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Abstract: An expedient synthesis of ortho-methoxy substituted 9-keto-5-phenylmorphans has been developed, featuring a
Thorpe-Zieger cyclization to construct the substituted 2-phenylcyclohexanone intermediate. © 1999 Elsevier Science Ltd.

All rights reserved.
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5-(3-Hydroxyphenyl)-2-methylmorphan 1 was discovered during the fifties by May and Murphyl as an
analgesic with a potency comparable to morphine. Intensive studies in the early seventies uncovered an
unusual pattern of agonist and antagonist activity and addictive properties. The (+)-enantiomer (1S,5R) proved
to be a potent agonist (4-5x morphine), which substituted for morphine in morphine-dependent monkeys, and
showed addictive properties comparable to morphine.2 However, its optical antipode, being equipotent to
morphine in analgesic potency, also showed antagonist activity, and precipitated withdrawal in morphine-

dependent monkeys. Later, it was shown that both enantiomers of 1 bind potently to the ;,t-rt:ct:ptor.3
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1 2aR = a-OH 3a 2,3-diMeO
2b R = p-OH 3b 2,5-diMeO
2¢c R=a-Me
2d R = pB-Me

Substituted phenylmorphans have been shown to exhibit interesting properties, in particular the 9-hydroxy and

9-methyl derivatives 2a-d.*>® The 9a-hydroxy derivative 2a is a strong antinociceptive agent while its epimer
2b is inactive.* The (+)-enantiomer of 2¢ is devoid of analgesic activity, but shows nalorphine-like antagonist
activity.”  Very recently, Carroll and coworkers showed that the 9B-methyl epimer 2d is a potent, pure

antagonist at 1, x, and 8 opioid receptors.®

t Dedicated to Dr. Leendert Maat on the occasion of his 65 birthday.
! Present address: Department of Medicinal Chemistry, Janssen Research Foundation, B-2340 Beerse, Belgium.
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In the ongoing efforts of our lab to delineate the SAR of phenylmorphans’ and oxide-bridged phenylmorphans,8
we were interested in the synthesis of ortho-methoxy substituted 9-ketophenylmorphans 3.

The original synthesis of 1 by May and Murphy featured a low-yielding benzylic alkylation of 2-(3-
methoxyphenyl)cyclohexanone with dimethylaminoethyl chloride to give I (Scheme 1).! Even after careful
optimization, the substituted phenylcyclohexanone I was obtained in only 40% yield, the remainder being the
O-alkylated product.” Even more serious problems were expected for the synthesis of our target molecules,
because the ortho-methoxy substituent increases both the steric hindrance and the stabilization of the benzylic
anion, probably leading to an even lower yield of the desired C-alkylation (IIa,b). Furthermore, the required

ortho-methoxy substituted 2-phenylcyclohexanones can be prepared only by a multistep synthesis.m’”
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Scheme 1. (i) CICH,CH,NMe,. HCI'NaH, DMF (ref. 1, 9); (ii) double alkylation; (iii) Thorpe-
Ziegler reaction, hydrolysis.
We therefore explored a different approach,'? based on the construction of the cyclohexanone ring by means of
a Thorpe-Ziegler cyclization of an appropriately substituted benzyl cyanide.'® (Scheme 1) It was shown before

that this cyclization also works with an additional substituent in the benzylic position."* Furthermore, early

introduction of the basic N,N-dimethylaminoethyl sidechain would simplify work-up and purification.

MeO MeQ MeQ
Meog—JCN i MO/~ CN ii MeO.7— CN
4a 3-OM o
a >-OUMe NMe. NMe
4b 5-OMe 5a,b 2 2
lni
MeO NH,
MeoN Me,N 6a,b

Scheme 2. (i) NaNH,/CICH,CH,NMe,: 5a.oxalate 71%, Sb.oxalate 41%; (ii) 3 eq. NaNH,,
Br(CH,),CN: 6a 65%, 6b.oxalate 58%; (iii) 4 eq. NaNH,, Br(CH,),CN: 7.oxalate
25%; (iv) 1 eq NaNH,.
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Treatment of the benzyl cyanide 4a, with 1 eq. of sodium amide (Scheme 2), followed by alkylation with

dimethylaminoethyl chloride gave the amine 5a,b'’ in 71% isolated yield, along with 25% of starting material,
which could be recovered by acid-base extraction.
The critical step was the alkylation with
bromovaleronitrile. Formation of the sodium salt of
Sa,b with sodium amide (3eq) in THF, followed by
addition of the bromide gave the dicyanide which
under the reaction conditions directly cyclized to the
cyano enamine 6a,b, easily recognized by its strong
IR absorption at 2190 cm™.'8 Surprisingly, when 5a
was treated with a larger excess of base, a different

product was formed, which according to NMR and

MS analysis contained only one methoxy group.

Figure 1. X-ray of compound 7 (free base)

Single crystal X-ray'® showed this compound to be
carbazole 7% (Fig. 1), presumably formed by a nucleophilic displacement of the aromatic methoxy group by
the deprotonated enamine.>' Indeed, treatment of 6a with NaNH, (1 eq.) also gave 7.

Acid hydrolysis of the enamine and cyanide functions in 6a,b, followed by decarboxylation gave the desired
substituted phenylcyclohexanones 8a,b (Scheme 3). Bromination gave the a-bromo ketones 9a,b,
conveniently isolated as the HBr salt, as described for the meta-methoxy derivative.' However, in contrast to
the original synthesis of 1, neutralization failed to give the cyclized product 10a,b. Only when the free base of
9a,b was heated in xylene for 2-4 h, the quaternary compound 10a,b was obtained, together with small amounts
of the tertiary amine 3a,b.?> Thermal decomposition of the quaternary salt 10a,b gave the tertiary amine 3a,b

in good yield, which was crystallized as the HCl salt (Scheme 3).

[©)] Br
MeO NH2 MeO O MeO O Br MeO O NMe, MeO O
Me,N 6a,b Me;N 8a,b MezN Sa,b 10a,b a,b

Scheme 3. (i) H,0/HCI/H,PO,: 8a.HBr 82%, 8b.HBr 75%; (ii) Br,/CHCl,: 9a 82%, 9b 80%; (iii) a. NH,OH, b. A, p-xylene;
(iv) A, 1-nonanol: 3a.HC1 51% (from 8a), 3b.HC! 44% (from 8b).

In summary, we have shown that 9-keto-5-(dimethoxyphenyl)morphans 3a,b can be synthesized efficiently
using a Thorpe Ziegler reaction to construct the cyclohexanone ring. The reaction sequence does not involve

chromatographic separations and is amenable to large-scale synthesis of 3a,b.
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