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J"0*P#

L"?3'M' 3)1&#!)'5NC32$#3-+"6'934+$,-'
'
L"?3'O# 3)1&#LB#(-'5%+$#"+3',B'+&3!V!P"+,#'(A%+2"4+$,-'Q"6K3%'B,2'+&3'G.GP

R$#3+&:6;$-:6'S">$4"6'Q' B2,#'TKU9-!'$-'L&83'T3+133-'GVU'"->'
UMU/.'"->'5%+$#"+3%',B' +&3'V2$-?P,C3-$-?'"->'(22&3-$K%'L"2"#3+32%'
B,2'+&3'W:46,C2,C"-3'S$-?PXC3-$-?',B'+&3'!PW:46,C2,C:6P"PY2$P4P
TK+:6%+"--:6;$-:6'S">$4"6'<)'$-'L3-+"-3'"->'L&83'

#
L"?3'V# LBL'Y&3'(;32"?3>'S"+$,%',B'R)DS)'XA+"$-3>'B2,#'+&3'XPR$234+3>'

!:>2,%+"--"+$,-',B'L'1$+&'TKU9-!Z4"+)'5+UT'"%'R3+32#$-3>'A:'
OHH)FU'8!<'F!'[8S'9C34+2,%4,C:',B'+&3'W2K>3'W,-43-+2"+3>'
!:>2,%+"--"+$,-'S3"4+$,-'8$N+K23%'$-'WRW6U'

'
L"?3'\' LB<']%3',B'+&3'(22&3-$K%'0,?'(.'5"'"->'V!P"+,#'"A%+2"4+$,-'TKU9-!'R"+"'

R32$;3>'B,2'+&3'G.GPR$#3+&:6;$-:6'S">$4"6'^Q_'$-'L3-+"-3'+,'
W"6$A2"+3'+&3'D4!&-/8P`3-32"+3>'9+"--:6;$-:6'S">$4"6'^W_P<)#$-'
L3-+"-3'"->'L2,;$>3'5%+$#"+3%'B,2'+&3'V!P"+,#'"A%+2"4+$,-'TKU9-!'S"+3'
W,-%+"-+%',B'Q'"->'^W_P<)'"+'$-'L3-+"-3'"+'GaU'"->'Ga\'/'

'
L"?3'FU' LB9'5%+$#"+$,-',B'+&3'S"+3'W,-%+"-+%'B,2'!P(+,#'(A%+2"4+$,-''

^V!P"+,#'"A%+2"4+$,-'TKU9-!_'B,2'+&3'G.GPR$#3+&:6;$-:6'S">$4"6'^Q_'$-'
L&83'"->'+&3'(44,#C"-:$-?'(22&3-$K%'L"2"#3+32'
R3+32#$-"+$,-%'
'

L"?3'F\' LBR'5%+$#"+$,-',B'+&3'V2$-?P,C3-$-?'S"+3'W,-%+"-+%'"->'(22&3-$K%'
L"2"#3+32%'B,2'+&3'W:46,C2,C"-3'S$-?PXC3-$-?',B'+&3'Y2$P4P
TK+:6%+"--:6;$-:6'S">$4"6'<)'$-'L&83'=2,#'Y&3'(;32"?3>'R)DS)#
S"+$,%'$-'L&83'

'

L"?3'GU' LBS'XK2'834&"-$%+$4'b-+32C23+"+$,-',B'Y&3'(22&3-$K%'L"2"#3+32%'
XA+"$-3>' B,2' +&3' <)!R)# W,-;32%$,-D' 9KCC,2+' B,2' (-' 5-+$236:'
=233'S">$4"6'5!F'834&"-$%#'=,2'W:46,C2,C"-3'S$-?PXC3-$-?'

'
'
'

2



L"?3'Gc' LBQ' Y&3' (22&3-$K%' L"2"#3+32%' XA+"$-3>' B,2' +&3' <)!R)#
W,-;32%$,-' $-' L&83' R,' [,+' 9KCC,2+' 9+"--:6;$-:6' W"+$,-'
b-;,6;3#3-+' $-' +&3' 834&"-$%#' ,B' +&3' W:46,C2,C"-3' S$-?P
XC3-$-?',B#<)''

'
L"?3'UO' 3)1&#<B#(-'5%+$#"+3',B'+&3'V2$-?P,C3-$-?',B'+&3'W:46,C2,C"-3'S$-?'$-'

+&3' Y2$P4PTK+:6%+"--:6;$-:6' S">$4"6' L9' $-' L&83' "+' R$BB323-+'
Y3#C32"+K23%'"->'+&3'(22&3-$K%'L"2"#3+32%'R32$;3>'Y&323B2,##

'
L"?3'UV' <BL''Y&3'5NC32$#3-+"66:'R3+32#$-3>'(;32"?3'S"+$,%',B'LSDLQ'

XA+"$-3>'B2,#'+&3'XPR$234+3>'!:>2,%+"--"+$,-',B'L<'
'
L"?3'Ua' <B<''Y&3'V2$-?P,C3-$-?'"->'(22&3-$K%'R"+"'XA+"$-3>'B,2'9+"--:6;$-:6'

S">$4"6'L9'"->'XK2'834&"-$%+$4'b-+32C23+"+$,-',B'Y&"+'R"+"'
'
L"?3'cM' <B9'S3B323-43%'
'
L"?3'cV' 3)1&#9B#L2,>K4+'S"+$,'W,#C"2$%,-%'B,2'+&3'XPR$234+3>'=233'

S">$4"6'!:>2,%+"--"+$,-',B'(6E:-,6'L'1$+&'L&U9-!'$-'L&83#
'
L"?3'c\## 9BL'Y&3'5NC32$#3-+"66:'R3+32#$-3>'(;32"?3'S"+$,%',B'R6DS6'

XA+"$-3>'B2,#'+&3'XPR$234+3>'!:>2,%+"--"+$,-',B'L#
'
L"?3'ca' Part B. Y&3'OHH)FU'8!<'F!'[8S'"->'FMH)aH'8!<'FUW'[8S'

9C34+2"',B'+&3'Y2$AK+:6%+"--:6;$-:6+$-'S)'"->'
Y2$AK+:6%+"--:6"663-3'R)'$-'WRW6U''

 
L"?3'MV' 3)1&#/)'Y&3'OHH)FU'8!<'F!'[8S'S"+$,'R3+32#$-"+$,-%'=,2'+&3'

Y2$AK+:6%+"--:6"663-3'R)'"->'Y2$AK+:6%+"--:6;$-:6+$-'S)'$-'WRW6U'
'
L"?3'aG' 3)1&#>)'Y&3'OHH)FU'8!<'F!'[8S'"->'FMH)aH'8!<'FUW'[8S'

9C34+2"',B'+&3'Y2$C&3-:6%+"--:6;$-:6+$-'S6'"->'
Y2$C&3-:6%+"--:6"663-3'R6'$-'WRW6U'

'
L"?3'FHU' 3)1&#$)'Y&3'OHH)FU'8!<'F!'[8S'S"+$,'R3+32#$-"+$,-%'=,2'+&3'

Y2$C&3-:6%+"--:6"663-3'R6'"->'Y2$C&3-:6%+"--:6;$-:6+$-'S6'$-'
WRW6U''

'
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L"?3'FGF' 3)1&#D)'Y&3'OHH)FU'8!<'F!'[8S'"->'FMH)aH'8!<'FUW'[8S'
9C34+2"',B'+&3'W:46,C2,C:6C2,C"2?:6$4'(64,&,6'L<'"->'+&3'
Y2$AK+:6%+"--:6"663-3'LS'$-'WRW6U''

'
L"?3'FMc' 3)1&#T)'Y&3'OHH)FU'8!<'F!'[8S'S"+$,'R3+32#$-"+$,-%'=,2'+&3'

Y2$AK+:6%+"--:6"663-3'LS'"->'Y2$AK+:6%+"--:6;$-:6+$-'LQ'$-'WRW6U'
X;32'+&3'UFU'/PUMU'/'Y3#C32"+K23'S"-?3'

'

#

#

#

#

#

#

#

#

#

#
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''
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'
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#

#

#

3)1&#LB#!"#$%&'()&*#+,#&-*!"45)&+(#!6%&1)7&'+"#U)?2*%#

,+1#&-*#<=<5>'(*&-;?@'";?#.)0'7)?#Q#,1+(#829:"4#'"#

3-A*#8*&G**"#<M9#)"0#9S9C=#)"0#$%&'()&*%#+,#&-*#

"1'"N5+I*"'"N#)"0#!11-*"'2%#3)1)(*&*1%#,+1#&-*#

/;7?+I1+I)"*#.'"N5EI*"'"N#+,#&-*#!!5/;7?+I1+I;?5""5

V1'5#582&;?%&)"";?@'";?#.)0'7)?#<)#'"#3*"&)"*#)"0#

3-A*#

'

'

'

'

'

'

'

'

'

6



LBL# V-*# !@*1)N*0# .)&'+%# +,# R)WS)# E6&)'"*0# ,1+(# &-*# E5>'1*7&*0# 4;01+%&)"")&'+"# +,# L# G'&-#

829:"4H7)&B#$&98#)%#>*&*1('"*0#6;#QXXBL9#A4Y#L4#ZA.#:I*7&1+%7+I;#+,#&-*#/120*#/+"7*"&1)&*0#

4;01+%&)"")&'+"#.*)7&'+"#A'P&21*%#'"#/>/?9#

#

T oC

20 oC 1.50 : 1

Averaged
Value of

1.51 : 1 1.55 : 1 1.44 : 1
HAW-VII-055

Run 1

4a:5a
Ratio

FinalRunRun 2
Ratio

Run 3
Ratio

Run 4
Ratio Total

4.50
3

:1

25 oC 1.60 : 14.79
3

:1

30 oC 2.06 : 16.18
3

:1

60 oC

4.33 : 112.98
3

:1

80 oC

OOH

Me
OMe

Me

OOH

Me
OMe

MeBu3Sn
+

Me

1

OOH

Me
OMe

MeBu3Sn

3

OOH

Me
OMe

MeBu3Sn
O2, T oC, 24 h

OOH

Me
OMe

MeBu3Sn

(Z)-2Bu3SnH, solvent
Et3B (0.1 equiv)

kring-opening

kH-atom abstraction

2a

4a 5a

Bu3SnH

Bu3SnH

4a:5a 4a:5a 4a:5a 4a:5a 4a:5a

HAW-VII-056 HAW-VII-057

20 oC 2.24 : 1

HAW-II-189
4.47

2
:1

HAW-VI-171

HAW-VII-058 HAW-VII-059 HAW-VII-060

HAW-VII-037 HAW-VII-041 HAW-VII-042

1.58 : 1 1.55 : 1 1.66 : 1

2.12 : 1 2.13 : 1 1.93 : 1

Pentane

PhMe

2.25 : 1 2.22 : 1

25 oC 2.50 : 17.51
3

:1
HAW-VII-052 HAW-VII-053 HAW-VII-054

2.47 : 1 2.46 : 1 2.58 : 1

30 oC 2.82 : 1

HAW-VII-048
5.645

2
:1

HAW-VIi-049

2.885 : 1 2.76 : 1

40 oC
HAW-VII-030 HAW-VII-034 HAW-VII-036

4.33 : 1 3.94 : 1 4.71 : 1

10.03 : 140.10
4

:1
HAW-IV-029 HAW-VII-029 HAW-VII-033

10.84 : 1 8.88 : 1 9.70 : 1
HAW-VII-035

10.68 : 1

20.73 : 162.18
3

:1
HAW-III-005 HAW-VI-164 HAW-VII-003

20.44 : 1 21.52 : 1 20.22 : 1
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LB<#[%*#+,#&-*#!11-*"'2%#\+N#!=#$)#)"0#"45)&+(#)6%&1)7&'+"#829:"4#>)&)#>*1'@*0#,+1#&-*#<=<5>'(*&-;?@'";?#

.)0'7)?# KQO# '"#3*"&)"*#&+#/)?'61)&*#&-*# $#!%&'(5T*"*1)&*0#:&)"";?@'";?#.)0'7)?#K)O5<)# '"#3*"&)"*#

)"0#31+@'0*#$%&'()&*%#,+1#&-*#"45)&+(# )6%&1)7&'+"# 829:"4#.)&*#/+"%&)"&%#+,#Q#)"0#K)O5<)# '"#3*"&)"*#)&#

<]9#)"0#<]^#C#

#
b-'+&3'9KCC,2+$-?'b-B,2#"+$,-',B'+&3$2'C"C32.'b-?,6>'"->'4,1,2E32%'23C,2+3>V'+&"+'$-'C3-+"-3'+&3'

G.GP>$#3+&:6;$-:6'2">$4"6'Q#"A%+2"4+3>'+&3'23"4+$;3'!P"+,#',B'TKU9-!'1$+&'"'Vd'G)aO'N'FH
\'#,6PF'%PF'

"+'Ga\'/)'b-?,6>!%/!")N'"6%,'23C,2+3>'"'6,?'(',B'a)OV'B,2'+&$%'C2,43%%.V'"->'"-'5"'d'eF)OGc'f'H)cHV'E4"6'

#,6PF)'(B+32'#K6+$C6$4"+$,-',B'F)OGc'N'cF\c'7'"->'$-46K>$-?'+&3$2'322,2%.'"-'5"'d'eOVac)\FO'7'#,6PF'f'

FVHG)\\\'7'#,6PF'1"%'234,2>3>)'

'

Y&3' ";"$6"A$6$+:' ,B' +&$%' >"+"' "66,13>' K%' +,' 4"64K6"+3' +&3' +&3,23+$4"6' V!P"+,#' "A%+2"4+$,-' ;"6K3%' B,2' +&3'

2">$4"6' Q' B2,#' TKU9-!' "+' GaU' /' "->' UHU' /' $-' C3-+"-3' 23%C34+$;36:.' "->' K%$-?' +&3%3' ;"6K3%' +,'

4"6$A2"+3'+&3'23"4+$,-',B'<)'1$+&'TKU9-!'+&323"B+32'"66,13>'K%'+,'>3>K43'+&3'V2$-?P,C3-$-?';"6K3%'B,2'

+&3'%+"--:6;$-:6'2">$4"6'^)_5<)'^S'd'TK_'$-'C3-+"-3'"+'+&3%3'+1,'+3#C32"+K23%.'"%'1366'"%'"+'Ga\'/)'''

'

Y&,%3'+&3,23+$4"6'V!P"+,#'"A%+2"4+$,-'4"64K6"+$,-%'+&"+'13'C32B,2#3>'K+$6$%3>'+&3'6,?"2$+&#$4'B,2#',B'+&3'

(22&3-$K%'3gK"+$,-'V'd'(%P5"X=#'1&323D'

'

'

'

Y&K%.'"+'GH',W'^GaU'/_.'+&3'4"64K6"+3>!V!P"+,#'"A%+2"4+$,-'2"+3'4,-%+"-+'B,2'Q'B2,#'TKU9-!''"#I*"&)"*'1"%'

>3>K43>'K%$-?'b-?,6>h%'23C,2+3>'6,?'('d'a)OV'"->'&$%'5"'d'OVac)\FO'7'#,6PF'^F)OGc'E4"6'#,6PF_D'

'

'

log k = log A Ea
2.303RT

where R = Gas Constant (8.314) and T = Absolute Temperature in K
and A = the Frequency or Pre-Exponential Factor

-

log kH-atom abstraction 293 K = 9.67
2.303 x 8.314 x 293- 6794.816

log kH-atom abstraction 293 K = 9.67
5610.1126

-

= 8.458827log kH-atom abstraction 293 K = 9.67 - 1.211173

kH-atom abstraction 293 K = 108.458827= 2.87625 x 108 mol-1 s-1

6794.816

8



0$E31$%3.'+&3'V!P"+,#'"A%+2"4+$,-'TKU9-!'2"+3'4,-%+"-+'B,2'Q'"+'UH'
,W'^UHU'/_'1"%'4"64K6"+3>'B2,#D'

'

'
(6+&,K?&'+&3'3NC32$#3-+"66:'>3+32#$-3>'V!P"+,#'"A%+2"4+$,-'TKU9-!'gK,+3>'A:'b-?,6>'%/!"))

O'B,2'Q#"+'GM',W'

^Ga\'/_'1"%'G)aO'N'FH\'#,6PF'%PF.'%K4&'"'V';"6K3'1,K6>'$-'"4+K"6'B"4+'23gK$23'"-'(22&3-$K%'3-32?:',B'

"4+$;"+$,-',B'5"'d'F)OUcVFcO'E4"6'#,6PF'^O\Ua)OcO'7'#,6PF_'+,'"22$;3'"+'+&$%'B$?K23'^%33'A36,1_)''

'

b#C,2+"-+6:' +&,K?&.' +&$%' 5"' $%' ,-6:'H)HF'E4"6'#,6PF' >$BB323-+' B2,#' +&3'?3-32"6'#3"-';"6K3',B' 5"' d'

eF)OGc' f' H)cHV' E4"6'#,6PF' ^eOVac)\FO' 7'#,6PF' f' FVHG)\\\' 7'#,6PF_' +&"+'1"%' 23C,2+3>' $-' +&3' 9b' ,B'

b-?,6>h%'C"C32.V'"->'b-?,6>h%'+3"#'>$>'46"$#'"'f'GMi'63;36',B'322,2'$-'+&3'5"'+&3:'1323'23C,2+$-?)
V''

'

Y&3' +1,' 4"64K6"+$,-%' C2,;$>3>' A36,1' &";3' K+$6$%3>' +&3' "A,;3' 5"' ;"6K3' ^O\Ua)OcO' 7' #,6PF_' "->'

b-?,6>h%'5"'d'OVac)\FO' 7'#,6PF_' +,'4,-B$2#'+&$%' B"4+)'Y&3:' BK2+&32'%&,1'+&3';32"4$+:',B',K2',;32"66'

#3+&,>',B'4"64K6"+$,-'B,2'+&3'+1,'GVU'/'"->'UHU'/'V!P"+,#'"A%+2"4+$,-'TKU9-!';"6K3%'$-'C3-+"-3.'"->'+&"+'

,K2'#3+&,>',B'4"64K6"+$,-'$%'+,+"66:'4,2234+)'Y&K%D'

'

'

'

log kH-atom abstraction 303 K = 9.67
2.303 x 8.314 x 303- 6794.816

log kH-atom abstraction 303 K = 9.67
5801.5840

-

= 8.4988log kH-atom abstraction 303 K = 9.67 - 1.1712

kH-atom abstraction 303 K = 108.4988= 3.153552 x 108 mol-1 s-1

6794.816

log kH-atom abstraction 298 K = 9.67
2.303 x 8.314 x 298- 6839.646

log kH-atom abstraction 298 K = 9.67 5705.848316- 6839.646

= 8.471292log kH-atom abstraction 298 K = 9.67 -1.198708

kH-atom abstraction 298 K = 108.471292= 2.9600 x 108 mol-1 s-1

For Ea =1.6347146 kcal mol-1 x 4184 = 6839.646 J mol-1

 2.96 x 108 mol-1 s-1=
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'

'

*&3-'+&3'+1,''")'8)"/%>!6,?'V!P"+,#'"A%+2"4+$,-'Q'B2,#'TKU9-!'$-'C3-+"-3';"6K3%'"+'GaU'/'"->'UHU'/'^'")'8)"/%>!

K%$-?' b-?,6>h%' 5"' d' OVac)\FO' 7' #,6PF' d' F)OGc' E4"6' #,6PF' >"+"_' 1323' #32?3>' 1$+&' b-?,6>h%'

3NC32$#3-+"66:'>32$;3>'V';"6K3'B,2'Q#,B'G)aO'N'FH\'#,6PF'%34PF'"+'Ga\'/.V'''+&3'B,66,1$-?'+&233'6,?'V'!P

"+,#'"A%+2"4+$,-'Q'!;"6K3%'3#32?3>'$)3)'\)cM\\GVj'\)cVFGaGj'"->'\)ca\\.'"->'1&3-'+&3%3'+&233'23%K6+$-?'

6,?'V'!P"+,#'"A%+2"4+$,-'Q'!;"6K3%'1323'C6,++3>'"?"$-%+'+&3'B,66,1$-?'FZY';"6K3%'^$)3)'FZGaU'/'d'H)HHUcFUj'

FZGa\' /' d' H)HHUUMOj' "->' FZUHU' /' d' H)HHUU_' $-' (22&3-$K%' B,2#"+.' +&3' B,66,1$-?' 5N436' C6,+' 1"%'

,A+"$-3>'^%33'A36,1_)'b+'4,-%$%+3>',B'"'%+2"$?&+'6$-3'C6,+'+&"+'&">'"'-3?"+$;3'%6,C3'"->'"-'SG';"6K3'

,B' H)aMH\aM' $)3)' +&323' 1"%' JK%+' "' Mi' >3;$"+$,-' $-' +&3' C6,++3>' C,$-+%.' 1$+&' "' aMi' >"+"' B$+' 1&3-'

b-?,6>h%'3NC32$#3-+"6'Ga\'/!V!P"+,#'"A%+2"4+$,-';"6K3'1"%' $-46K>3>' $-'+&3'C6,+)'Y&$%'3N324$%3'1"%'>,-3'

*+,-,.' +,' 4&34E' +&3' ;32"4$+:' ,B' ,K2' +1,' -316:' 4"64K6"+3>' V! ;"6K3%' B,2' Q#1&3-' #32?3>' 1$+&' &$%'

3NC32$#3-+"66:P>32$;3>'V';"6K3.'"->'"%'4"-'A3'%33-.'+&3'23%K6+%'"23'3N43663-+'^6,?'('d'a)OOc\_)V'

'

'

log kH-atom abstraction 298 K = 9.67
2.303 x 8.314 x 298- 6794.816

log kH-atom abstraction 298 K = 9.67 5705.848316- 6794.816

= 8.4791488log kH-atom abstraction 298 K = 9.67 -1.1908512

kH-atom abstraction 298 K = 108.4791488 = 3.014 x 108 mol-1 s-1

For Ea = 1.624 kcal mol-1 x 4184 = 6794.816 J mol-1

:'d'PUMc)FN'e'a)OOc\'
SG'd'H)aMH\aM'

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

"#%)%!

)#))*+"! )#))**! )#))**+! )#))**$! )#))**&! )#))**"! )#))*$! )#))*$+!

6,
?!
V !

P"
+,
#
'"
A%
+2
"4
k,

-'
B,
2'

Q#

FZY'

6,?'V!P"+,#'"A%+2"4k,-',B'Q'B2,#'TKU9-!'$-'L3-+"-3'^:P"N$%_''
;'FZY'^NP"N$%_'
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*$+&' +&$%' +"%E' >K6:' 4,#C63+3>.' +&3' "B,23#3-+$,-3>' V!P"+,#' "A%+2"4+$,-' TKU9-!' ;"6K3%' B,2' Q# $-' C3-+"-3#

1323'K%3>'+,'4"6$A2"+3'+&3'%+"--:6;$-:6'2">$4"6#<)'^S'd'TK_'$-'C3-+"-3.'+,'"66,1'+&3'2"+3'4,-%+"-+%'

B,2'+&3'4:46,C2,C"-3'2$-?P,C3-$-?'^V2$-?P,C3-$-?_'3;3-+'+,'A3'3%+$#"+3>'B,2'<)#^S'd'TK_'"+'+&3%3'+&233'

23"4+$,-' +3#C32"+K23%)'Y&3' 6"++32'>"+"'1"%'%34K23>'"+'4,-%+"-+'3N43%%' +$-'&:>2$>3'4,-43-+2"+$,-'

^H)G'8_.'A:'2K--$-?'U'%3C"2"+3'4,#C3+$+$,-'3NC32$#3-+%'"+'+&3'+3#C32"+K23%',B'GaU.'Ga\'"->'UHU'

/.'1&323'+&3'B$-"6'2"+$,',B'"663-:6+$-D;$-:6+$-'C2,>K4+%'R)DS)#1"%'3%+"A6$%&3>'A:'OHH)FU'8!<'F!'[8S'

%C34+2,%4,C:' ,B' +&3' 42K>3' 4,-43-+2"+3>' 23"4+$,-' #$N+K23%' $-' WRW6U)' Y&3' B,66,1$-?' 3gK"+$,-' ,B'

T"$-3%.FU'[314,#A.Fc'"->'W2$4&FM'1"%'K%3>'+,'>3+32#$-3'+&3'V2$-?P,C3-$-?';"6K3%D'

 

'

'

1&$4&'23"22"-?3%'+,'5g-'GD'

'

'

#

!&#<X#+/#K<]9#CO.'B2,#'U'$->3C3->3-+'23"4+$,-'2K-%.'+&3'";32"?3'2"+$,',B'R)DS)'^S'd'TK_'1"%'F)MHDF)''

Y&$%'"66,13>'"'V'2$-?P,C3-$-?'<)#'"#C3-+"-3GaU'/'d'lH)Gm'N'G)\\'NFH
\'N'F)MHZF'd'\)Oc'N'FHV'%PF'+,'A3'3%+"A6$%&3>.'

"->'"'6,?'V'2$-?P,C3-$-?'<)#'"#C3-+"-3GaU'/'d'V)aUOMFUVcG)'

'

!&#<S#+/#K<]^#CO.'B2,#'U'$->3C3->3-+'23"4+$,-'2K-%.'+&3'";32"?3'2"+$,',B'R)DS)'^S'd'TK_'1"%'F)OHDF)''

Y&$%'63>'+,'"'V'2$-?P,C3-$-?'<)#'"#C3-+"-3Ga\'/',B'lH)Gm'N'G)aO'NFH
\'N'F)OHZF'd'a)cVG'N'FHV'%PF'1&$4&.'$-'+K2-.'?";3'

"'6,?'V'2$-?P,C3-$-?'<)#'"#C3-+"-3Ga\'/'d'V)aVOccFO\a)'

'

!&#9X#+/#K9X9#CO.'B2,#'U'$->3C3->3-+'23"4+$,-'2K-%.'+&3'";32"?3'2"+$,',B'R)DS)'^S'd'TK_'1"%'G)HODF''

(44,2>$-?6:.'"'V'2$-?P,C3-$-?'<)#'"#C3-+"-3UHU'/',B'lH)Gm'N'U)FMc'NFH
\'N'G)HOZF'd'F)Gaacc\'N'FH\'1&$4&'?";3'2$%3'

+,'"'6,?'V'2$-?P,C3-$-?'<)#'"#C3-+"-3UHU'/'d'\)FFUVM\a)
'

'

[Vinyltin]

[Allenyltin]
=  [(R)3SnH] x

kH-atom abstraction

kring-opening
(Eqn 1)

kring-opening x kH-atom abstraction (Eqn 2)
[Vinyltin]

[Allenyltin]x=  [(R)3SnH]
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(-'5N436'(22&3-$K%'C6,+',B'+&3%3';"6K3%',B'6,?'V2$-?P,C3-$-?'<)#$-'C3-+"-3';'FZY'^$)3)'FZGaU'/'d'H)HHUcFUj'

FZGa\'/'d'H)HHUUMOj'"->'FZUHU'/'d'H)HHUU_.'3#C6,:$-?'+&3'63"%+P%gK"23%'23?23%%$,-'#3+&,>.'?";3'

"'%+2"$?&+P6$-3',K+CK+'1&,%3' $-+3243C+'C2,;$>3>'+&3' 6,?'(',B'+&3'23"4+$,-.'1&$4&'1"%'FU)GVc'^%33'

A36,1_)'Y&3' 6"++32';"6K3'3-"A63>'"'L23P5NC,-3-+$"6',2'=23gK3-4:'="4+,2'(',B'F)\\'N'FHFU'%PF' +,'A3'

>3>K43>'B,2'+&3'2$-?P,C3-$-?'C2,43%%.'1&$4&'1"%'4,-%$%+3-+'1$+&'"-'3-+$236:'B233'2">$4"6'5!F'2$-?P

463";"?3',44K22$-?'1$+&$-'<)#+,'?$;3#9))'Y&3'%6,C3',B'+&3'C6,+'1"%'PFMO\)O.'1&$63'$+%'SG'd'H)aHGaHO)'

9K4&' "' -3+' >3;$"+$,-' 4,-B$2#3>' +&"+' ,K2' >"+"' &">' ?$;3-' "' 23"%,-"A63' B$+' ,B' +&3' ";32"?3>'

3NC32$#3-+"66:P>32$;3>'R)DS)#2"+$,'>3+32#$-"+$,-%'#">3)'Y&3'>3;$"+$,-',A%32;3>'$-46K>3>'+&3'Mi'

>3;$"+$,-'"623">:'C23%3-+'$-'b-?,6>h%'V!4"6$A2"+$-?'>"+"'^%33'+&3'3"26$32'C6,+_.'"->'+&3'Mi'>"+"'C,$-+'

>3;$"+$,-'$-',K2',1-'23"4+$,-'2K-'>"+")'8,%+'$#C,2+"-+6:'+&,K?&.'+&3'&$?&'#"?-$+K>3',B'+&3'6,?'('

^FU)GVc_' ,A+"$-3>' B,2' +&$%' 2$-?P,C3-$-?' 1"%' K-#$%+"E3"A63.' "->' $+' 1"%' "' -K#A32' +&"+' 1"%'

%KBB$4$3-+6:'236$"A63'+,'"66,1'$+'+,'A3'4,-B$>3-+6:'"%%32+3>'+&"+'"-'3-+$236:'B233'2">$4"6.'%4$%%$;3.'5!F'

2$-?P,C3-$-?'1"%',44K22$-?'$-'<)'$-'C3-+"-3'+,'?$;3#9))'

'

'
'

Y&3'(22&3-$K%'3-32?:',B'"4+$;"+$,-'B,2'+&$%'4:46,C2,C"-3'2">$4"6'2$-?P,C3-$-?'3;3-+'1"%'>3>K43>'

B2,#'+&3'3NC23%%$,-'5"'d'P^%6,C3_'N'G)UHU=.'1&$4&.'B,2'+&3'2$-?P,C3-$-?',B'+&3'%+"--:6;$-:6'2">$4"6'

<)'^S'd'TK_'$-'C3-+"-3'63>'+,'"-'5"',B'eV)F\'E4"6'#,6PF'A3$-?'4"64K6"+3>)'Y&K%D'

'

5"' d' P^PFMO\)O_' N' G)UHU' N' \)UFc' d' eUHHUc)GHV' 7' #,6PF' d' eUH)HUc' E7' #,6PF.' AK+' +,' ,A+"$-' +&3'

4,223%C,->$-?' 5"' $-' K-$+%' ,B' E4"6' #,6PF.' +&$%' B$?K23' 1"%' >$;$>3>' A:' c)F\c.' 1&$4&' ?";3' "-' 5"' d'

UH)HUcZc)F\c'd'eV)F\'E4"6'#,6PF)'

:'d'PFMO\)ON'e'FU)GVc'
SG'd'H)aHGaHO'

'#(!

'#(%!

"!

"#)%!

"#,!

"#,%!

)#))*+"! )#))**! )#))**+! )#))**$! )#))**&! )#))**"! )#))*$! )#))*$+!

6,
?'
V 2

$-
?P
,C

3-
$-
?'
,B
'<

)#

FZY'

6,?'V2$-?P,C3-$-?,B'<)#$-'L3-+"-3';'FZY'
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LB9#$%&'()&'+"# +,# &-*# .)&*# /+"%&)"&%# ,+1#45!&+(#!6%&1)7&'+"# K"45)&+(# )6%&1)7&'+"# 829:"4O# ,+1# &-*#<=<5

>'(*&-;?@'";?#.)0'7)?#KQO#'"#3-A*#)"0#&-*#!77+(I)";'"N#!11-*"'2%#3)1)(*&*1#>*&*1('")&'+"%##

'

Y&3' +3#C32"+K23' >3C3->3-+' V!P"+,#' "A%+2"4+$,-' TKU9-!' >"+"' B,2' +&3' G.GP>$#3+&:6;$-:6' 2">$4"6' Q' B2,#'

TKU9-!'$-'L&83'1"%'3NC32$#3-+"66:'>32$;3>'$-'+&3'B,66,1$-?'1":)''

'

=233'2">$4"6'&:>2,%+"--"+$,-'23"4+$,-%'1323'4,->K4+3>',-'+&3'"6E:-,6'L'1$+&'TKU9-!Z4"+)'5+UT' $-'

L&83',;32'"'GHPUH',W'^GaUPUHU'/_'+3#C32"+K23'2"-?3.'$-'"-'"-"6,?,K%'#"--32'+,'+&3'1":'$-'1&$4&'

+&3%3' 23"4+$,-%'1323' 2K-' $-' C3-+"-3.' "->' +&3' ";32"?3>'C2,>K4+' 2"+$,%' ,B'R)DS)' B,2' GPU' 23"4+$,-'

2K-%'1323'>3+32#$-3>'A:'OHH)FU'8!<' F!'[8S'%C34+2,%4,C:',B' +&3'4,-43-+2"+3>'42K>3' 23"4+$,-'

#$N+K23%' $-'WRW6U)'Y&3'>$BB323-43%' $-'+&3'R)DS)' 'C2,>K4+'2"+$,%.' $-'C3-+"-3'"->'L&83.'1323'+&3-'

4,#C"23>'1$+&'23%C34+' +,' +&3'"663-:6+$-'R)' ^S'd'TK_'4,#C,-3-+)'Y&$%'"66,13>'K%' +,'3%+$#"+3'+&3'

>$BB32$-?'2"+3%',B'!P"+,#'"A%+2"4+$,-'A:' ^)_5<)' +,'?$;3'S)#,;32' +&3'GaUPUHU'/'+3#C32"+K23'2"-?3'

3N"#$-3>)' b+' +2"-%C$23>' +&"+.' 1$+&$-' +&$%' -"22,1' +3#C32"+K23' 1$->,1.' +&3' 2"+3' ,B' !P"+,#'

"A%+2"4+$,-' ,B' ^)_5<)' B2,#' TKU9-!' 1"%' "CC2,N$#"+36:' F)cV' N' %6,132' $-' L&83' +&"-' $-' C3-+"-3.'

1&323'"'6"2?32'gK"-+$+:',B'S)'1"%'B,2#3>)'(%'"'23%K6+',B'+&$%'%6,132'2"+3',B'!P"+,#'"A%+2"4+$,-'A:'

^)_5<)'$-'L&83.'#,23'4:46,C2,C"-3'2$-?P,C3-$-?'C2,>K4+'R)'1"%'B,2#3>'$-'L&83'+&"-'$-'C3-+"-3)''

'

Y&3'C234$%3'23>K4+$,-'$-'+&3'2"+3',B'TKU9-!'!P"+,#'"A%+2"4+$,-'$-'L&83'1"%'3%+$#"+3>'A:'>$;$>$-?'

+&3' 236"+$;3' 2"+$,%' ,B' R)# B,2#3>' $-' +&3' +1,' 23"4+$,-' %,6;3-+%' "+' +&3' +3#C32"+K23' K->32'

$-;3%+$?"+$,-)#'Y&K%.'"+'GaU'/'+&3'R)'2"+$,'>$BB323-43'1"%'G)GcZF)M'd'F)caUj'"+'Ga\'/'$+'1"%'G)MHZF)OH'

d'F)MOj'"->'"+'UHU/'$+'1"%'G)\GZG)HO'd'F)UV)'Y&3'";32"?3'%K#',B'+&3%3'-3+'23>K4+$,-%'$-'+&3'2"+3',B'

!P"+,#'"A%+2"4+$,-' $-'L&83'1"%' +&K%'c)cGUZU'dF)cV)'(44,2>$-?6:.'13'23>K43>'+&3'V!P"+,#' "A%+2"4+$,-'

TKU9-!' C3-+"-3' ;"6K3%' +&"+' 13' &">' ,A+"$-3>' $-' C3-+"-3' A:' "' B"4+,2' ,B' F)cV)' Y&$%' ?";3' 2$%3' +,' +&3'

B,66,1$-?'-31'23>K43>'V!P"+,#'"A%+2"4+$,-'TKU9-!'L&83'3%+$#"+3%'B,2'+&3'2"+3',B'!P"+,#'"A%+2"4+$,-'B2,#'

+&3'TKU9-!'A:'+&3'G.GP>$#3+&:6;$-:6'2">$4"6'Q'"->'<)#$-'L&83)'

'
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'

'

Y&3%3'%./-,"/%..'$-'+K2-.'?";3'2$%3'+,'+&3'B,66,1$-?'6,?'V!P"+,#'"A%+2"4+$,-'TKU9-!'OZG"';"6K3%'$-'L&83D'

'

'

'

*&3-'+&3%3'+&233'3%+$#"+3>'6,?'V!P"+,#'"A%+2"4+$,-'TKU9-!'';"6K3%'B,2'QZ<)'^S'd'TK_'$-'L&83'1323'C6,++3>'

"?"$-%+' +&3' B,66,1$-?' FZY' ;"6K3%' ^$)3)' FZGaU' /' d' H)HHUcFUj' FZGa\' /' d' H)HHUUMOj' "->' FZUHU' /' d'

H)HHUU_' $-'46"%%$4"6'(22&3-$K%' B,2#"+.' +&3' B,66,1$-?'5N436'C6,+'1"%',A+"$-3>';$"' +&3' 63"%+P%gK"23%'

23?23%%$,-'#3+&,>D'

'

#

'

kH-atom abstraction Bu3SnH by 6/2a PhMe 293 K = 2.88 x 108 mol-1 s-1

1.47
=  1.959184 x 108 mol-1 s-1

kH-atom abstraction Bu3SnH by 6/2a PhMe 298 K = 2.96 x 108 mol-1 s-1

1.47
=  2.013605 x 108 mol-1 s-1

kH-atom abstraction Bu3SnH by 6/2a PhMe 303 K = 3.154 x 108 mol-1 s-1

1.47
=  2.145578 x 108 mol-1 s-1

log kH-atom abstraction 6/2a PhMe 293 K =  8.292075

log kH-atom abstraction 8/2a PhMe 298 K =  8.303974

log kH-atom abstraction 6/2a PhMe 303 K =  8.331544

:'d'PUca)ON'e'a)c\GO'
SG'd'H)acMV\'

\)G\M'
\)Ga'

\)GaM'
\)U'

\)UHM'
\)UF'

\)UFM'
\)UG'

\)UGM'
\)UU'

\)UUM'

H)HHUG\' H)HHUU' H)HHUUG' H)HHUUc' H)HHUUO' H)HHUU\' H)HHUc' H)HHUcG'

6,
?'
E !

P"
+,
#
'"
A%
+2
"4
k,

-'
,B

#Q
Z<

)#

FZY'

6,?'V!P"+,#'"A%+2"4k,-',B'QZ<)#B2,#'TKU9-!'$-'L&83';'FZY'
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9$?-$B$4"-+6:.'+&$%'C6,+':$36>3>'"'6,?'('d'a)c\GO'^=23gK3-4:'="4+,2'('d'U)Hc'N'FHa'%PF_'"->'&">'"'%6,C3'

d' PUca)O' "->' "-' SG' ;"6K3' ,B' H)acMV\.' B,2' %3;3-' %SI%0-,%4/"))1! >%/%0,-4%>' R)DS)' 2"+$,'

#3"%K23#3-+%' $-'L&83)'Y&3'B"4+' +&"+'+&3'SG';"6K3'1"%'ac)M\i'4,-B$2#3>'+&"+'+&3'3NC32$#3-+"6'

>"+"'B$+'1"%'?,,>)'

'

=2,#' +&"+' %6,C3.' "-' 5"' d' P^PUca)O_' N' G)UHU' N' \)UFc' d' eOOaU)\c' 7'#,6PF' ,2' eO)OaU\c' E7'#,6PF' 1"%'

>3>K43>.'1&$4&'+2"-%6"+3>'$-+,'"-'5"',B'eF)Ma\Va'E4"6'#,6PF.'B,66,1$-?'#K6+$C6$4"+$,-'A:'H)GU\\cO'

^$)3)'eO)OaU\c'E7'#,6PF'N'H)GU\\cO'd'5"d'eF)Ma\Va'E4"6'#,6PF',2'F)O'E4"6'#,6PF_)'Y&3'46,%3'#"+4&',B'

+&3%3'(22&3-$K%'C"2"#3+32%'1$+&'+&3'b-?,6>'>"+"'B,2'Q#"->'TKU9-!'$-'C3-+"-3'463"26:'4,22,A,2"+3>'

+&3' ;"6$>$+:' ,B' ,K2' 3NC32$#3-+"66:P>32$;3>'(22&3-$K%' C6,+' B,2'Q' ^<)_' "->'TKU9-!' $-' L&83'"->' $+%'

$-+3?2$+:)''

'

=2,#'+&3%3'-31.'3NC32$#3-+"66:P>3+32#$-3>.'(22&3-$K%'C"2"#3+32%'B,2'Q# $-'L&83#^6,?'(d'a)c\GO'

"->'5"'d'OOaU)\c'7'#,6PF_'>32$;3>'B2,#'+&$%'";32"?3>'(22&3-$K%'C6,+.'+&3'B,66,1$-?'B$;3'/00&'&+#/,'

-31' V!P"+,#' "A%+2"4+$,-' TKU9-!' L&83' ;"6K3%' 1323' 4"64K6"+3>)' Y&$%' "66,13>' +&3' 3-+$23' UFUPUMU' /'

+3#C32"+K23' 2"-?3' +,' A3' BK66:' 4"6$A2"+3>' "->' 4,;323>' B,2# Q.' 1&$4&' 1"%' +,' %32;3' "%' +&3' V!P"+,#'

"A%+2"4+$,-'TKU9-!'L&83'4"6$A2"-+'B,2'<)'^S'd'TK_'"->'6"+32'L9)''

'

'

'

log kH-atom abstraction PhMe 313 K = 9.4826
2.303 x 8.314 x 313

- 6693.84

log kH-atom abstraction PhMe 313 K = 9.4826 5993.055- 6693.84

= 8.3657log kH-atom abstraction PhMe 313 K = 9.4826 - 1.1169

kH-atom abstraction PhMe 313 K = 108.3657 = 2.321133 x 108 mol-1 s-1

For Ea = 6693.84 J mol-1At 313K:
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'

'

'

'

'

'

'

log kH-atom abstraction PhMe 323 K = 9.4826
2.303 x 8.314 x 323

- 6693.84

log kH-atom abstraction PhMe 323 K = 9.4826
6184.5269

- 6693.84

= 8.4002log kH-atom abstraction PhMe 323 K = 9.4826 - 1.082353

kH-atom abstraction PhMe 323 K = 108.4002 = 2.513043 x 108 mol-1 s-1

For Ea =  6693.84 J mol-1At 323K:

log kH-atom abstraction PhMe 333 K = 9.4826
2.303 x 8.314 x 333

- 6693.84

log kH-atom abstraction PhMe 333 K = 9.4826
6375.9983

- 6693.84

= 8.43275log kH-atom abstraction PhMe 333 K = 9.4826 - 1.04985

kH-atom abstraction PhMe 333 K = 108.43275 = 2.708631 x 108 mol-1 s-1

For Ea = 6693.84 J mol-1At 333K:

log kH-atom abstraction PhMe 343 K = 9.4826
2.303 x 8.314 x 343

- 6693.84

log kH-atom abstraction PhMe 343 K = 9.4826
6567.470

- 6693.84

= 8.46336log kH-atom abstraction PhMe 343 K = 9.4826 - 1.01924

kH-atom abstraction PhMe 343 K = 108.46336 = 2.90643 x 108 mol-1 s-1

For Ea = 6693.84 J mol-1At 343K:

log kH-atom abstraction PhMe 343 K = 9.4826
2.303 x 8.314 x 353

- 6693.84

log kH-atom abstraction PhMe 343 K = 9.4826
6758.941

- 6693.84

= 8.49223log kH-atom abstraction PhMe 343 K =  9.4826 - 0.990368

kH-atom abstraction PhMe 343 K = 108.49223 = 3.106204 x 108 mol-1 s-1

For Ea = 6693.84 J mol-1At 353K:
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*$+&' 23%C34+' +,' +&3' 2">$4"6' Q' ^"->' +&3' 4"6$A2"+3>' 2">$4"6%' <)' "->' L9_.' +&3' 4"64K6"+3>' 6,?' V!P"+,#'

"A%+2"4+$,-' TKU9-!';"6K3%'"+'UFU/.'UUU/'"->'UMU'/'1323'">>3>'+,'"'-31'(22&3-$K%'C6,+.'"6,-?%$>3'+&3'

GaU'/.'Ga\'/'"->'UHU'/'6,?'V!P"+,#'"A%+2"4+$,-'TKU9-!'>"+".'+,'4&34E'+&3$2'-K#32$4"6'$-+3?2$+:)'Y&3',K+CK+'

$%'%&,1-'A36,1D'

'

'

'
Y&3'B"4+'+&"+'+&$%'(22&3-$K%'C6,+'-,1'&">'"-'SG'd'H)aa\MMV'$->$4"+3>'"'-3"2'C32B34+'B$+',B'+&3'>"+")'

#

b+'K%3>'+&3'B,66,1$-?'FZY'"->'6,?'V!P"+,#'"A%+2"4+$,-'TKU9-!'L&83';"6K3%D''

'

FZGaU'/'d'H)HHUcFGaOa)'''''''''''''''''''''''''''6,?'V!P"+,#'"A%+2"4+$,-'GaU/'d'\)GaGHVM)''

FZGa\'/'d'H)HHUUMMVHcOa\)''''''''''''''''''''6,?'V!P"+,#'"A%+2"4+$,-'Ga\/'d'\)UHUaVc)''

FZUHU'/'d'H)HHUUHHUU)'''''''''''''''''''''''''''''6,?'V!P"+,#'"A%+2"4+$,-'UHU/'d'\)UUFMcc)'''

FZUFU'/'d'H)HHUFac\\\)'''''''''''''''''''''''''''6,?'V!P"+,#'"A%+2"4+$,-'UFU/'d'\)UOMV)'''

FZUUU'/'d'H)HHUHHU)''''''''''''''''''''''''''''''''''6,?'V!P"+,#'"A%+2"4+$,-'UUU/'d'\)cUGVM)'''

FZUMU'/'d'H)HHG\UG\OFF)'''''''''''''''''''''''''6,?'V!P"+,#'"A%+2"4+$,-'UMU/'d'\)caGGU)'

#

#

#

#

:'d'PUca)OMN'e'a)c\G\'
SG'd'H)aa\MMV'

"#+%!

"#*!

"#*%!

"#$!

"#$%!

"#%!

"#%%!

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

6,
?'
V !

P"
+,
#
'"
A%
+2
"4
k,

-'
,B

#Q
H<

)H
L9

#

FZY'

6,?'V!P"+,#'"A%+2"4k,-',B'QH<)HL9#B2,#'TKU9-!'$-'L&83'
';'FZYj'W"64K6"+3>'V';"6K3%'">>3>'
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LBR#$%&'()&'+"#+,#&-*#"1'"N5+I*"'"N#.)&*#/+"%&)"&%#)"0#!11-*"'2%#3)1)(*&*1%#,+1#&-*#/;7?+I1+I)"*#

.'"N5EI*"'"N#+,#&-*#V1'5#582&;?%&)"";?@'";?#.)0'7)?#<)#'"#3-A*#D1+(#V-*#!@*1)N*0#R)WS)#.)&'+%#

'"#3-A*#

'
*$+&'+&$%'#$N',B'4"64K6"+3>'"->'3NC32$#3-+"66:P>32$;3>'V!P"+,#'"A%+2"4+$,-'TKU9-!'L&83';"6K3%'$-'&"->'B,2'Q'

"->'<)' ^S'd'TK_' $-'L&83.'"%'1366' "%' +&3'-316:'3NC32$#3-+"66:P>32$;3>'R)DS)' ^S'd'TK_' 2"+$,%.' +&3'

B,66,1$-?'V2$-?P,C3-$-?'<)';"6K3%'1323'>3+32#$-3>!$-'L&83'"+'3"4&'%C34$B$3>'+3#C32"+K23)'(%'1"%'+&3'

4"%3'1$+&'+&3'C3-+"-3'23"4+$,-'2K-%.'"66'C2,>K4+'2"+$,%'1323'>32$;3>'B2,#'23"4+$,-'2K-%'+&"+'1323'

C32B,2#3>'"+'"'H)G'8'lTKU9-!m)'Y&3'V2$-?P,C3-$-?'<)'L&83';"6K3%'1323'"?"$-'4"64K6"+3>'K%$-?'3gK"+$,-'GD'

'

'

'
Y&3%3'4"64K6"+$,-%'"23'4,66"+3>'A36,1D''

(+'GaU'/D''V'2$-?P,C3-$-?'<)'L&83'GaU'/'d'lH)Gm'N'F)aMaF\c'NFH
\'N'G)GcZF'd'\)VVVFccU'N'FHV'%PF)'

'
(+'Ga\'/D'V'2$-?P,C3-$-?'<)'L&83'Ga\'/'d'lH)Gm'N'G)HFUOHM'NFH

\'N'G)MZF'd'F)HHO\HGM'N'FH\'%PF)'

'
(+'UHU'/D'V'2$-?P,C3-$-?'<)'L&83'UHU'/'d'lH)Gm'N'G)FcMMV\'NFH

\'N'G)\GZF'd'F)GFHFHO'N'FH\'%PF)'

'
(+'UFU'/D'V'2$-?P,C3-$-?'<)'L&83'UFU'/'d'lH)Gm'N'G)UGFFUU'NFH

\'N'c)UUZF'd'G)HFHFHFF'N'FH\'%PF)'

'
(+'UUU'/D'V'2$-?P,C3-$-?'<)'L&83'UUU'/'d'lH)Gm'N'G)VH\OUF'NFH

\'N'FH)HUZF'd'M)cUUMFU\'N'FH\'%PF)'

'
(+'UMU'/D'V'2$-?P,C3-$-?'<)'L&83'UMU'/'d'lH)Gm'N'U)FHOGHc'NFH

\'N'GH)VUZF'd'F)G\V\UGG'N'FHa'%PF)'

'

Y&3'FZY'"->'6,?!V2$-?P,C3-$-?'<)'L&83';"6K3%'+&"+'1323'K%3>'$-'+&3'%KA%3gK3-+'(22&3-$K%'C6,+'"23'6$%+3>'

A36,1D''

FZGaU'/'d'H)HHUcFGaOa)'''''''''''''''6,?!V2$-?P,C3-$-?'<)'L&83'GaU'/'d'6,?'\)VVVFccU'N'FH
V'%PF'd'V)acUUMU)'

FZGa\'/'d'H)HHUUMMVHcOa\)''''''''6,?'V2$-?P,C3-$-?'<)'L&83'Ga\'/'d'6,?'F)HHO\HGM'N'FH
\'%PF'd'\)HHGacc)'

FZUHU'/'d'H)HHUUHHUU)'''''''''''''''''6,?!V2$-?P,C3-$-?'<)'L&83'UHU'/'d'6,?'F)GFHFHO'N'FH
\'%PF'd'\)H\G\GUcF)'

FZUFU'/'d'H)HHUFac\\\)'''''''''''''''6,?!V2$-?P,C3-$-?'<)'L&83'UFU'/d'6,?'G)HFHFHFF'N'FH
\'%PF'd'\)UHUGFVa)'

FZUUU'/'d'H)HHUHHU)''''''''''''''''''''''6,?!V2$-?P,C3-$-?'<)'L&83'UUU'/d'6,?'M)cUUMFU\'N'FH
\'%PF'd'\)VUMH\H)'

FZUMU'/'d'H)HHG\UG\OFF)'''''''''''''6,?'V2$-?P,C3-$-?'<)'L&83'UMU'/'d'6,?'F)G\V\UGG'N'FH
a'%PF'd'a)FHa\Ma)'

kring-opening x kH-atom abstraction (Eqn 2)
[Vinyltin]

[Allenyltin]x=  [(R)3SnH]
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Y&"+'(22&3-$K%'C6,+'$%'%&,1-'A36,1'$-'5N436.'"->'?";3'2$%3'+,'+&3'B,66,1$-?'(22&3-$K%'3NC23%%$,-'B,2'

+&3'2$-?P,C3-$-?',B'2">$4"6'<)D'!6,?'V2$-?P,C3-$-?'<)'d'Fc)aMF'n'a)cVZG)UHU=#)'

#

'

'

W63"26:.'-,1'+&"+'+&323'1323'O'3NC32$#3-+"6'>"+"'C,$-+%' $-46K>3>' $-'+&$%'(22&3-$K%'L6,+.' B2,#'FV'

$->3C3->3-+'23"4+$,-'2K-%.'"'?23"+'$#C2,;3#3-+'1"%'%33-'$-'+&3',;32"66'SG'%4,23'^SG'd'H)aacF\\_.'

1&$4&'63-+'4,-%$>32"A63'13$?&+'"->'4,-B$>3-43'+,'+&3'3NC32$#3-+"6'"44K2"4:',B'+&3'3NC32$#3-+"6'

>"+"'+&"+'1"%'>3>K43>)'

'
XK2'4"64K6"+$,-',B'+&3'5"'B,2'+&3'2$-?P,C3-$-?',B'<)'+,'?$;3'9)'$%'C23%3-+3>'A36,1)'b+'K%3>'+&3'%6,C3'

,B'PGHOa)O'>32$;3>'B2,#'+&3'"A,;3'(22&3-$K%'C6,+'+,'>3>K43'+&3'B$-"6'4"64K6"+3>'B$?K23'B,2'+&3'5"',B'

+&3'2$-?P,C3-$-?',B'<))'

'

'

'

Y&$%'5"',B'ea)cV'E4"6'#,6PF'B,2'+&3'2$-?P,C3-$-?',B'<)#%&,13>'"'23"%,-"A6:'?,,>'63;36',B'"?233#3-+'

1$+&' `K,h%' +&3,23+$4"6' ;"6K3GG' B,2' +&3' #34&"-$%+$4"66:' "-"6,?,K%' 5!F' 2$-?P,C3-$-?' ,B' +&3' !P

:'d'PGHOa)ON'e'Fc)aMF'
SG'd'H)aacF\\'

'#"!

"!

"#+!

"#$!

"#&!

"#"!

(!

(#+!

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

6,
?'
V 2

$-
?P
,C

3-
$-
?'<

)!

FZY'

6,?'V2$-?P,C3-$-?',B'<)#$-'L&83';'FZY'

Ea ring-opening 2a = -(-2069.6) x 2.303 x 8.314 J mol-1

Ea ring-opening 2a = 39626.925 J mol-1 = 39.6269 kJ mol-1

Ea ring-opening 2a = 39.6269 kJ mol-1  = +9.47 kcal mol -1

4.184
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4:46,C2,C:6;$-:6'2">$4"6'LM.'$B',-3'"6%,'4,-%$>32%'+&"+'+&3'TKU9-P%KA%+$+K3-+'1$66'"6#,%+'432+"$-6:'A3'

&:C324,-JK?"+$;36:'%+"A$6$%$-?'<)'1&$63'"6%,'"443632"+$-?'+&3'"4+K"6'2$-?P,C3-$-?'3;3-+'$+%36B)'

'

#
XK2'#9oUUU' /' 4"64K6"+$,-' B,2' +&3'<)!9)#4,-;32%$,-# $%' "6%,' %&,1-',;3263"B' B,2' 4,#C"2$%,-)' b+'K%3>'

+1,'#3+&,>%',B'4"64K6"+$,-D'+&3'(;32:'#9o'3gK"+$,-G"'"->';"2$"-+%',B'+&3'TK--3++'#9o'3gK"+$,-)G\''

'
Y&3',2$?$-',B'(;32:h%'#9o'3gK"+$,-G"'$%'%&,1-'A36,1'B,2'3"%3',B'K->32%+"->$-?'^%33'C'OV',B'23B'G"_D'

''

'

!G = - 4.3 kcal mol-1

Ea = +10.7  kcal mol-1

J. Shi, M. Zhang, Y. Fu, L. Liu, Q.-X. Guo Tetrahedron 2007, 63, 12681.

17 18

h = 6.62 x 10-34 mol-1 Planck's Constant
R = 8.314 J K-1 mol-1 Gas Constant

Using statistical thermodynamics, Wynne-Evans and Eyring26 have shown that the rate constant kr is related to the
Boltzmann Constant kBoltzmann, Planck's Constant h, the reaction temperature T , and the standard free energy 
of activation (-!G‡) by the following form of the Arrhenius Equation:

exp !S‡

R
exp

RT
+n where

= Molecularity of Reactionn

kBoltzmann T
h

exp !S‡

R
+n

In this expression,

A= = Pre-Exponential or Frequency Factor
The A factor gives a measure of the number of
successful molecular collisions with the 
correct orientation and energy to react.
and thereby give rise to the product(s).

kBoltzmann = 1.38 x 10-23 J K-1

=kr

kBoltzmann T
h

=kr
kBoltzmann T

h
exp " !G‡

RT

If we now incorporate !G = !H - T!S into this expression, it follows that:

exp !S‡

R
exp " !H‡

RT
+n

=kr
kBoltzmann T

h

Since the enthalpy of activation (!H‡) is related to the activation energy (Ea) by !H = Ea " nRT,
where n (the molecularity) = 1 for all unimolecular or liquid phase reactions, it follows that:

Ea

Assuming n = 1 (for a unimolecular reaction), and taking natural logarithms, allows further equation simplification to:

kBoltzmann T
h

1 !S‡

R
+ln A = ln +

Further conversion of the natural logarithm terms in this equation into log10 values requires multiplication by a factor of 2.303, 
and further rearrangement thereafter gives Avery's equation,2a (page 67) since he is the chemist who popularised it.:

So, from a knowledge of the reaction temperature and the A factor, one can work out the entropy of activation (!S‡).

!S‡ R= 2.303 log A -2.303 log
kBoltzmann T

h
1- Avery's equation for !S‡ for unimolecular reactions
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Y"E$-?'+&3'6,?'(',B'Fc)aMF'>32$;3>'B2,#'+&3'$-+3243C+',B',K2'"A,;3'(22&3-$K%'C6,+',B'+&3'6,?'V2$-?P

,C3-$-?',B'<)'$-'L&83';%'FZY'^B,2',K2'<)!9)#4,-;32%$,-_.'"->'K%$-?'$+'$-'(;32:h%'#9o'3gK"+$,-'^1&$4&.'

#,%+'$#C,2+"-+6:.'+"E3%'$-+,'"44,K-+'+&3'3BB34+',B'23"4+$,-'#,634K6"2$+:_.G"'13'"22$;3>'"+'+&3'B$-"6'

#9oUUU'/
';"6K3'%&,1-'A36,1'"B+32'$-%32+$,-',B'+&3'2363;"-+'-K#32$4"6';"6K3%'$-+,'+&"+'3gK"+$,-)''

'

'

'

'

!,13;32.'$-',2>32'+,'4&34E'+&3',;32"66';32"4$+:',B',K2 #9oUUU'/'>3+32#$-"+$,-.'13'"6%,'K%3>'(-%6:-'

"->' R,K?&32+:h%' %$#C6$B$3>' ;"2$"-+GV' ,B' TK--3++h%' 6,-?P3%+"A6$%&3>' #9o' 3gK"+$,-
G\' +,' 4,-B$2#' +&3'

?3-32"6'#"?-$+K>3',B' +&3'#9oUUU' /' ;"6K3'13'&">'>32$;3>' B,2' +&3'<)!9)# 4,-;32%$,-' ;$"' +&3'(;32:'

3gK"+$,-)G"''

'

(6+&,K?&' -,+' %C34$B$3>' A:' (-%6:-' "->' R,K?&32+:' $-' +&3$2' A,,E.GV' +&3$2' %$#C6$B$3>' ;"2$"-+' ,B'

TK--3++h%'#K4&'3"26$32'#9o'3gK"+$,-
G\'C2,>K43%'"-',K+CK+'+&"+'$%'$-'3-+2,C:'K-$+%'^$)3)'F'3)K)'d'F'4"6'

/PF' #,6PF_)' b+' 1"%' B,2#K6"+3>' 3-+$236:' "-"6,?,K%6:' +,' (6>32.' T"E32' "->' T2,1-h%' 3"26$32' %$#C6$B$3>'

FaVF'#9o'3)K)'3gK"+$,-'B,2'"'Ga\'/'>3+32#$-"+$,-.'1&$4&'&">'#9oGa\'/
'd'c)MVO'^6,?'(PFU)GU_)Ga'Y&3'#9o'

;"6K3%' +&"+'3#32?3' B2,#'+&3%3' +1,'3gK"+$,-%' +&K%' 23gK$23'#K6+$C6$4"+$,-'A:'"' B"4+,2',B'c)F\c' +,'

4,-;32+'+&3#'$-+,'+&3'#,23'B"#$6$"2'7'/PF'#,6PF'K-$+',B'gK"-+$B$4"+$,-'+&"+',-3'+:C$4"66:'%33%'B,2'#9o'

;"6K3%'23C,2+3>'$-'+&3'6$+32"+K23)''

'

= 8.314 (2.303  x 14.951) - 2.303 log - 1
1.38 x 10-23 x 333

6.626 x 10-34

= 8.314 (34.4322) - 2.303 log 6.935406 x 1012 - 1

= 8.314 - 2.303 12.84107 - 1

= 8.314 - 29.5730 - 1

= 8.314 - 30.5730

= 8.314 + 3.8592

= +32.085 J K-1 mol-1

4.184
= +7.67 e.u. = +7.67 cal K-1 mol-1

J K-1 mol-1

J K-1 mol-1

J K-1 mol-1

J K-1 mol-1

J K-1 mol-1

J K-1 mol-1

(34.4322)

(34.4322)

(34.4322)

= +32.085 J K-1 mol-1

!S‡
333K

!S‡
333K

!S‡
333K

!S‡
333K

!S‡
333K

!S‡
333K

!S‡
333K

!S‡
333K
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*3' ,K2%36;3%' &";3' B,2#K6"+3>' ,K2' ,1-' %$#C6$B$3>' ;"2$"-+' ,B' +&3' TK--3++'#9o' 3gK"+$,-G\' %&,1-'

A36,1',-'+&3'63B+.'1&$4&'>,3%'+&3'7'/PF'#,6PF'#9o'4"64K6"+$,-'>$234+6:)''

'

9$?-$B$4"-+6:.'A,+&',B' +&3%3' %$#C6$B$3>'#9o' 3gK"+$,-%'1,2E' ;32:'1366' $->33>' B,2'C2,;$>$-?' +&$%' E3:'

(22&3-$K%' C"2"#3+32' B,2' A,+&' (#&1+,-2(,/3' "->' 4&1+,-2(,/3' 23"4+$,-%' ^$-' +&3' 6$gK$>' C&"%3_.'

1$+&,K+'"66',B'+&3'4,#C63N'4"64K6"+$,-%'+&"+'+&3'(;32:'3gK"+$,-'"->'$+%';"2$"-+%'23gK$23)''

'

Y&3'<)!9)##9oUUU'/'4"64K6"+$,-%'1&323'13'K%3>',K2',1-'"->'(-%6:-PR,K?&32+:h%'#9
o'3gK"+$,-%'"23'

%&,1-'A36,1)'Y&3:'?$;3'$>3-+$4"6'23%K6+%D'

'

'

#
9$?-$B$4"-+6:.'+&3'#9o';"6K3%'%,',A+"$-3>'#"+4&3>'KC'C32B34+6:'1366'1$+&'+&3'#9o'UUU'/';"6K3'+&"+'13'

&">'>32$;3>'K%$-?'(;32:h%'3gK"+$,-)G"'Y&$%'"?233#3-+'+&K%'4,-B$2#3>'+&"+',K2'#3+&,>'1"%'%,K->)'

'
=$-"66:.'+&3'3-+&"6C:',B'"4+$;"+$,-'#!o'"->'+&3'B233'3-32?:',B'"4+$;"+$,-'#`o'B,2'+&3'K-$#,634K6"2'

2$-?P,C3-$-?',B'<)'1323'"6%,'4"64K6"+3>'B2,#'+&3'3NC32$#3-+"66:P>32$;3>'>"+"'$-'+&3'B,66,1$-?'1":D'

'

#

!S‡
Temp K = 4.576 - 10.753 cal  K-1 mol-1log A or e.u.- log T

= 4.576 - 10.753 cal  K-1 mol-114.951 or e.u.- 2.522

Bunnett's !!S‡ Equation in Entropy Units

= 4.576 1.676 cal  K-1 mol-1 or e.u.

= + 7.669cal  K-1 mol-1 or e.u.

!S‡
333 K = + 32.09 J K-1 mol-1

x 4.184!S‡
333 K

!S‡
333 K

!S‡
333 K

!S‡
Temp K = 19.147 - 10.753 J  K-1 mol-1log A - log T

The !!S‡ Equation in Units of J K-1 mol-1

!S‡
Temp K = 2.303R - J  K-1 mol-1log A - log Te kBoltzmann

hPlanck
log

e = Euler's Constant = 2.7182818

or

!S‡
333 K = 19.147 - 10.753 J  K-1 mol-114.951 - 2.522

2a      3a !!S‡
333 K

 Calculations

!S‡
333 K = 19.147 - 13.275 J  K-1 mol-114.951

!S‡
333 K = 19.147 J  K-1 mol-11.676

!S‡
333 K = + 32.09 J K-1 mol-1

!S‡
Temp K = 4.576 -log k - log Te kBoltzmann

hPlanck
log

e = Euler's Constant

E‡

4.576T
+

where log k  = log A - log E‡

4.576T
and

or

2a      3a !!S‡
333 K

 Calculations

This work Anslyn-Dougherty

!H‡ = Ea nRT" !H‡ = 39.6269 1 x 8.314 x 333
1000

kJ mol-1

= 39.6269 " 2.77 =!H‡ 36.86 kJ mol-1 = +8.8 kcal mol-1

!G‡ = !H‡ "T!S‡ !G‡ = 36.86 " 333 x 32.09
1000

"

!G‡ = 36.86 "10.69 = 26.17 kJ mol-1 = +6.25 kcal mol-1

kJ mol-1Since
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LBS# E21# A*7-)"'%&'7# J"&*1I1*&)&'+"# +,# V-*# !11-*"'2%# 3)1)(*&*1%# E6&)'"*0# ,+1' &-*' <)!R)#

/+"@*1%'+"W#:2II+1&#,+1#!"#$"&'1*?;#D1**#.)0'7)?#$4L#A*7-)"'%(#D+1#/;7?+I1+I)"*#.'"N5EI*"'"N'

'

W63"26:'+&3',/35-'C,%$+$;3'6,?'(';"6K3',B'Fc)aMF'+&"+'$%'%33-'&323'B,2'+&3'2$-?P,C3-$-?',B'<)#$-'L&83'

"+'UUU'/.'"->'$+%'"44,#C"-:$-?'#9oUUU'/',B'eUG)Ha'7'/
PF'#,6PF'^eV)OV'3)K)_',-6:'%"+$%B"4+,2$6:'"6$?-'1$+&'

"' .-45)%' #,634K6"2' 3-+$+:' ^<)_' 3-+32$-?' +&3' 2"+3P>3+32#$-$-?' %+3C' ^2)>)%_.' "->' $+' K->32?,$-?'

&,#,6:+$4' 4:46,C2,C"-3' 2$-?P463";"?3' "%' %&,1-' $-' 94&3#3' c)' Y&3' 6,?' (' ,B' Fc)aMF' +&"+' 1"%'

,A%32;3>' 6$3%' 1366' 1$+&$-' +&3' 2"-?3' +&"+' ,-3' 1,K6>' -,2#"66:' %33' B,2' 4:46,C2,C"-3' 2">$4"6'

&,#,6:%3%.GA'1&$4&'+:C$4"66:'?$;3'6,?'(';"6K3%',B'FU)GaPFO)FF)GH'Y&3'B"4+'+&"+',K2'6,?'('%$+%'2$?&+'$-'

+&3'#$>>63',B'+&$%'2"-?3',B';"6K3%'C,%%$A6:'23B634+%'%,#3',B'+&3'2,+"+$,-"6'B233>,#'+&"+'$%'6,%+'1&3-'

+&3'-31'WdW'>,KA63'A,->'B,2#%'$-'+&3'2)>)%)''[,-3+&363%%.'$+%'&$?&'#"?-$+K>3'>,3%'%+2,-?6:'C,$-+'

+,'+&$%'A3$-?'"'84-,()%'8)"0'2$-?P,C3-$-?'3;3-+'+&"+'$%'C2,433>$-?';$"'"'p;32:'6,,%3q.'AK+'%+$66'4:46$4.'

%,6;3-+P%+"A$6$%3>' 2">$4"6,$>' "4+$;"+3>' 4,#C63N.' $-' 1&$4&' C"2+$"6' &,#,6:+$4' A,->' 463";"?3' "->'

C"2+$"6'2">$4"6,$>'A,->'B,2#"+$,-'"23'A,+&'"+'">;"-43>'%+"?3%'A:'+&3'#$>PC,$-+',B'+&3'23"4+$,-)''

X-43' B,2#3>.' +&3'"4+$;"+3>'4,#C63N' 4"-' +&3-'3$+&32' 23;32+' +,'<)' ,2'3;3-+K"66:'K->32?,' BK66! 3PY!

$(,()1/-'!0-45Z')%";"5%!/(!I0(>8'%!/$%!./"441)!$(,("))%41)!0">-'")!9)'^94&3#3'c_.UA.4'1$+&'9)'+&3-'

?,$-?',-'+,'!P"+,#'"A%+2"4+'B2,#'+&3'TKU9-!'A:'+&3'9!G'C"+&1":'%&,1-.'+,'B$-"66:'C2,>K43'R))'('

E3:'4,#C,-3-+',B'+&$%'#34&"-$%+$4'%4&3#3'$%'<)'$+%36B'"2$%$-?'B2,#'"'23;32%$A63![Z>-0%'/%>'%+"--:6'

2">$4"6'">>$+$,-'+,'+&3'"6E:-3'4"2A,-'+&"+'$%'!P'+,'+&3'C2,C"2?:6$4'"64,&,6'?2,KC)U.FVPFa'

'
:7-*(*#R)' ' Y&3' %3gK3-+$"6'XP>$234+3>' %+"--:6' 2">$4"6'">>$+$,-Z5!FZ9!G'#34&"-$%+$4'C"+&1":' +&"+'

#,%+'%"+$%B"4+,2$6:'2"+$,-"6$%3%'+&3'B,2#"+$,-',B'R)'B2,#'9)#"->#<)'$-'+&3'-,-PC,6"2'L&83'%,6;3-+)'

O

Me
OMe

MeBu3Sn

OHOOH

Me
OMe

MeBu3Sn

Ea = + 9.47 kcal mol-1
 log A =  14.951 s-1

!S†
333 K = +32.09 J K-1

  mol-1

(Z)-2a

OOH

Me
OMe

MeBu3Sn
Me

4a

Bu3SnH

Bu3Sn H
A =  8.93 x 1014 s-1

293-353 K

EH1
SH2

3a

(Z)-2a 3a

OOH

Me
OMe

Me

OOH

Me
OMe

Me

1-Bu3SnH

Bu3Sn
H In

Bu3SnH (2 equiv)
Et3B (0.1 equiv)

O2, PhMe

and SH2 H-atom
Abstraction

Complex

OOH

Me
OMe

Me

1-Bu3Sn Radical

Bu3Sn

Complex

Reversible

+

Complexation,
O-Directed

Bu3Sn. Addition

ReversibleSH2

Bu3Sn

In = Et , Et2B-O-O , Bu3Sn

Elimination

Serves as an
initiator radical
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:&)"";?@'";?#/)&'+"#J"@+?@*(*"&#'"#&-*#A*7-)"'%(#+,#&-*#/;7?+I1+I)"*#.'"N5EI*"'"N#+,#<)#
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>3%C$+3' C2$,2' 4,-+2,;32+$-?' 23C,2+%)U.c"' b-' +&3' %+"--:6;$-:6' 4"+$,-$4' #34&"-$%+$4' +&3,2:.O' "' B"%+'

p,K+32' %C&323q' %$-?63' 3634+2,-' +2"-%B32' ^95Y_' ,N$>"+$,-' 3;3-+' $%' C2,C,%3>' +,' ,44K2' $-;,6;$-?' +&3'

%+"--:6;$-:6' 2">$4"6' "->' XG)' b-' +&3' C23%3-+' $-%+"-43.' +&$%' 1,K6>' K6+$#"+36:' "BB,2>' +&3' %,6;3-+P

%3C"2"+3>' %,6;"+3>' %+"--:6;$-:6' 4"+$,-' $,-' C"$2' <L.' 1&$4&' 1,K6>' %KA%3gK3-+6:' K->32?,'

4:46,C2,C"-3' 2$-?' 463";"?3.# -&'6-3# A:' +&3' C,6"2' K-$#,634K6"2' #34&"-$%#' ,B' 94&3#3' M.' 1&323'

TKU9-!'23>K4+$,-',B'+&3'4"2A,4"+$,-'<<'1,K6>',44K2'^J+"'7'.*027&'+"#A*7-)"'%(#L_'^%33'A36,1_'

+3' A:' +&3' >$234+' A$#,634K6"2' TKU9-!' 23>K4+$,-'#34&"-$%#' %&,1-' $-' 94&3#3' O' ^J+"'7'.*027&'+"#

A*7-)"'%(#<_'^%33'C"?3'UU_)'

#
:7-*(*# S)' Y&3' 84/%4"F)%' p,K+32' %C&323q' 95YZ%+"--:6;$-:6' 4"+$,-' 23>K4+$,-' #34&"-$%#O"P>' "%'

"CC6$3>'+,'+&3'"6E:-,6'L'1$+&'TKU9-!Z5+UTZXG'^J+"'7'.*027&'+"#A*7-)"'%(#L_)' b+'4"-'A3'08)%>!(8/'

,-'+&3'A"%$%',B'+&3'6,?'('>"+"'23C,2+3>'&323.',K2'C2$,2'%+"--:6;$-:6'2">$4"6'5LS'%C34+2,%4,C:.U>'"->'

A:',K2'K-%K443%%BK6'4"+$,-'4"C+K23'%+K>$3%'1&3-'L#1"%'&:>2,%+"--"+3>#$-'Y!=D!GX'^cDF_)
UA.4'

O

Me
OMe

MeBu3Sn

OH

OOH

Me
OMe

MeBu3Sn

(Z)-2a

OOH

Me
OMe

MeBu3Sn

Me

4a

H
SnBu3

+

O

Me
OMe

MeBu3Sn
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+

O O-
O O

!

O O-

E1 Ring-Ionic

Bu3Sn O
O

Bu3Sn

O O

!
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ION
PAIR

OOH

Me
OMe

Me
1

Bu3SnH (2 equiv)
Et3B (0.1 equiv)

O

Me
OMe

Me

OH

19

Single Electron

O O

Transfer (SET)
Bu3Sn

O

Me
OMe

Me

OH

20

Bu3Sn +

O2, PhMe

1,2-Stannyl Shift
Fast

O O-
!

Electronically Less Stable

Electronically More Stable

Non-Regioselective

23

Bu3Sn. Addition

Ionic Reduction Mechanism 1

Continuation of
the catalytic cycle

O2 suggested to be
a "redox catalyst"

CONTACT
SOLVATED

ION
PAIR

CONTACT
SOLVATED

Reduction

O

Me
OMe

MeBu3Sn

OH

21

+

O O- !

ION
PAIR

SOLVENT-
SEPARATED

ION PAIR

SOLVENT-SEPARATED

Opening

+

+
Entropically

Disfavourable

ACCORDING TO BERGMAN30 AND HANACK,31 !!-CYCLOPROPYL-
VINYL CATIONS ARE ELECTRONICALLY-STABILISED BY ELECTRON

DONATION FROM THE CYCLOPROPANE RING, AND SHOW LITTLE REAL
TENDENCY TO UNDERGO E1 RING-OPENING TO HOMOALLENYL CATIONS

STANNYLHOMOALLENYL

STANNYLVINYL
CATION

Non-O-Directed

SOLVATED

SOLVATED

to O2
to form a

Peroxide Ion
Stannylvinyl Cation

Contact Ion Pair

Single Electron
Transfer (SET)

to O2
to form a

Peroxide Ion
Stannylvinyl Cation

Contact Ion Pair
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8)7FN1+2"0)' b-' +&3' %+"--:6;$-:6' 4"+$,-' #34&"-$%+$4' +&3,2:' ,B' "6E:-3' &:>2,%+"--"+$,-' 1$+&' +$-'

&:>2$>3%' "->' 2">$4"6' $-$+$"+,2%.O' $+' $%' C,%+K6"+3>O"P>' +&"+' "' #+#72++30&#/'&8-,.! 2+#'3+,,-0.' #+#7

3-5&+*-,-2'&8-.'">>$+$,-',B'"'+$-'2">$4"6',44K2%'"+'%-/$%0'"6E:-3'4"2A,-',B'C2,C"2?:6$4"66:P,N:?3-"+3>'

>$"6E:6'"43+:63-3'%KA%+2"+3%)'(%'"CC6$3>'+,'L.'+&$%'1,K6>'23gK$23'+&"+'"'#$N+K23',B'+&3'%+"--:6;$-:6'

2">$4"6%'L]'"->'<)'$%'B,2#3>'^94&3#3'M_.'1&$4&'1,K6>'+&3-'3-?"?3'$-'"'B"%+'p,K+32'%C&323q'%$-?63'

3634+2,-'+2"-%B32'^95Y_'1$+&'XG.'+,' $-$+$"66:'C2,;$>3'+&3'%,6;3-+P4"?3>'4,-+"4+' $,-'C"$2%'<X'"->'<L)'

Y,'"22$;3'"+'R).' +&3' +&3,2:O' +&3-'>3#"->%' +&"+' +&3' 63%%' $->K4+$;36:' %+"A63',B' +&3%3' +1,'%,6;"+3>'

%+"--:6;$-:6' 4"+$,-' $,-' C"$2%.' <X.' 1$66' K->32?,' "' B"%+.' F.GP+2$AK+:6%+"--:6' %&$B+' +,' C2,>K43' +&3'

%,6;3-+P4"?3>'4,-+"4+' $,-'C"$2'<L';-0/8"))1'%S')8.-;%)1.'1&$4&'1,K6>'+&3-'%,6;"+$;36:'%3C"2"+3' $-+,'

$+%'4,-%+$+K3-+' $,-%.'A3B,23'3-?"?$-?'$-'4"+$,-$4'23>K4+$,-'3$+&32'A:'+&3'+1,P%+3C' J+"'7#.*027&'+"#

A*7-)"'%(# L#,B' 94&3#3'M.#,2' A:' +&3' ,-3P%+3C' J+"'7# .*027&'+"# A*7-)"'%(# <' ,B' 94&3#3'O' ^%33'

C"?3'UU',B'+&$%'9b_)'

'
J+"'7#.*027&'+"#A*7-)"'%(#L)'`$;3-'+&"+'9&322,>'"->'T32?#"-.UH'"->'!"-"4EUF'&";3'A,+&'-,+3>'

+&"+' !P4:46,C2,C:6;$-:6' 4"+$,-%' ?3-32"+3>' B2,#' FP4:46,C2,C:6PFP$,>,"6E3-3%' >(! 4(/! R-))-45)1!

84>%05(! '1')(I0(I"4%! 0-45Z(I%4-45! 84>%0! .();()1/-'! '(4>-/-(4..' ,-3' 4"-' 23"%,-"A6:' "%%K#3' +&"+'

+&3' +2"-%$+$,-' ,B' <L' $-+,' <<' 1,K6>' A3' 2"+3P>3+32#$-$-?.' $B' +&3' J+"'7# .*027&'+"# A*7-)"'%(# L' ,B'

94&3#3'M'C23;"$63>)''

'
bB' ,-3' "443C+%' +&$%' E3:' +3-3+.' +&3-' $-' +&3'#+#79+,/3' %,6;3-+':6;-.' ,-3'1,K6>' 3NC34+' "' 4"+$,-$4'

K-$#,634K6"2'2$-?P,C3-$-?',B'+&$%'%,2+'+,'A3'"%%,4$"+3>'1$+&'%$?-$B$4"-+'%,6;3-+'3634+2,%+2$4+$,-.'"->'

"'#"%%$;3'6,%%'$-'+2"-%6"+$,-"6'3-+2,C:.'"%'+&3'%,6;"+3>'4,-+"4+'$,-'C"$2'<L'"++3#C+3>'+,'+2"-%$+'$-+,'

+&3'"4+$;"+3>'23"4+$,-'4,#C63N'+&"+'1,K6>'C2,>K43'<<)''

'
b-' %K4&'"'#34&"-$%#.'"' %,6;3-+P$->K43>'>$%%,4$"+$,-',B' +&3'C32,N$>3'"-$,-'"1":' B2,#'+&3'-316:'

B,2#3>'%+"--:6;$-:6'4"+$,-',B'<L'1,K6>'"6#,%+'432+"$-6:'A3'"'23gK$23#3-+.' +,'K-#"%E'+&3'%+2,-?'

C,%$+$;3'4&"2?3',-'+&3';$-:6$4'4"2A,-.'-33>3>'B,2'+&3'E3:'B$%%$;3'2$-?P,C3-$-?'3;3-+'+,'3BB34+$;36:'

C2,433>)''

'
!,13;32.'?$;3-'+&3';32:'6,1'>$3634+2$4'4,-%+"-+',B'L&83'^$'d'G)U\_.'$+'$%'&"2>'+,'$#"?$-3'&,1'%K4&'"'

%,6;3-+' 4,K6>' 3;32' A2$-?' "A,K+' %K4&' "-' 3BB34+$;3' 4&"2?3' %3C"2"+$,-.' ,2' %,6;"+$;36:' %+"A$6$%3' +&3'

>3;36,C$-?' "4+$;"+3>' 4,#C63N'-33>3>' +,' $->K43' 4:46,C2,C"-3' 2$-?P,C3-$-?' +,' ?$;3'<<)' S"+&32.' "'

C,6"2'"4+$;"+3>'4,#C63N',B'+&$%'%,2+'1,K6>'$-$+$"66:'23C36'L&83)'
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b-'B"4+.'$B'$-$+$"6'3634+2,-3K+2"6$+:'"623">:'C23;"$63>'1$+&$-'+&3'%,6;"+3>'4,-+"4+'$,-'C"$2'B,2#',B'<L'

$-' L&83.' +&323' 1,K6>' &";3' +,' A3' %$?-$B$4"-+' %,6;3-+' $-+324"6"+$,-' "->' #"%%$;3' AK6E' %,6;3-+'

23,2?"-$%"+$,-.' +,' 3-"A63' "' BK66' 4&"2?3' %3C"2"+$,-' ,B' +&"+' $,-' C"$2' +,' ,44K2)' X-6:' +&3-' 4,K6>' "'

%+"--:6;$-:6' 4"+$,-' ,B' %KBB$4$3-+' 3634+2,C&$6$4$+:' A3' K-#"%E3>.' +,' "66,1' +&3' 23gK$%$+3' "4+$;"+3>'

4,#C63N'+,'%"+$%B"4+,2$6:'B,2#'+,'3-"A63'+&3'4:46,C2,C"-3'2$-?P,C3-$-?'+,'C2,433>'^94&3#3'M_)''

'

b-' ,K2' 4,-%$>323>' ,C$-$,-.' %K4&' "' %,6;3-+P$->K43>' $,-$4' 4&"2?3' %3C"2"+$,-'1,K6>' %$#C6:' -,+' A3'

B3"%$A63'$-'-,-PC,6"2'L&83.'>K3'+,'+&3'3N+23#36:'%+2,-?'"++2"4+$;3'B,243%'+&"+'1,K6>'3N$%+'A3+133-'

+&3'+1,',CC,%$+36:'4&"2?3>'$,-%'$-'+&"+'%,6;3-+.'"%'3%+$#"+3>'A:'W,K6,#Ah%'0"1)''

''

(44,2>$-?' +,' /233;,:UG' "->' R$66.UU' +&3' 3634+2$4' B$36>ZB,243' 6$-3%' ,B' +1,' ,CC,%$+36:' 4&"2?3>' $,-%'

"61":%' C3-3+2"+3' ;32:' >33C6:' $-+,' -,-PC,6"2' 23"4+$,-' %,6;3-+%' ,B' 6,1' >$3634+2$4' 4,-%+"-+j' #K4&'

#,23%,' +&"-' +&3:' 3;32' >,' $-' %,6;3-+%' ,B' &$?&' >$3634+2$4' 4,-%+"-+' 6$E3'!GX' ^$' d' V\)Mc_)' b->33>' $-'

L&83.'+&3'3634+2$4'B$36>'"%%,4$"+3>'1$+&'+1,',CC,%$+36:'4&"2?3>'$,-%'$%'%,'3-,2#,K%'+&"+'$+'1,K6>'

6$E36:' 3N+3->' ,;32' "' >$%+"-43' ,B' %,#3' GFH' r' ^GF' -#_j' +&3' %,P4"663>' TJ322K#' 63-?+&.UUPUM' 1&$4&'

4,223%C,->%'+,'+&3'>$%+"-43'"+'1&$4&'+&3'W,K6,#A$4'3-32?:',B'"++2"4+$,-',B',-3'#,63',B'$,-'C"$2%'$%'

3gK"6'+,'+&3'+&32#"6'3-32?:'=#'23gK$23>'+,'%3C"2"+3'+&3#)UU''

'

'

LBjerrum = kee2NAvogadro
 ke = the Coulomb or Electric Force Constant = 1/4!"o
e = q1= q2 = e = charge on an electron = -1.6 x 10-19 C

"MediumRT
where

"o = 8.85 x 10-12 C2 J-1m-1 = the permittivity of a vacuum
4! = 12.568

and

kee2NAvogadro  =
4!"o

e2NAvogadro

NAvogadro = Avogadro's Number = 6.02214 x 1023

where

"Medium = Medium Dielectric Constant
R = Gas Constant = 8.314 J mol-1 K-1

T = Temperature in K

= 1.386 x 10-4 J m mol-1

Thus, for PhMe ("Medium = 2.38) at a T = 333 K

LBjerrum PhMe =
1.386 x 10-4 J m mol-1

2.38 x 8.314 J mol-1 K-1 x 333 K

=
1.386 x 10-4 J m mol-1

6589.178 J mol-1
= 210.3 ÅLBjerrum PhMe

Since the Electrostatic Interaction Energy F =
LBjerrum

r x  RT where r is the ion separation distance, it follows that

for two oppositely charged ions separated by 2.81 Å in PhMe, the Electrostatic Interaction Energy F = 49.52 kcal mol-1

x  8.314 J mol-1 K-1 x  333 KF333 K = 210.3 Å
2.81 Å

=
4.184

49.52 kcal mol-1207.2 kJ mol-1 =

and  F = 46.39 kcal mol-1 when they are separated by 3.0 Å

x  8.314 J mol-1 K-1 x  333 KF333 K = 210.3 Å
3.0 Å

=
4.184

46.39 kcal mol-1194.1 kJ mol-1 =

How the Attractive Electrostatic Interaction Energy (F) Between Two Oppositely Charged Ions is Affected by the 
Solvent Medium and the Bjerrum Length (LBjerrum)
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b+' BK2+&32' +2"-%C$23%' +&"+' +&3' W,K6,#A$4' 3-32?:' ,B' "++2"4+$,-' M' A3+133-' +1,' ,CC,%$+36:' 4&"2?3>'

$,-%'$-'"-'$,-'C"$2'>3C3->%'KC,-'+&3'>$%+"-43'A3+133-'+&3#.'"->'1,K6>'A3',B'+&3',2>32',B'eMH)O'

E4"6'#,6PF' $B' +&3:'1323',-6:'G)VM'r'"C"2+' $-'L&83'"+'UUU'/)'Y&$%';"6K3'>,3%.'&,13;32.'4&"-?3' +,'

eca)MG'E4"6'#,6PF'"+'G)\F'r'%3C"2"+$,-'"->''")'ecO)Ua'E4"6'#,6PF'"+'"'U)H'r'%3C"2"+$,-)'`$;3-'+&"+'

%K4&'&$?&'3-32?$3%',B'"++2"4+$,-'1$66'"61":%'3N$%+'"+'%K4&'%&,2+'$,-'%3C"2"+$,-%'$-'-,-PC,6"2'L&83.'$+'

%33#%'#,%+'K-6$E36:'+&"+'"-:'%,6;3-+P#3>$"+3>'$,-'C"$2'%3C"2"+$,-'1,K6>'3;32'A3'"4&$3;"A63'$-'+&$%'

%,6;3-+' "+' %K4&' "' +3#C32"+K23.' K-63%%' +&3' 95Y' 3;3-+' $-;,6;3>' 6,-?P2"-?3' 3634+2,-' +K--366$-?j'

3;$>3-43' B,2' 1&$4&' &"%' -,+' A33-' C2,;$>3>' A:' +&3' %+"--:6;$-:6' 4"+$,-P,2$?$-"+$-?' +3"#.O' $-' +&3$2'

CKA6$%&3>'#34&"-$%+$4'1,2E)'8,23,;32.'1&$63'13'234,?-$%3'+&"+'M!4"64K6"+$,-%',B'+&$%'%,2+'>,'0"/$%0!

.-,I)-./-'"))1'+23"+'+&3'$,-%',B'"-'$,-'C"$2'"%'2$?$>'&"2>'%C&323%.'3;3-'%,.'+&3:'>,'?$;3'"';32:'?,,>'

$>3"',B'+&3'%3C"2"+$,-'3-32?:'M!"->'+&3',;32"66'3-32?:'$-CK+'-33>3>'+,'A2$-?'"A,K+'"'4,#C63+3'$,-'

>$%%,4$"+$,-'$-'L&83.'-,+1$+&%+"->$-?'%K4&'4"64K6"+$,-%'$?-,2$-?'>$C,63P>$C,63.'>$C,63PgK">2KC,63.'

"->'gK">2KC,63PgK">2KC,63'+:C3'$-+32"4+$,-%)''

'

b-+323%+$-?6:'3-,K?&.'+&3'eMH)O'E4"6'#,6PF'3-32?:'$-CK+'+&"+'13'&";3'4"64K6"+3>'1,K6>'A3'-343%%"2:'

+,'A2$-?'"A,K+'"'BK66' $,-'%3C"2"+$,-',B'"'+:C$4"6'4,-+"4+' $,-'C"$2' $-'L&83'"+'UUU'/.' B2,#'"-' $-$+$"6'

$-+32'$,-'>$%+"-43',B'G)VM'r.'"44,2>%';32:'1366'1$+&'(6"AK?$-h%'C,6"2$%"A63'4,-+$-KK#'#,>36'^LW8_P

A"%3>'4"64K6"+$,-FV"'B,2'+&3'3-32?:'$-CK+'^#5'd'eMH)M'E4"6'#,6PF_'23gK$23>'B,2'+2$#3+&:6%+"--:6;$-:6'

2">$4"6' 3634+2,-' +2"-%B32' +,'XG' $-' L&83' "+' FFH' ,W.'1$+&' "44,#C"-:$-?' B,2#"+$,-' ,B' "' %3C"2"+3>'

%,6;"+3>'+2$#3+&:6%+"--:6;$-:6'4"+$,-'%KC32,N$>3'"-$,-'$,-'C"$2)''

'

9$?-$B$4"-+6:.'(6"AK?$-h%'4,#CK+"+$,-"6'4"64K6"+$,-%FV"'4,-B$2#3>'+&"+' +&3'3-32?:' $-CK+'-33>3>'+,'

$->K43'B,2#"+$,-',B'%K4&'"'%,6;3-+'%3C"2"+3>'$,-'C"$2'1,K6>'A3'B"2'+,,'&$?&'+,'"66,1'+&"+'+:C3',B'

3-+$+:'+,'3;32'23">$6:'B,2#'"+'+3#C32"+K23%',B'A3+133-'OH'"->'FFH',W'$-'L&83.'"->'+&3'B"4+'+&"+'

,K2',1-'M!4"64K6"+$,-%'&";3'%&,1-'+&"+'"'%$#$6"2'3-32?:'$-CK+'1,K6>'A3'-33>3>'+,'3BB34+'"'4,-+"4+'

$,-' C"$2' $,-' %3C"2"+$,-' $-' L&83' "?"$-' $->$4"+3%' +&"+' +&3' 6"++32' C2,43%%' 1,K6>' A3' 3gK"66:'

3-32?3+$4"66:'K-B3"%$A63'$-'+&3'<L'%:%+3#)'

'

b+' $%'"6%,' $#C,2+"-+'+,'C,$-+',K+'+&"+'"-:' $,-'C"$2%.'?3-32"+3>' $-'"'-,-PC,6"2'%,6;3-+'#3>$K#'6$E3'

L&83.'1,K6>'"6#,%+'432+"$-6:'4"K%3'4,-%$>32"A63'C,6"2$%"+$,-',B'+&3'%,6;3-+'$-'"66',B'+&,%3'23?$,-%'

,B' +&3' %,6;3-+' +&"+' A34"#3' %KAJ34+' +,' +&3$2' 23%C34+$;3' 3634+2$4' B$36>%' >K2$-?' $,-' %3C"2"+$,-)' Y&3'

23%K6+$-?'$,-'C"$2Z%,6;3-+'>$C,6"2'B,243%'1,K6>'+&3-'2"C$>6:'>$%C32%3'+&2,K?&'+&3'AK6E'#3>$K#.'+,'
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?23"+6:'23%+2$4+'+&3'2"->,#'#,;3#3-+%',B'"66'+&,%3'%,6;3-+'#,634K63%'+&"+'B366'1$+&$-'+&3'<,-3%',B'

+&,%3'3634+2$4'B$36>%.'1&$4&.'?$;3-'+&3'&K?3'GFH'r'TJ322K#'63-?+&UU',B'+1,',CC,%$+36:'4&"2?3>'$,-%'

$-'L&83.'1,K6>'6$E36:'A3'"'?23"+'#"-:'$-'-K#A32)'Y&$%'3BB34+'1,K6>'"6%,'A3'#K6+$P>$234+$,-"6'$-'$+%'

-"+K23'>K3'+,'+&3'2"->,#'#,;3#3-+',B'+&3'CK+"+$;3'$,-'C"$2%'"->'23"?3-+'>$BBK%$,-)''

'

X-3',B'+&3'#"$-'#"-$B3%+"+$,-%',B'+&$%'1,K6>',A;$,K%6:'A3'"';32:'%3;323'23%+2$4+$,-',B'+&3'#,A$6$+:'

,B' "66' %,6;3-+'#,634K63%' $-' +&3' $##3>$"+3' ;$4$-$+:' ,B' "-:' CK+"+$;3' >3;36,C$-?' 4&"2?3>' "4+$;"+3>'

4,#C63N3%' >32$;3>' B2,#' <L' %4! 0(8/%' +,' <<# ^"' C2,43%%' E-,1-' "%' 3634+2,%+2$4+$,-_)' 9K4&' 4&"2?3'

>3;36,C#3-+'"->'%,6;3-+' %&366' $##,A$6$%"+$,-'1,K6>'"6#,%+'432+"$-+6:'<=>'A3'"%%,4$"+3>'1$+&'"'

&$?&' 6,?' (' ;"6K3.' -,2' "' %+2,-?6:' C,%$+$;3'#9o' AK+.' $-%+3">.'1$+&' "'#K4&' 6,132' 6,?' (.' "->' "' 6"2?3'

-3?"+$;3'#9o)G".UG''

'

b+'1$66'+&K%'A3'"CC234$"+3>'+&"+'+&3'%+2,-?6:'C,%$+$;3'#9oUUU'/',B'eUG)Ha'7'/
PF'#,6PF'^eV)OV'3)K)_'+&"+'13'

&";3'%33-'$-'+&3',;32"66'<)!R)!+2"-%$+$,-'&#!:6;-'$%'<=>'1&"+',-3'1,K6>'-,2#"66:'3NC34+'+,'%33'

B,2'"'?3-K$-36:'4"+$,-$4'23"4+$,-'C"+&1":'$-'1&$4&'+&3'2"+3P>3+32#$-$-?'%+3C'1"%'+&3'K-$#,634K6"2'

&3+32,6:+$4'2$-?P463";"?3',B'%,6;3-+'%3C"2"+3>'<L'+,'?$;3'<<)''

'

Y,' $66K%+2"+3' +&$%' C,$-+' %+$66' BK2+&32.' 13' >2"1' ;32:' %C34$B$4' "++3-+$,-' +,' +&3' B"4+' +&"+' #,%+' 9[F'

23"4+$,-%'?3-32"66:'&";3'6"2?3'#-5/'&8-'3-+2,C$3%',B'"4+$;"+$,-'"%%,4$"+3>'1$+&'+&3#'?6-#!+35/#&2!

*+,8-#'*! /3-! '6-! 1/&#! +3! -@2,(*&8-! 3-/2'&+#! 1-0&(1.' -,+1$+&%+"->$-?' 3-+2,C$4"66:PB";,K2"A63'

K-$#,634K6"2' A,->P&3+32,6:%$%' ,44K22$-?)' Y&$%' $%' >K3.' C2$#"2$6:.' +,' +&3' %KA%+"-+$"6' %,6;3-+'

23,2>32$-?' +&"+' $%' "61":%' 23gK$23>' +,' "4&$3;3' &3+32,6:%$%' $-' CK23' ,2?"-$4' %,6;3-+%.UG' ,2' 3;3-'

"gK3,K%' A$-"2:' ,2?"-$4' %,6;3-+' #$N+K23%.' 1&3-' !GX' $%' C23%3-+' "%' ,-6:' +&3' #$-,2' %,6;3-+'

4,#C,-3-+)''

'

(>>$+$,-"66:.' #"-:' CK23.' 6,1' C,6"2$+:.' ,2?"-$4' %,6;3-+%' 6$E3' L&83' ,2' A3-<3-3' >,' -,+' &";3' +&3'

"A$6$+:' +,' B,2#' #K6+$C63' !PA,->%.' +,' B";,K2"A6:' >$%%$C"+3' -3?"+$;3' "-$,-$4' 4&"2?3' +&2,K?&'

4,#C63N"+$,-.' 1&$4&' BK2+&32' &"#C32%' +&3$2' "A$6$+:' +,' #3>$"+3' $,-' C"$2' B,2#"+$,-' "->' $,-'

%3C"2"+$,-)'

'

Y&K%.'="$-A32?'"->'*$-%+3$-UO'B,K->'+&"+'/PTKW6'K->3213-+'&:>2,6:%$%'$-'UDG'5+X!D'!GX'1$+&'"'#9
o
'

,B'PFM)M'7'/PF'#,6PF'^PU)V'3)K)_.'"->'+&3:'-,+3>'+&"+'+&$%'#9o';"6K3'>3423"%3>'+,'PGV)O'7'/
PF'#,6PF'^PO)O'
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3)K)_'"%'+&3'5+X!'4,-%+$+K3-4:'$-423"%3>'+,'cDF'5+X!D!GX)'!K?&3%'"->'W,,C32
UV'6$E31$%3',A%32;3>'

"'6,?'(',B'FF)\a'"+'GM',W'$-'cDF'5+X!D'!GX.'1&$4&'+2"-%6"+3>'$-+,'"'#9
o
',B'PGM)O'7'/

PF'#,6PF'^PO)FG'3)K)_'

B,2' +&$%' &3+32,6:%$%.' 1&$4&' $%' $-' A2,">' "?233#3-+' 1$+&' +&3' ="$-A32?P*$-%+3$-'#9o' >3+32#$-"+$,-'

+&"+' 1"%' 23C,2+3>' %KA%3gK3-+6:)UO' Y&3%3' 234,2>3>' ;"6K3%' ,B' #9o' "23' >3%C$+3' +&3' HTJ322K#' ,B' +1,'

,CC,%$+36:' 4&"2?3>' $,-%'A3$-?' JK%+'FM)OO'r' $-'cDF'5+X!D!GX' ^1Z1_' ^$' dUM)VG'"+'Ga\'/_' "->' +&3'M'

;"6K3'A3$-?'"CC2,N$#"+36:'eU)U'E4"6'#,6PF'"+'G)\F'r'$,-'%3C"2"+$,-.'1&$4&'3#C&"%$%3%'+&"+'$+'$%'-,+'

JK%+'3634+2,%+"+$4'"++2"4+$,-%'"->'=$36>'5BB34+%'+&"+'"23'>,#$-"+$-?'+&3'#"?-$+K>3%',B'+&3'#9o';"6K3%'

,B' 23"4+$,-%' +&"+' $-;,6;3' +&3' B,2#"+$,-' ,B' $,-' C"$2%)' b-' 3-+$236:' "-"6,?,K%' B"%&$,-.' +&3' 9[F'

&:>2,6:%$%',B'/PTKW6'$-'UDG'>$,N"-3D!GX'1"%'"%%,4$"+3>'1$+&'"'%KA%+"-+$"6'-3?"+$;3'#9
o
',B'PGa)Ga''7'/

P

F'#,6PF'^PV)H'3)K)_)UO'b+'1$66'+&K%'A3'"CC234$"+3>'+&"+'B,2'9[F'23"4+$,-%'$-'A$-"2:'%,6;3-+'#$N+K23%.'"->'

63%%' C,6"2' %,6;3-+%' 1$+&' 6"2?3' #,634K6"2' #"%%3%.' +&3' C2,43%%3%' ,B' C,6"2' A,->' &3+32,6:%$%' "23'

?3-32"66:' "%%,4$"+3>' 1$+&' #K4&' ?23"+32' >3?233%' ,B' %,6;3-+' 23,2$3-+"+$,-' "->' 3-+2,C:' 6,%%.'

1&3-3;32'+&,%3'"4+$;"+3>'23"4+$,-'4,#C63N3%'"23'"++3#C+$-?'+,'B,2#)'
'

X-6:'1&3-'-3"+'FHHi'!GX'1"%'K%3>'B,2'+&3'/PTKW6'&:>2,6:%$%'C32B,2#3>'"+'GM',W'>$>'="$-A32?'"->'

*$-%+3$-UO',A%32;3'+&"+'$+!23"4+3>'1$+&'"'6"2?3'C,%$+$;3'#9o',B'eMF)Hc'7'/
PF'#,6PF'^eFG)G'3)K)_)''

'

Y&$%' "A$6$+:' ,B' !GX' +,' 3%%3-+$"66:' -,-P3634+2,%+2$4+$;36:' %K22,K->' "->' %+"A$6$%3' "' C,6"2' "4+$;"+3>'

4,#C63N'+&"+'$%'+2"-%$+$,-$-?'$-+,'"-'$-+$#"+3'$,-'C"$2'$%'K-$gK3.'B,2'$+'"66,1%'B,2'#K4&'#,23'B"4$63'

4&"2?3'%3C"2"+$,-'$-'+&3'>3;36,C$-?'$,-'C"$2'+2"-%$+$,-'%+"+3.'1&$4&'4"-'-,1'A34,#3'4,-%$>32"A6:'

6,,%32'"->'#,23'3-+2,C$4"66:PB233'^"->'C2,>K4+P6$E3_'"%'#3"%K23>'A:'+&3'6"2?3'C,%$+$;3',;32"66'#9o)''

'

(-,+&32'1":',B'+&$-E$-?'"A,K+'%K4&'23"4+$,-%'$%'"%'B,66,1%)'*&3-3;32'CK23'!GX'$%'3#C6,:3>'"%'+&3'

23"4+$,-'%,6;3-+'B,2'+&3'9[F'%,6;,6:%$%',B'"'/%0/P"6E:6'&"6$>3.'>K3'+,'$+%';32:'&$?&'>$3634+2$4'4,-%+"-+'

^$'d'V\)Mc_.' +&$%' 6,132%' +&3'TJ322K#' 63-?+&'A3+133-'+&3' +1,'-316:'3#32?$-?',CC,%$+36:'4&"2?3>'

$,-%'+,'JK%+'V)FG'r'"+'Ga\'/.'1&$4&'#3"-%'+&"+'+&3'W,K6,#A$4'3-32?:',B'"++2"4+$,-'M'A3+133-'+&3'

+1,'$,-%'$%'-,1'"'#323'eF)M'E4"6'#,6PF'1&3-'+&,%3'$,-%'"23'JK%+'G)\F'r'"C"2+.'1&$4&'$%'-3?6$?$A63)''

9K4&' "' 13"E' "++2"4+$;3' $-+32"4+$,-' $%' 236"+$;36:' 3"%:' +,' +&32#"66:' >$%2KC+)' Y&$%' 4,-+2"%+%' ;32:'

C2,B,K->6:.' &,13;32.' 1$+&' +&3' W,K6,#A$4' 3-32?:' ,B' "++2"4+$,-' M' +&"+' 3N$%+%' A3+133-' +1,' %K4&'

,CC,%$+36:' 4&"2?3>' $,-%' $-' L&83' "+' U' r' %3C"2"+$,-.' 1&323' +&3' M' 4"-' -,1' A3' 3%+$#"+3>' +,' A3'

"CC2,N$#"+36:' ecO)Ua' E4"6'#,6PF' "+' UUU' /j' "' ;"6K3' %,' 6"2?3' +&"+' $+' 3BB34+$;36:' C2,&$A$+%' B"4$63' $,-'

%3C"2"+$,-'B2,#'3;32',44K22$-?'$-'+&"+'%,6;3-+'"+'+&"+'+3#C32"+K23)'
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b-' 3%%3-43.' A34"K%3' ,B' +&3' ;32:' &$?&' >$3634+2$4' 4,-%+"-+' ,B' !GX' ^$' d' V\)Mc_.' 1&3-' $+' %,6;"+3%' "'

-"%43-+'"4+$;"+3>'4,#C63N',B'"'/%0/P"6E:6'&"6$>3'+&"+'$%'%3C"2"+$-?'$-+,'+1,',CC,%$+36:'4&"2?3>'$,-%.'

+&3'%KC32P3BB$4$3-+'%,6;"+$,-'+&"+',44K2%'%32;3%'+,'4,#C63+36:'"A6"+3'+&3'&K?3'W,K6,#A$4'"++2"4+$;3'

B,243%' +&"+' 1,K6>' ,+&321$%3' 4,-B,K->' "->' C2,&$A$+' &3+32,6:+$4' A,->' B$%%$,-' $-' "' #K4&' 6,132'

>$3634+2$4'%,6;3-+'%K4&'"%'L&83)'''

'

Y&$%' ?23"+6:' 3-&"-43>'"A$6$+:' ,B'!GX' +,'#,23'3BB34+$;36:' %,6;"+3' "->'C2,#,+3' +&3' +2"-%$+$,-',B' "'

-3K+2"6'>$C,6"2'#,634K63'$-+,'+&3'6,,%3'C,6"2'"4+$;"+3>'4,#C63N'-33>3>'+,'K->32?,'BK66'&3+32,6:%$%'

$%'+&K%'-,+'"%%,4$"+3>'1$+&'+&3'%3;323'3634+2,%+2$4+$,-'+&"+'$%',B+3-'%33-'$-',2?"-$4'%,6;3-+%.',2'+&3'

A$-"2:' %,6;3-+'#$N+K23%' $-'1&$4&' +&3:'C23>,#$-"+3.' "->' +&$%' C2,C32+:' &36C%' +,' 3NC6"$-' +&3' &K?3'

C,%$+$;3' $-423"%3' $-' +&3'#9o' +&"+'1"%' %33-'A:'="$-A32?'"->'*$-%+3$-UO'>K2$-?' +&3'&:>2,6:%$%',B' /P

TKW6'$-'FHHi'!GX)''

'

T"%$4"66:.' CK23' ,2?"-$4' %,6;3-+%' "->' "gK3,K%' ,2?"-$4' %,6;3-+'#$N+K23%' "61":%' &";3'#K4&' 6,132'

>$3634+2$4'4,-%+"-+%'+&"-'CK23'!GX'$+%36B.'"->'+&$%'$-3;$+"A6:'$-423"%3%'+&3'TJ322K#'63-?+&%UUPUM'+&"+'

"23' "%%,4$"+3>' 1$+&' "-:' >3;36,C$-?' "4+$;"+3>' 4,#C63N3%' +&"+' "23' "++3#C+$-?' +,' +2"-%$+' $-+,' $,-'

C"$2%' $-' +&,%3'%,6;3-+'#3>$")'Y&$%.' $-' +K2-.' 63">%' +,'?23"+6:' $-423"%3>'%,6;3-+'3634+2,%+2$4+$,-'"->'

%$?-$B$4"-+:'>3423"%3>'%,6;3-+'#,;3#3-+Uc' $-'+&3';$4$-$+:',B'+&3'C,6"2'"4+$;"+3>'4,#C63N'$+%36B.'"%'

1366' "%' B"2' A3:,->' $+)' ' 9K4&' B"4+,2%' +&K%' %32;3' +,'#"E3' 23"4+$,-%' +&"+' $-;,6;3' $,-' %3C"2"+$,-' B"2'

&"2>32' +,' "4&$3;3' $-' 6,1' C,6"2$+:' %,6;3-+%)' Y&$%' $%' 1&:' %,6;,6:%3%' ,B' +32+$"2:' "6E:6' &"6$>3%' "23'

+:C$4"66:' "%%,4$"+3>'1$+&' %KA%+"-+$;3'-3?"+$;3'#9o' ;"6K3%' $-' %,6;3-+%' +&"+' "23'C2$#"2$6:' ,2?"-$4' $-'

+&3$2'-"+K23.'AK+'+&3%3'"23'-,+'+&3'%,63'B"4+,2%'+&"+'>3+32#$-3',K+4,#3'^;->%!-4*0"_)'

'

b-'BK66'"?233#3-+'1$+&'+&3%3',A%32;"+$,-%.'8,361:-P!K?&3%'"->'T$,2>$U\'234,2>3>'"'-3?"+$;3'#9o'

,B' PFM)VU' 7'/PF'#,6PF' ^PU)VO'3)K)_' B,2' +&3'%,6;,6:%$%',B'/PTKW6' $-'-3"+'>2:'83X!'^$'d'UG)V_'"+'GM' ,W.'

1&$63'="$-A32?'"->'*$-%+3$-UO'234,2>3>'"'#9o',B'PU)F'3)K)'^PFG)aV'7'/
PF'#,6PF'_'B,2'+&$%'%"#3'%,6;,6:%$%'

$-'83X!)'W,1$3'"->'4,1,2E32%Ua'"6%,'B,K->'+&"+'/PTKT2'K->3213-+'&:>2,6:%$%'$-'VHi'83GWXDUHi'

!GX'1$+&'"'#9
o
',B'PcG)O\'7'/

PF'#,6PF'^PFH)G'3)K)_'"+'MH',W)''(43+,-3'&"%'"-'$'d'GF)'

'

(-"6,?,K%6:.'9&322,>'"->'T32?#"-UH',A%32;3>'"'6"2?3'-3?"+$;3'#9o',B'A3+133-'P\\)VH'"->'P\U)O\'7'

/PF' #,6PF' ^PGF)G' "->' PGH)H' 3)K)_' B,2' +&3' &$?&' +3#C32"+K23' 9[F' %,6;,6:%$%' ,B' FP4:46,C2,C:6PFP

$,>,3+&:63-3'1$+&'F'3gK$;',B'5+U['$-'83X!.'1&$4&'C2,433>%';$"'"-'!P4:46,C2,C:6P;$-:6'4"+$,-)'
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Y&3' E3:' C,$-+' A3$-?'#">3' &323' $%' +&"+.' +:C$4"66:.' +&3' B,2#"+$,-' ,B' %,6;"+3>' 4&"2?3>' 4,-+"4+' $,-'

C"$2%.',2' %,6;3-+P%3C"2"+3>' $,-'C"$2%.' $%'&$?&6:'3-+2,C$4"66:'>$%B";,K23>' $-'%,6;3-+%',B' 6,1PC,6"2$+:'

%K4&' "%' L&83.' >K3' +,' +&3' &K?3' B$36>' 3BB34+%' "->' B6KN' 6$-3%' +&"+' $-3;$+"A6:' "2$%3.' 1&$4&' 23gK$23'

#"%%$;3'%,6;3-+'23,2?"-$%"+$,-'+,',44K2.'1&$4&'$-3;$+"A6:'+2"-%6"+3%'$-+,'6"2?3'-3?"+$;3'#9o';"6K3%'

A3$-?'%33-'B,2'#,%+'%K4&'23"4+$,-%.'"->'"44,#C"-:$-?'6,?'(';"6K3%'+&"+'B"66'1366'A36,1'FU)''

'

('%$#$6"2'3-+2,C$4"66:'K-B";,K2"A63'%,6;3-+'23,2?"-$%"+$,-'1,K6>'"6#,%+'432+"$-6:'A3'23gK$23>'B,2'

"-:'4:46,C2,C"-3' 2$-?P,C3-$-?'3;3-+' +&"+' $-;,6;3>' +&3'%,6;"+3>'4,-+"4+' $,-'C"$2'<L' &#!#+#79+,/3!

:6;-)' b+'1,K6>'+&K%'A3'3N+23#36:'K-6$E36:'+&"+'%K4&'"-'3634+2,-$4"66:P>3%+"A$6$%3>'"4+$;"+3>'2$-?P

,C3-$-?'4,#C63N'1,K6>'3;32'1$66$-?6:'B,2#'B2,#'+&3'3634+2,-3K+2"6'%,6;"+3>'4,-+"4+'$,-'C"$2'<L'$-'

+&"+'%,6;3-+)'*3'"6%,'>,KA+'+&"+'"-:',B'+&3'%,6;3-+'%3C"2"+3>'$,-'C"$2%'<L',2'<<'1,K6>'3;32'23">$6:'

B,2#'$-'+&3'#34&"-$%+$4'C"+&1":'+,'R)'B2,#'+&3'%+"--:6;$-:6'2">$4"6'<))'

'

b-',K2';$31.'+&3'6,?'(',B'Fc)aMF'+&"+'1"%'234,2>3>'B,2'+&3'2$-?P,C3-$-?',B'%+"--:6;$-:6'2">$4"6'<)#$-'

L&83'"+'UUU'/.'"->'$+%'"44,#C"-:$-?'#9o',B'eUG)Ha'7'/
PF'#,6PF'^eV)OV'3)K)_.'"23'+,+"66:'$-4,#C"+$A63'

1$+&'J+"'7#.*027&'+"#A*7-)"'%(#L#^94&3#3'M_'A3$-?'+&3'%,K243',B#R))'[,2'>,3%'+&$%'6,?'('%KCC,2+'

+&3'$>3"'+&"+'"'%+"--:6;$-:6'4"+$,-P4,-+"$-$-?'$,-'C"$2O'#,23'?3-32"66:'$%'B,2#$-?'$-'+&3'-,-PC,6"2'

%,6;3-+' L&83' K->32' ,K2' XP>$234+3>' B233' 2">$4"6' &:>2,%+"--"+$,-' 4,->$+$,-%.U' 4,-+2"2:' +,' +&3'

3NC32$#3-+"66:'K-%KCC,2+3>'"%%32+$,-%',B'+&,%3'1&,'">;"-43'+&3'%+"--:6;$-:6'4"+$,-$4'+&3,2:)O'

'

D/! -.! "! )(5! A! ;")8%! /$"/! (4)1! ,%'$"4-./-'"))1! ")-54.! R-/$! /$%! \%)%'/0-'"))1! 4%8/0")]6! 84-,()%'8)"06!

$(,()1/-'!0-45!')%";"5%!I0('%..!.$(R4!-4!&'$%,%!^!F%-45!/$%!0N>N.!*(0!/$-.!0%"'/-(4!-4!G$K%NUA.4'

'

b-' +&$%' ;32:' 4,--34+$,-.'13'#K%+' &$?&6$?&+' &323' &,1'13' &";3' &$+&32+,' A33-' K-"A63' +,' +2"C' +&3'

CK+"+$;3'C2$#"2:'%+"--:6&,#,"663-:6'4"+$,-',B'+&3'&:C,+&3%$%3>'4,-+"4+'$,-'C"$2'<<'1$+&'!GX.
UA.4'+,'

,A+"$-'+&3'4,223%C,->$-?'C2$#"2:'"64,&,6.'"->'13'&";3'A33-'3gK"66:'K-%K443%%BK6'"+'+2"CC$-?'+&3'

%+"--:6;$-:6' 4"+$,-%O',B' +&3'CK+"+$;3' $,-'C"$2%'<X' "->'<L'1$+&'!GX.'-,+1$+&%+"->$-?' 9&322,>'"->'

T32?#"-'&";$-?'23">$6:'$-+3243C+3>'%K4&'!P4:46,C2,C:6P%+"A$6$%3>';$-:6'4"+$,-%'1$+&'!GX'1$+&'?23"+'

3"%3j' +&3%3'1,2E32%'&";$-?'%34K23>'!P4:46,C2,C:6'E3+,-3%' $-'?,,>':$36>' B2,#'%K4&'3BB,2+%)UH'Y&3'

B"4+' +&"+'Q36?2"E$'"->'9+2"+"E$%cH'&";3'"6%,'%K443%%BK66:' +2"CC3>'?,6>P%+"A$6$%3>'!P4:46,C2,C:6;$-:6'

4"+$,-%' $-' cDF' Y!=D!GX'#$N+K23%' "+' 2+.' BK2+&32' %KA%+"-+$"+3%' ,K2' 46"$#' +&"+'<L' "->'<<' 4"--,+' A3'
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$-+32#3>$"+3%'$-'+&3'C"+&1":'1&323'<)'$%'4,-;32+3>'$-+,'R).'"%'1,K6>'A3'46"$#3>'A:'C2,C,-3-+%',B'

+&3'%+"--:6;$-:6'4"+$,-'"6E:-3'&:>2,%+"--"+$,-'+&3,2:)O''

'

XB' ?23"+' 2363;"-43' &323' $%' +&3' B"4+' +&"+' T32?#"-UH' "->' !"-"4EUF' &";3' 3"4&' $->3C3->3-+6:'

C2,C,%3>' +&"+' +&3' C,%$+$;3' 4&"2?3' $-' %34,->"2:' !P4:46,C2,C:6P;$-:6' 4"+$,-%' $%' ;32:' %+2,-?6:'

&:C324,-JK?"+$;36:' %+"A$6$%3>' A:' 3634+2,-P>,-"+$,-' B2,#' +&3' 4:46,C2,C"-3' 2$-?' $-+,' +&3' 3#C+:'

4"2A,4"+$,-'IP,2A$+"6j'C2,;$>3>'+&"+'+&$%',2A$+"6'$%'"6$?-3>'.14P'1$+&'23%C34+'+,'+&3'+1,'C2,N$#"6'WPW'

A,->%' ,B' +&3' 4:46,C2,C"-3' 2$-?)' >6&*! 2/'&+#7*'/4&,&*/'&+#! -AA-2'! ?+(,0! '6(*! *'3+#5,.! 0&*A/8+(3!

*9+#'/#-+(*!2.2,+93+9/#-!3&#57+9-#&#5.'>K3'+,'+&3'2$-?P,C3-3>'C2$#"2:'4"2A,4"+$,-',B'+&3'-31'

$,-'C"$2'-,+'3-J,:$-?'%K4&'3N43663-+'4&"2?3'%+"A$6$%"+$,-.'-,2'"-:'"4+$;"+3>'4,#C63N'%4!0(8/%'+,'$+)''

'

=$-"66:.'1&3-3;32'L&83',2'WO!O'&";3'A33-'K%3>'"%'+&3'%,6;3-+%'B,2'"-:',B'+&3%3'XP>$234+3>'"6E:-3'

&:>2,%+"--"+$,-%.' -3;32' &"%' "-:' C2,>K4+' ,B' 3634+2,C&$6$4' "2,#"+$4' %KA%+$+K+$,-' ,B' +&3' "2,#"+$4'

%,6;3-+'A33-'3-4,K-+323>)U'X-3'1,K6>'%K236:'%33'%K4&'"'C2,>K4+'$B'"'CK+"+$;3'%+"--:6;$-:6'4"+$,-O'

1"%' $->33>'"'?3-K$-3' $-+32#3>$"+3)'["+K2"66:' +&$%' 4"%+%' BK2+&32'>,KA+',-' +&3' %+"--:6;$-:6' 4"+$,-'

#34&"-$%+$4'+&3,2:'B,2'"6E:-3'&:>2,%+"--"+$,-O'K->32'+&3'4"+)'5+UTZXGP$-$+$"+3>'4,->$+$,-%)'

'

X-'"44,K-+',B' +&3%3' 4,6634+$;3',K+4,#3%.' J+"'7#.*027&'+"#A*7-)"'%(#L#4"-'3BB34+$;36:'A3' 2K63>'

,K+'"%'C6":$-?'"-:'2,63'$-'+&3'+2"-%$+$,-',B'<)!R))'

'

J+"'7# .*027&'+"# A*7-)"'%(# <)' Y&3' "6+32-"+$;3' J+"'7# .*027&'+"# A*7-)"'%(# <' ^94&3#3' O_' '"4!

%_8"))1!R%))!F%!>-.'(84/%>'B,2'3NC6"$-$-?'&,1'+&3'<)!R)'4,-;32%$,-'C2,433>%)'Y&$%'$%'A34"K%3'%K4&'

"'A$#,634K6"2'p"%%,4$"+$;3q'p9[GqP+:C3'$,-$4'23>K4+$,-',B'+&3'%+"--:6;$-:6'4"+$,-'$-'<L#1,K6>'63">'+,'

"' 4,-%$>32"A63' 6,%%' $-' +2"-%6"+$,-"6' 3-+2,C:' >K2$-?' +&3' E3:' p2"+3P>3+32#$-$-?q' 23>K4+$;3' 2$-?P

463";"?3' %+3C)' b-' B"4+.' "' A$#,634K6"2' 2)>)%' ,B' +&$%' %,2+'1,K6>' +:C$4"66:' A3' "%%,4$"+3>'1$+&' "'#K4&'

6,132'6,?'(',B'MPFF.'"->'"'%+2,-?6:'-3?"+$;3'3-+2,C:',B'"4+$;"+$,-G'>K3'+,'+&3'#"%%$;3'>3423"%3'$-'

+2"-%6"+$,-"6' 3-+2,C:' +&"+' 1,K6>' $-3;$+"A6:' "44,#C"-:' B,2#"+$,-' ,B' +&3' %,6;"+3>.' 4&"2?3>.'

A$#,634K6"2'"4+$;"+3>'4,#C63N'$-'L&83.'"->'+&3'%+2$4+'23gK$23#3-+%'B,2'4,2234+',2A$+"6',;326"C'"->'

"6$?-#3-+' +,' B,2#' +&3' C"2+$"6' A,->%' ,B' +&3' "4+$;"+3>' 23"4+$,-' 4,#C63N' +&"+' 1,K6>' 63">' +,'

%+"--:6"663-3'R))'
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'

#

:7-*(*# Q)' J+"'7' .*027&'+"' A*7-)"'%(# <=# C2,433>$-?# ;$"# <L' ^%,6;3-+P%3C"2"+3>_.' 1,K6>' A3'

$-4,#C"+$A63'1$+&'+&3'&$?&'6,?'(';"6K3',B'Fc)aMF',A%32;3>'B,2'+&3'4,-;32%$,-',B'<)'$-+,'R).'>K3'+,'

+&3' &$?&6:' "%%,4$"+$;3' A$#,634K6"2' -"+K23' ,B' +&3' %,6;"+3>' "4+$;"+3>' 4,#C63N' +&"+'1,K6>' -33>' +,'

B,2#.' +&3' 23gK$%$+3' +$-P%+"A$6$%"+$,-',B' +&3' 4"+$,-.' "->' +&3' %KA%+"-+$"6' %,6;3-+' 23,2?"-$%"+$,-' +&"+'

1,K6>' 6$E36:'A3' 23gK$23>' +,' %3C"2"+3' +&3' $-$+$"66:' B,2#3>'3634+2,-3K+2"6' 4,-+"4+' $,-'C"$2' $-+,' +&3'

%,6;3-+P%3C"2"+3>'4&"2?3>'$,-'C"$2'-33>3>'+,'$-$+$"+3'%K4&'"-'9[GP+:C3'$,-$4'23>K4+$,-'3;3-+)'0$E3'

J+"'7# .*027&'+"# A*7-)"'%(# L.' J+"'7'.*027&'+"'A*7-)"'%(# <O# 4"-' 3BB34+$;36:' A3' 08)%>! (8/' "->'

4,-%$>323>',%'$"4-./-'"))1!84;-"F)%O',-'+&3'A"%$%',B'+&3'6,?'('"->'+&3'C,%$+$;3'#9o'>"+"
G
''"+'&"->)'

'

5-+2,C$4"66:'K-B";,K2"A63.'%,6;3-+P#3>$"+3>.'4,-+"4+' $,-'C"$2'%3C"2"+$,-',B'3634+2$4"66:'-3K+2"6'<L'

1,K6>'"6%,' 6$E36:'A3'"'E3:'23gK$23#3-+' B,2' +&3'"B,23#3-+$,-3>' J+"'7'.*027&'+"'A*7-)"'%(#<# +,'

C2,433>' $-' -,-PC,6"2' L&83)' W63"26:.' %K4&' "-' 3634+2,%+2$4+$;3' 4&"2?3' %3C"2"+$,-' 1,K6>' A3' "'

-343%%$+:'+,'K-#"%E'+&3'BK66'C,%$+$;3'4&"2?3',-'+&3';$-:6$4'4"+$,-'4,#C,-3-+',B'<L#+,'B"4$6$+"+3'+&3'

"B,23#3-+$,-3>#p9[Gq'$,-$4'23>K4+$,-'3;3-+)'0$E3'+&3'4,-432+3>'A$#,634K6"2'23>K4+$,-'$+%36B.'%K4&'

3634+2,%+2$4+$;3'A3&";$,K2'1,K6>',-43'#,23'A3'"%%,4$"+3>'1$+&'"' 6"2?3'-3?"+$;3'#9o' $-'L&83)'X-'

+&3%3'?2,K->%.'+&$%'#34&"-$%+$4'+&3%$%'4"-'3gK"66:'1366'A3'23J34+3>)'

'

D21&-*1# /+((*"&%B# b+' $%' "6%,' >$BB$4K6+' +,' $#"?$-3' &,1' "-:' 4&"2?3>' 4,-+"4+' $,-PC"$2' %K4&' "%' <L#

1,K6>'-,+'$##3>$"+36:'%36BP23"4+'+,'%,#3'%$?-$B$4"-+'>3?233'$-'L&83'+,'?$;3'<R'"->'+&323"B+32'<S'

^94&3#3'V_.'?$;3-'+&3'B"4+'+&"+'+&3'-316:'423"+3>'%KC32,N$>3'"-$,-'1,K6>'A3'-3?"+$;36:'4&"2?3>'

"->' B"2'#,23'-K463,C&$6$4' +&"-' $+%'-3K+2"6' +2$P4PAK+:6+$-'&:>2$>3'4,K-+32C"2+)'Y&3' B"4+'"6%,' +&"+' $+'

1,K6>'A3'%$++$-?' 2$?&+'"+' +&3'&3"2+',B' +&3'%,6;"+3>' $,-'C"$2' 4"?3',B'<L#1,K6>'%33#$-?6:'#"->"+3'

+&$%)''

#
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8,23,;32.'C2$#"2:'"6E:6'&:>2,C32,N$>3%'"23'23">$6:'%:-+&3%$%3>'A:'>$234+'9[G'>$%C6"43#3-+',B'"6E:6'

A2,#$>3%'1$+&'G'3gK$;',B'"g)'!GXG'$-'+&3'C23%3-43',B'W=UWXG(?.'"->'+&3:'"23'-,+'K->K6:'K-%+"A63'

K->32'-3K+2"6'4,->$+$,-%.'&";$-?'C23;$,K%6:'A33-'C23C"23>'"->' $%,6"+3>'A:'R";$3%'"->'S,A32+%)cF'

s3+.' +&323'1"%' -,' %$?-' ,B' "-:' &:>2,C32,N$>3' C2,>K4+%' %K4&' "%'<S' ^,2' >32$;"+$;3%' +&323,B_' $-' +&3'

&:>2,%+"--"+$,-',B'L'$-'L&83'^94&3#3'V_)'''

'

'

#

:7-*(*# M)' ' !:>2,C32,N$>3' C2,>K4+%' %K4&' "%' <S' 1323' -3;32' %33-' $-' ,K2' B233' 2">$4"6'

&:>2,%+"--"+$,-%' ,B'L)' bB' J+"'7# .*027&'+"# A*7-)"'%(# <'1"%' ?3-K$-36:' ,C32"+$;3.' ,-3'#$?&+' %33'

%K4&'C2,>K4+%'4,PB,2#3>)'

'

Y&3'C23%3-43',B'"'-K463,C&$6$4'&:>2,N:'1$+&$-'+&3'4"+$,-$4'4,#C,-3-+',B'$,-'C"$2'<L'1,K6>'C2,;$>3'

:3+'"-,+&32'C"+&1":'B,2'%36BP23"4+$,-.'$B'%K4&'"-'$,-$4'$-+32#3>$"+3O'1"%'$->33>'?3-K$-36:'B,2#$-?'

$-' L&83)' (?"$-.' &,13;32.' 13' %"1' -,' 3;$>3-43' B,2' +&3' B,2#"+$,-' ,B' 3+&32P+:C3' C2,>K4+%' $-' ,K2'

&:>2,%+"--"+$,-' ,B'L.'1&$4&' BK2+&32' "2?K3%' "?"$-%+' +&3' $-+32#3>$"4:' ,B' "' %+"--:6;$-:6' 4"+$,-O' $-'

+&3%3'XP>$234+3>'>$"6E:6"43+:63-3'B233'2">$4"6'&:>2,%+"--"+$,-%)U.c.FVPFa'

'

Y&323B,23.',-'+&3'A"%$%',B'K%' $-;3%+$?"+$-?'+&$%'#34&"-$%+$4'C2,A63#'$-'"'#"-$B,6>'1":.G\"'K%$-?'"'

1$>3' ;"2$3+:' ,B' 3NC32$#3-+"6' +34&-$gK3%.'13' &";3' A33-' "A63' +,' B$2#6:' 2K63' ,K+' +&3' 3N$%+3-43' ,B'

%+"--:6;$-:6'4"+$,-%O' $-'"6E:-3'&:>2,%+"--"+$,-'23"4+$,-%'#3>$"+3>'A:'+$-'&:>2$>3%'K->32'+&3'4"+)'

5+UTZXG'^,2'(bT[_'$-$+$"+3>'4,->$+$,-%.'$-'A,+&'L&83'"->'$-',+&32'%,6;3-+%'+&"+'$-46K>3'Y!=Z!GX)
U''

'

9,#3' ,B' +&,%3' "B,23#3-+$,-3>' 3NC32$#3-+"6' +34&-$gK3%' &";3' $-46K>3>' 5LS' %C34+2,%4,C:U>' +,'

4&"2"4+32$%3' +&3' +2$C&3-:6%+"--:6;$-:6' 2">$4"6%' ,B' %,#3',B' +&3%3'XP>$234+3>'>$"6E:6' "43+:63-3' B233'

2">$4"6' &:>2,%+"--"+$,-' 23"4+$,-%' 1$+&' L&U9-!Z4"+)' 5+UT' $-' L&83)' Y&3' B"4+' +&"+' +&3' %&,2+3%+'

+$#3%4"63',B'5LS'%C34+2,%4,C:'$%',B'+&3',2>32',B'#$42,%34,->%.':3+'13'&";3'A33-'"A63'+,'2,K+$-36:'

,A%32;3' +2$C&3-:6%+"--:6;$-:6' 2">$4"6%' B,2' C2,6,-?3>' C32$,>%' "+' +3#C32"+K23%' ,B' A3+133-' PMH' ,W'
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"->' PFH' ,W' $-' +&3' C23%3-43' ,B' XG.
U>' ,-6:' &36C%' +,' BK2+&32' 4,-B$2#' +&"+' +&3' &:C,+&3%$%3>O' %$-?63'

3634+2,-' +2"-%B32' 3;3-+' $-;,6;$-?' XG' &*! <=>! (''800-45' "%' %+"+3>' $-' +&3' ;"2$,K%' $+32"+$,-%' ,B' +&3'

%+"--:6;$-:6'4"+$,-'#34&"-$%+$4'+&3,2:'+&"+'&";3'%,'B"2'"CC3"23>)O''

'

Y&3' "A,;3' 5LS' 1,2EU>' &"%' "6%,' K-"#A$?K,K%6:' 4,-B$2#3>' +&"+' $+' $%' pXP>$234+3>q'

+2$C&3-:6%+"--:6;$-:6'2">$4"6%'+&"+'"23'C2$#"2$6:'A3$-?'B,2#3>'$-'+&3%3'23"4+$,-%'"->.'+&$%';32:'B"4+.'

&"%'"66,13>'K%'+,'4,-B$>3-+6:'3-*'/'-'+&"+'+&$%'C2,43%%'$%'$->33>'C23>,#$-"-+6:'XP>$234+3>U".FVPFa.cG'

K->32' +&3' %+"->"2>.' 23"%,-"A6:' 4,-43-+2"+3>.' 3NC32$#3-+"6' 23"4+$,-' 4,->$+$,-%' +&"+' 13U' "->'

,+&32%O.FOPFa.cG''+:C$4"66:'K%3'+,'2K-'%K4&'B233'2">$4"6'&:>2,%+"--"+$,-'23"4+$,-%)'Y&$%'4,K-+32%',+&32'

3NC32$#3-+"66:PK-%KCC,2+3>' C2,C,%"6%.O.FO' R$-'$! $";%! 4(/! .%%,-45)1! /"V%4! -4/(! "''(84/! /$%!

'$"45-45! 0%5-('$%,-./01L! /$"/! -.! (F.%0;%>! -4! /$%.%! /-4! 0">-'")! ">>-/-(4.! ".! /$%! ./"44"4%!

'(4'%4/0"/-(4! '$"45%.6! R$-'$! ')%"0)1! 08)%.! (8/! %S')8.-;%! %)%'/0(4-'! 0%5-('(4/0()! -4! .8'$!

I0(I"051)-'"))1Z(S15%4"/%>!>-")V1)!"'%/1)%4%!.1./%,.!"/!$-5$%0!./"44"4%!'(4'%4/0"/-(4.N'

'

b-' B"4+.' $+' "6#,%+' ?,3%' 1$+&,K+' %":$-?' +&"+' &$?&' %+"--"-3' 4,-43-+2"+$,-%' 1$66' C2,#,+3'

$-+32#,634K6"2'XP9-'4,,2>$-"+$,-U".FVPFa'$-'+&3%3'&:>2,%+"--"+$,-%.'AK+'13'1$66'23%+"+3'+&$%'&323'B,2'

+&3' 234,2>)' =,2' +&$%' ;32:' 23"%,-.'13' %+2,-?6:' ">;$%3' +&"+' "66' %K4&'C2,43%%3%' "23' "61":%' ?3-32"66:'

4,->K4+3>' "+' &$?&32' %+"--"-3' 4,-43-+2"+$,-%.' 1$+&$-' +&3' 6$#$+%' ,B' 3NC32$#3-+"6' 3NC3>$3-4:' ,B'

4,K2%3)'

'

=$-"66:.'(6"AK?$-'"->'&$%'+3"#FV.'cG'&";3'?,-3'+,'?23"+'63-?+&%'+,'C2,;$>3';32:'%+2,-?'"->'4,-;$-4$-?'

4,#CK+"+$,-"6' %KCC,2+' B,2' %K4&' "' C2,C"2?:6,N:' XP9-' 2">$4"6' 4,,2>$-"+$,-' 3;3-+' A3-3B$4$"66:'

,44K22$-?.' $-' +&3$2' 2343-+'[TX'4"64K6"+$,-%'"->'#,>366$-?',B' +&3%3'XP>$234+3>'"6E:-3' B233' 2">$4"6'

&:>2,%+"--"+$,-' 23"4+$,-%)' Y&3:' &";3' "6%,' %&,1-' +&"+' %K4&' XP4,,2>$-"+3>' 9-' 2">$4"6%' ?3-32"66:'

"61":%' C23B32' +,' ">>' +,' +&3' !P"6E:-3' 4"2A,-.' >K3' +,' +&$%' #,>3' ,B' ">>$+$,-' ?$;$-?' 2$%3' +,' "'

%$?-$B$4"-+6:'6,132'3-32?:'%+"--:6;$-:6'B233'2">$4"6)FV.cF'Y&$%'C,132BK66:'363?"-+'"->'$-%$?&+BK6'1,2E'

A:' (6"AK?$-' "->' &$%' +3"#FV.cG' 1"22"-+%' %C34$"6' 4,##3->"+$,-.' B,2' $+' &"%' 4,-+2,;32+3>' #"-:'

$-4,2234+' #34&"-$%+$4' $>3"%' "%%,4$"+3>' 1$+&' +&3' %+"--:6;$-:6' 4"+$,-' +&3,2:.O"P>' "->' $+' &"%' ;32:'

%+2,-?6:' %KCC,2+3>' -,+' JK%+' ,K2' ,1-' GHHM' 3NC32$#3-+"6' 4,-+2$AK+$,-%' +,' +&3' XP>$234+3>'

>$%KA%+$+K+3>'"43+:63-3'B233'2">$4"6'&:>2,%+"--"+$,-'"23".U.c'AK+'"6%,'+&,%3'3N43663-+'3NC32$#3-+"6'

4,-+2$AK+$,-%'B2,#'+&3'(6"AK?$-'6"A,2"+,2:'+&3#%36;3%)FV.cG'b+'&"%'">>$+$,-"66:'4,-B$2#3>'+&3'3"26$32'

XP>$234+3>'"%%32+$,-%',B'+&3'Y">>3$Z["+$;$F\'"->'`3$63-Z*$663#Fa''6"A,2"+,2$3%'A3B,23&"->)'
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3)1&#<B#!"#$%&'()&*#+,#&-*#"1'"N5+I*"'"N#+,#&-*#

/;7?+I1+I)"*#.'"N#'"#&-*#V1'5#582&;?%&)"";?@'";?#

.)0'7)?#L9#'"#3-A*#)&#>',,*1*"&#V*(I*1)&21*%#)"0#

&-*#!11-*"'2%#3)1)(*&*1%#>*1'@*0#V-*1*,1+(#

#

#

#

#

#

#

#

#

#

#

#
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<BL# V-*# $PI*1'(*"&)??;# >*&*1('"*0# !@*1)N*# .)&'+%# +,# LSWLQ# E6&)'"*0# ,1+(# &-*# E5>'1*7&*0#

4;01+%&)"")&'+"#+,#L<#

#

'

OTBDPS
OH

OTBDPS
OH

Bu3Sn

+
Me

T oC
 15:16

12

15

OTBDPS
OH

Bu3Sn 14

Bu3SnH

OTBDPS
OH

Bu3Sn

OTBDPS
OH

Bu3Sn 16

(Z)-13

Bu3SnH, PhMe

Bu3SnH

kring-opening

kH-atom abstraction

40 oC 0.87 : 1

Averaged
Value of

O2, T oC, 24 h

Et3B (0.1 equiv)

2 x 0.47:1
= 0.94 : 1

2 x 0.43:1
= 0.86 : 1

2 x 0.40:1
= 0.80 : 1

2 x 0.44:1
= 0.88 : 1

LH-I-89

Run 1

15:16
Ratio

Final

LH-I-90 LH-I-93 LH-I-94

RunRun 2

15:16
Ratio

Run 3

15:16
Ratio

Run 4

15:16
Ratio Total

3.48
4

:1

50 oC 1.45 : 12 x 0.72:1
= 1.44 : 1

2 x 0.76:1
= 1.52 : 1

2 x 0.71:1
= 1.42 : 1

2 x 0.70:1
= 1.40 : 1

LH-I-91 LH-I-92 LH-I-95 LH-I-96
5.78

4
:1

15:16

60 oC 1.99 : 12 x 0.97:1
= 1.94 : 1

2 x 1.02:1
= 2.04 : 1

LH-I-85 LH-I-86
3.98

2
:1

70 oC 2.64 : 12 x 1.25:1
= 2.50 : 1

2 x 1.08:1
= 2.16 : 1

2 x 1.56:1
= 3.12 : 1

2 x 1.38:1
= 2.76 : 1

LH-I-77 LH-I-78 LH-I-87 LH-I-88
10.54

4
:1

80 oC 4.29 : 12 x 2.04:1
= 4.08 : 1

2 x 1.90:1
= 3.80: 1

2 x 2.50:1
= 5.0 : 1

LH-I-73 LH-I-74 LH-I-83
12.88

3
:1
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Y&3' 2"+$,%' ,B' LSDLQ' 1323' -K#32$4"66:' >3+32#$-3>' A:' F!' [8S' %C34+2,%4,C:' ,B' +&3' 42K>3'

4,-43-+2"+3>' 23"4+$,-'#$N+K23' $-' WRW6U)' Y&3' 6"++32' >3+32#$-"+$,-' $-;,6;3>' "' 4,#C"2$%,-' ,B' +&3'

-K#32$4"6' $-+3?2"6' ,B' +&3' ,63B$-$4' 23%,-"-43' "+'%' M)MM' CC#' B,2' +&3' ;$-:6+$-' C2,>K4+'LQ' 1$+&' +&3'

4,223%C,->$-?'$-+3?2"6'B,2'+#-',B'+&3'+1,'"663-:6+$-'>$"%+323,#32%',B'LS)'9C34$B$4"66:.'+&3'"663-:6+$-'

LS'?";3'2$%3'+,'+1,'%3C"2"+3'"663-$4'C2,+,-'%$?-"6%'"+'%'c)VV'"->'c)VF'CC#.'1&$4&'1323'"++2$AK+"A63'

+,' +&3' +1,' ?3,#3+2$4' $%,#32%' +&"+' "61":%' B,2#3>' -,-P%+323,%3634+$;36:' "%' "' FDF' #$N+K23)' Y&3'

"663-$4' 23%,-"-43' "+' %' c)VF' CC#' 1"%' +&3' ,-3' +&"+' 1"%' +:C$4"66:' K%3>' +,' #"E3' +&3%3' 2"+$,'

4,#C"2$%,-%.'%$-43'+&$%'%$?-"6'1"%'+:C$4"66:'K-,A%4K23>'A:'$#CK2$+$3%)'!,13;32.'$-'%,#3'$-%+"-43%.'

1&323' +&323' 1"%' "-' ,A;$,K%' ,;326"CC$-?' $#CK2$+:.' $+' 1"%' B,K->' -343%%"2:' +,' C32B,2#' +&3'

$-+3?2"+$,-',-'+&3'%'c)VV'C#'+2$C63+',B'>,KA63+%'$-',2>32'+,',A+"$-'"-'"44K2"+3'gK"-+$B:$-?'$-+3?2"6'

;"6K3)''b-'3$+&32'4"%3.'$+'1"%'"61":%'-343%%"2:'+,'#K6+$C6:'+&3'-K#32$4"66:'#3"%K23>'$-+3?2"6'B,2'+&3'

%' c)VF',2'c)VV'CC#'23%,-"-43'A:'"' B"4+,2',B'G.' +,',A+"$-' +&3' 23"6' 2"+$,',B'LSDLQ' B,2#3>' $-'3"4&'

23"4+$,-' 2K-' "+' +&3' %C34$B$3>' +3#C32"+K23)' ' Y&3' 2"+$,%' ,B' LSDLQ# 1323' +&3-' ";32"?3>' "+' +&,%3'

%C34$B$4' +3#C32"+K23%' ^3?)' "+'cH' ,W_.' "->' $+' $%' +&3%3'";32"?3>' 2"+$,%' +&"+'&";3'A33-'K%3>' B,2' +&3'

;"2$,K%'V2$-?P,C3-$-?'>3+32#$-"+$,-%'%&,1-'A36,1'B,2'+&3'4,-;32%$,-',B'L9' $-+,'LR'"->'+&3-43'LS'"+'

+&3' ;"2$,K%' +3#C32"+K23%' %+K>$3>)' ' *&$63' "+' &$?&32' +3#C32"+K23%' "A,;3' VH' ,W' +&323' $%' "-''

$-423"%3>' fFOPF\i' ;"2$"+$,-' $-' +&3' 2"+$,%' ,A+"$-3>.' 236"+$;3' +,' +&3' ";32"?3>' 2"+$,.' 1&3-' +&3%3'

23"4+$,-%'"23'2K-'A36,1'VH',W.'+&3'>3;$"+$,-%'$-'2"+$,'"23'#K4&'6,132'"->'4,223%C,->'+,'"-',;32"66'

#3"%K23#3-+'322,2'+&"+'$%'"CC2,N$#"+36:'f'G)MP\i'1&$4&.'$-'A,+&'4"%3%.'$%'C32B34+6:'23"%,-"A63'B,2'

"'+&32#"66:'#3>$"+3>'2">$4"6'23"4+$,-)'b-'B"4+.';"2$"A63'E$-3+$4%'"23',B+3-'"'&"66#"2E',B'B233'2">$4"6'

23"4+$,-%'"->'%K4&';"2$"+$,-%'"23'+&K%'+,'A3'3NC34+3>)#

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
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<B<##V-*#"1'"N5+I*"'"N#)"0#!11-*"'2%#>)&)#E6&)'"*0#,+1#:&)"";?@'";?#.)0'7)?#L9#)"0#E21#A*7-)"'%&'7#

J"&*1I1*&)&'+"#+,#V-)&#>)&)#

'

(%'"623">:'$->$4"+3>D'

'

'
W,-%3gK3-+$"66:.' K%$-?' 3gK"+$,-' G' "->' +&3' "A,;3' ";32"?3>' 2"+$,%' ,B' LSDLQ# ,A+"$-3>' "+' H)G' 8''

lTKU9-!m' $-' L&83.' +&3' B,66,1$-?' V2$-?P,C3-$-?! 4,-%+"-+%' "->' +&3$2' 6,?' V2$-?P,C3-$-?! ;"6K3%' 1323'

>3+32#$-3>'B,2'L9!"+'3"4&'+3#C32"+K23'%C34$B$3>D''

'

'

(+'UFU'/D'V'2$-?P,C3-$-?'L9.'UFU'/'d'lH)Gm'''N''G)UG'NFH
\'N'H)\VZF'd'c)HUO\'N'FHV'%PF)'

'

(+'UGU'/D'V'2$-?P,C3-$-?'L9.'UGU'/'d'lH)Gm'''N''G)MF'NFH
\'N'F)cMZF'd'V)GVaH'N'FHV'%PF)'

'

(+'UUU'/D'V'2$-?P,C3-$-?'FU='UUU'/'d'lH)Gm'''N''G)VF'NFH
\'N'F)aaZF'dF)HV\M\'N'FH\'%PF)'

'

(+'UcU'/D'V'2$-?P,C3-$-?'L9.'UcU'/'d'lH)Gm'''N'G)aHO'NFH
\'N'G)OcZF'd'F)MUcUV'N'FH\'%PF)'

'

(+'UMU'/D'V'2$-?P,C3-$-?'L9.'UMU'/'d'lH)Gm'''N''U)FHO'NFH
\'N'c)GaZF'd'G)OOcaM'N'FH\'%PF)'

'
'
Y&3'4,223%C,->$-?'FZY';"6K3%'+&"+'1323'K%3>'$-'+&3'%"#3'(22&3-$K%'C6,+'"23'"%'B,66,1%D''
'

'

FZUFU'/'d'H)HHUFac\\\)'''''''''''''''6,?'V'2$-?P,C3-$-?'L9.'UFU'/'d'V)OHOHc)'

FZUGU'/'d'H)HHUHaO)''''''''''''''''''''''6,?'V'2$-?P,C3-$-?'L9.'UGU'/'d'V)\OGHVG)'

FZUUU'/'d'H)HHUHHU)''''''''''''''''''''''6,?'V'2$-?P,C3-$-?'FU='UUU'/'d'\)HUG\M)'

FZUcU'/'d'H)HHGaFM)''''''''''''''''''''''6,?'V'2$-?P,C3-$-?'L9.'UcU'/'d'\)F\MaUH)'

FZUMU'/'d'H)HHG\UG\OFF)'''''''''''''6,?'V'2$-?P,C3-$-?'L9.'UMU'/'d'\)cGMO\\)'

'

'

kring-opening x kH-atom abstraction (Eqn 2)
[Vinyltin]

[Allenyltin]x=  [(R)3SnH]
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Y&3'"B,23#3-+$,-3>'6,?'V2$-?P,C3-$-?'L9';"6K3%'A3+133-'UFUPUMU'
,/'1323'+&3-'?2"C&$4"66:'>$%C6":3>'$-'

+&3' B,2#' ,B' "-' (22&3-$K%' C6,+' ^6,?' V2$-?P,C3-$-?' ,B' L9# ;' FZY_' $-' 5N436j' +&$%' C6,+' $%' %&,1-' A36,1)'

b#C,2+"-+6:.'$+%'$-+3243C+'BK2-$%&3>'"'6,?'(',B'Fc)Mca.'1&$4&'4,-B$2#3>'"-'5!F'2">$4"6P$->K43>'2$-?P

,C3-$-?'#34&"-$%#'1"%'"?"$-',C32"+$-?)'Y&3'"B,23#3-+$,-3>'(22&3-$K%'C6,+'"6%,'&">'"'%6,C3',B'P

GFOa)c'"->'"-'2G'd'H)aaGUc.'1&$4&'$->$4"+3>'"'aa)Gi'gK"6$+:',B'>"+"'B$+)''

'

'

=2,#'+&"+'%6,C3.'+&3'5"'1"%'4"64K6"+3>'+,'A3'cFMUV)\Ha'7'#,6PF' P,2'ea)aGF'E4"6'#,6PF'^$)3)'a)aG'E4"6'

#,6PF_)'Y&"+'5"'4"64K6"+$,-'$%'%3+',K+'A36,1'+,'%&,1',K2'#3+&,>)'

'

'

'

Y&$%';"6K3'4,#C"23%';32:'B";,K2"A6:'1$+&'+&3'3NC32$#3-+"66:P>32$;3>.'+1,'+3#C32"+K23'C,$-+.'5"',B'

eFH)UM' E4"6' #,6PF' >3>K43>' B,2' +&3' 4:46,C2,C"-3' 2$-?P,C3-$-?' ,B' L9# K%$-?' +&3' 6,?"2$+&#$4' B,2#'

^6,?FH_',B'+&3'(22&3-$K%'3gK"+$,-
G"'^C"?3'MU_'%&,1-'A36,1D'

:'d'PGFOa)cN'e'Fc)Mca'
St'd'H)aaGUc'

'#%!
'#&!
'#'!
'#"!
'#(!
"!

"#,!
"#+!
"#*!
"#$!
"#%!

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

6,
?'
V 2

$-
?P
,C

3-
$-
?'
,B
'L

9!

FZY'

(22&3-$K%'C6,+',B'6,?!V2$-?P,C3-$-?',B'L9'$-'L&83';%'FZY!

Ea ring-opening 13 = -(-2169.4) x 2.303 x 8.314 J mol-1

Ea ring-opening 13 = 41537.810 J mol-1= 41.5378 kJ mol-1

Ea ring-opening 13 = 41.5378 kJ mol-1 (x  0.238846) = +9.921 kcal mol -1

From the slope:
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'

'

Y&$%'K%3>'JK%+'+1,'3NC32$#3-+"66:P>3+32#$-3>'V2$-?P,C3-$-?';"6K3%'B,2'L9#"+'UFU'"->'UMU',/'$-'L&83'+,'

"22$;3'"+'+&$%'4"64K6"+3>';"6K3.'1&$4&'$%'gK$+3'46,%3'$-'#"?-$+K>3'+,'`K,h%'5"'2$-?P,C3-$-?'L9',B'eFH)V'E4"6'

#,6PF'%&,1-'$-'94&3#3'U',B',K2'#"$-'C"C32)'

'

!,13;32.'?$;3-'+&"+',K2'(22&3-$K%'C6,+'&">'K%3>'+&3'B$;3'";32"?3>'V2$-?P,C3-$-?',B'L9#$-#L&83!>"+"'C,$-+%'

;'FZY'"->'$+'&">'"-'2G';"6K3',B'H)aaGGc.'+&$%';"6K3'#K%+'A3'4,-%$>323>'+&3'#,23'236$"A63',B'+&3'+1,'

B,2'+&3'>3+32#$-"+$,-',B'+&3'5"'2$-?P,C3-$-?'L9)''

'

[,-3+&363%%.' +&3' 46,%3' 63;36' ,B' "?233#3-+' A3+133-' +&3' +1,' 5"' ;"6K3%' $%' #,%+' 23"%%K2$-?.'

-,+1$+&%+"->$-?' +&3' G' 3NC32$#3-+"6' >"+"' C,$-+' 4"64K6"+$,-' A3$-?' eH)cU' E4"6' #,6PF' &$?&32' $-'

#"?-$+K>3'+&"-'+&3'5"'d'ea)aG'E4"6'#,6PF'B$?K23)'`$;3-'+&3'#K4&'?23"+32'>3?233',B'"44K2"4:',B'+&3'

5"'2$-?P,C3-$-?'L9'd'ea)aG'E4"6'#,6PF';"6K3.'13'%K??3%+'+&"+'+&$%'$%'+&3'5"';"6K3'+&"+'%&,K6>'A3'">,C+3>'$-'

"66' BK+K23' V2$-?P,C3-$-?' 4"64K6"+$,-%' $-;,6;$-?' L9# "+' >$BB323-+' +3#C32"+K23%.' "->' +&"+' $+' A3' K%3>'

"6,-?%$>3' ,K2' 3NC32$#3-+"66:' >3+32#$-3>' 6,?' (' ;"6K3' ,B' Fc)Mca' $-' +&3' B,66,1$-?' (22&3-$K%'

3NC23%%$,-D''6,?'V2$-?P,C3-$-?'L9'd'Fc)Mca'n'a)aGZG)UHU=#)'

[k2]

[k1]
=

Ea

2.303R
log

T2 - T1

T1T2

2.66 x 108

4.04 x 107
=

Ea

2.303 x 8.314
log

353 - 313
313 x 353

6.58416 =
Ea

2.303 x 8.314

40
110489

which reduces to

which for the kring-openings at 313 and 353 K gives

or 0.81850 =
Ea

2.303 x 8.314

40
110489

Ea

which rearranges to

0.8185004 x 2.303 x 8.314 x 110489

40
= J mol-1

=  +43.289 kJ mol-1

 gives an Ea ring-opening for 13 = +10.35 kcal mol -1
which when divided by 4.184

log
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*$+&'23?"2>'+,'+&$%' 6,?'(',B'Fc)Mca.' $+'23%K6+3>'$-'"'#9oUUU'/'d'eGc)Ua'7'/
PF'#,6PF'^eM)\U'3)K)_'A3$-?'

3%+$#"+3>'B,2'+&3'2$-?P,C3-$-?',B'L9'"+'+&3'#3"-'23"4+$,-'+3#C32"+K23',B'UUU'/'^OH',W_)'Y&$%'1"%'

4"64K6"+3>'"%'B,66,1%';$"'+&3'(;32:'3gK"+$,-G"'^C"?3'OV',B'(;32:h%'A,,E_D'

'

'

b+' 1"%' "6%,' 234,-B$2#3>' A:' 4"64K6"+$,-' K%$-?' +&3' !"63' "->' (-%6:-ZR,K?&32+:GV' %$#C6$B$3>' #9o'

3gK"+$,-%)'Y&K%D'

'

'

'

W63"26:.'+&3'&$?&'C,%$+$;3'#"?-$+K>3',B'+&$%'#9o';"6K3',-43'#,23'4,-B$2#3>'+&"+'"'-,-P"%%,4$"+$;3.'

K-$#,634K6"2.'B$%%$;3'5!F'2$-?P,C3-$-?'1"%'#34&"-$%+$4"66:',C32"+$-?'$-'+&3'+2"-%$+$,-',B'L9'$-+,'+&3'

"4+$;"+3>' 4,#C63N' +&"+' K6+$#"+36:' 23%K6+3>' $-' 2">$4"6' LR' ^"->' +&3-43' LS_)' Y&$%' ;"6K3' BK2+&32'

23B634+3>' +&3' %KA%+"-+$"6' A,->P6,,%3-$-?' "->' $-423"%3' $-' 3-+2,C:' +&"+' 1"%' ,44K22$-?' $-' +&3'

"4+$;"+3>'4,#C63N'"%'$+'1"%'A3$-?'B,2#3>.'1&3-'4,#C"23>'1$+&'$+%'C234K2%,2'2">$4"6'L9)''XB'4,K2%3.'

+&$%' "4+$;"+3>' 4,#C63N' &">' +&3' 4&,$43' ,B' 3$+&32' 23;32+$-?' A"4E' +,'L9.' ,2' K6+$#"+36:' 36$#$-"+$;36:'

= 8.314 (2.303  x 14.549) - 2.303 log - 1
1.38 x 10-23 x 333

6.626 x 10-34

= 8.314 33.5063 - 2.303 log 6.935406 x 1012 - 1

= 8.314 - 2.303 12.84107 - 1

= 8.314 - 29.5730 - 1

= 8.314 - 30.5730

= 8.314 + 2.933

= +24.388 J K-1 mol-1

4.184
= + 5.83 e.u. = + 5.83 cal K-1 mol-1

J K-1 mol-1

J K-1 mol-1

J K-1 mol-1

J K-1 mol-1

J K-1 mol-1

J K-1 mol-1

33.5063

33.5063

33.5063

= +24.388 J K-1 mol-1

!S‡
333 K

!S‡
333 K

!S‡
333 K

!S‡
333 K

!S‡
333 K

!S‡
333 K

!S‡
333 K

!S‡
333 K

= 19.147 - 10.75314.549 - 2.522

= 1.274

!S‡
333 K = + 24.39 J K-1 mol-1

!S‡
333 K

!S‡
333 K

= 4.576 - 10.753 cal  K-1 mol-114.549
or e.u.

- 2.522

= 4.576 1.274 cal  K-1 mol-1 or e.u.

= + 5.830cal  K-1 mol-1 or e.u.

!S‡
333 K = + 24.39 J K-1 mol-1

x 4.184!S‡
333 K

!S‡
333 K

!S‡
333 K

J  K-1 mol-1

J  K-1 mol-119.147
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+2"-%$+$-?' $-+,' +&3' 2$-?P,C3-3>' &,#,"663-:6' 2">$4"6' LR.' 1&$4&' +&3-' 4,K6>' $223;32%$A6:' !P"+,#'

"A%+2"4+'B2,#'+&3'%+"--"-3';$"'+&3'9!G'#34&"-$%+$4'C"+&1":'+,'?$;3'LS)'Y&3'B"4+'+&"+'+&3'B23gK3-4:'

B"4+,2' (' ,B' +&$%' K-$#,634K6"2' 2$-?P,C3-$-?' ,B' L9' +,' ?$;3' LR' $%' U)Mc' N' FHFc' %PF.' 4,-B$2#%' +&"+' "'

%KA%+"-+$"6' -K#A32' ,B' +&3%3' "4+$;"+3>' 4,#C63N3%' &";3' %KBB$4$3-+' +2"-%6"+$,-"6' 3-32?:' +,'

"K+,#"+$4"66:'+2"-%$+'$-+,'LR'"+'+&3'#3"-'23"4+$,-'+3#C32"+K23',B'UUU'/.',-43'+&3'$-&323-+'3-32?:'

A"22$32' &"%' A33-' ,;324,#3.' "->' +&$%' 3%+"A6$%&3%' +&"+' +&$%' K-$#,634K6"2' C2,43%%' $%' %+2,-?6:'

3-+2,C$4"66:' B";,K2"A63' "->' &"%' "' C2,>K4+P6$E3' +2"-%$+$,-' %+"+3)' (' 6,?' (' d' Fc)Mca'#,%+' >3B$-$+36:'

>,3%'-,+'"6$?-'1$+&'"-'"%%,4$"+$;3'A$#,634K6"2'$,-$4'23>K4+$;3'2$-?P,C3-$-?',B'"'%+"--:6;$-:6'4"+$,-'

$-+32#3>$"+3.'"%'1,K6>'A3'">;,4"+3>'A:'%,#3)O'Y&$%'6,?'(';"6K3'$%'%6$?&+6:'6,132'+&"-'+&"+'%33-'B,2'

+&3'<)!9)# +2"-%$+$,-.'C,%%$A6:'A34"K%3',B' +&3'?23"+32' 6,%%' $-',;32"66' 2,+"+$,-"6' B233>,#Z3-+2,C:'

3-4,K-+323>' $-'?,$-?'B2,#'L9!LR)'Y&$%'#$?&+'A3'>K3'+,'L9'&";$-?'?23"+32'2,+"+$,-"6' B233>,#'"+'

+&3';32:',K+%3+)'P(R%;%06!,(./!-,I(0/"4/)16!/$%!)"05%!I(.-/-;%!!&`LLL!E!(*!ab^NL?!J!E
ZY!,()ZY!ca@NTL!

%N8Nd! ,(./! >%*-4-/%)1! 08)%.! (8/! "! F-,()%'8)"0! -(4-'! 0%>8'/-;%! 0-45! ')%";"5%! (*! "! I8/"/-;%! "Z

'1')(I0(I1)Z#Z/0-F8/1)./"441);-41)! '"/-(4e! ".! $";-45! I0(>8'%>! BC6! .-4'%! F-,()%'8)"0! 0%"'/-(4.!

")R"1.!$";%!4%5"/-;%!!&`!;")8%.NG'Y&3'6"2?3'C,%$+$;3'#9oUUU'/',A%32;3>'"6%,'4,-B$2#3>'+&"+'6$++63'$-'

+&3' 1":' ,B' %,6;3-+' $##,A$6$%"+$,-' ,2' 3634+2,%+2$4+$,-' &">' ,44K223>.' 1&$4&' BK2+&32' 2K63>' ,K+' "'

%+"--:6;$-:6'4"+$,-',2$?$-'B,2'LS'B2,#'+&3'2">$4"6'<).'"%'1,K6>'A3'">;,4"+3>'A:'%,#3)O''

''

=2,#'+&3'5"',B'cFMUV)\Ha'7'#,6PF',2'ea)aG'E4"6'#,6PF'+&"+'1"%'4"64K6"+3>'B,2'+&3'2$-?P,C3-$-?',B'L9'

+,'?$;3'LR.'13'&";3'A33-'"A63'+,'3%+$#"+3'"'B233'3-32?:',B'"4+$;"+$,-'#`o
UUU'/'B,2'+&$%'2">$4"6'2$-?'

,C3-$-?'3;3-+'$-'L&83)'Y&$%'4"64K6"+$,-'$%'%&,1-'A36,1D'

'

'

'
Y&3' 4,#C,%$+3' #`o' ;"6K3' +&"+' 13' &";3' >3+32#$-3>' &323' -,1' CK+%' "' -K#32$4"6' B$?K23' ,-' +&3'

BK->"#3-+"6' 3-32?:' $-CK+' -33>3>' +,' A2$-?' "A,K+' B,2#"+$,-' ,B' +&3' "4+$;"+3>' 4,#C63N' B,2' +&3'

K-$#,634K6"2' 2">$4"6' 2$-?P,C3-$-?' ,B' +&3' #,23' 2,+"+$,-"66:' B233' 2">$4"6' L9' +,' ?$;3' LR.' "->' +&3'

236"+$;3'4,-+2$AK+$,-%'+&"+'+&3'#!o'"->'Y#9o'+32#%'#"E3'+,'+&"+',;32"66'#`o.'"%'L9'+2"-%$+%'$-+,'+&3'

!H‡ = Ea nRT" !H‡ = 41.53781 1 x 8.314 x 333
1000

kJ mol-1

= 41.53781"2.77 =!H‡ 38.77 kJ mol-1 = +9.26 kcal mol-1

!G‡ = !H‡ "T!S‡ !G‡ = 38.77 " 333 x 24.39
1000

"

!G‡ = 38.77 "8.12 = 30.65 kJ mol-1 = +7.32 kcal mol-1

kJ mol-1Since
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"4+$;"+3>'4,#C63N'+&"+'C2,>K43%'LR)'(6+&,K?&'3->32?,-$4'"+'eV)UG'E4"6'#,6PF.'+&$%'3NC32$#3-+"66:'

>32$;3>';"6K3',B'#`o
UUU'/'$%'1366'A36,1'+&3'$##3-%3'W,K6,#A$4'3-32?:',B'"++2"4+$,-'^M'd'ecO)Ua'E4"6'

#,6PF_' +&"+' 1,K6>' A3' -33>3>' +,' %3C"2"+3' +&3' &:C,+&3+$4"6' %+"--:6;$-:6' 4"+$,-P%KC32,N$>3' "-$,-'

C"$2O'A:'U'r' $-'L&83.' "%%K#$-?' +&"+' +&3'&:C,+&3+$4"6' %+"--:6;$-:6' 4"+$,-$4' +&3,2:',B' 23B323-43'O'

1"%'$-;,E3>'+,'A3',C32"+$-?'$-'+&$%' $-%+"-43)''XA;$,K%6:.'?$;3-'+&3'&K?3'#`o'$-CK+'+&"+'1,K6>'A3'

23gK$23>'+,'3BB34+'%K4&'"-'$,-'C"$2'%3C"2"+$,-'$-'+&3'-,-PC,6"2'%,6;3-+.'L&83.'$+'4"--,+'C,%%$A6:'A3'

C2,433>$-?' A:' %K4&' "'#34&"-$%#)' b-' B"4+.' L&83'1,K6>' ,-6:' %32;3' +,' >3%+"A$6$%3' "-:' >3;36,C$-?'

C,6"2'+2"-%$+$,-'%+"+3'+&"+'4,K6>'A2$-?'"A,K+'4:46,C2,C"-3'A,->'B$%%$,-'$-+,'"'%+"--:6&,#,"663-:6'

4"+$,-.' ,2' 1&$4&' $-;,6;3>' "' >$234+' 9[G' $,-$4' 23>K4+$,-' ,B' "' %+"--:6;$-:6' 4"+$,-' +,' ?$;3' LS)'

5-32?3+$4"66:' +&323B,23.' ,-3' 4"-' %+"+3' 1$+&' &$?&' 4,-B$>3-43' +&"+' %K4&' "-' 3NC32$#3-+"66:'

>3+32#$-3>'#`o' ;"6K3',B' eV)UG' E4"6'#,6PF' $%' 23"66:' ,-6:' 4,#C"+$A63'1$+&' +&3'#K4&' 6,132'3-32?:.'

2">$4"6P$->K43>.'"P%4$%%$;3'36$#$-"+$;3'C"+&1":'?$;$-?'2$%3'+,'LS!B2,#'L9'^%33'94&3#3'GZY"A63'G_)''('

&,#,6:+$4'2$-?P,C3-$-?',B'L9#+,'?$;3'LR'"6%,'#,23'%"+$%B"4+,2$6:'"6$?-%'1$+&'+&3'`K,'4"64K6"+$,-%',B'

94&3#3'U.GG'"->'"66',B' +&3',+&32'3NC32$#3-+"6'>"+"' +&"+'&"%'%,' B"2'A33-'?"+&323>' +,'>"+3' $-' +&$%'

"23".'R$-'$!'())%'/-;%)1!.8II(0/.!"4!%S')8.-;%)1! *0%%!0">-'")!,%'$"4-.,!*(0! /$%.%!>-")V1)!"'%/1)%4%!

[Z>-0%'/%>!$1>0(./"44"/-(4!0%"'/-(4.cU!R-/$!F(/$!'"/N!3/L<X[b!"4>!AD<C!-4-/-"/(0.)
U'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'
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<B9#.*,*1*"7*%'

GO)''*)'=)'/)'*:--3P7,-3%'"->'!)'5:2$-?.'JN!+$%,N!G$1.).'FaUM.'9.'caG)'

GV)' 5)' Q)' (-%6:-' "->' R)' ()' R,K?&32+:.'K(>%04! G$1.-'")! [05"4-'! +$%,-./01.' ]-$;32%$+:' 94$3-43.'

9"K%"6$+,.'W(.'GHHO.'CC)'UO\)'

G\)' ^"_'7)'=)'TK--3++.'W&"C+32'Qb.'Y&3'b-+32C23+"+$,-',B'S"+3'R"+".'#%'$4-_8%!(*![05"4-'!+$%,-./016!

f()N!fDDD6!G"0/!D6!3>N!AN!g%-..F%05%06!D4;%./-5"/-(4!(*!="/%.!"4>!K%'$"4-.,.!(*!=%"'/-(4.6!G"0/!D.'

5>%'9)'0)'=2$3%%.'5)'9)'031$%.'"->'()'*3$%%A32?32.'G->'5>-.'FaOU.'FVV)'^A_'933'"6%,'7322:'8"24&h%'

A,,E' B,2' +&3' #K4&' #,23' 1$>3%C23">' CKA6$4"+$,-' ,B' +&3' TK--3++' #9o' 3gK"+$,-' 1$+&' >K3'

"++2$AK+$,-'+,'TK--3++.'1&,'#">3'"'#"J,2'4,-+2$AK+$,-'+,'C&:%$4"6',2?"-$4'4&3#$%+2:'1$+&'&$%'

$-$+$"6' %$#C6$B:$-?' 23"22"-?3#3-+',B' +&3',2$?$-"6'5:2$-?P*:--3P7,-3%PL,6"-:$'3gK"+$,-' +,'?$;3'

+&3'#9o' 3gK"+$,-' %&,1-)' 933D' 7)'8"24&.'A>;"4'%>![05"4-'! +$%,-./01N! =%"'/-(4.6!K%'$"4-.,!

"4>!&/08'/80%.'c+&'5>-)'7,&-'*$63:'u'9,-%.'FaaG.'CC'GGM)'

Ga)'S)'*)'(6>32.'S)'T"E32.'"->'7)'8)'T2,1-6!K%'$"4-.,!-4![05"4-'!+$%,-./01.' 7,&-'*$63:'u'9,-%.'

FaVF.'W&"C+32'F.'834&"-$%#'"->'S3"4+$;$+:.'CC'FPVV'^%33'C"?3'M'B,2'+&3$2 #9o'3gK"+$,-_)'

UH)' ^"_' 9)' ()' 9&322,>.' S)'`)' T32?#"-.' JN! A,N! +$%,N! &('N.' FaVF.']9.' FaGM)' ^A_' 9)' ()' 9&322,>.' S)'`)'

T32?#"-.'JN!A,N!+$%,N!&('N.'FaOa.']L.'GFFM)''

UF)' ^"_' 8)' !"-"4E.' Y)' T"%%632.' JN! A,N! +$%,N! &('N.' FaOa.' ]L.' GFFV)' ^A_' =,2' >3+"$63>' 23;$31' ,-'

4:46,C2,C:6P%+"A$6$<3>';$-:6' 4"+$,-%.'1&$4&'>$%4K%%3%' +&3' %C34$"6' %+"A$6$+:',B'!P4:46,C2,C:6;$-:6'

4"+$,-%.'%33D'8)'!"-"4E.'A''N!+$%,N!=%.).'FaVO.'].'UOc)'

UG)'8)'8)'/233;,:.'W&"C+32'vvbbb.'Y&32#,>:-"#$4%'"->'S3"4+$,-'834&"-$%#.'#%'$4-_8%!(*![05"4-'!

+$%,-./016! f()N! fDDD6! G"0/! DD6! 3>N! AN! g%-..F%05%06! D4;%./-5"/-(4! (*! ="/%.! "4>! K%'$"4-.,.! (*!

=%"'/-(4.6!G"0/!DD.'5>%'9)'0)'=2$3%%.'5)'9)'031$%.'"->'()'*3$%%A32?32.'G->'5>-.'FaOU.'FUOF)''

UU)' /)' ()' R$66.' 9)' T2,#A32?' "->' R)' 9+$?+32' W&"C+32' GH.' W,K6,#Ah%' 0"1' ,B' 5634+2,%+"+$4' =,243%' $-'

K()%'8)"0! h0-;-45! M(0'%..' G->' 5>-.' /)' ()' R$66' "->' 9)' T2,#A32?.' `"26"->' 94$3-43.' Y":6,2' "->'

=2"-4$%'`2,KC.'[31's,2E.'GHFH)''

Uc)' ^"_' [)' TJ322K#.' E5)N! h"4.V%! f->%4.V"FN! &%).V"F6! K"/$Z*1.N! K%>>).' FaGO.' M.' -,' a.' FPc\' ^$-'

`32#"-_)'^A_'=,2'"-'5-?6$%&'0"-?K"?3';32%$,-',B'+&3'b-+2,>K4+,2:'9K2;3:',B'+&$%'C"C32.'C"?3%'FP

FV.' %33D' [3$6%' TJ322K#.' &%)%'/%>! G"I%0..' W&"$2#"-' ,B' 5>$+,2$"6' W,##$++33.' [3$6%' T,&2.' 5$-"2'

8K-E%?""2>.'W,C3-&"?3-.'Faca)''933'C"?3'FH\',B'+&3'LR=',B'+&$%'A,,E'"+D'

&++C%DZZ111)2,:"6"4">3#:)>EZLKA6$4"+$,-%Z0,1ZFO\OwTJ322K#.iGH[$36%)C>B)'

''(443%%3>D'Fa'7K-3.'GHGc)'
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UM)' S)' 8,2$+<.' `)' x"2>"6$>$%.' !)P7)' TK++.' 8)'*"?-32.' /)' 8K663-.' "->' `)' !,K>"%.'K"'0(,()%'8)%..'

GHFc.'RM.'FaF)''

UO)' 9)'*$-%+3$-'"->'()'!)'="$-A32?.'JN!A,N!+$%,N!&(').'FaMV.'M].'MaUV)'

UV)'/)'()'W,,C32'"->'5)'R)'!K?&3%.'JN!+$%,N!&(').'FaUV.'FF\U)'

U\)'7)'T$,2>$'"->'5)'()'8,361:-P!K?&3%.'JN!+$%,N!&(').'FaOG.'cGaF)'

Ua)'`)'S)'W,1$3.'!)'7)'8)'=$+4&3%.'"->'`)'/,&-%+"#.'JN!+$%,N!&(').'FaOU.'FM\M)'

cH)' `)'Q363?2"E$'"->'8)'9+2"+"E$%.'JN![05N!+$%,).'GHFU.'M^.'\\\H)'

cF)'L)'`)'W,,E%,-.'()'`)'R";$3%.'"->'T)'L)'S,A32+%.!JN!+N!&N!+$%,N!+(,,).'FaVO.'FHGG)'

cG)'^"_'W)'!K.'7)'83-".'"->'b)'Q)'(6"AK?$-.'C"/N!=%;N!+$%,N.'GHGU.'M.'cHM)'^A_'()'8)'!K?&3%.'`)'>,3%'

L"%%,%'`,#3%.'"->'b)'Q)'(6"AK?$-.'JN![05N!+$%,).'GHFa.'^R.'F\MU)''

cU)' =,2'"-'3N43663-+'-31'GHGc'23;$31',-'"6E:-3'&:>2,#3+"66"+$,-'1$+&'`2,KC' bQ'#3+"6'&:>2$>3%.'

%33'+&3'B,66,1$-?'T,,E'W&"C+32'A:D'Y)'*$3%-32'"->'8)'!""%'$-'=%*%0%4'%!K(>8)%!-4!+$%,-./016!

K()%'8)"0!&'-%4'%.!"4>!+$%,-'")!345-4%%0-45.'56%3;$32.'GHGcD'&++C%DZZ>,$),2?ZFH)FHFOZTaV\PHP

UGUPaOHGMPH)HHFGMPU! ^A_' =,2' 840"K?&6"-' "->' S,A32+%h' 2343-+' &$?&6:' 23?$,4,-+2,663>'

L+W6GZvL&,%P4"+"6:%3>' &:>2,%+"--"+$,-' ,B' +32#$-"6' "2:6' "43+:63-3%' "->' C2,C"2?:6$4' "64,&,6%.'

%33D' R)' R)' S,A32+%' "->' 8)' `)' 840"K?&6$-.' A>;N! &14/$N! +"/")N.' GHGU.' 9QS.' FOHG)' ^4_' =,2'

840"K?&6$-h%' 2343-+' "CC6$4"+$,-' ,B' +&3' L+W6GZvL&,%Z5+U9$!P4"+"6:%+' %:%+3#' +,' +&3' &$?&6:'

23?$,4,-+2,663>' &:>2,A,2"+$,-' ,B' +32#$-"6' "6E:6.' "2:6' "->' &3+32,"2:6' "43+:63-3%' 1$+&' !TL$-.'

%33D'/)'0)'5)'!"63.'R)'R)'S,A32+%'"->'8)'`)'840"K?&6$-.'380N!JN![05N!+$%,N.'GHGM.'3GHGcHFUMM)'

#

#

#

#

#

#

#
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#

3)1&#9B#31+027&#.)&'+#/+(I)1'%+"%#D+1#&-*#E5>'1*7&*0#

D1**#.)0'7)?#4;01+%&)"")&'+"#+,#!?F;"+?#L#G'&-#

3-9:"4#'"#3-A*#

#

#

#
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#

#
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9BL##V-*#$PI*1'(*"&)??;#>*&*1('"*0#!@*1)N*#.)&'+%#+,#R6WS6#E6&)'"*0#,1+(#&-*#E5>'1*7&*0#

4;01+%&)"")&'+"#+,#L'

'
'

'
#

!&# <X# +/# K<]9# CO.' B2,#' c' $->3C3->3-+' 23"4+$,-' 2K-%.' +&3' ";32"?3>' 2"+$,' ,B' R6DS6' ^S' d' L&_' 1"%'

FDc)VF)''

(%%K#$-?' +&"+' +&3' V!P"+,#' "A%+2"4+$,-' L&U9-!' ;"6K3' B,2' <6' $%' "CC2,N$#"+36:' O)aM' B"%+32' +&"-' +&3! V!P"+,#'

"A%+2"4+$,-'B,2'<)'B2,#'TKU9-!.'+&$%'"66,1%',-3'+,'4"64K6"+3'"'+3-+"+$;3'V!P"+,#'"A%+2"4+$,-'L&U9-!';"6K3'B,2'<6'

"%'F)UO'N'FHa'#,6PF'%PF'1&$4&.'$-'+K2-.'"66,1%'"'+3-+"+$;3'V'2$-?P,C3-$-?'B,2'<6'$-#L&83'GaU'/',B'lH)Gm'N'F)UO'NFH
a'N'

FZc)VF'd'M)VV'N'FHV'%PF'+,'A3'3%+$#"+3>)''

T oC
Averaged
Value of

Run 1

4b:5b
Ratio

FinalRunRun 2
Ratio

Run 3
Ratio

Run 4
Ratio Total

60 oC

1 : 1.927.68
4

80 oC

OOH

Me
OMe

Me

OOH

Me
OMe

MePh3Sn
+

Me

1

OOH

Me
OMe

MePh3Sn

3b

OOH

Me
OMe

MePh3Sn
O2, T oC, 24 h

OOH

Me
OMe

MePh3Sn

(Z)-2b

Ph3SnH, PhMe
Et3B (0.1 equiv)

kring-opening

kH-atom abstraction

4b 5b

Ph3SnH

Bu3SnH

4b:5b 4b:5b 4b:5b 4b:5b 4b:5b

20 oC
1 : 4.71

HAW-VII-069
18.83

4
1 :

HAW-VII-070
1: 4.58 1: 4.75

40 oC
HAW-VII-061 HAW-VII-062 HAW-VII-063

1.56 : 16.24
4

:1
HAW-VII-066 HAW-VII-067

1.31 : 1 1.87 : 1 1.71 : 1
HAW-VII-068

1.35 : 1

2.93 : 111.72
4

:1
HAW-VII-074

3.18 : 1 2.47 : 1 2.68 : 1

HAW-VII-071
1: 4.62

HAW-VII-072
1: 4.88

1: 1.98 1: 1.89 1: 2.03 1: 1.78
HAW-VII-064

1 :

HAW-VII-065

HAW-VII-075 HAW-VII-079 HAW-VII-080
3.39 : 1

(293 K)

(313 K)

(333 K)

(353 K)
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!

!

!

!

Part B. The 600.13 MHz 1H NMR and 150.90 MHz 13C NMR 
Spectra of the Tributylstannylvinyltin 5a and 

Tributylstannylallene 4a in CDCl3  
!

!

!

!

!

!

!

!

!

!

!

!

!

!

 

 

!
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Current Data Parameters
NAME    HAW-V-Bu3Sn Probe-(2) new
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20181202
Time      15.04
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300142 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

Hamish Watson
HAW-V-047
Proton
Ref: 0.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-V-Bu3Sn Probe-(2) new
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20181202
Time      15.04
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300142 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

Hamish Watson
HAW-V-047
Proton
Ref: 0.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-V-Bu3Sn Probe-(2) new
EXPNO   21
PROCNO   1

F2 - Acquisition Parameters
Date_    20181203
Time      10.53
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zgpg30
TD      119044
SOLVENT    CDCl3
NS      1024
DS      4
SWH    37500.000 Hz
FIDRES   0.315010 Hz
AQ    1.5872533 sec
RG  186.92
DW  13.333 usec
DE  7.73 usec
TE    300.0 K
D1  1.00000000 sec
D11  0.03000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  150.9194058 MHz
NUC1  13C
P1      11.80 usec
PLW1  85.00000000 W

======== CHANNEL f2 ========
SFO2    600.1324005 MHz
NUC2    1H
CPDPRG[2  waltz64
PCPD2      80.00 usec
PLW2    27.00000000 W
PLW12    0.43891999 W
PLW13    0.28090999 W

F2 - Processing parameters
SI   131072
SF   150.9028142 MHz
WDW  EM
SSB  0
LB  1.00 Hz
GB  0
PC  1.40

Hamish Watson
HAW-V-047
Carbon
Ref: 77.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-V-Bu3Sn Probe-(2) new
EXPNO   22
PROCNO   1

F2 - Acquisition Parameters
Date_    20181203
Time      11.05
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    deptsp135.b
TD      119044
SOLVENT    CDCl3
NS      256
DS      4
SWH    35714.285 Hz
FIDRES   0.300009 Hz
AQ    1.6666160 sec
RG  186.92
DW  14.000 usec
DE  7.44 usec
TE    300.0 K
CNST2  145.0000000
D1    1.00000000 sec
D2    0.00344828 sec
D12    0.00002000 sec
TD0    1

======== CHANNEL f1 ========
SFO1  150.9178962 MHz
NUC1  13C
P1      11.80 usec
P13   2000.00 usec
PLW0  0 W
PLW1  85.00000000 W
SPNAM[5]  Crp60comp.4
SPOAL5    0.500
SPOFFS5  0 Hz
SPW5  18.08300018 W

======== CHANNEL f2 ========
SFO2    600.1324005 MHz
NUC2      1H
CPDPRG[2  waltz64
P3    10.20 usec
P4    20.40 usec
PCPD2    80.00 usec
PLW2    27.00000000 W
PLW12     0.43891999 W

F2 - Processing parameters
SI   131072
SF   150.9028142 MHz
WDW  EM
SSB  0
LB  1.00 Hz
GB  0
PC  1.40

Hamish Watson
HAW-V-047
Dept135
Ref: 77.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-V-Bu3Sn Probe-(1)
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20181130
Time      4.32
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  22.13
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300100 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

Hamish Watson
HAW-V-050
Proton
Ref: 0.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-V-Bu3Sn Probe-(1)
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20181130
Time      4.32
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  22.13
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300100 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

Hamish Watson
HAW-V-050
Proton
Ref: 0.00ppm (CDCl3-TMS)
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220 200 180 160 140 120 100 80 60 40 20 ppm
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Current Data Parameters
NAME    HAW-V-Bu3Sn Probe-(1)
EXPNO   11
PROCNO   1

F2 - Acquisition Parameters
Date_    20181130
Time      5.18
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zgpg30
TD      119044
SOLVENT    CDCl3
NS      1024
DS      4
SWH    37500.000 Hz
FIDRES   0.315010 Hz
AQ    1.5872533 sec
RG  186.92
DW  13.333 usec
DE  7.73 usec
TE    300.0 K
D1  1.00000000 sec
D11  0.03000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  150.9194058 MHz
NUC1  13C
P1      11.80 usec
PLW1  85.00000000 W

======== CHANNEL f2 ========
SFO2    600.1324005 MHz
NUC2    1H
CPDPRG[2  waltz64
PCPD2      80.00 usec
PLW2    27.00000000 W
PLW12    0.43891999 W
PLW13    0.28090999 W

F2 - Processing parameters
SI   131072
SF   150.9028118 MHz
WDW  EM
SSB  0
LB  1.00 Hz
GB  0
PC  1.40

Hamish Watson
HAW-V-050
Carbon
Ref: 77.00ppm (CDCl3-TMS)

56



!

!

!

!

Part C. The 600.13 MHz 1H NMR Ratio Determinations For 
the Tributylstannylallene 4a and Tributylstannylvinyltin 5a 

in CDCl3  
!

!

!

!

!

!

!

!

!

!

!

!

!

!

 

 

!

57



H(3)
(dd)

2 x H(3)
(dd)

partially
overlapped
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Current Data Parameters
NAME    HAW-VII-055-C
EXPNO   40
PROCNO   1

F2 - Acquisition Parameters
Date_    20191127
Time      16.27
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300142 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-055
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

Pentane (c of sm = 0.1M), 
20 oC, 24 h
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Current Data Parameters
NAME    HAW-VII-056-C
EXPNO   50
PROCNO   1

F2 - Acquisition Parameters
Date_    20191127
Time      16.36
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  60.48
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300141 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-056
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

Pentane (c of sm = 0.1M), 
20 oC, 24 h
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Current Data Parameters
NAME    HAW-VII-057-C
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20191203
Time      21.11
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300141 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-057
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

Pentane (c of sm = 0.1M), 
20 oC, 24 h
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Current Data Parameters
NAME    HAW-VII-058-C
EXPNO   20
PROCNO   1

F2 - Acquisition Parameters
Date_    20191203
Time      21.19
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300149 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-058
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

Pentane (c of sm = 0.1M), 
25 oC, 24 h
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Current Data Parameters
NAME    HAW-VII-059-C
EXPNO   30
PROCNO   1

F2 - Acquisition Parameters
Date_    20191203
Time      21.27
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300146 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-059
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

Pentane (c of sm = 0.1M), 
25 oC, 24 h
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(dd)

partially
overlapped

4.184.204.224.244.264.284.304.324.344.364.38 ppm
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Current Data Parameters
NAME    HAW-VII-060-C
EXPNO   40
PROCNO   1

F2 - Acquisition Parameters
Date_    20191203
Time      21.35
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300138 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-060
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

Pentane (c of sm = 0.1M), 
25 oC, 24 h
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H(3)
(dd)

2 x H(3)
(dd)

partially
overlapped

4.184.204.224.244.264.284.304.324.344.364.38 ppm
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Current Data Parameters
NAME    HAW-VII-037-C
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20191108
Time      15.35
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300136 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-037
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

Pentane (c of sm = 0.1M), 
30 oC, 24 h
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4.184.204.224.244.264.284.304.324.344.364.38 ppm
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Current Data Parameters
NAME    HAW-VII-041-C
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20191112
Time      21.54
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300135 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

H(3)
(dd)

2 x H(3)
(dd)

partially
overlapped

HAW-VII-041
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

Pentane (c of sm = 0.1M), 
30 oC, 24 h
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H(3)
(dd)

2 x H(3)
(dd)

partially
overlapped

4.184.204.224.244.264.284.304.324.344.364.38 ppm
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Current Data Parameters
NAME    HAW-VII-042-C
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20191112
Time      22.05
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  68
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300134 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-042
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

Pentane (c of sm = 0.1M), 
30 oC, 24 h
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4.74.84.95.05.15.25.35.4 ppm
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Current Data Parameters
NAME HAW-II-189-C
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180118
Time 12.42
INSTRUM spect
PROBHD   5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TD0 1

======== CHANNEL f1 ========
SFO1 600.1337060 MHz
NUC1 1H
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300155 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

H(5)
(dd)

2 x H(6)
(td)

partially
overlapped

HAW-II-189
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
20 oC, 24 h
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4.184.204.224.244.264.284.304.324.344.364.38 ppm
4
.
2
1
1

4
.
2
1
6

4
.
2
2
5

4
.
2
2
9

4
.
2
3
1

4
.
2
3
6

4
.
2
4
5

4
.
2
4
9

4
.
3
3
0

4
.
3
3
2

4
.
3
3
7

4
.
3
3
9

2.
24

7

1.
00

0

Current Data Parameters
NAME HAW-II-189-C
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180118
Time 12.42
INSTRUM spect
PROBHD   5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TD0 1

======== CHANNEL f1 ========
SFO1 600.1337060 MHz
NUC1 1H
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300155 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

H(3)
(dd)

2 x H(3)
(dd)

partially
overlapped

HAW-II-189
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
20 oC, 24 h
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H(3)
(dd)

2 x H(3)
(dd)

partially
overlapped

4.184.204.224.244.264.284.304.324.344.364.38 ppm
4
.
2
1
2

4
.
2
1
7

4
.
2
2
5

4
.
2
3
0

4
.
2
3
2

4
.
2
3
7

4
.
2
4
5

4
.
2
5
0

4
.
3
3
0

4
.
3
3
2

4
.
3
3
7

4
.
3
3
9

2.
2
22

1.
0
00

Current Data Parameters
NAME   HAW-VI-171-C
EXPNO     30
PROCNO     1

F2 - Acquisition Parameters
Date_  20190910
Time      15.39
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG     60.48
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300139 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VI-171
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
20 oC, 24 h
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H(3)
(dd)

2 x H(3)
(dd) 

partially 
overlapped

4.184.204.224.244.264.284.304.324.344.364.38 ppm
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Current Data Parameters
NAME      HAW-VII-052-C
EXPNO     10
PROCNO     1

F2 - Acquisition Parameters
Date_  20191127
Time      16.02
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG     60.48
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300142 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-052
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
25 oC, 24 h
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HAW-VII-053 
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
25 oC, 24 h

H(5)
(dd)

2 x H(6)
(td) 

partially 
overlapped

4.74.84.95.05.15.25.35.45.5 ppm
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Current Data Parameters
NAME    HAW-VII-053-C
EXPNO   20
PROCNO   1

F2 - Acquisition Parameters
Date_    20191127
Time      16.11
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300143 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00
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H(3)
(dd) 2 x H(3)

(dd) 
partially 

overlapped

4.184.204.224.244.264.284.304.324.344.364.38 ppm
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Current Data Parameters
NAME      HAW-VII-053-C
EXPNO     20
PROCNO     1

F2 - Acquisition Parameters
Date_  20191127
Time      16.11
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300143 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-053
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
25 oC, 24 h
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4.74.84.95.05.15.25.35.45.5 ppm
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Current Data Parameters
NAME      HAW-VII-054-C
EXPNO     30
PROCNO     1

F2 - Acquisition Parameters
Date_  20191127
Time      16.19
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300142 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-054
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
25 oC, 24 h

H(5)
(dd)

2 x H(6)
(td) 

partially 
overlapped
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4.184.204.224.244.264.284.304.324.344.364.38 ppm
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Current Data Parameters
NAME      HAW-VII-054-C
EXPNO     30
PROCNO     1

F2 - Acquisition Parameters
Date_  20191127
Time      16.19
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300142 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-054
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
25 oC, 24 h

H(3)
(dd) 2 x H(3)

(dd) 
partially 

overlapped
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4.184.204.224.244.264.284.304.324.344.364.38 ppm
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Current Data Parameters
NAME      HAW-VII-048-C
EXPNO     10
PROCNO     1

F2 - Acquisition Parameters
Date_  20191114
Time      23.03
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300131 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-048
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
30 oC, 24 h

H(3)
(dd)

2 x H(3)
(dd) 

partially 
overlapped
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4.74.84.95.05.15.25.35.45.5 ppm
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Current Data Parameters
NAME      HAW-VII-049-C
EXPNO     20
PROCNO     1

F2 - Acquisition Parameters
Date_  20191114
Time      23.14
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300134 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-049
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
30 oC, 24 h

H(5)
(dd) 2 x H(6)

(td) 
partially 

overlapped
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4.184.204.224.244.264.284.304.324.344.364.38 ppm
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Current Data Parameters
NAME      HAW-VII-049-C
EXPNO     20
PROCNO     1

F2 - Acquisition Parameters
Date_  20191114
Time      23.14
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300134 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-049
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
30 oC, 24 h

H(3)
(dd)

2 x H(3)
(dd) 

partially 
overlapped
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H(5)
(dd)

2 x H(6)
(td)

partially
overlapped

4.74.84.95.05.15.25.35.45.5 ppm
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Current Data Parameters
NAME      HAW-VII-030-C
EXPNO     10
PROCNO     1

F2 - Acquisition Parameters
Date_  20191031
Time      15.11
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        298.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300137 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-030
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
40 oC, 24 h
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Current Data Parameters
NAME      HAW-VII-030-C
EXPNO     10
PROCNO     1

F2 - Acquisition Parameters
Date_  20191031
Time      15.11
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        298.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300137 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

H(3)
(dd)

2 x H(3)
(dd)

partially
overlapped

HAW-VII-030
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
40 oC, 24 h
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Current Data Parameters
NAME      HAW-VII-034-C
EXPNO     10
PROCNO     1

F2 - Acquisition Parameters
Date_  20191105
Time      16.58
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300129 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-034
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
40 oC, 24 h

H(3)
(dd)

2 x H(3)
(dd)

partially
overlapped
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4.74.84.95.05.15.25.35.45.5 ppm
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Current Data Parameters
NAME      HAW-VII-036-C
EXPNO     20
PROCNO     1

F2 - Acquisition Parameters
Date_  20191107
Time      20.29
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300136 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-036
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
40 oC, 24 h

H(5)
(dd)

2 x H(6)
(td)

partially
overlapped
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Current Data Parameters
NAME      HAW-VII-036-C
EXPNO     20
PROCNO     1

F2 - Acquisition Parameters
Date_  20191107
Time      20.29
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300136 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-036
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
40 oC, 24 h

H(3)
(dd)

2 x H(3)
(dd)

partially
overlapped
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Current Data Parameters
NAME HAW-IV-029-C
EXPNO 20
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180629
Time 1.26
INSTRUM spect
PROBHD   5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TD0 1

======== CHANNEL f1 ========
SFO1 600.1337060 MHz
NUC1 1H
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300152 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

H(3)
(dd)

HAW-IV-029
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
60 oC, 24 h

2 x H(3)
(dd)

partially
overlapped
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Current Data Parameters
NAME      HAW-VII-029-C
EXPNO     10
PROCNO     1

F2 - Acquisition Parameters
Date_  20191031
Time      15.03
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        298.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300137 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-029
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
60 oC, 24 h

H(3)
(dd)

2 x H(3)
(dd)

partially
overlapped
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Current Data Parameters
NAME      HAW-VII-033-C
EXPNO     10
PROCNO     1

F2 - Acquisition Parameters
Date_  20191105
Time      16.50
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300140 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-033
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
60 oC, 24 h

H(3)
(dd)

2 x H(3)
(dd) 

partially 
overlapped
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Current Data Parameters
NAME      HAW-VII-035-C
EXPNO     20
PROCNO     1

F2 - Acquisition Parameters
Date_  20191108
Time    9.32
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300131 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-035
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
60 oC, 24 h

H(3)
(dd)

2 x H(3)
(dd) 

partially 
overlapped

86
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Current Data Parameters
NAME HAW-III-005-C
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180124
Time 9.36
INSTRUM spect
PROBHD   5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 490.6 K
D1 0.10000000 sec
TD0 1

======== CHANNEL f1 ========
SFO1 600.1337060 MHz
NUC1 1H
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300135 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

H(5)
(dd)

HAW-III-005
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
80 oC, 24 h

2 x H(6)
(td) 

partially 
overlapped
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Current Data Parameters
NAME HAW-III-005-C
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180124
Time 9.36
INSTRUM spect
PROBHD   5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 490.6 K
D1 0.10000000 sec
TD0 1

======== CHANNEL f1 ========
SFO1 600.1337060 MHz
NUC1 1H
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300135 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

H(3)
(dd)

HAW-III-005
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
80 oC, 24 h

2 x H(3)
(dd) 

partially 
overlapped
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Current Data Parameters
NAME   HAW-VI-164-C
EXPNO     20
PROCNO     1

F2 - Acquisition Parameters
Date_  20190905
Time      16.08
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300137 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VI-164
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
80 oC, 24 h

H(3)
(dd)

2 x H(3)
(dd) 

partially 
overlapped
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4.74.84.95.05.15.25.35.45.5 ppm

4
.
6
6
0

4
.
6
6
5

4
.
6
7
1

4
.
6
7
3

4
.
6
7
6

4
.
6
7
8

4
.
6
8
4

4
.
6
8
9

4
.
6
9
5

4
.
7
0
0

5
.
4
5
5

5
.
4
5
6

5
.
4
7
1

5
.
4
7
3

20
.6
48

1.
0
00

Current Data Parameters
NAME      HAW-VII-003-C
EXPNO     10
PROCNO     1

F2 - Acquisition Parameters
Date_  20190927
Time      15.18
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300147 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

HAW-VII-003
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
80 oC, 24 h

H(5)
(dd)

2 x H(6)
(td) 

partially 
overlapped
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H(3)
(dd)

2 x H(3)
(dd) 

partially 
overlapped

4.184.204.224.244.264.284.304.324.344.364.38 ppm
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Current Data Parameters
NAME      HAW-VII-003-C
EXPNO     10
PROCNO     1

F2 - Acquisition Parameters
Date_  20190927
Time      15.18
INSTRUM       spect
PROBHD   5 mm PABBO BB/
PULPROG     zg30
TD       180286
SOLVENT       CDCl3
NS        64
DS     0
SWH       18028.846 Hz
FIDRES     0.100001 Hz
AQ        4.9999318 sec
RG      97.5
DW       27.733 usec
DE      7.60 usec
TE        300.0 K
D1       0.10000000 sec
TD0    1

======== CHANNEL f1 ========
SFO1    600.1337060 MHz
NUC1      1H
P1        10.00 usec
PLW1    26.60000038 W

F2 - Processing parameters
SI       262144
SF      600.1300147 MHz
WDW       EM
SSB      0
LB      0.10 Hz
GB       0
PC      1.00

      

HAW-VII-003
Bu3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
80 oC, 24 h
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Part D. The 600.13 MHz 1H NMR and 150.90 MHz 13C NMR 
Spectra of the Triphenylstannylvinyltin 5b and 

Triphenylstannylallene 4b in CDCl3  
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Current Data Parameters
NAME    HAW-V-Ph3Sn Probe-(2)
EXPNO   20
PROCNO   1

F2 - Acquisition Parameters
Date_    20181127
Time      17.26
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  34.91
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300317 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

Hamish Watson
HAW-V-044
Proton
Ref: 0.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-V-Ph3Sn Probe-(2)
EXPNO   20
PROCNO   1

F2 - Acquisition Parameters
Date_    20181127
Time      17.26
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  34.91
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300317 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

Hamish Watson
HAW-V-044
Proton
Ref: 0.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-V-Ph3Sn Probe-(2)
EXPNO   21
PROCNO   1

F2 - Acquisition Parameters
Date_    20181127
Time      18.12
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zgpg30
TD      119044
SOLVENT    CDCl3
NS      1024
DS      4
SWH    37500.000 Hz
FIDRES   0.315010 Hz
AQ    1.5872533 sec
RG  186.92
DW  13.333 usec
DE  7.73 usec
TE    300.0 K
D1  1.00000000 sec
D11  0.03000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  150.9194058 MHz
NUC1  13C
P1      11.80 usec
PLW1  85.00000000 W

======== CHANNEL f2 ========
SFO2    600.1324005 MHz
NUC2    1H
CPDPRG[2  waltz64
PCPD2      80.00 usec
PLW2    27.00000000 W
PLW12    0.43891999 W
PLW13    0.28090999 W

F2 - Processing parameters
SI   131072
SF   150.9028187 MHz
WDW  EM
SSB  0
LB  1.00 Hz
GB  0
PC  1.40

Hamish Watson
HAW-V-044
Carbon
Ref: 77.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-V-Ph3Sn Probe-(2)
EXPNO   22
PROCNO   1

F2 - Acquisition Parameters
Date_    20181127
Time      22.27
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    deptsp135.b
TD      119044
SOLVENT    CDCl3
NS      256
DS      4
SWH    35714.285 Hz
FIDRES   0.300009 Hz
AQ    1.6666160 sec
RG  186.92
DW  14.000 usec
DE  7.44 usec
TE    300.0 K
CNST2  145.0000000
D1    1.00000000 sec
D2    0.00344828 sec
D12    0.00002000 sec
TD0    1

======== CHANNEL f1 ========
SFO1  150.9178962 MHz
NUC1  13C
P1      11.80 usec
P13   2000.00 usec
PLW0  0 W
PLW1  85.00000000 W
SPNAM[5]  Crp60comp.4
SPOAL5    0.500
SPOFFS5  0 Hz
SPW5  18.08300018 W

======== CHANNEL f2 ========
SFO2    600.1324005 MHz
NUC2      1H
CPDPRG[2  waltz64
P3    10.20 usec
P4    20.40 usec
PCPD2    80.00 usec
PLW2    27.00000000 W
PLW12     0.43891999 W

F2 - Processing parameters
SI   131072
SF   150.9028188 MHz
WDW  EM
SSB  0
LB  1.00 Hz
GB  0
PC  1.40

Hamish Watson
HAW-V-044
Dept135
Ref: 77.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-V-Ph3Sn Probe-(1)
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20181127
Time      15.00
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  25.17
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300463 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

Hamish Watson
HAW-V-043
Proton
Ref: 0.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-V-Ph3Sn Probe-(1)
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20181127
Time      15.00
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  25.17
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300463 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

Hamish Watson
HAW-V-043
Proton
Ref: 0.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-V-Ph3Sn Probe-(1)
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20181127
Time      15.00
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  25.17
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300463 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

Hamish Watson
HAW-V-043
Proton
Ref: 0.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-V-Ph3Sn Probe-(1)
EXPNO   11
PROCNO   1

F2 - Acquisition Parameters
Date_    20181127
Time      15.46
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zgpg30
TD      119044
SOLVENT    CDCl3
NS      1024
DS      4
SWH    37500.000 Hz
FIDRES   0.315010 Hz
AQ    1.5872533 sec
RG  186.92
DW  13.333 usec
DE  7.73 usec
TE    300.0 K
D1  1.00000000 sec
D11  0.03000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  150.9194058 MHz
NUC1  13C
P1      11.80 usec
PLW1  85.00000000 W

======== CHANNEL f2 ========
SFO2    600.1324005 MHz
NUC2    1H
CPDPRG[2  waltz64
PCPD2      80.00 usec
PLW2    27.00000000 W
PLW12    0.43891999 W
PLW13    0.28090999 W

F2 - Processing parameters
SI   131072
SF   150.9028244 MHz
WDW  EM
SSB  0
LB  1.00 Hz
GB  0
PC  1.40

Hamish Watson
HAW-V-043
Carbon
Ref: 77.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-V-Ph3Sn Probe-(1)
EXPNO   12
PROCNO   1

F2 - Acquisition Parameters
Date_    20181127
Time      15.58
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    deptsp135.b
TD      119044
SOLVENT    CDCl3
NS      256
DS      4
SWH    35714.285 Hz
FIDRES   0.300009 Hz
AQ    1.6666160 sec
RG  186.92
DW  14.000 usec
DE  7.44 usec
TE    300.0 K
CNST2  145.0000000
D1    1.00000000 sec
D2    0.00344828 sec
D12    0.00002000 sec
TD0    1

======== CHANNEL f1 ========
SFO1  150.9178962 MHz
NUC1  13C
P1      11.80 usec
P13   2000.00 usec
PLW0  0 W
PLW1  85.00000000 W
SPNAM[5]  Crp60comp.4
SPOAL5    0.500
SPOFFS5  0 Hz
SPW5  18.08300018 W

======== CHANNEL f2 ========
SFO2    600.1324005 MHz
NUC2      1H
CPDPRG[2  waltz64
P3    10.20 usec
P4    20.40 usec
PCPD2    80.00 usec
PLW2    27.00000000 W
PLW12     0.43891999 W

F2 - Processing parameters
SI   131072
SF   150.9028246 MHz
WDW  EM
SSB  0
LB  1.00 Hz
GB  0
PC  1.40

Hamish Watson
HAW-V-043
Dept135
Ref: 77.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-V-Ph3Sn Probe-(1)
EXPNO   12
PROCNO   1

F2 - Acquisition Parameters
Date_    20181127
Time      15.58
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    deptsp135.b
TD      119044
SOLVENT    CDCl3
NS      256
DS      4
SWH    35714.285 Hz
FIDRES   0.300009 Hz
AQ    1.6666160 sec
RG  186.92
DW  14.000 usec
DE  7.44 usec
TE    300.0 K
CNST2  145.0000000
D1    1.00000000 sec
D2    0.00344828 sec
D12    0.00002000 sec
TD0    1

======== CHANNEL f1 ========
SFO1  150.9178962 MHz
NUC1  13C
P1      11.80 usec
P13   2000.00 usec
PLW0  0 W
PLW1  85.00000000 W
SPNAM[5]  Crp60comp.4
SPOAL5    0.500
SPOFFS5  0 Hz
SPW5  18.08300018 W

======== CHANNEL f2 ========
SFO2    600.1324005 MHz
NUC2      1H
CPDPRG[2  waltz64
P3    10.20 usec
P4    20.40 usec
PCPD2    80.00 usec
PLW2    27.00000000 W
PLW12     0.43891999 W

F2 - Processing parameters
SI   131072
SF   150.9028246 MHz
WDW  EM
SSB  0
LB  1.00 Hz
GB  0
PC  1.40

Hamish Watson
HAW-V-043
Dept135
Ref: 77.00ppm (CDCl3-TMS)
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Current Data Parameters
NAME    HAW-VII-069-C
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20191218
Time      4.07
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300218 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-069
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
20 oC, 24 h

2 x OMe
(s)

partially
overlapped
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Current Data Parameters
NAME    HAW-VII-070-C
EXPNO   20
PROCNO   1

F2 - Acquisition Parameters
Date_    20191218
Time      4.15
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300214 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

2 x OMe
(s)

partially
overlapped

HAW-VII-070
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
20 oC, 24 h
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OMe
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Current Data Parameters
NAME    HAW-VII-071-C
EXPNO   30
PROCNO   1

F2 - Acquisition Parameters
Date_    20191218
Time      4.23
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300215 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-071
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
20 oC, 24 h

2 x OMe
(s)

partially
overlapped
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2 x OMe
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partially
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3.523.533.543.553.563.573.583.593.603.613.623.63 ppm
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Current Data Parameters
NAME    HAW-VII-072-C
EXPNO   40
PROCNO   1

F2 - Acquisition Parameters
Date_    20191218
Time      4.32
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  68
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300236 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-072
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
20 oC, 24 h
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(s)

2 x OMe
(s)

partially
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3.523.533.543.553.563.573.583.593.603.613.623.63 ppm
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Current Data Parameters
NAME    HAW-VII-061-C
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20191218
Time      3.01
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300208 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-061
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
40 oC, 24 h
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2 x OMe
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partially
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Current Data Parameters
NAME    HAW-VII-062-C
EXPNO   20
PROCNO   1

F2 - Acquisition Parameters
Date_    20191218
Time      3.09
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300192 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-062
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
40 oC, 24 h
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Current Data Parameters
NAME    HAW-VII-063-C
EXPNO   30
PROCNO   1

F2 - Acquisition Parameters
Date_    20191218
Time      3.17
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300175 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-063
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
40 oC, 24 h

2 x OMe
(s)

partially
overlapped
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OMe
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2 x OMe
(s)

partially
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3.523.533.543.553.563.573.583.593.603.613.623.63 ppm
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Current Data Parameters
NAME    HAW-VII-064-C
EXPNO   60
PROCNO   1

F2 - Acquisition Parameters
Date_    20191219
Time      2.50
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300204 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-064
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
40 oC, 24 h

111



OMe
(s)

2 x OMe
(s)

partially
overlapped

3.523.533.543.553.563.573.583.593.603.613.623.63 ppm
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Current Data Parameters
NAME    HAW-VII-065-C
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20191218
Time      3.34
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300212 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-065
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
60 oC, 24 h
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OMe
(s)

2 x OMe
(s)

partially
overlapped

3.523.533.543.553.563.573.583.593.603.613.623.63 ppm
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Current Data Parameters
NAME    HAW-VII-066-C
EXPNO   20
PROCNO   1

F2 - Acquisition Parameters
Date_    20191218
Time      3.42
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300219 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-066
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
60 oC, 24 h
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OMe
(s)

2 x OMe
(s)

partially
overlapped

3.523.533.543.553.563.573.583.593.603.613.623.63 ppm
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Current Data Parameters
NAME    HAW-VII-067-C
EXPNO   30
PROCNO   1

F2 - Acquisition Parameters
Date_    20191218
Time      3.50
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300222 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-067
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
60 oC, 24 h
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OMe
(s)

2 x OMe
(s)

partially
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3.523.533.543.553.563.573.583.593.603.613.623.63 ppm
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Current Data Parameters
NAME    HAW-VII-068-C
EXPNO   40
PROCNO   1

F2 - Acquisition Parameters
Date_    20191218
Time      3.58
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300208 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-068
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
60 oC, 24 h
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3.523.533.543.553.563.573.583.593.603.613.623.63 ppm
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Current Data Parameters
NAME    HAW-VII-074-C
EXPNO   80
PROCNO   1

F2 - Acquisition Parameters
Date_    20191219
Time      3.07
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300192 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-074
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
80 oC, 24 h

OMe
(s)

2 x OMe
(s)

partially
overlapped
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3.523.533.543.553.563.573.583.593.603.613.623.63 ppm
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Current Data Parameters
NAME    HAW-VII-075-C
EXPNO   90
PROCNO   1

F2 - Acquisition Parameters
Date_    20191219
Time      3.15
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300183 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

OMe
(s)

2 x OMe
(s)

partially
overlapped

HAW-VII-075
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
80 oC, 24 h
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3
.
5
5
4

3
.
5
8
4

3
.
5
8
6

1.
0
00

2.
6
78

Current Data Parameters
NAME    HAW-VII-079-C
EXPNO   10
PROCNO   1

F2 - Acquisition Parameters
Date_    20200115
Time      11.21
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300215 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

OMe
(s)

2 x OMe
(s)

partially
overlapped

HAW-VII-079
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
80 oC, 24 h
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Current Data Parameters
NAME    HAW-VII-080-C
EXPNO   20
PROCNO   1

F2 - Acquisition Parameters
Date_    20200115
Time      11.29
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300187 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-080
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
80 oC, 24 h

119



OMe
(s)

2 x OMe
(s)

partially
overlapped

3.523.533.543.553.563.573.583.593.603.613.623.63 ppm

3
.
5
5
7

3
.
5
8
6

3
.
5
8
8

1.
0
00

3.
2
82

Current Data Parameters
NAME    HAW-VII-081-C
EXPNO   30
PROCNO   1

F2 - Acquisition Parameters
Date_    20200115
Time      11.37
INSTRUM    spect
PROBHD   5 mm PABBO BB/
PULPROG    zg30
TD      180286
SOLVENT    CDCl3
NS      64
DS      0
SWH    18028.846 Hz
FIDRES   0.100001 Hz
AQ    4.9999318 sec
RG  97.5
DW  27.733 usec
DE  7.60 usec
TE    300.0 K
D1  0.10000000 sec
TD0  1

======== CHANNEL f1 ========
SFO1  600.1337060 MHz
NUC1  1H
P1      10.00 usec
PLW1  26.60000038 W

F2 - Processing parameters
SI   262144
SF   600.1300170 MHz
WDW  EM
SSB  0
LB  0.10 Hz
GB  0
PC  1.00

HAW-VII-081
Ph3SnH (2 equiv),       
Et3B (0.1 equiv), 

PhMe (c of sm = 0.1M), 
80 oC, 24 h

120



!
!
!
!
!
!
!

Part F. The 600.13 MHz 1H NMR and 150.90 MHz 13C 
NMR Spectra of the Cyclopropylpropargylic Alcohol 12 

and the Tributylstannylallene 15 in CDCl3 
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10 9 8 7 6 5 4 3 2 1 ppm

Current Data Parameters
NAME LH-I-71
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220401
Time 18.31 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300153 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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7.257.307.357.407.457.507.557.607.657.707.75 ppm
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Current Data Parameters
NAME LH-I-71
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220401
Time 18.31 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300153 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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4.374.384.394.404.414.424.434.444.454.464.474.484.49 ppm
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Current Data Parameters
NAME LH-I-71
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220401
Time 18.31 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300153 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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3.643.663.683.703.723.743.763.78 ppm
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Current Data Parameters
NAME LH-I-71
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220401
Time 18.31 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300153 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

125



2.102.152.202.252.302.352.402.452.502.552.602.65 ppm
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Current Data Parameters
NAME LH-I-71
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220401
Time 18.31 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300153 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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0.60.70.80.91.01.11.21.31.41.51.6 ppm
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Current Data Parameters
NAME LH-I-71
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220401
Time 18.31 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300153 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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220 200 180 160 140 120 100 80 60 40 20 ppm

Current Data Parameters
NAME LH-I-71
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220401
Time 20.00 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zgpg30
TD 119044
SOLVENT CDCl3
NS 2000
DS 4
SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92
DW 13.333 usec
DE 6.53 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TD0                   1
SFO1 150.9194058 MHz
NUC1 13C
P0 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W

F2 - Processing parameters
SI 131072
SF 150.9028116 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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128129130131132133134135 ppm
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Current Data Parameters
NAME LH-I-71
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220401
Time 20.00 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zgpg30
TD 119044
SOLVENT CDCl3
NS 2000
DS 4
SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92
DW 13.333 usec
DE 6.53 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TD0                   1
SFO1 150.9194058 MHz
NUC1 13C
P0 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W

F2 - Processing parameters
SI 131072
SF 150.9028116 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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Current Data Parameters
NAME LH-I-71
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220401
Time 20.00 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zgpg30
TD 119044
SOLVENT CDCl3
NS 2000
DS 4
SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92
DW 13.333 usec
DE 6.53 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TD0                   1
SFO1 150.9194058 MHz
NUC1 13C
P0 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W

F2 - Processing parameters
SI 131072
SF 150.9028116 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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Current Data Parameters
NAME LH-I-71
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220401
Time 20.00 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zgpg30
TD 119044
SOLVENT CDCl3
NS 2000
DS 4
SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92
DW 13.333 usec
DE 6.53 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TD0                   1
SFO1 150.9194058 MHz
NUC1 13C
P0 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W

F2 - Processing parameters
SI 131072
SF 150.9028116 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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200 180 160 140 120 100 80 60 40 20 0 ppm

Current Data Parameters
NAME LH-I-71
EXPNO 12
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220401
Time 20.46 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG     deptsp135.b
TD 119044
SOLVENT CDCl3
NS 1000
DS 4
SWH 35714.285 Hz
FIDRES 0.600018 Hz
AQ 1.6666160 sec
RG 186.92
DW 14.000 usec
DE 7.44 usec
TE 300.0 K
CNST2 145.0000000
D1 1.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TD0                   1
SFO1 150.9178962 MHz
NUC1 13C
P1 11.80 usec
P13 2000.00 usec
PLW0     0 W
PLW1 85.00000000 W
SPNAM[5]    Crp60comp.4
SPOAL5 0.500
SPOFFS5  0 Hz
SPW5 18.08300018 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
P3 10.20 usec
P4 20.40 usec
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W

F2 - Processing parameters
SI 131072
SF 150.9027170 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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Current Data Parameters
NAME LH-I-71
EXPNO 13
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220401
Time 20.57 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG    cosygpmfppqf
TD 2048
SOLVENT CDCl3
NS 2
DS 8
SWH 5514.706 Hz
FIDRES 5.385455 Hz
AQ 0.1856853 sec
RG 186.92
DW 90.667 usec
DE 6.50 usec
TE 300.0 K
D0 0.00000300 sec
D1 0.87302327 sec
D11 0.03000000 sec
D12 0.00002000 sec
D13 0.00000400 sec
D16 0.00020000 sec
IN0 0.00018160 sec
TDav                  1
SFO1 600.1325168 MHz
NUC1 1H
P1 10.00 usec
P17 2500.00 usec
PLW1 26.60000038 W
PLW10 4.25600004 W
GPNAM[1]     SMSQ10.100
GPZ1 16.00 %
GPNAM[2]     SMSQ10.100
GPZ2 12.00 %
GPNAM[3]     SMSQ10.100
GPZ3 40.00 %
P16 1000.00 usec

F1 - Acquisition parameters
TD 256
SFO1 600.1325 MHz
FIDRES 43.020374 Hz
SW 9.176 ppm
FnMODE QF

F2 - Processing parameters
SI 1024
SF 600.1300153 MHz
WDW SINE
SSB 0
LB 0 Hz
GB 0
PC                 1.40

F1 - Processing parameters
SI 1024
MC2 QF
SF 600.1300153 MHz
WDW SINE
SSB 0
LB 0 Hz
GB 0
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Current Data Parameters
NAME LH-I-71
EXPNO 14
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220401
Time 21.06 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG  hsqcedetgpsp.3
TD 1024
SOLVENT CDCl3
NS 2
DS 32
SWH 7211.539 Hz
FIDRES 14.085036 Hz
AQ 0.0709973 sec
RG 186.92
DW 69.333 usec
DE 6.50 usec
TE 300.3 K
CNST2 145.0000000
D0 0.00000300 sec
D1 0.80000001 sec
D4 0.00172414 sec
D11 0.03000000 sec
D16 0.00020000 sec
D21 0.00360000 sec
IN0 0.00001510 sec
TDav 1
ZGOPTNS
SFO1 600.1328223 MHz
NUC1 1H
P1 10.00 usec
P2 20.00 usec
PLW1 26.60000038 W
SFO2 150.9178988 MHz
NUC2 13C
CPDPRG[2 garp4
P3 11.80 usec
P14 500.00 usec
P31 1730.00 usec
PCPD2 60.00 usec
PLW0     0 W
PLW2 85.00000000 W
PLW12 3.28760004 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        18.08300018 W
SPNAM[18  Crp60_xfilt.2
SPOAL18 0.500
SPOFFS18 0 Hz
SPW18 5.22629976 W
GPNAM[1]     SMSQ10.100
GPZ1 80.00 %
GPNAM[2]     SMSQ10.100
GPZ2 20.10 %
P16 1000.00 usec

F1 - Acquisition parameters
TD 256
SFO1 150.9179 MHz
FIDRES 258.692047 Hz
SW 219.408 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI 1024
SF 600.1300130 MHz
WDW QSINE
SSB 2
LB 0 Hz
GB 0
PC                 1.40

F1 - Processing parameters
SI 1024
MC2 echo-antiecho
SF 150.9028010 MHz
WDW QSINE
SSB 2
LB 0 Hz
GB 0
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10 9 8 7 6 5 4 3 2 1 ppm

Current Data Parameters
NAME ALLENE
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 14.07 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300159 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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7.627.637.647.657.667.677.687.697.707.717.72 ppm
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Current Data Parameters
NAME ALLENE
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 14.07 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300159 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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7.247.267.287.307.327.347.367.387.407.427.447.467.48 ppm
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Current Data Parameters
NAME ALLENE
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 14.07 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300159 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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4.684.704.724.744.764.784.80 ppm
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Current Data Parameters
NAME ALLENE
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 14.07 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300159 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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4.334.344.354.364.374.384.394.404.414.424.43 ppm
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Current Data Parameters
NAME ALLENE
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 14.07 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300159 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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3.453.503.553.603.653.70 ppm
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Current Data Parameters
NAME ALLENE
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 14.07 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300159 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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2.692.702.712.722.732.74 ppm
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Current Data Parameters
NAME ALLENE
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 14.07 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300159 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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1.251.301.351.401.451.501.551.601.65 ppm
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Current Data Parameters
NAME ALLENE
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 14.07 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300159 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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0.840.860.880.900.920.940.960.981.001.021.041.061.08 ppm
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Current Data Parameters
NAME ALLENE
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 14.07 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300159 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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Current Data Parameters
NAME ALLENE
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 14.07 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300159 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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1.821.841.861.881.901.921.941.961.98 ppm
1
.
8
3
0

1
.
8
4
2

1
.
8
5
3

1
.
8
5
5

1
.
8
6
5

1
.
8
7
8

1
.
8
9
0

1
.
9
0
1

1
.
9
0
3

1
.
9
0
9

1
.
9
1
3

1
.
9
1
5

1
.
9
2
6

1
.
9
3
8

Current Data Parameters
NAME ALLENE
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 14.07 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCl3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TD0                   1
SFO1 600.1337060 MHz
NUC1 1H
P0 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
SI 262144
SF 600.1300159 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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220 200 180 160 140 120 100 80 60 40 20 ppm

Current Data Parameters
NAME ALLENE
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 15.36 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zgpg30
TD 119044
SOLVENT CDCl3
NS 2000
DS 4
SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92
DW 13.333 usec
DE 6.53 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TD0                   1
SFO1 150.9194058 MHz
NUC1 13C
P0 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W

F2 - Processing parameters
SI 131072
SF 150.9028116 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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Current Data Parameters
NAME ALLENE
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 15.36 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zgpg30
TD 119044
SOLVENT CDCl3
NS 2000
DS 4
SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92
DW 13.333 usec
DE 6.53 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TD0                   1
SFO1 150.9194058 MHz
NUC1 13C
P0 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W

F2 - Processing parameters
SI 131072
SF 150.9028116 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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Current Data Parameters
NAME ALLENE
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 15.36 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zgpg30
TD 119044
SOLVENT CDCl3
NS 2000
DS 4
SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92
DW 13.333 usec
DE 6.53 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TD0                   1
SFO1 150.9194058 MHz
NUC1 13C
P0 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W

F2 - Processing parameters
SI 131072
SF 150.9028116 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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2
6
.
6
2

2
6
.
8
3

2
6
.
8
6

2
7
.
0
5

2
7
.
0
8

2
7
.
2
8

2
7
.
3
2

2
7
.
3
9

2
7
.
4
8

2
7
.
7
6

2
7
.
8
4

2
7
.
9
1

2
8
.
9
2

2
8
.
9
8

2
9
.
0
5

2
9
.
1
0

2
9
.
6
9

Current Data Parameters
NAME ALLENE
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 15.36 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zgpg30
TD 119044
SOLVENT CDCl3
NS 2000
DS 4
SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92
DW 13.333 usec
DE 6.53 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TD0                   1
SFO1 150.9194058 MHz
NUC1 13C
P0 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W

F2 - Processing parameters
SI 131072
SF 150.9028116 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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Current Data Parameters
NAME ALLENE
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 15.36 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG zgpg30
TD 119044
SOLVENT CDCl3
NS 2000
DS 4
SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92
DW 13.333 usec
DE 6.53 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TD0                   1
SFO1 150.9194058 MHz
NUC1 13C
P0 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W

F2 - Processing parameters
SI 131072
SF 150.9028116 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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Current Data Parameters
NAME ALLENE
EXPNO 12
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 16.21 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG     deptsp135.b
TD 119044
SOLVENT CDCl3
NS 1000
DS 4
SWH 35714.285 Hz
FIDRES 0.600018 Hz
AQ 1.6666160 sec
RG 186.92
DW 14.000 usec
DE 7.44 usec
TE 300.0 K
CNST2 145.0000000
D1 1.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TD0                   1
SFO1 150.9178962 MHz
NUC1 13C
P1 11.80 usec
P13 2000.00 usec
PLW0     0 W
PLW1 85.00000000 W
SPNAM[5]    Crp60comp.4
SPOAL5 0.500
SPOFFS5  0 Hz
SPW5 18.08300018 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
P3 10.20 usec
P4 20.40 usec
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W

F2 - Processing parameters
SI 131072
SF 150.9028085 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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Current Data Parameters
NAME ALLENE
EXPNO 13
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 16.32 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG    cosygpmfppqf
TD 2048
SOLVENT CDCl3
NS 2
DS 8
SWH 5514.706 Hz
FIDRES 5.385455 Hz
AQ 0.1856853 sec
RG 186.92
DW 90.667 usec
DE 6.50 usec
TE 300.0 K
D0 0.00000300 sec
D1 0.87302327 sec
D11 0.03000000 sec
D12 0.00002000 sec
D13 0.00000400 sec
D16 0.00020000 sec
IN0 0.00018160 sec
TDav                  1
SFO1 600.1325169 MHz
NUC1 1H
P1 10.00 usec
P17 2500.00 usec
PLW1 26.60000038 W
PLW10 4.25600004 W
GPNAM[1]     SMSQ10.100
GPZ1 16.00 %
GPNAM[2]     SMSQ10.100
GPZ2 12.00 %
GPNAM[3]     SMSQ10.100
GPZ3 40.00 %
P16 1000.00 usec

F1 - Acquisition parameters
TD 256
SFO1 600.1325 MHz
FIDRES 43.020374 Hz
SW 9.176 ppm
FnMODE QF

F2 - Processing parameters
SI 1024
SF 600.1300139 MHz
WDW SINE
SSB 0
LB 0 Hz
GB 0
PC                 1.40

F1 - Processing parameters
SI 1024
MC2 QF
SF 600.1300151 MHz
WDW SINE
SSB 0
LB 0 Hz
GB 0
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Current Data Parameters
NAME ALLENE
EXPNO 14
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220319
Time 16.41 h
INSTRUM spect
PROBHD   Z114607_0188 (
PULPROG  hsqcedetgpsp.3
TD 1024
SOLVENT CDCl3
NS 2
DS 32
SWH 7211.539 Hz
FIDRES 14.085036 Hz
AQ 0.0709973 sec
RG 186.92
DW 69.333 usec
DE 6.50 usec
TE 300.3 K
CNST2 145.0000000
D0 0.00000300 sec
D1 0.80000001 sec
D4 0.00172414 sec
D11 0.03000000 sec
D16 0.00020000 sec
D21 0.00360000 sec
IN0 0.00001510 sec
TDav 1
ZGOPTNS
SFO1 600.1328223 MHz
NUC1 1H
P1 10.00 usec
P2 20.00 usec
PLW1 26.60000038 W
SFO2 150.9178988 MHz
NUC2 13C
CPDPRG[2 garp4
P3 11.80 usec
P14 500.00 usec
P31 1730.00 usec
PCPD2 60.00 usec
PLW0     0 W
PLW2 85.00000000 W
PLW12 3.28760004 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3            0.500
SPOFFS3  0 Hz
SPW3        18.08300018 W
SPNAM[18  Crp60_xfilt.2
SPOAL18 0.500
SPOFFS18 0 Hz
SPW18 5.22629976 W
GPNAM[1]     SMSQ10.100
GPZ1 80.00 %
GPNAM[2]     SMSQ10.100
GPZ2 20.10 %
P16 1000.00 usec

F1 - Acquisition parameters
TD 256
SFO1 150.9179 MHz
FIDRES 258.692047 Hz
SW 219.408 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI 1024
SF 600.1300128 MHz
WDW QSINE
SSB 2
LB 0 Hz
GB 0
PC                 1.40

F1 - Processing parameters
SI 1024
MC2 echo-antiecho
SF 150.9028016 MHz
WDW QSINE
SSB 2
LB 0 Hz
GB 0
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4.84.95.05.15.25.35.45.55.6 ppm
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Current Data Parameters
NAME      LH-I-89 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220504
Time              12.07 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                22.13
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300205 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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4.84.95.05.15.25.35.45.55.6 ppm
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Current Data Parameters
NAME      LH-I-90 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220504
Time              12.15 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                27.87
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300186 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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4.84.95.05.15.25.35.45.55.65.7 ppm
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Current Data Parameters
NAME      LH-I-93 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220519
Time              15.05 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                31.58
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300178 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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4.84.95.05.15.25.35.45.55.6 ppm
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Current Data Parameters
NAME      LH-I-94 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220519
Time              15.11 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                19.42
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300216 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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4.84.95.05.15.25.35.45.55.6 ppm
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Current Data Parameters
NAME      LH-I-91 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220504
Time              11.31 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                13.75
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300215 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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4.84.95.05.15.25.35.45.55.6 ppm
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Current Data Parameters
NAME      LH-I-92 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220504
Time              11.40 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                25.17
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300198 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00

160

journal
Stamp



4.84.95.05.15.25.35.45.55.6 ppm
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Current Data Parameters
NAME      LH-I-95 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220519
Time              15.19 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                27.87
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300215 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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4.84.95.05.15.25.35.45.55.6 ppm
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Current Data Parameters
NAME      LH-I-96 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220519
Time              15.25 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                12.81
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300248 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME      LH-I-85 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220502
Time              13.59 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                27.87
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300190 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME      LH-I-86 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220502
Time              14.08 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                27.87
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300192 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME      LH-I-77 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220426
Time              21.11 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                49.63
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300155 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME      LH-I-78 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220426
Time              16.31 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                43.25
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300164 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME      LH-I-87 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220502
Time              14.16 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                34.91
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300173 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME      LH-I-88 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220502
Time              14.25 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                25.17
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300202 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME            LH-I-73
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220407
Time              18.07 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                 7.97
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300252 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME            LH-I-74
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220407
Time              18.15 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                 6.18
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300288 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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Current Data Parameters
NAME      LH-I-83 CRUDE
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20220428
Time              20.33 h
INSTRUM           spect
PROBHD   Z114607_0188 (
PULPROG            zg30
TD               180286
SOLVENT           CDCl3
NS                   16
DS                    0
SWH           18028.846 Hz
FIDRES         0.200003 Hz
AQ            4.9999318 sec
RG                49.63
DW               27.733 usec
DE                 8.00 usec
TE                300.0 K
D1           0.10000000 sec
TD0                   1
SFO1        600.1337060 MHz
NUC1                 1H
P0                 3.33 usec
P1                10.00 usec
PLW1        26.60000038 W

F2 - Processing parameters
SI               262144
SF          600.1300168 MHz
WDW                  EM
SSB                   0
LB                 0.10 Hz
GB                    0
PC                 1.00
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