Synthetic Applications of Silicon-Based Cross-CogpReaction
GHET A FCEMD Y v 291> 7Y 7 RIS BT A5 FRSE

1. #E

A EL 72 EORE MBI B VB, ~T n s
RER, ~T 0JRT72 EREEI S FakEt Svan R R U
~—ThHV, ZIHERENONRINERT D TEN
KON TS, HESNRTES L CEBL B
kB aRx 7Y TROGINS D, LZAN, 0
AT TV TR X DR Y ~—B T ARG
RO, ZEM, T, e, FYEwE e &
DORIESS, B SHI RO MR DSTREIZ 22 0,
FHX IO OMEE IR T DI A BROGHE
Mo 7 axhy 7V o IROSH il EE zT-. AT
A BEOCANTZENARFETH Y, ~TeFTDru
A7V RO HISHTE, UM EORISH
Thsn. LrL, AU ~—BIHWHIERER Th
5. £IZT, AT ABRCHE e A7) TR
SR T o R Y ~—B R~ DICH Z R LT,

£, BHERRE - RBEARIC L DR ~—Hhk
\ B A FEEJSH] HOMSE Z Wb 7 a2 v 7Y v
2 RO A FHE L 7. HOMSI SRS A it T
FOSHEIT L, 0 A RFREIIR G RERETH D
(Scheme B. & Z %73 HOMSI SUSHI & REskeik T4 2%
WU, EREESFRMHAY NS W o 72, 2 TET,

Pd/Cufitiitiz 1. 5 HOMSI SOt A OB FREL 2 B L=

IR U ~—E RO ISR RIE LD T OB D1 B X
SRR L, SBROGIZET HIEEOM a2 —fgi3h > Tn
AR Y ~—DIRIERAE B L7z
Scheme 1Cross-coupling with HOMS:i reagent
HO/D Egﬁtécat.
Arl—Br + . Ar'—AR2 + O
o Arz_'\snlez I?Illez

weak base
HOMS:i reagent Cyclic silyl ether

Ar2M (M = MgX, Li) |

S I, AR Y ~—DIRFE—~T n TR TR
(ZZOFEEFH LT, AEETHMEOSKIEIZBIT S
HHEDR EAE L. T7RbbAT A FRUSH &
LTYUNAT I VERNWD Z LICL Y RE—EREEE
ST OGOBR L, 7R ~—G~DitH
Z B+ L7z (Scheme 2)

Scheme 2Cross-coupling with silylamine reagent

Pd or Ni cat.

Ar—Br + Me;Si—NR; ‘woak base

Ar—NR,

2. HOMSi BUSAIDFHHFRBLEDBEF 2
2.1. it

Department of Applied Chemistry Kenta Shimizu

JICHEFRE K R

WEDFR LA ZEIZ 1a(0.10 mol),2(THP) (0.11 mmol),
[Pd(ally)ClI> (5 mol%), Ruphos (10 mol%),-&0; (2.2 eq),
THF/IDMF #4580 °CTIIE XA L7272, BRVAERK
¥ 3al3fG b~ 7-(Table 1, entry 1) Cul Z¥RIIL T
FOGEE5 L, 3ah 34% TR LIZ(entry 2) S 5 ITEAME
% dioxane/NMRZH#iz % LU= 80% 2 (7] [ L7 (entry 3)
2 ZITREININT % L OISR E DUED TR b,
RN 87%E 720, N fmstt L Li=(entry 4)

Table 1.Optimization of reaction conditions

[Pd(allyl)Cl]> OTHP

(5 mol% Pd)
ene

Ruphos (10 mol%)
additive

1a 2(THP) 24h 3a
(1.2 eq)
Entry Additive Solvent Yield (%6)
1 none THF/DME 0
2 Cul (10 mol%) THF/DME 34
3 Cul (10 mol%) dioxane/NMP 80
4°  Cul (10 mol%)/HO (4. dioxana/NMP 87

eq)

aUnless otherwise noted, a mixturelaf(0.10 mmol)2 (0.11 mmol), [Pd(ally)C§
(5 mol% Pd), Ruphos (10 mol%), additive;(0; (2.2 eq),solvent (0.36 M)
washeated at 80 MR yield. The reaction carried out at 100 “8:1.%4:1.
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FT, VU7 oA LTz (Table 2) THP LA
Mz t, MOM, Ac, TBDPS TIE#LT-VY T %220
FOMZHND Z R TE, ZRENLWIEET HOMSI
FOSHIORETI NG ST (entries 1-4) 25 Ok
ITENENRR D5 ChfRETE 5. RIZE(ET Y —
v 1 OFFE A 2R Lz, BTG MeO,
(BOC)NH, PhN 23/ SZARIZEHL U 7= BALMIRTE < )X
JEHHEST L7=(entries 5-7) —77, HEEZIE, EKk5 Mk
DEWILAAT 58T U —Z, B 12 Davephost
WD EIRIR L SO LTz, 7aEX0EBr DR
JETIIER 64% T U /U ER A 1572 (entry 8) F, Cl A3
HAFLTH Br QBRI H » 7Y 7 Lz (entries
9,10) Ph<°Ac, CN, CR72ENTNUTEF KRG IEEE b
OFALT V= b G L, w5 v U bR A PR
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Table 2.Silylation of aryl bromide&

[Pd(allyl)CI],

oPG (5 mol% Pd) OPG
Ruphos (10 mol%)
Ar—Br + ' Cul (10 mol%) .
2(PG) dioxane/NMP
(1.2 eq) 100°C, 24 h
Entry 1,Ar 2(PG) 3 Yield (%
1 1a 4-MeGH, 2(THP) 33 73
2 1a 4-MeGHs 2(MOM) 43, 80
3 1a, 4-MeGH,4 2(Ac) 53,60
4 1la, 4-MeGH,4 2(TBDPS) 6a, 54
5 1b, 4-MeOGH,4 2(THP) 3b, 75
6 1¢, 4-(Boc)NHGH,4 2(THP) 3¢ 74
7  1d,4-PhNCeHs 2(THP) 3d, 67
&  1gCHs 2(THP) 3¢ 64
F  1f 4-FGH, 2(THP) 3f, 60
10¢  1g 4-CIGH, 2(THP) 3g 63
114 1h, 4-PhGHs 2(THP) 3h, 70
129 1i, 4-AcGHs 2(THP) 3i,35
13 1j, 4-CNGH. 2(THP) 3j, 26
14¢ 1k, 4-RCCHq 2(THP) 3k, 63

2Unless otherwise noted, a mixtureldd.50 mmol)2 (0.60 mmal), [Pd(ally)C§

(5 mol% Pd), Ruphos (10 mol%), additiveJQ; (2.2 eq), dioxane/NMP (4:1,
1.40 mL) was heated at 100 “Golated yields®Davephos was used intead of
Ruphos?H,0 was not useéHO (1.0 eq) was used.
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Scheme 3Double silylation of dibromoaylenes

[Pd(ally))Cl],

(10 mol% Pd)

Ruphos (20 mol%)

Br—Ar-Br + Cul (20 mol%) (THP)Si—Ar-Si(THP)
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mmol), Pd[PE-tolyl)s]2 (2.0 mol%) DPPF (2.1 mol%)

CuBr-SMe (3.0 mol%) CsCQOs (4.2 eq) MS 3A (100 mg)
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Table 3.Cross-coupling reaction @t with 9

Pd[P(o-tolyl)s], (2.0 mol%)

N DPPF (2.1 1%) N
NN . Hoﬁij CuBr-SMeznzg.O mol%) NN
Bf‘@*Bf Ar—Si ycos (1260 Ar@m
7c Me THF/NMP, 50 °C, 5-9 h o
(0.50 mmol) (1.05 mmol)
Entry 9, ArSi 10, Yield (%)
1 9a ph-s/ 104q 95
Oct_ Oct
Hex
3 9c Qsl' 10¢ 99
Hex
4 od (Vg 104, 99
Et
5 9e s,- 10g 91
6 of PthOSi 10f, 76

@Unless otherwise noted, a mixture @€ (0.50 mmol), 9 (1.05 mmol),
Pd[P6-tolyl)z]. (2 mol%), DPPF (2.1 mol%), CuBr- SM& mol%), CsCO; (4.2
eq), MS 3A (100 mg), THF (0.75 mL) and NMP (0.25)mias heated at 50 °C .
bisolated yield.
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Table 4.Cross-coupling reaction afwith 11



Pd[P(o-tolyl)3], (5.0 mol%)
DPPF (5.3 mol%)
CuBr-SMe; (7.5 mol%)

Cs,CO3 (4.0 eq)
MS 3A

Oct_ Oct

Ar—Br + Si 0.0 Si

1 1

PhMe/DME, 50 °C

(2.1 eq) 24-37h
Oct_ Oct
0 LTy
Si= ) Ar Ar
< i > OO
12
Entry 1, ArBr 12, Yield (%)
1 le PhBr 12e 91
Oct_ Oct
2 1l Q.O Br 121, 67
Hex
3 im er 12m, 72
Hex
4 i LD 12n, 80
S,
N N
120, 95

=3
Br

aUnless otherwise noted, a mixture df(1.05 mmol),11 (0.50 mmol),
Pd[Pe-tolyl)s], (5 mol%), DPPF (5.3 mol%), CuBr-SM&7.5 mol%),
CsCO; (4.0 eq)), MS 3A (100 mg), PhMe (0.75 mL) and DNE25 mL)
was heated at 50 °€Ruphos was used instead of DPfReaction run on a
0.20 mmol scale.
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Scheme 4Cross-coupling polymerization (1)

7c Pd[P(o-tolyl)s], (5.0 mol%)
(0.50 mmol) DPPF (5.3 mol%)
. CuBr-SMe; (7.5 mol%)

1 Cs,CO3 (4.0 eq)
MS 3A
050mmol)  ppye/DME, 85 °C, 24 h 13

X=Br,H Mw =23000
Y=S8i,H PDI=297
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4.1. Pd filiitiz & 5 BT Y — O BE S FSE
Bomoet 2R L7459, 1(0.50 mmol) 14 (1.1 eq)
Pd(ba) (1 mol%) Xphos (2 mol%) CsF (1.5 eq) DMI &
I 100 °CTOME) N 1XA % figid &Il L 7=, 54k b
VL EHAE R U VAT 2 & BAEIOIE D DI L
WOTC, RETHIE L TR ) i & kT L7 (entriesd,
2). BRI R T 0P R0, EHES5E MeO,
NMe,, NPh % & OB TG Z AR T2 2 L 72 <,
FNENT v 7 o TRDBEINEE T DAL (entries 3-6)
COMe, PhCQ CFR;, NO,7 EDFE RS FE )
IR CRIGAE T L, ENBIRTERENIC
RIS HND (entries 7-10) £7-, E@EW2-7 1
T MmO TH R S BUNTETL, mIEET

B 7Y oIRGB (entry 11) A X (A EHIL A
BT RGN D b EEMNAERNA Uiz (entry 12) 1-
BXo2-7axet 77 L EORIGTIEOT UG EZ
< KIEATT b (entries 13, 14)

Table 5.Cross-coupling reaction of aryl halidewith
N-TMS-diphenylamind.4a

Pd(dba), (1 mol%)
Xphos (2 mol%)

Ar—X + TMS—NPh, CsF (15 eq) Ar—NPh,
1 14a DMI, 100 °C 15
(1.1eq)
Entry 1,Ar time 15 yield
(h) (%)’
1 la R = 4-Me 0.5 15aa 97
2 la* R = 4-Me 4 15aa 77
3 le R=H 1 15ea 97
4 1b R = 4-MeO 1 15ba 94
5 1p R=4-NMe 1 15pa 89
6 1d R = 4-NPh 3 15da 99
7 1q R=4-CQMe 0.5 15qa 99
8 1r R =4-PhCO 0.5 15ra 99
9 1k R =4-Ck 0.5 15ka 98
10 1s R = 4-NGQ 0.5 15sa 97
11 1t R = 2-Me 12 15ta 99
12 1u R = 3,5-Me 1 15ua 98
X
13 1w 3 15wa 94
14 1x " 1 15xa 99

aUnless otherwise noted, a mixturel@0.50 mmol);14a(0.55 mmol), Pd(dbaj5.0
pmol), Xphos (10umol), CsF (0.75 mmol) and DMI (0.50 mL) was heated
100 °CPisolated yield“Chorotoluene was used.

A42CNETNT o 7Y TR

CNI 7V TRIGIBWTY, Iy 7Y U TEAK
JEEHITEEAT-DIT, — oD C-NFES Z R IE R S
5 I E T LT, s+, — Rk 7al N-TMS-
U7 2= VT MdarssEs E CNRES ON
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Scheme 5. Double C-N coupling



Oct_ Oct

7a

Oct_ Oct
Pd(dba), (1 mol%
Xphos (2 mol%)

CsF (3.0 eq)
* DMI, 100 °C, 8 h
14a(2.2e
(2.2 eq) 93%
Pd(dba), (1 mol%)
™S, Xphos (2 mol%) p-tolyl,
Me Br + /N—Ph —-CsF 3.0eq) /N—F'h
™S DMI, 100 °C, 4 h p-tolyl
1a 14b 17
(3.0 eq) 92%
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BHAITHWD &, 22 EILEGAR 19 23R 90% Mw 12000
PDI 20 TH45 Z L 2337h - 7=(Scheme 6)

Scheme 6C-N coupling polymerization
Oct_ Oct

Pd(dba), (1 mol%)
2 mol%
o 0.0 By 14b or 14c M’ C-N coupling
(100eq CSFGOeq polymer
7a (1.00 eq) DMI, 100 °C, 21 h

[3. ] {*1 9:1@:“}

85%, My, = 4400, My, = 9900
PDI=22

90%, My = 6000, M,, = 12000
PDI=2.0

4.4. Ni filggtiz X 2 8467 Y — 1 o> B8 A%
N-TMS-carbazolel4d i Ni itz 2 2 &

7V IO A R LT, SeF A ai{b L 72 /6 5, 1 (0.50

mmol), 14d (1.3 eq), Ni(cod) (10 mol%), SIPr-HCI

Table 6.Cross-coupling reaction afwith 14d.

Ni(cod), (10 mol%)

- L Robedemany? o
r—Br + 6
e
1 14d 20
(1.3 eq)

Entry LA, 20,Yield (%)

1 13, 4-MeGH4 203 96

2 1le Ph 20e 88

3 1b, 4-MeOGH, 20b, 90

4 1p, 4-NMeCsHq4 20p, 77

5 1d, 4-NPhCgH. 20d, 99

6 1k, 4-RCCeHs 20k, 83

7 1x, 2-Naph 20x, 90

8 1z, 3-Thienyl 20z 67

aUnless otherwise noted: a mixtureldd.50 mmol),14¢(0.63 mmoal), Ni(cod)(10
mol%), SIPr-HCI (10 mol%), KBu (10 mol%), NaOAc (1.7 eq), CPME (0.50 mL)
was heated at 100 *@olated yield.

(10 mol%), KCBu (10 mol%), NaOAc (1.7 eq), CPME/E
100 °CTONME (ZAZFagm LW L7-. ladDX
T v 7Y 7K 20a% 96% CHT-. FE Tk HE
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& DU TN 909% T 20x Z157=. ~T nEr it 1z
& OIS TITPERIIHRREE 2253 & HB9%) 20z %157
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Scheme 7Cross-coupling polymerization (2)

§iMe3 Ni(cod), (10 mol%)

N SIPr-HCI (10 mol%) X O N Y
O O KO'Bu (10 mol%)
bt b A
NaOAc (0.85 mmol) O
Br Oct CPME, 100 °C, 4d
14e Oct n
(0.50 mmol) 21

X=Br,H Mw = 8800
Y = SiMe;, H PDI =1.70
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