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P..-1?%9>#-4-%*1?%'(C-3D()D-?%@#(
aD#?+-.&(

MeO2C

CO2Me
SOCl2 (1 equiv)
Et3N (2 equiv)

Et2O, -50 ¼C to rt
98%

MeO2C

CO2Me

S
O

MeO

OTMS

R

SOCl2 (1 equiv)
Et3N or DIEA (1 equiv)

Et2O or CH2Cl2, -78 ¼C
MeO

O

R

S
O

MeO

O

S
O

Me

Me

MeO

O

S
O

Ph MeO

O

S
O

Ph

Me

MeO

O

Ph

S
O

MeO

O

OMe

S
O

MeO

O

OPh

S
O

89% 93% 84% 96% 93% 97%

lC*%&%7"+0H(5I()D-?*#.&D@.&(*%.()D-?K&3?%&(sYF-.&'(*%.(sU4-.&'(h!"#$%&'(*%.(V&+-2*12&'jI((*@&4*&#)`#
(I4.%&/@/H(2&+I([I;q(6&?+0()D-&4&(d&+#*0T(!3"R0*+3H(:;<[I(



P#K@#-.&%*1?%(?E(!"#E"+(V-?F-.&(

Ph Ph

PPh3 SO2 (1 atm)

benzene, rt
50%

Ph Ph

SO

lC*%&%7"+0H(5IH(d&%-&+H(aI(6IH(Z?+'K*4GH(ZI(PI()I(AI(2*%(.&+(Q&-pH(`I(7&.,3%&8,)4#9&:"#!"3& H(];f(

P Ph
O

EtO OEt

1) BuLi, -78 ºC

2) TMSCl P Ph
O

EtO OEt

TMS 1) BuLi, -78 ºC

2) SO2, -78 ºC P Ph
O

EtO OEt

0 ºC

-OTMS

STMS O
O

P Ph
O

EtO OEt

S O

one pot
65%



P#K@#-.&%*1?%(?E(!"#E"+(V-?F-.&(

TMS

TMS

1) BuLi

2) PhCHO

TMS

Ph

1) MeLi

2) SO2

S

Ph
Me

O

one pot
64%

a*%(7&(4*.&(2-%@#?0?"'H(G+?2-.-%0(nHz,"%'*3"+*3&.('"#$%&'(

k"/#&?GD-#-/(*..-1?%(3?(2-%@#'-#*%&'(G+?2-.&.(n,4&3D@#&%&('"#$%&'H(
G+?7#&4*1/(3?(G+&G*+&(7@(?F-.*1?%(

SO2Ph

TMS PhLi

-78 ¼C SO2Ph

TMS

Ph
SO2

SO2Ph

S

Ph

O

72%

d*%(.&+(Q&-pH(`IH(lC*%&%7"+0H(5IH(7&.,3%&8,)4#9&:"H(!"3& H(OO]O(
Z?+'K*4GH(ZI(PI()I(AIH(2*%(.&+(Q&-pH(`IH(Q*44&+-%KH(5I(`I(LIH(lC*%&%7"+0H(5I(G&*F"#7,3H"#$%@'"#;3I/J+3/H(!"&%H(
Y^NH(=;_(



S?+4*1?%(7@(J&*++*%0&4&%3(
S

13:87 at 23 ¼C

S

SO
S

>99:1 at 23 ºC

96%

OS mCPBA

LC" H(\I(JIH(P%.&+'?%H(VI(PI(!"#$%&'"#()*"#;&,]@4#YH(!""! H(O<88(
Z?+'K*4GH(ZI(PI()I(AIH(Q*44&+-%KH(5I(LI(`IH(lC*%&%7"+0=#+"##!"#K,B"#$%&'".!"&( H(12H(:_O,:_]((
(

R1

S

R2

R3

mCPBA, -20 ¼C
warm to -7 ¼C R1 R3R2

CHSO

MeMe

CHSO CHSO

Cl

92% 81% 90%

S
O



S?+4*1?%(7@(J&*++*%0&4&%3(
MgBrMe MeO

Me

S

Me

O

THF

-78 ¼C, 30 min
+

Me

S

Me

O

Me NH4Cl, H2O

-78 ¼C to rt

SMe
O

Me Me

50%
E/Z 60:40

5*".-%H(\I(5IH(a?44&%-#H(`I(s6IH(\"#-*H(!I(PIH(A*%0H({I((I4F&:H(!""# H(8;8(

n-Bu

S

O

OMe
Me

MgBr

THF

-78 ¼C, 30 min

NH4Cl, H2O

to rt
+ O

S H

n-Bu

Me

67%
E/Z 5:95

C

S

O

OMe MgBr

THF

-78 ¼C, 30 min

NH4Cl, H2O

to rt

O

S Me

80%
E/Z 100:0

Me Me
Me

Me
Me

Me

Me

Me

Me
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¥! )D-?GD-#-/(*..-1?%'(
¥! <HO,.-G?#*+(

/@/#?*..-1?%'(
Ð!!"#$%&(*'(

.-G?#*+?GD-#&(
Ð!!"#$%&(*'(.-G?#&(

¥! |[}:~( /@/#?*..-1?%'(

S
O 1) Nu-

2) E+

S
O Nu

E

SO

C B
A S

O

C
B

A
+

S
O

A
B

SO
A

B
+

S
O S

O

+



)D-?GD-#-/(P..-1?%'(

MeO

O
Ph

S O

nBuLi

THF, -78 ºC
96%, only product

dr 2:3

MeO

O
Ph

S
On-Bu

MeO

O
Ph

S
On-Bu

+

V*4&%H()I(\I(6IH()D&'-'H(c%-2&+'-3@(?E(k-p4&0&%H()D&(k&3D&+#*%.'H(#''# I(
Z?+'K*4GH(ZI(PI()I(AIH(Q*44&+-%KH(5I(`I(LIH(lC*%&%7"+0H(5I(!"#K,B"#$%&'"H(!"&( H(12H(:_O(

P Ph
O

EtO OEt

S
O

MeLi

THF, -78 ¼C
92%

P Ph
O

EtO OEt

S
OMe

1) nBuLi

2) PhCHO
88%

Ph

S
OMe

Ph

E/Z mixture
no ratio given



)D-?GD-#-/(2'I(a*+7?GD-#-/(

Me

SPh

S
O

1) MeLi

2) MeI
Me

S
O

Me
SPh

Me

d&&%'3+*H(6I(>IH(lC*%&%7"+0H(5IH(7&.,3%&8,)4H(!"3& H(D1H(<=]=(
d*%(.&+(Q&-pH(`IH(lC*%&%7"+0H(5IH(G&*F"#7,3H"#$%@'"#;3I/J+3/H(!"&' H(22H([8(

OLi

Me

SPh

S
O

O S
MeO

MeI workup
+

90%

OLi
1) TolC(SO)SPh

2) BrCH2CO2Et
54%

S
OEtO2C

p-Tol



6+?"G(Z+?7#&4(

PhO2S S
O

Ph

H2C
N2

N

S

N
SO2Ph

Ph

+
2 d, 0 ¼Cbenzene/ether 4:1

0 ¼C, 5 min 56%

Z+?2-.&(*(4&/D*%-'4(E?+(3D&(E?##?C-%0(+&*/1?%(



PhO2S S
O

Ph

H2C
N2

N

S

N
SO2Ph

Ph

+
2 d, 0 ¼Cbenzene/ether 4:1

0 ¼C, 5 min 56%

N

S

N

O

Ph
PhO2S

N

S

N

O

Ph
PhO2S

HN

S

N

O

Ph
PhO2S -PhSO2H

N

S

N

O
Ph

PhSO2H N

S

H
N

O
Ph

SO2Ph
-H2O

N

S

N

O
Ph

SO2Ph N

S

N

Ph

SO2Ph

lC*%&%7"+0H(5IH(A*0&%**+H(PI(7&.,3%&8,)4#9&:"#!"3%H(=;;8(

a+?''?2&+(&FG&+-4&%3(C-3D(3C?(.-x&+&%3#@('"7'13"3&.('"#E?%@#(0+?"G'(
G+?2-.&.(&2-.&%/&(E?+(.-'G#*/&4&%3(*%.(+&-%/?+G?+*1?%(?E('"#$%*3&H(
*#3D?"0D(*%(-%3+*4?#&/"#*+(4&/D*%-'4(C*'('"00&'3&.(



!"#$%&(*'(V-G?#*+?GD-#&(

R1 R2

S
O N2

Et2O or CH2Cl2

-30 ¼C

N

S

N

O

R2

R1

+

N

S

N

O

Ph

Cl

81%
from E-sulfine

N

S

N

O

Cl

Ph

56%
from Z-sulfine

)D-p'H(QIH(A*0&%**+H(PIH(2*%(J&%'H(>I(`I(`IH(lC*%&7"+0H(5I(7&.,3%&8,)4#9&:"#!"3%H(O=]8(

Ph Ph

S
O NPh

Cl

OH
Et3N

Et2O, 20 ¼C
80%

+ S

O
N

Ph
O

Ph
Ph



!"#$%&(*'(V-G?#&(

O

S O

Ph Ph

S CH2Cl2

rt, 12 h
62%

O

S
OS

PhPh

+

N Ph

Ph Ph

S
O BF3-OEt2 (1 equiv)

Et2O, 20 ¼C, 1 h
70%

+

O
S

N

Ph
Ph

toluene

reflux, 10 h
65% N

S

O

Ph

Ph

)D-p'H(QIH(A*0&%**+H(PIH(2*%(J&%'H(>I(`I(`IH(lC*%&7"+0H(5I(7&.,3%&8,)4#9&:"#!"3%H(O=]8(
5?%-%-H(5I(SIH(`*//*0%*%- H(6IH(`*NN*%1H(6IH(lC*%&%7"+0H(5I(!"#$%&'"#()*"=#$%&'"#$)''?4 "H(!"&4 H(:Of(

5?3D(+&*/1?%'(D*2&(2&+@(#-4-3&.('/?G&H(7"3(-##"'3+*3&(3D&(*47-GD-#-/(
%*3"+&(?E(3D&(E"%/1?%*#(0+?"G(



V-&#',P#.&+(J&*/1?%'(

R1

S

CO2Me

O

R2

R2

SnCl 4

SR2

R2

CO2Me
R1

O

+

SAcO

OAc

CO2Me
Me

O

CH2Cl2, -25 ¼C
1 h

S CO2Me
Me

O

S CO2Me
Ph

O

82% 96% 88%

S O

neat, reflux
30 min

75%

SO

lC*%&%7"+0H(5IH()D-p'H(QIH(5+?&%'H(\I(5IH(!3+*1%0H(\I(G&*F"#7,3H"#$%@'"#;3I/J+3/H(!"3# H(2YH([[O(
lC*%&%7"+0H(5IH(V*4&%H()I(\I(6IH(ZD-#-G'&H(LI(\I(SIH(.&(Q*&3H(JI(aIH(Q"/*''&%H(PI(aI(5I(;%)/<%),?/=#(?F`?,#(@F@*)4#
G&F3."#RF&'"#!""" H(Y5DaY51H(<<8(



lC-&7&#*%&'T()D&(`-''-%0(WV-4&+X(
S

S

O

Allicin

S
S

O

LF condensation
product?

S
S

mCPBA

Na2CO3
-60 ¼C

S
S

O 0 ¼C

S

S

O

S

S
O

[3,3]

S

S
O

[2+2]

)D&(7-/@/#-/('"#$.&,'"#E?F-.&H(.,34/JlC-&7&#*%&H(C*'(-'?#*3&.(E+?4(?%-?%'(
7@(5#?/K(-%(<88_(*%.('"7'&b"&%3#@('@%3D&'-N&.(

S

S

O

S

S

O

Zwiebelanes
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¥! a?47-%-%0(0*+#-/H(?%-?%(*%.(G+?3&-%(/*%(#&*.(
3?('"+G+-'-%0(hG&+D*G'("%*GG&1N-%0j(/?#?+'(



5#"&(6*+#-/9Y%-?%(`-F3"+&'(
J&*/1?%(?E(4-F&.(0*+#-/(*%.(?%-?%(
3D-?'"#$%*3&'(C-3D(*4-%?(*/-.'(
0-2&'(*(#*+0&(+*%0&(?E(/?#?+'(
(
<j(a@'(:j(ZD&(%5.617.[j(`&3( 45./80((
_j(d*#(fj(U#&(]j(Z+?("5.97:.<;j( !&+(
<<j()+G(<:j(D,Z+?(<Oj(/1; .!(5.P'G(
<=j(L-'(<_j()D+(<fj(Q&"(!&5./:- .
<8j(6#%(:;j( a@3(:<j(6#"(##5.<78..
:Oj(4-F3"+&(

NN

CO2HR
R CO2H

! max  570 nm
aD?H(\IH(Q&&H(>I(\IH({??H(MI(!IH(Q&&H(!I(MIH(Z*1#H(5I(!IH(!"#X))8"#(*@"H(#''" H(Z1H(a<<(



5#"&(6*+#-/9Y%-?%(`-F3"+&'(

NN

CO2HRR CO2H

! max 570 nmaD?H(\IH(Q&&H(>I(\IH({??H(MI(!IH(Q&&H(!I(MIH(Z*1#H(5I(!IH(!"#X))8"#(*@"H(#''" H(Z1H(a<<(

N

R
CO2H

N

CO2HR

+

S
S
O

S
S
O

[3,3] HO2C R

NH2

N

R
CO2H

S
S
OH

Ei
SOH S+

N

CO2HRSH

N

CO2HR
-H2S
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¥! V+"4'1/K(?%-?%'(hP##-"4(+?'&%?+"4(*%.(?3D&+'j(G+?."/&(*(.&&G(+&.(
G-04&%3("G?%(D&*1%0(?+(1''"&(.*4*0&(

(

¥! )D&'&(?%-?%'(C&+&(E?"%.(3?(/?%3*-%(*%("%"'"*#(/@'3&-%&('"#E?F-.&(

\&.&#'K*H(\IH(d?03H(PIH(J&-%'/D&-.H(cI(`IH(M"&'0&%H(`I(!"#CB,@*"#X))8#$%&'"(#''& H(56H(<[_=(

HN

S

O CO2H

NH2
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N
H

S
O

HO2C
NH2

alliinase

N
H

S OH
condensation

N
H

S S

O

N
H

[3,3]

N
H

S S

N
H

O

N
H

SHS

N
H

HO

condensation

N
H

S S

N
H

red pigment
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