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IEEBETEBRTSHOEHIERIL BT INEETR Yy MR il > T b Dp,
EREEYER RERE NCAESER S UTHR T 5 2 L I3ERBEERIEIC T IDHEED
VHETH5, WL bERIFINVERICHETHY ., FT7V T4 —% b DN TFIIBEICHE
MINNL2DOFFE LT b THD, Tk bid, 2 HPEEEOMBHED 5
L TAFEREWRT 2D, £, RICOHEMR, S X NTRISHETEEO
EZWRET S LI HTILEIEEIMEOTIY O F>THwahbiEeEZILNS,
TEEBOEARNE A T TV =3, RICHHETT 5 & ZD substrate & reagent DI PESE
& (active complex) IZF¥ TNV FRERIE. 3HITD complex iZ & VA= 1T 5,
bbb IAEGIHAB Z 5 Z & active complex 1 TE A OFE L2y F1 AEEEHAL
T3 2 EAKAEHRIZ/L S, active complex (X872 complex T % 7z DIZERN R FE (X
PES R ETT . NMRZE) TREDHIRE2B2 DREBETH Y., THRLDOHE LIz
T BEDEIWTERAL—HOREENRE G2 5D0E VI VHKIEEDYII O I DD
mhadsl e b, Tabb. THALDOBE L2511 13 chiral controller TH % & [FKZ
reaction probe & U COXREZE F> T 5,

AMATEY—7y b &T2EHEE L THEBHRTBAL, ARFRERYFIL, 7
Vv —VEHED DT RN ON S FREBTH S, TORING 3BEIZAEHT
&3,

1. Substitution reaction (halides, acetates, acetals, epoxides etc.)

>—X [RCu] _ >—R

2. Addition reactions to non-activated C-C multiple bonds
(Carbocupration to alkynes and allenes)

[RCu] R Cu

-
pramm—— P

3. Addition reactions to activated C-C multiple bonds
(Conjugate addition to enones, enoates, ynoates etc.)

[Rcul R

:._¥O . \xo

AEFOKBASINSIE (3) BT FIFLRRAVOLERTRIBLE L THLNS
WeBGRTERTH D, —HlELTHRLEDTURY 75 0V VO E BT 5%,

') OH

0 a) RwLi-Cul-2.6"BugP COOCH
b) RaCHO :
N P T . PGE,

OTHP OTHP  STHp
1-




AR T—REOBBRIGEAFICIZICAT 5 Z L idAEB{LEZOBEBEZFED—D
TH2, BIIARICTIEEIZ MEREFAV 3 Z L TERLFERNIR S RO E VAR A &
BENEFRENEFTE S, I HIIKICHEEEICN U TN TAZEM O] EE

5l b, EHEEOTLEEIC & BERNIERZ 5 2 O R L HEAEE O MG % VL
WAL ETIY OTHERT 2 L0 AP THRERESRICRS Z LITHEW RV, L
EDEEMND . HITEBEIINT B SENETEEMFOREZHN & LTREZBD 2,
AREOEEEZ KL T, £ OWENTTIEEIN T3>, LIFIZAERH % 2
7% (Figurel) o BHESADTFE HLBENIKIEIE Kretchmer DXV T A 2 % SHERECAL T &
Lizvzunstt /) o ~\DRXF IV 9 IN—DF IR 6% ee TR LNIZHRENRWITH 2,
Crabbé B IIFR T F I NIEELEHEIREFINATO I TV — FEHWTRI UK S
BIT o T BRI 6% ee BETH > 72 2N 5 DYIADOMEITEINENIMK 13D > 7205,
77V — bEROEAINRICOBIECEZ 2BBEDA NI TV —, T2bbF I IIVAEE
MriCE 3 EFINATOI L — ML BHH 2B L T3, %E&F1$£1980 FFED
LB OEE. AT 1985 £ Leyendecker 5D EE T L —27 X)v—& LT, BETIE
HOBRREAFROLTERCIREIN TS, BREEHFDZANT TV —1F 1990 FD
Lippard b O 45% KU) D I FAEEISIZ O ICAZIN T3, LALREEPEATE 3
TIVFIWED—EAMEL . PEFIROEHMLHRG L VI Ah bR 5 &1 LT B,
CORTHRZA) VFINVEBEFSENTEZ LD EEZEZ, FINVERN FORHBLZOMNT & s
IRMOBIFFEIZE D I oTz, ZDFER, AE ) FILDHENIITT 37T LIHERN 2
BLALERAL % b D F T )V BLAL-1- 45 Figure 2 1225V T 2 BRSO SISO AL F % I L vk
RETHEMIMEEZ 52222 R L, NMRERIZE D FIUVENTOHVR=
WEEFEE D) VOEBEIREMPEEHL QLB LE2HLMIL, BRI V3ERNII
BERZF O 7L — FOFNIH L TH BRIF RN NIE R > TnE Z EMbhotz, 35
WAl B D ¥ Z )V ANEBECALF — SISERDRHIMEIC L D 7)) =¥ — VBRI D A F LA IR G
MR 92% ee DERVVEIRETHIPATZ 2 Z 22D TRWHL 72,

Figure 1. Asymmetric Addition of Organocuprate

R. A. Kretchmer (1972) H
H
N
0 CHyCu C@,\t‘ 0
ij :
CgHg ice bath “Me
6% oy
P. Crabbé et al. (1975)
><O
O
0]
0] 0 0]
ﬁj MeCuO 0\1/ f
Et,O 0°C Me
6% oy



T. Mukaiyama et al. (1980)
{ M o-cume

o] N 5 Me O
Me MgBr
THF -20°C 61 %ee
F. Leyendecker et al. (1983) BuS

Fy\OMe

Me,Culi O '\'j
o e,Culi O cC=0 I\gﬂe o
Ph/\)LPh - ph/\/lL

ELO -50°C

E. J. Corey etal. (1986) CHs CHs
Ph : N.

0o i
Bu—CuO j CHz

THF -78°C "Bu

92 %ee
A. Alexakis etal. (1991) M"\‘ (Ph
HJ/N\ /O 0)

BuCu / P / LiBr
NMe,

THF -78°C “Bu
76 %ee

Ph
S. J. Lippard etal. (1990) H---}—CH3
N,
Cu

Q BuMgCl
N

3-5mol%

THF / HMPA / Ph,(Bu)SiCl - 78 °C Bu
74 %ee

G. van Koten etal. (1991) I\{Ie

NMe,
Ph. o 9 mol% S,CU MeMg! Ph o

Me toluene / Et,O 0 °C Me Me
76 %ee

0]
A. Pfaltz etal. (1993) < )Py
0] o N o)
10 moi% 5-Cu iPrMgCl

THF / HMPA -78°C P
87 %ee
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M. Spescha et al. (1993)

o\v BuMgBr Buli

po

Et20 -78 °C Bu
60 %ee

A. Alexakis et al. (1993)

Me Ph
o 10 mol% Cul 20 mol% Pr—N .0 o
!
EtoZn NMe,
toluene +20°C 15h : Et

32 %ee



Figure 2.

N

R

k’ Cu
Lior Mg
Asymmetric Conjugate Addition of Lithium Cuprate

N
0 Me,Culi  ‘Bu—=0 Me O
Ph/\)l\Ph > Ph/'\/u\Ph

EL,O
84% ee (S)

(y\ PAr,
\

PPh,

(-

N
o) Me,Culi ‘Bu—=0 Me O

Ph/\)l\ Ph g Ph/E\)LPh

THF
50% ee (R)

PPh,
(- 0

0 BuCuCNLi N

é LiBr Bu—=0

Et “Bu
L 95% ee (R)

y

Asymmetric Conjugate Addition of Magnesium Cuprate
PPh,

O
BusCuCN(MgC) N O
Bu

Et,O
98% ee (S)

Catalytic Asymmetric Conjugate Addition

PPh,
o  120% HexMgCl { >

N O

(‘j 8mol% Cul 32mol% Me,N—=0 d

Hex
Et
0 92% ee
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1. FINVEGF O3 [;ybw
X
X

FHSR DR RITZES b, BN — B H 3/
HELTTBE2rHbNTWS®, BT/ iF

ZOTBKICH U VRS VEERE ) F Yy MTEL X Y
®Cd, w*-complex # FE L CRIGWEITTTH5EEX 5 Me PPh,
tBuCO PPho

N3¢, RO DFEIL VBEEEIESIIRET 5

WREME X 203, TR AR F T IVELL ORI

LV FTINVRZEHICT B e %1T >/ (Figure3) o
HEARNGZAN STV -3, RIGKZ 1 DICRET %

(Me,N),PO  PPh,
Me ,NCO PPh,
CgFsCO PPhy
CgHsCO PPh,
1-NaphCO PPh,

CeTHD, BMTFNFELENEE (42) . KISH e
4 TEED Y F L LRDMAEDED EFDH 8D 1Buco SMe
WEZBNB, CICEMETX. Y& #o m i i NP,

tBuCO OMe

THeEEETEH TS E (43) . BEALFRIDIARM R FE
X F51DRBEOLETH»OEKRIERTZEE X
BNADOTRICHEIZISDETHERSLTZ&EMNTES, L
PUAREDBEENRAD T2 OOKICHE» BRI UHERTERYINEL 7 EI]NEEX S,
HoT. 2ODKIEHED ) b—HEUAEEERICL>TT7 Oy 7 TENETEERHE K
TEBZ LIRS, ZDRHDIIE 2ODENFEFXEYHNY F I L EHIZEN ENERN
WEL L 2T nid e bane &z iz, ZOEBRIRNBLMIATER T 22561, FHIZHE AL
LB FOVREEEXEITHMORISEE Tuy 7352, EHIZEAMTOA
d, w*-complex® JE L CRIG LU EBEENRB OND (44) . ZRIINL., XYY F
A EFNCIERIRICEN T 5251, HEVRVABEEREN_BEICHLI Y RiZk 3
EWI VR LR EFICATTCIF I R>TLEILLIE., 2DOOKEHANRHVTLE D
TeDIWSIARHIENISER TE RN LIRS (45) o Thbb, XEYIRIERMIZIEAH 4
A4 BFNICLELR IR BB EDOEBBEBRNLHMEL b > ThRITNIE R b2,
ZFDEIRXELTEBRZDDLVIERME,. YELTY U, 4230, 8% BFEE2HAVFS
VBRI F 1~13, 16, 17 Z@xat Lico AERZBERIIEEZFE LT L, Eoyy
VBRI U TR A OBEICHE I N L—T 0 U EREEATZ,
2EBEOEBICHAL BN LTI T V- I TR —2EKELEFEMETHIDZ b
TV =i, Fa—rOVRNEHIEE ICOE o DT, IHHRICEEL TE S NS 15
bENEEZLNS,

Me ,NCO P(PhOMe),
Me sNCO P(PhNMe ),

[ P G G G W—"y
NOWN=SOOO~NOOTLH WN -
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Figure 3. Design of Asymmetric Field

R\E/\H/R

Me O
optically active

Non-selective Coordination

2. FINVENFDOER (Figure 4)
F I IWEAHLF 2~9 A PHK 14 P HERTE /2, UTIZEDIV— MEFRT, 16,
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171 3R AT A VOB FHEEZBDLZ LR L VFNDENMNEE HZ L2 2 EEL T,
10~13EFANDEALE F & U TRIZAERN 2D P2 NS 12D &KL 12,

Figure 4. Synthesis of Chiral Ligands

TsCi
O,COOH Boc,O, NaOH DCOOH BHy THF WOH pyridine
dioxane, H O THF N CH.LCI
21 L 100% Boc 23 geC 2ih
91% 100%
O/\OTS Ph,PCl, Na D/\Pth ;; Ileo{ﬂCHZCIZ’ rt4h D/\Pth
N pq  dioxane, THF N ~ N
Boc , rt}%;h Boc 25 78% H 14
2: R =1Bu (68%)
RCOCI, EtgN / CH,Cly, (—y\pphz 5; R = CgF (96%)
14 0°C30min N 6; R = 1-Naph (32%)
R-Csg 7: R = Ph (95%)
8; R = CF3 (88%)

(Me,N),POCI, Et;N / CH,Cl,, 0 °C, 30min ql)/\ PPh,

14 .
o —
79% (Me,N), P\\O 3
C, 30mi (Y pen,
Me,NCOCI, EtzN / CH,Cl,, 0 °C, 30min N
14 N \
95% MezN_C\\o 4
TsCl, EtsN / CH,Cl, gtlsﬁlH
0°C, 30min Fy\pphz CE‘I CN (_>/\ PPh,
14 - f}] Y [}j
78% Toi—-g=0 © n, 4h Ts
(')I 70 51% 9
LAH
25 - PPh,
THF, reflux, th N
80% Me 1



1) NaH

Cl.SiH
(E10),POH 2 MEOPhMAB ) OPh),POH 3 ~ (MeOPh),PH
Et,O, reflux, 2h toluene, rt ~ 40 °C, 8h
26 2 27 28
58%
1) KH/THF 1) HCI / dioxane, rt, 1.5h
2) 24 Fy\P(PhOMe)Z 2) MegNCOCI EtsN /
N H,Cl,, ice bath, 25min L—y\p(phome)z
rt, 30min -
55 Boc 29 67% Me,N- C\ 16
(26% recovery yield) O
(2 steps)

1) HCI / dioxane - EtOH,

1) K/ THF P(PhNMe,),  rt, 3h
2) 24 L_>_| 2) Me,NCOCI, Et;N/ P(PhNMe,),
(MeNPh)sp ————=N CH,Cl,,ice bath, 30min Q_I
[+) .
MegN‘C\\
0
tBuCOCI, Et;N NaH; Mel
OH OH -~ OMe
N CH,Cl,, ice bath N THF, ice bath, th N
H 32 82%  tBu- C\O 33 4% Bu—Cs, 13

Bu,P, MeSSMe O/\
33 3 o SMe

pyrridine, rt, 2days ".‘

64% tBu—C
b u=Csy 10

BusP, PhSSPh O/\Sph

pyrridine, 1, 4h N

100% tBu—C
o U‘C\o 11

1) TFA / CH,Cl,

, 26h D/\ NPh,
Cy\OTs Ph,NH - NaH WNth 2) tBuCOCI, EtgN / CHCl, N

N N ice bath, 20min _
1 THF, rt, 2.5h ) Ice batn, tBu—Cy
Boc 24 78% Boc 34 — ~ o 12

1) CICO.Et, EtsN

CO.H THF,-5°C, 3.5nh O’CONHPh D/CONHPh
O’ " 2)PhNH,, -5°C, 1.75h 5% Pd/C H,

N -~ EtOH. 1t N
Cbz 35 82% Cbz 36 87% H 37
LAH L_)/\ NHpp _ BUCOCL BN [3/\ NHPh
THE, 1, 24h N CHyCly, -78 ~ -50 °C N
93% H 33 92% Bu=Csy 20



3. &EFIREAIEED T

B LI2F VBT O 2 DO DEALIRFBTFED ) F 7 A LHIZE NTHERIIC
BB 20 % U F 7 AEESIRE L ICMATzE EDNMR OF X vy 7 b DRI
&> T L 7z (Table 1, Figure 5) o ‘

MY Iy —T—F VEBEPTT I RERAT7 4 VB F2I12 1 BBOEFEER) T 4
EMA Tz EHIVRZIVIRECLZ 2.6 ppm DRSS 7 AR LNTzDIZXL. YD
HEL12C3, 4TI ppm BE ORI L EE -7z, BIEHEZ MZ2& ZIZIIC1ITIZ 0.3
ppm DEALTH 57z DIZXf L. C3T 1.7 ppm. C4T6.1, 4.6 ppm &K E 72 5HES Y 7 b
MRONTz, LLEDEEIZ) FILEMA L ZIZBANVENVEBEDO IO OEFH
BN, ZMZ L&) 0Eb) OB FNERENZNENRINIIEILT S Z
LERL TS, T2bb52 TREEFERNEIIEBEICBI>THRET EAbhro Tz,
FREOEMBTHIVF TLAVAFV I T — e DEERTIRI)FILEHENE
NEHRZICMR T2 ERBLHERLI RERMELN. REOKIGRIZBWTHER
BIRNAENIRB T > THBEZ EARBRINT,

ENRTXHLTI/HRXT 421 TREEFZMALZRZTFYVDOREELIZCL2E
YoDEEE L C34IZBWTHELZY 7 PARLN. 1 TREBENCBLLHEBI S
BN ERbhol,

bbb, TIRNFRAT 4 VEAL F2I3EBERNEMEZR>THD . GAETH
EHEBETE S 2 REEMNRBRI N, ZRIEN LT R@FL— MNUIOBMFTH S 72
. PEFEEMENZ EATRTE R,

Table 1. '*C-NMR Chemical Shift Changes of 2 and 1 in Toluene - Et,0

3 3
2(>/\P<©
ZL—N}/\P \
4 ' 4
2 Me 2
! 1

1
tBU_C\\
1 O 2
+ LiCIO, + CuBreSMe, + Me,Culi + CuBreSMe,
5 (ppm) AS (ppm)  AS (ppm)  AS (ppm) 8 (ppm) A3 (ppm)
C-1 175.2 + 2.6 +0.3 + 2.1 C-1 40.2 +4.8
C-2 4841 +1.0 -0.2 + 0.8 C-2 57.4 +1.3
C-3 33.6 -0.8 -1.7 -0.3 C-3 34.6 -1.3
C-4 138.6 -0.7 -6.1 -2.2 C-4 140.1 -5.0
140.9 -141 -4.6 141.0 -4.3

-10- .



3C.NMR Chemical Shift Changes in Toluene-dg - Ether (2:1)

+ CuBr » SMey; A3 (ppm)

-

+0.3

(.

ﬁq%lwwwrh‘h\%\ww‘W'«M:‘V“‘.\'\Wh\ﬂ*\n‘vﬁ" walwit A AL,

+ LiCIOg; 85 (ppm)

+26

¢

V\JMWWM\WHMWMM‘M%WMNMW%VWW‘V f

W@>

lBu—C\\
1 (0]
c-1 C-4
175.2 ppm ( }Sg-g zs:r:

-02

~ L7

e

Mulv»um«hmv»w -v'k~MVﬂ-n\\'--‘mw\v-w'ﬁ“\wu‘*t‘

) +1.0
L ,Wl.'}*wtmw)\m{vawwkﬁ'mm%fwmw&.\.M‘wa.\ \lew

.wWLWV‘«Mmxwwmwwwmrwww.',wk%hwﬁ\pww

' C-2
48.1 ppm c-3
ﬂt PR 33.6 ppm
L\. ‘ilﬂ ﬁﬁwﬂ‘r‘r’u R R e e L Lty J\ .'.,.;,n,,..v_\_la..,..\\_l\.-,,

T U - -
" 10 = 1o

180

"3C-NMR Chemical Shift Changes in Toluene-dg -

+ CuBr » SMe,; AS (ppm)

T
.

130 60 30

Ether (2:1)

(- 5.0 i
1 l
aps )il b0 L e ¥ ’ M
ér'ﬂ:n-m‘r';ﬂ “' el ;‘%%%%%WM%##TW w{-%a&»{u #UM gdll.uu 1AY80 _,.mhu M #’J F‘é’rwvg
|
LO)
' : Me” \k ) 57 4pPm - 402 ppm
; - Cc-3
;C 4 1 @ 34.6 ppm
(140.1 ppm
141.0 ppm
' J J | »J k J
I\',[ﬂ»v-'-'l«w'l vy, u \; ',a,,wxl\f.f,(mr\ﬂw(m’i‘wlsv,,‘Iﬁl,\.w,[‘ﬁv/‘.d)v\‘mw,u,,,\ww-,mv\t # vt‘h\m'&u/*\\r N“W\W

1 1 1 1
150 140 130 120 1o 100

90 80 50 30

PPM
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4. XBERBRCEBUNT L FDay 7+ X—a B

SBBIRNECALAER FFDO T L ANMRER D HRENFT I KB X 7 4 VEALFIZELX
BRI EIT V. 7)) —REBTOa 74X —V 3 VO E B Tk > 7 (Figure 6) o

RELZFEBII7INEERVATHEZEE, Vou—2R7—B7 I FRELHED
FHHEZEFEGTNREZLTHS,

Important Interatomic Distances (A) and Angles (deg) in 2

C(1)-C(2) 1.546; C(1)-P(13) 1.840; C(2)-C(3) 1.522; C(2)-N(6) 1.490; C(3)-C(4) 1.529;
C@)-C(5) 1.522; C(5)-N(6) 1.488; N(6)-C(7) 1.361; C(7)-O(8) 1.219; C(7)-C(9) 1.550;
C(9)-C(10) 1.557; C(9)-C(11) 1.538; C(9)-C(12) 1.538; P(13)-C(20) 1.831; P(13)-C(25)
1.837; P(13)-0(8) 4.443; C(10)-C(9)-C(7)-0(8) -10.223; C(12)-C(9)-C(7)-O(8) -127.531;
C(11)-C(9)-C(7)-0(8) +107.815; O(8)-C(7)-N(6)-C(2) -4.815; C(9)-C(7)-N(6)-C(5) +3.054;
N(6)-C(2)-C(3)-C(4) +31.801; C(3)-C(4)-C(5)-N(6) +30.741; N(6)-C(2)-C(1)-P(13)
+173.203; C(2)-C(1)-P(13)-C(20) -82.251; C(2)-C(1)-P(13)-C(14) +172.507

B—OFETHEL A2 74 Fa2Lb—varD7 I FEGRBKRFTLRERELT
F1EY % & L ASNMRONOEEE» bR S iz (Figure 7) o

Figure 7.
B[jyrp%zmmm%@ NOEL; 16/2% NOE2; 1%
@ HTON "1 + leq CuBreSMe, NOEI;12/2% NOEZ;0 %
H3C>|/C¢O
HaC L, @ in THF-d, NOEL; 7%, 5% NOE2; 0%
3 + leq LiCIO, NOEL; 9%, 6% NOE2; 1%

B_ORETHE) o ou—rR7—0B7 I FBEBELHEZEATWSE I Lk, KRE—RK
BREEWT FIDRBHOTREA L TARA—va e LT TFHTES, ZOREWZIC
ANVKZNVBRELY) U1 OOEBIZT7T BRFL— FOEEE DL 5T, 2EEHDE
BT L 1 BEITERL T B TED#EEEYRTEEZ I ONS,



PPh;

ATEIDN

\;‘." -

Z=0O

tBu/




c(14
P(1)

C(20)
C@4

C(5)

N(3)

C(6)

C(7)

C(8)

C(9)

C(10)
0@

c(11)
C(12)
c(13)
C(15)
C(19)
C(16)
c(17
c(18)
C(21)
C(295)
C(22)
C(23)
C(24)
H(26)
H(27)
H(28)
H(29)
H(30)
H(31)
H(32)
H(33)
H(34)
H(45)
H(46)
H(47)
H(48)
H(49)
H(50)
H(51)
H(52)
H(53)
H(35)
H(36)
H(@37)
H(38)
H(39)
H(40)
H(41)
H(42)
H(43)
H(44)

RQUU ALQUL QN0 LENYUIANYIC AT LUDN ALY L UHY AL SUULIN ALIMIG 2G| Y NS

c(14)
P(1)
P(1)
c@
C(5)
C(5)
C(6)
N(@)
N(3)
C)
C(9)

Cc(10)

C@0)

Cc(t0)

c(14)

c@14)

C(15)

C(@6)

C(19)

C(20)

C(20)

C(21)

C(22)

C(25)
C@
C(4)
C(5)
C(6)
C(©)
C@)
C(7)
C(8)
C(®)

can

c(11)

ca

C(12)

C(12)

C(12)

C(13)

C@3)

c(3)

C(15)

C(16)

Cc(17)

c(18)

C(19)

C(21)

C@22)

C(23)

C(24)

C(25)

1.837
1.831
1.840
1.546
1.490
1.522
1.529
1.488
1.361
1.551
1.219
1.857
1.538
1.538
1.359
1.394
1.405
1.374
1.412
1.396
1.390
1.414
1.346
1.398
1.075
1.097
1.098
1.070
1.185
1.121
1.058
1.103
1.106
1.074
1.033
1.034
1.063
1.062
1.078
1.094
1.086
1.077
1.139
1.113
1.130
1.091
1.088
1.112
1.043
1.114
1.097
1.066

C(14)
c(14
P(1)
C@)
N@)
C(5)
C(5)
C(5)
N@)
N@)
C()
C)
C)
P(1)
C(15)
C(14)
C(15)
C(14)
P(1)
C(21)
C(20)
C(21)
C(20)
P(1)
P(1)
N@)
C(5)
C(5)
C()
C)
N(@3)
N@)
c(10)
cQ(10)
C(10)
C(10)
C(10)
c(10)
C(10)
Cc(10)
C(10)
C(14)
C(15)
C(16)
Cc(17)
c(14)
C(20)
C(21)
C(22)
C(23)
C(20)

102.334

98.767
112.616
109.900
103.118
103.606
111.254
119.138
120.697
118.611
105.391
109.837
113.759
119.166
118.416
120.493
120.965
119.778
116.866
117.522
119.419
122.200
121.040
109.552
108.535
115.658
113.081
111.126
110.689
113.282
112.874
112.079
109.732
111.196
109.886
111.964
109.902
112.387
110.460
112.376
110.225
116.915
119.500
120.416
118.333
118.783
118.814
117.977
120.491
117.213
120.080

C(20)
c(14)
P(1)
C4)
N(@3)
C(6)
C(8)
C(5)
C(10)
02
c@)
cQa
C(4)
P(1)
c(19)
c(14)
c(19)
C(4)
P(1)
C(25)
C(20)

C@21)

C(5)
C(5)
C4)
C()
C(@)
C(8)
C(8)
C(7)
C(7)
C(9)
H(45)
H(45)
C(9)
H(48)
H(48)
C(9)
H(51)
H(1)
c(16)
can
c(18)
c(19)
Cc(18)
C(22)
C(23)
C(24)
C(25)
C(24)

104.431
-172.505
-173.207

112.817

-31.800

12.993

129.358

178.483

120.678

10.225

109.652

107.335

112.941

122.289

0.000
0.949
-0.448
178.023
125.595
2918
-2.282
-2.348

108.897

109.697

107.255

110.566

112.077

109.655

113.838

111.345

108.846
-178.904

110.339

108.423
-178.584

108.253

105.321

178.817

105.954

109.217

122.568

119.517

120.682

120.180

121.383

121.680

119.820

120.725

121.750

118.863

Pro-R
Dihedral
Dihedral

Pro-S
Dihedral
Dihedral

Pro-R
Dihedral

Pro-S
Dihedral

Pro-R

Pro-S
Dihedral

Pro-S
Dihedral
Dihedral
Dihedral
Dihedral

Pro-R
Dihedral
Dihedral
Dihedral

Pro-R

Pro-S

Pro-R

Pro-S

Pro-R

Pro-R

Pro-S

Pro-S

Pro-R
Dihedral

Pro-R

Pro-S
Dihedral

Pro-R

Pro-S
Dihedral

Pro-R

Pro-S

Pro-R

Pro-R

Pro-S

Pro-S

Pro-S

Pro-R

Pro-R

Pro-R

Pro-S

Pro-S



EIE VFULY TV — FORFHBEMBRIEG

1. &RBRFIRNBCIIEEE A TEEEEDHER]

FE2EIH TR N2 NMR ERN S, FIWVEAF 213 08, HIVERZIVEREHNY
F I L ENENBIRNICENL T 2 SBERCBEMEZ SOOI L, 113 &EHEMN
SBICIERINVENI T2 Z LN oz, MBI REREZF D2 L1 2L, VF
TLTAFNT TV — D3 O INRIEDF TEBEIUNBLNLAE & A TEREAE D
MBS % 3 L 7= (Table2) o

Table 2. Asymmetric Addition of Lithium Diorganocuprate to Chalcone in Ether Solvent?

1.5eq R',CuLi

O/\Pth
1.6eq N
: Ph 47:R'=Me

Ph\/\“/Ph R N Ph\/\“/ NI,

46 O Et20, -20 °C R' O 49: R = viny!
mn  ligand R! yield/% ee/%
1 1 Me 89 2
2 2 Me 79 84 Q/\ PPh,
30 2 Me 89 60 .
4 2 vinyl 67 73 R
5 2 Bu 97 24 R
6 3 Me 88 71 1:Me
7 3  Bu 88 19 2:1BuCO
3: (Me,N),PO
8 4 Me 88 67 4: MeoNCO
9 4 Bu 88 16 9:CeF:sCO
6: PhCO
10 5  Me 72 40 7. 1-NaphCO
11 5  Bu 87 59 8:CFCO
9: Ts
12 6  Me 84 54
13 6 Bu 92 2
a. Absolute configuration was determined by
14 7 Me 75 20 optical rotation; 47; Leitereg, T. J.; Cram, D.
15 7 Bu 83 9 J. J. Am. Chem. Soc.1968, 90, 4011. 48:
Ahllerecht, H.; Sommer, H. Chem. Ber.
16 8 Me 89 37 1990, 123, 829. 49 was reduced to ethyl
17 8 Bu 95 6 derivative; Soai K.; Hayasaka, T.; Ugajin,
S.; Yokoyama, S. Chem. Lett. 1988, 1571.
18 9 Me 80 8  b. Methyllitium lithium bromide complex was
19 9 Bu 68 1 used.

BOSME AN AU 15 BBOVFILIXFILI T L—RE 1.6 YBDOF I UEUT
T2 -20 ETTAPHICETL 2, £BEIRNEELZS DL EZX NS 2 TlE

-15- t



84% ee & THWAFHE RN AL NTzDIZH L, &BERNBECALEED V1 Tl 2% ee (T L
AETRETRBHLNEZ P12, D EOHERD LEBRRNEMSTEFELET 22D
DUIBERETHEI MO oT2e XAFNVYFITLEINTA RT7) =%kl ANE R
REBE BN (un 3) , BENIZ 2 CFUL ¥ VELLLT 3-8 bAFHEEZ LD
e bhrolz, ‘

TIVFLEORN Z2IToEZ 5, VFTLVEZLNZ TV — b RRIZKIEL 73%
ee CAFIELEICHEHPSMAMB B o0, T FVEDE AL 24% ee & BN
MEN Tz, TOBMIZ 5 USAOF I VEMTFICILBTH > 72hs, N—T7hFaxXV A
WEEFD 5 TR T FIVEOBADFHIERENR 2> I,

WIZFA~NDEPL L EEZEZENZ Y V2 A 4T, FvV ., BRIZEZT210~13TRIE
PPBIIxo72 (Table3) o FDFRERKRAT 4 VUHOENM FTRAFHENIFZIEAERD
NV HEIIH LT SHIZBEM N R R > T b Z e ptbho iz,

Table 3. Asymmetric Addition of Lithium Cuprate

1.5eq R,CulLi
()
1.6eq N

\ P~ P Ph Ph
I, tBu-¢=0 E/\[()r m

0 Et,0, -20 °C S R

46 47:R=Me 48:R=Bu
wn  ligand X R yield/% ee/% S/R
1 2 PPh, Me 79 84 S
2 5  PPh, Bu 97 24 S
3 10 SMe Me 99 4 R
4 10 SMe Bu 95 7 R
5 11 SPh  Me 91 4 S
6 11 SPh  Bu 96 1 S
7 12 NPh, Me 88 2 R
8 12 NPh, Bu 96 0 -
9 13  OMe® Me 89 4 R
10 13 OMe® Bu 79 7 S

a. Solvent was toluene-ether( 11:1)

2. FHBEORKE (Table4)
sCiSiCBEEINTVBEEZIONE T oV M CoEBESONDODBRELY 7 2 =)L,
TFN, AFNVEELIETITV— O INET 212, BRESTANIIKELR 7 =




V. TFELDE Z1F50% el LOTEFEIBONZDIIN L, NI AFIVTIEH
ERREEEITRLNRL -T2, HEDOZ OMMOMNEHILEKEIBPIEFEIILHAT
HBZLHELHLTWE, EHTAREAFHESONDAF VI TV —b, Ty
FL— hOIMOF & E= 7 TL— OO A2 > Thrd Z & TH B M,
BERETRHATH 2, 7 2= VT o UADT R, stransD ¥ 70T/ B
SULAF NV TREFELTEFFEBRI ORI &bl Tz,

Table 4 . Asymmetric Addtion of Lithium Cuprate

1.5eq R1,CuLi Rl vield%  ee/% R/S
Ph Ph 1. Ph Ph
~F 16eq 2 - Y'Y Me 79 84 S
0 Et,0, -20 °C R' O vinyl? 67 73 S
46 Bu 97 24 S
47 : R'=Me 48 : R'=Bu 49 : R!=vinyl
1.5eq R',Culi R'  vield%  ee/%  A/S
Bu A Ph 1.6eq 2 Bu Ph pmeb 89 55 R
\/\ﬂ/ g \’/\ﬂ/ vinyl® 35 50 S
Et,0, -20 °C R' O y
50 O 20 Ph 93 17 R
52:R'=Me 53: R1=vinyl
1 Beq R1-CuLi R'  vield/% ee/%  R/S
.5eq R',Culi
Me~# Ph 1.6eq 2 Me Ph  vinyld 46 7 R
Y - Y Blb o 16 S
51 O Et,0, -20°C Rl O Ph 78 0 _
54 R'=vinyl

a. Absolute configuration was determined by hydrogenation to ethyl derivatives by palladium on carbon.
Soai, K.; Hayasaka, T.; Ugajin, S.; Yokoyama, S. Chem. Lett. 1988 , 1571. Ee was determined by
chiral HPLC. See experimental section.

b. Absolute configuration and optical yield were determined by ruthenium catalyzed oxidation to carboxy
acid. Levene, P. A.; Marker, R. E. Biol. Chem. 1932 , 95, 1.

c. Absolute configuration and optical yield vere determined by Raney nickel catalyzed hydrogenation and
ruthenium catalyzed oxidation to carboxylic acid. Meyers, A.letal. J. Org. Chem. 1979 , 44, 2250.

d. Absolute configuration and optical yield were determined by Raney nickel reduction. Heppka, G.;
Marshall, H.; Nurnberg, P.; Oestreicher, F.; Scherowsky, G. Chem. Ber., 1981 ,114, 2501.

i (o]

Pho~_R 10602 Ph R Ph 79 84 S

Me® 10 13 R

O  Et,0,-20 °C Me O CPhy 96 2 -

55: R=Me 56: R=CPh3 58: R=Me 59: R=CPh; _OF! 0 - -
57: R=OFEt 60: R=OFt

-17-



1.5eq Bu,Culi R veld/% ee/% R/S

1.6eq 2 Ph R Ph 97 ” S
Ph A R
YT —— Y e s P
O E%0, -20 °C Bu O CPh; 89 6 _
61: R=Me 62: R=CPhs 63: R=OEt _OF* 40 4 -
e. Gustafsson, B. Tetrahedron, 1978,34, 3023.
CO,Et 1.5eq RyCuli CO,Et R temp/°C vYield/%  ee/%
t e
Ph\/‘\n/OE M 78 95 2
Et,O R O
6a O 2

65: R=Me 66: R=Bu

Q@ 1seqRculi  § Q R veld% ee/% R/S
1.6eq r
Me' 63 6 A
Etzo, _78 oC R I,IR ' Bu 98 7
s R

67
68: R=Me 69: R=Bu

f. Leyendecker. F.; Jesser, F.; Ruhland, B. Tetrahedron Lett. 1981, 37, 3601.
g. Corey, E. J.; Naef, R.; Hannon, F.J. J. Am. Chem. Soc. 1986,108,7114.

3. 77V — D (Table5)

Table 5. Asymmetric Addition of Cuprate
Cuprate Ph Ph

Ph\/\n/Ph .

T

O Et,0, -20 °C O
46 47:. R=Me 48: R=Bu
Cuprate(eq) ligand(eq) yield% ee/%
TMS————CuMeli (1.5) (1.6) 9 94
TMS—==—CuMel.i (5) 6.1) 82 54
TMS—=——CuBuLi (5) (6.1) 80 36
PhSCuBuLi (5.1) 82 23

Lowerorder MDD I vV ARSI L —F| HB20EATOI TV — M X BARHFRIGE K
HULARISESEL . TEFELEL b2z, 7¥FL Vs L — % 15 BEH
WL EDRIET 94% ee BB HLNT WV BH, ThiZERL -/ L— FBERIZYA T
WMTIMU ZBAEA EICHEIT LU ee DIBMEBRB I > T1E120HTH S N5 LBAE
ZOERM LY L NIk o7z, Higherorder Y7/ 7 7L — M THAEFTHFRIZIR LN



Polz, TNEFDOBEBFHEENEL B> T 37DITF T WVENFDY U AEALTER S
olkleblBEzbhs?,

4. RIGDBEHE, BELHRE (Table6)
IT—FIVEE D, KICRIBEETHS A (0.07M) . SFICEDZ Z & THIRIZK S
(0.012M) o UL LFRT A LWLV IIEBEREZIET T2 &bz, EFRKIEG
BE% 20BN D-40BICXI1T5 Z LI L BINHERED LA LNRN - T2,

Table 6. Asymmetric Addition of Lithium Cuprate; Effect of Concetration and Temperature
1.5eq Me,Culi

[_y\ PPh;

1.6eq "N
I
Ph\/\n/Ph tBu—C=0 Ph\/\ﬂ/ Ph
O Et,0 Me O
S
conc/M temp/°C yield/% ee/%
0.07 -20 79 84
0.012 -20 82 61
0.07 -40 69 82
0.07 0 a0 76

5. ~"Tus 7L —MMILBKE (Table7)
Table 7. Addition of Heterocuprate to Chalcone

(_y\Pphz Pha_~_ Ph
6eqa N [3/\ MY e Ph
6eq Meli ll_i N PPhe O \/\ﬂ/

6eq Cul MeCu - Me O
-78 °C -40°C 20min LiCu-Me S
30min

un solvent temp/°C  time/h concM yield/% ee/%
1 EL,O -78 4 0.07 32 87
2 Et,O -60 17 0.07 39 76
3 Et,O -20 1 0.07 30 73
4 Et,O -78 45 0.2 26 54
52 Et,O -78 4 0.07 38 80
6° Et,O -78 2 0.07 26 75
7 THF it 0.8 0.07 3 0

a. 12eq of cuprate was used. b. Methyllithium lithium bromide complex was used.

19- .



N

}
N CuMe

e Ph Ph
Pho~_Pn BUTCZ0 ] YU
\/\ﬂ/ > Me O
@) Etzo -20 °C R
Formation of Heterocuprate yield/% ee/%
Me,CulLi + 20, -20 °C, 35min 45 61
MeCu + Li amide from 20, -78 °C, 30min 23 59

ANWAVNDRAFIVEDBEAEFINVT IR TV =TTz, TOFRE. &E 87%
el VI FE Ve NZIONEHDD, BELL I T L — FOFRLEEMIZ LV IED 409% 12
Bz LEok, 77V —bOREEE LITEHENTEVpKaD/NE 270 b U BROILR
WETHZ7 =) EFIVELMTE L THOEBRNRD FRIIZR BN 2T,

6. [HEIROEFEMRTFYE (Table 8)

SISEIRORN 21T 725, T—=F, MVILY UYAFVANVT 4 RhTRIFL
AERIURIGHE (ISR 1h) . SCAREIRETH > 7201 L. THE, DME& Vo 7z 1)
F1J AANDELSI D AIFEPTRRICHE L 20 (RICKM4h) LSRR #E
Lize TOBEBREWHERIE, 27 40F FIWVEMFIZOWT—RINTHEZ Lbrolz,
FHZ., 34 TRIBIEIC L 21335 kB RO HENA SNz, ZORE%NMRE H Vs
T#H~XTz (Table 9)

THF-dgiS E-PIC B W TEIEFRRRY) F I L2 MATHOF IV TF 2D HIVHRIVIRFE %
BUINRXTDRBERY) BT FEY 7 FOBEELREILERD N ho 72, THhik
1) F 77 ANDBEALS]DEWTHF T, BEAIC LD FFIVEMLFANVERZVERFED ) F
TANDENIAHEIN TS HEEIbNS, L., BIEAEMZ - &3 h
WERZWIRBZZEL LU oT2b 0D, V) OE&ELC2, 3THERILFEY 7 FEN
AL, THFPIZBWTH U VRFICEA L TwB I e b otz, *P-NMRDILEY 7
FY 4 ppm O ZEALAERAE Nz L RIKHIC £ DEREA 28 Hz 72 H94Hz L RESHERL T
Wb, THEKEREMBTE—X 2 "2 b DHNY VIEHEICEET 3 2 & TEDE &
INTldsEZbNS, FBOEMETH ) FILYAF NI TL—h DK TIE.
AIWRZIVIRBD Y 7 REANIZEEAE RO THVRZVEERIZ) F 7 LB TE &
NWTWBEEZEZLNZDIINL., FHO7 =3 U HEERMLTY 7 FEIZ/NEIL B> T
% HDDCIT 0.8 ppm DEALA A S, "P-NMROFEHEIEAY 4.3 Hz 2 5 49 Hz NEHIAL
Tn3Zehb, UAIRICERMLTWwE 25N, $bbTHF P Tid¥F S IVEL AL
T3 > OARPFNENL T 5 HEEITHEIEL TWa Z EANMRERIZ L WV RE N, B
B & 2 B S RO KK EF T VEN FOBREN T — F L thod Z R B THRH ) 8
ERIANKERT 5720 TH B Z EWREENT (Figure 8) o« Z D & 3 7z SIS L IRTT 72
HEREOWIEII N T THMEINTVBE A, ARIBITZEFEEH LV TOYEE
HoNTiL, ZOBERMNATIIEL ZEIN TRV,




Table 8. Asymmetric Addition of Lithium Cuprate; Solvent Effect

1.5eq R,Culi

O/\x

1.6eq "N Ph Ph Ph Ph
I
Ph. =~ Ph R \E/\n/ W
NN - R' O R' O
o) Solvent, -20 °C S R

nn  ligand R X R! solvent yield/%  ee/% S/R
1 2 tBuCO PPh, Me Et,O 79 84 S
2 2 tBuCO PPh, Me toluene 87 78 S
3 2 tBuCO PPhy Me DMS 63 79 S
4 2 tBuCO PPh, Me THF 72 50 R
5 2 tBuCO PPh, Me DME 34 30 R
6 2  tBuCO PPh, Me Et,O-HMPA 3 78 S
7 2  tBuCO PPh, Bu Et,0 97 24 S
8 2 tBuCO PPh, Bu  toluene 35 2 S
9 2  tBuCO PPh, Bu THF 39 30 R
10 3  (Me,NL,PO PPh, Me Et0 88 71 S
11 3  (Me,N),PO PPh, Me THF 72 66 R
12 3 (Me;N),PO PPh;  Bu  Et0 88 19 S
13 3  (MeyN),PO PPh, Bu THF 59 19 R
14 4  Me,NCO  PPh, Me ELO 88 67 S
15 4  Me,NCO  PPh, Me THF 70 68 R
16 4  Me,NCO  PPh, Bu Et,0 88 16 S
177 4  Me,NCO  PPh, Bu THF 78 2 R
18 5  C4FsCO PPh, Me Et,0 72 40 S
19 5  CgF.CO PPh, Me THF 29 14 R
20 5  CgF:CO PPh, Bu Et,0 87 59 S
21 5 CgFsCO PPh, Bu THF 40 3 S
22 6 CgH5CO PPhy Me Et;0 84 54 S
23 6 CgH5CO PPh, Me THF 39 63 R
25 6 CgH5CO PPh, Bu THF 71 0 -
26 7 1-NapCO PPh, Me Et,0 75 20 S
27 7 1-NapCO PPhy Me THF 83 9 S
28 8  CF,CO PPh, Me Et,0 89 37 S
29 8 CF,CO PPh, Me THF 86 0 -
30 8  CF,CO PPh,  Bu Et,0 95 6 S
31 8 CF;CO PPh, Bu THF 87 0 -
32 9 Ts PPh,  Me Et,0 80 8 R
33 9 Ts PPh, Me THF 68 1 R



mwn  ligand R X R! solvent yield/% ee/% S/R

34 10 "tBuCO SMe Me Et,O 99 4 R
35 10 tBuCO SMe Me THF 83 1 R
36 10 tBuCO  SMe Bu Et,0 95 7 R
37 10 tBuCO SMe Bu THF 67 2 S
38 11 tBuCO  SPh Me Et,O 91 4 S
39 11 tBuCO SPh Me THF 79 0 -
40 11 tBuCO SPh Bu Et,O 96 1 S
41 11 tBuCO SPh Bu THF 76 1 R
42 12 tBuCO NPh, Me Et,O 88 2 R
43 12 tBuCO NPh, Me THF 92 1 S
44 12 tBuCO NPh, Bu Et,0 96 0 -
45 12 tBuCO NPh, Bu THF 96 0 -
46 13 tBuCO OMe Me toluene 89 4 R
47 13 tBuCO OMe Me THF 78 0 -
48 13 tBuCO OMe Bu toluene 79 7 S
49 13 tBuCO OMe Bu THF 58 1 R

Table 9. '3C- and 3'P-NMR Chemical Changes in THF-dg
tBu— C =0

+LiCIO4 +CuBreSMe, +Me,CuLi*
&(ppm) &(ppm) &(ppm) 3(ppm)

C-1 175.7 +0.3 +0.3 +0.3
C-2 33.7 +0.1 1.7 0.4
138.8 0 6.0 0.8

C-3 \1413 ( 0 ( -4.9 ( 0
P -20.0 0.2 +4.0 0.2

(A1 /2=28HZ) (A1 /2=38 HZ) (A1 /2=94HZ)

*(A1/2=4.3HZ) *(A1/2=49HZ)
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Figure 8 @PPhg
- N Me
MeoCuli Bu l_o
~ Ph

Ph

Et20 84% ee (S)

MesCuli N Me O
2 Vie
tBu—|=O /\/[L
Ph Ph

THF 50% ee (R)

Ph/\/ﬁ\r’h

7. EE

FINVTIRKAT 4 VEGT 2 OFEICE VU FILVXAFLVI S L—MNEhvary
ML . T— 7 VB EPE ORI T SATIMENE S iz, 2 1ITX 5 BT FZEM
. VKR ZIVEREDNS) F LY A ENENERIRIICENI T 5 12D BEXIN S
ZEHN NMR HERIZ L VWALNIZR>Te, ZOHIREZ D LIV AERREFEFEOET IV E
71 DEDWREL Tz (Figure9) o UFITLVAFNLI T L — N _BEOLTFTML 2 i3&
BEFINCEAITEZLI2L Y, ZBEROT NI FRNCECMLL 7B Flic L ooy 7 X
. BEHEBVANICES T WU F L EHOHAEDE D LAITD & d,a* 85 K% B
LRIET 5, DL ET7 = )VE% LHOB A A2 5EX T2 LI ICTFVIHL TS
LSHBELNS, ZOIMMDIENLZKEIPFERBICSLHTH72Z&b, TOE
FMIZEVEHTES, T, 7I /)RR 7 4 VENT 1 BEBEIRNENIHER £
el Wl HICEBN B EMEBETE L EEZEZDBNS,

AT a7 7L — FOIL BRI & FRRRE Z TP ORIITES, 14 0OFRINS &
INVT IR TU—TiE (72) . SOTFTROEMIHAAHTRAT 4 OB LY HEH
NBHIT OB T da* 8ERERNEB I %, ZOLERIGEMIZ2 2H 30, £b5bH
5 RCHHELT U THSATIMAEPELT 5, 20 A HBINE 7 TV —bTiE (73) .
ZEBEOTHNITMOU Y Rz T uy 7 s zHIil EIOA T d,x* SR
BT3B, TOELET 2o NVEOVAEEIZ LY KISEMIZ 1 DI VRIS E LN
%o

HFEIRM: D BIEIKTE OFEEIZDWT, NMR EBZ1T> 2, UF 7 ANDEN S OFH V>
T—T i DERPTIRFIIVENFO VRV ER L ) UHBIEF & L TE A5,
THF 22 ED V) F 77 LAANDEN S DB TR, FIVENLFHIVERZVERED ) F
LANDEAAEEANC LV HEZX N, Vo OAPERAFRTELTEL, Thbb, BIED
) F ) AANDBNLINT & > TF I NVENLT-AS BRI THEET 2 2, BEAICHEEET 2 h D
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BB Y, HREROVERBZ >2bDEEZ bbb (Figwes8) o IELOHIREE: b
L IZ THF P TOEBRIOVARLFEZ 74 DL IHIZHPTE S, THF FIZBNTH 7 L —
FOZBAEBEVRBEINTZETHIE, KEIV T2 A—2aT (B2E, 4) F
VBN T DV HFENCENIT 2 & ENIZTWRRISEAIE 2 DI LiEbh, £
o ORIGHHEITUTHOR EBEL B,

LEDERENS 2 DDA ZIBIBTE I ENTES, BT, A —F I VE AL
TR BN AW % MET 22D, FIVEN O 2EEOENIEFEFH
WId > E Y EERFITEIN, UV F U LEHR BT CGERIICENIT 5 & B0RRER 3,
CO&EBRINGECABISIT. 2EBADEMEFLELTHVRIIVEREY D EnEZ &
TREINDZZEMNHAL LTz, RITEXNICABR ZFDI 7L — N OHI~DEL L
FFE) BB >TENThEZ b hotz, . FINVENTORET T 4 X —
varPAVRoVBEOO - X7 L) ou—r X722 HOFMIZMArETL 3
ZiH, 1D0EBANDFL—FEBIIET, SBENNLEMNEBZTERE RS T
WiEEZLNDE, NTUOY T — MILDRISIE2 DO FOMRETITORMER 1
DDONTURTEHFADEEE DL B ETHRILTWBE EBINTE S, B3, RICEHE
WL FTIVEALF OBREN RN L BRI LI I N, FOR,. ZBHOIE 2
BIAA—=DDF FIVEN FNPOBBTELEHTH S, TOBEIRFNBEEIEIRIZ. FIIVE
HLF D _EEOBIFRE FOMERIIT->EY L XFIEINT WS DI NfEE 5, Rz, Y
Y DFANDOEN AL @D N —HHEIC L) HEIN W & 3MOBBRERBIZLISH T
E5LEZEZLNZDT, 2LHLOKIERANDILGENHTE S, /2. BREBABH
HZRED U F T LANGERUIIOFBATE b NI NVEREDBIEZHE>TRZEE S NI
RiZzsh, SBEBREHLTWERRETH S,

Figure 9. Explanation of Enantioselectivity

Metal Differentiating Coordination

Me—— Ll—-' Cu

I/ A

|——Me‘

0 Ph\s/\n, Ph

—_— Me O

84% ee (S)
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Asymmetric Addition of Heterocuprates

‘”7“/’\

\

Ph\P/ O\N\/ Ph
/ N\ 72

H

Et,0 Ph\_/\n/ Ph

Me O
87% ee (S)

Ny
Me O
61% ee (R)

50 %ee(R)



BAE VFILYT /) 7TV bORFERAAIKIG

1. BBV F7 ADEMNKNE (Table 10)

SBBRINMEBEENRE Y L — MO T3 PFBUL 2 it 5 LTHMTHS
Ebhotz, LAL. ZORKFLEMIZ s-trans DIEBIITEM T > 72, &BERNA
PLBESD B #%at U 2B F O — R 2 IR T 2 12 ic. RSSO Z1T > 12,

VFILYRAF VT TV — M. FIIVEMT 2 OflElicEY) 78 ETY 7undk/
v ERIEL16% ee TRMMA R 5 272 (tunl) o —H. AFWVH Y IN—TIIRISHEIET L
T2 TRISHETLIZIZ b 53, 26 %ee BIRMED ERBA LNz (un2) ,

UF I INT A FRIEEEBREORE. RICHEZEMHidT2 1 DORFELTHILNT
VBN F e Alexakisb id. BILU FITADTINZ LY T FIh v /—DY 7 aAF &
I NDFBISON AR IR L TR E2MEL TS Y, 22T, ARISRICSH
T3 R4 F 7 LADEMREZ FAXRz, BRIEVF L% 3, 6. 12, 2448INz% &
ZOMBIZISUTEREIILERL. 1 2UBNZ & &2, & 55 %ee BE LNz (run
3~7) o BALUF I LDEHRMBRE., 7 LR HE S L THW L EIZX LIZHET
Holze BILY FILDBEE LRV E XTI, 4 %ee THEBONHEANE B NTzDIZ Xt
U. 1 2%UBORILYFILEHRIMLIE EITIE 70 Y%ee F THREIREDN LF L 72,

Table 10. Asymmetric Addition of Lithium Cuprate to Cyclohexenone: Effect of LiBr

St

h
o tBu—Cs o 2 o
@ MelLi/ CuX/ LiBE é
Et,O ] “Me
67 68

nun CuX(eq) Meli/eq LiBr/eq 2/eq temp/°C  ee/% yield/%

1 Cul(1.5) 3 0 1.6 78 16 63
2 Cul(1.5) 1.5 0 3 -20 26 44
3 Cul(1.5) 15 3 3 -20 37 69
4  Cul(1.5) 1.5 6 3 -20 47 83
5  Cul(1.5) 15 12 3 -20 55 61
6 Cul(1.5) 1.5 24 3 -20 52 26
7 CuCN(1.5) 15 0 3 -20 £ 47
8 CuCN(1.5) 15 12 3 -20 70 88

a. The opposite configuration.

2. Additive Salt D%IE (Table 11)
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NT ALY F AOTIASIGHE, MARBRREZ L b I ESEZ D72 D
T, YrunFt /) oAQIFNYT ) 7T L — ORI B TRINT 5E0RH
R LI TFVY T/ 07V — NI ETRIEFETL, EE2MR B WEZ 54
YeeTH > 12D L. BALYFILEMZBEL 91 %ee. T ML) FTLZMZS L 86
Toee THIMEE 5 2 12, RICORTIIEE N2 22V & Z i3 bright yellow suspension T 2 7z
DKL, BALY F 7 A% Z 72 & I & colorless clear solution & 7% V) IGTERED &1 Z
LTz &%RBL T 5,

Table 11. Asymmetric Addition of Lithium Cyanocuprate to Cyclohexenone:
Effect of Added salt

0O O

1.5 eq EtLi/ 1.5eq CuCN/
ij 12eq added salt / 4.5eq 2 é
Et,0 -78°C " Et
67 75
run Added Salt ee/% yield/%
1 none 54 62
2 LiBr 91 89
3 LICN 86 38
4 LiCl 41 77
5 Lil 14 80
6 BuyNBr 60 46

3. FINEMLFOURENARIREDHER (Table 12)

Table 12. Asymmetric Addition of Cyanocuprate: Effect of Ligand Equivalence

Q 1.5 eq MeLi/ 1.5eq CuCN/ Q
@ 12eq LiBr /2 é
Et,O -20°C 1h “Me

un  2/eqtoCu conc/M ee/% yield/%

1 0 0.03 - 87
2 0.2 0.03 4 86
3 1 0.03 24 99
4 2 0.06 69 89
5 2 0.03 70 88
6 3 0.09 76 99
7 6 0.15 80 99

BILDF I LFETDVFOLRFVYT ) 7T L—hDyrandxt /) oADK
S BT, BIREWF I IVENFOYE S BIRTEOHBEAR LNz, §I2L 1 B8 D
T IWVENLF & Tz & 21324 Gee TH 72D L. 24EBLL L2 B M ik

7.



RENE E L. 6 SBTHES 80 %ee iFbhlz, BEEYMICILTH FUERELSRESL
NBZEND, T OMRIEH—F FVELL T SEOBREN LR T 2T &8 b
Motz (tund, 5) o Tihbb, EVWIEERML FOBEEEOERIZ NI L T2
WL O FRRETH B e Bbhro 2%, Fi2, FINVERT 4 UBFHELZ L
THE—FE T TREROKRBRETARLN RN ENE, F VB FIZ LB RUGHED
FER ERIBILRWI ENbhoTz, L EDHERMLTFETES L HIZ. FIVHEML
FERAMBR I TELT L, BREZEELEZ (un2)

4. TMSCLOEINZhE (Table 13)

Table 13. Asymmetric Addition of Cyanocuprate: Effect of TMSCI/HMPA

Q 1.5 eqRLi/ 1.5eq CuCN/ Q 68: R=Me
12eq LiBr/4.5eq 2 75: R=Et
. 76: R=Bu
Et,O “R 77: R=Ph

mn R additives? method® temp/°C ee/% yield/%

1 Me none -20 76 99

2 Me TMSCI A -78 86 99

3 Me TMSCI B -78 76 62

4 Me TMSCI/HMPA A -78 92 78

5 Me TMSCI/HMPA A -20 80 99

6 Me HMPA -20 74 99

7 Me TMSBr/HMPA A -78 40 77

8 Me TMSI/HMPAS A -78—--40 64 18

9 Me TMSOT{/HMPAC A -78 30 73
10 Me tBuPh,SiCI/HMPA® A -78—--20 71 27
11 Et none -78 91 89
12 Et TMSCI/HMPA A -78 67 48
13 Bu none -78 90 97
14 Bu TMSCI/HMPA A -78 77 96
15 Ph none -78 73 63
16 Ph TMSCI/HMPA A -78 29 67

a. TMSCI and HMPA was 3eq to cyclohexenone.

b. Method A; A solution of TMSCI and cyclohexenone was added. Method B; Cyclohexenone
was added to the solution of cuprate and TMSCI.

c. Incomplete trapping by silyl reagents.

YUIALRIBAE BRI OKIEZ BT 2PN TWw RS, VFILXFLYT )
27V — b ORER KR THET S EBREE M LS HNT, YV IEHOBRINET -
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720 TMSCl & H'B% —HICINZ 3 AEIC L > T -BETKIEAETT 2L IR, 86
Toce & BIRMEDOM EXNR SN/ (un2) » 77 L — b & TMSCl DB IRICHE % % 5Bk
SN DAENBEN TS 27 (un3) » YUMERIDO NS vy T e EHZEHT
T HMPA OFRIM%EIT >z 25, BIREIZ X 5IZMEL 92 %ee T IMELE H317z (run
4) o RICIRE%R TF5 Z LA TMSCl/HMPA DELZMRTH S Z &8H o712 (run5)
TMSCL A D U AL FITRBEREOM EZR N R 227 (un7-10) o T2, bE D
ERIGHEDENTF IV, TF, TV T/ 77— NTid TMSCI/HMPA OFRIZ
TR TH - 72,

5. HFEOHE (Table 14)
RO ZE XFIVT T — FORMRIC KBTS LIZEZ A, U7 MLHNE
BENTWEZ ehbhroTz, V73— A, SICBEIEOHZEHZ 25N F LT 32—
TR, BIREE b IEr o 72,
Table 14. Asymmetric Addition of Cyanocuprate: Effect of Cu Source

0 1.5 eq MeLi/ 1.5eq CuX/ O
12eq LiBr/4.5eq 2
TMSCI / HMPA
Me
Et,O

run CuX temp/°C ee/% Yield/%

1 CuCN -78 92 66

2 CuSCN -10~-0 41 45

3 CuMe(cuprate)®  -78 14 81

4 CuBr -78—-45 45 81

a. Cuprate from CuBr.

6. WIELHE (Table 15)

Table 15. Asymmetric Addition of Cyanocuprate: Solvent Effect

0 1.5 eq MeLi/ 1.5eq CuX/ 0O
12eq LiBr/4.5 eq 2
(TMSCI /| HMPA)
Me
Solvent
un  Solvent additive temp/°C  time/min  ee/% Yield/%
1 Et,0 none -20 30 76 76
2 THF none -20 30 27 42
3 Et,O HMPA -20 30 74 99
4 THF HMPA -20 30 35 79
5 Et,0 TMSCI -78 15 86 99
6 THF TMSCI -78 15 2 99
7 Et,0 TMSCI/HMPA -78 10 92 66
8 THF TMSCI/HMPA -78 10 0 99
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BIGHBEIT T —FT VA THF &V H BIREOE TENL Tz, RIGHIZEEL TR, &E
TV —FDEEDLIREBETREONT, MNEBELFRLUTHo1z, £/, THFFTIZ
TMSCl DFIMT LY . BEIREN L 2o Tz,

7. EB, T3 7AFNFEDOKR (Table 16)
Table 16. Asymmetric Addition of Cyanocuprate: Substrates and Alkyllithiums

0 o 78: n=1, R=Et
1.5 eq RLi/ 1.5 eqCuCN / 79:n=1, R=Bu
12eqliBr/45eq2 68: n=2, R=Me
(cH | _ 75: n=2, R=Et
?In (3eqTMSCI/3eqHMPA)  (CHp)., .  76:n=2, R=Bu
_ n'R  77:n=2,R=Ph
67:n=1 Et,0 -78°C 80: n=2, R=vinyl
83:n=2 81: n=3, R=Me
~ 84:n=3 82: n=3, R=Bu
un  n R additives ee/ %%  yield/ %
1 1 Et ] 94 90
2 1 Bu ; 95 99
3 2 Me  TMSCI/ HMPA 92 66
4 2 Et - 91 89
5 2 Bu ] 90 97
6 2 Ph . 60 63
7 2 vinyl - 44 60
8 3 Me  TMSCI/ HMPA 68 46
9 3 Bu ) 740 92

a. Ee was determined by 3C NMR analysis of the corresponding diastereomeric ketals prepared with (R, R)-2,3,-
butanediol. Absolute configuration was determined by optical rotation. Cyclopentanones (3-ethyl: Posner, G.
H.; Frye, L. L.; Huice, M. Tetrahedron 1984, 40, 1401; 3-butyl: Tamura, Y.; Tanaka, M.; Funakoshi, K.; Sakai, K.
Tetrahedron Lett. 1989, 30, 4349), Cyclohexanones (3-methyl: Leyendecker, F.; Jesser, F.; Ruhland, B.
Tetrahedron Lett. 1981, 22, 3601; 3-ethyl, 3-phenyl, 3-vinyl: Posner, G. H.; Frye, L. L. Isr. J. Chem. 1984, 24,
88; 3-butyl: Corey, E. J.; Naef, R.; Hannon, F. J. J. Am. Chem. Soc. 1986, 108, 7114, 3-Methylcycloheptan-
one: Djerassi, C.; Burrows, B. F.; Overberger, C. G.; Takekoshi, T.; Gutsche, C. D.; Chang, C. T. J. Am. Chem.
Soc. 1963, 85, 949.

b. Absolute configuration was not determined.

1.5eqRLi/ 1.5 eqCuCN/

j\/\ 12eqlLiBr/45eq2 U
Ph Z "M Et,O -78°C Ph Me

51 52 44 %oy* 87 %

¢. Optical yield was determined by optical rotation of the corresponding acid obtained by ruthenium catalyzed
oxidation. Levene, P. A.; Marker, R. E. Biol. Chem. 1932, 95, 1. .

EAED &5 Wit LI SOG R CEBE LA 2 7V RNV EDORIM & AT > 720 s-trans
DRI LA FI, TFI, TFVESGABERETEATE, — K@ &0bh-o
2o EADBRDRKESIP/NSWHPBRIRENS EHMAD > 720 72, scis D% (51)
WKL THDHEBEFDTHET Lhbholz,
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8. #%2

BOGD MBI S BRI > e AR EMBERO D DMESFME., VFILAYT )
77— M UBEORIE) FILE2LBUEOFINVENFTH S, FHEIETIRE
L7eAESZ U — e F TINVEMMFOBET 25 ZEM2 N ORTFMEHL T, BRI
BRAFEMIZERLIZbDEEZZDBND, F2E, JETERXRLLIRXEAT 4 EFs T
L— hOFIZENIT 20T, TN 2URL ESBETHZ LI LiF, E/ A Yy ok
EUESTEBILENFNILERBL TS bDEEZ NS, 2HBULEDE/ F X
TAVEENE Ry 7 REGEH Y N—BERT B LI DNTIE. UKL OEEN 5T
OFIRH 2, VFILNTA ROMEE LT, BRIFEET S & THEOHE (B,
REE ) 2RI COIREBIRICA R EEEEBELP TS TH500 I VAN
T — MEBIZ L VIEEBICRALPDOIETIERT 2000 2 DOHEENZE Z b
%, H—OTREMEIIIN X 2 ORE (Table 11) 1B WL AR LH DTNV ZER
(in sulfolane 2.41 (LiCl), 9.50 (LiBr), 10.88 (Lil), in propyl carbonate 12.28 (LiCl), 23.41 (LiBr),
26.35 (Bu,NBr), HALA/S cm® mol®, 41%ee (LiCl), 91%ee (LiBr), 14%ee (Lil), 60%ee (Bu,NBr))
WHERRWIENEB/ETEDLTHAI, £oT. BILVFTLBI T V—rE3Iy s
ARFZVF = 2EEL - BUEE T ) T —AEERIELTEEEZILNS,

AEDE ST/ XY v 7 iEHBIER Lz E ZIZ. FIIVENLFHERETERT 5
TEWE>THBEINDIPEFEMIRD L HIZEZ LS (Figure 10) , £JEFEIRAYEL 7
WWEVFIIWENTIZY DA THICELML . VR VEBERIGEBFIFET BRI F
LB L TR EE R &> T ETE, 83D ) RARKREMIHBEINSE, Th
BFINVEAFOE T Y VEBHO ETEGIMBEZED TEE Sz, C2HOLRHK
ZEMITH B, EEIIHNVRIUVBRENRIL) F7 LIEN U TR KEL RoTn b
EEZEZLNBEDT, ZHELEVEBENSIIRT IO, a*85kE B L TRICLS
—(IIAERRENE LEZEZOND, ZOEZEZAPLEEDOROKEZEIM/NIWALRED Y
VVREDEODNYHINEI L D TEIREN LS BB ENFHIITE S,

ARIGHHEBONTHBEZ T DD L, FIIVENMNFIEIAEFEHOMEL L HIZH LW
MOGTEHBOER E VI ZOoDWE&2iToTnd &EZ6N%, UL, FIIVENTFIZ
LB ISEDH EXR5NT ., AERIENDRBBIZTE h -7z, RIS E YBKIED
FERZ L . AERISDOIE 86% D5 B 1) i RIEBEDIIEH x%. ) K KHEH
U7z 24 %ee DIUGH kx/4 % #4179 5 & U THBELZBAR ZR & VY FEISDOKIGHE
B A RGO RICERED 0.8 158725, FIIVEMFHEE ) F 7 LDRIEDIT
PR & SOGINER % W37 U T W R Al SROCRETES T 501 L TiE, ER 5D
WH B,

B/ AN IR TL— b 2RECIVIUEDZODDOEBEDI B ELLANE L3S
ZLTHREDNIIDNWTYH, ARICORFERNLW SN >z, BILY 77 LIFFTE
T, 2UBEDOFIIWERRAT 4 UHFET BXIGIE (Table 10, run7) . UK 47 % . 4 Pee
CRIGHE. BRMEE HIZEL . BRIREEESERI N TR, ERRNSL. FFIVAL
MFPFERT . BAEU F T LMELET B RIETIE (Table 12, run 1) . I 87 % & i
PRSP ELTBY ., HLWEEEBSERINTHBEZEEZRL TV, /> T,
BAL) F77 LAOMRP AN R EEEESICER5FEZ L TnsLEZE I b5,
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ARIGHREELOY 707NV r ) XL HEBE—REOHE2 TV LELZBDTEH
WEBIRETBATEZHTIHBEREBN ZRIETHS, IHIZ. FIIWERAT 4 v DYE,
VF 7 LINT A KORGER, TMSCl DFNRIZ DV THIBREER ME R R RS Z BT T T 3,
B EDRIZDWTOERNT7 70 —Fi35%OFETH 5,

Figure 10. Explanation of Enantioselectivity tBu

O ph
X LiBr // o0
R— Li CU L'CN X\ """"‘:\\\P\ /
e ’ > U Gus—=pP Ph
Cu L—R \ J on
" (jyﬁp% R
X > 26q N p) 0
dimeric cuprate g é """R’
42 o 2 83 “KJBU

O
4
z
@)
T
,?
O

> 90% ee (S)
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BHEE IV LT TV — FOARFHEAA MG

1. RISRDHE
FEIBETRRIFES L — b —FINVEMFHEERDORIGEFFTNANTOT T —RD
OGSOV EIREBFE— DB Z AP LHATESZ &iE. TOZEZIHPH L RIGFHRD 3%
EHOGHATE 3 A EEE R RBL T3, UFIAZ L — b Tiksp IRERIZHZ YU FI L4
D4 DDZEHEDH B 2D F I NVERMNFOHNVEZIVERE, EEONNVEKRZVERETL
HENDEHE, BID2DODEDFEROT_BEEZERL 711 DL RIETRIGT 2 LME
ETE, UFT7AD»ONIZ2MHiDERE V2L, 4 DDEHMED S B 3 D8F T )V
BN FDHNVRoNVERRE, EDOIWNVKRVERE, W74 LV LdbNEDT, B
DN1DOO7NVFNVEEL UPEETETRERBEERETICE/ v—TRIETEELEEZEZXDL
N2, Thbd, 72V I T V- w3 ETUHRU LOF I VRN R
VFITLDYITRULIZE/ Xy ) VRN EEREIRDIIENTE., ZRIZE>THL
WARE R ORBEEENSEIEEIC 2 B L F URET 2 15D 12,

Figure 11. Design of Asymmetric Field Utilizing Magnesium Cuprate

O... R Ph
t,,’lMg/\ /
/ P—Ph
Cl S
K\Y O
.
N
But
71 N 1.1 complex
t
2 : 2 complex Bu

85

2. ITIFYILTTL— DRI (Table 17)
BISiEr7undtt/ KM UTI2YBOY TFVY T /)T I8 TLU—h,
1.5 BBOF 5 VR F 4 2 LT Z— 7 VIsIEA -78 B THRIFICHEST U7z, YLAAREIRY:
EROGHER. SE ) v —VEEOLRIIEFELTB Y. 1:1 DL EIF 15 %ee, 49% I
RTHOTzDIIX L, 12D & & 98 %ee, 1:3 DL X 91 %ee & EHHTEWERETS K
PRONBZ EhbpoTz, BRENDMIVFILIT /7T —FDEELHTHY .
HM—DFX I )VEEZHNTHIF o F 3 T—DEDDITIRE LX)V THiEL ko Tz,
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Table 17. Asymmetric Addition of Magnesiumcuprate

£_>/\ PPh,
N

1.5 eq ) o
@ 1.2 eq CuCN / BuMgCl d
Et,0 -78°C ] Bu
reagent ligand (eq) ee/% S/R  yield/%

BuCuCNMgCI 4 (1.5) 15 8 49
Bu,CuCN(MgCl), 4 (15) 98 S 98
BusCuCN(MgCl)s 4 (1.5) 91 S 93
BuCuCNLi/LiBr 2 (4.5) 92 R 97

3. BILYF I LDEE (Table18)

VFILYT )7 T L— RORIGIZB AT UARBIRERRICSAEHTH > 221D F7 A
FE Ry 7 RIEEEOREIFEL TR EEZILNEZDOT, XY IL0 T —
FTREPFVEBERTRVWETHETES, EBEYIT RV TLT T — FT 98 %ee &\
FHERE LN RIZ 9.6 UBEBDRILD F I LEHBNT 5 & 79 %ee T TEIRMEAET L2,
NI XTI LB T B RERTIVE N LD ANV RZIVERELS, ERID) F I 412
B L T L EWEMBTHEEEMSBETE R ko lkb ez b5,

Table 18. Asymmetric Addition of Magnesium Cuprate: Effect of Lithium Bromide

o) 0
O EtCUCNLI or Bu,CuCN(MgCl), [ Y~ppn
@ /LiBr/2 or 4 N 2
4, [}
,R R R— >
R S O

Et,O -78°C
67 76: R=Bu, 75: R=Et ~ 2: R=tBu, 4: R=Me,N
reagent (eq) ligand (eq) LiBrleq ee/% RIS yield/%
Bu,CuCN(MgCl), (1.2) 4 (1.5) 0 98 S 98
Bu,CuCN(MgC,(1.2) 4 (1.5) 9.6 79 S 79
EtCuCNLi (1.5) 2 (4.5) 0 54 R 62
EtCuCNLi (1.5) 2 (4.5) 12 91 R 89

4. $#IFEORE (Table 19)
HFEORFZIT I TAH YT EHNR BVWEREE 5 27/, LML, VFILY
T/ 77TV — R NTCRLNFZIFEHEELZRIIRL. 3. BEHHTYH SVBIRENRE
-34-




birz,
Table 19. Asymmetric Addition of Magnesiumcuprate: Effect of Copper Source

0 1.5eq4or2 O
ij 1.2 eq CuX / 2.4 eq BuMgCl é\
Et,0 -78°C Bu

67 76 S

un ligand CuX ee/% yield/%

1 4 CuCN 98 98

2 4 Cul 90 99

3 4 CuBr 76 80

4 2 CuCN 89 94

5 2 Cul 86 91

5. FELAIINT 2 FIFNEORE (Table 20)

PLE®D & 5 it XN ISR TEE LM T 52 7V VEORN E2 T, V7
ORY T/ ORISR, #BREE HIZE L7208, yranFt /) v, ATT/ K
XU TREHDO T IV IV EE RSB, INRBTEAT S ENTE R, ElYOHNTEC
BIEEEHIDO S DIZB LTI XTUFILAYT /27— DORIGEFETH >z, 3HT7 v
FUE, BLIU 72 VEOBAFTERE, WRLEBHIZEN > 2, scis DF
(2-pentenophenone 51) IZIFBEHATE Z2hp o 72,

lEF el ¥ 20T T7V— b DORISEZVFIL7 TV — NDRIEIE Y
MIFISIA < BB OEBEREZABL., PTH T FIVEDE AL 98 %ee & DL HTHE
BIRFTERTE 72,

Table 20. Asymmetric Addition of Magnesiumcuprate

78: n=1, R=Et
79: n=1, R=Bu
D/\ PPh, 68: n=2, R=Me
I\Il o 75: n=§, |§=Et
O 1.2eq R,CuCN(MgCl), — 1.5e —C. 86: n=2, R=Pr
a7 (MgCl, 4 MepN C‘O 4 76: n=2, R=Bu
| - 87: n=2, R=Hex
Et,O -78°C CH 88: n=2, R=Bn
(CHa}, 2 (CHa; R 89:n=2, R=iPr
: 77:n=2, R=Ph
83:n=1,67:n=2,84:n=3 82- 2=3, R=Bu
RLi conditions
run Substrate R ee/%" R/S cy/% ee/% RIS  cy/%
1 83 Et 21 S 10 94 R 90
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2 83 Bu 22 s 36 97 R 99
3 67 Me 7 S 22 96 R 66
4 67 Et 75 s 63 91 R - 89
5 67 Pr 83 =P 63
6 67 Bu 98 s 08 92 R 97
7 67 Hex 94 =P 73
8 67 PhCH, 53 - 61
9 67 iPr 15 -° 40
10 67 Ph 19 R 20 60 R 63
11 84 Bu 82 = 61 74 e 92
12 51 Bu 1 R 67 44 S 87

a. Ee was determined by 13C NMR analysis of the corresponding diastereomeric ketals prepared with (R, R)-2, 3-
butanediol. Absolute configuration was determined by optical rotation. See Table 16.

b. Absolute configuration was not determined.

c. The sign of optical rotation was minus.

d. The sign of optical rotation was plus.

6. B

BAL ) F 77 ADOHEMARREI RAEEY RIFI NI ELHREH IR TV A A Y
WEIZ & > THERT 5 MgX, WBIREIC K E B8R E 22 ik, EE-ENRE, X))y
I THBLEZZIEEFE LRV, BELRL, BAETOXREZESIZINHLORENT
ANy 7 REGEEREIEIRE LI RETEZE, TRV IL TV — DS
BEIEHTRUAEIABTNEBICLIVBE L EE/ Y- LTRIETZDT. ZTnbD
ERVBBRFIZHODNTI RO LB TESLNSTH S,

BOGHE /) T—0bH#TT2 LIREL THEBRENEI R TE20EEZ S, FIIVE
S FREBBIRNEMNEIC SV IV 7BIBEN T I VT AL, ) UBIRICENFNERG
WHEML T %, Y72V TLEHNETIVENVEENLTC2E T 3HLEDOBEE R L T
272 3 A LNNDBEHIIFEET %, (62T, TNEkE BN 2 F T IVEAI FONLE &
LTV —E L RE-IRBEANRT7 VFDOHDET—2 2D DD 2HEHEDOANE 2
b (Figure12) o 7 FHITIZYV LD pro-R D7 = ZVEMTARREEIL L 20 T4l
IR T 72 DI HEE TR EORFEHE LN &7 Td, ok S5AREZTER L TRIEL § #hAs
BT 5, I—Y aBTRY > ED pro-S O7 x ZVEDNABEEIL L 2V EINZIEY H
T2 EEE ISR EORFZHF FANCE T T d,ox 852 R L TRIGL RIKDERK T 3,
ToFHE T - alERKRTZE, I 2 BITRNAEMNICKECTN I A28 2
PR BT DICALEL LT > F B & ROEHEITTL T S KRS 2 b DEHATE 3,
voaRy7T /) TERENETT2ERFEIFINVEMNTFOT VBB EO
IREHE DIERFER Y 7 0NFR ) VTR TUNIL B0 BIRTE S, $12. ¥
7077/ TEFEAEKTT201E. =/ v OFEEEAEDL 2725 4,0k S5 ARIZ L
CTHELHWOHEHEDEH BV EKBENREZWIL k3 HeEZBNS,

NN Q AVAY (N S = 2Nl 4/ SVAy I/ Ay BVESE -V E Sl N, Ay M VRS NDRYR T 11
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BE—DFZNVFICLVHBEIN, ENEAEFMOREAB AV NV TRREINLEZ LT
Hb, FRARRIGEFE LI IV, EBROBRIEBZRD S Z LIl & Y EMEZ F
HLE/ X v 7 REEEZERIETRIGREFRE TS L) FRG, EeaRE
2T 5 ABEBOMICHI BN Z2RETLLEZE XN 5,

Figure 12
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BOE AFMPRIGADEH

1. RISFRDEHE

7)) =% — VRO RFH LTI E O EKHIBNC BRI Uz Z &id. AERIARZE RS~
DEBPTIETH B L ERL TS, BETESMEY (7 V% Figure 131573, <
TRVILY T — b EFTVENTEDHEEI2PNEANEFFEELZ D > T &iF
TTIZbhh> TV 5%, KIS WAREL 25 TedIli, TIMRIEHBZ >TzH D 941
T —VEAEN N T U AX L% L. INEFEREZ S DRICIEEME 92 WHET 3
CENKRBETHBZ, TORT Y T THEIZENL L2¥ F VBN FASERE O ) = v — )V 3K
WEOF Y77 bEN, THFINVEREEENRETZ EAFFTRIEIB I b, ZOME
RS 2 Z ETERMESUS~DRERT %5 LTORELS, BEFTIIHEINTWS
SAfIE I X B AFROSE. & F T IVELALF LI AR E> Tl A S8 2 AR & -
Tw:% (Figurel) , #-> T, ZORFEIZF Z IWVENL AR L3 R IREORETH 5,

Figure 13. Probable Catalytic Cycle

o OMgCl
L, I
Me,N™ >0 —~R R
67 \f”\R 95
92 MgCl
/T\ PPh,
Me;N™ SO cy—R RMgCI
l\|/IgCI
o)
94

R

2. F T IVECAL T —SSEAIC L D AMEAIAE RS (Table 21)

2FENBDIATLH. 3ENBDF I IIVEATFORBEN LD TFLVI T FT 7070
Ridv ot/ 38 Mq4ml ., IR 78%. 67% ee THIMMER B BN, Z DR
WEBFDT ) =% —VRIEDIFE T TH F 5 VB35 & 85K % T U ST % 1T -
T3 EERLTWS, RARIGIEF T IVE AL T — SASADEIEIT &V BRI R I8 )
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MR GEE2ZBELIZEUHTOHTH 3,

FIIWVEANL TOLUBEEZHPL T EEREEEFL. 8 mol% © IV L#l & 32 mol%
DF 5 IVEL AL FORAK DFIFNT & Y 90 %ee BRSOz, ee D LR DA FIEF T IVEHLF
) oy — VRED NS SR H B, ZHNIIAO LTFIIVENFEI) v —
WREDPBAL THBEIERRLTNREEEZLND, H>T, #IINLTEDENM D
BEVEL T2 AV I TMEDYRAYEOE2HDEEZX. VU OBFEEZ DS H
WTEINVEN T 16 & 17 2F&E LTz,

Table 21. Catalytic Asymmetric Addition of Grignard Reagent

[;;>""‘Pph2

Me,N—C.

0 ‘0 4 O
[:f:] Cul / BuMgCl [:%:1~
Et,0 -78°C o Bu
67 76 S

run  Cul/mol% 4/mol% BuMgCl/mol% 4/BuMgCl ee/% vyield/% 1,4-/1,2-

1 2 3 120 0.025 67 78 16
2 2 10 120 0.083 74 69 9
3 8 10 120 0.083 67 89 65
4 8 20 120 0.17 80 83 12
5 8 32 120 0.27 90 92 32

3. FIIVELHLF DA (Table 22)

Befi /27 ) =v — )VERED HDOWINC E b 2 > T ee H¥ 8T 2 BHRITF FIVENL T
2 THHBRICRE bz, U LB OV 16 R 17 TRIFIZ—ED ee NELN Tz, F
WIVRAFWVT I/ 7x2vEER S D17 Tid 3 mol% OFIHIT S 75% ee v Ev @ IR
BELNZ, LML 1617% 32mol% A3 & oy rantt /) ARG LTz
SIS & NIERAME T L7z,

4. WERIGIZLSEEEORN (Table 23)

ee X TWVBLALT /7 V) =v — IVREOHRIZEBNH 5 Z L DFK E L TF 7 VBN
T — SR DIRE N T Z & OB B Z > T B[ RENENH 5, DI
DNWTYHBRRISTREZIT o7z, I LT Y =v— ViU BE% 3ICEELTFT
BN FDOUEZ 1-4 T THIT L Zee 1389% 25 99% FTEHFL (run1—3) » &
WHNZH U TF VBN FOURE 4 KEEL T ) =y —IVRREDOLU RS 3-15 T TH
T5 &, eeld56% ETER->7 (tund4—6) » ZORRIBIBEEBILEDLLZWLIZH D
59, BT /7)) = v —IVRED LR BED U7 2012 F 5 VBT — SSE R DIRE AT
BOUIled LB TES, ENEEBIFAHERELUTRMT /7Y v — VRO R
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 —BIRDE ee BNIFE—EIWZ -7 (un7-9) o
Table 22. Catalytic Asymmetric Addition of Grignard Reagent

()
N 2

! 4: R=Me,NCO, Ar=Ph

Q R PAr;  2: R=tBuCO, Ar=Ph
Cul/ BuMgCI D_' 3: R=(Me,N),PO, Ar=Ph
16: R=Me,NCO, Ar=PhOMe

Et,0 -78°C 17: R=Me2NCO, Ar=PhNMe;

67 76 S

un Cul/mol%  ligand(mol%) BuMgCl/mol%ligand/BuMgCl ee/% yield/%  1,4-/1,2-

1 2 4(3) 120 0.025 67 78 16
2 8 4(10) 120 0.083 67 89 65
3 8 4(32) 120 0.27 90 92 32
4 8 2(10) 120 0.083 70 85 31
5 8 2(32) 120 0.27 80 87 18
6 10 3(30) 150 0.20 25 54 5
7 8 16(10) 120 0.083 81 47 1.5
8 8 16(32) 120 0.27 70 5 0.13
9 2 17(3) 120 0.025 75 70 5
10 8 17(10) 120 0.083 80 74 8
11 8 17(32) 120 0.27 87 18 1

Table 23. Asymmetric Addition of Grignard Reagent in Stoichiometric Conditions

O/\ PPh,

N
0o MeZN C\O 4 0]
Cul / BuMgCl
EL,0 -78°C - Bu
67 76 S
un Cul/mol% 4/mol%  BuMgCl/mol% 4/BuMgCl ee/% yield/%
1 120 150 360 0.41 89 100
2 120 300 360 0.83 99 94
3 120 480 360 1.3 95 97
4 120 480 360 1.3 95 97
5 120 480 960 0.5 84 100
6 120 480 1800 0.27 56 98
7 120 150 560 0.27 77 100
8 120 300 1100 0.27 71 100
9 120 480 1800 0.27 70 95
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5. RISHEDRKE (Table24)

X NVESLT /7 v —VREDLRE B R DD B & i OEIKIZ 7)) = v —
WREEZET LT J7iE (Method B) EMEDEEIRIZS ) = v — VK & FH 2 [F] R 12
MZTV>< F#E (Method C) THRILZEIT- 7243, il /") = v — WSRO BRICHE %
ETFL T AEE (Method A) BEHEN T2,

Table 24. Asymmetric Addition of Grignard Reagent

[;y\ PPh,

]

0 o 4 Q
Cul / BuMgCl
Et,0 -78°C Bu
67 76 S
un  Cul/mol% 4/mol% BuMgCl/mol% Method®  ee/% vield/% 1,4-/1,2-
1 8 32 120 A 90 92 32
2 8 32 120 B 64 43 2
3 8 32 120 C 85 57 2

a. Method A: Substrate was added to the solution of catalyst and Grignard reagent.
Method B: Grignard reagent was added to the solution of catalyst and substrate.
Method C: Grignard reagent and substrate was added simultaneously to the solution of
catalyst.

6. 77V =v—)VikFDki (Table25)

Table 25. Asymmetric Addition of Grignard Reagent

o) N Q

|
Cul / BuMgX MezN_Ceo 4 d
> Bu

Et,0 -78°C
67 76 S
N Cul/mol%  4/mol% BuMgX (mol%) ee/% yield/% 1,4-/1,2-
1 8 32 BuMgClI (120) 90 92 32
2 8 32 BuaMg (120) 94 71 4
3 8 32 BuMgNPr',(120) 84 70 5
4 8 32 BuMgBr (120) 68 10 0.8
5 8 32 BuMg! (120) 46 27 2
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7Y =y —IVREORN I Tol AT FUI TRV IL7Q) K, VTFNIT I
A, TFNIT RV ILAY AV TOEN T I FTEED TERWEREETHINERE 5
NI LT, TFNVITIVTILTOAI R, TFVITHRVTLAZTT A RTRERIG
P, BIREEHIZENZ &b T,

7. HoX—EO%E (Table 26)

HoNN—FE L TEIEHN T F AR R, R HIIRHEN T2, L5 EH
—URXFWANT 4 REEERTIE, BRENRLZRE12HDIZEEZLNENV VL EREM
ERTBHDD, FINWRLMFIIBETHRMATFVPEET LD FABRNERET
L7z, Eksi. BILH. 7T AMEHETHYRWI S FARIRBELNBE DD, L gk
REZET L 7=

Table 26. Effect of Copper Source

N 2

|
O 8 mol% CuX 32 mol% Me,N-C

o 4
120 mol% BuMgCI
- Bu

Et,0 -78°C

67 76 S

un CuX ee/% yield/% 1,4-11,2-
1 Cul 90 92 32
2 Cul-SMe, 76 73 64
3 CuCl 81 52 5
4 CuBr 77 56 3
5 CuCN 82 40 3

8. REZE (Table?27)

Table 27. Effect of Reaction Temperature

Bl
N 2

1
O 8 mol% Cul 32 mol% Me,N—C o 4
120 mol% BuMgCl Ii‘:L
B

u

EL,0
67 76 S
un temp/°C ee/% yield/% 1,4-11,2- AAG*keal/mol
1 -100 95 30 2 1.26
2 -78 90 92 32 1.14
3 -45 84 84 32 1.11
4 -20 76 94 43 . 1.00
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100 E Tl 95%ee £ TERIREDM EAR DL Ni2AS, LY ABIREAMET UALEE BlERA8
WL lporlZ25N%, BENIERTAZONTLUYABIREIZER U2, ee nHEE
INBFE LTIV EF—DE (AAG™) BREFREEHITNEL B> Tn 3,

9. BIEEhE (Table28)
I—F), My, VRAXAFIVAVT 4 RPRTIEERESB 220D, V4V 7

Yl —J5 )V, THF P TIRBREZE» > 72,

Table 28. Solvent Effect

[:_>v’”‘PPh2
N

1
O 8 mol% Cul 32 mol% MezN—C\\O 4
120 mol% BuMgCl [fi]\
- Bu

solvent

67 76 S
nn solvent ee/% yield/% 1,4-/1,2-
1 Et,O 90 92 32
2 iPr,0O 18 29 1
3 toluene 73 90 11
4 DMS 77 82 130
5 THF 0 55 11

10. BEZE (Table?29)

Table 29. Concentration Effect

N 2

I
0O 8 mol% Cul 32 mol% MezN—C¢O 4 f
120 mol% BuMgCI
g Bu
e Et,0 26 S
run conc of 4/M ee/% yield/% 1,4-/1,2-
1 0.01 90 85 32
2 0.038 90 92 32
3 0.2 89 41 2

Ty — ViR DBEE AR R 72T EF I NEN TOIRER0.01MM 50.2M Z TH)
MU, T U FABIREOELZ G o720 ZHIE. 805 DX T IVEAL FOFRHEDS
HRMIZIBILT, ) ov— VRE L DB >TBI B3I 2RL TS,
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11. HEEL7LVEDKRS (Table30)

Table 30. Catalytic Asymmetric Addition of Grignard Reagent

[3/\ PPh,

h 0
Cul / RMgCl MezN—C\\O 4

X -
(CHz), Et,0 -78°C (CH1- 5
83:n=1,67:n=2,84:n=3(X=CHy)
96:n=2(X=0)
Cul 4 RMg(Cl
entry n X (mol%) (mol%) (120 mol%) Product ee/%"  yield/%®
1 2 CH, 8 32 Et 75 73 83
2 2 CH, 8 32 Pr 86 72¢ 77
3 2 CH, 8 32 Bu 76 90 92
4 2 CH, 8 32 Hex 87 92¢ 90
5 2 CH, 8 32 Ph(CH,), 100 842 74
6 2 CH, 8 32 Me" 68 5 23
7 2 CH, 8 32 Ph" 77 4 10
8 2 CH, 8 32 PhCH, 88 12¢ 40
9 2 CH, 8 32 iPr 89 4 24
6 1 CH, 8 32 Bu 79 42 88
7 3 CH, 8 32 Bu 82 81° 91
8 3 CH, 8 32 Ph(CH,), 101 83 70
9 2 0] 8° 32 Pr 97 76" 66
10 2 o) 8 32 Bu 98 91° 70
11 2 0 8° 32 Hex 99 90® 70

*Ee was determined by BC NMR analysis of the corresponding diastereomeric ketals of (R, R)-2, 3-butanediol unless
otherwise noted. The absolute configurations were determined by optical rotation ( 7 5 and 7 7: Posner, G. H.; Frye, L.
L. Isr. J. Chem. 1984, 24, 88; 76: Corey, E. J.; Naef, R.; Hannon, F. J. J. Am. Chem. Soc. 1986, 108, 7114; 6 8:
Leyendecker, F.; Jesser, f.; Ruhland, B. Tefrahedron Lett. 1981, 22, 3601; 79: Tamura, Y.; Tanaka, M.; Funakoshi,
K.; Sakai, K. Tetrahedron Lett. 1981, 22, 3601; 97 and 9 8: Meyers. A. L; Smith, R. K.; Whitten, C. E. J. Org.
Chem. 1979, 44, 2250; 100 (determined by converting to the corresponding methyl ester 10 2): Gerlach, v. H. Helv.
Chim. Acta, 1978, 61, 2773.) " Isolated yield of 1,4-addition product. ° Cul -SMe, was used instead of Cul. ¢ The
absolute configuration was not determined. ° Ee was determined by 'H NMR of the corresponding methyl ester (104
and 10 5) in the presence of Eu(hfc);. ‘ Optical yield. ® Ee was determined by chiral HPLC (Daicel CHIRALPAK AD,
iPrOH/hexane 1/100 for 100 and 1/20 for 101). " RMgBr was used.
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HELT7LVFNEOERNEBI R AV 7unFt /v, yranTF /. N
VF) 54 RIZXHL THRE 92% ee LI EWERETIHZTIVFNVENBATEZ, L
MUXFI, 7z, RV, AV TOENVEOBEA TR, WKL HE, -7,

BB TE SN INED D B ORI LIZEREREATIETH Y. 8 LH
e ERICE#RTE 72 (Figure 14),

Figure 14
0 1) 2.2 mol% RuCly/180 mol% NalO, O

CCl,/CH,CN/H,0; it; 7h
2) CH,N,/ELO; 1t
2'N2/ =2 . (CH
(CHe)7 2Jn™(CH,,COMe

(CH,),Ph
100:n=2, 101:n=3 102: 47% (n = 2), 103: 55% (n = 3)

O
1) 1eq NaOH/aq EtOH; rt; 20 min H).OM
(‘)ji 2) N/Mel/THF; rt; 2h; then DMF; rt; 30 min o (C 2)20Me

> MeO R

R
98: R=Bu, 99: R = Hex 104: 60% (R = Bu), 105: 85% (R = Hex)

12, eeD¥aIb—¥Yay
Table 31. Asymmetric Conjugate Addition of Butylmagnesium Cuprate by Stoichiometric 4

Cul 1/2 BuMgCl ee/%

entry (mol%) (mol%) (mol%) 4 or 17/BuMgCl  (obseved) (estimated) yield/%
1 120 4 (150) 6000 0.025 18 17 62
2 120 4 (150) 1500 0.10 56 48 61

3 120 4 (150) 560 0.27 77 78 100 .
4 120 4 (150) 360 0.42 89 89 100
5 120 4 (150) 300 0.50 93 92 96

6 120 4 (150) 240 0.63 90 95 90
7 120 4 (480) 19200 0.025 9 16 35

8 120 4 (480) 4800 0.10 67 44 29
9 120 4 (480) 1800 0.27 70 69 95
10 120 4 (480) 960 0.50 84 81 100
11 120 4 (480) 360 1.3 95 93 97
12 120 17 (150) 1500 0.10 75 70 82
13 120 17 (150) 560 0.27 88 87 100
14 120 17 (150) 300 0.50 92 93 97

ROBZ BT & ee MR T T2 RENE., BFDS ) =y —VEREKIC L F T VB
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FHENSEF Y I T I RINTFINEI T V— b RIEVETTB2HTHB I &M
REENTz, T Ha3HE%H5HNTHE DR Z BRI 5 LBOR YRR IGT T 1
WEE L7z (Table31) o 120 EV%D L 5 {LH1EL 150 EV% DF T VENLFDFETF. 7
=y —)VIEED MBE% 6000 EL% 55240 ENV DB FTHSO T & eeld 18% 15 93% &
TERL, 120 V% DL 51L& 480 TNV % b F I NVEMTOFETF. 7V =¥ —ib
AIE 19200 ENV% D 360 TIL% ETHDOT & eeld 9% 2D 95% FTLA LTz, 150

EBIWNG% DF FIVELHL T & 480 BIV% DF FIVELM FZ v Iz Z T, LV DenF I Vil
PMFERANIZEEDIEFI Wee NETERVIENDMoT2, T2, ee DELRIZFANDE
DSOS 17 DANR—EIE N &b o7z,

INHDHR LU TORENLBHATES (eql) o FITNENTF (P*) DEHIL T
95% ee &5 2% ¥ TV LIGMER (P*—CuG,) &. BRDS) =% —VREIC LV FI
BN F3F Y 7 77 bR T F I IVRETRE (CuG,) DHWIZIZHEER K, OFEH
FFAEL. F IV B OIS 7 ¥ 7 VIR b DK IG & Vi, 1217 SIRE T
%, PHIZHBIT 2 P*—CuG, DIREE X, CuGDIREZY. #l. RMgCl. P* DRIRER 7
NENC,G P EBL L eq2 BERIIT B,

K, G
P* + CuG (eq. 1)

G
P*Cu + G
G

relative reaction rate: k)

S/R = 0.975/0.025 S/R = 0.5/0.5
(8): 0.975k 4 X (5):05Y summation (¢). 0975k X +0.5Y
(R): 0.025k ;X (R): 05Y (R): 0.025k, X + 0.5Y

_[P*=CuG,lI[G] (C-Y)(G-2C-Y)

a= [P¥[CuG,] = (P-C+Y)Y (eq2)
b=CP,x=P/GD_DDINTXA—FH#EHATELeq2lieq3 DL IIILRMTES,
_®P-v)(B-2bp-v)
a (P- b)lg +Y)Y (eq3)
INEYIZDWTHEL &
P(K(1-b)-b+1l 4b(K —1) L_
y-El a(2(1<i1) +x)[\/1+ b(K, 1) (L 21b) » o)
a (K,a-b)-b+L1f
X=Cc—Y (eq5)
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2 1 T P*— CuG, » 5 3SR & RIK A 0.975/0.025 (95% ee) . HHXTHE k, THEAEL.
CuG, 7 5 iF 0.5/0.5 (0% ee) THEKT 2D T, &Hit. SR (0975 X + 0.5Y) /
(0.025k X + 0.5Y) &%, #>T, e BUTD LD KKRDLE S,

_ 0.95kre1X)
Ee (-—-—kmﬁY X 100 (eq6)

XEYMW K, OBZ DT, eeldk, & KIZLVRDLING, k & K DEIFTHKECH1LE
U7z ee DfE L Table 31 DERIDIE%R NEC PC-9801 VM persinal computer L TEIEHE T
K7z (Figure 14) ,

Figure 14. Simulation of Ee

Simulation of Ee: 120 mol% Cul, 150 mol% 4, K, = 0.4, k.o = 20

Jdoee 100

80

60 ~
—&—  estimated
- observed
40
20 -
o T
2 3

P*/RMgCl

Simulation of Ee: 120 mol% Cul, 480 mol% 4, K, = 0.4, k., = 20

%0 ee 100

80 o
60 —

— = estimated

. observed
40
20

0 T T
(0] 1 2 3

P*/RMgCl
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Simulation of Ee: 120 mol% Cul], 150 mol% 17, K, = 1.2, k., = 20

% ee 100

80
60

—= estimated

e observed
40
20

0 ‘* 1 - T
0 1 2 3

P*/RMgCl

ZOMER. FIIVESLTF 4 TIEK,=04,k,=20. 17 TIFK, =12,k , =20 D& ZHE
R E K —BL 720 150 EN% D 4 RN KIETD ee DEHE & FHEIEOEHERZE (o)
F 4. B/ FlE Tl ey, =57 +0.93ee,,. CTriEi 0992 THY. 480 EN% D 17
ERWRISTIE. o=11,ee, . ,=3.4+10ee ., =094 TH>/z, 150 V% D 17
RGTZOETIE. 0=3, ee, =23 +0.7dee .., r=1 TH D72, Table 31 IZ ee DEH|
HEEBERZ LS ITRLZ, EHETrRY < ee DEEA Y2 IV — IR T3,
Fle. 150 EV% D 4 & AT RISDF 3480 BV sz L EED b ee RN &,
17 &9 4 DFTHS ee DELEINZINZ EHHHIN TS,

P bR ZS EIMBRIEDY 23 Vb—Ya vxfiot, R nbee dxThbb
FINVEAMAFIREL 7V =y —VHEREOH OB TH 5, MBESRMTIE x DEMN
P/G, 7 5 P/(G,-S) FTEILT S, ZZTG, &S, 37V =y —VRELIEADYIREE
R Thbdb, ee IKIGDEITICONTEIT S, HEREEATOSEDEE Sx) FSIE
OEITE AICIVEUTOLIIKDbEINS,

0.975k X + 0.5Y

S(x) = X 1Y Ad (eq?)
ZZTx & dDRRIZ

X = G —PSod (eq 8)
£»2T

m:%ém (eq9)

7. LT ORBRED B,
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d: 0 —1 isidentical with x: GLO - Gy E S

Lo T, RIEHT #DOESKEDOEIE

0Je

1 Goli So
St =1 S®wda=L£] s -Lldx )
0 S x2

Go

CHNRHBOME L TRD LS WIEUTE S,

1000
P P 1 €qll)

= P i _PWy_1
Stotal ; S(G0+1ooo (Go—So Gg))XIOOO

Lo Teeld
ee=(2S, ., -1) x 100 €ql2)

12 2 5D ee DERIE & RHEZE Table 32 IZ/RT, FHHEIENRED ee DEILZ R X
L TnaZ ehbird,

Table 32. Simulation of Conjugate Addition of Butylmagnesium Chloride Controlled by Catalytic 4

ee/%

run Cul/mol% 40r17 (mol%)  (observed) (estimated) yield/%
1 2 4 (3 67 63 78
2 2 4 (10) 74 80 69
3 8 4 (10) 67 93 89
4 8 4 (20) 80 91 83
5 8 4 (32) 90 92 92
6 2 17 (3) 75 79 70
7 8 17 (10) 80 92 74
8 8 17 (32) 87 94 18

SHIZZDEZFHF MBI BT RENRLHMITE 2, FHEHEREDORHK R
(K =exp(-AG/RT)) BLUVT7 L =7 ADH (k=Aexp(-E/RT)) L V-78 ET K, =04,k
=20 CHITMDEIETIE Table 33D L Db, T, -78 ETD ee DI AT 95%
(AAG™ = 1.42 kcal/mol) TH > 725, ZOERLT ANV F—ZMUORETHZDE FR-
N2 L FTNIERBETD B Kee fH (ee,, ) 13Table33 DEIWE B, TNHD/INT X —F
MHERINS ee HITRHIEEL L —B LT3,
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Table 33. Simulation of Temperature Effect

temp/ OC Ka krel eemax/ % eeestimated/ % eeobserved/ %
-100 0.36 29 97 95 95
-78 04 20 95 92 90
-45 0.47 13 92 88 84
-20 0.49 10 89 85 76
13, #%

F I VHEBELAL FOHIBENC & 0 77 = v — VDI T MBS DAL A3 F#IR 1
WHIETE 2, RIEH, RAT 4 VENAEBFNFET E0) — v — Vi ZE HFTF D
LR D> THE L TWBEA, 32mol% Hvad Z & THEXICIZ LY % EIR % R
U7zo ee DIEIZZDOBEICL 2 FHICOERH (K) EHMNERE (k) 2LV FHTE
720 ARRIEVEF T IV HRELAL T — SASEAHRIENIZ £ 0 27 = v — VRO AR A Z HL4%
MEIE%EZBR L0 TOHTH S, ULrLEMEES L) HBNGEHWEEEHWTNn 3
TORBEDOBEP2R DT & ee DIETHALNTZ, EZTY VOETEEZ SO TEM 1%
RO TR T 17 2 E%ET L. 3 mol% DHIHT 75% ee BME b7z, LLE DRI ERBCAL
FHIEHE D 7 T O —F PRSI EATESZ L2 RL T3S, ZOREOHED &
T 95% ee LL_EDBIRMEZ FEH§ 2 F T VAN FOREHERFPTH 3,

-50-



BTE HEm

EBBRNBCAIBER N B Bat LeF IV 7 I KRR 7 4 VBN F ORI & U LHEREDE v
BREFDOAF L BATISOCHE R TE 2 (Figure 15) o FINBENMNFOBREL ) VBV F I LD S
WIET TR T L EFNCENTIERNICENIT 5 Z E A NMR RBRICE VLD, S HIT,
F T VBLALF — FSE AR I & 5 7)) = v — VIR EOMIRAY RIS 2 13 UHTER L 7z, L
FOAIRE SF X S5EE HICHIROBMBESICROBEHIFERETE DL LH X 5N 5,

Figure 15.

[;PV’\PA@
R—&b .\\

Cu
K. Li or Mg

Asymmetric Conjugate Addition of Lithium Cuprate

O MechLi tBu—E—O

Et,0

o) Me,Culi tBy——=o0

84% ee (S)

THF
50% ee (R)

PPh,
BuCuCNLi
é LiBr tgu——0 é

Et,O “Bu
2 95% ee (R)
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Asymmetric Conjugate Addition of Magnesium Cuprate

0
ij MeoN —-EO
Et,0 dBu

98% ee (S)

Y

Catalytic Asymmetric Conjugate Addition

PPh,
o 120% HexMgCl Q—’ o
ij 8mol% Cul 32mol% Me,N—=0 d
] He

Et,O
92% ee
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Experimental Section

1H and 13C NMR spectra were recorded on a JEOL EX-270 (270 MHz for lH NMR and 67.8
MHz for 13C NMR), HITACHI R-24B (60 MHz for TH NMR) or HITACHI R-90 (90 MHz for 1H
NMR) spectrometers in the solvent indicated. Chemical shifts were reported in & values in ppm with
tetramethylsilane (TMS) as an internal standard. Infared spectra (IR) were recorded on a Jasco IR
Report-100 Infrared Spectrometer, a Jasco DS-701G Diffraction Grating Infrared Spectrophotometer
or HITACHI 260-10 Infared Spectrophotometer. Mass spectra (MS) were recorded on a JEOL
LMS-D300 and a JEOL JMS-DX300 mass spectrometer. Specific rotations were recorded on a Jasco
DIP-370 Digital Polarimeter in the solvent indicated. Melting points were measured on a Biichi 510
melting point apparatus or Yamato melting point apparatus model MP-21 and uncorrected. Boiling
points were uncorrected. High performance liquid chromatography (HPLC) was performed on a
HITACHI 655A-11 Liquid Chromatograph with a HITACHI L-3000 Photo Diode Array Detector.
Detection was performed at 250 nm. Column chromatography was perf(jrmed on silica gel BW200
or BW300 (Fuji Silysia). All reactions were carried out under an argon atmosphere in dried
glassware.

Chalcone, cyclohexenone, cyclopentenone and cycloheptenone are commercially available from
Aldrich. Butyllithium was purchased from WAKO Ltd.. Ethyllithium17 and vinyllithium!8 were
prepared according to the reported procedure. Butylmagnesium chloride and benzylmagnesium
chloride were purchased from Aldrich. Other Grignard reagents were prepared by general procedure.
Titration of all the organometallic reagents was performed according to the reported method.1?
Copper iodide, bromide, chloride and thiocyanate were purchased from Wako Ltd. and purified by
the literature procedure2 and stored under Ar over P2O5 and KOH. Copper cyanide was purchased
from Kanto chemical Co., Inc. and dried in an Abderhalden at 50 °C over KOH and P205 then

stored under Ar. Lithium cyanide was prepared by literature procedure.?!

Chapter 2-2. Syntheses of Chiral Ligand

17 Gilman, H.; Moore, F. W.; Baine, O. J. Am. Chem. Soc. 1941, 63, 2480.
18 Gassman, P. G.; Valcho, J. J.; Proehl, G. S.; Cooper, C. F. J. Am. Chem. Soc. 1980, 102,
6524,

19 Kofron, W. G.; Baclawski, L. M. J. Org. Chem. 1976, 41, 1879.

20 Cul: Kauffman, G. B; Teter, L. A. Inorg. Synth. 1963, VI, 9. CuCl: Osterlof, J. Acta Chem.
Scand. 1950, 4, 374. CuBr: Dieter, R. K.; Tokles, M. J. Am. Chem. Soc. 1987, 109, 2040.
CuCN: Lipshutz, B. H.; Wilhelm, R. S.; Kozlowski, J. A. J. Org. Chem. 1984, 49, 3938.

21 Johns, 1. B.; Dipietro, H. R. J. Org. Chem. 1964, 29, 1970.
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(S)-N-tert-Butoxycarbonyl-2-pyrrolidinecarboxylic acid (22)22. To the suspension
of L-proline (0.500 mol) in dioxane (1 1) and water (0.5 1), 500ml of 1M sodium hydroxide in water
(0.500 mol) and di-tert-butyl dicarbonate (0.490 mol) was added simultaneously under ice bath and
the whole was stirred for 1h at room temperature. The reaction mixture was evaporated and
potassium carbonate was added to adjust the pH to 12. The water layer was washed by ether (200 ml
x2) and acidified to pH 2 by citric acid. The water layer was extracted by chloroform (200 ml x3)
and the organic layer was washed by water (100 ml), sat. NaCl aq. (100 ml), dried over MgSQy, and
concentrated in vacuo. Recrystallization from benzene (120 ml) and hexane (40 ml) gave a 91%
yield: mp 133-135 °C; 1H-NMR (CDCI3) §; 1.4 (s, 9H, tBu), 2.0 (m, 4H, CH2CH3), 3.4 (m, 2H,
CH2N), 4.2 (m, 1H, CHN), 11.2 (s, 1H, COOH); IR (nujol) 1740, 1640 cm-1; [a]25p -61.7 (c
2.20, AcOH).

(S)-N-tert-Butoxycarbonyl-2-pyrrolidinemethanol (23). To the solution of 22 (4.65
mmol) in THF (5 ml) was dropwised borane THF complex (9.30 mmol) in THF (9.3 ml) for 10 min
under ice-salt bath and the whole was stirred for 2.5 h. Water (30 ml) was added to quench the
reaction and water layer was extracted by ether (30 ml x3). The combined organic layer was washed
(saturated sodium bicarbonate (10 ml), saturated sodium chloride (10 ml)), dried over MgSQy, and
concentrated to give crude oil which was purified by silica gel column chromatography
(AcOEt/benzene 1:2). Pure alcohol was obtained as a colorless oil in 100% yield: 1H-NMR (CDCl3)
8; 1.47 (s, 9H, tBu), 1.63~2.03 (m, 4H (CHp)2), 3.33 (ddd, J=6.6, 6.6, 11.0 Hz, 1H, CH2N),
3.45 (ddd, J=7.0, 7.0, 11.0 Hz, 1H, CH2N), 3.60 (m, 2H CH20H), 3.97 (m, 2H, OH, CHN); IR
(neat) 1680, 1660 cm-1; MS m/z 201 (M1); [a]25p -44.4 (c1.13, CHCI3).

(8)-(-)-N-tert-Butoxycarbonyl-2-pyrrolidinemethanol 4-methylbenzenesulfonate
(24)23. To the solution of the alcohol (23) (67.1 mmol) in dry dichloromethane (MeOH free) (13
ml) was added the solution of tosyl chloride (80.6 mmol) in pyridine (71 ml) and the whole was
stirred for 21 h at 4 °C. The reaction mixture became white suspension. Then cool saturated NaCl
solution (50 ml) was added and extracted by dichloromethane (50 ml x3). The organic layer was
washed by 10% CuSO4 (50 ml x5), satd. NaHCO3 (30 ml), H>O (30 ml), and satd. NaCl (20 ml),
successively, and dried over Na2SOg4. Concentration and purification by silica gel column
chromatography (ether / hexane 1/1) afforded 24 as a colorless oil in 100% yield: 1TH-NMR (CDCl3)
8; 1.4 (s, 9H, tBu), 1.9 (m, 4H, (CH2)2), 2.4 (s, 3H, ArCH3), 3.3 (m, 2H, CH,N), 4.0 (m, 3H,
CH20Ts, CHN), 7.2 (d, J=8.0 Hz, 2H, Ar-H), 7.7 (d, J=8.0 Hz, 2H, Ar-H); IR (neat) 1690,
1390, 1360, 1180 cm™1; MS m/z 355 (M+); [a]?5p -41.0 (c 0.400, CHCl3)

(§)-(-)-N-tert-Butoxycarbonyl-2-[(diphenylphosphino) methyllpyrrolidine
(25)24. To the solution of chlorodiphenylphosphine (2.1 mmol) in dioxane (3 ml) was added

22 Anderson, G. W.; McGregor, A. C. J. Am. Chem. Soc. 1957, 79, 6180.
23 Blarer, S. J.; Seebach, D. Chem. Ber. 1983, 116, 2250.
24 Kagan, H. B.; Dang, T.-P. J. Am. Chem. Soc. 1972, 94, 6429.
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sodium (8.9 mmol) and the whole was refluxed under Ar for 6hr. The reaction mixture became
yellow suspension. THF (2 ml) was added at rt and the solution of 24 in THF (2 ml) was added.
After 1h the reaction mixture was filtrated through celite pad and washed with benzene.
Concentration and purification by silica gel column chromatography (ether / benzene 1/19) afforded
77% yield of 25 as a colorless oil: IH-NMR (CDCl3) 8; 1.40 (s, 9H, tBu), 2.0 (m, 5H, (CH3)2, one
of CH,P), 2.7, 2.9 (m x2 (by amide configurational isomer) 1H one of CH2P), 3.4 (m, 2H,
CH,N), 3.9 (m, 1H, CHN), 7.4 (m, 10H, C¢Hs x2); 13C-NMR (CDCl3) &; 154.43(CO), 139.1 (d
x2, Ar), 137.9 (d x2, Ar), 133 (m, Ar), 128.5 (m, Ar), 79.52, 79.01 ((CH3)3C), 55.62, 55.29
(CHN), 46.84, 46.33 (CH2N), 34.09, 33.28 (CH,P), 31.52, 31.39 (CH2CHN), 28.75 ((CH3)3),
24.03, 23.17 (CH2CH2N); IR (neat) 1690, 1390, 1170, 1110 cmrl; MS m/z 369 (M*); [a]?%p -69.3
(c 1.09, CHCI3); Anal. Caled. for Co2HpgNO2P: C, 71.54; H, 7.59; N, 3.79. Found: C, 71.47; H,
7.73; N, 3.77.

(S)-(-)-2-[(Diphenylphosphino)methyllpyrrolidine (14)25. To the solution of 25
(27.6 mmol) in dichloromethane (60 ml) was added trifluoroaceticacid (276 mmol) under ice bath and
the whole was stirred for 4h at rt. The reaction mixture was concentrated and dissolved in 6N HCI.
NaOH (pellet) was added to pH 14 and the water layer was extracted by dichloromethane (200 ml x2
+ 100 ml). The organic layer was washed by H2O (50 ml) and satd. NaCl (100 ml), successively,
and dried over NapSO4. Concentration and distillation (150 - 160 °C/ 0.4 mmHg) gave pure 14 as a
colorless oil in 78% yield: lH-NMR (CDCI3) &; 1.40 (m, 1H one of (CH2)2), 1.63 ~ 2.00 (m, 3H,
(CHp)2), 2.22 (dd, J=7.7, 13.8 Hz, 1H, one of CH,P), 2.33 (dd, J=6.9, 13.8 Hz, 1H, one of
CH,P), 2.80 (ddd, J=6.9, 8.3, 10.8 Hz, 1H, one of CH2N), 3.01 (m, 2H, CHN, one of CH2N),
7.35 (m, 6H, Ar), 7.45 (m, 4H, Ar); 13C-NMR (CDClI3) &; 138.55 (d, /=15.8 Hz, ipso-Ar-C),
132.66 (d, /=4.9 Hz), 132.38 (d, J=6.1Hz), 128.23, 56.27 (d, J=15.9 Hz, CHN), 46.08 (CH2N),
35.59 (d, J=13.5 Hz, CH,P), 32.38 (d, /=7.3 Hz, CH>CHN), 25.03 (CH>CH2N); IR (neat) 3300,
1430, 740, 700 cm-1; MS m/z 269 (M*); [a]20p -29.4 (c 4.86, EtOH); Anal. (hygroscopic) Calcd
for C17HpoNP-1/2H20: C, 73.38; H, 7.55; N, 5.04. Found: C, 73.41; H, 7.29; N, 4.95. HCI salt:
colorless prisms; mp 124-125 °C; MS m/z 269 (M+-HCI); [a]2°p -3.06 (c 0.620, EtOH); Anal.
Calced for C17H21NPCle1/7H20: C, 66.21; H, 6.90; N, 4.54. Found: C, 66.22; H, 6.77; N, 4.42.

(8)-(-)-N-(2', 2'-Dimethylpropionyl)-2-[(diphenylphosphino)methyl]lpyrroli-
dine (2). To the solution of 14 (7.40 mmol) and triethylamine (18.5 mmol) in dichloromethane (7
ml) was added pivaloylchloride (11.1 mmol) under ice bath and the whole was stirred for 30 min.
Satd. NaHCO3 (20 ml) was added and extracted by dichloromethane (30 ml x3). The combined
organic layer was washed by 10% HCI (20 ml), satd. NaHCO3 (10 ml), H2O (10 ml), and satd.
NaCl (10 ml), successively, and dried over NapSO4. Concentration and recrystallization from ether
(17 ml) gave pure 2 as colorless prisms in 68% yield: mp 97 - 97.5 °C; IH-NMR (CDCl3) §; 1.19

25 Ogata, I.; Mizukami, F.; Ikeda, Y.; Tanaka, M. Japan Patent, Kokai, 1976, 76, 43754; Chem.
Abstr.
1976, 85: 124144z
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(s, 9H, tBu), 1.74 ~ 2.03 (m, 5H, (CHp)2, one of CH2P), 2.93 (brd, /=10 Hz, one of CHzP), 3.52
(m, 1H, CH2N), 3.71 (m, 1H, CH2N), 4.31 (m, 1H, CHN), 7.27 . 7.39 (m, 8H, Ar), 7.63 (m,
2H, Ar); 13C-NMR (CDCl3) §; 176.30 (CO), 128.01 ~ 139.37 (Ar), 57.08 (d, J=18.3 Hz, CHN),
47.98 (CH2N), 39.05 ((CH3)3C), 32.51 (d, J=13.4 Hz, CH2P), 29.55 (d, J=11.0 Hz, CH>CHN),
27.55 ((CH3)3), 25.48 (CH,CH,N); IR (KBr) 1610 cm-1; MS m/z 353 (Mt); [a]25p -67.3 (c 1.45,
CHCIl3); Anal. Calced for Ca2H23NOP: C, 74.78; H, 7.93; N, 3.97. Found: C, 75.01; H, 8.02; N,

3.84.

(S)-(-)-N-Pentafluorobenzoyl-2-[(diphenylphosphino)methyllpyrrolidine (5).
The same procedure as 2. Purification by alumina column chromatography (benzene / hexane 4/1)
gave 96% yield. Recrystalization twice from pentane (40 ml) gave 5 as white powder in 86% yield:
mp 84 — 85 °C; IH-NMR (CDCI3) &; 1.82 ~ 2.35 (m, 5H, (CH>)2, one of CH2P), 3.16 ~ 3.76 (m,
3H, CHzN, CHN, one of CH2P), 4.35 (m, ca. 0.5H, CHN), 7.10 ~ 7.44 (m), 7.70 (m, 2H); 13C-
NMR (CDCI3) 8; 156.6, 156.1 (CO), 128.4 -~ 145 (Ar), 56.8 (d, J=23.1 Hz, CHN), 56.3 (d,
J=21.9 Hz, CHN), 47.9, 45.7 (CH2N), 34.8 (d, /=15.8 Hz, CH,P), 32.2 (d, J=14.6 Hz, CH2P),
30.8 (d, J=7.3 Hz, CH2CHN), 24.0 (CH2CH2N), 22.1 (CH2CH2N) (Each carbon gave two signals
by amide configurational isomer); IR (neat) 1650 cm1; MS m/z 463 (M*); [a]25p -93.3 (c 0.845,

CHCIl3); Anal. Caled for C24H19NOFsP: C, 62.20; H, 4.10; N, 3.02. Found: C, 62.37; H, 4.09;
N, 3.29.

(S)-(-)-N-1'-Naphthoyl-2-[(diphenylphosphino)methyllpyrrolidine (6). White
amorphous. Yield 32%: mp 47 — 56 °C; IH-NMR (CDCl3) §; 1.59 ~ 2.25 (m, 6H, (CH3),, CH,P),
3.01 ~ 3.89 (m, 2H, CH2N), 4.55 (m, 1H, CHN), 6.45, 6.87 ~ 7.48, 7.79 (m, Ar); 13C-NMR
(CDCl3) §; 169.0, 168.9 (CO), 123.7 ~ 139.2 (Ar), 56.8 (d, J=22.5 Hz, CHN), 55.4 (d, /=19.5
Hz, CHN), 48.8 (CH2N), 45.3 (CH2N), 33.8 (d, J=15.7 Hz, CH,P), 32.8 (d, J=13.5 Hz, CH,P),
30.9 (d, J=8.6 Hz, CH2CH), 30.6 (d, J=9.7 Hz, CH2CHN), 24.4 (CH2CH2N), 22.1 (CH,CH2N)
(Each carbon gave two signals by amide configurational isomer); IR (CHCI3) 1610 cm-1; MS m/z
423 (M*); [a]?5p -133.1 (c 1.03, CHCI3); Anal. Caled for CogH26NOP: C, 79.43; H, 6.15; N,
3.31. Found: C, 79.32; H, 6.26; N, 3.22.

(8)-(-)-N-Benzoyl-2-[(diphenylphosphino)methylpyrrolidine (7). White powder.
Yield 95%: mp 92 — 92.5 °C (Et20 / hexhane 1:1); 1H-NMR (CDCI3) §; 1.71 ~ 2.26 (m, 5H,
(CH2)2, one of CH,P), 3.12 (ddd, J=3.5 Hz, 3.5 Hz, 14.0 Hz, 1H, one of CH,P), 3.43 (m, 2H,
CH2N), 4.41 (m, 1H, CHN), 7.26 ~ 7.45 (m, 13H, Ar), 7.70 (m, 2H, Ar); 13C-NMR (CDC13) §;
169.9 (CO), 127.2 ~ 138.8 (Ar), 55.6 (d, J=19.5 Hz, CHN), 50.4 (CH2N), 32.9 (d, J=12.2 Hz,
CH3P), 31.4 (d, J=8.5 Hz, CH2CHN), 25.4 (CH2CH2N); IR (KBr) 1610 cm-1; MS m/z 373 (M+):
[a]25p -114.9 (c 1.41, CHCI3); Anal. Caled. for C24H24NOP: C, 77.21; H, 6.43; N, 3.75. Found:
C, 77.39; H, 6.53; N, 3.78.

(8)-(-)-N-Trifluoroacetyl-2-[(diphenylphosphino)methylpyrrolidine (8).
Colorless prisms. Yield 88%: mp 72 — 74 °C; IH-NMR (CDCl3) §; 1.95 (m, 5H, (CH>)», one of
CH2P), 2.92 (ddd, J=3.5 Hz, 3.5 Hz, 13.4 Hz, 1H, one of CH2P), 3.53 (m, 2H, CH2N), 4.14 (m,
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1H, CHN), 7.3 (m, 10H, Ar); 13C-NMR (CDCl3) §; 155.38 (q, /=36.0 Hz, CO), 138.54 (d,
J=11.0 Hz, ipso-Ar), 136.35 (d, J=6.8 Hz, ipso-Ar), 132.43 ~ 133.08 (Ar), 128.40 ~ 128.70 (Ar),
116.21 (q, J=288 Hz, CF3), 57.62 (d, J=19.6 Hz, CHN), 46.80 (CH2N), 31.56 (d, /=14.7 Hz,
CH3P), 29.63 (d, /=8.6 Hz, CH>CHN), 24.51 (CH,CH2N); IR (CHCI3) 1670, 1140 cm-1; MS
m/z 365 (M+); [a]?5p -89.8 (c 1.24, CHCI3); Anal. Calcd for C1gH19NOF3P: C, 62.47; H, 5.24;
N, 3.83. Found: C, 62.43; H, 5.28; N, 4.04.

(8)-(-)-N, N, N', N-Tetramethyl-2-[(diphenylphosphino)methylpyrrolidinyl
phosphonic triamide (3). Colorless prisms. Yield 79%: mp 54 — 57 °C; 1H-NMR (CDCI3) §;
1.76 ~ 2.01 (m, 5H, (CHp)3, one of CH2P), 2.58 (dx2, J=9.3 Hz, 12H, (CH3),Nx2), 2.80 (ddd,
J=3.0, 5.0, 13.2 Hz, 1H, one of CH2P), 3.15 (m, 2H, CH2N), 3.71 (m, 1H, CHN), 7.27 ~ 7.44
(m, 8H, Ar), 7.55 ~ 7.61 (m, 2H, Ar); 13C-NMR (CDCl3) §; 139.10, 137.70, 133.26 ~ 132.29,
128.50 ~ 128.16 (Ar), 56.40 (d, /=20.7 Hz, CHN), 46.35 (CH2N), 36.75 ((CH3)2N), 35.72 (d,
J=13.4 Hz,CH,P), 31.88 (CH2CHN), 25.00 (CH,CH2N); IR (neat) 1480, 1455, 1430, 1200, 990;
MS m/z 403 (M+); [a]?p -89.1 (c 1.16, CHCI3); Anal. Caled for C21H31N30P2: C, 62.52; H,
7.75; N, 10.42. Found: C, 62.44; H, 7.56; N, 10.57

(S)-(+)-N-(N', N'-Dimethylcarbamoyl)-2-[(diphenylphosphino)methylpyrroli-
dine (4). Colorless prisms. Yield 95%: mp 64 ~ 65 °C (ether / hexane 1/20); 1H-NMR (CDCI3) §;
1.64 (m, 1H, one of (CH2)2), 1.80 (m, 2H, two of (CH2)2), 2.16 (m, 1H, (CH2)2), 2.25 (dd,
J=8.9, 13.6 Hz, 1H, CH2P), 2.63 (s, 6H, (CH3)2), 2.68 (m, 1H, CH2P), 3.28 (m, 2H, CH2N),
4.18 (m, 1H, CHN), 7.26 ~ 7.56 (m, 10H, Ar); 13C-NMR (CDClI3) §; 163.05 (CO), 138.66 (dx2,
J=56.2 Hz, 55.0 Hz, ipso-Ar), 132.33 ~ 132.79 (Ar), 128.00 ~ 128.32 (Ar), 56.28 (d, /=18.3 Hz,
CHN), 50.75 (CH2N), 37.59 (CH3N), 33.59 (d, /=13.5 Hz, CH2P), 31.97 (d, /=9.8 Hz,
CH2CHN), 25.54 (CH2CH2N); IR (CHCl3) 1610 cml; MS m/z 340 (M+); [a]?5p +27.4 (c 1.14,
CHCIl3); Anal. Calcd for C2gH25NOP: C, 70.59; H, 7.35; N, 8.24. Found: C, 70.70; H, 7.49; N,
8.22. Melting point and optical rotation above was recorded in 1991. In 1993 ~ 1994, mp 76 — 78
°C and [a]?5p +28.2 (c 1.24, CHCI3)

(8)-(-)-N-(4-Methylphenylsulfonyl)-2-[(diphenylphosphinyl) methy]pyrrolidine
(70). To the solution of 14 (0.413 mmol) and triethylamine (1.03 mmol) in dichloromethane (1 ml)
was added TsCl (0.619 mmol) under ice bath and the whole was stirred for 16h at rt. Usual workup
and purification by silica gel column chromatography (AcOEt / hexane 4/1) gave white amorphous
powder in 78% yield: mp 90 — 91 °C; 1H-NMR (CDCI3) §; 1.46 (m, 1H, (CHp)), 1.76 (m, 2H,
(CH2)2), 2.14 (m, 1H, (CHp)2), 2.49 (ddd, J=11.7, 14.6, 14.6 Hz, 1H, CHzP), 2.99 (m, 1H,
CH2N), 3.28 (ddd, J=2.0, 8.2, 14.6 Hz, 1H, CH,P), 3.45 (m, 1H, CH2N), 3.60 (m, 1H, CHN),
7.14 (d, /=8.2 Hz, 2H, Ts), 7.34 (d, overlapped with CHCl3, 2H, Ts), 7.45 (m, 3H), 7.61 (m,
3H), 7.76 (m, 2H), 7.97 (m, 2H); 13C-NMR (CDCl3) §; 143.27 (CSO3), 127.3 ~ 134.25 (Ar),
55.33 (s, CHN), 48.95 (CH2N), 36.39 (d, /J=66.0 Hz, CH2P), 32.10 (CH2CHN), 23.69
(CH2CHN), 21.24 (CH3Ph); IR (CHCI3) 1335, 1475, 1160 cm™1; MS m/z 438 (M*-1); [a]25p
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-207.2 (c 0.695, CHCI3); Anal. Calced for Co4H26NO3PS: C, 65.60; H, 5.92; N, 3.19. Found: C,
65.48; H, 5.99; N, 3.41.

(8)-(-)-N-(4-Methylphenylsulfonyl)-2-[(diphenylphosphino)methylpyrrolidine

(9). To the solution of 70 (1.38 mmol) and triethylamine (2.06 mmol) in acetonitrile (5 ml) was
added trichlorosilane under ice bath and the whole was stirred for 4h at rt. Usual workup and
recrystalization from ether—hexane (1:1) gave colorless prisms in 51% yield: mp 94 — 95 °C; 1H-
NMR (CDCl3) §; 1.40 ~ 1.89 (m, 4H, (CHp)y), 2.15 (ddd, J=4.5, 11.7, 13.5 Hz, 1H, CH,P),
2.38 (s, 3H, CH3Ph), 3.08 (m, 2H), 3.45 (m, 2H), 7.10 ~ 7.44 (m, 12H, Ar), 7.71 (m, 2H); 13C-
NMR (CDCl3) &; 143.1 (CSOp), 127.4 ~129.5 (Ar), 58.0 (d, /=20.7 Hz, CHN), 49.4 (CH2N),
36.1 (d, J=13.4 Hz, CH2P), 31.8 (d, J=8.6 Hz, CH2CHN), 24.1 (CH3Ph), 21.4 (CH2CH2N); IR
(KBr) 1340, 1150 cm!; [a]25p -289.9 (¢ 1.66, CHCI3); Anal. Calced for C24H26NO2PS: C, 68.09;
H, 6.15; N, 3.31. Found: C, 68.36; H, 6.19; N, 3.19.

(S)-(-)-N-Methyl-2-[(diphenylphosphino)methylpyrrolidine (1)26. 25 (19.7
mmol) in THF (30 ml) was added to the suspension of lithium aluminum hydride (59.0 mmol) in
THF (20 ml) under ice bath and the whole was refluxed for 1h. HoO (2 ml), 15% NaOH (2 ml), and
H20 (1 ml) was added successively. Filtration and concentration followed by distillation gave
colorless oil in 80% yield: IH-NMR (CDCI3) §; 1.53 ~ 1.76 (m, 3H, (CH2)2), 1.97 ~ 2.14 (m, 4H,
one of (CHy)2, CHN, one of CHzN, one of CH2P), 2.27 (s, 3H, CH3N), 2.55 (ddd, J=9.5, 3.0,
3.0 Hz, 1H, one of CH2P), 3.03 (tlike, J=8.5 Hz, 1H, one of CH3N), 7.27 ~ 7.47 (m, 10H, Ar);
13C-NMR (CDCI13) &; (ipso-Ar), 63.64 (d, J=19.5 Hz, CHN), 56.79 (CH2N), 40.04 (CH3N),
33.27 (d, J=13.4 Hz, CH,P), 31.99 (d, /=7.4 Hz, CHCHN), 21.84 (CH2CH2N); IR (neat) 1430,
700 cm-1; MS m/z 283 (M*); [a]?5p -131.5 (c 1.31, CHCI3).

Di-(4-methoxyphenyl)phosphinous acid (27)27. To the suspension of NaH (11.0
mmol) in ether (10 ml) was added diethyl phosphite (10.0 mmol) under ice bath and stirred at rt for
35 min. p-Methoxyphenylmagnesium bromide (21.0 mmol) in ether (11.7 ml) was added under ice
bath and the whole was stirred at rt for 35 min and then refluxed for 2h. 10% HCI (20 ml) was
added under ice bath and extracted by dichloromethane (50 ml x3). The organic layer was washed by
satd. NaHCO3, H20, and satd. NaCl (10 ml each), successively, and dried over Na2SOy.
Concentration and recrystalization from AcOEt (7 ml) gave colorless needles in 58% yield: mp 121 -
122 °C; IH-NMR (CDC13) §; 3.84 (s, 6H, CH30), 6.95 (dd, J=2.5, 7.9 Hz, 4H), 7.61 (dd, J=8.6,
13.0 Hz, 4H), 8.05 (d, /=447 Hz, PH); 13C-NMR (CDCl3) §; 162.75 (MeOC(ipso)), 132.52 (d,
J=12.2 Hz, MeOCCH-Ar), 122.86 (d, J=117.4Hz, Ar-ipsoCP), 114.32 (d, /=14.7 Hz, Ar-CHCP),

26 Hayashi, T; Konishi, M.; Fukushima, M.; Kanehira, K.; Hioki, T.; Kumada, M. J. Org. Chem.
1983,

48, 2195.
27 Hunt, B. B.; Saunders, B. C. J. Chem. Soc. 1957, 2413.
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55.26 (CH30); IR (nujol) 1600, 1300, 1175 cm-1; MS m/z 262 (M+), 246 (M++1-CHj3), 231
(M++1-(CHj3)2).

Di-(4-methoxyphenyl)phosphine (28). To the solution of 27 (3.85 mmol) in toluene (7
ml) was added trichlorosilane (15.4 mmol) and the whole was stirred at rt for 75 min and at 40 °C for
7h. The reaction mixture was diluted with benzene (30 ml) and poured to 10% NaOH (30 ml), then
filtrated through celite pad. The organic layer was separated, washed by 10 ml of satd. NaCl, dried
over MgSOy, and concentrated. IH-NMR analysis showed that this crude mixture was 1:1 mixture
of the starting phosphine oxide and the target phosphine. This mixture was used without further

purification.

(S)-(-)-N-tert-Butoxycarbonyl-2-[(di-(p-methoxyphenyl)phosphino) methyl]-
pyrrolidine (29). To the suspension of KH (5.51 mmol, washed twice by hexane) in THF (5 ml)
was added 27 (1.84 mmol, 1:1 mixture of phsphine oxide and phosphine) in THF (5 ml) under ice
bath and the resulting deep red suspension was stirred at rt for 1h. 24 (3.30 mmol) in THF (4 ml)
was added under ice bath and the whole was stirred for 30 min (red color disappered). Satd. NH4Cl
(20 ml) was added and extracted three times with 20 ml of AcOEt. The combined organic layer was
successively washed with 10% HCI, satd. NaHCO3, H20, and satd NaCl (10 ml each), then dried
over NapSO4. Concentration and purification by silica gel column chromatography gave 15% yield
of target material as a colorless oil: IH-NMR (CDCl3) §; 1.42 (s, 9H, tBu), 1.93 (m, 5H), 2.64 (m,
1H), 3.33 (m, 2H, CH,N), 3.78 (s, 6H, CH30), 3.85 (m, 1H, CHN), 6.90 (dd, J=2.5, 7.5 Hz,
4H), 7.4 (m, 4H); 13C-NMR (CDCl3) §; 160.15 (Ar-COMe), 160.00 (Ar-COMe), 154.23 (CO),
134.52 (d, J=9.6 Hz, Ar-CHCP), 133.62 (d, J=9.0 Hz, Ar-CHCP), 130.0 (d, /=11.3 Hz, Ar-CP),
126.8 (d, J=11.3 Hz, Ar-CP), 114.15 (d, J=7.6 Hz, Ar-CHCOMe), 79.08 ((CH3)3(), 55.31 (d,
J=20.7 Hz, CHN), 55.12 (ArOCH3), 46.33 (CH2N), 34.10 (CH3P), 31.12 (d, J=9.0 Hz,
CH,CHN), 28.63 ((CHj3)3CO), 23.39 (CH,CHN); IR (neat) 2960, 1675, 1590, 1500, 1395,
1280, 1245, 1175 cm-1; MS m/z 429 (M+), 372 (M+-tBu); [a]?5p -51.2 (c 1.17, CHCI3); Anal.
Caled. for Co4H32NO4P: C, 67.12; H, 7.51; N, 3.26. Found: C, 67.17; H, 7.36; N, 3.22.
Unreacted 24 was recovered in 42%.

($)-(+)-N-(N', N’-Dimethylcarbamoyl)-2-[(di-(p-methoxyphenyl)phosphino)
methyl]pyrrolidine (16). To the solution of 29 (0.510 mmol) in dioxane (2 ml) was added
5.7N HCI in dioxane (1.8 ml, 10.2 mmol) and stirred at rt for 1.5h. Concentration gave white
amorphous, which was dissolved in dichloromethane (1 ml). Triethylamine (2.55 mmol) and
dimethylcarbamoy! chloride (0.765 mmol) was added under ice bath and the whole was stirred for 25
min. 10% NayCO3 was added and extracted with dichloromethane (20 ml x3). The combined
organic layer was washed successively with 10% HCI, satd. NaHCO3, HO, and satd. NaCl (10 ml
each), and dried over NaSO4. Concentration and purification by silica gel column chromatography
(AcOEt / hexane 4/1) gave pure 16 as a colorless oil in 67% yield: IH-NMR (CDCl3) §; 1.75 ~ 2.2
(m, 4H, (CH3)2), 2.65 (m, 2H, CH,P), 2.66 (s, 6H, (CH3)2N), 3.25 (m, 2H, CH3N), 3.73 (s,
6H, CH30Ar), 4.10 (m, 1H, CHN), 6.86 (dd, /=5.0, 7.5 Hz, 4H), 7.4 (m, 4H); 13C-NMR
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(CDCIl3) 8; 162.96 (CO), 159.73 (Ar-COMe), 159.69 (Ar-COMe), 135.90 (d, /=20.5 Hz, Ar-
CHCP), 133.60 (d, J=19.6 Hz, Ar-CHCP), 130.19 (d, J=9.7 Hz, Ar-CP), 128.91 (d, /=9.8 Hz,
Ar-CP), 113.85 (d, J=7.3 Hz, Ar-CHCOMe), 56.30 (d, /=17.1 Hz, CHN), 54.83 ArOCH3), 54.79
(ArOCH3), 37.54 ((CH3)2N), 34.09 (d, J=12.2 Hz, CH»P), 31.90 (d, /=9.8 Hz, CH2CHN),
25.45 (CH2CHN); IR (neat) 2930, 1630, 1580, 1380, 1280, 1240 cm-1; MS m/z 400 (M), 356
(M+-MeoN); [a]25p +27.1 (¢ 0.590, CHCI3); Anal. Calced for C22H29N2O3P: C, 65.99; H, 7.30;
N, 7.00. Found: C, 65.82; H, 7.23; N, 6.93.

Tri-(4-N, N-dimethylphenyl)phosphine (30)28. p-Bromodimethylaniline (0.250 mol)
in ether (180 ml) was added to lithium (0.555 mol) in ether (150 ml) for 80 min and the whole was
refluxed for 3h. The concentration of p-N, N-dimethylaminophenyllithium was shown to be 0.770
M by titration with diphenylacetic acid?®. To the solution of p-N, N-dimethylaminophenyllithium
(223 mmol) in ether (290 ml) was added the solution of phosphorous trichloride (72.0 mmol) in ether
(50 ml) for 1.5h at -78 °C and the reaction temprature was elevated spontaneously to rt. After
stirring for 16.5 h, satd. NH4Cl (200 ml) was added under ice bath and extracted by chloroform (100
ml x3) after evaporating ether solvant. The organic layer was successively washed by H2O and satd.
NaCl (50 m! each) and dried over NapSOy4. Concentration and recrystalization from benzene (370
ml) afforded 30 as pale yellow needles: mp 254 — 256 °C (sealed); LH-NMR (CDCl3) §; 2.92 (s,
18H, (CH3)2N x3), 6.68 (dd, J=1.0, 9.0 Hz, 6H), 7.18 (m, 6H); IR (nujol) 1580 cm-1.

($§)-(-)-N -tert-Butoxycarbonyl-2-[(di-(p-N, N -
dimethylaminophenyl)phosphino) methyl]pyrrolidine (31)30. To the suspension of 30
(21.5 mmol) in THF (150 ml) was added K (50.1 mmol) and the resulting red suspension was
stirred at rt for 17.5 h. 24 (7.16 mmol) in THF (20 ml) was added under ice bath, and after 30 min
EtOH (10 ml) was added to quench the reaction. Satd. NH4Cl (20 ml) was added and extracted by
AcOEt (30 ml x3). The combined organic layer was washed successively by 10% citric acid, satd.
NaHCO3, H20, and satd. NaCl (10 ml each) and dried over Na;SO4. Concentration and purification
by silica gel column chromatography (AcOEt / benzene 1/9) gave pure 31 as a cloudy oil in 96%
yield: 1H-NMR (CDCl3) §; 1.45 (s, 9H, tBu), 1.87 (m, 5H, (CHp)2, one of CHzP), 2.7 (m, 1H,
CH2P), 2.94 (s, 12H, (CH3)2N), 3.36 (m, 2H, CH2N), 3.85 (m, 1H, CHN), 6.68 (brd, /=7.5 Hz,
4H), 7.33 (m, 4H); 13C-NMR (CDCl3) §; 154.21 (CO), 150.57(Ar-CNMe), 150.39 (Ar-CNMey),
133.84 (d, J=20.7 Hz, Ar-CHCP), 133.45 (d, /=20.8 Hz, Ar-CHCP), 124.56 (Ar-CP), 123.29
(Ar-CP), 112.21 (d, /=8.5 Hz, Ar-CHCN), 79.03 ((CH3)3(), 55.43 (d, /=20.8 Hz, CHN), 45.99
(CH2N), 40.19 ((CH3)2N), 34.25 (CH2P), 33.30 (CH2P), 31.04 (CH2CHN), 28.56 ((CH3)3C),
23.70 (CH2CH2N), 22.95 (CH2CH2N) Some carbons were asigned to two signals because of amide
configurational isomer. IR (neat) 2950, 1680, 1590 cm"1: MS m/z 455 (M*), 398 (M*-tBu); [a]25p
-61.3 (c 1.03, CHCl3); HRMS m/z: Calcd for Co6H3gN302P (M1): 455.2704. Found: 455.2703.

28 Schiemenz, G. P. Chemn. Ber. 1965, 98, 65.
29 Kofron, W. G.; Baclawski, L. M. J. Org. Chem. 1976, 41, 1879.
30 Toth, I; Hanson, B. E. Tetrahedron: Asymmetry 1990, 1, 895.
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($)-(+)-N-(N', N'-Dimethylcarbamoyl)-2-[(di-(p-N, N-dimethylaminophenyl)-
phosphino)methyllpyrrolidine (17). To the solution of 31 (2.46 mmol) in ethanol (9 ml) was
added 5.7 N HCI in dioxane under ice bath and stirred for 3h at rt. White amorphous was obtained
after concentration in vacuo and used in the next step without further purification. This crude
amorphous was dissolved in the solution of dichloromethane (4 ml) and triethylamine (12.3 mmol)
and N, N-dimethylcarbamoyl chloride (7.38 mmol) was added under ice bath. After 40 min the
reacton mixture was directly charged to silica gel column chromatography (acetone / CHCl3 1/19) and
purified to give white amorphous in 90% yield. This amorphous was further purified by
recrystallization twice from benzene / hexane (1:3) to give pure 17 as white powder in 67% yield.
Though 17 is not so labile to air, extraction by shaking (especially under basic condition) should be
avoided: mp 98 — 99 °C (sealed); IH-NMR (CDCl3) 8; 1.6 ~ 2.2 (m, 4H, (CH2)2), 2.58 ~ 3.0 (m,
2H, CH,P), 2.97 (s, 6H, (CH3)2NCO), 2.92 (s, 12H, (CH3)2NAr), 3.25 (m, 2H, CH2N), 4.12
(m, 1H, CHN), 6.69 (m, 4H), 7.35 (m, 4H); 13C-NMR (CDCI3) §; 163.05 (CO), 150.33 (ArCN),
133.65 (d, J=18.3 Hz, Ar-CHCP), 133.35 (d, /=18.3 Hz, Ar-CHCP), 125.12 (Ar-CP), 123.59
(Ar-CP), 112.23 (d, J=8.5 Hz, Ar-CHCN), 112.50 (d, J=8.5 Hz, Ar-CHCN), 56.45 (d, J=17.1
Hz, CHN), 50.39 (CH2N), 40.13 ((CH3)2N), 40.07 ((CH3)2N), 37.68 (Ar-N(CH3)2), 34.28 (d,
J=10.9 Hz, CH2P), 31.93 (d, /=9.7 Hz, CH2CHN), 25.47 (CH2CH2N); IR (neat) 1630, 1590 cm-
1. [a]25p +29.2 (¢ 1.20, CHCl3); HRMS m/z Calced for Ca4H35N4PO (M*): 426.2552. Found:
426.2554.

(8)-(-)-N-(2', 2'-Dimethylpropionyl)-2-pyrrolidinemethanol (33). To the solution
of L-prolinol (32) (99.0 mmol) in dichloromethane (50 ml) was added triethylamine (119 mmol) and
pivaloyl chloride (99.0 mmol) and the whole was stirred for 10 min under ice bath. Satd. NaHCO3
(50 ml) was added and extracted by CH2Cl» (50 ml x3). The organic layer was washed successively
by 10% HCI (50 ml), satd. NaHCO3, H20, and satd. NaCl (20 ml each) and dried over NapSOy4.
Concentration and recrystallization from hexane (10 ml) gave colorless prisms in 82% yield: mp 79.5
~ 81 °C; 1H-NMR (CDCl3) §; 1.28 (s, 9H, tBu), 1.5 ~ 2.1 (m, 4H, (CH2)2), 3.2 ~ 3.91 (m, 4H,
CH,N, CH20), 4.25 (m, 1H, CHN), 4.80 (brs, 1H, OH); 13C-NMR (CDCl3) §; 179.19 (CO),
67.81 (CH20), 62.35 (CHN), 48.46 (CH2N), 39.09 ((CH3)3CO0), 27.51 ((CH3)3C), 27.32
(CH2CHN), 25.34 (CH2,CH2N); IR (neat) 3330, 1585 cm-1; MS m/z 185 (M+); [a]2°p -70.9 (¢
0.970, EtOH); Anal. Calcd. for C1gH19NO2: C, 64.83; H, 10.34; N, 7.56. Found: C, 65.04;
H,10.21; N, 7.58.

($)-(-)-N-(2', 2'-Dimethylpropionyl)-2-(methoxymethyl)pyrrolidine (13). To
the suspension of NaH (32.4 mmol, washed three times by 3 ml of dry hexane) in THF (10 ml) was
added 33 (16.2 mmol) in THF (20 ml) under ice bath. After 15 min, methyl iodide (81.0 mmol) was
added and stirred for 1h. Satd. NH4Cl (10 ml) was added and extracted by AcOEt (50 ml x3). The
organic layer was washed successively by 10% HCI, satd. NaHCO3, HO, and satd. NaCl (20 ml
each) and dried over NapSO4. Concentration and purification by silica gel column chromatography
gave 13 as a pale yellow oil in 94% yield: lH-NMR (CDCl3) §; 1.25 (s, 9H, tBu), 1.92 (m, 4H
(CHjy)2), 3.33 (s, 3H, OCH3), 3.58 (m, 4H, CH;N, CH20), 4.33 (m, 1H, CHN); 13C-NMR
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(CDCI3) &; 176.20 (CO), 72.24 (CH0), 58.63 (CHN), 57.81 (CH30), 47.86 (CH2N), 38.92
((CH3)30), 27.38 ((CH3)3), 26.22 (CH,CHN), 24.82 (CH2CH2N); IR (neat) 1620 cm-l; MS m/z
199 (M*); [a]?5p -85.3 (c 1.03, EtOH); HRMS. Calcd for C11H21NO2 (M*): 199.1573. Found:

199.1570.

(8)-(-)-N-(2', 2'-Dimethylpropionyl)-2-[(methylthio)methyl]lpyrrolidine (10).
To the solution of dimethyl disulfide (67.5 mmol) and tributylphosphine (67.5 mmol) in pyridine (70
ml) was added 33 and the whole was stirred at rt for 2days. H2O (50 ml) was added to quench the
reaction and extracted by AcOEt (50 ml x3). The organic layer was washed successively by HyO (50
ml x6) and satd. NaCl (20 ml) then dried over NaSO4. Concentration and purification by silica gel
column chromatogrphy (AcOEt / hexane 1/9) gave 10 as a colorless oil in 64% yield: IH-NMR
(CDCl3) 8; 1.24 (s, 9H, tBu), 1.87 (m, 4H, (CH>)2), 2.16 (s, 3H, SCH3), 2.41 (dd, 1H, J=9.4,
13.0 Hz, CH2S), 2.90 (dd, J=2.6, 13.0 Hz, 1H, CH3S), 3.63 (m, 2H, CH2N), 4.30 (m, 1H,
CHN); 13C-NMR (CDCI3) §; 176.39 (CO), 58.36 (CHN), 48.22 (CH,N), 39.10 ((CH3)3CCO),
36.66 (CHS), 27.93 (CH2CHN), 27.50 ((CH3)3), 24.94 (CH2CH2N), 15.60 (SCH3); IR (neat)
1630 cm-1; MS m/z 215 (M*); [a]?5p -64.1 (c 1.36, EtOH); Anal. Caled for C11H21NOS: C, 61.35;
H, 9.83; N, 6.50. Found: C, 61.26; H, 9.65; N, 6.76.

(8)-(-)-N-(2', 2'-Dimethylpropionyl)-2-[(phenylthio)methyllpyrrolidine (11).
To the solution of dipenyl disulfide (9.89 mmol) and tributylphosphine (9.89 mmol) in pyridine (10
ml) was added 33 and the whole was stirred at rt for 4h. Workup as usual and purification by silica
gel column chromatography ( AcOEt / hexane 1/4) gave 11 as a colorless oil in 100% yield: 1H-
NMR (CDCl3) §; 1.21 (s, 9H, tBu), 1.9 (m, 4H, (CHy)»), 2.88 (dd, J/=6.0, 9.1 Hz, 1H, CH,S),
3.51 (dd, 1H, J=2.1, 9.1 Hz, CH2S), 3.60 (m, 2H, CH2N), 4.40 (m, 1H, CHN), 7.10 ~ 7.50 (m,
5H, Ar); 13C-NMR (CDCl3) §; 176.67 (CO), 136.43 (Ar-CS), 128.83 (Ar, p-CH), 128.17 (Ar, o-
CH), 125.39 (Ar, m-CH), 58.21 (CHN), 48.48 (CH2N), 39.09 ((CH3)3CCO), 35.16 (CH>S),
28.03 (CH2CHN), 27.49 ((CH3)3), 25.14 (CH2CH2N); IR (neat) 1620 cm-1; MS m/z 277 (M*);
[]®p -9.37 (c 1.20, EtOH); Anal. Caled for C16H23NOS: C, 69.27; H, 8.36; N, 5.05. Found: C,
69.45; H, 8.07; N, 4.97. |

(S)-(+)-N-tert-Butoxycarbonyl-2-[(N', N’-diphenylamino)methyllpyrrolidine
(34). To the suspension of NaH (83.1 mmol, washed three times by 10 ml of dry hexane) in THF
(80 ml) was added diphenylamine (83.1 mmol) and refluxed for 2.5h. 24 in THF 15 ml was added
at rt and the whole was stirred for 2.5h. Satd. NH4Cl (50 ml) was added and extracted by AcOEt
(50 ml x3). The organic layer was washed successively by satd. NaHCO3, H20, satd. NaCl and
dried over NapSO4. Concentration and purification by silica gel column chromatography (ether /
hexane 1/9) gave pale yellow oil in 78% yield: IH-NMR (CDCl3) §; 1.50 (s, 9H, tBu), 1.86 (m, 4H,
(CH2)2), 3.3 ~ 4.3 (m, 5H), 6.87 ~ 7.35 (m, 10H, Ar); 13C-NMR (CDCl3) §; 154.54 (CO), 148.65
(Ar-ipsoC), 129.24 (Ar, m-CH), 121.43 (Ar, p-CH), 120.76 (Ar, 0o-CH), 79.78 ((CH3)3CO),
55.55 (CHN), 54.24 (CH2NPh3), 46.55 (CH2NCO), 29.8 (CH2CHN), 28.66 ((CH3)3), 22.68
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(CH2CHN); IR (neat) 1690 cm-1; MS m/z 352 (M*); [a]22p +3.46 (c 2.05, EtOH); Anal. Calcd for
C2oHgN205: C, 74.97; H, 8.01; N, 7.95. Found: C, 75.18; H, 8.06; N, 7.71.

(§)-(-)-N-(2', 2'-Dimethylpropionyl)-2-[(N' N’-diphenylamino)methyllpyrroli-
dine (12). To the solution of 34 (1.05 mmol) in CH2Clz (5 ml) was added trifluoroacetic acid
(21.1 mmol) and stirred at rt for 26h. The reaction mixture was evaporated and the resulting black oil
was dissolved in CH2Cl, (1 ml) and triethylamine (10.5 mmol). Pivaloyl chloride (5.25 mmol) was
added under ice bath and the whole was stirred for 20 min. The reaction was quenched by satd.
NaHCO3 (30 ml). Workup as usual and purification by silica gel column chromatography (AcOEt /
hexane 1/9) gave 12 as a pale yellow oil in 73% yield. Recrystallization from hexane gave colorless
needles: mp 78 —79 °C; IH-NMR (CDCl3) §; 1.22 (s, 9H, tBu), 1.85 (m, 4H, (CH2)2), 3.48 (dd,
J=9.5, 14.5Hz, 1H, one of CHaNPhy), 3.60 (m, 2H, CH2N), 4.20 (dd, /=4.0, 15.3 Hz, 1H, one
of CHaNPhy), 4.63 (m, 1H, CHN), 6.83 ~ 7.40 (m, 10H, Ar); 13C-NMR (CDCl3) §; 176.94 (CO),
148.89 (Ar-ipsoC), 129.24 (Ar, m-CH), 121.19 (Ar, o, p-CH), 57.93 (CHN), 53.35 (CH2NPhy),
48.04 (CH2NCO), 39.16 ((CH3)30), 27.66 ((CH3)3), 27.05 (CH2CHN), 25.12 (CH>CH2N); IR
(neat) 1620 cm-1; MS my/z 336 (M*); [a]2°p -41.0 (c 1.53, EtOH); Anal. Calcd for Co2HpgN20: C,

78.53; H, 8.39; N, 8.33. Found: C, 78.31; H, 8.58; N, 8.49.

($)-(-)-N-(Carbobenzyloxy)-N'-phenyl-2-pyrrolidinecarboxamide (36)31. To the
solution of Z-L-proline (56.2 mmol) and triethylamine (61.8 mmol) in THF (160 ml) was added
ethylchloroformate (61.8 mmol) under ice bath and the resulting white suspension was stirred for
3.5h. Aniline (61.8 mmol) was added at -5 °C and the whole was stirred for 1.8h. HxO (100 ml)
was added and extracted by AcOEt (100 ml x3). The combined organic layer was washed
successively by 10% HCI, satd. NaHCO3, H20, and satd. NaCl (50 ml each) and dried over
Na»S04. Concentration and recrystallization from AcOEt (50 ml) gave colorless prisms in 82%
yield: mp 140 — 141 °C; IH-NMR (CDCI3) §; 1.8 ~ 2.6 (m, 4H, (CHp)2), 3.53 (m, 2H, CH2N),
4.45 (m, 1H, CHN), 5.19 (m, 2H, PhCHp), 7.3 (m, 10H, Ar); IR (CHCIl3) 3400, 3290, 1690 cm-1;
MS m/z 325 (M++1); [a]23p -62.0 (¢ 1.05, EtOH).

(5)-(-)-N'-Phenyl-2-pyrrolidinecarboxamide (37)10. 36 (15.5 mmol) was dissolved
in EtOH (100 ml) and 5% Pd on carbon (0.5g) was suspended. Hz was bubbled for 100 min and
diluted by EtOH. Filtration, concentration, and recrystallization from ether / hexane (20 ml/120ml)
gave colorless plates in 87% yield: mp 78 — 78.5 °C; IH-NMR (CDCl3) 8; 1.65 ~ 2.30 (m, 4H,
(CH3)2), 3.01 (m, 2H, CH2N), 3.85 (dd, J=5.6, 8.4 Hz, 1H, CHN), 6.98 ~ 7.66 (m, 5H, Ar), 9.7
(br, 1H, CONH); IR (CHCI3) 3250, 1670 cm}; MS m/z 190 (M*); [a]?’p -66.6 (c 1.14, EtOH).

($)-(+)-2-[(N'-Phenylamino)methyllpyrrolidine (38)10. To the suspension of
lithium aluminum hydride (21.5 mmol) in THF (20 ml) was added 37 (10.7 mmol) under ice bath
and stirred at rt for 21h. H2O (0.8 ml), 15% NaOH (0.8 ml), and H2O (1.6 ml) was dropped
successively. Filtration, concentration, and distillation gave pale yellow oil in 93% yield: bp 200

31 Mukaiyama, T.; Asami, M.; Hanna, J.; Kobayashi, S. Chem. Lett. 1977, 783.
65



°C/3mmHg; IH-NMR (CDCl3) &; 1.3 ~ 2.0 (m, 5H, (CHy)5, one of CH;NHPh), 2.7 ~ 3.4 (m, 4H,
CHN, CH2N, one of CH>,NHPh), 4.0 (br, 1H, NH), 6.68 (m, 3H, Ar), 7.15 (m, 2H Ar); IR (neat)
3350, 1620 cm-1; MS m/z 176 (M*); [a]?4p +18.1 (c 1.59 EtOH).

($)-(-)-N-(2', 2'-Dimethylpropionyl)-2-[(N'-phenylamino)methyl]lpyrrolidine
(20). To the solution of 38 (8.81 mmol) in CH2Cl, (40 ml) was added triethylamine (13.2 mmol)
and pivaloyl chloride (8.81 mmol) in CH2Cl (10 ml) at -78 °C and the reaction temprature was
elevated spontaneously to -50 °C for 1.5h. Satd. NaHCO3 (50 ml) was added and extracted by
CH,ClI, (30 ml x3). The organic layer was washed successively by satd. NaHCO3 (20 ml), HoO
(10 ml), and satd. NaCl (10 ml) and dried over NapSOj4. Concentration and purification by silica gel
column chromatography (ether / hexane 1/1) gave colorless oil in 92% yield: 1H-NMR (CDCl3) §;
1.25 (s, 9H, tBu), 1.9 (m, 4H, (CH»)7), 3.09 (dd, /=6.4, 12.3 Hz, 1H, one of CH,NHPh), 3.35
(dd, J=5.9, 12.3 Hz, 1H, one of CH,NHPh), 3.6 (m, 2H, CH2N), 4.53 (m, 2H, CHN, NH), 6.66
(m, 3H, Ar), 7.14 (m, 2H, Ar); IR (neat) 3350, 1600 cm1; MS m/z 260 (M*); [a]%°p -25.8 (c
0.865, CHCIl3); Anal. Calcd for C16H24N20: C, 73.81; H, 9.29; N, 10.76. Found: C, 73.97; H,
9.11; N, 10.66.
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Chapter 2-3, 3-7. NMR Studies

1H, 13C, and 3!P-NMR chemical shift changes of 2 (0.04 mmol) by complexing
with CuBreSMe; (0.04 mmol) in toluene-dg (0.6 ml) at 30 °C (ArCD2H as internal standard

for IH-NMR (2.10 ppm). ArCDj as internal standard for 13C-NMR (20.4 ppm)). Chart 1~4.
76 4, 1 2
8('\>5/\ P
11 | 3
>10 C 5
NO)
° 2

1H-NMR (ppm) 13C_NMR (ppm)

#  control (5) +1eq CuBreSMe; (A3) control (5) +1eq CuBreSMe; (AS)
1 7.87 (m) +0.50 (m) 133.6 (d, 18.4 Hz) +1.2 (d, 15.9 Hz)

7.42 (m) +0.42 (m) 133.3 (d, 21.8 Hz) - 0.1 (d, 13.5 Hz)
2 6.99~7.22 (m) ~0(m) 127.6~129.2 ~0

3 - -

4  3.14 (overlap)
1.88 (overlap)

+0.27 (brt, 12.1 Hz)
+0.26 (overlap)

5 4.36 (m) +0.06 (m)

6 1.22~1.87 1.32 (m), 1.73 (m)
7 1.22~1.87 1.97 (m), 2.52 (m)
8 3.05 320 (m) -0.02-0.07

9 - -

10 - -

11 113 (9 -0.03

140.8 (d, 16.9 Hz)
138.4 (d, 13.5 Hz)

33.51 (d, 13.5 Hz)

57.50 (d, 19.5 Hz)
29.91(d, 13.5 Hz)
25.59
47.95
175.2
39.10
27.73

- 5.0 (d, 33.8 Hz)
- 6.4 (d, 28.1 Hz)
1.6

(d, 17.1 Hz)

- 0.5 (d, 9.7 Hz)
+0.6 (d, 4.8 Hz)
+0.2
-0.2
+0.3

0

0

31p.NMR (202.4 MHz, H3POy as external standard (0 ppm).

(A1/2=45 Hz). +1eq CuBreSMe;: Ad=+4.0 ppm (A1/2=90 Hz).

1H-NMR chemical shift changes of 2 (0.04 mmol) by complexing with LiClOy4
(0.04 mmol) in ether—toluene-dg (0.2 ml - 0.4 ml) at 30 °C (ArCD2H as internal standard for

1H-NMR (2.10 ppm).). Chart 6,7.

67

Chart 5): Control: -20.5 ppm



leq LiClO4 (AS ppm)

# Control (5 ppm)
1,2 7.75 (m)
7.33 (m)
7.17 (m)
7.1 (m)
4 3.1 (overlap)
1.8 (overlap)
5 4.26 (m)
6, 7 1.0~1.7 (overlap)
8 3.2 (overlap)
11 1.1 (overlap)

0 (overlap)

- 0.4 (br), 0 (overlap)

- 0.1 (overlap)

13C and 31P-NMR chemical shift changes of 2 (0.04 mmol) by complexing with
LiClO4 (0.04 mmol) and CuBreSMe; (0.04mmol) in ether-toluene-dg (0.2 ml - 0.4 ml) at
30 °C (ArCDj as internal standard for 13C-NMR (20.4 ppm).). Chart 8~10.

# Control (5 ppm)

+1leq LiClO4 (AS ppm)

+1leq CuBreSMe; (A ppm)

1 133.6 (d, 19.5 Hz)
133.4 (d, 19.5 Hz)

2 127.6~129.2

w

140.9 (d, 16.9 Hz)
138.6 (overlap)

33.6 (d, 13.4 Hz)
57.6 (d, 19.5 Hz)
29.98 (d, 9.8 Hz)
25.7
48.1

N0 N N M

175.2
10 39.2
11 27.8

0 (d, 19.5 Hz)
- 0.2 (d, 19.5 Hz)
0

- 1.1 (d, 16.9 Hz)
-0.7

- 0.8 (d, 14.7 Hz)

+0.4 (br)

- 0.1 (d, 9.8 Hz)
0

+1.0 (br)

+2.6

+0.2

-0.3

+

.3 (d, 15.8 Hz)
2 (d, 15.7 Hz)

1
0
0
-4.6 (d, 31.5 Hz)
- 6.1 (d, 31.5 Hz)
-1.7 (d, 17.1 Hz)
- 0.5 (d, 9.7 Hz)
+0.5 (d, 5.5 Hz)
+0.2

-0.2

+0.3

0

0

3IP-NMR (202.4 MHz, H3POy4 as external standard (0 ppm). Chart 11): Control; -20.7 ppm
(A1/2=36 Hz). +leq LiClOy4; AS=-2.9 ppm (A1/2=48 Hz). +leq CuBreSMey; Ad=+3.6 ppm (A1/2=95

Hz).
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1H, 13C, and 31P-NMR chemical shift changes of 2 by complexing with Me;CuLi in
ether-toluene-dg (1:12) at -20 °C. (ArCD2H as internal standard for 'H-NMR (2.10 ppm). ArCD3
as internal standard for 13C-NMR (20.4 ppm).). To the suspension of Cul (0.40 mmol) in toluene-dg (4
ml) was dropped MeLi (0.80 mmol) in ether (0.53 ml) at -20 °C. After 15 min, 2 (0.43 mmol) in toluene-
dg (2.1 ml) was added at -78 °C. The resulting colorless clear solution was transferred to 5¢ NMR tube

under Ar by canule at -78 °C. Chart 12~17.

1H-NMR (ppm) 13C-NMR (ppm)
#  Control () +1eq MezCul.i (AS) Control (8) +1eq MezCuli (A8)
1,2 731 (t, 75Hz) -0.1 (m) 133.44 (d, 15.6 Hz) +0.02 (d, 23.4 Hz)
7.44 (m) +0.13 (m) 133.29 (d, 10.8 Hz) - 0.41 (d, 23.4 H2)
8.29 (t, 7.3 Hz) - 0.61(m)
- - 140.29 (d, 16.9 Hz) -2.16 (br)
4 350 (m) - 0.9 (m) 32.88 (d, 11.0 Hz) - 0.22 (br)
1.88 (m) - 0.3 (m)
5 4.39 (m) +0.5 (m) 56.94 (d, 18.3 Hz) +0.89 (br)
6 1.0~1.5 0 29.24(d, 9.8 Hz) +0.59 (br)
7 1.0~15 0 25.23 - 0.23(br)
8 2.88 (m) -0.3 47.52 +0.81 (br)
9 - - 174.79 +2.05
10 - - 38.94 -0.10
11 1.2 (s) -0.26 27.23 -0.41

1H-NMR of MeCuLi: control; -0.26 (s, major), +0.29, +0.65, +0.86 (minor) ppm. +1leq ligand;
-0.36 ppm (s) (A8=-0.10 ppm). 13C-NMR of MeCuLi: control; -8.12 ppm. +leq ligand; -8.35 ppm
(A8=-0.23 ppm). 3!P-NMR (145 MHz, H3PO4 in D20 as external standard (0 ppm).): control; -20.59
ppm (A1/2=11 Hz). +leq MepCulLi (-78 °C); -6.80, -10.80, -11.27, -15.60, -16.00, -19.40, -22.80
(major), -25.40 ppm; (-20 °C) -23.20 ppm (A1/2=43 Hz).

1H-NMR chemical shift changes of 2 (0.04 mmol) by complexing with LiClO4
(0.04 mmol) and CuBreSMe; (0.04 mmol) in THF-dg (0.6 ml) at 30 °C (3-CH of THF-dg as

internal standard (1.70 ppm)). Chart 19~22.

+1eq LiClO4 (AS)
#  Control (&) +1eq LiClO4 (A8)  +1leq CuBreSMe> (A8) +leq CuBreSMe; (Ad)

1 7.67 (m) 0 (m) +04 (m) +0.3 (m)
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6, 7

11

7.35 (overlap) 0 (m) +0.3 (m)

7.19~7.32 (m) 0(m) 8:7.25 (m), 7.38 (m)

2.94 (ddd, 3.0, - 0.1 (m) +0.2 (brt, 13.5 Hz)
5.1, 13.2 Hz)

1.9 (overlap) 0 (overlap) +0.4 (m)

4.19 (m) 0 (m) +0.1 (m)

1.74~2.01 (m) 0 (m) ~+0.1 (m)

3.67 (m) 0 (m) -0.1

3.50 (m) 0 0

1.14 0 0

+0.3 (m)

8: 7.26 (m), 7.35 (m)
+0.2 (brt, 12.0 Hz)
+0.2 (overlap)

+0.1 (m)

8: 1.59~2.18 (m)

-0.1
0

0

1H-NMR chemical shift changes of 2 by complexing with Me;CuLi in ether-THF-dg
(1:12) at -78 °C. (3-CH of THF-dg as internal standard (1.70 ppm). Chart 23)

# Control (ppm) +1eq MexCul.i (ppm)
1,2 7.95 (t like, J=7.1 Hz) - 0.1 (t like, J=7.3 Hz)
4 3.14 (m) -0.1 (m)
1.66 (ddd, J=5.5, 12.6, 12.6 Hz) +0.2 (m)
5 4.19 (m) 0
6,7 1.88~2.10 (m) 0 (m)
8 3.68~3.76 (m) 0 (m)
11 1.21 (s) 0 (s)
(CH3),CulLi -1.46 (s, major), - 0.34 (s), +0.26 (s) 8: -1.43 (s), -1.12 (br, major),

-0.32 (s), +0.27 (s)

13C-NMR chemical shift changes of 2 (0.04 mmol) by complexing with LiClO4
(0.04 mmol) and CuBreSMe; (0.04 mmol) in THF-dg (0.6 ml) at 30 °C (3-C of THF-dg as

internal standard (25.3 ppm)). Chart 24~27.

+1eq LiClO4 (AS)

#  Control (5) +1eq LiClO4 (A8)  +leq CuBreSMe; (AS) +1eq CuBreSMe; (A5)
1 133.9 (d, 19.6 Hz) 0 +1.2 +1.0
133.5 (d, 21.5 Hz) 0 +0.1 +0.3
2 128.9~129.1 0 6: 129.1~130.8 9:129.1~130.7
3 138.8 +0.1 (d, 11.2 Hz) -6.0 (d, 32.6 Hz) -5.7 (d, 28.1 Hz)
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141.3 -0.1 (d, 14.6 Hz) -4.9 (d, 33.8 Hz) -4.9 (d, 31.5 Hz)

4 337 (d, 13.4 Hz) -0.1 (d, 13.4 Hz) -1.7 d, 17.1 Hz) - 1.8 (d, 18.7 H2)
5 58.1(d, 19.5 Hz) +0.1 (d, 21.5 Hz) - 0.6 (d, 11.0 Hz) -0.4 (d, 9.8 Hz)
6 30.4(d, 9.8 H2) 0 (d, 8.5 Hz) +0.5 (d, 3.7 H2) +0.5

7 262 -0.1 , +0.1 0

8 487 +0.1 -0.2 -0.2

9 175.7 +0.3 +0.3 +0.5

10 39.6 +0.1 +0.1 +0.1

11 28.0 -0.1 -0.1 0

13C-NMR chemical shift changes of 2 by complexing with MezCuLi in ether-THF-
dg (1:12) at -78 °C. (3-C of THF-dg as internal standard (26.5 ppm). Chart 28)

# Control (& ppm) +1leq Me2CuLi (A8 ppm)
1 135.2 (d, 18.2 Hz) -0.1 (d, 17.9 Hz)
134.5 (d, 19.5 Hz) +0.1 (d, 18.2 Hz)
2 130.6, 130.3 +0.1
3 142.6 (d, 12.8 Hz) - 0.8 (brs)
138.6 (d, 12.1 Hz) 0
4 34.4 (d, 21.5Hz) - 0.4 (brs)
5 58.9 (d, 17.8 Hz) +0.1 (d, 17.7 Hz)
6 31.3 (d, 9.2Hz) 0 (d, J=7.3 Hz)
7 27.5 - 0.1
8 50.0 0
9 176.6 +0.3
10 40.9 0
11 28.8 0
(CH3)2CulLi -8.53 0 (br)

3IP.NMR (145 MHz, H3PO4 in D20 as external standard (0 ppm), 30 °C, Chart 29): control;
-20.0 ppm (A12=28 Hz). +leq LiClOy4; -20.2 ppm (Ad=-0.2 ppm, A1/2=38 Hz). +leq CuBreSMey;
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-16.0 ppm (A8=+4.0 ppm, A1/2=94 Hz). (-78 °C, Chart 30) Control; -20.03 ppm (A1/2=4.3 Hz). +leq
MepCuli; -20.22 ppm (br, A8=-0.2 ppm, Ay/2=49 Hz).

1H-NMR chemical shift changes of 1 (0.04 mmol) by complexing with LiClOy4

(0.04 mmol) and CuBreSMe; (0.04 mmol) in ether-toluene-dg (0.3 ml — 0.5 ml) at 30 °C
(ArCD,H as internal standard (2.10 ppm)). Chart 31~33.

76 , 1 2
18'°a:
5
o
9Me1 2

# Control (8 ppm) +1eq LiClO4 (Ad) +1eq CuBreSMe; (Ad)
1 7.40 (ddd, 2.0, 7.4, 7.4 Hz) 0 (ddd, 1.8, 7.0, 7.0 Hz) +0.4 (t like, 8.6 Hz)
7.36 (ddd, 2.0, 7.4, 7.4 Hz) 0 (ddd, 1.5, 7.4, 7.4 Hz) +0.3 (t like, 8.1 Hz)
2 7.1 (m) 0 (m) 0 (m)
4 2.45 (ddd, 2.5, 2.5, 12.8 Hz) 0 (ddd, 2.7, 2.7, 13.0 Hz) 0
1.93 (overlap) 0 (overlap) +0.2 (overlap)
5 2.01 (m) 0 (overlap) 0 (overlap)
6 1.4~2.0 (m) 0 (m) 0 (m\
7 1.4~2.0 (m) 0 (m) 0 (m)
8 2.88 (brt, 7.7 Hz) 0 (brt, 7.1 Hz) +0.8 (m)
1.4~2.0 (overlap) 0 (overlap) 0 (overlap)
9 2.10 (s) 0 (s) +0.3 (s)

13C-NMR chemical shift changes of 1 (0.04 mmol) by complexing with LiClQg4

(0.04 mmol) and CuBreSMe; (0.04 mmol) in ether-toluene-dg (0.3 ml — 0.5 ml) at 30 °C
(ArCD3 as internal standard (20.4 ppm)). Chart 34~36. In the presence of LiClOj4, all the signals were too
broad to be detected.

#

Control (5 ppm)

+1eq CuBreSMe; (Ad)

1

2

133.41 (d, 19.6 Hz)
133.20 (d, 19.6 Hz)

124.9~129.1

+0.9 (d, 14.2 Hz)
+0.3 (d, 15.9 Hz)

0 (m)
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3 141.02 (d, 14.3 Hz) -4.3 (d, 25.8 Hz)

140.18 (d, 14.3 Hz) -5.0 (d, 24.5 Hz)
4 34.61 (d, 13.3 Hz) -1.3(d, 18.3 Hz)
5 64.11 (d, 18.3 Hz) +0.9 (overlap)
6 32.80 (d, 7.3 Hz) -2.1
7 22.65 -0.7
8 57.41 +1.3
9 40.23 +4.5

3IP.NMR (145 MHz, H3PO4 in D0 as external standard (0 ppm), 30 °C, Chart 37): control; -19.5
ppm. +leq LiClOy4; -19.0 ppm (Ad=+0.5 ppm). +1eq CuBreSMep; No signal was observed.

lH-NMR chemical shift changes of 1 (0.04 mmol) by complexing with LiClO4
(0.04 mmol) and CuBreSMe; (0.04 mmol) in THF-dg (0.6 ml) at 30 °C (2-H of THF-dg as

internal standard (3.55 ppm)). Chart 38~41.

+1eq LiClO4 (AD)
#  Control (5) +1eq LiClO4 (A8)  +leq CuBreSMe; (AS) +leq CuBreSMe; (A8)
1,2 7.37 (m) 0 (br) +0.5 (m), +0.4 (m) +0.5 (m), +0.4 (m)
7.15 (m) 0 (br) 0 0

4  2.44 (ddd, 3.0, 3.0, 13.2 Hz) +0.2 (br) +0.4 (ddd, 2.4, 9.8, 14.9) +0.4 (m)

5 ~2.0 (overlap) +1.6 (m) +0.7 (m) +0.7 (m)

6,7 1.32~1.99 (m) 0 (br) 1.42~1.58 1.42~1.58

8  2.86 (brt, 8.2 Hz) +0.1 (br) +1.1 (brt, 8.5 Hz) +1.1 (brt, 8.5 Hz)
9 2.09 () 0 (s) +0.4(s) +0.4 (s)

13C-NMR chemical shift changes of 1 (0.04 mmol) by complexing with LiClO4
(0.04 mmol) and CuBreSMe; (0.04 mmol) in THF-dg (0.6 ml) at 30 °C (3-C of THF-dg as

internal standard (25.3 ppm)). Chart 42~45,

+1eq LiClOy4 (A8)
#  Control (8) +1leq LiClO4 (A8)  +leq CuBreSMe; (A8)  +leq CuBreSMe; (Ad)
1 133.39~133.87 0 5; 133.86~134.69 §; 133.83~134.75
2 128.88~129.49 0 (br) §; 129.05~130.49 §; 129.07~130.54
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3 141.31 (d, 13.1 Hz) -0.1 (d, 13.1 Hz) -4.6(d, 28.1 Hz) - 4.5 (d, 26.8 Hz)
140.37 (d, 158 Hz) -0.1(d, 158 Hz) -4.7(d, 24.4 Hz) - 4.7 (d, 25.6 Hz)

4 34.63 (d, 13.4 Hz) -0.1 (d, 122 Hz) -1.6(d, 18.3) - 1.6 (d, 18.3 Hz)

5 6455 (d, 183 Hz) +0.1 (d, 18.3 Hz) +2.2 (overlap) +2.2 (overlap)

6  33.09 (d, 7.3 Hz) 0 (d, 7.3 Hz) -2.0 (3 -2.1 (s)

7 2292 0 - 0.7 - 0.7

8 57.79 0 +1.4 +1.3

9 40.39 0 +4.3 +4.2

3IP-NMR (145 MHz, H3PO4 in D20 as external standard (0 ppm), 30 °C, Chart 46): control; -20.5
ppm. +leq LiClOgy; -20.5 ppm (Ad=0 ppm). +1eq CuBreSMep; -23.5 ppm (Ad=-3.0 ppm, br). +leq
LiClO4+1leq CuBreSMep; -23.4 ppm (Ad=-2.9 ppm, br).
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Chapter 3. Asymmetric Addition Reaction of Lithium Diorganocuprate

Conjugate addition of lithium dimethylcuprate to chalcone controlled by 2 in
ether solvent (S-(+)-3-phenylbutylophenone 47) (Table 2, run 2). A solution of
methyllithium (low halide, 1.3 ml, 1.88 mmol) in ether was added dropwise to a suspension of Cul
(179 mg, 0.94 mmol) in dry ether 8ml under Ar at -20 °C. The resulting colorless clear solution was
stirred for 25 min, and then cooled to -78 °C. A solution of 2 (351 mg, 0.99 mmol) in ether 3ml was
added and the resulting white suspension was stirred at -78 °C for 20 min. A solution of chalcone
(130 mg, 0.63 mmol) in ether 5ml was added dropwise over a period of 5 min at -20 °C and the
resulting red suspension was stirred for 1h. Satd. NH4Cl (10 ml) and 10% NH3 aq. (10 ml) was
added, vigorously stirred for 30 min in air, and extracted by ether (20 ml x3). The organic layer was
washed successively by 10% HCI (10 ml), satd. NaHCO3 (10 ml), H2O (10 ml), and satd. NaCl (10
ml), then dried over NaSOy4. Concentration and purification by silica gel column chromatography
(benzene / hexane 4/1) gave the adduct (110 mg, 79% yield) as a colorless oil. The ee was
determined to be 84% by HPLC analysis (Daicel ChiralPak AD, i-propylalcohol / hexane 1/30, 0.5
ml/min, (S) 14 min, (R) 17 min). Absolute configuration was determined to be S by optical rotation
([a)?5p +12.6 (c 2.62, CCly))32. IH-NMR (CDCl3) §; 1.2 (d, J=6.4 Hz, 3H, CH3), 3.0 ~ 3.5 (m,
3H, CHPh, CH>CO), 7.0 ~ 7.8 (m, 10H, Ar); IR (CCly); 1690 cm-!; MS m/z 224 (M*). 2 was

recovered in 67% as colorless prisms.

Conjugate addition of lithium diviylcuprate to chalcone controlled by 2 ((R)-
(+)-3-phenyl-4-pentenophenone 49) (Table 2, run 4). To the solution of tetravinyltin
(0.540 mmol) in ether (5.5 ml) was added ether solution of methyllithium (1.62 mmol, 1.7 ml, low
halide) under ice bath and trasmetallated for 1h. This solution of vinyllithium was added to the
suspension of Cul (0.810 mmol) in ether (7 ml) by canule at -20 °C and after 20 min, 2 (0.864
mmol) in ether (6 ml) was added at -78 °C. The reaction mixture was black suspension. After 20
min, chalcone (0.54 mmol) in ether (4 ml) was added at -20 °C and the whole was stirred stirred for
1h. Usual workup and purification by silica gel column chromatography (benzene / hexane 4/1) gave
the adduct in 67% yield as a colorless oil. The ee was determined to be 73% by HPLC analysis
(Daicel ChiralPak AD, i-propylalcohol / hexane, 1/30, 0.5 ml/min, (R) 16 min, (S) 18 min). 1H-
NMR (CDCI13) &; 3.36 (dd. J=6.0, 16.5 Hz, 1H, one of CHxCO), 3.42 (dd, J=7.7, 16.8 Hz, 1H,
one of CH2CO), 4.14 (ddd, /=0, 6.9, 13.7 Hz, 1H, PhCH), 5.04 (m, 2H, CH»=CH), 6.04 (ddd,
J=6.6, 10.3, 17.0 Hz, 1H, CH2=CH), 7.17 ~ 7.54 (m, 8H, Ar), 7.91 (d, /=8.2 Hz, 2H, Ar); IR
(neat) 1680, 1635 cm-1; MS m/z 236 (M*); [a]?5p +9.07 (c 3.27, CCly).

32 Leitereg, T. J.; Cram, D. J. J. Am. Chem. Soc. 1968, 90, 4011.
75



Determination of absolute configuration of vinyl adduct (49). To the mixture of
49 (0.233 mmol) and 10% Pd on carbon (5 mg), H2 was bubbled for 20 min. Filtration,
concentration, and purification by silica gel column chromatography (ether / hexane, 1/9) gave ethyl
derivative in 63% yield as a colorless oil in 63% yield: IH-NMR (CDCl3) §; 1.0 (t, J=7.0 Hz, 3H,
CH3), 1.8 (m, 2H, CH3CH?>), 3.2 (m, 3H, CHCH2CO), 7.0 ~ 7.3 (m, 8H, Ar), 7.8 (m, 2H, Ar);
IR (neat) 1675 cm-1; MS m/z 238 (M*); [a]?3¢5 +105.5 (c 1.27, EtOH) (Alarm lamp lighted.), (S)-
(+)33; HPLC (Waters Opti Pak TA, i-propylalcohol / hexane, 1/36, 0.5 ml/min, (S) 31 min, (R) 36

min) analysis showed 76%ee.

Cojugate addition of lithium dibutylcuprate to chalcone controlled by 2 ((S)-
(+)-3-phenyl-heptanophenone 48) (Table 2, run 5). A solution of butyllithium (1.0 ml,
1.59 mmol) in hexane was added dropwise to a suspension of Cul (152 mg, 0.797 mmol) in dry
ether 7 ml under Ar at -40 °C. The resulting black solution was stirred for 20 min, and then cooled to
-78 °C. A solution of 2 (300 mg, 0.850 mmol) in ether 4 ml was added and stirred at -78 °C for 20
min. A solution of chalcone (110 mg, 0.531 mmol) in ether 5 ml was added dropwise over a period
of 5 min at -20 °C and the resulting blackish orange suspension was stirred for 1h. Usual workup
and purification by silica gel column chromatography (benzene / hexane 4/1) gave the adduct (137
mg, 97% yield) as a colorless oil. The ee was determined to be 24% by HPLC analysis (Daicel
ChiralPak AD, i-propylalcohol / hexane, 1/30, 0.5 ml/min, (S) 12 min, (R) 13 min). Absolute
configuration was determined to be § by optical rotation ([a]25p +2.80 (c 4.28 CClg)34). IH-NMR
(CDClI3) 8; 0.82 (t, J=7.3 Hz, 3H, CH3), 1.24 (m, 4H), 1.66 (m, 2H), 3.2 ~ 3.3 (m, 3H,
CHCH»CO), 7.16 ~ 7.54 (m, 8H, Ar), 7.87 (d, 2H, Ar); IR (neat) 1680 cm-1; MS m/z 266 (M*). 2
was recovered in 72% as a colorless oil.

Cojugate addition of lithium dimethylcuprate to 2-heptenophenone (50)
controlled by 2 ((R)-(-)-3-methyl-heptanophenone 52) (Table 4). !H-NMR (CDCIl3) §;
0.89 (m, 3H, CH3CHy), 0.95 (d, J=6.6 Hz, 3H, CH3CH), 1.30 (m, 6H, (CH2)3), 2.17 (m, 1H,
CHCH3), 2.74 (dd, J=7.9, 15.8 Hz, 1H, one of CH>COPh), 2.94 (dd, J=5.6, 15.8 Hz, 1H, one of
CH»COPh), 7.41 ~ 7.56 (m, 3H, Ar), 7.94 (m, 2H, Ar); IR (neat) 1690 cm-1; MS m/z 204 (M*);
[a]25p -2.83 (c 7.13, benzene); 55% oy (R) (see below). 2 was recovered in 68% as white powder.

Determination of absolute configuration and optical yield of 52. To the solution
of 52 (1.40 mmol) in CCl4 (5.7 ml), CH3CN (5.7 ml), and HxO (11.2 ml) was added sodium
periodate (25.1 mmol) and ruthenium (III) trichloride hydrate (0.0308 mmol) and the whole was
stirred for 30h35. The reaction mixture was filtrated and extracted by CH2Clp (20 ml x3). The
combined organic layer was washed by satd. NaCl (10 ml) and dried over Na2SO4. Concentration
gave a crude oil which was showed that the starting ketone still remained. The crude mixture was
oxidated in the same procedure for 14h and workuped as above. The resulting oil was dissolved in

33 Soai, K.; Hayasaka, T.; Ugajin. S.; yokoyama, S. Chem. Lett. 1571, 1988.
34 Ahllerecht, H.; Sommer, H. Chem. Ber. 1990, 123, 829.
5 Carlsen, P. H. J.; Katsuki, T.; Martin, V. S.; Sharpless, K. B. J. Org. Chem. 1981, 46, 3936.
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ether (20 ml) and filtrated by celite pad. The organic layer was extracted by 10% NaOH (10 ml x3)
and the combined water layer was washed by ether (10 ml). It was acidified by 6N HCl to pH 1 and
extracted by CHClz (20 ml x3). The organic layer was washed by satd. NaCl (10 ml) and dried
over NaSO4. Concentration and short path distillation gave the acid in 68% yield as a colorless oil.
The absolute configuration and optical yield was determined to be R in 55% oy from its optical
rotation36: [a]25p +2.31 (1 0.1, neat); [a]?5p +2.21 (c 4.07, benzene); bp 200 °C/15 mmHg; 1H-
NMR (CDCl3) &; 0.88 (brt, J=6.0 Hz, 3H, CH3CH3), 0.97 (d, J=6.8 Hz, 3H, CH3CH), 1.3 (m,
6H, (CH2)3), 1.85 (m, 1H, CHCH3), 2.14 (dd, J=8.3, 15.0 Hz, 1H, one of CH>CO), 2.25 (dd,
1H, J=6.0, 15.0 Hz, one of CH2CO); IR (neat) 1710 cm1; MS m/z 144 (M%), 145 (M*+1).

Cojugate addition of lithium divinylcuprate to 2-heptenophenone (50)
controlled by 2 ((§)-(-)-3-ethenyl-heptanophenone 53) (Table 4). IH-NMR (CDCI3) &;
0.88 (m, 3H, CHj3), 1.3 (m, 6H, (CH)3), 2.73 (m, 1H, CHCH2CO), 2.98 (dlike, /J=7.0 Hz, 2H,
CH>CO), 4.98 (m, 2H, CH»=CH), 5.68 (m, 1H, CH=CHpy), 7.42 ~ 7.51 (m, 3H, Ar), 7.94 (d,
J=8.3 Hz, 2H, Ar); IR (neat) 1680, 1640 cm-!; MS m/z 216 (M*); [a]?5p -0.424 (c 5.19, CCly);
[a]25 435 -0.478 (c 5.45, CClg); 50% oy (S) (see below). 2 was recovered in 80% as white powder.

Determination of absolute configuration and optical yield of 53. To the mixture of
53 (0.778 mmol) and Raney Ni (W4) (I1ml) in EtOH (8 ml), H2 was bubbled for 5h. The reaction
mixture was diluted by EtOH, filtrated, and concentrated: IH-NMR (CDCl3) &; 0.89 (m, 6H, CH3
x2), 1.28 (m, 8H, (CHz)3, CH2CH3), 2.87 (dlike, J=6.6 Hz, 2H, CH>CO), 4.79 (dd, J=5.3, 8.2
Hz, PhnCHOH of overreducted alcohol), 7.26 ~ 7.58 (m, 3H, Ar), 7.94 (d, J=6.9 Hz, 2H, Ar).
3.8:1 mixture of the targeted ketone and overreducted alcohol. IR (neat) 1680 cm™1; MS m/z 218
(M), 220 (M of overreducted alcohol). This crude mixture was dissolved in CCly (3 ml)-CH3CN
(3 m1)-H20 (6 ml) and added sodium periodate (14.0 mmol) and ruthenium (I1I) trichloride hydrate?.
The whole was stirred at rt for 2.5 days. Workup as usual and purification by short path distillation
gave the acid as a purple oil in 72% yield. The absolute configuration and optical yield was
determined as S in 50% oy from optical rotation37: [a]25p -1.47 (1 0.1, neat); [a]?5p -0.14 (c 3.51,
benzene), [a]22435 -0.20 (c 3.51, benzene); IH-NMR (CDCl3) §; 0.885 (m, 6H, CH3 x2), 1.31 (m,
8H, (CH»)3, CH2CH3), 1.81 (m, 1H, CHCH>CO), 2.28 (d like, J=6.9 Hz, 2H, CH2CO); IR (neat)
1700 cm1; MS 158 (M1).

Cojugate addition of lithium divinylcuprate to 2-butenophenone (51) controlled
by 2 ((S)-(+)-3-methyl-4-pentenophenone 54) (Table 4). The same procedure as for 53.
Yield 46%: 1H-NMR (CDCl3) §; 1.10 (d, /=6.3 Hz, 3H, CH3), 3.00 (m, 3H, CHCH>CO), 5.00
(m, 2H, CH2>=CH), 5.85 (ddd, J=6.7, 10.9, 17.0 Hz, 1H, CH=CHy), 7.43 ~ 7.59 (m, 3H, Ar),
7.95 (d, J=6.9 Hz, 2H, Ar); IR (neat) 1680, 1640 cm-1; MS m/z 174 (M*); [a]25p +0.36 (c 4.72,
CCly), [a]?5435 +1.23 (c 4.72, CCly); 7% oy (S) (see below). The 1,2-adduct was obtained in 19%
yield: 1H-NMR (CDCl3) §; 1.74 (d, J=5.6 Hz, 3H, CH3), 5.27 (m, 2H), 5.74 (m, 2H, CH=CH>),

36 Levene, P. A.; Marker, R. E. Biol. Chem. 1932. 95, 1.
37 Meyers, A. L; Smith, R. K.; Whitten, C. E.J. Org. Chem. 1979, 44, 2250.
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6.18 (dd, J=10.4 Hz, 17.3 Hz, 1H), 7.21 ~ 7.45 (m, 5H, Ar); IR (neat), 3420 cm"1; MS m/z 174

(Mt). 2 was recovered as white powder in 60%.

Determination of absolute configuration and optical yield of 54. To the mixture of
54 (0.632 mmol) and Raney Ni (W4) (0.5 ml) was bubbled H for 15 min. The reaction mixture was
filtrated through celite pad. Concentration and purification by silica gel column chromatography gave
ethyl derivative as colorless oil in 77% yield. The absolute configuration and optical yield was
determined as R in 7% oy from optical rotation38: [a]25p -1.28 (1 0.1, neat), [a]25p -1.40 (c 3.37,
CClyg). TH-NMR (CDCl3) 8; 0.93 (t, J=7.4 Hz, CH3CHy), 0.96 (d, J=6.9 Hz, 3H, CH3CH), 1.23
~ 1.49 (m, 2H, CH,CH3), 2.10 (m, 1H, CHCH,CO), 2.74 (dd, /=7.9, 15.8 Hz, 1H, one of
CH,CO), 2.95 (dd, J=5.6, 15.5 Hz, 1H, one of CHCO), 7.43 ~ 7.58 (m, 3H, Ar), 7.96 (d, J=7.2
Hz, 2H, Ar); IR (neat) 1680 cm-1; MS m/z 176 (M+).

Conjugate addition of lithium dimethylcuprate to benzalacetone (55) controlled
by 2 ((R)-(-)-4-phenyl-pentan-2-one 58) (Table 4). The procedure was the same as the
procedure of 47. The reaction was run at -20 °C for 1.5h. Purification by silica gel column
chromatography (ether / benzene 1/19) gave 58 as a colorless oil in 10% yield. The ee was
determined to be 14% by HPLC analysis (Daicel ChiralPak AD, i-propylalcohol / hexane 1/100, 0.2
ml/min, (R) 30 min, (S) 31 min). Absolute configuration was determined to be R by optical
rotation3? ([a]25p -9.49 (c 0.295, benzene)). 1H-NMR (CDCl3) §; 1.26 (d, J=6.9 Hz, 3H,
CH3CH), 2.06 (s, 3H, CH3CO), 2.66 (dd, J=7.7, 16.1 Hz, 1H, one of CH2CO), 2.75 (dd, J=6.6,
16.1 Hz, 1H, one of CHxCO), 3.29 (sectet, J=6.0 Hz, 1H, CHPh), 7.2 (m, 5H, Ar); IR (neat) 1720
cm'l; MS m/z 162 (M*t). 2 was recovered as white powder in 46%.

Conjugate addition of lithium dimethylcuprate to 1, 1, 1, 4-tetraphenyl-buten-
2-one (56) controlled by 2 (1, 1, 1, 4-tetraphenyl-pentan-2-one 59) (Table 4). The
same procedure as 47. Yield 96%. The ee was determined to be 2% by HPLC analysis (Daicel
ChiralPak AD, i-propylalcohol / hexane 1/30, 0.5 ml/min, 9 min and 10 min). 1H-NMR (CDCl3) §;
1.02 (d, J=6.9 Hz, 1H, CH3), 2.58 (dd, J=7.1, 16.8 Hz, 1H, one of CH2CO), 2.87 (dd, J=6.6,
16.8 Hz, 1H, one of CH,CO), 3.10 (q like, J=7.0 HZ, 1H, CHPh), 7.2 (m, 20H, Ar); IR (neat)
1710 cm-1; MS 391 (M+); [a]25p 0 (c 7.85, CHCl3). 2 was recovered as white powder in 46%.

Conjugate addition of lithium dibutylcuprate to benzalacetone (55) controlled
by 2 ((-)-4-phenyl-octan-2-one 61) (Table 4). The same procedure as 48. Yield 31%. The
ee was determined to be 4% by HPLC analysis (Daicel ChiralPak AD, i-propylalcohol / hexane
1/100, 0.3 ml/min, 18.5 min and 19.4 min). IH-NMR (CDCIl3) §; 0.82 (t, /=7.1 Hz, 3H, CH3),
1.0 ~ 1.3 (m, 4H), 1.58 (m, 2H), 1.99 (s, 3H, CHy), 2.70 (dd x2, J=6.9, 16.9 Hz, 2H, CH»CO),
3.10 (quintet like, J=7.3 Hz, 1H, CHPh), 7.2 (m, 5H, Ar); IR (neat) 1720 cm-1; MS m/z 204 (M*);

38 Hoppka, G.; Marschall, H.; Nurnberg, P.; Oestreicher, F.; Scherowsky, G. Chem. Ber. 1981,
114,
2501

39 Gustafsson, B. Tetrahedron 1978, 34, 3023.
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[@]25p -3.06 (c 0.915, benzene). Starting 55 was recovered in 44%. 2 was recovered as white

powder in 41%.

Conjugate addition of lithium dibutylcuprate to 1, 1, 1, 4-tetraphenyl-buten-2-
one (56) controlled by 2 ((+)-1, 1, 1, 4-tetraphenyl-octan-2-one 62) (Table 4). The
same procedure as 48. Yield 89%. The ee was determined to be 6% by HPLC analysis (Opti Pak
XC, i-propylalcohol / hexane 1/100, 0.3 ml/min, 16 min and 18 min). IH-NMR (CDCl3) 8; 0.72 (t,
J=7.3 Hz, 3H, CH3), 0.93 (m, 2H), 1.09 (m, 2H), 1.31 (m, 2H), 2.58 (dd, /=5.6, 16.9 Hz, 1H,
one of CH,CO), 2.89 (m, 2H, CHPh, one of CH2CO), 7.2 (m, 20H, Ar); IR (neat) 1710 cm-1; MS
m/z (M*); [a]25p +0.32 (c 2.51, CHCI3). 2 was recovered as white powder in 43%.

Conjugate addition of lithium dibutylcuprate to ethyl cinnamate (57) controlled
by 2 (ethyl-(+)-3-phenylheptanoic acid 63) (Table 4). The same procedure as 48. The
reaction was run at -20 °C for 4.5h. Yield 40%. The ee was determined to be 4% by HPLC analysis
(Opti Pak XC, i-propylalcohol / hexane 1/60, 0.5 ml/min, 15 min and 17 min). 1H-NMR (CDCl3) §;
0.82 (t, J=7.1Hz, CH3), 1.06 ~ 1.32 (m, 7H, 1.13 (t, J=7.2 Hz, CO2CH2CH3)), 1.61 (m, 2H),
2.53 (dd, J=8.0, 15.0 Hz, one of CH>COO), 2.61 (dd, J=15.0, 7.1 Hz, 1H, one of CH2COO),
3.07 (quintet, J=7.5 Hz, CHPh), 4.02 (g, /=7.2 Hz, 2H, COOCHy), 7.2 (m, 5H, Ar); IR (neat)
1730 cm-1; MS m/z 234 (M+); [a]25p +0.08 (c 1.20, CHCI3). 2 was recovered as white powder in

40%.

Conjugate addition of lithium dimethylcuprate to ethyl 2-(ethoxycabonyl)-
cinnamate (64) controlled by 2 (ethyl 2-(ethoxycarbonyl)-3-phenylbutanate 6540)
(Table 4). The same procedure as 47. The reaction was run at -78 °C for 1h. Yield 95%. The ee
was determined to be 2% by HPLC analysis (Daicel ChiralPak AD, i-propylalcohol / hexane 1/30,
0.5 ml/min, 13 min and 15 min). : IH-NMR (CDCl3) §; 0.99 (t, J=7.1 Hz, 3H, COOCHCH3),
1.31 (t, J=7.1 Hz, 3H, COOCH2CH3), 1.35 (d, J=6.2 Hz, 3H, CH3CHPh), 3.6 (m, 2H, CHPh,
CHCOO), 3.93 (g, /=7.1 Hz, 2H, COOCHy), 4.26 (g, J=7.1 Hz, 2H, COOCHp), 7.3 (m, 5H, Ar);
IR (neat) 1750, 1730 cm-1; [a]25p +0.682 (c 5.58, benzene). 2 was recovered as white powder in

57%.

Conjugate addition of lithium dibutylcuprate to ethyl 2-(ethoxycabonyl)-
cinnamate (64) controlled by 2 (ethyl 2-(ethoxycarbonyl)-3-phenylheptanate 66°)
(Table 4). The same procedure as 48. The reaction was run at -40 °C for 1h. Yield 90%. The ee
was determined to be 0% by HPLC analysis (Daicel ChiralPak AD, i-propylalcohol / hexane 1/30,
0.5 ml/min, 13 min and 15 min). : !H-NMR (CDCl3) §; 0.90 (t, J=7.3 Hz, 3H, CH3CH>), 1.03 (t,
J=7.0 Hz, 3H, COOCH>CH3), 1.2 ~ 1.4 (m, 4H), 1.40 (t, J=7.1 Hz, 3H, COOCH,CH3), 1.79 (m,
2H), 3.47 (ddd, J=3.8, 10.5, 10.5 Hz, 1H, CHPh), 3.74 (d J=10.9 Hz, CHCOO), 3.96 (g, J=7.2
Hz, COOCHy), 4.34 (q, J=7.1 Hz, 2H, COOCHp), 7.3 (m, Ar); IR (neat) 1750, 1730 cm-1; [a]%5p

+0.350 (c 4.57, benzene). 2 was recovered as a colorless oil in 53%.

40 Cahiez, G.; Alami, M. Tetrahedron 1989, 45, 4163.
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Conjugate addition of lithium dimethylcuprate to 2-cyclohexen-1-one (67)
controlled by 2 ((R)-(+)-3-methyl-cyclohexan-1-one 68) (Table 4). The same
procedure as 47. The reaction was run at -78 °C for 80 min. Yield 63%. The absolute
configuration and optical yield was determined to be R in 16% oy from optical rotation4!: [a}25p
+2.37 (c 1.48, CHCl3); bp 150 °C / 70 mmHg (cugel); 1H-NMR (CDCl3) §; 1.02 (d, /=5.9 Hz, 3H,
CHj3), 1.34 (m, 1H), 1.69 (m, 1H), 1.8 ~ 2.05 (m, 4H), 2.17 ~ 2.40 (m, 3H); IR (neat) 1710 cm'};
112 (M%), 111 (M*-1). 2 was recovered as colorless prisms in 61%.

Conjugate addition of lithium dibutylcuprate to 2-cyclohexen-l-one (67)
controlled by 2 ((S)-(-)-3-butyl-cyclohexan-1-one 69) (Table 4). The same procedure
as 48. The reaction was run at -78 °C. Yield 98%. The absolute configuration and optical yield was
determined to be S in 7% oy from optical rotation?2: [a]23p -0.572 (c 5.07, toluene); bp 200 °C / 60
mmHg (cugel); 1H-NMR (CDCl3) §; 0.89 (brt, J=6.6 Hz, 3H, CH3), 1.3 (m, 7H), 1.55 ~ 1.8 (m,
2H), 1.85 ~ 2.01 (m, 3H), 2.24 ~ 2.44 (m, 3H); IR (neat) 1710 cm-1; MS m/z 154 (M+), 153 (M*-
1).

Conjugate addition of lithium methyl-2-trimethylsilylacetylenylcuprate to
chalcone (46) controlled by 2 (47) (Table 5, run 2). To the solution of
trimethylsilylacetylene (1.12 mmol) in ether (8 ml) was dropped methyllithium (halide free, 1.12
mmol) in ether (1.2 ml) under ice bath and stirred for 15 min. This colorless clear solution of
trimethylsilylacetylenyllithium was transferred to the suspension of Cul (1.12 mmol) in ether (8 ml)
under ice bath and the white suspension was stirred for 20 min. Methyllithium (halide free, 1.12
mmol) in ether (1.2 ml) was added at -20 °C and the resulting yellow clear solution was stirred for 15
min. 2 in ether (8 ml) was added at -78 °C and after 15 min chalcone (0.223 mmol) in ether (11 ml)
was dropped at -20 °C. The resulting red suspension was stirred for 2 h. Workup and purification
as usual gave a colorless oil in 82% yield. The ee was determined to be 54% from HPLC analysis
([a}25p +8.94 (¢ 1.56, CCly)). 2 was recovered as a colorless oil in 75%.

Conjugate addition of lithium butyl-2-trimethylsilylacetylenylcuprate to
chalcone (46) controlled by 2 (48) (Table 5, run 3). The same procedure as above. The
reaction was run at -20 °C for 1 h. Yield 80%. The ee was determined to be 36% from HPLC

analysis ([a]22p +4.40 (c 1.46, CCly)). 2 was recovered as a colorless oil in 56%.

Conjugate addition of lithium butylthiophenolatocuprate to chalcone (46)
controlled by 2 (48) (Table 5, run 4). To the solution of thiophenol (1.22 mmol) in ether
(8.5 ml) was added butyllithium (1.22 mmol) in hexane (0.75 ml) under ice bath and after 15 min this
lithium thiophenolate was transferred to the suspension of Cul (1.22 mmol) in ether (8.5 ml) under
ice bath. After 25 min butyllithium (1.22 mmol) in hexane (0.75 ml) was added at -40 °C then the
deep green suspension was stirred at -20 °C for 25 min. 2 in ether 9 ml was added at -78 °C and

41 Leyendecker, F.; Jesser, F.; Ruhland, B. Tetrahedron Lett. 1989, 30, 6349.
42 Corey, E. J.; Naef, R.; Hannon, F. J. J. Am. Chem. Soc. 1986, 108, 7144,
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after 15 min chalcone (0.243 mmol) in ether (11 ml) was dropped. The reaction was run for 1 h.
Workup and purification as usual gave a colorless oil in 82% yield. The ee was determined to be
23% from HPLC analysis ([a]25p +2.47 (c 1.38, CCly)). 2 was recovered as colorless prisms in

33%.

Conjugate addition of lithium N-L-2-[(diphenylphosphino)methyl]lpyrrolidinyl-
methylcuprate to chalcone (46) (Table 7, run 1). To the solution of 14 (2.04 ml) in ether
(9 ml) was dropped methyllithium (2.04 ml) in ether (1.5 ml) at -78 °C and stirred for 20 min
(lithium amide). To the suspension of Cul (2.04 mmol) in ether (9 ml) was added methyllithium
(2.04 mmol) in ether (1.5 ml) at -50 °C and stirred for 20 min (methylcopper). Lithium amide was
transferred to methylcopper at -78 °C and the vessel was washed with 9 ml of ether. After 25 min to
the resulting pale yellow suspension was added chalcone (0.340 mmol) in ether (3.5 ml) at -78 °C
and stirred for 4 h. Workup and purification as usual gave a colorless oil in 28%. HPLC analysis
(uPorasil, AcOEt / hexane 1/20, 1.0 ml/min) showed 32% yield of the adduct and 45% of starting
enone. The ee was determined to be 87% from HPLC analysis ([a]2°p +11.7 (c 0.92, CCly)).

Conjugate addition of lithium dimethylcuprate to chalcone (46) controlled by
20 (Table 7, run 8). Lithium dimethylcuprate was prepared as usual (0.965 mmol). 20 (0.985
mmol) in ether (7 ml) was added at -78 °C and stirred at -20 °C for 35 min. To the resulting
colorless clear solution was added chalcone (0.193 mmol) in ether (4 ml) and the whole was stirred
for 1 h at -20 °C. Workup and purification as usual gave a colorless oil in 45% yield. The ee was
determined to be 61% from HPLC analysis ([a]%5p -8.66 (c 1.27, CClyg)). The starting ketone was

recovered in 55%. 20 was recovered as a colorless oil in 85%.

Conjugate addition of lithium dimethylcuprate to chalcone controlled by 2 in
THF solvent (47) (Table 8, run 4). A solution of methyllithium (low halide, 1.2 ml, 1.60
mmol) in ether was added dropwise to a suspension of Cul (153 mg, 0.801 mmol) in dry THF 8ml
under Ar at -20 °C. The resulting colorless clear solution was stirred for 25 min, and then cooled to
-78 °C. A solution of 2 (300 mg, 0.855 mmol) in THF 4 ml was added and the resulting colorless
clear solution was stirred at -78 °C for 20 min. A solution of chalcone (111 mg, 0.534 mmol) in
THF 5ml was added dropwise over a period of 5 min at -20 °C and the resulting red solution was
stirred for 4 h. Workup and purification as usual gave the adduct (86 mg, 72% yield) as a colorless
oil. The ee was determined to be 50% by HPLC analysis (Daicel ChiralPak AD, i-propylalcohol /
hexane 1/30, 0.5 ml/min, (S) 14 min, (R) 17 min). Absolute configuration was determined to be R
by optical rotation ([a]25p -7.59 (c 2.62, CCly)).
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Chapter 4. Asymmetric Addition Reaction of Lithium Cyanocuprate

Preparation of ethyllithium43. Bromoethane was washed successively with conc. HoSO4
(x2), H20, satd. NapCO3, H20, and satd. NaCl, and dried over MgSQOy4, followed by distillation
from P»0Os. To lithium (100mmol) in ether (50 ml) was added bromoethane (50 mmol) in ether (50
ml). First thirty drops were added at rt and the rest was added at -10°C for 30 min. The resulting
purple suspension was stirred at 0 ~ 10 °C for 2h. Titration with diphenylacetic acid (DPPA)4>

revealed the concentration of ethyllithium was 0.457M.

Preparation of Sn—free vinyllithium in ether*’. To the solution of tetravinyltin (33.0
mmol) in pentane (36 ml) was added butyllithium (67.0 mmol) in hexane (44 ml) at rt and the whole
was stirred for 1h. The reaction mixture was filtrated by glass filter and the residue was washed by
pentane (25 ml x2). The residue was dissolved with 40 ml of ether. Titration by DPPA method45

showed 1.51N (yield 90%).

Preparation of lithium cyanide. To the solution of acetone cyanohydrine (0.100 mol)
in toluene (100 ml) was added butyllithium (0.100 mol) in hexane (62 ml) under ice bath and the
resulting white suspension was vigorously stirred at rt for 20 min. Filtration and recrystalization
from THF gave colorless needles in 68% yield: mp 157~160 °C; IR (nujol) 2090, 2200, 2270 cm-1;
13C-NMR (D0) §; 165.2

Conjugate addition of lithium cyanoethylcuprate to 2-cyclopenten-1-one
controlled by 2 (R-(+)-3-ethylcyclopentan-1-one 78) (Table 16, run 1). To the
solution of CuCN (1.53 mmol) and LiBr (12.2 mmol) in ether (30 ml) was dropped ethyllithium
(1.53 mmol) in ether (3.3 ml) at -78 °C and the resulting colorless clear solution plus yellow
precipitation was stirred for 20 min. 2 (4.59 mmol) in ether (16 ml) was added and the resulting
bright yellow suspension (sometimes it was yellow clear solution) was stirred for 15 min. 2-
Cyclopenten-1-one (1.02 mmol) in ether (4 ml) was added at -78 °C and stirred for 1h. Workup as
usual and purification by silica gel column chromatography (CH2Cl2 / hexane 4/1) gave a colorless
oil in 90% yield. Short path distillation (bp 200 °C / 50 mmHg) gave 70% yield. The ee was
determined to be 94% by diastereomeric ketal (vide infra). Absolute configuration was determined to
be R by optical rotation?’: [a]25p +147 (c 0.845, CHCIl3); IH-NMR (CDCl3) &; 0.952 (t like J=7.0

43 Gilman, H.; Moore, F. W.; Baine, O. J. Am. Chem. Soc. 1941, 63, 2480.

44 Gassman, P.G.; Valcho, J. J; Proehl, G. S.; Cooper, C. F. J. Am. Chem. Soc. 1980, 102,
6524.

45 Kodron, W. G.; Baclawski, L. M. J. Org. Chem. 1976, 41, 1879.

46 Johns, 1. B.; DiPietro, H. R. J. Org. Chem. 1964, 29, 1970.

47 Posner, G. H.; Frye, L. L.; Hulce, M. Tetrahedron 1984, 40, 1401.
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Hz, 3H, CH3), 1.3 ~ 2.5 (m, 9H); IR (neat) 1740 cm1. 2 was recovered as colorless prisms in
92%.

Determination of the ee of 78 (Table 16, run 1)48. 78 (0.375 mmol), (R, R)-2, 3-
butanediol (0.714 mmol), and p-toluenesulfonate monohydrate (cat.) was dissolved in benzene (15
ml) and refluxed with MS 4A trap for 4h. 10% NazCO3 (10 ml) was added and extracted with
benzene (20 ml x3). The organic layer was washed successively by HyO and satd. NaCl (10 ml
each) and dried over Na;SO4. Conentration gave a colorless oil in 90% yield: 1H-NMR (CDCl3) §;
0.88 (t like, J=7.2 Hz, 3H), 1.2 ~ 2.1 (m, 15H), 3.55 (m, 2H, CHO x2); IR (neat) 2950, 1110 cm-
1, 13C.NMR (CDCl3, Obseved frequency was set in 3000Hz. Data point was 30000.) &; 117.2
(0CO), 78.17 (CHO), 78.11 (CHO), 44.53 (CHCH}, major), 44.23 (CHCHj, minor), 39.78
(OCCH,CH, major), 39.25 (OCCH2CH, minor), 38.01 (CH>CH,CH, major), 37.56
(CH,CH,CH, minor), 30.13 CH2CH>CH), 28.85 (CH2CH3), 16.94, 16.91 (CH3CH), 12.53
(CH3CH3); From three integration ratios (major / minor=36/1.0, 36/1.1, 37/1.2), The ee was
determined to be 94%.

Conjugate addition of lithium butylcyanocuprate to 2-cyclopenten-l-one
controlled by 2 (R-(+)-3-butylcyclopentan-1-one 79) (Table 16, run 2). The same
procedure as 78. Lithium butylcyanocuprate-lithium bromide complex in ether was pink clear
solution. Lithium butylcyanocuprate—lithium bromide—2 complexwas dark yellow clear solution.
Yield 99% (column chromatography); 89% (cugel distillation. bp 200 °C / 35 mmHg). The ee was
determined to be 95% by diastereomeric ketal (vide infra). Absolute configuration was determined to
be R by optical rotation4?: [a]25p +124.3 (c 1.29, CHCl3); IH-NMR (CDCl3) &; 0.90 (t like, J=5.0
Hz, 3H, CH3), 1.3 ~ 2.5 (m, 13H); IR (neat) 2950, 2920, 2850, 1735, 1150 cm"1; MS m/z 140
(M+). 2 was recovered in 79% as colorless prisms.

Determination of the ee of 79 (Table 16, run 2). The same procedure as 78. Yield
85%: H-NMR (CDCl3) 8; 0.88 (t like, J=6.8 Hz, 3H, CH3), 1.22 ~ 1.41 (m, 14H), 1.8 ~ 2.1 (m,
5H), 3.55 (m, 2H, CHO x2); IR (neat) 2950, 2900, 2840, 1100 cm-1; MS m/z 212 (M+); 13C-NMR
(CDCl3) 8; 117.2 (OCO), 78.15 (CHO), 78.11 (CHO), 44.93 (CHCH, major), 44.61 (CHCHj>,
minor), 38.03 (OCCHCH), 37.97 (OCCH2CH2CH), 35.56 (OCCH2CH3), 30.53 (CH> of side
chain), 30.41 (CH; of side chain), 22.79 (CH2CH3), 16.95 (CH3CH), 16.89 (CH3CH), 14.04
(CH3CH2); From integration ratio (35.3/1) the ee was determined to be 95%.

Conjugate addition of lithium cyanomethylcuprate to 2-cyclohexen-1-one
controlled by 2 (R-(+)-3-methylcyclohexan-1-one 68) (Table 16, run 3). The
preparation of lithium cyano-methylcuprate (1.59 mmol) —lithium bromide (12.8 mmol) -2
(4.77mmol) complex was the same procedure as 78. Lithium cyanomethylcuprate-lithium bromide
complex in ether solvent was yellow clear solution at -78 °C. Lithium cyanomethylcuprate—lithium

48 Hiemstra, H.; Wynberg, H. Tetrahedron, Lett. 1977, 2183.
49 Tamura, Y.; Tanaka, M.; Funakoshi, K.; Sakai, K. Tetrahedron Lett. 1989, 30, 4349,
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bromide—2 complex was bright yellow ~ cream yellow suspension. To this suspension was added
HMPA (3.18 mmol) at -78 °C and after 15 min, was added the solution of 2-cyclohexen-1-one (1.06

mmol) and TMSCI] (3.18 mmol) in ether (4ml). The reaction was run at -78 °C for 1.5h. Crude oil
which was obtained by usual workup was dissolved in THF (20 ml) and was added 10% HCI (5 ml)
at rt. After stirring for 10 min, the water layer was extracted by CH2Cl, (20 ml x3). The organic
layer was washed successively by satd. NaHCO3 and satd. NaCl (10 ml each) and dried over
NaS04. Concentration and purification by silica gel column chromatography (CH2Cl, / hexane,
1/1) gave a colorless oil in 66% yield. Short path distillation gave 19% yield. The ee was determined
to be 96% by diastereomeric ketal (vide infra). Absolute configuration was determined to be R by
optical rotation30: [a]25p +13.7 (c 0.590, CHCIl3). 2 was recovered in 82%. Data was shown at

experimental section of chapter 3.

Determination of the ee of 68 (Table 16, run 3). The same procedure as 78. Yield
72%: 1TH-NMR (CDCl3) 8; 0.89 (d like J=6.3 Hz, 3H, CH3), 1.15 ~ 1.8 (m, 15H), 3.62 (m, 2H,
CHO x2); IR (neat) 2920, 2850, 1090 cm1; 13C-NMR (CDCl3) §; 108.5 (OCO), 78.10 (CHO),
77.01 (CHO), 44.85 (CHCH3, major), 45.78 (CHCH3, minor) 36.77 (OCCH2CH), 33.91
(OCCH2CH3), 30.57 (OCCH2CH3), 23.00 (CHCH2CH>), 22.25 (CH3), 17.11 (CH3), 16.98
(CH3); From integration ratio (53/1) the ee was determined to be 96%.

Conjugate addition of lithium cyanoethylcuprate to 2-cyclohexen-1-one
controlled by 2 (R-(+)-3-ethylcyclohexan-1-one 75) (Table 16, run 4). The same
procedure as 78. Yield 89%. Cugel distillation (bp 220 °C /40 mmHg) gave 74% yield. The ee was
determined to be 91% by diastereomeric ketal (vide infra). Absolute configuration was determined to
be R by optical rotation5; [a])25365 +168 (c 0.640, CHCI3): 'H-NMR (CDClI3) §; 0.91 (t, J=7.1
Hz, 3H), 1.22 ~ 2.38 (m, 11H); IR (neat) 1710 cm-1; MS m/z 126 (M*). 2 was recovered in 89%.

Determination of the ee of 75 (Table 16, run 4). The same procedure as 78. Yield
79%: IH-NMR (CDCI3) §; 0.9 (t like J=6.8 Hz, CH3), 1.15 ~ 1.8 (m, 17H), 3.63 (m, 2H, CHO
x2); IR (neat) 2920, 2850, 1100 cm-1; MS m/z 198 (M*); 13C-NMR (CDCl3) §; 108.5 (OCO), 78.04
(CHO), 77.61 (CHO), 43.58 (CHCH>, minor) 42.61 (CHCHj, major), 37.13 (OCCH2CH), 37.09
(OCCH2CH>), 31.31, 29.53, 22.86 (CH2CH3), 17.02 (CH3CH), 16.98 (CH3CH), 11.18
(CH3CH2); From integration ratio (22/1) the ee was determined to be 91%.

Conjugate addition of lithium butylcyanocuprate to 2-cyclohexen-1-one
controlled by 2 (R-(+)-3-butylcyclohexan-1-one 76) (Table 16, run 5). The same
proéedure as 78. Yield 97%. After short path distillation yield 86%. The ee was determined to be
90% by diastereomeric ketal (vide infra). Absolute configuration was determined to be R by optical
rotation52: [a]23p +7.21 (c 1.04, toluene). 2 was recovered as colorless prisms in 93%.

50 Leyendecker, F.; Jesser, F.; Ruhland, B. Tetrahedron Lett. 1981, 22, 3601.
51 Posner, G. H.; Frye, L. L. Isr. J. Chem. 1984, 24, 88.
2 Corey, E. J.; Naef, R.; Hannon, F. J. J. Am. Chem. Soc. 1986, 108, 7114.
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Determination of the ee of 76 (Table 16, run 5). The same procedure as 78. Yield
98%: 1H-NMR (CDCl3) §; 0.8 (m, 4H), 1.1 ~ 1.8 (m, 20H), 3.6 (m, 2H); IR (neat) 2925 cm-1;
I3C-NMR (CDCI3) 8; From integration ratio (20:1) of 43.04 (CHCHj, major), 43.97 (CHCH>,

minor), the ee was determined to be 90%.

Conjugate addition of lithium cyanophenylcuprate to 2-cyclohexen-1-one
controlled by 2 (R-(+)-3-phenylcyclohexan-1-one 77) (Table 16, run 6). The same
procedure as 78. Lithium cyanophenylcuprate-lithium bromide complex in ether was pale yellow
clear solution. Lithium cyanophenylcuprate-lithium bromide-2 complex was cream yellow
suspension. Yield 63%. After short path distillation (bp 200 °C / 0.2 mmHg) yield 56%. The ee
was determined to be 60% by diastereomeric ketal (vide infra). Absolute configuration was
determined to be R by optical rotation”: [a]25p +10.5 (c 0.660, CHCI3). 1H-NMR (CDCl3) &; 1.6 ~
3.0 (m, 9H), 7.2 (m, 5H); IR (neat) 1715 cm-1; MS m/z 174 (M*). 2 was recovered as colorless
prisms in 95%.

Determination of the ee of 77 (Table 16, run 6). The same procedure as 78. Yield
80%: IH-NMR (CDCl3) §; 1.16 ~ 1.88 (m, 14H), 2.87 (m, 1H, CHPh), 3.65 (m, 2H, CHO x2),
7.24 (m, 5H, C¢Hs); IR (neat) 2930, 1090 cm"1; MS m/z 246 (M*); 13C-NMR (CDClI3) &; 146.2
(Ar-ipso C), 128.3 (Ar), 126.8(Ar), 125.9(Ar), 108.3 (OCO), 78.11(CHO), 77.85 (CHO), 43.20
(CHPh, major), 44.22 (CHPh, minor), 41.82 (CHj, major), 41.19 (CHp, minor), 36.77 (CHp),
33.48 (CHy), 23.33 (CHp), 17.11 (CH3), 16.88 (CH3); From integration ratio (4.1/1, 4.4/1), the ee
was determined to be 60%.

Conjugate addition of lithium cyanovinylcuprate to 2-cyclohexen-1-one
controlled by 2 (R-(+)-3-vinylcyclohexan-1-one 80) (Table 16, run 7). The same
procedure as 78. Lithium cyanovinylcuprate-lithium bromide complex in ether was green
suspension. Lithium cyanovinylcuprate—lithium bromide—2 complex was green-yellow suspension.
Yield 60%. After short path distillation (bp 200 °C / 20 mmHg) yield 48%. The ee was determined
to be 44% by diastereomeric ketal (vide infra). Absolute configuration was determined to be R by
optical rotation”: [a]25365 +101 (c 0.540, CHCl3). TH-NMR (CDCl3) §; 1.5 ~ 2.5 (m, 9H), 5.0 (m,
2H), 5.8 (ddd, J=3.3, 10.0, 17.5 Hz, 1H); IR (neat) 1710, 1640 cm-!. 2 was recovered in 94%.

Determination of the ee of 80 (Table 16, run 7). The same procedure as 78. Yield
74%: 1H-NMR (CDCI3) 8; 1.0 ~ 2.3 (m, 15H), 3.62 (m, 2H, CHO x2), 4.95 (m, 2H, CH>=CH),
5.75 (ddd, J=6.4, 10.6, 16.6 Hz, 1H, CH=CH32); IR (neat) 2980, 2950, 2880, 1640, 1100 cm-1;
13C-NMR (CDCl3) §; 143.3 (CH=CH3), 112.09 (CH»=CH), 108.1 (OCO), 78.10 (CHO), 77.81
(CHO), 41.71 (CHCH2, major), 42.70 (CHCH3, minor), 39.46 (CHp), 36.77 (CHz2, major), 35.73
(CH2, minor), 31.31 (CHp), 22.74 (CHy), 17.06 (CH3), 16.89 (CH3). From integration ratio
(2.6/1, 2.6/1), the ee was determined to be 44%.

Conjugate addition of lithium cyanomethylcuprate to 2-cyclohepten-1-one
controlled by 2 (R-(+)-3-methylcycloheptan-1-one 81) (Table 16, run 8). The same
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procedure as 78. Yield 46%. After short path distillation (bp 200 °C / 60 mmHg) yield 31%.
Absolute configuration and ee was determined to be R in 68% oy by optical rotation53: [«]26p +43.3
(c 0.480, MeOH). 1H-NMR (CDCI3) §; 0.98 (d, J=6.0 Hz, 3H, CH3), 1.2 ~ 1.9 (m, 7H), 2.41 (m,

4H). 2 was recovered as colorless prisms in 76%.

Conjugate addition of lithium butylcyanocuprate to 2-cyclohepten-1-one
controlled by 2 ((+)-3-butylcycloheptan-1-one 82) (Table 16, run 9). The same
procedure as 78. Yield 92%. After short path distillation (bp 200 °C / 20 mmHg) yield 79%. The
ee was determined to be 74% by diastereomeric ketal (vide infra). Absolute configuration was not
determined: [a]?°p +34.0 (c 1.03, CHCI3). !H-NMR (CDCl3) §; 0.89 (m, 3H, CH3), 1.25 ~ 1.94
(m, 15H), 2.46 (m, 4H); IR (neat) 2940, 2860, 1710 cm-1; MS m/z 168 (M*); 13C-NMR (CDCl3) §;
214.59 (CO), 49.92 (CH), 43.85 (CHy), 36.91 (CHp), 36.82 (CHp), 35.98 (CHp), 29.08 (CHy),
28.43 (CHy), 24.37 (CHp), 22.70 (CHp), 13.96 (CH3). 2 was recovered in 90%.

Determination of the ee of 82 (Table 16, run 9). The same procedure as 78. Yield
99%: 1H-NMR (CDCl3) §; 0.92 (t like, J=6.8 Hz, 3H, CH3), 1.2 ~ 2.0 (m, 23H), 3.58 (m, 2H,
CHO x2); IR (neat) 2930, 2850, 1450, 1100 cm-1; MS m/z 240 (M+); 13C-NMR (CDCl3) §; 111.63
(0CO), 77.45 (CHO), 77.27 (CHO), 46.65 (CH, major), 46.04 (CH, minor), 40.34 (CH>), 38.22
(CHp, major), 37.88 (CH, minor), 36.75 (CHp, major), 34.97 (CHz, minor), 33.95 (CHz, major),
32.61 (CHp, minor), 29.45 (CHy), 29.09 (CHy), 22.84 (CHy), 22.64 (CH3), 16.43 (CHj3), 14.05
(CH3); From integration ratio (5.9/1, 6.0/0.92, 6.4/0.98, 6.3/ 0.90), the ee was determined to be
74%.

Conjugate addition of lithium butylcyanocuprate to 2-butenophenone controlled
by 2 (S-(+)-3-methyl-heptanophenone 52) (Table 16). The same procedure as 78. The
reaction was run at -78 °C for 25 min followed by at -50 °C for 45 min. Yield 87%. Absolute

configuration and ee was determined to be S in 44% oy by optical rotation: [a]25p +2.27 (c 6.96,

benzene). 2 was recovered in 93%.

53 Djerassi, C.; Burrows, B. F.; Overberger, C. G.; Takekoshi, T.; Gutsche, C. D.; Chang, C. T.
J. ‘
Am. Chem. Soc. 1963, 85, 949.
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Chapter 5. Asymmetric Addition Reaction of Magnesium Cuprate

Conjugate addition of magnesium dibutyl-cyanocuprate to 2-cyclohexen-1-one
controlled by 2 (S-(-)-3-buylcyclohexan-1-one 76) (Table 20, run 6). To the mixture
of CuCN (0.784 mmol) and 4 (0.979 mmol) in ether (15 ml) was added dropwise butylmagnesium
chloride (1.57 mmol) in ether (0.90 ml) at -78 °C and the resulting white suspension was stirred for
20 min. 2-Cyclohexenone (0.653 mmol) in ether (4 ml) was added at -78 °C and stirred for 35 min.,
Workup as usual and purification by silica gel column chromatography (ether / hexane, 1/2) gave a
colorless oil in 98% yield. Short path distillation gave 86% yield. The ee was determined to be 98%
by diastereomeric ketal. Absolute configuration was determined to be S by optical rotation34:
[a]?5405 -81.1 (¢ 1.08, CHCI3). 4 was recovered as colorless oil in 98%.

Conjugate addition of magnesium cyano-di-iso-propylcuprate to 2-cyclohexen-
1-one controlled by 2 ((-)-3-propylcyclohexan-1-one 86) (Table 20, run 5). The
same procedure as 76. From crude IH-NMR, the ratio of 1,4-adduct to 1,2-adduct was 7. Yield
63%. Short path distillation (200 °C / 20 mmHg) gave 60% yield. The ee was determined to be 83%
by diastereomeric ketal (vide infra). Absolute configuration was not determined: [a]25 405 -74.3 (c
0.990, CHCI3); IH-NMR (CDCI3) §; 0.90 (br t, J=5.0 Hz, 3H, CH3), 1.2 ~ 2.4 (m, 13H); IR (neat)
2930, 2850, 1705 cm1. 1,2-Adduct: IH-NMR (CDCl3) §; 0.93 (m, 3H, CH3), 1.26 ~ 1.7 (m, 9H),
1.98 (m, 2H, CH>CH=CH), 5.63 (br d, /=10.0 Hz, 1H, HOCCH=CH), 5.77 (ddd, J=3.0, 3.0,
10.0 Hz, 1H, CH=CHCH3); IR (neat) 3330, 2930 cm"!; MS m/z 140 (M*), 122 (M*-H0), 97
(M*-Pr). 4 was recovered as a colorless oil in 96%.

Determination of the ee of 86 (Table 20, run 5). The same procedure as 78. Yield
64%. 'H-NMR (CDCl3) §; 0.88 (br t, J=6.2 Hz, 3H, CH3), 1.15 ~ 1.7 (m, 19H), 3.26 (m, 2H,
CHO x2); IR (neat) 2930, 2860 cm-1; 13C-NMR (CDClI3) §; 108.57 (OCO), 78.02 (CHO), 77.65
(CHO), 43.92 (CHCH2, major), 43.00 (CHCH2, minor), 39.36 (OCCH3y), 37.16 (OCCH;, minor),
36.12 (OCCH2, major), 35.22 (CH2, minor), 34.18 (CHp, major), 31.75 (CHy), 23.33 (CHp,
major), 22.95 (CH2, minor), 19.80(CHy), 17.09 (CH3), 16.95 (CH3), 14.31 (CH3); From four
integration ratios, the ee was determined to be 83%.

Conjugate addition of magnesium cyano-di-hexylcuprate to 2-cyclohexen-1-one
controlled by 2 ((-)-3-hexylcyclohexan-1-one 87) (Table 20, run 7). The same
procedure as 76. From crude 1H-NMR, the ratio of 1,4-adduct to 1,2-adduct was 32. Yield 73%.
Short path distillation (260 °C / 20 mmHg) gave 76% yield. The ee was determined to be 94% by
diastereomeric ketal (vide infra). Absolute configuration was not determined: []23 495 -69.8 (c 1.08,

54 Corey, E.J.; Naef, R.; Hannon, F. J. J. Am. Chem. Soc. 1986, 108, 7114.
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CHCI3); IH-NMR (CDCI3) 8; 0.86 (br t, J=5.0 Hz, 3H, CH3), 1.25 ~ 2.47 (m, 19H); IR (neat)
2920, 2850, 1710 cm-1; MS m/z 182 (M*), 97 (M*-Hex); 13C-NMR (CDCl3) §; 212.02 (CO),
48.14, 41.42, 39.00, 36.52, 31.70, 31.23, 29.24, 26.53, 25.23, 22.52, 13.98. 1,2-Adduct: 1H-
NMR (CDCl3) §; 0.86 (m, 3H, CH3), 1.26 ~ 1.65 (m, 14H), 1.96 (m, 2H, CH,CH=CH), 5.70 (m,
2H, CH=CH); IR (neat) 3450, 2920 cm-1; MS m/z 182 (M*), 97 (M+-Hex). 4 was recovered as a

colorless oil in 97%.

Determination of the ee of 87 (Table 20, run 7). The same procedure as 78. Yield
100%. 1H-NMR (CDCI3) §; 0.87 (m, 3H, CH3), 1.20 ~ 1.72 (m, 25H), 3.63 (m, 2H, CHO x2);
IR (neat) 2930, 2850, 1100 cm-1; 13C-NMR (CDCI3) §; 108.57 (OCO), 78.02 (CHO), 77.65
(CHO), 43.96 (CHCH, major), 43.04 (CHCHj, minor), 37.07 (OCCHy), 36.12 (OCCHpy, major),
35.49 (CHjp, minor), 34.99 (CHp), 31.86 (CHp),31.81 (CHy), 29.54 (CHy), 26.67 (CHy), 23.33
(CH3, major), 22.99 (CHp, minor), 19.80(CHy), 17.07 (CH3), 16.93 (CH3), 14.05 (CH3); From
three integration ratios, the ee was determined to be 94%.

Conjugate addition of magnesium di-benzylcyanocuprate to 2-cyclohexen-1-one
controlled by 2 ((+)-3-benzylcyclohexan-1-one 88) (Table 20, run 8). The same
procedure as 76. Yield 61%. The ee was determined to be 53% by diastereomeric ketal (vide infra).
Absolute configuration was not determined: [a]25495 +64.1 (c 1.31, CHCl3); lH-NMR (CDCI3) §;
1.28 ~ 2.47 (m, 9H), 2.63 (d like, J=6.3 Hz, 2H, CH2Ph), 7.09 ~ 7.38 (m, 5H); IR (neat) 2920,
1705 cm-1; MS m/z 188 (M*); 13C-NMR (CDCl3) §; 211.20 (CO), 139.34, 129.00, 128.26,
126.10, 47.74, 42.91, 41.33, 40.78, 30.86, 25.03. 1,2-Adduct (yield 26%): 1H-NMR (CDCI3) §;
1.65 (m, 5H), 1.97 (m, 2H), 2.83 (s, 2HCH2Ph), 5.59 (d like, /=10.0 Hz, 1H, HOCCH=CH),
5.80 (m, 1H, HOCCH=CH), 7.26 (s, 5H, Ar) ; IR (neat) 3400, 2920 cm-1; MS m/z 188 (M*). 4

was recovered as a colorless oil in 68%.

Determination of the ee of 88 (Table 20, run 8). The same procedure as 78. Yield
100%. 1H-NMR (CDCl3) §; 7.2 (m, 5H), 3.49 (m, 2H), 2.45 (dlike, J=7.2 Hz, 2H), 0.9 ~ 1.75
(m, 15H); IR (neat) 2920 cm'1; MS m/z 260 (M+), 169 (M+-PhCHy); 13C-NMR (CDCl3) &; 140.47
(Ar-ipso C), 129.11 (Ar), 127.96 (Ar), 125.59 (Ar, p-CH), 108.28 (OCO), 77.97 (CHO), 77.63
(CHO), 43.42 (CHy), 42.68 (CHy), 37.23 (CHCH3, major), 36.66 (CHCH2, minor), 37.00 (CHp,
major), 35.96(CHp, minor), 31.36 (CHy), 23.02 (CHp, minor), 22.63 (CHp, major), 16.93 (CH3)

Conjugate addition of magnesium cyano-di-iso-propylcuprate to 2-
cyclohexenone controlled by 2 ((-)-3-(1'-methyl)-ethylcyclohexanone 89) (Table
20, run 9). The same procedure as 76. Yield 40%. The ee was determined to be 15% by
diastereomeric ketal (vide infra). Absolute configuration was not determined: [a]2%405 -38.6 (c 1.39,
CHCI3); lJH-NMR (CDCl3) §; 0.91 (d, J=6.3Hz, 6H), 1.22 ~ 2.43 (m, 10H); IR (neat) 2950, 1705
cm1; MS m/z 140 (M*). 1,2-Adduct (yield 4%): IH-NMR (CDCl3) §; 0.90 (d, J=6.2 Hz, 3H,
CH3), 0.98 (d, /=6.2 Hz, 3H, CH3), 1.52 ~ 2.25 (m, 8H), 5.65 (br d, /=10.0 Hz, 1H,
HOCCH=CH), 5.87 (m, 1H, HOCCH=CH); IR (neat) 3430, 2940 cm'1; MS m/z 140 (M*). 4 was

recovered as a colorless oil in 99%.
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Determination of the ee of 89 (Table 20, run 9). The same procedure as 78. Yield
100%. 1H-NMR (CDCI3) §; 0.82 (d like, J=6.3 Hz, 6H, CH3), 1.2 ~ 1.68 (m, 16H), 3.60 (m, 2H,
CHO x2); IR (neat) 2950, 1450, 1100 cm-1; 13C-NMR (CDCl3) §; 108.90 (OCO), 78.06 (CHO),
78.02 (CHO), 41.46 (CHCH2, major), 40.94 (CHCH;, minor), 40.74 (CHCH3, major), 39.77
(CHCH3, minor), 37.16 (OCCH2, major), 36.10 (OCCH2, minor), 32.44 (CHp), 32.40 (CHy),
28.14 (CHy), 23.36 (CHy), 22.95 (CHy), 19.61 (CH3), 19.37 (CH3), 19.34 (CH3), 17.07 (CH3),
17.02 (CH3), 16.91 (CH3); From two integration ratio, the ee was determined to be 15%.
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Chapter 6. Catalytic Asymmetric Conjugate Addition Reaction

Preparation of copper iodide-dimethyl sulfide complex3>. Cul (0.105 mol) was
packed in column tube and washed successively by the flow of methanol (100 ml), ether (50 ml),
and hexane (50 ml). Then Cul was dissolved in dimethyl sulfide (60 ml) and to this orange solution
was added hexane (50 ml). The resulting colorless needles was filtrated, washed successively by
dimethyl sulfide / hexane (20 ml/ 30 ml, 10 ml / 30 ml), and hexane (80 ml) and dried in vacuo:
Yield 36%; dp ~100 °C (smell of DMS), ~118 °C (slightly brown); Anal. Calcd. for Cule 3/4 SMe;:
C, 7.62; H, 1.91; S, 10.14. Found: C, 7.62, H; 1.84; S, 9.88.

Conjugate addition of butylmagnesium chloride to 2-cyclohexenone controlled
by catalytic amount of Cul-4 complex (§-(-)-3-butylcyclohexanone 76) (Table 30,
run 3). Copper iodide (0.134 mmol) and 1 (0.538 mmol) was suspended in ether (13ml) at room
temprature for 20 min. Then the suspension was cooled to -78 °C and buthylmagnesium chloride
(2.02 mmol) in ether (1.2 ml) was added. After 15 min, a solution of 2-cyclohexenone (1.68 mmol)
in ether was dropwised for 20 min and the whole was stirred for 20 min at -78 °C. Usual workup
and purification by silica gel column chromatography (dichloromethane/hexane 4:1) followed by
short path distillation afforded (S )-3-butylcyclohexanone ([a]29365 -146.3 ° (c 1.18, CHCI3),
[a)22405 -73.2 ° (¢ 1.25, CHCI3), [a]25p -7.38 ° (¢ 1.13, toluene)) in 92% isolated yield. The ee
was determined to be 90% by 13¢ NMR analysis of the corresponding diastereomeric ketals
prepared with (R, R)-2,3-butanediol (p-TsOH in benzene at reflux). The ligand 4 was recovered in
61% yield for reuse without any racemization.

Conjugate addition of hexylmagnesium chloride to 5, 6-dihydro-2H-pyrane-2-
one controlled by catalytic amount of Cul-4 complex (S-(-)-hexyl-valerolactone 99)
(Table 30, run 11). The same procedure as 76. Cul*SMe; was used. Isolated yield 70%. The
ee was determined to be 90% by converting to 105 and 1H-NMR analysis in the presence of shift
reagent (vide infra). The absolute configuration was not determined. 1H-NMR (CDCI3) §; 0.89 (m,
3H), 1.3 ~ 2.18 (m, 12H), 2.70 (m, 1H), 4.36 (m, 2H, CH20); 13C-NMR (CDClI3) §; 171.32
(CO), 68.34 (CH20), 36.39 (CHCH20), 35.96 (CH2CO), 31.50 (CHp), 31.23 (CH), 28.97
(CHp), 28.74 (CHp), 26.15 (CHp), , 22.36 (CHp), 13.84 (CH3); IR (neat) 2920, 2850, 1730 cm-1;
MS m/z 185 (M*+1); [a]?>405 -47.1 (c 2.63, CHCI3); HRMS m/z Calcd for C11H200 (M*): .

Found: . The ligand 4 was recovered in 84% yield as a colorless oil.

Determination of the ee of 99 (Table 30, run 11). To the solution of 99 (0.592
mmol) in ethanol (1 ml) was added NaOH (0.529 mmol) in H>O (1 ml) and the whole was stirred for

55 Wuts, P. G. M. Synth. Commun. 1981, 11 (2), 139.
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20 min at rt. Concentration and azeotropic distillation with benzene gave sodium 3-(2'-
hydroxyethyl)-nonanoate as white powder: H-NMR (CD30D) §; 0.9 (m, 3H, CH3), 1.33 ~ 2.11
(m, 15H), 3.61 (t like, J=7.5 Hz, 2H, CH20); IR (neat) 1650, 1550 cm"!. This hydroxy acid was
dissolved in THF (2 ml) and added NaH (1.18 mmol) at rt. After 15 min methy! iodide (5.92 mmol)
was added. After methyl etherification was completed (confirmed by TLC), DMF (2 ml) was added
and the whole was stirred for 35 min. Satd. NH4Cl (20 ml) was added and extracted by AcOEt (20
ml x3). The organic layer was washed successively by 10% HCI, satd. NaHCO3, H20, 20%
NapS203, and satd. NaCl (10 ml each) then dried over Na»SO4. Concentration and purification by
silica gel column chromatography (AcOEt / hexane 1/9) gave 105 as a colorless oil in 85% yield.
The ee was determinedto be 90% by !H-NMR analysis in the presence of Eu(hfc)3 (105 / Eu(hfc)s,
20 mg /20 mg, singlet signal of methyl ether, 8; 4.14 ppm (major) and 4.09 ppm (minor), integration
ratio 19/1): 1H-NMR (CDCI3) §; 0.86 (t like, J=6.7 Hz, 3H, CH3CHj), 1.25 (m, 10H), 1.55 (m,
2H), 1.95 (m, 1H), 2.27 (m, 2H, CH2CO), 3.29 (s, 3H, CH30), 3.38 (t like, CH20), 3.64 (s, 3H,
CH30CO0); 13C-NMR (CDCl3) 8; 173.69 (CO), 70.73 (CH20), 58.48 (CH30CO), 51.34 (CH30),
38.91 (CH2COO), 34.09 (CH30), 33.62 (CHp), 32.40 (CH), 31.75 (CHy), 29.44 (CHp), 26.44
(CHy), 22.59 (CHy), 14.04 (CH3CHb>); IR (neat) 2910, 2840, 1730 cm1; MS m/z 215 (M*-CH3),
199 (M*-1-CH3x2); Anal. Calcd for C13H2603: C, 67.79; H, 11.38. Found: C, 68.00; H, 11.16.
[a]25405 +0.33 (c 3.02, CHCI3).

Conjugate addition of butylmagnesium chloride to 5, 6-dihydro-2H-pyrane-2-
one controlled by catalytic amount of Cul-4 complex (S-(-)-3-butyl-valerolactone
98) (Table 30, run 10). The same procedure as 76. NMR yield 70%. Isolated yield 57%. The
ee was determined to be 90% by converting to 10456 and !H-NMR analysis in the presence of shift
reagent (vide infra). The absolute configuration and ortical yield was determined to be S in 90% oy
from optical rotation56: [a]25p -21.1 (c 4.53, CHCl3); lTH-NMR (CDCI3) &; 0.90 (m, 3H), 1.3 ~
2.17 (m, 11H), 2.7 (m, 1H), 4.35 (m, 2H, CH2CO); IR (neat) 2910, 1730 cm-1; MS m/z 156 (M+).

Determination of the ee of 98 (Table 30, run 10). The same procedure as 99. Yield
60%. The ee was determinedto be 91% by 1H-NMR analysis in the presence of Eu(hfc)s (104 /
Eu(hfc)3, 30 mg/20 mg, singlet signal of methyl ether, ; 3.68 ppm (major) and 3.65 ppm (minor),
integration ratio 22/1): IH-NMR (CDCl3) §; 0.89 (m, 3H, CH3), 1.26 ~ 2.0 (m, 11H), 2.25 (m,
2H, CH2CO), 3.31 (s, 3H, CH30), 3.40 (t, 7.0 Hz, 2H, CH20), 3.66 (s, 3H, CH30CO); IR (neat)
2910, 1730 cm1; MS my/z 202 (M*).

Conjugate addition of propylmagnesium chloride to 5, 6-dihydro-2H-pyrane-2-
one controlled by catalytic amount of Cul-4 complex (S-(-)-3-propyl-valerolactone
9756) (Table 30, run 9). The same procedure as 76. Cul*SMe, complex was used. NMR
yield 66%. Isolated yield 34%. The absolute configuration and optical yield was determined to be §
in 76% oy from optical rotation56: [a]2p -18.8 (c 6.05, CHCI3); ITH-NMR (CDCI3) §; 0.92 (m,
3H, CH3), 1.35 (m, 4H), 1.54 (m, 1H), 1.98 (m, 2H), 2.14 (dd, J=9.9, 17.0 Hz, 1H, one of

56 Meyers, A. L; Smith, R. K.; Whitten, C. E.J. Org. Chem. 1979, 44, 2250.
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CH,CO), 2.69 (dd, J=5.7, 17.0 Hz, 1H, one of CH2CO), 4.26 (ddd, J=3.6, 11.4, 11.4 Hz, 1H,
one of CH>0), 4.41 (ddd, J=4.5, 4.5, 11.4 Hz, 1H, one of CH20); 13C-NMR (CDCl3) §; 171.32
(CO), 68.32 (CH20), 38.08 (CH), 36.28 (CHCO), 30.89 (CH»), 28.59 (CH3), 19.27 (CHy),
13.71 (CH3); IR (neat) 2950, 1730, 1245, 1215, 1065 cm'l; MS m/z 142 (M*), 99 (M*+-Pr). The

ligand 4 was recovered in 100% as a colorless oil.

(-)-3-(2-Phenylethyl)cyclohexan-1-one (100)57: [a]25495 -68.7° (c 1.41, CHCI3)
(84% ee); TH-NMR (CDCl3) §; 7.20 (m, 5H), 1.4-2.73 (m, 13H); IR (neat) 2940, 1710 cm-1; MS

m/z 202 (M*).

(-)-3-(2-Phenylethyl) cycloheptan-1-one (101): [a]25495 -105.1° (c 1.34, CHCl3)
(83% ee); ITH-NMR (CDCl3) §; 7.20 (m, 5H), 2.4-2.73 (m, 6H), 1.4-1.98 (m, 9H); 13C-NMR
(CDCl3) 8; 214.2, 142.0, 128.3, 125.7, 49.67, 43.79, 38.92, 36.64, 35.38, 33.16, 28.30, 24.30;
IR (neat) 2920, 1695 cm™1; MS m/z 216 (M*); HRMS m/z Calcd for C15H200 (M*): 216.1515.
Found: 216.1513.

Oxidation of 100 to Methy Ester 10258 ((R)-(-)-Methyl 3-(3-oxocyclohexyl)-
propionate). To the solution of 100 (1.01 mmol) in a mixed solvent of carbon tetrachloride (4
mL), acetonitrile (4 mL) and H2O (8 mL) was added sodium metaperiodate (18.3 mmol) and
ruthenium trichloride n-hydrate (0.022 mmol) and the whole was stirred for 18.5 h at rt. Usual
workup gave the corresponding carboxylic acid in 63% yield, which was methylated by
diazomethane in ether under ice bath, Purification by silica gel column chromatography (ether/hexane
1/1) gave 102 in 75% yield as a colorless oil: [a]25p -9.28 (c 1.73, cyclohexane) (87% ee); 1H-
NMR (CDCl3) §; 3.69 (s, 3H), 1.4-2.52 (m, 13H); IR (neat) 2950, 1730, 1705 cm-1; MS m/z 184
(M*). Ee was determined by 13C NMR analysis of the corresponding diastereomeric ketals of
(R,R)-2,3-butanediol.

(-)-Methyl 3-(3-oxocycloheptyl)-propionate (103): [a]25p -35.1 (c 0.875, CHCl3)
(83% ee); IH-NMR (CDCl3) &; 3.66 (s, 3H), 2.41 (m, 6H), 1.4-1.94 (m, 9H); 13C-NMR (CDCl3)
8; 213.76, 173.76, 51.56, 49.29, 43.78, 36.39, 35.37, 31.90, 31.50, 28.20, 24.21; IR (neat)
2925, 1735, 1695 cm-1; MS m/z 198 (M*), 167 (M+-CH3); HRMS m/z Calcd for C11H1803(M+):
198.1256. Found: 198.1252.

Typical Procedure of the Asymmetric Conjugate Addition Reaction in
Stoichiometric Conditions. (Table 31, entry 11): Copper iodide (0.794 mmol) and 1 (3.18
mmol) was suspended in ether (28 mL) at room temprature for 20 min. Then the suspension was
cooled to -78 °C and buthylmagnesium chloride (2.38 mmol) in ether was added. After 15 min, a
solution of 2-cyclohexenone (0.662 mmol) in ether (4 mL) was added dropwise for 20 min and the
whole was stirred for 20 min at -78 °C: [a]23365 -155.1 ° (c 1.20, CHCl3) (95% ee).

57 Wipf, P.; Venkatraman, S. J. Org. Chem. 1993, 58, 3455.
58 Gerlach, v. H. Helv. Chim. Acta, 1978, 61, 2773.
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