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ABSTRACT

Q)]\N/Cbz [I(COD)Cl],, L* Hr;erZ

R/:\)4 DBU, THF, 80-90% R~ %
ee: 96->99% ee: 96->99%
regioselectivity: >99:1
Ir(1)-catalyzed decarboxylative allylic amidation of chiral branched benzyl allyl imidodicarboxylates has been shown to proceed with complete
retention of enantiomeric purity and configuration. The transformation is stereospecific and appears to be quite general, accommodating a
wide range of R groups.

We recently reported the Ir(l)-catalyzed regio- and enantio- reaction conditions. For example, upon the decarboxylative
selective decarboxylative allylic amidation of benzyl allyl allylic amidation, benzyl 4-phenylbut-2-enyl imidodicar-
imidodicarboxylated, which could directly give rise to the  boxylate @) could not furnish the chiral branched allylic
formation ofN-Cbz-protected chiral allylic amin&s(Figure amidation product (due to a competing elimination reaction
1).12 The reaction was effected by [Ir(COD)glJa chiral to form 1-phenyl-1,3-butadiene) (eq 1), and the conversion
of the allylic substrate$ to 6 suffered from modest regio-
and enantioselectivities (eq 2).
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Figure 1. Ir(l)-catalyzed decarboxylative allylic amidation. 5a: R = TBDPS
5b: R=Bn
(0]
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phosphoramidite ligand*, DBU, and proton sponge (PS) 0" "N

same asineq 2

ro N~ @

6a: regioselectivity 8:2; ee 78%
6b: regioselectivity 19:1; ee 82%

HN’CbZ

in THF and appeared to show some generality, accommodatRO\)\/H
ing a variety of R groups. rac-9: R = TBDPS
However, during the course of further investigation of the

rRo A~ O

rac-10: R = TBDPS

scope and limitations of the reaction, it was found that some Herein, we disclose the Ir(l)-catalyzed stereospecific
allylic substrates did not work well under the determined decarboxylative allylic amidation afto 8 (Figure 2), which

10.1021/0l702115h CCC: $37.00  © 2007 American Chemical Society
Published on Web 10/13/2007



Scheme 1. Preparation of Optically Enriched Branched Allyl
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Figure 2. Ir(l)-catalyzed stereospecific decarboxylative allylic
amidation reaction of optically enriched branched benzyl allyl ) . . ) .
imidodicarboxylates. conversion of the resulting optically enriched allylic alcohols

13 and their acetated4 to the corresponding benzyl
imidodicarboxylates7 and ent7, respectively (see the
can provide not onlyt and 6 but also the decarboxylative  Supporting Information [SI] for details).

allylic amidation products that could not be easily accessed  The |r(1)-catalyzed decarboxylative allylic amidation reac-
by the Ir(I)—cataI_yze_d regio- and enantioselective decarboxyl- tions of 7 andent7 were conducted under the determined
ative allylic amidation ofl. _ _ conditions involving [Ir(COD)CH, a chiral phosphoramidite

At the outset, racemic benzyl 1e(t-butyldiphenylsilyl- -~ jigang x| and DBU in THFS and the results are depicted
oxy)-but-3-ene-2-yl imidodicarboxylatea-9) was prepared iy Taple 1. The stereospecific decarboxylative allylic ami-
(see below), and subjected to the reaction conditions involv- ..o appears to be quite general, accommodating a wide

ing d[lr(C?D)CI]Z’ a chilgasl pho?r?-n(:) ra;{midite Igig ' DIBU' range of R groups such as aryl (entries 1 and 2), benzyl (entry
and proton sponge (PS) in - Racem nzyloxy- 3), oxygen atom functionalized at thecarbon (entries46),

carbonylamino-1iért-butyldiphenylsilyloxy)-but-3-eneréc- oxygen atom functionalized at thé-carbon (entry 7),

10) was obtained in excellent reaction yield and regioselec- .
tivity (eq 3). Further experiments revealed that PS was not cyclohexyl (entry 8), and cyclohexenyl (entries 9 and 10).

required for the reaction. These results indicate that the Except for entries 1 and 2, all other allylic amidation
optically enriched chiral benzyl allyl imidodicarboxylatés ~ Products in entries-310 either were not possible to obtain
should lead to the corresponding optically enriched allylic or were obtained with modest regio- and enantioselectivities
amidation product8 with complete retention of configura-  from the corresponding decarboxylative allylic amidation
tion under the above conditions, because (1) Ir(l)-catalyzed reactions ofl. The data from Table 1 also show that the
allylic alkylation followed a double inversion mechanism optical purities of the allylic substrates were completely
through the Irz-allyl intermediates, and the interconversion translated into those of the allylic amidation products with
between the Irz-allyl intermediates was slow relative to the retention of configuration, as expected from the double
other catalytic steps (see Figureé*2pand (2) the branched inversion mechanism and the slow interconversion between
allylic acetates and carbonates were better (with respect tothe Ir-allyl intermediates. The presence of an additional
regioselectivity) and faster substrates than their linear adjacent chiral center did not interfere with chirality transfer
counterparts in the Ir(l)-catalyzed allylic substitution reac- (entries 9 and 10). Such complete chirality transfer in the
tions®> Ir(I)-catalyzed decarboxylative allylic amidation @fand
With such a premise, a variety of optically enriched benzyl ent7 is in sharp contrast to the corresponding Ir(l)-catalyzed

allyl imidodicarboxylates and their enantiomeent7 were  stereospecific allylic alkylation, where considerable erosion
prepared from the corresponding aldehydésn three or in chirality transfer took placé

four steps according to the general procedure shown in
Scheme 1:327 andent7 were obtained by the enzymatic
resolution of the racemic allylic alcohol® followed by the

To ascertain the absolute stereochemistry at the allylic
carbon of the amidation products and to determine the ee of
the amidation product in entry 3, the amidationprodifst
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2007, 675-691. (b) Takeuchi, R.; Kezuka, Synthesi2006 3349-3366. N A

(c) Miyabe, H.; Takemoto, YSynlett2005 1641-1655. s MeCN:CCl;H,0 re CoH
(5) Polet, D.; Alexakis, A.; Tissot-Croset, K.; Corminboeuf, C.; Ditrich, (1:1:1.5), 84%

K. Chem. Eur. J2006 12, 3596-3609.
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Table 1. Ir(l)-Catalyzed Decarboxylative Allylic Amidation of Chiral Branched Benzyl Allyl Imidodicarboxylates
i : b d
ent substrate ee of substrate time yield ee of product
ry %) ") products (%) B/L® (%)
o)
.Cbz
1 (_))J\N’Cbz 9 0.5 HIY _ s 90 >95:01 9
R N\
Ph
Ph O/H 17
bz P2
2 o~ N7 >99 0.5 _ 89 >95:01 >99
I A 19 Ph
Ph
o}
L cez NP2
3 o) /u’ >99 0.5 T >95:01 >99°
B Bn/\/
B NS 21
o)
Cbz
2 -
4 OJ\N/CbZ 08 0.5 3 HN 88 >95:01 98
2 TBDPSO.__~
TBDPSO._~_2' 2 NS
o)
_Cbz
5 O)I\N/Cbz >99 05 25\1/ 86 59501  >99
TBDPSO.
morso. L 2! 5, 7
o)
g _Cbz
6 o “N-Cbz >99 0.5 HY 87 >95:01 >99
BnO\/:'\/ 26 BiOAF 27
o)
.Cbz
7 OJJ\N’Cbz >99 05 i"\i”k/ 85 >05:01 99
/\)\/ 28 TBDPSO
TBDPSO
o)
O)LN,Cbz HN P2
8 %0 >99 0.5 P 80 >95:01 >99
e .
j)]\ .Cbz
o ~N-Cb2 HN
9 P 98 0.5 NP 82 >99:01 o8
32
@/\/ O/\/33
o)
o SO HN- P2
>95:01 >99f

N
. =
10 O/k} 34 >99 05 @/'\/ 80
35

a All reactions were performed at 0.2 mmol scalésolated yields¢ Ratios of branched and linear regioisomers were determiné#i byMR of crude
reaction mixtures? Enantiomeric excesses (ee’s) were determined by using chiral HRt&Owvas determined by conversiorNeCbz-protected-phenylalanine.
fContains two diasteromers due to the additional stereocenter (the carbon with *).

In summary, the highly stereospecific decarboxylative complementary to the corresponding decarboxylative allylic
allylic amidation reaction of chiral branched benzyl allyl amidation of 1. Since these two decarboxylative allylic
imidodicarboxylates has been developed, and the reactionamidations can provid®&-Cbz (one of the most popular
is effected by [Ir(COD)CH, a chiral phosphoramidite ligand  nitrogen protection groups)-protected chiral allylic amines,
L*, and DBU in THF at room temperature. Since the reaction they are in turn complementary to the stereoselective allylic
is believed to proceed by the double inversion mechanism aminationg 2 and amidations (for the formation dbEBoc-/
involving the Irsr-allyl intermediate, complete chirality — Ts-/Ns-protected chiral allylic aminé&}*developed by other
transfer has been observed. The developed stereospecifie
decarboxylative allylic amidation of and ent7 is nicely
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