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Conjugate addition of aryl or alkyl cuprates to 3,4-dimethyl-5,6-dihydro-2(1

2-piperidinones in 39 —78% yields. The yields and the diastereochemistry of piperidinones depended on both the

organocuprate. Reduction then deprotection of the
key precursor of opioid receptor antagonists.

H)-pyridinones led to diastereoisomerically pure 3,4,4-trisubstituted
N-protecting group and the

trans -3,4-dimethyl-4-phenyl product provided the corresponding piperidine, analogue of a

The trans-3,4-dimethyl-4-phenylpiperidines such as LY-
255582% LY2467362 and JDTié (Figure 1) are a unique

and depression, as well as opioid and cocaine abuse and other
central nervous system disorders. It was demonstrated that

class of compounds exhibiting pure opioid antagonist activity the stereochemical configuration at the C-3 and C-4 positions
that may prove useful in the treatment of obesity, psychosis, of the piperidine ring is critical for the intrinsic antagonist
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activity, whereas the nature of tiNesubstituent affects the
binding potency and the selectivity towardd, and« opioid
receptor subtype’s:* Therefore, piperidiné is a versatile
molecular framework for the development of pharmaco-
therapeutic agents and molecular tools in the study of the
physiological function of the highly complex opioid receptor
system.
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" " Scheme 1. Strategy through a Conjugate Addition
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ﬂ addition of an organocuprate to @ f-disubstituted-a,f-

A unsaturated lactam.

o,B-Unsaturated lactams are known to be poor Michael
acceptors, and 3,4-disubstituted piperidinones were always
Figure 1. Opioid receptor antagonists. obtained from substrates bearing at C3 an alkoxycarbonyl
group mainly used as an electron-withdrawing substituent
) . ) for enhancing the reactivity of the conjugated sysfem.

The trans-diaxal relationship between the two methyl \joreover, it is noteworthy that the organometallic reagent
groups is a major challenge in the preparations of the (gikyl- or aryllithium, magnesium bromide, zinc, or alum-
piperidineA. An initial approach involved the reduction of inium) was usually used in large amounts—@ equiv)
the corresponding 2,3-enamine, but only moderate selectivitycompared to the lactafWe first decided to check the
was achieved in controlling _the relative stereoc_hemistry of viability of the proposed strategy starting from the nonac-
the C3-methyl group® A regio- and stereospecific metal- iy ated N-methyldihydropyridinone3 and phenyl cuprate.
loenamine generation-methylation sequence from the 3,4-pheny| cuprate was formed in situ from phenyllithium
disubstituted 1,2,3,6-tetrahydropyridine was then developed(preferred to phenylmagnesium bromi#ednd was used in
as an alternative stratedy.” However, the multistep syn- 2 5. tg 10-fold excess compared to lact8mOptimization
thesis required for the obtention of the starting tetrahydro- of the conjugate addition conditions focused on copper
pyridine and the introduction of the 4-aryl group rather early gsoyrces, additives, solvent, temperature, and reaction time.
in the reaction scheme make this route unconvenient for the pfer examining a number of cuprate reagents, we found
synthesis of the target compourdl and aryl-modified  that the desired 1,4-addition was best accomplished with the
analogues. lower order homocuprate prepared from phenyllithium (10

The conjugate addition of alkyl or aryl cupratesd¢s- equiv) and CuBiSMe (5 equiv) under the influence of
unsaturated lactams has previously proved to be a useful

diastereoselectively controlled synthesidrains-3,4-disub- _

stituted piperidinone%. This latter process followed by Lo . iy
. . . A . Table 1. Opt t f the C te Addition t
reduction provided the corresponding piperidifi@giHerein, avie prmization of the L-onjugate ton o

JDTic Ar = 3-hydroxyphenyl

- . S Dihydropyridone3?
we report that trisubstituted piperidinésand 2, analogues _
of the intermediat@\, can be obtained according to a concise Me Cu;hls‘;vle Ph, Me
. . . oy - 2 N
synthesis highlighted by a 1,4-addition of organocuprates to f\yMe T™SCI f Me
3,4-dimethyl-5,6-dihydropyridinon28 and 4 (Scheme 1). N/KO solvent NS0
]\'/] o temperature ]\I/I
il e
(5) (@) Mitch, C. H.; Zimmerman, D. M.; Snoddy, J. D.; Reel, J. K;; me
Cantrell, B. E.J. Org. Chem.1991, 56, 1660. (b) Zimmerman, D. M.; 3 5a
Leander, J. D.; Cantrell, B. E.; Reel, J. K.; Snoddy, J. D.; Mendelsohn, L.
G.; Johnson, B. G.; Mitch, C. Hl. Med. Chem1993,36, 2833. Phli TMSCl yield

(6) Werner, J. A,; Cerbone, L. R.; Franck, S. A;; Ward, J. A.; Labib, P;

Tharp-Taylor, R. W.; Ryan, C. Wl. Org. Chem1996,61, 587 entry (equiv) (equiv) solvent T (°C) time (h) (%)

1-aylpiperidings cseiul as precLrsors of ragments of morphine: Liras. 8 L 10 32 THE B b
-arylpiperidi usefu u ine: Liras, S; _

Allen, M. P.; Blake, J. FOrg. Lett. 2001,3, 3483. 2 10 15 THF 15 18 b
(8) (a) Overman, L. E.; Robichaud, A. J. Am. Chem. S0d.989,111, 3 5 32 Et20 -15 16 b
300. (b) Amat, M.; Bosch, J.; Hidalgo, J.; Canto, M.; Perez, M.; Llor, N.; 4 10 3.2 Et.0 -15 2 16
3M007|i25,(I?.;BMiravitlles,MC.I;_Orj)zco, I\(/I: I_Ruque,_i_]. Cli/rlg. Ch_em,%/IOO%GS,h ; 5 10 32 Et,0 ~15 16 24c

. (c) Bennasar, M.-L.; Juan, C.; Roca, T.; Monerris, M.; Bosch, J. _ 4
Tetrahedron2001,57, 10125. (d) Cossy, J.; Mirguet, O.; Gomez, Pardo, ~ © 10 12 Et;0 15 226
D.; Desmurs, J.-RNew J. Chem2003,27, 475. (e) Ecija, M.; Diez, A.; 7 10 3.2 Ets0 —15thenrt 6then12 33

Rubiralta, M.; Casamitjana, N. Org. Chem2003 68, 9541. (f) Brewster, 8 10 3.2 Et,0 0 18 584
A. G., Broady, S.; Hughes, M.; Moloney, M. @rg. Biomol. Chem2004,
2, 1800. (g) Pineschi, M.; del Moro, F.; Gini, F.; Minnaard, A. J.; Feringa, 2 CuBrSMe; (5 equiv).” The dihydropyridinon® was recovered in 76
B. L. Chem. Commur2004, 1244 and references cited. 85% yield.c The only side product was the dihydropyridinoBe? No
(9) Kawanaka, Y.; Kobayashi, K.; Kusuda, S.; Tatsumi, T.; Murota, M.; ~dihydropyridinone3 was recovered; unidentified degradation products were
Nishiyama, T.; Hisaichi, K.; Fujii, A.; Hirai, K.; Naka, M.; Komeno, M.; obtained as byproducts.
Nakai, H.; Toda, MBioorg. Med. Chem2003,11, 689.

154 Org. Lett, Vol. 9, No. 1, 2007



TMSCI catalysi&® in Et,O (Table 1). The use of CuBr and
Cul in combination or not with BEFOEt, or TMSCI failed
(data not presented). The lact@was found totally inert in
THF (entries 1,2) and at temperature belewt0 °C (data
not shown). The piperidinonga was obtained in poor yield
when the reaction was carried out-al5 °C even with an
extended reaction time (entries-3). The yield in5a was
increased to 58% by raising the temperature f€Qentry
8).
We then examined the 1,4-addition of methyl andutyl

no significant improvement in phenylcuprate addition yield
was observed starting from thé¢-Boc lactam4 instead of
the N-methyl compoun® (entry 1 vs 4). For the reactions
with methyl andn-butylcuprate, the use @f rather than3

led to a considerable reduction in the yield (entries 2 vs 5,
3 vs 6). TheN-methyl piperidinoneSa—cwere obtained in
yields ranging from 58 to 78%, whereas thid3oc analogues
6a—c were isolated in only 3960% yields. In theN-
methylpiperidinones series, alkyl cuprates were found to be
more reactive than aryl cuprates with a reactivity order as

cuprate under the conditions previously determined and follows: methyl > n-butyl > phenyl. The reactivity order

compared the reactivity of the lactan®s and 4 in the
preparation of piperidinonésand6a—c(Table 2). Despite

Table 2. 1,4-Addition of Organocuprates to Dihydropyridones
3 and42

Me R,Li
Me CuBrSMe, Re Me to
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N~ ~O 2 N~ ™0
}‘?1 0°C,18h l‘?1
3 Ry=Me 5 R1=Me
4 Ry =Boc 6 Ry =Boc
entry  substrat R,Li product yield (%)
Ph, Me
S Me
1 3 PhLi [I Sa 58
N~ ™0
Me
Me_ Me
Me
2 3 MeLi - 5b 78
N0
Me
Me, .Bu
N Me
3 3 n-BuLi 5S¢ 66
N O
Me
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4 4 PhLi g 6a 60
N0
Boc
Me_  Me
Me
5 4 MeLi k 6b 39
N [0}
Boc
nBu, Me
X Me
6 4 n-BuLi I 6¢ 54
N (@]
Boc

aR,Li (10 equiv), CuBFSMe, (5 equiv), TMSCI (3.2 equiv).

the greater electron-withdrawing ability of the Boc group
that would render the reactiyecarbon more electrophilf®,

(10) Nakamura, E.; Matsuzawa, S.; Horiguchi, Y.; Kuwajimalétra-
hedron Lett.1986,27, 4029.

(11) THF was the best solvent for the 1,4-addition of 4-fluorophenyl
cuprate to the 3-methoxycarbonyldihydropiperidinone in the formal synthesis
of paroxetine; see ref 8d.
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was totally opposite in th&l-Boc lactams series as reported
for the synthesis disubstituted piperidinofidsis reasonable
to assume that thBl-methyl compounds were more stable
in the reaction medium than thé-carbonyl analogues and
led to reduced amounts of degradation products. Degradation
of the N-Boc-piperidinones was greater when the cuprate
was reactive.

In all cases, the selectivity was totally controlled as only
one diastereoisomer was obtained. The stereochemistry was
assigned by NOESY experiments (Figure 2) and found to

Ph, (CHs CHs th
T e TR )
*[ CHy (\Icm [3 CH

“NTTo N~ 0 N0
R4

: Me
5a,6a

5¢c

Figure 2. Noesy correlations of piperidinongs-6a,c outlined with
curly arrows.

be dependent on the nature of the cuprate and of the
N-protecting group. The sterecisoméia and 6a obtained
for the reactions with phenyl cuprate displayed the two
methyl groups in antiperiplanar position whatever tiie
protecting group. Indeed, NOE effect was clearly observed
in the structuréba between the protons of the methyl group
at C4 (s, 1.36 ppm) and H3 (m, 2.6Q.70 ppm). Although
visible, this NOE effect was more difficult to assign for the
piperidinone6a due to the very closed NMPRH chemical
shifts of the two methyl groups (d and s overlapped, +.87
1.90 ppm). Usingn-butyl cuprate, the two methyl groups
were placed in the trans position for theBoc lactam6c
and cis for theN-methyl analoguésc. For compoundbc,
the typical NOE effect between the protons of the methyl
group at C4 (s, 1.00 ppm) and H3 (m, 2-22.35 ppm) was
once again obvious. For the analogbe, NOE analysis
displayed undoubtedly a relationship between on one hand
the two methyl group (s, 0.84 ppm and d, 1.13 ppm for
methyl at C4 and C3 respectively) and on another hand H3
(m, 2.14—2.23 ppm) and the methylene protons of the butyl
chain (m, 1.20—1.33 ppm), a result consistent with the
synperiplanar position of the two methyl groups.

Due to the conditions used allowing the conformational
equilibration and the in situ epimerization on C3, the
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s In conclusion, we have described for the first time that

Scheme 2. Synthesis of Piperidinga 3,4,4-trisubstituted piperidinoneS and 6a—c could be
Phy Me Phy Me 1)PhOCOCI  Ph, Me accessed by the conjugate addition of organocuprate to 3,4-
h\;e BH%.:yez fj‘ﬁe régtjfn;n f\\;e dimethyl—§,6—dihydropyridinones. This reaction was di§1§te—
N T T LN D HBr s N reosele(?tlve and allowed j[he development .of an efficient
Me Ve AcOH, reflux, 18h |, synthesis of thdrans-3,4-dimethyl-4-phenylpiperidinga,
5a 64% 2a 86% 1a an analogue of the key intermediakefor the preparation

of compounds of biological interest. The scope and limitation

stereoisomers obtained seemed to correspond with themc this strategy for the synthesis of 4-arylpiperidines such

thermodynamically stable forn¥s.We tried to rationalize as piperidineA are currently underway.
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Finally, lactambawas involved in a reduction/deprotection
sequence to afford theans 3,4-dimethyl-4-phenylpiperidine
la with a 55% overall yield (Scheme 2).
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