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1,5-dichloronaphthalene

A . Atterberg and O. Widman Ber. Dtsch. Chem. Ges. 1877, 10, 1841-1844.

» Cl,generated in situ such as H,0,—~HCI, KMnO,—Me,SiCI-BnEt;NCI (Marko—
Maguire reagent) and Oxone-NacCl
» Some milder and more practical electrophilic chlorinating agents like SO,CI,,

PhICl,, Et,NCI; (Mioskowski’s reagent), NCS-PPh; (Yoshimitsu’s reagent)
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Cl 0SOs Cl. C
0805
CaHyz : T
¢t c
Danicalipin A (1)
S04 S0s
s
c 0 C Cl o d ¢
: > _ClI
Can/\E/H/]\l/\/M Me/'\/kl/'\(\/\/\/\/
i Ci Ci 0SO4 Gt C  Ci
Malhamensilipin A (2) Mytilipin A (3)
CisHaz B
)‘\ 4‘503
0 0 Ci 9] Cl OH  Cl OH R Cl

Cl a < < o a OH

Mytilipin B (R = OH) (4)
Mytilipin C (R = H) (5)

Chlorosulfolipids: a class of stereochemically complex, polychlorinated natural

products isolated from marine sources ’
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Cl Cl

ArSeX Nu
R'I/\/R2 —_— > R'I)\/Rz — R1J\rR2 + ArSeX
= oxidant
SeAr Nu
Oxidant

» It must not react (or must react only very slowly) with the alkene substrate

» it must not oxidize chloride ions to molecular Cl, or any other active ‘CIl+’ equivalent over
the timescale of the reaction

» It must not contain or release nucleophiles that might outcompete chloride in the reaction

» It must not lead to the formation of selenoxide intermediates that are capable of rapid syn-

elimination
| X /—CI
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N-fluoropyridinium Selectfluor
tetrafluoroborate CAS# 140681-55-6

CAS# 107264-09-5
K. M. Engle, T-S. Mei, X. Wang, and J-Q. Yu Angew. Chem. Int. Ed. 2011, 50, 1478-1491.




Reaction development with cyclohexene

PhSeSePh (5 mol%:)
CI- source (xequiv.) . pTTTTTTTTTososmomssomomemememmeoeees !
11 or 12 (1.3 equiv.

) ! o |

Me,SICI (7 equiv.) ci _SePh wSeClPh | @ A} LT
= + + + i e NJ i

Shcl el Cl Ci ci ci o BFy £ -

: F !

7 8 9 10 i ;

i, ~20 h F 2BF,
6 L 11 12
CI- source (equiv.) Oxidant Solvent
. 6 7 8 9 10
1 n-Bu,NCl (3.0) 11 0.0 MeCN-d, 50 19 3 9 0
2 n-Bu,NCl (3.0) 11 1.0 MeCN-d, 12 61 10 10 0
3 n-Bu,NClI (3.0) 11 2.0 MeCN-d, 0 81 10 0 0
4 n-Bu,NClI (3.0) 11 3.0 MeCN-d, 0 81 8 0 0
5 n-Bu,NCl (2.5) 11 2.0 MeCN-d, 0 74 10 0 0
6 n-Bu,NCl (0.0) 11 2.0 MeCN-d, 54 0 2 0 8
7 n-Bu,NCI (3.0) 11 2.0 CD,Cl, 0 73 12 4 0
8 n-Bu,NClI (3.0) 11 2.0 THF-dg 55 17 2 0 0
9 n-Bu,NClI (3.0) 12 2.0 MeCN-d, 0 71 10 0 0
10 BnEt;NCI (3.0) 11 2.0 MeCN-d, 0 83 10 0 0




E2 elimination by-products

OTBDPS Cl
Ph3eSePh (5 mol%) Me
BnEtsNCI (3.0 equiv.) . - . .
R 1 (13equv) & Formation of vinylic chloride by-
MeSiCl (20 equiv.) 14, 63%, 001 dr. products 15 and 16 from the
77 Mo MeCN(02M) dichlorination of alkene 13 and
13 t, 18 h OTBDPS 4Me OTBDPS  Me o _
~ (_~_ . determination of their
w Aty @ configurations
Cl
15 16
14% combined (59:41 15:16)
SeCl;Ph SeClzPh OTBDPS  Me o _
LA . | © R . ~ Mechanistic rationale for the
C H Me & formation of vinyl chlorides 15 and
- § - Cr\; B 15 16 from constitutionally isomeric
_ _ _ _ anti-chloroselenylated
jl\/R - SEC';Z‘ OTBDPS  Me intermediates via antiperiplanar
ve N — L~ A\, elimination.
SeCl,Ph H R
L _ L H _ 16
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Reaction development with (E)-1-benzyloxy-4-hexene

(AryiSe): (5 mol%)
BnEtzNCI (3.0 equiv.)
11 (1.3 equiv.}
= Me/'\]/‘\ I\l/\
MeaSiCl (2.0 equiv.)
additive (1.0 equiv.)
MeCM-d5 (0.2 M), rt 18 19

Me” X" R

17
{R = CHZCHZOE!HII

Additive

(ArylSe),

Me =
C,/'%/\R ’ /\m/\R

20 21

18:(19 + 20 + 21 + 22)

Ci

" ME)\%%R

22

1 PhSeSePh -- 6
2 PhSeSePh Sulfolane 2
3 PhSeSePh HMPA 3
4 PhSeSePh DMPU 3.5
5 PhSeSePh DMI 2.5
6 PhSeSePh Ph3P=0 3.5
7 PhSeSePh Pyridine N-oxide 2.5
8 PhSeSePh 2,6-Lutidine N-oxide 23 2
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Reaction development with (E)-1-benzyloxy-4-hexene

(ArylSe)z (5 mol%)
BnEtMCI (3.0 equiv.)

11 (1.3 equiv.) Me Cl
Me” X" R = )\‘/‘\ I\I/\ /IW\ + A/\R + M
Me3SiCl (2.0 equiv.) Cl R Ci Me R

additive (1 {}equw )

17
(R = CH,CH,OBn)

+22)

58:42 88:18
FsC Se/ )
10 NO, == 18 59:141 55:451
< @[SG/ >2
11 -- 3.5 90:10 99:1
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12 -- 8 83:17 98:2
< Se/ >
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Reaction generality

PhSeSePh (5 mol%)
BnEtsMNCI (3.0 equiv.)

R! RZ [PYF¥[BF4] 11 (1.3 equiv.) Ci Cl
>=< : RHH”RZ

= R3 Me3SiCl (2.0 equiv_) rR* R?
23 (1.0 equiv.)
28 MeCHN (0.2 M), rt 29

Cl

AcO
N\ 1i:’L
cl

Cl Cl
29a, 77% (96%") d.r.
99:1 d.r. (4 h)

29b, 73%, =991 d.r,,
89:11 d.r. at C(1)7

(24 h), [F6%, =99:1 d.r,,
90:10 d.r. at C(1)7]

7, 51% (80%"),
>99:1 d.r. (10 h)
[83%", >99:1 d.r]

e Me C C
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Cl O
Cl Cl

Cl

29e, 85% (4.5 h) 29f, 77% (3.5 h)

Cl

Me/kl/\/\UTEIIDPS

Cl

14, 64%, >99:1 d-r.
(4 h) [63%,>99:1d.r]

29i, 67%, >99:1 d.r.
(6h) [63%, >99:1 d.r]

29g, 40% (66% ") d.r.
99:1 d.r. (4 h)

Me Cl
CI)Y\/\GTEI.DF'S PhWGﬂPS
Cl ClI

TBDPSO, e OTBDPS
- Cl
29¢, 71%, >99:1 d.r., 29d, 91% (6 h)
91:0 d.r. at C(1) [01%]
(16 h)
Me
cn)\l/\/\oan
Cl

20h, 67%, >99:1 d.r.
(4 h) [67%, >99:1d.r]

18, 71%, 99:1 dur.
(3.5 h) [64%, >99:1 d.r]

Cl

)Y\/GOZEt
Me

Cl

29, 37%*, 97:3 dor. 29k, 70%, >99:1 d.r.
(5h) (3.5 h)
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Reaction generality

PhSeSePh (5 mol%:)

BnEtzNCI (3.0 equiv.) i o x
R' R  [PyF'BF,] 11 (1.3equiv.) Ci Ci i @ | _ ;
— MesSiCl (2.0 equiv.) R S i N: ver e e |
R4 R3 e3SiCl (2.0 equiv. ! R ! | BE, i
23 (1.0 equiv.) i F : = :
28 MeCN (0.2 M), rt 29 » 93 i
Cl 0 cl ﬂa" "LD Cl Me
CO;Me _Boc
Cl Cl Cl Cl Bn
291, §9%, >09:1 dor. 20m, 73%, =08-1 d.r. 20n, 70%, 99-1 d.r. 290, T2%, 99:1d-r.
{(3.5h) (3.5 h) (4.5 h) (5 h)
Me
- Cl  OTBDPFS Me” ™  OTEDFS Cl  OTBS
Cl
o Cl Cl Cl
20p, 72%, 073 dr. 20q. 71%, 091 dr. 29r, 67%, 99:1d.r. 208, 47%5 208:2 d.r )
(3.5 h) {7 h) (3h) (6 h)
C  OH Cl OH Ph oH Cl OH EnQ —
BnO
Ci Cl Cl = Ci
20t, G6%1, 99:1 dor. 20u, TE%Y, 08:2 d.r. 20, T1%1, 08:2 d.r. 20w, 6751, 55:44 d.r. 20, TI%Y, 03.7 dr#
{14 h) (8 k) (8 h) (47 h) {15 h)
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Proposed mechanism

Initiation

PhSeSePh
@
/_ 3 < +3 MeaSiCl
fi‘+

F BFs

Py + MesSiF \'
@ ¥ 3 Py + 3 MeaSiF
I"il+ PhSeCls wr
F BF, Reoxidation :h

PhSeCl,
CI PhSeCl + CI A ? ~
H1JYR2 H1j‘v
Cl Chlorode selenylation Alkene addition
_ Cl ?I Ph | i |
Sa” ci Cl
VA 5 . N
Fi'.‘/j\r R1"‘-“~€,~'H2
_ Cl u _
- o - ) B
Allylic/vinylic i Cl /—\
Ehlun’gg - : Cisd -Ph )
by-product(s) E2 elimination B ) Nucleophilic “Cl
R ring-opening
cr H1/\r
. C C
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Problematic Substrates

1,1-Disubstituted and trisubstituted alkenes Alkanes bearing pendant nucleophiias

;—Q
Me Me OTEDPS NMea s
A_omoes L /J:j .
Py M
531 532 (allylic chloride as Me
M
545

major product)
S43 S44

Secondary allylic alcohols and derivatives

0O
OTBODPS OAc OH ‘J'I\n
Cl,C
SIS I
n-Bu |
n-Bu
533, 51% conv. to 534, 35% conv, o 535 536, mainly SM and
complex mixture, including =11 mixture of dichloride: anti-dichloride from
an allylic chloride {21%) allylic chloride background
(tentatively assigned) (tentatively assigned) dichlerination
Conjugaied alkenas
Ma OR
o O s
F
537 538 (50:50 symantl) 538 (58:42 symantl) 540, R = TBDPS (50:50 symanti) 542

541, R = H (75:25 symant])
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Problematic Substrates

Alkenes giving anti-dichlorination
Medivm-Ring Cycloalkenes
S46 (98:2 anti:syn)

Electron-Foor Alkenes

Miscellaneous Funclionalized Alkenes

{_:.I' ",:_1" EtQ,C
CO;Et N g U
Me™ S . R o b Et0,;C"

: i 551 : :
549 (=899:1 anti:syn) S50 (<09:1 anti:syn) » R = Chz (»98:2 anti.syn)

§52, R = Boc (>88:2 anti;syn)

553 (<99:1 aniisyn) 554 (<99:1 antisyn)
Afkenes with branching at the allylic position

Allylic Acetates
M'M
M

DPS OMEn
] Ma

ac cl OAC
va':’ Cla A Ac cl cl
—_— m
Brd By BnQ
547, 50% conv.,, 548, T4% conv.,
80:20 anii:syn 86:14 anti:syn 555 856, 38% 857 10%
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Summary

PhSeSePh (5 mol%)
BnEt;NCI (3.0 equiv.)

= R2 A (1.3 equiv) Cl Cl
>:< >  RIw—R2
R4 R3 MesSiCl (2.0 equiv.) R4 R3
B (1.0 equiv.)
MeCN (0.2 M), rt

¢ Developed selenium
dichlorination of alkenes

¢ Direct alkene syn-dichlorination

* The method

catalysed

syn-stereospecific

is applicable to a wide variety of

functionalized cyclic and acyclic 1,2-disubstituted alkenes

** Some problematic substrate
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