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Thiree kinds of 3-hydroxy-N-alkyl-9-azamurphinan (XX, XXI1, and NXXI1) were synthesized by several

nethods in order to obtain a potent analgetic agent.

We had reported the syntheses of several types of
azabenzomorphans (I-V)* and 3-hydroxy-N-methyl-
(VI)'s and 3-methoxy-N-alkyl-9-azamorphinans (VII-
XII),'" prepared in order to obtain drugs acting on the
CNS, und we found VI to have a strong analgetic ac-
tivity. In this paper, we wish to report the demethylu-
tion of 3-methoxy-N-substituted-9-azamorphinans and
the introduction of several kinds of N-substituents in
3-hydroxy-9-azamorphinan (XXVI), in a search for
more effective analgetic agents than VI, We also re-
port an alternative synthesis of 3-hydroxy-¥-phenethyl-
9-azamorphinan (XXII) which compound shows u
strong analgetic activity and no suppression of with-
drawal symptoms in monkeyvs physically dependent on
morphine,

Demethylation of VII and X was carried out with
479% HBr in AcOH or with pyridine-HC] by fusion to
give the corresponding 3-hydroxy compounds VI!* and
XXII, respectively.

Introduction of N-alkyl groups was examined by
preparing 3-hydroxy-9-azamorphinan (XXVI) from
VIII, acylating and reducing as shown on Scheme I to
give XX, XXI, and XXII. The structures of the
N,0-diaeyl and N-alkyl compounds were identified by
spectroscopic methods and microanalyses. On the
other hand, monobenzoylation of XXVI with Bz(l,
followed by reduction, gave the target compound XX,
but the vield in this method was inferior to the method
ria the N,0-diacy] compound.

As 3-hydroxy-N-phenethyl-9-azamorphinan (XXI1)
Irvedled the most effective analgetic activity in this
scries, we investigated a simple synthesis of this com-
pound. 2-(3-Methoxyphenyl)eyelohexanone (XIVa)
wits treated with ethyl bromoacetate and the resulting
v-ketocarboxylie acid (XVa) was converted into the
octahydrocinnoline derivative XVIa by refluxing with
phenethylhydrazine® in aq EtOH. XVIa was identi-
fled by ir spectrum; reduction with LAH gave the de-
cahvdroeinnoline derivative XVIIa, which was sub-
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The N-pheuethyl compound XXII was the most effective.

jected to a Pletet~Spengler reaction with formalin and
HCI to give 3-methoxy-N-phenethyl-9-azamorphinan
(X). The structure of X was identified by mmp, ir,
and nmr (6 in CDCl;, 4.50 ppm, CipHs) comparisons
with an authentic sample.’ Demethylation of X
afforded XXII in 419, vield.

In order to improve the yield in the demethylation,
the synthesis and debenzylation of 3-benzyloxy-N-
phenethyl-9-azamorphinan (XVIII), whose benzyl
group could be easily removed, were examined as fol-
lows. Benzvne reaction of 2-benzyloxyvchlorobenzene
with cyclohexanone or its eunamine afforded 2-(3-
benzvloxyphenyl)eyelohexanone (XIVb),? which was
condensed with ethyl bromoacetate in the presence of
NaH or NaNH,, followed by hydrolysis, to give y-keto-
:arboxylic acid XVb. The fusion of XVb with phen-
ethylhydrazine furnished the octahydrocinnoline XVIb,
which wuas reduced with LAH to afford the decahydro-
cinnoline XVIb in good vield. In this case, further
synthetic variation improved the yield of XVI. Tor
this purpose, condensation of carboxylic acid XVa with
phenethylhydrazine in dil EtOH in the presence of
KOH wus carried out to give the octahydroeinnoline
derivative XVIb in 92.59% vield. Pictet—Spengler re-
action of XVIIb as usual, followed by debenzylation of
the resulting 9-azamorphinan (XVIII) with coned HC1
in EtOH, gave the expected 3-hydroxy-N-phenethyl-
H-azamorphinan (XXII) in good yield.

The decahydrocinnoline XVIIb was debenzylated
with HCI and the phenolie base (XIX) thus obtained
was subjected to a Pictet—Spengler reaction with forma-
lin and HCI to give XXII.

The analgetic activity of 3-hydroxv-N-phenethyl-9-
azamorphinan (XXII)} was examined by comparison
with morphine by a hot plate technique. Male albino
mice €d strain (16-21 g) were used. After ip injection
of the drugs to 10 animals as one group, the effective
ratio till 50 min was caleulated by the method of Takagi
and Kameyama,” and the EDj, was caleulated by the
Lichfield~Wilcoxone method® (Table I).

Experimental Section®

2-(3-Benzyloxyphenyl) - 2 - hydroxycarbonylmethylcyclohexa-
none (XVb)—To a suspension of 8.2 g of 55% NaH in 150 ml
of Et;O0 was added dropwise 41.0 g of 2-(3-benzyloxyphenyl)-
cyclohexanone (XIVb) in 150 ml of PhH with stirring and warm-
ing, and, after refluxing for 6 hr, a soln of 29.3 g of ethyl bromo-
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put corrected. Ninr spectra were taken on a Hitachi H-60 and JNM-N1I-60
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Tasre 1

EDs, mean 959, Fiducial

Compst value (ing/kg) limit (mg/kg)
XXI1 11.6 9.6-14.0
Morphine 4.0 2.9-5.6
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acetate in 30 ml of PhH was added dropwise to the reaction mix-
ture. Refluxing was coutiiued for a further 3 hr with stirring.
To the cooled reaction mixture was added H,O to decompose
the excess of NaH, and the orgautic layer was sepd and washed
with (satd aq NaCl), dried (Na.,804), and evapd to leave 49 g
of Et ester of XVb as a reddish brown oil [ir »/" em~1, 1720
and 1705 (C=0)}. The crude ester was refluxed with a mixture
of 18 g of NaOH, 150 ml of EtOH, and 150 ml of H:O for 1.5 hr
and then EtOH was distd off. The residue was washed (Et.0)
and the aq layer was acidified (coned HCI) to ppt 13.5 g (30.19,)
of colorless needles, which were recrystd from EtOH to give
XVb as colorless needles: mp 143-145°; ir 5% em—1, 1720 and
1710 (C=0); nmr & (in CDCl;-CCL) 4.96 (2 H, s, OCH.Ph).
Anal. (CQ1H2204) C, H

3-Keto-4a-(3-methoxyphenyl)-2-phenethyl-2,3.4,4a,5,6,7,8-
octahydrocinnoline (XVIa)—To a mixture of 25 g of v-ketocar-
boxylic acid (XVa), 8.0 g of KOH, 50 ml of H,O, and 60 ml of
EtOH was added a solu of 21 g of phenethylhydrazine. HCI in
30 ml of H,O and the mixture was heated on a water bath for
10 hr. Thesepd crystals were collected and recrystd from MeOH
to give 15.8 g (45.79;) of XVIa as colorless prisms: mp 120-121°
(lit.1 mp 119°); ir vhor em™1, 1660 (C=0).

4a-(3-Benzyloxyphenyl)-3-keto-2-phenethyl-2,3,4,4a,5,6,7,8-
octahydrocinnoline (XVIb).—(a) A mixture of 11.3 g of ~v-keto-
carboxylie acid (XVb) and 5.5 g of phenethylhydrazine was
heated at 155-195° for 3 hr in a current of N, and the H,O gen-
erated during the reaction was removed. The cooled reaction
mixture was triturated with EtOH to afford 9.7 g (66.59,) of
colorless crystals, which were recrystd from EtOH to give
(XVIDb) as cdlorless prisms: mp 100-102°; ir vio: em~!, 1670
(C=0); nmr é (in CDCL) 2.90 2 H, t, J = 8.0 Hz, NCH.CH.-
Ph), 394 2 H, t, J = 8.0 Hz, NCH,CH,Ph), 4.93 (2 H, s,
OCHzPh) Anal. (CegHgoogNg) C) H, X

(10) K. Mitsubashi and 8. Shiotani, Yakugaku Zasshi, 80, 1348 (1960).
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(b} A mixture of 1.0 g of y-ketocarboxylic acid, 0.62 g of
phenethylhydrazine - HCI, 0.21 g of KOH, 3 ml of EtOH, and 3
nml of HoO was refluxed for 3 hr. After the reaction, an oil
formed was sepd by decantation aund triturated with EtOH,
followed by recrystn, to give 1.2 g (92.5¢;) of colorless prisms
(XVIb), which were identical with the sample prepared by
method a.

4a-(3-Methoxyphenyl)-2-phenethyldecahydrocinnoline
(XVIia) - HCl.—A solv of XVIa in 150 ml of dioxane was added
dropwise to a suspension of 15 g of LAH in 200 ml of dry dioxane
with stirring and refluxing during 0.5 hr and the mixture was
refluxed for 6 hr. Excess LAH was decompd with H.O under
cooling and the organic layer was sepd, dried (K.CO;), and satd
with HCI gas. Solvent was removed by distnt to leave crystals,
which were recrystd from -PrOH-Et,O to give 23.3 g (70.69)
of XVIIa-HCI as colorless needles: mp 209-211° dec; ir »5o;
em~1, 3160 (NH). Anal. (C5H»ONCl) C, H, N.
4a-(3-Benzyloxyphenyl)-2-phenethyldecahydrocinnoline
(XVIIb)-HCl.—To a suspension of 15 g of LAH in 100 ml of dry
dioxate was added dropwise 9 g of XVIb in 100 ml of dioxane
with stirring and the mixture was refluxed for 5.5 hr. After
reaction, excess LAH was decompd with 3097 aq NaOH with
ice-cooling and the organic layer was collected, dried (K.CO;),
and satd with HCI gas. Dioxane was distd to leave a yellow
caramel, which was recrystd from -PrOH-Et,0 to give 3.95 g
(41.59) of XVIIb-HCl as colorless needles: mp 203-206°;
ir V:;?; cm™!, 3160 (NH) Anal. (ngHgaClNLO) C, H, N.

3-Methoxy-\ -phenethyl-9-azamorphinan (X)-HCl,—A mix-
ture of 20 g of XVIIa.HCI, 60 ml of H,O, 60 ml of 37¢; CH,O,
100 ml of EtOH, anud 10 ml of couied HCI was heated ou a water
bath for 4 hr and then EtOH was distd off. The residue was
basified (109, ag NaOH) and extracted with CHCl;. The ex-
tract was washed (H,0), dried (K:CO;), and evapd to leave an
oil, which was dissolved in Et.O and satd with HCI gas to leave
18.7 g (90.89]) of X-HCI as colorless needles after recrystn from
~PrOH-Et,0: mp 179-180.5°; nmr 8 (in CDCL;) 4.50 (2 H, s,
ArCH,N). The ir spectrum (KBr) and mp were identical with
those of an authentic sample.t®

3-Benzyloxy-\-phenethyl-9-azamorphinan (XVIII)-HClL.—A
mixture of 2 g of XVIIb-HC], 1 ml of coned HCl, 6 ml of 37%
CH,0, 6 ml of EtOH, and 6 ml of H;O was refluxed on a water
bath for 4 hr and the solvent was distd to leave a pale brown
caramel, which was recrystd from EtOH-Et.O to give 1.35 g
(65.99%) of XVIII.-HCl as colorless prisms: mp 201-203°;
ir »557 em™1, 3405 (OH of HeO of erystn). Anal. (CapHzCIN:O-
0.5H,0) C, H, N.

4a-(3-Hydroxyphenyl)-2-phenethyldecahydrocinnoline (XIX)--
HCl.—A soln of 450 mg of XVIIb-HCI in 30 ml of coned HCI
and 30 ml of EtOH was refluxed for 1.5 hr, The solvent was
removed by distu to leave a solid, which was recrystd from
EtOH to give 320 mg (88.5%) of XIX.HCI as colorless needles,
mp 233-235°. Anal. (C??HQQCINZO) C, H, N

3-Hydroxy-N -phenethyl-9-azamorphinan (XXII).—(A) A mix-
ture of 4.0 g of X-HCI, 160 ml of 479, HBr, and 160 ml of AcOH
was refluxed for 1.5 hr in an oil bath (bath temp 135-145°), and
the mixture was condensed to 50 ml #n vacuo. The residue was
basified (289, NH,OH) and extracted (CHCl;). The extract
was washed (H,0), dried (Na,S0y), and evapd to leave a solid,
after trituration with Et,O, which was recrystd from EtOH to
give 14.3 g (41.09) of XXII as colorless prisms: mp 178-180°;
ir voer em™1, 2700-2200 (N+H). XXII.HCI was recrystd from
EtOH-Et:0 to give colorless needles: mp 239-241° dec; ir
veer em™Y 3230 (OH); nmr (5 in CDCl,) 3.98 (2 H, broad s,
ArCH,N). Anal. (CyH-;0ON:Cl) C, H, N.

(B) A mixture of 4.0 g of X-HCI and 20 g of pyridine- HCI
was heated at 200-210° for 5 min in a current of N.. After
cooling, 40 ml of H.O was added to the reaction mixture which
was basified (289; NH,OH) and extracted (CHCl;). The extract
was washed (H.0), dried (MgSO,), and evapd to leave a residue,
which was subjected to column chromatography on 40 g of
Si02-2H20 using CHCI; as an eluant. The first eluate gave 2.0
g of the starting material and the second one afforded 1.0 (28.6%)
of XXII, which was identical by mp and ir spectral comparisons
with the sample prepared by method A.

(C) A soln of 1.3 g of XVIII-HCI in 70 ml of coned HCIl and
70 ml of EtOH was refluxed for 1 hr on a water bath. After
evapn of the solvent, the residue was recrystd from EtOH-EtO
to give 0.9 g (85.59;) of XXII-HC! which was identical in all
aspects with an authentic sample.

(D) A mixture of 230 mg of XIX HCI, 0.2 ml of coned HCI,
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1.2 ml of 379 CH.0, 2 ml of EtOH, and 1.2 ml of HyO was
reflixed fur 3 hr, and the solvent was removed by distn to give
150 mg (63.047) uf XXII-HCI as colorless needles after recry=tu
from 15tOH- th() mp 239-241°, which showed the same physical
data as those of an authentic sample.

3-Hydroxy-9-azamorphinan (XXVI).-~(A) A solu of 4.2 g of
VIII-HCI in 50 ml of 479% HBr and 50 ml of AcOH was heated
at 140-150° in an oil bath, and condeused to 10 ml in vacuo.
To the residue was added 100 ml of CHCl; and the mixture was
basified (¢8¢, NH4OH). The organic layer was sepd, washed
(H:0)), dried (Nay80,), and evapd to leave a yellow caramel,
which was recrystd from ~PrOH to give 1.5 g (67.59) of XXVI
as colutless prisms: mp 270-271° dec; ir »het em~t, 2800-2250
(NH); unw (6 in CF;COOH ) 4.46 and 4.87 (each 1 H,d, J = 17.5
Hz, ArCH.N). Anal. (C;;H%ON,) C, H, N.

(B) Pyridine- HCI (20 g) which was dried by fusion at 250° was
added to 3.8 g of VIII-HCI and the Lebulting mixture was
heated at 210-220° for 15 min. Then 109, aq NaOH (50 ml)
was added to the cooled mixture and this was washed (EtO)
and acidified (coned HCH. The aq soln was basified (289, NH.-
OH) and extracted {CHCL,). The extract was washed (H:0),
dried (Na,80y), and evapd to lecave a solid after trituration with
[HHOH, which was recrvstd from FtOH to afford 0.84 g (35.0%0)

N-N—COR

of XXVI as elorless prisms, mp 270-271° dee. This produei
was identical with an authentic saniple prepared hy method A
by mmp and spectral contparisons.
3-Benzyloxy-V-benzoyl-9-azamorphinan (XXIII),—To a sobt
of 1.0 g of XXVI in 150 ml of CHCl; was added 1.4 g of B4Cl
in the preseitce of 0.4 g of NaOH and 100 ml of H,O at room
temp with stirring.  After stirring for a further 1 hr, the organie
layer was sepd and washed (109, aqg NaOH and 1L0O), ilried
(K;COy), and evapd to leave crystals after trituration with
hexane. The coutpd was recrystd from -PrOH to give 0.76 g
(41.0%) of XXIII as colorless prisms: mp 180-182°; i »50
em~! 1725 and 1640 (C==0). Anal. (C+HxN.03), C, I1, N.
3-Cyclopropionyloxy-N-cyclopropionyl-9-azamorphinan
(XXIV).—A 5% aq NaOH soln (30 ml) was added 10 a suspen-
sion of 2.4 g of XXVI in 100 ml of Et,0 aund then to this mixture
was added with shaking 2.0 g of ¢yclopropionyl chloride.  After
shaking for 1 hr, the orgauic layer was sepd and washed (109
aq NaOH and H,0). The dried (K,CO;) solvent was removed
by distu to give an amorphous powder, which was recrystd from
-PrOH to afford 1.4 g (37.647) of XXIV as colorless prisms:
mp 175-177°; ir »Eor em~Y, 1745 and 1640 (C==0).
3-Phenacetyloxy-.\'-phenacetyl-9-azamorphinan (XXV), -
Phenuacety! chluride (3 g) was added to a snspension of 1.5 g
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of XXVI in 200 ml of Et,O aud 300 nil of 59}, ag NaOH with
shaking at room temp, and the shaking was continued for a
further 1 hr. The organic layer was sepd, washed (109, aq
NaOH and H,0), dried (K,CO;), and evapd toleave 2.6 g (88.19;)
of XXV as a colorless oil: ir »i%% ¢m—1 1755 and 1645 (C=0).
3-Hydroxy-N-benzyl-9-azamorphinan (XX).—A suspension
of 0.5 g of XXIII and 1.0 g of LAH in 100 ml of dry dioxane was
refluxed for 6 hr and then the excess of LAH was decompd with
H,0. The orgauic layer was collected by decantation, dried
(MgSO0y), and evapd to leave a solid, after trituration with hex-
atie, which was recrystd from PhH-hexane to give 0.25 g (67.69)
of XX as colorless needles, mp 124-125°. XX -HCI was recrystd
from EtOH to afford colorless needles: mp 245° dec; ir wvho:
em—1, 3200 (OH); nmr 6 (in CF,CO0H), 4.68 (2 H, s, NCHx-
CeH:,). Anal. (ezHQ:ClNQO), C, H, N.
3-Hydroxy-\N-cyclopropylmethyl-9-azamorphinan  (XXI).—A
suspension of 1.3 g of XXIV and 1 g of LAH in 86 ml of dry
THF was refluxed for 7 hr, and the excess of LAH was decompd
with H,O. The organic layer was collected by decantation,
dried (MgSOy), and evapd to leave a yellow oil, which was
solidified on trituration with Et,0 and recrystd from EtOH-
Et,0 to afford 0.8 g (75.49;) of XXI as colorless prisms: mp
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172-174°; i »E* au~Y, 2750-2200 (N+tH); nmr 8§ (in CDCly)
4.07 (2 H, s, ArCH,N), 8.26 (1 H, broad s, OH). Anal. (CigHa-
ON:) C, H, N.

3-Hydroxy-\ -phenethyl-9-azamorphinan (XXII).—A suspen-
sion of 2.6 g of XXV and 3.0 g of LAH in 200 ml of dry dioxaue
was refluxed for 6 hr and the excess LAH was decompd with
H,O. The organic layer was separated by decautation, dried
(MgS0,), and evapd to leave a colorless oil, which was solidified
by trituration with Et,0 and then recrystd from EtOH to give
1.03 g (50.057) of XXII as colorless prisms, mp 178-180°.  This
sample was identical with a standard sample in all aspects.
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A number of l-aralkoxvhydrouracils and 1-aralkoxyhydantoins were prepared and evaluated as antituflan-

natory ageits.

The hydrouracils were synthesized by a novel route from N-aralkoxyurethans and «,8-unsatu-
rated carboxamides or from N-aralkoxyureas and a,8-unsaturated carboxylic esters.

The hydantoins were

prepared from N-aralkoxyureas by alkylation with bromo- or chloroacetic acid, followed by cyclization of the

resultatt e~ureido acids.

The three most active 1-aralkoxyhydrouracils showed activities intermediate between
those of aspirin and pheuylbutazone against kaolin-induced inflammation of the rat foot.

No consistent

relationship could be found hetween the activities of the compounds described herein and the activities of their

1-aralkyl analogs.

Owr long-standing interest in hydroxylamine deriva-
tives,? bolstered by the finding that certain 1l-aralkyl-
hydrouracils possess antiinflammatory activity,® led us
to investigate the synthesis and biological activity of a
series of l-aralkoxyhydrouracils (Table I) and 1l-aral-
koxyvhydantoins (Table II). We first attempted to
svnthesize the l-aralkoxvhydrouracils by the classical
reaction sequence shown in Scheme I.4

Scaemi I

R'NHCHR'CHR’COOR  +2<0,

RS
R 0
RINCHR:CHR'COOR ~—i
| R:N._-NH
CONH, \lcl)/

When R'is alkyl, the S-amino ester starting material
may be prepared by addition of an amine to an «,5-
unsaturated ester, by aminomethvlation of an appro-
priately substituted malonic ester followed by decar-

1A portion of this material was presented at the Second International
Congress of Heterocyclic Chemistry, Montpellier, France, July 7—11, 1969.

(2) B. J. Ludwig, F. Dirsch, M. Auerbach, K. Tomeczek, and F. M.
Berger, J. Med. Chem., 10, 556 (1967).

(3) F. M. Berger, F. Diirsch, and B. J. Ludwig, U. 8. Patent 3,325,360
(1967): Chem. Abstr., 68, 49642 (1968).

(4) See D.J. Brown, “"The Pyrimidines,"* Interscience, New York, N. Y.,
1962, pp 134-4335, for a discussion.

boxylation, or by reduction of an enamine of a 8-keto
ester. However, when R! is aralkoxy, we found that
only benzyloxyamine and a few ring-substituted benzyl-
oxyamines could be added to ethyl acrylate and these
amines failed to add to methyl methacrylate. The
aminomethylation reaction and enamine reduction also
failed to yield the esters needed for eyclization to C-3
and C-6 substituted 1-aralkoxyhydrouracils.

Since the classical sequence (Scheme I) proved to
have limited utility in the aralkoxy series, we employved
a synthetic route which utilized aralkoxyurethans or
aralkoxvureas instead of aralkoxyamines (see Scheme
II). This route provided the C-5 and C-6 substituted
l-aralkoxyhydrouracils as well as the C-5 and C-6 un-
substituted members in good yield.

The reaction of T with II depicted in Scheme II and
the reaction of aralkoxyamines with aerylic esters both
involve a Michael-type addition of a nucleophilic agent
to an activated unsaturated system, vet the latter re-
action is much more limited in scope than the former.
Since the addition is a reversible reaction, we believe
this difference is due to the tendency for the adduct 111
to undergo cyelization driving the addition step toward
completion. The amino ester formed by addition of an
aralkoxyamine to an acrylic ester cannot cyelize. It is
unlikely that the observed difference in scope is a con-
sequence of differences in the strengths of the nucleo-
philic agents involved.



