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Over the last 90 years, the Claisen rearrangement has become dable 1. Lewis Acid-Catalyzed Allenoate-Claisen Rearrangement

preeminent technology for the rapid construction of complex organic Me NR,
architecture, securing its widespread use in both natural product Me, Mo XN Lewis acid A §
and medicinal agent synthedio date, more than 15 variants of =C= Q CHCl,

. . . . . . CO2Bn 2h, 23°C syn  Me COzBn
this powerful [3,3]-isomerization have been documented, including '
a variety of asymmetric methods)owever, only one example of entry Lewis acid mol % cat. % yield synant®
an enantioselective catalytic Claisen has been accompl?8hfesi. 1 — — NR —
part of an ongoing program to develop sigmatropic rearrangements 5 Yb(OTfHs 5 82 >08:2
that are amenable to enantioselective catalysis we recently reported 3 Sn(OTf) 5 86 >08:2
the acyl-Claisen reactiotf,a metal-mediated additierrearrange- 4 Cu(OTf) 10 87 >98:2
ment sequence that is readily extended to enantiosel@ttvel g X'Ig'|4‘THF2 18 gg iggfg
iterative cascade squenégm this communication we outline the 7 MgBr,EO 10 81 ~08'2
design of a new Lewis acid-catalyzed Claisen rearrangement that g FeCk 10 83 >08:2
allows the stereoselective production®aminoe,f,e,;-unsatur- 9 Zn(OTf) 10 95 >08:2
atedy,5-disubstituted esters from simple allenoate esters and allylic 10 Zn(OTf} 5 93 >98:2

amines (eq 1). We expect this catalytic additi@earrangement

. - aProduct ratios determined B¥1 NMR analysis.
sequence will also provide a valuable platform for the development

of a new enantioselective Claisen protocol. The proposed allenoate-Claisen reaction was first evaluated using
(E)-crotyl pyrrolidine with benzyl 2,3-pentadienoate and a variety
Allenoate-Claisen Rearrangement of Lewis acids. As outlined in Table 1, this new rearrangement
X NZp was successful with a broad range of metal salts of diverse Lewis
NZ, Y\_ Lewis acid % " acidity including AICE, Cu(OTf), FeCk, and Zn(OTf). Impor-
X/\) —°=\C f W N ( tantly, high levels of reaction efficiency and diastereocontrol were
2 1 Y  COAR observed in all metal-mediated cases (entried@ 81-95% yields,
>98:2 syn:ant), while rearrangement adducts were not detected
LA 1 18.3] in the absence of Lewis acid (entry 1). The superior catalytic
2 efficiency exhibited by Zn(OT#) prompted us to select this metal
. v o Lo Lty salt for further exploration.
% >=%=8;_ — Wx Experiments that probe the scope of the allylamine substrate are
N f O OH RO Y summarized in Table 2. Considerable variation in the steric demand
A, : 3 of the olefin substituent (R= H, Me, i-Pr, and Ph, entries-15) is
addition across H == (E)-enamine favored chair favored possible without loss in efficiency or stereocontrol {&¥% yield,

>94:6synanti). The reaction also appears quite general with respect

As outlined in eq 1, we envisioned that a broad range of allenic t© the tertiary amine moiety (entries 3, 6, and 7;-87% yield,
esteré (1) might be activated toward the 1,4-conjugate addition of =94:6 dr). Inaccord with established Claisen protoéote relative
tertiary allylamines 2) using Lewis acids. Accordingly, this acti- ~ SeNSe of stereoinduction can be dictated b)_/ Jud_|C|ous selection of
vation—addition step would provide zwitterionic allyl-vinylammo-  ©l€fin geometry on the allyl component. While high levelssgi
nium complexes3) that exhibit the appropriate charge orientation Stéreocontrol can be secured witans-allylic amines (entries 1,
to rapidly participate in [3,3]-bond reorganization. As part of our 3 and 4,>94:6synanti), theanti-adduct is readily accessed using
design plan, we anticipated high levels of diastereoselection in the the Cis-isomer (entry 2,<2:98 synanti).

carbor-carbon bond-forming event on the basis of fifacial As revealed in Table 3, significant modification in the allenoate
discrimination in the cumulene addition stefeading to selective  Structure can be tolerated. Steric and electronic variation of the
formation of the E)-enamine intermediat@), and (ii) the propen-  allenic substituent (R= H, Cl, Me, allyl, i-Pr, and Ph, entries-16)

sity of [3,3]-bond isomerizations to populate chairlike transition Na@s apparently little influence on reaction selectivity9@:7 dr).
statest In the context of synthetic utility, this new Claisen process Moreover, the s.tereosellectlve |nstallat|or.1yeam|no substituents
would allow rapid access to 1,2-disubstitufgenamino esters (eq ~ ¢an be accomplished usingphthalyl allenic esters (entry 7, 75%
1), a versatile structural mdtitvith respect to reductivé,oxidatives® yield, 91:9syn:ant).

and z-nucleophile elaboratiéf (see Supporting Information). The proficiency of the aIIenoa_lte-CIaisen rearrangement to rapidly
construct synthetically challenging structural motifs has been exam-

* To whom correspondence should be addressed. E-mail: Dmacmill@caltech.edu.ined. As highlighted with the isomeric substrates geradylaphd
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Table 2. Catalyzed Allenoate-Claisen Rearrangement between
Benzyl 2,3-Pentadienoate and Representative Allyl Pyrrolidines

Table 3. Catalyzed Allenoate-Claisen Rearrangement between
Allyl Pyrrolidines and Representative Allenic Esters

Ry NRg Ry NRy
Me, 10 mol% Zn(OTi) 10 mol% Zn(OTf),
R‘/\/\NR2 \':‘—C=\ omoatt 2. N N Q \—C A vl A N
CHxClp, 23°C COzR CH,Cly, 23°C
COzBn syn Me CO.Bn syn R, COR
entry amine product® yield  syn:anti®© entry R allene product? yield syn:anti®®
Me NR,
Me NR,
X Ph
1 Me/\/\D N Q 95 >08:2 1 Me \—=c— X SN 8 973
Me CO,Bn COzMe Ph  COMe
Me Me NR, oh Ph  NR,
2 I\/\N A 94 <2:98 2 Ph \=c=\ \/'\l)\ 94 94:6
Q = COMe Ph  COMe
Me COBn
Ph NR, . Ph  NR,
3 Ph/\/\D M 97 046 30om \=om \/'\H\ 94 946
Me  GOsBn COzBn iPr COsBn
e
Ph NR
FPr NR; Cl ~ 2
4 rPr/\/\D \)\')\‘ 81 >98:2 4 Ph =C= \/'\H\ 84 937
CO,Bn
Yo 5080 Cl COuBn
— Ph  NR,
NR; «
Ph —C— 96 95:5
5 Y\N w 80 -- 5 C_\ A
Me CO,Bn A CO,Bn
Me Me COzBn
P M H Ph  NR,
h  NMe; \_
AR Me ) 6 Ph —C= M 84 -
6 Pn N X N 81 94:6 "Moo
Me CO2Bn
Me COzBn o Me NR,
fn N \— \/l\l)\
XN 7 Me —=C= AN 75 91:9
7 Ph/\/\;O \/l\(% 87 94:6 _\00an
NPht CO,Bn
Me CO.Bn

aNR; = N-pyrrolidine, NX = N-piperidine.P Ratios determined by GLC

aNR; = N-pyrrolidine.? Product ratios determined by GLC #1 NMR

! _ | d ! g analysis.t Relative configurations assigned by X-ray analysis or analogy.
or 'H NMR analysis.© Relative configurations assigned by X-ray analysis,

chemical correlation or by analogy.
y o (PDF). This material is available free of charge via the Internet at http://

neryl (5) pyrrolidine (egs 2 and 3), complementary access to both pubs.acs.org.

synandanti configurations of 1,2-tertiary-quaternary carbon stereo-
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genicity’ can be accomplished in excellent yield and selectivity (eq
2, 94% yield,>98:2 synanti; eq 3, 93% yield,<2:98 synanti).

Me.
5 mol%
2
Zn(OTf)2
CHyCl,
Me CO.Bn
CO,Bn 94% yield, syn:anti >98 : 2
C*—/
/_
Me.
5mol% Me -, JMe N 3)
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|:> CH.Cl, Me CO.Bn

93% yield, syn:anti <2 : 98

Finally, preliminary studies have revealed that the allenoate-
Claisen rearrangement is a suitable platform for enantioselective
catalysis. Studies toward this goal as well as a full account of this
survey are forthcoming.
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