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rhenium carbonyl complexes



& Periodic Table

Rhenium

| . Atomic mass: 180.21u

Electron configuration: 2/8/18/32/13/2
Electronegativity:
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M Post-transition metal

M Metalloid ] 64 66

M Alkaline earth metal

M Halogen 101
H Moble gas
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] Lan.th.anide

Accidentally found by Ogawa in 1908, and officially discovered by Noddack, Tacke,
and Berg in 1925.



General Applications in Industry

Filament Jet engine Petroleum purification
(high melting point 3186 °C) (Platinum-rhenium catalysts)
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1. Introduction
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Four notable features
o Hard Lewis acidity (O, N, halides)

Soft Lewis acidity (unsaturated compounds)

O
o Ability to activate C—H bond
O Promote oxidative cyclization

Commercially available Rhenium carbonyl complexes.



. (—C bond formation

= 2.1 Friedel-Crafts

= 2.2 Nucleophilic addition
= 2.3 Annulations

= 2.4 C—H bond activation
= 2.5 C—C bond cleavage
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2.1 Friedel-Crafts Reactions

O

O ReBr(CO)s (10 mol%)
5 o =
* ph)J\Q g F’h)‘\ ™

toluene, reflux, 2 h =

(solvent) 91%

[o/m/p=11:4:85]
O O
Cl ReBr(CO)s (10 mol%)

CH,CICH,CI, reflux, 2 h
86%

Kusama, H.; Narasaka, K. Bull. Chem. Soc. Jpn. 1995, 68, 2379.

OMe
ReBr(CO)5 (1.0 mol%
+ t-BuCl
(3.0 equiv) CH,CICH,CI, 84 °C, 0.5 h
t-Bu t-Bu
66% 34%

Nishiyama, Y.; Kakushou, F.; Sonoda, N. Bull. Chem. Soc. Jpn. 2000, 73, 2779.



2.1 Friedel-Crafts Reactions

OMe
O ReCI(CO)s (5.0 mol%)
g 00 SO0
120 °C, 10 h
| ~ OMe
(24 equiv) 70% 139%
Hua, R.; He, J.; Sun, H. Chin. J. Chem. 2007, 25, 132.
o Regio-selectivity
OH OH on
o OH
@ . l Re;(CO)4 (2.5 mol Iﬂ n-CeHis
n-CeHiz  toluene, 150 °C, 24 h 76% n-CeH13
(1.5 equiv)
OH R
OH
/I\/\ Re,(CO)4g (2.5 mol%)
+ &
7777 "n-CsHit toluene, 115 °C, 24 h «
(2.0 equiv) n-CsH1 1
87%

Kuninobu, Y.; Matsuki, T.; Takai, K. J. Am. Chem. Soc. 2009, 131, 9914. 8



. (—C bond formation

= 2.1 Friedel-Crafts

= 2.2 Nucleophilic addition
= 2.3 Annulations

= 2.4 C—H bond activation
= 2.5 C—C bond cleavage
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2.2 Nucleophilic addition to carbonyl compounds

2
Q , ReBr(CO)s (0.50 mol%) NC< R Knoevenagle
)L 1t NCVR = :ﬂ: d
Ph R condensation
(1.0 equiv) neat Ph” R’
R' R? conditions yield / %
H CN 110°C,1.5h 90
N lven
o Nosolvent H CO,Et 110°C,2h 88
o No base
Me CO,Et 130°C, 70 h 45
[EIZ = 3/2]
Zuo, W.-X.; Hua, R.; Qiu, X. Synth. Commun. 2004, 34, 3219.
Entry Re complex Solvent Yield (%)*
1 ReBr(CO)s Benzene 83
ReCl(CO)s (10 mol%)  OH : oy Toluene i
1(CO)s Benzene 75
PhCHO + WSHB% > M 4 ReBr(CO)4(PPhs) Benzene 27
(1.2 equiv) benzene, 80 °C,5h Ph o 5 Res(CO)g  Benzene  Trace
78% 6 CpRe(CO); Benzene Trace
7 ReBr(CO)s CH,CICH,Cl 72
Nishiyama, Y.; Kakushou, F.; Sonoda, N. g g:gf_zgg;j ?Egl‘ 53
Tetrahedron Lett. 2005, 46, 787. 10 ReBr(CO); CH;CN 0
11 ReBr(CO)s CH;OH 23
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2.2 Nucleophilic addition to carbonyl compounds

j\E‘:it—BuMeg ReBr(CO)s (8.3 mol%) t-BuMe,SiO O Mukaiyama
PhCHO + _= - Aldol reaction
OMe benzene, 80 °C, 1 h Ph OMe

(1.3 equiv) 74%

Nishiyama, Y.; Kaiba, K.; Umeda, R. Tetrahedron Lett. 2010, 51, 793.

[ReBr(CO)5(thf)], (2.5 mol%)

OH
AuCI (5.0 mol%)
H-CgHm.CHD + MEESE ——Ph - ﬂ-CgH1g \““‘:-:.
(4.0 equiv) CH;Cl3, 50°C, 3 h 90% Ph
O Mechanism: Ph
RCHO Re' + AU OH Re' o Me;Si—==—FPh I
+ —_— R)\ Ar ~ Ar S
Me;Si—==—Ph Spp R=Ar /\Ph Sy
R = alkyl

Kuninobu, Y.; Ishii, E.; Takai, K. Angew. Chem., Int. Ed. 2007, 46, 3296.
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2.2 Nucleophilic addition to carbonyl compounds

O Imine as electrophile

_Ph HN D
)NL [ReBr(CO)4(thf)], (2.5 mol%)
+ =——SiMe; =~ Ph N
Ph” "H . A
(1.1 equiv) neat, 25°C, 3 h 095% SiMe;

O Mechanism:

)\f s

R B f el SiMe,

e K

SiMes

For H-alkynyl-rhenium complexes, see:
a) K.-W. Lee; W. T. Pennington; A. W.
Cordes; T. L. Brown, J. Am. Chem. Soc.
1985, 107, 631. b) K.-W. Lee; T. L.
Brown, Organometallics 1985, 4, 1025.

Kuninobu, Y.; Inoue, Y.; Takai, K. Chem. Lett. 2006, 35, 1376

12



2.2 Nucleophilic addition to carbonyl compounds

O Enantioselective addition

ZnEt; (1.3 equiv)

O
3
| H “t-Bu
i oc- & Ph Ph OH
= H oc CO (10 mol%) _ o
RT | +  ZnPh, - RC
S (0.65 equiv) toluene, 10 °C SN

80%-100%
91%-98% ee

Bolm, C.; Kesselgruber, M.; Hermanns, N.; Hildebrand, J. P.;
Raabe, G. Angew. Chem., Int. Ed. 2001, 40, 1488.
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2.2 Nucleophilic addition to C—C unsaturated bond

H
o O [ReBr(CO)(thf)], (3.0 mol%) ?

0
_ IS
PPN ot P= - OEt (15)

toluene, 50 °C, 24 h

93% (keto form 4.5%)

mechanism A

O O 0 O
cat Re! M\ @
OEt + Ph 7~ (D: 11%) o, -
R \ R
D(D 86(3/0 \&\\Z:'&'Rel R X © O 0 OH O
)ﬁ /%
—
o O mechanism B R R
cat. Re'
O OH
1‘ Il
Re Relll-H

43> (D: 14%) Re! —»
"X
o 0 [ReBr(CON/(thf); 00
)Kitmﬂ\e (3.0 moi%) J(( ;OME
neat, 50 °C, 12 h
A 14

97%

Kuninobu, Y.; Kawata, A.; Takai, K. Org. Lett. 2005, 7, 4823 14



2.2 Nucleophilic addition to C—C unsaturated bond

Ph.
NH O [ReBr(CO)4(thf)]; (2.5 mol%)
N gt PR TS -
OFEt . X toluene, 135°C, 12 h
(2.0 equiv)
Ph. ~
N O Ph N O
OEt + OEt
an Ph

———  91% (81:19)

[RhCl(cod)lp, 135°C, 120 | 789, (g5:5)

Kuninobu, Y.; Yamashita, A.; Yamamoto, S.-i.; Yudha, S. S.; Takali, K. Synlett 2009, 3027.
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. (—C bond formation

= 2.1 Friedel-Crafts

= 2.2 Nucleophilic addition
= 2.3 Annulations

= 2.4 C—H bond activation
= 2.5 C—C bond cleavage

os [ 1r [Pt [AufHeg [ T [Po [ Bi [Po[At[Rn[ Fr[Ral
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2.3 Annulations

TIPSO 2 7 TIPSO nZ 7 TIPSO HZ 2
=
Conditions +
Ph | 4 AMS, toluene
Ph Me Ph Me
1a Me 23 3a
Conditions t [h] Yield (2a+3a) [%] 2a(a:f):3a
[W(CO)] (10 mol%), hv 4 83 86(9:1):14
[PtCl,] (10 mol ), 70°C 48 67 59(1.3:1):41
[AuBr;] (10 mol %), RT 24 79 65(7.7:1):35
[ReCl(CO).] (10 mol %), hv 3 93 91(12.5:1):9
[ReCl(CO).] (0.5 mol %), hv 16 92 86(4.2:1):14

Z=CO,Me, TIPS =triisopropylsilyl, MS =molecular sieves.

Quiz1: The mechanisms for both 2a and 3a formation?

Kusama, H.; Yamabe, H.; Onizawa, Y.; Hoshino, T.; Iwasawa, N. Angew. Chem., Int. Ed. 2005, 44, 468.
17



2.3 Annulations

i-Pr3SiO ReBr(CO)s (10 mol%) -PrsSiO
= NaHCO5 (1.0 equiv) i i
= OCOPh toluene, 110 °C, 3 h
90%
O Mechanism:
-Pr3SiO I—F'I'gSI :-F"r38|0}
Z H
FZ OCOPh OCOPh
Re
- F’r3SlO) i-PraSiO i-PraSio i-PraSiO
@
- Re
e ReH — B

Saito, K.; Onizawa, Y.; Kusama, H.; Iwasawa, N. Chem.-Eur. J. 2010, 16, 4716.
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2.3 Annulations

o [3+2]
Ph ReCIl{CO)5 (10 mol%) Ph
N MS4A
M hv (250 W super high pressure Hg lamp) N
+ Z0t-Bu N " y/ Ot-Bu
% (4.0 equiv) toluene, 25°C, 55h
n-Pr n-pr
70% [cis:trans = 64:36]
Re 1,2-migration I - Re
Ph Ph ] "
® /" S
Z 0t-Bu N
n-Pr =-—= n-F’r - Ot-Bu
[3+2] cycloaddition n-Pr
Re

Kusama, H.; Miyashita, Y.; Takaya, J.; lwasawa, N. Org. Lett. 2006, 8, 289.
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2.3 Annulations B8 e [ReBCONIML GOmoy
OE 1 —

OEt (15
coequy) OUener50°C.24h (%) oL 2005
. uiv Ph SN .
93% (Keto form 4.5%) Slide 14
ReBr(CO)s (5.0 mol%)
o o DMA (20 mol%) o
)I\)J\ MS4A Ph OFt
OEt + Ph——= »
(4.0 equiv) toluene, 115°C, 5h Ph
o Mechanism: DMA = N,N-dimethylacetamide 50%
Path A
M ®
R1JJ\/U\OR2 R‘J\:(Loﬁ m® )
S R3
MIAN s
alkenylmetal
M = Re, Mn Y l
Path B
M HO R R' O
2 co R
R OR! — R "6 i
R®
metalacyclopentene
M= Re, Mn

Kuninobu, Y.; Nishi, M.; Yudha, S. S.; Takai, K. Org. Lett. 2008, 10, 3009.
Tsuji, H.; Yamagata, K.-i.; Fujimoto, T.; Nakamura, E. J. Am. Chem. Soc. 2008, 130, 7792. 20



2.3 Annulations

ReBr(CO)s (5.0 mol%)

Previous slide

O O DMA (20 mol%) 0
)I\)J\ MS4A Ph OF:
OEt + Ph—== g
(4.0 equiv) toluene, 115°C, 5 h Ph
DMA = N,N-dimethylacetamide 50%
Quiz 2:
Re,(CO)qg (2.5 mol%)
S MS4A (200 wt%-Re cat.)

N .

(2.5 equiv) toluene, 135 °C, 24 h

Product 54%

Kuninobu, Y.; lwanaga, T.; Nishi, M.; Takai, K. Chem. Lett. 2010, 39, 894.



2. (—C bond bond formation vi- vi- v .

Fe Co Ni
I S S
ol

Re(0,1), Ru(0), Rh(l)

= 2.1 Friedel-Crafts

= 2.2 Nucleophilic addition
= 2.3 Annulations

= 2.4 C—H bond activation
= 2.5 C—C bond cleavage

Rh(Ill), Pd(l1)

(w os [ e ot [u (g [ 70 (81 (o [ [0 [ 7 [ Ra
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2.4 C—H bond activation

o Sp3 C—H borylation

ReCp*(CO); (2.4 mol%)

CO (2.0 atm)
A;—-O\ ’,D-E,L hv (medium pressure Hg lamp)
M + /B_B\ -
(solvent) /70 o\ 25°C, 56 h
HBpin + Boping
R-Bpin CP*
e,
oc” $&°
2 CO CcO
OGC Bpi CP* i CP*
N (41 pln . .
e . or ~Re Bpin oC+e-Bpin
H'TL opin OCH.H-BF'" ooﬁ‘anin
stereochemistry + trans isomer
unknown >_<
CcO R-H

Chen, H.; Hartwig, J. F. Angew. Chem., Int. Ed. 1999, 38, 3391.
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2.4 C—H bond activation

[ReBr(CO),(thf)], (3.0 mol%
H + Ph—=—Ph “ Ph
(1.0 equiv) toluene, 115 °C, 24 h
95% Ph
reductive elimination
Re and - Re
isomerization
H-Re
H t—Bu N.-"‘t—BU

: L _t-Bu Ph

Kuninobu, VY.; Kawata, A.: Takai, K. J. Am. Chem. Soc. 2005, 127, 13498.

[ReBr(CO)a(thf)], (3.0 mol%) O‘
- CO,Et
CD"—'Et toluene, 150 °C, 24 h 2

(1.5 equiv) 85%
NHPh

CO,Et

Kuninobu, Y.; Nishina, Y.; Shouho, M.; Takai, K. Angew. Chem., Int. Ed. 2006, 45, 2766.
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2.4 C—H bond activation VIl VIl
more metalicity

Less electronegativity

Re
SR g ! T
H insertion mtrarrm!ecufar
into M—C cydfzatron
M l B cyclized product
- reductive
X o X elimination X
.rf g J‘F H ~
M—H insertion M. -M =
into M—H =
simple insertion product
Ru, Rh

25



2.4 C—H bond activation

o Addition to polar unsaturated bonds

Isocyanates
N" t-Bu HN#{-BU
@)LH [ReBr(CO)5(thf)], (3.0 mol%)
+ Ph—N=C=0 - N—Ph
(1.0 equiv) CH,CICH,CI, reflux, 24 h
97% O

Kuninobu, Y.; Tokunaga, Y.; Kawata, A.; Takai, K. J. Am. Chem. Soc. 2006, 128, 202.

Aldehydes
Ph 4 )

o  [ReBr(CO)(thf); (2.5 mol%)
N Ph MS4A .
+ )]\ - Quiz 3
P™ H  toluene, 115 °C, 24 h
(2.0 equiv)
\ J

Kuninobu, Y.; Nishina, Y.; Nakagawa, C.; Takai, K. J. Am. Chem. Soc. 2006, 128, 12376.
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2.4 C—H bond activation

=
o | o [ReBr(CO)s(thf)], (2.5 mol %)
N~ + R -
/\ﬂ/ toluene, 135 °C, 24 h
O

1a (1.0equiv) 2a(1.0equiv) o _ )(\C/\ 3a91% O
Me, N”%
Nf% [ReBr(CQO)a(thf)]> (2.5 mol%) =~
S O MS4A
N
+ Ph)LH + HSIEt, - GSIEta
: toluene, 115 °C, 24 h

(3.0 equiv) 80% Ph
Me\N
A Me,
‘:} D
OSiEt, O\/L N
R Rel H
Kuninobu, Y.; Fujii, Y.; Matsuki, T.; Nishina, Hy - Or
Y.; Takai, K. Org. Lett. 2009, 11, 2711. HSIEt, Mn'
Me, Me,
I D
N
Mli—H = OiL(u
o A s
R RCHO 97




2.4 C—H bond activation

OR + 1/2 Re,(CO)
2HEN0 7 lenes, 150 °C, 72 h

44
Re. o (44)
oC™ »
cO
1 0 equiv) (0.50 equiv) R = 2-ethylhexyl 94%
o Discovery O Mechanism
0 1
R1 R1 o R - ,Ph
- Ph - N-Ph Qz \%N
Re,(CO)yo (2.5 mol%) SN 1 ! - /I\;— Re—H
. Hkorz 3b ( "~ "Ré—H ) -0
2
toluene, 150 °C, 24 h Re) l R
1.0 1.0
( equw) ( equw) o PANH, . hH 1Pt1 Ee
R N-
0 Cﬁ"”\m \ N
+ Re. E_Q jﬁ;’“« | ,{fo
OR  0CT .§° =2
R = 2-ethylhexyl 4 65% 5a 4%
1/2 Rey(CO)yg ,?L’”
Re
12H, OC” \Cgo
2CO

Kuninobu, Y.; Nishina, Y.; Matsuki, T.; Takai, K. J. Am. Chem. Soc. 2008, 130, 14062.
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. (—C bond formation

= 2.1 Friedel-Crafts

= 2.2 Nucleophilic addition
= 2.3 Annulations

= 2.4 C—H bond activation
= 2.5 C—C bond cleavage

os [ 1r [Pt [AufHeg [ T [Po [ Bi [Po[At[Rn[ Fr[Ral

29



2.4 C—C bond cleavage

PhCH,NC (5.0 mol%)

+ Ph
(1.2 equiv)

o /0
OEt

O Substrate scope

O Ph o
87 (92)
OEt
9}
Ph
O 78 (80)
OEt
0
Ph
78 (81
SO0
o OFEt
Ph
61 (63
o (63)

neat, 40 °C, 24 h

O Mechanism

[ReBr(CO)s(thf)], (2.5 mol%) Q

Ph

97% OEt

Q O O OH O
(4-b) R
OEt — OEt
HC}@ { 0 -
R
} OFEt R S
(3b)t OFEt  (44q)
HOJ R (2-) Hllj‘]'l:ae \ R Retro-
0 - o)
- ~ aldol
OEt l OEt
® y(2-a)
Q Re HQ Re
R (3-a) N\ R
I o 5
0
OFt Ot

Kuninobu, VY.; Kawata, A.; Takai, K. J. Am. Chem. Soc. 2006, 128, 11368.
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2.4 C—C bond cleavage

o O
OEt
0o © OL 2005
Ao S
1a 2a Neat, 40°C,24h © Ph
. JACS 2006

PhCH;NC (5.0 mol%}

3a 97% OEt

o [ReBr(CO)(thf)], (2.5 mol%)

~ A

CO,Et o additive (5.0 mol%)

+ Ph—=
5a 2a 24 h
0 COEt o oy O Ph O
= pH * )I\/L'\“‘T/ +/U\)“\rcozEt+)'S§iozEt
7a CO.Et 8 9
2 Ph

6a a
Entry Additive Solvent (conc./m) Temp [°C]  Yield [%] [ReBr(CO),(thf)] THF
6a-8a 9 g 2
1 none neat 50 33 66 [ReBr(CO);(thf),]
2 none toluene (2.0) 50 50 46 . )
3 Hone toluene (0.50) 50 77 14 Vitali, D.; Calderazzo, F. Gazz.
4 none toluene (0.25) 50 85 9 Chim. Ital. 1972, 102, 587.
5 none toluene (0.50) 80 92 <1
6 THF neat 50 48 48
7ibl THF neat 50 65 34
8 2,6-iPr,CHLNC  neat 50 76 15

[a] 2a (1.2 equiv). [b] THF (20 mol % ).

Kuninobu, Y.; Kawata, A.; Nishi, M.; Yudha, S. S.; Chen, J.-}.; Takai, K. Chem. Asian J. 2009, 4, 1424.



2.4 C—C bond cleavage

5 o [ReBr(CO)(thf)], (2.5 mol%) @
MS4A (200 wt%-Re cat.)
J\‘)Loﬂ + Ph—=—Ph - I
toluene, 180 °C, 24 h N-"ph
(1.0 equiv) (1.2 equiv) Ph 96%
— EtOH
(1) 5 \D
|EJ1:'-'.:.1:""'i RE HE
Oet___ O ) | - EtOH O |
(3) RVORTR® (4) R1TNORS
R* 4 R* 6

Kuninobu, Y.; Kawata, A.; Nishi, M.; Takata, H.; Takai, K.Chem. Commun. 2008, 6360.
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4. Conclusion

Prior to 2000
Used as hard Lewis acid catalysts

o Friedel-Crafts reactions
o Aldol reactions
o Knoevenagel reactions

Not interfered by a small
amount of water

Rhenium

Atomic mass:

Electron configuration:
Electronegativity:

Since 2005
C-H and C-C bond cleavage

o C-H oxidative addtion
o Unique reactivity

Since about 2000
Have also been employed as soft Lewis acids

o Nucleophilic additions to alkynes or allenes
o Cycloisomerization of enynes
o Cyclization reactions

18621 u
2/8/18/32/13/2 Many similar reactions were
12 previously known to be promoted

by other transition metals



Thank you!
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Answers for quiz 1

TIPSO 7 7

TIPso 7
N HS Z TIPSO [Z 7z TIPSO Z 7
Conditions 1,2 H-Shift +
Ph | | 4 A MS, toluene
Me
c 2a 3a

Scheme 2. Proposed Mechanism for the Formation of
Bicyclo[3.3.0]octane Derivatives

@
R33Si0 R3,Si0 ) H33Si0 J
S Re N
| | o — )
R! Il R! ||-7Re R™ R Ao
Re
R2
R338|'D H R338|0 H
- Re
R1 R2 Re R1 R2

Kusama, H.; Yamabe, H.; Onizawa, Y.; Hoshino, T.; Iwasawa, N. Angew. Chem., Int. Ed. 2005, 44, 468.
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Answers for quiz 2

Re5(CO)4g (2.5 mol%) OH O
o o 2(CO)10

Yo- ) Ph
M R MS4A (200 wi%-Re f:.at;} OEt
EtO OEt L
(2.5 equiv) Ph

toluene, 135 °C, 24 h
54%

Path A

®OH O
0O O

— ‘I
Pﬂouom jj%g @ R?
e (1-a) S ea) jta

alkenylrhenium

intermediate (3-a)
Path B (2-b) HO 0R1
1
O O R3—=— RV R R R?
e COsR — 1
—_— = 2 CO-R
D @ co
R2 2 - Re A
rhenacyclopentene RZ = Me RZ=H
intermediate _R'OH —R'OH
() (4)
OH

O O OH O
R3 In(OTf); R2 R3
R3 R3 R3

Kuninobu, Y.; Iwanaga, T.; Nishi, M.; Takai, K. Chem. Lett. 2010, 39, 894



Answers for quiz 3

Ph o [ReBr(CON(thf)]; (2.5 mol%) Ph
S A Wi
+ =
Ph™ H  toluene, 115°C, 24 h =
(2.0 equiv) 97% Ph
R1

Rr

R R1 !

R2NH, Re(l)
R3CHO ji [ \
JJ\

Kuninobu, Y.; Nishina, Y.; Nakagawa, C.; Takai, K. J. Am. Chem. Soc. 2006, 128, 12376. 39



2.2 Nucleophilic addition to carbonyl compounds

Ph cat.
=R + N)\F'h E?(iréf)?)ﬁ I'-/T\/N Ph H 1 N._R"
— L toluene, 110 °C & Y j(’gr Y ReX H——R
H™ H 24h Ph ® R R I
1a-j 2a 3aj H-X
entry alkyne product yield (%)° H-X
p
Re R Re——R
Y @ R -
1a Ph N R"
R
o N0
W, R R 'H
Ri
1b Ph -
Bx 8
CsHyq._CsH R ®
(CH)4CH3 L ek [
3 =—CH(CH;),CH3; z N \\( Ph 3c 66
1c Ph
ph Gat cat.
e on
—_— 6"s)3 65)3
———y —_— — RS = .
CoMis + E Ph toluene, 110 °C /J\,Q'NYPh =—CeHis + N toluene, 110 °C (& NYPh
H™H  24h H H Ph H” H  24h Ph
1a 2a-"%c C="c 3a-"’C 1a 2a-d 3a-Z-d
70% (99% D) 71% (99% D)

Fukumoto, Y.; Daijo, M.; Chatani, N. J. Am. Chem. Soc. 2012, 134, 8762.
40



2.3 Annulations

ReCI(CO)s (8.0 mol%) H

~ EtO,C
toluene, 80 °C, 24 h EtO,C s
H
74%
o Mechanism:
— Re
H
EtO,C COzEt
EtOzc CO.Et — =
EtOEC CO,Et
i EIOC CO,Et

Chatani, N.; Kataoka, K.; Murai, S. J. Am. Chem. Soc. 1998, 120, 9104.
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3. C—hetero bond formation

A _ ReBr(CO)s (3.0 mol%) SiMePh;
+ HSiMePh, »
toluene, 120 °C, 10 h 83%

selectivity: 96%
( ty )

O

i NH +

(1.2 equiv)

Zhao, W.-G.; Hua, R. Eur. J. Org. Chem. 2006, 5495.
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