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TiCl ;-promoted multicomponent reactions involving N-tosyl imino ester, cyclic enol ether, and silane reagents in a single one-pot operation
provide functionalized a-amino acids with multiple stereogenic centers in good to excellent yields. Cis/trans selectivities with optically active
substituted dihydrofurans have been investigated.

The biological relevance of unnaturatamino acids con-  amino acids in a single one-pot operation. Herein, we report
tinues to foster immense interest in their design and synthesis.TiCl,-promoted multicomponent reactions with Birtosyl
As a consequence, a number of effective methodologies havemino ester that provide rapid access to functionalized
been developed over the yeats.continuation of our interest ~ amino acids containing up to three contiguous chiral centers
in probing enzyme active sites with designed ligands, we in good to excellent isolated yields. Asymmetric reactions
required a range af-amino acids with cyclic ether templates. with optically active substituted dihydrofurans are also
The use of such amino acids, particularly those that contain reported; these proceed with excellent diastereoselectivities.
a tetrahydrofuran or tetrahydropyran ring, has been limited Our basic strategy for the synthesis of functionalized
by the lack of effective and practical methodologies for their heterocyclic amino acids is depicted in Scheme 1. Since our
synthesi<. Our interest in this area has now led us to devise previous multicomponent reactions with glyoxalates and
a straightforward approach to these heterocyclic amino acidspyruvates were remarkably efficient, we initially investigated
using multicomponent reactions. the reaction of theN-benzyl imine of ethyl glyoxalate with
Recently, we developed syntheses of a variety of substi- dihydrofuran and triethylsilane. However, the desired con-
tuted tetrahydrofurans and tetrahydropyrans by a novel densation product could not be obtained under a variety of
multicomponent coupling reacticriVe now plan to develop  reaction conditions. Sinds-tosyl imines of ethyl glyoxalate
this reaction further so as to provide functionalized, complex are much more stable and can be prepared readily, we
examined subsequent multicomponent reactions with the
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N-sulfonyl imino esterl. Weinreb and co-workers were the
first to show the utility of such imino esters in thermal ene
reactionst More recently, Lectka et &l.have shown the
application of this imino ester in enantioselective alkylation
reactions leading to.-amino acids.
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Scheme 1. Multicomponent Reactions witN-Tosyl Imino
Ester and Dihydrofuran and Silanes
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The feasibility of this multicomponent reaction was
examined with dihydropyran and the substituted optically
enriched dihydrofuransl and12in the presence of a number
of nucleophiles. The results are summarized in Table 1.
Reaction of dihydrofuran-derived oxocarbenium ion with
trimethylsilyl cyanide provided the corresponding niti3le
with excellent selectivity (99:1, entry 3). Reaction with 3,4-
dihydro-2H-pyran and triethylsilylsilane as the nucleophile
groceeded with excellent diastereoselectivity (entry 4). The
corresponding reactions with allyltrimethylsilane provided
a 3:1 mixture of diastereomers in excellent yield (entry 5).
Unlike dihydrofuran, reaction of the dihydropyran-derived
oxocarbenium ion with trimethylsilyl cyanide provided
significantly lower selectivity (4:1, entry 6).

We have investigated the stereochemical outcome of our
multicomponent reaction with dihydrofurans having aryl
substituents at the 5-position. Multicomponent reactions of
N-tosyl imino ester with racemic phenyl dihydrofuran in the
presence of triethylsilane as the nucleophile and@¥as
an additive provided a single diastereom&rin 71% yield
(entry 7). The presence of GEN prevented the formation
of an unidentified byproduct. The scope of this additive effect
is being investigated in detail. The assignment of the relative
stereochemistry of the three chiral centersl8fwas made
by X-ray crystallography.As can be seen in Figure 2, the
relative stereochemistry of the-tosylamine angb-tetrahy-
drofuranyl chiral centers inl3 is the same as that in

(6) Crystal data foba CrgH,sNOsS; MW = 367.45; colorless crystal: derivative5a. Encouraged by this stereochemical outcome,
crystal system, block; space grolg1/; cell parametersy = 23.9477 A, we subsequently prepared phenyl and naphthyl dihydrofurans
e e S0 P SO KL in opicall aciive form and invesigated the issue of
0.1053 ( > 20(1)); Ru = 0.1264, WR, = 0.1214 (all data). Crystallographic ~ diastereoselection with a variety of nucleophiles. The phenyl

data have been deposited with the Cambridge Crystallographic Data Centergnd 2-naphthyl dihydrofurarisl and12 were prepared using
(deposition no. 252667). Crystal data i Cp1H25 NOsS; MW = 403.48; ic Heck iohi icall iched fornf. A
colorless crystal; crystal system, block; space gr&&i/c; cell parameters, asymmetric Heck reactions OptIFJa y enriche ] Orm.As )
a= ;1\37.9352 Ab=6.2661Ac= 1({3.4264 Ap= 23.710(27, V = 2066.5- shown, when the above reaction was carried out with
(3) A3, Z = 4; Mo Ka radiation ¢ = 0.71073 AT = 298(2) K,R, = ; ; ; ;

0.0657, WRo — 0.1747 ( = 20(1)): Ry = 0.1049, W — 0.1988 (all data). optically active phenyl dihydrofuran in the presence of
Crystallographic data have been deposited with the Cambridge Crystal-
lographic Data Center (deposition no. 252668). These data can be obtained (7) (a) Ozawa, F.; Kubo, A.; Hayashi, Tetrahedron Lett1992 33,
free of charge via the Internet at www.ccdc.cam.ac.uk/data_request/cif, by 1485. (b) Ozawa, F.; Kubo, A.; Hayashi, J.Am. Chem. Sod 991, 113
email to data_request@ccdc.cam.ac.uk, or by contacting The Cambridge1417.

Crystallographic Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK; (8) Optical purities of 5-phenyl and 5-naphthyl dihydrofuran were 89
fax: +44 1223 336033. and 88% ee, respectively.

After surveying a number of Lewis acids, we found that
the multicomponent reactions could be carried out effectively
with TiCl,. Accordingly, freshly distilledN-tosyl imino ester
(1, 1 equiv) and 2,3-dihydrofuran (1.2 equiv) in g8, were
treated with TiC} (1 M in CH,Cl,, 1.2 equiv) at-78 °C for
1 h. Triethylsilane (3 equiv) was added, and the resulting
reaction mixture was allowed to stir af78 °C for 2 h. After
this period, the reaction was quenched with saturated aqueou
NaHCQ; solution at—78 °C and warmed to 23C. Standard
workup and flash chromatography over silica gel provided
a single condensation produtin 71% yield as a single
diastereomer (byH and**C NMR analysis).

When the presumed oxocarbenium ion derived from the
reaction ofN-tosyl imino ester ) and 2,3-dihydrofuran was
reacted with allyltrimethylsilane as a nucleophile, the reaction
proceeded smoothly{78 °C for 2 h). However, multicom-
ponent productSaand6awere obtained as a 2.4:1 mixture,
which were separable by silica gel chromatography. As
depicted in Figure 1, the relative stereochemistry of the major
diastereomebawas determined by X-ray crystallograpfy.
The major diastereomé&a was converted to amino acith
by a two-step sequence involving saponification by aqueous
LiOH followed by exposure of the resulting acid to NEg
in methanol at reflux. Functionalized amino adid was
obtained in 98% for the two-step sequence.
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Table 1. TiCls-Promoted Multicomponent Reactions lfTosyl Imino Ester with Vinyl Ethers

entry  vinyl ether  nucleophile major Product(s) ratio © yield (%)°
T8 \H
Ho
; ) EtsSiH mcoza 3 99 : 1 71
o
o)
Ts\ Ts\
2 " MegSi mCOZEt @?Za 2.4:19 79
X 6a
Ts\ Ts\
oo oo
3 ; MeSIiCN (mcozEt mcoza 99: 1 64
O~ cN 5b o~ ~cN 6b
HTS\NH
4 @ EtsSiH mcoza 8 99: 1 98
o 0
Ts. Ts.
Ho NH Ho NH
i S S . qd
5 . MeaSi~_ mcoga g 3:1 94
07 " 9a (o} X 10a
Ts. Ts.
HoNH Ho NH
6 .. Me3SiCN mooza mCOZEt 4:19 98
0~ CN ob 0~ YCN  10b
7 ﬂ EtgSiH 13 (R=H) 99:1° 71
8 Py Me3SICN ,(i COzEt 14 (R=CN) 95:5 88
9 1 Megsi/m o) 15 (R = CH2CH=CHy) 99: 1® 84
, Ts\
10 e EtySiH 16 (R = H) 98 : 2° 65
11 Nap=™, MesSICN COgEt 17 (R =CN) 99 1 59
12 o Megslw Nap (R = CHoCH=CHy) 99: 1¢ 84

a All reactions were carried out as described in the teRietermined by'H NMR for entries 1-12 and by LCMS for entries—79. ¢ Isolated yield 9 Ring
stereochemistry was assigned after NOESY experinfelitiz;CN (5 equiv) was added as an additive; see Supporting Information for experimental details.

trimethylsilyl cyanide, it afforded diastereonkt as a major
product (mixture ratio 95:5, entry 8). The corresponding
reaction with allyltrimethylsilane as a nucleophile provided
single productl5in excellent yield (entry 9). Optical purities
of compoundsl4 and 15 were determined by reduction of

Figure 2. ORTEP drawing of X-ray structure df3.
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these compounds with LiAlHin ether at 0°C followed by
conversion of the respective alcohol to the Mosher éster.
The %F NMR analysis of the Mosher esters established
optical purities of 84 and 86% ee ftd and15, respectively.
The depicted absolute and relative stereochemistry was
assigned on the basis of the X-ray structurd ®as well as
extensive NOESY experiments on compouridisand 15
(Figure 3). We have also investigated stereoselection in the
multicomponent reactions with naphthyl dihydrofuran (en-
tries 10-12). These reactions also proceeded with excellent
diastereoselectivities and isolated yields.

To rationalize the stereoselectivities observed, we propose
stereochemical models andB. In these we postulate that
one of the electron pairs of the ethoxy oxygen is donated to
the oxo carbenium ion from the pseudoaxial side for
stabilization of the transition state (Figure 4). Titanium metal
chelation with sulfonyl oxygen is also proposed. Walsh and
co-workers have documented such metal chelation by X-ray

(9) Dale, J. A.; Dull, D. L.; Mosher, H. Sl. Org. Chem1969 34, 2543.
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Figure 3. Observed NOE effects ot and 15.

crystallography!® Multicomponent reaction withN-tosyl
imino esterl and dihydrofuran presumably proceeds through
transition state modé@ (exg as opposed to modél (endq.
Model B is preferred because of the absence of the
developing nonbonded interaction between the tetrahydro-
furan ring and the chelated titanium metal. The observed
stereochemical outcome in various reactions is consistent
with the proposed models.

Figure 4. Stereochemical models.
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