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Abstract-Thieno[3,2-f1morphans (4-7). (27) and (28) were prepared by 

cyclization of 2-thenyl-4-hydroxypiperidines (31 or 2-thenyltetrahydrop- 

yridine (26) with hydrobromic acid. ThienoI4.3-flmorphans (371 and (381 

and 3-thiamarphinan (47) were similarly prepared. Some kinds of N-sub 

stituents were introduced to the thienomorphans ( 5  - 7). (29) and (39) 

and a 3-thiamorphinan (481. Analgesic activities of the N-substituted 

compounds were investigated. 

We are interested in the potential pharmacological activity of the sulfur-cantain- 

ing morphine derivatives. Recently we have reported the chemical modification of 

the phenolic hydroxyl group1 and the ring system of opiates.' 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-benzomorphanl such as pyridornorphan. 

pyrrolomorphan. indolomorphan. ~hiazolomarphan. and thienomorphan. We planned 

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 relations hi^.^ This paper describes the syntheses of the new 

thieno[3.2-flrnorphans and thienol4.3-flmorphans. 
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There are three constitutional isomers in thienomorphans, thlenol3.2-f]- (I), 

L2.3-fl- (11). and l4.3-flmorphans (1111. 5.9-Dimethyl- (IIal and S-phenylthieno- 

L2.3-flmorphans (IIbl showed the high toxicity and the low analgesic activity. and 

were not antagonized against A few derivatives of thieno[3,2-f]- 

morphan (I) are known. but their pharmacology has not been studied in detail.4 

Therefore, we synthesized many kinds of derivatives substituted at 2%. 5- and 8 -  

positions, and their synthetic routes are shown in Scheme 1 

R R 
1)BrCN 

R 

21.. a: R'X or , 
d 

or DEAD 1 I R ~ C O X  
2ILAH 

5 - 1 - - 8 - 1 0  I R ~ = C H ~ R ~ I  - 1 1  - 

Scheme 1 

A mixture of pentylamine and pentenylamine (11 was allowed to react with methyl 

0-(2-thienyllglycidate to give 3-methyl-2-(2-thenyl)-4-hydroxypiperidin (2). 

Cyclization of the pl-alkylated piperidines (31 with 47% hydrohromic acid gave a 

mixture of stereoisomers of 9-substituted thienoc3.2-flmorphans. Based on the 

knowledge of stereoisomers of benzomor~hans.~ configuration of 6 and 7 was assessed 

as the o- and 0-diastereomers, respectively. Isomer ratio was 6/7=6 in the case 



HETEROCYCLES, Val. 32, No. 1, 1991 109 

of R'=E~. Each isomer was isolated by chromatographic separation of the mixture. 

but only o-isomers were purely obtained by vacuum distillation. N-Dealkylation of 

the thienomorphans (5 - 7) was performed with cyanogen bromide or diethyl azodicnr- 
boxylate (DEAD) in moderate yields. rj-Substituted thienomorphans (11 - 241 were  

prepared by alkylation of 8 - 10 with alkyl halides or by acylation with acyl 

halides followed by reduction wlth lithium aluminum hydride (LAHI. 5-n-Propyl 

derivatives were synthesized by the routes as shown in Scheme 2. 

Scheme 2 

Grignard reaction of pyridinium salt (25)  with 2-thenylmagnesium chloride provided 

a dihydropyridine, which was reduced to 2-thenyltetrahydropyridine (261 by sodium 

borohydride without further purification. The tetrahydropyridine (261 was cyclized 

by 47% hydrobromic acid to give 2.9B-dimethyl-5-n-propylthienomorphan (271 and the 

o-isomer (28) in 6% and 50% yield, respectively. 3-Substituted derivatives (30 - 

33) were prepared in similar ways to thienomorphans (11 - 24). 
We also synthesized the thleno[4,3-flmorphan derivatives as shown in Scheme 3 since 

the thienoI4.3-flmorphan skeleton is unknown. 

NaBHq , 6 .  

N in MeOH / -xxz' 
R Me Me R Me R 

Me Me Me 40: R=CH2CH=CH2 
6°C. a Rx 0. ... Me - - - 41 : R=CH2CH=CMe2 s, / 1)R'COX 

N-R N .  112: R=CH2CH2Ph 
Me Me NH 2lLAH Me 

93: R=CH2-r-Pr - (R=cH~R:) 
37: R=Me - 39 - 90 - " - 
38: R=CH2Ph - 

Scheme 3 
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Reaction of pyridinium salts 134) with 2.5-dimethyl-3-thenylmagneslum chloride gave 

unstable dihydropyridine derivatives (35). which were readily reduced to 2-thenyl- 

tetrahydropyridines 136) by sodium borohydride. The tetrahydropyridines (36) were 

treated with 47% hydrobromic acid to give cyclized products, thieno[4.3-flmorphans 

(37) and (38) in moderate yields. Stereochemistry of the 9-methyl groups of com- 

pounds (37) and 1381 was determined to be a-configuration on the basis of the 

difference in the 9-methyl chemical shifts between a- and ~-isomers.~ The thieno- 

morphans 137) and (38) were then dealkylated by cyanogen bromide to give compound 

139). N-Substituted thienomorphans (40 - 43) were also provided by alkylation of 

39 with alkyl halides or by acylation with acyl halides followed by reduction with 

LAW. 

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

analgesic activity.10 and levallorphan and cyclorphan show the nalorphine-like 

activities.11 Therefore we synthesized the 5.5a.6.7.8,9-hexahydro-5,9a-iminoethn- 

no-4~-na~htho-I2.1-~1thiophene (3-thiamorphinan) derivatives, in which the benzene 

ring of morphinan is replaced with the thiophene ring. Thiamorphinan skeleton was 

constructed by the procedures shown in Scheme 4. 

48 (R=cH~R') 2: R=Me - 52: R=CH2-c-Pr - 
so: R=CH2CH=CH2 3: R=CH2CH2Ph 
51: R=CH2CH=CMe2 - 

Scheme 4 

Reaction of 2-Icyclohexen-1-~1)ethylamine 144) with methyl 8-12-thienyllglycidate 

Produced l-12-thenyl)-4a-hydrdxyperhydroisoquinoline 145) in 29% yield. Cycliza- 

tion of 45 with hydrobromic acid gave 3-thiamorphinan 148) in 30% yield. The thia- 

morphinan (481 was alternatively prepared by ways of benzylatlon of 45, cyclizntion 

Of 46 and debenzylation of 47. Alkylation or acylation followed by reduction gave 

the alkylated 3-thiamorphinans (49 - 531. 
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Pharmacological activities of the thienomarphans and thiamorphinans were measured 

by the acetic acid-induced writhing inhibition in mice.12 In thienoC3.2-flmor- 

phans. 2-cyclopropyl-5-ethyl-So-methyl derivative (23) has the same analgesic 

activity as morphine. Other thieno[3.2-flmorphans (4. 14. 15. 17) were as active 

as codeine. Analgesic activity of thienoI4.3-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 points are uncorrected. l ~ - ~ m r  spectra were taken on a Hitachi R-20B or 

JEOL PMX-60s nuclear magnetic resonance instrument (60 MHz). Ir spectra were 

recorded -in a JASCO IRA-100 or IR-810 spectrophotometer. In the 'H-nmr spectra (60 

MHz) of cyclic compounds, methylene and methine protons appeared as very broad 

multiplets and it is impossible to assign those peaks. Therefore, they were omit- 

ted from the l~-nmr data in the Experimental. 

4-Hydroxy-3,4-dimethyl-2-(2-thenyl)~iperidine m. A suspension of a mixture of 
3-methylpentenylamine and 3-methylpentylamine (1:1)13 (la)(ZO g. 0.23 moll in water 

(2 1) was adjusted to pH 5.0 by adding 1 N hydrochloric acid. Methyl 8-(2-thie- 

ny1)glycidate (37 g. 0.20 mol) was added to the solution thus prepared and the 

mixture was stirred for 30 h at 80 - 90DC, cooled and filtered. The filtrate was 

basifled with 50% potassium carbonate and extracted with dichloromethane. The 

extracts were washed, dried (Na2S04) 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 - 13O0C. Ir (KBr) 3300 (OH). 3205 (NH) cm". Anal. Calcd for 

C12H19NOS: C. 63.95: H. 8.50: N. 6.22. Found: C. 64.22; H. 8.53: N. 5.93. 

4-Ethyl-4-hydro~~-3-methyl-2-(2-thenyl)pi~eridine 0. A mixture of 3-ethylpente- 

nylamine and 3-ethylpentylamine (9:1)13 (lh) (40 g. 0.35 mol) was treated with 

methyl 8-(2-thieny1)glycidate (57.7 g, 0.31 moll in a similar way to the methyl 

derivative (2a). The product was recrystallized from ethyl acetate to give color- 

less needles (16.3 g. 21%). 149.5 - 150DC. 'H-~mr (CD30D) 6 : 0.86 (3H. t, J=7 Hz. 

CH CH ) .  0.98 (3H, d. J=7 Hz. 3-CH3). 6.80 - 7.00 (2H. m, thienyl fl.8'-H). 7.15 - 
2 3  

7.30 (1H. m. thienyl a-H). Ir (KBr) 3300 (OH). 3265 (NH) cm-l. Anal. Calcd far 

C13H21NOS: 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 m. A mixture of 4-hydroxy- 
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3.4-dimethyl-2-(2-theny1)piperidine (2a)(l g. 4.0 mmol) and 37% formalin (4 ml. 49 

mmol) 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 with ether. The extracts were washed with water, dried (Na2S04) and 

concentrated. Vacuum distillation of the residue gave an oil (0.32 g. 31%). bp 120 

- 130°C/0.02 mmHg. 'H-~mr (CDC13) 6 : 0.92 (3H, s .  4-CH3). 1.04 (3H. d. J=7 Hz. 3- 

CH3) 2.30 (3H, s. N-CH3), 2.96 - 3.10 (2H. m. CH2-thienyl). 3.36 (lH, d. J=7 Hz. 
3-H). 6.83 - 6.96 (2H. m. thienyl 6,8.-H). 7.03 - 7.16 (1H. m. thienyl a-H). Anal. 

Calcd for CI3HZ1NOS: C. 65.01: H. 8.81; N, 5.84. Found: C. 65.10: H. 8.78; N. 

5.91. 

1-Benzyl-4-hydroxy-3.4-dimethyl-2-~2-then~l)~i~eridine m. 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% hydrochloric acid. The aqueous solution 

was basified with 20% sodium hydroxide and extracted with ether. The ethereal 

extracts were washed with water, dried INa2SO4) and concentrated to dryness. 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 - 21S0C(dec.). Anal. Calcd for ClgH25NS.HC1: C, 64.84; H. 7.45; N. 

3.98. Found: C. 64.66: H. 7.62: N. 4.20. 

l-Benzyl-4-ethyl-4-h~droxy-3-methyl-2-~2-then~l~~i~eridine 0. Compound (Zb) (40 

g. 0.17 mol) was treated with benzyl bromide (31.5 g. 0.18 moll 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.). 'H-N~K (CDC13) 6 :0.80 

(3H, t, J=8 Hz. CH2CH3), 0.96 !3H, d, 5.7 Hz, 3-CH3), 3.48, 4.01 (2H, each d, J-12 

Hz, CH2Ph), 6.80 - 7.3b l3H, m, thienyl-HI. 7.40 ISH, s ,  phenyl-HI. Anal. Calcd 

for C20H27NOS.HC1: C, 65.64: H. 7.71: N. 3.83. Found: C. 65.60; H. 7.79: N. 3.87. 

2,5.9m-Trimethyl-6,7-thieno[3,2-flmor~han m. A suspension of 1.3.4-trimethyl- 

2-(2-thenyl)-4-hydroxypiperidine (3a)(32 g. 0.13 mol) in 47% hydrobromic acid (100 

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 

(Na2S04) and concentrated. The residue was purifled by column chromatography on 

silica gel (ether) and distilled in vacuo to give 9u-methyl derivative (10.4 g. 
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35%). bp 65 - 70°C/0.005 mmHg. The oil solidified gradually on standing, mp 5Y - 
62°C. l~-Nmr (CCl41 6 : 0.82 (3H. d. J.6.6 Hz. 9-CH31. 1.28 (3H. s .  5-CH3). 2.26 

(3H. s. N-CH31, 6.69 (lH, d, 5 ~ 4 . 8  Hz, thienyl 8-H). 6.95 (lH, d. Jz4.8 Hz. thienyl 

o-H). Anal. Calcd for C13HlSNS: C, 70.55; H, 8.65; N, 6.33. Found: C. 70.53; H. 

8.09: N. 6.28. The hydrobromide was recrystallized from acetone-ethanol, mp 257 - 

259'C. 

2-Benzyl-5,90-dimethyl-6.7-thieno[3.2-flmor~han m. A suspension of l-bezyl- 

3.4-dimethyl-4-hydroxypiperidine (3b1(3 g. 10 mmoll in a mixture of 47% hydro- 

bromic acid (100 mll and acetic acid (20 ml) was heated at 140PC with stirring. 

The cooled mixture was poured into ice-water, basified with conc. aqueous ammmonia, 

and extracted with ether. The extracts were washed with water, dried (Na2S04) and 

concentrated. Distillation of the residue gave an oil, bp 125 - 135PC/0.06 mmHg. 

The hydrochloride was recrystallized from acetone-ethanol to give colorless needles 

(1.3 g, 46%). mp 251 - 252°C(dec. I .  '~-~rnr (HC1 salt, CD30D) 6: 1.44 (3H. d, 5-7 

Hz. 9-CH3). 4.41 (2H. s ,  CH2Ph). 6.96 (1H. d. 5.5.4 Hz, thlenyl 8-HI. 7.35 (1H. d, 

5.5.4 Hz. thienyl a-H). 7.50 - 7.80 (5H. m, phenyl-HI. Anal. Calcd for ClgA23NS. 

HC1: 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-6,7-thieno[3,2-f]mor~hans & 7J. Compound (3c) (2.0 g. 

6 mmol) was cyclized in a similar way to compound (3bl. The oily product was puri- 

fied by vacuum distillation to furnish 9u-ethyl derivative (61, bp 120 - 13O0C/0.01 

mmHg, which was led to the hydrochloride (1.06 g. 56x1 as colorless needles (from 

acetone-ether), mp 189 - 192*C(dec. I. '~-Nmr (HC1 salt. CD30Dl 6 : 0.74 (3H. d. 

J.6.5 Hz, 9-CH31. 0.96 (3H, t, J=6 Hz. CH2CHQ), 4.38 (2H. br s .  CH2Ph), 6.90 (1H. 

d. J=5 Hz. thienylfi-HI. 7.23 (1H. d. J=5 Hz. thienyl --HI. 7.30 - 7.50 (5H. m. 

phenyl-HI. Anal. Calcd for C20H25NS.HC1: C. 69.04; H. 7.53: N. 4.03. Found: C. 

69.01; H. 7.62: N. 3.93. 

When the oily raw product was purified by column chromatography on silica gel using 

ether. 98-ethyl derivative (71, bp 105 - llODC/O.O1 mmHg, was obtained from the 

first fraction and led to the hydrochloride (9%). mp 234 - 236'C (from acetone- 

ether). ' ~ - ~ m r  (HC1 salt, CDCl31 6 : 0.74 (3H, t. J=7 Hz. CH2CH3). 1.14 (3H, d. 5.7 

HZ, 9-CH3L Anal. Calcd for Cl3Hl9NS.HCl: C, 51.65; H, 6.67; N, 4.63. Found: C, 

51.88; H. 6.66; N. 4.83. 

5,9a-Dimeth~l-6,7-thienol3,2-flmor~han m. a1 A solution of 2-benzyl-5.9u-dimeth- 

yl-6,7-thieno[3,2-fImorphan (51(9.1 g, 31 mmoll in chloroform (300 ml) was added to 

a solution of cyanogen bromide (5.3 g. 50 mmoll in chloroform (100 mll. 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 residue. The ether 

solution was washed with water, dil. hydrochloric acid and dil. sodium carbonate 

S U C C B S S ~ V B ~ ~ .  and dried. Evaporation of ether afforded an oily residue and 6% 

hydrochloric acid (250 ml) was added to the residue. The mixture was refluxed for 

6 h, cooled, basified 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. l~-Nmr (CC14) 6 : 0.79 (3H. d, J=7 Hz. 9-CH3). 1.29 (3H, s .  

5-CH3), 6.66 (1H. d. J=5 Hz. thienyl 6 - H ) ,  6.95 (1H. d. J=5 Hz, thienyl a-H). The 

hydrochloride was recrystallized from acetone-methanol to give colorless needles 

(2.6 g. 41%). mp 238 - 241DC(dec.). Anal. Calcd for CI2Hl7NS.HHr: C. 50.00; H. 

6.29; N. 4.66. 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 2,5,9a- 

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 solution 

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 2 5 " ~ .  

basified with 10% sodium hydroxide and then extracted with chloroform. The ex- 

tracts were washed with water, dried (Na2S04) and concentrated under reduced prcs- 

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 method 

a). 

5-Ethyl derivative (9) and (10) were prepared in a similar way to compound ( 8 ) .  

5-Ethyl-9~-methyl-6,7-thleno[3.2-flmor~han bp 135 - 140°C/0.07 mmHg. ' l l - ~ r n r  

(CDCI3) 6 : 0.79 (3H. d. J=7 Hz, 9-CH3), 1.02 (3H, t, J=7 Hz. CH2CHQ), 6.87 (If!, d. 

J=5 Hz, thienyl 6-H), 7.18 (lH, d, J=5 Hz, thienyl =-HI. The hydrobromide was 

recrystallized from acetone-methanol to give colorless needles (69%), mp 245 - 248 

"C(dec.). 

5-Ethyl-9B-methyl-6,7-theino[3,2-f]morphan (10) bp 95 - 105'C/0.01 mmHg. l ~ ~ - ~ m r  

(CDC13) 6 :  0.85 (3H, t, J=7 Hz, CH2CHQ), 1.12 (3H. d, J=7 Hz, 5-CH3), 6.77 (lH, s. 

thienyl 0-H). 7.66 (lH, s ,  thienyl a-H). The hydrobromide was recrystallized from 

methanol-ethyl acetate to give colorless needles (63%), mp. 30O0C. Anal. Calcd for 

C13H19NS.HBr: C, 51.65: H. 6.67; N. 4.63. Found: C. 51.76; H. 6.55; N .  4.69. 

2-Allyl-5.9u-dimethyl-6.7-thieno13.2-flmor~han U. A mixture of 5.90-dimeth- 
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yl-6.7-thieno[3,2-flmorphan (8) hydrochloride (0.58 g. 2.4 mmol). ally1 bromide 

(0.25 g. 2.1 mmol) and sodium carbonate (0.5 g. 4.7 mmol) in U-dimethylformamide 

(DMF) (100 ml) was refluxed for 5 h and concentrated under reduced pressure. Water 

was added to the residue and the whole was extracted with ether. The extracts were 

washed with water, dried (Na2S04) and concentrated under reduced pressure. The 

residual oil was purified by column chromatography on silica gel (ether) and dis- 

tilled in vacuo, bp 85 - 90'C/0.01 mmHg. l ~ - ~ m r  (CC14) 6 : 0.79 (3H, d. 5.6.8 Hz. 

9-CH3). 1.27 (3H, s .  5-CH31. 4.00 - 6.00 (3H, m. vinyl H). 6.58 (lH, d. Jz5.1 Hz, 

thienyl B-H). 6.85 (lH, d. Jz5.1 Hz, thienyl a-H). The hydrobromide was recrystal- 

lized from 2-butanone-ethanol to give colorless needles (0.47 g, 71%), mp 243 - 247 
OC(dec.). Anal. Calcd for C15HZ1NS.HBr: C. 54.87; H, 6.75; N. 4.27. Found: C. 

54.61; H. 6.86; N, 4.01. 

Other N-substituted thienomorphans (12 - 13). (17 - 22) were similarly prepared 
from thienomorphans (8 - 10) and alkyl halides. 

5.9o-Dimethyl-2-(2-~henethyl)-6.7-thieno[3.2-f]mor~han m. Phenylacetyl chloride 
(0.3 g. 1.9 mmol) was added to a mixture of thienomorphan (8) (0.58 g. 2.8 mmol) 

and trlethylamine (0.41 g. 4.1 mmol) in chloroform (100 m1). The whole was stirrcd 

for 1 h at room temperature and concentrated under reduced pressure. The residue 

was dissolved in dry THF (100 ml) and then lithium aluminum hydride (LAHl(2 g ,  53 

mmol) 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 (Na2S04) 

and concentrated under reduced pressure. The residual oil was purified by column 

chromatography on silica gel (ether) and vacuum distillation, bp 130 - 135'C/0.01 

mmHg. The hydrobromide was recrystallized from 2-butanone-ethanol to give color- 

less needles (0.6 g. 77%), mp 285 - 288'C (dec. ) .  'H-~mr (CC141 6 : 0.78 (3H, d ,  

J=7 Hz, 9-CH3), 1.26 (3H, s ,  5-CH3), 6.58 (lH, d J=5 Hz, thenyl 8 - H I ,  6.82 (lH, d. 

J=5 Hz, thienyl a-H). 7.04 (5H, s. Ph). Anal. Calcd for C20H25NS.IiBr: C. 61.22: H, 

6.68; N. 3.57. Found: C. 61.22; H. 6.77; N. 3.54. This compound was alternatively 

prepared by alkylation of 8 with phenethyl bromide in 54% yield. 

Other N-substituted thienomorphans (14, 23. 24) were similarly prepared by acyla- 

tion of thienomorphans (8 - 10) with acyl halides followed by reduction with LAH. 
5-Ethyl-2.9a-dimethyl-6.7-thieno[3.2-f]mor~han M. Methyl iodide (3 g. 21 mmol) 

was added to a solution of 2 - b e n z y l - 5 - e t h y l - 9 o - m e t h y l - 6 . 7 - t h i e n o [ 3 ~ l m o r p h a n  

(6)(1.5 g. 4.8 mmol) in 2-butanone (10 ml). The whole was warmed at 60 - 70'C far 

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 Z-benzyl-S-ethyl-2,9o-dl- 

methyl-6.7-thieno[3.2-flmorphanium iodide as colorless needles (1.70 g. 90%). 

mp 192 - 1939C(dec.). A mixture of the thienomorphanium iodide (1.02 g) and 5% 

Pd-C (2 p)  in ethanol (100 ml) was refluxed for 3 h under a hydrogen atmosphere. 

The catalyst was filtered off and the filtrate was concentrated under reduced 

pressure to give the residual oil, which was purified by column chromatography on 

silica gel (ether) and vacuum distillation, bp 115'C/0.02 mmHg. 'H-N~K (CDC13) 6 : 

0.86 (3H, d, J=7 Hz, 9-CH3). 0.98 (3H, t, 5.7.5 Hz. CH2CH3). 2.47 (3H, s. N-CH3), 
- 

7.05 (1H. d. J=7 Hz. thienyl B-H), 7.33 (lH, d. J=5 Hz, thienyl o-H). The hydro- 

bromide was recrystallized from acetone-methanol to give colorless needles (0.66 g, 

76%), mp 213 - 216'C(dec.). Anal. Calcd for C14HZ1NS'HBr: C. 53.16; H. 7.01; N, 

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

5-Ethyl-2,9B-dimethy1-6,7-thieno[3,2-flmorphan. A mixture of compound (10) 

(0.896 g, 4.0 mmol), formic acid (0.921 g .  20 moll and 37% formalin (0.45 ml, 5.6 

mmol) was warmed at 50DC and then at 90 - 100°C for 8 h. The cooled mixture was 

basified with dil. aqueous ammonia and extracted with ether. The extracts were 

washed with water, dried (Na2S04) and concentrated to dryness. The residual ail 

was purified by column chromatography on silica gel (ether) and vacuum distilla- 

tion. bp 90'C/0.01 mmHg. '~-~mr (CDC13) 6 : 0.75 (3H. t. 5.7.5 Hz. 5-CH CH ) .  1.17 
2 3  

(3H, d, 5-7.6 Hz, 9-CH3). 2.37 (3H, s, N-CH3), 6.58 (lH, d, J=5 Hz, thienyl 0-H), 

7.18 (lH, d, J=5 Hz, thienyl a - H ) .  The hydrobromide was recrystallized from 2- 

butanone-methanol to give colorless needles (0.95 g. 74%), mp 244'~. Anal. Calcd 

for Cl4HZ5NS.HBr: C, 53.16; H. 7.01; N, 4.43. Found: C, 53.09: H, 7.00: N, 4.50. 

5.9o-Dimeth~l-2-~3-methyl-2-buteny1)-6.7-thieno13.2-flmor~han m. bp 105 - 115 
'C. l ~ - ~ m r  (CC14) 6 : 0.85 (3H. d. 557 HZ, 9-CH3). 1.27 (3H, S ,  5-CH3). 1.62. 1.69 

(each 3H. s t  =C(CH312). 4.85 - 5.20 (1H. m, vinyl H). 6.50 (1H. d. J=5 Hz, thienyl 
0-HI, 6.75 (1H. d. 5.5 Hz. thienyl u-H). HBr salt: colorless needles (61%), mp 282 

- 28S°C(dec.) from 2-butanone-methanol. Anal. Calcd for C17H25NS.HHr: C. 57.29; H. 

7.35; N. 3.92. Found: C. 57.15; H. 7.52; N. 3.82. 

2-Cycloproeylmethyl-5,9a-dimethyl-6.7-thieno[3,2-f]mor~han (14). bp 110 - 115 
'C/0.06 mmHg. 'H-N~K (CDC13) 6 : 0 - 0.65 (5H, m. J=7 Hz. cyclopropyl H). 0.82 (3H. 
d, 5.6.4 Hz. 9-CH3). 1.28 (3H, s, 5-CH3), 6.50 (lH, d, 5.4.9 Hz. thienyl 6-H). 6.82 

(1H. d. J.4.9 Hz. thienyl o-H). HBr salt: colorless needles (83%). mp 276 - 280 
"C(dec.) from 2-butanone-methanol. Anal. Calcd for Cl6HZ5NS.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-All~l-5-eth~l-9m-methyl-6.7-thieno~3,2-flmor~han (17). bp 120DC/0.02 mmHg. IH- 

Nmr ICDC13) 6: 0.88 13H, d. 5.6.5 HZ. 9-CH31. 1.00 13H, t. 5.7 HZ. 5-CH CH I .  5.10 
2 3  

- 6.10 13H. m, CH=CH21. 6.95 (1H. d. J.5.5 Hz, thienyl B-HI. 7.23 IlH, d. J=5.5 Hz. 

thienyl a-HI. HBr salt: colorless needles 161%). mp 240 - 243'C(dec.) from 2- 

butanone-methanol. Anal. Calcd for C16H22NS.HBr: C. 56.13; H. 7.01; N. 4.09. 

Found: C. 56.41; H. 7.17; N, 4.18. 

2-All~l-5-ethyl-98-meth~l-6.l-thieno[3,2-flmorphan (18). bp 90 - 110°C/0.02 mmHg. 

l ~ - ~ m r  lCDCl31 6 : 0.72 (3H, t, J=7 Hz, 5-CH CH ) ,  1.11 (3H, d, J.6.6 Hz, 9-CH3), 
2 3  

4.68 - 5.20 (2H, m, CH=CHZ), 6.53 (lH, d, 3.5 Hz, thienyl 6-H), 6.83 (lH, d, J=5 

Hz, thienyl a-H). HBr salt: colorless needles (84%), mp 218OC from ethyl acetate- 

methanol. Anal. Calcd for C16H23NS.HBr: C. 56.13: H. 7.07; N. 4.09. Found: C. 

56.26; Hi 6.96: N, 4.10. 

5-Eth~l-So-methyl-2-(3-methyl-2-butenyll-6,7-thien[3,2-flmorhan (19). bp 120 

DC/O.O1 mmHg. I H - N ~ ~  lCDCl31 6 : 0.90 (3H. d, J=l.5 Hz. 9-CH3). 1.05 (3H. t. J=l Hz. 

5-CH2CH3). 1.81. 1.86 leach 3H. S. 'ClCH31Zl. 5.20 - 5.40 (1H. br s. -CH=CHZI. 6.91 - 
(lH, d. J=5 Hz. thienyl 0-H). 7.30 11H. d. 5.5 Hz. thienyl a-HI. HBr salt: calor- 

less needles 191%). mP 224 - 2219C 1dec.l from 2-butanone-methanol. Anal. Calcd 
for C18H21NS.HBr: C. 58.37; H. 7.62; N. 3.18. Found: C. 58.62: H. 7.71; N. 3.78. 

5-Eth~1-90-meth~1-2-(3-meth~1-2-buten~l)-67-thieno13,2-flmorhn (20). bp 110 - 

120eC/0.01 G H ~ .  '~-~mr 1CDCl3) 6 : 0.12 (3H, t, J=l Hz, 5-CH2CH31, 1.10 13H, d, - 
J=l Hz. 9-CH31. 1.60. 1.68 leach 3H, s .  =ClCH3)Zl. 4.80 - 5.20 IlH, br s .  CH=C). 

6.51 (1H. d. J=5 Hz. thienyl 0-HI. 6.87 IlH. d. 3=5 Hz. thienyl o-HI. HBr salt: 

colorless needles 174%), mp 22loC1dec.) from 2-butanone-methanol. Anal. Calcd for 

Cl8HZ7NS.HBr: C, 58.37; H, 7.62: N, 3.18. Found: C, 58.16; H, 7.34; N, 3.62. 

5-Eth~l-9o-meth~l-2-~beneth~l-6.l-thino[3.2-flmor~han m. bp 115'C/0.01 mmHg. 

I H - N ~ ~  (CDCl31 6 :  0.18 13H, d. J=l.5 Hz, 9-CH31, 1.00 (3H, t. 5x7 Hz. 5-CH CH ) .  
2 3  

6.85 IlH, d, J=5 Hz, thienyl 0-HI, 7.10 (lH, d, J=5 Hz, thienyl a-H), 7.29 (SH, s ,  

phenyl-H). HBr salt: colorless needles (53%). mp 239 - 244'CIdec.) from 2-buta- 

none-methanol. Anal. Calcd for C12H27NS.HBr: C. 62.06; H, 6.94; N ,  3.45. Found: 

C. 62.09; H. 7.02; N. 3.38. 

5-Eth~l-90-meth~l-2-~r0~argyl-6.l-thieno[3.2-flmor~han m. bp 105 - 112°C/0.03 
mmHg. '~-~mr 1CDCl3) 6 : 0.74 13H. t. J=l Hz. 5-CH2CH3). 1.14 (3H, d. 5.7 Hz. 9 -  

- 
CH3), 6.72 IlH, d, J-5 Hz. thienyl 0-H). 7.03 (IH, d. J=5 Hz, thienyl o-H). HBr 

salt: colorless needles 185%1, mp 236.S°C from ethyl acetate-methanol. Anal. Calcd 

for C16H21NS.HBr: C, 56.41; H ,  6.52: N, 4.12. Found: C. 56.34: H, 6.54; N. 4.30. 
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2-Cyclo~ro~ylmethyl-5-ethyl-9o-methyl-6,7-thieno~3.2-f]morphan m. bp 115'C/O.01 
mmHg. l~-Nmr (CDC13) 6 : 0 - 0.70 (5H, m, cyclopropyl H). 0.80 (3H, d. 5-7.5 Hz. 

9-CH3). 1.02 (3H, t, Jz6.5 Hz, 5-CH2CH3), 6.70 (lH, d, J.5.5 Hz. thienyl 8-H), 7.13 
- 

(1H. d. J.5.5 Hz, thienyl o-H). H B r  salt: colorless needles (as%), mp 252 - 257 

'C(dec.) from 2-butanone-methanol. Anal. Calcd for Cl7HZ5NS.HBr: C, 57.29; H. 

7.35; N. 3.93. Found: C. 57.26; H. 7.39; N, 3.88. 

2-Cyclo~r0~ylmethyl-5-ethyl-9B-methyl-6.7-thieno[3.2-flmor~han m. bp 95 - 110 
"c/o.o2 mmHg. l~-Nmr (CDC13) 6: 0 - 0.60 (5H, m, cyclopropyl H). 0.73 l3H, t. J=7 

Hz, 5-CH CH ) .  1.13 (3H, d, J.6.6 Hz, 9-CH3). 6.56 IlH, d, J=5 Hz, thienyl 8-H), 
2 3  

6.68 (lH, d. J=5 HZ, thienyl a-H). HBr salt: colorless needles (84%). mp 230'C 

from ethyl acetate-methanol. Anal. Calcd for Cl7HZ5NS.HBr: C, 57.29; H. 7.35; N. 

3.93. Found: C. 57.35; H. 7.27; N. 3.93. 

1.3-Dimethyl-4-n-~ro~y1-2-thenyl-1.2,5,6-tetrah~dro~~ridine m. A solution of 
2-thenyl chloride I42 g. 0.32 mol) in dry ether (200 ml) was added dropwise over 

2 h to a suspension of 1 .3 -d imethyl -4 -n-propylpyr id in ium iodide14 l25)(65 g. 0.23 

mol) and magnesium I12 g, 0.50 moll In dry ether (1 1). The mixture was refluxed 

for another 2 h and then cooled. Aqueous 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 basified with conc. aqueous 

ammonia and extracted with ether. The extracts were dried INa2SO4) and concentrat- 

ed under reduced pressure. The residue was dissolved in methanol I300 ml) and 

sodium borohydride (10 g, 0.26 mol) was added portionwise to the solution. The 

mixture was refluxed for 5 h, cooled, poured into water, and extracted with ether. 

The extracts were dried (Na2S04) and concentrated to dryness. The residue was 

purified by column chromatography on silica gel (ether) and vacuum distillation, bp 

115DC/0.06 mmHg. l~-Nmr (CDC13) 6 : 0.78 (3H, t. J=6 Hz. CH CH ) .  1.58 (3H. s .  3- 
2 3  

CH3) 2.37 (3H. s .  1-CH3) The oxalate was recrystallized from 2-butanone-methanol 

to give colorless needles I28 g, 32%). mp 110 - 111'C. Anal. Calcd for Cl5HZ3NS. 

(C02H)2: C. 60.05; H. 7.42; N. 4.13. Found: C, 60.42; H. 7.47; N. 4.26. 

2,9-Dimethyl-5-n-propyl-6.7-thieno[3,2-flmor~hinans (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 6 h with stirring, cooled and poured into ice-water. The 

mixture was basified 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). 8-Stereoisomer (27) 
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was obtained from the first fraction and a-isomer (28) was given from the second 

fraction. The thienomorphans (27) and (28) were led to the hydrobromides. 

0-Isomer (27): bp 85 - 90°C/0.05 mmHg. l~-Nmr (CDC13) 6 : 0.80 - 1.05 (3H, m. 

CH2CH3). 1.13 (3H. d. 5.7 Hz. 9-CH3). 2.30 (3H. s. N-CH31. 6.68 (IH. d. J=5 Hz. 
- 

thienyl 8-HI. 6.98 (1H. d, J=5 Hz, thienyl a-H). HBr salt: colorless plates (0.29 

g, 6%), mp 212 - 214*C from 2-butanone. Anal. Calcd for C15HZ3NS.HBr: C, 54.54; H, 

7.32; N. 4.24. Found: C. 54.69; H. 7.12: N. 4.00. a-Isomer (28): hp 110°C/0.06 

mmHg. '~-Nmr (CDC13) 6: 0.79 (3H, d, 5-7 Hz, 9-CH3), 2.35 (3H, s ,  N-CH3), 6.77 

(lH, d, 5.4.4 Hz, thienyl 0-H), 7.02 (lH, d, 5 ~ 4 . 4  Hz, thienyl a-H). HBr salt: 

colorless prisms (2.9 g. SO%), mp 153.5 - 154.S°C from 2-butanone. Anal. Calcd for 

C1SH23NS.HBr: C, 54.54; H. 7.32; N, 4.24. Found: C, 54.52; H, 7.62; N, 4.00. 

9o-Meth~l-5-n-~ro~~1-6,7-thien0[3,2-fImor~han 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.SPC(dec.) from 2-butanone-methanol. 

'~-Nmr (CDC13) 6 : 0.75 (3H. d. 5 ~ 7 . 5  Hz. 9-CH3). 6.68 (lH, d. J.4.7 Hz, thienyl 0 - 

HI, 6.91 (1H. IH, d. J=4.7Hz, thienyl 0-H). Anal. Calcd for C14HZ1NS.HBr: C. 

53.16; H. 7.01; N. 4.43. Found: C, 53.13; H. 6.88; N. 4.53. 

2-Allyl-9a-meth~l-5-n-prop~l-6.7-thienol3,2-flmornhan was prepared by alkyla- 

tion of thienomorphan (29) in a similar way to compound (111. bp 115DC/0.05 mmHg. 

l~-Nmr (CDC13) 6: 0.74 (3H, d, J=7 Hz. 9-CH3). 4.75 - 6.00 (3H, m. CH=CH2), 6.71 
(lH, d. J=5 HZ, thienyl 0-H). 6.84 (1H. d. J=5 Hz, thienyl o-H). HBr salt: color- 

less plates (88%), mp 265 - 267-C (dec.) from 2-butanone. Anal. Calcd for Cl7HZ5NS 

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

9 o - M e t h y l - 2 - ( 3 - m e t h y 1 - 2 - b u t e n y l ) - 5 - n - ~ r 0 ~ y l - 6 , 7 - t h i e n o [ 3 , 2 - f ] m o r ~ h a n  was p r e -  

pared by alkylation of thienomorphan (29) in a similar way to compound (11). bp 

125'C/ 0.05 mmHg. I H - N ~ ~  (CDC13) 6: 0.14 (3H, d. J=7 Hz. 9-CH3). 1.59. 1.63 (each 

3H. s. =C(CH3)2). 6.59 (lH, d. J=5 HZ. thienyl 8-H). 6.81 (lH, d, J=5 Hz, thienyl 

H HBr salt: colorless prisms (62%), mp 205 - 206'C(dec.) from 2-butanone. 

Anal. Calcd for ClgHZ9NS.HBr: C. 58.00; H. 7.94; N. 3.56. Found: C. 58.09; H, 

7.82; N. 3.62. 

2-Cyclo~r0~ylmethyl-9o-methyl-5-n-oropyl-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 mmHg. I H - N ~ ~  (CDC13) 6 : 0 - 0.60 (5H. m. cyclopro- 
pyl HI. 0.75 (3H, d, J=7 Hz, 9-CH3), 6.62 (lH, d. J=5 Hz, thienyl 8-H), 6.83 (1H. 

d. J=5 HZ, thienyl =-HI. HBr salt: colorless prisms (74%). mp 246.5 - 250°C(dec.) 



from 2-butanone. Anal. Calcd for Cl7HZ7NS.HBr: C, 57.30; H. 7.35; N, 3.93. Faund: 

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

9o-Methyl-2-~henethyl-5-n-~ropyl-6.7-thieno3,2-flmorhan (33) was prepared by 

acylation of thienomorphan (29) followed by reduction with LAH in a similar way to 

compound (13). hp 145 - 150°C/0.05 mmHg. 'H-~mr (CDC13) 6 : 0.72 l3H. d. 3.7 Hz. 

9-CH3). 6.60 l1H. d. J=5 Hz. thienyl 8-H). 6.82 (1H. d. J=5 Hz, thlenyl o-H), 7.00 

(5H, s .  Ph). HBr salt: colorless prisms (48%), mp 206 - 208-C from 2-butanone. 

Anal. Calcd for CZ2HZgNS.HBr: C, 62.84; H, 7.19; N, 3.33. Found: C, 63.04; A, 

7.38; N. 3.29. 

2-(2.5-Dlmeth~l-3-thenyl)-1.3,4-trimethyl-l,2.5,6-tetrh~dro~yridine 0. A 

solution of 2.5-dimethyl-3-thenyl chloride15 14.72 g, 29 mmol) in dry THF (20 ml) 

was added dropwise to a boillng suspension of magnesium (1.52 g. 63 mmol) in THF 

(70 ml) under nitrogen. The mixture was refluxed for 40 min and cooled. The 

Grignard reagent thus prepared was added dropwise over 30 min to a suspension of 

1.3.4-trimethylpyridinium iodide16 (34a)(4.94 g, 20 mmol) 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 (Na2SO41 and 

concentrated to dryness. The oily product was led to the oxalate, which was re- 

crystallized from ethanol to give colorless needles 12.77 g. 36%). mp 144 - 14GDC. 

'H-~mr (CDC13) 6 : 1.55. 1.63 (each 3H, hr s. 3.4-CH3). 2.37 l3H, s .  NCH3). 2.30. 

2.37 (each 3H, s ,  thlenyl-CHg). Anal. Calcd for C1SH23NS.(C02H)2: C. 60.15: H. 

7.42; N. 4.13. Faund: C. 59.89; H, 7.42; N. 4.97. 

l-Benzyl-2-(2.5-dimethy1-3-thenyl)-3.4-dimeth~l-l,2,5,6-tetrhydro~yridine (36b) 

was prepared by reaction of 34b with thenylmagnesium 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 168 - 170°C. ' ~ - ~ m r  (CDC13) 6 : 

1.55, 1.63 (each 3H, br s, 3.4-CH3), 2.20. 2.33 (each 3H, s, thienyl-CH3). Anal. 

Calcd for CZ1HZ7NS. (C02H)2: C ,  66.48: H. 7.03: N, 3.37. Found: C, 66.46: H, 7.04: 

N. 3.24. 

1'.2.3',5.9o-Pentamethyl-6,7-thienol4.3-flmor~han (37). A mixture of compound 

(36a) (1.33 g. 5.3 mmol). 48% hydrogen bromide (10 ml) and methanol I5 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 

(Na2So41 and concentrated. Purification of the residue by column chromatography on 

silica gel (ether) gave an oil (0.75 g, 57%). 'H-~mr (CDC13) 6 : 0.85 (3H, d. 3-7 
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Hz. 9-CH3). 1.43 (3H, s. 5-CH3). 2.38 (6H. s, N- and 1' or 3'-CH3). 2.74 (3H. s, 1' 

or 3'-CH3). HBr salt: colorless prisms, mp 272 - 274°C(dec.) from ethanol-acetone, 
Anal. Calcd for C15H23NS.HBr.1/2H20: C. 54.69: H. 7.17; N. 3.99. Found: C. 54.70: 

H. 7.32; N. 4.11. 

2-Benzyl-1',3'.5.9o-tetramethyl-6.7-thlenoI4,3-flmor~han was prepared in a 

similar way to compound (37). A colorless ail (60%). l ~ - ~ m r  (CDC13) 6 :  0.79 (311. 

d. 5.7.0 Hz. 9-CH3). 1.41 (3H, s .  5-CH3). 2.25. 2.35 (each 3H. s. 1'. 3'-CH3). 

3.53. 3.68 (each 1H. d. 5-14.0 Hz. NCH2Ph). HBr salt: colorless prisms, mp 240 - 

243 'C(dec.) from ethanol-acetone. Anal. Calcd for C21H27NS.HBr.1/2H20: C. 61.81: 

H. 6.84: N. 3.28. Found: C. 62.22; H, 6.94: N. 3.31. 

1'.3',5.9o-Tetrameth~l-6.7-thieno14.3-flmor~han m. A solution of N-methyl- 
thienomorphan (37) (2.98 g. 12 mmol) 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 being cooled to room temperature, it was washed with 

1 N hydrochloric acid, 0.5 N sodium hydroxide, and water, successively, and dried 

(Na2S04). The solvent was evaporated to dryness. The residue was purified by 

column chromatography on silica gel (ether) and led to the hydrobromlde (1.6 g, 

51%). l ~ - ~ m r  (free base. CDC13) 6: 0.83 (3H. d. J.7.0 Hz. 9-CH3). 1.43 ( 3 ~ ,  s t  5- 

CH3). 2.24. 2.40 (each 3H. s. 1'. 3'-CH3). Colorless prisms. mp >300°C (dec.) from 

methanol. Anal. Calcd for CI4HZ1NS.HBr: C. 53.16: H. 7.01: N, 4.43. Found: C. 

53.25: H. 7.12: N, 4.28. 

2-Allyl-1'.3'.5,9u-tetramethyl-6.7-thiena14.3-flmorohan m. Allyl bromide (0.42 
g. 3.5 mmol) was added to a suspension of thienomorphan 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 

(Na2S04) and concentrated. The residue was purified by column chromatography on 

silica gel (ether) and led to the hydrobromide. l ~ - ~ m r  (free base. CDC13) 6 : 0.81 

(3H, d. J=7.O Hz, 9-CH3), 1.43 (3H. s, 5-CH3). 2.23, 2.37 (each 3H. s, 1', 3'-CH3), 

4.90- 5.40(3H, m, vinyl H). Colorless prlsms (0.69 g, 61%), mp 253 - 255'C(dec.) 

from.ethano1. Anal. Calcd for C17H25NS.HBr: C. 57.30: H. 7.35: N. 3.93. Found: C, 

57.41: H. 7.39; N. 3.72. 

2-(3-Methyl-2-butenyl)-l',3'.5,9a-tetramethyl-6.7-thieno[4,3-flmor~han was 

prepared in a similar way to compound ( 4 0 ) .  'H-~mr (CDC13) 6 : 0.83 (3H. d. 5-7 HZ, 
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9-CH3). 1.43 (3H, s ,  5-CH31. 1.68. 1.75 (each 3H. s. =C(CH3)2). 2.26. 2.38 (each 

3H, s ,  1'. 3'-CH31, 3.10 (ZH, hr d, J=6 Hz. NCH21. 5.30 (1H. br t, J=6 Hz, CH2=C). 

HBr salt: colorless prisms (40%). mp 210 - 213'Cldec.l from ethanol. Anal. Calcd 

for C19H2gNS.HHr: C. 59.36; H. 7.87; N, 3.64. Found: C. 59.49; H. 7.65; N. 3.51. 

1'.3'.5.9u-Tetrameth~l-2-~henethyl-6,7-thieno4,3-fm0r~han (42). Phenylacetyl 

chloride (0.59 g, 3.8 mol) was added dropwise over 30 min to a mixture of thiena- 

marphan (39) hydrobromide (1 g. 3.2 moll and triethylamine 1 1  1 7.9 mmol) in 

chloroform (50 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 mmoll was 

added to the solution and the whole was refluxed with stirring for 5 h. The cooled 

mixture was poured into ice-water and extracted with ether. The extracts were 

dried (Na2S041 and concentrated to dryness. The residual oil was purified by 

column chromatography on silica gel (ether). l~-~rnr (CDC13) 6 : 0.83 (313, d. J=7 

Hz, 9-CH31, 1.43 (3H. s .  5-CH31. 2.20. 2.37 (each 3H. s. 1'. 3'-CH3). 7.24 15H. s .  

phenyl H). HBr salt: colorless prisms 11.16 g, 87%). mp 244 - Z47°C(dec.) from 

ethanol. Anal. Calcd for CZ2HZSNS.HBr: C. 62.85; H, 7.19; N. 3.33. Found: C. 

62.65; H. 7.25; N. 3.21. 

2-Cy~lopr0pyl-1'.3'.5.9~-tetramethyl-6.7-thieno14,3-flmor~han was prepared in 

a similar way to compound (42). '~-~mr (CDC13) 6 : 0 - 0.55 (5H, m, cyclopropyl H), 

0.83 (3H. d. J=7 Hz, 9-CH31, 1.45 (3H. s ,  5-CH31, 2.24, 2.40 (each 3H, s, 1'. 3'- 

CH3). HBr salt: colorless prisms (88%). mp 250 - 265°C(dec.) from ethanol. Anal. 

Calcd for C18H27NS.IrBr: C, 58.37; H, 7.62; N, 3.78. Found: C. 58.25; H, 7.52; N, 

3.52. 

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

stirring vigorously to a solution of 2-(cyclohexen-1-y1)ethylamine (44)137.5 g. 

0.30 mol) in 1 N hydrochloric acid (300 ml). The mixture was warmed to 50DC and 

then 90°C, and stirred for 24 h at that temperature. Methyl 0-(2-thieny1)glycidate 

125.5 g. 0.30 moll was added to it at that temperature with stirring. The cooled 

reaction mixture was basified with conc. aqueous ammonia and extracted with dichlo- 

romethane. The extracts were washed with water, dried 1Na2SO4) and concentrated. 

The residue was recrystallized from methanol-ethyl acetate to give colorless prisms 

121.5 g. 29%). mp 175 - 175.5'C. Anal. Calcd for C14HZ1NOS: C, 66.89; H, 8.42; N. 

5.57. Found: C, 66.82; H. 7.45; N. 5.44. 

Z-Benzyl-4a-hydroxy-l-(Z-thenyl)perhydroisouinoline m. A mixture of perhydro- 
isoquinoline (451 (10 g. 40 mmoll, henzyl bromide 17.5 g, 44 mmoll and potassium 



HETEROCYCLES, Vol. 32, NO. 1, 1991 123 

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 (Na2S04) and concentrated. The residual oil was purified 

by column chromatography on silica gel (ether) and vacuum distillation, bp 160°C/ 

0.1 mHg. The hydrochloride was recrystallized from 2-butanone-methanol to give 

colorless prisms (7.7 g, 51%), mp 196 - 199'C. 'H-N~T (CD30D) 6 : 3.63 12H, s .  

NCH2Ph), 7.15.138, s, ArH). Anal. Calcd for C21H27NOS.HC1: C, 66.73; H, 7.47: N ,  

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

12-Benzyl-3-thiamorDhinan m. A solution of perhydroisoquinoline 146) hydro- 

chloride 15.0 g. 13 mmol) in 48% hydrohromic acid (400 ml) was heated at 140PC for 

15 h. The coaled mixture was basified conc. aqueous ammonia and extracted with 

ether. The extracts were washed with water, dried 1Na2SO4) and concentrated. Thc 

residual oil was purified by column chromatography on silica gel lether) and vacuum 

distillation. bp 125'C/0.02 mmHg. '~-Nmr lCDCl31 6 : 3.52 12H, s ,  NCHZPh), 6.58 

(lH, d. J=5 Hz, thienyl 0-H). 6.83 (lH, d. J=5 Hz, thienyl a-HI. The hydrabromide 

was recrystallized from 2-butanone-methanol to give colorless prisms 12.3 g. 42%). 

mp 273 - 275DCldec.). Anal. Calcd for C21H25NOS.HHr: C. 62.37: H. 6.48; N. 3.46. 

Found: C, 62.58: H. 6.48: N. 3.56. 

3-Thiamorphinan m. A solution of cyanogen bromide 11.59 g, 15 mmol) in chlaro- 
farm (25 ml) was added to a solution of N-benzylthiamorphinan 147) 12.8 g. 8.2 

mmol) in chloroform 1100 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. hydrochloric acid and dil. sodium 

carbonate, successively, dried lNa2S04) and concentrated. A solution of the resi- 

due in 6% hydrochlbric acid 1300 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 lNa2SO41 and concentrated. The residual 

oil was purified by column chromatography on alumina (ether) and vacuum distilla- 

tion, bp l10QC/0.005 mmHg. l ~ - ~ m r  (CDC13) 6 : 6.58 IlH, d, J=5 Hz, thienyl 0-HI. 

6.91 IlH, d, J=5 Hz, thienyl a-HI. The hydrobromide was recrystallized from 2- 

butanone-methanol to give colorless needles 11.85 g, 71.5%). mp 257 - 258.5-C 
(dec.). Anal. Calcd for Cl4HlgNS.HBr: C. 53.50: H. 6.41; N. 4.46. Found: C. 

53.67; H. 6.38; N. 4.31. Compound 1481 was alternatively prepared by cyclization 

of perhydroisoquinoline 145) with 48% hydrobromic acid in 30% yield. 

12-Methyl-3-thiamorphinan m. A mixture of thiamorphinan 148) 11.96 g. 8.4 
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mmal). formic acid (3.0 g. 65 mmol) and 27% formalin (1.1 ml. 10 mmol) was heated 

at 90 - 100QC for 8 h. The cooled mixture was poured into water (200 mi). basified 

with conc. aqueous ammonia and extracted with ether. The extracts were washed with 

water, dried (Na2S04) and concentrated. The residual oil was purified in a similar 

way to compound (47). bp 125 - 130DC/0.15 mmHg. I H - N ~ ~  (CDC13) 6 : 2.42 (3H. S. 

NCH3), 6.68 (lH, d, J=5 Hz, thienyl 8-H), 7.20 (1H. d, 5.5 Hz, thienyl a-HI. The 

hydrobromide was recrystallized from 2-hutanone-methanol to give colorless needles 

(1.18 g. 57%). mp 223 - 228-C. Anal. Calcd for C15HZ1NS.HBr: C. 54.87; H. 6.75; N, 

4.27. Found: C, 55.07; H, 6.76; N. 4.27. 

12-Allyl-3-thiamorphinan m. A mixture of thiamorphinan (48 )  hydrobromide (1.26 

g. 4.1 mmol), sodium hydrogen carbonate (0.7 g. 8.3 mmol), ally1 bromide (0.49 g. 

4.1 mmol) 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 llO°C/O.O1 mmHg. 'H-N~K (CDC13) 6 :  4.80 - 6.00 (3H, m. vinyl 
HI. 6.65 (lH, d. J-5 Hz, thienyl 8-H). 6.96 (lH, d. J-5 Hz. thienyl a-H). The 

hydrobromide was recrystallized from 2-butanone-methanol to give colorless needles 

(1.26 g. 87%), mp 269 - 271°C. Anal. Calcd for CI7Hz3NS.HBr: C, 57.62; H .  6.63; N ,  

3.95. Found: C. 57.85; H. 6.91; N. 3.95. 

12-(3-Methy1-2-buten~l)-3-thiamor~hinan was prepared in a similar way to 

compound (48). bp llO°C/O.O1 mmHg. '~-~rnr (CDC13) 6 : 1.56. 1.62 (each 3H, s .  

=C(CH3)2). 4.85 - 5.20 (lH, m, vinyl H). 6.51 (lH, d. J=5 Hz, thienyl8-HI. 6.83 

(1H. d. 315 Hz. thienyl o-H). HBr salt: colorless needles (72%). mp 265 - 267'C 

(dec.) from 2-butanone-ethanol. Anal. Calcd for C19H27NS.HBr: C. 59.67; H. 7.38; 

N. 3.66. Found: C. 59.74: H. 7.40: N. 3.40. 

12-Cyclo~ropylmethyl-3-thiamor~hinan (52). CycloPropanecarbonyl chloride (0.42 g, 

4.0 mmol) was added dropwise over 30 min to a mixture of thiamorphinan (48) hydro- 

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 

cooled mixture was decomposed with ice-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. l ~ - ~ m r  (CDC13) 6 : 0 - 1.00 

( 5 H .  m .  cyclopropyl H). 6.57 (1H. d. J=5 Hz, thienyl 8-H). 6.88 (1H. d. J=5 Hz. 
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thienyl o-H). The hydrobromide was recrystallized from 2-butanone-methanol to give 

colorless needles (1.2 g. 82%), mp 268 - 271°C(dec.). Anal. Caicd for Cl8HZ5NS. 

HBr: C. 58.69; H. 7.11; N. 3.80. Found: C. 58.88; H, 7.02; N. 3.50. 

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

bp 140 C/O.O05 mmHg. l ~ - ~ m r  ICDCl3) 6: 6.57 IlH, d, J=5 Hz, thienyl B-HI. 6.88 

(IH, d. J=5 Hz, thienyl a-H), 7.03 (5H, s. Ph). HBr salt: colorless needles (50%). 

mp 190 - 191'CIdec.l from 2-butanone-methanol. Anal. Calcd for CZ2Hz7NS.HBr: C .  

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