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Recent work by Bartlett and Tarbel has shown
that the first step in the reaction of halogen
molecules with the ethylene linkage leads to
the formation of a negative halide ion and a
positively charged organic ion Another
possible structure of the ion is one in which the
positive charge is on the halogen. The X,

being isoelectronic with a member of the
oxygen family, should show a valence of two,
i. e., it should form a structure of the ethylene
oxide type....

Roberts and Kimball, /. Am. Chem. Soc. 1937,
59, 946
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* Example for diclorination

2
R2 4-Ph(CgH4)ICl, (1.6 equiv) R'—;g/\
J\A = RY S 0H
R’ OH  (DHQ),PHAL (20 mol%) :
CH,Cl, (0.05 M) Cl
_78°C
Cl—|—Cl
| MeO
Ph

selected examples

Cl
(:l Cl
63%, 90.5:9.5 er 65%, 72:28 er 81%, 85.5:14 5 er 48%, 71.5:28.5 er 32%, <52.5:47.5 er

K. C. Nicolaou et al. J. Am. Chem. Soc. 2011, 133, 8134-8137.
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* Example for dibromination
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BrTi(Oi-Pr); (1.0 equiv) Br
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60%, 92.5:7.5 er 51%, 92:8 er 72%, 88:12 er 60%, 86.5:13.5 er
[64%, 95:5 er with [64%, 95:5 er with [71%, 91:9 er with [70%, 91.5:8.5 er with
100 mol% 11] 100 mol% 11] 100 mol% 11] 100 mol% 11]

N. Z. Burns et al. J. Am. Chem. Soc. 2013, 135, 12960-12963.



* Proposed catalytic cycle
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* Example for chlorobromination

NBS (1.05 equiv)
CITi(Oi-Pr); (1.10 equiv)

1 1
o 13 (10-30 mol%) , R
R\/J\/OH - R\(I\/OH
hexanes N
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Br of ol Me Cl Br
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88%, 94.5:5.5 er, 94%, 94.5:5.5 er, 89%, 96:4 er, 60%, 96:4 er, 74%, 94:6 er,
>20:1 rr (20 mol% 13) 8:1rr (10 mol% 13) 18:1 rr (10 mol% 13) >20:1 rr (10 mol% 13) >20:1 rr (10 mol% 13)

N. Z. Burns et al. J. Am. Chem. Soc. 2015, 137, 3795-3798.



Selective Bromochlorination
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* Challenges for Stereoselective Catalysis

*The dihalogenating reagents problem
*The catalysis problem

*The enantioselectivity problem
*The product racemization problem

*The diastereocontrol problem



*oDihalogenc ar ri er 6
eg: ammonium polyhalide salts [R,N]*[(X5).X]",
C.H:NBr;, Et ;NCL
* In situ generation
halide oxidation: H ,0,-HCI, KMnO,-Me;SIiCIBnEt;NCl,Oxone-NacCl.

OR,
R \ )n Cl ORZ
Oxone 1 > R, _ In
CH,CI,/H,0, 0°C él
Simple operation
C
M»’ CI2 (g) ] Aqueous
NH,CI [ NCI, l High yielding,
Diastereoselective,
Et4_NC|,[ Et4NCI3] FG tolerant
Scalable
NaCl/Arl
B o I AriICl, ’— 20 Examples

halenium reduction: a 2:1 NCS:PPRreagent system

NCS (3.0 equiv) Cl NCS (3.0 equiv) o

PhsP (1 5 equiv) J\/ 2 PhsP (3.0 equw)

NN R2 R R1/\-
CH,Cl>, rt toluene, A R?

J. Ren et al. Org. Biomol. Chem. 2013, 11, 4312
T. Yoshimitsu et al. Org. Biomol. Chem. 2013, 11, 1598



* The catalysis problem

General strategies
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* Bronsted acid catalysis
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Scheme 11. A Bronsted acid-catalyzed alkene dihalogenation using
separate X" and X~ sources.




Using a complex anion
of the halide as an
X source.
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* Lewis acid catalysis

using separate X * and
X sources
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*Lewis base catalysis

using separate X * and
X sources
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* Phase transfer catalysis

Cationic phase transfer -catalyzed alkene dihalogenation
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S.Julia et al. Tetrahedron Lett . 1979, 20, 2171



Chiral anion phase transfer -catalyzed alkene bromocyclization
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* Enantiodetermining nucleophilic trapping

Dynamic kinetic resolution (with substrate- or catalyst-controlled
. halide attack at carbon "a") ‘
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* Enantiodetermining haliranium ion formation

Haliranium ion formation:

O@
Cat* L O\\ | /Cat*
sl A gl ol . OS..
X® Au@ 00
H, _i_ (R? Has i R H., _i_ «R?
R'™ H R H R H
difficult to relay similar issue in access to m* enables
stereochemical information Au(l) catalysis due more diverse geometries
via o* orbital to /inea( and better stereochemical
coordination communication
geometry
Alkene -to -alkene transfer:
— — f— — :I: o —
H.. wH Hu., wH Ho., wH Ho., wH Ha.. wH
H=<H H—&H H—S H=(H H",éH
®, ‘-;' o | Bro |—> Br® |—  Br®
H;,,,‘ 2 _‘“\H H/,,‘I Br “\\\H Hf,«,,' :":_:." _,.\\H Hfh,_ '{'_“' _‘.\\H an,__‘mH
H” H H” H H H H”  “H H” “H

free n-complex transition state n-complex free



" (2 “32';‘&\,) Dhe
n—Pr)\é/n-Pr i n_Pr/\\/n-Pr >~ Pr)\z/n-Pr

: HFIP or :
X HFIP/CH,Cl, X
24 X=Br,R=Ts 26 rt X=Br
25 X=CI,R=Tf X=Cl
X M 26, Equiv es (%)
Br Na 0.0 100
Br Na 1.0 26
Br  n-BuyN 1.0 81

Cl  nBuN 10 100

Scheme 28. Erosion of enantiospecificity in acetolysis from alkene-to-
alkene transfer. HFIP = hexafluoroisopropanol, Tf=trifluoromethane-
sulfonyl, Ts =4-toluenesulfonyl, es = (€€, oquct/€€starting material) X 100 %.

S. E. Denmarket al. J. Am. Chem. Soc. 2010, 132, 1232



* The product racemization problem

Br — s |* Br
B Ph 80 °C Ph",, s \‘\\Ph Ph
P Y So— | 5N | T Ph
: PhH Bi
Br ] J _ Br
(S,S)-27 achiral transition state (R,R)-27

k =0.0015s"", AG¥;53 = 25.3 kcal mol™

* The diastereocontrol problem

X
anti-dihalogenation

R~

- R/\l/R

Y X

syn-dihalogenation?
-7 "‘..“1“ 5

RN

R anti-dihalogenation

> R/E\_/R
X

D. C. Braddock et al. Chem. Commun 2012, 48, 8943



* Mechanistic Classification of Alkene Dihalogenations

*Type | Dihalogenation

*Type Il Dihalogenation
*Type |1l Dihalogenation
*Type IV Dihalogenation

*Type V Dihalogenation



* Type | Dihalogenation

Y Y © 37 X °x
2 N7 +X H., /\%R? ® R2
R1/*\\V,R == X 2| — == 1A or HH
== |y RN TR
R H | X |
n-complex haliranium B-halo
o fon carbocation
X :
SOV | |
>T5 o X X
HN . WR? _Y""" 1/|\/R2 ’ R?
1= R R
R H X M
S
Ly _
Cl Cl Factors to reduce the halogen
Cl () bridging:
Ph __— 5 Ph Ph ging: —
il CHCl3 I:’h)\l/ I:’h/\l/ A Cation-stabilizing
28 0°C Cl Cl substituents at one end of
29, 42% 30, 30% the halonium ion

A High dielectric solvents

P.B. D. de La Maraet al. J. Chem. Soc. 1961, 5285 A Chlorine as the halogen



* Type |l Dihalogenation

)@—ML LT X
R1 M R2 —MLn 2
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| I
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LMX, | 4@ M7 > LOMOr, U
2 2 X-M R
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of M-X | x© X ] R X
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(invertive C—-X i Ln | X
bond formation) XM=, R? _ML 5
I » H‘"QQ{H n > R'l/\:,/R
X

Sn2-type substitution

M = a metal or main group electrophile



*Type llg

_MeCN7
CuBr, Br“‘Cu'Br
Hc=cH, — | G
H” J “H

Bro
XLIV
/Bf —CuBr(MeCN)
Br/

Y
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'~
Cu

—i-Br
Br

XLVI

Scheme 84. Calculated Type Il,., mechanism for alkene dibromination
with CuBr, and LiCl in MeCN/THF.

J. P. Synderet al. J. Org. Chem . 1999, 64, 1758



3 Type IIinv

PhSeSePh (5 mol %)
BnEt;NCI (3.0 equiv)
R2 [PyF*][BF{] 49 (1.3 equiv) Cl Cl

V=( - RIr—{R2 NG o M Ng Me
R3 Me5SiCl (2.0 equiv) R* RS . 4 Op
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()
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+
I | _
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~ + Me;SiCl
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F BFs Reoxidation :CI\\ .
PhSeCl,
Cl PhSeCl + CI” )
R2 30 R1/\/R
R1
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I Cl 7 Ph |
I Cl
Sew Cl\ I_Ph
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R1/Y RN
_ Cl
L o _ 31
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Cl
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* Type Il Dihalogenation
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Sn2-type substitution




*Type i,

K. B. Sharplesset al. J. Am. Chem. Soc. 1977, 99, 3120



