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3 H), 1.1 (s, 6 H), 1.05 (s, 3 H), 0.8 (s, 3 H, 30-Me)], and mass 
[ m / e  514 (M'), 499 ,481 ,455,454,439,421,396,381 (base), 367, 
363, 311, 299, and 2971 spectra were in accord with structure 3. 
Anal. Calcd for C32H5005: C, 74.7; H, 9.8. Found: C, 74.8; H, 
10.0. 

Bourjotinolone A Diene (IO). This was prepared according 
to the procedure followed for hispidone diene (9). The diene, 
crystallized from aqueous methanol, had mp 153-155 "C. The 
UV [ (MeOH) A,, 231, 237, and 246 nm (e 1 4  700, 15 900, and 
10200)] and mass [ m / e  470 (M+), 452 (base), 437,434,423,410,  

409,394,381,365,337,309,295,  and 2691 spectra were in accord 
with structure 10. 
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Communications 

Synthetic Opium Alkaloids and Derivatives. A 
Short Total Synthesis of (A)-Dihydrothebainone, 
( f )-Dihydrocodeinone, and (*)-Nordihydrocodeinone 
as an Approach to a Practical Synthesis of 
Morphine, Codeine, and Congeners 

Summary: Racemic dihydrothebainone (19), nordi- 
hydrocodeinone (2 l) ,  and dihydrocodeinone (22) were 
synthesized in high overall yield from 3-methoxyphen- 
ethylamine (4),  via the key intermediate (f)-1-bromo- 
nordihydrothebainone (18); the route utilized unprotected 
phenolic intermediates, involved directed Grewe-type cy- 
clization, and, for 21 and 22, exploited novel oxide bridge 
closure in the N-nor series. 

Sir: Natural (-)-codeine (1) continues to occupy a position 
of central importance among the medically valuable de- 
rivatives of the opium poppy as the most frequently pre- 
scribed analgesic-antitussive agent worldwide. Since the 
first total synthesis' of (-)-codeine (1) and (-)-morphine 
(2), other successful routes,2-8 including Grewe-typeM and 
biomimetic approack~es,~,~ have appeared. However, a 
practical total synthesis of these drugs has remained elu- 
sive. These and continuing efforts: together with possible 
shortages,lOJ1 underscore the desirability of securing a 
route which could render licit production of medical 
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opiates independent of the natural and sole commercial 
source of these drugs. Since the r e p ~ r t s ~ , ~  that Grewe-type 
electrophilic cyclization of (A)-1-benzylhexahydroiso- 
quinoline 9 afforded a 3% yield of the codeine precursor 
dihydrothebainone (19) (with isomeric 20 as the vastly 
predominant cyclization product), several groups have 
attempted to utilize this approach to codeine by intro- 
duction of a blocking substituent a t  the 6-position of the 
benzyl moiety in order to direct cyclization to the desired 
dihydrothebainone oxygenation pattern. Studies utilizing 
a methyl substituent were successful in this regard; how- 
ever, such an approach must also employ a readily re- 
movable group to be of value in synthesis of codeine and 
congeners, of course not the case in the methyl series.l* 
Substitution of bromine for methyl, unsuccessful hereto- 
fore,12bJ3J4 would be ideal since transformation of 4- 
hydroxymorphinans such as 19 to 22 (with the oxide bridge 
closed as in codeine) first involves bromination at  C-1 of 
the morphinan system and later removal of the C-1 bro- 
mine atom by hydrogen01ysis.l~ Recent work16 describing 
conversion of (-bdihydrothebainone [ (-)- 191 to (-)-codeine 
(1) (68% overall) via (-)-dihydrocodeinone [(-)-22] and to 
(-)-thebaine (3) (an important minor opium alkaloid) in 
somewhat higher yield renders any totally synthetic ap- 
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(15) Schopf, C.; Pfeifer, T. Justus Liebigs Ann. Chem. 1930,483, 157. 
(16) Weller, D. D.; Rapoport, H. J .  Med. Chem. 1976, 19, 1171. 

This article not subject to US. Copyright. Published 1980 by the American Chemical Society 



3136 J. Org. Chem., Vol. 45, No. 15, 1980 

Scheme I 

5 

R 2  C H 3  db 0 

8 . R - H  

9. R - C H 3  

10 R = CHO 

6 

2 1  18 

Br$OH 

t--------- 

proach yielding 1-broinodihydrothebainone derivatives still 
more attractive. Such an approach, which utilizes un- 
protected phenolic intermediates, is short and experi- 
mentally simple, and affords (*)-dihydrothebainone (19), 
(f )-nordihydrocodeinone (211, and (f )-dihydrocodeinone 
(22) in high overall yield via the key intermediate (*)-l- 
bromonordihydrothebainone (18), is reported herein 
(Scheme I). The sequence rests essentially on a high-yield 
preparation of P,y-unsaturated bromo ketone 13, that is 
converted by directed Grewe-type cyclization into (*)-l- 
bromo-N-formylnorclihydrothebainone (17), and on the 
novel oxide bridge closure in the N-nor series, which op- 
tionally provides ready access to either N-methyl or N-nor 
derivatives. 

Heating a mixture of amine 4 and pure acid 5': at  200 
OC for 2 h under argon afforded amide 618 (95%, EtOAc). 
Cyclization of 6 (0.3d-mol scale), essentially as described 
for preparation of the 7-OH derivative17 of 7, generated 
an aqueous solution of the 1,2-dehydro derivative of 7. 
Neutralization to pH 4-5 with concentrated aqueous NH, 
and reduction with an equimolar quantity of NaCNBH, 
in refluxing 65% MeOH (final concentration) for 1.5 h 

(17) Rice, K. C.; Brossi A. J .  Org. Chem. 1980, 45, 592. 
(18) Grewe, R.; Fischer H. Chem. Eer. 1963, 96, 1520. 
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afforded pure (TLC) 7 (86%), mp 199.5-201.5 "C (lit.18 mp 
200 "C). Birch of 85 mmol of unpurified 7 
with 1.92 mol of Li in 450 mL of liquid NH3 and 225 mL 
each of dry THF and t-BuOH at -55 to -65 "C  for 4 h and 
then a t  -75 "C until no 7 remained by TLC (-1.5 h) 
afforded (90%) essentially pure (TLC) 8, mp 179.5-181.5 
"C (lit.20 mp 182 "C). Refluxing unpurified 8 with 1.5 equiv 
of pure21a PhOCH021b in 10 volumes of EtOAc until ho- 
mogeneous and then for -0.75 h until TLC showed the 
absence of 8 gave (94%) pure mp 141-143 "C (Et20- 
PhOH), which, like the N-formyl derivatives described 
below and others," existed as two distinct rotamers, as 
shown by NMR. Stirring a solution of 10 (25 "C, 1 h) in 
20 volumes of dry THF containing 1 % (v/v) CH3S03H and 
3 equiv of ethylene glycol generated a solution of ketal 11 

(19) Birch, A. J.; Subba Rao, G. Adu. Org. Chem. 1972, 8, 1. 
(20) Grewe, R.; Fischer, H.; Friedrichsen, W. Chem. Ber. 1967,100,l. 
(21) (a) Williams, A.; Lucas, E. C.; Douglas, K. T. J .  Chem. SOC., 

Perkin Trans. 2 1972,1493. (b) Yale, H. L. J .  Org. Chem. 1971,36, 3238. 
( 2 2 )  Satisfactory C, H, N analyses (f0.470) were obtained for all new 

compounds (labile base 14 was analyzed as 14-TsOH) and for 10 which 
was reported as amorphous in ref 4. Spectral data (IR, NMR, mass) 
obtained for 10 and all new compounds were consistent with the assigned 
structures. Furthermore, synthetic (f)-19,21, and 22 were spectroscop- 
ically (IR, NMR, mass) and chromatographically (TLC, high-performance 
LC) identical with authentic samples of the corresponding (-)-isomers 
derived from opium. 
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(quantitatively by TLC), which was treated at  0-5 "C 
during 0.5 h with 1.05 equiv of recrystallized N-bromo- 
acetamide (NRA) to afford essentially pure bromo ketal 
12 after neutralization with NH3 gas, solvent evaporation, 
and workup with CHC13-H20. Bromo ketal 12, mp 
182.5-184 "C (EtOAc), could be readily isolated in 88% 
yield but was most efficiently deketalized in 6 volumes of 
5:l 88% HCO2H-H:?O (25 "C, 1 h) followed by CHC1,- 
aqueous NaHC0, workup to afford 13 (mp 203.5-206.5 "C 

cm-') in 90% yield from 10. Bromo ketone 13 underwent 
Grewe-type cyclization to (*)-1-bromo-N-formylnordi- 
hydrothebainone (171, mp 229.5-231.5 "C (DMF-H20), in 
60% isolated yield when treated in a screw-capped, high- 
density polyethylene bottle with 14% NH4F.HF in dry 
CF3S03H (0 "C, under argon for 72-96 h until 13 had 
essentially disappeared by TLQSz3 Also, isomerization 
of 13 occurred to give (TLC) the a$-unsaturated bromo 
ketone 16.24 Pure 16 afforded (TLC) only traces of 
morphinan 17 and p,y-unsaturated ketone 13 under the 
conditions used to cyclize 13 to 17. Treatment of pure 
morphinan 17 under these conditions gave no 13 or 16 
(TLC); apparently the acid-catalyzed equilibrium of 13 and 
16 lies nearly exclusively toward the side of the latter, 
which undergoes little, if any, morphinan cyclization under 
these conditions.14 Flefluxing isolated 17 in 1O:l MeOH- 
37% aqueous HC1 for 18 h afforded (*)-1-bromonordi- 
hydrothebainone (18), mp 220-223 "C, which was easily 
isolated in 92% yield by workup with NH3-H20-2- 
propanol. (*)-Dihytlrothebainone (19), mp 173-175 "C 
(lit.4 mp 176 "C) ,  was obtained directly and quantitatively 
from 17 by hydrolysis as above, evaporation to dryness, 
and h y d r ~ g e n a t i o n * ~ J ~  of the residue in 2 N AcOH con- 
taining 50 mg of 10% Pd/C, 0.3 mL of 37% HCHO, and 
5 mmol of NaOAc per mmol of 17, followed by workup 
with CHC1,-aqueous NH,. Bromination (1.1 mol of Br2, 
25 "C, 2 h) of an AcOH solution of the dry residue from 
hydrolysis of 17, evaporation, treatment of the residue with 
CHC13-1 N NaOH16 (and hydrogenation as above without 
addition of HCHO afforded an 80% yield (from 17) of 
(f)-nordihydrocodeinone (21), that was readily isolated 
(2-propanol, 1.1 equiiv of 37% aqueous HCl) as 21-HC1- 
0.5H20, mp 292-29!5 "C dec; anhydrous 21 base, mp 
136.5-138 "C (PhCHI,). This appears to be the first ex- 
ample of closure of the oxide bridge in the basic N-nor 
series and is of potential interest in the synthesis of nar- 
cotic antagonists. When 17 was treated as in the prepa- 
ration of 21 and 0.3 inL of 37% HCHO/mmol of 17 was 
added to the hydrogenation medium, (*I-dihydroco- 
deinone (221, mp 158-160 "C (lit.25 mp 163 "C), was readily 

(DMF-EtOAc); IR (CHC13) 1717 (CEO), 1665 (NCHO) 

(23) A lower melting form of 17, mp - 140 "C, which gave the higher 
melting form when boiled briefly in EtOAc, was occasionally obtained. 
It has been shown in this swdy that the carbamate function can be used 
instead of the N-formyl sutistitution in this step and others; however, the 
N-formyl derivatives are preferred since the amide function is readily 
cleaved by mild acid hydrolysis and the formyl derivatives usually crys- 
tallize more readily than the corresponding carbamates. 

(24) Similar ketalization of 8 with 2.5% (v/v) TFA in MeOH (25 OC, 
2 h), bromination with 1.0,j equiv of NBA (0 "C), evaporation, deketal- 
ization by warming the rertidue in 5 volumes of H20,  and addition of 5 
volumes of acetone and concentrated aqueous NH3 to pH 9-9.5 afforded 
labile amine 14 (69%), mp 160-164 "C dec (14*TsOH, mp 194-195.5 "C 
dec), containing minor amounts of 15. Isomerization of this crude 14 with 
48% HBr (25 "C, 48 h), under conditions similar to thoseM used for 
preparation of the debromo derivative of 15 from 8, gave 15 (70%), mp 
224.5-226 "C dec (lit.I3 mp 204-209 "C). Formylation of crude 14 and 
pure 15 (PhOCHO, refluxing CHC13) afforded 13 (65%) and 16 (87%), 
mp 205.5-207 "C, IR (CHC13) 1668 (C=O and NCHO) cm-' (lit.13 foam), 
respectively. Brief treatment of 16 with base (e.g., NaOMe in MeOH) 
resulted predominately in isomerization to 13. 

(25) Goto, K.; Takubo, K.; Mitsui, S. Justus Liebigs Ann. Chem. 1931, 
489, 86. 

isolated as 22*TsOH, mp 248-251 "C, in 79% yield from 
17. 

This straightforward total synthesis of (&)-dihydrothe- 
bainone (19), (*)-nordihydrocodeinone (21), and (&)-di- 
hydrocodeinone (22) in 37, 30, and 29% overall yields, 
respectively, from readily available 3-methoxyphenethyl- 
amine (4) requires isolation of only six intermediates; these 
are directly obtained sufficiently pure for further trans- 
formation. In view of these results, the high-yielding 
conversion16 of (-)-19 to (-)-thebaine (3) and (-)-codeine 
(1) discussed above and the facile O-demethylation26a of 
the latter to (-)-morphine (2), a practical total synthesis 
of these alkaloids (and the thebaine-based drugs) appears 
to be in hand.27 
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NMR analysis of the urea derivatives formed with (S)-(-)-@-methylbemy1 
isocyanate. The chemical shifts of the methyl doublets (AS = 0.25) of the 
ureas from (I?)-(+)- and (S)-(-bnorreticuline were 6 1.26 and I.Oll7 and 
for those of (+)- and (-)-7, 6 1.28 and 1.04 (A6 = 0.24), respectively. The 
absolute configuration of (+)- and (-)-7 can tentatively be assigned as R 
and S, respectively, if one assumes the compounds with corresponding 
chemical shifts have the same absolute configuration. Transformation 
of the R enantiomer of 7 to (-kdihydrothebainone [(-)-19] is now in 
progress and will be reported in due course. Similarly, the S enantiomer 
affords entry into the unnatural morphine series, some members of which 
are of considerable importance as neuropharmacological research tools. 
See, for example, ref 26b and references cited therein. 
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was demonstrated as for the 7-hydroxy derivatives' P (norreticulines) by 

Asymmetric Alkylation of Amide Anions. Product 
Analysis by GLC Using Cholesteryl Cinnamate, a 
Liquid Crystal Phase 

Summary:  Chiral amides derived from (S)-(-)-prolinol and 
its methyl ether were metalated and alkylated to afford 
a-alkyl amides in 12-82% ee. The configuration induced 
by (S)-(-)-prolinol, as the chiral auxiliary reagent, was 
opposite to that induced by its methyl ether. Diastereomer 
compositions of the alkylated products were readily, in fact, 
uniquely, assessed by GLC by using a capillary column 
coated with cholesteryl cinnamate. 
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