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Catalytic, stereoselective multicomponent coupling reactions Table 1. Nickel-Catalyzed, Enantioselective Three-Component
. . . . . . a
assemble highly functionalized molecules in a single operation from C0uPling of Allenes, Aldehydes, and Organosilanes

very simple precursofsWe and others have developed several such entry allene poduct A be yie'“'z(f}':.yli")‘dse,;"f,nyc e
reactions that involve catalytic reductive coupling of alkynes with " osiet,

common functional groups, such as aldehytlepoxides’, and 1 »p?’=‘=<m ﬁprm 38 >9783  77%,>955 na 62
imines? Allenes® however, have received far less attention in this (95§f ee) l nPr

context® Moreover, nearly all existing classes of intermolecular

reactions between allenes and aldehydes involve the coupling of 2 s e 80%2955  na %
an sp-hybridized carbon with the carbonyl group, affording either LSO Me
homoallylic alcohols (multicomponent coupling reactiéngy 3 2a mm 3b  90:10  70%,>955  na. 9%
homopropargylic alcohols (allenylmetal additio$)/e report here nPr
arare example of the alternative, that is, the intermolecular addition OSiEt,
of an electrophile to the central, sp-hybridiZeahd ostensibljeast 4 2a ”me“ 055  74% 955 na 95
nucleophilic carbon of an unactivated allene (eq® Among P Me
intermolecular transition-metal-catalyzed multicomponent coupling 5
reactions involving allenes and aldehydes, these are the first that 5 2a "'P'm“ 93:7 75%,>955  n.a. 9
give allylic (as opposed to homoallyficalcohol derivatives, the g:i'as ove
first that are reductive (instead of alkylatfyeand finally, the first 6 2a mmse 0010  56% 955 na. 95
that are highly enantioselective. ' PP C0Me
cat. Ni(cod),, OSiR, OSiEt,
H. H 19) . NHC-IPr (1) 79 2a mprm 3f 90:10 66%,>95:5  n.a. 95
R1';=.=< , + JlL + RgSH R! | Ar (1) Pl
R2 A TH THF !
R2 H,}:.:<H OSiEt,
P P 8 O o M O/m 3g 937 76%,>955 >955 98
o= >95:5 (Z/E) (98% ee) Ve
NVN NHC-IPr (1) >95% chirality transfer OSit-BuMe,
Q/_ \Q 9 2b O/m 3h  90:10 68%, >95:5  >95:5 98
i-Pr i-Pr Me
In examining combinations of allenes, aldehydes, and reducing QSiMezPh
agents, we found that a species derived from Ni(goaid 10 2 | 81 937 65%>955 >955 98
tricyclopentylphosphine (Cyp) catalyzed a novel, efficient, and Me
selective three-component coupling proéeséien EtSiH was used o
(Table 1, entry 1). The ratio of allylic and homoallylic products '+ ™ 2c ™ | 9 885 A0%885 955 %
(i.e., coupling at the sp vs an%parbon) was>95:5, and only the (98% ee) ve
Z allylic alcohol was detecte#, but there was significant erosion aSee eq 1. Standard conditions: to a solution of Ni(eg@p mol %)
of enantiomeric purity, from 95 to 62% ee. and1 (40 mol %) in THF at—78 °C were added the allene (100 mol %),
The use of the imidazolinyl carbene ligand NHEr3:14 (1, aldehyde (300 mol %), and silane (300 mol %). The mixture was warmed

. TR to ambient room temperature over 6 h, stirred 12 h, and purified by
entry 2) completely _e“m'na'_[e_d this limitation, a case of @ chromatography (Si§). Absolute configuration determined by Mosher ester
dependence of enantioselectivity upon the nature ogelmral analysis. See Supporting InformatidrRatio of allylic to the sum of all

ligand. Chirality transfer is commonly observed in intramolecular homoallylic products? Determined by'H NMR of unpurified reaction

reactions of enantiomerically enriched allefieyt the vast major- mgﬁucr_efséylsg"gg ?’Aeozdo/g)f ﬁgsl'igé%o?r? I;Qgg" gﬁe}ﬁrmg"oﬁycfﬂgg !

ity of intermolecular examplé$involve allenylmetal additions!c reaction mixture indicated a 94:6 ratio &f:3a (reductive dechlorination).

Moreover, only achiral, racemic, or 1:1 mixtures of diastereomeric

allenes were used in all previous multicomponent coupling reac- the user flexibility with respect to which silyl “protective group”

tions8 Thus, the transfer of allene axial chirality in such processes is incorporated (entries 9 and 10).

is now documented for the first time. Two aspects of the complete preference forZtadkene geometry
Other noteworthy features include the compatibility of these deserve further comment. In related reductive coupling reactions

carbon-carbon bond-forming reactions with Lewis basic ethers, involving alkynes,E allylic alcohols are formed exclusively (cis

esters, and aryl chlorides (entries-B) and, in the case of addition of H and RCHO across the triple boAdAllenes and

differentially substituted 1,3-allenes, the complete site selectivity alkynes are thus complementary to one another in this regard.

(which double bond reacts) in the formation of the allylic product Second, th& geometry corresponds to attachment of the aldehyde

(entries 8-11). Other organosilanes can also be employed, giving to themore hinderedace of the allene. In a similar vein, the site
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; H D OSiEt; 1 TBAF H D
H o Nieod): g 2. Oy; PhyP g COzMe
H. NHC-IPr Ph 0
— — » Cy ‘ Cy'R Fﬁi—Ph e
Cy Me PhCHO 3. Pb(OAc), o
Et,Si-D Me 4. DCC, DMAP, 4
2b o 2H-3¢g methyl (R)-mandelate
(98% ee) 64%

(98% ee, >95:5 dr)

The results of this experiment can be accounted for by the
sequence of events shown in Scheme 1. Back-bonding likely
induces significant deformation from linearity of the allene, and of
the four isomeric 1:1:1 complexes of Ni, NHIPr (L), and allene
2b, only A places the large NiL complex on the less hindered
allene faceandless substituted double bond. The sense of induction
may be explained by benzaldehyde coordination away from the
methyl group with the Ph group placed between L and (cyclohexyl)-
methylidene, reorganization to allow overlap between-aNCbond
ands*, and oxidative addition to give metallacyck:

Scheme 1
Me Me Ph | HJ) MeH
H —N\i Cy I L.,
Cy G Ni—L __, ¢y g HO Et,Si-D HNi\ ORPh
Hj/'/' H L/ D
A Ph B ¢
‘ D...L E
CyH Ve NI WDy
He  observed @Mei H M e’)/‘g/H
p D ORFP Cy S B A
H OQRPh H OR
24_3g S
(98% ee, >95:5 dr) D not observed

We believe that there is a direct link between the selectivity for
the Z alkene geometry and the sense of induction of deuterium
labeling. o-Bond metathesis betwedh and EtSiD could afford
n3-allyl—Ni complexC. Reductive elimination with retention leads
to the observed alkene andR configuration at the labeled carbon.
Conversely, the alternative compleR)(gives the opposite sense
of selectivity inbothcases andS respectively). Our explanation
for the absence of this product is the severe 1,3-interaction between
the Me and Cy groups present h

Finally, the overall site selectivity avoids formation of the more
congested alkene (Cy vs Me), and this bias appears to be operative
in the transition state of reductive elimination fratn

In summary, this enantioselective, three-component coupling
occurs by way of a previously unobserved process in allene
aldehyde reactions and is promoted by aNHC complex that
transfers the axial chirality of the allene to the product with very
high fidelity. This catalyst also possesses the qualities necessary
to induce a surprising sense and degreg/Bfand site selectivity.

The implementation of this single-step formation of synthetically
useful, silyl-protected allylic alcohols in the synthesis of complex
molecules is currently under investigation.
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