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ABSTRACT

HO

A stereocontrolled synthesis of (

(-)-CP 55,940

—)-CP55,940, a potent cannabinoid receptor agonist, has been attained using a novel aldolization/retro-

aldolization interconversion strategy, in which a temporarily generated chiral aldol motif plays essential roles.

Molecules that exhibit inherent stereoelectronic preferences
render their derivatives versatile in organic synthesis.

Bicyclo[3.n.1]Jalkane G = 2, 3) frameworks are representa-
tive of such structural elements that elicit distinguished

In the preceding Lettérywe reported a highly enantioselec-
tive synthesis of both enantiomeric formsarfde8-hydroxy-
bicyclo[3.3.1]nonan-2-one2j based on the organocatalytic
direct asymmetric intramolecular aldolization@éymmetric

diastereofacial preferences. Therefore, continuing effort has3-(4-oxocyclohexyl)-propionaldehyd#)( In this Letter, we

been devoted to realyzing their efficient assenibfy.
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K.; Miyazawa, N.; Ogasawara, KOrg. Lett 2002 4, 4515. (c) Miyazawa,

N.; Tosaka, A.; Hanada, K.; Ogasawara, Heterocycles2003 59, 491
and references therein. (d) Gutke, H.-J.; Braun, N. A.; Spitzner, D.
Tetrahedron2004 60, 8137.

(3) For synthesis of bicyclo[3.3.1]Jnonanes, reviews: (a) Peter, J. A.
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report the use of this process in devising an expedient route
for the synthesis of the potent cannabinoid receptor agonist
(—)-CP55,940 3),% the use of which is growing in various
branches of the life scienceéScheme 1).

The chiral building block? that is destined to constitute
(—)-(1R,3R,4R)-CP55,940 was secured fromsymmetric
keto-aldehydel® in 68% yield with 99% de and 94% ee by
treatment withcis-4-TBDPSroxye-proline (25 mol %) in

(4) For selected utility of bicyclo[3.3.1]nonanes, see: (a) Buno, F;
Tenaglia, A.J. Org. Chem200Q 65, 3869. (b) Gambacorta, A.; Tofani,
D.; Lupattelli, P.; Tafi, A.Tetrahedron Lett2002 43, 2195. (c) Shibuya,
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M.; Pacher, P.; Btai, S.; Osei-Hyiaman, D.; Offefter, L.; Mo, F. M,;
Kunos, G. Pharmacol. Ther 2005 106 133. (c) Goutopoulos, A,;
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from 2,6-dimethoxyphenol7§' with modifications of previ-

Scheme 1 ously reported methods(Scheme 3).
O OH
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MeCN for 20 h at ambient temperatures. After facile optical 2. Tf,0, 2,4,6-collidine Br
purification up to>99% ee by a single recrystallization from CHyCl
isopropyl etherhexane, the secondary hydroxy groupof 8. Eg,\}oz"e%ﬁc n-Cetrs
was protected as the MOM ether to g To prepare the 4. Bry, AcOH (51%)

functional scaffold for merging the aromatic part of CP55,-
940, we used Nicolaou’s protocol using IBX in warm
DMSO™ for its advantage in sustainability. As expected,  Owing to its biased bicyclo[3.3.1]Jnonane framewosk,
facile regioselective dehydrogenation took place to furnish gjiows the perfect diastereoselective installation of an aro-
an o, f-unsaturated ketone in 80% yield (Scheme 2). It is matic moiety through a 1,4-addition reaction on the enone
functionality under Kuwajima’s condition8.Thus, the treat-
ment of5 with cuprate, generated in situ from aryl bromide

Scheme 2 9 and magnesiuffiin the presence of a copper(l) bromiele
o TBOPSO, dimethyl sulfide complex and TMSCI, as well as the fol-
g MOMCI lowing treatment with tetrabutylammonium fluoride, fur-
N oo dQ ProNEt nished the keton&0in 85% yield as a single stereoisontér.
: B —— Having served its purpose as a stereocontrolling element,
MeCN, rt © OH CHeCle the less decorated three-carbon bridge constituting the
1 CHO (+)-2 (quant.) bicyclo[3.3.1]nonane framework was required to be discon-
68% (99% de, 94% ee) ; i
(599 % ee after recrystallization) nected via the retro-aldol reaction to form a cyclohexane
o skeleton, as expressed in the target molecule. To this end,
10 was treated with ethylene glycol in xylene at a reffux
IBX, DMSO ij temperature in the presence of a catalytic amount of
v _— y RO v p-toluenesulfonic acid using a DeaBtark apparatus for 1
O OMOM ;‘2”795”60 O oMoM \ go 2 h to give11in 88% yield as a single product. The transfor-
4 (80%) 5 6 mation of11 into the penultimate intermediate of the target

molecule 13 was carried out by relying on a stepwise
sequence involving a chemoselective deprotection of acetal
interesting to note thdi is a presumed synthetic equivalent functions. Among several protocols available for performing
of chiral 3-(1-oxo-2-cyclohexen-4-yl)propionaldehyde acetal this task, we found that the Fujiokeita method® works
(6),** the configurational stability of which is secured by best. Thus, the treatment &fl with TESOTf in the pres-
Bredt's rule!? ence of 2,6-lutidine at OC for 30 min and the subsequent
The progenitor of the aromatic counterpart of CP55,940 addition of HO allowed clean and chemoselective depro-

was also facilely prepared in the form of bromi@letarting ~ t€ction at the acetal moiety, and exposure of the crude
aldehyde to NaBHin MeOH furnished ketal alcohdl2 in

75% vyield. Upon treatment with 10% HCI and subsequent

(9) Chiral HPLC analysis o clarified that the stereochemical integrity
of aldol 2 was intact, thereby excluding the occurrence of the destructive
reverse-aldolization/aldolization sequence under the basic conditions using
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active members of this group have been reported. A plausible reason wouldethoxycarbonylethyl)cyclohexe-2-en-1-one with a cuprate derived from
be due to the inherent potentidal for racemization or isomerization to the 1-bromo-4-(1,1-dimethylheptyl)-2-benzyloxybenzene and magnesium in the
correspondingf3,y-unsaturated ketone through enolization-protonation presence of a Cul gave the desired 1,4-adduct in 40% vyield. See ref 6.
sequence. See: (c) Elliott, M. L.; Urban, F.1.0Org. Chem.1985 50, (18) Ethylene glycol mediated cleavage of the MOM ether occurs at room
1752. (d) Silvestri, M. GJ. Org. Chem1983 48, 2419. temperature. Heating is essential for retro-aldol cleavage. See also ref 1d.
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Scheme 4

OMe
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\©>< nCetlis  nCeHys OMe 1. TESOTY, 2,6-lutidine
&Q 0.1 eq. TSOH CH,Cly, 0 °C; H0
= CuBr-SMey, HMPA, ethylene glycol 2. NaBH4, MeOH
O ©OmMOM TMSCI, THF 7 xylene, reflux §
then TBAF (85%) O OMOM n-CeHys

10 (88%) (75%)

1. 10% HCI, THF PrSLi
2. LiAIH4, THF HMPA

n-Ceflia (72%)

subjection to LiAlH, in THF-EtO, 12 gave a 7:1 diastere-  aldolization interconversion strategy, in which the temporally
oisomeric mixture of diols, the major alcohbB of which generated chiral aldol motif plays essential roles in stereo-
was separated by silica gel column chromatography. Finally, chemical control. The operational facility in preparation and
the cleavage of the methyl ether b8 by treatment with  the inherent steric nature of the chiral bicyclo[3.3.1]nonane
LiSPrin HMPA® at 110°C completed the synthesis of - 5 will find versatile use in organic synthesis.
CP55,940 ) [identical to a 10 mg sample purchased from
TOCRIS, Inc?* ($139) (mp, ft]o, H and**C NMR, HRMS,
IR) (Scheme 4).

In conclusion, we have described the stereoserective
synthesis of {)-CP55,940 8) using a aldolization/retro-
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