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3-THIAMORPHINAN DERIVATIVES

Masatoshl Ban,® Yutaka Baba,® Kenji Miura,? Yasuaki Kondo,?

and Mikio HoriP*

Sanwa Kagaku Kenkyusho Co. Ltd.,2 1212 GeJo-cho, Kasugal,
Alchi 486, Japan and Gifu Pharmaceutical University,b 6-1

Mitahora-higashi 5-chome, Gifu 502, Japan

Abstract—Thieno[3,2-flmorphans (4-7), (27) and (28) were prepared by
cyclization of 2-thenyl-4-hydroxypiperidines (3} or 2-thenyltetrahydrop-
yridine (26) with hydrobromic acid. Thienol4,3-f]morphans (37) and (38)
and 3-thilamorphinan (47) were similarly prepared. Some kinds of N-sub
stituents were introduced to the thienomorphans (5 - T), (29) and (39)
and a 3-thiamorphinan (48). Analgesic activities of the N-substituted

compounds were Investigated.

We are interested in the potential pharmacological activity of the sulfur-contaln-
ing morphine derivatives. Recently we have reported the chemlcal modification of
the phenolic hydroxyl groupl and the ring system of opiates.2 On the other hand,
there are some reports on the synthesis of heteroaromatic derivatives of 1,2,3,4,
5,6-hexahydro-2,6-methano-3-benzazocine (6,7-benzomorphan) such as pyridomorphan, 2
5 B

pyrrolomorphan,4 indolomorphan, and thienomorphan.7 We planned

thiazolomorphan,
to synthesize thienomorphans and thiamorphinans in which the benzene ring of benzo-
morphans and morphinans is replaced by the thiophene ring in order to clarify the
structure-activity relationship.® This paper describes the syntheses of the new

thieno[3,2-fImorphans and thieno[4,3-f]morphans.
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There are three constitutional isomers in thienomorphans, thieno(3,2-f]- (I},
[2,3-f}- (I1), and [4,3-f]morphans {(III). &5,9-Dimethyl- (Ila) and 5-phenylthieno-
[2,3-flmorphans (IIb}) showed the high toxicity and the low analgesic activity, and
were not antagonlzed against morphine.7b'C A few derivatives of thieno[3,2-f]-
morphan (I) are known, but their pharmacology has not been studied in detai].?
Therefore, we syntheslized many kinds of derivatives substituted at 2-, 5- and 9-

positions, and their synthetic routes are shown in Scheme 1.
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Scheme 1

A mixture of pentylamine and pentenylamine (1) was allowed to react with methyl
g-(2-thienyl)glycidate to give 3-methyl-2-(2-thenyl)-4-hydroxypiperidine (2).
Cyclization of the N-alkylated piperidines (3) with 47% hydrobromic acid gave a
mixture of stereolsomers of 9-substituted thleno[3,2-flmorphans. Based on the
knowledge of stereoisomers of benzomorphans,® configuration of 6 and 7 was assessed

as the a- and B-diastereomers, respectively. Isomer ratio was 6/7=6 in the case
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of R1=Et. Each isomer was isolated by chromatographic separation of the mixture,
but only s-isomers were purely obtalned by vacuum distillation. N-Dealkylation of
the thienomorphans (5 - 7) was performed with cyanogen bromide or dlethyl azodicar-
boxylate (DEAD) in moderate ylelds. N-Substituted thienomorphans (11 - 24} were
prepared by alkylation of 8 - 10 with alkyl halides or by acylation with acyl
halides followed by reduction with lithium aluminum hydride {(LAH). &-n-Propyl

derivatives were synthesized by the routes as shown In Scheme 2.
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Grignard reaction of pyridinium salt (25) with 2-thenylmagnesium chloride provided
a dihydropyridine, which was reduced to 2-thenyltetrahydropyridine (28) by sodium
borohydride without further purification. The tetrahydropyridine (28) was cyclized
by 47% hydrobromic acid to give 2,98-dimethyl-5-n-propylthienomorphan (27) and the
a-1somer (28) in 8% and 50% yleld, respectively. N-Substituted derivatives (30 -
33) were prepared in similar ways to thienomorphans (11 - 24).

We also synthesized the thienc[4,3-fIlmorphan derivatives as shown In Scheme 3 since

the thieno[4,3-f]morphan skeleton is unknown.
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Reaction of pyridinium salts (34) with 2,5-dimethyl-3-thenylmagneslum chloride gave
unstable dihydropyridine derivatives (35), which were readily reduced to 2Z-thenyl-
tetrahydropyridines (36) by sodlum borohydride. The tetrahydropyridines (36) were
treated with 47% hydrobromic¢ acid to give cyclized products, thieno{[4,3-f]morphans
{37y and (38) in moderate ylelds. Stereochemistry of the 9-methyl groups of com-
pounds (37) and (38) was determined to be as-configuration on the basis of the
difference in the @-methyl chemical shifts between «- and B-isomers.? The thieno-
morphans (37) and (38) were then dealkylated by cyanogen bromide to give compound
(39). N-Substituted thilenomorphans (40 - 43) were alsoc provided by alkylation of
39 with alkyl halides or by acylatlion with acyl halides followed by reduction with
LAH.

It Is noted that levorphanol is four times stronger than morphlne in terms of the

analgesic activity.lo and levallorphan and cyclorphan show the nalorphine-like
11

activities. Therefore we synthesized the 5,5a,8.7,8,9-hexahydro-5,9a-1minoetha-

no-4H-naphtho-[2,1-b]thiophene (3-thiamorphinan) derivatives, 1n which the benzene
ring of morphinan is replaced with the thiophene ring. Thlamorphinan skeleton was

constructed by the procedures shown in Scheme 4.
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Reactlion of 2-(cyclohexen-1-yl)ethylamine (44) with methyl 8-(2-thienyl)elycidate
produced 1-{2-thenyl)-4a-hydroxyperhydroisoquinocline (45) in 29% yield. Cycliza-
tion of 45 with hydrobromic acid gave 3-thiamorphinan (48) 1n 30% yleld. The thia-
morphinan (48) was alternatively prepared by ways of benzylation of 45, cyclization
of 46 and debenzylation of 47. Alkylation or acylation followed by reduction gave

the alkylated 3-thiamorphinans (49 - 53).
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Pharmacological activities of the thienomorphans and thiamorphinans were measured
by the acetic acid-induced writhing Inhibition in nice.12 In thieno[3,2-f]mor-
phans, Z-cyclopropyl-5-ethyl-9ac-methyl derivative (23) has the same analgesic
activity as morphine. Other thieno[3,2-f]morphans (4, 14, 15, 17) were as active
as codeine. Analgesic activity of thleno[4,3-flmorphans was weak. N-~Methyl- {49)
and N-cyclopropylmethylthiamorphinan (52) exhibited the strong activity. All anal-

gesic compounds tested here showed the Straub tail reaction.

EXPERIMENTAL

Melting polnts are uncorrected. 14 Nmr spectra were taken on a Hitachi R-20B or
JEOL PMX-8605 nuclear magnetic resonance instrument (60 MHz). Ir spectra were
recorded -in a JASCO TRA-100 or IR-810 spectrophotometer. In the 1H—nmr spectra (B0
MHz) of cyclle compounds, methylene and methine protons appeared as very breoad
multiplets and 1t i1s imposslble to assign those peaks. Therefore, they were omit-
ted from the lH-nmr data in the Experimental.

4-Hydroxy-3,4-dimethyl-2-(2-thenyl)piperidine (2a). A suspension of a mixture of

3-methylpentenylamine and 3-methylpentylamine (1:1)13 (1a)(20 g, 0.23 mol) in water
(2 1) was adjusted to pH 5.0 by adding 1 N hydrochloric acid. Methyl B-(2-thie-
nyl)glycidate (37 g, 0.20 mol) was added to the solution thus prepared and the
mixture was stirred for 30 h at 80 - 80°C, cooled and filtered. The filtrate was
basified with 50% potqssium ¢carbonate and extracted with dichloromethane. The
extracts were washed, dried (NapS04) and concentrated to dryness. The unreacted
amines were removed by vacuum distillation. The residue was crystallized from
ether and recrystallized from ethyl acetate to give colorless needles (12.5 g,
34%), mp 129 - 130°C. Ir (KBr) 3300 (OH), 3205 (NH) em™l. Anal. Caled for

CioH gNOS: €, 63.95; H, 8.50; N, 6.22. Found: C, 64.22; H, B.53: N, 5.93.

4-Ethyl-4-hydroxy-3-methyl-2-{2-thenyl}piperidine {(2b). A mixture of 3-ethylpente-

nylamine and 3-ethylpentylamine (8:1)13 (1b)(40 g, 0.35 mol) was treated with
methyl B-(2-thienyl)glycidate (57.7 g, 0.31 mol) in a similar way to the methyl
derifative {2a). The product was recrystallized from ethyl acetate to give color-
less needles (16.3 g, 21%), 149.5 - 150°C. lH-Nmr (CDg0D) 5 : 0.88 (3H, t, J=7 Hz,
CH,CHg), 0.98 (3H, d, J=7 Hz, 3-CHg), 6.80 - 7.00 (ZH, m, thienylg,s"-H), 7.15 -
7.30 (11, m, thienyl a-H). Ir (KBr) 3300 (OH), 3265 (NH) cm™l. Anal. Caled for
C13HpyNOS: C, 65.23; H, 8.84; N, 5.85. Found: C, 65.31; H, 8.98; N, 5.82.

4-Hydroxy-1,3,4~-trimethyl-2-(2-thenyl)piperidine (3a). A mixture of 4-hydroxy-
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3,4-dimethyl-2-{2-thenyl}piperidine (2a)(1 g, 4.0 mmeol) and 37% formalin (4 ml, 49
mmel) In methanol (10 ml) was refluxed for 1 h and then cooled to room temperature.
Sodium borohydride (0.5 g, 13 mmol) was added to the mixture and the whole was
refluxed for 2 h. Solvent was evaporated under reduced pressure and the residue
was extracted wlth ether. The extracts were washed with water, dried (Na,50,) and
concentrated. Vacuum distillation of the residue gave an oil (0.32 g, 31%), bp 120
- 130°C/0.02 mmHg. lH-Nmr (CDClg) 6: 0.92 (3H, s. 4-CHg), 1.04 (3H. d, J=7 Hz, 3-
CHz)., 2.30 (38H, s, N-CHz), 2.86 - 3.10 (2H, m, CH,-thienyl), 3.36 (14, d, J=7 Hz,
3-H), 6.83 - 6.96 (2H, m, thienyl &8 -H), 7.03 - 7,16 (1H, m, thienyl «-H). Anal.
Caled for CygHo9NO5: C, 85.01; #, 8.81; N, 5.84. Found: C, 65.10; H, 8.78; N,
5.91,

1-Benzyl-4-hydroxy-3,4-dimethyl-2-(2-thenyl)piperidine (3b). A mixture of 4-

hydroxy-2-thenylpiperidine (2a) (3.5 g, 15.5 mmol), benzyl bromide (2.8 g, 16 mmol)
and potassium carbonate (4.3 g, 31 mmol) in DMF (90 ml) was refluxed for 8 h with
stirring. The cooled reaction mixture was poured into ice-water and extracted with
ether. The extracts were washed with 10% hydrechloric acid. The agueous soiution
was basiflied with 20% sodium hydroxide and extracted with ether. The ethereal
extracts were washed with water, dried (NasS0,) and concentrated to drymess. The
oily residue was purified by column chromatography on silica gel (ether). The
hydrochloride was recrystallized from acetone to give colorless needles (4.48 g,
91%), mp 212 - 215°C(dec.). Anal. Calecd for CygHogNS-HCl: C, 64.84; H, 7.45; N,
3.98. Found: C, 64.66; H, 7.62; N, 4.20,.

1-Benzyl-4-ethyl-4-hydroxy-3-methyl-2-(2-thenyl)piperidine (3¢). Compound {(2b} (40

g, 0.17 mol) was treated with benzyl bromlde (31.5 g, ©0.18 mel) In a similar way to
the methyl derivative (37a). The hydrochloride was recrystallized from acetone to

give colorless needles (51.1 g, 84%), mp 197 - 199°C({dec.). 1 Nme (CDCla) §:0.80

(34, t, J=8 Hz, CHZCH3). 0.96 {3H, 4, J=7 Hz, S-CHS). 3.48, 4.01 (2H, each d, J=12

Hz, CH,Ph)., 6.80 - 7.30 (3H, m, thienyl-H), 7.40 (5H, s, phenyl-H). Anal. Calcd

for CygHy7NOS-HC1: C, 65.64; H, 7.71; N, 3.83. Found: C, 65.60; H, 7.79; N, 3.87.

2.5, 9a-Trimethyl-6,7-thieno[3,2-fjmorphan (4). A suspension of 1,3.4-trimethyl-
2-(2-thenyl)-4-hydroxyplperidine (3a)(32 g, 0.13 mol) in 47% hydrobromic acid (109
ml) was heated at 130°C with stirring. The cooled reaction mixture was basified
with sodium hydrogen carbonate and extracted with ether. The extracts were dried
(Na2504) and concentrated. The resldue was purified by column chromatography on

silica gel {ether) and distilled in vacuo to glive 9ua-methyl derivative (10.4 g,
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35%), bp 85 - T0°C/0.005 mmHg. The o1l solidified gradually on standing, mp 59 -
s2°C. lu-Nmr (CCl,u)y 6 : 0.82 (3H, d, J=6.6 Hz, 9-CHz), 1.28 (3H, s, 5-CHg), 2.26
(3H, s, N-CHg3), 6.69 (IH, d, J=4.8 Hz, thienyl a~H), 6.95 (1H, d, J=4.8 Hz, thienyl
a-H). Anal. Caled for CI3H19NS: ¢, 70,55; H, 8.85; N, 6.33. Found: C. 70.53: H,
8.09;: N, 6.28. The hydrobromide was recrystallized from acetone-ethancl, mp 257 -
258°C.

2-Benzyl-5,9s-dimethyl-6,7-thleno[3,2-f]morphan (5). A suspension of l-bezyl-

3,4-dimethyl-4-hydroxypiperidine (3b)(3 g, 10 mmol) in a mixture of 47% hydro-
bromic acid (100 ml) and acetlc acid (20 ml) was heated at 140°C with stirring.

The cooled mixture was poured Into ice-water, basiflied with conc. agueous ammmonia,
and extracted with ether. The extracts were washed with water, dried (Na,S0,) and
concentrated. Distillation of the residue gave an ci1l, bp 125 - 135°C/0.068 mmHg,
The hydrochloride was recrystallized from acetone-ethanol to give cclorless needles
(1.3 g, 46%), mp 251 - 2529C({dec.). 1H-Nor (HC1l salt, CDg0D) &: 1.44 (3H, d, J=7
Hz. Q—CHS). 4.41 (24, s, CHzPh). 6.986 (iH, d, J=5.4 Hz, thienyl g-H), 7.35 (1H, d,
J=5.4 Hz, thlenyl «-H), 7.50 - 7.80 (5H, m, phenyl-H). Anal. Calcd for CqgHy4NS.
HCl: C, 68.34; H, 7.24; N, 4.19. Found: C, 68.15; H, 7.25; N, 4,04,

2-Benzyl-5-ethyl-9-methyl-8,7-thieno[3,2-flmorphans (6, 7). Compound (3¢) (2.0 g,

6 mmol) was cyclized In a simllar way to compound (3b). The olly product was puri-
fied by vacuum distillation to furnish 9a-ethyl derivative (8), bp 120 - 130°C/0.01
mmHg, which was led to the hydrochloride (1.08 g, 56%) as colorless needles (from
acetone-ether), mp 189 - 192°C{dec.). lH-Nmr (HC1 salt, CD40D) §: 0.74 (3H, d,
J=6.5 Hz, 9-CH3), 0.96 (3H, t, J=6 Hz, CH,CHg), 4.88 (2H, br s, CHyPh), 6.90 (lH,
d, J=5 Hz. thienyl g-H), 7.23 (1H, d, J=5 Hz, thienyl «-H), 7.30 - 7.5¢ (5H, m,
phenyl-H). Anal. Calcd for CopgHogNS-HCl: C, 89.04; H, 7.53; N, 4.03. Found: C,
69.01; H, 7.62; N, 3.93.

When the oily raw product was purifled by column chromatography on silica gel using
ether, 9pg-ethyl derivative (7), bp 105 - 110°C/0.01 mmHg, was obtained from the
first fracticn and led to the hydrochloride {(9%), mp 234 - 238°C (from acetone-
ether). H-Nmr (HC1 salt, CBClg) §: 0.74 (3H, t, J=7 Hz, CHyCHg), 1.14 (3H, d, J=7
Hz, 9-CHg). Anal. Caled for Cy3HygNS-HCl: C, 51.85: H, 6.87; N, 4.63. Found: C,
51.88; H, 6.68; N, 4.83.

5,9¢-Dimethyl-6,7-thieno{3,2-fjmorphan (8). a) A solution of 2-benzyl-5,9a-dimeth-
¥1l-8,7-thleno[3,2-flmorphan (5)(9.1 g, 31 mmol) in chloroform (300 ml) was added to

a solution of cyanogen bromide (5.3 g, 50 mmol) in chloroform (100 ml). The whole
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was stirred at room temperature for 1 h and then refluxed for 2 h. The solvent was
removed under reduced pressure and ether was added to the resldue. The ether
solution was washed with water, dil. hydrochloric acid and dil. sodium carbonate
successlvely, and dried. Ewvaporation of ether afforded an oily residue and 6%
hydrochloric acid (250 ml) was added to the residue. The mixture was refluxed for
8 h, cooled, basifled with conc. aqueous ammmonia, and extracted with chloroform.
The extracts were washed with water, dried and concentrated. The residual oil was
purified by column chromatography on silica gel (ether) and vacuum distillation, bp
95 - 105°C/0.04 mmHg. LH-Nomr (CCly) 8 : 0.79 (3H, d, J=7 Hz, 9-CHy), 1.28 (3H, s,
5-CHy), 6.66 (14, d, J=5 Hz, thienyl 8-H), 6.95 (1H, d, J=5 Hz, thienyl o-H). The
hydrochloride was recrystallized from acetone-methanol to gilve colorless needles
(2.6 g, 41%), mp 238 - 241°C{dec.). Anal. Caled for CyoHy4NS-HBr: C, 50.00; H,
8.29; N, 4.86. Found: C, 50.21; H, 6.37; N, 4.55.

b) Diethyl azodicarboxylate (0.3 g, 1.7 mmol) was added to a solution of 2,5,9c-
trimethyl-6,7-thieno(3,2-flmorphan (4){(0.3 g, 1.4 mmol) in chloroform (100 ml).

The whole was refluxed for 3 h and concentrated under reduced pressure. A soluticn
of pyridine hydrochloride (0.2 g, 1.7 mmol) in a mixture of water (50 ml) and
ethanol (100 ml) was added to the residue. The whole was stirred for 15 h at 25°C,
basified with 10% sodium hydroxide and then extracted with c¢hloroform. The ex-
tracts were washed with water, dried (Na2804) and concentrated under reduced pres-
sure. The oily residue was purified in the same way as method a) and led to the
hydrobromide (0.12 g, 41%), which was identical with a sample prepared by methed
aj).

5-Ethyl derivative (9) and (10) were prepared In a simllar way to compound {(8).

5-Ethyl-9c-methyl-6,7-thienoc[3,2-f]merphan (9} bp 135 - 140°C/C.07 mmHg. 1y-Nmr

(CDC14) 86 : 0.79 (38H, d, J=7 Hz, 9-CHy), 1.02 (3H, t, J=7 Hz, CHzEEg)' 6.87 (1H, d,
J=5 Hz, thlenyl a-H), 7.18 (1H, d, J=5 Hz, thilenyl «-H). 'The hydrobromide was
recrystallized from acetone-methanol to glve colorless needles (69%), mp 245 - 248
°C(dec.).

5-Ethyl-98-methyl-6,7-theino{3,2-f]morphan (10) bp 95 - 105°C/0.01 mmHg. 1g-Nmr

(CDC14) 6: 0.85 (3H, t, J=7 Hz, CHaCHm), 1.12 (3H, d, J=7 Hz, 5-CHj)., 6.77 (1H, s,

thienyl 8 -H), 7.688 (1H, s, thienyl «-H). The hydrcbromlide was recrystallized from

methanol-ethyl acetate to give colorless needles (63%), mp> 300°C. Anal. Calecd for
CigHigN8-HBr: €, 51.65; H, 6.87; N, 4.83. Found: C, 51.76; H, 6.55; N, 4.89.

2-Allyl-5,90-dimethyl-6,7-thieno[3,2-fImorphan (11). A mixture of 5,9z-dimeth-




HETEROCYCLES, Vol. 32, No. 1, 1991 ns

¥1-6,7-thieno[3,2-f]morphan (8) hydrochloride (0.58 g, 2.4 mmol), allyl bromide
{0.25 g, 2.1 mmol) and sodium carbonate (0.5 g, 4.7 mmol) in N,N-dimethylformamide
(DMF)} (100 ml) was refluxed for 5 h and concentrated under reduced pressure. Water
was added to the resldue and the whole was extracted with ether. The extracts were
washed with water, dried (Na2504) and concentrated under reduced pressure. The
residunal oi} was purified by column chromatography on silica gel (ether) and dis-
tilled in vacuo, bp 85 - 90°C/0.01 mmig. 1H-Nmr (CC14) §: 0.79 (3H, d, J=6.8 Hz,
9-CHg), 1.27 (3H, s, 5-CHg), 4.00 - 6.00 (3H, m, vinyl H), 6.58 (1H, d, J=5.1 Hz,
thienyl g~H), 6.85 (1H, d, J=5.1 Hz, thienyl a-H). The hydrobromide was recrystal-
lized from 2Z-butanone-~ethanol to give colorless needles (0.47 g, 71%)}, mp 243 - 247
°C(dec.). Anal. Caled for CygHyNS-HBr: C, 54.87; H, 8.75; N, 4.27. Found: C,
54.61; H; 6.86; N, 4.01.

Other N-substituted thienomorphans (1I2 - 13), (17 - 22) were similarly prepared
from thienomorphans (8 - 10) and alkyl halides.

5,9¢-Dimethyl-2-(2-phenethyl}-8,7-thieno[3,2-f]morphan {13). Phenylacetyl chloride

(0.3 g, 1.9 mmol) was added to a mixture of thienomorphan (8) (¢.58 g, 2.8 mmol)
and triethylamine (0.41 g, 4.1 mmol) In chloroform (100 ml). -The whole was stirred
for 3 h at room temperature and concentrated under reduced pressure. The residue
was dissolved in dry THF (100 ml) and then lithium aluminum hydride (LAH)(2 g, 53
mnol) was added to the solution. The mixture was refluxed for 5 h, cooled, poured
into ice-water and extracted with ether. The extracts were washed, dried (Nazso4)
and concentrated under reduced pressure. The residual 011 was purifled by column
chromatography on silica gel (ether) and vacuum distillation, bp 130 - 135°C/0.01
mmHg. The hydrobromide was recrystallized from 2-butanone-ethancl to give color-
less needles (0.6 g, 77%), mp 285 - 288°C (dec.). IH-Nmr (CCly) §: 0.78 (3H, d,
J=7 Hz, 9-CH3), 1.26 (3H, s, 5—CH3). .58 (1H, d J=5 Hz, thenyl g-H), 6.82 (1H, 4,
J=5 Hz, thienyl «-H), 7.04 (5H, s, Ph). Anal. Calcd for CogHggNS-HBr: C, 61.22; H,
6.68; N, 3.57. Found: C, 81.22Z; H, 6.77; N, 3.54. This compound was alternatively
prepared by alkylation of 8 with phenethyl bromide in 54% yleld.

Other N-substituted thienomorphans (14, 23, 24) were similarly prepared by acyla-
tion of thienomorphans (8 - 10) with acyl halldes followed by reduction with LAH.

5-Ethyl-2,9a-dimethyl1-6,7-thieno[3,2-f]morphan {15). Methyl lodide (3 g, 21 mmol)

was added to a solution of 2-henzyl-5-ethyl-9¢-methyl-6,7-thienol3,2-f]morphan
(6)(1.5 g, 4.8 mmol) in 2-butanone (10 ml). The whole was warmed at 60 - TO0°C for

30 min and then stood overnight at room temperature. The precipitate was filtered
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off and recrystallized from methanol-ether to give 2-benzyl-5-ethyl-2,9a-di-
methyl-6,7-thienc[3,2-flmorphanium ilodlde as colorless needles (1.70 g, 90%),

mp 192 - 193°C(dec.). A mixture of the thienomorphanium lodide (1.02 g) and 5%
Pd-C (2 g) in ethanol (100 ml) was refluxed for 3 h under a hydrogen atmosphere.
The catalyst was filtered off and the flltrate was concentrated under reduced
pressure to glve the reslidual oll, which was purified by column chromatography on
silica gel (ether) and vacuum distillation, bp 115°C/0.02 mmHg. 1g-Nmr (CDCl3)a
0.86 (3H, d, J=7 Hz, 9-CHy), 0.98 (3H, t, J=7.5 Hz, CHyCHg), 2.47 (3H, s, N-CHg),
T.05 (1H, 4, J=7 Hz, thilenyl g-H}, 7.33 (1H, d, J=5 Hz,_;gienyl a-H). The hydro-
bromide was recrystallized from acetcone-methanol to give colorless needles (0.66 g,
78%), mp 213 - 218°C(dec.). Anal. Calcd for Cy,H, NS-HBr: C, 53.18; H, 7.01; N,

4.43. Found: C, 52.99; H, 7.07; N, 4.41.

5-Ethyl-2,95-dimethyl-6,7-thieno[3,2-f]morphan (16). A mixture of compound (10)
(0.896 g, 4.0 mmol), formic acld (0.921 g, 20 mmol) and 37% formalin (0.45 ml, 5.6
mmol) was warmed at 50°C and then at 90 - 100°C for 8 h. The cooled mixture was
basified with dil. aquecus ammonia and extracted with ether. The eXtracts were
washed with water, dried (NagS0,) and concentrated to dryness. The residual oil
was purified by column chromatography on silica gel (ether) and vacuum distilla-
tion, bp 90°C/0.01 mmHg. ‘H-Nmr (CDCly) & : ©.75 (3H, t, J=7.5 Hz, 5-CHoCHg), 1.17
(3H, 4, J=7.6 Hz, S—CH3). 2.37 (3H, s, N—CH3). 6.58 (1H, d, J=5 Hz, thie;;I-B—H),
7.18 (1H, 4@, J=5 Hz, thlenyl «-H)}. The hydrobromide was recrystallized from 2-
butanone-methanol to give colorless needles (0.95 g, 74%), mp 244°C. Anal. Caled
for CyyHgpgNS-HBr: C, 53.16; H, 7.01; N, 4.43. Found: C, 53.09; H, 7.00; N, 4.50.

5,8¢-Dimethyl-2-(3-methyl-2-butenyl)-6,7-thleno[3,2-f]morphan (12). bp 105 - 115

°c. lH-Nmr (CCly) 6: 0.85 (3H, d, J=7 Hz, 9-CHg). 1.27 (3H, s, 5-CHg). 1.82, 1.89

(each 3H, s, =C(CHg),), 4.85 - 5.20 (1H, m, vinyl H), 6.50 {1H, d, J=5 Hz, thienyl

8-H), 6.75 (1H, d, J=5 Hz, thienyl e-H). HBr salt: colorless needles (Bl%), mp 282
- 285°C(dec.} from 2-butancne-methanol. Anal. Calcd for C;;HygNS-HBr: C, 57.29; H,
7.35; N, 3.92. Found: C, 57.15; H, 7.52; N, 3.82.

2-Cyclopropylmethyl-5,9¢-dimethyl-6,7-thieno[3,2-f]morphan (14). bp 110 - 115

°C/0.06 mmHg. LH-Nmr (CDC1g) 6§: 0 - 0.865 (5H, m, J=7 Hz, cyclopropyl H), 0.82 (3H,
d, J=6.4 Hz, 9—CH3). 1.28 (3H, s, 5-CH3). 6.50 (1H, d, J=4.9 Hz, thlenyl g-H), 6.82
(1H, 4, J=4.9 Hz, thienyl «-H). HBr salt: colorless needles (83%), mp 278 - 280
°C(dec,) from 2-butanone-methanol. Anal. Calcd for C1gHggNS-HBr: C. 56.13; H,
7.07; N, 4.09. Found: C, 56.05; H, 7.16; N, 4.07.
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2-Allyl-5-ethyl-Sx-methyl-6,7-thieno[3,2-fjmorphan (17}. bp 120°C/0.02 mmHg. LH-

Nmr (CDClgz) ¢: 0.88 (3H, d, J=6.5 Hz, 9-CHg), 1.00 (3H, t, J=T7 Hz, 5-CH,CH5}, 5.10
- 6.10 (3H, m, CH=CH,), 6.95 (1H, d, J=5.5 Hz, thienyl g8 -H), 7.23 (1H, d, J=5.5 Hz,
thienyl «-H). HBr salt: colorless needles (61%), mp 240 - 243°C{(dec.) from 2-
butanone-methanol. Anal. Calcd for C;gH,oNS-HBr: C, 56.13; K, 7.07; N, 4.09.
Found: C, 56.41; H, 7.17; N, 4.18.

2-Allyl-5-ethyl-98-methyl-6,7-thlenc[3,2-f]morphan (18). bp 90 - 110°C/0.02 nmig.

1§-Nmr (CDClg) 6 : 0.72 (3H, t, J=7 Hz, 5-CHyCHg), 1.11 (3H, d, J=6.6 Hz, 9-CH),
4.68 - 5.20 (2H, m, CH=CHg), 6.53 (1H, 4, J=5 Hz, thienyl p-H), 6.83 (1H, 4, J=5
Hz, thienyl o-H). HBr salt: colorless needles (84%), mp 218°C from ethyl acetate-
methanol. Anal. Calcd for C16H23NS-HBr: C, 56,13; H, 7.07; N, 4.09. Found: C,
56,26, H, 6.96; N, 4.10.

5-Ethyl-9a-methyl-2-(3-methyl-2-butenyl)-8,7-thienof3,2-fImerphan (19). bp 120

°C/0.01 mmHg. 1H-Nmr (CDCls) §: 0.90 (3H, 4, J=7.5 Hz, 9—CH3). 1.05 (3H, t, J=T7 Hz,
5-CHgCHg), 1.81, 1.86 (each 3H, s, =C(CHgz)y), 5.20 - 5.40 (1H, br s, -CH=CH,), 6.91
{1H, ET—5=5 Hz, thienyl 8-H), 7.30 (1H, d, J=5 Hz, thienyl 2-H). HBr salt: color-
less needles (91%), my 224 - 227°C (dec.) from 2-butanone-methanol. Anal. Caled
for € gHpNS-HBr: C, 58.37; H, 7.62: N, 3.78. Found: C, 58.62;: H, 7.71; N, 3.78.

5-Ethyl-88-methyl-2-(3-methyl-2-butenyl)-6,7-thieno[3,2-f]morphan (20). bp 110 -

120°C/0.01 mmHg. lH-Nmr (CDClg) 6 : 0.72 (3H, t, J=7 Hz, 5-CH,CHgz). 1.10 (3H, 4,
J=7 Hz, 9-CHg)}, 1.80, 1.88 (each 3H, s, =C(CHg)o), 4.80 - 5.26hzzh. br s. CH=C),
8.57 (1H, d, J=5 Hz, thienyl g-H), 6.87 (1H, 4, J=5 Hz, thienyl «-H). HBr salti:
colorless needles (74%), mp 221°C(dec.) from 2-butanone-methanol. Anal. Caled for
018H27NSAHBr: C, 58.37; H, 7.62; N, 3.78, Found: C, 58.18; H, 7.34; N, 3.82.
5-Ethyl-9c-methyl-2-phenethyl-6,7-thieno[3,2-f]morphan (21). bp 115°C/0¢.01 mmHg.
'H-Nmr (CDClg) 6: 0.78 (3H, d, J=7.5 Hz, 9-CHg), 1.00 (3H, t, J=7 Hz, 5-CHyCHy),
6.85 (1H, d, J=5 Hz, thienyl g-H), 7.10 (1H, d, J=5 Hz, thienyl o-H), 7.29 TEEj s,
phenyl-H). HBr salt: colorless needles (53%), mp 239 - 244°C(dec.) from 2-buta-
none-methancl. Anal., Caled for Cy5HsoNS-HBr: C, 62.08; H, 6.94; N, 3.45. Found:
C, 62.09; H, 7.02; N, 3.38.

5-Ethyl-98-methyl-2-propargyl-6,7-thieno[3 2-f]morphan (22). bp 105 - 112°C/0.03

mmHg. 1H-Nmr (CDClz) ¢: 0.74 (3H, t, J=7 Hz, 5-CH,CHg), 1.14 (3H, d, J=7 Hz, 9-
CHS}. 6.72 (1H, d, J=5 Hz, thienyl g-H), 7.03 (iH, d, J=5 Hz, thlenyl o«-H)., HBr
salt: colorless needles (85%), mp 236.5°C from ethyl acetate-methanol. Anal. Calcd

for CygHgoyNS-HBr: C, 56.47; H, 6.52, N, 4.12., Found: C, 56.34; H, 6.54; N, 4.30.
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2-Cyclopropyimethyl-5-ethyl-9a-methyl-6,7-thieno[3,2-fjmorphan (23). bp 115°C/0.01

mmHg. YH-Nmr (CDClq) 6: 0 - 0.70 (5H, m, cyclopropyl H), 0.80 (3H, d, J=7.5 Hz,
9-CH3). 1.02 {(3H, t, J=6.5 Hz, S—CHZCHa). 6.70 (1H, d, J=5.5 Hz, thienyl 8-H), 7.13
(1H, d, J=5.5 Hz, thienyl a-H}. HBr_gglt: colorless needles (89%), mp 252 - 257
°C(dec.) from 2-butancne-methancl. Anal. Calcd for CI7H25NS-HBr: C, 57.29:; H,
7.35; N, 3.93. Found: C, 57.26; H, 7.39; N, 3.88,

2-Cyclopropylmethyl-5-ethyl-98-methyl-6,7-thieno[3,2-f]morphan (24). bp 85 - 110

°c/0.02 mmHg. lH-Nmr (CDC14) 6: O - 0.80 (5H, m, cyclopropyl H}, 0.783 (3H, t, J=7
Hz, 5-CH5CHg), 1.13 (3H, 4, J=6.6 Hz, 9-CHg), 6.56 (1M, d, J=5 Hz, thienyl §-H),
8.68 (1H, d, J=5 Hz, thienyl #-H). HBr salt: colorless needles (84%), mp 230°C
from ethyl acetate-methancl. Anal. Caled for Cy;HygNS§-HBr: C, 57.28; H, 7.35; N,
3,93. Found: C, 57.35; H, 7.27; N, 3.93.

1,3-Dimethyl-4-n-propyl-2-thenyl-1,2,5,6~-tetrahydropyridine (26). A solution of

2-thenyl chloride (42 g, 0.32 mol) in dry ether (200 ml) was added dropwise over

2 h to a suspension of 1,3-dimethyl-4-n-propylpyridinium iodide!4 (25)(65 g, 0.23
mol) and magnesium (12 g, 0.50 mol) in dry ether (1 1). The mixture was refluxed
for ancther 2 h and then cooled. Aqueocus ammonium chloride was added to the mix-
ture and the whole was extracted with ether. The extracts were washed with dil.
hydrochloric acid for several times. The washings were basifled with conc. aqueous
ammenia and extracted with ether. The extracts were drled (NapS0y4) and concentrat-
ed under reduced pressure. The residue was dissolved in methanol (300 ml) and
sodium borohydride (10 g, 0.28 mol) was added portionwise to the sclution. The
mixture was refluxed for 5 h, cooled, poured into water, and extracted with ether.
The extracts were driled (Na2304) and concentrated to dryness. The reslidue was
purified by column chromatography on silica gel (ether) and vacuum distillation, bp
115°C/0.08 mmHg. 1g-Nmr (CDClg) 6: 0.78 (3H, t, J=6 Hz, CHZCHa). 1.58 (3H, s, 3-
CHg}., 2.37 (3H, s, 1-CHg}. The oxalate was recrystallized f;;; 2-butanone-methanol
to glve colorless needles (28 g, 32%), mp 110 - 111°C. Anal. Calecd for CigHoaNS:
(COgH)5: C, 60.05; H, 7.42; N, 4.13. Found: C, 60.42; H, T7.47; N, 4.28.

2,9-Dimethyi-5-n-propyl-6,7-thieno{3,2-f]morphinans (27, 28). A suspension of tet-

rahydropyridine (26) oxalate (5 g, 15 mmol) in 47% hydrobromic acid (150 ml) was
heated at 140°C for 8 h with stirring, cooled and poured intc ice-water. The
mixture was baslified with conc. aqueous ammonia and extracted with ether. The
extracts were washed with water, dried and concentrated to dryness. The residue

was purified by column chromatography on silica gel (ether). B8-Stereolisomer (27)
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‘was obtained from the first fraction and o-1somer (28) was glven from the second
fraction. The thienomorphans (27) and (2B) were led to the hydrobromides.

g-Isomer (27): bp 85 - 90°C/0.05 mmig. lH-Nmr (CDCls) §: 0.80 - 1.05 (3H, m,
CHyCHgy), 1.13 (3H, d, J=7 Hz, 9-CHy), 2.30 (3H, s, N-CHy), 6.68 (1H, d, J=5 Hz,
thigg;i g-H), 6.98 (1H. d, J=5 Hz, thienyl «-H). HBr salt: colorless plates (0.29
g, B8%), mp 212 - 214°C from 2-butanone. Anal. Caled for ClSHZSNS-HBr: C, 54.54; H,
7.32; N, 4.24. Found: C, 54.69; H, 7.12; N, 4.00. qo-Isomer (28): bp 110°C/0.08
moHg. LH-Nmr (CDClg) 6: 0.79 (3H, d, J=7 Hz, 9-CH3), 2.35 (3H, s, N-CHg}. 6.77
(1K, d, J=4.4 Hz, thlenyl g-H), 7.02 (1H, 4, J=4.4 Hz, thienyl a-H). HBr salt:
colorless prisms (2.9 g, 50%), wmp 153.5 - 154.5°C from 2-butanone, Anal. Caled for
CygHoaNS-HBr: C, 54.54; H, 7.32; N, 4.24. Found: C, 54.52; H, 7.62; N, 4.00.

9a-Methyl-5-n-propyl-6,7-thienc[3,2-f]morphan (29) was prepared by demethylation

of 28 with cyanogen bromide in a similar way to compound (8). bp 105°C/0.05 mmHg.
HBr salt: colorless plates (51%), mp 241 - 244.5°C(dec.) from 2-butancne-methanol,
YH-Nmr (CDCly) 6 ¢ 0.75 (3H, d, J=7.5 Hz, 9-CHg), 6.68 (1H, d, J=4.7 Hz, thienyl -
H), 6.91 (1H, 1H, d, J=4.7Hz, thienyl «-H). Anal. Calcd for Cqp4Hg NS-HBr: C,
53.16; H, 7.01; N, 4.43. Found: €, 53.13; H, 6.88; N, 4.53.

2-Allyl-9a-methyl-5-n-propyl-6,7-thieno[3,2-fImorphan (30) was prepared by alkyla-

tion of thienomorphan (29) in a similar way to compound (11). bp 115°C/0.05 mmHg.
1H-Nmr {CDClg) 6: 0.74 (3H, d, J=7 Hz, 9-CHg), 4.75 - 6.00 (3H, m, CH=CHy), 6.71
(1H, d, J=5 Hz, thienyl g-H), 6.84 (1H, d, J=5 Hz, thienyl a-H}). HBr salt: color-
less plates (88%), mp 285 - 287°C (dec.) from 2-butanone. Anal. Calcd for C,7HpsNS

HBr: C, 57.29; H, 7.35; N, 3.93. Found: C, 57.55; H, 7.45; N, 3.81.

9a-Methyl-2-(3-methyl-2-butenyl)=-5-n-propyl-6,7-thieno[3,2-f]morphan (31) was pre-
pared by alkylation of thienomorphan (29) in a similar way to compound (11). bp
125°C/ 0.05 mmHg. l4-Nmr (CDCla) §: 0,74 (3H, d, J=7 Hz, 9—CH3), 1.59, 1.83 {each
3H, s, =C(CHg)g), 6.59 (1H, d, J=5 Hz, thlenyl g-H}, B.81 (1H, &, J=5 Hz, thienyl
a-H). HBr salt: colorless prisms (62%), mp 205 - 206°C(dec.) from 2-butanone.
Anal. Calcd for CogHsgNS-HBr: C, 58.00; H, 7.94; N, 3.56. Found: C, 58.09; H,

7.82; N, 3.82.

2-Cyclopropylmethyl-9a-methyl-5-n-propyl-6,7-thieno[3,2-f]morphan (32) was prepared

by acylation of thienomorphan (29) followed by reduction with LAH in a similar way
to compound (13). bp 120°C/0.04 mumHg. ly_Nmr (CDClg) 6: O - 0.80 (5H, m, cyclopro-
p¥l H), 0.75 (3H, d, J=7 Hz, 9—CH3), 6.62 (1H, d, J=5 Hz, thienyl g-H), 6.83 {(1H,

d. J=5 Hz, thienyl o«-H). HBr salt: colorless prisms (74%), mp 248.5 - 250°C(dec.)
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from 2-butanone. Anal. Calcd for Cy4qH54NS-HBr: C, 57.30; H, 7.35; N, 3.93. Found:

C, 57.45; H, 7.40; N, 3.91.

go-Methyl-2-phenethyl-5-n-propyl-6,7-thieno[3,2-f]morphan (33) was prepared by

acylation of thienomorphan (29) followed by reduction with LAH In a similar way to
compound {13). bp 145 - 150°C/0.05 mmHg. ‘H-Nmr (CDCl,) §: 0.72 (3H, d, J=7 Hz,
8-CHg), 6.60 (1H, d, J=5 Hz, thienyl 8-H), 6.82 (1H, d, J=5 Hz, thienyl e-H), 7.00
(54, s, Ph). HBEr salt: colorless prisms (48%), mp 208 - 208°C from 2-butanone.
Anal, Caled for CZZHZQNS-HBr: C, 62.84; H, 7.19; N, 3.33. Found: C, 83.04; H,

7.38: N, 3.29.

2-(2,5-Dimethyl-3-thenyl)-1,3,4-trimethyl-1,2,5,6~tetrahydropyridine (36a). A

solution of 2,5-dimethyl-3-thenyl chloridel® (4.72 g, 29 mmol) in dry THF (20 ml)
was added dropwise to a boiling suspension of magnesium (1.52 g, 63 mmol) in THF
(70 ml) under nitrogen. The mixture was refluxed for 40 wmin and cooled. The
Grignard reagent thus prepared was added dropwise over 30 min to a suspension of
1,3,4~trimethylpyridinium iodldel® (34a)(4.94 g, 20 mwmol) in dry THF (50 ml) The
whole was stirred for 3 h at room temperature, decomposed with 20% aqueous ammonia
and extracted with ether., The extracts were washed with water, dried (Nay804) and
concentrated to dryness. The oily product was led to the oxalate, which was re-
crystallized from ethanol to glve colorless needles (2.77 g, 38%), mp 144 - 146°C.
1H-Nmr (CDCly) 6: 1.55, 1.63 (each 3H, br s. 3,4-CHz), 2.37 (3H, s, NCHg)}, 2.30,
2.37 (each 3H, s. thlenyl-CHg). Anal. Caled for C15HoaN8- (COH)5: C, 60.15; H,
7.42; N, 4.13. Found: C, 59.89; H, 7.42; N, 4.97.

1-Benzyl-2-(2,5-dimethyl-3-thenyl)-3,4-dimethyl-1,2,5 6-tetrahydropyridine (36h)

was prepared by reaction of 34b with thenyimagnesium chloride followed by reduction
with sodium borohydride in a similar way to 36a. The oxalate was recrystallized
from ethanol to give colorless columns (46%), mp 188 - 170°C. 1y-Nmr (CDCla) 5 :
1.55, 1.83 (each 3H, br s, 3,4-CHg), 2.20, 2.33 (each 3H, s, thienyl-CHg). Anal.
Caled for CgpHgyNS- (COgH)y: C, 66.48; H, 7.03; N, 8.37. Found: C, 66.46; H, 7.04;

N, 3.24.

1',2,3',58,9a-Pentamethyl-6,7-thieno[4.3-f]morphan (37). A mixture of compound

(36a) (1.33 g, 5.3 mmel), 48% hydrogen bromide (10 ml) and methancl (5 ml)} was
refluxed for 24 h. The cooled mixture was basified with conc. aqueous ammonia and
extracted with dichloromethane. The extracts were washed with water, dried
(Nas504) and concentrated. Purification of the residue by column chromatography an

silica gel (ether) gave an oil (0.75 g, 57%). ly-Nmr (CDhClg) 6: 0.85 (3H, d, J=7
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Hz, 9-CHgz), 1.43 (3H, s, 5-CHg}, 2.38 (6H, s, N~ and 1' or 3'-CHg), 2.74 (3d, s, 1’
or 3'-CHg). HBr salt: colorless prisms, mp 272 - 274°C{(dec.) from ethanol-acetone.
Anal. Calcd for C15H23NS-HBr-1/2H20: C, 54.89: H, 7.17; N, 3.99. Found: C, 54.70;
H, 7.32; N, 4.11. '

2-Benzyl-1i",3',5,8c-tetramethyl-6,7-thienoj4,3-flmorphan (38) was prepared in a

similar way to compound (37). A colorless oll (60%). ly-Nmr (CDC1lgq) &: 0.79 (3H,
d, J=7.0 Hz, 9—CH3J. 1.41 (3H, s, 5-CH3). 2.25, 2.35 (each 3H, s, 1°', 3'—CH3),
3.53, 3.68 (each 1H, d, J=14.0 Hz, NCHsPh). HBr salt: colorless prisms, mp 240 -
243 °C(dec.) from ethanol-acetone. Anal. Caled for CgHyyNS-HBr-1/2Ho0: C, 61.81;
H, 6.84; N, 3.28. Found: C, 62.22; H, 6.94; N, 3.31.
1',3',5,9a-Tetramethyl-6,7-thienc[4,3-flmorphan (39). A solution of N-methyl-
thiencmorphan (37} (2.98 g, 12 mmel) In chloroform (50 ml) was added dropwise over
10 min to an ice-cold solution of cyanogen bromide (1.5 g, 14 mmol) in chloroform
(20 ml) under nitrogen. The mixture was stirred at that temperature for 1 h and
then refluxed for 3 h. After heing cooled to room temperature, it was washed wlth
1 N hydrochloric acid, 0.5 N sodlum hydroxide, and water, successively, and dried
(Nazsod). The solvent was evaporated to dryness. The residue was purified by
column chromatography on silica gel {(ether) and led to the hydrobromide (1.6 g,
51%). lH-Nmr (free base, CDClg) §: 0.83 (3H, d, J=7.0 Hz, 9-CHy), 1.43 (3H, s, 5-
CHa), 2.24, 2.40 (each 3H, s, 1', 3'-CHg). Celorless prisms, mp > 300°C (dec.) from
methanol. Anal. Calcd for Cy4Ho(NS-HBr: €, 53.16; H, 7.01; N, 4.43. Found: C,
53.25; H, T.12; N, 4.28.

2-Al1ly1-1",3',5,90-tetramethyl-6,7-thieno[4,3-f]morphan (40). Allyl bromide {0.42

g, 3.5 mmol) was added to a suspenslon of thienomcrphan 39 hydrobromide (1 g, 3.2
mmol) and sodium hydrogen carbonate (0.6 g, 7.1 mmol) in DMF (50 ml), and the whole
was refluxed for 5 h. The solvent was evaporated under reduced pressure and the
residue was dissolved in ether. The ethereal solution was washed with water, dried
(NayS0,4) and concentrated. The reslidue was purifled by column chromatography on
silica gel (ether) and led to the hydrobromide. 1y Nuor (free base, CDCla] ¢: 0.81
(3d, d, J=7.0 Hz, 9-CHjz), 1.43 (3H, s, 5-CHg), 2.23, 2.37 (each 3H, s, 1', 3'-CHjg),
4.90- 5.40{3H, m, vinyl H). Colorless prisms (0.69 g, B1%), mp 253 - 255°C{dec.)
from ,ethanol. Anal. Calcd for C,7HggNS-HBr: €, 57.30; H, 7.35; N, 3.93. Found: C,
57.41; H, 7.39; N, 3.72.

2-(3-Methyl-2-butenyl}-1',3' ,5,9a-tetramethyl-6,7-thieno[4,3-fImorphan (41) was
prepared in a similar way to compound (40). lH-Nmr (CDClg) 5 : 0.83 (3H, d, J=7 Hz,
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9-CHz), 1.43 (3H, s, 5-CHg), 1.88, 1.75 (each 3H, s, =C(CHz)y), 2.28, 2.38 {each

3H, s, 1', 3'-CHz), 3.10 (2H, br d, J=6 Hz, NCH,), 5.30 (1H, br t, J=6 Hz, CHy=C).
HBr salt: ceolorless prisms (40%), mp 210 - 213°C(dec.) from ethanol. Anal. Caled
for CygHqgNS-HBr: C, 59.36; H, 7.87; N, 3.64. Found: C, 59.49; H, 7.85; N, 3.51.

1',3',5,9u-Tetramethyl-2-phenethyl-8,7-thieno[4,3-f]morphan {(42). Phenylacetyl

chlorlde (0.59 g, 3.8 mmol) was added dropwise over 30 min to a mixture of thieno-
morphan (39) hydrobromlide (1 g, 3.2 mmol) and triethylamine (1.1 ml, 7.9 mmol) in
chloroform (5¢ ml). The whole was stirred for 1 h at room temperature and concen-
trated to dryness. The residue was dissolved In dry THF and LAH (2 g, 53 mmol) was
added to the solution and the whole was refluxed with stirring for 5 h. The cocled
mixture was poured Iinto ice-water and extracted with ether. The extracts were
dried (Nazso4) and concentrated to dryness. The residual oil was purified by
column chromatography on silica gel (ether). lg-Nmr (CDCla) &: 0.83 (3H, d, J=7
Hz, 9—CH3). 1.43 (3H, s, S‘CHS), 2.20, 2.37 (each 3H, s, 1°, 3'-CH3). 7.24 (5H, s,
phenyl H). HBr salt: colorless prisms (1.18 g, 87%), mp 244 - 247°C{dec.) from
ethanol. Anal. Caled for CoglggNE-HBr: C, 62.85; H, 7.19; N, 3.33. Found: C,

62.65; H, 7.25; N, 3.21.

2-Cyclopropyl-1".3"',5,9a~-tetramethyl1-6,7-thienof4,3-f]morphan (43) was prepared in

a simlilar way to compound (42). 1y Nmr (CD013)6 : 0 - 0.55 (5H, m, cyclopropyl H),
0.83 (3H, d. J=7 Hz, 9-CHg), 1.45 (3H, s, 5-CHg), 2.24, 2.40 (each 3H, s, 1', 3'-
CHg). HBr salt: colorless prisms (88%), mp 250 - 265°C(dec.) from ethanol. Anal.
Calcd for CqgHy7NS-HBr: C, 58.37; H, 7.62; N, 3.78. Found: €, 58.25; H, 7.52; N,

3.52.

4a-Hydroxy-1-(2-thenyl )perhydroilsoquincline (45). Water (1.8 1) was added with

stirring vigorously to a solutlion of 2Z-(cyclohexen-1-yl)ethylamine (44)(37.5 g,
0.30 mel) in 1 N hydrochloric acid (300 ml). The mixture was warmed to 50°C and
then 90°C, and stirred for 24 h at that temperature. Methyl g-(2-thieny¥l)glycidate
(25.5 g, 0.30 mol) was added to it at that temperature with stirring. The cooled
reaction mixture was basifled with conc. aqueous ammonia and extracted with dichlo-
romethane. The extracts were washed with water, dried (Na,S0,) and concentrated.
The residue was recrystallized from methanol-ethyl acetate to give colorless prisms
(21.5 g, 29%), mp 175 - 175.5°C. Anal. Caled for Cy4HgNOS: C, 66.89; H, 8.42; N,
5.57. Found: C, 66.82; H, 7.45; N, 5.44.
2-Benzyl-4a-hydroxy-1-{2-thenyl)perhydroisoquinoline (46). A mixture of perhydro-

Iscquinoline (45) (10 g, 40 mmol), benzyl bromide (7.5 g, 44 mmol) and potassium
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carbonate (11 g, 80 mmol) in DMF (250 ml) was refluxed for 3 h, Water was added to
the cooled mixture and the whole was extracted with ether. The extracts were
washed with water, dried (Nazso4) and concentrated. The residual o1l was purified
by column chromatography on silica gel (ether) and vacuum distillation, bp 18G°C/
0.1 mmHg. The hydrochloride was recrystallized from 2-butanone-methanol to give
colorless prisms (7.7 g, 51%), mp 196 - 199°C. ly-Nor (CDaob) 5: 3.83 (2H, s,
NCHoPh), 7.15.(3H, s, ArH). Anal. Calcd for Cg HpqNOS-HCL: C, B6.73; H, 7.47; N,

3.71. Found: C, 66.84; H, 7.40; N, 3.55.

12-Benzyl-3-thiamorphinan (47). A solutlon of perhydroisoquinoline (48) hydro-
chloride (5.0 g, 13 mmol) in 48% hydrobromic acld (400 ml) was heated at 140°C for
15 h. The cooled mixture was basified conc. aqueous ammonia and extracted with
ether. The extracts were washed with water, dried {(Na,S04) and concentrated. The
residual oill was purified by column chromatography on silica gel (ether) and vacuum
distillation, bp 125°C/0.02 mmHg. IH-Nmr (CDClg) &: 3.52 (2H, s, NCHyPh), 6.58
(1H, d, J=5 Hz, thienyl s-H), 8.83 (1H, 4, J=5 Hz, thienyl «-H). The hydrobromide
was recrystallized from 2-butancne-methanol to give colorless prisms (2.3 g, 42%),
mp 273 - 275°C{dec.). Anal. Calcd for Cy HogNOS-HBr: C, 62.37; H, 8.48; N, 3.46.
Found: C, 62.58; H, 6.48; N, 3.56.

3-Thiamorphinan {48). A solution of cyanogen bromide (1.59 g, 15 mmol) in chloro-
form (25 ml) was added to a solutlon of N-benzylthiamorphinan (47) (2.8 g, 8.2
mmol) in chleroform (100 ml}. The mixture was stirred for 2 h at room temperature
and then refluxed for 2 h. Chloroform was evaporated and the residue was extracted
with ether. The extracts were washed with dil. hydrochloriec acid and dil. sodium
carbonate, successively, dried (NapS80,) and concentrated. A solution of the resi-
due in 6% hydrochléric acid (300 ml) was refluxed for 6 h and then cooled. The
mixture was basified with conc. aqueous ammonia and extracted with dichloromethane.
The extracts were washed with water, dried (NasS0,) and concentrated. The residual
cil was purified by column chromatography on alumina (ether) and vacuum distilla-
tion, bp 110°C/0.005 mmnHg. 1y-Nmr (CDClS) 5: 6.58 (1H, d, J=5 Hz, thienyl g8-H),
6.91 (1H, d, J=5 Hz, thienyl a-H). The hydrobromide was recrystallized from 2~
butanone-methancl te¢ give colorless needles {(1.85 g, 71.5%), mp 257 - 258.5°C
(dec.). Anal. Caled for Cy, H gNS-HBr: C, 53.50; H, 6.41; N, 4.48. Found: C,
53.67; H, 6.38; N, 4.31. Compound (48) was alternatively prepared by eyclization
of perhydroisoquinoline (45) with 48% hydrobromic acid in 30% yield,

12-Methyl-3-thiamorphinan (49). A mixture of thiamerphinan (48) (1.968 g, 8.4
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mmol}, formic acid (3.0 g, 65 mmol) and 27% formalin (1.1 ml, 10 mmol) was heated
at 990 - 100°C for 8 h. The cooled mixture was poured into water (200 ml), basified
with conc. aqueous ammonla and extracted with ether. The extracts were washed with
water, dried (Na2504) and concentrated. The residual oll was purified Iin a similar
way to compound (47). bp 125 - 130°C/0.15 mmHg. 1H-Nmr (CDClg) s : 2.42 (3H, s,
NCH4y), 6.68 (1H, d, J=5 Hz, thienyl g-H), 7.20 (1H, d, J=5 Hz, thilenyl «-H). The
hydrobromide was recrystallized from Z-butanone-methanol to give colorless needles
(1.18 g, 57%), mp 223 - 228°C. Anal. Caled for CygHoN5-HBr: C, 54.87; H, 6.75; N,
4.27. Found: C, 55.07; H, 8.76; N, 4.27T,

12-Allyl-3-thlamorphinan (50). A mixture of thiamorphinan (48) hydrobromide (1.28
g. 4.1 mmol}, sodium hydrogen carbonate (0.7 g, 8.3 mmol), allyl bromide (0.49 g,
4.1 mmel) in DMF (80 ml) was refluxed for 5 h with stirring. The cooled mixture
was poured into water and extracted with ether. The extracts were washed with
water, dried and concentrated. The residual oil was purified in a similar way to
compound (47). bp 110°C/0.01 mmHg. 1H-Nmr (CDClg) 6: 4.80 - 6.00 (3H, m., vinyl
H), 6.65 (1H, d, J=5 Hz, thienyl g-H), 6.98 (1, d, J=5 Hz, thienyl a«a-H). The
h¥drobromide was recrystallized from Z2-butanone-methanol to give colorless needles
(.26 g, 87%), mp 269 - 271°C. Anal. Caled for CyqHoqNS-HBr: C. 57.62; H, 6.83; N,
3.95. Found: C, 57.85; H, 6.91; N, 3.95.

12-(3-Methyl-2-butenyl}-3-thiagorphinan (51) was prepared in a simllar way to

compound (48). bp 110°C/0.01 mmHg. 1H-Nor (CDClg) 6: 1.56, 1.62 (each 3H, s,

=C(CH3)2), 4.85 - 5.20 (1H, m, vinyl H), 6.51 (1H, d. J=5 Hz, thienyl g-H), 6.83
(1H, d, J=5 Hz, thienyl a-H}. HBr salt: colorless needles (72%), mp 265 - 267°C
(dec.) from Z-butanone-ethanol. Anal. Caled for CygHy,NS-HBr: C, 59.67; H, 7.38;

N, 3.68. Found: C, 59.74; H, 7.40; N, 3.40.

12-Cycleopropylmethyl-3-thiamorphinan (52). Cyclopropanecarbeonyl chloride (0.42 g,

4.0 mmol) was added dropwlse over 30 min to a mixture of thiamorphinan (48) hydra-
bromide (1.26 g, 4.1 mmol) and triethylamine (0.82 g, 8.1 mmol) in chloroform (100
ml) and the whole was stirred for 1 h at room temperature. The solvent was removed
under reduced pressure and the residue was dissolved in dry THF (50 ml). LAH (1.5
g, 40 mmol) was added to the solution and the mixture was refluxed for 5 h. The
coocled mixture was decomposed with lce-water and extracted with ether. The ex-
tracts were washed with water, dried and concentrated. The residue was purified in
a similar way to compound (47). bp 120 °C/0.005 mmHg. 14-Nmr (CDC13) §: 0 - 1.00

(oH, m, cyclopropyl H), 6.57 (1H, d, J=5 Hz, thienyl B-H), 6.88 (1H, d, J=5 Hz,
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thienyl o-H). The hydrobromide was recrystallized from 2-butancne-methanol to give
colorless needles (1.2 g, 82%), mp 268 - 271°C(dec.). Anal. Calcd for C gHpgN8-
HBr: C, 58.69; H, 7.1i1; N, 3.80. Found: C, 58.88; H, 7.02; N, 3.50.

12-Phenethyl-3-thiamorphinan (53) was prepared in a similar way to compound (52).

bp 140 C/0.005 mmHg. 1H—Nmr [CDCl3) §: 6.57 (1H, 4, J=5 Hz, thlenyl B-H}, 6.88
(1H, d, J=5 Hz, thienyl a-H), 7.03 (5H, s, Ph). HBr salt: coclorless needles (50%),
mp 190 - 181°C(dec.) from 2-butanone-methanol. Anal. Calcd for €ooHanrNS-HBr: C,

63.15; H, 6.74; N, 3.35. Found: C, 62.97; H, 6.79; N, 3.29.
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