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o-Chiral allylic amines are valuable synthetic intermediates en Favored Pathway

route to therapeutic agents and bioactive natural produdighly Ph Ph
effective protocols for their preparation based on metal-catalyzed K
asymmetric allylic substitution have been devidetAn alternate Gy R

approach toa-chiral allylic amines, though far less advanced, Pon c+)~ N=

resides in catalytic asymmetric imine vinylatient® The catalyzed ph/ o"'/"‘?

addition of vinylzirconocenes to imines is described by Taguchi Ar

and Wipf5yet enantioselective variants remain undeveloped. Fol- ~ L2isfavored Pathway

lowing alkyne—carbonyl reductive couplings developed by Mont- Ph—,_‘_

gomery! enantioselective (5189% ee) nickel-catalyzed three-
component couplings of alkynes, imines, and triethylborane were
reported by JamisohFinally, asymmetric alkyneimine reductive
couplings promoted by stoichiometric quantities of low-valent
zirconocene complexes modified by Brintzinger's ligand are . ;
. absolute stereoinduction.
described by Buchwal¥. . o - .
We have demonstrated that organometallics arising transiently 4-m_e_thy|-2_-pentyne, wherein steric differentiation of the propargylic
in the course of catalytic hydrogenation may be diverted to products positions is more pronounced, addutedh and20b are produced

of C—C coupling, thus providing a byproduct-free alternative to as single regioisomgrs, aga‘in in highly optically enricheq fprm.
the use of preformed organometallic reagents in diversX CX Finally, 1-tert-butyldimethylsilyloxy)-3-pentyne couples to imine

= O, NR) addition processé&!? In the case of hydrogenative zietr?‘l ﬁﬁ,rgésg ?ﬁ:ﬂ%ﬁlﬁnaz&_ﬁ;h ritzlc_) g;trizlct)(l)sglrgiers. As
alkyne—imine coupling, conjugated enynes and diynes were found P y pling yi-e-penty

to combine with ethyl K-sulfinyl)iminoacetate® to furnish uniformly high levels of asymmetric induction are observed across

. . .. a range of commercially available chiral atropisomeric chelating
o-amino esters, and gaseous acetylene was found to combine with

- ) ; S hosphines: R)-Cl,MeO-BIPHEP, 80% yield, 97% ee;R)-
N m b i, p
N-arylsulfonyl aldl. |.ne.§32 o f“f’?'Sh @-butadienyl gllyllc amines. BIPHEMP, 80% yield, 97% eeR)-SOLPHOS, 67% vyield, 97%
These asymmetric imine additions employ rhodium catalysts and

ee; R-SYNPHOS, 76% yield, 97% eeR)-cyclohexyl-SONIPHOS
provide access to dienyl allylic amines. Attempted vinylation ' ® , 76% yield, 97% eci[-cy 4 '

; . . i . 77% vyield, 97% ee.
employing 1,2-dialkylsubstituted alkynes using rhodium catalysts The absolute stereochemical assignment of allylic ami
led to conventional alkyne hydrogenation.

. ) . 21bis based upon single-crystal X-ray diffraction analysi2b,
Recently, we found that unactivated 1,2-dialkylsubstituted alkynes . p-bromophenylsulfonyl analogue of addutb, using the
coup!e_ toa-ke@qe_ster@c and N-arylsulfony| 'm'neéZd “”‘?'?f the anomalous dispersion method. A plausible stereochemical model
conditions of iridium-catalyzed hydrogenati®hThe ability of

o i ” accounting for the observed sense of absolute stereoinduction and
iridium-based catalysts to activate nonconjugated alkynes may be

> regioselectivity is indicated in Figure 1. The alkyne and imine are
due to the fact that iridium appears to be a strongetonor than complexed at adjacent coordination sites by iridium(l), which
rhodium!415 which may facilitate alkyneC=X (X = O, NR)

o ] y possesses a square planar geometry. As explained by the Bewar
oxidative coupling. In this account, we demonstrate that hydrogena- chatt-puncanson modéf and as borne out by single-crystal X-ray
tion of simple nonconjugated alkynes in the presenceNef iffraction analysis of iridium(l) alkyne complexéScoordination
arylsulfonyl aldimines using chirally modified iridium catalysts  of the alkyne should confer iridacyclopropene character. Complex-
enables formation of trisubstituted allylic amines with complete ation of the N-arylsulfonyl imine is anticipated to occur in a
levels of E:Z selectivity &99:1) and exceptional levels of enanti-  pidentate fashion, wherein one of the sulfoxide oxygens is bound
oselection (92-99% ee). at the apical coordination site of iridiut.Enantiodetermining
Initial studies focused on the coupling of 2-butyne to aldimine insertion of the imine into the iridiumcarbon bond of the
8a using chirally modified iridium catalysts prepared in situ from jridacyclopropene delivers the indicated aza-iridacyclopentene,
[Ir(cod),]BARF. Gratifyingly, using R)-Cl,MeO-BIPHEP as ligand,  which is converted to the allylic amine as previously descrided.
excellent levels of asymmetric induction were observed. As Whereas nonbonded interactions of the arylsulfonyl moiety with
indicated in Table 1, 2-butyne couples to aromatic iminHs— the phenyl groups ofR)-Cl,MeO-BIPHEP disfavor insertion onto
6b), a,f-unsaturated imines’p), heteroaromatic imines8b, 9b), thepro-(R) imine zr-face, such interactions are absent in the alternate
and aliphatic iminesl(0b—16b) with consistently outstanding levels  mode of approach involving insertion into theo-(S) imine zz-face.
of asymmetric induction (9299% ee). Nonsymmetric alkynes Regioselective coupling requires the larger propargylic position of
participate in highly regio- and enantioselective coupling. 2-Hexyne the alkyne to reside distal to the metal center at the stage of the
couples to iminesBa and 12a to furnish adductsl7b and 18b. alkyne complex and incipient metallacycle.
Coupling proximal to the more highly substituted alkyne terminus  To conclude, we report the first asymmetric iridium-catalyzed
is observed with a 10:1 regioisomeric ratio in each case. For C—C bond forming hydrogenations, which, in turn, have enabled

Ar
Figure 1. Stereochemical models accounting for the observed sense of
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Table 1. Enantioselective Hydrogenative Coupling of Alkynes to
Aromatic and Aliphatic N-Arylsulfonyl Aldimines?@
[Ir(cod),]BARF (5 mol%)

LN Arsoﬂ\‘j\ (R)-CI.MeO-BIPHEP (5 mols) /TS0
_—
g, H™Re  prgccoH Gmow) MY R
R, = Me, 2-Butyne  1a-16a Na,SO, (200 mol%) 1bF;1b
Ry = Pr, 2-Hexyne PhCHj, 60 °C -
Ry = i-Pr, 4-methyl-2-pentyne Hz (1 atm)

Ry = (CH,),0TBS

1a,
2a,
3a,
4a,

R=Ph, Ar=Bs

R = p-MeOPh, Ar = Bs
R = m-MeOPh, Ar = Bs
R=p-CIPh,Ar=Ts

9a, R = 2-Thienyl, Ar = Bs
10a, R = c-Hexyl, Ar=Ts
11a, R = c-Pentyl, Ar=Bs
12a, R = c-Pr, Ar = Bs

Cly Mep OMe CI

5a, R = p-CO,MePh, Ar=Ts 13a,R=Me, Ar=Ts ~
Ph,P PPh
6a, R=2-Naphthyl, Ar=Bs  14a, R = n-Bu, Ar =Bs 2 2
7a, R =HC=CHPh, Ar = Bs 15a, R = i-Pr, Ar = Bs (R)-Cl,MeO-BIPHEP

8a, R=2-Furyl, Ar=Bs 16a, R=j-Bu, Ar=Ts

BsNH BsNH BsNH
Me Me oMe Me

1b, 70% Yield 2b, 64% Yield 3b, 72% Yield

98% ee 99% ee 98% ee
TsNH TsNH BsNH
Me cl Me CoMe ~ Me
4b, 67% Yield 5b, 72% Yield 6b, 64% Yield®
97% ee 97% ee 94% ee
BsNH BsNH BsNH
MmN NF Me/Y\EC’) Me/\(\ES)
Me Me / Me //
7b, 76% Yield 8b, 80% Yield 9b, 81% Yield
99% ee 97% ee 98% ee
TsNH BsNH BsNH
Me™ Me™ Me/W
Me Me Me
10b, 74% Yield 11b, 66% Yield 12b, 80% Yield
98% ee 99% ee 92% ee
TsNH BsNH BsNH
Me/\(\Me Me/WMe Me” Me
Me Me Me Me
13b, 67% Yield® 14b, 70% Yield 15b, 69% Yield
97% ee 98% ee 94% ee
TsNH Me BsNH BsNH
Me/WMe

Me

Me” |
Me Y

17b, 78% Yield®

Me” ™
Me

16b, 70% Yield 18b, 65% Yield®

99% ee 10:1 11, 97% ee 10:1 11, 99% ee
BsNH BsNH BsNH
SOV G MG 0 )
Me”™ "Me Me”™ "Me

19b, 80% Yield
>99:1 1T, 97% ee

20b, 66% Yield
>99:1 rr, 94% ee

21b, 69% Yield®®
10:1 rr, 98% ee

aCited yields are of isolated material (Bs benzenesulfonyl, Ts=
p-toluenesulfonyl). Enantiomeric excess was determined by chiral stationary
phase HPLC analysis. See Supporting Information for detailed experimental
procedures? Benzene was used as solvehReaction was conducted at
80 °C.

the first catalytic enantioselective alkyngnine reductive cou-
plings. By simply hydrogenating alkynes in the presence of
N-arylsulfonyl imines using a chirally modified iridium catalyst,
one obtains the corresponding allylic amines in highly optically
enriched form without stoichiometric generation of byproducts.
Future studies will focus on the development of related hydroge-

native G-C coupling reactions, in particular those applicable to
basic chemical feedstocks.
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