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Abstract

Project code: RMU5180040

Project Title: Study of Applications of Hypervalent lodine(V) in Organinc Synthesis and

Study of Chemical Constituents and Biological Activities of Irvingia malayana

Investigators:
1) Asst. Prof. Chutima Kuhakarn
Department of Chemistry, Faculty of Science, Mahidol University
scckk@mahidol.ac.th
2) Dr. Thaworn Jaipetch
Mahidol University, Kanchanaburi Campus

thaworn_jaipetch@yahoo.com

Project Period: 15 May 2009 — 14 May 2011

In the past two decades, hypervalent iodiens received popularity in organic
chemistry. The increasing interests of these nonmetallic oxidizing reagents are mainly due
to their environmentally benign properties, high selectivity, mild reaction conditions, ease of
handling, commercial availability or readily prepared from commercially available starting
materials. In the first half of the present work, new synthetic applications of hypervalent
iodines, namely 2-iodoxylbenzoic acid (IBX) and (diacetoxyiodo)benzene (DIB) have been
developed involving oxidation of amines to their corresponding nitriles, oxidative hydrolysis
of cyclic and acyclic acetals to their corresponding hydroxyalkyl carboxylic esters and
simple esters and synthesis of vinyl sulfones from alkenes. The second half of the present
work involved study of chemical constituents and biological activities of Irvingia malayana
known as Krabok (n3¢uUn). Chromatographic separation by bioassayed guided purification
led to the isolation of pure compound whose structures were confirmed by spectroscopic

methods.

Keywords: hypervalent iodiens, oxidation, Irvingia malayana (Krabok)
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1. myhiljiseneandatuaaansUsznouelwnaldlumsfieneiasdsznaulueds

R-CH,-NH; ———=» R-CN

lumsfinsnmsvljisensendagsuaasansisznaviedulasld 2-iodoxylbenzoic
acid (1BX) \JuSiaiaudlasiilaladuluanaatda ieldlumsssanziansdsznanluass
ﬂ’li“n@laa\‘lL%uﬁuI@ULaaﬂmiﬂizﬂau 4-methoxybenzylamine W uansauiuy (model
compound) lavhminaseul jisenluaavinazaasiiadns g uaswudn dimethyl sulfoxide W
RIINAANDAH (4-methoxybenzonitrile) 1uﬂ%mmﬁ§a lasdrsnaanmuidnaAes (side

product) fa methoxybenzaldehyde ‘Luﬂ%mmﬁl@‘i’]

CN CHO
D/\NHz IBX, I /@/ /©/
— +
MeO DMSO MeO MeO

65°C,1h

§N1IZANNIZNINI I (standard reaction conditions) a4t jAiseniide 14 IBX (1.25

'
aaa =3

equiv) lanflalafuluiana (2 equiv) 1 dimethyl sulfoxide {Du@vhazans uazvinfisend
65 °C 1iluszoziam 1-3 Talus muldan1izaandnn a1tsznaviadin (R-CH,-NH,) 329N
{ a =) 1 Q J’ 1 v
wWasnldidusnsdsznavluaia (R-CON) lutSunmee g Auduegnulasaivesaslzneay
A o & o & A A Ada . & o A A«
aFGI uaﬂ"l,ﬂﬁnﬂumm‘smmuLﬁJumsﬂszﬂauﬂszm‘ﬂvl,amaﬂsma&Jumm%lﬂaﬂmwﬁuwLﬂu
uweanezadlguni mIvnevlaatandialuazgniddeuliidumnlsznevlaasendluaia
melagnznleid§iton wanmmasasasndugasliiiuindjisenill madani
Ujisenla WY NarTTU R-CH,-NH, ﬁm']mfaa"b@'aam’szaan%m%’ué’m&inmﬂﬂ’jmg
Wanduriiauaanagaailguni (R-CH,-OH) 13uni1fATeaana 114l chemoselectivity
a?w Y o A < a 6 % d' = o‘ai o aaa
waninidi ldihmmasasiaidunsiigaininnaassiaaudnlslunsvil jisen
(IBX uaz ) tivalglumsiauana lnaasd iz nande drlids 1BX asluludjisen wudn
' aana a £ 552 A v a . ] [
Tifugasonietn wdinladalaladuasluussls 1BX lud3unm 1.25 equiv wudnla
asuznav luadalutSunm 50% wazinldidslalafuueldans IBX luuSunm 2.5 equiv a2
lasanmans luadaludsnanlnsidasnumsid jisennmelaanizanasgin :nuans
NARBIAINEIRI bALanain IBX vinnineand ladansusznauaiinluilluansusznavudniin

& a 6 1 2 a Y & a [
Gnammingﬂaansﬁvlmmam elaladn laduansdsznavluasa auaas
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conversion of amines into their corresponding nitriles using o-iodoxybenzoic acid

(IBX)/iodine: selective oxidation of aminoalcohols to hydroxynitriles” Chiampanichayakul, S.;

Pohmakotr, M.; Reutrakul, V.; Jaipetch, T.; Kuhakarn, C.* Synthesis 2008, 2045-2048.
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R><H R o/\(\/)n

Ninlusuit hesduldifanled 2-iodoxylbenzoic acid (IBX) tJuStataud Sums
nanatlasiianaunuserimaziianduisniiowa 5 ezaenvasansdszney
4-nitrobenzaldehyde LIus3@ulUD (model compound) lav¥inmsansnan1zaasljisen
Wudwanann wudngnzuasgIwaels IBX (1.1 equiv)/EL,NBr (0.5 equiv) ¥nigisenlas
linduavinazany Naunni 65 °c 1fwm 1-5 T las neldaniizainan amgﬁuf

= a d' Id d'd ] = a aana Y A o 6 &,
oxfmarfianiduwisnivwevesiariiny 5 uss 6 azasw el jisen landanmaidn
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a 6 o % a 6 = t:ll 1 & v a [ 6 &, 6 a
ANLARLNAS NNEIAU mgwuﬁazsﬁmawvmLﬂmaaﬂwa@nmmLﬂmaamaiﬂﬂm

nnmsvimInaasdiafigaing inveaslJisen wuding IBX uaz E4,NBr $uiuda

a Aaa { 1 a Aaa = J v Qs { A
Unsen tasan lufivgnseniedulesldasozimanauauaniiie L@ 1IBX w3a E4,NBr
asluli3enNan1izanaIgin anuamMImaassainand handsznauus: lalauanalnms
el fAsenda IBX sand ladluslud loaauwain Et,NBr vldiAasianlasdlanlusdie devia

v d' | 04 al 6 o v Aa =3 ai A 6 d' o Aaaa o :’
winfluareandlad ildinessnlaiioylossunesdnaniiuen Seviljizeonuin

] = v . & a a v a an
281937013719 hemiorthoester GatAamMatladslwztdsznavlaasanduaafanisuandan
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“2-lodoxybenzoic acid/tetraethylammonium bromide/water: An efficient combination for
oxidative cleavage of acetals” Kuhakarn, C.*; Panchan, W.; Chiampanichayakul, S.;

Samakkanad, N.; Pohmakotr, M.; Reutrakul, V.; Jaipetch, T. Synthesis 2009, 929-934.

{89370 2-iodoxylbenzoic acid (IBX) tHwlaitasuiiaud alaladaiainuasiiiang
£ a \ a o =< A & ¢ a A o 2
FIAUNTINWINIEINIINITa le Feawlanazni latdasiiand lala laduiaduu b tiun 34
WwanlslawasuaudlalaladuiialasuilaudniTain (diacetoxyiodo)benzene (DIB) Nt
NN IBX

0
o) PhI(OACc),, LiBr
R/k(j)n : R)LO/\(\/)r?H

water, rt

Gudulasmarmamanizanasgulum i §izen wodndesld DIB (1.25
equiv)/LiBr (0.25 equiv) ﬁqmﬁgﬁﬁad Dwaa 15-180 wift azidiulediniald DB
idtetaud Uffsenfaldngmmgives uazdfizonialahni

natnaaslisen latanald 2 uwanis fe

1. MyAemIunuiauwnus (-0Ac) 109 DIB aslusludloasn laasaanarsiiiiuga
Twaisnlasianlusiu Avmihdudeendled denalnlududallezedoadenunalndled
nanaud fald 1BX udreandlads

LiBr Br
Phi(OAC), ph—i{  + AcOLi
OAc
©
o{)) Br o\ ho HoOH) Q
n+ph— — /{)n . {)n PN OH
RAO “oAc R/ko RXO R™ 07 M,

a aa = YV R a =) ﬁ 1 =) a =
2. mafalalasddauatazdmaladualazdnia mwiamanwamaua:mma
o v & A a & v o Aaaa P P o a
sansarhanduiiaagla g vy faseunuilusivezaousassnsainarsina 1 13l
‘ij a = =) Aaa v £
A LNWIN émmmmLﬂmnﬁsgtyLaU"LaIaI@Luuénu LAY NIAATAN q@mzlvlmmsﬂszﬂau
laasanduaafansuandaniagines LusIINEaN N
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hI(O —BI [ Ph—I - + AcOLi
P A |
( C)2 \OAC

6
O’H\/OH
OH _Br H Rn
/8{)% ol TP, CO\'O -Phi Q
R (@)

_on¢ o = I OH
RAOH HgC)J\g\/I\Ph Hoae  RT 0Tt

1 9 10 2

naowds e lus it IS UMsaRNR LN TN I3 TIMS T2 UWIINTNG “Facile
oxidative hydrolysis of acetals to esters using hypervalent iodine(lll)/LiBr combination in
water” Panchan, W.; Chiampanichayakul, S.; Snyder, D. L.; Yodbuntung, S.; Pohmakotr, M.;
Reutrakul, V.; Jaipetch, T.; Kuhakarn, C.* Tetrahedron 2010, 66, 2732-2735.
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3. mMIFaaTeransUsznavlhfiadalWuwannaisdsznauwandn

PhI(OAC),

ArSO,Na, KI
CH3CN, rt.

R = Alkyl, Aryl, CO,R’, CN

R

R
Ar0,s” X"

swistlusuiilaidanld (diacetoxyiodo)benzene (DIB) 1lu3tataud Bunsnaass
lagdan styrene tHua13@ulUL (model compounds) lavinmsfnuanzpasl jizenin
FAIWIBAN wudmma:mmgmﬁal"f DIB (1.5 equiv)/Kl (1.0 equiv)/ArSO,Na (4.0 equiv) ¥in
Ujfsinlasls CHCNWuaazay Namnglikendua 1 Talus muldanizaing
@ 6 A [l A A a 1 Y A = 6 & a o
auusvas styrene Ngjunuiiuwniuuiusiadg Wndaduiidumyhiadalnuly
Usnaunansfiegs (48-90%) maldanizanasgu duesfuilfiduneadusiiaaziivh
dnvololaaneadn nuinazlandnsinanszning hiadalwuias wan-lalalaas W
o lsfianudhanauaina il jiseinisuaa Hi lagls DBU iuusazviilidla
TfiagalWuauidasnis
wanINauNUtad styrene uaz azdvhidnuasiauud msdsznauuaalad sann
Wadasenlagwmdsns IWssdsenay wen-lalalahfiagalwmdunfanmwsd diuaniag
GuTHha a,B-unsaturated carbonyl derivatives lirRanmniiiu —arenesulfonyl-o,3-
unsaturated carbonyl derivatives Jussnaanuad
{ aaa Y o a v 1 1 {
watgnana invasd§isen lavimnessslasnsdiaaudis H-NMR wuin Lia
N3 DIB AU Kl lu@1vinazane CDCl; wuin sy uveInyaziriiaves DIB 11 § 2.02 (s) AN
A o o ai A Ao ' ' & [ . .
WU FYYINA § 2.10 (s) Teassfilnanuinnawindusyauses acetylhypoiodite
(AcOl) Mtiaamahf3ensendng DIB uaz lalaladlasau lunalneslizen
. . o aaa [ . [ . . = o Aaaa u.z
acetylhypoiodite ﬁ]:ﬂ’]‘ﬂgﬂm’m‘u aryl sulfinate 1% arylsulfonyl iodide mmﬂgmmﬂu
o o A o & )
ssdsznaunaadu Iwansdsznauwen-lalaladalvu Siduesfunuiuayiuiuas styrene
A . . a o D e oA oA ) )
%38 o,B-unsaturated carbonyl derivatives 32LlNAN13IVAA HI e1a7N kN Lwasl,%”’lmzumaugmﬁu

n:ll ' dl g & Aa a A v = gj g v = gj A
Neatlhad wan 1t duazananuLaank 31eAINTWAAUNIIVIA HI @28 DBU anUWRiLS
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o
KI J
Ph|(OAC)2 —_— H3C O/
-Phl A
-AcOK
ArsSO,Na
9 o
Ar=S=l + HC" ONa
o
B

X s RJ\/SOW — Xy SO
naa s luE I w LS UM IARLR LT INTMIBTINITAUIWTE “Phi(OAC)/KI-
mediated reaction of aryl sulfinates with alkenes, alkynes, and o,B-unsaturated carbonyl
compounds: Synthesis of vinyl sulfones and B-iodovinyl sulfones” Katrun, P.;
Chiampanichayakuk, S.; Korworapan, K.; Pohmakotr, M.; Reutrakul, V.; Jaipetch, T.;
Kuhakarn, C.* Eur. J. Org. Chem. 2010, 5633-5641.
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ﬂ'l‘iﬁﬂ‘ls}'laﬂﬂﬂ‘szﬂauﬂ’]d LﬂNLLaz's‘mﬁ‘n’ldg’m’lWﬂaGw% Il’Vlngla malayana

la¥msanailfeniuda (seed kernels, 7.2 kg) Lae LAaLuAe (seed meats, 2.7 kg)

FEAINALANEBUNTIULLLANTINAZI taaTENARENULTNN A1 9 AILFAI AN 1

A a o A o o A = & = A L.
19791 1 ﬂiw’lmmiaﬂ@%El’]Uﬂvl@]ﬁ]’lﬂﬂ’liaﬂ@L‘lJaaﬂLwa@ LR LWALUNAVDINTD IrVIngla

malayana
AriNazane \Waanuuaa (seed kernels) (g) | Laluae (seed meats) (g)
Hexanes 127.8 170.2
Ethyl acetate 144.0 308.9
Methanol 76.1 142.9

lg¥mIamaseuanememssialasaladuasasaialagldinafia 'H-NMR waz
A3IIROUNINNTINNGN 9 1T QNTAIWNISNLEL (anti-inflammatory activity), qn3e%
| TaRNzI59 (cytotoxic activity), U8z qnewaalaTlad-1 (anti-HIV 1RT uaz anti-HIV MC99)
LD wein

Taswamsnagougnanatannd asdulwuadsil

HAMINAROUONDENWMNTSNLEY (anti-inflammatory activity) asugasluansef 2

NAMINARALONDNULTARNISS (cytotoxic activity) aouaasluansef 3

nansnageugnaswidaiarlai-1 @nti-HIV 1RT) dauaasluanaf 4

£ o g . [ ~
NAMINARALONTA UL TaLaT a3-1 (anti-HIV MC99) a3uaasluasnen 5

d £y o .. .. o
A1357191N 2 NANIINARBUENTAIWNITIBNLELY (anti-inflammatory activity) VaI8IIRNARIIL VDI

=S =3 dlq, [~3 A . .
LWRANLUAS LAz LWBLNRAVAINT Irvingia malayana

]1IENG Dose % inhibition
(mg/ear) 15 min 30 min 1h 24 h
Phenylbutazone | - 3 74 58 44 47
Renuae Hexanes 3 100 95 94 100
(seed kernels)
\lawaa Hexanes 3 97 93 88 90
(seed meats)
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2 6

{ £
M1319N 3 NRNIINARDUNNDATULDTRN

LWRA WA LOLNAAVBINT Irvingia malayana

12139 (cytotoxic activity) VavgNIRNAREIUTAILLRAN

§1IRNA P-388 KB COL-2 MCF-7 Lu-1 ASK
wlanwia | Hexanes 7.7 - 17.31 - - -
(seed EtOAc 16.33 - - - - -
kernels) MeOH 1.02 13.27 10.7 - 19.32 11.34
L‘ﬁamﬁﬂ Hexanes - - - - - -
(seed meats) | EtOAc <4 18.1 - - - -

MeOH <4 - 15.6 - 12.44 -

A15197 4 Nﬂﬂﬂiﬂ@ﬁﬂﬂﬂﬂ%ﬁﬂm‘%ﬂLa“ﬁvl,a%-1 (anti-HIV 1RT) sadg13gnanguzadilaen
Wia ez LalEaueie ivingia malayana

]1IRNG %Inhibition Activity
LRanLae Hexanes 42.65 w
(seed kernels) EtOAc 97.91 VA

MeOH 40.55 w
Lf‘:al,&lﬁﬂ Hexanes 13.15 I
(seed meats) EtOAcC 71.93 VA

MeOH 99.76 VA
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¥
gsv )

AN 5 HANINARAUONIFULTaLaT a3-1 (anti-HIV MC99) vasasananenuvadilfan

LWRA R LaLNAAYBINT Irvingia malayana

&IRNA ICso ECs T Activity AZT
WRaniuaa Hexanes 26.70 10.77 2.48 Active | I1Cs>10" EC
(seed 2.58x10"
kernels) T,>3.88

EtOAC 11.42 <7.8 >146 | Active |ICy,>10" EC
4.89x10° T1.2.04

MeOH 1794 | <78 >23 | Active |ICg>10" EC
4.89x10° T,.2.04
Lf‘:al,&lﬁﬂ Hexanes 96.69 16.76 5.77 Active IC50>10_8 ,EC
(seed meats) 2.58x10",
T,>3.88
EtOAc 2627 | <758 >23 | Active |ICg>10" EC
4.89x10°,T1.2.04
MeOH 7823 | 16.63 4.7 Active | 1Cs>10" ,EC

4.89x10° T1.2.04

A13199 6 NANTULENFIITRNARENUVBILLRanNaaTH Ethyl acetate U3u1mh 130 N3
(Column 1)

Crude Ethyl Acetate

Crop A (0.5688 g) Solution B
A1 (1.6216 g)
A2 (2.6722 g)
A3 (1.5456 g)
A4 (3.5281 g)
A5 (23.1090 g)
AB (
AT (
A8 (
A9 (

5.0697 g)
9.1893 g) + Crop (0.7866 g)
5.2485 g) + Crop (0.1463 g)
12.8533 g)

A10 (10.1058 g)
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a Qg v a {
Fraction A7 (crop 0.7866 g) waz A8 (crop 0.1463 g) aﬁmimwﬂmmﬁp’lﬂﬂ 1 v8a 1o
Jiazrlasltinafianis NMR, IR waz Mass spectrometry LLazLﬁUuiaagmnmaﬂmsé”ﬁd’éa

(Phytochemistry 1979, 18, page 506-508) wmfﬁmm%qwﬁiﬁﬁgmimaa‘?wﬁa

OMe

Fraction A5 (23.1090 g) shausndlasls column chromatography wan'be 6 fractions
(B1-B6) (Column 2)

m'l‘ﬂdﬁ' 7 HaN1IyN Fraction A5 (23.1090 g) (Column 2)

A5 (23.1090 g)

B1 B2 B3 B4 B5 B6
0.7257 g 8.2946 g 2.3520 g 1.6855 g 5.1339 g 2.0532 g
+ Crop + Crop + Crop1 + Crop
(0.0356 g) (0.2160 g) (0.0628 g) (0.0325 g)
+ Crop2
(0.3811 g)

v { a Qg { v e
Fraction B4 Crop1 (0.0628 g) uenldasusznauiuignoniigaslaseaieaouans

. o { a £ A \
Fraction B3 Crop (0.2160 g) uanlaansusznaufiviagnd simadrandusslszinnnie
lugw Nilavezsalny ﬁwé’famnaaﬂmda%nagﬂmﬂfmﬂﬁﬂmo NMR L&z

Mass spectrometry
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Fractions A8, A7 L&z A8 (19.5075 g) ¥anTINnw wazvinmsuandilasldinafianig
Tasulasny il (Si0,, Merck 7734, 900 g, column: 5 X 80 cm) laglfdarazasszuuiiia

77 (gradient) I@UL’%&IGT%@”JU 50% CH,Cl,/hexanes wan'bé 10 fractions (C1-C10) (Column 3)

Gl’li’l\‘i"?i 8 Wan1Iuan Combined Fractions A6, A7 A8 (19.5075 g) (Column 3)

Combined Fractions A6, A7 e A8 (19.5075 g)

c1 c2 C3 c4 c5 Ccé c7 cs c9 c10
0.0230g 0.0070g 0.0345g 0.1587g 1.7663g 1.7104g 2.0297g 1.0455 3.9471g 2.0547 g

+ Crop + Crop
(0.0566 (0.1472 g)
9)

o Q v 1 = o
vmsaragauanemenisilalasalall lagld H-NMR was sanseiwizlas

TLC twavihmsuaniiialdansnuiansnilessai1audsqny crop 284 Fractions A7 Uaz A8
Fractions A9 (12.8533 g) vnmsugndlaslfinafianislasanlasniwil (Sio,, Merck 7734,
300 g: 7 x 65 cm) lagldavinarana TN (gradient) lasisuduals 80%

CH,Cl,/hexanes wan'bé 6 fractions (D1-D6) (Column 4)

@15199 9 HaMIULN A9 (12.8533 g) (Column 4)

A9 (12.8533 g)

D1 D2 D3 D4 D5 D6
0.5556 g 0.8494 g 1.9196 g 0.4860 g 1.2423 g 2.4330 g

£ o @

Fraction D3 VL@Tm‘iiJi:ﬂauu%qﬂﬁ mada%isl,u"flzu@auma%aauimoaﬁ“ﬂdmdmﬁ

Fractions C6, C7, C8 ez C9 (8.7327 g) ‘ﬁnmmuﬁ’uLLazﬁﬁmiLwﬂ%ﬂ@ﬁl"ﬁmﬂﬁﬂmd
Tasanlasns @ (Si0, Merck 7734, 300 g: 4 x 70 cm) laglddavinasasszuntiinda
(gradient) I@ﬂﬁuﬁuﬁ’m 4:1 EtOAc/hexanes LLazL‘ﬁu methanol wen 'l 8 fractions (E1-E8)
(Column 5)
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@n‘s'mv“i 10 NanN1ILyN Combined Fractions C6, C7, C8 Lz C9 (8.7327 g) (Column 6)

Combined Fractions C6, C7, C8 waz C9 (8.7327 g)

E1 E2 E3

0.8400g 0.3662g 0.4273 g
+ Crop
(0.0008 g)

E4 E5 E6 E7 ES8
0.8325g 0.0449g 0.8525g 1.3624g 0.6352g
+ Crop

(0.0921

9)

° o o 1 [ °
vnramasauanumenvailalasalat lagld H-NMR uaz anumeinwizlas

{ PN { 9 { a £
TLC Lﬁaﬁ’]mnmmwwﬁalﬁ”l@miﬂizﬂauﬁmqm

Nuluarwn 2 ﬁﬁ'avlaiaugmi ﬁwé’oagluﬁu@amﬁmammﬁaga LRZITONANIINAROU

£ A A o aa a o v
anIeTinn e lWaRuwlwasasmeadamsiusauda i
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a;gﬂwams‘nﬂaaa

o ¢ Ao A6 , A 4 v @ & &

naansvaslassnuidpiludmuiniinodasiumnlszandls laaiuiaud
lolaladluafiduniddanzd naannuidvildgasdanulnilunsltladeiiaud
lolalad 2 ofia léun 2-iodoxybenzoic acid (IBX) iae (diacetoxyiodo)benzene (DIB) 1))
= o aaa Aa A ¢ v €d‘ d' U o Aaaa a o % 1
Stud lwm il jisemaeddunsdsaansinineitasnud jizeneandiagn laun
o aaa a s = dll % 6 a

mahufiseneandietusessistsznavedwieltlumsssanzdansdsnaylueds
mahuiseneandieiinlalasdfsuasasazdmandanwusdwisuaz ldidue i

ﬁ'mhzﬂaﬂaman%uaaﬁaﬂﬁuan%ﬁmaamﬁ LAY LOALNES ANSA ey msé’amswzﬁ

a [ A a o ' M v o a
s13Usznav hiada llwanasUsznavnaadn danadnudaluaruilavin lUaRuwluwinssns

Aa = o ad o @
‘Y]’NLﬂllau'ﬂiiﬂuiz@uu’]u’]ﬁ’]@'ﬂLﬂuaﬁﬂﬂﬁnuqu 4 211
! A A A o o =< & a £ a A
luﬁ'ﬁuqﬂaaﬂﬂLﬂquaﬂﬂﬂﬂqiﬂﬂﬂqaﬂﬂﬂizﬂEI'LWI'NLﬂNLLazqqflﬁqfndﬁj']ﬂqWTa\ﬁWT

. . 0. A Y o [l @ v o <3 v nl a ﬁ
Irvingia malayana Nﬂ%"lﬂﬂ']‘i“f]"l’)"ﬂﬂﬂ\‘lvlwﬁllyiiﬁ m@laamm‘s‘n@aamazmuma;&mwm@u T

ﬂ’]@’hﬁﬁ"lﬁ"ﬁagamuﬁamlﬁa NANITITBUNAZENNITDYN M ARN WL TRITTZALWIUWNTNG L6

LTWLA N

RMU-5180040-311uatiuauy ot

22



naansvaslasesnsisadt

Naé’wﬁﬁvlﬁmﬂimamaﬁ%’ﬂf:ﬁﬁvlﬂg?
1. HRNUARNURIUNTENITZALWWITE 4 2ty laun
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Poster presentation:

Kuhakarn, C.; Chiampanichayakul, S.; Panchan, W.; Pohmakotr, M.; Reutrakul, V.
Jaipetch, T. New Synthetic Applications of o-lodoxybenzoic Acid (IBX) in Organic Synthesis.
The 4" International Conference on Cutting-Edge Organic Chemistry in Asia, Poster
conference, Bangkok, Thailand, 28 November-3 December 2009, Lectureship Award to
visit Japan in 2010.
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Abstract for Japan Lectureship Tour (19-26 October 2010)

Tokyo Institute of Technology, Chiba University,
Nagoya University and Gifu Pharmaceutical University

Synthetic Applications of o-lodoxybezoic Acid (IBX) in Organic Synthesis: Selective
Oxidation Reaction, Amine Oxidation, and Oxidative Hydrolysis of Acetals

Dr. Chutima Kuhakarn
Department of Chemistry and Center for Innovation in Chemistry (PERCH-CIC), Faculty of Science,
Mahidol University, Rama VI Road, Bangkok 10400, Thailand.
E-mail: scckk@mahidol.ac.th

In recent years, hypervalent iodine reagents received popularity in organic chemistry. The
increasing interests of these nonmetallic oxidizing reagents are mainly due to their benign properties,
selectivity, mild reaction conditions, ease of handling, commercial availability or readily prepared
from commercially available starting materials. New synthetic applications of o-iodoxybenzoic acid
(IBX) have been developed including selective oxidation of secondary alcohols, oxidation of amines to
their corresponding nitriles and oxidative hydrolysis of cyclic and acyclic acetals to their
corresponding hydroxyalkyl carboxylic esters and simple esters.

Kuhakarn, C.; Kittigowittana, K.; Pohmakotr, M.; Reutrakul, V. Tetrahedron 2005, 61, 8995-9000.

Kuhakarn, C.; Kittigowittana, K.; Ghabkham, P.; Pohmakotr, M.; Reutrakul, V. Synth. Commun. 2006,
36, 2887-2892.

Chiampanichayakul, S.; Pohmakotr, M.; Reutrakul, V.; Jaipetch, T.; Kuhakarn, C. Synthesis 2008,
2045-2048.

Kuhakarn, C.; Panchan, W.; Chiampanichayakul, S.; Samakkanad, N.; Pohmakotr, M.; Reutrakul, V.;
Jaipetch, T. Synthesis 2009, 929-934.
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Thailand Research Fund

Report on Travel of Mrs. Chutima Kuhakarn

Japan 19-26 October 2010

The Asian CORE Program: Cutting-Edge Organic Chemistry in Asia with 6 member
societies located in China, Korea, Thailand, Taiwan, Singapore and Japan was founded in 2005. The
aim of Asian CORE Program is to create world-class research hubs within the Asian region and to
foster the next generation of leading research by establishing sustainable collaborative relations
among research and educational institutions in Asia. To fulfill this, Conference on Cutting-Edge
Organic Chemistry in Asia was held annually. In the last day of the conference, Lectureship Awards
will be selected from all the lecture and poster presentations. The one-week lecture trip across borders

to the member countries will be partially supported by the funding agencies of each member country.

On the occasion to visit Japan (partially supported by Lectureship Award under the Asian
Core Program from the 4" International Conference on Cutting-Edge Organic Chemistry in Asia,
Bangkok, Thailand, 28 November-3 December 2009), the primary benefits are as follows:

1) Experience in delivering research accomplishment abroad

2) Visit world-class Universities in Japan

3) Exchange research experiences and collaboration

The lecture given in Japan entitled “Synthetic Applications of o-lodoxybenzoic Acid (IBX) in
Organic Synthesis: Selective Oxidation Reaction, Amine Oxidation, and Oxidative Hydrolysis of
Acetals”. Four Universities visited includes Tokyo Institute of Technology, Chiba University, Nagoya

University, Gifu Pharmaceutical University.
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The combination of (diacetoxy)iodobenzene (PhI(OAc);, DIB) and lithium bromide (LiBr) efficiently
oxidized cyclic and acyclic acetals to the corresponding hydroxyalkyl carboxylic esters and simple esters
in good to excellent yields. The merits of this reaction are that it employs commercially available and
non-explosive hypervalent iodine(lll) reagent, water as the solvent, a short reaction time, and mild

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

In recent years, hypervalent iodine reagents have gained pop-
ularity in organic chemistry as reflected by the growing number of
related communications, reports, and reviews.! The increasing in-
terest in these nonmetallic oxidizing reagents is mainly due to their
benign properties, chemoselectivity, mild reaction conditions, ease
of handling, availability, and ready preparation from commercially
available starting materials. In addition to serving as conventional
oxidizing reagents,?> the synthetic utilities of hypervalent iodine
oxidants were employed to promote elegant oxidative trans-
formations in the field of natural product synthesis and new syn-
thetic methodologies due to their potential applications in the
construction of carbon-carbon and carbon-heteroatom bonds.>
Despite their intriguing utility in organic synthesis, broadly
employed pentavalent iodine reagents, for example, Dess—Martin
periodinane (DMP)* and o-iodoxybenzoic acid (IBX) are thermally
unstable and potentially explosive, respectively. As a result, it is
highly desirable to employ the readily available and relatively sta-
ble hypervalent iodine(Ill) reagents in place of iodine(V) reagents.

Hydroxyalkyl carboxylic esters are of particular importance
serving as cross-linking agents for polyesters and fungicides.® Di-
rect conversion of cyclic acetals to their corresponding

* Corresponding author. Tel.: +66 2201 5155; fax: +66 2354 7151.
E-mail address: scckk@mahidol.ac.th (C. Kuhakarn).

0040-4020/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tet.2010.01.098

hydroxyalkyl carboxylic esters can be mediated by a variety of
reagents, which include molecular oxygen-Co(ll),” di-tert-butyl
peroxide,® tert-butyl hydroperoxide in combination with transition
metals,® tert-butyl hydroperoxide-pyridinium dichromate (PDC),'°
tert-butyl hydroperoxide-iodine(Ill) compounds,'! potassium per-
manganate,'? electrochemical oxidation,® ozonolysis,'* electro-
philic halogen,'> m-chloroperbenzoic acid in the presence of 2,2’-
bipyridinium chlorochromate (BPCC) or borontrifluoride ether-
ate,'® sodium perborate in acetic anhydride,'” and oxone.'®

In continuation of our ongoing research interest regarding the
development of new synthetic applications of o-iodoxybenzoic acid
(IBX),”® we have recently disclosed a combined use of IBX and
tetraethylammonium bromide in water for oxidative cleavage of
acetals to their corresponding hydroxyalkyl esters and simple es-
ters.?? Encouraged by these results, we now report a practical and
facile oxidative hydrolysis of cyclic acetals by (diacetox-
y)iodobenzene (PhI(OAc);, DIB) in the presence of lithium bromide
(LiBr) in water at room temperature to afford the corresponding
hydroxyalkyl carboxylic esters (Scheme 1).

A

n=1,2

(0]

Rko/\(\/),? H

PhI(OAc),, LiBr, water, rt

15minto3 h

Scheme 1. DIB mediated oxidative cleavage of acetals.
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2. Results and discussion

To identify suitable reaction conditions, we screened several
reaction parameters using the 1,3-dioxolane 1a derived from 4-
nitrobenzaldehyde as a model substrate and the results are sum-
marized in Table 1. Our previous study prompted us to initially
carry out the reaction in water.?° In the absence of additive and
despite prolonged reaction time (3 h), no reaction took place and
mostly 1a was recovered (entry 1). The addition of bromide salts
such as KBr, NaBr, LiBr, and Et4NBr promoted the reaction to afford
2a in moderate to excellent conversion (entries 2-5); LiBr gave the
best conversion (91%).21723 At this point, we chose LiBr as an ad-
ditive for this reaction and further explored other reaction pa-
rameters. Improved conversion was observed when running the
reaction for 45 min. (99% conversion, entry 6). The type of halide
anion has a significant effect on this conversion and bromide anion
was found indispensable for the conversion of 1a to 2a. Mostly 1a
was recovered when the reaction was conducted in the presence of
either NaCl or Lil (entries 7 and 8). We have also briefly examined
the solvent effect and found that most frequently used organic
solvents gave inferior results (entries 9-13). It is worth noting that
extensive hydrolysis was observed when the reaction was carried
out using molecular bromine as a reagent in the absence of
PhI(OAc),: % conversion; 2a (32%) and 3a (47%). Overall, the opti-
mum conditions comprised carrying out the reaction in water
(0.25M) in the presence of PhI(OAc); (1.25equiv) and LiBr
(0.25 equiv) at room temperature.

In order to demonstrate the scope and the generality of the
present reaction, the oxidative hydrolysis of a variety of acetals was
examined under the optimized reaction conditions. The results are
summarized in Table 2. The reaction was allowed to proceed until
complete consumption of acetal was observed as judged by TLC
monitoring. In general, the reactions went to completion within
15 min providing the corresponding hydroxyalkyl carboxylic esters
in moderate to excellent yields (46-94%). Among the substrates
tested, the nitro-substituted aromatic dioxolanes and dioxanes
underwent oxidative hydrolysis at slower rate therefore this re-
quired longer reaction times (45-180 min) or excess amounts of
reagents (entries 1-4). It is worth noting that the oxidative

Table 1
Optimization of reagents and reaction conditions for the conversion of 1a to 2a*

03 o
yo PhI(OAc), ﬁowoj /©/C HO
O,N O,N O,N
la 2a 3a
Entry Additive Solvent Time (min) Conversion (%)°
2a 3a
1 None H,0 120 0 0
2 KBr H,0 30 70 0
3 NaBr H,0 30 46 1
4 LiBr H,0 30 91 1
5 Et4NBr H,0 30 82 3
6 LiBr H,0 45 99 1
7 Nacl H,0 45 0 0
8 Lil H,0 45 4 3
9 LiBr CH,(Cl, 60 78¢ 0
10 LiBr CH3CN 60 51¢ 0
1 LiBr THF 60 e 0
12 LiBr Acetone 60 82 2
13 LiBr CH30H 60 13 0

@ Reagents and conditions: 1a (0.5 mmol), PhI(OAc), (1.25equiv), additive
(0.25 equiv), solvent (2 mL), room temperature.

b Calculated from 'H NMR (300 MHz) integration.

¢ Diester and bromoalkyl carboxylic ester were obtained as by-products.

4 Complex mixture.

Table 2
Oxidation of acetals with PhI(OAc),/LiBr in water®
o) PhI(OAC),, LiB i
c)y, LiBr
J\S n R)ko/\M‘no H
R™ O water, rt
1 2
Entry  Acetal R= n  Time (min) 2 Yield® (%)
1 1a 4-0,NCgHag 1 45 2a 85
2 1b 2 45 2b 76
3¢ 1c 2-0,NCgHy 1 120 2c 82
4 1d 2 180 2d 81
5 1e 4-BrCgH, 1 15 2e 94
6 1f 2 15 2f 81
7 1g 3-CICsHa 1 15 2g 79
8 1h 2 15 2h 80
9 1i 4-FCgHy4 1 15 2i 46
10 1j 2 15 2j 90
11 1k 4-CH3CgHa 1 15 2k 46
12 11 2 15 21 86
13 1m CgHsCH, 1 15 2m 70
14 1n 2 15 2n 80
15 10 n-CsHyq 1 15 20 84
16 1p 2 15 2p 90
17 1q n-CeHis 1 15 2q 92
18 r 2 15 2r 90
19 1s n-CgHi7 1 15 2s 87
20 1t 2 15 2t 92
21 1u n-Cy3Ha7 1 15 2u 72
22 1v 2 15 2v 85
23 1w Cyclohexyl 1 15 2w 81
24 1x 2 15 2x 71
25 1y Ph(CHs)CH 1 15 2y 83
26 1z 2 15 2z 79
27 4a¢ 15 5a 67
28 4p¢ 15 5b 65

2 Reagents and conditions: acetal (0.5 mmol), PhI(OAc), (1.25equiv), LiBr
(0.25 equiv), H,0 (2 mL), room temperature.

b Isolated yields after purification by column chromatography.

¢ The reaction employed PhI(OAc), (1.5 equiv) and LiBr (0.5 equiv).

4 Phenylacetaldehyde dimethyl acetal (4a); 2-phenylpropanal dimethyl acetal
(4b); methyl phenylacetate (5a); methyl 2-phenylpropanoate (5b).

hydrolysis of 1b and 1d under our previously established condi-
tions (IBX (1.1 equiv)/EtsNBr (0.5 equiv)/H,0/65 °C) gave inferior
results; 2b was isolated in 50% yield after 3 h and no reaction in
case of 1d.?° Oxidation of cyclic acetals derived from bromo-,
chloro-, fluoro-, and methyl-substituted aromatic dioxolanes and
dioxanes gave the corresponding esters in moderate to excellent
yields (entries 5-12). Furthermore, cyclic acetals derived from ali-
phatic aldehydes generally afforded the corresponding esters in
good yields (entries 13-22). High yields were also obtained with
the cyclic acetals derived from a-disubstituted aldehydes (entries
23-26). Finally, the oxidative hydrolysis of acyclic dialkyl acetals 4a
and 4b proceeded readily, affording the corresponding simple es-
ters 5a and 5b in moderate yields (entries 27 and 28).

Under similar reaction conditions, the reaction of un-
symmetrical cyclic acetals was also briefly examined. It was found
that the reaction proceeded readily but without selectivity. After
chromatographic purification, a mixture of inseparable isomeric
hydroxyalkyl carboxylic esters and an over-oxidized keto-ester
were isolated. The results are summarized in Table 3.

While no detailed mechanistic studies have been carried out for
an explanation of the reaction mechanism, a probable mechanistic
pathway was assumed based on the experimental results and lit-
erature precedents on similar acetal cleavage and PhI(OAc),/bro-
mide anion mediated reactions.”?? Displacement of the acetate
ligand of PhI(OAc); with bromide anion gave reactive intermediate
6. The intermediate 6 reacted with acetal 1 through an electron
transfer process, furnishing stabilized acetal carbocation 7.
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Table 3
Oxidation of unsymmetrical acetals with PhI(OAc),/LiBr in water

Entry Acetal; Ar=  Yield?® (%)

(o}

0 DL o A ow o
Al /g? Ar)kojv Ar o/\r o/\f

e 4-0,NCgH,

85 (1:1.5) 12

2¢ 2-0,NCgHs 81 (2:1) 7

2 Isolated yields after purification by column chromatography.
b The reaction employed PhI(OAc), (1.25 equiv) and LiBr (0.25 equiv) for 45 min.
¢ The reaction employed PhI(OAc), (1.5 equiv) and LiBr (0.5 equiv) for 90 min.

Nucleophilic attack by water, leading to hemiorthoester 8, followed
by ring opening eventually gave hydroxyalkyl carboxylic ester 2
(Scheme 2).

LiBr

Br
PhIOAC), ——=  ph—I,

OA
6 c

®
o) Br o HO O
/U)” fenml —— A (LN 6 ﬂ(v)OH
R 0 OAc R o
1

6 7 2

+ AcOLi

Scheme 2. Proposed mechanistic pathway for PhI(OAc),/LiBr mediated oxidative
hydrolysis of acetals.

An alternative mechanism includes formation of hemiacetal 9
and the reactive intermediate 6 under the reaction conditions.
Displacement of the polarized bromine atom of 6 by the hydroxyl
group at the hemiacetal carbon provided intermediate 10, which
readily decomposed with the elimination of iodobenzene and
acetic acid to give hydroxyalkyl carboxylic ester 2 (Scheme 3).
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6
OH
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Scheme 3. Alternative mechanistic pathway for PhI(OAc),/LiBr mediated oxidative
hydrolysis of acetals.

3. Conclusion

In summary, we have demonstrated the facile aqueous oxidative
hydrolysis of acetal 1 to hydroxyalkyl carboxylic esters 2 using
a combination of environmentally benign (diacetoxy)iodobenzene
(PhI(OAc),, DIB) as oxidant and LiBr. The present system showed
broad generality, tolerating a range of substrate structures. In
comparison with our previously reported procedure, the apparent
merits of the present protocol include use of a commercially
available and non-explosive reagent, superior efficiency, mild re-
action conditions (room temperature), and short reaction time.

4. Experimental
4.1. General

Reagents were obtained from commercial suppliers and used
without prior purification. Analytical thin layer chromatography
(TLC) plates were purchased from Merck (silica gel 60 F;54). Column
chromatography was carried out using silica gel 60 (0.063-
0.200 mm). Known compounds were characterized by 'H and 3C

NMR, IR, and mass spectroscopy, and their spectroscopic data were
identical to those previously reported in the literature; (2a),%* (2b,
2e, 2g-2j, 2m, 2n, 2s-2v, 2y, 2z, 5b)%° (2¢),%> (2f),”® (2k)°16P
(21),'%" (2w),?> (5a).2% All new compounds were characterized by
'H and ¥C NMR, IR, and high-resolution mass spectroscopy. 'H
NMR and '3C spectra were recorded on a Bruker DPX-300 and
Bruker Avance 500 spectrometers. Infrared spectra were recorded
on a Perkin Elmer GX FT-IR System spectrometer. High-resolution
mass spectra (HRMS) were determined using Bruker micro TOF
spectrometer.

4.2. General procedure for the synthesis of hydroxyalkyl
carboxylic esters 2

PhI(OAc); (0.625 mmol, 201.3 mg) was added to a suspension of
acetal (0.5 mmol) and LiBr (10.7 mg, 0.25 mmol) in water (2 mL)
and the reaction mixture was vigorously stirred at room tempera-
ture for a given time as shown in Table 3. Upon completion of the
reaction (TLC monitoring), the reaction mixture was quenched by
addition of saturated aqueous sodium thiosulfate (5 mL), basified
with saturated aqueous sodium hydrogen carbonate (5 mL),
followed by stirring, and extracted with EtOAc (3x5 mL). The
combined organic extracts were washed with water (10 mL), brine
(10 mL), dried (MgS0g), filtered, and concentrated (rotary evapo-
rator). The residue was purified by column chromatography (silica
gel) to furnish the analytically pure product.

4.2.1. 3-Hydroxypropyl 2-nitrobenzoate (2d). Compound 1d
(104.5 mg, 0.5 mmol). Column chromatography (silica gel,
13x2 cm; hexanes-EtOAc, 4:1 to 1:1) gave the title compound.
Yield: 91.2 mg (81%); yellow liquid; R=0.15 (hexanes-EtOAc, 3:2).
IR (neat, cm™): vmax 3419, O-H; 1732, C=0. 'H NMR (300 MHz,
CDCl3): 6 7.90 (dd, J=7.4, 1.8 Hz, 1H), 7.76 (dd, J=7.4, 1.8 Hz, 1H),
7.74-7.59 (m, 2H), 4.49 (t, J=6.1 Hz, 2H), 3.75 (td, J=6.1, 5.4 Hz, 2H),
2.11 (t, J=5.4 Hz, 1H), 1.98 (quin, J=6.1 Hz, 2H). '*C NMR (75 MHz,
CDCl3): 6 170.9, 165.3, 132.9, 131.8, 129.9, 127.5, 123.9, 63.0, 60.8,
27.7. HRMS (ESI-TOF) calcd for C10H11NOsNa [(M+Na)*]: 248.0535;
found: 248.0564.

4.2.2. 2-Hydroxyethyl hexanoate (20). Compound 1o (72.0 mg,
0.5 mmol). Column chromatography (silica gel, 13x2 cm; hexanes—
EtOAc, 9:1 to 7:3) gave the title compound. Yield: 67.2 mg (84%);
colorless liquid; R=0.30 (hexanes-EtOAc, 7:3). IR (neat, cm™ 1Y: vimax
3417, O-H; 1736, C=0. 'H NMR (300 MHz, CDCl3): 6 4.20 (t,
J=4.7Hz, 2H), 3.82 (t, J=4.7 Hz, 2H), 3.71-2.92 (br, 1H), 2.34
(t,J=7.5 Hz, 2H), 1.64 (quin, J=7.5 Hz, 2H), 1.38-1.25 (m, 4H), 0.89 (t,
J=6.8 Hz, 3H). 13C NMR (75 MHz, CDCl3): ¢ 174.3, 65.8, 61.1, 34.1,
31.2, 245, 22.2, 13.8. HRMS (ESI-TOF) calcd for CgHigO3Na
[(M+Na)*]: 183.0997; found: 183.1008.

4.2.3. 3-Hydroxypropyl hexanoate (2p). Compound 1p (79.0 mg,
0.5 mmol). Column chromatography (silica gel, 13x2 cm; hexanes-
EtOAc, 9:1 to 7:3) gave the title compound. Yield: 78.3 mg (90%);
pale yellow liquid; R=0.23 (hexanes-EtOAc, 7:3). IR (neat, cm 1)
ymax 3418, O-H; 1738, C=0. 'H NMR (300 MHz, CDCl3): ¢ 4.21
(t, J=6.2 Hz, 2H), 3.67 (t, J=6.2 Hz, 2H), 2.49 (br s, 1H), 2.30 (t,
J=7.5Hz, 2H), 1.85 (quin, J=6.2 Hz, 2H), 1.61 (quin, J=7.5 Hz, 2H),
1.40-1.15 (m, 4H), 0.88 (t, J=6.8 Hz, 3H). 13C NMR (75 MHz, CDCl3):
0 174.2, 61.1, 59.0, 34.1, 31.6, 31.1, 24.5, 22.1, 13.7. HRMS (ESI-TOF)
calcd for CgHygO3Na [(M+Na)*]: 197.1154; found: 197.1146.

4.2.4. 2-Hydroxyethyl heptanoate (2q). Compound 1q (79.0 mg,
0.5 mmol). Column chromatography (silica gel, 13x2 cm; hexanes—
EtOAc, 9:1 to 7:3) gave the title compound. Yield: 80.1 mg (92%);
colorless liquid; R=0.33 (hexanes-EtOAc, 7:3). IR (neat, cm™1): vmax
3423, 0-H; 1738, C=0. 'H NMR (300 MHz, CDCl3): ¢ 4.14
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(t, J=4.5 Hz, 2H), 3.75 (t, J=4.5 Hz, 2H), 2.28 (t, J=7.2 Hz, 2H), 2.05
(br s, 1H), 1.54 (quin, J=7.2 Hz, 2H), 1.38-1.21 (m, 6H), 0.80
(t,J=6.7 Hz, 3H). 3C NMR (125 MHz, CDCl3): 6 174.2, 65.8, 61.2, 341,
314, 28.7, 24.8, 22.4, 13.9. HRMS (ESI-TOF) calcd for CoH1g03Na
[(M+Na)*]: 197.1154; found: 197.1142.

4.2.5. 3-Hydroxypropyl heptanoate (2r). Compound 1r (86.0 mg,
0.5 mmol). Column chromatography (silica gel, 13x2 cm; hexanes—
EtOAc, 9:1 to 7:3) gave the title compound. Yield: 84.6 mg (90%);
pale yellow liquid; R=0.33 (hexanes-EtOAc, 7:3). IR (neat, cm™):
Vmax 3419, O-H; 1738, C=0. 'H NMR (500 MHz, CDCl3): ¢ 4.23
(t, J=6.1 Hz, 2H), 3.69 (t, J=6.1 Hz, 2H), 2.44 (br s, 1H), 2.32 (t,
J=7.5Hz, 2H), 1.87 (quin, J=6.1 Hz, 2H), 1.62 (quin, J=7.5 Hz, 2H),
1.33-1.27 (m, 6H), 0.89 (t, J=6.9 Hz, 3H). 3C NMR (125 MHz, CDCl3):
0 174.3, 61.1, 59.0, 34.2, 31.7, 31.3, 28.7, 24.8, 22.4,13.9. HRMS (ESI-
TOF) calcd for C1gH003Na [(M+Na)™]: 189.1493; found: 189.1486.

4.2.6. 2-Hydroxyethyl cyclohexanecarboxylate (2w). Compound 1w
(78.1 mg, 0.5 mmol). Column chromatography (silica gel, 13x2 cm;
hexanes-EtOAc, 9:1 to 3:2) gave the title compound. Yield: 69.7 mg
(81%); colorless liquid; Re=0.30 (hexanes-EtOAc, 7:3). IR (neat,
cm™1): vmax 3443, 0-H; 1732, C=0. 'H NMR (500 MHz, CDCl3):
64.23-4.18 (m, 2H), 3.82 (t,J=4.5 Hz, 2H), 2.35 (tt, J=11.4, 3.6 Hz, 1H),
2.28 (br's, 1H), 1.96-1.88 (m, 2H), 1.81-1.73 (m, 2H), 1.69-1.61 (m,
1H),1.52-1.40 (m, 2H),1.35-1.18 (m, 3H). 3C NMR (125 MHz, CDCls):
6 176.5, 65.8, 61.3, 43.1, 28.9 (2C), 25.6, 25.3 (2C). HRMS (ESI-TOF)
calcd for CgH1603Na [(M+Na)™]: 195.0992; found: 195.1002.

4.2.7. 3-Hydroxypropy! cyclohexanecarboxylate (2x). Compound 1x
(85.0 mg, 0.5 mmol). Column chromatography (silica gel, 13x2 cm;
hexanes-EtOAc, 9:1 to 3:2) gave the title compound. Yield: 66.1 mg
(71%); colorless liquid; R=0.28 (hexanes-EtOAc, 7:3). IR (neat,
cm™1): ymax 3419, O-H; 1732, C=0. 'H NMR (300 MHz, CDCl5):
04.23 (t,J=6.1 Hz, 2H), 3.68 (t,J=6.1 Hz, 2H), 2.31 (tt, J=11.2, 3.7 Hz,
1H), 2.13 (br s, 1H), 1.98-1.82 (m, 4H), 1.82-1.70 (m, 2H), 1.70-1.60
(br, 1H), 1.54-1.13 (m, 5H). 1*C NMR (75 MHz, CDCl3): 6 176.6, 61.0,
59.1, 43.2, 31.8, 29.0 (2C), 25.7, 25.4 (2C). HRMS (ESI-TOF) calcd for
C10H1803Na [(M+Na)™]: 209.1154; found: 209.1180.
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PhI(OAc),/KI-Mediated Reaction of Aryl Sulfinates with Alkenes, Alkynes,
and a,p-Unsaturated Carbonyl Compounds: Synthesis of Vinyl Sulfones and
p-Iodovinyl Sulfones
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(Diacetoxyiodo)benzene [PhI(OAc),, DIB] was able to pro-
mote the reaction of sodium aryl sulfinate and potassium
iodide (KI) with alkenes and alkynes to afford the corre-
sponding vinyl sulfones and B-iodovinyl sulfones, respec-

tively, in good yields. The salient features of this reaction are
that it employs a commercially available and environmen-
tally benign hypervalent iodine(Ill) reagent, a one-step reac-
tion, a short reaction time, and mild reaction conditions.

Introduction

Vinyl sulfones are important units in organic synthesis
due to the chemical versatility of the sulfonyl moiety.! The
sulfonyl group, similar to the carbonyl group, has an activa-
ting effect to the adjacent double bonds or triple bonds,
which enables these compounds to serve as Michael ac-
ceptors?l and electron-deficient ene partners?®! in cycload-
dition reactions. Vinyl sulfone containing molecules have
been shown to exhibit important biological activities; for
example, cysteine protease inhibitors, HIV-1 inhibitors,!
and inhibitors of a transpeptidase required for cell wall pro-
tein anchoring and virulence in Staphylococcus aureus.[®! In
addition, the sulfonyl group can be exchanged by hydrogen,
an alkyl group, a hydroxy group, a carbonyl group, or a
nucleophile, and it is also susceptible to B-elimination and
sulfur dioxide extrusion, allowing the sulfonyl group to
function as a temporary activating functional group.”l A
number of synthetic routes are available toward the synthe-
sis of vinyl sulfones including: a two-step method involving
B-elimination of and sulfur oxidation or vice versa,®l ad-
dition of PhSO,X (X = 1, CI, SePh, ONO,, HgCl, etc.) to
alkenes followed by B-elimination,! addition of PhSO,X
(X =1, Cl, etc.) to alkynes,'” Horner—Wadsworth—-Em-
mons reaction of carbonyl compounds and sulfonyl phos-
phoranes,[''l hydrozirconation reaction of acetylenic sul-
fones,['?l hydrozirconation of terminal alkynes followed by
reaction with sulfonyl chloride,'3] hydrotelluration of
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acetylenic sulfones,['¥ selenosulfonation to alkynes,!'>] nu-
cleophilic addition to I-phenylseleno-2-(arenesulfonyl)-
ethyne,l'® addition of sodium benzenesulfinate to alkynyl-
selenonium salts,[!” displacement of B-bromostyrene deriv-
atives with sodium arenesulfinate,'8! reaction of alkenyltri-
phenylbismuthonium tetrafluoroborates with aryl sulfin-
ate,!'] reaction of B-haloalkenylphenyliodonium salts with
sodium benzenesulfinate,?”! palladium-catalyzed reac-
tions,?!1 copper-catalyzed reactions,*?! cross-metathesis re-
actions,>’] carbomagnesiation of acetylenic sulfones,** and
reaction of 1,2-dibromoalkanes with sulfinic acid sodium
salts.?! Considering the importance of vinyl sulfones both
as reactive synthons and as biologically active moieties in
vinyl sulfone containing compounds, it is still of high inter-
est to develop simple and efficient methods for the synthesis
of vinyl sulfones.

During the past two decades, the versatility of hyperval-
ent iodine reagents in organic synthesis is well recognized
owing to their mild, highly selective, and environmentally
benign properties for effecting a number of oxidative trans-
formations.”®! Currently, both iodine(V) and iodine(III)
reagents are widely used in organic synthesis. Despite their
intriguing synthetic applications, widely used iodine(V) rea-
gents are potentially explosive. As a result, iodine(III) rea-
gents have received much more attention and have found
broad application in organic synthesis.?”! One of the most
important and commercially available iodine(IIT) reagents
is (diacetoxyiodo)benzene [PhI(OAc),], which has several
commonly used abbreviations, such as BAIB, DIB, PIDA,
IBD, or IBDA. It is easy to handle, nontoxic, commercially
available, and comparable in reactivity to heavy metal con-
taining reagents. The synthetic utilities of PhI(OAc), as an
efficient oxidizing agent have been demonstrated by several
groups.”®! The combination of PhI(OAc), with halide salts
has been reported for electrophilic halogenations of sub-
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strates, particularly olefins, followed by nucleophilic-as-
sisted halonium ion ring opening.>}

Results and Discussion

As a part of our ongoing research on the chemistry of
hypervalent iodine reagents,*! we herein describe our work
on the development of a vinyl sulfone protocol by PhI-
(OAc),/KI-mediated reaction of aryl sulfinates with alkenes
and alkynes. Our experiment was first conducted by using
styrene and sodium p-toluenesulfinate as model substrates
to search for optimum reaction conditions (Table 1).

The reaction was initially carried out in water by using
PhI(OAc), (2.2 equiv.) and Et4NI (1 equiv.) as an additive
and sodium p-toluenesulfinate (4 equiv.; Table 1, Entry 1).
A facile reaction took place within 30 min to yield B-iodo-
sulfone 3a and expected o,B-unsaturated sulfone 2a in a ra-
tio of 19:1. Higher conversion to a,B-unsaturated sulfone
2a was observed when the reaction time was extended from
0.5 to 3 h (Table 1, Entry 2). The reactions conducted in
aqueous CH;CN, aqueous THF, and CH;OH gave compar-
able results, and a mixture of 2a and 3a was obtained
(Table 1, Entries 3-5). Gratifying, when EtOAc was em-
ployed as the solvent, 2a was obtained as the major product
(2a/3a = 2:1). Among organic solvents screened, CH;CN
gave the best result (Table 1, Entries 7-10), yielding 2a in
90% yield after chromatographic purification (Table 1, En-
try 10). A slightly lower yield was observed when the reac-
tion was carried out with a shorter reaction time or with a
decrease in the loading of PhI(OAc), from 2.2 to 1.1 equiv.
(Table 1, Entries 11 and 12). Decreasing the stoichiometry
of sodium p-toluenesulfinate led to a dramatic decrease in
the reaction yield (Table 1, Entry 13). An excellent yield of

Table 1. Optimization of reaction conditions.?!

2a was observed when the amount of PhI(OAc), employed
was as low as 1.5 equiv., however, with a prolonged reaction
time (Table 1, Entry 14 vs. 10).

Having established the most efficient reaction conditions
(Table 1, Entry 14), we next investigated the efficiency of
some hypervalent iodine reagents and types of additives,
and the results are listed in Table 2. When using Et,NI as

Table 2. Optimization of hypervalent iodine reagents and addi-

tives.[4l
A
pToISOsNa ©/\/
©/\ hypervalent iodine 2a
additive, CHsCN, r.t., 1 h |
1a ©)\/80sz01

SO,pTol

3a
Entry  Hypervalent iodine  Additive Ratio®  Yield of 2al
2a/3a [%]
1 PhI(OAc), Et,NI 911l
2 IBX EtyNI 621
3 PhI(OCOCFs), Et,NI 13
4 PhI(OAc), Bu,NI 8gldl
5 PhI(OAc), Lil 21
6 PhI(OAc), Nal 4:1
7 PhI(OAc), KI 854

[a] All reactions were performed by using styrene (0.5 mmol), pTol-
SO,Na (4 equiv.), hypervalent iodine reagent (1.5 equiv.), and addi-
tive (1 equiv.) in CH3CN at room temperature for 1 h. [b] Product
ratios were calculated from integration of the signals in the 'H
NMR (300 MHz) spectrum of the crude product. [c] Isolated yields
after chromatographic purification. [d] The formation of 3a was
not observed by 'H NMR (300 MHz) spectroscopic analysis of the
crude products.

|
X _-S0opTol SO,pTol
X
©/\ + pTolSO;Na — ©/\/ +
2a 3a

1a

Entry PhI(OAc), pTolSO,Na Solvent Time Ratiol® Yield of 2al!

[equiv.] [equiv.] [h] 2al3a [%o]
1 2.2 4 H,O 0.5 1:19
2 2.2 4 H,O 3 1:7
3 2.2 4 H,O/CH;CN (1:3) 0.5 2:5
4 2.2 4 H,O/THF (1:3) 0.5 2:3
5 2.2 4 CH;0H 0.5 1:3
6 2.2 4 EtOAc 3 2:1
7 2.2 4 DMSO 0.5 641
8 2.2 4 CHCL, 0.5 601
9 22 4 CH,Cl, 5 581l
10 2.2 4 CH;CN 0.5 901l
11 2.2 4 CH;CN 0.25 80l
12 1.1 4 CH;CN 0.5 79l
13 2.2 2 CH;CN 0.5 330l
14 1.5 4 CH;CN 1 91

[a] All reactions were performed by using styrene (0.5 mmol) and Et,NI (1 equiv.) at room temperature. [b] Product ratios were calculated
from integration of the signals in the '"H NMR (300 MHz) spectrum of the crude product. [c] Isolated yield after chromatographic
purification. [d] The formation of 3a was not observed by 'H NMR (300 MHz) spectroscopic analysis of the crude products.
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an additive, the iodine(V) reagent IBX gave inferior results
(Table 2, Entry 2) and the reaction conversion was lowered
dramatically by utilizing PhI(OCOCF3), (Table 2, Entry 3).
Among the hypervalent iodine reagents tested, and on the
basis of both efficiency and availability of hypervalent io-
dine compounds, PhI(OAc), was chosen as the oxidant for
this reaction. The effect of additives was also briefly investi-
gated. Even though tetraalkylammonium iodide salts gave
excellent yields of vinyl sulfone 2a, their highly hygroscopic
nature was a major drawback (Table 2, Entries 1 and 4).
The ease of handling the alkali metal iodides prompted us
to examine their reactivity (Table 2, Entries 5-7). Both Lil
and Nal gave a mixture of 2a and 3a as can be seen from
the "TH NMR spectrum of the crude product. To our de-
light, KI gave comparable results to those obtained by using
tetraalkylammonium iodide salts as additives (Table 2, En-
try 7).

On the basis of the results shown in Table 2 (Entry 7),
the optimized reaction conditions were chosen for further
exploration of the substrate scope and the arenesulfinate
sodium salts of this reaction.?? It was found that most sty-
rene derivatives underwent the reaction to provide the cor-
responding vinyl sulfones in good yields (Table 3). p-Tolu-
enesulfinate and benzenesulfinate sodium salts worked
equally well in this reaction. Moderate yields were observed
for electron-releasing-substituted styrene (Table 3, Entries 6
and 13).

Table 3. Oxidative sulfonylation of styrene derivatives.[l

RN PhI{OAc),, ArSOoNa R/\/sozAr
KlI, CH3CN, r.t., 1 h
1 2
Entry R Substrate Ar Product  Yield [%]®!
1 C¢Hs 1a pTol 2a 85
2 4-BrCqHy 1b pTol 2b 88
3 4-CICH, 1e pTol 2¢ 86
4 2-CIC¢H, 1d pTol 2 77
5 4-CH;C¢H, le pTol 2e 67
6 4-CH;OC¢H, 1f pTol oA 48
7 4-CH;0COC,H, 1g pTol 2 80
8 CeHs 1a Ph 2aa 90
9 4-BrCqHy 1b Ph 2bb 87
10 4-CIC¢H, 1c Ph 2cc 88
11 2-CICH, 1d Ph 2dd 82
12 4-CH,CH, le Ph 2ee 82
13 4-CH,0CH, 1f Ph 2f 55
14 4-CH;0COC H, 1g Ph 29 84

[a] All reactions were performed by using the substrate (0.5 mmol),
pTolSO,Na or PhSO,Na (4 equiv.), PhI(OAc), (1.5 equiv.), and KI
(1 equiv.) in CH3CN at room temperature for 1 h. [b] Isolated yield.

The sulfonylation of aliphatic alkenes as well as cyclic
alkenes was also investigated, and the results are summa-
rized in Table 4. Under standard reaction conditions, ali-
phatic alkenes and cyclic alkenes afforded mixtures of vinyl
sulfones and B-iodosulfones as observed by analysis of the
'H NMR spectra of the crude products. Vinyl sulfones
could be obtained by treatment of the crude mixtures with
DBU in CH5CN at room temperature for 30 min. A variety
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of aliphatic alkenes including those containing an oxygen
atom (Table 4, Entries 1-3), a bromine atom (Table 4, En-
tries 4 and 5), an aldehyde function (Table 4, Entry 6), and
a 1,3-dioxane moiety (Table 4, Entry 7) gave the corre-
sponding products in good yields (70-89%). Allyl phenyl
ether and allylbenzene derivatives yielded products derived
from double bond isomerization as major products
(Table 4, Entries 1, 8, and 9). It is also worth noting that
allylsulfone 2h was obtained as a cis alkene, whose sterco-
chemistry was assigned on the basis of its spectroscopic

Table 4. Oxidative sulfonylation of aliphatic alkenes and cyclic
alkene.[?

[a] Reagents and conditions: 1) Alkene (0.5 mmol), pTolSO,Na
(4 equiv.), PhI(OAc), (1.5equiv.), KI (1 equiv.), CH3CN, room
temp., 1 h; 2) DBU, CH;CN, room temp., 30 min. [b] Isolated yield
after two steps.
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data (NOE experiments).*3! Finally, cyclic vinylsulfone 2q
could also be prepared in moderate yield (56 %) from cyclo-
hexene.

The methodology works equally well with alkynes
(Table 5). The optimized reaction conditions were applied
to the reaction of arylacetylenes possessing substituents
with different electronic properties on the phenyl rings
(Table 5, Entries 1-4) and 1-octyne (Table 5, Entry 5). Fac-
ile reactions occurred, giving rise to the corresponding B-
iodovinyl sulfones in high yields, each as a single geometri-
cal isomer. On the basis of the spectroscopic data of the j-
iodovinyl sulfone derived from 1-octyne (NOE experi-
ments), the iodine atom was confirmed to be anti to the
sulfonyl group. The stereochemistry of compounds 6a—d
was then assigned on the basis of that of 6e.

Table 5. Sulfonylation of alkynes.[!

PhI{OAc),, pTolSOzNa

R
| )\/ SOypTol

R—
KI, CHyCN, 1.t 1 h
5 6
Entry R Substrate  Product Yield [%o]®!
1 C.Hs 5a 6a 81
2 4-CH,C H, 5b 6b 86
3 4-CH,OCH, 5¢ 6¢ 77
4 4-NO,CH, 5d 6d 77
5 CH4(CH,)s 5e 6e 64

[a] All reactions were performed by using the substrate (0.5 mmol),
pTolSO,Na (4 equiv.), PhI(OAc), (1.5 equiv.), and KI (1 equiv.) in
CH;CN at room temperature for 1 h. [b] Isolated yields.

Finally, oxidative B-sulfonylation of a,f-unsaturated car-
bonyl derivatives was investigated, and the results are sum-
marized in Table 6. We found that the optimized conditions
prove to be suitable for a range of alkyl ester derivatives,
and these reactions went smoothly to provide the B-tolu-
enesulfonyl-o,B-unsaturated esters in good yields (62-81%
yield; Table 6, Entries 1-4). A low yield (33%) was observed
with acrylonitrile (Table 6, Entry 5). However, methacry-
lonitrile afforded a mixture of two possible geometrical iso-
mers, which could be separated by column chromatography
[8fa(E)/8fb(Z) = 3:1] in good yields (Table 6, Entry 6). Allyl
methacrylate reacted solely at the electron deficient alkene
moiety to give the corresponding product 8g in moderate
yield (59 %; Table 6, Entry 7). Acrylic acid gave no identifi-
able product (Table 6, Entry 8).

A probable mechanism for the formation of vinyl sul-
fones is outlined in Scheme 1. DIB promotes the oxidation
of the iodide anion, yielding acetylhypoiodite (A) as a puta-
tive intermediate. Subsequent reaction of A with aryl sulfin-
ate gives arylsulfonyl iodide (B), which readily mediates
iodosulfonylation of the alkene.*!l Spontaneous elimination
of HI then takes place when the R group is an aryl or con-
jugated functional group. Aliphatic alkenes require a two-
step reaction involving B-iodosulfonylation followed by
base-induced dehydroiodination. To support our proposed
mechanistic pathway, NMR spectroscopic experiments were
5636
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Table 6. Oxidative B-sulfonylation of o,B-unsaturated carbonyl de-
rivatives and acrylonitrile compounds. @l

[a] All reactions were performed by using the substrate (0.5 mmol),
pTolSO;Na (4 equiv.), PhI(OAc), (1.5 equiv.), and KI (I equiv.) in
CH;CN at room temperature for 1 h. [b] Isolated yields.

performed. When a 1:1 mixture of DIB/KI in CDCl; was
examined by '"H NMR spectroscopy, a new peak at 6 =
2.10 ppm (s) gradually appeared and replaced the acetyl sig-
nal of DIB at 6 = 2.02 ppm (s). The new singlet at 6 =
2.10 ppm was assigned to acetylhypoiodite (AcOI).4

KI
PhI(OAC), H3CJ\O/I
—Phl A
—AcOK
ArSO,Na
o
Q g
Ar=S—I + HyC” “ONa
o
B
|
R B ghosoa L somr
—HI

Scheme 1. Plausible mechanistic pathway.
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Finally, to probe the efficiency and generality of the pres-
ent method against those previously reported utilizing reac-
tive arenesulfonyl iodides prepared in situ by oxidation of
the arenesulfinate sodium salts with oxidizing agents, com-
parative studies were conducted. By following the method
described by Nair et al. employing CAN as an oxidant, it
was found that o,B-unsaturated carbonyl derivatives were
not suitable substrates and vinyl sulfones 8a and 8c were
obtained in 17 and 40 % yield, respectively.l®d The efficiency
of the reaction dramatically depends on the type of solvent
when molecular iodine was employed as the oxidizing rea-
gent. Acetone gave poor results, which is in good agreement
with those described by Julia and co-workers.’®! When ace-
tonitrile was used as the solvent by employing pTolSO,Na
(4 equiv.) and I, (1.5 equiv.) at room temperature for 1 h,
styrene derivatives gave B-iodosulfones as major products
along with vinyl sulfones, whereas the reactions of aliphatic
alkenes did not work well and led to recovery of starting
materials in 61-90% yield. In contrast to that reported by
Yus, the reactions of 1a, 1k, and 7a performed in dichloro-
methane by using pTolSO,Na (4 equiv.) and 1, (1.5 equiv.)
at room temperature for 1 h gave the corresponding B-iodo-
sulfones exclusively in good yields. However, an additional
elimination step mediated by base is required to obtain the
vinyl sulfones.

Conclusions

In conclusion, we have demonstrated the synthetic appli-
cation of (diacetoxyiodo)benzene (DIB)/KI to promote the
reaction of sodium arenesulfinates with alkenes and al-
kynes. The method is simple and be conducted in one pot
under non-anhydrous conditions and tolerates a variety of
functional groups. The results, in many aspects, are superior
to those previously reported. In view of the experimental
simplicity and the mild reaction conditions, the present
method is an important alternative to existing methods for
the synthesis of vinyl sulfones and B-iodovinyl sulfones,
which are an important class of compounds in organic
chemistry.

Experimental Section

General Remarks: All reagents were obtained from commercial
sources and used without further purification. Thin-layer
chromatography was carried out on TLC alumina sheets with silica
gel 60 F254 (Merck). Chromatographic purification of products
was accomplished by using column chromatography on silica gel
with hexanes/EtOAc as eluent and all solid compounds were recrys-
tallized from hexanes/CH,Cl,. Melting points were recorded with
a digital Electrothermal Melting 9100 apparatus. '"H NMR spectra
were recorded with a Bruker DPX-300 (300 MHz), Bruker Avance-
300 (300 MHz), or Bruker Avance-500 (500 MHz) spectrometer in
CDCl; by using tetramethylsilane (6 = 0 ppm) as an internal stan-
dard. '3C NMR spectra were recorded with a Bruker Avance-300
(75 MHz) spectrometer by using tetramethylsilane as an internal
standard. Infrared spectra were recorded with a Perkin—Elmer 683
GX FTIR System spectrometer. High-resolution mass spectra
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(HRMS) were recorded with a Bruker micro TOF spectrometer in
the ESI mode.

General Procedure A

One-Step Synthesis of Vinyl Sulfones: PhI(OAc), (241.6 mg,
0.75 mmol) was added to a suspension of the alkene or alkyne
(0.5 mmol), sodium arenesulfinate (2.0 mmol), and KI (83.0 mg,
0.5 mmol) in CH3CN (2 mL), and the reaction mixture was vigor-
ously stirred at room temperature for 1 h. Upon completion of the
reaction, the reaction mixture was quenched by the addition of a
saturated aqueous solution of Na,S,05 (5 mL) and basified with a
saturated aqueous solution of NaHCO; (5 mL). Further stirring
was followed by extraction with EtOAc (3 X 15 mL). The combined
organic extract was washed with H,O (15 mL) and brine (15 mL),
dried (MgSO,), filtered, and concentrated (aspirator). The residue
was purified by column chromatography.

(E)-1-Methyl-4-(styrylsulfonyl)benzene (2a):°* According to gene-
ral procedure A, styrene (1a; 52.0 mg, 0.5 mmol) and sodium p-
toluenesulfinate (356.4 mg, 2.0 mmol) were employed. Column
chromatography (SiO,, 20% EtOAc in hexanes) gave 2a (109.8 mg,
85% yield; white solid, m.p. 118-120 °C, ref.’* m.p. 120-121 °C).
'H NMR (300 MHz, CDCls): 6 = 7.85 (d, J = 8.3 Hz, 2 H, ArH),
7.68 (d, J =154 Hz, 1 H, CH), 7.51-7.35 (m, 7 H, ArH), 6.87 (d, J
=15.4Hz, 1 H, CH), 2.46 (s, 3 H, CH3) ppm. '*C NMR (75 MHz,
CDCly): 0 = 144.3, 141.9, 137.8, 132.5, 131.1, 130.3, 129.9, 129.0,
128.5, 127.7, 21.6 ppm. IR (KBr): ¥ = 3046, 2924, 1615, 1595, 1496,
1449, 1315, 1285, 1143, 1086, 973, 810, 748, 665 cm!. HRMS (ESI-
TOF): caled. for C;sH;40,SNa [M + Na]* 281.0612; found
281.0646.

(E)-1-Bromo-4-(2-tosylvinyl)benzene (2b): According to general pro-
cedure A, 4-bromostyrene (1b; 91.9 mg, 0.5 mmol) and sodium p-
toluenesulfinate (356.4 mg, 2.0 mmol) were employed. Column
chromatography (SiO», 20% EtOAc in hexanes) gave 2b (148.4 mg,
88% yield; white solid, m.p. 163-164 °C). '"H NMR (300 MHz,
CDCly): 6 = 7.75 (d, J = 8.1 Hz, 2 H, ArH), 7.51 (d, J = 15.4 Hz,
1 H, CH), 7.44 (d, J = 8.4 Hz, 2 H, ArH), 7.29-7.24 (m, 4 H, ArH),
6.78 (d, J = 15.4 Hz, 1 H, CH), 2.36 (s, 3 H, CH3) ppm. 13C NMR
(75 MHz, CDCl,): 0 = 144.5, 140.5, 137.5, 132.3, 131.4, 130.0,
129.8, 128.4, 127.7, 125.5, 21.6 ppm. IR (KBr): v = 3053, 1614,
1583, 1482, 1303, 1287, 1142, 1084, 1068, 1008, 861, 785, 671 cm ™.
HRMS (ESI-TOF): caled. for C;sH3BrO,SNa [M + Na]*
358.9717; found 358.9708.

(E)-|2-(Phenylsulfonyl)vinyl]benzene (2aa):>*! According to general
procedure A, styrene (1a; 52.0 mg, 0.5 mmol) and sodium benzene-
sulfinate (328.4 mg, 2.0 mmol) were employed. Column chromatog-
raphy (SiO,, 20% EtOAc in hexanes) gave 2aa (109.9 mg, 90%
yield; white solid, m.p. 68-70 °C, ref.[>> m.p. 75-76 °C). '"H NMR
(300 MHz, CDCly): 6 = 7.99-7.96 (m, 2 H, ArH), 7.69 (d, J =
15.4Hz, 1 H, CH), 7.64-7.34 (m, 8 H, ArH), 6.89 (d, J = 15.4 Hz,
1 H, CH) ppm. '3C NMR (75 MHz, CDCly): § = 142.5, 140.8,
133.3, 132.4, 131.2, 129.3, 129.1, 128.5, 127.6, 127.3 ppm. IR
(KBr): v = 3056, 1612, 1576, 1496, 1448, 1301, 1177, 1146, 1086,
972, 856, 818, 743, 690 cm!. HRMS (ESI-TOF): caled. for
C4H,0,SNa [M + Na]* 267.0456; found 267.0439.

(E)-1-Bromo-4-[2-(phenylsulfonyl)vinyl|benzene (2bb): According to
general procedure A, 4-bromostyrene (1b; 91.9 mg, 0.5 mmol) and
sodium benzenesulfinate (328.4 mg, 2.0 mmol) were employed.
Column chromatography (SiO,, 20% EtOAc in hexanes) gave 2bb
(140.6 mg, 87% yield; white solid, m.p. 152-154 °C). '"H NMR
(300 MHz, CDCl3): 6 = 7.96 (d, J = 7.4 Hz, 2 H, ArH), 7.65-7.48
(m, 6 H, ArH, CH), 7.34 (d, J = 8.6 Hz, 2 H, ArH), 6.91 (d, J =
15.5Hz, 1 H, CH) ppm. '*C NMR (75 MHz, CDCl;): 6 = 141.0,
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140.5, 133.5, 132.4, 131.3, 129.9, 129.4, 128.1, 127.7, 125.5 ppm.
IR (KBr): ¥ = 3056, 1619, 1583, 1485, 1446, 1398, 1308, 1285, 1153,
1085, 1068, 1008, 976, 856, 784 cm '. HRMS (ESI-TOF): calcd.
for C14H;;0,SBrNa [M + Na]* 344.9561; found 344.9577.

(E)-1-Chloro-2-|2-(phenylsulfonyl)vinyl]benzene (2dd): According to
general procedure A, 2-chlorostyrene (1d; 69.3 mg, 0.5 mmol) and
sodium benzenesulfinate (328.4 mg, 2.0 mmol) were employed.
Column chromatography (SiO,, 10% EtOAc in hexanes) gave 2dd
(114.3 mg, 82 % yield; pale-yellow solid, m.p. 98-100 °C). '"H NMR
(300 MHz, CDCl;): 0 = 8.08 (d, J = 15.4 Hz, 1 H, CH), 7.98-7.95
(m, 2 H, ArH), 7.66-7.49 (m, 4 H, ArH), 7.42-7.25 (m, 3 H, ArH),
6.93 (d, J = 15.4 Hz, 1 H, CH) ppm. '3C NMR (75 MHz, CDCl5):
0 = 140.4, 138.4, 135.3, 133.5, 131.9, 130.7, 130.4, 130.1, 129.4,
128.4, 127.8, 127.2 ppm. IR (KBr): ¥ = 3051, 1607, 1591, 1470,
1448, 1304, 1201, 1148, 1086, 1042, 971, 824, 747, 689 cm'. HRMS
(ESI-TOF): calcd. for C4H;;0,SCINa [M + Na]* 301.0066; found
301.0059.

(E)-1-Methoxy-4-[2-(phenylsulfonyl)vinyllbenzene (2ff): According
to general procedure A, 4-methoxystyrene (1f; 67.1 mg, 0.5 mmol)
and sodium benzenesulfinate (328.4 mg, 2.0 mmol) were employed.
Column chromatography (SiO,, 20% EtOAc in hexanes) gave 2ff
(75.4 mg, 55% yield; white solid, m.p. 74-77°C). 'H NMR
(300 MHz, CDCl3): 6 = 7.86-7.83 (m, 2 H, ArH), 7.54 (d, J =
15.4 Hz, 1 H, CH), 7.50-7.40 (m, 3 H, ArH), 7.33 (d, J = 8.8 Hz,
2 H, ArH), 6.79 (d, J = 8.5Hz, 2 H, ArH), 6.64 (d, J = 15.4 Hz,
1 H, CH), 3.71 (s, 3 H, CH3) ppm. '3C NMR (75 MHz, CDCl5): 6
=162.1, 142.3,141.2, 133.1, 130.3, 129.2, 127.5, 125.0, 124.5, 114.5,
55.4 ppm. IR (KBr): ¥ = 3054, 2991, 2835, 1603, 1573, 1512, 1447,
1422, 1306, 1287, 1262, 1173, 1145, 1082, 1038, 979, 867, 803, 752,
685 cm™!. HRMS (ESI-TOF): caled. for C;sH;403SNa [M + Na]*
297.0561; found 297.0563.

(E)-1-|2-1odo-2-(4-nitrophenyl)vinylsulfonyl]-4-methylbenzene  (6d):
According to general procedure A, 4-ethynylnitrobenzene (5d;
73.6 mg, 0.5mmol) and sodium p-toluenesulfinate (356.4 mg,
2.0 mmol) were employed. Column chromatography (SiO,, 20%
EtOAc in hexanes) gave 6d (165.3 mg, 77 % yield; pale-yellow solid,
m.p. 186-189 °C). 'H NMR (300 MHz, CDCly): 6 = 8.12 (d, J =
8.8 Hz, 2 H, ArH), 7.48 (d, / = 8.1 Hz, 2 H, ArH), 7.35 (d, J =
8.8 Hz, 2 H, ArH), 7.31 (s, 1 H, CH), 7.21 (d, / = 8.1 Hz, 2 H,
ArH), 2.36 (s, 3 H, CH;) ppm. '3C NMR (75 MHz, CDCls): 6 =
148.1, 145.9, 145.4, 142.5, 136.8, 130.1, 128.5, 127.8, 123.2, 109.1,
21.6 ppm. IR (KBr): ¥ = 3077, 3041, 1602, 1583, 1519, 1345, 1321,
1290, 1145, 1082, 1016, 886, 845, 817, 761, 653 cm™'. HRMS (ESI-
TOF): caled. for C;sHj,INO4,SNa [M + Na]* 451.9429; found
451.9456.

(E)-Methyl 2-Methyl-3-tosylacrylate (8b): According to general
procedure A, methyl methacrylate (7b; 50.0 mg, 0.5 mmol) and so-
dium p-toluenesulfinate (356.4 mg, 2.0 mmol) were employed. Col-
umn chromatography (SiO,, 15% EtOAc in hexanes) gave 8b
(103.0 mg, 81% yield; colorless solid, m.p. 53-56 °C). '"H NMR
(300 MHz, CDCls): 6 = 7.81 (d, J = 8.3 Hz, 2 H, ArH), 7.37 (d, J
=84Hz 2 H, ArH), 7.22 (q, J = 1.5Hz, 1 H, CH), 3.77 (s, 3 H,
CH;), 2.45 (s, 3 H, CH3), 2.32 (d, J = 1.5 Hz, 3 H, CH3) ppm. '3C
NMR (75 MHz, CDCly): 6 = 166.0, 145.1, 140.5, 137.6, 137.6,
130.0, 127.6, 52.9, 21.5, 13.2 ppm. IR (KBr): v = 3048, 2959, 1717,
1630, 1596, 1490, 1437, 1381, 1312, 1267, 1182, 1145, 1088, 973,
857, 817, 737 cm™!. HRMS (ESI-TOF): caled. for C;,H;404,SNa
[M + Na]* 277.0510; found 277.0459.

(E)-Butyl 3-Tosylacrylate (8c): According to general procedure A,
n-butyl acrylate (7¢; 56.1 mg, 0.5 mmol) and sodium p-toluenesulf-
inate (356.4 mg, 2.0 mmol) were employed. Column chromatog-
raphy (SiO,, 10% EtOAc in hexanes) gave 8¢ (110.1 mg, 78 % yield;
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colorless viscous liquid). "H NMR (300 MHz, CDCl5): § = 7.78 (d,
J=83Hz 2 H, ArH), 7.37 (d, J/ = 8.0 Hz, 2 H, ArH), 7.31 (d, J
=15.1Hz, 1 H, CH), 6.79 (d, J = 15.1 Hz, 1 H, CH), 4.17 (t, J =
6.6 Hz, 2 H, CH,), 2.44 (s, 3 H, CHs), 1.63 (quint., J = 6.6 Hz, 2
H, CH,), 1.40-1.33 (m, 2 H, CH,), 091 (t, J = 7.3Hz, 3 H,
CHj;) ppm. 3C NMR (75 MHz, CDCl5): 6 = 163.4, 145.5, 143.3,
1354, 130.4, 130.1, 128.2, 65.7, 30.3, 21.5, 18.9, 13.4 ppm. IR
(neat): v = 3064, 2962, 2875, 1732, 1596, 1494, 1464, 1385, 1327,
1297, 1228, 1167, 1148, 1087, 963, 812, 708, 644 cm~!. HRMS (ESI-
TOF): caled. for C4H;s0,SNa [M + Na]* 305.0823; found
305.0772.

(E)-tert-Butyl 3-Tosylacrylate (8d): According to general pro-
cedure A, tert-butyl acrylate (7d; 56.1 mg, 0.5 mmol) and sodium
p-toluenesulfinate (356.4 mg, 2.0 mmol) were employed. Column
chromatography (SiO,, 15% EtOAc in hexanes) gave 8d (87.5 mg,
62% vyield; white solid, m.p. 95-97°C). 'H NMR (300 MHz,
CDCl3): 6 = 7.81 (d, J = 8.3 Hz, 2 H, ArH), 7.39 (d, / = 8.0 Hz, 2
H, ArH), 7.23 (d, J/ = 15.1 Hz, 1 H, CH), 6.73 (d, J = 15.1 Hz, 1
H, CH), 2.48 (s, 3 H, CH3), 1.49 (s, 9 H, 3 CH3) ppm. '*C NMR
(75 MHz, CDCl;): 0 = 162.6, 145.4, 142.5, 135.7, 132.4, 130.2,
128.3, 83.0, 27.9, 21.6 ppm. IR (KBr): ¥ = 3070, 3039, 2986, 2967,
1713, 1625, 1595, 1480, 1393, 1368, 1311, 1249, 1156, 1087, 984,
828, 807, 720, 645cm’!. HRMS (ESI-TOF): caled. for
C4H304,SNa [M + Na]* 305.0823; found 305.0859.

(E)-2-Methyl-3-tosylacrylonitrile (8fa) and (Z)-2-Methyl-3-tosyl-
acrylonitrile (8fb): According to general procedure A, methacrylo-
nitrile (7f; 33.6 mg, 0.5 mmol) and sodium p-toluenesulfinate
(356.4 mg, 2.0 mmol) were employed. Column chromatography
(Si0,, 10-20% EtOAc in hexanes) gave 8fa and 8fb. Data for 8fa:
Colorless solid (58.6 mg, 53% yield), m.p. 93-94 °C. '"H NMR
(300 MHz, CDCl,): 6 = 7.82 (d, J = 8.4 Hz, 2 H, ArH), 7.43 (d, J
=8.0Hz, 2 H, ArH), 6.89 (q, / = 1.6 Hz, 1 H, CH), 2.50 (s, 3 H,
CH3), 2.42 (d, J = 1.6 Hz, 3 H, CH3) ppm. *C NMR (75 MHz,
CDCl,): 0 = 146.0, 143.1, 136.8, 130.4, 127.9, 123.2, 117.1, 21.6,
16.4 ppm. IR (KBr): ¥ = 3038, 2924, 2233, 1619, 1594, 1440, 1383,
1329, 1299, 1182, 1149, 1087, 1040, 856, 811, 670 cm™!. HRMS
(ESI-TOF): calcd. for C;{H;;NO,SNa [M + Na]* 244.0408; found
244.0381. Data for 8fb: Colorless solid (19.9 mg, 18% yield), m.p.
112-114 °C. 'H NMR (300 MHz, CDCl5): 6 = 7.88 (d, J = 8.4 Hz,
2 H, ArH), 7.41 (d, J/ = 8.0 Hz, 2 H, ArH), 6.87 (q, J = 1.6 Hz, 1
H, CH), 2.47 (s, 3 H, CHs), 2.16 (d, J = 1.6 Hz, 3 H, CH;) ppm.
13C NMR (75 MHz, CDCl5): § = 145.9, 142.9, 135.9, 130.2, 128.2,
121.1, 114.2, 22.3, 21.6 ppm. IR (KBr): ¥ = 3038, 2924, 2233, 1619,
1594, 1441, 1384, 1329, 1307, 1299, 1182, 1149, 1087, 1041, 857,
812, 670 cm™!. HRMS (ESI-TOF): calcd. for C;;H;;NO,SNa [M
+ Na]* 244.0408; found 244.0376.

(E)-Allyl 2-Methyl-3-tosylacrylate (8g): According to general pro-
cedure A, allyl methacrylate (7g; 63.1 mg, 0.5 mmol) and sodium
p-toluenesulfinate (356.4 mg, 2.0 mmol) were employed. Column
chromatography (SiO,, 10-15% EtOAc in hexanes) gave 8g
(82.7 mg, 59Y% yield; colorless viscous liquid). '"H NMR (300 MHz,
CDCl3): 6 = 7.82 (d, J = 8.3 Hz, 2 H, ArH), 7.38 (d, J = 8.4 Hz, 2
H, ArH), 7.25 (d, J = 1.5 Hz, 1 H, CH), 5.95-5.84 (m, 1 H, CH),
5.33(dd, J =17.3, 1.3Hz, | H, CH), 5.27 (dd, J = 11.6, 1.3 Hz, 1
H, CH), 4.66 (d, J = 59 Hz, 2 H, CH,), 2.46 (s, 3 H, CH3), 2.34
(d, J = 1.5 Hz, 3 H, CH3) ppm. 3C NMR (75 MHz, CDCl;): § =
165.2, 145.1, 140.7, 137.7, 137.5, 131.1, 130.0, 127.6, 119.2, 66.6,
21.5, 13.2 ppm. IR (neat): ¥ = 3054, 2953, 1727, 1626, 1597, 1494,
1447, 1382, 1362, 1324, 1232, 1151, 1117, 1086, 997, 941, 817, 782,
708 cm ! HRMS (ESI-TOF): caled. for C;4H;404,SNa [M + Na]*
303.0667; found 303.0613.
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General Procedure B

Two-Step Synthesis of Vinyl Sulfones: PhI(OAc), (241.6 mg,
0.75 mmol) was added to a suspension of alkene (0.5 mmol), p-
toluenesulfinate (356.4 mg, 2.0 mmol), and KI (83.0 mg, 0.5 mmol)
in CH;CN (2 mL), and the reaction mixture was vigorously stirred
at room temperature for 1 h. The reaction mixture was quenched
by the addition of a saturated aqueous solution of Na,S,03 (5 mL)
and basified with a saturated aqueous solution of NaHCO; (5 mL).
Further stirring was followed by extraction with EtOAc
(3 X 15mL). The combined organic extract was washed with H,O
(15mL) and brine (15 mL), dried (MgSO,), filtered, and concen-
trated (aspirator). '"H NMR spectroscopy of the crude mixture re-
vealed that it was mixture of 3-iodosulfone and vinyl sulfone. With-
out purification, the crude mixture was diluted with CH3;CN
(2mL), and to this solution was added 1,8-diazabicyclo[5.4.0]un-
dec-7-ene (DBU; 76.1 mg, 0.5 mmol). The reaction mixture was
vigorously stirred at room temperature for 30 min before it was
quenched with a saturated aqueous solution of NaHCOj; (5 mL).
Further stirring was followed by extraction with EtOAc
(2% 15mL). The combined organic extract was washed with H,O
(15mL) and brine (15 mL), dried (MgSO,), filtered, and concen-
trated (aspirator). The residue was purified by column chromatog-
raphy.

(Z)-1-Methyl-4-|3-(phenoxy)allylsulfonyl]benzene (2h): According to
general procedure B, allyl phenyl ether (1h; 67.1 mg, 0.5 mmol) was
employed. Column chromatography (SiO», 15% EtOAc in hexanes)
gave 2h (100.9 mg, 70% vyield; colorless solid, m.p. 83-85 °C). 'H
NMR (300 MHz, CDCl3): 6 = 7.81 (d, J = 8.2Hz, 2 H, ArH),
7.29-7.22 (m, 4 H, ArH), 7.09-7.04 (m, 1 H, ArH), 6.66 (d, J =
7.5Hz, 2 H, ArH), 6.51 (d, J = 6.0Hz, 1 H, CH), 492 (td, J =
8.0, 6.0 Hz, 1 H, CH), 4.07 (d, J = 8.0 Hz, 2 H, CH,), 2.37 (s, 3
H, CH;) ppm. '*C NMR (75 MHz, CDCly): § = 156.4, 146.4,
144.4,135.6, 129.5, 129.4, 128.6, 123.5, 116.5, 97.8, 52.6, 21.6 ppm.
IR (KBr): ¥ = 3063, 2976, 1670, 1592, 1486, 1406, 1385, 1312, 1302,
1266, 1209, 1143, 1080, 983, 770, 742 cm™'. HRMS (ESI-TOF):
caled. for C;sHs03SNa [M + Na]* 311.0718; found 311.0759.

(E)-1-Methyl-4-(5-phenoxypent-1-enylsulfonyl)benzene (2i): Accord-
ing to general procedure B, 4-pentenyl phenyl ether (1i; 81.1 mg,
0.5 mmol) was employed. Column chromatography (SiO,, 20%
EtOAc in hexanes) gave 2i (132.9 mg, 84% yield; white solid, m.p.
73-75°C). '"H NMR (300 MHz, CDCls): 6 = 7.74 (d, J = 8.3 Hz,
2 H, ArH), 7.32-7.22 (m, 4 H, ArH), 7.05-6.91 (m, 2 H, ArH,
CH), 6.84-6.81 (m, 2 H, ArH), 6.35 (d, J = 15.1 Hz, 1 H, CH),
3.94 (t, J = 6.1 Hz, 2 H, CH,), 2.48-2.41 (m, 5 H, CH;, CH,),
1.98-1.89 (m, 2 H, CH,) ppm. '*C NMR (75 MHz, CDCl;): § =
158.6, 145.3, 144.2, 137.7, 131.4, 129.8, 129.4, 127.6, 120.8, 114.4,
66.4, 28.2, 27.4, 21.5 ppm. IR (KBr): ¥ = 3039, 2961, 2873, 1634,
1601, 1586, 1492, 1469, 1441, 1397, 1315, 1307, 1279, 1242, 1178,
1083, 1042, 979, 811, 761 cm™'. HRMS (ESI-TOF): calcd. for
CigH5,03SNa [M + Na]* 339.1031; found 339.1055.

(E)-1-(5-Bromopent-1-enylsulfonyl)-4-methylbenzene (2k): Accord-
ing to general procedure B, S5-bromopentene (1k; 74.5 mg,
0.5 mmol) was employed. Column chromatography (SiO,, 15%
EtOAc in hexanes) gave 2k (121.3 mg, 80% yield; colorless oil). 'H
NMR (300 MHz, CDCl;): 6 = 7.67 (d, J = 8.2 Hz, 2 H, ArH), 7.26
(d, J = 8.0Hz, 2 H, ArH), 6.84 (dt, J = 15.1, 6.8 Hz, 1 H, CH),
6.30 (d, J = 15.1 Hz, 1 H, CH), 3.31 (t, J = 6.3 Hz, 2 H, CH,),
2.36-2.30 (m, 5 H, CHs, CH,), 1.93 (quint., J = 6.8 Hz, 2 H,
CH,) ppm. 3C NMR (75 MHz, CDCly): 6 = 144.3, 143.9, 137.4,
131.9, 129.8, 127.5, 32.1, 30.3, 29.6, 21.5 ppm. IR (neat): ¥ = 3047,
2925, 1627, 1597, 1495, 1441, 1317, 1302, 1289, 1145, 1087, 961,
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814, 660 cm . HRMS (ESI-TOF): calcd. for C;,H,50,SBrNa [M
+ NaJ* 324.9874; found 324.9898.

(E)-11-Tosylundec-10-enal (2m): According to general procedure B,
undec-10-enal (Im; 84.1 mg, 0.5 mmol) was employed. Column
chromatography (SiO,, 15% EtOAc in hexanes) gave 2m (129.0 mg,
80% yield; colorless viscous liquid). "H NMR (300 MHz, CDCl5):
0=9.75(,J=18Hz 1 H, CHO), 7.74 (d, J = 8.3 Hz, 2 H, ArH),
7.32 (d, J = 8.5Hz, 2 H, ArH), 6.94 (dt, J = 15.1, 6.8 Hz, 1 H,
CH), 6.30 (d, J = 15.1 Hz, 1 H, CH), 2.44-2.38 (m, 5 H, CHj;,
CH,), 2.26-2.17 (m, 2 H, CH,), 1.60-1.20 [m, 12 H, (CH,)¢] ppm.
13C NMR (75 MHz, CDCl5): § = 202.7, 146.4, 144.0, 137.8, 130.6,
129.7, 127.5, 43.7, 31.3, 29.0, 28.9, 28.8, 27.4, 21.9, 21.4 ppm. IR
(neat): v = 3048, 2929, 2856, 1712, 1634, 1597, 1495, 1456, 1403,
1317, 1303, 1287, 1144, 1087, 970, 814, 660 cm~'. HRMS (ESI-
TOF): caled. for C;sH»sO3SNa [M + Na]* 345.1500; found
345.1558.

(E)-2-(10-Tosyldec-9-enyl)-1,3-dioxane (2n): According to general
procedure B, 2-(dec-9-enyl)-1,3-dioxane (In; 113.2 mg, 0.5 mmol)
was employed. Column chromatography (SiO,, 15% EtOAc in hex-
anes) gave 2n (154.1 mg, 81 % yield; colorless solid, m.p. 81-83 °C).
'"H NMR (300 MHz, CDCl;): 6 = 7.76 (d, J = 8.3 Hz, 2 H, ArH),
7.33 (d, J = 8.1 Hz, 2 H, ArH), 6.95 (dt, J = 15.1, 6.8 Hz, 1 H,
CH), 6.29 (d, J = 15.1 Hz, | H, CH), 4.51 (t, /= 5.1 Hz, | H, CH),
4.13-4.08 (m, 2 H, 2 CH of OCH,), 3.81-3.72 (m, 2 H, 2 CH of
OCH,), 2.44 (s, 3 H, CH3), 2.25-2.18 (m, 2 H, CH,), 2.10-2.05 (m,
1 H, CH of CH,), 1.61-1.54 (m, 2 H, CH,), 1.44-1.26 [m, 13 H,
CH of CH,, (CH,)s] ppm. '*C NMR (75 MHz, CDCl,): § = 146.5,
144.0, 137.8, 130.5, 129.7, 127.5, 102.3, 66.8, 35.1, 31.3, 29.2, 29.1,
29.0, 28.9, 27.5, 25.8, 23.8, 21.5 ppm. IR (KBr): ¥ = 3055, 2934,
2857, 1632, 1597, 1492, 1450, 1410, 1334, 1301, 1287, 1244, 1147,
1117, 1098, 1085, 986, 968, 890, 742, 668 cm!. HRMS (ESI-TOF):
caled. for C,H3,04,SNa [M + Na]* 403.1919; found 403.1949.

(E)-1-Methoxy-4-(3-tosylprop-1-enyl)benzene (4p): According to ge-
neral procedure B, allyl anisole (1p; 74.1 mg, 0.5 mmol) was em-
ployed. Column chromatography (SiO,, 10-20% EtOAc in hex-
anes) gave products 2p (16.6 mg, 11% yield) and 4p (95.3 mg, 63%
yield). Data for 4p: Brownish solid, m.p. 117-119 °C. 'H NMR
(300 MHz, CDCly): 6 = 7.66 (d, J = 8.2 Hz, 2 H, ArH), 7.23 (d, J
=8.0Hz 2 H, ArH), 7.14 (d, J = 8.7 Hz, 2 H, ArH), 6.75 (d, J =
8.6 Hz, 2 H, ArH), 6.24 (d, J = 15.8 Hz, 1 H, CH), 5.86 (dt, J =
158, 7.6 Hz, 1 H, CH), 3.82 (d, J = 7.6 Hz, 2 H, CH,), 3.71 (s, 3
H, CHj3), 2.33 (s, 3 H, CH3) ppm. *C NMR (75 MHz, CDCl,): ¢
=159.8, 144.6, 138.4, 135.6, 129.6, 128.6, 128.4, 127.8, 114.0, 112.7,
60.5, 55.2, 21.5 ppm. IR (KBr): ¥ = 3033, 2969, 2915, 1644, 1605,
1575, 1512, 1463, 1400, 1313, 1289, 1252, 1177, 1145, 1087, 978,
819, 733, 664 cm™'. HRMS (ESI-TOF): calcd. for C,;H,;30;SNa
[M + Na]* 325.0874; found 325.0860.

Supporting Information (see footnote on the first page of this arti-
cle): Experimental procedures and spectroscopic data; NOE inter-
actions of 2h, 6e, and 8fa/8fb; copies of the '"H and '*C NMR
spectra of all compounds.
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