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Unwittingly, and against his mother’s advice,

Vince the first-row transition metal had been

lured far away from home, and now found himself
surrounded by heavier elements of the P-block.
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Element : Bi

butp: 15

Atomic Weight: 208.98

Non-toxic

Inexpensive!

Bi: $2 ~ 3/gram

Bi(NO,);-5H,0: $ ~1/gram (ACS grade: $60 for 500g)
BiCl, : $ ~1/gram

Elemental bismuth occurs in Ni, Co, Ag, Sn, and U sulphide ores.

Also found in form of bismuthinite (Bi,S;), bismite (a-Bi,O,), and bismutite [(BiO),CO,]
It is more usual to recover it as a by-product from Pb and Cu smelting plants.

Electronic structure: [Xe]445d'96526p3

Bi-C Bond:
s-character
/ ’ Ph;Bi 193.9 + 10.8 kJ/mol
Bi(0) Bi!',',”” gV Ph;P 321 + 21 kd/mol
AN l'\ Ph,N 373.7 + 4.2 kJ/mol

www.webelements.com
Finet, J-P. Chem Rev. 1989, 89, 1487.




Interaction of Bi(0) to Organic Molecules

Barbier-Type Processes:

~uUBr 4 /[(])\ Bi(0) )Oi/\ R = aryl, alkenyl, alkyl
/ > - ’ ’
R""H  DMF,rt R N 53.94%yield

- in situ formation of Bi(0) was also realized with BiCl; and Zn or Fe
- Ketones are not reactive

-Ph Ph<

N : NH
B+l B0 BuNBr 95% yield
Ph” ~H MeCN, rt Ph™ 7%
10 min.
N | N R%X
N
\\N . -H,0 N 3 R?
Nt HNRR' N e l\
. 1
1 L BiCl,4 - Al NRR
L THF - H,0
OH 2 NRR! 4

R, R' = Me, Ph, etc. R2 = allyl, propargyl, Me
34 ~ 87% yield

Akiba, K-y. Tetrahedron Lett. 1985, 26, 4211.

| Akiba, K-y. Tetrahedron Lett. 1986, 27, 4771.
- Sandhu, J. S. Tetrahedron Lett. 1993, 34, 7975.
Katritzky, A. R. Tetrahedron Lett. 1991, 32, 4247.



Reactions Involving Bi(0)

Reformatsky Reaction:

Q BiCls (1 eq.) Q OH
0 2 aqr
|:I‘)kl/Br . )J\ Al(0) (2 eq.) N IﬁMR'
L. R” H H,0, 60°C C_J
50 ~ 90% vyield
Reductive coupling:
BiCly — Zn

SN

0

x’@‘ NO2

MeCN

1 2
X = p-Cl thr @ rt Scheme 1 85% yield
R R R
¢ NR/ AlorBi, KOH R-CH, NHR'
H/ MeOM, room temp, R’H NHRI
i 2 2
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Presumed Mcchanism of Catalytic BiCL-Al(D)

Mediatcd Reformatsky Type Reaction

R =R’ =Ph;
When Al was used: 90% yield (di/meso = 70/30)
When Bi was used: 75% yield (d/meso = 60/40)

No 3 was observed.

Zhang, J. Tetrahedron Lett. 1997, 38, 2733.

Sandhu, J. S. Tetrahedron Lett. 1994, 35, 3167.
Sandhu, J. S. Tetrahedron Lett., 1995, 36, 6747.



Synthesis of Bi(lll) and Bi(V) Species

TBHP, RCOOH
or
RCO3H
or
NaBO3;, RCOOH :
AtMgX + BiXg ~  ArgBi ° >  ArgBi(OCOR),
A
X, RCOOH
ArLi ' K.CO
ArgBi - Ar3BiX, 273 —»> Ar3BiCOgj
HA KF | RSO3H
Ar4BiA Ar3BiF2 Ar3B|(O3SR)2

Finet, J-P. Chem. Rev. 1989, 89, 1487.



Use of Bi(V) Reagents for Oxidation
Rigby (1950): NaBiVO, as oxidazing reagent

OH o)
NaBIO3 /©/ NaB|O3 g
In onl AcOH : : AcOH O
t-Bu t-Bu
Oxidation occurs in acidic medium.
Me NaBiO; Me §H O
Ph" AcOH PH  OH
Barton (1978): Arylbismuth(V) reagents for oxidation
Bi(V) o)
K,COj
Ph/\/\OH 2 . Ph/\)J\H 83% ' _/O\ .
CHQC'Q, rt B'(V) = Ph3?| ?lph3
Cl ¢l
Me R . Me R

Postel, M.; .Dun‘ach, E. Coord.Chem. Rev. 1996, 155, 127.
Rigby, W. J. Chem. Soc. 1950, 1907.
Barton, D. H. R. J. Chem. Soc. Chem. Commun. 1978, 1099.



Mechanism of Oxidation Using Bi(V) Species

D-labeling experiment:

X
Me
@) i e @
CBiAr BiArs + X + BaseD
D‘\
/ Base \<
Me ‘
g Me o Biar,x Ve Me
—BiAr
D TMG 3 0
D
Me
Me
+ M
© O—églArQX
(4'M€OC6H4)3BiCO3 /{
ArzB|X+
OMe

Two pathways are operative.
Similar alkoxybismuth intermediate was observed by NMR.

Barton, D H. R. J. Chem. Soc. Chem. Commun. 1980, 246.
Barton, D. H. R. J. Chem. Soc. Parkin Trans. 1. 1985, 2657.



Phenylation Using Aryl Bi(V) Reagents

Barton (1980): —

H —
H
excess PhzBiCO

3 3 o N

Ph
MeO Yz

~ | 75% mixture of diastereomers

N

Similarly, enols and phenols were phenylated.
0O o o 5

Ph
OEt . N
é)l\ + Ph3BiCO4 - ij/t OFt 73% yield
0 0
KH Ph Ph _
+ Ph3BiCO; > Ph Ph 93%yield

Ph

OH . TMG OH
+ PhaBiCOs ] OO 76% yield

Barton, D. H. R. J. Chem. Soc. Chem. Commun. 1980, 246.
Barton, D. H. R. J. Chem. Soc. Parkin Trans. 1. 1985, 2667.



Mechanism of Ligand Coupling

Miaratorv Aotltude

35 :

36 :
(p-R-C¢H,),BICO, + @@ 3

38 :

B-3 -ESR or Radical Trap experiments showed

no involvement of free radical species
R
[+]
CO Et
(p-R-C(H,),BICO; + é/ ﬁ_:a:m
0-x

L
Q1
42 : R = MeO
9 - 43 : R=NO

Eo -

]
z T
ZEF

R NO, H Me OMe

Bi ligand coupling 3.55 1 0.45 0.22
Pinacol coupling(cationic) 0.1 1 15.7 500
Radical 1,2-migration 31 1 0.72 0.35

Not cationic, not radical but unsynchronous concerted mechanism was proposed.

Barton, D. H. R. Tetrahedron, 1986, 42, 3111.
Finet, J-P. Tetrahedron, 1999, 55, 3377.



O-Arylation using Aryl Bi(V) and Cu Catalyst

Decomposition of Aryl Bi(V) can be catalyzed by Cu salts (Dodonov):

ArsBiVX, + Cu(ll, I, or 0) ron - ArQ 60 - 95% yield for 1° and 2° alcohols
R

Various Ar group can be transferred:
OH OAr

Vs

N\ + ArgBi(OAc), + Cu(OAc), -

Ar = 3'N02C6H4, 4-MeCeH4, 4'M€OCsH4
ArO,,

MeO

uwsEt ArSB|(OAC)2
Cu(OAc),

CH,Cl,, THF

9 Me x
s N Ar=
OMe OMe OMe OMe
F4C CE
» 3 3 CF3 Me

ascomycine OTBS
46% 51% 42% 65%

uHEt

Finet, J-P. Ligand Coupling Reactions with Heteroatomic Compoundes;
Pergamon Press: New York, 1998, pp.192-194.



' Phenylation of Amines

Ph—NH, + Ph3Bi(OAc), + Cu(OPiv —»  PhyNH
: 3B )2 ( )2 CH5Cl5,5 min. quant.
0.1 eq.
. , KH
<:>-NH2 + Ph3Bi(OAc), + Cu(OPiv), . NHPh
CH,CI,, 3 hrs
0.1 eq.
quant

CH,ClL, |RRNH A

RiRNH  + ArgBiX, +  CuY, 2”2 \C'uﬂ
RiRN-Ar + AraBiX + CuYn + XH - J
Scheme 2

Barton, D. H. R. Tetrahedron. 1997, 53, 4137.



Ligand Coupling with Bismuthonium Salts

Ph3BlF2 + BF3-EtQO

e

CH,Cl,, 0°C

Ph;;BiI—E Bry N »l PhaBING B@4|

DR N OTMS
0 R FPhs [ R/U\,S‘Mez]x' Nu = TMS
N PhoP .
. = ‘ o [/\/P’Pha ] BFy
KHal PhSNa e ‘ .
R/lk/Hd -— [ h)l\/BI’Phs]X' —_— RJJ\/SPh PhSOz\/\ [ Nf’l’h] BF, /\
2 : PhSO,Na PhaP / = SI’IBU3
/Na. o \""\ON‘ _ __ < PhsNa
) Phy < Ph SO:Na o [ /\/Bi‘Ph:,] BF,
A ©0o I _opn. .
Ph Ph o . R A 2
.l RJ\/SO?P ho NP P"\/_\
Schemtl: 4. Scheme 6.
; - -y - R ~ 3.‘!#05 X (o] TolSO,Na R
i J\/.\ocﬂ_o Y . ] ’l'l\/\sozph — I 50:Tol + Phso,To
w '

R
L‘&, arPh,J BF,
s

PhSNa

+ | CHaCHC(=O)OEt g

R
R/K/sph' + PhSPh

Y

R o :
+ PhCH=CHC(=0)OEt

-Pdcat. |

Scheme 7.

Suzuki, H. Bull. Chem. Soc. Jpn. 1996, 69, 2673.
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Bi-Ylides and Imides

Different reactivity compared to phosphorous VlldeS
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Suzuki, H. Bull. Chem. Soc. Jpn. 1996, 69, 2673.



Halogenation/Etherification using Bi(lll)

Seondary and tertiary alcohol can be halogenated:

OH S e
© BiCl, _ @ . o M H g@‘“@a
CCly, reflux, 1 hr @ R"’t"’%m/ct (%ﬂ\ﬂ
70% 30% ’;/ “a ‘
Me.__OH BiCl, _ Me>(CI )

Me Me CCly, 11, 5 min Me Me Halogenation Elimination
100%

Allylic and benzylic alcohols undergo etherification in presence of BiXj:

' : H
BiBI‘3 (1 eq.) . +gnm,;::)/
MeOH BnOH > MeOBn 92%yvyield , »v,,ws
* CCly, rt, 8 min y ( [ —

/u %

Boyer, B. Tetrahedron, 2001, 57, 1909.
Boyer, B. Tetrahedron Lett. 2000, 41, 2891.



Catalytic Use of Bi(lll) Reagents: Oxidation

Using NBS:

R R NBS, K,CO;

R cat. PhsBi 5 R. R

HE by MeCN, HO Y R=Me; 100% yield
o)
] KoCOj

R R Ph.Bi R R E@O i
3Bi C ‘o
RHR > R O=¢~

- Pofn

No H
ot o
1O O, H% tBiPh, ' h""B’i-—O-Bli'/AH
Lo Br o7y 40
p-C—¢ W \C/\C\
\if o w0
With molecular oxygen: | | @
0 n-Bu O Bi(mand), (IX)
A/ 10mol%IX _ nBu OH n-Bum/lk -
n-Bu DMSO, O, WO( | e
85°C, 50 hr O

60% 10%

Barton, D. H. R. J. Chem. Soc. Chem. Commun. 1982, 1232.
Postel, M. Tetrahedron Lett. 1993, 34, 2601.



RCOC1 + PhSBi

Ligand Coupling using Triaryl Bi(lll)

Pd-catalyzed arylation of acyl chlorides:

Pd(OAc)z. Nlt3

- - avn —_—

RCO-Ph + B.‘lt’.'!l3

21 HMPA, 65*, Sh. 25
Entry RCOC1 22 RCOPh 25 Yield 25
R= R= %
i C‘ lis C‘ K5 96
2 C‘ Hs -Cﬂz C‘ Hs -C:I-l2 94
3 CH3 caa 95
4 CH CH CHacH2 92
2 CH (sz)l‘ ce (Cﬂz)“ %4
) Cyclohexyl Cyclohexyl 91
1 (CHs)s-C (CH3 )3-0 89
8 i-Adamantyl 1~Adamanty1“ 90

N(mc) + REt,
Pd(°’ g~co-c1

Y

R-CO-Pd-~-Ph R-CO-Pd-Cl

>——< Ph,m

BICI,
1

Schene

Barton, D. H. R. Tetrahedron, 1988, 44, 5661.



Acylation:
OMe
OMe
AC.O 1 mol % Bi(OTf), 96% yield
+ > —
2 MeNO,, 50°C Vo ofp =2/98
2hr o)
OMe
OMe
ACCl 5 mol % Bi(OTf), 80% vield
C > —
¥ MeNO,, 50°C |, olp =2/98
e
2hr o)
Sulfonylation:
OMe
OMe
PhSO.Cl 5 mol % Bi(OTf)5 80% yield
+ 2 > =
2

Bi(lll) as a Lewis Acid Catalyst: Friedel-Crafts Acylation

Dubac, J. Tetrahedron Lett. 1997, 38, 8871.
Dubac, J. J. Org. Chem. 1999, 64, 6479.



Bi(lll) as a Lewis Acid Catalyst: Esterification

Table 1. Bi(OTf);-catalyzed acetylation of alcohols [Eq. (1)].1

Bi{OTf)3 ,

R=0OH + AC;0 ———— = R=0Ac (N
Entry  Alcohol Mol % of the catalyst Time [h] Yield [%]®™
1 2-phenylethanol 0.01 0.167 98
2 2-phenylethanol  0.005 2 99
3l 2-phenylethanol 0.5 4 92 BiCl B|(TFA) are also
T Iphenylethanol 0.009 2 > ffective catalyst in acylation
5 2-octanol 0.005 17 98 y y
6l 2-octanol 0.005 3 98
7 l-adamantanol  0.01 6 98

[a] Reaction conditions: alcohol (1.0 mmol), acetic anhydride (10 equiv),
25°C. [b] Determined by GC. [c] Acetic anhydride (1.5 equiv), CH,Cl,
(wet, 1.0 mL). [d] At 40°C.

Otera, J. Angew. Chem. Int. Ed. 2000, 39, 2877.
Mohammadpoor-Baltork, |. Tetrahedron, 2001, 57, 5851.



Bi(lll) as a Lewis Acid Catalyst: Addition to Carbonyl Group
CN and allyl addition:

Q 5mol% BICI;  HQ H
(e} 3 .
M + TMSCN - X 92% yield
CN
OH

Ph H 1.5 hr

~ Ph
O 5 mol% BIBr
o 3
+ __-TMS - 87% yield
Ph/U\H = 1 hr Ph)\/\ °

Asymmetric variant:

2 1% BICI ‘
0 L-5Drlg(1)'/ 8 ho H
)J\ + TMSCN > 7 quant. yield
Ph™ "H CH,Cl,, -23°C Ph” "CN 72%ee
0.5 hr
Mukaiyama-type aldol addition:
1) 5 mol % BiCly
OTMS o) CHClp, rt O OH
25 min o)
Ph " P H ) MeOH. INHOI PhMPh 94% yield

Suzuki, H. Tetrahedron Lett. 1997, 38, 7215.
Wada, M. Tetrahedron Asymm. 1997, 8, 3939.
Akiba, K-y. Tetrahedron Lett. 1988, 29, 4619.



Bi(lll) as a Lewis Acid Catalyst: Diels-Alder Reaction

@ . | cat. 5
I\H/Me conditions
O
Rl
R _~ o)
; Py
R3 COOE:
Me
R'=R?=H:R3=

Tf,0, DIPEA, -73°C

Diels—Alder Reactions Catalyzed by Various

Table 1.
Lewis Acids

product

/ en- catalyst experimental and e
try reaction (mol %) conditions? isomers  vield?
/~Me - -

0] I 1+4 SclOThH; (10) 0°C:12h 8 (89/11)9  06¢
2 1+4 BilOTHs (1) 0°C:4h (93x )4 87
3 1+4 BiClh(l0) 0°C:2h 8 (95/5)4 86

OH
R2 R}
-+ ' COOE:
COQEt RI!

H @ 60°C 30 min. 96% yield, ratio 90/10

i ( then LiCN

NG 2N KP 10 mol % BiCly ~ NON ~N\w©O
PhMe, -20°C to 1t U
Ph 30hrs Ph
82% yield

cis/trans = 1/8.3

Dubac, J. J. Org. Chem. 1997, 62, 4880.
Dubac, J. Tetrahedron Lett. 1998, 39, 1161.
Motorina, I. A. Tetrahedron Lett. 1999, 40, 7215.



Bi(lll) as a Lewis Acid Catalyst: Epoxide Rearrangement

1 BIOCH 04‘)(”20 81 Entry* Epoxide Time® Product Yield (%)
- ’ H4
) R

CHZC¥2 F‘a 1" W" 25 min M 9%
H
2 W 45 min N 90
h H
p-CICs

Bi(OTf),-x H,O also works. 3

H 45 min pCiCq 90
h H
4 H;c: 8 ;Ph 45 min H?{ 2 68
5 Ha 45 min Hy 70
R frand Y
_ o - A
LA }/ R 6 45 min s 70
R Lowls acid ”':?ZS{ H/ﬁg’c
—_— ® Ha
A R 1
~H 7 45 min 70
\ R
i ] A

9* H Hy 1h

H
HaCf 1
10" Mg ﬁ 40 min M%

*Superscripts apainst entry # refer to literature reference for product. AH reactions were run at
room temperature, “Yields refer to isolated, purified product. *The ketone:aldehyde ratio in the

MOhan, R. S. Tetrahedron Lett. 2000, 4 1, 1527. crude product mixture was determined by GC analysis to be 85:15, respectively. ‘Due to volatile

M Oh an R S Te tra h eron Lett 2001 42 8129 nature of the product, the solvent was removed at atmospheric pressure using a water bath at 50
’ . . . ’ ’ . oc

75°

88

g® Me 1h e 71
+
Me
85 15
Ha
CHy
e
Me
CHO




Bi(lll) as a Lewis Acid Catalyst: Deprotections

R! SR Bi(NO3)a'5 H0 (1 = 50 mo 1%) .
- 2>,=Q
R? SR> H>O (2 equiv.}, solvent, rt, air R
Scheme 1.
R' SR? To " nor
® i_/ R’*’><SR3 - R2><§R3 M0 .

gomm BiCly/Nal

TBDMSO Acetonitrile, rt

Scheme 2.

NO*NO,~
f

2NO; - BiNO4), 5 H,0

RP*SNO
red color

\
-

R%sSR* =0
R2

O
\ RSH
NO*

@/\oa

TBDMSO

Komatsu, N. Adv. Synth. Catal. 2001, 343, 473.
Mohan, J. S. J. Org. Chem. 2000, 65, 8399.
Sabitha, G. Adv. Synth. Catal. 2001, 343, 169.
Bajwa, J. S. Tetrahedron Lett. 2000, 41, 6021.



Conclusion

* Bi reagents have been used in various organic transformations for a long time.
* Different oxidation states showed very different reactivity.

* Bi(V) reagents and their reactions are well studied. (Barton, Finet, Suzuki)

* Recent studies on Bi(lll) reagents are more focused on Lewis acid catalysis.

» Weak C-Bi bond strength: useful arylation reactions



