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In the presence of nucleophiles, Lewis acid mediated cleavage of a-amino ethers derived from quincorine and quincoridine affords a variety
of C2-substituted and C6-vinylated 1-azabicyclo[3.2.2]nonanes. These are enantiopure and are formed in Syl-like reactions with complete
stereocontrol. There is no leakage into 2-Nu en route to product 1-Nu or vice versa. MesSiCN provides new Strecker-type a-amino nitriles. In
the presence of TTMPP-BF;-OEt,, the ketene acetal Me,C—=C(OMe)OSiMe; delivers enantiopure bicyclic #-amino acid esters.

The 1-azabicyclo[3.2.2]nonane moiety is encountered only Recent work has shown that bicyclig-amino ethers
rarely in naturé and has been accessible in the laboratory 1-OMe and 2-OMe are readily prepared from quincorine

with some difficulty? Substituted 1-azabicyclo[3.2.2]nonanes

and quincoridiné, respectively, in good yield (Scheme ).

are of interest as chiral auxiliaries in asymmetric synthesis Both cage-expanded [3.2.2]azabicycles are enantiopure and
and act as 5-HAT receptor antagonists for the treatment of contain four stereogenic centers including ti8cbnfigured

inflammatory and central nervous system disorders.
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basic bridgehead nitrogen. We now describe the Lewis acid
assisted displacement of tlemethoxy group by carbon,
nitrogen, and sulfur nucleophiles.

The solvent acetonitrile, which often serves as a solvent
for generating carbocations, was unsatisfactory (Table 1,
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Scheme 1. Stereospecific Ring Expansion of Quincorine and  Table 2.
Quincoridine to 1-Azabicyclo[3.2.2]nonartes
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entry 1), as was nitromethane, an iminium ion stabilizing 6 2-0Me B {= 70
solvent (Table 1, entry 4)With an excess of BFOE®, N

=
| 7 20Me  C _ 48
Table 1. &/_

nucleophile (equiv)
entry  Lewis acid (equiv)  solvent T(°C) yield? (%) g 2-OMe A 24
1 Me3SiCN (2.5) MeCN —40 —rt 0 -
BF4-OEt; (1.0) N{

2 MesSiCN (2.5)  MeCN  —40 —rt 15b
BF3-OEt; (1.5) MeO,C
3 MesSICN (2.5)  MeCN  —40 — rt 26¢ 9  1-OMe D Oz L= 66

BF3-OEt, (3.0)

4 Me3SiCN (4.0) MeNO, —40—rt od
BF3-OEt, (1.1) 10 2-OMe D ~CO;Me 70
5 MesSiCN (5.0) DCM —40—rt 83 NS
BF3-OEt; (1.1)
a|solated yield? 8 h, 72%.616 h.97 d, 25%, yield determined by gas
chromatography. 11 2-OMe A 59
C? S
reaction of1-OMe with MesSICN in acetonitrile provided N{

the desiredx-amino nitrile in only 15-26% yield (Table 1, aKey: reaction temperature-40 °C — rt: (A) MesSi-nucleophile
entries 2 and 3). In contrast, reactions in less polar dichloro- gr,-0Et, DCM; (B) BusSnC=CH, BR-OEt ref. 15; (C) GHsMgBr,
methane with BEFOEY as Lewis aci@were promising and ~ BFsOEt, THF; (D) MeC=C(OMe)OSiMe, TTMPP—BFROEL, DCM/
afforded trifunctionala-amino nitrilé 1-CN in excellent MTBE (20:1);
chemical yield (83%) (Table 1, entry 5). Application of the
condition in entry 5 to the trimethylsilyl azide as nucleophile
was equally effective (Table 2, entries 3 and 4).
Following these initial experiments, we investigated a
range of nucleophiles and the two substrate®Me and
2-OMe. Pseudo-enantiomefici-amino ether2-OMe de-

rived from quincoridine reacted similarly and was fractionally
less efficient tharl-OMe (Table 2, entry 2). Furthermore,
MesSi—SPh provide®-SPh (59%, Table 2, entry 11).
However, carbon nucleophiles other than simple cyanide
ion required further experimentation. Following a literature

(6) For general aspects of preparative carbocation chemistry, see: (a)

Yoshida, T., Suga, SChem. Eur. J2002,8, 2651—2558. (b) Olah, G. A. (7) (a) Hiemstra, H.; Fortgens, H. P.; Speckamp, W.Tétrahedron
Angew. Chem.Int. Ed. Engl.1995, 34, 1393;Angew. Chem1995,107, Lett. 1984, 25, 3115. For a review on additions d-acyliminium ions,
1519 (Nobel lecture). (cMethoden der Organischen Chemldouben- see: (b) Hiemstra, H.; Speckamp, W. N. @omprehensie Organic

Weyl; Hanack, M., Ed.; Thieme: Stuttgart, 1990; Vol. E19c. (d) Denmark, Synthesis; Trost, B. M., Fleming, I., Eds.; Pergamon: Oxford, 1991, Vol
S. E.; Willson, T. M. InSelectivities in Lewis Acid Promoted Reactipns 2, pp 10471082. See also: (c) Schroth, W.; Jahn, JJ.Prakt. Chem
Schinzer, D., Ed.; Kluwer Academic: Dordrecht, 1989; pp 2283. 1998,340, 287—299.
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protocol, the allyl group was introduced by allylmagnesium
bromide and BEOEtL (Table 2, entry 73° Attempts to
introduce the ethynyl moiety via Mg and Si chemistry were
not successful. However, stannylated ethyne ang ®Et,
furnished quincorine-derivetiethyne(Table 2, entry 5) and
also quincoridine-derive®@-ethyne (Table 2, entry 6}!
Reaction of2-OMe with propargyltrimethylsilane and BF
OEt, furnished the pharmacologically interestingallenic
amine2-allené? (Table 2, entry 8).

In an attempt to synthesize bicyclizamino acids, we
treated silylated ketene acetal Me=C(OMe)OSiMg with
a-amino ethers1l-OMe and 2-OMe under a variety of
conditions including the standard protocol (Table 1, entry

5). No product was observed. Eventually, the reactions were

repeated in the presence of TTMPP [tris(trimethoxyphenyl)-
phosphine] (Figure 1) and BfOEt, which is a push—pull

MeO

OMe

Figure 1. TTMPP.

combination containing a highly nucleophilic phosphine and
useful in Mukaiyama aldol reactiodd\We were pleased to
isolate bothl-esterand2-estercontaining a new quarternary
carbon in a respectable 66% and 70% yi€ld.

The synthesis gf-amino acid estet-ester(Table 2, entry
9) and2-ester(Table 2, entry 10) in enantiopure form is a
test of the utility and efficiency of TTMPPBF;:OEL in
this Sy1-like reaction. Unlike cyanide and azide ion, the silyl
ketene acetal ME=C(OMe)OSiMg is more hindered for
effecting the desired carbon—carbon bond formation.

(8) For a review or-amino nitriles, see: (a) Enders, D.; Shilvock, J.
P.Chem. Soc. Re 2000,29, 359—373 and references therein. (b) Enders,
D.; Kirchhoff, J.; Gerdes, P.; Mannes, D.; Raabe, G.; Runsink, J.; Boche,
G.; Marsch, M.; Ahlbrecht, H.; Sommer, Heur. J. Org 1998,1, 63. (c)
Suginome, M.; Yamamoto, A.; Ito, Y. Chem. SocChem. Commur2002
1392.
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a-Amino ethers, which are trifunctional, with functionality
other than vinyl at C6 (ethyl, ethynyl and cross-coupled
ethynyls, oxo, ester) are also known.

The configuration and conformation of 1-azabicyclo[3.2.2]-
nonanes were determined by NMR and X-ray analysis. The
configuration at C2 could be assigned by NOE interactions
of proton H2, with neighboring syn-axial like protons: see
interaction “a” in1-CN and 2-ester (Figure 2).

A

Figure 2. X-ray structure of2-SPh16

X-ray analysis for2-SPhshowed the asymmetric unit to
contain two conformerg andB, approximately related by
a G operation. Major differences are found for torsion angles
N1—-C2—S—Ph (—61.5 forA and —78.0 for B) and for
C11—-C10—C6—C7 (14.1 foA and 103.8 forB). Confor-
mational mobility (“butterfly conformers”) has also been
observed for nomofungtiand may be relevant to biological
activity (Scheme 2).

Scheme 2. NOE of 1-CN and 2-Ester

H
# d
H3 C(CH3)2002Me
'Q;?N(_

a HB
d
1-CN 2-ester
a: 10.8% a:7.4%
b: 2.5% b: 1.8%
c: 4.0% c:2.2%
d: 4.8% d: 2.0%

Mechanistic AspectsWhile reactions of carbocations are
often difficult to control, especially with respect to stereo-
chemistry, the configuration at carbon C2 is retained
throughout the reaction. Equilibration between the postulated
chiral cationsl* and2" is not observed (Scheme 3).

Moreover, there is also remarkable stereocontrol of
subsequent external nucleophilic attack, which proceeds
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Scheme 3. Distinct Bridgehead Iminium long* and2* and
Their Stereospecific Capture by Nucleophiles
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quasi-equatorially. The pyramidalized cationic intermediate
can be regarded as a strained nonplanar cyclic iminiur’ion,
in a formal violation of the Bredt rule. These preparative
findings mirror earlier results of Scheme 1, where both

3182

quincorine and quincoridine fully retained their stereochem-
ical integrity, giving the ring expanded-amino ethers
1-OMe and respectively2-OMe. The energy barrier to
rotation and bridge flipping of our bridgehead iminium ions
must be substantiaf.

In conclusion, bicyclia-amino etherd-OMe and2-OMe
have been elaborated by Lewis acid promoted reactions with
a variety of nucleophiles in stereocontrolled fashion. The
resulting azabicyclics are enantiopure and readily available
as pseudo-enantiomeric pais-Amino nitriles 1-CN and
2-CN are new Strecker-type intermediates for the synthesis
of a-amino acids, whereas nefitamino acid esters were
prepared directly by two-carbon homologation.
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