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All-carbon benzylic quaternary centers are ubiquitous motifs in Scheme 1
natural products and pharmaceutical agents. Conjugate addition N
of carbon nucleophiles to electron-deficient olefins is a direct entry 0" o DME, -40 °C 10 t, 48 h
into these structural elemeritsSurprisingly, the asymmetric o%\/l(go o%j(go
synthesis of all-carbon quaternary stereocenters through 1,4- A R OO “_on A xR
addition, under catalytic or stoichiometric conditions, has received OjP—N
limited attention. The minimal number of literature examples may 1 OO ° )—Ph 2
be attributed to the intrinsic poor reactivity of tri- and tetrasubsti- 3 (10 mol %)
tuted alkene acceptofsAlexakis’ group reported the enantiose-

lective conjugate addition of trialkylaluminum reagents to 3-sub- 2ble 1. Addition of R
stituted cyclohexen-2-ones in the presence of copper catélysts. entry Ar R R’ conv. (%)7  yield (%) ee (%)

R'5Zn (2 equiv), Cu(OTf), (5 mol %) O><O

;Zn to 5-(1-Arylalkylidene) Meldrum’s Acids

Likewise, Hoveyda and co-workers described the synthesis of 1  ph(a) Me Et(a) >99 95 84
nitroalkanes bearing all-carbon benzylic quaternary stereogenic 2 2-naphthyl{b) Me  Et(2b) >99 66 95
centers via Cu-catalyzed asymmetric conjugate addition of dialkyl- 2 i'&WF" r(11C)d me E: (gg) igg g; 251;
zinc reagents to nitroalkenés. 5 4:Pr?Ph 1(Le)) Mg Et EZe)) 99 76 95
Aryl Grignard and organocopper reagents add in a conjugate g 4-Clph () Me Et@f) >99 88 95
fashion to 5-(1-alkylalkylidene) Meldrum’s acids affording all- 7 4-BrPh (g Me  Et(29) >99 84 92
carbon benzylic quaternary centémlthough a single case of this 8 4-FPh(h) Me  Et(2h) >99 83 92
; ; 9 4-(RC)Ph (i) Me Et 2i) 99 87 92
strategy has been described, this element of structure has been d X
) . o . 10 4-BnO)Phyj) Me Et()) 92 75 93

obtained alternatively by 1,4-addition of alkyl Grignard reagents 17 3 meph gk) Me  Et(k) 96 93 78
to 5-(1-arylalkylidene) Meldrum’s acidsAsymmetric versions of 12 3-CIPh () Me  Et(l) 99 96 74
either of these approaches have not been repdged-Substituted 13 3-(BnO)Phim) Me  Et(@m) 97 97 79
alkylidene) Meldrum'’s acids are conveniently prepared by Kno- 14 34-CiPhdn)  Me  Et@n) 99 98 85

| cond i f Meldrum’s acid with ket for which 15 2-MePh L0 Me  Et(0 0 NR N/A
evenagel condensation of Meldrum'’s acid with ketones, for which 15 5 cipp ) Me  Et@p) 0 NR N/A
typical problems associated with the preparation of geometrically 17 2-BnO)Phig) Me Et(2q) 0 NR N/A
pure olefin acceptors are absériurthermore, benzyl Meldrum’s 18 4-CIPh(r) nBu Et(r) >99 78 94
acids resulting from conjugate addition are synthetically useful %g PhC(|LS)h . i-Pr Et Qz) >98 g‘g Z’A
intermediates that may be subsequently submitted to various 21 i:CIEh &3 '\E/Ite ',\'A'::((zft)) 35 N/A N?A
transformationg:2*°In this Communication, we disclose our results 25 4-ciph () Me  n-Bu (2u) 99 87 87

on the asymmetric synthesis of all-carbon benzylic quaternary
stereocenters through Cu-catalyzed addition of dialkylzinc reagents 2 Determined by analysis of the cruld NMR spectra” Measured by
to 5-(1-arylalkylidene) Meldrum’s acids. HPLC using a Chiralcel OD, OD-H, or AD-H columfReaction time is
o i . e 72 h.
The ability of commercially available phosphoramidite ligéhd
3to promote the addition of EZn to 1 was first examined (Scheme
1). 5-(1-Phenylethylidene) Meldrum'’s acidld) was employed to
probe for optimum solvent and temperature>89% conversiok?
and a 95% isolated yield &awere obtained whehawas reacted
with 2 equiv of EZn, 5 mol % of Cu(OTf), and 10 mol % of3 : . . .
in 1,2-dimethoxyethane (DME}:1* The conjugate addition was 10), with gngntlomerlc_ ex_cesses rang'“g_”om 92 to 95%. ]
relatively slow and was carried out at room temperature for 48 h ~ Contrariwise, substituting the 3-position of the arene with
(Table 1, entry 1J5 electron-wnhd_rawmg or -donating groups had a (_Jletrlmental effect
With this promising lead in hand, we proceeded to investigate ON the enantioselectivity of the process (entries-13), and
the scope of the catalytic conjugate addition reaction, and the resultsenantiomeric excesses of 749% were obtained. Of note, 5-(1-
are summarized in Table 1. The primary intent was to gain insights (3:4-dichlorophenyl)ethylidene) Meldrum’s acith) generate@n
on the steric and electronic properties of the tetrasubstituted olefin in 85% ee (entry 14). This result suggests that positions 3 and 4 of
substituents and their respective role on the enantioselectivity andthe phenyl group apparently offset one another, leading to an
efficiency of the process. Replacing the phenyl grouplity averaging of enantiomeric excess. Substrates bearing a substituent
2-naphthyl or 2-furyl provided2b and 2c in 95 and 91% ee, at the 2-position of the aromatic moiety withstand conjugate addition
respectively (entries 2 and 3). Substituting the 4-position of the of Et,Zn (entries 15-17). The close proximity of the aromatic
phenyl moiety seemed to have a significant and favorable impact substituent to the olefin electrophilic carbon likely blocks the

on the enantioselectivity of the addition (entries 4 and 5). This
observation was further confirmed with substratési, substituted
with an electron-withdrawing group (entries-8), and substrate
1j, substituted with an electron-donating benzyloxy group (entry
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Table 2. Addition of R;Zn to 5-(Dihydroindenylidene) Meldrum’s
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Acids
R',Zn (2 equiv) o O\l_
310 mol %) y i'(o
Cu(OTf), (5 mol %) 9
DME, -40°Ctort, 48 h o
R R 5
entry R R conv. (%)? yield (%) ee (%)°
1 H (4a) Et (58) >99 96 96
2 Cl (4b) Et (5b) >99 94 99
3 Cldb)  Me (50 >9g° 98 99
4 Cl (4b) n-Bu (5d) >99 97 97
5 Cl (4b) i-Pr (5¢) >99 99 57

aDetermined by analysis of the cruéid NMR spectra?® Measured by
HPLC using a Chiralcel OD, OD-H, or AD-H columfFive equivalents
of Me,Zn were used.

Scheme 2
O Sc(OTh), 1) H,O/DMF, 80°C O _OH
(10 mol %) ) HoSOy, (cat.),
/) CH3gNO, 2) 190 °C (neat) 7
6 £f "Me 100°C,(60%) (89%) 7 Et Me

trajectory for alkyl delivery, resulting in a lack of reactivity for
1o, 1p, and1q.

Increasing the length of the alkyl chain on the electrophilic carbon
of the olefin acceptor did not affect enantioselectivity, as illustrated
with pentylidene Meldrum’s acidr that furnished the addition
product2r in 94% ee (entry 18). Sterically demanding substrate
1swas unreactive toward gn (entry 19). On the other hanidPr,-

Zn added efficiently td.f, albeit with a modest 65% ee (entry 20).
Meldrum’s acidlt displayed sluggish reactivity with M&n (entry
21), but the addition of-Bu,Zn to 1f afforded2u in 87% yield
and 87% ee (entry 22).

The asymmetric synthesis of 1,1-disubstituted chiral ind&nes
from Meldrum’s acid derivatived was also tackled (Table 29.

In all cases, conversion was99%. As for substrated, the
introduction of a chloride group it para (5-position) to the benzylic
electrophilic site enhanced enantioselection (entries 1 and 2). A
variety of dialkylzinc reagents (EZn, MeZn, n-Bup,Zn) added to

4b with equal enantioselectivity (9799%) and efficiency (94
99%) (entries 2-4), with the exception of-Pr,Zn, which gavebe

in 57% ee (entry 5).

The synthetic utility of benzyl Meldrum’s acidswas exempli-
fied, and the absolute stereochemistry of the addition products was
determined, by preparing known compourtdand7 (Scheme 2).
Using a protocol previously developed in our grddfa was
transformed intoR)-3-ethyl-3-methyl-1-indanoné).1” Hydrolysis
of 2aled to 5,5-disubstituted pentanoic acid

In conclusion, we have described the first highly enantioselective
synthesis of all-carbon benzylic quaternary stereocenters via
conjugate addition of dialkylzinc reagents to readily accessible 5-(1-
arylalkylidene) and 5-(dihydroindenylidene) Meldrum’s acldsnd
4. This method employs commercially available ligaBdand
dialkylzinc reagents. The significance of substituting the position
para, meta, and ortho to the electrophilic benzylic center was
highlighted. Current efforts are centered at broadening the scope
of enantioselective conjugate additions to 5-alkylidene Meldrum’s
acids.
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