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Summary 

A total synthesis of racemic 3-deoxy-7,8-dihydromorphine ((&)-2) and 4-me- 
thoxy-N-methylmorphinan-6-one ( (+) -3)  is described. The key intermediate was 
2,4-di hydroxy- N-formylmorphinan-6-one (1 I), obtained from 3,5-dibenzyloxy- 
phenylacetic acid (4) in 41.8% overall yield. Bromination of 11, and treatment with 
aqueous NaOH-solution afforded, after Ndeblocking and reductive N-methylation 
with concomitant removal of the aromatic bounded Br-atom, the morphinanone 14. 
Elimination of the HO-C(2) group in 14 was accomplished by hydrogenolysis of its 
N-phenyltetrazolyl ether 15, to give 3-deoxy-6,Odidehydro-7,8-dihydromorphine 
(16). Reduction of 16 with L-Selectride at low temperature provided (+)-2 in high 
yield. The ether 15 directly afforded, under more vigorous reduction conditions, 4- 
hydroxy-N-methylmorphinan-6-one (17),and after 0-methylation of 17, the methyl 
ether (*)-3 was obtained. A (1 : ])-mixture of 4-hydroxy-2-methoxy- N-methylmor- 
phinan-6-one (28) and its 2-hydroxy-4-methoxy isomer 30 were obtained by Grewe- 
cyclization of a mono-methoxylated aromatic precursor similar to that which 
afforded 11. The 2,4-dioxygenated N-methylmorphinan-6-ones 29,31 and 38 were 
also prepared and characterized. 

An efficient synthesis of 2,3-dioxygenated morphinan-6-ones by Grewe et al. [ I ]  
utilized as the key reaction steps a Birch reduction of an appropriately substituted 1- 
benzyl-7-methoxy- 1,2,3,4-tetrahydroisoquinoIine and the subsequent cyclization of 
the hexahydrobase to the morphinan with mineral acids. This approach was later 
followed by Beyerman et a1. in their clever synthesis of (-)-dihydrothebainone [2] [3], 
and by Rice in his route to compounds of the natural and unnatural series of mor- 
phine alkaloids [4] [5] .  The same scheme was also utilized by us in our total synthesis 

I) The morphinanones reported in th i s  paper are  racernic entitie,;. Only (k)-Z and ( z ) - 3  obtained by to- 
tal synthesis shall be recorded with a prefix, i n  order to differentiate them from their (-)-enantiom- 
ers 2 and 3 prepared from natural morphine (1). 
To whom correspondence should be addressed. *) 
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of racemic 3-deoxy-7,8-dihydromorphine (*)-2’), reported in a preliminary commu- 
nication [6], and obtained from natural morphine (1) as its (-)-enantiomer 2’) [7]. 
Our synthesis also provided an entry into the little explored class of 4-oxygenated 
morphinan-6-ones represented by 17 [6] [8] [9] (s. below) and its methyl ether (?)-3. 
The (-)-enantiomer 3 prepared earlier from morphine derived intermediates showed 
unusually high antinociception [9] [ 101. 

OH OH OCH3 

1 2 
Fig. I 

3 

We now would like to report the experimental details of our total synthesis as 
illustrated in Schemes I and 2, supplemented with the chemistry illustrated in 
Schemes 3 and 4, completed after the initial objective had been achieved. The three 
novel morphinanones 29, 31 and 38 (s. below) of the 2,4-dioxygenated series also 
prepared are shown. 

The key intermediate 7 was obtained by the reaction of 3,5-dibenzyloxyphenyI- 
acetic acid (4) [6] (also prepared recently by another group in a lengthy sequence 
from different starting materials [ I  11) with 3-methoxyphenethylamine (5)  and by 
cyclization of the intermediate amide 6 (Scheme I ) .  The Birch reduction of the 
tetrahydroderivative 7 to hexahydroderivative 8 and the acid catalyzed cyclization 
of 8, or its N-formyl derivative 9, to the morphinanones 10 and 11, respectively, fol- 
lowed classical procedures. The overall yield of 10 and 11 from 3,5-dihydroxyphen- 
ylacetic acid was 40 and 41.8%, respectively, demonstrating the efficiency of this 
synthesis. 

Scheme I 
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The formation of the 2-(N-phenyltetrazolyl) ether from 11, required for the 
reductive 2-deoxygenation, proved unusually difficult and afforded a mixture of 0- 
and 5-( N-phenyltetrazoly1)-substituted products which were separated and charac- 
terized [12]. This difficulty could be circumvented by first closing the oxygen-ether 
bridge in 11 with the well established bromination-dehydrobromination sequence 
[ 131. Although difficultly soluble, the N-formyl compound 11 was successfully 
brominated in dilute acetic acid at room temperature, directly affording, after treat- 
ment with aqueous 10% NaOH-solution, the I-bromo ketone 12 in 39% yield. This 
material was found by mass spectral and combustion analysis to be contaminated 
with 2-5% of its 3J-dibromo analog. The analytical characterization of all N-formy- 
lated species obtained during this investigation was complicated by the presence of 
two rotamers, previously observed in other N-formylated isoquinoline systems [ 141, 
but this problem disappeared after acid hydrolysis of 12, affording chemically pure 
13, isolated as its hydrochloride. Concomitant reductive N-methylation and hydro- 
genolysis of the Br-atom [4] of 13. HCI over Pd/C catalyst was easily accomplished 
by hydrogenation in 2~ CH,COOH in the presence of CH,COONa and 37% 
HCHO-solution, and directly afforded the high melting 4,5-epoxy-morphinanone 
14. 

The elimination of the HO-C(2) group in 14 was achieved by catalytic reduction 
of its N-phenyltetrazolyl ether derivative 15, affording 3-deoxy-6,O-didehydro-7,8- 
dihydromorphine (16; Scheme 2). The reduction of 16 with L-Selectride (lithium 
tri(s-buty1)borohydride) in THF at -70" gave 3-deoxy-7,8-dihydromorphine ((k)-2), 
identical by TLC., 'H-NMR., and mass spectral behaviour with 2 prepared from nat- 
ural morphine (1) [7]. The catalytic reduction of 15 under more vigorous conditions, 
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similar to those applied in the conversion of thebaine to dihydrothebainone [ 151, af- 
forded the 4-hydroxymorphinan-6-one 17. 0-Methylation of 17 gave the methyl eth- 
er (+)-3,  chromatographically and spectrally identical with a sample of the (-)-enan- 
tiomer 3 prepared from natural morphine (1) [lo]. Another route to (+)-2, also illus- 
trated in Scheme 2, was accomplished by first reducing the ketone 14 with L-Selec- 
tride at low temperature to the alcohol 18, formation of its N-phenyltetrazolyl ether 
19 and catalytic removal of the heterocyclic ether function present in 19. 

A third route to directly obtain representatives of the 4-methoxy-substituted 
morphinanones was based on the possibility that the dimethoxy-derivative 26 might 
cyclize preferentially to a 2-hydroxy-4-methoxy substituted morphinanone. Al- 
though it is well established that the formation of the berbine bridge from hydroxy- 
methoxy-substituted 1 -benzyl-tetrahydroisoquinoline with acid afforded mixture of 
hydroxy-methoxy substituted isomers [ 161, the course of the acid cyclization of 26 
seemed worthy of exploration. The required hexahydro compound 25 was prepared 
from the tetrahydroisoquinoline 7 by the following classical sequence of reactions 
(Scheme 3): Partial Odebenzylation of 7 with hydrochloric acid (monitored by 
TLC.) afforded 20, N-formylation of 20 to 21 and 0-methylation of 21 gave the N- 
formyl-tetrahydroisoquinoline 22. The acid hydrolysis of 22 yielded a mixture of 
products from which the N,Odeprotected phenol 23 could only be isolated in 50% 
yield. However, hydrolysis of 22 with 10% NaOH-solution in refluxing methanol, 
readily afforded the benzyl ether 24 in 97% yield, and provided, after the Birch re- 
duction, the crystalline hexahydro compound 25. The HCI-catalyzed cyclization of 
the N-formyl derivative 26, prepared from 25 in situ, resulted in a (1 : 1)-mixture of 
N-formylated morphinanones 27, present as rotamers and thus difficult to analyze. 

Scheme 3 
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Hydrolysis of the mixture of isomers 27 with methanolic HC1-solution afforded a 
(1 : I)-mixture (by TLC.) of morphinanones 28 and 30. The slower moving com- 
pound crystallized from methanol after standing, and the faster moving isomer was 
isolated after chromatography as its hydrochloride. The structure assignment of the 
faster moving compound as 4-hydroxy-2-methoxy-morphinan-6-one (28) was made 
on the basis of the chemical conversion illustrated in Scheme 4 .  0-Methylation of 
the bromo ketone 12 of established aromatic substitution with NaH and dimethyl 
sulfate in DMF afforded a mixture of the enol ether 32 and its corresponding ketone 
33 which were separated by chromatography. Catalytic debromination of 33 yielded 
34, and reductive opening of the ether bridge in 34, readily accomplished with Zn in 
boiling ethanol in the presence of ammonium chloride [ 171, afforded the N-formyl- 
morphinanone 35. Acid hydrolysis of 35 gave ketone 28, identical in every respect 
with the faster moving isomer obtained earlier. I t  is thus established that the Grewe 
cyclization of 3-hydroxy-5-methoxy-benzyl-substituted tetrahydroisoquinoline did 
not proceed regioselectively and afforded instead a (1 : 1)-mixture of the corre- 
sponding isomers. 

Scheme 4 
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It is interesting to note that the conversion of 30 into its hydrochloride salt with 
methanolic HC1-solution resulted in facile formation of its dimethyl ketal hydro- 
chloride, evidenced by the absence of the carbonyl group in its IR. spectrum and the 
presence of three methoxy groups in its 'H-NMR. spectrum. The unusual biological 
properties of 4-methoxy-morphinan-6-ones could well be associated with this parti- 
cular behaviour manifested by the carbonyl group at C(6) .  

29 R' = R3 = CH,. R2 = H 
3 R'=H, R 2 = R 3 = C H 3  
36 R' = R2= CH3, R3 = CHO 
37 R' = RZ = CH3, R3= H 
38 R 1 = R 2 = R 3 = C H 3  

The conversion of morphinanones 28 and 30 into their respective N-methyl 
analogs 29 and 31 was accomplished by reductive N-methylation. Moreover, 
N-formyl-dihydroxy-morphinanone 11 was converted into 38 by 0-methylation 
(+ 36), acid hydrolysis (-+ 37), followed by reductive N-methylation. Compounds 
29,31 and 38 were required for biological evaluation. 
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Experimental Part') 
General reniaks. Physical constants and spectra were determined using the instrumentation indicat- 

ed. Melting points (m.p.): Thornas-Hoover or Fisher-Johns apparatus (corrected). I R. Spectra ( - [cm-I]): 
Beckniun I R  4230 spectrophotometer. 'H-NMR. Spectra ([ppm] relative to internal TMS ( = 0  ppm);  
s=singlet, d=doublet, d x  d=doublet of  doublets, qa=quadruplet, rn=multiplet, J [Hz]=apparent 
coupling constant): Vurian H R  220 or JOEL LMN-FA' 100 spectrometer. Mass spectra (MS.) [nr /z] :  Firl- 

nigarr IOISD spectrometer with a model 6000 data collection system for chemical ionization (CI.) MS.. 
or  f f i tuchi  Perki?i-E/n?ar RMU-6E spectrometer (70 eV) for electron ionization (El.) MS. Thin layer 
chromatography (TLC.): silica gel GF,  Aiialrech, Inc. Column chromatography: alumina WoeInr A', Act. 
111. Woelni Pharrnu. or silica ye/ 60, 230-400 mesh ASTM, EMreagent. 

SJ nfhesis of 3,5-dibeii~~lo.r~phen,.iaceric acid (4). A mixture of 3.5-dihydroxyphenylacetic acid [IS] 
(I g, 5.9 mmol), benzyl chloride (2.3 g, 18 mmol) and anhy K,CO, (3.5 g, 25 mmol) in 35 ml of D M F  
was heated at 7 0 f 5 "  overnight under Ar. The mixture was filtered and the inorganic residue washed 
with DMF. The filtrate was evaporated under vacuum, and the crude benrylated product was taken into 
25 rnl of 10% NaOH-solution and refluxed for 2 h. The mixture was cooled to r.t., washed with ether and 
acidified with 37% HCI-solution. This acidic solution was then extracted with ether, and the combined 
ether layer was washed with satd. NaCI-solution and dried (MgSO,). Evaporation of the solvent gave a 
white solid which was recrystallized from benzeneipetroleum ether of yield 4 (1..6 g, 77%), m.p. 
120-121". - IR. (KBr): 2400-3200, 1700, 1610, 1460, 1410, 1380, 1330. 1290, 1260, 1230:1160, 1 i45. 1055. 
- 'H-NMR. (CDCI,): 10.05 (br. s, 1 H, COOH);  7.25 (s, I0 arom. H):  6.47 (s. 3 arom. H): 4.93 (s, 4 H. 2 

CzzHz04 (348.40) Calc. C 75.84 H 5.79% Found C 75.57 H 5.83% 
S w h e s i s  of N - j 3 - ~ n e / k o . u ~ ~ l i e r r e ~ h ~ ~ l ~ - ( 3 ' . 5 ' - d i h e r i ~ ~ ~ / o . u ~ ~ ~ l i e i i ~ l ~ a c e t a r ~ i i d e  (6) .  A mixture of 4 (37.0 g, 

0.1 1 mmol) and 3-methoxyplienethylamine (16.0 g, 0.1 1 mmol) was heated at 185" for 2 h. The crude 
product was recrystallized from CHC13iether to afford white, crystalline 6 (46 g, 890/0), m.p. 101-102". - 
IR. (KBr): 3260, 1645. 1590, 1550, 1450, 1370. 1340, 1290, 1260, 1150, 1050. 1030. - IH-NMR. (CDCI,): 
7.29 (s, 10 H, arom. H ) ;  6.33-7.13 ( rn ,  7 arom. H ) ;  5.38 (br. s, 1 H, HN);  4.95 (s. 4 H, 2 P h C H 2 0 ) :  3.68 ( 5 ,  

3 H, CH3O); 3.42 (s, 2 H. Ar'CM2CON); 3.35 ( 1 .  J = 7 ,  2 H, ArCH2CH2); 2.63 ( r ,  J=7,  2 H ArCH2CH,). 
- MS. (El.): 481 (Mt). 

C,,H,,NO, (481.60) Calc. C 77.31 H 6.49 N 2.91% Found C 77.26 H 6 53 N 2.69% 
Sj-irihesis qf i-(3',5'-diber~z~1o.u~~h~1izy/)-6-1~ie/~~~~.r~-l,2,3,4-reir.uii~~dr.oisorlrrirloii,,e i 7 ~  droc~hiorrde (7). 

A solution of 6 (5.0 g, 10.4 mmol) and POCI, (1.9 g, 12.5 mmol) in 60 ml of CH,CN was refluxed for 1.5 
h under N2. The low boiling materials were evaporated, and the resulting yellow gum was taken dis- 
solved in a mixture of i-PrOH (50 ml) and HzO (10 ml). The solution was adjusted to pH - ca. 8 with 
conc. NH3-solution and T H F  (60 ml) was added. To  this well stirred ice-cold mixture was added YaBH4 
(1.0 g, 26.4 mmol) in small portions. After the addition was complete, the mixture was stirred for I h. 
The solvents were evaporated, and the residue was diluted with H,O and extracted with benzene. The or- 
ganic layer was washed with sat. NaCI-solution, dried (Na2S04) and evaporated to a gum. This crude free 
base was treated with methanolic HCI-solution, and after standing for few minutes, crystalline salt sepa- 
rated. Ether was added and the crystals collected and washed with ether. The salt was recrystallized from 
MeOHiether  to yield 7 (4.6 g, 88%), m.p. 195-196.5". - IR. (KBr): 1600, 1500, 1450, 1380. 1340, 1300. 
1150, 1050. - 'H-NMR. (CDCI,): 9.86, 10.23 (2 br. s, 2 H, H2N+);  7.23-7.43 ( i n ,  10 H. arom. H): 
6.45-6.77 ( rn ,  6 H, arom. H);  4.94 (s. 4 H. 2 PhCH20) ;  3.74 (s, 3 H, CH,O): 2 .863.52 ( 1 ~ 7 ,  7 H, H-C( I ) .  2 
H-C(3). 2 H-C(4) and Ar C H T C ( I ) ) .  - MS. (EI.): 162 ( M t -  304). 

PhCHIO): 3.52 (s. 2 H, CH2COOH). - MS. (El . ) :  348 ( M t ) .  

C,,H,,NO,.HCI.H,O Calc. C 71.59 H 6.59 N 2.69% 
(520.07) Found ., 71.22 ,. 6.18 ., 2.64?4 

Sy n r h esis of' 143 I ,  5 '-di h j  dro.u,.beiiz?.l)-6-n7 er has,,- I ,  2,3,4.5,8- he.ra h>.droisoquino /in E (8). Compound 
7 (16.4 g, 32.7 mmol) was cofier ted into its gummy free base for Birch reduction. About 500 ml of liq. 
NH, was collected directly from the cylinder in a I-I-three-necked flask and was then distilled from Na 
into a 2-I-three-necked flask equipped with a thermometer, dropping funnel and Deimr  condenser under 

j) Although all materials were dried under high vacuum at 80 or 100" i t  was often difficult to obtain 
solcent-free analytical samples. 
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Ar. After t u .  400 ml of liq. NH3 was collected. Li-wire (5.0 g. 0.72 g-atom) cut into pieces about 2.5 c m  
long was added so  that the temp. did not exceed -60". To this stirred. blue solution uiis added dropwise 
redistilled / -BuOl l / l 'HF  I : I  (320 ml).  followed by addition of the free base of 7 in THF/r-RuOH I : I  (60 
nil) so that the temp. wa\  maintained at  - 6 O k 5 " .  The  reaction was complete within 15 min. and NH, 
was carefully eknporated. Solients w'cre then ebaporated under  i a c u u m  iit r.t. to gibe a \\ hite cake uh ich  
was quenched with a solution of 60 g of hH,C'I in 200 ml of H 2 0 .  The mixture was stirred in an  ice- 
bath. a n d  ii light brown top layer formed. which w a r  separated and treated with a \mall  amount  of H 2 0  
and evaporated 10 afford crystalline material. This white solid was collected and wohhed with H z O  to :if- 

ford 8 (8.6 g, 92"n) Recrystallization from EtOH/H,O gavC an  vnalytical sample. m.p.  199-200" (dec.) .  - 
IR. (KBr ) :  3400. 3280. 1700. 1670. 1600. 1340. 1220, 1150. 1000. - It{-NMR. (D,-DMSC)): 9 00 (br .  s, 2 H. 
2 HO):  604 (5 .  3 H. a rom.  H) ;  4.64 ( 3 ,  1 H. H-C(7)): 3.44 (5 ,  3 H. CH,O). - MS. ( E l . ) :  I64 (;M+- 123). - 

C , 7 H , , N 0 , . 1 ~ H z 0  (291.86) C 70.05 H 7.44 N 4.81"'o Found C 70.33 H 7.55 Y 4.61O'~ 

MS. (CI . /NH,) :  28X ( M H ' ) .  

SJ JJl/ ieSl5 O/  /-/3',5'-di/l,'dr.U.\? heu:) /)-2-/<jt-/?i) /-6-//l~~f/J~J.\~'-/.,7.3.4.5.S-lre.\-ol~ ~ / ~ ( l l . \ ~ ~ ~ ~ ~ / i J l < J / ; J J ~  (9). A 
solution of 8 (12.0 g. 41.7 mmol)  in 210 ml of DMI- w a s  treated w i t h  510 ml of HCOOEt and refluxed 
for 30 h. The  mlvents were e\apor;ited t o  small  \olume.  and CHCI, was added. The  c ry t a l s  which 
formed were collected and  washed with CHCI, to afford 9 (10.8 g. 824n). Recrystalliration from DVF/ 
CHCI, gave an  analytical sample. m.p.  213-215". - IR. (KBr ) :  3300. 1700. 1650. 1450. 1400. 1220, 1150. 
1100. 1000. 840. - ' H - N M R .  (D,-DMSO): 8.97. 9.05 ( 2  .!, 2 H. 2 H O ) :  7.43. 7.90 ( 2  .s, I H. C H O ) :  6.00 ( / / I .  

3 arom. t i ) ;  4.70 ( J ~ I .  I H. H-C(7)): 3.48 (.v, 3 H. CH,O)  - MS. (CI. /NH,) :  316 ( . M I I S ) .  

C I 8 H 2 , N O ,  (315.37) Calc. C 68.55 H 6.71 N 4.44'!?1 Found C 68.80 H 0.62 lu 4.39% 

Sj .~ i r / i r~rs  o/ ?,4-di/?1.dro.t-, / / l < ) ~ ~ ~ / i r f / ~ / J i - ~ - / j / / ~ ,  / J . i , ~ f ~ f ~ ( , / f / f ~ ~ i ~ / ~  (10'1. A suspension of 8 ( I  .5  g, 5.2 mmol )  
in 70 ml of ether b a s  treated with 35 ml of 37O'o HCI-solution dropwise at ice-bath temp. After the addi- 
tion was completed. the mixture was refluxed for 7 h. then allowed to stand at  r.1. overnight. The  sol- 
vents were evaporated to a small  volume. and  the residue w;is treated with €!OH. The  crystals which 
formed were collected and recrystalllied from H 2 0 / t t O H  to afford 10 (1.4 g. 87%). m.p. 287-289" (dec.) .  
- IR. (KBr):  2500-3600. 1700. 1600. 1460. 1425. 1260. 117.5. 1145. 1085. 1040, 1010, 850. - 'H -NMR.  (Db- 
DMSO~:9.36(br.~.2H.HzN+):9.23,9.5I(2.r.2H.2HO):6.14(d,J=2.1 a r o m . H ) : 6 . 0 3 ( d . J = 2 . 1  H. 
arom. H ) ;  4.01 (d ,  J =  13, I H, H-C(5)). - MS. (C l . /N t i3 ) :  274 (MII+-HCI) .  

C , ,H l ,NO, .HCI~KH,O Calc. C60.85 H 6.60 h 4.43% 
(3 15.79) Found .. 60.95 .. 6.67 .. 4.370j!o 

sl'fJfhf'.Si.Y <~/2,4-dih~.droz1.-N-/(j ,7ii j  / J ~ i ( l ~ ~ ~ / J ; f J U J i - 6 - f J l i e  (11 ) .  T h e  treatment of 9 ( 1.2 g. 3.8 mrnol) in 
ether with 37% HCI-solution was carried out as  described above for the synthesis of 10. The solid which 
formed in the aq. layer was filtered. washed with H 2 0  and  recrystallized from D M F / H 2 0  to yield I 1  (1.0 
g. 9lu/o), m.p.  316-319" (dec.). - IR. (KBr):  3300. 1705. 1660, 1610, 1510. 1450, 1400, 1340. 1170. 1150. 

1 H, arom. H): S.97 (d ,  /=2 ,  I H,  arom. H):  3.97 (d .  .I= 13. I H.  H 4 5 ) ) .  - iVS. (El . ) :  301 (Mf). 
1040, 1015. - 'H -NMR.  (D6-DMSO): 9.05. 9.33 (2  S. 2 H, 2 H O ) .  7.98. 8.1 I (2  .s, I H,  CtiO): 6.07 (d.  J = 2 .  

C, ,H19N0,  (301.35) Calc. C 67.76 H 6.35 N 4.651'~ Found C 67.60 H 6 29 h 5.1 I'!b 

s>'?J?ht'SiS 01 / -hl-o,??o-4,5-epo.~~.-N-/0f .~f i~.(-2- /7 .1 .~f~~. \  l ' l ~ i < J ~ / J / 7 / / ? U ~ ? - 6 - / j / / e  (12). A mixture of 11 (5.0 g. 
16.6 mmol)  and 1.6 1 of AcOH was heated to solution and  cooled rapidly to 20-25". T o  this stirred solu- 
tion was added a solution of Br2 in AcOH ( I M .  41.5 ml: 41.5 mmol)  dropwise. The  mlution was stirred 
overnight and  evaporated under  vacuum to afford a gum. The  gun1 was treated with cold 10%b NaOH-so- 
lution until basic and  stirred for 10 min.  This  solution was acidified with 37% HC-solut ion and the 
resulting precipitate was filtered o f f  and  washed with H z O  until the filtratcs were neutral. The  pale yel- 
low solid was then stirred with CH,OH, and  the undissolved solid was collected by filtration and washed 
with CH,OH to yield 12 containing 2-5% of 1,3-dibrominated material (2.5 g. 39%). m.p.>240" (dec.). 
This  by-product can be removed at  the next step during purification. - IR. (KBr ) :  3420. 1725, 1640, 1610. 
1450, 1400. 1345. 1150, 1085, 1035. 960. - 'H -NMR.  (D6-DMSO): 10.2 (s. I H,  H O ) :  7.98, 8.05 ( 2s. I H. 
CHO); 6.42 (5, I H,  arom. H);  4.92 (s, 1 H, H-C(S)). - MS. (El . ) :  377 ( M t ) .  379 ( M  ! + 2 ) .  

C I , H ] ~ B ~ N O ~ + ~ %  C17H15Br2N04  Calc. C 53.76 H 4.25 N 3.70 Br 21.469~ 
(379.8 1 ) Found ,, 53.56 .. 4.22 ., 3.74 ,. 21.56% 
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Synrhesis of I-bromo-4,5-epo~~-2-h~drox~morphitian-6-orie hj,drodi/oride (13). A mixture of 12 
(1.7 g, 4.5 mmol), 16.5 ml of 37% HCI-solution and 165 ml of CH,OH was refluxed for 4 h and concen- 
trated. Crystals gradually formed during the evaporation of solvents to a small volume. The crystals were 
collected, washed with cold MeOH and recrystallized from MeOH to yield 13 (1.5 g. 86%). m.p. > 270" 
(dec.). - IR. (KBr): 3520, 3440, 1715, 1610, 1470, 1450, 1240. 1225, 1040, 1015, 955. - IH-NMR. ( D 2 0 ) :  
6.62 (s. 1 H, arom. H ) ;  5.14 (s, 1 H. H-C(5)). - MS. (El.): 349 ( M t H C I ) .  351 (M++2-HCI). 

C I ~ H ~ ~ B ~ N O ~ . H C I  C a k .  c 49.70 H 4.43 Cl 18.34 N 3.62% (Br was calculated as CI) 
(386.67) Found ., 49.52 ,, 4.65 ,, 18.13 ,. 3.33% 

Synrhesis o f 4 , 5 - e p o . ~ ~ ~ - 2 - h ~ ~ r ~ ~ . ~ ~ - N - , , l e t h ? l r r ~ ~ u n - 6 - o t ~ e  (14). A mixture of 13 (2.5 g. 6.5 mmol). 
37% HCHO-solution (2 ml, 24.7 mmol), AcONa (2.7 g, 33 mmol). and 10% Pd/C (500 mg) in 250 ml of 
2~ AcOH was hydrogenated at 45 psi overnight at r.t. The catalyst was filtered off and washed with 21. 
CH,COOH. The filtrate was adjusted to pH = 8 with conc. aq. NH3-solution and extracted with CHCI,/ 
i-PrOH 3:2. The organic layer was washed with satd. NaCI-solution, dried (Na2S0,) and evaporated to 
give a solid which was recrystallized from CH,OH to afford 14 (1.5 g, 83%), m.p. 265-268" (dec.). - IR. 
(KBr): 3440, 1720, 1610, 1480, 1350, 1300, 1130, 1100, 1030. 975. - IH-NMR. (D,-DMSO): 9.16 (br. s, 1 
H, HO);  6.07 (m, 2 H, arom. 4); 4.76 (s, 1 H, H-C(5)): 2.28 (s, 3 H. CH,N). - MS. (El . ) :  285 ( M i ) .  

C 1 7 H l y N 0 , . % H 2 0  (291.36) Calc. 70.08 H 6.80 N 4.8190 Found C 69.73 H 6.95 K 4.89?6 

A small portion of the free base 14 was converted into hydrochloride salt. m.p. > 250" (dec.) (from 

Cl,Hl,NO,.HCI Calc. C 63.45 H 6.26 CI 11.02 N 4.35% 
EtOH). 

(321.80) Found .. 63.29 .. 6.16 ,. 10.86 ., 4.67Y0 

S~.rithesis of 4 . 5 - c ~ ~ o . ~ j ~ - N - ~ ~ i e r / i ~ ~ / - Z - ~ / p h e r ~ ~ ~ / r e t r . u ; o / - 5 - ~ ~ / o . ~ - ~ ~ ~ ~ i ~ o r p / i i ~ i u ~ i - 6 - o ~ ~ e  (15). A mixture of 14 
(285 mg. I mmol). 5-chloro-I-phenyltetrazole (217 mg, 1.2 mmol), and anh. K2C0,  (276 mg. 2.0 mmol) 
in  I0 ml of D M F  was heated at 75-80" for 16 h under N,. The K2C0,  was filtered off and washed with 
DMF. The filtrate was evaporated under high vacuum to give a gum which was taken into CHCI,, 
washed with 5% NaOH-solution and H,O. and dried (Na2S0,). Evaporation of the solvent afforded a 
residue which was chromatographed on  an alumina column with CHCI, t o  give a pale yellow foam. The 
crude product wiis recrystallized from 95% ethyl alcohol to yield 15 (380 mg, 889'0). m.p. 207-208". - IR. 
(KBr): 1720, 1540, 1500. 1470. 1450, 1290. 1130, 1080, 1040, 980. - IH-NMR. (CDCI,) 7 .767 .79  (m, 2 H. 
arom. H): 7.51-7.60 (m, 3 H, arom. H):  6.75, 6.84 (2 s. 2 H. arom. H);  4.70 (s, I H, H-C(5)): 2.41 (,s, 3 H. 

C,,H2,N5O, (429.46) Calc. C 67.12 H 5.40 N 16.31% Found C 66.76 H 5.60 N 16.17% 

CH,N). - MS. (CI./NH,): 430 (MHf). 

Swithesis qf (+) -3 -deo .~~~-6 .O-d ideh~~dro-7 ,8 -d i /~~~d~o i r iorp / i i~~e  ( = 4,5-epo.~j -N-i~ieth~~/r~io~p/riiiai~-6- 
orte: 16). A mixture of 15 (210 mg, 0.49 mmol). 10% Pd/C (210 mg) and AcOH (50 ml) was hydrogenat- 
ed at 45 psi at 40" for 36 h. The catalyst was filtered off and washed with HOAc. The filtrate was evapo- 
rated, the residue dissolved in CHCI,. washed with 5% NaOH-solution and H,O, and dried (Na,SO,). 
Evaporation of the solvent gave a solid which was chromatographed on a short alumina column with 
CHCI, to give white crystalline material after evaporation of the solvent. Recrystallization from ben- 
zene/petroleum ether afforded 16 (91 mg, 69%), m.p. 213-215". - IR. (CHCI,): 1725. 1630, 1605, 1450, 
960. - 'H-NMR. (CDCI,): 7.06 ( d x  d. J = 6  and 6, 1 H, arom. H); 6.76 (d .  J = 6 ,  1 arom. H): 6.69 (d ,  J = 6 .  
1 H, arom. H ) ;  4.63 (s, 1 H, H-C(5)); 2.43 (s, 3 H, CH,N). - MS. (EI.): 269 ( M ? ) .  

Cl7HlyN02 (269.35) Calc. C 75.81 H 7.1 I N 5.20% Found C 75.80 H 7.26 N 5.38% 

SI-nrhesis of' 4,5-epo.~?.-N-r,iet/7?-li,iorphinan-2,6a-dio/ (18). To a well stirred suspension of 14 (200 
mg, 0.7 mmol) in 15 ml of T H F  at -70" was added a solution of L-Srlecrride ( I M  in THF,  2.0 ml, 2.0 
mmol) dropwise under Ar. The mixture became homogeneous, was stirred for 2 h at -70". warmed to r.t. 
and rendered acidic with 10% HCI-solution. Ether was added and the organic layer separated. The acidic 
solution was washed with ether, adjusted with conc. NH,-solution to pH = 8 and extracted with CHCI,. 
The CHCI,-solution was washed with H,O, dried (Na2S04) and evaporated to give a solid which was 
recrystallized from MeOH/i-Pr,O to afford 18 (150 mg, 759/0), m.p. 245-247" (dec.). - IR. (KBr): 3230, 
1600, 1250, 1135. 1080, 1040, 980. - 'H-NMR. (D,-DMSO): 8.94 (s, I H, HO);  5.94 (171, 2 H, arom. H ) ;  

CI7H2,NO,.l/aH2O (291.86) Calc. C 69.95 H 7.43 N 4.80% Found C 70.02 H 7.44 N 4.90% 

55 

4.38 (d ,  J = 4 ,  1 H, H-C(5)); 2.23 (s, 3 H, CH,N). - MS. (CI./NH,): 288 (MH'). 
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Sj~nrhesis o /  4,5-e~~ox~~-N-me1hq/ -2-~l -phen~~I1e tru;oI -5-~~/o .~~~~r~ror~~/~inunda-o/  (19). A mixture of 18 
(50 mg, 0.17 mmol). 5-chloro-I-phenyltetrazole (38 mg, 0.2 mmol), anh. K2C0,  (51 mg, 0.36 mmol) and 
DMF (5 rnl)  was treated as described above for the synthesis of 15. The crude product was recrystallized 
from CH,OH to afford 19 (47 mg, 63%), m.p. 101-103". - IR. (KBr): 3420, 1540, 1475, 1130, 1080. 
1040. - 'H-NMR. (CDCI,): 7.68-7.75 ( m ,  2 H, arom. H);  7.44-7.50 ( m ,  3 H, arom. H ) ;  6.70 (d,  J = 3 ,  1 H, 
arom. H);  6.62 (d,  J = 3 ,  I H, arom. H ) ;  4.58 (d .  J = 5 ,  1 H, H-C(5)); 3.98 ([{a,  J = 5 .  1 H, H-C(6)): 2.34 (s, 

C2,H,,N503.H,0 (449.52) Calc. C 64.12 H 6.05 N 15.58% Found C 64.33 H 5.67 N 15.57% 
Sjnthesis of (+)-3-deo.wq-7,X-dihqdroinorphitie hj,droc.hloride (1,*)-2. HCI). - a) From 16. To a solu- 

tion of L-Selectride (IM in 'THF. 0.5 ml. 0.5 ml)  at -70" was added a solution of 16 (45 mg, 0.17 mmol) in 
4 ml of T H F  dropwise under Ar. The solution was stirred I h at -70", then warmed to r.t. and quenched 
with H2O. Ether and 10% HCI-solution (3 ml) were added to the mixture, and the organic layer was dis- 
carded. 'The acidic aq. solution was washed with ether, then basified with 10% NaOlH-solution and ex- 
tracted with CHCI,. The combined CHCI,-solution was washed with H20, dried (Na2S04). and evaporat- 
ed to afford ( t ) -2  as a gum (48 mg, 100%). HPLC. ( Wurers Associure.s C-18 pBondopuk ,  CH,OH/l% 
CHjCOOH-solution in H,O 1 :9, UV. detection at 250 n m )  indicated only one isomer (HO,-C(6)) with a 
retention time of  3 min;  the isomer of 2 with HOgC(6) has a retention time of 6 rnin. The base (+)-2 was 
converted into the hydrochloride salt, m.p. 266-268". - IR. (KBr): 3330, 1600, 1450. 1340. 950. - IH- 
NMR. (D2O): 7.28 ( d x  d, J = 8  and 8. 1 arom. H) ;  6.90 (d. 5=8, 1 H, arom. H);  6.79 (d,  J = 8 ,  1 H, arom. 

3 H, CH3N). - MS. (CI./NH,): 431 ( M W ) .  

H ) ; 4 . 8 1 ( d . J = 5 .  1 H,H-C(5)) ;4 ,20(qa ,J=S, I  H,H-C(~));~.~~(.F,~H,CH~N).-MS.(EI.):~~I(M+). 
C 1 7 H 2 , N 0 2 . H C I  Calc. C 66.33 H 7.20 Ci 11.52 N 4.55% 

(307.82) Found ,, 66.01 ,. 7.46 ,, 11.38 ,. 4.70% 
The free base (+)-2 was obtained from its hydrochloride salt and recrystallized from r-Pr,O, m.p. 

57-59". 
b) From 19. A mixture of 19 (9 mg, 0.021 mmol), 10% PdlC ( 5  mg) and AcOH (3 ml) was hydroge- 

nated at 40" at 45 psi for 16 h. Workup as described above gave a clean, single free base (MS. (EI.):  271 
(Mt)) which was converted into the hydrochloride salt (+)-2.HCI (4.5 mg, 70u/o), identtcal to the com- 
pound prepared from 16. 

S~.nr/iesis qf i+)-4-h?.dros?.-N-,ne1/7?,Ifnorphiiiu}i-~-~~~7e (17). A mixture of 15 (330 mg, 0.77 mmol), 
10% Pd/C (400 mg) and ACOH (50 ml) was hydrogenared at 50" for 50 h. The catalyst was filtered off 
and washed with AcOH. The filtrate was evaporated the residue was dissolved in H,O, and the solution 
brought to pH 9 with conc. aq. NH3-solution. Extraction with CHCI,, drying (Na2S0,) and evaporation 
gave a crude solid which was chromatographed on a short alumina column with CHCI,. The product 
isolated was recrystalli7ed from benzene to give 17 (140 mg. 68%). m.p. 243-245". - IR. (KBr) :  3300. 
1700, 1580, 1455, 1270, 1135,950. - 'H-NMR. (CDCI,): 6.93 ( d x  d. J = 7  and 7, I arom. H): 6.61 (d,  J=7,  
I H, arom. H): 6.58 (d, 5=7,  1 H. arom. H) ;  4.44 (d ,  J =  13, I H. M-C(5)); 2.42 (3, 3 H. CH,N). - MS. 
(CI./NH,): 272 ( M H + ) .  

C , 7 H , l N O ~ . % H 2 0  (277.37) Calc. C 73.61 H 7.87 K 5.05% Found C 73.50 H 7.62 N 4,96°/~ 

Sj,iithesis of ( + i - 4 - f n e r h o . ~ ~ ~ - N - i ? z e 1 / ~ ~ ~ I i i i o r p / z i i ~ ~ ~ ~ - 6 - ~ ~ ~ ~ e  ( t ) -3) .  A mixture of 17 (70 mg, 0.26 mmol), 
phenyltrimethylammonium chloride (I40 mg, 0.81 mmol). and anh K,C03 (400 mg) in D M F  ( 5  ml) was 
heated at 70-75" for 16 h.  The mixture was filtered. and the filtrate was evaporaked under high vacuum. 
The residue was taken into CHCI,, washed with 5% NaOH- and satd. NaCI-solution. and dried 
(Na2S04). Evaporation of the solvent gave a brown crude product which was chromatographed on alu- 
mina and recrystallized from henzenelpetroleum ether to yield (+)-3 (45 mg, 619'0). m.p. 1 1  1-1 12". - IR. 
(KBr): 1705. 1575, 1465, 1250, 1140, 1070. - 'H-NMR. (CDCI,): 7.03 ( I ,  J = 7 ,  I H, arom. H ) :  6.58-6.72 
( in ,  2 H, arom. H);  4.05 ( d x  d, J = 2  and 14, 1 H, H-C(5)); 3.76 (s. 3 H, CH,O); 2.36 (5. 3 H. CH,N). - 
MS. (El.):  285 ( M t ) .  

C,,H,,NO2 (285.39) Calc. C 75.75 H 8.12 N 4.91% Found C 76.01 H 8.29 N 4.86% 
Synfhesis of I - ~ 3 ' - B e ~ i ~ ~ ~ I a ~ ~ ~ - 5 ' - h ~ d t . r i \ - ~ - h e i ~ ~ ~ / ~ - 6 - ~ ~ 1 ~ ~ 1 ~ i o . ~ ~ ~ - / , ~ , ~ , 4 - i e 1 r ~ ~ / ~ l ~ d r ~ i . s ~ ~ ~ ~ i ~ i ~ ~ ~ ~ / i 1 i ~ ~  (20). A 

mixture of 7 (3.0 g. 6.0 mmol), 37% HCI-solution (90 ml), H 2 0  (140 ml), and CH,OH (470 ml) (the final 
concentration of the HCI-solution was I . 5 N )  was refluxed for 16 h. 'The homogeneous Lolution was evap- 
orated to a small volume, and the white solid which formed was cullected and washed w i t h  H,O. This 
solid was suspended in toluene and evaporateti 10 remove H?O. The resulting dried solid was then stirred 
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in CHCI,, and the undissolved solid was filtered off and washed with CHCI, to give 1.45 g (59%) of the 
crude product. The filtrate contained starting material which was recycled. The crude product was recrys- 
tallized from C H 3 0 H  to afford 20.IfCI. m.p. 237-239". - IR. (KBr): 3250, 1600, 1500, 1450, 1140. - IH- 
NMR. (D,-DMSO): 9.50 (s, 1 H, HO);  9.26 (br. s, 2 H, H 2 N + ) ;  5.01 (s, 2 H. PhCH20);  4.62 ( i n ,  1 H. H- 
C( I)); 3.72 (s, 3 H, CHlO).  - MS. (CI./NH,): 376 (MH+).  

C24H2sN03.HC1 Calc. C 69.98 H 6.36 C1 8.61 N 3.40% 
(41 1.93) Found ,. 70.20 ,, 6.39 ,, 8.52 ,, 3.47% 

The free base 20 was obtained from its hydrochloride salt and was crystallized from EtOH. m.p. 
129-130". - IR. (KBr): 3400, 3300, 1600, 1500, 1450, 1370, 1330, 1260, 1160, 1040, 1025, 1000. - IH- 
NMR. (CDCI,): 7.32 ( i n ,  5 H,  arom. H);  6.60-6.78 (in, 3 H,  arom. H);  6.25 ( t n ,  3 H, arom. H);  4.86 (.s, 2 
H, PhCH20); 4.18 ( d x  d. J = 4  and 10, I H, H-C(1)); 3.76 (s, 3 H, CH,O). - MS. (EI.): 365 ( M i ) ,  282 
(Mf-93). 162 (Mt-213). 

C2,H2,N03 (375.47) Calc. C 76.77 H 6.71 N 3.73% Found C 76.65 H 6.98 N 3.58% 

Swthesis of I - ( 3 ' - b e n z ~ l o . ~ ~ ~ - 5 ' - h y d r o , ~ ~ b e n z ~ l ~ N - f o ~ i n ~ ~ l - 6 - i n e t h ~ ~ . ~ ~ ~ - l , 2 , 3 , 4 - t e t r u ~ 1 ~ d r o i s ~ q 1 i ~ i i o l i n e  
(21). A mixture of 20 (3.7 g, 9.85 mmol), HCOOEt (130 ml) and D M F  (50 ml) was refluxed for 14 h. Sol- 
vents were evaporated, and the resulting yellow oil was treated with CHC1,. The crystals which formed 
were collected and washed with cold CHCI, to afford 21 (3.9 g, 92%), m.p. 105-107". - IR. (KBr): 3200, 
1645, 1610, 1590, 1500, 1450, 1150, 1035. - 'H-NMR. (D,-DMSO): 9.28 (br. s. I H, HO); 7.98, 8.22 (2 s. 

(Mf-213). - MS. (CIJNH,):  404 ( M H ' ) .  
C2,H2,N04. %CHCI, (427.35) Calc. C 70.82 H 5.96 N 3.28% Found C 70.66 H 6.32 N 3.14% 

Synthesis of I - (3 ' -be11z~~lox~~-5 ' -methox~benz~l~N-~orm~l-6-~neth~~.~~- l ,2 ,3 ,4-~e truh~droisoqi~1i~ol i t ie  
(22). A mixture of 21 (700 mg, 1.64 mmol), dimethyl sulfate (315 mg, 2.5 mmol), 59% NaH-suspension 
( 1  10 mg, 2.7 mmol) and D M F  (15 ml) was heated at 85-90" for 16 h with stirring. The mixture was 
cooled to r.t. and excess NaH was decomposed with H 2 0 .  Solvents were evaporated under high vacuum, 
and the resulting oil was partitioned between CHCI, and 5% NaOH-solution saturated with NaCI. The 
organic layer was separated, washed with 5% HCI- and satd. NaC1-solution, and dried (Na2SO4), Solvent 
was evaporated and the resulting oil was washed with i-Pr20. The washings were discarded, and the resi- 
due was crystallized from EtOH/i-Pr20, then recrystallized from 95% ethyl alcohol to give 22 (218 mg, 
61%), m.p. 120-121". - IR. (KBr): 1650, 1610, 1590, 1500, 1450, 1430, 1190, 1150, 1060, 1035. - IH-NMR. 
(CDCI,): there were two sets of peaks due to two rotamers; 7.66, 8.05 (2 s. I H, CHO);  4.94, 5.01 (2  s, 2 

1 H, CHO);  4.99 (s, 2 H,  PhCH20);  4.06-4.30 ( w / ,  1 H, H-C(I)); 3.72 (s,  3 H, CH,O). - MS. (El  ) :  190 

H.  PhCHZO);4.364.70(m, 1 H, H-C(I));3.75,3.77,3.80,3.68(4.~,6H,2CH~O).-MS.(CI./NH3):418 
(MH+).  

C2,H2,N04 (417.51) Calc. C 74.80 H 6.52 N 3.3jo/o Found C 74.84 H 6.43 N 3.33Oh 

Synthesis of I-~3'-h~~dro.~~-5'-nietho~~~benzyl)-6-inetho.~~-1,2,3,4-tetrahydroisoqitinoliiie (23). A su- 
spension of 22 (2. I g. 5 mmol) in 10% HCI-rolution/MeOH I : I (180 ml) was refluxed for 16 h. The  final 
homogeneous solution was concentrated, and the remaining aq. solution was washed with ether, adjusted 
to pH 8, and extracted with CHCI,. The combined CHCI3-phases were washed with satd. NaCI-solution, 
dried (Na2S04), and evaporated to afford light brown solid. The crude product was washed with 
CH,OH, then recrystallized from D M F  to yield 23 (530 mg, 35%) m.p. 190-192". - IR. (KBr): 3400, 
3300, 1610, 1590, 1500, 1235, 1190, 1155, 1040. - IH-NMR. (D,-DMSO): 9.28 (br. s, 1 H, HO);  7.12 (d ,  
J = 8 ,  1 H, arom. H) ;  6.58-6.74 ( i n ,  2 H, arom. H) ;  6.14-6.31 ( i n ,  3 H, arom. H):  3.97 ( d x  d, J = 4  and 10. 
1 H, H-C( I ) ) ;  3.65, 3.68 (2 s, 6 H, 2 CH30) .  - MS. (CI./NH,): 300 ( M H + ) .  
C,,H,lN0,.L/2H20 (308.38) Calc. C 70.10 H 7.19 N 4.54% Found C 70.14 H 7.18 N 4.91% 

Sj.nthesis of 1-(3 ' -he t1~~~lo .~~-5 ' - i i i e~ho.~~benz~l ) -6-w~e~ho.~~-~ ,2 ,3 ,4- te t rah~dr .o isoqu~i io l i i i e  li~droc~hlo- 
tide (24,HCI). A mixture of 22 (2.8 g, 6.7 mmol), 10% NaOH-solution (100 ml) and CH,OH (280 mi) 
was refluxed for 48 h. Most of the CH,OH was evaporated, and the remaining aq. solution was extracted 
with ether. The combined ether solution was washed with satd. NaCI-solution, dried (MgSO,), and evap- 
orated to give a yellow gum which was converted to its hydrochloride. This salt was recrystallized from 
CH,OH to give 24,HCI (2.8 g, 97%), m.p. 189-191". - IR. (KBr): 1610, 1590, 1500, 1460, 1440, 1345. 
1300. 1280, 1245, 1200, 1170, 1150, 1060, 1040, 1030. - 'H-NMR. (D,-DMSO): 9.20 (br. s, 2 H, H 2 N + ) ;  
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5 04 (s, 2 H. PhC1f70) ,  4 66 (br t ,  /=6,  1 H, H-C( I ) ) ,  3 70 ( ~ , 6  H, 2 CH,Oj - MS (El ) 389 ( M + ) ,  387 
(Mt-2) .  

C,,H77NO,.HCl Czilc. C 70.49 H 6.62 C I  8.32 N 3.29% -_, L I  

(425.9;) Found ,, 70.37 ., 6.63 .. 8.35 ., 3.36% 

.S).rirhesis of 1-/3'-/1i d r o . ~ ~ ~ - S ' - m e t k o . ~ ~ ~ b e i i ~ ~ ~ / ) - 6 - t i i e / / i ~ ~ . ~ j  -~,~,3,4,~.~- /1esah)~droisoqlr i ,rol i i ,e  (25) .  - a)  
Fror77 23. LI-wire (271 mg, 39 mg at) was cut into about I cm pieces and added to 15 ml of liq. NH3 (redis- 
tilled from Na) at -70" under Ar with stirring. Then, r-BuOH/THk I : ]  (18 ml) was added dropwise fol- 
lowed by the addition of 23 (420 mg, 1.4 mmol) in a small portion of /-BuOH/THF I : ] .  The reaction 
temp. was maintained at -60" during the addition. The reaction uas  complete within 0.5 h, and 5 ml of 
MeOH was added. The NH3 was evaporated gently, then the other organic solvents were evaporated. The 
white cake was quenched with sat. aq. NH4CI-solution (10 ml). and the product that precipitated was col- 
Icctcd, washed with H 2 0  and dried to give 25 (330 mg, 78%). Recrystallization from D M F  afforded an 
analytical sample, m.p. 192-193". - IR. (KRr): 3440, 3270, 1695, 1668, 1615, 1585. 1470. 1450. 1330, 1220. 
1165, 1060. 1005. - 'H-NMR. (D,-DMSO): 9.22 (s, I H, HO): 6.10-6.24 (in, 3 H. arom. H): 4.65 ( m ,  I H, 
H-C(?)); 3.44. 3.64 (2  3, 6 H, 2 CH3O). - MS. (El.):  301 ( M t ) ,  164 (Mt-137). 

C , ~ H , , N O , . ~ / ~  H ~ O  (305.89) C ~ I C .  70.67 H 7.74 N 4 . 5 8 ~ ~  Found c 70.89 H 7.94 N 4.43% 

b) Froin 24. Birch reduction of 24 (2.7 g, 6.3 mmol) wiis carried out under conditions identical to 
those described above to yield 25 ( I  .8 g. 95%). 

L~j . f l / /7esi .s  C J j  / ~ / - 4 - k ~ ~ d r o . ~ ~ ~ - 2 - n i e 1 k o . ~ ~ ~ ~ ~ i o r p h i ~ i u n - 6 - o r 1 ~ ~  (28) r 7 r l d  if /-2-/7?'dr.o.\- l '-4-i~7fJ//7fJ.~~/?l~r.p~i- 
riu/1-6-o/ie (30). The base 25 (1.6 g, 5.3 mmol) was refluxed in 105 ml DMF/HCOOEt 30:75 for 24 h. The 
solvents were evaporated to give 26 as a gum (2.38 g ;  MS. (CI.INH31: 330 ( M H + ) .  This crude 26 in 75 ml  
of ether at ice-bath temp. was treated dropwise with 37% HCI-solution (37 ml). The mixture was refluxed 
for 16 h. then allowed to stand at  20" for 10 h. The aq. layer was saturated with NaCI, and the ether layer 
wiis separated and discarded. The aq. layer was diluted with an equal volume of satd. NaCI-solution and 
extracted with CHCI3/i-PrOH 3:2. The  organic layer was washed with satd. NaCI-solution, dried 
(Na2S04), and evaporated to give a mixture of morphinanones 27 (foam, 2.4 g). I n  order to facilitate se- 
paration, the crude 27 was refluxed in 37% HCI-solutiodMeOH I : 10 (88 ml) for 6 h. MeOH was evapo- 
rated, and the aq. solution was adjusted to pH 8 with NH, and extracted with CHCI3/i-PrOH 3 : 2 .  The 
organic layer was washed with satd. NaCI-solution, dried (Na2S04), and evaporated to afford a light 
brown foam (1.8 g) consisting of two major components in about (I : ])-ratio o n  TLC. (silica gel. CHCI,/ 
MeOH/conc. NH3-solution 80:18:2). This crude product was dissolved in C H 3 0 H  and kept at 4" over- 
night. The crystals which formed showed a major single component (slower moving compound) on TLC. 
and were recrystallized from DMF to give 30 (630 mg). The mother liquor that contained two com- 
pounds was cvaporated and chromatographed on a silica gel column with CHC13/MeOH/conc. NH3-so- 
lution 80:18:2. Thc faster moving compound was collected and converted to 28.HCl (625 mg, 37%) 
which was recrystallized from H 2 0 ,  m.p.>2?0" (dec.). - IR. (KBr): 3280, 1700, 1610, 1590, 1510, 1430. 
1320, 1270. 1190, 1145, 1100, 1040. - 'H-NMR. (D20) :  6.38 (d ,  J = 2 ,  1 arom. H);  6.29 (d,  J = 2 ,  1 H. ar- 
om. H ) ;  3.69 (s, 3 H. CH,O). - MS. (CI./NH3): 288 ( M H + ) .  

C,,H,,NO3.HCI.0.5 H2O Calc. C 61.36 H 6.97 C1 10.65 N 4.21% 
(332.83) Found ,, 61.68 ,, 6.91 ,, 10.37 ,, 4.14% 

Acid hydrolysis of 35 (s. below) in 37% HCI-solution and MeOH gave a product identical to 28 by 
TLC. and MS. 

The slower moving material was collected and combined with the same compound obtained prior to 
chromatography and recrystallized from D M F  to afford 30 (680 mg, 400/0), m.p.>250" (dec.). - IR. 
(KRr):  3410, 3310, 1715, 1610, 1590, 1460, 1440, 1350, 1215. 1155, 1100, 1070, 1020, 975. - 1H-NMR. 
(D6-DMSO): 6.10 ( 4  J= 1.5, 1 H, arom. H); 6.07 (d ,  J= 1.5, I H, arom. H); 3.62 (3, 3 H, CH30). - MS. 

C , , H , , N 0 3 ~ 0 . 2  H,O (290.96) Calc. C 70.17 H 7.41 N 4.81% Found C 70.22 H 7.22 N 4.97% 

A portion of the free base 30 was dissolved in CH,OH and treated with methanolic HC1-solution to 
afford the salt which was recrystallized from CH,OH to give the 6,6-dimethyl acetal of 30.HC1, m.p. 
263-265". - IR. (KBr): 3330, 1610, 1600, 1590, 1460, 1345, 1300, 1200, 1155, 1100, 1040,970. - 'H-NMR. 

(CI./NH,): 288 ( M H + ) .  
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(D,O): 6.38 ( d ,  J = 2 ,  1 H, arom. H) ;  6.29 (d. J=2,  1 H, arom. H);  3.06, 3.17, 3.74 (3 s, 9 H, 3 CH,O). - 
MS. (CI.INH3): 334 ( M + +  I ) .  

C,,H2,NO,.HCI.% H2O Calc. C61.00 H 7.67 N 3.74% 
(374.40) Found ,, 61.20 ,, 7.92 .. 3.64Y0 

S.rnfhesis of ~ + ) - 4 - h ~ ~ d r o . ~ ~ ~ - ~ - r ? i ~ f h o . u j ~ - N - m e f h ~ ~ / n 1 o ~ p h i n a n - 6 - o i 1 ~  (29). A mixture of 28. HCI ( 180 
mg, 0.56 mmol). 37% HCHO-solution (0.19 ml, 2.3 mmol), AcONa (230 mg, 2.8 mmol) and 10% Pd/C 
(35 mg) in 2~ CH,COOH (23 ml) was hydrogenated at 40 psi a t  r.t. for 16 h. The catalyst was filtered off 
and washed with 2% CH,COOH. The filtrate was adjusted to pH S with conc. aq. NH3-solution and ex- 
tracred with CHCI,. The combined CHC13-phases were washed with satd. NaCI-solution. dried (Na2S04), 
and evaporated to give solid 29 (142 mg. 85%). The slightly brown color of the free base was removed by 
chromatography on an alumina column with CHCI3/MeOH 50: 1. This free base was then converted in- 
to its hydrochloride and recrystallized from CH,OH to afford 29.HC1, m.p.>260" (dec.). - IR. (KBr): 
3150, 1705, 1605, 1585, 1430, 1265, 1190, 1150, 1100, 1040. - IH-NMR. (CDCI,, free base 29): 6.20 (d ,  
J = 2 ,  1 H, arom. H) ;  6.15 (s, J = 2 ,  1 H, arom. H) ;  4.18 (d,  J=  14, 1 H, H-C(5)); 3.65 (s, 3 H, CH,O); 2.37 
(s, 3 H, CH,N). - MS. (EI.):  301 (Mf-HC1). 

C18H23N03.HC1.0.5 CH,OH Calc. C 62.79 H 7.40 N 3.96 C1 10.02% 
(353.87) Found ,, 62.76 ,, 7.16 ., 4.03 ,. 10.24% 

Syn thesis of 2-hydroxy-4-methoxy-N-methylmorphinan-6-one (31). The reductive N-methylation of 
6,6-dimethyl acetal of 30.HCI (120 mg, 0.36 mmol) was carried out exactly as described above for the syn- 
thesis of 29. The free base 31 (65 mg, 60%) was recrystallized from MeOH, m.p. 252-254". - IR. (KBr): 
3400, 1710, 1590. 1430, 1340, 1190. 1160, 1070, 970. - IH-NMR. (D,-DMSO/CDCI,): 8.72 (br. s, I H, 
HO);  6.16 (s, 2 H,  arom. H ) ;  3.92 (d .  J =  14, 1 H. H-C(5)): 3.70 (.s, 3 H. CH,O): 2.34 (.s, 3 H, CH,N). - 
MS. (El.): 301 (M+) .  

C18H2,N03 (301.39) Calc. C 71.73 H 7.69 N4.6594 Found C 71.47 H 7.79 N 4.59% 

Synfhesis of /-hromo-4,5-epo.u~~-N-~forni~~/-~-n1erho.\?~~iiorp~1~rrnnd-ane (33). A mixture of 12 ( I .8 g, 
4.76 mmol), dimethyl sulfate (730 mg, 5.8 mmol), and 59% NaH-suspension (260 mg, 6.4 mmol) in 40 ml 
of D M F  was stirred at r.t. overnight. The mixture was quenched with H 2 0  (2 ml) and evaporated to give 
a residue which was taken into CHCI,. The CHCI3-phase was washed with 2~ NaOH and satd. NaCI-so- 
lution, and dried (Na2S04). Evaporation of the solvent gave a foam which was crystallized from CHCI,/ 
EtOH to yield 33 ( 1 . 1  g, 56%). m.p. 237-239". - IR. (KBr): 1730, 1650, 1470, 1440, 1320, 1190. 1090, 1060. 
1030. - 'H-NMR. (CDCI,); 8.00, 8.19, (2 s, 1 H, CHO);  6.54 (s, 1 H, arom. H) ;  4.66 (s, 1 H, H-C(5)); 3.85 

CI~H18BrN04(392.26)  Calc. C 55.12 H 4.62 N 3.57% Found C 55.34 H 4.71 N 3.73'?/0 
(s, 3 H, CH3O). - MS. (Cl/NH,); 392 (MH'), 394 (MH+ +2). 

The mother liquor (CHCI,/EtOH solution) of 33 was evaporated and chromatographed on an alu- 
mina column with C6H6/CHC13 1 : 1 to give a foam which was crystallized from EtOH to afford I-hro- 
n1o-4,5-epo.~~-N-fortnyl-2,6-dinietho.u~~-6,7-dideh~droniorphinari 32; I50 mg, 7'/0, m.p. 224-228". - IR. 
(KBr): 1660. 1460, 1440, 1340, 1315, 1210, 1110, 1090. - 'H-NMR. (CDCl,): 7.98, 8.16 (2 s, I H, CHO):  
6.43 (s, 1 H,  arom. H);  4.80 (s, 1 H, H-C(5)); 4.73 ( d x  d, J= 1 and 7, 1 H, H-C(7)); 3.82 (s, 3 H, C H 3 0 ) ;  
3.49 (s, 3 H, CH30). - MS. (C1./NH3); 406 ( M H f ) ,  408 ( M H +  +2). 

C,9H20BrN0,.% H,O Calc. C 55.55 H 5.03 N 3.41% 
(410.79) Found ,, 55.50 ,, 5.06 ,, 3.27% 

Synthesis of 4 .5 -epo .~~-N- form~~l~-n ie th~x1~morphina11-6 -o i i e  (34). To a suspension of 33 (600 mg. 
1.53 mmol)  in 2~ CH3COOH (60 ml) were added 10% Pd/C (80 mg) and AcONa (630 mg). The mixture 
was hydrogenated at 45 psi at r.t. for 16 h. The catalyst was filtered off and the filtrate was basified with 
10% NaOH-solution and extracted with CHCI,. The CHCI, phase was washed with H 2 0 ,  dried 
(Na2S04), and evaporated to afford a white foam (480 mg) which was crystallized from toluene to yield 
34 (372 mg, 78%), m.p. 213-214". - IR. (KBr): 1730, 1665, 1635, 1610, 1430, 1405, 1240, 1140, 1090, 1030, 
970, 920. - 'H-NMR. (CDCI,): 8.02, 8.18 (2 s. I H, CHO); 6.44 (s, 1 H, arom. H): 6.27 (s, I H, arom. H): 
4.64 (s, 1 H, H-C(5)); 3.74 (s, 3 H, CH,O). - MS. (CIJNH,):  314 ( M H f ) .  

C,8H19N04.0 .5H20 (322.36) Calc. C 67.06 H 6.25 N 4.34% Found C 67.35 H 6.54 N 4.27% 
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S ~ n r h e ~ i s  of N-~f~rr?il.l-4-h,,dr.or,.-2-r,ir,tho.\-i r?iorp/iiriuri-6-orie (35). To a refluxing solution of 34 (500 
mg, 1.6 mmol)  and NH,CI (8 g) in 95% ethyl alcohol (100 ml) was added Zn dubt (activated by washing 
with dil. aq. HCI-solution. washing with H 2 0  and drying: 2.36 g. 36 gat) during 10 min. The resulting 
mixture was refluxed for another 2.5 h. filtered and the filtrate evaporated. The residue was partitioned 
between 2~ HCI and CHCI,. The CHCI, was ieparated, and the aq. phase was reextracred with CHCI,. 
The combined CHCI, phases were washed with satd. NaCI-solution. dried (Na2S04). and evaporated to 
afford a yellow solid (510 mg). This crude product was recrystallized froin CH,OH t o  give 35 (320 mg. 
64%), m.p. 261-263". - IR. ( K B r ) :  3200, 1710, 1640, 1420, 1315. - 'H-NMR. (D,-DMSO): 9.49 (s. 1 H. 
HO);  7.93, 8.08 ( 2  s. 1 H, CHO);  6.15 (s. 2 H. arom. H) ;  4.00 (d ,  .I= 14. H-C(5)); 3.61 (s, 3 H. CH,O). - 
MS. (CIJNH,):  316 (MHt) .  

C',,H,,NO4.0.25 H,O Calc. C 67.58 H 6.78 N 4.37% 
(319.87) Found ,. 67.73 ,, 16.86 ,. 4.3396 

Sj~rirhesis of 2,4-diniethos?.-N-/onn~/r~i[~r~/7/riu~i-6-[~rie (36). Compound 11 (I. 1 g. 3.65 mmol)  was su- 
spended in I,4-dioxane/DMF 4:  1 (45 ml) and treated with phenyitrimethylammonium :hloridej3.8 g. 
22.2 mmol) and C H 3 0 N a  (2.4 g, 44.4 mmol). The mixture was healed at 80" for 16 h. The mlvents were 
evaporated, and the residue was dissolved in CH2C12 and washed with 5% NaOH; 59'11 HCI-. and satd. 
NaCl-solution. and dried (Na2S04). Evaporation of the solvent gave a brown foam (1.2 g )  which h a s  
chromatographed on  a short alumina column with CHCI,. Evaporation and recrystallization from hcn- 
zene/hexane afforded 36 (890 mg, 74%); m.p. 172-174". - IR. ( K B r ) :  1710, 1660, 1600. 1360. - 'H-NMR. 
(CDCI,): 8.04, 8.18 (2 s, 1 H, CHO); 6.32 ( d ,  J=2.  1 H, arom. H):  6.22 (d ,  J = 2 ,  I H. aroin. H): 4.21 ( d  

CI9H2,NO, (329.40) Calc. C 69.28 H 7.04 N 4.2596 Found C 69.56 H 0.92 h 4.1890 

Sjxthesis o/'2.4-dimrrho.~j-r~r~r~~lririuri-6-o,lf /rj~dr.och/oricle (37 . HC/). A mixture of 36 (400 mg. 1.2 
mmol). 37% HCI-solution (4.5 ml) and CHjOH (45 ml) w a s  refluxed for 16 h. Solvent< were evaporated. 
and the residue was crystallized from CH30H/ether .  The salt was collected and recryitallired from 
CH,OH/ether to afford 3 7 . H C I . C H 3 0 H  (420 mg, 950/,), m.p. 175-177". - IK. ( K B r ) :  1710. 1600, 1460. 
1315, 1190. 1150, 1100,940. - IH-NMR. ( D 2 0 ) :  6.50 ( s ,  2 H, arom. H ) ;  3.98 (d .  J =  13, 1 H. H-C(5)); 3.81 

J =  13, I H. H-C(5)); 3.75. 3.80 (2 S, 6 H. 2 CH3O). - MS. (E l . ) :  329 (Mi). 

(2  Y, 6 H, 2 CH,O). - MS. (El.):  301 (M+-CH,OH-HCI). 

CI ,H, ,NO, .CH~OH.HCI  Calc. C 61.70 t I  7.63 CI 9.58 N 3.79"o 
(369.88) Found ,. 61.92 .. 7.43 1. 9.36 .1 3.6O0'o 

S1,rirhesis of2,4-dir?ir/ho.ui.-N-,,,Erlt? lriior./'/iiriuri-6-orie (38). A mixture of 37. HCI . CH,OH (270 mg. 
0.61 mmol), 37% HCHO-solution (0.2 ml, 2.7 mmol).  AcONa (330 mg)% 10% Pd/C (50 mg). and 2h 
CH,COOH (33 ml) was hydrogenated a t  40 psi for 16 h. The mixture war filtered, basified with conc. 
NH3-solution to pH 8-9 and extracted with CHCI,. The CHCI, layer w a  washed with H 2 0 .  di-ied. and 
evaporated to give the crude product. A short alumina column (CHCI3/MeOH I00 I) was used to re- 
move a small amount of  impurity, and the product waa recrystallized from i-PrzO to yield 38 (I47 mg. 
76%). m.p. 126125".  - IR. (KBr) :  1700. 1600, 1200, 1140. 1040. - IH-NMR. (CDCI,): 6.23 ( 3 ,  2 H. arom. 
H); 3.97 ( d x  d. J = 2  and 14, 1 H. H-C(5)): 3.72. 3.76 (2 .\, 6 H. 2 C H 3 0 ) ;  2.3X (A, 3 H. CH,N). - MS. 
(El.): 315 (Mt). 

C,,H,,NO, (315.42) Calc. C 72.35 H 7.99 N 4.44% Found C 72.15 H 7.77 N 4.13?'0 
The hydrochloride of 38 was prepared and recrystallized from CH,OH/ether: m . p  255-257" (dec.). 

Cl,H2,NO,.0.5 CH,OH.HCI Calc. C 63.66 H 7.67 N 3.80°/o 
(367.90) Found (, 63.83 ,, 7.71 ,, 3.53% 
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