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ABSTRACT

NHP acid catalyst (N

R</‘—/:\s/' CHCl Rd/\ Si

In the presence of an acid catalyst, vinylsilanes 1 bearing an amino group protected by an electron-withdrawing group were smoothly cyclized
to 2-(silylmethyl)pyrrolidines 2. This cyclization was utilized for the stereoselective synthesis of 2,n-disubstituted pyrrolidines (n = 3-5). The
cyclized products could be converted to the corresponding alcohols by oxidative cleavage of the carbon—silicon bond with TBAF and H0,.

In recent years, the silicon-directed reactions via intramo- we have reported that vinylsilanes bearing a hydroxy group
lecular nucleophilic addition to &g-silylcarbenium ion undergo acid-catalyzed cyclization to give tetrahydrofurans
intermediate, particularly [3-2 ] cycloadditions of allylsi- with high levels of diastereoselectivity, and the cyclization
lanes to electron-deficient unsaturated bonds, have beemroceeds through a stepwise mechanism including protona-
proven to provide an efficient and reliable method for the tion of the a-carbon and intramolecular addition of the
stereoselective synthesis of carbocycles and heterocycleoxygen nucleophile to the formeg-silylcarbenium ion
containing an oxygen or nitrogen atdn?. In this context, intermediate (Scheme %J. Thus, our attention was next
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have been developed to realize this strategy, acid-catalyzedlg was also efficiently converted to the corresponding

systems are rarely utilized for the cyclizati#sriderein, we
report that the cyclization of vinylsilanes bearing an amino
group protected by an electron-withdrawing group is ef-
fectively promoted by an acid catalyst, and it serves for the
stereoselective synthesis ofnzjisubstituted (n= 3-5)
pyrrolidines?®

Initially, vinylsilane 1a (P, R= Bn) bearing a benzylamino
group was used as a substrate. The Fi@ltalyzed reaction,

however, gave no cyclized product. This seemed to be due

to the low acidity of the proton on the nitrogen, which would
prevent protonation of the carbanto the silyl group (vide
infra). Therefore, the amino group was protected by an
electron-withdrawing group for promotion of the acid-
catalyzed cyclization. As expected, treatment\b&cetyl-
protected substratéb with a catalytic amount of TiGlor
TsOH gave the corresponding cyclized product, pyrrolidine
2b, although the yield was rather low (entries 1 and 2 in
Table 1). Sulfonyl groups were effective in accelerating the

Table 1. Acid-Catalyzed Cyclization of Vinylsilane$®

P
NHP acid N NHP
— o SiMe,R  + <_/=
siMe,n CHCB Q/\ 2

2 3
vinylsilane yield (%)
entry P R condns®  time (h) 2 3
1 Ac Bn 1b A 24 26°¢ 0
2 b B 24 14¢ 0
3 CFCO Bn 1c AP 34 33 55
4 ic B 48 78 <1
5 Ts Bn 1d A 33 93 5
6 1d B 3.3 9% <4

7 Ms Bn le A 1.2 90

8 le B 12 86

9 Tf Bn 1f A 44 644

10 if B 11 92

11 Boc Bnh 1g A 24 89¢
12 1g B 25 <1d 0
13 Ts Ph  1h A 11 80 9
14 l1h B 6.5 92 5

a All reactions were performed with a vinylsilane (0.50 mmol) in CEICI
(2.5 mL). Condition A: TiC} (5 mol %) at room temperature. Condition
B: TsOH-HO (5 mol %) at 60°C. ? 10 mol % of TiCl. ¢ Estimated by
1H NMR analysis of the crude product includiidp and2b. 9 More than
95% of1gand 20% oflf were recovered A mixture of 2d (89%) andld
(7%) was obtained after purification by column chromatography.

pyrrolidine2g (entry 11), which could be easily unprotected
by the action of 3 M HCl in MeOH (Scheme 2). Interestingly,

Scheme 2
H
NHBoc TiCly (5 mol%) 3 M HCI N
— CHCl, 1, 24h  MeOH, 1t, 7 h QAS"
1g Si=SiMesBn 67% from1g

the cyclization oflg was only slightly induced by TsOH
(entry 12). The reactivity of vinylsilanes was affected by
the substituent on the silicon as well as nitrogen. The change
of the benzyl to a phenyl group diminished the cyclization
rate (entries 13 and 14). This observation is consistent with
our previous results in the cyclization to tetrahydrofuréhs.

While the present method was applicable to the synthesis
of piperidines5 (Table 2), the cyclization efficiency de-

Table 2. Acid-Catalyzed Cyclization of Vinylsilane4?

NHTs .d N NHTSs
ZSiMe,R 8% SiMesR =
CHCl3
4 5 6

vinylsilane yield (%)

entry R condns®  time (h) 5 6
1 Bn 4a AP 24 54 45
2 4a B 24 75 25
3 CHMePh 4b AP 35 78 21
4 4b B 22 76 15

abSee footnotes andb in Table 1.

creased because of competitive desilylatioB.t&or inhibi-

tion of the desilylation, a more bulky substituent, a 1-phen-
ylethyl group, was introduced on the silicon atom instead of
the benzyl group (entries 3 and %).The change of
substituent suppressed the desilylation and somewhat im-
proved the yield ob in the TiCl-catalyzed system.

We next investigated the diastereoselectivity of the present
cyclization using racemic vinylsilané&—c with a phenyl
group on the methylene tether (Scheme 3). The jJi&Mmol
%)-catalyzed reaction ofa at room temperature gave 2,5-

cyclization, and a tosyl group provided the best result among yiq stituted pyrrolidinea in a moderate yield with low

the examined protective groups (entries 5 and 6). In the
presence of the TiGlcatalyst,N-Boc-protected vinylsilane
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cis-selectivity. This result stands in sharp contrast to our
previous finding that the acid-catalyzed addition of a hydroxy

(9) We used only (Z)-vinylsilanes as substrates in the present work
because (E)-isomers exhibit lower reactivity and stereoselectivity #an (
isomers in the cyclization shown in Scheme 1. See ref 6.
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group to vinylsilanes is valuable for the synthesigrahs- s

2,5-disubstituted tetrahydrofurans (Schemé&1.this case, Scheme 4

unreacted7a was recovered in 29% vyield. An increased Ts

ﬁ(r)rj[oil,rlrr:t of TiC} effepted complete conversion Ea’abyt did Ph \@/\SI TiCly ga  +  Ph _{T;:
prove the yield of8a because of a considerable CHCly

formation of9a. However, it led to highecis-selectivity of 8a, cit = 49:51 Si= SiMesBn 9a

8a. TsOH was more effective in the cyclization?d, which 20 mol% of TiCl, 23 h 78%, = 61:39 209

exhibited no stereoselectivity. The cyclization @b pro- 50 mol% of TiCly, 1.5 h 49%, cit = >99:1 51%

ceeded much faster than that ?d, forming8b in a high

yield with high cis-selectivity. Lowering the reaction tem- gs
perature further improved the selectivity. The allylic phenyl Ts Ph*@"“\sl
group of 7c completely controlled the diastereoselectivity, N TiCl, %a TiCly or
and onlytrans-8cwas obtained independently of the reaction ‘(_7’\3,' slow fast _\-TS
conditions. cis-8a Ph\@”“\
Si
| trans-8a
Scheme 3
NHTs acid LS NHTs forms ag-silylcarbenium ion intermediate, and (3) nucleo-
Ph =\. cHop Ph\Q/\Si * th philic attack of the nitrogen to the positively charged carbon
7a Si Si=SiMeBn  8a %a from the opposite site to the silyl group gives a cyclic amine
TiCl (5 mol%), it, 7 h 59%, c:t= 67:33 9% and regenerates the acid catalyst. This mechanism indicates
TiCly (20 mol%), 1t, 6 h 53%, cit=91:9 47% that the proton transfer in step 2 and the nucleophilic attack
TsOH (5 mol%), 60 °G, 7 h 85%, cit = 49:51 14% : : S
Ts in step 3 take place on the same side of the initidace,
NATs acid N . and the diastereoselectivity in the cyclization @f is
si WCI; Si determined in step 2. Therefore, the high stereoselectivity
PR PH gy with 7b and 7c is attributable to diastereoface-selective
TiCl (5 mol%), 1t, 0.5 h 919%. cit= 95:5 protonation via chairlike conformatl_on's an_d_C bearing a
TiCly (5 mol%), -20 °C, 3 h 92%, cit= 98:2 phenyl group at the pseudoequatorial position. On the other
TsOH (5 mol%), 60 °C, 1 h 94%, cit=89:11 hand, a similar conformatioA arising from7a would be
NHTs . If destabilized by the steric repulsion between the phenyl and
=\_ _acid Si protective groups, which reduces the energy difference
o Si CHCl o betweerA and another conformatiod\(). This consideration
7c 8c provides a reasonable explanation for the low selectivity in
TiCly (20 mol%j), 1t, 2 h 80%, c.t=1:>99 the TsOH-catalyzed cyclization dfa.
TsOH (5 mol%), 60 °C, ¢ h 88%, cit= 1:>99

The increasedis-selectivity in the cyclization ofausing Scheme 5

20 mol % of TiCl, is attributable to fast desilylation ¢fans-

8a. Indeed, treatment of a ca. 1:1 diastereomeric mixture of - )
8a with 20 mol % of TiCl, gave acis-rich mixture of8a @i/\

and desilylated produ@a (Scheme 4). The use of 50 mol ~ L =H"orTiCl

% of TiCl, completely desilylatedrans-8ato 9a, and only
cis-8a was recovered in 49% yield. Thians-selective

Si= SiMesR Si 11

desilylation resulted probably because tbis-isomer is H\jl . Ph\gl ﬁ)
thermodynamically more stable than thens-isomer, which Q\N";‘r— g\ﬁ/\'; Phﬁ%H Ph /\'?S
has an unfavorable steric interaction between the tosyl and PH 'L ® H 'L ®

silylmethyl groups or the phenyl and tosyl groups. A A B c

From our previous result8,the present cyclization of
is considered to proceed via a mechanism comprising the
following steps (Scheme 5): (1) an acid adds to the protected To enhance the synthetic utility of the present cyclization,
amino group ofl on the nitrogen atom and/or the oxygen we attempted oxidative cleavage of the silieaarbon bond
atom of the protective grouls, (2) intramolecular proton  of the cyclized products. As shown in Scheme 6, benzyldi-
transfer from the nitrogen to the carbarto the silyl group methylsilyl and dimethyl(1-phenylethyl)silyl groups could
beconverted to hydroxy groups in high yield with stereo-
(12) For simplification, attachment of an acid to the oxygen atom or chemical retention by the Tamao methéd.
both the nitrogen and oxygen atoms is not depicted in Scheme 5. In these In conclusion, we have developed a new method for the

cases also, the reaction mechanism and the stereochemical outcome can be : . . . e
explained as in the text. stereoselective construction of cyclic amines utilizing the
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Scheme 6
I TBAF, H,0,, KHCO. IS
N » Moo, 3 N
¢ : . ¢
R < SiMesBn  THF, H,0, MeOH, 40 °C a < OH
2d 12a: 98%
8a (c:t=86:14) 12b: 91% (c:it= 86:14)
8b (c:t=89:11) 12¢: 99% (c:it= 90:10)
8c (cit= 1:>99) 12d: 92% (c:it= 1:>99)
Ts Ts
C\'j/\SiMeg(CHMeph) 2s above @/\OH
5b 12e: 98%

reactivity of vinylsilanes. The scope and limitations of the
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