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[57] ABSTRACT

The object of this invention is to provide novel buprenor-
phine analgesic analogues represented by following formula
(I) and their non-toxic pharmaceutically acceptable salts.

HO )
<

CH;0

N—CH;—R;

Cii CH3
HO

Rs
wherein R, is hydrogen atom, methyl, ethyl, cyclopropyl or
cyclobutyl; and
R, is cyclopropyl or cyclobutyl.
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BUPRENORPHINE ANALGESIC
ANALOGUES

(BACKGROUND OF THE INVENTION)

1. Field of the Invention

The present invention relates to novel buprenorphine
analogues having better analgesia and less dependence, and
their preparation methods which comprises reaction steps
synthesized from thebaine as starting material.

2. Description of Prior Art

Buprenorphine having following structural formula(A),
which was first synthesized in 1966 and has been marketed
since 1978, has been regarded as an excellent anlagesic
agent having improved analgesic efficacy compared to mor-
phine with antagonistic property of morphine dependence.

HO .
MeO n

(A

N—CH2—<]

Crrin Me
o~ |
t-Bu

Not a few researches have been performed regarding the
analogues of buprenorphine to improve analgesic efficacy.

(SUMMARY OF THE INVENTION)

The object of this invention is to provide novel buprenor-
phine analgesic analogues represented by following formula
(D) and their non-toxic pharmaceutically acceptable salts.

HO )
ﬁ N—CH,—R;
CH50
Cii CH3
HO”|
Rs

wherein R, is hydrogen atom, methyl, ethyl, cyclopropyl or
cyclobutyl; and R, is cyclopropyl or cyclobutyl.

Among the analogues represented by formula(l), the
desirable compounds are represented by following formulas
(Da, (Db and (De.
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Cni CH3
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e ke

HO

(De

N—CH;3

CH30
Ciui CH;

no” f
Each melting points of desirable compounds is compound

(Da: 262~265 °C., compound(I)b : 238~239, °C., and com-
pound (I)e : 253~255°C.

(BRIEF DESCRIPTION OF THE DRAWINGS)

FIG. 1 shows the analgesic effect of compound of formula
(Da in the hot plate test in mice.

FIG. 2 shows the analgesic effects of compound of
formula (I)b (@) and buprenorphine (O) in the hot plate test

in mice.

FIG. 3 shows the analgesic effects of compound of
formula ()b (@) and buprenorphine (O) in acetic acid
writhing test in mice.

(DETAILED DESCRIPTION OF THE
INVENTION)

The novel buprenorphine analogues of the present inven-
tion can be prepared by following preparation method.

In case of R,=hydrogen atom, the preparation method for
compound of formula (I)’can be explained by following
reaction scheme and process.
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MeO
’ CH,=CH—COMe
O N—CH;
MeO
(I
MeO .
Pd/C
ﬁ o ﬁ
MeO
C:0
Me/
(II)
MeO
’ R,MgBr
ﬁ N—CH; Benzene/Et,O ;
MeO
C:0
Me/
(Iv)
MeO .
o ’ KOH,
_ Diethylene glycol, 230° C.
ﬁ N—CHs or RSNa, DMF, reflux
MeO
Crrnn Me
HO” Wg,
V)
HO .
ﬁ N—CH;
MeO
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HO” Wg,
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As shown in above rection scheme, thebaine of formula
(ID) is used as starting material. The compound of formula
(II) is prepared according to Diels-Alder reaction using
tebaine (II) and methyl vinyl ketone at 90~95% yield. Then,
the compound of formula (IV) is prepared by hydrogenation
reaction under palladium catalyst at 82~88% yield. By
reacting Grignard reagent (R,MgX) to the compound of
formula (IV), the compound of formula (V) is obtained at
60~65% yield. Finally, the compound of formula (I)' can be
obtained either heating compound of formula (V) at
220°~240° C. under diethylene glycol solvent and KOH
base, or refluxing compound of formula (V) under DMF
(dimethyl formamide) solvent and one of sodium
n-butylmercaptide, sodium iso-propylmercaptide and
sodium hydrosulfide base.

In case that R, is other than hydrogen atom, the prepa-
ration method requires a few more steps of reactions from
compound of formula (V) as shown in following reaction
scheme.

Ce

BICN
N—CHs >

MeO
Crrnn Me
Ho” “Wg,
V)
MeO
’ 30% H,0;
ﬁ N—CN ——>
MeO
Crrnn Me
Ho” “Wg,
(VD)
MeO
Nt KOH _
\ Diethylene glycol, 170° C.
NH;
MeO
Crrnn Me
HO R,
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-continued
MeO
’ R;CH,Br
ﬁ N
MeO

—H —55w >

Crrnn Me
Ho” g,

Ce
D

__ 5. Diethylene glycol, 230° C.
NCH,—R, or RSNa, DMF, reflux
MeO
Crrnn Me
HO R,
(IX)
HO .
ﬁ NCH,—R;
MeO
Crrnn Me
HO R,

The compound of formula (VI) is prepared after replacing
methyl radical in N position of compound of formula (V)
with cyano radical.

The urea type compound of formula (VII) is prepared
after reacting compound of formula (VI) with 28~32% of
hydrogen peroxide in the presence of sodium hydroxide.
Then, the compound of formula (VII) is prepared by
heating compound of formula (VII) at 165°~175° C. under
diethylene glycol solvent and KOH base. The compound of
formula (IX) is obtained by alkylation reaction of formula
(VII) with R,CH,X.

Finally, the compound of formula (I) can be obtained
either heating compound of formula (IX) at 220°~240° C.
under diethylene glycol solvent and KOH base, or refluxing
compound of formula (IX) under DMF solvent and one of
sodium n-butyl mercaptide, sodium iso-propylmercaptide
and sodium hydrosulfide base.

To measure the analgesic efficacy of compound of for-
mula (I), the compound of formula (I)a and the compound
of formula (I)b were selected as testing materials. The
methods and results of tests can be described as follows.

1. Hot plate Test for measuring analgesia

(1) Method

Female mice weighing 18~22g were employed. The reac-

tion time was measured from the mouse placing on the
plate(55°£0.5°C.) until the appearance of behavioral
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response to the thermal nociceptive stimulus(licking
hindpaws, jumping, flicking of paws). If no response
was obtained in 30 sec, the mouse was discarded. The
cut off time was 60 sec. Mice were tested prior to and
30 minutes after subcutaneous injection of compounds.
EDy, value was calculated using quantal criteria of
analgesia.

(2) Result

In the hot plate test, we found that the compound of
formula (I)a produced a dose-dependent analgesic
action. When the analgesic effect reached 100%, there
was no reduction in effect with increasing of dosage.
This property conformed to an agonist (FIG. 1). As
shown in Table 1, the EDy, value of compound of
formula (I)a was about Y100 of Morphine.

TABLE 1

ED-,, value of compound of formula (I)a in the hot plate

Compounds EDs, (95% confidence limits)
Compound of formula (I)a 57.75 ug/kg (33.12~100.71)
Morphine 5.81 mg/kg (3.43~9.86)

2. Acetic Acid Writhing Test for measuring analgesia
(1) Method

Male mice weighing 18~22g were employed in this test.
Acetic acid in the concentration of 0.6% was injected
by intra peritoneal (10 /kg). 5 minutes later, the fre-
queny of writhing during the following 10 minutes was
recorded. Compounds studied were given by subcuta-
neous injection and served as control. Analgesia was
expressed in terms of percentage of writhing frequency
reduction.

(2) Result

The compound of formula (I)b was different from the
compound of formula (Da. It failed to produce analge-
sia in the hot plate test, but be effective in acetic acid
writhing test with almost the same potency with
buprenorphine (FIG. 2). This failure of effect against
higher stimulus intensity perhaps be expected for a
partial agonist (Table 2).

TABLE 2

EDy, value of compound of formula (I)b in the acetic acid writhing
test in mice

Compounds EDs, (95% confidence limits)
Compound of formula ()b 11.08 ug/kg (6.63~18.51)
Buprenorphine 6.93 ug/kg (4.67~10.29)

3. Anti-Morphine Experiments
(1) Method

Hot plate test described above was employed in these
experiments. Mice were injected with morphine (Mor)
24 mg/kg by subcutaneous injection prior to the injec-
tion of compounds studied. After 15 munutes, the
compound of formula ()b (112.5~1800 ug/kg) or
buprenorphine (Bup) (470~3600 ug/kg) was given by
subcutaneous injection, reaction latency of mouse was
measured. The anti-Mor analgesic effect was expressed
as percentage of inhibition. The ADs, value (dosage
required to inhibit Mor analgesia by 50%) was calcu-
lated.
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(2) Result

The compound of formula (I)b showed its anti-Mor effect
using hot plate test. Results showed that the compound
of formula (I)b has a significant effect against chemical
nociceptive stimulus with a potency approximate to
Bup, a typical partial agonist (FIG. 3, Table 2). Also
like Bup, the compound of formula (I)b antagonised
Mor analgesia (Table 3).

TABLE 3

Anti-morphine effect of compound of formula (I)b in the hot plate
test in mice

Compounds ADsq (95% confidence limits)

Compound of formula (I)a
Buprenorphine

397.24 pg/kg (345.68~456.50)
1.33 mg/kg (1.15~1.56)

The present invention can be explained more concretely
by following examples. However, the scope of this invention
shall not be limited to following examples.

(Example 1) Preparation of 7 a-acetyl-6,14-endoetheno
tetrahydro thebaine (IIT)

Thebaine (II) (2g, 6.43 mmole) with methyl vinyl ketone
910 ml) were heated and refluxed for 1 hour. Excess
unsafurated ketone was removed by distillation under
reduced pressure, and residue was dissolved in boiled
methanol (5 ml). The mixed solution was vigorously stirred
in ice bath. Formed pale brown crystalline solid was filtered,
and washed with cooled methanol and dried under reduced
pressure. Finally, the compound (III) was obtained in 92%
yield (2.25g).

(Example 2) Preparation of 7 a-acetyl-6,14-endoethano
tetrahydro thebaine (IV)

7 a-acetyl-6,14-endoetheno tetrahydro thebaine (III) (1.0
g, 2.6 mmole) was dissolved in 40 ml of ethanol, and
hydrogenated with 5% palladium catalyst (0.2 g) for 30
hours in room temperature. The pressure of hydrogen main-
tained in 60 psi. The catalyst was filtered and removed from
reaction mixture, and the mixed solution was concentrated.
Finally, compound (IV) was obtained at 80% yield by
recrystallization of formed product in ethanol.

(Example 3) Preparation of 6,14-endoethano-7-(2-hydroxy-
2-cyclopropyl -2-ethyl)-tetrahydrothebaine (V)

In a round flask, the air was replaced by nitrogen gas and
cyclopropyl magnesium bromide (13.7 mmole) was laid on.
10 ml of benzene was added for elevating the boiling point
and the mixture was refluxed. During the refluxing, the
solution dissolved with compound (IV) (1.05g, 2.74 mmole)
in 15ml of benzene was added drop by drop to the mixture.
After refluxing for about 1 hour 30 mintues, the mixture was
cooled in room temperature, and saturated ammonium chlo-
ride and solvent were removed under reduced pressure.
Finally, compound (V) (691mg, 60%) was obtained by
purifying the residue using flash column chromatography.
(Example 4) Preparation of 6,14-endoethano-7-(2-hydorxy-
2-cycloproyl- 2-ethyl)-tetrahydro oripavine (I)a

Compound (V) (1.1 1g, 2.6 mmole) was laid on 15 ml of
diethylene glycol dissolved with KOH (4.3 g, 77 mmole) at
about 140° C. The mixture was stirred and heated at
210~230° C., and reacted for 12 hours. After finishing the
reaction, the mixture was cooled at about 0C, and 10ml of
ice-water and saturated ammonium chloride solution were
added. The produced solid precipitate was collected and
extracted using methylene chloride. Then, solid product
(60%) was obtained by separating the precipitate using flash
column chromatography.
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'H-NMR (CDCl,):d 6.68(d, 1H; J=8.0Hz), 6.52(d, 1H;
J=8.0Hz), 5.00(s, 1H), 4.40(s, 1H), 3.51(s, 3H), 3.11(d, 1H;
J=18.48Hz), 2.90(m, 1H), 2.70(d, 1H; J=6.24Hz), 2.46(m,
1H), 2.32(s, 4H), 2.35~2.18(m, 1H), 2.07(ddd, 1H), 1.94(,
1H), 1.77(t, 2H), 1.66(dd, 1H), 1.31(s, 3H), 1.24(q, 1H),
1.06(m, 1H), 0.84(m, 2H), 0.48(dd, 2H), 0.28(dd, 2H)

PC—NMR (CDCL,):3145.76, 137.64, 132.26, 128.15,
119.59, 116.75, 97.39, 80.39, 73.88, 61.50, 52.80, 47.52,
46.50, 43.65, 36.22, 35.54, 31.95, 29.95, 22.77, 22.16,
20.84, 17.93, 0.86
(Example 5) Preparation of N-cyano-6,14-endoethano-7-(2-
hydroxy-2- cyclopropyl-2-ethyl)-tetrahydro thebaine (VI)

Compound (V) (2 g, 4.8 mmole) was dissloved in 20 ml
of chloroform, and BrCN (1.6 g, 15 mmole) was added to
mixed solution. After stirring the mixture for 4 hours, the
solvent was removed. The solid product was obtained by
vacuum dry. Finally, pure compound (VI) was obtained at
88% yield by recrystallization of formed product in ethanol.
(Example 6) Preparation of 6,14-endoethano-7-(2-hydroxy-
2-cyclopropyl -2-ethyl)-tetrahydro thebaine (VII)

Compound (VI) (1.32 g, 32 mmole) was dissolved in
1,4-dioxene, and 30% H,), (14.4 ml, 12.8 mmole) was
added. 8 ml of 2N-NaOH solution was added drop by drop
to the mixture with stirring. At that time, oxygen and heat
was produced. After 40 minutes, no more oxygen was
produced and the temperature became down. At this point,
the reaction mixture was extracted and using chloroform,
and urea type compound (VII) was obtained by drying under
reduced pressure. This urea type compound (VII) (1.2 g,
2.72 mmole) and KOH (0.88 g, 16 mmole) was stirred and
reacted using 40 ml of diethylene glycol at 170°~190° C. for
4 hours. After reaction, the mixture was cooled at about 0
°C. and 60 ml of distilled water was added. Finally, com-
pound (VIII) (0.96 g, 88%) was obtained by filtering,
washing and drying the formed solid material.

(Example 7) Preparation of N-cyclopropylmethyl-6,14-
endoethano-7-(2- hydroxy-2-cyclopropyl-2-ethyl)-
tetrahydro northebaine (IX)

Bromomethyl cyclopropane (536 mg, 4 mmole), potas-
sium carbonate 91g, 7.2 mmole) and compound (VIII) (1 g,
2.5 mmole) were added to 10 ml of dimethyl formamide
(DMF) slowly. After complete addition, the mixture was
heated at 130°~140° C. and stirred for 3 hours. Excess
potassium carbonate was filtered and removed, and DMF
was removed by vacuum distillation. Finally, compound
(IX) was obtained by filtering and vacuum-drying the
formed solid material.

(Example 8) Preparation of N-cyclopropylmethyl-6,14-
endoethano-7-(2- hydroxy-2-cyclopropyl-2-ethyl)-
tetrahydro nororipavine (I)b

Compound (IX) (800 mg, 1.7 mmole) and NaOH (134
mg, 5.61 mmole) were suspended in 20 ml of DMF. And,
n-butylthiol (504 mg, 5.61 mmole) was added slowly and
refluxed for 40 minutes. Then, the mixture was cooled to
about 0 ° C. and 20ml of distilled water was added. Finally,
compound (I)b was obtained by filtering and recrystalling
the formed solid material in ethanol.

"H—NMR (CDCL,): § 6.69(d, 1H; J=7.8Hz), 6.51(d, 1H;
J=8.1Hz), 5.04(s, 1H), 4.42(s, 3H), 3.03~2.96(m, 3H), 2.62
(dd, 1H), 2.37~2.20(m, 4H), 2.07(ddd, 1H), 1.96(t, 1H),
1.78(t, 2H), 1.67(d, 1H), 1.32(s, 2H), 1.23(m, 1H), 0.80(m,
2H), 0.52~0.47(m, 3H), 0.36~0.32(m, 2H), 0.11(dd, 2H)

PC—NMR (CDCl,) § 145.76, 137.52, 132.65, 128.49,
119.67, 116.61, 97.68, 80.57, 74.04, 60.03, 58.50, 52.89,
47.70, 47.33, 43.95, 36.14, 35.76, 31.98, 30.09, 22.91,
22.73, 20.92, 18.00, 9.62, 4.38, 3.59, 0.97
(Example 9) Preparation of 6,14-endoethano-7-(2-hydroxy-
2-cyclobutyl -2-ethyl)-tetrahydrothebaine (V)
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In a round flask, the air was replaced by nitrogen gas and
cyclobutyl magnesium bromide (9.59 mmole) was laid on.
7ml of benzene was added for elevating the boiling point and
the mixture was refluxed. During the refluxing, the solution
dissolved with compound (IV) (735mg, 1.92 mmole) in 11
ml of benzene was added drop by drop to the mixture. After
refluxing for about 1 hour 30 mintues, the mixture was
cooled in room temperature, and saturated ammonium chlo-
ride and solvent were removed under reduced pressure.
Finally, compound (V) (523 mg, 62%) was obtained by
purifying the residue using flash column chromatography.
(Example 10) Preparation of 6,14-endoethano-7-(2-
hydorxy-2-cyclobutyl -2-ethyl)-tetrahydro oripavine (I)c

Compound (V) (686 mg, 1.56 mmole) was laid on 9 ml of
diethylene glycol dissolved with KOH (2.58 g, 46.2 mmole)
at about 140° C. The mixture was stirred and heated at
210°~230° C., and reacted for 12 hours. After finishing the
reaction, the mixture was cooled at about 0° C., and 6 ml of
ice-water and saturated ammonium chloride solution were
added. The produced solid precipitate was collected and
extracted using methylene chloride. Then, solid product
(60%) was obtained by separating the precipitate using flash
column chromatography.

"H-NMR (CDCs5) : 8 6.70(d, 1H; J=8.07Hz), 6.53(d, 1H;
J=8.04Hz), 5.21(s, 1H), 4.39(s, 1H), 3.52(s, 3H), 3.11(d, 1H;
J=18.511Hz), 2.70~2.60(m, 2H), 2.48~2.24(m, 2H), 2.31(s,
1H), 2.20~2.08(m, 1H), 1.96(ddd, 1H), 1.84~1.62(m, 8H),
1.17(s, 3H), 1.13~1.00(m, 2H), 0.80(m, 1H)

BC—NMR (CDCL,) 8 145.59, 131.97, 127.84, 119.45,
116.69, 96.90, 80.14, 75.30, 61.23, 52.60, 43.25, 42.95,
35.90, 35.31, 31.39, 29.69, 21.95, 21.52, 21.18, 20.03,
17.86, 16.57

We claim:

1. Buprenorphine analgesic analogues represented by the
following formula(I) and their non-toxic pharmaceutically
acceptable salt.

HO . )
ﬁ N—CH,—R;
CH50
Cii CH3
Ho A
Rs

10

wherein R, is hydrogen atom, methyl, ethyl or cyclopropyl
or cyclobutyl:

5 and
R, is cyclopropyl.

2. Buprenorphine analgesic analogues according to claim
1, wherein the compound is represented by following for-

10 mula (T)a:
HO (Da
15 O
o
‘ N—CH;
20 CH;0
Crur CH
no” f
25
3. Buprenorphine analgesic analogues according to claim
1, wherein the compound is represented by the following
fi la (b
5o formula O
Db
HO
‘ N—CH2—<].
40
CH;0
Crur CH
no” f
45
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