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Ate Complexes for Catalytic C-C Bond Forming Reaction
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Organometallics
Lewis acid Lewis base B
| R-B-R | Li*
. R-LI Ate complex R
R-MgX - =
R-Na etc
ete ¢ Central metal is anionic.
—» The reaction proceeds as anionic
character is lost.

Generalization of Reaction Pathways for Ate Complexes

1) Non-Oxidative Charge Cancellation (Ligand Transfer)

R R <representative example>
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R™ R R o M=—B AL Znetc LiAIH,, NaBH,...

2) Oxidative Charge Cancellation (Non-Ligand Transfer)
<representative example>
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1 Grignard Reaction for the Synthesis of 3°-Alcohol with Ate Complex

1-0 Introduction about Grignard Reaction of Ketone
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OH 0
R |:' > + RMgX
Rl” "R? RlJ\Rz
~Reaction Mechanism~
1) Concerted reaction mechanism r BE
(o) IIQ R? '\ji( RMgX
RMgX + P RMgX Mg, +
RYOR? x M9 0= R R, | — R
(MgXZ) Rl Ni \ R
X g ,O:< XMgO‘('/RZ
1
Rl R
2) Electron-transfer mechanism - A N
. R
RMgX + Pa— R —— R R2 R
Rl R2 X g lo_< XMgO—< XMgO_<'IR2
@ Rl Rl Rl
B (]
<Problem> <Byproduct> le\/ R?
¢ Several byproducts are obtained RMgX OMgXx HO R!

' (@]
T le\/ R?
1

Rl

M (@]
1 2
J\/Rz > RlMR
R’

3 (aldol product)

Grignard reagent >_\_\
Basicity > Nucleophilicity RMgX H) _ MgX HO H
~T RY 4
Rl
RMgX OMgX HO R? ,
1 —_— 1 . R2 ’ R2 R
R 1
. . R* OH
<Classical solution> .
5 (pinacol)
Iwamoto et.al. Tetrahedron Lett. 1985, 26, 4763, J. Am. Chem. Soc. 1989, 111, 4392-4398
o 1) 2)
1L RMgX-CeCls (1.3 equiv.) OH o’ceCI?’ RMgX + CeClg
R _
RY” "R? THF, 0 °C R OR2 RCeCl,
R1” "R? weaker basicity

Knochel et.al. Angew. Chem. Int. Ed. 2006, 45, 497-500

¢ Although the preparation is rather difficult, THF-
soluble lanthanide halides can be prepared. (0.3-0.5 M

2LicCl _
LnClge 6H,0 ————— >  LnCle 2LiCl o
solution in THF)
MS 4A (Ln = La, Ce, Nd) ,
U —> Superior promoters. (Table 1)
Table 1-1
Ly Gl graaod raagreni: 1 Lrane of el ¥ Froahuct: of e d kel [B]
w Bl wth ]
arkbpes® {e01M nLELE] (1.0 equiv.)
., ¢ Hindered and enolizable ketones are
1 Pegll i L1 ay L] ﬁ__ i . o
T successfully transformed into 3°-alcohol
- L using Knochel modification method.
o Pl - o, L M A 4 ] ' L'y ) o
e ¢ Next, catalytic activation would be
a desired.
3 - 1 SR | "' Ao 17 1 fra
Other approach for
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1-1 Grignard Reaction of Ketone with Mg Ate Complex/ Zn Ate Complex (Prof. Ishihara and Dr. Hatano's work) 3/13
Org. Lett. 2005, 573-576
Scheme 1-1

R WL o A ML

i‘ (1.0-1 .2 eguw | ”'Jl_:!:'

R R THF, - TR*C, 1-5 h B R
Fogfly slopamisciiem ok
Table 1-2
TR HO /BU O Hg HO H
S TS D G YA
Ph . ) Ph
1 equiv. 78°C. 5h Ph Ph Ph
usual "BuLi 62% 7% 0%
alkylating "BuMgCl 50% 9% 8%
reagent nBu,Mg 48% 27% 20%
Ma at "BugMgLi LiCl (7) 99% 0% 0%
Cogma Iee . | "BuzMgLi (8) 82% 0% 0%
PIEX\ nBu,MgLi + Bpy (8 Bpy) 96% 0% 0%
<Preparation of Mg ate complex>
1) R;Mg + RLi —=RzMgLi 8 B%/ XLi
2) RMgX + 2RLi — R3MgLi + LiX —= R3Mg *Li)X 7 O’)Li‘R O,)LLR
. . s . ;
3) R,Mg + RLi — RsMgLi By~ RsMg™ *Li-Bpy 8 Bpy R2 l? MgR R2 leMg .
Reactivity;7>8> 8 Bpy © R1" ©
. . - . . 1.7 1-8
Bpy and LiX salt would increase the acidity of Li*. (Figure 1-1
by b4 (Fig ) Figure 1-1
¢ Hetero Mg ate complexes (R'R?,MgLi, R! = R?) are also applicable.
R, ; Dummy ligand. Me is best.
Scheme 1-2 o
o HO R
J_ .+ RMe,MgLie Licl
R1 R? THF, -78 °C, 2 h R R2
1.2 equiv.
HO Et HO)<EI HO_ Et HO /Pr HO Pr HO Bu
i _— X X X
Ph Pr Ph Bu o-Naph Ph Ph Ph Ph Ph Ph _Yieltds (ijn tpﬁ/lpartenthesisi ; RMgCI
029%(36%)  89%(0%) 04%(35%)  87%(48%)  >99%(15%) 0206(0%) T oroad OF Mg ate compiex.
¢ Summary
I? >|<_LI ¢ Mg’; anionic — R's nucleophilicity increses.
Ong - . o}LI‘R e Li*; More Lewis acidic. — The carbonyl moiety of ketone
R2 |{\ Mg. RZ\/P{-\ Mg become more electrophlic.
1 RTTR R S R
R =
A 1.8
J. Am. Chem. Soc. 2006, 126, 9998-9999
o HO R Scheme 1-2 Highly efficient alkylation to ketones/andimines
Rl” “R? ZnCl, (10 mol%) R1” O R2 with Grignard reagents catalyzed by ZnCl,
R2 RMgCI 1.3 equiv.)
HN”
B THF, 0°Corrt,2-2ah  HO_ NHR?

1
R H (up to 100 mmol) Rl H




Table 1-3

HO "Bu HO jPr HO Pr iPr
PhXPh PhXEt X Naph)(
74%(11%)  95%(56%) 85%(31%) 76%(35%)
HO /'Pr Ho Jpr HO /Pr Et
S OH
salop el
80%(20%) 91%(40%) 60%(43%)  81%(29%)
PhHN ,Pr PhHN SBu PhHN)( PhHN /Pr
PhXH Ph X
82%(28%) 88%(44%)  86%(51%)  77%(33%)

Yields in the parenthesis ; RMgClI without ZnCl, were used.

<mechanistic insight> 4/13

* Zn(OTf), as strong Lewis acid was not effective.

This unigue catalytic system should be based on R3ZnMgCl.

Figure 1-2 Proposed catalytic cycle and transition-state assembly

cat, ZnCls + RigCl

s '“22"'\(“““'
>/ {1 equiv)

R3an'l.-1-gl:
active Znfil) ate mmrer

R1Jl“|=t2
g2 — {1 equiv)

-

- u"'f"' -

R'l
=]

+ They said asymmetric alkylation catalyzed by Zn ate complexes might be possible.

1-2 History About Zn Ate Complex
M. Isobe, T. Goto et. al. Chem. Lett. 1977, 679-682

¢ First example trialkylzincate was used in organic chemistry.
O o}
LiR3Zn

R

M. Uchiyama et. al. J. Am. Chem. Soc. 1997, 119, 11425
J. Am. Chem. Soc. 1997, 119, 12372
, 2002, 122(1), 29-46

<Heteroleptic ate complex for reduction of carbonyl moiety>

Table 1-4
r -Ia ' I-"h":;ll'l' 0 ) H "":fy__ﬁ
zrl & ' - ey, 1 Pl"l.. "\.“|
B Ml P P
; 7 il Ful
ITrars Popparatioss of 1T R Wioal™ Lk s
L 5
LiH —_ e o
7 Rkl —_— — [}
; LitlsMedn Me L 1 3
[ 4 Kkl Metn Bl <l
3 FiaH+Eagla El g’ L L
3 HaliefelloaTHali  ‘Ba Ma'ol a4 1B
I T 1:H s W Fasannieatinn &g Li~ =l I

al and meid yiakd

e Usually, LiH or NaH was used as base.
Basicity > Nucleophilicity

4

HMe,Zn*Metal; Basicity < Nucleophilicity

K. Ohshima et. al. Chem. Ber. 1986, 119, 1581-1593

'Heteroleptic ate complex’

o o)
e Me is especially effective

1) LiRMe,Zn -
D LiRMepZn as dummy ligand.

2) HCl
R

<Proof that Zn ate complex was reactive spiecies.>
two possibilities ; HMe,Zn™ *Metal (Path A)
Lewis Acid + Metal hydride(Path B)

v Scheme 1-3
- ] i b H e
i £ o _'ﬂ-‘"
x/J,_H‘___u [ _.I-I--\.v_l:l-lﬂ-'lcl-_.:lln-_ M=t 4
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re] h
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- A
# 5 mleral i
fa ] o1 u-l LI = o = T
1l L: Exterrisi B _.!-. I |
Y '\-\.-" " ar e |
"‘: '.__  P—
= B, i,

e If Zn hydride ate complex is active spicies, anti-diol 22 should
be obtained selectively.

i Ll L L Lo S I T b| 1.5
_II I I - . a e -
“‘fﬂ“"l““' THF, i1 Fﬁ"r“-f'“'ﬂu H’J“\-*!‘:n
ian  antdol syTchol
24 25 E ] o
eActually, anti-diol 22
e . .. was generated
o e Y . ) mainly. (entry 1,2)
b W T A8 TS F S B I T L BE |

! Rafill l o L1 ]



<Possible mechanism>

Scheme 1-4
Cidantal
n [ ezrme)
T -]
Mol -H
kL]
| a'l
o

» Considering this mechanism, Me,Zn should be catalytic.

<Trials with catalytic amount of Me,Zn>
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o Actually, Me,Zn works with catalytic amount.(5-10 mol%)

M. Uchiyama et. al. J. Am. Chem. Soc. 2004, 126, 10897-10903

1) DFT calculations about the structure of LiZnMe3

2) Ligand transfer selectivity of heteroleptic zincate Me,Zn(X)Li

1) DFT calculations about the structure of LiZnMe3

27
2 5 -
g 208

¢ The gas phase calculations indicated MeLi and Me,Zn react to form a

trigonal planer complex with 24.2 kcal/mol exothermically.

5/13

LiH; 3 equiv.
Me,Zn; 30 mol%

e Enolizable
aldehydes were
successfully
reducted. (entry
2,3)

Carboxylic
acids were
reducted to
aldehyde.(enrty
9,10)



Figure 1-3 The comparison between Me,Zn and MezZnLi 6/13

5 A) Energy diagram of the reaction
N (Lol ; i gy diag
i g between Me,Zn and HCHO.
S [E [t |
= L 1 ¢ Association complex CPi forms without much
s & Lol energy gain (3.6 kcal/mol) and with little change of
mgi{zon * ", it the geometry.
y M';E. ¢ C-C formation occurs with activation energy of 19.9
v gl ol kcal/mol. (« C-Zn > O-Zn)
(= d]
o i | & | o The overall gain to form CPii is rather small (29.1
x fo g% 0% | kealimol).
s L 'l.il . . . . .
| [ s ¢ This result is consistent with the experimental fact
- T T that R,Zn are inert in the carbonyl addition in a
nonpolar medium.
A i e B ] (B) Energy diagram of the reaction between
il o g MesZnLi and HCHO.
Hem Lasin ¥ 2
aw
m w o) : ) .I ﬁﬂ o First, MesZnLi and HCHO form a Lewis
Me.ZnLi + e L Ly ] acid/Lewis base complex CPi-1.(15.9 kcal/mol)
esZnLi s 1 . o .
HC?—|O : am TR (Li coordination for carbonyl moiety)
il :-3' & gy ¢ Methyl groups bound to the lithium can migrate to
: ®on 2 | i carbonyl carbon with a small activation energy.(8.0
=i e o T B ol .F‘H 1 B}
& e | L Fie kcal/mol from CPi-1)
g . e o e . T e The stabilization energy of the adduct,
e = v Me,Zn(OCH,CH,)Li,CPii-1 is very large.(-53.1
e o e kcal/mol)
L1 5 T 7 —r T F
| * _L_ ——— | Figure 1-4 Charge change in 1,2-addition of Me3ZnLi to HCHO
! &l ] ¢ The transfer of the Me group from MesZnLi to the carbonyl carbon
" | takes place as a single event.
| _ & _ !
L I g N o 1 ‘ negative charge
E £ O of C=0 | monotonically increase
g | Me group | monotonically decrease toward zero.
_i as . _E . e The charge of Zn remain especially constant.
. —_— T TR, | I i o .
4L [ T 1 — The absence of any oxidation/reduction process in this reaction.
] T 1 > different from the addition of Me,CulLi to an a.,f- unstaturated
, | . 1 carbonyl compound.(Cu(l) —» Cu(lll))

AT P T8 CPiiA

2) Ligand transfer selectivity of heteroleptic zincate Me,Zn(X)Li
<Two possible structures of heteroleptic zincate> <Ligand-transfer selectivity for Me,Zn(X)Li>
X; H=NR, > SiR3 > alkyl

activation energy of
CPi to TS1 (kcal/mol)

H 3.1
NR, 2.7
SiRg 6.1
Agymmaing Seaciute (28] Symmeino Erucies |30 Me 8.0
E gy = Gl izl E gy = A4 lcbmal
Caked, 1085 0T (g ) Caicd  17BT0m (e i)

Esparimonial valuo 1055 om
Figure 1-5 Asymmetric and symmetric structures of Me,ZnHLi
¢ Zn-H frequency between 2a and 2b must be different.

e Experimental data suggest 2a would be real structure of Me,ZnHLi .
— Reaction pathway should be similar to that of MesZnLi.



1-3 Perspective of Catalytic Synthesis of 3°-alcohol with Grignard Reaction

& Asymmetric version.

¢ Ligand transfer activity of alkyl group is very low.

¢ Ligand should be designed not to dessociate the chiral ligand.

— Multidentate ligand is one of the possibility.

« It might be possible to make chiral modification of counter cation(Mg?*, Li*).

cf. RsMg™*Li-Bpy system

2. Cross Coupling Reaction of Alkyl Halide Catalyzed by Ate Complex

2-0 Introduction about the Relation between Cross Coupling and Ate Complex

<Cross coupling reaction>

R-X + R-m ——— R-R

<Two reaction pathway>

Path A
M
R' 0}
" \( “ R'-m
[MRI'm*
R—M
F'{, \—/ highly anionic!!
0}
cu Cu
u R-X

Figure 2-1 Cross-coupling via ate complex

J. K. Kochi, Synthesis, 1971, 303

Alkyl-X + R'MgX — > Alkyl -R'
Li,CuCl,

R'MgX; high reactivity
— low functional group tolerancy.

¢ Ni or Pd ate complex (Prof. Kambe and Dr. Terao's work)
—2-1

NiCl, (cat)
Alkyl-X + R-m Alkyl-R
NF

¢ Cu ate complex (Prof. Kambe and Dr. Terao's work)
— 2-2
¢ One-electron donating Co, Fe system. — Appendix

R-R'\ (

Path B

\ R-X
|\|/|—R
X

B I
R’
R'-m

Figure 2-2 Cross-coupling via oxidative addition

J. K. Kochi et. al. J. Am. Chem. Soc. 1971, 93, 1487

R-X + RMgX ————> RR'
FeCl, or FeCl,

R = Alkenyl
<Representative cross coupling>
- Kumada-Tamao MgX
- Negishi ZnX
- Stille Sn
- Suzuki-Miyaura B
- Hiyama Si
- Sonogashira R=C-Cu

Application for R = alkyl

<Problem>

¢ Oxidative addition is slow.
¢ Resulted alkyl complex is highly reactive.
— B- hydride elimination > transmetallation

<Solution>

7/13

About cross-coupling reaction — see. Dr. Maki's literature seminer 2006/03/18

e Pd + bulky phosphine ligand(PCy;, P'Bu,Me),NHC ligand.



2-1 Cross Coupling with Ni or Pd Ate Complex . 8/13
Adv. Synth. Catal. 2004, 346, 905-908 <Some control experiments>

Scheme 2-2 The relative reactivities of alkyl halides

Scheme 2-1 Three component reaction of Alkyl . [, (8 MoI%)

halides, butadiene, and Ar-M nBul 4 gBbr s MBieBre £ + Priigr e
. LI 1.0eq. 1.0eq. 1.0eq. 1.0eq. 1.5eq.
- e T q q q q q
Aot ¢ R g + bl ——————= " e e
THF, 36 " R £ B | + sBu -
14 LT - e . ] -
1 : 3 . [ T [
i L] i
X =Cl,Br, | M = Mg or Zn i - -
<. £ L
Table 2-1 '
R R-X E [ Ty Bebatind wihd [% | | ]
BB Me H PhrMgBr da: 09 %4 » the reactivity of R; 1°<2°<3°
i-¥r=-lr Mg L] Fh-Mghr a4l L ninn]
1 B Mie H P'h-Wig Br dr; N LT — Alkyl groups are transferred
] cHe-Be Ph-ba B E VT g T ; ioni ;
3 BB Pl By & &0 o as radical or cationic species.
h =HuLl M 1] Ph-MzBr & nl eI
¥ Wi H I"h-WigRr o Wl LIl H]
& cHe-l M H Fh-Fnil a5 7 palhs]
) r-Bi-Ei M H FErCCH-Zal & 69 52044

Comnbtions: B L2 mmal | 2| mmal), 315 ol ), [§dpplPeCh ] (Bmal %), THF (1.5ml.). 25, 14 h,

! D e emmied LTS
¢ Unsubstituted 1,3-butadiene failed to afford the corresponding product.
e 2° 3°-alkyl-Cl was reactive although 1°-alkyl-Cl didn't give the desired product.
e C=CMgBr, PhB(OH), and PhC=CSn("Bu); were ineffective.

Scheme 2-3 Reverse combination of the reagent Scheme 2-5 A plausible reaction pathway
from Table 1 Run 2

nickelate complex

HIpEMICE 4 el % |

Fhidr o P m MPTRADEY F (O) £
THF. 34 2, 248 N—A|
P MK 5
PR T R
Ph & o 16 e ,
| idppfie '\'._p-.| PPy = PR ¢ Paendly g PP ;-r"ph - " M,
i R
5 ik ] 18 L &b 2% . . R [i8 'F
- R |
. . i . KL A'-r:-:' v Mi © m():.
e Cumene was the major product via an intermediate 5. p PO = g
— The present three component reaction may not 16 e s l4e - i B
e
proceed through 5. T =L 156
. : h #
Scheme 2-4 control experiment 3 . )
F B
e Y T T S = R R | I 4 :
e T T THE MG Fh A R A -
run 1 1 et 1 muncl 7 mmal 1 el 4 Ar M B
run 2 {3 mmed] Eapf e
18 e’
i I T ’ ..—"r a S P . .
f b ¢ The nickelate complex 7 would act as an active electron
run 1 g PR P — transfer reagen.t. . .
run 2 {41%] (B aporpredy (100 rmad] — The generation of an alkyl radical and arylnickel(l) complex 8.

e In run 1, the major product was

Ph-Ph (reductive coupling).

Alkyl-Br was recovered completely.

e In run 2, three component coupling product

was afforded in 41% vyield.

— Excess PhMgBr promoted the C-Br bond cleavage.



J. Am. Chem. Soc. 2002, 124, 4222-4223

Scheme 2-6 Ni-catalyzed cross-coupling

Table 2-3 Substrate generality

-l [

9/13

H H pEI T P E
with 1,3-butadiene T . i, = - S —_
]
. + kg fn RuR 1 TygHy B FlRig Dy | 13] P8 18 B0 s a s e n
i BT B b
R = iy = o, gl ] - 1 TR =T 1] (R R ] 15 . i
Ka i B Ol T - T— Eiaghi1.3) 3 RIT M u ] - i
'] BarlI T "Rahdyia 131 ] 105 |3 Bl (1] i (e ] ]
Table 2-2 , — ; ;
cat. (3 mol%) n : £ FlRigse 12 n a L] £iPh 4
n n
ClOHZIBr + BuMgC| —>additive C14H30 & e Br FrlaRdygls 13 A8 B 5 ki i 1 T re
1.3 equiv. (1.0 equiv.) 7 . k= T W R W @ ik S [
ariy caisiy e . :t\:::l :;ﬂl A i BBl [0 ] SDEETEG Fi] ¥ E] .
Wl 1 " . 2 T N
] M1, mam 3 40 =
i M | B 2] ] L.
PR [— | - - ’ e entry 1; Optimized results
5 P, I » 1 e entry 2; Br on Ar ring remained intact.
L il " 1 L e entry 8; X=Cl is OK.
T Mz T 1 5 14 ]
S P o= <control experiment>
C ] H I: Loi =1 1 T
i HaCi SOF ity ] kit I . n X
1) NiBr, + "Oct-MgCl —————— 1-octene + octane + hexadecane
“Uoad bicas 80 Bopllr i morecd | caslve 17 mead (8 T 250C 15m|n
., DN L sddm i ] eqam 007 W2 22 ; A mn o O i !
o Tdscenen ¢ |30 yckeciadm e 2 equiv. 45% 43% 0%

¢ When Ni complex bearing phosphine ligands,
such as NiCl,(PPhs),, NiCl,(dppp), were used,
the yield was 45% and 22%, respectively.

e Unsubstituted 1,3-butadiene shows the highest
activity.(entry 6-10)

<NiBr2 +"Oct-MgCl —— "Oct-Ni-Br >
e The present coupling reaction does not involve oxidative
addition of alkyl halides to Ni(0).
1,3-butadiene
THF, 0 °C

n-DecylBr + Ni(COD)2 n-DecylBr

NiCl, Ni(0) e Oxidative addition didn't occur.

2)

NF

Py 11 e |
1 e [ 10

A radical pathway would

"BuMgCl \

MRl

THF. 3°C 28 h

be ruled out.

1.7 e

Ni(0) reacts with 2 equiv. of 1,3-butadiene to afford bis-r-allyl Ni
complex. (oxidative cycloaddition)

R-R'\ / 11 R'-MgX
‘ ) (D] )
R@ Ca i

R' . (||;
=
13

— Less reactive to R-X but readily reacts with R'-MgX to form 12.

The complexation for 12 might enhance nucleophilicity of Ni
toward R-X.

S

R-X 12

*MgBr

Figure 2-3 A plausible reaction pathway The central metal (Ni) in this catalyst system is always ...

d8, 16e", plane structure.

+ The difference between the condition of 3-component reaction and this cross coupling

+ the presence/absence of phosphine ligand.
+ whether butadiene is substituted or not.

Scheme 2-6
. n - 3 F on - Bidentate dppf ligand is bound strongly on Ni.
Mow W - i, — the supression of the formation of bis-allylnickel complex 11.
¥ L L ERE When substituents were introduced on butadiene skeleton,

formation of 11 became thermodynamically less favorable.



Angew. Chem. Int. Ed. 2004, 43, 6180-6182

R'MgX; high reactivity
— low functional group tolerancy.

R',Zn

cat. (3 mol%)

NCqoH1-Br + EtyZn dodecane

THF/NMP= 2/1,

2 equiv.
. 25°C,48h
Table 2-4
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The addition of MgBr, increased the dodecane although
side reactions could not be suppressed.(entry 2)

When tetraene 2a was used in stead of 1,3-butadiene,
this cross-coupling proceeded completely.(entry 16-19)

entry 18; the optimized condition.
Et,Zn 1.3 equiv.,9 mol% of 2a.

Chem. Commun. 2007, 825-827

<the use of n3-allylnickel and n3-allylpalladium complexes
as catalyst>

Scheme 2-7
T M & B
o M MR
Alkyl-K = R-RagiT = Aol R
THE
W ow e, DT

1) To prove the intermediary of bis(n3-allyl)nickel complexes.
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Table 2-5 Functional group tolerancy

Lrirp EXd EIn Fredixi i ol ™
1 s o s0aTr n = -
e ._ br ik, . ol

1 I el 2 4 &r

I 5
1 O ! " i B I al

= ]
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1 DTe ElEn gik
o Ol i BN | sl B E 10 ] WD, |0 e B8, B (% il S lgEr, |8 iaval] deesd

wolgtins of THF [dml) and WP Aiel S35, Th ja] Vel of s aied produeet i) G pekd

This catalyst system tolerates unsaturated heteroatom
functional groups, such as nitriles, ketones, amides,
esters.(enrty 1-4)

Table 2-6 Effects of additives

1 o . Pl |

g b g ———————————  [eaccore
—— [ THiF {15 miLp BT & b

Lairy P e | hdcitis jral | Fiwld %]

1 1 1. W-bursalsra (10] 01

) i T8 ey (1084 EL

L] E] 1.5 e (100 1]
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1 T4 18] L7l

Alkyl-F was reacted in this reaction system.
Tetraene 2b as additives; the yield was improved
dramatically.(entry 5)

In the case of 1,3- butadiene

Ni(0) center will react with more than 2 equiv. of 1,3-
butadiene .

— Complexes composed of C12-butadiene-
oligomer units might be genarated.

- Figure 2-4
i S e S Selective and
AT efficient formation of 3

R AN . from Ni(0) and 2 would
f g facilitate the generation
—H X of 4.
.-.*:-..;4-]/" A | == | > accelerate the
e P ' W leophli iti
PR N g nucleophlic addition
& 1 that leads to 5.

2) Whether the ethylene tether between two ligand is essential or not.



Table 2-7

1.3 equiv.
Dhee—ir + R-hlgh —===1
The-H + docsne + diocenas.
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Pd or Ni complexes without n3-allyl ligands
were ineffective.(entry 1,2,5,6,9,10,13,14)

Mono(n3-allyl)metal complexes afforded a
successful result when MeMgBr was employed
but not in the case of "BuMgCI. (entry 3,7,11,15)

Scheme 2-8 control experiment

Nearly equal amounts of octane and

Table 2-8 o

= B |V R 11/13
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entry 3; 1-decene was obtained as a sole product.
entry 4

— These results ruled out a radical pathway.
PPN _,b

entry 5; Br on Ar ring was intact.

Scheme 2-9 a plausible reaction pathway

i

— o .
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iy s w2 Preferentially with alkyl group than allyl s, ,.fi.-,:
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2-2 Cu-catalyzed cross-coupling reaction Table 2-10
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Scheme 2-11
Aol G 4 R onigal .- La. e ]
NF
R-CI
wide availability
low cost
w3 8 ﬂ:h.lq! E - =l H
° T B & rweracd
T b, rq Rt
Table 2-11 p— I
u THF, 353 °C, 30k THE, rilie BR
okl =50 ' i
i i® fo
WHa [ B Y
P L] [-ry

Scheme 2-12 competitive

experiments

<Examination of the effect of 1-phenylpropyne>
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Figure 2-4 Time course of Cu-
catalyzed cross-coupling
reaction using different
amounts of 1-phenylpropyne
in THF under reflux.

As the amount of additive was
increased, the reaction rate at
early stage decreased.

When only 2 mol% of the
additive was employed, the
catalyst rapidly lost its activity
and reaction stopped.
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The present reaction for primary-alkyl chlorides proceeds principally
by an Sy2 mechanism.

Scheme 2-16 A plausible pathway
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1-phenylpropyne would stabilize the alkyl-copper complex to form the
alkyne-alkyl-copper complex 11.

Increasing alkynes shifts the equilibium toward the formation of the
complexes 13 or 14, which might be the resting states of the catalyst.



Appendix Other Representative Cross Coupling Catalyzed by Ate Complex 13/13
K. Ohshima et. al. J.Am. Chem. Soc. 2001, 123, 5374-5375

<Cobalt-Catalyzed Tamdem Radical Cyclization and

Cross-Coupling Reaction> Scheme 2-16 A draft mechanism
Table 2-12 Co-catalyzed phenylative radical cyclization CoCly{dppe)
x_pn PrRg w P 4 eq. PhMgBr
o 1:. cal, Crilgigppal . ‘“'
'}_ﬁf * THF, £ 0, 30 min Irf'n‘ﬂﬁ, Ph-Ph
subsimic X R RT R BY R prode viek? [Gu{ﬂ}l‘-'hg{dppa]]{lu'luﬂr]g 1re
| F He w4l H H pasHy H ] B 55045
1] | -l gHg H H o gl H F o TR (5545 _
Ic 1 gl H H od’sHy H X MR
i Br CHin M oetslly H 03 70% (5149 PhiMgBr
I e Tzl Me Me 1 i T T |
I I (CHzk Me Mo H i BT (G heh M
Ig Br iU Hzk [T Wi £ 315 (singlhe] [Cn{ﬂ)PhI[dppe}][M;Bl‘} [C‘:"‘::' 2{@9]]{ QBJ']
5] | (U sk H | H fi 225 9] %) e’ -
_ I
P ubearate (03 ol ko Uol | gdppe ) (005 mmedy Pk (10
mured i, and THE (1 ml | wers empdoyed * laodaied viekl. Dissersome -—
ks are i pareribeses . o
p-h t E ]
[Co{llPh;{dppe)](MgBr)
15e” 18

An active spicies would be the 17-electron-ate complex 17.
A single electron transfer from 17 to a substrate to yield an anion
radical of the substrate and Co(l) complex 18.

They also investigated the allylation, alkynylation with Co ate complex.

A. Furstner et. al. Angew. Chem. Int. Ed. 2004, 43, 3955-3957

<Cross-Coupling catalyzed by Fe complex>

Rl I R!
XMg [Li(tmeda)],[Fe(C,H,)a] 19
Ao+ | N os e R2 AN
R?” X R THF, -20 °C, 10 min gs
X=Br, | =

A consise mechanistic
(0] O interpretation is not yet possible.
X 9 (0] . L
+ PhMgBr 19 (10 mol%) O 2-iodoacetal derivative undergoes
| THE. -20 °C ring-closure prior to cross-coupling
' seems to indicate a radical
85% Ph intermediates.
— This reaction pathway might be like
scheme 2-16.




