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Neutraly3-allylmolybdenum complexes bearing CpMo(G@pd
TpMo(CO) auxiliaries (Cp= n°-cyclopentadienyl; Tp= hydri-
dotrispyrazolylborato) are quite robus@hile they do react with

strong acids and electrophiles, they are stable to mild acids and

electrophiles and, additionally, do not engage in direct nucleophilic
functionalization of the neutralS-allylmolybdenumdicarbonyl.
Nevertheless, thegg-allylmolybdenum complexes are very useful

in synthesis because they can be predictably activated for regio-

and stereospecifisucleophilic functionalizatiotby prior conversion

to cationic complexes. This is achieved in one of two ways. A
neutral CpMo(CQO) or TpMo(CO) #*-allylmolybdenum complex
can be transformed into a cationjt-diene by abstraction of either

a hydride or a heteroatom leaving group that resides on a carbon

atom adjacent to thg3-allyl moiety 122 Alternatively, the neutral
n3-allylmolybdenum complex can be converted to a catioyiic
allyl complex by replacing one of the auxiliary CO ligands with a
cationic NO' ligand12430f the two systems, the TpMo(C&hased

complexes are increasingly gaining favor because of their ease of_é"Y

synthesis, scalability, and broad generdity.

Herein is reported a new reaction profile for neutral ToMo(£0)
(p3-allyl) complexes: the direct nucleophilic functionalization of
a sw-bound carbon of neutral TpMo(C@%-oxo+3-pyranyl) and
TpMo(CO)(5-oxo043-pyridinyl) complexes by an internal enolate
(Scheme 1}. This unprecedented carbeoarbon bond forming

Scheme 1. “1,5-Michael-Type” Reactions of
5-Oxo-73-allylmolybdenum Complexes (Z = O, NProt)
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reaction occurs in high yield and with excellent stereoselectivity
and should allow the rapid and enantiocontrolled construction of a
variety of substituted oxa- and aza-bridged bicyclics. Furthermore,
it reinforces the concept that TpMo(C4Q)3-pyranyl) and TpMo-
(COX(n-pyridinyl) complexes represent powerful “enantiomeric
scaffolds” for the asymmetric construction of a wide variety of
heterocyclic systenm;]

Initial studies were conducted using racemic forms of 5-oxo-
n3-pyranyl and 5-oxo3-pyridinyl molybdenum complexe$ and
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Figure 1. 5-Oxopyranyl and 5-oxopyridinyl molybdenum scaffolds.
Racemic and nonracemic complexéswere prepared by previously
published procedureé®,and racemic 5-oxaP-pyridinyl complex 2 was
generated by mild acidic hydrolysis of the known TpMo(@®)methoxy-
dihydropyridinyl) complext¢

Table 1. Synthesis of Mukaiyama—Michael Adducts of 1 and 2

TpMo(CO), TpMo(CO), TpM°(C\9 2 o
X O 4 TBSOTH/ELN (N [ )
E L RZ+ Sz R
z 2. Enone / TiCly z H o
o 1 R' O
1720 -78°C R O y
2:Z=NCbz syn ant
z R R? compound (yield %) syn/anti
1 0 A A 3(94)
2 0 Ph CH 4(71) 1011
4 (0] —(CHy)— 6(70) 1.7
5 NCbz H H 7(90)

Table 2, KOSiMg produced, in all cases, much better yields and
gave better selectivities than solid NaOMe. The bulky TpMo({O)
group caused complete facial diastereoselectivity resulting from
approach of the enone to the face of the pyranyl or pyridinyl
opposite to the molybdenum. Ttexo and endorelationship was
readily determined by comparing the coupling consfanésween

the hydrogen atoms adjacent to the bridging heteroatoms and their
vicinal neighbors, previously well-established by X-ray crystal-
lographic analysis and NMR studiés.

In contrast to KOSiMg which cleanly generated variants of the
bicyclo[3.2.1] ring system, the use of KBu as the base produced
significant quantities of 1,5-Michael adducts possessing a core
bicyclo[4.3.1] ring system (Table 3)The composition of the [4.3.1]
ring system was unequivocally established by NMR spectroscopy
and was further confirmed by X-ray crystallographic analysis of
(£)-13. The cause of the different product distributions induced
by t-BuOK and KOSiMg is not understood at this time.

The potential of this methodology for enantiocontrolled synthesis
was demonstrated by the efficient production of tricyclodione€s (

2 (Figure 1). These air-stable, solid molybdenum complexes were 16 and (+)-16in >99% ee from 5-oxo pyranyl molybdenum com-
first transformed into silyl enol ethers using standard procedures plex (—)-1 and (+)-1, respectively, using sequential Mukaiyama

(TBSOTf/EgN). The silyl enol ethers were then subjected to THCI
induced MukaiyamaMichael reactions with various enones to
afford adducts3—7 in good to excellent yields and with excellent
diastereoselectivities (Table 4).

Treatment of the MukaiyamaMichael adduct8—7 with solid
bases (NaOCklor KOSiMe;) suspended in C¥Cl, followed by a
Me;OBF, quench generated “1,5-Michael” adducts in excellent
yields and with excellenexdendo selectivities’ As depicted in
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Michael and 1,5-Michael reactions followed by cerium(lV) am-
monium nitrate-mediated oxidative demetalation (Schenté 2).

In conclusion, a novel Mo-mediated 1,5-Michael addition reac-
tion is reported. The reaction proceeds in good to excellent yields
and with good regio- andxaselectivities and provides a new and
efficient synthetic approach to oxa- and aza[3.2.1]bicyclics of high
enantiomeric purity. Recent experiments also show that the in-
tramolecular 1,5-Michael-type reaction can easily produce oxa- and

10.1021/ja0538132 CCC: $30.25 © 2005 American Chemical Society
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Table 2. 1,5-Michael-Type Additions Contrasting KOSiMes and
NaOCH3

TpMo(CO), TpMo(CO),
.’\IO/\W base in CH,Cl, o Z—A
' R? OM
z’) then Me,OBF, R2>’ ©
R' O R

reactant’ base major isomer yld, exo:endo

I 3 KOSiMe," \T‘p/M° co, 96%, 30:1
8 -exo
2 3 NaOMe* 83%, 5.3:1
0(CO),
3 4 NaOMe' %/é 9.exo  71%, 100:0
e PMO(CO)z
4 5 KOSiMe, O~ 97%, 100:0
5 5 NaOMe' J@ 90%, 100:0
TpMo(CO),
6 6 NaOMe* o4, 80%, 100:0
OMe
7 7 KOSiMe," °(C°)2 97%, 40:1
12-exo

8 7 NaOMe' I; 91%, 6.4:1

aThe syn/anti ratios of the reactants-6 are listed in Table 12 With
3.0 equiv fo 1 h then 2.5 equiv of MgOBF; for 4 h. ¢ With 3.0 equiv for
5 h then 3.0 equiv of MgBF; for 4 h. @ With 3.5 equiv for 24 h then 3.0
equiv of MgOBF;, for 2 h.®With 3.0 equiv for 24 h then 2.5 equiv of
Me3OBF; for 4 h.fWith 5.0 equiv for 20 h then 4.0 equiv of M@BF, for
1 h. 9 With 5.0 equiv for 45 h then 4.0 equiv of M@®BF, for 1 h. " With
3.0 equiv fo 1 h then 2.8 equiv of MOBF, for 40 min.' With 6.0 equiv
for 6 h then 5.0 equiv of MEOBF, for 15 h.

Table 3. Influence of the Base on 1,5-Michael-Type Reactions
TeMo(CO), Mo(CO), TpMo(CO)z TpMo(CO),
Y 2
l; oM lg OMe * @Me
o)
endo
8,2=0 13,2=0
12, Z = NCbz 14,Z = NCbz
TpMo(CO) TpMo(CO
. sy 2 O\K{( )2
) -7 ~ome A@Me
e}
10 15
entry reactant base products? ratios? yield
1 t-BuOK 12:1:18 75%
2 8 KOSiMe, ~ &exagendal3 3010 97%
3 t-BuOK 8:1:18 78%
4 7 KOSiMe, ~ 12e€xalzendold ;57,5 979
5 t-BuOK ' 1:2 73%
6 5 KOSiMe, 1015 1000 97%

aSee ref 9P Ratios determined biH NMR.

Scheme 2. Enantiocontrolled Synthesis of Tricyclodionesa?

TpMo( CO TpMo(CO), TpMo(CO),

\ o °=— 9 \
[T 0 b B Pome o S
80% H: 94% H 93%
(O (-)-5 (+)-10 (-)-16
>99% ee 99.3% ee >99.9% ee >99.9% ee

aConditions: (a) TBSOTf, BN, CH,Cl,, 10 min, then cyclohexenone,
TiCls, 15 min. (b) KOSiMe (3.0 equiv), CHCI,, 24 h, then MgOBF,
(2.5 equiv), 4 h. (c) CAN (8.0 equiv), Bl (1.5 equiv), HO/THF.%(4+)-16
was obtained i 99.9% ee from-)-1 (> 99% ee); enantiopurity of a 99.3%
ee product of {)-10was increased t& 99.9% ee by recrystallization from
acetonitrile.

aza[3.3.1]bicyclics using a similar approach. These studies on 1,5-
Michael additions and the applications to the total synthesis of
natural products will be reported in due course.
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