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H"1'#*';/::/&1'*>'0)/.&1'O>*.'H1#/$5:+':11'0/#/5F#$0'B1#)*H*5*&F'

:10#$*%' R15*WP3'V)1' :B/55' /B*"%#:' *>' /50*)*5'E' >*.B1H' O.1H'
;/#)P'H$H'%*#'R.1/C'H*W%'"%#$5'B*:#'*>'C1#*%1'D'W/:'051/L1H'
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#W*'H*'%*#':$&%$>$0/%#5F'$%#1.0*%L1.#3''

E$.10#'051/L/&1'/%H'#)1'C1#*%1`:'/00151./#$%&'1>>10#'W1.1'>".J
#)1.'0*%>$.B1H'RF'0*B;1#$#$*%':#"H$1:'$%',m,'B$U#".1:'*>'C1#*%1'

/%H'/50*)*5'"JSJ@'B*H15:+'W$#)'#)1';)1%*5$0'51/L$%&'&.*";:'H$>J
>1.1%#$/#1H'RF'B1#)F5/#$*%'OY$&".1:'?1'/%H'?>P3'G*#)';/$.$%&:'*>'

B1#)F5J5/R151H["%5/R151H' ;)1%*5' >./&B1%#:' $%' /50*)*5[C1#*%1'
:"R:#./#1:'W1.1'1U/B$%1H'O$313+'DOQ'/%H'EOPP+'/:'/5CF5'&.*";:'*%'

#)1';/./';*:$#$*%:'*>'&"/$/0*5:'/.1'C%*W%'#*':"R:#/%#$/55F' $%J
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#$*%:+' #)1' C1#*%1' 051/L/&1';.*H"0#:'W1.1' .151/:1H' >/:#1.' #)/%'
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K%7"1'( E3' I%' 1510#.*0/#/5F#$0' )FH.*&1%/#$*%' O298P' :F:#1B'
:)*W%'.1H"0$%&'L/.$*":'/.F5'1#)1.:3'-"/$/0*5:+'H$/.F5'1#)1.:+'/%H'
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,J;)1%F51#)/%*5':)*W:'/':".;.$:$%&5F'H$>>1.1%#';/##1.%+'051/L$%&'
/#'/':;?'9JS'1#)1.'R*%H3'

!
"#
$#
%&
$'
(
)*
"#
$

+
,
-
&
$%
'.
/
,
01
/
&
%#

234

543 6'32
6

26

26

26

73#7

#7 #7

6 7

OH

O

O

OH

O

OH

O

OH

OH
OH

OH

=)*'.'(PF(!+Z91(+,/(!%,91(5#'+6+7'(W+$*-(9I(X'$9,'(D(

(

!"#$%$&'$()*$+$,

-./0/120$34$"21,56/

7#$8$95:21/$9;<</:=>?)$@ABCD

?:56;E1F

direct C-O 
cleavage
(Major)

direct C-O 
cleavage

O

OH

O

O

1

OH

O

2

OH

OH

28% 9% 69% 63% 6%

OH
OHOH

OH

ketone reduction
(Minor)

reduction

Page 3 of 14

ACS Paragon Plus Environment

Journal of the American Chemical Society

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Page 4 of 14

ACS Paragon Plus Environment

Journal of the American Chemical Society

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

1U/0#5F'#)1':/B1'/:'>.*B'/';)1%*5$0')FH.*UF5+'W1':F%#)1:$T1H'
/%H'#1:#1H'#)1'6JO6J;)1%F51#)*UFP;)1%*5'S+'/%'/.F5'1#)1.'W$#)'

#)1')FH.*UF5'&.*";'*.#)*'#*'#)1'1#)1.'R*%H'O>*.'>"55'C$%1#$0:+':11'
=,,P3'I:':)*W%'$%'=0)1B1'@/+'#)$:'&"/$/0*5J5$C1'/.F5'1#)1.+'W$#)'

$%#./B*510"5/.'8JR*%H$%&'5$C1'#)/#'$%'R+':#$55'"%H1.W1%#'#)1'*;J
;*:$#1'9JS'R*%H'051/L/&1c'R'W/:'051/L1H'/#'#)1':;6'9JS'R*%H+'

R"#'S'W/:'051/L1H'/#'#)1':;?'9JS'R*%H3'=$B$5/.5F+'0*%#./:#$%&'
R1)/L$*.:'W1.1':11%'R1#W11%'/.F5'1#)1.:'E'/%H'T'$%'=0)1B1'@/+'

W)$0)'H$>>1.'RF'*%5F'*%1';)1%F5'.$%&3'I&/$%+'#)1'9JS'051/L/&1'
:1510#$L$#F'W/:'0*B;51#15F':W$#0)1H'O>*.'C$%1#$0:':11'=,,P3'2LJ

$H1%#5F+'#)1':;?'9JS'R*%H'051/L/&1'$:'/0#$L/#1H'RF'#)1'1U#./'R1%J
T1%1'.$%&'*%'#)1'R1%TF5':$H13'V)1:1'.1:"5#:'0/55'>*.'/':#"HF'*>'#)1'

:$B;51:#'B*H15m'6J;)1%*UFJ,J;)1%F51#)/%1'U' O=0)1B1'@RPc' $>'
R1%TF5$0'/0#$L/#$*%'0*%#.*5:'#)1'*"#0*B1+':;?'9JS'051/L/&1'$:'

;.1H$0#1H3''

298'*>'U'W/:'0*%H"0#1H'/:':)*W%'$%'Y$&".1'@'O&.11%':Q"/.1:P'
/%H+' 5$C1'#)1'*#)1.'#W*'B*H15:+' $#'W/:'051/L1H'/#' #)1':;?'9JS'

R*%H'0*B;51#15F'$%']')*".:+'&1%1./#$%&'1#)F5R1%T1%1'/%H';)1J
%*5' O>*.' >"55'C$%1#$0:+':11'=,6P3'V)":+' #)1':;?'9JS'OR1#/'9JSP'

R*%H'051/L/&1'$:'/0#$L/#1H'RF'#)1';)1%F5'.$%&'*>'6J;)1%*UFJ,J
;)1%F51#)/%1'1#)1.:+'$%H1;1%H1%#'*>'*#)1.'>"%0#$*%/5$#$1:'*%'#)1'

1#)F5'B*$1#F3'V)$:' .1:"5#' $:' :#.$C$%&3' X*#/R5F+' %1$#)1.' /%$:*51'

OB1#)*UFR1%T1%1P'%*.'1#)*UFR1%T1%1'"%H1.&*'/%F':$&%$>$0/%#'
051/L/&1'"%H1.'#)1:1'0*%H$#$*%:3'f%'0*%:$H1.$%&'#)1'051/L/&1'*>'

U+'$#'$:'#1B;#$%&'#*'1%L$:$*%'#)1';)1%*UF'.$%&'$%#1./0#$%&'B*.1'
:#.*%&5F'W$#)'#)1'0/#/5F#$0':".>/01+'/:'$#'$:'H$.10#5F'/##/0)1H'#*'

#)1'R*%H'R1$%&'051/L1H3'j.1L$*":'.1;*.#:')/L1'$%#1.;.1#1H'051/LJ

/&1'.1:"5#:'#)$:'W/F36@'8*W1L1.+'/:':)*W%'$%'=0)1B1'@+'#)$:'"'
:;?'9JS'R*%H'051/L/&1':1510#$L$#F'$:'B/$%5F'/0#$L/#1H'RF'#)1'51::'
1510#.*%'.$0)'R1%TF5$0'.$%&+'W$#)'#)1'./#1':*B1W)/#'$%>5"1%01H'

RF'!':"R:#$#"1%#:3' 

:OL(4G)*+,7'( 9I(L%II'1',$("HMHQ(!9/'#-( 96'1( =3'#'$+#(

>%)3'#F'V*'"%H1.:#/%H'%*#'*%5F'#)1'/R*L1'/0#$L/#$*%'*>'"'9JS'

051/L/&1'RF'#)1'R1%TF5$0'.$%&+'R"#'/5:*'$#:'./#1'B*H"5/#$*%'RF'!'

:"R:#$#"1%#:+'W1';.*R1H'$%#1./0#$*%:'R1#W11%'#)1:1'"JSJ@'/.F5'
1#)1.:'/%H'#)1':C151#/5'%$0C15':".>/01'L$/'$:*#*;1'1U0)/%&1'1UJ

;1.$B1%#:'W$#)'E6S'$%'#)1'298'0155:3'=$%01'#)1'$%;"#'*>'1510J
#.$0$#F':;11H:'";' #)1'R.1/CH*W%'*>' #)1'1#)1.'H$B1.:+'8[E'1UJ

0)/%&1' 1U;1.$B1%#:'W1.1' 0*%H"0#1H'W$#)*"#' 0"..1%#+' #*' :5*W'
#)1' 051/L/&1'*>' #)1' H$B1.:' /%H' .1L1/5' $%$#$/5' 0/#/5F:#' $%#1./0J

#$*%:3'V)1:1'.1:"5#:'/.1':"BB/.$T1H'$%'Y$&".1'd3'

I:':)*W%'$%'Y$&".1'd/+'8[E'1U0)/%&1:'*00"..1H'/#'#)1'!'9J

8'*>'#)1'"%:"R:#$#"#1H'"JSJ@'B*H15'U'O:11'=6M'>*.'/%/5F:1:P+'
:";;*.#$%&'#)1')F;*#)1:$:'#)/#'#)1';.1:1%01'*>'#)1'R1%TF5'B*$1#F'

/0#$L/#1:' #)1'"'9JS'051/L/&1' O=0)1B1'@/JRP3'V)1'B*%*J'/%H'
H$H1"#1./#1H':"R:#./#1:'&.1W'$%'/#':$B$5/.'./#1:'./#)1.'#)/%':1J
Q"1%#$/55F+':"&&1:#$%&'#)/#'*%01'#)1'/.F5'1#)1.':"R:#./#1'W/:'/HJ

:*.R1H'*%#*'#)1'0/#/5F#$0'/0#$L1':$#1+'$%0*.;*./#$*%'*>'*%1'*.'R*#)'
H1"#1.$"B:'*00".:'./;$H5F'R1>*.1'.151/:13'="R:#./#1'/H:*.;#$*%'

/%H'.151/:1'/.1'5$C15F'./#1'5$B$#$%&':$%01+'/#']^_'9+'*%5F'a6^e'
*>'U')/H'"%H1.&*%1'1U0)/%&1'$%'b')*".:3'I50*)*5'E'OY$&".1'dRP'

:)*W1H'.1:"5#:':$B$5/.'#*'#)*:1'*>'U(O:11'=6d'>*.'/%/5F:1:P+'W$#)'

adde'$:*#*;1'1U0)/%&1'*00"..$%&'/#'#)1'R1%TF5$0'!'9J8'*L1.'b'

)*".:3'X*#/R5F+'%*'"'9J8'1U0)/%&1'W/:':11%'$%'1$#)1.'0/:1+'0*%J

>$.B$%&'#)/#'/50*)*5'E'H*1:'%*#'$%#1.0*%L1.#'W$#)'C1#*%1'D3((

W19&9-'/(5HM(5#'+6+7'(!')*+,%-.-(9I($*'(L%II'1',$("H

MHQ(\%,3+7'-(%,(DV(E(+,/(UF'V)1'/R*L1'5/R15$%&'.1:"5#:':"&&1:#'
#)/#'#)1'9JS'051/L/&1:'*>'6J;)1%*UFJ,J;)1%F51#)/%1'U'/%H'6J

;)1%*UFJ,J;)1%F51#)/%*5'E'*00".'L$/':$B$5/.'!'9J8'/0#$L/#$*%'
B10)/%$:B:3' VW*' ;/#):' B/F' R1' 1%L$:$*%1H+' /:' :)*W%' $%'

=0)1B1:'d/JR3'f%';/#)'I+'X$'0**.H$%/#1:'/#'#)1'/.*B/#$0'.$%&'*>'

#)1'R1%TF5':$H1'/%H'#)1%'$%:1.#:'$%#*'/'R1%TF5$0'O!P'9J8'R*%H+'

&$L$%&'/'X$'R1%TF5'0*B;51U3'X*#/R5F+'#)1'!':$#1`:'8[E'1U0)/%&1'
$:'>/:#1.'$%'/50*)*5'E'#)/%'$%'U+';1.)/;:'H"1'#*':#/R$5$T/#$*%'*>'

C.&+)$(9,(5#'+6+7'(A+$'(9I(L%II'1',$(K",)$%9,+#%$2(9,($*'(

!(=%$'(

K%7"1'(QF(4$%1#$0'298'/#']^'_9'/%H'd^'BI'>*.'!'>"%0#$*%/5$T1H'

"JSJ@'B*H15'0*B;*"%H:3 
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#)1'R1%TF5'X$'0*B;51U'RF'#)1'R1%TF5$0')FH.*UF53'I>#1.'/0#$L/J

#$*%'*>'#)1'!'9J8':$#1:+'H1;1%H$%&'*%'#)1'0*%H$#$*%:+'1$#)1.'!'

8[E' 1U0)/%&1' *.' "' 9JS' 051/L/&1' B/F' *00".' O=0)1B1' d/P3'
N$#)*"#'0"..1%#'$%;"#'/%H'$%'E6S+'.1#".%'*>'/'X$':".>/01'H1"#1.J
$"B'#*'#)1'R1%TF5$0';*:$#$*%'.1J/.*B/#$T1:'#)1'.$%&+'W1/C1%$%&'

$#:'/H:*.;#$*%'/%H'1%/R5$%&'.151/:1'*>'#)1'H1"#1./#1H':;10$1:'E'
*.'U3'N$#)'0"..1%#'/;;5$1H+'#)1'X$':".>/01'H*%/#1:'1510#.*%:'#*'

1>>10#'"'15$B$%/#$*%'*>'#)1';)1%*U$H1'51/L$%&'&.*";+'&$L$%&'#)1'
0*..1:;*%H$%&';)1%*53'V)1':#F.1%$0'15$B$%/#$*%';.*H"0#:' #)1%'

"%H1.&*'./;$H':/#"./#$*%'*>'#)1':$H10)/$%'#*'>*.B'1#)F5R1%T1%1'

/%H'#)1'.$%&':/#"./#1H'1%H';.*H"0#'0F05*)1UF51#)/%*53'

I' ;*::$R51' /5#1.%/#$L1' !' 9J8' /0#$L/#$*%' B10)/%$:B+' :"&J
&1:#1H'RF'/%'$%:$&)#>"5'.1L$1W1.+'$:':)*W%'/:';/#)'G'O=0)1B1'

dRP3'81.1+'#)1'R1%TF5$0':$#1'$:'/0#$L/#1H'RF'H$.10#'!'8'/R:#./0#$*%'
W$#)*"#'0**.H$%/#$*%'#*'#)1';)1%F5'R1%T1%1'.$%&3'V)1'R1%TF5$0'
./H$0/5'>.*B'E'*.'U'0/%'#)1%'1$#)1.'R1'1510#.*0)1B$0/55F'.1H"01H'

#*'/%'/%$*%'W)$0)'.1/H$5F'15$B$%/#1:'#)1'51/L$%&'&.*";+'*.'0/%'

"%H1.&*'"'./H$0/5':0$::$*%'#*'.151/:1'#)1'/.*B/#$0'B*%*B1.:'H$J
.10#5F3'V)1'0*..1:;*%H$%&'8[E'1U0)/%&1'B10)/%$:B:'/.1'/5:*'
:)*W%'$%'=0)1B1'dR3'E$>>1.1%#'>.*B';/#)'I+'#)1'H$.10#'8'/RJ

:#./0#$*%'$%';/#)'G'$:'5$C15F'$..1L1.:$R513'fB;*.#/%#5F+';/#)'G'$:'

$%0*B;/#$R51'W$#)'#)1'1::1%#$/55F'1Q"/5'./#1:'*>'B*%*J'/%H'H$J

H1"#1./#$*%'*>'U3'\/H$0/5'/R:#./0#$*%'*>'H$>>":$R51':;10$1:'W*"5H'
R1'1U;10#1H' #*'>*.B'H$JH1"#1./#1H'>*.B:'L$/':1Q"1%#$/5' ./#)1.'

;/./5515';.*01::1:3'I:'W$55'R1' :11%'R15*W+' :"R:#$#"1%#' :#"H$1:'

>".#)1.':";;*.#';/#)'I'*L1.'#)1'./H$0/5'/R:#./0#$*%';/#)'G3''

5HM(5#'+6+7'( %,(X'$9,'(L%.'1( DB(0(>'N(K+-$(!')*+H

,%-.F'V*'*".':".;.$:1+'#)1'8[E'1U0)/%&1'.1:"5#:'>*.'#)1'C1#*%1'

"JSJ@'B*H15'D'W1.1'0*B;51#15F'H$>>1.1%#'>.*B'#)*:1'>*.'E'/%H'

U+'/:':)*W%'$%'Y$&".1'd03'N$#)$%',^'B$%"#1:'R*#)'*>'#)1'"'9J8'
)FH.*&1%:'*%'#)1'C1#*%1'W1.1'1U0)/%&1H+'/'./#1'.*"&)5F',^^U'

>/:#1.'#)/%'#)1'R1%TF5$0'8[E'1U0)/%&1':11%'$%'/50*)*5'E3'V)1'
0/#/5F:#' $:'1::1%#$/5c'8[E'1U0)/%&1'L$/':$B;51'R/:1J0/#/5FT1H'
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;)/:1'>*.'C$%1#$0'B1/:".1B1%#:+'??e'L[L'W/:'":1H'/:'#)1':#/%HJ
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$BB$:0$R51'W$#)'^3,'<';8'M'R*./#1'R">>1.3'K5#$B/#15F+'fjI'W/:'
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)FH.*&1%*5F:1:+'fjI'$:'/5:*'C%*W%'/:'/')FH.*&1%'#./%:>1.'/&1%#'

W)$0)'0/%':";;5F')FH.*&1%'#*'#)1'0/#/5F#$0':".>/01+'>*.B$%&'/0J
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;51#15F'$%)$R$#1H3'V)$:'0)/%&1'B/F'R1'"%H1.:#**H'RF'.10/55$%&'
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:"R:#./#1'O;.1J0)/.&$%&P+'/;;.*U$B/#15F'd^e'*>'#)1'C1#*%1'H$J

B1.' W/:' 051/L1H' OY$&".1' ,^$$P' ";*%' 0*%#/0#$%&' #)1' 0/#/5F:#3'
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