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A9 EERTe £ TEBICBICHIEZICTE, BRPOBHAONEL W2, 202 & % LAl
FR TERFCHEMIER & L CBMREI % o Z2mILSERI B A IS T 2 2D ISl K O HIZE 2
filo7z& 25, BOFEMD Lvpd Lawd, 2k ) rabto b & Tfged & L TR E21T
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LB CTIERFMET T I E Nz 198043 B, MHREQOHMSLEEZ IO Z L1345
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IBEFICOENR S CTE/e WELZWAZBTCREEZEY, BRI TE2] LKL, =
P A LDz, FRHERIC, ZNETORMEFEINIADHITTETREVIEE S 2o 7,

COEHITHKERL L) Z2BELRTCOFHNETH o7, TNIZFIZ, EEELHEL TEUE ST
&Rk, EBTE, MEEBEAFESIES L TRBICHA, MELTTL BT &
NP TERITTHROSIIALNBO S ZHD ) Z LALLM TH Y, BERHEEEEZ ST TR
BBMEHI > HESR 2 X LS DT AIZER LE Lz o T,
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RONZETF LA TETROAHRERADOFHICET 2D TH o7z HHREIC Kagan X
Luche 5 DJCERIIIZED Hidy STV, S OGBIRFMZIRN TH ), TR LIERPHIFFT
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OH |
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OH
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O ar S . ) PhMgBr/CeCls
' —_—
Ph—=—LiCeCls _ i Ph/\)k o
; Ph OH Ph O
Br : /\)< * )\/U\

; Ph Ph Ph Ph
95% trace : 99% (90:10) (86% (6:94))

] OH
nBu MeMgBr/CeCIa
n- BULI/CGC|3
95% (0%)

X —L1. BHEE ) T LRI EHIVEZIEEW EDRIEDF] FERAOEEIRIBIEL) T AEBWEWL
= OIED)

Fea 3L Y 7 A OWEEIZTE Y Lewis BRI Z 403X, HILE Y 7 AfELE T C LiAIH, I & 5 78
ATA Y FFY FORETEAT> 720 TOFMR, BEICH M % 52T TERLPIZET L, ST 58 A
74/%WW¥T5K5;&#b#OK$Ov<é&@iﬁﬁﬁm Bz %755, LiAlH, DA TIT- 72

TERUSAELS, F72 v - REKE @@M%ﬁot HEBWAPRER L K BO N WE0 %
Vo —7, A4 T T NaBH, & 7235 dfﬁ%@ﬂ+iﬁbfﬁw % 2T, LiAlH,NaBH,~
CeCly ZitH % VTG &€ 72 447, $ RATAYDVERT D EFELEY, BIFRIEETEH
AT 4 VvRITUBELN (RF—L2) 9,

R1—IE’I)— , LUAHJCeCls  Ri-p_po ; R1_§_R3 NaBH,/CeCls  Ri-p-p3
Re 20-40 °C R? R2 20-40 °C R?
62-96% trace
o LiAIH4/NaBH4/CeCla BH3
R'-P-R3 . R'- P R®
B2 20-40 °C R2
62-96%
AFX—L2.KZXT4>AF T K& LAH, R NaBH, EDIEIEE Y 7 LTFEET TORIS
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KA EFATAVRIVEFIZLT, ZOBENPOTFEHENL LN DI LINICHEETHL I LI
Wzo Thbh, EEMERRAT 4V ORT UAHIMED AT 5T, PH%Q%%T%%:ﬁ*X74/
KT TEZDBRPTHALEINT, WERKEILF M) T2 KBHEEL TOHOEZ ML 1o
oo 72, FATA VKRTVIEIIETHHRAT 4 VX2 FLD R L3 BEMEW LS
WTharIldbbhrote 2OL) RMWHEIIAEKFMAEEL LTHHATS ETRELAY v FTHLH
MEERAT 4 VR VEAREBALFOBEP O L3 A oz 22T, TD LD
TALEWM Z Z A2 DB RIZEAZIDL LWEZERZ T, FAT4 YFRT VICHTLHEEZIT)I S L1
726

@ EDBHSEZT] TorlE

MIEEIIIE DA EDRD L, TO—2N [HRES LWL S LIFE] <, RIEIWRE L LR
THE, CEVDOAMELTEDL I BEHETH Y 720 E LT LEIICL TV DS, b ) — DD
FHO§HE LTWLON, [EY) 5% Z % “Catch the Interesting While Running” | Td 5, [ HHELF
OWFEDHERIFHANCE R S725FT R0 Th D, HOFTHNINEZ TV LIEEH 726 FFF
EFLCThb, LbilkEo72D, WAHAVAERL TATORBIZHAHVT A T4 TIXROM LRV
ENL e Y BDS, KWy v ERoTERLEZL, "EERET IhHPMEBROREDT
FETHLH ] LEFMESND T,

L%, &0 bIFERLF 5T oseE s, KE2ICEBRBTR (FRETHD) o AL BEBTH

AT DN SN D, MILAEEIT AN 2 EBETO N TH D —TF, ROKFEREFA R
ﬁ@%ﬁﬁ&f%é@M%%%iuﬁ%ﬁmﬁﬁw —AET, HHEFECERTAZLETFA, &
LEONEVZITRERITROANTH o720 79 LEBRBETEANLI LD ), AP HGETEKRETH
WAEED TR E 2721, T0OHF IO EBRETETHLOICEE, [HERLERISL Vb ]
EVWIHIRZZIT/2s LA L, Tlded o FEBIEIT RS, ﬁ%AﬁW$tbe%$&®ﬁ“f
FERWICEETH D I EPWEIT DD TEz, LA RKMICHE L, BFELF#ERTERQTHREI
ﬁ%jffﬁiﬁ&km&f,%ﬁ%ﬁﬂ@&%?%%ii#&bﬁwwhté,%mma#&mm
L7oRERFERREIIMAINZ: T3 Z ) LB R FERESHVEIE, SHICRVEZRLEL TR
IENLIDEE) L)oo,

RAT 4 VRS VI AR D MG E TR TIT o7z, T2, HEHEEDZAEIZIE, KAAT 4
YRGB ZEE O G. Wittig & H. C. Brown 2B 2 LA TV A{LEMTH S Ll L
T, MEOEREZEFA L 720 RO 3 DODMFIEIL P- F T IVEKRRAT 4 VEALT OAFIE L AT L TIT-
D THbLH, TOHMIEL, KA T4 VRT VOREERENLT, —JEDbo7, Lo LEE(LED
BEPOEEEEZ SN AAHL, B0 VIIRE RWETIEThHolz,

3-1. HIVIR7 ZF 2V EEFEBFHERORT ZF VDRI E RN

Ao L, HVERT =% Vi3 A ORETH L O L CEHEEH 2 ARILEWE 5 2 5T
BEELEEETH L, SNICH LT, BEFEFESPRELIND I ONASVKRTIROT =4 YOS
X, ARMORTET — MHMRICE T2 REMRERIITON TR0 EXBIIZ, ZIVKRT=F &
BTN FRIETFY BREFRVEY T4 V) ICHTLHEIZIEIEAETOPTOIRIRT
Holze AWK AT 4 VR VOEEZFIHTIEZD L) RIEEENERT L b 0L E 2 T
BATo720 TORR, AF—L3ITRTIIICHNOT =4 Y2 FESELI LKL, VKT
= EHPORBEEBAERE AR T I EEHONIILY, ThbE, M) suAFyvk
AT74YE)IA=FKRITVOBTICL > THEESHELAFTET =L 11, TVTFTe R, TA7),
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TELRE, A VYT =, TRFUF, VALT 4 FEORBEFRESL, wETAHEYEL
WERI L INIALEME G5 2720 T2, N)-TFNERKAT A4 VE D= RKRT U DLEESET
7= r2iE, -7 CORKRIIBNTHHESLHICETRRIES 2RI T E0bh o7z RO KIS
BHIETAHINRT =4 (Jr A1) F) THESNTVEY, K20 CTHEITT 5, 29 L72E
B, CORTETA VOEEMRINVET A OFRI D LFEL RO EERL TV,

2 i OOrm| e [, o
BH,! H.g-H BH.E
. LDBB Lo | _E
oy’ i~C Cy” i C oy e
Y 5,0 N Y750
39-98%
E = D, Me3Si, PhS, PhSe, Me, Et, MeCH(OH),
PhCO, EtOCO, HOCO, HO(CH,),, PANHCO
N
BH BH3
EHQI » LDBB HZB o s e ?
_— —_— i
tBu” 1 >tBu _78°C tBu” \ tB“ -78°C FBu B B
t-Bu tBu Me,C=CH,
) E =H, D, PhCH,

88-99% yield

ZX—L3.KIRTZF L ORIMEREFH EDRIS

3-2. RS/ YU VE(LRI ORI E R

) VEEOBERETO—2% KT 5 — MEIZEZ ALEWIE, ) VEEESEETNE Rk b, ¢W$
viﬁ&&U/&%éwﬁTEwaé#,%h%@U/%Ku%+7/Ux& IEWL gAY
DX BRAEYEEE RS PICEE 2N D, T2, A REP TS (BNCT) a;é#Am
WO RS I NE, 22 T+7/U/&%ﬁ%%ﬁ@\Amfééﬁmﬂwﬁm%ﬁoto
AX—L 4|\ IRT LI, PIAFNVNEFAT A MORT UM EDRT ) VERY X F VI AT
WﬁUWAst+7/tDU/@TF7x%w117w4% 55T ENTE, BIFIIHA R RKET
Hl & BB L, %%ikﬁﬂtﬁmbfﬁm¢5*7/u/&%gﬁ%ﬁzt% F72, WA e AE R
TlEH LD, TOLH) HFEFEET LILEMOERIIRIITRIEEEZE L TV,

BH, KOH BHy 0.5 MeSO,Cl BHs BHs
MeO—If’—OMe W MeO—I‘;‘—OK m MeO—ﬁ’—O—ﬁ’—OMe
eCN, , 3.
OMe 60°C,5h OMe 98% OMe OMe o)
87% : ! NLi
E+
MeCN, rt l DMTO ’go
BHy i
MeO-P-OE Me N OLi
OMe H
°© N/go
E = MeOCHy: 69% le)
t+BuPh,Si: 87%
MeCO: 74% o)
. 0, 1
PhCO: 87% MeO-P-BH;  70%
2,4,6-Me3CeHCO: 78% 6Me
X —LaRF /) CBIEEIDER &R
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3-3. KFEEARMFRORESYDER ERIFRET L TOERRINDILIFMEZ

A BN AR Y FZFES L CREERMSASES 2 2 L IZUE2 S5 MO N TWizds, FOARMLFICE T
BRI T vy 1999 4E, Gall & Mioskowski 5 &R 7 EEF LICAFHLE S 2LeWE &
B L, sRALEISUGAS Walden Bz % R CHEITT A2 EFEL L0, LaL, HorzAbaWidf v
v Tz ANEERESDYTATLAY—=THY, ZONRFEIITRITTMOARFTFLOEE % 5E

EIFEHR L Z 2 VWEASD > 72,

TABRYVEFETORAFTHLE LD 4R TFELEWEAHL, TREHCT sp® A7 HEK
FETOBEBBFISIZOWTHRG L7z (RFx—L45), BEETFEREEL L 3 2 00 % 4 Bihrok
TFEALEWSIE, M)V UAFINLERAT 4V E) I FRTI LI STRTEREIN. T4b
f) 3-1 THRZFHE (RF—AL3) TRYEREFEICA MV AMRoVEREAL, BFELEE

FRE R TH—DIF v F AT —5 2B ENTEZ, ZOLEWS L7 L) F 7 4% K6
SRl hH, VAR LR EIRA R (96% ee) AR RT% THOMNTZ, 72, 7V FF
JF A EDRISIE 0T CTHIEICHEITL, ST AERY (99% ee) ZIE 3% TH 272 INHOD
FERAL sp? AT EET LB 2R EIRSIZB T, sp? ERT LT S 2 BILE & [k
Walden EEASHE 2 5 Z & # BHFEIRT L DO TH 5 1D,

—J, EUALEW S #HWTARYET =4 V2 BESETRETRENSSEEZAH, B&ILT
LI LS SNz TN DORTRIL, RTET = F VANVARMEEII D TR E TH R
PCTEIT LI ERIRL TV D,

a b c
CyzP-BH,l ———> Cy3P-BH,CO,Me ———> Cy3zP-BHBrCO,Me ———> Cy3zP-BHBrCO.H
Y3 2 66% Y3 2C02 88% Y3 2 57% Y3 2

CIZOZMe
f .
CysP By
OgO._Ph COxMe 87% eN
Y : e B Inversion 96% ee
— B H —— » | CysP" /gy JE—
24%  CysP"' /7~y 98% H CO,Me
d H 5 g B
>99.5% ee L——>  CysP"/oy
83% SPh
OYO\/ Ph Inversion 99% ee
L VB, :
24% cH FgB Br COMe
Y3l h ~
CysP~B-g
54-62% H
Racemization 0% ee

E = Me, i-Bu, PhS

Conditions: (a) (i) LDBB (2.5 equiv)-TMEDA, THF, —78 °C, (ii) (MeO),CO, (b) Br,, MeOH, 0 °C to rt. (c) aq 48% HBr,
THF, rt, 12 h; recrystallization from AcOEt. (d) (S)-(—)-1-phenylethanol, 120 °C, 10 min; fractional crystallization from
hexane. () HaSO4 (cat.), MeOH-THF, rt, 4 h. (f) LICN, DMF=THF, 50 °C, 4 h. (g) LiSPh, THF, 0 °C, 2 h. (h) (i) LDBB
—TMEDA, -78 °C, 5 min, (ii) Mel, i-BuBr, or PhSSPh, -78 °C to rt.

2F— L5 EEEARM A IRIEEMDO R VRREFLETOBERRIC

@ P—F5)IHRT 1 VERIFOER
4-1. KR T 1 VRS VFEFOESREBRS VR

YN

HIRDEIIZHRAT 4 VRT P DORT VEMTORIBIZ DWW TGS 5 LRI, KFA 7 1 3L
DEREILIZOVTEMET Lo ATFNVEETLEZMARRT 4 VRT VEs-TF V) FTL2I2L0
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fira hofbsh, LA NVERT=F iE, S5 ar LT VELR VR ALEY L RS
RIS LT, ®S$ 258K E 5 2 72 AL D) 12 X ABRIL - BILd RS F— P EZER I 2 &
BT L BMMARAT A Y RT VE, BMAAT 4 AT PO Z/R L, Mk
BIETHEALREBETRERISG LT, HInT2RA 74 v T vFEkEs BIFRERTE 272 (R%—
L 6) &1,

BHs 4 spuli BHs i BHs 4 pase BHs
R'- P CHy ——— R'- P CH,E i R-P-H ——— R-P-E
R 2.E Re i Re 2.E Re
1. sBuli E=MesSi,CH=CHCH,, n-Bu, ! E = alkyl, aryl, NCCH,, MeOCO,
PhCH(OH), n-PrCH(OH), PhCO, RCO, Br, HOCH, n-PrCH(OH),
2.CuCl, :
MeOCO, t+-BuOCO, etc. : HO(CHy),, HO(CHy)3, etc.
BH,  BH '
R'-P-CHyCH,-P-R’ BH; i o
R2 R2 R1 P\ s | Rh--‘ \R3
R . R2
R2 retention
amine: Eto,NH, morpholine, DABCO, etc.
AXx—L6.RRT 1 KT FBEODER EALBZENRAR S > RIC

COLILTEDNIRRAT 4 VKRG VFEREMPERZACEWIIERT X, LR RE%
RATze TORE TIVEDBIZL DRI UHRIRITEEMNICRESNTESHBARAT 4 VI8
ENBZEDVDPolze ELIZVMMEEEZARDL 2DIIBFEER LA E VTR LA, &
@%fﬁyi@@*A VARERCHETT A DR DO LN (RF—L6) IO DFEFHKERZ

izl &, RIIEEICHE L ZNFEFTERAT 4 VRT VIZLEBE CTHRIFMAMERZ L&
%x%ﬂfwt#,? VEDKIBICE D RAT 4 UHELNDE Z LT, REENAR L SO T4 &
RAT 4 VOEWRPURETHLEDRBL 2720 TH b, 62, RIF— MEPEBRe TS
AT NV FNEORETHNBIE R IR T 4 v 2 RET L EEEORE 2 R L Tn b 2 EicR I
722l THDo FEPRT OPRERDBZEZHF L TCLEIT] HBIBETLHIII[RITF—MEE
RAT A VORHERLLEEZ D TFHRIZL > THADP-FFIVARAT 4 VEMF OB R - 720
T/, COTHRIDEFEFEUELZT TR TEFINVERAT 4 VEMETFOERICOBEL S HWSERT
U‘Z)mo

4-2. UVEFLICTU—-IZEBTE P—FII_ERAT « VERIFDERK

FROHRBIZESWTETIIFRA T 4 VKRF »ZHWT DIPAMP D& EITV, BIFRINETHW

R2

MeO R!
MeO
h, ~t-Bu P
\ b Ph +Bu” \ /‘Ph R=Ph ‘Ph
U
OMe MeO

DIPAMP 6 8a—d
8a:R'=Me, R2=H
8b: R' = Et, R2 = H,
8c:R'=i-Pr,R2=H
8d: R', R% = -(CHy)4-

F2.AZXT7 1 >R ERAWTER SN CEFLEICTY)—IWEEETTEERIT ¢ DBRATF
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MIPRoNL e xRl L7z, 3612, BT 68%2AML CTENSDOARAFFLEEL -7 T I N
TAEBATNVIATNGREDT FR7 I BRFEEOT Dy A5 RMEERIL THRE L7 (B2),
ZORER, AT 6 & 712DV TIEECAFIEIBM S k57225, 8a & 8b TIXZNZI92%
E9T% DTS v F A BIMENEBL L 720 BT 8¢, d ZHW2HADOVAREIRMEIL 9% L ETH Y,
P-¥ T IWAHRAT 4 YENLT THID T DIPAMP @ 96% ee B2 5 2 EMNTE W, FEEZ, oo
FERIL, DIPAMP O\ F v F 4 BIWEDFEI N 0- 2 P XTI Ty AFT L ORMAHEERIC
EBDTIERL, VEFBIGERNT 22 EE2RLTWS, ORI 0- A b F VOB ENEH O
AEZHOPIIT AL E2ELRHNE LTI D TH DA, DIPAMP 282 T 99% D EDTF >
FA R ER L2 ET, [P-FINKRAT 1 VIRMTF B2 5] &V HEEZFIW,

4-3. UVRFEDEFEEDEVP—FSIVIKRA T « VEIFDEK EANFHIREE

FCAZF- 8 13 DIPAMP & FARRE v L 2 LA L OANFE il 48 % 7R L 72743, Pk DIPAMP & BEL L C
BY, MAMECRITTND, bobd ) VP VRN FEEGRTELRVIESL )M ? P-F T IVKRRAT A
VEML T OREIE, SBICEMT A VETFEOLDICAFHRLAFET LI ETHY, ) VET L
DOHI\ZEL ZBEREZWEYIRIRT L LI12E T, FISRUREICRELRANFT RS 2 HET 52
ENTED, a3 VEF LICVAEHICER TV FVELEEORNS T VEFVELET D C, 5
HEARZA T4 VBT ZHONESEOLF > FHERES BB TELb0EERZ T, ZOELIE
Knowles (2 & o THEIE & 1172 “Quadrant diagram” (MRRK) % P-F TN KR T 4 VR TOFEE W
ML CTHECHEBLLEL) ELZbDTHE (R3),

RI3. GXFRP-F VAR R T « P EAUFDEBHEEDEMEKERE

COEZZEEERIIEIN, BEVTVENEE LT 7 FVE 1Ty FLELREE,
EONSVTIVFNEE LTAFVEERRAZ, BIEEON) -2 9 VIZENIETES TRV,
ENDP—DOTL LSRRI TR LV EEATOERTH 720 (5,9)-1,2-YA(TIVF )X F )L
RAT 4 /)Ly (BisP* (9a-q)) & FNHDT T Atk (10a-g) DEHEKE AF— L7 ITRT

1. RMgX s-BuLi/
Pl 2.2 MeMgX BHs  (0)-sparteine BH3 CuCly EHS EHs
_— ~Po —_— wP. w .
P TaBHgTHE | RUiMe Eyo, R g CHyLi i — L e
-78 ~-50 °C
9a, 10a: R = t-Bu
1. CF3SO3H i 9b, 10b: R = 1-methylcyclohexyl
or HBF4 R"P P“‘Me [Rh(nbd),]BF,4 <77 BF, 9¢, 10c: R = 1-adamantyl
- -~ ‘R
2.aq. KOH Me” \_/ "R R, AN Me 9d.10d:R=EtC
or KoCO v PS 9e, 10e: R = c-CgH11
2003 9a-g: BisP* Me” \_/ "R of 10f: R = c¢-CsHg
10a-g 9g,109: R = i-Pr
Z2X—L7.BisP*EZNS5DOT Y LIBEDER
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BANZA R L 72BN T 1E -Bu-BisP* (9a) C, 00 V7 LK 10a OARFAEIES o- 71 F 7 32
R7 A BEEAF VI AT IVORFREILTHRE Lz WEICHE > THRISRNEKZBIR L, 2atm &
LTHENT =V % ROoORNORNOKEEN TR LD %HFo720 Lo L, 2R THKREED
THLT, TNEFTADPLREBCLRDELEOORMEE L7z, L 2ADNMR 2% L72HER *®
I TIE % C HWABIZIZTERMICER L TWA I E0bho 2, MEDFESERICE L, KEER
L TV B B TRICKEIE KD > Tn7zDTH B, T2, HISDITF v F 4+ #IRMEIL >99.5% &
IBIFEETH L2 EAbA Y, EFEEE L EITRVIZEALZLDTH o729,

CORFEEDLLIZ, EHICTV Y TIVREED RR-ECA(TNVIFNVAFIVERAT L /)X T ¥
(MiniPHOS) (11a-d) L En o0y Ak ae G L72 (R¥—L48) 1617, -Bu-MiniPHOS (11a)
& [Rh(cod),]SbFy & DFUL TR HN721 2 AR 12 O Huf i XK ST X2 R 4 1 ORT 19, 4 B
BREFL— MIIITPFHEEET, 22007 FNVEIZ2RREARREZPREMIERL TVWDEI L LY
F RN D OARFEHMATER ENT WD, 2O G EAkIL, 202 v 7V iEE o5 L+
FELEHIZ, RICE o TRDRICAS TWBILEYD—2TH 5,

BHy 5 ARG, BHs By cokon R Me 11a:R=tB

R-P. : R-PR"Me — =\, <P _PS R oo
M Me 3. MeMgBr md }q Me” "R Hb 2 = ?;DCSH”

4. BHaTHF ini c:R=i-Pr

3 MiniPHOS 11d: R = Ph

2% — L8 RR-ERE-TFILAFIVEAZXT 1« /)X 2> (MiniPHOS) DA

Front view

Perspective view

[X14. t-Bu-MiniPHOS-Rh$E{&120) B 5 & XSG E S R AR X

BisP* & MiniPHOS @ x. 7 ¥ F A EHRMEIF ) Y EF EOEHREIZL > TRESIREINDL, Thb
DURCHN T b6l RFx— L 9 IR T BIRIED -7 F NV OHEIZIE, WEAF & 512 99.9% D
BRETH LD, 27unFINe LV TOEVOHEICIE, KREREFPAONS, ThbH, BisP*
T 47%, 17% £ RKE LT T 5%, MiniPHOS O¥&EIZIZA v 70 ¥V TH 98% O v & RE
Td %, MiniPHOS $5ADRIE 2 12MA T, TORBIZHE LA FZEZHPTER SN TNE72DTH b,
ZHUZ LT, i-Pr-MiniPHOS 2 ZNF TIZHOENTWAEF T IVERAKRA T 4 ¥ DR TH/AD5TT
HY, 0L BRBNEMFTORUGKRUEEIZL > TRBWIF V F BRSBTS L 2 L 10E
MmENTz,
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COMe
R L* CO,Me
R/\r H2 Rh-L R/\é/ vl
NHAg NHAc
R=Ph, H L*: BisP*, MiniPHOS
R"P F,.‘\Me j"’P F‘_‘\Me O"'P P.\\Me )"‘P P,‘\Me
Me” \__/ "R Me” \__/ j< Me” \__/ Me” \__/
BisP* 99.9% ee 47% ee 17% ee
R.. Me ~Me ~Me ) «Me
Mer PR Me” P A s
MiniPHOS 99.9% ee 98.9% ee 98% ee
2% — L9, OT 7 LSEAMERZFKIEILIZ H 1T BBisP* & MiniPHOSD T F > F 7 #IR 14D Eb &5

Ta DROHBELE S IZENAFIMBRE Z FFORNM ORI TH o 720 #HFEAZ Tl
RAFRENIHD HA TR, 2 DDFRA KT CEAEAE LA A 13 BERERMILED & ko720 £
OFELHEAZ, TORMTOEREE 141332505 BEAER L TBY, SO THNE > HERY 7%
AEEMERL TS bDETRL-ZETHL (E5),

~
t+-Bu Me t_Bu,P \ !
t-Bu-BisP* t+Bu tBu

t8d M By
14 14

r; HH
Me, /~\ .tBu y — Em
PP — /_(PQJ—Bu = Lp P

X5.P-¥ T IR X T 1 EAFI13E Z DEBEHEF14DEE

LH), AR ZOBRMNTE 1--TFIVERAKRT VRT 15 LOVEGIZARTELIDEE LT, &
AN, OO Z AL EIfRE D IZHETE T, T<ChTRIHEBES N0 ¢, dFED 16 T
&<xv%1rﬁ%ot(z#—A1mw)%wﬁm“mﬁ%% SR LTHEAMET L Cwice 2 6
Tang & Zhang 12X o T 13 DERL L ZOARFMBEREICE T 2030 B E SNz (RF—L11) 2,
%@ﬁ&@$17471w74Fw%%wfﬁU,@%%ZEQT%&WQﬁHQ#EEﬂ%Tﬁ
ENTWVD, EFERADFEEALT 4 FK18H#HVTHRE Lz bd o728, Frld®mtWE
HEET 5 2 ENTERDo T2 FNETI, WO DR LE RBOERIIKE Do 720 ED Do 7298,
—ROPAALERY, WMENICERZTORP OB ELKNTH Y, ZOBROEHG DD &
LTwb,
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e O . O
7 R P
1. s-BuLi/ HB N g, R P
[ (-)-sparteine +Bu tBu t-Bu +BU
P, Eup— 16 13
HsB" “tBu 2-CuCly HH
. O
o PP
10% N
HaBt—Bu tBu BH,
17
Scheme 10. ELRIF13DEHDEH A
1. s-BuLi/ HH HH
) (-)-sparteine % Cl5SISICl Em
P S oucl. P P " aae. . P P
I Ny 2 CuCly < Ng 88% \ F
+Bu t+Bu tBu Bl
18 19 13
C,:meso = 83:17 TangPhos
Scheme 11.Tang & ZhanglZ & 2 EERLF13DERK

TangPhos £ 10 ¥ 7 AGERAEARF KELD 27 & THIO AT M SO 2 35> T b BEAL 7 T 14 %

R LAY, Tang & Zhang S 12 X BRI IFZEIC & o THRES 72 202D, 20k, HUORED )
VIEF R T FVEEE S ORMLT 20-25 KW THRE SN (Rle) 329, “1‘7\74 YEAF 21
L2203, FERLPMLGIIC, FLSBBRIDIAEL 4BROKFA 74 P OBEIZIEEHICT)
CFFBEIREDPN ETLTHA ) LHFELEADTER LD DTH B B2, Cﬂ%@ﬁj“@Blnapine,
DuanPhos, BIPOP, WingPhos (&, #k# WA GHALEW D ERITEILTOENT WS, EEORK W AD
FBHROTHHIN, —HOFMEIH A L FBRENLMES OWFERRE 5 I12D1F, TangPhos % Hf))
WCEBTE Lo/ LEDVHEEY L XL 2B 5, LA L, FLDOWMEIEIZL > TZOHEIE
BLTWLIEDFFETHY), GLAERARZIILTHLLESTND,

ES ot Qyel)
RoAFP £ P’ P
£Bu +Bu tBu  tBu tBU  tBu
13 21 2924)
TangPhos?2021) DiSquareP*23)
Binapine??
O et O
tButBu
P H P tBu tBu
tBu +BU tBu tBu
23 24 BIPOP?7): R H, OMe,
DuanPhos?) ZhangPhos?® Ph, 2,6-(MeO),CeHs WIngPhOSZS)
He6. ) > EFEICtTFINEE D DIERRKZ 7 « VBT
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4-4. ZSHTRESF P—F3IUikA 7 « VEIF (QuinoxP* & BenzP*) O&RL
4-4-1.2,3- ER (t-TFIVAFIVIKZA T« /) F/FH U (QuinoxP*)

BisP* % MiniPHOS 72 KDY A MY 7 F Uk A 7 4 VAT 1E, AEMBEEIESEVL O, 22
AL S TR T LEEICHA R WREE D o TWD, A FD LD RRENE L, DOBERER
FfiEe 2 RS EAF & LCH2ICF /9 VB E b OEAF 27 (QuinoxP*) FEEFL72. Z0
BT AX—L 121277,

EEFEEONFEFTEE AR AT 4 Y RT 2 (5)-29 1%, {LEW 28 DN T =7 AfiliEIC & AL
[ 72D SEAREF B — B RIS THER S N7 2 ROBIKIS L AT ¥ b TR L 72 & 9 14T
L, (R,R)-QuinoxP* ((R,R)-27) % FEfififhs L THD I LATE, T, ZORNMFILZELTT
BHIEILEN VI L, FIRTIEAVANRRI LW &, &5 ITAEN 2 B 7 BOG T
WTEHWLF Y F A BIREATRT S LSRN, LR HGEY ORMEFAFICT 22 LA TE
7230,

1. s-BuLi/
(-)-sparteine BzCl

EHa 2.0, EH3 oy Pyriine EHS op, 29KOH EHi‘ on

tBu—j~ o > tBuv P recrv. . tBurP~ OBz > tBu P

md Me 73% mé Y mé mé
28 >99% ee 28

92% ee >99% ee

tBu Me tBu Me

RuCl3 ( 5 mol%)

K2S20g, KOH BHs 1. n- BuLl p\ _TMEDA
—_—
80% tBu’ I BH3 Te0% @: I
(S 29 @ I Me tBu Me tBu
>99% ee

(R,R)-27
(R,R)-QuinoxP*

Z % — 512, (RR)-QuinoxP*D AKX

4-4-2. 1,2-ERX (t-TFIVAFIVIKZAT 1« /)RVEY (BenzP*)

4 1 +-Bu-BisP* # & L TLUE, HUOMED 12- X (T FIWVAFIVEKRAT 4 )RV E
v (BenzP*) &ML &5 LFEAMET L CE72. ZDHEE, 2010 4E127% 5 T & ) % < (R,R)-BenzP*
(RR-30) 2 10 /T LA —VTHEMTEAL LI ho723, ZOEFERE ZX—L131IRT,

1. n-BuLi Br Br
EHa 2.1,2-BroCeHas @[ DABCO @ sBuLi
—_— —— —_—
B TH THE R e R -80°C
—80~0°C Mé “:Bu  reflux Me “tBu
(S)-29 65% 31
>99% ee
tBu M
Li P(tBU)CI T
@ +BuPCl @ MeMgBr P
R e R 0C-n
Me “tBu Mé ‘tBu 38% from 31 MéP\t B
(R,R)-30
(R,R)-BenzP*
Z ¥ — A13. (RR)-BenzP*DE KL
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COFEPRBENTZDIE TN T —= 2 KED Sylvan Jugé BIFO BT TH 5. Thabh, HEM
RATA VRS VO)F AL 0-V T OEXRNVBUEDGICE 5T o-7HET 2 VEAT 4 VR
T U ERAET DT Jugé BIZHIZ X o TR SN2 H O T3, 2008 FIZHEE D Jugé BIZOW%E
IR L72BRICE Rz Tz vz, REITR (5)-29 % W TEBRE TV, L&Y 31 SREIFZPEETH
DITIT 100% GFEHETHR O NG 2 L 2Oz, {LEW 31 205 (R,R)-30 ~D 4 DDOEWSURIET ~
ARy N TIT, 38%DILHET BenzP* 215 2 ENTE 7o ZOTETIE2D0DD 7 F IV AF )UK
AT 4 ) HEOBEABERBECVAEREATES, KEDODAVEIERT L. I2b00bbd, 25 /=)
MORITTHZEI2L D, EARD (RR)-BenzP* DADEEE L T TE /2 LW TH - 72,

BenzP* (3 PR EIZZEQH TEETH Y, FRIECHCWONLTREED 5. L L%2S, BURD
AHAERTIT TS E L <, LM S N AREORENPEI NS,

4-5. KZFE t-TFIVAFIVIKAT « YIRS VZAWVWBDERRRT 4 VDER

HIE D & 9 12 QuinoxP* & BenzP* OATEANER SN72AHY, TN S OFR TELEH L7z 0OHNHE
@p7%wx%w+x74/+7/f%60$%i DEZMARAT 4 Y RT JNBIAA T B,
ST, REFEY VETFEZFORNVIKEERT, AFNVE T7FVEELoTWED, Fhbse
fﬁ%ﬁ%ﬁ&ituﬁ% FRREOFHICEZEA D> TV D, TFEDOBODOEL EITMRZT, 5F
—HE o CHEMEEL THRIIBNZEK LS, 512, 7O M Lo TEKTLEAT 4 KT
ZFVET T A ORETHERST S, FOTRGRKEEIEHD L, 2K
BT 7 FIVAFIVEAT 4 FEOBADPTEEICRY), TNETICR7IRT P-F T IVE &
ATA VBT AHIENTER, T, BHETEIZIOEHBEIAT 4 VR Ol F v FF~—
PHARCZELETIOFOZ L Ar—VTHEBEBINTEY, MzFryFtv— tx%z74/#ﬁ
ek D QEMIMENL L)1k o72, BIZIE, +Bu-BisP* OS> F+~—Ik, ZOFAT 1 F
T=ArEl2-Yruury v lORIGEETRIFZIEETERTE 2 19,

tBu.. poMe +Bu, M tBu M tBu M
v Rty s e BH3 et e
t-Bu-BisP* I <O
t'BU """" H o)
tBu, ;P\ <P
Ver P\/P‘t_Bu Me Mau Me Mé “tBu Mé tBu
+BU-MInIPHOS QuinoxP* BenzP* DioxyBenzP*
-Bu-Mini / + \
tBu tBu t-Bu,, ~Me =
+Bu, !\Ae Me’P P‘t Bu o |
@[ I Me=P  P=tBu N
L/ Me-P RetBu  MerP RyntBu
Me MBu +Bu Me +Bu Me
3H-QuinoxP*
Bu R
l\‘/le‘ tBu Me‘P;t-Bu = P=Me tBu, //
Beh — T \/\.-P\ N" PR / "es
Me Me “tBu Y
Me tBu AlkynylP*
R =H, Me, t-Bu, Ph, Si(i-Pr);
R7. BB T FINAFIVKZ T ¢ VR ENBRENFERRZI T 1>
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6 QuinoxP* & BenzP* DER S EAADTEASAS
5-1. OYD LRABIERF KR

AT 22T T AIE S 72 QuinoxP* & BenzP* ATl GE % A4 2 MY 7 AN FF il SUS CHRES
L7 B8IZTe FOT I /BRI F I FEOEREEZDDOT L 74 v ou Py A KRMEAF KR
[LORFBETT 3, INHOFKRIE, TNFTICHRESNTVLIEREL NIV OFE L L CHE%
BWLENUETH B, FINVEEFOPIIZo-T I/ B-7I /8B 7TIViizeatdors
<, QuinoxP* & BenzP* 23715 EH WA W MADOEEIHEHTRETH AL Z L E2/RL TV 5,

QuinoxP* & BenzP* (37 b Y OAFKFILIZBWTOEWIF v F 4 BN 3BT 5. fl e A¥x—
L1417 T BT P T AT VORFARENIHES Z I Lo LTELOMEHICL > THE S
TWEY, ZNHEELTEEIZL> T, LBV RERESBIl SN, /2, gdya
SR X A ARBEKFEILTIE, ) OFI L L TEDbRTWATF2aXtF Y, 7Vt FbF 2,
7 NEX LT Y OEKAREDSEIE ORI v T A EIRE TR S L 3,

NHAC
o /\/cozm MeO, - CO02Me ~-CO2Me NHAGc
NHAC > s coaMe
NHAc ACO ACO NHAc CO,Me

QP: 99.9% ee QP: 99.9% ee QP: 99.2% ee QP: 99.9% ee QP: 99.0% ee
BP: 99.9% ee BP: 99.9% ee BP: 98.7% ee BP: 99.7% ee BP: 97.6% ee
NHAc
NHAc MeO x_COMe O NHAc NHAc NHAc
- CORMe PR 7 Ph #Bu
MeO
QP: 98.1% ee QP: 98.1% ee QP: 96.6% ee QP: 99.4% ee QP: 99.0% ee
BP: 97.2% ee BP: 97.2% ee BP: 98.6% ee BP: 92.9% ee BP: 96.6% ee
NHAc
NHAc NHAc FsC NHAc NHAC
o0 @ @ O
CFa c
QP: 91.7% ee QP: 99.4% ee QP: 99.9% ee QP: 98.7% ee QP: 85% ee
BP: 74% ee BP: 93.9% ee BP: 99.9% ee BP: 97.7% ee BP: 95.1% ee

[X18. QuinoxP* (QP) % 7=i¥BenzP* (BP) (DO 7 Lkik & AL - FREFKFILDHI

[RUCI2(n5-CeHe)l2/

o (R,R)-QuinoxP* OH
+ H2 B ——— *
oozt EOH/OH,Cl, A COsEt
50-70°C, 24 h R = 4-XCgH,: 99.3-99.9% ee

R = CICH»: 99.2% ee

[Rh((R,R)-BenzP*)(cod)]SbFs

0 ZnCl, (0.4 eq.) OH
PPN Cs2C03 (0.5 eq.) :
+ Hp N
Ar NHMe e 2m  MeOH, rt, 48h Ar NHMe
HCI
S/C = 2000 Ar = 2-thienyl: 89% yield, 99% ee

Ar = Ph: 93% yield, 96% ee

2F—L14. VT2 LT EFOTY LBBERFTKEL
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5-2. RER-RERURR-NT OREFESIBRRIG

QuinoxP* & BenzP* (X, fIEMIAFT ERIC & 5 IKFE - KB PIRFE - T ORFHHEIRUSIC S
HWbNnTwd, THORMTFIE, MRS HWAEE L) F~vy F LI2HEIL, FEFICHE
WIS U FFEREDNTERT L0 BEFOMDOFFTIVARZA T 4 VEMLT L LT, FES2wLENRLL
FOENTF U F A EREDPFEH L T2 H % B 9 (IR 7 303600, Zhbofilid, AFMELZED
SR RET AW R RS RoN b, 72, QuinoxP* 13 C BUFSIGHEIE DA B K 0 358 12
bHWHNDDH B 5760,

o
o
B(pin) O H Me
Et B(pin) L__NPh,
O\ Ph/\/\/ Megslv Ph T
B(pin) Ph
99% ee 30 98% ee 30 94% ee %9 98% ee 37 98% ee 38 88% o6 %9 98% ee )
A
Ph
lPrOCOO NHPh Me, B(pin) Me.,,
Me COOEt H tBu. O
Ph: 8"
(pimB O-B(pin) COgEt }lph
B(pin) 42) 43) 44) 45)

4% eet) 97% ee’ 99% ee’ 98% ee’ 93% ee’ 94% eet6) 04% 6ot

Ph

\ oh FgC OAc
.
(pin)B )\/ 7/ @ ( CHO - s.Me3 :(92

lo) O/\/\/\
OMe

84% ee *8) 98% ee 49 99% ee %) 91% ee 2 97% ee %) 98% ee 9
>99.5% ee 50
cl
cl cl
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0O 0YY LRI KR DR S

Ty AR 2 VB T 3 FEHOAFKENILER BRI F USOREHRTH Y
Z O A 7 )V & ) v F A BRI O I T 2IREAE KL BAICIT LT & 72,
INFEFTICRESINEEOF TIROAE XL S DD  Halpern 512 L - TRIESINEET, £<4 D
AREBALZOHBFICHB SN, #HRTLITLITBA SN TN 02, ZORHEIE, DIPAMP X
CHIRAPHOS (W¥nd Y VEHTEIZ22007 ) —LEE2 LD CMHEARAT 4 2) oa vy Ll
R AWIRICEDO WS DT, FOEMIILUTO®E) THS (RF¥—L4L15),
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OMe

major diastereomer minor diastereomer
oxidative addition H oxidative addition
2 | slow ? y very fast
L migratory insersion ¢ migratory insersion
¢ reductive elimination ¢ reductive elimination
Ph” CO.,Me 2 - 98 Ph/\:/COQMe
NHCOMe 96% ee NHCOMe

Z2Fx—L15.Halpern 5IC& > TRIBE W /=07 7 LBEMERTKRIED T F > 7 @IRMERIBEIE

1. fERTERDKRFACI L o THEB L7202y & 1) EEASEEAL, JE L ER IS LT 220
HWIZVTAT LAY —OBRIZH LTV vk (77 &7 I FOBERTPO Y A2
FeAL L 7288K) 22007 ) O/ WHEL T 2 %0 Bl21E, Rh-(S,S)-DIPAMP & a-7+t b7 3 K4
AEEEAF VI ATV (MAC) &DISTIX, #7101 OILTT IV VEEEDPSERT 5,

2. ZOTNT VEMREKRFEGTF L ORISTIE, HMICERETHERET S 7 V7 VRO DT
BALFEDKFACER I DOF ) 7 4 3B LTV, $hbh, KESF OB L
RFEICERZ Y, ZOHOIHAKIE & & ICAIEEZ & CTERY IS E 2 B TV RLEPRFE SN T
WLERETAE, HEHOXFT) T4 EAT v =L T IV YEHEO AR E MBI L TW A D
TlE%L, AT =% T7Vr Yk EMHB LT 5,

3. YA F=BTIVT VERIEA Y v -2k ) AEEETH Y, KREGT L OB INTER
BICHEL EEZ SN T WD, BlZ21E, Rh-DIPAMP-MAC 7 V7 »$K T, ~ A1 F—1KIF %
Ty —fkE Db 570 BEE IS, RS=982 (96% ee) DERMEG 2 5,

4. ATV % —KE< A F—ROMEZRIIZIRIB W TIEFICEL, UBEOBEVT 1 F—EKAHER
MIREDTF & UGS L THEBEWIIER I TY <,

5. 4TI A 0TIV LR EIREST L OBRILIAHIMOBREASZ O SIS OB HE R TH 1),
MOLF v F A RIREOPEER & ST\w5,

6. DIPAMP-Rh §§157%: & & il & L CHWSE, G IRIETIT) &) v 7+ #iRWA L K
T45, COHKIE, RETIEIAY Y —the~ A F—EROMELEWRIEL Y, XV v — kLK
TR T AEENET /-0 L BEINTWE, 72, KEEZEOLLEIZL TS FF
BIREDMET 3245, TNOKEDTOREIIET Z L2 L) B rHmasingE s, 22 x—
S DEBMOBIEDTEMT 2720 LEZHNTW5,
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GAETLHMAELD BHTHICAZET, LVFETSEVIHNATH L, £ ORI HEHE
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2D L) BRFEHABESNTVEY, ERMIZEMELLTVWIOND, AV Y — /<1 F—%EH
LBBETHBENEO LRV, Tabbh, 5 bFRIcii T & 2w { bWl 2 H A IER ITAR%E
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DNFEEPEFI DX Z) 7 4 EABE L T BHRNOhIEIN TN,

BiRD &I 12FK 413 VEF EICARFHRLEDBDOEA MY T VX IVRA T 4 VEMTFE2ERL,
NHDOFENL S ¥ FFEREDOFEFUE 72, EFIEIC, 20RO, FiZo ) 7 HERED
BB TR 2 R 7z, 22C, 2NE TIZIRE SN T 720 LRSS & A o % 5 1) 7 4
\ZB9 9 % #ZERHIR° Halpern 512 & o TRB S NE L AW THEROIHEZ A, LeL, #hb
DO CERPEL SHNICHHAT LI LR TE o7,

Z D X9 %1 Tlya D. Gridnev 181 GRIERAL KGR MMELIRE & L TROWMIR IV — 7
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Wz #ED D NThH o7z, WEHALFICHEML TEY), NMR EESLE L= H 2 Ex B TV,
ZOWREEYDIHEBRE IS TN BT, FAlL Gridnev it & OFEFE L 72 FEWIFE%E 15 4R
PEiZhlzoTHlF A2 ETE 7,
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BEOBWRAT A YERMTFOB T T L0 FF YR HWTIR 21T o7 BEE LT, a-B&
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ML TE/ 69, ZZTIEFHKAOMIEED—Iix b5,
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o 32 LIRFETTF &£ OIS & o THI L 72EBENEEA 33 13, S 5 IIKFEST LR THERL MK
IGLTYe FY F#ifk34a & 3db 2 52720 £/ KA T4 o0V 7 AT FY REMRIZLIET X 0 A1
LENTWD, EAKRZRT740ud sl R FEMRIZZ OFEBR TS TRIBE /2. 33130 F
F B TS LY, BTRERRMFICEV Y Y A LOBTEEFELS 2, BRIIKFITL
BALRIRM AR L-bneEZ N5, Yk K F#k (34a, 34b) & 33 OFHFRAW O P
BOMAC Mz 5L, 90 CIZBWTHHEVERLLIIETLTE/ L ) Fiifk38 v 5272, &
OIS 35, 36, 37 xR CHEATL DD LIEREEIND, T4bb, ROIKHEEDT I FBEEIKE
DT VAMICEAML T35 2%, HWTTIVT UHEAMLT36 DERT S, 2O 6EMT VY A
() Y& F) FERIIRD CTREZEETT VT ¥ O R-H GO AIEZ Y 37 L2 ), BiEbER
T38EMRLIZDbDLEZOND, £/ N FE§E3813-50 CTEITWBEE LR LT, 33 LK
FALW) 39R (99% ee) % 5-Z 720

—75, VEBERSEA 33 ICMAC 22 5 E, OV W AT IVr VMK a0 & 40" SRR 10:1 TH:
L7z SNHEDOTNT VEEREKE Qatm) S SE7282 5, -80 T, 1 HFHT38 2K L
50 CIZHRmT AT LI LY 39R (97% ee) IS S NTzo AN 39 OHXFELEIZR TH Y, ¥ A F—
EONAAREEEHBELTBY, CORBBRZITICEE E 7 V7 UEBICEH L TWA X HIZRA 5,
L2L, Ye Y F#fkE MAC L DRIS E R LT, ZOKRFLITEL BV, ZOFEBRFEELD,
O AT VT VEEPEBKFLSINLDOTIE AR, FEPMEEL T332k, ZhrVe F
) NEERE 2 D AEICE 572 b D LA ITE 2 72,

COTVE R FEEICBIT AT Y F @R, 6 AT Yy A () $41k 36 24k D B Tk
EENDLIDEEZONL, 20 6 BUEAIZIE, 36 DA EMEAIEZONL, LaL, UTO
SRR L TV AEHMKIL 36 DATH S,
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2. VVEFOUT T L ENLT T Y AMIZH LKEPTFAICEEST 5,
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ZFx—L171234a L 34b D5 FNFIL39R & 39S ICELIRME R LTz, 6Kk 361X EfRLD3 D
DEMZ T T2 97%, 36'13 2 &£ 3L TL DD, 1 OVAENEOLEMEE2 LT,
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COLHIEBEORFIFFEEIAERT A EI2E 2T 995% % B2 A TEWIF »F 4 BINME:
MBS 2 5T, ST IEED TRhE VWL OO0, ZOVKEIREREOER TS SHEEHRT
HHINDBROENLEMUT VD, Thbh, BREOLIIIIELDEREL L OEHFTFTIER WV,
-Bu-BisP* X° +-Bu-MiniPHOS O 1 ¥ 7 AEEIIEEDO T+ ¥ F 4 B L FIT 5 -0 O EHE & i 2.
TEABEGFMBELE S5, 612, AEMBEO AL AR OXZ ) 71+ OMBEREKRD, 36 DA
R COBBIREOBEY EET L2 LI2L> TEEMIZHHETE %,

A TR A L BB L OIS TERT ATV vk (DT AFLA~—) I2oWT, BT
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KB Lo TIE 9% MR 5 TG v FABRMEPEI L 72, Bz, (BE)3-TH N7 I F2-77 VB
AFIWVIATIVOARFKRETIE, FAT & LT Trichickenfootphos (TCFP) =° BenzP* % 72354
TN VR FEO L ONE AR LRV, ) F @RI 9% ETH -7, Fh b
B, AV Yy —RKOFRYA T~k LD S RSEEDSEL, L2 LERPOXFI Y 7113~ 4 F—fkD
FNEAMEAL TV A HEID RS 7z 8m,
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PR SNz LL, 20 b0 2 DIFFEIIALET, IVRERY T AT LAY —IZEMEL
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TRTCHOBLE 2 42 CAER 3R IS LHEE S NS, ERWO T F ¥ F FE R, 6 Bifz o 2 v 4 (11D
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TDULEEELID AR T ANFIREMEL, CoORBERL L TEHI S U FABRRESBH L7
LEZ LN 0,
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Development of an Air-Stable Precatalyst for

Use in Homogeneous Nickel Catalysis: A Case Study in

the Mizoroki-Heck Reaction of Benzyl Chlorides and Simple Alkenes

Eric A. Standley, Timothy F. Jamison

Abstract: The Mizoroki—Heck-type reaction of benzyl chlorides and simple, electronically unbiased alkenes was
developed as a new method for carbon-carbon bond construction. This transformation represents a novel addition
to the existing methods for alkenylation reactions, and like numerous other nickel-catalyzed reactions, relies
on bis(1,5-cyclooctadiene)nickel(0) (Ni(cod),) as catalyst. Through fundamental understanding of the role the
1,5-cyclooctadiene ligands play in the reaction, a new, air-stable precatalyst was successfully developed for the
transformation. This precatalyst enables the reaction to be performed without caution to exclude oxygen from the
reaction, significantly increasing the convenience and usability of the reaction. The knowledge gained from this
research led to the development of a library of structurally-related, air-stable nickel complexes suitable for use as

precatalysts in a wide array of reactions.

1 (5 mol %) R? cl.
e L (RS | o N
I = /
_ +, TMSOTTf (1.5 equiv)
1-5 equiv CH,Cly, 1t, 4-8 h 26 examples Me

41-96%, >20:1 11 Precatalyst 1
TCI Product C3325

 Highly regioselective Mizoroki-Heck reaction of unbiased, terminal alkenes
o Air-stable and highly active precatalyst to replace Ni(cod)2
 All reagents can be used without purification and degassing

Keywords: nickel catalysis, air-stable precatalyst, Mizoroki-Heck reaction

_0 Introduction

Homogeneous catalysis plays a central role in numerous fields, such as the materials, pharmaceuticals,
agrochemicals, as well as bulk and commodity chemicals industries. In particular, palladium and copper have
been used in these fields for many years, and especially in the last 20 years, palladium catalysis has been
extensively developed and ubiquitously adopted in many settings.! While palladium and copper are normally the
metals of first choice for a diverse set of reactions, most notably cross-coupling and amination reactions, nickel
has been the subject of continued investigation as an alternative to these metals. However, the last 10 to 15 years
have seen numerous exciting discoveries and developments in nickel catalysis that have demonstrated nickel’s

value for much more than its ability to catalyze the most traditional spz-sp2 cross-coupling reactions.’



TCI>A=Jb

—  2017.7 No.174

In 2010, I came to the Massachusetts Institute of Technology to begin my PhD. A major reason I chose to go
to MIT was to work with Prof. Timothy Jamison, whose research program had produced seminal contributions
in, among other areas, nickel-catalyzed reductive coupling.® Many of the diverse coupling partners used in
these reductive coupling reactions were subsequently incorporated as key steps in the total syntheses of natural
products such as (-)-terpestacin® and amphidinolides T1 and T4.® Even before joining his research group, we had
many discussions about possible directions for my future research to take. A common theme to these discussions,
whether in the context of nickel-catalyzed reductive couplings, carbonyl-pi couplings, or Mizoroki—-Heck
couplings, was the pivotal role that the starting nickel source plays in the outcome of the reaction. Throughout
the many different transformations developed by the Jamison group, bis(1,5-cyclooctadiene)nickel(0), or
Ni(cod),, was almost always used as the nickel source of choice. This is a highly versatile metal complex, which
is itself an active catalyst in many transformations, and also combines readily with numerous types of ligands to
form ligand-supported, zerovalent nickel species. This allows a single precursor to be readily diversified into an
active catalyst species for countless transformations simply by combination with the appropriate ligand. While
this versatility is valuable in a research setting, the use of Ni(cod); is not without difficulty and liabilities; it is
highly sensitive to oxygen, and even under an inert atmosphere, it slowly decomposes to nickel metal unless
stored cold.

Even in cases where an air-stable precatalyst can be employed, a hallmark of nickel chemistry is the extreme
sensitivity of catalytic species and intermediates to oxygen. Thus all solvents, reagents, and reaction vessels must
be thoroughly degassed and kept inert. As a result, many of the transformations that have been developed using
Ni(cod), as catalyst are not employed to the extent they could be if the experimental challenges associated with
their use could be avoided. With this context in mind, I began work on my PhD with an aim to develop new ways
to enable the more convenient and expedient use of nickel catalysis, both of new transformations and as applied

to existing transformations.

_e Nickel-Catalyzed Mizoroki-Heck Reactions

At the outset of my work in this field, I was working in collaboration with my mentor Dr. Ryosuke
Matsubara. At the time, Dr. Matsubara was a visiting scholar in the Jamison group, and is now an associate
professor at Kobe University in the group of Prof. Masahiko Hayashi. In his time in the Jamison group, he
developed a nickel-catalyzed Mizoroki—Heck-type coupling reaction of simple alkenes and benzyl chlorides,
which is highly selective for reaction at the internal position of the alkene (Scheme 1).° Traditionally, the
Mizoroki—Heck reaction has been most often employed with alkenes possessing an electronic bias to control the
regiochemical outcome of the reaction. This work considerably expanded the scope of substrates available for
use in the Mizoroki—Heck reaction to include simple, monosubstituted alkenes lacking such bias.

We initially began work by attempting to extend the scope of the reaction to include electronically unbiased,

disubstitued alkenes. Early on, we observed the 1,5-cyclooctadiene ligands being functionalized, rather than

TESOTf (1.75 equiv)
PhMe, rt, 24 h Ni(cod)z

Ni(cod), (10 mol %) é] Ni-
X PCy,Ph (20 mol % td
R Cl R y2Ph ( ) R1@/\ﬂ/ .y jM N
_ - 7
Et3N (6 equiv) & bis(1,5- cyclooctadlene nickel(0)

>20:1 selectivity for branched product

Scheme 1. Nickel-catalyzed Mizoroki-Heck reaction of benzyl chlorides and simple alkenes
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the target alkene. This observation led to the idea that the 1,5-cyclooctadiene ligands, while generally easily
displaced by phosphine ligands, cannot be completely ignored. Ultimately it was this observation that showed the
true necessity of a cod-free precatalyst for this transformation, but also illuminated the potentially much wider
application of such precatalysts.

To evaluate our hypothesis about the role of the 1,5-cyclooctadiene ligands, we needed to find a reliable
way to access a phosphine-supported Ni(0) species that did not contain any 1,5-cyclooctadiene. Initial attempts
led to catalyst species that either had poor stability or were significantly impure. The solution to this problem
came from a literature search of zerovalent nickel complexes, which led us to (PPh3)2Ni(n2-C2H4), 2.7 This
complex is an air-sensitive, but readily isolable complex that we imagined could be suitable for modification
to include different phosphine ligands. When the desired dicyclohexylphenyl phosphine was used in place of
triphenylphosphine for its synthesis, the corresponding (PCszh)zNi(nz-C2H4) (2) was isolated in good yield
(Scheme 2). Use of this complex as a catalyst in the benzylation reaction was successful, and in fact showed

improved performance relative to the system of Ni(cod), and PCy,Ph which we had traditionally employed.

CoH PhCysP.
Ni(cod)s + 2 PCysPh  ———2tt o TV GHy
Et,O, 10 min PhCy,P’ CHy

2

91%

Scheme 2. Synthesis of (PCy,Ph),Ni(n>C;H.)

The knowledge gained through the use of this precatalyst in the Mizoroki—Heck reaction of benzyl
chlorides was highly informative, but at this stage I had not even begun to address the principal challenge I had
originally set out to, namely to improve the usability of this reaction by avoiding the use of any air-sensitive
reagents. Additional literature searching and some helpful discussions with Prof. Stephen Buchwald and his
graduate students made us aware of some relevant work carried out many decades ago by Chatt and Shaw.®
These researchers had investigated the synthesis of a series of Ni(Il) complexes substituted with phosphine
ligands and substituted arenes, many of which possessed at least some stability towards oxygen. After initial
lab trials, we quickly arrived at an optimized synthesis of (PCy,Ph),Ni(o-tolyl)Cl (1). This complex is an air-
stable, diamagnetic solid which can be readily prepared from dicyclohexylphenyl phosphine, nickel chloride

hexahydrate, and o-tolylmagnesium chloride in a high-yielding, two step sequence (Scheme 3).

Me
NiCl, » 6H,0 MgCl .
EtOH “:Ni—PCy2Ph
PCy,Ph (PCy2Ph),NiCl PhCy,P-NIAY?
70 °C THF, 88%
3
0.5h, 90% Mé

Scheme 3. Two-step synthesis of (PCy,Ph),Ni(o-tolyl)Cl (1)

The use of 1 as a precatalyst for this transformation enables several changes to the reaction protocol. First,
it is no longer necessary to degas or purify the solvents and reagents used for the reaction. Second, due to the
absence of the 1,5-cyclooctadiene ligands, the catalytic system is much more active, meaning a lower catalyst
loading (5 mol % rather than 10 to 15 mol %) can be employed. Third, because Ni(cod); is incompatible with

certain solvents, a wider range of solvents can be used. In this case, changing from toluene to dichloromethane
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provided a further rate enhancement to the reaction, something that would not be possible with Ni(cod), as the
precatalyst. Overall, these changes add to the convenience and usability of the reaction, but they also enable
the reaction to work with substrates that did not work with the original protocol. Specifically, because a Lewis
Acid activator, triethylsilyl triflate or trimethylsilyl triflate, is used, acid-sensitive substrates were in some
cases beyond the scope of the reaction. By moving to a more active catalyst system, the reaction time could be
considerably shortened, allowing the rate of the desired benzylation reaction to be high enough to outcompete the
acid-mediated decomposition? Selected examples are illustrated in Scheme 4. In all cases, high regioselectivity
for the branched product is observed in preference to the linear products, and the products can be isolated in good

to excellent yield after column chromatographic purification on silica gel.

Precatalyst 1 (5 mol %)

Et3N (6 equiv)
m + isomers
TMSOTf (1.5 equiv)

CH,Cly, 1t, 4-8 h

SO

5 equiv

4 6 7 8

47% yield, 93:7 69% yleld 95:5 90% yield, 96:4 84% yield, 95:5 50% yield, 97:3

Me
o n-Hex n-Hex ~ OTES n-Bu
| /
s MeO,S
Me Me
9 10 13
78% yield, 94:6 41% yield, 96:4 89% yleld 97:3 88% ylelu' >99:1 80% yield, 98:2
0
Br OTs

ST L ome

o] Cl | P
eO HO,C OMe

90% yield, 83:17 77% yield, 96:4 52% yield, >95:5 82% yield, >95:5
| ™ \QOMe WNHz mo>
= e
Me0,C~ oTMS Ph MeO,S 0
18 19 20
96% yield, >99:1 69% yield, >95:5 67% yield, 99:1

Yields given are of isolated products after purification by column chromatography. Regioratio is reported as the
ratio of the major isomer to the sum of all other isomers observed.

Scheme 4. Selected scope of the Nickel-catalyzed Mizoroki-Heck reaction of benzyl chlorides and terminal alkenes

Subsequent to our work on the Mizoroki—Heck reaction, we sought to understand more about the generality
of this type of precatalyst. A large assortment of phosphine ligands were successfully incorporated into
precatalysts of this architecture, covering a significant portion of the phosphine ligands most commonly used in
homogeneous nickel catalysis. Both monodentate and bidentate phosphine ligands with a variety of alkyl and
aryl substituents were successfully used to yield nearly 20 different air-stable nickel complexes suitable for use

as precatalysts in nickel-catalyzed reactions.'”
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_9 Conclusion and Outlook

Looking forward, the use of nickel catalysis continues to increase as new methods are developed,
particularly as nickel’s propensity for one-electron and redox chemistry is further understood and exploited."'
As such, new means to access the required active nickel species from readily available and convenient-to-use
precursors is an ongoing focus of research and development. As the field of nickel catalysis further matures,
it is our hope that researchers will continue to not only develop new transformations, but continue to place
emphasis on the usability of the developed reactions. While novel transformations push the boundaries of
organic synthesis, the uptake of these reactions by chemists, both in academia and in industry, is often limited by

practical considerations.
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C3325 _Chlorobis[dicyclohexyl(phenyl)phosphino](o-tolyl)nickel(ll) 100mg 8,900  500mg 29,800
D2411_ Dicyclohexylphenylphosphine 1g 6,800 { 59 20,700 {4
T0871 _Trimethylsilyl Trifluoromethanesulfonate 5g 3,000 M 25g 9,600 4 250g 55,200 M

T1689 Triethylsilyl Trifluoromethanesulfonate 59 6,700 M 25g 20,400 [
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New Ruthenium(II) Thiolate Complexes: Cooperative Activation of
E-H Bonds (E = H, Si, B) and Catalytic Applications

Martin Oestreich

Institut fiir Chemie, Technische Universitdt Berlin

Introduction

Ruthenium(II) thiolate complexes of type [(DmpS)RuCl(PR3)] (1a: R = i-Pr; 1b: R = p-FC¢H,), introduced
by Ohki, Tatsumi, and Oestreich, serve as air-stable precursors for cationic ruthenium(II) thiolate complexes 2
(Scheme 1, top). These (formally) 16-valence-electron complexes are highly active bifunctional catalysts for
the cooperative activation of H-H,['? Si-HP 2 as well as B-H!'*! bonds. For catalytic applications, the air-
sensitive catalysts 2 can either be preformed or generated in situ by treatment of the corresponding ruthenium(II)
chloride complex 1 with NaBAr', (Ar" = 3,5-bis(trifluoromethyl)phenyl). The tethered coordination mode
of the bulky 2,6-dimesitylphenyl thiolate (DmpS) ligand is crucial, stabilizing the coordinatively unsaturated
ruthenium atom in 2 and also preventing formation of binuclear sulfur-bridged complexes. The polar Ru—S bond
of these complexes combines Lewis acidity at the metal center and Lewis basicity at the adjacent sulfur atom.
This structural motif allows for reversible heterolytic splitting of E-H bonds (E = H, Si, and B) across the polar
Ru-S bond, generating a metal hydride and a sulfur-stabilized E* cation (Scheme 1, bottom).[3 ! After transfer of
the electrophile to a Lewis-basic substrate, the resulting neutral ruthenium(II) hydride can either act as a hydride
donor (reductant) or as a proton acceptor (Brensted base), thereby releasing dihydrogen. On the basis of this
approach, complexes 2 emerged as broadly applicable catalysts for chemoselective reductions (hydrogenation

(12 a5 well as hydrosilylation!*!!)), dehydrogenative couplings (Si-C(sp*),[* ¥ Si—

[12]

and transfer hydrogenation,

0,17 8i-N,BT and B—C(spz)m]), as well as hydrodefluorination reactions.

1a: RgP = iPrsP [C3327] 2a: RgP = iPrsP
1b: RsP = (4-FCgHa)3P [C3328] 2b: RyP = (4-FCgHu)sP

R3P’[ “SAr =/ RgP- ~SAr
Lo H ;

H-E

=H"and E* source
(catalytically active)

Scheme 1. Preparation of catalytically active ruthenium(ll) thiolate complexes for cooperative E-H bond activation (E
=H, Si, and B).
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1 - Hydrogenation and transfer hydrogenation of imines:!
*BArf,~
o Et P’[R@ h H R
3 3! -
R (5 ban) (3.0 mol %) N
J\ + or /IV )
R'” “R2 H H toluene or benzene R\ R
0°CorRT H
aldimines, ketimines, MeO OMe
acridine, quinaldine
H H
(1.3 equiv)

2 - Regioselective electrophilic C-H silylation of indoles:¥

+ F -
r\ BAr 4 )
H ARUl_gp SiMe,Ph
REL EtsP r R
(1.0 mol %)
AN R1 + MeoPhSi-H AN R

N neat N
bG RT-90 °C PG
PG = Me, Et, Bn, iPr3Si (1.0 equiv) —-H-HT C3:C2 > 99:1

R', R% = alkyl, aryl, F, Cl, Br

3 — Regioselective electrophilic C—H silylation of pyridines:"*!

*BArf -

.[Ru].
R1 fPrSP SAr R1 i
H (4.0 mol 0/0) SiMe,Ph
E\/ﬁ/ +  MeyPhSi-H E\/ﬁ/
— neat P
N 80 °C N
R = alkyl, aryl (10 equiv) —H-HT

4 - Preparation of dibenzosiloles by intramolecular electrophilic C—H silylation:[é]

R! f]\—| * BArF4‘ R

N R N
A e T
R = p-FCeH
= p-Flehg =
H H (1.0-3.0 mol %) Ve
Sme toluene Me
140 °C (microwave)
—H-H1T
R2 R?

R' = Me, Cl, CF3, OSiR3, NRy
R2=H,Cl
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5 - Direct formation of silyl enol etherst” and N-silylated enamines™ by dehydrogenative coupling of enolizable

ketones and ketimines with hydrosilanes:

Me,R3Si
O (\—|+ BArfy ? "o
Ru]_
R1J‘\(H Rep-U-sAr RA\
5 R =Etor iPr >
R (0.5 or 1.0 mol %) R
or + MeyR3Si-H or
PG n-hexane or benzene Me,R3Si. PG
N~ RT N~
R J‘\( H -H-HT R J\
R2 R2
R'=alkyl, aryl  R®=Ph or Et
R? = H, alkyl (1.0 equiv)

6 - Dehydrogenative silylation of the N-H bond of indoles, pyrroles, carbazoles, and anilines:¥

]

r\—|+ BArF,~
- Ru]_ _— Tien
R1\/ < Et3P/[ ] SAr R1\ B
N W (1.0 mol %) Ny
LF-27 4 MeoPhSi-H SRt
'}‘ neat or n-hexane '}‘
H RT-90 °C SiMe,Ph
indoles, pyrroles, (1.0 equiv) —H-HT
carbazoles, anilines
R' = Me, Cl, Br, CF3
7 - Regioselective hydrosilylation of pyridines and benzannulated congeners:[lo]
H
’ | \jw r | 7:R1
NS ~ SN
Sy N +BArF4— Ny N
- Lo /[Rﬁ L
pyridines, quinolines EtsP SAr SiMe,Ph
(1.0 mol %)
or + MeyPhSi-H or
neat R
N (1.0 equiv) RT 2N
B R! Lo
] \/ S
I N
x SiMe,Ph
R? H
isoquinolines, phenanthridine
R' =H, alkyl, aryl, F, Cl, Br, CF 3
R? = H, Me
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8 - Chemoselective hydrosilylation of carbon dioxide:!

*BArF,~
(10 mol %) oSIEt3 OSIEt3
CO, + EtMe,Si-H H . + H
toluene H OSiEt; H H
5 bar
(18 % in Ar) 80°C, 4d 96:4 (85% yield)
150 °C, 16 d 3:97 (40% yield)

9 - Hydrodefluorination of CF3-substitued anilines:1'?

r\—| +BAIF4

RsP” [Ru]‘SAr
R= p—FCeH4

CF (10 mol %) CH
8 NaOMe (5.0 mol %) = 8

v | + MePhySi-H o/ |

n-hexane
(4.4 equiv) 20-100 °C

— MePh,Si-F

10 - Regioselective electrophilic C—H borylation of nitrogen-containing heterocycles.'[13]

+BArF,~
)
H RaP SAr Bpin
R2 = R= p-FCsH4 R2 —
IND A (1.0 mol %) N
N\ Rt pinB-H N\ R
ITI neat l?l
Me 80°C Me
R' = H, Me (1.5 equiv) ~H-HT C3:C2 > 99:1
R? = alkyl, NMe,, Br

ik

[17 Y. Ohki, Y. Takikawa, H. Sadohara, C. Kesenheimer, B. Engendahl, E. Kapatina, K. Tatsumi, Chem. Asian J.
2008, 3, 1625.

[2] A. Lefranc, Z.-W. Qu, S. Grimme, M. Oestreich, Chem. Eur. J. 2016, 22, 10009.

[3] T. Stahl, P. Hrobarik, C. D. F. Konigs, Y. Ohki, K. Tatsumi, S. Kemper, M. Kaupp, H. F. T. Klare, M.
Oestreich, Chem. Sci. 2015, 6, 4324.

[4] H. F. T. Klare, M. Oestreich, J.-i. Ito, H. Nishiyama, Y. Ohki, K. Tatsumi, J. Am. Chem. Soc. 2011, 133,
3312.

[5] S. Wiibbolt, M. Oestreich, Angew. Chem. Int. Ed. 2015, 54, 15876.

[6] L.Omann, M. Oestreich, Angew. Chem. Int. Ed. 2015, 54, 10276.

[7] C.D.F. Koénigs, H. F. T. Klare, Y. Ohki, K. Tatsumi, M. Oestreich, Org. Lett. 2012, 14, 2842.

[8] J. Hermeke, H. F. T. Klare, M. Oestreich, Chem. Eur. J. 2014, 20, 9250.
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C3327 [(DmpSR')RUCI(P-(i-Pr)3)] 100mg 29,500 /M
C3328 [(DmpSR')RuCI(P-(4-Fluorophenyl)s)] 100mg 26,500 [
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KRNI p REBFHHE “XVoty”

P2524 Pentacene (99.999%, trace metals basis) (purified by sublimation) (1)

100mg 5,800 [ 19 31,500 [

Pentacene (purified by sublimation)

1
BEHERMRE NS X4 (OFET) BEBE, JLx> 7, XN, KEEIEHFSERETH S
ZeEDS, RURKOBFFNIZRELTEREEDTVET ), £/, SMEETEE L /- FET Z38
EBBICRBVWHENERFEEMEI RO SNET D, N2t KRN L p BFEEME T
HY, CNETHEEILI FOZIZADABFICEVWTHSOMEHAI BEIATVET 29, 5
mEAENRL 2L E L TRERUROFERIET, RECHFERR x> 2E2 (1) EHVWTH
FUURERRFOEES LV ET /25, BHTRIFTRE L - FETHEMIEOhE L/

(a) (b)
Au Au 0.01 0.05 0.0 0.06
IR o - Vo= -100V
y—z@E 7V kusvEE ogo1 | % 005 oo0t 00
0.0001 0.0001
o Txi0® 0.04 g o x10° 004 E
- — = - =
2 1x1p* 00 B 2 1x107 [
%107 ».5 1197 ».5
i bickedE 0.02 0.0z
Sloz (tez=) xi0® — 1109
Siv (47— MEHE) po* | o” o
1107 o {F3 () B A ]
20 0 20 -40 -0 -B0-100 20 0 20 -40 -50 -80 -100
Vol V Vgl W
H1. OFETE T H2. R A2 %ERAVW-OFETR T mEfF )

(a) bare (b) OTSALIE

1. OFET pentacene# fiL\f=OFETH 4t

Tsub mobility Wth
compound SAM °C) (cm?/Vs) ) on/off
pe”‘gje”e bare RT 0.34 ~ 0.37 53  39x10°
[P2524] oTS RT 1.50 ~ 1.52 5.7 1.5 x107

OTS: n-Octyltrichlorosilane

FEECEW by T2 MIDFETRFEMFHELELAL (H1), FFOFETHMEER2 &
SURIICRLET, EXRFTEITICTAELAKR, 2TORFICHBVWTREL p B BHE
MrBOhELE, £/, F7F MU 7ABY 5> (OTS) MIBLAFF T, K—ILEBEE
Hmax = 1.52 cm?/Vs, on/off tk 1.5 X 107 DBH TRIFLEEBI I LA TEE L1,

ik

1) Multi-functional integration of organic field-effect transistors (OFETs): Advances and perspectives
C. Di, F. Zhang, D. Zhu, Adv. Mater. 2013, 25, 313.

2) Pentacene disproportionation during sublimation for field-effect transistors
L. B. Roberson, J. Kowalik, L. M. Tolbert, C. Kloc, R. Zeis, X. Chi, R. Fleming, C. Wilkins, J. Am. Chem. Soc.
2005, 127, 3069.

3) Pentacene-based organic field-effect-transistors
M. Kitamura, Y. Arakawa, J. Phys.: Condens. Matter 2008, 20, 184011.

00168 _n-Octyltrichlorosilane 25g 6,000 A 250g 27,100 M
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BETERLWPITVE/ VSV (SiH) OREBESH
T3443 Tri(cyclohexa-2,5-dien-1-yl)silane (1) 200mg 6,800 F 1g 23,500 H

F(7anx4-25-JI1-1)Y5> (1) i, E/PF> (SiH) ORBEEHMELT
AWBZENTEET 1D 7ONFY 25 T ZILEIE, MEED B(CFs); DIERICEY 7
DIVRIKEBRFOBEENL L OEBER T I LEM2ICERIN T T, BRI, EYOD
SIANFY 25 - DI NN BT MR —KEBEEICEBMINDZZETE/ VT PERLET,
Bohi=E /o521, 7l enx—E KOS YIMERISICEERWS Z P FIEETT,

: *ﬂ
: H- Si
1+ cat B(CeFs)s : monosnane
o ﬂ Rt H Si—H ( ]
"SiH," H si 3 3
R2 — | R? "Han
R R /n |
3 cat. B(CgFs)3 s| H
i <@ / e
ik
A. Simonneau, M. Oestreich, Nat. Chem. 2015, 7, 816.
B ERIm
T2313 _Tris(pentafluorophenyl)borane 19 13,500 A 5g 51,200 M

YVINOHEEMRNFHHE

P2575 Pyrogallol Red (Ready-to-use solution) [for Protein determination] (1)

100mL 5,000 H
HERE X EC A=AV S
B BB 0.1 - 1.0 mg/mL 0.1-1.0 mg/mL
IS H, BSAIZ#ER 50 pL 10 pL
P2575 (1) 1mL 200 pL

EEZPFICEVWT, 2NV EEEDREIXSH SWAMBICDERARAEERTT, EAOAO—
WLy FERREABR (1) &, 2> NNVEFTERICHARI W RS 1 TORVNEABTRTT, 1
EEVTF BB ESETRL L T 480 nm ICBKER EF DR E LY, EBICENNVEERETD
ZETHBRAERENI600NMICS T RLET D, 1IZCOREEFIAL, 600 nm OWEFAIET S
ZET, BBRPOENVEOECERTEE T, RATEZEIE, Fa2XNy MADBEIDEL, K
EETTHR ANy NOEEDRIEETT,

HULWMERAZERT T TH A bEZSBL &V, hitp://www. TClchemicals.com/pdf/application01.pdf

AHERMEIAETHY, HB - HRAOAHICIFAL LTV,

Xk
N. Watanabe, S. Kamei, A. Ohkubo, M. Yamanaka, S. Ohsawa, K. Makino, K. Tokuda, Clin. Chem. 1986, 32, 1551.

P1976 _Pyrogallol Red [for Protein Research 19 6,500 M
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REERAIOT1Y A7HO0—-R

P2461 Protein A Agarose (1) 1 vial 28,000 M
Protein A agarose &Y Y 7ILORNM FELFRMTIE BHERICkD
DL BaYE=SS iz aH

7’07 41 > A\ Staphylococcus aureus & W EE SN BEX 2 /XVEN T, BN, THF, <
TAXRY VB E, e LEMED IgG ICHEET AWMU ER ST A, HEBEECLN T7HO-X
BECESSELTATICA (1) &, AEOERICHVS I EHFAIRET, —MEBmEEN, &)
BMEEETHDIpHA0 TE MGG 2BHT I EPTEET,

AHREIAETHY, HAB - HARAOAICIFACEZE VL,

Xk
1) Use of staphylococcal protein A as an immunological reagent
J. W. Goding, J. Immunol. Methods 1978, 20, 241.
2) Staphylococcal protein A consists of five IgG-binding domains
T. Moks, L. Abrahmsén, B. Nilsson, U. Hellman, J. Sjéquist, M. Uhlén, Eur. J. Biochem. 1986, 156, 637.

BRI
P2366 Protein A Recombinant, expressed in Escherichia coli 1 vial 12,000 [

P2407 _Protein A Biotin Conjugate 1 vial 12,000 M
P2466 _Protein A HRP Conjugate 1 vial 12,000 M
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E MOE7 VIS (BEYMREESYC b 2) ICHSI58KET0—7 :BD140
D4898 BD140 [for Albumin binding assay] (1) 25mg 21,200 [ 100mg 63,500

B RIFE7ILT IS (HSA) |E, BSBAER, 2> /NUE, BAFEML EH4L{EAMEHEER
TRIEPHMOENTVET, HSA DEAFEY E DHREERIBAICIE, EICEPHEE T M1 (B
1 h1) EEPRET A2 (A2 D2208HY, Y4 MICERTLT7ULEEN, HA
M2l 7707z G EPHREERRATAIZENBEINTVWET, ZD7/8H, FEMH HSA I
BETBEPEID, HSADEDEMREES Y 1 MBS TEHIEANBZ & IF, EYDHFANEIREE T
BTI3DICEETT, CNETICEMORBEY A FEFARNZTO-TELT, 4 M1 TIRECY
WPIREEY, Y14 b2 TRBEL VLTV HEPAVWSNTEE L, —A, Chang 57°R
HL7/=BD140 (1) (&, HSA DEMEEY 1 F2 ICEBRNICES T 3HLLEXTO-TTT N,
COEMELS1IE, BEMHP HSADENEEY A F2IEETINEILPERRBTZ200DY -
ELTHATTY,

Albumin Site2

0 Inhibition in various drugs vs BD140

Drugs conc. (uM)

80
1.5625

60 3.125
0 6.25

=125
20 u25

[ ] 50

0.

Wai Phenylbutazone Ibuprofen Flurbiprofen  Triiodobenzoic Acid

Inhibition (%)

-20

1 drugs Site2 drugs Site1&2 drugs
-40

AURIHAETHY, &R - HRADAICIFIHEZE W,

Xk
1) J.C. Er, M. Vendrell, M. K. Tang, D. Zhai, Y.-T. Chang, ACS Comb. Sci. 2013, 15, 452.
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Tankyrase FEZEHI

X0077 XAV 939 (1) 25mg 20,200 § 100mg 60,500 F

(0]
0L
LA A

H

DN

CF3
1

XAV 939 (1) IMEFEEFMR I - JICE > TRREIWAZZ X —ED/IDFREERT
T 13 %¥7—F1E&22hZh, 11nM, 4nM D IC,, TRHEL X T (Table)s 112&3
BUXT—CEOEBBT7X I ERERL, B-HTZCD00BERELET, COB-HTZ DR
HEEEIEWnt T F IR ERELE T, ZhZ, 1 EWnt 2 TF)TDT7 202X bEL
TEHRINE T,

B-HT = I3RMROZHEEMICEELEE 2B > TWET 2, Davidson 513, Wnt/B-H7=>
DTFIDOFMEEICEY) B NRERHEIROBSEEREVETYEIEEZ S, ZORTHF1ICLY
RHIETZ B2 & %#E L TWE T 3, EpiSCs M naive-like PSCs (fESCs) ~M#xffald, 112& 3
B-HT = DUADBITOREICL->THELET Y 113%/, v I7X¥E FDESCs » 5108
HERADMEEFEBEL 7 56,

EpiSCs: epiblast stem cells
PSCs: pluripotent stem cells
rESCs: reverted embryonic stem cells

Table. Inhibitory activity of XAV 939"

Enzyme Inhibitory activity

Tankyrase1 ICs9 0.011 uM
Tankyrase2 ICs0 0.004 uM
PARP1 ICso 2.194 uM
PARP2 ICso 0.114 uM
Tankyrase1 Kd 0.099 uM
Tankyrase2 Kd 0.093 uM
PARP1 Kd 1.2uM

PARP: poly(ADP-ribose)polymerase

AHREIAETHY, HBR - HARADAHICIFAC LSV,
3k

1) Tankyrase inhibition stabilizes axin and antagonizes Wnt signalling
S.-M. A. Huang et al., Nature 2009, 461, 614.

2) B-Catenin in pluripotency: Adhering to self-renewal or wnting to differentiate?
G. S. Sineva, V. A. Pospelov, Int. Rev. Cell Mol. Biol. 2014, 312, 53.

3) Wnt/B-catenin signaling promotes differentiation, not self-renewal, of human embryonic stem cells and is
repressed by Oct4
K. C. Davidson, A. M. Adams, J. M. Goodson, C. E. McDonald, J. C. Potter, J. D. Berndt, T. L. Biechele, R. J.
Taylor, R. T. Moon, Proc. Natl. Acad. Sci. USA 2012, 109, 4485.

4) Successful reprogramming of epiblast stem cells by blocking nuclear localization of B-catenin
H. Murayama, H. Masaki, H. Sato, T. Hayama, T. Yamaguchi, H. Nakauchi, Stem Cell Rep. 2015, 4, 103.

5) Cardiac induction of embryonic stem cells by a small molecule inhibitor of Wnt/B-catenin signaling
H. Wang, J. Hao, C. C. Hong, ACS Chem. Biol. 2011, 18, 192.

6) Small-molecule inhibitors of the Wnt pathway potently promote cardiomyocytes from human embryonic stem
cell-derived mesoderm
E. Willems, S. Spiering, H. Davidovics, M. Lanier, Z. Xia, M. Dawson, J. Cashman, M. Mercola, Circ. Res. 2011,
109, 360.
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