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HELMUT SCHMIDHAMMER and ARNOLD BROSSI. Can. J. Chem. 60, 3055 (1982). 
Bischler-Napieralski cyclization of the known phenylacetamide 1, followed by selective ether cleavage of the 3,4-dihydroiso- 

quinoline 2 and sodium borohydride reduction, afforded the tetrahydroisoquinoline 4. Optical resolution of 4 with tartaricacid gave 
the optical isomers 4a, b ,  which were converted into the 6-ketomorphinans 9 0 ,  b and their 0-methyl ethers 100, b by the following 
reaction sequence: Birch reduction, N-formylation of the dihydro bases, Grewe cyclization, removal of the N-formyl protecting 
groups, reductive N-methylation, and 0-methylation. The 2-deoxy congeners 1241, b were obtained from 9 a ,  b by phenyltetrazolyl- 
ation, and catalytic removal of the heterocyclic ether function. The (-)-enantiomer 1% obtained by this synthesis was identical with 
material prepared from natural morphine, and exhibited the high antinociceptive potency already reported. 

HELMUT SCHMIDHAMMER et ARNOLD BROSSI. Can. J.  Chem. 60,3055 (1982). 
La reaction de cyclisation de Bischler-Napieralski de la phenylacetamide 1 suivie du clivage selectif de 1'Cther de la dihydro-3,4 

isoquinolCine 2 et de la reduction par le borohydrure de sodium, conduit la tCtrahydroisoquinoleine 4. La rCsolution optique du 
compose 4 avec I'acide tartrique permet d'obtenir les isomeres optiques 4a ,b que I'on transforme en cCto-6 morphinans 9a ,b  et en 
leurs ethers 0-methyliques 10a,b selon les reactions suivantes: la rCduction de Birch, la N-formylation des bases dihydro, la 
cyclisation de Grewe, le clivage des groupes protecteurs N-formyle, la N-mithylation reductive et 1'0-methylation. On obtient les 

I 

congenkres dCoxy-2 12a,b a partir d'une phCnyltCtrazolylation de 9 a , b  et de I'Climination catalysee de la fonction ether 
hCtCrocyclique. L'knantiomere (-) 1241 pbtenue de cette f a ~ o n  est identique au produit prCparC a partir de la morphine naturelle et 
exhibe le mCme pouvoir antinociceptif deji rapportk. 

[Traduit par le journal] 

1 The aromatic unsubstituted 6-keto-N-methyl- 
morphinan 120, first prepared from natural mor- 

I 

phine, showed high antinociceptive potency in the 
I 

hot-plate assay in mice (1). This result was aston- 
ishing, since it was assumed that the presence of a 
phenolic hydroxy group at C-3 (2) or a methyl ether 
group at C-4 (3) were essential to manifest good 
analgetic activity in this group of compounds. The 
little known pharmacological profiles of the (+)- 
enantiomers of 6-keto-morphinans suggested that a 
total synthesis of 12a be conceived, which would 
allow at the same time the preparation of its optical 
isomer 12b. The Grewe cyclization of appropri- 
ately substituted octahydroisoquinolines, chosen 
as the key reaction in the synthesis of 12a, b, is 
greatly facilitated by the presence of an electron 
withdrawing group on the amine nitrogen (4), and a 
hydroxy group para-positioned at the point of ring 
closure (5). It seemed therefore advisable to first 
attempt the synthesis of 2-hydroxy substituted 
6-ketomorphinans, also needed for our SAR stud- 
ies, and to eliminate the phenolic 2-hydroxy group 
afterwards. Elimination of phenolic hydroxy groups 
has been carried out in several alkaloidal systems 
and was not expected to give rise to any difficulties 
(6). This plan has now been accomplished and 

'Author to whom correspondence should be addressed. 

afforded, as expected, an easy entry into the groups 
of optically active 2-hydroxy-6-keto-N-methyl- 
morphinans and their 2-deoxy congeners. 

The synthesis of 9a ,  b by the route suggested had 
precedent in Beyerman's synthesis of 3-hydroxy- 
6-keto-N-methylmorphinan (7), and proceeded as 
follows. Bischler-Napieralski cyclization of the 
known amide 1 (8, 9), readily available from 
171-methoxybenzaldehyde, afforded the 3,4-di- 
hydroisoquinoline (DIQ) 2. The DIQ 2 underwent 
smooth 0-demethylation at C-3' with 48% HBr to 
afford the phenolic DIQ 3 (10). Reduction of 3 was 
carried out with NaBH, and afforded the tetrahy- 
droisoquinoline (TIQ) 4. Optical resolution of 4 
with d- and I-tartaric acid afforded the optical 
isomers 4a, b. Their optical purity was determined 
by 'H nmr analysis of the methylbenzyl urea 
derivatives, obtained from both isomers and optic- 
ally active 1-methylbenzyl isocyanate (1 1). The 
individual diastereomers obtained showed little 
diastereomeric contamination and proved that 4a, 
b were optically > 99% pure. 

The synthesis of 9a ,  b was carried through with 
the optical isomers 4a, b, employing identical 
reaction conditions. Since 12a prepared from 4a 
via 9a proved to be identical with material prepared 
from natural morphine (1), only the a-series will be 
discussed in detail. The physical data of the com- 
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7a: R, = CHO, R, = H 
8a: R, = R,= H 
9a: R, = CH,, R, = H 

10a: R, = R2 = CH, 

lla:R,=CH,,R,=// \ "3 N\N 
I 
Ph 

The compounds of the a-series shown above belong to the natural series of 
Bketomorphinans. 

pounds belonging to the b-series and the data for 4, 
5 , 6 , 7 , 8 ,  and 9 of the racemic series will be listed in 
the experimental part. 

Birch reduction of 4a afforded the dihydro base 
Sa, which was N-formylated with ethyl formate 
prior to cyclization. The Grewe cyclization pro- 
ceeded best in 80% sulfuric acid a t  25°C and 
afforded the N-formyl-2-hydroxy-6-ketomor- 
phinan (7a) in 82% yield. The isomeric 4-hydroxy- 

6-ketomorphinans could only be detected as trace 
impurities by tlc analysis. This material proved t o  
be a mixture of rotamers, already encountered in  
other series of N-formylated TIQ (12) and mor- 
phinans ( 1 3 ) .  Acid hydrolysis of  7a afforded 8 a ,  
which was converted into 9a b y  a reductive N-  
methylation, and into the O-methyl ether 10a with 
phenyltrimethylammonium chloride in DMF. 
Wolff-Kishner reduction of 8b,  the optical anti- 
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pode of 8a, afforded (+)-2-hydroxy-N-methyl- 
morphinan identical by mp and optical rotation 
with material prepared by a different procedure (4). 
Phenyltetrazolylation of 9a afforded the ether lla, 
which after catalytic hydrogenation over Pd/C in 
acetic acid gave the aromatic unsubstituted keto- 
morphinan 127, identical in every respect with 
material prepared from morphine (1). This charac- 
terizes the TIQ 4a as the R-isomer and 9a and 12a 
as the isomers belonging to the series of (-)- 
morphinans originating from natural morphine (1, 
14). The enantiomers 9b and 12b, prepared simi- 
larly from 46, showed the expected opposite opti- 
cal behaviour and belong to the series of (+)- 
morphinans similarly related to (+)-morphine. The 
analgesic activity of the ketomorphinans prepared 
here was measured in mice after sc injection by the 
hot-plate assay. The 2-OH ketone 9a (ED,, 20.7 
mglkg) was found to be about 20 times and the 
0-methyl ether 10a (ED,, 8.6 mglkg) about 10 
times less potent than morphine (ED,, 0.87 mglkg). 
The aromatic unsubstituted ketone 12a (ED,, 0.33 
mglkg), however, was found to be about 3 times 
more potent than morphine. It is thus clearly 
demonstrated that the position of the aromatic 

/ oxygenation in oxygenated 6-ketomorphinans is 
I critical for antinociception. Details concerning the 

biological properties of 6-ketomorphinans are re- 
ported elsewhere (15). 

I Experimental 

Melting points (corrected) were determined with a Fisher- 
Johns apparatus. Elemental analyses were performed by the 
Section on Microanalytical Services and Instrumentation of this 
laboratory. Infrared spectra were recorded on a Beckman IR 
4230 spectrometer. Optical rotations were measured by using a 
Perkin-Elmer Model 241 MC polarimeter with the solvents and 
concentrations specified. Nuclear magnetic resonance spectra 
were determined by using a Varian HR-220 spectrometer or a 
JEOL JNM-FX 100 spectrometer with TMS as internal refer- 
ence (s = singlet, d = doublet, dd = doublet of doublets, m = 
multiplet). Chemical ionization mass spectra (ci ms) were 
obtained by using a Finnigan 1015 D spectrometer with a Model 
6000 data collection system. Electron ionization mass spectra 
(ei ms) were obtained with a Hitachi Perkin-Elmer RMU-6E 
spectrometer (70 eV). 

1-(3-Me~hoxybenzyl)-6-tnethoxy-3,4-dihyclroisoquit1oline 
hydrogen brottlide (2 .HBr) 

To a solution of 97.6g (328 mmol) of 1 in 400 mL acetonitrile 
were added 50 mL (0.53 mol) of POCI,. At room temperature 
argon was passed through this mixture during 30 min. Then the 
mixture was refluxed for 1.0 h under argon, evaporated, cooled 
to 0-5°C and basified with concentrated NaOH. Extraction with 

, CH2Cl2, followed by washings with H 2 0  and brine, drying, and 
evaporation gave 9 1 . 4 ~  of an oilv residue. which was dissolved 
in 60 mL M&H. To this solution sufficient 48% HBr (55 mL) 
was added to give a pH of 1. Addition of E t20  and cooling to 4°C 
overnight yielded 91.8g of 2.HBr (77%). An analytical sample of 
2,HBr was provided by recrystallization from MeOH/Et20; mp 

221-223°C; nmr (CDCI,) 6: 3.77, 3.88 (2s, 6H, 20CH,), 4.58 (s, 
2H, exchanges with D20,  benzylic H), 6.70-7.16 (m, 6H, ArH), 
7.84 (d, lH ,  ArH, J = 8 Hz); ei ms tnle: 281 (M+). Anal. calcd. 
forC,,H,,NO,.HBr: C 59.67, H 5.57, N 3.82, B r  22.06; found; C 
59.82, H 5.56, N 4.03, Br 22.34. 

1-(3-Hydroxybet1zyl)-6-me~hoxy-3,4-dihydroisoquit1olit~e (3) 
A solution of 85 g (235 mmol) of 2.HBr in 200 mL of 48% HBr 

was refluxed for 50 min, evaporated, and the residue dissolved 
in 50 mL MeOH. After addition of E t20  the resulting mixture 
was kept at 4'C overnight to yield 67.1 g (82%) of 3.HBr, mp 
106-108°C. A portion of this material was converted to the free 
base 3; mp 132- 134°C (EtOH); ir (CHCI,): 3600 (OH) cm-I; nmr 
(CDCI,) 6: 2.68, 3.62 (2t, 4H, 2CH2, J = 8Hz), 3.82 (s, 3H, 
OCH,), 4.01 (s, 2H, exchanges with D20 ,  benzylic H), 6.66- 
7.50 (m, 7H, ArH); ei ms tnle: 267 (M+). Anal. calcd. for 
Cl7HI7NO2:  C 76.38, H6.41, N 5.24;found: C 76.11, H6.48, N 
5.15. 

(~)-l-(3-Hydroxybet1zyl)-6-11~ezI~oxy-l,2,3,4-tetrahydroiso- 
quinoline (4) 

A stirred solution of52g (149 mmol) of3,HBr in 400 mL EtOH 
was treated with 8 g (21 1 mmol) NaBH, in small portions during 
20 min while maintaining the temperature at 20-30°C with an ice 
bath. After the addition of NaBH, was complete, the mixture 
was stirred for 15 min at room temperature, then cooled to 0-5°C 
and the excess NaBH, was destroyed with 30% AcOH to give a 
final pH of 5. After evaporation, the residue was dissolved in 
H20 ,  rendered alkaline with concentrated aqueous NH,, and 
extracted with CHCI,/2-propanol (2: 1). The organic layer was 
washed with brine, dried, and evaporated to yield 39.48 (98%) 
crystalline product. This crude 4 was used for optical resolution. 
A sample was recrystallized from MeOH to  give pure 4; mp 
155-156°C; ir(CHC1,): 3600 (OH) cm-I; nmr (DMSO-(1,) 6: 3.66 
(s, 3H, OCH,), 6.48-6.76 (m, 5H, ArH), 6.96-7.14 (m, 2H, 
ArH), 9.20 (s, broad, IH, OH); ci ms tnle: 270 (M+ + I ) ,  162 
(M+ - 3-hydroxybenzyl). Anal. calcd. for C, ,H,,N02: C 75.81, 
H7.11,N5.20;found: C75.93, H6.98,N5.47. 

Optical resolution of (+_)-1-(3-hydroxybenzy1)-6-tt1ethoxy- 
1,2,3,4-zetrahydroisoquit~olit~e (4) 

A mixture of 38.0g (141 mmol) of 4 and 22.2g (148 mmol) of 
(1-tartaric acid was dissolved in 90 mL MeOH at the boiling 
point. This mixture was kept at 4°C for 15 h. Then the formed 
crystals were collected to give 17.8g nearly pure 4b.d-tartrate. 
This material was recrystallized from 40 m L  MeOH to yield 
12.5g of pure 4b.d-tartrate. From combined mother liquors 
another 14.3g of pure 4b.d-tartrate were obtained. Together 
26.8g (91%) of optically > 99% pure 4b.d-tartrate were obtain- 
ed;2 mp 183-185°C; [aID2, - 10.4" (c 0.92, H20) .  Anal. calcd. for 
C2,H2,N0,: C60.13,H6.01,N3.34;found: C59.77,H5.86,N 
3.25. 

Compound 4b.d-tartrate was converted t o  the free base in 
the usual way (described below). After recrystallization from 
MeOH, 16. l g of (-)-1-(3-hydroxybet1z~~1)-6-tnethoxy-1,2,3,4- 
tetrahydroisoquitloline (46) were obtained; mp 179-180°C; 
[aID2, -35.6" ( c  0.84,95% EtOH). 

The mother liquor of the first crystallization of 4bdtartrate 
was evaporated, dissolved in H20 ,  rendered alkaline with 
concentrated aqueous NH,, and extracted with CHC1,/2-pro- 
panol(2: 1). The organic layer was washed with brine, dried, and 
evaporated to give 29.1 g of a solid. Following this, 17.0g (1 13 
mmol) I-tartaric acid and 60 mL MeOH were added. This 

2The optical purity was determined by reaction of the bases 
4a, b with (R)-(+)-a-methylbenzyl isocyanate in deuteriochlor- 
oform followed by 220 MHz nmr analysis of the resulting dia- 
stereomeric urea derivatives (1 l). 
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mixture was stirred at the boiling point until a clear solution was 
obtained. After 18h at 4"C, 21.9g of nearly pure 4n.l-tartrate 
could be collected. This material was recrystallized from 50 mL 
MeOH to give 16.7g pure 40.1-tartrate. From combined mother 
liquors another 11.2g of pure 4u.l-tartrate were obtained. 
Together 27.9g (94%) of optically > 99% pure 40.1-tartrate.H,O 
were obtained;' mp 174-176°C; [aIDZ4 +10.3" (c 0.86, H20). 
At~nl.  calcd. for C21H25NOs.H20: C 57.66, H 6.22, N 3.20; 
found: C 57.84, H 6.13, N 3.13. 

Compound 4a.l-tartrate was converted to the free base in the 
usual way. Recrystallization from MeOH yielded 15.8g of 
(+)- I-(3-hyclroxybet1zyl)-6-1,1ethoxy- 1,2 ,3 ,4-  terrahydroiso- 
qlritrolit~e (k);  mp 179-180°C; [aIDz6 +35.4" (c 0.98, 95% 
EtOH). 

(+)-l-(3-Hydroxybenzyl)-6-111ethoxy-l,2,3,4,5,8-/1exc1/zyd,.o- 
isoqltitlolir~e (5) 

To 500 mL distilled NH, were added 5.5 g (0.79 mol) Li metal 
and 250 mL of a 1: 1 mixture of dry r-BuOHldry Et,O at -70°C. 
Into this well stirred mixture a solution of 13.5 g (50 mmol) of 3 in 
400 mL dry r-BuOHldry E t20  (1:l) was dropped during 30 min. 
This mixture was stirred at -70°C for 1 h, then 100 mL MeOH 
were added dropwise. The mixture was allowed to warm up 
slowly and was then kept at room temperature overnight. After 
evaporation the resulting solid was dissolved in H 2 0  and an 
aqueous solution of 45g (0.84 mol) NH,CI was added. The 
precipitate was collected and washed with MeOH and n-hexane 
to yield 12.3 g (90%) of 5. An analytical sample of 5 was obtained 
by recrystallization from MeOH; mp 183-185°C; ir (KBr): 3400 
and 3300 (OH, NH), 1700 and 1670 (C=C) cm-I; nmr (CDCI,) 6 :  
3.58 (s, 3H, OCH,), 4.66 (s, l H ,  C7-H), 6.64 (m, 3H, ArH), 
7.12(dd, lH,  ArH, J = 8 , 8  Hz); ci ms tnle: 272(M+ + 1). Atzal. 
calcd. for CI7H2,NO2: C 75.24, H 7.80, N 5.16; found: C 74.92, 
H 7.90, N 5.11. 

(+)-I-(3-Hyclroxybenz)'I)-6-111etI1oxy-1,2,3,4,5,8-/1esahydro- 
isoqrrit~olit~e (5a) 

To 400 mL distilled NH, were added 7.0g (1.0 mol) Li metal 
and 400 mL of a 1:l mixture of dry I-BuOHIdry E t 2 0  at -70°C. 
To  this well stirred mixture 15.0g (56 mmol) of powdered 4u 
were added at once. This mixture was stirred at  -70°C for 1 h, 
then 100 mL MeOH were added dropwise. The mixture was 
allowed to warm up slowly and was then kept at room 
temperature overnight. After evaporation the resulting solid 
was dissolved in HZO and an  aqueous solution of 60g (1.12 mol) 
NH,CI was added. The precipitate was collected, washed 
subsequently with H 2 0 ,  MeOH, and petroleum ether to yield 
14.5 g (96%) of 50, mp 190-193°C. Recrystallization of a portion 
of this material from MeOH afforded an analytical sample of 5a;  
mp 195-196°C; [a],25 +101.9" (c 0.95,95% EtOH). Anal. calcd. 
for CI7H2,NO2: C 75.24, H 7.80, N 5.16; found: C 75.11, H 7.56, 
N 5.07. 

( -)-l-(3-Hydroxybe11zyl)-6-~1erhoxy-1,2,3,4,5,8-hexc1hydro- 
isoquinolit~e (Sb) 

Preparation of this compound from 46 on the same scale and 
essentially as described above for the enantiomer afforded 
14.6g (97%) of 56, mp 192-194°C. Recrystallization from 
MeOH afforded the analytical sample; mp 195-196°C; [aID2, 
-102.0" (c 1.10, 95% EtOH). Anal. calcd. for CI7H,,NO2: C 
75.24, H 7.80, N 5.16; found: C 75.23, H 7.71, N 5.06. 

(+)- N-Fortnyl-l-(3-hydroxybenzyl)-6+nerhoxy-l,2,3,4,5,8- 
hexahydroisoq~iinoline (6a) 

To a solution of 14.0g (51.6 mmol) of 5n in 120 mL dry DMF 
were added 180 mL dry ethyl formate at 90°C (bath temperature) 
during 30 min. The resulting solution was refluxed for 60 h under 
argon. Evaporation yielded a crystalline solid, which was 
treated with 50 mL MeOH to give 14.6g (95%) of 6n, mp 

225-228°C. An analytical sample was prepared by recrystal- 
lization of a portion of this material with 2-propanol; m p  
226-229°C; [a]D24 +3.5" (c 1.03, DMSO); ir (KBr): 3180 (OH), 
1705 and 1675 (C=C), 1640 (NCHO) cm-I; nmr (DMSO-d,) 6: 
3.47 (s, 3H, OCH,), 4.70 (s, lH, C7-H), 6.56 (m, 3H, ArH), 
7.00(dd, l H , A r H , J = 8 , 8 H z ) , 7 . 3 5 ( ~ ,  l H , C H 0 ) , 9 . 2 4 ( ~ ,  lH ,  
OH); ci ms tnle: 300 (M+ + 1). Anal. calcd. for C,,HZ,N03: C 
72.21, H 7.07, N 4.68; found: C 72.12, H 6.89, N 4.41. 

(-)- N-For1~1yl-l-(3-/z~~lro.~ybetzzyl)-6-,-1,2,3,4,5,8- 
hexahyclroisoq~timlit~e (6b) 

Preparation of this compound from 5b on the same scale and 
exactly as described above for the enantiomer afforded 14.8g 
(96%) 66, mp 223-227°C. Recrystallization from 2-propanol 
gave an analytical sample; mp 227-229°C; -0.6" (c 0.93, 
DMSO). Anul. calcd. for C,,H,,NO,: C 72.21, H 7.07, N 4.68; 
found: C 72.08, H 7.11, N 4.57. 

(+)-N-Fort1~yl-I-(3-hyclroxybet1zyl)-&tner/zoxy-1,2,3,4,5,8- 
/~c~.rahydroisoq~titzolit~e (6) 

This compound was prepared from 5.5 g of 5 essentially a s  
described above to afford 5.5g (91%) of 6, mp 201-204°C. An 
analytical sample was obtained by recrystallization from 2- 
propanol; mp 204-206°C. Atlal. calcd. for  C,,H,,NO,: C 72.21, 
H 7.07, N 4.68; found: C 72.01, H 6.96, N 4.44. 

( -)-N-Forrnyl-2-/zyclro,~y111orp/1it1a11-6-ot1e (7a) 
To a well stirred mixture of 14.0g (46.8 mmol) 60 and 500 m L  

E t 2 0  were added dropwise 300 mL 80% H,SO, at 0°C under a n  
argon atmosphere during 3.5 h. The resulting solution was then 
kept at room temperature for 20h, poured on 1.OL ice water, 
and the organic solvent was evaporated. The aqueous solution 
was extracted with 6 x 200 mL CHCI3/2-propanol (3:l). T h e  
organic layer was washed with water, dried, and evaporated to  
give 10.9g (82%) 74 as a foam, which was used for the next s tep  
without further purification. An analytical sample was prepared 
by crystallization with MeOH; mp 259-261°C; [aIDz4 -219.1" (c 
0.82, DMSO); ir (KBr): 3260 (OH), 1705 (CO), 1650 and 1620 
(NCHO); nmr (DMSO-d,) 6: 4.58 (m, l H ,  C9-H), 6.52 (m, 2H, 
ArH), 7.04 (d, lH, ArH, J = 8 Hz), 7.95 (s, lH, CHO), 9.20 (s, 
l H ,  OH); ei ms t t~le:  285 (M+). Atla/. calcd. for CI7Hl9NO3: C 
71.56, H 6.71, N4.91; found: C 71.49, H 6.47, N 4.79. 

(+)-N-Fort~1yl-2-hyclro.~ytnorphit1at1-6-one (7b) 
Preparation of this compound from 6b on the same scale and 

essentially as described above for the enantiomer afforded 
11.2g (84%) 76 as a foam, which was used for the next s tep  
without further purification. Crystallization with MeOH gave a n  
analytical sample; mp 260-262°C; [aIDz4 +222.5" (c 0.87, 
DMSO). Anal. calcd. for C17Hl,N0,: C 71.56, H 6.71, N 4.91; 
found: C 71.34, H 6.64, N 4.68. 

(+)-N-Fortnyl-2-hydroxyu1orp/1it1at1-6-one (7) 
This compound was prepared in a similar manneras described 

for both enantiomers, from 4.3g 6 to give 3.5g(85%)7 as a foam, 
which was used for the next step without further purification. 
Crystallization with MeOH afforded an analytical sample; mp 
244-247°C; Anal. calcd. for CI7H,,NO3~O.5H2O: C 69.37, H 
6.85, N 4.76; found: C 69.70, H 6.74, N 4.66. 

(-)-2-Hydroxyrnorphit~an-6-one (8a) 
A solution of 8.0g (28.0 mmol) 7a in 81  mL MeOH and 9 m L  

concentrated HC1 was refluxed for 16 h and then evaporated. 
The oily residue was dissolved in H,O, basified with concen- 
trated aqueous NH,, and extracted with a total amount of 250 
mL CHC13/2-propanol (3: 1). The organic layer was washed with 
brine, dried, and evaporated to give a crystalline residue, which 
yielded after treatment with MeOH 6.1 g (85%) of 8a.  A n  
analytical sample was recrystallized with MeOH; mp 282-286°C 
(dec.); [a],25 -116.9" (c 0.95, DMSO); ir (KBr): 3400 (broad, 
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OH), 3280 (NH); nmr (DMSO-(1,) 6: 6.48 (m, 2H, ArH), 6.96 (d, 
IH, ArH, J = 8 Hz); ei ms t,r/e: 257 (MC). Anal. calcd. for 
C16H,,N02: C 74.68, H 7.44, N 5.44; found: C 74.40, H 7.65, N 
5.36. 

(+)-2-Hytlrosyrnorphit1an-6-ot1e (8b) 
Preparation of this compound from 7b in the same scale and 

manner as described above afforded 6.2g (86%) of 8b. An 
analytical sample was obtained by recrystallization from Me- 
OH; mp 281-284"C(dec.); [aID2' + 117.6"(c 1.03, DMSO). Anal. 
calcd. for C,,H19N02: C 74.68, H 7.44, N 5.44; found: C 74.40, 
H 7.63, N 5.68. 

(f)-2-Hydroxyt110rphit1~1t1-6-ot1e (8 )  
Preparation of this compound from 3.5 g 7 in the same manner 

as described above afforded 2.45g (78%) of 8. An analytical 
sample was obtained by recrystallization from MeOH; mp 
> 270°C (dec.). Atlal. calcd. for C,,HI9NO2~O.5H2O: C 72.15, H 
7.57, N 5.26; found: C 72.29, H 7.28, N 5.3 1. 

(-)-2-Hytlroxy-N-tnethyltnorphinan-6-one (9a) 
A mixture of 5.5g (21.4 mmol) of 80, 5.5g (40.4 mmol) of 

NaOAc.3H20, 17.6 mL of 37% formaline, and 1.5 g 10% PdIC 
catalyst was hydrogenated in 150 mL 2 N AcOH at 50 psi and 
room temperature for 2 h. The mixture was filtered, washed with 
2 N AcOH, the filtrate was basified with concentrated aqueous 
NH, and extracted with a total amount of 200 mL CHC1,IZ- 
propanol(3: 1). The organic layer was washed with H 2 0 ,  dried, 
and evaporated to give a foam, which after crystallization from 
MeOH yielded 5.4g (93%) 90. An analytical sample was formed 
by recrystallization from MeOH; mp 115-1 17°C; [orIDz4 - 130.2" 
(c 0.89, DMF); ir (KBr): 3400 (OH), 1705 (CO) cm-I; nmr 
(DMSO-(1,) 6: 2.24 (s, 3H, NCH,), 6.48 (m, 2H, ArH), 6.92 (d, 
lH, ArH, J = 8 Hz), 8.92 (s, lH, OH); ci ms tnle: 272 (M+ + 1). 
Anal. calcd. for C ,  ,H,,NO,~CH,OH: C 71.25, H 8.3 1, N 4.62; 
found: C 71.26, H 8.73, N 4.43. 

(+)-2-Hydroxy-N-tnethyltnorph01at1-6-ot1e (9b) 
Preparation of this compound from 8b on the same scale and 

manner as described above afforded 5.3 g (91%) 9b. An analyti- 
cal sample was recrystallized from MeOH; mp 115-1 17°C; 
[aIDZ4 f130.9' (c 0.95, DMF). Atlal. calcd. for C1,H2,NOr 
CH,OH: C71.25,H8.31,N4.62;found:C70.83,H8.31,N4.50. 

Wolff-Kishner reduction of this material carried out in the 
usual way afforded the known (+)-2-hydroxy-N-methyl- 
morphinan (4); mp 182-184°C (MeOH); f40.8" (c 0.92, 
MeOH) (lit. (4) mp 181-183°C (Et20);  f41.4" (c 0.45, 
MeOH)). 

(k)-2-Hydroxy-N-tnethyltnorphit1an-6-ot1e (9) 
Preparation of this compound from 2.5g 8 essentially as 

described above yielded 2.2 g(83%) 9. An analytical sample was 
prepared by recrystallization from 2-propanol; mp 240-242°C 
(dec.). Anal. calcd. for C1,H2,NO,: C 75.24, H 7.80, N 5.16; 
found: C 74.93, H 7.85, N 5.11. 

(-)-2-Methoxy-N-tnethy1morphinat1-Gone (IOa) 
A mixture of 300 mg (1.1 mmol) of 90, 300 mg (2.2 mmol) of 

anhydrous K2C03, and 380 mg (2.2 mmol) of phenyltrimethyl- 
ammonium chloride in 20 mL anhydrous DMF was stirred at 
80°C (bath temperature) under argon for 6h .  The mixture was 
filtered, washed with CHCI,, and the filtrate was evaporated. 
The residue was dissolved in CH2C12, washed with 1 N NaOH 
and brine, dried, and evaporated to give a crystalline solid, 
which was recrystallized from isopropyl ether to yield 210 mg 
(67%) of 10n. An analytical sample was recrystallized from 
MeOH; mp 149-15 1°C; - 125.8"(c 0.97, CHCI,); ir(KBr): 
1705 (CO) cm-I; nmr (CDCI,) 6: 2.44 (s, 3H, NCH,), 3.74 (s, 3H, 
OCH,), 6.66 (m, 2H, ArH), 7.14 (d, IH, ArH, J = 8 Hz); ei ms 

~n le :  285 (M+). Anal. calcd. for CI8H2,NO2: C 75.75, H 8.12, N 
4.91; found: C 75.51, H 8.09, N 4.89. 

(+)-2-M~~rho.ry-N-~t1ethylmorphit1at1-6-ot1e (IOb) 
Preparation of this compound from 90 on the same scale and 

essentially as described above yielded 200 mg (63%) of lob.  
An analytical sample was prepared by recrystallization from 
MeOH; mp 150-152°C; + 126.0" (c 1.08, CHCI,). Atlal. 
calcd. for CI8H2,NO2: C 75.75, H 8.12, N 4.91; found: C 75.93, 
H 8.19, N 4.89. 

(-)-2-[(l-Phetzyl- 1 H-tetrazol-5-yl)ox~~]-N-tt1e~hyltt1orphb1atz- 
6-otze ( I la)  

A mixture of 3.7g (13.6 mmol) of 90, 3.7g (26.8 mmol) of 
anhydrous K2C03, and 2.6g (14.4 mmol) of 5-chloro-I-phenyl- 
IH-tetrazole in 40 mL anhydrous DMF was stirred at room 
temperature under argon atmosphere for 18 h. The mixture was 
filtered, washed with CHCI,, and the filtrate was evaporated. 
The residue was dissolved in CH2C12 and extracted with 10% 
aqueous tartaric acid. The  aqueous layer was washed with 
Et20,  rendered alkaline with concentrated NaOH, and ex- 
tracted with CH2CI2. The organic layer was washed with brine, 
dried, and evaporated to give 5.4g (95%) of l la as an oil, which 
was used for the next step without further purification. An 
analytical sample was obtained by crystallization with AcOEt; 
mp 133-134°C; [aIDZ4 -80.1" (c 1.03, CHCI,); ir (KBr): 1705 
(CO) cm-I; nmr (CDCI,) 6: 2.38 (s, 3H, NCH,), 7.04-7.78 (m, 
8H, ArH); ei ms tnle: 415 (Mf). Anal. calcd. fo r  C24H2sNs02: C 
69.38, H 6.07, N 16.85; found: C 69.66, H 6.25, N 16.68. 

(+)-2-[(l-Phet1yl-lH-tetrazol-5-yl)oxy]-N-t~1ethyltnorphinat1- 
6-ot~e ( I1  b) 

This compound was prepared from 2g  of 9b essentially as 
described above, yielded 2.8 (91%) of l l b  as  a n  oil, which was 
used for the next step without further purification. An analytical 
sample was obtained by crystallization with AcOEt; mp 132- 
134°C; [aIDz4 f80.4" (c 1.15, CHCI,). Atlal. calcd. for C2,,H,,- 
N,02:C69.38,H6.07,N 16.85;found:C69.51,H5.93,N 17.08. 

( -)- N-Melhyltnorphit~atl-6-one (12a) (I) 
To  a solution of 4.0g (9.6 mmol) of crude 110 in 50 mL of 

glacial acetic acid were added 8.0g 10% Pd/C catalyst. This 
mixture was hydrogenated at 50 psi at room temperature for 
24 h. The catalyst was filtered off, washed with glacial acetic 
acid, and the filtrate was evaporated. The residue was dissolved 
in H 2 0 ,  rendered alkaline with concentrated NaOH, and 
extracted with CH2C12. The organic layer was washed with 
brine, dried, and evaporated to give a crystalline solid, which 
was treated with isopropyl ether to yield 1.9g (77%) of 1%. An 
analytical sample was recrystallized with isopropyl ether; mp 
165-167°C (lit. (1) mp 164-166°C); - 135.8" (c 0.86, 
CHC1,) (lit. (1) [aIDz6 - 137.8" (c 0.92, CHCI,)); ir and nmr were 
identical with an authentic sample. 

(+)-N-Methyltnorphit1an-6-ot1e (12b) 
This compound was prepared from 2.7g of crude l l b  

essentially as described above, yielded 1.2g (72%) of 12b. An 
analytical sample was recrystallized with isopropyl ether; mp 
165-167°C; [aIDz4 +136.1° (c 1.01, CHCI,). Anal. calcd. for 
C,,H,,NO: C 79.96, H 8.29, N 5.49; found: C 79.93, H 8.32, N 
5.36. 
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