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Asymmetric Reactions Based on Activation and Structure Control of Molecule
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The methodology we developed relies on an external chiral coordinating reagent that forms a deaggregated chelate
complex with organolithium reagents. Under the positive control of a chiral dimethyl ether of stilbenediol 4, an asym-
metric conjugate addition reaction of organolithium reagents with unsaturated imines and esters proceeded successfully
to yield the corresponding addition products with reasonably high stereoselectivity. The sense of stereochemistry is
predictable based on a coordination model. The methodology has been extended to a catalytic asymmetric 1,2-addition
reaction of organolithium reagents with imines. An enantiotopic group differentiating the opening of cyclohexene oxide
with organolithium was also mediated by a chiral ligand. The asymmetric Horner-Wadsworth-Emmons reaction of
phosphonates and Peterson reaction of a-silylester with 4-substituted cyclohexanone were another successful extension
of the methodology. A three-component reagent of lithium ester enolate, lithium amide, and chiral diether reacts with
imines to afford f-lactam with reasonably high enantioselectivity. Tridentate aminoether ligands were also shown to
affect the catalytic asymmetric addition of lithium ester enoaltes to imines, giving S-lactams with high enantioselectivity.
Asymmetric conjugate addition of lithium amide to enoates was mediated by a chiral diether ligand to give the S-
aminoester with high yield and enatioselectivity. The methodology has been successfully applied to an asymmetric syn-
thesis of biologically potent compounds. Dihydrexidine, a promising anti-Parkinsonism candidate, and salsolidine, a
representative isoquinoline alkaloid, have been synthesized using asymmetric addition reactions of organolithium rea-
gents as the key steps.
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Fig. 2. Asymmetric Conjugate Addition of Organolithiums
to 5 and 7

Fig. 3. Favorable Stereochemical Model for the Reaction of
PhLi-4 with 7
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Table 1. Asymmetric Addition of #-Butyllithium to 13 at —78
°C Catalyzed by 14 Producing 15

Ph

Me,N (0)
o "0
MeO
@N + BuLi NPMP
13 5

Solvent, =78 °C
Entry Solvent Equiv. ee/% Yield/ %
1 Toluene 2.6 58 89
2 Toluene 0.3 25 99
3 i-Pr,O 2.6 60 99
4 i-Pr,O 0.3 60 99
5 i-Pr,O 0.05 40 97

NEH5N2TETHS. 7 il AR D) BITEED
FHEICKEL TR, >4y 7o)l -7 07
FINUFITLEDKIITHEL Tz (Table 1). X
JTEDYE WA F 7 L m AR I S O SR A &
LTCHARADDZ EZRDUERIIOKIETH >
7":' 18—21)

INT TN EDEFZRZEL1I16TH
EIEIRMIC R #ET L2 (Fig. 5). 7o k>
EENTT7HFT7UILY F I LTEHL I NS a]GEHED
HHELAICBERBEELF Y IR EEFRRY
FAAR19 2 RKZHNE L TH oI RGHIETE
% (Table2). ZX/)NVLT A 221 bENEMT &
L/VC*% b@_%) 22—30)

41. ZRLEBMECKFELILSEREORE
A I EEHEL, UrbERENES, RINEIC
NE2EFRLOBEHREZRL KO, PMP i A )L
NMIIZAFI, 4V T OEINEBEATSD EEEHS
W CCTEmIRMNMm EL, 90%ee 1T T 5 AF UL
RNFEHTERZ., LALZD—HT, CANIZLD
FEALPIBREDRNERMME T L2, Bk nG S D6
ELTAF LR T > v )L %E MOPAC GtH T %
&, BRST T FINENMNLGVEBRETH L Z &N
o Tz,

NTRIT7NTEROERA I 2ITHTZHE
B F U L OIS TIHZERMEZ2 —281C
F TR EE®/ (Table 3).30 Bt GHEEHELE
FDF I FINHDBANA I D ORETHEZHOD
O RINENAL, 1 2 2EBRIZL->MDEYF
T LDEALL THIO TRIBDHET L, &1 MR

C'AN’ ; + MelLi

Fig. 5. Asymmetric Methylation of 16
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17 91% ee

toluene

Table 2. Asymmetric Addition of Thiazolyllithium 19 to Im-
ines 18

o\ 4 < N C@\/j
PP /
R™SN Li toluene PMP

18 19

4 14 21

Yield ee Yield ee Yield ee

/% /% /% /% /% /%
Ph 86 20 95 56 82 9
PhCH, 21 30 19 25 19 81
Ph(CH,), 71 32 98 35 80 85

Table 3. Asymmetric Addition of RLi to 22 Producing 23

oWV o I,
. L
UL+ e oo™ S

toluene

22 OMe -95°C,0.5h 23 R
Entry RLi ee/ % Yield/ %
Me 97 97
2 Bu 86 97
3 Ph 92 99

REEREIE (275 o To T2 DO IR DS REBR I B L 72 &
MR TES,
AHERIGED 23 OF 7 F)VHIL, LT CAN %
mﬁﬁfﬁé<ﬁiféﬁﬂot kRS T
HERT DY 2224 0F ) 225 ITHEMML TR
ERMIMEEMIIET DD EELT, F />
25 7 NaBH, Z W T RHEDO R W HTI—)) 26
AT L7 I 24 NEBRICHB SN TS,
ébl 72 FICLIEE Z N Z % & 5T 75 % IR Tl
WHINY 2224 E2TZ2GHZENTEDLLDIC
7‘&97‘: (Fig. 6). KFICIZMEICH =S PMP XK H[H
CHEEETENWICRETE 3.
FIFNHEEMPANTEA I NDOARF MBS
WITBLRREDOH FEEZHWTREY 2 V8P KO
AVF /U7 AaA RTH2HIN VI D>
28, N—F 2V EBEME TH % TIQ 29339 O
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NH @Q\JH
MeO < p

Me R
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Fig. 7. Salsolidine 28 and TIQ 29

AFEGREERK L 7= (Fig. 7).
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FHES L WA, A FULNEREMFZA DK DITR
SHEEAW, 373 TZAFIVAIINRZIVEAD 1,2-
MBS 2 B < 72912 Cooke® 12X % BHA T A
TIVEERHWTHRE LR, 75V AR BO
BHA T Z5)L 30 12 THF A F7 L% KK S
5 LEENICIEZER M NEZ 52 72,3 £
KIZATINZHEBALIED EEHTTH L IR
T&ES. 9 FHENRT B Z L7 < BHA 24T DA
HERZETdH > 7208, 40 [k 31 © BHA % it
BB Tr oAl ZheERPTEILLT
TIVTFERLT ) S5—hRICEHIED R THIE
EHFE L2 A8 FULERIBE, A—/\—L
RY RZIMATRINEZRIRL, DWTAFIUEL
2RI A ) =)L &ENA T NaBH, 2t d % &0 >
Ry B THIET S 7))L 3 —)UK 33 NEINRTES
NED® MNIHFINI—FTINATLDIAEK
JNCHETRT B & 4 Wk FEHELEIR 33 7)Y 90% ee D%
REcHEsN= (Fig. 8). il KInTH 70%ee A3

—45 °C

i L|EtaBH H i Mel-HMPA
33

iii NaBH4 -MeOH 4:1.1eq 90% ee, 54%
4:0.2 eq 70% ee, 78%

Fig. 8. Asymmetric Alkylation of 30 giving 33

Table 4. Catalytic Asymmetric Conjugate Addition of Or-
ganolithiums

Ligand

Me
Me A~co.pHa + R ———— \(\COQBHA
2 toluene R
34 —78°C,<1h 35

Entry Ligand Eq RLi ee/% Yield/ %

1 4 1.1 Ph 84 62

21 1.4 Bu 96 73

3 21 0.3  Bu 85 95
ERTE 5.9

AEEFITZ57)L 3413 7 N TRISEDFE TN
TV F UL EREREL 4 Z2RMATET DL

84%ee THIMMIA 35 2 525 (Table4). Z/)N)L7
A2 ZHNDETFINYFILILI6%ee T 35
EHEZ7Z9MIEEICL TH 85%ee & LLIAIE W
BIRMEDGERR TE S0 )L A ZIFEMEOEHNWT 2 >
RENL T ORRTH 5.

PI—FIVEL T 4IEEZILRT U =LY FI A
DM TEVEBREZFREEL, RN TA1 >
21137 I)VFIV Y F 7 L OIS T R &
FIET DM BERICH S, B F UL 0%
B FU LABEROF FIUEIZ 21 132 EM
ThHsZ &% Beak 5 HERL TWNDH. 4750 X)L
TN—TR3EL OFIINEMTFOFTHIT—FT)
417U =)L) F 7 LD B ® e W R
BHAEZEERELTNWS SV MO ) —ThH
SO LEFIINEMAT4E2HE>TNHD%E
B2 EMITHEFEERNCRE 5, 259

e ROFTIIVL VKRBT AT 36 ND
T2V FULDAFMNMEEZRTREEL
IN=F 2V NEREHEE RLF 2P0 40 DARFKF
BRRMMEBETH -7~ (Fig. 9).% —boFL 71 >
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ent4  MeO "“"CO,BHA

Yo
MeO 36 COoBHA toluene 38
+ -78°C
PhLi 93%, 73% ee
=0, = L
MeO " “NHTs HO ~" “NH sHClI
39 © 40 ©)

Fig. 9. Asymmetric Synthesis of Anti-Perkinsonism, (+)-
Dihydrexidine 40

=7 02Ty —ET B EEIRISAE NG % %
TR ET L EEEATERIEICURILER TH 5.
6. BHRYFILIECEZTFL 7 DFRERIER
Rt

IHFF Ry 7T IN—TXARIEDEHEY F
T L—F ZI)VELAL TR T ROSHIZ VW2 & 1]
RETHAD. > r7ONFEoFFIRMNITHTET
T ZIVUF U LOAFREBERINE, 105 OFHES
WZHED & MV > BF; OFE Fi#EfTL, 47%ee
THMBRAK 42 2 527256 TF > FF hE v
27 DR e Fa— R A B B RS D e #l] D EL A T3 A il
TH»S (Fig. 10), 59

7. 74X T72F—bESNIUEIRTILDRE
{t—7A % Horner-Wadsworth-Emmons X & & UF
7 Peterson i

UFA T+ AT +F—MNIUFAL /) F—h
DT il I it D BN (AT 7238 D& H TR B 20T
5 FFKIGHEITdH > 7=. Denmark 5i2L > T
MESNTWDYFAMEXR DN T+ AT +F—h
D S DRI, Y KRR TH DIV RY =F
CORFEMspIRKTH Y, TOO—TIER—FH
FZHB)FULET, 7 ZIIVEKRD P=0 S
I U CHREIZAN D, UFTLET ZF > mHEM
W2 AN AE L, 2 @O THF 70 72 R AL U
TWa, 37206, UFHEL7+AT7+F— I
Z2TFIWVL ) Z7—hKERRRD, UFIALITCP=0
DIFFEMNOGRD 4ARD 1 KEdhinvd, Iz
I 2 AD TEEI L2 ET )L & Fig. 11 ITRT
22FTFIWAFINT A AT +F—h 43 % 4 DFF
EFRVIZHTTFIVIFILERNWTY F41E
L4t-TF)randd /)4 ERLSEDE

4
BFauoBUQ O OH
Oo + PhLi ]
Et,0 “Ph
M 99%, 47% ee 42

Fig. 10. Enantiotopic Group Differentiation of 41

R < |
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Mé L | tBu Naph
Et0 O ’ H
| "\ E—or OH P(OEN),

9 o)

syn-elimination Naph
Naph g - . tBuw <:>=/
tBu Expected aS product

Fig. 11. Plausible Model for Asymmetric Horner-Wad-
sworth-Emmons Reaction

et

4
BuLi A4
(EtO),P—CHNaph
toluene
43 -78°C,05h -78°C,0.5h
0°C,05h
Naph

S _H 2 eq KOH,
DMSO, 50 °C %_
HO ||3|(0E1)2 .

90%ee, 99% 45 O

46

aS 90%ee, 84%

Fig. 12. Asymmetric Horner-Wadsworth-Emmons Olefina-
tion

90%ee OFFIAET IV O—)L 45 NiE 5N /=, KOH
Z i3 & U T W T Horner-Wadsworth-Emmons
FOSZ5EkE S &2 EMAFZRDOA L 7 1 > 46 1
90%ee T LNz (Fig. 12). 0 S KREED /NI 72
W7 545559 % Fig. 11 OET )L H i & 2 T3]
AIHEIZ L T %, 6162

eI U INEERDIATIET + AT +F—
FEWATEL T 4 BT DENWRINH &7
S, TATIVEFTIVIERY I ) T—TF )V T
B OFEEFMVIZHTLDAKKED UFAELT
I/ 77— b—FF)VENLFERICER L /212 4-1-
TFI7ONFY ) 44 EREEIEBD E 85%ee
DEAFAL 71 > 50 2 @mINETHE A, BT
B X D8O TOAFK Peterson K ThHh 5
(Fig. 13).
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8. UFILIRTII/Z7— FDFREMMRE
—3 B RIGH|

IZXFINVIT ) 5= MITZATINEYVFILT IR
THT O N AL TRAET BN RERZEITH
5. AU F U LOEH EARFIL AR F T L
BOAL PRI Tk 1 b 2FETH 0 12235 FAHn
TTHol FINTPI—FIEHBREIERYF
AL T—hF51EA2 253 DRIBIE MV
—20 ECTHETUENETL T 75 L 54 %212
BEZ52bD0DDAFWNRIIZENZESLS B>

Lis

o
. O .
Meas'\/\oj;/ %_GM OY SiMe,
. 47 - . M"cozn
H

Ph Ph toluene
7 -100°C,05h 49

Me,N (e} OMe

48
oo

- V.
syn-elimination

99%, 85% ee

Fig. 13. Asymmetric Peterson Olefination with Binary Rea-
gent of Lithium Ester Enolate

(Fig. 14).
IVKETRIGZI®BICBYFILL ) F— D
FOE<SINE2ENPBETHLEENDE, Z0
—FHEEL TR FULMEEME DT O
KO E KIS Zi A7z, £T FIHDIC LDA 52,
VFILL) F—851, FII)NPT—FT)VENLT 4
LD 3 EGERERAL THIZET A, KBk
MM 1/7ICELS B EEBITAFNRS 77% I123E
L7z, KDKIRD—50 ETHRINITHETL 85%I1C
£ CEIRMENT EL 2, &V S REOm i3k
HFIT2UVFULY 2 ROEEICIKEL, > OAF
PIAY7aE)Y I RT88%IZEL = (Fig.
14), 6
AIICEDTIE 0% DAFINENER TE S
WEh0n, FIINIPIT—FIV4%20F)N%L7MIN
AR TH 82% DAFINER T RIS HETT U A F fil
WAL B ERTE- (Fig. 15). UFULTr >/
F—hEUFTLT I REDEGLEKRIIHERE DS
SNTBOBERITNIRINTNBEN, BLADORN
U7z 3l EERINHI B FRREHEETH S &
A TN, 6566

Z D 3 il RISHI T # R %= 5 2 % F Z)VEAL+

Ph

d

\][j L, PMP'T——fi—» _ii:ijh
[ thium
i +

O~ "OLi + amide

N.
(H MeO OMe toluene lo PMP
51 4 52 52: LICA: 88% ee 54

without 52: 64% ee

Fig. 14. Asymmetric Addition of a Lithium Enolate to Imine with Ternary Complex Reagent

Ph  Ph
1.3 eq Ph

MeO 4 OMe —
LDA 1.2eq -

11
J—NPMP
o

Ph toluene 56
-78°C,1h 80%
n/ 90% ee
P+
¢ ou omp N Ph  Ph
h 51 55 /—< 0.2 eq
MeO 4 OMe
1.2e
LDA q 75%
82% ee

—78°C,20 h

Fig. 15. Catalytic Asymmetric Process with Ternary Complex
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132 EEALTICE 5N THB D 3 ERIEAL T TIERh R
ZLlWw, TO—5T, 3BHMYI ) T—F)VEAL
FIIUVFILIATIVE ) 57— FED 2 TR
Bl l, D TEWERETE I L%EE
ATz, SHICERNBZEIZEDINSTILSTSH
S 7 fil i U 879% DAF IR ZZER L, £IITA
HRE R N2 R TEL. 78 T ) 5 —K 57 &4
2 2 58 O NS = BRI T 59 THELE X 11 60 %
BVERETE 2%, 3L 257 0—)VIRIHEEE
ERT 62 DEEBEAFT2ARNERTE 2 (Fig.
16) . 69)

DFILALATIVE ) T — b 2Rt RFIE L
T52O00 KM, IRbBbUFILT I REDHE
HGILERBET 2 3 o ROnH & 3 BRIELAL T IT &
22 RbH R CERLEHALTWS, UF
TLT 2R EDOEAIETFIEIZETE D THF T K
IMZHERATEET, UFULL /) I— ORI EI
EMITEmDDENTES, ARFIEERNAE
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