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The [2,3]-sigmatropic rearrangement of allylic ammonium ylides Scheme 1. The [2,3]-Sigmatropic Rearrangement of Ammonium
has become a powerful strategy for the synthesis of nitrogen Y!ides (R = alkyl, G = anion-stabilizing group)

heterocycled:2 The rearrangement is proposed to proceed via an L2, y N er
envelope-like five-membered transition state, creating-&£®ond + AR base RTINR, __ RTINR,
and at least one new stereogenic center (Scheradli¢. relative RN— G"/— —LG
stereochemical outcome is determined by steric and electronic 26 endo-TS exo-TS
interactions between the allyl moiety and the anion stabilizing group o 0

(G) in theendoand exotransition states. Asymmetric variants of 23] ‘/ SR ‘/ 3R

this rearrangement have relied on intramolecular chirality trafsfer, — or /\[

an elegant example being Sweeney'’s report of a highly diastereo- Rz’:‘, > G Rz’:‘f > G
selective rearrangement of various glycine-derived allylic am- syn anti

monium salts using Oppolzer’s chiral sultam as auxilfayjthough
it would be desirable to use chiral catalysts in these rearrangementsScheme 2. Asymmetric [2,3]-Sigmatropic Rearrangement of 1

such strategies have been deemed problematic as the nitrogen atom R® Bn O R'R2 O

must be quaternary, which seems to exclude coordination of the R%N\)LN 1) BBrs, 2, CHCL X N

substrate to a chiral Lewis acid. R2 g; base. a5 RO ,i,HBnQ
We recently developed an efficient and highdynselective ' ’

Lewis acid-mediated [2,3]-sigmatropic rearrangement of allylic 1a R',RZ,R%=H,H,H 1j R'=Me, R?>=Me, R%=H 3

ammonium ylide$:” By NMR spectroscopy and computational 1b R=Me, R%=H, R:=H 1k R'=H, R?%=H, R°=Me \‘/

methods, it was shown that the reaction proceeds through formation :Z ?z1:2;4’:o=3“”n‘f’£=i|'f R3=H N

of an oxazaborolidine which, after deprotonation, rearranges into 1e R'=H, R2=CH,OBn, R3=H Ra,]_(R CN—Q%—NG

the corresponding homoallylic amine. As an extension of this 1 RI=SIPhMe, R%=H, R=H 10 s N

investigation, we became interested in developing an asymmetric lg EEEERR;—SI;PTR'\QEIZ-‘I R*=H 2 AePh Q

Lewis acid-mediated rearrangement and herein detail our results.  4;r1_p ‘Re-ph Re=H 2b: R=-(CHy),- 4

Initial attempts were directed toward identifying suitable chiral
Lewis acids and optimal reaction conditions that would effect the Table 1. Optimization of the Asymmetric [2,3]-Sigmatropic
; Rearrangement of 1a@
rearrangement (Scheme 2 and Table 1). Thus, when using the

diazaborolidine derived from BBrand sulfonamid€a as Lewis entry  ligandlequiv  BBrs(equiv)  baselequiv  yield of 3a (%)°  ee (%)°
acic® and phosphazeng as basé,3a was obtained in low yield 1 2a/1.2 1.4 4/1.0 22 (55) 85R)
and modest enantiomeric excess (entry 1). After some experimenta- 2 2al1.2 12 4/2.0 39 (59) 97R)
tion, it was found that optimal results were obtained with an efcess i ggg'g 3'8 ig'g %8 g)s) SZ g
of the chiral Lewis acid and (2 equiv of each), affordin@a in 5 26/2:0 2:0 E\’gl'\l/S.O 87 (3) 97R)
79% vyield and 96% ee (entry 431 It was also noted that Bl 6 2b/2.0 2.0 4/2.0 87 (0) 289

could be used instead &f without compromising the yield or ] | i S ] . il
; ; e a2For experimental conditions, see Supporting Informattoviie
enantiomeric excess (entry 5). Somewnhat surprisingly, when the determined by HPLC. Yield of recovered starting material is in parentheses.

diazaborolidine derived frorb and BBg was employed, homo- ¢ For determination of enantiomeric excess and absolute configuration, see
allylic amine 3a of opposite absolute configuration was obtained, Supporting Information.

with modest enantiomeric excess (entry 6).

With optimized rearrangement conditions at hand (Table 1, entry
5), substituted allylic aminesb—f,h—k were successfully trans-
formed into homoallylic amine8b—f,h—k in good yields and good y 0
to excellent enantiomeric excesses (Table 2, entri€s, 7—10). WN%N
(E)-Olefins 1b, 1d, f, andh gave mainly theanti-isomer (entries SiPhMe \3
1, 3, 5, 7), while g)-olefins 1c,e,i favored thesyndiastereomer 5 Ph
(entries 2, 4, 8). In this series, cinnamylamirdég rearranged with
disappointingly poor diastereoselectivities, the reasons for which  The stereochemical outcome in this rearrangement can be
are not clear. Subjecting@)-vinylsilanelgto the reaction conditions  rationalized as follows (Scheme 3). Reactiorlbfwith the chiral
gave the [1,2]-rearranged produbt (72%, 61% ee, entry 6), Lewis acid gives the corresponding oxazaborolidines that, after
probably for steric reasons (vide supra). The sterically demanding deprotonation, afford structures and B.1? [2,3]-Rearrangement
trisubstituted olefinlj and 2-methylpropenyl derivativék rear- from exoisomerA then proceeds readily to give the major product

ranged to give the corresponding produgjtand3k, respectively,
with excellent enantioselectivities (entries 9, 10).

9352 m J. AM. CHEM. SOC. 2005, 127, 9352—9353 10.1021/ja0510562 CCC: $30.25 © 2005 American Chemical Society



COMMUNICATIONS

Table 2. Asymmetric [2,3]-Sigmatropic Rearrangement of Amines is dictated by the chiral ligand. Attempts to verify this reaction
a . .
1 pathway by subjecting complex€&€andD to D,O before workup
ee (%) resulted in no deuterium incorporation, the reason for which we
entry amine yield (%)" anti.syn* anti.syn are currently favoring the mechanism outlined in Scheme 3.
1 1b 3082 79:21 96 (R3R):75 (2R,39)°
2 1c 3d85 20:80 82 (R,3R):98 (R 39¢
3 1d 3d'70 88:12 93:n.dt9
4 le 371 29:71 98:99
5 1f 3f/52 95:5 99:n.dt9
6 1g h
7 1h 3h2 67:33 97:77
8 1it 3i/65 30:70 94:88 . . . .
9 1] 3j/64 96 In conclusion, we have developed the first asymmetric Lewis
10 1k 3k/80 99 acid-mediated [2,3]-sigmatropic rearrangement of allylic ammonium
_ - _ ylides. We are currently investigating the scope of this transforma-
@ For experimental conditions, see Supporting Informatidsolated tion as well as its application in total synthesis, and the results will

yield of diastereomeric mixturé.Determined by*H NMR analysis of the b ted in d
crude productd For determination of enantiomeric excess, see Supporting 2€ Préseénted in due course.

Information.® The absolute configuration was established via chemical - - .
correlation; see Supporting InformatidiStereochemistry assigned by Acknowledgment. This work was supported financially by the

analogy with the rearrangements . 9 n.d. = not determined” Gave5 Swedish Research Council and the Knut and Alice Wallenberg
in 72% yield and 61% eé E:Z 1:10, reaction run at20 °C. 1 With 14% foundation. We are grateful to Dr. T. Privalov for ab initio
recovered starting material. calculations.
Scheme 3. Kinetically Controlled Stereoselection in the Supporting Information Available: Experimental procedures, data
Rearrangement of 1b ) : . .
for new compounds, and computational details. This material is
— _Ts available free of charge via the Internet at http://pubs.acs.org.
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