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Allylic amination and etherification is an attractive convergent Scheme 1

method to generate the-chiral amine and ethers units that are +PPh 7 opn

K . . . L1 3 PPhy
fount_j in a Iarge' nun_]ber of §|ngle enantiomer _pharma_cel_JtlcaI 14214 —HHNR, IL\P_') . - ILgpf;)
candidates and biologically active molecules. Allylic substitutions - HoNR:C 85% (two S‘eps) | A
with molybdenunt, tungster?. ruthenium? rhodium# and iridium “ZC\_/N\‘/C”3 O

= . B - 3 3 :
catalyst8~7 often occur to generate chiral, branched products and > 2 ph Ph ;OPO/Me)V Ph  Ph
complement the ubiquitous palladium-catalyZzedactions. We -|_1\ ° y major diastereomer
+ PMe;

recently disclosed a highly enantioselective iridium-catalyzed
reaction that forms branched allylic amines and ethers from achiral

terminal allylic carbonates. - |'PMe, \
Although many catalysts for allylic substitution have been /6 T Hzc\i/ CHe
developed with metals other than palladium, with few exceptfons, 4 Bh  Ph

mechanistic data that reveal the identity of the active catalyst have
been obtained with palladiuf.A better mechanistic description

of the allylic substitution processes with catalysts containing group

6—9 metals should allow selection of reaction conditions and ligand sypstituent, elimination of amine hydrochloride, and coordination

structures that improve rate and selectivity. of a second phosphoramidite to generate a trigonal bipyramidal

We now describe the synthesis, isolation, and characterization srycture with onec?, P,C-bound and one typicat, P-bound-
of an activated form of the catalyst of our allylic amination and  phosphoramidite3’P NMR spectroscopy showed that comp2x
etherification processes. An unexpected cyclometalation of a consisted of greater than 95% of a single diastereomer. fihe
hindered phosphoramidite generates this more reactive species. Thigng 13c NMR spectra of2 were complicated by conformational
isolation of an activated catalyst has created allylic aminations and changes on the NMR time scale, but the elemental composition
broader substrate scope. The addition of amines to terminal allylic gnalysis. The cyclometalated methylene group was identified by
carbonates now provides a remarkably general, efficient, and tyo 1H signals at-0.69 and 1.75 ppm and oA%C NMR signal at
selective method to prepare-chiral amines by €N bond 15.2 ppm. The3C NMR signal was shown by DEPTC NMR
formation. ) ) spectroscopy to result from a methylene group.

As precedented; reaction of [I(COD)CI} with L1 (eq 1), the Further evidence for the structure @fwas obtained by its
components of the original catalystormed the standard square-  reactions with more strongly coordinating dative ligands, such as
planar Ir(l) complex [CODIrCI(1)] (1) in 90% yield. Complexl. PMe; or PPh. These reactions displaced th&phosphoramidite
was fully characterized by NMR spectroscopy and X-ray diffraction. and generated PMeand PPl complexes3 and 4 in Scheme 1

containing thec?-phosphoramidite of. Reaction of3 with PMe;

; Distances (A) and angles: Ir(1)-C(29) 2.141(4), Ir(1)-P(1)
2.2119(11), I-P(2) 2.3306(14), C(29)-C(30) 1.547(6),
P(1)-1r(1)-C(29) 80.30(15)°.

OO Ph also formed4. Complexes3 and4 were characterized by spectro-
1 | “ogpCl O\P_N>" ' ) scopic and analytic methods, and complexas analyzed by X-ray
1/2[CcODIrCll; —> -~ V11 o’ - diffraction. Complex3 consisted of an 84:16 ratio of diastereomers,
1 OO Ph but complex4 was a single diastereomer, as shown by a single set
L1 (S.Sc.Se) of doublets at 149.1 ane57.3 ppm £Jpp = 46.5 Hz) in the3'P
NMR spectrum.

However, complexL did not react with an excess of methyl Crystallographic characterization of PM&dduct4 (Scheme 1)
cinnamyl carbonate at 50C on the time scale of the catalytic  confirmed that cyclometalation of one of the phosphoramidites had
chemistry. Thus, addition of the carbonate to square-plaimes occurred at the methyl group of the amino substituent. The bite
not occur during the catalytic proce’s. angle of thisc>-phosphoramidite ligand is 80.30(22and the Ir(1)-

However, reaction ofl at room temperature for 12 h with  C(29) bond length is 2.141(4) A.
pyrrolidine generated a new iridium compl@xin Scheme 1, as These data imply that compléxdoes not participate directly in
determined by the appearance of a single set of two doubletthe catalytic cycle and that cyclometalation generates a more
resonances)(= 152.6 and 127.8 ppniJe p= 46.3 Hz) in the’'P reactive catalyst or catalyst precursor for the allylic substitution
NMR spectrum of the reaction mixture. Reaction of comdlexith chemistry. If the active catalyst contains a cyclometalated phos-

2 equiv of the phosphoramidite ligand (Scheme 1) and amine for phoramidite and the cyclometalation process is slower or competi-
12 h generated the same compouith yields greater than 90%.  tive with the catalytic cycle, then reactions catalyzed2should

Our data indicate that complexis formed by cyclometalation of  occur faster and with equally high selectivity as reactions conducted
the phosphoramidite ligaftiat the methyl group of the amino  with 1 or the combination of [Ir(COD)CjJandL1.
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Figure 1. A comparison of the reactions of a series of iridium-

phosphoramidite catalysts for the amination of cinnamyl carbonate with
benzylamine in THF solvent at room temperature. Cataly$ts1 mol %

2 + 0.5 mol % [Ir(COD)CI}; A, 1 mol %3 + 0.5 mol % [Ir(COE)CI]y;

®, 1 mol %2; +, 2 mol %L1 + 1 mol % [Ir(COD)CIp. Reactions catalyzed

by 2 and 3 occurred in 97% ee, and the reaction catalyzed.byand
[Ir(COD)CI], occurred in 95% ee.

Table 1. Comparison of the Original Catalyst from L1 and
[Ir(COD)CI]; to the Activated Catalyst 2 and [Ir(COD)CI], for the
Reaction of Methyl Cinnamyl Carbonate with Amine and
Phenoxide Nucleophiles at 25 °C

Entry  Product Catalyst Time (h) b/l yield® ee
1 pnCHPh  1%2+(cop)cl, 2 982  81% 97%
2 o P 2% L1 + [I(COD)CI], 12 982  84% 95%
3 uNCHPh: g iqcopyc, 10 973 85% 98%
4 Ph)\/ 2% L1+ [I(COD)CI], 10 - ne® -
5 N 0.1% 2+ [ICOD)CI], 10  99/1 81% 98%
6 0.2% L1+ [I(COD)Cl], 16  99/1 64% 97%
P~
7 NHPh 1% 2 + [I(COD)Cl], 2 99/1  81% 97%
8 ph F 2% L1+ [I(COD)Cl], 24 - <% -
9 OPh 1% 2 + [I(COD)CI], 2 95/5  15% 94%
10° pp ~F 2% L1 + [I(COD)Cl], 35 971  76% 94%

alsolated yields? Conversion¢ Ethyl cinnamyl carbonate was used.

A comparison of reactions of methyl cinnamyl carbonate with
benzylamine catalyzed by compléxcomplex2, and the combina-
tion of 2 or 3 with [Ir(olefin),Cl], to bind thex-phosphoramidite
after dissociation is shown in Figure 1. Consistent with the
hypothesis that the active catalyst contains a cyclometalated
phosphoramidite, the reactions catalyzed by bis-phosphoramidite
complex2 occurred much faster than those catalyzedLlyyr the
combination of [Ir(COD)Cl} andL1. Reactions with the combina-
tion of bisphosphoramidite compleX or PPh-complex 3 and
[Ir(olefin),Cl], were even faster. Moreover, reactions of the
cyclometalated species did not show the induction period (Figure
1) that is present during the reactions catalyzed by the combination
of [Ir(COD)CI], andL1. Reactions catalyzed & alone or2 and
[Ir(COD)CI];, formed the branched amine in 97% ee.

Table 1 summarizes data that demonstrate increased rates,

substrate scope, and turnover numbers with the activated catalyst
The faster rates (Figure 1 and entry 1 vs 2) allowed for increased
scope with the less reactive of alkyl and benzylamines. For example,
the ammonia equivalent NCHPh reacted slowly with methyl
cinnamyl carbonate in the presence of the original catalyst, but
formed the substitution product in 85% yield with 97:3 regio-
selectivity and 98% ee in 10 h in the presence Dfand
[Ir(COD)CI]..

This faster rate allowed for the allylic amination to be conducted
with lower catalyst loadings. Reaction of methyl cinnamyl carbonate
with pyrrolidine at room temperature for 12 h in the presence of

0.1 mol % of2 and [Ir(COD)CI} formed the branched allylic amine
in 81% isolated yield, with 99:1 regioselectivity and 98% enan-
tiomeric excess.

Weakly basic nitrogen nucleophiles did not react with the original
system. This lack of reactivity can now be traced to an inability of
these weak bases to generate the activated cafalysus, aniline
reacted with methyl cinnamyl carbonate in the presence afid
[Ir(COD)CI]; in high yield, with 99:1 selectivity for the branched
isomer and in 97% ee. Likewise, sodium phenoxide reacted in the
presence of isolate@ as catalyst in less tha2 h at room
temperature to form the allylic ether in 75% vyield with 95:5
regioselectivity and 94% ee. This reaction required 35 h to occur
in the presence of [Ir(COD)GllandL1 as catalyst.

Thus, isolation of an activated form of our original catalyst for
allylic amination and etherification has led to improved activities
and reaction scope for iridium-catalyzed allylic amination and
etherification. An unusual mode of catalyst activation was revealed,
and this finding underscores the value of delineating stoichiometric
reactivity of potential catalytic intermediat&sStudies to identify
additional reaction intermediates and to investigate further the
reaction scope are in progress.
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