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T FOMEE  (F30) @ Organolithiums are one of the most frequently-used reagents in synthetic
chemistry. To better understand their reactivity and reaction mechanisms, it is necessary to elucidate
the structure of reactive organolithium reagents. We found that a ternary complex reagent of lithium
ester enolate—chiral diether—lithium diisopropylamide was formed in an equimolar mixture of these
reagents in toluene based on low-temperature NMR spectroscopy. This complex shows high reactivity
and enantioselectivity in an asymmetric Michael reaction.

SR ERR
(BREHAT - 1)
[ERESES LiEESE & @t
200 84 1,200, 000 360, 000 1, 560, 000
200 9% 1,000, 000 300, 000 1, 300, 000
201 0 1,000, 000 300, 000 1, 300, 000
FHE
FIE
&l 3, 200, 000 960, 000 4,160, 000
WFFE T« R 3R

P D3R - ME - 5% - LR IEE

F—U—F: A F UL NMR, HEERIT, 208K, SRS

1. WHZERRAE LW DT = X BAE EFRIT I K D D BT D

() ARV 7 U A3 A 72288 KOGHI T H Q) YMFRETIX, REDTENL L THBE
. H< O AEEERICHHSNTE T, % UF 7 LAOSEEMETTIUE, AL ETs
OPHMED 2 \HEEF TR HITHOILTEY | PALDRIBRFICER FTRECTH D, LW ) FEAE
BB 2 {8, 2s BB LS 1@@@@& %%L ELTHFIAT—FT L1 ZREF BEREL

BERFOU T U AL, HRaxhasfREEIND 2 7oo BN 1 EEEIERL LT Y F U ARIGHNIE

ERImMbBNTWS, —i&IC 14%¢ 6 B Bex e ONICE R RETH D . IRFB. EH.
&Lfﬁfﬁé &ﬂ%w# WziiHF fest, A 4 V&R E AR fafn LR = Abs
LOENMED Sy T EMZ D ESBAEITET W, A I UEASENLRRIICAAIN S5 2

L. 28 FHSITHEERN Eﬁkﬁ“élkz’fi EMTE D, T, T THE LIS A1



VFULEDS, T 0T —T 0 1 DR
L ARFAL SN2 88K 0 J7 8 5 0 BOSHE DS
EW=DTH D,

Ph,  Ph
/ + RL T 03 0
MeO OMe Ph 5
. i (o)
2. WEOHD

() PLARERITHLHEHKD T 7 20HF At
I DITPERT AL, AEY T U LOMHEE
& RUSTED B 2 054 L, B smIc Sz
U F 7 AROSHIOIEMHEAL FIEE BT 5,

O  JERIEEIL D DR 72 WER I SSHED
EWEREY T L0, REEN &2
BHEL BT, ENTRISMED EWE M
FEIZ72D — ZOBBRIENHSG % A%
VT 7 LOEEDOB A GMEZ T
ZENAMIRBEOE —~DHTH D,

@ BV TFULOKGMEEHEEDORE
BERDNBH & 72 iuiE, L0 IEMEAR G
B EDMBERELH LN D, — %
HOBWEKY T U LAOIEMALTIED
BRNE OHITH S,

3. WD ik
() YFILT ) F—FEXTAIT—F L
L DRI A NMR 12 L 0 R+ 5,

Q) VFUvLrT)TF—h—FTFNLTT—T)L
PR A & BITTEMEAL S B 2 EALRIGA] D
BMET21T 9, IEMEL - RLES OFHIR &
L CTAF Michael S E1T 9,

G VFUvLZ)T—F—FTNTT—T)L
—UVF LT I KBRS 3D EA G
FlOHEEZ NMR IZ X 0 =T 5,

4) BLZERIE LT, UF LT ATV
T ) — M ®OARF Michael fTI—&% 5 LT
N ALBORIZ & 5 3 HE A s gLk oM
FE L WFET VA v A K Halichlorine D&%
WM E1T 9,

4. fFZEECE
) VFUALZAT LT )T —hDARFKF
Michael <) (Tetrahedron Lett. 2008, 49 (31),
4582-4584.)
UIFRETIEIVTFULAZAT VT ) T —
"R TN =T VBN FETF, 4
AYAREIRWICA T Z E2®mEL TV
Do IDHIZHLBRIEWNT L2, ZORIGZY T
UAT X RBFETDE, =/ T — OKIE
PE R ONE AR SRR Iz B35 2 &
HEMH LTS, (J. Am Chem. Soc. 1997, 119,
2060-2061.) =D/ 7— hDOIEMEAL - RHFL

FHEO—BREEBIET 5720, K7 Michael
S~ D1 H % A7,

VFOLAZAT N ) TF—h2Dv )
AEET AT )L 4 ~DAFF Michael )&%
KT, FTNLYT—FT/)L1, LDA3 DIFHETF
—78 °C T 0.5 IS %4T 9 & | Michael 1400
K578 81%INHR, 78% ee THEH LTz, Yo —
TN1DOHTIET ) 77— 201EHALIZ+
TR IMEDOIERITIED 4% TH Y |
ZEACWTEREINE 72, =/ T—F2|C
LDA 3 3 fF& W5 L 7 I OFMME S A
NR%NETHLNZ, ULV, =/ F—F
DOIEMACITIZV F LT I RPREETH D
ZENbiroT,

ou Ph. Ph )\ /k
B N e
Me MeO OMe Li
2 1 3
13eq 1.7 eq 1.3eq
ph Xy CO2t-Bu O Ph
4 o CO,t-Bu
—_—
toluene Me M5e
~78°C.05h 81%, 78% ee
4
2+ 1T = 5
13eq 17eq toluene 4%, 12% ee
—78°C,0.5h (94% recovery of 3)
2 + 3 # 5
13eq 13eq toluene 7%
—78°C,0.5h

ROV T ABT AT V4 ~DREF
Michael K Jis TlX ., LDA D b v &
LiN(c-Hex), & N5 & | AR B 75 96%UN
93%ee CHGLILIZ, ANDUFTLT I RO
BEIZ L > T ) 7 — bOUsME, SEEGEIR
PERRKES B LW ERFERT, =/ T
— hEUFTLT IR, RFEEMNT 1BES
{LEEIR 2 TERL L T D ATREME 2 7Rk L T U
Do LT )T —h2EFTNTVZ—T)L
1. % O'LDA 3 D8R IZRCZ NMR 12 X Y
FETBHZE L LT,

Q) VFULZAT LT )T — NSRS
I o> A & WF 78 (Tetrahedron 2010, 66 (13),
2470-2473.)

Toluene-dg ', —80 °C T 'H-NMR (Z L % fi#
Wr&17->72, i-P,NH7 (Chart 1, A) |21 4&
® n-BuLi # 1z LDA 3 Z#%# L(B). ZHiZ
TARATI6EMZTCYF UL AT LT )
F—h2%WE LS (C,D), =/ TF7—h2¢
X T IVENL T 1 & OYEIRAIEIR T D NMR
%, BT 1 B NMR & it & B
M 1HEEDAF LT kv H AF 7
ko HENHEIC HZ, HE ~ERREES 7 N LT
(E, F), &b/ TF— b AF 7 b H
X H?~, AF L7 by HIZHEZ~EY T
M7z, TNHOREREF, i1/ T



— R 2RI L2 AR R LT
W5,

B 11, =/ 7—hK2, LDA3 D 3 %%
ZE/V 111 TIRET S &, B 1 Hk
D=7 —7 HS, HP, =/ F7— hlkD
H® 5 L8 LDA 3 HizkD H” 28l Shi-,
Eo FRRCHE H2 b Sz 2 &b,
BT 1- ) F—F 20 poskike 1-
2-30 = ROBEAEHEEPEFEL TS Z L
DIRIE X377,

F£7-. BCNMR TH ik 1 —
oekisl1 —2—3 @EEX%%E’ET%KO

J\ﬁMe
2 b OLi
)\ J<* n-BuLi /L J{' )\rCH'
N —_— N o +7
Li

H

toluene-dg
7 3
Ph Ph HP Me Ph
Ph Ph ",_<”.. 92 )\ k NS H9®
e i N . c')/>gF’h
HCO  O-CH Me= O v Opin ' " ~ti-g
1 7 3 3 Hb3 Li | >,
o ~O0  CHM,
He? OJ\KCH% Hes 0)\((:”' 3
Me Me
21 (+7) 2-1-3 (+7)
H yns 2
314€2 HB
o2 H° Hea H H2 2+1+3
b3 *7
Hh2 )
2
HY uh H? H 2+1
Py Mu._/w'
HEZ ¥ i L A +7)
Hh
HY
E L J\ . 1

c i A A 6
8 A a3
A ‘Hk L 7

Chart 1. '"H NMR

WA OLi, PN o il [FINL AR THERR L 72 [°Li,
BN]-LDA %W T, °Li NMR HI&E %47 - 7=
(Chart 2), °Li, "N D A U&7 X+ NZ
1L 12 THY, VF U LEEROMAIZH
THERN T LVOLEEL L THELR
5, [PLIl-=/ 77— F 2 EEMNEF1 & D 11 iR
BTEIR R TIE 1 FEEE O singlet (8 0.40 ppm)?D
BB S iz okt L), [Lil-=/ 7 —
k2. BALF 1. [°Li, "N]-LDA3 ® 1:1:1 &
AR TIX 2 19 doublet (5 0.70 ppm, J =
4.6 Hz, 1.52 ppm, J = 5.5 Hz) NEHIS 7=
(P), ZHUF2FD °Li nENnEh 1D PN
&w/f)/fbfwé LEEWRLTE

. SRR ASER O % T8 < AT AR

RThob,
Ph@ Ph )\ )\
— N e
Me’oﬁu Ppe °Li 15N 6|_2/>_Ph
[6L| 15N)-3 6L|3
e}
:27 )\rMe toluene- dg :§7 )\/Me

6Li1
6Li-2 + 1 + [°Li,'°N]-3

) 6Li3 6Li2 6|_IC| (+ 15N_7)
6L it Li-2+1
(+ °N-7)

o] bLicl

. . A

BLiCI (external standard)
N [Li,*5N]-3
s,
T T T T T T T
3 2 1 0 ppm

Chart 2. °Li NMR

U F 0 LEOGHIO BOGHE, LA IR é”}i
JEAIOAEE &N D BLR D BWFTE L 72611
LA 72, LR NMR W% & & o725 jC
DEFDOFEIZ B 7a particularly nice interface
between synthesis and structural/mechanistic
organolithium chemistry” & DAl 252 17 7,

B) VFULAZATNT ) F— b DRFHE
fH—% o5 5T VA X B 3 8RR
JSAEEE L halichlorine D& kAFZE (Org. Lett.
2009, 11 (9), 2007-2009.)

GRS LT, VIV AZRT LT
J 7 — b ORFIEAIM— 7 v AbE
SO £ % 3 HfE A F RO FT LT,
7Ly —7 1 KO i-PrN(c-Hex)Li
(LICA) fFHEF, VTF UV LZAT LT ) T —
k8% 5 BER ap-aflm AT )L 9 ~ARA I
wfmEy, A2V F L) F— FEE
NS T VM LT & 2 A, RUOSITATIRE
RIZHEIT L, 3EHRAFTREATHY TR
T IV T2%ULE, 64% ee TH—DTT AT L
F~v—E L THELNZ, tBu = AT LEXS
I T+ A N N AN - I
(S)-1-phenethylamine T2 E 217V, HF
WS DB IVIR ViR E T2%INR T =, T D%
HIVIR CBED Curtius 87 21TV S HIZH 9
—ODT AT )NIEE T L3 — WETT, R
C TBDPS #& CTf&i# L <C Danishefsky H D&
L T\ % Halichlorine ™ & 5% H 4% 10 (Angew.
Chem.,, Int. Ed. 1999, 38, 3542-3545) ~ & Z5#4
L. BEWEER L, IHIZEFDHES T
FEDOZE#AC Halichlorine @ core structure T



D ERVEAROWMEZIT -T2,

Ph Ph
t-BuO,C ( J {-BuO J
9[ > MeO 1 OMe Br o :
+ OLi LICA HMPA Me

_— =

H

N N 72%
(i-Pr)HCO 1 ;g'gg‘j ho OCH(i-Pr),
8 64% ee, >98% de
1) TFA | |
2) (S)-1-phene-
thylamine HO,C: 4steps BocHN.E

3) recrystallization
4) aq. HCI Me

72%

—_—
— Me <
b

O~ "OCH(-Pr), TBDPSO 10
>99% ee

’%OH halichlorine

5. ERIEERCE
(BFgEfFE . WFTE o3 K ONEERF TR 12
=Ny

(MEssRR ) (Gt 8 1)

@O NMR Studies of a Ternary Complex
Reagent of Lithium Ester Enolate, Chiral
Diether, and Lithium Diisopropylamide in
an  Asymmetric ~ Michael  Reaction.
Yasutomo Yamamoto, Yorinobu Yasuda,
Hassan OQOulyadi, Jacques Maddaluno,
Kiyoshi Tomioka, Tetrahedron 2010, 66
(13), 2470-2473. A3t

@  Asymmetric Construction of Binaphthyl by
the Chiral Diether-Mediated Conjugate
Addition of Naphthyllithium to
Naphthalenecarboxylic Acid BHA Ester.
Mitsuru  Shindo, Yasutomo Yamamoto,
Ken-ichi Yamada, Kiyoshi Tomioka, Chem.
Pharm. Bull. 2009, 57 (7), 752-754. %%t
A

@ Asymmetric  Construction of  Three
Contiguous  Stereogenic ~ Centers by
Conjugate Addition-Alkylation of Lithium
Ester Enolate. Yasutomo Yamamoto,
Yorinobu Yasuda, Hiroyuki Nasu, Kiyoshi

Tomioka, Org. Lett. 2009, 11 (9), 2007-2009.

i

@ Enantioselective Conjugate Addition of a
Lithium Ester Enolate Catalyzed by Chiral
Lithium Amides: a Possible Intermediate

Characterized. Baptiste Lecachey, Nicolas
Duguet, Hassan Oulyadi, Catherine
Fressigné, Anne Harrison-Marchand,
Yasutomo Yamamoto, Kiyoshi Tomioka,
Jacques Maddaluno, Org. Lett. 2009, 11 (9),
1907-1910. #E#FH

® Asymmetric Construction of Quaternary
Carbon Centers by Sequential Conjugate
Addition of Lithium Amide and in situ
Alkylation: Utility in the Synthesis of
(-)-Aspidospermidine. Mayuko  Suzuki,
Yoshito Kawamoto, Takeo Sakai, Yasutomo
Yamamoto, Kiyoshi Tomioka, Org. Lett.
2009, 11 (3), 653-655. &t

® Aminolithiation of Carbon—Carbon Double
Bonds as A Powerful Tool in Organic
Synthesis. Kiyoshi Tomioka, Takeo Sakai,
Tokutaro Ogata, Yasutomo Yamamoto, Pure
Appl. Chem. 2009, 81 (2), 247-253. &t H

@ Consecutive Cyclization of
Allylaminoalkene by Intramolecular
Aminolithiation—Carbolithiation. ~ Susumu
Tsuchida, Atsunori Kaneshige, Tokutaro
Ogata, Hiromi Baba, Yasutomo Yamamoto,
Kiyoshi Tomioka, Org. Lett. 2008, 10 (16),
3635-3638. Aaih

A Ternary Complex Reagent for An
Asymmetric Michael Reaction of Lithium
Ester Enolates with Enoates. Yasutomo
Yamamoto, Hirokazu Suzuki, Yorinobu
Yasuda, Kiyoshi Tomioka, Tetrahedron Lett.
2008, 49 (31), 4582-4584. 4t

(3] (G 101F)

O LA _BR VFILATIF-—FTAY
T—T VEAIEHIO NMR #§#, B A
LA 131 4, 2011 £ 3 A, il

@ A HEEA, NMR Studies of a Ternary
Complex Reagent of Lithium Ester Enolate,
Chiral Diether, and Lithium
Diisopropylamide in an Asymmetric
Michael Reaction, Pacifichem2010, 2010
412 A 16 H. Honolulu, Hawaii

@ AR R, EEEEARY F U LG
F DOARF AL IS & HEEHFIE, 2 60
0] B AT E TS - KR G
RLERNE S B ) . 2010 4F 10 H 30
A, BRKZ

@ UK A, @miEEEERY T U LS



FIDOARFE Michael IS & ABEAFIE.
HASEI S E AROESHRT VR T A
2009 4E 11 A 17 H., &R brs—v

AR A, EiEHEASRY F U LG
HIDOARFE Michael NG & #EERFFE.
5% 59 [ H RIS RS, 2009
10 H 24 B, TR

AR A, 4 FIRFBOREEE AL
9% (—)-Aspidospermidine D RFE=E K.
5551 IRRARRILEWEtame. 2009
10770, 452

A XK. VFULTZAT LT ) F—
b Z ROy BOGHEI O EiE R AR 75 Michael
NS, 55 58 [Bl B AR P2 #SGH

£:. 2008 4£ 10 H 25 A, w7 38F Kk

A FEA. A Ternary Complex Reagent
for An Asymmetric Michael Reaction of
Lithium Ester Enolates with Enoates, The
20th  French-Japanese Symposium on
Medicinal and Fine Chemistry, 2008 -9
H 8 A. Bordeaux, France

IUA  FEA. A Ternary Complex Reagent
for An Asymmetric Michael Reaction of
Lithium Ester Enolates with Enoates, The
First international Symposium on Process
Chemistry, 2008 457 H 30 H, 5UAREES

=fH

IUA  FEA. A Ternary Complex Reagent
for An Asymmetric Michael Reaction of
Lithium Ester Enolates with Enoates, 17th
International ~ Conference on  Organic
Chemistry, 2008 4= 6 H 24 H. Daejeon,
Korea

(XE] GE 1)

@

INAREA (i) . (bR, X
HOEBORKISE2 41 EETA KN,
2010, 206-207, 356-357,436-437, 450-451

6. WFIEhLR
(D) BFFefREE

(A FEA (YAMAMOTO YASUTOMO)
Al AR L7 R - SRERER - BhE

g :10452278




