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M= SnR, (Stille-Migita-Kosugi)

i Pd (cat. ) S ) BR, or B(OR), (Suzuki-Miyaura)
|]/ + I l]/ (\ w _\ SiR(3-n)Fn (Hiyama)
e - - Si(OR), (Tamao-Ito)
« SnandB
— Advantages:

* non-reactive in absence of catalyst
 Several different methods for synthesis

— Disadvantages:
* High molecular weight
* Toxicity (Sn)
* Limited stability and coupling effeciency (B)

« Si

~ Advantages:
* Non-Toxicity
« Stability
» Ease of Preparation

— Disadvantages:
* Use of F* source (expensive and incompatible with other functional groups)
 F-free coupling conditions often need strong acid or base

Denmark, Acc.Chem.Res. 2002, 35, 835
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Silicon Challenges in Cross Coupling

« Small electronegativity difference in Si-C bond = weak nucleophile
(too stable to cross couple)

* Hypothesis: Forming the Si “ate” complex will increase the aptitude
to cross couple

* Hiyama and Hatanaka (v.0.c. 1988, 53, 918) demonstrated the first
synthetically viable cross coupling of vinyl and propargyl silicon
reagents with aryl and alkenyl iodides in the presence of Pd catalyst
and fluoride source.

F-, Pd, THF,
R'X + R®SiMe; >  R'-R?
HMPA, 50°C, 2 h

Representative silanes used:

Z > SiMe, N gim e _—==—SiMe;

HO

Erikah @ Wipf Group 4 5/2/2005



Early Advances:

» Fluorosilanes (Hiyama, J.0.C. 1989, 54, 268)

F-, Pd, THF,
R'X + R2SiFMe,, » R'-R?
60 °C, 16 h

Representative silanes used:

« Alkoxysilanes (Tamao, Tet. Lett. 1989, 30, 6051)

Pd (cat.), TBAF
= .
W)\SlMen(OR)&n R-X > YLR

THF 50 °C, 5-16 h
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Fluoride Free Conditions

 Silanols with Ag,O (Hiyama, J.0.C. 2000, 65, 5342)

| Ag,0O (1 Eq), THF, 60 °C
_Si. + Aryl—I —» R-Ar

R™OH Pd(PPhg3)4 (5 mol%)

R = aryl or vinyl

Proposed Intermediate:

R2 P KOSiMe; (2 Eq) R2
U Si. + Aryl—I = A
R' OH i Pd(dba), (5 mol%) R1J\/ '
DME, rt. 2-13 h |

Compatible with TBS protected alcohols
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« Expected Mechanism from Denmark conditions:

ArylPdL, X
\./ base \ / ( \/ Ln
xS T e :
R X°0oH RSk P w > RS0 Py
M*X"
\\S'/
R/\/ LO@
R
. ACAY - . . PdLnAryl <transmetalatlon >Si‘(|) -
( R/\/Q'OjdAryl
Y
S e S
* Found Mechanism (from rate law studies)
\/ Ln :
- /\/SLO_ A | transmetalatlon> Ln
Y R/\/F’d‘Aryl

\_/

Denmark, J.A.C.S. 2004, 126, 4876
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Fluoride Free Cond. (cont.)
e Tetraorganosilanes

— Stoichiometric Cu (Takeda, J. O. C. 2002, 8450)

Me;Si OH 1. - BuOCu (1.2 Eq)

DMF, Pd (PPhy)y OTMS

R2 rt,2h | R1 X R3
R2

Proposed Intermediate:

Cu OTMS |
R R3
R2

— Strong Base (Anderson, J.O.C. 2004, 69, 8971)

\(LSiMeZPh Ph—| Pd,dba; (cat.), KOTMS’ \%\Ph

THF rt, 30min
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Tetraorgano Silanes (cont.)

 Intramolecular activation (Shindo, SynLett, 2005, 1, 176)

OH
R1
i o
R?" “SiMe;
OH

R1
| 0] base

R2™ “SiMe,

Erikah @ Wipf Group

szdba3 (5 mol%)

Phi (1.5 eq), Cs,CO; (5 eq)

60 °C, 22 h, DME 40 -70%

ArPdi

&

R2™ SAr
OH
R1
f°
R2” SAr
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Title Paper

Hiyama (J.A.C.S. AS.AP))

Pd-ligand (cat.)
R'-g;i K,CO3, DMSO Si

/ \ 35-80 °C
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Prep of Silicon Reagents

Qe (L
., 070

2. n-BulLi
3. CI(CH3),SiH
83%

e
Br
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HS
/

1. tBusP, Pt0)-1,3,-divinyl- I
HO/\/© 1,1,3,3,-tetramethyldisiloxane O/D
S - HSi

2. TsOH, MeOH (81%) 7\

TsOH /D
—_— o}
83% Si

: *
MgBr
1. LAH —
2. AcCl A
94%
Y

Y
S,
7K
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Cross-Coupling of 1 with
Aryl and Alkenyl lodides

R

(E)-HexCH=CH 1a
(E)-NC(CH,);CH=CH b
(E)-PhCH=CH ¢
MeCH=CH d
H,C=CMe e

H,C=CPh f
(E)-PrCH=CPr g
Me,C=CH h

Erikah @ Wipf Group

entry | alkenylsilane | aryl and alkenyl lodide time (h) yield (%)°
1] 1a 4-NC-C.H, 20 93
2| 1a 4-Et0,C-C,H, 18 96
3| 1a 4-Me(O)C-CH, 17 94
4 | 1a 4-H(O)C-CH, 20 94
5] 1a 4-O,N-CH, 26 99
6 | 1a 4-CI-CH, 19 93
7| 1a 4-MeO-C,H, 40 89
8 | 1a 3-t-BuMe,SiOCH,-C.H, 23 98
9| 1a 3-HOCH,-C,H, 47 88
10 | 1a 2-Me-CH, 47 94
11 | 1a 1-naphthyl 23 91
12 | 1a 3-pyridyl 23 80
13 | 1a 2-thienyl 23 99
14 | 1b 4-Et0,C-CH, 19 95
15 | 1c 4-EtO,C-CH, 19 88
16 | 1d 4-EtO,C-CH, 19 | 91¢
17 | 1e 4-Et0,C-CH, 24 96
18 | 1f 4-EtO,C-CH, 25 95
19de | 1f 4-MeO-C_H, 12 | 807
204 1g 4-EtO,C-CH, 29 92
21 | 1h 4-EtO,C-CH, 25 96
229 1b (E)-HexCH=CH 73
239 1b (2)-HexCH=CH 2 78
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Cross Coupling of 2 Aryl lodides

R = Ph 2a
4-F-C4H, b
2-Me-CgH, ¢
2-thienyl d

Erikah @ Wipf Group

entry arylsilane Aryl iodide time (h) | yield (%)?
2a 4-NC-CH, 7 97
2a 4-MeO-CH, 16 99
2a 2,6-Me,-CH, 13 94
2a 2-pyridyl 13 96
2a 2-thienyl 13 93
2b 4-EtO,C-CH, 3 91

7c 2c 4-EtO,C-CH, 5 81
2d 4-EtO,C-CH, 10 93

13
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Recycling the Silicon Reagent

Pd-ligand (cat.)
R-g; K,CO3, DMSO Si

/\ 35-80 °C 7\
O
1. 1-octyne _
Pt(dvds)-P(t-Bu); cat. )J\O/j@ - 1. LiAlH4
2. KoCO3, MeOH-H,0 H-g; 2. AcCl
/ \

Proposed Reaction Pathway

R' = alkenyl 1 2 1 o2
KD » R'-PdR > R'-R
@:1,) I-Pd-R?
e . - . 2
S — T I—PdR

51 R' = aryl
R Cul Y >  Ar-Cu
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Conclusions

» Silicon coupling reagents are desirable due to their non-
toxicity, stability and synthetic availability.

* Many of the reaction conditions previously developed
were too harsh (strong base), incompatible with other
functionality (fluoride mediated) or required a
'stoichiometric amount of an additional metal.

 Mild reaction conditions have been developed for

coupling with tetraorganosilanes and aryl or alkenyl
lodides.

* For the first time, the metal residue used in the coupling
reaction can be recovered and recycled.
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