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1,,~-~letha1io-7-methoxy-2,3,4,S-tetrahydro-lH-2-benzazepine (10) and its N-methyl derivative (1 1 ) (B-nor- 
benzomorphans) have been synthesized from 5-methoxyindan-1-one-3-acetic acid (4) v i a  the oxime 6, which was 
converted to the amino acid 8. Cyclization was effected by carbodiimides to the lactam 9, which was reduced to  
10, S-methylation of which gave 11. Both 10 and 11 have analgetic activity, the former, half that of codeine, 
arid 11 was found to be comparable to codeine. 

The marked analgetic activity of a 6,i-benzomorphan 
without a quaternary carbon' prompted the synthesis of 
the homologous B-norbenzomorphans, a new hetero- 
cyclic ring system. The B-norbenzomorphans super- 
ficially resemble 6,i-benzomorphans. However, super- 
imposition of their aromatic rings (Dreiding molecular 
models) indicates a major spatial foreshortening of the 
distance between the nitrogen and oxygen atoms. 
The B-norbenzomorphans are considerably less bulky, 
although the configurations of the two types of mole- 
cules are somewhat similar. * ,Issuming equivalent 
transport of both (by a p h n '  assumption of similar 
electronic and lipophilic character) to a receptor site, 
we were interested in seeing whether binding to this site 
could be effected by the sterically dissimilar B-norbenzo- 
morphans, ascertainable through determination of 
of analgetic a ~ t i v i t y . ~  

Chemistry.--8 route to the l15-methanotetrahydro- 
"benzazepines was chosen n hich would provide the 
lactam 9 as an intermediate (desired for other purposes), 
the reduction of which mould give a secondary amine 
base n hich could presumably be substituted ad libitum. 

The starting material, 5-methoxyindan-1-one-3-acetic 
acid (4), was prepared by known  procedure^.^ The 
keto acid 4 was esterified and converted to its oxime 6 
(Scheme I). Although an isomeric mixture of oximes 
would be anticipated, no attempt mas made to separate 
them, the entire product being hydrogenated (1 g of 
10% Pd-C in 3IeOH acidified with HC1 gas/l.5 g of 
oxime) to met hy 1 1 -amino-h ie t  hoxyindan-3-acet ate 
hydrochloride (7). 1,esser amounts of catalyst or 
different solvent systems (or different catalysts) gave 
incomplete reduction of the oxime. Simply heating the 
amino ester 7 to solution in dilute HC1 hydrolyzed the 
ester to give l-amino-3-methoxyindan-3-acetic acid 

(1) K.  Kanematsu, M. Takeda, A.  E. Jacobson, and E. L. May, J .  M e d .  
Chem., 12, 405 (1969). 

(2) I t  should be noted that  the N atom is directly attached to the benzylic 
carbon in the B-norbenzomorphans; the 6,7-benzomorphans have a free 
benzylic group. Also, there is no "central" carbon atom. (E. L. May  in 
"Medicinal Chemistry," A .  Burger, Ed., Interscience Publishers, Inc., New 
Tork,  N. Y.,  1960, p 335). 

(3) L. Grumbach and H. I. Chernov, J .  Pharmacd. Ezp .  Ther. .  149, 388 
(1965). 

(4) D. H. Hey and D. H. Kohn, J. Chem. Soc., 3177 (1949). The Friedel- 
Craf t  procedure was modified, as noted in the Experimental Section. An 
alternative procedure (Pels  to  form the acid chloride and anhydrous SnCh 
for ring closure) gave a mixture from which 4 and the isomeric 7-methoxy- 
indan-1-one-3-acetic acid [mp 192.5-195°; m/e 220 (M +), 175 (base); 
XEB':"' 1724, 1678 cm-1; 219, 256, 312 mp ( c  17,200, 10,200, 4300)l 
\\as obtained. 

hydrochloride (8) , fortuitously insoluble in the cold 
acidic solution. 

Cyclization of the amino acid 85 to the desired lactam 
9 was achieved, finally, by use of carbodiiniides.7 1- 
Cy clohexyl-3- (2-morpholinoe thyl) carbodiiniide met ho- 
p-toluene sulfonate6 was found to be the reagent of 
choice for the condensation; the urea coproduct was 
mater soluble and could easily be removed. Tields of 
about 50% of recrystallized 1,5-methano-3-oxo-i- 
methoxy-2,3,4,5-tetrahydro-lH-2-benzazepine (9) were 
consistently obtained. The lactam 9 was easily re- 
duced with diborane to l15-methano-7-methoxy-2,3,4,5- 
tetrahydro-1H-2-benzazepine (10) ; I A H  gave inferior 
yields. The over-all yield of amine 10 from 4 was 
about 207,. 

Methylation of 10 in CH20-formic acid gave l,5- 
met hano-i-met hoxy-2-me thyl-2,3,4 , 3-t etrahy dro- 1 H-2- 
benzazepine, from which the hydrochloride salt 11 was 
prepared. 

Biological Results.-Compounds 10 and 115 are more 
active than 2'-methoxy-2-methyl-6~i-benzomorphan 
(Table I) and, more noteworthy, 11 is as active as a-2'- 
met hoxy-2,5,9- trimet hy1-6,7-benzo morp han or its levo 
isomer. 

Conclusion.-The 1,5-methanotetrah;\-dro-2-benz- 
azepines are analgetically active compounds, more 
so than the comparable 6,7-benzomorphan~. Thus, the 
considerable steric change from the 6.i-benzomorphans 
to the B-norbenzomorphan molecule may enhance 
analgetic activity and by inference, drug-receptor inter- 
action, even though the B-norbenzomorphans lack both 
a "central" carbon atom and a free beiizylic group, the 
former occurring in almost all of the known analgetics 
which have morphine-like activity. 

The determination of the dependence liability of 11 
and the synthesis of 7-hydroxy analogs of various S- 

( 5 )  Attempted condensation of 8 in polyphosphoric acid, trifluoroacetic 
anhydride, or with N-ethyl-5-phenylisoxazolium 3'-sulfonate6 (see R. B. 
Woodward, R. A. Olofson, and H.  Mayer, Tetrahedron, Supp l . ,  8, 321 (1966)) 
gave little or no lactam. Heating of 7 or 8 (as the base) in a sealed tube at  
various temperatures gave poor yields of lactam. 

(6) Aldrich Chemical Co., Milwaukee, Wis. 
(7) Dicyclohexylcarbodiimide in various solvents (CHzClz, THF,  CHCla 

etc.) was also satisfactory for the condensation of 8.  Pyridine proved to be 
the best medium, obviating the addition of a tertiary base, EtaN. Un- 
fortunately, dicyclohexylurea, the coproduct in the reaction, was extreme13 
difficult t o  separate from 9. 

(8) The 2'-hydroxy analogs of the 6,7-bensomorphans invariably displa3- 
increased analgetic activity when compared with their 2'-methoxy counter- 
parts. Thus, the meperidine-like 11, & methoxy analog, shows considerable 
promise. 
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alkylated B-norbenzomorphans is in progress and will 
be the subject of a future report. 

Experimental Section 
5-Methoxyindan-1-one-3-acetic Acid (4).--Ethyl nr-niethoxy- 

benzylidenebisacetoacetate (2) was prepared from 1 and hy- 
drolyzed to p-m-methoxyphenylglutaric acid4 (3, 60% from 1 ) : 

(9) Elemental analyses, performed by  the Section on Instrumentation, 
National Institute of Arthritis and Metabolic Diseases, National Institutes 
of Health, W. C. Alford, Chief, were within f0.4% of the theoretical values. 
Melting points were obtained on a Fisher-Johns apparatus. I r  were deter- 
mined on a Perkin-Elmer 237 or 257 grating spectrophotometer ( f 6  cm-1) 
( s  = strong. m = medium, w = weak, sh = shoulder), mass spectral data  
on a n  Hitachi RMU-6E double-focusing spectrometer a t  80 eV, and nmr 
on a Varian A-60 (60 MHz. ThlS at 6 0.0 ppm as internal standard, CDCls 
as  solvent unless otherwise specified (s - singlet, m = multiplet)). I r  and 
nmr spectra are reported only if they were not as expected. Glpc were ob- 
tained isothermally a t  a flow rate of 50 ml/min on a n  SE 30 (Chromosorb 
WAW) (unless otherwise specified) glass column (0.915 m, 6.3-mm diameter) 
with detection by  flame ionization. 

See ref 1. 'The figtires given hew  ere obtaiiied as dc.c:ribetl 
i i i  .I. E. Jacobson arid E. 1,. May) .I. : \Id.  Chem., 8 ,  563 (1963 !. 

Sot  effective at subtoxic dose (<20 niglkg). c E. I,. ;\I:ty 
and I,. J. Sargent in "Analgetics," G .  deSteven3, Ed., Ac~atleniic. 
Presp, S e w  Tork-I,oiiticin, 1965, Chapter I\ ' .  

rnp 129-1'L9..io (lit 4 126-126.3", 5SS,i;  n m r  ir spectra :I* <BY- 
pected,Q m,'e 2% (.\I-), 91 (base). 

The diacid 3 was converted to its acid chloride iri oxalyl 
ehloride arid cyclized with AlCll i n  CHpC12 solution (AlCla addi- 
tion at  O",  followed by stirring 2 hr a t  25")  to the keto acid 4 
(56%): mp 14$..5-1.50 151): A:::"' 1725 (COcH) arid 1675 
(Ar C = 0 )  tin-1; A:"':" 224, 2668, 287 and 294 mp ( e  13,260, 
14,660, 10,430, and 10,150); m / e  220 ( A I + ) ,  173 (base). 

Methyl 5-Methoxy-1-oximinoindan-3-acetate (6).--Keto 
acid 4 (22 .7  g )  was esterified in NeOH (120 nil) containing 
H&14 14 nil) to give an oil, methyl 5-methoxyindan-l-one-3- 
acetate ( 5 ,  24..i g ) ;  for spectra, see ref 9. Anal. (ClaHi404) C, 13. 

The keto eyter (5, 69.4 gj  was dissolved i n  EtOH (225 ml), 
and HzO 1300 ml), HOK€12.HCl (26.3 g), aud NaQAc.3€120 (51 
g) were added. The mixture was refluxed (3 hr) to give, after 
cooling. the o i i n e  6 (66.5 g, 9074), mp 120-121.5' (recrystallized 
in EtOTl j. 

Methyl l-Amino-5-methoxgindan-3-acetate Hydrochloride 
~7j.---Oximiiioestel. G (2.5 gj wa5 dissolved iii IIeOII (250 ml), 
acidified with €IC1 gas, :ritd hydrogenated over Pd-C (lO7,, 17 
9 ) .  Removal of d v r i i t  in vacuo left a yellow solid which was 
waahed with acetone"' until the color was removed to give the 
amino ester hydrwhloridc (7, 23.1 g) ,  nip 204.3-206" ( s u b h i  1 

(recrystallized from a ~I&II-;\Ie2(.'0 mixtiire). Glpc of 7 in- 
dicated a single compound ( J  .:X rniri. 1 7 7 " ;  6.34 min, 17T"") 

For hpectrn, see ref 9. il nul. (C13H15K04) C, H, K. 

A ~ I , ( z ! .  (c13I~i~ClKO:j) c:, 13. 
1 -Amino-5-methoxyindan-3-acetic Acid Hydrochloride (8).-- 

The amino ester hydrochloride (7, 23.1 gl \\-as stirred atid 
heated (!IOc, 3 h r ' ~  i t 1  ITCl (600 ni l ) .  The amiiio acid hy- 

t nllizrtl it1 t he cooled yoliitioii. The soli~l 
1 rvith 1 1 2 0 ,  and dried in z'acuo t o  give 8 (20.0 

g. Sic; Ill f w n i  G ) ,  mp 20S-209°. 
1,5-blethano-7-methoxy -2,3,4,j-tetrahydro-lH-Z- 

benzazepine 19). - - C i i r i i p i i i i i i d  8 g )  wac' disaciived i i i  pyri- 
tlitie ( I  1.) : i i i d  l - i ~ ~ ~ ~ l i ~ h c ~ ~ ~ l - ~ ) - i  )h(iliiioet h?l)cRi.bodiimidr 
nietho-p-tolilerie~~ilftrii:itC" (12 g )  \\-ah added. The yellow, cloudy 
mixture  as stirred for .i..j clay* (233),12 'I'he vdvet i t  was re- 
moved i ' t i  ~ C U O  mid :L niistrrre of CHLlr  ( I 0 0  1111) :tiid H Z 0  (SO 
nil) were added. Thc nqiieoii. boliition was cxiractetl with ClIll 
C12, .li,OH 14 rill; w:~s added t u  the combitied orgaiiic extract5 
arid the mixtiire was htirwd (0 .5 hr, 33") and wahhed rucces-id! 
with H20. 12c; IICII, HzO, 3?:. XaOH (which removed the bright 
yellow eolor), and IH20. The acltreoris rolritions were reextracted 
with CHiCl, :tilt1 the combitied, p d e  yellow, organic soliit ion 

i (1\IgS04). Filtration aiid removal (If sol- 
I off-white d i d  (2.55 g) .  'The solid was dis- 
.io 1111) mid filtwetl i o  r r i r i i~ve some iiiw1nt)lc~ 

d ~ a 1  (CIJ31sC1S0~) C, I I .  

material, anti the soli i i ion was coric:eiitrated (to - 
after ( d i n g ,  white c,rystali of lactam 9 (2.5 g, 47 
188"; 
16,X (ni), 1620 ( s ) ~  1.iS3 ( m )  mi- ' :  6 2 .2  (2 H, m, C-lO), 2.63 ( 2  13, 
m, '2-4) 3.4 ( 1  €1, rn, C-,?), 4.S0 (3 13, s, OCH,), 4.4 (1 € I ,  in, C-1 /. 
6.57-7.32 (:3 I€, in, arorn:itici), 7.65 (1 I€, In, hT-1-1); mt/e 203 (31 + 

arid base);  glpc 2.9G m i i i  l \ O o  I .  

A::F'3410 (s), 1658 (s) (1675 sh m )  cm-I; 

:lnal. (C12H1JO?) C, H, S 

( l O j  A )-ello\\. solid was obtained friirn t i l e  acetone \ya3tiings and found t t  
be mostly amino acid hydrochloride 8 ,  presumably formed by  hydrolysi, in  
the acidic medium during reduction. The solid was completely c o n w r l m l  
to  8 (0.8 a )  by warming (steam bath; in 120,  HCI. 

(11) Glass column (1.83 m. 6.3-mm diameter) containing 3';; QF-1 on  
Chromosorb P. 

(12) The cloudy yellow mixture became a clear yellow solution after 
stirring for 1-2 days and, soon after, quite cloudy again. 
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l,5-Methano-7-methoxy-2,3,4,5-tetrahydro-lH-2-benzazepine 
Hydrochloride (lo).-The lactam 9 (0.98 g) was dissolved in 
warm THF (50 ml), cooled, arid added dropwise to a large 
excess of B2Hs (O', 55 ml of a THF solution, 1 M in BH3).13 The 
mixture was stirred ( 1  hr, 0") and then refluxed overnight to 
give a clear, colorless solution. The solution was cooled (0') 
and HCI (18cc, 25 ml) was added dropwise, slowly, with stirring. 
This mixture was refluxed (0.5 hr) to cleave amine-borane com- 
plexes. Cooling and removal of solvent in uucuo gave a white 
solid to which HzO (50 ml) and NaOH (pellets, 10 g)  were added. 
The resultant cloudy mixture was extracted with CH2C12. The 
extract was washed with HzO and dried (MgS04), and solvent was 
removed in vacuo to give an oil (0.89 g)  containing a small amount 
of solid. Distillation (140" bath temperature, 0.1 mm) gave 
the amine 10 as a colorless oil: 3310 and 3220 broad (m), 1620 
(sh m), 1610 (s), 1590 (s) cm-1; A::? 3320 (w) cm-1; 6 1.53- 
2.83 (6 H, m, C-3, 4, and lo), 2.45 (1 H, s, KH exchangeable with 
D20), 3.15 (1 H, m, C-5), 3.80 (3 H, s, OCH3), 4.2 (1 H, m, C-l), 
6.63-6.89 (2 H, m, aromatic ortho to  OCH3), 7.07-7.29 (1 H, m, 

(13) Metal Hydrides, Inc., Beverly, Mass. 

aromaticmeta to OCH3); m/e 189 (illt), 160 (base); glpcO.92 min 
(170'), 3.34min (170°).11 

Salt 10 was prepared and recrystallized from MezCO-ilIeOH- 
Et20 to give white crystals (0.59 g, 54% from 9),  mp 183.5-185' 
(sublim). Anal. (C1zH&lNO) C, H, N. 

1,5-Methano-7-methoxy-2-methyl-2,3,4,5-tetrahydro-lH-2- 
benzazepine Hydrochloride (ll).-The base 10 (0.43 g), for- 
mic acid (91%, 0.57 ml), and CHZO (3540% solution, 0.47 
ml) were stirred (3 hr, 95'). The resultant clear solution was 
cooled, a 15% NaOH solution (15 ml) was added and the mix- 
ture was extracted with CH2Clz. The organic solution was 
washed with HzO and dried (MgSO4). Removal of solvent in 
vacuo gave an oil (0.4 g), which was distilled (160' bath tempere 
ture, 0.1 mm) to give Pi-methylamine 11 base (0.39 g, 84%): 
A:: 2790 (s), 2770 (m), 2720 (w), 2690 (w) (N-methyl), 1620 (s), 
1613 (s), 1590 ( s j  cm-l; glpc 1.16 min (175'), 3.6 min (1720).11 

The hydrochloride salt 11 was prepared and recrystallized from 
PtlezCO-Et20 (0.26 g, 47%); mp 179.5-181.5; m/e 203 (M+ and 
base); 6 (D20) 1.6-2.6 ( 5  H, m), 2.80 (3 H, s, N'CHB), 2.95-3.6 
(2 H, m, C-3), 3.95 (3 H, s, OCHa), 4.5-4.7 (1 H, m, C-1), 6.9-7.2 
(2 H, m, aromatic ortho to OCH,), 7.5-7.75 (1 H, m, aromatic 
meta to OCH3). Anal. (C1aH1&INO) C, H, N. 

S'-Methyl, 8-Methyl, and 8-Phenyl Derivatives of 
5,9-Dimethyl-6,7-benzomorphans 

=ILBEHT Z I E H I S G ,  S I C H O L A S  l I A L A 4 T E S T I N I C ,  THOMAS ~ v I L L I A M S ,  AKD A R S O L D  BROSSI 
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Aminoalkylation of the 5,9-dimethyl-6,7-benzomorphans la and Ib followed by hydrogenolysis yielded the 
3'-methyl analogs 3 and 4. N-demethylation of 3 gave the secondary amine 5, from which a number of N- 
substituted derivatives were prepared. Oxidation of 2'-methoxy-2,5,9-trimethyl-6,7-benzomorphan (1 1) gave 
the 8-keto compound 12 which, on treatment with phenyllithium and methyllithium, gave the corresponding 
tertiary carbinols 13 and 14. Hydrogenolysis of 13 afforded the %phenyl analog 15 while dehydration of 14 
folloffed by reduction gave the 8-methyl derivative 17. 

Several potent analgetics have evolved from studies 
of the 6,'i-benzoniorphan skeleton1 and among the more 
interesting substances are the 2'-hydroxy-5,9-dimethyl- 
6,7-benzomorphans carrying a variety of substituents 
a t  the 2 position (S). Compounds substituted either 
a t  the 3' position of the aromatic ring or a t  the benzylic 
5 position have been largely ignored. Consequently, 
in line with our continuing interest in compounds which 
affect the central nervous system, we decided t o  de- 
termine what effect substituents a t  these positions 
would have on the analgetic activity of 5,g-dimethyl- 
6,7-benzomorphans. 

The synthe4s of 3'-methylbenzomorphan derivatives 
(Chart I) was accomplished by use of a procedure which 
had previou-4y been applied in the morphinan series. * 
Thus the benzomorphan l a  whose structure and con- 
figuration is well secured3s4 was aminomethylated and 
the resulting product 2a was hydrogenolyzed to the 
3'-methylbenzomorphan 3. The corresponding K- 

(1) N. I3. Eddy and E. L. May,  "Synthetic Analgesics. Par t  IIB. 6,7- 
Benzomorphans," Permagon Press, London, 1966, p 113. 

(2) (a) 0. Schnider. German Patent  1,188,606 (1965); (b) J. Hellerbach. 
0. Schnider, H .  Besendorf, and B. Pellmont, "Synthetic Analgesics. Pa r t  
IIA. hlorphinans," Permagon Press, London, 1966, p 39. 

(3) I n  this compound and the derivatives described here, the methyl 
groups a t  the 5 and 9 positions are c i s  with respect to the tetralin moiety as 
indicated in Charts I and 11. Accordingly, the compounds belong to  the 
so-called OL series and are all racemic. 

(4)  (a) E. L. h I a s  and J. H. Ager, J .  Org.  Chem., 24, 1432 (1959); (b) 
A .  F.  Casy and A. P. Parulkar, J .  iMed .  Chem., 12, 178 (1969): (0) J. H. 
Ager and E. L. May. J. Org. Chem., 26, 984 (1960); (d) S. E. Fullerton, 
E. L. Mar, and E. D. Becker, ibid. .  27, 2144 (1962). 

propyl derivative 4 was prepared in identical fashion. 
Acetylation of 3 followed by von Braun degradation 
gave the secondary amine 5 which could be alkylated 
directly, or indirectly via reduction of the appropriate 
amides with LAH, to give the benzomorphans 6-10 
(see Table I). 

The synthesis of 8-phenyl- and S-methylbenzo- 
morphan derivatives (Chart 11) first required func- 
tionalization of the S position (Table I ) .  This was 
accomplished by utilizing an oxidation procedure which 
had previously been employed in the morphinan series5 
for the introduction of a carbonyl function a t  this site. 
Thus, treatment of the benzomorphan 11 with CrO, 
gave a 64% yield of the ketone 12, the structure of which 
is fully compatible with spectral data. I n  particular, 
the uv and ir spectra show the presence of an aromatic 
ketone. 

Subsequent transformations of 12 are also outlined 
in Chart 11. Reaction with PhLi gave the 8-phenyl-8- 
hydroxy compound 13 which mas isolated in 30% 
yield. Hydrogenolysis of 13 with Raney S i  provided 
the desired 8-phenyl derivative 15. B y  another re- 
action sequence, 12, upon treatment with UeLi, 
afforded the S-methyl-8-hydroxy 14 which was isolated 
in 70% yield. Dehydration of 14, which occurred upon 
mild acid treatment, gave the olefin 16. The structure 
of this compound, in particular the presence of an 
exocyclic CH2, is clearly established by uv and nmr data. 

( 5 )  0. Hafliger, A. Brosai, L. H. Chopard-dit-Jean, hf. Walter, and 0. 
Schnider, Hel l3 .  Chzm. A c t a .  39, 2053 (1956). 


