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Perceived Difficulties

« QOxidative addition to sp®-I bond thought to be siow

« pB-elimination presumed to be fast and the dominant pathway if
oxidative addition did indeed occur.
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First sp3-X Suzuki Type Coupling

Av
BR + 0O + IR’ — R-CO-R' (1}
- Pd{PPh,], and K;PO,

Rz=primary, R's primary, secondary, and tertlary

* 1 atm CO
» Reaction is greatly accelerated by light (24 h vs 52 h)

« Radical formation is thought to be important

hv
Pd(PPha)y +CO — = PACO)(PPhy}y —— > Pd(CO)PPha)y ——» PXs+R — - X-Pd-R

Ishiyama, T., Miyaura, N., Suzuki, A. Tetrahedron Lett. 1991, 32, 6923¢
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Ishivama, T., Miyaura, N., Suzuki, A. Tetrahedron Lett. 1991, 32, 6923¢
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First Suzuki Alkyl-Alkyl Cross-Coupling

R S s ke e .

. Pd(PPhq),
R-1 + R'-B - R-R'
K4;PO, 7 dioxane

R, R' = alkyl

Bidentate ligands give low yield of coupling products

* Thought to slow down the reductive elimination (ie., coupling)

Oxidative addition was the slow step

Light does not accelerate the reaction

Only 9-BBN is successful as a ligand
* Mg, Zn, Al, Sn, Zr and Hg were tried

* [-elimination major reaction pathway

Ishiyama, T., Abe, S., Miyaura, N., Suzuki, A. Chem. Lett., 1992, 691.
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Table 1. Cross-Coupling Reaction of 9-Alkyl-9-BBN Derivatives with Alkyl Iodides

Scope of Reaction

Halide 9-R-9-BBN Product Yield / %>
~ By
CHy-l _/B—(CH;),,CO0Me CH3(CH2);,CO0Me 71
A
CH3(CHals) /B(cu,),cu, CyqHag 64
CHA \B—(cu,) COOMe °)
2 y 10 {CH3)y,CO;Me (45)
\B\J\/\ )\/\
CHy{CHz)st 7 GCH,Ph CH,(CH,)g OCH,Ph 58
CHy(CHa)gl >a-(cui),,coom CHa(CH3)15CO0Ma 54
> J\/\?J\
NmC(CH,,! ,B\/\)\/\/k NC(CH,)y 61
0._.0 )
Me02C(CHz)yl ;a’\/b( M'ozc(c"lz)l/@ 57
% CHy{TH3Z)gl \g /\,(CH,},CH, CHS‘CH*/\/(CHZ):‘CH’ 64
. /
H
~
CH3(CH)ql /a—© : cu,ccng.@ 55
Rob Halter @ Wipf Group

* Only primary iodides

* No primary bromides

» Reaction mechanism obviously
different from the CO insertion
mechanism

. ki, A. Chem. Lett., 1992, 691.
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Coupling to “Secondary” lodides

1 Pd(0) Fh/WD/\OBn
+ .
04 ) :
B.

» Choice of base very important

* Best results obtained with Bu,NCI as phase transfer catalyst in DMF-H,O

Charette, A. B., Giroux, A. J. Org. Chem. 1996, 61, 8718-8719
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Cyclopropyl Coupling in Total Synthesis

i-1-FR-800848 (1) i-1-L-106305 12;

» Wanted to use the coupling they developed for a synthesis of these molecules

Charette, A. B., Freitas-Gil, R. P. D. Tetrahedron Letters, 1997, 38, 2809
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Cyclopropyl Coupling in Total Synthesis

B B
. -~ Pd{OAc); (0.1 aquév)__ Bu. _oBn U\q\?f U\q\?ﬁ
-~ ' o -
<Tev, + >80 pen, (05 equiv < 3 ° 4 °
7 8

Entry Y Conditions Time {h) Yield {%)°

| . Bu _OH
1 3 DMF. H,0, K,CO5. BuNG! 48 - § "\-<]\i
2 4 DMF, H,0, K,CO,, Bu NGl 48 - o M

" 5 6
3 5 OMF, Ho0), KGO, BugNC! 20 ¢
4 4 DME. K,CO,. 8¢ C 50 .2
5 4 DME. NaQH® 80 °C 90 10 ¢ Initial conditions didn’t
& 4 DME. NaOE( 80 °C g0 30 work
7 4 DME, KO8, 80 'C 38 §5"

_ * Use of strong base (entry 7)

8 5 Toluene, K,PO»~3H.0. 100 °'C 48 o )

) led to good yields
9 5 DME. K,PO4e3H,0, 80 °C 48 7
10 3 DME, KO+BLS, 80 °C 90 50 * Size of boronate ester also
11 5 OME. KOtBuA, 80 °C 36 69 mattered, 5 giving the best
12 5 DME, KOtBW, 80 G 48 54 results

Charette, A. B., Freitas-Gil, R. P. D. Tetrahedron Letters, 1997, 38, 2809
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Extension Toward Natural Products

Bororate ester

Entry |odocycloprosane  time {h| Proguct? Yield {%a)"
By - O
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Charette, A. B., Freitas-Gil, R. P. D. Tetrahedron Letters, 1997, 38, 2809
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Suzuki Couplings of Tosylates

495 PdiTiAcy
] W 16% PABushis ;
Ratkgr =2 Ts + 9-BBN=F' = Bay—R i1
’ 1.2 =aquiv HadH o

diceares, 50 G

1.2 ey

» Condition previously used for alkyl bromides ineffective

* Reaction is very senstive to phosphine size

4% PdidAsy

) . 1% trialkyl phosphans
nDadec—0Ts + S-BEM=—nDat -

1.2 squiv MaTH
izxans, D00 C

nDodec—nOet

1.2 equiy

for Pyvs: 0% el

R=
Hr Et b
FyaR 44% 7re, 400

Netherton, M. R. and Fu, G. C. Angew. Chem. L.E. 2002, 41, 3910
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Tosylate Coupling Scope is Good

» Functionality is tolerated

e Both alkyl and aryl/vinyl boronic
esters tolerated

* Do not describe boronic acids in
any couplings

Netherton, M. R. and Fu, G. C. Angew. Chem. LE.
2002, 41,3910
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Stereochemistry of Addition

13-H

asjelative =liminatisn 0 D
addition of P 0 H >=<
with roversion PdL, B H

: H H
[i-0 Bu [

eliminatiod

}’\{t:-n — 1
SE T diovans 70 °C | retention
Y |-H o H

elimination
— y—y
1 0 H

o H PP Bushis

coid it ive l N =IThi Pl 7 H [
additicn of Pd H D . >=(
with celeniion fi-D B H

alimination

 Ratio not reported, but oxidative addition occurs primarily with retention of
configuration.

Netherton, M. R. and Fu, G. C. Angew. Chem. I.E. 2002, 41, 3910
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Stereochemistry of Addition

“averall 0O H
SR N :Bu F‘li,]
H
cat, X
0 H PliFeBughds b
OTs + -BERMN=Fl  eoenesess— :
Bu 1.2 =quiv NaOH 1
H b . il
dicxans, 70 C
1 o H
= Ry il
et H o

redechiorn

Scheme 4. Examination of the stercochemistey of o Pd/PrBe.Me-catalyzed
Suzuki cross-coupling of an alkvl tosvlate.

Netherton, M. R. and Fu, G. C. Angew. Chem. L.E. 2002, 41, 3910
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Coupling of Boronic Acids with Alkyl Bromides

* Coupling occurs at room
temperature!!

* Good reactivity
» Reacts with boronic acids

* Extremely sensitive to
phosphine ligand

* Base, solvent and ligand are
different from boronate ester
reactions

Kirchhoff, J. K., Netherton, M. R., Hills, I. D.,
Fu, G. C. J. Am. Chem. Soc. 2002, 124, 13662

2/24/2004




enuy additive solvont figand ik (hE
I" KsPOy-11:60 THF Py w2
2 KF THF Py “2
A NaOMe THF Py 3
4 KO- Bu THE P vy Ll
5 KO=-Bu dicxane P vy i
i KO- Bu rere-amyl alcodwl PC vy i3
H KOw-Bu reri-amyl aleohol PCy; Ll RL
N KO- Bu reri-amyl aleohol Pir-Bui; =2
y KO- Bu terf-amy | aleahol Pis-Buizlil 4
10 KO#-Bu tert-amyl aleohol  P(-Bu)p:Me 85

Sensitivity to Phosphine Ligand

* Difference between

ethyl and methyl is huge

(85 % vs 4 % yield)

* Methyl gives oxidative
addition, ethyl primarily

give [3-elimination

Kirchhoff, J. K., Netherton, M. R., Hills, I. D., Fu, G. C. J. Am. Chem. Soc. 2002, 124, 13662
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Oxidative Addition is Easy

) . Ph
B N Ph E:ED r’\/
. e LeePdel
LePd...bL a L
o4 B
L = PiLBui:Me 1

e B-hydride elimination does not occur until heating to 50 °C

¢ The addition occurs at 0 °C

Kirchhoff, J. K., Netherton, M. R., Hills, I. D., Fu, G. C. J. Am. Chem. Soc. 2002, 124, 13662
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Alkyl Chloride Coupling — Importance of the Ligand

&% [Pddbai;) ) ) ]
Dodecmt]  nOotmi BB eI e semtit * Ligand size is extremely
1.1 CoOH- H.C ooHe :

12 equiv o, 551 CaHle: important
Foetry Loagarmad Yickiob U FE g 10550
1 M7y
2 I*eoyckipmatnli- w? .

I = * Only mono-dentate ligands
i LAY 7P 2 .
: e N effective

pot :
= [t <

Fr2bemde a
o ol ; » Conditions aren’t quite as
12 Al 2 mild
I3 [REEN LD 2

14 Mesf] v}-ihles

Kirchhoff, J. H., Dai, C., Fu, G. C. J. Am. Chem. Soc. 2002, 41, 1945

Rob Halter @ Wipf Group 18 2/24/2004




Why Only Monodentate Ligands?

* Reductive elimination requires a free coordination site
* [-elimination does not require a free coordination site

* The reductive elimination must be fast, to compete with f-elimination

reslie tive cxddative |

elimination Lﬂpdﬁ ad<hition
- { N XWR
R el

R R
LoPd LoPel 2

H s prhydride
>_< & =limination
" fundesined
‘
RENS F=R' H
transmetalation l—ﬂpd:y %’H

Ozawa, F., Ito, T., Yamamoto, A. J. Am. Chem. Soc., 1980, 102, 6457
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Negeshi Coupling of Secondary Alkyl Halides

4% REcods
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& 1 F e froMnh e

Ceaprsrd’ corstibors

 Of the ligands surveyed, only Pybox ligands gave good yields, and yields
were variable depending upon the properties of the ligand itself.

» Reaction also works for alkyl iodides
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Zhou, J., Fu, G. C. J. Am. Chem. Soc., 2003, 125, 14726
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Suzuki Coupling of Secondary Alkyl Halides

R e . .
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g 2 Hr AHINE PR T .

0 B KO - exact nature and size of the
s-biatarszl

G5 T An ligand is very important

miasciars conTibinns

1.2 eyl

aalry  Aowatse toer NG BTaRIART rarddinas” Uit S
x 31 .
Mg it af Bt 2 * Ligands that were successful
H:Idi.,:l-...? At gf ?\"',LU..I;kI i

cacd of Mijcod s <3
- or Pilatdfdihe §7E7857 O WO <3
SE-Pyhow iraseag of B <
BFn o PirSaiaYa pristaand ot 5P <73
T3 b Ve v ik Pogbrmng  mammaa af 2F 0 <3
EERE O o2y [hoy Ftud o] 5
L)

Ly

ME -

for the Negeshi coupling do not
work here, entry 5.

: ot ferstest of SR e et : :
v st f 8O 5 * Surprisingly, bidentate ligands
e are necessary here

-8 Iyl firaleal o BP 57

-
S rn U TD rg LTOPI Za {4 T e

A4
g 45 AUV e [rvsteaed 0f 87 o W
z ne AR 2 <
to Kk imslennt of BOLEG 23
! Tt A
2o Mimmdan e OF Pl of A Moo 87 TR i

PR Y

Zhou, J., and Fu, G. C. J. Am. Chem. Soc. 2004, 126, 1340
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Scope of Reaction

l Ri...,; —hir IHG L5 giest aniy A, HUE g5 il )
;x Br — .
FE R A (HGE fa , R I Ry s D
Seteel Yy R ! = : BE
- x ; 719 SR HE i
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R 1

OB mory s * Reaction does not work with boronate
. A HS e esters

7 e fir (TP _E &5

- * Only works with secondary alkyl halides

(HoE— oM
) m— e

- * Does not work with ortho-substituted
s ;‘wljr HOLG . 7a aryls.

ol
‘"""fl;(: s radant in formest, T Th s ot is o ¢ Does nOt Work Wlth alkyl boronlc aC1dS
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Future Work

* Improve generality of each system to include both boronic acids and esters

« Improve generality of each system to include both alkyl and aryl boronates

e If possible, make system less dependent upon the exact conditions

« Gain an understanding of the role the phosphine (ligand) in the catalytic cycle

+ Do the Ni and Pd catalyzed reactions proceed through the same sort of
mechanism?

» Biggest problem: If a key step in a total synthesis you may need to optimize
multiple variables in multiple ways to get the desired reaction -- and test
reactions/substrates would be of little to no use
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