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Examples of Cross-Coupling Reactions with Secondary
Electrophiles

+ PhMgBr

n-Oct—Br +

)\MgBr

Martin and Furstner. Angew. Chem. Int. Ed. 2004, 43, 3955
Castle and Widdowson. Tetrahedron Lett. 1986, 27, 6013
Terao et al. . Am. Chem. Soc. 2002, 124, 4222
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Racemic Bromides as a Prochiral Alkyl-Alkyl Cross-Coupling

Partners
O NiCl,-glyme Q
Bn\N)S/Et + HexZnBr 2'9y - Bn\NJﬁ/Et
(R)-(i-Pr)-Pybox [
Ph Br 0 Ph Hex
A _ o o
racemic \N\_/N THF 90% (95% ee)
O NiCly-glyme O
Et i Et
BHTO)K( + PhSi(OMe)s TBAT, dioxane BHTO)KK
Br Ph  Ph Ph
racemic MeHN  NHMe 80% (99% ee)

Ph/\(\/\/ N Ph/\/\(g-BBN) Ni(COd)Q, KOt-Bu,

Br > Ph
i-BuOH, i-Pr,0O Ph
racemic
FsC Q_\@CFQ, 84%(94% ee)

MeHN  NHMe

Ficher and Fu. J. Am. Chem. Soc. 2005, 127, 4594
Dai et al. J. Am. Chem. Soc. 2008, 130, 3302
Saito and Fu. J. Am. Chem. Soc. 2008, 127, 6694
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Stereoselective sp3-sp® Cross-Couplings Using Copper

Reagents
/OLTS R,CuLi
R;” ~CO,Et >
OTf Me,Culi

o~~~ OTBDPS
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R

R~ CO,Et
10-80%

opg” o~ ~_OTBDPS
83%

Cu(acac),
ijzc' i-PrMgCl, ZnCl,
THF/Et,0

Petit et al. Tetrahedron Lett. 1990, 31, 2149
Hanessian et al. J. Org. Chem. 1989, 54, 5831
Malosh and Ready. J. Am. Chem. Soc. 2004, 126, 10240
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Previous Work Using sp3-sp® Cross-Couplings in the Breit
Group

1. Mg, THF
[LioCuCl,4]
TBSO . OTf : ” /\/V\/\/\
cl” >""0Bn O HO A A~ — ~ Et Br
2. 5% HCI/MeOH 82% over 2 steps
>99% ee

Mg, Etzo, [L|QCUC|4]

then

/\/?\/'\/?\/'\/OTf

(derived from Roche ester)

Heber and Breit. Angew. Chem. Int. Ed. 2005, 44, 5267
Heber and Breit. Eur. J. Org. Chem. 2007, 3512
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Advantages of a Direct Alkyl Coupling of a-Substituted Esters.

O OH OH
. . ] )J\ HCN . B HaO* 3
EaS|Iy. obtained startlpg R™H o omtiase R CN R” O COH
materials from the chiral pool, org. solvent
enzymatic _constructlon of chiral NaNOs, ACOHIO, 1
cyanohydrins, or from o on 0
a-amino acids. R%OH R%OH
NH»> a)NaNOz, AcOH, rt OH

b)LiOH, THF/MeOH/H,0, rt

9] @)
Can avoid chiral auxiliaries on N Ry R,
sterically congested molecules.  _J "' Ho/j\
//R1

Effengerger Angew. Chem. Int. Ed. 1994, 33, 1555 (Rev.)
Deechongkit et al. Org. Lett. 2004, 6, 497
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Title Paper
Determination of Transition Metal Catalyst

O MX 5 mol% O Q .
t-BuO)J\./ nBuM 1.6 e t-BuO + t-BuO)H/
OTf THF, -20°C, 12h
(-)-1a (+)-2a 3: R=Cl
4: R=homodimer
5: R=H
Entry Cat. MX,, n-Bu-M 2a [%] Conv. [%]
1 -- n-BuMgCl 46 62
2 [Fe(acac);] n-BuMgCl 0 >99
3 L1,CuCly n-BuMgCl 56 >09
4 ZnCl, n-BuMgCl >99 >99
5 ZnCl, n-BuMgBr 11 >99
6 ZnCl, n-Buli 0 >99
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Reaction Scope for the Grignard Reagent

O ZnCl, (5 mol%) O
RMgCl (1.4 e
t-BuO)K;/ gelided | t-BuO)H/
OT THF, 0°C R
(-)1a >99%ee (+)-2a-k
Entry R Product Yield [%] ee [%] CT [%]

1 Et (+)-2b >99 >99 100
2 i-Pr (+)-2¢ 98 >99 100
3 n-Bu (+)-2a >99 >99 100
4 i-Bu (+)-2d >99 >99 100
5 s-Bu (+)-2e 96 >99 100
6 Cy (+)-2f 90 >99 100
7 Oct (+)-2¢ >99 >99 100
8 lauryl (+)-2h >99 >99 100
9 Bn (+)-2i >99 >99 100
10 _~_-OtBu (+)-2j 94 >99 100
11 N (+)-2k >99 >99 100
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Reaction Scope for the Side Chain

Entry R Product R ZnCl;[mol%)] Yield [%] ee [%)]
1 Q 0 Me 20 92 99
)W
2 tBuO” LBLO )W Et 5 >99 99
3 oTf R 1-Pr 15 88 99
>99% ee
4 Q 0 Me 20 81 >99
5 t- Buo)K_/\( t-BuO)H/\( Et 10 >99 >99
6 oTf R 1-Pr 15 79 >99
>99% ee
7 Q 0 Me 20 72 98
8 t+BuO” ™ LBUO Et 5 >99 98
9 orf R i-Pr 20 84 98
98% ee
10 o 0 Me 50 76 >99
11 tBuO/U\_)\ . )\)\ Et 15 >99 >99
12 oTf R n-Bu 20 >99 >99
>99% ee
13 0 o Me 50 73 99
14 t- Bqu/ t-BuO)J\(k/ Et 20 >99 99
15 0% do :Z;/ . R n-Bu 20 >99 99
16 0 Et 20 95 97
o~ i
t-BuO d OBn BuO )K‘ﬂosn
97% ee R
17 0 o Me 20 74 >99
Ot-Bu
t- Buom t_BuO)WOt-Bu
>99% ee R ©
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Conclusions

» The first zinc-catalyzed enantiospecific coupling reaction of
sp? hybridized carbons was developed and was used to
produce a-substituted esters from readily available starting
materials.

* Provides an alternative approach to this motif from enolate
alkylations.
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