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Ac
aq.
Bn
Boc
BOM
Bu
Bz
cat.
Cbz
CSA

conc.

CPME

decomp.

DABCO

DBU
DEAD
DIBAL
DMAD
DMAP
DMF
DMP
DMSO
DPPA
DPPB

DPPE

DPPF

DPPP

Abbreviations

acetyl

aqueous

benzyl
t-butoxycarbonyl
benzoyloxymethyl
butyl

benzoyl

catalytic amount
benzyloxycarbonyl

(s)—(+)-10-camphorsulfonic acid

concentrated
cyclopentyl methyl ether

decomposed
1,4—diazabicyclo[2,2,2]undec—7—ene

1,8—-Diazabicyclo[5,4,0]Jundec—7—ene
diethyl azodicarboxylate
diisobutylaluminium hydride
dimethyl azodicarboxylate
4—(N.M-dimethylamino)pyridine
N.M-dimethylformamide
Dess—Martin periodinate
dimethyl sulfoxide
diphenylphosphoryl azide
1,4-bis(diphenylphosphino)-
butane
1,2-bis(diphenylphosphino)-
ethane
1,1-bis(diphenylphosphino)-
ferrocene
1,3-bis(diphenylphosphino)-

propane

ee
ent—
eq.
Et

Fmoc

HMPA

IR
LAH

LDA
LiTMP

min

MOM

Piv
PP
Pr

quant.

enantiomeric excess
enantio—

equivalent

ethyl
9—fluorenylmethyloxycarbonyl
hours

hexamethylphosphoric triamido
iso

infored

lithium aluminium

hydride

lithium diisopropylamine
lithiumtetramethylpiperidine

mata
methyl

minute

methoxymethyl
melting point
molecular sieves
mesyl

normal

normality
M-iodosuccinimide
M-methylpyrolidone
nuclear magnetic resonance
2—-nitrobenzenesulfonyl
para

palladium on carbon
phenyl

potential hydrogen
pivaloyl

pyrophosphate

propyl

quantative
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SM

temp.

Tf
TFA

room temperature
starting material

tertiary
temperature
trifluoromethanesulfonyl

trifluoroazcetic acid

TFAA

TfOH

THF
tol
Ts

XS.

trifluoroacetic anhydride
trifluoromethanesulfonic
acid

tetrahydrofuran

tolyl

tosyl
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1. 1 ZEERv—Ek

< B —RIGER DR R R >

FT. B —REEEROREICOWTIAT 5, B —RIgE R, EBeE L BT
T = R D =R LW AR TTH D, ZO8ERIE 1 9 7 6 4IC Shaw
BIZ Lo T THE ST Y, [2,6-(BuPCH2):2CeHaIMX (M: Ni(I), PA(II), Rh(IID),
Pt(ID), Ir (III); X: Cl, H, CCPh, CN etc) TFHE SN H{LEMRED AR % i L T 4 (Figure
1.1), UHNE oD HNART =AM R F—& o0 R —%2HT 255 DDHNE
—BER L SNTWEDR, BIIEETIEIART =4 L R —%2 B LTV ARNEDHAFHTE
VAR LI D K I Tn D, I BT, < OWFEE N E L —BISE RO
AR LT BBl A GO IEE L O, BERetEAEE & L CoRIAEDOMZEIZIESI LT
A [2]O

F"tBUQ

) M: Ni(Il), Pd(H), PE(ID
M- X Rhdiih, ir(lll)

:

4 X. CIL H, CN, CCPh
BU2

[MX(pcp)]

Figure 1.1. First Example of Pincer Complex
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BB A IC Il L T B PEE IOV TR 5 (Figure 2.2), £9 MBI, FEHICE
HCTHHZETHD, ZFETEBERNMLTND Z LR, B —AoMEZ B E7 b
DL LTS, ZOMWEITMBSIS R ORFRISIZHE L7 b O TH Y | RISHEAE DT IC
HENDOHDTH D,

TRBE, B AT OE Y 2 T — IR B A R R OEAR B ICE R R
Bha b x5 &< WRIZRNLIR - BT ZHE T2 2 LR AR THDLEVI KT
b, TNITEY | SERDOETIRELONRIREEN 5 2 2 2R ORF 7230 A 2 wRE L L.
TR 22 i O Fei b & FIRE & T D,

BlZIE, 2. 6ALICEHINTZE R FITH/NROE A2 H CA R L AHE O SARBRBE
BRIt Z b6 T 2 Enmbn TS, BT, ZETVRMEICEEL ZE A LS
2N, BFHIIEEZHETE 5, £7-, XTI N7 U ARIZL > TEFHIIERICKE
REBEEG R, YRICOWTUIVEEMICOEFNICOEBERDRE 525, b OMIC
HEREE RIS 2 BT ML N TR Y, TRICRHEHT 5,

control over electron density
indirect control on steric property \

cavity for metal binding
with tunable accessibility

Y-ER,
z*éiiix—@xgﬁn
, + sites for counterions or
Y—-ER,

ancillary ligands

remote electronic modulation
solubility control
« hardness/softness
* meflal-binding rigidity
« steric constraints of substituents
+ coordinating 2e donor or free Lewis base

Figure 1.2. Features of Pincer Complexes

INoDIETHMHELIMI S, B —ERIIE 2 ICREEZA LTS 2 EnmbiT
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BUTIZ 72> TR T =88R %2 W = R SOSAFZE OB NS SD X 91272 - T
T/, TIZTIE, FOMEFNZHOWTHEA L T, A MM. IR < o f)
DHRESNTWD, NENEF T LS —8EKIC O\ TR 5,

NENLE T e o —gE ik % AUV EARAEKIG

1. 2. 1 FIF/NANNNE L —sk

<HRFDOFF NLVNNNE 4 —% ANEAFRE>

RGO F T Ve =ik 2 HONTEARF ISR T 9 8 9T ILSICL > THIES
7= (Figure 1.3) B, #5134 F VHOARF v R KB LG CHRE21T> T\ b, 4EE &
F o ORFE RuKRE TR OV S BIREREBLI N TR oo, ZOMFHTIEEIC
X I VRN BB AR R O TN ONTRET 21T > TV ey, BV EIRE O R L
IIREETH -7, EARF . Brunner L > THIOH TH FVEREN 2 HNHZ LT
90%ee LA LD F U FARRMA M Z EHRD Z LA SN TEY | ERENLEE
KRFENTEH D Z LHPRE STV,

adl X
Chiral Fenc / ; |
. ) = 0]
: iAo
-7 . TRuTT "
. ipf Clg iPr
C, Reaction Site pybox-RuCl; complex

Figure 1.3. First Example of Chiral Pincer Complex

ZOMRESZIZ L THILILIE, FTNVERRNMNFTHOLNNNRLE —3KTH D
XFINERAFFH VY =) P r—RhUIDCls #8568 % HW % 2 & TExT T v T ARk
DOEBEZHIE LIz, AXTLEAAFH ) =L ) 2 —Rh(IIDCls $HADRH#IL, —>
DEENT VX NEEHT 54XV ) UBRICE - T, Co /il ZFF o 7 VBB 2 E D
HLTWDZEThHD, BIZ, TLIAEHRXT TN T 2 AL LTOKREZ R LTS,
P oIxEN ORI, MRFPEOEBZWFL T D,



B b s O FE — %2 7k (Scheme 1.1), #&H, 7R b7 =/ VEOEERKR S b, L

TV BT L WS EIIEEVIEIREN R 5 CnWb, Fo— 7 TEEEIENRE 7 b
V&U?ﬁF%Mi%W%thﬁ*?i%@mﬁ%%éy&Wﬁ%f“ﬁ“ k& L
T—RIMEICITEHER H D0, —EOEEICB O TIEVERER S LN TS, — Mo E

WREE i%iiﬁb‘# —HOEEICBITOURIETHLEEAD

Scheme 1.1 Asymmetric Hydrosilylation of Acetophenones with Diphenylsilane

1) 1a (8 mol%), 2a (1 mol®%)
Ph,SiH» (1.6 equiv.)

\WR AgBF, {2 mol%), THF (8.0 M) \(R
O 2) HCl ag. H OH
O on
91% (94% ee) 91% (95% ee) 87% (94% ee) 93% (92% ea)
0°C,2h 0°C,7h 5°C,7h 5°C,6h
W W B{\COZEK
95% (59% ee) 90% (70% ee) 60% (27% ee)
5°C, 24 h 0°C,7h 0°C,7h

< NNN#E U —EEE2ANWEZREY 7 0 7P a U AbR)G >

PTILSIEIRWTT 994FEIC, FTI0E2AFY VY =’ 2 —Rull)Cle & -
REV 7 a7 a A& A L7-(Scheme 1.2)B1, i Ru Az AW 7 a7 o i
fbiZ Cu=° Rh & HW 7= Fik & bl U CTaETEME IR+ TH D & ST,

Scheme 1.2, Asymmetric Cyclopropanation of Styrene and Diazoacetates

1 N
0 7 0
i N [l J
N--.Ryj- - "N~
¢’ p
== S Ph
N Ru comp. (3 mol%) V CQ.l-menthyl
CH,Cl, (15 M), 11, 8h 4
NoCHCO/-menthyl =
. 83% yield ’ v COo-menthyt
(5.0 equiv.) 4'5 =973 Ph 2 y

4:96% ee, 5:80% ce



ZZTHILIGIFRTRO X TV ERA XYY Y =L O U f—Ru ik z H\W 5 Z &
LEDAF 7 a7 a AL R OWTHREZIT > T\ D, — BB L CiE AR+
T%ot#\96%wkw9%if/%ﬁﬁﬂﬁ\ﬂnhmokwﬁﬁﬁmﬁﬁfﬁﬁ%%
BHZEntkTng

P DITHRET D Ru- W VR UEEAZBLINT 5 Z &N HBPRTITWeu, LarL, I FE
ZIEHHETH DL EBELTEBY, WGBS TRIGHEZ > TWnWH EEXTWVD
(Figure 1.5),

Ph
Ph

Figure 1.4. Proposed Transition State

< NNNHE v —g8EE AW AREBEKRLR)G >

1 9 9 84EIT Zhang HIZ k- TNNNE L B —fk % FW =4 ko ORFEBEIKEL
Ot h3 s & 7= (Figure 1.5)16], 41 5 138K 512 K > THiiE 4172 Ru(D-TsDPEN $5{k %
AW AREBEIKR BSOS B W TR S 7=, BN - O N — H33 N BERERIREL
T 5 ZETRIGEIMELTWAD EWIZRICEHR LTz, 22 THELIZ, TON—-HZE
VI BIZ X > THA SN NN E U —SEROREFIEFN T ST, BALF
PV = AFLT 2 —RulDEbRE T A > - B L, ZOBREIZOWTRET LT,

0O @]
Rs = smaller group &m/\:/ﬁl/
R, = larger group —N N

L,, L, = other ligands PH

[RUCl,(PPh3)4]

Figure 1.5. Schematic depiction of transition-metal catalysts of chiral tridentate
nitrogen ligands with an NH function. Cyclic transition state for transfer hydrogenation
of prochiral ketones.
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T2 Et o R, RSS2V THEE BB W THRFEZITo TV 5
(&MmM3)#%K%WEEﬁ%%LTED IEERTOEREIZE T 04BN ﬁm
FEREL, BT T ARRETHENAE LN TS, L, IR = VAT

BNMEERER A AT 2 E ICB W CiE = v F AR RO KRR F AR STV 5

BIZN— H%@%%_OWT%%@LTED\N—H%%Me%?%%btmm%%%w
e, BOSHE < BIRMEE BICKIBICK T LTWD, ZHUEN — HESRE B0 T
BEREHEEZLTWVWDHIEERBLTND,

Scheme 1.3, Resuits of Transfer Hydrogenation of Ketones under Optimized Conditions
O 8]

PR [RUCI,(PPhy)sl Ph

e (1 mol%) OH o

OH
PR
AR AN NaGi-Pr Ar

(0.2 M) (1.0 equiv.)

o o =8

X =CH; 80% yield, 98% ee, 5min  x = G, 96% yield, 98% ee, 40 min X =CH, 75% yield, 96% ee, 5 min

X=Et 77%yield, 95% ee, 10min x .|  >99% yield, 97% ee, 5min X =Cl 5% yield, 92% ee, 10 min

X =1-Pr 15% yield, 78% ee, 10 min y - CH303% yield, 19% ee, 240 min X = CH30 91% yield, 85% ee, 7 min
o 0
Rﬁ O
X= CH3 68% yleid, 95% ee, 4 min 72% yleld 96% es, 2 min @
X=Cl i i

97% yield, 90% ee, 10 min

42% vield, 95% ee, 10 min
X = CH,0 41% yield, 98% ee, 10 min CO

55% yield, 96% ee, 2 min

11



<NNNZE Y —EE %2 AT R >

F7-Beller HIFHMEDF T LE Y DU B AL I XYY UEMNLT-(pybim)—Ru(DEE 4K %
WD ZE TARBFTRI ALIGEZEMR L TV D8, AEEARORIL, 24 E ToO NNN A
V%~%¢T%é%?w€9?y6xﬁ%%79V%ﬁ—%@é@%@&ﬁ%@K%ﬁﬁ
e 520 ZENHRD Z EITMAT, FEURES TH Y . RISHEOFREAHHIZAT X
% &V D RS B 5 (Figure 1.6),

possibility for
( manifold variations >

X N
] Ry |l R4
o} N” o) Ni NG iN
! 3 sy R iR
R~ K UomR ey R \e
R

N N

. R
pybox ligands pybim ligands

Figure 1.6. From pybox to pybim ligands

e DIIAREL D[ AMEZ R T BB EZBEHA E T D2AF L UVEHORF TR
X AU DR 21T > TV D (Scheme 1.4), Y FE, ARSOGSIEIEF IS REE 2R ECTH - 7219,
FIZMZ T, 2L ORFIETHN SN TV D pybox B F—EB & BIEAEZ HWTHIA
HThoTle L WIHIHRZALTWEZ &b, pybim BB FOFHAMEZ RS Z &3 HK
LOTIERNMNEEZZTWD, ZOREER, KRS LTHEDOWS =F U FARIRMEZ1G 5
ZEIEHEKT. 7T 1%ee THolz, TNETOFENLEREOLENRONTZH DD,
R DN ES W ThD SR D,

Scheme 1.4. Asymmetric Epoxidation of trans-Stilbene Derivatives Using H,O, as Oxidant

R‘i I = R1
N
Ph l X

SR Aﬁf (5 mol%) TR
m H»0, (3.0 equiv.)

terf-amyl-alcohol i
>99% vyield
upto 71% ee

12



< NNN# U —gEEKE AN RFT R >

N B
| R2 N o
N N/ \ R1 / N
(] N—W
N—N stereodirectin N
= ( v unit IR Vg N
1 2 “~ -
N._N = R SN
Control of | = | _
Backside attack —
carbpi: R R?2=H
diMe-carbpi: R'=Me, RZ=H
tetraphenyl-carbpi: R R2 = ph

<Asymmetric Hydrosilylation>

0 HSiMe(OEt), Fe(ll) cat (5 mol%) OSi
J\+ - )\
Ph (2.0 equiv.) THF, 40 °C, 40 h Ph
carbpi: 84% vyield, 84% ee
diMe-carbpi: 86% yield, 84% ee

tetraphenyl-carbpi: 85% yield, 86% ee
<Asymmetric Cyclopropanation>

Co(ll) cat (2 mol%)
Ph™X + N,CHCO,Et o Ph/4
toluene, rt, 16 h

(1.2 equiv.)

carbpi: 95% vyield,trans:cis = 92:8, 84% ee

diMe-carbpi: 94% yield,trans:cis = 91:9, 84% ee

tetraphenyl-carbpi: 97% yield,trans:cis = 95:5, 90% ee
Figure 1.7. Design of Complexes and Investigation of Reactivity

B2 Gade HIFEAE VDN A I /A4 Y R UEREZREE LENNNE L o —FEK
DEKETV, 7 P HOAF e R VHMERISER AT L DO ARF L 7 nr sy
{EDBRFE 21T > T2 (Figure 1.7)00L, 4% 5513, BEAE > —S5 AN AREFFBLICEN TR
WERIZ X Backside attack 238 2 O TIXRWNEBR L, TORRERBIET A VA >~
RYU EKRICE R WEREZEATX DN 27 A o Lz, BICE Y VU FE AR
HFREBATDHI L TAFFREIFFL TV D,

AFE Ry U ERIS TIREBRIEOS AR RITH E VB S RroTlz, Lirl, R
FHru7ra N AU TIE =T o FARRMEOSEN R oz, SRR X D8R
HEEOEILLE 2 HILDH 7=, Backside attack BN ARFHALICEREL 5.2 Tz &34
I EARVR, FEREOEBILIIAFTHEICEN O L ZLNFA D, B —TE
BOTHFA NCBT DHT 722 R LTI ThH D EF 2D,
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< NNNZ o —gEk % o FRIRAZF[SHIBRL K >

FZFES B I Ko TR e v R K B2 B LSUSIZ K D B U O U EEEN
mEsnl, /3 =27 vt =buaT A rEfnizoy BRI S I ven Y
U UEMESEIIIOWMER ThH D, HHIX, ZOFEEZEANIXV VDUV VUR
PL—8sE AR Z D Z & TR L TV D

R‘l R1 Rj R1
~N N 1_<f“NH HN’€> :
(j FS R N, L /R
o Nep 0 NN
2 2
w R _ R
pybox-Metal complex PyBidine-Metal complex
] 1
N

/

<) "\:) STV

R»E .
M
1

R
Figure 1.8. Structural comparison of the PyBidine-metal and pybox-metal complexes

Z @ NNN B &2 =B R DRIz D\ Tk R 5, pybox Bofr —4 @ik & Dbk I
fe L7z (Figure 1.8), ZiU 6 OFEKRTIE, “JETEEFLERN L TEHY, Coxtriha A L
TNWLZERHELTND, L LAFERREISEVWDR & 5, pybox Blfii - TIXE A AF 4
U BRI DT V3 VEHS Chiral Fence #5822 LIZ K> TARFLRZFHEL T\ D, £
AUIZ%F L C, PyBidine Bf7 1 TIZ 2D A I XY U DU BRAFrh —JEICk LT 93 25T
BO, 435U P UBRAKS Chiral Fence &72->TW5, ik, XY iEEL Chiral
Fence AL TWAH Z L &2 ERIEAFGELHEH R EBZZHND,

S — e % 7R (Scheme 1.5), A X/ T ATV, = ha 7 g TG EFKEA~OHEHIE
ARETH Y, BB, ROKRSIEEZAF L T THRUNME, BIRMEE BITENL TV, =
b T A L TIMRNIEA S~ DA b ATRETH o 72, AHEITF T VNNNR

UKD 2 D AREME A R LTI CTh D EFE X D,
Scheme 1.5, PyBidine-Cu(OT)2-Catalyzed Pyrrolidine Synthesis
Ph CulCTfl  ph

Ph""(N\NH N H.NL/g”Ph
2y

N
Bn éﬁ 3
R'l NO. L R RZ R2
27 2 O.NGL - GoN,
Ar/\)\cozrwe . /\5|R/3 £ meth) - I}g’w f&w
Cs,CO;, dioxane ArT N coMe AT N YcosMe
tt endo exo

up to 99% vield
endofexo = >99:1
ee of endo = up to 89% ee



1. 2. 2 FIF)NCNE L —sEk

<HRHIDF TN CNE L L P —iik>

HRYIOF T /VN C N E o —FERIITE LS X > TG0, ERRo X 512
IWHIEFIAEY D ERERY Y VRN BEERE SR L TEY . ORI
Bx pRERISTHERMEZ R L TE, L, ZOIKICH BB T2 5FHAN T
LEIEVIRBERALTND, ZHIEIAFSCBWTEMPRR R TH D, ZiLxfif
PF_, WHREVVURE 7 2= VRICLEEASTT Y Y =07 = = UM%
TW5, DEVE Y VUVROERFF CRMESZER L TS EZ A%, K0 mER M.
AREH &35 L THRZEEE L, @R—RrFROMBEZEET 5 Z & Z5HE LTV 5,
A SIS 2 - T RS SOS DA LI > T2, Z OELURE, Tl x ORFSOG
MHE I TS, TO—F%ZLLFITRT,

<FINERLTHYY = )UT 2 o VEERIC L BB T VFERAAFT TV F—IV R >

P SIZE ALY Y =T 2 = VBN —1 T L E I WTR T T o F IR AR 75
TV R— Vi &R LT 5 (Scheme 1.6)031, 4% 513 AREEHAZ WD Z & Ta, B—F
1= AT VORE 1, 4BTRISHEDRNCEIT T2 22 AL TRV MM Z 0%
RAEREIZLT, BIEHAET IV R— G~ B LTS, ZORE—REIXAL, 1§
Witk, HEBET VT E ROBHIZBWTHAFETHY , WS TAT LA, =F v FF
BRI CROSPHETT LT, BUSHEOMATIZ S 72> T, #5613k D X 5 2 EBRZ1T-> T\
5, 050CTE RuvIre7 7 b—heabsgsr 2>/ 77— MEZ=
595 EHHND T &, QFDRISRICRU AT AT REMA TS, KT EwIT LA
Molz, THHOEBREIENS, 51T Rh BAIIEISICED > TS Z 2R LTEY,
PBEAITHDH Rh-O =/ F— hlE /213 Rh—A ¥4 — 7 7 U — /LFEI6ISREEFR 722 O Tl 7
WNERREL TV D,

Scheme 1.6. Asymmetric Reductive Aldol Reaction of fert-Butyl Acrylate and
Benzaldehyde with Rh{Phebox) Catalysts

Rh(Phebox) cat. M
(1 mol%) e
Hydrosilane (1.6 equiv.) R \/k ;
R\CHO + %/COZIBU i CO,Bu
toluene (0.33 M) OH
R: Aromatic (1.5 equiv.) up to 99% vyield
Aliphatic up to 96% ee
R dr=upto98:2
oy
=N

h(CAc)y(H,O) R'=Pr, Bn

Z-- ;-

O Rv

15



<F 7/ NCN B v° o P —$EIRIZ L DARF~ A VAR >

S I E OX 7 L4Bh £ (hexahydro-1H-pyrrolo[1,2-climidazolone) D& f%ZITVN, D
BHEZ W HRF 7 108 —8R O G Z HE LT\ aH0T, TIZ, 208k E v T

= vk a—3 7 )T ATINEDRESA AR % #iK L TV % (Scheme
1.7), ABOGORIFVECINT, $EHAP OEHENIED = F o F BRI KR E B %
252 pmranTnsd, 2%0, BEET V3 — VRN T OB T T FF
BIRMEAZR L TR, EEHRLOMRET L3 — RN ICBWTRIEE T IS Th -
72

Scheme 1.7. Asymmetric Michael Addition of R-Cyanocesters to Vinyl Ketones
Using Chiral Pincer Complexesa

F’h\ Ph
N:.. N
o]
© N N---F’Id---N
H OTf H
R R
R =H, OH, OMe, OSiMe,iBu
o mfN (0.5 mol%) o
Me > CN
et . ) Me)-‘\/y
Me)K/ CO.R ‘ProEtN (0.1 equiv.) Et0,C Me
benzens or {oluene
25°C
R=H 95% vyield, 8% ee
R =0OH 89% vield, 81% ee
R = OMe 93% vield, 6% ce

R = OSiMe,Bu 97% yield, 9% ee

Sy TR & T g RS (WS A5 2 L IR Ch o712 8) ROEREREND.
DI T O &5 BB EERE L T 5 (Figure 1.9), 7V —7/La—Apye =17 b
YOANRE= NIRRT ) T — F ERFREEMEST D LN T FAERIEOFELIC
HECTHLOTIERVNEEELTND

%%‘ﬁ 4

Figure 1.9. The Plausible Transition State of the Michael Addition
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<NCNHE Y —88K (CrxF) 12k ba—4 P AT NAVDRET VA7 = MU >

KUG, TS X CrxffR7e ¥ 7 /L NCN B B % —RFd (7 7—Rh 5RO G 21TV, a—F
b= AT VDR T VA = MBS % R LT D 08, 4 513 Cr et FReiR— Coset B A R
DIIEMED BB T 2EZ T > TV D, TORER, —HOEEIZIBNT CrxtFresiR o
BMERT 2 ERHE TR, 1FEAEOREICB WO TR - ROstERICFR%E D
ERThHoT,

F =T UF AOIE YDA A 1T > TS (Scheme 1.8), HEHE T L% & -

HICBWTIE, EESA X T 2= L ERF XY R E O TRGHE - SR M

’%?Ef't@b\ fRA T Z ek, Lav L, AR 2 20 F ZNENIET V% 12
ﬁiﬁﬁ LIS BTl R OV HEERITE N o Tz, _h%ﬁwﬁ“é% o B S IR E L

“%E‘J'fﬁ%@*ﬁﬁ%ﬁoﬂ\éo BTN RIC I D RBITBA S TEY | ﬂ‘?%’%ﬁ
ﬁﬁ;%‘:ﬁﬁb\t BRORE AL EIT LR 22D, ﬁ%*%l%f&)é [N=E- g SRVt
IR AL _m\fﬁm ERME S BITENTEREG 5 2 LR,

Chiral Pincer Complexes

0 S (3 mol%) HO, CO,Et
e
FsC™ CO.Et Et,0, 25 °C FiC7 ™y
(1.2 equiv.) R
b NO,
0 0 0 0
| JOAc y I OAc| \) .
N--Rh--N ’ N-- Rh"'N
7 | ",
AcO" OH, f pd AcO” OH2
(3 mol%) (3 mol%)
R : Ar R : Alkyl
up to 99% yield up to 97% yield
up to 95% ee up to 99% ee

Scheme 1.8. Alkynylation with aryl and alkyl substituted alkynes catalyzed
by C; symmetric Catalyst
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<FF ) NCNH L P —$ERIZ L BAARE T FHEBA—A VY 2 )<>r (MBH) KiE>

e - AT S I BEICEER L T LT = = L E R U EL T — Pd SR T
Jur=hU e I EDORFRBT =AU RV~ RSO el & 70 5
& & B L7=(Scheme 1.9)09, 4 & 3R AZ WD 2L TCa—v T J ANVKRT =F &
A IV EDRFRIEHETTHZ EZBECR M LTl R R RT =4 A REZFE
ER AT YMBHIGIZEBATRE TIX RV EBE X TWD, F2, —KAICMB HEUMZ
BIOHEEEE CTHDL EIND 7w M BENRREOINELIR 2 AT 5 O TILlaunns & HEH
Sk, 5Fy | dETFEEREBSBMEICBNIND dr-pr KIIZ X DHEREMEDM
FRE, BTEEREC BN TRV ED DL ETT a b UBERREE 2 IET D O
TlERWhEBZHND,

Scheme 1.9. The aza-MBH reaction of acrylonitrile with various imines

; 7/©\( )
N N
1-nap- 3 Py - fN\)——&ﬁap
! B

N--
1-nap (Snégi%) 1-hap
NTS S%Eﬁif@??ﬂﬁx) Wy
Aﬂﬂ T AN IPrCN, MS 4A, -10 °C ) Af/kﬂ”CN

(3.0 equiv.)
up to 98% vyield
up to 98% ee

FHEMEICB LTI REA RV ICBWCRERI Th oz, £/2, 727 Vr=hLY/LHE
BRMENEL, KVEEETHLZ RTINS o, — M= AT L TClE=F o F
BRI R onoiz,

o o, BAREFIANR=MLE LI LT, 77 b A v ZHWTRET RN
A VA2 RIS, BRESELROCESDO LG SMICR#EETHH L SnTWnb, TOR
Hrrik Lz, &PIOFIE > TN D,
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1. 2. 3PEMEFI ALY —8EEEHWEATRIG

WIZ PRI T LB o —RIC OV TR 5, PRSI 70 B —85KIEN
%ﬁmﬁy#~%%&w%LTAﬁm FOSHIFIZR SN TV D, EHUTILA R AR S
L. AEFBEENHENS O TIHRNWE WST-HENH D, KRE L CGRRENEENT
W5, EITIE, BLFNICHE BB RO O ROSE 2 77T,

<EHEpI>

FPFEMBI SR TR FIZPLTFIORT F 7 AVEN F—& RS RIRE SN TV
(Figure 1.10), ZOHWHLNTWDHENLT-& LClE, CoxtFrlizF9 250N E LTHF
HINTEBY, CrRFMEETHHO LIV BN EOORESHTND, Fo, XY
I ARFRLEALTND SO, FTAMBELZHNTWDSE D, £T2PFIARED

MHHITND
<Chiral Ligands having Stereogenic Center on Backbone>
£
O O BU2
B P
0 T 0 Pd”
Ph,P---Pd---PPh I~ T
2 ég 2 Ph,P F:t PPhy PBu,

Cl

<Chiral Auxili ary>

B

<P-Stereogenic Ligands>

‘Bu,, l Ph By, |
P~ -Pd- - P , Me

d-- Py P---Pd---P
prH & sy Me” & “Bu

y i
Oi-p---pd---p=0

‘ N
Ph N g N Ph
Ph Ph

Figure 1.10. Examples of Chiral Pincer Ligand having P as Ligating Atom
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<AHERIHI>
ZND DX T A E R UGB R R
<A IV ~ORIRE>

ANTR=A e T VLA RRIL L OARF T Szabo, Gebbink, Song © (2 L - T
HEN TN 22000 45 513F% T BINOL KOFF AT X )T va—)VEKEHT 5
VBB BEE IR OB R A ER L. AR O A 1T - T 4 (Scheme 1.10), L
L, EOBFNZEBNTHIHEDW L = U FABRREIFE LN TR, RRFKGNICE
W, EBERPEZED 10T, K VBN AE S BEH R RO AE B LETH D,

Scheme 1.10. Asymmetric Addition of Ally-Stannan to Imines
S J@ e
PP
0 r
L OO
N8O,Ph NSHO,Ph
| (5 mol%) -
OzN N
. //z\\/Snsug ON\
BMF,20C°, 68 h

<8zabo et al. (2007)>

78% vyield
82% ee
<Gebbink et al. (2010)=
{5 moi%)
NMSz ,NMez
- 0,8
{925 HN
+ _~_-SnBus /@N\\
O,N DMF, rt, 96 h O.N
78% yield
<Song ef al. (2010)> 33% ee

o o
Orp-- Pd——-P‘O

Ph N § Ph
;|\JT5 Ph N C' Ph NHTs
5 mol% :
+ o~ -SnBug ( ) /©/\/\
O,N DMF, rt, 96 h O,N

77% yield
68% ee
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<T VT & R~OFINR>

TNANTEREYT ) ZATNELEERISESELLF T NA XYY — VERMHEEEID
Zhang,Venanzi &2 X > THI & [ZHE S /=200 5 5 0ETH R DAANIZARE F
DEFFOP C PRIE U —§8 K% AV TR 41T > TV % (Scheme 1.11 upper), L7 L,
ELHIZBWTHIlREDWS = F U FAEIRMEZ T Z AR TR LT, L ELEHR

DRMEFEL TN D

Fio, TUNRA Xﬁiﬁ%& TNAT b REDARFKISH GG TEY . Bedford X° Song ©
WX THESN TV A R0 513 v EoE#IIC T T B2 AT 88K 2 v
T\ % (Scheme 1.11 downer), L7>L., ZOHAITENTHENI-AAEEZMEET 51T
FE o TV,

Scheme 1.11. Examples of Asymmetric Aldol Reaction
<Addition of cyano-esters>

Chiral Pincer Complexes

0 (5 mol%) R~ LOMeR CO,Me
J & NC\/COzMe - \
R NEtPr, (10 mol%) OVN OVN
Trans Cis
“ >C [
thp"”“Pld““"Pth O IS O
¢l Ph,P-—~-Pt - -PPh,
AgOTf oTf
Zhang et al. (1998) Venanzi et al. (1994)
up to 819% yield up to 87% vield

Trans/Cis = up to 91/9
ee of Trans = up to 30% ee
eeofCis =uplo77%ee

<Addition of Allyl-Stannan>

Trans/Cis = up to 83/7
ee of Trans = up to 65% ee
ge of Cis = upio 32% ee

Chiral Pincer Complexes

{5 mol%)

. //\\/Sn”BU3

2

CHyCl,, 0°C,18h
<Bedford et al. (2006)>

80% yield
62% ee

g AI'/H\/\

Q Q
Qi p---pyg---p=0 Ph

Ph b ! N
Phwj & Ng%pn
CHoCly, 1t, 24 h

<Song ef al. {2010)>

42% yield
23% ee
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DTV —NERT 4 D= hkaF L7 4 o ~DfiA R BN e

T ClE= bR A L7 4 U ~ORFHS NSOGB E R BT L - Tl S Tn 5 z2d, 4
DITAME IR L2 P X7 72 v —85K % UV CTiEt 217> T % (Scheme 1.12),

FEEEEICII RGNS BT AFANETHD Me &, EREWTAFALETH S Bu HEx A
WTEYD, ZNHDONKRIERNOAFEZF R L T0DH, fiRke LTI Wond =)
UFARRM A T STk o 7oA, PEMIELS T L Y — 8RO H 72 5 A RENE
ZRLICEwXTHDH E VR D,

Scheme 1.12. Asymmetric Addition of Diaryphosphine to Nitro-olefines

<tmamoto et al. (2013)> '/\E;/\

P“W“P
OAc P(O)Ph
(20mm%) 2
Ph/'\\\\\/NOZ + thPH > )\/NOZ
.05 o) DCM (1.0 M) Ph
.05 equiv. -40 °C, 50 min; 96% vyield
H,00 1, 2 h 76% e

PUEIORT I PRAAIDF T 0B —88KIT, KRS L TRFMEE L L ToEN
7o m LTe BN EES | SR ERESEORM AR L TV D
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—E AKREFHEPFINLPOCOPYEUI—#EDTYA VAR EARFERIGDEER)

JFPamoR L & 912, PRI Z 0B 0 —E8K A2 W2 R F RS Tl mno v
FABRIRNMEZ H L7272, 2, FAXARFFHEICEN T PR © 2 Y —85 R % B
IR, FHPIFIANE L —HEROT VA v - GREITV., ZTNEAEFISITHNS
ZEEFE L, KT, ETENMTOT A Y ARICOWTIRR ZORFRISIC
DWTHHIT %,

2. 1 BN FOTVALv

HH PEANIEL VBN 2T A T 51I0Hh720, FAEPFILTHDHZ EEUPO
COPHRIE Y —FfFTHDHI LEDORSEIY ANDZ EIC LTz, LTICZEOREIZD
WCRRBA LT <,

2. 1. 1 PXxI)LEANF

P % Z VB F X R 7 Tl Z2< OFRBIRHm b TWD, LLTFIC, Z0fla R
T (Figure 2.1.), N HDOH T, Icb/NSBRTAXNVETHD Me K& m W T VX LET
b5 Bu fx P LICHT HENFREE, FEFICENEATHERZAT L2 LMo T
Wb, ZHERUZ EITZEENL - THDE T —BML b S T ED EEZLND,
Zhvig, FAXP RIZ Me £ Bu KA HT 28N 27V A 352 LaFHHE LT,

SIGEE
[::ilj Ph H Ph,  Fe Ph
?HR_J? p” ivp v
. H -
MeO 'Bu By @OMS

DIPAMP DuanPhos (R.R)-BPAF
ABu
. EBL% *Bu
Byt \_/ \ \/ \ E:[ I;“Bu
BisP” Bu-MiniPhos Quinox p*

Figure 2.1. Examples of P-Chiral Bidentate Ligand
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2. 1. 2 POCOPVEI—gEE

FROIIICFIIPFINVE P —EHKEZ NS Z L& LTz, Ll F@micbRLTz
i5VP%?»&EVﬁ—mMﬁ%i§Wﬁiéhfwé WICE 2T, PXILENLT
ELTARFFRICHK I TEX 5P R Me #£& Bu 2 HT 5 00—k E V7= FR
%ﬁﬁ%%éxa_;ofﬁiénfmé Zhiz %%b%ﬁ%ﬁkbfﬁﬁw<i+/
FARPREFEOLN TR, DFV PRI ALTHLIIET TIERHSTHY . R5H
@%%ﬁﬁ%#@??%yﬁﬁguﬁof<é&azéo%_Tﬂi\%K%;iofﬁ
WHNTWHPC PR —EFrbHBRHkD EEZXZ NS, N1 —POCOPA
v —ENL A B Lz, LLFICZE O#H %~ 7 (Figure 2.2.),

—HZOHMIX, &2FE—PMOWEEENAPOCOPARSBAD FRHWEIZH D, PXFILT
HDHZLEORROFFIZ, EBFLEFTAFLPEEL TCWDRTHDL, Tk, R

FEICITEE—X 7 VH LB OBEBENEWERERTH L EEZBND, D%, PCP
RIEEA LV b & E—REF L OERERE V., PO CO PR E I —$5RIX REFH I
nNTnsEEZLNS, FILRFERO/NSWE —SIEBESRMEZ VWS 2 LT &8
— VU UMD E LS T 5 Z L nHBkD, BT, —BbRFEEZHWZ I RERNLPOC
opﬂ%mmPCP@%Wiw%%wwxms%@%ﬁbfné*&ﬁﬁéhf%@ B
DT VA N L o TUIISHEITENTWD Z ERBE SN D, U EOREFLEE L OMG
PEDOBENS, FUIPOCO PR Y —FN 2R THZ & & LT,

R R Sterically More Congested
H,C CH, ,I:;:l\

Pee--M----R
H,C

A x
%quMmPQU B nmNmpﬁ
Imamoto's Complex 2 2 12 I H2
(PCP-type Pincer)
Ni-P: 2.1278A Ni-P: 2.1160A
J Higher Lewis Acidity
R R
9 I I C,) k ZC O ?
LIS VIR 8 BugP-- r----F>fEsu2 Bu,P----Ir----P'Bu,
A ox c0
CO stretchmg CO stretching
Designed Complex 1928 cm! 1949 cm!

(POCOP-type Pincer)

Figure 2.2. Steric and Electronic Features of POCOP Complexes Compared with
PCP Complexes
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2. 2 SEROERK
2. 2. 1 ARE

Bu BEHEERANREE & LT, BUFIZARE R OHEEE % 773 (Scheme 2.1.), ARkl
T I AR THE SN TV D FECHY, BEIDLS U CRbaiTo7e, LY Ay ) —b
%%m%%%% &L, BHEMESMET, 23 Y BOE(MARAT 4 L EEISESE D T L Txt
JIETHHRAT 7 A4 MEEZEBEMICEMR LTz, RWTHb=y> 7LD THF &% HTh
AT 7 A ML ESEERESEDZ E T, POCOP U —FNLf—=v T IVEHRD
REREER LT, FIZEDOTE IEROSEUCIEF TV T A (IA & OD-H) #H
W5 ET, FTNEARO BB LT,
EHLE LTTE NI O Pd 85RO ARIC BN LTz, HIC, MEEH - B 155 0Me
) - ERGIECL T DA FTH8EOEMICHEA LT\ D, LarL, BOET RS
Th 5 CFIERIERFITEE O Ad K2 H T 25RO G RILHIR Ao T,

Scheme 2.1. Synthesis of P-Chiral POCOP Complexes

1
tBu ‘Bu PCIMe'Bu (2.3 equiv.) By ‘Bu NiCl, THF (1.4 equiv.)
Di 4-DMAP (2.0 equiv.) 4-DMAP (1.0 equiv.)
HO OH THF, reflux, 24 h g 2/’ toluene, 60 °C, 2 h
guant. (NMR) e 43%,
2:1)
P----Nl ---P P----Nl--- P

’Bu rBU
HPLC separation Q!Mm
ST "

P----Ni----P{
e

| IA and OD-H ‘Bu ‘Bu
N
yellow solid ﬂ O O k
“P----Ni----P_,
7 ) ~N
cl

meso compound

<Synthesized Complexes>

~~M~P PmM"P
7 |
cl

M: Ni, Pd RMeHIQ
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2. 2. 2 XSS

G DAV BEIR O HRESL A B | XARAE A IS AEAT 217 - 72 (Figure 2.3.), Z OR§EN)
5. ASHARICBELCLLTFDOZ EX300 %, Ni OREDIZ CortFrEgEE A LT\ 5, Ni il
MFHOFFRELABEEZALTEBY, BlC) VB FERMLTBY =y 7T 17
NEREE L TD, HIZ Me 2k & Bu EONIRMN R ERNREHELZ PRSI E D, 0K
LIZRDD, ZHUSE > THRIAREEARTH L Z L BMEICHER ST,

Front View Top View

C,-symmetric stereo environment around the Ni atom

Ni is certainly covalently bonded to the aromatic ring of the ligand.

o o]
,"'FI’----Ni----Fl"‘\ Formation of the palladacycle via chelation through Phosphine
|
Cl \ The large difference(methyl and tert-butyl group)

Figure 2.3. Structure of Complex
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2. 3 AERIE~DIGH

2. 3.1 PFTUVNHEARAZ4vrD=baF VLT 4 ~OFFIE

Scheme 2.2. Precedent (Asymmefric Reaction of Diarylphosphine to Nitro-clefines)

Me Me

;9—3&~RT<

OAc
(2 moi%) P(O)Ph,
o NO2 4 Ph,PH _ (
" {1.05 equiv.) DCM (1.0 M) Ph/K/Noz
| ‘ -4|“102C§:2’ i@ g} ;;n! 96%, 76% ee

L, FTERDICE o THESNTZYT Y —AVKRRAT 4 D= had L7 4 r~Oft
M EZERAWT, P¥FZ/LPOCO PRI I —8 KOG AMEIC OV TRETZITH) Z & &
L72(Scheme 2.2.), ATEIC L > CTELNDILEWMEE LT D Z LT, BN TFHIZBWT
HEREHETHLX TN 1,3T IV HRAT 4 VMRS NS, Tk, EERKISTHD &
EZHND, LL, TATHITIE T6% ee &) HEEE =) o FASRME2 T2 & L
HkTHE67, P¥I7LPOCOPHKREMNNSD Z & Ty FABRMEEZHTZ &N

Wrrsns,

Scheme 2.3. Initial Investigation

~, Q7Y o
[P-==-Ni- - -P_

-
P?l//\/ NO, &+ Ph,PH OAc 7< . /Pé})/l::;é
(1.05 equiv.) solvent (1.0 M) Ph 2
-40 °C, 50 min;
HsOsag., rt, 2 h
No Cat. DCM 18% 2.0%ee
24% (toluene, -40°C, 16 h) foluene 27% 4.0%ee

FATHIO G2 5510 LTI 21T - 7-(Scheme 2.3.), ZO#5%. HIMIXSE
SNZbLOD, = F U FABPPEICE L QI E LWL O Tt oo, Wi ¢
DM & g LT, AR X D RSO FITMR SN D b DD, =F 2 F A i8R
PRIZBW TR L O TIE R ->T2 2 D, ARGRIZBWTPXFZ/LPOCOP
PEARII A CH D EB T, T, BIOKGSTHEZRLBFZITH> & & L,
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2. 3. 2 F7Y¥MBHRK

Scheme 2.4. Precedent (Asymmetric Aza-Morita-Baylis-Hillman Reaction)

Ac‘ ;f-\c
1-N N N 1-N
-iNap- 1 i -Nap
3,&1* - -P}d"——N\?A
1-Nap Br 1-Nap
TE\ETS (5 moi%) NHTs
T s
ZeN T Ph) AgOAC (5 mol%) ph/l\[rCN
(3.0 equiv.) DABCO (5 mol%)

PrenN {1.0M), MB4A 11,18 h 99%, 92% ee

WIZ TV #M-Baylis- Hillman )&% W TRET 24T 9 Z & & L7-(Scheme 2.4.), A<
JSRIZB W PAd fiE RN H WS N TWA 720, L0 ILAMOEWEE TH S Ni filll: 2
W= RIEOBRR 25 LT,

Scheme 2.5 initial Investigation (Asymmetric Aza-Morita-Baylis-Hillman Reaction)

N, 9 Q
PN R
cl NHTs

ZCN NTs (5 moi%) -

(3.0 equiv.) Ph Ag salt {5 mol%)
DABCO (5 mol%)
solvent (1.0 M), MS 4A rt, 14 h

toluene THF

No Cat. 27%
AgOAc 8% 1.2%ee AgOAc 5% -

AgOTf 13% 0.7%ee AgQOTF 25% 0.8%ee

Z DS BWT TR 22 B L CTHRiET 21T > 7-(Scheme 2.5.), AL & [FFE
EDORIGHE LSBT, Tl FARRME S RS20 End, ARIGRIZEWN
TIEPFXFI/LPOCOPE L —EAENIZLE A LG L TRV TIIARWnWNnEEZ bR
%)o
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2. 3. 3 BERFBFBMEYWDRVINALTOA I ~DEBRIBERRF RS

Scheme 2.6. Precedent (Asymmetric Reaction of Aza-arenes to imines)

O ]
%“QJ%X%QZA%
N N
) EWG
B ﬁ?oc pr (5mol%) Ph 7N NHBoc
= + -
N Ph Pd(OAc), (5 mol%) NG Ph

R (1 5 equiv_) CHC|3, 50 DC, 24 h Ii

RICE BRI EFICEH DR DNAALTOA I 2 ~O BRI R RS & it LTz
(Scheme 2.6.)0 ZOEBHTET EROFOLBEE SN TVD, LirL, RiEHTHS
RUVMEC —HEEZTEM LT 5 Z E RN TH D720, £ DOIEMLIZE T-RK51 5% H
WHMEND D, DFD —BEMEICREN RSN TS, FAFAP X 70— RIZ &
S TR 2EA WIRTE 2D TIE RV EB 2 T,

RV LOIEVEITITEIZ OO R EREFE N H 5, Lewis Btk & HINETH 5, AR
I EICHEEEOm TG TX 5, NI d ETEERERGREMEIIBIESEOLGE
T3t e dr-prfXFEEEL Z T2 LT, A ‘i%%&’) E;hé ZIONVSTIRNE, GRTVax
R AR SO LN TVWD, B BB TR T2 T, ED
2358 Hiv D, ARNLFIEP ki _7/1/%/1/%2%7% LCBY, ETEERRNMN T T D,
T, dr-prfBEIC K DA E O W IR TE 5, £7o. Lewis M & OME AL DA
LEBEEEZ D2 ETHEETH D,

Scheme 2.7. Initial Investigation (Asymmetric Reaction of Aza-arenes to imines)

0.0 Pincer Complex {5 moi%) O\\S//O s
m NS S AgOAc (5 mol%) N RN
Z | U toluene (1.0 M) } z § U
) 60 °C. 6 h N Ph
(2.0 equiv.)
P““N! P---“N| >h)< >k/d<
Pw N| -
12% vield 6% vield 4% yleid 8% yleld
(0.4% ee) ) ) )

TS ORI LT, flix $HAD BRI OV THiET 21T - 72 (Scheme 2.7.), L72>L
FRABMNOUNE « = F o F &R E HICEE LWERIFIEL LR o7, HIZ Lewis
et a2 @O DX AFAUMEREAND Z LB X D0, BEIESLM T T34 RS
FPICSIERNHETT D &0 ) FBRIFIRLZ R LT\ efed, BahddTbhierr o7,
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2. 3. 4 FBEFRFEBRLEYDN 2V INALTORBRFRESREA AR A AR

FRO LD ITEHEN FEC LD AFCERETCH o7, £ T, RICPRE FEE &
%= & & Li(Table 2.1), BV YUY ARV EEERIEE & LTHG, RISHEBEORISHED
BEtaAT o 70, MRIFLTOEY ThH D, JOMIETL TV DIZHELLT, =F F 4
BN IEF IR o T2, ZHURE Y DU AR VBN IERICREETH Y . R L7
BIHER SN D RERENA IV ERISLEZENEREEZ NS, EE, UL
RUBIIALZETHY, BT THRENTRNLHRAICOMRL TN ZEREEI T
b, DFED ., ARISRICBW TR BRBES 9 X 20835802, SRS USICBE S L)
STlEEZLND,

Table 2.1. Initial Investigation (Asymmetric Decarboxylative Reaction of Aza-arenes to imines)

Slowly decomposed

NL9TY 9
“P----Ni- - -R"

v |
| A C'o >k:_ X NHTs
L COH NTs (5 mol%) o _ .
N B AgOAc (5 mol%) N Ph
(3.0equiv) N solvent (1.0 M), MS 4A, rt, 14 h
Entry Solvent Yield(%) ee
1 toluene 38 0.5%ee
2 THF 43 0.5%ee
3 1,4-diox. 30 0.3%ee
4 DCM 28 0.5%ee
5 DMF 31 0.4%ee
6 IPA 45 0.5%ee
7 CH4CN 47 0.4%ee
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SEARPFIFINPOCOPEMF—NIEEEAVEXRFINET I/ = b U VERES
3. 1 XFABTI/=PIUNLERK
3. 1. 1 ‘BOEEH

FIARSEEROF AEZ RT R, FTAET I/ = F U VERHOBEIEOBRICERY
ezl Lz, ¥TNABT =NV IVEBEREZBIRLUZEBZ L TIORT,

— R BETEROEEETH 5 (Figure 3.1), B 7 X/ = MU VERIIER - BRIEED4
YIEMEWEEICZ RO, £, FHERLZ T A O ROERT 272012iE, 2
DB ORI EEILEOBBIIEE LB 2 b5, BT, = b U VRIIIER IR E
BERTHY ., Hr R ERE~NLEBRNTRETH D, = NI AEEZRTL AL,
X IV 1,3 V7 I VUERIIMOEBIE TIE LREPELS 25 2 L0 b REIFTIFEFITEHT
boHLEZLND,

CN
0O N-N
Ph »
N—_

CN N7
R. NH ©O § N

_
\[( N N
0 H
PDE4 inhibitor ruxolitinib

: % NR;

Versatile Building Block

Derivatized Scaffold is also important

tetrazole-derivatives

Flgure 3.1. Synthetic Utility of Chiral g-amino nitriles
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3. 1. 2 ¥EUry—@fksrHVEEgEE

THREBEREUY—ERERWE, BT R = N U VEBERIENRE STV DR TH
%(Scheme 3.1), 7 EIMIETIEH LN, a—7F 1 b ORMEENMENTZD(PK=31 in
DMSO0)., WEETH L7 & b= U /LD T L R =V o —TEE R A VT
ENTWD, BIZ, XUVAL=RMIADL I R{EEae—7 v a2 FT5REEICBNT
FRFEBWE SN TVD, ZHBUSMCE, Erd—sbkE Vg7 I/ = kUL
EREREIETIMON TN D,

Scheme 3.1. Precedents (Direct Addition of Nitrile Derivatives Catalyzed by Pincer Complexes)

<Racemic Reaction>
N

. t .
ProP----Ni----PPr,

OTf
0,
j N CH3CN (5 mol%) )Oi/CN
R (excess) DBU (100 mol%) R
tto45°C, 22 h up to 95% yield
<Asymmetric Reaction>
Bz Bz
N ! !N
Megn M
es E/N"'Pld“_N\')‘ es
Br §
Mes (5 mol%) Mer
AgOAc (5 mol%)
)r;rrs RPN K,COs (100moloey ~ BHTS < UP 10 99% yield
R ' THF, MS 5A, - 20 °C R/«\T’ P o 92% ee
{1.25 equiv.) ’ Y :
66-240 h Ar

UED XS, BN EENE RO =R ORISMED — i bRE, A4 % 2
VBT X = bUVERBIESHESNE MWD Z EERDIT,
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3. 2 R_yvi= b Ino Y AAERREAZE Mannich B K
3. 2. 1 kst

FPIHEET a R ATHRU U= UL E WG TRE E1T o 72 (Scheme 3.2.), 4
IR DIC ks TG SN TIEERM LIz, 2% 0, THEESS, 20—l
WEfEER % 5 mol%fFfE F. FIR FIZTA I & 15 UEDOR U= FU L L & 14 FFfEX
JEEH T, FER. BOSTEIZIERICEN TR Y | ZIEEREMICEIMESED Z L BRHIRT,
Flo, =FUTFA DT AT UARIEL I EDOWN S LD TIE RN b DD,
KETIED Z ERHRE, 2N ETT U FRIRARE RS T e OV < FER NS X
NTWDA, ¥ BRI SS ISR W TR IUE 208 L2 BIlE 72, Zhvi, FATAK
JEEFIZHBE LTV ZEE LT,

Scheme 3.2. Initial Investigation

0”0
Activated Proton Lo LN 5 0
N\ /o H CI /S\ ~ .
le v . )\ (5 mol%) HN (Z:thenyl
J \Q NC™ "Ph Ph
Ph . AgOAc (5 mol%)
1.5 equiv. Ph
( quiv.) THF (0.33 M), MS 4A >95% yield
. 14h dr= 13 1
(43% ee)
<Anti-Selective Reaction> Bz Bz
N | | N
Mes M
es N---Pld---N\_)— es
Br y
Mes (5 mol%) Mer
AgOAc (5 mol%)
Il\ITs R PN K5,CO5 (100 mol%) '\;]HTS up to 99% vyield
Ar~ CN R/\ﬁ/CN up to 92% ee
R . THF, MS 5A, - 20 °C
(1.25 equiv.) 66-240 h Ar'
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3. 2. 2 Zf&Et
<$EROZFE (&BHFL) >

F P IOV THET 21T - 72(Scheme 3.3.), 4802 LTIk, NigifAL: Pd
PR CHMGE A AT o Tc, EORER, RISTEIZE L TR EREWVIIMERE SN2 o7z b D
O, TFUFABRPMEICE L ULEVR RO, ZHUIPd2, L0 K& ERE2H
FTHBEIT, B PR ORISEN L VBV TRREIC R - 72 2 ENFRTH D &5 %
TW%, Scheme 3.3. Metal Effect

O, 0 0, .0
N’S/ _ Complex (5 mol%) 8T
| O . PRGN HN™ ~ ~2-thienyl

on b s AgOAG (5 mol%) CN
(1.5 equiv.) MS 4A Ph
THF (0.33 M), rt, 14 h Ph
‘Bu 'Bu ‘Bu ‘Bu
i cal o
“P----Nj----R." “p---pd---R
4 ! 7 |
@ X o X
>95% yleld >95% y|eld
dr= 1.3 : 1 dr= 1.4 : 1
(43% ee) (29% ee)

<$EROPR (BHEL) >

WAZENL T~ E O EHIED NI OV THRET 21T - 72 (Scheme 8.4.), = DOERITHE ~ (& #a ik

X 4,6 MIZEINIZ L DOE W, ZHUL 4,6 MICEBREZAE L TVHPOCOPRE W
—SE RIS R R L > TRE—Y VRN L VT D L VO mRICE STV D, EEE
2. ZONMERITFEFRFERICOERNL TV D, Fl 2L, EE e —k 2 256
i, LB —gE IR & i U RIS Ch o 72, FEARE L2 C, ME—, Cl
EHSERICBW T YT AT LA RN F > F AR EO i TN 7 bz,

Scheme 3.4. Substituent Effect
O

N7

.0 Complex (5 mol%) 5
HN "> 2-thienyl

.S
NN+ PR CN
J S Y/ AgOAc (5 mol%) CN
MS 4A Ph

(1.5 equiv.)
THF (0.33 M), rt, 14 h

B:I; Q j P_ ¢ cl

P- ---Nl----P P | ——-P P--—-N| ---P -
/
CI CI K/
>95% y|eld >95% yleld >05%, y|eld >95% yleld
dr= 1.3 : 1 dr=13 : 1 dr= 14 - dr= 25 o1 36

(43% ee) (34% ee) (38% ee) (70% ee)



<AIVOE (RNVF=rALIV) >

WA I DBEHIGD ROV TR EITo T, A 2 OBEHILIRE O D 2
O T . RN RE TR RIC L > TREFBIC O REL 52T IR L < mESN T
Wb, TINHORRITHIRF Lz,

FPA I VHEOP OISO EN T E RN BN TNS . AR A I ARV THR
#1447 > 7-(Scheme 3.5.), Cl BEHEEERAAE L L THWEE, USRI AL AR =LA
VORBIHIEKTFELTEBY, BV FAET7 2y b, AVFILEBROIEE TEH
FOttEE R LTz, LvL, =F v I, U7 AT LRI ICEEI bR, v Vv
ZNVIR = A X DIERIEOR T D3RS S 4072,

Scheme 3.5. Imine Effect (Sulfonyl Imines)

cl cl
0" 0
;wnﬂwup“
PG 5 C“W NHPG
/F’ + Ph”CN ol ~  Ph CN
AgOAc (5 mol%)
Ph (1.5 equiv.) MS 4A Ph
THF (0.33 M), rt, 14 h
O\\ //O O\ /O O\ /O
,S S :S/ : ”
N \ N N
g J '
Ph Ph Ph
>95% yield 57% yield
dr= 25 : 1 dr= 27 . 1 trace
(71% ee) (69% ee)
O\\ //O O\\ /O
PN ’s?
N \ :\l Me
|
N__~
Ph/J F’h”J
89% vield 90% vyield
dr= 1.9 : 1 dr= 27 : 1
(59% ee) (70% ee)
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<A IVOE (RNF=1A IS >

FIMDA I DT b E 21T > 7-(Scheme 3.6.), L2>U{ive BRI ZEHICE

BT,
Scheme 3.6. Imine Effect (Except Sulfonyl Imine)
Cl Cl
oY O
}P"NP"P”
PG (5 CiI‘V) NHPG
- mol¥o
N
),N + Ph T CN FR— Ph c
gOAc (5 mol%
Ph (1.5 equiv.) MS 4A Ph
THF (0.33 M), rt, 14 h
Xk i i
N o] N~ }thh N’R\Ph
J J P
Ph Ph Ph
No TM No TM No TM
<R >

WAZENLNT £ DANLRERIRME~ OB IR L C, IR RO Rt 217 - 7-(Table 8.1.),
WL LCiE 7 e b oM, FE7°m b o mimE s, PR ORI, (SRS &
o T — RN ZR s i 2 — 3@ O iR L7z, FIEIRGEHS THWE THF & RIBRICHME 2 A4 2
CH3;CN, DMF, I PARUONBT UREETH LD CMIZEBW T, ENA LR
mote, —h, FMMEEBTHD Mo U B2 E L THWEGAIZBWTIRY T AT L
AEIRPEDO W EAMER Sz, A%, Moo aimaits LTHWASZ & & L,

Table 3.1. Solvent Effect
Cl Cl

AN
" Pe---Ni----P"
7 |

cl N O‘\s”o
O - ~ -
\\S,,O (5 mol%) HN™"~2-thienyl
N ’ = + Ph/\CN Ph CN
J S 7 AgOAc (5 mol%)
Ph (1.5 equiv.) MS 4A Ph
Solvent (0.33 M), rt, 14 h
Entry Solvent Yield dr ee (major)
0 THF >95% 25:1 70% ee
1 CH,CN 80% 1.8:1 55% ee
2 DMF 94% 1.5:1 57% ee
3 IPA >95% 1.6:1 56% ee
4 DCM >95% 1.8:1 55% ee a8
5 toluene 89% 3.5:1 70% ee




<IMBEEZHR >

ISR T B4 A a2 1T > 7-(Table 3.2.), fiif., (KIEETHDHIT ST o F A%
WREOm EXAHERINTZ, L L, ZIUTHEWREROIE TS A on=a, IR, ERED
NI UANEL ENT 0.33 M 2K SERE S U CGRIR LT,

Table 3.2. Concentration Effect

Cl Cl
0o
’P”Er“p ¥
O\\ /,O (5 mol%) : ; HN” \2-thienyl
NN+ Ph” CN = h CN
J S Y/, AgOAc (5 mol%)
Ph (1.5 equiv.) MS 4A Ph
toluene (x M), rt, 14 h
Entry  Concentration Yield dr ee (major)
1 0.1 34% 20:1 73
2 0.2 44% 22:1 68
3 0.33 89% 35:1 70
4 0.5 >95% 3.2:1 67
5 1.0 >95% 3.2:1 67
<FHIREZhFR >

WA SSIREE R L TR 217> 72(Table 3.3.), SUGIREIC L 5 =) o F A BRPED )
RIS, OCHRHTTIE8 0% ee T CES N, L LKIGHEIXKTL, U7 A
T UARFMEICITRER R SN2 o7, BIZ—1 0CKU—2 0 CTHLRi&21T > 7228,
OB ELSHEIT L In oz, RIRSMH T CIEERMoOm EXME IS DD, KiER

BOGHEDIR T b R iz, £D%, SOMED T BICmT 724t 2175 2 &2 L,
Table 3.3. Temperature Effect

Cl Cl
oY o
/P““*};’;‘““P> O
O\\S,/O (5 mol%) HN™ " ~2-thienyl
NN+ P CN - phzl\T/CN
J S Y/ AgQAc (5 mol%)
Ph (1.5 equiv.) MS 4A Ph
toluene (0.33 M), temp., 14 h
Entry temperature (°C) Yield dr ee (major)
1 rt 89% 35:1 70
2 0 23% 3.2:1 80
3 -10 No TM - -
4 -20 No TM - - 39




<YEHR>

FIRUDN= N ALDOYEE KRG L7 (Table 3.4.).
20D, EKIRE LTHEDWL DO TIEZo Tz,

Table 3.4. Equivalent Effect cl cl

N, 07 O
“P----Ni----R"
/

| Q.0
c N S
e (5 mol%) HN 2-thienyl
NN+ Ph” C > b CN
J 3 / AgOACc (5 mol%)
Ph (x equiv.) MS 4A Ph
toluene (0.33 M), 0 °C, 14 h
Entry equivalent Yield dr ee (major)
1 1.25 18% 3.3:1 78
2 1.5 23% 3.2:1 80
3 2.0 34% 3.3:1 83
4 3.0 42% 3.4:1 83
<HEHZHR>

YR XY SOGHEZm EL

ZZTCTHERLUSMEOT EE IR LT, RN A WS Z & & L7=(Table 3.5.),
B & LT, AT - SEE B OITHI E 2B L CORBEE &2 Ve, fER. RIS
MBESIL, O CERMETIZRNTS RRSMEERGFH Z EIZEPI LTz, —1 0 CIiZsWn
THHEWNESIN., 8 5% ee £ CEIRMITUWES N b ODORISHITHE V< b DT

o,
Table 3.5. Base Effect Cl Cl
N,OTY 0
"P----Ni----R." e
/ ' 's”
Cgfo : C”w HN">> 2-thienyl
. mo
NN+ Ph CN ( . Ph cN
J S / AgOAc (5 mol%)
Ph (3.0 equiv.)  Base (100 mol%), MS 4A Ph
toluene (0.33 M), temp., 14 h
Entry temp. (°C) Base Yield dr ee (major)
0 0 none 42% 34:1 83
1 0 Na,COg 56% 3.3:1 83
2 0 KyCOg4 >95% 3.2:1 82
3 0 032CO3 >059%, 28:1 81
4 -10 none No TM - -
5 -10 Na,COg3 10% 3.3 85
6 -10 Cs,CO3 18% 2.8 83
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3. 2. 3 EE—#*E

WIS —MEICET oAt 21T o7, £, BFRGIZBEZATLHERA I 2V

ZHE. ROSITHBICET L, @IRICTRIMEZSD 2 LR,

LU, @R

-
—

L TIEmEDOWLS bDIFHRLNT, TREICE E T, RICEFRGEEZAT 2 5EE

A IR AWIESEE, Kb S 7z 0 COMRE T TIERINTES EIT LR o7z, £Z T,

SOEE 2R F TR RO REEZITo7- 8 2 A, 2 4ARHOKIGRZE L=
OOBWIMESD Z ENHkTE, L., BEZ EF7-2 & CERMEO T 2 1K TR

Iz,

cl

, Q
:P"ﬂF"P‘ o
R cl WP
N (5 mol%) HN"" ~2-thienyl
j \Tj;D +  Ph” CN - CN
R S _ AgOAc (5 mol%) &
(3.0 equiv.)  K,CO5 (100 mol%), MS 4A Ph
toluene (0.33 M), 0 °C, time
SWe 0, 0 Q.0

HN™ "~ ~2-thienyl

/S ~ 1
HN 2-thienyl

IS\ .
HN 2-thienyl

/l::j]/l\T,CN /E::j/J\T/CN CN
Ph Ph Ph
BI’ FSC MeOZC
on. 887 yield 6h, 92% yield 6h, 94% yield
géy-- dr=2.4:1 dr=16:1
o 8@ 53% ee 64% ee
Q\Soo O\\S//O
HN™ "~ ~2-thienyl HN™ "~ ~2-thienyl
CN CN
Ph
Mlgh MeO
0°C rt 0°C it
24h, 78% yield 24h, 58% yield
No TM dr=2.4":1 No TM dr=22:1
54% ee 57% ee

Scheme 3.6. Scope 1
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RIMDTGFERA I R, B-AREARIA X 2 DORISEIZBT 5

A EAT > T, MOF

AIVERAWESRESE, FTXLVUER, VT VREAET LA I VCTIERBHRRSEEED Z

EWHERT., FAT7 =2 VBREAT 54 X TIERIGHEDIR T 23

REH. 3 6 KO UR

P2 2 L7z, BPUWRICB L Tl b PREICE o7, o, B-RERA I U~ H b

ARETH Y, MIRIZTEIM AL Z LRk, L, ZOREFIZBWTHIEERIC
BRI REChH -T2,
Cl Cl
Y 9
:P"NP"P\
kN ,/O = \:S//O
N Py (5 mol%) HN™" ~2-thienyl
J 4/ + Ph CN CN
R S . AgOAc (5 mol%) R
(3.0 equiv.) K,CO4 (100 mol%), MS 4A Ph
toluene (0.33 M), 0 °C, time
O\\S//O Q\S//O C)\\ /,o
HN™ " ~2-thienyl HN™ " ~2-thienyl HN"" >2-thienyl
CN 0 CN S CN
OO Ph N NN
14 h, 92% yield 14 h, 94% vyield 36 h, 78% yield
dr=39:1 dr=1:1 dr=2.3:1
77% ee 56% ee 76% ee
Q\S/,O
HN™ ™ ~2-thienyl
N CN
Ph
24 h, 83% yield
dr=3.2:1
63% ee

Scheme 3.7. Scope 2
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3. 2. 4 RISKE
<HER SRS >

WA B THE S D SOSHEREIZ DUV Tk~ 5 (Figure 3.2.), £ 7 HEBRMHE L v
Bl b = v T VEEIR & ORI R Ko T, B R R = v T
SEARDARBE MR - U TR S ND, RICNU D= R UV ESERE DRI T 5 Z & T,
NF A NESER L 2D, ZORMIICE > T= R AD a7 M ATEE LS TEY | &
HICLoTh7 e hAfbEil, RKEFETHLEEXOND Ni—Fr T4 I FfEERD, £
DOREFENA 2 v &G L, Hk2 Ni—7 2 NEAEEE, F72130&MM (b r=rV L
Da—Fa brEfira b Ak 5 2 k> TR E BN D & RIS 5,

Q N
“P---Ni----P"
/

1
& )(
KAQOAC
AgCl
NHPG
>‘ /©\ Ar~ CN
OAc >T

/©\ Ligand Exchange j 0~ ; ~0
s [
jl Q7Y 0 P i
' N

Figure 3.2, Plausible Reaction Mechanism
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4 BABRBHARFE Mannich BIRISIZE B F V87 2/ = B ULVBBRESEDBRRK)
4. 1 7% b= b NVOEEHRFMINRS
4. 1. 1 SR 0RE

UbkoX oz, FUIHFHRPXFZ7 L POCOP B —FNF—Ni $§K%2HN5 2 & T,
RV = kU LOARF Mannich BUEN S AAREIRICHEIT T2 2 L 2 R LT-, £72
[, BAFT 5 % 70 PRIBINZ B 2 —8 K Tldi b s o 7 o F A RYE D FE BT AL
Loz Ll s, &2 TAREEROERMZ FICHIRT 2812, FIEE (LI Ty
BE#i7 v b= F U L% HAWZAF Mannich NI EFTHZ LT LT,

ZOINIEIR E U CTIREEZRBRECTH 0 | LRI 512 Ko THE iz Cu(Dx vz Fik
NME—TH % (Figure 4. 1) L)L, ZOFEICBWNTHIE DOV =F o F A #2145
HETITEESTELT, METH 52% ee ThHoTo,

_@$M7?F:FJN®K§Mwmmﬁm%ﬁ%ﬁ%@KLTWéﬁﬁ:ﬁ%éoi
Ta—71 b OBREENMIN ETHDH, DMSOH, pKaN3 1 &) RiEHER7 v K
wzzm{mé ZEEIRELSTE R, TEITOMBENFEOHBE TIORNETHL,

CIEHEIEEER I ELTH T E = MU VOV A XABN/NSTE DL, REFENK
5%’%’6‘29)%) ZERFETFLND, T M=K U/LOARE Mannich KIS EFET LI, Zhud
ORMEE RS 2 Z ERRDBND,

[Cu(CH3CN)4]PF4

S (R,R)-Ph-Taniaphos
E’Ph barton's base
Nl’ 2 (10 mol%) NHP(S)Ph,
+  CH4CN ~_-CN
AV) DME, MS 3A Ar
50°C,40h up to 72%

up to 52% ee

| Challenging Points

1. Low Acidic Proton 2. Too Small Size
: K/T\t |
| H™CN M- |
5 pKa = 31 (In DMSO) kCN i
i Activation is difficult. Asymmetric Induction is difficult. |

Figure 4.1. Precedent Work and Problematic Points of Asymmetric Mannich-type
Reaction of Simple Nitriles
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4. 1. 2 1EZEREH

FAXZNHOMERIZP F 7L PO CO PEANLF—NI $5K722 O IR TE 5D TIHRW
& % i-(Figure 4.2), ETWEETH L ARIEET 7~ o OIFHAGICBEIT 5 miX, $5KkD
Lewis igtE %M L& 25 2 &L CRIBETH D LB 2 7 BN T OE#HIL L L TE R HEE2H
W, BICSE R A DT A EICT 5 Z & T Lewis FBM 2 ED D Z EXA[RETH D, T D Lewis
FEMEICBE T LT, ATHIZ 2B L TnD, DF 0 TR CIEYEOHEEZLE L L
TWAHN, AFF U Y —8E R TR FIEDOBIFICHKTI L T\ D, RS RICET
LEERITE IR EEOBEBRELZ AL CTHBY, EFRIIELZAET ALV L TYE
O IEZE ANTITAIE AT BOS OB A ER TE 2O TIE RV EBE 2 D,

WRICAEFRICET DR TH D, RO X I P XTI NEEETH D Z &b, KInHT
HEFIIRMELTRAB L 2o TV D, ZONMREREEIIHEMT ¥ b= M) roH A XZFET 5
MEE RIS DO TRVt RSN D, THOOMBICHFEL T, BT h=FY
JLDEBEHIARF Mannich BSOS OBAFICETF LT,

. _+
EWG ewg | O
Lewis Acidic Complex
o o{<
B MR Steric Bulky (Asymmetric induction
7N

<Referenced Example>
N

PrP---Ni----PiPr

oTf
? CHLCN (5 Mol%) OH
+ 3 ”
R/’ (excess) DBU (100 mol%) R/L\/CN
rtto 45°C, 22h up to 95% yield

Figure 4.2. Working Hypothesis
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4. 1. 3 wHigst

F PR ClE L e LD —Bh R & BB ERO IR A HI VN TRES 217 - 72(Table 4.1.), L7»
U E &< EIT L0 o T2, £ 2T Lewis O @B WD FA A AT Z 2B
2y NU Zd | AR 2R R E AW T-fEER S RET L7y, [RERICSOR E 2 <
TU7eno T, BEMEORENHBEZRO TIERWNEB X, INFlE L CTEEORG 21T
o7, FORER, BMIHFONTZLOD, FRERBOEMEDOHLATH T, KISIRED
B bEZ LN, RPN = M) AL TOZF U F RN HE 2 TH 5B iR
MWD LIEBZ b, Fhvli, RISREICBET 253 Then o7, P Ci
HHM, EEL EOIE T 2 BHEIT L2722 0D, E#EHTEORFHIHD 5
Zkizlie,

Table 4.1, Initial Investigation Cl Cl
? ?
P - Ni-- P
O\\ ,O Cl O\\ /,O
“ B,
N’S\H:i> . CHEN (5 mol%) . HN"Ar
! Y (excess) Silver Salt (5 mol%) Ph)\/CN
h Base (100 mol%)
rt, 14 h
Entry Silver Salt Base Yield (%) ee (%)
1 AgOAc none No TM -
2 AgOTf none No TM -
3 AgOTf N82003 Trace -
4 AgOTf Ko,CO;3 Trace -
5 AgOTf Cs,C0O;5 Trace -
6 AQOTf DBU Trace -
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4. 2 PBRBHARZMAINREG
4. 2. 1 FTHIROEE

FMIARBRTEE LT, HEEMFEEZAWDS Z L L Uiz, FEEHENTELE LTERR
FER LA B IR L 7= (Figure 4.3.), BURBEIFIEITIEHENTFE CIIRETH 7 7 b
LR Z 99 I CITH Z L kD %, B2 RME TG EITSE D Z LR A[RETH D,
IR EORIAERD N _BLIRFEOHTHY | SUSERITITRIMI B S, SUSRITE
Br b 2720, FEHEOTFEOFTHENZFEO—D2THDH LN R D,

Z ORLREEFiEZ W27 b= b U LOARF Mannich SUSITHF S 12 & - THES
NTWoD, LinL, 36—144FFMEVIRVWKCKRBLETHLZ L, =F - F 4
BIRMEOHE 2 5m EEWoTZfRENDOZ SN TWD, FAEPFZ7/LPOCOP B —§E
BERND Z L TINOEZHRTE DD TIIRVNEEB T,

Ac Ac
N
I Ph
N"Pd“'N (5 mol%)
Ph Ph
NSO,Py PN AgOTf (5 mol%) NHSOPY 5 to 83%
* HOOC™ “CN > _~__CN upto90% ee
Ar”TH | THF, MS 4A AN P °
(2.0 equiv.) 36-168h,0°C
<Advantageous Points> <Points of Improvement>
Mild Condition Reactivity (Long Reaction Time)
Waste is only CO, Selectivity

Substrate Scope (Only Aromatic Imine)

Figure 4.3. Precedent Work and Problematic Points of Asymmetric Decarboxylative
Mannich-type Reaction
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4. 2. 2 MRBHFEZBITIAPEINLPOCOPV Y —EEOH A

P % 7L POCOP & H— 8 {IKRIC B3 5 B 42 & 7 77 (Figure 4.4.), HHf « 22H S 3 W
TNWDHFX TNV ERA I XYY —Pd B —8RI T E— RO 2 R B Tuv
Do TFUFARIFWEOM LTS E—AF P OEOERITEWETRARTHLZ LN T
Band, F&EP L LTPdZHWTEY, KV Lewis OB WEESF.OZ W
5T EDm EREIfEE RS, FRUSH LT, PE¥FIALPOCOP Y U —85 KT
LR —AFTLEN R0 LB TR 7, S&RAAE LI LY Bl Likglc
o TEBY, =FrF AR EABIFFTE S, T, Pd & LT Lewis FEPEDO R
WNL Z WD Z &, OStEDm B ROSEE - BMIERRE 2 bivd,

R
Ac\ /;\c | A
N N
%MS/, | Ph o = 9[<
N----Pd---N "B Ni---p
h 1z 2 P I\rh 1P\
Ph oTf Ph >( X
Shibata & Nakamura's Catalyst Candidate
Complex
1. Metal Center Separate from 1. Stereogenic center is proximal to metal.
Chiral Center (Two Atoms)
2.Pd Center (Less Lewis Acidic) 2. More Lewis Acidic Metal (Pd to Ni)
3. Strong Acid is Generated (TfOH) 3. No Strong Acid (No use OTf)

Figure 4.4. Structural Comparison
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4. 2. 3 HIHBEH

IS ORNRE MR L CHIIRRF 41T 5 72(Scheme 4.1.), &:fF& LTIE Bu HEEH Ni
BEIR. WRREROMBSRZ W T THF B, SR TGS, TOMR, 1Tl Lkt
L TEWRISEEBL Z ST Lc, Ll = FA@RPPEITSEATH] & g L T
B RN DO TIE RN 2T, BMEIREBE TIEHoIdE TR TH L LB X, HITHFTT 5
ZEELT

Scheme 4.1. Initial Investigation

o ,0 /
\\ /, ays A<
Conditions . HN,S@

.S
N - : s
HO \O :
2C | S / Ph/\-/CN

(3.0 equiv.) F’

EZ
I ! Ph ﬁc') - 9.
N---Pd---N /P Néll---P
Ph h
5 mol%) (5 mol%)
AgOTf (5 mol%) AgOAc (5 mol%)
THF, MS 4A, rt, 96 h THF, MS 4A, rt, 14 h
77% 80%
(71% ee) (50% ee)

49



4. 2. 4 kst
<AIVEBHBREOHR (RALF=AALIV) >

BONCA 2 v EOBEHBIEOHFIZ OV TG A 1T > 72(Scheme 4.2), <> 2 /L=hKVU /L

éﬁﬁﬁb\fi?“é:Fﬂﬁﬁﬁl;llbik::/bvf LU EHWTHRE Z T o 70, BOGH: - = 0 F A8
WCEBIEOR B L 2T 5 Z L i3gnnole, FOSEICBEA LT A I e AT TF A

:/&@%@#6 A IV OREFHEDRUKFT DO TIERNZ &R g0 oTe, ZD53E

BREEND, A JUDBARRISIZBWTHE L LTI CR Y, RN - RETHED AT

Xﬁ‘)iﬁf‘fi%fﬂ%ﬂio FTTWEHDEBZTND, T o FAERMEICE L TH @A
IZEDNENS DN b bR ST,

Scheme 4.2. Imine Effect (Sulfonyl Imines)

N, o7 o
“P----Ni- - P
4

I
Cl

19 NHPG
HO,C” CN NPG (5 mol%) :
l AgOAc (5 mol%) Ph~ -CN

(3.0 equiv.)  Ph toluene (0.5 M), MS 4A, rt, 14 h

NHSO, NHSO, NHSO, NHSO,
Ph~~-CN Ph~~_-CN ph~~_-CN Ph~~.-CN
49% 78% 93% 80%
(41% ee) (50% ee) (39% ee) (50% ee)
.Me
NHSO, NHSO,
ph~~CN ph~>_-CN
65% 46%
(34% ee) (44% ee)
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<A IVOE (RNF=1A IS >

FITDA I AZHONT bR %217 >7-(Scheme 4.3). L>L. AKIEZRDEEIZHBW
THEREICSSHEMEL B A S DICE S R o T2,

Scheme 4.3. Imine Effect (Except Sulfonyl Imines)

MY O
“P----Ni- - -R"

7 |
Cl
o NHPG
HOzC/\CN . jIPG (5 mo /0) < cN
| AgOAc(5 mol%) Ph™ >
(3.0 equiv.) Ph THF (0.5 M), MS 4A, rt, 14 h
From
NHBoc NHP(S)Ph, NHAcC NS
Ph/\/CN ph/\/CN Ph/\/CN < Ph)l )
No T™ No TM No T™

<$EDFHE >

WAZEREE DN FAZ DV THRFT 24T - 72 (Table 4.2.), $RHEEZ W2 WGE, ROSIEEL
ITLZ2droTe, MDAV R AR TH D SV S RET T o7& 2 A, HiBRE 12T
[T F o FARREBGE LN b OO, SUSHETIRT Uiz, WRITHF A o MEEEE % #%
HEE2Z L2 BT AU HRES W TR EITo 72, ZORR, BIGHE - =)
F AR & b ICHERR 2 W26 & i L TENIZRER 2155 2 L S HR R o T,

Table 4.2. Silver Effect

N oY o
“P----Ni-- R

rd 1

Cl
NHSO,Ar
NC._CO.H NSO, Thio (5 mol%) - T oN
+ Silver Salt (5 mol%) PR >
3.0equiv) N THF (0.5 M), MS 4A, rt, 14 h
Entry Silver Salt Yield (%) ee (%)
1 none No TM -
2 AgOAc 80 50
3 AgOPiv 60 52
4 AgOTf 65 46
5 AgPF 69 10
6 AgNTf, 69 29
7 AgBF, 18 13
8 AgCIO, 51 48
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<ISTEEEDZH R >

WA SOSTRIEC B U TRt 247 - 72(Table 4.8), &M LTIy V= K UL OHERE
HIINBOGEDEE ERRRIC, 7'm b AR, 677w b o RS, T RR R DR MEA
IEARPEIA L & W o 7o RV 2 — B O fiat Lo, TORR. THFREZHWIZSE
IZBWTEADTIEO 2N R BENTERE TR LT, £ 2 C2—T7 LV RIEHEOHFIZHONT
ORiEtEIT o7, LvL, THF U EOT=F o F @R A28 LA BT 2 L3
Krphote, b, SHBIITHE Z2EEHE LTHN T Z L& LT,

Table 4.3. Solvent Effect

N, 07 o
“P----Ni- - -P."
Ve |

(0]
el *41

HN"" Ar

NC._COH  NSO,Thio (5 mol'%) - : o
E AgOAc (5 mol%) Ph” "

(30equiv) N solvent (0.5 M), MS 4A, rt, 14 h

Entry Solvent Yield (%) ee
1 toluene 58 45
2 THF 80 50
3 1,4-diox. 83 49
4 ‘BuOMe 87 46
5 DCM 15 45
6 DMF 53 45
7 CH5CN 12 45
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<RSI DBHR>

WA OSBRI B U CRiat 217 - 72(Table 4.4.), SRE TH DT EROGNE - =F o FF
BRI TN RER 2R LT, Lo L, IWEOBMIEEZ TIF 21E IR Z RO T L,
BOSHEDRS RGN 5 & & bic, = U F BRI bR R b7,

Table 4.4. Concentration Effect

SLTY 9
“P----Ni- - -R""

v é 0. .0
1 YN
HN”~ >Ar
. 5 mol%) )
NC.__ _CO,H NSO,Thio ( . - oN
~ ' AgOAG (5 mol%) Ph” >
(3.0equiv) N THF (x M), MS 4A, rt, 14 h
Entry x (M) Yield(%) ee
1 0.05 58 37
2 0.10 54 44
3 0.20 57 49
4 0.50 80 50
5 1.0 68 55
6 2.0 27 39
<&ERBHLOBHE>

DAZEER DRI OV TG 21T 2 72(Scheme 4.4), <> V= kU L OFHMOEGE
[FERIZ, @RPLOBNNIK D= U FAERMEOE(R RO T, Fhvl, KEORIZE
J % =T F ARV TR PO T DIRMEE SN EERERD DI -> T H T L
MY EIND, i, ROSHEICELTEIRERENELDLZ L b b, Xy =FY
N FIOTZROS & el U T Lewis BBYEDE SN LY —EEBERER L 2> TWDH I ENE
A%

Scheme 4.4. Metal Effect

0
0O, .0 Pincer Complex 5§
N’S@ + HOzC\/CN (5 mol%) R HI';I 2-thienyl
PhJ' s/ AgOAc (5 mol%) ph~CN
(3.0 equiv.)  THE (0.5 M), MS 4A, t, 14 h
N N o7 o
! ‘e, AN
P----Nl- - P P PR
Cl Cl k
80% 20% 53

(50% ee) (39% ee)



<gifk LEHBIEDOBHR >

EHEL DR b L7 (Scheme 4.5.), &BTLOMMEN L FRISHIZL D
AT 5 Lewis IED S WIRIRIZBW TR WIS EZ R LT, LavL, ?ﬁﬁ?ﬁﬁ%@—

TG-S E RS (R O KOS HE O g ¢
B, DOBEFRIEEBEARTHL O RENEBELTNDL I Enb,
FIERMCEE THL L ARBLT WS, DF D, ARSI

NMEER T AW EEZ TS,

Scheme 4.5. Substituent Effect
0]

)

NS, HOLC G
s

Ph (3.0 equiv.

Mot o
“P---Ni----P_"
v I
Cl )(
80%
(50% ee)

NP

P- - -Ni----
rd |
Cl

>95%
(79% ee)

FIZ = F o F AR

BT 2 BRER~D, ARG
(I DOFER & i L TIRW =T o F AR Th o7z, Tl L2k o

Pincer Complex
N (5 mol%)

AgOAG (5 mol%) ph~CN
) THF (0.5 M), MS 4A, rt, 14 h
Me Me H H
Mg ; ; ; 0" 0
PmM"P P---Ni----P_
cl )( cl )(
78% 64%
(48% ee) (34% ee)
Cl 1 |
0 o 0
P ‘

x

TRWTH RIS,

BTG IRERE2 AT DO T RIS
SR DN b
B L HEBEIH T = b

N

/S\ M
HN 2-thienyl

EK

BT

M E LR T
MR VA N5 PS

WCESTNI—U URE DT LZRERREFEICEN TS ZEE2RR LTS, F
72, ARIOBPBEITEB T Cl mEHSEARICB VLT, OSSR & il U T HEN /- B 2R

T ENGIhoT,
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AR D T o F ARV I TIRIERE L TWD EEZ TS, LUTIZZEDIR
iz >N TR,

FPFF U FARINEE T ERO—2 L L TN E LT & I SUGHEFT L
TWD AR ® D, & 2 TRIIE U —8RIEAEAE T CORISHEIZE L TOREZTT -
7=(Table 4.5.), fix, SREOKIEMEIZE L COMG /T 722, (MM OFEFIZBWTHH
BT RL<G5 Z ENRHRR o, T, REOGIEE o —8 KD B 548 < 1T L 72
WZ EAERLTWD, DFEV, ¥ 7V HHEPMKEEZEZ 32 & TH#ITT 5 ED 7€
O EIT LW &ici2 %,

Table 4.5. Control Experiments

O 0,
s _s S
NC._COH N HN”> > 2-thienyl
2 P U - NG \/|\
(30equiv) " Silver Salt (5 mol%) Ph
- eau THF (0.5 M), MS 4A, rt, 14 h
Entry Silver Salt Yield(%) ee
1 AgOAc No TM ,
2 AgOTf No T™ .
3 AgPFg No TM .
4 AgBF, No TM .
5 AgCIO, No TM )

b9 —ROTF U FARRMEE TIFHER E U CiE, Bl BRE CEhE R0
MEZHAREETH D, ZNICELTH, HEVRERLNWEE X TS, BIEERT
BN T DT EETE D RBILAYDN., HOREORENEEZAR L TCWiiTi
X722 B0, Lo LR TRICIRBIE A 2 B S T, Bhags R e 0510 vl
BETHIHEEDRENEZAL TV LITEZICL W, I Vo= mnb, HERLTS
A2 LTS AR & B 2 TV D,
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4. 2. 5 FHE—BM

WA R — e IC B3 2 A& 2 17 - 72(Scheme 4.6.), F 7 75 F B LICE TR E L O
HRAATLHRECEH L TOREZITo 72, RISHEICEL T, REFAIZHTLH1 I
WCBW TR 2RO AR Lz, BIZ, EFEEZHETLA4 I B0 THRUGHED
RTIEMER SN DOD, FUSFRFMZIEITT Z &Ik - TRIFUSHE SR THBM % 15
DT EMHKRZ, UL, = U FARRMEICE L TE, EBHLIBWTHEE LWER
EREIenol, BIRSIEERATLHEEICEBWTUIFRE Lh>=F o F AR REZES
T ENHR R o Te, BITERER Z LIZE PG L2 AT 2 W EIZHE W TIE RIS RUE
PDETFLTED, ETH28%ee Thole, ZNHLDRERNOLETFHINEN T F A
BIPEIZB W TEBERERD —DE RS> TN Z ENGND,

Scheme 4.6. Scope 1

Cl Cl
Mo
PmMnP
0, 0 Ci 7( QP
N’S\fi> , HO.C.__CN (5 mol%) HN"" ~2-thienyl
R/ﬂ S/ _ AgOAc (5 mol%) r-~_-CN
(3.0 equiv.) THF (1.0 M), MS 4A
rt, time
N //O <N /O ()\\ /O
~2-thienyl , i 2-thienyl ~2-thienyl
/@/\/ /@/\/ MeOZCQ/\/
3h 88% (55% ee) 3n99%(5y%ee 14 h 99% (63% ee)
O\\S//O Q\ //O
Hl;l’ ~2-thienyl HN™ ™ ~2-thienyl
/@A/CN @(\/CN
MeO Me
14h 56% (28% ee) 14h 83% (23% ee)
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WITHE A FHEER « a, BAET - G A X ORISR = o F A BIRPEIZ DN T
DOW# %17 > 7-(Scheme 4.7.), FUSHEICEALTIZ, 77X LU - ~T B2 AT LY
ICBWTIRBHFTH- T, AMafif I TixL, 2f#bu{ds@ifﬁ§‘%uz$ﬂoiéﬂméﬁ Nt 15

Nico BENIGRA 2 CIIUSHEDR TR AL b o0, HEBYICHEHMYEZED Z LI
R Uiz, =y FABPREL, WIThoEEIBNTHEE u\ﬁ%%mﬁ_ &k
TpinoT=,

Scheme 4.7. Scope 2 Cl Cl
N o: ; :o
4 [

P Ni==-Py
0,0 D
N,s\© ., HO.C.__CN (5 mol%) _ HN"T2-thienyl
R)| s~/ (3.0 equiv.) AGOAC (5 mol%) R -CN
U equiv. THF (1.0 M), MS 4A
rt, time
C)\\ /O W ,O Q\ /O

2 thlenyl S 2 thzenyl N™ 2 -thlenyl

6 h, 97% (48% ee) 6 h, 91% (28% ee) 6 h, 74% (32% ee)
O\‘S//O Q\S//O
HN™ " "2-thienyl HN™ "~ ~2-thienyl
O/\NCN O/\/CN
14 h, 90% (39% ee) 14 h, 37% (23% ee)
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4. 3 RitsE
<MER SRS >

FIE SN D SUSHEREIZ DV Tk % (Figure 4.5.), F 3 HERRER & Bhr 123295 = & TR
AN i SERA TR T D, D%, 7 /BB E RN 7238w L, 7 /Bl = > 7V EsE
AT D, WLVRVEENIE > TWAHZ ETa 7 bunE b S, HERICX D0
7o hEEMEE S NS, T e M ALPIEZ D E T T A I KPR E LT
FIND, RWNTA I ~OMIBIEREZ 0 | BURERZ D Z & THRWPIER IS,
B, Ni—7 2 REENHEIEE LT EE L7 0 b Abd 5 2 & Tt o s £ /-
FEM b Fa bR T b AT A Z EDEL B ERAT S Z & CtfitEEEd 5 &
W) B AR T D,

NHPG
CN
Ar TN
co, 0 0 k HO,C™ “CN
% "'P-—--Ni--——P'\‘ HOAc
|
‘7( OAc

Decarboxylation Ligand Exchange

g S
“p-- -I\IJi----P"‘ k

NC\T/l\Ar Addition Deprotonatlonx \[K\CN

COOH o ) k
P NP
NPG x (I) S Base
IL H Base
Ar 0

Figure 4.5. Plausible Reaction Mechanism
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5. B8
5. 1 ZEBIRmE

ZIT, ZODORISIRITHEBRIRBICET B3R E21To, £7. AT L2RELLTT
= AT = M)A LT EEEO ZFEREO Mannich s Tk, BRSO 2Lk =)LT
2 R a fEOMERNIARBLE RN/ > TWD Z ENGND, ThuE, ZOORIGIZEBT HE
BIRENEARD Z ENFRTH D EEZ WD, fEmaeticdpe, 7=2=1T7k b=
N U VOAIINEES TIEA 2 DR OITENL L2 BRIREBIREZ R D DIk LT, ¥ 7
/M@@Hmﬁmfiﬁﬁ%L%%%%ﬁofwé%@&%szémgmm1L_n

55 NTALE W O N AEE K N1 8 B FANCESNWTER LD TH D, LLTICHE
&5%@% T <

H
ArOZS,_N " ph H
." \ N
\ ‘Bu H NE\
N:—-—:Cﬁ\‘ O 0 H NSOzthlo
Ph
<Addition of Phenyl-Acetonitrile> <Addition of Cyano-Acetic Acid>

Figure 5.1. Plausible Transition States

<7z =)V7+% b= b U NVEREOMEAARF Mannich B S OB IKEE >

U FICARBOGIZ BT 2B IR BT 2 B 424 7~ 3 (Figure 5.2.), ASUSIZIT 5 kiZfE
THHZENBESND NI T A X Rl 1 6 EHREETH Y BT —DZE T
HZEWTID, T, BRIREETIXZDZEWTENZCA I UBENM LTS D b0 L%
Abid, DX, 1 8ETFHARTHIEREBRELZIO DL L TEREITT,

<Square Planar Transition State> <Pyramidal Transition State>
NHSO,Ar H AFOLS H
Ph/‘\rCN Ar0zS: = ph rO25 .y 2 ph NHSOAr
N J : CN
Ph AN K ) %/\/
AN " By’ Ph \ Bu "\ H /
tBu H Ph

Figure 5.2. Transition State (Addition of Phenyl Acetonitrile)
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Ni BT Iy FEEZIRSTWD EREL, RKEFRTHL 7T A4 I P —Fm
O FRTHERT D E, U VRF LD tBu EE2#ET5 K 212774 I o Ph EWiET
% (Figure 5.2. M, 3FE L I1XU ¥ FOMRIEIEZIZ L TORLTWD), ALKR=/LA
TUENL O B BIEDS A, ZORHZREY EANZERY LTS U VEF B tBu %
BT DI EICA L VERIFT EOA VK= VEBMIET D &L A 2 VRFEEDO Ph T AL
RoNFEE N TV RINE L, VO ERPERT D EB LD,

<7 BRI OB ARFE Mannich B G DOBRBIRRE >

WIZY T/ FEBREE O ) AR 75 Mannich U S OB ARREIZEE 9 2 ZEERA21T 95, Z D
BB TE, P LHICE s THESNTZERBREL R —DOLDER>TWNAD EFE T
%o LIFICZEOHEBIZHOWTHAT 5 (Figure 5.3.),

<Nakamura's Report> <My R It>
P y Resu NHSO,thio

HyCOG ON

Ph Ph

H
/
Ph

N
e, FAN
hoH o y C H
= )
N FV1§NSOQPy N[\\\ T
O Reface 0 oH” NSOgthio

Ph
MO calculation of complex by using Gaussian
09 B3LYP/LANL2DZ and assumed transition state Possible Transition State
for the reaction.
Hydrogen atams have been omitted for clarity.

Nakamura et al. Chem. Eur. J. 2013, 19, 4128.

Figure 5.3. Transition State (Addition of Cyano Acetic Acid)

HBRDOEIVCARFETE 7 2=ATE b= NIV TELNTALAEME, ANVKR=LT
R a (L OMRINIRELE R R/ 5, Ziud, OB B2 LBEREL - TN D Z & AR
LTW5, D4, BRINEBIREITIR-> TWanbniEeEZTND, BICHFRBIZE -
THEINT-BBIRE T, DR VBRI & 7T VA 2 REALO 8 TER O & BT
LTWAZLICL-T1 8SEFREZERSTWATZD, A I U BNERBTOICERT S &
MNEEL e > TV D, ZHTIHERREBREZIRD Z LIIR#ETH D,

FEEE. BRRIEICB T O REEOMIEN 1 SETIHELAL WAL LAMEL T, A
L UMMEMNL A & DSIARECR ZRET D K O ICHER LTcisa . EEOAEW & R Uikt 2R
BEETDHZEWCRD, FHl, BHEIZZOBEBREZR> TWAHHDEEZ TN,
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5. 2 BRECETIER

ZIT, KEEERDOARFHEREOE 25 LA RFL T, AFFEICRT 2 EERERE
BERTDHIL L L, UTICEREZRT,

IHE TRLIHERD &R T LOFRA RO REIRIED F & S OMRB, A
HAERBICREREELZ OO T O THL ZENRBENT, L, BRI R HE
NIZRZ AT HDWBEARONRIT, TNZT TIE oI LERRY, £Z2T=v T
JVEEIR D XSS RERT 21T BRI B3 2 ER 0B %417 - 7= (Figure 5.4.),

V4 2.19A
Bu-Substituted Complex Cl-Substituted Complex

; {Bu Complex Cl Complex

Length (P-Ni r P

gth (P-ND) 2108) < (2.20A)
: ‘Bu Complex Cl Complex

Length (C-Ni .
gth (C-Ni) (1.90A) > (1.88A)

Figure 5.4. X-Ray Structures

R =R EHEEA L R =Bu BHEA L 2 i+ 2 &L P—= v 7 /LI O BRI 55 &
RO NEL . AEBEICAFTH D ZENDND, —HT, EHEEHRIEHADO TR LY
C —Ni AT Ni-Cl 2334 L TRV EERNIZ AV IAALTND Z L0330 5, ZAH RN
R T T BZEZbND, DFED | WERETONL 7T A I FOFHFERNP LR
AARNCHEEET 5 Z & T, PED Bu H b OSARIEDTRD H vz 2 & SR MEIC B AF 72
NRAEEHLH LIZOTIE 20 EEZILND,

LIE. REERNOEONIZMAETEN L ORI EZ > E<HAT L LT, HigE
NIZEERDE B RETH D L BEZ TN D,
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ANE ¥

EXHIIMRTHIDTPFINLPOCOP BV —HAD AR ATV, FIZFTLLT
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General procedure for the preparation of P-chiral pocop pincer ligands

Under an argon atmosphere 15 mL of THF was added to a mixture of resorcinol (330 mg, 3.0 mmol),
PCIMe'Bu (953 mg, 6.9 mmol) and 4-DMAP (732 mg, 6.0 mmol). While the solution was being
boiled at reflux for 24 h, a white precipitate formed, which was removed by celite filtration after the
mixture was cooled to room temperature. Removal of solvent under reduced pressure gives a residue,

which was used without further purification in next step.

General procedure for the preparation of P-chiral Ni (I1)-pocop pincer complexes:

Under an argon atmosphere 5 mL of toluene was added to a mixture of 1,3-('Bu(Me)P0O),CsH, (315
mg, 1.0 mmol), NiCl, THF (278 mg, 1.4 mmol) and 4-DMAP(122 mg, 1.0 mmol), giving an orange
suspension. While the solution was being boiled at 60°C for 2 h, a brown precipitate formed, which
was removed by celite filtration after the mixture was cooled to room temperature. Removal of
solvent under reduced pressure gives a residue, which was purified by column chromatography
(Hexane/AcOEt=4:1) giving yellow solids. These products were separated by DAICEL
CHIRALPAK ID to give desired P-chiral Ni (I1)-pocop pincer complex.

(1R,1'R)-(4,6-di-tert-butyl-1,3-phenylene)bis(oxy)bis(tert-butyl(methyl)phosphine)-NiCl

L,
Q“i
e

A Yellow solid; 14% vyield; 'H NMR (500 MHz, CDCl3) 6 6.93 (s, 1H), 1.76 (t, Jp.y = 2.3 Hz, 6H), 1.36 (t,
Jp.y = 7.5 Hz, 18H), 1.29 (s, 18H) ;HPLC (DAICEL CHIRALPAK ID, Hexane:iPrOH = 30:1, 1.0

mL/min, 254 nm) t = 7.8 min, 14.8 min (enantiomer).

(1R,1'R)-(4,6-dichloro-1,3-phenylene)bis(oxy)bis(tert-butyl(methyl) phosphine)
ci cl
o@io
""ﬁ--—-f\,u- - -ﬁ{k
7{ of

A Yellow solid; 13% yield; 'H NMR (500 MHz, CDCl3) 6 7.64 (s, 1H), 1.79 (t, Jp.y = 2.3 Hz, 6H), 1.34 (t,
Jp.y = 8.1 Hz, 18H) ;HPLC (DAICEL CHIRALPAK ID, Hexane:iPrOH = 30:1, 1.0 mL/min, 254 nm) t =

8.4 min, 15.3 min (enantiomer).
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General procedure for the reaction of phenylacetonitrile with N-sulfonylimines catalyzed by
P-chiral Ni (I1)-pocop pincer complexes:
N-((1S,2S)-2-cyano-1,2-diphenylethyl)thiophene-2-sulfonamide:(E)-N-benzylidenethiophene-2-sulfo
namide (50.2 mg, 0.20 mmol) was added to a mixture of AGOAc (1.7 mg, 0.01 mmol), complex (4.8
mg, 0.01 mmol), K2COs (27.6 mg, 0.20 mmol) and molecular sieves 4A (10 mg) in toluene (0.60
mL) at 0 °C. Phenylacetonitrile (71.2 mg, 0.60 mmol) was added. After disappearance of imine in
the reaction mixture, the mixture was filtered through a Silica gel short pad to remove molecular
sieves 4A, and washed with AcOEt (4 mL). Removal of solvent under reduced pressure gives a
residue, which was purified by column chromatography (Hexane/AcOEt=8:1 to 4:1) giving
N-((1S,2S)-2-cyano-1,2-diphenylethyl)thiophene-2-sulfonamide (59.3 mg, 77%) as a colorless solid.

N-((1S,2S)-2-cyano-1,2-diphenylethyl)thiophene-2-sulfonamide

S,z

0,8
“““NH

CN
Ph

[Major isomer] A Colorless solid; (77%yield, 83% ee) *H NMR (500 MHz, CDCls) & 7.28-7.54 (m,
5H), 7.02-7.27 (m, 7H), 6.88 (d, J = 7.0 Hz, 1H), 5.43 (d, J = 8.9 Hz, 1H), 4.72-4.85 (m, 1H), 4.46
(d, J =5.0 Hz, 1H); **C NMR (125 MHz, CDCl;) & 140.4, 133.4, 132.9, 132.4, 130.9, 130.7, 129.3,
129.2,128.3,128.1,127.2, 123.6, 117.9, 54.2, 45.3; IR (KBr) 3738, 3200, 1640, 1328, 1157, 1109,
1025, 746, 718 cm™; HRMS for C19H;sN,Na0,S, [M+Na]: 391.0551, found 391.0552; HPLC
(DAICEL CHIRALPAK IC Hexane:iPrOH = 60:40, 1.0 mL/min, 210 nm) t = 16.8 min (major), 18.5
min (minor). [Minor isomer] *H NMR (500 MHz, CDCl5) & 7.30-7.57 (m, 5H), 7.03-7.28 (m, 7H),
6.90-6.93 (m, 1H), 5.36 (d, J = 9.0 Hz, 1H), 4.87-4.96 (m, 1H), 4.25 (d, J = 4.9 Hz, 1H).
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N-((1S,2S)-2-cyano-2-phenyl-1-(4-(trifluoromethyl)phenyl)ethyl)thiophene-2-sulfonamide

[Major isomer] A Colorless solid; (74% yield, 53% ee) ‘*H NMR (500 MHz, CDCl,) & 7.20-7.48 (m,
6H), 6.95-7.05 (m, 5H), 6.87-6.92 (M, 1H), 5.49-5.63 (m, 1H), 4.74-4.83 (m, 1H), 4.48 (d, J =5.2
Hz, 1H); **C NMR (125 MHz, CDCl5) & 140.3 (dc.g, J = 72 Hz), 133.6, 132.8, 132.7, 131.6, 130.8,
130 (qc.r, J = 245 Hz), 129.0, 129.2, 128.9, 128.2, 127.4, 123.1, 117.6, 60.7, 45.4; IR (KBr) 3734,
3211, 1654, 1330, 1156, 1116, 1019, 748, 720 cm™; HRMS for CxoH1sF3N2NaO,S, [M+Na]:
459.0425, found 459.0424; HPLC (DAICEL CHIRALPAK ID Hexane:iPrOH =90:10, 1.0 mL/min,
254 nm) t = 30.0 min (major), 36.3 min (minor).[Minor isomer] *H NMR (500 MHz, CDCl;) &
7.19-7.48 (m, 6H), 6.92-7.06 (m, 5H), 6.82-6.86 (m, 1H), 5.37-5.52 (m, 1H), 4.88-4.96 (m, 1H), 4.27
(d,J =5.2 Hz, 1H).

N-((1S,2S)-1-(4-bromophenyl)-2-cyano-2-phenylethyl)thiophene-2-sulfonamide

S: />
0.S.
2*NH

CN

Br Ph

[Major isomer] A Colorless solid; (70%yield, 79% ee) *H NMR (500 MHz, CDCls) § 7.54-7.13 (m,
7H), 7.10-6.79 (m, 3H), 6.74 (d, J = 8.0 Hz, 2H), 5.54 (d, J = 3.2 Hz, 1H), 4.57-4.72 (m, 1H), 4.44
(d, J = 4.6 Hz, 1H); **C NMR (125 MHz, CDCl;) & 140.3, 133.6, 132.8, 132.7, 131.6, 130.8, 129.0,
129.2,128.9, 128.2,127.4, 123.1, 117.6, 60.7, 45.4; IR (KBr) 3342, 3092, 2239, 1404, 1340, 1147,
1089, 1010, 728 cm™; HRMS for C1gH15BrN,NaO,S, [M+Na]: 468.9656, found 468.9659; HPLC
(DAICEL CHIRALPAK IA, Hexane:iPrOH = 100:10, 1.0 mL/min, 254 nm) t = 48.5 min (major),
56.6 min (minor). [Minor isomer] *H NMR (500 MHz, CDCl;) & 7.13-7.54 (m, 7H), 6.75-7.08 (m,
3H), 6.97 (d, J = 6.9 Hz, 1H), 5.40 (d, J = 8.0 Hz, 1H), 4.75-4.83 (m, 1H), 4.23 (d, J = 5.2 Hz, 1H);
3¢ NMR (125 MHz, CDCls) 6 140.1, 134.7, 132.7, 132.6, 131.7, 130.8, 129.3, 129.0, 128.9, 128.6,
127.3,123.1,117.6,60.2, 44.9.
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Methyl 4-((1S,2S)-2-cyano-2-phenyl-1-(thiophene-2-sulfonamido)ethyl)benzoate

MeOZC Ph

[Major isomer] A Colorless solid; (58%yield, 64% ee) "H NMR (400 MHz, CDCl3) & 7.80 (d, J =

7.8 Hz, 2H), 7.21-7.53 (m, 6H), 6.92-7.04 (m, 4H), 5.58 (d, J = 7.8 Hz 1H), 4.78 (dd, J = 7.8, 5.0 Hz,
1H), 4.50 (d, J = 5.0 Hz, 1H), 3.88 (s, 3H); "*C NMR (100 MHz, CDCl5) & 166.3, 140.3, 139.4,
132.8, 132.6, 130.6, 129.8, 129.2, 129.0, 128.6, 128.1, 127.4, 127.3, 117.6, 60.8, 52.3, 45.4; IR
(KBr) 3350, 2370, 1717, 1439, 1273, 1151, 1088, 1020, 699 cm™; HRMS for C,1HigNoNaO,S,
[M+Na]: 449.0606, found 449.0602; HPLC (DAICEL CHIRALPAK IB, Hexane:iPrOH = 90:10, 1.0
mL/min, 254 nm) t = 42.8 min (major), 50.5 min (minor). [Minor isomer] *H NMR (400 MHz,
CDCls) 8 7.86 (d, J = 8.2 Hz, 2H), 7.19-7.57 (m, 6H), 7.00-7.12 (m, 4H), 5.44 (d, J = 8.7 Hz, 1H),
4.89 (dd, J = 8.7, 5.0 Hz, 1H), 4.27 (d, J = 5.0 Hz, 1H), 3.89 (s, 3H):

N-((1S,2S)-2-cyano-1-(4-methoxyphenyl)-2-phenylethyl)thiophene-2-sulfonamide

MeO Ph

[Major isomer] A Colorless solid; (40%yield, 57% ee) *H NMR (500 MHz, CDCls) § 7.49 (d, J =

4.6 Hz, 1H), 7.30-7.45 (m, 5H), 6.99 (d, J = 6.9 Hz, 2H), 6.76-6.85 (m, 2H), 6.67 (d, J = 8.6 Hz, 2H),
5.29 (d, J = 6.9 Hz, 1H), 4.80 (dd, J = 6.9, 5.2 Hz, 1H), 4.50 (d, J = 5.2 Hz, 1H), 2.93 (s, 3H); °C
NMR (125 MHz, CDCls) 6140.3, 136.4, 132.9, 131.3, 130.8, 130.2, 128.9, 128.8, 128.5, 127.1,
126.5, 125.8, 114.6, 55.3, 54.0, 26.3; IR (KBr) 3339, 2371, 1509, 1458, 1146, 1090, 1022, 723 cm?;
HRMS for C,oH1gN,NaO3sS, [M+Na]: 421.0657, found 421.0658; HPLC (DAICEL CHIRALPAK
ICP, Hexane:iPrOH = 90:10, 1.0 mL/min, 254 nm) t = 24.8 min (major), 29.6 min (minor). [Minor
isomer] *H NMR (500 MHz, CDCl,) 6 7.32-7.55 (m, 6H), 7.16 (d, J = 5.6 Hz, 1H), 6.75-6.89 (m,
2H), 6.71 (d, J = 8.0 Hz), 5.12 (d, J = 7.4 Hz, 1H), 4.81 (dd, J = 7.4, 4.6 Hz, 1H), 4.30 (d, J = 4.6 Hz,
1H) 2.88 (s, 3H);

66



N-((1S,2S)-2-cyano-2-phenyl-1-o-tolylethyl)thiophene-2-sulfonamide

Sz

0,S.
2“NH

CN
Ph

[Major isomer] A Colorless solid; (55%yield, 54% ee) "H NMR (500 MHz, CDCl3) & 7.49 (d, J =
4.6 Hz, 1H), 7.21-7.46 (m, 7H), 6.98-7.02 (m, 2H), 6.88-6.96 (m, 2H), 5.47-5.59 (m, 1H), 4.99 (dd, J
= 6.9, 5.7 Hz, 1H), 4.56-4.61 (m, 1H), 2.18 (s, 3H); *C NMR (125 MHz, CDCI3) & 140.5, 136.3,
135.1, 133.4,132.5,131.2, 130.7, 130.3, 128.9, 128.8, 128.5, 127.1, 126.5, 125.8, 118.2, 55.8, 45.3,
18.7; IR (KBr) 3104, 2887, 2218, 1599, 1342, 1162, 1067, 8203, 702 cm'l;HRMS for
CxoH1sN2Na0,S, [M+Na]: 405.0707, found 405.0708; HPLC (DAICEL CHIRALPAK IA,
Hexane:iPrOH = 20:1, 1.0 mL/min, 254 nm) t = 68.6 min (minor), 75.3 min (major). [Minor isomer]
'H NMR (500 MHz, CDCl,)  7.19-7.50 (m, 8H), 6.80-6.86 (m, 2H), 5.58-5.69 (m, 1H), 5.13 (dd, J
=8.6,5.7 Hz, 1H), 4.18-4.21 (m, 1H), 2.16 (s, 3H); *C NMR (125 MHz, CDCI3) & 140.5, 136.2,
135.0, 133.3, 132.4, 131.0, 130.6, 130.4, 128.9, 128.7, 128.3, 126.9, 126 .4, 126.1, 117.9, 56.5, 44.7,
19.2

N-((1S,2S)-2-cyano-1-(naphthalen-2-yl)-2-phenylethyl)thiophene-2-sulfonamide

S~

[Major isomer] A Colorless solid; (73%yield, 77% ee) *H NMR (500 MHz, C,DsCO)  7.72-7.89 (m,
3H), 7.26-7.57 (m, 9H), 6.70-6.89 (m, 1H), 5.05 (d, J = 8.0 Hz, 1H), 4.74 (d, J = 7.5 Hz, 1H); **C
NMR (125 MHz, C,D¢CO) 6 142.8, 135.1, 134.0, 133.8, 133.7, 132.9, 129.6, 129.5, 1295, 129.3,
128.9,128.8,128.4,128.2,127.9,127.3, 127.2, 125.8, 119.3, 62.5, 45.6; IR (KBr) 32 70, 3130, 2202,
1483, 1389, 1320, 1102, 900, 720 cm™*; HRMS for Ca3H1sN>;NaO,S, [M+Na]: 441.0707, found
441.0707; HPLC (DAICEL CHIRALPAK IB, Hexane:iPrOH = 90:10, 1.0 mL/min, 254 nm) t =

27.5 min (major), 31.6 min (minor). [Minor isomer] *H NMR (500 MHz, C,DsCO) & 7.99-8.12
(m,3H), 7.26-7.58 (m, 9H), 6.65-6.69 (m, 1H), 5.13 (d, J = 8.0 Hz, 1H), 4.63 (d, J = 8.0 Hz, 1H)
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N-((1S,2S)-2-cyano-1-(furan-2-yl)-2-phenylethyl)thiophene-2-sulfonamide

o

0.,8.
2¥*NH

CT/H/CN
~3
N0 Ph

[Major isomer] A Colorless solid; (47%yield, 56% ee) *H NMR (500 MHz, CDCl5) & 7.22-7.34 (m,
6H), 7.05-7.11 (m, 2H), 6.88-6.95 (m, 1H), 6.18-6.22 (m, 1H), 6.05-6.16 (m, 1H), 5.27 (d, J =9.8
Hz, 1H), 4.95 (dd, J = 9.8, 5.2 Hz, 1H), 4.35 (d, J = 5.2 Hz, 1H); *C NMR (125 MHz, CDCl5) 5
147.5, 143.0, 140.6, 132.7, 132.5, 130.8, 129.0, 128.9, 128.4, 117.8, 110.5, 109.6, 55.3, 43.9; IR
(KBr) 3246, 2966, 2247, 1447, 1345, 1159, 1024, 922, 729 cm™; HRMS for Cy7H14N,NaO3S,
[M+Na]: 381.0344, found 381.0346; HPLC (DAICEL CHIRALPAK IA, Hexane:iPrOH = 20:1, 1.0
mL/min, 254 nm) t = 60.1 min (minor), 65.1 min (major). [Minor isomer] *H NMR (500 MHz,
CDCly) & 7.38-7.47 (m, 6H), 7.14-7.18 (m, 2H), 6.95-6.99 (m, 1H), 6.13-6.17 (m, 1H), 5.84-5.91 (m,
1H), 5.37 (d,J = 9.2 Hz, 1H), 4.86 (dd, J = 9.2, 5.2 Hz, 1H), 4.46 (d, J = 5.2 Hz, 1H); *C NMR (125
MHz, CDCls) 6 148.3, 142.8, 140.5,132.6, 132.4, 130.8, 129.0, 128.9, 128.1, 127.3, 117.7, 110.7,
109.0, 55.2, 43.6.

N-((1S,2S)-2-cyano-2-phenyl-1-(thiophen-2-yl)ethyl)thiophene-2-sulfonamide

o

0,5.
2 NH

WCN
~
N\_S Ph

[Major isomer] A Colorless solid; (54%yield, 76% ee) *H NMR (400 MHz, CDCls) & 7.70-7.79 (m,
2H), 7.18-7.51 (m, 6H), 6.90-7.00 (m, 1H), 6.70-6.83 (m, 2H), 5.42 (d, J = 7.3 Hz, 1H), 4.94 (dd, J
=7.3,5.0 Hz, 1H), 452 (d, J = 5.0 Hz, 1H); *C NMR (100 MHz, CDCl,) & 140.5, 137.0, 132.8,
132.6, 131.0, 129.0, 129.0, 128.9, 128.7, 127.5, 127.0, 126.7, 126.0, 117.8, 57.2, 46.1; IR (KBr)
3201, 2912, 2270, 1470, 1387, 1312, 1167, 1085, 722 cm'l; HRMS for C17H14N;NaO,S; [M+Na]:
397.0115, found 397.0118; HPLC (DAICEL CHIRALPAK IA, Hexane:iPrOH = 20:1, 1.0 mL/min,
254 nm) t = 69.8 min (minor), 75.6 min (major). [Minor isomer] *H NMR (400 MHz, CDCls) &
7.82-7.98 (m, 2H), 7.18-7.51 (m, 6H), 6.87-6.92 (m, 1H), 6.78-6.83 (m, 2H), 5.28 (d, J = 9.6 Hz,
1H), 5.11 (dd, J = 9.6, 4.6 Hz, 1H), 4.31 (d, J = 4.6 Hz, 1H); *C NMR (100 MHz, CDCl;) § 140.4,
137.0,132.8,132.6,131.1,129.1, 129.1, 129.0, 128.7, 127.5, 126.9, 126.7, 125.9, 117.8, 57.0, 45.6.
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N-((1S,2R)-(E)-1-cyano-1,4-diphenylbut-3-en-2-yl)thiophene-2-sulfonamide

S: /)
0,S..
2*NH

S CN

Ph

[Major isomer] A Colorless solid; (63%yield, 63% ee) "H NMR (500 MHz, CDCls) & 7.47 (d, J =
4.6 Hz, 1H), 7.22-7.44 (m, 8H), 7.08-7.17 (m, 1H), 6.95-7.08 (m, 4H), 6.84-6.92 (m, 1H), 5.60 (d, J
=75 Hz, 1H), 4.79 (dd, J = 7.5, 5.4 Hz, 1H), 4.48 (d, J = 5.4 Hz, 1H); *C NMR (125 MHz, CDCl5)
6 140.3,132.9, 132.8, 131.5, 130.5, 129.3, 129.2, 128.5, 128.1, 127.8, 127.4, 1254, 125.4, 117 .4,
60.7, 45.3; IR (KBr) 3343, 2372, 1406, 1338, 1156, 1094, 1019, 748, 696 cm™; HRMS for
C»1H1sN,Na0,S, [M+Na]: 417.0707, found 417.0708; HPLC (DAICEL CHIRALPAK IA,
Hexane:iPrOH = 20:1, 1.0 mL/min, 254 nm) t = 34.8 min (major), 65.6 min (minor); [Minor isomer]
'H NMR (500 MHz, CDCly) & 7.18-7.47 (m, 9H), 7.06-7.15 (m, 1H), 6.93-7.05 (m, 4H), 6.79-6.82
(m, 1H), 5,48 (d, J = 7.8 Hz, 1H), 4.92 (dd, J = 7.8, 5.2 Hz, 1H), 4.27 (d, J = 5.2 Hz, 1H).
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General procedure for the reaction of cyanoacetic acid with N-sulfonylimines catalyzed by chiral

Ni (I1)-pocop pincer complexes:

Method : Cyanoacetic acid (51.0 mg, 0.60 mmol) and N-sulfonylimine (50.2 mg, 0.20 mmol) were added
to the mixture of AgOAc (3.0 mg, 0.01mmol), complex (4.8 mg, 0.01 mmol) in THF (0.20 mL) at room
temperature. After disappearance of N-sulfonylimine monitored by TLC, the crude mixture was filtered
through silica gel short pad and washed with AcOEt (10 mL). Filtration and removal of solvent under
reduced pressure gives a residue, which was purified by column chromatography (hexane/AcOEt=4/1 to
2/1) giving (3R)-(2-Thiophensulfonyl)amino-3-phenylpropionitrile (57.4 mg, 98%) as a colorless solid.

To determine absolute configuration, Nakamura’s report®® was referred.

(R)-N-(2-cyano-1-(4-(trifluoromethyl)phenyl)ethyl)thiophene-2-sulfonamide

o

0,5

FiC

A Colorless solid; [a]p?® 9.4 (c 0.16, CHCl3, 53% ee), 99%yield; *H NMR (500 MHz, CDCl3) &

7.46-7.64 (m, 3H), 7.28-7.38 (m, 3H), 6.96 (dd, J = 5.2, 1.4 Hz, 1H), 5.73-5.80 (m, 1H), 4.72-4.84 (m,
1H), 2.94 (dd, J = 2.9, 6.3 Hz, 2H); *C NMR (125 MHz, CDCl3) & 140.4 (dc_¢, J = 72.0 Hz), 133.1,
132.9, 128.0 (qc_r, J = 267 Hz) 127.6, 126.8, 126.2, 126.1, 122.5, 115.9, 54.0, 26.2; IR (KBr) 3265, 2254,
1698, 1404, 1326, 1160, 1068, 1017, 837, 670 cm'*; HRMS for CisH11F3N2Na02S2 [M+Na]: 383.0112,
found 383.0113; HPLC (DAICEL CHIRALPAK IC, Hexane:iPrOH = 80:20, 1.0 mL/min, 210 nm) t =

41.6.0 min (major), 47.8 min (minor).
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(R)-Methyl 4-(2-cyano-1-(thiophene-2-sulfonamido)ethyl)benzoate

o

0,8,

MeO,C

A Colorless solid; [a]p> 7.2(c 0.29, CHCIl5; 63% ee), 99%yield; "H NMR (500 MHz, CDCl3) 5 7.96 (d, J
= 8.1 Hz, 2H), 7.48-7.63 (m, 2H), 7.20-7.34 (m, 3H), 7.00 (dd, J = 3.4, 4.6 Hz, 1H), 5.25-5.48 (m, 1H),
4.69-4.86 (m, 1H), 3.90 (s, 3H), 2.95 (dd, J = 6.3, 5.2 Hz, 2H); *C NMR (125 MHz, CDCl3) 5 160.1,
141.6, 140.3, 133.0, 132.9,131.0, 130.5, 127.6, 126.3, 115.8, 54.0, 52.3, 26.2; IR (KBr) 3170, 2902, 2251,
1698, 1436, 1296, 1157, 1064, 706 cm™; HRMS (ESI, positive) m/z calcd for C17H14N2NaO2S2 [M+Na]:
373.0293, found 373.0294; HPLC (DAICEL CHIRALPAK IC, Hexane:iPrOH = 80:20, 1.0 mL/min, 210

nm) t = 93.7 min (major), 106.4 min (minor).

(R)-N-(2-(4-bromophenyl)-3-cyanopropyl)thiophene-2-sulfonamide

A Colorless solid; [a]p>*5.2 (c 0.42, CHCl; 55% ee), 88%yield; "H NMR (500 MHz, CDCl3) &
7.47-7.63(m, 2H), 7.40 (d, J = 8.6 Hz, 2H), 7.05 (d, J = 8.6 Hz, 2H), 6.99 (dd, J = 4.0, 5.2 Hz, 1H),
5.60-5.80 (M, 1H), 4.62-4.74 (m, 1H), 2.89 (dd, J = 9.2, 6.3 Hz, 2H); **C NMR (125 MHz, CDCl;) &
140.3, 136.0, 133.0, 132.8, 132.4, 127.9, 127.6, 123.2, 116.1, 53.9, 26.2; IR (KBr) 3245, 3110, 2255,
1458, 1401, 1314, 1161, 1070, 730 cm*; HRMS (ESI, positive) m/z calcd for C14aH13BrN2NaO2S2
[M+Na]: 392.9343, found 392.9345; HPLC (DAICEL CHIRALPAK IC, Hexane:iPrOH = 80:20, 1.0

mL/min, 210 nm) t = 33.0 min (major), 37.5 min (minor).
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(R)-N-(2-cyano-1-(4-methoxyphenyl)ethyl)thiophene-2-sulfonamide

o

Oz

/©/\/CN
MeO

A Colorless solid; [a]p>5.0 (¢ 0.22, CHCI5, 28% ee), 56%yield; *H NMR (400 MHz, CDCls) &
7.52-7.68 (m, 2H), 7.00-7.16 (m, 3H), 6.78-6.84 (M, 2H), 5.30 (d, J = 6.9 Hz, 1H), 4.58 (dd, J = 6.8, 12.8
Hz, 1H), 3.76 (s, 3H), 2.98 (dd, J = 1.4, 5.5 Hz, 2H); **C NMR (100 MHz, CDCls) & 160.0, 140.3,
132.9, 132.6, 128.9, 127.5, 114.6, 55.3, 54.0, 26.3; IR (KBr) 3238, 2960, 2251, 1516, 1321, 1155, 1028,
821, 720 cm™; HRMS (ESI, positive) m/z calcd for C14aH14N2NaO3S2 [M+Na]: 345.0344, found 345.0343;
HPLC (DAICEL CHIRALPAK IC, Hexane:iPrOH = 70:30, 1.0 mL/min, 210 nm) t = 36.2 min (major),

40.3 min (minor).

(R)-N-(3-cyano-2-o-tolylpropyl)thiophene-2-sulfonamide

S. z

C,S..

Cr
Me

A Colorless solid; [a]p”> 17 (¢ 0.1, CHCl3, 23% ee), 83%yield; "H NMR (400 MHz, CDCly) & 7.52 (dd, J
=5.0, 6.2 Hz, 1H), 7.40-7.49 (m, 1H), 7.06-7.22 (m, 4H), 6.96 (dd, J = 3.7, 5.0 Hz, 1H), 5.33 (d, J = 8.0
Hz, 1H), 4.92-5.02 (m, 1H), 2.94 (dd, J = 4.4, 13.3 Hz, 2H), 2.14 (s, 3H); *C NMR (100 MHz, CDCl3) §
140.2, 135.3, 135.1, 132.8, 132.7, 131.1, 129.0, 127.5, 127.2, 125.1, 116.3, 50.2, 25.8, 19.0; IR (KBr)
3283, 3104, 2885, 2252, 1599, 1334, 1152, 1065, 820, 741 cm™; HRMS (ESI, positive) m/z calcd for
C13H12N2NaO2S2 [M+Na]: 329.0394, found 329.0394; HPLC (DAICEL CHIRALPAK IC, Hexane:iPrOH
=80:20, 1.0 mL/min, 210 nm) t = 39.2 min (major), 52.7 min (minor).
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(R)-N-(2-cyano-1-(naphthalen-2-yl)ethyl)thiophene-2-sulfonamide

Sz

0,S.
27 NH

e

A Colorless solid; [a]p> 5.6 (¢ 0.16, CHCI; 48% ee), 97%yield; *H NMR (500 MHz, CDCls) &
7.70-7.82 (m, 3H), 7.63 (s, 1H), 7.58-7.66 (M, 1H), 7.41-7.55 (m, 3H), 7.23 (d, J = 8.6 Hz, 1H), 6.82-6.93
(m, 1H), 5.92 (d, J = 6.9 Hz, 1H), 4.87 (dd, J = 12.6, 5.7 Hz, 1H), 3.01 (d, J = 6.3 Hz, 2H); *C NMR
(125 MHz, CDCl3) 6 140.3, 134.1, 133.1, 132.9, 132.8, 132.5, 129.3, 128.1, 127.6, 127.3, 126.8, 125.8,
123.2,123.1, 116.4, 54.6, 26.2; IR (KBr) 3268, 3144, 2244, 1483, 1401, 1330, 1158, 945, 736 cm?;
HRMS (ESI, positive) m/z calcd for C17H14N2NaO2S2 [M+Na]: 365.0394, found 365.0395; HPLC
(DAICEL CHIRALPAK IC, Hexane:iPrOH = 80:20, 1.0 mL/min, 210 nm) t = 52.5 min (major), 65.0 min

(minor).

(R)-N-(2-cyano-1-(thiophen-2-yl)ethyl)thiophene-2-sulfonamide

o

0,8.
CN
T
T

A Colorless solid; [a]p™> 4.5 (¢ 0.20, CHCl; 48% ee), 74%yield; "H NMR (500 MHz, CDCl3) &
7.48-7.63 (m, 2H), 7.26-7.33 (m, 1H), 6.96-7.15 (M, 1H), 6.12-6.36 (m, 2H), 5.47 (d, J = 6.9 Hz, 1H),
4.68-4.87 (m, 1H), 2.96 (d, J = 5.7 Hz, 2H); **C NMR (125 MHz, CDCls) & 148.9, 143.2, 140.4, 132.9,
132.7,127.5, 115.9, 110.7, 108.5, 48.4, 24.5; IR (KBr) 3174, 2909, 2265, 1469, 1403, 1335, 1156, 1072,
723cm™; HRMS (ESI, positive) m/z calcd for C1iH10N2NaO2S3 [M+Na]: 320.9802, found 320.9804;
HPLC (DAICEL CHIRALPAK IC, Hexane:iPrOH = 80:20, 1.0 mL/min, 210 nm) t = 50.7 min (major),

55.1 min (minor).
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(R)-N-(3-cyano-2-(furan-2-yl)propyl)thiophene-2-sulfonamide

(0

0.5,

~__CN
~

O
A Colorless solid; [a]p> 20 (c 0.16, CHCl; 28% ee), 91%yield; *H NMR (500 MHz, CDCls) &
7.70-7.49 (m, 2H), 7.34-7.26 (m, 1H), 7.05 (dd, J = 8.6,4.0 Hz, 2H), 6.26-6.32 (m, 1H), 6.16-6.24 (M, 1H),
5.40 (d, J = 7.5 Hz, 1H), 4.81 (dd, J = 6.3, 7.5 Hz, 1H), 2.96 (d, J = 6.3 Hz, 2H); "*C NMR (125 MHz,
CDClg) 5 148.9, 143.3, 140.5, 132.9, 132.7, 127.5, 115.9, 110.7, 108.5, 48.5, 24.5; IR (KBr) 3176, 2906,
2266, 1467, 1337, 1158, 1034, 854, 722 cm™; HRMS (ESI, positive) m/z calcd for C11H10N2NaOsS2

[M+Na]: 305.0031, found 305.0029; HPLC (DAICEL CHIRALPAK IC, Hexane:iPrOH = 80:20, 1.0

mL/min, 210 nm) t = 43.7 min (major), 48.2 min (minor).

(R)-(E)-N-(1-cyano-4-phenylbut-3-en-2-yl)thiophene-2-sulfonamide

o

Shhs

A Colorless solid; [a]p”™® 12.7 (¢ 0.15, CHCl; 39% ee), 90%yield; *H NMR (400 MHz, CDCls) &
7.50-7.68 (m, 2H), 7.20-7.32 (m, 5H), 7.04 (dd, J = 11.4, 4.0 Hz, 1H), 6.44 (d, J = 16.0 Hz 1H), 5.97 (dd,
J=16.0, 14.5 Hz 1H), 5.24 (d, J = 9.9 Hz, 1H), 4.27-4.48 (m, 1H), 2.78 (dd, J = 8.3, 16.1 Hz, 2H); °C
NMR (100 MHz, CDCl3) 6 140.8, 134.9, 134.4, 132.9, 132.6, 128.7, 128.7, 127.6, 126.7, 123.7, 116.3,
52.5, 25.6; IR (KBr) 3267, 3094, 2252, 1337, 1159, 1092, 1066, 967, 723 cm'l; HRMS (ESI, positive)
m/z calcd for CisH14N2NaO2S2 [M+Na]: 341.0394, found 341.0394; HPLC (DAICEL CHIRALPAK IC,
Hexane:iPrOH = 80:20, 1.0 mL/min, 210 nm) t = 42.6 min (major), 47.8 min (minor).
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(R)-N-(2-cyano-1-cyclohexylethyl)thiophene-2-sulfonamide

o

0.8,
2 NH

A Colorless solid; [a]p> 6.1 (c 0.18, CHCI5, 23% ee), 37%yield; *H NMR (500 MHz, CDCls) &
7.55-7.68 (m,2 H), 7.09 (dd, J = 8.6, 5.2 Hz, 1H), 4.91 (d, J = 8.0 Hz, 1H), 3.24-3.35 (m, 1H), 2.64 (dd, J
=115, 5.2 Hz, 2H), 1.52-1.76 (m, 6H), 1.00-1.28 (m, 3H), 0.92 (ddd, J = 12.6, 11.5, 2.9 Hz, 1H), 0.73
(ddd, J = 13.2, 9.8,1.4 Hz, 1H); 3¢ NMR (125 MHz, CDCl3) & 140.0, 132.5, 132.3, 127.5, 116.8, 55.2,
40.2,29.4, 28.1, 25.8, 25.6, 25.5, 22.4; IR (KBr) 2929, 1716, 1455, 1338, 1160, 947, 731, 667 cm?;
HRMS (ESI, positive) m/z calcd for C13H18N2NaO2S2 [M+Na]: 321.0707, found 321.0705; HPLC
(DAICEL CHIRALPAK IC, Hexane:iPrOH = 80:20, 1.0 mL/min, 210 nm) t = 39.3 min (minor), 30.2 min

(major).
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