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Ab&aet--Reduction of 3-me~oxy~~xo-N-rne~yli~rno~hin~ has hem investigated. Methylation of 
the foregoing 6-0x0 compound and 3-methoxy~-oxo-N-me~yl-A’-isorno~~rn~ gave the respective 
4-methyl&hydroxyi compounds. Dehydration of the methylol derivative and the Wittig reaction of 
6-oxo compound also has been investigated. 

IN THE preceding paper’ the synthesis of (-)-3-methoxy-6-oxo-N-methyliso- 
morph&n (I) and (- )-3-me~oxy~~xo-N-me~yl-A’-i~mo~h~~ (II) from 
thebaine was described. The reduction of the 6-0x0 group and the synthesis of 
6-methyl derivatives in the isomeric morph&n series (Ii/C cis) have been rep~rted.~ 

This report is concerned with similar reactions of the isomorphinan series (R/C 
rrans). Catalytic hydrogenation of the compound I in acidic medium gave a 6- 
hydroxyl compound (III), m.p. 116-l 17”, together with a small amount of an epimeric 
alcohol (IV), mp. 124-f 25” and sodium-alcohol reduction afforded the high melting 
alcohol IV in a yield of 50%. 

The acetylation rate of these hydroxyl compounds and the NMR of the acetates 
showed that the structure of the low melting alcohol coukl be represented as 6B(uxiaf)- 
hydroxy-3-methoxy-N-methylisomorphinan and that of the high melting alcohol as 
6a(equatoriaf)-hydroxy-3-methoxy-N-methylisomorphman~ Contrary to these re- 
ductions, sodium borohydride reduction afforded a mixture of both compounds 
increasing the yiekl of IV. In connection with this work the reduction of (-)-3- 
hydroxy-&xo-N-methylisomorphinan (V) also has been investigated. 

Catalytic hydrogenation of this compound in neutral medium gave, in a yield of 
50 %, (- )-3,6dihydroxy-N-methylisomorphinan (VI), m.p. 22%230”, which was 
easily methylated to the 6f%hydroxy-3methoxy derivative III witb Rodinov’s 
reagent. 

Similarly the reduction of the a&unsaturated ketone II to unsaturated alcohols 
was tried, but failed. Sodium borohydride reduction gave a mixture of the saturated 
and unsaturated alcohols. Ronndorf reduction gave the desired unsaturated alcohols, 
the separation of which was quite difficult. 

Methyllithium reagent converted I and II to the corresponding 6-hydroxy& 
methyl derivatives (VII and XII) in high yields. Although the orientation of the 
introducing group was not confirmed, it is expected that the orientation of these 
substituents is 6a-equatorial as the reagent usually attacks the molecule from the 
less hindered side, i.e. a-side. 
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Dehydration of the methyl01 derivative VII was achieved by the action of per- 
chloric acid in glacial acetic acid. A gas chromatogram of the crude product showed 
two peaks at retention times 1025 and 110 min in a ratio of 67.7 :32*3. Alumina 
chromatography and crystallization of the eluate obtained with n-hexane gave, in 
49 % yield, anhydro compound VIII, m.p. 73-74”, [u]n + 26.2”. Further elution with 
benzene gave another anhydro compound IX, m.p. 60-62”, [a]u - 408”, in 16% 
yield In the Nh4R spectra the low melting substance shows a vinyl proton due to 
C5-H at 441 7 and the high melting substance a vinyl proton due to CT-H at 4.53 7. 

These facts suggest that the structure of the low melting substance is represented 
as 3-methoxy-6,NdimethyLAs-isomorphinan and that the structure of the high 
melting substance as 3-methoxy-6,N-dimethyld6-isomorphinan. 

Dehydration with thionyl chloride was also studied. Similar separation of the 
products gave the A’- and A6compounds in 29% and 34% yields, respectively. 

The Wittig reaction of I, V and II affords the corresponding exo-methylene 
derivatives X, XI and XIII in good yields. The catalytic hydrogenation of VIII, IX 
and X gave a mixture of 6a- and 6f3-methylisomorphinan derivatives, separation of 
which was quite difficult. 

The pharmacological activity of these compounds will be reported elsewhere by 
R. Kido of this laboratory. 

EXPERIMENTAL 

All mps are uncorrected IR spectra were obtained with the Nihon Bunko DS-201 recording spectro- 
meter. NMR spectra were recorded in CDCI, unless otherwise stated and peaks were measured using 
TMS as an internat reference. 

(a) Catalytic hydrogenation. A soln of 1 g (-b3-methoxy&oxo-N-methyliwmorphinan in 35 cc glacial 
AcOH was hydrogenated on @2 g Adams’ catalyst. The residue from distillation of the solvent was 
dissolved into water, made bask with NH,OHaq and extracted with ether. The crude base was converted 
to the picrate, m.p. 175-176” (dec). Repeated crystallization from MeOH gave Bll g (6.1’4 the less soluble 
picrate, lap. 209-210” (dcc; sinterring at 200”) and 1.215g (62%) the relatively solubk picrate, m.p. 
174-176”. Liberation of the more soluble picrate and crystallixatiou from ether gave 6f3-hydroxyl com- 
pound III, m.p. 116-l 17”, [ali - 47.7” f 1” (c, 2Q22, ale.). (Found: C, 75.87; H, 8.89; N. 4.81. C,,H,,O,N 
requires : C, 75.22; H, 8-77 ; N, 4.87 %). The picrate, prepared from the above pure compound and crystal- 
lixed from MeOH, m.p. 187-188” and s&erring at 184”. (Found: C, 5595; H, 5.82; N, 1@82. 
C,,H,,O,NC,H,O,N, requires: C. 55.81; H, 546; N, 1085%). 

(b) Naakobol reducttin. To a som of 3.8 g (- )-3-methoxy&oxo-N-methylisomorpMnan in 76 cc 99 % 
alcohol 3.8 g metallic Na was added in thin slices and the mixture heated until the metallic Na had dis- 
solved. The soln was diluted with water and tbe solvent removed by distillatiat under red. press The 
crude product was several times extracted with ether, washed with water and dried. Crystallixation of 
the crude product from ether pn 1917g 6a-hydroxyl compound IV, m.p. 124-126”. 502%. A small 
sample was raxystallixed from the same solvent for analysis. m.p. 125-126”. [a]k6 -54.3” f 1” (c, 2101. 
ale.) (Found: C, 75.22; H, 894; N, 4.81. C,sH,,O,N requires: C, 75.22; H, 8.77; N. 4.87%). The picrate, 
prepared in ether and crystallixed from MeOH, m.p. 215-216” (dec, sintening at 204”). (Found : C, 55.83 ; 
H, 5.76; N, 10.43. C,,H,,O,N.C,H,O,Ns requires: C, 5581; H, 546; N. 1@85%). 

(c) Sodium borohydride reduction To a soh of Q57 g (- t3-methoxyd-oxo-N-methylisomorphinan in 
30 cc EtOH 0.15 g NaBH. was added at room temp and the sohr aflowed to stand for 3 hr under stirring. 
The residue from distillation of the solvent under red. press was treated with water, made acidic with 
dil. HCI to decompose the excess reagent. The soln was made basic with diL NH.OHaq and extracted 
with benzene. The crude base was converted to the. picrate, which was repeatedly crystallixed horn MeOH 
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to give@267g(26G%) the less solubk picra* m.p. 213-214"(dcc;aintcrri11g at 2tW)and 0603g(60%) 
the relatively solubk picrate, m.p. 177-178"(sinterring at 170"). 

Acetyiation of 6-hydroxy-3-methoxy-N-methylisomorphinon derivatioes 
(0) Compound IV (0.3 g) was h+ed with 5 cc Ac,O on a water bath for 2 hr. The residue from 

distillation of the reagent was dissolved in water, made basii with dil NH,OHaq and extracted with 
ether. The crude acetate was recrystallized from ether to give 0526 g (720 “A 6a-acetoxy-3-metboxy-N- 
methylisomorphinan, lap. 141-142”. [a]b”s - 117.1” f 2” (c, 0996, 1% ala-chloroform); NMR 495 7 

(C,-H, multiplet) 795 7 (C,-acetoxy) (Found: C, 7260; H, 8.34; N, 4.36. C,,,H,,O$l requires: C, 7292; 
H, 8.26; N, 4.25 %). 

(b) Compound 111 (0503 g) was acetylated (A@-pyridine). The crude acetate was recrystallized from 
ether to give 0.499 g (86.5%) 6bacetoxy-3-methoxy-N-methylisomorphinan, m.p. 142-144”. [a];’ 
-48.4” f 2” (c, 0.972, 1% ale-chloroform); NMR 4.78 7 (C,-H, triplet) 795 7 (C,-acetoxy). (Found: 
C, 7293; H, 8.37; N, 4.26. C,,H,,O,N requires: C, 7292; H, 8.26; N, 4.25%). The IR qectrum of this 
compound was not identical with that of the foregoing 6a-acetate, and the mixal m p. with the epimeric 
aatate showed a depression. 

Ponndorj reduction of the unsoturoted ketone (II) 
A soln of 6.562 g purified aluminium isopropoxide and 302 g (-t3-methoxy-6-oxo-N-methyl-A’- 

isomorphinan in 100~~ dry isopropanol was heated under stirring until tbe distillate no longer gave 
positive test for acetone. Most of the remaining isopropanol was removed by distillation undo red. press. 
The residue was treated with excess 5 % NaOH aq and extracted with ether. Distillation of the solvent 
gave 2.773 g a mixture of the crude unsaturatal alcohols Careful chromatography on alumina didn’t 
give the desired compounds, and the mixtun was reduced to the saturated alcohols without further 
purification. Conversion to the picrates followed by repeated recrystallization gave 2.239g tbe picrate 
of 6a-alcohol IV and 1.113 g that of 6~-alcohol III. 

Reduction of (-)-3Jlydroxy-6~,xo-N-methylisomorphinon (V) 
A soln of 1 g (- )-3-hydroxyd+xo-N-methylisomorphinan in 20 cc MeOH was catalytically reduced 

on 0.1 g Adams’ catalyst. The crude base was treated with a small amount of EtOH to separate 0504 g 
(%2%) of the solvate of 3,6pihydroxy-N-methylisomorphinan, lap. 22g-2u)“. A small sampk was 
reqstall;uad from EtOH for analysis, m.p. 22&230”. [a]p” -44.3” f 2” (c, 1031, ale.). (Found: C. 
71.29; H, 904; N, 4.42. C,,H,,0,NC2H,0H requires: C, 7144; H, 9.15; N, 4.39%). 

The methylation of this compound with Rcdinov’s reagent gave (-)-6_6ghydroxy-3-methoxy-N- 
metbylisomorphinan, m.p. 112-l 14”. 

The residue (0.335 g) from distillation of the EtOH did not crystalliz on standing and was methylated 
with Rodinov’s reagent, Conversion of the crude product to the picrate and repeated crystallization 
from MeOH gave the kss soluble picrate, m.p. 217-218”ldcc; sinterring at 213”) besidea a small amount 
of the more solubk 6fl-hydroxy-3-methoxy-N-methylisomorphinan picrate. 

(-)-6-Hydroxy-3-methoxy4,Ndime~ky~isotnorphinon (VII) 
A soln of 114 g (- )-3-methoxy&oxo-N-metbylisomorphinan in 600 cc benzene was added dropwise 

to the MeLi reagent (prepared from 166 g metallic Li and 17 g Me1 in ether) at 0- - 5” and the soln was 
kept for 1 hr at O-10” under stirring. Water (200 cc) was added to the sola Tbe benxene soh~ was washed 
with 1N NaOH and dried. The residue from distillation of the solvent was crystallkul from benzene to 
give 1097 g (91%) the 6-hydroxyd-methyl compound, m.p. 144-145”, [a]:“” -49.2” f 1” (c, 2G66. 
ale). (Found: C. 75.52; H, 9.14; N, 4.61. C19H1,02N requires: C, 75.51; H, 903; N, 465%). The picrate, 
crystallized from alcohol, m.p. 214-215” (de+. (Found: C, 56.59; H, 6Gl; N, 10-43. C19H1701N. 
C,H,O,N, requires: C, 5660; H, 5.70; N, 10.56%). 

( - )-6-Hydroxy-3-methoxy-6,Ndimethyld7-isomorphinon (XII) 
A soh~ of 2.854 g (- )-3-methoxy&xo-N-methyl-A’-isomorphinan in 160 cc benzene was added drop- 

wise to the MeLi reagent (prepared from O-453 g metallic Li and 4.35 g Me1 in ether) and worked up as 
above. The oily product was crystallized from ether to give 2.3 g (77 %) the desired Me compound, m.p. 
122-124”, [a]:“” -286” f 2” (c. 1078, ale). (Found: C, 7664; H, 8.59; N, 466. C,PH,502N requirea: 
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C, 76.22; II, 842; N, 468%). The picrate, crystallixed from alcohol, mp. 180-181” (decj (Found: C, 
5667; II, 567; N, 10.35. CIPH,,0sN.C6Hs0,N, requires: C, 56.81; II, 5.34; N. 10600/,). 

Dehydration of (- )+hydroxy-3-methoxy-6,Ndimethylisomorphi (VII) 

(0) With a04 perch/o& acid. To a soIn of 3.01 g the methylol derivative VII in 60 cc glacial AcOH 
1.83 g 60% percbloric acid was added and the soln was heated on a water bath for 10 min under Nr. The 
soln was diluted with 6occ ice-water, and made basic with NHIOHaq. Extraction with benrene gave 
3004g the crude anhydro compounds, whose gas chromatogram showed two peaks due to A6- and 
Ascompounds at retention times 1@2S and 110 min in a ratio of 67.7:32.3. The crude products were 
chromatographed on 85 g alumina Elution with @8 l. n-hexane gave 1.365 g the crude A6-compound, 
m.p. 69-73”, which was recrystallixcd from MeOH to give 1030 g ( +)-3-methoxyd.Ndimethyl-A6- 
isomorphi, m.p. 73-74”, [a];“” + 26.2” f 1” (c, 2080, alcj (Found: C, 8@42; II, 9Gl; N, 505. 
C,,H,,ON requires: C, 8052; II, 8.89; N, 495%). The gas chromatogram of this compound showed 
only one peak at retention time. 10.25 min. In the NMR spectrum this compound showed a signal due 

to C,-H at 4.53 r. The picrate, crystallized from alcohol, m.p. 213214’ (de-c). Elution with further 4 I. 
n-hexane gave Q576g the anhydto compounds which partly crystallixed. These products were re- 
chromatographed later. Elution with 1.3 L benzene gave 0448 g oily product. Conversion to the picrate 
and recrystallixation from MeOH gave @386g the relatively pure picrate, m.p. 191S193”. Liberation 
of the picrate followed by distillation under red. press (01)6 mm, 16S170” bath temp (gave @I23 g As- 
isomorphinan derivative, m.p. -2” @interring at 57”j [a] g -408” f 1” (c, 2.145. ale). The gas chromato- 
gram showed only one peak at retenticm time 110 min; NMR 402 7 (C,-Hj (Found: C, 8062; H, 9-M; 
N, 5.32. CiPH,sON requites: C, m52; H, 8.89; N, 495%j The picrate, prepared from the pure base and 
crystallixed from MeOH, m.p. 195-196”. (Found: C, 5844; II, 5.62; N, 1@78. C,,H,,ONC,H,O,N, 
requires: C, 58.58; H, 5.51; N, 1093%). The residue from the filtrate of&e A6-compound and the second 
eluate were combined and rechromatographed. Similar treatments as above gave further A’- and A’- 
compounds; total yield : 1.383 g (48.8 %) (+ )-3-methoxy6,Ndimethyld6-isomotphinan picrate and 
@809 g (158 %) (-)-3-methoxyb,Ndimethyl-A’-isomorphinan picrate Further elution with 06L 3% 
ale-benxene gave. 0358 g the crystalline produc& which was recrystallixed from n-hexane yielding 0.228 g 
the starting material, m.p. 142-143”. 

(b) Dehydration with thionyl chloride. Tbionyl chloride (4.76 B) was added dropwise under stirring to a 
soln of 6a28 g the methylol derivative in 120 cc pyridine and the sokt was kept at 0- - 5” for 20 min. 
The reaction mixtute was diluted with 300 g ice-water and UK. excess pyridine was removed by distillation 
under red. press. Treatment as above gave 5.43 g the crude anhydro compounds Similar treatments as 
above gave 1664% (29%) (-)-3-methoxy_6,Ndimethyl-A’-isomorphinan and 1.957 g (34%) (+ )-3- 
methoxyd,Ndimethyl-A6-isomorphinan. 

(-)-3-Methoxyd-methyl-N-methylisomorphinon (X) 

A soln of 8.55 g (-)-3-methoxy-Coxo-N-methylisomorphinan in 160 cc THF was added dropwise 
at -S-2” to the Wittig reagent (prepared from 6.58 g bromohenxene. OS4 metallic Li and 13.9 g 
triphenylmethylphosphoniumbromide in ether-THF). The ether was removed by the fractional dis- 
tillation and the remaining soln was tefluxed for 40 hr. The residue from distillation of the solvent was 
dissolved in chloroform, washed with 5 % NaOH and then with water. Extraction with IO od phosphoric 
acid gave 9OSg the basic substance which didn’t crystallize on standing The picrate, crystallixed from 
EtOH, m.p. 182-183”. (Found: C, 5859; II, 568; N, 1@6S. C,,H,,ON requires: C, 58.58; II, 5.51; N. 
1093%). The D-tartrate, crystallixed from hot water, m.p. 8688”, [alA -64+Y f 1” (c, 2045, ale). 
(Found: C, 58.83; H, 7.59; N, 3GS; H,O, 8.27; C,,H,,0NX,H606~2H,0 requires: C, 58.83; H, 7.51; 
N, 2.98; H1O, 767%). The salicylate, crystallixed from EtOH, mp. 126128” (sinterring at 117”j [a]A4*” 
-77.1” f 2” (c, 1018, alcj (Found: C 72.61; II, 7.88; N, 3.25. C,PH,,0N~C,H603+Z,H,0H requires: 
C.72.94; H, 7.71; N, 3.15%). 

( - t3-Hydroxyd~thylenc-Nmethylisomorphin (XI) 
A sohr of 2.71 g (-)-3_bydroxy&oxo-N-methylisomorphinan in 120 cc THF was added dropwise to 

a soln of the Wittig reagent (prepared from 39 g bromobenzene, 0.35 g metallic Li and 893 g triphenyl- 
methylphosphoniumbromide in ether-THFj The ether was removed by fractional distillation and the 
remaining soht was refluxed for 40 hr. Extraction with 5 % phosphoric acid gave the crude 6-metbylene 
phenol, which was converted to the salicylate, map. 194-208”. Recrystallization from EtOH gave 2?Xll g 
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the pure salt. m.p. 271-218”. [a];“’ -81.8” f 2” (c. 1.068, ale). (Found: C. 72.43; H, 7.47; N, 3.23. 
C,sH,,ON.C,H,O,.fCIH,OH requires: C, 72.53; H, 749; N, 325%). Liberation of the salt and 
crystallization from isopropanol gave the solvate of (- )-3-hydroxy&methylenne-N-methylisomorphinan, 
mp. 146-5-147.5”. [a]:“’ - 131.8” f 2” (c, 1002, al@ (Found: C, 7699; H, 9.42; N, 4.29. r&H,,ON. 
C,H,OH requires: C, 76.55; H, 948; N, 4.25%). A small sample of the solvate was sublimed at 165” 
(4mm) to give the free ba* m.p. 1465-147”. [a]i3 - 150.2” f 1” (c, 2.151. ale). (Found: C, 79.82; H, 
867; N, 509. C,,H,,ON requires: C, 80.25; H, 861; N, 5.20%). 
(- )-3-Methoxy-6-methylene-N-meihyld7-isomorphinan (XIII) 

A soln of 8.50 g the unsaturated ketone II in 180 (x: THF was added dropwise to the Wittig reagent 
(prepared from 6.12 g bromobenzne, 054g metallic Li, and 13.95g triphenyhnethylphosphonium- 
bromide in THF) and the mixture worked up as above. Tlte crude products wcm chromatographed on 
alumina and developed with benzene. Distillation of the solvent from the cluate followed by the crystal- 
lization from alcohol gave 5*136g (56.5%) the desiral conjugatai methylene derivative, m.p. 12%129”, 
[K]:"" -616” f 2” (c, 1057, ale). (F ound: C, 81.27; H, 8.38; N, 5.02 &H,,ON requires: C, 81.10; 
H, 8.21; N, 498 %). The picrate, prepared in and crystallized from alcohol, m.p. 220-221”. (Found: C, 
58.78; H, 5.22; N, 10.73: C,9H,,0NC,H,0,N, requires: C, 58.82; H, 5.13; N, 1098%). 
3-Methoxyd.Ndimethylisomorphinon 

(a) From (- )-3-methoxy~-methylene-N-methylisomorphb (X). A soht of 4.25 g the Cmetbylene 
compound in 210 cc 50 % AcOH was hydrogenated on O-425 g Adams’ catalyst. The residue from distil- 
lation of the solvent was dissolved in water, made basic with NH,OHaq and extracted with benzene. 
The crude bases were chromatographed on alumina and developed with benzene. The gas chromatognun 
of the eluate showed two peaks at retention times 7.8 and 9Q min in a ratio of 44 : 56. 

(b) Frcw~ (- )-3_methoxyd,NdimethyI-A’-isomorphinm, (IX). Hydrogenation of the As-isomorphinan 
derivative in 50’4 AcOH gave a mixture of two Me derivatives. whose gas chromatogram showed two 
peaks at the same retention times as above in a ratio of 51:49. 

(c) From (+ )-3-meihoxyd~dimethyf-A6-1Fomorphinmt (VIII). Hydrogenation of the A6-isomorphinan 
derivative was carried out on Adams’ catalyst in 50% AcOH acid. The gas chromatogram of the crude 
products showed two peaks in a ratio of 30:70 at the same retention times as above. 
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