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Molecular Design and Function of Ate Complexes
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Lithium trialkylzincates were known to be convenient and synthetically useful for transferring various organic
moieties and for metallating aromatic halides or vinyl halides. The outer shell of the zinc atom in lithium trialkylzincates
is filled with 16 electrons, and there is a room for an additional ligand to coordinate to form a favorable state with 18
electrons. As a new type of zincate, the reactivities of this tetraalkylorganozincates and related modified organozincates
were then studied. '"H-NMR study of organozincates indicated the difference between these highly coordinated zincates
and lithium trimethylzincate. And the studies on the reactivity disclosed the difference of regioselectivity for epoxide
opening reaction and the different reactivity toward halogen-metal exchange reaction. These results support that these
highly coordinated zincates should be distinguished from ordinary lithium trialkylzincates in the structure and the reac-
tivity. On the other hand, various dialkylzinc hydride ‘‘ate’’ complexes were also designed and the reactivities of these
zincates toward the carbonyl compounds were investigated. The results clearly reveal that dimethylzinc hydrides are the
most powerful and selective zincate for the reduction of the carbonyl group.
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Fig. 1. Ate Complex and Onium Complex
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Fig. 2. Generalization of Reaction Pathways for Ate Com-
plexes
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Fig. 3. Design of New Ate Complexes of Organozinc Derivatives
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tries 1-6).
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Table 1. 'H-NMR of Metal Reagents in THF (—20°C)

Entry Metal reagents Ome (ppm) @
1 MeLi —1.96
2 MeMgBr —1.62
3 Me;Al —0.82
4 Me,Zn —0.84
5 Me;SiNCS +0.40
6 Me;SiCN +0.38
7 Me;ZnLi —1.08
8 Me,ZnLi, —1.44
9 Me;Zn (SCN) Li, —1.23%

10 Me;Zn (CN) Li, —1.20%

a) The ¢ values are relative to  methylene proton (1.85 ppm) of THF.
b) The signal of tetramethylsilane newly generated in the mixture was ob-
served at 0.00 ppm together with disappearance of the signal of Me;SiNCS
(0.40 ppm) or Me;SiCN (0.38 ppm) .
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U FIVHREEIE N,
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Table 2. Bromine-Zinc Exchange Reaction (1)

Table 3. Tellurium—Zinc Exchange Reaction

OH
Br yZ 1) Zincate = |
1) Metal reagent | THF, Conditions ~
THF, temp., 2 h ~ . 2 PhoHO ah N
, i,
R 2) PhCHO, rt, 3h R N™ “Te'Bu 2) OH
1 2 3 4
o . o\ .
Entry R Metal reagents  Temp. (°C) Yield (%) Entry Zincate 'H-NMR 4, Conditions (Yo/loe)lf})
1 H Me,ZnLi, 0 90 .
5 H Me;Zn (CN) Li, Lt 90 1 Mes;ZnLi —1.08ppm r.t., 18 h 0
3 H Me;Zn (SCN) Li, it 89 2 Me;Zn (CN) Li, —1.20ppm r.t.,2h 63
- 3 Me;Zn(SCN)Li, —1.23ppm r.t.,,2h 58
4 MO Me“%nL‘; 0 84 4 Me,ZnLi, —1l44ppm 0°C,2h 81
5 MeO  Me;Zn(CN)Li, r.t. 90
6 MeO Me;Zn (SCN)Li rt 9 The reaction was carried out using a zincate (1.4 equiv), 3 (1 equiv),
3 2 -t

The reaction was carried out using a zincate (1.1equiv), 1 (1 equiv),
and benzaldehyde (2.0 equiv). @) Isolated yield.

KEW, 22T, “anionically” IZiEM{LEI NS
BAL B Sh Y — RERZ W T T OENRE 2 &D
RE—MMZHL 2t Lz (Table 2).,
Me,ZnLi, & A% ULl & L THWS &, THF H
0°C TEEMRAKKS p-A MFRED, FIET
HEIO 7 ) A=W RN ERT D E AL 2. —
7, CN#® % Wik SCN M2 F 9 % & il (i 5§ 1K
T, FRECTHERITAILENHZHDD, HHOD
TIaA=)k 2) 2RV ENETHE A,
DX ERMEREEALICE > THELNmn
s, )V o MeEmEDTIVY) T L—
HSNZCHRIC B VW T HEMP SN/ (Table 3). &
BRI RISEIR D Y =4 D EIc K o T, RIBE&MIc£ D
DENVZHDHDOD, WTNOEENLEIEE A Z F W
ZHES, BHOTZI)LI—)UENAER L 72, Me;Zn
(CN) Liy, Me;Zn (SCN) Li, 2 A & )UAbHFI & L THW
ZHE, BRTF2REMOKISICED TIVY U L—Hf
AR RN HETT L, B 7 )L a—)Uik (4)
TNTN63%, 58% DINETHSNZ., H&bH “an-
ionically” IZiEMEfLEI N TNWB EEZZ 55 Me,
ZnLi, TiZ, 0°CIiZBWVWTH, FTIVU T LA—HHER
PSR MHITHETTL, 4% 81% DR TH A 7=,
LML S, MeZnli 2 HWEHE1E, Eil|RT
18 R D T IV Y U A—Hi g i 2 <
TR, FERZENTS50ATHo 2. IFE A
WLy o MM EdaNa Ty Ak E L TR S
NTVWBN D B RNICBITST IV T L—RAY

and benzaldehyde (2.0 equiv). @) Isolated yield.

IWEHOR E LTI, AU 70 MMEEW R OA
FEEMLrHeNTHE 5T, G NIRRT
FEGHE LAY e AT S FEELTHEA
HAThrLEAOGNS.

ZN5 2 DDAZIUEIIRIZ BT % & o K
2y, EEALEUERSR Y — PERADSRBET 5 2 LTk o
THU 2 MhOTEEMICER T 5 laetkld, MeLi K&
O Me;ZnLi NI NORIEdEL<EFT LN &
WEDEESIND. Lo T, #Hizissik 4K
L7 ZF U HE) AL TW SRR & .

27 TOERCE S EDOKINZE, 7 — REEKRD
FOSENE AR EEIC K> TR BB 28 2 T
<5 (Tabled). DF O, 3ENLEHA (Me;ZnLi)
ERHWESGEICE, RERTICEELZH5ZTERDY
ICCN 27 D)V H-ITEH L, Me;Zn(CN)Li, KU
Me;Zn (SCN) Li, 2l % &, BIRAYIC R F—Hih
TSR DHIHEST U Tz, £z, b RKIRENEN
Me,ZnLi, W= & 2 A, T O KA E KR I
frLrz.

W7 — hERZRA WS HER ETONDOY >
(ROT IV D L) —Hgn SR T, ERT 5
(G 2 A SR ORI &2 B 9 2 B E RN Y —
NEARTH B, bbb, (EREMEERNSIX, FEF
3 BAALE SR Y — NERADR 5N, EEALRIBE AR T
X, HEEESEAMEESR Y — MERNEONTLS S
ZEWRD. LEN->T, mEAEHh Y — NEA
ERHWASKIETIE, AZIAERIGIZE > TEL S
2 HARSEIR D, TERRIOD 3 BAALEEA & R T, RIS
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Table 4. Bromine-Zinc Exchange Reaction (2)

Br 1) Zincate
/©/ THF, 0°C, 2 h
NC
5

Product 6 - 8
2) PhCHO, r.t.,3h
Entry Zincate 'H-NMR dy.  Product %9
1 Me;Zn (CN) Li, —1.20 ppm 6 98
2 Me;Zn(SCN)Li,  —1.23 ppm 6 95
3 MeyZnlLi, —1.44 ppm 7 63
4 Me;ZnLi —1.08 ppm 8 50

The reaction was carried out using a zincate (1.1 equiv) and 5 (1 equiv) .
a) Isolated yield.

OH Br
NC (0]

6 8

HNEE>TVWB I ENTHEEINS, D

FER 3 EAHES Y — RERIE, UFULPTST
R LREE AR D ERIGHEIZMK <, Michael ff
SRR HIVEAAY L — 3 > RIZIEIAEETH
HZENASGNTNS, Y I T, \NOF2—RA¥
IR L > TH S N 55 2 SR B S 7
AR Y — NEEARE FWT, 3B EFEMR T —
MR R WH A BRINEEHEFET2HWT
Michael )iy, HIVIRAY L —3 3 > itk O o1
WIARF T RERMNICDOW TR 21T 72
PERBL B U T IV F)VEE T — bR DR E T2 R
HD 1212, af-AEAIRZIIEEMITHT 2
Michael MG H 5. L Lans, FHFHEGEHER
M7 — R ER WS &, TOMSEZETL, 1F
EAEHWD LA-FHIRDG 5 NN 2 ENHTS
nNTns. 9

T ITC, @B E RSN Y — FER R DR WK
JSHEICHAEE U C, Michael R IZDWTHRAR 2175
7= (Table 5).

Me;ZnLi TIE, NOF > — A ¥ )L R i
79 %HDOD, Michael fIIKIENIE4E < H#EITET,

Table 5. Intramolecular Michael Addition Reaction

COOMe
|z COOMe
©: Metal reagent
X THF, -40°C, 4 h X
9 — r.t, overnight 10
Entry X Metal reagent Yield (%)@
1 O Me;ZnLi 0
2 NSO,Ph Me,ZnLi 0
3 O Me;Zn (CN) Li, 5
4 NSOzph Me3Zn (CN) Liz 13
5 o) Me;Zn (SCN) Li, 8
6 NSO,Ph Me;Zn (SCN) Li, 22
7 O Me,ZnLi, 39
8 NSO,Ph MeyZnlLi, 66

The reaction was carried out using a zincate (1.2 equiv) and 9 (1 equiv) .
a) Isolated yield.

fENOTF K25 25DATHo. LnLEN
5, AZIUEAIE U TEEAI SR Y — NSk Z
WZIBEITIE, BROHRINDETL, RFIT Me,
Znli, Z flWw/Ha6, RbEWVWNETHNOD
Michael AN AR L 7=,

NG5O EXD, NOF —XF VAR
Lo THESNS GF 2 40 @A R F R H S Y —
NEEIRIZ, DEOREI 3 FRALBEIR & B TRUBED &
Z&, ROUIATIVEHEBEERRT 2 Z &<, b
BRI I D BN RETTT S T &N
HBAL /=

FITRIZ, EH LI TWianWAL 7 1 T
THHNINHRAY L —TarKihEmHFL L
(Scheme 1), 10

TUN2-F—=RT7 =)V T—F) (11) IZ Me,
ZnLi ZEAEI® 5 &, NOF >—A Y IV TN
BHBICETT2H00, HIVRD A —a ik
e <BEINT, BiI—RE (12) 2EEMIC
BZ2250HTHo7=. —7F, S£d Michael K i T
H B ED & o 7= MeyZnLi, 2 A &)U AbHI&E LT
Ans &, IUHR—mINHEIR, W THILRY
= a Y RIBDRRIZ, MK EL THERLZ &
EZONDHHERK 13) N R2XDONERTH SN,
72, ARISIEA > RU CARICOEHTHDZ &
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1) MeyZnlLi, Me
THF, 0°C, \Zn
then r.t, ©: J/
48 h
L s
o . Lit
11 1) MesZnLi,, Lt e
THF, 0°C Me
U Me- Zn
2h >
then r.t., J/
48 h O
| P L Li*
e s e
N Halogen-Metal Me-2Zn>
H Exchange --
| N
Scheme 1.

Table 6. Intramolecular Epoxide Opening Reaction
| Metalating
@[ J<‘ reagent ©f< ©\/j/
'}‘ th%r? rt1 "
SQ,Ph SOzPh SOZPh
14 15 16
5-exo 6-endo
Entty  Metalating reagent Yleslcl(;?g)”) 15:16”
[1 Me,ZnLi 86 4:96 |
2 Me,ZnLi, 67 87:13
3 MesZn(CN)Li, 57 80:20
[ 4 Me;Zn(SCN)Li, 92 97: 3 |}
5 Zn(SCN),+3MeLi 80 81:19
6 Me,Cu(CN)Li, 50 12:88

The reaction was carried out using a zincate (1.5 equiv) and 14 (1 eq-
uiv) . @) Isolated yield. b) The ratio was determined by !H-NMR analysis.

2) H* ©\ J/
quant.
Li*
Me,Zn? Me
Carbozincation Li* 2)H* ©j$
(o]
(o]
= 42% B
Li*
Me;Zn? Me
Carbozincation Lt 2)H* @g
N
N

\\\\ 73% \\\\

Intramolecular Carbozincation

ELTHWEEE, Baldwin HI'?ITKT % 6 B84
R (16) 7896 @ 4 EEERIICARK L. LirL
BING, SEkEEEAMEICT S &, AL T OMEE
sze®J$m>V##b6f EIRPED 2

MR g 5 & WD IEEICHBREWRERNG S Nz,
IZ, Me;Zn(SCN)Lip & A& VLI & L THWZE
HITiE, 5 BERARY (15) ANERMEIT 3 THS
nrz.

ZOFERFZ, BMREEZAMLIES I L THH
7 — MR DRRE, BIREEHIEL S 5 LER
LTW2, #ighY — bEMARDBRM B ZRETT 5 &
&0, SEBRARY & 6 BERARY OREIRIE K

WREMZRE T2 HDTHS. Tabb, mED
3EAALEY Y — B ER A & mBl AL Y — SR & DS
KOBTHREVNEZEMRL T, BREITELL 2D
DEEZLND. FEBEOEKRNTD, ZOXD 75
REFE B D il H 2 BUALERBEIC K > TIT > TW 5 Al g

AVHIBR U 7z,

BT RFD RE, KEFHEERIET 25
SRR E, ETNEERRGEHL, %%ﬁm@
B DMEREBRENREIND ZENA SN TN
5 WEIZT, BrxO7— ik E AZ LRI &L
THWT, NOF >—AZII RIS E, ENITHE

STFNIRFL RERRIGETORE2TH 1 2L
It %E{T> 7= (Table 6).

W D 3 FALEEIR Td 5 MeyZnLi 2 A 7 JL(LA

M,

X7z, ZOXIBHFHNIRF L RERKIRIZ
VYT Baldwin B TlZ 5-exo f)‘ﬂﬂjﬁﬁﬁf)’@f‘ﬁ@‘é &
SINTEED, FEOMBREID, HndEEAED
EWICZE->TH, BRIEKEOLHMEZEFIFIL S 5 2
EAVHIBRL =,

INS ORERIT, BAERENY — b EMADOHRETE
BHIZBIT2AA v FOREZH>TNWS ZEERL
TWa, [RIC, FZi2T 1 > Udiikn, ek
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B3 FALBEIR &1F, HEEMICHETIICD BIR 58
KThHsaILE2THIES.

% Z T, 'H-NMR, Raman, in situ FTIR &} EX-
AFS (Extended X-ray Absorption Fine Structure) X%
R MVERWT, EERPICBT 2 &R Y —
SER DRI DOWTEEMICIN/Z &2 A, Hilzlz 4
ALY —F UG 2 RS DR 2G5 2 ENT
/.

2-4. SEMRFEHRT — FMEEOEEY  Hid
fEbmid, FEEIIZE, R T - 2 Tov 1 X0 EE
Fio =BG, 3 (BT o) WEKZEHWZE
FEIZE DTS, T OMRED X ARG i G RAT
ETH5B. LinL, ZTOHETENITEL /RN
BOENBWNED, BITHS, £, ST
T UBHREFREOEE LR U TIEARWN, 20720
SHTIE, EEEMECHEFREBOMEZHTET 2
e, SEIERIEFEHOFENODOETHN SN
%,

IR R i Y — MR D 'H-NMR X X7 |
W&V, SRR AFIVEIT T T Me;
ZnLi DA FINVEEDO 7 F IV K0 bE#EG S 7 RN
BEIE N, “anionically” ICIEMELEINTVWBE Z &
MG MMER S/ (Table 1). T7abb, T 5
kD THF #E#K H1213, MeyZnLi 5 MeLi 737 4E L
BN ENMHSNTHD., £, TOFEHEZ, BFE
(BROTIVY 7 L) — i S SORE M B 5 5 N F
FEH—HT B, UEDZEXD, MeZnLi, i, 4
BT A U iEE Lo TS T ENHRL LHFS
N5, FEEE, XS RGNS BRERIRERIC
BOWTTFIANRIINHEEEALTND I EDHS
NTNn3B,

—7, Me;Zn(SCN)Li, 27X Me;Zn (CN) Li, Tl
LiSCN & % W\ & LiCN Vi $ft FICEAL L TV 5
NEEERS, LhLans, 'H-NMR AX7 K
JVINGTIE, 588K Me;ZnLi & LR T “an-
ionically” IZiEMALEINTNB Z EIFHOMNTH S
HOO, HEICET 2 EZRNRERIIE S .

% Z T, MesZn (SCN) Li, & OF LiSCN @ Raman
ZR7 8)b (514.5-nm Jhkd) z#E L7z (Fig. 4).
LiSCN ® Raman Z X7 ~LTIE, C-S fifEH 779
em~HIZIEHITHRWN D REL TEEIS N /ZDITxt
L C, MeyZn(SCN)Li, Ti, Zd/)N> RIZEHE
Nixh-ork. I72bb, REEEKIZHBNT, LISCN

o))
N~ LiSCN
= .
b Me; Zn(SCN)Li,
Z
[T N~
£ 3
S
[ o) w
[32]
(=]
] 1 | 1 1
800 600 400

WAVENUMBER (cm™)

Fig. 4. Raman Spectra (514.5-nm excitation) of THF Solu-
tions of LiSCN (Top) and Me;Zn (SCN) Li, (Bottom)

MEHEL TOWRBWI ENHSNTH D, SCN HIX
Hgh EITEAL L TW B a]BEME AR .

AR, in situ FTIR 27 MU, (B¥EKIG 28
I 2EERFEERDDDHD. 1D ZIZ T, Me
SiNCS & Me,ZnLi, &7 5 MeyZn (SCN) Liy 234 ik
I 5iEfE%E FTIR Z W TGEIL &2 (Fig. 4). Kb
%, THF th —78°C 12 B \» T Me;SiNCS 12 Me,
ZnLi, ZNA 5 Z &Ik > TITW, KIGBIA®E, 4
5T L1280 /p R, FTIR AXRZ KL ZHIEL 72
(Fig. 5).

Me;SiNCS 12 @ J& X 11 % 837cm 1, 855cm 1,
1254cm ™' D AFI)VEHR DN > RIZ, KIGDH#EST
EEHITHEL, H2IT MeSi ICHET % 863
cm~ !, 1246ecm ' DN ROIHB L. 2D &
1, HSh BT ORI T RHSOSD HIICTET L T
H5ZEERLTVNS, I5IT, MeSINCS IZhRES
N5 2084cm ! @ SCN /N> RAFERITHEL,
2070 cm ! {2 #7278 SCN N > Rz xS Nz, &
"B, TOSCNNY RIZ, 4B T =
EZEAHT S Me;Zn(SCN)Li, HISKDON RTH 3 &
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Fig. 5. FTIR Spectroscopic Analysis of the Reaction of Mej;
SiSCN (1.0 M) with MeyZnLi, (1.0 M) in THF at —78°C

EAB5N5.

LI FE NMR, Raman % O\ in situ FTIR A X7 )b
DOFEFNT, MM 4B DY 2 F UG 2 X FFT
5HbDTH5S. LinLans, TNS5DAXRT ML
WBEEMICEA T (SCN) WHE$h EITEAL L T
HIREZBH L 72D D TIZRW, I T, RICHH
65 D E NS IEHRZ 15 % 72912 MeyZn (CN) Li,
D EXAFS ZAX7 ML ZHE LT,

EXAFS 13, FEME, WK, Wk rxEdemE
OHZEBDT, FOETOREEEZRIRL, FOET
D E O JFEE BT OB CEAL T & O EF
EDIET R ZRETHIENTELHIETH
5N TW3%, Me,Zn, MesZnLi,, Me;Zn (CN) Li, &
X Zn(CN),® EXAFS 5~ —4% (Fig. 6) @ Fourier
25 % Fig. 6 125 L 7=, Me,Zn K Uf Me,ZnLi, T
13, K LS ARIEICE L AROY — 7 il E
EXAFS T, HHEHRnERE TR G LK
BB NanwzY, ZOoE—713 Zn-C #EH

Zn-C:N-Zn
Zn{CN)2 (s)

Me,Zn Lizi-MBaSiCN

MegZnlis

Fourier Transform Magnitude

Fig. 6. Fourier Transform of the EXAFS Spectra

ICHETHHDERFETES. LnLAENS, Mey
ZnLi, 124 8D Me;sSiCN 21X 5 Z &L TR I n
% MesZn (CN)Li, TIE, 1.5AFHEDAA > E—2%
KA T, 3AMREICHZRE — 7 NBEE N
EREICHAZRFIImSBEL I NS0, #Hilzk
E—213 Zn-C-NICTHXT2bDEEA 5N 5.
Iixbb, TOE—7 OFLEIE, MeZn (CN) Li, $i
RIZBWTHESH EIC CNEANEMIL TWD Z &2
SRTHDTH 5.

AFANLY T A MG EREET % /2%, FEFF6
SR ETOZ. TOME, BRI AXT ML
&, HPH EIZ3 DD MeE I DDCNENT T
ANRIIVKE#E (Zn-C=1.96 A, Zn--*-N=3.10A , C
-N=1.14A) TERALTWVWS5ETEHIELTEEA
EHBT2ZENTER (Fig. 7). FEB, ##HhE
IZCNENENLL, R —HEEzELTWD &
THISNS Zn(CN), THRIKOE — 7 DEEI
. E5IC, SAMTIEENAZE—21F, Zn
+Zn(Zn-C-N-Zn)EXAFS 2, L TH D, X #itks
FRREE RN 535N TS CN £ THE I NR
R — Mz E<FFT2HDTHS. ¥

Zh 5 'H-NMR, Raman, in situ FTIR &N EX-
AFS ZX7 M)V O#ERIL, TN THESEARD 4 B
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M7 4 RIS, I7abb Bl G E A L
TWBHZ LM< RBL TN5,

DEoXSiT, #WED 3 ALK BIER Lewis
Btk & mBd A B gh Y — N R R T L, %
Ol tEE R Lz, £, ko H-
NMR, Raman, in situ FTIR, EXAFS A X7 N %
METHZIEITEST, 4R TY A28, T3
DB ERAL RS TORFEDRREEZRLTZ. N
S OREFIE, FREEN Y — b SRR DO REE s Bk 72
FT<, AELEMEmERNICERT 58Tk
ZIRTL2HDTHLHEZEATNS, EHIT, 155
NFERT, Fiz/sR) 724 B0 7 — MERD
FHEDOUEEZRTHDOTH O, T OYEIC @R
Rz 5. BE, MOSEHEEKICELLDZRY 74>
BOY — MERDO G EEN S SRDOBMECERL
EHREICDOWT, BfERFEZTT > T 5.

Fig. 7.

FEFF6 Calculation Me;Zn (CN) Li,

3. NATY .y KRBT — FEEKIO

3-1. N EZA4RT7— MEEDTHA L LB
RIE~DIGA  #ighY — RERICBNWT, Dk
D IREAL TN BONEICE S, ED KD IREAL T ANE
% UEBEE) DMENDOTHA DM

PERD BUTIVFIVEE Y — AT WT,
0T IVFILHEIR, EER CEMATR3EANS
NTWa7ED, EREIREL T T v 7 THD, Z
DR (R 1IAEMICE< DFMTH 5.
LinLiains, RixsEAM 72 LIS E5
ZENTEIL, MINMEZBRICE > TS 51
TTH? (Fig. 8). = I T, RIxDENT %2 MM
FICEMLSE N 7Yy REBMARD RS, =
NzFIH U7 mERe - Al OB 7S 2 il A 7.
£9, 7IFINEELEERY REDONATY » RE
7 — MEAIZBWT, TOmBEEDEWN 2 iR
U7z, fEROERT7IVFIVESHTY — MMER (7ILF
W—TINFINIIBITZ) RERRD, 7IFII—E
RU RIZBIT 22050, BALFFEESANIZS
BTHICHREERD20, AL TOHRBHEICK
EIRENNEND ZEMNTHTES, AEHKIE, Kk
EEICH LTIV FIINEEZBIRNICES S E S
ZEMTENL, ¥R—HELTERY RYERT
B EWTRDL, £/, b RY RZ2RRMICERG
IHLHTENTENL, HHeErek (e koY
r—a ) ELTOEMASMETE 5.
A& RY R (NaH £7/213 LiH) &2 7)LF
IVHESH EMNSTRDNA 7 Uy REBEE 17) 2548
12U, ZOHDENIIVEZIVEEH ED RIS
WizE A, @ikt (B RY REERE) MNINER<

ey
g,

R) Q—Zn? M*
R-Zn—R R R=
A — Q ]
+ = R Zn\ M " L
R & HI
R'-M 1 \ 9
D—Zn\ M*
i Q
Case Zincate Reactivity QWh ich ligand transfers
R=R symmetric equivalent preferentially ?
[ R #R' asyminetric nonequivalent |

Fig. 8.

Ligand Transfer Aptitude of Hybrid-type-Zincates
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H#fF U7z (Table 7). $#i2, 7ILFIFEELTAF
NWHEZRAWEGEITE, EBRWICE R FOADK
U7z, AZ)IVE RU R 27IVF)V R EERIZ
FIVIRZIEEM EZ RIS LIEWZ ENFI SN TN
H5Z2&EM5, AF)VE R Rid MeyZn & 8K % B
9B EICKST, REEEDRINIC LR LZZ
LTl b, iz, ARRX, AFIEORDDIZT
FIVHES tert=7 F ) H &2 W 5EITIEMHEICE
frliznZ &mns, BMERENT — MR Rk
ZHIEIL 5B Z EE2RL TV,

LiH ® NaH I3 D WS E THhDOLMTE S
WAFTEHZENTEDREREL L TOFEDE
W, L LRSS, sk RY RITI3EEMERZH
L5H00, REEMEL, HIVRZIEEY ORI
FOMZIIANEETH D Z ENHIsNTWS, LR
o, PAFIEGHE RY RIZBWT, #BILRIEGD
ADHETT D ENDEHEIZ, b RY ROEHEMEZN
A, REMEZRICEARIBRZEEZEZSHIENTE

S0z i, #ETY—REAETHZE
W&o THEE LR EZ YIRS ERAD 2 &
INTZE D,

RBILRVEVREITCIEEZE L, hOmW bR
REZMBEDODZIENHENER DR ELD, &
SRDMBEDOTHA > 27> TN ETARKIEDTE
BREKPTANZ LI LEZHSNITEHIEITEETH
5EEZLND. AXJVE R R—MeyZn EHE R
ZRHWDHHETRIED A =X L (OSSP )
IZDOWT, 2@ OFEEENRBIT 6NS. 1 DI,

Table 7. Reactivities of Dialkylzinc Hydride Ate Complexes
(0]

H_ Ph)1L8Ph (0.9 eq) H3<H H&R
Zng  |*Metal® THE M 12h Ph” “Ph * Ph™ “Ph
R R i
17 19 20
Entry  Preparations of 17 R Metal* %

1 LiH —_ -_ 0o —

2 NaH —_— 0o —
I LiiMeZn .. Me LiT 32 <l .
[ 4 NaH+Me,Zn Me Na* 99 <1 |

5 NaH+Et,Zn Et Na* 56 43

6 NaH+Zn€lL,+2'BuLi  'Bn Na‘orLit 4 18
I 7 LiH+Me,Zn+sonication Me H* 96 <l '

a) Isolated yield.

A& ) R RE MeyZn ENHighke R RY —
NEARDAERR L, BRI EHmEETLT S EWN
AIANZALTHD (Path A), ZLTHH—KIZ
Me,Zn 7% Lewis i & U THIL R ZIVL &Y 251
ftl, AZIVERY RVEHETLTZHENIHDT
»% (Path B).

WHE DTV R ZIEEY ORI ITBNTIE,
20D A =X/ (Path A ) Path B) iI2B1F5%
KintEDEWIZIEFEEAER SR, LirLAan
5, BMEMICAETLEE TSI RZIVLEYE
ANT, D7 A7 LA ERETCKRZTAL, £
DAHZ XA@I_[N\_J:D&FLT\@, ThRbbIT A
TLABBREICENDENS1TT THS (Fig.
9). WK, - ROF T HIVARZIMEEYDIETT
TIE, ERYONAREELD, KIEDOATZ XL
BT 2EBERAANGOND I ENHSENTNS,

BTN OIEEFE N H e R Y B Y — bR
(7 — bR A= X L s Path A) DEFEITIT,
anti-2 F — )L BRI AL L, Lewis fg A 71 =X
L 5 Path BEEICIE, syn—-YF — IV EIRIC A
Y5 EITRD.

ZTIT, BMICAFHLEETH7INIFTT
AR (24) ZHWTEITKIEZTT> 72 (Table 8).
NaBH, I2 & %80 KIh Tld & < BIREN R S iz
Mo eDIZH L, REERZEZHNWERIETIXY > T %
RENR SNz DT ATUARREERIEA T Z
ALEDOHREEZEET D&, KRG TIED AFIVH
e U RY — REERDERHRICEANL LU 2 BB IR
(27) Z#% 7T, internal H- 1T X > TEICKISDHEST

U, anti FRAERBBENICHESNLZBDEZ I 5N
5. Lizmo>T, ARBITRIEDIEMERENY — b Sk
Thoad I ehmm<Frensd (Fig. 10).

afLICAFFLEAETDHINEZINVKOD T s>
DIETCRIE T, AR syn 7 anti-1,2-2
F =)V OERBRIRNE IO TENBRFEEERD S
52 EMHEBH Lz (Table9). X7z, T OERM:
i, @SB Y — N EEAE T )L KU Felkin-Anh &
FNDNERGICTHAGETH D EHHS M ER S
7z

KRIEDANZZLIZDNWTERTSHE, ROK
21272% (Fig. 11). A% )Lk RU RIZ MeyZn Z il
A5H5TET, ERYRY—ReHE B 24RL,
LIZANRZIEEMZEMA S &, EBIRE (33)
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H. Me
LO/ Path B O Path A OJ
Lewis Acid OH Zinc Hydride
+ Metal Hydride “  Ate Complex

AcO,_ ,OAc
OH OH B
)]\/k Internal H /—\/L OH O
R M
anti-diol R R
21 Internal H
/M\
OH OH (0} (@]
)J\/k External H /k)\ )|\)\
R' R \_— R'
syn-diol External H

Fig. 9.

Table 8. Diastereoselective Reduction of f-Hydroxy Ketones
(0] OH OH OH OH OH
/U\/l\ “Hydride” )\/-\ /k/'\
Ph Ph THE, rt, Ph - Ph_ Ph _ Ph
12h anti-diol syn-diol
24 25 26
Entry "Hydride" Yxcfld (%) R.atlo
anti + syn anti . syn
' NaH+Me,Zn 65 83:17 )
2 LiH+Me,Zn+sonication 57 59:41
3 NaBH, 91 50:50

ZTC, BIURISHHEITL, MeZn 2WEHOAERT
HENIANZALTHS.

L7zhio T, ARBROSIZ AR HET T3 % AT REIE AT

HD. FITRIZ, BRSO RINEMIT BT 2 filt
NREFRD =80, MeyZn 2 —EE (1 mmol) |

LT, AZIERYRKURY T 1) & KGR
(20 equiv.) AW TKIEZ{T> & (Fig. 12). LiH
BAZINERY RELTHWEEGIE, 48 FFfEE
THIEIT 100%FRE, JRbby 1 7))Lzl
T1[E, HiET 2BETH>ZDITH L T ER),
MH%mmtEAu B s BRI #% 6 [Re Fi] oD BE B
T, INRIIH1000%I2EL, FDEIL, 1FFE—F
tmot<%%.ébk,mH&U%aﬁ%ﬁm
R TIE, ROSFGE 2 R T 1700% 123 L

M = BCly, TiCls

Diastereoselective Reductions of Carbonyl Compounds with an Adjacent Chiral Center

T DOBINEITESCNIT
1800% &2 o 7= (H#R).

KFELS B G Z WD IV RZIVEEY (7
IWFER, b2, TZF), 7323 REH) OEITK
T, BESRICBWTRDEARNT, WHEOR
WRIGTHS.19 LN>TINET, "UEK, 7
WIZTOL, TA4HK, AXEDAY)IVERY REH
WDBEITTIGDBFE SN, HOIBREORNZBID
T3,

LU G, ZNETOKRELESBILEMDSL
<, EHMURL AN TRERTELRVHESH L
BEINTwa, iz, ntEOESWEETLME
TCRORDHEST L7y, EIREICZ LY, & Th
%, Rl FEBRENZETSRE, InsEnnl
D, & LLIFEHROMEZIA TWDSHENL .
Lo T, BELRD, S@RThor 2T
IREREITTIOEN, RIS ETORICHE ST R
LZ2HFHLVWIYALTOE R Ri{EOHFE < &
FNTNSD,

A, BBICAFAHER A )L E R R Z2EBHE
ﬁmb B L 7=digh 7 — M ek 2 W 5E G

MEDAFNES TEMTH 5 EFRFC, FB
?W%W@Tiﬁf%é E&n, %%m@i%
ELTOREMANMFETES. £, Znoide<H
LWweE RY RBBILRETH D720, TNETOERT

EHU, 48 RFREIITIEN
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ol

Me
Zln

H
o
Ph—7 i|-0*
“-H

Ph 27

2-
Me

N

OH OH

O-Coordinated Model

OH OH

Ph

syn-diol \

Ph
o

28
—

Ph Ph

) anti-diol

H

Cram Chelation Model
M = Me,Zn, Li, Na

Fig. 10.

Possible Mechanism for Reduction of f~Hydroxy Ketones with Metal Hydride-Me,Zn Reducing System

Table 9. Diastereoselective Reduction of a-Substituted Ketones
O OH OH
/lH/Me "Hydride" )\/Me )ﬁ/Me
Ph ———— Ph Y + Ph
R t, 12h OH OH
R = OH, OSi(Pr);, =0 anti-diol syn-diol
Yield (%) Ratio
Entry R “Hydride”’
anti+syn anti : syn
1 OH NaH +Me,Zn 99 99:1 (99 :1)
2 OH LiH +Me,Zn +sonication 72 89:11(8:1)
3 0OSi (Pr) 5» NaH +Me,Zn 64 4:96(1:24)
4 OSi (iPr) 32 LiH +Me,Zn +sonication 61 22:78(1:4)
5 =0 NaH +Me,Zn 98 98:2 (49:1)
6 =0 LiH +Me,Zn +sonication 98 95:5 (19:1)

a) Yields and ratios of products were determined after desilylation.

AR TR W 72 TR SO TR 2B IR 234 U % T REMEAY
b5,

T T, ASERD SR TTIEVE &I O 5
HZEHSNTT D012, oLk ZIULEmIT
KT D RS e CRIRMEIZ DWW THRET L 72 (Table
10).

ARERINE, FHEBET VT E ROENEY LT B
EHIT, EEICT /ML GnEEZ NS T IV
FTERIZHLTS, 7IVR=IUEERIENR IS Z
E7s<, BICRINPINER ETT S5 EAMHBAL
7. D0, NaH3#igh LTRSS ES I EITK
ST, TOARFFDEEMIITRITHRL, REEME
MERLEZZECRS, ZOB TSI T VT E

R, 7 b>OHBET, —BITKEENEEZS
NH5TAT), 7T RIZHLTHERTHO, &
AN, ROSIFMHFICHETL, TATIIn5ITE
7N T=)UED, 7 I RMSIE2H|Y 2 >N
THhNERLGONL. —H, af-REafi Rz
LA LTI, 1,278 70 Kb D AR B
<H#ETLU .

AFLoFFHA RI, ERY RERIET D HM
WCEoTI-TxzxFINTNA—=INE2-TzxF )
T aA—)V DL E BEARNERT DA HEEN B
L. ULinLians, AfkezHW=EIA, 1-7
TRFINTNIA=INDOHENNEE L L 7.

PlEXD, X&)V RY R (NaH Xi3 LiH) &
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CYIVFIVHERENS DA T Y v REHH T —
NERZETFTH A L, O8N, MU TZILFILK
MU B RY REGHY — MERIZIRD o 72 OB E,
I2D B INIVIRZIUEEY DIETCR NSO TEHR)
ThHhdHZEZEZHSMNTL .

A&)bE R R (NaH X3 LiH) 2% &3 fik
D Me,Zn 212 % Z 1T XK VIEMHALT 5 A%

OMetal
[MeZnMeI
R R
34 29
Metal-H
30
Metal* MQ Me
o] Zn" Me
oeeee- H H-Zy | Metal®
R R' 33 Me
31
R
R R
32
Fig. 11. Possible Mechanism for the Catalytic Reduction of

Carbonyl Compounds

1%, ZiTHESITAFARE/R NaH > LiH 2t R

RIEE L, BEMHICERN, BNREG T TORBN
#EITT22E&0, T IVTERANREITKINC
2055,

TITRIZ, T— RO AT ZZ L, N T
Uy REGHADREE, #eh OB T DI EEDE
W, HI 2y —hFF 2 OEEIB I OB T
THHHEFIIDWT, FHEIZFNFEZ AW THEM
IS (Fig. 13).

AEICAEIT, HWORIRIZIR L TP Y IV F)V i
Ml BT S I EMARETH D, %< OnfHelk
EHOTND BIAE, REREZEATLS LI
KO IR F R ITT RIS O AIHETH A D).

3-2. 73I/7—bREEOTHA L EFBRRLET
DR EHRERIEADILA Z DR DEL T
ROMIZEMN S, 7oA > ORERRMTIEETES
RENEW I ENRBINZ, FIT, TOEEEF
MAULT, E2FFETFEHENECEMIELETI )T —
NERDTH A > EHFEFER ETOKZS S E G
ANORHERES Uz, 7 IVFIVERIC
CEREAMIEZT — MEKRIE, TIVFIEITHLT
TFAMEVEERTY I EHOANEGET 5.
DERIE, FHEER L TOEREEBRIRAKSE N
o OKEBIEHE) KIBICAENTH S Z ENHES M
Ehok., WREVDEEREL THWSENTEL

=<4

EmEmWY 3

-
—

(o}
Metal-H (20 equiv) OH
Ph™ “Ph Me,Zn (1 equiv; 1mmol) Ph™ “Ph
(20 equiv) THF, r.t., time
—e—LiH+ MeZZn
—& -NaH + MeZZn
(%) — @ -LiH+ Mezzn + sonic
2000
o = —— - — — — + — — - — ————® :
?—-
1500 |-y
Q. t
o h ]
° | _a]
-Z' 1000 et
@ — -
T ! / — =
[ ]
2 1
500 0
n
Y P — T
0 10 20 30 40 50 (h)
Time
@) The reaction was carried out using metal hydride (20 cquiv),
Me,Zn (1 equiv; lmmol), and benzophenone (20 equiv) in THF
at room temperature. b) Isolated yield based on the amount of Me,Zn.
Fig. 12. Reaction Condition-Dependent Catalytic Efficiency of Reduction
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Table 10. Catalytic Reduction Using LiH-Me,Zn-sonication
System

Q LiH, Me,Zn, sonication OH
Q()ﬂ@) THF, room temp., 12 h @k@a
Entry Substrate Product Yield (%)@
O OH
1 /@AH O/kﬂ 92
MeO MeO
[0} OH »
2 o~y o~ 23
(0] OH
3 Me\l)LH Mej)\H 94
Ph Ph
0 OH
4 Ph Me Ph)\Me 84

(0]
OH
5 i:TkWe I:TN 9509
MeO
MeO
ST Y
€ (9
YT
cl o a
[0}

7 Me*lL Me)\“\ 88(96 : 4)@
Ph Ph
8 <3 j? 94(97 : 3)
Ph Ph” Me

10

0

9 /©)LOH H 829
MeO MeO

0 0 )

Ph/\/U\OH Ph/\/u\H o8¢

a) Isolated yield. b) The reaction was carried out at 0°C for 1 h. ¢) The
reaction was carried out using LiH (3.0 equiv) and Me,Zn (30 mol%) at
0°C for 6 h. d) The reaction was carried out using LiH (3.0 equiv) and
Me,Zn (30 mol%) at room temperature for 48 h. N-Ethyl-4-chloroaniline
was sole product and 4-chloroacetanilide was recovered in 32% yield. e)
Value in parentheses are ratio of 1,2-reduction and 1,4-reduction. f)
Value in parentheses are ratio of 1-phenethyl alcohol and 2-phenethyl alco-
hol. g) The reaction was carried out using LiH (3.0 equiv) and Me,Zn
(100 mol%) at room temperature for 24 h.
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