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December 1%, 1987
On this day in history:

Events
1 . EVOl uthn Of M Odern ¢ Digging begins to link England and France under the English Channel.
. » NASA announces the names of four companies who were awarded
H omoeno | ate Ch em |St ry contracts to help build Space Station Freedom: Boeing Aerospace,
. General Electric's Astro-Space Division, McDonnell Douglas, and the
2. EVOl ut|0n Of MOdern C-F BOnd Rocketdyne Division of Rockwell.
Functionalization Chemistry Famous Birthday

o Grégoire Leprince-Ringuet

Vance Joy: Rock Singer.

Simon Dawkins: English footballer.
Tabarie Henry: Virgin Islander sprinter.
Brett Williams: English footballer.

lan Hecox: Comedian.



Carbon-Carbon Bond-Forming Reactions of Zinc Homoenolate
of Esters. A Novel Three-Carbon Nucleophile with General

Synthetic Utility
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Scope of Reactions
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“In the present work, we describe the versatile
reactivities of zinc homoenolate... to demonstrate for
the first time the great potential of homoenolate
chemistry in organic synthesis.”

Copper-catalyzed Conjugate Addition Reactions
Allylation Reactions

Arylation and Vinylation Reactions

Carbonyl Addition: Homo-Reformatsky Reactions
Acylation Reactions

Silylation Reactions
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Scope of Reactions

1. Copper-catalyzed Conjugate Addition Reactions

2. Allylation Reactions
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0O OS|M93
>
0.12 equiv. CuBr*SMe,
2.4 equiv. Me;3SiCl .
2.4 equiv. HMPA PrI< oo

63 -93%
10 examples

S O~__OiPr
Ph/\/\CI
>
2 equiv. HMPA
5 mol% CuBreSMe, a2
96 : 4
SN2 Sp2
59 - 97%

8 examples



Scope of Reactions

3. Arylation and Vinylation Reactions

©/Br Scheme III
( (\n’OEt) 5 mol% PdCI2(o-ToI3P)2> m
2 THF, rt. = 0

><OSEN63
Zn « O EtO OR
49 - 90% !
18 examples
4. Carbonyl Addition: Homo-Reformatsky Reactions
?SM93
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0
H
osiM ZnCl, 0SiMe;
2 Ivies OR ) _
><OR _— |+ 2SiMeyCl > OFEt
Zn « O 0.1 mol% Znl, o
DCM

44 - 95%
13 examples




Scope of Reactions
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ether
50 - 93%
5 examples

5. Acylation Reactions

6. Silylation Reactions
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Modern Homoenolate Reagents

Prior Art
0 2 equiv. Na
cl OR > D<OR

Et,0, reflux

The Kulinkovich Reaction 1989

3.2 equiv. EtMgBr

Q Ti(OiPr) R
JL i(OiPr), g D<OH

R OMe -78°Cto0°C

Eur. J. Org. Chem. 2019, 8-26

Kagan 1988

o) HO Ry

2 equiv. Sml,
CL feen
THF
O/Y\R r.t., 1 min @)
R

Ortiz and Armesto 2010

0 4 equiv. Sml, \é o
NC 3 equiv. t-BuOH J OH
THF, rt. 2 h NC—\

CN CN
Lv and Wang 2012
O 2.2 equiv. (allyl)SmBr

JL 10 equiv. HMPA OH
O" 'Me 1 equiv. H20
R N R

THF, rt., 3 h OH




Modern Homoenolate Reagents

Matsubara 2007 Walsh 2011
CH,(Znl), H
@) CHy(Znl) 2 2
CH THE, 22 oc o "MgH I THrRoC | AN
s Me > CyHqgm H = S
OTs 19:1d.r. Cl 161 dr
Chem. Lett. 2007, 36, 164 Org. Lett. 2011, 13, 2346
Marek 2018

1) 2 mol% Cu(MeCN),PFg
2.2 mol% (R,S)-Josiphos

50 mol% MgBr,
, + ©\(v} Et,0, -5 °C, 30 min
e MgBr >
4 2) 1.7 equiv. CuCN 2LiCl

THF, -40°C, 1h 96:4 e.r.
3) 1.7 equiv. tBuOOL| >98:2 d.r.
THF, -78 °C, 30 min 85%

Org. Lett. 2018, 20, 554 - 557



Modern Applications of
Coupling

TMSO Pd(OAc),
+
TBAF*H,O
CH4CN, 80 °C CH,
Ar (g), 15 min NO,
Org. Lett. 2011, 13, 110
Etzzn
Pd(PPh3),
H3C/ <l + HSC\HL 5 mol% > HstH/\n/k 3
CHj
Org. Lett. 2013, 15, 2298
OCOOMe
Ph Pd(dba),
OH 2.5 mol%
A Ph
d/ t o 7 XPhos

5 mol% Ph
Toluene, 50 °C

Org. Lett. 2018, 20, 554
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Activation of Carbon-Fluorine Bonds by Oxidative

Addition
Thomas G. Richmond,* Carolyn E. Osterberg, and
Atta M. Arif
Department of Chemistry, University of Utah
Salt Lake City, Utah 84112
Q Received September 21, 1987
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Modern Strategies for C-F Bond Activation

Heitz 1991

Pd(OAc), (1 mol%)

F EtzN (2.5 equiv) F
Yo+ A -
F NMC, DMF, or CH;CN Ar
(2.5 equiv) 115°C
Pd(0) NMC = N-Methylcaprolactam /i-'FIL'Joril"re
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F
ﬁ: i
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Ichikawa 2005
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Modern Strategies for C-F Bond Activation

Ichikawa 2017 Loh 2015

PdCl, (15-25 mol%)
AgOTTf or AgNTf, (30-50 mol%) @ [Cp*Rh(NCCHj3)5](SbFg)» @
CF, [or [PANCCH3)(BF ), (10-16 mol%)] F ¢ l (4.0 mol®) l
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For a helpful review: Angew. Chem. Int. Ed. 2019, 58, 390
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Modern Strategies for sp® C-F Bond Activation

Stephan 2012

B(CsF5)3
Hy G N > H,07 " H + [1BusPHIFB(CeFs)q]
[(BuzPH]
[HB(CgF5)al
Paquin 2013
OH H
e Ll
HaC OH Arm F \H\ﬁ\
H 1 equiv. |"| 0
F N OH \
/©/\ + 2 equiv E ] /©/\N/H O Et
Ph ' >
0 neat, 100°C, 24 h  Ph K,O
Ar'TF
Paquin 2014 {
HX =
r (\: 5 ¥
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S
F F F
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CH,Cl,, RT, 18 h

X = OCH(CF3), or F

Scheme 5. Mechanistic hypothesis.




Hilmersson 2013
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Scheme 2. Mechanistic proposal for the F/I substitution.

Modern Strategies for sp® C-F Bond Activation
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Modern Strategies for sp® C-F Bond Activation

Haufe and Shibata 2012
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Summary

Homoenolate Chemistry C-F Bond Activation

1987 1987

- A new homoenolate reagent was developed that facilitated
some of the first synthetic applications

- Aromatic C-F bond activation was demonstrated
but the strategy did not have synthetic

- However, the substituents on the homoenolate reagent were applications
limited
Present Present

- Strategies for C-F bond activation have been

- A variety of homoenolate reagents have been developed to for _ _
expanded to aliphatic C-F bonds and

cross-coupling applications



