Nozaki-Hiyama-Kishi Reaction  09.6.3 YazakiRyo
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1) Stoichiometric reaction iransmotalation | Cri,

2) Catalytic reaction (Cr); Furstner's work
3) Catalytic asymmetric reaction %EK;: . E’i
4) Halichondrin synthesis; Kishi's work il a
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- Pioneering Work; Hein (1919)
PhMgX + CrCls

PhCrCl, +  MgXCl

Et,O
| PhMgX
- Anet and Leblane (1957) BnCr(CiO4)2(H20)5 Ph,CrCl + MgXCl
 Kochi (1964, 68) oxidative addition
via

c-X + Cr(I) - C-Cr(Il)—X

- Nozaki and Hiyama (1977) J. Am. Chem.Soc. 1977, 99, 3179.
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- Kishi (1986)  synthetic study on Palytoxin J. Am. Chem.Soc. 1986, 108, 5644,
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* Nozaki (1986) J. Am. Chem.Soc. 1986, 108, 6048.
Success of the reaction heavily depended on the nature of the CrCl,
o
s :> Analysis of fluorescent X-rays of the special lots revealed that
\\ it + T Ni was the major contaminant.
ke 5 mol % of CrCl, in DMF at 25 °C for 12 h are as follows: NiCl, 83%

MnCl,, < 1 %; FeCls, 9%; CoCl,, 16%; CuCl, <I%; PdCl,, <I%.

Ether or THF; Little or no reaction occurs (low solubility) == DMF is most effective.

Substrate scope * o.p-unsaturated aldehyde; 1,2-product

« aldehyde-selectivity (87% yield)
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Feature of this reaction (Nozaki-Hiyama-Kishi reaction)

- the broad range of substrates amenable to insertion of Cr(ll) under mild conditions,
accounting for the remarkably wide scope of this methodology;

- the chemoselectivity of organochromium intermediates for reactions with aldehydes as
the electrophilic reaction partners

- the strong driving force for such additions, which stems from the formation of highly
stable O-Cr(lll) bonds. This chemical incentive can be exploited to build up strain
in the organic products

- a low basicity of organochromium(lll) reagents

+ distinct stereochemical preferences, particularly in reactions of crotylchromium
reagents

- a simple setup and an excellent reliability even if applied to sensitive and polyfunctional
compounds.

Chem. Rev.1999, 99, 991.

Chromium reagent

CrCl, air-sensitive and hygroscopic pale gray powder
(greenish lots may result in poor results)

can be purchased or prepared from cheap CrCl; (LiAIH,4; Nozaki Hiyama method, Zn,
Na(Hg), Mn)

Cr(THF),Cl, Cr(THF)Cl;. A suspension of anhgdrwa CrCly (249 g, 1.57
mol) and Cr powder (44 g, 0.846 mol) in THF (2 L) was heated
under reflux for 1 week, during which period a color change from
violet to pale green occurred. The reaction mixture was filtered
and the pale green product separated from excess Cr powder by
Soxhlet extraction with THF. The product was washed with
pentane (5 X 100 mlL) and dried in vacuo. Yield: 370 g (1.9 mol,
81%). Depending upon the drying conditions, compounds can
be obtained which have the composition Cr{THF},Cl; (pale green),
Cr(THF)C),, (bright blue) or CrCl, (gray). Cr(THF)Cl, was used
in the following reactions.

Organometallics 1991, 10, 3520.

CrBry and Crl;  No significant benefits



Catalytic Reaction

Stoichiometric NHK reactions require 2 mol of Cr(ll) per 1 mol of organic halide (triflate, etc.) for

the formation of the nucleophile

Cr(ll) is generally used in (huge) excess for high yield.

4

Development of catalytic version of NHK reaction (cat. Cr) is highly desired.

Pioneering Work by Furstner (1996) J. Am. Chem. Soc. 1996, 118, 12349 and 2533.
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Table 1. Control Experiments: Cr*Mediated Reaction of
Iodobenzene with Octanal®
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entry {(mol %) additives T(°C) la (%)
1 400 20 7B
2 400 50 65
3 30 Zn TMEC 0 30409
4 15 Mun, TMSCL 50 a7
5 15 Mn, ClMe SO H?}J,C\ s 72
6 9 Mz, CMesSH{CH;)CN 50 3%
7 0 Ma CIMe;Si(CH;y S0 oF

Mn. CiMe;Si(CH:);ON, NiCh{eat) 50 0¢

4 The reactions were carried cut in D‘uIE DMF (20/3) unless stated
otherwise, using CrCl; doped with NiCly (~15%). % After desilylation
of the admixed 1b. ‘In pure DMF. @ ’-Gﬂmhoeu of lirmmem 1-
sifylyoxy]-1-octens as side reaction; off text. ¥ GC vield = 3%,

P FRCHS

C

Zn, TMSCI system
- Activated Zn insert into substrate
(leave the desired Cr path)

+ Silyl enol formation

Mn, TMSCI system
* Mn cheap

* Low Lewis acidity
(pK}, =10.59(Mn?"), 8.96(Zn?"))

- Electrochemical redox potentials:
Cr¥*+ e ==Cr?* (-0.41V)
Zn** +2e" == Zn (-0.76 V)
Mn?* + 2" ==Mn (-1.03 V)



Table 2. Control Experiments: Ce™ Mediated Reaction of Alivl
Bromide with Octanal”
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entry {mol %) additives T(°C) & ‘035
1 400 Fed 81
2 7 Mo, TMSC1 1t 78
3 0 Mn, TMSC1 rt =18 (GO

7 41l reactions were carried out with undoped CrCl; tn THF: reaction
stme 6 L. ¥ Refers to the vield of the unprotected alcohol 2a obtained
after desilylation of the crude product. ¥ After 90 h reaction time

A combination of catalytic amounts of CrCl,, Mn powder, and a chlorosilane rapidly and
cleanly conVerts these substrates into the desired products

Aryl, Alkenyl lodides

Table 3. Clrominm-Catalyzed Reactions of Aryl Iodides. Alkenyl Todides, and Alkenyi Triflates with Different Aldebydes?
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A1l reactions were canied out with CxCly (13 mol %, doped with NiCly cat), Ma powder (4.2 mmol), aldebyde (2.5 mmol), R-X (5 mmol)
chlorosilane (6 mmae!) m DME/DME (2073) at 50 °C. ® Refers to the product obtamed after desilytation (aquecus BuaNF) of the crude mixture.
¢ Isolated as the C-acetate after acetvlation of the ciude product * 4.4’ Bis(ethoxycarbouvidipheny! as byproduct (20% based on 1-CHCO0ED

Alkynyl Halides
Scheme 4

{} | 1. CrGly (18 mel™s) Ok
Jj\ + /_'f Mn, TRMECI THF, 11 )
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v H 2 HD i =

17 H = J'?"Cs'gHﬂ 75%
18 R = Fh, 62% 5



Allyl Halides

et O

S {d) 2-opanene (21)
g =

octanal + 2-octanong

{12y H.O.

Diastereoselective reaction

P e =

Ok

N\/\/J\ﬂ 20 078%)

ik

= 28 (57%) + 21 (recovered) - 22 (0 3% GT)

ARey: (a) (1) CrClz (7 mo %), Mn, TMSCL THFE, room temperature;

22 (5%}

- Ni salt; Wurtz-type coupling

+ Aldehyde-selective

OH OH - (E), (Z) anti-selective
T e P 4 i ! . Y]
#NNgr 4 ACHO —= n S 2 % typical characteristics of a crotyl
chromium intermediate
23 anti v
24 H="Fh
25 H= nCshyy - .
26 Fi= nCrHus Not manganese intermediate
2T H = CHCO0Ms
Table 4. Clromium-Catalyzed Reactions of Croty! Bromide with Different Aldehvdes
entry crotyl bromide R chromivm salt additives product (%o vieid)
i {E)-23 Ph CrClz (4060 mol %) 24 (100
2 {E)-22 Ph 7 ) Man, TMSCL 24 (79)
3 (Z)-23 Ph 7 mel %) Mn, TMSCH 24 (64)
4 {E)-13 Ph 7 mol %) Mn. TMSCI 24 (85
3 (£)-13 Ph Mn. TMSCI 2474
(5] {E)-23 n-C:Hiy 25487
7 (F)-23 n-CsHu Mun, TMSCL 1584
g (E)-23 {(CH23sCO0Me Mn. TMSCL 17 (3% 328

» CrCl; work as a precatalyst (CrCls; cheap, stable) entries 4, 5, 8
* Cp,CrCl or CpCrCl,(THF) show higher catalytic turnover number (<1 mol%)

promote the concomitant pinacol coupling of aromatic aldehydes

1) Alkenyl Halides
Cr/Ni system

lodoalkenes were found to be significantly more reactive than the corresponding
bromoalkenes. Triflate can be employ.

The configuration of the double bond is retained

i Crild
2) Aryl Halides peene ¥ 200, Ao,
é i
A—i® gr® S prer
Low reactivity (Br, TfO limitations) Ar LU oy Bl L
e Y | e M TS
Mt}

Cr/Ni system diarylidonium

Tetrahedron lett. 1997, 38, 8211.



3) Alkynyl Halides Direct Catalytiv Asymmetric Alkynylation

Cr/Ni system Carreira J. Am. Chem. Soc. 2001, 123, 9687

lodide 5 Zn(OTN, (20 moi %),
: Ew ;fsu mol), .
' ﬁ\ ) 80 “C, Toluene,
1 e < = 4 5
4) Allyl Halides : RV Sh T H=SSER le R™ S
) ) i [085 R('
: : |,~? Mmoo}
Cr (Ni; Wurzt coupling) ! HO  hNMe;
crotyl (E), (Z); anti selective :
: Shibasaki J. Am. Chem. Soc. 2005, 127, 13760
R P X :
1 ; o Ingr; (10 mol %} OH
(\/CrC\an —=—* R__CrChln ' /Ji\ + H———R? (A-BINOL {10 mol :n} )
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5) Alkyl Halides

Cr/Co system  Utimoto and Takai J. Org. Chem. 1989, 54, 4732
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Catalytic asymmetric reaction
First catalytic asymmetric reaction

Cozzi and Umani-Ronchi Angew. Chem., Int. Ed. 1999, 38, 3357
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Scheme 3. Fnantioselective albviation of aidebwdes mediated by {Uos
len) ] complex, prepared by the to sibg reduction of CrCl.

Table 3. Enantioselective addition of ally] chioride 1o aldeby des catalvzed

by [Crisalen)] complex.
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Angew. Chem., Int. Ed. 2000, 39, 2327  anti vs syn switchable diastereoselection
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Figure 1 Influence of the amount of salen on the diasterenselectivity of ! G tEu
the chrom am-catalyzed addition of crotyl bromide to PRCHO. k. 1

cooperative catalysis??
Jacobsen J. Am. Chem. Soc. 1998, 120, 10780. 8



8a=syn
9a = anti

fable 1. Differsnt additives used for modifyving the simple dinstreoselec.
tion 10 the addition of crotyl bromide 1o the PRCHOM

Pown Additive Vield  Ba¥a® e of Ba %] e of Ya [% ]
Piomel%) %]
1 6 83:17 RG(IRZS) 36(15.25)
- 2 ¥ Thi24 BB(1R2S)Y 0(E8.25;
3 41 BI:119 THIR2ZS) 22{15.2%)
= 4 29 Sfn44 JHIR2ZE 12(15,25)
5 24 3ieY 4R(1R2%) A(18.2%)
i Ll a6 449:51 R(1R2YS) 131(15,25)
! DMEF 3 54%:41 82(1R2S) 1001525
K DML 34 55:47 K2A1R2S) 10(15.25)
i Phr0) 35 (238 HR(IR,25) 001525
i Phyiret 39 52:58 GG{1R25) 1001525
11 S PPN 17 3862 BO(IR2S) [H

[a] All the reactions were carried ouwt in anbydrous CHON at room
temperature. {b] Yield of tsolated product afier desilylation (HCUTHE)
and flash chromatography. The by-product derived from the pinacol
coupling was observed, [¢] The ratio between Sa and Yuwas determined by
(0 is of the erude reaction mixture and 'H NMR analysis after
chromatographic purification. [d] Determined by chiral GO dmhﬁfﬁ of the
corresponding O-methyl ether. See the Supporting Infarmation for details,
ihe absolute configurations of 8a and Ya were assigned by "H NMR
analvsis ehf the (R Mosher's esters derivatives (300 MHz, CD., 6 OMe:
(1R2S 32 (IS2RY 334 (IR2R)Y=3.22, (1825)=343), see refer
I e ] The renction was performed emploving anmdmuqt v, asthe

g |Ez“lri;uﬁl SOurce.
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First syn-selective catalytic asymmetric reaction (Cr)
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Schepe oaj Bquilibrium mixtee of the stepped conformational crotyl{salesn -
Canisomers. b Plansible approach of ap aldebyde to the chiral organochromium
complex pving the observed dissterecisomer,
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1: X=0H R=/Bu R'=/Bu i
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» Diastereoselection appears to be strongly
correlated to the nature of the additve

- Facial diastereoselection is less affected.

A specific noncovalent binding of chiral Cr-comples
with another molecule of salen affords this peculiar
behavor

Table 2. Results of the diastereo and enantinselective addition of
orpanchalides to aromatic aldehydes using chiral [Crisalen) ] catalvst
[Eq. (23]

RCHO R'X Yield Product ev of sy ve of wai
1% Gwand ¥ [%]M [9a ]
Ta Ph Al 728 75:250 a6kl 2681
L Br
7a Cj’ a5k Jas oM 25k
™ S B g ae 85(1 RIS 2601525)
Te o 33 74:26 9O(1R2S) 27(15.2%)
Td ) 46 6139 #2IR2S) 24015,
Te EL] T2:28 8201 R28) 2801
b33 i 49 phids i 431
T w 52 £0:30 S8(1R25) 151829
Th e 7 11000 R4(1R28) 16(152%)

[a] Performing the reaction i the presence of Crll as the catalyst
(i mol %), we obtained the anr bomoallylic aleobols as the major
isomer; see Sepporting Informmtion. [b] Isolated vield afrer desily
tation (HCVTHEF) and fiash chromatogeaphy By procuces derived
from the pinacol coupling raction were detected by GC analysis
[¢] Determined by GC analysis of the erude reaction mxture and
HONMR analysis after chromatographic pusfication. [d] Deter
mined by chiral GO asalysis of the corresponding (-methyl ether.
See the Supporing Information for details, The absolute config
uratians of § and 9 were assigned by analogy to the chirml GC analysis
of the 8aMn mixture. [¢] lsolated vield aftee desilylation (BuNF
THE) and flash chromatography, [f] The low yield obtained was
derived from the high instahility of the chiral organachromium
intermediate. In fact. a lage amount of bicyclobexyl-2.2 -diene
{coupling product} was detected from the MS-GEC analysis. [g] De-
termined by chiral HPLC analysis (Chiraloel OD column). [R] De-
tormined by "H NMR asulysis of the ($)-(+ ) O-acetyl-mandelic
ester. See the Supporting Information for detads.




Further mechanistic study  Tetrahedron 2001, 57, 835. <f

The motivation to start kinetic and mechanistic studies

(a) The TMSCI is not essential in the sterecdifferentiating step
stoichiometric amount of chiral [Cr(Salen)allyl] complex
(yield.56%, ee.80%)

Figure 1. Salen Schiff hese ligand

(b) The MnX, salts generated in the catalytic cycle play a SR o on
: ! e Z ! REHOCZ  [COriSalen)] (10 moits) :
crucial role in determining the formation of the catalytically ” Jousb e oimieic AR -y
active species. X OMeSICLMrCHON RO
o e gt i
eeup ia (¢
[Cr{Salen}} (10 molh) icheme 1. Asyssmetric dlyviaion tesction of aldehydes promoed by
!' CriSalen)} comple
i i Salen (10 mol%%s) ?H OH m)} complex
AICHO () + NN % [ PHS
i ) Mey il Mn, CH,CN R/\\?/\Q“ YRS A . . liaand © addikion
i) H+ 4 5 onC \ <
Vil T Th Sym B 5
'S 31 7 i 9 g & Q.0 A
(3NLE Crotiation Reactinn {-}-NLE Allviation Feaction ; ?};
10 1 -
| .
u B ¥ B e
o 2 o i
2 e g 60 /
s ’_,_.4-"" e,
n:g , =0 E Jj.' :6?. .“J 3 ’///
rg 20 I e w——r—*"“# L;L; 20 - -~ s
B P
I e e AU R o . i
0 M s & B 100 D26 40 G0 B0 i00 ee (syn)
Ee (%) Salen Ee (%) Salen
The nature of the organo halide does not signifcantly infuence the NLE.
An aggregation phenomena is involved in the enantio-differentiating step.
ol
y=0.5991x - 0.6507
R = 0.9051 .
-1,.2
T -1 . The rate determining step of the
= ! . reaction dimetic molecule is involved
_]‘6 ’,:'
18
-1.8 -L3 -1,2 0,9

Figure 5, Plotting of lograte] vs log[Cr]. Determination of the order dependence on total chrominm concentration,
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Weak Lewis acd Zn(OTf), (10mol%); syn:anti = 66:34 71% ee (syn)
Strong Lewis acid Sc(OTf); or BF;0Ety; racemic
10



Nakada J. Am. Chem. Soc. 2003, 125, 1140.

11, Tabie 1. Enantioselective Allylations of Aldehydes
PRI fet- rEL R AR .
_He AT S norcy ooy (#1538 7
e . Mn 2.0 naufv)_.__‘ at
_ Bl e BIPEA (30 mol i | ) $HRCHO (1.0 squi) 2
Py P SN ey SoEa cxu) TMSCL (24 squiv), it B P
/ol L ——— %ql*m oK
2} R {20 oquivh, it | complex 2) THAF 2 20
) 50 emiry  product R X ® pe(r*  yield{%)®  time(h}

L U 2 aly Br Ph oy 93 12
s 2¢ 2a aliyl Br Ph 93(5¥ 80 12
, Gk Y 3 a0 aliyl @1}% 8815y a3 16
4 2 allyl —T~ Ph 845 31 12
5 b aliyl Br p-BrPh QIEE 87 12
§ e aliyl Br PhCH=CH 93(5)" 87 12
7 2d allyl Br PhCH:CH: 36%}; a1 12
) 8 e alivl Br ¢-CsHy 941, 95 12
- DBFOX; not satisfactory 9 le aliyl Cl  ¢-CsHu 93¢V 88 12
1% 3 allyl Br n-C:Hu QURY 83 12
. 11 2z methallyl Br Ph A5y 77 16
* No pinacol product was observed. 12 12 methallyl €1 Ph 93(5¥* 26 16

13 2h methaliyl I PRCH~CH Q0(Sy 0 16
14 2 methallyl Br ¢-CeHy a5y 96 i6
¥ i 1 methallyl Cl  e-CeHn EETRY L a8 16
16 b methaliyl Br a-CsH TH(RY 65 16
17 Y methallyli €1 #-Cs QE(Ry 83 16

schems . Enantioselective Crotylation of Benzaldehyde

e n gt HPCHO
gzl-:ﬁﬁ. THF C£§H|) o 18h pn\i‘/!\,f ?h\i/!\f
QR ¥ et | gang 1 | T O *
Zraregbromida, n Dgs;ﬁpéax | 21 TBAF c;*m-s 2;;5

anti, 75% eo (15287 s, 24% ek (18, 287 (WW“'GW‘ . h;|
ARty Sy - T 42T, 38% antiFsyn e BES 14, 4

Berkessel Angew. Chem., Int. Ed. 2003, 42, 1032
By
Table 1: Catalyuc, enantioselective Nozaki-Hiyama-Kishi-type additions in the presence of ligand {5,5)5.
CrGiy, (0.7 equivk. (5,85, (0.1 equiv), NEt (0.2 equivit HOY
_ _ n (3 equiv), Mes5iCl (1.5 equivi Rl
{1 equiv)  {1.5 equiv) THF
Entry Aldehyde Halide Product ee (%6} Yield [ Reaction temperature™
. e S . HQMM.,MWW.
- } B L B« C
] Pl o 7 $°C
e HO =
- P il Pl e [el RT
i cl .
| 2N L e .
T 4 P T 76 RT
9 Lo
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[a} For entries 7 and §, the reaction was run in the presence of 0.02 equiv of NiJ,. (b Yield after flash chromatography. [¢] Reaction temperature was
optimized for entries 1,2, 5, 6, 7, and &. [d} Enantiomeric excess was determined by gas chromatography (GC) of the corresponding TMS ethers ona
chiral stationary phase {Macherey-Nagel: Lipodex A, 95°C). [¢] Absolute configurations were assigned by comparison of optical rotations with
literature data,* ' % [f] Absalute configuration based on GC/HPLC data (that is, comparison of the products of entries 2and and of the praducts of
catries 3 and 5 on an analytical scale]. [g] Not determined. [h] Enantiomeric excess determined by HPLC on a chiral phase (Daicel: Chiralcel OD-H).
fil Some debenzylation occured as a side reaction. {j} Absolute configuration determined by 1} oxidative cleavage (ozonolysis), 2) reduction to 1,24
butanctriol, 31 GC co-injection with a sample of known absclute configuration ' (ki Reaction was performed with (R.£)-5. I} Assignment of absolute
configuration in analogy to entry 7.




Sigman Org. Lett. 2005, 7, 1837 (Aldehyde)
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Figure 1. Evaluation of ligand diastereomers and truncation of the ligand
strugtize In the enantioselective allvlation of acetophenone

Allyl bromide; 2 equiv.

Table 1. Substrate Scope
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Total synthesis of Halichondrin B (key person Kishi Yoshito)

- Isolated from the marine sponge Halichondria okadai
(Uemura and Hirata J. Am. Chem. Soc. 1985, 107, 4796.)

+ Exhibit extraordinary in vitro and in vivo antitumor activity

e 1 : halichondrin N ) {
‘ . o )
e indicates the site of \ .t
C-C bond-formation via a &

Ny Cr{ll)-mediated coupling

Total synthesis; Kishi J. Am. Chem. Soc. 1992, 114, 3163 (First and Only)

OMPM convergent syntheisis thanks to NHK reaction

OTBS
- MeO
TBSO.,, Z 3 |
o
TBSO.,, ]
TBSO 0. ~__OMPM
TBSO o) ""|
CHO
vinyl halide E
" Alchol Aldehyde - TM.!
Dess-Martin NiCly (0.5~0.1 mol%) ‘
! CrC|2 !
! DMF/THF, rt

Tigure l

H heQ
HO B T Ll S \1,\
| HoN AL b JAN
H HOE™ 7 = R
H a7 i HJ T
iz ) o = & -
o
hatichondrin B (1} right half of halichondrin B (2 ET388 (3)

function-oriented synthesis; Acc. Chem. Res. 2008, 47, 40
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Application of Enantioselective NHK reaction

Kishi Org. Lett. 2002, 4, 4421 (stoichiometric process)

1) reduce the amout of Cr salt
2) asymmetric process

Scheme 2
ﬂ o Ma 9 R'=tBy, @%=Znaphthyl, Bi=Me B 5=12 10
1 “e I 2 - 10 : R=iPr, A%24-MeOPh, R*:=0Me . A 8=76 10
$1: RismPr 1%ahae, RE0Ms ¢ A-S=64:10

7 R'=HPr #=hta, Bi=ha R:§=458 10

X-ray analysis
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U
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o R L 'R I
\:/ \‘;/ e I) B
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g 7 N
(R:8=1.0:2.7) (18249 1.0 . b
o’ | O of THE) " 8 (Cror $HE)
by 13 {Ma)

T T ]
i e LN HN—t B 5
_}:;., Ck 7 - / 4 i -
o Bty Qoo e { / e { P
L S CI’R‘ e s i !
e 33 we” e
A favored B - distavored c ,
This mode of coordination

and rotation leads 1 a
disfavored ransition state

WO O . e
e - T
A ,\, \L w] TBSO., - 190
msQ? s g E \I’Tm
H ; 2 "y,
18 27 EHO 2 2
/\‘T///
Iz - 40 .:]} PR
MsQ P W gl B
=l 1. stoichiometric NiCr- 1
T coupling with 32 %"g’ ’ fk/ S ey
] w | 2 +BuOK/THF e
o {M\‘A‘OPT . - /,;5
/ overall yieid = ca. 55%
/)“ overall stereoselactivity
39 with 32 =ca. 20 1
without 32 = o3, 3.5:1 C14-C35 segment
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Kishi Org. Lett. 2002, 4, 4435 (catalytic process)

2 | 4 |
| @ ! . e
| - ] -
i O
hia R4
3
catalytic with 1a catalytic vith 1b
EICN{A §=50.1.0) FICN (7:5=61:10)
THIF (R 8=43 1.0) THF {R:8=40:1.0}

steichiomelric wils 1a stoichiometric with 1k

FICN{R . S=5%5 1.0 EICN (R 8§=65:1.0)
,/:.\-.,J
&) A 3. ,’C“‘ A
7 Me ._"("' Y OMe
N N=Cr{Chp(THF} P N=CrHCHR{ THF)
i / D=S=0 ke / 0=8=0
Me he Me Me
ta ib

‘ Reagents and conditions: (a) 2 (1 eguiv). 3 (2 equiv). 1 (10
mol ek NiCly (10 mol %), Mn {2 equv), TMSCI (2 equiv),
EGN-HCT or (Br)(n-Bu)sNCL (20 moel %). LiC1 {2 equiv), EtCN or
THF. 1t

Furstner condition using sulfoaminde ligand

(1) both complex function as effective catalysts
(2) TMSCI is the best agent to dissociate chromium-alkoxides
(3) Mn(0) is the most effective reducing agent

(4) addition of (Bn)(n-Bu)3NCI or EtsNHCI enhances the
coupling efficiency, )

(5) addition of LiCl enhances the coupling rate
(6) EtCN and THF are good solvents

(7) 10 mol % of 1a,b is sufficient to complete the coupling
within 24 h at rt

(8) the optimal temperature is around rt but the reaction
proceeds at 0 °C

(9) the optimal range of concentrationis 0.5-0.1 M

+m i ; Criilligand
a - _’""‘I" 2w TMSO., R? b {:i:ir’)pig:{ 5
T -Me rANgi hAn (i ﬂ’ o M
& w ¢ 3 ’r 1 MR e RNIE-RECH
] N ! N !!'\ N | M ]* E
Cr - P b S _C.r-‘. 5 | i._
O THF} cr o Ry /
‘ S ol LG e
Tvs-cl  OfTHFL, R - :
5 . LB i
__J Cr Catalytic cycle _..I T PR P
b l 7N
v i x i
s 0 T ” RICr{ i ligand
oy - Ma THE «S e Cr{ti} G:{ﬂ} complex 6
o7 $ -l ]
NT 1N / N | N o S
C:l‘_ S ; 2 ‘Cr e
o TOITHF P cm 0 _ _
R Ryt s 1 Ni catalytic cycle
ARG ? 12 % v
{ ™ - 12 x
| B i 7 Mn{0) BRI

LiCl: formation of the Ni-ate complex from the
alkenyl-Ni(ll) complex

———> Enhancing the rate of transmetalation

(Bn)(n-Bu)3NCI or EtsNHCI effect is unclear.

Apply this Cr-complex to several Cr-mediated coupling reactions
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‘.;CHD + HRY —

aorth . RLA?

Mri { TMSCH / .
ELOM or THF OH

e Cr-Mediated Coupling

HeMe Nifer-Mediated Coupling M-

. Mer—A (el
T e ColCr-Mediated Coupling ™ A
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Recentwork; EeEAHE L VROHAEE 1—-01&LYU3IHAH

Scheme 1 (9T Ri= 2 _
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) Summary
Target-oriented synthesis

Development new reaction . , ) ) .
(stoichigmemc reaction) |:> catalytic reaction I:> catalytic asymmetric reaction |:>

Function-oriented synthesis l
Totét synthgms r J> Pratical synthesis : Drug??
Halichiandrin B structure optimization E7389
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