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Materials and Methods 
(
7,8$99( %:2$&;-9$( 9:/:$0<( &$/=:-%,9( ;$&$( >$&?%&@$0( -,( ?8/@$A0&-$0( '8/99;/&$( B,0$&( /(
,-:&%'$,(/:@%9>2$&$(B9-,'(?&$928C(0-9:-88$0(9%8D$,:9*(()88(=%@@$&=-/88C(%E:/-,$0(&$/'$,:9(
;$&$( B9$0( /9( &$=$-D$0*( ( ),/8C:-=/8( :2-,A8/C$&( =2&%@/:%'&/>2C( FG3HI( ;/9( >$&?%&@$0(
B9-,'( 9-8-=/( '$8( JK( LMNO( >&$A=%/:$0( >8/:$9( FK*MN(@@I*( ( !-8-=/( '$8( F>/&:-=8$( 9-.$( K*KPMA
K*KJP( @@I( ;/9( B9$0( ?%&( ?8/92( =2&%@/:%'&/>2C*( ( Q-'2A>$&?%&@/,=$( 8-RB-0(
=2&%@/:%'&/>2C( FQS3HI(;/9( >$&?%&@$0(;-:2( $-:2$&( /( T/-,-,(+-=&%9%&E( UKA"VVAHN( %&(
UKA"MKAHN(=%8B@,*(("Q(/,0("PH(W+T(=2$@-=/8(92-?:9(/&$(&$>%&:$0(/9(δ(D/8B$9(&$8/:-D$(:%(
-,:$&,/8( =28%&%?%&@( F"Q(δ( X*MX( >>@<( "PH(δ( XX*K( >>@I( %&( E$,.$,$A0J( F"Q(δ( X*"N( >>@I*(
42$&$( -,9$>/&/E8$(@-Y:B&$9(%?(0-/9:$&$%@$&9( /&$( -9%8/:$0<( "Q(W+T(9>$=:&/8( -,:$'&/:-%,(
&$?8$=:9( /( "Z"( @-Y:B&$*( (+$8:-,'( >%-,:9( /&$( B,=%&&$=:$0*( ( Q-'2( &$9%8B:-%,(@/99( 9>$=:&/(
;$&$(/=RB-&$0(/:(:2$(7,-D$&9-:C(%?([88-,%-9(+/99(!>$=:&%@$:&C(H$,:$&*(
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a Conditions A: 0.5 mol% Rh2(cap)4, PhH, reflux, 10 min. b Conditions B: 0.25 
mol% Rh2(tfa)4, PhH, rt, 10 min.  c A 44% yield of  tautomerized product was also 
isolated. d An 83% yield of tautomerized product was isolated exclusively.
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General Procedure for Effecting [3,3]-Rearrangement with αααα-Diazoketone 7 (Table 
1, Entry 3a, 3-butyn-2-ol): (G%(/(9:-&&$0(9%8B:-%,(%?("(FVN(@'<(K*NVP(@@%8<("*K($RB-DI(
/,0(PAEB:C,AMA%8(FNJ(µ3<(K*X"O(@@%8<("*M($RB-DI(-,(E$,.$,$(FJ(@3I(;/9(/00$0(T2MF=/>IO(
F"*V(@'<(K*KKP(@@%8<(K*KKN($RB-DI*((G2$(@-Y:B&$(;/9(-@@$&9$0(-,(/(>&$2$/:$0(%-8(E/:2(
/,0(2$/:$0(/:(&$?8BY(?%&("K(@-,<(:2$,(=%%8$0(:%(&%%@(:$@>$&/:B&$(/,0(=%,=$,:&/:$0(B,0$&(
&$0B=$0(>&$99B&$*((G2$(&$9-0B$(;/9(>B&-?-$0(EC(?8/92(=2&%@/:%'&/>2C(FUZ"(2$Y/,$Z\:])=(
$8B$,:I(:%(?B&,-92(/88$,C8(αA2C0&%YC^$:%,$(FVX(@'<(U"_(C-$80I(/9(/(>/8$(C$88%;(%-8*"(
(
General Procedure for Effecting [2,3]-Rearrangement with αααα-Diazoketone 7 (Table 
1, Entry 2b, 2-butyn-1-ol):(G%(/(9:-&&$0(9%8B:-%,(%?(1(F""P(@'<(K*XKN(@@%8<("*K($RB-DI 
/,0(MAEB:C,A"A%8(FJP(µ3<(K*UOM(@@%8<("*M($RB-DI(-,(E$,.$,$(FX(@3I(;/9(/00$0(T2MF:?/IO(
F"*M(@'<(K*KK"U(@@%8<((K*KKMN($RB-DI(&$9B8:-,'(-,(&/>-0(8%99(%?(WMF'I*((G2$(&$9B8:-,'(>/8$(
'&$$,(9%8B:-%,(;/9(9:-&&$0(?%&("K(@-,(/:(&%%@(:$@>$&/:B&$<(:2$,(=%,=$,:&/:$0(B,0$&(
&$0B=$0(>&$99B&$*((L8/92(=2&%@/:%'&/>2C(%?(:2$(&$9-0B$(F"NZ"(2$Y/,$Z/=$:%,$($8B$,:I(
/??%&0$0(/88$,C8(αA2C0&%YC^$:%,$(FVX(@'<(JU_(C-$80I(/9(/(C$88%;(%-8*((("Q(W+T(FNKK(
+Q.<(H`H8PI(δ(X*NO(F@<(MQI<(X*PX(F@<(PQI<(O*UX(F0R<(JaP*K<("K*U(Q.<("QI<(O*UK(F0R<(
JaP*K<("K*P(Q.<("QI<(O*XM(F9<("QI<(M*"K(F9<(PQI<("*XJ(F:<(JaP*K(Q.<(PQIb("PH(W+T(F"MN(
+Q.<(H`H8PI(δ(MKX*N<(MKN*V<("PU*X<("MU*N<("MU*M<("MX*N<("KK*K<(UN*N<(XX*"<(MJ*K<("O*Ub([T(
F:2-,(?-8@cW/H8I(POOU(FE&*(@I<(PKJK(F;I<(MVUO(F;I<(MVMJ(F;I<("VNX(F@I<("X"K(F9I<("OOU(
F@I<("PNJ(F@I<("KJM(F@I<(XNJ(F@I<(XKP(F9I(=@A"b(QT+!(F\[I(m/z(?%B,0Z(MK"*KV"N(d=/8=e0(
?%&(H"PQ"O]M(F+AQIZ((MK"*KV"Jf*(
(
Table 1, Entry 4b ([2,3]-Rearrangement, 2-methyl-3-butyn-2-ol)Z(("Q(W+T(FNKK(
+Q.<(H`H8PI(δ(X*NO(F@<(MQI<(X*PJ(F@<(PQI<(N*NV(F9$>:$:<(JaP*N(Q.<("QI<(O*NP(F9<("QI<(
M*KU(F9<(PQI<("*XV(F0<(JaP*N(Q.<(PQI<("*XP(F0<(JaP*N(Q.<(PQIb("PH(W+T(F"MN(+Q.<(
H`H8PI(δ(MKX*J<(MK"*M<("OK*X<("MU*N<("MU*M<("MJ*U<("KK*P<(VM*U<(UM*M<(MO*X<(MK*M<(MK*"b([T(
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F:2-,(?-8@cW/H8I(POJK(FE&*(@I<(MVXV(F;I<(MVMK(F;I<("X"P(F9I<("OOX(F@I<("PNP(F@I<("""U(
F@I<(XJO(F@I<(XKK(F9I(=@A"b(QT+!(F\[I(m/z(?%B,0Z(M"X*"MMK(d=/8=e0(?%&(H"OQ"X]M(
F+gQIZ((M"X*"MMVf*(
(
Tautomerized (OH-Insertion) Product, 3-butyn-2-ol:(((
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(
"Q(W+T(FOKK(+Q.<(H`H8PI(δ(X*OMAX*P"(F=%@>*(@<(NQI<(N*KO(F9<("QI<(O*MJ(F0R<(JaM*O<(
"N*J(Q.<("QI<(O*KO(F0R<(JaM*O<("J*K(Q.<("QI<(M*"J(F9<(PQI<("*UJ(F:<(JaM*O(Q.<(PQIb("PH(
W+T(F"KK(+Q.<(H`H8PI(δ(MKJ*M<("PN*O<("MU*U<("MU*X<("MX*P<(UN*J<(UP*J<(XO*M<(NJ*V<(MN*J<(
P*Jb([T(F:2-,(?-8@cW/H8I(PKJM(F;I<(PKPK(F;I<(MVMK(F;I<(MUNU(F;I<(MMMJ(F;I<(MMMN(F;I<(
"XM"(F9I<("ONM(F@I<("PNO(F@I<("KVO(F@I<("KX"(F@I<(XON(F@I<(XK"(F9I(=@A"b(QT+!(F\[I(
m/z(?%B,0Z(MK"*KV""(d=/8=e0(?%&(H"PQ"O]M(F+AQIZ((MK"*KV"Jf*(
(
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General Procedure for Effecting [2,3]-Rearrangement with αααα-Diazoketone 6 
(Table 2, Entry 1, propargyl alcohol):((G%(/(9:-&&$0(9%8B:-%,(%?(6(F"MV(@'<(K*VKN(@@%8<(
"*K($RB-DI(/,0(>&%>/&'C8(/8=%2%8(FJP(µ3<("*KU(@@%8<("*M($RB-DI(-,(E$,.$,$(FV(@3I(;/9(
/00$0(T2MF:?/IO(F"*N(@'<(K*KKMP(@@%8<(K*KKMN($RB-DI*(G2$(@-Y:B&$(;/9(-@@$&9$0(-,(/(
>&$2$/:$0(%-8(E/:2(/,0(2$/:$0(B,0$&(&$?8BY(?%&("K(@-,<(/?:$&(;2-=2(-:(;/9(=%%8$0(/,0(
=%,=$,:&/:$0(B,0$&(&$0B=$0(>&$99B&$*((L8/92(=2&%@/:%'&/>2C(%?(:2$(&$9-0B$(FJZ"(
2$Y/,$Z\:])=($8B$,:I(/??%&0$0(/88$,C8(αA2C0&%YC^$:%,$(FVN(@'<(JM_(C-$80I(/9(/(
=%8%&8$99(%-8*(("Q(W+T(FNKK(+Q.<(H`H8PI(δ(N*XK(F:<(JaJ*N(Q.<("QI<(N*KN(F00<(JaJ*N<(""*U(
Q.<("QI<(N*KM(F00<(JaJ*N<("M*K(Q.<("QI<(O*P"(F9<("QI<(P*UP(F9<(PQI<(M*PP(F9<(PQIb("PH(W+T(
F"MN(+Q.<(H`H8PI(δ(MKX*J<(MKM*M<("JV*U<(VK*U<(U"*O<(UK*K<(NU*N<(MO*Xb([T(F:2-,(?-8@cW/H8I(
PONX(FE&*(@I<(PKJV(F;I<(PKKV(F;I<(MVNX(F;I<("VNU(F@I<("XMN(F9I<("OPJ(F@I<("PNX(F@I<(
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"MJK(F9I<(""VP(F@I<(""NO(F@I(=@A"b(QT+!(F\[I(m/z(?%B,0Z("X"*KJJK(d=/8=e0(?%&(HUQ""]O(
F+gQIZ(("X"*KJNXf*(
 
Table 2, Entry 2, 2-butyn-1-ol 
"Q(W+T(FNKK(+Q.<(H`H8PI(δ(O*V"(F0R<(JaP*K<("K*U(Q.<("QI<(O*UU(F0R<(JaP*K<("K*U(Q.<(
"QI<(O*PO(F9<("QI<(P*UM(F9<(PQI<(M*OK(F9<(PQI<("*XK(F:<(JaP*K(Q.<(PQIb("PH(W+T(F"MN(+Q.<(
H`H8PI(δ(MKJ*X<(MKP*V<("JV*X<(VU*"<(UN*M<(XU*K<(NP*M<(MN*N<("P*Vb([T(F:2-,(?-8@cW/H8I(PONJ(
FE&*(@I<(MVUU(F;I<(MVNJ(F;I<(MVMU(F;I<("VJK(F@I<("XMN(F9I<("OPJ(F@I<("PNJ(F@I<("MNP(F9I<(
""KJ(F9I(=@A"b(QT+!(F\[I(m/z(?%B,0Z("UO*KXPNd=/8=e0(?%&(HVQ"M]O(F+gIZ(("UO*KXPJf*(
 
Table 2, Entry 3, 3-butyn-2-ol (2.4:1 mixture of diastereomers) 
"Q(W+T(FNKK(+Q.<(H`H8PI(δ(N*NV(F@<(MQI<(N*ON(F@<(MQI<(O*MN(F9<(MQI<(P*UM(F9<(JQI<(
M*PO(F9<(PQI<(M*PP(F9<(PQI<("*X"(F00<(JaP*K<(X*K(Q.<(PQI<("*XK(F00<(JaP*K<(X*K(Q.<(PQIb("PH(
W+T(F"MN(+Q.<(H`H8PI(δ(MKO*P<(MKO*P<(MKM*X<(MKM*J<("XK*K<("XK*K<(V"*N<(VK*U<(U"*V<(
U"*U<(NP*O<(MO*X<(MO*J<("P*J<("P*Jb([T(F:2-,(?-8@cW/H8I((FPONV<(E&*(@I<(MVNJ(F;I<(MVMU(F;I<(
"VJU(F;I<("XMN(F9I<("OPX(F@I<("PNJ(F@I<("MNO(F9I<(""V"(F@I<(""NU(F@I<("""O(F@I(=@A"b(
QT+!(F\[I(m/z(?%B,0Z("UN*KUKU(d=/8=e0(?%&(HVQ"P]O(F+gQIZ(("UN*KU"Of*(
 
Table 2, Entry 4, 2-methyl-3-butyn-2-ol 
"Q(W+T(FNKK(+Q.<(H`H8PI(δ(N*ON(F9$>:$:<(JaM*U(Q.<("QI<(O*"V(F9<("QI<(P*UM(F9<(PQI<(
M*PO(F9<(PQI<("*XO(F:<(JaM*N(Q.<(JQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(MKP*"<(MK"*X<("XK*"<(
"K"*X<(UV*N<(UM*"<(NP*P<(MO*X<("V*V<("V*Vb([T(F:2-,(?-8@cW/H8I(POJM(FE&*(@I<(MVUO(F;I<(MVNO(
F;I<(MV""(F;I<("VXM(F;I<("XMJ(F9I<("OPX(F@I<("PNJ(F@I<("MJN(F9I<(""OP(F@I(=@A"b(QT+!(
F\[I(m/z(?%B,0Z("VX*KU"J(d=/8=e0(?%&(H"KQ"P]O(F+AQIZ(("VX*KU"Of*(
666666666666666666666666666666666666666666666666666666666666666666666666(
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Aa
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A
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A
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64%
-

-
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41%
-

-
40%

-
65%

A
B

66%
-

-
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a Conditions A: 0.25 mol% Rh2(cap)4, PhH, reflux, 10 min. b Conditions B: 5 mol% 
Rh2(oct)4, PhH, reflux, 10 min. c 20 mol % Rh2(oct)4 was employed. dAn 11% yield of 
the corresponding enone was also isolated.
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(
General Procedure for Effecting [3,3]-Rearrangement with αααα-Diazoketone 7 (Table 
3, Entry 1a, propargyl alcohol):((G%(/(9:-&&$0(9%8B:-%,(%?(7(F"KK(@'<(K*NOP(@@%8<("*K(
$RB-DI(/,0(>&%>/&'C8(/8=%2%8(FPU(µ3<(K*JNM(@@%8<("*M($RB-DI(-,(E$,.$,$(FP(@3I(;/9(
/00$0(T2MF=/>IO(F"*K(@'<(K*KK"N(@@%8<(K*KKMX($RB-DI*((G2-9(@-Y:B&$(;/9(2$/:$0(/:(&$?8BY(
?%&("K(@-,<(:2$,(=%%8$0(/,0(=%,=$,:&/:$0(B,0$&(&$0B=$0(>&$99B&$*((SB&-?-=/:-%,(%?(:2$(
&$9-0B$(EC(?8/92(=2&%@/:%'&/>2C(FOZ"(2$Y/,$Z\:])=($8B$,:I(/??%&0$0(/88$,C8(αA
2C0&%YC^$:%,$(FXO(@'<(JO_(C-$80I(/9(/(C$88%;(%-8*(("Q(W+T(FNKK(+Q.<(H`H8PI(δ(N*MX(
F:<(JaJ*N(Q.<("QI<(N*KP(F00<(JaJ*N<(""*P(Q.<("QI<(N*KK(F00<(JaJ*N<(""*N(Q.<("QI<(O*"O(FR<(
JaX*K(Q.<(MQI<(P*UX(F9<("QI<(M*VX(F0:<(JaJ*N<("V*K(Q.<("QI<(M*UX(F0:<(JaJ*N<("U*N(Q.<("QI<(
M*JX(F0:<(JaJ*N<("X*K(Q.<("QI<(M*J"(F0:<(JaJ*N<("X*N(Q.<("QI<("*NM(F9<(PQI<("*MJ(F:<(JaX*K(
Q.<(PQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(M"K*P<(MKX*O<("XM*O<(VN*J<(XV*M<(XJ*V<(JK*X<(PK*V<(
MU*M<(MO*O<("O*Mb([T(F:2-,(?-8@cW/H8I(POJJ(FE&*(@I<(MVUP(F@I<(MVPO(F;I<("VNN(F@I<("X"J(
F9I<("PXO(F@I<("POV(F@I<("MKU(F@I<(""KK(F@I<("KXX(F@I(=@A"b(QT+!(F\[I(m/z(?%B,0Z(
M"P*""MU(d=/8=e0(?%&(H""Q"X]O(F+gQIZ((M"P*""MXf*(
(
Table 3, Entry 2a, 2-butyn-1-ol 
"Q(W+T(FNKK(+Q.<(H`H8PI(δ(O*VK(FR<(JaP*K(Q.<("QI<(O*"O(FR<(JaX*K(Q.<(MQI<(O*K"(FE&*(9<(
"QI<(M*VM(F000<(JaJ*N<(X*M<("U*V(Q.<("QI<(M*UJ(F000<(JaJ*N<(X*K<("U*N(Q.<("QI<(M*JN(F0:<(
JaJ*N<("X*N(Q.<("QI<(M*NV(F000<(JaJ*N<(X*K<("X*K(Q.<("QI<("*NV(F:<(JaP*K(Q.<(PQI<("*N"(F9<(
PQI<("*MJ(F:<(JaX*K(Q.<(PQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(M""*"<(MKJ*N<("XM*P<("K"*U<(
XU*J<(XX*N<(JK*X<(PK*O<(MU*K<(MO*K<("O*M<("P*Ub([T(F:2-,(?-8@cW/H8I(POXJ(FE&*(@I<(MVUP(F@I<(
MVPM(F@I<("VNX(F@I<("XPN(F9I<("X"N(F9I<("PXO(F@I<("POV(F@I<(""VP(F9I<(""KO(F9I(=@A"b(
QT+!(F\[I(m/z(?%B,0Z(MMX*"MXJ(d=/8=e0(?%&(H"MQ"U]O(F+gQIZ((MMX*"MUPf*(
(
Table 3, Entry 3a, 3-butyn-2-ol (2.2:1 mixture of diastereomers)(
"Q(W+T(FNKK(+Q.<(H`H8PI(δ(N*O"(F@<(MQI<(N*"V(F@<(MQI<(O*"O(FR<(JaX*N(Q.<(OQI<(P*UJ(
F9<("QI<(P*UP(F9<("QI<(M*VV(F0:<(JaJ*N<("U*N(Q.<("QI<(M*VJ(F0:<(JaJ*N<("U*N(Q.<("QI<(M*UJ(
F0:<(JaJ*N<("U*N(Q.<(MQI<(M*JJ(F0:<(JaJ*N<("X*K(Q.<(MQI<(M*JK(F0:<(JaJ*N<("X*K(Q.<(MQI<(
"*XO(F00<(JaP*K<(X*K(Q.<(PQI<("*XP(F00<(JaP*K<(X*P(Q.<(PQI<("*OV(F9<(JQI<("*MJ(F:<(JaX*N(Q.<(
JQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(M""*"<(MKO*M<(MKO*"<("XM*X<(VJ*P<(VJ*P<(VK*V<(VK*V<(
XX*X<(J"*"<(P"*M<(MU*J<(MU*J<(MO*U<("O*N<("O*P<("O*Mb([T(F:2-,(?-8@cW/H8I(POXV(FE&*(@I<(MVUO(
F@I<(MVP"(F@I<("VJP(F;I<("XPP(F9I<("X"N(F9I<("OOX(F@I<("PXO(F@I<("POV(F@I<("MKU(F9I(=@A
"b(QT+!(F\[I(m/z(?%B,0Z(MMN*""PP(d=/8=e0(?%&(H"MQ"X]O(F+AQIZ((MMN*""MXf*(
(
Table 3, Entry 4a, 2-methyl-3-butyn-2-ol 
"Q(W+T(FNKK(+Q.<(H`H8PI(δ(N*KU(F9$>:$:<(JaP*K(Q.<("QI<(O*"N(FR<(JaX*K(Q.<(MQI<(M*KK(
F0:<(JaJ*N<("V*K(Q.<("QI<(M*UJ(F0:<(JaJ*N<("U*N(Q.<("QI<(M*JJ(F0:<(JaJ*N<("J*N(Q.<("QI<(
M*NU(F0:<(JaJ*N<("X*K(Q.<("QI<("*XX(F0<(JaP*K(Q.<(JQI<("*OU(F9<(PQI<("*MX(F:<(JaX*K(Q.<(
PQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(M""*K<(MKK*V<("XM*O<("KK*X<(VO*J<(XX*X<(JK*X<(PK*X<(
MU*M<(MO*P<(MK*P<(MK*"<("O*Mb([T(F:2-,(?-8@cW/H8I(POXV(FE&*(@I<(MVUM(F@I<(MVPO(F@I<(MV""(
F@I<("VJU(F;I<("XPJ(F9I<("X"J(F9I<("PXO(F@I<("POU(F@I<(""UV(F9I(=@A"b(QT+!(F\[I(m/z(
?%B,0Z(MPV*"MUJ(d=/8=e0(?%&(H"PQ"V]O(F+AQIZ((MPV*"MUPf*(
(
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General Procedure for Effecting [2,3]-Rearrangement with αααα-Diazoketone 7 (Table 
3, Entry 1b, propargyl alcohol):((G%(/(9:-&&$0(9%8B:-%,(%?(7(FNK*N(@'<(K*MXO(@@%8<("*K(
$RB-DI(/,0(>&%>/&'C8(/8=%2%8(F"V(µ3<(K*PMJ(@@%8<("*M($RB-DI(-,(E$,.$,$(FP(@3I(;/9(
/00$0(T2MF%=:IO(F""*O(@'<(K*K"N(@@%8<(K*KNO($RB-DI(&$9B8:-,'(-,(&/>-0(8%99(%?(WMF'I*(
],=$(=%@>8$:$<(:2$(&$/=:-%,(@-Y:B&$(;/9(-@@$&9$0(-,(/(>&$2$/:$0(%-8(E/:2(/,0(2$/:$0(/:(
&$?8BY(?%&("K(@-,<(/?:$&(;2-=2(-:(;/9(=%%8$0(/,0(=%,=$,:&/:$0(B,0$&(&$0B=$0(>&$99B&$*(
L8/92(=2&%@/:%'&/>2C(%?(:2$(&$9-0B$(FPZM(>$,:/,$Z\:M]($8B$,:I(/??%&0$0(/88$,C8(αA
2C0&%YC^$:%,$(FPO*V(@'<(JK_(C-$80I(/9(/(=8$/&(C$88%;(%-8*(("Q(W+T(FOKK(+Q.<(H`H8PI(
δ(N*MK(F:<(JaJ*U(Q.<("QI<(N*KO(F00<(JaJ*V<(""*O(Q.<("QI<(N*KK(F00<(JaJ*O<(""*J(Q.<("QI<(
O*"P(FR<(JaX*M(Q.<(MQI<(O*KV(F9<("QI<(M*OU(F000<(JaN*P<(V*J<("J*K(Q.<("QI<(M*MU(F9<(PQI<(
M*PPAM*KU(F=%@>*(@<(PQI<("*MJ(F:<(JaX*M(Q.<(PQIb("PH(W+T(F"KK(+Q.<(H`H8PI(δ(MKU*V<(
MKX*O<("XP*O<(VO*M<(XV*P<(XU*U<(JK*J<(P"*U<(MU*N<(MP*V<("O*Mb([T(F:2-,(?-8@cW/H8I(POJN(FE&*(
@I<(MVUM(F@I<(MVPM(F@I<("VNO(F@I<("XP"(F9I<("X"P(F9I<("PXO(F@I<("PNJ(F@I<(""UO(F9I<(""KK(
F9I(=@A"b(QT+!(F\[I(m/z(?%B,0Z(M"P*"""V(d=/8=e0(?%&(H""Q"X]O(F+gQIZ((M"P*""MXf*(
 
Table 3, Entry 2b, 2-butyn-1-ol 
"Q(W+T(FNKK(+Q.<(H`H8PI(δ(O*VM(F@<(MQI<(O*""(FR<(JaX*M(Q.<(MQI<(O*KN(F9<("QI<(M*OM(
F@<("QI<(M*MP(F9<(PQI<(M*PKAM*"K(F=%@>*(@<(PQI<("*NJ(F:<(JaP*K(Q.<(PQI<("*MO(F:<(JaX*P(Q.<(
PQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(MKV*X<(MKJ*P<("XP*P<("KK*J<(UK*J<(XX*U<(JK*N<(P"*K<(
MU*J<(MP*M<("O*M<("P*Vb([T(F:2-,(?-8@cW/H8I(PONV(FE&*(@I<(MVUP(F@I<(MVPM(F;I<("VNJ(F@I<(
"XPO(F9I<("X"M(F9I<("OOP(F@I<("PXO(F@I<(""UJ(F@I<("""O(F@I(=@A"b(QT+!(F\[I(m/z(?%B,0Z(
MMX*"MUJ(d=/8=e0(?%&(H"MQ"U]O(F+gQIZ((MMX*"MUPf*(
(
Table 3, Entry 3b, 3-butyn-2-ol (2.3:1 mixture of diastereomers) 
"Q(W+T(FNKK(+Q.<(H`H8PI(δ(N*OM(F@<(MQI<(N*""(F@<(MQI<(O*"P(FR<(JaX*N(Q.<(OQI<(O*KK(
F9<("QI<(P*VU(F9<("QI<(M*OJ(F000<(JaN*N<("K*K<("J*O(Q.<("QI<(M*OJ(F000<(JaN*N<(V*N<("J*P(Q.<(
"QI<(M*MX(F9<(PQI<(M*MJ(F9<(PQI<(M*MMAM*KX(F=%@>*(@<(OQI<("*XP(F00<(JaP*N<(X*K(Q.<(JQI<(
"*MN(F:<(JaX*N(Q.<(JQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(MKV*"<(MKO*K<(MKO*K<("XP*O<(VO*J<(
VO*N<(VK*X<(VK*N<(XV*P<(XV*M<(JK*N<(P"*V<(MU*J<(MU*J<(MP*X<(MP*X<("O*"<("P*U<("P*Xb([T(F:2-,(
?-8@cW/H8I(POJO(FE&(@I<(MVUM(F@I<(MVPK(F@I<("VJO(F;I<("XPP(F9I<("X"O(F9I<("OOO(F@I<(
"PXP(F@I<("PNJ(F@I<(""UN(F9I<(""KJ(F9I(=@A"b(QT+!(F\[I(m/z(?%B,0Z(MMN*""PX(d=/8=e0(?%&(
H"MQ"X]O(F+AQIZ((MMN*""MXf*(
(
Table 3, Entry 4b, 2-methyl-3-butyn-1-ol 
"Q(W+T(FNKK(+Q.<(H`H8PI(δ(O*VV(F9$>:$:<(JaP*K(Q.<("QI<(O*"P(FR<(JaX*M(Q.<(MQI<(P*VP(
F9<("QI<(M*OJ(F000<(JaJ*K<(V*V<("J*K(Q.<("QI<(M*MV(F@<("QI<(M*MJ(F9<(PQI<(M*"J(F000<(JaJ*K<(
V*U<("O*N(Q.<("QI<(M*KV(F000<(JaJ*N<(V*U<("O*N(Q.<("QI<("*XJ(F0<(JaP*K(Q.<(JQI<("*MJ(F:<(
JaX*K(Q.<(PQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(MKV*N<(MK"*M<("XP*N<("KK*U<(VP*M<(XV*J<(
JK*N<(P"*V<(MU*X<(MP*J<(MK*M<(MK*K<("O*Mb([T(F:2-,(?-8@cW/H8I(POJJ(FE&*(@I<(MVUK(F@I<(MVPP(
F@I<(MUNU(F;I<("PXO(F9I<("X"P(F9I<("NUU(F;I<("PNO(F@I<(""UU(F9I<("KVU(F@I(=@A"b(QT+!(
F\[I(m/z(?%B,0Z(MO"*"OPX(d=/8=e0(?%&(H"PQM"]O(F+gQIZ((MO"*"OOKf*(
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(
Ethyl 4,5-dioxohexanoate (i):(

O

O

O

OEt

i
(

[,$??-=-$,:(=/&E$,%-0(=/>:B&$(F$*'*<(EC(MA@$:2C8APAEB:C,AMA%8I(-,(:2$(>&$9$,=$(%?(
9-',-?-=/,:(@%-9:B&$(/,0(%YC'$,(=/,('-D$(&-9$(:%(:2-9(9>$=-$9(-,(D/&C-,'(/@%B,:9*(("Q(
W+T(FNKK(+Q.<(H`H8PI(δ(O*"O(FR<(JaX*K(Q.<(MQI<(P*KP(F:<(JaJ*N(Q.<(MQI<(M*JJ(F:<(JaJ*N(
Q.<(MQI<(M*PJ(F9<(PQI<("*MJ(F:<(JaX*K(Q.<(PQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ("VX*J<(
"VX*K<("XM*P<(JK*V<(PK*U<(MU*K<(MP*J<("O*"b([T(F:2-,(?-8@cW/H8I(MVUO(F;I<(MVPJ(F;I<("XPP(
F9I<("X"X(F9I<("PVN(F@I<("PXJ(F@I<("PN"(F@I<("MKM(F9I<("KXJ(F@I(=@A"b(QT+!(F\[I(m/z(
?%B,0Z("XP*KU"K(d=/8=e0(?%&(HUQ"P]O(F+gQIZ(("XP*KU"Of*(
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OH

OH
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Me Me

Me

•

•
Me

•
Me

Me

OH •
Me Me

R

O

HO Me

HO

O

Me
R

Alcohol Conditions Yield [3,3] Yield [2,3]

Aa

Bb 68%
-

-
62%

A
B

67%
-

-
66%

A
B

69%
-

-
60%

Ac

Bd 38%
-

-
-

a Conditions A: 0.25 mol% Rh2(cap)4, PhH, reflux, 10 min. b Conditions B: 5 mol% 
Rh2(oct)4, PhH, reflux, 10 min. cA 5% yield of enone  ii was also isolated  d Only 
enone ii was isolated in 25% yield

+  Alcohol +

[3,3] [2,3]

Conditions
Rh2(L)4

Entry

1a
1b

2a
2b

3a
3b

4a
4b

Me

O

N2

8
R = CH2CH2CH2CH3

(
(

General Procedure for Effecting [3,3]-Rearrangement with αααα-Diazoketone 8 (Table 
4, Entry 1a, propargyl alcohol):((G%(/(9:-&&$0(9%8B:-%,(%?(8(F"PV(@'<(K*VVM(@@%8<("*K(
$RB-DI(/,0(>&%>/&'C8(/8=%2%8(FJV(µ3<("*"V(@@%8<("*M($RB-DI(-,(E$,.$,$(F"K(@3I(;/9(
/00$0(T2MF=/>IO(F"*J(@'<(K*KKMO(@@%8<(K*KKMN($RB-DI*((G2$(&$9B8:-,'(@-Y:B&$(;/9(2$/:$0(
/:(&$?8BY(?%&("K(@-,<(:2$,(=%%8$0(:%(&%%@(:$@>$&/:B&$*((H%,=$,:&/:-%,(B,0$&(&$0B=$0(
>&$99B&$(>&%D-0$0(/(&$9-0B$(:2/:(;/9(>B&-?-$0(EC(?8/92(=2&%@/:%'&/>2C(FJZ"(
2$Y/,$Z\:])=($8B$,:I<(/??%&0-,'(/88$,C8(αA2C0&%YC^$:%,$(F""P(@'<(JU_(C-$80I(/9(/(
=%8%&8$99(%-8*(("Q(W+T(FNKK(+Q.<(H`H8PI(δ(N*MK(F:<(JaX*K(Q.<("QI<(N*KK(F00<(JaX*K<("N*K(
Q.<("QI<(O*VU(F00<(JaJ*N<("N*K(Q.<("QI<(O*"K(FE&*(9<("QI<(M*JO(F0:<(JaX*N<("X*N(Q.<("QI<(
M*N"(F0:<(JaX*N<("X*N(Q.<("QI<("*J"(F@<(MQI<("*OU(F9<(PQI<("*PP(F9$Y:$:<(JaX*N(Q.<(MQI<(
K*VM(F:<(JaX*N(Q.<(PQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(M""*V<(MKX*J<(VN*N<(XU*V<(PN*O<(
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MN*V<(MO*K<(MM*P<("P*Ub([T(F:2-,(?-8@cW/H8I(POJX(FE&*(9I<(MVNU(F9I<(MVPO(F9I<(MUXP(F9I<("VNN(
F@I<("X"K(F9I<("ONN(F@I<("PJK(F@I<(""MN(F@I<(UNP(F@I(=@A"b(QT+!(F\[I(m/z(?%B,0Z(
"JU*""NP(d=/8=e0(?%&(H"KQ"J]M(F+gIZ(("JU*""NKf*  
 
Table 4, Entry 2a, 2-butyn-1-ol 
"Q(W+T(FNKK(+Q.<(H`H8PI(δ(O*UU(F@<("QI<(O*MK(F9<("QI<(M*NU(F000<(JaJ*N<(U*P<("X*N(Q.<(
"QI<(M*NK(F000<(JaJ*N<(U*N<("X*O(Q.<("QI<("*NV(F@<(MQI<("*NJ(F:<(JaP*N(Q.<(PQI<("*OX(F9<(
PQI<("*PM(F@<(MQI<(K*VM(F:<(JaX*P(Q.<(PQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(M"M*V<(MKJ*X<(
"K"*J<(XU*J<(XX*M<(PO*U<(MJ*K<(MP*X<(MM*P<("P*U<("P*Ub([T(F:2-,(?-8@cW/H8I(POJJ(FE&*(@I<(
MVNV(F9I<(MVPP(F9I<(MUXP(F@I<("VNX(F@I<("XKU(F9I<("ONJ(F@I<("PNO(F@I<(""MN(F@I<("KVM(
F@I<(UN"(F@I(=@A"b(QT+!(F\[I(m/z(?%B,0Z("UM*"PKP(d=/8=e0(?%&(H""Q"U]M(F+gIZ((
"UM*"PKXf*(

(
Table 4, Entry 3a, 3-butyn-2-ol (2.2:1 mixture of diastereomers) 
"Q(W+T(FNKK(+Q.<(H`H8PI(δ(N*OK(F@<(MQI<(N*"N(F0R<(JaP*K<(J*K(Q.<(MQI<(O*KV(F9<("QI<(
O*KU(F9<("QI<(M*JU(F0:<(JaX*N<("X*K(Q.<("QI<(M*JN(F0:<(JaX*N<("J*N(Q.<("QI<(M*N"(F000<(
JaX*K<(U*K<("X*M(Q.<("QI<(M*N"(F000<(JaX*K<(U*K<("J*K(Q.<("QI<("*XN(F00<(JaP*N<(X*K(Q.<(
PQI<("*XO(F00<(JaP*N<(X*K(Q.<(PQI<("*JM(F@<(OQI<("*OX(F9<(JQI<("*PO(F9$Y:$:<(JaX*N(Q.<(MQI<(
"*PO(F9$Y:$:<(JaX*N(Q.<(MQI<(K*VO(F:<(JaX*N(Q.<(PQI<(K*VP(F:<(JaX*N(Q.<(PQIb("PH(W+T(
F"MN(+Q.<(H`H8PI(δ(M"M*M<(MKO*K<(VN*U<(VN*U<(VK*"<(VK*"<(PN*P<(PN*P<(MJ*K<(MJ*K<(MO*"<(
MO*K<(MM*P<(MM*P<("O*K<("P*V<("P*Ub([T(F:2-,(?-8@cW/H8I(POJJ(FE&*(@I<(MVNV(F9I<(MVPP(F9I<(
MUXP(F@I<("VJO(F;I<("X""(F9I<("ONJ(F@I<("PXK(F@I<(""MN(F@I<("KPX(F@I(=@A"b(QT+!(F\[I(
m/z(?%B,0Z("U"*"MMX(d=/8=e0(?%&(H""Q"X]M(F+AQIZ(("U"*"MMVf*  

 
Table 4, Entry 4a, 2-methyl-3-butyn-1-ol 
"Q(W+T(FNKK(+Q.<(H`H8PI(δ(N*K"(F@<("QI<(O*KN(F9<("QI<(M*JN(F000<(JaJ*N<(U*N<("X*N(Q.<(
"QI<(M*OU(F000<(JaJ*N<(U*N<("X*M(Q.<("QI<("*XX(F0<(JaM*K(Q.<(PQI<("*XJ(F0<(JaM*K(Q.<(PQI<(
"*JK(F@<("QI<("*OP(F9<(PQI<("*PP(F9$Y:$:<(JaX*N(Q.<(MQI<(K*VM(F:<(JaX*N(Q.<(PQIb("PH(W+T(
F"MN(+Q.<(H`H8PI(δ(M"M*N<(MK"*M<("KK*K<(VO*N<(XX*X<(PN*P<(MJ*K<(MO*K<(MM*P<(MK*P<(MK*"<(
"P*Ub([T(F:2-,(?-8@cW/H8I(POJV(FE&*(@I<(MVNV(F9I<(MVPO(F9I<(MUXM(F@I<("VJU(F;I<("XKU(F9I<(
"OOV(F@I<("PJO(F@I<("POU(F@I<(""MP(F@I(=@A"b(QT+!(F\[I(m/z(?%B,0Z("VN*"PXJ(d=/8=e0(
?%&(H"MQ"V]M(F+AQIZ(("VN*"PUNf*(
(
General Procedure for Effecting [2,3]-Rearrangement with αααα-Diazoketone 8 (Table 
4, Entry 1b, propargyl alcohol):((G%(/(9:-&&$0(9%8B:-%,(%?(8(F"KJ(@'<(K*XNM(@@%8<("*K(
$RB-DI(/,0(>&%>/&'C8(/8=%2%8(FNP(µ3<(K*V"K(@@%8<("*M($RB-DI(-,(E$,.$,$(FU(@3I(;/9(
/00$0(T2MF%=:IO(FMV*P(@'<(K*KPU(@@%8<(K*KN($RB-DI(&$9B8:-,'(-,(&/>-0(WMF'I(8%99*((],=$(
=%@>8$:$<(:2$(&$/=:-%,(@-Y:B&$(;/9(-@@$&9$0(-,(/(>&$2$/:$0(%-8(E/:2(/,0(2$/:$0(/:(&$?8BY*((
)?:$&("K(@-,<(:2$(@-Y:B&$(;/9(=%%8$0(:%(&%%@(:$@>$&/:B&$(/,0(=%,=$,:&/:$0(B,0$&(
&$0B=$0(>&$99B&$*((G2$(&$9B8:-,'(&$9-0B$(;/9(>B&-?-$0(EC(?8/92(=2&%@/:%'&/>2C(FJZ"(
2$Y/,$Z\:])=($8B$,:I<(/??%&0-,'(/88$,C8(αA2C0&%YC^$:%,$(FXX*M(@'<(JM_(C-$80I*("Q(
W+T(FNKK(+Q.<(H`H8PI(δ(N*MP(F:<(JaJ*N(Q.<("QI<(N*K"(F00<(JaJ*N<(""*K(Q.<("QI<(O*VX(
F00<(JaJ*N<(""*N(Q.<("QI<(O*KM(F9<("QI<(M*MN(F9<(PQI<("*UP(F@<(MQI<("*OJ(F@<("QI<("*PO(
F9$Y:$:<(JaX*N(Q.<(MQI<("*KX(F@<("QI<(K*V"(F:<(JaX*K(Q.<(PQIb("PH(W+T(F"MN(+Q.<(
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H`H8PI(δ(MKV*O<(MKX*O<(VO*V<(XV*J<(XU*U<(PX*K<(MN*P<(MP*U<(MM*U<("P*Vb([T(F:2-,(?-8@cW/H8I(
POJX(FE&*(9I<(MVNX(F9I<(MUXM(F9I<("VNO(F9I<("X""(F9I<("NUU(F@I<("PNX(F9I<(""VP(F9I<(""PJ(F9I<(
UNM(F9I(=@A"b(QT+!(F\[I(m/z(?%B,0Z("JV*"MMN(d=/8=e0(?%&(H"KQ"X]M(F+gQIZ(("JV*"MMVf*(
(
Table 4, Entry 2b, 2-butyn-1-ol(
"Q(W+T(FNKK(+Q.<(H`H8PI(δ(O*UX(F@<(MQI<(O*KN(F9<("QI<(M*"V(F9<(PQI<("*UJ(F00<(JaX*P<(
V*U(Q.<(MQI<("*NJ(F:<(JaP*K(Q.<(PQI<("*OM(F@<("QI<("*P"(F9$Y:$:<(JaX*O(Q.<(MQI<(K*VJ(F@<(
"QI<(K*UV(F:<(JaX*P(Q.<(PQIb("PH(W+T(FNKK(+Q.<(H`H8PI(δ(M"K*O<(MKJ*N<("K"*"<(U"*O<(
XX*M<(PN*V<(MN*O<(MP*P<(MM*V<("O*K<("P*Vb([T(F:2-,(?-8@cW/H8I(POJX(FE&*(@I<(MVNX(F9I<(MVMV(
F@I<(MUJM(F@I<("VNJ(F@I<("XKV(F9I<("OMV(F@I<("PNJ(F@I<(""PN(F@I<(UNM(F@I(=@A"b(QT+!(
F\[I(m/z(?%B,0Z("UM*"PKX(d=/8=e0(?%&(H""Q"U]M(F+gIZ(("UM*"PKXf*(
 
Table 4, Entry 3b, [2,3]-3-butyn-2-ol (2.3:1 mixture of diastereomers)(
"Q(W+T(FNKK(+Q.<(H`H8PI(δ(N*PU(F@<("QI<(N*"N(F@<("QI<(N*"P(F@<("QI<(M*MN(F9<(PQI<(
M*MP(F9<(PQI<("*U"(F00<(JaX*N<(V*N(Q.<(MQI<("*UK(F00<(JaX*N<(V*N(Q.<(MQI<("*XO(F00<(JaP*N<(
X*P(Q.<(PQI<("*XP(F00<(JaP*N<(X*P(Q.<(PQI<("*NKA"*OM(F=%@>*(@<(MQI<("*PP(F9$Y:$:<(JaX*K(
Q.<(OQI<("*"PA"*KP(F=%@>*(@<(MQI<(K*V"(F:<(JQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(MKV*U<(
MKV*U<(MKO*K<(MKO*K<(VN*M<(VN*"<(VK*"<(UV*V<(UK*M<(UK*"<(PJ*V<(PJ*V<(MN*O<(MP*X<(MP*X<(MM*V<(
MM*V<("P*V<("P*U<("P*Xb([T(F:2-,(?-8@cW/H8I(POJU(FE&*(@I<(MVNX(F9I<(MVPK(F9I<(MUJP(F@I<(
"VJO(F@I<("X""(F9I<("OJ"(F@I<("PNN(F9I<(""PN(F@I<(UJU(F@I(=@A"b(QT+!(F\[I(m/z(?%B,0Z(
"UP*"PU"(d=/8=e0(?%&(H""Q"V]M(F+gQIZ(("UP*"PUNf*(
(
(Z)-3-hepten-2-one (ii) 

O

ii  
G2-9(=%@>%B,0(-9(-9%8/:$0(/9(/(ECA>&%0B=:(B,0$&(E%:2(dP<Pf(/,0(dM<Pf(&$/&&/,'$@$,:(
=%,0-:-%,9(;-:2(MA@$:2C8APAEB:C,AMA%8(0B$(:%(-,$??-=-$,:(=/&E$,%-0(=/>:B&$*("Q(W+T(
FNKK(+Q.<(H`H8PI(δ(J*"N(F0<(Ja""*N(Q.<("QI<(J*KX(F0:<(JaX*K<(""*N(Q.<("QI<(M*NV(FR0<(
Ja"*N<(X*N(Q.<(MQI<(M*M"(F9<(PQI<("*OJ(F9$Y:$:<(JaX*N(Q.<(MQI<(K*VO(F:<(JaX*N(Q.<(PQIb("PH(
W+T(F"MN(+Q.<(H`H8PI(δ("VV*P<("OU*O<("MX*M<(P"*J<(P"*P<(MM*O<("P*Xb([T(F:2-,(
?-8@cW/H8I(MVJ"(F9I<(MVPP(F9I<(MUXP(F9I<("JVO(F9I<("J"O(F9I<("ONU(F@I<("O"N(F9I<("PNN(F9I<(
""XU(F9I<(VJV(F@I<(XPU(F@I(=@A"b(QT+!(F\[I(m/z(?%B,0Z(""M*KUUV(d=/8=e0(?%&(HXQ"M](
F+gIZ((""M*KUUUf*(
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Preparation of Deuterium-Labeled Allenyl αααα-Hydroxyketone (D-4) 

N2

O
OH

D Me

O
OH

· Me

D

Me

+

1.0 mol%
Rh2(cap)4

PhH, ∆
1 D-2 D-4

 
G%(/(9:-&&$0(9%8B:-%,(%?(1(FXP(@'<(K*ONJ(@@%8<("*M($RB-DI(/,0(`A2(FPK(µ3<(K*PXX(@@%8<(
"*K($RB-DI(-,(E$,.$,$(FN(@3I(;/9(/00$0(T2MF=/>IO(FP*"(@'<(K*KKN(@@%8<(K*K"($RB-DI*((
G2$(@-Y:B&$(;/9(-@@$&9$0(-,(/(>&$2$/:$0(%-8(E/:2(/,0(2$/:$0(/:(&$?8BY(?%&("K(@-,<(/?:$&(
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;2-=2(-:(;/9(=%%8$0(/,0(=%,=$,:&/:$0(B,0$&(&$0B=$0(>&$99B&$*((G2$(&$9B8:-,'(&$9-0B$(;/9(
>B&-?-$0(EC(?8/92(=2&%@/:%'&/>2C(FHQMH8M($8B$,:I(:%(/??%&0(`A4(FM*NZ"(@-Y:B&$(%?(
0-/9:$&$%@$&9<(PN(@'<(PU_(C-$80I(/9(/(C$88%;(%-8*(("Q(W+T(FNKK(+Q.<(H`H8PI(δ(U*"M(
F@<(MQI<(U*KV(F@<(MQI<(X*NU(F@<(MQI<(X*OJ(F@<(OQI<(N*ON(F@<(MQI<(O*NO(F9<("QI<(O*NM(F9<(
"QI<("*JX(F9<(PQI<("*JX(F9<(PQI<("*XO(F0<(JaP*K(Q.<(PQI<("*JO(F9<(JaP*N(Q.<(PQIb("PH(W+T(
F"MN(+Q.<(H`H8PI(δ(MKO*P<(MKO*M<(MKM*M<(MKM*"<("PP*O<("PP*M<("PK*M<("PK*"<("MU*P<("MU*M<(
VX*K<(VJ*V<(VK*O(F:<(J(a(MN*P(Q.I<(MJ*P<(MJ*"<("P*P<("P*Mb([T(F:2-,(?-8@cW/H8I(POOU(FE&*(@I<(
MVUK(F;I<(MVMO(F;I<("VNN(F@I<("JXN(F9I<("NVX(F@I<("OOV(F@I<("PX"(F@I<("PN"(F;I<("MNO(
F9I<(""MU(F9I<("KVJ(F9I(=@A"b(QT+!(F\[I(m/z(?%B,0Z(MKO*""PK(d=/8=e0(?%&(H"PQ"O]M`(
F+gQIZ((MKO*""PNf*(
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Preparation of Deuterium-Labeled Allenyl αααα-Hydroxyketone (D-5) 

N2

O
OH

D Me HO · D

Me

O

+
1.0 mol%

Rh2(tfa)4, rt

PhH,
1 D-2 D-5

(
)(@-Y:B&$(%?(1(FUO(@'<(K*NMO(@@%8<("*K($RB-DI(/,0(`A2(FJU(µ3<(*UVV(@@%8<("*J($RB-DI(-,(
E$,.$,$(FN(@3I(;/9(:&$/:$0(;-:2(T2MF:?/IO(FP*O(@'<(K*KKN(@@%8<(K*K"($RB-DI*(()?:$&("K(
@-,(/:(&%%@(:$@>$&/:B&$<(:2$(@-Y:B&$(;/9(=%,=$,:&/:$0(B,0$&(&$0B=$0(>&$99B&$(/,0(:2$(
&$9-0B$(>B&-?-$0(EC(?8/92(=2&%@/:%'&/>2C(FHQMH8M($8B$,:I(:%(/??%&0(`A5(FM*OZ"(@-Y:B&$(%?(
0-/9:$&$%@$&9<(MX(@'<(MN_(C-$80I(/9(/(=8$/&(C$88%;(%-8*(("Q(W+T(FOKK(+Q.<(H`H8PI(δ(
X*NNAX*N"(F=%@>*(@<(OQI<(X*OMAX*P"(F=%@>*(@<(JQI<(N*XM(F@<(MQI<(O*NU(F9<("QI<(O*NP(F9<(
"QI<(M*""(F9<(PQI<(M*"K(F9<(PQI<("*XN(F0<(JaP*M(Q.<(PQI<("*X"(F0<(JaP*J(Q.<(PQIb("PH(W+T(
F"MN(+Q.<(H`H8PI(δ(MKX*M<(MKX*"<("OK*P<("MU*J<("MU*N<("MU*P<("MU*M<("MJ*X<(VO*K<(VO*K<(
VK*P(F:<(JaMU*K(Q.I<(UM*K<(MO*U<(MO*X<("P*U<("P*Xb([T(F:2-,(?-8@cW/H8I(PONM(FE&*(@I<(PKMU(
F;I<(MVXV(F;I<(MVMM(F;I<("VNN(F;I<("X"P(F9I<("OOU(F@I<("PNO(F@I<(""X"(F@I<(XJP(F@I<(XKK(
F9I(=@A"b(QT+!(F\[I(m/z(?%B,0Z(MKO*""PK(d=/8=e0(?%&(H"PQ"O]M`(F+gQIZ((MKO*""PNf*(
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Generation and Observation of Enol 11 
(

N2

O

OH

Me

O
OH

1.0 mol%
Rh2(OAc)4

C6D6, rt
1 11

(
G%(/(9:-&&$0(9%8B:-%,(%?((1(FNP(@'<(K*P""(@@%8<("*K($RB-DI(/,0(>&%>/&'C8(/8=%2%8(F"U(µ3<(
K*PKV(@@%8<(K*VV($RB-DI(-,(HJ`J(FP(@3I(;/9(/00$0(T2MF])=IO(F"*O(@'<(K*KKP(@@%8<(
K*K"($RB-DI(&$9B8:-,'(-,(WMF'I(8%99(;-:2(=%,=%@-:/,:(=%,D$&9-%,(:%($,%8(11*(("Q(W+T(
FOKK(+Q.<(HJ`J

I(δ(X*MM(F@<(MQI<(X*"KAX*KK(F=%@>*(@<(PQI<(N*VX(F9<("QI<(P*UN(F0<(JaM*U(
Q.<(MQI<("*VP(F:<(JaM*O(Q.<("QI<("*UP(F9<(PQI*(
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Asymmetric [2,3]-Rearrangement using [Cu(S,S)-Ph-pybox(H2O)2](OTf)2 Additive. 
(

Me

O

HO •
Me

O OH

Ph

11

N

N

OO

N

PhPh

Cu
OH2H2OOH

Rh2(OAc)4
C6H6, rt
-N2(g)

2.5 mol%

 rt, 5 min

(R)-(+)-13
 61% yield

90% ee

2+

2 TfO-

OPh

O

Me

 (S)-(-)-15
30% yield
30% ee

+

N2

O
1

12

(
)(9:-&&$0(9%8B:-%,(%?(1(FPNP(@'<(M*MK(@@%8<("*K($RB-DI(/,0(>&%>/&'C8(/8=%2%8(FK*"N(@3<(
M*J(@@%8<("*M($RB-DI(-,(E$,.$,$(FMM(@3I(;/9(:&$/:$0(;-:2(T2MF])=IO(FV(@'<(K*KM(@@%8<(
K*K"($RB-DI(/:(&%%@(:$@>$&/:B&$(&$9B8:-,'(-,(D-'%&%B9(WMF'I(8%99*((],=$('/9($D%8B:-%,(2/0(
=$/9$0(F=/*(P(@-,I<(dHBFS,S,IAS2A>CE%YFQM]IMfF]G?IM((F12<(OM(@'<(K*KNN(@@%8<(K*KMN(
$RB-DI(-,(HQMH8M(F"(@3I(;/9(/00$0*((G2$(@-Y:B&$(;/9(/88%;$0(:%(9:-&(?%&(N(@-,<(/?:$&(
;2-=2(:&-$:2C8/@-,$(FK*N(@3I(;/9(/00$0(/9(/(RB$,=2*((G2$(@-Y:B&$(;/9(=%,=$,:&/:$0(
B,0$&(&$0B=$0(>&$99B&$(/,0(:2$(&$9-0B$(>B&-?-$0(EC(?8/92(=2&%@/:%'&/>2C(FUZ"(
2$Y/,$9Z\:])=($8B$,:I(:%(?B&,-92(FRIAFgIA13(FMN"(@'<(J"_(C-$80<(VK_($$IM(/9(/(=%8%&8$99(
%-8(/,0(FSIAFAIA15(F"MN(@'<(PK_(C-$80<(PK_($$IP(/9(/(=8$/&(C$88%;(%-8*(
FRIAFgIA13Z("Q(W+T(FNKK(+Q.<(H`H8PI(δ(X*NM(F@<(MQI<(X*PMAX*NP(F@<(PQI<(N*U"(F:<(
JaJ*X(Q.<("QI<(N*KP(F00<(JaJ*X<(""*N(Q.<("QI<(N*KK(F00<(JaJ*J<(""*N(Q.<("QI<(O*J"(F9<("QI<(
M*"M(F9<(PQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(MKX*O<(MKJ*J<("OK*M<("MU*J<("MU*O<("MJ*J<(
VP*X<(U"*X<(XV*P<(MO*Ub([T(F:2-,(?-8@cW/H8I(PONP(FE&(@I<(PKJ"(F;I<(PKMU(F;I<("VNJ(F@I<(
"X"O(F9I<("OVM(F@I<("PNJ(F9I<(""XP(F@I<("KJP(F@I<(UNN(F@I<(XJN(F@I<(XK"(F9I(=@A"b(QT+!(
F\[I(m/z(?%B,0Z("UU*KUOM(d=/8=e0(?%&(H"MQ"M]M(F+gIZ(("UU*KUPXfb(dαf`MK(g"XV*Nh(Fc("*P<(
HQH8PI*(
(FSIAFAIA15Z(Z("Q(W+T(FOKK(+Q.<(H`H8PI(δ(X*OUAX*MX(F=%@>*(@<(NQI<(J*MP(F@<("QI<(J*KO(
F@<("QI<(O*UU(F@<("QI<(M*MM(F9<(PQIb("PH(W+T(F"KK(+Q.<(H`H8PI(δ(MKV*K<("OK*M<("MV*P<(
"MU*J<("MX*V<("MX*J<("MN*"<(VU*X<(XN*U<(MN*Jb([T(F:2-,(?-8@cW/H8I(PKNV(F;I<(MUNJ(F@I<(
"X"N(F9I<("OVK(F;I<("OOX(F;I<("O"J(F;I<("PN"(F@I<("MMV(F;I<("MKK(F;I<("KJU(F9I(=@A"b(
QT+!(F\[I(m/z(?%B,0Z("UJ*KJXX(d=/8=e0(?%&(H"MQ"K]M(F+AMQIZ(("UJ*KJU"fb(dαf`MK(
A"P*Oh(F=("*P<(HQH8PI*(
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Confirmation of Structure of Dihydrofuran 15 

OPh

O

Me

Ph3P
OPh

Me

Me

1)
    THF, rt

2) H2 (1 atm)
    Rh/Al2O3
    MeOH, rt

15 iii

(
G%(/(9%8B:-%,(%?(@$:2C8(:&->2$,C8>2%9>2%,-B@(-%0-0$(FMXU(@'<(K*JUX(@@%8<(M*K($RB-DI(-,(
GQL(FO(@3I(;/9(/00$0(0&%>;-9$<(secAEB:C88-:2-B@(F"*P(+(9%8B:-%,(-,(GQL<(K*NU(@3<(
K*XNO(@@%8<(M*M($RB-DI(/:(&%%@(:$@>$&/:B&$*((G2$(%&/,'$(@-Y:B&$(;/9(9:-&&$0(?%&(M(2<(
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/?:$&(;2-=2(/(9%8B:-%,(%?(15(FJO(@'<(K*POK(@@%8<(K*N($RB-DI(-,(GQL(F"(@3I(;/9(/00$0(
0&%>;-9$<(:2$(&$9B8:-,'(@-Y:B&$(/88%;$0(:%(9:-&(%D$&,-'2:(/:(&%%@(:$@>$&/:B&$*((G2$(
@-Y:B&$(;/9(=%,=$,:&/:$0(B,0$&(&$0B=$0(>&$99B&$(;-:2(=%,=%@-:/,:(/09%&>:-%,(%,:%(9-8-=/(
'$8*((L8/92(=2&%@/:%'&/>2C(F"MZ"(2$Y/,$Z\:])=($8B$,:I(?B&,-92$0(/(>/8$(C$88%;(%-8(FPN(
@'I<(/(?&/=:-%,(FMX(@'I(%?(;2-=2(;/9(0-99%8D$0(-,(@$:2/,%8(F"(@3I(/,0(/00$0(:%(/(
9B9>$,9-%,(%?(T2c)8M]P(-,(+$]Q(B,0$&(QMF'I(F"(/:@I*((G2-9(@-Y:B&$(;/9(/88%;$0(:%(9:-&(
?%&("U(2(/?:$&(;2-=2(:2$(T2c)8M]P(;/9(&$@%D$0(EC(?-8:&/:-%,(/,0(:2$(?-8:&/:$(=%,=$,:&/:$0(
B,0$&(&$0B=$0(>&$99B&$*((L8/92(=2&%@/:%'&/>2C(%?(:2$(&$9-0B$(F"MZ"(2$Y/,$Z(\:])=(
$8B$,:I(/??%&0$0(:$:&/2C0&%?B&/,(iii F"O(@'<(PU_(C-$80I(/9(/(C$88%;(%-8*(("Q(W+T(9>$=:&/8(
0/:/(?%&(:2-9(@/:$&-/8(=%&&$9>%,0$0(D$&C(;$88(;-:2(&$>%&:$0(D/8B$9*O(("Q(W+T(FNKK(+Q.<(
H`H8PI(δ(X*PUAX*M"(F=%@>*(@<(NQI<(P*VN(F:0<(JaJ*N<(X*X(Q.<("QI<(P*XV(F:0<(JaJ*K<(U*M(Q.<(
"QI<(M*MN(F000<(JaO*N<(U*"<("M*N(Q.<("QI<(M*KV(F@<("QI<(M*K"(F@<("QI<("*V"(F@<("QI<("*X"(
F@<("QI<(K*UX(F0<(JaJ*N(Q.<(PQI<(K*UM(F0<(JaJ*N(Q.<(PQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(
"ON*K<("MX*N<("MJ*P<("MJ*M<(UV*N<(JX*"<(PX*V<(PN*N<(MN*X<("U*N<("X*Nb([T(F:2-,(?-8@cW/H8I(
MVJN(F9I<(MUXP(F@I<("OUV(F;I<("OJV(F;I<("OON(F;I<("PUM(F;I<("PJO(F;I<("KNN(F9I<(XJK(F9I<(
XKP(F9I(=@A"b(QT+!(F\[I(m/z(?%B,0Z("UV*"MXJ(d=/8=e0(?%&(H"PQ"X](F+AQIZ(("UV*"MXVf*(((
________________________________________________________________________ 
Determination of Absolute Stereochemistry of (+)-13 
(

Me

O

HO •

Ph

1) H2, Pd/C
    MeOH, rt

2) Br2, NaOH
    Dioxane, rt

OH

O

HO

Ph

(+)-13 (S)-(+)-iv
(

)(9%8B:-%,(%?(αA2C0&%YC^$:%,$(FgIA13(F"OO(@'<(K*XJM(@@%8<("*K($RB-DI(-,(@$:2/,%8(FM(
@3I(;/9(/00$0(:%(/(9B9>$,9-%,(%?(S0cH(F"X*"(@'I(-,(@$:2/,%8(FJ(@3I(B,0$&(QMF'I(F"(
/:@I*((G2$(@-Y:B&$(;/9(9:-&&$0(/:(&%%@(:$@>$&/:B&$(?%&("2<(:2$,(?-8:$&$0(:%(&$@%D$(S0cH*((
H%,=$,:&/:-%,(%?(:2$(?-8:&/:$(B,0$&(&$0B=$0(>&$99B&$(/??%&0$0(/(>/8$(C$88%;(%-8(F"OP(@'I(
:2/:(;/9(B9$0(;-:2%B:(?B&:2$&(>B&-?-=/:-%,*((G%(/(9%8B:-%,(%?(:2$(%-8(F"PP(@'<(K*JVK(@@%8<(
"*K($RB-DI(-,(0-%Y/,$(FP(@3I(;/9(/00$0(OW(W/]Q(FMK(@3I*((G2$(&$9B8:-,'(9B9>$,9-%,(
;/9(9:-&&$0(&/>-08C(/:(&%%@(:$@>$&/:B&$(/9(E&%@-,$(F"KJ(µ3<(M*KX(@@%8<(P*K($RB-DI(;/9(
/00$0(98%;8C(0&%>;-9$<(/88%;-,'(:2$(?/-,:(C$88%;(=%8%&(:2/:(0$D$8%>$0(0B&-,'($/=2(
/00-:-%,(:%(0-99->/:$(E$?%&$(:2$(,$Y:(/00-:-%,(F=/*(P(@-,(0$8/CI*((],=$(/00-:-%,(;/9(
=%@>8$:$<(:2$(@-Y:B&$(;/9(;/92$0(;-:2(\:M](FM(Y("K(@3I*((G2$(%&'/,-=(;/92$9(;$&$(
0-9=/&0$0(/,0(:2$(/RB$%B9(8/C$&(;/9(/=-0-?-$0(;-:2("W(QH8(/,0($Y:&/=:$0(;-:2(HQMH8M(FP(
Y(MK(@3I*((G2$(=%@E-,$0(%&'/,-=(>2/9$9(;$&$(0&-$0(F+'!]OI<(?-8:$&$0(/,0(=%,=$,:&/:$0(
B,0$&(&$0B=$0(>&$99B&$*((SB&-?-=/:-%,(%?(:2$(&$9-0B$(EC(?8/92(=2&%@/:%'&/>2C(FJZ"(
\:])=Z2$Y/,$c"_(Q])=($8B$,:I(:%(/??%&0(αA2C0&%YC/=-0(FSIAFAIAiv(FXM(@'<(NO_I(/9(/(
;2-:$(9%8-0(;2%9$(9>$=:&/8(/,0(>2C9-=/8(0/:/(@/:=2$0(:2%9$(&$>%&:$0(-,(:2$(8-:$&/:B&$*N((
G2$(%>:-=/8(&%:/:-%,(%?(@/:$&-/8(0$&-D$0(?&%@(FgIA13(;/9(@$/9B&$0(/:(dαf`MK(g(MP*Mh(Fc(
"*N<(\:]QI*(
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Determination of Absolute Stereochemistry of (-)-15 
(

OPh

O

MeMe

O

HO •

Ph

 (S)-(-)-15

AgBF4 (1equiv)
H2O

CH2Cl2, rt
(R)-(+)-13

(
(
G%(/(9%8B:-%,(%?(FRIAFgIA13(FJN(@'<(K*POX(@@%8<("*K($RB-DI(-,(HQMH8M(FO(@3I(/:(&%%@(
:$@>$&/:B&$(;/9(/00$0(QM](FNK(µ3I(/,0()'iLO(FXM(@'<(K*PXK(@@%8<("*"($RB-DI*((G2$(
@-Y:B&$(;/9(/88%;$0(:%(9:-&(?%&(N(2<(/?:$&(;2-=2(-:(;/9(=%,=$,:&/:$0(B,0$&(&$0B=$0(
>&$99B&$(;-:2(=%,=%@-:/,:(/09%&>:-%,(%,:%(9-8-=/('$8*((L8/92(=2&%@/:%'&/>2C(FJZ"(
2$Y/,$Z\:])=($8B$,:I(/??%&0$0(FSIAFAIA15(FPK(@'<(OJ_(C-$80I(/9(/(>/8$(C$88%;(%-8*((
dαf`MK(A"O*Oh(Fc("*O<(HQH8PI*(
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Investigation of Interconversion Between αααα-Hydroxyketone 5 and Dihydrofuran v. 
(

OPh

O

Me
Me

Ph
Me

O

HO ·
D

Me

O

N2

OH

N

N

OO

N

PhPh

Cu

2+

2 TfO-

Ph
Me

O

HO ·
D(H)

Me

+

1) 1 mol% 
  Rh2(OAc)4

2) 2.5 mol%

   PhH, rt

+

1 2

D-5

va,bD-5/5

(
HBF[[IF>CE%YIA=/:/8C.$0(dM<PfA&$/&&/,'$@$,:(%?(>&%>/&'C8%YC($,%8(3(-,(:2$(>&$9$,=$(%?(
`A5('-D$9(&-9$(:%(/(@-Y:B&$(%?(>&%:%,/:$0(/,0(0$B:$&/:$0(αA2C0&%YC^$:%,$(F5(/,0(`A5<(
&$9>$=:-D$8CI(EB:($Y=8B9-D$8C(>&%:-=(0-2C0&%?B&/,(v(-,0-=/:-,'(:2/:(v(0%$9(,%:(0$&-D$(?&%@(
5*(([:(-9(9B9>$=:$0(:2/:(E%:2(>&%0B=:9(/&-9$(?&%@(:2$(9/@$(HBA$,%8(=%@>8$Y*((LB&:2$&(
-,D$9:-'/:-%,9(/&$(-,(>&%'&$99*(
(
G%(/(9:-&&$0(9%8B:-%,(%?(1(F"V(@'<(K*""V(@@%8<("*K($RB-DI<(2(F""(µ3<(K*"OK(@@%8<("*M(
$RB-DI<(/,0(`A5(F"P(@'<(K*KJP(@@%8<(K*N($RB-DI(-,(E$,.$,$(F"(@3I(;/9(/00$0(T2MF])=IO(
FK*N(@'<(K*KK"(@@%8<(K*K"($RB-DI(&$9B8:-,'(-,(WMF'I(8%99*((],=$('/9($D%8B:-%,(2/0(=$/9$0<(
dHBFS,S,IAS2A>CE%YfF]G?IM((FK*KP+<(VX(B3<(K*KKP(@@%8<(K*KMN($RB-DI(;/9(/00$0*(G2$(
@-Y:B&$(;/9(/88%;$0(:%(9:-&(?%&(MN(@-,<(/?:$&(;2-=2<(\:PW(FK*N(@3I(;/9(/00$0*((G2$(&$0(
9%8B:-%,(;/9(=%,=$,:&/:$0(B,0$&(&$0B=$0(>&$99B&$(/,0(:2$(&$9-0B$(>B&-?-$0(EC(?8/92(
=2&%@/:%'&/>2C(FUZ"(2$Y/,$Z\:])=($8B$,:I(:%(/??%&0(/(@-Y:B&$(%?(5(/,0(`A5(FK*KMUO('<(
"KK_(&$=%D$&C(`A5(g(JO_(C-$80(5I(/,0($Y=8B9-D$8C(>&%:-=(v(F"Z"(@-Y:B&$(%?(
0-/9:$&$%@$&9<(O(@'<("J_(C-$80I*((G2$(:;%(0-/9:$&$%@$&9(=%B80(E$(9$>/&/:$0(EC(?8/92(
=2&%@/:%'&/>2C(B9-,'(>$,:/,$Z\:M](/9($8B$,:*((L-&9:(:%($8B:$(;/9(vaZ("Q(W+T(FNKK(+Q.<(
H`H8PI(δ(X*OX(F@<(MQI<(X*PM(F@<(PQI<(J*MM(F00<(JaM*K<(J*N(Q.<("QI<(N*UV(F0<(JaJ*N(Q.<(
"QI<(N*"O(F@<("QI<(M*MM(F9<(PQI<("*O"(F0<(JaJ*N(Q.<(PQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(
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MKV*P<("OK*N<("PM*K<("MV*P<("MU*N<("MX*U<("MN*K<(VU*N<(UM*V<(MN*"<(M"*Ub([T(F:2-,(
?-8@cW/H8I(PKJ"(F;I<(MVXM(F;I<(MVMJ(F;I<(MUJJ(F;I<("X"N(F9I<("OOX(F;I<("PNK(F@I<(""KM(
F@I<(XNO(F@I<(JVV(F@I(=@A"b(QT+!(F\[I(m/z(?%B,0Z(MKP*KXKV(d=/8=e0(?%&(H"PQ"N]M(
F+gQIZ((MKP*KXKUf*((
G2-9(;/9(?%88%;$0(EC(0-/9:$&$%@$&(vbZ(Z(("Q(W+T(FNKK(+Q.<(H`H8PI(δ(X*NK(F@<(MQI<(
X*PUAX*MU(F=%@>*(@<(PQI<(J*"X(F00<(JaM*N<(J*K(Q.<("QI<(N*VM(F00<(Ja"*N<(J*K(Q.<("QI<(N*"V(
F@<("QI<(M*MK(F9<(PQI<("*PX(F0<(JaJ*N(Q.<(PQIb("PH(W+T(F"MN(+Q.<(H`H8PI(δ(MKV*O<(
"OK*U<("PM*P<("MV*"<("MU*N<("MX*X<("MN*"<(VU*U<(UP*"<(MN*J<(MM*Kb([T(F:2-,(?-8@cW/H8I(MVXO(
F;I<("X"O(F9I<("OUV(F;I<("OOX(F;I<("PNK(F@I<(""KM(F@I<("KUN(F@I<("KNM(F;I<(XNP(F@I<(JVV(
F@I(=@A"b(QT+!(F\[I(m/z(?%B,0Z(MKP*KXKK(d=/8=e0(?%&(H"PQ"N]M(F+gQIZ((MKP*KXUMf*(
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Computation of (pybox)Cu-enol complex 14J(
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14 (
(
(
Initial Monte Carlo Screening:(
(
( +%,:$(H/&8%(=/8=B8/:-%,9(;$&$(>$&?%&@$0(B9-,'(:2$(>/&/@$:$&9(=%,:/-,$0(-,(:2$(
+$&=^(+%8$=B8/&(L%&=$(L-$80(F++LLI*((G%(9-@B8/:$(:2$(9RB/&$A>C&/@-0/8('$%@$:&C(%?(
^,%;,(dHBF>CE%YIF9BE9:&/:$IfMg(=%@>8$Y$9<X(:2$(W>C&-0-,$AHBA]>&%>/&'C8%YC(E%,0(/,'8$(;/9(
=%,9:&/-,$0(:%("JKh(0B&-,'(:2$(=/8=B8/:-%,9*U(([,(/00-:-%,<(:%(>&$D$,:(?8$Y-,'(%?(:2$(/8^C,$<(
:2$(/,'8$(%?(:2$(>&%>/&'C8(@%-$:C(;/9(=%,9:&/-,$0(:%("UKh*((G2$9$(=/8=B8/:-%,9(&$9B8:$0(-,(
:2&$$(8%;A$,$&'C(9:&B=:B&$9(A-C(F9$$(E$8%;I*(([,(:2$('8%E/8(@-,-@B@(9:&B=:B&$(FAI<(:2$(
>&%>/&'C8(9-0$A=2/-,(-9(9-:B/:$0(-,(=8%9$(>&%Y-@-:C(:%(:2$($,%8(%8$?-,(/,0(/>>$/&9(>%-9$0(:%(
>/&:-=->/:$(-,(/,(!W[’(>&%=$99*(((G2-9(9:&B=:B&$(-9(9$>/&/:$0(EC(V*O(^=/8c@%8(?&%@(:2$(,$Y:(
8%;$9:A$,$&'C(9:&B=:B&$(FB)<(-,(;2-=2(:2$(/8^C,$(-9(%&-$,:$0(/;/C(?&%@(:2$(=%>>$&AE%B,0(
$,%8*(((G2$(>&%>/&'C8(9-0$A=2/-,(-9($RB/88C(-,/==$99-E8$(-,(C*((
((
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N
Cu

O
NN

O
O

Me

 A 
 35.2 kcal/mol

N
Cu O

N

O
N
O

O

Me

B
44.6 kcal/mol

N
Cu

ON

O

Me

NO

O

C
44.8 kcal/mol

H

H H

(
(
(
PM3 (tm) Minimization of Complex A:(
( LB&:2$&(%>:-@-./:-%,(%?(=%@>8$Y(A(;/9(=/&&-$0(%B:(B9-,'(9$@-A$@>-&-=/8(
>/&/@$:$&9(=%,:/-,$0(-,(:2$(S+P(F:@I(?%&=$(?-$80*((G2$(-0$,:-=/8(/,'8$(=%,9:&/-,:9(;$&$(
-@>%9$0(/9(-,(:2$(+%,:$(H/&8%(=/8=B8/:-%,9*((+-,-@-./:-%,(/??%&0$0(=%@>8$Y(14<(-,(
;2-=2(:2$(0-9:/,=$(E$:;$$,(:2$(&$/=:-,'(/8^C,$(/,0($,%8(:$&@-,-(-9(&$0B=$0(:%(P*NX(j*(
666666666666666666666666666666666666666666666666666666666666666666666666(
Notes and References: 
(
F"I((!>$=:&/8(0/:/(?%&(:2-9(=%@>%B,0(/,0(%:2$&9(-,(G/E8$("(@/C(E$(?%B,0(-,Z(4%%0<(1*(3*b(
+%,-.<(#*()*(Org. Lett. "VVV<(1<(PX"(/,0(:2$(/==%@>/,C-,'(9B>>%&:-,'(-,?%&@/:-%,*(
(
FMI((\,/,:-%@$&-=($Y=$99(0$:$&@-,$0(EC(+%92$&($9:$&(/,/8C9-9(%?(:2$(0$&-D$0(0-%8*(
(
FPI((\,/,:-%@$&-=($Y=$99(0$:$&@-,$0(EC(+%92$&($9:$&(/,/8C9-9(%?(:2$(0$&-D$0(/8=%2%8*(
(
FOI((`/,/<(#*b(G%BE%B8<(\*b(H%,D$&:<(]*b(S/9=/8<(k*(l*(Tetrahedron(1988<(44<(OMV*((G2-9(
&$?$&$,=$(&$>%&:9(%,8C("Q(W+T(0/:/(?%&(iii*((L%&(=%@>8$:$,$99<(;$(2/D$(&$>%&:$0("PH(
W+T(/,0(LGA[T(0/:/(/9(;$88*(
(
FNI((L%&(9>$=:&/8(/,0(%>:-=/8(&%:/:-%,(0/:/<(9$$Z(F/I(+$C$&9<()*([*b(!8/0$<(1*(J. Org. Chem. 
1980<(45<(MXUN*(FEI(L&/:$&<(#*b(+B88$&<(7*b(#B,:2$&<(4*(Tetrahedron Lett. 1981<(22<(OMM"*(
F=I(i%-&$/B<(#*b(`$E$&8C<()*b()E$,2/-@<(`*(Tetrahedron(1989<(45<(NUPX*(F0I(+%%&8/'<(Q*b(
m$88%''<(T*(+*b(m8%%9:$&@/,<(+*b(m/@>2-B9<(1*b(!=2%$@/^$&<(Q*(\*(J. Org. Chem. 1990<(
55<(NUXU*(((
(
FJI(()88(=/8=B8/:-%,9(;$&$(>$&?%&@$0(B9-,'Z(!>/&:/,(D$&9-%,(N*K<(4/D$?B,=:-%,<([,=*(
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"UOK"(l%,(m/&@/,()D$,B$<(!B-:$(PXK<([&D-,$<(H)(VMJ"M(7*!*)*(
(
FXI((L%&(nAT/C(9:&B=:B&$9(%?(&$8/:$0(=%@>8$Y$9<(9$$Z(\D/,9<(`*()*b(m%.8%;9^-<(+*(H*b(
+B&&C<(1*()*b(iB&'$C<(H*(!*b(H/@>%9<(m*(T*b(H%,,$88<(i*(G*b(!:/>8$9<(T*(1*(J. Am. Chem. 
Soc. 1999(121<(JJV*(
(
FUI((F/I(79$(%?(:2-9(/,'8$(=%,9:&/-,:(-9(>&$=$0$,:$0<(9$$Z(\D/,9<(`*()*b(iB&'$C<(H*(!*b(
m%.8%;9^-<(+*(H*b(G&$'/C<(!*(4*(J. Am. Chem. Soc. 1999<(121<(JUJ*(((
((((((FEI(G2$(%&-$,:/:-%,(%?(:2$($,%8(-,(=%@>8$Y(14<(;2$&$-,(:2$(propargyloxy(%YC'$,(-9(
E%B,0(-,(:2$(8-'/,0(>8/,$<(;/9(9$8$=:$0(E/9$0(%,(:;%(=&-:$&-/Z(

-*(((G2$($RB-D/8$,:(@%0$8(;-:2(>C&BD/:$($9:$&9(F-*$*<(^$:%,$(E%B,0(-,(8-'/,0(>8/,$I(
9B==$99?B88C(>&$0-=:9(:2$(9:$&$%=2$@-=/8(%B:=%@$(%?(+B^/-C/@/(/80%8(&$/=:-%,9(
F!$$(&$?*(U/I*((
--*((G2$($RB/:%&-/8(9-:$(F8-'/,0(>8/,$I(-9(@%&$(9:&%,'8C(=%%&0-,/:-,'(:2/,(:2$(/Y-/8(
9-:$<(@/^-,'(:2-9(%&-$,:/:-%,(=%,9-9:$,:(;-:2(:2$(,%:-%,(:2/:($8$=:&%,(=%,0B=:-%,(
@B9:(>&%=$$0(?&%@(:2$($,%8(2C0&%YC8(:%(:2$(>&%>/&'C8%YC(/&@(:%($??$=:(/,(!W[’(
0-9>8/=$@$,:*(
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