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A route to 3-arylpiperidines, 3-arylpyridines, and 5-arylpiperidin-2-ones involving a radical 1,4-aryl migration has been explored. The sequenc e

requires a xanthate addition to an  N-allylarylsulfonamide, followed by acetylation and treatment with dilauroyl peroxide to give the 1,4-aryl
transfer product, which upon acidic hydrolysis affords the desired piperidine derivative.

3-Arylpiperidines have been thoroughly investigated since
the early 1980s in view of their interesting opibidnd
dopaminergic activity.One of the most interesting of these
is preclamol (Figure 1), reported to be the first selectige D

. . : ; . OH
like dopamine autoreceptor agonist. Potent dopaminergic

substances, such as preclamol and related compounds, have N

potential for the treatment of schizophrenia, Parkinson’s K/

disease, depression, and drug addiction. Moreover, in the
past few years, the identification of 3-arylpiperidines as
antagonists of the tachykinin systénas inhibitors of the
steroid m-reductastor as ligands to the recepto’ makes In contrast with their interesting pharmacological profile,
them even more interesting targets. few methods to construct 3-arylpiperidines have been
D iorio M. A 3. Mod. ChomT978 21 812 reported to daté The majority are based on a nickel cross-
Ezg (gle\’/iks-tfa.n, H.;génch::D.; Iﬁndt’)erg, P Hacksell, U.; Arvidsson, coupling between an arylmagnesium bromide and a bro-

L.-E.; Johansson, A. M.; Thorberg, S.-O.; Nilsson, J. L. G.; Svensson, K.; mopyridine’ a HecR or a Suzuld coupling. The resulting

Hjorth, S.; Clark, D.; Carlsson, AJ. Med. Chem1984 27, 1030. (b) ; i ;

Liljefors, T.; Wikstrom, H. J. Med. Chem1986 29, 1896. (c) Liljefors, substituted pyr|d|ne is then reduc.ed' . .

T. Bogesg, K. P.; Hyttel, J.; Wikstg, H.; Svensson, K.; Carlsson, 4. We now present a hew synthesis of 2-substituted 5-arylpi-

\')"Vecti- Chﬁmlsggq 33, 10K15-C(0|)I Sone?fsgny % '\Lﬂlny va?-‘;BHt-aHanﬁOg' L. peridines obtained via a key step involving a radical 1,4-
aters, N.; svensson, K.; Carisson, A.; smitn, M.; | rad. J. Mea. . . . .

Chem 1994 37, 2735. (e) Hansson, L. O.; Waters, N.; Holm, S.; Sonesson, aryl transfer. Qur synthgtlc design, depicted in Scheme 1,

C.J. Med. Chem1995 38, 3121. (f) Macchia, M.; Cervetto, L.; Demontis,  relies on the rich chemistry of xanthatéand starts from

G. C.; Longoni, B.; Minutolo, F.; Orlandini, E.; Ortoce, G.; Papi, C.; Sbrana, _ ; _

A.; Macchia, B.J. Med. Chem2003 46, 161. N-allylsulfonamidesla—g.
(3) (a) Giardina, G. A. M.; Grugni, M.; Rigolio, R.; Vassallo, M.; Erhard,

Figure 1. Preclamol, a dopamine autoreceptor agonist.

K.; Farina, CBioorg. Med. Chem. Let1 996 6, 2307. (b) Allan, G.; Carnell, (4) Abell, A. D.; Prince, M. J.; McNulty, A. M.; Neubauer, B. Bioorg.
A. J.; Escudero Herfmalez, M. L.; Pettman, ATetrahedror2001, 57, 8193. Med. Chem. Lett200Q 10, 1909.

(c) Mackenzie, A. R.; Marchington, A. P.; Middleton, D. S.; Newman, S. (5) Ablordeppey, S. Y.; Fischer, J. B.; Law, H.; Glennon, R Bioorg.
D.; Jones, B. CJ. Med. Chem2002 45, 5365. Med. Chem2002 10, 2759.
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Scheme 1. Synthesis

of3-Arylacetamides
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1a, X=4-Me 2a, R=OMe, R'=H 3a, X=4-Me, R=OMe, R'=H, 85% 4a, X=4-Me, R=OMe, R'=H, 95%
1b, X=4-Bu 2b, R=Bn, R'=H 3b, X=4-Me, R=Bn, R'=H, 70% 4b, X=4-Me, R=Bn, R'=H, 94%
1c, X=2-Cl 2c, R=cyclohexyl, R'=H 3c, X=4-Bu, R=cyclohexyl, R'=H, 80% 4c, X=4-Bu, R=cyclohexyl, R'=H, 93%
1d, X=4-Br 2d, R=OCH,CH,=R' 3d, X=2-Cl, R=OCH,CH,=R', 92% 4d, X=2-Cl, R=OCH,CH,=R', 89%
1e, X=4-| 2e, R=piperidyl, R'=H 3e, X=4-Br, R=piperidyl, R'=H, 66% 4e, X=4-Br, R=piperidyl, R'=H, 91%
1f, X=4-CF, 2f, R=2-thiophenyl, R'=H  3f, X=4-CF;,, R=2-thiophenyl, R'=H, 49% 4f, X=4-CF,, R=2-thiophenyl, R'=H, 86%
1g, X=4-CN 2g, R='Bu, R'=H 3g, X=4-CN, R='Bu, R'=H, 81% 4g, X=4-CN, R=Bu, R'=H, 93%
o] 5a, X=4-Me, R=OMe, R'=H, 71% 9 (0] 9 0
Ac. 30 X=4-Me, R=Bn, R=H, 60% Sz M scsoet g,
5¢, X=4-Bu, R=cyclohexyl, R'=H, 70% /©/ICI) 'I‘l 2h 5 'I‘l Ph
5d, X=2-Cl, R=OCH,CH,=R', 72% Ac _— Ac Xa
5e, X=4-Br, R=piperidyl, R'=H, 70% DLP, DCE, rf
5f, X=4-CF,, R=2-thiophenyl, R'=H, 33% 1h 4h, 42%
59, X=4-CN, R='Bu, R'=H, 81%
5h, X=4-Me, R=Ph, R'=H, 53% OMe
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When a solution of olefil and xanthat@ (1.5 equiv) in
1,2-dichloroethane (DCE) was heated to reflux in the
presence of a small amount of lauroyl peroxide (DLP),

adducts3 were obtained in good yield. Because the subse-

quent radical transposition step proceeded in low yield with
nonprotected sulfonamid&gvide infra), these adducts were

by the additional electron withdrawing effect of the acetyl
group, and a consequent increase in the energy gap with the
SOMO of the radical (note that all radicals derived from
xanthate are electrophilic in chararcter). Thus, the radical
addition was carried out by using nonacetylated olefins, and
protection of the nitrogen atom was performed later in the

protected as the corresponding acetamides with either acetybynthetic sequence. The addition produttsere subjected

chloride or acetic anhydride. Interestingly, when the acetyl
group was first introduced on the allyl sulfonamidgshe
radical addition proceeded in significantly lower yield. For
example, addition of xanthat2h onto olefin 1h afforded

to the action of the peroxide to trigger the intramolecular
radical 1,4-aryl migration for the formation of tifkarylac-
etamidesb, precursors of the desired 3-arylpiperidines.

The key aryl migration to givé proceeds by the mech-

4hin Ol’l|y 42% yleld This was a consistent observation and anism depicted in Scheme 2. There are many examp|es of

appears to be due to the lowering of the HOMO of the olefin

(6) For recent syntheses of 3-arylpiperidines, see: (a) Wong, Y.-S.;
Marazano, C.; Gnecco, D.; @isson, Y.; Chiaroni, A.; Das, B. d. Org.
Chem 1997 62, 729. (b) Lindermann, U.; Reck, G.; Wulff-Molder, D.;
Wessig, P.Tetrahedron1998 54, 2529. (c) Klumpp, D. A.; Garza, M;
Jones, A.; Mendoza, S. Org. Chem1999 64, 6702. (d) Johnson, T. A;;
Curtis, M. D.; Beak, PJ. Am. Chem. So€001, 123 1004. (e) Liu, D.-G.;
Gao, Y.; Wang, X.; Kelley, J. A.; Burke, T. R., JI. Org. Chem2002 67,
1448. (f) Amat, M.; CantpM.; Llor, N.; Ponzo, V.; Peez, M.; Bosch, J.
Angew. Chemint. Ed 2002 41, 335. (g) Amat, M.; CaritoM.; Llor, N.;
Escolano, C.; Molins, E.; Espinosa, E.; Bosch].JOrg. Chem2002 67,
5343.

(7) (a) Hacksell, U.; Arvidsson, L.-E.; Svensson, U.; Nilsson, LJG.
Med. Chem1981, 24, 1475. (b) Tagat, J. R.; McCombie, S. W.; Barton,
B. E.; Jackson, J.; Shortall, Bioorg. Med. Chem. Lettl995 18, 2143.

(8) (a) Nilsson, K.; Hallberg, AJ. Org. Chem 1992 57, 4015. (b)
Buchner, I. K.; Metz, PTetrahedron Lett2001, 42, 5381.

(9) (@) Ali, N. M.; McKillop, A.; Mitchnell, M. B.; Rebelo, R. A;;
Wallbank, P. JTetrahedronl992 48, 8117. (b) Tagata, T.; Nishida, M.
Org. Chem2003 68, 9412. (c) Cioffi, C. L.; Spencer, W. T.; Richards, J.
J.; Herr, R. JJ. Org. Chem2004 69, 2210.

(10) (a) Quiclet-Sire, B.; Zard, S. Angew. ChemInt. Ed. Engl 1997,

36, 672. (b) Quiclet-Sire, B.; Zard, S. PhosphorusSulfur Silicon Relat.
Elem.1999 137. (c) Zard, S. Z. liRadicals in Organic SynthesiRenaud,
P., Sibi, M. P., Eds.; Wiley-VCH: Weinheim, Germany, 2001; Vol. 1, p
90.
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radical aryl migrations in the literature, the most extensively
investigated being 1,2-aryl migrations (neophyl rearrange-
ment)!! but 1,4- and 1,5-aryl migratiofshave also been

the subject of several studies. Aryl migrations are not restrict-
ed to movement from a carbon centered to a carbon centered
radical. The aryl transfer from an aryl sulfonamide to a
carbon centered radical was first described by Speckamp in
19721314With this process it is possible to transfer electron
rich and poor arenes. Sulfonamides arising from cyclization

(11) Urry, W. H.; Kharasch, M. SJ. Am. Chem. Sod 944 66, 1438.

(12) For a review on radical aryl migration reactions, see: (a) Studer,
A.; Bossart, M.Tetrahedror2001, 57, 9649. (b) Studer, A.; Bossart, M. In
Radicals in Organic SynthesiRenaud, P., Sibi, M. P., Eds.; Wiley-VCH:
Weinheim, Germany, 2001; Vol. 2, p 62.

(13) Loven, R.; Speckamp, W. N.etrahedron Lett1972 13, 1567.

(14) For other examples of sulfur to carbon radical aryl migrations, see:
(a) Kohler, J. J.; Speckamp, W. N.etrahedron Lett1977 18, 631. (b)
Koéhler, J. J.; Speckamp, W. Nretrahedron Lett1977 18, 635. (c)
Speckamp W. N.; Kbler, J. JJ. Chem. SocChem. Commurl978 166.

(d) Kohler, H. J.; Speckamp, W. N.. Chem. SocChem. Commuri98Q
142. (e) Clive, D. L. J.; Boivin, T. L. BJ. Org. Chem1989 54, 1997. (f)
Motherwell, W. B.; Pennell, A. M. KJ. Chem. SocChem. Commuri991],
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The aryl transfer producwere obtained in moderate to

Scheme 2. Mechanism of 1,4-Aryl Transfer good yield (Scheme 1). In some examples we also recovered
o o 0 o unreacted or deacetylated starting material, as well as what
0 S. /\/\)J\ appeared to be the product of the reduction of radicahich
Z &N R pLp / | Q/. R could account for the moderate yield in some runs. Previous
X‘/\ Ac  SCSOEt , X/‘ Ac I trials showed 2-propanol to be the best hydrogen atom

donating solvent, in comparison with toluene, cyclohexane,
or isopropyl acetate. The use of carbamate instead of acetyl
derivatives resulted in lower yields.

From the data in Scheme 1, it seems that the nature of the
phenyl substituent X does not affect greatly the course of
the reaction, as in both series of electron withdrawing and
electron donating groups examples of good yields are found.
As for the R substituent on the carbonyl group, it can be
concluded that the best yields are found when there is an
aliphatic ester or amide moiety#g, R = OMe, 71%:;4d,

R,R = lactone, 70%24e R = piperidine, 70%). In the case
of precursorgif and4h, the yield was lowered because of a
competing cyclization of the intermediate radical (corre-
sponding td in Scheme 2) onto the thiophenyl and phenyl
rings respectively to give the corresponding tetralbhngne
best yield was obtained with sulfonamidg, in which the
aryl ring bears a cyano group and there is a buég:butyl
substituent on the carbonyl.

With compound$ in hand, we examined their conversion
to the aromatic ring and products of direct reduction have into piperidine derivatives. Acid hydrolysis of the acetamido
also been observed as side-products in these reactions. group and subsequent cyclization afforded the desired

Hitherto, nearly all the examples of sulfur to carbon 1,4- substituted piperidines (Table 1). If the R substituent of the
aryl migrations use toxic tin hydrides. The present approach
is not only tin-free, but also avoids high dilution and is
e_xperimentally very easy to perform_. Lauroyl peroxide is Table 1. Synthesis of 5-Arylpiperidines,

S|mply qdded portion-wise to a refluxmg solution of adduct 5-Arylpiperidin-2-ones, and 5-Arylpyridines
4 in a mixture of 2-propanol and 1,2-dichloroethane. 2-Pro- fo) X

panol is a key element of the process. As outlined in Scheme  Ac. = /|

2, radicall must have enough lifetime to be able to undergo 12 M HCI X

the desired aryl shift. Even though 2-propanp| is capable of dioxane, if RNy

hydrogen atom transfer to a secondary radical such'as X 6

this process is relatively slow and does not compete l 12 M HCI, 1f NaBH3CN'/ \ 10% Pd-C
efficiently with theipsosubstitution leading tdl . Extrusion MeOHv; xlene. it
of sulfur dioxide would then give a highly reactive electro- //l //| FL
philic amidyl radicallV, which now is rapidly reduced by S x _ \
the 2-propanol. Hence the need to introduce an acetyl group . - |

in the first place. In its absence, the sequence would have 0 ” 7 R ” 8 R™ "N" ¢
furnished a much less reactive and more problematic aminyl

radical. As for the ketyl radical derived from 2-propanol, it - cetamide X R heterocycle

is simply oxidized into acetone by the peroxide, which must
therefore be used in stoichiometric amounts. It is also 52 4-Me OMe 7(88%)

possible that hydrogen abstraction from 2-propanol takes 3P 4'tMe Bnl hexvl 8: (85%)
place at the level of radicalll . Such amidosulfonyl radicals Z: i:égé ;}-,tch(i)o;}}iZnyl gc ((S?Z ))
are electrophilic and loss of sulfur dioxide may be too slow 5 4-Me Ph 8d (89%)
to compete with the hydrogen abstracti§his of course 5h 4-Me Ph 9 (83%)

has no practical consequence on the outcome since ultimately.
amide5 is formed through both pathways.

ransfer pr is an alkyl or aryl gr he pr
877. (g) da Mata, M. L. E. N.; Motherwell, W. B.; Ujjainwalla, F. tra S.e p. OdUC§ .S a a. ylor ary g.OUp’ the p oduct
Tetrahedron Lett1997 38, 137. (h) da Mata, M. L. E. N.: Motherwell, w. ~ Obtained is an imine, which can be either reduced to the

E.; Llejaénvl\iallﬁA, FHTetrﬁhs\t/ir%n \L7ett-l997528, |1412'oc()% E;Jgfand, E; desired piperidine or oxidized to the corresponding pyridine.
orslund, L.; Motherwell, W. B.; Vaquez, SSynlett . : : : :
(15) (a) Liard, A.; Quiclet-Sire, B.; Zard, S. Zetrahedron Lett1996 If. the_ R radical is an alkoxy or an amine, the product IS a
37,5877. (b) Quiclet-Sire, B.; Zard, S. Zetrahedron Lett1998 39, 9435. piperidin-2-one.
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Hydrolysis was performed with concentrated HCI (Table
1), and the desired imines were used without purification as
the hydrochlorides or the free imines. Reduction with sodium

! ) ; ST . SCSOEt CFy
cyanoborohydride provided the desired 5-arylpiperidines in o |
good yield and diastereoselectivity. In the case of acetamide- E

Scheme 4. Synthesis of 2,5-Diarylpiperidines

CF;

I5i lization in -toluen Ifoni i
acetal5i, a cyclization induced byp-toluene sulfonic acid E10,5” “CO,Et

afforded piperidine8ein good yield (Scheme 3). This is an 10 o RNH,
_— ——
NaBH,CN
OMe DLP.DCE.ff CO,Et NaBHhC
2 11 60% EtOH, rf

Scheme 3. Synthesis of Nicotinic Acid Derivativ8e CF3 CF;
OMe | -
H

MeO,C N
A MeO 2 MeO NH

CH,Cl, N

1
|5 89% Ac 8e 12a (H-20):12b (H-2B) 5:1 R=H, 71%  14a (H-20.):14b (H-2p)
13, R = cyclopropyl (86%, H-2a) 5:1 (72%)

alternative route into nicotinic acid derivatives, and the PiPeridine 13 was obtained as a single diastereomer in
unsaturation and iodine present in the molecule offer many €xcellent yield. With ethylenediamine, a second cyclization
possibilities for further functionalization. occurred and b|cyclp derlvatlvh4w_as obtalneq as a mixture
The present approach to aryl substituted piperidines can©f WO separable diastereomers in a 5:1 ratio (72%).

be expanded by exploiting another sequence involving a 1,2- N summary, we have described a powerful, flexible, and
aryl migration we recently describé8As shown in Scheme ~ convergent general strategy for constructing aryl substituted
4, addition of xanthat@] to an olefin such agOresults in  PiPeridines using readily available and cheap starting mate-
the formation of derivativell in 60% vyield through 1,2-  fal- This approach, in combination with an earlier one
shift of the trifluoromethylpheny! group ang-elimination involving ad'd|t|on of a xanthate to protected allylamine
of an ethy! sulfony! radical. followed by ring-closuré? opens up a direct access to a vast

Exposure of compountil to ammonia or a primary amine number of more or less complex piperidine structures of
and sodium cyanoborohydride gave rise to the desired Interest to medicinal chemists. The sequence can be modified
piperidine derivative. Thus, treatment of estdr with an to provide the equally imporFant substituted pyriglines._lt is
excess of ammonium acetate and sodium cyanoborohydridealso worth stressing the function group tolerance, in particular

in refluxing ethanol afforded the piperidii€in good yield for aromatic iodides since these can act as springboards for
and as a 5:1 mixture of diastereomers which could be Numerous further transition metal based transformations.

separated by chromatography. When the reaction was Supporting Information Available: ~Detailed experi-
performed with cyclopropylamine, however, the trisubstituted mental procedures and spectra data for all compounds. This
material is available free of charge via the Internet at
(16) (a) Moutrille, C.; Zard, S. ZChem. Commun2004 1848. (b) http://pubs.acs.org.
Montermini, F.; Laéte, E.; Malacria, MOrg. Lett 2004 6, 921.
(17) Liard, A.; Quiclet-Sire, B.; Saicic, R. N.; Zard, S. Zetrahedron 0OL0503642
Lett. 1997, 38, 1759.
(18) Ouvry, G.; Zard, S. ZSynlett2003 1627. (19) Boivin, J.; Pothier, J.; Zard, S. Zetrahedron Lett1999 40, 3701.
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