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The stereoselective synthesis of functionalized pyrrolidines is a Scheme 1
topic of considerable interest, due to their great abundance in natural

product$ and wide applications as chiral ligadsd organocata- HO.  SiR R RSN SIR,
lysts® in asymmetric synthesis. Consequently, significant efforts /?’Z—-f\/SiR, A&'aﬁfn TsHN SR E“ o B
have been devoted to the development of efficient routes to R y"s ¢ R
substituted pyrrolidines. Recent examples include 1,3-dipolar cy- Ts R.Si H
cloadditions of azomethine ylides to electron-deficient alkénes, A ! NHTs
reduction of pyrroles,intramolecular hydroaminatiorfsand an- D

nulation reactions of allylZ,vinyl-,8 and allenesilanesHowever, Table 1. Optimization of the [3 + 2]-Annulation?

the efficient construction of polysubstituted pyrrolidines with well- o .

defined stereochemistry and derivatizable functional groups remains 0 RISNAASRs g SiR3

a challenge in organic synthesis. The Lewis acid promoted addition Y L

of allylsilanes to aldehydes is an important method for stereose- NHR Lce:‘f_"'zsc"’lf'd N\

lective C-C bond formatiort? Allylsilanes can also function as ta<c 78°C 3a b s

synthetic equivalents of 1,2%or 1,3-dipole€¢12in annulation
reactions to activated €€X s-bonds, due to the efficient—p entry 1(R) 2(SiR"3) Lewisacid yield of 3 (%) dre
hyperconjugative stabilization ¢f-silyl carbocations by adjacent

a(Ts) c (SiMe;Ph)  MeAICh b (67) >98:2
b (Cbz) c(SiMePh)  MeAIChL
c(Bz) ¢ (SiMePh)  MeAIChL

N-Ts-oi-amino aldehyde€ (Scheme 1). In this approach, silaBe
functions as a 1,2-dipole equivalent, which after a stereoselective
addition toC yields intermediat®. The subsequent annulation, to
afford A, exploits the nucleophilicity of the sulfonamide nitrogen aFor experimental details, see Supporting Informatfisolated yield.
toward the-silyl cation for cyclization. This approach provides a  ° Determined by*H NMR analysis of the crude reaction mixtures.

straightforward entry to polyhydroxylated pyrrolidines, which are  giastereomer with no sign of desilylation (entries 4 and 5).
common subunits in a variety of biologically active alkalotds. Competing elimination to the corresponding diene was, however,
Initial focus was directed toward investigating the effect of gpserved? and the optimal result was obtained using MeAl@$
different silicon subst_ituents on the ﬂ8_2]-annulatio_n. Gratifyingly, Lewis acid, furnishing pyrrolidin@b in 67% (entry 5%° Finally,
treatment ofN-Ts-valinal (L&)"* with silane2a' (SiR's = SiMe) the effect of nitrogen protecting groups was studied, but neither
and BR*OEg in CH,Cl, at —78°C afforded pyrrolidine3ain good NHCbz (entry 6) norNHBz (entry 7) resulted in pyrrolidine
yield and excellent stereoselectivity (Table 1, entry 1). Interestingly, formation.
silane 2a functions only as a 1,2-dipole equivalent, and no 1,2-  \jjth optimized conditions at hand, we turned our attention to
silyl migration’®¢12to give piperidines was observed. Silazig" the nature of theN-Ts-a-amino aldehydes, antia,d—h?® were
(SiR3 = SiPry) failed to participate in the [3- 2]-annulation, the  selected for further investigation (Table 2). The#f2]-annulation
reason probably being increased steric hindrance (entry 2). Theyjith silane2c proceeded with excellent levels of diastereoselection
synthetic utility of this transformation would be greatly increased regardless of the nature of the R groups, #4dNMR analysis of
if the silyl moieties in3 could be transformed into hydroxy groups  the crude reaction mixtures could in each case only detect the
via a Tamae-Fleming oxidatior® a process which requires an  formation of a single diastereomer. Aldehydesd—h afforded
activating group on silicon. Alkylsilanes have been shown to be gensely functionalized pyrrolidineb,d—h, substituted with a C3
resistant toward oxidation, but in contrast, the dimethylphenylsilyl hydroxyl and latent C4 hydroxyl and C5 hydroxymethyl groups,
group is a known hydroxyl group synthéhHowever, treatment  which are possible to synthetically differentiate for selective
of silane2c'’ (SiR's = SiMe,Ph) and aldehydéa with BFs"OEt functionalization. In addition, pyrrolidine8e—h contain a C2
afforded pyrrolidine3b in low yield, although still as a single  sypstituent amenable for further synthetic transformations.
diastereomer (entry 3). Instead, a pyrrolidine lacking the C4 Si x.ray crystallographic analysis @& showed its relative stere-
moiety could be isolated as the major product. To circumvent this ochemistry to be (&,3R*4R*5R¥).2L The stereochemistry of
problem, other monodentate and chelating Lewis acids were pyrrolidines3a,d—h was assigned in analogy 8b.
screened? none of which yielded pyrrolidin@b. To our delight, We have previously demonstrated that excellent levels of
the aluminum-based Lewis acids afforded pyrrolidieas a single  chelation-controlled diastereoselection can be achieved in nucleo-
t Organic Chemistry. ph.ilic additions toon-NHTs.aIdehydes by qsing a monoantate Lewis
* Inorganic Chemistry. acid?? The stereochemical outcome in such additions can be

k ' I 1 a(Ts) a (SiMes) BF3-OEt, a(77) >98:2
C—Si bonds'® Herein, we report an efficient procedure for 2 a(Ts) b (SiPr) BF3OEb
stereoselective construction of densely functionalized pyrrolidines 3 a(Ts) ¢ (SiMePh)  BR-OEt b (15) >08:2
A by a Lewis acid promoted [3- 2]-annulation of silane8 and g a(Ts) c(SiMe:Ph)  MeAICI b (25) >908:2
6
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Table 2. Stereoselective [3 + 2]-Annulation of Silane 2c and
N-Ts-a-Amino Aldehydes 1la,d—h?

o 2 HO,  SiMe;Ph
R \HLH MeAICl, R™ N
NHTs CHyClp Ts  SiMe,Ph
1a, d-h 78°C 3b, d-h
entry 1(R) yield of 3 (%)° dre
1 a(Pr) b (67) >98:2
2 d (Me) d (33 >98:2
3 e(Ph) e(69) >08:2
4 f (CH,OTBS) f(57) >98:2
5 g (CHxCH,=CHy) g (35)‘4‘I >08:2
6 h (CH.CH;OTBDPS) h (61) >98:2

aFor experimental details, see Supporting Informatfisolated yield.
¢ Determined by*H NMR analysis of the crude reaction mixturés.ow
yield due to instability of the aldehyde.

LAO SiR' HO,  SiR%
R . 3 V4
~giR
—— TSSNHEPT I ——
) 2 N5
Ts Ts SR,
B 3

Figure 1. Rationalization of the stereoselectivity.

rationalized by invoking a hydrogen bond between M¢Ts and
C=0 moieties followed by nucleophilic attack on the sterically
least hindered €0 Siface, which also accounts for tlogs C2—
C3 relative stereochemistry in pyrrolidirgh (Figure 1). It has
previously been argued that, in Lewis acid promoted additions of
crotylstannanes to aldehydesynsynclinal arrangements are the
lowest energy pathways when employing monodentate Lewis acids,
due to favorable HOM@LUMO interactions?® In line with this,
it is proposed that silane3 react throughsynsynclinal TSA to
avoid steric interactions with the carbonyl-complexed Lewis &¢id,
which then accounts for the observed C4-stereoselectivity. The
transiently formegb-silylcation B is then intramolecularly trapped
by the NHTs moiety. It should be noted that the observed C5
stereochemistry indicates that the nucleophilic attack is faster than
C4—C5 bond rotation.

The pyrrolidine structural motif is a common subunit in a variety
of polyhydroxylated alkaloid$which are of great importance due
to their potential chemotherapeutic utilities, such as anti-HIV and

anticancer agents. To demonstrate the applicability of the developed

[3 + 2]-annulation methodology to the synthesis of this important
class of compounds, we report a straightforward synthesis of DGDP
(5),%* which is a potent inhibitor of glucosidases as well a
substructure in more complex pyrrolizidine alkaloids (Scheme 2).
Desilylation of pyrrolidine3f followed by a stereospecific Tamao
Fleming oxidatiof® yielded pyrrolidine4, which after detosylation
afforded DGDP in only three steps frogt.

In conclusion, we have developed an efficient approach to
pyrrolidines, containing four contiguous stereocenters by a highly
stereoselective [3- 2]-annulation of 1,3-bis(silyl)propenes, which
functions as a 1,2-dipole equivalent, aNel's-o-amino aldehydes.
The application of this methodology in the total synthesis of

Scheme 2
HO,  SiMe,Ph HO, OH
ST ACOH:THF:H,0, it S
2. KBr, AcOOH, rt
N 5 N
TBSO Ts SiMe,Ph  50% (2steps) yo R OH
3f =
Li/NHy(y [~ 4 RETs
65% 5 R=H

polyhydroxylated alkaloids is underway in our laboratory and will
be reported in due course.
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