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Summary: A four-step stereoselective synthesis of picenaabl (I) is reported. I$- 
Dimethyl4piperidone (3) underwent Homer-Wahworth-Emmons reaction under conditions 
that did not yield double-bond isonwkztion, followed by a directed 1 ,k&iition with an a.tyl 
cuprate. Reduction and &protection then &r&d (I). 

Picenadol(1) is a tacemic mixtum in which the d-enantiomcr exhibits moaphiwlike agonist activity, and the l- 

enantiomer sho_hhXAike antagonist activlty. 1 ‘Ihis unique opioid resulted from extensive investigations 

on the analgesic properties of the 4-phenylpipetidine series, and is cunently undergoing clinical evaluation. 

previous syntheses of picenadol(1) have been reported. lb2 The tetrahydmpyridlne 2, for example, has served 

as a pivotal intermediate in these syntheses. Catalytic reduction of 2, howcwr, affohd a diastexeomeric mixture 

of piperidines epimeric at C.3 in varying ratios, thereby necessitating a separation protocol. It was desirable to 

develop a short synthesis of picenadol with a higher degree of stereochemical control. 1.3-Dimethylpiperidone 

(3) was a logical and readily available starting material. We envisioned formation of the quaternary center C.4 of 

picenadol from the well-precedented3 conjugate addition of an aryl cuprate to an exocyclic enone, and moreover, 

wanted to take advantage of the directing effect of the C.3 methyl group. We report herein the successful 

realization of this strategy. 
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The reluctance of the 4-piperidone carbonyl moiety to undergo Wittig oleflnation was established in 1960 by 

dhect comparison with the cyclohexanone serk4 The Homer-Wadsworth-Es modification has also been 

reporkd for the reaction of I-alkyl Cpiperidones with phosphonoacetate esters, although yields were moderate 

and exocyclic to endocyclic isomexization was significant (cf, 4 R’=H, above).5 Only limited examples of 

reaction with the ketophosphonate 5 have a~3bpmsumably due to facile product isomerization under the 

reaction conditions.6 We observed substantial quantities (94%) of 7 using the classic reaction conditions, such 
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as NaH in ether solvents or dipolar aprotic media, or alkoxide in alcohol. In addition, a competing self- 

condensation of the ketophosphonate 5 was also found to occur. 

Bosch and co-workers obtained a 1: 1 to 4: 1 mixture of double bond isomers from the reaction of I-henry14 

piperidone or l-methyl-dpiperidone with ketophosphonate 5 (NaOH / EtOH / 5 Oc to room temp),7 but found the 

N-henzyl substrate gave less isomerixation. In order to minim& any protecting group manipulation, the N- 

methyl substituted derivative 3 was viewed as the only option. We noticed a subtle difference in the product 

profile between reactions using hydrated base, MOH (M = Li, Na, K), and the anhydrous form in alcohol 

solution. Interestingly, we added water to the reaction mixturea in order to obtain a completely homogeneous 

reaction medium, and found that the oleftnation proceeded, but observed a decrease in double bond migration 

concomitant with a decrease in reagent self-condensation. It was eventually determined that the olefination was 

optimal in Hz0 solution (Scheme): The ketophosphonate 5 (2 equiv)g was added dropwise to a solution of KOH 

(1.95 equiv) in Hz0 at -5 “C (&3 T), followed by 13dimethylpiperidone (syringe pump) with continued stirring 

at -5 “C for 40 h. After extractlve workup, to the enone 6 was isolated as a 9 : 1 mixture of 6 : 3, and 4% total 

et&cyclic compounds 7, with nearly quantitative recovery. Extended reaction times were not detrimental to the 

double bond integrity, and the reaction could almost be driven to completion. The enone 6 was stable under 

neutral conditions and could be stored at -15 ‘C for month periods, but the temperatum appeared to be critical 

during the reaction. The isolated enone 6 when subjected to thermodynamic equilibration (under basic 

conditions) resulted in formation of the tetrasubstituted olefin (i.e., 7, A3 isomer). 
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With the enone 6 in hand, we next investigated the conjugate addition. The Grignard reagent 8 was prepared 

by reaction of m-bromo-iso-propoxybenzene with magnesium turnings in THP at reflux for 1.5 h. Puritied 
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CuBrSMeg compexl t(l5 wt %) was then added at room ~,andthemixtureccoledtooocafter3min. 

TheenoncwasaddtdasaTHFsolutionatOOC,andthereactionwascornpletcwithin30min. Themajorproduct 

was the desired l&dduct 9, which contained ~6% of the 1,Zadduct 11. We have not been able to isolate and 

characterize any of the the m&sited epimer 10 (below), however. As expected? the conjugate addition gave a 

high degree of selectivity favoring the cis product (relationship of the 3-methyl and 4-(2propionyl) moieties). 

Although the conjugate addition could be conducted at a range of temperatumst~ from -30 “C to 0 ‘C, it was 

convenient to operate at 0 “C. Furthermore, added TMSCJ / HMPA,lJ BF3*Et20,14 or the use of a variety of 

other organocopper teaget& proved less satisfactory, often resulting in dismal yields (520%) and/or poor 1,4 

: 1.2 ratios. The reaction of aryl magnesium bromide 8 with enone 6 in the absence of any copper species 

underwent only 1,2-addition to form 11. Furthermore, the best chemical yields of adduct 9 were obtained by 

using the crude enone 6: 81% chromatographed yield of 916 (two steps, 30 g scale). 

Clemmenson reductionl7 of 9 with Zn powder in HCl solution resulted in sevem degradation of the piperidine 

ring. Although adduct 9 was acid stable at ambient temperatures, it was acid sensitive at higher temperatures. 

The disposition between the carbonyl and the amine could allow for a degradative fragmentation, resulting in a 

variety of olefinic products (NMR). Attempted deprot&ion of the phenolic oxygen of 9 by reaction with ~~1318 

caused Friedel-Crafts cychzation to afford 12 in good yield. Likewise, attempted thioketalization of 9 with 

BFpEt20 and HSCH$H$H also formed 12. Wolff-Kishner teductionl9 proceeded smoothly, however, to 

afford 13 in 93% yield (Scheme). Deprotection of 13 with cone HClm at reflux then provided picenadol (l), 

isolated at the HCl salt (86% yield). The material obtained by this route was identical with an authentic sample in 

every respect?t 
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