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Vinyl Sulfone: |
' Preparation of Vinyl Sulfone:
' A. Addtion-Elimination
<% _SO,R ; ' - ionic
1. Good Micheal acceptor ! "
| 2. 25 partner in cycloaddtion, | - radical
P e?hylene, ace'gylene and ketene.equivalent X
3. nicely crystalline, ease of handling ! General Process:
4. ready removal (desulfonlation) '
5. inhibitior of cysteine protease : ;H_r
o PKa=25 i hSX /}
_ 9 SO.R z : \
rr"“ﬂ/SOzR MR, Y 2 Proctect o fsozR | p
! X
s R ! ‘JJ“'
S B Regenerate > Rg : ‘1"‘1_1 PhSO,X 0
i SPh /
- : 1. PhSH
XRo | © ‘ 2.[0]
SOR SO,Ph
. o , r‘:r 2 EIi.‘JJI 2
N R Ra l | ‘
XS%R 1,2-Elimination _,.r’ o SO,R Nucleophilic ;r’"r Ro/ ' ‘1"1. SO,Ph / :“H_ OH
—_— |
or Radical l
;LLL Rg :H_L Ry :LLL Ry i
SPh
: PhSCI 1. mCPBA, 99% Lb/sozph
: _— »
Stability of Vinyl Sulfone: ! 99% ) 2.DBU, 97%
Equilibrium between f,y and o, unsaturated sulfones, :
N — ' SO,Ar
RN"goR o R/\/\sozR, :

For comprehensive reviews: T, 1990, 46, 6951; MRR, 2006, 26, 793; Journal of Sulfur Chemistry, 2005, 26, 163; Phorsphorus, sulfur and silicon and related elements, 1994, 95, 1. 1
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B. Olefination D. Organometallic Reagents
- Aldol,
- Wittig, via organozirconium reagents
- Peterson
_ 4 CpoZr(H)Cl  Ph H
HWE Ph———S0Ar 2E+ — JOC, 2003, 68, 1958
Addtion of sulfonyl-stabilized carbanion to carbonly compound E >70% SOPh
. SoR CppzrHiCl AT
Kz Ar—— m’ \ﬂ Synlett., 1999, 3, 317
R] OH et 789, SO2Ph

Tf\rsozR KzCOs, (CHO)x <

via organotellurides

Synthesis, 2002, 2259

JOC, 1980, 45, 5015 64% 21%

R SO,R , ,
1 Y Gob [ ArTeTeAr R SOAr" NaBH, R SO,Ar
quantitative yield ! R——— — - —
T.L., 1985, 26, 2849 R4 ; Ar'SO,Na ArTe H H
| AcOH, H,0, 80°C 61%
SO,Ph E X JOC, 2001, 60, 74
1. BuLi. ArCHO X via palladium catalysis
SO.Ph o ClIJPI(O)EOEt) XA !
2 LHMDS AN i OoTf Pd,(dba)g SO,Tol
NMeBoc 3 t-BUOK T | Ar | Xantphos
4. HCI NHMe E I\NII ! ToISON CsCO4
° e | 0lsUpNa + Toluene
OL, 2005, 7, 4641 81% >80% : 60°C
: 80% JOC, 2004, 69, 5608
C. Manipulation of acetylenic sulfone i E. Miscellaneous
o Base, o o E
TMS—=——80,Ph . oxidize sulfone carbanion
R,  then acid work up R, Al(Hg), R, i
Ry : Ry < —— R, i R Li 2 eq Cu(OAc), S0.Ph
Rs 73% R SO,Ph R - T e Y
8 3 : SO,Ph  60-85%
: . SO,Ph
i i i i ' LI 1 eqcu(OT)
Phenyl trimethlsilyl ethynyl sulfone as vinyl cation sython, JOC, 1982, 47, 4713 ! R q 2 R
: - R TL, 1984, 25, 3203
__ PhSO,CI, AICI @ ! SO,Ph  >70%
TMS ———TMS E $ > TMS—==—S0,Ph <> C=C | 2 SO,Ph
' CAN Mediated Reaction
: X_Me CAN, ToISO,Na, Nal Me
SOzAr X _ SOLAr X _SO,Ar : /@/\/ CH,CN., 0002 m
: . S0,Tol
EtAICIs, benzene ! Me 83% Me 2
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Radical-Mediated Alkenylation
Ry
1. CatBH

Rs -~ :
\H\Rz - Raw

2. PhO,S
Rq 2 g0,0n
tBuON=NOtBu

Ry Ry
/

4

SO,Ph  55%72%

R,
R1 Rz CatBH
Rs _NOBn <———— Ra ~
7N
BnON~~ ~SO,Ph R,
Rq tBUON=NOtBu
Ph————S0,Ph
TMS
Ry R,
R3
Ry R
A R,
R, Ph
A
R,

Ry R

CatBH

—_—

R __~
~7"so,Ph  Rq
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R;
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pTolSO,CN
SO,Ph

Ry R

R;
S
R4
TMS

ACIEE, 2006, 45, 5847

=

R

Olefin metathesis

oTBS £ 80,Ph oTBS

Ph X Grubbs Il Ph

X _SO,Ph

55%

Reactions of Vinyl Sulfones
A. Michael Addtion

- Hard nucleophiles: competing reaction between metalation and conjugatea addtion

RLi N
| (Conjugate Addition) RLi -
| 1(Conjugate Addition)
S_%—S0,CeHs |
H™ < i S SO0:C(CHy)s
(Metalation) H~ R

When R'=Complex

- Soft nucleophiles: sp3 functionalized nucleophiles, the trans product in excess

(Metalation)

sp functionalized anion, the cis product predominated
potassium anions were more reactive

TL, 42, 2001, 6425

OLi OH
Ph /\/SOZMe SO,
JOC, 1980, 45, 4789
100%
sozph /éé JOC, 1984, 49, 3898
PhO,S
1. SOCl, Cl o
1. A, 95% 2. KOH a
Zs0,Ph —— > — so.Ph
2. BnBr, 79% ~_-S0zPh N T2
NH, N B
Bn 94% n
JOC, 2003, 68, 9389 LDA
80%
. SO,Ph
Radical Addition N
SOZEt Bn
o _
| 0 Y Ph 0. -0
,o‘ \%/”
tBuOOtBu
ACIEE, 1999, 38, 1943 57%
R,
S0,Tol “—0O (\0 t o(\oR
— R steps 1
. (0] 1 SOZTOI P 302T0|
2 hv, AIBN R Rs
80-90% X" R
l H*, heat
N
R,Mm R1ﬁ/R4
R; R; R, R,
Chem. Lett. , 1988, 813 X=NHY X=OH
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- Catalytic Enantioselective Reduction, ACIEE, 2007, 46, 5955

_.SO,Ph  Bu,P (cat) _-50,Ph Ligand 3 (cat.) ~50,Ph
CuX, (cat.) CuX; (cat.)
R R? RSH R R? RSH R R
(£)-2 1 2

P

R\
g ) - - = -
0o R (RR)-3a:R=Me(Me-DuPhos (O))
R (R.R)-3b: R = Et (Et-DuPhos (O))

%
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T
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/
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OL, 20083, 5, 2789

Desulfonlation of Vinyl sulfone

A. Reductive Desulfonylation
General process: dissolving metal or metal amalgams, e.g. Al(Hg)

SO,Ph
2 mol% Ni(acac),
R™ ™ R T., 1987, 43,859
2 eq nBuMgCl
R’ R
SO,Ph

N328204, DMF H
—_—
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B. Cycloaddition i D. Metallation
- [2+2] | . "
- [2+3] ! Form the vinyl transition metal complex
- [2+4] ! Et
| Cp<
T™MS : R, R3 /er R, Rs R R
Pd(PPhg),, dppe H ! — Cp — E* A
SO,Ph  70% : Rz SO,Ph  THF,RT  Rj ZrCp,SO,Ph R; £
PhO.S : 75-90%
OAc : ACIEE, 2002, 41, 1410 o
JACS, 1982, 104, 3733 |
E. Miscellaneous
C. Asymmetric Reactions ' Ph
- Asymmetric Dihydroxylation, T, 2003, 59, 7973 E Ph R Ph Ph
AD mix-B : ]\ o)
0 ! i 81%
0,10 -S0.Ph W ! Br SO,Tol  NBuLi b
05 S0; e 0" F ! 2 -78°C fo RT TolO,S
o0 _— HC H ! 5
@\H,,,_ BN : JACS, 2004, 126, 1624,
S” “H ' OSiMe;
Oz T : o) N
R OW h R2 N— X Rz
0\\0,,8 -80;Ph H OH | )l\ + K /l \/\N LHMDS R,
O‘I'_"D i Ry SiMe; S N SiMe,
: 0, \
AD mix-c ! Ph xRy
: R

XxMe 1,0, NaHCO,

T.L., 1982, 23, 3265
R)\/Me
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®,
SO,Ph

B. Tin-based Methods

Total Synthesis of (+)-Magnofaragesin, OL, 2006, 8, 3659

1
|
1
SO.Ph _ SO,Ph ! s TBSO SO,Ph
Q BugSnLi SnBu xylene S R :
> —_—T 1
: R P ek . RTON ' 2-lithiodithiane ~ MeO N Meéﬁaﬁ% MeO LN
R’ , : - € -2
JCS, CC, 1983, 619 1 THF, -100°C 2. NaBH4
N . o | 89% MeO 3. TBSOTf MeO
Addition functionality into the unsaturated product ! |utidine
: OMe 76% OMe
SO,Ph ! 1. nBuli, -100°C .
1. BugSnLi SO,Ph ! veratraldehyde 70%
X ————— SnBu;, ———> ; 2. Ac,0, Py
2.TMSCl  TMS ™S™ ™ | SO,Ph
R X TBSO
| 1. Mg, HgCl, OAc
Chem. Lett., 1983, 1457 : EtOH MeO X
: 2. TBAF o Ar
C. Alkylative Desulphonlation ! -—
! 83%
SO,M ' MeO
2Y®  nBusB, THF,  Bu : OMe
e Reflux .
AN Bull. Soc. Chem. Jpn., 1974, 47, 503 ! .
70% ! (+)-Magnofaragesin
Ph Ph :
1.8eq PhMgBr |
| _— | T.L., 1982, 23, 2469 ' Total Synthesis of dl-Morphine, JOC, 1988, 53, 4694
{BuO.S 1% Fe(acac)s !
2 60% Ph | OoTBS
: - OMe
! 1. nBu3P Br
! OMe DEAD, 85% Br o
S . . !
Applications in Total Synthesis : Br —’2. HF. 95%
1 Br OH
| PhO,S
. H
: ™
nBu,Sh IPh(OTf) |
. 2.2 nBuLi 459%
| ‘ | ‘ SO,Ph! -78°C l o
| OMe OMe
MeO !
MeO o € o ! O 9 Steps
PhICN(OTf PhSO,Na |
MeO MeO : o - o OH
DCM RT ! > OH -~
OMe o : MeN /N Va
! di-Morphine SO,Ph




Baran Group Meeting

Jun Shi Vinyl Sulfone in Synthesis 02/06/2008

Total Synthesis of dI-Cephalotaxine, JACS, 1990, 112, 9601

1.
A @
o
(o} (o} 6
(o} "
< then BrCH,CH=CH \\
R en br o = P
0 Li HMPA
84%
tBulLi, o
-78°C to RT l 7%
;' K:l-sg: BUNIO The synthesis of natural product is analogous to building a pyramid. One needs to forge
- NH20H, NBUlNIL, a strong base before being in a position to complete the structure. The analog extends to
-

further to the merit of the excercise- those pyramids which have been carefully crafted will
71% provide further benefit to all who follow.

Phillips. L. Fuchs

)V dI-Cephalotaxine




