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Currently much attention has been focused on stereochemically . )
definedo-substituted cyclic amines because of their diverse physi- (K10) and molecular sieves 4A (MS 4A) which has worked well
ological activitied and hence several stereoselective methods for for the preparation oD-glycoside from the hemiacetal$.To
their syntheses have been developed, including organometallicour surprise, the reaction was found to yield the unexpected phenyl
additions to cyclidN-acyliminium ions? electrophilic substitutions ~ Migration product3a® in moderate yield as the almost single
of a-metallo cyclic amine$,and cyclizations of-substituted ~ diastereomer, along with a small amount of the expected benzyl
acyclic amineg.Herein we wish to report a new, efficient entry ~aminal2a (eq 3):° Aminal 2a thus obtained was also converted
to a-aryl f-hydroxy cyclic amine€ via the novel 1,4-aryl migra- 10 a-phenylpyrrolldlneSa under similar reaction conditions. _Thls
tion from silicon to carbon which was discovered by chance in result indicates that one of the phenyl groups in TBDPS migrates
the reaction of-tert-butyldiarylsiloxy cyclic hemiaminah with from the silicon to thex-amino carbon in a cis fashion, and at

an alcohol promoted by montmorillonite K10 clay (eq 1). The the same time benzyl alcohol attacks the silicon in a highly dia-
stereoselective manner to create the single configuration at both
P thea-amino carbon and the silicon center. Indeed, treatmedaof
N with n-BuLi (3 equiv) in THF at—78 to 0°C was found to liberate
P P Ar the chiral benzyloxysilanolSj-4a with extremely high enantio-
N K10R812 4A / meric excess (95% ee) in 87% yiéfdogether with the formation
Ce‘-OH : OH () of the a-phenyldihydropyrrole5 (eq 4). On the other hand,
\ c
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most striking feature of the aryl migration process is that the dis- \/\Ne‘Ph [a]p2® =13.5° (¢ 1.11, CHCly)

Ar

placement at the silicon proceeds in a highly diastereoselective (S)-4b: 82% (97% ee) (4)
fashion to create the single configuration at the Si-centered chiral Ph Boc
center, thereby permitting ready access to enantio-enriched Ng TBAF N
alkoxysilanolsD. 8’ “OR

The details of the discovery of the novel aryl migration are as 3a: R= THF

- a: R = CH,Ph 3

follows. Recently, we have developed the acetal [1,2]-Wittig 3b: R = CH.CH=CH OH
rearrangement protocol by whidb-glycosides (cyclic acetals) C T TR 6: 87% (>95% cis)
can be converted to thi@glycosides with high diastereoselectivity
(eq 2, X= 0).* Thus, we envisioned that application of the [1,2]-  desilylation of3a by tetrabutylammonium fluoride (TBAF) gave

thecis-a-phenylg-hydroxypyrrolidine6 (> 95% dr) in good yield.
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OH

X X A similar reaction ofl with allyl alcohol gave theSkallyloxy
« 0. _G base P . . - .
C)( ~ . C G (2) phenyl migration producsb (62%), in comparably high stereo-
\ R s R selectivities, andb was also converted to the chiral allyloxysi-
(OP)h X ZNR' (OP)n lanol (9-4b (82%, 97% eé} or pyrrolidine6 (87%, >95% cis).

e . . . 6) This compound was derived fror§){3-hydroxypyrrolidin-2-one in three
Wittig protocol to aminals (cyclitN,O-acetal) could provide the e () TBBBSCL imicazols: (i) (Bog, EN: (1] NaBHAMAOH. &,
a-substituted cyclic amines of synthetic interest-HNR’). To 3-Hydroxypyrrolidin-2-one was prepared according to the literature procedure:

this end, we first attempted the preparation of the requisite aminal Sarairi, D.; Maurey, GBull. Soc Chim Fr. 1987 297-301. The details are
described in the Supporting Information.

2a from theﬁ'tert'bUtyld'phenyIS'I_OXy cyclic hegmla_mlnaIS)-l (7) (a) Trost, B. M.; Edstrom, E. DAngew Chem, Int. Ed. Engl. 199Q 29,
(98% e€j and benzyl alcohol using montmorillonite K10 clay 520-522. (b) Tomooka, K.; Nakamura, Y.; Nakai, Synlett1995 321—-322.
(8) The general procedure is as follows: Cyclic hemiamih&B69 mg,
* To whom correspondence should be addressed. F&¢-3-5734-3931. 0.835 mmol) and benzyl alcohol (0.173 mL, 1.67 mmol) inCH (11 mL)

E-mail: ktomooka@o.cc.titech.ac.jp. was added to flame-dried MS 4A (2.0 g) in a two-necked flask. The resulting
(1) The Alkaloids Chemistry and BiologyCordell, G. A., Ed.; Academic: mixture was stirred at room temperature for 0.5 h. Flame-dried montmorillonite
San Diego, 1998; Vol. 50. K10 (1.5 g) was added to the suspension and stirred vigorously at that
(2) For arecent example, see: Batey, R. A.; MacKay, D. B.; Santhakumar, temperature for 1 h. Then the resulting mixture was filtrated through a pad of
V. J. Am. Chem. S0d.999 121, 5075-5076 and references therein. Celite. Evaporation of the filtrate gave the crude product. Purification by silica
(3) (a) Beak, P.; Zajdel, W. Lhem Rev. 1984 84, 471-523. (b) Meyers, gel chromatography gave 116 mg (26%) of benzyl amwmbhnd 165 mg
A. I. Aldrichim. Actal985 18, 59-68. (36%) ofo-phenylpyrrolidine3a. The diastereomeric ratio of these compounds
(4) (a) Bringmann, G.; Ewers, C. J.; Walter, R.@omprehensie Organic was determined byH NMR analysis.
Synthesis Trost, B. M., Fleming, ., Heathcock, C. H., Eds.; Pergamon: (9) The structure o8a was determined by X-ray crystallography, see the
Oxford, 1991; Vol. 6, pp 733762. (b) Nadin, AContempOrg. Synth 1997, Supporting Information.
387—414. (c) Bailey, P. D.; Millwood, P. A.; Smith, P. @hem Commun (10) The product ratio depended upon the reaction time: ar2mé26%
1998 633-640. for 1 h, and 13% for 12 h) and-phenylpyrrolidine3a (36% fa 1 h and 46%
(5) Tomooka, K.; Yamamoto, H.; Nakai, J. Am. Chem. S0d.996 118 for 12 h). Obviously, aminaRa initially formed is gradually converted t8a
3317-3318. under the reaction conditions.
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Next, we examined the reaction of piperidine hemiaminal
(racemig with various alcohols in a similar way (eq 5). These

Boc Boc Boc
oH KI1O.MS4 —Ph § OR (5
CH,Cly, rt -
OTBDPS o_ Pn OTBDPS
Sie
7 80 “OR 9
C2-C3: >95% cis
8a: R = CH,Ph 76% (90% dr at Si

)
8b: R = CH,CH=CH, 79% (90% dr at Si)
8c: R = CH,C=C-TMS 92% (89% dr at Si)
8d: R = Me 59% (81% dr at Si)*

* MS 3A was used.

reactions resulted in the exclusive formation of the corresponding

phenyl migration produc8a—d in a highly diastereoselective
fashion to provide>95% cis at thea-carbon and>80% dr at
the silicon center; none of amin@lwas formed? Treatment of
8a (R = benzyl) with TBAF gavecis-o-phenyl$-hydroxypip-
eridine10 which was then converted to the known antagohist
of the neurokinine substance P (eg'&This is one example to

Boc H
TBAF 5N 1. NaH, ArCH,»Br (94%) ,—N
8a PR ——— Ph (6)
2. TFA (74%)
OH CFj 00—
10 Ar=i 1n A
CF,
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JBoc BnOH poc

N K10, MS 4A N
OH (7)
CH20|2, rt
O\ /Tol O\ . /Tol
S /s.,'
t-Bu Tol tBu” “oBn
12 13: 75% (>95% dr)

12'4 gavep-tolyl substituted pyrrolidinel3 as the sole product,
indicating that the aryl migration occurrs at the ipso position (eq
7).

A plausible mechanism of this 1,4-migration is shown in eq 8.
The mechanism most likely involves thid-acyliminium ioni
which should be in equilibrium with either the hemiaminal or
the aminal once formed from and the alcohol added. Then,
species undergoes an intramolecular Fried€lrafts reactiof?
onto one of the aryl groups on the silicon in a highly diastereo-
selective manner to form thg-silyl cation ii which is then
collapsed by alcohol attack onto the silicon to give the 1,4-phenyl
migration product®”

?oc

Nt
% \
w~

In summary, we have described a novel 1,4-aryl migration that
occurs orp-tert-butyldiarylsiloxy pyrrolidine and piperidine hemi-
aminals under the action of K10/MS 4A in a highly stereoselective
manner. This new reaction provides a novel, efficient entry to
a-aryl -hydroxy cyclic amines of synthetic value as well as
enantio-enriched alkoxysilanols which are otherwise difficult to

demonstrate the synthetic potential of the present novel reactiongpiaini8 Further work is in progress to elucidate the mechanism

as a method for the synthesiswfaryl 5-hydroxy cyclic amines,
a class of compounds of biological importance.

Further experimentation was undertaken to elucidate the mech-

anism of this novel phenyl migration process. First, the unique

of this process and enhance the synthetic potential thereof.
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Thus, these observations reveal that the present phenyl migratiorspectroscopic data for compountis13 and crystallographic data G&a

can effectively occur only under the unique action of K10/MS
4A. Second, a similar K10-promoted reaction of benzyl aminal
9 with allyl alcohol (1.0 equiv) was found to result in the
formation of a mixture oBb (R = allyl) and8a (R = benzyl) in
70:30 ratio. Furthermore, when the K10-promoted reaction of
benzyl aminald was carried ouin the absence of any alcohol
only a trace oBawas formed. These results suggest that addition
of an alcohol substantially facilitates the phenyl migration process.
Third, a similar reaction ofert-butylbis(p-tolyl)silyloxy analogue

(11) The absolute configuration of)¢4a was assigned from the stereo-
chemistry of3a, based on the reasonable postulate that/4sdimination
proceeds without loss of the configurational integrity at the silicon. The
enantiomeric excess dhand4b was determined by HPLC analysis using a
Daicel CHIRACEL OD column with hexane/2-propanol as a solvent.

(12) The diastereomeric ratios at the silicon were determinetHdyMR
analysis. The cis stereochemistry & was established by X-ray analysis
after conversion (HPd—C) to 8e (eq 5, R= H).

(13) (a) Harrison, T.; Williams, B. J.; Swain, C. J.; Ball, R. Bioorg.
Med Chem Lett 1994 4, 2545-2550. (b) Lowe, J. A., lll; McLean, Surr.
Pharm. Des1995 1, 269-278.

(14) This compound was prepared fro8)-pydroxypyrrolidin-2-one in a
manner similar tol. The corresponding silyl ether was derived froent-
butylbis(4-methylphenyl)silanol an®)-hydroxypyrrolidin-2-one in the pres-
ence of oxalyl chloride according to the literature procedure: Tanino, K.;
Yoshitani, N.; Moriyama, F.; Kuwajima, U. Org. Chem 1997, 62, 4206~
4207. Lennon, P. J.; Mack, D. P.; Thompson, QOEganometallics1989 8,
1121-1122.

and8e (PDF). This material is available free of charge via the Internet at
http://pubs.acs.org.

JA993295T

(15) Related example of intramoleculer Fried€rafts reaction, see:
Martin, O. R.; Rao, S. P.; Kurz, K. G.; EI-Shenawy, H. A Am. Chem. Soc.
1988 110, 8698-8700.

(16) Related examples of phenyl migration reaction from silicon to carbon
have been reported. For 1,4- or 1,5-phenyl or vinyl migration promoted by
Lewis acids, see: (a) Archibald, S. C.; FlemingTetrahedron Lett1993
34, 2387-2390. (b) Hioki, H.; Izawa, T.; Yoshizuka, M.; Kunitake, R.; Ito,
S.Tetrahedron Lett1995 36, 2289-2992. For 1,2-phenyl migration promoted
by fluoride ion, see: (c) Morihata, K.; Horiuchi, Y.; Taniguchi, M.; Oshima,
K.; Utimoto, K. Tetrahedron Lett1995 36, 5555-5558.

(17) Obviously, more detailed studies are needed to elucidate the exact
mechanism, particularly concerning the specific role of K10 and the steric
course of the substitution on the silicon. Semiempirical calculations on the
transition states are underway.

(18) A few synthetic methods for enantio-enriched silanol have been
reported. For resolution or separation of racemic or diastereomeric silanols,
see: (a) Tacke, R.; Linoh, H.; Ernst, L.; Moser, U.; Mutschler, E.; Sarge, S.;
Cammenga, H. K.; Lambrecht, @hem Ber. 1987 120, 1229-1237. (b)
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oxidation of enantio-enriched silanes or halosilanes, see: (e) Cavicchioli, M.;
Montanari, V.; Resnati, Gletrahedron Lett1994 35, 6329-6330. (f) Adam,

W.; Mitchell, C. M.; Saha-Mder, C. R.; Weichold, OJ. Am Chem Soc
1999 121, 20972103 and references therein.



