
! 

Supporting Information for 

!"#$#%&#'#(")*#+!,-".#&)&+%/+0).,1$%2,$%-#+
3%-"4)-)-5+64$)-#+74"8$4'+9$%18("&:++;%"4'+!,-".#&)&+
4-1+!"$8("8$4'+<'8()14")%-+%/+=>?@6#AB$#-%-#@3 

6)(.4#'+C:+9#$D)-&E+4-1+F#B#((4+G:+!4A2&%- 

 

General Experimental 

"

!#" $%&" '()*+,-." /-0(,12*" .,34(-*,5" 36,*1.-" 7,.," .,*4.8,8" 4(" 94).2,." 1.-(3:4./"

2(31.)/,(13;"<-.2-("=,/2(2"'>??"%#@5"-(8"<-.2-("A(21B"C(4D-"'E??"%#@5F"!>"G"$%&"

7-3".,*4.8,8"2("1H,"3-/,"/-((,."4("94).2,."1.-(3:4./"2(31.)/,(1;"<-.2-("=,/2(2"'IJFJ"

%#@5F" K++" LM" 36,*1.-" 7,.," .,*4.8,8" 4(" 94).2,." 1.-(3:4./" 2(31.)/,(1;" <-.2-(" A(21B"

C(4D-" '!J!"%#@5F"K++" 36,*1.-"7,.," .,*4.8,8" )32(0" -(" 2(1,.(-+" 8,)1,.2)/" +4*N" :4." 1H,"

-66.46.2-1," .,:,.,(*," -1" -/O2,(1" 6.4O," 1,/6,.-1).,3F" K++" 8-1-" 1H-1" -66,-.3" 2(" 1H,"

,P6,.2/,(1-+"-.,"6.,3,(1,8"-3":4++473;"!5"*H,/2*-+"3H2:1"'2("66/Q".,:,.,(*,8"14"δ G#G+>"

R"IFLEQ"H47,D,."2:"1H,"*4/64)(8"*4(1-2(3"4D,.+-662(0"320(-+3"-1"1H-1".,024(Q"1H,"36,*1.-"

7-3".,:,.,(*,8"14"δ S%T"R"?5U"L5"C(1,.0.-124(U">5"%)+126+2*21B"'3"R"32(0+,1Q"8R"84)O+,1Q"1"

R" 1.26+,1Q" V" R" V)-.1,1Q" /" R" /)+126+,1Q" O." R" O.4-85U" W5" *4)6+2(0" *4(31-(1" '#@5U" J5"

2(1,.6.,1-124("4:"320(-+"7H,.,"64332O+,F""

C(:.-.,8" 36,*1.-"7,.," .,*4.8,8"4("-"X,.N2("Y+/,."!E??"9SZC(:.-.,8"36,*1.46H414/,1,."

,/6+4B2(0"J"//":)3,8"3482)/"*H+4.28,"6+-1,3F"[2+"6.48)*13"7,.,"-(-+B3,8"(,-1"OB"+2V)28"

:2+/F"%-\4."-O34.O-(*,3"-.,"V)41,8"2("*/Z!":4++47,8"OB"-("-OO.,D2-124(;"D3"R"D,.B"3H-.6"

-(8"31.4(0U"3"R"3H-.6"-(8"31.4(0U"/"R"/,82)/U"7"R"7,-NU"O."R"O.4-8F"

Y+,*1.4(" C/6-*1" /-33" 36,*1.-" 7,.," .,*4.8,8" )32(0" -" ].-143" %TLJ&9" 12/," 4:" :+20H1"

36,*1.4/,1,.F"SH,"/4+,*)+-.":4./)+-"23"6.,3,(1,8":4++47,8"OB"1H,"/4+,*)+-." 24("'%^5Q"

*-+*)+-1,8"/-33"-(8"-**).-1,"/-33F"

[612*-+".41-124(3"7,.,"/,-3).,8"4("-"X4+K"K&"L!"64+-.2/,1,.")32(0"1H,"3482)/"M"+2(,"

'J_`"(/5"-(8"-++".41-124(3"7,.,"/,-3).,8"-1"L?°G"-(8"-.,"6.,3,(1,8"-3":4++473;"aαbL?"M""Q"

*4(*,(1.-124("'*"2("0c!??"/+5"-(8"34+D,(1F"

%,+12(0"642(13"7,.,"8,1,./2(,8",/6+4B2(0"-"&,2*H,.1"/,+12(0"642(1"H41"31-0,F"



L 

K++" .,-0,(13"-(8"34+D,(13"7,.,"8.2,8"-(8"6).2:2,8"OB"31-(8-.8"/,-(3F"T4+D,(13"3)*H"-3"

82*H+4.4/,1H-(,Q" 14+),(,Q"-*,14(21.2+,Q"*B*+4H,P-(,"7,.,"82312++,8":.4/"*-+*2)/"HB8.28,"

-(8" )3,8" 2//,82-1,+B" 4." 314.,8" )(8,." -(" -1/436H,.," 4:" (21.40,(" 4D,." Wd"/4+,*)+-."

32,D,3F"M2,1HB+",1H,."-(8"1,1.-HB8.4:).-("7,.,"82312++,8":.4/"3482)/"72.,cO,(@46H,(4(,"

-(8")3,8"2//,82-1,+B"-:1,."82312++,8F"Y1H-(4+"7-3"8.2,8"OB"82312++2(0"21":.4/"213",1H4P28,"

'6.,6-.,8"OB"H,-12(0",1H-(4+")(8,.".,:+)P"2("1H,"6.,3,(*,"4:"/-0(,32)/"1).(2(035F"M.B"

,1H-(4+" 7-3" 314.,8" 4D,." /4+,*)+-." 32,D,3" 'Wd5" )(8,." -(" -1/436H,.," 4:" (21.40,(F" K++"

34+D,(13")3,8"2(",P1.-*124(3"8).2(0"6.48)*1"234+-124("6.4*,8).,3"4."*H.4/-140.-6HB"7,.,"

6.,Z82312++,8" 6.24." 14" )3,F" %,1H-*.4+,2(Q" 1.2,1HB+-/2(,Q" -(8" LQEZ+)1282(," 7,.," :.,3H+B"

82312++,8"4D,."-(HB8.4)3"*-+*2)/"*H+4.28,"6.24."14")3,F"M%T[Q"82ZisoZ6.46B+,1HB+-/2(,Q"

4P-+B+"*H+4.28,"'K+8.2*HQ"T)6-"3,-+"-(HB8.4)35"7,.,"-++")3,8"-3".,*,2D,8F"K*,12*"-*28"7-3"

8.2,8"'O,:4.,")3,"-3"-"34+D,(15"OB"-882(0"-"3/-++"V)-(121B"4:"-*,12*"-(HB8.28,"-(8"G.[>"

H,-12(0")(8,.".,:+)P":4++47,8"OB":.-*124(-+"82312++-124(F"

YP6,.2/,(13"7,.,"*4(8)*1,8")(8,."-(HB8.4)3"*4(82124(3"2("-("-1/436H,.,"4:"(21.40,("

,P*,61" 7H,.," 31-1,8" ,/6+4B2(0" 4D,(" 8.2,8" 0+-337-.,F" K++" /4231).," 3,(3212D," .,-0,(13"

7,.,"H-(8+,8")(8,."(21.40,(")32(0"31-(8-.8"1,*H(2V),3F""

SH2("+-B,."*H.4/-140.-6HB"'SeG5"7-3",/6+4B,8"14"/4(214."1H,"6.40.,33"4:"-".,-*124("4."

-+1,.(-12D,+B"14"/4(214."*4(1,(13"4:",+)1,8":.-*124(3":.4/"*4+)/("*H.4/-140.-6HBF"SeG"

6+-1,3")3,8"7,.,"%,.*N"]2,3,+0,+"E?"9LJW"32+2*-F"721H"D23)-+23-124("OB")+1.-ZD24+,1"+20H1"4."

-(23-+8,HB8," 826F" K++" *4/64)(83" 7,.," D23)-+23,8" ,/6+4B2(0" -(23-+8,HB8," 826Q" 1H43,"

D2,7,8"OB")+1.-ZD24+,1"+20H1"-.,"36,*2:2,8"2("1H,"1,P1F"G4+)/("*H.4/-140.-6HB"6,.:4./,8"

)32(0"%,.*N"]2,3,+0,+" E?" '6-.12*+," 32@," ?F?W?Z?F?E>"//5"L>?ZW??"/,3H" 32+2*-F"K++"&f"

D-+),3".,64.1,8"-.,":4."32+2*-"0,+"/,82)/Q",P*,61"7H,.,"31-1,8"41H,.723,"2("1H,"1,P1F"

"

Isomer entZ3 membrenone-C synthesis: 
 
(2R, 4S, 5R, 6R)-1,7-Dibenzyloxy-5-hydroxy-2,4,6-trimethyl-heptan-3-one, 11"

OHO

BnO OBn
BnO

O(R)–9 H OBn

O

i. TiCl4,  –78 °C, 30 min
     iPr2NEt, CH2Cl2, 1 h
ii.  –90 °C

(R)–10
11 "

S4"-"312..,8"34+)124("4:"'R5Z!Zf,(@B+4PBZLZ/,1HB+6,(1-(Z>Z4(,"9999"'?FIJ!`"0Q">FEJ"//4+5"
2("8.B"G#LG+L"'I"/+5"7-3"-88,8"S2G+W"'!F?%"2("G#LG+LQ">FEJ"/+Q">FEJ"//4+5"-1"gI_hG"

-(8"1H,"/2P1).,"7-3"312..,8":4.">?"/2()1,3"-1"gI_hGF"M2ZisoZ6.46B+,1HB+-/2(,"'iX.L$Y15"
'?FE>W"/+Q">FEJ"//4+5"7-3" -88,8"-(8" 1H,"/2P1).,"7-3" 312..,8" :4."4(,"H4)."-1"gI_hGF"

SH," .,-*124(" 7-3" *44+,8" 14" g`?hG" -(8" 'R5Z>Zf,(@B+4PBZLZ/,1HB+6.46-(-+" 10 10 10 10 '*.)8,"



> 

i`Jj"6).,5"'?FJL`I"0Q"LF`I"//4+5"7-3"-88,8"via"*-(()+-"'L"×"J"/+"8.B"G#LG+L5F"SH,"
/2P1).," 7-3" 7-./,8" 3+47+B" 14" gI_hG" -(8" 7-3" 312..,8" :4." L" H4).3F" SH," .,-*124("7-3"

-++47,8"14"7-./")6"3+47+B"14"g!?hGQ"312..,8":4."J"/2()1,3"-(8"V),(*H,8"OB"1H,"-882124("

4:"6#RI"O)::,."'J?"/+5F"SH,"/2P1).,"7-3"312..,8")(12+"21".,-*H,8"&S"-(8",P1.-*1,8"721H"
G#LG+L" '>" ×" J?" /+5F" G4/O2(,8" 4.0-(2*" ,P1.-*13" 7,.," 7-3H,8" 721H" O.2(," '3-1).-1,8"
-V),4)3Q">?"/+5Q"8.2,8"'-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8"in vacuo"14"02D,"-("42+F"SH,"
6.48)*1"11 11 11 11 'i`Jj"83Q" 8,1,./2(,8" OB" !#"-(8" !>G"$%&"-(-+B323" 4:" 1H," *.)8,"6.48)*15"
7-3" 6).2:2,8" OB" *4+)/("*H.4/-140.-6HB" 'JjY1L[cG#LG+L5F" '?FI_`"0Q" I?j5F"&f" R"?FJ"

'JjY1L[cG#LG+L5U"aαb
L?
"M"R"−>FJIh"'*?FJEQ"G#G+>5U"C&"'+2V)28":2+/5">W`W"'O.5Q"L_J`"'35Q"

!I?`"'35Q"!W`J"'35Q"!WJW"'35Q"!?`E"'/5U"!#"$%&"δ"'>??"%#@Q"GMG+>5"IF>IZIFLJ"'!?#Q"
/Q"L"×"XH5Q"WFW`"k"WFWJ"'L#Q"KfVQ"J R"!L"#@Q"GHXHYXH5Q"WFWE"k"WFWL"'L#Q"KfVQ"J R"
!L"#@Q"GHAHBXH5Q">F`>"'!#Q"888Q"J R"_FIQ">FEQ">"#@Q"GH[#5Q">FEJ"'!#Q"1Q"J R"_FI"#@Q"
GHA#f[f(5Q">FJJ"'!#Q"88Q"l"R"`Q"WFJ"#@Q"GHX#m[f(5Q">FJ!"'!#Q"88Q"J"R"`Q"JFW"#@Q"
G#nHY[f(5Q" >FWJ" '!#Q" 88Q" J R"_FIQ" JF!"#@Q"G#KHB[f(5Q" >FLI" '!#Q" 8Q" J" R" >FE"#@Q"
[H5Q" >F!_" '!#Q"8V8Q"J" R"_FIQ" IFLQ" JF!"#@Q"f([G#LGH5Q" LFI`" '!#Q"V8Q"J" R"EF`Q" >"#@Q"
[RGGHG#>G#[#5Q"!F`LZ!FI`"'!#Q"/Q"#[G#GHG#>G#L[f(5Q"!F!?"'>#Q"8Q"J"R"IFL"
#@Q"G#GH35Q"!F?W"'>#Q"8Q"J"R"EF`"#@Q"G#GH35Q"?F`L"'>#Q"8Q"J"R"EF`"#@Q"G#GH35U"!>G"

$%&" δ" 'IJFJ"%#@Q" GMG+>5U" L!IFEQ" !>_FJQ" !>IF_Q" !L_FJQ" !L_FWQ" !LIF`Q" !LIF_Q" !LIFIQ"

!LIFEQ"I>FJQ"I>FWQ"I>F>Q"I>FLQ"ILFIQ"W_FIQ"WWFLQ">JF_Q"!>F`Q"!>F_Q"_FLU"

"

(2(2(2(2RRRR, 3, 3, 3, 3SSSS, 4, 4, 4, 4RRRR, 5, 5, 5, 5RRRR, 6, 6, 6, 6RRRR))))----1,71,71,71,7----DibenzyloxyDibenzyloxyDibenzyloxyDibenzyloxy----2,4,62,4,62,4,62,4,6----trimethyheptantrimethyheptantrimethyheptantrimethyheptan----3,53,53,53,5----dioldioldioldiol"

OHO

BnO OBn

i. cHex2BCl, Et3N
     Et2O, –22 °C

OH OH

OBnBnO
ii. insitu LiBH4
iii. H2O2
    pH=7 buffer
   MeOH11 12

"
S4" -" 312..,8" 34+)124("4:" :.,3H"82*B*+4H,PB+O4.4(" *H+4.28," 'cZGE#!!fG+5" '?F>__"0Q" !F_L"
//4+5" 2(" 8.B" Y1L[" '>"/+5"7-3" -88,8" 1.2,1HB+-/2(," 'Y1>$5" '?FLIL"/+Q" !F`E"//4+5" -1"

−L>hG" -(8" 1H,"/2P1).,"7-3" 312..,8" :4." J"/2()1,3F"βZHB8.4PBN,14(,"11" '?FJ>`J" 0Q" !FW"
//4+5"7-3" -88,8"via" *-(()+-" 'L"×" >"/+" 8.B"Y1L[5" -(8" 1H," .,-*124("7-3" 312..,8" :4." L"
H4).3"-1"−L>hGF"SH,".,-*124("7-3"*44+,8"14"g`?hG"-(8"e2f#W"'LF?"%"2("S#9Q"LF_!"/+Q"

JFE!L"//4+5"7-3"-88,8"8.46723,"-(8"1H,"/2P1).,"7-3"312..,8":4."L"H4).3"-1"−I_hGF"SH,"
.,-*124("7-3"V),(*H,8"721H"$#WG+"'3-1).-1,8"-V),4)3Q"E?"/+5Q",P1.-*1,8"721H"Y1L["'>"×"
W?" /+5" -(8" *4/O2(,8" Y1L[" ,P1.-*13" 7,.," *4(*,(1.-1,8" in vacuo. SH," .,328)," 7-3"
3)36,(8,8"2("%,[#"'LW"/+5"-(8"!?j"$-[#"'`"/+5F"#L[L"'>?j"-V),4)3Q"!L"/+5"7-3"

-88,8"8.46723,"-1"?hG"'2*,c3-+1"O-1H5"-(8"1H,"/2P1).,"7-3"312..,8"-1"&S":4."L"H4).3F"SH,"
/2P1).," 7-3" 82+)1,8" 721H" 7-1,." 'W?" /+5" -(8" ,P1.-*1,8" 721H" G#LG+L" 'W" ×" >?" /+5F"

G4/O2(,8" 4.0-(2*" ,P1.-*13"7,.,"7-3H,8"721H" O.2(," '3-1).-1,8" -V),4)3Q" >?"/+5Q" 8.2,8"
'-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8"in vacuo"14"02D,"-("42+F"SH,"6.48)*1"12"'i`Jj"83Q"
8,1,./2(,8"OB"!#"-(8"!>G"$%&"-(-+B323"4:" 1H,"*.)8,"6.48)*15"7-3"6).2:2,8"OB"*4+)/("
*H.4/-140.-6HB" '!?jY1L[cG#LG+L5F" '?FWIWW"0Q" __j5F"&f R"?FLJ" '!?jY1L[cG#LG+L5U"



W 

aαbL?"M"R"gLEF>h"'*?FLEEQ"G#G+>5U"C&"'+2V)28":2+/5">W>J"'O.5Q"L_E?"'35Q"!WJ>"'35Q"!>E!"'35Q"

!?IW"'35Q"!?L_"'35U"!#"$%&"δ"'>??"%#@Q"GMG+>5"IF>_ZIFLE"'!?#Q"/Q"L"×"XH5Q"WFJL"'L#Q"
3Q"GHXHYXH5Q"WFJ?"k"WFWE"'L#Q"KfVQ"J R"!L"#@Q"GHAHBXH5Q"WF!I"'!#Q"3Q"[H5Q">FIW"
'!#Q"888Q"J R"EF`Q">FEQ"!FJ"#@Q"GH[#5Q">FEL"'!#Q"8Q"J"R"!FJ"#@Q"[H5Q">FEW"'!#Q"88Q"J R"
`Q"LF!"#@Q"GH[#5Q">FJ`"'!#Q"88Q"J R"`Q"WF?J"#@Q"G#KHB[f(5Q">FWE"'!#Q"1Q"J"R"`"#@Q"
GHA#f[f(5Q">FWL"'L#Q"8Q"J"R"JF!"#@Q"GHXHY[f(5Q"LF?IZ!F`!"'L#Q"/Q"L"×"GHG#>5Q"
!F_LZ!FI>"'!#Q"/Q"GHG#>5Q"!F?I"'>#Q"8Q"J"R"EF`"#@Q"G#GH35Q"?F`W"'>#Q"8Q"J"R"EF`"#@Q"
G#GH35Q"?FIL"'">#Q"8Q"J"R"EF`"#@Q"G#GH35U"!>G"$%&"δ"'IJFJ"%#@Q"GMG+>5U"!>_FJQ"

!>IFJQ"!L_FEQ"!L_FWQ"!L_F?Q"!LIF_Q"!LIFEQ"!LIFJEQ"_!FWQ"I_FJQ"IEF_Q"IWF>Q"I>FEQ"I>FLQ">EFWQ"
>EFLQ" >JF_Q" !>FLQ" !LF`Q" JFEU" YC%T;" G-+*)+-1,8" :4." GLW#>W[W" '%^5" >_EFLWJEIF" 94)(8"

>_EFLW!EF"

"

(2R, 3S, 4R, 5R, 6R)-1,7-Dibenzyloxy-2,4,6-trimethyl-3,5-[[bis(1,1-dimethylethyl)-
silylene]dioxy]-heptane"

tBu2Si(OTf)2

2,6-lutidine
CH2Cl2

OO

OBn

Si
tBu

BnO

tBu 13
OH OH

OBnBnO

12 "
M24+"12 7-3"-@,41.46H2*-++B"8.2,8"OB"-882124("4:"14+),(,"'L"×"!"/+5"-(8"*4(*,(1.-124("in 
vacuoF"S4"-"34+)124("4:"824+"12 '?F>EW_"0Q"?F`WW"//4+5"2("G#LG+L"'!"/+5"7-3"-88,8"LQEZ
+)1282(,"'?F>_J"/+Q">F>"//4+5"-(8"82ZtertZO)1B+32+B+"O23'1.2:+)4.4/,1H-(,3)+:4(-1,5"'?FE__"
/+Q"!F_`"//4+5F"SH,".,-*124("7-3"312..,8":4."E"H4).3"-1"EJ°GF"SH,"/2P1).,"7-3"82+)1,8"
721H"G#LG+L"'!?"/+5Q"7-3H,8"721H"$-#G[>"'3-1).-1,8"-V),4)3Q">"/+5Q"$-#T[W"'?F>%Q"

L"× >"/+5Q"$-G+"'3-1).-1,8"-V),4)3Q">"/+5Q"8.2,8"'-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8"

in vacuoF"SH,"*.)8,"6.48)*1"7-3":2+1,.,8"1H.4)0H"-"*4+)/("'6+)00,8"721H"*4114("744+5"
721H":.,3H+B"82312++,8"6,(1-(,Q"6,(1-(,",P1.-*13"7,.,"*4/O2(,8"-(8"*4(*,(1.-1,8"in vacuo"
14"02D,"-("42+."SH,"6.41,*1,8"824+"13"7-3"6).2:2,8"OB"*4+)/("*H.4/-140.-6HB"'G#LG+L5F"
'?FW`I"0Q"ILj5F"&f"R"?F`"'G#LG+L5U"aαb

L?
"M"R"^EFEEh"'*?F>Q"G#G+>5U"C&"'+2V)28":2+/5"L`EW"

'35Q"!WIE"'35Q"!?`I"'/5U"!#"$%&"δ"'>??"%#@Q"GMG+>5"IF>JZIFLE"'!?#Q"/Q"L"×"XH5Q"WFJW"
k" WFJ?" 'L#Q" KfVQ" J R" !LF>" #@Q" GHXHYXH5Q" WFJ>" k" WFW>" 'L#Q" KfVQ" J R" !LF>" #@Q"
GHAHBXH5Q"WF?>"'!#Q"O."/Q"GH[T25Q"WF??"'!#Q"O."/Q"GH[T25Q">FE_"'!#Q"88Q"J R"_FIQ">"
#@Q"G#KHB[f(5Q">FJJ"'!#Q"88Q"J R"_FIQ"EF>"#@Q"GHA#f[f(5Q">F>>"'!#Q"88Q"J R"`FLQ"
WF_"#@Q"G#nHY[f(5Q">FLE"'!#Q"88Q"J R"`FLQ"JFW"#@Q"GHX#m[f(5Q"!F`EZ!FI?"'>#Q"/Q">"
×"GHG#>5Q"!F!?"'>#Q"8Q"J"R"EF`"#@Q"G#GH35Q"!F?W"'`#Q"3Q"tf)5Q"!F?!"'`#Q"3Q"tf)5Q"?F`?"

'>#Q"8Q"J"R"EF`"#@Q"G#GH35Q"?F_I"'>#Q"8Q"J"R"EF`"#@Q"G#GH35U"!>G"$%&"δ"'IJFJ"%#@Q"
GMG+>5"!>`F!Q"!>_FIQ"!L_FWQ"!L_F>Q"!LIFEWQ"!LIFJIQ"!LIFWQ"_?F!Q"I_FEQ"I>FL"'×L5Q"ILF_Q"

ILFJQ">IF_Q">_FI_Q">JF!Q"L_F_Q"LIFEQ"L>FWQ"L?FWQ"!WFJQ"!>FLQ"WF`U""
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(2R, 3S, 4R, 5R, 6R)-2,4,6-Trimethyl-3,5-[[bis(1,1-dimethylethyl)-silylene]dioxy]-
heptan-1,7-diol 

OO OHOH SitBu tBu

O O

OBnBnO

Si
tButBu

 H2, Pd/C
    (85 %)

13 "
S4"-"312..,8"34+)124("4:"O,(@B+",1H,."13"'?F>J_J"0Q"?FE_!"//4+5"2("8.B"Y1[#"'"E"/+5"7-3"
-88,8"!?j"X8cG"'?F!>05"-(8" 1H,".,-*124("7-3")(8,."-("-1/436H,.,"4:"HB8.40,(":4."W"
H4).3F" SH,"/2P1).,"7-3"82+)1,8"721H" 8.B"Y1L["-(8" :2+1,.,8" 1H.4)0H" -" *4+)/("4:" *,+21,"

'6.,Z7,1"721H"8.B"Y1L[5F"G4/O2(,8"Y1L[",P1.-*13"7,.,"*4(*,(1.-1,8"in vacuo. SH,"824+"
7-3"6).2:2,8"OB" *4+)/("*H.4/-140.-6HB" 'L?j"Y1L[c"G#LG+L5F" '?F!``I"0Q"_Jj5F"&f"R"

?F>J" 'L?jY1L[cG#LG+L5U" aαb
L?
"M"R" g`FJ_h" '*?F>!>Q" G#G+>5U" C&" '+2V)28" :2+/5" >>_!" 'O.5Q"

L`>J"'35Q"!WIJ"'35Q"!>`!"'35Q"!???"'/5U"!#"$%&"δ"'>??"%#@Q"GMG+>5"WF!!"'!#Q"88Q"J R"
`FEQ"LF!"#@Q"GH[T25Q"WF?I"'!#Q"88Q"J R"_FWQ"LF!"#@Q"GH[T25Q">FI?"'!#Q"88Q"l"R"!?F_Q"_FI"
#@Q"GHA#f[#5Q" >FE?Z>FWE" '>#Q"/Q"G#KHB[#"k"GHXHY[#5Q"LF>?" 'L#Q"O."/Q"!"×"
[H5Q"LF?>Z!F`!"'!#Q"/Q"GHG#>5Q"!F_EZ!FIE"'L#Q"/Q"L"×"GHG#>5Q"!F?_"'>#Q"8Q"J"R"EFE"
#@Q"G#GH35Q"!F?_"'`#Q"3Q" tf)5Q"!F?!"'`#Q"3Q" tf)5Q"?F``" "'>#Q"8Q"J"R"IFL"#@Q"G#GH35Q"

?FIL" '>#Q" 8Q"J" R" EF`"#@Q"G#GH35U" !>G"$%&"δ" 'IJFJ"%#@Q"GMG+>5"_JF`Q" I`FEQ"E`FEQ"

EWF_Q" >`FWQ" >IF`Q" >JFIQ" L_FIQ" LIFJQ" L>F>Q" L?FWQ" !>FEQ" !LFIQ" JFLF" YC%T;" G-+*)+-1,8" :4."
G!_#>_[WT2"'%^5">WEFLJ>`LF"94)(8">WEFLJIWF"

"

(2S, 3R, 4S, 5S, 6S)-2,4,6-Trimethyl-3,5-[[bis(1,1-dimethylethyl)-silylene]dioxy]-
heptan-1,7-dial 14"

OO OO

HH

SitBu tBu

O O

OHHO

Si
tButBu

14

  PCC 
 CH2Cl2

"
S4" -" 312..,8" 34+)124(" 4:" 6B.282(2)/" *H+4.4*H.4/-1," 'XGG5" '?F`>" 0Q" WF>L"//4+5" 2("8.B"
G#LG+L" 'J"/+5"7-3"-88,8"1H,"-O4D,"824+ '?F!_IL"0Q"?FJW"//4+5"via"*-(()+-"'L"×">"/+"
G#LG+L5F" SH," .,-*124(" 312..,8" :4." >" H4).3" -1" &SF" SH,"/2P1).,"7-3" 1.21).-1,8"721H" 8.B"

Y1L["-(8":2+1,.,8"1H.4)0H"-"*4+)/("4:":+4.232+"'6.,Z7,1"721H"8.B"Y1L[5")(12+"1H,".,3)+12(0"

O+-*N" 0)/" O,*-/," -" 0.-()+-." 34+28F" G4/O2(,8" Y1L[" ,P1.-*13" 7,.," *4(*,(1.-1,8" in 
vacuoF"SH,"82-+8,HB8,"14"7-3"6).2:2,8"OB"*4+)/("*H.4/-140.-6HB"'G#LG+L5F"'?F!!>?"0Q"
E!j5F" &f" R" ?FE_" 'G#LG+L5U" aαb

L?
"M"R" ^>?F_h" '*?FLEQ" G#G+>5U"

!#" $%&" δ" '>??" %#@Q"



E 

GMG+>5"`F_EJ"'!#Q"8Q"J R"LFW"#@Q"[RGH5Q"`FI>"'!#Q"8Q"J R"LFW"#@Q"[RGH5Q"WFWW"'!#Q"
88Q"J R"_FIQ"LF!"#@Q"GH[T25Q"WFW!"'!#Q"88Q"J R"`F`Q"LFW"#@Q"GH[T25Q"LFE`"'!#Q"8V8Q"J R"
_FIQ"IFLQ"LFW"#@Q"#GR[GHG#>5Q"LFJJ"'!#Q"8V8Q"J"R"`F`Q"IFLQ"LFW"#@Q"#GR[GHG#>5Q"
!FI`"'!#Q"V88Q"J"R"IFLQ"LFWQ"LF!"#@Q"G#GHG#>G#5Q"!FL>"'>#Q"8Q"J"R"IFL"#@Q"G#GH35Q"

!F?E"'`#Q"3Q"tf)5Q"!F?!"'`#Q"3Q"tf)5Q"?F`I""'>#Q"8Q"J"R"IFL"#@Q"G#GH35Q"?F`!"'>#Q"8Q"J"R"
IFL" #@Q" G#GH35U" !>G" $%&" δ" 'IJFJ" %#@Q" GMG+>5" L?JFLQ" L?>FIQ" I_FEQ" IIFWQ" J?F`EQ"

W`F`EQ">JFJQ"L_FEQ"LIFWQ"L>FWQ"L?FWQ"!?F`Q"`FEQ"JFLU"

"

(4RS, 5RS, 6R, 7S, 8R, 9R, 10R, 11R, 12S)-5,11-Dihydroxy-4,6,8,10,12-pentamethyl-
7,9-[[bis(1,1dimethylethyl)-silylene]dioxy]-pentadec-3,13-dione 16"

OO OHOHO OOO OO

HH

SitBu tBu
SitBu tBu

OTiClnO
14

15

i. TiCl4,  –78 °C
    45 min
ii. iPr2NEt
    CH2Cl2, 1 h 16

+

"
S4"-"312..,8"34+)124("4:"6,(1-(Z>Z4(,"'?F>W_"/+Q">FL`E"//4+5"2("8.B"G#LG+L"'W"/+5"7-3"

-88,8" S2G+W" '!F?%" 2(" G#LG+LQ" LF`E" /+Q" LF`E" //4+5" -1" gI_hG" -(8" 1H," 34+)124(" 7-3"

312..,8" :4." >?" /2()1,3" -1" gI_hGF" M2ZisoZ6.46B+,1HB+-/2(," 'iX.L$Y15" '?FJ!E" /+Q" LF`E"
//4+5" 7-3" -88,8" 8.46723," -(8" 1H," ,(4+-1," 7-3" 312..,8" :4." 4(," H4)." -1" gI_hGF" SH,"

.,-*124("7-3"*44+,8"14"g`?hG"-(8"82-+8,HB8,"14"'?F!!L`"0Q"?F>L`E"//4+5"7-3"-88,8"via"
*-(()+-"'L"×"!FJ"/+"8.B"G#LG+L5F"SH,"/2P1).,"7-./,8")6"3+47+B"14"gI_hG"-(8"312..,8"

:4." L" H4).3F" SH," .,-*124(" 7-3" -++47,8" 7-./" )6" 3+47+B" )(12+" 21" .,-*H,8" gJhG" -(8"

V),(*H,8" OB" 1H," -882124(" 4:" 6#RI" O)::,." 'J?" /+5F" SH," /2P1).," 7-3" 312..,8" )(12+" 21"
.,-*H,8" &S" -(8" ,P1.-*1,8" 721H" Y1L[" '>" ×" J?" /+5F" G4/O2(,8" 4.0-(2*" ,P1.-*13" 7,.,"
7-3H,8" 721H" O.2(," '3-1).-1,8" -V),4)3Q" W?" /+5Q" 8.2,8" '-(HB8.4)3" %0T[W5" -(8"

*4(*,(1.-1,8" in vacuoF" SH," 6.,84/2(-12(0" 84)O+," -+84+" 6.48)*1" 16" 'i`?j" 83Q"
8,1,./2(,8"OB"!#"-(8"!>G"$%&"-(-+B323"4:"1H,"*.)8,"6.48)*15"7-3"6).2:2,8"OB"*4+)/("
*H.4/-140.-6HB"'!?jY1L[cG#LG+L5F"'?F!JLJ"0Q"_`F`j5F"aαb

L?
"M"R"^!LFJh"'*?F!EQ"G#G+>5U"

C&"'+2V)28":2+/5">W_>"'O.5Q"L`I>"'35"!I?!"'35Q"!WIE"'35U"&f"R"?F!J"'!?jY1L[cG#LG+L5U"!#"

$%&"δ"'>??"%#@Q"GMG+>5"WFJW"'!#Q"88Q"J"R">Q"LFW"#@Q"GH[5Q"WF!`"'!#Q"88Q"J R"`FEQ"LF!"
#@Q"GH[5Q" WF!J" '!#Q" 88Q"J R"_F!Q" LFI"#@Q"GH[5Q">F_!"!#Q"888Q"J R"_FIQ" LFWQ" LFW"#@Q"
GH[5Q">F>!"'!#Q"8Q"J"R"LFW"#@Q"[H5Q"LF__"'!#Q"8VQ"J"R"IFJQ"EF`"#@Q"[RGGHG#>5Q"LFI!"
'!#Q"V8Q"J R"IFLQ"LFW"#@Q"[RGGHG#>5Q"LFEJZLF>_"'J#Q"/Q"L"×"GH2G#>Q"!"×"[H5Q"!F_LZ
!FIJ" '!#Q" /Q" GHG#>5Q" !FI?Z!FE?" 'L#Q" /Q" L" ×" GHG#>5Q" !FLL" '>#Q" 8Q" J" R" IFL" #@Q"
G#GH35Q" !F!L" '>#Q" 8Q" J" R" IFL" #@Q" G#GH35Q" !F?_" '`#Q" 3Q" tf)5Q" !F?IZ!F??" 'E#Q"/Q" L"

× G#LGH35Q!F?L"'`#Q"3Q"tf)5Q"?F`_"'>#Q"8Q"J"R"IFL"#@Q"G#GH35Q"?F_`"'>#Q"8Q"J"R"EF`"#@Q"
G#GH35Q" ?FIW" '>#Q"8Q"J" R" EF`"#@Q"G#GH35U" !>G"$%&"δ" 'IJFJ"%#@Q"GMG+>5"L!IFJQ"

L!JFLJQ"_?FJQ"IIFIQ"I>F?Q"ILFIQ"J?FEQ"WEFIQ"W?FLQ">`FIQ">`F?Q">WFIQ">>F`Q"L_FIQ"LIFIQ"L>FWQ"

L?FIQ" !>F_Q" !!FJQ" !?F!Q" `F!Q" IFJ" '×L5Q" JF``U"[(" 1H," :2.31" -11,/61Q" -"/2(4." 82-31,.,4/,."
'o!?j5"7-3" 4O3,.D,8F" C1"7-3" :4)(8" 1H-1" 1H,"*4+8,." 1H," 1,/6,.-1).," '−`?°G5")64(" 1H,"
-882124("4:"1H,"82-+8,HB8,"1H,"H20H,."1H,"3,+,*12D21B"4:"1H,"6.,84/2(-12(0"84)O+,"-+84+"16"
6.48)*1F"%2(4." 84)O+," -+84+" 6.48)*1;"&f" R" ?FL?" '!?jY1L[cG#LG+L5U" !#"$%&"δ" '>??"



I 

%#@Q"GMG+>5"WFJJ"'!#Q"88Q"J"R">F>Q"LFW"#@Q"GH[5Q"WFL_"'!#Q"88Q"J R"`FEQ"LF!"#@Q"GH[5Q"
WFLW"'!#Q"88Q"J R"`Q"LFW"#@Q"GH[5Q">F_>"!#Q"88Q"J R"_FIQ"LFI"#@Q"GH[5Q"LF_!ZLFW>"'_#Q"
/Q"L"×"[RGGHG#>Q"L"×"GH2G#>Q"L"×"[H5Q"!F_IZ!FE!"'>#Q"/Q">"×"GHG#>5Q"!F!W"'>#Q"
8Q"J" R"IFL"#@Q"G#GH35Q"!F?>Z?F``"'!L#Q"/Q"L"×"G#GH3Q"L"×"G#LGH35Q"!F?_" '`#Q" 3Q"
tf)5Q" !F?L" '`#Q" 3Q" tf)5Q" ?F`L" '>#Q" 8Q" J" R" EF`"#@Q" G#GH35Q" ?FIE" '>#Q" 8Q" J" R" EF`"#@Q"
G#GH35U" !>G"$%&"δ" 'IJFJ"%#@Q"GMG+>5" L!IFWQ" L!JFJQ" I_F`Q" I_F?Q" I>F>Q" ILF!Q"W`F>Q"

WEFLQ" W?FLQ" >_F_Q">_F!Q">JFEQ">WFIQ"L_FIQ"LIFIQ"L>FWQ"L?FIQ"!>FIQ"!!FIQ"`F>Q"_FEQ"IFJQ"IFWQ"

EF!U"

"

(4RS, 6S, 7R, 8S, 9S, 10S, 12RS)-4,6,8,10,12-pentamethyl-7,9-[[bis(1,1dimethylethyl)-
silylene]dioxy]-pentadecan-3,4,11,13-tetraone"

OO OOO OSitBu tBu "
S4"-"312..,8"34+)124("4:"4P-+B+"*H+4.28,"'LF?"%"2("8.B"G#LG+LQ"!F!W`"/+Q"LFL``_"//4+5"2("

8.B"G#LG+L"'J"/+5"-1"−I_°G"7-3"-88,8"-(HB8.4)3"/,1HB+"3)+:4P28,"'M%T[5"'K+8.2*HQ"
?F>!`"/+Q"WFW``"//4+5"via" *-(()+-" 'L"×"!"/+"G#LG+L5F"SH,"34+)124("7-3"312..,8":4."J"
/2()1,3" -1"−I_hG" -(8" 84)O+," -+84+" 6.48)*1"16" '?F!W_" 0Q" ?FL_IJ"//4+5"7-3" -88,8" -1"
−I_hG" via" *-(()+-" 'L" ×" L" /+" G#LG+L5" -(8" 312..2(0" *4(12(),8" :4." WJ" /2()1,3F"
S.2,1HB+-/2(,"'Y1>$5"'!F?>"/+Q"IFW!L"//4+5"7-3"-88,8"8.46723,"-(8"1H,"/2P1).,"7-3"

312..,8":4."L?"/2()1,3"-1"−I_hGF"SH,".,-*124("7-3"-++47,8" 14"7-./")6"3+47+B"14"−JhG"
-(8" V),(*H,8" OB" 1H," -882124("4:"$#WG+" '3-1).-1,8" -V),4)3Q" L?"/+5F"SH,"/2P1).,"7-3"

312..,8" )(12+" 21" .,-*H,8"&S"-(8" ,P1.-*1,8"721H"G#LG+L" '>"×" >?"/+5F"G4/O2(,8"4.0-(2*"
,P1.-*13"7,.,"8.2,8"'-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8"in vacuoF"SH,".,3)+12(0".,328),"
7-3" 1.21).-1,8" 721H" :.,3H+B" 82312++,8" 6,(1-(," '!?" /+5Q" :2+1,.,8" 14" .,/4D," 1H," 2(34+)O+,"
Y1>$#pG+" -(8" *4(*,(1.-1,8" in vacuo" 14" 02D," 1H," *.)8," 6.48)*1F 'K33)/,8" ?F!WE_" 0Q"
!??j5U" !#" $%&" δ" '>??" %#@Q" GMG+>5" 82-31,.,4/,.2*" -(8" ,(4+" :4./3" WFW`ZWF!L"

'!FELJ#Q"/5Q"WF?JZ>F`E"'?FJJ#Q"/5Q">F_`Z>FEJ"'!F>>#Q"/5Q">FW_Z>F!`"'LF!!#Q"/5Q">F!LZ

LF_W"'!FLW#Q"/5Q"LFI_ZLF>I"'>F>`I#Q"/5Q"LF>?ZLF?J"'LFL!#Q"/5Q"!F__Z!FJL"'>FJ!#Q"/5Q"
!FW`Z?FI`" '>WF?L_#Q"/5U" !>G"$%&"δ" 'IJFJ"%#@Q"GMG+>5"L!!F>Q"L!?FWQ"L?`F>Q"L?_F_Q"

L?IFIQ" L?IFEQ" L?IFJQ" !``F_Q" !`?FWQ" !>?F`Q" !L_F_Q" !LJFIQ" !LJFJQ" _!F?Q" _?F`Q" _?F>Q" _?F?Q"

I`F`Q" I`F_Q" I`FIQ" I`FEQ" I_F`Q" I_F_Q" I_FLF" I_F!F" IIF_Q" IIFIQ" IIFJQ" ILF`Q" ELFIQ" ELFEQ" E!FEQ"

J`F`Q" J`F_Q" J`FJQ" J`FWQ" W`F`Q" W`F_Q" W`FWQ" W`F>Q" W`FLQ" W_FWQ" W_F>Q" W_FLQ" WEFEQ" WJF_Q" W!F_Q"

W?F_Q">WF_Q">WFIQ">WFEQ">WFJQ">WF>Q">WFLQ">WF?Q">>F`JQ">>F`Q">>F_Q">>FIQ">!FIQ">!FEQ">!F>Q"

>?FWQ" >?F!Q" L`FJQ" L_FJQ" LIFJQ" LIFWQ" LJFEQ" LJF!Q" LWFLQ" L>F>Q" LLFJQ" LLF!Q" L?F>Q" !EFJQ" !EF!Q"

!JFIQ"!WF`Q"!WF_Q"!WFIQ"!>F`Q"!>F?Q"!LF`IQ"!LF_Q"!LF_LQ"!LF>Q"!LF?_Q"!LF?IQ"!!F`Q"!!FJQ"`F!Q"

_FJQ"_F!Q"_F?Q"IFJQ"IFWQ"IF>Q"JF?Q"WF`Q"WF_U""

 
 



_ 

 
 
 
 

(−−−−)-Membrenone-C 

OO

O O

OO OOO OSi
tBu tBu ent-3  (–)-membrenone-C

1) HF-pyr
     pyr 

2) TFA

"
S4" 1H,"1,1.-4(,"3H47("-O4D, '?F!WE_"0Q"?FL_IJ"//4+5"7-3"-88,8"O)::,.,8"6B.282(2)/"
HB8.40,(":+)4.28,"'>"/+"4:"-"314*N"34+)124("6.,6-.,8":.4/"8.B"S#9"'!?"/+5Q"6B.282(,"'J"

/+5"-(8"6B.282(2)/"HB8.40,(":+)4.28,"'K+8.2*HQ"LF!"055F""SH,".,-*124("7-3"312..,8"-1"&S"
:4." >" H4).3Q" 82+)1,8" 721H" G#LG+L" 'L?" /+5" -(8" 3)**,332D,+B" 7-3H,8" 721H" G)T[W"

'3-1).-1,8" -V),4)3Q" L"×" !?"/+5Q"$-#G[>" '3-1).-1,8" -V),4)3Q" !?"/+5Q" O.2(," '3-1).-1,8"
-V),4)3Q"!?"/+5Q"8.2,8"'-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8"in vacuo."G.)8,"!#"$%&"
3)00,31,8"1H-1"*B*+23-124("-(8"8,HB8.-124("7-3"(41"*4/6+,1,"02D2(0"-"*4/6+,P"/2P1).,"
4:" 234/,.3F" S4" -" 312..,8" 34+)124(" 4:" *.)8," /2P1).," 2(" G#LG+L" 'W" /+5" 7-3" -88,8" -(8"

1.2:+)4.4-*,12*"-*28"'?F!"/+5F"SH,":4./-124("4:"-"84)O+,"γZ82HB8.46B.4(,".2(0"3B31,/"7-3"
/4(214.,8" OB" SeG" 'A<" -*12D,;" &f R" ?F>" '!?jY1L[cG#LG+L55F" A64(" *4/6+,124(" 4:"
*B*+23-124(c8,HB8.-124(" 1H," /2P1).," 7-3" 82+)1,8" 721H" G#LG+L" '!?" /+5Q" 7-3H,8" 721H"

$-#G[>" '3-1).-1,8" -V),4)3Q" J"/+5Q"O.2(," '3-1).-1,8"-V),4)3Q" J"/+5Q"8.2,8" '-(HB8.4)3"

%0T[W5" -(8" *4(*,(1.-1,8" in vacuo" 14" 02D," -(" 42+F" " SH," 42+" 7-3" 6).2:2,8" OB" *4+)/("
*H.4/-140.-6HB" '!?jY1L[cG#LG+L5" 14"02D,"entZ3" '−5Z%,/O.,(4(,ZG"-3"-"7H21,"34+28"
'/6" `_Z!??hG5F" '?F?J?E0Q" JLj5F" '[D,.-++" m2,+8" 4D,." _" 31,63;" !?FIJj5F" &f" R" ?F>"

'!?jY1L[cG#LG+L5U"aαb
L?
"M"R"−L_FL°"'*?FWEQ"G#G+>5U"!#"$%&"δ"'E??"%#@Q"GMG+>5"WFLW"

'!#Q"88Q"J R"!?FLQ">"#@Q"GH["synZ.2(05Q">F_`"'!#Q"88Q"J R"!>F_Q"LF!"#@Q"GH["antiZ.2(05Q"
LFJ!" '!#Q" 8VQ" J R" !>F_Q" IFL" #@Q" [RGGHG#>Q" antiZ.2(05Q" LFWEZLFLL" 'J#Q" /Q" !" ×"
[RGGHG#>"k"L"×"GH2G#>5Q" LFL?" '!#Q"8V8Q" J" R" !?FLQ" EFEQ" LF!"#@Q"G#GHG#>G#5Q"
!FI>>"'>#Q"3Q"D2(B+"GH35Q"!FI?W"'>#Q"3Q"D2(B+"GH35Q"!F!`"'>#Q"8Q"J"R"EFE"#@Q"G#GH35Q"

!F!EJ"'>#Q"1Q"J"R"IFJ"#@Q"G#LGH35Q"!F?_"'>#Q"8Q"J"R"IFL"#@Q"G#GH35Q"!F?E"'>#Q"1Q"J"R"
IFJ"#@Q"G#LGH35Q"!F?!"'>#Q"8Q"J"R"IFL"#@Q"G#GH35U"!>G"$%&"δ"'!J!"%#@Q"GMG+>5"

!`IF!!Q" !`WFJIQ" !I>FI>Q" !ILFW_Q" !?_FEJQ" !?IFI?Q" _!FE`Q" _?F`>Q" W?FW>Q" >`F`!Q" >WFEIQ"

LJFWW`Q"LJFW>!Q"!?F`!JQ"!?F_!IQ"`FI`Q"`F>L_Q"`FLJ_Q"`F!!>Q"`F?`_U"YC%T;"G-+*)+-1,8":4."
GL?#>?[W"'%^5">>WFL!WWF"94)(8">>WFL!W_WF"

"

SH,"*B*+23-124(c8,HB8.-124("31,6"14"'−5Z%,/O.,(4(,ZG"7-3"-+34"-*H2,D,8"4("3/-++"3*-+,"
2("-("$%&"1)O,"-(8"213":4./-124("/4(214.,8"OB"!#"$%&"-:1,."-882124("4:"1.2:+)4.4-*,12*"

-*28" '3,,"/,1H483" :4." *B*+23-124(c8,HB8.-124(" 4:" C34/,." !" -(8" L" " 4:"%,/O.,(4(,ZG5F"

f,:4.," -882(0" 1.2:+)4.4-*,12*" -*28Q" 2(212-+" !#" $%&" .,D,-+,8" -" *4/6+,P" /2P1).," 4:"



` 

6.48)*13F"SH,"*B*+23-124(c8,HB8.-124("6.4*,33"7-3"*4/6+,1,"721H2("L?"/2()1,3"4:"-882(0"

1H,"-*28"*-1-+B31"-(8"1H,"2(212-+"/2P1).,"4:"*4/6+,P"6.48)*13"H-8"8.-/-12*-++B"32/6+2:2,8"

14" 4(," *4/64)(8" 1H-1" 7-3" 4O3,.D,8" 14" O," i`Jj" 6).,F" K11,/613" 14" 6).2:B" '−5Z
%,/O.,(4(,ZG" '-(8" .,+-1,8" 3B(1H,323,8" 234/,.3" !QL" k" W5" )32(0" 32+2*-" 0,+"

*H.4/-140.-6HB"74)+8"02D,"qJ?j"B2,+8F"SH23"3)00,313"1H-1"1H,"84)O+,"γZ82HB8.46B.4(,"
.2(0"3B31,/"/-B"O,"3,(3212D,"14"1H,3,"6).2:2*-124("*4(82124(3F"

"

C("+-1,."*B*+23-124(c8,HB8.-124(",P6,.2/,(13"paraZ14+),(,3)+6H4(-1,"'pZS3[#5"7-3":4)(8"
3)**,33:)+"2("*-1-+B32(0"1H,"*B*+23-124(c8,HB8.-124("14":4./"1H,"84)O+,"γZ82HB8.46B.4(,"
3B31,/F" S4" 1H," *.)8," 1,1.-4(," 3H47(" -O4D, '?F?L_J" 0Q" ?F?JJI" //4+5" 7-3" -88,8"
O)::,.,8" 6B.282(2)/" HB8.40,(" :+)4.28," '?FJ"/+" 4:" -" 314*N" 34+)124(" 6.,6-.,8" :.4/" 8.B"

S#9" '!?"/+5Q" 6B.282(," 'J"/+5" -(8"6B.282(2)/"HB8.40,(" :+)4.28," 'K+8.2*HQ"LF!"055F"SH,"
.,-*124("7-3" 312..,8" -1"&S" :4." >" H4).3Q" 82+)1,8"721H"G#LG+L" '!?"/+5" -(8" 3)**,332D,+B"

7-3H,8"721H"G)T[W"'3-1).-1,8"-V),4)3Q"L"×">"/+5Q"$-#G[>"'3-1).-1,8"-V),4)3Q">"/+5Q"
O.2(," '3-1).-1,8" -V),4)3Q">"/+5Q"8.2,8" '-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8" in vacuo. 
C(212-+" !#"$%&"4:" 1H,"*.)8,"6.48)*1" .,D,-+,8"-"*4/6+,P"/2P1).,"4:"6.48)*13F"K" +-.0,"

.2*," 0.-2(" 4:" pZS3[#" 7-3" -88,8" 14" 1H," $%&" 1)O," -(8" *B*+23-124(c8,HB8.-124(" 7-3"
/4(214.,8"OB"!#"$%&F"G.)8,"!#"$%&".,D,-+,8"174"32(0+,13"-1"q!FI"66/":4."1H,"D2(B+"

/,1HB+"0.4)63"-:1,."!J"/2()1,3F"SH,"$%&"1)O,"7-3"+,:1"14"321":4."L"8-B3"-(8"1H,"174"88"

-1"WFL"-(8">F`_"66/"O,*-/,"8,:2(,8"*4/6-.,8"721H"1H,"2(212-+"!#"$%&F"SH,"*.)8,"!#"

$%&" -+34" .,D,-+,8" 1H-1" 1H," *B*+23-124(c8,HB8.-124(" ,/6+4B2(0" pZS3[#" 7-3" (41" -3"
,::2*2,(1" *4/6-.,8" 721H" 1.2:+)4.4-*,12*" -*28" *-1-+B3,8" *B*+23-124(c8,HB8.-124(F" SH,"
*4(1,(13" 4:" 1H," $%&" 1)O," 7,.," 82+)1,8" 721H" G#LG+L" 'E" /+5Q" 7-3H,8" 721H" $-#G[>"

'3-1).-1,8" -V),4)3Q" >"/+5Q" O.2(," '3-1).-1,8" -V),4)3Q" >"/+5Q" 8.2,8" '-(HB8.4)3"%0T[W5"

-(8" *4(*,(1.-1,8" in vacuoF" SH," 6.48)*1" 7-3" 6).2:2,8" OB" *4+)/(" *H.4/-140.-6HB"
'!?jY1L[cG#LG+L5F"'?F??LI0Q"!Jj5F""

"
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Table 1: E??"%#@"$%&"8-1-"4:"'−5Z%,/O.,(4(,ZG"ent-3F-QOQ*"
 

OO

O O

12
3 4

5678910

12 13
1415

16

17 18 19

20

11

"
"

C δδδδ13C 
(ppm) 

δδδδ1H 
(ppm) 

m 3J (Hz) C÷s related to H (HMBC) H÷s related to H 
(COSY) 

NOE (Rosey) 

!E" `F?`_" !FI>>" 3" " " " "

L?" `F!!>" !FI?W" 3" " " " "

!_" `FLJ_" !F!`" 8" EFE" G!_"→"#IQ"#_Q"#`" #!_"→"#_" #!_"→"#EQ"#`"

!`" `F>L_" !F?_" 8" IFL" G!`"→"#EQ"#I" #!`"→"#E" #!`"→"#IQ"#_"

!I" `FI`" !F?!" 8" IFL" G!I"→"#`Q"#!?" #!I"→"#!?" #!I"→"#IQ"#_"

!J" !?F_!I" !F!EJ" 1" IFJ" G!J"→"#!W" #!J"→"#!W" "

!" !?F`!J" !F?E" 1" IFJ" G!"→"#L" #!"→"#L" "

L" LJFW>!
r"

LF>EZLFLL" /" " GL"→"#!" #L"→"#!" "

!W" LJFWW`
r"

LFWEZLF>L" /" " G!W"→"#!J" #!W"→"#!J" #_"→"#!IQ"#!`"

_" >WFEI" LFL?" 8V
8"

!?FLQ"EFEQ"LF!" G_"→"#EQ"#IQ"#`Q"#!_" #_"→"#IQ"#`Q"#!_" "

E" >`F`!" LFJ!" 8V" !>F_Q"IFL" GE"→"#IQ"#!`" #E"→"#IQ"#!`" #E"→"#!_"

!?" W?FW>" LFW?" /" " G!?"→"#!I" #!?"→"#`Q"#!I" #!?"→"#I"

I" _?F`>" >F_`" 88" !>F_Q"LF!" GI"→"#!_Q"#!`" #I"→"#EQ"#_" #I"→"#!?Q"#!IQ"
#!`"

`" _!FE`" WFLW" 88" !?FLQ">" G`"→"#IQ"#_Q"#!IQ"#!_" #`→"#_Q"#!?" #`"→"#!_"

!L" !?IFI?" " " " G!L"→"#!WQ"#!E" " "

W" !?_FEJ" " " " GW"→"#LQ"#L?" " "

>" !ILFW_" " " " G>"→"#!Q"#LQ"#L?" " "

!>" !I>FI>" " " " G!>"→"#!WQ"#!JQ"#!E" " "

J" !`WFJI" " " " GJ"→"#EQ"#IQ"#!`Q"#L?" " "

!!" !`IF!!" " " " G!!"→"#`Q"#!?Q"#!EQ"#!I" " "

"
-5"<-.2-("A(21B"C(4D-"E??"%#@"$%&"T6,*1.4/,1,.F"GH,/2*-+"3H2:13".,:,.,(*,8"14"G#G+>"-1"IFLE"66/"-(8"14"GMG+>"-1"IIF?"66/F"
O5"K3320/,(13"-33231,8"OB"!#Z!>G"#%fGQ"#TsGQ"!#Z!#"G[TmF"

*5"r"2(82*-1,3"-"1,(1-12D,"-3320(/,(1"-(8"/-B"O,"2(1,.*H-(0,-O+,F"

"
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Isomer 1 membrenone-C synthesis: 
 
(3R, 4R, 5R, 6S)-7-Benzyloxy-2,4,6-trimethyl-1-heptene-3,5-diol, 17"������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

BnO

O OO

BnO

H

O

OHOH

BnO

B
cHex

(S)-9

i. cHex2BCl, Et3N
Et2O, –22 °C

iii. insitu LiBH4

iv. H2O2, pH=7
    buffer, MeOH
    (90%, >95% ds)

ii.
cHex

17

"
S4"-"312..,8"34+)124("4:"82*B*+4H,PB+O4.4("*H+4.28,"'?F>?_"0Q"!FWJ"//4+5"2("8.B"Y1L["'>"

/+5"7-3"-88,8"1.2,1HB+-/2(,"'Y1>$5"'?FL?!"/+Q"!FWJ"//4+5"-1"gLLhGF"'S5Z!Zf,(@B+4PBZ
LZ/,1HB+6,(1-(Z>Z4(," 9 '?FL``?" 0Q" !FWJ"//4+5"7-3" -88,8"via" *-(()+-" 'L"× !"/+" 8.B"
Y1L[5" -(8" 1H,"/2P1).,"7-3" 312..,8" :4." L" H4).3" -1" gLLhGF"%,1H-*.4+,2(" '?F!W>"/+Q" LF`"

//4+5"7-3"-88,8"via"*-(()+-"'L"× !"/+"8.B"Y1L[5"-1"gLLhG"-(8"1H,"/2P1).,"7-3"312..,8"
:4."L"H4).3"-1"gLLhGF"SH,".,-*124("7-3"*44+,8"14"g`?hG"-(8"e2f#W"'LF?"%"2("S#9Q"LFJW"

/+Q" JF?I"//4+5"7-3" -88,8" 8.46723,F" SH,"/2P1).,"7-3"7-./,8" 3+47+B" 14" gI_hG" -(8"

312..,8" -1" 1H23" 1,/6,.-1).," :4." L" H4).3F" SH," .,-*124("7-3" V),(*H,8" OB" 1H," -882124(" 4:"
$#WG+"'3-1).-1,8"-V),4)3Q"W?"/+5"-(8",P1.-*1,8"721H"Y1L["'>"× LJ"/+5F"[.0-(2*",P1.-*13"

7,.,"*4/O2(,8"-(8"7-3H,8"721H"$-G+" '3-1).-1,8"-V),4)3Q"L?"/+5"-(8"*4(*,(1.-1,8" in 
vacuo. SH,".,328),"7-3"3)36,(8,8"2("%,[#"'E"/+5"-(8"!?j"$-[#"'>"/+5"-(8"*44+,8"14"
?hG" '2*,c3-+1" O-1H5F" #L[L" '>?j" -V),4)3Q" W" /+5" 7-3" -88,8" 8.46723," -(8" 312..2(0"

*4(12(),8"-1"&S":4.">"H4).3F"SH,"/2P1).,"7-3"82+)1,8"721H"#L["'W?"/+5"-(8",P1.-*1,8"

721H" G#LG+L" '>" × >?" /+5F" G4/O2(,8" 4.0-(2*" ,P1.-*13" 7,.," 7-3H,8" 721H" $-#G[>"
'3-1).-1,8" -V),4)3 L?" /+5Q" $-#T[>" '3-1).-1,8" -V),4)3Q" L" × L?" /+5Q" $-G+" '3-1).-1,8"
-V),4)3Q L?"/+5Q"8.2,8"'-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8"in vacuoF"SH,"824+"17"7-3"
6).2:2,8" OB" *4+)/(" *H.4/-140.-6HB" '!?jY1L[cG#LG+L5F" '?F>EJ_0Q" `?j5F" &f" R" ?FWE"

'!?jY1L[cG#LG+L5U" aαb
L?
"M"R" −>FE>h" '*?F_LEQ" G#G+>5U" C&" '(,-15" >>W?" 'O.5Q" L`I>" 'D35Q"

L`L`" '35Q" !!?E" '/5Q" !?!>" '35U" !#"$%&"δ" '>??"%#@Q"GMG+>5"IF>_ZIFLJ" 'J#Q"/Q"XH5Q"

WF__"'!#Q"O."/Q"4+:2(2*5Q"WF_E"'!#Q"O."/Q"4+:2(2*5Q"WFJJ"k"WFJ!"'L#Q"KfVQ"J R"!LF>"#@Q"
GHAHBXH5Q"WF>_"'!#Q"3Q"[H5Q"WF?!"'!#Q"8Q"J R"`F>"#@Q"GH[#5Q">F``"'!#Q"3Q"[H5Q">F_J"
'!#Q""O."8Q"J R"`FE"#@Q"#[GH5U">FEL"'!#Q"88Q"J"R"`Q"WFJ"#@Q"GHA#f[f(5Q">FJI"'!#Q"88Q"

J"R"`Q"WFJ"#@Q"G#KHB[f(5Q""!F`IZ!F`?"'!#Q"/Q"GHG#>5Q"!FI`Z!FI?"'!#Q"/Q"GHG#>5Q"
!FI>" '>#Q" 3Q" D2(B+"GH35Q" ?F``" '>#Q"8Q"J" R" IFL"#@Q"G#GH35Q" ?FE>" '>#Q"8Q" J" R" EFE"#@Q"
G#GH35U" !>G"$%&"δ" 'IJFJ"%#@Q" GMG+>5" !WEF?Q" !>_F?Q" !L_FEQ" !LIF`Q" !LIFIQ" !!WF?Q"

_>F>Q"_?F?Q"IJFIQ"I>FEQ">IF_Q">JFLQ"!EFLQ"!>F!Q"`FLU" 
"

"

"

"

"

"



!L 

(3R, 4R, 5R, 6S)-7-Benzyloxy-2,4,6-trimethyl-3,5-[[bis(1,1-dimethylethyl)-
silylene]dioxy]-1-heptene, 18"

OHOH

BnO

O O

BnO

Si
2,6-lutidine
CH2Cl2

tBu2Si(OTf)2

tBu tBu17 18
"

S4" -" 312..,8" 34+)124(" 4:" syn-824+" 17 '?FL``>0Q" !F?IJ" //4+5" 2(" G#LG+L" '?FJ" /+5" 7-3"
-88,8" LQEZ+)1282(," '?FW>_" /+Q" >FIE" //4+5" -(8" 82ZtertZO)1B+32+B+"
O23'1.2:+)4.4/,1H-(,3)+:4(-1,5"'?FI_W"/+Q"LF!J"//4+5F"SH,"/2P1).,"7-3"312..,8"-1"&S":4."
!`"H4).3Q"82+)1,8"721H"G#LG+L"'L?"/+5"-(8"7-3H,8"721H"$-#G[>"'3-1).-1,8"-V),4)3Q"!?"

/+5Q" $-#T[W" '?F>%Q" L"× !?"/+5Q" $-G+" '3-1).-1,8" -V),4)3Q" !?"/+5Q" 8.2,8" '-(HB8.4)3"
%0T[W5" -(8" *4(*,(1.-1,8" in vacuoF"SH," *.)8,"6.48)*1"7-3" :2+1,.,8" 1H.4)0H" -" *4+)/("
'6+)00,8" 721H" *4114(" 744+5" 721H" :.,3H+B" 82312++,8" 6,(1-(,Q" 6,(1-(," ,P1.-*13" 7,.,"

*4/O2(,8" -(8" *4(*,(1.-1,8" in vacuo." SH," 6.48)*1" 18 7-3" 6).2:2,8" OB" *4+)/("
*H.4/-140.-6HB"'G#LG+L5F"'?F>E__"0Q"_Lj5F"&f"R"?F_J"'G#LG+L5U"aαb

L?
"M"R"^!WFJh"'*?FELQ"

G#G+>5U" C&" '+2V)28" :2+/5"L_JE" '35Q"!?W_"'35U"!#"$%&"δ" '>??"%#@Q"GMG+>5"IF>EZIFLJ"

'J#Q"/Q"XH5Q"WF_I"'!#Q"/Q"4+,:2(2*5Q"WF_EJ"'!#Q"/Q"4+,:2(2*5U"WFJE"k"WFW_"'L#Q"KfVQ"J R"
!LF>"#@Q"GHAHBXH5Q"WF!I"'!#Q"8Q"J R"`F`"#@Q"GH[T25Q"WF?I"'!#Q"88Q"J R"`F`Q"LF!"#@Q"
GH[T25Q" >FE?" '!#Q" 1Q" J R" _FI" #@Q" GHA#f[f(5Q" >F>E" '!#Q" 88Q" J R" _FIQ" JFI" #@Q"
G#KHB[f(5Q" LF!WZLF??" '!#Q" /Q" GHG#>5Q" !F_WZ!FI!" '!#Q"/Q" GHG#>5Q" !FIJ" '>#Q" 3Q"
D2(B+"GH35Q"!F?W"'`#Q"3Q"tf)5Q"!F?L"'`#Q"3Q"tf)5Q"?F_I"'>#Q"8Q"J"R"EFE"#@Q"G#GH35U"?FE>"

'>#Q" 8Q" J" R" EF`" #@Q" G#GH35U" !>G"$%&"δ" 'IJFJ"%#@Q" GMG+>5" !WJF_Q" !>_F_Q" !L_FWQ"

!LIF_Q"!LIFJQ"!!WF?Q"_JFEQ"IIF_Q"I>FWQ"I>F>Q">IF!Q">EF?Q"LIFIQ"LIFLQ"L>F?Q"L?FLQ"!EF>Q"!LFWQ"
`F?U"YC%T;"G-+*)+-1,8":4."GLJ#WL[>T2"'%^5"W!_FL`?>F"94)(8"W!_FL`!EF"

"

(2S, 3R, 4S, 5S, 6S)-1-Benzyloxy-2,4,6-trimethyl-3,5-[[bis(1,1-dimethylethyl)-
silylene]dioxy]-heptan-7-ol, 19"

O O

BnO

Si OO

OH

Si

BnOi.  BH3•SMe2

ii. H2O2/NaOH, THF
     (75 %, >95% ds)tBu tBu tBu tBu

18 19
"

S4"-"312..,8"34+)124("4:"-+N,(,"18 '?F>E>L"0Q"?F_EIW"//4+5"2("8.B"S#9"'W"/+5"7-3"-88,8"
f#>pT%,L"'!?"%Q"?F>WE"/+Q">FWE"//4+5"-(8"1H,"34+)124("7-3"312..,8":4."!E"H4).3"-1"&SF"

SH,".,-*124("7-3"*44+,8"14"?°G"'2*,c3-+1"O-1H5"-(8"#L[L"'>?jQ"W"/+5"'$f;"*-.,"1-N,("-3"
6,.4P28," -882124(" 14" ,P*,33"f#>" 23"D,.B",P41H,./2*5"7-3"-88,8"8.46723," :4++47,8"OB"

!?j"$-[#"'W"/+5F"SH,"/2P1).,"7-3"7-./,8"3+47+B"14"&S"-(8"312..,8":4."L"H4).3F"SH,"
/2P1).,"7-3"82+)1,8"721H"#L["'J?"/+5"-(8",P1.-*1,8"721H"Y1[K*"'W"×"LJ"/+5F"[.0-(2*"
,P1.-*13" 7,.," 7-3H,8" 721H" $-#G[>" '3-1).-1,8" -V),4)3Q" L?/+5Q" $-#T[>" '3-1).-1,8"

-V),4)3Q" L?" /+5Q" $-G+" '3-1).-1,8" -V),4)3Q" L?" /+5" -(8" *4(*,(1.-1,8 in vacuo." SH,"
.,328)," 7-3" 3)36,(8,8" 2(" S#9c!?j$-[#" '!;!Q" _" /+5" -(8" 312..,8" :4." LW" H4).3F" SH,"
/2P1).,"7-3"82+)1,8"721H"#L["'W?"/+5Q",P1.-*1,8"721H"Y1[K*"'>"×"L?"/+5"-(8"*4/O2(,8"



!> 

4.0-(2*",P1.-*13"7,.,"8.2,8"'-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8"in vacuo."SH,"6.48)*1"
19 7-3" 6).2:2,8" OB" *4+)/(" *H.4/-140.-6HB" 'JjY1L[cG#LG+L5F" '?FL_L_0Q" IJj5F"&f" R"

?FE" 'JjY1L[cG#LG+L5U" aαb
L?
"M"R" ^!?FEJ°" '*!F!LIQ" G#G+>5U" C&" '+2V)28" :2+/5" >W!I" 'O.5Q"

L`>L"'35Q"!WI>"'35Q"!>E>"'35U"!#"$%&"δ"'>??"%#@Q"GMG+>5"IF>IZIFLE"'J#Q"/Q"XH5Q"WFJW"
k"WFW_"'L#Q"KfVQ"J R!!FJ"#@Q"GHAHBXH5Q"WF?>"'!#Q"88Q"J R"`F`Q"LF!"#@Q"GH[T25Q">F_`Z
>F_>"'L#Q"/Q"GHA#f["k"GH[T25Q">FE>"'!#Q"88Q"J"R"!?F_Q"WFL"#@Q"G#KHB[5Q">FJ`"'!#Q"

1Q"J R"_FI"#@Q"GHX#m[5Q">F>E"'!#Q"88Q"J R"_FIQ"JFI"#@Q"G#nHY[5Q"LFLI"'!#Q"/"[H5Q"
LF!JZLF?W"'!#Q"/Q"GHG#>5Q"LF??Z!F_I"'L#Q"/Q"L"×"GHG#>5Q"!F!_"'>#Q"8Q"J"R"EF`"#@Q"
G#GH35Q"!F?>"'`#Q"3Q" tf)5Q"?F``"'`#Q"3Q" tf)5Q"?F_I"'>#Q"8Q"J"R"EFE"#@Q"G#GH35Q"?FIW"

'>#Q" 8Q" J" R" EF`"#@Q"G#GH35U" " !>G"$%&"δ" 'IJFJ"%#@Q"GMG+>5" !>_F_Q" !L_FWQ" !LIF_Q"

!LIFJQ" _WF`Q" I_FIQ" I>F>'× L5Q" E>FWQ" >_F>Q" >EF?Q" >JF_Q" LIF_Q" LIF!Q" L>F?Q" L?F?Q" !JFWQ" !LF?Q"
`F!U"

"

(2S, 3R, 4S, 5S, 6S)-2,4,6-Trimethyl-3,5-[[bis(1,1-dimethylethyl)-silylene]dioxy]-
heptan-1,7-diol"

OO

OHHO

Si
tBu tBu "

S4"-"312..,8"34+)124("4:"O,(@B+",1H,."19"'?FLEE`"0Q"?FE!!!"//4+5"2("8.B"Y1[#"'J"/+5"7-3"
-88,8"!?jX8cG"'?F?>"05"-(8"1H,".,-*124("7-3"312..,8")(8,."-("-1/436H,.,"4:"HB8.40,("
:4."W"H4).3"-1"&SF"SH,"/2P1).,"7-3"82+)1,8"721H"8.B"Y1L["-(8":2+1,.,8"1H.4)0H"-"*4+)/("

4:"*,+21," '6.,Z7,1"721H"8.B"Y1L[5" 14" .,/4D,"1H,"*-1-+B31F"Y1L[",P1.-*13"7,.,"*4/O2(,8"

-(8" *4(*,(1.-1,8" in vacuoF" SH," 824+" 7-3" 6).2:2,8" OB" *4+)/(" *H.4/-140.-6HB"
'L?jY1L[cG#LG+L5" 14" 02D," -" :2(,"7H21," *.B31-++2(," 34+28F" '?F!_>I" 0Q" _Ij5F"&f R" ?FWJ"
'L?jY1L[cG#LG+L5U" aαb

L?
"M"R" ^!FE>h" '*?FE!>Q"G#G+>5U" C&" '+2V)28" :2+/5" >W!I" 'O.5Q" L`>L"

'35Q"!WI>"'35Q"!>E>"'D35U"!#"$%&"δ"'>??"%#@Q"GMG+>5"WF?E"'!#Q"88Q"J R"`F`Q"LF!"#@Q"
GH[T25Q">F_IZ>FEL"'J#Q"/Q"!"×"GH[T2"k"L"×"GH2[#5Q"LFJL"'!#Q"88Q"J R"_FWQ">F?"#@Q"
[H5Q"LFLE"'!#Q"88Q"J R"IFJQ"LFI"#@Q"[H5Q"LF?!Z!F_E"'>#Q"/Q">"×"GHG#>5Q"!F!I"'>#Q"8Q"J 
R"EF`"#@Q"G#GH35Q"!F?W"'`#Q"3Q" tf)5Q"!F??"'>#Q"8Q"J R"EF`"#@Q"G#GH35Q"?F``I"'`#Q"3Q"
tf)5Q" ?FIE" '>#Q"8Q"J" R" EF`"#@Q"G#GH35U" !>G"$%&"δ" 'IJFJ"%#@Q"GMG+>5"_WFWQ" _>FLQ"

EIF_Q"E>F>Q">_FWQ">EFJQ">EFLQ"LIF_Q"LIF?Q"L>F?Q"L?F?Q"!JF>Q"!LF!Q"_FEU"

"

(2R, 3S, 4R, 5R, 6R)-2,4,6-Trimethyl-3,5-[[bis(1,1-dimethylethyl)-silylene]dioxy]-
heptan-1,7-dial"

OO OO

HH

Si
tBu tBu "

S4" -" 312..,8" 34+)124(" 4:" 6B.282(2)/" *H+4.4*H.4/-1," 'XGG5" '?F>W" 0Q" !FJI"//4+5" 2("8.B"
G#LG+L"'J"/+5"7-3"-88,8"1H,"-O4D,"824+ '?F!?E_"0Q"?F>?_!"//4+5"via"*-(()+-"'L"×"!FJ"



!W 

/+""G#LG+L5F"SH,".,-*124("7-3"312..,8":4.">"H4).3"-1"&SF"SH,"/2P1).,"7-3"1.21).-1,8"721H"

8.B"Y1L["-(8":2+1,.,8"1H.4)0H"-"*4+)/("4:":+4.232+"'6.,Z7,1"721H"Y1L[5")(12+"1H,".,3)+12(0"

O+-*N" 0)/" O,*-/," -" 0.-()+-." 34+28F" G4/O2(,8" Y1L[" ,P1.-*13" 7,.," *4(*,(1.-1,8" in 
vacuo." SH," 82-+8,HB8," 7-3" 6).2:2,8" OB" *4+)/(" *H.4/-140.-6HB" 'G#LG+L5F" '?F?_>" 0Q"
I`j5F"&f" R"?FJE" 'G#LG+L5U" aαb

L?
"M"R"gL!F!h" '*?FWI>Q"G#G+>5U" C&" '+2V)28" :2+/5"L`>>" '35Q"

!E``"'/5Q"!WIJ"'35U"!#"$%&"δ"'>??"%#@Q"GMG+>5"`F_!I"'!#Q"8Q"J R">"#@Q"HGR[5Q"`FI>"
'!#Q"3Q"HGR[5Q"WFWJ"'!#Q"88Q"J R"`F`Q"LFW"#@Q"GH[T25Q"WF?L"'!#Q"88Q"J R"`F`Q"LF!"#@Q"
GH[T25Q"LFE>"'!#Q"8V8Q"J R"`F`Q"EF`Q">"#@Q"#GR[GHG#>5Q"LFJ?"'!#Q"8VQ"J R"EF`Q"LFW"
#@Q"#GR[GHG#>5Q"!F`I"'!#Q"8V8Q"J R"`F`Q"EFEQ"LF!"#@Q"G#GHG#>G#5Q"!F>!"'>#Q"8Q"J"
R"EF`"#@Q"G#GH35Q"!F!W" '>#Q"8Q"J"R"EF`"#@Q"G#GH35Q"!F?L"'`#Q"3Qtf)"5Q"?F`>"'`#Q"3Q"
tf)5Q"?F_W"'>#Q"8Q"J"R"EFE"#@Q"G#GH35U"!>G"$%&"δ"'IJFJ"%#@Q"GMG+>5"L?JF>Q"L?WFJQ"

_!F`Q"I_FJQ"W`FLQ"W`F?Q">_F!Q"LIFEQ"LEF`Q"L>F?Q"L?F!Q"!LF!Q"!!FIQ"JF_U"

"

(4RS, 5RS, 6S, 7R, 8S, 9S, 10S, 11RS, 12RS)-5,11-Dihydroxy-4,6,8,10,12-
pentamethyl-7,9-[[bis(1,1dimethylethyl)-silylene]dioxy]-pentadec-3,13-dione"

OO OHOHO OOO OO

HH

SitBu tBu
SitBu tBu

OTiClnO 15

i. TiCl4,  –78 °C
    45 min
ii. iPr2NEt
    CH2Cl2, 1 h

+

"
S4"-"312..,8"34+)124("4:"6,(1-(Z>Z4(,"'?FW>I"/+Q"WF!>W"//4+5"2("8.B"G#LG+L"'>"/+5"7-3"

-88,8"S2G+W"'!F?%"2("G#LG+LQ">FIL"/+Q">FIL"//4+5"-1"gI_hG"-(8"1H,"/2P1).,"7-3"312..,8"

:4.">?"/2()1,3"-1"gI_hGF"M2ZisoZ6.46B+,1HB+-/2(,"'iX.L$Y15"'?FEW_"/+Q">FIL"//4+5"7-3"
-88,8"8.46723,"-1"gI_hG"-(8"1H,",(4+-1,"7-3"312..,8":4."4(,"H4)."1H23"1,/6,.-1).,F"SH,"

.,-*124(" 7-3" *44+,8" 14" g`?hG" -(8" 1H," -O4D," 82-+8,HB8, '?F?I?_" 0Q" LF?E" //4+5" 7-3"
-88,8"via"*-(()+-"'L"×"!"/+"8.B"G#LG+L5F"SH,"34+)124("7-3"7-./,8"3+47+B"14"gI_hG"-(8"
312..,8" :4."L"H4).3F"SH,".,-*124("7-3"7-./,8")6"3+47+B" 14"gJhG"312..,8":4."J"/2()1,3Q"
V),(*H,8"OB"1H,"-882124("4:"6#RI"O)::,."'>?"/+5"-(8",P1.-*1,8"721H"Y1L["'>"×">?"/+5F"

G4/O2(,8" 4.0-(2*" ,P1.-*13" 7,.," 7-3H,8" 2(" O.2(," '3-1).-1,8" -V),4)3Q" L?" /+5Q" 8.2,8"
'-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8"in vacuoF"SH,"84)O+,"-+84+"6.48)*13"7,.,"6).2:2,8"
OB" *4+)/(" *H.4/-140.-6HB" 'JjY1L[cG#LG+L5F" '?F?_LE" 0Q" I_j5F" &f" R" ?F!J"

'JjY1L[cG#LG+L5U" !#"$%&"δ" '>??"%#@Q"GMG+>5"%2P1).,"4:"M4)O+,ZK+84+" 6.48)*13"

KQf"k"G;"WF>!Z>F`I"'LF!>#Q"/"'WF!W"'88Q"J"R"`F`Q"LF!"#@Q"GH[T25Q"WF?_"'88Q"J"R"!?FLQ"
LF!" #@" GH[T255Q" >F`LZ>FE>" 'LFL#Q" /5Q" >FW`Z>FW!" '?FL`#Q" /5Q" LF`IZLFIW" '!FEE#Q" /5Q"
LFEJZLF>J" 'JF_J#Q" /5Q" LF!I" k" LFE>" '?FE`#Q" L" ×" 35Q" LF??Z!F_I" '!F!W#Q" /5Q" !FI`Z!FE!"
'!F?I#Q"/5Q"!FJ_Z!FWL"'!F!!#Q"/5Q"!FL>Z!F!I"'LFL>#Q"/"'!F!`"'1Q"J"R"EFE#@Q"G#LGH35Q"

!F!`" '8Q" J" R" EF`"#@Q" G#GH355Q" !F!WLZ?F`!J" '>?F`I#Q"/" '!F?E" '3Q" tf)5Q" !F?>" '3Q" tf)5Q"

?F```"'3Q"tf)5Q"?F``!"'3Q"tf)55Q"?F_WI"'L#Q"1Q"J"R"IFL"#@Q"G#GH35Q""?FIEZ?FE`"'LFEE#Q"/"

'?FIJ" '8Q" J" R" EFE" #@Q" G#GH35Q" ?FI!" '8Q" J" R" EFE" #@Q" G#GH35Q" ?FI?" '8Q" J" R" EFE#@Q"
G#GH355U"%2P1).,"4:"M4)O+,ZK+84+"6.48)*13"K"k"f;"WFLJZWF?`"'!FW?#Q"/"'WF!W"'88Q"J"R"
`F`Q"LF!"#@Q"GH[T255Q"WF?LZ>FI>"'LF_W#Q"/"'WF??"'88Q"J"R"_F!Q"LFW"#@Q"GH[T255Q"LF`?Z
LFI!" '!FI!#Q"/5Q" LFEEZLF>E" 'E#Q"/5Q" LF!I" '!FJ#Q"/5Q" !F``Z!F`?" '?F``#Q"/5Q" !FI_Z!FW!"



!J 

'LFE_#Q"/5Q" !FLLZ!F!_" '!F`E#Q"/5Q" !F!WZ!F!!'>F!#Q"/5Q" !F?_Z?F`L" 'L`F?L#Q"/5Q" ?F_`Z
?FE`"'LF_#Q"/"'?FIL"'8Q"J"R"EFE#@Q"G#GH35Q"?FI!"'8Q"J"R"EF>"#@Q"G#GH355U"!>G"$%&"δ"
'IJFJ"%#@Q"GMG+>5" U"M4)O+,ZK+84+"6.48)*1"K;"L!IFW_Q"L!JF>IQ"_EFJQ"_JF!Q"IEF_Q"E`FIQ"

W`F!Q"WIF!Q">`F>Q">EF`Q">EFEQ">JFEQ">WFEQ"LIFIQ"LIF!Q"L>F?Q"LLFLQ"!EF!Q"!>FEQ"!LFWQ"_FJQ"IFE"

'×L5Q"JFJU"M4)O+,ZK+84+"6.48)*1"f;"L!IFWQ"L!EF!F"_JFWQ"_?FJQ"I_F`Q"E`F`Q"W`FJQ"WIFLQ">`FLQ"
>IF?Q" >EF>Q" >WFJQ" >WFWJQ" LIFELQ" LIF!EQ" L>F?Q" L?FLQ" !EFLQ" !LF>Q" !LF!Q" `F`Q" _FJQ" IFEQ" IFJJU"

M4)O+,ZK+84+" 6.48)*1" G;" L!IFJLQ" L!JFW_Q" _JFLQ" _!FILQ" I`F!JQ" E`F_Q" W`FIQ" WIF?Q" >`F!WQ"

>IF?Q">EFEQ">WFEQ">WFWQ"LIFEQ"LIF!Q"L>F?Q"L?F>Q"!EF?EQ"!>F_Q"!LFWQ"!?FEQ"_FJQ"IF_Q"IF>U"

"

(4RS, 6R, 7S, 8R, 9R, 10R, 12RS)-4,6,8,10,12-pentamethyl-7,9-
[[bis(1,1dimethylethyl)-silylene]dioxy]-pentadecan-3,5,11,13-tetraone"

OO OOO OSitBu tBu "
S4"-"312..,8"34+)124("4:"4P-+B+"*H+4.28,"'LF?"%"34+)124("2("G#LG+LQ"?FI_"/+Q"!FJE>"//4+5"

2(" 8.B" G#LG+L" 'L" /+5" -1" −I_hG" 7-3" -88,8" -(HB8.4)3" /,1HB+" 3)+:4P28," 'M%T[5"
'K+8.2*HQ"?FL!I"/+Q">F?J"//4+"2("!"/+"G#LG+L5"via"*-(()+-F"SH,"34+)124("7-3"312..,8":4."
J"/2()1,3"-1"−I_hG"-(8"*4/O2(,8"84)O+,"-+84+"6.48)*13"'?F?_?J"0Q"?F!JE>"//4+5"7,.,"
-88,8"via" *-(()+-" 'L"×"!"/+"G#LG+L5"-(8"312..2(0"*4(12(),8"-1"−I_hG":4."WJ"/2()1,3F"
S.2,1HB+-/2(,"'Y1>$5"'?FE`E"/+Q"JF?LI"//4+5"7-3"-88,8"8.46723,"-(8"1H,"34+)124("7-3"

312..,8" :4."L?"/2()1,3"-1"−I_hGF"SH,"/2P1).,"7-3"-++47,8" 14"7-./")6"3+47+B" 14"−JhG"
-(8" V),(*H,8" OB" 1H," -882124("4:"$#WG+" '3-1).-1,8"-V),4)3Q" W?"/+5F"SH," 34+)124("7-3"

312..,8" )(12+" 21" .,-*H,8"&S"-(8" ,P1.-*1,8"721H"G#LG+L" '>"×" LJ"/+5F"G4/O2(,8"4.0-(2*"
,P1.-*13"7,.,"8.2,8"'-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8"in vacuoF"SH,".,3)+12(0".,328),"
7-3"1.21).-1,8"721H":.,3H+B"82312++,8"6,(1-(,"'!?"/+5"-(8":2+1,.,8"14".,/4D,"1H,"2(34+)O+,"
Y1>$#pG+" -(8" *4(*,(1.-1,8" in vacuo." 'K33)/,8" *.)8," 6.48)*1" ?F?I`_" 0Q" !??j5U" !#"
$%&"δ"'>??"%#@Q"GMG+>5"G.)8,"/2P1).,"4:"82-31,.,4/,.2*"-(8",(4+":4./3;"WFW>ZWFLE"

'?FJ_#Q"/5Q"WF?IZ>FIE"'!F`J#Q"/5Q"LF__ZLFLE"'_F?`#Q"/5Q"LF?`Z!FI"'!FIE#Q"/5Q"!F!JJZ!FW"
'?F`L#Q"/5Q"!F>!Z?FI"'>EFI#Q"/5U"!>G"$%&"δ"'IJFJ"%#@Q"GMG+>5"L!?FWQ"L!?F>WQ"L?_FEQ"

L?_FWQ"L?_F>Q"L?_FLJQ"L?IF_Q"L?EF``Q"L?EF_JQ"_!F`Q"_!F!EQ"_!F?EQ"_?FEQ"_?FJQ"_?FWQ"I`FEQ"

I`FWQ" E!F!Q" E?F?Q" J_FIQ" JIFWQ" JEF`Q" J>F>Q" J!F_Q" J?F_Q" W`FIQ" W`FEQ" W`F_Q" W_FIQ" W_FJQ" W?F`Q"

>`FEQ" >`FJQ" >_F_Q" >_FEQ" >WFWQ" >WF?Q" >>FIQ" >>F>Q" >>FLQ" LIFEQ" LIFJIQ" LIFW>Q" LIF>_Q" LEF`WQ"

LEF`Q" LLF`Q" LLF_`Q" LLF__Q" LLF_>Q" LLF_LQ" LLFI_Q" LLFLQ" !`F`Q" !`F_Q" !`FWQ" !>F`Q" !>F_Q"!>FIQ"

!>FJJQ"!>FJQ"!LF`Q"!LFIQ"!LFEEQ"!LFWQ"!LF>Q"!!F`Q"!!F_JQ"_FIQ"IFEIQ"IFEJQ"IFJLQ"IFJQ"IFW_Q"

IFW>Q"IF>`U"

"

Isomer 1 of Membrenone-C 



!E 

OO

O O

OO OOO OSi
tBu tBu 1

1) HF-pyr
     pyr 

2) TFA

"
S4" 1H," -O4D," 1,1.-4(," '?F?I`_" 0Q" ?F!JE>" //4+5" 7-3" -88,8" O)::,.,8" 6B.282(2)/"

HB8.40,(":+)4.28,"'L"/+"4:"-"314*N"34+)124("6.,6-.,8":.4/"8.B"S#9"'!?"/+5Q"6B.282(,"'J"

/+5"-(8"6B.282(2)/"HB8.40,(":+)4.28,"'K+8.2*HQ"LF!"055F""SH,".,-*124("7-3"312..,8"-1"&S"
:4." >" H4).3Q" 82+)1,8" 721H" G#LG+L" 'L?" /+5" -(8" 3)**,332D,+B" 7-3H,8" 721H" G)T[W"

'3-1).-1,8" -V),4)3Q" L" ×" J" /+5Q" $-#G[>" '3-1).-1,8" -V),4)3Q" J" /+5Q" O.2(," '3-1).-1,8"
-V),4)3Q"J"/+5Q"8.2,8"'-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8" in vacuo."G.)8,"!#"$%&"
3)00,31,8" 1H-1" 8,HB8.-124(" 7-3" (41" *4/6+,1," 02D2(0" -" *4/6+,P" /2P1).," 4:" 234/,.3F"

S.2:+)4.4-*,12*" -*28" '?F?_" /+5" 7-3" -88,8" 14" 1H," $%&" 1)O," -(8" 1H," :4./-124(" 4:" 1H,"

84)O+,"γZ82HB8.46B.4(,".2(0"3B31,/"7-3"/4(214.,8"OB"!#"$%&F"!#"$%&"'-:1,."-882(0"
1H,"-*285"H-8"8.-/-12*-++B"32/6+2:2,8"14"-"32(0+,"*4/64)(8"'i`Jj"6).,5F"SH,"*4(1,(13"4:"
1H," $%&" 1)O," 7,.," 82+)1,8" 721H" G#LG+L" '!J" /+5Q" 7-3H,8" 721H" $-#G[>" '3-1).-1,8"

-V),4)3Q" J" /+5Q" O.2(," '3-1).-1,8" -V),4)3Q" J" /+5Q" 8.2,8" '-(HB8.4)3" %0T[W5" -(8"

*4(*,(1.-1,8" in vacuoF" SH," 6.48)*1" 1" 7-3" 6).2:2,8" OB" *4+)/(" *H.4/-140.-6HB"
'!?jY1L[cG#LG+L5F" '?F?L_" 0Q" JWj5F" '[D,.-++" m2,+8" 4D,." _" 31,63;" !EF?Lj5F" &f R" ?F>"
'!?jY1L[cG#LG+L5U" aαb

L?
"M"R" ^JWFJh" '*?FI>>Q" G#G+>5U"

!#"$%&"δ" 'E??"%#@Q" GMG+>5"

WFW_" '!#Q"88Q"J R"!?FLQ"LFW"#@Q"GH["synZ.2(05Q">F`E" '!#Q"88Q"J R"!>F_Q"!F_"#@Q"GH["
antiZ.2(05Q"LF_E"'!#Q"8VQ"J R"!>F_Q"EFE"#@Q"[RGGHG#>5Q"LFWL"'!#Q"8V8Q"J R"!?FLQ"IFLQ"!F_"
#@Q"G#GHG#>G#5Q" LF>E" '!#Q" V8Q" J R"IFLQ" LFW"#@Q"[RGGHG#>5Q" LFWLZLF>I" '!#Q"/Q"
G#>GHA#f5Q" LF>IZLFLE" '>#Q" /Q" G#>G#KHB" k" G#>GHXHY 5Q" !FI>!" '>#Q" 3Q" D2(B+"

G#>5Q"!FILL"'>#Q"3Q"D2(B+"G#>5Q"!FL?!J"'>#Q"8Q"J R"EFE"#@Q"G#GH35Q"!F!L"'>#Q"1Q"J"R"IFL"
#@Q"G#LGH35Q"!F?_J"'>#Q"1Q"J R"IFL"#@Q"G#LGH35Q""!F?I_J"'>#Q"8Q"J"R"IFL"#@Q"G#GH35Q"

!F?EJ" '>#Q" 8Q"J R"IFL"#@Q"G#GH35U" !>G"$%&"δ" '!J!"%#@Q"GMG+>5" !`IFJ>Q" !`JFJ!Q"

!I>F!`Q"!ILFIEQ"!?_F>`Q"!?IF`IQ"_EF?>Q"_?F!?Q"WLFWIQ"W!FLJQ">WFJJQ"LJFJQ"LJFJQ"!WF!!JQ"
!!F!I>Q" !?F_>Q" !?F>>`Q"`F>?_Q" `F>?_Q" `F?E!U" !#"$%&"δ" '>??"%#@Q"ME"f,(@,(,5"WF>!"

'!#Q"88Q"J R"!?FLQ"LFI"#@Q"GH[ synZ.2(05Q">FEW"'!#Q"88Q"J R"!>FEJQ"!F>J"#@Q"GH[ antiZ
.2(05Q" LF_W" '!#Q" 8VQ" J R" !>FEJQ" EF`"#@Q"GHG#>GR[5Q" LFL_" '!#Q" 8VQ" J R"IFLQ" LFI"#@Q"
[RGGHG#>5Q"LF?`Z!F_J"'J#Q"/Q"!"×"G#GHG#>G#Q"L"×"GH2G#>)Q"!FI`E"'>#Q"3Q"D2(B+"
G#>5Q"!FI!"'>#Q"3Q"D2(B+"G#>5Q"!FL?"'>#Q"8Q"J R"EF`"#@Q"G#GH35Q"?F`?"'>#Q"8Q"J R"IFJ"
#@Q"G#GH35Q"?F_W"'>#Q"1Q"J"R"IFJ"#@Q"G#LGH35Q"?FI>"'>#Q"1Q"J R"IFE"#@Q"G#LGH35Q"?FE?"

'>#Q"8Q"J"R"IFL"#@Q"G#GH35U"!>G"$%&"δ"'IJFJ"%#@Q""ME"f,(@,(,5"!`JF_Q"!`WF?Q"!I!F_Q"

!I!FJQ"!?_FEQ"!?_FLQ"_EF!Q"_?F>Q"WLFIQ"W!FWQ">WFIQ"LJF>Q"LJF!Q"!>FJEQ"!?F__Q"!?FI`Q"!?FW_Q"
`FWJQ"`F?`Q"`F?>U"YC%T;"G-+*)+-1,8":4."GL?#>?[W"'%^5">>WFL!WWF"94)(8">>WFL!J!F"



!I 

Table 2: E??"%#@"$%&"8-1-"4:"C34/,."1"4:"%,/O.,(4(,ZGF-QOQ*"
 

OO

O O

12
3 4

5678910

12 13
1415

16

17 18 19

20

11

"
"

C δδδδ13C 
(ppm) 

δδδδ1H 
(ppm) 

m 3J (Hz) C÷s related to H (HMBC) H÷s related to H 
(COSY) 

NOE (Rosey) 

L?" `F?E!r" !FI>!" 3" " " " "

!E" `F>?_r" !FILL" 3" " " " "

!I" `F>?_" !F?I_J" 8" IFL" G!I"→"#`Q"#!?" #!I"→"#!?" #!I"→"#E"

!`" !?F>>`" !FL?!J" 8" EFE" G!`"→"#EQ"#I" #!`"→"#E" #!`"→"#IQ"#_"
#!`"→"#`""'3/-++5"

!J" !?F_>?
t"

!F?_J" 1" IFL" G!J"→"#!W" #!J"→"#!W" "

!" !!F!I>
t"

!F!L" 1" IFL" G!"→"#L" #!"→"#L" "

!_" !WF!!J" !F?EJ" 8" IFL" G!_"→"#IQ"#_" #!_"→"#_" #!_"→"#IQ"#`Q"
#!?"

!W" LJFJ?" LF>IZLFLE" /" " G!W"→"#!J" #!W"→"#!J" "

L" LJFJ?" LFWLZLF>I"

LF>IZLFLE"

/" " GL"→"#!" #L"→"#!" "

_" >WFJJ" LFWL" 8V
8"

!?FLQ"IFLQ"!F_" G_"→"#EQ"#IQ"#`Q"#!_" #_"→"#`Q"#!_" #_"→"#!`"

!?" W!FLJ" LF>E" V8" IFLQ"LFW" G!?"→"#!I" #!?"→"#`Q"#!I" #!?"→"#!_"

E" WLFWI" LF_EJ" 8V" !>F_Q"EFE" GE"→"#IQ"#!`" #E"→"#IQ"#!`" #E"→"#!I"

`" _?F!?" WFW_" 88" !?FLQ"LFW" G`"→"#IQ"#_Q"#!?Q"#!IQ"
#!_"

#`→"#_Q"#!?" #`"→"#!_"""""""""""
#`"→"#!`""'3/-++5"

I" _EF?>" >F`E" 88" !>F_Q"!F_" GI"→"#`Q"#!_Q"#!`" #I→"#E" #I"→"#!_Q"#!`"

!L" !?IF`I" " " " G!L"→"#!WQ"#!E" " "

W" !?_F>`" " " " GW"→"#LQ"#L?" " "

>" !ILFIE" " " " G>"→"#!Q"#LQ"#L?" " "

!>" !I>F!`" " " " G!>"→"#!WQ"#!JQ"#!E" " "

J" !`JFJ!" " " " GJ"→"#EQ"#IQ"#!`Q"#L?" " "

!!" !`IFJ>" " " " G!!"→"#!?Q"#!EQ"#!I" " "

"
-5"<-.2-("A(21B"C(4D-"E??"%#@"$%&"T6,*1.4/,1,.F"GH,/2*-+"3H2:13".,:,.,(*,8"14"G#G+>"-1"IFLE"66/"-(8"14"GMG+>"-1"IIF?"66/F"
O5"K3320/,(13"-33231,8"OB"!#Z!>G"#%fGQ"#TsGQ"!#Z!#"G[TmF"

*5"r""-(8"t"2(82*-1,"-"1,(1-12D,"-3320(/,(1"-(8"/-B"O,"2(1,.*H-(0,-O+,F"

"



!_ 

Isomer 2 membrenone-C synthesis:"
(2S, 4R, 5S, 6R)-1,7-Dibenzyloxy-5-hydroxy-2,4,6-trimethyl-heptan-3-one, 20"

OBn

O HO O

OBn

HBnO

O

BnO
(S)-9

i. TiCl4/iPr2EtN
CH2Cl2
-78°C

ii. –90 °C

(R)-10

20

"
S4" -" 312..,8" 34+)124(" 4:" 'S5Z!Zf,(@B+4PBZLZ/,1HB+6,(1-(Z>Z4(," 'S5Z9" '?FLE!!" 0Q" !FLE"
//4+5"2("8.B"G#LG+L"'J"/+5"-1"gI_hG"7-3"-88,8"S2G+W"'!F?%"2("G#LG+LQ"!FLE"/+Q"!FLE"

//4+5" -(8" 1H," 34+)124("7-3" 312..,8" :4." >?"/2()1,3" -1" gI_hGF"M2ZisoZ6.46B+,1HB+-/2(,"
'iX.L$Y15"'?FL!`"/+Q"!FLE"//4+5"7-3"-88,8"8.46723,"-(8"1H,",(4+-1,"7-3"312..,8":4."4(,"

H4)." -1" gI_hGF" SH," .,-*124(" 7-3" *44+,8" 14" g`?hG" -(8" 'R5Z>Zf,(@B+4PBZLZ
/,1HB+6.46-(-+"'R5Z10 '?F!_`"0Q"!F?E"//4+5"'*.)8,"i`Jj"6).,5"7-3"-88,8"via"*-(()+-"
'L"×" >"/+" G#LG+L5F" SH," 34+)124("7-3"7-./,8" 14" gI_hG" -(8" 312..,8" :4." L" H4).3F" SH,"

/2P1).,"7-3" -++47,8" 14"7-./")6" 3+47+B" 14" gJhG"-(8" 312..,8" -1" 1H23" 1,/6,.-1).," :4." J"

/2()1,3F" SH," .,-*124(" 7-3" V),(*H,8" OB" 1H," -882124(" 4:" 6#RI" O)::,." 'J?" /+5" -(8"
,P1.-*1,8"721H"Y1L["'>"×"I?"/+5F"SH,"*4/O2(,8"4.0-(2*",P1.-*13"7,.,"7-3H,8"721H"O.2(,"
'3-1).-1,8" -V),4)3Q" J?"/+5Q" 8.2,8"'-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8" in vacuoF"SH,"
-+84+" 6.48)*1" 20 'i`Jj" 83Q" 8,1,./2(,8" OB" !#" -(8" !>G" $%&" -(-+B323" 4:" 1H," *.)8,"
6.48)*15" 7-3" 6).2:2,8" OB" *4+)/(" *H.4/-140.-6HB" 'I!cLjY1L[cG#LG+L5F" '?FL_>>" 0Q"

I?j5F""&f"R"?FJ>"'I!cLjY1L[cG#LG+L5U"aαb
L?
"M"R"^_F`Wh"'*!F??EQ"G#G+>5U"C&"'+2V)28":2+/5"

>J?W"'O.5Q"L_IE"'35Q"!I?_"'35Q"!WJJ"'D35Q"!!??"'/5U"!#"$%&"δ"'>??"%#@Q"GMG+>5"IF>_Z
IFLW"'!?#Q"/F"L"×"XH5Q"WFWI"k"WFW>"'L#Q"/Q"KfVQ"J"R"!L"#@Q GHAHBXH5Q"WFWJ"k"WFW!"

'L#Q"/Q"KfVQ"J"R"!L"#@Q GHXHYXH5Q">F`_"'!#Q"888Q"J R"JFIQ"JFWQ">"#@Q"GH[#5Q">FEL"
'!#Q"1Q"J R"_FI"#@Q"GHA#f[f(5Q">FWJZ>FW!"'L#Q"/Q"GHXHY[f(5Q">F>J"'!#Q"88Q"J R"_FIQ"
WF_"#@Q"G#KHB[f(5Q">F?`"'!#Q"8V8Q"J"R"_FIQ"EF`Q"WF_"#@Q"f([G#LGHG#>GR[5Q"LF`_J"
'!#Q"8Q"J"R">"#@Q"G#[H5Q"LF_`"'!#Q"V8Q"J"R"IFLQ"JFW"#@Q"[RGGHG#>G#[#5Q"!F_`Z!FI_"
'!#Q"/Q"#[G#GHG#>G#L[f(5Q"!F!>"'>#Q"8Q"J"R"IFL"#@Q"G#GH35Q"!F?>"'>#Q"8Q"J"R"IFL"
#@Q"G#GH35Q"?F``"'>#Q"8Q"J"R"EF`"#@Q"G#GH35U"!>G"$%&"δ"'IJFJ"%#@Q"GMG+>5"L!IFEQ"

!>_F>Q" !>IF_Q" !L_FWQ" !LIF_Q" !LIFIQ" !LIFEIQ" !LIFEQ" IWF>Q" I>FWQ" I>F>Q" I>FLQ" ILF`JQ" W`F!Q"

WJF?Q">JFEQ"!>FEQ"!LFEQ"!?F_U""

"

(2S, 3S, 4S, 5S, 6R)-1,7-Dibenzyloxy-2,4,6-trimethyheptan-3,5-diol, 21"

HO O

OBnBnO

OH OH

OBnBnO
Me4NBH(OAc)3

MeCN, AcOH
–23 oC20 21 "

S4" -" 312..,8" 34+)124(" 4:" 1,1.-/,1HB+-//4(2)/" 1.2-*,14PBO4.4HB8.28," '!FL_" 0Q" WF_EJ"

//4+5" 2(" 8.B" -*,14(21.2+," 'J" /+5" 7-3" -88,8" 0+-*2-+" -*,12*" -*28" 'J" /+5" 721H" .,3)+12(0"

,::,.D,3*,(*,F"SH,"/2P1).,"7-3"312..,8":4."!FJ"H4).3"-1"&SF"SH,"/2P1).,"7-3"*44+,8"14"

−L>hG"-(8"βZHB8.4PBN,14(,"20 '?F!??!"0Q"?FLE?>"//4+5"7-3"-88,8"via" *-(()+-" 'L"×"



!` 

!FJ"/+" -*,14(21.2+,5F" SH," .,-*124(" 7-3" 312..,8" -1"−L>hG" :4." L" H4).3" -(8" 6+-*,8" 2(" 1H,"
:.,,@,." :4." `E" H4).3F" SH," /2P1).," 7-3" 82+)1,8" 721H" G#LG+L" 'J?" /+5" -(8" -88,8" via"
*-(()+-"14"-"641-332)/"3482)/"1-.1.-1,"34+)124("'?FJ"$Q"J?"/+5"-(8"312..,8"D204.4)3+B":4."
!"H4).F"SH,"+-B,.3"7,.,"3,6-.-1,8"-(8"1H,"1-.1.-1,"+-B,."7-3",P1.-*1,8"721H"G#LG+L"'>"×"
J?"/+5F"G4/O2(,8"4.0-(2*" ,P1.-*13"7,.,"7-3H,8"721H"$-#G[>" '3-1F" -V),4)3Q" J?"/+5Q"

O.2(,"'3-1).-1,8"-V),4)3Q"J?"/+5Q"8.2,8"'-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8"in vacuo."
SH,"antiZ824+"21 7-3"6).2:2,8"OB"*4+)/("*H.4/-140.-6HB"'I!cLjY1L[cG#LG+L5F"'?F?__J"
0Q"_IF`j5F"&f R"?F>J"'I!cLjY1L[cG#LG+L5U" aαb

L?
"M"R"−LFI>h" '*?F>EIQ"G#G+>5U" C&"'+2V)28"

:2+/5">W>L"'O.5Q"L`EE"'35Q"!WJJ"'35Q"!?`E"'/5U"!#"$%&"δ"'>??"%#@Q"GMG+>5"IF>_ZIFLW"
'!?#Q"/Q"L"×"XH5Q"WFJI"'!#Q"/Q"[H5Q"WFJL"'L#Q"/Q"GHAHBXH5Q"WFW_"k"WFWL"'L#Q"KfVQ"J 
R"!L"#@Q"GHXHYXH5Q">F`I"'!#Q"8Q"J R"?F`"#@Q"G#[H5Q">F_EJ"'!#Q" "O."8Q"J R"_FW"#@Q"
GH[#5Q">FE>"'!#Q"88Q"J R"`Q">F`"#@Q"G#KHB[f(5Q">FJI"'!#Q"/Q"GH[#5Q">FWE"'!#Q"1Q"J"
R" `" #@Q" GHA#f[f(5Q" >F>I" 'L#Q" 8Q" J" R" JF!" #@Q" GHXHY[f(5Q" LFLJZLF!!" '!#Q" /Q"

GHG#>5Q"!F`JZ!F_J"'L#Q"/Q"L"×"GHG#>5Q"!F!L"'>#Q"8Q"J"R"EF`"#@Q"G#GH35Q"!F?_"'>#Q"

8Q"J" R" IFL"#@Q"G#GH35Q" ?FI>" '>#Q" 8Q"J" R" EF`"#@Q"G#GH35U" !>G"$%&"δ" 'IJFJ"%#@Q"
GMG+>5" !>_FJQ" !>IFWQ" !L_FEQ" !L_FWQ" !L_F?Q" !LIF_Q" !LIFEQ" _>F>Q" IEF_Q" I>FEQ" I>F>Q" I>FLQ"

ILF`IQ">EF`Q">JFIQ">JFLQ"!WFEQ"!>F?Q"!!FLU""

"

(2S, 3S, 4S, 5S, 6R)-1,7-Dibenzyloxy-2,4,6-trimethyl-3,5-[[bis(1,1-dimethylethyl)-
silylene]dioxy]-heptane, 22"

OH OH

OBnBnO

OO

OBnBnO

Si
tBu tBu

2,6-lutidine
CH2Cl2

tBu2Si(OTf)2

21 22 "
S4" -" 34+)124(" 4:" 824+" 21 '?F?IIL" 0Q" ?F!``I"//4+5" 2(" G#LG+L" 'L"/+5" 7-3" -88,8" LQEZ
+)1282(," '?F?_!E"/+Q" ?FI??`"//4+5" -(8" 82ZtertZO)1B+32+B+" O23'1.2:+)4.4/,1H-(,3)+:4(-1,5"
'?F!E!"/+Q"?FWW?I"//4+5"-(8"1H,".,-*124("7-3"312..,8":4."LW"H4).3"-1"&SF"SH,"/2P1).,"
7-3"82+)1,8"721H"G#LG+L"'!J"/+5"-(8"7-3H,8"721H"$-#G[>"'3-1).-1,8"-V),4)3Q"J"/+5Q"

$-#T[W"'?F>%Q"L"× J"/+5Q"$-G+"'3-1).-1,8"-V),4)3Q"J"/+5Q"8.2,8"'-(HB8.4)3"%0T[W5"

-(8" *4(*,(1.-1,8" in vacuoF"SH," *.)8,"6.48)*1"7-3" :2+1,.,8" 1H.4)0H"-"*4+)/(" '6+)00,8"
721H" *4114(" 744+5"721H" :.,3H+B" 82312++,8" 6,(1-(,Q" 6,(1-(," ,P1.-*13" 7,.," *4/O2(,8" -(8"

*4(*,(1.-1,8" in vacuo." SH," 6.48)*1" 22" 7-3" 6).2:2,8" OB" *4+)/(" *H.4/-140.-6HB"
'G#LG+L5F" '?F?IWW"0Q"I!j5F"&f"R"?FII"'G#LG+L5U" aαb

L?
"M"R"−LWFE`h" '*?FW_EQ"G#G+>5U" C&"

'+2V)28" :2+/5" L_J`" '35Q" !WIE" '35Q" !?`I" '/5U" !#"$%&"δ" '>??"%#@Q" GMG+>5" IF>EZIFLE"
'!?#Q" /Q" L" ×" XH5Q" WFJLZWFW_" 'L#Q" KfVQ" J" R" !LF>" #@Q" GHAHBXH5Q" WFW`" 'L#Q" /Q"

GHXHYXH5Q" WF!!" '!#Q" 88Q" J R" IFLQ" >F`" #@Q" GH[T25Q" >FI_" '!#Q" 88Q" J R" JFWQ" WF_" #@Q"
GH[T25Q">FI?"'!#Q"88Q"J R"`Q"WFJ"#@Q"G#KHB[f(5Q">FWEZ>FW?"'L#Q"/Q"GHXHY[f(5Q"

>FL_J"'!#Q"88Q"J R"`Q"E"#@Q"GHA#f[f(5Q"LF!JZLF?J"'!#Q"/Q"GHG#>5Q"LF?JZ!F`>"'L#Q"
/Q"L"×"GHG#>5Q"!F!L"'>#Q"8Q"J"R"EFE"#@Q"G#GH35Q"!F?E"'`#Q"3Q"tf)5Q"!F?WJ"'`#Q"3Q"tf)5Q"

!F?JZ!F?L"'E#Q"/Q"L"×"G#GH35U"!>G"$%&"δ"'IJFJ"%#@Q"GMG+>5"!>_F`Q"!>_F_Q"!L_FWQ"



L? 

!L_F>Q" !LIFEQ" !LIFJQ" !LIFWQ" _?FJQ" I>F`Q" I>F!LQ" I>F?`Q" I>F?Q" I!F`_Q" >EF``Q" >EF_!Q" >EF_Q"

L_F?Q"LIFIQ"L!F`Q"L!FIQ"!WFIQ"!WF!Q"!>F`U""

"

(2S, 3S, 4S, 5S, 6R)-2,4,6-Trimethyl-3,5-[[bis(1,1-dimethylethyl)-silylene]dioxy]-
heptan-1,7-diol"

OO

OHHO

Si
tBu tBu "

S4"-"312..,8"34+)124("4:"O,(@B+",1H,."22"'?F?EW`"0Q"?F!L>"//4+5"2("8.B"Y1[#"'W"/+5"7-3"
-88,8"!?jX8cG"'?F?>"05"-(8"1H,".,-*124("7-3"312..,8")(8,."-("-1/436H,.,"4:"HB8.40,("
:4."W"H4).3"-1"&SF"SH,"/2P1).,"7-3"82+)1,8"721H"8.B"Y1L["-(8":2+1,.,8"1H.4)0H"-"*4+)/("

4:"*,+21," '6.,Z7,1"721H"8.B"Y1L[5" 14" .,/4D,"1H,"*-1-+B31F"Y1L[",P1.-*13"7,.,"*4/O2(,8"

-(8" *4(*,(1.-1,8" in vacuoF" SH," 6.48)*1" 3H47(" -O4D," 7-3" 6).2:2,8" OB" *4+)/("
*H.4/-140.-6HB" 'L?jY1L[cG#LG+L5F" '?F?>`_"0Q" `>j5F"&f" R"?FLJ" 'L?jY1L[cG#LG+L5U"

aαbL?"M"R"−>_FI_h"'*?FJ`>Q"G#G+>5U"C&"'+2V)28":2+/5">LLE"'O.5Q"L_E!"'35Q"!WIJ"'35U"!#"$%&"

δ"'>??"%#@Q"GMG+>5"WFLE"'!#Q"88Q"J"R"JFIQ"JFW"#@Q"GH[T25Q">F`?"'!#Q"88Q"l"R"EQ"JFI"#@Q"
GH[T25Q">FI`"'!#Q"88Q"l"R"!!F!Q">FE"#@Q"GHA#f[#5Q">FEEZ>FE?"'>#Q"/Q"G#KHB[#"k"

L"×"GHXHY[#5Q"LFWE"'L#Q"O."/Q"[H5Q"LF>?JZLF!_"'!#Q"/Q"GHG#>5Q"!F_`Z!F_J"'L#Q"/Q"
L"×"GHG#>5Q"!F!!"'>#Q"8Q"J"R"EF`"#@Q"G#GH35Q"!F?J"'`#Q"3Q"tf)5Q"!F?W"'`#Q"3Q"tf)5Q"!F?>"

'>#Q"8Q"J"R"EF`"#@Q"G#GH35Q"?F``"'>#Q"8Q"J"R"IFL"#@Q"G#GH35U"!>G"$%&"δ"'IJFJ"%#@Q"
GMG+>5"_LF_Q"IJFEQ"EEFIQ"EJFIQ">`F?"'×"L5Q">_F?Q"LIF`Q"LIFEQ"LLF?Q"L!FIQ"!WFEQ"!>FIQ"!LF`U"

"

(2R, 3R, 4R, 5R, 6S)-2,4,6-Trimethyl-3,5-[[bis(1,1-dimethylethyl)-silylene]dioxy]-
heptan-1,7-dial"

OO OO

HH

Si
tBu tBu "

S4"-" 312..,8" 34+)124("4:"824+" :.4/"-O4D,"'?F?>`_Q"?F!!W_"//4+5" 2("8.B"G#LG+L" 'W"/+5"

7-3"-88,8"6B.282(2)/"*H+4.4*H.4/-1,"'XGG5"'?F?`_"0Q"?FWJ`L"//4+5F"SH,".,-*124("7-3"
312..,8":4.">"H4).3"-1"&SF"SH,"/2P1).,"7-3"1.21).-1,8"721H"8.B"Y1L["-(8":2+1,.,8"1H.4)0H"-"

*4+)/(" 4:" :+4.232+" '6.,Z7,1" 721H" 8.B" Y1L[5" )(12+" 1H," .,3)+12(0" O+-*N" 0)/" O,*-/," -"

0.-()+-."34+28F"G4/O2(,8"Y1L[",P1.-*13"7,.,"*4(*,(1.-1,8"in vacuoF"SH,"82-+8,HB8,"7-3"
6).2:2,8" OB" *4+)/(" *H.4/-140.-6HB" 'G#LG+L5F" '?F?L?W"0Q" JLj5F"&f" R"?FEL" 'G#LG+L5U"

aαbL?"M"R"−WEFEh"'*?F>Q"G#G+>5U"C&"'+2V)28":2+/5"L`>I"'35Q"!I>!"'35Q"!WIE"'35U"!#"$%&"δ"

'>??"%#@Q"GMG+>5"`FII"'!#Q"8Q"J"R">F>"#@Q"[RGH5Q"`FEIE"'!#Q"8Q"J"R"LFW"#@Q"[RGH5Q"
WFW`J"'!#Q"88Q"J R"IF_Q"WF_"#@Q"GH[T25Q"WF?E"'!#Q"88Q"J R"JFIQ"JFI"#@Q"GH[T25Q"LFE>"
'!#Q" 8V8Q" J R" IF_Q" EF`Q" LFW"#@Q"#GR[GHG#>5Q" LFJ>" '!#Q" V88Q" J" R" EF`Q" JFIQ" >F>"#@Q"
#GR[GHG#>5Q"LFLJ"'!#Q"V88Q"J"R"EF`Q"JFIQ"WF_"#@Q"G#GHG#>G#5Q"!FL>"'>#Q"8Q"J"R"
EF`"#@Q"G#GH35Q"!F!_"'>#Q"8Q"J"R"EF`"#@Q"G#GH35Q"!F?L"'`#Q"3Q"tf)5Q"!F??"'`#Q"3Q"tf)5Q"



L! 

?F``"'>#Q"8Q"J"R"EF`"#@Q"G#GH35U"!>G"$%&"δ"'IJFJ"%#@Q"GMG+>5"L?JF?Q"L?>FWJQ"I_F`Q"

ILF`IQ"J?FIQ"W`F`JQ">_FWQ"LIFJQ"LIFWQ"L!FIQ"L!FEQ"!LF_Q"!!FLQ"!?FIU""

"

(4RS, 5RS, 6S, 7S, 8S, 9S, 10R, 11RS, 12RS)-5,11-Dihydroxy-4,6,8,10,12-
pentamethyl-7,9-[[bis(1,1dimethylethyl)-silylene]dioxy]-pentadec-3,13-dione"

OO OHOHO OOO OO

HH

Si
tBu tBu

Si
tBu tBu

OTiClnO 15

i. TiCl4,  –78 °C
    45 min
ii. iPr2NEt
    CH2Cl2, 1 h

+

"
S4"-"312..,8"34+)124("4:"6,(1-(Z>Z4(,"'?F!LE"/+Q"!F!`"//4+5"2("8.B"G#LG+L"'L"/+5"7-3"

-88,8" S2G+W" '!F?%" 2(" G#LG+LQ" !F?I"/+Q" !F?IL"//4+5" -1" gI_hG" -(8" 1H,"/2P1).,"7-3"

312..,8" :4." >?" /2()1,3" -1" gI_hGF" M2ZisoZ6.46B+,1HB+-/2(," 'iX.L$Y15" '?F!_I" /+Q" !F?IL"
//4+5"7-3"-88,8"8.46723,"-(8"1H,",(4+-1,"7-3"312..,8":4."!"H4)."-1"gI_hGF"SH,".,-*124("

7-3"*44+,8" 14"g`?hG"-(8"82-+8,HB8," :.4/"-O4D," '?F?L?W"0Q"?F?J`J"//4+5"7-3"-88,8"
via"*-(()+-"'L"×"!"/+"G#LG+L5F"SH,".,-*124("7-3"7-./,8"3+47+B"14"gI_hG"-(8"312..,8":4."
L"H4).3"-1" 1H23" 1,/6,.-1).,F"SH,"/2P1).,"7-3"7-./,8"3+47+B"14"gJhG"-(8"312..,8":4."J"

/2()1,3F"SH,".,-*124("7-3"V),(*H,8"-1"gJhG"OB"1H,"-882124("4:"6#RI"O)::,."'>?"/+5"-(8"
,P1.-*1,8" 721H" Y1L[" '>" ×" >?" /+5F" G4/O2(,8" Y1L[" ,P1.-*13" 7,.," 7-3H,8" 721H" O.2(,"
'3-1).-1,8" -V),4)3Q" >?"/+5Q" 8.2,8"'-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8" in vacuoF"SH,"
84)O+," -+84+" 6.48)*13" 7,.," 6).2:2,8" OB" *4+)/(" *H.4/-140.-6HB" 'Jj"Y1L[c" G#LG+L5F"

'*4/O2(,8"82-31,.,4/,.3;"?F?L_J0Q"`>j5F"M4)O+,"K+84+"6.48)*1"K;" '?F?!_JL"0Q"E?j5F"
&f"R"?FL"'Jj"Y1L[c"G#LG+L5U"C&"'+2V)28":2+/5">W_L"'O.5Q"!E``"'35Q"!WJJ"'35U"!#"$%&"δ"
'>??"%#@Q"GMG+>5"WFJ!"'!#Q"88Q"J"R"WF_Q">F>"#@Q"GH[5Q"WF?E"'!#Q"888Q"J"R"`FEQ"WFJQ"LF!"
#@Q"GH[5Q"WF?!"'!#Q"1Q"J"R"JFI"#@Q"GH[5Q">F_JZ>F_?"'!#Q"/Q"GH[5Q">FIE"'!#Q"8Q"J"R"LF!"
#@Q"[H5Q">FWJ"'!#Q"8Q"J"R"WFJ"#@Q"[H5Q"LFIIZLF>?"'E#Q"/Q"L"×"GHGR[Q"L"×"GH2GR[5Q"

!F`?Z!F_L"'L#Q"/Q"L"×"GHG#>5Q"!FIIZ!FI!"'!#Q"/Q"GHG#>5Q"!F!E"'>#Q"8Q"J"R"IFL"#@Q"
G#GH35Q" !F!>" '>#Q" 8Q" J" R" IFL#@Q" G#GH35Q" !F?_Z!F?>" 'LI#Q" /Q" !" ×" G#GH3Q" L" ×"
G#LGH3Q"L"×"tf)5Q"?F``"'>#Q"8Q"J"R"IFL"#@Q"G#GH35Q"?F_I"'>#Q"8Q"J"R"EF`"#@Q"G#GH35U"
!>G"$%&"δ" 'IJFJ"%#@Q"GMG+>5" L!EFWF" L!EQ" _!F`Q" IWFWQ" I>FEQ" I>F?Q" W_F?Q" WIF`Q" W?FJQ"

W?FWQ">_F?Q">WFIQ">WF>Q"LIF`Q"LIFEQ"LLF!Q"L!F_Q"!WFIQ"!>FEQ"!LFLQ"!?FJQ"_FEQ"IF_Q"IFIU"M4)O+,"
K+84+"6.48)*1"f"^" 1.-*,"-/4)(13"4:"-(41H,."82-31,.,4/,.;" '?F??``"0Q">Lj5F"&f R"?F!L"
'Jj" Y1L[c" G#LG+L5U" C&" '+2V)28" :2+/5" >WJ_" 'O.5Q" !E``" '35Q" !WJE" '35U" !#"$%&"δ" '>??"
%#@Q" GMG+>5" WFLW" '!#Q" 88Q" J" R" EF>Q" WF_"#@Q"GH[5Q" WF!L" '!#Q" 888Q"J" R" _FIQ" LFW"#@Q"
GH[5Q">F``"'!#Q"88Q"J"R"JFIQ"WFL"#@Q"GH[5Q">F_I"'!#Q"88Q"J"R"`F>Q"LFW"#@Q"GH[5Q"LF_EZ
LF>J"'_#Q"/Q"L"×"GHGR[Q"L"×"GH2GR[Q"L"×"[H5Q"!F_IZ!FJE"'>#Q"/Q">"×"GHG#>5Q"!F!`"
'>#Q"8Q"J"R"IFL"#@Q"G#GH35Q"!F!W"'>#Q"8Q"J"R"IFL#@Q"G#GH35Q"!F?`Z?F``"'>?#Q"/Q"L"×"
G#GH3Q"L"×"G#LGH3Q"L"×" tf)5Q"?F`?"'>#Q"8Q"J"R"EF`"#@Q"G#GH35U"!>G"$%&"δ"'IJFJ"
%#@Q"GMG+>5" L!EFJQ" L!WFEQ" _LF!Q" IIFLQ" IWFLQ" ILFJQ" W`FLQ" WIFIQ" W?FIQ" >_FJQ" >_FLQ" >JF_Q"

>WF>Q"L_F!Q"LIFIQ"LLF?Q"L!F`Q"!WFIQ"!WFJQ"!>F`Q"_F_Q"_FIIQ"IF_Q"IFEU""

"



LL 

(4RS, 6R, 7R, 8R, 9R, 10S, 12RS)-4,6,8,10,12-pentamethyl-7,9-
[[bis(1,1dimethylethyl)-silylene]dioxy]-pentadecan-3,5,11,13-tetraone"

OO OOO OSitBu tBu "
S4"-"312..,8"34+)124("4:"4P-+B+"*H+4.28,"'LF?"%"2("G#LG+LQ"?FLL"/+Q"?FWWLW"//4+5"2("8.B"

G#LG+L"'?FJ"/+5"-1"−I_hG"7-3"-88,8"-(HB8.4)3"/,1HB+"3)+:4P28,"'M%T[5"'?F?EL"/+Q"
?F_EE"//4+5"via"*-(()+-"'L"×"?FJ"/+"G#LG+L5F"SH,"34+)124("7-3"312..,8":4."J"/2()1,3"-1"
−I_hG"-(8"*4/O2(,8"84)O+,"-+84+"6.48)*13":.4/"-O4D,"'?F?L_J"0Q"?F?JJ>"//4+5"7,.,"
-88,8"via" *-(()+-" 'L"×"!"/+"G#LG+L5"-(8"312..2(0"*4(12(),8"-1"−I_hG":4."WJ"/2()1,3F"
S.2,1HB+-/2(," 'Y1>$5" '?F!`_" /+Q" !FW>" //4+5" 7-3" -88,8" 8.46723," -1" −I_hG" -(8" 1H,"

/2P1).,"7-3"312..,8":4."L?"/2()1,3"-1"−I_hGF"SH,"/2P1).,"7-./,8"3+47+B"14"−JhG"-(8"
V),(*H,8"OB"1H,"-882124("4:"$#WG+"'3-1).-1,8"-V),4)3Q"!J"/+5F"SH,"/2P1).,"7-3"312..,8"

)(12+"21".,-*H,8"&S"-(8",P1.-*1,8"721H"G#LG+L"'>"×"L?"/+5F"G4/O2(,8"4.0-(2*",P1.-*13"
7,.," 8.2,8" '-(HB8.4)3"%0T[W5" -(8" *4(*,(1.-1,8" in vacuoF" SH," .,3)+12(0" .,328),"7-3"
1.21).-1,8" 721H" :.,3H+B" 82312++,8" 6,(1-(," '!?" /+5Q" :2+1,.,8" 14" .,/4D," 1H," 2(34+)O+,"
Y1>$#pG+" -(8" *4(*,(1.-1,8" in vacuo. 'K33)/,8" *.)8," 6.48)*1" ?F?L_L" 0Q" !??j5F" !#"
$%&" δ" '>??" %#@Q" GMG+>5" 82-31,.,4/,.2*" -(8" ,(4+" :4./3;" WFW>ZWF>`" '?FWE#Q" /Q"

GH[T25Q" WFL>ZWF!E" '?FW!J#Q" /Q" GH[T25Q" WF?`Z>F_W" '!FL?W#Q" /Q" GH[T25Q" >FJ_Z>FWL""
'?FJ?>#Q" /Q" GH[T25Q" LF`EZLFI" '>FWLJ#Q" /5Q" LF!?Z!FJ?" 'WFE`J#Q" /5Q" !FWWZ!FLJ"
'!LF_?I#Q"/5Q"!F!>>Z?F_J"'LEFW`!#Q"/5U"!>G"$%&"δ"'IJFJ"%#@Q"GMG+>5"L!`FWQ"L!WF?Q"

L!?F?Q"L?IF`Q"L?LFLQ"!>?F_EQ"!L_F_Q"_LFEQ"_LF>Q"_LF?Q"_?F!Q"IJF`Q"ILFWQ"ILF>Q"E_FLQ"E!FWQ"

E!F>Q" J`FJQ" J>F>Q" J>FLQ" JLF_Q" JLFIQ" WJFLQ" WJF!Q" WJF!Q" >_FIQ" >EFJQ" >EFWQ" >EF!Q" >WF>Q" >!F`Q"

>!FEQ" >!FWQ" >?FWQ" L`FEQ" L`FWQ" L_FLQ" L_F?Q" LIF_Q" LIFIQ" LJFEQ" LWF`Q" L>F_Q" L>F?Q" LLFIQ" L!F?Q"

L!FIQ"!EFWQ"!EF?Q"!WFEQ"!WF>Q"!WF!Q"!WF?Q"!>F!Q"!LF?Q"!LF_`Q"!LFEQ"!LF!Q"!?F`Q"_F>Q"IFEWU""

"

Isomer 2 of Membrenone-C"

OO

O O

OO OOO O
SitBu tBu

2

1) HF-pyr
     pyr 

2) TFA

"
S4"1H,"1,1.-4(,"3H47("-O4D,"'"?F?L_L"0Q"?F?JJ>"//4+5"7-3"-88,8"O)::,.,8"6B.282(2)/"

HB8.40,(":+)4.28,"'!"/+"4:"-"314*N"34+)124("6.,6-.,8":.4/"8.B"S#9"'!?"/+5Q"6B.282(,"'J"

/+5"-(8"6B.282(2)/"HB8.40,(":+)4.28," 'K+8.2*HQ"LF!"055F"SH,".,-*124("7-3"312..,8"-1"&S"
:4." >" H4).3Q" 82+)1,8" 721H" G#LG+L" '!J" /+5" -(8" 3)**,332D,+B" 7-3H,8" 721H" G)T[W"

'3-1).-1,8" -V),4)3Q" L" ×" J" /+5Q" $-#G[>" '3-1).-1,8" -V),4)3Q" J" /+5Q" O.2(," '3-1).-1,8"
-V),4)3Q"J"/+5Q"8.2,8"'-(HB8.4)3"%0T[W5"-(8"*4(*,(1.-1,8" in vacuo."K(" 2(212-+"*.)8,"
!#" $%&" 3)00,31,8" 1H-1" 8,HB8.-124(" 7-3" (41" *4/6+,1," 02D2(0" -" *4/6+,P" /2P1).," 4:"

234/,.3F"S.2:+)4.4-*,12*"-*28"'?F?E"/+5"7-3"-88,8"14"1H,"$%&"1)O,"-(8"1H,":4./-124("4:"



L> 

1H," 84)O+," γZ82HB8.46B.4(," .2(0" 3B31,/" 7-3" /4(214.,8" OB" !#" $%&F" SH," *4/6+,P"
/2P1).," 4:" 6.48)*13" 8.-/-12*-++B" 32/6+2:2,8" '-:1,." -882(0" 1H," -*285" 14" -" 32(0+," 234/,."

*4(1-2(2(0"174"γZ82HB8.46B.4(,".2(03"'i`Jj"6).,5F"SH,"*4(1,(13"4:"1H,"$%&"1)O,"7,.,"
82+)1,8"721H" G#LG+L" '!?"/+5Q" 7-3H,8" 721H" $-#G[>" '3-1).-1,8" -V),4)3Q" J"/+5Q" O.2(,"

'3-1).-1,8" -V),4)3Q" J"/+5Q" 8.2,8" '-(HB8.4)3"%0T[W5" -(8" *4(*,(1.-1,8" in vacuoF" SH,"
6.48)*1"7-3"6).2:2,8"OB" *4+)/("*H.4/-140.-6HB" '!?jY1L[cG#LG+L5F" '?F??`"0Q"W`j5F"

'[D,.-++"m2,+8"4D,."_" 31,63;"`FEj5F"&f" R"?F>" '!?jY1L[cG#LG+L5U" aαb
L?
"M"R"^!??°" '*?FLQ"

G#G+>5U!#"$%&"δ" 'E??"%#@Q"GMG+>5"WF>W"'!#Q"88Q"J R"EF`Q">F>"#@Q"GH["synZ.2(05Q"
>F`W" '!#Q" 88Q" J R" !?FLQ" >FE" #@Q" GH[" antiZ.2(05Q" LFWI" '!#Q" 8VQ" J" R" !?FLQ" IFL" #@Q"
[RGGHG#>" antiZ.2(05Q" LFWWZLFLE" 'E#Q" /Q" L" ×" GH2G#>Q" [RGGHG#>" synZ.2(0Q"
G#GHG#>G#5Q"!FIL>"'>#Q"3Q"D2(B+"GH35Q"!FI!E"'>#Q"3Q"D2(B+"GH35Q"!FLL"'>#Q"8Q"J"R"EFE"
#@Q"G#GH35Q"!F!J"'>#Q"1Q"J"R"IFJ"#@Q"G#LGH35Q"!F!W"'>#Q"8Q"J"R"IFL"#@Q"G#GH35Q"!F!L"

'>#Q"1Q"J"R"IF_"#@Q"G#LGH35Q"!F?_"'>#Q"8Q"J"R"IFL"#@Q"G#GH35U"!>G"$%&"δ"'!J!"%#@Q"
GMG+>5" !`IF?_Q" !`WFE?Q" !I>FL`Q" !I!F`JQ" !?_F!>Q" !?IFEIQ" _WF>EQ" _?F!LQ" W>F>EQ" W?FEEQ"

>EFL?Q" LJFJ_Q" LJFW>Q" !>FLJJQ" !LFW_EQ" !?F_WQ" !?FI_JQ" !?FW!WQ" `F!IEQ" `F!?!U" YC%T;"
G-+*)+-1,8":4."GL?#>?[W"'%^5">>WFL!WWF"94)(8">>WFL!W!"
"



LW 

Table 3: E??"%#@"$%&"8-1-"4:"C34/,."2"4:"%,/O.,(4(,ZGF-QOQ*"
 

OO

O O

12
3 4

5678910

12 13
1415

16

17 18 19

20

11

"
"

C δδδδ13C 
(ppm) 

δδδδ1H 
(ppm) 

m 3J (Hz) C÷s related to H (HMBC) H÷s related to H 
(COSY) 

NOE (Rosey) 

L?" `F!?!r" !FI!E" 3" " " " "

!E" `F!IEr" !FIL>" 3" " " " "

!I" !?FW!W" !F?_" 8" IFL" G!I"→"#`Q"#!?" #!I"→"#!?" #!I"→"#_"

!" !?FI_J
t"

!F!L" 1" IF_" G!"→"#L" #!"→"#L" #!"→"#E"

!J" !?F_W?
t"

!F!J" 1" IFJ" G!J"→"#!W" #!J"→"#!W" "

!`" !LFW_E" !F!W" 8" IFL" G!`"→"#EQ"#I" #!`"→"#E" #!`"→"#`"

!_" !>FLJJ" !FLL" 8" EFE" G!_"→"#IQ"#_Q"#`" #!_"→"#_" #!_"→"#E"

!W" LJFW>" LFWWZLF>>" /" " G!W"→"#!J" #!W"→"#!J" "

L" LJFJ_" LFW?ZLFLE" /" " GL"→"#!" #L"→"#!" "

_" >EFL?" LF>>" /" " G_"→"#EQ"#IQ"#_Q"#`Q"#!_" #_"→"#IQ"#`Q"#!_" #_"→"#!I"

E" W?FEE" LFWI" 8V" !?FLQ"IFL" GE"→"#IQ"#!`" #E"→"#IQ"#!`" #E"→"#!Q"#!_""""
#E"→"#`""'3+20H15"

!?" W>F>E" LF>I" /" " G!?"→"#!I" #!?"→"#`Q"#!I" #!?"→"#I""'3+20H15"

`" _?F!L" WF>W" 88" EF`Q">F>" G`"→"#IQ"#_Q"#!IQ"#!_" #`→"#_Q"#!?" #`"→"#!`"""""""""""
#`"→"#E""'3+20H15"

I" _WF>E" >F`W" 88" !?FLQ">FE" GI"→"#`Q"#!_Q"#!`" #I→"#EQ"#_" #I"→"#!?""'3+20H15"

!L" !?IFEI" " " " G!L"→"#!WQ"#!E" " "

W" !?_F!>" " " " GW"→"#LQ"#L?" " "

>" !I!F`J" " " " G>"→"#!Q"#LQ"#IQ"#L?" " "

!>" !I>FL`" " " " G!>"→"#!WQ"#!JQ"#!E" " "

J" !`WFE?" " " " GJ"→"#EQ"#IQ"#!`Q"#L?" " "

!!" !`IF?_" " " " G!!"→"#`Q"#!?Q"#!EQ"#!I" " "

"
-5"<-.2-("A(21B"C(4D-"E??"%#@"$%&"T6,*1.4/,1,.F"GH,/2*-+"3H2:13".,:,.,(*,8"14"G#G+>"-1"IFLE"66/"-(8"14"GMG+>"-1"IIF?"66/F"
O5"K3320/,(13"-33231,8"OB"!#Z!>G"#%fGQ"#TsGQ"!#Z!#"G[TmF"

*5"r"-(8"t"2(82*-1,"-"1,(1-12D,"-3320(/,(1"-(8"/-B"O,"2(1,.*H-(0,-O+,F"

"
"



LJ 

Table 4: E??"%#@"$%&"8-1-"4:"C34/,."4"4:"%,/O.,(4(,ZGF-QOQ*"
 

OO

O O

12
3 4

5678910

12 13
1415

16

17 18 19

20

11

"
"

C δδδδ13C 

(ppm) 

δδδδ1H 

(ppm) 

m 3J (Hz) C÷s related to H (HMBC) H÷s related to H 
(COSY) 

NOE (Rosey) 

!_" IFJJE" ?F`L" 8" IFL" G!_"→"#IQ"#_Q"#`" #!_"→"#_" #!_"→"#EQ"#!?"

!I" `F!LJ" !F?W" 8" IFL" G!I"→"#`Q"#!?" #!I"→"#!?" #!I"→"#_"

L?" `F!LJt" !FI>E" 3" " " " "

!E" `F>J_t" !FI>J" 3" " " " "

!`" `FWWJ" !F!?" 8" IFL" G!`"→"#EQ"#I" #!`"→"#E" #!`"→"#_"

!J" !?F`!E
r"

!F?I" 1" IFL" G!J"→"#!W" #!J"→"#!W" "

!" !?F`J>
r"

!F?E" 1" IFL" G!"→"#L" #!"→"#L" "

!W" LJFL_u" LFW?ZLF>!"
LF>>ZLFL>"

/" " G!W"→"#!J" #!W"→"#!J" "

L" LJFWWu" LFW!ZLF>J"
LF>LZLFLW"

/" " GL"→"#!" #L"→"#!" "

_" >WFI?" LF!I" 8V
8"

!?FLQ"IFLQ"!F_" G_"→"#EQ"#IQ"#!_" #_"→"#IQ"#`Q"#!_" #_"→"#!IQ"#!`"

E" >`F_J" LFJ?" 8V" !>F_Q"IFL" GE"→"#!`" #E"→"#IQ"#!`" #E"→"#!_"

!?" W?F_L" LFWL" V8" IFLQ">F?" G!?"→"#!I" #!?"→"#`Q"#!I" #!?"→"#!_"

`" I`F?_" WF>WJ" 88" !?FLQ">F?" G`"→"#_Q"#!IQ"#!_" #`"→"#_Q"#!?" "

I" I`F`!" WF>I" 88" !>F_Q"!F_" GI"→"#EQ"#!_Q"#!`" #I"→"#EQ"#_" "

!L" !?IF_I" " " " G!L"→"#!WQ"#!E" " "

W" !?_FL`" " " " GW"→"#LQ"#L?" " "

>" !ILFJI" " " " G>"→"#!Q"#LQ"#L?" " "

!>" !I>F?L" " " " G!>"→"#!WQ"#!JQ"#!E" " "

J" !`JFLL" " " " GJ"→"#EQ"#!`Q"#L?" " "

!!" !`IFE!" " " " G!!"→"#!?Q"#!EQ"#!I" " "

"
-5"<-.2-("A(21B"C(4D-"E??"%#@"$%&"T6,*1.4/,1,.F"GH,/2*-+"3H2:13".,:,.,(*,8"14"G#G+>"-1"IFLE"66/"-(8"14"GMG+>"-1"IIF?"66/F"
O5"K3320/,(13"-33231,8"OB"!#Z!>G"#%fGQ"#TsGQ"!#Z!#"G[TmF"

*5"rQ"t"-(8"u"2(82*-1,"-"1,(1-12D,"-3320(/,(1"-(8"/-B"O,"2(1,.*H-(0,-O+,F"

"
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Table 4:"G4/6-.24("4:"E??"%#@"$%&"8-1-"4:"-++"C34/,.3"1Q"2Q"entZ3"k"4"721H"'g5Z%,/O.,(4(,ZGF-QOQ*"
"

(—)-Membrenone-C Isomer ent-3 Isomer 1 Isomer 2 Isomer 4 
C δ!>G"

'66/5"
δ!#"
'66/5"

/" >J"'#@5" δ!>G"
'66/5"

δ!#"
'66/5"

/" >J"'#@5" δ!>G"
'66/5"

δ!#"
'66/5"

/" >J"'#@5" δ!>G"
'66/5"

δ!#"
'66/5"

/" >J"'#@5" δ!>G"
'66/5"

δ!#"
'66/5"

/" >J"'#@5"

1 !?F`" !F?E" 1" IFE" !?F`L" !F?E" 1" IFJ" !!F!It" !F!L" 1" IFL" !?FI`t" !F!L" 1" IF_" !?F`Jr" !F?E" 1" IFL"

2 LJF!E" LF>J" /" " LJFW>r" LF>E"Z
LFLL"

/" " LJFJ?" LFWL"Z
LF>I"k"
LF>I"Z
LFLE"

/" " LJFJ_" LFW?"Z
LFLE"

/" " LJFWWt" LFW!W"Z
LF>J"k"
LF>LEZ
LFLWI"

/" "

3 !ILFJ" " " " !ILFW_" " " " !ILFIE" " " " !I!F`J" " " " !ILFJI" " " "

4 !?_FW" " " " !?_FEJ" " " " !?_F>`" " " " !?_F!>" " " " !?_FL`" " " "

5 !`WFJ!" " " " !`WFJI" " " " !`JFJ!" " " " !`WFE?" " " " !`JFLL" " " "

6 >`F`>" LFJ!" 8V" !>FIQ"EF`" >`F`!" LFJ!" 8V" !>F_Q"IFL" WLFWI" LF_EJ" 8V" !>F_Q"EFE" W?FEE" LFWI" 8V" !?FLQ"IFL" >`F_J" LFJ?" 8V" !>F_Q"IFL"

7 _!FIW" >F`?" 88" !>FIQ"LF!" _?F`>" >F_`" 88" !>F_Q"LF!" _EF?>" >F`E" 88" !>F_Q"!F_" _WF>E" >F`W" 88" !?FLQ">FE" I`F`!" WF>I" 88" !>F_Q"!F_"

8 >WFE_" LFL?" /" " >WFEI" LFL?" 8V8" !?FLQ"EFEQ"
LF!"

>WFJJ" LFWL" 8V
8"

!?FLQIFLQ"
!F_"

>EFL?" LF>>" /" " >WFI?" LF!I" 8V8" !?FLQ"IFLQ"
!F_"

9 _>F?J" WFLJ" 88" !?Q"LFE" _!FE`" WFLW" 88" !?FLQ">" _?F!?" WFW_" 88" !?FLQ"LFW" _?F!L" WF>W" 88" EF`Q">F>" I`F?_" WF>WJ" 88" !?FLQ">"

10 W?FLJ" LFW?" /" " W?FW>" LFW?" /" " W!FLJ" LF>E" V8" IFLQ"LFW" W>F>E" LF>I" /" " W?F_L" LFWL" V8" IFLQ">"

11 !`IFW!" " " " !`IF!!" " " " !`IFJ>" " " " !`IF?_" " " " !`IFE!" " " "

12 !?IFW_" " " " !?IFI?" " " " !?IF`I" " " " !?IFEI" " " " !?IF_I" " " "

13 !I>F_!" " " " !I>FI>" " " " !I>F!`" " " " !I>FL`" " " " !I>F?L" " " "

14 LJF!E" LFW?" /" " LJFWJr" LFWE"Z
LF>L"

/" " LJFJ?" LF>I"Z
LFLE"

/" " LJFW>" LFWW"Z
LF>>"

/" " LJFL_t" LFW?!"Z
LF>!"k"
LF>>E"Z
LFL>J"

/" "

15 !?F_" !F!I" 1" IFE" !?F_L" !F!EJ" 1" IFJ" !?F_>t" !F?_J" 1" IFL" !?F_Wt" !F!J" 1" IFJ" !?F`Lr" !F?I" 1" IFL"

16 `F!!" !FIW" 3" " `F?`_" !FI>>" 3" " `F>?_r" !FILL" 3" " `F!IEr" !FIL>" 3" " `F>J_u" !FI>J" 3" "

17 `FII" !F?L" 8" IF>" `FI`?" !F?!" 8" IFL" `F>?_" !F?_" 8" IFL" !?FW!" !F?_" 8" IFL" `F!LJ" !F?W" 8" IFL"

18 `F!!" !F!`" 8" EF_" `FLJ_" !F!`" 8" EFE" !WF!!J" !F?EJ" 8" IFL" !>FLJJ" !FLL" 8" EFE" IFJEE" ?F`L" 8" IFL"

19 `F>>" !F?`" 8" EF`" `F>L_" !F?_" 8" IFL" !?F>>`" !FL?" 8" EFE" !LFW_E" !F!W" 8" IFL" `FWWJ" !F!?" 8" IFL"

20 `F!!" !FI!" 3" " `F!!>" !FI?W" 3" " `F?E!r" !FI>!" 3" " `F!?!r" !FI!E" 3" " `F!LJu" !FI>E" 3" "

"
-5"<-.2-("A(21B"C(4D-"E??"%#@"$%&"T6,*1.4/,1,.F"GH,/2*-+"3H2:13".,:,.,(*,8"14"G#G+>"-1"IFLE"66/"-(8"14"GMG+>"-1"IIF?"66/F"
O5"K3320/,(13"-33231,8"OB"!#Z!>G"#%fGQ"#TsGQ"!#Z!#"G[TmF"
*5"rQ"t"-(8"u"2(82*-1,"-"1,(1-12D,"-3320(/,(1"-(8"/-B"O,"2(1,.*H-(0,-O+,F"
"
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Figure 1: "!#"$%&"'E??"%#@5"36,*1.)/"4:"C34/,.",(1Z3"'g5Z%,/O.,(4(,ZGF"
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Figure 2: "!>G"$%&"'!J!"%#@5"36,*1.)/"4:"C34/,.",(1Z3"'g5Z%,/O.,(4(,ZGF"
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Figure 3: "!#"$%&"'E??"%#@5"36,*1.)/"4:"C34/,."1.  
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Figure 4: "!>G"$%&"'!J!"%#@5"36,*1.)/"4:"C34/,."1.  
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Figure 5: "!#"$%&"'E??"%#@5"36,*1.)/"4:"C34/,."2.  
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Figure 6: "!>G"$%&"'!J!"%#@5"36,*1.)/"4:"C34/,."2.  
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Figure 7: "!#"$%&"'E??"%#@5"36,*1.)/"4:"C34/,."4.  

OO

O O

Isomer 4 "
 

p p m1 . 01 . 52 . 02 . 53 . 03 . 54 . 04 . 5

 
 



>W 

Figure 8: "!>G"$%&"'!J!"%#@5"36,*1.)/"4:"C34/,."4.  
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