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Indium Chemistry ~ from Dr. Baba's works ~

Akio Baba was born in Kochi, Japan, in 1949. He received his B.S.
(1971) and Ph.D. degrees (1976) from Osaka University under the
guidance of Professor Toshio Agawa. He worked for Mitsubishi Kasei
Industries (now Mitsubishi Chemicals, Inc.) from 1976 to 1981. He
Associate Professor in 1987, working with Professor Haruo Matsuda.
He became Full Professor in 1995. He is now also working as one of
the project leaders at the Handai Frontier Research Center.

Baba et al. The Chemical Record. 2005, 5, 323.
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0. Introduction

0-1. What is indium?

Cintas, SYNLETT, 1995, 1087.
Reddy et al. Eur. J. Chem. 2010, 591.

12 13 14 Recyclable Easy handling
B c }
Stable to air, moisture Low toxicity
Al || Si
Indium
Zn|(Ga|[Ge - .
Lower heterophilicity Low 1st ionization potencial (5.8 eV)
cd||In|/sn Y Y
Soft Lewis acid Good for SET
Hgl| Tl ||Pb cf) Zn (9.4 eV), Sn (7.3 eV),
Mg (7.6 eV), Na (5.0 eV)

Indium has these good points. But the prices of indium species is not cheap.
cf) In(OH)3: 12900 Yen/10g, Wako.

InCl3: 13300 Yen/10g, Ald.

InBr3: 17400 Yen/10g, Ald.

In(OTf)3: 14900 Yen/5g, Ald.



0-2. Primary reactions

Gynane et al. J. Org. Chem. 1972, 40, C9.

2In + 3RX — R;InX + RInX;

Gynane et al. J. Org. Chem. 1972, 43, 257.
RI-+Inl — Rinl,

Butsugan et al., JOC., 1988, 53, 1831.
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Marshal et al. JOC. 1995, 60, 1920.
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Baba et al. TL. 1995, 36, 9497.
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Baba etal. SYNLETT, 1997, 699.
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ClInH " organic synthesis I:> Reduction of ketones, aldehydes, haloalkanes.

stabilized by solvent Scheme 1



1. Alkyl indium

1-1. Cyclopropylmethylenylation
Cyclopropylmethylenylation of a-iodoketones

Table 2. Reaction of 1 with o-Iodocarbonyl Compounds 2*

BuJSn/\V jr’\| - R\H/\/\

InBry (50mols)
toluene, i, 4.5 h

. 0
open air 3
“ eq-) (1 eq)
entry iodocarbonyl yield/ %  (under Ng)®
PO, .

1 Tl 2a 3a 79 (64)
0

8 E"Om)\ 2h 3h 65 (47
o]
of'—\

9 W}\l Zi 3 B0 (98)
Q

10 P“O%, 2j 3 <5 (<5)

1104 o 15 (30)

EtpN

oy T 2k 3k 54 (62)

O
Fh

13 DY 37167

Q

“ All entries were carried out at room temperature in solvent (1 mL)
with 1.0 mmol of 1, 1.0 mmol of 2, and 0.5 mmol of InBry. Tin
compound 1 was added to the mixture of 2 and InBr in toluene.
? Jodocarbonyl 2 was added to the mixture of 1 and InBrs in toluene that
had been previously stirred at room temperature for 30 min. © Reactions
were carried out on the bench using a nitrogen-flowing fask. ¢ Reactions
were carried out at 100 °C.
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Figure 2. "H NMR spectra of the reaction mixtures of InBr; and 1
with (a) 1/1, (b) 1/2, and (c) 1/3 ratios in toluene-ds.

Two alkyl indium species were observed.

Table 1. Optimization of Reaction Conditions”

PhO additive BHO
Budsn/\v Y\ I [Sﬂmol%
Tmasn 0
3a
entry additive solvent yield, %
1 InBry toluene 73
10 GaCI; toluene 71
11 AlCL; toluene <5
12 BF:- OFt, toluene 9
14 TiCls toluene 13
18 InBry? toluene <5

4 Addition of galvinoxyl (0.1 mmol).

Galvinoxyl (radical scavenger) inhibited the reaction.

-> This reaction is radicalic.

Baba et al. Organometallics, 2009, 28, 132.

Scheme 2. Plausible Reaction Mechanism
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Figure 1. Relationship between amount of InBr; and the yield of
3a in the reaction of 1 (1 mmol) with 2a (1 mmol) at rt for 4.5 h.

1 eq. InBrz was not effective.
-> The active species is dibutenylindium 5.

Scheme 3. Isolation of Butenylindium Species
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Cyclopropylmethylenylation of alkylchloride Baba et al. Org. Lett. 2010, 712, 1520.

ol i )\/\ ()\/;
BuySn —— - +
5 :\é o M, MX

Table 2. GaCl; or InBr;—Catalyzed Cyclopropylmethylation of
Various Alkyl Chlorides 27

(gagr)wa) | 5a G ga °
5 | a
Bu;Sn R-CI R + R Bb | Eb
4 /% GHzCh M n
temp, 2 h 3 4 "
1 eq.) (1 eq.) 1in COyCk
yield (%)
entry 2 temp product catalyst 3 4 o _dd '
£'C) |
: S GeCl, T2 16 () MKa= GaCly I” |
g B0 b v - “fl‘v\ea i
[+
3 InBr; %920 s b L
5 1 GaCl, 59 21 C . A [ | SR
2d i} 3d
& Ph™ InBr;  frace trace (i} MX3=InBry  Sb+Bb
13 GaCly 45 12 M‘ 5h + sh
o n 3 R L |
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Figure 1. "H NMR spectra of (i) 1, (ii) the mixture of GaCl; and
1. and (iii) the mixture of InBr; and 1 in CD.Cl..

15¢ - GaCl, 36 46
/Q/\ %80 3

16° Gl InBr; 0014

. . . Also two species were observed.
* All entries were u:arrmd out with 1.0 mmol of 1, 1.0 mmol of 2a, and

0.05 mmol of catalyst. ° ])u:h,n'nmod by '"H NMR. © 1.5 mmol of 1 and
0.75 mmol of catalyst were used. @ 0.5 mmol of catalyst was used.

Scheme 3. Plausible Reaction Mechanism
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Table 1. Reaction of 1-Chloro-1-(4-methylphenyllethane (2a)

with Cyclopropylmethylstannane 1°

BugSnCl
o O
Tsalvent 2
?J%;e; h /@)\JL\/ \X ‘/J\/\GGCIQK
Me 4a Gacl,X l %
yield (%) # rR_A_~2
) = GaClgx
entry catalyst solvent 3a 4a 4 10
2 InBry CHzClz 81 19
B GaCly CH:Clz 57 14
= 5 5 E H i
10 . InBry CHLCL, 55 15 Scheme 2. Complexation and Isolation of the Butenylgallium
11 IIIEI'Q CHQC]Q 73 20 Speci:E'-'. -
12¢ GaCly CH:Cly 45 13 ’
134 GaCly CH:Clz 71 21
“ All entries were carried out at 0 r‘C‘ for 2 h using 1.0 mmol of 1, 1.0 GaCl, DPPE =acl;
mmol of 2a, and 0,05 mmol of catalyst. ® Determined hv 'H NMR. © TEMPO i1equiv) (0.5 equiv) T
{0.05 mmol) was added. ¢ Galvinoxyl (0.05 mmol) was added. E“ﬂsnf\‘f’é Cra0l PhaP., -~
2 FPhy

Galvinoxyl did not inhibit the reaction. L

->This reation is not radicalic; ionic.
Author said this is the 1st report about ionic
reaction of organic halides with organoindium.

v
chea"\/K
This structure is differ from the structure in page 3.
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Figure 2. X-ray structure of 7 (all hydrogens are omitted for clarity). 4



1-2. Diene utilized alkylation
Alkylation of ketones / imene

Baba et al. Org. Lett. 2006, 8, 4553.
Table 3. Feaction with 1 3-Butadiene and Isoprene?

Z Z=0,NPh
(2eq.)
(4eq)  pinci, R CR?(1eq) H i
e i Eh L 3h products
entry diene  elecirophile product (syn : anii) vield {%s)
OH
1 __.-';-'ﬂ'“\;’-{f PhCHO th‘g/‘% 3k 8BS
(45 - 55)
1d
o HO
4 ph/\)j\ 3n [=12]
Ph T (57 43)
Jf’h NHPhH
5 3o 52
Ph” H Ph)\(“\n (53 - 47)
o HO
7 = 3q 70
#;:’f P F“)%/% (dr=72-28)

NPh MHPH

8 3r 90
PhJ\H Fh/%/\ (dr = 57 : 43)

Scheme 14
0
#F g 1a I 2a OH
Hingl, — EMPO Fh” H J
" - - - pp-
n5h n3h 13%
4 ]
e a || 2a OH
TEMPO  Ph™ TH | .
HInCl - - = ph Ty 3a
t, 5 h m3h I

7%

T HInCl,/ TEMPO/diene/aldehyde = 2/0.1/4/1 (equiv), THF
solvent.

When TEMPO was added before diene, only
reduction of aldehyde was observed.

In contrast, when TEMPO was added after diene,
alkylation proceeded.

-> Generation of alkylindium is radicalic path, and
alkylation step is ionic path.

HInCl;
)v o OH )\f —". InCl; C|2|H\)i:”/
1a c
)(L HO
10 3%(& 3i 28 o
Ph Ph ,/L OH
NPh NHPh " HInCl _ cpin \/Lﬁ/ Ph” TH o /%
11 Ph)J\H Ph% I -#InCl; fonic path
@ Diene {4 mmol), HInCl: (2 mmol), electrophile {1 mmol), THF solvent D
(2ml). ® A excess amount of 1 3-butadiene was used. < Byproduct 3s was i i
Plausible mechanism
Baba etal. SYNLETT, 2008, 1407.
Table 1 Allylation of Benzil by 2,3-Dimethyl-1.3-butadienie and
Effect of Additives® Ph Ph
2B Ph_ OH Ph  OH
additi © Ph Ph
HinCl ive
7 . Claln 1 . H |
THF, 1, 5 h T.I/Q‘\T/ rt. ime o o
1a v-adduct 3ab o-adduct 4ab
in situ: InClz + BugSnH — ClolnH + BuzSnCl
Entry Time Additive Yield (%) Baba et al. TL. 1998. 39. 1929
Jab (v) dab (@) Baba etal. TL, 2001, 42, 4661.
: 14h B 0 %0 Baba et al. Org. Lett. 2006, 8, 4553.
2 3 min - 26 14 L’ .
L Other method preparing HInCl,:  Et;SicCl
3 I min - 14 0,
1 17h  MeOH (2 mmol) 29 '.'-4'9 InCly + Et3SiH ——==—~ Cl,InH
5 Th  HO (2 mmol) 8 s Baba et al. Org. Lett. 2004, 6, 4981.

generated from the reaction of diene 1a (4 mmol) with HInCl, (2

mmaol) in THF (2 mL) at r.t. for 5 h. Benzil (2b, 1 mmol) was used.

InClz + NaBH; — ClinH + NaCl+ BH;
Baba et al. JACS. 2002, 7124, 906.

InCl3 + DIBAL —= ChlnH + Al(Bu).CI
Oshima et al. Org. Lett. 2002, 4, 2993. 5



= A kinetic

adduct © Author proposed cyclic TS.
But according to the results of Table 3
in page 3, | think cyclic TS and acyclic

ClinQ R TS are competitive.
HX):'\‘T/ thermodynamic
o-adduct F
stabla

Scheme 4 A plausible mechanism of a-allylation

The additive effect is not clear. Does quenching indium alchoxide of C prevent the retroreaction?
When author tried the reaction of acetophenone with 1a in the presence of PhsP or HMPA, only

a small amount of a-adduct was obtained at r.t.. See Entry 5 of Table 2. In absence of Lewis base,
only y-adduct was observed at r.t..

Table 2 Regioselective Allylation Using 2,3-Dimethyl-1,3-butadiene®

o]
J\ R, OH Ry OH
HInCl, Clain ¥ R 2 W %
- - —=— R + H
THF, rt, 5h a conditions
1a vadduct 3 o-adduct 4
Entry Carbonyl compound Conditions Yield (%)
3 4
O
1 OMe 2c r.t..3h Jac =99 dac 0
2 Ph 2c r.t., 19 h then reflux, 3 h 3ac 0 Jac 90
o]
b (o] 2d r.t.,14h 3ad 90 dad 0
4 OM 2d rt,12h 3ad 7 dad 71
Ph)j\/ ¢
5¢ o] 2e r.t.16h Jae 50 d4ae 0
6 J.I\ 2e r.t., 3 h then reflux, 20 h Jae 11 d4ae 66
Ph Me
11 o] 2h rt.3h Jah 68 dah 0
12 )I\/OH 2h r.t., 3 hthen reflux. 3 h Jah 0 4ah 12
Ph
13 2i rt,l6h Jai 28 dai 0
14 2i r.t., 3 hthen reflux, 13 h Jai 0 dai 46
Ph Ma
21 o} | rt.3h Jal 88 dal 0
22 PN .3 h then reflux, 48 h 3al 66 4al 0
P H

* HInCl, was generated by InCl;-Bu;SnH system. Allylic indium was generated from the reaction of diene 1a (4 mmol) with HInCl, (2 mmol)
in THF {2 mL}) at r.t. for 5 h. Carbonyl compound (I mmol) was used.

¥ H,0 (2 mmol) was added before addition of ketone 2d.

¢ HInCl, (3 mmol) and THF (3 mL) were used.

# HInCl, (3 mmel) and THF (3 mL) were used. H,0O (3 mmol) was added before addition of ketone 2g.



2. Indium as a Lewis acid

2-1. Deoxygenative e functionalization

Reduction of aryl ketones
Baba etal. SYNLETT, 1999, 182.

) AR R InClg (5 o)
MesSCH + '\g’ SO A n R = alkyl, haloalkyl, phenyl
s o 2Clz, 3a-n Ar = phenyl, p-MeO phenyl, p-Cl phenyl, naphthanyl

Deoxygenative arylation of ketones
Baba et al. Tetrahedron, 1999, 55, 1017.

‘Table 1. Effect of Catalyst for Reductive Friedel-Crafts Alkylation®

_MX, (S mob%)
HSiMe,Cl  + @— P X
Tectn =
.

{excess)

Table 2. InCl;-Catalyzed Reductive Friedel-Crafts Alkylation of Various Carbonyls.

Ei M Yield /% (ot Enl MtX, Yield /% 2 2
ntry X, 1% (om:p)® try a eld /%! MesSICH  + n'\g,a + A (excess) InCly (5 molos) n‘\rn
1 nCly 99 (15:4:81) 6 ZnCly 0 1a r
2 Iny0, 95(13:4:83) 7 TiCly o 28-k 3ak
3 InOTN;  98(13:7:80) 8 sucy 0 . "y . -
AH T T Yield of 3 m;,
4 JnBrs 84.(18:6:76) o - o Entry Rlin2 R%in2 ime /h emp /°C ield of 3 /% o:m:p*
5 Inly 93 (15:2:83) 10¢ AICl 4 1 2a: Ph H PhH 14 25 3a: 79
e CRsoH o 26 2b:n-CsHy H PhH 1 25 3b: 0
3 2¢:Ph Me PhMe 1 60 3¢: 99 15:4:81
" Reaction conditions; MtX, 0.1 mmol; chi ilane, 2.4 mmol; 10 2j: -{CHa)s- PhMe 3 110 3j: 92 38161
2 mmol; solvent, 10 mL; N; atmosphere. ° Yields and sclectivities were determined by 11 2k: Me Me PhMe 4 110 3k: 42
GLC and NMR. © 11% of sec-phenethyl chloride was obtained. ¢ 10 mol% of catalyst * *
was used. © 45% of sec-p yl chloride was obtained. T 33% of
chloride was obtained. a Yields and selectivities were determined by 'H, 13C NMR or GLC. b Di-n-hexyl ether was obtained quantitatively.

Deoxygenative allylation of aryl ketones
Baba et al. TL, 2000, 41, 2425.

j’\ HSiMe.Cl SiMe InCla (5 mol%) R H
+ Iivies + N 3 e
A" R & CHzCly AP
Table 2

Entry Ar R Conditions Product Yield/ %"
1 Ph Et m2h 2 67
2 Ph Ph m2h 3 98
3 Ph CHoCH,CI m1h—60°C,3h 4 70
4 p-Cl-CgH, Me m2h 5 84
5 p-EtOCO-CgH, Me n,1h—-60°C,3h 6 44
6 p-O,N-CgH, Ph n1h—60°C,2h 7 75

? Yields were determined by GLC.

I'chlnha,SiMezcr“

Ar)‘l:Fl Ba
+InCly ¥
HSiMsch <" Me Me S
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Y
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“o,
-
>
o )
I
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w
=
®
w

o]
=

D

— [y
AI’)LH A *‘f")‘p:ﬁ BP, : . AFM

' clena==" S~ H
Plausible mechanisum "-.

| think this intermediate is active species.
(See next page.)

The combinaton of InCl; and chlorosilane show high Lewis acidity. Baba et al. also achieved catalytic
Sakurai-Hosomi reaction using InCl3-Me3SiCl. cf) Eur. J. Org. Chem. 2002. 1578., Tetrahedron. 2002, 58, 8227.
And catalytic Mukaiyama aldol reaction was reported. cf) Mukaiyama et al. Chem. Lett. 1991. 20. 949.



Deoxygenative allylation of alcohols

Baba et al. ACIE. 2004, 43, 1414.
InCl3 (5 mol%)

RivRe 4 o~ siMec RiRe
7 Table 3: Alkylation of alcohols 2 with trimethylsilyl nucleophiles cata-
OH CH,Cl, P 3 Alky ylsily p
]
(1eq) (2eq) r.t. lyzed by InCl,. o R
) e cat InCL, Ph R
Table 2: Allylation of alcohols 2 with allylsilane 1 catalyzed by InCl, ¥ Nu-SiMe,  + 2aR=Ph ——
OH 2g:R=Me 80 °C Nu
Entry Alcohol t [min] Product Yield [28]
] 22 ReH 10 3 %0 Entry  Silane Alcohal  t[h] Product Yield [96]
a:R= a
R
2 2b:R=Me 10 3 b %6 1 2a 3 3a %
3 S Ph 2c:R=cl 10 S P 3¢ 92 o She g 3 PhA 32 0
4 OH 2d: R=NO, 10 Z 3d 80 4l 7 g 3 ~ ig 87
5 2e: R=MeO 10 Je 82 Ph-._gf’_‘\_—'SiMD! F'hIF'
13 L—bm 2j 130 A}://\f 3j 52 3 8 2a o 70 100
Ph OEt Ph. OEt
G Ph.__ A
14 \D.f:\g 2k 60 \\J/\g 3 66 ? ““rﬂ’SIMO” :a : I; Ha ?21
g = 4
Ph cl Ph._~_.Cl ” 10 AP
15 \CI;\/ 2l 180 \Ly 3l 59 & 28 3 Mg &
s Ph\(\/\OH Ph e om s = _SiMe, 2a 3 Ph._ A 132 64
164 T 2m 60 C Im 56 10 ~8 2g . T 13g 55

[a] The reactions were carried out in dichloromethane (1 mL) with allylsilane 1 (2.0 mmol), alcohel 2
(1.0 mmol), and InCl, (0.05mmol) at RT unless otherwise stated. [b] Allylsilane 1 (3.0 mmol),
dichloromethane (2 mL). [c] Allylsilane 1 (3.0 mmol), dichloroethane (2 mL), 80°C. [d] Allylsilane 1

(4.0 mmol). [e] Bu,NF was added during the workup.

First estimated mechanism
cf) Baba et al. JOC. 2001, 66, 7741.

R

R
© o

Clin”®

A~ SiMeCl

InCl,
—_—
-HCI

OH AN

But in a case of R{=R,=Ph, HCI and intermediate

were not observed on NMR .

And also the reaction was proceeded in the cases of

using trimethylsilyl.

Baba et al. Synlett. 2005, 11, 1737.

Table 1 Optimization of the Lewis Acid-Catalyzed Allylation with

Allyltrimethylsilane®
)\ Ph/IW
3a

catalyst

s N SiMes

Ph OH solvent

1a 2

Entry Catalyst (mol%) Solvent Yield (%)

1 InCl; (5) + Me3SiC1(10) Hexane 13

—_—

2 InCl; (5) ~ Me;SiBr (10) Hexane 77

* All reactions were carried out in a solvent (1 mL) with allylsilane 2
(2.0 mmol), 1a (1.0 mmol), and a catalyst (0.05 mmol) at r.t. for 2 h.

Baba et al. Chem. Commun. 2008, 6396.

Table 1 Effect of catalysts in the coupling reaction of benzhydrol 1a
with (E)-2-phenyl-1-timethylsilylethylene 2a”

Ph
X Catalyst (5 mol%) Ph
/J\ & MeSin
Ph CICH;CHLCI =
" 2 80°C, 2h P“/La}./\F'h

Entry Catalyst Yield (%)
1 None 0
2 InCl, 91
3 InBry a5
4 BiCl; 56
5 BiBry 82
6 BF;OFEL: 7
7 AlCK 5
8 TiCly 20
9 Sc(OTh), 33
10 YB(OTf) 8
“ Alcohol: 1 mmol, alkenylsilane: 2 mmol. catalyst: 5 mol%:

CICH,CH,Cl: 1 mL.

"

[b] InCl; was not added. [c] Silane (3.0 mmol).

A

Same mechanism?

Lewis acidity of trimethylsilylhalides
Me3SiCl<Me3SiBr<Me;Sil

InCly R H A~ -SiMes
Me;SiBr ~o” 2

R=—0OH

1 Meg,Sl\Br,.lnCIa

Scheme 1 Plausible mechanism

Indium has lower oxophilicity than Al, B etc.
So this process proceeds smoothly.

[a] The reactions were carried out in 1,2-dichloethane (2 mL) with silane
(2.0mmeol), alcohol 2 (1.0 mmel), and InCl; (0.05 mmol) at 80°C.

Similar mechanism?

Ry
R ==
\-"J;Fq Mixs H01—R
+ Mt =In, Bi
HOSiMey
zi._
Ry Mt
@. P
R , @ H O\. G
2 Ho-MX,
Sikes
Rq
[=] M S'/ﬁ/
HO— Mty g
=] Rz
o
LR
Me3s|/“§[’ d

Rz

Scheme 1 Plausible mechanism.



Deoxgenative halogenation of ketones
Baba et al. JACS, 2002, 124, 13690.

-> Silyl ether is intermediate.

Chloroallylation

(o) In(OH)3 (5 mol%), cl
HSiMe,ClI
R1)LR2 R1)\R2
Table 2. In(OH)s;-Catalyzed Deoxygenative Chlorination of
Various Carbonyls 1 by HSiMeaCl (2b)?
entry carbonyls TG th product yield/ % ' X L. X i
o) o : I think this is active species.
1 t 55 90 ' .
2t Ph)I\H 1e &5 PhAH % e N . . :
o o ' Scheme 2. Plausible Reaction Path .
r ' P T ~
" A, & 3 o A, ¥ 0T P sivecion |7 OSMecH,” Osivect N, ¢
12 0 m o3 T . » ”’\/]"_4\ n H
13 Ph/\/kMe 60 3 Ph Me 92 N Seeoa-’ 3
.
H "
14 Bu‘AOEO n 2 Bu‘@—cl sn 76/ o k. b N )\\04\ E
' o= et oo SR
o o o0 ' H H-Si H-Si H™ H
15 10 no2 30 64 0
EtO/u\"’)LPh Eto’u\-)\Ph !
' 0 cl '
17 Meovjkph 1q it 35 MEO\/)\Ph 3g 46 :
0 cl N
18 /LMO r 0 03 " Me B T8 . _
Z Z . o HSiMezCl | In(OH)s ( 5 moi%) !
Ph Ph e
b~ | U ] GHCly o™~
' im 2¢ m11h 8, 74%
.
2 All reactions were carried out with carbonyls 1 (2.0 mmol), chlorosilane . lodination
2b (2.4 mmol), and In(OH); (0.1 mmol) in chloroform (4 mL). *InCl; |
was used mnstead of In(OH)s. © Chlorosilane 2b (4.4 mmol) was used. |
@ (4-Methoxyphenyl)ethane (5) was obtained in 38% yield ¢ The ether !
(PhCH>CH2)20 (6) was obtained i 70% yield. fCisitrans = 12/88. ! o o
.
; R o SNeC In(OH); { 5 mol2s) x
o~ In(OH)3 (5 mol%s) o~ : on CHCly on :
p-Cl-CgH,” ~0SiMe,Cl oo pClCgH,” ~Cl 83% ! N e Me (15) 2d 0°C, 08h o ob 72%
7 noh 3a ! H (1s) 80°C, 1.5h 9s 55%
'
.
.
.
.
.

Deoxgenative chlorination of alchols
Baba et al. JACS. 2004, 126, 7186.

InCl; (5 mol%), Fh o Fh
HSiMe,Cl, additive F )
R-OH —t> R-CI i o
r.t. -,
additive
Table 2. Chlorination of Various Alcohols?
ey P, e h product viekdl % Scheme 2. Plausible Reaction Course
QH o] Ph  Ph
NN N T SRR W R T H Fa sow  ClgH Ph  Ph
f-'—\H ME:E;SI:ME Me  Me |j k)
2 — 1c 15 i 3c 59
Yl ~
T L oM - e
5 \.]/x,zy\ 1f 9 *HT-*'nvy\x ¥ 100
B e T P : o InC1, . Me, Ma,_ Me
i PR~ 1y s PR~y 3 o % cliln{l-:l,s.‘m InCi, a5
'?o'"';:'A'c)"ﬁ:ﬁ"';u"'? """ .'»:h'lfg"'ai"'aﬁ" o - ﬁfa.?‘; bonzit A
" L Hr=c 285 j|\ e w2 (Me;Si0),
12 g R = Me im 07 g am 83 benzil 9
13 R=ND, 1n 24 an 97
P K g e S P Ro.T .
1
116 Ph OH 25 PR Gl 3 o - - - But according to this result, | propose other mechanisum.
- -a """ G gH TTTTTTTTTT o- """ gTErTTTTTT ;6' -
1 1 1 g
E1O'J‘Lu-']“-pn 4 EtD"'J‘Lw" “Ph Me‘s_‘Me Me‘s_‘Me
LS B LIS
- : : - (o Jo]| 0" *ci-InCls cl
2 All entries were carried out at room temperature in CH>Cly with 5 mol ®
% of InCls. 1.1 equiv of HSiMe)Cl and 1.0 equiv of benzil. ? Rearrangement W —_— W —> e
products (regio isomers) were observed in 23% yield. ©dr = 1:1. 9 <2% -nCls,
ee. ¢ 2-Phenylpropane was obtained in 49% yield /Premixing of HSiMe:Cl 9 -(Me,Sio),

and MeOH (1.0 equiv) followed by the addition of 1r.
Reactivity: tertiary > secondary > primarx SNR.}

T

Does benzil play some role?



Scheme 3. Competitive Reaction between Tertiary and Primary

Alcahaols
OH \(U OH :
[ﬂaxmﬁx"n B ' \(C'H A
\._/"\.f’“\._/"“oH "N..’““‘M/“‘w._.-’"\m ' '\..—-"""w._.-""\-._,-/“ucl : \T"l\"'/ - * n'c,J""C!ﬂ.OH \T’..H‘H’/&\ * "‘CEHH",-\CI
10 1 12 ' 1f 13 3 14
HSiMe.Clihenzdical, InCl,  58% 0% HSiMe.Clihenziicat. InCl, A% 0%
Ph,PICCH, 0% &0% P, PICCH, 0% B5%
POl 0% 45%, P, 15% 3%
2-2. Coupling reaction with silyl enol ethers
Baba et al. Org. Lett. 2007, 9, 4931.
Baba et al. Tetrahedron. 2009, 65, 5462.
Table 2. InBrs:-Catalyzed Reaction of Alkyl Halides with Silyl RT RZ RS
Table 1. Effect of Catalysts® Enolates?® 2a Me Me OMe
osim 0 OSiMe
o~ . P Me3 catalyst (5 mol %) —cl RL 3 InBr3 (5 mol %z :b : |:‘,H Ph
el OMe ~ CHCh.m.2h Ph/%\OMa R=Cl + R® CHaCly R? c 1 -Chay
R2 rl R? 2d H H SBu
1a 2a 3aa 1 2 3 2e Me Me NMe;
(1eq.) (1.5 eq.) B
entry catalyst yield (%) entry chioride silyl egolate time (h) proguct yield (%)
1 none 0
2 InBrs 9 1 ,\>< 1b 2a 2 3ba 83
3 InCly 9 Ph Cl
4 ZnBry 39 O Ph
= 5 1f 2a 3 3f; 82
5 chlz 6 EIOJU\CJ B
6 BF3-0OEty 0
7 AICI; 0 6 @\ 1g 2a 1 3ga o1
8 TiCly 0 Cl
9 BiBr; 0
g d /I\ 2b 2 3jb 29
@ Alkyl chloride 1a (1 mmol), silyl enolate 2a (1.5 mmol), catalyst (0.05 Ph l 1j
mmol). and CHxCl (1 mL). 10° 2c 2 3jc 83°
119 i . 2d 2 3kd 94
129 Ph™ ClI 2e 2 3ke 47

2 Alkyl chloride 1 (1 mmol), silyl enolate 2 (1.5 mmol), InBrs (0.05
mmol), and CH>Cly (1 mL). ? Silyl enolate 2 (3 mmol). € InCl; (0.05 mmol)
was added instead of InBr3. ¢ Silyl enolate 2 (2 mmol).  Diastereomer ratio

OSiMe; 52:48.
RU A
R g2 o]
o+ & o -
R—ClminBry —= RO CI—CI}nBr3 AT- RR?ﬁszB path A slow
InBry + Me;SiCl F .
. irst, reaction goes on path A.
MezSiCl ) .
OSiMe; Then, TMSCI is generated and
o R‘\(J\Ra 5 reaction is accelerated by path B.
R—CI N RZ
H & @ a R
MesSi—ClmilnBr; ——= R CISiMe; Cl—IinBrs %» R?(RLZLRE pathB  fast

InBr; + 2 Me;SiCl

Scheme 3. Plausible mechanism.

QSiMes . InB CO2Me
e A e P K
Ph™ "ClT P Some CD3Clz, 20 °C
3aa
1a 2a
0.14
0.12 P .
— 01 -—
o - .- -
£ 0.08 ety w2
g0 -’-ﬁ‘f M —
o
“ 0.04 i ‘_M "y
A A
0.02 |22 e P
7, R
0 P i} L L L
0 500 1000 1500 2000 2500

reaction time/ sec
—— 1a (0.1 mmol), 2a (0.2 mmol), InBr (0.01 mmol)
= o= = 13 (0.2 mmol), 2a (0.2 mmel), InBr; (0.01 mmol)

(
(
(0.2 mmaol), InBrs (0.02 mmaol)
A 1a (0.1 mmol), 2a (0.34 mmol), InBr; (0.01 mmol)

manfmen 13 (0.1 mmol), 2a

Figure 2. Effects of amounts of reactants and catalyst for the reaction rate.

When the amount of 1a or InBr; was doubled, the reaction
rate was increased.
->The genaration carbocation step is rate-determining step.

When the amount of 2a was increased, the reaction rate

was decreased.

->The coordination of the oxygen atom on the silyl enol ether
deactivates the catalytic activity of InBrs.
This is the reason why the strong Lewis acids showed no
activity.
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. C=C or C=C bond activation

g
[N
O
1]
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ond activation

|
|

Baba et al. ACIE. 2009, 48, 4577.

' In~_.H
Z /DS'ME“ InBra {1 mmol) | com
Ph OMe  CH.Cl, RT,2h ph/“x e
1a {1 mmol) 2a (1.5 mmol) 4
1N HCI N DC/ Iz

H H o H 1 H
| |
Ph& COyMe Phi CO;Me PH CO:Me

3aa 99% [D]-3aa 92% 591%
25% (InCly)  (98% D)
T0% (Inly)

Scheme 1. Reaction with InBr,, alkyne 1a, and ketene silyl acetal 2a.

Table 1: Additions of ketene silyl acetal 2a to various alkynes.!

OSiMe; 1) InBr; {1 mmol)
P 2) 1N HCI CO,Me
R1// + \I/)\OMe AL e R‘& 2

1 2a 3
Entry Alkyne R' Product Yield [96]®!
1 b 4-MeCeH, 3ba 94 (80)"
2 1c 4tBuCgH, 3ca Al
3 1d 4CICH, 3da 99 (97)
4 1e CeH, 3ea 7
6 1g O}\/ 3ga 83 (82)

[a] Reaction conditions: 1 (1.0 mmol), 2a (1.5 mmol), InBr; (1.0 mmol),
CH,Cl, (1 mL), RT, 2 h. [b] Yields were determined by 'H NMR analysis.
[¢] Yield of product in a reaction using 0.5 mmol of InBr,.

In some cases, the reactions were proceeded
by 50 mol% indium catalyst.

Table 2: Additions of various ketene silyl acetals to alkyne 1a.F
1) InBrs {1 mmol)

OSiMe; 1) InBrs ( J
== 1 N 3
o R%ORi 2WHA ~ COR
RZ R1 RZ
1a 2 3
Entry Silyl ketene acetal R’ R? R Product Yield [%]
2 2c -(CH,)s- - Me 3ac 99
3 24 Me Ph  Me 3ad 98
4 2¢eH H nBu Me 3ae 58
6 2g H H Me 3ag o!f

[a] Reaction conditions: 1a (1.0 mmol), 2 (1.5 mmol), InBr; (1 mmol),
CH,Cl, (1 mL), room temperature, 2 hours. [b] Yields were determined
by "H NMR analysis. [c] E/Z=66:34. [d] E/Z=89:11. [e] E/Z=70:30.
[f] 2g isomerized to a corresponding a-silyl ester.

Br3ln‘?-
/2
.q*%:,_\ OSiMe, Braln i HO* .
R' Rz e S CcoR* Rl CO,R
1 OR" pe,sipr R RE R
R! F RE‘ R‘} N
2 8
1+2 Brin
\ H,0*
MeSiBr I\R‘ COzMe
R? R:L /li
]

Scheme 2. Plausible mechanism.

. 1) InBir; (1 mmal) Ph
2 /OSM&? CHaCl, RT “T
R \[/“\OMe 2) cat, [Pd(PPhg)y] R/\XCD?MB
Phl {2 mmol)
1 (1 mmol) 2a (1.2 mmol) DMFE. 100 °C
Ph Ph Ph
| | |
COMe COMe Gtz CoMe
10 75% Me 11 80% 12 59%

Scheme 4 One-pot addition /coupling reaction. DMF = N, N-dimethyl-
formamide.

By using Pd catlyst, onepot addition / coupling
reactions were achived.

a A b) !
dr - .y
L MeO
u o & *.ﬂ.co’b‘*:- Ph
| o]
In [— l s
c Br—
—_— O In
Br & % h Br I b

Figure 2. Molecular structure of 6 (a, b, and ¢) and 7 (d and ).

Braln

Brin
|
Ph]}(C OsMe

'f‘-\l cCO. M:.
) o <" 9

2 indium species were isolated.
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3.2 C=C bond activation

Table 1. Scope and Limitations of Alkenes 1 and Silyl Ketene

Acetals 2°
0SiMe 1) CHxCl, 2 h, temp R 4 Scheme 1. Effect of Indium Trihalides
Ay R2 2 2) 1 MHBrin CHyCO;H e -COaR
InBrs + BT + OR* OSiMe, 1} SH2Cl. 1. 21 CO,Me
a i i
1 RS 2 R P TS N 2) 1 M HBr in CH3COgH
2aRZ=R*=R*=Me 2d R2 = R? = (C4H o). R* = Me i " CeHig
2bR*=Me RP=Et R*=Me 2eR’=H R¥=Me R'=Me 1l Fmmel 15 mmel B 100%
2cR*=R*=R*=Et lrhla,3 69%
i InF3, INCly, IN(QTF; 0%
eutry 1 2 — yield (%) (iekds were based on InX, )
P InF3, InCl3, In(OTf)3 are too hard.
. Gl 14 .

i S S B B 60 So they are trapped by oxygene atom of keten silyl acetal.

7 OMe 1c  2a 20°C dea 100

3 Me 1d 2a 4da 100

4 Cl le 2a rt dea 95

5 NO; 1f 2a BOC 4fa O 2 5 g

: Scheme 4. Bromination of Alkylindium
7 Ph " 2a 0 dha 70 ¥

0SiMes 1) CHzClz, i, 2h

S 2) PhIOAC): CO;Me
8 O/\ 2 n dia 36 InBr; + R~ + \K\OME —r —j:/ 2
1i i R Br&
m

2a
g 2a r dja 91 COaMe CO.Me COsMe
Cl 1j Br Br Br
o L] Ph
13 1b 2b rt 4bb 81
Cl OMe
5b 5c

14 1b e 4bc 69
15 1b W 4bd 73 5a
16" 1b e 30°C  4pe 61 91% 69% 52%
4. Summary
» The combination of indium halide and silyl species shows high Lewis acidity.
Me, Me
o Sisgi-InCl3

W —_— a(e\:,r |:> Functionalization

* Low oxophilicity of indium enables various reactions.



