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Bromination: Overall Reaction Mechanism

- Formation of n-complex and Br
o-complex is reversible; 2
- n-complex is often called CTC s

(Charge Transfer Complex); Br,
- RDS is the opening of the n-complex c-complex

bromonium ion. -
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- Path a) in aprotic solvents; 3' order kinetics ik B

Br
- Path b) in polar solvents (SOH = AcOH, MeOH);

d . .
2" order kinetics | | Ruasse, M.-F. Adv. Phys. Org. Chem. 1993, 28, 207;
- Path c) in non-polar aprotic solvents with added Brown, R.S. Acc. Chem. Res. 1997, 30, 131;

bromide salts; 2"9 order kinetics. Lenoir, D.; Chiappe, C. Chem. Eur. J. 2003, 9, 1036.



History of the Bromonium lon

- 1937: Postulation of bromonium ion as origin of anti (trans) selectivity

Roberts, |. J. Am. Chem. Soc. 1937, 59, 947. Ri o . c R3

\x+/

- 1967: NMR spectra of bromonium ions in SbF5-SO,

Olah, G.A. J. Am. Chem. Soc. 1967, 89, 4744: “’H"“’
Olah, G.A. J. Am. Chem. Soc. 1969, 91, 2113. a/ *

I

- 1969: First bromonium salt (no X-ray)

Wynberg, H. J. Chem. Soc., Chem. Commun D 1967, 907.

+ - Cmle Lo I
Pl’ Br3 4o 0 gm0
K b Figure 2. Tetramethylethylenebromonium ion in SbFs-SO; solu-
PN tion at —60°,
2 Br2
"'2 Br,
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Bromonium lon Crystal Structure

ORTEP representation Br3
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3562

Brown, R.S. J. Am. Chem. Soc. 1985, 107, 4504.



Calculated Bromonium lon Structures

Semiempirical method (MNDO):

+0.19 +0.08 +0.06
Br Br
2.01/+\2.01 1.88\ 2\ 2.55
+
H’III,' ‘|\\\\H HII,,“ “\\\‘H
H H H

Me
68° 98° 105°

Early calculations show significant decrease of bridging for

unsymmetrically substituted bromonium ions:

Ruasse, M.-F. J. Chem. Soc., Chem. Commun. 1990, 898;
Ruasse, M.-F. Adv. Phys. Org. Chem. 1993, 28, 207 (Review).

At MP2/BB2//MP2/SB level:

Br+0.33

69°
Damrauer, R.; Hadad, C.M.
J. Org. Chem. 1998, 63, 9476.

Method that includes correlation (CISD/DZV):

80°

Computed geometry markedly dependent upon
method employed. Important: inclusion of
electron correlation, polarization functions:

"The computed structure of the ion becomes
more symmetric (more bridged) as the quality of
the computional method improves"

Brown R.S. J. Org. Chem. 1994, 59, 7156.

At MP2/6-311G(d,p) & B3LYP/6-311++G(d,p) level

Br Br
2.06-2.12 2.06-2.12 2.06-2.14 2.06-2.14

H’II,,' ‘|\\\\H Hl,lll, “\\\\H

Sigalas, M.P.
Tetrahedron 2003, 59, 9476.



Bromonium lon vs. 2-Bromocarbocation

Calculations of bromonium ions and 2-bromocarbocations:
H

Br H Br
VLN

2-bromoethylcation

("cis")

Calculations of bromonium ions and 1-bromocarbocations:

+
Br

Br Br H H
Hi /*\ WH H'H ‘>_<
H H W H g
"trans" "cis"

Benzylic 2-bromocarbocation:

H
'”H

Br

H

H

1-bromoethylcation

("trans")

Br

Schaefer, H.F. I,
J. Am. Chem. Soc. 1990, 112, 8260:
DZ+d CISD

Damrauer, R.; Hadad, C.M.
J. Org. Chem. 1998, 63, 9476:
MP2/BB2//MP2/SB

Sigalas, M.P.
Tetrahedron 2003, 59, 9476:
MP2/6-311G(d,p) & B3LYP/6-311++G(d,p)

Influence of aryl substituent (Y) on dihedral angles of lowest energy conformation:

y @ Y s/, | al] Brey  Y=H ol
Br NHo | <130 | 1053 [1005 ~ Vacuum| 99.4 Barrier for rotation (p):
< AH 2 . : ' CCl, 101.1 AG = 6 kcal/mol (Y=H)
v H F 0.07 | 99.9 |[101.4 BALYP/6-31+G(d.p)
= + 3 1
. H 0.00 | 988 |101.7  ’ANLoDz
_@ CN | 070 | 974 |1018
R e A NO, | 0.81 | 947 | 99.8
Sauers, R.R.

B3LYP/6-31+G(d)

Tetrahedron 2005, 61, 8358



Reversibility of Bromonium lon Formation

NMR-experiment (cyclohexene-d,y): Bromonium ions undergo fast exchange with olefins
Bennet, A.J.; Brown R.S. J. Am.Chem. Soc. 1991, 113, 8532.

- OTf
Br -,
) W hy,, 2 i
TfO" N

Calculated TS
Reversal of bromonium ion formation was found to be general:
Brown R.S. J. Org. Chem. 1993, 58, 2122.
Br MeOH or
% L, Kﬁ ﬁ %
—»
OTf _
Br Mostly cyclopentyl adducts were obtained.
(T ™ Q Q
Br,  fastl

Review: Brown, R.S. Acc. Chem. Res. 1997, 30, 131.




Evidence for n-Complex

- Tetraneopentylethylene: Reaction stops at the stage of n-complex 3000
- Ratio of 1 and 2 is dependent on the bromine concentration
- Existence of stable n-complexes formed in equilibrium with reagents 2500 2
in DCE was deduced from concentration-dependant UV spectra
Angew. Chem. Int. Ed. Engl. 1997, 36, 1284. 2000f-1
(Other sterically congested alkenes: ) 1500k
An
1000}
| 2 | €>=<é 500 free Br,
0
250 300 350 400
Alnm —
Br, adds Does not react Reaction with Br, yields Reviews:
syn to this olefin: with Br, at all:  addition-elimination products: Acc. Chem. Res. 1997, 30, 131;
J. Am. Chem. Soc. Chem. Ber. J. Am. Chem. Soc. Chem. Eur. J. 2003, 9, 1036.
1990, 102, 3303. 1984, 117, 277. 1990, 7112, 6310.
\ J




Calculated n-Complexes

Geometries and complexation energies (both at MP2/6-311+G**) corrected
for ZPE and BSSE of 1:1 Br, complexes of acetylene, ethylene, and allene.
(Data in parantheses at B3LYP16-311+G** level)

Br -o0.041 Br -0.068 Br -o.061
2.317 2-32; 2328
(2.355) (2.373) (2.371)
Br -o.cos Br -co18 Br -o0.019
3053 {2.957) 3.031 (3.003)
3.193 (3.087) 90,0 (90.0) \ 85.16 (81.31)
80.0 {90.0) -~ - -
"‘\L 'CTHE C“' [:1.31301.319 E"‘
C 3 {5'733?} / (1.300) (1.311)
1.218
(1.202)
~1,36 (~1.54) kcal mol™ ~1.59 (—2.14) kcal mol ~1,75 (~1.93) keal mol”’

Bianchini, R.; Lenoir, D.; Goldberg, N. Chem. Eur. J. 1999, 5, 1570;
Chiappe, C.; Lenoir, D.; Schleyer, P. v. R. Chem. Eur. J. 2002, 8, 967;
Review: Lenoir, D.; Chiappe, C. Chem. Eur. J. 2003, 9, 1036.



Mechanism for the Reaction of Ethene with 2Br,

,Most likely pathway* for the reaction of ethylene with 2Br, at the G3MP2B3 level. For TS2F,
12F, and 137 the G3MP2B3 energies were calculated using HF/6-31G(d) optimized geometries.

Pathway F ———p

183"
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Arbitrary Reaction Coordinate

Reaction of Br, with ethene, propene, isobutene, fluoroethane, chloroethane:
Poirier, R.A. J. Phys. Chem. A, 2007, 111, 13218;

Reaction of Adamantylideneadamantane (Ad=Ad) with Br, and 2Br,:

Poirier, R.A. J. Phys. Chem. A, 2008, 112, 152;



Bromination — Substituent Effects

Alkene Krel

CH2=CH2 1
CH3CH=CH, 85
EtCHCH=CH, 105
iPrCH=CH, 80
tBuCH=CH., 20
(CH3)20=CH2 7,960
(CH3)20=CHCH3 276,000
(CH3)2C=C(CH3)2 3,025,000

Kinetics: Substitution effects on bromination rate (Br, in MeOH @ 25°C)

- Bromination rate increases for more substituted alkenes;
- Bromination rate decreases for sterically demanding alkyl substituents

on the alkene.

Ruasse, M.-F. Adv. Phys. Org. Chem. 1993, 28, 207 (Review).

Stereochemical outcome versus structure

Alkene

% anti addtion

(Bro in HOAc@ 25°C) /[—

Me

Me Me
Me

Me
Ph Me
Me

Ph

100%

100%

73%

83%

Ar

% anti addtion
(Bry in CH,Cl,@ 25°C)

CgHs-

4-(OMe)CgH,-

3,5-(CF3),CgH3-

81% % syn addition increases
with stabilization of

"benzylic carbocation”
63%

100%

Dubois, J.E. J. Am. Chem. Soc. 1978, 100, 7645;
Ruasse, M.-F. Adv. Phys. Org. Chem. 1993, 28, 207 (Review).



Bromination: Regioselectivity

Bromination of cyclohexene derivatives: Pasto, D.J. J. Am. Chem. Soc. 1970, 92, 7480.

Trans-diaxial opening of bromonium ions may be viewed as an extension of the
Furst-Plattner Rule for epoxide opening (Furst, A.; Plattner, P.A. Helv. Chim. Acta 1949, 32, 275).

@ H OMe

> — H 47%
Pry-Br* Brg’ £ MeOH 8 Br+ MesC

M o
Mesc

Br

Br*
MeOH
> Me3C\kE\H —>  MeC o 53%
ﬁH OMe

OMe

Pry-Br' Br3™ e
MeOH Me
Mescw . MeSCN\ 005

ﬂ \ Br
\ 5t Me / o e
Brt . Both bromonium ions are formed (equilibrium);
Me3C ‘H

however, for the syn isomer to react, ring opening
MesC Me Br+ must proceed against the polarization due to the
N , methyl substituent and is not observed.
syn: unreactiv('j anti: reactive Only the Markovnikov products are formed.



,Enantioselective Bromination

Palladium(ll)-catalyzed asymmetric 1,2-dibromo synthesis: Henry, P.M. Org. Lett. 2003, 5, 439.

LL'=(S)}-BINAP "L 57 s
s = solvent Pd Pd
\O/ ee >95% - Works also with 1,2-disubstituted
]

. alkenes.
A O/\/ )\)\/K ArO/\(\Br - However, method has never been
r

applied or reproduced;

Ar = Ph, 4'MGOCGH4,

- source of Pd is not specified;
LiBr (0. 2'\") Ar=Ph, 4-MeOCgH,, - only limited supporting information
4-CNCgH, CuBr, (2.5M) 4-CNCgH, Y ppPOTIiNg
THF/H,0

Generation and trapping of enantiopure bromonium ions: Braddock, D.C. Chem. Commun. 2009, 1082

OH OTs Cl
/'\/Br > Br \J'Cls /'\/Br
C1oH21 C1oH21 C1oH21 3
0 HBr 1 Br
K] — AL ——
C1oH21 84% + C1oH21
Br Br Br
Obtained by - — : / :
kinetic resolution: C10H21/\/OH C10H21/2\/OTS Ticly C10H21/\/CI
Jacobsen, E.N. 4
J. Am. Chem. Soc.

2002, 124, 1307. Same product ratio (3:4 = 6:1) was obtained for both,
002, 30 the reaction of 1 with TiCl, and 2 with TiCl,.
—>» Mechanism via enantiopure bromonium ion.



Towards Enantioselective Bromination

Amidines as organocatalysts for transfer of electrophilic bromine from

NBS to alkenes: Braddock, D.C. Tetrahedron Lett. 2007, 48, 5948.

(" Other catalysts for bromolactonization

~N

NBS (1 eq) Br  catalyst: pn (2,3) and bromoacetoxylation (4):
1 1 (1 mol%) " H * Braddock, D.C. Tetrahedron Lett.
R \/\Rz —_— Y\Rz N7 “NH 2007, 48, 915.
AcOH (4 eq), 0 0O NH
Cretle oAe Ph)_["Ph M
Control: No reaction under 1 (rac.) H™ 5, "NMe, Me™ . NMe, MeN 4 NMe.
these conditions w/o catalyst \. J
: OAc
Examples: NBS (1 eq) NBS (1 %CI)
1 (1 mol%) /\/\n/ 1 (1 mol%) @)
.O TRy By
AcOH (4 eq), _ CH2°CI2 Br
CH,Cl,, 93% 9:1 (anti/syn) 90%

4 N O )\

Br

X-ray

\. J

No enantioselectivity was observed when chiral amidines were used:

Ph, Ph \H(©
,_< O
)P\h N ©\( g
7 : ]
N NH N NH
)—/ / W S |

'/, H HN T N
' (]
PR g RPN “‘ 5 5

"..catalytic asymmetric bromination via an asymmetric bromonium ion remains an unsolved problem."



Bromolactonization

- Bromolactonizations are kinetically controlled.
(For lodolactonizations and mercury-promoted cyclizations kinetic and
thermodynamic control is possible, depending on reaction conditions)

- For symmetrically substituted olefins entropy factors control the regiochemistry.
Given a choice, the order of preference usually is:

Reviews on halolactonization:

J. Mulzer, in Org. Synth. Highlights 1991,
p. 158-64; Jayaraman, N. Tetrahedron,
2004, 60, 5273 (including an overview of

reagents and conditions)

B-lactone y-lactone d-lactone g-lactone
(4 €Xxo0) (5-endo, 5-ex0) (6-endo, 6-ex0) (7-endo, 7- exo)

- For unsymmetrically substituted olefins the regiochemistry is under Markovnikov control.

CO,H Br,
R3 R1 N&HCOs
—>
CH,Cl,
R2
1.R'=Me, R2=H Only major product was isolated (recryst.),
2. R'=H, R?=Me product ratio was not determined.
3 R'=H, R®=H Needham, L.L. J. Org. Chem. 1975, 40, 2843.
4. R' = Me, R? = Me
5.R'=H, R2 Me, R3=Me trace 93% Entry 4 and entry 5: Steric effects play a role, too!



Bromocyclization

Examples for acyclic stereocontrol:

[\ Ve Ne L [\ Me Me Kishi, Y.
Ar—N / N P MeCN Ar—\._ _—\ _ J.Am. Chem. Soc.
2 O E 57% =0z, =70 1979, 101, 260

H Et H H (Monensin).

I:I Et OH (2)
"one diastereomer"  Br
(\E) . R Br [ Me i
O NBS (1.1 eq)» , H 7o\ LH
Me DME/H,O (1:1) Me: . \? ];Br
rt. Me” “
N'\/Ie2 L\
R
106, 1079;

Yoshida, Z.-i. J_ Am. Chem. Soc. 198;I,

trans:cis 99:1 (R=H); , Z.
Orena, M. Tetrahedron 1990, 46, 3321 (Review).

94:6 (R=Me)
Model for acyclic stereocontrol: Chamberlin, A.R.; Hehre, W.J. J. Am. Chem. Soc. 1987, 109, 672.
See: Seminar Bichu Cheng, 11/20/2009.
(" Intramolecular Nu-addition (early TS) Brt ) (Intermolecular Nu-addition (late TS)
TBr Brt
H,,, o M, T Me Ho Hu / \Me
7<0:\H O =" N<o H W H ?
R \Nu
Br+
Favored n-complex Favored n-complex  Favored n-complex Favored c-complex,
L for R not H J RN also for R =H




Bromocyclization: Cascades

Example for bromonium-initiated epoxide-opening cascade:
Key step in the total synthesis of ent-dioxepandehydrothyrsiferol Me
O

36%
plus 36% C-3 epimer)

o

Jamison, T.F. J. Am. Chem. Soc. 2009, 131, 12084.

Bromonium-Induced Polyene Cyclizations
Key step in the total synthesis of 4-isocymobarbatol

Br+ OMOM BDSB
;\— r Br CH3NO,
| ‘—/ | 25°C, 5mi
Me” ~Me OmomM "2 omin - Br 7
° Me Me
Snyder, S.A. Angew. Chem. Int. Ed. 2009, 48, 7899.
O
I?r - - BDSB was found to be superior to TBCO, NBS/PPhj, Bro/AgBF, Br Br
S SbClsBr . BpsB: "Reagent for powerful electrophilic bromination. Finally enables
Et” + E direct formation of cation-r cyclization products with essentially every
BDSB class of standard terpene substrate with predictable stereochemistry."
- "..render this transformation asymmetric .. is the subject of current study." B Br

TBCO



Oxymercuration |

The overall process:

X

H H  HgX, Hg” R

—_— 3 + > HII,
R'OH VAR R

R H HROEH O

Kinetics:

Oxy-mercuration and bromination follow identical pathways:

Pasto, D.J. J. Am. Chem. Soc. 1970, 92, 7480

Hg(OAC), OH
—
THF, H,0  Me,C Me
Me HgOAc
M930\£ - exclusive products
Pyr-Brt Bry" OMe
Me
MeOH Me3C

Br
Pasto, D.J. J. Am. Chem. Soc. 1970, 92, 7480

Halpern, X.Y. J. Am. Chem. Soc. 1967, 89, 6427.

Reduction: NaBH,: Pasto, D.J. J. Am. Chem. Soc. 1969, 91, 719;
BusSnH: Whitesides, G.M. J. Am. Chem. Soc. 1970, 92, 6611.

Overview: Brown, X.Y. J. Org. Chem. 1981, 46, 3810.

HgX NaBH, Hff H
':,H —_— y 'I[H
H  reduction RQ H

- Mercury(ll) salts used: Hg(OAc),,
Hg(TFA),, HJ(NOg),, Hg(OMs),

- anti addition to alkene

- Markovnikov products

- complementary to hydroboration

- reduction: nonstereoselective
radical chain process

fBromonium and mercurium ions: Differences

ng syn addition,
| THF, H,0 no rearrangement

Lb )
Br
| > [ + other
CCL. 0°C + Br isomers
4
via non-classical carbocatlon

product distribution obtained
(Can. J. Chem. 1971, 49, 885.




Oxymercuration Il

\.

) x
X o
H H
Favored n-complex Favored c-complex
(for X =Br, I) (favored onium ion)
for X = Br, I, HJOACc)

~\

J

Model for acyclic allylic alcohols: Giese, B. Tetrahedron Lett. 1985, 26, 1197.

r

~Hg

.O%
H\ H

\.

_OAc )

J

OH 1. HG(OAC),, HOTHE

Example:

O,OH Hg(OAc), \O:

J. Chem. Soc. B 1970, 1382.

J\/

G

R 2. NaBH,, NaOH

antl

Model for cyclic systems: Chamberlin, A.R.; Hehre, W.J. J. Am. Chem. Soc. 1987, 109, 672.

A

syn

Remote directing group: No selectivity for intramolecular halocyclization of (E)-alkenes:

O OH
X
(E)

Chamberlin, A.R.; Hehre, W.J. J. Am. Chem. Soc. 1987, 109, 672.

‘; syn

HgOAc

R anti/syn
CQH5 3:1
iPr 4:1
tBu | 49:1

obtained as 1:1-mixture



Oxymercuration Il

Remote directing group: High selectivity for intramolecular mercury-induced cyclization of (Z)-alkene:

OBOM O

OBn

Me

5 Hg(OAc),

CH,Cly, 25 °C

H

XN O - . . T
Ts. oad) Evans, DAA.J. Am. Chem. Soc. 1988, 110, 2506.  99% ¢ single diastereomer
2 Hg” C Total Synthesis of the Polyether Antibiotic X-206. H H OR
RO’I:l, * ‘\\H Me o RL
H R ROZC N Me Hg‘X
R \ Hl
. Nu
tert-Butyldiphenylsilyl hydroxyl (TBDPSO-) as remote directing group:
Perlmutter, P. Tetrahedron Lett. 1995, 36, 463; T etrahedron Lett. 2000, 41, 3716.
Hg(OAc), OR OR
(I/C'J\R CH,Cl, or CHCl , 82:1 R=TBDPS (92%)
> O Me 02 Me 74:1 R=BOM (74%)
OH X rt., 18h H i Aot R ]
2 e then aq. NaCl HgCl AgCl no selectivity for (E)-alkene
Hg(OAc),
MeOH, BnOH n n 1
n 1 ! Pr OR! PrOR
Pr OR or TMS-ethanol R20,, ) R20 For R? = Me:
. X : > gy Me By " “Me 16:1 R'=TBDPS (80%)
Bu Me i enan NaCl : 6:1 R'=BOM (50%)
then ag. Na HgC| HgC|



Reactions of TI(lll) with Olefins |

The overall process: _
- Thallium(lll) mostly used as TI(NO3)5 salt

TIX lium(l
H H X3 R (X, ~ . . R - Anti addition to alkene
— _ROH H qr Oxidation ;.3 \iupy - Markovnikov addition

. : “TI( : - Oxidation step analogous to solvolysis
R H Addiion RO H O RO H of C-TI(I1l) bond
- Wagner-Meerwein rearrangement occurs
along with oxidation (concerted)

TI(lIl)-induced ring contractions:
Seminal Publications (all using TI(OAc)53): Kabbe, H.-J. Justus Liebigs Ann. Chem. 1962, 656, 204;
Lee, J.B.; Price, M.J. Tetrahedron Lett. 1962, 3, 1155; Winstein, S.J. Org. Chem. 1963, 28, 605.

Examples: TTN = TI(NO3), TTN
1. TTN, MeOH AV e
2. HzO* g 0 —— ) °
e OHC h 30min, r.t. e
OHC
| L e pro
[ ‘\\O H H ]
v 63\ —> MeO — MeO >=O
e ( TI(1) MeOH HO™ g TIX,
TIX OMe ¢
! 2 ] TIX, HO 4

Taylor, E.C. Tetrahedron Lett. 1970, 11, 5275. C_orey, E.J. Tetrahedron Lett. 1971, 12, 4753.



Reactions of TI(lll) with Olefins Il

TTN is mostly used for ring-contractions. Examples

for other types of reaction are given below:

X 1. TTN,

MeOH

2. HyO*

1. TTN,

MeOH

2. HyO*

1. TTN,

MeOH

Sk

2. HyO*

Taylor, E.C. J. Am. Chem. Soc. 1973, 95, 3635;
Taylor, E.C. Tetrahedron Lett. 1977, 17, 1827.

1. TI(OAC)3
AcOH
é

2. HyO*

Inoue, S. Bull. Chem. Soc.

,m
o
* CC

(OAC
% I i t”TIX
H 2

Jpn. 1978, 51, 2439.

_ Me
MeO - TTNSHzO
CH3CN, 15min,
o H 0°C, 80%
Y TIX,
(O Y
L Me
\ MeO N
Pfaltz, A.; Silva, L.F.,Jr. V'H
J. Org. Chem. 2009, 74, 2561 'e)
[ (Mutisianthol). H )

Review: Silva, L.F.,Jr
Quim. Nova 2000, 23, 216.

11H



Reaction of Electrophilic Selenium with Olefins |

The overall process: - Se" sources: PhSeCl,
1 i 17 PhSePFg and others.
H H stex se R  SeR BX‘T’SRJH R H - anti addition to alkenes, also
_ R<OH A o Hil o 5 Hn o in benzylic position!
> \ ) - Markovnikov products
\ ’ 2 2
R H Addition HR H H R0 H toluene  R°O H - reduction: nonstereoselective
- } radical chain process

Seminal: Sharpless, K.B. J. Org. Chem. 1974, 39, 429. - alternative to reduction:
Reviews: Selenolactonization: Jayaraman, N. Tetrahedron, 2004, 60, 5273. H,0,, selenoxidepyrolysis

Selenium electrophiles: Wirth, T. Eur. J. Org. Chem. 2009, 1649.
Chiral electrophilic Se-reagents: Wirth, T. Curr. Org. Chem. 2006, 10, 1893.

Example for selenolactonization:
PhS

PhSeCl Sy H
@\/ NEt;, CH,Cl, =0 H20,, THF =0, o Jones, G.B. Tetrahedron
. COEt —/ > — > 1993, 49, 369.
z 2 -78 °C to rt | O o°Ctort g
Me 85% g 88% o
Me
Example for the use of chiral Se-reagents:
R*SeOTf=z |
N3 : Electrophilic Se-reagents were
P X R*SeOTf /K/ SeR* d_r SMe | 2also used to effect asymmetric
NaNj Ph 97:3 hydroxyselenation, methoxy-
— N SeOT! | Savmmrencions Ko s
CHCN ° dr oM selectivity, mild 'reagtion conditions
X _-C3H; -30°Ctor.t. CsH, 95:5 e , :

= Tiecco, M. Angew. Chem. Int. Ed. 2003, 42, 3131.



Reaction of Electrophilic Selenium with Olefins Il

"Partial reagent control":
anti
TIPPSe-Br AN
©) ch,cl,, -78°C SeTiPp
| '
HO 82%, 'y
Cefliy  dor. 241 o” R
anti
TIPPSe-Br A SeTIPP
(E)  cH,Cl, -78°C S
|
HO 86%,
CeHis  d.r. 491 o~ 'R
nti
TBSO OTIPS TIPPSe-Br TIPSO \\SeTIPP
CH,Cl,, -78°C \
| 91% Me
HO d O
([ TIPPSe-Br |
BrSe
) Ar
\_

Lipshutz, B.H. J. Org. Chem. 1995, 60, 3572.

Application: Favored TS:

OMe

ll|§
)
)/:i
3
<
w
@
W

E = TIPPSe
E=H

AIBN, hexane, E
reflux, 2h, 80%
Me. TBS O
MeO OMe Me+o
Me

Carreira, E.M. Angew. Chem. Int. Ed. 2002, 41, 4098;
J. Org. Chem. 2003, 9274. (Leucascandrolide A)
Review on Sn-free reduction: Studer, A. Synthesis 2002, 835.



