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Synthesis and Ring-expansion of 4- (2- Dimet hylaminoethyl) -4-methyl- 
naphthalen-I (4H)-one and its 2,3-Dihydro-derivative and Some Reactions 
of the Lactam Products 

By David Carr, Brian Iddon," and Hans Suschittky, The Ramage Laboratories, Department of Chemistry and 

Robert T. Parfitt, School of Pharmacy and Pharmacology, University of Bath, Claverton Down, Bath BA2 7AY 
Applied Chemistry, University of Salford, Salford M5 4WT 

The title compounds, (3) and (6), were prepared by subjecting the methiodides of 3,4,5,6-tetrahydro-3,6-dimethyl- 
2,6-methano-3- benzazocin-1 (2H) -one (2) and 1 -a- hydroxy-l,2,3,4,5,6- hexahydro-3,6-dimethyl-2,6-methano- 
3-benzazocine (7) to a Hofmann elimination reaction. Beckmann rearrangements of the oximes of compounds (3) 
and ( 6 )  gave the acylanilide-type lactam products, (13) and (8), respectively. A Schmidt ring expansion of the 
4,4-disubstituted 1 -tetralone ( 6 )  also gave (8) whilst a similar reaction on the 4,4-disubstituted 1 -tetralone (3) 
gave a primary amine, probably (4). The lactam (8) was reduced to (9) and alkylated, to give (lo).? 

OUR interest in the biological activity of amines such as 
(l),'-* wliicli are prepared from lactams, and the avail- 
ability in our laboratories of 3,4,5,6-tetrahydro-3,6- 
dimethyl-2,6-methano-3-benzazocin-l(2H)-one (2) (2,5- 
dimethyl-8-oxo-6,7- benzomorphan) prompted this in- 
vestigation. 

When the methiodide salt of 3,4,5,6-tetrahydro-3,6- 
dimethyl-2,6-methano-3-benzazocin-1(2H)-one (2) was 
subjected to the Hofmann elimination procedure de- 
scribed for related compounds i t  gave cxclusively 4-(2- 
dimethylaminoet hyl)-4-met h ylnaphthalen-l(4H) -one (3) 
(91 % yield). Although reduction of the 2,3-double bond 
in this product would yield 3,4-dihydro-4-(2-dimetliyl- 
aminoethyl)-4-methylnapht halen-l(2H) -one (6), we 
found it convenient to prepare compound (6 )  (99% yield) 
by subjecting the methiodide of l-cc-hydroxy-l,2,3,4,5,6- 
hexahydro-3,6-dimet hyl-2,6-1ne t hano-3- benzazocine (7) 
to the Hofmann elimination procedure (neither of the two 
possible isomeric p-elimination products could be 
detected in the crude product). The l-a-hydroxy-com- 
pound (7) is available in high yield by reduction of ketone 
(2), as described in the preceding paper.5 

When the oxime of the 4,4-disubstituted l-tetralone (6) 
was heated in polyphosphoric acid a t  150 "C it gave a 
product (72 yo yield) which is assigned the acylanilide- 
type lactam structure (8) on the basis of its spectro- 
scopic properties (see also preceding paper). Apart from 
a typical lactam carbonyl stretching frequency a t  1 680 
cm-1 [cf. vmax. (Nujol) 1 665 cm-1 for (11) 5]  and an 
absorption at 3 200 cm-l (NH) in its i.r. spectrum, the 
lactam (8) displayed a signal in its l3C n.m.r. spectrum a t  
6 175.8 p.p.m. for the carbonyl C-atom [cf. 8 173.05 p.p.m. 
for (11) 5]. Reduction of the lactam (8) with lithium 
aluminium hydride gave a product whose l H  n.m.r. 

t Throughout this paper the a-isomer is the one with the 1- 
substituent cis- to the cis-fused piperidine ring (ring c) [in (7), 
for example]. 

spectrum is consistent with structure (9) ; the spectrum 
lacks a characteristic benzylic proton signal, which 
would be expected if this compound had the alternative 
benzamide-type lac t am structure. In concentrated 
hydrochloric acid heated under reflux for 24 hJ5 however, 
the lactam (8) failed to undergo hydrolysis, but resistance 
of lactams to hydrolysis under these conditions has been 
reported.' 

With sodium azide in hot polyphosphoric acid (Schmidt 
reaction) the 4,4-disubstituted l-tetralone (6)  gave a 
product (8) (93% yield) identical in all respects with that 
obtained by Beckmann rearrangement of its oxime. 
This result is in contrast to the failure to ring-expand 
ketone (2) in a Schmidt reaction, whereas a Beckmann 
rearrangement on the oxime of this ketone (2) was 
suc~essful .~ These results suggest that the cis-fused 
piperidine ring may sterically hinder approach of certain 
reagents to the l-carbonyl group in ketone (2). This 
conclusion is supported by the fact that an attempted 
reductive amination of ketone (2) with sodium cyano- 
hydridoborate in 11 iethanol in the presence of ammonium 
acetate gave only a low yield (9.504) of the desired l -a-  
amino-c~mpound.~ Formation of the immonium inter- 
mediates in these reactions is subject to steric hindrance.* 

With methyl iodide in the presence of sodium hydride 
the lactam (8) was alkylated on the ring N-atom to give 

The oxime of the 4,4-disubstituted 1-tetralone (3) also 
undergoes a Beckmann rearrangement in polyphosphoric 
acid trr give a product whose properties are consistent 
with structure (13) ; the olefinic proton signals appear as 
doublets ( J  12.0 Hz) at  T 3.6 and 4.1, respectively, in the 
1H n.m.r. spectrum of this compound. We had hoped to 
confirm the identity of this lactam by an alternative 
synthesis involving a Hofmann elimination of the meth- 
iodide of lactam ( t l ) .5  With hot 200/, aqueous sodium 
hydroxide,6 however, this methiodide gave a water- 

(10). 
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soluble product, which was identified as the quaternised 
lactam hydrolysis product (14). In an alternative pro- 
cedure, we treated the methiodide of lactain (11) with 
silver oxide in hot water. After distillation of the pro- 
duct this gave a product identified as (12) and whose 
formation can be rationalised by initial loss of water from 
the quaternary hydroxide followed by alkyl group 
migration in the resulting resonance-stabilized ylide (15). 

In a Schmidt reaction (sodium azide in hot polyphos- 
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phoric acid) the 4,4-disubstitutetl l-tetralone (3) gave a 
complex mixture from which a primary amine (60(yo 
yield) was isolated as the major product. By analogy 
with similar reactions on related compounds 9310 it is 
likely that this amine has the structure (4), although 
structure (5) cannot be ruled out on the evidence 
presented. 

E XPERI M E  N TAL 

The instruments used and the general experimental con- 
ditions were the same as those described in the preceding 
paper. 

4-(2-I~itiiefJiyIanzinoetlzyl) -4-17zet~cylnaplatJlalen- 1 (4H)-o?Ze 
(3) .-A mixture of 3,4,5,6-tetrahydro-3,6-diniethyl-2,6- 
methano-3-benzazocin-l(2H)-one (2) methiodide (3.57 g, 
10.0 mniol) (prepared by a standard procedure and used 
without purification) and 20% aqueous sodium hydroxide 
(150 ml) was heated under reflux for 30 min and then cooled. 
Extraction with ether gave the product (3) (2.08 g, !31yo), as a 
yellow oil, b.p. (Kugelrohr apparatus) 115-120 "C a t  0.35 
iiimHg; v , , , ~ ~ .  (liquid film) (cf. ref.11) 1 670 ct1i-l (CO); T 

2-H), 7.9 (s, 6 H, NMe,), and 8.5 (s, 3 H, Me) ; 6 (IT n.ni.r.) 
(CHCIJ 184.3 p.p.ni. ( C O ) ,  characterised as its mime (see 
later). 

3,4-/)iJ~~dv0-4- (2-diinetliyZn~ninoetli~~Z) -4-nzeth~lna~litJialcn- 
1 (2H)-one  (6) .-A mixture of l-cr-liydroxy-l,2,3,4,5,6-liexa- 
Iiydro-3,ci-ditnetliyl-2,6-nicthano-~-beiiza~oci1ie (7)  niethio- 
ditle (2.5 g, 7.0 mmol) and 20% sodium hydroxicle (100 ml) 
was heated under reflux for 30 min and then cooled. Ex- 
traction with ether gave the product (6) (1.59 g, !190/6), b.p. 
(Kugelrohr apparatus) 120-124 "C a t  0.5 mmHg ( I i t . , l z  
110-120 "C a t  0.5 mrnHg); vllPAx. (liquid film) 1 ti85 cni 1 
(CO); T (CDCL3) 7.75 (s, 6 11, NMe,) and 8 .6  (s, 3 H, Me), 
cliaracteriscd as its oxime (see next paragraph). 

Oximes ,-A mixture of 4-( 2-tliinethylaniiiioet 11 yl) -4- 
ni ethyl napli t l i  den-  1 (4H) -one (3) (0.2 7 g,  1.2 mmol) , hytlr- 
oxylamiiie hydrochloride ( 0 . 1  g, 1.4 nimol), sodium acetate 
(0.2 g, 2.4 mmol), and 50% aqueous ethanol (10 nil) was 
heated under reflux for 20 h, and then coolecl and the niis- 
ture made alkaline by addition of 10% aqueous sodium 
hydrogen carbonate. Extraction with chloroform gave a 
yellow oil which was chromatographed on alumina. Chloro- 
form elutcd starting material (60 mg) and 4-( 2-dimethyl- 
nmi~.zoet~~yl)-4-unetJ~yZn~~~~tliaZen- 1 (4H) -one (3) oxinze (90 
mg, 310/:), as a yellow solid, m.p.  192-194 "C (from ace- 
tone); vmcLx. (Nujol) 070 cm-l (N-0); 'i (CIXI,) 2.8 (d, 1 H, 

NMe,), and 8.5 (s, 3 H, Me) (Found: C, 74.1; H,  8.2; N, 
11.4%; Af t ,  244. C,,H,,N,O requires C, 73.7; 13, 8.25; 
N, 11.57'; M ,  244). 

3,4-Dihydro-4-( 2-dinzetl~ylai~zinoe~~iyl) -4-metliylna~litl~alen- 
I ( 2 H ) - o n e  (6) oxime (900/6) was prepared similarly; cliroma- 
tographic purification of the product was not necessary in 
this case. It had 1n.p. 166 -168 "C (from acetone) ; v , , ,~ ,~ ,  
(Nujol) 070 c11i-l (N-0) ; T (CDC1,) 7.85 (s, 6 H, NMe,) and 
8.8 ( s ,  3 H, Me); 6 1i.rn.r.) (CHCI,) 153.9 p.p.in (CN) 
(IToutid: C, 72.95; H, 9.0; N, 11.3%; M I ,  246. C15H2J- 
N,O requires C, 73.1; H, 9.0; N, 11.4%; M ,  246). 

HecFinzann Rearrangement of 3,4-Dihydro-4-( 2-iZii~ielJiyl- 
a~.~zinoetJ~yi)-4-1.~zetJzylna~htl~uZen- 1 (AH) -one (6) OXZI~LE.---A 
mixture of tlic oxiine (1.0 g, 4.0 mniol) and polyphosphoric 
acid (50 g) was stirred and heated a t  150 "C for 1 h and then 
cooled and added to  water (200 ml). The resulting solution 
made alkaline by addition of concentrated aninioniuni 
hydroxide was extracted with chloroform to give 1,3,4,5- 
tetrn/$-ydvo-5- (2-diunethylaminoethyl) -5-tnetlcyl- 1 -be nsnzcpin-2- 
one (8) (0.71 g, 72q/,), 1n.p. 104-107 "C (from hexane); v ~ , ~ , ~ .  
(Nujol) 1 680 (CO) and 3 200 cni-' (NI-I) ; 'i (CIXl,) 0.8br (s, 
1 H ,  exchangeable, NH), 7.9 (s, 6 13. NMe,), and 8.6 (s, 3 H, 
Me); 6 (I3C n.m.r.) (CHCl,) 175.8 p.p.ni. (CO) (Found: C, 
73.3; H, 9.3%; M+,  248.173 1. C151322S20 requires C, 
73.1; H, 9.0%; M ,  246.173 2).  

(CnC1.J 3.05 (d, 1 H, J 10.0 Hz, 3-H), 3.5 ((1, 1 H, -1 10.0 Hz, 

J 10.0 Hz, %H), 3.8 (d,  1 H, J 10.0 Hz, 2-H), 7.8 (s, ci 1-1, 
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Schmidt Rearrangement of 3,4-I)ihydro-4-(2-dimethyl- 

nminoethyl)-4-methylna~l1thalen- I (2H)-one ( 6 )  .-A mixture 
of the ketone ( 6 )  (0 .2  g, 0.87 mmol), sodium azide (0 .10  g, 
1.5 mmol), and polyphosphoric acid (100  g) was stirred and 
heated a t  60 "C for 24 h;  i t  was then cooled and poured on 
ice-water. The resulting solution was made alkaline with 
concentrated ammonium hydroxide and estractecl with 
chloroform to  give a product (0 .20  g, 9 3 O / O )  with 1ii.p. 104- 
107 "C (from hexane), identical in other respects with the 
product obtained in the preceding experiment. 

Redz&!on of 1,5,4,5-Tetml~y~ro-5-(2-dimetl~ylaminoetliyl~- 
5-nietliyl- l-henzazrflin-2-one ( 8 )  .-A iiiixture of the lactani 
(8) (0.4 g ,  1.6 rnmol), lithium aluminium hytlride (0.04 g ,  
1.0 mniol), and anhydrous ether (50  ml) was stirred a t  
ambient temperature for 24 h under nitrogen. 1 lie mis- 
ture was cooled in ice while water (6 nil) and 4~-socliuni 
hydroxide ( 1 nil) were added successively . The resulting 
mixture was filtered and the filtrate dried (MgSO,) and dis- 
tilled to yield 1 ,2 ,3 ,4 - t e t ra~~ydro-S - (2 -d i~~e~ l i y la~~ inoe t l~y l ) -5 -  
7.l.lethyl-l-benzaze~ine (9) (0 .28  g, 7604,), b.p. (Kugelrohr 
apparatus) 102-107 "C at 0.03  mmHg; vllldY. (liquid film) 
3 275 and 3 350 cm (NH); T (CDCl,) 6.4br (s, 1 H, ex- 
changeable, NH), 7.85  (s, 6 H, NMe,), 8.35br (s, 2 H, CH2-  
S H ) ,  and 8.65 ( s ,  3 H, Me); dipicrate, m.p. 186-189 "C 
(from ethanol) (Found: C, 4 6 . 7 ;  H ,  4 . 4 ;  N, 16.2.  C,,H,,- 
PisOl4 requires C, 47 .0 ;  H, 4 . 4 ;  N, 16.20/,). 

hT-A llzylation of 1,3 ,4 ,5-  Tetvuhydro-5- (2-dincetltylamino- 
ctliy l )  - 5-YIZ et I+ 1 -he niaze pi c? - 2- one ( 8 )  . --Sodi u in h y d r i de ( 0 . 3  
g,  12.5 nimol) was added in pieces to a stirred solution of the 
lactarn (8) ( 0 . 6  g, 2.4  nimol) in a mixture of  toluene ( 7 . 5  nil) 
and tlimethylfornianiiile (15  ml) a t  ambient temperature 
and the mixture was stirred a t  this temperature for 2 11. 
Methyl iodide (0 .42  g, 2.96 riiniol) in toluene (7 .5  nil) 
was added dropwise during 30 min and the mixture was 
stirred for a further 20 h a t  ambient temperature. It was 
then filtered and the filtrate washed with water, dried 
(RTgSO,), and evaporated to dryness under reduced pressure. 
The residue (0 .52  g) was chromatographed on alumina. 
Chloroform eluted 1,3,4,5-tetvahyc-lro-5-(2-dimet~~yla~n~n~~- 
etl~yZ)-1,5-dimetliyl-l-benzaze~in-2-one (20 )  (0 .45  g, 73Oj,), b.p. 
(Iiugelrohr apparatus) 146-150 "C a t  0.05  mmHg; v,llc,x. 
(liquid film) 1 660 cm-l (CO); T (ClICI,) 6.6 (s, 3 H, NRTe), 
7 .9  ( 5 ,  6 H, NMe,), and 8 .6  (s, 3 H, Me) (Found: C, 7 3 . 3 ;  
H, 9 . 3 ;  N, 10.70/,;  &It, 260. C1,H2,N,O requires C, 7 3 . 8 ;  
€I, 9 . 3 ;  K, 10.8y4,; M ,  2f i0) .  

Heckinunn Rearrangement ($ 4-(2-/~iu~elhylaiizinoetl i~~l)-4- 
~nef l iy l~aa~l i t l ia len-  1 (4H)-one ( 3 )  O x i i ~ ~ e . - - R  mixture of the 
oxinie (0 .18  g, 0.74  nimol) and polyphosylioric acid (10 g) 
was stirred and heated a t  150 "C for 1 h and then cooled and 
poured into water. The resulting solution was made basic 
with concentrated ammonium hydroxide and extracted with 
cliloroform to  yield a brown oil ( 160 ing) which was clironia- 
tographed on alumina. Cliloroforni-ethanol (95 : 5) eluted 
a product which we believe (see Discussion) to be 5-(2-  
dime f /i~~lanzinoeth y l )  - 5- i~e thy l -  5H- 1 -benzazepin- 2 ( 1 H) -one 
(13)  (80  mg, 4 4 y 0 ) ,  b.p. (Kugelrohr apparatus) 135-140 "C 
a t  0.05 nimHg; v , , , ~ ~ .  (liquid film) 1 670 (CO) and 3 200 c i x l  

12.0 Hz, 3-13), 7 .9  (s, 6 H, NMe,), and 8.45 (s, 3 H ,  Me). 

,. 

(NH);  T (CUCl,) 3.6  (d, 1 H, J 12.0 Hz, 4-H), 4.1 (d, 1 H,  J 

Attempted Schmidt Rearrangement of 4-( 2-Dintethyl- 
aminoethyl)-4-~nethyZnaphthalen- 1 (4H)-one ( 3 )  .-A mixture 
of the ketone ( 3 )  (0 .2  g, 0.87 mmol), sodium azide (0 .10  g, 
1.5 mmol), and polyphosphoric acid (100 g) was stirred and 
heated a t  60 "C for 20 h and then cooled and poured into 
ice-water. The resulting solution was made alkaline with 
concentrated ammonium hydroxide and extracted with 
chloroform to give a solid (0 .18  g) which was chromato- 
graphed on alumina. Ethyl acetate eluted : (i) 2-amino-4- 
(2-dinzethylawainoethyl) -4-methylnaphthalen- 1 ( 4 H )  -one ( 4 )  
(0.13 g, 6274) ,  1n.p. 118-121 "C (from chloroforni-light 
petroleum); vmax. (Nujol) 1 650 (CO) and 3 420 and 3 440 
c ~ i i - ~  (NH,); T (CDCl,) 4.15  ( s ,  1 H, olefinic CH), 6.15br ( s ,  
2 H, exchangeable, NH,), 7 . 9  ( s ,  6 H, NMe,), and 8.5 (s, 3 H, 
Me) (Found: C, 7 3 . 6 ;  H,  8 . 2 ;  N, 11.2%; M+, 244. CIS- 
H,,N,O requires C, 7 3 . 7 ;  H, 8 .25;  N, 11.5%; &?, 244) : (ii) 
;L brown oil (10  mg), vl,L:Lx. 2 100 c n - l  (N,) : and (iii) a three- 
component (t.1.c.) dark-red, viscous, oil (40  nig). 

A tteinpted Hofnzann Eliwiination Reaction of 1,3,4,5,6,7- 
Hexuhydro-4,7-dimetlty1-3,7-methano- 1,4-henzodiazonin-2-one 
( 1  1 )  M e t h i ~ d i d e . ~ - A  mixture of the methiodide (0 .22  g, 0.6 
mmol), freshly prepared silver oxide (0 .28  g ,  1.2 mniol), and 
water (40  ml) was stirred and heated overnight a t  60 "C; i t  
was then cooled, filtered, and evaporated to  dryness to leave 
a red oil. Attempts to distil the oil caused decomposition 
but, as clecomposition occurred, a colourless oil (0.11 g, 78%) 
distilled over, b.p. (Kugelrohr apparatus) 120--125 "C a t  
0.09  mmHg. This was identified as 1,3,4,5,6,7-hexahynro- 
1,4,7-trimethyl-3,7-ii~etliano-l,4-beiizodiazonin-2-one ( 1 2 ) ,  
m.p. 8!)---92 "C (from hesane), identical ('H n.m.r. and 
i.r. spectra) with the sample prepared as described pre- 
viously.5 
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