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(54) METHANOBENZAZOCINE DERIVATIVES AND PROCESS
FOR PREPARING THE SAME

(71) We, CHUGAI SEIYAKU KABUSHIKI KAISHA, a Japanese body corporate of
No. 5-1, 5-chome, Ukima, Kita-ku, Tokyo, Japan, do hereby declare the invention, for
which we pray that a patent may be granted to us, and the method by which it is to be
performed, to be particularly described in and by the following statement:-

This invention relates to methanobenzazocine derivatives.

The invention provides benzazocine derivatives represented by the formula

@

wherein R, is hydrogen, halogen, hydroxyl, acyloxyl, C; to C, alkyl, C; to C, alkoxy or
methylenedioxy; n is an integer of from 1 to 4; R, and R; are independently C; to C, alkyl
or are bonded to each other directly or through oxygen to represent an alicyclic or
heterocyclic ring containing 3 to 6 members; R, is hydrogen, C, to Cg alkyl which may have
a substituent selected from cycloalkyl, phenyl or benzoyl optionally having one or more
substituents, or C, to C4 alkenyl which may have pheny! as a substituent; Rs and R are
independently hydrogen or C; to C, alkyl; and R; is C; to C, alkyl or phenyl.

The invention also provides salts of such derivatives.

Each of the derivatives represented by Formyula (I) and the salts thereof is novel and has
high analgesic action and therefore it is useful for use in drugs. Thus, the invention also
provides pharmaceutical compositions which comprise either a derivative of the invention
or a salt thereof, in association with a pharmacologically acceptable carrier.

The compound represented by Formula (I) may be prepared, for example, by

(a) hydrolyzing a compound represented by the formula

Ry Ry L00CHs
(R) N R5
"R AR (11
Ry
wherein R, R,, R;, Rs, R, R and n are as defined above under an alkaline condition to

remove its ethoxycarbonyl radical and cyclizing the hydrolisate by the action of a mineral
acid, or
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(b) making a mineral acid act on a compound represented by Formula (II) to have
hydrolisis and cyclization take place simultaneously thereby giving a compound (III)
represented by Formula (I) wherein R, is hydrogen.

(c) Furthermore, the compound (III) may be prepared by making boron trifluoride
etherate act on a compound represented by Formula (II) in the absence of a solvent to give
a compound (IV) represented by Formula (I) wherein R, is COOC,H;s in a substantially

uantitative amount and then making hydrogen bromide in acetic acid act on the compound
IV) whereby the hydrolisis can be easily effected to give the compound (III).

The compound (III) may be reacted with an alkyl or alkenyl halide to give various
compounds represented by Formula (I)

(¢) The compound represented by Formula (I) may be prepared by hydrolizing the
compound of Formula (II) to remove it ethoxycarbonyl radical and then alkylating and
cyclizing the hydrolyzed compound.

In effecting the procedure (a), the hydrolysis of the compound of Formula (II) may be
carried out in the presence of a strong base such as sodium hydroxide, potassium hydroxide
or the like in a dipolar solvent such as ethylene glycol, diethylene glycol, dipropylene glycol
or the like at a temperature of from 100°C to the boiling point of the solvent used for 1-5
hours. The cyclization may be carried out by refluxing the reactant in an aqueous solution
of a mineral acid such as hydrogen bromide, hydrogen iodide, phosphoric acid or
polgp}lllosphoric acid with or without an organic acid such as acetic acid or propionic acid for
1-15 hours.

In the procedure (b), the cyclization may be carried out in the same manner as in (a).

In effecting the procedure (c), the substantially quantitative cyclization may be carried
out by heating a compound of Formula (II) at a temperature of from room temperature to
the boiling point of the solvent to be used, more preferably from 50 to 100°C for 1-5 hours in
the presence of a boron halide such as boron trifluoride etherate, boron trifluoride, boron
trichloride or boron tribromide with or without using a solvent such as benzene, toluene or
methylene chloride.

For the compound of Formula (IT) wherein (R;), is methylenedioxy, the cyclization may
be preferably effected by using a cyclization accelerator such as p-toluene sulfonic acid in an
inert solvent such as benzene or toluene. The compound (IV) obtained according to the
I(Jrogedure (c) may, of course, be hydrolized as in the procedure (a) to give the compound

I11).

In order to prepare a compound represented by Formula (I) wherein R, is not hydrogen
from the compound (IIT) wherein R, is hydrogen, the following procedure (d), (f) or (g) is
used.

(d) The reactant is reacted with a halide represented by the formula

R'X

wherein R’, is the same as R, except that it is not hydrogen and X in halogen is aprotic
dipolar solvent such as dimethylformamide or dimethyl sulfoxide in the presence of an
alkaline substance such as potassium carbonate, sodium bicarbonate or sodium hydroxide
at a temperature of from room temperature to the boiling point of the solvent to be used,
preferably 100-150°C for 1-6 hours while stirring.

(f) The reactant is reacted with a carboxylic acid of the formula

R'Y2COOH

wherein R', is as defined above or its reactive derivative such as acid halide or mixed acid
anhydride under the conditions for a conventional amide-formation reaction and then the
resulting corresponding N-acyl compound is reduced in a conventional manner.

(g) The reactant is reacted with an aldehyde represented by the formula

R’,CHO

wherein R’, is as defined above in an organic solvent such as methanol, ethanol, chloroform
or acetic acid at room temperature or at an elevated temperature on a water bath and then
reduced with a metal hydride such as sodium borohydride or sodium borocyanohydride.

Furthermore, in order to prepare the compound represented by the formula (I), without
forming the compound (III) as an intermediate, the procedure (e¢) may be used. This
procedure may be effected by reacting the hydrolyzed compound produced by the
procedure (a) with a halide in the same manner as in the procedure (d) and cyclyzing the
resulting compound as in the procedure (a).
In order to obtain the compound represented by the formula (I) wherein Ry is CHj, it may
be prepared in situ by the procedure (h). namely, by suspending or dissolving a metal
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hydride such as lithium laminium hydride, sodium alminium hydride or sodium bismethoxy-
ethoxy aluminium hydride in an inert solvent such as ethyl ether, tetrahydrofuran, benzene
or toluene and adding dropwise the compound (IV) to the suspension or solution to react it
at a temperature of from —10°C to the boiling point of a solvent used, preferably room
temperature to 100°C, for 10 minutes to several hours to give the compound of Formula (I)
wherein R, is CHsj.

Alternatively, the compound of Formula (I) wherein R, is methyl may be prepared by the
procedure (i), namely, by treating the compound of Formula (II) instead of the compound
(IV) to convert its N-ethoxycarbonyl radical to N-methyl radical and then cyclizing the
N-methyl compound to give the compound of Formula (I) wherein R, is methyl.

The compound of formula (II) which is also novel can be prepared, for example, by
refluxing a compound represented by the formula

% ks
(Rl3r©$< CHo V)

wherein R;, R,, R; and n are as defined above with urethane in an inert solvent such as
benzene or toluene in the presence of a catalytic amount of acid such as boron trifluoride
etherate or p-toluene sulfonic acid to give the compound represented by the formula

77N,
I \

Rz Ra
) §<cu _NHCOOCHs
®ilg “\NHCOOCH (VD)

wherein R, R,, R; and n are as defined above, adding dropwise a butadiene derivative
solution represented by the formula
Ry R,

R5"CH=C—C=CH2 (VII)

wherein Rs, Rg and R; are as defined above to a solution of the compound (VI) in an inert
solvent such as benzene or toluene while mildly refluxing and after the completion of the
addition, heating the mixture to reflux.

The resulting object compound (I) according to this invention has asymmetric carbon
atoms and is present as racemate. However, the racemate can be easily subjected to optical
resolution in a conventional manner with the use of a natural acid such as quinic acid,
tartaric acid, malic acid, camphoric acid, camphorsulfonic acid or mandelic acid.

The compound (I) can be converted to its mineral acid addition salt such as
hydrochloride, sulfate, hydrobromide or phosphate or its organic acid addition salt such as
malonate, lactate, malate or acetate. .

Each of the compounds represented by Formula (I) is novel and has an excellent
analgesic action resembling that of morphine. Further, since it produces no or only a minor
degree of levallorphan antagonism and physical dependence, it is very useful for use in
drugs.

The present invention will be further illustrated by the following Experiments and
Examples, but they are given for illustrative purposes only and are not to be construed as
limiting the scope of this invention.

Experiment 1
Analgesic Activities

The compounds of this invention, each of which was used in the form of hydrochloride or
lactate, or morphine. HC1 (a comparative standard drug) were subcutaneously adminis-
tered to male mice of ddY strain, 4 weeks old (10 mice/dosage level) and 45 min later, the
analgesic activity was determined by the following methods. Each drug was administered at
three different dosage levels.

(1) Acetic Acid Writhing Method (Koster, R. et al., Fed. Proc., 18, 412, 1959)

Each mouse was intraperitoneally administered with 0.6% acetic acid saline solution and
5 min later the number of writhing syndromes occurring was counted for 5 min.

The dose of test drug that decreased the number of writhing syndromes to half that of
control mice was calculated graphically and defined as ED (effective dose).

10

15

20

25

35

45

50

55



1 563 745 4

10

(2) Haffner Method (Green, A.F. et al., Brit. J. Pharmcol. 6, 572, 1951)

The base of mouse’s tail was pressed by a dull edged bakelite bar and the pressure loaded
on the tail that made the mouse squeak was measured by a mercurymanometer.

The dose of test drug that increased the squeaking pressure to twice that of control mice
was calculated graphically and defined as ED (effective dose). 5

(3) Hot Plate Method (Takagi, K. et al., Yakugaku Zasshi (in Japanese), 77, 871, 1957)

Drug-administered mice were placed on a hot plate of 55°C and the time until they
jumped was measured individually.

The dose of test drug that increased the time to jump to twice that of control mice was 10
calculated graphically and defined as ED (effective dose).

Results obtained are shown in Table 1.

Table 1
ACETIC ACID | HAFFNER |HOT PLATE
TEST COMPOUNDS METHOD | METHOD | METHOD
CHy Chg ()
i N form .1 1 (.2
HO -C3Hg03
CHy
CH3 CH3 )
/\f\< > o+
2 N form - - 9.0
HO .
, 5 C4Hg0;
[
CHy CH
P )
3 NS form 0.6 0-6 0-8
HO -CH,0
| g 303
CHy CH
3 3 CHa
4 N 105 9.1 8.2 |
“HCH
HO
H.
CHy O
/CH3
5. N 1.8 1.8 21
-HCl
Ho L
CHy OHg
8 N " 7.1 4.5 6.0
HO '
Chg
g CHy 2
7 N 10:5 10-0 5.1
o JHCE
Chy
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CH
. 3 CH?‘/CH3
7.3 8.8 ]
5 HO -HCI ° 5
10 9 ):j&") C 25 27 4.0 10
HO -HCY
Chy
15 10, Pentazocine - CHo04 20.0 7.0 9.6 15
1L Morphine. HCl 0-6 06 08
Remarks: the figures show ED (mg/kg; subcutaneous injection) 20
20
Experiment 2
Levallorphan Antagonism and Physical Dependence
(1) Levallorphan Antagonism (Blumberg, H. et al., Proc. Soc. Exp. Biol. Med., 123,
25 755, 1966) 25
Male mice of ddY strain, 4 weeks old, were used. The compounds of this invention, each
of which was used in the form of loctate, or morphine-HCl were subcutaneously
administered to mice. Thirty minutes later, the mice were injected subcutaneously with 10
mg/kg of levellorphan. Antagonism by levallorphan to analgesic effect of test compounds
30 was then determined by acetic acid writhing method 15 min after injection with 30
levallorphan.
(2) Physical Dependence (Lorenzetti O.J. et al., Arch. Int. Pharmacodyn., 183, 391,
1970; Hosoya, H. et al., Folia Pharmcol. Jap., 53, 120p, 1957; Hosoya, H. et al., Yakuri to
35 Chiryo (in Japanese), 2, 1235, 1974) 35
Male rats of Sprague Dawlay strain, 5 weeks old, were used. The compounds of this
invention or morphine-HCl were subcutaneously administered twice a day for 3 weeks. The
administration was started on Thursday, but was withdrawn every Sunday. The daily dose
of the test compound was increased weekly (i.e. 20 mg/kg/day for the 1st week, 40
40 mg/kg/day for the 2nd week and 60 mg/kg/day for the 3rd week). The physical dependence 40

was evaluated in terms of the decrease in the body weight on the day following the day of

withdrawal (Sunday) and in terms of the decrease in the body weight induced by 10 mg/kg

of levallorphan on the day following the final administration of the test compound.
Results obtained are shown in Table 2.
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CONTINUOUS ADMINISTRATION

LEVALLORPHAN
ANTAGONISM (3WEEKS) FOR RATS

TEST COMPOUNDS | FOR MOUSE [y co EIGHT
o5 | REDUCTION BY | REDUCTION BY

DISCONTINUOUS|LEVALLORPHAN
ADMINISTRATION| ANTAGONISM

CHy CHs

o ni 20 | N B
HO form

Chy CaHe0s

CH  CHg ;

s - - | -
H form

CHy Cafig0s

Clis CHy
Jeon N
- * - .
HO form

Cly

-Cakg0s

Morphino- HCI +4+ 4+ e+

Remarks: The symbol (—) shows no effect.
Thde symbols (+), (++) and (+-++) show the degree of effect in an increasing
order.

Example 1

¢)) p2—(4-Methoxypheny1)-2-methylpropanal-1 (70g) and urethane (73g) were dissolved
in benzene (500 ml), and after the addition of 1 ml of boron trifluoride etherate, the mixture
was refluxed for 5 hours with a reflux condenser equipped with a water separater. After
cooling, the reaction mixture was washed several times with water and then two times with
a saturated sodium bicarbonate aqueous solution and dried over potassium carbonate.
After removal of benzene, the residue was recrystallized from chloroformhexane to obtain
108 g of 1,1-bis(ethoxycarbamino)-2-(4-methoxyphenyl)-2-methylpropane as colorless
needles. (m.p.: 127-128°C)

Analysis:

Calcd. for C;;H,s0sN,: C, 60.34;H, 7.74; N, 8.28 (%)

Found : C, 60.13; H, 7.85; N, 8.34 (%)

(2) The resulting 1,1-bis(ethoxycarbamino)-2-(4-methoxy-phenyl)-2-methylpropane
(67.2 g) and boron trifluoride etherate (30 ml) were dissolved in dried benzene (500 mi).
Isoprene (15 g) dissolved in 50 ml of dried benzene was added dropwise to the solution over
one hour while mildly refluxing and the mixture was refluxed for 3 hours while stirring.
After cooling, the reaction mixture was washed several times with water and then washed
two times with a saturated sodium bicarbonate aqueous solution and dried over potassium
carbonate. After removal of benzene, the residue was further distilled under reduced
pressure to obtain 49 g of 1-ethoxycarbonyl-1,2,3.6-tetrahydro-2-[1-(4-methoxyphenyl)-1-
mihylethyl]-4-methy1pyridine as a light yellow syrup. (b.p.: 158-160°C/0.5 mmHg)

nalysis:

Caled. for C;oH,,05N: C. 71.89; H, 8.57; N, 4.41 (%)

Found : C, 71.95; H, 8.85; N, 4.60 (%)

(3) 1-Ethoxycarbonyl-1,2,3,6-tetrahydro-2-[1-(4-methoxyphenyl)-1-methylethyl]-4-
methylpyridine (3.17 g) dissolved in 10 m! of dried tetrahydrofuran was added dropwise to a
suspension of 0.9 g of lithium aluminium hydride in 5 ml of dried tetrahydrofuran while
stirring under cooling with ice and then the mixture was refluxed for 30 minutes. After
cooling, water-containing ether (150 ml) and then 10 ml of a 30% sodium hydroxide
aqueous solution was added dropwise to the mixture while stirring under cooling with ice.
An diethyl ether-tetrahydrofuran layer was decanted and combined with the diethyl ether
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portions with which the remaining matter had been washed. The combined liquid was dried
over potassium carbonate, stripped of the solvent and distilled under reduced pressure to
obtain 2.1 g of 1,2,3,6-tetrahydro-2-[1-(4-methoxyphenyl)-1-methylethyl]-1,4-
dirjriethlylpyﬁdine as a colorless viscous mass. (b.p.: 115-117°C/0.4 mmHg)

nalysis:

Caled. for C;7H,sON: C, 78.71; H, 9.72; N, 5.40 (%)

Found : C, 78.81; H, 10.14; N, 5.45 (%)

(4) A mixture of 2.6 g of 1,2,3,6-tetrahydro-2-[1-(4-methoxyphenyl)-1-methylethyl]-
1,4-dimethylpyridine, 30 ml of 47% hydrobromic acid and 10 ml of acetic acid was refluxed
for 12 hours while stirring. After cooling, the reaction mixture was made alkaline with
concentrated ammonia water under cooling and then extracted with chloroform. The
extract was washed with water, dried over sodium sulfate, stripped of chloroform, and
recrystallized from chloroform-hexane to obtain 2.0 g of 1,2,3,4,5,6-hexahydro-8-hydroxy-
2,6-methano-1,1,3,6-tetramethyl-3-benzazocine as pale orange cubes. (m.p.: 182-184°C)

Analysis:

Calcd. for C;¢H,30ON: C, 78.32; H, 9.45; N, 5.71 5%;

Found . C, 78.44; H, 9.49; N, 5.61 (%

(5) The resulting product in the form of free base was dissolved in diethyl ether and to
the solution was added a saturated hydrogen chloride in diethyl ether to render the
precfipitation in the form of its hydrochloride. The precipitated crystals were recovered by
the filtration and then recrystallized from methanol-ethyl ether to obtain reddish brown
prisms. (m.p.: 270-272°C)

Analysis:

Caled. for C;sH,ONCI: C, 68.19; H, 8.58; N, 4.97 g%;

Found : C, 67.89; H, 8.73; N, 4.94 (%

The following compounds shown in Table 3 were prepared in a manner similar to that
described above.

Table 3
APPEARANCE | ANALYSIS:
MELTING POINT | ~ CALCD.:
NO. COMPOUNDS (°¢) or C(%): H(%); N(%)
BOILING POINT | FOUND : 4
(°c/mmHg) | C(%): R(%); N(%)
CHy CH
3 s CHy | COLOURLESS |CpzHagN
1 N SYRUP | 83.89 10.35 576
103 - 105/0.4 | B3. . .
&y / 83.80 10.21 5.73
| om U e
" | (HYDROCHLORIOE) ASoE oo | 2% 9% S
(SUBLIMABLE) | 300 940 5:00
Cd8 M5 CH3 | COLOURLESS | CighppNCL- HEF
3 @ PRISMS 55.75  6.73  4.06
c L. Her | 253-254 55.56 674  3.80
3
s Ch COLOURLESS
. 3 3N CHy PRISMS Cyg Hpg NC1,
I ABOVE 250 | 6400 772 488
Chy MO | (suBLIMABLE) | 6385 770 4-60
Qg o g, [PALE YELLOW | CighpaN
3 SYRUP  |83.78 1011 61t
100-102/0.8 |83-81 10-32 6.05
Chy
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COMPOUND 5 cPomTURLess ClgHpNCL- K0
€ | (HYDROCHLORIDE) A;gvgszso 67.70 9.23 4.93
W s oy | PALERED | CppgON
7 N ; NEEDLES 8.7 972 540
KO é"a thy 187 - 189 7883 9.96 5-5I
YELLOW CigHp05N
7 GRANULES
8, COMPOUND ABOVE 250 | 65°31 71 401
(OXALATE) (SUBLIMABLE)| 65-24 807 4-08
Gy CHs cHy | PALE BROWN | CpHpgON
9 GRANULES {7871 9.72 5.40
WO Y i 147 - 148 7875 9.86 5.40
CHy  Chy
PALE BROWN | CigHpqOcN
POUN 197275
1. c?oh:Angf)g GRANULES | g5a1 7.7 4.01
2zs(nfcowosmou)l
6533 799 4.14
Cls O oy, COLOURLESS | ¢\. g NCI, - /20
" HN/ GRANULES 83.15 8.1 4.33
o : H UI(DECOMPOSITION) 63,10 8.13  4.35
CHy  Chg.KCI
COLOURLESS
W M oh | nepoies | C7iestCle
“ @ ABOVE 230 | 6498 802 446
H 64.69 8.04 4.40
Cl : |
& OHy HCI (SUBLIMABLE)
Chy | PALE RED Cighog ONCI
/ 18726
B. /©8:N7 zsc;?nﬁgolt;l‘f’izmou) 02 85455
HO /uct 69-99 855  4.45
Chy CH CyqHpc ON
3/ | colouriess | 17725
4, N H B 972 540
e PRISMS
s .
COLOURLESS | CigHa705N
5, |  COMPOUND 14 GRANULES |6531 779  4.0i
(OxALATE) DB(OECOMPOSITION) 6518 774 396
ey PALE GREEN | CigHpgONCI
16 N PRISMS | 70-90 8:77 435
- HO .HC!  [85(OECOMPOSITION) 70-89 890 4.4
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COLOURLESS CyHpgOgN
5 n PRISMS |18 779 3.73 5
243(DECOMPOSITION)| 67.15 801 375
10 paLE BROWN | C2tHo9 OsN 10
18. GRANULES 6718 779 373
H 223(DECOMPOSITION)| 67-05 8-00  3.78
H
15 15
PALE BROWN | CpaHy;ON
1 GRANULES | 6284 8.6 420
112(DECOMPOSITION)| 82:80 815 4-15
20 20
CpaHyg ONCI
PALE RED 23728
20. COMPOUND 19 PRISMS .68 763 379
(HYDROCHLORIDE) 28 - 286 %43 178 875
25 25
PALE BROWN | CpgHog OgN
2, COMPOUND 19 Agokcgluzl.sﬁg 70.90 690 3.3
OXALATE a6 .
30 ¢ ) (susLIMABLE) | 7071 &85 34 30
COLOURLESS | CyyHpsON
22. NEEDLES 82.04 8.20 4.56
35 20-212  |8200 815 4.59 35
COMPOUND 22 coLourtess | g ONCI
40 B | (HYDROCHLORIDE) NeeoLes |34 762 4.07 40
282 (DECOMPOSITION} 73:31 771 3-97
CHy | COLOURLESS |CpgHyyNCL,
45 2%, N NEEDLES 713 7.01  3.61 45
Cl 254 -256 7m0 716 3-60
50 Example 2 50
A mixture of 1-ethoxycarbonyl-1,2,3,6-tetrahydro-2-[1-(4-chlorophenyl)-1-methylethyl]-
4-methylpyridine (14.5 g), sodium hydroxide (15 g) and diethylene glycol (150 ml) was
refluxed for 5 hours. After cooling, water was added to the reaction mixture and the
resulting mixture was extracted with benzene. The extract was washed with water and dried
55 over potassium carbonate. After removal of benzene, the residue was distilled under 55
reduced pressure to obtain 10.7 g of a colorless viscous mass of 2-[1-(4-chlorophenyl)-1-
methylethyl]-1,2,3,6-tetrahydro-4-methylpyridine. (m.p.: 136-138°C/0.6 mmHgg)
The product (6.5 g) was dissolved in 40 ml of 47% hydrobromic acid and refluxed for 10
hours. After cooling, the reaction mixture was alkalized with concentrated ammonia water
60 and extracted with benzene. The extract was dried over potassium carbonate and distilled 60
to remove benzene. The residue was fed into a silica gel column chromatograph and eluted
with chloroform-methanol (100:1). The solvent was distilled off from the eluant to obtain
33 g of 8—chloro-1,2,3,4,5,6-hexahydro-2,6~methano—1,1,6-trimethyl-3—benzazocine as a
colorless viscous mass.
65 The product was treated as in Example 1-(5) to give the corresponding hydrochloride as 65
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coigzrlelss needles having a melting point above 250°C (sublimable) as colorless needles.
nalysis:
Calcd. for C;sH,NCl,: C, 62.94; H, 7.39; N, 4.89 §%

Found : C, 62.68; H, 7.27; N, 5.04 (%
The following two compounds were prepared in the same manner as above. 5
®
Colorless syrup
W b.p. 140-143°C/0.5 mmHg
Analysis: for C;;H,,NCl 10
a Ly C H N
3 Caled.: 74.03 8.04 5.08(%
Found ; 73.84 823 4.97(%
(ii) 15

Colorless needles

" m.p. above 280°C (sublimable)
N Analysis: for C7H,3NCl,
¢ et C H N

CHs Caled.: 65.38 7.42 4.49(% 20
Found: 65.52 7.57 4.47(%

Example 3

A mixture of 1-ethoxycarbonyl-1,2,3,6-tetrahydro-4-methyl-2-[1-methyl-1-(4-
methylphenyl)ethyl] pyridine (4.2 g) and 40 ml of 47% hydrobromic acid was refluxed for
10 hours while stirring. After cooling, the mixture was made alkaline with a 10% sodium 25
hydroxide aqueous solution and extracted with benzene. The extract was dried over
potassium carbonate and benzene was distilled off. The residue was distilled under reduced
pressure to give 3.0 g of 1,2,3,4,5,6-hexahydro-2,6-methano-1,1,6,8-tetramethyl-3-
benzazocine as colorless oil. (b.p.: 107-109°C/0.3 mmHg)

Analysis: 30
Caled. for CigH,3N: C, 83.73; H, 10.11; N, 6.11 (%)
Found _ : C, 83.55; H, 10.11; N, 6.00 (%)
The product was treated as in Example 1-(5) to obtain the corresponding hydrochloride
having a melting point above 250°C (sublimable) as colorless prisms. 35
Analysis:
Caled. for C,;cH, NCI: C, 72.29; H, 9.10; N, 5.27 E%g
Found : C, 72.46; H, 9.11; N, 5.02 (%
The following two compounds were prepared in the same manner as above. 40
@ .
Colorless fine needles
Cis CH3 m.p. above 290°C (sublimable)
N Analysis: for C;sH,,NCl 45
-HC1 C H N
CHy Caled.: 71.55 8.81 5.56 (%;
Found: 71.30 8.65 5.22(%
(i1) 50
iy CHa, Pale brown prisms

m.p. above 250°C (sublimable)
Analysis: for C;sH,,NCl
oy -HCl C H N
3 Caled.; 72.29 9.10 5.27 (%) 55
Found: 7246 9.11 5.02(%)

N

Example 4

(1) A mixture of 1l-ethoxycarbonyl-1,2,3.6-tetrahydro-2-[1-(4-methoxyphenyl)-1-
methylethyl]-4-methylpyridine (6.34 g) and boron trifluoride etherate (10 ml) was
maintained at a temperature ranging from 70 to 80°C for 4 hours while stirring. After 60
cooling, ice-water was added to the reaction mixture and then the mixture was extracted
with benzene. The extract was washed three times with water and then two times with a
saturated sodium bicarbonate aqueous solution and dried over potassium carbonate. After
removal of benzene, the residue was further distilled under reduced pressure to obtain 6 g
of 3-ethoxycarbonyl-1,2,3.4,5,6-hexahydro-2.6-methano-8-methoxy-1,1,6-trimethyl-3- 65
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benzazocine as a pale yellow syrup. (b.p.: 162-164°C/0.7 mmHg)

Analysis:

Calcd. for C;gH,;O3N: C, 71.89; H, 8.57; N, 4.41 (%

Found : C, 72.12; H, 8.64; N, 4.51 (%

(2) A mixture of the resulting product, 3-ethoxycarbonyl-1,2,3,4,5,6-hexahydro-2,6-
methano-8-methoxy-1,1,6-trimethyl-3-benzazocine (30 g), 47% hydrobromic acid (80 ml)
and acetic acid (80 ml) was refluxed for 2 hours while stirring. After cooling, the reaction
mixture was made alkaline with a concentrated ammonia water while cooling with ice and
the resulting precipitate was recovered by the filtration, dried with air and recrystallized
from methanol to obtain 16.3 g of 1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1,6-
trimethyl-3-benzazocine as colorless granules. (m.p.: 255-257°C) —

Analysis:

Calcd. for C;sH,,ON: C, 77.88; H, 9.15; N, 6.05 (%)

Found : C, 77.62; H, 9.15; N, 6.15 g%)

The following compounds were prepared in the same manner as above.

Colorless granules

H m.p. 254-256°C
N Analysis: for C;;H;30N
HO C H

N
Ch Caled.: 7933 9.01  5.44(%)
Found: 79.30 9.15 5.30(%)

(i)

Colorless granules

m.p. 257-259°C

Analysis: for CygH30N
C H

Caled.:  81.87 7.90 4.77(%%
Found : 81.78 7.82 4.80(%

Example 5

(1) A mixture of 1(1-ethoxycarbonyl-1,2,3,6-tetrahydro-4-methylpyridine-2-yl)-1-(4-
chlorophenyl) cyclopentane (6.8 g) and 47% hydrobromic acid (60 ml) was heated to reflux
for 10 hours while stirring. After cooling, the reaction mixture was made alkaline with a
10% sodium hydroxide aqueous solution and extracted with benzene. The extract was dried
over potassium carbonate and distilled to remove benzene. The residue was further distilled
under reduced pressure to obtain 4.1 g of 8-chloro-1,2,3,4,5,6-hexahydro-2,6-methano-6-
methyl-3-benzazocine-1-spiro-1'-cyclopentane as colorless oil.

(b.p.: 140-143°C/0.5 mmHg)

Analysis:

Caled. for C;7H,NCI: C, 74.03; H, 8.04; N, 5.08 g%)
Found . C, 73.84; H, 8.13; N, 4.97 (%)

The resulting product was treated as in Example 1-(5) to obtain the corresponding
hydrochloride as colorless fine needles having a melting point above 270°C and being
sublimable (after recrystallization from methanol-diethyl ether).

Analysis:

Caled. for C;;H,3NCI: C, 65.38; H, 7.42; N, 4.49 (%)

Found : C, 65.62; H, 7.57; N, 4.47 (%)

(2) The resulting product, 8-chloro-1,2,3,4,5,6-hexahydro-2,6-methano-6-methyl-3-
benzazocine-1-spiro-1’-cyclopentane (4 g) was dissolved in 40 ml of methanol and to the
solution was added 5 ml of 37% aqueous formaldehyde and then 0.7 g of sodium
borohydride was slowly added under cooling with ice while stirring. After further stirring
the mixture at room temperature for one hour, the solvent was distilled off from the
mixture and the residue, after adding water, was extracted with benzene. The extract was
dried over potassium carbonate and distilled to remove benzene to obtain 4.1 g of
8-chloro-1,2,3,4,5,6-hexahydro—2,6—methano-3,6-dimethy1-3-benzazocine-1-spiro-1’-
cyclopentane as colorless oil. The product was further treated as in Example 1-(5) to obtain
the corresponding hydrochloride as colorless fine needles having a melting point above
270°C 1and being sublimable after recrystallization from methanolethyl ether.

Analysis:

Caled. for C;gH,sNCL: C, 66.25; H, 7.72; N, 4.29 (%)

Found . C, 66.46; H, 7.74: N, 4.38 (%)
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Example 6

A mixture of 1,2,3,6-tetrahydro-2-[1-(4-methoxyphenyl)-1-methyethyl]-4-methylpyridine
(2.9 g), pentyl iodide (2.34 g), potassium carbonate (3 g) and dimethylformamide (20 ml)
was heated to reflux for 4 hours while stirring. After cooling and adding water, the reaction
product was extracted with benzene. The extract was washed twice with water, dried over
potassium carbonate and distilled to remove benzene to obtain 2.8 g of 1,2,3,6-tetrahydro-
1-pentyl-2-[1-(4-methoxyphenyl)-1-methylethyl]-4-methylpyridine as a viscous mass. To the
mass was added 20 ml of 47% hydrobromic acid and the mixture was heated to reflux for 10
hours while stirring, after cooling, made alkaline with a concentrated ammonia water under
cooling and extracted with chloroform. The extract was dried over sodium sulfate and
distilled to remove chloroform. The residue was fed to a column chromatograph on silica
gel and eluated with chloroform. Chloroform was distilled off from the elute to obtain 2.2 g
of 1,2,3,4,5,6-hexahydro-8-hydroxy-3-pentyl-2,6-methano-1,1,6-trimethyl-3-benzazocine
as a viscous mass. The product was treated as in Example 1-(5) to obtain the correspondin
hydrochloride as colorless fine needles having a melting point above 230°C (sublimable%
after the recrystallization from methanolethyl ether.

Analysis:
Caled. for C,gH3,ONCL: C, 71.08; H, 9.54; N, 4.14 (%
Found : C, 69.95; H, 9.58; N, 4.36 (%

The following compounds were prepared in a manner similar to that described above.

®

Pale brown granules

CHy C
SBANDY mp, 257260°C
S Analysis: for C,,H;q0ONCI
N cTH N
3 Caled.: 73.83 7.89 3.91 %;
4.05

Found: 73.92 8.00 %
€))

Pale brown needles
Q3 Chg m.p. above 250°C

Analysis: for C,H33ON-CHCl
S50 BN

Calcd.: 6198 7.66 3.13(%
Found : 62.02 7.89 3.41(%
Example 7

A mixture of 2.5 g of l-ethoxycarbonyl-1,2,3,6-tetrahydro-2-[1-methyl-1-(3,4,5-
trimethoxyphenyl)ethyl]-4-methylpyridine, 1.4 g of para-toluene sulfonic acid hydrate and
50 ml of dried benzene was heated to reflux for 2-hours while stirring and, after cooling,
washed twice with water and once with a saturated sodium bicarbonate aqueous solution
and then dried over potassium carbonate. Benzene was distilled off from the reaction
mixture to obtain 2.5 g of 3-ethoxycarbonyl-1,2,3,4,5,6-hexahydro-2,6-methano-7,8,9-
trimethoxy-1,1,6-trimethyl-3-benzazocine. The product was dissolved in 20 ml of tetrahy-
drofuran and the solution was added dropwise to a suspension of 0.8 g of lithium aluminium
hydride in 5 ml of tetrahydrofuran while stirring under cooling with ice, followed by
refluxing for 30 minutes. After cooling, to the mixture was added 100 ml of ethyl ether
containing water while stirring under cooling with ice to decompose excess lithium
aluminium hydride and then was added a 10% sodium hydroxide aqueous solution. The
supernatant was recovered by the decantation and combined with the remaining residue
after it had been washed with diethyl ether. The mixture was dried over potassium
carbonate and distilled to remove the solvent to obtain 2.0 g of viscous mass. The mass was
purified through column chromatograph on silica gel and then recrystallized from diethyl
ether to obtain 1 g of 1,2,3,4,5.6-hexahydro-2,6-methano-7,8,9-trimethoxy-1,1,3,6-
tetramethyl-3-benzazocine as colorless needles. (m.p.: 68-70°C)

Analysis:
Caled. for CgH,0O3N: C, 71.44; H, 9.15; N, 4.39 )%)
Found : C, 71.58; H, 9.24; N, 4.30 (%)

The product obtained above was treated as in Example 1-(5) to obtain the corresponding
hydrochloride as colorless silky needles.
(m.p.: 265-267°C, (foaming upon melting)

Analysis:

Calcd. for C;oH3,OsNCl: C, 64.12; H, 8.50; N, 3.94 E%;

Found : C, 64.00; H, 8.50; N, 3.82 (%
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Example 8

A mixture of 5.0 g of 1-(1-ethoxycarbonyl-1,2,3,6-tetrahydro-4-methylpyridine-2-yl)-1-
(4-methoxyphenyl)cyclopropane and 11 ml of boron trifluoride etherate was heated to 70°C
for 3.5 hours while ‘stirring and, after cooling, extracted with benzene. The extract was
washed three times with ice-water and then twice with a saturated sodium bicarbonate
aqueous solution, dried over potassium carbonate and distilled to remove benzene to obtain
4.2 g of residue. The residue was treated as in Example 7 by the use of 1.2 g of lithium
aluminium hydride to obtain 1.8 g of 1,2,3,4,5,6-hexahydro-2,6-methano-8-methoxy-3,6-
dimethyl-3-benzazocine-1-spiro-1'-cryclopropane. The produce was treated as in Example
1-(‘2) tcl> obtain the corresponding hydrochloride as pale brown needles. (m.p.: 266-268°C)

nalysis:

Calcd. for C,;H,sONCIL:C, 69.49; H, 8.23; N, 4.77 (%)

Found : C, 69.30; H, 8.14; N, 4.65 (%)

The following compounds were prepared in the manner disclosed above.

@)

Colorless granules

m.p. 240-242°C (foaming upon melting)

Analysis: for CyoHps06N
C H

Qs CH3 chy
e
CHyO N
CHa0
Sy, COOH
Coon Caled..

Found :

63.30 7.70

63.16 7.72

N
3.69 %;
3.82(%

(i)

Colorless prisms

10

15

20

25

CHy CH3 /CHa
N

CHa0 N

m.p. 251-253°C
Analysis: for C;7HcONCI
C H

69.01 8.86
69.12 9.02

N
7

Calcd.: 4:68 EZZ% 30

Found :

Colorless needles
m.p. 265°C (decomposition)

Cha0 Analysis: for C;;H;3,0/N

C H N
61.59 7.63 3.42(%)
61.38 7.62 3.43(%)
Example 9

(1) 4-(1-Ethoxycarbony1-1,2,3,6-tetrahydro-4-methylpyridine-2-y1)-4-(4-
methoxyphenyl)-tetrahydropyran (4.2 g) was treated as in Example 8 to obtain 3.4 g of
1,2,3,4,5,6-hexahydro-2,6-methano-8-methoxy-3 ,6-dimethyl-3-benzazocine-1-spiro-4'-
tetrahydropyran as colorless prisms. (m.p.: 149-150°C; after recrystallization from
methanol)

Analysis:

Calced. for CoHyO,N: C, 75.71; H, 9.03; N, 4.65 (%)

Found : C, 75.68; H, 9.22; N, 4.80 (%)

(2) The product in the form of a base was dissolved in ethyl ether and to the solution
was added a saturated solution of oxalic acid in ethyl ether to form precipitates. The
precipitates were recrystallized from methanol-ethyl ether to obtain the corresponding
oxalate as colorless plates. (m.p.: 253°C (decomposition))

Analysis:

Caled. for CyHygO6N: C, 64.43; H, 7.47; N, 3.58 (%)

C, 64.62; H, 7.63; N, 3.79 (%)

Chy GO

"CoOH Calcd.:

Found :

Found : G,

(3) A mixture of the product obtained in (1) above (1 g) and pyridine hydrochloride (20
g) was refluxed on a bath having a temperature of 200°C for 30 minutes while stirring. After
cooling, water was added to the reaction mixture and then the mixture was made alkaline
with ammonia and extracted with benzene. The extract was thoroughly washed with water,
dried over potassium carbonate and distilled to remove benzene. Ethanol and toluene were
added to the residue and distilled to remove pyridine with the added solvents. The residue
was purified through a column chromatograph on silica gel to obtain 0.5 g of
1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-3,6-dimethyl-3-benzazocine-l-spiro-4’-
tetrahydropyran as a glassy mass. The product was treated as in (2) above to obtain the
corresponding oxalate as pale brown needles.

(m.p.: 247°C (decomposition))
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Analysis:
Calcd. for C,0H,;O¢N: C, 63.64; H, 7.21; N, 3.71 (%
Found ; C, 63.65; H, 7.43; N, 3.68 (%
5 Example 10 5

1-Ethoxycarbonyl-1,2,3,6-tetrahydro-2-[1-methyl-1-(3,4-methylene-dioxyphenyl)ethyl}-
4-methylpyridine (2.9 g) was cyclized and reduced by the use of 2.0 g p-toluenesulfonic acid
monohydrate, 55 ml of dried benzene and 0.7 g of lithium aluminium hydride as in Example
7 and recrystallized from chloroform-hexane to obtain 1,2,3,4,5,6-hexahydro-2,6-methano-

10  1,1,3,6-tetramethyl-8,9-methylenedioxy-3-benzazocine as colorless needles. (m.p. 156- 10

158°C)
Analysis:
Caled. for C7H,30,N: C, 74.69; H, 8.48; N, 5.12 (%
Found : C, 74.85; H, 8.43; N, 5.09 (%
15 The resulting product was treated as in Example 1-(5) to obtain the corresponding 15
hydrochloride monohydrate. (m.p.: 264-266°C)
Analysis:
Caled. for C7H,4,O,NClL: C, 62.28; H, 7.99; N, 4.27 (%
Found ; C, 62.36; H, 7.86; N, 4.11 (%
20 20
Example 11

A mixture of 1 g of 1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1,6-trimethyl-3-
benzazocine, 0.66 g of cinnamyl chloride, 0.3 g of sodium iodide, 1 g of potassium
carbonate and 20 ml of dimethylformamide was refluxed for 3 hours while stirring and, after

25 cooling and adding water, extracted with benzene. The extract was washed twice with 25
water, dried over potassium carbonate and distilled to remove benzene. The residue was
fed to a column chromatograph on silica gel and the fraction eluted by a solvent of
chloroform or chloroform-methanol (100:1) was collected. By distillating off the solvent
from the fraction, 1.3 g of reddish brown viscous mass was obtained. A small amount of

30 diethyl ether was added to the mass and the mixture was allowed to stand to deposit 30
crystals. The crystals were recovered by filtration and recrystallized from chloroform-
hexane to obtain 3-cinnamyl-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1,6-
trimethyl-3,benzazocine as pale yellow plates. (m.p.: 86-88°C)

Analysis:
35 Caled. for C,;H,,ON: C, 82-95; H, 8.41; N, 4.03 (%) 35
Found : C, 82.81; H, 8.53; N, 4.00 (%)

The product in the form of free base was dissolved in methanol followed by adding a
saturated hydrogen chloride solution in ethyl ether. The deposited crystals were recovered
by the filtration and recrystallized from methanol-ether to obtain the corresponding

40 hydrochloride as pale yellow needles. 40
(m.p.: 188°C (decomposition))
Analysis
Caled. for C5yH3ONCI-12H,0: C, 73.35; H, 7.95; N, 3.56 (%)
Found : C, 73.40; H, 7.93; N, 3.60 (%)
45 The following compounds shown in Table 4 were prepared in the same manner as above. 45
APPEARANCE | ANALYSIS.:
50 MELTING POINT | CALCD.: 50
NO. COMPOUNDS (°¢) or C(%): H(%): N(%)
BOILING POINT | FOUND:
(oc/mmHg)  |C(%); H(%): N(%)
COLOURLESS
55 Chy CH3N PLATES CapHaghCl 35
1 y ABOVE 230 7509 945 4.38
chy Gy MOl (SUBLIMABLE) |74-99 9-40 4.53
60 CHy  CH COLOURLESS 60
3 CloHyy NCIp
2 N~ o oy |67:05 BO0 &
o] ony Ml (SUBLIMABLE) €6.89 804 4.27
65 65
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Gy Chs n,CH=Chy| COLOURLESS | ¢y ey,
2 @ WD a0 e
¢ “KC1 6641 787 4.06
CHs (SUBLIMABLE)
G COLOURLESS | CjgHpg ONCI- Hy0
4 NG GRANULES - |g7.14 890 412
HO by el 197(DECOMPOSITION) 67.40 9.0  4.18
W O ) hpchecly|  COLOURLLSS C1g Hag ONC
5 LEAVES  |70-22 851  4.55
I 237(DECOMPOSITION)] 70-01 845 4.63
Chy  CHy PALE YELLOW | CpyHayOgNF
6 K(crgeoL O 120P(R['):'£M 6679 6.64 288
W, oo POSITION) [67-00 670 2:99
COOH
CHs _Chg COLOURLESS | CpyHa; O5NFCI
, W(Ch)sC0)-F| GRANULES |gga4 .20 2.78
214 (DECOM- |64-26 6-18 2-89
d CHy , qoo POSITION )
COOH
COLOURLESS | CpgHagONFCI,
8 (Hsg;"OFCOH”LZ%E) PRISMS |68.66 671 3.
196-198. [66-85 6.50 3.3
Gl CHy COLOURLESS | C,H ONFCI
25H3y
’ @(‘:@@@F GRANULES |72.18 7.51 3.37
oy MO 223-225 |(72.23 7.61 3.53
P COLOURLESS | CpgHs, NOFCI
° ﬁi‘}(c"z’éwOF NEEDLES  \7p.62 7.7 3.26
CHs Che *HCl 201-203 |[72.65 7.72 3.47
Wy O s | cotourLess | CoManONC!
1. N PLATES  |%4-27 843 376
: 233-253  |74.25 813 372
OH Chs HCl
| PALE BROWN |¢ 4. oun
! SHCh=Chy| o0 oo 22¥29 7554 ”
1, 205 (Dcow- | S0 4 &
O N POSITION) |68-28 7.60 3.8
3 CooH
Q3 CH CH,CH=CH, | COLOURLESS Cyallgg ONCH
N NEEDLES
3, 7%.68 763 379

HCL

HO @

210 (CHANGED TO
RED)

74.47 765 3719
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A5 | coourLess | CaatyONI/4CHCls
5 u | K NEEDLES  |79-48 7-38 3.08 5
HO .
. COLOURLESS | CpgHay ONCI- HyO
COMPOUND 1 :
10 Bl (worocHLoRioE) e . [0 758 30 10
205 ( DECOM-~
POSITION) 74.43 1.5 322
P bl
15 S 75.45 810 3.5 15
CHy KO BE-258 Lo g4 364
Cs CH
20 3 N~ | PALE BROwN | Cas O HC! 20
20 NEEDLES  |75-08- 7.88  3-65
HO O *HCl 278 - 281 7492 800 3.689
25 25
N~ | COLOURLESS | Car3oONCI
18 PLATES (7249 889 4.03
HO gy, HC 276-278  |7270 890 4.16
30 30
CH; CH
3 3N A | CoLouRLESS CapH3nONCI-Hy0
19 PRISMS  |6787 911 3.95
HO &y -KCI 253-255 (6769 923 3.92
35 35
COLOURLESS | CygHa, ONCL-1/2 Hy0
2. /G%N)A@ F%'SMS 753 794  3.34
40 HO KL 247 (DECOM-~ |77t 7. 3.1 40
Chs POSITION) [ ?
Qiy  Ch M\@ PALE BROWN | CpqH,ONC!
45 a | oy PRISMS (7809 723 314 45
Ho @ “HCL 269-272 |79 139 3.18
Example 12
50 A mixture of 9.5 g of 1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1,3,6-tetramethyl- 50
3-benzazocine which is the product of Example 1-(4) and 40 ml of acetic anhydride was held
at 80°C for 4 hours and then distilled under reduced pressure on a bath having a
temperature of 50°C to remove acetic anhydride and acetic acid. The residue was extracted
with benzene and the extract was washed several times with a sodium bicarbonate aqueous
55 solution and dried over sodium sulfate. The distillation off of benzene from the extract gave 55
8.9 g of 8-acetoxy-1,2,3,4,5,6-hexahydro-2,6-methano-1,1,3,6-tetramethyl-3-benzazocine
as a viscous mass. The product was treated as in Example 9-(2) and recrystallized from
acetone-diethyl ether to obtain the corresponding oxalate as colorless granules. (m.p.:
161°C(decomposition))
60 Analysis: 60
Caled. for C,H,,06N: C, 63.64: H, 7.21; N, 3.71 )%
Found : C, 63.48; H, 7.16; N, 3.62 (%
Example 13
65 65

(1) 1,2,3,4,5,6-Hexahydro-8-hydroxy-2,6-methano-1,1,6-trimethyl-3-benzazocine
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(17.32 g) and 14.4 g of D-(—)-quinic acid were dissolved in 150 ml of 70% aqueous ethanol
at an elevated temperature and the solution was allowed to stand at room temperature to
deposit colorless fine crystals. The crystals were recovered by filtration, washed with a small
amount of ethanol and recrystallized from 90% aqueous ethanol to obtain 12.5 g of prisms
having a melting point of from 250-252°C. The crystals (11.5 g) was dissolved in 100 ml of
50% aqueous ethanol and the solution was made alkaline with concentrated ammonia water
and allowed to stand in a refrigerator overnight to deposit crystals. The crystals were
recovered by filtration and recrystallized from methanolchloroform to obtain 6.0 g of
(—)-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1,6-trimethyl-3-benzazocine as color-
less prisms having a melting point above 290°C.

Analysis:

Caled. for C;sH,;ON: C, 77.88; H, 9.15; N, 6.05 (%)

Found : C, 77.69; H, 9.14; N, 6.25 (%)

[a]éo — —30.6° (C=1, methanol)

(2) The filtrate in the last step of (1) above was allowed to stand in a refrigerator
overnight to deposit colorless cubes. The crystals were separated out by filtration and
recrystallized from ethanol to obtain 9.8 g of colorless granules. (m.p.: 236-238°C) The
crystals were dissolved in 100 ml of 50% aqueous ethanol and the solution was made
alkaline with concentrated ammonia water and allowed to stand in a refrigerator overnight
to deposit crystals. The crystals were separated out by filtration, and recrystallized from
methanol-chloroform to obtain 4.5 g of (+)-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-
1,kG-tfirr;ethyl-B»-benzazocine as colorless prisms. (having a melting point above 290°C)

nalysis:

Calcd. for C;sH,,ON: C, 77.88; H, 9.15; N, 6.05 (%)

Found . C, 77.82; H, 9.23; N, 6.24 (%)

[@]3® = +30.5° (C=1, methanol)

(3) A mixture of 2.31 g of (—)-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1,6-
trimethyl-3-benzazocine (the product according to (1) above), 1.53 g of cinnamyl chloride,
0.5 g of sodium iodide, 2.0 g of potassium carbonate and 50 ml of dimethyl formamide was
heated to reflux for 2 hours. After cooling, ice water was added to the reaction mixture and
then extracted with benzene. The extract was washed twice with benzene, dried over
potassium carbonate and distilled to remove benzene. The residue was dissolved in ethanol
and to the solution was added HCL-ethanol to deposit crystals. The crystals were recovered
by filtration and recrystallized from methanol-ethanol to obtain 2.8 g of (—)-3-cinnamyl-
1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1 ,6-trimethyl-3-benzazocine hydrochlor-
ide as colorless needles. (m.p.: 237-239°C)

Analysis:

Caled. for Cp,H3ONCL: C, 75.07; H, 7.87; N, 3.65; Cl, 9.23 (%)

Found : C, 75.16; H, 7.94; N, 3.82; Cl, 9.22 (%)

[a]2® = —30.2° (C=1, methanol)

(4) The product of (2), (+) -1,2,3,4.5.6-hexahydro-8-hydroxy-2,6-methano-1,1,6-
trimethyl-3-benzazocine (2.31 g) and cinnamyl chloride (1,53 g) were treated as in (3) above
to obtain 2.9 g of (+) -3-cinnamyl-1,2,3.4,5.6-hexahydro-8-hydroxy-2,6-methano-1,1,6-
trimethyl-3-benzazocine hydrochloride as colorless needles. (m.p.: 237-239°C)

Analysis:

Calcg. for C,sH3ONCL: C, 7507; H, 7.87; N, 3.65; Cl, 9.23 (%)

Found : C, 75.26; H, 8.17; N, 3.88; Cl, 9.29 (%)

[a]3’ = +29.8° (c=1, methanol)

WHAT WE CLAIM IS:-
1. A methanobenzazocine derivative represented by the formula

o,
/

\
Re R3 Ra
N
Rs

Ry Rg

(r)

n
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wherein R, is hydrogen, halogen, hydroxyl, acyloxyl, C; to C, alkyl, C, to C, alkoxy or
methylenedioxy; n is an integer of from 1 to 4; R, and R; are independently C, to C,4 alkyl
or are bonded to each other directly or through oxygen to represent an alicyclic or
heterocyclic ring containing 3 to 6 members; R, is hydrogen, C; to Cg4 alkyl which may have
a substituent selected from cycloalkyl, phenyl or benzoyl optionally having one or more
substituents; or C; to Cy alkenyl which may have phenyl as a substituent; Rs and R¢ are
independently hydrogen or C; to C, alkyl; and R; is C; to C, alkyl or phenyl.

2. 1,2,3.4,5,6-Hexahydro-8-hydroxy-2,6-methano-1,1,3,6-tetramethyl-3-benzazocine.

3. 1,2,3.,4,5,6-Hexahydro-2,6-methano-1,1,3,6,8-pentamethyl-3-benzazocine.

4. 8-Chloro-1,2,3,4,5,6-hexahydro-2,6-methano-1,1,3,6-tetramethyl-3-benzazocine.

5. 1,2,3,4,5,6-Hexahydro-2,6-methano-1,1,3,6-tetramethyl-3-benzazocine.

6. 1,2,3,4,5,6-Hexahydro-8-hydroxy-2,6-methano-1,1,3,5,6-pentamethyk-3-
benzazocine.

7. 8-Chloro-1,2,3,4,5,6-hexahydro-2,6-methano-1,1,3,5,6-pentamethyl-3-benzazocine.

8. 1,2,3.4,5,6-Hexahydro-8-hydroxy-2,6-methano-3,6-dimethyl-3-benzazocine-1-spiro-
1’-cyclopentane.

9. 1,2,3,4,5,6-Hexahydro-8-hydroxy-2,6-methano-1,1,3,4,6-pentamethyl-3-
benzazocine.

10. 1,2,3,4,5,6-Hexahydro-8-hydroxy-2,6-methano-3,6-dimethyl-3-benzazocine-1-
spiro-1'-cyclopropane.

11. 1,2,3,4,5,6-Hexahydro-8-hydroxy-2,6-methano-3,5,6-trimethyl-3-benzazocine-1-
spiro-1'-cyclopentane.

12. 1,2,3,4,5,6-Hexahydro-8-hydroxy-2,6-methano-3-methyl-6-phenyl-3-benzazocine-
1-spiro-1'-cyclopentane.

13. 1,2,3,4,5,6-Hexahydro-8-hydroxy-2,6-methano-1,1,3-trimethyl-6-phenyl-3-
benzazocine.

14. 8-Chloro-1,2,3,4,5,6-hexahydro-2,6-methano-3-methyl-6-phenyl-3-benzazocine-1-
spiro-1'-cyclopentane.

15. 8-Chloro-1,2,3.,4,5,6-hexahydro-2,6-methano-1,1,6-trimethyl-3-benzazocine.

16. 8-Chloro-1,2,3,4,5,6-hexahydro-2,6-methano-6-methyl-3-benzazocine-1-spiro-1'-
cyclopentane.

17. 1,2,3,4,5,6-Hexahydro--2,6-methano-1,1,6,8-tetramethyl-3-benzazocine.

18. 1,2,3,4,5,6-Hexahydro-2,6-methano-1,1,6-trimethyl-3-benzazocine.
19. 1,2,3,4,5,6-Hexahydro-2,6-methano-1,1,6,8-tetramethyl-3-benzazocine.
20. 1,2,3,4,5,6-Hexahydro--8-hydroxy-2,6-methano-1,1,6-trimethyl-3-benzazocine.

21. 1,2,3,4,5,6-Hexahydro--8-hydroxy-2,6-methano-6-methyl-3-benzazocine-1-spiro-
1’-cyclopentane.

22. 1,2,3,4,5,6-Hexahydro-8-hydroxy-2,6-methano-1,1-dimethyl-6-phenyl-3-
benzazocine.

23. 8-Chloro-1,2,3,4,5,6-hexahydro-2,6-methano-6-methyl-3-benzazocine-1-spiro-1'-
cyclopentane.

24. 8-Chloro-1,2,3,4,5,6-hexahydro-2,6-methano-3,6-dimethyl-3-benzazocine-1-spiro-
1’-cyclopentane.

25. 1,2,3,4,5,6-Hexahydro-8-hydroxy-3-pentyl-2,6-methano-1,1,6-trimethyl-3-
benzazocine.

26. 3-Benzyl-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1,6-trimethyl-3-
benzazocine.

27. 3-Cyclohexylmethyl-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1,6-
trimethyl-3-benzazocine.

28. 1,2,3,4,5,6-Hexahydro-2,6-methano-7,8,9-trimethyoxy-1,1,3,6-tetramethyl-3-
benzazocine.

29. 1,2,3.4,5,6-Hexahydro-2,6-methano-8-methoxy-3,6-dimethyl-3-benzazocine-1-
spiro-1’-cyclopropane.

30. 8,9-Dimethyl-1,2,3,4,5,6-hexahydro-2,6-methano-1,1,3,6-tetramethyl-3-
benzazocine.

31. 1,2,3.4,5,6-Hexahydro-2,6-methano-8-methoxy-1,1,3,6-tetramethyl-3-benzazocine.

32. 1,2,3,4,5,6-Hexahydro-2,6-methano-8.9,10-trimethoxy-1,1,3,6-tetramethyl-3-
benzazocine.

33. 1,2,3.4,5,6-Hexahydro-2,6-methano-8-methoxy-3,6-dimethyl-3-benzazocine-1-
spiro-4'-tetrahydropyran.

34. 1,2,3,4,5,6-Hexahydro-8-hydroxy-2,6-methano-3,6-dimethyl-3-benzazocine-1-
spiro-4’-tetrahydropyran.

35. 1,2,3.4,5,6-Hexahydro-2,6-methano-1,1,3,6-tetramethyl-8,9-methylenedioxy-3-
benzazocine.

36. 3-Cinnamyl-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1,6-trimethyl-3-
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benzazocine.
37. 3-Cyclopropylmethyl-1,2,3,4,5,6-hexahydro-2,6-methano-1,1,6,8-tetramethyl-3-
benzazocine.
38. 8-Chloro-3-cyclopropylmethyl-1,2,3,4,5,6-hexahydro-2,6-methano-1,1,6-trimethyl-
S5 3-benzazocine. 5
39. 3-Allyl-8-chloro-1,2,3,4,5,6-hexahydro-2,6-methano-1,1,6-trimethyl-3-
benzazocine.
40. 3-Cyclopropylmethyl-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1,6-
trimethyl-3-benzazocine.
10 41. "3-Allyl-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1,6-trimethyl-3- 10
benzazocine.
42. 3-[4'-(4"-Fluorophenyl)-4'-oxobutyl]-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-
methano-1,1,6-trimethyl-3-benzazocine.
43, 8-Chloro-3-[4'-(4"-fluorophenyl)-4'-oxobutyl]-1,2,3,4,5,6-hexahydro-2,6-methano-
15 1,1,6-trimethyl-3-benzazocine. 15
44, 3-[4’-(4"-Fluorophenyl)-4'-oxobutyl]-1,2,3,4,5,6-hexahydro-2,6-methano-1,1,6-
trimethyl-3-benzazocine.
45. 73-[4'-(4"-Fluorophenyl)-4'-oxobutyl]-1,2,3,4,5,6-hexahydro-2,6-methano-1,1,6,8-
tetramethyl-3-benzazocine.
20 46. 1,2,3,4,5,6-Hexahydro-8-hydroxy-2,6-methano-1,1,6-trimethyl-3-phenethyl-3- 20
benzazocine.
47. 3-Allyl-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-6-methyl-3-benzazocine-1-
spiro-1'-cyclopentane.
48. 3-Allyl-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1-dimethyl-6-phenyl-3-
25 benzazocine. 25
49. 1,2,3,4,5,6-Hexahydro-8-hydroxy-2,6-methano-1,1-dimethyl-3-phenethyl-6-phenyl-
3-benzazocine.
50. 1,2,3,4,5,6-Hexahydro-8-hydroxy-2,6-methano-6-methyl-3-phenethyl-3-
benzazocine-1-spiro-1’-cyclopentane.
30 51. 3-Cyclopropylmethyl-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1-dimethyl- 30
6-phenyl-3-benzazocine.
52. “3-Cyclopropylmethyl-1,2,3,4,5,6-hexahydro-8-hydroxy-6-methyl-3-benzazocine-1-
spiro-1'-cyclopentane.
53. 3-Cyclobutymethyl-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1,6-trimethyl-
35 3-benzazocine. 35
54. 3-Cinnamyl-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-6-methyl-3-
benzazocine-1-spiro-1’-cyclopentane.
55. 3-Cinnamyl-1,2,3,4,5,6-hexahydro-8-hydroxy-2,6-methano-1,1-dimethyl-6-phenyl-
3-benzazocine.
40 56. 8-Acetoxy-1,2,3,4,5,6-hexahydro-2,6-methano-1,1,3,6-tetramethyl-3-benzazocine. 40
57. A process for preparing a methanobenzazocine derivative as claimed in claim 1,
which comprises carrying out a procedure selected from:
(a) hydrolizing under an alkaline condition a compound represented by the formula
45 & By C00CHs 45
®) P&
R P \Rg
R
50 wherein Ry, R,, R3, Rs, Rg, R, and n are as defined in claim 1, and then subjecting the 50
hydrolysate to the action of a mineral acid;
(b) subjecting a compound represented by the formula
g, p. COOCH
55 W o 55
(R
& RG
)
wherein Ry, R,, R3, Rs. Rg, Ry and n are as defined in claim 1 to the action of mineral acid:
60 (c) reacting a compound by the formula " 60

COOCZM5

R 2%
N—R
(Rl)n‘m S
Rg

Ry
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wherein R;, R,, Rz, Rs, R4, R7 and n are as defined in claim 1 with a boron halide and
optionally hydrolyzing the reaction product;
(d) reacting a compound represented by the formula

AN

Ry ks g
N
(Rl’réii'_ﬁs
R, "6

wherein Ry, R;, Rs, Rs, R¢, R; and n are as defined in claim 1 with a compound
represented by the formula

R’ (X

wherein R’, is the same as R, as defined in claim 1 except that it is not hydrogen and X is
halogen;
(e) reacting a compound represented by the formula
R2 R i
NS—Rs
Z RS
Re

(Rl)n

wherein Ry, Ry, R3, Rs, R, R; and n are as defined in claim 1 with a compound
represented by the formula

R’ X

where R’ is as defined above and X is a halogen and then cyclizing the reaction product by
the action of a mineral acid;

(f) reacting a compound represented by the formula

PN
Pt

(Rig "t
wherein Ry, R,, R, Rs, R4, Ry and n are as defined in claim 1 with a carboxylic acid of the
formula
R',COOH

wherein R’, is as defined above or its reactive derivative and reducing the resulting N-acyl
comgyound;

(g) reacting a compound represented by the formula
Rz Rj3 M
(R Ny ks
R, Re

wherein R;, R,, R, Rs, R, Ry and n are as defined in claim 1 with an aldehyde represented
by the formula

R',CHO

wherein R’, is as defined above and reducing the resulting compound;
(h) reacting a compound represented by the formula

Paaht

# hY
Rz R3

o/ S00CHHs
(R Rs

Ry Re
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wherein Ry, Ry, R3, Rs, R, Ry and n are as defined in claim 1 with a metal hydride; and
(i) reacting a compound represented by the formula
5, b CO0CH
5 . R R3N yd . s 5
(Rg)n— < | \/I >
Rg
10 wherein R;, R;, Rj, Rs, Rg. R and n are as defined in claim 1 with a metal hydride and 10
cyclizing the reaction product by the action of a mineral acid.
58. A process for preparing a methanobenzazocine derivative as claimed in claim 1,
%ubstanltially as described 1n any one of the preparations set out in any one of the foregoing
xamples.
15 59. A methanobenzazocine derivative whenever produced by the process claimed in 15
claim 57 or 58.
60. A salt of a methanobenzazocine derivative as claimed in any of claims 1 to 56 and
59.
61. A pharmaceutical composition which comprises either a methanobenzazocine
20 derivative as claimed in any one of claims 1 to 56 and 59 or a salt as claimed in claim 60, in 20
association with a pharmacologically acceptable carrier.
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