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This research aims at development of catalytic systems to produce
organosilicon compounds from chlorosilanes as versatile and cheap silicon feedstocks. To this end,
we also performed detailed mechanistic study on the key reaction step, oxidative addition of a
strong Si-Cl bond, which has not been clarified academically. Through this study, silyl-Heck
reaction was developed to achieve selective monoalkenylization of polychlorosilane using
electron-rich nickel catalysts. A selective alkylation reaction of chlorosilane using highly
versatile alkylaluminum as a coupling partner was also achieved by combination of nickel or
palladium precursors with a phosphorus-based ligand. By using these reactions, it has become
possible to efficiently synthesize various organochlorosilanes, which has been difficult to
synthesize by conventional methods.
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1. #FIERIA S D =

7 A FACEMITAEERIZE T 28 REIECY Y a— ke L TEERLEMTH S,
HHEr A AW O — R A R FEE LT, LEMEHEEIC LY 2o REICHE TREZ
sany7 b AEERRE L OBRKISNA LN DD, KFET OISO EmWEKSER
HEFIAT D720, BAT L EHREOFHNREN, OQEmEOAHRESERELZHWL1-0, £
SORVERWELELD, LV TS Z2E2 5, LIzR->TC. 7y o 2REHE LT KA
RHBET A FCEMOEKEFREE T2 “Mlt)S” OFFRIX, D TEERRETH D, L
L7 6 ARRUGOERIZIE, 58E 72 Si-Cl fEAUIM 2 L2 72, ZHE T, 1T & A EHREHNIL
o7,

2. MIEEOHB

AWFFEIL, Si-Cl AEA OBLAITINZ#EE 35, 7 v a T OBy 2 B 2 i3
HZEEAMET D, TBETEEREARKCE] WO MAOKISERHZENRD I EITXD,
JE 7R Si-Cl fEAOBLIIMINE S 2 R L, TV E THE BR0WET LWRBE S 23 BIR S h
L0 EHIFEIND, BT, Si-Cl FEE OBALAISINSG O FEAMARA Z - FUT BRI TV, 4
JBSE AR A F N T2 SR B 22 R S O UM RS IC B 2 8 7c ek A b7 69 2 & ¢, AeE
FoBOHERICEIRT S EEBIET,

3. R ik

A EHHET HICHT-0 | [BEFEERERKSHIZE D, REWN S STEELEFRIA Lz,
R 72 Si-Cl FEAUIKT I, EWOMBDT AT 4 TICEESE, SR ERET S, Fi=. 88
AL D © FOSEERE O RFUSMEIICER 0 (BT e 70 & Al RS EE 0 & UG BRSE . BEREMEAT
FCT-HLTERYVMIeZ EIl2kY, HLWMBS 2T 2 BT,

4. MR
4—1. a7 HEOEZERY Y L-Heck it
FBErHEHEOBWWRNY 7 0~F LR RAT L VRN AFERHET D= 7 (0) il i
Ni(cod)o/2PCy; ZFIHT 22 LT .7 unu T VHEOBEBEN T U L-Heck It DOBIFIZKRL) Lz,
90 ° C OREEMET, Hr DBEBEBMEEOR ) —=0 T 5247572 245, 1 mol%d
Ni(cod)o/2PCys BEO MY AF AT NI =5 50mol%, hYUZF LT I AFET, 90° C TL
FREEEOTAERYE L TN ATF ALY 7uny T L AF L EDRISIHEIT L,
CAFNANAF YT an T oRNRIRNICE LN, VAT = BEOERITIE E A EBRIS
Niginote, REONE, BAHEGHEB L OEFREMEEEZAETHEMEAT L VEOHA Y
ooy UEABAFRTHY ., e DT Ty T ENRRREN D BRIEFRIERT
Bonl, U EOKIGT, 74 F-HEHRE EEOBILMNIKSEiRET D, 7 ea v T VO
By FEME LTI TORITHD (Org. Lett. 2018, 20, 2481),

NiCly(PCy3), (1 mol%)
Me3Al (50 mol%)

) Et3N (1 equiv) R R
RSIClz — + A > SUSL
(1.1 equiv) 1,4-dioxane (1 M) Ar Cl

90 °C, 18 h

4—92. rsanav IV HEAMT LI = ARED /0 Al v 7Y 7 KGOS

yuany 7 CHOEHEN Y Y L-Heck S TR L7c, = v 7 Vil 2R3 5 RFE—7 1 %
AL D & LR b REtORER, 7ea v 7 EAKTAI =T LR ED I/ e v 7Y
VRS DRI LT,

5 mol%® Ni(cod) , B LN 10 mol%?D PCy; FAE T, L4~V AFH i, ormavI b bl
TNAXNATNI=ZT LD aRH 7V o7 RSN ECCHEIT L, 3T 5E /7 7 ¥k
e bz 7z, BREN LI12, 24 EOT VI =0 AREEZHNTH VT X BIRO A RKITIF
EAEBRIE NI e oTe, £, MU Zmrua v T B HWTERINE Y TV bR & FA Y &
LTCH %7 (ChemCatChem 2019, 11, 3756-3759.),

Ni(cod), (5 mol%)

RICI . R.p FPCys(10moi%) ",ﬂ’_/R' Fﬁ_/R'
R-Si-ClI 3 — > | R-Si-Cl | + R-Si-R’
CIII (2 eq) 1,4-dioxane |';- |';-

R’ = alkyl 60-120 °C
up to >20/1

LI NT VUL ATFATAI =g AREEANDEZ LI TH LDV MY,
TR 7uual T DA FIERIGBET L, BROICHSTHIATFALE, 7oy T Ui



B2 A bR R UL, FRREEIC, B2 2T VX LTIV =7 AR BIRAZ T7T LV ALK
Jo~EWHT 22N TE T, ERDO= v iz V-6 & el LT AR TIE L VA
#rr on T VHEICHT D A FNALBOG RN HEIT Le (Org. Lett. 2021, 23, 601-
606. ),

cat. [Pd(C3H5)Cl],

cat. DavePhos
R/CI—SIi—CI R/Me—SIi—CI + R/Me—SIi—Me
Cl 1,4-dioxane/hexane Me Me
di-, tri- and monochlorosilanes not detected

tetrachlorosilanes

ARFEEZHAOIIZ., B Fe v UGS ERIA LG 1 B oA mE TR
AROHERFEA DA TN T v OFINIEMNAHE L 72D, BT, WERIETH D Grignard FREE
BRIk Br7un v T OREEBS N E B L CEREIRM R T S L EOE A & RS I ER
b,

4—3. i lUJEE PNNP BEAZ 1% A3 58k (0) S5 D AR & Si-Cl K& OBk s

St DU JEE PNNP B A2 F &2 B 3 5 8k (0) 85 K [{Fe"(PNNP) }2(uNo) ] (1) (PNNP = 2,9-
bis ((diphenylphosphanyl)methyl) -1, 10-phenanthroline) 723, IR CH NI T b7 7 anm
7 > (SiCly) DSi-ClfEE 28Il L, xthisd DERbAIINARM) T 5 [Fe'' (C1) (SiCls) (PNNP) ] (2)
NEEHMEND Z LR R LT, ARSIE. 3deBoE kA W TSi-CliE& OB AT IR s 08
PRz L7720 CTORBITH S, $ERLESICLE DR E-10 ° CTERAHRLILA T Rz
EVBHTSE, 7 oK [Fe'CL(PNNP) ] (3) 23HMIRE LCARKRT S Z MRS
TEMD, TV X BSI-CURE AN N TR Sz, BLRELNC ST, $BK 1 kSicl,
EDORRNEY 10-Ve FuT v I 2KBREE L QRIRSGMHET T PR /7 VINER LT,

sauny T roEFEEETOE v T ARt 74 #BbFETEICBW TR b BERKED
—DThbH, AISIE, ME2SI-Cl #EEOUIW 25 729, LiAlH, 72 & O & ROCER K 2 &
EAWTEFER R TH D, Tkt L, AT, 7 av v T v OBRLIIMIIRIGEN 7
CHNMEEIZ L VT T AL T, BHICSi-H AP ZEREIND Z B LNE R oT,
PLENS, Si-CLEEA DT NN, Lk Fas T 0 AlTFEL LTHEHTHL Z LN
RENT,

Cl
thP —
N N ~PPhy . p |—\
Cl3Si=-Cl
1/2< Fe\N N*fFe i % N e 'PPhy
PR, pph N N CeDg, RT, immediate X ‘\Pth
SIC|3
* SiCly 2 (quant)
-10

°C Fe PPh2 -10°C-RT
PPh2
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