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Hydrosilylation Reactions of Alkene with Tertiary Silanes
Catalyzed by Iron-Series Metals

Sun, Wei* Zhu, Shoufei**
(Frontiers Science Center for New Organic Matter, State Key Laboratory and Institute of Elemento-Organic Chemistry,
College of Chemistry, Nankai University, Tianjin 300071)

Abstract Transition metal-catalyzed hydrosilylation of alkene has become one of the most important and fundamental ho-
mogeneous catalytic reactions, however, such reactions still face the problems of massive consumption of precious metal cata-
lysts in industrial applications. Iron-series metals are abundant in the Earth's crust, cheap, easy to obtain, and biocompatible.
Compared with precious metals such as platinum, iron-series metals have many advantages as catalysts, but there are still large
gaps in catalytic hydrosilylation of alkene and tertiary silanes, especially involving industrial applications of silicones, and
cannot replace precious metal catalysts for large-scale industrial production at current stage. The development of new
iron-series metal catalysts for the efficient and highly selective hydrosilylation reaction of alkene with tertiary silanes and the
in-depth discovery of the regulations on activity and selectivity of the catalysts are of great research value and have become a
hot research area with a series of important progresses. The research progress in the hydrosilylation of olefins and tertiary
silanes catalyzed by iron-series metals is systematically reviewed, the challenges faced in this field are discussed and the future
development direction of this field is also prospected. Only the reactions promoted by homogeneous catalysts are introduced.
Keywords iron-series metals; alkene hydrosilylation; tertiary silanes; silicones
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Table 1 Several types of silicone products and their uses
yss T4 S e
HSIEt Me o~~~ SiEt Gr b A RIS,
’ R D 6000 I
M N
) > HSI(0EY): Me . ~_-SI(OE); HUR T )
HSi(OSiMes):Me Me._~_~_~_ Si(OSiMe;),Me A M it A3
Me{o o HSi(OSiMe:)zMe Mefo ™ Jio - SIOSMeMe s imgita R i 7
N ~_Si(OSiMe;),Me
oi]i:rH HSi(OSiMes):Me o @M S
Oil\v/o\v/§§ HSi(OEt)s Oil\v/o\//\\/SKOEﬂs R KA
~ Si(OEt)
HSI(OEt)s RRBHE 1%
N < Ay
\ Ve [Me ] Me Me [Ne T8 ]Me
\—$—o §I—OT-Si Me~Si—O+-Si~0+—Si—01-Si— IR .
Me LMe In Me Me LMe InlMe JyMe SHREER &) i
SL6100 SL6020

R 2. Ak, 1973 4, Karstedt ZHPIRE TR T -4
I SRR EC A7 Y Pt(0) e A4 (Karstedt’s AL F), 1ZAE/L
FIREAR b My i T S i b, BB e TR )e
TSN I RCR IR B, (H R BRI B 27 AR
YRR, R 5 AN ™ R R B, L I R A
it SACF AL, RS = i TR B — D4R 4l DL
IR B A AR (1) B AT . O T MR A K R 1) T
i, Markd SR LA I A AR = ECAAR 51N B4
AT, AR T AR AR E 1, B — D

e
|
Me\/M + MegsiO*S‘i*H
OSiMeg
(MD'M)

by-product
Me - Si(0SiMe;);Me

from dehydrogenative silylation

[Pt]

T RAME AL AR e ek S BN F R R £ % (Scheme 1),
LR SR, B Pt AURN St s AL
A JtaHEsh TABUE TR AR, ARSR Tl ERH
ARERE A & A P &4, A IUEIL S B A B
MR R SR T 132 4%

B ke AR MR IR S, — RIS e R
WFIARAR R R ok, A ROt T R e S R
LR AR R, (H2 H TA U o2 Bl A Y
AT ER R T Sr SRR, AR EKR, T

Me _~_~_~_ Si(OSiMe3),Me

Octylsiloxane

Pt catalysts Me Me Me\'Y'eMe\
sl A Si. S
H,PtClg* xH,0 o Pt—ﬁ
si X
/ N\
Me Me

Speier's catalyst

(1957) (1973)

Karstedt's catalyst

Me _~_ - o~ 3
Me\/\/\/\Me e 7 Me !
from hydrogenation from isomerization !
Me Me Cy
Me Me / /
AR Me siiA N
\/SI / N
1 Pt/ O O /Pt—< jl
i .
S W
Me Me € Me Cy

Modified Karstedt's catalyst
(Marko's catalyst, 2002)

B 1 BARE LI ik A S B
Scheme 1 Pt-catalyzed alkene hydrosilylation
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Forp 2 K 22 BB A2 TE VR U L ARy — R St s,
Ik ES B, (EMTE P K E BEARAR, T B U5 385 1) ] A,
B AW EE, SO AT 8 R B i5 G 7] i
PRI 0, 1 A ) K R s P A 755 T R 48 A R A o 1 22
R, KSR BRI R &R R A AR R S A S b
HA T EENE XL, CROVR AR ROUR, I HES
T R EE R

B B BEMOTRIBSNE A A 4s BT, R
REKANZR) 3d P ECRF, 29008 6. 7. 8, EATHIIR
TR REL, FrECE TR BARARL, AR ek &
TR RRERAR KT EREE, FRETERER,
JEH AR AR T P R T4, AR, R T
R HERKPERE. NBETEWEE, RRE
JEALT R, KSR~ AR
(4d 1 5d & J@)BC A W047 1 AR ik 7 246e, R IP
JRITFEJR G5, A&+ AL SM AT B e, X
BRI RSBEATTIRAE . ILFEXR, AR
AL R 5 = Rk Joe A ek S A S R E 9T 52 BBk Bk %2
MISGHE. AL EERR K, RGME |8k R &R
PRI 5 = R e ARk A S SR FEE e, 4RI IX —
A3 AT I Bk, R R EE T i AU R SR K 7 17
AR HIWT TR IR TSR AR R, ANE S AR AR
k.

1 SEMRRS=RERESHRE
Yoot AR P B L I &R eE,

H APk ER BRI & T KRS I BT A Bk, Bk
BA RIGFMAED AR, —BAELTFER—MHMEICE,
IR A LSRR EARZS T 2 EERE
ad . BRE RS, MR TR
HEERENSHE T B, KN ERrilag 2
PR AFIA RIS R R AEH, B A 78 )
ROR. L b, LRI HER, RIE MBS
B4R 724 N0E B Wt st e, #osTh B T 2 Fiik
SRR, NS AR S N RIS 1 SR A I BN, I8 AR
2 R TR OO R ok, F TG AN BB
B ARSI, FEAND SN HRAAL T FL B AL 7 1)
T PR B R

55— B BR AL I R e AL OV AE 1960 S
Nesmeyanov W& (Scheme 2a). A1 A Fe(CO)s 1
FEF, RS =Rt A R I#E] 130~140
°C, 1E i s R 2 MR 3] T RES A Y e SR e A0
SHEWI PG B R A . BRI, TEfEL &
155 = C RN ROV, Gl I I 2 S = R
e, W] LAAS B S Y el S A ). e
HIEON, 2R R 3B g S =, T
Jeat EIE AL, 3 AR s A R A 2
15 = SR R N, T2 OISR &, ARk
HER 2 SR AR IR & 724, BEJS, Wrighton
LU0 Rk Rk — PRI, EUT AN G T,
Fe(CO)s A 15 = W Ak b 1) s S A 28 it T B mT ik
17, SRTEHR )RR 3] TR AR AR RS

(a) Nesmeyanov (1960): The first example of Fe-catalyzed alkene hydrosilylation

0
RPX + SiRyH Fe(CO)s (1.5 mol%)
; ) 130-140 °C
(1 equiv.) (2 ~3equiv.)
R =H or Me
R'=Etor Cl

(b) Wrighton (1977)

L
79% ~ 83% yield
60% ~ 100% HS?

H ' !
ARy e RN SR

@HS = hydrosilylation selectivity

H : H
A a a Fe(CO)s (1.5 mol%) o SR’ H
R™X + SiR's-H SiR'3 | 5 S
7 1y (300 ~ 380 nm), rt., neat R)\’ Bt R N T)\’
R = H or alkyl 7 examples t----------- y-product ..
R' = Me or Et 5% ~ 99% conv.
20 ~ >99% HS
(c) Nagashima (2013) Me
H Me' N,
C1 (0.1 ~ 10 mol%) Ho!
X+ [Sil-H . Me |
RO [Sil toluene or neat, r.t. or 80 °C R)\/[SI] \S',, si—Me
R = H or alkyl 9 examples @ /‘Fev..\ Me
[Si]-H: HSiEts, HSi(OEt)3, HSi(OSiMe3),Me, 73% ~ 96% yield Si (l:O cO
HSI(OSiMes)Me,, etc. TONSs up to 2000 Me/l\|l|e
Cc1

B 2

PRALRIC S VAR St S AL O

Sheme 2 Carbonyl iron complex-catalyzed alkene hydrosilylation
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BIHEFE =R SR
X = HR A 77 W0(20% ~ 99% Tk A Ak %k £ ) (Scheme (a) Nagashima (2015)

. e -, . © . . (COT),Fe or (MPDE),Fe
2b). 2013 4= Nagashima 538 7 — 2B #i ) —rEHE — (0.02 ~ 3 mol%) H
S 1 R A AL 1, % B AR o G AN v s NS00 s o L sy
CoHg)Fe(CO)s FIl 1,2-X0 (- Ak 2 R AR A FH v Fe /K R AT o 24 examples

HEAT BEG T AT A A HAS 3. R ER—0 T
1,230 (- FRE ) 2K (O N REZE RN 23 7 CO 43 Bl e Az
R b, FIAMNEH — 0T 0 1,2-R0( ) R
DAL A /S Si—H 8 LA ?-(Si—H) 8 i 7% 30 5 2R Be .
R P R A 77 65 R TR T 7 A2 R AL R0 S 1 8 A 3 2
WP, ZEATI T =R A P O IE S R
A b (PMDS) I HE S A N, f =1 3% AL B (TONs) T 1A
2000 (Scheme 2c), 11 H G A & I SUREAL AL I B 40 55
IR SE PR R A

TEN CO KIS Tk, RIENCOIENRASBE A
5, W] DMEL A R RS AL B, 2015 4, Nagashima
SED2F 58 T (COT)Fe (COT, 1,3,5,7-3F 3 U 4) 5 (MP-
DE),Fe (MPDE, #°-3-H 2 i E) 1B ML, 54
NIl bE J2E 57 i (CNAd) B LA 75 Bl 5 = ki )R 5
IREE S AR R, I HE 552 v P A 1 v P R e 3 P 4 o
(74%~99% ISR, 88%~99% kA ik £ 1t). HLHE
AR, AT ECA L ATRAS FI(MPDE) Fe 1t 4 NIl Ji
55 (CNAQ) [ 50 B R FCAARZ B8 & R ok, 3 KW )6
BB L S8 ORLAT, 77 A EE RS ML)
M “Fe(SiR3)2(CNAd),” (Scheme 3a). “Fe(SiR3)(CN-
Ad),” HIVERMLER TRl it Fe—Si #EMIINR=4
TEPEE AR R S EAGIE IR, (ER A FER FL R R
B8, (COT),Fe M(MPDE),Fe % 4% S 4 N BUK, Xf
SN AT BN TR ELR. A T SRR RS e
PR IR R, 2016 4F, Nagashima 25151k B4 H Fe(OPiv),
(Piv, H5IRBEIL)HACE (COT) Fe, [FIFERENS N m R0
AR R 5 = G0tk o 1) IR S IRIE A R J8E(84% ~99%
%), H Fe(OPiv), H & fae Mo m. SAM %M1k 1Ak
RGBSR R PR, AE T 5 5 A0 7 Bk kB
JaJe, W] B e B I U TG A 40 V5 1 (Scheme 3b). 2018
G, ZEAEIT KCs iR FeBr, J5 5T 2 71
(CN'Bw 4, 373 T EM K Fe(CNBu)s AT, K H
FH T A 2% 5 R0 05 TR 6 Tk BOAR 1 0 /2 5 HSi(OSi-
Mes)Me, IRESA R, K13 T 1R = U2 14 (Scheme
3¢). M Fe(OPiv)/CNR fEALAR R, Fe(CNBu)s £ILH
B o AR A 35 T R e R

EHR CO F1 CN VR AR A — Rl 2k, 1
I e 5 = g berE S R B AN B SR8, (H
SRS H, ZSREAAAS I R R & T e AR AT e v
WA HURE T A A= BR . DR i o J 3T A IE A4 1 1)
BRAEAL 7 RAS T N E . 2012 4, Chirik ZE0SI7E AL
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[Si]-H: HSiMe,(OSiMe3), HSiPhMe,, etc. 74% ~ 99% yield
88% ~ 99% HS
TONs up to 5000

(MPDE),Fe CNAd

Proposed reaction mechanism for the generation of catalytically

active species
e~ o |
= CNAd = H-SiRg
—_—— —_—

Fe /Fe\ Me
AINC™ 7

D >

Me—<q
AdNC” | r X AdNC”
' N II \ \

R3Si—H Me \H" Me
Me—@
- Fe />, "Fe(SiRs)(CNAd),"
AINC™ g, 2 2

catalytically active
species

(b) Nagashima (2016)

Me Me  Fe(OPiv), (1 ~3 mol%) H

L. L. CNAd (2 ~ 6 mol%) .
PN Qi —Qi— Sj
R™X + H-Si—0-Si—Me [Si]

| | neat, 50 °C R)\/

Me Me

12 examples
R = Ar or CH,OR' 16 ~ >99% vyield
(c) Nagashima (2018)
Me

Me H
\ \ Fe(CNBu)s (0.1 mol%)
X+ H-Si~0-Si-M [
RS i/: © i/: © neat, rt or 50 °C R)\/[SI]
e e

R = Ph or CH,0OR'

B3 IEAE IS AR e S A R R
Scheme 3 Alkene hydrosilylation catalyzed by complexes of
isocyanide and Fe
Kot AL R S T BB T — A AR AR R B T,
T RS R U % (PDI) 28 2 WS AR R (S & P4
A TR 5 =gkt AL R R, BAS 1
ER T, HmE SO i e A4 (PDI) A1 — A 2k 5 (FeXo) T
GV SEH Brookhart ZEUCHRIE, H TGRS
SBE. Chirik S48 HTAH-25 I JRAR S0l L R, 153 —
FRAIAL I BZ BT C2, AT 1-Fm M
HSi(OEt); %5 2 M S A Uk Tk i) = Z i be i ek Ak

4 examples
87% ~ 99% yield
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SR, AR N 2% AF R R, i HL R 4k ) A TR
0.004~0.02 mol%, HALHE(TONs)EIE 25000, PLiTF
JE B IR — I e D IR0, Wit HiAg 21k
FE. RN, AR C2 ] AL R R R e A I
A= be (K7 Al AL SL6100 AT SL6020 & A= 28 Bk
B, B3 B2 B = s T issisn), Hotkae s Tk
15 FH 40 e A4 750 A 7= 1) 28 K 77 4 B A AH 24 (Scheme 4).
Chirik £ % JE {3 St e XU & Bk AL 77 SEBL T 364N
1EEF= & BG5S = gk b S0 R B i s AL
T, BN E SRR AR, B T AL Tk
FEHL SRTER ) 2, X SRR AR A I 1R
etk RE, (HRRIRIIK . ASE SRR U, BT R )
S GEAT N ET 2, P E PR ] T AR T AR R R R
.

Me _~_~_~_ SiEt;
0.02 mol% C2, 97% vyield
HSIEt; textile finish lubricants

or
__c2 Me_~_~_-~_Si(OEt);
+ HSI(OEt)3 neat rt .
or 15~ 45 min 0-007 mol% C2, > 98% yield
i i penetrating sealer
) HSi(OSiMe;),Me (>6,000 tonnes per annum)

Me _~_~_~_ Si(OSiMe3),Me
0.004 mol% C2, > 98% yield
additives in cosmetic formulations

\ e [Ne ] e Me [Me ][4 M

S‘i—O S‘i—O §|—\\ + Me-S‘i—O S‘i—O Si—O}Si—

Me Me J1n Me Me Me ImlLMe InMe
SL6100 SL6020

c2
— > crosslinked silicone

Ar = 2,6-M6206H3
C2

B4 C2 R
Scheme 4 C2-catalyzed alkene hydrosilylation

[Al4F, Chirik SEUAHL —He R BRAE 54 C3 Ml C4 B
RERS i RO AR I 5 = e o I e AL S ORE. A AT 738
it LFeCl, (L=PDI or terpy)-5 TMSCH,Li & 4= it 432 #t
SNE, B T AR C3 AT C4, FFIG A T
146 5 2 P = ket S AR, BA>95% )AL %
s IR B SRS D IREE AL = )(Scheme 5). XHiEfL
A C3 Al C4 FEAT X 4 WEFE L >"Fe Mossbauer 1)l &,
GhE w2 B AR (DFT)THE 7T, KB P SR HEAL 71
)RR 5 A R Y Fe(LINW R, 2k Hb O S Bk gk A
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R E B TR L, RS RS,
B 7 RERR O RIE.

C3 or C4 (0.5 mol%
Me\/\/\/\ + [SiH ( o)

neat, 60 °C, 1 h

[Si]-H: HSIEt,, HSi(OEt); and HSi(OSiMe3),Me

Me. _~ o~ [SI]

>95% conv. of all cases

| X | X
M ~ M
e | T | e | N lil/ | N
Ar/N\Fq/N\Ar /N\I;e_/N Z

Me;SiH,C CH,SiMes Me3SiH,C  CH,SiMe;
c3 c4

B 5 he kil & WA i A S R
Scheme 5 Iron dialkyl complex-catalyzed alkene hydrosilyla-
tion

N T G R e R U B PERR AL, SRR
SISV R T —Fh B ARE 1 Fe(LD)MEAG TR AT 7E L S 1)
VRN B A s PEBRAE AL TR A 750, AT T A e 1
— R T b IV e — ARG AR AN Bk S S P HE AL 7 S,
£ NaBEGH I R FIAAAE T, I 2 M i Sk 5
2 — N " ek S ERAE S SO, e T T T A
BRI AR, IZSRAEATTIE REMA fELL 1- )
55 HSi(OEt); 1 HSi(OSiMes):Me %5 =ttt [ B, 53731
LL 95%F1 91%HINCR SR ES M=) (Scheme 6). L&
A8 P DR 35 A P S BE 9% 11 A0 S NE B A, (3 T IO A4 VR
7, AR AT MARAS gt P VR BR A AL TR ) B S A e
PE R, ARORR A T LR AR AR

Me C5 (2 ~ 5 mol%) M~~~ SI(OED;
: NaBEt;H ;
HSi(OEt 3 9
i(OEt); (4 ~ 10 mol%) 95% vyield
+ or —_— or
toluene
HSI(OSiMes),Me rt, 3h  Me -~ _~_~_-Si(OSiMes),Me
/ 91% yield
| X
= Me
O N
Preg_ | |
P—_ | N
i/ Fe Ar
Pr / ~
Br Br
Ar = 2,6-Et2C6H3
C5

B 6 C5/NaBEtH LI KR E AL SN
Scheme 6 C5/NaBEt;H catalyzed alkene hydrosilylation

2014 4, Thomas 511k i EtMgBr 25 4% [ 1B 5
VERE IR E AL TR AT C6, TGRS
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BIKE

= RAEG ) IR RIS SN, I — 5 A S 1t
AR U B g i A2 14 (Scheme 7). A A4 A X6 AR 3
TRAL B SR BEAE NI JE ), EME AR T AT
Il A L, W 4,4 B IBOR I AR R TH B
BB Fe(l), BIINA Fe()Fh =2 A0 s M
()3 P T A

C6 (1 mol%)
EtMgBr (2 mol%)

THF, rt., 1h

H
RJ\, [Si]

14% ~ 86% yield

RX + [SilH

R = alkyl or aryl
[Si]-H: HSiMe,Ph, HSiMe,(OSiMes), HSi(OSiMes),Me
| A
Me = Me
100
Ar” \FQ/ SAr
c’ T
Ar = 2,6-Et206H3
C6

N
Iron oxidation state experiments: Fe(l) was the average oxidation
state of active catalyst

C6 (5 mol%)
TolMgBr (10 mol%

) H
_omiger (11 motv) .
THF, rt, 1h ph)\/S'HZPh *

93% yield

2.5% yield

B 7  CO/EtMgBr IR T S
Scheme 7 C6/EtMgBr catalyzed alkene hydrosilylation

2016 4, FIEAFRPOMRIE | —RU g mAELE R, LA
UESEIL T B AN AR 1) B P Jo FE e e R R P e A, 1%
S EHBRAEALTR] C7 AT v RO A AN BEIR Joe dee i 2 it 2
S, AR A, DOAIE 9T TR LR C8 BE
REMS HEAL P e A AL B I, S RE iRy AR s e R s AL
Ui s 5 =T e R AR I T IRAE A SO, e A A
Bkt b, SCB bR e e 1) A M e R e e ) e B e
{k.(Scheme 8).

2020 4F, Kamitani S5P2HRIE | — 5 T 0k 22 1
PNN HHERAA S SRS & C9, # LA Tk
1E+ ¥ 5 HSi(OSiMe;)Me, Al HSi(OSiMes),Me FIRES,
R BERIEF, 53 AERTF T 97%H1 98% 1L 2R, DL
94%F1 82% ML A ML PEPE. Kamitani 50, (AL
C9 1EIEJF FINE N A adE AL 1) Fe(0)P0Fh, 14 Fh
5RYIG RIS B A A, b5 SRR AL
[k B, Ak B KA FCAASIRCAR SRR, TR
IERAIRN Y C, )5 i R FRB™ Y, FRA TR
H57(Scheme 9).

2 HEMERE=SERESHRN
B HLAE SR 0.0029%, FE KT, HEm

Ph"Xx + PhSiH,
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C7 (1 mol%) [Si]-H (1 equiv.)
TBE (1 equiv.) C8 (10 mol%)
NaO'Bu (1.2 mol%) NaHBEt; (20 mol%) RSN

R/\/Me
rt., 12h

neat or p-xylene
200 °C, 10 ~ 300 min 11 examples

27% ~ 77% yield

R = alkyl or aryl
[Si]-H: HSiMe(OSiMe3),, HSiEt;
A
Me = Me
s o B
e 1 i N— N
’PI‘ZP\Ir_/PIPrZ Ar FQ Ar
Hl Tl B Br
Ar = 2,6-Et205H3
Cc7 c8

ll Design of tandem dehydrogenation-isomerization-hydrosilylation of ‘

; alkanes
e P P
N R RNF
| fast olefin
isomerization
[Fe]
[Si-H |
Transfer 1
[l dehydrogenation [IfH2 R/\/\[Si]i

BRI 8 BK/Bk R A AL e e it S A
Scheme 8 Alkane dehydrosilylation reactions promoted by
combined catalysts of Ir and Fe

TRERNSE. B, G55 5 LA =F B & H 2
40000 £5F1 70000 5221, B R REE A N B 7R
1965 4F 1 Chalk Fl Harrod 22341, A 114 F Cox(CO)s
AT, SEIL T BN E 5 HSI(OEt); 55 = JEkE i =
Oy [RIEEA SN, AR R AR, FIFE 2 0.06 mol%.
RS R T IE R S A R A I, B DA
AR o 75 B B 9 1% (Scheme  10a). 1978 4E Kalinin
ERAE ] Cox(CO)s TENMEAT, o M I o 42 Y0 [ B 3
R A, mEEZMERBMLIGERE, JEREREA
T} 75 B % (Scheme 10b). 1997 4, Darling 251250 1A
AR 2R 5N B ZZ BRI R K 0 5610 0 K it 5% B O
BRI ERERIRY, M SH xR =g 5 R R E
G RSN, A U s 2B N R 2 52
RAEWEEAR M, 125 GBI 2SRk 2 T EH
#H4 B (Scheme 10c).

BT Cox(CO)s MM IERES AL B LR, FL7E
1967 4 Chalk 1 Harrod S50 34T 7 4RI 7. A
B = RERE(RSIH) 5 HE4L T Cox(CO)s HEAT 4 251 F 5K
ORI, R R BEAR T R3SiCo(CO)s 1 HCo-
(CO)4, 53 VAN T XA I S B R B, A HCo-
(CO)s REMBIEAIEE A, T R3SiCo(CO)s TofEAIE

Chin. J. Org. Chem. 2023, 43,3339~3351
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C9 (0.1 mol%)
NaHBEt; (0.5 mol%)
e

neat, r.t., 20 h
[Si]-H: HSiMe,(OSiMe3), HSi(OSiMe3),Me

n-CroHar X + [Sil-H

97% ~ 98% conv.
82% ~ 94% HS

[Si]-H
|
CyZP\ Fe—

4~
ClI ClI

C9
NaHBEt;

R

B9 C9/NaBEtH ALK IEEES AL S
Scheme 9 C9/NaBEt;H-catalyzed alkene hydrosilylation

(a) Chalk and Harrod (1960): The first example of Co-catalyzed

alkene hydrosilylation
C0,(CO)g (0.06 ~ 0.6 mol%) H
RJ\, [Sil

neat, r.t.

RX + I[SiH
(3 equiv.) (1 equiv.)
R = alkyl
[Si]-H: HSiEt3, HSi(OEt);, HSIPhCI,

(b) Kalinin (1978) !
R)\/Si(OEt)g,

7 examples
33% ~ 91% yield

(c) Darling (1997)

Co,(CO)g (0.8 mol%)

R™X + HSIi(OEt),
neat, r.t. ~40°C

R =Ph, TMS, efc.

Ps” XX + HSIR,C

H
Coy(CO)g (2 ~ 4 mol%) ‘
toluene, 60 °C Ps)\/SIRZCI

Ps = polystyrene

' 3 examples
R = Me, 'Pror Cl

33% ~ 53% conv.

B 10 Cox(CO)s fiE bt AL S8
Scheme 10  Co2(CO)s catalyzed alkene hydrosilylation
PE. R ARATTER AT REI AL A L H 56 ReSIH 5
Coy(CO)s fEFILER HCo(CO) (A), ZHFH IR RCAL,
B Ja K AEITRS AN, Bt sV E BB R C, 1%
Y5 55— > TRk R AR A A AN AE R D, Rt
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JRTHBRRETBO= W, AR PEMEAL T HCo(CO)s (Scheme
11a). #£F Chalk F1 Harrod 2532 H 1 H 6 P 1 AL
L,Co-H JA Zh AL HIBE 5 AFRZ A Chalk-Harrod #1
HIF—HITHES.

(a) Chalk and Harrod (1965)

Co,(CO)g
H lHSiRS
SiR
R')\/ IR3 HCo(CO), RN
A
HeH
, Co(C0),, Chalk-Harrod HCo(CO),
R)\/éiR " Mechanism ?
D 3 -
R' B

/

. H
HSIR,
R,)\/Co(CO)n
c

(b) Wrighton (1980)

R3SICO(CO)4
y l-oo
RySITT :
R4SiCo(CO)s /
)/ )
|
Modified .
Co(CO
Rysi” >-F0C0% o k-Harrod RSS'?O(COk
D' SiR3 Mechanism =
B
HSiRs

SiR3/\/C0(CO)3
c
B 11 CorCO i L eTE AL R LI

Scheme 11 Mechanisms of Co2COs-catalyzed alkene hydrosi-
lylation

1980 4F Wrighton &2 IEPH K A(355+£20) nm HIH
T, FIH 0.054 mol% Et;SiCo(CO)4 AL 1-14% 5 HSi-
(OEt)s S, 2% LA 60% 17 3 AL B B IS 747,
THRIRLAMEEHER, I 2] H ESiCo(CO)4 1
FEH R MR RN EGSiCo(CO)s, KA 54 e fr
ML &Y. ARIENBESLIG IS R, FHAE Pl 17—k
T L,Co-SiRs ¥ i VAL 77 F AL 6 2F: RsSiCo-
(CO); (AN S e Be L 5 & A TE A 1l N AL e M e F ik
C', WG 55—y TRl R AR A s A e 18] DY,
a3 SR BRBE TSRO, A4 L.Co-SiRs i 14 )
(Scheme 11b). ZHLEEHEFR AN IHEE K] Chalk-Harrod HLEE,
—HIFHZ 4. Chalk.Harrod F1 Wrighton %5 &% Ji& (1) f#
ok &, BRI T IR S = g0 b i i A SO,
Xof PEACATL 1) R UR N BT 5 08 22 S5 BRAH SRt T4 8t 1 A &
AR, (H2 BT X MR R R I e i S
FAC SR RN, — EARBOER .

http://sioc-journal.cn/ 3345
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1993 4 Brookhart F1 Grant 252806 ] T AL 245 58
A N AL (TN AL C10 51N\ B RS AL I SN A
2, A 1 mol%[ C10 4K 1- Tl 5 HSIEG )3, LA
T5% 5> BCRRAT T S IREEEL =4, A A 1 i A%
BAZHESLS, BROERR] T - B A R C, EHEIE
SET LA AR R R BRI R A A P A R S S
IER, T8, ARFNNZESN R NE T
T A% Chalk-Harrod HL¥E(Scheme 12).

€10 (1 mol%) Gy~ SE

DCM, r.t,, 20 h 75% yield
Modified Chalk-Harrod mechanism:
[Co]
1]
C10
+ HSIEt
) CoHg e
n-CgH43SIEt; [Col-SiEts |
A L
C4H
HSIEt, 4o
[Co] (Col—|
D B
C4H
\ e o/
H SiEty
C

confirmed by
low-temperature NMR

ﬁ,@__l BArF,

Co
(MeO)sF ,qj
c10

EX 12 C10 I RRRE R I
Scheme 12 C10 catalyzed alkene hydrosilylation

2015 4F, Holland VR & 17— - Z W f&-Fh(DAC
G C1l itk Z R B IR R A E se B E /2 5 HSI-
(OEt)s M 5 IRFESA B, 3R B 47 I A0 % 1 Ak
PRI (67% ~80% %, 90%~98% 2 Hy [N Al ik £
P£)(Scheme 13). BT IX LA MBS AL B & A2 0E 1%
%, N BN R R JC K B AP R T, A
TR EZR AT ST, MAEA EtMgBr 5558 R
FEALIE AL FIFT R LCoCly, #1512 [ AN 5 B
PERS R RRMRIBEAT, FEAE A5 14 5 A s PR A AL 771
C11 FEAMY. AN RN R4 ] 7 L.Co-H H
3lIf¥) Chalk-Harrod HLEE, tHRIHEL N T H HEEJIFE.

2016 4, Nagashima £ 3IfEHIE Fe(OPiv), 5 CNAd
ERCEIR RS = e SR B[R, ks T
Co(OPiv), 5 CNAd AL A [FIFERE RS = U AL Lok
SN, EURH T SR AR LA B 32 (1 A ad Y

3346 http://sioc-journal.cn/
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C11 (2 mol%) H
) . :
neat, 60 °C R)\/S'(OEO3

M

R™X + HSi(OEt),

c1

Selected examples:

Si(OEt), Me Me

Me Ao~ A~ siOE,

67% (98%) 79% (96%)

Me

Me .
L~ SI(OEY); TBSO._ I _~_Si(0E1),
I

Ph~
Me

80% (94%)
Yield (linear selectivity)

B 13 C1 EE RS RN
Scheme 13 C11 catalyzed alkene hydrosilylation

% ot FEFN 57 BRI I8 LA K 1,1- UG J2 3 e LA
P05 ISR AN S 5 O O BRI R S A 21, 2
P KA HURE Tk B ) = ek e 33 g 5 06 08 = B
(Scheme 14a). 2018 4F, iZ R4 M0 Tt il 15 1 =40
B AT Coo(CNBu)s I TG 1 5 = hit e A
N, 3R T 8 Co(OPiv),/CNR AR 2 = AL
15 (Scheme 14b). H.455K %, Nagashima %5 & J& [ F1
iR ES RS RIE R AR R, Tt 502
HIL TS 2%, fEMAIRES =t b i S R
b, BRI (A3 R I — BUN R E A R R
{ERTEIRYIE e Bl & B R

73% (90%)

Co(OPiv), (1 ~ 3 mol%)
CNAd (2 ~ 6 mol%)

R2
aosl @

neat, 80 °C
R2 [Si]-H: HSiMe,Ph, 19 examples
HSiMe,(OSiMes), 93% ~>99% yield
R1& +[SiFH = HSi(OSiMej),Me,
R1z alkl | HSI(EtO), i
= alkyl or aryl ) _ ,
R2=H or Me C0(CNBu)g (01 ~ 1 mol%) R1J\/[Si] ()
neat, 50 °C

[Si]-H: HSiMe,(OSiMe3),
HSi(OSiMe;),Me

8 examples
75% ~ >99% vyield

B 14 REAES RS & YA e S AL M
Scheme 14 Alkene hydrosilylation catalyzed by complexes of
isocyanide and Co

2016 4F, Fout SEPRJE T —FHil i AR 52
(NHOESEE &Y C12, JRR A T e 5 =t b
AT SN, X T 2 e 2 A0 57 ZEHUR R e,
HRIRAFACT WA A0 B — ) B B BODN BRAE H%0E, Re l2
XTSI B PRIE S ORI (o I AT A R,

Chin. J. Org. Chem. 2023, 43,3339~3351
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fik S A S N 38 B A K A2 (S 62% ~99%). AR AT TR
PhSiH, 5 C12 RETE RN, MM R 7 2515
B RO RD E, $ENIR AT RE AL C12
SeXt HSiRs KA INAL, ARk A 55—
F HSiR; K4E o E AR E. Rk, XFF NALEE,
RATTIAA), BRI A 50 0 e A e A < i 2 i
[E4k B, B B J5 & A E R4 N A2 B 44 C, C e fa kA
W JE BRI, FAEMEALTT C12 (Scheme 15). Fout
SRR TR AN R 0 7R B AR RE 8 ML I 1R 5 = R Je
RAE R IREE AL SN, (LR (A v P AN o (A 77 P
B4 5 mol%), FERMALRLFH FIEAE7E— & I A HE.
2016 4E, Chirik Z£BRIE 7 — S0k e XL — R %
LAY C13((PDI)Co(2-EH)) AL I 18 5 = ket it
5 IREEE AR L. AR RADOE T ks, 53
EUAR [ 17 BRI RS, %o 22 Bl B A HURE Tl i = 2 e
B AR R AR A T R BT U ZE(63% ~

97%) A1 H 5 B 7 A A IR M (44% ~98%). R’
MR, o2 B Kb S 1 PR IR AR e Ao e S A0 Bl 1 1k
FURSE) T 2 HBEMAE, (E5 X B A BT AR TE =
AR 18 h G A b g, H HAEBSRRAR )
TRHET, 1 S8 (AR B 08 1 5 I A ek e S iR A 7% 1
MAFFRE EtMgBr SRR R 7). thabh, ZEFIRM
HERR AT P R I AT B RE IR A2 M, 5 e
PiHE . TRE. WREFEMERIIERAKE. 0.025 mol%

FHELLTT] C13 4L 10 So RIS TA 2R 48 7K H v ik 5
HSi(OEt)s INEES AL B, 7E 20 min PN AT BAIF) 5 Bz

L, A >>98% I % 14 58 A1 > 98% IRk Ak Ik B 3R 1 1
S5y REESAL =Y. 2B AL RE s R pEE AL R

SL6100 A1 SL6020 & AEATHK [ I A pediE i (Scheme  16).
BT 2 AR LR R S 2 B = b A R
PRI B S A TS R L LS AR R DA AR AT ) R
NESEAT, A A TANUER Tl AR

0
) C12 (5 mol%) _ AN
N SitH —m8M8M8MmM8 ———» N Co N
RN+ [S] benzene, r.t. R)\/ [Si] Al '2 )
16 examples Ar = 2,6-Pr,CgHs
62% ~ 99% yield C12
Selected examples:
i(OM i Si(OSiM M
n-CeH13/\/SI(O e)s HO/\/\/SlMeZPh NG > i(OSiMes),Me
94% vyield 95% yield 66% yield
Me\n/\/\/ (OSiMe3),M ©/\/3'M92Ph /@/\/&M%Ph
(e} HoN
94% yield 84% yield 62% yield
Proposed mechanism
[S|
;4~-/L 4\ ,L; [SH_ ;4\ ,4}

Ar [Si
C12

)\/[SI]

QJ\%O

AY [S.]’ \[s| ‘Ar

D

|
o OND

17 N2A
R

N2

N
~ \ DN
s|] Ar /N 90;/_LN\ Al sl \N2[3|] Ar
H Ar XX BT Ar e
Rc B confirmed by X-ray
B 15 C12 fEfiflent A Ry
Scheme 15 C12-catalyzed alkene hydrosilylation
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H
C13 (0.25 ~ 9 ;
RX + [Sil-H (0.25 ~ 1 mol%) RJ\/ [S1]
neat, rt, 1h
17 examples

R = alkyl or aryl
[Si]-H: HSiEt;, HSi(OEt)3, HSiMey(OSiMes),
HSi(OSiMej3),Me

63% ~ 97% yield
44% ~ >98% selectivity

N

N\ Co—O0
/
N7\
o Et

C13 n-C4Hg

Two examples of silicone industrial applications:

(0] =

|>/\0/\/
. C13 (0.025 mol%)

neat, 45 °C, 20 min
10 g gram scale

P> o ™"si080,

>98% conversion
(>98% HS)

Surface coatings

bonding agents

NALARS Ve [Me |[H ] e
Sll-O SII-O SII—\\+ Me—SII-O SII'O Sll-O SII—

Me L Me J120Me Me L[ Me Ji5 Me lsoMe

HSi(OEt),

SL6100 SL6020

C13
neat, 80 °C, 5 min

B 16 C13 A IERIEE R
Scheme 16 C13-catalyzed alkene hydrosilylation

2017 4F, LM KALE A A ) LeePUR R T — K0
(R IE - R IRAGES BC & C14, IR &Y T
Ak OIS = g e ) O IRFE AL ROBE, 3R A5 R
AL TS PR AN S 5 B s e 2 MR SR A ) &
I SR AN = Rk e 3 3RAF > 90% 1SR AL JL-F- B — 1)
R RN sk £, HAEWGHI &R 0.25 mol%, X
2SR, LARFERESR G SFD-119 5 & Z R A bt
2-7678 HIAZHR R ML A HURE Tl AR P~ il — R E TR
R, T A= B R v, 8 Karstedt B 467
A58 FH JFG A R 1 A 4 A 7 VT AN A T SR 52 1B S Y ) R A
PERE, KIZATHR BAETE 4 min N5ERK, ATA3HIACER
PSR Karstedt S AL 7= A EG, BRETE
WS T vt 35 (P e R T30 S50 51 R 1), HPERE TG I B 2%
o, WYX A AR A8 T AR MR A 77 B F R A
AU 7 71(Scheme 17).

2017 X AEBHRIE T —28 NHC-ZALEBL &4
C15 AL IG5 = ekl i RE S R B2 HSi(OEt)s
552 e S U AR S BRI 2 AR e B, HL DA 25 2]
P F5 RIS 26 (42 %~ 98%) Al & — ) s B FROIM Ak #6443k
RS, 2448 B HSiEt; 1 HSi(OTMS),Me 25 H A5

crosslinked silicone

3348 http://sioc-journal.cn/
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C14 (0.25 mol%) H
TMSCH,Li (0.75 mol%) ,)\/[Si]
toluene, r.t., 0.5 ~24 h Si

28 examples
Si = SiEts, Si(OEt)z, Si(OTMS)Me; efc. 70% ~ 99% yield
[Si]-H: HSiMe,(OEt), HSiMe,Ph, HSiMe(OTMS), etc.

STX + [SiH

Cross-linking of two conmerecial silicone fluids (silicone industrial
application):

\ e [te | Me Yo e | [ ]We
Sli-O Sli-O SII_\\ + Me—SIi-O Sli-O Sli-O S‘I,i—
Me LMe Im Me Me LMe JmLMe InMe

SFD-119 2-7678
C14, TMSCHoLi

neat, r.t., 4 min

crosslinked silicone

EHR 17 C14 A EREE RN
Scheme 17 C14-catalyzed alkene hydrosilylation

R FEEUARIE AR GT T, ORI KR B BRI EE AN
Re R AR IS, B 1S —HE A2 2 M A R0 75 v 77 A
BAMAE IR, O AR AR AN, B T A X S
15715 HSI(OB s AT H B I N, 133 TRl A, &
B Ak (1D #6 1 e 38 JR B &5 (D, TRk A BEHS
HSi(OEt)s 4% 2L J N A2 s B. 73 il vEAN Hh [R]44 A F11 B
T R REE A R ST, I A BEBE AL R B
A, BEMEAT C15 RIS, 1 B LS R
RiPE(Scheme 18). H T M & FIMEALT C15 LEMEAL 1-F 4
5 HSi(OEt); )M ZERL T 10% M EREIL =4, Rt
W Fi 3 A EIE S A AR T RE 2 L.Co-SiRs ¥,
ZNATREZ T T R %K) Chalk-Harrod H12E.

BT, Ji 5% 2 SR B 5 2 S I A - U BC A4
TH AR R S AR, T = B (1) B g
g5 PRI AL AT AR R A 8 IRIE RE R
B B

3 REMBERS=HKERESKEE

B IR R AR N H 19508 1 RARIE LR, T
SZE+REMRE, BUS THEZ AR, (HRA4K
G, FERRIZIEES — B b A R S
)3 P R I 3 A 4 Il L), TR A = R e S R T
FESA R NANAT Z R RIEPS). Chirik ZEPOK & T —2K a-
T - R EEL S Cl6 1E AL TR 5 =
Rkl R E AR . 1-3F 45 5 HSi(OEt)s HSi(OTMS),-

Chin. J. Org. Chem. 2023, 43,3339~3351
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C15 (0.1 ~ 1 mol%)
neat, r.t.

H
RJ\, [Si]

13 examples
28% ~ 98% yield

RX + [Si-H

R = alkyl
[Si]-H: HSiPh3, HSi(OEt)s, HSiMe(OEt),
inactive for HSiEt; and HSiMe(OTMS),

Me  TMS

N _N-TMS
[ >-cd

N me N-TMS
Me T™S

Reactions of cobalt amide complexes with HSi(OEt);

/Dipp ’Dipp HSi(OEt
N NOMSE  psioed, N _HSIOED,s |
[ >_CO\ - : [ >—C{)' benzene
n-hexane, r.t.

N ~ N(TMS), N Nms), 60°C
Dipp Dipp

Dipp A

N~

[ >—Co' Complexes A and B were characterized

N “H by NMR and X-ray

Dipp

B

inactive for hydrosillylation

B 18 C15 LIRS R B
Scheme 18 C15-catalyzed alkene hydrosilylation

Me 55 % Bl = 20 B o 33 REIUR) ) B2, DAAE 75 1 i %6
(90%~99%) Fl & — 1) ;e B IR N ik £ v 4 Rk S Ak =
Y. Ak, AR EREE 0.1 mol% iR AE L 96%
RN >98% L R 5E B 1-°F i 5 HSi(OEt)s 10 FLg
T Y TR B S B A AR A IR R e i T M SR
Al S A RER MR M. #4657 C16 5
HSi(OEt); AT 21T R B AE R Al iR A, HLAE AL
PS5 Cl16 M. Ak A R Ni & EW
Ni(Il), FCtk B A S AL g, FAN A L3 —
ANEAME A XA BRI AR A S RA R B,
1M B A A& HAE R VAR, FoK 505 5 e A= e Ao Fl
TR RN RIS C, SR G SR kAR
B B AR D, B i i T BRI S AL =4,
FAETE AT B, 8 BUELIE A (Scheme 19). Hr A
C HHT45it 5k A 50, BAEIE J5E T R
ARERBSBTHOMEBEF, A TRELKRA
Ni(I)-H 8% Ni(D)-Fe5E 3G Y. Chirik 55K & 11X
BT 5 3 2 BTHRE S AT C13 B Rl A T
2., $552 BT B — U AUBC AR 5 BUR B AR 3L [F) e 4
B —REAY), XREAYE SFE kR, XS5 AN
FRRUR, RLw B S, b, ERERRTREE T,
XA T AN ISR SRS, K EE Rt
JEALTEAL ST T O S B A s
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C16 (0.1 ~ 1 mol%)
~ /\ e —,
n-CeH1s + [SiHH neat, r.t, 6 h
[Si]-H: HSi(OEt)3, HSiMe(OEt),,
HSiMe(OTMS), etc.

-
n-CeHy3 =

90% ~ 99% yield

j
Me Pr 0

/Z;N/ "PrOJJ\(Et
~/
Me N\ Ni—O n'C4H9

N/

i
Pr ipr \O;S/Et
<j -C4H
c1e Mo
- 1= |
Ve L Me Jiootte

L» crosslinked silicone
h

+
o}
'Yle Me }[{ I\I/Ie neat, 80 °C, 2
Me—SIi-O Sli-O Sli-O Sli—
Me 15[ Me J3oMe

Me
Possible mechanistic cycles /Q
iPr\A 0
Me N Po Et

- n-C4H
Me—X _Ni—o 4Hg

o N \ J
HSi(OEt); ~ Pr_{ ipy O/K(Et
§

i c16
Me Pr .
N Pr
112 /Zﬁ I
Me—N\ _Ni© >[N iPr
- - \H/ < Me N ipr

, i
’Pr/Q ProA
Moo N e M}N, Pr
Me/Z\/ o OR Me—N i
N N

Ni -
- .
Pr {ip }"\\\R "Pr ﬁipr \\\R

HSI(OEt),

B 19 Cle b REEE R

Scheme 19 Cl16-catalyzed alkene hydrosilylation

2016 4, Shimada 2137V A {7 1) Ni(acac)»(C17a)
FHATAY C17b AE AR TITA, DL NaBEGH 7E ik J5 57
ST 1RGP %S HSI(OE: ) D IReEEAL X
R, 53 AL 85%FI 42% I SR 13 ik E A F= P (Scheme
20). WAk, XFTRRUK A, A 1 mol% L7 C17b
LA 52% S0 58 e S AN S

2022 4, Cook ZFBSHRIE T (NHC)NI(O)EL &4 C18
A 1R 5 = G0 e (9 1 IR AeE S0 B2, HSiPhs

http://sioc-journal.cn/ 3349
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H
Si(OEt
n-CeHi3 i(OEt)s
I'I-CBH13/\ .
85% yield
or or
. H
HSI(OEt), .
P X Ph)\,sl(OEt)3

€17 (0.5 ~ 1 mol%)
NaBEtH (0.5 ~ 1 mol%)

THF, 50 °C or

A H
R R | (EtO)sSi \Zb
( O\Ni/o 3 529% yield
o o
R R

C17a, R=Me
C17b, R = CF3

or 42% yield

B 20 C17 Ak IrE AL RN
Scheme 20 C17-catalyzed alkene hydrosilylation
HSi(OEt); LA K& HSiCls 55 2 P =itk 505 k. be kb
K SN 2 T AR B AL AW (6%~ 90%) Al LT
B S RO L B, HLERSEIR R, RS M
ATRERIALE . B SR TR C18 il B T R — M ke i A4
AR AR A, JE SRR A Si—H SRS A K
tialfk B, B XA AT, AR C,
Bt 5 5 53— 7> T I KR e I A SR B R TR AR A
FEY, FAEIETE AR A, S8 U AL FEFR (Scheme 21).

[Si]
C18 (5 mol%) )\,H
N il-
RO + [SiHH toluene, 100 °C, 4 h R
12 examples

R = alkyl or aryl 62% ~ 99% yield
[Si]-H: HSICl3, HSiPh3, HSi(OEt);, HSiMe(OEt), etc.

Mes
[Si N \_ph
PhA,H | >—Ni S
\ A
IMes
IMes I IMes
| [Si] Ph
N Mes N N\_Ph
[>—N|\/ [N>_ AN\-Ph [ N\iéH
N Ni
\IMes gh \ \/\Ph \IM [Si]
D IMes

N
es
C18 B
IIMes Ph /
N )\\
PR [N>_ NooH

Si
\IMes[ ]
C

B 21 C18 LR Rt S A R
Scheme 21 C18-catalyzed alkene hydrosilylation

4 RESRE
METSCHLE ST A H, SRR R e 5 =4
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TEE AL N LIS T 1 2 MW Tt g, SR AL S
VERCAR I, A B T ROT 5E IR R AL, XT3k
15w BEPE AR AR IRAT 1 2 I AR R DAL (15 AR
JSE A S 7 A B (5, A2 — 2205 DL, TP i
TR BB B IATT B2 PR AN R e PRt BOC R . (HAE,
A, RIEREW S Karstedt’s FHAEALTIZEIG 1,
FEE, XK. R R B TN S R AT B SR Mk &R
BT H ATE AR ML, BRR SR FIEA YU
b A SRR IS IR 1% BE. Bk AR e AL
JEH IR BRAEA TS S ML 2% AR ZOR — B LA 2, 22
PO AR e PE AN e A . DL L e R T R R A 57
B R [ B G AR AR E MR AE AR, [ I 3 2 S st
EALTRIRIETE  EFRE . B RENI 520 . RV IE T 4E,
XA R AZ U FE PR RE 2 T e, 4K S J AN [F) 28 Y
FC A BB R SR AR, DRBHRRIHLGH . IS
T BN B R R AR E M IS PE AL R
SRR 2 12 ) 1 BAE 55, 53—,
BRI AR R = A e S B R, IR AT TR
SE R NLFALER, BRI RS R, Kt — BTt A
PRI — QU B BT BE T ROK, [, R a8k
A RE e R HE E S K. S ERE, Bk
B4 R M A R I e P = e e P S IS AT o 4 2 32 ) o
ARG B fRE, — B AR M i ) S
Bfp v, KA I HES A HUEE T T2
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