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A concise synthesis of the 6-oxamorphinan ring system has been designed which allows introduc- 
tion of functionality at the 10-position. This has provided a series of 10-methylene-, 10-0x0-, and 
1 Oa-methyl-6-oxamorphinans, (24a-e), (25a-d), and (26a-c) respectively. The enamine 8a-(3- 
methoxyp henyl) - 6- methyl - 3,4,6,7,8,8a - hexa hydro- 1 H- pyrano [4,3 - c] pyrid i ne (4a) is converted in 
three steps, via trans- 8a - (3  -met hoxyphenyl) -6 -methylocta hydropyrano [4,3-c] pyridine- 5a- carbo- 
nitrile (7a) and the corresponding 5a-acetyl derivative (9a), to the tetracyclic 1 O-methylene-6- 
oxamorphinan (11 a). Oxidative cleavage of the 1 0-exocyclic methylene group of ( I l a )  provides 
entry into the 1 0-0x0 series. The antinociceptive activity and opioid receptor profiles of (24a-e), 
(25a-d), and (26a-c) have been evaluated and structure-activity relationships are discussed. 

It is now firmly established that exogenous and endogenous 
opioids may interact with at least three distinct subtypes of 
opioid receptor, designated as p-, K-, and &receptors.' From the 
different profiles of p- and K-agonists it has been suggested that 
opioids with a prominent K-agonist component might provide a 
safer analgesic than the traditional morphine-like or p-agonists.' 

It has recently been disclosed that 6-oxamorphinans [e.g. 
proxorphan (l)] display good antinociceptive activity, but with 
reduced narcotic side-effects when compared with other mor- 
phinans. For proxorphan this favourable profile might be 
ascribed to its partial agonist activity at K-opioid receptors4 We 
therefore decided to evaluate the effect on biological activity of 
certain structural modifications to the 6-oxamorphinan system, 
focusing on 10-0x0 substitution by analogy with the prototype 
K-agonist ketocyclazocine (3).5 In this paper we describe a 
concise synthesis of l0-methylene-6-oxamorphinans (2a) and 
their subsequent conversion into 10-0x0- and 10-methyl- 
derivatives (2b) and (2c) respectively. 

At the outset of our work there had been few reports on the 
introduction of 10-0x0 substitution into morphinan structures 
and in no case were any biological data presented.6 Subse- 
quently, Archer et aZ.' described the synthesis of 10-keton- 
altrexone and 10-keto-oxymorphone and reported on their 
binding to opioid receptor subtypes. In this paper we describe 
the antinociceptive activity of the title compounds and, where 
possible, we have assessed their interaction with p- and K-opioid 
receptor subtypes. 

Chemistry.-The requirement of introducing substitution 
into the 6-oxamorphinan skeleton required a considerably 
shorter, more appropriate synthesis than that described in the 
original Accordingly, our strategy for the synthesis of 6- 
oxamorphinans was based on our recently described prepara- 
tion of the bicyclic enamine (4a).8 We envisaged that the 6- 
oxamorphinan system could be constructed from (4a) by bridg- 
ing a one-carbon unit between the aromatic ring and the a- 
position of the enamine. This approach has been employed 
previously for the preparation of 14-epi-morphinans uia cycliza- 
tion of chl~romethyl,~ carbaldehyde,'O acetyl,' ' or aziridin- 
ium' intermediates onto the aromatic ring. However, attempts 
to effect similar cyclizations to give the natural morphine 
stereochemistry have either been unsuccessful or have involved 
further elaboration to epimerize C-14.'09'3 This is in contrast 
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with the benzomorphan ring system where both the 11-methyl 
epimers of the 1-methylene derivative (6a, b) can be prepared via 
cyclization of the corresponding a-acetylamines (5a, b) with 
boron trifluoride diethyl ether.14 We now demonstrate that this 
benzomorphan-related chemistry can be extended to the syn- 
thesis of 10-methylene-6-oxamorphinans. 

Treatment of the enamine (4a) with potassium cyanide in 
aqueous methanol at pH 7.9 gave a 5 : 1 mixture of the nitriles 
(7a) and (8a) together with ca. 15% recovered enamine (Scheme 
1). The stereochemistry of the major product (7a) was confirmed 
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by NMR spectroscopy: the 4aa-H signal showed two trans- 
diaxial couplings (J 12 and 13 Hz) and a small axial-equatorial 
coupling of 3 Hz, consistent only with a trans-ring fusion and a- 
stereochemistry of the nitrile substituent. The minor product 
(8a) could not be isolated. However, treatment of the 5: 1 
mixture of (7a) and (8a) with methyl-lithium followed by acid 
hydrolysis gave a quantitative conversion to a 5 : 1 mixture of a- 
acetylamines (9a) and (lOa), from which the minor component 
(1Oa) was readily isolated by chromatography. The cis-ring 
fusion of (1Oa) was unambiguously confirmed by its cyclization 
to the 14-epi-6-oxamorphinan (12), in 63% yield, using boron 
trifluoride-diethylether (vide infra). It therefore follows that (8a) 
must also possess a cis-ring fusion stereochemistry. 

The ratio of (7a) to (8a) was found to depend critically on the 
pH of the reaction medium. Changing the pH to 6.5 gave a 3: 2 
mixture of (7a) and @a), whereas at pH 10 (7a) was obtained 
with > 8 : 1 selectivity. Reaction pathways consistent with the 
observations are outlined in Scheme 2. The cis-ring-fused 
iminium salt (13) is known to be more thermodynamically 
stable in solution than the trans-ring-fused iminium salt (14) 
and under the equilibrating conditions this isomer will pre- 
dominate.' Upon addition of potassium cyanide, rapid attack 
of cyanide on the iminium salt (13) would give the cis-ring-fused 
nitrile (8a) as the kinetic product. At low pH (8a) will exist 
mainly in the protonated form (15) and the reverse reaction [of 
@a)] to the enamine (4a) will be inhibited, thereby leading to a 

(1 5) 

scheme 2. 

greater preponderance of the cis-ring-fused product. With high 
pH, equilibration can occur via (4a) and (14) to give the 
thermodynamically more stable trans-ring-fused nitrile (7a). 

Treatment of the trans-ring-fused a-acetylamine (9a) with two 
equivalents of boron trifluoride-diethyl ether in 1,2-dichloro- 
benzene (120 OC; 24 h) gave only partial cyclization (ca. 40%) to 
the 10-methylene-6-oxamorphinan (lla). This contrasts with 
the cis-ring-fused isomer (lOa) which cyclized completely under 
the same conditions. However, as found by Rapoport et al. for 
the analogous benzomorphan cyclization, l4 resubmission of the 
initial product mixture (trans-fused case) to the same reaction 
conditions caused complete conversion of (9a) to (lla) in 75% 
overall yield. Increasing the proportion of boron trifluoride- 
diethyl ether in this reaction resulted in lower yields and no 
cyclization was observed when the solvent was changed to 1,4- 
dioxane or acetic acid at reflux. The structural assignment of 
(lla) and (12) was made on the basis of NMR spectral data in 
comparison with that for proxorphan (1). An analogous 
sequence of reactions, commencing with the N-propyl-enamine 
(4b), provided the corresponding l0-methylene-6-oxamorph- 
inan (1 1 b). 

Since the nature of the N-substituent significantly influences 
the biological profile of morphinans,16 including agonist us. 
antagonist properties, we investigated replacement of the N- 
methyl group by alternative substitutions. In this respect, it was 
of interest to introduce the N-cyclopropylmethyl substitution 
characteristic of the partial K-agonist proxorphan. Attempts to 
N-demethylate (1 la) with vinyl chloroformate were frustrated 
by formation of substantial amounts (ca. 60%) of the allylic 
chloride (I&) along with a ca. 30% yield of the required car- 
bamate (17). This is presumably due to competing SN2' attack of 
chloride ion on the intermediate acylammonium species (16) 
(Scheme 3). Addition of sodium iodide to the reaction mixture 
gave exclusive conversion to the allylic iodide (18b). To circum- 
vent this problem, 10-methylene-6-oxamorphinans (1 lc-e) were 
prepared via the corresponding 10-0x0-derivatives (19c-e). 
Oxidative cleavage of (lla,b) with Jones reagent '* gave (19a,b) 
in good yield. Efficient N-demethylation of (19a) could now be 
achieved uia vinyl chloroformate methodology and the resultant 
secondary amine (199 was alkylated to afford the N-substituted 
analogues (19c-e). Reintroduction of the 10-methylene func- 
tionality was conveniently achieved in a two-step procedure 
involving addition of methyl-lithium to the ketones (19c-e) 
followed by dehydration of the intermediate tertiary alcohol 
with boron trifluoride-diethyl ether. 
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Catalytic hydrogenation of (1 la,b) gave the l0a-methyl 
derivatives (2Oa,b) with > 90% stereoselectivity, presumably 
because the a-face of the 10-methylene group in (lla,b) is 
sterically hindered by C-8 of the pyran ring. In contrast, 
hydrogenation of the C-14 epimer (12) gave the 10P-methyl 
compound (21) with > 90% stereoselectivity (Scheme 4). The 
assignment of the 10-methyl stereochemistry in (2Oa) and (21) 
was made on the basis of a 1 Hz coupling between the 9-H and 
10-H protons in the l0a-methyl isomer (20a) and a corres- 
ponding coupling of 7 Hz in the 10P-methyl analogue (21). 
Compound (20a) was cleanly N-demethylated using vinyl 
chloroformate methodology and the resultant secondary amine 
(20d) was converted into the N-cyclopropylmethyl analogue 
(2Oc) in good yield. However, N-demethylation of the 16epi- 
10P-methyl isomer (21), under the same conditions, caused 
extensive elimination leading to a 1 : 3 mixture of (22) and (23) 
(Scheme 4). This difference in reactivity between (20a) and (21) 
is ascribed to the trans-disposition of the 10a-hydrogen and the 
amine functionality in the latter compound, thereby accel- 
erating the elimination reaction. 

The methoxy derivatives (lla-e), (19a-d), and (2Oa-c) were 
0-demethylated to the corresponding phenols (24a-e, 25a-d, 
26a-c) using standard procedures (Table 1). The hydrochloride 
salts of the 10-methylene analogues (24a-e) were found to be 
unstable and these compounds were isolated and purified as 
their free bases. 
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Scheme 4. Reagents: i, H2, Pd-C, EtOH; ii, ClC02CH=CH2, 
ClCH,CH,Cl, heat; iii, HC1, MeOH. 

Pharmacology.-The 6-oxamorphinans (24a-e), (25a-d), and 
(26a-c) were assayed in’ uiuo for antinociceptive activity using 
either the mouse abdominal constriction test l9  or the rat-paw 
pressure test 2o and for their effect on urine output in the water- 
loaded rat (Table 2). The latter test is a useful model for in uiuo 
characterization of different types of opioid receptor agonists: p- 
agonists induce antidiuresis whereas K-agonists cause diuresk2’ 
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Compounds having activity at both p- and ic-opioid receptors 
produce a biphasic effect: an initial antidiuretic effect followed 
by a more sustained diuresis.22 

In uitro assessment of the p/ic selectivity of the title com- 
pounds was made using the guinea-pig ileum (GPI) prepara- 
tion. Blockade at preceptors was produced by the irreversible 
opioid antagonist p-funaltrexamine (P-FNA). An effective K- 
receptor blockade was produced using the non-selective irre- 
versible antagonist P-chlornaltrexamine (P-CNA), with con- 
comitant preceptor protection using the selective p-agonist 
[D-Ala2, MePhe4, Gly(ol)’] enkephalin (DAGO). Agonists 
which are p-selective show large p-FNA dose ratios and small p- 
CNA dose ratios; those which are K-selective display the 
opposite profile.23 The ic-agonist (or antagonist) activity of 
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Table 1.0-Demethylation of 3-methoxy- 10-substituted-6-oxamorphinans. 

Found 
(Required) 

~~ 

Compound N-Substituent, R Method" Product % Yield Formula M.p.t/"C %C %H %N 

Me A 

Pr A 

C H , ~ C H ,  c 
CH,CH=CHz A 

Et B 

Me C 

Pr C 

C H , e C H 2  C 

CH,CH=CH2 C 

Me A 

Pr C 

CH2CHCH,CH, C 
- 

64 

43 

36 

42 

38 

45 

55 

38 

50 

45 

66 

26 

1 7 H2 1 

C19H25N02 

C20H25NO2 

C19H23N02 

cl 8H23N02 

C16H 1 gN03 

cl 8HZ3N03 

C19H23N03 

cl gH2 1 

C17H23N02 

ClgH27N02*HCI 

C2oH27NOz 

257-259' 

210-21 5 

223-225 

185-1906 

234-236' 

250-25 1 

210-212 

220-22 1 

220-223' 

213-21 5 

162- 164 

199-200 

76.8 
(77.1) 

70.1 
(70.3) 
71.3 

72.9 
(72.8) 

(7 1.7) 

65.4 
(65.8) 

M +  271.1569 
(27 1.1 573) 

Mf 299.188 1 
(299.1885) 

8.05 

M +  297.1 724 
(297.1729) 

M +  285.1730 
(285.1729) 

7.1 
(7.0) 
7.7 

(7.8) 
7.4 

(7.4) 

(8.1) 

M +  299.1520 
(299.1 521) 

M +  273.1726 
(273.1730) 

8.6 
(8.4) 
M +  31 3.2035 

(3 13.2042) 

4.4 
(4.5) 

5.0 
(5.1) 
4.5 
4.6) 
4.6 

(4.5) 

3.8 
(4.0) 

" A: BBr,, CH,C12, room temp.; B: MeSLi, dimethylformamide, 130 O C ;  C: EtSNa, dimethylformamide, 150 O C ;  Decomp. 

Table 2 In vivo activities of 10-substituted-6-oxamorphinans. 

N-Substituent, Antinociceptive' 
Compound" R EDSO Urine outputd 

0.13 (0.084.19)' 
0.05 (0.03-0.1) 
0.25 (0.1 34.43) 
0.06 (0.040.1 1) 
0.65 (0.29-1.59) 
> 2w 
> 10 
0.63 (0.33-1.1)c 
10 
0.9 (0.5-1.8)e 
0.9 (0.5-1.7) 
0.03 (0.024.05) 
0.02 (0.01 34.029) 
0.12 (0.04-0.3) 

Antidiuretic 
NT 
NT 
NT 
Mixed activity 
NT 
NT 
NT 
NT 
NT 
NT 
Diuretic 
Diuretic 
Mixed activity 

" Compounds are racemic. Mouse acetylcholine-induced abdominal 
constriction test, mglkg, S.C. Rat-paw pressure test. Water-loaded rat. 

compounds was also determined using the rabbit vas deferens 
(LVD) preparation, which contains only K-opioid  receptor^.'^ 
However, this tissue only detects compounds with high efficacy 
and partial x-agonists, which have insufficient efficacy to 
produce agonist effects, behave as  antagonist^.^' 

Introduction of the 10-0x0 (2%) and 10-methylene (24c) 
functionality into the proxorphan structure (1) resulted in a ca. 
30 and 10 fold falls in antinociceptive activity, respectively. In 
contrast, the l0a-methyl derivative (26c) displayed similar 
potency to proxorphan (Table 2). All three compounds (24c), 
(25c), and (26c), like proxorphan, possessed a predominantly K- 
agonist profile: (24c) exhibited a high P-CNA dose ratio, (2%) a 
low P-FNA dose ratio, and the selective K-agonist profile of 
(26c) was established in uiuo by its diuretic effect in water-loaded 

rats. However, in contrast to proxorphan, (24c), (25c), and (26c) 
were all full agonists in the rabbit vas deferens indicating their 
higher efficacy at the K-receptor (Table 3). 

Within the 10-0x0-6-oxamorphinan series, changing the 
nitrogen substituent from cyclopropylmethyl(25c) to ally1 (25d) 
resulted in a large fall in antinociceptive activity and, more 
dramatically, activity was abolished in the case of the N-methyl 
and N-propyl analogues (25a) and (25b), respectively (Table 2). 
A different trend was observed in the 10-methylene series: the 
N-propyl and N-ally1 analogues (24b) and (24) possessed 
greater antinociceptive activity than the N-cyclopropylmethyl 
derivative (24c), all three compounds displaying comparable 
K-receptor selectivity (P-CNA shift in GPI, Table 3). However, 
whereas the N-cyclopropylmethyl and N-ally1 analogues (24c) 
and (24d) were full agonists in the LVD preparation (Table 3), 
the N-propyl analogue (24b) showed a markedly reduced 
maximum response in this tissue indicating lower efficacy at the 
K-receptor. Reducing the size of the nitrogen substituent to N- 
ethyl (24e) or N-methyl (24a) results in compounds which 
display a prominent p-agonist component to their profile. Thus, 
the N-methyl analogue (24a) is a selective p-agonist with a P- 
FNA dose ratio larger than that for normorphine whereas the 
N-ethyl analogue (24e), although showing some rc-agonist 
selectivity in uitro (GPI, Table 3), has mixed antidiuretic/diuretic 
activity in the water-loaded rat, indicative of a substantial p- 
agonist component to its in viuo activity. 

In summary, we have developed a short, efficient synthesis of 
6-oxamorphinans bearing functionality at the 10-position 
which provides a useful handle for structural modification. Our 
approach could potentially be extended to the synthesis of other 
c-ring hetero-substituted morphinan structures. Several of the 
compounds described in this work, notably (24b), (24d), and 
(26c), possessed similar antinociceptive activity to that of 
proxorphan (1). However, the 10-0x0 and 10-methylene 
analogues of proxorphan were markedly less active than 
proxorphan itself. In several instances the selective K-agonist 
profile of proxorphan was retained. 
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Table 3 .h  v i m  activities of l0-substituted-6-oxamorphinans. 

N-Substituent, IC,, ( p ~ )  in IC,, ( p ~ )  in 9-FNA P-CNA 
Compound' R Rabbit vas deferens Guinea-pig ileum Dose ratio Dose ratio 

Me Antagonist, PA, 6.8 0.1 1 
Pr Antagonist, PA, 6.3 0.017 

CH,CH=€H, 0.2 0.005 
Et Antagonist, pA2 5.9 0.15 
C H , m C H 2  0.17 0.0 1 5 
Me d 2.3 
Pr e 0.13 

CH,&E~$H, 0.02 0.02 

CH2kHCH2kH2 0.023 NT 
f 0.02 

60 (61') 
1.8 (15') 
NT 
NT 
2.3 (36') 
0.72 (1 lb) 

NT 
NT 

3.4 (22') 

1.2 (20') 

NT 
77 (6.5') 
96 (7.1') 
66 (4.1 ') 
16.4 (4.1') 
NT 
NT 
4.2 (1.4') 
NT 
105 (2.3') 

' Compounds are racemic. ' Data for the p-agonist normorphine. Data for the p-agonist DAGO. Low maximum (23%) effect at IO-'M. Low 
maximum (34%) effect at ~ O - ~ M .  J Em,, 28% at 0.1 p ~ .  

Experimental 
'H NMR spectra were measured (SiMe4 internal standard) on a 
Bruker WM250 (250 MHz) spectrometer using 16 K data points 
and a spectral width of 4.5 kHz. IR spectra were recorded on 
Perkin-Elmer 357 or 377 spectrometers. Mass spectral data 
were obtained using a VG 7070E instrument interfaced to an 11- 
250 data system. Spectroscopic and microanalytical data were 
obtained by Glaxo Chemical Analysis Department. All m.p.s 
are uncorrected. Column chromatography was performed using 
either Merck Kieselgel60 (Art 9385, flash chromatography) or 
alumina UGl (Phase Separations Ltd.). Solvents were dried 
according to standard procedures.26 

trans-8a-(3-Methoxyphenyl)-6-methyloctahydropyrano[4,3- 
clpyridine-5a-carbonitrile (7a).-Glacial acetic acid (ca. 1 ml) 
was added dropwise over 10 rnin to a stirred solution of 
potassium cyanide (0.65 g, 10 mmol) in a mixture of methanol 
(10 ml) and water (6 ml) at 0 "C until the pH was 7.6. A solution 
of (4a) (1.3 g, 5 mmol) in methanol (15 ml) was added over 2 rnin 
and the reaction mixture was allowed to warm to room 
temperature. The resultant solution was poured into aqueous 
sodium hydroxide (0.35 M; 200 ml) and the mixture extracted 
with dichloromethane (3 x 150 ml). The combined extracts 
were dried and concentrated to give an oil. This was purified by 
flash column chromatography on triethylamine-treated silica 
gel (120 g; 10 ml of triethylamine), with dichloromethane- 
hexane (1 : 1) followed by dichloromethane as eluant, to give the 
title compound (7a) (1.25 g, 87%) as a pale brown viscous oil, 
containing (NMR) 15% of the cis-fused isomer (8a); v,,(film) 
2 240 cm-'; major isomer; G(CDC1,) 1.68 (1 H, dt, J 3, and 13 
Hz, 8a-H), 1.86-2.0 (2 H, m, 4a-H and 8P-H), 2.02 (1 H, ddd, J3,  
11.5, and 13 Hz, 7P-H), 2.28 (1 H, ddd, J 3 ,  12, and 13 Hz, 4aa- 
H), 2.48 (1 H,dq, J 5  and 12.5 Hz,4P-H), 2.48 (3 H, s,NMe), 2.71 
(1 H, dt, J 12, and 3 Hz, 7a-H), 3.29 (1 H, d, J 11 Hz, la-H), 3.60 
(1 H, dt, J 3  and 11.5 Hz, 3a-H), 3.73 (1 H, d, J 12 Hz, 5P-H), 3.82 
(3 H, s, OMe),4.16 (1 H, dd, J 5  and 11.5 Hz, 3P-H), 4.21 (1 H,d, 
J 11 Hz, lP-H), 6.78 (1 H, dd, J2 .  and 7.5 Hz, ArH), 6.9-7.05 (2 
H, m, 2 x ArH), and 7.3 (1 H, t, J7.5 Hz, ArH). 

trans-5a- Acetyl-8a-( 3-methoxyphenyl)-6-methyloctahydro- 
pyrano[4,3-clpyridine (9a) and cis-5a-Acetyl-8a-(3-methoxy- 
phenyl)-6-methyloctahydro[4,3-cJpyridine (10a).-A solution of 
(7a) (1.25 g, containing ca. 15% of the cis-fused isomer (8a) (4.4 
mmol) in dry THF (10 ml) was added dropwise over 10 rnin to a 
stirred solution of methyl-lithium (6.5 ml; 1.35 M in diethyl ether; 
8.8 mmol) in dry THF (30 ml) at 0 "C under nitrogen. Stirring 
was continued for a further 10 rnin at 0 "C. Aqueous sulphuric 
acid (40 ml; 0.5 M) was added carefully and the reaction mixture 

was warmed to room temperature and stirred vigorously. It was 
then poured into saturated aqueous sodium hydrogen car- 
bonate (150 ml) and extracted with dichloromethane (3 x 100 
ml). The combined extracts were dried and concentrated to give 
a dark brown oil. This oil was purified by flash column 
chromatography on triethylamine-treated silica gel (200 g; 10 ml 
of triethylamine), with chloroform as eluant, to give initially 
(1Oa) as a pale brown oil, v,,,(film) 1 705 cm-'; G(CDC1,) 1.0- 
l.l5(1 H,m), 1.46-1.70(2H,m),2.04-2.44(2H,m),2.24(6H,s, 
COMeand NMe), 2.44-2.57 (1 H,m), 2.7-2.87(1 H,m), 3.22 (1 H, 
d, J 10 Hz, 5-H), 3.66 (1 H, ddd, J 3, 4, and 12 Hz, 
CH,CH,H,O), 3.79 (1 H, dt, J 3 and 12 Hz, CH,CH,H,O), 
3.81 (3 H, s, OMe), 4.04 (2 H, br s, CH20), 6.80 (1 H, ddd, J 1,2, 
and7.5Hz,ArH),7.13-7.21(2H,m,2 x ArH),and7.30(1H,t, 
J 7.5 Hz, ArH), followed by (9a) (0.98 g, 74%) as a pale brown 
oil. This compound was characterised as its maleate salt, m.p. 
163-165 "C (Found: C, 63.0; H, 7.0; N, 3.3. C22H29N07 requires 
C, 63.0; H, 7.0; N, 3.3%); v,,,(film) 1 710 cm-'; G(CDC1,) (free 
base) 1.12(1 H,dt,J13and3Hz,4a-H),1.74(1 H,dt,J3and 13 
Hz, 8a-H), 1.91 (1 H, dt, J 13 and 3 Hz, 8P-H), 1.98-2.5 (2 H, m, 
4aa-H and 7P-H), 2.10 (3 H, s, COMe), 2.22 (3 H, s, NMe), 2.36 
(1 H, dq, J 5 and 13 Hz, 4P-H), 2.66 (1 H, dt, J 12 and 3 Hz, 7a- 

(1 H,dt, J 3  and 11 Hz,3a-H),3.82(3H,s,OMe),4.05 (1 H,dd, J 
11 and 5 Hz, 3P-H), 4.25 (1 H, d, J 12 Hz, 1-H), 6.76 (1 H, dd, J 8  
and2Hz,ArH),7.04(1H,t,J2Hz,ArH),7.12(1 H,brd,J8Hz, 
ArH), and 7.26 (1 H, t, J 8 Hz, ArH). Irradiation at 6 2.66 gave 6 
1.74 (1 H, t, J 13 Hz) and 1.91 (1 H, dd, J 13 and 3 Hz). 
Irradiation at 8 1.12 gave 6 3.49 (1 H, t, J 11 Hz). Irradiation at 6 
4.05 gave 6 3.49 (1 H, dd, J 3 and 11 Hz). 

H), 3.34 (1 H, d, J 12 Hz, 1-H), 3.36 (1 H, d, J 12 Hz, 5P-H), 3.49 

trans-5a- Acetyl-8a-(3-methoxyphenyl)-6-propyloctahydro- 
pyrano[4,3-clpyridine (9b).--Glacial acetic acid (ca. 1 ml) was 
added dropwise to a stirred solution of potassium cyanide (3.88 
g, 59.7 mmol) in a mixture of water (25 ml) and methanol (120 
ml) at room temperature until the pH was 10.0. The resulting 
solution was cooled to 0 "C and a solution of (4b) (6.98 g, 24.3 
mmol) in methanol (25 ml) was added. The reaction mixture 
was stirred at room temperature for 5 h, poured into aqueous 
sodium hydroxide (0.35 M; 600 ml), and extracted with 
dichloromethane (3 x 250 ml). The combined extracts were 
dried and evaporated to give crude (7b) as an oil. This material 
was dissolved in dry tetrahydrofuran (50 ml) and the resulting 
solution was added dropwise to a stirred solution of methyl- 
lithium (48.5 ml; 1.5 M in diethyl ether; 72.9 mmol) in dry 
tetrahydrofuran (130 ml), at 0 "C under nitrogen, during 15 min. 
The reaction mixture was stirred for 15 rnin at 0 *C and then 
quenched by the addition of aqueous sulphuric acid (200 ml; 



1568 J. CHEM. SOC. P E R K I N  TRANS. I 1990 

0.5~) .  The resulting mixture was stirred vigorously, basified by 
the portionwise addition of solid sodium carbonate, and 
extracted with dichloromethane (3 x 250 ml). The combined 
extracts were dried and concentrated to give a pale yellow oil. 
This material was purified by column chromatography on 
triethylamine-deactivated silica, with dichloromethanehexane 
(1 : 1) followed by dichloromethane as eluant, to give the title 
compound (9b) (6.1 g, 76%) as an oil which was used directly in 
the next stage. 

3-Methoxy- 17-methyl- 10-methylene-6-oxumorphinan (1 la).- 
Freshly distilled boron trifluoride-diethyl ether (3.0 ml, 24 
mmol) was added in one portion to a stirred solution of (9a) 
(3.0 g, 10 mmol) in dry 1,2-dichlorobenzene (50 ml) at room 
temperature under nitrogen. The reaction mixture was heated at 
120 "C under nitrogen for 22 h and then allowed to cool to room 
temperature. Aqueous sodium hydroxide (150 ml; 2 M) was 
added and the resulting mixture was stirred vigorously until all 
the precipitate had dissolved. Water (150 ml) was added and the 
mixture was extracted with dichloromethane (3 x 100 ml). The 
combined extracts were dried and concentrated to give an oil. 
The NMR spectrum of this crude material showed that only 
35% conversion to product had occurred so it was resubmitted 
to the above reaction conditions to yield an oil which contained 
no starting material (by NMR and TLC). This crude product 
was purified by flash column chromatography on triethylamine- 
deactivated silica gel (150 g; 15 ml of triethylamine), with 
chloroform followed by chloroform-methanol (50: 1) as eluant, 
to give the title compound (l la) (1.85 g, 65%) as an oil (Found: 
C, 75.8; H, 8.2, N, 4.9. CI8H2,NO2 requires C, 75.8; H, 8.1; N, 
4.9%); G(CDC1,) 1.24 (1 H, ddd, J 2 ,  3.5, and 12.5 Hz, 15P-H), 
1.31 (1 H, br d, J 13 Hz, 8P-H), 1.50 (1 H, dq, J 5  and 12.5 Hz, 8a- 
H), 1.69 (1 H,dt, J 5  and 12.5 Hz, 15a-H), 1.95 (1 H, dt, J3.5 and 
12.5Hz,16~-H),2.11(lH,ddd,J3,4,and13Hz,14~-H),2.28(3 
H,s,NMe),2.51(1H,ddd,J2,5,and12.5Hz,16a-H),3.14(lH,d, 
J 3  Hz, 9a-H), 3.30 (1 H, d, J 12 Hz, 5P-H), 3.58 (1 H, ddd, J3,11, 
and 12.5Hz,7P-H),3.82(3H,s,OMe),3.94(1H,dd,J5andll 
Hz, 7a-H), 4.51 (1 H, d, J 12 Hz, 5a-H), 4.80 (1 H, S, SHAHB), 
5.76(1H,s,=CH,HB),6.80(1 H,dd,J3and8Hz,2-H),and6.87 
(1 H, d, J 3 Hz, 4-H), 7.70 (1 H, d, J 8 Hz, 1-H). Irradiation at 6 
2.51 gave 6 1.24 (1 H, dd, J 3.5 and 12.5 Hz), 1.69 (1 H, t, J 12.5 
Hz), and 1.95 (1 H, dd, J 3.5 and 12.5 Hz). Irradiation at 6 3.14 
gave 6 2.11 (1 H, dd, J 4  and 12 Hz). 

3-Methoxy- 10-methylene- 17-propyl-6-oxamorphiun (1 1 b).- 
This compound was prepared from (9b) using the method de- 
scribed for the preparation of (lla). Compound (llb) (46%) was 
purified by flashcolumn chromatography on silica, with dichloro- 
methane-methanol-aqueous ammonia (d 0.880) (93: 6: 1) as 
eluant, and was obtained as an oil. 

N-Demethylation of (1 la).-Vinyl chloroformate (0.045 ml, 
0.53 mmol) was added in one portion to a stirred solution of the 
oxamorphinan (l la) (100 mg, 0.35 mmol) in dry 1,2-dichloro- 
ethane (2 ml) at - 30 "C under nitrogen. The resulting solution 
was heated at reflux for 1 h, cooled, and evaporated to dryness. 
The residue was purified by preparative TLC on alumina, with 
dichloromethane-hexane (3 : 1) as eluant, to give 3-methoxy-10- 
methylene- 17-(vinyloxycarbonyl)-6-oxamorphinan (17) (40 mg, 
33%) as an oil; v,,,(CHBr,) 1 700 cm-'; G(CDC1,) (mixture of 
rotamers) 1.25-1.70 (4 H, m), 2.02 (1 H, br m, 14P-H), 2.6-2.83 
(1 H,m, 16P-H), 3.30(1 H, d, J 12 Hz, 5P-H), 3.58 (1 H,dt, J3.5, 
and 11 Hz, 7P-H), 3.85 (3 H, s, OMe), 3.85-4.0 (2H, m), 4.4-4.6 
(2 H, m), 4.7-4.95 (2 H, m), 5.18 and 5.30 (1 H, 2 x s, =CHAHB), 
5.67 and 5.69 (1 H, 2 x s,=CH,H,), 6.84 (1 H, dd, J3,  and 8 Hz, 
2-H), 6.92 (1 H, d, J 3  Hz,4-H), 7.2-7.35 (1 H, m, CH=CH2), 7.69 
and 7.71 (1 H, 2 x d, J 8 Hz, 1-H) and a lower running 
component cis-vinyl 2-(6-(chloromethyl)-9-methoxy-3,4,4a,- 
lob-tetrahydro- 1 H-naphthoc 1,2-c]pyran- lob-yl)ethyl(methyl) 

carbamate (Ma) (80 mg, 58%) as a pale brown oil; v,,,(CHBr,) 
1 700 cm-'; G(CDC1,) (mixture of rotamers) 1.25-1.8 (3 H, m), 
2.16 (1 H, br m), 2.43 (1 H, m, J 5  Hz, 4a-H), 2.73 and 2.78 (3 H, 
2 x s, NMe), 2.88 (1 H, br m), 3.2-3.6 (3 H, m), 3.86 (3 H, s, 
OMe), 3.8-3.95 (1 H, m), 4.37 (1 H, d, J 12 Hz, CICHAHB), 4.44 
(2 H, m), 4.57 and 4.59 (1 H, 2 x d, J 12 Hz, ClCHAHB), 4.72 
and 4.77 (1 H, 2 x d, CHXHAHB), 5.97 (1 H, d, J 5 Hz, 5-H), 
6.84 (1 H, br d, J 8 Hz, ArH), 7.0 and 7.01 (1 H, 2 x d, J 2 Hz, 
ArH), 7.2 and 7.21 (1 H, dd, J 7 and 13 Hz, CHXH,), 7.38 and 
7.39 (1 H, 2 x d, J 8 Hz, ArH). Irradiation at 6 4.58 gave 6 4.37 
(1 H, s). Irradiation at 6 2.43 gave 6 5.97 (1 H, s). 

cis- Vinyl-2- { (6-Iodomethyl)-9-methoxy-3,4,4a, 1 Ob-tetra- 
hydro- 1 H-naphtha[ 1,2-c]pyran- 1 Ob-yl)ethyl(methyl) carbamate 
(18b). -Vinyl chloroformate (0.035 ml, 1.1 equiv.) was added in 
one portion to a stirred suspension of 3-methoxy- 17-methyl- 10- 
methylene-6-oxamorphinan (l la) (100 mg, 0.35 mmol) in dry 
acetonitrile (1 ml) at - 30 "C under nitrogen. Sodium iodide 
(100 mg) in acetonitrile (1 ml) was added and the mixture was 
stirred at room temperature for 1 h. Water (10 ml) was added 
and the mixture extracted with dichloromethane (3 x 15 ml). 
The combined extracts were dried and concentrated and the 
residue purified by preparative TLC on alumina, with di- 
chloromethane-hexane (3:l) as eluant, to give the title com- 
pound (18b) as a pale yellow oil; v,,,(CHBr,) 1700 cm-'; 

H, br m), 2.42 (3 H, br s, NMe), 2.60 (1 H, br m), 2.9-3.4 (3 H, m), 
3.40 (3 H, s, OMe), 3.60 (1 H, dt, J 10 and 4 Hz, 3P-H), 3.84 and 
4.02 (2 H, ABq, J 10 Hz, CH21), 4.27 (1 H, d, J 6 Hz, 
CHSHAHB), 4.2-4.4 (1 H, br m, lP-H), 4.70 (1 H, d, J 14 Hz, 
CHSHAHB), 5.60 (1 H, d, J 6 Hz, 5-H), 6.64 (1 H, br m, ArH), 
7.16 (2 H, br s, 2 x ArH), and 7.46 (1 H, dd, J 6  and 14 Hz, 
CH=CH,). Irradiation at 6 7.46 gave 6 4.70 (1 H, s) and 4.27 (1 
H, s). Irradiation at 6 1.20 gave 6 3.60 (1 H, d, J 10 Hz). 

6(C$& 348 K) 1.0-1.5 (3 H, m), 1.82 (1 H, br m, 4a-H), 1.95 (1 

17-( Cyclopropylmethyl)-3-methoxy- 10-methylene-6-oxamor- 
phinan (llc).-Methyl-lithium (2.0 ml of a 1.5 M solution in 
diethyl ether; 3 mmol) was added over 1 min to a stirred solution 
of 17-(cyclopropylmethyl)-3-methoxy-6-oxamorphinan-1O-one 
(19c) (280 mg, 0.86 mmol) in dry tetrahydrofuran (1 5 ml) at 0 "C 
under nitrogen. The reaction mixture was stirred at room 
temperature for 16 h before being quenched with water (50 ml) 
and extraction with dichloromethane (3 x 30 ml). The 
combined extracts were dried and concentrated to give an oil 
which was dissolved in 1,2-dichlorobenzene (4 ml) and treated 
with freshly distilled boron trifluoride-diethyl ether (0.2 ml, 1.5 
mmol). The reaction mixture was heated at 120°C under 
nitrogen for 16 h before cooling and addition of aqueous sodium 
hydroxide (20 ml; 5 M). Stirring was continued until the 
precipitate had dissolved. Water (30 ml) was added and the 
resulting solution was extracted with dichloromethane (3 x 30 
ml). The combined extracts were dried and concentrated to give 
an oil. This crude product was purified by column chroma- 
tography on alumina, with ethyl acetate-hexane (1 : 1) 
as eluant, to give the title compound (llc) (240 mg, 85%) as an 
oil; G(CDC1,) 0.0-0.14 and 0.36-0.60 (4 H, m, 2 x cyclopropyl 
CH,), 0.76-0.96 (1 H, m, NCH2CH), 1.2-1.4 (2 H, m, 8P-H and 
15P-H), 1.50 (1 H, dq, J 5  and 12.5 Hz, 8a-H), 1.71 (1 H, dt, J 5  
and 12.5 Hz, 15a-H), 1.78-1.93 (2 H, m, 16P-H and NCHAHB), 
2.18 (1 H, dt, J 13 and 3.5 Hz, 14P-H), 2.75 (1 H, dd, J 5 and 13 
Hz, NCHAHB), 2.92 (1 H, ddd, J 23, and 12 Hz, 16a-H), 3.27 (1 
H, d, J 3  Hz, 9a-H), 3.32 (1 H, d, J 12 Hz, 5P-H), 3.58 (1 H, dt, J 3  
and 12 Hz, 7P-H), 3.81 (3 H, s, OMe), 3.94 (1 H, dd, J 5  and 11 
Hz, 7a-H), 4.51 (1 H, d, J 12 Hz, 5a-H), 4.80 (1 H, S, =CHAHB), 
5.66 (1 H, s,=CH,H,), 6.77 (1 H, dd, J 3  and 8 Hz, 2-H), 6.86 (1 
H, d, J 3  Hz, 4-H), and 7.65 (1 H, d, J 8  Hz, 1-H). 

17-Allyl-3-methoxy- 10-methylene-6-oxamorphinan (1 ld).- 
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This compound was prepared from (19d) using the method 
described for (1 lc). Compound (lld) (84%) was isolated as an oil 
(Found: C, 75.3; H, 7.8; N, 4.4. Cz,H25N02~0.15C,H4C12 
requires C, 75.3; H, 7.7; N, 4.2%). 

17-Ethyl-3-methoxy- 10-methylene-6-oxamorphinan (1 le).- 
This compound was prepared from (19e) using the method 
described for (llc). Compound (l le) (86%) was isolated as an 
oil and used directly in the next stage. 

14-epi-3-Methoxy- 1 7-methyl- 10-methylene-6-oxamorphinan 
(12).-Freshly distilled boron trifluoride-diethyl ether (3.0 ml, 
24 mmol) was added in one portion to a stirred solution of (10a) 
(3.5 g, 11.5 mmol) in distilled 1,2-dichlorobenzene (50 ml) at 
room temperature under nitrogen. The reaction mixture was 
heated at 120 "C for 16 h. The cooled mixture was treated with 
methanol (20 ml) followed by aqueous sodium hydroxide (30 
ml; 5 M) and then stirred vigorously until the precipitate had 
dissolved. Water (100 ml) was added and the resulting mixture 
was extracted with dichloromethane (3 x 50 ml). The com- 
bined extracts were dried and concentrated to give an oil. This 
material was purified by column chromatography on alumina 
with graded elution from diethyl ether-hexane (1 : 1) to diethyl 
ether to give the title compound (12) (2.05 g, 63%) as an oil; 
G(CDC1,) 1.15 (1 H, ddt, J 13.5,4, and 1.5 Hz, 15P-H), 1.42 (1 H, 
br d, J 12 Hz, 8a-H), 2.00 (1 H, dt, J 4  and 12 Hz, 16 P-H), 2.02 (1 
H, br d, J 11 Hz, 14a-H), 2.31 (3 H, s, NMe), 2.59 (1 H, dd, J 12 
and 5 Hz, 16a-H), 2.64 (1 H, dq, J 5  and 12 Hz, 8P-H), 2.78 (1 H, 
dt,J5and13Hz,15a-H),3.22(1H,d,J2Hz,9a-H),3.44(1H, 
ddd, J2.5, 11.5, and 12 Hz, 7a-H), 3.51 (1 H, d, J 11 Hz, 5a-H), 
3.83 (3 H, s, OMe),4.16 (1 H, dd, J 5  and 11.5 Hz, 7P-H), 4.24 (1 

SHAH,), 6.51 (1 H, d, J 3  Hz, ArH), 6.79 (1 H, dd, J 3  and 8 Hz, 
ArH), and 7.72 (1 H, d, J 8 Hz, ArH). Irradiation at 6 1.42 gave 6 
3.44 (1 H, t, J 12 Hz) and simplified the signal at 6 2.64. 
Irradiation at 6 3.22 simplified the signal at 6 2.02. Irradiation at 
6 4.16 simplified the signals at 6 3.44,2.64, and 1.42. 

H, d, J 11 Hz, 5P-H), 4.80 (1 H, S, =CHAHB), 5.76 (1 H, S, 

3-Methoxy- 1 7-methyl-6-oxamorphinun- 10-one (19a).-Sul- 
phuric acid (2 M; 1.0 ml, 2.0 mmol) was added in one portion to a 
stirred solution of 3-methoxy- 17-methy1-10-methy1ene-6-oxa- 
morphinan (l la) (0.5 g, 1.75 mmol) in acetone (5 ml) at room 
temperature. Jones reagent (10 ml of a 2 M solution with respect 
to chromium trioxide in aqueous sulphuric acid; 20 mmol) was 
added in one portion and the reaction mixture was stirred at 
room temperature for 16 h. Saturated aqueous sodium hydro- 
gen carbonate (50 ml) was added and stirring was continued for 
15 min before addition of further sodium hydrogen carbonate 
solution (100 ml) and extraction with dichloromethane (3 x 80 
ml). The combined extracts were dried and concentrated to give 
a pale yellow solid. Purification by short path column chroma- 
tography on alumina, with ethyl acetate as eluant, gave the title 
compound (19a) (403 mg, 80%) as a crystalline solid, m.p. 144- 
145 "C (from ethyl acetate) (Found: C, 71.0; H, 7.6; N, 4.8. 
CI7Hz1NO3 requires C, 71.0; H, 7.4; N, 4.9%); v,,,(CHBr,) 
1 660 cm-'; G(CDC1,) 1.3-1.5 (2 H, m, 8P-H and 15P-H), 1.56 (1 
H, dq, J 5  and 12.5 Hz, 8a-H), 1.80(1 H, dt, J 5  and 12.5 Hz, 15a- 
H), 2.12 (1 H, dt, J3.5 and 12.5 Hz, 16P-H), 2.31 (1 H, ddd, J3,4, 
and 12.5 Hz, 14P-H), 2.37 (3 H, s, NMe), 2.66 (1 H, ddd, J 2 ,  5,  
and 12.5 Hz, 16a-H), 3.06(1 H,d, J 3  Hz,9a-H), 3.33 (1 H, d, J12 
Hz, 5P-H), 3.56 (1 H, dt, J 3 and 12 Hz, 7P-H), 3.88 (3 H, s, 
OMe), 3.93 (1 H, m, 7a-H), 4.52 (1 H, d, J 12 Hz, 5a-H), 6.8-7.0 
(2 H, m, 2-H and 4-H), and 8.08 (1 H, d, J 8  Hz, 1-H). 

3-Methoxy- 1 7-propyl-6-oxamorphinan- 1 0-one (19b).-This 
compound was prepared from (llb) using the method described 
for (19a). The title compound (19b) (48%) was purified by 
column chromatography on alumina, with ethyl acetate as 

eluant, and characterised as its hydrochloride salt, m.p. 21 1- 
212 "C (from ethyl acetate-hexane) (Found: C, 61.7; H, 7.6; N, 
3.7. C19H25N03.HC1-H20 requires C, 61.7; H, 7.6; N, 3.8%). 

1 7-Cyclopropylmethyl-3-metho.xy-6-o.~amorphinan- 1 0-one 
(19c).-A mixture of 3-methoxy-6-oxamorphinan- 10-one (19f) 
(410 mg, 1.5 mmol), bromomethylcyclopropane (265 mg, 1.96 
mmol), and anhydrous sodium hydrogen carbonate (168 mg, 2 
mmol) in dry dimethylformamide (5  ml) was heated at reflux for 
3 h. The cooled reaction mixture was evaporated and the oily 
residue was partitioned between water (50 ml) and dichloro- 
methane (40 ml). The aqueous layer was extracted with dichloro- 
methane (2 x 50 ml) and the combined organic extracts were 
dried and concentrated to give an oil. This material was purified 
by column chromatography on alumina, with dichloromethane 
as eluant to give the title compound (19c) as an oil (470 mg, 
88%) (Found: M', 327.1837. C20H25N03 requires M, 
327.1836); v,,,(CHBr,) 1 665 cm-'; G(CDC1,) 0.00-0.15, 0.25- 
0.40,0.45-0.60 (4 H, m, 2 x cyclopropyl CH2), 0.8-1.0 (1 H, m, 
NCH,CH), 1.34-1.5 (2 H, m, 8P-H and 15P-H), 1.56 (1 H, dq, J 
5,12.5H~,8a-H),1.84(1H,dt,J5and12.5Hz,15a-H),2.0(1H, 
dd, J 8 and 13 Hz, NCHAHB), 2.05 (1 H, dt, J 3.5 and 12.5 Hz, 
16P-H), 2.36 (1 H, ddd, J3,4, and 12.5 Hz, 14P-H), 2.70 (1 H, dd, 
J 6  and 13 Hz, NCHAHB), 2.99 (1 H, ddd, J2,5, and 12.5 Hz, 16a- 
H), 3.29 (1 H, d, J 3  Hz, 9a-H), 3.35 (1 H, d, J 12 Hz, 5P-H), 3.58 
(lH,dt,J3and12Hz,7P-H),3.88(3H,s,OMe),3.96(1H,dd,J 
5 and 12 Hz, 7a-H), 4.53 (1 H, d, J 12 Hz, 5a-H), 6.84-6.96 (2 H, 
m, 2-H and 4-H), and 8.04 (1 H, d, J 8 Hz, 1-H). 

1 7-Allyl-3-methoxy-6-oxamorphinan- 1 0-one (1 9d).-This 
compound was prepared from (190 using the method described 
for the preparation of (19c). The title compound (19d) (95%) 
was purified by column chromatography on alumina, with ethyl 
acetate as eluant, and was isolated as an oil (Found: C, 71.2; H, 
7.5; N, 4.1. C19H23N02~0.25CH,C02CH2CH3 requires C, 
71.6; H, 7.5; N, 4.2%). 

17-Ethyl-3-methoxy-6-0xamorphinan- 10-one (19e).-This 
compound was prepared from (19f) using the method described 
for the preparation of (1%). Compound (19e) was isolated as an 
oil and used directly in the next stage [conversion to (lle)]. 

3-Methoxy-6-oxamorphinan-10-one (19f).-Vinyl chloro- 
formate (0.28 ml, 1.42 equiv.) was added in one portion to a 
stirred solution of 3-methoxy-17-methy1-6-oxamorphinan- 10- 
one (19a) (0.58 g, 2.1 mmol) in 1,2-dichloroethane (12 ml) at 
- 30 "C under nitrogen. The resulting solution was brought to 
reflux over 30 min and then heated at reflux for 2 h. Further 
vinyl chloroformate (0.35 ml, 1.80 equiv.) was added and the 
reaction mixture was heated at reflux for 16 h before cooling and 
concentration to give a brown oil. This crude product was 
purified by column chromatography on alumina, with ethyl ace- 
tate-hexane (3 : 1) followed by ethyl acetate as eluant to give 3- 
methoxy- 17-(vinyloxycarbonyl)-6-oxamorphinan-1O-one (570 
mg, 82%). Ethereal hydrogen chloride (10 ml of a 1.33 M 
solution; 13.3 mmol) was added in one portion to a stirred 
solution of the above carbamate (570 mg, 1.66 mmol) in 
methanol (20 ml) at room temperature under nitrogen. The 
ether was removed by distillation and the residual methanolic 
solution was heated at reflux for 4 h. The cooled reaction 
mixture was concentrated and the residue dissolved in water (50 
ml). The resultant solution was treated with aqueous hydro- 
chloric acid (10 ml; 2 M) and washed with dichloromethane 
(2 x 50 ml). The aqueous phase was basified with aqueous 
sodium hydroxide and extracted with dichloromethane (3 x 80 
ml). The organic extracts were combined, dried, and evaporated 
to give the title compound (1% (425 mg, 90%) as an oil (Found: 
C, 70.3; H, 6.8; N, 5.1 CI6Hl9NO3 requires C, 70.3; H, 7.0; N, 
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5.1%); v,,,(CHBr3) 1 66Ocm-'; G(CDC13) 1.25-1.48 (2 H, m, 8p- 
Hand 15P-H), 1.54 (1 H, dq, J 5  and 12.5 Hz, 8a-H), 1.75 (1 H, 
dt, J5 and 12.5 Hz, 15a-H), 2.05 (1 H, br s, NH), 2.31 (1 H, ddd, J 
3,4, and 12 Hz, 14P-H), 2.66 (1 H, dt, J3.5 and 12.5 Hz, 16P-H), 
2.83 (1 H, ddd, J2,5,  and 12.5 Hz, 16a-H), 3.31 (1 H, d, J 3  Hz, 
9a-H), 3.36 (1 H, d, J 12 Hz, 5P-H), 3.60 (1 H, dt, J 3  and 12 Hz, 
7P-H), 3.90 (3 H, s, OMe), 3.94 (1 H, dd, J 5 and 12 Hz, 7a-H), 
4.49 (1 H, d, J 12 Hz, 5a-H), 6.87-7.0 (2 H, m, 2-H and 4-H), and 

3-Methoxy- 1 Oa, 17-dimethyl-6-oxumorphinan (20a).-3- 
Methoxy-17-methy1-10-methy1ene-6-oxamorphinan (lla) (250 
mg, 0.87 mmol) in absolute ethanol ( 5  mi) was hydrogenated 
over 10% palladium on carbon (50 mg) at room temperature 
and pressure for 16 h. The reaction mixture was filtered through 
Celite and the solids were washed with absolute ethanol (30 ml). 
The combined filtrates were concentrated and evaporated to 
dryness to give the title compound (20a), (250 mg, 99%) as an oil 
which was used directly in the next stage without purification; 
G(CDC13) 1.18-1.5 (2 H, m, 8P-H and 15P-H), 1.35 (3 H, d, J 7 
Hz, CHCH,), 1.64 (1 H, dt, J 5  and 12 Hz, 15a-H), 1.73 (1 H, dq, 
J 5  and 12.5 Hz, 8a-H), 2.0-2.2 (2 H, m, 14P-H and 16P-H), 2.40 (3 
H, s, NMe), 2.35-2.5 (1 H, m, 16a-H), 2.69 (1 H, d, J 3  Hz, 9a-H), 

H, ddd, J2,11, and 12.5 Hz, 7P-H), 3.80 (3 H, s, OMe), 3.94 (1 H, 
br dd, J 5 and 11 Hz, 7a-H), 4.50 (1 H, d, J 12 Hz, 5a-H), 6.80 (1 
H, dd, J 3  and 8 Hz, 2-H), 6.90 (1 H, d, J 3  Hz,4-H), and 7.24 (1 

8.12 (1 H, d, J 8  Hz, 1-H). 

3.06 (1 H, 9, J 7  Hz, 1OP-H), 3.30 (1 H, d, J 12 Hz, 5P-H), 3.49 (1 

H, d, J 8 Hz, 1-H). 

3-Methoxy- l0a-methyl- 1 7-propyl-6-oxumorphinun (20b).- 
This compound was prepared from (llb) using the method 
described for (ma). The title compound (20b) (40%) was 
purified by column chromatography on alumina, with ethyl 
acetate-hexane as eluant, and was isolated as a colourless oil 
(Found C, 75.8; H, 9.5; N, 4.6. C20H29N02 requires C, 76.1; H, 
9.3; N, 4.4%). 

17-( Cyclopropylmethyl)-3-methoxy- l0a-methyl-6-oxamorph- 
inun (2k).-A mixture of 3-methoxy-1Oa-methyl-6-oxamorph- 
inan (2Od) (143 mg, 0.52 mmol), cyclopropylmethyl bromide 
(92 mg, 0.68 mmol) and anhydrous sodium hydrogen carbonate 
(200 mg) in dry dimethylformamide (3 ml) was heated at 125 "C 
for 3 h. The cooled reaction mixture was evaporated to dryness 
and the residue purified by column chromatography on 
alumina with ethyl acetate as eluant, to give the title compound 
(2k) (130 mg, 76%) as an oil (Found: M', 327.2196. 
C21H29N02 requires M, 327.2198); G(CDC13) 0.0-0.2 (2 H, m), 
0.4-0.6 (2 H, m), 0.77-0.95 (1 H, m, NCH2CH), 1.16-1.4 (2 H, m, 
8P-H and 15P-H), 1.34 (3 H, d, J 7  Hz, CHCH3), 1.65 (1 H,dt, J 5  
and 12.5 Hz, 15a-H), 1.73 (1 H, dq, J 5 and 12.5 Hz, 8a-H), 2.02 
(1 H, dt, J 4  and 12 Hz, 16P-H), 2.14 (1 H, dt, J 13 and 3 Hz, 14p- 
H), 2.30 (1 H, dd, J 6 and 12 Hz, NCHAHB), 2.45 (1 H, dd, J 6 
and 12 Hz, NCHAHB), 2.66 (1 H, br dd, J 4  and 12 Hz, 16a-H), 
2.93 (1 H, 9, J 7  Hz, LOP-H), 2.95 (1 H, d, J 3  Hz, 9a-H), 3.31 (1 H, 
d, J 12 Hz, 5P-H), 3.48 (1 H, ddd, J2,11, and 12 Hz, 7P-H), 3.80 
(3 H,s,OMe), 3.94(1 H, brdd, J 5  and 11 Hz,7a-H),4.50(1 H,d, 
J 12 Hz, 5a-H), 6.78 (1 H, dd, J 3  and 8 Hz, 2-H), 6.88 (1 H, d, J 3  
Hz, 4-H), and 7.20 (1 H, d, J 8 Hz, 1-H). 

3-~ethoxy-lOa-methyl-6-oxamorphinun (2Od).-Vinyl chlo- 
roformate (0.25 ml, 2.93 mmol) was added in one portion to a 
stirred mixture of (20a) (250 mg, 0.87 mmol) and anhydrous 
potassium carbonate (0.25 g) in dry 1,2-dichloroethane (4 ml) at 
room temperature under nitrogen. The resulting mixture was 
heated at reflux for 3 h and then cooled and concentrated. The 
residue was applied directly to an alumina column which was 
eluted with ethyl acetatehexane (3: 1) to give the intermediate 
carbamate (200 mg, 67%) as a colourless oil. This compound 
was dissolved in methanol (2 ml), the solution treated with 

ethereal hydrogen chloride (1.5 ml of a 1.33 M solution), and the 
resulting mixture heated at reflux under nitrogen for 4 h. The 
cooled reaction mixture was evaporated to dryness and the 
residue dissolved in hydrochloric acid (20 ml; 0.5 M). The 
resulting solution was washed with dichloromethane (2 x 40 
ml), basified by the addition of sodium hydroxide, and then 
extracted with dichloromethane (3 x 30 ml). The latter extracts 
were combined, dried, and evaporated to give the title com- 
pound (2Od) (140 mg, 58%) as an oil. This material was used 
directly in N-alkylation reactions without further purification; 
G(CDC1,) 1.2-1.4 (2 H, m, 8P-H and ISP-H), 1.42 (3 H, d, J 7  Hz, 
CHCH,), 1.55 (1 H, dt, J 5  and 12.5 Hz, 15a-H), 1.72 (1 H, dq, J 
5 and 12.5 Hz, 8a-H), 2.14 (1 H, br d, J 12.5 Hz, 14P-H), 2.6-2.9 
(3 H, m, 16a-H, 16P-H, and NH), 3.0 (1 H, q, J 7  Hz, lOP-H), 3.05 
(lH,brs,9a-H),3.32(1H,d,J12Hz,5P-H),3.52(1H,ddd,J2, 
11, and 12 Hz, 7P-H), 3.82 (3 H, s, OMe), 3.94 (1 H, dd, J5,  and 
11 Hz, 7a-H), 4.46 (1 H, d, J 12 Hz, 5a-H), 6.80 (1 H, dd, J 3 
and 8 Hz, 2-H), 6.90 (1 H, d, J 3 Hz, 4-H), and 7.24 (1 H, d, J 
8 Hz, 1-H). 

14-epi-3-Methoxy- lop, 17-dimethyl-6-oxamorphinun (2 1).- 
This compound was prepared from (12) using the method 
described for (20a). The title compound (21) (77%) was purified 
by column chromatography on alumina, with ethyl acetate as 
eluant, and was isolated as an oil (Found: C, 74.9; H, 8.4; N, 4.6. 
CleHz5NO2 requires C, 75.2; H, 8.8; N, 4.9%); G(CDC1,) 0.98- 
1.06 (1 H,m, 15P-H), 1.36(1 H, brd, J 13 Hz, 8a-H), 1.50(3 H,d, J 
7 Hz, CHCH,), 1.86 (1 H, br d, J 11 Hz, 16P-H), 2.4-2.7 (4 H, m), 
2.74 (4 H, s, and m, NMe and 9a-H), 3.14 (1 H, m, 10a-H), 3.42 (1 
H,ddd,J2.5,11.5,and13Hz,7a-H),3.48(1H,d,J11Hz,5a-H), 
3.80 (3 H, s, OMe), 4.08 (1 H, dd, J 5 and 11.5 Hz, 7P-H), 4.22 

3 and 8 Hz, 2-H), and 7.26 (1 H, d, J 8  Hz, 1-H). 
(1 H, d, J11 Hz, 5P-H), 6.50(1 H,d, J 3  Hz,4-H), 6.76(1 H, dd, J 

N-Demethylution of(21).-Vinyl chloroformate (0.5 ml, 5.87 
mmol) was added during 1 min to a stirred mixture of (21) (0.68 g, 
2.4 mmol) and potassium carbonate (0.5 g) in 1,2-dichloroethane 
(15 ml) at -30°C under nitrogen. The reaction mixture was 
heated at reflux for 3 h, cooled, and evaporated to dryness. The 
residue was purified by column chromatography on alumina, 
with ethyl acetate-hexane (3:l) as eluant, to give the 
intermediate carbamate as an oil. This oil was dissolved in 
methanol (8 ml), the solution treated with saturated ethereal 
hydrogen chloride (6 ml), and the resulting mixture heated at 
reflux for 6 h. The cooled mixture was evaporated to dryness and 
the residue dissolved in hydrochloric acid (40 ml; 1 M). This 
solution was washed with dichloromethane (2 x 40 ml), basified 
by addition of aqueous sodium hydroxide, and extracted with 
dichloromethane (3 x 50 ml). The latter extracts were 
combined, dried, and concentrated to give an oil (310 mg). The 
'H NMR spectrum of this oil was consistent with a 3: 1 mixture 
of trans-9-methoxy-6-methyl-lOb-[2-N-methylamino)ethyl]- 
3,4,4a,lOb-tetrahydro- 1H-naphtho[ 1,Zclpyran (23) and 14-epi- 
3-methoxy- lO~-methyl-6-oxamorphinan(22). Majorcomponent 
(23): G(CDC1,) 1.49 (1 H, br dt, J 13 and 3 Hz), 1.6-2.13 (8 H, m), 
2.27 (3 H, s, NMe), 2.4-2.55 (2 H, m), 3.4-3.55 (2 H, m, la-H and 
3a-H), 3.81 (3 H, s, OMe),4.18 (1 H, br dd, J4.5 and 11 Hz, 3P-H), 
4.35 (1 H, d, J 12 Hz, lP-H), 5.35 (1 H, br s, 5-H), 6.45 (1 H, d, J 3  
Hz, 10-H), 6.47 (1 H, dd, J 3  and 8 Hz, 8-H),and 7.22(1 H, d, J 8  
Hz, 7-H). 

0-Demethylution Reactions.-The following are typical 
examples. 17-Methyl- 1O-methylene-6-oxumorphinan-3-oZ (24a) 
(method A). Boron tribromide (2.1 ml of a 1~ solution in 
dichloromethane, 2.1 mmol) was added dropwise over 2 min to 
a stirred solution of 3-methoxy- 17-methyl- 10-methylene-6-oxa- 
morphinan (lla) (200 mg, 0.70 mmol) in 1,2-dichloromethane 
(6 ml) at -60 "C under nitrogen. The reaction mixture was 
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warmed to room temperature and stirred for 4 h before addition 
of aqueous sodium hydroxide (25 ml; 0.35 M). The resulting 
mixture was stirred vigorously to dissolve all the precipitate. 
The layers were separated and the aqueous layer was extracted 
with dichloromethane (25 ml). The aqueous layer was adjusted 
to pH 7 with 1 M hydrochloric acid and then extracted with 
dichloromethane (3 x 25 ml). The combined organic extracts 
were dried and evaporated to give a pale brown solid which was 
purified by column chromatography on alumina, with chlor- 
oform-methanol (20: 1) as eluant, to give the title compound 
(Ma) (180 mg, 64%) as a colourless solid (see Table 1); 
S[(CD,),SO] 1.13-1.36 (3 H, m), 1.57 (1 H, dt, J 5 and 12.5 Hz, 
15a-H), 1.79 (1 H, dt, J3.5 and 12.5 Hz, 16P-H), 2.01 (1 H, br m, 
14P-H), 2.15 (3 H, s, NMe), 2.41 (1 H, br dd, J 4  and 12 Hz, 16a- 
H),3.05(1 H,d,J3H~,9a-H),3.19(1H,d,J12H~,5P-H),3.4- 
3.53(1H,m,7P-H),3.78(1H,brd,JllHz,7a-H),4.37(1H,d,J 
12 Hz, 5a-H), 4.72 (1 H, s,=CHAHB), 5.74 (1 H, s,=CHAHB), 6.65 
(1 H, dd, J 3  and 8 Hz, 2-H), 6.76 (1 H, d, J 3  Hz, 4-H), 7.64 (1 H, 
d, J 8  Hz, 1-H), and 9.2-9.8 (1 H, br, OH). 

1 7- Ethyl- 10-methylene-6-oxamorphinan-3-01 (24e) (method 
B). A solution of lithium methanethiolate (1.44 g, 6 equiv.) and 
17-ethyl-3-methoxy- l0-methylene-6-oxamorphinan (1 le) (1.34 
g, 4.45 mmol) in dry dimethylformamide (15 ml) was heated at 
130 “C for 4 h under nitrogen. The reaction mixture was cooled, 
ammonium chloride (1.4 g) was added, and the mixture was 
evaporated to dryness. The residue was purified by column 
chromatography on alumina, with dichloromethane-methanol 
(1 5 : 1) as eluant, to give the title compound (24e) (486 mg, 38%) 
as a colourless crystalline solid (see Table 1); S(CDC13[(CD3)2- 
SO]) 1.1 (3 H, t, J 7  Hz, CH,CH,), 1.18-1.36 (2 H, m, 8P-H and 
15P-H), 1.49 (1 H, dq, J 5  and 12.5 Hz, 8a-H), 1.66 (1 H, dt, J 5  
and 12.5 Hz, 15a-H), 1.93 (1 H, dt, J 3.5 and 12.5 Hz, 16P-H), 
2.27-2.7(4H,m),3.25(1 H,d, J12Hz,5P-H),3.29(1 H,brs,9a- 
H), 3.54 (1 H, dt, J 3  and 12 Hz, 7P-H), 3.91 (1 H, br dd, J4.5 and 
11 Hz, 7a-H), 4.46 (1 H, d, J 12 Hz, 5a-H), 4.77 (1 H, s,=CHAHB), 
5.65 (1 H, s,=CH,H,), 6.72 (1 H, dd, J 3  and 8 Hz, 2-H), 6.83 (1 
H, d, J 3  Hz, 4-H), 7.58 (1 H, d, J 8  Hz, 1-H), and 8.75 (1 H, br s, 
OH). 

3- Hydroxy- 1 7-methyl-6-oxamorphinan- 1 0-one (25a) (method 
C). Ethanethiol (0.375 ml, 5 mmol) was added dropwise over 2 
min to a stirred suspension of sodium hydride (240 mg of a 50% 
dispersion in mineral oil, 5 mmol) in dimethylfonnamide (20 ml) 
at room temperature under nitrogen. After 15 min a solution 
of 3-methoxy-17-methyl-6-oxamorphinan-1O-one (19a) (300 
mg, 1.05 mmol) in dimethylformamide (10 ml) was added and 
the resulting mixture was heated at reflux for 4 h. The reaction 
mixture was evaporated to dryness and the residue dissolved in 
methanol (30 ml). Dowex 50W-X8 ion-exchange resin (2 g; 
methanol-washed) was added and the mixture was stirred for 30 
min before the Dowex resin was filtered off and washed with 
methanol (100 ml). The combined filtrate and washings were 
concentrated to give an oil which was purified by column 
chromatography on alumina with dichloromethane followed by 
dichloromethane-methanol (9: 1) as eluants, to give the title 
compound (25a) (1 30 mg, 45%) as a colourless crystalline solid 
(see Table 1); vmax(Nujol) 3 110-2 200 (OH) and 1 675 (GO) 
cm-’; G(CDC1,) 1.3-1.5 (2 H, m, 8P-H and 15P-H), 1.59 (1 H, dq, 
J 5 and 12.5 Hz, 8a-H), 1.80 (1 H, dt, J 5 and 12.5 Hz, 15a-H), 
2.13 (1 H, dt, J 3.5 and 12.5 Hz, 16P-H), 2.31 (1 H, ddd, J 3, 4, 
and 12.5 Hz, 14P-H), 2.38 (3 H, s, NMe), 2.68 (1 H, ddd, J 2 ,  5, 
and12.5Hz,16~-H),3.07(1H,d,J3Hz,9a-H),3.36(1H,d,J12 
Hz, SP-H), 3.60 (1 H, dt, J 3  and 12 Hz, 7P-H), 3.98 (1 H, br dd, 
J 5 and 1 1 Hz, 7a-H), 4.49 (1 H, d, J 12 Hz, 5a-H), 6.75 (1 H, dd, 
J 3  and 8 Hz, 2-H), 6.81 (1 H, d, J 3  Hz, 4-H), and 8.02 (1 H, d, 

. 

J 8 Hz, 1-H). 

test2’ and the rat urine-output experiments22 were performed as 
previously described. 

In vitro. Activity in the rabbit vas deferens preparation was 
determined as previously described2’ and pA2 values were 
calculated using a single antagonist concentration. Determina- 
tion of the receptor selectivity of opioid agonists in the guinea- 
pig ileum using p-FNA23“ and p-CNA23b utilized previously 
described methodology. 

Acknowledgements 
We thank Drs. G. Klinkert and T. J. Cholerton for some of the 
NMR spectral interpretations. Proxorphan was obtained from 
Bristol Laboratories. 

References 
1 For reviews, see W. R. Martin, Pharmacol. Rev., 1984,35, 283; S. J. 

Paterson, L. E. Robson, and H. W. Kosterlitz, Br. Med. Bull., 1983, 
39,31; R. S. Zukin and S .  R. Zukin, Trendr Neurosci., 1984,7, 160. 

2 A. Cowan and D. E. Gmerek, Trends Pharmacol. Sci., 1986,7,69. 
3 R. Belleau, in ‘The Chemical Regulation of Biological Mechanisms,’ 

eds. A. M. Creighton and S. Turner, R.S.C., London, 1982, p. 200, 
Drugs of the Future, 1981, 6, 632; A. T. Montzka, D. J. Matiskella, 
and R. A. Partyka, Br. Pat. Appl., 2,039.908. 

4 A. G. Hayes, M. J. Sheehan, and M. B. Tyers, Br. J. Pharmac., 1987, 
91,823. 

5 W. R. Martin, C. G. Eades, J. A. Thompson, R. E. Huppler, and P. E. 
Gilbert, J. Pharmacol. Exp. Ther., 1976,197,517. 

6 T. Sasaki and K. Kanematsu, Chem. Pharm. Bull., 1967,15,1415; H. 
Rapoport and S. Masamune, J. Am. Chem. Soc., 1955,77,4330; 0. 
Hafliger, A. Brossi, L. H. Chophard-dit-Jean, M. Walter, and 0. 
Schnider, Helu. Chim. Acta, 1956,39,2053. See also ref. 11. 

7 S. Archer, A. Seyed-Mozaffari, S. Ward, H. W. Kosterlitz, S. J. 
Paterson, A. T. McKnight, and A. D. Corbett, J. Med. Chem., 1985, 
28,974. 

8 D. E. Bays, D. S. Brown, D. J. Belton, J. E. Lloyd, A. B. McElroy, C. 
A. Meerholz, D. I. C. Scopes, P. J. Birch, A. G. Hayes, and M. J. 
Sheehan, J. Chem. Soc., Perkin Trans. 1,1989,1177. 

9 D. A. Evans, C. H. Mitch, R. C. Thomas, D. M. Zimmerman, and R. 
L. Robey, J. Am. Chem. Soc., 1980,102,5955. 

10 D. A. Evans and C. H. Mitch, Tetrahedron Lett., 1982,23,285. 
11 A. G. Schultz, R. D. Lucci, J. J. Napier, H. Kinoshita, R. 

Ravichandra, P. Shannon, and Y. Y. Lee, J. Org. Chem., 1985,50,217. 
12 J. E. McMurry, V. Farina, W. J. Scott, A. H. Davidson, D. R. 

Summers, and A. Shenvi, J. Org. Chem., 1984,49,3803. 
13 W. H. Moos, R. D. Gless, and H. Rapoport, J. Org. Chem., 1983,48, 

227. 
14 R. D. Gless and H. Rapoport, J.  Org. Chem., 1979,44,1324. 
15 Cf. refs. 8 and 9. 
16 A. F. Casy and R. T. Parfitt, ‘Opioid Analgesics: Chemistry and 

17 R. A. Olofson, R. C. Schnur, L. Bunes, and J. P. Pepe, Tetrahedron 

18 W. F. Michne and N. F. Albertson, J. Med. Chem., 1972,15,1278. 
19 H .  0. Collier, L. C. Dinneen, C. A. Johnson, and C. Schneider, Br. J. 

20 M. B. Tyers, Br. J. Pharmacol., 1980,69,503. 
21 J. D. Leander, J.  Pharmacol. Exp. Ther., 1983,224,89; 1983,227,35. 
22 A. G. Hayes, M. Skingle, and M. B. Tyers, J. Pharmacol. Exp. Ther., 

1987,240,984. 
23 (a) A. G. Hayes, M. J. Sheehan, and M. B. Tyers, Br. J. Pharmacol., 

1985,86,899; (b) M. J. Sheehan, A. G. Hayes, and M. B. Tyers, Eur. J.  
Pharmacol., 1986,129, 19. 

24 T. Oka, K. Negishi, M. Suda, T. Matsumiya, and M. Ueki, Eur. J. 
Pharmacol., 1981,73,235. 

25 A. G. Hayes and A. Kelly, Eur. J. Pharmacol., 1985,110,317. 
26 D. D. Perrin, W. L. F. Armarego, and D. R. Perrin, ‘Purification of 

Receptors,’ Plenum Press, New York, 1986, ch. 3, p. 146. 

Lett., 1977, 1567. 

Pharmacol. Chemother., 1968,32,295. 

Laboratory Chemicals,’ 2nd edn., Pergamon, Oxford, 1980. 

Pharmacological Methods.-In vivo. The mouse acetylcholine- 
induced abdominal constriction test,4 the rat-paw pressure 

Paper 9/03567B 
Received 21st August 1989 

Accepted 30th November 1989 




