. p. 255-260" (dec.). - 

7-BenzyZ-7,3,4,5-tetrahydro-2H-3-benzazepin-2-one (5a). Hydroxylamine sulfate (65.5 g, 
0.8 mol of NHzOH) was dissolved with efficient stirring in PI'A (900 g),  kept a t  55". Distilled 
tetralone 3 a  (91 g, 0.39 mol) was then slowly added whereby the temperature rose to about 95". 
The reaction mixture was then heated in an oil bath to 100-110" for 30 min and allowed to  cool. 
The mixture was poured into ice/watcr and cxtracted with CHC13. The organic layer was washed 
with HzO, dried and evaporated to  dryness. The crude product was crystallized from CHC13/ 
ether, yielding 26.2 g (27%) of 5a, m.p. 142-143". - NMR.: 4.3 ( t ,  1H. ArCHCO); 6.4 (br., l H ,  

7-(4'-Chlorobenzyl)-1,3,/1,5-tetrahydro-2H-3-benzazepin-2-o%e (5 b) . As for the preparation of 
5a;  PPA (1600 g), hydroxylamine sulfate (97 g) ,  crude 3 b  (155 g). The compound was recrystallized 
from CHCls/ether, yielding 59 g (36%) of pure 5b, m.p. 142-148". - C17H1fiClKO:CI H ,  X.  

ClsHzoClNOz : C ,  H,  N. 

NH). - C17H17XO:C, H, N. 

1-(2 ' -9ztrobenzyl)- / ,  3,4,5-tetrahydro-2H-3-benzazepin-2-one (5c). As for the preparation of 
5a;  PPA (1000 g ) ,  hydroxylamine sulfate (57.5 g ) ,  crude 3 c  (90 g) .  The temperature rose to 55" 
and the mixture was then maintained at 95" for 30 min. After work-up the crude compound was 
recrystallized from CHCla/ether, yielding 27.3 g (29%) of a 3 : l  mixture of lactams 5c and 4c, 
m.p.  165-175". Pure compound 5c  could be isolated by slow recrystallization from toluene, 
m.p.  178--180". - C17H16N203:CI H ,  N. 

I-(?, 4'-Dirnethoxy-Z'-nitrobenzyZ)-P-tetralone (3e) oxime.  Tetralone 3 e  ( I5  g,  0.044 1111) was 
dissolved in hot methanol (100 ml), water was added (50 ml) and hydroxylamine hydrochloride 
(5.25 g ,  0.075 niol) was added portionwise. After the addition of KzC03 (10.5 g, 0.075 mol) the 
mixture was heated for 15 min under reflux. After cooling, the crystalline solid formed was 
filtered off, washed with mcthanol/water and dried in vacuo, yielding 11.9 g (75%) of 3e oxime, 
m.p.  167Ll77". - CinHzoN2OS:C, H ,  N. 

1-(3', 4'-Dzmethoxy-2'-nitrobenzyl)-lI 3,4,5-tetrahydro-2H-3-benzazepin-2-onc (5 e) and /-(3', 4'- 
dimethox~~-2'-izztrobenz~~Z)-7,2,4,5-tetrah,ydro-3H-2-benzazepin-3-one (4e). P P I ~  (1000 g) was heated 
to 70" with efficient stirring, 3 e  oxime (110 g) was added portionwise and the mixture was kept 
at 70" for 45 min. The reaction mixture was allowed to cool, then poured into ice/water and ex- 
tracted with CHC13. The organic layer was dried and evaporated to dryness. The residue was 
recrystallized from CHCl3/ether, yielding 51 g (51%) of a 3 :  2 mixture of 5e and 4e, m.p. 150-165". 
These isomers could not be separated. - C19H20K205: C, H, S. 

I-Rei~yl-2,3,4,5-tetrahydro-l  H-3-benzazepine (12a) hydrochloride. As for the reduction of 
4 a ;  lactarn 5a (16 g, 0.064 rnol) was dissolved in THF (200 nil), LiXIH4 (5.9 g, 0.16 mol) was added, 
and the mixture was heatcd for 2 h under reflux. After work-up 15.4 g of the crude base was 
converted to the HC1 salt (as for 7a), yielding 11.7 g (67%) of 12a hydrochloride, m.p.  247 253". - 
YMR. : 2.1 (br., 1 Ff,  NH) ; 3.0 (m, 9 H, 5 benzylic H and 2CHzN). - CI7H20NC1: C, H, X. 

1-(4'-Chlorobenzyl-2,3,4,5-tetrahydro-l H-3-benzazepine (12 b) naphthalene-/ ,  5-disulfonate.  AS 
for the reduction of 4 b ;  lactam 5 b  (20 g, 0.07 mol), T H F  (100 ml), 1 M B2Hfi/TH1; solution (140 ml, 
0.14 mol). After treatment with 2~ HC1 (600 tnl) the solution was made alkalinc and the product 
cxtracted with CHC13; 15.8 g of crudc base were obtained and were converted to the NDS salt 
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(as for 6d) ,  yielding 16 g (55%) of 12b NDS salt, m.p.  273-276". - CzzHzzCIN03S:C, H ,  N. - 
Hydrochloride, m. p. 195-205". 

1-(2'-Nitrobenzyl)-2,3,4,5-tetrahydro-l H-3-benzazepine (12c). As for the reduction of 4 b ;  
lactam 5 c  (38 g, 0.13 mol), T H F  (380 nil), 1 M B&/THF solution (200 ml). After treatment with 
2~ HCI (800 ml) the solution was made alkaline and the product extracted with CHCI3. The 
organic layer was dried, cvaporated, and the residue was recrystallized from CHCls/ether, yielding 
19.7 g (54.5%) of 12c, m.p. 112-115". - C17Hl&202:C, H ,  N. 

1 -Benzyl-3-methy1-2,3,4,5-tetrahydro-l H-3-benzazepine (13 a) naphthalene-I, 5-disulfonate. As 
for the methylation of 6a. Amine 12a (7.5 9). formic acid (12 ml), 35% formaldehyde solution 
(7.5 ml). Yield: 8.2 g (65%) of 13a NDS salt, m.p.  257-259". - NMK.: 2.3 (s, 3H,  NCH3). - 

1-(4'-Chlorobelzzyl)-3-methyl-2,3,4,5-tetrahydro-l H-3-benzazepine (13 b) hydrochloride. As for 
thc methylation of 6a. Rmine 12b (7.9 g), formic acid (12 ml), 35% formaldehyde solution (8 ml). 
Yield: 6.1 g (65%) of 13b HC1 salt, m.p.  200-213". - ClsH21C12N:C, H ,  N. 

1-(2-'~2;itrobenzyl)-3-methyl-2,3,4,5-tetrahydro-I H-3-benzazepine (13 c) hydrochloride. As for 
methylation of 6a.  hinine 12c (19.7 g), formic acid (30 ml), 35% formaldehyde solution (20 ml). 
Yield: 20.5 g (90%) of 13c hydrochloride, m.p.  195-205". - ClsH21CIN202:C, H, N. 

1-(2'-A minobenzyl)-.3-methyl-2,3,4,5-tetrahydro-l H-3-benzazepine (14) hydrochloride. As for 
the hydrogenation of 7c. Nitro-compound 13c HC1 salt (24.5 g), glacial acetic acid (500 ml), 
PdjC 5.4% (5 g), hydrogenation timc 2 h. The crude oily 14 HC,1 salt was used for the Pschorr 
rcaction. - NMR.: 2.3 (s, 3 H ,  NCH3); 4.5 (br. s, 2H,  NH2). 

6-Methy1-4,5,6,7,7a, 8-hexahydro-phenanthro~lo, I-c, dlazepine (15) naphthalene-I, 5-disulfo- 
nate. ;\s for the preparation of 10f. A solution of sodium nitrite (6.2 g, 0.09 mol) was added slowly 
to a cold, stirred solution of 14 HCI salt (31 g, crude) in glacial acetic acid (310 ml) and conc. sulfuric 
acid (23 ml).  The mixturc was kept at 5-10" for 15 min then sulfamic acid (1.5 g, 0.015 mol) and 
cold 3~ sulfuric acid (460 ml) were added. The mixture was stirred at 90" for 30 min, zinc dust 
(29 g) was added and the stirring and warming continued for an additional 30 min. The hot 
solution was filtcred, cooled with ice and made alkaline with ammonia. Extraction with chloro- 
form yielded 20 g of a dark oil. This was dissolved in ethanol (150 ml) and a solution of NDS 
(8,s g) in ethanol (50 nil) was added. The salt was recrystallized from DMF, ethanol and water 
by adding ether, yielding 4.4 g (15% calc. from 1 3 ~ )  of 15 NDS salt, m.p. 278-281". - NMR.: 
2.3 (s, 3H,  NCH3); 7.15 (nz, SH,  aroin); 7.65 (m, 2H,  aroni). - C Z ~ H ~ ~ N O ~ S : C ,  11, N. 

C23HzsNOaS: C, H, N. 
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