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Summary: The condensation between chiral (E)-crotyl-
silanes 1 and in situ-generated achiral N-acylimines
produces homoallylic N-acylamines 3 or tetrasubstituted
N-acylpyrrolidines 4 with high levels of diastereoselection.

Interest in biologically and synthetically important
acyclicand cyclic amines with well-defined stereochemistry
has often contributed to the development of new reaction
methodology for their synthesis. Methodology designed
for the stereoselective synthesis of 8-amino acid synthons
has evolved from simple diastereoselection processes
involving the use of achiral enol derivatives and allylmetals
in addition to achiral imines and N-acyliminium ions to
asymmetric condensations utilizing chiral imines.! The
purpose of this paper is to report the results of our

- experiments concerning the utility of chiral (E)-crotylsi-
lanes in addition to achiral imines resulting in the
enantioselective construction of homoallylic amines (8-
amino acid synthons) and pyrrolidines. This study
represents the first asymmetric addition of a chiral
allylsilane to in situ-generated imines.?

Here, we describe an efficient procedure for the direct
asymmetric amino-crotylsilylation and a [3 + 2] pyrro-
lidine annulation from the derived imines utilizing achiral
aldehydes and acetals (Scheme 1, eqs 1 and 2). We have
used these silane reagents previously in asymmetric
electrophilic substitution® and related annulation reac-
tions.* In a similar manner, the silane reagents 1 can be
used in highly diastereo- and enantioselective additions
toin situ-generated N-acylimines 2 under mild conditions
(-78 = 20 °C). Our experiments have shown that when
the reaction temperature is lowered, N-carbamoylpyrro-
lidines 4 are produced from aryl acetals or aldehydes. On
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Table I. Asymmetric Synthesis of Homoallylic
N-Acylamines and N-Acylpyrrolidines

en- acetal/ major product
try silane aldehyde (%, syn/anti)s
oM NHCO,Me X
Z e
COMe L R X COo Me
Me,SiPh R” “OMe
1 1a;8R),X=H 2a;R=Ph 3a (87, >30:1)®
2 1b; (28,39), 2a 3b (79, >9:1)®
X = OMe
3 lc; (anti,2R,35), 2a 3c (73, >30:1)b
X = Me
4 1a;(3R),X=H 2b;R= 3d (65, >30:1)®
BnOCH,CH,
5 1a;(8R),X=H 2¢;R =BnOCH; 3e (87, >30:1)%
RCHO

6 la;3R),X=H 2d;R=1Pr
7 1a;3R),X=H 2e¢;R=*'Bu

3f (68, >30:1)°
3g (72, >30:1)%

R; OMe
RZ
OMe
R.’l
8 1a;(3R),X=H 2a;R;=R:= 4a (68, >30:1)¢
Rs =H
9 1b;(2S,38), 2a 4b (72, 20:1)°
X = OMe
10 1b; (28,38), 2f;R; =Ry =H, 4e (47, 20:1)¢
X =0Me Ry;=Cl
11 1b; (28,38), 2R =Ry = 4d (53, 10:1)¢
X = OMe OMe,R3=H

% Based on pure material isolated by chromatography (SiOj).
Ratios were determined by *H NMR. ¢ Run in CH,Cl; (0.3 M) from
-78 — 20 °C, 24-32 h using BF3-OEt; (3.0 equiv) for aldehydes and
(2.0 equiv) for acetals. ¢ Run in CH¢Cl; (0.3 M) from =100 —~ 78 °C,
12-24 h using BF3-OEt; (2.0 equiv).

the other hand, only acyclic homoallylic carbamates were
detected and isolated when the reaction temperature was
immediately warmed to —20 °C.5 :

On the basis of previous studies we projected that the
silane reagents would show useful levels of selectivity in
Lewis acid catalyzed additions to imine derivatives. The
results of those experiments describing the enantioselec-
tive condensation and pyrrolidine annulation with the
derived imines are given in Table 1. The experiments
have shown that the silane reagents la—e® exhibit high
levels of diastereo- and enantioselectivity in the electro-
philic substitution reactions with a variety of imine
derivatives. The reactions generally proceed with high
levels of diastereoselection (>30:1 syn/anti), and in many
examples, !H NMR analysis could not detect the minor
anti-diastereomer.” Slightly lower diastereoselectivity (3

(5) Our experiments indicate that the pyrrolidines derived from
arylimines are the kinetic products as they are efficiently produced at low
temperatures (<-78 °C). However, at elevated temperatures {ca. —20 to
-10 °C) only the acyclic products are detected indicating that at warmer
temperatures the elimination pathway predominates.

(6) (a) anti-Silane reagents see: Panek, J. S.; Beresis, R.; Xu, F.; Yang,
M. J. Org. Chem. 1991, 56, 7341-7344. (b) syn-Silane reagents see: Sparks,
M. A.; Panek, J. S. J. Org. Chem. 1991, 56, 3431-3438,
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10:1 syn:anti) was observed for cases involving the
a-methoxy (E)-crotylsilanes, entries 2 and 11 (Table 1).

Discovery of the pyrrolidine annulation was made using
the (E)-crotylsilane (3R)-1a with benzaldehyde dimethyl
acetal (1.2 equiv) and methyl carbamate (1.25 equiv) in
CH.Cl; (0.3 M, -100 — -78 °C, 12 h). The homoallylic
amine 3a and the annulated pyrrolidine 4a were obtained
as a 1:12 mixture after the reaction mixture was diluted
with a solution of NaHCOj3 and extractive isolation (eq 2).
Chromatography afforded 4a in 68% isolated yield and
6% of the acyclic amine, each as a single diastereomer
(Table 1, entry 8).”8 The assumption that both products
are formed through a common mechanistic pathway is
supported by correlation experiments; treatment of the
isolated pyrrolidines 4a and 4b with BF3-OEt, (1.0 equiv,
-10 °C) generated the acyclic products 3a and 3b in high
yield. Having verified an efficient, controllable [3 + 2]
pyrrolidine annulation of 1a, we surveyed a series of acetals
and (E)-crotylsilanes to determine the generality. The
results obtained from those experiments have led us to
conclude that only the more reactive arylimines are

(7) All new compounds were isolated as chromatographically pure
materials and exhibited acceptable !H NMR, 13C NMR, IR, MS, and
HRMS spectral data.

(8) (a) Therelative stereochemical assignment of the homoallylicamines
was based on analogy from the H-NMR coupling constant analysis of
the derived cyclic carbamate of 3a; see supplementary material for details.
Assignment of the pyrrolidine products as the cis-2,5-trans-3,4 stereo-
isomer was based on 1D homonuclear decoupling, multiple difference
NOE, 2D-NOE experiments, and correlation experiments; see supple-
mentary material for details. (b) The absolute stereochemistry of the
homoallylic carbamates was assigned by correlation with (2S,35)-3-
methylaspartic acid [lit. [2}%p = +138.5 (¢ 1.5 5 N HCI): McClarin, J. A,;
Dressel, L. A.; Legg,J. 1. J. Am. Chem. Soc. 1976, 98, 4150~4154] obtained
from a resolution of erythro and threo isomers. Synthetic material [[a]®p
= 4+11.22 (¢ 1.5 6 N HCD] was obtained in four steps from 3d; see
supplementary material for details.

OMe

effective in the formation of the pyrrolidines. Alkyl or
branched acetals/aldehydes required higher temperatures
in the initial condensation and did not produce the
annulated pyrrolidines.

The isolation of the 2,5-cis isomer is consistent with the
stepwise mechanism proposed to rationalize the formation
of related tetrahydrofurans and cyclopentanes; initial C-C
bond construction occurs by an anti-Sg’ addition.4® The
stabilized 8-silyl carbocation is illustrated rearranging
through a bridged siliranium ion; this migration promotes
the cyclization step, as it proceeds with inversion at the
C5 position (eq 2).2

In summary, the use of chiral (E)-crotylsilanes in
condensation reactions with C==N = bonds provides a
highly stereoselective process for the formation of ho-
moallylic amines, a new asymmetric pyrrolidine annula-
tion, and continues to expand the scope of our developing
chiral allylsilane methodology.
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